1 DUAL METALLOCENE CATALYSTS FOR POLYMERIZATION OF BIMODAL POLYMERS
TECHNICAL FIELD OF THE INVENTION 5This invention relates to the field of organometal
compositions, olefm polymerization catalyst compositions, methods for the polymerization and
copolymerization of olefins using a catalyst composition, and polyolefins. BACKGROUND OF THE
INVENTION 10It is known that mono-1 -olefins (a-dlefins), including ethylene, can be polymerized with
catalyst compositions employing titanium, zirconium, vanadium, chromium, or other metals, often
combined with a solid oxide and in the presence of cocatalysts. These catalyst compositions can be
useful for both homopolymerization of ethylene, as well as copolymerization of ethylene with
comonomers such as 15 propylePJAIOMERA LLSENE, CATMBNYBTESFQRolefins Therefore, there

exists a constant search to devppy e RIFI RN TR BRIRDEAEADGISY fakR¥st activation processes,

and methods of making and using catalysts that will provide enhanced catalytic activities and
polymeric materials tailored to specific end uses. A variety of polyethylene (PE) resins can be used to

produce high stiftieEs3RApaIe RIsehiopvate [y ENmsther fluid transport applications. Polyethylene
pipe classified as PE-10Q, MRS 10, or AfTM D?ﬁ%o Pﬁ'lcal cell classggiation 345566C is desirable for
e -

use under conditions re Lﬁ'ﬂﬁhﬁ‘ﬁ@ﬂ%’? 6? A oogbfgﬁ?%"ﬁ O‘i?%]l%%séﬁ?élﬁtioon? -100 pipe
is required to meetotprziratiem dextidyspecifiypisiiffse ssictesistafime theslqwlgramkegronthnksistance

to chemical attac'éoﬁﬁ'@&%‘ﬂiaﬁ%ﬁ%@ﬁ%%ﬁﬁ%‘d%ﬁ?ﬁ? m[gﬁﬁﬁg a9 %glgﬁzﬁgk propagation).

Further, such pipe must meet a deformation standard that is determined under pressure at elevated
temperatures, and exhibit toughness for applications in which the pipe is buried underground or used

to transport coarsg ArRoRSVE S oriesIESeeinah there is also a need for a resin and a PE-100 pipe
made 30 therefromthat has improved physical properties and impact resistance properties. With

conventional Processesthnt rEGHE & eIMEHPRERSI 6% Al ot LY IFse 5% Bade off
between high stifigsmeigddightcomiBRmanipbsitioss el titanium, zirconium, vanadium,

chromium, or other metals, often combined with a solid oxide and in the presence of
cocataiysts. These catalyst compositions can be useful for both homopolymerization
of cthylene, as well as copolymerization of ethylene with comonomers such as
15  propylene, 1-butene, 1-hexene, or other higher a-olcfins. Therefore, there exists a
constant search to develop new olefin polymerization catalysts, catalyst activation
processes, and methods of making and using catalysts that will provide enhanced
catalytic activities and polymeric materials tailored to specific end uses.
A variety of polyethylene (PE) resins can be used to produce high stiffness
20 pipe used in water, gas, and other fluid transport applications. Polyethylene pipe
.classiﬁed as PE-100, MRS 10, or ASTM D3350 typical cell classification 345566C is
desirable for use under conditions requiring higher pressure raﬁngs To obtain a PE-
100 classification, PE-100 pipe is required to meet certain standards specifying
stiffness, resistance to slow crack growth, resistance to chemical attack, and low-
25  temperature toughness (expressed as rapid crack propagation). Further, such pipe
must meet a deformation standard that is determined under pressure at elevated
temperatures, and exhibit toughness for applications in which the pipe is buried
underground or used to transport coarse or abrasive sluries.
Accordingly, there is also a need for a resin and a PE-100 pipe made
30  therefromthat has improved physical properties and impact resistance properties.
With conventional processes and resins formed using metallocene catalyst systems,

there is a trade off between high stiffness and high environmental stress cracking



2 resistance (ESCR). While either high stiffness or high ESCR items can be manufactured,
conventional processes do not produce items having both relatively high stiffness and relatively high
ESCR. 5 SUMMARY OF THE INVENTION This invention encompasses catalyst compositions,
methods for preparing catalyst compositions, methods for polymerizing olefins, and ethylene polymers
and copolymers. In one aspect, the present invention gsnerally relates to a catalyst composition
including at least two different metallocene compounds; optionally at 10 least one organoaluminum
compound; and at least one activator. In one aspect, the activator can be an "activator-support”, which
is typically used in combination with at least one organoaluminum co-catalyst. The dual metallocene
catalyst system atsoitding tEHRYiscWaiee athreproghcetifipmsh alefiighaBRGR biengdakor baultimodal

molecular weight gistriution: THREHWIING RRME JeRIUER B0 AR1ARASPHIM StffRess and slow

crack growth resistance. Additionally, the polymers produced according to the present invention have
good impact stredigh stfipessipnd cebrshebigti®ESHR: present invention, the two metallocene
compounds can be selected such that the polymers produced therefrom have two distinctly different

molecular weight t jnvention, for example, it was found that certain 20
SIS SRR BN

metallocene-base St systerms cou ce high molecular weight polyethylene with low levels
of LCB, even under relafilslyithigititangaecaipass cowditiysts coispdeitionstaieteoss fior thismaspect of the

invention include (hyfare R IGEGY tﬁe%ﬁyw&rb@%@ﬂeﬁ?@%ﬁ'%ﬁ%% Egmgﬁeagdpendant

alkenyl (olefin-contairiing) group attached to at least one lopentadienyl-type moieties of the
25 tightly-bridged°REaNEIERd Hs8MKoABFR e 6 i SERVENEFYHgPoErRSTHbF A Y B e GRS phenyl
groups, bonded teotigobtiieing:RIGINE oft thasti gy domclepd:lieansechbesmpiriall) GpreLamaounds
generally armef rred to herein aﬁlthe “first” m@%aékocn%pes In another aspect of thistir&/ention, for
example, it was f NGO A A B R SR & aa§e[8a8%?§|§/§f’ ngérmsn Bre it re%ponsive to
hydrogen than thecfirst@Gamédtaitn Cecte;atmebggner 3 tvhpocuypttaljowsed ol eoulbmaigig tifboly ethylene

esin. Useful metalgpeiies i 5. Pl DS.AYRRONNCIHAR. it a0 sy igge

metallocenes comprising unbridged 15-cyclopentadienyl-type ligands selected 3fron: 1) two :
optionally substit@esereiigdpanstseopnryesderogdyeqs rpyatinyavistr biawdabenyuidaacrl: or 3) one
substituted cyclopgntagignylang eﬁﬁiﬁﬁﬁ&{!aW&U&%HIHﬁ%gEm%ﬁYJ Il Ihesa maialegne

o rocin proferieS ST BEIaEH BB he P LAY et o LGP Ao EC SO one st
metallocene, moredbatingre tecpre:mdisitatendaos poik ingeetbaangtie firstgrid mcseithen one
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the polymers produced therefrom have two distinctly different molecular weights.
In one aspect of the present invention, for example, it was found that certain
20 metallocene-based catalyst systems could produce high molecular weight
polyethylene with low levels of LCB, even under relatively high temperature
conditions. Useful metallocenes in this aspect of the invention include, but are not
limited to, tightly-bridged, ansa-metallocenes that comprise a pendant alkenyl (olefin-
containing) group attached to at least one of the cyclopentadienyl-type moieties of the
25  tightly-bridged ligand, and also compriscs one or two aryl groups, particularly one or
two phenyl groups, bonded to the bridging atom of the tightly-bridged ligand. These
metallocene compounds generally are referred to herein as the “first” metallocenes.
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
30 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 n’-cyclopentadienyl-type ligands selected



10 bridged ansa-metallocene compounds containing a pendant olefin-containing moiety attached to at
least one of the cyclopentadienyl-type ligands and one or two awl groups bonded to the bridging atom
of the bridging ligand; at least one second metallocene, for example, unbridged metallocenes
comprising two optionally substituted cyclopentadienyl ligands, two optionally substituted indenyl
ligands, or 15 one substituted cyclopentadienyl and one, optionally substituted indenyl ligand;
optionally, at least one organoaluminum compound; and at least one activator. In one aspect, the at
least one activator can be an activator-support, which can be selected from, or which can comprise, a
solid oxide treated with an electron-withdrawing anion, a layered mineral, an ion-exchangeable
activator-support femanylgomwbireationaflp twbstitiidh ayrdopentadionrt, ligends:|éastwemeptiansdior can be

be selected from. Qs Gan GPMRKSE 1B AL0ANPATINGARR FARRBHNC:RR, PraaRAR AR AAYPOUNd, an

organoborate compound, or any combination of an]}éﬁf these activators. Thus, in this aspect, this
invention encompabsiisd-gidrditisrnds nass neRlinagrs compoyetosersFEndsRgbigfins, a
method of preparirgem cattly Skempastione@eetind airdkpalyroe tiniogng efinsingvofatisners and
copolymers of ethylene, and the like, in each.case encompassing. at.least one first metallocene, at
st e second bER R DBl ST S RO TR A S LA A% aFRiast one
activator, whereinretadveinth esgchaporcmis! defiakbetas, rerbith moanthdresnesiestanthindrevention

comprises the copact praduciaf atigastone 30 first metallocene, for example, tightly-bridged
ansa-metallocene compounds containing a pendant olefin-containing moiety attached to at least one

of the cyclopentadienyl-B¥ B &R88RAe-dhe BFKIb BIFIEPEFBSTETdeS (CaAbBHERIIgSESH 4 of the
bridging ligand; agdeasisaneisesanstmeiallocena lRhexanmia, maRREIdY &t BrataprcaprIgomprising

two optionally substifuted cyclopentadienyl ligands, two optionally substituted indenyl ligands, or one
Substiuted Ao eHER B ARG Sp ORGP ST RUET ARSI e BT B ot
activator-supportatinthat keast kast Seo afatady syclopaxaticpld;tatddasinds et gareoat umm ampl
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that can compris contact product o t least one first llocene; 2) at least one second

metallocene; 3) opstHanghat oasesHBNtgbaEnth URstabespoin sorME NG fwasopHanabivator,
wherein: 10a)the Qb leRw@nS JibpbMRIRIGC HR8ROMRUSES BRaA) SATRIRIALE GelG AN R dtlformula:
[err](M1-A)'\{v5her%1r1]eMslul‘§sE£ﬁlQ ngircﬁggglﬂgérigﬁj(fjlr Qgéngjnrg; optionally substituted indenyl ligand;
optionally, at least one organoaluminum compound; and at least one activator. In one
aspect, the at least one activator can be an activator-support, which can be selected
from, or which can comprise, a solid oxide treated with an electron-withdrawing
anion, a layered mineral, an ion-exchangeable activator-support, or any combination
20  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, 2 method of
25  polymerizing olefins, new polymers and copolymers of ethylene, and the like, in each
case encompassing at least one ﬁfst 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
30 first metallocene, for example, tightly-bridged gnsa-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



(X1) and (X2) are independently a substituted cyclopentadienyl, a 15substituted indenyl, or a
substituted fluorenyl, one substituent on (XI) and (X2) is a bridging group having the formula
ER1112, wherein E is a carbon atom, a silicon atom, a germanium atom, or a tin atom, and E is
bonded to both (X') and (X2), and wherein Rl and R2 are independently an allcyl group or an awl
group, either of which having up to 12 carbon atoms, or,20 hydrogen, wherein at least one of Rl and
R2 is an awl group; at least one substituent on 6(1) or (X2) is a substituted or an unsubstituted
alkenyl group having up to 12 carbon atoms; (X") 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 25
hydrocarbylamln@@thmbﬂdglagﬁiwdm@aﬂbﬂs|Qﬂ€g$mdanyt@ﬂ%¢néhﬂqavmglnb,t@mgm atoms, or

4) OBRAZ or SOR Ay ¥RELEHRAM P A RIS GNP BB Bl QuyBiopBt R AU ICR AN 10 12

carbon atoms; and any additional substituent on the substituted c @g%clo entadlenyl substituted indenyl,
substituted fluore?fi}FOB?ighB%I?Ftﬁ?étﬁdaﬂ%@?ﬁﬂlgll‘gﬁf&?s YoIRTSpeTindFEreRipiag ﬁ?ﬂré‘ﬁ% O%fi aromatic
group, a cyclic gr@tmxﬁltgombmanem inteliphagimdnd tyclionsaupesansapygeagioatdeassoifer group, a

nitrogen gro sphorus royl arsenic group, a.carbon group, a silicon group, or a boron
group, any o whlc"'h‘*rl%w)“a(f i ﬁ’r ex%[%'g 1{jlc%ar on &ato ogﬁno qwnnfl&e orr#ydlrc?gen b)the at least one

second metallocene co&tpihsestmr estisatigt thim ératinten erhuideryaicatsbsh obmposition of this
S1)0C5XXEXX7XX8 )2 {Mlai et iRR IR e Tl TBEHHIT, FEERAIUE. B HAMBYe first metallocene;
2) at least one second metallocene; 3) optionally, at least one organoaluminum
compound; and 4) at least one activator, wherein:
10 a) the at least one first metallocene comprises an ansa-metallocene
having the formula:
EHCAERXHM! (M1-A),wherein
M is titanium, zirconium, or hafnium;
(X") and (X*) are independently a substituted cyclopentadienyl, a
15  substituted indenyl, or a substituted fluorenyl;
one substituent on (X') and (X?) is a bridging group having the formula
ER‘RZ, wherein E is a carbor_l atom, a silicon atom, a germanium atom, or a tin atom,
and E is bonded to both (X*) and (X?), and wherein R' and R? are independently an
alkyl group or an ary! group, either of which having up to 12 carbon atoms, or
20  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;
(X*) and (X" are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl
group having up to 20 carbon atoms, H, or BHg; 3) a hydrocarbyloxide group, a
25  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
30  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



(X5) and (X6) are independently a cyclopentadienyl, an indenyl, a substituted cyclopentadienyl, or a
substituted indenyl; (X2) and (X8) are independently: 1) F, CI, Br, or I; 2) a 10 hydrocarbyl group
having up to 20 carbon atoms, H, or BH4; 3) a hydrocarbyloxide group, a hydrocarbylamino group, or
a trinydrocarbylsilyl group, any of which having up to 20 carbon atoms; or 4) OBle2 or SO3R13,
wherein BY is an alkyl group or an aryl group, any of which having up to 12 carbon atoms; and 15any
substituent on the substituted cyclopentadienyl or subsfituted 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 @hesmhegysogpLanyoRBONRIgH RV gafiem greoRctiison grownsoa hdliden or

hydrogen; ii)pcOxxigi 1, bORAMAR AW RSHEIDN 4 U6 5 Al Ms. ZMEaniLIe, fYdbgdaium;  (X9)isa

substituted cyclopentadienyl group, wherein one substituent is an aliphatic group, an aromatic group,
or a combination 250f ahbhatléllﬁn(ffcylﬂ?étgRﬂ?psseé%f%fi‘gﬁqﬁ’&?lnﬁoﬂﬁ%eéo W riBhridgsds;
(X111) is a substifiaildedRmdviie i RYReERIN one substituent is an allphatlc group, an aromatlc

group, or a cgmbination of allp?atlc and cy%&gﬁgﬂg) Mf which h u%ﬁo 20 carbon atoms; 30
(X") and (X12) are mdependen ly: 1) F, Cl rocarbyl ’avmg up to 20 carbon

atoms, H, or BH4; 3) a hydrocarbyloitfésgianpina htydwcumbwanfmongroup or a 6 trihydrocarbylsilyl
group, any of which having up to 20 DA 5@?\&2 OQBRER 97 ?é%g@ﬁaéﬁ’ e Rads n alkyl
P uptol ﬁ%} g’ Qs’r

group or an aryl group, any of WhICh aving on atoms; and any additional substituent on

(X" and (X% are mdependently. 1) F, Cl, Br,orI; 2) a
10 hydrocarby! 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:RB, wherein R® is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and
15 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
20 which having from 1 to 20 carbon atoms; a halide; or hydrogen;
i) MY HM? (M3-A), wherein

M? is titanium, zirconium, or hafnjum;

(X%) is a substituted cyclopentadienyl group, wherein one
substituent is an aliphatic group, an aromatic group, or a combination

25 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;

30 (X' and (X'*) 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



5 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; 100r iii)any combination thereof; c) the
at least one organoaluminum compound comprises a compound having the formula:
Al(X13)n(x14)3_n; 15wherein (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: i) an
activator-support selected frorfribysiodichthyidaytrgecrapl witho&nvRiobbeviop withdGwarkgmaioms:a layered

mineral, an ion-exchangeable(ﬁqbvggﬁcg,ypggghqr@{yeﬁpmbjggﬂq{kyju%;gﬁg; db An.Aroaaegluminoxane

compound; an organoboron compound or an organoborate compound; or iv)any combination thereof
25In one aspect of this inventith, theliciehatanBrdybmesham e 8 pound can be optional when at
least one of the following conditions igyngiditiondl) sitbeitudhy ahlerssohintdX 3ydsstididieish

o S AR S e A S
a 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;
10 or
iii)  any combination thereof,
c} the at least one organoaluminum compound comprises a compound
having the formula:
AIX)u(X )30,
15 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 is selected independently from:
i) an activator-support selected from a solid oxide treated with an
20 electron-withdrawing anion, a layered mineral, an ion-exchangeable activator-

support, or any combination thereof,
it) an organoaluminoxane compound;
ii) an organoboron compound or an organoborate compound; or
iv) any combination thereof.
25 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 (0C°) and (X*) is a hydrocarbyl group having up to
20 carbon atoms, H, or BH; b) at least one of (X') and (X®) is a hydrocarbyl group
having up to 20 carbon atoms, H, or BHy; and c) at least one of " and (X*?)is a
30  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



30 hydrocarbyl group having up to 20 carbon atoms, H, or BEI, 2) when the at least one activator
comprises at least one organoaluminoxane compound; or 7 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 5 disclosed immediat@y above. In still another aspect of this
composition, the contact product can further comprise: 4) at least one organoaluminum compound
having the formula Al(X'3)(X'4)3., as provide above. In another aspect of this composition, the contact
product can further comprise: 5) an ionizing ionic compound, as disclosed herein. 10Yet another
aspect of this invention Protiidwth cendijenscorngdsitionethat can comprise the contact product of: 1) at
least one first metallocens, ket daas i ANRiSSRAMIMASRIRGENS BhPBLRBA e LRSI QR Ghe

organoaluminum compound; and 4) at least one activator, wherein: th at Ieast one first
metallocene com{iéas AodHea Shetablobrieatts %lﬁ@&ﬁ@%ﬂ?ﬁ?&"(l\ﬁi ﬁ\'ﬁ Vigoa Hesed  b) the
at least one secomdtmebaﬂecmegomwﬁesmauﬁmﬂgedaenatakl@aene fhasén@iifiesins ukaas

1)(X5)(x6xx)pom2 wher Ln zirc n|u fnium; 20(X5) and (X6 are |nde endentlya
cyclopentadlgnylglasﬁ 'i’rsiazi a% %aﬁ%gtatlg & cycfope glérias écc)% aps(lﬂ%stltm 5|ngé el ohta

product can further comprise: 4) at least one organoaluminum compound havmg the
formula A(X")u(X"*)3.s, as provide above. In another aspect of this composition, the
contact product can further comprise: 5) an ionizing ionic compound, as disclosed
herein.

10 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) optionaily, at least one organoaluminum compound; and 4) at

least one activator, wherein:

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

metallocene having the formula:
i) COXOHXEEM? (M2-B), wherein
M? is zirconium or hafnium;
20 (X°y and (X% are independently a cyclopentadienyl, an indenyl,
a substituted cyclopentadienyl, or a substituted indenyl;
(X7) and (X®) are independently a hydrocarbyl group having up
to 12 carbon atoms, H, BH,, or a halide; and
any substituent on the substituted cyclopentadienyl or
25 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) O HEMHEPHM? (M3-B), wherein
M? is zirconium or hafnium; ‘
30 (X°) is a substituted cyclopentadienyl group, wherein any
substituent is independently a linear or branched alkyl group having up

to 12 carbon atoms;



(X7) and (X8) are independently a hydrocarbyl group having up to 12 carbon atoms, H, BH4, or a
halide; and any substituent on the substituted cyclopentadienyl or 25 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)(xi5xx ixx i2)m3(M3-B), wherein M3 is
zirconium or hafnium; 30(X9) is a substituted cyclopentgdienyl group, wherein any substituent is
independently a linear or branched alkyl group having up to 12 carbon atoms; 8 (X1)isa
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
5(X11) and (X12) are independently &MHydsacarbsfityielisdeaying e iohedndsorsehsitsntisBHA, or a

halide; Or any combination thergaf-cltha AQQ%%QH@ SRANRURNRHE LA RIUNELAYTARASES a

compound 10 having the formula: Al(X13)4x14)3 ] i
of aliphatic and cyclic groups, any of which having up to 20 carbon

atoms; and
5 (X' and (X"?) are independently a hydrocarbyl group having
up to 12 carbon atoms, H, BHy, or a halide;
or
i)  any combination thereof;
c) the at least one organoaluminum compound comprises a compound

10 having the formula:
AKX aon,

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
I5 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;

ii) an organoaluminoxane compound,

20 i) an organoboron compound or an organoborate compound; or
iv) any combination thereof,
Also in this aspect of the invention, the at least one organoaluminum
compound can be optional when at least one of the following condions is met:
1) when: a) at least one of (X°) and (X*) is a hydrocarbyl group having up to
25 20 carbon atoms, H, or BHy; b) at least one of (X7) and (X°) is a hydrocarbyl group
having up to 20 carbon atoms, H, or BHy; and c) at least one of (X") and (X" 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
30 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 skili that a metallocene-based composition that exhibits catalytic polymerization



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; and 15d)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; 20an organoboron compound or an organoborate compound; or iv)any combination
thereof.  Also in this aspect of the invention, the at least one organoaluminum compound can be
optional when at least one of the following condions is met: 1) when: a) at least one of (X3) and
(X4) is a hydroca#stivigrobpibeibinepuprice? S0 asatdnreedwet, af, od BEL lesjtapheasietllosheX7) and

(X8) is a hydrocagyl grpup E’EME&&&%@&E@&% HAMRohl QB AR abiRashenaLi{Xn) and

(x12) is a hydrocarbyl group having upto 20 carbon atoms, H, or Bk14; 2) when the at least one

activator comprisB&Ht Raby i oiganto uhm sl edn paliry; B J0gplersls KemROgRdittns 1 and 2
are met.  Whilesapsaidndingdoabesbpubaifisdnachys ligail;nmdenognizachioy amnepoickdimary skill that

a metalloceng-based composition that exhibits caﬁlycttilc IE)(glsygn riﬁ]ation 9 actévtgxtg[%l‘gggél comprises

the contact produS&nEL)Ef:nﬁsalf1 fgg.’s?%en(éoﬁwl%?gﬁ%tc%ar?e comBonenﬁ )aeccé)f{:l%?gff}st co ponenf1 that

provides an activatfigbigdigdmsiaid de actizbigt corhyahdde figanehtplthen rorgeabelbisraoxsecethe
metallocene compauRgh, of, GRIPRHACS HodRk AAEAALELMRYSERYER I HIBRHe) G @fHvator

component. In 5 some instances, one component can function as both the component that provides an
activatable ligancdb &R h CUBBRRMP-cEMRb HiefR, RSRERAIIBIBUE ORRMNE thRirRaRRYdR fihction in

both ways. In othgtiivasm ilgsedma funrdiaRtkiarhe AkOYissH bkivorseRarRith canRRRASALS, such as
an organoalymninu ompaund that can provide an acfveteble ally! laand 9 s mfelioggne. and 2
the metallocene compound can already comprise an activatable ligand such as an alkyl
ligand, therefore, a component that provides an activatable ligand is not required, but can
be an optional component of the contact product. Therefore, by designating the at least
one organoaluminum compound as “optional” in the contact product, it is intended to
15 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
20  second metallocene; and 3) at least one activator, wherein:
a) the at least one first metallocene comprises an ansg-metallocene
having the formula:
EHYEHE XM (M1-B), wherein
M! is titanium, zirconium, or hafnium;
25 (X') and (X% are independently a substituted cyclopentadienyl, a
substituted indenyl, or a substituted fluorenyl;
one substituent on (X") and (3¢) is a bridging group having the formula
ER'R?, wherein E is a carbon atom, a silicon atom, a germanium atom, or a tin atom,
and E is bonded to both (X') and (X%), and wherein R' and R? are independently an
30  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;



10 withdrawing anion that can provide the activator function. Further, in some instances, the
metallocene compound can already comprise an activatable ligand such as an alkyl ligand, therefore,
a component that provides an activatable ligand is not required, but can be an optional component of
the contact product. Therefore, by designating the at least one organoaluminum compound as
"optional” in the contact product, it is intended to 15 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
20 second metallocene; and Htaldesisoenuhstiverar, 99h&¥ein o) Jatseasrdntitiiat metalocene

comprises an ansgyngialieceng.hav )g&mm{ P 994 Aerarsai(MI-B), wherein Ml is titanium,

zirconium, or hafnium; 25(XI) and ( are mdependentl¥asubstltuted cyclopentadienyl, a substituted

indenyl, or a substituted fluorqull and (X e genendsh bh Rifahd BroPidabh ﬂ‘@?ﬂ?ﬁb having

the formula ERIRgouhaeeingus &cz0barbatoaomssilicon B8R, 3) gelipiasiabyhtdde groaginatom, and

E is bonded to bqth (XI and wherein RI an agre |nde tly.an 30 aIk up or an
aryl group, e%)h % ‘ 2‘ ha“il/ln %ro"t% 5% gﬁog Br%lszl %“’HF@ %ownlg%?lr}l At 1Bast ong of Rl and
R2 is an aryl grou:prbclmatoms oaﬁ)éAERonerM‘?uwhmm(B&ismn(a@rilgrawsﬁnm&mﬁm

unsubstituted alkggy bOORRINANIG P 18 12 AIRAMAIAN Siercin ol KAk (K9 aepdedapandently. 1)
F,Cl,Br,orl; 2)a Fgdrocarbyl group having to 20 carbon atoms or BH4; 3) a hydrocarbyloxide

group, a 5 hydrods V&?gauﬂl SRR AGS l‘j’ﬁ% hich having up to 20 carbon

atoms; or 4) OBRA2 or SOBltéﬁyvmrﬁmbM isuBBHalkyt gf_ﬁum@r @ﬂlﬁtkh@@o@dpﬁ:ﬁﬁﬂ%ﬂgn having up
to 12 carbo (Stom} \tllvh(tar in.a Ie sto Ct’,gdang {) s a hydr ca gro urp to 20 carbon
atoms, H, or ﬁot"ény adidtic n’al % fti&nt ot J Subosftltﬁflea cyc opéntadi en§f%

independently an ahphatlc 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; 2 halide; or hydrogen;
15 b) the at least one second metallocene comprises an unbridged
metallocene having the formula:
i) OO WXHM? (M2-C), wherein
M? is titanium, zirconium, or hafnium;
(X%) and (X% are independently a cyclopentadienyl, an indenyl,
20 a substituted cyclopentadienyl, or a substituted indenyl;
(X"y and (X% are independently: 1) F, Cl, 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;
25 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 XN
and (X) is a hydrocarbyl group having up to 20 carbon atoms, H, or
BH,; and
any substituent on the substituted cyclopentadienyl or
30 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



10 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,;
15b)the at least one second metallocene comprises a &mbridged metallocene having the formula:
i)oc5a6xx7xx8)m2(M2-C), wherein M2 is titanium, zirconium, or hafnium; (X5) and (X6)
are independently a cyclopentadienyl, an indenyl, 20a substituted cyclopentadienyl, or a substituted
indenyl; (X7) and (X8) are independently: 1) F, CI, Br, or I; 2) a hydrocarbyl group having up to 20
carbon atoms, H, or BH4; 3) a2F@iie €501 6 abogr sty patisjirerc Sroyastih bygeogsor, any of
trihydrocarbylsilyl group, any i hay iRen P 49240 S8HORRIC M SalacPbAlydiBRAZ or SO3RA,

wherein RA is an alkyl group qr. an aryl group, any of which having up to 12 carbon atoms; wherein at
least one (X7) and (X7) is a hydrocarbyl gr ™0 carbofMAdhsVIFIGR BH4; and

any substituent on the substituted cyefbpensadienylranafsuhdtifi@chindenyl is independently an
aliphatic groyp, an aromatic group, ﬁ)gcl%g roup. (%génbin?ti%gtg 1%Iﬁlhatic and %%%% groups, an

oxygen group, a sulfur group, a nitrogen group, a p osph%%gpgroup, FPHrsehic group, a carbon

group, a silicon group, or a bosupstjesup iy diphiticsteayirg maticogf@:paebarcendingtionhalide; or
hydrogen; ii) ioexxloxxiixxi)m3{rAd3al g reieii 3isuHla R r AR MR HARIvE catdl) is a
substituted cyclopentadienyl group, wherein one
atoms,
(X') is a substituted indenyl group, wherein one substituent is
10 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 (XIZ) 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
15 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
20 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
25 which having from 1 to 20 carbon atoms; a halide; or hydrogen,
or

iii)  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
30 electron-withdrawing anion, a layered mineral, an ion-exchangeable activator-

support, or any combination thereof;

ii) an organoaluminoxane compound;



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; (X1) is a substituted indenyl group, wherein one
substituent is 10an aliphatic group, an aromatic group, or a combination of aliphatic and cyclic groups,
any of which having up to 20 carbon atoms; (X1 1) and (X12) are independently: 1) F, CI, Br, or I;
2) a hydrocarbyl group having up to 20 carbon atoms, Hl,, or Bl44; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a 15 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 (X11) and (X12) is a hyclrocarbyl group having up to 20 carbon
atoms, H, or BEI; and 20any aiidlitioriil egheehowncomprend ¢n stivreadabpsisrempeladtior substituted
indenyl is independently an aligljatic Q{py&ngﬂ&@&rﬁﬁ}gogroup, a cyclic group, a combination of
aliphatic and cyclic groups, an gxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
arsenic group, a carbonytoub, HEFEHRIFURE Jhis HBYSRIGRBECERSS of 2%ANER FRIDRRSHYM 1 to 20
carbon atoms; a hatigeistighydregeat @rdipanyf-cambinetiopibeieofmeniiociive 2t kedsisopaeactivator is
selected indegi)englecrg)tllﬁgl Lrlgmki))c an _%(I:ltév tg{iggﬁ%%taséglea%@d Jﬁgl[é}na solid oxide treated with an
ithdrawing anion, arfayere

combination thereof; ii) ah orgédroatuinsbranse smpstallgcene comprises an ansa-metallocene

having the formula (M1-B) as provided herein;

30electron-w X mineral, an 1on-exchangeable activator- support, or any

b) the at least one second metallocene comprises an unbridged
metallocene having the formula:
10 i) XX HEBHM? (M2-D), wherein

M? is zirconium or hafhium;

(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

15 to 12 carbon atoms, H, BHj, or a halide, wherein at least one of (X7)
and (X®) is a hydrocarbyl group, H, or BH,; 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,

20 any of which having up to 20 carbon atoms;
i) O 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 up

25 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

30 (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 (X®) is a hydrocarby! group, H, or BHy; or



12 an organoboron compound or an organoborate compound; or iv)any combination thereof.

Still 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 5second metallocene; and 3) at least one activator,
wherein: a) the at least one first metallocene comprises an ansa-metallocene having the formula
(MI-B) as provided herein; b) the at least one secoggvlmetallocene comprises an unbridged
metallocene having the formula: 10i)pc5xx6xx7xx5m42(M2-D), wherein M2 is zirconium or hafnium;
(X5) and (X6) are independently a cyclopentadienyl, an indenyl, a substituted cyclopentadienyl, or a
substituted indenyk (X7) and (X8) are independently a hydrocarbyl group having up 15to 12
carbon atoms, H, BH4, or a hdiidle, vinzseimbiniasttbereadf (X7) and (X8) is a hydrocarbyl group, H, or
BH4; and  any gypstituent 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, 20any of Which HaAGACRS seHiealyydh ssiered fsesadsriblied)1\(M3-D), wherein M3
is zirconium or hafnium; ) (X9pisaatisutstinpporcydiopdniadianyd] g oxide wisekeinvithyusubstituent
s independegtly a lineay o branclied, ol graup, iaving up 2010 12,6arbon.atoms, iiiblis e
substituted indenyl group, whérein any subs ituent 12 in epen ehm an aliphafic group, an aromatic
group, or a combinatiorsefraip lea o yaewnbjmlicogriberssfany of which having up to 20 carbon atoms; and

30(X11) and (X12) are indepeﬁpentlm%gmﬁ%%,&%ﬁw&
' ii) an organoboren compound or an organoborate compound; or
v) any combination thereof.

