DUAL METALLOCENE CATALYSTS FOR POLYMERIZATION OF
BIMODAL POLYMERS TECHNICAL FIELD OF THE INVENTION This
invention relates to the field of organometal compositions, olefin
polymerization catalyst compositions, methods for the polymerization and
copolymerization of olefins using a catalyst composition, and polyolefins.
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(a-olefins), including ¢jdeNerrCARIREREONMEAZGE YRR PREREYRL COMpositions
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In one aspect of the present invention, for example, it was found that certain
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are not limited to, tightly-bridged, ansa-metallocenes that comprise a pendant
alkenyl (olefin-containing) group attachedlto at least one of the
cyclopentadienyl-type moieties of the tightly-bridged ligand, and also
comprises one or two aryl groups, particularly one or two phenyl groups,



In another aspect of this invention, for example, it was found that certain

other metallocene-based catalyst systems were more responsive to hydrogen
than the first metallocene, and generally produced a low molecular weight
polyethylene resin. Useful metallocenes in this aspect of the invention

include, but are not limited to, those metallocenes comprising unbridged
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one substituent on (X1) and (X2) is a bridging group having the formula
ER1R2, wherein E is a carbon atom, a silicon atom, a germanium atom, or a
tin atom, and E is bonded to both (X1) and (X2), and wherein R1 and R2 are
independently an alkyl group or an aryl group, either of which having up to 12
carbon atoms, or hydrogen, wherein at least one of R1 and R2 is an aryl
group; at least one substituent on (X1) or (X2) is a substituted or an
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thereof. In another aspect, the at least one activator can be be selected from, or can
comprise, an organoaluminoxane compound, an organoboron compound, an
organoborate compound, or any combination of any of these activators. Thus, in this
aspect, this invention encompasses a composition of matter, a catalyst composition for
polymerizing olefins, a method of preparing a catalyst composition, a method of
polymerizing olefins, new polymers and copolymers of ethylene, and the like, in each
case encompassing at least one first metallocene, at least one second metallocene,
optionally at least one organoaluminum compound, and at least one activator, wherein
each of these components is defined as herein.
In another aspect, this invention comprises the contact product of at least one
first metallocene, for example, tightly-bridged ansa-metallocene compounds
containing a pendant olefin-containing moiety attached to at least one of the

cyclopentadienyl-type ligands and one or two aryl groups bonded to the bridging atom
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i1)(x9)(x10xx1 xxi2m3 (M3-A), wherein M3 is titanium, zirconium, or hafnium;
(X9) is a substituted cyclopentadienyl group, wherein one substituent is an
aliphatic group, an aromatic group, or a combination of aliphatic and cyclic
groups, any of which haying up to 20 carbon atoms; (X19) is a substituted
indenyl group, wherein one substituent is an aliphatic group, an aromatic
group, or a combination of aliphatic and cyclic groups, any of which haying up

to 20 &W&O&ﬁ@ﬁﬁ%&kaﬁﬂ 1%&%%%@{&1@%%%%})&“?&5an%dbr?aged
a hydrocarbyl group haying up to 20 carbon atoms, H, or BH4;
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III)an)é(g:IgIr)rcl)Blnrbaggg ip ?east one activator, wherein:
a) the at least one first metallocene comprises an ansa-metallocene
having the formula:
xXHxAHXxHM (M1-A),wherein

M!is titanium, zirconium, or hafnium;

(X") and (X?) are independently a substituted cyclopentadienyl, a
substituted indenyl, or a substituted fluorenyl;

one substituent on (X') and (X?) is a bridging group having the formula
ERIRZ, wherein E is a carbon atom, a silicon atom, a germanium atom, or a tin atom,
and E is bonded to both (X') and (Xz), and wherein R' and R® are independently an
alkyl group or an aryl group, either of which having up to 12 carbon atoms, or
hydrogen, wherein at least one of R' and R? is an aryl group;

at least one substituent on (X') or (X% is a substituted or an
unsubstituted alkenyl group having up to 12 carbon atoms;

(X3 ) and (X4) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl
group having up to 20 carbon atoms, H, or BHs; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR*; or SO3R*, wherein R” is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and

any additional substituent on the substituted cyclopentadienyl,
substituted indenyl, substituted fluorenyl, or substituted alkenyl group is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of

aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
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c) the at least one organoaluminum compound comprises a compound
having the formula: Al(X13),Xx14)3 wherein (X13) is a hydrocarbyl
having from 1 to 20 carbon atoms; (X14) is an alkoxide or an aryloxide, any
of which having from 1 to 20 carbon atoms, halide, or hydride; and nis a
number from 1 to 3, inclusive; and d) the at least one activator is
selected independently from: i) an activator-support selected from a solid

oxidefEHRFNIH AR, SR CHONW IR AVANCL AP éhlﬁy@rs‘?ﬂcﬁﬂr?%%,a& a boron

ion-exchangeable activator-support, or any combination thereof; i) an
orgarfBAtnioxarBicy Rasngderm | iy A rashaneps: ShdsmRsdrdrerdh
organoboratg compeuat; Rhst oW aRyGAMbisatioreiber@shpriseln ane aspRetd

of this invl?ntion the at Iez}\st or’ie‘organoaluminum compound can be optional
meitril ocef‘ne havipg the ?rmu, a; o . ] .
when at'least one of the following conditions is met: 1) when: a) at least

one of (X3) and (X%) is a hydrocant ouXHdving up todRedrboheatoms, H,
or BH4; b) at least one of X¢);aRe£X8}iS Ay diegathylgroup having up to

20 carbon atoms, H, or BH4; and c) at least one of (X11) and (X12) is a |
hydrocarbyl group havin§upai2d ¢arsdrfsrerdsntly Heyslqrentadiepyl\apindpeyl.
at least one activaigusamipisez Bbiaastianie erganpaltminmang;:compound;

or (X7) and (Xg) are independently: 1) F, CI, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms;
or 4) OBR®; or SO;R®, wherein R is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and

any substituent on the substituted cyclopentadienyl or
substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
arsenic group, a carbon group, a silicon group, or a boron group, any of
which having from 1 to 20 carbon atoms; a halide; or hydrogen;

i) XXX X*HM? (M3-A), wherein

M? is titanium, zirconium, or hafnium;

(X%) is a substituted cyclopentadienyl group, wherein one
substituent is an aliphatic group, an aromatic group, or a combination
of aliphatic and cyclic groups, any of which having up to 20 carbon
atoms;

(X' is a substituted indenyl group, wherein one substituent is
an aliphatic group, an aromatic group, or a combination of aliphatic
and cyclic groups, any of which having up to 20 carbon atoms;

(X“) and (Xn) are independently: 1) F, CI, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy; 3) a

hydrocarbyloxide group, a hydrocarbylamino group, or a
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3) when both conditions 1 and 2 are met. Another aspect of this invention
provides a composition that comprises the contact product of: 1) at least one
first metallocene; 2) at least one second metallocene; and 3) at least one
activator, wherein each of these components is as disclosed immediately
above. In still another aspect of this composition, the contact product can
further comprise: 4) at least one organoaluminum compound having the

13)n(x14.3 n, formy &K@%@@y&ﬁ 96 ARAYS- dmna&f}%ﬁ@%ﬁ&éémabon atoms;

composition, the con fﬁé duc can further comprise: 5) an ionizing ionic
compound, as dlsé’Fo@eQ refif, SORYeWhETS IR dspaaof wiLuneAtgH! group,
provides a catalysigosnpositianihatigGain comphisedbagantact product of: 1)

at least one first metallocened% at least one s contii1 lball?cen 31)
tional substituen dt olgentadlenyl
optionally, at least one org%noa uminum-compoun S Jeadt

activator, whereinor Suba)tm@latldeaﬁtlgmeﬂﬁpsndnmﬂalh)téﬁél@@nwlsesmmromatlc
ansa- meta"oceneg;@msng esformua (M inREoY geABRIEINNd ¢y REhs, an

least one second metallocéne comErlses an unbridged metallocene having

the formula: i) (X59XETEIRSINIT{N ZIBYPviHE HAPE M QP2 iR GUIRRARPBIS 2roup, an

hafnium; (X5) anda@@ﬁ,)cagﬁ){@gl@p@mﬁ@ﬂyu@ eysinpaniadigoyk Bordadesyp, any of
substituted cyclop gjta}():lll rasubsﬁgute mde(:?y hah(c)lg)oraﬁ'd X8) are

mdependentlyahy rocarabylf%roup t('51)V|n(j:alljp o 1P Rafodn Gtom® FHHsH4, or
a halide; anor

1ii) any combination thereof;
c) the at least one organoaluminum compound comprises a compound
having the formula:
AIX)a(X )30,
wherein (X13) is a hydrocarbyl having from 1 to 20 carbon atoms; (X14)
is an alkoxide or an aryloxide, any of which having from 1 to 20 carbon atoms, halide,
or hydride; and n is a number from 1 to 3, inclusive; and
d) the at least one activator is selected independently from:
1) an activator-support selected from a solid oxide treated with an
electron-withdrawing anion, a layered mineral, an ion-exchangeable activator-

support, or any combination thereof;

i) an organoaluminoxane compound;
iii) an organoboron compound or an organoborate compound; or
iv) any combination thereof.

In one aspect of this invention, the at least one organoaluminum compound
can be optional when at least one of the following conditions is met:

1) when: a) at least one of (X°) and (X*) is a hydrocarbyl group having up to
20 carbon atoms, H, or BHy; b) at least one of (X7) and (XS) is a hydrocarbyl group
having up to 20 carbon atoms, H, or BH4; and c) at least one of (X“) and (X12) is a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy;

2) when the at least one activator comprises at least one organoaluminoxane

compound; or
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any substituent on the substituted cyclopentadienyl or substituted indenyl is
independently an aliphatic group, an aromatic group, a cyclic group, a
combination of aliphatic and cyclic groups, any of which having up to 20
carbon atoms; ii) (x9)(x10xx1 xx12)m3 (M3-B), wherein 1'43 is zirconium or
hafnium; (X9) is a substituted cyclopentadienyl group, wherein any
substituent is independently a linear or branched alkyl group having up to 12

carbon atoM$yhen btk IO dsiBsybstituted ingdenyl group, wherein any

substituent is independently an aliphatic group, an aromatic group, or a
combinatior‘\3PREPHARERA @%ﬁ’&@?&%&r%geéfw&?%%ﬁ‘gt% fopprises the
carbadp@tempicing: of: (XDl )agneh{Xbap afiesinaepaiodeartly2a hydeasadnd second

groupmké%\i{é(r):‘%ﬁ toiﬁ%)cgjt ?eorslt%toms H, Bl-14 or.a haCILd_g;f% i any.

r .
;an nte ac’t1¥dtor wherein es€ CO Olalongnts is as
combina éreot; c) the at'léast'oné organoaluminum compaoun

comptisdssadcompdintdhaving the sotrmubtheAH0Ed) n{xlii)@mposition, the contact
wherei fd 3hisAAyArarp having.feahd JR20 GAHRARAQMBoltd i@ the

alkoxide or an {a;réqoxiqg, any of which havinlg from 1 to 20 carbon atoms,
haliddoBHydride; afl ris 25 miNiserrhoYR: 1R ROhEREITR; Adfs composition, the

contact product can further comprise: 5) an ionizing ionic compound, as disclosed
herein.

Yet another aspect of this invention provides a catalyst composition that can
comprise the contact product of: 1) at least one first metallocene; 2) at least one
second metallocene; 3) optionally, at least one organoaluminum compound; and 4) at
least one activator, wherein:

a) the at least one first metallocene comprises an ansa-metallocene
having the formula (M1-A) provided herein;

b) the at least one second metallocene comprises an unbridged
metallocene having the formula:

i) XXX (XHM? (M2-B), wherein

M? is zirconium or hafnium;

(X°) and (X°) are independently a cyclopentadienyl, an indeny],
a substituted cyclopentadienyl, or a substituted indenyl;

(X") and (X®) are independently a hydrocarbyl group having up
to 12 carbon atoms, H, BHy, or a halide; and

any substituent on the substituted cyclopentadienyl or
substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups,
any of which having up to 20 carbon atoms;
i) XXM xHMm? (M3-B), wherein

M? is zirconium or hafnium;

(X%) is a substituted cyclopentadienyl group, wherein any
substituent is independently a linear or branched alkyl group having up

to 12 carbon atoms;
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d) the at least one activator is selected independently from: i) an
activator-support selected from a solid oxide treated with an
electron-withdrawing anion, a layered mineral, an ion-exchangeable
activator-support, or any combination thereof; il) an organoaluminoxane
compound; iif) an organoboron compound or an organoborate compound,
or Iv) any combination thereof Also in this aspect of the invention, the
at least one organoalumisum conIRAALAR RGP RITAI VR 35 QA is

the following condions is met: 1) when: a) at least one of (X3) and (X4) is
a hydrocarby! grodifFREAATL 18 FPkalin 8FP Mo PN BIREP Pat RARPIGAED
of (X7) and (X8) isof d1}sh:aicasihy| o xiay) Guip 30 Whi daraom aigms, 19, @kbon
BH4; and c) at Ieagttoorgea%f (X11) and (X12) is a hydrocarbyl group having up
to 20 carbon atoms, H, or BH4; 2) when the at least one activator
comprises at least one ofaneatuffiidrenmdmepeutiy adrydrocgpylizeoubdttving
conditions 1 and 2,858 W&k, hon YWHIE RORIRIEACING e bound by theory, it
will be recognized by one of ordinary skill that a metallocene-based
compositiorPthat exhibits catalytic polymerization activity typically comprises
the contact produgtipf: 1)@t dea®ianemedaligcene component; 2) a

co-catalyst comporﬁentt at tprovides an 1activatable ligand such as an aII%I or
. . FP he at e&lf one or\%lzhnoa NINUM. cempound comprises; a co pound
hydride ligand to the metallocene, When the metallocene compPound or

compoungstigofaatdiready comprise such a ligand; and 3) an activator
component. In some instances, 0”%‘?(?5"’9?52@")“ can function as both the
e

n

. . . 3-n» .
component that provides an activatable ligand and the activator component,

for example, an oryBfEEFinExAREdEa T dasInF 198t tpaRfscamerrgpms: (X')

casess iegRoNR Binetienn Gas, beyRiovidedHayihyorsRPRIaDD CIMROABRS halide,
such as an organgalumlnur% e:::{oggs%oy%d3that{can prog!de an activatable alkyl

ligand 1O R AP EShB SR lid dxIde"tréated With an
electron-withidrawithg @néast thatacamagnowisldethed ands@tatefulydiom: Further, in

some instances, the metgllocene comBOHNG GALFIGAD:GRMRIRE A ed with an
activatable Ilgand such as an alkyl ligand, therefore, a component that

provides ané aptedigaing r196t davired nbigrehAbie X epitasable activator-

component @fihig coniact pradsigtod heresere, by designating the at least one
organoaluminum ¢ompound as "optignal” in the contact product, it is intended

to reflect that the dPganodIHMGA EER BB RRABE optional when it is not
necessary to impaiit)catatyticgactiviryicdnpaaipositicracdorpi sgpithad; or

contact product, a§V2Jndeg[%;%ggﬂgxa%gtﬁgrggginary skill. Thus, a further
aspect of this invention provides a catalyst composition comprising the

contact prodilee of 1hiat feattonle MstiRtetitdeete; 2) akkatorigsaeHeinum
metalgsRiaen@bsh 3 BpiRAS AAELAEIMAIInMIIREEIdIowing condions is met:

1) when: a) at least one of (X°) and (X*) is a hydrocarbyl group having up to
20 carbon atoms, H, or BHy; b) at least one of (X7) and (XS) is a hydrocarbyl group
having up to 20 carbon atoms, H, or BH4; and c) at least one of (X“) and (X12) is a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy;

2) when the at least one activator comprises at least one organoaluminoxane
compound; or

3) when both conditions 1 and 2 are met.

While not intending to be bound by theory, it will be recognized by one of

ordinary skill that a metallocene-based composition that exhibits catalytic polymerization
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a)the at least one first metallocene comprises an ansa-metallocene having
the formula: (X1)(X2)(X3)(X4)M1(MI-B), wherein M1 is titanium, zirconium, or
hafnium; (X1) and (X2) are independently a substituted
cyclopentadienyl, a substituted indenyl, or a substituted fluorenyl, one
substituent on (X1) and (X2) is a bridging group having the formula ER1R2,
wherein E is a carbon atom, a silicon atom, a germanium atom, or a tin atom,

and Eadﬁ\m?n%gzmybggﬂ‘l%ge)saﬁﬁg Q%)a&nﬂd&l?&“%}ﬂ R})aﬁ{dlgdgt abfle metallocene

independently an alkyl group or an aryl group, either of which having up to 12
carbdi?BRIATEL o Iﬁ&/&?{f@@}ﬁsméﬂq%l AsProNilesy ﬁla%th"&t??éeié‘%‘h?%h as an
groupikyl or hyalrigastan® suhBktuesIRBeR 1 MaictXdkisrauhsituted@ban or
unsubstituted alkenyl group haying up to 12 carbon atoms; . X3) and
R S T e
20 cavpon @omessHowr BripoBina ¢ndfosaiby loxidegheupngonent that provides an

hydrog gt aMRARIRRA AP AR LRRATRIB IR QLaHRIRBY GLUHRIERNANARE can
up to 20 carbon atoms; or 4) OBRA2 or SO3RA, wherein RA'is an a'ﬁ? group

I
or anf#pglighd R Ahy 8T whireisyirryaip thsse X ¥arbiBrRigrs ra? Whererifsd lBadwro

one (gharddekboitad)wtacasbyh gigufolRIIREHPEngOusarbgn alamsolidehn
BH4; apdt i a}q%a dtiti%pal Slt.,l stituent Qn th?.ffubscfituteq d wit tron.
cyclo%ceﬂ’?a%bleen%/qusu Sute ?nfa%%y C Abstituted ug?éneyffegresu lshtﬁ]fee ectron
alkenyitydoupiing mdepdatentiyrandzliphaticvgrauionetmar dimabicr.growmeal cyohicss,

grouny,GAMHRINGHRBH AHENAHG AL YGHEHOUP S ARGNMARIL A QR 2 SHITE

group, a nitrogen group, a phos horus roup, an arsenic group, a carbon

groupigansHibsIIgFo PR ISBF GG any astviREls HagnAds eticauigegdut can

carbag atospsoinaigiRinehtirdreaehiact prodtite RhéeastOPE &ERAAGh the at least

metallocene CO?T rlses an urg)tl)lrig eqometglllggengehc%}gitg thg dfocrtrr}ulgl:. tended to

|)(X5)?956?f§(971)? %%‘W(M%OES’ Wheteit R tlfgr%lum, ZHE IR of half}nwdn,
reflect that the organoaluminum compound can be optional when it is not necessary to
impart catalytic activity to the composition comprising the contact product, as
understood by one of ordinary skill.

Thus, a further aspect of this invention provides a catalyst composition
comprising the contact product of: 1) at least one first metallocene; 2) at least one
second metallocene; and 3) at least one activator, wherein:

a) the at least one first metallocene comprises an ansa-metallocene
having the formula:

XXM (M1-B), wherein

M!is titanium, zirconium, or hafnium;

(X" and (X?) are independently a substituted cyclopentadienyl, a
substituted indenyl, or a substituted fluorenyl;

one substituent on (X') and (X*) is a bridging group having the formula
ERIRZ, wherein E is a carbon atom, a silicon atom, a germanium atom, or a tin atom,
and E is bonded to both (Xl) and (Xz), and wherein R' and R? are independently an
alkyl group or an aryl group, either of which having up to 12 carbon atoms, or

hydrogen, wherein at least one of R' and R? is an aryl group;
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(X5) and (X6) are independently a cyclopentadienyl, an indenyl, a substituted
cyclopentadienyl, or a substituted indenyl, (X7) and (X8) are
independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl group haying up to 20
carbon atoms, H, or BH4; 3) a hydrocarbyloxide group, a hydrocarbylamino
group, or a trihydrocarbylsilyl group, any of which haying up to 20 carbon
atoms; or 4) OBRA2 or SO3RA, wherein RA is an alkyl group or an aryl

group, any of whicl hayngiP (QuLaEAHPR FRMSoWIRFEIR 8f ISRSkARNEI6F) an
and (X7) is a hydrocarbyl group haying ugzto 20 carbon atoms, H, or BI-14;

and USRSk TaNt SitRSRIBSHRIR L EARBE R ieny| or substituted
indenyl is independentinameliphaticigraurnan arpmati; 8i0up1:a2s¥Cligdrocarbyl
group, & combination, of Jliphalic and, evelic argyps afa hvicadifod S,
group, a Ritrogeﬁ gPoup, a p%osphorus’grdup, an®arseni group,ya carbén’ P
grougydrsiticbylgnoupgrora bordniyksoprbylyilof whigh devih gy hiohnhdvio 2@ to 20

carban Blan;A NalidroRRNY GrageR IR R RIS MR herS NNy,
IS titanium, zirconium, or hafnium; (X9) is a substituted cyclopentadienyl
group™WRE BB e B SRt iR e iSAERPRISMALICHITER, ArlcarbAPsticgratp (Brds 2
combiiatiearpflaliphatievandupyel I GeebRsa@ny, o WhBH having up to 20
carbon atoms; Xlgf)di as bsti%uttetd intderI11yI %roug,bvmetre'n on cadienvl
substituent is an aliphatic blr%%ap, ah 5rlour%réticogrou;e), S8 combination of - <™
aliphatibsandedy cliclgndupsyatyuefdw Hichreadingpup seb2iiwedb onkatyinsgroup s

(X1L1) and bl PLe MBRRENSINY:td bmfelc Bod. b @cﬂéﬁg’%ﬁ}%@%ﬂ{%n of

having up to 20 carbon atoms, H, or BH4; 3) a hydrocarbyloxi group, a
hydrd&m;;vqaﬁﬂﬁocwbww&tﬁmyaaegéarsgﬂgnwag?aﬁw, SHYDf WRIER[AWEHYP: 2
up tO@Q]ﬁﬁEb@ﬁ gtqmsmor%ﬂs)eﬁf@Aappm&%%gﬂgﬁp,raim%ﬂsggugjkMI gdresien
or an aryl group, any of which_havin to 12 carbon atoms; ; rein at
et SRPCERL LA 13y T8 AR S 0 G R e i 56 T
atoms, H, obBIl-14handt leaanyamdditionad sulbsttiveaicorctngssdstidnteahbridged
cyclo&%&tﬁ@g&y{l%@%g%ﬁggﬁndenyl is independently an aliphatic group,

an aromatic group, a'cyclic group, a combination of aliphatic and cyclic
groups, an oxyger)group, a sulfirgrolis, &nibgen grou1Z-hodstisitus
group, an arsenic group M°GatRaneioxRoRisHCeN@raim; or a boron group,
any ofwhich having from s 0 20 G R e Ssctohamtsthofsi an indenyl,
a substituted cyclopentadienyl, or a substituted indenyl;
(X7) and (Xg) are independently: 1) F, Cl, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms;
or 4) OBR™, or SO;R”, wherein R is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; wherein at least one (X')
and (X') is a hydrocarbyl group having up to 20 carbon atoms, H, or
BH4; and
any substituent on the substituted cyclopentadienyl or
substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an

oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
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or iif) any combination thereof; and c)the at least one activator is selected

independently from: i) an activator-support selected from a solid oxide
treated with an electron-withdrawing anion, a layered mineral, an
ion-exchangeable activator-support, or any combination thereof; i) an

organoaluminoxane compound; iii) an organoboron compound or an
organoborate compound; or iv) any combination thereof Still a further

aspect of this inVeﬁQ&ﬂdogfb\d &5 bt AResHt )B@?H?Qriﬁiﬂgl W6up, any of
a

contact product of: 1) at least one first metallocene; east one second
metallocene; and 31483408 ARkt tOcamaardivms: @ haldrernhydggne

first metallocene cgmprises an @igathetdlprEnerhavingvis-ormuladiiI-B)

as provided herein; R}ﬁhet.at least one seconci)@rgetall.ocene comprises an
unbridged metallocene havilrslgl& e formu gﬁ“l‘j&ﬁ( ?&?)(XS)MZ(MZ-D),
wherein M2 is zirconium(&gha'jnmm;bstituted cyclopentadienyl group, wherein one

substituent is an aliphatic group, an aromatic group, or a combination
of aliphatic and cyclic groups, any of which having up to 20 carbon
atoms;
(X' is a substituted indenyl group, wherein one substituent is
an aliphatic group, an aromatic group, or a combination of aliphatic
and cyclic groups, any of which having up to 20 carbon atoms;
(X“) and (Xu) are independently: 1) F, Cl, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms;
or 4) OBR™, or SO;R*, wherein R* is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; ; wherein at least one
(X' and (X'?) is a hydrocarbyl group having up to 20 carbon atoms,
H, or BHy; and
any additional substituent on the substituted cyclopentadienyl
or substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
arsenic group, a carbon group, a silicon group, or a boron group, any of
which having from 1 to 20 carbon atoms; a halide; or hydrogen;
or

1i1) any combination thereof; and
c) the at least one activator is selected independently from:

1) an activator-support selected from a solid oxide treated with an
electron-withdrawing anion, a layered mineral, an ion-exchangeable activator-
support, or any combination thereof;

i) an organoaluminoxane compound;
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(X5) and (X6) are independently a cyclopentadienyl, an indenyl, a substituted
cyclopentadienyl, or a substituted indenyl, (X7) and (X8) are
independently a hydrocarbyl group having up to 12 carbon atoms, H, BI-14,
or a halide, wherein at least one of (X7) and (X8) is a hydrocarbyl group, H,
or BI-14; and any substituent on the substituted cyclopentadienyl or
substituted indenyl is independently an aliphatic group, an aromatic group, a

cyclic group, a combination, et AliRRatic AN GXFICAQURS BRY.RLHBIERd: or

having up to 20 carbon atoms; ii)(x9)(x10xx1 xxiz)m3(M3-D), wherein M3 is
zirconium or hafnitlth; 20 RYPRNAIEHKEIENed cyclopentadienyl group,
wherein anyssubstifughéisaipdependenilyimdinear prdvianchedaadkyd: geomposition

havmgou I'Egir:ll Zt&%r%%? gitorgéi.lct of:()ﬁr}oa)t IIséaasts.(%l besﬂys“ltt %ie{gﬁc?cre] legar%léjlg.least one
wherein any substituent is'independently an allplha IC group, an afomatic
groupeord oetabicationuot Alighetic @rdgycliorgrdypsnany of which having up

to 20 Carbo@)atomt?feag_'p least %Ql%%é&l%c@ﬁ@ i@gﬁ ﬁ&geﬁﬁlyﬁsa—metallocene
hydrocarbyl group hawlqﬂyf) to 12 carbon atoms, H, BH4, or a halide,

wher&fY g |5dpREbf MPRBIS Be¥iirocarbyl group, H, or BI-14; or

lijany comtinationhtheieofeandmiheeabigashenporehly atdnisraelecigd unbridged
independently from: i)fan aftjvator-support selected from a solid oxide

treatét Wit &h°e ae‘@flr%ﬁh-?/vﬁﬁla}la%/ving anion, a layered mineral, an
ion-exchangeableiactivator-sugBorXOCah@Epviibination tE}dYE wherein

M? is zirconium or hafnium;

(X°) and (X°) are independently a cyclopentadienyl, an indeny],
a substituted cyclopentadienyl, or a substituted indenyl;

(X") and (X®) are independently a hydrocarbyl group having up
to 12 carbon atoms, H, BH4, or a halide, wherein at least one of (X7)
and (X*)is a hydrocarbyl group, H, or BHy4; and

any substituent on the substituted cyclopentadienyl or
substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups,
any of which having up to 20 carbon atoms;

i) XXX XHM? (M3-D), wherein

M? is zirconium or hafnium;

(X%) is a substituted cyclopentadienyl group, wherein any
substituent is independently a linear or branched alkyl group having up
to 12 carbon atoms;

(X' is a substituted indenyl group, wherein any substituent is
independently an aliphatic group, an aromatic group, or a combination
of aliphatic and cyclic groups, any of which having up to 20 carbon
atoms; and

(X' and (X'?) are independently a hydrocarbyl group having
up to 12 carbon atoms, H, BHy, or a halide, wherein at least one of (X7)

and (XS) is a hydrocarbyl group, H, or BHy; or

12°



i) an organoaluminoxane compound, iif) an organoboron compound or an
organoborate compound; or iv) any combination thereof In a further
aspect of this invention, the activator-support can be, or can comprise, a solid
oxide treated with an electron-withdrawing anion, wherein the solid oxide
comprises silica, alumina, silica-alumina, aluminophosphate, aluminum
phosphate, zinc aluminate, heteropolytungstates, titania, zirconia, magnesia,
boria, zinc oxide, mixed gxides IRIEGH (REBYKtures thereof. In this aspect, the
electron-withdrawing anion can comprise fluoride, chloride, bromide, iodide,
phosﬁﬂ%te, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate,
trifluoroacetate, phesphais; dhsaraphasphaircibdanaziannals, filv@rosilicate,
fluorotitanate, pern anganatet.sutbs:titutedtorlur{sgl?stitutedladkan stulfc%nf?te.b[h
substituted or unstbstitutéd %?\éan%rsﬂfpgr%tae, or eanyr comBnation thereof. th - "
addition, thelactivatwitislipporg eanrfurthercd mprisel samietat orhmgtablonguekpr-
as zinc, nickel, vangdiym. JHgsiesh maebdedenum, silver, tin, or any
combination thereof. AlSo in this aspect, the electron-withdrawing anion can

be fluoride, chlorid®, broAtGEAEINRIKHGEpReHPCHfate, bisulfate, sulfate,
fluoroborate, fluorggulfatg, sidhhoreaseiaithonh@sphatesdiupsarhasphaiel; or
fluorozirconate, fluorosilicate, fl%or(%titatnate, fpermanganate, substituted or
unsubstituted alkalr‘{%sulf(a)rrl?/a‘fgr,nsh aslﬂ?uPe%e r unsubstituted arenesulfonate,
and the likeJinclbdihgr arvpecombithation/ ¢heeeofthe ackivyer-amgiber@spect of can
this inyanteD, e REIVRICHSHRPOICANRR 1 Oh SR EAMIRISS GhIaMREsh e solid
mineral, an ion-exchangeable activator-support, or any combination of these
activagAsupBPESShchilififg AMNEBMBIHSTIH BY the sEURROAIG G 0 AR RBH™
a solighexpierdreatedawithirar elpetropolithdsends giaminn ZIR-biis, asReedsitheoria,
activator-support .caﬁ co%pri ea gI:Ia mineral, 3 J:)ill?reii cl\;a , an exfcféliat d
clay, ARS8l Say Yol 8 alother XidE Aiatrix, " 14y Er8E Lilikate "
mineraithdnemg layered silicatepnia eilabraléaydrieddelubrimositicaddideinghakphate,
non-layiered ajuminosiligie MingiahRL ey sHBRIRALOR HRHRAE ctate Mphosphate,
another aspect, this invention further provides a process for producing a
polynitgserhosrbataly st edRmsshith compirsiherContdearmyiatisast pHBdstnate,
metalipsengedt lRast anameeard metalesenaepticnsi@bieasth Onghsubstituted
organoalumjnum compound, and at least ope activator, to produce the
catalyST S S8R, WhefEIRHHA S ILALE e%réf‘ﬁ\%?&l|6‘&eeﬁ%t}‘fﬁt8rai“1%%’§{ can
one sachnd cnetailecenaetiecant ieast ame sorfamoalueninickelcompduma, amgsten,
the a acti ar [ nerein. 1o sl r thi
e T 8 B g tron
ethylerihdintiaa epwonednhsifivoadmahbide.wWithnadeatilgstceaippsniontasate,
providedihgsein ynger, polypriization cansitiantio forRTAdIGAVERRE,OF phosphate,
copolymer. In yet further aspect, the present invention provides ethylene

polym B HRGBBESIy nBIE AR Bitfele d AIAE e frBHY BEEAEed Bymanganate,
contaaiingtethlylene and@ntoptidnahb-olefiif@amoncnbetinvitd a catalysibstituted
compgsiiion dnder Rl szalion aandiions o form fgglymer or copolymer,
wherein the cata yst composition is p ovited as disclosed herein. In still
another asp@cy®fappshdiseipatirel this drtnitpbf titeactitalpstsepPApoitides of can
this invapiRe can hgenhanaedby preceniacing.same atthanolypperzalonny
reaction components to form a first mixture, for a first period of time, before
this rﬁB&lPﬂ&ﬁ%%8E“&%§ﬁt%féﬂéﬁ%ﬁhpﬂ?ét?eWﬂﬂﬁﬂé PoiyhiBPiPAtH Fedetopftivator-
compapeaits, iirningid sadendadrikivite afoglecsesarichperiockahivne IiFdis aspect,
example, (16, (it elalosens. compound. e speonh MEFAl0Can riuca clay.
compound, or oth the first and second metaflocend compou?%d% can %)e
precomastebawitisiostelisdottie npolenerizdationisaetaiecdriporiemeral, a non-
including but not limited to, for example, an a-olefin monomer and optionally
an organoaluminum cocatalyst, for some period of time before this mixture is
contacted with the remaining polymerizaﬁén reaction components, including,
but not limited to, an activator-support. In this aspect, the first mixture is
typically termed the "precontacted” mixture and comprises precontacted



The present invention further comprises new catalyst compositions, methods
for preparing catalyst compositions, and methods for polymerizing olefins that
result in improved productivity. In one aspect, these methods can be carried
out without the need for using large excess concentrations of the expensive
cocatalyst methyl aluminoxane (MAO), or the catalyst composition can be
substantially free of MAO. That is, the catalyst compositions of this invention
have polymerization agthétyin the suhstantighaRsanag of AMIN0XaNES: layered

However, this invention also provides a catalyst composition comprising the
conta BrBetILEHs DL AN ceRBINZ SR OMmetallocene, and an
aluminoxane hndtisraspest, thie patalyst CONMPEPIHIOMES AIrREIRE oducing a
COmPriSe AN Activatorppart, Wherein the Activalor SyoROr COMPISES 8. i,
chenﬁceﬁf?—trreafe% solid oxi e, na e ca‘i’feﬂg}sf cgmposmongis also not
requireciaibocomapridenstrous gerod mmidinreco mpomaty at leAd ditio negipothisninum
InventiaR BREMRPSSRS:ARIIRES SR TBISING CORBEING AbISARRMC wherein the

monomer and the catalyst composition under polymerization conditions to
produédetie PRAVIRErMTRlecTRconl ettt tiR TRvItiBI Blovidesthsethisdst one

for palyrmesizingeiefinsiysing thedcaaly It eaBROSHIOAS PIRPAEREES:S herein. In
descrlgﬁ% hotreln. The present mverl#orillalso nco egoTsses new ngl%oleflns.

S er aspect, thig mvention atfords a method.o merizing ole omprisin
This ihvehtion as8 Hrovidés ah aricie that E6mpris S PGImer produted™ s

with theeefalysthgtmpasitionaptithisl iovxdefioromondiheseidnd cilabrsfeatupesition

aspegts, oM Ne NS ANd, AAANAIES %Eﬁqﬁéﬁﬁeﬁ? R ARVeRHon, Wil becomEe,
apparer?t after a review of the following detailed description 0 the disclosed
featutes YBRIEFHMHE SCRIPTHONCFITT HEVRIGWRESVides FpaiyiRE 100kysreategnd

the fourpuias @f semespredfic metalagangs shakean ke MaedifstinyRYeNiRNan
as provided in the Examples. FIGURE 2 provides comparison gel o
perm8Bcitrottito GRRAROESD C4ftof SHHIEH e RBIRRSHENInTEHS L Rglymerization
copolbysneiisond Exaniples dof el -5:6}opsepaée dvak RIRVIReddniyablenposition is
FIGURE %éarové(lj% cgmgarison gel permeation chromatograms (GPCs) for

ethyl he'é p%“fy ersy reﬁ fed according to inventive Examples 7-13

(E7-E13), piepstidd asthrovideekin ;ifaldbie:_ZdﬁEdEL_\ﬂd:.EthDE@t\Zi@I PdﬂOM Qfatalyst
THE INYENGIQN of l6 REGSER! &'A}{eﬂé'9&1949&@8’3@”&‘%8@&&%‘“&% rb?d"\{he

catalyst compositions, methods for preparing catalyst compositions, methods
for uSIAY TFEIEHIRIN SRR SOEIRORRItD LD AR @rfHst AIEFHES. SRl iBB DRSS,
varioysrafticlas pisnated fiam olatin el Wnershd taRa RSPty thisi arentiei ton
encompasses a catalyst compaqsition comprising: at least qne fir
rotaTERRES Tor YAHTRIS TRy P AACE L B Ae S ame: he

contafimsingnet Praciant otgfnach tiaisinghdnoiedyi attaclkechpound, or both the first and

second metallocene compounds can be precontacted with various other

polymerization reaction components, including but not limited to, for example, an o-

olefin monomer and optionally an organoaluminum cocatalyst, for some period of

time before this mixture is contacted with the remaining polymerization reaction

components, including, but not limited to, an activator-support. In this aspect, the

first mixture is typically termed the “precontacted” mixture and comprises

precontacted components, and the second mixture is typically termed the
“postcontacted” mixture and comprises postcontacted components.

For example, the mixture of at least one first metallocene, at least one second

metallocene, olefin monomer, and organoaluminum cocatalyst compound, before it is
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to at least one of the cyclopentadienyl-type ligands and one or two aryl
groups bonded to the bridging atom of the bridging ligand; at least one
second metallocene, for example, an unbridged metallocene comprising two
optionally substituted cyclopentadienyl ligands, two optionally substituted
indenyl ligands, or one substituted cyclopentadienyl and one optionally
substituted indenyl ligand; optionally, at least one organoaluminum

cocalalyslo@ndialieast ORG AEValRsol 998 ARPele N AGHNAIRLERD” mixture.

comprise an activator-support that is used along with an organoaluminum
cocat%‘l?fs‘ﬂ‘%‘?é‘&gr‘ﬁﬁﬁgﬁscﬁ&ﬂ?%‘i%“i W@Rﬁ&ﬁ“&%ﬁ?&ﬁ‘ﬁ%&é&rénc‘&f&ﬁ/gfan one step,
compgsitigricomapsising phecantact pradie! oitaendapalyshaompanants, and the
disclcisked P)ereinIl ‘ 1n one as x?ct the present inventiop (Rra}zides a catatlgst d
compOSition CompHSIG the SORtAct Sroduct of: 1Y AF (SRSt e firggriure 15 (erme
metallorenest)aded St veusacorid retaiibcenee3) optionallyf dtrieasttehecene,
organgaNUM KA AR RAD Bh A dRASH AR ARG a NRIRINAMH AR has

least one first metallocene comprises a compound having the formula: = "X3A
and YA ol ifde FORUSARGHING | ARY, TCHRIRAE, FHAMH, SPRetRHS Bl Beofinal
Si;  preconRdBdantkdA &R indepandenthnan alkylgratihacae andx@iaup, This
either of Wh'ich havins%(ye to Jd%ecar on atoms, or hlxdro en, wherein at Ij)ast

one of TN SERIA YA SEIGTOUR! "It WikaA dRtr Ol A apindEpER SRS

a hydranarbyhgrolLhcome triky.dfor arayhsi arouppany thiswhictiftiavingisipossible

20 caphor, Atme, RLVArBGERs S ANIMEIRHILAM QAR NCBVEAWh the
metallocene or metallocenes and the olefin monomer, to have a different chemical
formulation and structure from the distinct organoaluminum compound used to
prepare the precontacted mixture.

This invention also comprises methods of making catalyst compositions that
utilize at least one first metallocene, at least one second metallocene, at least one
optional cocatalyst, such as an aluminoxane, and at least one activator, wherein each
of these components is disclosed herein. The methods of this invention include
precontacting any selected catalyst components, for example, the first or second
metallocene or both the first and second metallocene, optionally with an
organoaluminum cocatalyst and optionally with an olefin, typically but not
necessarily, a monomer to be polymerized or copolymerized, prior to contacting this
precontacted mixture with any remaining catalyst components, in this example, the
activator, such as an activator-support.

The present invention further comprises new catalyst compositions, methods
for preparing catalyst compositions, and methods for polymerizing olefins that result
in improved productivity. In one aspect, these methods can be carried out without the
need for using large excess concentrations of the expensive cocatalyst methyl
aluminoxane (MAO), or the catalyst composition can be substantially free of MAO.
That is, the catalyst compositions of this invention have polymerization activity in the
substantial absence of aluminoxanes. However, this invention also provides a catalyst

composition comprising the contact product of a first metallocene, a second
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RSA and 126A are independently a hydrocarbyl group haying up to 12
carbon atoms, or hydrogen; b)the at least one second metallocene comprises
a compound haying the formula: combination thereof, wherein M2A is,
independently, zirconium or hafnium; X2A and X8A, in each occurrence,
are independently F, CI, Br, I, benzyl, phenyl, or methyl; and R2A and
R8A, in each occurrence, are independently H, methyl, ethyl, n-propyl,

N-butyl AREAY!, &l 2y HiRfRR e CHE (s Gl ot A2 ChAGHTE s 1Bbn is not
CH2CH2CH2CH=CH8 R9A 3A..mx12A

required to comprise an activator-support, wherein the activator-support comprises a
chemically-treated solid oxide, and the catalyst composition is also not required to
comprise an organoaluminum compound.

Additionally, this invention encompasses a process comprising contacting at
least one monomer and the catalyst composition under polymerization conditions to
produce the polymer. Thus, in one aspect, this invention provides methods for
polymerizing olefins using the catalyst compositions prepared as described herein.

The present invention also encompasses new polyolefins.

This invention also provides an article that comprises the polymer produced
with the catalyst composition of this invention.

These and other features, aspects, embodiments, and advantages of the present
invention will become apparent after a review of the following detailed description of

the disclosed features.

BRIEF DESCRIPTION OF THE FIGURES

FIGURE 1 illustrates the formulas of some specific metallocenes that can be
used in this invention, as provided in the Examples.

FIGURE 2 provides comparison gel permeation chromatograms (GPCs) for
ethylene homopolymers and copolymers of Examples 1-6 (E1-E6), prepared as
provided in Table 1.

FIGURE 3 provides comparison gel permeation chromatograms (GPCs) for
ethylene copolymers prepared according to inventive Examples 7-13 (E7-E13),

prepared as provided in Table 2.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides new compositions, new catalyst compositions,
methods for preparing catalyst compositions, methods for using the catalyst
compositions to polymerize olefins, olefin polymers, and various articles prepared
from olefin polymers. In one aspect, this invention encompasses a catalyst
composition comprising: at least one first metallocene, for example, tightly-bridged

ansa-metallocene compounds containing a pendant olefin-containing moiety attached
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(IVA), wherein M3A is zirconium or hafnium; R9A is H or CF13;
RioAisH,CH2CH=CH2,CH2CH2CH=CH2, CH2CH2CH2CH=CH2,
CH2CH2CH2Ph, or CH2CH2CH2CH3; and X1 1 A and X12A are
independently F, CI, Br, I, benzyl, phenyl, or methyl; or iii)any combination
thereof; c) the at least one organoaluminum compound comprises
trimethylaluminum, triethylaluminum, tripropylaluminum, tributylaluminum,

triisohytyRIMIRL B} HIRG IR RG YA TIRWR. diedY Y TN bonded
ethoxide diisobutylélum?naﬂrgéh dridgi, é{%th%aluminum chloridé%gr an onee

comBi AT REFEBAIEROT (o daia (LguKbrié el AR 16caAd metallocene, for

activatomsgpalt CoRpIisnD arselitbexide teatadivgitht@d  optionally  substituted

eleCtrcoyréig\gggglr 1\c,\1lli{/]lg ﬁgzil?lgé,wp\ggeigﬁtionally substituted indenyl ligands, or one
substituted cyclopentadienyl and one optionally substituted indenyl ligand; optionally,
at least one organoaluminum cocatalyst; and at least one activator. In one aspect, the
activator can comprise an activator-support that is used along with an
organoaluminum cocatalyst. Also in this aspect, this invention encompasses a
catalyst composition comprising the contact product of the catalyst components
disclosed herein.

In one aspect, the present invention provides a catalyst composition
comprising the contact product of: 1) at least one first metallocene; 2) at least one
second metallocene; 3) optionally, at least one organoaluminum compound; and 4) at
least one activator, wherein:

a) the at least one first metallocene comprises a compound having the

formula:

(IA), wherein

M2 is zirconium or hafnium;

X3 and X** are independently F, Cl, Br, I, benzyl, phenyl, or methyl;

E2is Cor Si;

R'* and R** are independently an alkyl group or an aryl group, either
of which having up to 12 carbon atoms, or hydrogen, wherein at least one of R'* or
R*is an aryl group;

R** and R* are independently a hydrocarbyl group or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms; or hydrogen;

n is an integer from O to 10, inclusive; and
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the solid oxide is silica, alumina, silica-alumina, aluminophosphate, aluminum
phosphate, zinc aluminate, heteropolytungstates, titania, zirconia, magnesia,
boria, zinc oxide, mixed oxides thereof, or any combination thereof; and

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

fluorotitanate, perggangapate, ;ﬁgﬁﬁﬁ&?gﬂgeﬁlﬁwpﬁgﬁﬁg&ﬂﬁﬁ kanasHionaito 12

substituted or unsubstituted arenesulfonate, or any combination thereof

Yet a?ﬂﬁﬁ‘?éraggﬁ%&f Sy diRgsAvention provides a catalyst composition

comprising #ye cortiack poduat eécdidlaasbene fssipmetadlecaond) riveashe

one sfeconfi metallocene; and 3) at least one activator, wherein: a)the at least
ormula, . .

one first métallocene comprises a compound having the formula: (I1A-1),

wherein MIA is zirconiuri‘r hafnium; X3A and VIA are independently

F, Cl, Br, I, benzyl, phenyl |, wherein at least one of X3A and

Xbenzyl, phenyl, or meth [ or Si; 7 d R2A are
independently an alkyl group n %y}/group, either ich having up to 12
carbon atoms, or hydrogen%ﬁfﬁg agtAIeast one of RIA 0 M@%A\jé/an aryl

X ~

group; /@) «(8A

i) R®A (ITA), R (ITTA), or a

combination thereof, wherein

M4 is, independently, zirconium or hafnium;

X" and XSA, in each occurrence, are independently F, CI, Br, I,
benzyl, phenyl, or methyl; and

R’ and RSA, in each occurrence, are independently H, methyl,
ethyl, n-propyl, n-butyl, n-pentyl, CH,CH,CH,Ph, CH,CH=CH,,
CH,CH,CH=CH,, or CH,CH,CH,CH=CHpy;

R'0A (IVA), wherein

M?>2 is zirconium or hafnium;

R’ is H or CHs;

R is H,  CHCH=CH,,  CH,CH,CH=CH,,
CH,CH,CH,CH=CH,, CH,CH,CH,Ph, or CH,CH,CH,CH3; and

XM and X' are independently F, CI, Br, I, benzyl, phenyl, or
methyl;

or
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R3A and 124A are independently a hydrocarbyl group or a trinydrocarbylsilyl
group, any of which having up to 20 carbon atoms; or hydrogen; n is an
integer from 0 to 10, inclusive; and RSA and 126A are independently
a hydrocarbyl group having up to 12 carbon atoms, or hydrogen; b)the at
least one second metallocene comprises a compound having the formula: a
combination thereof, wherein M2A is, independently, zirconium or hafnium;

XT7A and X8A, in ggch ogguriense,.aks tadependently F, CI, Br, |, benzyl,
phenyl, or methyl, wherein at least one of X7A and X8A is benzyl, phenyl, or

methyl,; and  19PA atid REA! in @%ch SERREHEE YR irfREpENEEntly ¢pprises
methytiniimyilainpreyl, N-Risilylahpeinth, CHZipHgdddRinufH2 GitatHRminum,
CH2 rli_llszo llilt}?la lljr%in%rm(,:‘E&%&?éﬁﬁ%ﬂ%g,ﬂ%gg’%laﬁ%ﬁnum, diethylaluminum ethoxide,
diisobutylaluminum hydride, diethylaluminum chloride, or any combination thereof;
and
d) the at least one activator is an activator-support comprising a solid
oxide treated with an electron-withdrawing anion, wherein:
the solid oxide is silica, alumina, silica-alumina, aluminophosphate,
aluminum phosphate, zinc aluminate, heteropolytungstates, titania, zirconia,
magnesia, boria, zinc oxide, mixed oxides thereof, or any combination thereof; and
the electron-withdrawing anion is fluoride, chloride, bromide, iodide,
phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate,
phosphate,  fluorophosphate,  fluorozirconate,  fluorosilicate,  fluorotitanate,
permanganate, substituted or unsubstituted alkanesulfonate, substituted or
unsubstituted arenesulfonate, or any combination thereof.
Yet another aspect of this invention provides a catalyst composition
comprising the contact product of: 1) at least one first metallocene; 2) at least one
second metallocene; and 3) at least one activator, wherein:

a) the at least one first metallocene comprises a compound having the

formula:

(TIA-1), wherein

M2 is zirconium or hafnium;

X3 and X** are independently F, Cl, Br, I, benzyl, phenyl, or methyl,
wherein at least one of X** and X** is benzyl, phenyl, or methyl;

E2is Cor Si;
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xI1A i)Rica(IVA-1), wherein 1),43A is zirconium or hafnium; R9A is H or
CF13; R10AisH,CH2CH=CH2,CH2CH2CH=CH2, CH2CH2CH2CH=CH?2,
CH2CH2CH2Ph, or CH2CH2CH2CH3; and XilA and X12A are
independently F, CI, Br, I, benzyl, phenyl, or methyl, wherein at least one of
X1 IA and X12A is benzyl, phenyl, or methyl; or iii)any combination thereof;
and c)the at least one activator is an activator-support comprising a solid

oxide treated with @n glecion Wit ARG RIS or an aryﬁl‘g&fyl@lther

oxide is silica, alumina, silica-alumina, aluminophosphate, aluminum
phosﬁﬁ&t@%uh%v&}ﬁrﬂﬁ’n*&tézr?é’fB?BWﬁnﬂs‘ﬂé{f’é%gftﬂa\’{fé?f%?c%d?&sﬁﬁaﬁﬁ€§
boriarZnis axigdel grivpd oxides thereof, or any combination thereof; and

R** and R*™ are independently a hydrocarbyl group or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms; or hydrogen;
n is an integer from O to 10, inclusive; and
R>* and R* are independently a hydrocarbyl group having up to 12
carbon atoms, or hydrogen;
b) the at least one second metallocene comprises a compound having the

formula:

@ VXA

@g R7A®\
““X XA
i) R8A (ITA-1), R (ITIA-1), or
a combination thereof, wherein

Y is, independently, zirconium or hafnium;

X" and XSA, in each occurrence, are independently F, CI, Br, I,
benzyl, phenyl, or methyl, wherein at least one of X" and X is
benzyl, phenyl, or methyl,; and

R’ and RSA, in each occurrence, are independently H, methyl,
ethyl, n-propyl, n-butyl, n-pentyl, CH,CH,CH,Ph, CH,CH=CH,,
CH,CH,CH=CH,, or CH,CH,CH,CH=CHp;

R9A\<@/\/\

Xl IA\M:;A.-\\\XIZA

00

i) RI0A (IVA-1), wherein

3A . . . .
M is zirconium or hafnium:;
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the electron-withdrawing anion is fluoride, chloride, bromide, iodide,
phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate,
trifluoroacetate, phosphate, fluorophosphate, fluorozirconate, fluorosilicate,
fluorotitanate, permanganate, substituted or unsubstituted alkanesulfonate,
substituted or unsubstituted arenesulfonate, or any combination thereof
Catalyst Composition and Components The present invention provides, in
one aspect, a catalyst cq(ﬂpgsii;igpcq@@prising the contact product of at least
one first metallocene, at legst one second metallocene, at least one

activator-support; and orﬁionally, i5t leadtone (:%HégﬁﬁgﬁzEach GHeh &S H=CH,

components is furtherciesomrird-oriove H e kinsiiv ejatiosens Cloxround

In one aspect, the first mgtallocene,of the present jnventipn is typically
tightly-bridged ansa—mengglocae%(g%eémaﬁgﬁnng pcefl)ln?élltr[j?fn% QP%rﬁ ’a)ir%nzyi’ p%enyl’ of
olefin-containing muiétyl. atthohidatoletstearst oh & of thedyciope htadidnyheyple or
ligands, and also ¢on 'rging one or two aryl groups bonded to the bridging
atom of the bridging ligand. As used herein, the term bridged or
ansa-metall®icene refers simply to a metallocene compound in which the two
fI5-cycloalkadienylitype ligardmbmthemmessleare linked by a bridging
moiety, and heset erm may be usetd irt]ter.changetably with th? term first lid
metallocené hroug folit. USeflf afisa-hretidteredare 1 |8%1II§/Ompnsmg a SOl
"tightlyxldd digett] witemirtethan thehivawbecyatmalkbet@nyl-type ligands are
connected by a briglging;groupanherain the.shetestilinkahine BilAgNGhosphate.
moiety between the if - cycloalkadienyl-type ligands is a single atom. Thus,
the |eHBHBthePhPRRGaDr tHEChalHBHG e e ACtRORAIS ISR EY b al st Eny 1249812,

ligangsaishevne Béam) zalthaug) ihiebodaingratesn, is shpstifvbatibheratereatiae
first metallocene of this inventio ically comprjses.bridged. e
bis( oyaloatkmeioNo S PR T DR REPaIn DA TSk myde: iodide.
portigr®splited etstlbstitbied feiec|opdntadidnybhgandsflsabstitited inflepydacetate,

'iga”%ﬁo?ﬁy&ﬂ?&!‘“t%ﬁ%%%%é@?”dﬁy&%‘)ﬁb&ﬁ%&?’ WHESRIGIRRE: SUPFHBIGHLAR,
these cyclopentadienyl-type ligands is a bridging group having the formula

ER1RIMMHERBHEE iSUREHYEON bmunswidBtedtoaikanefatiagmaum astivsa or
tin atemusifunbersiREIisReNdeshiocheth Lyeparatadienyl-type ligands. In
this aspect, R1 and R2 can be selected independently from an alkyl group or
an aryl group, either of which having up to 12 carbon atoms, or hydrogen,
wheré€intalyke daimpesivfor hah( dd2pimantsaryl group. In this aspect, one
substituent g th I 'S C tadienyl- igan b -
ording groL Mg el SRR s i et R 6ot posion
K >GeRIRINGrbSHRERDPRdHE M R IcandrelEanséaiintepeidderty one second

selectedfiieraman Alldse P Ao Mpg RU Rn8 tiRIcRAIWhiIShi fiAVIBE: WR AR st.
carban atoms, or hydrogen, wherein at least one of R1 and R2 is an aryl

group-EXQHPRES SrHRdgtYy ERTRS SisTiReSAElt¥e, but are not limited to,
>CPh2, >SiPh2, >GePh2, >SnPh2, >C(toly1)2, >Si( toly1)2, >Ge(toly1)2,

>Sn( 2.5 h, >SiMePh, >GeMePh, >SnMePh, >CEtPh, >CPrPh,
>cB%?ﬁ’é’nﬁ‘%xagfgﬁ?‘é??ﬁ%%%, >GeMe(toly1), >SnMe(toly1), >CHPh,
>CH(toly1),lanen¢hasiikel; the Aggitivestalpteastadri@espisstnldpromien lcaapmaly a
of the; 3Py BredoadkatignyltyRediganmsisuAdc bhistiied Lham M PeHIEe ining
olefin-containing hydrocarbyl group, having up to 12 carbon atoms, which is
referr@d' {6/ naYamh%s Bn a‘alll?éf‘?ypﬁ?o ab, e GariIBLL ST AY feBTo LR stP Bt also
the alkemerdingctienalityo binthigsoappéchdiiiscalefibsdghtaining dfttledaatbiyils ligand.
group,is honded to gne of the fI5-cycloalkadienyl-type ligands of the bridgin
ek e e S PR R A AR PR AT, % e
ligandoamduikrieforkidanhoetdesetibedoatkalivontiant diigengd grole. Mhlgsule are
one substituent on a substituted cyclopentadienyl, a substituted indenyl, or a
substituted fluorenyl of the metallocene comprises an alkenyl group, in which
case the ansa-metallocenes can be described as containing a hydrocarbyl
chain attached to one of the cyclopentadienyl-type ligands which comprises

an olefinic portion. Thus, in one aspect, the at least one first metallocene



(X1)(X2)(X3)(X4)M1(M1-A), wherein M1 is titanium, zirconium, or hafnium;
(X1) and (X2) are independently a substituted cyclopentadienyl, a substituted
indenyl, or a substituted fluorenyl; one substituent on (X1) and (X2) s
a bridging group haying the formula ER1R2, wherein E is a carbon atom, a
silicon atom, a germanium atom, or a tin atom, and E is bonded to both (X1)
and (X2), and wherein R1 and R2 are independently an alkyl group or an aryl

grouﬁl&ﬁﬁ g%{m&}“%ﬂ@ e RN RUQ DS RE VARG R AP G Ahe

least one of 1 and RZis anaryl g at least one substituent on
(X1) &r{’kﬁ‘j%%eé‘ﬂ%ﬁﬂﬁté@%\gﬁﬁlhn%gﬁt%d -BIREHYr gisuphagica bp tehdy-

carbos}iatemSmeaning %) 8ROE%) a¢scibdepapsigntiye LkmdslaBresimbodddby a
hydrocarbyl group haying up to 20 carbon atoms, H, or BH4; 3) a

hydrd¥0 SRRy g el Ahardeaiesy Aty d%ﬁl%l%tmwoéamwwe n-
group;yanyRAMNENRYING R 10 2616AE0ABHAIOTAS s Ohd ) SRR A2 B &@@Rér the
wherejn RA is an alkyl grou of which hayin tol

o TN et A R S e A e
cyclopedgatgenyinsmbsﬂtsliademde’lﬁyé,resﬁobstlthﬁeﬂrﬂumetauhcenesuiﬁsﬂnsteniventlon

alkeny| SraWp S nderspdent, an albhals srou an aromale AouR. & YRl

group; Ination atic cyc IC gro n oxygen group, a s
groupyaleitkedenyd roonsioasp hedphorubsgtoieg, mlamem@t@yiupg@darbobﬁtltuted

9roURy G HHGRARFOWR, L ReAATRS AR Hin ATY QldVRIGIOAVHIE R LikaRent on

carbon atoms; a halide; or hydrogen. In another angect the at least ong

first NI AR B KPS IRt A IIEEHIS ISERHRG I Fotblmula ER'R?,
(Xl)(%Béf&a)@(é)Mde(Md;rB)twhereindMﬂdﬁ)ﬁiaﬂgmnaﬁﬁa@nm @ haffifiutin, and

(X1 )and X subs jtute o tadienyl, a subsfitute

mdenyP%rHé su 01 ??Borersé penta on %%Qo é?flugentqon ﬁf}s %nd%( ddRz
a brldgmgegrdgpdda\nmcth@f@bnfma@mamﬁl gvbgreina isyd ganporitdtonef avhlch
silicoR Aipen, 2 GaBMaRYM.ART. £ égrp%@ﬂaﬂl %t'%?&%‘ﬂ@%f‘kbgﬁa &L an

and (X2), and wherein R1 and R2 are independently an alkyl group or an aryl
group''¥itHerbf which having up to 12 carbon atoms, or hydrogen, wherein at

least one Oﬁmwds&%ﬂscafe WsEEREHY; on the nidEB&ERNE SHRSIHREMEAN-type

(1) gr (X 15,3 3ubgliyted of an pnsubsituted akepyl qrouR haing JpIg. 12,
>SnR R2, Whereln R' and R? can be independently selected from an alkyl group or an
aryl group, either of which having up to 12 carbon atoms, or hydrogen, wherein at
least one of R' and R? is an aryl group. Examples of bridging ER'R* groups include,
but are not limited to, >CPh,, >SiPh,, >GePh,, >SnPh,, >C(tolyl),, >Si(tolyl),,
>Ge(tolyl),, >Sn(tolyl),, >CMePh, >SiMePh, >GeMePh, >SnMePh, >CEtPh,
>CPrPh, >CBuPh, >CMe(tolyl), >SiMe(tolyl), >GeMe(tolyl), >SnMe(tolyl), >CHPh,
>CH(tolyl), and the like.