10 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 oxides thercof, or mixtures thereof. In this aspect, the electron-

15 withdrawing anion can comprise fluoride, chloride, bromide, iodide, phosphate,
triflate, bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate, phosphate,
fluorophosphate, fluorozirconate, fluorosilicate, fluorotitanate, permanganate,
substituted or unsubstituted alkanesulfonate, substituied or unsubstituted
arenesulfonate, or any combination thereof. In addition, the activator-support can

20  further comprise a metal or metal ion such as zinc, nickel, vanadium, tungsten,
molybdenum, silver, tin, or any combination thereof. Also in this aspect, the electron-
withdrawing anion can be fluoride, chloride, bromide, iodide, phosphate, triflate,
bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate, phosphate,
fluorophosphate, fluorozirconate, fluorosilicate, fluorotitanate, permanganate,

25  substituted or unsubstituted alkaneéulfonate, substituted or unsubstituted
arcnesulfonate, and the like, including any combination thereof.

In yet another aspect of this invention, the activator-support can be, or can
comprise, a layered mineral, an ion-cxchangeable activator-support, or any
combination of these activator-supports, including any combination of these activator-

30  supports with a solid oxide treated with an electron-withdrawing anion. In this aspect,
the activator-support can comprise a clay mineral, a pillared clay, an exfoliated clay,

an exfoliated clay gelled into another oxide matrix, a layered silicate mineral, a non-



up to 12 carbon atoms, H, BH4, or a halide, wherein at least one of (X7) and (X8) is a hydrocarbyl
group, H, or BH4; or 13 iii)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
5electron-withdrawing anion, a layered mineral, an ion-exchangeable activator- support, or any
combination thereof; ii) an organoaluminoxane compouynd; an organoboron compound or an
organoborate compound; or iv)any combination thereof. 10In 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 &uenidateilinetteropotyaingstdrysrataribimiresirttndginesih, Borkenlarcesdde, mixed

oxides thereof, ogmpixHiARIAEFRREMD HishaBEHmiRFIR6EGN- 15 withdrawing anion can comprise
fluoride, chloride, bromide, iodide, phosphate, triflate, bisulfate, sulfate, fluorohorate, fluorosulfate,

trifluoroacetate, phospHat&n ST SRR HES SIHERS O FRE RS ETAYIAFS SHitsaRssH Or SegusiRe
permanganate, ssiigtietiestion upaulstitutenpabade scbtapfstmgs uhstidutiag ostuhsisbstitetefirst

arenesulfonaste, or any combipte\tion thereof (I:ln agcﬁtion the activato -lsg&port can 20 further comprise a
. metaliocenc, at lcast (f(nq SECOM (] ?ceﬂe Q thIléMlF at 1c one. rgan?alummum
metal or metal ion Such’as zinc, nickel, vanadium, tungsten, molybdenum, silver, tin, or any

combination theremfipaisd.ianthi egiauts Hotivalettto nradtied deitatplysioarepesibiert wawerin ditoride,
bromide, iodide, phpsahae driale sHRanSWata. R AasRCLHpkRSHIRIS, ifluayoasstate.

phosphate, fluorophosphate, fluorozirconate, fluorosilicate, fluorotitanate, permanganate,
25substituted or eFEanpRHmMIEELAeRReut kg dhe Abloaah RRF SFliy e e deited as herein. Tn

still another aspect, this invention affords a method of polymerizing olefins, comprising

10 contacting ethylene and an optional a-olefin comonomer with a catalyst composition
as provided herein under polymerization conditions to form a polymer or copolymer.
In yet further aspect, the present invention provides ethylene polymers and
copolymers, and articles made therefrom, produced by contacting ethylene and an
optional a-olefin comonomer with a catalyst composition under polymerization

15  conditions to form a polymer or copolymer; wherein the catalyst composition is
provided as disclosed herein.

In still another aspect of this disclosure, the activity of the catalyst
compositions of this invention can be enhanced by precontacting some of the
polymerization reaction components to form a first mixture, for a first period of time,

20 before this mixture is then contacted with the remaining polymerization reaction
components, forming a second mixture, for a second period of time, For example, the
first metallocene compound, the second metaliocene compound, 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 a.-

25  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 ftypically termed the

30  “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



arenesulfonate, and the like, including any combination thereof. In yet another aspect of this invention,
the activator-support can be, or can comprise, a layered mineral, an ion-exchangeable
activator-support, or any combination of these activator-supports, including any combination of these
activator- 30 supports with a solid oxide treated with an electron-withdrawing anion. In this aspect, the
activator-support can comprise a clay mineral, a pillared.clay, an exfoliated clay, an exfoliated clay
gelled into another oxide matrix, a layered silicate mineral, a non- 14 layered silicate mineral, a
layered aluminosilicate mineral, a non-layered aluminosilicate mineral, or any combination thereof.

In another aspect, this invention further provides a process for producing a polymerization catalyst
composition compeigastedomsietithy asdtivaiovaepiest, Simeamtiobse oht [waeopistedtomékvstallocene,

optionally at leasbs-ALGAPAITAERGENRRLS AR BRSNS NAIRI MR GR e Catalyst

composition, wherein the at least one first metallocene, the at least one second metallogcene, the at

least one organo&iFEiFh Kb BT RUCHtPatRs ARRHLS GhECSR A¥SF ekt UGS K fheINn still
another aspect, tm&_jn@aaéi@m @ﬁﬂgds RmjRiiichchpplyieak zifgio eiinst chispiising 10teamdcting
ethylene and.an qpiangl &olefn omonomen it 2 cajalyst composiion s pipviteg herein under
polymerization conditons to 101 a PolyMmer or copolymer. In yet further aspect, the present invention
provides ethylenespohfmetslindreo poiyeners orgrdauitiviavim sk tipse frodractinatirewgneyt destacting

ethylene and an gptional asplefin.comenemer.with acalaly LAY QSRR ALeRARNME Rzation 15

conditions to form a polymer or copolymer; wherein the catalyst composition is provided as disclosed
herein.  In still BRSEeRECREBEXYFthiLgi cRisREFeistermetv iiF ofpricentagird cBIBBEtiohIdf this
invention can be gRiaReas, dY REegoRiactRg: SOMehal thpdelymeriralion mackooueomaesants to form
a first mixtug), for a firstéa?riotdﬂ?f time, 20 hefore thif mixture is h%_p contacted V\ﬂtlh the Eg{’naining
polymerization reSCHH! %Fn?)on n st,t’fl5?ﬁhin8rae}§aem R ulpé Or & secom I%nGI’IO& BPYime. For
example, the firstfonetatiqgrecmotep cugahdhlersmoon d-ongtadint e naceorh po Lavdnise b ottithhéhéirst and
second metallocenHRIAL AT AR & SRRNIRCEN HbBHeL S RRIRP biffgtzALARdERCton

components, including but not [imited to, for example, an a- 25 olefin monomer and optionally an

organoaltuninumfeseatiipat aet sEduse fsotmelEiBRrowABOHBaIRETYS ComPRUR WRA t9e

remaining polymerizatioméeasiinmermpenarts, including, but not limited to, an activator-support. In
this aspect, the first mixtgé;js typjcally termed the Pﬁ{@g@gt ted" mixture and comﬁ)rises recontacted

componentd>and the sdShIHIRHEPHE BRI T gt 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

20 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.

25 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.

30  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



30 "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 15 contacted with the activator-support, is one type of
"precontacted” mixture. Precontacting catalyst composition components can also occur in more than
one step, giving rise to a first precontacted mixture, a siaé;ond precontacted mixture, and the like. Once
all catalyst composition components are in contact, this mixture is termed 5 the "postcontacted”
mixture. For example, once a mixture of first metallocene, second metallocene, monomer,
organoaluminum cocatalyst, and activator-support has been formed from contacting any remaining
catalyst componemgaiiitenhe fdatprelvovinasead. mirtdrs, aapsahishareatslyst meanputipostcaitacted”

mixture. This termipalagy:s iaeditedarlasaal WPAtHy R GES ARINGVEBR Y EoRBRNGER 10

components of the mixtures. For example, according to this description, it is possible for the
precontacted org&ReEifFHHtRIES SPuPdemRstiths SHRNREQomBe e s A8 A d W HfdiiNocenes
and the olefin mopaeisctanayenaatliffenent eiiesoical formulation and structure from the distinct
organoaluminum compojy(i(fituse to pre aret'{he recontgscteg r?iétgge.olnfls'l;lhiliinéloenn&i n alao
comprises méthods of ma |1nl§ncaa |yS]tSCOH’?BOgI iSO P RSO HITG FRet o&*ne, at least
one second metalkeseme; akaseorsl dhtiostalso catapysitiouohdss pelaluniatbxarendiionatiteast one
activator, whereir,each ofith PoRRALSIS disclased, NeeinnEhG3HaoRs Ohibininvegtion

include precontacting any selected catalyst components, for example, the first or second 20
metallocene or baPiXmsrseale B ssing hetaiticd sempptidaanyraraicdbigaabataiRTm cocatalyst

and optionally with an oteffiprageigatyeRtibmalsb eEesspIlYeschBROpsIRvgsfiashe polymerized or

copolymeriz (? prior to ¢contacting. this.precontacted mixture with any remaining catal s(;[components,
Mo, the actiiBibeHiPRE 5 BN ol RTEe) RS

in this exam the acti PREEEPRS SR B ?%ra-lét?ﬁtb%?t fﬂrél%reseneiﬁ\o/ AtorPTaRHEr comprises

new catalyst compitbitienstalystivodpdsitipnagdahisgnratddyst compositions, and methods for
polymerizing olefins thayigsi, i B QA AUHEHY i BB ASRRE ) BREMAIRANS FApe carried

out without the need for using large excess concentrations of the expensive cocatalyst methyl
aluminoxane (MA@wBiomwiEhespstecempesisicarrevsabtadedoyine driphdssaptionels, the
catalyst compositipngifithia raygrtion have polymerization activity in the substantial absence of
aluminoxan?g. However, this invention also provides a catalyst

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

20  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 Tabie 2.

25
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

30 from olefin polymers. In one aspect, this invention encompasses a catalyst
composition comprising: at least one first metallocene, for example, tightly-bridged

ansq-metallocene compounds containing a pendant olefin-containing moicty attached



composition comprising the contact product of a first metallocene, a second 16 metallocene, and an
aluminoxane. In this aspect, the catalyst composition is not 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. 5Additionally, this invention
encompasses a process comprising contacting at Ieastlgne 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. 10This invention also provides an article that
comprises the potyrifdesstoda of theiyctbreniathepsi-tam Pesids ausk antoiniventihgroupT britedind other
features, aspects,£RDHIREHSHANLAINE TAGAL NG LresRAkINRN IR hReaRmaapRarent after a
review of the following detailed description of the disclosed features. 15 BRIEF DESCRIPTION OF
THE FIGURES exanipieiRen mpidaed (elingeiss GPOBRIgnddRe Artiamben sWsitedn be used
in this invention, asdupaidadtiyithBgexdinpies. optiomliGURibsBtptayidedcagmtighissn gel pasmeation
chromatograms (GPCs) fqr 20 ethylene }l%g\] olymers and copolymers of Examples.1-6.(El -EB),
prepared as g]rovfﬁf gllth}tﬁﬁa 8‘1931}{3%@' é)gop%)%’é’\t/]i%@ 8%5%%%?&%% Bgrlﬁaélg?ig%%g ?(1) atograms
(GPCs) for ethylertdeaspolywrgrsqieptnen sccuadiisg anday tasivenE ralinples i@ ¢RpEct.3heprepared

as provided in Taglg 2,25 QLET'%H'EHSP E&CFSENAQNS%OW BUNVENTEN along with an

organoaluminum cocatalyst. Also in this aspect, this invention encompasses a
catalyst composition comprising the contact product of the catalyst components

10 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:

15 a) the at least one first metallocene comprises a compound having the
formula:
REA CO RBA
1A
R, g p1anX
R2A™ \X4A
F
3A n
RT R (IA), wherein

M is zirconium or hafnium;
X** and X* are independently F, Cl, Br, I, benzyl, phenyl, or methyl;
20 E*is Cor Sj;
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
25  trihydrocarbylsilyl group, any of which having up to 20 carbon atoms; or hydrogen,

n is an integer from 0 to 10, inclusive; and



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 30 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
17 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 5 subdittiead &l indetiendanalycedndropudiibeyosnuinganiaddy | ligand:
optionally, at least,ang, ISANQRKRIBEE; cocatalyst; and at least one activator. In one aspect, the
activator can comprise an activator-support that is used along with an organoalumjnum cocatalyst.
Also in this aspect, this PventfB #rietinesiseend caealloss ApBRRRSS SSAHNAG et Rct product
of the catalyst cofspmiiants 10disclosed herein. In one aspect, the present invention provides a
catalyst composition comprising the cgntact product of: 1) at least one first metallocene; 2) at least one
second metallocene; 3) optionally, ast gpe organoaluminum compound; and 4) at least one

activator, wherein: 15a)the at least ong allocene comprises.a compound having the formula: Ft
. R7A

2 .A'"““X TA

M
\
SN

5 i) RBA 11A), R¥ (IIA), or a
combination thereof, wherein
M2A is, independently, zirconium or hafhium,;
X™ and X® in cach occurrence, are independently F, Cl, Br, I,
benzyl, phenyl, or methyl; and
10 R™ and R®, in each occurrence, are independently H, methyl,
ethyl, n-propyl, n-butyl, n-pentyl, CH,CH,CH;Ph, CH,CH=CHS,,
CH,CH,CH=CH,, or CH,CH,CH,CH=CHy;
RQA
XI\Q/\/\

]Ah.._MgA.u\\Xl 2A

ii) R10A (IVA), wherein
15 M>* is zirconium or hafnium;
R is H or CHg;
R s H, CHCH=CH;, CH;CH,CH=CH,,
CH,CH;CH,CH=CH,, CH,CH;CH,Ph, or CH,CH,CH,;CH3; and
XA and X4 are independently F, Cl, Br, I, benzyl, phenyl, or
20 methyl;

or



X3A and X4A are independently F, CI, Br, I, benzyl, phenyl, or methyl; 20EA 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 RIA or R2A is an aryl group; RSA and R4A are
independently a hydrocarbyl group or a 25 trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or hydrogen; n is an integer from 0 to 1Qinclusive; and 18 RSA and R6A 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: 5i))RSA (HA), RSA(MA), or a
combination thereof, wherein Mindependently, zirconium or lithium;

1ii) any combination thereof;

c) the at least one organoaluminum compound comprises
trimethylaluminum,  triethylaluminum, tripropylaluminum, tributylaluminum,
triisobutylaluminum, trihexylaluminum, trioctylaluminum, diethylaluminum cthoxide,

5 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,
10  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,
15  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:

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

formula:

(IA-1), wherein

M is zirconium or hafnium;

X34 and X* are independently F, Cl, Br, I, benzyl, phenyl, or methyl,
25  wherein at least one of X** and X** is benzyl, phenyl, or methyl;

E*is C or Si;



X7A and X8A, in each occurrence, are independently F, Cl, Br, I, benzyl, phenyl, or methyl; and
10R7A and RSA, in each occurrence, are independently H, methyl, ethyl, n-propyl, n-butyl, n-pentyl,
CH2CH2CH2Ph, CH2CH=CH2, CH2CH2CH=CH2, or CH2CH2CH2CH=CH2; R9A xI3A.,"%xI2A
ii)RioA (WA), wherein 15M3A is zirconium or hafnium; R8A is H or CH3;
RumisH,CH2CH=CH2,CH2CH2CH=CH2, CH2CH2CHZCH=CH2, CH2CH2CH2Ph, or
CH2CH2CH2CH3; and XI 1A and X1Z2A are independently F, CI, Br, |, benzyl, phenyl,
or 20methyl; 19 iii)any combination thereof;
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 ary! group;
R* and R* are independently a hydrocarbyl group or a
5  trihydrocarbylsilyl group, any of which having up to 20 carbon atoms; or hydrogen;
n is an integer from 0 to 10, inclusive; and
R** and R® are independently a hydrocarby! group having up to 12
carbon atoms, or hydrogen;
b) the at least one second metallocene comprises a compound having the

10 formula:

RTA
R
S Q
..u“l\X?A
pra XA
h 2 24
i) R® @A-1), R* (IMA-1), or

a combination thereof, wherein
M?* is, independently, zirconium or hafnium;
X and XSA, in each occurrence, are independently F, Cl, Br, I,
15 benzyl, phenyl, or methyl, wherein at least one of X™ and X* is

benzyl, phenyl, or methyl,; and

R and R*, in each occurrence, are independently H, methyl,
ethyl, n-propyl, n-butyl, n-pentyl, CH,CH,CH,Ph, CH;CH=CH,,
CH,CH,CH=CH3,, or CH,CH,CH,CH=CHy;

RQA\@/\/\

Xl lAh.__M:;Au\l\Xl 24

g9,

20 if) RI0A (IVA-1), wherein

M ig zirconium or hafnium;



C) the at least one organoaluminum compound comprises trimethylaluminum, triethylaluminum,
tripropylaluminum, tributylaluminum, triisobutylaluminum, trihexylaluminum, trioctylaluminum,
diethylaluminum ethoxide, 5 diisobutylalurninum 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 gxide is silica, alumina, silica-alumina,
aluminophosphate, 10 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, trlfluoroadbt%lteﬂmfcﬁﬂklate fluorophosphate, fluorozirconate, fluorosilicate,
fluorotitanate, 15permanganate, subgtruted qguns@stltut@{g&qggpglfona@@gm@w
unsubstituted arenesulfonate, or any combination thereof. Yet another aspect of thls invention
provides a catalyst composmoq;ﬂl&l% ' Halb.gr @ ¢ Sridsehed metallocene; 2)
at least one second metallocene; angt'3} aﬁdﬂﬂ.@f‘@@i@@éﬂbﬂﬂ%ﬁﬂ@llﬁ@@ﬂ@ﬂ)ﬂﬂeﬁtﬂﬁaﬁﬂm first
metallocene comprises a co h V|n the formula: AL A 3Av 4.1"-- 4A R4(1A-1
wherein MIA§|s zfconlum or hla?\‘%l erdih At least onc 0f§ aﬁ% % enzyl enyl, or( )

methyl,
or
iil)  any combination thereof; and
c) the at least one activator is an activator-support comprising a solid

10  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,
15 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.

20  Catalyst Composition and Components
The present invention provides, in one aspect, a catalyst composition
comprising the contact product of at least one first metallocene, at least one second
metallocene, at least one activator-support; and optionally, at least one co-catalyst.
Each of these components is further described below.
25
The First Metallocene Compound
In one aspect, the first metallocene of the present invention is typically a
tightly-bridged ansa-metallocene compound containing 2 pendant olefin-containing
moiety attached to at least one of the cyclopentadienyl-type ligands, and also
30  containing one or two aryl groups bonded to the bridging atom of the bridging ligand.
As used herein, the term bridged or ansa-metallocene refers simply to a metallocene

compound in which the two n’-cycloalkadienyl-type ligands in the molecule are



X3A and X4A are independently F, ClI, Br, |, benzyl, phenyl, or methyl, 25 wherein at least one of X3A
and X4A is benzyl, phenyl, or methyl; EA is C or Si; 20 left' 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 R4A are independently a hydrocarbyl group or a
5 trihydrocarbylsilyl group, any of which having up to 2Q.carbon atoms; or hydrogen; n is an integer
from O to 10, inclusive; and R5A and R6A 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 10 formula: )RS a combination thereof, wherein M is, independently, zirconium or hafnium;

X7A and X8A, in bulsid docarpedgagarwictsie peh dwstyermGhapbe, usshdriziehangsably ovithehisyl, wherein

at least one of X74.gnelX3f d1ocene throughout. Useful ansa-metallocenes are typically “tightly-

bridged”, meaning that the two 1’-cycloalkadienyl-type ligands are connected by a

bridging group wherein the shortest link of the bridging moiety between the -

5 cycloalkadienyl-type ligands is a single atom. Thus, the length of the bridge or the

chain between the two m°-cycloalkadienyl-type ligands is one atom, although this

bridging atom is substituted. Therefore, the first metallocene of this invention

typically comprises bridged bis(n’~cycloalkadienyl)-type compounds, wherein the n’-

cycloalkadienyl portions include substituted cyclopentadienyl ligands, substituted

10 indenyl ligands, substituted fluorenyl ligands, and the like, wherein one substituent on

these cyclopentadienyl-type ligands is a bridging group having the formula ER'R?,

wherein E is a carbon atom, a silicon atom, a germanium atom, or a tin atom, and

wherein E is bonded to both cyclopentadienyl-type ligands. In this aspect, R' and R

can be selected independently from an alkyl group or an aryl group, either of which

15 having up to 12 carbon atoms, or hydrogen, wherein at least one of R! and R? is an
aryl group.

In this aspect, one substituent on the metallocene’s cyclopentadienyl-type
ligands can be a bridging group having the formula >CR'R?, >S8iR'R’, >GeR'R?, or
>SnR!R?, wherein R? and R? can be independently selected from an afkyl group or an

20  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, >CPhy, >SiPh,, >GePh,, >SnPh,, >C(tolyl);, >Si(tolyl),,
>Geftolyl);, >Sn(tolyl);, >CMePh, >SiMePh, >GeMePh, >SnMePh, >CEtPh,
>CPrPh, >CBuPh, >CMe(tolyl), >SiMe(tolyl), >GeMe(tolyl), >SnMe(tolyl), >CHPh,

25  >CHtolyl), and the like.

Further, at least one substituent on at least one of the 1°-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-
30  containing hydrocarbyl group is bonded to one of the n’-cycloalkadienyl-type ligands
of the bridging ligand, wherein the olefinic bond is distal from the n’-



benzyl, phenyl, or methyl,; and ICA and RSA, in each occurrence, are independently H, methyl,
ethyl, n-propyl, n-butyl, n-pentyl, CH2CH2CH2Ph, CH2CH=CH2, CH2CH2CH=CH2, or
CH2CH2CH2CH=CH2; R9A xI3A."'x12A 20ii))RIOA(WA-1), wherein M3A is zirconium or hafnium; 21
R9A is H or CH3; RIOAisH,CH2CH=CH2,CH2CH2CH=CH2, CH2CH2CH2CH-CH2, CH2CH2CH2Ph,
or CH2CH2CH2CHS3; and Xi 1A and X12A, are independently F, Cl, Br, |, benzyl, phenyl,
or 5Smethyl, wherein at least one of X1 IA and X12A is bénzyl, phenyl, or methyl; or iii)any combination
thereof; and
cycloalkadienyl-type ligand, and therefore can be described as a pendant alkenyl
group. Thus, one substituent on a substituted cyclopentadienyl, a substituted indenyl,
or a substituted fluorenyl of the metallocene comprises an alkenyl group, in which
case the amsa-metallocenes can be described as containing a hydrocarbyl chain
5 attached to one of the cyclopentadienyl-type ligands which comprises an olefinic
portion.,
Thus, in one aspect, the at least one first metallocene comprises an ansa-
metallocene having the formula:
EHEAHEA M (M1-A), wherein
10 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 (%) is a bridging group having the formula
ER'R?, wherein E is a carbon atom, a silicon atom, a germanium atom, or a tin atom,
15 and E is bonded to both (X'} and (X?), 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;
20 (X%) 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
hydrocarbylaminoe 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
25 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 suifur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron

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



c)the at least one activator is an activator-support comprising a solid 10 oxide treated with an
electron-withdrawing anion, wherein: the solid oxide is silica, alumina, silica-alumina,
alumMophosphate, 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, bromidg, iodide, 15phosphate, triflate, bisulfate,
sulfate, fluoroborate, fluorosulfate, trifluoroacetate, phosphate, fluorophosphate, fluorozirconate,
fluorosilicate, fluorotitanate, permanganate, substituted or unsubstituted alkanesulfonate, substituted
or unsubstituted arenesulfonate, or any combination thereof 20 Catalyst Composition and
Components  The prisentimeasietpribeidéslchstoprs afpie ceadiansiestconpressitin @grmprising the

contact product of atigashene ismetplipgene. at least one second metallocene, at least one
activator-support; and optionally, at leasf ong cq-catalyst. Each of these components is further

described below. 25 The First MetQﬁé@éﬁ@@%Mund In on%ls‘ﬁéc‘f‘,’l'tﬁrglﬂrst metallocene of the
present invention is typically aNi§bikydwisigedremsan)etaligemae compound containing a pendant

Containing ore of o ot roU B bBASH b T KRG Aan of 1 B o MR UE s & herein,
the term bridged sutatisustietiiigtanea seisigusad Blyotonglmetallocene compound in which the two
ri5-cycloalkadienyl-type ligand&@s%t%ﬁ%%ﬁ%nd (X?) is a bridging group having the formula
ER'R?, wherein E is a carbon atom, a silicon atom, a germanium atom, or a tin atom,
and E is bonded to both (X') and (X?), and wherein R’ and R? are independently an
10  alky! 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;
(X% and (X*) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl
15  group having up to 20 carbon atoms, H, or BHy; 3) a hydrocarbyloxide group, a
hydracarbylamino 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 BHs; and
20 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
25  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 CHEHEXNHM!, wherein the
substituents and the metals are defined above. That is, the at least one first
metallocene can comprisc any of combination of (M1-A) and (M2-B).
30 In another aspect of the present invention, that alkenyl group, that is, the
olefin-containing hydrocarbyl group is bonded to one of the n°-cycloalkadienyl-type
ligands of the first metallocene’s bridging ligand, can have up to about 20 carbon



22 linked by a bridging moiety, and these term may be used interchangeably with the term first
metallocene throughout. Useful ansa-metallocenes are typically "tightly-bridged"”, meaning that the two
115-cycloalkadienyl-type ligands are connected by a bridging group wherein the shortest link of the
bridging moiety between the 2f- 5 cycloalkadienyl-type ligands is a single atom. Thus, the length of the
bridge or the chain between the two n5-cycloa|kadien3§5-type ligands is one atom, although this
bridging atom is substituted. Therefore, the first metallocene of this invention typically comprises
bridged bis(f -cycloalkadienyl)-type compounds, wherein the if - cycloalkadienyl portions include
substituted cyclopentadienyl ligands, substituted 10 indenyl ligands, substituted fluorenyl ligands, and

the like, wherein aprsulbgiitetbert snatieths alksteylameadiesyhaypanitiashvatid ARG SPEOUP having the

formula ER1R2, iWhereing e diancatRaN e o Sied L AR b eS IRk Me HRgiom, and
wherein E is bonded to hoth cyclopentad|enyl-t§pelllgands. In this aspect, 121 and R2 can be selected

independently fréfladrahs GFRS Brafshici B  HREESH DRIEAYS ARG OB 85182 aton atoms,
or hydrogen, wheretheitzgast, treaikeiyl aruiRia tatcaylogrbptbnghisTaspdatomnaspedstittient on the
metallocene’s cyclopentadienyl-type 2, ligands, can,be a.bridgi I having.the formul
>CRIR>SIR1R2, 2 gﬁﬁ?%&i rﬁcﬂ-&ifg rvlvﬂoenrtgllﬁ Fg%rg%?g‘gﬁn%dg)ﬁ%ﬁeg%nngé%ﬁyaggr%%t%d from an

~ alkyl group or arabouavil aprbom atsithie rasfiavidc Frémvirg avplepeniadignybity neohgend itsgldréaé it wherein at

least one of R’ apg B2:iS AR AV HOHR, %Wﬁ?b%%@%%gﬁ@%ﬁ%&ﬁ%@%%ﬁy&ﬁa&i%ﬁfe not
limited to, >CPh2, >SiPhZ, >GePh2, >SnPh2, >C(toly1)2, >Si(toly1)2, >Ge(tdly1)2, >Sn(foly1)2,

>CMePh, >SiMetRe Lgsafigssf; >SnMePh, >CEtPh, >CPrPh, >CBuPh, >CMe(toly1), >SiMe(toly1),
>GeMe(tolyl), >SnMe(ialyk) atothBhadRef tHiobydinandiihtnikayfrotiibyl irteastiondasuastituent on

cloin-contalling THANICAFH AU NAOHE b 42 B et e TER LA 2 ein as an
"alkenyl group,” thgaibitest giothe rdgingitesenstrsanfihecicédeindaptivlsaliy fiamhin adppdeticthis olefin-
0 containing hygigearly! giatisuis ganeled 9 ane abie xiRMa6rvHRG iuaackyeishe bridaing
ligand, wherein the olefmic bond is distal from the15-
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
15  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. Hydrogen is listed as a possible substituent on
the alkenyl group in the context that hydrogen can add to an unsaturated moiety
within the alkenyl group, as long as it does not destroy the alkenyl group. Thus,
20  hydrogen is a possible substituent on any unsaturated moiety within the alkenyl group
so long as it does not add across the very olefin moiety necessary for this group to be
considered an alkenyl group. Further, this description of other substituents on the
alkenyl group atom can include substituted, unsubstituted, branched, linear, or
heteroatom-substituted analogs of these moicties.
25 Examples of olefinic hydrocarbyl groups, specifically alkeny! groups, that can
be bonded to at least one cyclopentadienyl-type moiety include, but are not limited to,
3-butenyl (-CH,CH,CH=CH,), 4-pentenyl (-CH,CH,CH,CH=CH;), 5-hexenyl (-
CH,CH,CH,;CH,CH=CHy), 6-hepteny!l (-CH,CH,CH,CH,CH,CH=CH}), 7-octenyl (-
CH,CH,CH,CH,CH,CH,CH=CH,), 3-methyl-3-butenyl [-CH,CH,C(CH3)=CH,], 4-
30 methyl-3-pentenyl [-CH,CH;CH=C({CHas)], 1,1-dimethyl-3-butenyl [-
C(CH;),CH,CH=CH;], 1,1-dimethyl-4-pentenyl [-C(CH;),CH,CH,CH=CHz], and the
like, or any substituted analog thereof. In one aspect, the unsaturated group bonded to



23 cycloallcadienyl-type ligand, and therefore can be described as a pendant alkenyl group. Thus, 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 5 attached to one of the cyclopentadienyl-type ligands which comprises
an olefinic portion. Thus, in one aspect, the at least,gne first metallocene comprises an
ansametallocene having the formula: (x5xx2xx3xx4p41(M1-A), wherein 10Ml is titanium, zirconium, or
hathium; (Xi) and (X2) are independently a substituted cyclopentadienyl, a substituted indenyl,
or a substituted fluorenyl, one substituent on (X") and (X2) is a bridging group having the
formula ERIR2, vtherdinidgiega czebpn etombe shibotemtom, &gEFArilin(den, orknfaiass, 15 and

E is bonded to b%@ﬁé@h@@m@i@(ﬁﬂ;{ WherainRkand figzaheriagependently an alkyl group or an aryl

group, either of which having up to 12 carbon atoms, or hydrogen,, wherein at least one of Rl and R2 is

an awl group; atTeaddiBaR L pREIRIREAS Snboridey s, gevp ilayingbadames BR fndittuted
alkenyl group haviagt wadad 2ikarpogaipmsdRoipse) aaditX deargelopapeticsiitypd Jigar@ds &, or |; 2) a
nvarocarby! groul Raing i fo.ses RN RAM3uld: QloRiien) 0¥ EIRGRIDHINLIS HLRHR
hydrocarbylamino Sroﬁsp, o a?ﬁ?‘ﬁ/ed?o%ar yisilyl'group, any of whic Ravi g’up t6 2 carbon atoms; or
4) OBRA2 or SO8mybenshisrtid Retmisharsatioytitproisslgreupan wrictissahat ofwasols BatiagXip to 12

carbon atoms; ang, 25y gddiiopalkrusiiveniardie seRslituidcureRentaciaRMasSURs L ed

indenyl, substituted fluorenyl, or substituted alkenyl group is independently an aliphatic group, an
aromatic group, £¥SleReTEispY LtusnlisgindtoAns: dhp Rt ARt Yciite @P@ﬁﬁg@‘,tegna&’l%éﬁrﬁ\’&p, a sulfur
group, a nitrogengepge) arhosh et e giasRnaenaySQNEIE Gt ancaibieni@ oD, arsiieangroup, or a
OO 30 B P A Cye R Y biniian SEARSHAREAE e7el Brouns, Oy 9SH 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
15 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 hmited to,
20 tetrahydroindenyl groups, tetrahydrofluoreny! 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
25  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
30 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



24 In another aspect, the at least one first metallocene comprises an ansametallocene having the
formula: pc5xx2xx3xx4)mi(MI-B), wherein Ml is titanium, zirconium, or hafnium; 5(X’) 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,gnd E is bonded to both (X*) and (X2), and
wherein Rl and R2 are independently an 10 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 =substituted alkenyl group having up to 12 carbon
atoms; (X3) and (M) aeedndepimgdfatly:ohy Fo Gh@t, 89 IcapenhyidrosarBiuss dipfaph &Ugsup to 20

carbon atoms, H,;pBde14:3)a8 VA QEREY R IHG QEEMBy R RYH ORI ATINGEr IR AE2 For _
trinydrocarbylsilyl group, any of which having up to 20 carbon atoms; or 4) OBRA2 or SO3RA, wherein

RA is an alkyl groti38Panaiihaio g uRs yortahikereavied dp 55l rPEB DRI iRt least one
(X3) and (X4) is ashiyalreeamhyd Jraupidyiagylp inatytaten Agmshtypriddd; angl2aami,additional
substituent on the substityted cyclopentadienyl, sulstituted indenyl, substituted fluorenyl, or
substituted a&en&ﬁ&%&ﬁ%cﬂdgﬁéﬁ? eerﬂgf ?\Xiéﬁ?ﬁ’tffg)t‘%ea g’ua&%%eglr%%atic group, a cyclic group, a
combination of aliphatic Exwahplesiiof gromptic amoopyge eaptoogsuarendéuingtodss batriteows tigitsdp, a

Phosphorus GroUg, 3 BESENIE GflYP: SnfRMRAR T GHP. A HEO KRN LA RMALIZBAARANY Of
which having from'1 to 20 ¢arbon atoms; a ha |cje; or hydrogen.  Further to this asgeg:t, the at least

one first metalloc&fEeehn 1|8 b PApREERESy RS 58N Gtth LA AR e Wihg e
pexx2xx3xx4)m%ywharsiss the stbsiivesimpnmhibeiibRis sue definad labove I hallis, teyat least one

ot et L TTRIR IR olsemR el en e L A Rl g et e
of the /3-cycloalkadienyEtgmaples 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 cach occurrence having from
about 3 to about 20 carbon atoms. Thus heteroatom-substituted cyclic groups such as
15  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: -(CH3)mCslgRsq wherein m is an integer from 1 to about 10, and
q is an integer from 1 to 3, inclusive; -(CH2)mCsHqR11q wherein m is an integer from

20 1 to about 10, and q is an integer from I to 11, inclusive; or -(CH2)mCsHR9q 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 sclected 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-

25  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,CgH4F; -CH,CH4CL, -CH;C¢H4Br; -CH,CsHal; -CH,CsHsOMe;
-CH,CsH4OFEt; -CHCeHyNH,; -CH,CsH NMe,; -CH,CsH4NEty;, -CH2CH;CeHs;

30 -CHCH,CsH.sF; -CH2CH2CsH4Cl; -CH,CH,C¢H4Br; -CH,CH,CgHal;
-CH,CH,CsH4sOMe; -CH2CH2CsH4OE; -CH,CH,CgHaNH2;



ligands of the first metallocene's bridging ligand, can have up to about 20 carbon 25 atoms. In another
aspect, the alkenyl group can have up to about 12 carbon atoms, up to about 8 carbon atoms, or up to
about 6 carbon atoms. Examples of alkenyl groups include, but are not limited to, butenyl, pentenyl,
hexenyl, heptenyl, or octenyl. In another aspect, the alkenyl group is 3-butenyl or 4-pentenyl. Thus, in
one aspect, the 5 pendant unsaturated group can contgin the carbon-carbon double bond from about
3 to about 7 carbon atoms removed from the cyclopentadienyl-type ligand itself, and in another aspect,
from 3 to about 4 carbon atoms removed from the cyclopentadienyltype ligand itself. In still another
aspect, the olefin-containing hydrocarbyl group, that is the 10 alkenyl group, can be substituted or

unsubstituted. For@kdrifestabMeubstilibetbh ddditke rifiygraegointiaer pibseat, caidbed¥lected

independently frogyiap:adiaNRS AIURcRaromatic group, a cyclic group, a combination of aliphatic
and cyclic groups, an oxygen group, a.sulfur group, a nitrogen grqup, a phosphorus group, an arsenic
group, a carbon group, g H&fﬁsﬁghﬂldﬁsgé‘hﬁ%%ﬁﬁ?ﬁﬁ%ﬁ? dralugridae egn%ﬂﬂl%eboron
group, an aluminwuad gdidp, an inorganic group, an organometallic group, or a substituted derivative
thereof, any of which haying fiom 19,8001 29 carhan, aloms: & balilei arNGodS npiudipaen is
listed as a possible substitient on the aelker'Kﬁ gr%ruppmat]he context ?hal{ﬁh)% ogen can E to an
unsaturated moiewhigittingltide, teang Ingt dinpitedsdopifoxy RrdodexgrduptroPRandibalikgroup. Thus, 20
hydrogen is a possialQiapREHHERCRARVASAIHBIEH PRI Y!'QH&QIEQZ&&K&W A5RURa8/long as it

does not add across the very olefin mogév necessary for this group to be considered an atkenyl group.

Further, this descHbBHGH ShSEHIS Y b APPSR Ay feam hiagbe e aBstituted,
unsubstituted, braahaditdinea E-Qhiptie dalkarsosiiluietanplogoRS faage meieliebulakxamples of

olefinic hydrpcarbyl gro specifically alkenyl grou hat can be bo 0 atleast one
cyclopentadl%?nyl- 3%%11}#(%%?/ fﬁgfh((?{e}f’ B’ﬁoéyé it ﬂxrﬁgt%éh W’é’%&%’ﬂ'yﬁr%ﬁ%% ﬁ’é&ﬁ%i 4-pentenyl
(-CH2CH2CH2CHieCilé2), 5-hexenyl CH2CH2CH2CH2CH=CH?2), 6-heptenyl :

(-CH2CH2CH2CH2CH( 6 Hgd daele Wl %&%&Mﬁ&&%ﬁg&gﬁg&% les of
3-methyl-3-butenyl [-CH2CH2C CH3)=CH2], 4- 30 methyl-3-pentenyl [-CH2C 2CH=C€(CH3)2],

1,1-dimethy1-3-bitish| joetydsH e opi=trid 11 it Refit e dikfenfpcluding substituted
[-C(CH3)2CH2CHR&pHkl Aledbf]l WiR:tHie FOimBycE WSt analrgl taesrallkin ang, asgest, the

el o ] e R e LT G remeny
group having the éermuladsi®1122 and at least one an alkenyl group as disclosed herein, the
cyclopentadienyl-type Ii%%galogccurrence, 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,
20  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 thercof, wherein R in each occurrence is alkyl, cycloalkyl, aryl, aralkyl,

25  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, -AsRy, and the like, including substituted derivatives
thereof, wherein R in each occurrence is alkyl, cycloalkyl, aryl, aralkyl, substituted

30  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



5 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 (X4) 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 10 group, a cyclic group, agombination 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 elkplg20psartibr] titahmait 2hediten atonss halleoglerr, Akaa dilslergrevngraitpd do not

terminate the actiyity,gfithe AR StGAMRARYPY, EHIBEHAIE KRS '?gwﬁq gHbssiiuentsathat can be

characterized in more than one of these categories such as benzyl. This list also includes hydrogen,

therefore the notfArs and iBs ifkdashding fubstitesd SriTadvRiErRsT includes partially saturated
indenyls and fluorenyls Tncéaeingcaitanot linditeshtarafpietiah yilictncenydigio psotetamtdtbfluorenyl
groups, and pctahydrofluorenyl groups. Ex les of each,of these substituent groups include, but
are not limited tof‘%/?fg%ollll% ti?fé é;?&ﬁpsl.tff(rll 'é)agh%g:%%lﬁfeSbl?gsaelg}'é%%fe%%ﬁ’ﬁ’ va\l/ﬂgligh)% %dl%gsé’d ina
generic fashion, enjiledieybilid eweps pdeifegtompis ind dpeide nihjobeaecel tfrolﬂmeageé'lﬁzme&mlgroup; an
aromatic group; g ¢y %(?]grgg%% GRIRRINaHOR,NGHROT:RR eroehP IR GIRHYSINE thggeOf,

including but not limited to, a halide-, an alkoxide-, or an amide-substituted analog or derivative
thereof; any of whreR Rt Hal] gy Rbout 20 carbon atoms; or hydrogen. Also included in these groups

are any unsubstituted, raRchegaRfdie AR lags e eRirdnamRlanekalikatnigRaLpRdy) each
occurrence, include, but are not Jimited 30 1q, a | group, a cycloalkyl group, an alkenyl group, a
cycloalkenyI‘Qyoﬂ’;‘)‘,t afy tﬁflotﬁpj al %%Igﬁ%%’rﬁ%fegnc%c cad?gﬂ%?lga%%c?ﬁéoﬁgesfl gﬁ includes all
sub_stituted, unsummmdgr,dﬁmndikmi;idmdd]hﬂaﬂﬂmlafegmqt dmi\t'aftéywdw@rb@him Rauh @?hoccurrence
naving from one {aARAILZ0 LN AUAITIR T e, RS GHRNBR A St AR SLed O

“hydrocarbyls such as paraffins and a For example, aliphatic groups as used herein include
methyl, ethyl, prowpstituisdigraisrbavredsenblitglabsyb v saeei/ptesBamyl, hexyl, cyclohexyl, heptyl,

octyl, nonyl, 5decyl, dogiggybtksedRyhrexy! iRe HeeoRURPY brdnd tharikadepelkiampierataromatic
groups, in each occurrence, include, but are not limited to, herg‘ll, n‘?%lmfkgllb?nthracegyl, and the like,
[feRitein

including suBstitdTet darRIRRGES FarBof Y LR EwNe FrepTRa e U 8T8 Bons.
Substituted derivatitirsgedaromahddogpay rdshissphide gooigra ndtyloxiddgonto lyh anplidxid® mesityl,
cach occurrencet Rbdd, AV AFE HoPhian foeryaaarrat & N A s
such as phenyl, dryoitivgtbensefamal thbvikich ivetirdirfepsubiiahed Yo avbevciomarabt halidsch
gﬁgﬁf;esnce having from,aheut Asfra@bext 20 sategn.alamspdiidadieteigatonrspbsttutedycyclic groups
0  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. In still another aspect, )
and (X*) are independently selected from a hydrocarbyl having from 1 to about 10
25  carbon atoms, or a halide. In another aspect, (X°) and (X*) are independently selected
from fluoride, chloride, bromide, or iodide. In yet another aspect, 0(3) and (X'*) are
chloride. In still another aspect, (X°) and (X*) are independently a hydrocarbyl group

having up to 20 carbon atoms, H, or BHa.



15furanyl 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: -(CH2),11C6Hq115-qg wherein m is an integer from | to about 10, and q is an integer
from 1 to 5, inclusive; -(CH2).C61-14R: 1:41 wherein m is an integer from 20 | to about 10, and g is an
integer from 1 to 11, inclusive; or -(CH2),X51-1412.9_qg,wherein m is an integer from | to about 10, and
g is an integer from Ito 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- 25
substituted derivative olmpelegatieraspeetnihohnlhishanadifso meiatioesne sePOERRHECERAHEL or
hydrogen. In one nahRalis and cyclic groups include, but are not limited to: -CH2C61-15;
CH2C6H4F;-CH2C6H4C1;-CH2C6RIBT;-CH2C61141;-CH2C61140Me; CH2C6H40Et;
-CH2C6H4NH2; -CH2C6H4NMe2; S :
-CH2CH2C6HA4CI;-CH2CH2C6HZB ™ H2
-CH2CH2C6H4Nf12; 28 -CH2CH2E6H4N
any substituted derivative thereof. >
chloride, bromide, and iodide. 5In e3ch oc

AZREEH2CH2C6H40Me;-CH2CH2C6H40ET;
; -CHZ2CH2C6114NEt2; any regioisomer thereof, and
il glides, in each occurrence, include fluoride,
ence’foxygen groups are oxygen-containing groups,
examples of which include, but are not lim 0, alkoxy or aryloxy groups (-OR) and the like, including
substituted derivatives thereof, wherein R is al cloalkyl, aryl, aralkyl, substituted alkyl, substituted
aryl, or substituted aralkyl having from 1 to apeu 20rcarbon atoms. gx mples of alkoxy or aryloxy
groups (-OR) groups include, but are 10 not limited to, methoxy, @l‘ﬁ f?f%%brboxy, butoxy, phenoxy,
substituted phenoxy, and the ligé" is zik@deih ochufiamee, sulfur groups are sulfur-containing groups,
examples of which include, but,ate not himited to. - like i in ' rivatives
thereof, Wherggin R in each occku?fgﬁlf%s gfﬁy]f(fc%%ﬁ)ga%ﬂ%pﬁﬁé@f,%I?éllggﬁggl}%% if&%%%%lgﬁ, substituted
aryl, or substituted arallcyl havﬁ‘?gia‘@m $ito about 20 carbon atoms.

R'* and R** are independently an alkyl group or an aryl group, either

e

2

of which having up to 12 carbon atoms, or hydrogen, wherein at least one of R or
R* is an aryl group;
10 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 0 to 10, inclusive; and
R** and R* are independently a hydrocarbyl group having up to 12
carbon atoms, or hydrogen.
15 In still another aspect, the at least one first metallocene comprises a compound

having the formula:

7
R ke " (IB), wherein
M!'E is zirconium or hafnium;
R is methyl or phenyl;
20 R and R*® are independently H or CHs; and

n is an integer from 0 to 5, inclusive.



In each occurrence, nitrogen groups are nitrogen-containing groups, which include, but are not limited
to, -NR2 or pyridyl groups, and the like, including substituted derivatives thereof, wherein R in each
occurrence is alkyl, cycloalkyl, aryl, 20aralkyl, 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 ngt limited to, -PR2, and the like, including
substituted derivatives thereof, wherein R in each occurrence is alkyl, cycloalkyl, aryl, aralkyl,
25substituted allcyl, substituted awl, 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, -AsR2, and the like, ilcladiwdhst msiaste dhde Al dems somfekitst, wheHseERe infeduh detitience is alkyl,

cycloalkyl, aryl, argllagisbstiniedxPmikxh sidastitigd awl, or substituted aralkyl having from 1 to
about 20 carbon atoms.__ | ach occurrence, carbon groups are carbon containing groups, which

alkyl groups with

1 to about 20 cartd ater t& alkenp QYO ltok > t®ms, aralkyl
or aralkyl halide grouE@" ;ewﬁbout 20 carbématoms a.md the like, mcﬁj' ] sipetftuted derivatives
thereof. In each occurFaNcE&ilici groups are BIEomschntaming groups, Whichuslinclade, but are not
limited to, silyl groups suc ylsilyl groups, arylsil ups, arylalkylsilyl groig ’ siloxy groups, and
the like, Which in each occurrehce from 1 to about n atoms. For exam Ncon groups

monoanionic grousstey a 4-t 2 yg{,ide, abox e \alfd-hiolde, andsife g rekein R in
each occurrence is al,ky,,l,, ot alkn)(é:1 aryl, aralkyl! F’S hsfituieadclkyl, substltLFted 2 yzpmeubstltuted

aralkyl having from 1 ggrab rbon atoms. i an e}@pect of this RiVents m) and (X4) are
independently selected %ﬁ\w O

t-Bu
nu\\Cl

AN e

5 ) , 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

Zr.
@\1
be  sclected  from, N A




15 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, Cl, Br, or I,
2) a 20 hydrocarbyl group having up to 20 carbon atoms, H, or BEL; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20 carbon atoms; or
4) OBRAZ2 or SO3RA, wherein RA is an alkyl group or an aryl group, any of which having up to 12
carbon atoms. In still another aspect, (X3) and (X4) are independently selected from a hydrocarbyl
having from 1 to about 1Q 25 carbon atoms, or a halide. In another asp X2
de, chloride /Bromige; ar iodidetBarye
AV AR depemdently mjydrocarhydigroup having up to
aspeet; the at leastoneNir rTnetaIIocene comprises

I&""%IA), wheret”™MIA.js Ziaonium or hafniu
independently F, CI, Br, I, zyl, phenyl, or meth Ais C or Si; RR2A a epdently an alkyl

group or an aryl group, either havingup to 1 atoms, or hydreQen, wherejp at least
one of RIA or R2A is an awl group; 10R3A and R4A are independently a hydrocarbyl group or a
trihydrocarbylsilyP@f GAPLEIRRT W?Wf—having up to 20 carbon atoms; or hydrogen; n is an integer from

0 to 10, inclusive; and NumersugpebEBEQAEiRgeRaneaNEy-acyipeRibY tighasap bavififiaRdo 12
carbon atoms, OriEytglrso %?vnéntion have been reported. For example, U.S. Patent Nos. 4,939,217,
5 5,191,132, 5,210,352, 5,347,026, 5,399,636, 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, 5,565,392,
5,571,880, 5,594,078, 5,631,203, 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
10  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.,
15 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. 8. 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.;
20  Chemisiry 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
25 to prepare the catalyst composition comprises unbridged n’-cyclopentadienyl-type
ligands selected from: 1) two independently selected, optionally substituted
cyclopentadienyl ligands, 2) two independently selected, optionally substituted



15In still another aspect, the at least one first metallocene comprises a compound having the formula:
2B K is methyl or phenyl; 20R3B and R411 are independently H or CH3; and n is an integer from O to
5, inclusive. 31 In a further aspect, the at least one first metallocene of this invention comprises a
compound having the formula: 5, or any combination thereof. In still another aspect, the at least
one first metallocene qf this invention can comprise, or. gan be selecteo_l from, any subset of the firgt
metallocene formulas illustrated above. For example, t%e at least one first metallocene can comprise,
or can 32
indenyl ligands; 3) onc substituted cyclopentadicnyl and one optionally substituted
indenyl! ligand; or 4) any combination thereof, as follows.
Thus, in one aspect of this invention, the at least one second metallocene
comprises unbridged m’-cyclopentadienyl-type ligands selected from two optionally
5  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:
XHEOHENXEM? (M2-A), wherein
M? is zirconium or hafnium;
10 (X%) and (X5) 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 BHj; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
15  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
20  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 onc sccond metallocene can comprise an
unbridged metallocene having the formula:
EXHXNXIM® (M2-B), wherein
25 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
30 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;



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
5,705,579, 6,187,880, and 6,509,427 describe such methods. Other processes to prepare metallocenc
compounds that can be employed in this invention have been 10 reported in references such as:
Koppl, A. Alt, H. G. J. Mol. Catal A. 2001, 165, 23; Kaji geshi, 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. Organomet. Chem. 1998, 568, 87-112; Jung, M., Doctoral

Dissertation, University of Bayreuth, Bayreuth, Germany, 1997; Peifer, B., 15 Doctoral Dissertation,
University of Bayreuth, Bagtidarotmerapes), heos: leas Fenfecrnd IR Masen: < aaeRTi0 diversity of

Bayreuth, Bayreuihpageiaiya1beddt Hhamioevnddreatises also describe such methods: Wailes, P.
C.; Coutts, R. S. P.; Weigold, H. in Qrganometallic Lhemistry of Titanjum, Zirconium, and Hafnium,
Academic; New York, 1974. : Car&?ﬁ,)%(. fxl_)%ﬁg{t M. F.; ;ﬁ@z SHRETER | 20 Chemistry of
Organo-Zirconium and MafniinvGampohufdisinalstead Press; New York, 1986. The Second

Metallocene Compoun cording.\to one.aspect of the present inventijon ees [?95 %%Ilocene
used 25to pregpare the (g(ﬁﬁlfgéj C p%%i{?gﬁp(%le((in%ﬁlﬁ eascﬂ’%[gﬁ‘argg(g%ffg-%:%é%%eﬁfad%eny -type ligands
selected from:1) swelopeipdinaidnerssalesiibgediptdendlly substituted cyclopentadienyl ligands; 2) two

independently selected (@Blignatysubsitidiednd3ily: 1) F, Cl, Br, or I; 2) a hydrocarbyl group
having up to 20 carbon atoms, H, or BHjs; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
10 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 BHa; and
any substituent on the substituted cyclopentadienyl or substituted indenyl is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of
15  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:
20 COXOHXYXHM? (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
25  atoms, H, BHy, or a halide, wherein at least one of (X7) and (X®) is a hydrocarbyl
group, 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, any of which having up to 20 carbon atoms.



indenyl ligands; 3) one substituted cyclopentadienyl and one optionally substituted indenyl ligand; or 4)
any combination thereof, as follows. Thus, in one aspect of this invention, the at least one second
metallocene comprises unbridged r18-cyclopentadienyl-type ligands selected from two optionally 5
substituted cyclopentadienyl ligands, two optionally substituted indenyl ligands, or a combination
thereof. In this aspect, the at least one second metalloggne comprises an unbridged metallocene
having the formula: (X5)(X8)(X2)(X8)M2(M2-A), wherein M2 is zirconium or hafnium; 10(X) and (X) are
independently a cyclopentadienyl, an indenyl, a substituted cyclopentadienyl, or a substituted indenyl;
(X) and (X8) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl group having up to 20 carbon atoms,
H, or BEI; 3) a hydrocarbiposiiddigrsnestathyatdessiognarsieend oatslloscacriayiier SARMEIY Proup, any
of which having up,i@i#f:d m5a1RethaiPMas MHoRARMB2 or SO3R8, wherein RB is an alkyl group or an
aryl group, any of which having up to 12 carbon atoms; and any substituent on the substituted
cyclopentadienyl orRlibstituted indenyl is independently an aliphatic group, an aromatic group, a cyclic
group, a combination gfgliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group,
\ [ roup, a silicon group, or a boron group, any of
a{gg@(aioms; a halides( hydrogen. In another aspect, the at least one
) pﬁ%@n unbridged met Imeeﬁé"having the formula:
Fkerein 25M2 is zirconir haYsitim; (X5) and (X8) are independently a
3 et u@ adienyl, or a substituted indenyl; (X) and (X8)
are independently a hydrgg#rbyl grOLt@Iszwing # 10712 carbon gigrs oL Sfbiniisd@liderand 30any

substituent on the iub;‘,tituted cyclopentadienyl or substituted indenyl is
wnerein

which having from 1 to 20
second metallocen

5 M?* is, independently, zirconium or hafnium;
X™ and X34, in each occurrence, are independently F, Cl, Br, I, benzyl,
phenyl, methyl; and
R™ and R®*, 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
10 CH,CH,CH,CH=CH,.
In another aspect, the at least one second metallocene can also comprise an

unbridged metallocene having the formula:

R7B
S
A R7B<C§]\
78
ZB«!\\“\)ZB M2B“"‘“X7B
X oI
R®B am), R (IIIB), or any combination

theréof, wherein
15 M?® is zirconium or hafniurm;
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=CH,.



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; 34 In still another aspect, the at least
one second metallocene can comprise an unbridged metallocene having the formula:
(X5)(X6)(X2)(X8)M2(M2-C), wherein M2 is zirconium or hafnium; 5(X5) and (X6) are independently a
cyclopentadienyl, an indenyl, a substituted cyclopentadjgnyl, or a substituted indenyl; (X) and (X8)
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 trinydrocarbylsilyl group, any of which
having up to 20 10 carbon atoms; or 4) OBRA2 or SO3RA, wherein RA is an alkyl group or an awl
group, any of which havifvethgs. taceordiaenén tisrasnegthefdiie arrserit Brventopatis (R2Aestaorgdrocarbyl

group having up Q.20 FARAMLAAMSNdeRLEI4 RRfoundRY %?ﬁé'%ﬁﬂmn the substituted
cyclopentadlenyl or substituted mdenyl IS mdependently an aI|p atic group, an aromatic group, a cyclic

20(X5)(X6)(X2) (XEIN
mdependentlya Y




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. 35  Also in this aspect, the at least one second metallocene can
also comprise an unbridged metallocene having the formula: 127A R8A (llIA), or a combination
thereof, wherein 5Mindependently, zirconium or hafniugy, ~ X2A and X8A, in each occurrence, are
independently F, CI, Br, I, benzyl, phenyl, methyl; and 127A and 128A, in each occurrence, are
independently H, methyl, ethyl, n-propyl, n-butyl, n-pentyl, CH2CH2CH2Ph, CH2CH=CH2,
CH2CH2CH=CH2, or 10 CH2CH2CH2CH=CH2. In another aspect, the at least one second

metallocene can also comprise an unbridged metallocene ha,-\e formula: Q
/\/L@
e CHz

\\\\"'J1

@ G:L\/ " or any combination thercof.

In yet another aspect, the at least one second metallocene can comprise a
compound having the formula:
QS
&

2C--‘“‘“X7C
M

"'XSC
5 : i (IXC), wherein

M? is zirconium or hafnium; and
7C and X®€ are independently benzyl, Cl, or methyl.

In still another aspect, the at least one second metallocene can be selected

CP WP

,,.« .MCHZ
from , ot a combination thereof,
10 In yet a further aspect of this invention, the at least one second metallocene

can comprise unbridged n’-cyclopentadienyl-type ligands selected from one

substituted cyclopentadienyl and one optionally substituted indenyl ligand. In this



thereof, wherein 15M2B is zirconium or hafthum; X213 and X8B are independently benzyl, Cl, or
methyl; and  Rm and R8B are independently H, methyl, ethyl, n-propyl, n-butyl, CH2CH2CH2Ph,
CH2CH=CH2, CH2CH2CH=CH2, or CH2CH2CH2CH=CH2. 36 Further, according to this aspect
of the present invention, the at least one second metallocene can comprise a compound having the
formula: In yet another aspect, the at least one seggnd metallocene can comprise a compound
having the formula: 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 be selected
aspect, the at least one sccond metallocene comprises an unbridged metallocene
having the formula:
GO HM? (M3-A), wherein
M? is zirconium or hafnium;
5 (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;
10 (X") and (X'?) 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:RC, wherein R® is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and
15 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
20 hydrogen.
In another aspect, the at least one second metallocene can comptise an
unbridged metallocene having the formula:
XM (M3-B), wherein
M? is zirconium or hafnium;
25 (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
30 (X" and (X'?) are independently a hydrocarbyl group having up to 12 carbon
atoms, H, BHg, or a halide.



from, or a combination thereof 10 In yet a further aspect of this invention, the at least one second
metallocene can comprise unbridged i5-cyclopentadienyl-type ligands selected from one substituted
cyclopentadienyl and one optionally substituted indenyl ligand. In this 38 aspect, the at least one
second metallocene comprises an unbridged metallocene having the formula: pc9xx10xx;
5xxi2043(M3-A), wherein 1\43 is zirconium or hafnium; 5(X) is a substituted cyclopentadienyl group,
wherein one substituent is an aliphatic group, an aromatlc group, or a combination of aliphatic and
cyclic groups, any of which having up to 20 carbon atoms; (X1) 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 hairstjlLipn@izo asnesbritacinlpasiopne)saerndemtalecing s rmeantise1aor, Cl, Br,

orl;2)a hydrocamhgégggng@%}g&qﬁ%ggtﬁ@r}g%@;oms H, or BH4,; 3) a hydrocarbyloxide group, a
hydrocarbylamlno group, or a trlhydrgcar |5&'b§ [p , any of Vshﬁzh having up to 20 carbon atoms; or
0

4) OBRe2 or 80312e, wherein Re (&) an ar ebrf which having up to 12
carbon atoms; and 15am&3&ﬂzi'tt{tonﬂ1hsubﬁhlfmam,on the substituted cyclopentadienyl or substituted

indenyl is md;pendentl )@;n allghs%%(sztgugetgoc acrfoarog ltégprgrou&p vgﬂgrl;c(fng(r)%g%ugsg nation of
aliphatic andcyclic groXps an oxygen rou S a‘nitrogen group, a p osp orus group, an

arsenic group, a elipbaticggsup, mﬁn@mntgrampopaao@mblgmgp Chrliritaiinirnd leaolsger@ms.l to 20

carbon atoms; a Q@ggﬂq£%wgm 20 cAbBRAIRGE;aspect, the at least one second metallocene
ocene

can comprise an unbrid metal having the formula: (X9)(X1)(X")(X12)M3(M3-B), wherein M3
is zirconium or hafnium! ) 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
10 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 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 ary! group,
15  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 BHg; 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
20  nifrogen 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:
25 [0:610:9010: 40106 V i (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
30  an aliphatic group, an aromatic group, or a combination of aliphatic and cyclic groups,

any of which having up to 20 carbon atoms; and



25(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 30(X") and (X12) are
independently a hydrocarbyl group having up to 12 ca%)n atoms, H, BH4, or a halide. 39  In still
another aspect, the at least one second metallocene can comprise an unbridged metallocene having
the formula: (x9)(xu)xxi 5(xi2)m3(M3-C), wherein M3 is zirconium or hafnium; 5(X9) is a substituted
cyclopentadienyl group, wherein one substituent is an aliphatic group, an aromatic group, or a

combination of aliphaticnd ey¢¥ Qretpindapsndeniibiahyonmprieiouptasnrpdtosarbon (x 1) is a

substituted indenylgrouR, WhesinongisibsHinantIs 1B edRhati¢ XM EXPRIOMALABERIRI OF &
combination of aliphatic and cyclic groups, any of 10 which having up to 20 carbon atoms;  (X") and

(X12) are indepe Bt 2§ BFel Br, or I; 2) a hydrocarbyl group having up to 20 carbon atoms, H, or
BH4; 3) a hydrocarbylofdghgravphia yydtacheyideain @greeqondrmctaliycirecerbwisiytgnpups any of
which having.up to 20 carbon.atoms; or.4) OBRA?2 or SO3RA., wherei j M;rqd% or an aryl
group, 15 ar?;s/ of %ﬁcﬁﬁﬁ%ﬁ%ﬁgn{ﬂe@r ?Srﬁegtézlr%vé?% ﬁ%%%?éﬁ%a@?&@@?@nd (X12)is a
hydrocarbyl groufh#naXp X620 arbbareitorths, MbSHBRA; anddthtyraaitrsa dedinsdtitbeYs on the
substituted clyclomléf'f@, i&i&ﬂtb@é%y&%iEHEﬁHdLB@@ﬂH%&@QfR%Q&B@)&%&M&Qr&{ﬂamllﬁfomaﬂc
group, a cyclic group, a combination of aliphatic and cyclic groups, an oxygen group, a sulfur group, a
20 nitrogen grou@ﬁb‘%s{%% EaR)- ‘ﬁ‘%’s@ni@&é?p,@é%ﬁ'ﬁo%’&)p% %‘?Wc‘é?f@’l‘&ﬁ%?‘br a boron
group, any of whiglhdaf/ing from 1 to 20 carbon atoms; a halide; or hydrogen.