Further, at least one substituent on at least one of the ns—cycloalkadienyl—type
ligands is a substituted or an unsubstituted olefin-containing hydrocarbyl group,
having up to 12 carbon atoms, which is referred to herein as an “alkenyl group,”
regardless of the regiochemistry of the alkene functionality. In this aspect, this olefin-

containing hydrocarbyl group is bonded to one of the T]S -cycloalkadienyl-type ligands

of the bridging ligand, wherein the olefinic bond is distal from the m’-

22°



(X3) and (X) are independently: 1) F, CI, Br, or I; 2) a hydrocarbyl group
having up to 20 carbon atoms, H, or BH4; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having
up to 20 carbon atoms; or 4) OBRA2 or SO3RA, wherein RA is an alkyl group
or an aryl group, any of which having up to 12 carbon atoms; wherein at least
one (X3) and (X) is a hydrocarbyl group having up to 20 carbon atoms, H, or

BH4;@Qg)alkadienﬁﬂypgdﬁég%‘,aﬁﬂjQﬁépéf@f}t Crhtie sulsiiuied o pendant alkenyl

cyclopentadienyl, substituted indenyl, substituted fluorenyl, or substituted

alken§/°%YFo uBhi‘é@il‘?B% 5%‘?1‘(9‘&‘??&’59 %fhaasliﬁ’ﬁ%ﬁeﬂ @Gﬂfpﬁﬁtﬁ}@ﬁéti% %Hﬁ{t%fi é%‘ﬁ%yl’
groupra GaBsbtnaidonuofalphatiBeandteNeting Qingsi R axyJen grawap disulich
group, a njtrogen group, a phosphaorus group, an arsenic .group, a carb :
il i s R SRR S R
carbontator spaohaliefethor hyydrpgemlienyl Fypthikgaadthighadpectphecatde adefinic
one figst metallocene can also comprise any combination of metallocenes
having the formula (X1)(X2)(X3)(X4)M1, wherein the substituents and the
metals are défifet? £56veSPTHatls, thdeatt|@ast e Mestinemg seamsitegmn ansa-
compiisalanyRicempinatiomaf4M1-A) and (M2-B). In another aspect of
the present invention, p, that is, t lefin-cantaining
hydrocarbyl group is b@ﬁ@ﬁ?&gy the fI5-cy%§(§édY§%ryell-%ype ligands of
the first metalloce M dsiiiaigjimg ligemuypcantiatsw to about 20 carbon

atoms. In another aspegt, the:alkanyl, ouRGaR NAVEHRIRALSUFRAATRAN.

atoms, up to about 8 carbon atoms, or up to about 6 carbon atoms. Examples
of alkBtiyliyet Fulfmelube BRSPS to, butenyl, pentenyl, hexenyl,

heptenyl, or octenyhel fuginther @spestatheraikeryt P SoardkieRY!BE formula
4-perﬁl%l }. Thus, in_ane aspect, the pendant unsaturated rouﬁp can contain
the carbon:calBEH dotidiE BERt o BBOH 46 Mottt 7 LA AR U atom:
remowed! Fronbhéedytolbpéntsbienylpedigantkitse R 'and iR’amotihdepmsgenty an
from (01384 °3H00 ARG, AR AT HE! ORCRIAB AP S oms, or
ligand itse In still another aspect, the olefin-containing hydrocarbyl
groupHagss thacanie Ay learoris, ¥k Baddibistted sFURsUbSstituted. For
example, any substitugrt adhsusiiaryt gsaURK Whan (XBsenta CabdiRuted or an
selected independently from an aliphatic group, an aromatic group, a cyclic
group: &' Btﬁﬁlbtﬁﬁlafﬂ%ﬁ%lfgo{ﬁﬁﬂiﬂg HPCS()Cﬁ%:C &4 oxygen group, a sulfur
group, a nitrogen gkoupnd @tvsphorepgringdyan afsenicRyraug; 8)catydrocarbyl
aroun, & EOMEGLR, GLRANUBAOUP B HHIrINR, AL AIAHEE BAIAN o
group, an aluminum group, an inorganic group, an organometallic group;, or a
substitvtesdeyloarive sHsie of, B s aticH At Hory 06 Bksih2otsysén 20
atomg;ddipdidaisobhydeseen. i ydragen ik Histed'as aRAsRIbIeBHaISIHUBNt SBup,
the alkenyl group in the context that hydrogen can add to an unsaturated

moie M WithIHYAL BWEAYPYPol i ARMAGEE Aoes not destroy the alkeny
group. Thus, hydraggnadsddiipassiblésithaiituent dre arybutisatdrated apwiatienyl,
W'th'”s&ﬂ&i%'l%%”yﬂn%%“ ) SQ,IRAAY It HS&%n%Et agld a¢ rot%t%lttel_fie VRO M oup s
moiety necessary or this group to be considered an afkeny group. ur%ﬁenl,)
this dadepptisntbT alabPRASSIIYPN 5 OFP BRI IKERY] & FOCCOND caaamblnaiéon of
USRS DS S RNGN K JAC A1 NEIBIRRIBIBURSIIIEh sroup. o
analogs of these moieties.  Examples of olefinic hydrocarbyl groups,
specif?ﬁ%ﬁh%ﬁwlﬁ’r’oﬁ‘bé‘ﬁﬂ&f e bSATEE & UPredsiitng group. or a boron
cyclopeniadignyl-&penh moisty finaiude, 2utabemabdhiitadiide Sebhyervgen.
(-CH2CH2CH=CH?2), 4-pentenyl (-CH2CH2CH2CH=CH2), 5-hexenyl (-
CH2CH2CH2CH2CH=CH2), 6-heptenyl (-CH2CH2CH2CH2CH2CH=CH2),
7-octenyl (- CH2CH2CH2CH2CH2CH2CH=CH2), 3-methyl-3-butenyl
1-CH2CH2C(CH3)=CH21, 4- methy1-3-pentenyl 1-CH2CH2CH=C(CH3)2],
1,1-dimethy1-3-butenyl 1- C(CH3)2CH2CH=CH21, 1,1-dimethy1-4-pentenyl
1-C(CH3)2CH2CH2CH=CH21, and the Iﬁé, or any substituted analog

thereof. In one aspect, the unsaturated group bonded to the bridging group
can be 3-butenyl(-CH2CH2CH=CH2),4-pentenyl (-CH2CH2CH2CH=CF12),



Examples of aliphatic groups, in each occurrence, include, but are not limited
to, an alkyl group, a cycloalkyl group, an alkenyl group, a cycloalkenyl group,
an alkynyl group, an alkadienyl group, a cyclic group, and the like, and
includes all substituted, unsubstituted, branched, and linear analogs or
derivatives thereof, in each occurrence having from one to about 20 carbon
atoms. Thus, aliphatic groups include, but are not limited to, hydrocarbyls

such as pargffifs, s 94[59&('&1&9{ RRMAle. APhAIGIQURS R PRET NErei.-
include methyl, ethyl, propyl, n-butyl, tertbutyl, sec-butyl, isobutyl, amyl,

isoan B aesRe AR IaR 3 FORBPIYI, octyl, nonyl, decyl, dodecyl, 2-ethylhexyl,
pentenyl, butenyl, andtbgXikex?)(xBxamples of @arBatiergrewps, in each
occurrence, includﬁ,l lgsutttgrclaunotz }irrcrg)itelg 110 rqlg?nr}?ﬂh.naphthyl, anthracenyl, and
the like, including substitited b érivatives 9nereo , In each occurrence having
from 6 to about 25X%arbods (Substitiitddpdadivatives wbstibnedticycbppouhdy!. a
incIuq%g%égqﬂggh%jm@gs@smgd@ﬂkagsityI, and the like, including any

heteroatom substituted derivative thereof ~ | Examples of cyclic groups, in
each occurrence, MEISHRSIBENEPE {60 M 165 thEbpagmme hyénsdherfagmula
cycloagerfenpscarenes suebasahenyilifiayelan giQups ANt K a tin atom,
including.substituted derivatjyes thereof, in.each occyrrence having fro
eyl e AR T R
such @kyugaoyp ane dncludegtdvpredither ofnvdadh lsodugrence, dliphationaatdms, or

cycliorons areJaURS.SADRLiSNg aRyaliphatic.Rpgion,and a cyclic portion,

examples of which include, but are not limited to, groups such as:
-(CH2),"C6HQR5 @twisateifts fasiivrBg & frioh) 1% abouts1e, sHigysder an

integ@gliﬁ@m@t&q glmfyuﬁwlq)' Wi hﬁ@ilighﬁ%mﬁqunv%t@ﬁ@jn m is an integer from
1 to about 10, and gis an integer from 1 to 11, inclusive; or -(CH2),"C5HqR9
g wherein m is an ﬁ%téﬁ‘gg {?giafeténég%eﬁt& i‘&,llyanr)ig(}i is@hﬁﬁt@ﬁ?ﬁoﬁ’ ﬁdfgcéfbyl
inclusiv@ipl haach Loty rEanmndaasrdeﬁhemff agtved) R ih}id@@p@mmw group, a
selected, fomy AMAIPRANE HOURiILALMALS IRUR, HEYSHE HRURN AW to 20

combination thereof; any substituted derivative thereof, including but not
limitetPtBOBmARMGeCrah QRBxid, YP&n -aiiiels Bodtittretkeeioave ot ayhrgup,
theregfy el whistitassiemolciouaRaib R carken atass; sehpdhogRNX{M is a

one aspect, aliphatic and cyclic ups include, but are not limited to:
PO AR R et L W
-CH2C6H40Me; Gh2CaHid0Rt, -SiH2 TGN Nid 2 ;th€ HRGGiHAddM e@;lopentadienyl,

Cn Ol 2 a-Teb v Gt O bt Hgroup s

-CH2CH2C6H4Br;-CH2CH2C6H4l; CHZ CH2'C 6 FLOM -
e-CH2AHOEIEHAOE AT 1T BHA RIPUCHOM-HP 6 A &IMER2 combination of

-C1-120nkaC AR d1ANE 28y redidisprpeotiepeal same anyupulstifwbeeh group, a
derivative thereof Examples of halides in each occurrence, include

flu ori&E?%HJ?fB)‘HEi érBlf.B,nﬁH &r%fﬁaslggﬁag? a carbon group, a silicon group, or a boron

group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen.

Further to this aspect, the at least one first metallocene can also comprise any
combination of metallocenes having the formula (Xl)(Xz)(X3)(X4)Ml, wherein the
substituents and the metals are defined above. That is, the at least one first
metallocene can comprise any of combination of (M1-A) and (M2-B).

In another aspect of the present invention, that alkenyl group, that is, the
olefin-containing hydrocarbyl group is bonded to one of the T|5 -cycloalkadienyl-type

ligands of the first metallocene’s bridging ligand, can have up to about 20 carbon
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In each occurrence, oxygen groups are oxygen-containing groups, examples
of which include, but are not limited to, alkoxy or aryloxy groups (-OR) and
the like, including substituted derivatives thereof, wherein R is alkyl,
cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or substituted
aralkyl having from 1 to about 20 carbon atoms. Examples of alkoxy or
aryloxy groups (-OR) groups include, but are not limited to, methoxy, ethoxy,

PropOXYmBUIRNoRe At SHOSHIMGCRENAMMABANG A 12 RRA%oms, up

occurrence, sulfur groups are sulfur-containing groups, examples of which
includ® 2betreaRninthme: 65, WSk hyitAeHRan iMeriting atptigletikeny! groups
derivatilesethereat whareirR i) saehyocstitantehisaly) hepaoalkyt, @trhyl. In
aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl having from 1
o ab BT St e B e T R o o panparpect e
nitrogen<eohtaiinggrogpsp wan chrinciube ciobba@nhon kioitde tonpd KiR2 drout 3 to
Pyridy},greYPS: B %%QK%&S@H%&%HQ%&%%@%M@M etﬂgﬁﬁﬁ’fité’!ﬂ‘?ﬁ%‘ in
R in each occurrence is alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl,
substfBa AP Samstitabost AGH PRIV JRT™P e abomthe stpesitadienyl-
atomsype lidih@acfifoccurrence, phosphorus groups are

phosphorus-containing groups, which. include, but are not limited to, -PR2,.
B the kTR G SRR He A R SR IR Badit i the
occu rerﬁ_mBl igrahhoqua:ybboglkyﬁ,tlapyll Joanaikybssuistitufed ealiyhlsubstitutettaeyt, on
or subatityed Aralyd having Siauhd. 19,ABOULRAGATRALAAMSY frodd SRGMphatic
occurrence, arsenic groups are arsenic-containing groups, which include, but
are n&oRitad EOMRER 2R thevifkis, Sielldih g IUBLRiRBPHaPheand cyclic
theregfowphesRiBxRéh @R6HpOGCHIIBN SRy KM reYelnalkyp, ArphApalsYk group, an
substituted alk};l, substituted aryl, or substituted aralkyl having from 1 to lead
aboufSE A BRI S SHE S P b S T S LB UG Rs e sroup. a lea
carb@renpntairng growups awhichinal deouputaréennggahmitgdup, akytdaalidetallic
0rounz Rt sompise el 4P ie oo, PRI A OAIRY! R0:bouc 20

carbon atoms, alkenyl or alkenyl halide groups with 1 to about 20 carbon
atomS2REAIYPBF i A Ade Yrsaps Wigrazes Ebbiedes capBEibionbstiaiagt on
thl? likgs iﬂﬁ@@ingr&%ﬁ)%ituie@&ﬁé}&aﬂm%ﬁhﬁf&g-ca1_1 dciﬂug@canoﬁ%ﬂ@ﬂ@l&,moigty
silicon groups are silicon-containing groups, which include, byt are not limit
o S B SRCH Ry P DU el T B OER RS diBtps. 1hus,
siloxyhgdmges,iangdkblik eyhwtiiainine ach wseurmentadiayeritin thdalaboutegRip
carbo o ilico include trime '

sﬁk %%?yf RSXRRIE Sl ﬁ.e%%ﬂp&éﬁ‘ﬁ H%%eg%c%& L2085 group to be

phenyloct groups. In each occurrence, boron groups are

borortsHiaiedny gibepd, sieteh iRertge, Bik drecnpigimentier sBRgtumscoon the
-BRXa g re ot s foMopaaRiRNiGIuRiaHEN amialide by didacriionidear, or
alkyl thiolate, and the like, and wherein R in each occurrence is alkyl,
cycloBfkgoApIr- whstkvied ipaeRah iRy IMlStituted aryl, or substituted

_aralky! haviﬁga‘nmhslofm&lﬁm_ﬁ Ricarioyl atoms. specifﬁbﬂt;oﬁﬂlat}ysgx@opgftﬂais:an
invengion, (816 (XL Arc.rsRRAgeNi elscied fam,an AllPhae aetRa o,
a cyclic group, a combination of an a |pﬁat| group and a cyclic group, an
amidd-grisap! a(SHESghidbTrdlp, drpenksivkité Hebilib Cah@hyickide grgisnan (-
alkanepytfenete.canerenasyifonaife i adiakysiv, @z puostiuted 7-octeny! (-

derivative thereof, any of which having from 1 to about 20 carbon atoms; or a

halid& TR G RGeS RS TS nd (e s iR ey 25 EHOF & b

I, 2) areytdricdataydgioup Naing HpAB20(Carhan atoms - dimethBi-pAbd}ey] [-

hydr vlgxj roup.a hydrocarbylamino grp radrihydr _r@%ill
grouge;(?r%? Jél? Vtgfﬁgu‘%ﬁ%ﬁgglt%e cér%egﬁe% o&%@%&ﬁ%ﬁ%% ﬁ;{é}lﬁ the
wherdiie FOA 4Ry aNkiytesk o asr therendy| rougpasmagt shevimietiaerhgreipp fepnged to
carbon atoms. In still another aspect, (X3) and (X4) are independently
selected from a hydrocarbyl having from 1 to about 10 carbon atoms, or a
halide. In another aspect, (X3) and (X4) are independently selected from
fluoride, chloride, bromide, or iodide. In yet another aspect, (X3) and (X4) are
chloride. In still another aspect, (X3) and (X4) are independently a



R5A RIt R2Ar R6A m 1 An'IX3A ?x4A R3A RaA MIA is zirconium or
hafnium; X3A and X4A are independently F, Cl, Br, I, benzyl, phenyl, or
methyl; EA is C or Si;

the bridging group can be 3-butenyl (-CH,CH,CH=CH,), 4-pentenyl
(-CH,CH,CH,CH=CH),), or a substituted analog thereof.

In addition to containing a bridging group having the formula ER'R? and at
least one an alkenyl group as disclosed herein, the cyclopentadienyl-type ligands of
the first metallocene can also have other substituents. For example, these substituents
can be selected from the same chemical groups or moieties that can serve as the X3
and (X*) ligands of the first metallocene. Thus, any additional substituent on the
cyclopentadienyl-type ligands; and any substituent on the substituted alkenyl group;
and (X3) and (X4) can be independently selected from an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an oxygen group,
a sulfur group, a nitrogen group, a phosphorus group, an arsenic group, a carbon
group, a silicon group, a germanium group, a tin group, a lead group, a boron group,
an aluminum group, an inorganic group, an organometallic group, or a substituted
derivative thereof, any of which having from 1 to about 20 carbon atoms; a halide; or
hydrogen; as long as these groups do not terminate the activity of the catalyst
composition. Further, this list includes substituents that can be characterized in more
than one of these categories such as benzyl. This list also includes hydrogen,
therefore the notion of a substituted indenyl and substituted fluorenyl includes
partially saturated indenyls and fluorenyls including, but not limited to,
tetrahydroindenyl groups, tetrahydrofluorenyl groups, and octahydrofluorenyl groups.

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

Examples of aliphatic groups, in each occurrence, include, but are not limited
to, an alkyl group, a cycloalkyl group, an alkenyl group, a cycloalkenyl group, an
alkynyl group, an alkadienyl group, a cyclic group, and the like, and includes all

substituted, unsubstituted, branched, and linear analogs or derivatives thereof, in each
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RiA and R2A are independently an alkyl group or an aryl group, either of
which having up to 12 carbon atoms, or hydrogen, wherein at least one of
RiA or R2A is an aryl group; R3A and 124A are independently a
hydrocarbyl group or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or hydrogen; n is an integer from 0 to 10, inclusive; and

RSA and 126A are independently a hydrocarbyl group having up to 12

carbqR AQMmS. HOHFIESR- one 19 SHERNMBhELASPEIIDE %l?s?silfgﬁﬂ%ﬂ‘ér%&oups
metallocene comprises a compound having the formula: t-Bu Phak",, RzerC
m 11 c’lf:’,”mt are not limited to, hydrocarbyls such as paraffins and alf<enyls. For

example, aliphatic groups as used herein include methyl, ethyl, propyl, n-butyl, tert-
butyl, sec-butyl, isobutyl, amyl, isoamyl, hexyl, cyclohexyl, heptyl, octyl, nonyl,
decyl, dodecyl, 2-ethylhexyl, pentenyl, butenyl, and the like.

Examples of aromatic groups, in each occurrence, include, but are not limited
to, phenyl, naphthyl, anthracenyl, and the like, including substituted derivatives
thereof, in each occurrence having from 6 to about 25 carbons. Substituted
derivatives of aromatic compounds include, but are not limited to, tolyl, xylyl,
mesityl, and the like, including any heteroatom substituted derivative thereof.

Examples of cyclic groups, in each occurrence, include, but are not limited to,
cycloparaffins, cycloolefins, cycloacetylenes, arenes such as phenyl, bicyclic groups
and the like, including substituted derivatives thereof, in each occurrence having from
about 3 to about 20 carbon atoms. Thus heteroatom-substituted cyclic groups such as
furanyl are included herein.

In each occurrence, aliphatic and cyclic groups are groups comprising an
aliphatic portion and a cyclic portion, examples of which include, but are not limited
to, groups such as: -(CH»)nCsHgqRs.q wherein m is an integer from 1 to about 10, and
q is an integer from 1 to 5, inclusive; -(CH2)nCsHgR 114 wherein m is an integer from
1 to about 10, and q is an integer from 1 to 11, inclusive; or -(CH;)mCsHyRoq wherein
m is an integer from 1 to about 10, and q is an integer from 1 to 9, inclusive. In each
occurrence and as defined above, R is independently selected from: an aliphatic
group; an aromatic group; a cyclic group; any combination thereof; any substituted
derivative thereof, including but not limited to, a halide-, an alkoxide, or an amide-
substituted derivative or analog thereof; any of which has from 1 to about 20 carbon
atoms; or hydrogen. In one aspect, aliphatic and cyclic groups include, but are not
limited to: -CH,C¢Hs;
-CH,C¢H4F; -CH,CcH4Cl; -CH,C¢H4Br; -CH,CeHul; -CH,CsH4OMe;
-CH,CsH4OEt; -CH,CsHsNH,; -CH,CsHuNMe,; -CH,CeHsNEt,; -CH,CH,C¢Hs;
-CH,CH,CeH4F; -CH,CH,CH4Cl,; -CH,CH,CgH4Br; -CH,CH,CcH4l;
-CH,CH,CsH4sOMe; -CH,CH,C¢H4OEt; -CH,CH,CsHsNH,;
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R3B Rae M1B is zirconium or hafnium; R2B is methyl or phenyl; R3B and
R4B are independently H or CH3; and n is an integer from 0 to 5, inclusive.
any combination thereof Numerous processes to prepare metallocene
compounds that can be employed in this invention have been reported. For
example, U.S. Patent Nos. 4,939,217, 5,191,132, 5,210,352, 5,347,026,
5,399,636,

-CH,CH,C¢H4NMe,; -CH,CH,C¢H4NEt;; any regioisomer thereof, and any
substituted derivative thereof.

Examples of halides, in each occurrence, include fluoride, chloride, bromide,
and iodide.

In each occurrence, oxygen groups are oxygen-containing groups, examples of
which include, but are not limited to, alkoxy or aryloxy groups (-OR) and the like,
including substituted derivatives thereof, wherein R is alkyl, cycloalkyl, aryl, aralkyl,
substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to about 20
carbon atoms. Examples of alkoxy or aryloxy groups (-OR) groups include, but are
not limited to, methoxy, ethoxy, propoxy, butoxy, phenoxy, substituted phenoxy, and
the like.

In each occurrence, sulfur groups are sulfur-containing groups, examples of
which include, but are not limited to, -SR and the like, including substituted
derivatives thereof, wherein R in each occurrence is alkyl, cycloalkyl, aryl, aralkyl,
substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to about 20
carbon atoms.

In each occurrence, nitrogen groups are nitrogen-containing groups, which
include, but are not limited to, -NR, or pyridyl groups, and the like, including
substituted derivatives thereof, wherein R in each occurrence is alkyl, cycloalkyl, aryl,
aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to
about 20 carbon atoms.

In each occurrence, phosphorus groups are phosphorus-containing groups,
which include, but are not limited to, -PR,, and the like, including substituted
derivatives thereof, wherein R in each occurrence is alkyl, cycloalkyl, aryl, aralkyl,
substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to about 20
carbon atoms.

In each occurrence, arsenic groups are arsenic-containing groups, which
include, but are not limited to, -AsR,, and the like, including substituted derivatives
thereof, wherein R in each occurrence is alkyl, cycloalkyl, aryl, aralkyl, substituted
alkyl, substituted aryl, or substituted aralkyl having from 1 to about 20 carbon atoms.

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

include, but are not limited to, alkyl halide groups that comprise halide-substituted
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5,401,817, 5,420,320, 5,436,305, 5,451,649, 5,496,781, 5,498,581,
5,541,272, 5,554,795, 5,563,284, 5,565,592, 5,571,880, 5,594,078,
5,631,203,

alkyl groups with 1 to about 20 carbon atoms, alkenyl or alkenyl halide groups with 1
to about 20 carbon atoms, aralkyl or aralkyl halide groups with 1 to about 20 carbon
atoms, and the like, including substituted derivatives thereof.

In each occurrence, silicon groups are silicon-containing groups, which
include, but are not limited to, silyl groups such alkylsilyl groups, arylsilyl groups,
arylalkylsilyl groups, siloxy groups, and the like, which in each occurrence have from
1 to about 20 carbon atoms. For example, silicon groups include trimethylsilyl and
phenyloctylsilyl groups.

In each occurrence, boron groups are boron-containing groups, which include,
but are not limited to, -BR,, -BX;, -BRX, wherein X is a monoanionic group such as
halide, hydride, alkoxide, alkyl thiolate, and the like, and wherein R in each
occurrence is alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or
substituted aralkyl having from 1 to about 20 carbon atoms.

In another aspect of this invention, (X?) and (X*) are independently selected
from an aliphatic group, a cyclic group, a combination of an aliphatic group and a
cyclic group, an amido group, a phosphido group, an alkyloxide group, an aryloxide
group, an alkanesulfonate, an arenesulfonate, or a trialkylsilyl, or a substituted
derivative thereof, any of which having from 1 to about 20 carbon atoms; or a halide.
In yet another aspect, (X3) and (X4) are independently: 1) F, CI, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy; 3) a hydrocarbyloxide
group, a hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having
up to 20 carbon atoms; or 4) OBRA2 or SO3RA, wherein R? is an alkyl group or an
aryl group, any of which having up to 12 carbon atoms. In still another aspect, (X
and (X*) are independently selected from a hydrocarbyl having from 1 to about 10
carbon atoms, or a halide. In another aspect, (X3 ) and (X4) are independently selected
from fluoride, chloride, bromide, or iodide. In yet another aspect, (X3 ) and (X4) are
chloride. In still another aspect, (X?) and (X*) are independently a hydrocarbyl group

having up to 20 carbon atoms, H, or BH,.
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5,631,335, 5,654,454, 5,668,230, 5,705,578, 5,705,579, 6,187,880, and
6,509,427 describe such methods. Other processes to prepare metallocene
compounds that can be employed in this invention have been reported in
references such as: Koppl, A. Alt, H. G. J. Mol. Catal A. 2001, 165, 23;
Kajigaeshi, S.; Kadowaki, T.; Nishida, A.; Fujisaki, S. The Chemical Society
of Japan, 1986, 59, 97; Alt, H. G.; Jung, M.; Kehr, G. J. Organomet. Chem.
1998, 562, ﬁ?é@%tﬁéf’%e&;;tﬂygﬂ’eg& &QTﬂf%P%@ﬁo@éﬁ%%xﬁ&%s é%mpound
87-112; Jung, M., Doctoral Dissertation, University of Bayreuth, Bayreuth,
Gern4¥MPe18e 71BYiksr, B., Doctoral Dissertation, University of Bayreuth,
Bayreuth, Germany, 199%=and Zerf=R., Doctoral Dissertation, University of
Bayreuth, Bayreuth, \ he fgllowing treatises also describe
such methods: Waile%, P. 7 3 P.; Weigold, H. in Organometallic
Chemistry of Titanium, Rifcon ¥¥afnium, Academic; New York, 1974.
: Cardin, D. J.; LappertRA"F.; Rastéh, C. L.; Chemistry of
Organo-Zirconium and -Hafni ompounds; Halstead Press; New York,
1986. The Second Metallocen mpound According to one aspect of
the present invention, the second allo€ene used to prepare the catalyst
composition comprises unbridgela 5RYtlopentadieny(iypetigaids selected
from: 1) two indepgpdently selected, gptionally substituted cyclopentadienyl

. . 1S ZITcOmium} or hatnium, . . .
ligands; 2) two in ePAendZenﬁ saecte , optionally substituted indenyl ligands;
3) one substituted’€yclopentatiichiyeneidianity Sptibrzily. Sanstlumedyhdgempgthyl;
ligand; or 4) any cpmpipatiay. thereof, as follows. Thus, in one aspect of
this invention, the af |east one second metallocene comprises unbridged

g :
115-cyclopentadiehyl-§Piigardednendeniltramaied S8R tBsEtorBgeither
cyclopentadienyliligapds, voaeptionathy seiistititech indenyhligdeds oae af R' or
combﬁmtlisogntglre{e%. In this aspect, the at least one second metallocene
comprises an hbridged metallocene having the formula:
(X5)(X6)(X7)(X8)NR2(Mand), Rinerain Mmlppaidsofium ombidfeiary] group or a

trihydrocarbylsilyl group, any of which having up to 20 carbon atoms; or hydrogen;

n is an integer from O to 10, inclusive; and
R’* and R** are independently a hydrocarbyl group having up to 12
carbon atoms, or hydrogen.
In still another aspect, the at least one first metallocene comprises a compound

having the formula:

t-Bu t-Bu
Ph///”/""C 1B““C|
R® 6 ~cl

e
R R4B n

(IB), wherein
M'B is zirconium or hafnium;

R is methyl or phenyl;

R>® and R*® are independently H or CH3; and

n is an integer from O to 5, inclusive.
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(X5) and (X6) are independently a cyclopentadienyl, an indenyl, a substituted
cyclopentadienyl, or a substituted indenyl, (X7) and (Xs) are

independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl group having up to 20

carbon atoms, H, or BH4; 3) a hydrocarbyloxide group, a hydrocarbylamino
group, or a trihydrocarbylsilyl group, any of which having up to 20 carbon
atoms; or 4) OBRB2 or SO3RB, wherein RB is an alkyl group or an aryl

group, any f WhichiNavinget i@l 2CHRPNALOMS: ddallocdlY SHRSUUSMntion

on the substituted cyclopentadlenyl or substituted indenyl is independently an

aliph&fBBTSE? SHmRrmbiRyiiots, fareydiic group, a combination of allphatlc
and cyclic oxygen group, 2=sulfupgeo up, a nltrogen i

phosph 'genic grol
boron greup, of which having f&m 0 20 cCarbon atoms,Pﬁl halie
hydrogempn—" X r@n second metaHo
he formula:

irc n|um or hafnium;

jdged metallocene havj
2-B), wherein M2

substltut(f&”,n

cyclic grdpu ,

cyclopéwitad
S Gl

-C c
v
, or any combination thereof.

In still another aspect, the at least one first metallocene of this invention can

comprise, or can be selected from, any subset of the first metallocene formulas

illustrated above. For example, the at least one first metallocene can comprise, or can

(o CO CQ .

........ wCl
2Zr. Phu, wCl|
¢ Ph /C (ng\CI

be selected from, \



(X7) and (X8) are independently: 1) F, CI, Br, or I; 2) a hydrocarbyl group
haying up to 20 carbon atoms, H, or BH4; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which haying
up to 20 carbon atoms; or 4) OBRA2 or SO3RA, wherein RA is an alkyl group
or an aryl group, any of which haying up to 12 carbon atoms; wherein at least
one (X7) and (X7) is a hydrocarbyl group haying up to 20 carbon atoms, H, or
BH4; and any substituent on the substituted cyclopentagienyl o

substituteg-inden independently-an aliphatic grou @
cyclictgw%@tigm o1t‘_§1Ji Iti_% L};rotIEL)JBﬁ)Jsphan
sulfur graup, atiitrogen group, am]os RQIUS group, an g j

_ myl

ontrQuip, any of which
In yet another

,,,,,

carbon gretp;a Si group, or b6
to 20 carbon
least one seco
haying the formula: (X5)(X6)(X7)(X8)M2(M2-D}, wherein M2 is zirconium or> ©f

hafniygy; comdi@Ande&&) are independently a cyclopentadienyl, an indenyl,

a substituted cyclopentadienyl, or a substituted indenyl; (X7) and (X8) are
dependen Sy IRt LA O BTG G L P61 5 CAPBI DA R i v
a halidethighareintiah l®ast daenoferidndrpX Bxisrplay didcdrimghgiSap, 4039217,
BH4; a l(l)bgtg u S ituted gy tadi

subst?r;’lutwgél1 ?r%deng’)ﬁﬁ is’in ’e?&gaﬁg%}? aﬁ%%ﬁ%gﬁc %’;gﬁb%,?g]h agtr’?rr?lékt?és ’gr%’ﬁ%?’%os’
cyclicoghoupt% cdrbinatior dPamshatie-Hd2yclie- gPauss; ahyesinfichy-5635.592,

haying 410 30 §352Q57 At0FN: 1,203, AkSe3iNANS aspecsthe fbRasions, 705,578,
second metallocene can also co(r‘)giprise an unbridged metallocene haying the
i

formuld R PR (1)-61h GBI BIRR tBFGape Such methods. ” Othir processes o

prepare metallocene compounds that can be employed in this invention have been
reported in references such as: Koppl, A. Alt, H. G. J. Mol. Catal A. 2001, 165, 23;
Kajigaeshi, S.; Kadowaki, T.; Nishida, A.; Fujisaki, S. The Chemical Society of
Japan, 1986, 59, 97; Alt, H. G.; Jung, M.; Kehr, G. J. Organomet. Chem. 1998, 562,
153-181; Alt, H. G.; Jung, M. J. Organomet. Chem. 1998, 568, 87-112; Jung, M.,

Doctoral Dissertation, University of Bayreuth, Bayreuth, Germany, 1997; Peifer, B.,
Doctoral Dissertation, University of Bayreuth, Bayreuth, Germany, 1995; and Zenk,
R., Doctoral Dissertation, University of Bayreuth, Bayreuth, Germany, 1994. The
following treatises also describe such methods: Wailes, P. C.; Coutts, R. S. P;
Weigold, H. in Organometallic Chemistry of Titanium, Zirconium, and Hafnium,
Academic; New York, 1974. ; Cardin, D. J.; Lappert, M. F.; and Raston, C. L.;
Chemistry of Organo-Zirconium and -Hafnium Compounds; Halstead Press; New

York, 1986.

The Second Metallocene Compound

According to one aspect of the present invention, the second metallocene used
to prepare the catalyst composition comprises unbridged M’-cyclopentadienyl-type
ligands selected from: 1) two independently selected, optionally substituted

cyclopentadienyl ligands; 2) two independently selected, optionally substituted
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wherein M2A is, independently, zirconium or hafnium; X7A and X8A, in
each occurrence, are independently F, ClI, Br, I, benzyl, phenyl, methyl; and
127A and R8A, in each occurrence, are independently H, methyl, ethyl,
n-propyl, n-butyl, n-pentyl, CH2CH2CH2Ph, CH2CH=CH2,
CH2CH2CH=CH2, or CH2CH2CH2CH=CH2. In another aspect, the at
least one second metallocene can also comprise an unbridged metallocene

haying ibe farmulir: 418 %%H%&@@Péﬂ%ﬁ&dﬁ@ﬁrﬁ%d%@ MAR iSubstituted

zirconium or hafnium; X7B and X8B are independently benzyl, Cl, or methyl;
and ndepyHeIRg: RBB A SAEREEHAR MRl AidtiAvathyl, n-propyl, n-butyl,
CH2CH2CH2RY), & H3E hkpedd 2f @ik bt bs@d 2at0kast one second metallocene
CH2CH2CHZCH:CJ-I

comprises unbri gezd ns—cyclopentadienyl—type ligands selected from two optionally
substituted cyclopentadienyl ligands, two optionally substituted indenyl ligands, or a
combination thereof. In this aspect, the at least one second metallocene comprises an
unbridged metallocene having the formula:

XH)XOHXHxHMm? (M2-A), wherein

M? is zirconium or hafnium;

(X°) and (X®) are independently a cyclopentadienyl, an indenyl, a substituted
cyclopentadienyl, or a substituted indenyl;

(X") and (X*) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl group
having up to 20 carbon atoms, H, or BH4; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR®, or SO;R®, wherein R® is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and

any substituent on the substituted cyclopentadienyl or substituted indenyl is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron
group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen.

In another aspect, the at least one second metallocene can comprise an
unbridged metallocene having the formula:

XHXHXHxHMm? (M2-B), wherein

M? is zirconium or hafnium;

(X°) and (X®) are independently a cyclopentadienyl, an indenyl, a substituted
cyclopentadienyl, or a substituted indenyl;

(X") and (X®) are independently a hydrocarbyl group having up to 12 carbon
atoms, H, BHy, or a halide; and

any substituent on the substituted cyclopentadienyl or substituted indenyl is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of

aliphatic and cyclic groups, any of which having up to 20 carbon atoms;
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Further, according to this aspect of the present invention, the at least one
second metallocene can comprise a compound having the formula: , or any
combination thereof. In yet another aspect, the at least one second
metallocene can comprise a compound having the formula: (1IC), wherein
M2c is zirconium or hafnium; and X7c and X8c are independently benzyl, Cl,
or methyl.

In still another aspect, the at least one second metallocene can comprise an
unbridged metallocene having the formula:

X)XHXHXHM® (M2-C), wherein

M? is zirconium or hafnium;

(X®) and (X°) are independently a cyclopentadienyl, an indenyl, a substituted
cyclopentadienyl, or a substituted indenyl;

(X") and (X®) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl group
having up to 20 carbon atoms, H, or BH4; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR"; or SO;R", wherein R* is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; wherein at least one (X') and (X') is a
hydrocarbyl group having up to 20 carbon atoms, H, or BH4; and

any substituent on the substituted cyclopentadienyl or substituted indenyl is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron
group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen.

In yet another aspect, the at least one second metallocene can comprise an
unbridged metallocene having the formula:

XH)XOHXHxHMm? (M2-D), wherein

M? is zirconium or hafnium;

(X°) and (X®) are independently a cyclopentadienyl, an indenyl, a substituted
cyclopentadienyl, or a substituted indenyl;

(X") and (X®) are independently a hydrocarbyl group having up to 12 carbon
atoms, H, BH4, or a halide, wherein at least one of (X7) and (XS) is a hydrocarbyl
group, H, or BHy; and

any substituent on the substituted cyclopentadienyl or substituted indenyl is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of

aliphatic and cyclic groups, any of which having up to 20 carbon atoms.
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In still another aspect, the at least one second metallocene can be selected
from, or a combination thereof In yet a further aspect of this invention, the
at least one second metallocene can comprise unbridged
5-cyclopentadienyl-type ligands selected from one substituted
cyclopentadienyl and one optionally substituted indenyl ligand. In this aspect,
the at least one second metallocene comprises an unbridged metallocene

haying the fQEEBqlﬁitﬁ%%%&%%é@tZIE%?’&M%B%%W%@BM&i§aﬁ§ﬁ&ﬂ£‘&iﬁ;ﬂfse an

hafnium; X9) is a substituted cyclopentadienyl group, wherein one
substitfs %F?ﬁbﬁ%lifché%‘?ﬁat,hﬁr{%tic group, or a combination of
aliphatigaqd cyclic groups, any of which haying up to 20 carbon atoms; (X19)
is a substi iRgdenyl group, wherein one substituent is an aliphatic group,

oup,|or a combina;ig@iiphatic and cyclic groups, any of

which hayi 20.garbon Fom (X11) and (X12) are independently:
1) F, Cl, Br, or 'Qﬁiﬁ)ﬂydrocarbyl group ay/igg;yp to 20 carbon atoms, H, or

ydiocarbyibxide group, a hyd catgyjaamino group, or a
s1lyl group, any of whic ing up to 20 carbon atoms; or 4)
OBfic2 3fi, wherein 12c is an group or an aryl group, any of which

haying up to 12 carbon af8&: afd  any additior B dlnit soRttipatige thereof,
substifutescyclopentadienyl or substituted indenyl is independently an

aliphatic 0Ty, an ajomalic qroup, & cyclc gjoup, a combination of alphatic
and cyclic groups, 'an Bxygen-group, a sulfuf'grélp, a nitrogen group, a

phosphorusXjfoand 36 arsericyroupracarbon gréwendesilicdh Glowy, dr enzyl,
bororbggg}qpmgﬁx,log%ﬂch haying from 1 to 20 carbon atoms; a halide; or

hydrogen. ~_ In"another aspect, the at least one second metallocene can

comprise alkuniitiged imetel oeahE sy g ienerasall: (kapehdxsdyl n-propyl,
xxizwgfwigtB), wipergin  CH,CH,CH,Ph, CH,CH=CH,, CH,CH,CH=CH,, or

CH,CH,CH,CH=CHj,.
In another aspect, the at least one second metallocene can also comprise an
unbridged metallocene having the formula:
R7B
3 S
/
MZB'"‘““)(7B
\XSB

0 o

RSB (1IB), RSB (IIIB), or any combination
thereof, wherein
M?B is zirconium or hafnium;
X8 and X*® are independently benzyl, Cl, or methyl; and
R™® and R®™® are independently H, methyl, ethyl, n-propyl, n-butyl,
CH,CH,CH,Ph, CH,CH=CH,, CH,CH,CH=CH,, or CH,CH,CH,CH=CHo,.
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M3 is zirconium or hafnium; (X9) is a substituted cyclopentadienyl group,
wherein any substituent is independently a linear or branched alkyl group
haying up to 12 carbon atoms; (X19) is a substituted indenyl group,
wherein any substituent is independently an aliphatic group, an aromatic
group, or a combination of aliphatic and cyclic groups, any of which haying up
to 20 carbon atoms; and (X11) and (X12) are independently a
hydrocarbylpgiam hRYRGAP {0 thés CRIREN AW Srbke Rl thdeRlod NAIAS: 1east Whe

still another aspect, the at least one second metallocene can comprise an

unbriégeadisialie RPN BYAD B WY A3 (M3-C),

wherein M3 js.zj

cyclopent \’\ 4 o hatic gro

aromatic gr inatioRs phati yelicgroups, anywefwhich
Dent is2

indenyl grourkmw.%
Q& s

CHj3

carbon&toms;
hydrocarbyl.gro

ndently: 1) F, CIBr, or'l; 2) a
s, H, or BH4; 3) a

@o ' a trinydrocgarbylsi
Hoatoms$ 1) OBRAZ or

group, any of Whief
wherein RA is an.glleyl group or an aryl groupasty of which haying up to P

carborratorsy whékein at least pfie (3¢ and’X12) is a hydrocarbyl groyp.
haying !e,_'a carbms, H and @ additi@@/@@\
on the substituted cyglapentadienyl or substitutedlindenyl is independe n

aliphatic group, an aromatic group, a cyclic group, a combination of aliphatic
nitro o]

phosphorus gks , a silicon group, o

boron group, any.ef whi ing<from 1 to 20 carbopdtoms; a halide; or %"
hydrogeq. se€tond.metalloce an”
comptrise an la:

R
A
Oy

J 2
é
L

/ \2
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(x9xxi oxx xxi 2m43(M3-D), wherein M3 is zirconium or hafnium; (X9) is
a substituted cyclopentadienyl group, wherein any substituent is
independently a linear or branched alkyl group haying up to 12 carbon atoms;
(X10) is a substituted indenyl group, wherein any substituent is independently
an aliphatic group, an aromatic group, or a combination of aliphatic and cyclic
groups, any of which haying up to 20 carbon atoms; and (X11) and (X12)

are independently a hydrocarbyl group having up 2 carbon atoms, H,
Bl-14, or a halide, wherein at least o )is a yl

a
h

formulas (X5)(X6)(X7(X8)M2 and (x9)(x1 oxx {ig)zm), whereinthe 7~

substituents and the étgals ar%T at is, the/a(l\(ei?@?

seconymg@f@e@n comprise any co t(M2-A), (M @
(M2-C), (M2-D), ( ), (M3-B), (M3-C), (M3-D),\ar. any combination the

Also in this aspect, the at least one second metallocené can also comprise

an unbridged metalloceneg having-the formt
W@ O@

metallocenes ha

\@

CH,

Zr/
\CHQ
, Ph or any combination thereof.

In yet another aspect, the at least one second metallocene can comprise a

compound having the formula:

Q)
/ \X7C

aw!
2c”
M-S

; x8C
CQ (IIC), wherein

M?2€ is zirconium or hafnium; and
X'¢ and X*C are independently benzyl, Cl, or methyl.
In still another aspect, the at least one second metallocene can be selected

OP O

Zf”‘“\ Hz f \\\\\ \ CH2

H
9% (0¥
@ , @ , or a combination thereof.

In yet a further aspect of this invention, the at least one second metallocene

from

can comprise unbridged ns—cyclopentadienyl—type ligands selected from one

substituted cyclopentadienyl and one optionally substituted indenyl ligand. In this
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3A."x12A (IVA), wherein M3A is zirconium or hafnium; R9A is H or CH3;
R19A is H, CH2CH=CH2, CH2CH2CH=CH2, CH2CH2CH2CH=CHZ2,
CH2CH2CH2Ph, or CH2CH2CH2CH3; and X1 IA and X12A are
independently F, CI, Br, I, benzyl, phenyl, or methyl. In a further aspect of
the invention, the at least one second metallocene can comprise a compound
having the formula: 40

aspect, the at least one second metallocene comprises an unbridged metallocene
having the formula:
XXMM (M3-A), wherein

M? is zirconium or hafnium;

(X%) is a substituted cyclopentadienyl group, wherein one substituent is an
aliphatic group, an aromatic group, or a combination of aliphatic and cyclic groups,
any of which having up to 20 carbon atoms; (X'%) is a substituted indenyl group,
wherein one substituent is an aliphatic group, an aromatic group, or a combination of
aliphatic and cyclic groups, any of which having up to 20 carbon atoms;

(X" and (X'?) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl group
having up to 20 carbon atoms, H, or BH4; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR®, or SO;R®, wherein R is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and

any additional substituent on the substituted cyclopentadienyl or substituted
indenyl is independently an aliphatic group, an aromatic group, a cyclic group, a
combination of aliphatic and cyclic groups, an oxygen group, a sulfur group, a
nitrogen group, a phosphorus group, an arsenic group, a carbon group, a silicon group,
or a boron group, any of which having from 1 to 20 carbon atoms; a halide; or
hydrogen.

In another aspect, the at least one second metallocene can comprise an
unbridged metallocene having the formula:

X)X x*HM? (M3-B), wherein

M? is zirconium or hafnium;

(X”) is a substituted cyclopentadienyl group, wherein any substituent is
independently a linear or branched alkyl group having up to 12 carbon atoms;

(X'% is a substituted indenyl group, wherein any substituent is independently
an aliphatic group, an aromatic group, or a combination of aliphatic and cyclic groups,
any of which having up to 20 carbon atoms; and

(X' and (X'?) are independently a hydrocarbyl group having up to 12 carbon
atoms, H, BHy, or a halide.
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Rl OB is H, CH2CH=CH2, CH2CH2CH=CH2, CH2CH2CH2Ph, or
CH2CH2CH2CH3. In still another aspect, the at least one second
metallocene can be selected thereof. In still another aspect, the at least
one second metallocene of this invention can comprise, or can be selected
from, any subset of the second metallocene formulas illustrated above. For
example, the at least one second metallocene can comprise, or

CH2CH=CHg g’t‘lﬁ@n@tﬁ@%@&'&' #eHRIEHGFERE 5 Greddib&he can comprise an
unbridged metallocene having the formula:
O XHM? (M3-C), wherein

M? is zirconium or hafnium;

(X%) is a substituted cyclopentadienyl group, wherein one substituent is an
aliphatic group, an aromatic group, or a combination of aliphatic and cyclic groups,
any of which having up to 20 carbon atoms;

(X'%) is a substituted indenyl group, wherein one substituent is an aliphatic
group, an aromatic group, or a combination of aliphatic and cyclic groups, any of
which having up to 20 carbon atoms;

(X" and (X'?) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl group
having up to 20 carbon atoms, H, or BH4; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR™, or SO;R*, wherein R” is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; ; wherein at least one (X“) and (X12) is a
hydrocarbyl group having up to 20 carbon atoms, H, or BH4; and

any additional substituent on the substituted cyclopentadienyl or substituted
indenyl is independently an aliphatic group, an aromatic group, a cyclic group, a
combination of aliphatic and cyclic groups, an oxygen group, a sulfur group, a
nitrogen group, a phosphorus group, an arsenic group, a carbon group, a silicon group,
or a boron group, any of which having from 1 to 20 carbon atoms; a halide; or
hydrogen.

In yet another aspect, the at least one second metallocene can comprise an
unbridged metallocene having the formula:

XXM xHm? (M3-D), wherein

M? is zirconium or hafnium;

(X%) is a substituted cyclopentadienyl group, wherein any substituent is
independently a linear or branched alkyl group having up to 12 carbon atoms;

(X'% is a substituted indenyl group, wherein any substituent is independently
an aliphatic group, an aromatic group, or a combination of aliphatic and cyclic groups,

any of which having up to 20 carbon atoms; and
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cmcn=cm , or any combination thereof. In a further aspect, the
metallocene component of this invention, that is, the at least one first
metallocene and the at least one second metallocene, can comprises any

first metallocene or combination of first metallocenes having the formula
(X1)(X2)(X3)(X4)M1, combined with any second metallocene or combination
of second metallocenes having the formulas (X5)(X6)(X7)(X8)M2 or
(x9)(x10)(x1 0 L2 W43 WhERIEH G RHD STy &S AR JR% SRIAlE, AP 6ehRGHon

herein. That is, the metallocene component can comprise anfg'girs,t
metafiBhd britbmirfalitifor WhSEietalre 88 Aaithe #HE forrhitidshpidersasby!
(M2-Bjows, anypeBRpination thereof, combined with any second metallocene

or combinatjon of metallocenes having the formula (M2- M2-B), (M2-C), .
(M2-D), (M .%??ﬁ%.%i,m%@csﬁe(@é% ' %‘Feasr]e§°él<§‘(m ?@2‘?8%“ Cear%f) ° °°‘2‘Pr‘se
FIGURE Tilhistaties thie fovaildesiof $omezntbtaliovevies PR WX DEEAMS and
d'SC'Q%@ﬁ%WS(‘EIﬁ&mme,swﬁé}%iﬁ)EE@@Q@QH{EEH&”AIQO[%O%&% are RAQ above.

aspect, the present invention provides a catalyst composition comprising at
least b FirdbqahlsaiiARtaneeheCalapalsian soTRRGtGHY seiabition of (M2-A),
metalivEeB§, COMHOYNNMADICAMDAG, IMBBL (MBA)PIMBAY, 3k I8astomeination
co-catLa}J%s%such as an organoaluminum compound. Organoaluminum
compounas‘ that can be used in this invention include, but are not limited to
compound vkt thetlior asptat, AL 33agk 049 3erond mwhdleigné)Cad alsoacomprise an
hydr%ﬁ)‘i@é’éé&‘i}}{m:ﬂlﬁ%%at%?gotl?@fg’l‘?ﬁhﬁt.om& (X14) is an alkoxide or an

aryloxide, any of which having from 1 to 20 carbon atoms, halide, or hydride;

and n is a number from 1R6'3. 4 ie. In one aspect, (X13) is an alkyl
having from 1 to about 10 car toms: ples of (X13) moieties include,
but are not limited to, methyl, et Y/l’--\ oRryl, butyl, hexyl, heptyl, octyl, and the

like. In another aspect, examplé‘% of (X13) moieties include, but are not
limited to, methyl, ethyl, iséprogyi\a-propyl, n-butyl, sec-butyl, isobutyl,
1-hexyl, 2-hexyl, 3-hexyl, eptyl, octyl, and the like. In another
aspect, (X14) can be independent lected from fluoride, chloride, bromide,
methoxide, ethoxide, or hydride. In%et anothe(Bépecrhexeim) can be chloride.
In the formug@ A% et 4) Bafhium: nis a number from 1
to 3 inclusive, and typically, nis 3. The value of n is not restricted to be an
integer, thefefole S f8fnula includes sesquihalide compounds, other
organoalumititihis ¢l StHE Caa IOy ais,Cind HheClike CH,CB arigralis@xamples of

orga ;Ikljn_ﬂ dlﬁﬁ,ﬁ%p zﬁggépﬁbggnagg used in this invention include, but
imited to, trlalkxa

are not uminum compounds, dialkylaluminium halide

compoundsXlialkgtKimiawrinedrenidatodinBbiidh, ereiKy lleryinermbiatide
compoundsyange@rigaiiers theigrfByamiples RharganalminRilocene can
compounds that are useful in this invention include, but are not limited to

trime VIR AR PRI Y opylaluminum, tributylaluminum,

tri-n-butylaluminum (TNBAYBtriisgbutylaluminum (TIBA), trihexylaluminum,
triisohexylaluminum, trioctylal m,di laluminum ethoxide,
diisobutylaluminum hydride, die ylagé inum chloride, or any combination

thereof If the particular alkyﬂs\oMé'?"l‘ Lnot specified, the compound is
intended to encompass al}# --rm that can arise from a particular specified
alkyl group. Thus, in anot 1@) examples of organoaluminum
compounds that can be used’in this jpyention include, but are not limited to,
trimethylaluminum, triethylaluminur®, tripropyl&l¥Bneereibutylaluminum,
triisobutylalwminy . Siexdalaminem,
triisohexylaluginum,trioctylaluminum,diethylaluminumethoxide,
diisobutylalfmiftth¥ydida diethylaluminum chioride, or any combination
thereof.
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In one aspect, the present invention encompasses precontacting the at least
one first metallocene, precontacting the at least one second metallocene, or
precontacting both the at least one first and the at least one second
metallocenes, and optionally an olefin monomer, and optionally at least one
organoaluminum co-catalyst, to form a precontacted mixture, prior to contact
this precontacted mixture with any activator, such as an activator-support, to
form the actescatalysyy When, g-4a1glysiGonRasHion s, Prepaied oiis, o
manner, typically, though not necessarily, a portion of the organoaluminum
co-ca‘t:&fﬁégé d can be added to the precontacted mixture and another
portion of the erganeaismiRpea CoMpPoung: Gar kecatdactigitienpasicanrtaciaded
mixture prepared when the precontacted mixture is contacted with the
activator. Howev
prepare the cataly either the precontadting or postcontacting ‘step.
Alternatively, th alyst components tarube'@ontacted in any*rdenin
multiple steps# ¢ \
substantially t
organoaluminum compounds can be used, ineither the precontacting
postcfacting step, orin any procedure in WhCII({:ﬁFﬁ]ngcaztaWSt componenrtd™™

are cont . When an organoalumi mpound is added in payltiple
steps, th ountso rganoaluminu@gﬁ%oﬁﬁd disclosed her@rﬁm@\
the totglamount of organoaluminug.compeund used in both tGﬁLHf

r Zi wCl

precontct%fd and postcontacted mixtures, and any additional
orga @@ m compound addolymerization reaefore,

total axo f organoaluminum pounds disclosed, regardtess of
whether a single,erganoaluminum compotfrie:i d, or more than oﬁéz>3‘©
organoaluminum compound. In another aspect, typical organoaluminum
compou in_this invention in ; e not limited to,

um (TEA), tri-n-butylalurifum, triisobutylaluminu @:
Jtivereof The Activator®'>jn.@ne aspect, the presentmvention
eg a catalyst composijtiongeruprising at least one fifstz,wcl
2in; at least one secef e
as disclosed kerein; optionally, at |€ast one organoaluminu
at least one activator. In another aspect, thé*af'least one activator can be an

activator-support, selected:¢ olid oxides ith an
electron- ing.anion, ral, n-exchangeable
activator-sypport, or any ce@bination thereotar organoaluminoxane

compaoimd; ancorganoborgacompound; an grganoborate compound; or any
combjpatioh-of any of thtors; eac @@ is provided herein.
@@ Oxide

Che ated Solid Activator-Support In one aspect, the
presentinvention encompasses ¢atdly'st:compositioH§ ¢orprigihgnarcombination
activaterssgpport, which can be, or can comprise, a chemically-treated solid
oxide, and which is typically used in combination with an organopaluminum
compound. 1 Sé%%‘&ﬁ%{saﬁg%‘if’ﬁk}s YIS PBI TSI EE S LTS ARYeaHan can
solid oxigeitreatechwibh atlteast tne ehegtrohsetiibfdianiag adionialidereifdireulas
solid ﬂf‘dﬁ%tcﬁ%”m?evé"'ﬁér Auminasliggallmind, ALMINORNORRNAIE o mprise, or
aluminum p osp%ate, zinc aﬂﬁmnate, heteropo[gytungstates, titania, zirconia,
magnesia, boria, zinc oxide, mixed oxides thereof, and the like, or any

mixture or combination thereof; and wherein the electron-withdrawing anion
can be fluoride, chloride, bromide, phosphate, triflate, bisulfate, sulfate,
fluoroborate, fluorosulfate, trifluoroacetate, fluorophosphates, fluorozirconate,
fluorosilicate, fluorotitanate, permanganate, substituted or unsubstituted
alkanesulfonate, substituted or unsubstituted arenesulfonate, and the like, or
any combination thereof. The activator-support includes the contact
product of at least one solid oxide compéﬂnd and at least one
electron-withdrawing anion source. In one aspect, the solid oxide compound
comprises an inorganic oxide. The solid oxide can be optionally calcined prior



In yet another aspect of this invention, the activator-support further comprises
a metal or metal ion such as zinc, nickel, vanadium, silver, copper, gallium,
tin, tungsten, molybdenum, or any combination thereof. Examples of
activator-supports that further comprise a metal or metal ion include, but are
not limited to, zinc-impregnated chlorided alumina, zinc-impregnated
fluorided alumina, zinc-impregnated chlorided silica-alumina,

zinc-impregnated fluorided silica-alumina, 2inc-impregnated sulf alumina,
or any combination thereof. In anot Spett; activato por

this invention comprises a solid oxide of relatively high porosity, ich
exhibits Lewis acidic or Bronsted acidlcé'ﬁeﬁ(wa\‘ﬁbr. The solid ocxfaéjfs““Cl
chemically-treated with an electron-withdrg@iQg componentAypical
electron-withdrawing anion, to form a -support. Whilg s

be bound bybthe folllowirag st?tement, it Is beligyed that treatment of
. can ecte rom, . . LH=LH,
inorganic oxide with an electron-withdrawing component augments or

enhance (dity of the oxide. Th ctivator-support gxhipits Lewis

or Bronst cidity whieh is typically ter than the Lewis or Br ed

aciditycalthe yntreated solid oxideaQne m&thod to quantify the, acidity of the
. \ e

& cr=cH,

e :
chemicallydreated and untreated splid bxide materials is by co aﬁ‘i'hé th
poly ; activities of the tre untreated oxides u '
cataly ctions In one a , tke chemically-treatedssefidgxide

comprises a soliddrghganic oxide comprisimg.oxygen and at least onecH.CH=CH, |
element selected from Group 2, 3, 4,5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15 of
the perio omprising oxygen and at least one element selected
from tkgle lahthanide or actinide elements. (See: Hawley's Condensed
Chemical Ditfibnaty, 11th Ed., John Wiley & Sons; 1995; Cotton, F.A.;

Wilki @ Murillo; C. A.; and Bochmann; M. Advanced Inorganic
Chemisoy6th Ed., Wiley-Interscience, 1999.) Usually, the inorganic oxide
comprises oxygemnand 3t [egsloangnalemeantsslected from Al, B, Be, Bi, Cd,
Co, Cr, Cu, Fe, Ga, La, Mn, Mo, Ni,fb, Si, Sn, Sr, Th, Ti, V, W, P, Y, Zn or

zr.  suitdbtd RS o o BRTE reRBIANS Bl S BUREHOh b AR s
used lknthenchesnioallyidreatea & dlichokige @fethe pré senilinuvsemrtiominalygees any
but a'f?rsrgotnl%ﬁtl%geh%' A(Slgog’drﬁ%gﬁiolge%f,B@rgts ! Igtg ’og:e%§9 4.he§/€§ 3th%u90‘rmula
Fe203, 0aZ203, Ea203, MI1203, Mo03, NiO, P205, Sb205, Si02, 51102, Sr0,
Tho2(XIBZ EOEX W3, cepuBnzn@itzrany asectie Nkl lpetneling ambination of
oxidesihpIeof Angsesmbinatipn herent Exammlan.of mxehoxides haean or

be used in the_ activator-support of the present invention include, but are not
limite@td nik&d S5d¥Y of Lo nbHISRAI ! BS, BB detecerein-
Fe, GBhatajsMnhdVimeMillesb, Simfmefr, dn, Tonvhrldé, ¥nyZ nfikr, arththedike.or
Exampis ALMeH Sxlsehalean dr.edn 05 AGAIRHNPPOREN S any
present invention also include, but are notgllmlteél)to, silica-alu ina,
silicacpmhinatihictheigebni@niuedideyithamy clesprdinaetabogsifiarer epayynation of
alumipacAlideRindAIICO M. BN ARnosPhae. B ANDe diken2-DIN®BIRh &MV 3-
aspect of this invention, the solid oxide material is chemically-treated by
contalbtind i it Mrdls b ARy SRIBRBAURR RSN in§ B Mboh SHE s AR (arnulas
electrarvonithel samiinng ren ibat Sauease & ug tierloded solid Bxiceprmaterial is
optionally chemically-treated with at least one other metal ion, that can be the
same as or different from any metal element that constitutes the solid oxide
matediat, fremealeinivgté formusdnetal-containing or metal-impregnated
chemically-reatgd slid-pxige. AligrativebnhRSolitherde MatgriRkand @Position
electron-withdrawing anion source are contacted and calcined

simultQRBEEES. 3 He3tetAB B WHItH tRE'BYIGES COmPRUsl RittFah one second
electron-withdrawing component, typically a salt or an acid of an
electron-withdrawing anion, includes, but is not limited to, gelling, co-gelling,
impregnation of one compound onto anoilﬁer, and the like. Typically, following
any contacting method, the contacted mixture of oxide compound,
electron-withdrawing anion, and optionally the metal ion is calcined. The




Also as used herein, the term arenesulfonate refers to anions having the
general formula IArAS0201 , wherein ArA is an aryl group having up to 14
carbon atoms, that is optionally substituted with at least one group selected
independently from F, ClI, Br, I, Me, Et, Pr, Bu, OH, OMe, OEt, OPr, 0Bu,
OCEF3, Ph, or OPh. Thus, the arenesulfonate may be referred to as a
substituted or an unsubstituted arenesulfonate. In one aspect, the aryl group
of the, ENGSUIRAFGAE. BAUEHRAL A CAEPOhAIGRSHAARANET ARPEELARE st

aryl group of the arenesuifonate can have 6 carbon atoms. In yet another
aspecteBainipl Q&8RN AR RO ARES AL L QLSRR Mra R iFRiRRgBds that can be
benzeresuliandisenaphthalgleebsulfenaiginiial ye sespionaigith the formula:
toluenesulfonate, 3,5-xy|enesulfona§?#[§%%n methoxybenzenesulfonate,
trichloromethoxybenzenesulfonate, ‘trifluofometiylbenzenesulfonate,
trichloromethiitvein 28 1dss lfomatecitot dlosinzehesulfon2desarbon atoms; (X'*) is an
Chlorg%Qﬂﬁwf%%%’d& QXS;I r&)%ﬁm@ﬁgxhﬁgmsi%%%bon atoms, halide, or

3-fluoro-4-methoxybenzenesulfonate, and the like. Whenthe .
electdiNidRhaPAWinY T ORRSAER IniPrisdecih ey ofhANEI8HFSh-Rithditadfrg<y!
aniomdhiaCaumterieavncatier bl ihaisaltBampr Sety K onotb@ssallowgethait are
salt to reyert or deco se back to the acid during calcining, Factqrs th

ctal S e DA CHRD Lot TE SRR AG R A o e ke, In
electrowhthuirmainganjoes intIXie), wicies rotliidsitédtorethetsbiuibilityoofithy!.
saltinghe q?ﬁ;% olySRipinedagkpf advRISe rRBGHNEY LHIRGICAURM1 3 hexyl,
ion-pairing effects betweeri the cation and anion, hygrosc pIC properties
imparielets etk e B4tibR, [Bd dheiRBcadPsErhtal stabilteyibfaprndently
anionsclxapies afuwiitrble catien sishike, saliued the, eleritrr; MthE@WINg In yet
anion incjude, but %34 ot Iignit to, ammonium, trialkyl ammonium, tetraalkyl
amm8RUIT, FRFEAkYI gﬁ%]speh% UM "H+,11-1(0Et2)21+, and the like.