10 Also in this aspect, the at Ieast one second metallocene can also comprise an

unbridged metallocene having the formula:

RQA\@/\/\

Xl lAh._MgAn\'I\XIZA

0

RI0A (IVA), wherein
M>4 is zirconium or hafnium;
R* is H or CH3;
15 R is H, CH,CH=CH,, CH;CH,CH=CH,, CH,CH,CH,CH=CHp,

CH2CH2CH2Ph, or CHgCHgCHzCH:;; and
X4 and X' are independently F, Cl, 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:

20 R]OB

(IVB), wherein
M?® is zirconium or hafnium;

R’® is H or CH3; and



In yet another aspect, the at least one second metallocene can comprise an unbridged metallocene
having the formula: 25pcxxioxxi ixxi2Zm43(M3-D), wherein M3 is zirconium or hafnium;  (X9) is a
substituted cyclopentadienyl group, wherein any substituent is independently a linear or branched alky!l
group having up to 12 carbon atoms; (X1) is a substituted indenyl group, wherein any substituent is
independently 30 an aliphatic group, an aromatic groug, or a combination of aliphatic and cyclic
groups, any of which having up to 20 carbon atoms; anéll (X11) and (X12) are independently a
hydrocarbyl group having up to 12 carbon atoms, H, BH4, or a halide, wherein at least one of (X7) and
(X8) is a hydrocarbyl group, H, or BH4. Further to this aspect, the at least one second
metallocene can also c&npns@ﬁS dhy coiitforof ntdlfibceHeS Havingthelbfhalhs  or
(X5)(X6)(X7)(X8)M%@Hgdm@moml( x12)..3, pa wherein the substituents and the metals are
defined above. That is, the at Ieast one second metallocene can com se any combination of (M2-A),

(M2-B), (M2-C), (M2-D)d A"P"( @Peﬁvéhé)at(&ﬁég‘wﬂ%rs%ﬁg}%&ﬁ 18R fHBrRROESIGRR o in this

aspect, the at least one seco IIocene can als e an unbridge ocene having the
formula: R1OA (IVA), wherei A is ium or h
Clam, } wiCl C“---Hf WaCl CE--.ZI wCl
from CHyCH-CHp CH,CH=CH, (CHCHCH, |
C[\.Hfi WiCl Cikzrm“lC] Clh-.?m\\cl
\ : \ : : \ :
2 (%);-@ (Cﬁz}s@
5 (CH,),CH=CH,» . , y

J

" ? » | (}/\/\

Zro wlCE

C@) Clam f iCl
g9

e

(CH,)3CH; . (CH,);CH, .
Hsc@’\,\ Hﬂ@’\,\
C}’\/\’% CENZI el Cl-...,Hf“.“c[
Cl\ﬁfﬂlﬂcl \
\ | |( E)
(E CH,CH-CH; CH,CH=CH; _ or any combination

thereof.
In still another aspect, the at least one second metallocene of this invention can
10  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



R9A is H or CH3; 15RIBA is Il, CH2CH=CH2, CH2CH2CH=CH2, CH2CH2CH2CH=CH2,
CH2CH2CH2Ph, or CH2CH2CH2CHS; and XIIA and X1independently F, ClI, 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: 20R10B(IVB), wherein M3B is zirconium or hafnium; R9B is H or CH3;
and 41 Rum is H, CH2CH=CH2, CH2CH2CH=CHg, CH2CH2CH21311, 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 10 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 (P)/\/\ @/\/\

Clame, f iCl Cltme, L niCl
: \: : \:
can be  selected  from, CHCH=CH, | CH,CH=CH,
O~ O~ g
Clh-zl,..m\Cl Clinae, HEf" uitCl Cler"'“CE
: \: : \: : 1
(CHpyCH=CH, | (CHp,CH=CH, _ CH,CH-CH, _
H3CO/-\/\(!’
Clima,

1if Wit Cl

be:

CH,CH=CH, | or any combination thereof.

In a further aspect, the metallocene component of this invention, that is, the at

5  least one first metallocene and the at least one second metallocene, can comprises any
first metallocene or combination of first metallocenes having the formula
XHEAHEBXHM?, combined with any second metallocene or combination of
second metallocencs  having the  formulas x’ )(XG)(X7)(X8)M2 or
XX OHEMNYE M, wherein the substituents and the metals are defined herein.

10 That is, the metallocene component can comprise any first metallocene or
combination of first metallocenes having the formulas (MI1-A), (M2-B), or any
combination thereof, combined with any second metallocene or combination of
metallocenes having the formula (M2-A), (M2-B), (M2-C), (M2-D), (M3-A), (M3-

B), (M3-C), (M3-D), or any combination thereof. FIGURE 1 illustrates the formulas

15  of some metallocenes that were used as disclosed in the Examples.

The Organoaluminum Compound
In one aspect, the present invention provides a catalyst composition

comprising at least one first (ansa) metallocene compound, at least one second



42 (cHa)2crikt, 113c CH2CHH2 , or any combination thereof. In a further aspect, the metallocene
component of this invention, that is, the at 5 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)MZ,or 0cOxxi5(Xi 1)0(12y m .3, wherein the
substituents and the metals are defined herein. 10 That is, the metallocene component can comprise
any first metallocene or combination of first metallocenes having the formulas (M1-A), (M2-B), or any
combination thereof, combined with any second metallocene or combination of metallocenes having
the formula (M2-RENe2ens, corpaund Mblest aumaatyens-apy, qrignally (b e sayFEshiBination

thereof. FIGUREg}dlustratesdhandammulas danpfosame migialigeaipemiheinppipdisadasisslosed in the
Examples. The Organoaluminum Compound In one a§£ect, the '

1oall ) resent invention provides a
catalyst compositiSi oS PRYRGHP Bslidsn Busise pohdmtindiasemes %Bbthﬁé??gﬁ ast one second

43 AKX s,

' 5 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. In one aspect, (X'%) is an alkyl
having from 1 to about 10 carbon atoms. Examples of (X**) moieties include, but are
not limited to, methyl, ethyl, propyl, butyl, hexyl, heptyl, octyl, and the like. In

10 another aspect, examples of (X'*) moieties include, but are not limited to, methyl,
ethyl, isopropyl, n-propyl, n-butyl, sec-butyl, isobutyl, 1-hexyl, 2-hexyl, 3-hexyl,
isohexyl, heptyl, octyl, and the like. In another aspect, (X'*) can be independently
selected from fluoride, chloride, bromide, methoxide, ethoxide, or hydride. In yet
another aspect, (X'*) can be chloride.

IS5 In the formula Al(X™)(X*)s.4, n is a number from 1 to 3 inclusive, and
typically, n is 3. The value of n is not restricted to be an integer, therefore this
formula includes sesquihalide compounds, other organoaluminum cluster compounds,
and the like.

Generally, examples of organoaluminum compounds that can be used in this

20  invention include, but are not limited to, trialkylaluminum compounds,
dialkylaluminium halide compounds, dialkylaluminum alkoxide compounds,
dialkylaluminum hydride compounds, and combinations thereof. Examples of
organoaluminum compounds that are useful in this invention include, but are not
limited to trimethylaluminum, . triethylaluminum, tripropylaluminum,

25  tributylaluminum, tri-n-butylaluminum (TNBA), ftriisobutylaluminum (TIBA),
trihexylaluminum, triischexylaluminum, trioctylaluminum, diethylaluminum
ethoxide, diisobutylaluminum hydride, diethylaluminum chioride, or any combination
thereof. If the particular alkyl isomer is not specified, the compound is intended to
encompass all isomers that can arise from a particular specified alkyl group. Thus, in

30  another aspect, examples of organoaluminum compounds that can be used in this
invention include, but are not limited to, trimethylaluminum, triethylaluminum,

tripropylaluminum,  tributylaluminum, triisobutylaluminum, trihexylaluminum,



metallocene compound, at least one activator, and optionally at least one co-catalyst such as an
organoaluminum compound. Organoaluminum compounds that can be used in this invention include,
but are not limited to compound with the formula: Al(X13)(x14)3_n, 5wherein (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. In one aspect, (X13) is
an alkyl having from 1 to about 10 carbon atoms. Examples of (X13) moieties include, but are not
limited to, methyl, ethyl, propyl, butyl, hexyl, heptyl, octyl, and the like. In 10 another aspect, examples
of (X13) moieties include, but are not limited to, methyl, ethyl, isopropyl, n-propyl, n-butyl, sec-butyl,
isobutyl, 1-hexyl, tPibrheyly 3liminiimisohexytiosepalumiaem, and tiéctikdalimimsther aspbetigr14) can be

independently Selﬁ&%%famrﬂmqH’ﬁ%&tﬂ@,r@ahpmméﬁﬁ;mﬁhﬁa@%r ehhQvseinatiby diigdefin yet
another aspect, (X14) can be chloride. 15In the formula Al(X13).(X14)3, n is a number from 1 to 3

inclusive, and typically, €8 2555t % BrERR WAL HICORPESSBRPEFPRARGHAS the ALISPE RS formula
includes sesquihg@igeneaapaitigpraetaeictirgatho al iors wie: Getstet cemibaendsoapddhealkieg Generally,

examples of prgangalyminum compounds,that can be used in this 20 invention,ing 1bul are not
limited to, triagky?g 3@1#\%%%%8%8%% s{?aé’% c@éﬁljeﬁaﬁ%tn?&&sﬁ%ﬁl ef%%%g&%%“r? %aréﬁﬁﬂé}%g%l%#\%m alkoxide
compounds, dialkytdiarmonmmdrydndemimpbuatisastrehe orgshealivnisumereotatalysliol derer a

organoaluminum campounds hatare.usely! dis RKepiesRsle gibMatERokliMitadaer,

trimethylaluminum, triethylaluminum, tripropylaluminum, 25 tributylaluminum tr_i-n-butylal;minum
(TNBA), triisobutyRatirafndth Wiﬁ‘f?ﬂ'?ﬁ?@@laﬁﬂnfﬂﬁ%nfhﬁiig%‘@(ﬁ%ﬁ}num%cmmfﬁw ¥m,
diethylaluminum egagisigenliispreptivial wnins edayer) depictiiih yialuh nstecbistiile, Dpatigroombination
thereof. If the particular alkyl isomer is not specified, the compound is intended to encompass all
isomers that can %Qﬁ%ﬁ%ﬁ%ﬁ?&?%@gﬁf?gal gﬂ?y gcr%nu%%pﬁ%gﬁ% Ef) %ﬁ%?ﬁgf taegpgrélg%g reexamples of
organoalurninumandmpotirds aiooa b ehas edzanehisniventiconmpelde chut by eaddedintitetheo,

trimethylalumimug, yiehyalmioum. (HRARY R BrSiRHa AR duisa A iaum.

trinexylaluminum; 44 triisohexylaluminum,trio ctylaluminum,diethylaluminumethoxide,

diisobutylalutninuptingerid EloareveyalLiesife AT erIe BB SOBRRRB RS PRerbGrPTePars Hife aspect,

the present inventigsRPGOBNABSERSIPEEGANERENE Hostainisshopefirstipatatalenae pedostacting the
at least one second metallocene, or precon#actir%?H’S bé)th the a& least one first ﬂn%éhga%tl Igtast one
0

second metiflocéREFe ﬂ%ﬁﬁ%r‘]%?ll;?odﬁafﬁ% i T AR BhHBISalT e 1S5S 0RE Jfgandaluminum
co-catalyst, to forsomppnensrtache donixttedapribsttmcdlyt dot sigepreeontasitagerstotture with any

activator, such as an aqiyaior SRty BHERING NG S Wthholan KiesaioiRMResIion 1
prepared in this manner, typically, though not Recessarily, a portion of
precontacting or the postcontacting step, or in any procedure in which the catalyst
components are contacted. When an organoaluminum compound is added in multiple
20  steps, the amounts of organcaluminum compound disclosed herein include the total
amount of organoaluminum compound used in both the precontacted and
postcontacted mixtures, and any additional .organoalumjnum compound added to the
polymerization reactor. Therefore, total amounts of organoaluminum compounds are
disclosed, regardless of whether a single organoaluminum compound is used, or more
25  than one organoaluminum compound. In another aspect, typical organoaluminum

compounds used in this invention include, but are not limited to, triethylaluminum

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

The Activator
30 In one aspect, the present invention encompasses a catalyst composition
comprising at least one first metallocene compound as disclosed herein; at least one

second metallocenc as disclosed herein; optionally, at least one organocaluminum



10 the organoaluminum co-catalyst compound can be added to the precontacted mixture and another
portion of the organoaluminum compound can be added to the postcontacted mixture prepared when
the precontacted mixture is contacted with the activator. However, all of the organoahtminum
compound can be used to prepare the catalyst in either the precontacting or postcontacting step.
Alternatively, the catalyst 15 components can be contagted in any order in multiple steps, or all the
catalyst components can be contacted at substantially the same time in a single step.  Further,
more than one organoaluminum compounds can be used, in either the precontacting or the
postcontacting step, or in any procedure in which the catalyst components are contacted. When an

organoaluminum eonnesodichisl atittast pnerastiyitonolBtgsshenasarpb i StdEBF QRS SSHIHRILF compound

disclosed herein 'fs1=9|gqeamﬁ,ma!;@m@,nka%&&amumiwm GRiaporaddsadiin hotbidbgoprecontacted
and postcontacted mixtures, and any additional organgaluminum compound added to the

polymerization redaiRArerReEAL. HlAYSRITRE Sl 8GR RRRATAN A SEOR P RPE S d%%ed,
regardless of wheihabia=siog b «egfmatmoainriompeucdnisusd dnargacrsoRh thampand; an
organoaluminum compound. In another aspect, typical organoaluminum in this
nvention inclode EE QRS TR oLt et o ARSI QU S el
triisobutylaluminupmgadesiersiambination thereof The Activator 30In one aspect, the present invention
encompasses a catalyst composition comprising at least one first metallocene compound as disclosed
herein; at least one second metallocene as disclosed herein; optionally, at least one organoaluminum

45 compound; anB4mEa4y Jhes S ORSHStHSI %N Re at least one activator can be an

activator-support, selected #Rmagpeeliciaxige:teaatad-willbrareeleeisacyitukBuing mpisitiadayered
mineral, an ilcgrexchan eable activator-SUé)d%or‘tvhorhan%%ombination thereof; an orcg@g_ alyminoxane
a [ ha

1) g an activator-su 1C Of can comprise, a ' chenm
Compound; orﬁgng or compoundg; g organo%ora?é compounda, or any com tion of any of

these activators; eelith ofiddiehdisybrickide tybisedin . uSte micathpiniatiaresy Yokt Osgewalemaoy-Supports
In one aspect, the, prasent INKERIAR CANRRIRASSESR AR FHoABRARHIRE S CacOsP S Jde

activator-support, which can be, or can comprise, a chemically-treated solid oxide, and which is
typically used in déFpistheiidreirrsaAnS relarERIaTAthdRPEsH AR AV hRreiR ShssioLid Radde frn be
activator-support gapaprigRenalaeastiens satich Oxdtladreaiesipuiil atdeashomne glespinevitidsawing

anion; Wherii#: the, solid Oxﬁ% cargabe silica, alltig”lina, siIica—alynryinagiglgggogﬁgsgpﬁteﬂﬂlg&ninum
phosphate, zihc 1%“3?&%‘?1 A W%ﬁgsﬁ%g’, HiERa- Zirdentia; ‘magnesia, %orld, Zinc oxide,
mixed oxides thexedfeaticténd, ke the dikg, mixényenaix toendigatibinttiorctkresid wkevbireihdhe
electron-withdravg, apiap Gan 0 1UAKIHe cS0BL U6 R Ao ROSNAIE. [TRiBn RIS Uiaig U fate
fluoroborate, fluorosultate, triffluorodcetate, fluorophosphates, fluorozirconate, fluorosilicate,
fluorotitanate, peﬂyf@}fg%agglfg@bsﬂm%ate, fluorosulfate, trifluoroacetate, fluorophosphates,

fluorozirconate, fluorosilicate, fluorotitanate, permanganate, substituted or
20  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
compound and at least one electron-withdrawing anion source. In one aspect, the
solid oxide compound comprises an inorganic oxide. The solid oxide can be

25  optionally calcined prior to contacting the electron-withdrawing anion source. The
contact product can also be calcined either during or after the solid oxide compound is
contacted with the electron-withdrawing anion source. In this aspect, the solid oxide
compound can be calcined or uncalcined. In another aspect, the activator-support can
comprise the contact product of at least one calcined solid oxide compound and at

30 least one electron-withdrawing anion source.

In one aspect, the activator-support typically exhibits enhanced activity as

compared to the corresponding untreated solid oxide compound. Thus, the activator-



20 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
compound and at least one electron-withdrawing anion source. In one aspect, the solid oxide
compound comprises an inorganic oxide. The solid oxide can be 25 optionally calcined prior to
contacting the electron-withdrawing anion source. The gontact product can also be calcined either
during or after the solid oxide compound is contacted with the electron-withdrawing anion source. In
this aspect, the solid oxide compound can be calcined or uncalcined. In another aspect, the
activator-support can comprise the contact product of at least one calcined solid oxide compound and
at 30 least one eleunpori-vhmdfEnsiog sich ek, activateasaspaperede cthfaterussparstiog pically

exhibits enhanced agdivily a5 femparadifeths: sRresRgndingvatediethandipdricampaiand. Thus,
the activator- 46 support can function aiﬁaca_talyst actjvator, gs compared to the carresgoarl}ging

untreated solid oftfe HHHETHIPRAENEARGPBBRH AP ES MEdey STPROTERe FRHRRRRIHE ™
activator-support sttt tionizisgs glidasixidg, surppoidirgdampg Unoktioth ewllacditipnaiioedzing,

polarizing, orbond weakening function, collectively termed. LActvatinar function. by weakening
the metat ol ALY BATR e Ly e FHREE Bt oar VA, MIcHRi e

1etal in the metallocene. Thus, the
activator-support ésdtesieiizbih thesteiliasanta clivusirhe aeHvtionsvepriidieengwpbRexhibitionizes the

metallocene, absigacisananionisdaa)HIaER anvierhai waakeasdhametebisandsand in the
metallocene, simply coordinates to an anionic ligand when it contﬁcts the ?.ctiv t%fr?;néo_su%port, or any
ft?@@ér.

other mechanism&h@iiich H8ATANY, SERrithdObrifndrRaRsniAgy MfH rébafifg the
metallocene-basegdegaladyst canmplositonimbiiisdne niionicthigaadtivhtaris uppectsishiy pigbliyonsed along
with a compgnent that provides an activatable ligand such as.an alkyl.or hydride Jiga he
metalloc,entf, inclslﬁl(%oggbalf fot ﬁ%ﬁreﬁl%ﬁg?]ﬁ?}sas? %r‘l%' loclrﬁgg)r%zéfl Hﬁxrrﬁzén_ _%roﬁ%n g\}lvv%%éﬁt)ﬁg
metallocene compugiticbdoes Ibprepasine deynustHprive-burst eatidissh dompositiastini Ak tizetiioect, the

activator-support @1@”&&1{%\’&%@5&9 %p%‘féaﬂf%@d na&gn@i@(ig%mﬂ,@{@{, Adnixeigxidgmaterial,

or a combination of inorganic oxide materials, that is chemically-treated with an electron-withdrawing

component, and 8pfialy iseadwychits an dad opRedddsdieandda timeRlRcchte LGRS RIE Mt this 20

invention encompasiestesidensnaie tlsmsuehmnsalcohipaundwird dxigetalorapotingo ot ioas
silica-alumiqg or silicg-zirconia oy siIicg-ti}ani% and combinations and mixtures thereof. The mixed

metal oxide om&?ﬁﬁ a%ﬁﬁ“ﬁ’?%ﬁilfgﬁ-éllu%%a, with more than one metal combined with oxygen to

form a solid oxide compbustil, carthbeaspacke thy swigpdatigrporgl dynationtion shemitsss depbdition, and
are encompassedBeaail (xIBYERNAMI, o miRFS-A80NELARDEPL AbANRINEIUIARoHa; RYNALOr suppOTt

further comprises etal or metal 1on'such as zinc, nickel, vanadium, silver, copper, gallium, tin,

tungsten, molybdewigialer thay isorhenistibrtratedowith am plesror-aathaitsyiag seBwe el fidher

comprise a metalQyipHale) iREhiBsiiele, Rubasesnet dimitasddal 7onc- PRl e gordeskidyasfdad alumina,
zinc-impregnated. fluorided alumina, zinc,-imL%ré?g@ted chlorided silicg-alu:ﬁpina, zinc-impregnated

fluorided silit-al P FRHCD RRTBASS 08I1S SIHERNES HPIHRA G oTHB R RT Aot Spgpunds

such as silica-alumina or silica-zirconia or silica-titania, and combinations and
mixtures thereof. The mixed metal oxide compounds such as silica-alumina, with
more than one metal combined with oxygen to form a solid oxide compound, can be
made by co-gellation, impregnation or chemical deposition, and are encompassed by

25  this invention.
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-
30 impregnated chlorided alumina, zinc-impregnated fluorided alumina, zinc-
impregnated chlorided silica-alumina, zinc-impregnated fluorided silica-alumina,

zinc-impregnated sulfated alumina, or any combination thereof.



47  In another aspect, the activator-support of this invention comprises a solid oxide of relatively
high porosity, which exhibits Lewis acidic or Bronsted acidic behavior. The solid oxide is
chemically-treated with an electron-withdrawing component, typically an electron-withdrawing anion, to
form a activator-support. 5 While not intending to be bound by the following statement, it is believed
that treatment of the inorganic oxide with an electron-withdrawing component augments or enhances
the acidity of the oxide. Thus, the activator-support exhibits Lewis or Bronsted acidity which is typically
greater than the Lewis or Bronsted acidity of the untreated solid oxide. One method to quantify the
acidity of the chemically-treated 10 and untreated solid oxide materials is by comparing the

polymerization activitiedbRasthaicataerh e rriaaRicurpaesal by Bembensforuuieneiid Inone
aspect, the chemigally-drealiagven/ichighigReemP NaasH SO H DR 6 sl o ConpprEi g@xigen and at

least one element selected from Gyoup 2, 3,.4, 5, 6,.7,.8,9, 10, 11, 12, 13, 14, or 15 of the periodic
table, or comprisil?%‘%‘ﬁ%en d%’t{‘féa‘gfli% b%éiﬁ%%llgf'ggﬁ%‘?eg’%rﬁnthgq%? 'a‘frq\]i%é)%‘?’gl inide

elements. (See: ldampeysiC ongesibedrClechioambiclionany, anibih fedfpdohn Mfiteatad-Sppert1995;
Cotton, F.A.; Wilkinson, G...Murio: C. A,; M. - n ' istry, 6th Ed.,
SRR 95% enqﬁg,gt% B BAHE N M Biibhing \ARSREA AR NEI UM

Wiley-Interscience, sual e inorganic e comprisés oxygen and at least one element
selected from Al tRaBenBpichs Dereapicuidtevitinan glactonvg thrieRing somponentuerkats, v, W, P,
Yr} Zn or ”Zr- 3%F%Qli%&%@d'!h@%&ﬁﬁﬁ%?d}ﬁ@ﬁi@a@fﬁaﬁl&f mm&um&ltaémd tbiélrfﬁ,doiln the
chemically-treated solid oxide of the present invention include, but are not limited tg, Al203, B203,
Be0, Bi203, CdOBr¥sd 2eifsyaw E}b‘;“’rﬁéﬁﬂ?,y@é%%‘, ‘E&%g& bﬁf%&&%‘?fﬁf’&gﬁ}ééz‘sf b205,
Si02, Sn02, Sr0,uhkeaded i$0Rd \FR1db, WAS méRdd, dniamiy the acidytloé fileeclimalicalitygireuedd oxides
thereof, and gombinations thereof. Examples.aof mixed oxides th tcg}q QE in_the activator-support
of the pressln invagﬁt%l{r%rler%?%cfg,létﬁxéree r](a)ﬁeir%ﬁé%ﬁg,cr%?l eaél 0 i g O ane)}/.i %%%%iﬁt‘gti(ﬁl% %foqAII, B, Be,
Bi, Cd, Co, Cr, Cthertpatad andunmsattboiferurgpr sidsatabeetmeartiops\wv, v, zn, Zr, and the like.

Examples of mixed oxidgsiakfen R aRiRRARRAICOMIRARHALDE BaaskbipHaotion also

include, but are not limited to, silica-alumina, silica-titania, silica-zirconia, zeolites, many clay minerals,
pillared clays, alUfiARHRES AR FXEST A least ns slsprnd shisriedforiarame 2 g% 55 fh & further
aspect of this invengiorn, the $p)itspxidematefimkipachimnically  teesampinimgomagtingnd utilkaat least one
electron-withdrawing component, typically an electron-withdrawi nion sougee. Further, the solid
oxide mater?zg is %rb%giea %%ﬁgp%%%éllﬁ rnelé%d %vl}%agf ast %%]én((){': grer%l%rfgf iol;]‘%eﬁiaﬁgw[@}esthe same
as or 5 different fémdapsedrchainstehidntinatcoristifite Jdhre Bolky dkiGens @85l Cottan.cBidining to form

a metal-containing g metalimpreanated ehemisalyslaated salitkaxd9.Alsraatnehsa,selid oxide

material and an electron-withdrawing anion source are contacted and calcined simultaneously. The

method by whichBifte Wikelclrtasrieacte 100 Msusibottbs meris o OMPos st Siant 2 salt or an
acid of an 10 elegdrgnondtBrkaning BaiaNiisludes, By} is,nok,iCu]eck Cug 84]rGs, acagrttinylo,

impregnation.of Qne ¢o ungd anto, ther, apd the like. Typically, following any contacting method,
the contactéd mi bré’orgig%%r &oﬂ\pﬁ;ﬁdﬁggﬁo ffidrawing anion, and optionally the metal ion is
calcined. The electron-Withalsavexgpnpbmpdreint usidd toatesiatstioe axigewsls thetany b8 edhponent that
increases the Leyls &%%59&%%%&8@%%@&%9‘Heorﬁéjgs%l{f@%ﬁ'iﬁﬂ‘iﬂ@l%e[ NG ARAGHAOE

electron-withdrawing component Is typically an electron-withdrawing anion derived from a salt, an acid,

or other compouft® £drPs 0 eI BoRmAEQImdutd:Palelh Barde 88:95ddrésdYieursor for
that anion. Exampigs Ohei6CPon;\hidrawian, as1ens srolugohutas wodlimiverd, te,tyorde,
25  Zr0,, and the like, including mixed oxides thereof, and combinations thereof.
Examples of mixed oxides that can be used in the activator-support of the present
invention include, but are not limited to, mixed oxides of any combination of Al, B,
Be, Bi, Cd, Co, Cr, Cu, Fe, Ga, La, Mn, Mo, Ni, P, Sb, Si, Sn, Sr, Th, Ti, V, W, Y,
Zn, Zr, and the like. Examples of mixed oxides that can be used in the activator-
30  support of the present invention also include, but are not limited to, silica-alumina,
silica-titania, silica-zirconia, zeolites, many clay minerals, pillared clays, alumina-

titania, alumina-zirconia, aluminophosphate, and the like.



20 chloride, bromide, iodide, phosphate, Inflate, bisulfate, sulfate, fluoroborate, fluorosulfate,
trifluoroacetate, phosphate, fluorophosphate, fluorozirconate, fluorosilicate, fluorotitanate,
permanganate, substituted or unsubstituted alkanesulfonate, substituted or unsubstituted
arenesulfonate, and the like, including any mixtures and combinations thereof In addition, other ionic
or non-ionic 25 compounds that serve as sources for thgse electron-withdrawing anions can also be
employed in the present invention. In one aspect, the chemically-treated solid oxide comprises a
sulfated solid oxide, and in another aspect, the chemically-treated oxide comprises sulfated alumina.
As used herein, the term alkanesulfonate refers to anions having the general 30 formula [RBS020]-,

wherein RB is a linear oltbpafietiet astgat pbthishiavengup the2olidarade anstagaktiackewisdsally

substituted with afleast oy edaitimhselesitaindenendantbtirMiidfalBE tofbneilY ey RElyOCFS3, Ph,
xylyl, mesityl, or OPh. 49 Thus, the alkanesulfonate m%\{%:)e Birg]g((aﬂr{rgd to,as a substituted or an
u

unsubstituted alk&RELATBHAM DY B aR SaEIER s B PRI MY e up to 12
carbon atoms. In énniivailaspacid thétalkylgraumefdiherathetale farfothatcaarbdalve sqanto 8 earbon

atoms, or Up 10 6 Gagbion loms, | Yet anoifier ashect-Sxamples,af S alkangsulfanaigs pglude, but
are not limited to, Methanesultonate, ethanesutonate, 1- propanesulionate, 2-propanesulionate,
3-methylbutanesifdnining taffooromatttahesuifoingor trstibiopregnalsdsehforiatly-treated solid

chloromethanesulfjiatea fsBufinRy eiRane sWliRNAl G A X KRS RRARRRENANAIRIoN source

1-methoxy-2-propanesulfonate, and the like 10Also as used herein, the term arenesulfonate refers to

anions having the*ffeRerictetnitid FAlASI BT inenutly arAle pthad deooirhvihg 8595 1% carbon
atoms, that is optigmediteauRBlitbiesstibnatiedsiwing asaiperraleeipitildepeaidanity dahvFaCl, Br, |,
Me, Et, Pr, E[B Ol—l,) %Me, Cg%f OPr, 0Bu, OCE3, Ph,é)rtOPh. ;I' us. t etareré?l%lfongteeﬁng be
referred to as’a sibsttuted of an unstibsttuted {5 aréhestlionate. fﬁ ong agspec%,’ the Bl oup of the
arenesulfonate campragestipntofleaovapoend rostol anativih end dpelkethd avdadje dpllofting any
arenesulfonate cag iawe, b HRIRON MO IRYPhARAID FRRCLomPIRICI QLR RaRHRARLES include,

but are not limited to, benzenesulfonate, naphthalenesulfonate, p-toluenesulfonate,
mtoluenesulfonataligns 3ad eRHeIHbHAR ,IWIE}@Po‘ﬁFé‘tlﬁHWbenzenesulfonate, trichloro- 20

methoxybenzenesulfonatge teibesametiithanzensspbionatesddiablaremeryhedy @ag shdfangte,
fluorobenzenesulfonate, chl robenzenesgrllg])iate, 1-hy&?ré)é<s¥ef{1han bentzetﬂesﬂf.anated
3-fluoro-4-miethoXSREASHE iFoREREESEhdtthd s o GRRCth AU, o Rl g - SRS

rawing component
comprises a salt efeatmetectrdn-with dispait gthaiokcthe-cathtierdrzoraatiorewf thatygatalbprebe any

cation that allows %%&%ﬁ&%ﬁ}fgqn%nd&&%mm&bfs%}%*aa&%ﬂ SHEn@SRIRING Factprs that

dictate the suitabﬁlt of the particuldr salt to serve as a source for the electron-withdrawing anion
include, but are nvelHRcigBicheosTIOBIiho 8 SEIVIN ahe CRIPEPEPRASHISIh ol b rBiglerse

reactivity of the catighypiRe-PRiNGSHIGRIPRNYRCMIbE: GARIAN PO Roh YRRSE ABI CFRBIRItieS
imparted to the salt by the cation, and the like, and 30 thermal ﬁ?& i;% of th ani(ﬁﬂl;?Exam les of

suitable catidhs i HREidsI BIARLE e RTEwRaTRIASy S in ut & ot FRRRB¥ECammonium,
trialkyl ammoniunfiuiatradtig amrifonitvaceteisaalipioppiesghorfluongphibspid¢O E th)atbzinabibie, like.

fluorosilicate,  fluorotitanate, permanganate, substituted or unsubstituted

alkanesulfonate, substituted or unsubstituted arenesulfonate, and the like, inchuding

any mixtures and combinations therecof. In addition, other ionic or non-ionic

25  compounds that serve as sources for these electron-withdrawing anions can also be

employed in the present invention. In one aspect, the chemically-treated solid oxide

comprises a sulfated solid oxide, and in another aspect, the chemically-treated oxide
comprises sulfated alumina.

As used herein, the term alkanesulfonate refers to anions having the general

30  formula [R®S0.0], 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.



50 Further, combinations of one or more different electron withdrawing anions, in varying
proportions, can be used to tailor the specific acidity of the activator-support to the desired level.
Combinations of electron withdrawing components can be contacted with the oxide material
simultaneously or individually, and any order that 5 affords the desired activator-support acidity. For
example, one aspect of this invention is employing two,@r more electron-withdrawing anion source
compounds in two or more separate contacting steps. Thus, one example of such a process by which
an activator-support is prepared is as follows. A selected solid oxide compound, or combination of
oxide compounds, is contacted with a first electron-withdrawing anion 10 source compound to form a
first mixture, this filssmideutkimehdfersicimer, inacterahde st rikitireted tieAcoRtabIBtigth a

second electron-wﬂt‘aﬁéan@&&@niﬁﬂ&@%ﬁﬁ&pﬂ@%ﬂé@dgm BeSRLONdURbHME APV by calcining
said second mixture to form a treated solid oxide compound. In such a Eroce § the first and second

electron-withdrawkh GBSt oL ASE ARS Sr i el s aper b e k2R ABfh they can
be the same comgoun@.carbdin somxspant nf thearbyrations.tHa selidnotideapthatensipipart is

produced by & Progess camBIISing;, .. 1CA0AGING & SR ade compound il legst one
electron-withdrawing anion source corﬁpoung 18 form a wéFlmlxature; and 20 “calcining the first
mixture to form theopalidsulfmetacti-atopangppidmate, Brnetbitiurtansgeléorsfichisrifiversiogibane-solid oxide

activator-support jgprodiiced RYARARRSH CUMPKIRNG:  chiblsmariReEsagast ongyeligoxide

compound with a first electron-withdrawin% anion source compound to form a first mixture; and 252)
calcining the first SRR Ry it redsoRXremEp et Hinagire; | -medoxy oyt ienrts & dirst mixture

with a second elag tiRewithdrawing anion source compound to form a second mixture; and 4)

calcining th%\&econd mif& re to for 1;lhe solid oxide activatc]F-su porf, Tf}us the s%lid.oxiqhe
. . 0 as us t(aﬁm, the term ar%nemtl 8‘?(% reférs 10, Anions avn(ljg [
activator-support is sometimes referred to’simply as a treate solid ‘oxide compound’ Another

aspect of this inveenral feociubirid OSHing heesisolid oiide anthvenemsupps tipyteortaethu at least

one solid oxide Waimﬁst,I%Sftig’%ﬁtﬂﬁﬁﬁpgibéﬂuted with at least one group selected independently

from F, Cl, Br, I, Me, Et, Pr, Bu, OH, OMe, OEt, OPr, OBu, OCFs, Ph, or OPh. Thus,

the arenesulfonate may be referred to as a substituted or an unsubstituted

15 arenesulfonate. In one aspect, the aryl group of the arenesulfonate can have up to 10

carbon atoms. In another aspect, the aryl group of the arenesulfonate can have 6

carbon atoms. In yet another aspect, examples of arenesulfonates include, but are not

limited to, benzenesulfonate, naphthalencsulfonate, p-toluenesulfonate, m-

toluencsulfonate, 3,5-xylenesulfonate, trifluoromethoxybenzenesulfonate, trichloro-

20 methoxybenzenesulfonate, trifluoromethylbenzenesulfonate, trichloromethyl-

benzenesulfonate, fluorobenzenesulfonate, chlorobenzenesulfonate, 1-hydroxy-
ethanebenzenesulfonate, 3-fluoro-4-methoxybenzenesulfonate, and the like.

When the electron-withdrawing component comprises a salt of an electron-

withdrawing anion, the counterion or cation of that salt can be any cation that allows

25  the salt to revert or decompose back to the acid during calcining. Factors that dictate

the suitability of the particular salt to serve as a source for the electron-withdrawing

anion include, but are not limited to, the solubility of the salt in the desired solvent,

the lack of adverse reactivity of the cation, ion-pairing effects between the cation and

anion, hygroscopic properties imparted to the salt by the cation, and the like, and

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

withdrawing anion include, but are not limited to, ammonium, trialkyl ammonium,

tetraalky! ammonium, tetraalkyl phosphonium, H', [H(OEt,;),]", and the like.



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, 5 can be subsequently calcined. Calcining of the treated solid
oxide is generally conducted in an ambient or inert at phere, typically in a dry ambient atmosphere,
at a temperature from about 200C to about 900C, and for a time of about 1 minute to about 100 hours.
In another aspect, calcining is conducted at a temperature from about 300C to about 800C and in
another aspect, calcining is conducted at a 10 temperature from about 400C to about 700C. In yet
another aspect, calcinintuithesegudtiogtivose B priiase difeatn glostodoviddendna dnenpdhaspect

calcining is condyglegh:tRapaeh!, 30 iaiabamiRQhaysife slapethas asnesir-salsbing can be

carried out from about 1 to about 10 hours at a temperature from about 350C to about 550C.
15Further, any ty{9e B¢ ftiBtk SHibie Atoranst s tf iPHEPRTEHRTEY B8 ROmRO LR iFiR

conducted in an eyidiziag aimakplwids suttriab shiiulkdiemaivetyindivihergtmdsplyerelcs el as
nitrogen or aggon, ar a reducing atmosphere such as hydrogen or carbon monoxide, can be used. In
another aspegct o? t%)é%ﬂ&gﬁti%%gﬁ#e ascofi%ci1 oxide %%ﬂm%%(r%{e t u%g)a t"o"%?’é’gearé’”fo e cghg?nfcé ly-treated
solid oxide has aiputativnlismmplaying e asoecBeirot/yithdumotsanipyresrcerOBpIYNgRitde

component has &t Hakue, e Shian 2HeK. Orhusc shARd el naiheasAs sy disafer than
I

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 8. IFHAGHRPRALHdE PIEBREDIETS ElIREEnehtrissiy sahd oxidreo B 85t 200 to
about 800 22 25 mdpimitiddrbsblianetagioasds i crenrb euts Ao damdntothdrdginghaisalid oxide

material can pe tieated with 2 squice of halie jon, o sulfate lan, oria combigation, efagiog and
optionally trl ted MR 2t TERSBhe eta ion, s ture, ’
calcined first mixture is then contacted with a second electron-withdrawing anion
source compound to form a second mixture, followed by calcining said second
mixture to form a treated solid oxide compound. In such a process, the first and
second electron-withdrawing anion source compounds are typically different
15  compounds, although they can be the same compound.
In one aspect of the invention, the solid oxide activator-support is produced by
a process comprising:
1) contacting a solid oxide compound with at least one electron-withdrawing
anion source compound to form a first mixture; and
20 2) calcining the first mixture to form the solid oxide activator-support.
In another aspect of this invention, the solid oxide activator-support is
produced by a process comprising:
1) contacting at least one solid oxide compound with a first electron-
withdrawing anion source compound to form a first mixture; and
25 2) calcining the first mixture to produce a calcined first mixture;
3) contacting the calcined first mixture with a second electron-withdrawing
anion source compound to form a second mixture; and
4) calcining the second mixture to form the solid oxide activator-support.
Thus, the solid oxide activator-support is sometimes referred to simply as a treated
30  solid oxide compound.
Another aspect of this invention producing or forming the solid oxide

activator-support by contacting at least one solid oxide with at least one electron-



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 30 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 52 oxide activator. In another aspect, useful acidic activator-supports
include, but are not limited to: bromided alumina; chlorided alumina; fluorided alumina; sulfated
alumina; bromided silica-alumina, chlorided silica-alumina; fluorided silica-alumina; sulfated
silica-alumina; bromided silica-zirconia, chlorided silica-zirconia; fluorided 5 silica-zirconia; sulfated
silica-zirconia; chlorided zinc-alumina, triflate treated silica-alumina, a pillared clay such as a pillared
montmorillonite, apthsiring eniert spiniecficamprnda wheteiroths ifdtast sae seHd reids gampauast other

aluminophosphaigsRRfionelbireated yihsdfais flinddee lehilidahd.dny:CalRIRGeE, thereof

Further, any of the activator-supports can optionally be treated with at least one other 10 metal ion,

typically from a nfBfaVasIEB eSS Aalabseree Al biniRPEAr At GanoReREeEy different from
any metal that makes up e agfictoddesnatarin, onchntion@lidpeidedfai isdnwemdnthdritrdated oxide
activator-support comprises a flugrided solig oxide.in the form of rticulate. solid, thus a source of
fluoride ion ié) addéd tﬁg}%e)% en%ﬁ] {resinient )\(/qv%%tél%gnd#ﬁ%%ﬁé%ﬁf (r)lcitétil?)é.ln%thse %%eﬁaéﬁc’f, 15
fluoride ion can beudinéd io trcaptittaty foemisttnespherey obibalipiide dyEbiesetvoipdaesuch as

alcohol or water, Jnclyglig. L 6P abJPAREE0 B ARSI BRIAIPRAIANBISDESAHSR.f their

volatility and low surface tension. Examples of fluoriding agents that can be used in this invention

include, but are rtatabetetohaysirdmBINEhSERIEE) CElATENY A9 RRNSTRICA NH L9 Pt B UM
bifluoride 20 (NHAHE2 ) qasem@n iy tesmieoraRonatentiidA Bipdd ammaniy s Siicailsiedide a

(hexafluorosilicate) O4114/2SiF6), ammonium hexafluorophosphate (NH4FF6), tetrafluoroboric acid

(HERO, amHlonitamprasim Siomtabent 180 Cap ot PRMontinysanatisramreb ralsipesas2z re,
analogs thereof, ghghgqrabiratiansherssi: kPLEXANY Boa ) e MMl HsR N ddtinidcan be used

as the fluoriding agent, due_to its 25ease of use and ready availapility. In another aspect of the present
invention, the soI?Brﬁlkﬂﬁdcgﬁ%@??@&?e@%ﬁﬁofeﬁ%%é%&u%e\#h%{ﬁrﬁ?ﬁtﬁ% BRI ﬁ%"ﬁ’é‘ﬁ.cﬂ%y fluoriding
agent capable ofthesatghbyncaintacibogtthecsabchokidboduy iatch teenpedeinie drete ptoan 139Wsed. For
example, in additzilggutcos%gég fluoriding agents described previously, volatile organic
I5 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
20  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

25 mZ/g, and in still another aspect, from about 250 to about 600 mzfg.

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

30  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



30 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. 53 Gaseous hydrogen fluoride or fluorine
itself can also be used with the solid oxide is fluorided during calcining. One convenient method of
contacting the solid oxide with the fluoriding agent is tos\?porize a fluoriding agent into a gas stream
used to fluidize the solid oxide during calcination. 5Similarly, in another aspect of this invention, the
chemically-treated solid oxide comprises a chlorided solid oxide in the form 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 Wridsddévaipfolmangthesanschiugeiubsditticinca sipaniepesty Bistuas. Ambaie pelspect of

the present invenfigpthesolig gt fampadicaled vt WmehlondingagentAiingstraealcining
step. Any chloriding agent capable of serving as a squrce %%:hloride and th rgﬁg,}rély ontacting the

oxide during the CLIEHHAY e dessiicaalmipg chlotifitds A By He G HYEHE can be
used. Examples chifaledildlatgalniaiah] dricing aigstita-usedulan dilisidsp edicaf ireoimee fitioridetiude, but
are not limiteg (0. ceraln feans, paraniaropenzene: shioiemeihan, AichipiAmelhang dighioroform.
carbon tetrachloride, Fenloroethano , orany combination ﬁwereo_f a}seohs_ ygrogen chloride or
chlorine itself canehizunge aipdlngdtisiiyessolicidriddlidradnganianiileni®n ensonebyisptpdewidy of

contacting the oxiglg, it t&g&[@arig}ng@gg@t bhiQpYaRarizRaithlosiding 208N hMhRIsRRIFEAM Used

to fluidize the solid oxide during calcination. 20When the activator-support comprises
chemically-treate SRR Bxites ednttfsist At e o iy Bidee I ot 6P A PRI FEWF??& anion, the

electron withdrawimgtanancanieatypisathsgnded tertbetwatitokidesitedwamausigmatetidian about
0 ; ; : ; , ,
1% by welg%of ﬂr}% tgf)lld oxide. |n another ?a}ﬂs!?e(f{ the electroc? w, thdral‘%'ggne njon can l%e %dded to the

solid oxide in"an amouﬁ(}ng%%%arl than abou A‘%y"&v&?&?ﬁ"ﬂ% of the solid ox| e, greater fhan about 3%

by weight of the swelit exiotediffreatefrinaanxiyacie Bhstoyakes ghttlof shibdsatideoxideriadr greater than about
7% by weight of the solif), %@%@&%ﬁﬁﬂ%ﬁﬁ@& PR LRlsCUAR- NI 8oRABriles gxample

fluoride or chloride ion, present before calcining the solid oxide is generally from about 2 to 30 about
50% by weight, wiHrddgssofisigridscrciiiorreobaduatishlatiesdlidglits piaissIRf Bxrrderindkample
silica-alumina, befgaedcalcininexitt aotRQkiasReriihe AMEdHOkgent. In still another aspect,

15  fluoride ion can be added to the oxide by forming a slurry of the oxide in a suitable
solvent such as alcohol or water, including, but are not limited to, the 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 fo,
hydrofluoric acid (HF), ammonium fluoride (NH4F), ammeonium bifluoride

20 (NH4HF;), ammonium tetrafluoroborate (NHBF4), ammonium silicofluoride
(hexafluorosilicate) ((NHy);SiFs), ammonium hexafluorophosphate (NH4PFp),
tetrafluoroboric acid (HBF4), ammonium hexafluorotitanate {(NH4);TiFs, ammonium
hexafluorozirconate (NIHshZrFs, analogs thereof, and combinations thereof. For
example, ammonium bifluoride NH4HF; can be used as the fluoriding agent, due to its

25  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

30 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, perflucrohexane,

perfluorobenzene, fluoromethane, trifluoroethanol, and combinations thereof.



electron-withdrawing ion, for example fluoride or chloride ion, present before 54 calcining the solid
oxide is from about 3 to about 25% by weight, and in another aspect, from about 4 to about 20% by
weight. When halide ion is used as the electron-withdrawing anion, it is used in an amount sufficient to
deposit, after calcining, from about 0.1% to about 50% by weight halide ion relative to the weight 5 of
the solid oxide. In another aspect, halide is used in an amount sufficient to deposit, after calcining,
from about 0.5% to about 40% by weight halide ion relative to the weight of the solid oxide, or from
about 1% to about 30% by weight halide ion relative to the weight of the solid oxide. If the fluoride or
chloride ion is added during calcining, such as when calcined in the presence of CC14, there is

typically no, or orfipseousdridieseas Slustidgon diuorieh isteciortlpethe wsiovaidbefgtordR ling. Once

impregnated wihyglgdes ieiiglidesh oo ARG AIAY R RRYMEIaGk PN aEhinaiuing, but
not limited to, suction filtration followed by evaporation, drying under vacuum, spray drying, and the
like, although it isﬂaﬁlsfb‘%@%f’e%‘fatiﬁif%f’é&ﬁ’éz%&Hﬂﬁ&‘&%b@ﬁﬂw}&t}i&t%ﬁ‘;‘x%ﬁ?ﬂ%&tg‘c@ﬂméyt‘ra e
impregnated solidhexisiél daddhéusitigasdditiation. used to prepare the treated silica-alumina can have a

pore volume greater thag aRgty Qv S8l 20 AIPGRLs NSRS, VAl BRGR0 S UERPLign about
0.8 cc/g, and’in another aspec?f’tflwe pore volume can be grea erthan a out 1.0°cc/g. Further, the
silica-alumina catidveempuigesce ahtgided elidmidgbouthe 00 2l pasHentspselidhtuyigace area is

greater than aboyhga0 SRl /AN ANAENShasReRy é%@&%fﬁ%%ﬁ%?&@éﬁﬁf #an about
r

350 m2/g. GeneraII?/, the silica-alumina of this invention has an alumina content from about 5 to about

95%. In one aspeRlOR i9ifirnaPe sAtsH o AiseGe Rafarmme Ay RbeBttt 80 Wb, and

in another aspecidienaluminatterigiticobtlie: siteantnmniaathde Rdoxidbout BYirtatadaith30%
alumina by Yy ight. %FT.tae sulfat gsolidtﬁ)xic;? %om;)s[[ieses tlljlfatlt. %H']\d a soeggcoxic[i)? cemponent such as
alumina or si |ca-3lﬁnﬂﬁal,nﬁlat%eé1 oMt acpcar icuae olid: 66 ioha f)'/g &SRBt Sxide isFurther
treated with a metakistusueodf taetide saddimedughliatettastide tempidsalibng halcalsiving akspect, the
sulfated solid oxide.camprises sWfate.and AliRina M eatamRge Lo Risinyenian. hespifated

alumina is formed by a process 30 wherein the alumina is treated with a sulfate source, including for

example, but not ShYeladie orgsmis hiosiding sgenitae i inhihespesh AR BRI Y Wifate,
aluminum sulfategRigkelisiHiate EsARPRESIY tecH b RBERERE ChittisRaas diealofdeethane,

15 chloroform, carbon tetrachloride, trichloroethanol, or any combination thereof.
Gaseous hydrogen chloride or chlorine itself can also be used with the solid oxide
during calcining, One convenient method of contacting the oxide with the chloriding
agent is to vaporize a chloriding agent into a gas stream used to fluidize the solid
oxide during calcination.

20 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

25  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

30 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



55 performed by forming a slurry of the alumina in a suitable solvent such as alcohol or water, in which
the desired concentration of the sulfating agent has been added. Suitable organic solvents include, but
are not limited to, the one to three carbon alcohols because of their volatility and low surface tension.
5In this aspect, the amount of sulfate ion present before calcining is generally from about 1% to about
50% by weight, from about 2% to about 30 % by weig 4of from about 5% to about 25% by weight,
where the weight percents are based on the weight of the solid oxide before calcining. Once
impregnated with sulfate, the sulfated oxide can be dried by any method known in the art including, but
not limited 10 to, suction filtration followed by evaporation, drying under vacuum, spray drying, and the
like, although it iselibipp dktbielid mitiisdstiomabiming secpbiniodiabalyycighty aWdiicRe8Being
treated with an elegranwithdigyying eomRRNSMLSUSH RS hRlidevaEsuliae i ha.seliddn@rganic oxide
of this invention can optionally be treated wijth_ a metal source, including metal salts or metal-containing
compounds. In 151%9@‘5%5&5‘?% NAhtBiSHSES & AR JIRRIRESH 81%d@d48’8?17m%%85nated onto
the solid oxide incatdiitiog) fesm aboat SUlISeoubmity500H e rtedgint h-dlid: Sop paated meatal wpightcalcining.
Accordingly,#he g?l' inQr gn{ eg))iide can fusrth rise a,metal selecte m

e ) dfrom zing, nickel
NG, AP GeRigke!
vanadium, silver, cép?oséor,lgaﬁlum, ﬁr?‘,ntoungrsaté’r?f:{’n%%%%ésnlbsﬁwd, ora %%lr%lgllnsaut%%l ﬂe?eoefl olr’example,

zinc can be useda@einspieigingtdiom thikousblid YxideabrmbaiSe prairhe hegjislsdiontalytvadevhy and low
cost. The solid oxjde rapMBATEAIELHE MeRbSR0F Met)-GomRIDNIY spraepupdakeiqss, after, or at

the same time that the solid oxide is treated with the electron-withdrawiné) anion. __ Further, any
method of impredRatiky tHbsBrEbiaddhaaidiaridsn L thrdluradn Hehiorde MrdsAtdrd dBiP&nich the
oxide is contacteghWwitfing, MiRiahs uedecdlpicdlly the 3tesaltooMODAl-teriainifgealymrovndaincludes, but

is not limited to, gelling, co-gelling, impregnation of one comppund.qnto another, and the like.
Following a(ri'ilé coqﬁ?ggt?ﬁﬁe%fe }o%?dﬁ%@e%%r%g?&rel rﬁ?;(ltd?eﬁé? Saﬁéjeoé{égrﬁ%ﬁ ,Ctg?gicntlrncﬁi-v%?%cgrawing
anion, and the mitgrégnaisdypidalislidal chedulidéd axadivedn, ke doied bxieky migtheihkramwn in the

electron-withdravging anien SaicR.ARA S metabaal SImRA'HARNAAIRY CApRaHAS AigiRg contacted

and calcined simultaneously.  In another aspect, the ansa-metallocene compound’ can be contacted

with an olefin moWffeYasHEM R RRafTAEnTR hectkar althaueh i i Lsoeprssible i initiabs e 56
contacting this mpsturgnyistesimacidicchetivaiai auange thenprihed esantaeded mixture of

metallocene, monomer, and.component th rovides an activatahle ligand to the, metallocene,
oo bahor ot B A B b e R A e o
activator-supportydhencogniaositilm feivtive 0co nofgisigaine apdic haptvatolsuppaortis geeated the

"postcontacted” mixtuse, 5% %%%Zﬂ%%%%g&%z‘éﬂﬁcﬁaﬁeb}%?é'9&88&%&%%%%&1?5&%3” for a

{
second period of time prior to charge e reactor in which the polymerization process will
be carried out. 1.0 cc/g. Further, the silica-alumina can have a surface area greater than about 100

m%g. In one aspect, the surface area is greater than about 250 m%/g, and in another

20  aspect, the surface area can be greater than about 350 m%g. Generally, the silica-
alumina of this invention has an alumina content from about 5 to about 95%. In one
aspect, the alumina content of the silica-alumina can be from about 5 to about 50%,
and in another aspect, the alumina content of the silica-alumina can be from about 8%
to about 30% alumina by weight.

25 The sulfated solid oxide comprises sulfate and a solid oxide component such
as alumina or silica-alumina, in the form of a particulate solid. Optionally, the
sulfated oxide is further treated with a metal ion such that the calcined sulfated oxide
comprises a metal. In ohe aspect, the sulfated solid oxide comprises sulfate and
alumina. In one aspect of this invention, the sulfated alumina is formed by a process

30  wherein the alumina is treated with a sulfate source, including for example, but not
limited to, sulfuric acid or a sulfate salt such as ammonium sulfate, zinc sulfate,

aluminum sulfate, nickel sulfate or copper sulfate. In one aspect, this process can be



Various processes to prepare solid oxide activator-supports that can be employed in this invention
have been reported. For example, U.S. Patent Nos. 10 6,107,230, 6,165,929, 6,294,494, 6,300,271,
6,316,553, 6,355,594, 6,376,415, 6,391,816, 6,395,666, 6,524,987, and 6,548,441, describe such
methods, each of which is incorporated by reference herein, in its entirety. lon-Exchangeable
Activator-Supports and Layered Mineral Activator-Supperts 15 In one aspect of this invention, the
activator-support used in preparing the catalyst compositions of this invention can be, or can comprise,
an ion-exchangeable activator-support, including but not limited to silicate and aluminosilicate
compounds or minerals, either with layered or non-layered structures, and any combination thereof. In

another aspect optferined hidarivnsexebay g skt liaianda 2 ouilhissolimatech as@icaiobMared clays

can be used as agtjyatorsyRRAME: WigRANS AGVAIRIASUP R HIEINESEsAN Ry Rxahaneaable
activator-support, it can optionally be treated with at least one electron-withdrawin aniog such as

those disclosed hSHARIGHEERHCHBIENG SRS REHUR A HEd VRS ISR T8t FERRA with an

electron-withdrawikghatidsc 2t attetheslasiecindievasiifatoteasioport of this invention can be, or can
comprise, clgy minerals having exchgngeable cations .and layers ble gf expandin IY ical clay
aél S'I ?hls %sgg&bﬁle amount o url.:fjsa%e 0n r{)¥ese P gg%rebcl‘aq’célyl%r{g ée Fn } rf

mineral activator-supports inc are not limited to, 1or-exchangeable ed aluminiosilicates

such as pillared diays aBiiddg Mh&éﬁﬁ%upwights faemdibiout Hottenekawt &9 e bonsigiédls an inert
component of th%ﬁl%&&@@/&%%%{t%a%?t&%@ﬁ{ FHadmcwmsiieRLanastivaRabetibe catalyst
i

composition, because of its intimate association with the ansa-metallocene and the %omp nent that
provides an activaiEiEks phhel £9lideomdtahstosn calsivngs e Jamssatmft rnthiiates 7ot intending

to be bound by thparedtdsibelieyed el hedonruabargeahlm detivathchidpRoths@ptdamisdn insoluble
reactant tha{ éeacts with thglansa-r}aoc?ltallog%ne and organ aluminym components {0 form adcatalyst

composition se&%sb%%cetrﬁ%?f}merf’gfan Shé% Bg&,rfher%'lna%/urrﬁa%ﬁ%‘lg or ?ﬁrsa}]nv%r%%r?nencompass
materials either irththie neltboaiktaie dsaipassizveoiosity dutcelsiithgsepimmediatoly wetting, ion

exchange, or pillaring. Txnigalit,ths Ay, MaleHal ACUKAREFHIRAR LR iDyspiRAcampgses clays

that have been ion exchanged with large cations, including polynuclear, highly charged metal complex
cations. Howevelt}itﬁ@dl'é)ﬁ‘#faﬁ‘eﬁi@la the solid inorganic oxide of this invention can optionally be

treated with a metal source, including metal salts or metal-containing compounds. In
15  one aspect of the invention, these compounds can be added to or impregnated onto the
solid oxide in solution form, and subsequently converted into the supported metal
upon calcining. Accordingly, the solid inorganic oxide can further comprise a metal
selected from zinc, nickel, vanadium, silver, copper, gallium, tin, tungsten,
molybdenum, or a combination thereof. For example, zinc can be used to impregnate
20  the solid oxide because it provides good catalyst activity and low cost. The solid
oxide can be treated with metal salts or metal-containing compounds before, after, or
at the same time that the solid oxide is treated with the electron-withdrawing anion.
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
25  salt or metal-containing compound, includes, but is not limited to, gelling, co-gelling,
impregnation of one compound onto énother, and the like. Following any contacting
method, the contacted mixture of oxide compound, electron-withdrawing anion, and
the metal ion is typically calcined. Alternatively, a solid oxide material, an electron-
withdrawing anion source, and the metal salt or metal-containing compound are
30 contacted and calcined simultaneously.
In another aspect, the ansa-metallocene compound can be contacted with an

olefin monomer and an organoaluminum cocatalyst for a first period of time prior to



10 activator-supports of this invention also encompass clays that have been ion exchanged with
simple salts, including, but not limited to, salts of A1(111), Fe(ll), &(H) and Zn(Il) with ligands such as
halide, acetate, sulfate, nitrate, or nitrite.  In one aspect, the clay activator-support of this invention
comprises pillared clays. The teim pillared clays is used to refer to clay materials that have been ion
15 exchanged with large, typically polynuclear, highly c é rged 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. 200TietegpBlisniersicativiis the apidicigniioizaaneithinQnecinberiiperstagitde clay and

when calcined argaNEsiAIRIIREI, RdHemBH 1ard ¢ d&%téyﬁdya%pﬁrém toavalandayans &S
column-like structyres. Thus, once the clayé is dried %n calcined to produce {%%su?%)?r{tin%fillars
between clay layeh€ HSRIRGSAH didine ROt v SO A ARl A €958 LT RN RLed. The
resulting pores cawittamidnashiipaaidisizeipsos, 2théu betipasoidi efpiheringmaienal thndatiidiqarent clay
material used. Examples of pillaring and pillated clays are.found in: T..J. Pi [ jence 220
(450%) 365,371 (LRSI s S BRI AGLC T PIBMARRHBAGE 220 e
Ch. 3, pp. 55-99, #editettivPddagemain {1 Grtens@iPhion rsoal4B2ieh of s prgtdpbriBe 5,376,611,
and U.S. Patent Ng,4 Q6048 2aG8rah Whieh #% pesrRai2iaen3Nbssai i #S @Rig Y.  The pillaring

process utilizes clay minerals having exchangeable cations and layers capable of expanding. Any
pillared clay that can enNAHEBSHEYSEHF elt, REEHTS SHDISHITE iAPOLIPRITD RS HBNPSF the
present inventioneapldiedisedhishgreioalen Hakabiecalaypnirdralsdorailapiog INS|UBsteiNake not

limited to: allgphapes;, smectjt h diqgtahedra d tri- dral n ivatives thereof
such as mor@?\orl rgﬁ?fzg?%bééhig?ﬁ?gé), C:lé(‘?r%t‘?grg és%‘l%@t%ﬂt’es?l’gﬁgéghit%’é;gé%ﬁgysdﬁgg%ﬁgérmicuIites;
micas; fluoromica&3hdifie§,39MeEh a8:624R87s; ahé fildrfidddlagestmitie diveh buethoddinsiell € sepiolites,

attapulgites, and Wﬁ%ﬂ%%ﬁﬁ-ﬁbﬁtﬁ_ﬁﬁ%ﬁf&?&%ﬂ@@ﬂé%?H%%ﬂﬁﬁétﬁ?‘po”ite? or any combination thereof.

In one aspect, the pillared clay activator-support comprises bentonite or montmorillonite, noting that
the principal component of bentonite is montmorillonite. 10The pillared clay can be pretreated in the

present invention jgoER¥aniRlinentemnsinanind il awovaratonite was-Igipeated by drying at
about 3OOCI]Zu§nder an in[%{rt atmosphter ,tE( icall)r/l drt){ nﬁtro ?n,tfor aboul';t3 hours, before being added to
the polymerization reac ThigBSEMpIET flgvﬁr&?eafrﬁen fganogfﬁPr%?ﬁng?%ecgluglg%arré%a |eng steps
such as this manydbeysa e eitiatsméthisothentsm par dit) rescan ddptisee sn inckedithgreadbination of
temperature and QEH%a?&?BEg}ﬁi#Z@‘@CI]N&*ﬂ%B‘Eﬁ{B‘E%%R@é?&‘Eh?ééﬁé‘ﬁl&‘MﬁHﬁ@&iﬁcﬂEQS&@Bﬁ%ﬁShaﬂgeab'e

activator-supports such as ays used to prepare the catalyst compositions of this invention

can be combinedarithipgrdy. isEhgaratulspened e aeadayprad diuctBips a Ah GNP Bt litess,

inorganic oxides, @8-gifosphafedpmiganispeddes, ant thaJisiol) oraasseslzdlal Byaeert

materials that can be used. in this regard jnclude, but are not limited to, silica, silica-glumina, alumina,

Ctania, zircopta, MEEHEGHLBER 0 AR LA SRaPEc RSO e ERS oD e

aluminum phosphatamncupipoticaieyiHes sphateckshicge o sptredta-alppoinait siic atitanidy

coprecipitated siligaitignin, fHorCleH 313'Ge AR Al MR ALhABY SRRRNAI WRLIIHE creot
though typically the ion-exchangeable activator-support is not treated with an
electron-withdrawing anion.

25 In another aspect, the activator-support of this invention can be, or can
comprise, clay minerals having exchangeable cations and layers capable of
expanding. Typical clay mineral activator-supports include, but are not limited to,
ion-exchangeable, layered aluminosilicates such as pillared clays. Although the term
“support” is used, it is not meant to be construed as an inert component of the catalyst

30  composition, but rather is to be considered an active part of the catalyst composition,
because of its intimate association with the ansa-metallocene and the component that

provides an activatable ligand to the metallocene, such as an organoaluminum. While



The amount of ansa-metallocene compound in relation to the ion-exchangeable activator-support used
to prepare the catalyst composition of this invention is typically from about 0.1 wt% to about 15 wt%
ansa-metallocene complex, based on the weight of the activator-support component (not based on the
30 final metallocene-clay mixture). It was also found that from about 1 wt% to about 10 wt%
ansa-metallocene works well to afford a catalyst that operates at desired activities. 59  The mixture
of ansa-metallocene and clay activator-support can be contacted and mixed for any length of time to
allow thorough contact between the ansametallocene and activator-support. Sufficient deposition of
the metallocene component on the clay can be achieved without heating a mixture of clay and 5

metallocene compitsatrrstiesmbplboune tirbgonethifdedisscdohab Seraresrehrreeshis aeat@®i-are simply
mixed from aboutgam IRRE AU {Rsaheld 2Q0GHN Ardecdaachisviadhe depesilional thet

ansa-metallocene on the clay activator-support. |[n another aspect, the a,nsa-metalloceng compound
and the clay matERSATSANRELE FOMBASHS 1 BDEW aBoGEEREE FOBPASHRR 19712 tRE e sition of

the ansa-metallogehentf) on the clay activator-support.  In another aspect, the present invention

encompasseg catalyst gorposiians ormRsing. AN Acidc ARNAIRK SURRAEN.cA0 Samprise a
layered mine¥al. The terfh Mayefed mineral is used herein to aescrib_e materials such as clay minerals,
pillared clays, ioriteshtinmgbaat|sipts exftimtbaveldpsn cxdalpdtaritblaps sl Ethinby YEHAgHER oxide

matrix, layered minetalsmixeaignilliuted Wil othesiatarials, anddedlsorr aayicambingtion thereof.