Further, corhbihatifonsdf ohe>0P 8 differant electronfwithdrawihgrahisine, imd
varying, pIgROHions, canbe iseditq tilprdhespecific aeidityiRkie erefore this
activator-support to the desired level. Combinations of electron withdrawing
compOHBR iealidse woRtHede wMRAEE%i g8 ¢hatsHrLIINtahelysisrycompounds,
indivigytaths anrd any order that affords the desired activator-support acidity.
For example, one aspect of this inventign is employing two or mor o
eIectron-witﬁSPﬁW}ﬁ'g SHIBR S OF BB BURHY ROAR B B §%§Fa‘ﬂéed in this
contaioiagistepsclinles, dne example ofisichl a processkylalvhiclian compounds,
activator: is prepared i llqws. id gxide.co
S St o
electiypliyieraning kxteAcs saraeathp et dcefanatianfirsberiRfure Etaiomiest of
mixtuses ks SRRMARIFINQHL JhemaalgineshiirslamixiHranis themsantactesd WHh @re not
second electron-withdrawing anion source compound to form a second
mixtut8 ifloweld by CARHIRG S8 ond MREIE BB a trdHBERPEBHRmInum:
OXidetﬁblmﬁiunﬁim.lm,SUO!iHalplwhﬂm,iﬂhm fi rSfNBA)seaﬁMbutyl.aluminum (TIBA),
electpRaRANING anian AU SaMRRUNAS ALE MRIGANTEIEMh, lomipum
compounds, although they can Be the same compé/un : n one agpect 0
the irkiBerid, dHeobeflidnbvadien mchydigde-sligs polal isndroa fidel 196, Qprpcegbination
COMPESIAGE. If thb) SRRALHNGKS SN @XIdR.cQpRRRIdad MAth AlISARE RNBtended to

electron-withdrawing anion source compound to form a first mixture; and_ 2)
calcirfife BT ARG TBr6rMAR SOy bRaae Wetivaistist sPoT iR andiity
aspeahodhthiadpaentanphe 96lidoxicdduadtivaiaosypppadt it predudedusydain this
Process SAMPISIGE. pulheOAHRG.al askans solil,oxids compornd i,
a first electron-wit derawmg anion source compounlgi {6 form a first m&ture;

and tripropyialeimimgthe firentskearao prodised e daleimatfirst mirfeluminum,
3) contacting the calcined first mixture with a second electron-withdrawing
anion source compound to form a second mixture; and 4) calcining the
second mixture to form the solid oxide a&%/ator-support. Thus, the solid oxide
activator-support is sometimes referred to simply as a treated solid oxide

compound. Another aspect of this invention producing or forming the solid



withdrawing anion source compound, wherein the at least one solid oxide
compound is calcined before, during or after contacting the
electron-withdrawing anion source, and wherein there is a substantial

absence of aluminoxanes and organoborates. In one aspect of this
invention, once the solid oxide has been treated and dried, can be
subsequently calcined. Calcining of the treated solid oxide is generally
condygiegipamAMRiRNt of ingt ymesahese. typicalhin A ambientehoxide,
atmosphere, at a temperature from about 200C to about 900C, and for a time
of ab8titePhiklta e au s odsyelymiamatisBlosdpedt apnrmbgadon thereof.
conducted ah arte mpesatteefeasht abRutidh) Ofe dmpd3atst Ot At dntRNOB& one

aspe%t Sgalcinﬂg)g is conducte perature fro 400C to abou

atate ab :
700C" T Y&t Aot rgﬁ%néﬁcég&%?n% IS conauctes r(r)nr%?% yout 1 %ro‘ifre‘fSHEa“mg
aboubs® Howrsleastcbire dinothat hspedtasalvinisgyistontiliodefrond aboonddly an
hours,1or-abauh 0RO ottt BRRtREL ASREGE: SAISING R RE.CA e Ot m o
from about 1 to about 10 hours at a temperature from about 350C to about
550CPIeCOtffie Pz PO TR AHIORETRCBLT B TEEHel0Y Y ey @fiiMgfor:
Geneyally, salginingivaspnepeied i araxidzingiatmasphere, svgthagaikatalyst
Alternatively.,[.an inert atrr&osptnere, suchtas. niHo ﬁn or argon, or alreducilnt% ¢
atmoSPh&re SUEH BERYGrogen o carbory Mohaxide, tafi bEUsEd Y 4R ©
anothbe agpectiohtimerinvetialysthesptidndxide wond pahenthe gect totpregdanexture
the chemigalivareatatbrolis Adebas ARRIRNPIUMGARFRLINER 300U G e

cc/g. In another aspect, the solid oxide component has a pore volume greater
than BPBERMASIRE A IEME Ripatednshisartbs peconirelsteminacapSantrated chith the
still apathabasReE:HE 2 SPHEEVFEa COMRANRRLARS ASVEAEE REadifiBpare the

about 100 to. about 1000 m /g. In. another as%ect, solid ox/L(ie comvpgin%‘nt haﬁ

a surfAERYSHA HEH BEAUE LB 8 Sh R B Y2 H g G o S RSOt catalyst
aspectyfipmeaidsouitn2b6 torahoet 600iny /grder il meubopld cxipe wratdrigdiccantalyst
be treaiad wi.a.setres Rl halide iR ahisHite ian. 9@ SPMBiaRLign,of
anions, and optionally treated with at least one metal ion, then calcined to
provide the BERRIGPEESHBYCIT ERIHI B Peaersprasls st brvste Bepdet, the
the solitonddanpalerinl jsiteaiadiyitRBpsdree af spifateuiermedhrisutatingyst
agent, a source of chloride iogv termed a chloriding agent, a squrce of,fluor'ide1
ion, tEPHBAS LRGN S Ent F A FoRRHR B SO B L4 ENEY {8 multple
providethelsolichooxisl efactpuataiuin renotiveraspé ctisulesédl lacidicinclude the total
activatar-supperts incl r imited to; bromided alumina: chloride
a|um%@§ﬂﬁo%§e§r§}§#?§a“?%ﬁ at%é}%iélﬁnggma%%%orﬁﬁ%@ﬁ sﬁlic%?ar}g%%lﬁg{w&g Fha
chlorieReéreflizeicdlGivasHaofidey aledent Rizraoslmitnsimezremded to the
bromidechsilicadsit ceniar CIRtidRAesita-zifeaniaoflurrided sHicant ¥6RPIRINdSs are
sulfated silica-zirconia; chlorided zinc-alumina, triflate treated silica-alumina,

a pill 4PEd By SeaH S L b La ST HRBRIE BRtCh AT RREEEY With or more
fluorideanchiericgaorabutiaien plvosphaied hlumdtdar arspebertypical organoaluminum
aluminophiosphates apjionally reated itk sulfate. fvoride. LfCHIORAR: B num
any combination thereo urther, any of the activator-supports can o tlongﬁy
be trédtet)vifithdueisronuatissahataldominimicallpry cambinnsie Sskcof-
compound, wherein the metal ion can be the same as or different from any
metal that makes up the solid oxide material. In one aspect of this
invenfism\tfi&4f8ated oxide activator-support comprises a fluorided solid

oxide in thelforsneohgppartitulatesatidntiusca seureepadsisiaridetidntiscasgedtion
to the oxide by treatment with a flugriding agent. In still.another aspec

Moo i (e i SRR 2l S USRI fegsc one
suitafegsivaatadoetnasaldobiobet Weikan; inpligainly; Butledes moe lipRgnabimmm
one to three carbon alcohols because of their volatility and low surface

tension. Examples of fluoriding agents that can be used in this invention
include, but are not limited to, hydrofluorﬁ“acid (HF), ammonium fluoride
(NH4F), ammonium bifluoride (NH4HF2), ammonium tetrafluoroborate
(NFEBF4), ammonium silicofluoride (hexafluorosilicate) ((NH4)2SIE6),



In another aspect of the present invention, the solid oxide can be treated with
a fluoriding agent during the calcining step. Any fluoriding agent capable of
thoroughly contacting the solid oxide during the calcining step can be used.
For example, in addition to those fluoriding agents described previously,
volatile organic fluoriding agents can be used. Examples of volatile organic
fluoriding agents useful in this aspect of the invention include, but are not
limitegh iRy dieaNS. P8 luor shexansheiaiahenzsRe, IororgthaRS tivator can

trifluoroethanol, and combinations thereof Gaseous hydrogen fluoride or
fluorike ifSe ALHA YN GhsatiSmed tHeBold %%@%%u&?ﬂt@ﬂ d’Uthi‘n electron-
calciningdRrenganusnieMysnethodhehcantagiiegehagabit axidamwittuppert, or any
fluoridin ar%?nt it%to vpporize afIfJoridin agent intoda gas stream used to
fluidiZe The Sofid BxIaR cHAg CaT e AT o SRRy B INar hepaRL B
this irvemvborath ecolmmidadiyaine atethivotionaXidey cdthprises wiohiotide dfseligh is
oxide,i fae e, of a particulate solid, thus a source of chloride ion is added

to the oxide by treatment with a chloriding agent. The chloride ion can be
added to the oxide by forming a slurry of the oxide in a suitable solvent. In
anothekaspeiet-of dhensese akiaventiivnothasplidsoxide can be treated with a
chloriding aﬂlent durig}% thetﬁ:alcini%g steg. ,?snﬁ/ chloridins% agentt ga able of i
serving as a sotee dFehionadsn {hg}o%ng 0y 88%??&%96 the"Sxide Ui ?;Sl 1ons
the caloimngstep activigerusepotorexbueylbs valatilecorgenmie, ahlbgidiergly-treated
agents A B8:used. FREMRIes AL1R ANE oA AP DRP AP RIS 4G ihiRum

this aspect of the invention include, but are not limited to, certain freons,

percHIBPHI9EAY e Ak 2RI TRAF e TEIMGFoHAPTARRMBHRSPGTOIR ! CaFDOH oxide
tetracilgrdevitichiRethansdc bRy E@RRINatMRtheIRefi aseRus BydroesaNbe
chloride or cl]éorine itsqéf ca also belused \/\([ilth et solid oxide dur}iln%f . )

calciniig®ofAe Coivedlent MEHYY of CONTSRHRT RS oxid& With' th"e S'ﬁSinng
agentisminv@pbeizeopotyilongdingsaganianto @gasmsippasm usathiaiflaididdetheixed
solid gxidle during caleimatian. o YNeRHe GCiYAIN YRR CPMRHSAR Rin the

chemically-treated solid oxide comprising a solid oxide treated with an

electiIerAthB WA Ai8M Oth 638 dstrdvPidh drainiNg, drsnidarrbespiieallflate,

addegitaithe, selit:exidaprabare O U atRalRithantakasicifady misigphepties,
solid gxide..In another aslgg, t the electron withdrawing anion can b% added to

the sOIYSKIEETASN AMBTAE§PEater HARUHYT 208 BT WEHIor (i Edged o
oxideyigréateuttidanllatnositl Bty yubigihited the wolitisoxidel, greatetfthar.aboltthe

5% bﬁﬁgeé'ggﬁ}p%g%ﬁgﬂgno ide, or greater than about 7% by weight of the
solid oxide. In one aspect, the amount of electron-withdrawing ion, for

example flubhgiecsi eieloridedsringrsse fivedoicicaiedipipthe Safidossisrijs oxide
geneiypiionn ahout Zie aheuli_inby WeighiavAars R weight BRIGRPLS:, the

are based on the weight of the solid oxide, for example silica-alumina, before

calcinly! I o firaPRYPL FOMR ST ottt B &8I r oA WithdH Avisy fore Xide can be
exampladhatridelcnehlprigetiommiesentioefarercateining e solichoxideds The

from abqut 3 to.ahout 25% eight,.and in_another aspect,.from about 4 to, .
Ut ARS SRR IS L AR ATRE ST BB Ry i

aniorcdaniacigdedith Ba epsantvsiffeimactepeticaitdr afcinnggt thsmoddsuide
0.1%dehaanl efYpbyaweight halide inturelativsder the we i@llata@{im%ﬁmﬁ)ort can

oxide. In another aspect, halide is used in an amount sufficient to deposit,

after EARERTE SN EELAIY ot ABRsHy digREh QN isHvIERT g 2
the weighbtf ¢hetsaliel pixigeyiap troion abade.1% to about 30% by weight halide
fon refative g {2 weight afne S0l Qe e oUdR SLCBIRIAE IO Ry as
added during carlllcinlﬁg, such as when dalcined in the presence of ¢ fﬁ, Y
theredemppiedlly the corremyntuecuisralsd spHdovdle eprapivride Tdwsinthh@bligor-
oxide before calcining. Once impregnated with halide the halided oxide can

be dried by any method known in the art including, but not limited to, suction
filtration followed by evaporation, drying drder vacuum, spray drying, and the
like, although it is also possible to initiate the calcining step immediately
without drying the impregnated solid oxide. The silica-alumina used to



Further, any method of impregnating the solid oxide material with a metal can
be used. The method by which the oxide is contacted with a metal source,
typically a salt or metal-containing compound, includes, but is not limited to,
gelling, co-gelling, impregnation of one compound onto another, and the like.
Following any contacting method, the contacted mixture of oxide compound,
electron-withdrawing anion, and the metal ion is typically calcined.
Alternapively . aselid-asifematesialy anlRGHRNWILHAWIRGBNIRN SHHEESnding

and the metal salt or metal-containing compound are contacted and calcined

simultaHEYELIS0ld otilendtihdr aspatenthcdn s Rl B her ot pbbFli teththat
be comtactedwiths@ipeieiiarmeAsiber Rancbad esgancappaimiMceagaalystier an
a ﬂrs’[aﬁc%"&%r?af)g(yrpe rior El?iz?nontgrc iggdtr\}i/%atpil)l(ltrllj N 1\1,1\‘I1|(1):P othecgﬁeizccjégvel termed an
activa or-suppor{l. Ohed ﬂlﬁe pregContac ed"mixtureor metaifocene, monomer,

and cowtpenagt thattiooviyes e motvhtabielitjamul teotidebatetalicoeraonic ligand
including RUtReh Mited 9. ARRALMIOHN CR5ANSH IS comtactasWithibi

the acidic activator-support, the composition further comprising the acidic
activabrastippiig iSHarH e irrerPostebitiches it itigaies hepratiosriactleracts
mixtuge eankie alloweddoriemain ipiugher centast faameapngaperiechofin the
e B B e i, D eacton I Wil (e P20 s civator-
process Wlﬂ e Carrlg ou?. arlious pI’OCGSS%S O prepare SOE}I oxide
activatppsupponty thhecenrdienesms|by edchiphtvsimvg miidarirege hdemdepoiitening
For eéﬁéﬂplﬁcﬁ{:slngp@é%m%%e %Q?o&%@b@s%@?a%ﬁt @o %s‘ﬂ%ﬁ’ (Q’%Qsoin?\%ilnion,
6,316,553, 6,355,594, 6,376,415, 6,391,816, 6,395,666, 6,524,987, and
6,548M84 1 AL BRRNUTEHS N TERHEHY, Baich YPienhitiiisdneyRperatedhsy provides an
referepeeufaBrEidail kSR AtiabiklanEyehangealle Artivatalo@upRacted@Rtbut not
Layeged. Miner Activator-8u§§orts In one as ect%of this invention, the

activatBFEUB SO HHRSIAHE RS CRIYS: RO %fﬂ%t?jé"S?‘}%Fso‘i‘PRf’élﬁﬁg >
can bmtghgzalm cmnppsismchra ltgandgcha.n.geable activator-suppqrt, includjng

but not limitgd i, siicats and Aluminesilicate, sempeUNds oL MInelalS, RLbe orid
with layered or non-layered structures, and any combination thereofIn =~
anotHBPEapis CUHTa e Fipb B ae R2ede HEfryEALIE2 RRFBPEREMN P Aty fexide
SUC_h ﬁaﬁt&iﬂﬂ{,edl@tlay%&%ﬁiﬁlmgt@@ @ﬁﬁvﬂ%twmhwm@thmponent, and
activator-support comprises an ion-exchangeable actiyator-support, it can . .
ot B A AR a1t e Rty R RH BT his
tho_seirdjsmlmwlmmsethwgh t}apueazily tsiuehicaﬂ-a’lgnhamgml&hel oxide” compounds
activailsyp Qﬁ[&ﬁl—saﬂl%ige? e %1Y¥ég:'z?r@0%lﬁc 18’10 rlmgghtqtra%\f\g,ngn%nIc?d?nbinatigns and
another aspect, the activator-support of this invention can be, or can '
compiiseuEahaiaeeralhpavirks erelshngishtencaings avd laysikceahaplaapvith
expandingmlyRicahrlay il actiy 3e/sH P RstH IRGBILEREE a6spAtHIMiEthe
to, ion-exchangeable, layered aluminosilicates such as pillared clays.

Yy
AlthotigfictRe ErRTHalphIPPTESTIaRe! 1§t EAFRIBUSE- AHlstrt ShequRtised by

inert dasipaneiohof the catalyst composition, but rather is to be considered an

active part gf t%‘% é’ﬁ%}%‘éfrsésc%c (?9%%01@1\/8%‘13&19?@ %fch%‘t%%'-”?%tpeo&%%@“c%%epﬁses
with the ansa-metallocene and the component t at provides an activata

ligand toehé pietsidcEmesulichsagingn viahoanadiviansiingsilearoeingatinng tin,
to be hasiad bvhgRruthisobalie e thaldhe den-eXCraagealIst activator-supports

activator-support serves as an insoluble reactant that reacts with the )
ansa et HIOE & BREGrg M6 A Ui MR i IBrEds bytrdrf HLampRg - inc-
compiagitianased talpridedicepalimer zinc-ilnppagaspe dpthelalayamaitanal sz oic-
this invention enc ss materials either.in their natural state ar,that have .
peen [EMEH i VARBLS (O by WG, 1o SXETEARGS, O Bafing e Himina.
Typicelly;ithieredagten audirtedd iyanar supp sandfisaleointheraidn comprises clays
that have been ion exchanged with large cations, including polynuclear,

highly charged metal complex cations. However, the clay material
activator-supports of this invention also e‘m:ompass clays that have been ion
exchanged with simple salts, including, but not limited to, salts of Al(lll),

Fe(ll), Fe(lll) and Zn(ll) with ligands such as halide, acetate, sulfate, nitrate,



of olefins in the catalyst composition of the present invention can be used.
Therefore, suitable clay minerals for pillaring include, but are not limited to:
allophanes; smectites, both dioctahedral (Al) and tri-octahedral (Mg) and
derivatives thereof such as montmorillonites (bentonites), nontronites,
hectorites, or laponites; halloysites; vermiculites; micas; fluoromicas;
chlorites; mixed-layer clays; the fibrous clays including but not limited to

sepiolites, aifapiiteSsHOY. RAYRQISKBES: SR BEMIOE Hlai it IPPRIIEG: solid

saponite; or any combination thereof. In one aspect, the pillared clay o

activé?&é%d‘ﬁﬂsxi?tb‘@llﬁplﬂg@spﬁg?ﬂ%if@hé‘ihrr?éﬁ’chﬁtérﬁi%\‘ﬂfe’f‘%%‘ﬁn@‘tﬁé‘?ltﬂ@d acidic
principalae@npomeat wfilde viadmitadsomantaigrittenie. withThe piareal eidydearing
be pretreated %n E[he CpHesent i vtenti_on.t hIilor examEIe in one embodtimef\nt_, a .
pillarsd BAMORie WaE Préfteatsd By by Ath B8t 200 thdd Sh et uPPort
atmo3phéreiaty picaiiingrymnitrogemdoraivutlheuns, seforenbein g dadiedetb that
the PRI AR BRSIART NS GX ARG h & RERUGRHIMANGS O SRR dugments

because preheating steps such as this many be carried out at many other
temp&F AREC RS RA BBk Ko hbifaths et teiRTpeRRRIfe b k& wis or
stepspadhatwhiahtprehencRMPAGE BRI SHAVERIIDEWs or BiBnsted acidity of the
ion-exchangeable actiyator-supports such as pillared. clays.used to prepare
gt R e S S R
inorgamicustpperdt soiadeviadle, imahudilngs byt@repaotirditeebtpmeaoliies, activities of
inorggnic oxides,RRRSRRATGHIROrgaN s axides, Mad g dke- In one aspect,
typical support materials that can be used in this regard include, but are not
limited to, sifcaNSHRRSSAIWRRiRBEAIkAINEEAiedrielid ipelsisomRiEe siaokbingreanic
fluoridericbdmpiaisilaigdealuminacibosia, Muminenbasphate GlIpnWNY, 5, 6, 7,

phosphate, zinc aluminate, sphated silica, phosphated alumina,

o o 5 e W At e O i TR R
combhnatqunmnmigtwedrfemgofthe laﬂihalammmmm_hm&salmet@dlocéhe Hawley's
compgying I IEISHON A0 ‘B%ABH&%CP?”E&?%%;?WM@P@O&%&Qoib%?é&eon, F.A.

prepare the catalyst composition”of this invention is fypically from about 0.1

wt% W Bgasm vy LnietandcBerhee g Mk Adueen dheneiisiGhebithe 0
activatgr-supRorcaRRBeYINPthased ar therfinat 01etelleagnRRE!8Yygen and at
mixture). It was also found that from about 1 wi% tQ about 10 wt%
e R A B RTINSy s By bt o e et ool Mo
activitiéssb, Si, Sthénriikiure ¥f @hda-Yn&ialioZene and clay activator-support

can be contggiaghaad, mifec oL Ao SO LG 0 AR ORI FRLRGH n

between the ansametallocene and activator-support. Sufficient deposition o

the nibeathseaindlydrppehapiiberife iy earres Bxpdoadniitiedihering Bmited
mixtugs af.gpangd Bresaioesne forepiex, Epsxemw!ee1be 8as3;Melelocsne;,

compound and the cIaZ%rgaterial are simply mixed from about room

temp&taitire Y abat E’ﬁnSd%etsfboéfcﬁfgveTﬂ%’d@&}s%é%oW@é’ Y203, Zn0,

ansa#netallode e olkth el vthydmetivaitaid supidest.tharesfothed aspedhativas thereof.
ansajmetallocene compound and the clay material are mixed from abgut

L00F & ABeut 18D OOT 1 AL (e Qe oitian of tha PO SUHE present
ansaifyetaifocEgbidm e atagoadivised s upireft oxides pigpptisembspaen gheil. B,

presegy iByenion £rOMPasses Catalyal aanRasHoNs SoRRrisingraTaqdiy, v,
activator-support, which can comprise a layered mineral. The term "layered
minerdl & uduh el 1o aaRBIR RS ss g £y PitErald, (BiarEyor-
clayssuppeexchdrgadsctayisyaxfoliatied tlayde ebiohatatbclayiegeitedilintdalumina,
another oxide, matrx. layered minerals mixed. gt dited with pther materipl,,,
and tﬂeﬁlake, or any combination t ergof. When the acu%llc’ ctlvator-sﬁpport
compiises.gllapearediemnssalumsaplspibrialkndéadleed with at least one
electron-withdrawing anion such as those disclosed herein, though typically
the layered mineral is not treated with an electron-withdrawing anion. For
example, at least one clay mineral can b&1sed as the activator-support.

Clay minerals generally include the large group of finely-crystalline, sheet-like
layered minerals that are found in nature in fine-grained sediments,



i) an activator-support selected from a solid oxide treated with an
electron-withdrawing anion, a layered mineral, an ion-exchangeable
activator-support, or any combination thereof; i) at least one
organoaluminoxane compound; iii) at least one organoboron or
organoborate compound; or iv) any combination thereof In another
aspect, the present invention provides a catalyst composition comprising the
contact proghict of - gkleastans: firs! Melallosene: ulpRIRNEREFANY chemically-

metallocene; at least one organoaluminum compound; at least one _
activateH <l BpSAAERSHHEiINYG B YolfdshRfe dReHRI iihdrapying component, typically
electrancwiticiiawing anignaans eptienaty;t, aleeinaxane: aagatalysloptisidlly
another, ashect, (e present nuention p&g\‘e’}dﬁ%& %a%a'¥§§t°9££‘ RS ame as or
comprising a irst metaliocene compound, a Second metalocens compound,
an aldrffimoxtafi®moeaytalystalasl aptiv ndkhciwativrtsupiporylahdadeoptivnall, then
organgiMINWT GAMP AN RNENE ol RS BERREHHAE CRLANSIly-treated solid

composition of this invention is substantially free of aluminoxanes, and in
anotHardspleriAdvERiaty it orifsoSRIsHb R an SR HEB M AL RS Stioafiot e
activitydnethe:subsiantiall absenaa Oiabemigoxamesmethdd BROMRRMagReskide is
the present invention provides g catalyst composition comprising at least pn
first rSORE LR RSB S e SRR RS e D P BLA ™
an alelminoranérdnwhng aspeict, itlvdudatalyst compoditioreds otgafugedatgelling,

ComHH?eiﬂa%ﬂV&t%éU&Bi}&hﬁ‘&‘@J{&eaﬁé‘ﬁ?é}{sin‘épmeoﬁﬁéﬁ%&'ﬁﬁ Plowing any

required to comprise an organoaluminum compound. Thus, any combination

of firstoafns & Bt Ade (AR BHS (e d b B HITIf LY dRsensaray pbrelier Eapr pghdrawing

combing, With et thealuepinRxanes el (hydrocarbyl aluminum oxides))
disclosed h(ﬁ;‘ain, or any cqmbination of aluminoxanes disclgsed herein, t
y

form a catalySf CORTBOSHER GRS iSORREBH AN 59 cOInImStor B Mty
and mmemHOmemp@dm@sdtsplﬁnszmdtd:tbmﬁriiqam_bélccsmmn@c_ldwiupon
any a&%ﬁ@fﬂ&f{@“ﬂn"roﬁQ“aE’Pfé@E'Oﬁ%eOfe?é&‘ﬁ%&ﬂ%&ﬂ?ﬁmﬂ d gnfienally & %ﬂilgauy an

oxide treated with an electron-withdrawing anion; optionally, a layere

mine RAFCBPOY I wingoreRdsangd Ao actiliatBrsidppbrtheitrineynhiehat 2
one ofganrbaQnicBRELN ad entioalyasal Ieastone prganebatatéhat anion.
comp&gﬁnd, to form a catalyst composition of Ti invention. A]tLéTitr(l)o nes

are alS5 PSSl A EOBORY/AYSEEBYCAR TS Bulos) gy tim uoride,
organbaitideindxamés:, Theldthepbatpiyst, conflagne hisupeety pidéity, cdvtaotedate,

with tﬁ@%@ﬁ&@ﬂ%ﬁ:@&%&ﬁ%ﬁg ﬁ(%“?tﬁ%ﬁbo’hﬁ&%‘é?a%lé{ié%t%?'veﬂﬁo}@ﬁ%%ﬁate,

any solvent which is substantia e reactants, intermediates, and
produttsrefitisatactivationtitepiean bR NaeETse cattIsEuEsmpositionfepstidged

in thisIMARNLf.GaR, LR KeHReiedntsihamiskneNuittheset skillliRethg@iting
including but not limited to filtration, or the catalyst composition can be

introdtide At the PAIYIBAZAHAN rdEtH witlodt BEMY Qoked™e OngRdonic
aspectipewaliiminoxane conopoundooftitis ivemtion ithdmvolgommeric can also be

"?"“m‘é‘rHWOCQ&T}BQHe”gFe"sVe%‘?E%‘v%ﬁﬂgn?"‘fﬁ“é%%%‘”é%&%@ %%%'rrﬁ%eﬁ?r!t%o'igﬁ”s‘éﬁd oxide
linear s uc?ftures, cyclic, or cage structures, or typically mlxturés ot all three. .
Cyclicanmhipoxanbateshspbdi naisinaaria gntiaaofbemipect; Whehsimically-treated oxide

comprises sulfated alumina.

As used herein, the term alkanesulfonate refers to anions having the general
formula [R®SO,0], wherein R® is a linear or branched alkyl group having up to 20
carbon atoms, that is optionally substituted with at least one group selected

independently from F, Cl, Br, I, OH, OMe, OEt, OCF;, Ph, xylyl, mesityl, or OPh.
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R is a linear or branched alkyl having from 1 to 10 carbon atoms, and n is an
integer from 3 to about 10 are encompassed by this invention. The (A1R0)11
moiety shown here also constitutes the repeating unit in a linear
aluminoxane. Thus, linear aluminoxanes having the formula: RPe1-0)-Al n \IR
; wherein R is a linear or branched alkyl having from 1 to 10 carbon atoms,
and n is an integer from 1 to about 50, are also encompassed by this

INversign: e GHIRSLIAIHIINGXARERS CRRAISR NRVE GARRSHINGHES BftiRituted
formula Rt5",,,Rb, ,A14,03," wherein in is 3 or 4 and a is = A1(3) - n0(2

n0(4)diteal P PR3 RO Be RIS a}%ﬂrg@%efdmﬂémﬁ%ﬁ%én%ye up to

no(2)1is thed>sninakias. of tweaoaeerdinate Bxygen alampsi e 4ksndhielfonmbesohdve
coordinate ox%/rgen atoms Rt represents a terminﬁl aelgylngrou and Rb
r

P
repreSRritsa Briaging Akl giodp whsraln TS a Thear OF Dradched sigeies of
havingroeaulfeoald ortbdn Bubmnsnot lified{calnntinoxan@satarethenesulfonate, 1-
represeniGd IRBRIRIY Ry s RHen asBrbulhesRiGrid -OMddb iR e thane-

and the like, wherein the R gfjroup is typically a linear or branched C1-C6 alkyl
such 2éfaRathyl, et grRpshaBetyReityl, of HesamsiharsiAngpically -hydroxy-
repres@aissafdnig er-Fairdlyto- plpui &0l fbhane Iemhpeime Pof@esulfonate, and
alumino>ﬁne compounds of this invention include, but are not limited to,

tlre ke, . .
methylaluminoxane, ethylaluminoxane, n-propylaluminoxane,
iso-propylalbmminexared hératylaformicrox ame)esiiiydadumieoxanenions having  the
sec-byylalumingRAN&SeRsy alMmIexanes LiPEYIRBIMIRXANED to 14 carbon

2-pentylaluminoxane, 3-pentylaluminoxane, iso-peéntylaluminoxane,

neopéitfaltidfinoRRHRBY o Rdtndirdespt onszgifep selected independently
organgatRoRRNE W th ditfesendtypesief GEgrorROBE ©0TQNPRASSEHY Thus,
the present invention, methy alumfino ne (MAO), ethyl aluminoxane, oy . d
isobutyf allROXANE ar8 Ry pital Sptional' GolatdlySte UEE G in the Catallysesie
composittomsoohthidnnventspactTthe seyhlgrmip oXaine srares gepaeasch fripave up to 10
trimetRlv M. SRR I PORY BTN BRAREUYEl 1300

are sometimes referred to as poly(methyl aluminum oxide), poly(ethy
alumifiiPeXieNey; dAdSERABYLRACAIGRITARIGS BkRIeYeTeépRadten BIslureisbrisEe not
Witmnﬁ%coﬂg 0%%&%@%?&&%%@9@22@&8@&]@@@ ingc@gﬁgaieﬁﬂ%zr\]@éth -
trialkylaluminum, such as disclo in U.S, Patent No. 4,794,096. The
preseftiASh B‘H‘E’on%egﬁ%‘gjs‘?&“iﬁ’dﬂ{?véTHL‘?W‘iWﬁQ%%‘?%%ER&G’ trichloro-
form ummybdn&)ie]s}ﬂfmddﬁﬂ(R-Ahﬁmm&maﬂylhmgypéuﬁﬂyal_mis at teialstoatyoethyl-
3. HopRY&r ARBRNEINGBARIO (G AERNOANDINGAAOR. BIRTERETSY: i droxy-

stored, and used, the value of n can be variable within a single sample o

alumitibsiabenzangsslienats comibifatioreBiosrgaresarsinpRamss! die ldsmprised

in the methaggeandCompRalinnRIRALHE PHRSHIRLIV@NIRNRes a INPEERATHIE tron-
the catalyst composition of this invention.comprising an optional .

alumiB AR B N PR YO8 SILHIA0 A i ThE i i%%?(‘%%aﬂ??ht&at allows
metaliocenetinrthecandpasitjorel ackualiidreid anoyt dibhiogaliudtatOMhDQGelate
In on, noierASReRt. MHMARTIAIR oL AeRNMIINIR Ihe AUMNQKANR. Rine
the metallocene’in the omposition is usually from about 5:1 fo about

15,00@ien Trrdvdm duheisf iptloniggalanthsosedil i @é dheosalpalyhaetezaedrolvent,

zone jig-aR-RIOHREWIthin-avaneerf ahist QRbmeL 8RB KRG kion and
from about 0.1 mg/L to about 100 mg/L, or from about 1 mg/L to about 50

mg/L AN ORASARIM IOREHES HﬁPf‘B‘édp‘r‘é;S‘&réﬂl%%&ﬁoﬁ?élﬁ?oéBﬂdPSshke’ and
whichterensvethkiioywT ihethei@art. IExamlelest ohimiganaatmincasd of the electron-
prepaatigns, are discloserl o Wi RatsMiNG2a 3247 00%iand 808 S0k onium,
One example Gf hOW an aluminoxane can be prepared Is as follows. Water,
whicHdsaglsgbiverianian, iisteebid ahiesBiestoime, Eanl BEariedudthealike.
aluminum alkyl compound such as A1R3 to form the desired
organoaluminoxane compound. While not intending to be bound by this
statement, it is believed that this syntheti69method can afford a mixture of

both linear and cyclic (R-A1-0)11 aluminoxane species, both of which are
encompassed by this invention. Alternatively, organoaluminoxanes can be



As provided herein, in one aspect, the present invention provides a catalyst
composition comprising, or a catalyst composition comprising the contact
product of, at least one first metallocene; at least one second metallocene;
optionally, at least one organoaluminum compound; and at least one
activator. The activator can be selected independently from: at least one
activator-support as provided herein; at least one organoaluminoxane

compound; Al {aastORBiRAIBRCHASRNR L RIIARRRRLRAIS.CRBRRHNG Q@ Mions, in

combination thereof Accordingly, in one aspect of the present invention the at
least GRERERRROTIEAH o f8888E dFBH At e SR Hife 61 RhBhBror LSRR
at least Qféedéﬁg%ﬂlQbGHﬁteCC‘@ﬁbﬂMﬂds Qif?elé@ﬁtﬁhiﬂﬂﬂﬁkﬂtiﬁﬁf@@ompoﬁkﬁs can be
further aspedt, e present nvention rovides 3,catalyet GOMROSON  ordcr thar
comprising the contact product o at least one nrst metalfocene™at [Edst orie
secontforibtahecderaedt ietistioneuppganedlliminubecempauadoat legsicord  this
aCth%QE}ﬁH}PHQ @rﬁﬂ%}@ﬁ?% %Isfﬁliﬂe %ﬁg?og%tﬁﬁlrmm ion source compounds in
electron-withdrawing anion; and optionally, an organoboron or organoborate
cocatdig<t IeEhiPREra SRR MR SHRS s e HtUmRAIStIFATPRIVi 84ch ¢ &Eafyst by which
compasiigneamppisind dhecponrtact predusy of: atleast opgitirskinetaligemne, or
compourgj; at Iea§t one second metallocene; an or nogtjoron or. . :
combihation of oxide .compounds, is contacted with atirst electrop-withdraying anion
organoborate coca afyst, an-orgarioaluminum compound, andﬂop |onaTYy,‘%1n
activatorsuppopoundhis @speet filve mathiyest tbonfpesitionus: netthequirddnl, the
compisé, AR AEUVARERMRPOHLALAALRE- DRl QEeH% CABRBKAT HIRRARE hnion
herein can be combined with any of the organoboron or organoborate
cocatiflysis BRSMReEBe e 6 sfPrbimbiHEtofPdPBrdaRvIsieHige said second
organpherrtecasatalystasischnseskhrretmslong Wikhsaceompenas! thatfirst and
provides 5:1%51 aftivatable ligand such as an alkyl Oég)ydri e Ii%and to tge £
metallBedite, WABRATA RIS e Wori P8 a S dE MBI I & 5oy Wi pisd erent
such aevliganddsuthcaaghatharganalbesmunr@opopodind; to form a catalyst
compositiory, Fyither. any gemRInGiRNeS fish seaeRsRNb MEIRIACR S oduced by
compounds disclosed herein can be combined with any an organoboron or
orgarfoigfate Coddtanst; an organoaluminum compound; optionally, at least

one alumingx¥apsitaie ©RUENRAINI @NcBRtHAAIRN SHPROE IO I M R eatalygldrawing
composition of this inven%ion However, in one aspect, the catalyst

compBERIoH GF tHIS TRVER; hifem UL ARiAT 5+ 88%¢ organoboron or

organoborafe celripmgnbls fien chirtarathferasheot]ithexcitatyisheomppsition of
this inventiog ha%‘éﬁlE’P'XéB&rﬂ28‘11'Qﬂisa“-iﬂkf%%'&h}h%é%ﬁ@%%&@ba%ﬁo&%&fu ort is
organoboron or organoborate compounds. In one aspect, as prowdepd)
hereifraficed by 2a¥gasrolseraitstd¥npound can be used to refer to neutral
boron comppungssharate saitasObsomhinatoas hsreefnfon Ri¥xamMAle: ¥etron-

organoboron compounds of this invention can comprise a fluoroorgano

boron BRSNS 20N S8PESTGARBOBY At U U e 8P @ fhbination thereof.
Any fluorooayaruichoigmhelfiilstanbanganopbahaiecam ped sk noxvaén the art

can be utilizgd. The termdluoroergan: sporﬁ?u@\%ﬂ%““‘éé N3RS thdrawing
meaning to refer to helitra compounds of the form Y3 The term
fluorcerganesreee oMb Ui Rseeerns ilRiERakAdeaning to refer to the

monoanionig)salts6fi & flueraerngiRereNE AT RO O A6k f@Mc tivator-support.
IcationnBY41, where Y represents a fluorinated organic group. For
convermendle fitldtgBTgams BaII YRR iUS rISREUHE" HEIHE L BBRREY drdreated
typicaliidetadechbtapoalieéctively by organoboron compounds, or by either

name, as the eantextreguires,,;; ;fFXAMBlesof IUOTOGIIANGROTAE woiid oxide
compounds that can be used as cocatafystsp In the present invention |nc]Iude,
but asstivetdimiterPto bilLromiating atylepgransssslidrogisle/with dimeattytaailptdoiien-
tetrakis(pentafluorophenyl)borate, triphenylcarbenium
tetrakis(pentafluorophenyeborate, lithium tetrakis(pentafluorophenyeborate,
IV,Ndimethylanilinium tetraki513,5-bis(triﬁ@oromethyephenyllborate,
triphenylcarbenium tetrakis13,5-bis(trifluoromethyephenyllborate, and the

like, including mixtures thereof Examples of fluoroorgano boron compounds



Cl zr (CH2)2CH=CH2 H3C Cl a.. Lif ontCl cmcn=cm , or any combination
thereof; c) the at least one organoaluminum compound comprises
triethylaluminum, tri-n-butylaluminum, triisobutylaluminum, or any
combination thereof; and d) the at least one activator-support comprises
a sulfated solid oxide. In another aspect or non-limiting example, the
catalyst composition can comprise, or the catalyst composition can comprise

the confafhRiRLUGHAM aieasiARs AiSmeLal acenee A I6RASLARERERChpound

metallocene, at least one organoaluminum compound, and at least one

activatdiakinsiIoRe Wiet B EHekE IBRNr SIS PfstAt R RE @R APHSHTCe:

and wherein there is a substantial absence of aluminoxanes and organoborates.

In one aspect of this invention, once the solid oxide has been treated and dried,
can be subsequently calcined. Calcining of the treated solid oxide is generally
conducted in an ambient or inert atmosphere, typically in a dry ambient atmosphere,
at a temperature from about 200°C to about 900°C, and for a time of about 1 minute
to about 100 hours. In another aspect, calcining is conducted at a temperature from
about 300°C to about 800°C and in another aspect, calcining is conducted at a
temperature from about 400°C to about 700°C. In yet another aspect, calcining is
conducted from about 1 hour to about 50 hours, and in another aspect calcining is
conducted, from about 3 hours to about 20 hours. In still another aspect, calcining can
be carried out from about 1 to about 10 hours at a temperature from about 350°C to
about 550°C.

Further, any type of suitable ambient can be used during calcining. Generally,
calcining is conducted in an oxidizing atmosphere, such as air. Alternatively, an inert
atmosphere, such as nitrogen or argon, or a reducing atmosphere such as hydrogen or
carbon monoxide, can be used.

In another aspect of the invention, the solid oxide component used to prepare
the chemically-treated solid oxide has a pore volume greater than about 0.1 cc/g. In
another aspect, the solid oxide component has a pore volume greater than about 0.5

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

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

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

m2/g, and in still another aspect, from about 250 to about 600 m2/g.

The solid oxide material can be treated with a source of halide ion or sulfate
ion, or a combination of anions, and optionally treated with at least one metal ion,
then calcined to provide the activator-support in the form of a particulate solid. In one
aspect, the solid oxide material is treated with a source of sulfate, termed a sulfating
agent, a source of chloride ion, termed a chloriding agent, a source of fluoride ion,

termed a fluoriding agent, or a combination thereof, and calcined to provide the solid
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cikcii=cik(CH2)2CH=CH2(ci2)2cii=ci2orany combination thereof; c) the
at least one organoaluminum compound comprises triethylaluminum,
tri-n-butylaluminum, triisobutylaluminum, or any combination thereof; and

d) the at least one activator-support comprises a sulfated alumina. In still
another aspect or non-limiting example, the catalyst composition can
comprise, or the catalyst composition can comprise the contact product of, at

least Qng.RrecARIACRdMEEMEieloGant: Al deastRAR RIGGIHAGIEN REBANTe not

metallocene, at least one precontacted Qr%anoaluminum comé)oundl at least

one prEd5Htdeted BRFE At Wbk st bRE fdstlomidtiedueeivd sl wnpportyifated
wheraiamgaehuebihectirsiinaeialioernentirise s metallgaanreidhesilica-alumina;
organogluminym compound, the alefin, and the actjvator-sypport are a .

oA P N SR e U e CRBCAN . Dpprice
one a&’s}i)@et,imipres&a@mviéimiqn@mvidé@a’dcdtalys{admnip@siﬂiﬂmectrmmdsiﬂg:,a-
or a cafalyst CORRASHQN £ARRIRING KNG COMBRIREARYEEOTofa ALIBRTLORE with

first metallocene; 2) at least one second metallocene; 3) optionally, at least
one digeidralshiftite cImpbaite; Ricaripise | chenbiie SetR/acsr heinseRasabrtes,

hereigptidanothea@ipeth MErNECTRIV-INY EHtionIFHiayidesaLaiahshation thereof.

com sitliqon as dim!osed herein, comprising.an 0 ﬂonal ionizing ionic
urther, an%‘o { ? actlv&é@{-—SHpR)Oliﬁ can optiona e treated wit[r at least one other
compound ¢ocatalyst inadditio ese el components. However, 1n

one aspetiptheypatalystaomposition ofithisnipuvedtiorméscsutistanticliprrem oF the
ioniZigg JOniG, CRMBRHESHANY IRARAIERASRGG uibS FRtBS! fRmRgSition of

this invention have polymerization activity in thé substantial absence of

ionizing ionit® C8AMPBEFHEE. s dfNeaHB I BledEssat ctHde AR aR iAvANibFPmPrises a
provigesaieatalys be RN ROGIE e aQMP et flidedEHOMAANSANNESR IROBIAE ion is
compoct.énéi as ggsclo. edq)réetrein, attleatt onﬁ ionizing ionitc C mﬁ;g.?und )
cocatilyet, SptiSnahy arReast CRE Activhrdr: Bﬁé%&ﬁ, B8 optlb A4l AP g st pect
one ditgamndalomeau e cddydaurible Exidmpye>ofilgnizshgnp ictioo mpduimdaanetable
discloagel o U LALONUIRES SRTRAEOMLE B0 1o A IR Ghee

ionic compound is an ionic compound which can function to enhance the
activiiepthal ey Seesisposithsi. Wil tiotsolony Byftsedepsions Hetmnelgs of
that thadaBigiGlMCIEBRPYEd GANDentARABIRIGT IBAGHRIHMENRL limited to,

metallocene compound and converting the metallocene into a catjonic _ . ,

et SRS d6lhd K dair Tt TH8Ht g R HE botiP By Hecripride
beliedditHE% theaianizimgnonigaimpoumetcaiNtaBiion asancionizingilicofluoride
comp, . el jally ex -i n.ani 'rl' SS} BF,

o R A Rt ==t
r (X18netekofiestahdIbR Se camanpatal Been BoreiigivaiseN Ho) d3be cirpmeiaim
presepkifuRSAR SeRENSSINIZANY 1HRRTY: OfhRiieN ahaoasisRa R hRtReE theor

ionizing ionic compaound ignizes the metallocene; abstracts an (X3), (X43, ,
(X7) %&Tp&iﬁmomum bifluoride NH4HF, can be used as the fluoriding agent, due to its

ease of use and ready availability.

In another aspect of the present invention, the solid oxide can be treated with a
fluoriding agent during the calcining step. Any fluoriding agent capable of
thoroughly contacting the solid oxide during the calcining step can be used. For
example, in addition to those fluoriding agents described previously, volatile organic
fluoriding agents can be used. Examples of volatile organic fluoriding agents useful
in this aspect of the invention include, but are not limited to, freons, perfluorohexane,

perfluorobenzene, fluoromethane, trifluoroethanol, and combinations thereof.
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or (X12) ligand in a fashion as to form an ion pair; weakens at least one
metal-(X3), metal-(X4), metal-(X2), metal-(X8), metal-(X11), and/or
metal-(X12) bond in at least one first and/or second metallocene; simply
coordinates to at least one (X3), (X), 00, (X11), or (X12) ligand; or any other
mechanisms or combination of mechanisms by which activation can occur.
Further, it is not necessary that the ionizing ionic compound activate the
metalipcens anlkodherretivRtianiwictionaf the RRZ0g.i0niGEPMPRMRE dRide is

evident in the enhanced activity of catalyst composition as a whole, as _
compAreddes! 4 eira st o SHIfiCANSREI Mg aly s ditisn itharideadth
not C@wuPrise any 1Mz iRgolonpoeaaFalstiding adexaimplegRfsienizinge®riGluidize
compounds incl dgﬁ but are.not limited to, the following compounds:

tri(n-t%uffysgé(rlnomxbﬁiunrfl%%t%Cllélf“ggglyhborate, tri(n-butyl)- ammonium

tetrakis(m-tSiynbohaten trifntdmutyeasted nim itetalis(2ide chemically-treated solid

dime@MH@“@&}{B@&EﬁE@cﬂﬁl(ﬁa@&ﬂtyﬁmfa@“ﬂﬁ“the form of a particulate solid, thus a
tetrakis(3,5-dimethylphenyl)borate,

tri(n-ISOREamh IO ietritiidde & thidie it BINEERYRTN aritip ShARE dingnagent. The
butyeaimenisimigirekis{pentalinosapkeany heiateaNIb-iorateybanibiniimsuitable

tetrakis(pdolyeborate,N,N-dimethylaniliniumtetrakis(m- ofllyeb rate,N,N- .
e R R TR R R R
tetrakis{8bidimg eteylphemgtbe rateimdsdpn etinylamitinding agent capable of serving

tetra‘%ﬁ%ﬁl’éé%@&ﬁB?f@@&ﬁ){tlﬂ&%ﬂg’H ééﬁ?dchlngl ’[ﬂ%ﬁfﬁ%’ tﬂﬂlﬁ(@'ﬂi@ calcininfg step

tetrakis(pentafluorophenyl)borate, triphenylcarbenium tetrakis(p-tolyl)borate,
tl‘iphéﬂl@ﬁfb@ﬁiuﬁ?ﬁtémﬁfnﬁomme organic chloriding agents can be used. Examples

tO|yr?@R?ﬁtif&%@%l@@lﬁﬁﬁi?ﬂﬁ@%@%ﬁﬁkﬁ(@fﬁ-ﬂi rﬁﬁebstlaylbeaaﬂyﬁh QQ{f’éﬁbit;)n include, but
triphenylcarheniumtetrakis(3,5-dimet nyeborate,triphenylcarbenium

o L RTE CorSB RS AP R BT e oromet e,
tetral@h(qnefﬂaﬂumzupbtenyarb@rmaietrd}nylhmwfwakls(prtdmbcrml’ra’nammyl'thgneof.
tetra@%ﬁ@'){%’%@;}? HORUIWP detsakis(adrdmetyIBRERYERAR e LORY N e

tetrakis(3,5-dimethylphenyeborate, tropylium tetraki43,5-bis(trifluoro-

methyBphR AYiITHERSte A HANISHISHaIR (S rb ARSRE e Hip odawiffiifigrshloriding
tetrakis¢pentad uapephenyaheratag lithum etrakis(Rheny\eets ithigB e solid

tetrakis(p- olyl)borate,Ii,thiumtetrakis(mdolyeborate,Iithiumtetrakis(2,4-
0X1d€ during calcination.

When the activator-support comprises a chemically-treated solid oxide
comprising a solid oxide treated with an electron-withdrawing anion, the electron
withdrawing anion can be typically added to the solid oxide in an amount greater than
about 1% by weight of the solid oxide. In another aspect the electron withdrawing
anion can be added to the solid oxide in an amount greater than about 2% by weight
of the solid oxide, greater than about 3% by weight of the solid oxide, greater than
about 5% by weight of the solid oxide, or greater than about 7% by weight of the solid
oxide.

In one aspect, the amount of electron-withdrawing ion, for example fluoride or
chloride ion, present before calcining the solid oxide is generally from about 2 to
about 50% by weight, where the weight percents are based on the weight of the solid
oxide, for example silica-alumina, before calcining. In another aspect, the amount of

electron-withdrawing ion, for example fluoride or chloride ion, present before
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dimethylphenyhborate, lithium tetrakis(3,5-dimethylphenyeborate, lithium
tetrafluoroborate, sodium tetrakis(pentafluorophenyl)borate, sodium
tetrakis(phenyl) borate, sodium tetrakis(p-tolyl)borate, sodium
tetrakis(m-tolyeborate, sodium tetrakis(2,4-dimethylphenyeborate, sodium
tetrakis(3,5-dimethylphenyhborate, sodium tetrafluoroborate, potassium
tetrakis(pentafluorophenyl)borate, potassium tetrakis(phenyl)borate,
potassiimitetiakistrddyRRorIfRARsRIYtaBAkISERIo DROIAtE RAtAS SiYMer
tetrakis(2,4-dimethylphenyeborate, potassium tetrakis(3,5-
dimeth)fsheH9baPate, RadumA et it SrdsbratdY ip et depenitngd as the
tetrakir(piotyealumninaie, ihiphenylzalkeniumadetialisindatibahimnatgosit, after
triphenylcarbepium tetrakis(2,4-djmet henyealuminate, : .
iR Ro LS B3 & ANl oo o reative o the weigh
tripheriytiearblehivndeetrakis(hertaftab fopide myesld minatendropsyliliivient to deposit,

tetrakig(pdalygal Uﬂ%ﬁ{eabgﬁ’tpa.@%nt&eﬁ%lﬁitsﬁw%%4‘3\%%{.%@@”89%@1&9% to the
tetrakis(2,4-dime Lf)gf)henyealummate, tropylium tetrakis(3,5-
i

dimetti§AgHeply s rliA 8 dGo pyIftRT tabeakid (et ahad o e Myedfighinktlde ion
lithiunetetvakis(Rentathiapb eny@akimindtie lfB#HAe or chloride ion is added during
tetrakis h.enyea}#]min%[tee, li iurr&tettrﬁ;\kisgdoléle in%te, lithium 1 1

tetrakis(MdGlyEATMINALRE, TR LBtrakiS 24 SimettyiphenyhAllminafs ° o™
lithiurmaetrigkid$ 3 B- dimstieytphdhydidd uminaté)ditvlidnote tia hatmeatalriinage, Once
SOdIU{B téﬁ‘z‘l?éc(%MQHHQQP%WQQHJ&lHQ@n%dﬂH% by any method known in the

tetrakis(phenyealuminate, sodium tetrakis(pdolyealuminate, sodium _
tetrald&(M uRinaes |spitRdrirtetialifs dUcime tAYASYEnYe sNARRFHten. drying
sodiug déatrakis(Sspaignettpheyineluminaigesadivm iafsafiionaalninaie, the

potassium.tetrakis(pentaflyorophenyealuminate, potassiu .

et RS T B AU RS BAT TS o assium
tetrakis_(m-t&ﬂyeajllliminiatai,_npotmgurpretparak}s@dﬁddfmétnghmmae@lmrhrinatepore
pOtan%HIHléeéf@ﬁiQ (ﬁaﬁ_'a%ﬂﬁﬁ?y '937&”34938}{&“&5'84& 'a%t%%%umlume can be greater

tetrafluoroaluminate, triphenylcarbenium

tris(2 hanabth At oS A ERisFRERAT TRt SRV B ARIS PE, gr4ar3timn about
hexaiiil.-(pﬁ@j%pm@%%ﬂplﬂéo%ﬁ%ﬂlﬁmﬂfﬁac&ﬁihéﬂ/@ a sgrface aree;] greater than about 100
tetrakis(perfluorod-butoxy)aluminate, or any combination theregf However,
thesc Wiz R TS . M e AR R R ) o Aother
commpmi,iﬁla(miiffmee&tdingmtbdrgthaqmr@memumem‘(bmz@e@@ﬁﬂlMoh@mMa-
In onggaRGCl IR RIESENLANEONAN,SROMRAEAS A RRNMEZANAN RtalRone

composmon comprlslng, orapo ymer!zatlon (;ata yst composmon comprising
the cofitect frodustipg, crlehspote firdtnibialibretie batTersthone sexabrit S0%,

metaliggenenhieagiRnerRGlivalah R ARiRalyiat lgastRnace:ealal ¥shias %
disclosed herein. Unsaturated reactants that are useful in the polymerization

procd8ethitH 2 AR S SEHtions and processes of this invention include
olefin compdhads! fasadnglfdosri & tcoalpoist St tfarb eindataniisl peida obeguiecanshich
having at east qne glefinig daublg hand. LhisAnventon goco 1(%a36e§0nally, the
homopo?ymerlgatlpn processes using a single olefin such as etl ylerli)e or ‘
propyleltted §xjds] in 8rabpioipaiedi ration metd tom sught Hatt theaetl onedditiéredoxide

olefinigaeMPOUNGe#A.0NG 3aPechafiakoRalymarizairoxigactipat&thylene and
copolymers of ethylene comprise a major amount of ethylene (>50 mole

perceaﬁ‘t‘}lﬁ% ATorsRRTHBhtheT LERRGIIBr S&%%tﬁq(fﬂé“ﬂ}% ?f‘fﬁ&dﬁha‘(ﬂfgcigss
not awaediie henatuhha comanranéars thatl ansoercopatyidariztzd widinpldybeneaot

shou h@(/ie from,three toabout 2 arb?n atoms in their. mole %I|?.r chain.
1mite IO, suliuric |a01d or a Sl1 salt suc |as amng)mumhsug ate,, Z1nc sugate,
Acyclic, cyclic, polycyclic, terminal (a), internal, linear, branched, substituted,

unsubbtiniteo! fulietonakebenl EtianeapRimcubatlizBdookefiirs Gatiberepspicyade
in this invention. For example, typical unsaturated compounds that can be
polymerized with the catalysts of this invention include, but are not limited to,
propylene, 1-butene, 2- butene, 3-methyl5-41 -butene, isobutylene, 1-pentene,
2-pentene, 3-methyl- 1 -pentene, 4- methyl- 1-pentene, 1-hexene, 2-hexene,
3-hexene, 3-ethyl- 1 -hexene, 1-heptene, 2- heptene, 3-heptene, the four



unsubstituted olefin. In addition, the catalyst compositions of this invention
can be used in polymerization of diolefin compounds, including but are not
limited to, 1,3- butadiene, isoprene, 1,4-pentadiene, and 1,5-hexadiene.
Preparation of the Catalyst Composition In another aspect, this invention
encompasses a catalyst composition and a method comprising contacting at
least one first metallocene, at least one second metallocene, at least one

activaigroAnd ARionalh: at RASF HNECORGHRIA L Q5 AISE! SRS h Sie LIS or

aspect of this invention, the at least one first metallocene, at least one

seconfifetddite s desBrAOTRAERIN Y Bott RSt G UcaRt s RseR rmglded.

can bsupierRObBEGIRA IVBNaNynoH®Y, CailalysticeMparRe Nk, INEdUEHs g ¢t arbon

Iimited1 toh e}tsn olefinic {;ngnom r.In thiﬁ ?sd?ectf the olefin monomer used in
alcolols because of their volatility and [o rtace tensiqn.,.

any precon ac?lng steps is not' neé’essarlly the ‘S&me olefin monomer to be

polymerizedn Pricontattihg stepsiceinsiitisderprecontdeting atlidaisecnedistlly

metalipeento 0%t ARSRAATY WERHORERCRNLALATIRIPACR thess Qf i of

optionally at least one olefinic monomer, optionally at least one

orgar LRI e S abayst o dnBYopaishalN st dhs i aBERsaTbT diGdised qn the
treatagksalidopxisle aiivalad-supRast falcmiiist poniad @fpfisagatldioni@ sulfate, the
contaciing e precontacied ixiure Wil sy femaiping catghyet amposiion.cq
componénts ot emplayedtin thé Brecontacting step  For exampe, the first
periothofuitne fioitraontalol] dveddre compact ivmelrepveder adingtmepadjodemes, and
secong. metaliacrnf el ALINGMENCMEr R AN AR YMINDrely.
cocatalyst can typically range from time about 1 minute to about 24 hours,

and from aﬂamﬁ?&% Qs a5 & o ieat oo BoMREE TS FPBIPCABRILN LD 25
minutegide abulrAl H)ukeSarna asegiiiCatide ofMHRISASRESE 06 EXHAIS. be
once tthe Fé) ec ntact(ta mixture o%?ore th one recop_tactted mixture is ds. I
contalTBa WH ARG EAtafySe BRTDSaItIoN EBpOHERTE "Frigmpounds. In
compwositiopeds o€ theadviimeigosheontactpandixtancheFodekanmpley@egnated onto the
precopiacted MixWe AL AR ANd 5 SR ETAlOSHRER. QIGHD MOVOIP& e et
organoaluminum cocatalyst can constitute a precontacted mixture, which can
subségoe sl gortegtEtinglith thesuilidl dxpaeaistRdisrcas fathpcomprise a metal
postcaMastedimixtuige. Tyiically vihadesicaniaetecoppxiure.nambelowagdsten,
remain in contact for a second period qof time, the postcontact time, prior to
peing TAAHHY the By RIIOIFSLeLe! Fr P dPlsc pBs s Rt ragae
betwelen shiel traate dbsalideoixide aidtivaiardseppest acivityeapretontastedThe solid
mbduge BRIGRI (RAAR (1R S R hENRYG IR ARPUS A% OB ANE TR or

0.1 to'about 1 our Is typical. Postcontact times bout 10 minutes to
aboufBhanimadsg b ide topitaride is (realsdthbh tspdectemiahidiarineaniany
combinatiorrgfia!igus Ry S CRAMPONRRIS (GARINE 6QALAGIREH Wigh a metal can

polymerization reactor simultaneously while the polymerization reaction is
proceBdiig Al RV VAR R0 PG SPILE MR e eBhipusedatly @
be "pselcontactdeomaniessahpointaptiateto ey enténigdhe pedtionazaring,
This precontacting.step can be a continuus process, in which the :
procanietd Bt e o S ) ST e T FHEMIE any contacting
stepwiiséhed.Jheceriigelqsk oaassd pivhitde adapeRndf plestontadted produaitieamnd

be adgechie.Makesaypatalyst FARMAOSHI R NS P CARI RGNS RRi Q2R e ctron-
carried, out over a time period that can range from a few seconds to as much
as seVERIrgaps BRRShgRI I IS Jupetiah & oMt prELBitea camy Stah ar
can lashtypédalhdfeaiminabelmdlisesany to about 1 hour. Also in this aspect, the
continuous pregaptacting step.can Jastiypically from, about 19.5e5ande Qith an
about 45 minutes, or frm about 1 minute to about 30 minutes.

Alterredgie pahensictshiactisgnprbeesy e bardedadifsirmengtipfeisie psior to
rather than a single step, in which multiple mixtures are prepared each
comprising a different set of catalyst components. For example, at least two
catalyst components can be contacted fotthing a first mixture, followed by
contacting the first mixture with at least one other catalyst component forming

a second mixture, and so forth. Multiple precontacting steps can be



The postcontacted mixture can be heated at a temperature and for a duration
sufficient to allow adsorption, impregnation, or interaction of precontacted
mixture and the treated solid oxide activator-support, such that a portion of
the components of the precontacted mixture is immobilized, adsorbed, or
deposited thereon. For example, the postcontacted mixture can be heated
from between about OF to about 150F. Temperatures between about 40F to

aboutgafcahe MNCAliIRE MiKWE RAGARE & suppotl! OBRASARCHHEntacted

molar ratio of the combination of first and second metallocene compounds to
the ofgEHBEILRAGHPETINIBUIPE A BECABRYSBb POV sH# Activas ple dgtrd ©
anothig aspaicteteeinonlangaiomot theicembinatiancafuiisianchs@e@ndis contacted
metallot ene compounds to the orgaqgaluminurq.cor?g%nd can be frotrtrll i
about'1"] 16 abot’1 ¥ 060 aNARR ancthér A8pect, from about 11 toabout'™' '
1:100:cTihgse sumglent ratfosncel|thet thestatitaof thierdanmoinddidissardtsgednd xture
metallocens AR AdRAR theutoial AmQUNtRLURBRBLTINM.GO mﬂg%%ﬂlg

both the precontacted mixture and the postcontacted mixture combined.
Wherthiisfedaiatirrgeses pid bish dhgealemarizatinn RIBrsP 2t b Gretrq out
monomer tovtheeorphinadetirst apdpaecaaddnetalioceneeaopspondstinrthen be
precontafteddmixttH[lre can be frgm atgout 1:10 ttodabgut 1OO,O(BO:JU Qrfrom «
abouf T8: 26’ abotlt 1 BT 1" " anGtnEPaEhect of thidiMention, the' ™ ~°%
weigltt Fatia 30k thfel 66/72 Dxi02 Hetivhtod (R brgandaRihinaFbedpoord @ahs,
range; eIk ek ol e aBaYh bO00; 14 1p HRoINeT asRAGE NRWRIGNLAAULH of

the solid oxide activator to the organoaluminum compound can be from about
1:3 to"RisdUe 10 PORRS Py yetessstits  HBpldes fdfeabout 1:1 to about 50:1.

In a further aspect of this invention, the weight ratio of the combination of first

and second metallpcenes to treated solid oxide gctjvator-support can be from
boul S MR T B0 Y B SEE DT kSRR SRt
weight ratiolof éhe apaebinethfirsheamd seabadenetaliecppes to¢deatqoepotidg the
OXIdec%ﬁ%@t@d‘ﬁMR%s%@ Iﬁnsqﬁ(;eﬁgofr{% %lg ,06111 Jar]‘c%%%ﬁgg%r} 1&9—%}&9911 eable

and in another aspect, from about 1:20 to about 1:1000."  One aspect 0

this ifgERBRTePRRAL AnghiiraaHa s HBdtedairdirts dmirripatiigae compounds
compgsitiardisclosrgd Rargimyierbiedhabpiowsdawerepobimenpreduiiition
costs. Accardingly, in one aspect, the present invention can use A1R3-type
orgariBgitithinu coﬁﬁtgﬁﬁdgsgﬁcé atredtdy JBHEEMe ROt NGt %yered
the absmnoesdfcatesmindixanpidlafedditignatiy, trousxpensite doratpeormpovhds the
or 'V'%Q%ﬁ%@sﬁfg’gﬁ(ﬂ%ﬁ.ﬁ%@&%ﬁ*‘%&%&%l%é%tg%8&%09&&@8&9 SPBHNYELHBptionally

although alumin rate compounds,”MgC12, or any combination '
therebf Eatishtishalllepe esedcipanevastarysinbrnisositighaoihngs vdersdrherein,
Furthgfopho g R8N Cth € oAl Bl SUBT: Aa-ATBINANRBAS i OHGANGBAKAN with an
compaounds, i1onizing ionic compounds, or any combination thereof can be
used HEEGRAINAANMEF L 9 st metallocene, a second metallocene, an
activator-suppaniptaad apeorganoattivituyuppetpofinkis Hoveetiei, the tatabystan
compasifions of e Rrssent IMVENICN e, ARIVG. N6 SUBSIRTYIRLADSEAGSOfor
cocata(fyézts 'suc% s aluminoxanes, organoboron compouné‘s, |0K|zmg Ionic
compumedngr ahipisahbisianoisi crebfator-suprays imelHdeabpeate thes limited to,
invenfign RFRMIgEH R RHQERIS IENNIRLLIES & SalalyShALMARSION AGURMRIISIAY term
contacting at least one first metallocene, at least one second metallocene,

and attERS ore S His)et, WHBHPH O S GHe tRL CRTRANEUeHdh G atalyst
least anegpsesicondbmetaliocene pardmidaastarete-patabysharatdigelosagosition,
nereig, In, {013 AsPach e ALIeASong GARRIANSLEAMGOMPSE ALIESLONS:
organoa?umlnum compound and at least one activator-support, as 3e§)crl?leoec}
hereinrovidea egaedividpble dizondelp dkpastalinecpresishtdnve ntiggmepovidwena While
process to produce a catalyst composition, comprising contacting at least
one first metallocene, at least one second metallocene, optionally, at least

one olefin, and at least one organoalumir‘iém compound for a first period of
time to form a precontacted mixture comprising at least one precontacted first
metallocene, at least one precontacted second metallocene, at least one



first metallocene, at least one postcontacted second metallocene, at least
one postcontacted organoaluminum compound, optionally, at least one
postcontacted olefin, and at least one postcontacted activator-support. In
one aspect, the catalytic activity of the catalyst of this invention is typically
greater than or equal to about 100 grams polyethylene per gram of
chemically treated solid oxide per hour (abbreviated gP/(gCTSO.hr)). In

anothey; arPRfihditereaainatf HusHNYERERRSaR % ARaRCRHERI Y18 Activator-
activity of greater than or equal to about 250 gP/(gCTSO.hr), and'in another

aspectPRATGENIE) 6f g"f‘bé‘%é‘?lﬂk?éFn rS?Cé%lﬁaﬂhl?cS 6t 56b &P'?/(@@T 3@%‘)‘?&]‘&6 and
still apgthrnRSfach tRemaialyis abtiisinventienysancbaharactatzeddpaiuce
activi?g 1oinczzrreater than or equal to about 1000 gP/(gCTSO.hr), and in another
aspect, an activity of greater than or equal to about 2000 gP/(gCTSO.hr).