When the acidic activator-support comprises a layered mineral, it can_optionally be Ireft(g_d with at
iy

least one electrofSMBTEFaWiHSrifish daep Lethovs dreRagahardhh, et g iopRafFiE8yered

mineral is not tregtgghwitbagnhelesireRaih dirwingoaiper. ftibexarbpiecairetst clag ehateriaineral 20
can be useq s the acﬁivator-s%p%t.t%@{ min(azrlz'%lls,&1 ene[rla!)%inclug% thetgl%{gﬁagro of

actvator-Suppo ventl ¢ as S, € peen .ion
fmely-crystalline, shiee -ﬁkeq%yere mineral that are Tound in nature m fine-grained sediments,

sedimentary rocks;changtidevilte, simplevbilis, dodlstitoge butlass lohiydi tousaisicdta KR akatihosilicate
minerals with sheeldike, SHUEHIRARAMGRYGEY SIS WIRGE AR, JisSlei bt aladised to describe

hydrous magnesium silicates with a phyllosilicate structure. Examples of clay minerals that can be

used in this invention inBiAE, EdrdhS MR HoTMpA aE Shisniseamiéan pemPtisst @iHatd (Al) and

tri-octahedral  ¢lays. The term pillared clays is used to refer to clay materials that have been ion
15  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.
20  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. Thus, once the clay is dried and calcined to produce
the supporting pillars between clay layers, the expanded lattice structure is maintained
and the porosity is enhanced. The resulting pores can vary in shape and size as a
25  function of the pillaring material and the parent clay material used. Examples of
pillaring and piilared 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

30  herein in its entirety.
The pillaring process utilizes ciay minerals having exchangeable cations and

layers capable of expanding. Any pillared clay that can enhance the polymerization



(Mg) and derivatives thereof such as montmorillonites (bentonites), nontronites, hectorites, or
laponites; halloysites; vermiculites; micas; fluoromicas; chlorites; 30 mixed-layer clays; the fibrous
clays including but not limited to sepiolites, attapulgites, and palygorskites; a serpentine clay; illite;
laponite; saponite; or any combination thereof. Many common clay minerals belong to the kaolinite,

60 montmorillonitc, or illite groups of clays. Pillared clayg can also be used as the activator-support of
this invention, as disclosed herein. Pillared clays comprise 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 5 polynuclear, highly charged metal complex cations. In one aspect
of this invention, whelafins/isy &t etabrstisoatposision abthe et Hyspienscen hratatibcEhgdetiators, the

layered minerals grg.hipically £AIcIAR BrGiliarheifliseias RatiyRiais: Tiwkiedlwalcirpamiamperatures
can range from about 100C to about 700C, from about 150C to ahout 500C, or from ahout 200C to

about 10 400C. OSBRI SsestRhadeal ik end trigiehedral, Ode)prd dertativ s arSah Brdvides a
catalyst compositienreanmpsitiogiter eeatalitss)carmpesiiies) demaiisinpthgontact ipitgueotof, at least
compound: abd a1 CAREARE o Stop A g B Tt o
i) an activator-suppdvdig dutedd dimited dticsenildaseatiepuigitasa anel alsmerakittes SWTHcatvh, a
layered mineral, Qi {RRnR¥ChapeRaRinGRlyACEI0HRRRLL BAXAOMPRRtIRRIR i llared 1) at
least one organoaluminoxane compound; | . o .
clay activator-support comprises bentonite or montmorillonite, noting that the
principal component of bentonite is montmorillonite.
10 The pillared clay can be pretreated in the present invention. For example, in
one embodiment, a pillared bentonite was pretreated by drying at about 300°C under
an inert atmosphere, typically dry nitrogen, for about 3 hours, before being added to
the polymerization reactor. This example of a pretreatment is not limiting, because
preheating steps such as this many be carried out at many other temperatures and
15 times, including a combination of temperature and time steps, all of which are
encompassed by this invention.

The ion-exchangeable activator-supports such as pillared clays used to prepare
the catalyst compositions of this invention can be combined with other inorganic
support materials, including, but are not limited to, zeolites, inorganic oxides,

20  phosphated inorganic oxides, and the like. In one aspect, typical support materials
that can be used in this regard include, but are not limited to, silica, silica-alumina,
alumina, titania, zirconia, magnesia, boria, fluorided alumina, silated alumina, thoria,
aluminophosphate, aluminum phosphate, =zinc aluminate, phosphated silica,
phosphated alumina, silica-titania, coprecipitated silica/titania, fluorided/silated

25  alumina, and any combination or mixture thereof.

The amount of anse-metallocene compound in relation to the ion-
exchangeable activator-support used to prepare the catalyst composition of this
invention is typically from about 0.1 wit% to about 15 wt% ansa-metallocene
complex, based on the weight of the activator-support component (not based on the

30 final metallocene-clay mixture). It was also found that from about 1 wt% to about 10

wi% ansa-metallocene works well to afford a catalyst that operates at desired

activities.



at least one organoboron or organoborate compound; or iv)any combination thereof. In another
aspect, the present invention provides a catalyst composition 25 comprising the contact product of at
least one first metallocene; at least one second metallocene; at least one organoaluminttm compound;
at least one activator-support comprising a solid oxide treated with an electron-withdrawing anion; and
optionally, an aluminoxane cocatalyst. In still another agpect, the present invention provides a catalyst
composition comprising a first metallocene compound, a second metallocene 30 compound, an
aluminoxane cocatalyst, an optional activator-support, and an optional organoaluminum compound.
However, in one aspect, the catalyst composition of this invention is substantially free of
aluminoxanes, and in ahbehaixgiseet atie-metalienceiand elpn SRIBEOT-HHRPITY 6#Y Of g8 merization

activity in the Subgianiifl-abRENER Ol Al BICNARER allot ARAINEK 2oRGEE HRAVBERS@RT MveNtion
provides a catalyst composition comprising at least one_ first metallocene crocmtgﬂound, t least one
a

second metallocEREARUSHE SR 25HEPt - SHaRFoxanBifshis dragstionn @t Aty PLBBEStion is not
required to comptigep@acactivaticstipparirabd tvhieadd|ysitbam hesitipn dSmismmobf eduireddo comprise

an organoaILgminumm f%rpe%gund.g'[hus ny comll)ing#ion of firsmlnd sec%nd mgéallo%?ﬂgagmpounds as

disclosed hefein Can be combined Wit ‘é’n%’%%% a ﬁrﬁfﬁggi%lﬁeso(%%ﬁ/(%nggarbﬁ Uminum oxides))

disclosed herein noatena} 4G conplyraiiod dfoakurhivd xarssteligeinsed heabint ta0fifFinacedealtgst
composition of thisNETHANABUIIRGH AP COMbINANANALAIS 29Hkseaond Metalaneas copppounds

disclosed herein can be com with any aluminoxane or combination of aluminoxanes, and

optionally, a solictetiers wessbdhmmsarmsaetaemssemenenomand theelepmsting, 2eiayssd doneral;

optionally, an ion;BXeNAREEW BHARIMAIY inlerdSHRPRI QBUR AL MR ITURIS QI IRAMRIAR
compound; and optionally, at least one organoborate compound, to form a catalyst composition of this

invention. 10 AlfRiBS YRS AY SRR Bred to as poly(hydrocarbyl aluminum oxides) or

organoaluminoxanes. Tihcaatiigr calisivStihe pRrRe:r Mis-artoly Ritaihipesiacadystbothgositihinoxane in a
saturated hydrocarbon com oun((:j}:].i solveniﬁr':psct)lugh a%s?tlvent which 20 .is sugstantiafly,}rfleert to the
e

reactants, intermediates, arid 6% R R TR IR ésﬁncg%nﬁ%l ﬁesgéfa)ﬁeﬁee (ggllt%ﬁ%t composition

formed in this maemer tarrbé cotientd dsbysadetihods mjdwnﬂbetmg‘i@fssmﬁmshé@rminm&ﬂing but not
limited to filtratio -1?Jréﬁec@£'¥§ﬁ.%9@m9%ﬂoaa%9 fodﬁﬁ"tgﬁl%‘i%%,'r@gﬁﬁﬁiﬁt&?!m}%rﬁﬁgﬁni gctor

without being isolated. 25In one aspect, the aluminoxane compound of this invention is an oligomeric
aluminum c&np&mﬁ}%@@mlﬁﬁ%@ﬂﬁ@%rﬂmﬂﬂ dilkted wighsthshasieiplietid ey clic, or
cage structures, grdyRically rixibnasiof alleree. WieslctniumiaRxade sempepadchapingshe formula:
Ofn ; wherein layered mineral, it can optionally be treated 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
20 can be used 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, sedimentary
rocks, and the like, and which constitute a class of hydrous silicate and
aluminosilicate minerals with sheet-like structures and very high surface areas. This

25 term is also used to describe hydrous magnesium silicates with a phyllosilicate
structure. Examples of clay minerals that can be used in this invention include, but
are not limited to, allophanes; smectites, both dioctahedral (Al) and tri-octahedral
(Mg) and derivatives thereof such as montmorillonites (bentonites), nontronites,
hectorites, or laponites; halloysites; vermiculites, micas; fluoromicas; chlorites;

30  mixed-layer clays; the fibrous clays including but not limited to sepiolites,
attapulgites, and palygorskites; a serpentine clay; illite; laponite; saponite; or any

combination therecof. Many common clay minerals belong to the kaolinite,



62 R is a linear or branched alkyl having from | to 10 carbon atoms, and n is an integer from 3 to about
10 are encompassed by this invention. The (AIRO)" moiety shown here also constitutes the repeating
unit in a linear aluminoxane. Thus, linear aluminoxanes having the formula: 5 ; 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 invention.  Further, altuninoxa&?s can also have cage structures of the
formula Rts.+"Rb",_ .A14.03., wherein mis 3 or 4 and a’is = 11.443) - 120(2) + n0(4); wherein 12m3)
is the 10 number of three coordinate aluminum atoms, no(2) is the number of two coordinate oxygen
atoms, nom is the number of 4 coordinate oxygen atoms, Fit represents a terminal alkyl group, and le

represents a briceeniratiijlogits, or vitlice cdrompis of Ity oPbeaekistaralian RBOING st 25t§120 carbon

atoms. Thus, alugpj Wﬁiﬁﬂ@ﬂﬁﬁﬁ%ﬁﬁ&ﬁ?ﬁ%@ﬂé’d%xfaﬂnl#ﬁﬁ@d@la% EBrlisd 218y,
R(R-A1-0)41122, and the like, wherein the R group is typically a linear or_branchegéigl.-C6 alkyl such

as methyl, ethyl, BiEgtsdumsape Ao P HER s Rt HRR L aIRFT pYYSIRIEH Thad§iiof & 1 to about
50. In one embodégpieticshe dlpaijpowkitescanapdiane shesihisn nuehtiogeth clirtie |doge, anpitallyimited to,

methylaluminoxane, ethylalyminoxane, n-propylaluminoxane, iso-propyl- 20 aluminoxane,
n-butylalumi%oxapnogj,’1%3%IllJ¥t€§/rl’f:5]ﬁﬁ%'r11 8%% 8? é%’c- %ﬁﬁg%)ﬁwci%&?ghe, isobutylaluminoxane,

1-pentylaluminoxane, 2ipentytapgatinbsiindnsiontytdicnigisket minssalsene isrehaiastiygeor-
neopentylalumingxane, Qi comnniatiens e fine YhIERGRN0 A RNexRNeaUta pifrrent types of

R groups are encompassed by the present invention, methyl altuninoxane (MAO) etto)!(> luminoxane,

or isobutyl 25 aIJ#ﬁﬁé‘)ﬁ%ﬁ%%f%ﬁ:aﬁ%ﬁ%%@é‘éﬁ?&lﬁ‘@%&ﬂ%%remlggfrb@h% ons of this
invention. ThesealuhROXANES REENPIBHETeF0rONbEBaatslataNBIURMr ktiby BOOPIN b ibont
trilsobutylalymin %o%?spectively, 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 63

Organoaluminoxane Activators
In onc aspect, the present invention provides a catalyst composition
comprising, or a catalyst composition comprising the contact product of, at least one
15 first metallocene; at least one seccond metallocene; optionally, at least one
organoaluminum compound; and at least one activator, wherein the activator 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-
20 support, or any combination thereof;
i1) 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
25  comprising the contact product of at least one first metallocene; at least one second
metallocene; at least one organoaluminum compound; at least one activator-support
comprising a solid oxide treated with an electron-withdrawing anion; and optionally,
an aluminoxane cocatalyst. In still another aspect, the present invention provides a
catalyst composition comprising a first metallocene compound, a second metallocene
30  compound, an aluminoxane cocatalyst, an optional activator-support, and an optional
organoaluminum compound. However, in one aspect, the catalyst composition of this

invention is substantially free of aluminoxanes, and in another aspect, the catalyst




aluminoxane in combination with a trialkylaluminum, such as disclosed in U.S. Patent No. 4,794,096.
The present invention contemplates many values of n in the aluminoxane formulas (R-A1-0)11 and
R(R-A1-0)11AIR2, and typically n is at least about 3. 5 However, depending upon how the
organoaluminoxane is prepared, stored, and used, the value of n can be variable within a single
sample of aluminoxane, and such a combination of organoahuninoxanes are comprised in the
methods and compositions of the present invention. In preparing the catalyst composition of this
invention comprising an optional 10 aluminoxane, 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 molarcranpositigneot thin inuentianhesaehmesicatentacthatyatdiroebsentabsassisition is
usually from aboy gt akeut 15,000:1. The amount of optional aluminoxane added to a
polymerization zone is an amount within a range of about 15 0.01 mg/L to ab{)ut 1000 mﬁ;/L, from

mg
about 0.1 mg/L to aboutR GBI 28 Fonth s bBGE PGt W BIR B/ C 2l 8  §amBAIIAMoxanes
can be prepared bynvaiinisgprieae dukefingthichatiseave lbdtnpoun dnathiesat tortkexsctpié snofallocene
organoaluminoxane preparatigns are disclosed in U.S. Paten s. 3 ,0 1. One
example of h%w an gm?n“%ﬁ’o%%ea%aaﬁ%%ufé apnr%pgrneﬁ'g ggpf%if’owg. %tgtggf @%%£9%%§3§I§§d in an
inert organic solvesauiceth theconmetes anidedayatitsnimen ankythsompsbish QUPPSHIOR IR 3160 e the

desired organoalygyARe ARSI At e Bl RdCTRUNAD IS SIBETDE Dol I

believed that this synthetic method can afford a mixture of both linear and cyclic (R-A1-0)" ¢
aluminoxane spefiissSasere BritHRATS CommaBRMsASsclayaf ReTresafobs SRInsh TRy ©
organoaluminoxagesataniRexpiep dpety iy derating atualsmminwxidkyl deoipedntkatich @sA¥R3 with a
hydrated salt, such as.hydrat opper sulfate, in an inert Qrganic solyent. Organehoron and
Organoborat® ACKATTEAL AR e e e S e & Tt P A
catalyst compositiovecaenpriBintheor angatatybingtiompoSifion eoprisind) thetadloncaet wpeindsf, at least

one first metallocgnei,atdeastane.s6cond BEAIIRC DR ORHP Mk AHERS AN oRiREIBROGHUMINUM

compound; and at least one activator. The activator can be selected independently from: at least one

activator-support HumpisERss ek pptigndlhst deliskgaitaliraiebXaHe ¥bFIpoTaVER A2k Sne

organoboron or osgRAORPALaLOMPALPE 01 AMsLONinaHAT thal coh-Satridiegl, dentoaspect of

the present Lgvention the at 5 least one activator ca%be selected from A I ast one toi’e%gpoboron

compound, Iea%’tpé)ﬁ'et’o?ﬁté% Sréfe ?:%Srtn?)% R 07 % COnBInator theres tonatly, & one
organoborate compound, to form a catalyst composition of this invention.

Aluminoxanes are also referred to as poly(hydrocarbyl aluminum oxides) or
organoaluminoxanes. The other catalyst components are typically contacted with the
aluminoxane in a saturated hydrocarbon compound solvent, though any solvent which

20  is substantially inert to the reactants, intermediates, and products of the activation step
can be used. The catalyst composition formed in this manner can be collected by
methods known to those of skill in the art, including but not limited to filtration, or the
catalyst composition can be introduced into the polymerization reactor without being
isolated.

25 In one aspect, the aluminoxane compound of this invention is an oligomeric
aluminum compound, wherein the aluminoxane compound can comprise linear
structures, cyclic, or cage structures, or typically mixtures of all three. Cyeclic

aluminoxane compounds having the formula:

{ihot

: wherein



In a further aspect, the present invention provides a catalyst composition comprising the contact
product of at least one first metallocene; at least one second metallocene; at least one
organoaluminum compound; at least one activator-support 10 comprising a solid oxide treated with an
electron-withdrawing anion; and optionally, an organoboron or organoborate cocatalyst. In another
aspect, the present invention provides a catalyst compgﬁition comprising the contact product of: at
least one first metallocene compound; at least one second metallocene; an organoboron or
organoborate cocatalyst; an organoaluminum compound; and optionally, an activator- 15 support. In
this aspect, the catalyst composition is not required to comprise an activator-support. Any

ansa-metallocend®csm poemicdtisensbed derbhevas Beredribil{bertonh HPHRIMETOKRhBEREDN or
organoborate coggialystp ASalP36ARYURIFmBERRY HPMRITAHGHAT OIRNPIRDY) MoRganeharate

cocatalysts disclosed herein, alpng with a component that provides an activatable ligand such as an
alkyl or hydride li§5¥d %ﬁ’t&?ﬂ@ﬂﬂ%faﬁ]&%éﬁ%?%rflﬂﬂte I ctalfBen A BN ds %B or;l’ﬁﬁ%rady
comprise such a lpanidosaeh ks/ag thgfmdalaminum compound; to form a catalyst composition.
Further, any combination of first and second metallocene gpmpounds disclosed herein can be
combined with any an organoboron or organoboratescocatalyst; an organoaluminum compound;
optionally, at least one aluminoxane; and%}%gﬁrlalﬁ)?ﬁ@é activator-support; to form a catalyst
composition of this invention. However, in ontelaspect,thegatalyst composition of this invention is
substantially free of organobomn or organobotate compound‘é’,hﬁlﬁépin another aspect, the catalyst
composition of this invention have polymerization activity in the substantial absence of organoboron or
organoborate corﬁp‘é&r}&}?a‘?,@m’@ﬁ@hﬁéﬁgﬁﬂ hayime Giorad' g eag 8W8Wo?ﬁgﬁ%8%wte%hpound
can be used to ref@iid eeskicat boyar ennprungasedibyaisalis;,catieambinations thereof. For example,
the organoboron compaunds of fhis iavention can cemprize. A UotQrRRe R.AAreR coppound. a
fluoroorgano borate compouhd, or a combination ereof. %ny uoroorgano boron or ffubroorgano
borate compound.Ahe@m.invherein wais Beoudlpnste Tiietermy fiusraotdans DOSKIBAMPDIETES has its
usual meaning toaig. 1o PaEtRLGAmRALRHRRAIRE MBS, ThadaimBuosperapnRarale

compound also 5 has its usual meaning to refer to the monoanionic salts of a flyomorgano boron

compound of the YSY8FIcABEHI B, i yRss 05 éh O Hingis ATREBYIME FrolRP 8P dhvenience,

fluoroorgano boragrandifurFDerga) aliDrRAteseREL N Us R Hisa B sgferedda Bollectively by
organoboron conc';})%%mdﬁ, o leilither name, as, ga%)r%ltg%gnrgquires. 10Examples of fluoroorgano
borate compoun < A1 Tah beusag™ c%%atﬁys Sirihe present invention include, but are not limited
to, fluorinated aryl borat€suspalnmzofdnds dimdihytanitientst genekil(befafubas picngd) Todle,
triphenylcarbeniup tetsakis(pgntafisior, ypbor Fhium, tatrakis(p te,

N, Ndimethy?gnilin{?é'r’ﬁ Et@#a%ig §“§%!qs (t%%%rﬂ%%h%%%%%ﬁ%oﬁat%@% p ﬁgﬁ%ﬁygggﬂ S{n?%%gg{:a
tetrakis[3,5-bis(tri‘?ﬁ?ﬁ?@%ﬂiﬁ%@‘lﬁ}ﬁb%@%stﬁ‘éﬂkéﬁﬁﬂuﬂﬂ%’Wﬁ%ﬁﬁ]r’e%f#@‘ﬁéd’l’.h@?g}ﬁbles of

fluoroorgano borgp,campeepdsciateambadisadms casatdysissn thenpsesibymnidat inglude, but
are not limited to, }ris(pentafluorophen lNboron,. tri?}é%,S-bis(tr_iflLfo omegthyga/hergfl]kforc%n apd the like,
including mixture@HTXPSSAIA ARTBAUAM ierlin g B B BB TS Béeth To18WinGCthebR thed

heory,e gnesé examples
20 of fluoroorganmé&byatkmng thneroorgtindaboninocampoundsoppbikeldtegaoempoiseesppye thought to

e {C R DR YAIGR S8R S HARRAME LR RIR AR sigoed In U-S-
butylaluminoxane, 1-pentylaluminoxane, 2-pentylaluminoxane, 3-pentylaluminoxane,
iso-pentylaluminoxane, neopentylaluminoxane, or combinations thereof.

While organoaluminoxanes with different types of R groups are encompassed

by the present invention, methyl aluminoxane (MAO), ethyl aluminoxane, or isobutyl

25  aluminoxane are typical optional cocatalysts used in the catalyst compositions of this
mvention. 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



Generally, any amount of organoboron compound can be utilized in this invention. In one aspect, the
molar ratio of the organoboron compound to the 25 metallocene compound in the composition is from
about 0.1:1 to about 10:1. Typically, the amount of the fluoroorgano boron or fluoroorgano borate
compound used as a cocatalyst for the metallocene is in a range of from about 0.5 mole to about 10
moles of boron compound per mole of metallocene compound. In one aspect, the amount of
fluoroorgano boron or fluoroorgano borate compound used as a cocatalyst 30 for the metallocene is in
a range of from about 0.8 mole to about 5 moles of boron compound per mole of metallocene
compound. 66 Non-Limiting Examples of the Catalyst Composition Examples of the catalyst
composition of thidvimrmsydos imetmehinisnaritha triphndelusimetoisivinglisaleisd asHeetsteabn-limiting
example, the catq\}g_stgrggmmition can comprise, or the catalyst composition can comprise the contact
5product of, at least one first metallocene, at least one second metallljgﬁgene, t least pne

organoaluminum compdidP B aloEn P RIsHRATSSTRPS AR i @14 DINBRETE
(CIT2)2CHH2 H3GrailgaHBHOIOS] and R(R-A-0),AIR,, and typically n is at least about 3.

5  However, depending upon how the organoaluminoxane is prepared, stored, and used,
the value of n can be variable within a single sample of aluminoxane, and such a
combination of organoaluminoxanes are comprised in the methods and compositions
of the present invention.

In preparing the catalyst composition of this invention comprising an optional

10  aluminoxane, 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

15 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

20  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-0), aluminoxane species, both of which are encompassed by this invention.

25  Altemnatively, organoaluminoxanes can be prepared by reacting an aluminum alicyl

compound such as AlR; with a hydrated salt, such as hydrated copper sulfate, in an

inert organic solvent.

Organoboron and Organoborate Activators
30 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



(C142)2CH=C112CH2CH=C112 , or any combination thereof; c) the at least one
organoaluminum compound comprises triethylaluminum, tri-n-butylalumintun, triisobutylaluminum, or
any combination 5 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 productégj, at least one first metallocene, at least one
second metallocene, at least one organoaluminum 10 compound, and at least one activator-support,
wherein: a)the at least one first metallocene is selected from t-Bu t-Bu fike t-Bu Ph'.k t-Bu

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; at least one organoboron or organoborate compound; or

any combination thereof. Accordingly, in one aspect of the present invention the at

5 least one activator can be selected from at least one organoboron compound, at least one

organoborate compound, or a combination thereof.

In a further aspect, the present invention provides a catalyst composition
comprising the contact product of at least one first metallocene; at least one second
metallocene; at least one organoaluminum compound; at least one activator-support

10  comprising a solid oxide treated with an electron-withdrawing anion; and optionally,
an organoboron or organoborate cocatalyst. In another aspect, the present invention
provides a catalyst composition comprising the contact product of: at least one first
metallocene compound; at least one second metallocene; an organoboron or
organoborate cocatalyst; an organoaluminum compound; and optionally, an activator-

15 support. In this aspect, the catalyst composition is not required to comprise an
activator-support.  Any ansa-metallocene compound disclosed herein can be
combined with any of the organoboron or organoborate cocatalysts disclosed herein, or
any combination of organoboron or organoborate cocatalysts disclosed herein, along
with a component that provides an activatable ligand such as an alkyl or hydride ligand

20  to the metallocene, when the metallocene compounds do not already comprise such a
ligand, such as an organoaluminum compound; to form a catalyst composition.

Further, any combination of first and second metallocene compounds disclosed herein
can be combined with any an organoboron or organoborate cocatalyst; an
organoaluminum compound; optionally, at least one aluminoxane; and optionally, an

25  activator-support; to form a catalyst composition of this invention. However, in one
aspect, the catalyst composition of this invention is substantially free of organoboron
or organoborate compounds, and in another aspect, the catalyst composition of this
invention have polymerization activity in the substantial absence of organoboron or
organoborate compounds.

30 In one aspect, as provided herein, the term “organoboron” compound can be
used to refer to neutral boron compounds, borate salts, or combinations thereof. For

example, the organoboron compounds of this invention can comprise a fluoroorgano



t-B , or any combination thereof; 68 b)the at least one second metallocene is selected from
awn=cii2(C112)2CH=CH2(el-12)20-1=C112 ,orany combination thereof; 5c)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 coggposition can 10 comprise, or the catalyst
composition can comprise the contact product of, at least one precontacted first metallocene, at least
one precontacted second metallocene, at least one precontacted organoaluminum compound, at least
one precontacted olefin, and at least one postcontacted activator-support, wherein each of the first
metallocene, the bewsorepmsenbce fuorhergarmhorigraRmnAuEsn i curRm birabasithered tH % ctivator-

15support are as GieRseRAO Y& or fluoroorgano borate compound known in the art can be
utilized. The term fluoroorgano boron compounds has its usual meaning to refer to
neutral compounds of the form BY3. The term fluoroorgano borate compound also
5  has its usual meaning to refer to the monoanionic salts of a fluoroorganc boron
compound of the form [cation]'[BY4], where Y represents a fluorinated organic
group. For convenience, fluoroorgano boron and fluoroorgano borate compounds are
typically referred to collectively by organoboron compounds, or by either name, as
the context requires.
10 Examples of fluoroorgano borate compounds that can be used as cocatalysts in
the present invention include, but are not limited to, fluorinated aryl borates such as,
N, N-dimethylanilinium tetrakis(pentafluorophenyl)borate, triphenylcarbenium
tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)borate, NN-
dimethylanitinium tetrakis[3,5-bis(trifluoromethyl)phenyljborate, triphenylcarbenium
15 tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, and the like, including mixtures
thereof. Examples of fluoroorgano boron compounds that can be used as cocatalysts
in the present invention include, but are not limited to, tris(pentafluorophenyi)boron,
tris[3,5-bis(trifluoromethyl)phenyl]boron, and the like, including mixtures thercof.
Although not intending to be bound by the following theory, these examples
20  of fluorcorgano borate and fluoroorgano boron compounds, and related compounds,
are thought to form “weakly-coordinating™ anions when combined with organometal
compounds, as disclosed in U.S. Patent 5,919,983.
Generally, any amount of organoboron compound can be utilized in this
invention. In one aspect, the molar ratio of the organoboron compound to the
25 metallocene compound in the composition is from about 0.1:1 to about 10:1.
Typically, the amount of the flucroorgano boron or fluorcorgano borate compound
used as a cocatalyst for the metailocene is in a range of from about 0.5 mole to about
10 moles of boron compound per mole of metallocene compound. In one aspect, the
amount of fluoroorgano boron or fluoroorgano borate compound used as a cocatalyst
30 for the metallocene is in a range of from about 0.8 mole to about 5 moles of boron

compound per mole of metallocene compound.



The Optional 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 20 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 digglosed herein, comprising an optional ionizing
ionic compound cocatalyst in addition to these 69 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 ionizidlpivhitisizenBoureies i &4l Carenet egpettionhe present invention provides a 5

catalyst composition comppyising frlarstans Ansapsialie eeneicavarindiagdisclasedehesein, at least
one ionizing ionic compound cocatalyst, optionally at least one activator-su%ggrt, nd optionally at

least one organoAEHFAUIR dimPYaNERE: xalh SREE SPRSHTZRTg 1Mt RERD STRY P HIScRBEEN U.S.
Patent Numbers Sdufiin&iBOnaceh Sc80p: %38 01 GAd matiisigaaniogampoamddsprsoithe eonmpsund which
can function to enhance the activity of the catalyst composition. Whi b it is
believed that%ohe Pgﬂldzul(r:?go?b ﬁflacﬁag%tn%%%é he I(I:lgtr@llagec%%pgﬁ%a%ﬁ‘orré%?:?fﬁéﬁwgl]t%at?%gfna%ia Iggz%%%ﬁgompound
and converting thergasealivoisnm ienmpesadiomd #hisesl ooe AetivaPHBIRETAYREFEhile not intending to be
bound by theory, it is believed that the 15 ionizing ionic compound can fungé#en asamionizing
compound by completely or partially extracting an anionic ligand, possih)) @@ kadignyl ligand
such as (X3), (X4), (X7), (X8), (X11), or (X12) from the first and/or second-etattocengs. However, no
aspect of the present invention depends on any theory of action, regardlesgrofwhethey the ionizing
ionic compound ionizes the metallocene; abstracts

) the at least one first metallocene comprises R

t+B CQQ +Bu  tBu

Ph""fru. it Cl

. : H - H
/ , \ /

Phu,, wanCl
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N o
, Or any combination thereof;

\%
10 b) the at least one second metallocene comprises )
E «CH, fet

Clam., Hf WwilClL

By B O]

CHCH-CH; CH,CH=CH,



20 an (X3), (X4), 00, 06, (xi), or (x12, ) ligand in a fashion as to form an ion pair;
weakens at least one metal-(X3), metal-(X4), metal-(X7), metal-(X8), metal-(X11), and/or metal-(X12)
bond in at least one first and/or second metallocene; simply coordinates to at least one (X
mechanisms or combination of mechanisms by which activation can occur. Further, it 25 is not
necessary that the ionizing ionic compound activate thg-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 30
following compounds [ Nborate, tri(n-buty onium
tetrakis(m-tolyOborat i 2,4- dime ylphenyl)bomﬂwmmmonium
tetrakis(3,5-dimetlydphenyborate, 70 tri(n-buty)dmmaoniumtetrakis [3 ,S-Q,j,g(frrj}flgoromethyl)phenyl]b

Oborate,N,N-dimeth ipjum
ptolypborate,N,N-
,N-dimethylaniliniu

tetrakis(3,5-dimethylphen§ijbeiade, N,N-dimethylanilifflicE=ci | anen=cil;
tetrakis[3,5-bis(trifiigoromethyl)phenyl]borate, N,N-dimethylanilinium tetrakis(pentafluorophenyOborate,
triphenylcarbenium t CiS Oborate, triphenylcarbenium tetrakis(m-
tonI)borate,triphe@ylcgrbeniumtetrakis(z,4-dimethylphenyl)borate,

triphenylcarbenium ?fl“ﬁl‘%‘fgi(fs,5-dimethylphenyl)borate,triphenylcarbenium 10 tetrakis[3,5-b
is(trifluoromethyl -@y orate , triphenylcarbenium tetrakis(pentafluorophenypborate, tropylium
tetralcis(p-tolyObdrate #0pylium tetrakis(m-tolyl)borate, tropylium tetralcis(2,4-dimethylphenyOborate,
tropylium tetrakis(3,5-dimetiapphe ngQhgrasmbiirpshiuhirtaifakis[3 ,5-b is(trifluoro- methypp
henyllborate,tropyliumtetrakis(pentafluorophenyl)borate, lithium 15tetrakis(pentaflugr borate,
lithium tetrakis(phenyl)bC rate,gﬁﬁiur%t tetﬁr%%?s(p&e organoalumniil con%gm@ %oq-f?m!&
triethylaluminum, tri-n-butylaluminum, triisobutylaluminum, or any combination

5  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, of the catalyst composition can comprise the contact product of, at least one
first metallocene, at least one second metallocene, at least one organoaluminum

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

a) the at lcast one first metallocene is selected from

Bu l-Bth-Bu
Phu,, ntCl

C Hf.
P ~~¢i

#  or any combination thereof;



tolyl)borate, lithiumtetrakis(m-tolyl)borate,lithiumtetrakis(2,4-
dimethylphenyl)borate,lithiumtetrakis(3,5-dimethylphenyl)borate,lithium tetrafluoroborate, sodium
tetrakis(pentafluorophenyoborate, sodium tetrakis(phenyl) borate, sodium tetrakis(p-tolyOborate,
sodium tetrakis(m-tolypborate, sodium 20 tetrakis(2,4-dimethylphenyl)borate, sodium
tetrakis(3,5-dimethylphenyl)borate, sodium tetrafluorobggate, potassium
tetrakis(pentafluorophenyl)borate, potassium tetrakis(phenyl)borate, potassium tetrakis(p-tolyl)borate,
potassium tetrakis(mtolyl)borate, potassium tetrakis(2,4-dimethylphenyl)borate, potassium tetrakis(3,5-
dimethylphenyl)borate, potassium tetrafluoroborate, triphenylcarbenium tetrakis(p- 25 tolyl)aluminate,
triphenylcarbenium tetrdRis(mhstypatunifaste, enphepsdeatbemellocene s selected  from

tetrakis(2,4-dimethylphenyDaluminate, triphenylcarbenium tetrakis(3,5- dime nyl)aluminate,
triphenylcarbenium teprakisin uorophenyl)al =-=~-- tppylium tetrakis( l)alumiriate, tropylium
tetrakis(m-tonDaIump tetrakis(2,4-|p Dalutninatg, tr pyliym tetrakis(3,5- 30
dimethylphenyl)aluminath trepylium tetrakis(pentaflhorg,@nyI)aIuminate, it ?@rﬁ'c

tetrakis(pentafluorgpheny Br ginate, lithium tg! (OMemypaluminate, |j r"\)
tetralcis(p-tolypal @@ lit pur) [ S(23=771
dimethylphenyl)alufiinate, Iit

phenyl)aliminate, sodium

eotassium

atassium tetrakis(m-tolypaluminate,

@} dimethylphenypaluminate,

s 2nonafluorobiphenyl)fluoroaluminate,

silver tetrakis(1,1,1,3,3,3- or silvggt.CH=CH: _ or any

tetrakis(perfluoro-t-b%tox&al&minq;e, or any combination thereof. However, these ionizing ionic
combination of;, ' . . T . . ;

compound are exempfary, And the ionizing ionic compound is not limited thereto in the present

invention. 155The OlefircMonoatiier at Insast aspect, AeprayERYAYe NEORRSHEEA M pRsapEses

polymerization C@I%M?lﬁﬂﬁ?ﬁﬂﬁﬂ'%ﬁ%ﬂﬂﬂﬁkﬂﬂin%@ REIYBGHEALRMGALa ISt SAMBSsIiRRiGRMPrising

the contact product of, at least one first metallocene, at least one second metallocene, at least one

activator, and opﬁ]é?‘fﬁ‘ﬁgi #deast one co-catalyst, as disclosed herein. 20 Unsaturated reactants that

are useful in the polymefjzatiom$iorassas Wit satadypheo orpasiens aiftpratastes of this invention

include olefin compounds haﬁ/inr%ts_rlom 2 to about 30 carbon atoms per qlegule and having at least

.. L & er.aspect or non-lmi cXal IrlTe] the. Cirl’fa St_composition ca
one olefinic double bond. A% ymeriza

s aR S e B AP ES SRS Ho R8P0 Ioh processes using a single
olefin such &8 ethopmpesor ripydetatysasowmplisitioospolgenerisa oncdeioneduitiohtideat one

precontacted first metallocene, at least one precontacted second metallocene, at least
one precontacted organoaluminum compound, at least one precontacted olefin, and at
least one postcontacted activator-support, wherein each of the first metallocene, the
second metallocene, the organcaluminum compound, the olefin, and the activator-

15  support are as disclosed herein.