This activitylisameagurédhmdey shateygholyntiesizatton goaditionsssusirgrials either
isobutang.asHie.vant ANVt RAMMErzaH AN TIRBIRIBRMAMARME ion
75C to about 100 C, and an ethylene concentration from about 5 mole% to
aboufPOHSLT RilkYiE & shERic ks e Al T HRA SeHEYUryePYILhyhis invention
polymefigpaiien eRpeitipms hisindisabisanexastiedivemt |age Willoas, including

polymerization temperature of about 90 C., and an ethylene pressure of :

P OuPRR G TR e GTTihh SR P oSS O R B i gyt
wall scalejtecoatipgror othéniformsoidoulilng wpormmpakindayreskat have been ion
measyameRts Will.gfiihe f2aEh G maesiton &y MaHeaHoR (1), Feq),

Processes The catalysts of the present invention are intended for any
olefinfisdfhieAZaEh WidtHatntheeh ah itlidartceisifgP VarBUE e sTaTitrite.
polymerizatigroreagisks; As Ueghheraist. sRpyimerizatian saasiofomiuelesillared

any pqlymerization reactor capable of polymerizing olefin monomers to .
rOaL Horh oSy ThEDLES Oty i B e SISHIEIS ARy o
are refefrag:td asthelsis, oypollimerdy Thievatiahdytybesaf reactorsipichudations.
th0595‘5&5%&#1%@%?@&%%5%%&%%,%Qresﬁé'{f)‘mﬁéﬁ'P(D%é SOOI can have
pressure, tubular or autoclave reactors. Gas phase reactors may comprise
fluidiZ8ar s reR Eors orasteifeRP HoN B tAll HeactBrsO Bt MR iitors Rty the term
compflsiﬁ@rff@mf{sﬁrowim@lxmﬂge k@ﬂiﬂi&f@ﬁ%&‘lﬂeﬁ&?@ﬁ@éﬁmmﬂ[&@ of a
autoclave or tu ar reacgtors Reactor types an inclu e batc r continuous
Proces %%é?%f%%fn%d& PEEbay tf’é%ﬁd ‘E}§8$Ynféﬁ%ﬁ?fzﬁ??§r SBRtifiohgeem 1ons.
produliedispblargeidPracesses hay iaismhﬂdﬂndevphiniaih@mftﬁﬂajieescbfehycle)oind
un-reggted MOROMEL YReRGIEd t%m%@(%pe RROLAINERT, cupporting the clay

Polymerization reactor systems of the present invention may comprise one

type bnisaetcioasystetisturatitiPlesreactdhs stahts daadend efrarehiypeduce
Produgtion,gémaly/puess BemliRiey eaciarsiayinakideseyarat elagemihmatined

least two separate polymerization reactors interconnected hy a transfer
deviclh KRy PSSR FranstaF HEUHITrRars /LNy ot e ffstize as a
polynfetizatoof réacpiltaritg thetsedond réacparcihel ge sivadipolywateriEationles of
conding | oneAldG [eRciars M B SifasRnt iom e, 0psaidos) 365371
conditions of the 'dther reattors. Aﬁernatlvely, po?ymerlzatlon in multiple

reactol8¥hay- Mcllhgetielnriralalierahbeerignp ofy e tiogiranad dadaspheon, eds.)

subseguentseastoss for-cantinupd Rolymerization YMulipleferstor $ystamsy s,
may include any combination including, but not limited to, multiple loop
react6RThliRtiple’ 68 e tt0 <, Ly fbNgidH W 158 ar Yaxhiehdtdpgorporated
multiple-diigin pseastse.reactors or a combination of high pressure with loop
and/or gas rﬁ%ctclmﬁg.iThe multiplglreactprs nrggé/rﬁset%oerated in ser'lﬁs or.in

J n PI‘OCCSS utiizes C?¥ VII exch?n €ahl€ cations and
parallel. ccor mé 0 one aspect of the invention, the polymerization

reactbysystepatieasf copaprisg. atiensilbviedioby dlarspreabinceShe o asdration
are known in the art and may comprise vertical or horizontal loops.

Monomer, diluent, catalyst and optionally any comonomer may be
continuously fed to a loop reactor where ?)Z)Iymerization occurs. Generally,
continuous processes may comprise the continuous introduction of a
monomer, a catalyst, and a diluent into a polymerization reactor and the



Suitable diluents used in slurry polymerization are well known in the art and
include, but are not limited to, the monomer being polymerized and
hydrocarbons that are liquids under reaction conditions. Examples of suitable
diluents include, but are not limited to, hydrocarbons such as propane,
cyclohexane, isobutane, n-butane, n-pentane, isopentane, neopentane, and
n-hexane. Some loop polymerization reactions can occur under bulk

condifions O enBR AMYSNLIRMREh T BXAPRRIGISHPAMRELZAIONG]. Therefore,

propylene monomer as disclosed in U.S. Patent Nos. 5,455,314, which is

incorptifabdy dgvrarenerite erailarngs Britrsy bt akcReldiftied yet ardeRRpnes:

aspechetins, ibantienaiba Poymaiization eario (VMDY 60 dpiias at basiosech

gas par;ase reactrllir. Suclllbﬁe%%(t)e{pegaare known in the art and ma emgl?%l?
aini

. montmori Ol’ll%eS n nontronites, hectorites, or laponit (f sites;
continuous recycle stream con ng one or more monomerscon IFI’UOUSg;

cycledetimoultesa fuidizeduvechiicthe griesencenofktidayatabysysundier fibrous clays
polymerization enoitanzRe A e cysisisleammaNe WA AR LRI Deerpentine

fluidized bed and recycled back into the reactor. Simultan€ously, polymer:
produt it G ARAHE PP HG I thE Vs naHen RGeSt fresPhfmsRethdhswalared
be addgd Riepaceiperplyijerizedbaresmes: ShehgasPRase ABast0Gat the
may com riﬁe a}lprocetssffgr rtnuIEisIeg (%z%s-&)q?set é)olymerization of olefins, in
whicH Ol&fhis %Orepﬁ)cl)lﬁ/nm%rlzeen intHé gasé%ﬁls(ﬁ 1ase in at least two
independentigapHihrad e lpplgam dr zatioeniedneshwiitesefgadirgtan. For example, in
catalygl:comaing oMM MR &1 RRbmerZalanZa08. 10 A aPeontler
polymerization zone. One type of gas phase reactor is discfosed in U.S.
PatertnNiesst 8U88shirere, WwbBsliFod nnuregass 3ohosadhetiviieteis being added to
incorporatad- Ry rafRreRee R, TRt NETSIN: prer&SFRIFIRGR BHll BROWR .
aspect of the invention, a high pressure polymerization reactor may comprise
a tubBTEPTUEEOFB SHCHAD Ay PR BHRY SR KRBWHIRYHE R 2nd
Tubulan¢gaicislimay haviebBrvierabz asepardiere freiskhimonepenlindfataiihobre
catal)és%so are S%déjgdthl\l/éqg%rgt&er may be entrained in an inert gaseous stream
and introduced at dne zone of the reactor. Initiators, catalysts, and/or catalyst
componentd haagrbexelrtadabld sty gaseenposresam aamdlimnddagedsad to prepare
anothgg %Qﬁ?yg}f EG%;SGQ%?{S Shengagm SieRMS Max RS iHENI¥eE Oher inorganic

polymerization. Heat and pressure may be employed appropriately to obtain
optim&PBOTy it Zition Rkt WhdHor! ML JRIifGH et ARwiHEF Oxides,
aspephofghacveniionc tbe @elyine izatliep. réacin MpycCanhise psatbiaterials
polymerizalion reagtor whereln fhe manamer is coniacted withihe calalvet.y
composition by sui able stirri goro hier means."R carrer comprising an inert
orgaridilue titayriexdeesimorgnveianimyibdleenidisladmindesirea] ghemina, thoria,
MONORGH AAANRELREOUGH NG VRRELARRSE JHO cantachvith Jh SRl iGilica,
reaction product, in the presence or absence of liquid material. The _
polynRBARIH zhEaam aitticaridanie teonier el atilprdesitedpaidgd pilated
resultiarihe fermatiotbaibmsedutienmefthe tpekyener in a reaction medium.
Agitation ma]%)(l be emlpIdep to obtain Hetter temperatu e.contrlotl.and to the ion.
maintain uni o?marrflo(iylﬁneﬁzaﬁgﬁanr"lﬁ%aur%cse I%ﬁrocﬁ)g out' elrbofﬁr%é(?rllza fon c "
zone exdengratdemetingtareupiiiedsial tissigating tite @iditvernicposigivof of this
polymerizatian TRERE SRS HSKNPWRBNS Aour 1 PANMELZLBR allocene

reactors suitable for the present invention may further comprise any

combiRBRS oAt ety Tl Riaesriaf FEEar SYORIN CAMBAIbAROfR¥ged on the

systefmiphealidyshOtgatalxsicpmpaachls audionat ileastesne Py about 10
recover sgste_m. tSHitabIe reaﬁtor s¥sttem%ff05the ptrqsetntéﬂntventiortl may . ed
furthel Comprise systems forteedétockplirification” éatilydf storage add >
prepaxatiamssextrusion, reactor cooling, polymer recovery, fractionation,
recycle, storage, load out, laboratory analysis, and process control.

Conditions that are controlled for polymerization efficiency and to provide

resin properties include temperature, pre%%ure and the concentrations of
various reactants. Polymerization temperature can affect catalyst productivity,

polymer molecular weight and molecular weight distribution. Suitable



Ethylene Polymers Prepared According to this Invention In one aspect,
the ethylene polymers and copolymers produced using the catalyst
composition of this invention can be characterized by a bimodal or
multimodal molecular weight distribution, examples of which are illustrated in
FIGURES 2 and 3. The high molecular weight component is observed to be
formed with the first, or ansa-metallocene component, while the low

molecular wgight CARPANGNLISeREGEVRI Jﬁdt@a@pﬁm&thm Bh be contacted

metallocene component. Regarding the hi?%\h molecular weight component,
lowerfhEsHelted e retr Rindehdm Blavchrg e aye dsbersdhe ansa-

typicalyanscenenpate chéa pelyRigin produeedousinglapsaioietaliogRnasetallocene
without ag aiefin.captaining moiety bendedl ta A cydopeniadienyibpe figand., g
even Wﬁlgnnl e comparaﬁ e me zfllocene comprises a fe%\s% one aryl grou

b_onderd:tmlmenbrinb:gip}g)atanrw:therﬂd@mgﬂigandg]b@rigrmgmaspé@ndhbe clay
high EHQJ&?M'%V%%&%IFI%}%H%&I %'B@é?%%ﬂ%‘?&%&?&}%@%ﬁﬂ%‘%d‘iﬁ"ﬁ%{J&fr to

weights than are usually observed when using a tightly-bridge

ansadsfeaiobendereiition LPTdhAtHo U Bclabateaneorifigrbtp dsoMdet wepiee.  In
bridgipg dtemeithadbridaingligrRpchavsrvhrmnidaanpamivametaliece hem

comprises an olefin-containing moiety bonded to a cyclopentadienyl-type
ligandPout RSURECS SN dew coifpierissir Yeihbeiipiesitioh Lo mHutbgranigcene
(GPGs) iy @thpylenadpsappetymers and copolymers of Examples 1-6

(E1-E6), pr%)areotlhas rovitd(%ﬁ in Tablte.l, angd FIGURE 3 grov{ es, i
comparison gél perméation chrdmatograms (GPCS) 10 ethyféne’coolymers ™
prepa@upacty dingeidiExampiassippb8 BRiEl 8)n pregaredak providedeml. The
Table 2, The bimogalmelacularveigh distribution AR @MASRLIN 10888 minerals,

chromatograms is useful for pipe and film applications. As illustrated by these
FIGUREESthelpesirepeseiibeadoy e intioHalrd ctitystsfaliatehsépdgited into
have biqae BalRGulaf XV eighkdistibtilionsxAnatopidicatiom&f ihirials, and the
mole?.lll(lar Weig)bt disﬁ)r.iblgtiontgls th? Iawgﬁvatlges ofWIVtE, as provided in .
Table& T shd 2 TRETSHIRLIEENEE welghl (OfmPoRsns L LSRR tHE TRE s 2
moletylercweigierdb RCepe aktomelll bR ESRdawd!B patengudiicielrttyrdovwithdrawing
moleghat WEIA 9,816 \iegeackmelh e NOLING HEESEDARLTHRDAIY no

molecular weight tails, a feature which can contfibute to smoking during
proce&iisd. Willth elerEdiyH hdsedigarnifsig foe srperlents |§hdieatet Byymperal
and 14k wf kablgsrt and 2a@rquspéficient to provide high physical strength to
the final products..Definitions __ _In order to more clearly define the terms
et neroint BT 5 AL S o BFER o7 § i Lt B angpet ke
definitigeral usagelpriovided Hyuwadyiodocument ificorponaté ddibneintdhysedimentary
refer%@&%,coa’ﬁﬂ'cﬁ W'Hi&éf‘eaﬁ‘c?f'%'l% Ulis@dee 950‘4#%%9 Q?ﬂr%l?dr %dﬁﬂgﬁk‘)f‘and
or usage provided herein controls. ~ The term polymer” is used hereinto
mearthoHIvpbATers esHpHEhehethilendragireT shrutynited orétpgiages ardis
anothef®lefiniccaeenemMREcriBOlYRRouis AIsARRE bRkalestauiean phyllosilicate
homopolymers and copolymers of any other polymerizable monomer,
discloYEG HErefamPISHY (e PLBTA AL GEnEFSINP BB RERSN S FoHds (Bt
the orgamoallimitad o calivpbunds thatdar torstiioteabadrat o onentrobthedral
catalsh EOMRORR Pl ASRIETISIO NG SRHONH CAMPRARRIG & (NGonwonits.
catalyst Composition mcﬁu Ing, but not limited to, aluminoxanes, organoboron
compigHIseHrganopoREes: chrHpDUisas, \SFIDAILIGE ioRiaBoMpBamss aghlorites;
discloggd hekein. dRyRNeiRsPesl ROCaiAly StR GamPertIaBoaAMMIAUN  sepiolites,
compounds of the formula Al(X13)n(x14)3 n, wherein (X13) is a hydrocarbyl

haviny f3H o QBB BePER BN AtSTREMERA AJ3% diRExidw R iy IRy 20
of whiohbiawiing frderedfto abhidly 20oaatoan d@igms,;hadide pelohy drideharicholiisite,
a number from 1 to 3, inclusive. The term cocatalyst can be used regardless

of the actual function of the compound or any chemical mechanism by which
the compound might operate. The ter? "precontacted” mixture is used
herein to describe a first mixture of catalyst components that are contacted

for a first period of time prior to the first mixture being used to form a



described herein. Accordingly, this invention may also occasionally

distinguish between a component used to prepare the postcontacted mixture
and that component after the mixture has been prepared. The term
tightly-bridged ansa-metallocene describes a metallocene compound in

which the two 115-cycloalkadienyl-type ligands in the molecule are linked by

a bridging moiety, wherein the shortest link between the two
115-cyslpalsraiany-brngiig £ E’fé??.s PG RPNy e, 8RAIQT L ehe

bridge or the chain between the two cyclopentadienyl-type ligands is a single
atom AGRAGIGHRRS WHdBih & 4EBHMs Subistieietiberris, %h‘@‘ MG CEpRRrisE clay
this invieptix) aechnigdgethdistireyalealkagdianyalyfnaeepmpoLiNdsewiei@ition to
the 115-cy: Ioalk?die[\g/l q<r.l;[ionsﬁnclh1de clopentadiﬁn i anﬂ}s,linden | . I
Iigana%[,)1 uloerseﬁil/ IiB%l s,salne&’theaﬁkea,vi%c ﬁ%ﬂnlé)%u dstituted ana ogaggaeth preaty
partiaiyhsaideatell g lbgrztdane ol Pospiblegidstituents on these ligands
include hydigqen, IRRIeigr ehi0e 0GP UOR nSUDSHEH G GRIVAINESDSTRAT dfbr-
this invention includes partially saturated ligands such as tetrahydroindenyl,
tetraYAPSHI RGNS AHOM ST iR [DsradmyiReinls 2t ARGy FalsaARgd Ryior to
saturgied fhearenyly substityigidapaitialytisatisrapechinde oyh supstiteiedbout 100°C
partially satur flyorenyl, an like. In sQme gontexts, the metallocen

o e Aot 2y LR T o i R e Loty TR nC. 1 shou
"cocatllyst’ is used herein to refer to the organoaluminum compound.

The terms "catalyst composition,” "catalyst mixture," and the like do not
depend upon the actual product of the reaction of the components of the
mixtutb§arrel At & se thdiseaie catalytic site, or the fate of the aluminum
cocatalyst, ansaraetaipeentcany.RafinMenmeplssfRJ0 DIeRARE@ composition
precontacted mixture, o the solid oxide activator after combinicp% these
compORERtE M AEHE He EIROS LT B S I S5 FOR AR A kel ddshane
the liKesinoheddlbatie heterbgenemes somposititdend hopiogeipusit least one
COmPASIfiminuh AN HPGRION: SHHSaH 10, BRERI:R IAIAFHBORan be
radical group that includes, but is not limited to aryl, alkyl, cycloalkyl, alkenyl,
cycloggiestid iedrnerdraididrgm:alkynyl, aralkyl, aralkenyl, aralkynyl, and the

like, and includes gll subsiitistaddnsgpstitiireicBianahediiingade AelR@at@Min
substituted derivatives thereof Unless otherwise specified, th hy%%carbyl

groups of tHiSTRBRHORRPRRAY S FHEE T B LGt 28 B HBR AtSR S tytor-
one aspect,shyplsocarby) gratpsacan thereefup to 12 carbon atoms, up to 8

carbon atoms, or 4R to 6a?f’é5§951195?ﬁ'§§0alu Th aiigergg)r"d}\ég@;carbyloxide"
group is used generically to refer collectively to both alkoxide and aryloxide
groups. Unless otfidrwisat $5eciie arstiobRfarcE SFBYIORIAE gPBUNeENet this

invention typically ¢pmprige dignafQtih&@dgarbon atoms. In one aspect,
hydrocarbyloxide groups can have up to 12 carbon atoms, up to 8 carbon

atoms, or uf'td B B0 Presthe TRYTRUM dYSXAIBY AniiEY YrotpRgsition
used geneioallyhto defer colteintivelyato alicdamiine: (dtRpcaiylamlas(dbild Agkond
dialkylamino (NR2), and diarylamino (NAr2) groups. Unless, otherwi
sec g e e S suppon
up to RBENISAE eardshoatderiscdisbiénap stactiyrirotahiayi i rvogi cugopaenally,
have ypqiartaGarRofalams, UR Qi cA6RRP A0S ¢Rr MR GIGARM 3tBMEs a
The term "alkenyl!" is used broadly tg specify a hydrocarbyl group that
compHSEESh AOAIREHE I SRS iR IS SN PG emBe Fegib Sheisig yfocene
the alkemeoundiety &nolieoco® passinhgalstereachaciicabisopyerts, aidus, §prional
example, the term alkenyl is intended to.include any CH= -substituted .
e R T I SR, Tl ISR Gl SIS s
occurgygithim thesabikiangpdipirae pin gleuatpaanetefindcintanihiey typdeoctbyhtalyst
group or olefin-containing pendant group are typically used interchangeably
with alkenyl group, again illustrating that these terms are not intended to be
bound by the particular location of the cH8 double bond within the group.
Unless otherwise specified, the alkenyl groups of this invention typically
comprise up to about 20 carbon atoms. In one aspect, alkenyl groups can



The term "clay" is used herein to refer to that component of the catalyst
composition, a substantial portion of which constitutes a clay mineral or a
mixture of clay minerals that have been pretreated by either exchanging
cations, pillaring or simply wetting, that can be used as an activator-support

in the catalyst composition described herein. The transition metal compound
and organometal cocatalyst are reacted with the clay activator-support to

form Qaﬁlﬁ&q}{gn‘?@ftﬁh/ssﬁn)éﬂﬂﬂ% AQL ﬁ?%@ﬁ&%x@fc@&lw %%g@ﬂﬁ!\('ﬁ‘&ence of
statement, the clay component of the catalyst composition of this invention
prob2bWPHIRESHs as an activator-support for the transition metal compound,
as well as argogaimbystafiemn, the: siandpoiniviab iBriviadimateapiiysicalmposition
chemical contactt \fvitht the .artlsiti?rhmetal comg)orgient.1 tAs used Qereti 1the
collectve e “Clay mineral” i4 tised Fievein 18 desciib& the Targe group o o
finelyconystalithearsheet dikeniclexaminekalthth atspret. fobmd drlpsttip@niposition is not
f'ne-q%m% S8AIBHSe SRAMRUANARS ARAHDS JikR s CLovh PURBERIS AR A not
class of hydrous silicate and aluminosilicate minerals with sheet-like _
structigrEE &hie FeRPTHIG ATstnfate BrsBy rrepapatidis Tise: gas B biaatppar first
hydrauwg seagnesietan siigatasnpitinaspl yllegdicatBestih clir o MamiRammieany of
clay minerals.belong to the kaplinite, mgntmorillonite, or illite groups of clays.
T At TS o S RO S HEPUR NG o e et
soil comsistiagpofohiheralparts|dsclwstdhboessasilipctay midgsalmnipatinee dbis
than ﬂRBH&(QnOO%dﬂﬁ@ﬂnaﬁy%omblrﬁﬁgnte(gmfﬁgulgﬁgds&!@‘}{a 'ﬁltytﬁﬁgc@l?er edgnlliBounds

refer to a component of the catalyst composition comprising clay minerals,
typicallsclspede el shtebtecqPARipEdnd Gih@rphslNGuNES i?f acRitforrtion of
sepiokit@aiasdRaly ger sipiasalnat havedbegadareexahangad Witk darg®ithdrawing

typically polynuclear, highly charged metal complex cations. Examples of .
o L ST A ey
sych.wﬁm;vmﬁmmal{yolwmmemmIatgm@n@mﬂwnﬂgrg@ iorisoftiougllyhet teast one
pilariy 5185512 AP EXEIATSE ARASHAMAIGN e Saclipgeable

cations of a clay material are replaced with large, highly charged ions, such
as Keggin idHsmessacpaignitsiceisisAsare aebr nsrestiyed| witRinqgides) or

intﬁ”@@ﬁ‘ﬁ%ﬂfa’iﬁﬁli&i@f{e@nQ“M!hﬂﬁ\ra]f?a&?m@id @Eﬁﬁéﬂ%{:&&d@l@fﬁﬁ%&%ﬂéfw with the
"pillars," effectively supporting the clay layers as column-like structures. ,
e xR B ARSI SE CHTRE SRR RIS AR i B pich
220 (#595)1a365H3 7de(1©8By; rdaMank) oncasycliitercaladiproClemistry aéBvation step
WhItinGIRa Agd AriRCAROn. &l il AR 5o TR L 18550 06ied by
(1972); U.S. Patent No. 4,452,910; U.S. Patent No. 5,376,611; and U.S.

Patertd{ida loBovasothese RfskilHithesithdbepiage Hardimite ttsodftirgign, or the
Althopghianydnethads devicasrangfaatrsiale SRR RLESHMARRIIARDASS: ing
described herein can be used in the practice or testing of the invention, the
typicatiifiods, devices and materials are herein described. Al
publicationdaodepajents tneitioneck heretmareindodr gosatedruerein &y oligomeric
reference.for the purpose of describing.and disclosing, for example, the = ..
o BN e v
mighstectised ipyebhneictegewithiersepresehyiNcakbscnbddénveinabnthmage  Cyclic
publiGatians discessedaous andibigHghqut the text are provided solely for
their disclosure prior to the filing date of the present application. Nothing

herein is to be construed as an ($siey1 that the inventors are not entitled

to antedate such disclosure by virtu¢ of prioy, invention. For any particular
compound disclosed herein, any gegeral struptu}Ee gresented also
encompasses all conformational isomers, regi&s%rrﬁlelrs, stereoisomers, and
the like, that can arise from a particular set of substituents. The general
structure also encompasses all enantiomers, diastereomers, and other

optical isomers whether in enantiomeric or racemic forms, as well as mixtures
of stereoisomers, as the context requires6.1 The present invention is further
illustrated by the following examples, which are not to be construed in any

way as imposing limitations upon the scope thereof On the contrary, it is to



General Testing Procedures Melt index (MI, g/10 min) was determined in
accordance with ASTM D1238 condition F at 190C with a 2,160 gram weight.
High load melt index (FILMI, g/10 min) was determined in accordance with
ASTM D1238 condition Eat 190C 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 15C per hour, and conditioned

for alout 40,QME? BLHRAM FDPRIANY AL eOTRANEEW IR AS I P@Qﬁﬁ‘t@ger
ASTM D192%v%%rocedure C. Molecular weight and molecular weig

distribiors varaubthiie NGemeRss et b B D6 EBynaf (AR R)%‘i}ﬁté‘?ﬁwn
equipped Wih a(ﬂdr@ﬁe@traieraﬁp&w@ indexifleietteaantthiiegahd Mhxs30ear
mm 20 um eredﬁA LS gPonmer Labs) running at 145 C. The flow
rate Of the mobiie aﬁl % H"tlrrchlorobenzene (TCB) containing 0.5 g/L
2,6-did-buty1-4- methylphenol (BHT), was sett 1 mL/min and the
concentration of polymer soly yas rally kept in the range of 1.0-1.5
mg/mL, depending on the moledulair weights\Sample preparation was
conducted at 150 C for 4 h with odgasional arld.ggntle;gitation before the
solutions being transferred to sample vials for injection. In order to minimize
unbalancedlﬁﬁweﬂbmakecsakéemawitg thensame compasiionaathe mabilgteger
phas d for solutign pre aration Th integral calibration method was
emp Igr ed go ebgu%geémocfra%ﬂar Cvg)erﬁﬁ %e%n?ﬁ (rEnﬂ e‘c%ﬂar weight distributions
using a ChetursheRhilipinChemicalsiSompanyss broadinedtvolyetnddtie;. R .
Marlex BHE20QhASNE Rroad standard Theteqral tahle, of MRbERAL., is e

standard 'was pre-determined in a separate experiment Wltﬁ SEC-MA
Prepanbsi afp SustFersginas Al ARSI ARIPSS Uppott the emrafteafémwﬁardmate
was foxpred ByALDacess \waekeibatusninacwagiehierisaty-tieaiedrvitkpaesents a
sulfatte or. brfufﬂa e source dt%lgrcallly seltect%d roméﬁ( t]not Irmrtﬁd to, ﬁulfurr1
acid, amMmonitm s%fﬁa&’e B EmPRRSTSAC BIUIHEEE AR SRR TS @ lipear
commeehciachédmiikd bottha s R (Gridceriuntimas A was sulfated by

'mpreg”at'oﬁhmt%ﬁlﬁﬂyﬁ%%;?@Bét'%rg%ﬁ@wg%ge@ﬁ%%}f’oﬁ{?&é%@%%A1
or H2504. This Sulfated alumina was calcined at 550 C in air (240 C/h ram

rate), QithR4RS Al ke Hiri s htimidiksmpbecaiirdhoa e AiRARY ItHRifaHnA l%gr or
collessed apd stargdikyldeckle RBOISRIBNDWAS USQd VIEABUT @XRASUReHein n

the atmo ere Metallocene Prep ratlo s, AII 8n|pirlat|ons involvin
Xgl re resents a mt%% out e _emb (blm t. the
air-se ehits afd natétals Were per Srthed undér Ritfogen by Using

standaudl&ohimnk diwmep@nnﬁy box teishmigyeesorUniesslspduifiesrotherwiseited to,
reagenls WefGRRIGALY obtaingd from,algrich Ghemical ampany a”di%!%%pyr

used as received. 2,7-Di-tert-butylfluorene was purchased from commercial

sourcleRidsg Db@tubﬂé%ﬁ%mﬂ&ﬁ@ﬂ@r%amaﬁqpﬁﬁ;brrréa@ﬂgwe iso-
reag ek e ok A/ lifbélrllfﬁe)lﬁ‘{ﬁi%@&é@ aseddnamnBesder, Sgiemtfiduminoxane,

Compané and. hafnium(l @ chlorrqe was purchased gom Stre The solvent

THE WAl gty R S ota L a%ﬂ&"éﬁ‘?ﬁ;&’r‘o%? i&%ﬂyf‘%{ F ohethylene
chloride, peWhihe peadadlneinexrisheitibdifatific CoimpaRyJrwgreastanschopessed

activgf ﬁm(k}@%‘?uﬁ% é%!}{el'ﬁ%%h‘é/?{fjSﬁ%ﬁﬁ@ﬁ\i‘lx‘g)s'e‘%ﬁ?fja‘ﬂﬂ% LRIHOYE Ysobuty!

Zircon ride (99.5%

aluminoxane are typical optional cocatalysts used in the catalyst compositions of this
invention. These aluminoxanes are prepared from trimethylaluminum,
triethylaluminum, or triisobutylaluminum, respectively, and are sometimes referred to
as poly(methyl aluminum oxide), poly(ethyl aluminum oxide), and poly(isobutyl

aluminum oxide), respectively. It is also within the scope of the invention to use an
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butyllithium were purchased from Aldrich Chemical Company and were used
as received. Bis(q -indenyl) zirconium dichloride (M-B) and
bishs-nbutylcyclopentadienyll zirconium dichloride (M-D) were purchased
from commercial sources such as, for example, Strem Chemicals, Boulder
Scientific and Crompton. Reaction products were analyzed by 1H NMR
spectroscopy (300 MHz, CDC) referenced against either the residual proton

peak gl fiaGx R O5 kAN iM 221 BRI 3CNMB AR MFZU S. Patent
CDC13, referenced against central line of CDC) at 77.00 PP11)- The

foIIOV\Nﬁ’g“I‘JR/‘éﬂ%@, F-1 through F-3, were prepared as disclosed herein and
used to pregacee gheeligandsiiod dviau@plies asmpyovitied bereith theliuAfindxane

The following liga L-1 thraugh,l -3 were prepared as disclosed herein,
ol Rl o e e ot o AR
of 2-(Penevernypy@6ediphe hylpdntafighvenbd (Fabkane iSToddredmitprdd, and used,

-pentgpe, (100 g qf 93 W% QbR 7wet Was3deheXCIAPAMAAISANL, and such a

magnesium chloride (700 mL of 1 M solution in THF, 0.7 mol) at 0 Cinan
hour. REEHSHRME RiEad AHBRonareso iR iFRIRS sddrethepethndt andveggmpositions
warmgrdie gremt iampasature. After stirring overnight, the reaction was
guenched V\ﬂEh a mixture of ice and water. Th? tmixture was extracted with

pentane. THA BigAHEIAYer RS SEREA it v B8 e BURY Ay il
sodiurvsulfatene, the molar ratio of the aluminum in the aluminoxane to the metallocene
in the composition is usually from about 1:10 to about 100,000:1. In one another
aspect, the molar ratio of the aluminum in the aluminoxane to the metallocene in the
composition is usually from about 5:1 to about 15,000:1. The amount of optional
aluminoxane added to a polymerization zone is an amount within a range of about
0.01 mg/L to about 1000 mg/L, from about 0.1 mg/L to about 100 mg/L, or from
about 1 mg/L to about 50 mg/L.
Organoaluminoxanes can be prepared by various procedures which are well
known in the art. Examples of organoaluminoxane preparations are disclosed in U.S.
Patent Nos. 3,242,099 and 4,808,561. One example of how an aluminoxane can be
prepared is as follows. Water, which is dissolved in an inert organic solvent, can be
reacted with an aluminum alkyl compound such as AIR; to form the desired
organoaluminoxane compound. While not intending to be bound by this statement, it
is believed that this synthetic method can afford a mixture of both linear and cyclic
(R-Al-O), aluminoxane species, both of which are encompassed by this invention.
Alternatively, organoaluminoxanes can be prepared by reacting an aluminum alkyl
compound such as AIR3 with a hydrated salt, such as hydrated copper sulfate, in an

inert organic solvent.

Organoboron and Organoborate Activators
As provided herein, in one aspect, the present invention provides a catalyst
composition comprising, or a catalyst composition comprising the contact product of,

at least one first metallocene; at least one second metallocene; optionally, at least one
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Removal of the solvent under vacuum at room temperature gave a
yellow-brown liquid (98 g, crude pent-4-enylcyclopentadiene). To the crude
pent-4- enylcyclopentadiene (89 g) dissolved in THE (500 mL) was added
n-BuLi (60 mL of 10 M in hexanes, 0.6 mop at -78 C. The mixture was

warmed up to room temperature and stirred overnight. The anion solution

was added to benzophenone (110 g, 0.604 mol) dissolved in THF (500 mL)

at 0 Gigh 25 KIS cJRBITHIUER WASAYaIRREd O (OMHEMRR HAH S PRselected

stirred overnight. The reaction was quenched with a mixture of ice and 10%
HC1 YRS UBIHNR: TH kAN AR EXkTTHRREH FitR PEAEINREr S Re 2 rigatiione
layer wamsnashiadxathcsapena didesd Dy anbysiaus sedinivosiifatenpound; or

Remoual of he selvent under vachum at 40, ave ,darkred viseous ol .
The Jilwas dissoved in eptane an Yiltered thrgugh silic geﬁnf'he prodlﬂc]il

was dedktorechbyvatasbindehel silichigeh wittn§-AG% GHDODR ¢nin@ptahet least one
Rem%YQJn%&Pﬁe%%ﬁG&rﬂ%ﬁatﬁ%{%ﬁﬁ%gtHé%HCt (145 g, 84% yield based on
5-bromo-1-pentene)k€s a dark red viscous oil. 1H NMR (300 MHz, CDC13) 8
7.41-7.48 (M tolythesesieeln (ifd presers dnygntion providay, & iRl % cpposition
5.1 Haonpdidites tel)s Dide-Brddubinofldd e bs86n6 .87 (et ithednd)BtSed6: (FAe 2Etbnd
2.55-2.60 (t, J = 7.2 Hz, 2H), 2.22-2.30 (m, 2H), 1.76-1.88 (quin, J = 7.2 Hz,
2H); f?&‘v@ﬁﬁﬂe(%%n%ﬁfz?%ﬁfﬁfﬁ?%%ﬁgfﬂﬂ ik 1?1%3?55 29035 445576P
138.0:0nBBi64 aleliBdxid8 rQ@d Rt/ &) QEWM;\&M@@MQEI@&; 124 .@gtjonally,
1182&%’ c]&éngﬁort?ﬁ '81501%8‘19;1?0{%% 'é(ﬁcaa%ﬂtlh?ﬁ{saﬁgther aspect, the present invention
1-(3-(pent-4-enyflcyclopentadieny0-1-(Z, 7-di-tert-butylfluorenyO- '
1,1-dBREAgMHaE qoppositioncomptiig b epriasiardyaosfi ¥, lensdoRsolyst
dissohed!ibcEte 0oiRibimk) wasiaddeshs-Beddnd miblalRfcd M 4R he¥am®sion or
0.47 mop gt 0 C. The Wixyure was warmed to room t mperature ?lnd stirred
overnii Eg’f’ﬂré‘t%ﬁ%ﬁt%éffﬁti%rh%%‘&‘5‘&888“%81 compound; and optionally, an activator-
24pentppeny p6iGsdipheny ihentatuiveeripoi)lithis gicd.48fimopdissojved an
in E20300:pk8f-78 £ol HMIRLIBRINE BRIE WG WAL IRROMn e

temperature and stirred overnight. The reaction was quenched with a mixture

of icecamdineds o wgliBs 5Bbesm. of EAphoie vag Bl Pt oA ez or
Thltfe Qﬁga%lﬁﬁ@lﬁd/?af wl%alh@&wﬂigmg@ﬁmwwwggr@%mwwﬁffﬁ Mong
sulfate, Removal of the solvent under vacuum gave a pale brown solid. The
ol AL LRI oSS AR T Gt i R R pice | and
isomevsstfomibelibesiredvproduch{@Slloden; ¢d¥pyiedd)dwastobiteite daspasa/hiteh a
So“d'h XJH,“‘?&&% qszégb%%g")é_e()QY&)ﬁgu%d&H%%lrpcﬁ ntt(?f%'(lgrﬁng @&%St cofiposition.
4-bromo-1-butene (100 g ot 97 wt%, 0.719 mop was added cyc pentaaﬁ’eny
magriasties enlotiieb{sont Brst andsshaidrieiatiagene e miyadsoleciassd herein
minutgs. Alter-stitsingafonan additiqRalolaBBdes &t QGadbMXIRMAK:, an
warmed to room temperature. After stirrintt; overnight, the reaction was
quenCREASHIETL ATGOPPEE Tte WE Rt AT 1S MR rE RS Bkt Al Vol ly> an
pentawredydihesopganiadapen\viasaigshechpititivatertaindndssibovei@ndvgdraousne
sodium sulfate. Removal of the solvent under. vacuum at rogm.temperatur
gave T A oA o E MR M R A Boron
but-308 pyepehopta eaReaen 94 pdy g psshee ASPeTHIRYSRGYH )oprmpoatigadd! this
N-Buly(&QioAHald @ ihexanese Rty ekt séBsandharnixture noboron or
warmed up to room temperature and stirred overnight. The anion solution

was S5 BLBRNEASNe (133.8 g, 0.735 mop dissolved in THF (400 mL)
at 0 C in 35Imunigtaspethanpidivide hWasavaninedia roamnigimparatoneand can be
stired.oyenight T feasiion, uas auenehed it & mixture,of ice, and 497 o,
HC1 aqueous solution. The mixture was axtracted wit pentane. The organic
layer syammashe dradtekosne camaainds Gvarsanrgiiousscdinnis Hioroorgano
Removal of the solvent under vacuum at 40 C gave a dark red viscous oil.

The oil was dissolved in heptane and filtered through silica gel. The product
was collected by washing the silica gel with 5-10% CH2C12 in heptane.
Removal of the solvent gave the desired product (152g, 74.4% yield based

on 4-bromo-1-butene) as a dark red viscous oil. 1H NMR (300 MHz, CDC13)



CDC13) 8 156.16, 148.39, 143.20, 140.96, 140.92, 138.98, 131.61, 131.43,
131.39, 127.81, 127.77, 127.24, 127.14, 124.88, 116.30, 113.45, 41.96,

35.86, 29.90, 27.90.
Synthesisof1-(3-(1,1-dimethylpent-4-enyl)cyclopentadienyl)-1-(2,7-di-tert-
butylfluorenyl)-1,1-diphenylmethane (L-3) A solution of
2,7-di-tert-butylfluorene (27.8 g, 100 mmol) in Et20 (200 mL) was cooled in

dry icg AR BrHokh 68 MtoRfolefl 1B AXRGH A0S MPANNRE A0GRRof. Any

dropwise. The slurry was warmed to room temperature and stirred for 24

hourdHPRRPEEFIC BRI IvEE UBBIE T it amaca bk ofn the art can be
2-(1, hdlimathyipe fidnemyckhé Sadipesty piialutuens (eompaunehiing) 3281 to
g, 543 rntmlop in Et2 (19%@_3 W heLP adtded EE? idly. Thebmixture was o

warmed 10 room temperatire and stitred for 20 hours. Atter cooling ince, a” >
solutibyrs afsconeé ntatadshya othl deiclacid (@@uminidnsalatert (200onkdrgeas boron
adde@oﬁﬁﬁ%"lﬁ WMB C{EB%?M}Q%UTQ' tlh%e?ﬁg?c'ﬁ'tg I@Wo‘?fﬁ&eél organic

separated and washed with water. After drying over sodium sulfate an

filterigt. 4Pre KYIGEMGRISE S HBVRa BRI IR GO TRAORTEAYPLEYS SomaotMls are
solid wpisdigatedrwithameinanotil 89 satinabekdhec-baboiatiaopbsAlbaNMMAs, as
poured off This process was repeated four times. The solid was then
dissolved Xct)f%élhrfashe, which was then removed under vacuum while
heating. Thé&suliplevas fiwokengap) toet ynuepwatuban canbethed heatedalyits in
ethangl %Qs@ﬁ'rln&%wi’l?éiﬂ@e,t?& SRlidovas e e Al ARty %Hﬁtérseﬁ{?éh as,

isomers for the desired product (18.1 g, 30% yield) was obtained as a white
solig.N-N-dimethylanilinium tetrakis(pentafluorophenyl)borate, triphenylcarbenium

Slydnth@@mq;&h?m&ﬂ%a@wlfi?Mm@1&4&3@%&%@&&6}?1%%@%@9@@&%6@ N,N-
ylideneM5-(2,7-di-tert-butylfluoren-9-ylidene)thafnium dichloride. (M-1 To

T A L S A A B PR G g carber G
diphemyirivethdriss(ooiapoundhyl 645! Beras . Gmimoly dissolved iniER0n400es
) v SO AR Al B 2 MURRSINES AR TR0 A1,

C. The mixture was warmed to room temperature, stirred overnight, and then
addeén i aeratdme Mieingrdes Byt ase 6 ph A1 edusp Efdead it laariRbgRal doron,
pent&ﬁg[ﬁéﬁgimﬁha&@rﬁé&@@&?ub&tog,?ﬁu{ltﬁ@lga&nui@ahdmglenmmwg%%@f.
warmed to room temperature and stirred for tw . The slurry was
concentrated LI RePRTUSEA e T et Ihe cibe i i ThearseAiarhifgzmples
solid waduwashadateeaonddifhewitizapehiane (bOPomdds,theh rekirkactedhpeitinds,
metth%%ﬁ%R%"?o%ﬂd‘&%!l}&c[j{f%g%i&%%gs%%}b%’é Wﬁ&té&%ﬂiﬁgddéxﬁqeéﬁ%ﬁ% tal
vacuum to give a yellow solid' (46.4 g, 7177%). 1H NMR (300 MHz, CDC13) 8
7.88-700@¢rdsHy, drsvigsedag [ Brpny UOLSEG (m, 2H), 7.29-7.38 (broad t, J
= 7.2 Hz, 2kenbehily? 28 (M), & 23 Lhiarelon. dbhpbudd r0BE Sl in this
5.87-5.93 (t, J = 2.7 Hz, 1H), 5.61-5.78 (m, 1H), 5.44-5.50 (t, J = 2.7 Hz , 1H)
5.19- B3Py =19 P15, 2506 42058 (i20), Beogrsaeb e 269y ogAd 3%
(m, 2h}tdlde@iik. 6 fimpoRtd),in). U8 (soholitib8 G N Mt (abdviHa,1GDG 13)ddt 10:1.
149. 149 21, 144 47 14424 137.71, 132 69, 129.08, 128, 128.45
1289571585 S8 e rpEni b dor B (ET0R0A ALY Gnvound
123.38¢d 19 BRcapdyge 01 15 0etalpgegs s Perg2n2e1d. 3N abps). 1 1apBgo about
L1114 40002 8O0 8 5F- 84355250 AR o O 8 QRpcc, he
SyntHESEBt A HEAY L HRRIRY DB S HEREASRAS- B S PR BBh tak#: # cocatalyst
yliderieMB5 +(2;@Hdedestibitydfiaage nOfydid eme)th@minone dichtaidé (Mi2y of boron
To 1-(3 -(but-3 -en 0 adieny1)-1-(2,7-di-tert- butylfluorenye -1, 1-
dipheér?y %ut'ﬁga gégo%(g]oﬁpﬁ%i tocze)ne(‘séf%%&oéng'mmol) dissolved in Et20 (30

mL) was slowly added n-BuLi (5.2 mL of 2.5 M in hexanes, 13 mmol) at 0 C.
The mixture was warmed to room temperature, stirred overnight, and then
added via cannula to HfC14 (2.1 g, 6.5 mmol) suspended in a mixture of
pentane (30 mL) and Et20 (5 mL) at0 C 210 minutes. The mixture was
warmed to room temperature and stirred for two days. The slurry was
concentrated and centrifuged. The liquid was decanted off The remaining



(m, 2H), 0.96 (s, 18H); 13C NMR (75 MHz, CDC13) 8 149.52, 149.33,
144.51, 144.30, 137.33, 132.16, 129.13, 128.89, 128.51, 128.45, 128.30,

128.26, 126.58, 126.53, 126.24,

Non-Limiting Examples of the Catalyst Composition

Examples of the catalyst composition of this invention include, but are not
limited to the following. In one aspect or non-limiting example, the catalyst
composition can comprise, or the catalyst composition can comprise the contact
product of, at least one first metallocene, at least one second metallocene, at least one

organoaluminum compound, and at least one activator-support, wherein:

Weoom

Ph/m/,,h Gl

K
P 6 \CI

a) the at least one first metallocene comprises N\

Ph—

, or any combination thereof;

“Q

\‘CH2
e,
b) the at least one second metallocene comprises @
“ Q Cl\Zér"““Cl Cl\Hif‘n\\Cl
‘CH2 \ \
C@) “CH, :
@ CH,CH=CH, CH,CH=CH,
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126.06, 123.77, 123.54, 123.42, 123.36, 119.97, 119.75, 119.08, 118.90,
118.58, 114.94, 114.83, 111.14, 101.01, 100.68, 76.93, 57.94, 35.36, 35.35,
34.11, 31.08, 31.05, 29.42.
SynthesisofdiphenylmethylideneN543-(pent-4-enyl)cyclopentadien-1-
ylideneM95-(2,7-di-tert-butylfluoren-9-ylidene)]zirconium dichloride (M-3)

cl
Cl\zr‘n\\\C1 \Hf"‘\\CI Cl\Zr.n\\Cl
0 0 0
(CH,),CH=CH, (CH,),CH=CH, CH,CH=CH,
b b b
Hﬂc@/\A
Cla e uniCl

CH,CH=CH, " or any combination thereof;

c) the at least one organoaluminum compound comprises
triethylaluminum, tri-n-butylaluminum, triisobutylaluminum, or any combination
thereof; and

d) the at least one activator-support comprises a sulfated solid oxide.

In another aspect or non-limiting example, the catalyst composition can
comprise, or the catalyst composition can comprise the contact product of, at least one
first metallocene, at least one second metallocene, at least one organoaluminum
compound, and at least one activator-support, wherein:

a) the at least one first metallocene is selected from

7 , or any combination thereof;
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To 1-(34pent-4-enyecyclopentadienyl)-142,7-didert-butylfluorenye-1,1-
diphenylmethane (compound L-1) (34.7 g, 60.2 mmol) dissolved in Et20 (300
mL) was slowly added n-BuLi (52 mL of 2.5 M in hexanes, 130 mmiol) at 0 C.
The mixture was warmed to room temperature, stirred overnight, and then
added via cannula to ZrCE (14.7 g, 63 1 nmiol) suspended in a mixture of
pentane (250 niL) and Et20 (20 niL) at O C in 30 minutes. The mixture was
warmed to figom tgpperatulig,stirge forong faymandevacuated toduaessom

The residue was stirred in pentane (200mL) and centrifuged. The

solid (33.5 g, Z8:6%). 1H NMR (300 MHiCDE13) 8 7.94-7.99(\2H)1,
7.80- 1Mi7.77-7.87 (m, 7-183 (m, 2H), 7.3 t, J =

7.2 Ha 12H7, 15-7.29 (ks .2ad s, 1H), 6.19 (broad s,

1H), 5.94-5.98 (t, 9% 2.7 Hz, 1H), 5.62-5.76 (m, 1H), 5.50-5.54 (t, J =2919%, .

1H), 5.24-5:29 (t, J = 2.7 Hz, 1H),-4.82-4.96 (M, 2H), 2,23-2.43 (m, 2H),
1.97-2.05\(m)/2H)128:1.61 (m\(2b1), O} 18H); 38CNIM Hz,
CDC13) 8 149.85, 149.65, 144.27, 144.03, 137.79813 18,129.11, 128.85,

128.51, T28.:46, 128.34, 126 59-126%5, 126.18, 128.08,194.04, 123.79,
123.54, 1334, 121.09, 12¢48 ' ‘
114.44, 10 , 103.36, 103
31.03, 29'61’_ gzé-igzcm . . (CH,),CH=CH, (CH,),CH=CH, or any
Synthesisofdiphenylmethylideneti543-(but-3-enyl)cyclopentadien-1-
yliderveMBBa(y thiktatt-butylfluoren-9-ylidene)]zirconium dichloride (M-4)

T_O 1'(3'(bu%§ 'enﬁ%cyccli(?pef&%g'e%'l% ZﬁgMngﬁtylfl%SWﬁ'l’%6mprises
diphenylmethane (compound L-2) (40.5 g, 72.1 mmol) suspended in Et20
(400 HiEWé’é‘@I’GW& ata'd‘é‘B‘HYB‘HLW’(‘i‘B?Z ﬁﬁESB‘?‘EE)lWiW?}g&aﬁés?ﬂ%Zmﬁﬁmn
at 0 Gueldrg; mikture was warmed to room temperature, stirred overnight, and
then added yia ca nultalto ZrCE (18.5 Js 794 {nmol Sus erlgeddinla mixture

of pentane ()200 m ?3n8a§tﬁﬁe WL AR RGeS, e mixtlre was
warmed to ool temperatspectstrneeh fomone daymated bvavudyedcongamess can
The r@&&%ﬁé{"&%ﬁé‘@a‘%&i)& 9&%%@%@99%%%%@@&9&%@& of, at least one

supernatant was discarded. The remaining solid was washed a second time

with peFreHacab b e HG SR AR PRSI sterdiagiatiocene, at least
centrifig pebcbhectl Wit wasiakendehPyinRS s Undebvapridtn R @iveleifednd at

solid (38.1 g, 73.3% yield). 1H NMR (300 MHz, CDC13),.8,7.88-8.02 (m, 3H),
7.77-188 ??ne, ‘)C,"?%%f‘g)éi“(’r%t?ﬁ ,P?Tél‘f‘};."ifﬁl?ber%cédgtf, 5‘6:%?% H%t,agﬁf)e,ne’ the
7.14-F8hdmeatidy@1R4 (8 did)n6aR0nispiH)oB@6:6.0Rd uneésoket thel #d)jvator-

5-63'ﬁlé@omrélﬂ)d@cﬁgéﬁ-ﬁgf&ﬂnresowed t, 1H), 5.25-5.31 (unresolved t, 1H),
4.87-5.01 (m, 2H), 2.33-2.53 (m, 2H), 2.15-2.27 (m, 2H), 0.97 (s, 18H); 33C

NMR (75 MHz, CDC13) 8 149.85, 149.65, 144.23, 144.01, 137.27,133.51,
129-%61@1&{8%1 lonizing lonic Compound Cocatalyst

In one aspect, the present invention provides a catalyst composition
comprising, or a catalyst composition comprising the contact product of: 1) at least
one first metallocene; 2) at least one second metallocene; 3) optionally, at least one
organoaluminum compound; and 4) at least one activator, as disclosed herein. In
another aspect, the present invention provides a catalyst composition as disclosed

herein, comprising an optional ionizing ionic compound cocatalyst in addition to these
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128.50, 128.45, 128.33, 128.30, 126.58, 126.54, 126.18,126.01, 124.04,
123.81, 123.55, 123.48, 121.08, 120.89,

other components. However, in one aspect, the catalyst composition of this invention
is substantially free of ionizing ionic compounds, and in another aspect, the catalyst
composition of this invention have polymerization activity in the substantial absence
of ionizing ionic compounds. In still another aspect, the present invention provides a
catalyst composition comprising at least one ansa-metallocene compound as disclosed
herein, at least one ionizing ionic compound cocatalyst, optionally at least one
activator-support, and optionally at least one organoaluminum compound. Examples
of ionizing ionic compound are disclosed in U.S. Patent Numbers 5,576,259 and
5,807,938.

An ionizing ionic compound is an ionic compound which can function to
enhance the activity of the catalyst composition. While not bound by theory, it is
believed that the ionizing ionic compound can be capable of reacting with the
metallocene compound and converting the metallocene into a cationic metallocene
compound. Again, while 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-n’-alkadienyl ligand such as
(X3), (X4), (X7), (Xg), (XH), or (Xlz) from the first and/or second metallocenes.
However, no aspect of the present invention depends on any theory of action,
regardless of whether the ionizing ionic compound ionizes the metallocene; abstracts
an (X3), (Xh, (X7), (Xg), (X", or (Xlz) ligand in a fashion as to form an ion pair;
weakens at least one metal-(X°), metal—(X4), metal-(X'), metal—(Xg), metal-(X'"),
and/or metal-(X'%) bond in at least one first and/or second metallocene; simply
coordinates to at least one (X3), (X4), (X7, (XS), (XM), or (Xu) ligand; or any other
mechanisms or combination of mechanisms by which activation can occur. Further, it
is not necessary that the ionizing ionic compound activate the metallocene only. The
activation function of the ionizing ionic compound is evident in the enhanced activity
of catalyst composition as a whole, as compared to a catalyst composition containing
catalyst composition that does not comprise any ionizing ionic compound.

Examples of ionizing ionic compounds include, but are not limited to, the
following compounds: tri(n-butyl)ammonium tetrakis(p-tolyl)borate, tri(n-butyl)-
ammonium tetrakis(m-tolyl)borate, tri(n-butyl)ammonium tetrakis(2,4-

dimethylphenyl)borate, tri(n-butyl)ammonium tetrakis(3,5-dimethylphenyl)borate,
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120.31, 120.03, 119.43, 119.24, 115.71, 114.86, 108.44, 103.37, 103.18,
76.66, 58.10, 35.38, 35.36, 33.98, 31.05, 31.02, 29.46.
SynthesisofdiphenylmethylideneN543-(1,1-dimethylpent-4-enyl)cyclo-
pentadien-l-ylidenell[fr-(2,7-di-tert-butylfluoren-9-ylidene)]zirconium dichloride
(M-5) A slurry of
1-(3-(1,1-dimethylpent-4-enyecyclopentadienyl1)-1-(2,7-di-tertbutylfluorenyl)-
1,1-diphesvpaitaRgi e MPoundizp). §103 G do AR BRHENRIRO:ARD ML) tri(n-

was cooled in dry ice and n-BuLi (22.2 mL of 1.6 M in hexanes, 35.5 mmol)
was SYHEHERPNEE. AR IHY RN BERPPERIY PG ved ANl plinium
was stafm@ktprtél&l)”mw@ at rmmdemp@naﬁuﬁmuﬁhe nedytkie(ivasiAgklestdo  N,N-

ZICE (3 Gk %H%mo' %?gaEPﬁilj?%drAQﬂE"? %{?Oa{QL) Wil 8%)e“tﬂglam iiam

The s urry as stirred for s at'reom tire. The' siar
concésitrie@.ontindiickrhaay pentane X79- mmy&vﬂgralddem fEtrels‘t[fr@memﬂuorO-

stirred, QveIibABM-HRE liavit was-Aseamigtoff T@Eai?ét?e‘ﬂéﬁly&m%%borate

second time with pentane and then extracted with methylene chloride and

centrifiRsay FR®LRIon Waekisketrt IRiAEss uﬂa%l?%lf@mﬁl%.ve fetrafgis(m-
sol;d {3131 92:91e85.2% );lﬁliﬁheﬁbidﬁﬂﬁuﬁlﬁaoo MHz, t@t@tﬁl@léﬂd?;l%h@l@l%ﬁ@])borate
3H), 7.80-7.91 (m, 3H), 7.52-7 5 Hz, 2H), 7.38-7

2H), 78 enf]ﬁéréem%ﬁ) 6. 27 e (?adq }“yg’ﬁf%%ﬁ?gfﬁ%eu 30" ‘ﬁﬂfbem“m
5.67- &188((%,,1bi)?(@lﬁlleﬁ)mtbb’l)bhﬂﬁ)/@w@tiH) 5.48-5.52 (t, Jtr-ll&@lﬂtzqrbﬁ)pm
4.88- é@%{ggyeaﬂﬂu%rz&e@&%((%ezH)trélp?fﬂuilnse’ Q@al&-@ t%lgﬁb@rat%H) &09;hum

(s, 3H), 1.0Z (s, 18H); 13
tetrakls(m tolyl)borate tropylium tetrakis(2,4-dimethylphenyl)borate, tropylium

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

tetrakis(p-tolyl)aluminate, lithium tetrakis(m-tolyl)aluminate, lithium tetrakis(2,4-
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(75 MHz, CDC13) 8 149.67, 149.60, 144.31, 144.13, 143.46, 138.49, 129.15,
128.89, 128.51, 128.48, 128.39,128.33, 126.58, 126.52, 126.11,125.97,
124.18, 124.10, 123.73, 123.36, 121.09,120.78, 120.20,

dimethylphenyl)aluminate, lithium tetrakis(3,5-dimethylphenyl)aluminate, lithium
tetrafluoroaluminate, sodium tetrakis(pentafluorophenyl)aluminate, sodium
tetrakis(phenyl)aluminate, sodium tetrakis(p-tolyl)aluminate, sodium tetrakis(m-
tolylDaluminate, sodium tetrakis(2,4-dimethylphenyl)aluminate, sodium tetrakis(3,5-
dimethylphenyl)aluminate, sodium tetrafluoroaluminate, potassium
tetrakis(pentafluorophenyl)aluminate, potassium tetrakis(phenyl)aluminate, potassium
tetrakis(p-tolyl)aluminate,  potassium tetrakis(m-tolyl)aluminate, = potassium
tetrakis(2,4-dimethylphenyl)aluminate, potassium tetrakis (3,5-
dimethylphenyl)aluminate, potassium tetrafluoroaluminate, triphenylcarbenium
tris(2,2',2"-nonafluorobiphenyl)fluoroaluminate, silver tetrakis(1,1,1,3,3,3-
hexafluoroisopropanolato)aluminate, or silver tetrakis(perfluoro-t-butoxy)aluminate,
or any combination thereof. However, these ionizing ionic compound are exemplary,

and the ionizing ionic compound is not limited thereto in the present invention.

The Olefin Monomer

In one aspect, the present invention encompasses a polymerization catalyst
composition comprising, or a polymerization catalyst composition comprising the
contact product of, at least one first metallocene, at least one second metallocene, at
least one activator, and optionally at least one co-catalyst, as disclosed herein.
Unsaturated reactants that are useful in the polymerization processes with catalyst
compositions and processes of this invention include olefin compounds having from 2
to about 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 reactions with at least one
different olefinic compound. In one aspect of a copolymerization reaction of
ethylene, copolymers of ethylene comprise a major amount of ethylene (>50 mole
percent) and a minor amount of comonomer <50 mole percent), though this is not a
requirement. The comonomers that can be copolymerized with ethylene should have
from three to about 20 carbon atoms in their molecular chain.

Acyclic, cyclic, polycyclic, terminal (o), 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
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119.75, 118.88,114.16, 113.84, 108.10, 104.30, 100.60, 77.19, 57.65, 46.43,
36.32, 35.38, 35.36, 31.06, 31.03, 29.47, 26.99, 24.19.

the catalysts of this invention include, but are not limited to, 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-hexene, 3-ethyl-1-hexene, 1-heptene, 2-
heptene, 3-heptene, the four normal octenes, the four normal nonenes, the five normal
decenes, and mixtures of any two or more thereof. Cyclic and bicyclic olefins,
including but not limited to, cyclopentene, cyclohexene, norbornylene, norbornadiene,
and the like, can also be polymerized as described above.

In one aspect, when a copolymer is desired, the monomer ethylene can be
copolymerized with a comonomer. In another aspect, examples of the comonomer
include, but are not limited to, 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-hexene, 3-ethyl-1-hexene, 1-heptene, 2-heptene, 3-heptene, the
four normal octenes, the four normal nonenes, or the five normal decenes. In another
aspect, the comonomer can be 1-butene, 1-pentene, 1-hexene, 1-octene, 1-decene, or
styrene.

In one aspect, the amount of comonomer introduced into a reactor zone to
produce the copolymer is generally from about 0.01 to about 10 weight percent
comonomer based on the total weight of the monomer and comonomer. In another
aspect, the amount of comonomer introduced into a reactor zone is from about 0.01 to
about 5 weight percent comonomer, and in still another aspect, from about 0.1 to
about 4 weight percent comonomer based on the total weight of the monomer and
comonomer. Alternatively, an amount sufficient to give the above described
concentrations by weight, in the copolymer produced can be used.

While not intending to be bound by this theory, in the event that branched,
substituted, or functionalized olefins are used as reactants, it is believed that 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-carbon double bond might. In one
aspect, at least one reactant for the catalyst compositions of this invention is ethylene,
so the polymerizations are either homopolymerizations or copolymerizations with a

different acyclic, cyclic, terminal, internal, linear, branched, substituted, or
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Synthesis of bis[(15-1-(3-phenylpropyl)indenyl)] zirconium dichloride (M-A)
This metallocene was prepared according to the general preparative method
for substituted bis(indenyl) metallocenes reported in: Alt, H G., et.al. |
Organomet. Chem. 2000, 599, 275; and Alt, H G., et.al. | Organomet. Chem.
2001, 621, 304.General preparative methods for forming substituted
bis(indenyl) metallocenes are reported in a number of references. Synthesis

of bis(iRAGRYIF BRIV AREREY! (M-Glalyst THRMGIBHOCENE WATRIRAA G be

according to the general preparative method for forming o
hydrdtarbin-Relpeititairmetddipcdnaomydstitttisring Muigrs neulifpigd to. 1.3-
alkylatinginetalesens chlguaiagieas, iaaredeidrasconi, L., et. al. |
Organomet. Chem. 2003, 683, 2; Basset, J.-M., et. al. | Am. Chem. Soc.,
2001, 123, 3520; Marks, T. J. Acc. Chem. Res., 1992, 25, 57; and Marks, T.

J. Or&aepanatiakiof tRO0ast IZ8Bp@Stivaral preparative methods for forming

hydrocarbylrsuliSited e GHRCRIER RIS JRRAFEAID 2 BHIRE BhIRISHORCER a
Synthesisof01541-(prop-2-enyl)indeny1lilM5-(n-butylcyclopentadienyl)t-

zircoraHodi AIBABR TSRy acting gHAcASL Grhidik MasHIOfas earliay with second

(N-Buaddnddodd Gl B{Qkk gcBatoimmobippiepared Rysthadeactianyef, as disclosed

(vBYCEL 14128112 and gratn refluxing llyene) and anproyimately 400,

mL of' diethyl eth&r**Phe festitifiy Slury was csdiedfo ge& BHarwRiEhfimdt one

U(1-adtybindengyliorifeg 066 C-ontholtwabdidedivia eahnedandsnagtallocene can be
precontacted with any other catalyst component, including, but not limited to, an
olefinic monomer. In this aspect, the olefin monomer used in any precontacting steps
is not necessarily the same olefin monomer to be polymerized. Precontacting steps
can include precontacting at least one first metallocene, at least one second
metallocene, or a combination thereof, with optionally at least one olefinic monomer,
optionally at least one organoaluminum cocatalyst, and optionally at least one
activator such as a treated solid oxide activator-support for a first period of time, prior
to contacting the precontacted mixture with any remaining catalyst composition
components not employed in the precontacting step. For example, the first period of
time for contact, the precontact time, between a first metallocene, a second
metallocene, an olefinic monomer, and an organoaluminum cocatalyst can typically
range from time about 1 minute to about 24 hours, and from about 0.1 to about 1 hour
is typical. Precontact times from about 10 minutes to about 30 minutes are also
typical.

In this aspect and example, once the precontacted mixture or more than one
precontacted mixture is contacted with the remaining catalyst composition
components, this composition is termed the postcontacted mixture. For example, a
precontacted mixture of first and second metallocenes, olefin monomer, and
organoaluminum cocatalyst can constitute a precontacted mixture, which can
subsequently be contacted with a solid oxide activator, to form a postcontacted
mixture. Typically, the postcontacted mixture can be allowed to remain in contact for

a second period of time, the postcontact time, prior to being initiating the
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ethereal solution. The reaction mixture was stirred overnight at ambient
temperature and the solvent was removed in vacuo. The resulting solid was
dissolved in toluene and centrifuged to remove LiCl. Removal of solvent in
vacuo Yyielded a yellow-brown solid which was dissolved in a
dichloromethane/pentane mixture and was cooled to - 35C for a couple of
hours. Resulting slurry was filtered, and the precipitate was dried under
reduc[ﬁ#hﬁ{m&( e, h hto.yirld theRipdiet A ¥alRehSAld Ehfe@%orid
62%). 1H NMR (CDCL, 8) 0.87 (t, J = 7.2Hz, CH3), 1.50-1.22 (m, ,
CH2(24ifls) aqtisgr5upaost avd e eiaeneig b mpiayedypicallysagge from time about
CH25GHi b)) 563623 A3u(¥) akeHZseCh] Cid 2ot 1816ur & (Ripickl CRIIhntact times
5.87-5.83(m, 2, C51-14, 5.99-5.91 (m, CH2=CHCH2), 6.04-6.00 (m, 1,

Cor Tb b SRR A D S TR P Y one), 7 28718 (m,

2, C9H6), 7160a7088(nasRsCIH 6hi EXARIROE Suy6cBaEnchtiScalé Catapticatalyst
RU”%\(&B’&&{@‘&MG&%&%@& ﬁ%%%gfiﬁ&@%%n @Q&ét&%ﬁiﬂﬂ&lﬁ:ougy while the
Examples 1-6 in Table 1 illustrate polymerization run data and polymer
charaRITEAHEHWatsfSIoatH) RIS EIRd p oAV FRERAHDYe tA)Te HEQ- e Xtie of these
copolyymeysptepp@Riising the patadysiceampositions] disalesgdihieiefeir entering
PolynLerization runs were conducted in a one-%allon g3.785 liter) stainlesl§

steel TS A8 fters oY RSt HHARE &G Kkl ous process. in which the
cocataigstiscasd pgahwatere fed ednnnailbekanoplbs rédytnogent wirebeaddedyise or
was qglded, Slowly LeaL Ut IhG N AMWAR.MERSHRL A NG RIRRIYPmake o

drop on a 340 mL steel cylinder. Metallocene solutions (1mg/mL) were '
usuawtﬁ%baﬁ@tpwm%s%mﬁ FUSO°RIECBRINEEAISEeReGHTIT! Mt 8F t5 &, period
A typisal palymezationpresedusads @SHEohaws: 4 Ik ahurnipsng: 5a8eAndn this
the metallocene solution were added in that order thr.oul h a charge port while
ventfPRSDUERFE VAR PRSANIGE S it BIbSUicANY OB HER o} second to
isobuthog Weoeradilea il thés eeptemntbeofdinreasior wete st recpand heatguctdly
the desiredyiin tRMRESAINTE, HKEne. whenadder,Wasdishesinto thepou 30
reactor as the ethylene was initially added. Ethylene was fed on demand to
maintaiitisé specified pressure for the specified length of the polymerization

run.t;l'he reaq&@ﬁlm?@het@ie%?wﬂg gmwdwﬁgmﬂ%a;tyﬁe thrpuaRIthgeps,
run by an automated heating-cooljng system . FIGURE 2 provides .

comp A BTN B LA B S o PR gRnoeh comprisng a
homapfiyrone s tavfctaapolywmars afrfkxahop les:hbe(El 1E6), tpre pandd tamponents

providediin Tablge -f%%'ﬁlg' ?ufscernliﬂé?ul?é}r%&%k%&%&@ﬁﬁ’&?&%stﬂéﬁgsi ixture with
Examples 1-6 are illustrated in FIGURE 1. EXAMPLES /7-13 Pilot-Plant

ScaletCeaglptie RigisayysfierpRINEtalBtEfes A BYGLISUBPS FO Eith-
Conditions MulEsRPRISA hck3 fdpFd3) b chalg suilisiiate1pobReszatianitple

run data and polymer characterization data for ethylene- 1 -hexene .
copol st SprepATE sty BRE c TSR AR oSO BisRfoSAH R, in series
Polymetjzatienlyyris piesdetomdactesbasbdolanseds. 2 Fa3-galtoplslarfiystoajxture of
reactgr wa, AMRIoY e a5 N8 POMNGIZAN N CARIAL: POV MGHZAURN MR brising
were carried but under continuous partlclne orm process conditions in the

loop thadtet @izt s addiliepabrentelss) exmponeacthag be fsabrddnghe first
solutign&f a-fifst LEIANQeaRE WiaMING dhecfarmulseingicatad im BiEtd Rk dveand

a second metallocene, having the formula indicated in FIGURE 1, with either
triisobutylaldiriABREB APy IRfuPhiALRT ShdPs YRR FYRRpARGE(S can be split and
activaiet s dféiein préontasiinpatt autockavBovittnopid paaus outpuydoctigponent
loop rc%%ciggrfeﬁ.rﬁ &Qtﬁ%iye‘éva LaredQu Férthree£8"§1‘é‘{‘9 ANRELRINGE other
triisobutylaluminum or tribut faliminum solution and both metallocene
solutignal ynt isobpeasks.\wanée fhd spssepsierate tbateams ¢atdyatraamifoldni e daried
of the solid activator feeder outlet where they contacted each other and were
combined with isobutane flush. The solid_activator was flushed with the
combined solution into the autoclave, brigﬁy contacting the either
triisobutylaluminum or tributylaluminum/metallocenes mixture/solid activator
just before entering the autoclave. The combined solution flush used to



Ethylene used was polymerization grade ethylene (obtained from Union
Carbide Corporation) which was purified through a column of alumina
activated at 250C (482F) in nitrogen. 1-Hexene used was polymerization
grade 1-hexene (obtained from Chevron Chemicals Company) which was
further purified by distillation and subsequently passed through a column of
alumina activated at 250C (482F) in nitrogen. The loop reactor was a liquid

full, 15 GMeAIAM Il IRARIHRARQ1 NBY NG 3HAMMEATZ 4r 3.98/IRS JhOB A talyst

liters). Liquid isobutane was used as the diluent. Some hydrogen was added

to redOEROTRR-MBIERLRE (FeigHReShtiR foRenTERE et S MR RHPolsrroG The
the pplytaarapriagdueh Jheisobutane maspabiefidpten JadeaisabkiaiiBred mix
(obtaitn d from Philltigts Pe.troleudm Comgatmg/é BO[E%EIE’ Tex.g trllatfwas fturther
purified by distilation and sulisequiently passed through'a coldmi of afimina
activaieabata@®0 G ¢uU®PF) in nitrogen. Reactor conditions included a

pressure arﬂPBgeS%%é&i f&r%ﬂ)pzl@pg &[%W%@ﬁ?@iﬁ&%% {fiRTention can be

(170-203F) as indicated in Table 2. Also, the reactor was operated to have a

resid @R EMBYoToRsting . I IGRS: trHE BBV REBRSB O 4 MOt Rt R gnd a

0.35 egseiiauativehbaldchedoiaenanandnethiaitned SHhitgsoautpaiayeaswed by
describetd z%bO\{E. Metallocefn(? corgcentraftlionsliptﬂ;ie [eactor V\t/eret: V\fithin % for at
range Ol Ab ot T 39 15 4 BE FalE Ber Milfich TPy Srthe aiflgent i thgport for a
polynierizaion reactorePahmerathasrenovethéravtherrdpsttor at the rate of

o R RELRAKIAL AL IMELRD RSV AREl TR S e o

was used to dry the polymer under nitrogen at about 60-80C (140-17 '
The CSERAFBITTIBRBE THNBYS) cazPatides hitl Toiseaistaigiewh Rirdkeroycting
from abputThkOctmARedpatsipecamillianceithridihemtinsthe aalymesizetiaRed for
reactor. To prevent static buildug of the reactor, a small amount (less than 5

ppm, PRI REC B HiRReN b P EOMMEPeRFaittiSati C Ryent Sofgredyiagdgtyon of

450" wasusealyaddedsohi vatous Hesiasralepee parpdeaeidipgstepther a
above (Qrocedure, as specified J? T%ble 2. FIGURE 3 provides

compari Cé)rl?tacetfnp%srtﬁ?eléﬁg%ugﬁroﬂl{atl (l)sglrnavr%nsﬁ?&PCs) for ethylene
homopolyméhs andcoopolydnerstofcExarhples@dld Eenipt8)uprepdried agduration
provided: 1% faRIG QH%%%%JPE@%%?JHSH'%"rfi*ﬁ‘?et?a'&ﬂ‘&ﬁrb‘?sﬁ)&*q%%ﬂtgéted mixture
Examples 7-13 are illustrated in FIGURE 1. 11'8Z 61'8Z 895 11'5Z
and the treated solid oxide activator-support, such that a portion of the components of
the precontacted mixture is immobilized, adsorbed, or deposited thereon. For
example, the postcontacted mixture can be heated from between about 0°F to about
150°F. Temperatures between about 40°F to about 95°F are typical if the mixture is
heated at all.

In one aspect, the molar ratio of the combination of first and second
metallocene compounds to the organoaluminum compound can be from about 1:1 to
about 1:10,000. In another aspect, the molar ratio of the combination of first and
second metallocene compounds to the organoaluminum compound can be from about
1:1 to about 1:1,000, and in another aspect, from about 1:1 to about 1:100. These
molar ratios reflect the ratio of the combined first and second metallocene compounds

to the total amount of organoaluminum compound in both the precontacted mixture

and the postcontacted mixture combined.
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When a precontacting step is used, generally, the molar ratio of olefin
monomer to the combined first and second metallocene compounds in the
precontacted mixture can be from about 1:10 to about 100,000:1, or from about 10:1
to about 1,000:1.

In another aspect of this invention, the weight ratio of the solid oxide activator
to the organoaluminum compound can range from about 1:5 to about 1,000:1. In
another aspect, the weight ratio of the solid oxide activator to the organoaluminum
compound can be from about 1:3 to about 100:1, and in yet another aspect, from
about 1:1 to about 50:1.

In a further aspect of this invention, the weight ratio of the combination of first
and second metallocenes to treated solid oxide activator-support can be from about
1:1 to about 1:1,000,000. Yet another aspect of this invention is the weight ratio of
the combined first and second metallocenes to treated solid oxide activator-support
which can be from about 1:10 to about 1:100,000, and in another aspect, from about
1:20 to about 1:1000.

One aspect of this invention is that aluminoxane is not required to form the
catalyst composition disclosed herein, a feature that allows lower polymer production
costs.  Accordingly, in one aspect, the present invention can use AlRs-type
organoaluminum compounds and a treated solid oxide activator-support in the
absence of aluminoxanes. Additionally, no expensive borate compounds or MgCl,
are required to form the catalyst composition of this invention, although aluminoxane,
borate compounds, MgC1,, or any combination thereof can optionally be used in the
catalyst composition of this invention. Further, in one aspect, cocatalysts such as
aluminoxanes, organoboron compounds, ionizing ionic compounds, or any
combination thereof can be used as cocatalysts with a first metallocene, a second
metallocene, an activator-support, and an organoaluminum compound. However, the
catalyst compositions of the present invention are active in the substantial absence of
cocatalysts such as aluminoxanes, organoboron compounds, ionizing ionic
compounds, or any combination thereof.

Thus, in one aspect, this invention provides a process to produce a catalyst
composition, comprising contacting at least one first metallocene, at least one second

metallocene, and at least one co-catalyst, wherein the at least one first metallocene, at
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least one second metallocene, and at least one co-catalyst are disclosed herein. In this
aspect, the at least one cocatalyst can comprise at least one organoaluminum
compound and at least one activator-support, as described herein.

According to another aspect, the present invention provides a process to
produce a catalyst composition, comprising

contacting at least one first metallocene, at least one second
metallocene, optionally, at least one olefin, and at least one organoaluminum
compound for a first period of time to form a precontacted mixture comprising
at least one precontacted first metallocene, at least one precontacted second
metallocene, at least one precontacted organoaluminum compound, and
optionally, at least one precontacted olefin; and

contacting the precontacted mixture with at least one activator-support
and optionally additional organoaluminum compound for a second period of
time to form a postcontacted mixture comprising at least one postcontacted
first metallocene, at least one postcontacted second metallocene, at least one
postcontacted organoaluminum compound, optionally, at least one
postcontacted olefin, and at least one postcontacted activator-support.

In one aspect, the catalytic activity of the catalyst of this invention is typically
greater than or equal to about 100 grams polyethylene per gram of chemically treated
solid oxide per hour (abbreviated gP/(gCTSO-hr)). In another aspect, the catalyst of
this invention can be characterized by an activity of greater than or equal to about 250
gP/(gCTSO-hr), and in another aspect, an activity of greater than or equal to about
500 gP/(gCTSO:hr). In still another aspect, the catalyst of this invention can be
characterized by an activity of greater than or equal to about 1000 gP/(gCTSO:hr),
and in another aspect, an activity of greater than or equal to about 2000
gP/(gCTSO-hr). This activity is measured under slurry polymerization conditions,
using isobutane as the diluent, and with a polymerization temperature from about
75°C to about 100 °C, and an ethylene concentration from about 5 mole% to about 20
mol%. In one aspect, this activity is measured under slurry polymerization
conditions, using isobutane as the diluent, and with a polymerization temperature of

about 90 °C., and an ethylene pressure of about 550 psig. The reactor should have
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substantially no indication of any wall scale, coating or other forms of fouling upon

making these measurements.

Utility of the Catalyst Composition in Polymerization Processes

The catalysts of the present invention are intended for any olefin
polymerization method known in the art, using various types of polymerization
reactors. As used herein, “polymerization reactor” includes any polymerization
reactor capable of polymerizing olefin monomers to produce homopolymers or
copolymers. Such homopolymers and copolymers are referred to as resins or
polymers. The various types of reactors include those that may be referred to as
batch, slurry, gas-phase, solution, high pressure, tubular or autoclave reactors. 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. Processes may also include partial or full direct recycle of un-reacted
monomer, un-reacted 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 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 include the manual transfer of polymer from
one reactor to subsequent reactors for continued polymerization. Multiple reactor
systems may include any combination including, but not limited to, multiple loop
reactors, multiple gas reactors, a combination of loop and gas reactors, multiple high
pressure reactors or a combination of high pressure with loop and/or gas reactors.
The multiple reactors may be operated in series or in parallel.

According to one aspect of the invention, the polymerization reactor system

may comprise at least one loop slurry reactor. Such reactors are known in the art and
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may comprise vertical or horizontal loops. Monomer, diluent, catalyst and optionally
any comonomer may be continuously fed to a loop reactor where polymerization
occurs. Generally, continuous processes may comprise the continuous introduction of
a monomer, a catalyst, and a diluent into a polymerization reactor and the continuous
removal from this reactor of a suspension comprising polymer particles and the
diluent. Reactor effluent may be flashed to remove the solid polymer from the liquids
that comprise the diluent, monomer and/or comonomer. Various technologies may be
used for this separation step including but not limited to, flashing that may include
any combination of heat addition and pressure reduction; separation by cyclonic
action in either a cyclone or hydrocyclone; or separation by centrifugation.

A typical slurry polymerization process (also known as the particle form
process), which is well known in the art is disclosed, for example, in U.S. Patent Nos.
3,248,179, 4,501,885, 5,565,175, 5,575,979, 6,239,235, 6,262,191 and 6,833,415,
each of which is incorporated by reference in its entirety herein.

Suitable diluents used in slurry polymerization are well known in the art and
include, but are not limited to, the monomer being polymerized and hydrocarbons that
are liquids under reaction conditions. Examples of suitable diluents include, but are
not limited to, hydrocarbons such as propane, cyclohexane, isobutane, n-butane, n-
pentane, isopentane, neopentane, and n-hexane. Some loop polymerization reactions
can occur under bulk conditions where no diluent is used. An 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 comprise at least one gas phase reactor. Such systems are known in the art and
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, 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
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feeding a 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, 4588,790 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, both of
which are known in the art. Tubular reactors may have 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
conditions.

According to yet another aspect of the invention, the polymerization reactor
may comprise a solution polymerization reactor wherein the monomer is 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 monomer 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 zone. Adequate means are utilized for dissipating the
exothermic heat of polymerization. These reactors are known in the art.

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

analysis, and process control.
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Conditions that are controlled for polymerization efficiency and to provide
resin properties include temperature, pressure and the concentrations of various
reactants. Polymerization temperature can affect catalyst productivity, polymer
molecular weight and molecular weight distribution.  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, and from about 70°C to about 110°C, depending upon
the type of polymerization reactor.

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 about 1000 psig. Pressure for gas phase polymerization is usually from about
200 to about 500 psig. High pressure polymerization in tubular or autoclave reactors
is generally run at from about 20,000 to about 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.

The concentration of various reactants can be controlled to produce resins with
certain physical and mechanical properties. The proposed end-use product that will
be formed by the resin and the method of forming that product determines the desired
resin properties. 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.

The concentrations of monomer, co-monomer, hydrogen, co-catalyst,
modifiers, and electron donors are important in producing these resin properties.
Comonomer is used to control product density. Hydrogen is used to control product
molecular weight. Co-catalysts can be used to alkylate, scavenge poisons and control
molecular weight. Modifiers can be used to control product properties and electron
donors affect stereoregularity. In addition, the concentration of poisons must be

minimized since they impact the reactions and product properties.
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The polymer or resin may be formed into various articles, including, but not
limited to, bottles, drums, toys, household containers, utensils, film products, drums,
fuel tanks, pipes, geomembranes, and liners. Various processes may be used to form
these articles, including, but not limited to, blow molding, extrusion molding,
rotational molding, thermoforming, cast molding and the like. After polymerization,
additives and modifiers can be added to the polymer to provide better processing
during manufacturing and for desired properties in the end product. Additives include
surface modifiers such as slip agents, antiblocks, tackifiers; antioxidants such as
primary and secondary antioxidants; pigments; processing aids such as waxes/oils and
fluoroelastomers; and special additives such as fire retardants, antistats, scavengers,

absorbers, odor enhancers, and degradation agents.

Ethylene Polymers Prepared According to this Invention

In one aspect, the ethylene polymers and copolymers produced using the
catalyst composition of this invention can be characterized by a bimodal or
multimodal molecular weight distribution, examples of which are illustrated in
FIGURES 2 and 3. The high molecular weight component is observed to be formed
with the first, or ansa-metallocene component, while the low molecular weight
component is observed to be formed with second metallocene component. Regarding
the high molecular weight component, lower than expected levels of long chain
branching (LCB) are observed, typically, as compared to polymers produced using
ansa-metallocenes without an olefin-containing moiety bonded to a cyclopentadienyl-
type ligand, even when the comparative metallocene comprises at least one aryl group
bonded to the bridging atom of the bridging ligand. In a further aspect, the high
molecular weight polymer is characterized typically by higher molecular weights than
are usually observed when using a tightly-bridged ansa-metallocene compound
without at least one aryl group bonded to the bridging atom of the bridging ligand,
even when the comparative metallocene comprises an olefin-containing moiety
bonded to a cyclopentadienyl-type ligand.

FIGURE 2 provides comparison gel permeation chromatograms (GPCs) for
ethylene homopolymers and copolymers of Examples 1-6 (E1-E6), prepared as
provided in Table 1, and FIGURE 3 provides comparison gel permeation
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chromatograms (GPCs) for ethylene copolymers prepared according to Examples 7-
13 (E7-E13), prepared as provided in Table 2. The bimodal molecular weight
distribution as evident in these chromatograms is useful for pipe and film
applications. As illustrated by these FIGURES,the resins produced by the inventive
catalysts are observed to have broad molecular weight distributions. Another
indication of this molecular weight distribution is the large values of M,/M,, as
provided in Tables 1 and 2. The low molecular weight components, as seen in the
low molecular weight GPC peak of FIGURES 2 and 3, are sufficiently low in
molecular weight to provide good melt flow without the presence of very low
molecular weight tails, a feature which can contribute to smoking during processing.
Further, the high molecular weight components, indicated by M,, and M, of Tables 1

and 2,are sufficient to provide high physical strength to the final products.

Definitions

In order to more clearly define the terms used herein, the following definitions
are provided. To the extent that any definition or usage provided by any document
incorporated herein by reference conflicts with the definition or usage provided
herein, the definition or usage provided herein controls.

The term “polymer” is used herein to mean homopolymers comprising
ethylene and/or copolymers of ethylene and another olefinic comonomer. “Polymer”
is also used herein to mean homopolymers and copolymers of any other
polymerizable monomer disclosed herein.

The term “cocatalyst” is generally used herein to refer to the organoaluminum
compounds that can constitute one component of the catalyst composition, but also
refers to the optional components of the catalyst composition including, but not
limited to, aluminoxanes, organoboron compounds, organoborate compounds, or
ionizing ionic compounds, as disclosed herein. In one aspect, cocatalysts can be
organoaluminum compounds of the formula AlX)a(X"™)s,, wherein (XP) is a
hydrocarbyl having from 1 to about 20 carbon atoms; (X' is alkoxide or aryloxide,
any of which having from 1 to about 20 carbon atoms, halide, or hydride; and n is a

number from 1 to 3, inclusive. The term cocatalyst can be used regardless of the
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actual function of the compound or any chemical mechanism by which the compound
might operate.

The term “precontacted” mixture is used herein to describe a first mixture of
catalyst components that are contacted for a first period of time prior to the first
mixture being used to form a “postcontacted” or second mixture of catalyst
components that are contacted for a second period of time. Typically, the
precontacted mixture describes a mixture of at least one metallocene, optionally at
least one olefin monomer, and at least one organoaluminum compound, before this
mixture is contacted with the activator-support and optionally additional
organoaluminum compound. Thus, “precontacted” describes components that are
used to contact each other, but prior to contacting the components in the second,
postcontacted mixture. Accordingly, this invention may occasionally distinguish
between a component used to prepare the precontacted mixture and that component
after the mixture has been prepared. For example, according to this description, it is
possible for the precontacted organoaluminum compound, once it is contacted with
the metallocene and the optional olefin monomer, to have reacted to form at least one
different chemical compound, formulation, or structure from the distinct
organoaluminum compound used to prepare the precontacted mixture. In this case,
the precontacted organoaluminum compound or component is described as
comprising an organoaluminum compound that was used to prepare the precontacted
mixture.

Similarly, the term “postcontacted” mixture is used herein to describe a second
mixture of catalyst components that are contacted for a second period of time, and one
constituent of which is the “precontacted” or first mixture of catalyst components that
were contacted for a first period of time. Typically, the term “postcontacted” mixture
is used herein to describe the mixture of metallocene, olefin monomer,
organoaluminum compound, and activator-support, formed from contacting the
precontacted mixture of a portion of these components with the any additional
components added to make up the postcontacted mixture. Generally, the additional
component added to make up the postcontacted mixture is the solid oxide activator,
and optionally can include an organoaluminum compound the same or different from

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

The term tightly-bridged ansa-metallocene describes a metallocene compound
in which the two ns—cycloalkadienyl—type ligands in the molecule are linked by a
bridging moiety, wherein the shortest link between the two ns—cycloalkadienyl—type
ligands comprises one atom. Thus, the length of the bridge or the chain between the
two cyclopentadienyl-type ligands is a single atom, although this bridging atom is
substituted. ~ Thus, the metallocenes of this invention are bridged bis(n’-
cycloalkadienyl)-type compounds, wherein the ns—cycloalkadienyl portions include
cyclopentadienyl ligands, indenyl ligands, fluorenyl ligands, and the like, including
substituted analogs and partially saturated analogs thereof. Possible substituents on
these ligands include hydrogen, therefore the description ‘“‘substituted derivatives
thereof” in this invention includes partially saturated ligands such as
tetrahydroindenyl, tetrahydrofluorenyl, octahydrofluorenyl, partially saturated
indenyl, partially saturated fluorenyl, substituted partially saturated indenyl,
substituted partially saturated fluorenyl, and the like. In some contexts, the
metallocene is referred to simply as the “catalyst”, in much the same way the term
“cocatalyst” is used herein to refer to the organoaluminum compound.

LR INT3

The terms “catalyst composition,” ‘“catalyst mixture,” and the like do not
depend upon the actual product of the reaction of the components of the mixtures, the
nature of the active catalytic site, or the fate of the aluminum cocatalyst, ansa-
metallocene, any olefin monomer used to prepare a precontacted mixture, or the solid
oxide activator after combining these components. Therefore, the terms catalyst
composition, catalyst mixture, and the like include both heterogeneous compositions
and homogenous compositions.

The term “hydrocarbyl” is used to specify a hydrocarbon radical group that
includes, but is not limited to aryl, alkyl, cycloalkyl, alkenyl, cycloalkenyl,
cycloalkadienyl, alkynyl, aralkyl, aralkenyl, aralkynyl, and the like, and includes all

substituted, unsubstituted, branched, linear, heteroatom substituted derivatives

thereof. Unless otherwise specified, the hydrocarbyl groups of this invention
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typically comprise up to about 20 carbon atoms. In one aspect, hydrocarbyl groups
can have up to 12 carbon atoms, up to 8 carbon atoms, or up to 6 carbon atoms.

The term “hydrocarbyloxide” group is used generically to refer collectively to
both alkoxide and aryloxide groups. Unless otherwise specified, the hydrocarbyl
oxide groups of this invention typically comprise up to about 20 carbon atoms. In one
aspect, hydrocarbyloxide groups can have up to 12 carbon atoms, up to 8 carbon
atoms, or up to 6 carbon atoms.

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

The term “alkenyl” is used broadly to specify a hydrocarbyl group that
comprises an alkene moiety, regardless of the particular regiochemistry of the alkene
moiety and encompassing all stereochemical isomers. Thus, for example, the term
alkenyl is intended to include any CH=CH,-substituted or CH=CMe,-substituted alkyl
group, regardless of where the substitution occurs within the alkyl group. Terms such
as olefin-containing hydrocarbyl group or olefin-containing pendant group are
typically used interchangeably with alkenyl group, again illustrating that these terms
are not intended to be bound by the particular location of the C=C double bond within
the group. Unless otherwise specified, the alkenyl groups of this invention typically
comprise up to about 20 carbon atoms. In one aspect, alkenyl groups can have up to
12 carbon atoms, up to 8 carbon atoms, or up to 6 carbon atoms.

The terms solid oxide activator-support, acidic activator-support, activator-
support, treated solid oxide, treated solid oxide activator-support, treated solid oxide
compound, and the like are used herein to indicate a treated, solid, inorganic oxide of
relatively high porosity, which exhibits Lewis acidic or Brgnsted acidic behavior,
which has been treated with an electron-withdrawing component, typically an anion,
and which is calcined. The electron-withdrawing component is typically an electron-
withdrawing anion source compound. Thus, the treated solid oxide compound

comprises the calcined contact product of at least one solid oxide compound with at
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least one electron-withdrawing anion source compound. Typically, the activator-
support or “treated solid oxide compound” comprises at least one ionizing, acidic
solid oxide compound. The terms support or activator-support are not used to imply
these components are inert, and this component should not be construed as an inert
component of the catalyst composition.

The term “activator,” as used herein, refers generally to a substance that is
capable of converting the contact product of: 1) a metallocene component; and 2) a
component that provides an activatable ligand such as an alkyl or hydride ligand to the
metallocene, when the metallocene compound does not already comprise such a ligand;
into a catalyst that can polymerize olefins. This term is used regardless of whether an
activator ionizes the metallocene, abstracts an anionic ligand to form an ion pair,
weakens a metal-ligand bond in the metallocene, simply coordinates to an anionic
ligand, or any other mechanism. As disclosed herein, the contact product comprises
at least one activator, which can be selected independently from: 1) an activator-
support selected from a solid oxide treated with an electron-withdrawing anion, a
layered mineral, an ion-exchangeable activator-support, or any combination thereof;
i) an organoaluminoxane compound; iii) an organoboron or an organoborate compound;
or iv) any combination of these components.

The term “clay” is used herein to refer to that component of the catalyst
composition, a substantial portion of which constitutes a clay mineral or a mixture of
clay minerals that have been pretreated by either exchanging cations, pillaring or
simply wetting, that can be used as an activator-support in the catalyst composition
described herein. The transition metal compound and organometal cocatalyst are
reacted with the clay activator-support to form the active catalyst. While not
intending to be bound by the following statement, the clay component of the catalyst
composition of this invention probably functions as an activator-support for the
transition metal compound, as well as a cocatalyst from the standpoint that it is in
intimate physical chemical contact with the transition metal component.

As used herein, the collective term “clay mineral” is used herein to describe
the large group of finely-crystalline, sheet like clay minerals that are found in nature
in fine-grained sediments, sedimentary rocks, and the like. Clay minerals are a class

of hydrous silicate and aluminosilicate minerals with sheet-like structures and very
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high surface areas. This term is also used to describe hydrous magnesium silicates
with a phyllosilicate structure. Many common clay minerals belong to the kaolinite,
montmorillonite, or illite groups of clays. Thus, the term “clay mineral” is not used
herein to refer to the fine-grained soil consisting of mineral particles, not necessarily
clay minerals, that are less than about 0.002 mm in size.

The term “pillared clay” is used herein to refer to a component of the catalyst
composition comprising clay minerals, typically of the of the smectite group and other
phyllosilicates in addition to sepiolites and palygorskites, that have been ion
exchanged with large, typically polynuclear, highly charged metal complex cations.
Examples of such ions include, but are not limited to, Keggin ions which can have
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 immobilized within the interlayers of the clay and
when calcined are converted to metal oxide “pillars,” effectively supporting the clay
layers as column-like structures. Examples of pillaring and pillared clays are found
in: T.J. Pinnavaia, Science 220 (4595), 365-371 (1983); J.M. Thomas, Intercalation
Chemistry, (S. Whittington and A. Jacobson, eds.) Ch. 3, pp. 55-99, Academic Press,
Inc., (1972); U.S. Patent No. 4,452,910; U.S. Patent No. 5,376,611; and U.S. Patent
No. 4,060,480; each of which is incorporated herein in its entirety.

Although any methods, devices, and materials similar or equivalent to those
described herein can be used in the practice or testing of the invention, the typical
methods, devices and materials are herein described.

All publications and patents mentioned herein are incorporated herein by
reference for the purpose of describing and disclosing, for example, the constructs and
methodologies that are described in the publications, which might be used in
connection with the presently described invention. The publications discussed above
and throughout the text are provided solely for their disclosure prior to the filing date
of the present application. Nothing herein is to be construed as an admission that the
inventors are not entitled to antedate such disclosure by virtue of prior invention.

For any particular compound disclosed herein, any general structure presented

also encompasses all conformational isomers, regioisomers, stereoisomers, and the
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like, that can arise from a particular set of substituents. The general structure also

encompasses all enantiomers, diastereomers, and other optical isomers whether in

enantiomeric or racemic forms, as well as mixtures of stereoisomers, as the context

requires.

The present invention is further illustrated by the following examples, which

are not to be construed in any way as imposing limitations upon the scope thereof.

On the contrary, it is to be clearly understood that resort can be had to various other

aspects, embodiments, modifications, and equivalents thereof which, after reading the

description herein, may suggest themselves to one of ordinary skill in the art without

departing from the spirit of the present invention or the scope of the appended claims.

In the following examples, unless otherwise specified, the syntheses and

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

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

typically dried over activated alumina prior to use. Unless otherwise specified,

reagents were obtained from commercial sources.

General testing procedures, characterization, and synthetic procedures are

provided herein. Synthetic methods to prepare the metallocenes, treated solid oxides,

and other reagents of this invention are also provided herein.

General Testing Procedures

Melt index (MI, g/10 min) was determined in accordance with ASTM D1238

condition F at 190°C with a 2,160 gram weight.

High load melt index (HLMI, g/10 min) was determined in accordance with

ASTM D1238 condition E 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 C.

Molecular weight and molecular weight distributions were obtained using a

PL-GPC 220 (Polymer Labs, UK) system equipped with a differential refractive index

detector and three 7.5 mm x 300 mm 20 um Mixed A-LS columns (Polymer Labs)

running at 145 °C. The flow rate of the mobile phase, 1,2,4-trichlorobenzene (TCB)
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containing 0.5 g/L 2,6-di-t-butyl-4-methylphenol (BHT), was set at 1 mL/min and the
concentration of polymer solutions was generally kept in the range of 1.0-1.5 mg/mL,
depending on the molecular weights. Sample preparation was conducted at 150 °C
for 4 h with occasional and gentle agitation before the solutions being transferred to
sample vials for injection. In order to minimize unbalanced solvent peak, solvent
with the same composition as the mobile phase was used for solution preparation.
The integral calibration method was employed to deduce molecular weights and
molecular weight distributions using a Chevron Phillips Chemicals Company's broad
linear polyethylene, Marlex BHB5003, as the broad standard. The integral table of

the broad standard was pre-determined in a separate experiment with SEC-MALS.

Preparation of a Sulfated Alumina Activator-Support

Sulfated alumina was formed by a process wherein alumina was chemically-
treated with a sulfate or bisulfate source, typically selected from, but not limited to,
sulfuric acid, ammonium sulfate, or ammonium bisulfate. One example follows.

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,SO4. This sulfated alumina was calcined at 550 °C in air (240 °C/h ramp rate), with
a 3 h hold period at this temperature. Afterward, the alumina was collected and stored

under dry nitrogen, and was used without exposure to the atmosphere.

Metallocene Preparations

All manipulations involving air-sensitive reagents and materials were
performed under nitrogen by using standard Schlenk line or dry box techniques.
Unless specified otherwise, reagents were typically obtained from Aldrich Chemical
Company and were used as received. 2,7-Di-tert-butylfluorene was purchased from
commercial sources including Degussa and Aldrich Chemical Company the Grignard
reagent CpMgCl (1M in THF) was purchased from Boulder Scientific Company, and
hafnium(I'V) chloride was purchased from Strem. The solvent THF was distilled from
potassium, while anhydrous diethyl ether, methylene chloride, pentane, and toluene
(Fisher Scientific Company) were stored over activated alumina. All solvents were

degassed and stored under nitrogen. Zirconium(IV) chloride (99.5%) and n-
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butyllithium were purchased from Aldrich Chemical Company and were used as
received. Bis(m’-indenyl) ~ zirconium dichloride (M-B) and bis[n’-n-
butylcyclopentadienyl] zirconium dichloride (M-D) were purchased from commercial
sources such as, for example, Strem Chemicals, Boulder Scientific and Crompton.
Reaction products were analyzed by 'H NMR spectroscopy (300 MHz, CDCl;
referenced against either the residual proton peak at 7.24 ppm for CHCl; or TMS at 0
ppm) or BC NMR (75 MHz, CDCl;, referenced against central line of CDCl; at 77.00
ppm).

The following fulvenes, F-1 through F-3, were prepared as disclosed herein

and used to prepare the ligands L-1 through L-3 as provided herein.

0.0 00 OO0

2-(pent-4-enyl)-6,6- 2-(but-3-enyl)-6,6- 2-(1,1-dimethylpent-4-enyl)-
diphenylpentafulvene diphenylpentafulvene 6,6-diphenylpentafulvene

The following ligands L-1 through L-3 were prepared as disclosed herein.

A S e AT ”OO
th””"C

Phu,, Phu,, —
Ph/c@/\/\ Ph/c@/\/ Ph @(\/\
/ AN
N\
Mixture of isomers Mixture of isomers Mixture of isomers
L-1 L-2 L-3

Synthesis of 2-(pent-4-enyl)-6,6-diphenylpentafulvene (F-1).

To 5-bromo-1-pentene (100 g of 95 wt%, 0.637 mol) was added
cyclopentadienyl magnesium chloride (700 mL of 1 M solution in THF, 0.7 mol) at O
°C in an hour. After stirring for an additional 30 minutes at 0 °C, the mixture was
warmed to room temperature. After stirring overnight, the reaction was quenched
with a mixture of ice and water. The mixture was extracted with pentane. The

organic layer was washed with water and dried over anhydrous sodium sulfate.
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Removal of the solvent under vacuum at room temperature gave a yellow-brown
liquid (98 g, crude pent-4-enylcyclopentadiene). To the crude pent-4-
enylcyclopentadiene (89 g) dissolved in THF (500 mL) was added n-BuLi (60 mL of
10 M in hexanes, 0.6 mol) at —78 °C. The mixture was warmed up to room
temperature and stirred overnight. The anion solution was added to benzophenone
(110 g, 0.604 mol) dissolved in THF (500 mL) at 0 °C in 25 minutes. The mixture
was warmed to room temperature and stirred overnight. The reaction was quenched
with a mixture of ice and 10% HCI aqueous solution. The mixture was extracted with
pentane. The organic layer was washed with water and dried over anhydrous sodium
sulfate. Removal of the solvent under vacuum at 40 °C gave a dark red viscous oil.
The oil was dissolved in heptane and filtered through silica gel. The product was
collected by washing the silica gel with 5-10% CH,Cl, in heptane. Removal of the
solvent gave the desired product (145 g, 84% yield based on 5-bromo-1-pentene) as a
dark red viscous oil. "H NMR (300 MHz, CDCl3) & 7.41-7.48 (m, 10H), 6.59-6.62
(dd, J = 5.1 Hz, 1.4 Hz, 1H), 6.40-6.42 (dd, J = 5.1 Hz, 1.4 Hz, 1H), 6.12-6.15 (m,
1H), 5.86-6.02 (m, 1H), 5.08-5.20 (m, 2H), 2.55-2.60 (t, J = 7.2 Hz, 2H), 2.22-2.30
(m, 2H), 1.76-1.88 (quin, J = 7.2 Hz, 2H); °C NMR (75 MHz, CDCl3) § 148.28,
148.13, 143.28, 140.85, 140.76, 138.01, 133.51, 131.34, 131.29, 127.76, 127.74,
127.13, 127.08, 124.74, 118.24, 114.24, 33.95, 30.13, 28.46.

Synthesis of 1-(3-(pent-4-enyl)cyclopentadienyl)-1-(2,7-di-tert-butylfluorenyl)-
1,1-diphenylmethane (L-1)

To 2,7-di-tert-butylfluorene (125.1 g, 0.45 mol) dissolved in Et;O (700 mL)
was added n-BuLi (47 mL of 10 M in hexanes, 0.47 mol) at 0 °C. The mixture was
warmed to room temperature and stirred overnight. The anion solution was added to
2-(pent-4-enyl)-6,6-diphenylpentafulvene (F-1) (145 g, 0.487 mol) dissolved in Et,O
(300 mL) at =78 °C in 10 minutes. The mixture was warmed to room temperature and
stirred overnight. The reaction was quenched with a mixture of ice and 10% HCl
aqueous solution. The mixture was extracted with Et,0. The organic layer was
washed with water and dried over anhydrous sodium sulfate. Removal of the solvent

under vacuum gave a pale brown solid. The solid was washed with heptane and dried
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under vacuum. A mixture of isomers for the desired product (191.7 g, 74% yield) was

obtained as a white solid.

Synthesis of 2-(but-3-enyl)-6,6-diphenylpentafulvene (F-2)

To 4-bromo-1-butene (100 g of 97 wt%, 0.719 mol) was added

cyclopentadienyl magnesium chloride (800 mL of 1 M solution in THF, 0.8 mol) at 0

°C in 50 minutes. After stirring for an additional 15 minutes at O °C, the mixture was

warmed to room temperature. After stirring overnight, the reaction was quenched

with a mixture of ice and water. The mixture was extracted with pentane.

organic layer was washed with water and dried over anhydrous sodium sulfate.

Removal of the solvent under vacuum at room temperature gave a brown liquid (94.2

g, crude but-3-enylcyclopentadiene). To the crude but-3-enylcyclopentadiene (94.2 g)
dissolved in THF (500 mL) was added n-BuLi (70 mL of 10 M in hexanes, 0.7 mol at

—78 °C. The mixture was warmed up to room temperature and stirred overnight. The

anion solution was added to benzophenone (133.8 g, 0.735 mol) dissolved in THF

(400 mL) at 0 °C in 35 minutes. The mixture was warmed to room temperature and

stirred overnight. The reaction was quenched with a mixture of ice and 10% HCIl

aqueous solution. The mixture was extracted with pentane. The organic layer was

washed with water and dried over anhydrous sodium sulfate. Removal of the solvent

under vacuum at 40 °C gave a dark red viscous oil. The oil was dissolved in heptane

and filtered through silica gel. The product was collected by washing the silica gel

with 5-10% CH,Cl, in heptane. Removal of the solvent gave the desired product
(152g, 74.4% yield based on 4-bromo-1-butene) as a dark red viscous oil. 'H NMR
(300 MHz, CDCl3) & 7.29-7.41 (m, 10H), 6.50-6.53 (dd, J = 5.2 Hz, 1.4 Hz, 1H),
6.29-6.31 (dd, J = 5.2 Hz, 1.4 Hz, 1H), 6.02-6.05 (m, 1H), 5.82-5.98 (m, 1H), 4.94-
5.16 (m, 2H), 2.53-2.60 (m, 2H), 2.33-2.43 (m, 2H); °C NMR (75 MHz, CDCl3) &
148.59, 147.67, 143.18, 140.86, 140.78, 137.85, 133.48, 131.38, 131.36, 127.85,

127.82, 127.18, 127.13, 124.75, 118.35, 114.29, 33.36, 30.20.
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Synthesis of 1-(3-(but-3-enyl)cyclopentadienyl)-1-(2,7-di-tert-butylfluorenyl)-1,1-
diphenylmethane (L.-2)

To 2,7-di-tert-butylfluorene (91.7 g, 0.33 mol) dissolved in Et;0O (500 mL)
was added n-BuLi (35 mL of 10 M in hexanes, 0.35 mol) at 0 °C. The mixture was
warmed to room temperature and stirred overnight. The anion solution was added to
2-(but-3-enyl)-6,6-diphenylpentafulvene (compound F-2) (104 g, 0.366 mol)
dissolved in Et,O (200 mL) at O °C in 35 minutes. After stirring for an additional 30
minutes at 0 °C, the mixture was warmed to room temperature and stirred overnight.
The reaction was quenched with a mixture of ice and 10% HCI aqueous solution. The
mixture was extracted with CH,Cl,. The organic layer was washed with water and
dried over anhydrous sodium sulfate. Removal of the solvent under vacuum gave a
pale brown solid. The solid was washed with heptane and dried under vacuum. A
mixture of isomers for the desired product (142 g, 76.5% yield) was obtained as a

white solid.

Synthesis of 2-(1,1-dimethylpent-4-enyl)-6,6-diphenylpentafulvene (F-3)

To a solution of 6-butenyl-6-methylpentafulvene (17.8 g, 122 mmol)
(prepared by the method of K. J. Stone and R. D. Little, J. Org. Chem., 1984, 49(11),
1849-1853) in dry THF (50 mL) was added a solution of methyllithium (75 mL of 1.6
M in ether, 120 mmol) while cooling in dry ice. After stirring for 20 hours and
warming to room temperature, the yellow solution was gradually added to a solution
of benzophenone (21.87 g, 120 mmol) in THF (50 mL) while cooling in ice. A red
color formed immediately and after 4 hours analysis of an aliquot showed that the
reaction was nearly complete. After an additional hour, the mixture was cooled while
a solution of concentrated hydrochloric acid (20 mL) in water (200 mL) was added.
Following addition of pentane (150 mL), the organic layer was washed with water and
dried over sodium sulfate. The solvent was removed under vacuum and the red liquid
was cooled to — 15 °C overnight. The red crystalline product was washed with cold
methanol and dried under vacuum to a red solid (32.8 g, 84% yield). 'H NMR (300
MHz, CDCls) 6 7.22-7.40 (m, 10H), 6.56-6.58 (dd, J = 5.1 Hz, 1.8 Hz, 1H), 6.24-6.26
(dd, J = 5.1 Hz, 1.8 Hz, 1H), 5.91-5.93 (t, J = 1.8 Hz, 1H), 5.70-5.85 (m, 1H), 4.84-
5.00 (m, 2H), 1.88-2.00 (m, 2H), 1.52-1.60 (m, 2H), 1.17 (s, 6H); °C NMR (75 MHz,
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CDCl3) & 156.16, 148.39, 143.20, 140.96, 140.92, 138.98, 131.61, 131.43, 131.39,
127.81, 127.77, 127.24, 127.14, 124.88, 116.30, 113.45, 41.96, 35.86, 29.90, 27.90.

Synthesis  of  1-(3-(1,1-dimethylpent-4-enyl)cyclopentadienyl)-1-(2,7-di-tert-
butylfluorenyl)-1,1-diphenylmethane (L-3)

A solution of 2,7-di-tert-butylfluorene (27.8 g, 100 mmol) in Et,O (200 mL)
was cooled in dry ice and n-BuLi (68 mL of 1.6 M in hexanes, 0109 mmol) was
added dropwise. The slurry was warmed to room temperature and stirred for 24
hours. The dark solution was cooled in dry ice and a solution of 2-(1,1-dimethylpent-
4-enyl)-6,6-diphenylpentafulvene (compound F-3) (32.8 g, 54.3 mmol) in Et,O (100
mL) was then added rapidly. The mixture was warmed to room temperature and
stirred for 20 hours. After cooling in ice, a solution of concentrated hydrochloric acid
(20 mL) in water (200 mL) was added. Following addition of pentane (100 mL), the
organic layer was separated and washed with water. After drying over sodium sulfate
and filtering, the solvent was removed under vacuum leaving a glassy solid. The solid
was heated with methanol (100 mL) and the hot methanol solution was poured off.
This process was repeated four times. The solid was then dissolved in hot pentane,
which was then removed under vacuum while heating. The solid was broken up,
dried under vacuum, and then heated with ethanol (70 mL). After cooling, the solid
was filtered and dried. A mixture of isomers for the desired product (18.1 g, 30%

yield) was obtained as a white solid.

Synthesis of diphenylmethylidene{n’-[3-(pent-4-enyl)cyclopentadien-1-
ylidene]}[T]S-(2,7-di-tert-butylfluoren-9-ylidene)]hafnium dichloride (M-1)

To 1-(3-(pent-4-enyl)cyclopentadienyl)-1-(2,7-di-tert-butylfluorenyl)-1,1-
diphenylmethane (compound L-1) (45.3 g, 78.6 mmol) dissolved in Et;O (400 mL)
was slowly added n-BuLi (68.5 mL of 2.5 M in hexanes, 171.3 mmol) at 0 °C. The
mixture was warmed to room temperature, stirred overnight, and then added via
cannula to HfCl4 (26.8 g, 83.6 mmol) suspended in a mixture of pentane (450 mL)
and Et;0 (30 mL) at 0 °C in 30 minutes. The mixture was warmed to room
temperature and stirred for two days. The slurry was concentrated and centrifuged.

The liquid was decanted off. The remaining solid was washed a second time with
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pentane (100 mL), then extracted with methylene chloride and centrifuged. The
solution was taken to dryness under vacuum to give a yellow solid (46.4 g, 71.7%).
'H NMR (300 MHz, CDCl3) & 7.88-7.98 (m, 3H), 7.78-7.88 (m, 3H), 7.40-7.50 (m,
2H), 7.29-7.38 (broad t, J = 7.2 Hz, 2H), 7.11-7.28 (m, 4H), 6.28 (broad s, 1H), 6.24
(broad s, 1H), 5.87-5.93 (t, J = 2.7 Hz, 1H), 5.61-5.78 (m, 1H), 5.44-5.50 (t, J = 2.7
Hz , 1H), 5.19-5.25 (t, J = 2.7 Hz, 1H), 4.82-4.96 (m, 2H), 2.28-2.48 (m, 2H), 1.94-
2.05 (m, 2H), 1.46-1.60 (m, 2H), 0.98 (s, 18H); °C NMR (75 MHz, CDCls) § 149.41,
149.21, 144.47, 144.24, 137.71, 132.69, 129.08, 128.83, 128.45, 128.39, 128.22,
126.50, 126.46, 126.13, 125.97, 123.70, 123.46, 123.40, 123.34, 119.89, 119.66,
119.01, 118.86, 118.82, 118.53, 114.75, 114.39, 111.11, 100.92, 100.69, 76.88, 57.88,
35.29, 35.27, 33.75, 31.04, 31.02, 29.48, 29.31.

Synthesis of diphenylmethylidene{ns-[3-(but-3-enyl)cyclopentadien-1-
ylidene]}[T]S-(2,7-di-tert-butylfluoren-9-ylidene)]hafnium dichloride (M-2)

To 1-(3-(but-3-enyl)cyclopentadienyl)-1-(2,7-di-tert-butylfluorenyl)-1,1-
diphenylmethane (compound L-2) (3.2 g, 5.7 mmol) dissolved in Et,O (30 mL) was
slowly added n-BuLi (5.2 mL of 2.5 M in hexanes, 13 mmol) at 0 °C. The mixture
was warmed to room temperature, stirred overnight, and then added via cannula to
HfCly (2.1 g, 6.5 mmol) suspended in a mixture of pentane (30 mL) and Et,O (5 mL)
at 0 °C in 10 minutes. The mixture was warmed to room temperature and stirred for
two days. The slurry was concentrated and centrifuged. The liquid was decanted off.
The remaining solid was washed a second time with pentane (80 mL), then extracted
with methylene chloride and centrifuged. The solution was taken to dryness under
vacuum to give a yellow solid (3.1 g, 67.4% yield). '"H NMR (300 MHz, CDClL) &
7.87-7.98 (m, 3H), 7.79-7.86 (m, 3H), 7.43-7.49 (m, 2H), 7.30-7.38 (dt, J = 7.5 Hz,
1.4 Hz, 2H), 7.14-7.29 (m, 4H), 6.24-6.27 (d, J = 0.6 Hz, 1H), 6.20-6.24 (d, J = 0.6
Hz, 1H), 5.87-5.92 (t, J = 2.7 Hz, 1H), 5.62-5.77 (m, 1H), 5.42-5.47 (t, J = 2.7 Hz,
1H), 5.18-5.23 (t, J = 2.7 Hz, 1H), 4.85-4.98 (m, 2H), 2.35-2.55 (m, 2H), 2.13-2.22
(m, 2H), 0.96 (s, 18H); *C NMR (75 MHz, CDCl3) & 149.52, 149.33, 144.51, 144.30,
137.33, 132.16, 129.13, 128.89, 128.51, 128.45, 128.30, 128.26, 126.58, 126.53,
126.24, 126.06, 123.77, 123.54, 123.42, 123.36, 119.97, 119.75, 119.08, 118.90,
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118.58, 114.94, 114.83, 111.14, 101.01, 100.68, 76.93, 57.94, 35.36, 35.35, 34.11,
31.08, 31.05, 29.42.

Synthesis of diphenylmethylidene{ns-[3-(pent-4-enyl)cyclopentadien-1-
ylidene]}[115-(2,7-di-tert-butylfluoren-9-ylidene)]zirconium dichloride (M-3)

To 1-(3-(pent-4-enyl)cyclopentadienyl)-1-(2,7-di-tert-butylfluorenyl)-1,1-
diphenylmethane (compound L-1) (34.7 g, 60.2 mmol) dissolved in Et,O (300 mL)
was slowly added n-BuLi (52 mL of 2.5 M in hexanes, 130 mmol) at 0 °C. The
mixture was warmed to room temperature, stirred overnight, and then added via
cannula to ZrCly (14.7 g, 63.1 mmol) suspended in a mixture of pentane (250 mL) and
Et,0 (20 mL) at O °C in 30 minutes. The mixture was warmed to room temperature,
stirred for one day, and evacuated to dryness. The residue was stirred in pentane
(200mL) and centrifuged. The supernatant was discarded. The remaining solid was
washed a second time with pentane (50 mL), then extracted with methylene chloride
and centrifuged. The solution was taken to dryness under vacuum to give a red solid
(33.5 g, 75.6%). "H NMR (300 MHz, CDCl3) & 7.94-7.99 (m, 2H)], 7.89-7.94 (m,
1H), 7.77-7.87 (m, 3H), 7.47-7.53 (m, 2H), 7.32-7.39 (dt, J = 7.2 Hz, 1.2 Hz, 2H),
7.15-7.29 (m, 4H), 6.23 (broad s, 1H), 6.19 (broad s, 1H), 5.94-5.98 (t, J = 2.7 Hz,
1H), 5.62-5.76 (m, 1H), 5.50-5.54 (t, J = 2.7 Hz, 1H), 5.24-5.29 (t, J = 2.7 Hz, 1H),
4.82-4.96 (m, 2H), 2.23-2.43 (m, 2H), 1.97-2.05 (m, 2H), 1.48-1.61 (m, 2H), 0.97 (s,
18H); *C NMR (75 MHz, CDCls) § 149.85, 149.65, 144.27, 144.03, 137.79, 134.18,
129.11, 128.85, 128.51, 128.46, 128.34, 126.59, 126.55, 126.18, 126.03, 124.04,
123.79, 123.54, 123.47, 121.09, 120.89, 120.32, 120.06, 119.46, 119.26, 115.61,
114.44, 108.51, 103.36, 103.29, 76.69, 58.13, 35.39, 35.37, 33.78, 31.06, 31.03,
29.61, 29.33.

Synthesis of diphenylmethylidene{ns-[3-(but-3-enyl)cyclopentadien-1-
ylidene]}[T]5-(2,7-di-tert-butylfluoren-9-ylidene)]zirconium dichloride (M-4)

To 1-(3-(but-3-enyl)cyclopentadienyl)-1-(2,7-di-tert-butylfluorenyl)-1,1-
diphenylmethane (compound L-2) (40.5 g, 72.1 mmol) suspended in Et,0O (400 mL)
was slowly added n-BuLi (15.2 mL of 10 M in hexanes, 152 mmol) at O °C. The
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mixture was warmed to room temperature, stirred overnight, and then added via
cannula to ZrCly (18.5 g, 79.4 mmol) suspended in a mixture of pentane (400 mL) and
Et,0 (30 mL) at 0 °C in 15 minutes. The mixture was warmed to room temperature,
stirred for one day, and evacuated to dryness. The residue was stirred in pentane
(300mL) and centrifuged. The supernatant was discarded. The remaining solid was
washed a second time with pentane (100 mL), then extracted with methylene chloride
and centrifuged. The solution was taken to dryness under vacuum to give a red solid
(38.1 g, 73.3% yield). 'H NMR (300 MHz, CDCl3) § 7.88-8.02 (m, 3H), 7.77-7.88
(m, 3H), 7.46-7.54 (m, 2H), 7.31-7.40 (broad t, J = 7.5 Hz, 2H), 7.14-7.32 (m, 4H),
6.24 (s, 1H), 6.20 (s, 1H), 5.96-6.02 (unresolved t, 1H), 5.63-5.79 (m, 1H), 5.50-5.55
(unresolved t, 1H), 5.25-5.31 (unresolved t, 1H), 4.87-5.01 (m, 2H), 2.33-2.53 (m,
2H), 2.15-2.27 (m, 2H), 0.97 (s, 18H); *C NMR (75 MHz, CDCl5) § 149.85, 149.65,
144.23, 144.01, 137.27, 133.51, 129.08, 128.84, 128.50, 128.45, 128.33, 128.30,
126.58, 126.54, 126.18, 126.01, 124.04, 123.81, 123.55, 123.48, 121.08, 120.89,
120.31, 120.03, 119.43, 119.24, 115.71, 114.86, 108.44, 103.37, 103.18, 76.66, 58.10,
35.38, 35.36, 33.98, 31.05, 31.02, 29.46.

Synthesis of diphenylmethylidene{n5-[3-(1,1-dimethylpent-4-enyl)cyclo-
pentadien-l-ylidene]}[ns-(2,7-di-tert-butylfluoren-9-ylidene)]zirconium
dichloride (M-5)

A slurry of 1-(3-(1,1-dimethylpent-4-enyl)cyclopentadienyl)-1-(2,7-di-tert-
butylfluorenyl)-1,1-diphenylmethane (compound L-3) (10.8 g, 17.9 mmol) in Et,O
(50 mL) was cooled in dry ice and n-BuLi (22.2 mL of 1.6 M in hexanes, 35.5 mmol)
was added dropwise. After 1 hour, the bath was removed and the mixture was stirred
for 48 hours at room temperature. The mixture was added to ZrCly (4.37 g, 18.8
mmol) suspended in pentane (50 mL) while cooling in ice. The slurry was stirred for
65 hours at room temperature. The slurry was concentrated until thick and pentane
(70 mL) was added. The slurry was stirred overnight and the liquid was decanted off.
The solid was washed a second time with pentane and then extracted with methylene
chloride and centrifuged. The solution was taken to dryness under vacuum to give a

red solid (11.65 g, 85.2% yield). "H NMR (300 MHz, CDCls) § 7.93-8.02 (m, 3H),
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7.80-7.91 (m, 3H), 7.52-7.60 (dt, J = 8.7 Hz, 1.5 Hz, 2H), 7.38-7.47 (m, 2H), 7.20-
7.35 (m, 4H), 6.27 (broad s, 2H), 6.14-6.18 (t, J = 3.0 Hz, 1H), 5.67-5.83 (m, 1H),
5.61-5.64 (t, J = 3.0 Hz, 1H), 5.48-5.52 (1, J = 3.0 Hz, 1H), 4.88-5.04 (m, 2H), 1.76-
2.10 (m, 2H), 1.44-1.53 (m, 2H), 1.26 (s, 3H), 1.07 (s, 3H), 1.02 (s, 18H); '*C NMR
(75 MHz, CDCls) & 149.67, 149.60, 144.31, 144.13, 143.46, 138.49, 129.15, 128.89,
128.51, 128.48, 128.39, 128.33, 126.58, 126.52, 126.11, 125.97, 124.18, 124.10,
123.73, 123.36, 121.09, 120.78, 120.20, 119.75, 118.88, 114.16, 113.84, 108.10,
104.30, 100.60, 77.19, 57.65, 46.43, 36.32, 35.38, 35.36, 31.06, 31.03, 29.47, 26.99,
24.19.

Synthesis of bis[(’r]S-1-(3-phenylpropyl)indenyl)] zirconium dichloride (M-A)

This metallocene was prepared according to the general preparative method
for substituted bis(indenyl) metallocenes reported in: Alt, H G., et.al. J. Organomet.
Chem. 2000, 599, 275; and Alt, H G., et.al. J. Organomet. Chem. 2001, 621,
304.General preparative methods for forming substituted bis(indenyl) metallocenes

are reported in a number of references.

Synthesis of bis(ns-indenyl) zirconium dibenzyl (M-C)

This metallocene was prepared according to the general preparative method
for forming hydrocarbyl-substituted metallocenes by substitution reactions, such as
alkylating metallocene chlorides, as reported in: Resconi, L., et. al. J. Organomet.
Chem. 2003, 683, 2; Basset, J.-M.,, et. al. J. Am. Chem. Soc., 2001, 123, 3520; Marks,
T. J. Acc. Chem. Res., 1992, 25, 57; and Marks, T. J. Organometallics, 2002, 21,
1788. General preparative methods for forming hydrocarbyl-substituted metallocenes

are reported in a number of references.

Synthesis of {T]S-[1-(pr0p-2-enyl)indenyl]}[T]5-(n-butylcyclopentadienyl)]-
zirconium dichloride (M-E)

A 500 mL Schlenk flask was charged with (n-BuCsH4)ZrCl; (20.0 g, 62.7
mmol; prepared by the reaction of (n-BuCsH4),ZrCl, and ZrCly in refluxing toluene)
and approximately 400 mL of diethyl ether. The resulting slurry was cooled to 0°C,

after which time Li(1-allylindene) (10.7 g, 66.0 mmol) was added via cannula as an
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ethereal solution. The reaction mixture was stirred overnight at ambient temperature

and the solvent was removed in vacuo. The resulting solid was dissolved in toluene

and centrifuged to remove LiCl. Removal of solvent in vacuo yielded a yellow-brown

solid which was dissolved in a dichloromethane/pentane mixture and was cooled to -

35°C for a couple of hours. Resulting slurry was filtered, and the precipitate was

dried under reduced pressure (0.1 mm, 1 h) to yield the product as a yellow solid
(17.0g, 62%). 'H NMR (CDCls;, 8) 0.87 (t, J = 7.2Hz, CH3), 1.50-1.22 (m,
CHy(CH;),CH3), 2.58-2.42 (m, CH(CH;),CH3), 3.77-3.62 (m, CH,=CHCH,), 5.10-
5.02 (m, CH,=CHCH,), 5.78-5.76 (m, 1, CsHy), 5.87-5.83(m, 2, CsHy4), 5.99-5.91 (m,
CH,=CHCH,), 6.04-6.00 (m, 1, CsH4), 6.39-6.37 (m, 1, CoHp), 6.63 (d, /= 3.0Hz, 1,

CoHs), 7.28-7.18 (m, 2, CoHg), 7.60-7.56(m, 2, CoHp).

EXAMPLES 1-6

Bench Scale Catalytic Runs Varying the Metallocene, Activator-Support, and

Conditions

Examples 1-6 in Table 1 illustrate polymerization run data and polymer

characterization data for ethylene homopolymer and ethylene-1-hexene copolymer

prepared using the catalyst compositions disclosed herein. Polymerization runs were

conducted in a one-gallon (3.785 liter) stainless steel reactor. Two liters of isobutane

and alkyl aluminum cocatalyst/scavenger were used in all examples. Hydrogen, when

added, was added slowly throughout the run and was measured as the pressure drop

on a 340 mL steel cylinder. Metallocene solutions (1mg/mL) were usually prepared

by dissolving 30 mg of metallocene in 30 mL of toluene.

A typical polymerization procedure is as follows: Alkyl aluminum, SSA and

the metallocene solution were added in that order through a charge port while venting

isobutane vapor. The charge port was closed and two liters of isobutane were added.

The contents of the reactor were stirred and heated to the desired run temperature.

Hexene, when added, was flushed into the reactor as the ethylene was initially added.

Ethylene was fed on demand to maintain the specified pressure for the specified

length of the polymerization run. The reactor was maintained at the desired run

temperature through the run by an automated heating-cooling system
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FIGURE 2 provides comparison gel permeation chromatograms (GPCs) for

ethylene homopolymers and copolymers of Examples 1-6 (E1-E6), prepared as

provided in Table 1. Formulas for the particular metallocenes used in Examples 1-6

are illustrated in FIGURE 1.

EXAMPLES 7-13

Pilot-Plant Scale Catalytic Runs Varying the Metallocene, Activator-Support, and

Conditions

Examples 7-13 (E7-E13) in Table 2 illustrate polymerization run data and

polymer characterization data for ethylene-1-hexene copolymer prepared using the

catalyst compositions disclosed herein. Polymerization runs were conducted as

follows. A 27.3-gallon slurry loop reactor was employed as the polymerization

reactor. Polymerization runs were carried out under continuous particle form process

conditions in the loop reactor (also known as a slurry process) by contacting an

isobutane solution of a first metallocene, having the formula indicated in FIGURE 1,

and a second metallocene, having the formula indicated in FIGURE 1, with either

triisobutylaluminum or tributylaluminum and a sulfated alumina activator-support in a

0.5 L stirred autoclave with continuous output to the loop reactor.

Precontacting was carried out in the following manner. Either

triisobutylaluminum or tributylaluminum solution and both metallocene solutions in

isobutane were fed as separate streams into a manifold upstream of the solid activator

feeder outlet where they contacted each other and were combined with isobutane

flush. The solid activator was flushed with the combined solution into the autoclave,

briefly contacting the either triisobutylaluminum or tributylaluminum/metallocenes

mixture/solid activator just before entering the autoclave. The combined solution

flush used to transport the solid activator into the autoclave was set at a rate that

would result in a residence time of approximately 6-24 minutes in the autoclave 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 Union

Carbide Corporation) which was purified through a column of alumina activated at

250°C (482°F) in nitrogen. 1-Hexene used was polymerization grade 1-hexene
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Autoclave Residence _ Time (Min) cocatalyst Type Cocatalyst (precontactor
+ reactor) _ (PPin) _ Ric Temp (F) - - - Ethylene (mol%) 1-hexene (mol%)
C6=/C2= (Mole Ratio) (114/cpu)zii C2= Feed Rate (Ib/hr) 1-Hexene Feed
Rate

(obtained from Chevron Chemicals Company) which was further purified by
distillation and subsequently passed through a column of alumina activated at 250°C
(482°F) in nitrogen. The loop reactor was a liquid full, 15.2 cm diameter, loop
reactor, having a volume of 27.3 gallons (103.3 liters). Liquid isobutane was used as
the diluent. Some hydrogen was added to regulate the molecular weight of the low
molecular weight component of the polymer product. The isobutane was
polymerization grade isobutane (obtained from Phillips Petroleum Company, Borger,
Tex.) that was further purified by distillation and subsequently passed through a
column of alumina activated at 250°C (482°F) in nitrogen.

Reactor conditions included a pressure around 580 psi (4 MPa), and a
temperature about 77-95°C (170-203°F) as indicated in Table 2. Also, the reactor was
operated to have a residence time of about 1.1 hours. The solid activator was added
through a 0.35 cc circulating ball-check feeder and fed to the 0.5-Liter autoclave as
described above. Metallocene concentrations in the reactor were within a range of
about 1.32 to 3.58 parts per million (ppm) of the diluent in the polymerization reactor.
Polymer was removed from the reactor at the rate of about 22-27 lbs per hour and
recovered in a flash chamber. A Vulcan dryer was used to dry the polymer under
nitrogen at about 60-80°C (140-176°F).

The cocatalyst (TIBA or TNBA) was added in a concentration in a range of
from about 110 to 201 parts per million of the diluent in the polymerization reactor.
To prevent static buildup of the reactor, a small amount (less than 5 ppm, by weight,
of diluent) of a commercial antistatic agent sold as “Stadis 450” was usually added.
The various resins were prepared according to the above procedure, as specified in
Table 2.