The Optional Ionizing Ionic 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
20  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



25 different olefirtic 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. 30Acyclic, cyclic, polycyclic, terminal (a), internafglinear, branched, substituted, unsubstituted,
functionalized, and non-finctionalized olefins can be employed in this invention. For example, typical
unsaturated compounds that can be polymerized with 72 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-metpifiericorapraciis4 Harenst. in ojeteaet; thhestalyst ounageien sffthizdpentannhy |-
1-hexene, 1-heptgng iénheRis Te3SPRRIEAE HifemporniR! Akdanascthe: yeaomaalnapgnes, the
five normal 5 decenes, and mixtures of any two or more, thereof. Cyclic gnd béc clic olefins, including
but not limited to,CWB%H%%@&HB%%VHWFH%%?%G?Bﬁﬁﬁéﬂi%‘ﬁes,u ?%“fhaé Ti%ee,n &&n also be
polymerized as desuitigitlgpdaaitecompbinaiie spélttnothenapeopohymesdstdestretnthevidisamer
ethylene can be copolymerized.with a comonomer._ In another nomer 10
SRR e e L G R L
1-pentene, 2-penhsrrin,3anébsyl-anepémising, PR tbRIRPPYFEN renalysth optisaalyhat st 9M%exene,
3-ethyl-1 -hexeneacm?&tguq%o&%atsﬁﬁo&mﬁat%@b e RsinB A eRtERRsothe. fesaRgreal
nonenes, or the five normal decenes. In another aspect, the comonomer can b é?g tene, f%;-pentene,
1-hexene, 1-octeRE ‘QuFle g coBRgHahare digslgsrd Ja & fate h%ﬁﬂ?%fﬁc% r%ﬁeain troduced
into a reactor zonggo7@iriuce the copolymer is generally from about 0.01 to about 10 weight percent
comonomerllaased on the total weight .of thI% monomer a%dicomongmgr“jﬁc%ngége g%)eé:ttothe amount
of comonomier introducétintd & reaclor 2one Js trom about 0.61 16 20 about 5 weight percent
comonomer, and énbstilicathsthetivagpet théroatehisb gebsisiono Whilseighbpma &t beprbnibrister based
on the total weighjgtthg HMENAUReLAhEORAL UBEHoMIE Bat RN epiRNot RiUTficiaahiarive the

above described concentrations by weight, in the copolymer produced can be used. While not

intending to be b&MFRIBGERFCoRISMAD RRdCRVEtiRgatSr eBt; i8fh a1l ComAiHIARSASlizZed

olefins are used apkgRGIRANIA ghis, Malievest thahaisgicdbRBaRREahdsars deiiosdtaw the
ponmerizatho; process. Thus, branche andlggr cyclic portion%sl)nof the oIefH1 remove% tgi)mewhat from
r e

the carbon-carbolP H6tSeBEhFWEA A5t De enff)glétee% ¥ 1A rgchcémrﬂggléfllor%J Ynct%népway)fh?art the same
olefin substituentpsitubjeckmatnpraximaiadditedabsibiyasbomedgtilediond Higght. sncbres 30 aspect,

at least one reactapi for the Q@éalgtgo(g?prgs&ip nﬁlf H10is ‘%’@?#&”J&%P%'?%%ﬁas eq;iﬁ&gl,}{_:@erizations
poly [ ith a diffe I

are either homopolymerizations’or ¢ erizations wit rent acyclic, cyclic, terminal, internal,

linear, branched, Hokretituteth @spect of the present invention depends on any theory of action,

regardiess of whether the ionizing ionic compound ionizes the metallocenc; abstracts

20  an (X3, XY X)), X3, X™), or (X'?) ligand in a fashion as to form an ion pair;

weakens at least one metal-(3°), metal-(X"), metal-(X"), metal-(X®), metal-(X'"),

and/or metal-(X'?) bond in at least one first and/or sccond metallocene; simply

coordinates to at least one (X°), (X%, (X7, X®), (X', or (X*?) ligand; or any other

mechanisms or combination of mechanisms by which activation can occur. Further, it

25  is not necessary that the jonizing 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

30 following compounds: tri(n-butyl)Jammonium tetrakis(p-tolyl)borate, tri(n-butyl)-

ammonium tetrakis(m-tolyl)borate, tri{n-butyl)ammonium tetrakis(2,4-

dimethylphenyl)borate, tri(n-butyl)ammonium tetrakis(3,5-dimethylphenyl)borate,



73 unsubstituted olefin. In addition, the catalyst compositions of this invention can be used in
polymerization of diolefm compounds, including but are not limited to, 1,3- butadiene, isoprene,
1,4-pentadiene, and 1,5-hexadiene. 5 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 activator, and optionally at least one
co-catalyst, as disclosed herein. In one aspect of this invention, the at least one first metallocene, at
least one 10 second metallocene, or a combination of both first and second metallocene can be
prec,ontacted with any other catalyst component, including, but not limited to, an olefinic monomer. In

this aspect, the ofeifitrtuohemaeuisey in atgpkistdathisirslueseretmdehraybbesty the Hfe olefin
monomer to be pelyaH#&shiRFECONREHRE(BLARTIGSD RSB RIRCONTa MR dhizRakAINailifst

metallocene, at least.gne second 15 metalloiene or a.combination th re&c{)}‘&m}h option lm_at least one

olefinic monomer BRI ANYES ond oh WMHW%C&SWS 5

oha Y at least one
activator such asdintiegiataifielidroxid eadtivetdrdimpihytpfiony hrstgeeriodNgf imetiyrlaritmoontacting the
precontacted;mixtyre with-any remaining catalysteumposiian somponenis: netemplangd-n the
precontactindg stetf):u.tr C}F@(sgﬂﬁee, ¥fl1%e£| f}g]t)%%r%gd of @%ﬁg %an%%ntact,gthe 1pglge’contact time, between a

first metallocene reetetiphanythetiieendl. Nrisnethibanidtismer telrkistrorginerarieanlb@tatalyst can

typically range fropfitpe @boushlnninuigriQiaBadiAb LS, anthHam@pidnl 1o fhakisirhour is
typical. Precontact times from about 10 minutes to about 30 min t%f& e,als&(?lp'a/}g}ical1 ESInt this aspect
and example, ont¥¥HRESeontacte dFIPRSETERESHBRE than oﬁ%ﬂﬁl'i‘é R RENRB Rracted with

the remaining cateiysémasapenition comeanesisssdilnahyipesiijivistéermedripiepdsscontaocted mixture.
For example ,a precqnt ixture of first.and ond metallocenes, olefir:
FI‘O {etrzﬂ(l ,gggisggn)%uor% e{ﬁy@%&t&njﬁﬁ 5a c%%ﬂ%%?@ﬁ%ﬁéﬁﬁmj

organoaluminum &ocat: yst'can constitu (;Féd mixture, which sequently be
contacted with a stikistricrsadowvenbenib)boratca ptrsidivmctettmakisPeolyl)bematy, tHeopyiwdntacted

mixture can be algwed (9-{SRBRCONEE) IRMA I8N PRSI RERICORRFAAIRE, prior to

being initiating thgatrzﬂisﬁ,S-dimethylphenyl)boratc, tropylium tetrakis3,5-bis(trifluoto-
methyl)phenyl]borate,  tropylium tetrakis(pentafluorophenyl)borate,  lithium

15 tetrakis(pentafluorophenyl)borate, lithium tetrakis(phenyl)borate, lithium tetrakis(p-
tolyt)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-tolyf)borate, sodium

20  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-

25  tolyl)aluminate, 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-

30  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-



polymerization process. In one aspect, postcontact times between the treated solid oxide
activator-support and the precontacted mixture typically range from time about 1 minute to about 24
hours, and from 0.1 to about 1 hour is typical. Postcontact times from about 10 minutes to about 30
minutes are also typical. 5In another aspect of this invention, any combination of various catalyst
components can be contacted in the polymerization rea}f?tor simultaneously while the polymerization
reaction is proceeding. Alternatively, any two or more of these catalyst components can be
"precontacted” in a vessel or tube prior to their entering the reaction zone. This precontacting step can
be a continuous process, in which the 10 precontacted product is fed continuously to the reactor, or it

can be a stepwisdisetiaiphonseaprodeste, inlithinionh schakinbi-gractntabesy Wymirgteadifduatided to

make a catalyst GopypRsHiaRititPrecCRIRRING fieprap-hamaiigH-ayhaveimiime pedpehthat can
range from a few seconds to as much as several days, or longer. In_this aspect, the continuous

e
precontacting stefs ES{REEPRILMIN 5m sHsBEm petp %a&%ﬂﬁ’héﬁ U o THARE Bspect, the
continuous precomigtitin@gniere, Csodimst typaka(, drdimabolphdiy/Helmondsdp sodouw 4&tmakis(RSs, or from
about 1 minuge oo Ran PR ERinare 12N E (e PIREGRIARINGRIRGESS carBaRfied out in
multiple steps, rather an & e gﬁa step, in which multiple MiXUres are prepdred, each comprising a

20 different set ofatecilfptwafmommheny Rbmeingin pletastilantairglismiaybelborstn eatastitnbe
contacted formingegaﬁgwaqu&gu%ed byogggﬂ%tingtgmg{g%qg@qgwim@} Ieafgtgg@ag{her

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

carried out in a sifsgRFSEES=lBIAY RhRYIR beagate, FurthaPoRHiBle precotﬁ’['ﬁtlﬂ?ng step&edin be
carried out in serig@imehylsiesiybatiatinaty) pactdiaiusr atcasihinotbmihereof tidieryanipdaiuafirst
mixture of twp cafalyst.components can be formed in a first vessel,.a second mixgur rising the
first mixturevi/g us %)nns?;dg it"ilgl)wnaalﬁélé) é’l)}g%%rgrﬁpgﬂrgﬁ{uglalﬁ%% formeds inthe fi% %/kelséfséﬁc])c??fﬁlg second
vessel, which is thgiediiprpiserdrioolaishadeninatah erfisdyer teedkis ponitotr-hbpest)ainmiveihore of the

catalyst componegts, ca i SRl AL A0SR IR AR I RIS NIAR DSLBAH SIS ERpigample, part

of a catalyst componént can be fed into a first precontacting vessel for precontacting with at least one
other catalyst corfisbiieiRnizmeieRis remppyne isgrahinitsdbeesih<he BiFRsBHENERR be fed 75 into a
second precontacting vessel for precontacting with at least one other catalyst component, or can be
fed directly into ﬂﬁ’ re gﬁor r a combination thereof. The precontacting can be carried out in any
suitable equipme %ﬂ "ajggfgﬂ'i?grstirred mix tanks, various static mixing devices, a tube, a flask, a
vessel of any type, or afy Sncaspizictation greseadfinventivorecasgestefor prbymptizaticcatatgbtstomposition

and = first merallse B e oty contact
, y contacting
this precontactedcamsairodiest & tdeast anenfirshaewliacsns i irngtforcaterond stallsgieFninutes up
to one hour to forgdheactivewRtalystd optionally at least one co-catalyst, as disclosed herein.
20  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 cthylene or propylene, as well as copolymerization reactions with at least one
25  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.
30 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



The precontacting step typically increases the productivity of the polymer as compared to the same
catalyst composition that is prepared without this precontacting step. The enhanced activity catalyst
composition of this invention can be used for homopolymerization of an a-olefin monomer such as
ethylene or copolymerization of 15 an a-olefin and a comonomer. However, neither a precontacting
step nor a postcontacting step is required for this inven;@n. 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 20 the precontacted mixture is immobilized, adsorbed, or deposited thereon. For
example, the posteeatrirsts afishifdnvarfioe inehrda bt dasiEB b9 POPYEHb doP Uty 2-

Temperatures befyyege abauhFOEdRaROWBR 18k, ty?@iﬁéﬁt:!hepeﬁ%ﬂéﬁeﬂﬁl%ﬂﬂdp@h@uel .one aspect,

the molar ratio of the combination of first and second 25 metallgcepne compounds to the
organoaluminum R&iolRerieas: b%’?%ﬁ?%b%’&?i‘?ﬁo%%ﬁi‘?ﬁ’: ﬁj F(ﬁ%ﬂ?liﬂlﬁ%gﬁ’nelr'g%%%% the molar
ratio of the combingtiene,¥f-ficpteanptisefrandoneshboteng tefipo uodsdontinenesy drdive monuah
compound can be from about 1:1 to about 1:1.000, and |n notl'f‘erésaciacta op.aput fudnto about
1:100. Thes§ mo%rc?gﬁsdsa}le lect gsré)t%oag¥t %008%1 ined Tirst and ecgn melt%?l ocene compounds

30 to the total amoghtliviedrgaesHimitait toncrelensoiand. ieypletisxkres redoreslued rarkairediens the

postcontacted mixtyre CerabIARdIsd Be polMERR REQRIEBEEAB0SIEP Is used, generally, the molar ratio
of olefin monomer to the combined first and second metallocene compounds in tqe precontacted

mixture can be from abdBtCEo 8RS Sin 84 GoceBPME: B SIFrieh RS AP B RE B another
aspect of this invesapisipmidizeueigtt séisnehtiresolid axide:nativaioiaripeo kgfahe alomrinomecompound

can range frgm about 1:5 to about 1,000:1. In another aspect, the weight ratio of the solid oxide
activator to @: o%&gﬁgglﬁjrlrl%naﬁ?nngélr% quﬁédt%’aﬁr%%yﬁg‘?h g%(‘)ltétnifﬁgug%n&?ﬁ& )fn:ln%ulgﬁnfét another

aspect, from aboisobutylengbolipsatdne] Ofanarftertbe rlamethol dfnbideirty e timathirlel wendgnesatio of the
combination of firgt. and segand metpllacenes i realsd R0lid RyidR.aotyai RS RRASARN e 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 FRSENERh8StEE T R P U BRI IS Rb IS B TR ESF h e FrBRAR fout 1:10 to

about 1:100,000, apetinah sshmaaRe chnnyn ot 1 bpedtete, abpetehe] A0k tene, Qniz@speot of this
invention is that aluminoxane is not required to form the catalyst composition disclosed herein, a
feature that allowSBREr polymer production costs. Accordingly, in one aspect, the present invention
can use AIR3-type orgahoahgnaipach corgpoeind ofindecteate drswiibiend deta ctiveiderseppote in the 20

absence of alumiggapes, AJGIAALY s SXPRRPNS ARG POIPRIIISLI KA AR ERRired (o

form the catalyst'composition of this invention, afthough aluminoxane, borate compounds, MgC12, or
any combination tREWESIRPaisHorhMerettlsuaightne BatgReBehHd<saBIewss iHVAMIBA Further, in

one aspect, cocajghsststhtiahAmAGHRIRRDHBARS i AFEARM KA GRRRAUBHS id arizRGdengceampounds,

orany 20 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,

25  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

30  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



25 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. 30Thus, in one
aspect, this invention provides a process to produce a@talyst 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 77 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 atisabstBniehetifitoris addisienathe catalipse garanasifions of i HIRAECD @HRRer aspect,

the present invengign B{%@?ﬁeﬁzﬂfﬁﬁﬁsﬁel@fﬁf%’;ﬂﬁ&ﬁcﬁ?ﬁﬁb{ﬁai‘ﬁ@m@pﬁi&iQLBt GRMEIENg, 3-
contacting at least ong first metallocene, at Jeast one second.metallocene, optionally, at least one

ec
olefin, and at leaP SR BF o ARIERS i TR EHBE AN for A5 riod of time to form a precontacted

mixture comprising at least one precontacted first metallocene, at least one precontacted second

10metallocene, a#,i_ggg} qne. %ﬁg%’é%fatﬁ‘ét%g%%%ﬁﬁ inum compound, and optionally, at least one
IN; an Ing t e{)

precontacted ole contac recontacted mixture with at least one activator-support and
optionally additional orgiénesitheridepacsothid doMenfisnacBeRBPREISS rfoer il eoIRIiHPA pedttontacted

mixture comprisingealleashangiRpsienatanied:l Riikst snetaliecapaisldrasioraPeeqataaked second
metallocene, at least one postcontacted grganoal min_um}fom ound, option II)S/E gg Iga t one

postcontacted ol SFALRRTE i deashpRe SGHIALT AL aPAeRd YAt Kishans, co-cataly 1sclose

herein. In one aspect of this invention, the at least one first metallocene, at least one

10  second metallocene, or a combination of both first and second metallocene can be
precontacted with any other catalyst component, including, but not himited 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 lcast one first metallocene, at least one second

15 metallocene, or a combination thercof, 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

20 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.

25 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

30 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 imitiating the



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 20 solid oxide per hour (abbreviated
gP/(gCTSO0.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/(gCTSOhr). In still another aspeg}, the catalyst of this invention can be
characterized by an activity of greater than or equal to about 1000 gP/(gCTSOhr), 25 and in another
aspect, an activity of greater than or equal to about 2000 gP/(gCTS011r). This activity is measured
under slurry polymerization conditions, using isobutane as the diluent, and with a polymerization

temperature frompebooerzstion pipesss-100 Cocanent PORTERELJHBEH beiisANBm tastad $PHsbleds to
about 20 mol%. 18,08¢& REPSEE- IS AEEMEYHS preswadiuntens Wpkaempazasianise easditions,

using isobutane as the diluent, and with a polymerjzation temsﬁgrature of about 90 C., and an ethylene

pressure of about BB, BPRNt R8s AR FPHRYE 198 M ARMEI RO RSB LIYRall scale,
coating or other fdmmsabbioulingintpestorziind thetewseas atengits!. Utility of the Catalyst Composition

in Polymerizafion Procegses 3Tl aalalysie f R RIGRST Ry SIBAAREIN N IERY anuolefin
polymerization method known'in the"art, using various tyipes' of polymerization reactors. AS used
herein, "polymerizatiwaeneseran hictaaastehingbiypebymemiciion Jessios spavienspptll it thg olefin

monomers to Progye,BORRRP WRGISHOICARREBMAES SHERHRBTRAROMRHD AR EAROBIMBESCAre

referred to as resins or 10 polymers. The various types of reactors include those that may be referred
to as batch, slurnFaFRSFRRonesls R bigh FARLEERS b tIse ST QR E YRty %ﬁg ase
reactors may conixisadtiofizee bauikgaetortaotisiagaadanbzantahriactergroSiss) yoreadthrhenay
comprise veftical ot horizentalopeigh pressuie [eactals fay,comRYISe AHIoclaus. AL yfular
reactors. Reactor types can include ba &R 6V eonaouS 1 procesées. Continuous processes could
use intermittent obatchnita puecpsoiiuvhitischbatsb. P rorceeriasted ayuied ol bdadsiedizn oraldliadirect

recycle of un-reagifgl MORABELHA-TAFLEERMAARI SlRRs Fedikgad - our RAYMEHEagioRdeactor

systems of the present invention may comprise one type of reactor in a system or multiple reactors of
the same or diffelBft P PTEREABH 675999 rESiAH S| SR A ) AREEe Lethifal stages

in at least two sepggaie pe!\agietiopressiaitiptatponneriedpycallyahsieabiaricessakingit possible
to transfer the pol mers ﬁeﬁu'%% Jﬁg%me fII‘S{ g()l_cl)éymerlzatlon reaﬁgcrtmto the se?a%[cl%i)ea or. The

desired polymerizZ f8h cAbitons il ohe BPHvE reag 8?3%3@%808 erem ﬁ%?nc%ﬁe op A ﬁld’conditions

of the other reactésn Abenn didvetgoRB o ghoati Zdtionutes Lt fiwmre abtut sl meiputechadeboue danual
transfer of polymer.fram 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, aAbertHEels s REeReRARTBAPTRESIORan PRIRAIEERION HReBulifelecd&R®rs or a

combination of highnpresstiteswisle laan andipEioas g RIs3es ThReprpliiple dpacionsiiayehe operated
in series or j pariﬂé%?&h g,g\rcc rding to one aspect of the inv?ntion, the O%{ ?rization reactor system
0

m
may compridd at el PEMRRIS o e SeABc sl b Hheiah Spponeis

can be contacted forming a first mixture, followed by contacting the first mixture with
at least one other catalyst component forming a second mixture, and so forth.
Multiple precontacting steps can be carried out in a single vessel or in multiple
vessels,  Further, multiple precontacting steps can be carried out in series
25  (sequentially), in parallel, or a combination thereof. For example, a first mixture of
two catalyst components can be formed in a first vessel, a second mixture comprising
the first mixture plus one additional catalyst component can be formed in the first
vessel or in a second vessel, which is typically placed downstream of the first vessel.
In another aspect, one or more of the catalyst components can be split and
30 used in different precontacting treatments. For example, part of a catalyst component
can be fed into a first precontacting vessel for precontacting with at least one other

catalyst component, while the remainder of that same catalyst component can be fed



79 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 5 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 10action in either a

cyclone or hydrodyttonescopdapegentarting vesselfryaresentaciing ek |ad 53 pBR AT AAMHrocess

(also known as thgRariels, fofBaRrecess)dindaieh isovelk keavdt, dihecarhimeirslaredofor ex@mple, in
U.S. Patent Nos. 3,248,179, 4,501,885, 5,565,175, 5,57%979,_6,239,23%i ,191 aréd 6,833,415,

. 6,26
each of which is i%@%&ﬁl@%“@ REFEREDREEONE i1 AR IR PSP TS A @ ifEH ETSE T sturry
polymerization arewie)| o staicenartigndeanicksce, tnbe aseftack limitethdb pfhermiypenter 4r9ing

polymerized gnd Qé’df,%?&{(?o %rt% are liquids under reaction conditions. Examples of suitable

diluents include, But are not imited to, hydrocarbons such as propane, cyclohexane, isobutane,
n-butane, n-pentane, iséentapteaedpe aramdle i wthlysaprRmEsHEN S b YaELELH Ractions 20

can occur under bulkcongifionsavhgse ne.didentiispeeaANRXARPIS-ishejymaizationef propylene
monomer as disclosed in U.S. Patent Nos. 5,455,314, %ich is inc rpo§ ted Bry re ejenc erein in its
L R TERCRITRE]

entirety. Accordin@rfbrﬁ}%tﬁg?ﬁfﬁ?e?@siaé?ﬁ%fiﬂ?qn%w r fdep¥iohouti2 AR 5§ Somprise at
least one gas phasatieaciOhiSpriaystam materienitndrilfetad tandiZbactiwtervsimoa f@rdinuous

recycle strew? cqgt ig'n%to1 e or more monomers C%lelfﬁélg i&é’&lz?q tsrtl_rough a fluidized bed in the

0 minytes up. 1o one hour t a .
presence of the catalyst under po‘fym iZ0i0n condiions recycle Stream may be withdrawn from the

fluidized bed and recycl&belraekomtsting stepcnaricslin intaersos Shy, pofpstartyrotithe pabyrse ithdrawn
from the reactor and,pewy 95 SR MQRLME (DR ARieH 4l 1Opepice Hhe30RRIyressediRROnoOmer.
Such gas phase reactors m% comprise a process for multi- . . be used for
step. The enhanced activity catalyst composition of this invention can
homopolymerization of an a-olefin monomer such as ethylene or copolymerization of
15 an o-olefin and a comonomer. However, neither a precontacting step nor a
postcontacting step is required for this invention.

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

20  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

25 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

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

and the postcontacted mixture combined.



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 80 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. 5According 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. Initiiss, T aEssaREcHRS P15 catedy tasmibnéinsialy Batienthitletitn a
gaseous stream aRdJpicpdidcatat-andines Zane ahthateardomdiitodas skeapruiaayieyermixed for

polymerization. Heat and pressure may be _employed appropriately to obtain gptimal polymerization
reaction conditioR& ARSI T et ahRiHia R apdt {JIIBntQ I%?é’ﬁt]féﬂ% e}pSB%%él?i%ﬁ%nP@actor 15
may comprise a solbgoniggi§merization reactor wherein the monomer is contacted with the catalyst

composition py suitableeltng,of ales MEANSAGAITIR! CamRISing MG LSRRG AN or excess
monomer may be employed. I desiréd, the monomer may rought in the vapor phase into contact

with the catalytictretistionznerdusinimiserppeseshcaroraapedrua abnguicontativat TABpblyMerization 20
zone is maintaingg ldeMpRIatiEes Aokt PiasBiras halanillitesitkindhadonnationsfiansaltion of the

polymer in a reaction medium. Agjtation may be employed to obtain better temperature control and to
maintain uniform BBIRHAR A st oW rbd JRothowtel BBl m AR A28t 20RehARSGaliMeans are

utilized for dissipgting thiet@xbshesmic heat of polymerization. These reactors are known in the art.

25Polymerization reactors suitable for the present invention may furth ieely ise . any ggmpination of
at least oneﬁr?aw materiglf fleegijsefsatsé)r%?té’tﬁtgéss g?\%“?élét %)‘/“éi%rlrla'ut Sﬁ%gfarfs or ég%gfi/tlsto coFrswponents,
and/or at least onedossigend metadvesyesytotarrrt Uil oxidecastivyioresnppiot taa preert hovhtion may

further comprise gystema (P fEaes IRk PHficRinn £ALRISH HRRAYEA0E RIERARIIMR SXsrysion,
reactor 30cooling, polymer recovery, fractionation, recycle, storage, load out, laboratory analysis, and
process control. the combined first and second metallocenés to treated solid oxide activator-support

which can be from about 1:10 to about 1:100,000, and in another aspect, from about
15  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 onc aspect, the present invention can use AlRs-type
organoaluminum compounds and a treated solid oxide activator-support in the

20  absence of aluminoxanes. Additionally, no expensive borate compounds or MgCl,
are required to form the catalyst composition of this invention, although aluminoxane,
borate compounds, MgCl,, 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

25  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.