FIGURE 3 provides comparison gel permeation chromatograms (GPCs) for
ethylene homopolymers and copolymers of Examples 7-13 (E7-E13), prepared as
provided in Table 2. Formulas for the particular metallocenes used in Examples 7-13

are illustrated in FIGURE 1.
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Table 2. Pilot plant polymerization conditions and polymerization results.

metallocene; 2) at least one second metallocene; and 3) at least one
activator-support, wherein: a) the at least one first metallocene comprises an
ansa-metallocene having the formula: (X1)(X2)(X3)(X4)M1(M1 -A), wherein

M1 is titanium, zirconium, or hafnium; (X1) and (X2) are independently a
substituted cyclopentadienyl, a substituted indenyl, or a substituted fluorenyl;
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E9
Alumina

Sulfated

M-1+M-E

M-1:2.37

M-E: 1.06
14.37

TIBA

20.02+174.5

202.8

14.42
0.45
0.03

29.53

0.61

60.1

24.23

2233

0.052

276.43

8.31
333

E8
Alumina

Sulfated

M-1+M-E

M-1:2.25
M-E: 1.02

14.68

19+168.5

TIBA

202.9

13.93
0.49
0.04

29.59

0.61

61.48

24.22

22.67

0.9517
292.07

8.59
34

E7
Alumina

Sulfated

M-1+M-E

15.57

M-1:2.51
M-E: 1,07

TIBA

20.02 + 181.48

202.9
15.15
0.55
0.04

29.61

0.56

59.3

24.63

2248

0.9533

317.04

13.48
23.5

Example No.
Activator-Support

MetalloceneS !

Metallocene to
Reactor (ppm)
Autoclave Residence
Time (Min)
Cocatalyst Type °

Cocatalyst
(ppm)
Rx Temp (°F)
Ethylene (mol%)

(Mole Ratio)

1-hexene (mol%)

C6=/C2

H, (mlb/hr)

C2= Feed Rate (Ib/hr)

(precontactor + reactor)

1-Hexene Feed Rate

(tb/hr)
Total iC4 Flow Rate

(Ib/hr)
Solids Conc. wt. %

Polymer Production
{(Ib/hr)
Density (pellets) (g/cc)

Mw/1000 (pellets)

Mn/1000 (pellets)

Mw/Mn (pellets)
Metallocene formulas are illustrated in FIGURE 1.
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M2 is titanium, zirconium, or hafnium; (X5) and (X6) are independently a
cyclopentadienyl, an indenyl, a substituted cyclopentadienyl, or a substituted
indenyl; (X7) and (X8) are independently: 1) F, ClI, Br, or |; 2) a hydrocarbyl
group haying up to 20 carbon atoms, H, or Bl-14; 3) a hydrocarbyloxide
group, a hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which
haying up to 20 carbon atoms; or 4) OBRB2 or SO3RB, wherein RB is an
alkyl group or an aryl group, any of whighWhgyng up to 12 carbon atoms; and
any substituent on the substituted cyclopentadienyl or substituted indenyl is

independentty an AliSARRESHI SO BRI BIAOYRSLBr UL JPatipleast one first
binati f aljphati d li , , If :
irogBH LTSN 2 Do KANGH e BrE EHLISEl o doeas i BB 2 peor.

silicorvlvlgerro%p, or a boron group, any of which haying from 1 to 20 carbon
atoms; a Flalide; or hydrogen; ii) (X. sup.9)(X. sup.10)(X.

sup.11)(X.sHpg2)Me YRR (M3 A MREEIBMptR- FuiSALARIUMMOAEEORIVNY the
or hafnium; (X.sup.9) is a substituted cyclopentadienyl group, wherein one
substituent {g@am@liphatic group, an aromatic group, or a combination of
aliphatic and cyclic groups, any of which having up to 20 carbon atoms;
(X.sup.10) isad)sshetitutetinidenyl group, wherein one substitughtlissan
aliphatic group, an aromatic group, or a combination of aliphatic and cyclic
groups, anyvdfewhich having up to 20 carbon atoms; (X.sup.11) and

(X.sup.12) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl group having
up to 20 cafoit HtaMHENHireprBINseit1afBY% hydrocarbyloxide group, a
hydrocarbylamino rog;:), or a trihydrocarbylsilyl group, any of which having

Up 1o 20 caiBoh A5 6Fa SBRIEBIC S Bl pperedpE Ao
R.sup.0 is an alkyl group or an aryl groyp, any of which having up to 12

carbon atoms, & d%ﬁys &Hltﬂtoeﬁﬁaﬁxot? Ll:ﬁjent on the substituted
cycloperieciarL RRPHIRY AR £ INdEReIAc AN AIRIBNS ARt B v
an aromatic group, a cyclic group, a combination ofaliphatic an cyclic

groups, an Q{YaeR GrRUP.AxH! s URiANIHAFED LakRIAPRASPBRIUS: atom,
group, an arsenic group, a carbon group, a silicon group, or a boron group,
any of whichraavingdrasa b &QxsrhenRtms alalid® andrdregaiepédinty
any combination thereof; and c) the at least one activator-support comprises

a solid oxiderireeegrwviphoanneledtposupyithieavindiahibais Apaomposiii@natoms,
according to claim 1, wherein the metallocene

(X.sUp.5) (X SUpBYRErs whaHX &8 Mesu R 2aM RAY fmasryherdopmula:;
(X.sup.5)(X.sup.6)(X.sup.7)'(X.sup.8)M1.sup.2 gM‘Z-B), wherein M.sup.2 is 107
zirconium ofthigfsiuphe (FRS') apid (8K )sap @Y hie indepEhtishey an unsubstituted
cyclopentadienyl, an indenyl, a substituted cyclopentadienyl, or a substituted

indenyl: (X.&lK5™) SRURRLNS.8) Lrd%SapRAWENty a hydrocarbyl group
having up to 12 carbon atoms, H, BH.sub.4, F, Cl, Br, or I; and an
O WL R R TR achhy 3 Bt rvargroay! eoup

substituent He's opentadienyl or stibstituted in

independerfiin SiP1245 Siauh, ADATCMALE BIPLA, A YAISTIBUBL e s, o

combination of a tic and cyclic groups, any of which Having from 1t

carbon atomgrct-ofH GARRENRD, JFSAMNG IO BRI MBETEID PG hich havi
metallocene %Xr.sup.gga(x.su%lf&{aog(x.suﬂllg)(x.s%.1y21)%/|.EEp.SQ(MS-AI\(): ha%swt?]geup

formula: (X.t52p c26n stphd DX OBRLIGOSOSRD; bdMVbisUR  I{MBaByINheIs 1B an

aryl group, any of which having up to 12 carbon atoms; and
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M.sup.3 is zirconium or hafnium; (X.sup.9) is a substituted cyclopentadienyl
group, wherein any substituent is independently a linear or branched alkyl
group having up to 12 carbon atoms; (X.sup.10) is a substituted indenyl

group, wherein any substituent is independently an aliphatic group, an
aromatic group, or a combination of aliphatic and cyclic groups, any of which
having from 1 to 20 carbon atoms; and (X.sup.11) and (X.sup.12) are
independentfy, a hyffaearRYb GHaMR having %ﬂ&i&@e&&'&?&@ﬁéﬁmﬁ B Klibstituted

sub.4,F,Cl,Br,orl. 4. A composition according to claim 1, wherein the at least

one secondifaeiallagenaueaRiésas pRuBLdged Mmeia)logens bayieg:-Haenty an
formula: i) (X.sup.5)(X.sup.6)(X.sup.7)(X.sup.8)M.sup.2 (M2-B), wherein
M.sup.2 is zilpaniicrgrot)ain irom k. Supup,) angtX.stan b aarenibiclepande aliyhatic
cyclopentadienyl, an indenyl, a substituted cyclopentadienyl, or a substituted
indenyl; (X.sop.?7ydndeiXugspB) axgdedepandentiylauhydeoearbyltgrgup group, a
having up to 12 carbon atoms, H, BH.sub.4, F, Cl, Br, or I; and any

substituent BPtRBOSUHERR SRS EFERIA YT PRI e kL fdE AP gT a boron
independently an aliphatic group, an aromatic group, a cyclic group, a
combinatiorf BHEHEHAICID BJUINE G0 aHy PO R ARG 0B hydrosen:
upfroml1to20Qcarbonatoms:ii) (X. sup .9 %( sup.10 E}X. sup.11)(X.

D 12 ot B B eSOV SRS T R or ek B byee
a substitute%a%lc%[glpeeﬁ ignyl group, wherein any _substituent is

independently aTinear or branched alkyl group having up from 1 to 12 carbon
atoms; (X.SH@@Q&s)@(sﬂgsﬁ{qated indenyl group, wherein any s&@ag&tyent is
independently an aliphatic group, an aromatic group, or a combination of
aliphatic anglgaelic groups, any of which having from 1 to 20 carbon atoms;
and (X.sup.11) and (X.sup.12) are independently a hydrocarbyl group having
up to 12 cardois sitemsy HirBiismbot hEn@inBr, or I; or iii) any combination
thereof. 5. A composition according to claim 1, wherein the at least one first
metallocendX0mmtis¥d arcamispemiditavingy thepdotaviha] #HSTIROOD IMstbstituted
wherein M.sup.1A is titanium, zirconium, or hafnium; X.sup.3A and X.sup.4A
are indeperféligiadesngron aebirieshiddsaybr methyl; E.sup.A is C or Si;
R.sup.1A and.R.sup.2A are independently an alkyl group or an aryl group,
either of whihW HEWiHE U5t 19esPHEM ¥tomE; Sin{farSGdn 2whepairr e tahgroup
one of R.sup.1A and R.sup.2A is an aryl group; R.syp.3A and R.sup.4A are
independen%i/vﬂgolrl%f—?.?ﬁb?gfbr?l}saéorﬂsntggeorrfro}r%’ 0’5 |¥|§Crﬁfsairv S;loagﬁqf group, a

R.sup.5A ap dﬁjéé%Bg%ﬁl%ﬂg,P&%%ﬂyXr@&r%@ﬁ’s'ﬂgfi%g

8\5_8,%330'% R EGing up
group, a cyclic group, a co tion of aliphatic’an clic groups, an oxygen

group, a SUW@@@%@@MQ%QW@%M@WH@&EWS%H Qﬁ@%i%up or an
group, a carbon group, a silicon group, or a boron group, any of which having
from 1 to 12gaheipatems, iiflyiogenp 6. 13 6aBusHin agcording to claim
1, wherein the at least one second metallocene comprises a compound

having the farmsiasti)u#SAR OO 03b4tH oednyctpritidaioh dhenbaifuddenglonyl is
M.sup.2A is, independently, zirconium or hafnium; X.sup.7A and X.sup.8A, in
each occurredeeendratindapetigbaily Eroth, By | atvsaritigl, ploepyla oryelsthgioup, a
and R.sup.7A and R.sup.8A, in each occurrence, are independently H,

methyl, ethyICHbFHSIRA, of OYP Rt RISt TP sHbO2TIaNsEIBUPCHS ity 2PHp: 2
CH.sub.2CH.dbd.CH.sub.2, CH.sub.2CH.sub.2CH.dbd.CH.sub.2, or i
CH.sub.2CH E0#2 E1"8up PEIRMBY E19U8uB A TS TR0 B 638 Sidelyilicon
M.sup.3A is zirconium or hafnium; R.sup.9A js H or CH.sub.3; R.sup.10A is
M. Chrsub SRt Cmteed B o D S e T Sl s o
sub.2CH. Slﬂgh%g’lgr %ﬁ}dg&ﬁ.db d.CH. sub.2, CH. sub.2CH. sub.2CH. sub
.2Ph, or CH. sub.2CH.sub.2CH. sub.2CH. sub .3 ;
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and X.sup.11A and X.sup.12A are independently F, Cl, Br, |, benzyl,
phenyl,ormethyl;oriii)anycombinationthereof. 7. A composition according to
claim 1, wherein the at least one activator-support is a solid oxide treated
with an electron-withdrawing anion, wherein:thesolid oxide
issilica,alumina,silica-alumina, aluminophosphate, aluminum phosphate, zinc
aluminate, heteropolytungstate, titania, zirconia, magnesia, boria, zinc oxide,

mixed oxidgg, Q}@Eﬁﬁb)gfé’tﬂy 1@2@%@[&1@1@@4 ﬁ@;ﬁ%.@@@—A), wherein M.sup.3
uor

electron-withdrawing anion is ide, chloride, bromide, iodide, phosphate,
triflate, bisulfagensutiatecBriarebaratenilliorosulipoe idriflupreageiat@slopentadienyl
phosphate, fluorophosphate,fluorozirconate,fluorosilicate,fluorotitanate,
permanganateysubktittibtechersuisinisiitistad slisanesyttopate, swbstititeduplr or a
unsubstitutedarenesulfonate,oranycombinationthereof. 8. A composition
according tewidimriomHetaimtiveusblivcbxgleupeatadofithicnheleagramto 20 carbon
withdrawing anion further comprises a metal or metal ion selected from zinc,
nickel, vanatifiy, (gt oAb siERGIngRpEk Siiviinppvherein one substituent is an
anycombinationthereof. 9. A composition according to claim 1, wherein the

at least oneiRPH BN e EORK WP cBhih SURBIHLTH § tHlRBR G ARd cyclic
##STRO0037## whereip M.sup.1B is zircgnium or hafnium; R.sup.2B i
TOUpPS Q iy!\él%. n%aﬁné.llﬂ) i%% cerlTr-'ban atomqsé:(?t%?w.gﬁépﬂ Q(bs.%[?.u)

methyl or pl*%en ;’Iﬂl.]gup. are indepen

andnisan 110 ] iti carding, t ' i 2 at
one first e A B A A R 535 20

combinationtgifofadshs A $PMBPSTANAEAONO 10 dgideRETEN BB, o

least one second metallocene comprises a compound having the formula:
##STRO00AQiOeABY Y HRD NG 0P AR RALMBEISIN MosPad BB wHERRIMS up
or hafnium; X.sup.7B and X.sup.8B are independently benzyl, Cl, or methyl;
and R.sup.%8 and-teupBBnareinde@EmBRlenily sibrethybGethy3RiqapoPylwherein
n-butyl, CH.sub.2CH.dbd.CH.sub.2, CH.sub.2CH.sub.2CH.dbd.CH.sub.2, or
CH. sub.2CRiseb. BGHalspher2@Hin drghrawb 2y of which having up to 12 carbon

atoms; and any additional substituent on the substituted cyclopentadienyl or
substituted indenyl is independently an aliphatic group, an aromatic group, a
cyclic group, a combination of aliphatic and cyclic groups, an oxygen group, a
sulfur group, a nitrogen group, a phosphorus group, an arsenic group, a carbon
group, a silicon group, or a boron group, any of which having from 1 to 20
carbon atoms; a halide; or hydrogen; or iii) any combination thereof; and c) the
at least one activator-support comprises a solid oxide treated with an electron-

withdrawing anion.

2. A composition according to claim 1, wherein the metallocene
(X.sup.5)(X.sup.6)(X.sup.7)(X.sup.8)M.sup.2 (M2-A) has the formula:
(X.sup.5)(X.sup.6)(X.sup.7)(X.sup.8)M.sup.2 (M2-B), wherein M.sup.2 is
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12. A composition according to claim 1, wherein the at least one second
metallocene comprises a compound having the formula: ##STR00041##
##STRO0042## ##STR00043## or any combination thereof. 13. A
composition according to claim 1, wherein the at least one second

metallocene comprises a compound having the formula: ##STR00044##
wherein M.sup.3B is zirconium or hafnium; R.sup.9B is H or CH.sub.3; andR.
sup .10BisH,CHdn /b &Cﬁa%QH(;H(Z légpzﬁ) and |4X.sup.6 are independently a
CH.sub.2CH.sub.2CH.dbd.CH.sub.2, CH.sub.2CH.sub.2CH.sub.2Ph, or CH.
sub.2CH. s§B@rNadisnyc Hsuidenyly. A coipByiaen axdoranigliendlainer, a
wherein theggblgast@nenserpnd Mmelajjosentids SXeeee) TR  independently a
##STRO0045## ##STR00046## ##STR0O004 7##0oranycombinationthereof.

15. A compBEierrEREoRERHE B ERaHPL e raiRoR iRE St b BHowE firdt: CL. Br,
metalloceng,£PMpaSHS SubRIRAH G hiayinddhe dar DR pEHedREIM &ibstidted

wherein M.sup.1B is zirconium or hafnium; R.sup.2B is methyl or phenyl; .
R.sup.3B aff %L p 4BISPENAHY pe ARG 4 R s IB. " AHY | B aWPintegwic
from O to 5, gralgsivephpihsiahleasliphaisesenclirtaloss)eoBIPRIERS daving
compound having the formula: i) #STR00049## wherein M.sup.2C is
zirconium ot R&fnium: angqx.supjdoand X.sup.gc are ind%%gﬂgently ben%c)lr,ns‘
Cl, or methyl; ii) #STR00050## wherein M.sup.3B is zirconium or hafnium;
R.sup.9B is of CH.sub.:L' and R.s n.10 iscll_:!ﬁ CH,sub. CH.dﬂg.C %t?l:ﬁ_.?%bne
, CH.'s .Sub. :

H.

CH. sub.2CH. £ub SR da" cSLB! UB2dH. QB2 Sub”

or CH. sub.2ZCEiBIZGih. 50228, 106K 3uporZiiylamy . ddivbBiratiors theréofnula:
16. A iti i i [ ti t tl .

C°mp§’%ﬁ5’9¢%§§%§srtfﬁ%f§§§ﬁ‘@ ﬂ)(ﬂ@&éﬁl‘(?)@[m%{%r rationgt 1B at I§agl ein

one first metallo . e at'least one second metallocene'in the '
compositionéfreprabaut] ZiGwubout 1@: 1. hafpiyncortosipidh ascomlingihstituted

claim 1, Wh%%i@ﬁ&ﬁa%ﬁéﬁ?ﬁ%%%ﬂ\ém PR IR RIS RRIRAUGNO A e ar

alumina, fluorided alumina, fluorided aluminophosphate, sulfated alumina,

fluorided silRabanisiieh, 8FYArSF QEnIBIHAEo RPN EY Y. caBOp, empositiowp-10) is a
according tQ g dd WHEERIN 18P art-BrPaust (MERRLGAMPRES ¢hlidhily an

least one orgianoalumlnum compound having the formula: o .
Al(X.sup. 13} SRR RISUP. £ 2EB RN SHR B GOSN AL hakipdasicap Ly clic
having fromglolg 0.aarePN RGMSviteSHB4) 6 20 alByifaenanatyloxide.11)
any of which having from 1 to 20 carbon atoms, halide, or hydride; and n is a

number frof"d {55 uRditisRrE. I PANIS N0 it HTaER iR WP chgivipggup to 12

wherein thecateast oa@ms, H, BH.sub4, F, ClL,  Br, or L
organoaluminumcompoundcomprisestrimethylaluminum,
triethylaluminum,tripropylaluminum,tributylaluminum,

4. A composition according to claim 1, wherein the at least one second

metallocene comprises an unbridged metallocene having the formula: 1)
(X.sup.5)(X.sup.6)(X.sup.7)(X.sup.8)M.sup.2 (M2-B), wherein M.sup.2 is
zirconium or hafnium; (X.sup.5) and (X.sup.6) are independently a
cyclopentadienyl, an indenyl, a substituted cyclopentadienyl, or a
substituted indenyl; (X.sup.7) and (X.sup.8) are independently a
hydrocarbyl group having up to 12 carbon atoms, H, BH.sub.4, F, Cl, Br,
or I; and any substituent on the substituted cyclopentadienyl or substituted
indenyl is independently an aliphatic group, an aromatic group, a cyclic

group, a combination of aliphatic and cyclic groups, any of which having
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triisobutylaluminum,trihexylaluminum,trioctylaluminum, 112 diethylaluminum
ethoxide, diisobutylaluminum hydride, diethylaluminum
chloride,oranycombinationthereof. 20. A composition according to claim 18,
wherein: a) the at least one first metallocene comprises a compound having
the formula: #STR0O0051## wherein M.sup.1A is zirconium or hafnium;
X.sup.3A and X.sup.4A are independently F, Cl, Br, |, benzyl, phenyl, or
methyl; E.Sl&[B.A is G@hoi R.spp.1A and R.syg.2A argaigggpend%g)%gn alkyh)

group or an aryl group, either of which having up to 12 carbon atoms, or

hydrogen, Wieté ¥risast OheXeR. 5L ARAd) ML.sup-DA is @RaB)l grovyferein
R.sup.3A ang &s9p-4A a/gdadaRendentlyabhiancH Subug;g) isign integfistituted
from O to 5, inclusive; and R.sup.5A and R.sup.6A are independently a
hydrocarby g FoRS HALGHHSC Yot BeLainat BISRS YHSTH 1 1BJERENGFAY, 4 linear
combinationpbaliRhaliaIRMILEYGH B OALRS RONAVGEN grdbth AasHFUNTEEHNORs
nitrogen group, a phosphorus group, an arsenic group, a carbon group

a
silicon group, YPEBYFENTUI, SRV W Y RSt 3" Sheipnty an
atoms; or hytlppgan ghyupeatieasienecgcond nsisllotRneocariprsesial cyclic
compound having the formuyla. i) #5TRO0052## gr any combination thereof
horein WA A e LReR 0Bl Rt S o1 1)
X.sup.8A, inedhcX eopltence iadepardiepdndemydiocShyBrgiolpehzylnphenyd, 12
or methyl; and,R.sup.7A .Sup,8A, i ch occurrence, are , . .

indepen den%ﬁ;l?-?,n r%ltggﬁ)sn ,%Q%ﬁ'sﬁlﬁgﬁofylﬁi- ﬁt?f?fi-%relﬁ‘tgﬁny combination thereof.
CH.sub.2CH.sub.2CH.sub.2Ph, CH.sub.2CH.dbd.CH.sub.2,

CH.sub.2CH.syb. dhd.CH.sub,2, 0 . herein th 1 f
Chsub 20 ot S SRS RPN chim - mbraibotieatl et g e
M.sup.3A ismétetesans comaimiasna Rosuprondidiayiog e SabBiR EHPTIRN(S 444
H, CH.sub.2GH dhdiFi Sub2; CHsRACH SUR A HAPL G SUDR GHA and
sub.2CH. sub.2CH. sub .2CH.db d.CH. sub.2, CH. sub.2CH. sub.2CH. sub
.2Ph, or CHXsup:2& e iilorerdenily e, Bubl. bengsli phewid. prAnathyl: E.sup.A
X.sup.12A gged W@??R%BWA%@ R@uﬂzﬁ%ln@&féﬁ)ﬁkrﬁfﬂﬁt%%Mﬁey an
combination thereof; c) the at least one organoaluminum compound

comprises t?ﬁ%ﬂﬁ?@u?ﬁﬁhﬂnﬂf 1hich having up to 12 carbon atoms, or hydrogen,
triethylalumipyersihREapMaBHRIGUR WYY lald RIBHFD Aris QR Ui RBBUPURsup. 3 A
trihexylaluminum, trioctylaluminum, diethylaluminum ethoxide,.

diisobutylal@ftAt: g ar e, RsRSam AL AT Sotiie’:dt Wiy dBsTnERBHO t© S
thereof; and)ikieat iedasRons etiviaterBUppei carargeseadalig axidealiphatic
treated with an electron-withdrawing aniop, wherein: the solid oxide i %ilica,
alumina, SIERSUAMEO BRI RBIRoSpHAEL AFSHIdr YOS HERE ot and
aluminate, hgté¢ropebitpngsiates tianigraifconiapmagpeasip, hoHarcine xide, a
mixed oxideﬁa})heﬁeofé or ar:p/ combination thereof; lg:md the i
electron-withdP3RVing aRion s flubiide, hiofaé, Bromide, ibaide) shosphate, " &
triflate, bisufaten suigicarflyof olorhteafingrivsuliate 1 € iflarbroadetasepr hydrogen.
phosphate, fluorophosphate,fluorozirconate,fluorosilicate,fluorotitanate,
permanganate, substituted or unsubstituted alkanesulfonate, substituted or
unsubstitutédate pesplfsitiate amandoenibinkiioniherbofei? thehatdmpositionecond

according 1Q,Glafp 18, Whekeit:a) Eﬁﬁ%&&%&%a%ﬂ%f&%t RIAMRG§ 98 TRO003 514
comprises #STRO00054## or any combination théreof; b) the at least one

second metalloéeyie CURhHKEN HISTRO00BBe I Br My ubdbinatiomdapraddntly,
c) the at leag Qg A AGNRA TN UR LOMROHRY KAmPRses trigihyBUAIHRHAR, are

tn-n-butylaluminum, triisobutylaluminum, or any combination thereof; and d

the at least Bidersetleator Kubpobr cdnisnads bt a5 anetbxigand R.sup.7A and

R.sup.8A, in each occurrence, are independently H, methyl, ethyl, n-propyl,
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22. A composition according to claim 18, wherein: a) the at least one first
metallocene is selected from ##STRO0056## or any combination thereof; b)
the at least one second metallocene is selected from ##STRO0057## or any
combination thereof; c) the at least one organoaluminum compound
comprises triethylaluminum, tri-n-butylaluminum, triisobutylaluminum, or any
combination thereof; and d) the at least one activator-support

comprisesaﬁgg[ﬁggdalumina. qu_ﬁ,eﬁgmposition accgﬁjgg)pm%éd@ﬁ{ggph’

the contact product further comprises: 5) an ionizing ionic compound selected

from tri(nbufytjerasilfRd&tFaRIRB-toly fbrabe2 tfrmibuidaahasiimb 2, or

tetrakis(mtogy)RaradeHri( beHaamDIGNIA.CH.sub.2; i) ##STRO0036## wherein
tetrakis(2,4-dimethylphenyl)borate, tn%n-butﬁammomum

tetrakis(3, 5 Uit tRYIIRSHYNBBFAR. BHALMT RS Aeh Gty RowRihdA
dimethylanilinium tetrakis(ncialyhomatausimethylpheryhb@mbeH. dbd.CH.sub.2,
dimethylphenyl)borate N,N-dimeth¥lanilinium N,N-dimethylanilinium

N, N-dimethViGritRiaht @tpAGdis b tiaRPL G e Retraki s [3 5-

CH.sub.2CH.sub.2CH.sub.2Ph, or CH.sub.2CH.sub.2CH.sub.2CH.sub.3;
and X.sup.11A and X.sup.12A are independently F, CI, Br, I, benzyl,

phenyl, or methyl; or 1i) any combination thereof.

7. A composition according to claim 1, wherein the at least one activator-
support is a solid oxide treated with an electron-withdrawing anion,
wherein: the solid oxide is silica, alumina, silica-alumina,
aluminophosphate, aluminum phosphate, zinc aluminate,
heteropolytungstate, titania, zirconia, magnesia, boria, zinc oxide, mixed
oxides thereof, or any combination thereof; and the electron-withdrawing
anion is fluoride, chloride, bromide, iodide, phosphate, triflate, bisulfate,
sulfate,  fluoroborate, fluorosulfate, trifluoroacetate, = phosphate,
fluorophosphate,  fluorozirconate,  fluoro  silicate, fluorotitanate,
permanganate, substituted or unsubstituted alkanesulfonate, substituted or

unsubstituted arenesulfonate, or any combination thereof.

8. A composition according to claim 1, wherein the solid oxide treated with
an electron withdrawing anion further comprises a metal or metal ion
selected from zinc, nickel, vanadium, tungsten, molybdenum, silver, tin, or

any combination thereof.

9. A composition according to claim 1, wherein the at least one first
metallocene comprises a compound having the formula: ##STRO0037##
wherein M.sup.1B is zirconium or hafnium; R.sup.2B is methyl or phenyl;

R.sup.3B and R.sup.4B are independently H or CH.sub.3; and n is an
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bis(trffluoromethyl)phenyl]borate,N,N-dimethylanilinium
tetrakis(pentafluorophenyl)borate,triphenylcarbeniumtetrakis(p-
tolyl)borate,triphenylcarbeniumtetrakis(m-tolyl)borate,
triphenylcarbeniumtetrakis(2,4-dimethylphenyl)borate,
triphenylcarbeniumtetrakis(3,5-dimethylphenyl)borate,
triphenylcarbeniumtetrakis [3,5 -bis(trifluoromethyl)phenyl]borate,

triphenylcarhenium tetrakis(ggntafluorophenyl)borgte, tropylisim tetrakis(Pr;sive.
tolyl)borate, tropylium tetrakis(m-tolyl)borate, tropylium tetrakis(2,4-

dimethylphenyl)borate,tropylium tetrakis(3,5-dimethylphenyl)borate,

tropyliumtetygkia [3ompbisiéi Hleasrmetiynheaylldwraledrery i Meast one first

tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)borate,
lithium tetramgt@%}%ﬁ%bﬁra%@?ﬁt?ﬁumgxréﬁé?&@@é%a#&% B@H‘H%P)## or "any

tetrakis(m-tehhibmEaign lithium tetrakis(2,4- dimethylphenyl)borate, lithiunghereof.
tetrakis(3,5-dimethylphenyl)borate, lithium tetrafluoroborate, sodium
tetrakis(pentafluorophenyl)borate, sodium tetrakis(phenyl) borate, sodium

tetrakis(p-tolyl) korai@psoidicimate tialkis mialddaoratehsedihe at least one second
tetrakis(2,4-dimzl':hp I %gn lhorate, sodium

tetrakis(3,5- ik Beratt LBaRN BN dPsdoratda bR QP40 or
tetrakis(pentaflucsophenid)bdrateyfp otdssinm Mgk B(pkeriyt)imoratey hafnium;

potassium tetrakd s, {9 YIRS RSN RIAY BITILNOPOR Gct; and
R.sup.7B and R.sup.8B are independently H, methyl, ethyl, n-propyl, n-
butyl, CH.sub.2CH.dbd.CH.sub.2, CH.sub.2CH.sub.2CH.dbd.CH.sub.2, or
CH.sub.2CH.sub.2CH.sub.2CH.dbd.CH.sub.2.

12. A composition according to claim 1, wherein the at least one second
metallocene comprises a compound having the formula: ##STR0004 1##
##STRO0042##  ##STRO0043## or any combination thereof.

13. A composition according to claim 1, wherein the at least one second
metallocene comprises a compound having the formula: ##STRO00044##
wherein M.sup.3B is zirconium or hafnium; R.sup.9B is H or CH.sub.3;
and R.sup.10B 1S H, CH.sub.2CH.dbd.CH.sub.2,
CH.sub.2CH.sub.2CH.dbd.CH.sub.2, CH.sub.2CH.sub.2CH.sub.2Ph, or
CH.sub.2CH.sub.2CH.sub.2CH.sub.3.

14. A composition according to claim 1, wherein the at least one second
metallocene is  selected from  ##STRO0045##  ##STRO0046##
##STRO0047#4# or any combination thereof.

15. A composition according to claim 1, wherein: a) the at least one first

metallocene comprises a compound having the formula: ##STR00048##
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potassium tetrakis(2,4-dimethyl-phenyl)borate, potassium tetrakis(3,5-
dimethylphenyl)borate, potassium tetrafluoroborate, triphenylcarbenium
tetrakis(p-tolyealumi nate, triphenylcarbenium tetrakis(m-tolyl)aluminate,
triphenylcarbeniumtetrakis(2,4-dimethylphenyl)aluminate,
triphenylcarbeniumtetrakis(3,5-dimethylphenyl)aluminate,
triphenylcarbeniumtetrakis(pentafluorophenyl)aluminate,tropylium

tetrakis(p-tolyealminaley, PRy U4 ARHRIISHRRAI) S HE:HRRKWEY phenyl;
tetrakis(2,4-dimethylphenyl)aluminate,tropyliumtetrakis(3,5-

dimethylphéﬁ?%liﬁnﬁi&e%%‘;ﬁﬁﬁn@fe independently H or CH.sub.3; and n is an

tetrakis(pentgflyaraphany @l ninRIBSHBIUB) the at least one second metallocene
tetrakis(pentafluorophenyl)aluminate, lithium tetrakls(p,he#]gl aluminate,
a

lithium tetrakiSprity alERIRAEE ditkitimerdarRE I fimiRaL)49## wherein

M.sup.2C is zirconium or hafnium; and X.sup.7C and X.sup.8C are
independently benzyl, Cl, or methyl; ii) #STRO00050## wherein M.sup.3B
is zirconium or hafnium; R.sup.9B is H or CH.sub.3; and R.sup.10B is H,
CH.sub.2CH.dbd.CH.sub.2, CH.sub.2CH.sub.2CH.dbd.CH.sub.2,
CH.sub.2CH.sub.2CH.sub.2Ph, or CH.sub.2CH.sub.2CH.sub.2CH.sub.3;

or 111) any combination thereof.

16. A composition according to claim 1, wherein a molar ratio of the at
least one first metallocene to the at least one second metallocene in the

composition is from about 1:10 to about 10:1.

17. A composition according to claim 1, wherein the at least one activator-
support is selected from chlorided alumina, fluorided alumina, fluorided
aluminophosphate, sulfated alumina, fluorided silica-alumina, or any

combination thereof.

18. A composition according to claim 1, wherein the contact product
further comprises: 4) at least one organoaluminum compound having the
formula: Al(X.sup.13).sub.n(X.sup.14).sub.3-n, wherein (X.sup.13) is a
hydrocarbyl having from 1 to 20 carbon atoms; (X.sup.14) is an alkoxide or
an aryloxide, any of which having from 1 to 20 carbon atoms, halide, or

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

19. A composition according to claim 18, wherein the at least one

organoaluminum compound comprises trimethylaluminum,
triethylaluminum, tripropylaluminum, tributylaluminum,
triisobutylaluminum, trihexylaluminum, trioctylaluminum,
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lithium tetrakis(2,4-dimethylphenyl)aluminate,lithium tetrakis(3,5-
dimethylphenyl)aluminate,lithiumtetrafluoroaluminate,sodium
tetrakis(pentafluorophenyl)aluminate, sodium tetrakis(phenyl)aluminate,
sodium tetrakis(p-tolyl)aluminate, sodium tetrakis(m-tolyl)aluminate, sodium
tetrakis(2,4-dimethylphenyl)aluminate,sodium tetrakis(3,5-
dimethylphenyl)aluminate,sodium tetrafluoroaluminate, potassium
tetrakis(penfafioraphemyilaliinate dRQBR HMAR HAKISARARY NALAYRAIRinum
potassium tetrakis(p-tolyl)aluminate, potassium tetrakis(m-toly1)- aluminate,
potassium teMarEy2 4-dimetRyIphenyl)adiifinate, pota@diaiitdtrakis  thereof.
(3,5-dimethylphenyl)aluminate, potassium tetrafluoroaluminate,
triphenylcarbenium tris(2,2',2"-nonafluorobiphenyl)fluoroaluminate, silver
tetrakis(1 1,203’89 MRRERIOAE RIS AarIBIRt ) atisifiate) dhesbdgast one first

tetrakis(perfiQiadcbrtoxongtisinates Apamdcrankipatieryshaeef 424 R0005 1#4
catalyst composition comprising a contact product of: 1) at least one first

metallocene” 3y S SUBE s MUTa R EHBIUEY o iRy, W ehstoié are
organoalumindspeaoEANQUNACIaBE 4) atieakt sheayactvaterhsitppey Whigreinr Si;
a) the at least one first metallocene comprises an ansa- (X. sup .1)(X.
.20, S B ST TAP b S R ERY S i eI S o
zirconium, afithafrofiwt)i¢CK sanink) gne (2. sanba) arenis)ce peddesetly wherein at least
substituted cyclopegntadieny! ubstjtuted indenyl, or a substituted fJuorenyl:
e USRI LB A AR S oY PRI GHp WA g e A e
formula ER isdppeRisughy2Hveneréinub. 35 a ¢arbomegm f@sillton Atomluive; and
germanium @t rati = t X.SUp n C
esup.2), Skt oA e Sl IR B WP A i
or an aryl gisapp-eitherwhaisighobaying xah eceiparbermiioaimnophylipbaien and
wherein at | SUp 2 s Y, p; at: 0
substituent gfla(gc(?ggg.%)ggo?%xiﬁ%%%ﬁg{%ﬂbdst%%fg éﬁ&;@lﬂuﬁ?@i@%&%ﬁmp’ y
alkenyl groutherbioiy U eo R 2B ASHQESANE: @XCIIRPIBZENTR (X Slis ghauip, or a
independenlglé(fo]i)é%c)lgil By OF Wi RV FARY| WA RAYRGER AP ydrogen;

carbon atoms, H, or BH.sub.4; 3) a hydrocarbyloxide group, a _
hyd rocarbyl'é]ﬁh?oaé H@Er‘fﬁ, (é}eas?ﬁﬂ%l ﬁé‘&%ﬂ@fiﬂ%ﬂ?l GrsapseEny STRAERdNBRN le the

up to 20 carem@ate MHHHSTROOBRAFUR- AaSUd A Ih RSrStHR 36, SWRefi VREEBI R A
R.sup.A is an alkyl group or an aryl group, any of which hal\%?%g up to 12

carbon ators; AP S ANGi AT LB DRI YR: e LR &ifRE S -sup-8A, in each
cyclopentadieqythendbstiteliaddpeiriytl s rstitusedifl bereny | ppersubstiiterlyl; and
alkenyl group is independently an aliphatic group, an aramatic group, a cyclic
Grou & comtorEH SR kA iR ORI oy GEEeFLy i Aty
group, a niteagen greppmyphosphoylus ghgumtdn aSHNeHROEDswEb arHomb.2Ph,
group, a sili ouR, .0 on group, any of which ing fr t

carbon aton%ﬂ gigi[?al e;’cg)r@i hy rsougbgéf; b) e'%%ggs%fglﬁ%%s\ée%%}:bg ‘r@éﬁ?‘%@ne or
comprises dntuniirizigEdwheX@hbsan2didvding) Chbstariula: A STRO0053## wherein
(X.sup.5)(X ONX.SUR. 7)(X.sup. Sup.2,(M2-A) erein,M.sup.3 Is
ttanur, s o pt b B R B A TR TR B R B doa
cyclopentadienill, ablinsidrdlH dhvbstitstddZey dldbart2dibimplb 3C siostitdtad. 2,

indenyl; (X.-24p (bR, BUR-P) S IBEERRNesNy 3) . Cl, Br, or 1 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BH.sub.4; 3) a

hydrocarbyleXldety26dp sebtdiotdrBYiamitio Grbei- 8¢ H-tikyirbeairbyisilpub. 3;

group, any gfwhich 117 AayiaonuiR 124 CAPORRRMENAY 4, CI, Br, I benzyl,
OBR.sup.B.sub.2 or SO.sub.SR.sug.B, wherein R.sup.B is an alkyl group or

an aryl groupheaiy SFviRiERYRadingiupey torBbiksivatHIsfsohne) dfy at least one
substituent gryihgapuBsitked cyspngkasienylonsyhsttuted ipRmylisuminum,
independently an aliphatic group, an aropatic group, a cyclic group, a
combination of aliphatic and cyclic groups, an oxygen group, a sulfur group, a
nitrogen group, a phosphorus group, an arsenic group, a carbon group, a
silicon group, or a boron group, any of which having from 1 to 20 carbon
atoms; a halide; or hydrogen; ii) (X. sup .9)(X. sup.10)(X. sup.11)(X.



carbon atoms, halide, or hydride; and n is a number from 1 to 3, inclusive;

and d) the at least one activator-support comprises a solid oxide treated with
an electron-withdrawing anion; wherein the at least one organoaluminum
compound is optional when at least one of the following conditions exist: 1) a)
at least one of (X.sup.3) and (X.sup.4) is a hydrocarbyl group having up to 20
carbon atoms, H, or BH.sub.4; b) at least one of (X.sup.7) and (X.sup.8) is a
hydrocarbVQERNRRRKIAGHP © 2QGaRRmAATERL, of Blfsirt: and:d .
least one of (X.sup.11) and (X.sup.12)iS a hydrocarbyl group having up to 20
carbon atorfi$ispbusYIBMZREY; 2) the ctafy3tdBmipYBition com e auraasim,
one Ofganoalej}'I}cﬁﬁﬁﬁ‘ﬁlﬁ%tH%ﬁG,i afisHohateangdiiens d-red d’%e‘%}’fﬁ&l@rﬁinﬁm
catalyst composition compnsg%aa contact product of: 1) at least one first

metallocenérifee 518N SBLURY TR ARt nand il haflelseploRme activator-

activator-sugppirivdanpiised) theddideastiongditsd matallaseneeRMNigREAng
ansa-metallocene having the formula: (X. sup .1)(X. sup.2)(X, sup .3)(X.

sup.4)M. suBieMPBS Atertih MOLhp OXE tidsnithiicZir AOHIIAR: oF HEfHIna.
(X.sup.1) anthXssfhadpane:indepgogemibi a supsditpbact cyclopaotadiesymmate,

substituted |ndenyl, or a substituted fluorenyl; one substituent on (X.sup.1) .
0 (X sup. B VB R BT oL NG B o P e R0 A 9. ined
wherein E i9ddaridancatom, angilioonbatainn algesnfaniuimhateiactosmatinhataming
and E is bonded to hoth.(X.syp.1) and (X.sup.2),.and wherein R.syp.1 and

R oup > are R = R B R PO el e e
having up teulfearbdha@dmsitor hykagen swherein tatfleashorietof Rpdwsphate,
and R.sup.2ﬂ' Aryl droup; I st.one §ubst' ent on (X sy A1) q .
(X.sup.2) is alfgﬁtg)st%%eﬁ or a%ﬁ%ukgﬁt&tgd alﬁdny groéﬁé%a%ing u{pl)o{gtit%nate’
carbon atons!XISapas), snbis(userp of) ersindapehdbungsulfanag), hspfuted) or
a hydrocarbyl giauR,NAVINg. 4R AR 600N 3joms,H, or Bihsihdh) @ hereof.
hydrocarbyloxide group, a hydrocarbylamino group, or a trinydrocarbylsilyl
group, any of which having up to 20 carbon atoms; or 4) OBR.sup.A.sub.2 or

119 SO.su Q-ﬁ%%éﬁm{ QUL B EHP B 1330 fl‘ﬂ%_!vﬁé?éiﬁ: Q) A HY1eQEPHRe first
any of which having up to 12 carbon atoms; wherein at least one of (X.sup.3)

and (X.sup.%%@?fi}&é@%ﬁﬁr%ﬁ%ﬁwﬁ 5 oBYCeBbnatom&gEy b) the
BH.sub.4; and payt adpitiopabsybsittentan the sippstiiutegdsayebopssiadienyhny
substituted indenyl, substituted fluorenyl, or substituted alkenyl group is
independentRMHaHSAat G Yo pSansrdthdeshr8lip, X AR GPEHN acompound
combination@hptisbaticetidaty@lifu@io UPa  ANy0XNYGa GO tidis absiu TdlugiR, Sor
nitrogen group, a phpsphorus_group, an arsenic group, a carbon group, a
siicon grouBbr & BUYOR GroUBCERY of Whidh MG fIGH 198726 UARIGh-uppor
atoms; a hatislepaisdsydrogen; h) the at leastilfmedsecond mataitbcene oxide.
comprises an unbridged metallocene having the formula: i)
(X.sup.5)(X.sup.6)(X.sup.7)(X.sup.8)M.sup.2 (M2-C), wherein M.sup.2 is
titanium, zirédnAirnropdsainuaTcOxdsgid ctama (D8,swpetdiare)inbke peledendlyedirst
cyclopentadienyl, an indenyl stit adienyl, or a.substituted ..
eyt 0« S B £ A S ORI or
hydrocarbylbgribgphbeainpup ses eddcadidvetoens, selcoreB i enltAS BRAOOS 7## or
o AR A kS by AT I L AR pouna
group, any of which having up to 20 carbon atoms; or 4f OBR.sup.B.sub.2 or
SO.sub.3R eUpmBisesheihy RlsumnBis BhaikyyonponaiEspbyslapiamiss or
which havyngq%pé&ﬂ@r%@m@%ﬁ; WRErgjn Mkleastione X s ZbAREpport
(X.sup.8) is a hydrocarbyl group having up to 20 carbon atoms, H, or .
BH.sub.4; affti@iyeSubstituent on thAe substituted cyéf8isentadienyl or alumina.
substituted indenyl is independently an aliphatic group, an aromatic group, a
cyclic group, a combination of aliphatic gnd<yclic groups, an oxygen group, a
sulfur group, a nitrogen group, a phosphorus group, an arsenic group, a
carbon group, a silicon group, or a boron group, any of which having from 1

to 20 carbon atoms; a halide; or hydrogen; ii) (X. sup .9)(X. sup.10)(X.
sup.11)(X. sup.12)M.sup.3(M3-C),wherein M.sup.3 is titanium, zirconium, or



a cyclic group, a combination of aliphatic and cyclic groups, any of which
havingfroml1to20carbonatoms. 27. A catalyst composition according to claim
25, wherein the metallocene (X.sup.9)(X.sup.10)(X.sup.11)(X.sup.12)M.sup.3
(M3-C) has the formula: (X. sup.9)(X. sup.10)(X. sup.11)(X.
sup.12)M.sup.3(M3-D),wherein M.sup.3 is zirconium or hafnium; (X.sup.9) is

a substituted cyclopentadienyl group, wherein any substituent is

independently aAINGALRLAIANIEallY! & QURAAYING HREHLIR 12 FAPGRoduct
atoms; (X.sup.10) is a substituted indenyl group, wherein any substituent is
independentiftBef afipyRBEecH oUp AN YHEHALTO o gpMPca Kb rshiRgdo R tri(n-
aliphatic anggypligmeiovBm %i‘ﬂél@fs@ﬂ'&mhﬁ%iﬁg, R But1 RO e PRI ARG (m-
and (X.sup.11) and (X.sup.12) are independently a hydrocarbyl group having

up to 12 catSbaesMs, HIigHOEH Ammanjugy dptraliperéidimadyithsayldorate,
(X.sup.11) anch{BusRuhAdaiaony draeakyl srawmsthil phdBkhBebate, 28iA-butyl)-
catalyst composition according to claim 25, wherein the at least one second.

metallocend'CSMPHSRs an SHBHAYEd TRS(HADL e AR HEEY HORifa: )  ri(n-
(X.sup.5)(Xtsuplaypksbium) (X.sup. SpMaigpe (2t pvbgyBboitsup.2 is - N,N-
zirconium or hafpium;. (X,sup.5) and (X.sup. re independently a -
cyclopentaoqgﬁ'f/&lgﬁqéd’éﬁ a sﬁ%ﬁ?%h%dt%@aagﬁré‘ﬁiadien&?%’rgg%eﬁl@gﬂﬂﬂlél&lm
indenyl; (X.sttpmitsanddXgupal), are indépdhdienttiydahildrocarbyl gradpakis(2,4-
having up to,.12 carbon afoms, H, BH.suf.4, E. C|, Br, or |, wherein at least
one of (X s R SR a hycrov Ry BLat e s g5
any substituinmtedrytpieesybboitatted cyclopehtaldiertiry mngdubstituted indemaltig3,5-

independengly an-ali ' atic group, a cyqlj Jiniu

combinatio%%%ég{)}?%ﬁﬁgﬁgyg?ﬁ g?gﬁgp@ any of which hg{f/ﬁr\}%%%%rh rlrﬁ11 nlltg m
20 carbon arsrakisiiyeiiaidup @iixndippray(X. supiphyixlicarbenium tetrakis(p-
sup.12)M.syp 3N R) wherein Mg 3 I3 glgeRIUM o halpiuity (K-8 HofRice,

a substituted Cyclopentadienyl group, Wherein any substituent is
independentiiPBexEarbePBt branched alkyl grégifrkiasydrogihyihampylborate,

carbo_n atofﬁ%ﬁé@}bfarik%ﬂﬁ@ sub_stitut_ed i”de”Yétﬁfﬁg&ﬂﬁﬁﬁ@iﬂﬁﬂ%ny])borate,
substituent is independently an aliphatic group, an aromatic grouB ora

combinatiordtslaReARENCy clic grdeisakiahl oPWiiH A IbRRen b besate.

carbon atonggp i 105BbiRv @Rk ixpeHRworapRdREsRAAate i @ium tetrakis(p-
hydrocarbyl group havin?{up to 12 carbon atoms BH.sub.4, F, Cl, Br, or |

. H! . v
wherein at IEXSDRRE(G (FRUHUT) PP ST OLY) 8ty BB grstAk I 2-4-
or BH.sub.4gigfelilygihé eambiagtion dekeaim29. tbueRialy St eenenssihenyl)borate,

according to claim 25, wherejn: a)_the at.least one first metgjlocene ,
comprises e{ch,BHHglghnd ﬁ%{%&ﬂ%@ 3 qoﬁ%lgerteﬁgaﬁggﬁ foin tropylium

M.sup.1A isiairdanipentoflatphumy bstpe3A and X.sup.4A are independéntiom
F, CI Br, I, benzyl, phenyl, or methyl, wherejn at least one of X.sup.3A and. .
S sup 4 s R e AR e R R Rt fiom
R.sup.2A aretinkisfyendghnblyrata, dikylugraeagrsam-avijt gromags, dithemofaetdalak(2,4-
having up tg,..12 carbon atoms, or,hydraoge rein. at aqneQf R.sup.1A
i R s I e O TR A B By
or CH.sub.3¢mawmaobreger fropdiono 5 téneldsiventafidorosignedbarge,  sodium
R.sup.6A aig INKRARNAGH AN N B ANAHAMAIIEIIQRA RYFLIG -

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

group, a nittohébeiaep, a pbsphorusteos. adigrednlphgwidposatarborsodium
group, a Si”%ﬁ%@&&ﬁ%ﬁgﬁ%@%&a@y Llanichhaving Hmd, 19dassium

carbon atoms; or hydrogen; b) the at least one second metallocene

comprises EBHPPGAEERiPRN eI Ra: i) RESTROD0SIRE AikRYenyDborate,
combination,aakeaf Whegia b SuRIbiscindgRRAGRAY . ZHEARIMRLOTy1)borate,
hafnium; X.sup.7A and X.sup.8A, in eaclpg@ecurrence, are in dependently F,

Cl, Br, I, benzyl, phenyl, or methyl, wherein at least one of X.sup.7A and
X.sup.8A is benzyl, phenyl, or methyl; R.sup.7A and R.sup.8A, in each
occurrence, are independently H, methyl, ethyl, n-propyl, n-butyl, n-pentyl,

CH. sub.2CH. sub.2CH. sub .2Ph, CH. sub .2CH.dbd. CH. sub.2, 123 CH.



CH. sub.2CH. sub.2CH. sub .2Ph, or CH. sub.2CH.sub.2CH. sub.2CH. sub
.3 ;and X.sup.11A and X.sup.12A are independently F, Cl, Br, I, benzyl,
phenyl, or methyl, wherein at least one of X.sup.11A and X.sup.12A is
benzyl, phenyl, or methyl; or iii) any combination thereof; and c) the at least
one activator-support comprises a solid oxide treated with an
electron-withdrawing anion, wherein: the solid oxide is silica, alumina,

silica-aluming, RluminophasRPRiE AMNYRRYOERMAtE. mgs@minét?gkis(s,s-

heteropolytungstate, titania, zirconia, magnesia, boria, zinc oxide, mixe

oxides therébmshYRcaahitiatioP dsdoR alstaHBcspbensp-wiibpawigbenium
anion is flugudgdehauaeRirmide, inslide. pbasehats. wWilaigsRiswi@eiuminate,

sulfate, fluoroborate, fluorosulfate, trifluoroacetate, phosphate,

fluorophosphRERYGAFEBRate fluoro silicatEfitidrbtitarne thdphanhahaminate,

substituted gighasyiRsttuigghalkanesulfonate HiRsdBI5diMethylphenyl)aluminate,
unsubstitutedarenesulfonate,oranycombinationthereof. 30. A process for

producing aBATBYSRHISA S prisPkRERi ol pe A yRD Al tropylium
metallocenea:iZ)lat(eastyDar secasdropidiioceneildneh3pbatl lershiaaeR, tropylium
activator-support, wherein: a) the at least one first metallocene comprises.
ansa-metalI%Eré‘kg&azgﬁ%ﬁ@%]?ﬁ{gé?%@lgﬁ& 1)(X. stfﬁ%&%] sup 35?5@1%&95
sup.4)M. sugindetiMIphs)ydienaimte]. sup.l is titanium, zirconium, or hafiripyhipm
(X.sup.1) and (X.sup.2) are inde ently a substituted cyclopentadienyl, a.
substituted fﬁéelﬂf/@%l}%@%%?%ﬁﬁﬁ %ﬁglrlé{%%‘, one substituent on (X.sup.![])t?uum
and (X.sup.Rpiskas (padgifigogrpgn hlasimgitheeforiitbiank Risugk sRlsty2aluminate,

wherein E is. bo ilj a maniu 0 '

ana £ 1s bt PSR AT AR ® SEHED B AT Yo H Bl
R.sup.2 arelifidependetnakiwd. Aitynatbsipheoyp drainaig grotpmitheetofkis(3,s-
which having Hp#01 L R.GIRAMARS. onydragen  whatRiRALlGaste"e Wdium

R.sup.1 and R.sup.2 is an aryl group; at least one substituent on (X.sup.1) or
(X.sup.2) istatsibspanaturephemd b smings. alkehynyréeirkiz(hgnybagmpnate,
carbon ator@o%li@ﬁqsuPe?fh}@%%l?ﬂQl-&‘thﬁ{aﬁé,”d‘%‘&ﬁﬂﬁﬁmﬂé‘&@iﬁn{;ﬂ@l@f aAfrhidate,
a hydrocarbyl group having up to 20 carbon atoms, H, or BH.sub.4;3) a
hydrocarbyRSdEEgrotsak et B RNERY HAdUPINsea trifgdrBR arb§i&is(3.5-
group, any afmdisRaringimif.g) casbanatomsialbr&ARMHRA. SPBidsalim
SO.sub.3R.sup.A, wherein R.sup.A is an alkyl group or an aryl group, any of
%‘Eﬂy

which havin§ KRS PEA R HSGPPESM ATmiNalSy RelatHA IS HRRT O H{Rinate,
substituted pyelopentadiemdkisybssiyiermmdeny!, syoatikited fluasenykaf-tolyl)-
substituted alkenyl group is independent aliphatic group, an aromatic .
gy 4 1 e AR R T
group, a suletraious,a-dithedsipteaypakmphesgh@oissginoup tarnfusesitiminate,
group, a carhon group, a silicon group,,or a horon group, of which havi
from 1 1o 20 AAISORCAIBFRLYT ddrtse? o P sro B et A et e
metalloceneetainpises a3 Grsrdedroietplipoenkiopviingthadormula: i)  silver
(X.sup.5)(X,sUp.6)(X.sHp. 7)(X. sup. sup.2 (M2- A), wherein,M.sup.2 i
titanium, ziréeﬁr%lfjlr%{?fgﬁ% #lgr%}u Ygﬁ%ﬁ%}g}%ﬁﬂ (Xc?rsup?llgy argqﬁlgé%%lﬁ%en%/eéwf
_cyclopentadienyl, an indenyl, a subs‘gituted cyclopentadienyl, or a substituted
indenyl; (X.sup.0).anfl (SR Eh AR IndsnRndenty bFpGhRER 1) 2 Rast one
hydrocarbyl group having up to 20 carbon atoms, H, or gH.sub.4;'3)) a
hydrocarbylBxitBejablagere hyHrbdenthRaerieepdonptabpecnehyd eitimslgilgs least
group, any ghwhieh RaYinG MO AR SAREN AEMS: A1 P BR- SHRiBaiiAEpRbr,

SO.sub.3R.sup.B wherein R.sup.B is an alkyl group or an aryl group, any o
which havin§set8: 12)cdPSomtatlsass; anel Ayt sarssttostRorCaePspstitietsa-
cyclopentadieh&egubstituted indepiisoindependentlyan aliphatic grogpmula:
an aromatic group, a cyclic group, a compigation of aliphatic and cyclic

groups, an oxygen group, a sulfur group, a nitrogen group, a phosphorus
group, an arsenic group, a carbon group, a silicon group, or a boron group,
any of 125 which having from 1 to 20 carbon atoms; a halide; or hydrogen; ii)
(X. sup .9)(X. sup.10)(X. sup.11)(X. sup.12)M.sup.3 (M3-A), wherein M.sup.3



127 or substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an oxygen
group, a sulfur group, a nitrogen group, a phosphorus group, an arsenic

group, a carbon group, a silicon group, or a boron group, any of which having
from 1 to 20 carbon atoms; a halide; or hydrogen; ii) (X. sup .9)(X. sup.10)(X.
sup.11)(X. sup.12)M.sup.3 (M3-A), wherein M.sup.3 is titanium, zirconium, or
hafum; (X(guRghi% sl e sYslORRIA IV URHPAYNEHEIBON cup.1 is
substituent is an aliphatic group, an aromatic group, or a combination of
aliphatic an8@y&iie-gideansuan gTafaNieh: hEviRg Lipsl 28-eepporrstbidrpendently
(X_-SUIO:10) I3 %ﬁ&é‘ﬂ%ﬁﬂéﬂegymgﬁaﬁhﬁlf&%’ ‘é’hﬁfl%&tﬁ’ﬂé@ %HH&WE_QBF 12 &hbstituted
aliphatic group, an aromatic group, or a combination of aliphatic and cyclic

groups, any BT PRI 2OTAMBIR diothd; (k32 19 Arkyideing group

(X.sup.12) aginderensently ER. fupQR Bipar, wRikliogarybaragmhavingon
up to 20 carbon atoms, H, or BH.sub.4; 3) a hydrocarbyloxideé\;,roup, a

hydrocarby3Hhd! GREEE"BI HYarb By gPSup RRgPFh M RaPingye- D
up to 20 carhENHtePS)ohH) CIBRISUR.Sus b RS .Buk: IRISdEnh eneirkyl
R.sup.0 is an alkyl group or an aryl.group, apy of which having up to 12
caroon atorA At Ao OHen SER PR 6 Se B Enk o rbon stoms. o
cyclopentgdigdt;dgmsub&t_iéht@d ]em;emylleisﬁ_ﬂde@nemdmdﬂyarpaliisrmtiargr(gmp; at
an aromatia group, 2 eyelis group, acombinatien of aliphatc and eyslitey or an
groups, an oxygen group, a sulfur group, a nitrogen group, a phosphorus
group, an amsenistgsep akeaybgrogpdupyisegsiicon Greahor @dasoXgsopg) and
any of whic ing f 0 ; de; S QF il
any combin%ﬁ%%%ré%%@%%ﬁ%ﬁf Stﬁ](%?]lge?rg%a%lga l%rrﬁln%)rn? c réri:%%%r?%ﬁ Qoup
comprises d1eonpoan® RVieghbe tdpmeldd, or BH.sub.4; 3) a hydrocarbyloxide

Al(x.sup-135%9;%;&1%%%%? gw,nsir%p R A QSR ny of

having from™1 to 20 carbon atoms; (X.sup.14) is an alkoxide or an aryloxide,
any of whichhigbinBafrye ko 20 carbetadnisomalider obhyfdBBeuany sl or

number frorgd, B RNGIHSIVEy 1RRG FRthE:3K 1835 ANGIASHMBIF-SHRR Sroup, any

comprises a solid oxide treated with an electron-withdrawing anion; wherein

the at least SIS NBHBRURILIARSHESH T FERI GPGHAT ieh Sreitgent on

one of the fellowipgiaapdisinspexiatidnyd) abieasteanadeh(X-sudhaadtluorenyl,
(X.sup.4) is a hydroparﬁkzgllaaroup having up to 20 carbon atoms, H, or

BH.sub.4; by at sy K5y sT PPNl (edeRs il HraiRRBYF gfRHp: an
having up tardeheacbemaiomscydlior Bhlsul. 4oaina)ish leasiignataf and cyclic
(X.sup.11) and (X.sup.12) is a hydrocarbyl group having up to 20 carbon

atoms, H, o%@?&?%uﬂf}4‘?"2;gﬁ{bg68¥éﬂy§ts g%fp%@%nacBﬁﬁ%?Fé%?&PPea?s?Bﬁsé’homs
organoalumignaxane aopogneippnIntath gooditiosisicoantbdpexist B&oA group,

process for producin olymerization catalyst compositign comprisin )
contacting: %ya e\gg?cdﬁln%l\‘lrns% me ahc:)tggﬁr;@e;c%ég? Iaqu')ﬁsoﬁglglég%n% ﬁycg()gen’ b)
metallocenehand Bhsit deastomsdackvetorese pponprvbe ainindy ithe ditnheagtocene

one first metallocene comprise ansaspetall e having the formula.

vy LN e S A S RS
titanium, zirédniwh?,rdnh_Mﬁunﬂ; (Xléigpinl)la_rzdt(mmupx@rahefmumpdﬁ@sm@)aand
substituted &%Q&%?%@'?Mp&ﬁ%‘t&” 189&&%&&8{@ SHPsiYed JuaiRivlied

one substituent X.sup.1)and (Xsup.2) is a bridging group having the
formula ER S(@epRGdiERy e reinubsstated ivdanaio X aulliCoanskdm; sap-8) are

germanium gion, (e Ain ﬁ@ﬁcﬁ“ﬁrﬁo@ﬂ%@%eﬁyﬁ}&%ﬁ%ﬁ&l&a a2 up 1o 20

(X.sup.2), and wherein R.sup.1 and R.sup.2 are’independently an alkyl group
or an aryl g eitheNst wHichohalthsup 4o 19 carbbyieeiylexdydregen; 2
wherein at Igaglen® AhRigPetodPd & SHR: IR A1 GIPU @'r(ﬁi%e%&oﬁﬁ which
substituent on (X.sup.1) or (X.sup.2) is g gHibstituted or an unsubstituted
alkenyl group having up to 12 carbon atoms; (X.sup.3) and (X.sup.4) are
independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl group having up to 20

carbon atoms, H, or BH.sub.4; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having



131 aluminumcompoundistriethylaluminum,tributylaluminum,
triisobutylaluminum,oranycombinationthereof. 34. A composition according
to claim 18, wherein: a) the at least one first metallocene comprises a
compound having the formula: #STR00063## wherein M.sup.1B is
zirconium or hafnium; R.sup.2B is methyl or phenyl; R.sup.3B and R.sup.4B
are independently H or CH.sub.3; and n is an integer from O to 5, inclusive; b)

the at least png RAHRIRAIBH SR ROBIPISEB R SOMPAINNY HAYINGHNER sup.B,

formula: ##STRO0064## wherein M.sup.3B is zirconium or hafnium; .
R.sup.9B is‘Heem iR supB:inad AL eoBs NG SipuB Ry ghavbrh By up

CH.sub.2Cl,sube 26 bh ARshis st Bng, Srbd HiBne Gl BB et R 1 Hiadieny]
CH.sub.2CH.sub.2CH.sub.2CH.sub.3; c) the at least one activator-support is

chiorided alBfntHAS ISR S nindndeneads Yy ARl AR gigup, an aromatic
silica-aluminge g, anykoinbinalion tharafaand 6) thprideasiiopglic groups, an
organoaluminum compound is triethylaluminum, tributylalumijnum,

triisobutylal SHiRUEE? APy R THIH TSR &Y SHFOZH. AU BIRSAM SEELRIE, 2
to claim 18, ardegieisrthg, cootasdpradust fusiiescerppses ableast @dap, any of
organoaluminaoxane compound, at least one organoboron or organoborate ..
compound, B LORBFRIE kS r &4 b BBk ich HSrallg KRRy 1)
18, wherein(Xeupt d¢@Stgn&0ii(st suetbl )oEene. ¢2)Npsiges a cqvpoind hawimngein
the formula;, ##STRQ0Q65## wherein M.sup.1A is titani zirconium, or ..
pafniums: X SO0 stk A e G el o R ) s i
Si; R.sup.1lAyahgp&usdpE2A areuphyRestip. 84 antsRtserp. 4Aaareliphatic group, an
independen I b.3;ni ' er from,0 j jye.

R.sup.5A ar%g6 lgasglf p%%égireof-%lf 5@%&2{%&# go%ﬁgﬁﬁgc%%%%l%gltxo %]%[3 S’l?ny of

wherein thevdiiidabaong fipstandiativbenaicomptXeymltomspognbsaadgitdenyl
Lorm}ila:_##gifdﬁgp@ﬁ@%ﬁ#n% éﬂﬂ&[@&Mé&P&@ﬂ&ﬁg%ﬂg’aﬂrﬁ%MH&: Sbup, or
afnium; X.Sup.3A and X.sup.4A are independently Cl or Ph; E.sup.A iS C or
Si; R.sup.1A eeitaiipno aishetic mdgydia sidiR. sy, afvdrsh having up to 20
independenébfﬂdrpat&ldsw@:&iguiﬁ) andnsesss om0 tuSpdnaltisiyei ARCACH, Br, or
R.sup.5A and R.sup.6A are t-Bu.
I; 2) a hydrocarbyl group having up to 20 carbon atoms, H, or BH.sub.4; 3)
a hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms; or 4)
OBR.sup.C.sub.2 or SO.sub.3R.sup.C, wherein R.sup.C is an alkyl group
or an aryl group, any of which having up to 12 carbon atoms; and any
additional substituent on the substituted cyclopentadienyl or substituted
indenyl is independently an aliphatic group, an aromatic group, a cyclic
group, a combination of aliphatic and cyclic groups, an oxygen group, a
sulfur group, a nitrogen group, a phosphorus group, an arsenic group, a
carbon group, a silicon group, or a boron group, any of which having from
I to 20 carbon atoms; a halide; or hydrogen; or iii) any combination
thereof; c) the at least one organo aluminum compound comprises a
compound having the formula: AI(X.sup.13).sub.n(X.sup.14).sub.3-n,

wherein (X.sup.13) is a hydrocarbyl having from 1 to 20 carbon atoms;

(X.sup.14) is an alkoxide or an aryloxide, any of which having from 1 to 20
118°



We Claim: 1.A composition comprising the contact product of: 1) at least one
first metallocene; 2) at least one second metallocene; and 3) at least one
activator, wherein: a)the at least one first metallocene comprises an
ansa-metallocene having the formula: (X1)(X2)(X3)(X4)M1(M1-A),wherein
M1 is titanium, zirconium, or hafnium; (X1) and (X2) are
independently a substituted cyclopentadienyl, a substituted indenyl, or a

substituted JyerG Yoms, halid@NErSHRSHIUENORN L @RFORIT # 19 IRGsive;

group having the formula ER1R2, wherein E is a carbon atom, a silicon atom,
a germaniud@tBhiherah HIALORS, 261t RIS HEREIE CBEIES {R1JAAD, Eeided

wherein R1ang Ré arejideRandaniv A8 alli@roupiian amkoraupigithetne
of which having up to 12 carbon atoms, or hydrogen, wherein at least one of

R1 and R2 ¥ &HRAIBiIp;compound ifsopiiiib WheR tulsAt cneyel et (Xiywing

a substituteghafpidrnestRstityuied)atendsgronp bavingsup.39 hacaeip.4) is a
atoms; (X3) and (X4) are independently: 1) F, Cl, Br,orl;2)a
hydrocarby"§fBaF ISR (828 AbEh Hodom B Bi4L3)TaBH sub4; b) at

hydrocarbylRxidegr o pX &y dyaaaroylamisio gidiiereragbiriyrdupaaniyisiiyl o 20
group, any of which having up t C rg_on oms; or 4) OBRA SO3RA,
wherein RA%%I\%?Pa"f‘lt(%néro%p %?Ogﬁ-?g@ : roﬂgaf §?f%ffwgﬁcﬂnﬁa9%n§%%l{’o@§ and
carbon atoniX;sapd 2) is a lauycadditibnadgulbstitugniporotle satbetitutechs, H, or
cyclopentadignyl, substjtuted indenyl, substituted fluorenyl, or substituted
kel Grout M pentienly ot ARat BB A SR yrcl, Beyciere
group, a comgimaibrmofeipieatiorapauoyicliorgupsttarcandigensgroumda Sudfxist.
group, a nitrogen group, a phosphorus group, an arsenic group, a carbon

group, a silicon group, or a boron group, any of which having from 1 to 20
carbon atoma$; A lsatidest eompdrdigen con)thissiagleaentse predoeidoimdiadideasieone

comprises qﬂs‘fq{?&qﬁ&@ene; 2) at least one second metallocene; and 3) at least one
activator-support, wherein: a) the at least one first metallocene comprises
an ansa-metallocene having the formula:
(X.sup.1)(X.sup.2)(X.sup.3)(X.sup.4)M.sup.1 (M1-B), wherein M.sup.1 is
titanium, zirconium, or hafnium; (X.sup.1) and (X.sup.2) are independently
a substituted cyclopentadienyl, a substituted indenyl, or a substituted
fluorenyl; one substituent on (X.sup.1) and (X.sup.2) is a bridging group
having the formula ER.sup.1R.sup.2, wherein E is a carbon atom, a silicon
atom, a germanium atom, or a tin atom, and E is bonded to both (X.sup.1)
and (X.sup.2), and wherein R.sup.1 and R.sup.2 are independently an alkyl
group or an aryl group, either of which having up to 12 carbon atoms, or
hydrogen, wherein at least one of R.sup.1 and R.sup.2 is an aryl group; at
least one substituent on (X.sup.1) or (X.sup.2) is a substituted or an
unsubstituted alkenyl group having up to 12 carbon atoms; (X.sup.3) and
(X.sup.4) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl group
having up to 20 carbon atoms, H, or BH.sub.4; 3) a hydrocarbyloxide
group, a hydrocarbylamino group, or a trihydrocarbylsilyl group, any of

which having up to 20 carbon atoms; or 4) OBR.sup.A.sub.2 or
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metallocene haying the formula: i)(X5)(X6)(X7)(X8)M2(M2-A), wherein M2 is
titanium, zirconium, or hafnium; (X5) and (X6) are independently a
cyclopentadienyl, an indenyl, a substituted cyclopentadienyl, or a substituted
indenyl; (X7) and (X8) are independently: 1) F, Cl, Br, or I; 2) a
hydrocarbyl group haying up to 20 carbon atoms, H, or BI-14; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a trinydrocarbylsilyl

group, any QMicARYING UPHRAR ﬁ%{tﬂ?ﬂ A HRBREA ‘éfﬁgt%ﬁﬁ’any

wherein RB is an alkyl group or an aryl group, any of which haying up to 12
carbon atorR§;vaHeh havamg apibtlicathen fienstipebieieatatyemspentaefidrytur3)

substituted H?ﬂ%&'s{@im}j%pﬁﬂ U8 APHSIIGGRRUR 8N CMBSE SRMD IR or
cyclic group, a combination of aliphatic and cyclic groups, an oxygen group, a

P X
sulfur groupPH-Pciendfbug™ phisiBHenal grabpIHAMarsaRic JhupsuPstituted

carbon grouci it GRAY RSN AIRAN PRIBFYH Rudbiy bW Rich-EBYING fsematituted
to 20 carbon atoms; a halide or hydrogen; i%x9)(x oxxiixxi 2),m3 (M3-A),
wherein M33SSREh R i SRS EFHE AT AlPHAt @ PP o A, B3l &roup.

cyclopentadigeiyd gfioup, Whesebieitieswistiliphntiis anl aliphiatigrgi@up aAroxygen

aromatic group, or a combination of aliphatic and cyclic groups, any of which .
naying tp 1 St BRI ® AR I b e B Qo e
wherein onesuipstitwariids arapphatiti growpegn aromiatiograupp.oasy of which

combination A AIBAH 309 PUGIRAIRYR: SRR HKAY BRAE Al one
second metallocene comprises an unbridged metallocene having the
formula: 1) (X.sup.5)(X.sup.6)(X.sup.7)(X.sup.8)M.sup.2 (M2-C), wherein
M.sup.2 is titanium, zirconium, or hafnium; (X.sup.5) and (X.sup.6) are
independently a cyclopentadienyl, an indenyl, a substituted
cyclopentadienyl, or a substituted indenyl; (X.sup.7) and (X.sup.8) are
independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl group having up to 20
carbon atoms, H, or BH.sub.4; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which
having up to 20 carbon atoms; or 4) OBR.sup.B.sub.2 or SO.sub.3R.sup.B,
wherein R.sup.B is an alkyl group or an aryl group, any of which having up
to 12 carbon atoms; wherein at least one of (X.sup.7) and (X.sup.8) is a
hydrocarbyl group having up to 20 carbon atoms, H, or BH.sub.4; and any
substituent on the substituted cyclopentadienyl or substituted indenyl is
independently an aliphatic group, an aromatic group, a cyclic group, a
combination of aliphatic and cyclic groups, an oxygen group, a sulfur
group, a nitrogen group, a phosphorus group, an arsenic group, a carbon
group, a silicon group, or a boron group, any of which having from 1 to 20
carbon atoms; a halide; or hydrogen; ii)
(X.sup.9)(X.sup.10)(X.sup.11)(X.sup.12)M.sup.3 (M3-0O), wherein
M.sup.3 is titanium, zirconium, or hafnium; (X.sup.9) is a substituted

cyclopentadienyl group, wherein one substituent is an aliphatic group, an
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(X) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl group haying up to
20 carbon atoms, H, or BI-14; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which haying
up to 20 carbon atoms; or 4) OBRC2 or SO3fic, wherein RC is an alkyl group
or an aryl group, any of which having up to 12 carbon atoms; and any
additional substituent on the substituted cyclopentadienyl or substituted

indenyl is ingeperdently A aliPRaHH LRI, SN AMMRIGAQURIE GYGHSs, any of

group, a combination of aliphatic and cyclic groups, an OXygén group, a sulfur
group, a nit\sBER B3NS BPpito3PHIFRSTYARIPS et A dtcupséaipdindenyl

group, a siligRi FrauRreh BriROSRBL SRR &Ry Afphich-Rayingnfteehie g&u , or
carbon atoms; a halide or hydrogen; or iii)any combination thereof; an c)tﬁe
at least one®fVaAH AR S W Lo iR & theadiphhaying up to 20

electron-withghpning BRI OR. &\ ¢PaHIOSLiRHD acsardinddehdanityl .| WRErRiBr, or
the metaIIOCi;eg)ea hydrocarbyl group having up to 20 carbon atoms, H, or BH.sub.4; 3)
a hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms; or 4)
OBR.sup.C.sub.2 or SO.sub.3R.sup.C, wherein R.sup.C is an alkyl group
or an aryl group, any of which having up to 12 carbon atoms; wherein at
least one of (X.sup.11) and (X.sup.12) is a hydrocarbyl group having up to
20 carbon atoms, H, or BH.sub.4; and any additional substituent on the
substituted cyclopentadienyl or substituted indenyl is independently an
aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen
group, a phosphorus group, an arsenic group, a carbon group, a silicon
group, or a boron group, any of which having from 1 to 20 carbon atoms; a
halide; or hydrogen; or iii) any combination thereof; and c) the at least one

activator-support comprises a solid oxide treated with an electron-

withdrawing anion.

26. A catalyst composition according to claim 25, wherein the metallocene
(X.sup.5)(X.sup.6)(X.sup.7)(X.sup.8)M.sup.2 (M2-C) has the formula:
(X.sup.5)(X.sup.6)(X.sup.7)(X.sup.8)M.sup.2 (M2-D), wherein M.sup.2 is
zirconium or hafnium; (X.sup.5) and (X.sup.6) are independently a
cyclopentadienyl, an indenyl, a substituted cyclopentadienyl, or a
substituted indenyl; (X.sup.7) and (X.sup.8) are independently a
hydrocarbyl group having up to 12 carbon atoms, H, BH.sub.4, F, Cl, Br,
or I, wherein at least one of (X.sup.7) and (X.sup.8) is a hydrocarbyl group,
H, or BH.sub.4; and any substituent on the substituted cyclopentadienyl or

substituted indenyl is independently an aliphatic group, an aromatic group,
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(X5)(X6)(X2)(X8)M2 (M2-A) has the formula: (x5)(x6)(x7)(x8)m2 M2 is
zirconium or hafnium; (X5) and (X6) are independently a
cyclopentadienyl, an indenyl, a substituted cyclopentadienyl, or a substituted
indenyl; (X2) and (X8) are independently a hydrocarbyl group having up
to 12 carbon atoms, H,F, CI, Br or I; and any substituent on the
substituted cyclopentadienyl or substituted indenyl is independently an

aliphatic group, @i Qf%aﬁ%&ﬁﬁiﬂat%ﬁydﬁ'ﬁgﬁﬂg ﬁ&%%&'ﬂ'@@f%@faﬂ hefifich

and cyclic groups, any of which having from'1 to 20 carbon atoms. 3
compositioae@8rding td"@Maim 1, wherein the metaddcene (@HRKA oxx  atoms.
xx12), r3 m (M3-A) has the formula: (x9)(x10xx1 xxiz)m) (M3-B), wherein M3

IS zirconium_or hafnium;
27. A catalyst composition according to claim 25, wherein the metallocene

(X.sup.9)(X.sup.10)(X.sup.11)(X.sup.12)M.sup.3 (M3-C) has the formula:
(X.sup.9)(X.sup.10)(X.sup.11)(X.sup.12)M.sup.3 (M3-D), wherein
M.sup.3 is zirconium or hafnium; (X.sup.9) is a substituted
cyclopentadienyl group, wherein any substituent is independently a linear
or branched alkyl group having from 1 to 12 carbon atoms; (X.sup.10) is a
substituted indenyl group, wherein any substituent is independently an
aliphatic group, an aromatic group, or a combination of aliphatic and cyclic
groups, any of which having from 1 to 20 carbon atoms; and (X.sup.11)
and (X.sup.12) are independently a hydrocarbyl group having up to 12
carbon atoms, H, BH.sub.4, F, Cl, Br, or I, wherein at least one of

(X.sup.11) and (X.sup.12) is a hydrocarbyl group, H, or BH.sub.4.

28. A catalyst composition according to claim 25, wherein the at least one
second metallocene comprises an unbridged metallocene having the
formula: 1) (X.sup.5)(X.sup.6)(X.sup.7)(X.sup.8)M.sup.2 (M2-D), wherein
M.sup.2 is zirconium or hafnium; (X.sup.5) and (X.sup.6) are
independently a cyclopentadienyl, an indenyl, a substituted
cyclopentadienyl, or a substituted indenyl; (X.sup.7) and (X.sup.8) are
independently a hydrocarbyl group having up to 12 carbon atoms, H,
BH.sub.4, F, Cl, Br, or I, wherein at least one of (X.sup.7) and (X.sup.8) is
a hydrocarbyl group, H, or BH.sub.4; and any substituent on the substituted
cyclopentadienyl or substituted indenyl is independently an aliphatic group,
an aromatic group, a cyclic group, a combination of aliphatic and cyclic
groups, any of which having up from 1 to 20 carbon atoms; ii)
(X.sup.9)(X.sup.10)(X.sup.11)(X.sup.12)M.sup.3 (M3-D), wherein
M.sup.3 is zirconium or hafnium; (X.sup.9) is a substituted

cyclopentadienyl group, wherein any substituent is independently a linear
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(X9) is a substituted cyclopentadienyl group, wherein any substituent is
independently a linear or branched alkyl group having up to 12 carbon atoms;
(X19) is a substituted indenyl group, wherein any substituent is independently
an aliphatic group, an aromatic group, or a combination of aliphatic and cyclic
groups, any of which haying from 1 to 20 carbon atoms; and (X11) and (X12)
are independently a hydrocarbyl group haying up to 12 carbon atoms, H,F,

Cl Br or |. 4A\caIRROPLIRD ar6epcinghio Flaim b WheiRibG.AceL a0 is o

second metallocene comprises an unbridged metallocene haying the formula:
i)(X5)(X6)(XSHLYNS (Mderyl \gratRinIZ e ZAeb ihpidiaafHiudependgmy an

and (X6) argjipAarepdaptiymarisliareniagicnyh aminaanyh araubaiftasd cyclic
cyclopentadienyl, or a substituted inden (X7) and (X8) are

l;
independen%ﬁ?&pﬁya%eafrmig%ww@%yf{@rua {8 19 carbyh Uthis Xt D
orl;and  agMYXuBplitvERtOmiteSidestiieh RyCepsptadiany Haking up to 12

substituted indenyl is inde%endentl an aliphatic group, an aromatic group, a
cyclic group3Pe8nfiiiation-oPAlishaflc Snd-dydtic gfodpsvhits BrdkHiast one of
haying from(X taR019amdataps2 )il xddesibyk Soy MB-&) Brhearein or iii)

any combination thereof.

29. A catalyst composition according to claim 25, wherein: a) the at least
one first metallocene comprises a compound having the formula:
##STRO0058## wherein M.sup.1A is zirconium or hafnium; X.sup.3A and
X.sup.4A are independently F, Cl Br, I, benzyl, phenyl, or methyl, wherein
at least one of X.sup.3A and X.sup.4A is benzyl, phenyl, or methyl;
E.sup.A is C or Si; R.sup.1A and R.sup.2A are independently an alkyl
group or an aryl group, either of which having up to 12 carbon atoms, or
hydrogen, wherein at least one of R.sup.1A and R.sup.2A is an aryl group;
R.sup.3A and R.sup.4A are independently H or CH.sub.3; n is an integer
from O to 5, inclusive; and R.sup.5A and R.sup.6A are independently an
aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen
group, a phosphorus group, an arsenic group, a carbon group, a silicon
group, or a boron group, any of which having from 1 to 12 carbon atoms;
or hydrogen; b) the at least one second metallocene comprises a compound
having the formula: 1) #STRO0059## or any combination thereof, wherein
M.sup.2A is, independently, zirconium or hafnium; X.sup.7A and
X.sup.8A, in each occurrence, are in dependently F, Cl, Br, I, benzyl,
phenyl, or methyl, wherein at least one of X.sup.7A and X.sup.8A is
benzyl, phenyl, or methyl; R.sup.7A and R.sup.8A, in each occurrence, are
independently H, methyl, ethyl, n-propyl, n-butyl, n-pentyl,

CH.sub.2CH.sub.2CH.sub.2Ph, CH.sub.2CH.dbd.CH.sub.2,
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M3 is zirconium or hafnium; (X9) is a substituted cyclopentadienyl group,
wherein any substituent is independently a linear or branched alkyl group
haying up from 1 to 12 carbon atoms; (X9) is a substituted indenyl group,
wherein any substituent is independently an aliphatic group, an aromatic
group, or a combination of aliphatic and cyclic groups, any of which haying
from 1 to 20 carbon atoms; and (X11) and (X12) are independently a

hydrocarbylgioyp Q@Hrgqﬁjgéﬂqigcp@@ggbaéoms H,F, Cl, Bror I; oriijany .

combination thereof. 5. A composition according to Claim 1, wherein

the at least Sﬁbgﬂbsg%ﬁﬁ%@ﬁé%ﬁ%@@g SHomipuHY HEVIRY N6 nerein
R6A rt Ai K" 3pIYA Asifaxch i Raor RatMIA 18 ZiFCORIW QS REIIUFY; R sup.10A

is H, CH.sub.2CH.dbd.CH.sub.2, CH.sub.2CH.sub.2CH.dbd.CH.sub.2,
CH.sub.2CH.sub.2CH.sub.2CH.dbd.CH.sub.2,

CH.sub.2CH.sub.2CH.sub.2Ph, or CH.sub.2CH.sub.2CH.sub.2CH.sub.3;
and X.sup.11A and X.sup.12A are independently F, CI, Br, I, benzyl,
phenyl, or methyl, wherein at least one of X.sup.11A and X.sup.12A is
benzyl, phenyl, or methyl; or iii) any combination thereof; and c) the at
least one activator-support comprises a solid oxide treated with an electron-
withdrawing anion, wherein: the solid oxide is silica, alumina, silica-
alumina, aluminophosphate, aluminum phosphate, zinc aluminate,
heteropolytungstate, titania, zirconia, magnesia, boria, zinc oxide, mixed
oxides thereof, or any combination thereof; and the electron-withdrawing
anion is fluoride, chloride, bromide, iodide, phosphate, triflate, bisulfate,
sulfate,  fluoroborate, fluorosulfate, trifluoroacetate, = phosphate,
fluorophosphate, fluorozirconate, fluorosilicate, fluorotitanate,
permanganate, substituted or unsubstituted alkanesulfonate, substituted or

unsubstituted arenesulfonate, or any combination thereof.

30. A process for producing a composition comprising contacting: 1) at
least one first metallocene; 2) at least one second metallocene; and 3) at
least one activator-support, wherein: a) the at least one first metallocene
comprises an ansa-metallocene having the formula:
(X.sup.1)(X.sup.2)(X.sup.3)(X.sup.4)M.sup.1 (M1-A), wherein M.sup.1 is
titanium, zirconium, or hafnium; (X.sup.1) and (X.sup.2) are independently
a substituted cyclopentadienyl, a substituted indenyl, or a substituted
fluorenyl; one substituent on (X.sup.1) and (X.sup.2) is a bridging group
having the formula ER.sup.1R.sup.2, wherein E is a carbon atom, a silicon
atom, a germanium atom, or a tin atom, and E is bonded to both (X.sup.1)

and (X.sup.2), and wherein R.sup.1 and R.sup.2 are independently an alkyl
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X3A and X4A are independently F, CI, Br, I, benzyl, phenyl, or methyl; EA is
C or Si; RiA and R2A are independently an alkyl group or an aryl
group, either of which having up to 12 carbon atoms, or hydrogen, wherein at
least one of RIiA or R2A is an aryl group; RR4A are independently H or CH, n
is an integer from 0O to 5, inclusive; and RSA and R6A are
independently an aliphatic group, an aromatic group, a cyclic group, a

combination,of, 3lighalic, g &Y HIG AFeHBE I AHIGRIEBUB: ﬁz%éllfb'&%?glﬂs,aor

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

silicon groupy#icashorREETBLA, 1ty ORGPlidh NaVI & Eriup 1 it 21 aFpbaroup; at

atoms; or hydiQasRe subsBnRitONPeRINAP. ACERIdNGRT 1AM, sunhiairéa tBe an
at least one second metallocene comprises a compound having the formula:

YRS(IA), or Sy REHWTHAEANHFERR WRERSIH AL 2 piRefe BEHRR ey sup-3) and
zirconium 0()b.@ﬂﬁ.umér@&dependently: 1) F, Cl, Br, or I; 2) a hydrocarbyl group

having up to 20 carbon atoms, H, or BH.sub.4; 3) a hydrocarbyloxide
group, a hydrocarbylamino group, or a trihydrocarbylsilyl group, any of
which having up to 20 carbon atoms; or 4) OBR.sup.A.sub.2 or
SO.sub.3R.sup.A, wherein R.sup.A is an alkyl group or an aryl group, any
of which having up to 12 carbon atoms; and any additional substituent on
the substituted cyclopentadienyl, substituted indenyl, substituted fluorenyl,
or substituted alkenyl group is independently an aliphatic group, an
aromatic group, a cyclic group, a combination of aliphatic and cyclic
groups, an oxygen group, a sulfur group, a nitrogen group, a phosphorus
group, an arsenic group, a carbon group, a silicon group, or a boron group,
any of which having from 1 to 20 carbon atoms; a halide; or hydrogen; b)
the at least one second metallocene comprises an unbridged metallocene
having the formula: i) (X.sup.5)(X.sup.6)(X.sup.7)(X.sup.8)M.sup.2 (M2-
A), wherein M.sup.2 is titanium, zirconium, or hafnium; (X.sup.5) and
(X.sup.6) are independently a cyclopentadienyl, an indenyl, a substituted
cyclopentadienyl, or a substituted indenyl; (X.sup.7) and (X.sup.8) are
independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl group having up to 20
carbon atoms, H, or BH.sub.4; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which
having up to 20 carbon atoms; or 4) OBR.sup.B.sub.2 or SO.sub.3R.sup.B
wherein R.sup.B is an alkyl group or an aryl group, any of which having up
to 12 carbon atoms; and any substituent on the substituted cyclopentadienyl
or substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an

arsenic group, a carbon group, a silicon group, or a boron group, any of
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X7A and X8A, in each occurrence, are independently F, Cl, Br, |, benzyl,
phenyl, or methyl; and 127A and R8A, in each occurrence, are
independently H, methyl, ethyl, n-propyl, n-butyl, n-pentyl, CH2CH2CH2Ph,
CH2CH=CH2, CH2CH2CH=CI-12, or CH2CH2CH2CH=CHZ2; R9A i)
R10A(WA), wherein M3A is zirconium, or hafnium; R9A is H or CH3;
RioAisH,CH2CH=CH2,CH2CH2CH=CH2, CH2CH2CH2CH=CH2,

CH2CH2CHZRR, %@h@@}dﬁﬁ'?&% 2Aon at(;ﬁlslAaaHQl%fé‘z& Gdrogen; i

independently F, CI, Br,’I, benzyl, phenyl, or methyl;
(X.sup. 9)(X sup.10)(X.sup.11)(X.sup.12)M.sup.3 (M3-A), wherein

M.sup.3 is titanium, zirconium, or hafnium; (X.sup.9) is a substituted
cyclopentadienyl group, wherein one substituent is an aliphatic group, an
aromatic group, or a combination of aliphatic and cyclic groups, any of
which having up to 20 carbon atoms; (X.sup.10) is a substituted indenyl
group, wherein one substituent is an aliphatic group, an aromatic group, or
a combination of aliphatic and cyclic groups, any of which having up to 20
carbon atoms; (X.sup.11) and (X.sup.12) are independently: 1) F, Cl, Br, or
I; 2) a hydrocarbyl group having up to 20 carbon atoms, H, or BH.sub.4; 3)
a hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms; or 4)
OBR.sup.C.sub.2 or SO.sub.3R.sup.C, wherein R.sup.C is an alkyl group
or an aryl group, any of which having up to 12 carbon atoms; and any
additional substituent on the substituted cyclopentadienyl or substituted
indenyl is independently an aliphatic group, an aromatic group, a cyclic
group, a combination of aliphatic and cyclic groups, an oxygen group, a
sulfur group, a nitrogen group, a phosphorus group, an arsenic group, a
carbon group, a silicon group, or a boron group, any of which having from
1 to 20 carbon atoms; a halide; or hydrogen; or iii) any combination
thereof; and c) the at least one activator-support comprises a solid oxide

treated with an electron-withdrawing anion.

31. A process for producing a polymerization catalyst composition
comprising contacting: 1) at least one first metallocene; 2) at least one
second metallocene; 3) optionally, at least one organoaluminum compound;
and 4) at least one activator-support, wherein: a) the at least one first
metallocene comprises an ansa-metallocene having the formula:
(X.sup.1)(X.sup.2)(X.sup.3)(X.sup.4)M.sup.1 (M1-A), wherein M.sup.1 is
titanium, zirconium, or hafnium; (X.sup.1) and (X.sup.2) are independently

a substituted cyclopentadienyl, a substituted indenyl, or a substituted
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or iif) any combination thereof. 7. A composition according to Claim 1,
wherein the at least one activator-support is a solid oxide treated with an
electron-withdrawing anion, wherein: the solid oxide is silica, alumina,
silica-alumina, aluminophosphate, aluminum phosphate, zinc aluminate,
heteropolytungstates, titania, zirconia, magnesia, boria, zinc oxide, mixed
oxides thereof, or any combination thereof; and the

electron-withglraviifg griisflHaide ﬁﬂl@ﬁﬂ?? QRS Oshde PHOsaRR Eroup

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

phosphate, FrRi6R§hedpraw: flforeritRonie,; flsresiEate sRIbPotRERAE, silicon
permanganaiemSYntitHiath oF HosHRs IS dBlkanes HiRNARIRURSHIMEK Qhup. 1)

unsubstituted arenesulfonate, or any combination thereof 8. A composition
according t@t&TRsUP-whandit s dbRosBRiberreR b ithedndsrsafsntly an alkyl

withdrawingeesiiprofuithas ceroppiseisheraetahhmelah jonpselactedrda? aftahs, or
zinc, nickel, vanadium, tungsten, molybdenum, silver, tin, or any combination

thereof. 9.AWSFHéB‘%it%‘?F%?&’&&Hﬁ?@}tt8"él8frﬁf?th@Pé%r$tﬁlé1’a?t 838 BHeSRYp: at
metallocengeaompiisesiawasiposind Xaving)the fotmupe) Rhis, SutkdiBrad R3Bin

R4 unsubstituted alkenyl group having up to 12 carbon atoms; (X.sup.3) and
(X.sup.4) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl group
having up to 20 carbon atoms, H, or BH.sub.4; 3) a hydrocarbyloxide
group, a hydrocarbylamino group, or a trihydrocarbylsilyl group, any of
which having up to 20 carbon atoms; or 4) OBR.sup.A.sub.2 or
SO.sub.3R.sup.A, wherein R.sup.A is an alkyl group or an aryl group, any
of which having up to 12 carbon atoms; and any additional substituent on
the substituted cyclopentadienyl, substituted indenyl, substituted fluorenyl,
or substituted alkenyl group is independently an aliphatic group, an
aromatic group, a cyclic group, a combination of aliphatic and cyclic
groups, an oxygen group, a sulfur group, a nitrogen group, a phosphorus
group, an arsenic group, a carbon group, a silicon group, or a boron group,
any of which having from 1 to 20 carbon atoms; a halide; or hydrogen; b)
the at least one second metallocene comprises an unbridged metallocene
having the formula: 1) (X.sup.5)(X.sup.6)(X.sup.7)(X.sup.8)M.sup.2 (M2-
A), wherein M.sup.2 is titanium, zirconium, or hafnium; (X.sup.5) and
(X.sup.6) are independently a cyclopentadienyl, an indenyl, a substituted
cyclopentadienyl, or a substituted indenyl; (X.sup.7) and (X.sup.8) are
independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl group having up to 20
carbon atoms, H, or BH.sub.4; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which
having up to 20 carbon atoms; or 4) OBR.sup.B.sub.2 or SO.sub.3R.sup.B
wherein R.sup.B is an alkyl group or an aryl group, any of which having up

to 12 carbon atoms; and any substituent on the substituted cyclopentadienyl
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Mzirconium or hafnium; R2B is methyl or phenyl; R3B and R43 are
independently H or CH3; and n is an integer from O to 5, inclusive. 10.A
composition according to Claim 1, wherein the at least one first metallocene
is selected from or any combination thereof 11.A composition according to
Claim 1, wherein the at least one second metallocene comprises a
compound haying the formula:

or substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
arsenic group, a carbon group, a silicon group, or a boron group, any of
which having from 1 to 20 carbon atoms; a halide; or hydrogen; i1)
(X.sup.9)(X.sup.10)(X.sup.11)(X.sup.12)M.sup.3 (M3-A), wherein
M.sup.3 is titanium, zirconium, or hafnium; (X.sup.9) is a substituted
cyclopentadienyl group, wherein one substituent is an aliphatic group, an
aromatic group, or a combination of aliphatic and cyclic groups, any of
which having up to 20 carbon atoms; (X.sup.10) is a substituted indenyl
group, wherein one substituent is an aliphatic group, an aromatic group, or
a combination of aliphatic and cyclic groups, any of which having up to 20
carbon atoms; (X.sup.11) and (X.sup.12) are independently: 1) F, CI, Br, or
I; 2) a hydrocarbyl group having up to 20 carbon atoms, H, or BH.sub.4; 3)
a hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms; or 4)
OBR.sup.C.sub.2 or SO.sub.3R.sup.C, wherein R.sup.C is an alkyl group
or an aryl group, any of which having up to 12 carbon atoms; and any
additional substituent on the substituted cyclopentadienyl or substituted
indenyl is independently an aliphatic group, an aromatic group, a cyclic
group, a combination of aliphatic and cyclic groups, an oxygen group, a
sulfur group, a nitrogen group, a phosphorus group, an arsenic group, a
carbon group, a silicon group, or a boron group, any of which having from
1 to 20 carbon atoms; a halide; or hydrogen; or iii) any combination
thereof; c¢) the at least one organoaluminum compound comprises a
compound having the formula: AI(X.sup.13).sub.n(X.sup.14).sub.3-n,
wherein (X.sup.13) is a hydrocarbyl having from 1 to 20 carbon atoms;
(X.sup.14) is an alkoxide or an aryloxide, any of which having from 1 to 20
carbon atoms, halide, or hydride; and n is a number from 1 to 3, inclusive;
and d) the at least one activator-support comprises a solid oxide treated

with an electron-withdrawing anion; wherein the at least one
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or any combination thereof, wherein M2B is zirconium or hafnium; X7B and
X8B are independently benzyl, CI, or methyl; and R7B and R8B are
independently H, methyl, ethyl, n-propyl, n-butyl, CH2CH=CF12,
CH2CH2CH=CF12, or CH2CH2CH2CH=CH2. 12.A composition according to
Claim 1, wherein the at least one second metallocene comprises a
compound haying the formula:  13.A composition according to Claim 1,

}/;/]hefrein tTe éﬁBéélh%ﬁﬁ?%%%&ﬁ@l@&ﬁ%&?%ﬁ%l@a&%ﬂ@Qh”lﬂeh[%‘l’li&@ing
e rormulia:
conditions exist: 1) a) at least one of (X.sup.3) and (X.sup.4) is a

hydrocarbyl group having up to 20 carbon atoms, H, or BH.sub.4; b) at
least one of (X.sup.7) and (X.sup.8) is a hydrocarbyl group having up to 20
carbon atoms, H, or BH.sub.4; and c) at least one of (X.sup.11) and
(X.sup.12) is a hydrocarbyl group having up to 20 carbon atoms, H, or
BH.sub.4; 2) the catalyst composition comprises at least one

organoaluminoxane compound; or 3) both conditions 1 and 2 exist.

32. A process for producing a polymerization catalyst composition
comprising contacting: 1) at least one first metallocene; 2) at least one
second metallocene; and 3) at least one activator-support, wherein: a) the at
least one first metallocene comprises an ansa-metallocene having the
formula: (X.sup.1)(X.sup.2)(X.sup.3)(X.sup.4)M.sup.1 (M1-B), wherein
M.sup.1 is titanium, zirconium, or hafnium; (X.sup.l) and (X.sup.2) are
independently a substituted cyclopentadienyl, a substituted indenyl, or a
substituted fluorenyl; one substituent on (X.sup.l) and (X.sup.2) is a
bridging group having the formula ER.sup.1R.sup.2, wherein E is a carbon
atom, a silicon atom, a germanium atom, or a tin atom, and E is bonded to
both (X.sup.1) and (X.sup.2), and wherein R.sup.l and R.sup.2 are
independently an alkyl group or an aryl group, either of which having up to
12 carbon atoms, or hydrogen, wherein at least one of R.sup.1 and R.sup.2
is an aryl group; at least one substituent on (X.sup.l) or (X.sup.2) is a
substituted or an unsubstituted alkenyl group having up to 12 carbon
atoms; (X.sup.3) and (X.sup.4) are independently: 1) F, CI, Br, or [; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BH.sub.4; 3) a
hydrocarbyloxide  group, a  hydrocarbylamino  group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms; or 4)
OBR.sup.A.sub.2 or SO.sub.3R.sup.A, wherein R.sup.A is an alkyl group
or an aryl group, any of which having up to 12 carbon atoms; wherein at

least one of (X.sup.3) and (X.sup.4) is a hydrocarbyl group having up to 20
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Cle..m3u."0C1 R 1 0B M3B is zirconium, or hafnium; R9B is H or CH3; and
(IVB), wherein RI OB is H, CH2CH=CH2, CH2CH2CH=CH?2,
CH2CH2CH2Ph, or CH2CH2CH2CHS3. 15.A composition according to Claim
1, wherein the at least one second metallocene is selected from CI alt..to CI

Hf "

carbon atoms, H, or BH.sub.4; and any additional substituent on the
substituted cyclopentadienyl, substituted indenyl, substituted fluorenyl, or
substituted alkenyl group is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
arsenic group, a carbon group, a silicon group, or a boron group, any of
which having from 1 to 20 carbon atoms; a halide; or hydrogen; b) the at
least one second metallocene comprises an unbridged metallocene having
the formula: 1) (X.sup.5)(X.sup.6)(X.sup.7)(X.sup.8)M.sup.2 (M2-C),
wherein M.sup.2 is titanium, zirconium, or hafnium; (X.sup.5) and
(X.sup.6) are independently a cyclopentadienyl, an indenyl, a substituted
cyclopentadienyl, or a substituted indenyl; (X.sup.7) and (X.sup.8) are
independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl group having up to 20
carbon atoms, H, or BH.sub.4; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which
having up to 20 carbon atoms; or 4) OBR.sup.B.sub.2 or SO.sub.3R.sup.B,
wherein R.sup.B is an alkyl group or an aryl group, any of which having up
to 12 carbon atoms; wherein at least one of (X.sup.7) and (X.sup.8) is a
hydrocarbyl group having up to 20 carbon atoms, H, or BH.sub.4; and any
substituent on the substituted cyclopentadienyl or substituted indenyl is
independently an aliphatic group, an aromatic group, a cyclic group, a
combination of aliphatic and cyclic groups, an oxygen group, a sulfur
group, a nitrogen group, a phosphorus group, an arsenic group, a carbon
group, a silicon group, or a boron group, any of which having from 1 to 20
carbon atoms; a halide; or hydrogen; 11)
(X.sup.9)(X.sup.10)(X.sup.11)(X.sup.12)M.sup.3 (M3-0O), wherein
M.sup.3 is titanium, zirconium, or hafnium; (X.sup.9) is a substituted
cyclopentadienyl group, wherein one substituent is an aliphatic group, an
aromatic group, or a combination of aliphatic and cyclic groups, any of
which having up to 20 carbon atoms; (X.sup.10) is a substituted indenyl

group, wherein one substituent is an aliphatic group, an aromatic group, or
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H3CH3C CYN Clit?zr.,111C1Clat...nponC1 Clara.. upon or any
combination thereof 15.A composition according to Claim 1, wherein:

a)

the at least one first metallocene comprises a compound having the formula:

Fl 04B(TB), wherein Mzirconium or hafnium;

a combination of aliphatic and cyclic groups, any of which having up to 20
carbon atoms; (X.sup.11) and (X.sup.12) are independently: 1) F, CI, Br, or
I; 2) a hydrocarbyl group having up to 20 carbon atoms, H, or BH.sub.4; 3)
a hydrocarbyloxide group, a hydrocarbylamino group,
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms; or 4)
OBR.sup.C.sub.2 or SO.sub.3R.sup.C, wherein R.sup.C is an alkyl group
or an aryl group, any of which having up to 12 carbon atoms; wherein at
least one of (X.sup.11) and (X.sup.12) is a hydrocarbyl group having up to
20 carbon atoms, H, or BH.sub.4; and any additional substituent on the
substituted cyclopentadienyl or substituted indenyl is independently an
aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen
group, a phosphorus group, an arsenic group, a carbon group, a silicon
group, or a boron group, any of which having from 1 to 20 carbon atoms; a
halide; or hydrogen; or iii) any combination thereof; and c) the at least one

activator-support comprises a solid oxide treated with an electron-

withdrawing

33. A composition according to claim 18, wherein: a) the at least one first
metallocene comprises a compound having the formula: ##STRO0006 1##
wherein M.sup.1B is zirconium or hafnium; R.sup.2B is methyl or phenyl;
R.sup.3B and R.sup.4B are independently H or CH.sub.3; and n is an
integer from O to 5, inclusive; b) the at least one second metallocene
comprises a compound having the formula: ##STRO0062## or any
combination thereof, wherein M.sup.2B is zirconium or hafnium; X.sup.7B
and X.sup.8B are independently benzyl, Cl, or methyl; and R.sup.7B and
R.sup.8B are independently H, methyl, ethyl, n-propyl,
CH.sub.2CH.dbd.CH.sub.2, CH.sub.2CH.sub.2CH.dbd.CH.sub.2,
CH.sub.2CH.sub.2CH.sub.2CH.dbd.CH.sub.2; ¢) the at least one activator-
support is chlorided alumina, fluorided alumina, sulfated alumina, fluorided

silica-alumina, or any combination thereof; and d) the at least one organo
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R2B is methyl or phenyl; R3B and R4B are independently H or CH3; and n is
an integer from 0O to 5, inclusive; b) the at least one second metallocene
comprises a compound having the formula: i) (ITC), wherein M2c is
zirconium or hafnium; and X9c and X8c are independently benzyl, Cl, or
methyl; Rum ii) (IVB),

aluminum  compound is triethylaluminum, tributylaluminum,

triisobutylaluminum, or any combination thereof.

34. A composition according to claim 18, wherein: a) the at least one first
metallocene comprises a compound having the formula: ##STRO0063##
wherein M.sup.1B is zirconium or hafnium; R.sup.2B is methyl or phenyl;
R.sup.3B and R.sup.4B are independently H or CH.sub.3; and n is an
integer from O to 5, inclusive; b) the at least one second metallocene
comprises a compound having the formula: ##STR00064## wherein
M.sup.3B is zirconium or hafnium; R.sup.9B is H or CH.sub.3; and
R.sup.10B is H, CH.sub.2CH.dbd.CH.sub.2,
CH.sub.2CH.sub.2CH.dbd.CH.sub.2, CH.sub.2CH.sub.2CH.sub.2Ph, or
CH.sub.2CH.sub.2CH.sub.2CH.sub.3; ¢) the at least one activator-support
is chlorided alumina, fluorided alumina, sulfated alumina, fluorided silica-
alumina, or any combination thereof; and d) the at least one
organoaluminum compound is triethylaluminum, tributylaluminum,

triisobutylaluminum, or any combination thereof.

35. A composition according to claim 18, wherein the contact product
further comprises at least one organoaluminoxane compound, at least one

organoboron or organoborate compound, or a combination thereof.

36. A composition according to claim 18, wherein the at least one first
metallocene comprises a compound having the formula: ##STRO0065##
wherein M.sup.l1A is titanium, zirconium, or hafnium; X.sup.3A and
X.sup.4A are independently Cl or Ph; E.sup.A is C or Si; R.sup.1A and
R.sup.2A are Ph; R.sup.3A and R.sup.4A are independently H or CH.sub.3;

n is an integer from O to 5, inclusive; and R.sup.5A and R.sup.6A are t-Bu.

37. A composition according to claim 1, wherein the at least one first

metallocene comprises a compound having the formula: ##STRO0066##
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wherein [),43B is zirconium, or hafnium; R9B is H or CH3; and Rion is -, H
CH2CH=CH2, CH2CH2CH=CH2, CH2CH2CH2Ph, or CH2CH2CH2CH3; or
iii) any combination thereof. 16. A composition according to Claim 1,
wherein a molar ratio of the at least one first metallocene to the at least one
second metallocene in the composition is from about 1:10 to about 10:1.

17. A composition according to Claim 1, wherein the at least one

activator-suppertiis sglegiacfram shiatided Alming, fHofdad AluRingy. 34 and

fluorided aluminophosphate, sulfated alumina, fluorided silica-alumina, or any

combination’thiePett. a18. indeppmdenitio i aetdtdiny s AamfLowherBisunéA and

contact Progugl SWihSiGHMRIGES Ah A 1e38h ARC X GANQRIMEAYM or CH.sub.3;
compound having the formula: Al(X13)n(x14)3 n, wherein (X13) is a

hydrocarbyMia@h N8R T A0 arisiiattimand keshine Arfedidid=0d 4 t-Bu.
aryloxide, any of which having from 1 to 20 carbon atoms, halide, or hydride;
and n is a number from 1 to 3, inclusive. 19. A composition according to
Claim 18, wherein the at least one organoaluminum compound comprises
trimethylaluminum, triethylaluminum, tripropylaluminum, tributylaluminum,
triisobutylaluminum, trihexylaluminum,
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trioctylaluminum, diethylaluminum ethoxide, dlisobutylaluminum hydride,
diethylaluminum chloride, or any combination thereof 20.A composition
according to Claim 18, wherein: a) the at least one first metallocene
comprises a compound having the formula: wherein (IA), MIA is zirconium

or hafnium; X3A and VIA are independently F, Cl, Br, I, benzyl, phenyl, or
methyl; EA iS C or Si; RR2A are independently an alkyl group or an aryl
groupygihs,ef which having up to 12 carbon atoms, or hydrogen, wherein at
least one of R R2A is an aryl group; R3A and 124A are independently H or _
CH: nis an }ntegeﬁf@mms@@} ﬁ?&?ﬂgﬁ}%g gﬁocontact product of: 1) at least one first

metallocene; 2) at least one second metallocene; and 3) at least one activator, wherein:
a) the at least one first metallocene comprises an ansa-metallocene
having the formula:
XXM (ML1-A),wherein

M!is titanium, zirconium, or hafnium;

(X") and (X?) are independently a substituted cyclopentadienyl, a
substituted indenyl, or a substituted fluorenyl;

one substituent on (X') and (X?) is a bridging group having the formula
ERle, wherein E is a carbon atom, a silicon atom, a germanium atom, or a tin atom,
and E is bonded to both (X') and (Xz), and wherein R' and R? are independently an
alkyl group or an aryl group, either of which having up to 12 carbon atoms, or
hydrogen, wherein at least one of R' and R? is an aryl group;

at least one substituent on (Xl) or (Xz) is a substituted or an
unsubstituted alkenyl group having up to 12 carbon atoms;

(X3 ) and (X4) are independently: 1) F, CI, Br, or [; 2) a hydrocarbyl
group having up to 20 carbon atoms, H, or BHy; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR*; or SO;R*, wherein R* is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and

any additional substituent on the substituted cyclopentadienyl,
substituted indenyl, substituted fluorenyl, or substituted alkenyl group is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron

group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen;
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RR6A are independently a hydrocarbyl group, an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an oxygen
group, a sulfur group, a nitrogen group, a phosphorus group, an arsenic
group, a carbon group, a silicon group, or a boron group, any of which having
from 1 to 12 carbon atoms, or hydrogen; b) the at least one second
metallocene comprises a compound having the formula: )R8(IA), R(IlIA), or

any Combingﬁon thgregf, W,Q&regﬁév'%&dﬁdingﬁpﬁf&g&{my@&'ﬁﬁﬁ@yﬂﬁr unbridged

hafnium; X2A and X8A, in each occurrence, are independently F, Cl, Br,
1, berPGRIMEAThIBEIRIPTEHE:  R2A and R8A, in each occurrence, are

independently H, methyl, ethyl,(x2probyk nebbigt, n-pentyiMZH3GHREH2Ph,
CH2CH=CELZ, CH e bl St GHaRme 2 R9A
3A.mx12A ’ ’ ’

(X°) and (X°) are independently a cyclopentadienyl, an indeny],
a substituted cyclopentadienyl, or a substituted indenyl;

(X7) and (Xg) are independently: 1) F, Cl, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms;
or 4) OBR®; or SO3R®, wherein R® is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and

any substituent on the substituted cyclopentadienyl or
substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
arsenic group, a carbon group, a silicon group, or a boron group, any of
which having from 1 to 20 carbon atoms; a halide; or hydrogen;

ii) XXM xHMm? (M3-A), wherein

M? is titanium, zirconium, or hafnium;

(X”) is a substituted cyclopentadienyl group, wherein one
substituent is an aliphatic group, an aromatic group, or a combination
of aliphatic and cyclic groups, any of which having up to 20 carbon
atoms;

(X' is a substituted indenyl group, wherein one substituent is
an aliphatic group, an aromatic group, or a combination of aliphatic
and cyclic groups, any of which having up to 20 carbon atoms;

(X“) and (Xlz) are independently: 1) F, CI, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a

trihydrocarbylsilyl group, any of which having up to 20 carbon atoms;
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(WA), wherein M3A is zirconium, or hafnium; R9A is H or CH3;
RioxisH,CH2CH=CH2,CH2CH2CH=CH2, CH2CH2CH2CH=CHZ2,
CH2CH2CH2Ph, or CH2CH2CH2CF13; and X1 1A and X12A are
independently F, CI, Br, |, benzyl, phenyl, or methyl; or any combination
thereof; c)the at least one organoaluminum compound comprises
trimethylaluminum, triethylaluminum, tripropylaluminum, tributylaluminum,

triisobutylaluminurg, 5ilpmaialryaue, wieetiafmunk gAY group,
ethoxide, any of which having up to 12 carbon atoms; and
any additional substituent on the substituted cyclopentadienyl
or substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
arsenic group, a carbon group, a silicon group, or a boron group, any of
which having from 1 to 20 carbon atoms; a halide; or hydrogen;
or
1ii) any combination thereof;
and

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

an electron-withdrawing anion.

2. A composition according to Claim 1, wherein the metallocene
XXX (X*)M?* (M2-A) has the formula:
XXM (M2-B), wherein

M? is zirconium or hafnium;

(X°) and (X®) are independently a cyclopentadienyl, an indenyl, a substituted
cyclopentadienyl, or a substituted indenyl;

(X") and (X®) are independently a hydrocarbyl group having up to 12 carbon
atoms, H, BH,, F, CI, Br or I; and

any substituent on the substituted cyclopentadienyl or substituted indenyl is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of

aliphatic and cyclic groups, any of which having from 1 to 20 carbon atoms.

3. A composition according to Claim 1, wherein the metallocene
XXX (X'*)M? (M3-A) has the formula:
X)X HxHM? (M3-B), wherein

M? is zirconium or hafnium;
(X°) is a substituted cyclopentadienyl group, wherein any substituent is

independently a linear or branched alkyl group having up to 12 carbon atoms;
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diisobutylaluminum hydride, diethylaluminum chloride, or any combination
thereof; and d)the at least one activator-support comprises a solid oxide
treated with an electron-withdrawing anion, wherein: the solid oxide is
silica, alumina, silica-alumina, aluminophosphate, aluminum phosphate, zinc
aluminate, heteropolytungstates, titania, zirconia, magnesia, boria, zinc
oxide, mixed oxides thereof, or any combination thereof; and the

electron-withgrguing, Ao s IHAHYE o AR 19 LI TS BOGHEE PORRRPE!Gently

triflate, bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate,
phospRATP G ESRHL SPREPEIHG SRR IR Y REAP S st sclie groups.
permamganatectshibstiitioh artunswhsituteenalkanesulfonate, substituted or

unsubstitute%: en igllf nate, or any combjnation th reof 21.A compositjion
ocording 0 AT g adenSee A R LA 0 R UG T roon
comprises, HoBHmFcEmBination thereof; b)the at least one second

metallocenqt.compf\isc%%lposition according to Claim 1, wherein the at least one second
metallocene comprises an unbridged metallocene having the formula:
) XXX (XHM? (M2-B), wherein

M? is zirconium or hafnium;

(X°) and (X°) are independently a cyclopentadienyl, an indenyl, a
substituted cyclopentadienyl, or a substituted indenyl;

(X") and (X®) are independently a hydrocarbyl group having up to 12
carbon atoms, H, BH4, F, Cl, Br or I; and

any substituent on the substituted cyclopentadienyl or substituted
indenyl is independently an aliphatic group, an aromatic group, a cyclic group,
a combination of aliphatic and cyclic groups, any of which having from 1 to
20 carbon atoms;

i) XHXXMX*HM? (M3-B), wherein

M? is zirconium or hafnium;

(X°) is a substituted cyclopentadienyl group, wherein any substituent is
independently a linear or branched alkyl group having up from 1 to 12 carbon
atoms;

(X' is a substituted indenyl group, wherein any substituent is
independently an aliphatic group, an aromatic group, or a combination of
aliphatic and cyclic groups, any of which having from 1 to 20 carbon atoms;
and

(X" and (X'?) are independently a hydrocarbyl group having up to 12
carbon atoms, H, BHy4, F, Cl, Bror I;

or

1ii) any combination thereof.
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cikcii=cik or any combination thereof; c) the at least one
organoaluminum compound comprises triethylaluminum, tri-n-butylaluminum,
triisobutylaluminum, or any combination thereof; and d) the at least one
activator-support comprises a sulfated solid oxide. 22.A composition
according to Claim 18, wherein: a)the at least one first metallocene is
selected from or any combination thereof;

5. A composition according to Claim 1, wherein the at least one first

metallocene comprises a compound having the formula:

(TA), wherein

M' is zirconium or hafnium;

X** and X** are independently F, Cl, Br, I, benzyl, phenyl, or methy];

E*is Cor Si;

R'* and R** are independently an alkyl group or an aryl group, either
of which having up to 12 carbon atoms, or hydrogen, wherein at least one of R or
R** is an aryl group;

R** and R* are independently H or CH.

n is an integer from O to 5, inclusive; and

R>* and R** are independently an aliphatic group, an aromatic group, a
cyclic group, a combination of aliphatic and cyclic groups, an oxygen group, a sulfur
group, a nitrogen group, a phosphorus group, an arsenic group, a carbon group, a
silicon group, or a boron group, any of which having from 1 to 12 carbon atoms; or
hydrogen.

6. A composition according to Claim 1, wherein the at least one second

metallocene comprises a compound having the formula:

R7A
X
®\ 7 R7A<j
2 A“‘““X7A
\XSA

M \\\\X7A
24
Qo oS
i) R®A (IIA), R (INIA),

or any combination thereof, wherein

M4 is, independently, zirconium or hafnium;
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b)the at least one second metallocene is selected from
cikcii=cik(CH2)2CH=CH2(CH2)2CH=CH2 or any combination thereof; C)
the at least one organoaluminum compound comprises triethylaluminum,
tri-n-butylaluminum, triisobutylaluminum, or any combination thereof; and

d) the at least one activator-support comprises a sulfated alumina. 23.A
composition according to Claim 1, wherein the contact product further
comprises:5) an ioniZing)@m%@W‘?H%ﬁ%&ﬁ%éﬁ?ﬁ?éﬂﬁb})endentl F, Cl, Br, I,

butyeammoniumtetrakis(p-tolyl)borate,tri(n-butyhammoniumtetrakis(m-
tolyeborate, tri(n-bBEEEATHLATETERE @94-dimethylphenyhborate, tri(n-
butyeammoniumtetrakis @ 5-gimethyipbenyehoraiect(iebutid)camemBnitmethyl,
tetraki ,5-bi s(trifluoromethyephenyll borate, tri(n-pu [ _
tetrakis(pentafluor%t%%léni]/é%%%gﬁe,%my imnéﬂ?yfgﬁilitélm%a?gm]@ﬁzgm CHCH=CH,,
tetrakis(p-tolyl) borat&(NCIdiFEth gl Hirtiih ittt ki€ {(hhstolyeborate,
N,N-dimethylanilinium tetrakis(4¢- dimethylphenyhborate,
N,N-dimethylanilinium tetrakis(3,5- enyeborate,
N,N-dimethylanilinium tetrakis13,5-bis{tfifluoromethyephenyllborate,
N,Ndimethylanilinium tetrakis(p# opRényeborate, triphenylcarbenium
tetrakis(ptolyeborate, triphenylca |niu tetrakis(mdolyeborate,

triphenylcarbenium

i) RI0A (IVA), wherein
M2 is zirconium, or hafnium;
R**is H or CHs;
R'™ s H, CH,CH=CH,, CH,CH,CH=CH,,
CH,CH,CH,CH=CH,, CH,CH,CH,Ph, or CH,CH,CH,CHj3; and
XA and X' are independently F, Cl, Br, I, benzyl, phenyl, or
methyl;
or
i) any combination thereof.
7. A composition according to Claim 1, wherein the at least one activator-
support is a solid oxide treated with an electron-withdrawing anion, wherein:
the solid oxide is silica, alumina, silica-alumina, aluminophosphate,
aluminum phosphate, zinc aluminate, heteropolytungstates, titania, zirconia,
magnesia, boria, zinc oxide, mixed oxides thereof, or any combination thereof; and
the electron-withdrawing anion is fluoride, chloride, bromide, iodide,
phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate,
phosphate,  fluorophosphate,  fluorozirconate, fluorosilicate, fluorotitanate,
permanganate, substituted or unsubstituted alkanesulfonate, substituted or

unsubstituted arenesulfonate, or any combination thereof.

8. A composition according to Claim 1, wherein the solid oxide treated

with an electron withdrawing anion further comprises a metal or metal ion selected
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tetrakis(2,4-dimethylphenyeborate,triphenylcarbeniumte traki s (3 ,5-
dimethylphenyl) borate,triphenylcarbeniumtetrakis13,5-bis(trifluoro-
methyl)phenyll borate,triphenylcarbeniumtetrakis(pentafluorophenyl)borate,
tropylium tetrakis(p-tolyl)borate, tropylium tetrakis(mdolyeborate, tropylium
tetrakis(2,4-dimethylphenyeborate, tropylium
tetrakis(3,5-dimethylphenyeborate, tropylium

tetra‘@r%%ﬁ;&ﬁﬁ'él&é@@@ﬁ%ﬁﬂ%ﬁp %W&P%‘i?b&&mﬂ'%er tin, or any_combination
tetrakis(pentafluorophenyeborate, Tithium tetrakis(pentafluorophenyl)borate,
I|th|uﬁli’?§t?§kls(phenyl)borate lithium tetrakis(p-tolyl)borate, lithium
tetrakls(md@lyebomteodimisitrbﬁea@bta(i@t@ilmethlylph@nmebpfmeathtéuwme first
tetraki s <((a 5 dlmeth henglll)nbora(ti«ari Ilthluriq tFtrafIPoroborate sodium
tetrakis( en?a]fﬁj%%l eensy% orate, sodit t ra%stlp%enyl) borate, sodium
tetrakis(p-tolyl)borate, s6d R (m tolyhborate, sodium

tetrakis(2,4- dlmetﬂgl phe y@
tetrakis(3,5-dimet yphenyeb te sodlum tetrafluoroborate potassium
tetrakls(pentaﬂuoropherﬁ )
potassium tetrakis(ptdi/fib
tetrakis(2,4-dimethylphenye
tetrakis(3,5-dimethylphenyl)b tassium tetrafluoroborate,
triphenylcarbenium tetrakis(pde Hm\' ate, triphenylcarbenium
tetrakis(mtolyealuminate, tnphenyl@arbemum (IB), wherein
tetrakis(2,4-dimethylphepygealumipatastriphenylcarbenium

tetrakis(3,5-dimeth henyhalumlnate triphenylcarbenium

tetrakis(pentafluo Hél’?%gi'uﬁﬂﬁlé‘igyitropylium tetrakis(pdolyealuminate,
tropylium tetrakis(Rtielyba{iminatésfeagdiunH or CHs; and

tetrakis(2,4-dimethyl hen alumin

tetrakis(3,5- dlmetﬁg %%eny?)ﬁa uﬂmzﬁc’ g’olgquswe
tetrakus(pentéfluorép%nw@tl@mmdim|wlalm 1, wherein the at least one first
tetrakis@@apiaflupraphenyhalyminate, lithium tetrakis(phenyl)aluminate,

lithium tetrakls(p tolyl)aluminate, lithium tetrakls(mtolyealumlnate lithium

tetrakis(2 Iphenyl)alumln ' etrakis(3,5- C
dimetiyy th@ate, ‘*-"»ra:’ mate, sodfim
tetrahs(pi@n rephenyealumindte; §d|m Jtetrakis(phenye ri’“

sodium fé‘tra JSlyealuminate, $8diu eﬁ%s(mdolyealummat <odi
tetrakis(2,4-dimethylphenyealuminate, um
tetrakis(3,5-dimethy nyealuminate, SOdI rafluoroaluminate, N,

potassmm tetrakls(pentaﬂuoropheny ! ; , potassium

pot sium tetrakis(mdolyeborate, potassium
e, potassium

: S at I Izalumlnate D R
veall nteu potassmr%tetr ok 4 dlmethylﬁﬁénl}/ “J

tetrafluor%ﬁru ot Ctlrlphenylcarbenlum
tris(2,2',2"-no orobiphenyefluoroalumi
hexafluoroisoprop -aluminate, or silver

tetrakls(perfluoro -t- butoxy)alumlnte or.any comblnatlon thereof 24. A

Eh [1id urmr\ﬁhpound {rbu‘d,d amkg@t one actlvator -support, wherein:
a) the at Ieas dhe first metallocene pﬁbes an ansa-metallocene having

X (X3)(X4)M1(M A), h/ereln M1 is titanium, zirconium,
or hafnlum
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(X1) and (X2) are independently a substituted cyclopentadienyl, a substituted
indenyl, or a substituted fluorenyl; one substituent on (X1) and (X2) is
a bridging group having the formula ER1R2, wherein E is a carbon atom, a
silicon atom, a germanium atom, or a tin atom, and E is bonded to both (X1)
and (X2), and wherein R1 and R2 are independently an alkyl group or an aryl
group, either of which having up to 12 carbon atoms, or hydrogen, wherein at

least gnﬁﬁg&%g@gdg:gh@@,@ aryl group; at least one substituent on
(X1) or (X2) is a substituted or an unsubstituted alkenyl group having up to 12

carbon atomd; A coBReyitAY 15eaydirg IRdepEndenthyray Eecat Ispshopre s5eend
hydragahidcgrioupripiiagaupripathcamhon atormsntdaor BH4, 3) a
hydrocarbyloxidg group, a hydrocarbylamino group, or a trihydrocarbylsilyl
group, any of Which ha ing up to 20 carbon atoms; or 4) OBRAZ2 or SO3RA,
wherein RA is agralgyl group or an aryl grogp, any of which having up to 12
carbon atoms; ane ~ any additi® tituent on the substituted
cyclopentadienyl, substitutedtndenyl, substitited quorﬁsnyI or substituted
alkenyl ground endwe}@i;y an aliphatic growBar?(aromatlc group, a cyclic
';

group, a co Mof aliphatic and cycli ups, XN oxygen group, a sulfur

group, a nitroge oup, a phosphorus gro n arsenic group, a carbon

group, a silicon grouBSBOr a borqnm)rouBSBany of which haging)from 1 to 20

carbon atoms; a halide; or h dro b) the at least one second
combination thereo

metaffbéehé comprises an uhgn ged metallocene having the formula:

i)(X5)(X6)(X7)(X8)MIZ (W2sa)pitsLonbhemein; M2 is titanium, zirconium, or

e e o e U THERE RSN Y eREPIRERIY b Indeny!

a substituted cyclopentadienyl, or a substituted indenyl; 7) and (X8) are

independently: 1) k. cingrRor proyindepgendsosioyl: gF@f‘L‘ib\’ha‘%ﬁﬁ@ UpReed. n-butyl,

carbanrptomss i, oHRC AR @hyeretadylondergtowp, a hydrocarbylamino
group, or a trihydrocarbylsilyl group, any of which haying up to 20 carbon

atoms; or 4) OBRB2 or SO3RB, wherein RB is an alkyl group or an aryl
group, any dé2which baymgitupntact@rdagonCsoms,; andrein the at least one second

metallocene comprises a compound having the formula:
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any substituent on the substituted cyclopentadienyl or substituted indenyl is
independently an aliphatic group, an aromatic group, a cyclic group, a
combination of aliphatic and cyclic groups, an oxygen group, a sulfur group, a
nitrogen group, a phosphorus group, an arsenic group, a carbon group, a
silicon group, or a boron group, any of which haying from 1 to 20 carbon
atoms; a halide or hydrogen; ii)(x9)(x10)(x11)(x12))43(43 A), wherein M3 is

titaniunn. zircoptum, or kafniumm; (XQ) is & substituted cyclopentadien

group; where e substitu an aliphaticgr n arématic grou
combination of aliphatic and cyd{ic groups, any of wRich:haying up to 20\ .
carbon atoms; /X10) is a sulystituted indenyl groyip,wherein one ™
subst%lipha@@ ar&sga/thxqr_@r a c%@v@*@@
aliphatic and C groups, a f which haying 20 carbon atoms, ,

and (X12 (X) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl group

haying up to 20 carbon atoms, H, &R ¥ hydrocarbyloxide group, a
hydrocarbylamino group, or a trihy ] ' {ying
up to 20 carbon atoms; or 4) OBfid2-ehS@3fic, wherein Rc i

or an apyl group, a f which haying up tZr;L\QCbarbon atoms; and
any additional su nt on the substitutéd cyclopentadienyl or subs itlted
indenyl is independently.an aliphgt gedl

Z
)

group, a combination r’f\&mliphatic yetic groups, an oxyge @
groupé%ﬁen_@ a phosphoris group, an arsenic group, & carko
group, a silicon growg; or a boron group, any of which, having from 1 to 20 ,

carbon atoms; a halide_or hydrogen; or

< ® o
CHs CHs
o < <
) )
g

g QY QY

CH CH,
w

@

/CH2

, or any combination thereof.
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lifjany combination thereof; c) the at least one organoaluminum
compound comprises a compound having the formula: Al(X13)n(x14)3 n,
wherein (X13) is a hydrocarbyl having from 1 to 20 carbon atoms; (X14) is an
alkoxide or an aryloxide, any of which having from 1 to 20 carbon atoms,
halide, or hydride; and n is a number from 1 to 3, inclusive; and d) the at
least one activator-support comprises a solid oxide treated with an
electron-Wlth@!ravvlﬂq;aﬂrt]sm;twﬂ%@a}mg &) leash one, ALEBN ARUUMIBHMbne second
e

compound is optional when at least one of the following conditions exist:

1) a) BERARGREGIRNESS A58 RMTE B vipaiBedrsYFroup having up to 20

carbon atoms, H, or BHgBb) at least one of (X7) and (X8) is a hydrocarbyl
group having up to 20 ca@@ﬁé,\ﬂfq BH4; and c) at least one of (X11)
and (X12) is a hydrocarbyl grgup having up to 20 carbon atoms, H, or BH4;
2) the catalyst compositi MBﬁ\gés at least one organoaluminoxane
compound; or 3)b tions 1 and 2 exist. 25.A catalyst composition
comprising the contact . 1) at least one first metallocene; 2) at least
one second metallocene; and 3)\at |least one activatorsuppport, wherein:

a)the at least one first metalloceffe comprises an(&famhetaifocene having

the formUIa:1\/13]3 is zirconium, or hafnium;
R’ is H or CHs;; and
R'® is H, CH,CH=CH,, CH,CH,CH=CH,, CH,CH,CH,Ph, or
CH,CH,CH,CHs.

15. A composition according to Claim 1, wherein the at least one second

metallocene is selected from

O~—~ O

Clam J niCl Clan beonCl

J

—)
—)

@]

T /. WCI

N

b
bo.
e

CH,CH=CH, CH,CH=CH, (CH,),CH=CH,
b b b

O @/\«

Clam, heawncl Claa / iCl Clam, e nCl

O
O

(CHy)3
’ ’

)

/

o
5
b

(CHy),CH=CH, _
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(X1)(X2)(X3)(X4)M1(MI-B), wherein M1 is titanium, zirconium, or hafnium;
(X1) and (X2) are independently a substituted cyclopentadienyl, a substituted
indenyl, or a substituted fluorenyl; one substituent on (X1) and (X2) is
a bridging group haying the formula ER1R2, wherein E is a carbon atom, a
silicon atom, a germanium atom, or a tin atom, and E is bonded to both (X1)
and (X2), and wherein R1 and R2 are independently an alkyl group or an aryl

group, eitheg of which hayingup to 1 rbon atoms, or hydrogen, wherein at
least one la is an aryl gro least one substi
(X1) OEIQ |ims\.c(lel substituted or an Ans bstituted alkenyl group h p

ent on
\ u
\ ol
carbon atoffis; irz orl;2)a
\

(X) and (X4 aré\flnﬁlependently: 1) F, G,
7 We) i ¢ [0) r

group, any ofwhich haying up to 20 carben,atems; or 4) OBRA2G503RA,
wherein RA is an alkyl group or an aryl grougp any of which haying up to 12
carbon atgms; wherein at le e an 3% a ocarbyl group
haying u Oc atom , or BH4; and any additional
substityent/on the substitﬁt?dzg:yél'opentadieﬂyhx§ub%tituted indenyl,
substituted*\ﬂ‘i‘jgrenyl, or sdabstjed alkenyl @ independently an

i s‘w; an aroma , a cyclic'graups/a combination of aliphatic

y JEAUPS, an oxygen gragpsmacgulfur groupi-ahiteagen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, or a
bororPtBYFOERYTAR ke Aaying from 1 to 20 carbon atoms; a halide; or

hydrogen; 15 b)the aligaskienacesand melalipcenascamprises an unbridged
metallocenea haying the Iormula: i1)$X5 (X6}S%(g])e(>g8 MZQMZ-C), wherein

) the at least one first metal omprises a compound having the
formula:
3B n
R™ Ree (IB), wherein
M!B is zirconium or hafnium;
R is methyl or phenyl;
R*® and R*® are independently H or CHj3; and
n is an integer from O to 5, inclusive;
b) the at least one second metallocene comprises a compound having the
formula:
Q2
- X7C
2
/M ‘XSC
i) (110),
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M2 is titanium, zirconium, or hafnium; (X5) and (X6) are independently a
cyclopentadienyl, an indenyl, a substituted cyclopentadienyl, or a substituted
indenyl; (X7) and (X8) are independently: 1) F, Cl, Br, or I; 2) a
hydrocarbyl group haying up to 20 carbon atoms, H, or BH4; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a 155
trihydrocarbylsilyl group, any of which haying up to 20 carbon atoms; or 4)
OBRB2 or SO3REB,yhegein RB is an alkyl group or an aryl group, any of
which haying up to 12 carlpn atoms; wherein at least one (X) and (X8) is a
hydrocarbyl group hayinQluplt@ e e4B R KYGHE: Bibr BI-14; and  any
substituent on the substittteshaycitpriadienytaisbhstiutaddngemyl is
independently an aliphatic grougglgn aromatic group, a cyclic group, a
combination of aliphatic and cycti 8N oxygen group, a sulfur group, a
nitrogen group, a phosphorus group\afy arsenic group, a carbon group, a
silicon group, or a boron group, wihich haying from 1 to 20 carbon
atoms; a halide or hydrogen; ii)(x8)(xA0xx1 xxiz)m) (M3-C), wherein M3 is
titanium, zirconium, or hafnium; . a substituted cyclopentadienyl
group, wherein one substituent aliphatic group, an aromatic group, or a
combination of alirpi?atic and cyclic groupg!%ny of which h@)ﬁ@g up to 20
carbon atoms; X10) is a substituted indenyl group, wherein one
substituent is an aliBR%ti’t group, an aromatic group, or a combination of
aliphatic and cyclic groups; aryigfonbiahdrayingmup to 20 carbon atoms;

R’ is Hor CHj;; and
R'*® is H, CH,CH=CH,, CH,CH,CH=CH,, CH,CH,CH,Ph, or
CH2CH2CH2CH3;

\”

or
iii) any combination thereof.

16. A composition according to Claim 1, wherein a molar ratio of the at

least one first metallocene to the at least one second metallocene in the composition is
from about 1:10 to about 10:1.
17. A composition according to Claim 1, wherein the at least one activator-
support is selected from chlorided alumina, fluorided alumina, fluorided
aluminophosphate, sulfated alumina, fluorided silica-alumina, or any combination
thereof.
18. A composition according to Claim 1, wherein the contact product
further comprises: 4) at least one organoaluminum compound having the formula:

AIX)(X )30,

wherein (X13) is a hydrocarbyl having from 1 to 20 carbon atoms; (XM) is an
alkoxide or an aryloxide, any of which having from 1 to 20 carbon atoms, halide, or
hydride; and n is a number from 1 to 3, inclusive.
19. A composition according to Claim 18, wherein the at least one
organoaluminum compound comprises trimethylaluminum, triethylaluminum,

tripropylaluminum, tributylaluminum, triisobutylaluminum, trihexylaluminum,
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11) and (X12 (X) are independently: 1) F, ClI, Br, or I; 2) a hydrocarbyl group

haying up to 20 carbon atoms, H, or Bl-14; 3) a hydrocarbyloxide group, a

hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which haying

up to 20 carbon atoms; or 4) OBfic2 or SO3fic, wherein Rc is an alkyl group

or an aryl group, any of which haying up to 12 carbon atoms; wherein at least

one (X11) and (X12) is a hydrocarbyl group haying up to 20 carbon atoms, H,

or Bl'tﬁ%b@%minﬁﬁy a@t@ﬂﬁhﬁﬁﬁﬁﬂtue&}lmc}@ Sﬁﬁgﬂh@ﬁgmminum hydride,
e

cyclopentadienyl or substituted indenyl is independently an aliphatic group,

an arBiFtanRIYroapmLRGEe ot CORSHMIRAGRTO aliphatic and cyclic

groups, an QBygenmgieidpositisulfidt GimpeOMirRgevgi@uia; a phosphorus
group, an 196 arseic,group, a carban.gpu, 2 siican aroun, cr.a bpron, .
group, any of which having from 1to 20 carbon atoms; a halide " or hydrogen;
or iii)&emynebmbination thereof; and c)the at least one activator-support
comprises a solid oxide treated=with an~electron-withdrawing anion. 26.A

catalyst composition accoggli wrgsrein the xx6)(x7)(xs)m2
R R

1A
R = M1A-"‘X3A
R2A” 6 \X4A
Z
R3A Laa N

IA),
wherein

M' is zirconium or hafnium;

X3 and X** are independently F, Cl, Br, I, benzyl, phenyl, or methyl;

E*is Cor Si;

R'* and R** are independently an alkyl group or an aryl group, either
of which having up to 12 carbon atoms, or hydrogen, wherein at least one of R' or
R*is an aryl group;

R** and R** are independently H or CH;

n is an integer from O to 5, inclusive; and

R’* and R®* are independently a hydrocarbyl group, an aliphatic
group, an aromatic group, a cyclic group, a combination of aliphatic and cyclic
groups, an oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
arsenic group, a carbon group, a silicon group, or a boron group, any of which having
from 1 to 12 carbon atoms, or hydrogen;

b) the at least one second metallocene comprises a compound having the

formula:
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metallocene (Xs(M2-C) has the formula: (xs)(x6)(x7)(xs)m2 (M2-D), wherein
M2 is zirconium or hafnium; (X5) and (X6) are independently a
cyclopentadienyl, an indenyl, a substituted cyclopentadienyl, or a substituted
indenyl; (X7) and (X8) are independently a hydrocarbyl group having up
to 12 carbon atoms, H, Bift, F, Cl, Br or I, wherein at least one of (X2) and
(X8) is a hydrocarbyl group, H, or BH4; and any substituent on the
substituted cyclopenta(ilggnyl or substituted indenyl is independently an

aliphatic group, an aroma grodp, a cyclic group, a combination of aliphatic
and cyclic groups, any o hh vmg from 1 to bon atoms. 27.A
catalyst composition acco Claim 25, wRé metallocene
(X9)(X10)(x1 xxi2)-. m (M3 C)Ma@“t?feAformula (x9 )(Xx1Qxx1 x>§zxve (M3-D),

wherein M3 is ZII’COI‘]I Qb fnlu?rKSA (X9)is a subs
|n any substituent is i endgnﬁy a linear or

i) R4 (IIA), R (INIA),
or any combination thereof, wherein

2A . . . ) .
M~ is, independently, zirconium or hafnium;

X" and XSA, in each occurrence, are independently F, CI, Br, I,

benzyl, phenyl, or methyl; and

A and RSA, in each occurrence, are independently H, methyl,

ethyl, n-propyl, n-butyl, n-pentyl, CH,CH,CH,Ph, CH,CH=CH,,

CH,CH,CH=CH,, or CH,CH,CH,CH=CHpy;

RI0A (IVA), wherein

ii)
3A - . . . .
M~ is zirconium, or hafnium;

R**is H or CH;;

R!0A is H, CH,CH=CH,, CH,CH,CH=CH,,

CH2CH2CH2CH=CH2, CH2CH2CH2Ph, or CHQCHQCH2CH3; and

XA and X' are independently F, Cl, Br, I, benzyl, phenyl, or

methyl;
or

1ii) any combination thereof;

c) the at least one organoaluminum compound comprises

trimethylaluminum,  triethylaluminum, tripropylaluminum, tributylaluminum,

triisobutylaluminum, trihexylaluminum, trioctylaluminum, diethylaluminum ethoxide,
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(X10) is a substituted indenyl group, wherein any substituent is independently
an aliphatic group, an aromatic group, or a combination of aliphatic and cyclic
groups, any of which having from 1 to 20 carbon atoms; and (X11) and
(X12) are independently a hydrocarbyl group having up to 12 carbon atoms,
H, BH4, F, CI, Br or I, wherein at least one of (X11) and (X12) is a
hydrocarbyl group, H, or BH4. 28.A catalyst composition according to Claim

25, whersindhg.alilRastoasSeaRs MSHINGE R GOMBPHISES A MBRELSS thereof;
metallocene haying the formula: i)(X5)(X6)(X2)(X8)M2(M2-D), wherein M2 is

zircodfithn or hafnium; (X5) and (X6) are independently a

cyclopentadignyl, aid mdenylog: sibstilsitechpyalopeptadicnybliar axsdastiiwtedith
indenyl; X) and (X8) are .independently a hydrocarbyl group haying up to
12 ca"}r/%glr?cé o?n\gfrt\lﬂl(@’r-l)ﬁ? ?3,0 E:I, For [, wherein at least one of (X) and (X8)
is a hydrocarbyl gtbepokil oxiBéds sihida, alumpasubbtittdwmon, thbsigtieseltte,

cyclopapiadianybigssihstityid i%ﬁﬁﬂ%‘ai@,i”ﬂ&@%@%ﬁﬁl&(ﬁ%@é!phﬁ%:ﬂrOHPconia,

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

groupB2Ey bR ARG upirsheides freafbeimarsergpination thereof; and

i) (X9) (X10)(X") (X 1) M3¢ivba-R)ihahenain MidnsiZ neentsncarohiatibidnide, (S&de,

's a sypstituted ?%ﬁé?é’eﬂfa‘?%'ae@y'sj&” ! h(?ré%"}a?é‘yﬁ“c%%ts“l‘fe{‘et S iflugroacetate

indeppena%naﬁy’a Ihest of Brahch&d af yl gl%oup ayinglfromu {515 BN ’

atomghosphate,  fluorophosphate,  fluorozirconate,  fluorosilicate,  fluorotitanate,
permanganate, substituted or unsubstituted alkanesulfonate, substituted or
unsubstituted arenesulfonate, or any combination thereof.

21. A composition according to Claim 18, wherein:

the at least one first metallocene comprises

a)
Bu CQ t-Bu t-But-Bu t-Bu
P h/’/m,,_ WGl Ph Iy, \Cl Ph/””m,
o C Hf
\7 / b \’

We-oMe-oW

N, e

....... WCl N}C Y

ph— é"' ~c Ph (g ~cl
- N\
or any combination thereof;
b) the at least one second metallocene comprises
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(X9) is a substituted indenyl group, wherein any substituent is independently
an aliphatic group, an aromatic group, or a combination of aliphatic and cyclic
groups, any of which haying from 1 to 20 carbon atoms; and (X11) and
(X12) are independently a hydrocarbyl group haying up to 12 carbon atoms,
H, BlI-I14, F, CI, Br or I, wherein at least one of (X11) and (X12) is a
hydrocarbyl group, H, or BI-I4; or iii)any combination thereof. 29.A catalyst
composition according to Claim 25, wherein: a)the at least one fi

metallocene con

MiA is zi @@

Br, I, benzyl\phe
h

prj a compound hayirg the-fgrmula:  (IA-1), [
0 ium; @@- are indepeglde tly F, Cl,

,,,,, I, or methyl, wherein\at la&st one of X3A ana‘%\tl“,&%
benz;@in)ﬁf‘e@rgpethyl; dHf\CHz

CH,CH=CH,

’

@/\/\

Cl\Hf‘n\\Cl

@
CH,CH=CH,
or any combination thereof;
c) the at least one organoaluminum compound comprises

triethylaluminum, tri-n-butylaluminum, triisobutylaluminum, or any combination

thereof; and

d) the at least one activator-support comprises a sulfated solid oxide.
22. A composition according to Claim 18, wherein:
a) the at least one first metallocene is selected from
t-Bu CQ t-Bu t-But-Bu t-Bu CO t-Bu
Phu,,, Cl Phu Phu, .~ \ . .m WCl
C Zr i, e C Hf:
\ b / b \ b
t-Bu % t-Bu
Phu nCl

or any combination thereof;

b) the at least one second metallocene is selected from

149°



EA IS C or Si; RiA and R2A are independently an alkyl group or an
aryl group, either of which having up to 12 carbon atoms, or hydrogen,
wherein at least one of RIiA or R2A is an aryl group; R3A and 124A are
independently H or CH, n is an integer from 0 to 10, inclusive; and

RSA and R6A are independently an alphatic group, an aromatic group, a
cyclic group, a combination of aliphatic and cyclic groups, an oxygen group, a
sulfur group, a nitrogen group, a phosphorus group, an arsenic ,a
carbon gr p |I| R group, or a boran-group;any of which ha fro

to 12 cark hydrogen b)th @@- @\ second metal ocene
comprises a\:o““\ p@und having the formul&; ciany comblnatlon"ﬁé‘\r'é“éﬁd

Whererg %; f§dﬂndependentlyitico:n> efhafnium;
, CH,CH=CH,

Cl\H\f WCl Cl\zr"“\\cl Cl Hf WGl

CH,CH=CH, (CH,),CH=CH, (CH,),CH=CH,
b b b

or any combination thereof;

c) the at least one organoaluminum compound comprises
triethylaluminum, tri-n-butylaluminum, triisobutylaluminum, or any combination
thereof; and

d) the at least one activator-support comprises a sulfated alumina.

23. A composition according to Claim 1, wherein the contact product
further comprises: 5) an ionizing ionic compound selected from tri(n-
butyl)ammonium tetrakis(p-tolyl)borate, tri(n-butyl)ammonium tetrakis(m-
tolyl)borate,  tri(n-butyl)ammonium tetrakis(2,4-dimethylphenyl)borate,  tri(n-
butyl)ammonium tetrakis(3,5-dimethylphenyl)borate, tri(n-butyl)-ammonium
tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, tri(n-butyl)ammonium
tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium tetrakis(p-tolyl)borate,
N,N-dimethylanilinium tetrakis(m-tolyl)borate, N,N-dimethylanilinium tetrakis(2,4-
dimethylphenyl)borate, N,N-dimethylanilinium tetrakis(3,5-dimethyl-phenyl)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(trifluoro-
methyl)phenyl]borate, triphenylcarbenium tetrakis(pentafluorophenyl)borate,

tropylium tetrakis(p-tolyl)borate, tropylium tetrakis(m-tolyl)borate, tropylium
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X7A and X8A, in each occurrence, are independently F, Cl, Br, |, benzyl,
phenyl, or methyl, wherein at least one of X X 8A is benzyl, phenyl, or methyl;
127A and R8A, in each occurrence, are independently H, methyl, ethyl,
n-propyl, n-butyl, n-pentyl, CH2CH2CH2Ph, CH2CH=CH2,
CH2CH2CH=CI-12, or CH2CH2CH2CH=CH2; R9A x| 13A..mx12A ii)

(WA-1), wherein M3A is zirconium, or hafnium; R9A is H or CF13;

S RO AR T e
tropylium tetrakis[3,5—bis(triﬂuoromethyl)phenyl]borate, tropylium
tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)borate, lithium
tetrakis(phenyl)borate, lithium tetrakis(p-tolyl)borate, lithium tetrakis(m-tolyl)borate,
lithium tetrakis(2,4-dimethylphenyl)borate, lithium tetrakis(3,5-
dimethylphenyl)borate, lithium tetrafluoroborate, sodium tetrakis(pentafluoro-
phenyl)borate, sodium tetrakis(phenyl) borate, sodium tetrakis(p-tolyl)borate, sodium
tetrakis(m-tolyl)borate, sodium tetrakis(2,4-dimethylphenyl)borate, sodium tetrakis-
(3,5-dimethylphenyl)borate,  sodium tetrafluoroborate,  potassium tetrakis-
(pentafluorophenyl)borate, potassium tetrakis(phenyl)borate, potassium tetrakis(p-
tolyl)borate, potassium tetrakis(m-tolyl)borate, potassium tetrakis(2,4-dimethyl-
phenyl)borate, potassium tetrakis(3,5-dimethylphenyl)borate, potassium tetrafluoro-
borate, triphenylcarbenium tetrakis(p-tolyl)aluminate, triphenylcarbenium tetrakis(m-
tolyl)aluminate, triphenylcarbenium tetrakis(2,4-dimethylphenyl)aluminate, triphenyl-
carbenium tetrakis(3,5-dimethylphenyl)aluminate, triphenylcarbenium tetrakis-
(pentafluorophenyl)aluminate, tropylium tetrakis(p-tolyl)aluminate, tropylium
tetrakis(m-tolyl)aluminate, tropylium tetrakis(2,4-dimethylphenyl)aluminate,
tropylium tetrakis(3,5-dimethylphenyl)aluminate, tropylium tetrakis(pentafluoro-
phenyl)aluminate, lithium tetrakis(pentafluorophenyl)aluminate, lithium tetrakis-
(phenylaluminate,  lithium  tetrakis(p-tolyl)aluminate,  lithium tetrakis(m-
tolylDaluminate, lithium tetrakis(2,4-dimethylphenyl)aluminate, lithium tetrakis(3,5-
dimethylphenyl)aluminate, lithium tetrafluoroaluminate, sodium tetrakis(pentafluoro-
phenyl)aluminate, sodium tetrakis(phenyl)aluminate, sodium tetrakis(p-tolyl)-
aluminate, sodium tetrakis(m-tolyl)aluminate, sodium tetrakis(2,4-dimethylphenyl)-
aluminate, sodium tetrakis(3,5-dimethylphenyl)aluminate, sodium tetrafluoro-
aluminate, potassium tetrakis(pentafluorophenyl)aluminate, potassium tetrakis-
(phenyl)aluminate, potassium tetrakis(p-tolyl)aluminate, potassium tetrakis(m-tolyl)-
aluminate, potassium tetrakis(2,4-dimethylphenyl)aluminate, potassium tetrakis (3,5-
dimethylphenyl)aluminate, potassium tetrafluoroaluminate, triphenylcarbenium
tris(2,2',2"-nonafluorobiphenyl)fluoroaluminate, silver tetrakis(1,1,1,3,3,3-
hexafluoroisopropanolato-aluminate, or silver tetrakis(perfluoro-t-butoxy)aluminate,
or any combination thereof.
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Xi 1 A and X12A are independently F, Cl, Br, |, benzyl, phenyl, or methyl,
wherein at least one of Xi IA and X12A is benzyl, phenyl, or methyl; or iii) any
combination thereof; and c)the at least one activator-support comprises a
solid oxide treated with an electron-withdrawing anion, wherein: the
solid oxide is silica, alumina, silica-alumina, aluminophosphate, aluminum
phosphate, zinc aluminate, heteropolytungstates, titania, zirconia, magnesia,
boria, zinc oxide, mixed oxides thereof, or any combination thereof; and

the electron-withdrawing anion is fluoride, chloride, bromide, iodide,

phosphate, #iflate Apfatatec SBMTEon ARG A Uttt fRfeduct of: 1) at least

triflucspacetaiacphespbag duaraphespbaie, fitenoziicoratepdiuaIpsilicaigst one
quorotitanat?d rgglmacn%?nat%. %Hg’ﬁwuﬁ%d or unsubstituted alkar\$sulfonate,

O, noea ound, ast one activator-s ort, wherein:
SUbStItrL%?eg or unsubsti Lﬁe arenesulionate, or any comlﬂ? artlon %ereof 30.A

process for produtingdeenopositiomeohnsrisingopntactingnsh) mttdhseonkaving
first metallogene; 2) at least one second metallocene; and 3) at least one
activator-support, wherein: |~ a) the gt least one first metallocene

comprises an ansa-metallgtdre féving Me formulaM1-A),
(X1)(%BX8)(X4)M1(M1-A),wherein M1 is titanium, zirconium, or hafnium;

M!is titanium, zirconium, or hafnium;

(X" and (X?) are independently a substituted cyclopentadienyl, a
substituted indenyl, or a substituted fluorenyl;

one substituent on (X') and (X?) is a bridging group having the formula
ER1R2, wherein E is a carbon atom, a silicon atom, a germanium atom, or a tin atom,
and E is bonded to both (X') and (Xz), and wherein R' and R® are independently an
alkyl group or an aryl group, either of which having up to 12 carbon atoms, or
hydrogen, wherein at least one of R' and R’ is an aryl group;

at least one substituent on (X') or (X% is a substituted or an
unsubstituted alkenyl group having up to 12 carbon atoms;

(X3 ) and (X4) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl
group having up to 20 carbon atoms, H, or BHs; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR™; or SO;R*, wherein R” is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and

any additional substituent on the substituted cyclopentadienyl,
substituted indenyl, substituted fluorenyl, or substituted alkenyl group is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron
group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen;

b) the at least one second metallocene comprises an unbridged

metallocene having the formula:

i) XOHX)XHXHM? (M2-A),
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(X1) and (X2) are independently a substituted cyclopentadienyl, a substituted
indenyl, or a substituted fluorenyl; one substituent on (X1) and (X2) is
a bridging group having the formula ER1R2, wherein E is a carbon atom, a
silicon atom, a germanium atom, or a tin atom, and E is bonded to both (X1)
and (X2), and wherein R1 and R2 are independently an alkyl group or an aryl
group, either of which having up to 12 carbon atoms, or hydrogen, wherein at
least one of R1,.and R2 is an aryl group; at least one substituent on
(X1) or (X2) is a substituted or an unsubstituted alkenyl group having up to 12
carbon atoms; Oy il e EReNdE ™) F, CI, Br, or I; 2) a
hydrocarbyl group havingxip4ei28 Garbeniapendsntty, DyBiderdidenyl, an indenyl,
hydrocarbyloxide group,. a hydrocarbylaminp group, ar a trinydrocarbylsilyl
group, any of which RIS 40 90 R SN b s 4 OBRAS or SO3RA
wherein RA is an alkyl gfdp srardryigrouspandentiyvhi¢h Raghghip ¢o 1:22) a

carbon atoms; anhyqrocarb ANYAFAIRR bglieal @ hRUOSHIWERH,: 3) a

cyclopentadienyl, substitutéd indenyl, substituted fluorenyl, or substituted
alkenyl group is intpesidRARY Sh aspttic groupydapraiytaatRogrotipiR cyRic @
group, a combinatigRyafaiphadicy R EY.Clie GOWRRhAHAGKY SN OPO Wb S Htbitis;
group, a nitrogen gro hosphorus group, an arsenjc group, a carbon
Groun. & siicon ordba] B BeTo SHons Vb Rwich ASUg Rbdr T1gberou.
carbon atoms; a halidef whikidwogeyp to 1B thimatieamst ane second

metallocene comprises ag unbyidagd megallogane having e tRigidiRidienyl  or
1)(X5)(X6)(X7)(X8)M2(M2-A), wherein M2 is titanium, zirconium, or hafnium;

(X5) and (X6) are HBERREAIS S Ay cltfs@rpdanshyriat iR ST BuUpS tigRatic
cyclopentadienyl, gfoasuhstititehindanyinbinal?éh odadpRA8) ah@ cyclic groups, an
independently: 1) F, CI, Br, or I; 23&? h drocarbgl rou§p hayin up to 20

carbon atoms, H, 8P 814 3P "y do Ao 5%?6 b‘?ug’ﬁy‘g}%é’é’%?/fa%?ﬂ% an
group, or a trihydrecanbyfsiypgreaboargycapwitdirdragingpugpr toba€oaroop, any of

atoms; or 4) OBREZ .0 ORRBWH&reH BB A A QIR0 §170: tg)éll;
group, any of which haying up to 12 carbon atoms; and any substituent

on the substitutedi®yclopentadieényi’or $tibst¥utdd indenyiNSirdependently an
aliphatic graugsr&n aromatic group, a cyclic group, a combination of aliphatic

and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an alig%?ﬁé%%ﬂﬂ’ QfSSPbLB%’ ﬁnggflﬂ%licon group, or a

boron group, any of whiaikhaying fsamtituted20ycanbomaioryis;saohplidehepein one

hydrogen; ")(Xg)(xsju%)s%gué%@g ’XQ aliphatic group, an aromatic group, or a combination
of aliphatic and cyclic groups, any of which having up to 20 carbon
atoms;

(X' is a substituted indenyl group, wherein one substituent is
an aliphatic group, an aromatic group, or a combination of aliphatic
and cyclic groups, any of which having up to 20 carbon atoms;

(X“) and (Xlz) are independently: 1) F, CI, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms;
or 4) OBR®, or SO;R®, wherein R is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and
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(M3-A), wherein M3 is titanium, zirconium, or hafnium; (X9)is a
substituted cyclopentadienyl group, wherein one substituent is an aliphatic
group, an aromatic group, or a combination of aliphatic and cyclic groups,
any of which haying up to 20 carbon atoms; (X19) is a substituted indenyl
group, wherein one substituent is an aliphatic group, an aromatic group, or a
combination of aliphatic and cyclic groups, any of which haying up to 20

carbon atoms;  (X11) and, (@il 2h AreudEREDAGHY: shhitbtbdBy @b letddeny!
hydrocarbyl group haying up to 20 carbon atoms, H, or BI-14; 3) a

. rb H, or BI-14 .
hydrocarbyloxide §FSHpStUSHRAemdy iR ettt 8t AiRyargesPopsafmatic
group, any of whighdipyingyuRctgrth Cadab RIS o0k HPHARIIGR Y HOBfisups, an

wherein Rc is an alkyl group or an aryl group, any of which haying up to 12
carbon atoms; and™ SR MR GAAT SRR P B i TIPS erotp. an
cyclopentadienyl crsuisstitepcrirdboykivunde péndeathpamaliphaticegrappny of

an aromatic group,, & GyRliGiGEeHR 3 comkinateRQhaliphatic and Gyelien:

groups, an 162 oxygen group, a sulfur group, a nitrogen group, a
phosphorus®group, an arsenic group, a carbon group, a silicon group, or a

boron group, any gfwhichhavingfses théaef) carbon atoms; a halide or
hydrogen; or. iii)an%g%rtnpination thereof; and%the at least one
e

activator-suf)?port comprisegsé‘,t 3 SoliGeaXi 1eu reated’ \(/)vlﬁﬁoung comprises a compound
having the formula:
AIX (X )30,
wherein (X") is a hydrocarbyl having from 1 to 20 carbon atoms; X'
is an alkoxide or an aryloxide, any of which having from 1 to 20 carbon atoms, halide,
or hydride; and n is a number from 1 to 3, inclusive; and

d) the at least one activator-support comprises a solid oxide treated with
an electron-withdrawing anion;
wherein the at least one organoaluminum compound is optional when at least one of
the following conditions exist:

1) a) at least one of (X°) and (X) is a hydrocarbyl group having up to 20
carbon atoms, H, or BHy; b) at least one of (X’) and (Xg) is a hydrocarbyl group
having up to 20 carbon atoms, H, or BH4; and c) at least one of (X“) and (Xlz) is a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy;

2) the catalyst composition comprises at least one organoaluminoxane
compound; or

3) both conditions 1 and 2 exist.

25. A catalyst composition comprising the contact product of: 1) at least
one first metallocene; 2) at least one second metallocene; and 3) at least one activator-
suppport, wherein:

a) the at least one first metallocene comprises an ansa-metallocene having
the formula:

XHEHYXHXM! (M1-B),
wherein
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an electron-withdrawing anion. 31.A process for producing a polymerization
catalyst composition comprising contacting: 1) at least one first metallocene;
2) at least one second metallocene; 3) optionally, at least one
organoaluminum compound; and 4) at least one activator-support, wherein:
a)the at least one first metallocene comprises an ansa-metallocene having
the formula: (X1)(X2)(X3)(X4)M1(M1-A),wherein M1 is titanium, zirconium, or

hafnium; (X)iand.{xe). e JnRsPendemiv.e substituted

cyclopentadienyl, a substituted indenyl, or a substituted fluorenyl one
substituent on (Xl%?r(f‘eﬁkz()xrs? a?f?rrb‘&?ﬁf@%ﬂb’ %ﬁ?@%%%ﬁﬁﬁ@@%ﬁ?yl a

whereimdttigc Gaikgn aiargmﬁt&lheormatmla germanium atom, or a tin atom,
and E is bonded to botr]) §2& her Cﬁl and R h 1
mdependently an aﬁ<ysi group orana }F her 8f which af‘\xlrlr] e¥ v
carbdmRaRmehaeihyitrogenbahetain asibast vnmm Eblnmdlmzarsnamaayﬁn atom,

9roURmg E is bHAGPR} B8R BYDSHIERLOAIKThALAXR) ha RUBRIITHEE )Rﬁe%y an

unsubstituted alkenyl group having up to 12 carbon atoms;
(X4) Al ingeperifetfyt) Foum, Blrherr pf 2y Gl BRSS! Eroli HaRRAGRIE or
20 caib@o @iQWseldinait Bhid oy af RydierRbyloxida g, a

hydrocarbylamino group, or a tr%t%drocarb Iséé roup,,any of which.havjn
up to 20 carbon atgrr?sapér VAURSOK whe X%r RA%s Salllh aﬁ%l;t/?(igr%rtrﬁn

or a_n_tmrsylbgmouFI} altvynot grrhrqfhhmgrgpdp {3 d#twarhbiomatoms; and any
additional su bStltu@flT) %H&Q%§L§?§tfﬁl&%gn%ﬁl }qﬂ'@ybélép%t'%tgqudrocarbyl

indenyl, substituted fluorenyl, or substituted alkenyl group is 163
group having up to 20 carbon atoms, H, or BHy4; 3 ()J a hydrocarbyloxide group, a

hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR™, or SO;R*, wherein R” is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; wherein at least one (X3 ) and (X4) isa
hydrocarbyl group having up to 20 carbon atoms, H, or BH4; and
any additional substituent on the substituted cyclopentadienyl,
substituted indenyl, substituted fluorenyl, or substituted alkenyl group is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron
group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen;
b) the at least one second metallocene comprises an unbridged
metallocene having the formula:
i) XHXO)X)XOM? (M2-C),
wherein
M2 is titanium, zirconium, or hafnium;
(X°) and (X°) are independently a cyclopentadienyl, an indeny],
a substituted cyclopentadienyl, or a substituted indenyl;
(X’) and (Xg) are independently: 1) F, CI, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a
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independently an aliphatic group, an aromatic group, a cyclic group, a
combination of aliphatic and cyclic groups, an oxygen group, a sulfur group, a
nitrogen group, a phosphorus group, an arsenic group, a carbon group, a
silicon group, or a boron group, any of which haying from 1 to 20 carbon
atoms; a halide; or hydrogen; b) the at least one second metallocene
comprises an unbridged metallocene haying the formula:

i)(X5)(X6)(X2)(X8)g&\{|§3@ﬂ&-a%ymﬁf§ﬂau 1245 BRAPHAR HAFERNIMY &5 DAk Roms:
(X5) and (X6) are independently a%g opentadignyl, an indenyl, a substituted
cyclopentadienyl, 8F ® SUMtrfetOHterirerein R¢2§ amalkysgrgpg or an aryl group,

independently: 1) nyGdf Bhielt haih@ tyy @sacashpogrogmé)ayhag:inpatqedd one (X')
carbon atoms, H, or BH4. 3) a hydrocarbyloxide group, a hydrocarbylamin
Group, o a iy r by S Ry S e R s SRt B o
atoms; or 4) OBRB2lor8D3RB, wherein RB is an alkyl group or an aryl

group, any of which haying UR (Rt RGN AMSuARHued ANCRIIPTUMERT or
on the substituted cyclopentadienyl or substituted indenyl is independently an

aliphatic group, ar’ St GSap. i dpdreepstiby acaHmBistsivyt afpARatic
and cyclic groups,@asupxygeiigiauih,a SUHibi QL A MHOGEMPIGAC @roups, an

phosphorus group, an arsenic group, a carbon.groug), a silicorf)grq]lu(?, ora
boron group, any of Wlncﬁrﬂlg)yiné ront 118 3d'ca eoﬁgléotlg)m%? A natide’ grovp 40
hydrogen; ii)(x9) (xdrSxnit sooiz)na3 {iVid: Ayoupheréliicdvl 3risititanber@irgonrmy of

or hafnium; (X9} isAsustituted cysipReniadismy! giana. whsIainRRe

substituent is an aliphatic group, an garomatic group, or a combination of
aliphatic and cycliégroups, anydPhiebhayingMp to 20 @At on herss;

(X19) is a substituted indghy GrRiEm WiteoainRNe satastitient is an aliphatic
group, an aromatic group, @r a combination, of alli hatic.and cyclic groups, =~

any of which haying upt%xz Earboi B! cyclopentadienyl group.”w

substituent is an aliphatic group, an aromatic group, or a combination
of aliphatic and cyclic groups, any of which having up to 20 carbon
atoms;

(X'%) is a substituted indenyl group, wherein one substituent is
an aliphatic group, an aromatic group, or a combination of aliphatic
and cyclic groups, any of which having up to 20 carbon atoms;

(X“) and (Xlz) are independently: 1) F, Cl, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms;
or 4) OBR; or SO3R®, wherein R is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; wherein at least one (X'
and (X'?) is a hydrocarbyl group having up to 20 carbon atoms, H, or
BH,; and

any additional substituent on the substituted cyclopentadienyl
or substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
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11) and (X12 (X) are independently: 1) F, ClI, Br, or I; 2) a hydrocarbyl group
having up to 20 carbon atoms, H, or BH4; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having

up to 20 carbon atoms; or 4) OBfic2 or SO3fic, wherein 12c is an alkyl group

or an aryl group, any of which having up to 12 carbon atoms; and any
additional substituent on the substituted cyclopentadienyl or substituted

indeny! is indepenglent]y a0,3liRhatiss Q. ANRQMBNL AP &&YEHSp, any of
group, a combination of aliphatic and cyclic groups, an oxygen group, a sulfur
group, a nitrogen §rEP PaYBIs0SPRdr R GretpORA YRsah R u‘ﬂﬂﬁ/%@ﬂﬁﬁh
group, a siliepn group, or a boron group, any of which having from 1 to 20
carbon atoms; a hq{ﬁe or héf(%’r%%%%%; orﬂ?err\é/ogoarlr]]?ination thereof; C) the at
least one organoa’lu inu compoun(c)lncomprl‘ses a compound having the
formula: Al(X13)nke4)3east one activdtereippXil 3pispai feydrochdiypibaviemed with
from 1,10 29, GREPRAIRMS wfibh4) is an alkoxide or an aryloxide, any of which
having from 1 to 20 carbon atoms, halide, or hydride; and n is a number from

1to 3, inclusfve; aftd caalgyihscanedsppnacsetiiagor 8ulSpait comprigbadn  the
solid giidoraatexd’ With @l el stmo MRt g RaVIRgf GMioN;:
XXX xXHM? (M2-D), wherein

M? is zirconium or hafnium;

(X®) and (X°) are independently a cyclopentadienyl, an indenyl, a substituted
cyclopentadienyl, or a substituted indenyl;

(X") and (X®) are independently a hydrocarbyl group having up to 12 carbon
atoms, H, BHy, F, Cl, Br or I, wherein at least one of (X7) and (Xg) is a hydrocarbyl
group, H, or BHy; and

any substituent on the substituted cyclopentadienyl or substituted indenyl is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of

aliphatic and cyclic groups, any of which having from 1 to 20 carbon atoms.

27. A catalyst composition according to Claim 25, wherein the
metallocene (X))(X')(X'")X'">M? (M3-C) has the formula:
XXX XHM? (M3-D), wherein

M? is zirconium or hafnium;

(X%) is a substituted cyclopentadienyl group, wherein any substituent is
independently a linear or branched alkyl group having from 1 to 12 carbon atoms;

(X'% is a substituted indenyl group, wherein any substituent is independently
an aliphatic group, an aromatic group, or a combination of aliphatic and cyclic groups,
any of which having from 1 to 20 carbon atoms; and

(X' and (X'?) are independently a hydrocarbyl group having up to 12 carbon
atoms, H, BHy, F, Cl, Br or I, wherein at least one of (X“) and (X12) is a hydrocarbyl
group, H, or BH,.
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wherein the at least one organoaluminum compound is optional when at least
one of the following conditions exist: 1) a) at least one of (X3) and (X4) is
a hydrocarbyl group having up to 20 carbon atoms, H, or BH4; b) at least one
of (X7) and (X8) is a hydrocarbyl group having up to 20 carbon atoms, H, or
BH4; and c) at least one of (X11) and (X12) is a hydrocarbyl group having up
to 20 carbon atoms, H, or BH4; 2) the catalyst composition comprises at

least one Or%noaké%@%%&lﬁ%}ﬂw%%ng to DARP LANALIGNEL ANhé one

exist. 32.A process for producing a polymerization catalyst composition

compiisfiy Eﬁ‘ﬁgﬁfﬁﬁ’ﬁ:cfmlf?é%é‘ﬁgrfxﬁqﬁ&‘é%ﬁ%‘ﬁé?%%t BHE:

second metgllocene; andx3)@t’lerst mheactivator-gupwytwindierein: a)

the at least one fir zmetalloceneogggg rises an ansa-metallocene having the
I-B), w

formula: (X1)(X2)(X3)OXAML er

eréin M1 is titanium, zirconium, or
hafnium:; (0D) s (R2) awe iindepanddaihtlya acgclostittitdignyl, an indenyl, a

cyclOPentadg'@mﬁu@eéwag&sz&ﬁgdk@qﬁngbaosruasaﬂhéaiﬁmﬁq juorenyl; one
substituent on (X1) and (X2)s a brldglngﬁ%roup having the formula ER1R2,

wherein E is a carbon 38X a aifidareataAsndYg HHARIFYAEIRI R S HRoin 12

and E is boogedtaiber) iXBHand 023 and whateinR3aarnshKa axé) and (X%) is a
independen}t)l an a kg{l roupHorO?ﬁI@lIy%ﬁg{oup, either of which having up to 12
r e

carbon atom flré)rcgrl]ry goeur?,’ wherein“at least one of R1 and R2 is an aryl

group; at |leaypt orbetsudstitue tihao rubstijuord X2} ispansadisiitlited arbartuted
unsubﬁitm%ﬁd@#ﬁ@hﬂ%%ﬂd@ﬁt‘f% ‘dﬁp‘i‘f’a&@g‘EQﬁBf’{h ABMRic group, a cyclic group,
a combination of aliphatic and cyclic groups, any of which having up from 1
to 20 carbon atoms;
i) XHXXMX*HM? (M3-D), wherein

M? is zirconium or hafnium;

(X°) is a substituted cyclopentadienyl group, wherein any substituent is
independently a linear or branched alkyl group having from 1 to 12 carbon
atoms;

(X'% is a substituted indenyl group, wherein any substituent is
independently an aliphatic group, an aromatic group, or a combination of
aliphatic and cyclic groups, any of which having from 1 to 20 carbon atoms;
and

(X" and (X'?) are independently a hydrocarbyl group having up to 12
carbon atoms, H, BHy, F, Cl, Br or I, wherein at least one of (X“) and (Xlz) is
a hydrocarbyl group, H, or BHy;

or

iii) any combination thereof.

29. A catalyst composition according to Claim 25, wherein:
a) the at least one first metallocene comprises a compound having the
formula:
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(X3) and (X4) are independently: 1) F, CI, Br, or I; 2) a hydrocarbyl group
having up to 20 carbon atoms, H, or BH4; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having

up to 20 carbon atoms; or 4) OBRA2 or SO3RA, wherein RA is an alkyl group
or an aryl group, any of which having up to 12 carbon atoms; wherein at least
one (X3) and (X4) is a hydrocarbyl group having up to 20 carbon atoms, H, or
BH4; and any additignal substituent on the substituted
cyclopentadienyl, substj i substituted fluorenyl, or substituted
alkenyl group is indéﬁ’én F : haﬁ(Q,Agroup, an aromatic group, a cyclic
group, a combination dt'alipf; nadgyelic groups, an oxygen group, a sulfur
group, a nitrogen group2Ar Omsggroup, an arsenic group, a carbon
group, a silicon group, or a bgroup, any of which having from 1 to 20
carbon atoms; a halide; or hydrdgen; b) the at least one second
metallocene comprises an unbridged metéllocene having the formula:
)(X5)(X6)(X7)(X8)M2(M2-C), wRergitt M2 is titaniungy Zirgapidpinor hafnium;
166 (X5) and (X). are independently a cyclopentadienyl, an indenyl, a
substituted cyclopBhtaSigrIM B BBEHiRed indenyl;  (X7) and (X8) are
independently: 1) RXCinBiX Orakepdepyrdiocr by Clyr8upl Naying, phdoyR®r methyl,
carbop, atoms, |, Pt RIck4i:3), 8 hydrocarbyloxide graup, g, hydrocarbylamino
group, or a trlﬁygrocarbylsnyl group, any o whic aying ufl) to 20 carbon
atoms; or 4) OBRE2 5S®SRB, wherein RB is an alkyl group or an aryl

group, any of whigh'hgying2eR, 0k d-paragm MM WBRIGINALIEAST QR eher
and (X7) is a hydrocarbyl group haying up to 20 carbon atoms, H, or BI-14;, ,
and ©f ‘ﬁlﬂﬁ%%‘%ﬂﬁj‘éﬁmf‘bF%tﬁ@%?]b%ﬁ’ﬂﬂfe&%@%‘i&%ﬁtéﬂi&ﬁ% 3t SapseraRR o
indengttsdndapendeanptly an aliphatic group, an aromatic group, a cyclic

group, a combinatigﬂ Sﬁfﬂmg‘}éﬁ %de%grlliﬁdgﬁp&p&{an oxygen group, a sulfur
group, a nitrogen group, a phosp]ﬁo S group, an arsenic group, a carbon
group, a silicon groupaintgeporaangbiad famglosiwtisrdhaying from 1 to 20
carbon atoms; a hﬁﬁd%@Rhﬁ’ﬁl{@gﬁ@p@&%ﬁﬂ@%@%ﬂéﬁéJ&é(ug?’aﬂviﬁsﬁihic group, a

wherein M3 is titanium, zirconium, or hafnium;
cyclic group, a combination of aflphatlc and cyclic groups, an oxygen group, a sulfur

T

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

silicon group, or a boron group, any of which having from 1 to 12 carbon atoms; ro

hydrogen;
b) the at least one second metallocene comprises a compound having the
formula:
R7A
S
@ R7A<j
WX 7A
hdm&i;;A 24:922\
99 o
i) R®A (IIA-1), R¥ (IIA-1), or

any combination thereof, wherein

2A . . . ) .
M~ is, independently, zirconium or hafnium;
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(X9) is a substituted cyclopentadienyl group, wherein one substituent is an
aliphatic group, an aromatic group, or a combination of aliphatic and cyclic
groups, any of which haying up to 20 carbon atoms; (X10) is a substituted
indenyl group, wherein one substituent is an aliphatic group, an aromatic
group, or a combination of aliphatic and cyclic groups, any of which haying up
to 20 carbon atoms; (X11) and (X12) are independently: 1) F, CI, Br, or I;

2) a hydrocarbyl group hgying yR® g0.carbeR MRS ofd iRidBtnttnd) B C1. Br, 1,
hydrocarbyloxide group, a hydrocarbylamino group, or a trinydrocaspylsily!

) Y e .
group, any of whi Wﬁﬁﬁ’wltoc’édlﬁél?%nwgféﬁ%;%rlﬁﬁ@ﬁcgfo?Sd@ﬁc),(gA 18
wherein Rc is an alkyharehénhor, annasyhgroup, any of which haying up to 12
carbon atoms; wherein atjgast ope (X11). and (X12) is a hydrocarbyl grou
having up to 20 carbon Zléom%sl?, , Oy%|?i%f} aht grencghgf/r%l éﬁf errlléf %%Pbg%tﬁlgtn}fyl’
on the substitutedatiyglopeptepiienytortslbstitened. indEnyHis idddpetieati~ah,
aliphatic group, an-g{QBHeIFHP ., AEYLA EABHAGMbination of aliphatic

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

phosphorus group, an arsenic Q}?QA n group, a silicon group, or a
boron group, any of which having fr to 20Carbon atoms; a halide or
hydrogen; or iii)any combinatior thegre f;\g@gzg)the at least one

activator-support comprises a solid oxige treated with an
electron-withdrawing anion. 33.A& c0 -rm) ition according to Claim 18,
'@ e comprises a compound having

wherein: a)the at least one firstlg
the formula:

RI0A (IVA-1), wherein

i1)
M4 is zirconium, or hafnium;
R**is H or CHs;
R s H, CH,CH=CH,, CH,CH,CH=CH,
CH,CH,CH,CH=CH,, CH,CH,CH,Ph, or CH,CH,CH,CH3; and
XA and X' are independently F, Cl, Br, I, benzyl, phenyl, or
methyl, wherein at least one of X' and X'** is benzyl, phenyl, or
methyl;
or
1ii) any combination thereof; and
c) the at least one activator-support comprises a solid oxide treated with
an electron-withdrawing anion, wherein:
the solid oxide is silica, alumina, silica-alumina, aluminophosphate,
aluminum phosphate, zinc aluminate, heteropolytungstates, titania, zirconia,
magnesia, boria, zinc oxide, mixed oxides thereof, or any combination thereof; and
the electron-withdrawing anion is fluoride, chloride, bromide, iodide,
phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate,
phosphate,  fluorophosphate,  fluorozirconate, fluorosilicate,  fluorotitanate,
permanganate, substituted or unsubstituted alkanesulfonate, substituted or

unsubstituted arenesulfonate, or any combination thereof.

160°



wherein Mzirconium or hafnium; R2B is methyl or phenyl; 123B and 124B are
independently H or CH3; and n is an integer from O to 5, inclusive; b)the at
least one second metallocene comprises a compound having the formula: or
any combination thereof, wherein M2B is zirconium or hafnium; X7B and X8B
are independently benzyl, Cl, or methyl; and R7B and R8B are independently
H, methyl, ethyl, n-propyl, n-butyl, CH2CH=CH2, CH2CH2CH=CHZ2, or

CH2CH2CHACH=L e 16) ProulileAst QnnH AGHYRIQS-HRAY dsheliptided) o
alumina, fluorided
least one first metallocene; 2) at least one second metallocene; and 3) at least one
activator-support, wherein:
a) the at least one first metallocene comprises an ansa-metallocene having
the formula:
XXM (ML1-A),wherein
M!is titanium, zirconium, or hafnium;
(X") and (X?) are independently a substituted cyclopentadienyl, a
substituted indenyl, or a substituted fluorenyl;
one substituent on (X') and (X?) is a bridging group having the formula
ERle, wherein E is a carbon atom, a silicon atom, a germanium atom, or a tin atom,
and E is bonded to both (Xl) and (Xz), and wherein R' and R? are independently an
alkyl group or an aryl group, either of which having up to 12 carbon atoms, or
hydrogen, wherein at least one of R' and R? is an aryl group;
at least one substituent on (Xl) or (Xz) is a substituted or an
unsubstituted alkenyl group having up to 12 carbon atoms;
(X3 ) and (X4) are independently: 1) F, CI, Br, or [; 2) a hydrocarbyl
group having up to 20 carbon atoms, H, or BHy; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR*; or SO;R*, wherein R* is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and
any additional substituent on the substituted cyclopentadienyl,
substituted indenyl, substituted fluorenyl, or substituted alkenyl group is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron
group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen;
b) the at least one second metallocene comprises an unbridged
metallocene having the formula:
i) XXX xEMm? (M2-A), wherein

2. . . . . .
M~ is titanium, zirconium, or hafnium;
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alumina, sulfated alumina, fluorided silica-alumina, or any combination

thereof; and

d) the at least one organo aluminum compound is

triethylaluininum, tributylaluminum, triisobutylaluminum, or any combination
thereof. 34. A composition according to Claim 18, wherein: a)the at least one
first metallocene comprises a compound having the formula: (TB), wherein
M1B is zirconium or hafnium; R2B is methyl or phenyl; R3B and R4B are

independently H or CH3,and figx@N HAGARHIHEAR 1@ %cl@ﬁ@ﬁﬂ&%n@t%‘ i@lienyl,

least one second metallocene comprises a compound

avin
a substituted cyclopentadienyl, or a substltuted n enyl

(X7) and (X ) are independently: 1) F, Cl, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms;
or 4) OBR®, or SO;R®, wherein R® is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and

any substituent on the substituted cyclopentadienyl or
substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
arsenic group, a carbon group, a silicon group, or a boron group, any of
which having from 1 to 20 carbon atoms; a halide; or hydrogen;

ii) XXX xHm? (M3-A), wherein

M? is titanium, zirconium, or hafnium;

(X”) is a substituted cyclopentadienyl group, wherein one
substituent is an aliphatic group, an aromatic group, or a combination
of aliphatic and cyclic groups, any of which having up to 20 carbon
atoms;

(X'%) is a substituted indenyl group, wherein one substituent is
an aliphatic group, an aromatic group, or a combination of aliphatic
and cyclic groups, any of which having up to 20 carbon atoms;

(X“) and (Xu) are independently: 1) F, CI, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms;
or 4) OBRS, or SO3R®, wherein R is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and

any additional substituent on the substituted cyclopentadienyl
or substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an
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formula: (IVB), wherein M3B is zirconium or hafnium; R9B isH or CH3; and
R10B is H, CH2CH=CH2, CH2CH2CH=CH2, CH2CH2CH2Ph, or
CH2CH2CH2CH3; c) the at least one activator-support is chlorided
alumina, fluorided alumina, sulfated alumina, fluorided silica-alumina, or any
combination thereof; and d) the at least one organoaluminum compound
is triethylaluminum, tributylaluminum, trilsobutylaluminum, or any combination

thereof.  35. A GormROSHY 45' ASaRHIBAIP, Qlﬁlfﬂglﬁg%ﬁ@ﬁh@l‘ﬁtﬁ%@%%up, an

product further comprises at least one organoaluminoxane compound, a

least one arsenic group, a carbon group, a silicon group, or a boron group, any of
which having from 1 to 20 carbon atoms; a halide; or hydrogen;

or

1ii) any combination thereof;
and

c) the at least one activator-support comprises a solid oxide treated with
an electron-withdrawing anion.

31. A process for producing a polymerization catalyst composition
comprising contacting: 1) at least one first metallocene; 2) at least one second
metallocene; 3) optionally, at least one organoaluminum compound; and 4) at least
one activator-support, wherein:

a) the at least one first metallocene comprises an ansa-metallocene having
the formula:

XHxAH X XHM! (M1-A),wherein

M!is titanium, zirconium, or hafnium;

(X") and (X?) are independently a substituted cyclopentadienyl, a
substituted indenyl, or a substituted fluorenyl;

one substituent on (X') and (X?) is a bridging group having the formula
ERle, wherein E is a carbon atom, a silicon atom, a germanium atom, or a tin atom,
and E is bonded to both (X') and (Xz), and wherein R' and R® are independently an
alkyl group or an aryl group, either of which having up to 12 carbon atoms, or
hydrogen, wherein at least one of R' and R? is an aryl group;

at least one substituent on (Xl) or (Xz) is a substituted or an
unsubstituted alkenyl group having up to 12 carbon atoms;

(X3 ) and (X4) are independently: 1) F, CI, Br, or [; 2) a hydrocarbyl
group having up to 20 carbon atoms, H, or BH4; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR*; or SO3R*, wherein R” is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and

any additional substituent on the substituted cyclopentadienyl,
substituted indenyl, substituted fluorenyl, or substituted alkenyl group is

163°



organoboron or organoborate compound, or a combination thereof. 36. A
composition according to Claim 18, wherein the at least one first metallocene
comprises a compound having the formula: R3A R(IA), wherein MIA is
titanium, zirconium, or hafnium; X3A and X4A are independently Cl or Ph; EA
IS C or Si; R1A and R2A arePh; R3A and R4A are independently H or CH3; n
is an integer from O to 5, inclusive; and R5A and R6A are t-Bu. 37. A

Com%é%%ﬁd%ﬁﬁs;’@i%g%@%  YNRERIRAD -8 Jea sl ane fbgh MelpEaAcn of

comprises a compound having the formula: (TA), whetein MIA is titanium,
zircorRRALEST HtrhvTHe ECIR Al RS R HReh SHUBN AP Gt BIHOER igreupy 2
Si; RpRoasibiR2 Araiie, P; arsenic group, a carbon group, a silicon group, or a boron

group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen;
b) the at least one second metallocene comprises an unbridged
metallocene having the formula:
i) XXX (XHM? (M2-A), wherein

M2 is titanium, zirconium, or hafnium;

(X°) and (X°) are independently a cyclopentadienyl, an indeny],
a substituted cyclopentadienyl, or a substituted indenyl;

(X7) and (XS) are independently: 1) F, Cl, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms;
or 4) OBR®; or SO;R®, wherein R® is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and

any substituent on the substituted cyclopentadienyl or
substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
arsenic group, a carbon group, a silicon group, or a boron group, any of
which having from 1 to 20 carbon atoms; a halide; or hydrogen;

ii) XXM xHm? (M3-A), wherein

M is titanium, zirconium, or hafnium;

(X°) is a substituted cyclopentadienyl group, wherein one
substituent is an aliphatic group, an aromatic group, or a combination
of aliphatic and cyclic groups, any of which having up to 20 carbon
atoms;

(X' is a substituted indenyl group, wherein one substituent is
an aliphatic group, an aromatic group, or a combination of aliphatic

and cyclic groups, any of which having up to 20 carbon atoms;
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R3A andR4A are independently Hor CH3, n is an integer from O to 5,
inclusive; and RSA and 126A are t-Bu. 172

(X“) and (Xu) are independently: 1) F, CI, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms;
or 4) OBR, or SO3R®, wherein R is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and

any additional substituent on the substituted cyclopentadienyl
or substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
arsenic group, a carbon group, a silicon group, or a boron group, any of
which having from 1 to 20 carbon atoms; a halide; or hydrogen;

or

1ii) any combination thereof;
c) the at least one organoaluminum compound comprises a compound
having the formula:
AIX DX )30,
wherein (X") is a hydrocarbyl having from 1 to 20 carbon atoms; (X'*)
is an alkoxide or an aryloxide, any of which having from 1 to 20 carbon atoms, halide,
or hydride; and n is a number from 1 to 3, inclusive; and

d) the at least one activator-support comprises a solid oxide treated with
an electron-withdrawing anion;
wherein the at least one organoaluminum compound is optional when at least one of
the following conditions exist:

1) a) at least one of (X°) and (X is a hydrocarbyl group having up to 20
carbon atoms, H, or BHy; b) at least one of (X7) and (Xg) is a hydrocarbyl group
having up to 20 carbon atoms, H, or BH4; and c) at least one of (X“) and (Xlz) is a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy;

2) the catalyst composition comprises at least one organoaluminoxane
compound; or

3) both conditions 1 and 2 exist.

165°



32. A process for producing a polymerization catalyst composition
comprising contacting: 1) at least one first metallocene; 2) at least one second
metallocene; and 3) at least one activator-support, wherein:

a) the at least one first metallocene comprises an ansa-metallocene having
the formula:

XHEHEHXHM! (M1-B), wherein

M!is titanium, zirconium, or hafnium;

(X") and (X?) are independently a substituted cyclopentadienyl, a
substituted indenyl, or a substituted fluorenyl;

one substituent on (X') and (X?) is a bridging group having the formula
ERle, wherein E is a carbon atom, a silicon atom, a germanium atom, or a tin atom,
and E is bonded to both (Xl) and (Xz), and wherein R' and R? are independently an
alkyl group or an aryl group, either of which having up to 12 carbon atoms, or
hydrogen, wherein at least one of R' and R? is an aryl group;

at least one substituent on (Xl) or (Xz) is a substituted or an
unsubstituted alkenyl group having up to 12 carbon atoms;

(X3 ) and (X4) are independently: 1) F, CI, Br, or [; 2) a hydrocarbyl
group having up to 20 carbon atoms, H, or BHy; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR*; or SO;R*, wherein R* is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; wherein at least one (X°) and (X”) is a
hydrocarbyl group having up to 20 carbon atoms, H, or BH4; and

any additional substituent on the substituted cyclopentadienyl,
substituted indenyl, substituted fluorenyl, or substituted alkenyl group is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron
group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen;

b) the at least one second metallocene comprises an unbridged
metallocene having the formula:

i) XXX (XHM? (M2-C), wherein
M2 is titanium, zirconium, or hafnium;
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(X°) and (X°) are independently a cyclopentadienyl, an indeny],
a substituted cyclopentadienyl, or a substituted indenyl;

(X7) and (Xg) are independently: 1) F, Cl, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms;
or 4) OBR®, or SO;R®, wherein R® is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; wherein at least one (X')
and (X') is a hydrocarbyl group having up to 20 carbon atoms, H, or
BH,4; and

any substituent on the substituted cyclopentadienyl or
substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
arsenic group, a carbon group, a silicon group, or a boron group, any of
which having from 1 to 20 carbon atoms; a halide; or hydrogen;

i) XXX XHM? (M3-C), wherein

M is titanium, zirconium, or hafnium;

(X%) is a substituted cyclopentadienyl group, wherein one
substituent is an aliphatic group, an aromatic group, or a combination
of aliphatic and cyclic groups, any of which having up to 20 carbon
atoms;

(X' is a substituted indenyl group, wherein one substituent is
an aliphatic group, an aromatic group, or a combination of aliphatic
and cyclic groups, any of which having up to 20 carbon atoms;

(X“) and (X12) are independently: 1) F, Cl, Br, or I; 2) a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy; 3) a
hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group, any of which having up to 20 carbon atoms;
or 4) OBR, or SO3R®, wherein R is an alkyl group or an aryl group,

any of which having up to 12 carbon atoms; wherein at least one (X')
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or

c)

and (X'?) is a hydrocarbyl group having up to 20 carbon atoms, H, or
BH4; and

any additional substituent on the substituted cyclopentadienyl
or substituted indenyl is independently an aliphatic group, an aromatic
group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
arsenic group, a carbon group, a silicon group, or a boron group, any of

which having from 1 to 20 carbon atoms; a halide; or hydrogen;

i) any combination thereof; and

the at least one activator-support comprises a solid oxide treated with

an electron-withdrawing anion.

33. A composition according to Claim 18, wherein:

a) the at least one first metallocene comprises a compound having the formula:

{IB}

wherein

M'Bis zirconium or hafnium;
R”® is methyl or phenyl;
R>B and R*B are independently H or CH3; and

n is an integer from O to 5, inclusive;
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b) the at least one second metallocene comprises a compound having the

formula:
(TIE: )
R-H
! _a'--'"-1”~
."-"[:B
"'vxg._;
LB
(1B
RTBAO
i WXTE

or any combination thereof, wherein
M?8 is zirconium or hafnium;
X"® and X®® are independently benzyl, Cl, or methyl; and
R™® and R®® are independently H, methyl, ethyl, n-propyl, n-butyl,
CH,CH=CH,, CH,CH,CH=CH,, or CH,CH,CH,CH=CHj;
c) the at least one activator-support is chlorided alumina, fluorided
alumina, sulfated alumina, fluorided silica-alumina, or any combination thereof; and
d) the at least one organo aluminum compound is triethylaluininum,
tributylaluminum, triisobutylaluminum, or any combination thereof.
34. A composition according to Claim 18, wherein:
a) the at least one first metallocene comprises a compound having the

formula:
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t-Bu t-Bu

Phu,, wCl
MC M‘I B
R2B' 6 \Cl
7
RSB R4B n

(IB), wherein
MI1B is zirconium or hafnium;

R2B is methyl or phenyl;

R3B and R4B are independently H or CH3; and

n is an integer from O to 5, inclusive;

b) the at least one second metallocene comprises a compound having the

formula:

RgB\@>/\/\

CI\M3B---“‘C1

RIOB (IVB),

wherein
M?>Bis zirconium or hafnium;
R’® isH or CH3; and
R'® is H, CH,CH=CH,, CH,CH,CH=CH,, CH,CH,CH,Ph, or
CH,CH,CH,CHj3;

c) the at least one activator-support is chlorided alumina, fluorided
alumina, sulfated alumina, fluorided silica-alumina, or any combination thereof; and
d) the at least one organoaluminum compound is triethylaluminum,

tributylaluminum, trilsobutylaluminum, or any combination thereof.

35. A composition according to Claim 18, wherein the contact product

further comprises at least one organoaluminoxane compound, at least one
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organoboron or organoborate compound, or a combination thereof.
36. A composition according to Claim 18, wherein the at least one first

metallocene comprises a compound having the formula:

(IA), wherein
M is titanium, zirconium, or hafnium;
X** and X** are independently Cl or Ph;
E*is C or Si;
R and R* arePh;
R** and R** are independently H or CH3;
n is an integer from O to 5, inclusive; and
R5A and R6A are t-Bu.
37. A composition according to Claim 1, wherein the at least one first

metallocene comprises a compound having the formula:

(IA), wherein
M is titanium, zirconium, or hafnium;

X** and X** are independently Cl or Ph;

E*is C or Si;

R'" and R* are Ph;

171°



R** andR** are independently Hor CHj.
n is an integer from O to 5, inclusive; and

R>* and R®” are t-Bu.
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