30 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



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 5 temperature may be any temperature below the de-polymerization temperature
according to the Gibbs Free energy equation. Typically7t.}1is includes from about 60C to about 280C,
for example, and from about 70C to about 110C, depending upon the type of polymerization reactor.
Suitable pressures will also vary according to the reactor and polymerization 10 type. The pressure for
liquid phase polymerizations in a loop reactor is typically less than about 1000 psig. Pressure for gas

phase polymerizdfies osasasany Mot lapens: aobatdapomnesoecpalystargiiseiassd iersaty fieiation in

tubular or autoclaygsgacirssis genesally dst b lomaAbHRROR 1eabYE 7520 N6ifinum
Polymerization reactors can also be operated in a supercritical regign occurring at generally higher
15temperatures &?@B?EQQGP@&HWF%ﬁ%WBW'fHBWﬁﬁBﬁfiﬁﬁﬁﬂg FI5t8ssure/temperature diagram
(supercritical phase) maycotidiirdwaniaghs. aspddie thongesdnationcofivarposidencigntecantde
controlled to 9rodurc 11r(%sailns t\é\fits cczglga(i)rgi Kr)] sgg%l %n% mechanical properties. The proposed end-use
product that will k})e(formedp%y the resin and the methdd of forming that product determines the desired

20 resin properties. Mechanicaintetingties ilseRidenensiie, testellarernpait, lerse pnstraseonsiaxation
and hardness tests. Phygical propediesiaflde Idansiik JReecalarvRighbide ruevisia

distribution, melting temperature, glass transition temperature, temperature melt of crystallization,
density, stereoregularity-SBRRRG R HITHRGLR] BrsHOHRg ARISHIE LA U SOPARRSING . 25The
concentrations of monogsgéasiooiRofesattadidi fagemeeniaaialyat, lvaediiersraodialedir@adidnors are

important ml%roducmg the%eﬁ resin prgpleerttslgsdn(étomonog used to control product

[is ensigy.
Hydrogen is used to contro proé‘ﬁttamo ecular ngﬁﬁ?.n gﬁéat%ﬁ%%?gacg%%%%s%odn 1%°‘éﬂ%y|3‘t’e, scavenge

poisons and control moleigsaliyeit st/ odifiegeoutantekalefind a0tontrol product properties and electron

30 donors affect stereoregularify, i 34AHiOp GG ORGSRYALONRA BPiéQs!ﬂ%ﬁE%ﬁ@&dﬂ%’PBiﬁ@d since
they impact the reactions and produc;&r’operties. 82 The polymer or resin ma¥ be formed into

various articles, includir@dmatieaeiimadditions srsaogumipun (RMASRE @ & odifhsils, film

products, drums, fuel tapks, {iF6Em GEPERROHMABE SnAEHdiRBHEIISATEONS |PIRCaRS oyt tetised to
form these atticles, incILfdin , QLy not Iimict?d tto, blow rtnolgint%aextrus'on @H'd"ﬁ . 5 rloga%%igggl molding,
thermoforming, cast mo o] &1&? W' Tie: R?f’eroblfc’)l?/?ﬁecﬁrzla ion, BAd Ves and toditiers can be added
to the polymer to providposettergrdcessingpdmngumancfapunidg acptifmatipsiret plaplerties in the end

product. Additives i”Cl“%83?&6%%‘6%&9%&%%&Q;Pf&a%?cﬁl' 8&85&?&0?&3@89&&-@5‘6@%5; antioxidants

such as primary and secondary antioxidants; pigments; processing aids such as waxes/oils and

10fluoroelastomers; andisprecsPeridibe catdytn acsivits pbthedintyshafittisinsationaybmricalbsorbers,
odor enhancers, gpgie@RdationA888bdut 100 grams polyethylene per gram of chemically treated

20  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),

25 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

30  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



Ethylene Polymers Prepared According to this Invention In one aspect, the ethylene polymers and
copolymers produced using the 15 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.y%eight component is observed to be formed
with second metallocene component. Regarding 20 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
cyclopentadienylyhstagaaily, evdrlistiion wicaaymplriatle matagovepbedripntisfonlisgsdte aryl
group bonded to thahridaine atas-ehiae bridging ligand. In a further aspect, the high 25 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 ttitilhyiddthg {ig2sigstelemnpokitivifie PolymaritativmiPtodessene comprises an -
olefin-containing moiety-handed,to.a cyclopentadienyl- igand, 3 prQvid mparison
gel permeatirg)n chromat%%?ar%asaéESCgffgrr? eett%% eﬁlg h%%’%&%‘?s gﬁ%@%ﬁﬁéméﬁsy ofSEl%:)%?mples 1-6
(El -E6), prepare®elsmsraoratied imerzasieknowndir|the) RE, 3pReyive®ediipasisinbgbipeiritation 83

chromatograms (o). forathideneserolypgrmaieniie dactnrdineriads @R isF tedaiid -E13),
prepared as provided in Table 2. The bimodal moleg%ular weight distribytion as evident in these

chromatograms i&S8E8FU CREF Y &5 RAHIRTIEIPE CAFERs TRBMTSEr AP 8BY 4 MORIBVEREE tRE resins
produced by the igspijiversS c8irlysisraspobiaseryemdodavlyheoadmatderntalr weighielisiyiations.
Another indigation of this mglecular weight distribution is the large values of Mw/M" rqyided in
Tables 1 and™2. ﬁ%ﬁ oW o egu‘fg?(\)/\tféigﬁegoorsftnpr)%ar%ﬁ s,macgu%gzérg)i%et (é-:‘ltl(gr\}\ellyml%]/loﬁer(:gg‘?falrr(gil (\?vegl’go?\ué[ GPC
peak of FIGURE $#chnshgnargasplfisie mojulbw.ihighofsetscwalybartorpraodlevg aertiorsit few without

the presence of vy loy. L8, GIRGUIRMNRINfITANS o2 HRATEEWIICE GREEPNEIIHRIC BRI during

processing. Further, the high molécular weight components, indicated by My, and 1VIz of Tables 1 and
2,are sufficient toVEVIERAFIRIH BMY SraPssrergisal P iRO RNt Igad ISR ARTRSIG TEATHPTY &Y to more

clearly define thedgtimssbisa@dere bt tthaltelexioe drbadiansrsccmonitied. bha kg eotanidoat any
definition or §sage grovided E%ﬁ'%n document incorBPJated hefireintp treofler((:acp%e 1&:onflicts Witth the
S

definition or ag%rp(:r%s\§?3‘ed arein the BERRT ion or usaugsg pnrlof\"/l S NefBin controfs: 'Pﬁ%d%lgrm

"polymer" is usediiveheigeto Rreegsiveomapotismeanslodenpaitipigpr 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.
20  Production of polymers in multiple reactors may include several stages in at least two
scparate polymerization reactors interconnected by a transfer device making it
possible to transfer the polymers resulting from the first polymerization reactor into
the second reactor. The desired polymerization conditions in one of the reactors may
be different from the operating conditions of the other reactors. Alternatively,
25  polymerization in multiple reactors may include the manual transfer of polymer from
one reactor to subsequent reactors for continued polymerization. Multiple reactor
systems may include any combination including, but not limited to, multiple loop
reactors, multiple gas reactors, a combination of loop and gas reactors, multiple high
pressure reactors or a combination of high pressure with loop and/or gas reactors.

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

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



20 ethylene and/or copolymers of ethylene and another olefmic 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 25 refers to the optional components of
the catalyst composition including, but not limited to, a%ninoxanes, organoboron compounds,
organoborate compounds, or ionizing ionic compounds, as disclosed herein. In one aspect,
cocatalysts can be organoaluminum compounds of the formula Al(X13).(X14)3_, wherein (X13) is a
hydrocarbyl having from 1 to about 20 carbon atoms; (X14) is alkoxide or aryloxide, 30 an}/ of which
having from 1 to AWy ROPTER eriieabasiorznsel songdrsoma diluartn crtabet fehentignadinclusive.
The term cocatalys} GpmBRoMRe hig M assinidhey SaRuRIdypGUaRE! RSOFIREMISMoANY

chemical mechanism by which the compound might operate. . The term "precont ctted" ixture is
used herein to eSS QTS EPAIIUSRIDLEE e AR S & BRI BRI K 18 Oeriod of
time prior to the farshdnonistyaecixelng, undd dilfermistd pasibontdessol crastcand fimdomtnobuatalyst
components that are ¢ cted.for a second period of tim icall ! g&&t@gtggdnmgure
describes a r‘;gwixtur??é]rl gy%ft]%anét (I)l}lserﬁ?@f%ﬁlgfeﬁg}m&)ﬁﬁ'gﬁglI&'ﬁﬁﬁs oﬁ%pcﬁ‘éﬁr?] monomer, and at least
one organoalumidilnsttoRgsstaicfBesot mavibafished e cartethel spith nelmaetiars thsUipuds and

optionally additiogg) 18- san@RIHRINH SR URGor BMRonBrEREONVBEHRT tdascIdars aRFBONeNts that
are used to contact each other, but prior to contacting the coHnr"g)%Qenéi in the second, pqstcontacted

mixture. Accordirtf fﬂfsth%%é?ﬂ?éﬁlﬂﬁ’af;@cwé‘i‘gﬁ‘ﬁlylﬁigﬂhg Ii’f%\gég?ﬁ%e‘ﬁ% d to
prepare the precaniactecbinidet ecfiri@dihatidicioipané riradtershedmintureshpa dieanbyrepelradc For
example, according.to this description, it is 15 possible for the precontacted organoaluminum
compound,cl(‘)ﬂonce‘Ell i5'¢on gc%& \?\ﬁf}lwo{}?eorrrl\?gjflarﬂo%é%%eaonﬁs%ﬁ%r%%{?o%r)yaf%%ﬁﬁgr%{ogr?bm_er, to have reacted
to form at least one difféketypishbslivay amhypuaizetidor proketeaise Stpoetarasfibm narielstaon
organoaluminum, camasuag SRAIYIERA GHLRR BrERARiRERd, Rt i ce sruthemsgcontacted

organoaluminum compound or component is described as
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.

- 15 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

20  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

25 may employ a continuous recycle stream containing one Or mMOre INONOMETS
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

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

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



20 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 25 were contacted for a first period of time.
Typically, the term "postcontacted"” mixture is used heigjn 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 30 component added to make up the
postcontacted mikadiagsetiratalyrtcorigaiastinelsncafersst onatyfEsnlrigazaiosrgaroMupinum

compound the samg-r sliffeiaiaHom- e arsRRER WIiaYPhELFREIAT RRM eI et

precontacted mixture, as 85 described herein. Accaordingly, this invention may also occasionall
distinguish betwd¥¥ -2 componehtised %‘%Peﬁﬂé eefj‘f%‘s)f/’éo‘ﬁlf cﬁéﬁ‘ﬁ%ﬁ@ﬂ@éﬁ%ﬁ%@&%}%%oneﬁt after

the mixture has lieén @reparaekeihe term tightly-bridged ansa-metallocene describes a metallocene

compound 54n which the two,.15-cycloalkadienyl-type lig dﬁlgw tllﬁg m%gcu,ﬁ]e fg linked by a bridging
moiety, whergein the shé%gg ink btétvfﬁé][n ﬁ?g%t]v\é/éo -%‘iﬁcl%glkadienyf-type’ IiganagsGP1 cg&mprises one

atom. Thus, the [peigmetizatioendakier orah eostisciicbulen masteRer apatBissksdieasiyehiRfands is a

single atom, althqugh, this Rridleing akemdS suibsiikieskdRUsIRReiaiasrIaR OlRisRegRtion are

bridged bis015- oy . . .
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

10  catalyst components may be entrained in a gascous stream and introduced at another
zone of the reactor. The gas streams may be intermixed for polymerization. Heat and
pressurc may be employed appropriately to obtain optimal polymerization reaction
conditions.

According to yet another aspect of the invention, the polymerization reactor

15  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

20  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.

25 Polymerization reactors suitable for the present invention may further
comprise any combination of at least one raw material feed system, at least one feed
system for catalyst or catalyst components, and/or at least one polymer recovery
system. Suitable reactor systems for the present invention may further comprise
systems for feedstock purification, catalyst storage and preparation, extrusion, reactor

30 cooling, polymer recovery, fractionation, recycle, storage, load out, laboratory

analysis, and process control.



10 cycloalkadienyl)-type compounds, wherein the 115-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 15 tetrahydroindenyl, tetrahydrofluoregyl, octahydrofluorenyl, partially saturated
indenyl, partially saturated fluorcnyl, 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. 20The term&oaditiopst betposigofiolicdaforyrelimerirgion siieientkernd RoPWHENd upon

the actual productfithgdpantionrithe eanprngaisHdigenbduirs, dhe-aafkiiemRf dfevastyve catalytic
site, or the fate of the aluminum cocatalyst, ansametalloceng, an oﬁ;in mﬁoﬁpomer use%’gc\) prepare a
bh e @ 5

precontacted mixfGFE'® 1 theP SIS B CHRBRERE i 28 BERE s PYRE &Y ore, the
terms catalyst 25moryubsition;ghatalydt nivkdouky andiphe ldigribaticke bdhitablerpgemnenizsttompositions

and homogenous, compositions.  The term “hydrocarbyl® is,used 10, %ﬁ@t&b%@ﬁﬂ%ﬁﬁﬁ‘@ radical
group that ingludé%?gaga?grﬁoﬁ%it%ed ?3%&?“151&% E?/j)g%/ﬁvyl, aglkenél, g&:loalkenyl, cycloalkadienyl,
allwnyl, aralkyl, araticedipiz tr diky@iphsciitdaioactie cardionc Tinpisadly 20s intudascmnabowilitied,

branched, linear, %&eéﬁfst%f?&%ﬂ*é%%t%%d%ﬂf%*ﬁ%‘?ﬁ 59%?9&@%6&&9{*1@%&%%@%@%%&% .

hydrocarbyl groups of this invention 86 typically comprise up to about 20 carbon atoms.
aspect, hydrocarliig groupispedmisaigatiop readtPrearbon atoms, up to 8 carbon atoms, or up to 6 carbon

atoms.  The term "hyglipaqepiaides SiRulsts wesdQsnersAYHO kalapcallestinahsipdoth alkoxide
and aryloxide groups. Unless otherwise specified, the hydrqcarbyl 5 oxide ro#Js of E@Z invention
E‘ﬂﬁ%ﬁ?i S

typically conPrisé¥B6-td BbBissSteciorim sk ahase pobmstietions Mmler 188 have up
to 12 carbon atordgsnugbt@tS10000eNIcat PRRSsIAE WP tgab plarizopohimetization Thestethy fumlrdeartbylamino”

group is used generically to refer collectively to alkylamino. (NHR), arylamino o] amino
(NR2), and diary%mrtl%%f\?}f\trgéqasé%%gﬁgE 888" Ré’%&ﬁ%‘é%&é&?ﬁ%‘g u? %%ﬁé%%g%ﬁ %a%rlrlél}go groups
of this invention typizakyaigmpristcfipmtetabbg.000ckr bberh#§H80 psign cPabpadtizafiengeatiitamino

groups can have yn tq,12 Garban aioms, Up 19,5.21R0M QRS BEMPHALD SARARAIMAgHe term

"alkenyl" is used broadly to specify a hydrocarbyl group that 15 comprises an alkene mqiety,

regardless dfthe iSERRIAIMICPe gRBENRFRETRCSS the SNEENETM AtBRY indPencBififtssiihll SterBochemical

isomers. Thus, fopRxamplensbRiesdiatkan)bipdrianaaiass) ehigde fiayaGamegds-substituted or
CH=CMe2-substituted glkyl group, regardless of where the substituti ccurs,within.the alkyl group.
Terms such as olefin-co Sif%ﬁﬁe‘%ﬁ?g&? Wﬁbsurﬁa(%’fagféﬁﬁgcgn %I}l%%?ge%)é% grdl (éer(r)fﬁsﬁ)mé?‘é%

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

20  resin propertics. Mechanical properties include tensile, flexural, impact, creep, stress
relaxation and hardness tests. Physical properties include density, molecular weight,
molecular weight distribution, melting temperature, glass tramsition femperature,
temperature melt of crystallization, density, stereorcgularity, crack growth, long chain
branching and rheological measurements.

25 The concentrations of monomer, co-monomer, hydrogen, co-catalyst,
modificrs, and electron donors are important in producing these resin properties.
Comonomer is used to control product density. Hydrogen is used to control product
molecular weight. Co-catalysts can be used to alkylate, scavenge poisons and control
molecular weight. Modifiers can be used to control product properties and electron

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

minimized since they impact the reactions and product properties.



20 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. 25The terms solid oxide activator-suppgrt, 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 Bronsted acidic behavior, which has been treated with an electron-withdrawing
component, typically anl3giBplySoaeirakichas barkaraed e wdekortiissdiatidgedmpbelent is

typically an electigqxsitad RIS HUAE K4 IREREINIQUDAtaiRES uiBR RS HRE Hotdexidrmempound
comprises the calcined contact product of at least one solid oxide compound \G/ith at 87.least one
t

electron-withdravitiy AMSPRSSr ESBHITEISE. FFLIESH, YA QMiDRer S B S e R @id oxide
compound” comphiees atikdast momdngzibg, aoditisttd oxiddcompdding, Ereudomsmsigpgrt or
activator-support are.not.used.to imply these.com re inert, thi should not be
construed ars),soan fr?([e%tl %Ionrﬁopolﬁléh%hc%ﬁwzg%g ’s%%%?ln?%]c%} ogﬁ&ﬁ{é%ﬁ%'tegﬁe@g%gtgﬁ%@g used

herein, refers gendditiyetoandsmnstidisee ermbie edgrdble Biccoplvarinig thovdathelyrOMmEsBrel) a

metallocene compaRgth ANt dhdneOmMPRICRHRALRS USSR MACHY RiaiR I aeNd s mam@n alkyl or
hydride ligand to the metallocene, when the meta oc,e%compoug does n,otglread corg{)rise such

a ligand; 10 into S%EERBCHEE ST AbIG e, S8 in P RRCkS RS HiERY PRYRNIRYS SPnBther an
activator ionizes thenaretaitbeoadabsiidckidanta pipmeriganoctadapnidnsiah paivaveeeiisnad

metal-ligand pond in. e, Mefallocenc, simplaasidnalss, oan anionislidand.er anvaifisr
mechanism. As disclose %erelh, the Bontad procfug: comprises at least one activator, which can be
selected independsntheisopdor cahaaetivarod degredppsaregasitscted from a solid oxide treated with an
electron-withdrawing anion, a layered mineral, an ion-exchangeable activator-support, or any

combination thereof; ii) an organoaluminoxane compound; an organoboron or an organoborate

compound; or iv)EHyIEBsRaRARers Brenated Arridis e tHidREeRiofay is used herein to refer to that

component of the catalygtone aspect, the ethylene polymers and copolymers produced using the

15  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

20  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

25  molecular weight polymer is characterized typically by higher molecular weights than

are usually observed when using a tightly-bridged amsa-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.

30 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



20 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 25 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 30 thehrarepiogramy (FRReNfos stRnfecaMbEnIEePERY i HerardiBgeFEHBDIEE Th nature in

fine-grained sediepts. sefimegiaRarasksodnddha likgpiclay minenalacug anclessal tyliaus silicate
and aluminosilicate minerals with sheet-like structures and very. 88 hlgll Tﬁ;face areaﬂg. his term is
y

~ also used to desBHEPHIR0AS REgRsilim BAfEa B RO AN dSilSE stfc iR X mon clay
“minerals belong spjiieatiatlinita, ithsatnedrijotiites GIGIIRES gl seaihslpysiutaliby tthe tevemtigkay mineral”

is not used herein ta refer. to the fine;grained soil consisii ' I ' ot arily 5clay
minerals, thg’tearé: %)lgé&t élﬁeag%%e{‘é%o{ n%l%eln%sr?zﬁ ég{%?égge@n%? %ﬁéﬁe&g téqllgéni ugeﬁcgi}%%eﬁein to refer
to a component ddisatisat i shisompleairsnveoghp riisebution nfirfbealarag ety of tie/dthassmectite
group and other piygsiifAiGnil addHion t9RPRRIRSRULPAYGN SKkGRrIAL B veheRion
exchanged with [arge, typically polynuclear, hi charged metal complex catigns, 10 Examples o
such ions includdoBulgles et IWFH%E ﬁpﬁéﬁﬁg n@lﬁﬁr%ﬁ ﬂﬁf/é’cﬁrgrégaggl%ﬂya P Warious

polyoxometallategoroglothasiiige ipasvidé ywotheretniipW axinborefeis oaaitnpld exchdoge reaction
in which the exchangeable cations.of a clay material are replaced with Jar igh d ions, such
as Keggin ﬁ)ér?s. ‘Fﬁcgg%%lé @/’Fﬁé}?ct %g’fig nf(se:ag%/r(-ft3 ma}éﬁtfrﬁ%lo%l ?ﬁl’(‘ﬁ\?\,ﬂ% in &kéngﬁaur%%e so%}%%%gélay and 15
when calcined af@wbenditckigh mrdeshbxiveibllrspasiatstivrdicaap burvhgaeNdiaf [Bides hs

column-like stru%&%lgmalgﬁgfﬂw{qg@g@pghgg{@ipg&@yﬁt@rﬁg%@ iddded. 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 Whetikdaimet 20 No. 4,060,480; each of which is incorporated herein in its entirety.

Although any methods, devices, and materials_similar or equivalent. to th descriped.herein can be
used in thepractice or {éléﬁéﬁré Oer?r?:l/%ear% ﬁ?ﬁ%‘gt fptl%rgfsmé? ogléejl et\}}chg)sﬁ %Vﬁ'gl%(g%wgf)sn%re herein
described. All puikcpiisitednd paie rtganichto med defisiivae megrpprateddbyainybjopsmeierence for

the purpose of dagibinganddise s o ok e, heignRTICiR AR eliagolpaieadiat are

described in the publications, wr ight be used In connection with the presently described
invention. The piisiriatibagefisiinmsatustgsrr andethretsgheARRps text are provided solely for their

disclosure prior to the filing gae ofdnafresantsaplication N oibing Hipisid mterbeeapsgd as an

admission g]()at the?hylene 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

25 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 AKX )30, wherein (XP) is a

hydrocarbyl having from 1 to about 20 carbon atoms, (X' is alkoxide or aryloxide,

30  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



30 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, stereocisomers, and the 89 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 racemjg forms, as well as mixtures of stereocisomers,
as the context requires. 5The 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<eplifieieing efdre spmpoend sftenychamigahasbaaismin rbife ReRdest
themselves to onengfipeghitary. skill in the art without 10 departing from the spirit of the present
invention or the scope of the appended claims. . In th?’é%q wing examples, upless otheere
specified, the syntheses &fd55re pRiReABRS S sEHENEEHS &}8?% E&ﬁs&g‘a % friee RSP
atmosphere suchamiitagepanaioriaigare Soiitetrs foere firsichaied dfammeqiongrcidksbstces and
were typicallycried; et SelNRIGH BT IRRNSr B RGntIDleRs oiheuize shsiiedy Baggents were
obtained from commercial sotrces. eneral tepstlng procedures, characterization, and Synthetic
procedures are prswtenchisrahit yatroneetth&as 2o sreparedriedmetatigenedynicaliyd #lid oxides,
and other reagenisf s avartiRRalaaisesiqvidaherainc2 GrnerahilRstinddpheastes  Melt
index (MlI, g/10 min) was determined in accordance with ASTM D1238 condition F at 190C with a
2,160 gram weigHfast OpfgHaBa FRAmI %Y AL GRS D W?%%’%&Wﬁﬂg’ﬁqﬁgé’@g%?a with
ASTM D1238 congititimeE &t 19Gmith avah, 68 granivieighppodP aytheopitusily wakltdetermined in
grams per cypic centimeter (glee) on a ¢ ssiQn molded s le..cooled at abqut 15C per hour,
and conditiolljn@d ng%B%%?% OUrS &t room temuﬁiera\j SF@%%S@ ffﬁi(.:%e\?w%ﬁ%%?mq%%%f IIét%nd ASTM
D1928, proceduraied Mokeotdat eacighthendbirioision|ty vrsightivkisthib sooweneeie bbhireecnding a

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

15  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

20  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

25  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

30 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



30 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) 90 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 weight58§ample preparation was conducted at 150 C
for 4 h with occasional and gentle agitation before the solutions being transferred to 5 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 moleculad@seiiied Berdimoldearidinglyhthilistrtionsamale ciretsisnabritisinehishicals

Company's broadyigeainPolveipyirne.MatsyBHRSH0Ioasdhecpat staadatdndihedaasal table of

10 the broad standard was_pre-deteémined in a separate experiment with SEC-MALS. Preparation of a
Sulfated Alumina R SPHEHB PeendiRitsd alumina was formed by a process wherein alumina
was chemically-treated Witk tarsidiglie yobigatf atecowadotypiaiityriele s tedtiitirgnb wbnmpblimited to, 15

sulfuric acid, ammoni sylfate, or ammonium bisylfate. One ex le follows. . ommercial
alumina sold %s \/%ﬂli’.vlg&@rlééeAlu%l écxé?v?/aélﬁs(%glﬁ?fl ﬁé %/ellll%aﬁr%g]ﬁl;%?l%%%yg gasuie%%es% s%]iu?ion
containing about bfdaats (ks SR Dr e SO4estHiskshifatesh ahentivanay dedtiadidmi-fae C in air

(240 C/h ramp rate), with a 3 h hold period gt this e, flI1 r\g%rrdrh@&gi g&%g}{a{ﬁ collected
and stored 20 untﬁilgr‘?l G r@cr%?rl Sséeﬁ, (f'artlnci(ft was ﬁtshé%’ m%r%gépos%?e?g the atmosphere. Meta?locene

Preparations All rieigyaletsniadeanyisivie digsedssisive sieglgeriosagbihongl ibis Yslangertormied under
nitrogen by using,siRdaig SChigAk ine, O ApURRKASTBRYES. RS RlGSSSPeciifd othmawce.

reagents were typically obtained from Aldrich Chemical . _
10 ~ cycloalkadienyl)-type compounds, wherein the 1’-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” 1in this invention includes partially saturated ligands such as

15  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.

20 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

25  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

30  substituted, unsubstituted, branched, linecar, heteroatom substituted derivatives

thereof. Unless otherwise specified, the hydrocarbyl groups of this invention



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 CpMgC1 (1M in
THF) was purchased from Boulder Scientific Company, and hafnium(lV) chloride was purchased from
Strem. The solvent THF was distilled from 30 potassium, while anhydrous diethyl ether, methylene
chloride, pentane, and toluene (Fisher Scientific Compgpy) were stored over activated alumina. All
solvents were degassed and stored under nitrogen. Zirconium(lV) chloride (99.5%) and n- 91
butyllithium were purchased from Aldrich Chemical Company and were used as received.
Bis(s-indenyt) zirconium dichloride (M-B) and bis[te-nbutylcyclopentadienyl] zirconium dichloride (M-D)
were purchased fiypisdibnaempeiss spuecebouueh easboorassmmple oaeraphech Brdasrs PBRIRIBS Scientific

and Crompton. 5 E&ﬁ@%&i%g){&%&%%%ﬁﬂ%@ Ry DY RSTRE TF A IOYCAARI Mbigs CDCI3
referenced against either the residual proton peak at 7.24 ppm for CHC13 or TM% at ,O%Jm) or I13C

NMR (75 MHz, CDC13, Tatdrsmcdy HgsaHatleafraBinm & espreeacaicsvds ih sy veiSing
fulvenes, F-1 thropigh Eidxiderendrapdoediagtiisptosehhey aithdOnadpefittd firebgdecthebitands L-1

b e R GO B b Tl o
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 (NRy), and diarylamino (NAr;)

10 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

15  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=CHy-substituted or CH=CMe;-substituted alkyl
group, regardiess of where the substitution occurs within the alkyl group. Terms such
as olefin-containing hydrocarbyl group or olefin-containing pendant group are

20  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.

25 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 Brensted acidic behavior,
which has been treated with an electron-withdrawing component, typically an anion,

30  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



F-IF-2F-3 The following ligands L-1 through L-3 were prepared as disclosed herein. Mixture of
iIsomersMixture of isomersMixture of isomers L-1L-2L-3 15Synthesis of
2-(pent-4-eny1)-6,6-diphenylpentafulvene (F-1). To 5-bromo-1-pentene (100 g of 95 wt%, 0.637 mot)
was added cyclopentadienyl magnesium chloride (700 mL of I M solution in THF, 0.7 mol) at 0 C in an
hour. After stirring for an additional 30 minutes at O C, mixture was warmed to room temperature
After stirring overnight, the reaction was quenched 20 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. 92 Removal of the solvent under vacuum at room temperature gave a yellow-brown liquid (98
g, crude pent-4-etepityetspelatadiendidroving eniele pargescanpiopdiopbrrisalbheligagivaiesolved in
THF (500 mL) wag addednBidi6Q il dOMipolfraRemPR MR dalr BCiorRmEixiiR was
warmed up to rOosrylid 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
S5 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;
10  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: i) an activator-
15  support selected from a solid oxide treated with an clectron-withdrawing anion, a
layered mineral, an ion-exchangeable activator-support, or any combination thereof;
ii) 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
20  composition, a substantial portion of which constitutes a clay mineral or a mixture of
clay minerals that have been prefreated 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
25 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
30 the large group of finely-crystalline, sheet like clay minerals that are found in nature
in fine-grained scdiments, sedimentary rocks, and the like. Clay minerals are a class

of hydrous silicate and aluminosilicate minerals with sheet-like structures and very



5 temperature and stirred overnight. The anion solution was added to benzophenone (110 g, 0.604
mol) dissolved in THF (500 mL) at O 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 10 sulfate. Removal of the solygnt 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% CH2CI2 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 0il.NMR (300 MHz,
CDC13) S 7.41-7high gwiagHress 59816 s (g lgruset fpzdaseribe hydayus magseaimpysiligates 1 Hz, 1.4

Hz, 1H), 6.12-6.1%i{f JilcRifBaR Q& ffhrd HManPB3cendaNBiag lindraR-BeRRE o) the 1 dtitdH),
2.22-2.30 (m, 2H), 1.76-1,88 (quin, J.= 7.2 Hz, 2H); i3C NMI;h%?S MHz, CDC13) S.148.28, 148.13,

r - - ) 13
143.28, 140.85, THRPFe0TG o Hiis1e199ms OF AF 28D P 75 THPHS, §P 08024 74,
118.24, 114.24, 33:8i, 3G RBKOIiRO draintidesiit ofnsisting of mineral particles, not necessarily

1-(3-(pent-4-gnyl)cyclopentadieny1)-1- - fluoreny1)- 1,1-diphenylmethane (L-1) To
2,7-di-tert-bu$ylfll}g¥ nme%& iE é{, %24%8% Bld %/%80 mL) was added n-BulLi (47 triL of 10

Ay

(0} CﬁSSO ve InHEiléB
M in hexanes, 0.47 molYhe G “Tikaraikelae isesob horimtadeber do mormmeaeatnbthmentalrsd
overnight. The anjgn Hygecwg«aﬁq el mitRRN s RaNy Bk diphe Rylaantafvs ard(GimE} (145 9,

0.487 mol) dissolved in Et20 (300 mL,) at-78 C in 10 minutes. The mixture was Warg1ed to room
temperature and REHEs iR hidh: 24HER S SHRiekLes Mk ey satRkiShi e MR LSl % HC
aqueous solutionexthengaiktuie Wageexifacig pothnkéRAr, THighbrghnigahyesavasdpiovasiiedswith water

and dried oygr anfiydigus §P§’d“ﬁ"'§#s'f?&8u§eem°Y§' Ol PR SAER! KAST, VBSH WRGRYS: GRS brown
solid. The solid was washed wi eptane aria drie
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
15  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
20  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

25  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

30 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



93 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-eny1)-6,6-diphenylpentafulyene (F-2) 5To 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, thg reaction was quenched with a mixture of ice
and water. The mixture was extracted with pentane. The 10 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) dissolvedike.Tthft (800N fineistapritioutuBset 7o hstitenin Mhs Bescplesretpimalsat -78 C.

The mixture was WRERSIR 1reRiR{emPeraiue a8 SUIMa QrEPighicd NSolraniaRdeliufion was
added to benzophenone (133.8 g, 0.735 mol) dissolved in THF (400 mL) at O C in 35 minutes. The

mixture was warnfBHHS TS5 36 FRESTT MRS PS B IS TRATERL OF SIS RIRMBH AL BESARISEY with a

mixture of ice andefu¥edICl aqueous solution. The mixture was extracted with pentane. The organic

layer was wagshed with water and dried over. aphydrous sodiym sulf Remaval of the solyent 20
der vacuurh at 40 C oL b a4 A S B A M e
through silica gel afeheoptodhgctansisuediaciar pwassingsing Bindatigas whbnstoseoHRereofin heptane.

Removal of the sejyent ganeatheidrsbast RIQHChidoR b YeisidRRse haN P chibrtene) as a
dark red viscous oil. 1H NMR {300 MHz, CDC13) 8 7.29-7.41(1&?, 10H), 6.50-6.53 (dd, J=5.2 Hz, 1.4

Hz, 1H), 25 6.293PS¢{cRIMbedEnonts, mpdifigationy) agcenpivments thomoisnduch, g8reafing hey. 5 16

(m, 2H), 2.53-2.6Q¢gaription, Eorddr2udey (igatht)thbie N Fo(dfe itz dinkd( 413)1 8nlh8 &9 vithéui 7, 143.18,

ﬁg'gg’ %gos;é&sl %@%ﬁ%@ﬁ é%sf’}g?%fghgélpg’e?erﬁ%rz\v%gﬁ&%f & shape e dphondsa adimst 18-35

1-(3-(but-3-enyl)cyclopemtabite iyl ¥i(2, Zdintptesh nylésso sy wist, Speliflednyhmegmthes¢s -Md  To
2,7-di-tert-butyliygrene (91 g 0:55% abifisRalv eskinE R0 (00 Bk iias ASHSshB-BMic(38 mL of 10

M in hexanes, 0.35 mol) at 0 C. The mixture was 5 warmed to room temperature and stirred overnight.
The anion solutioRFReEThARHer ttreh LIAVERkS 1B ecRbIBRRERY I FRM SRIVBFHEIFL SRS B 104 g,

0.366 mol) dissolygscintiFtdie80embitplat & duainmiptdeSoAller stlag: fefrwasdiiesm:d0 minutes
at 0 C, the Vr\);'#:ture was Warmeg to rgggn temperatyre and stirred overnight. The reaction was
X BHEC

guenched a FRIEAIVE BFiea4HEe RHEYStion. The 10 mixture was extracted with
CH2C12. The organic |aysrcvahsostash eondturstehancaizetiony emdnyydicts podiedwrsuliate.

Removal of the SOERLUTIRLYCSUNTLARIE A AR oM IS0l BB USRI eptane

and dried under vacuum. A mixtu isomers for t sired product 142 g, 76.5% yield) was
obtained as a whitedsslier, resgeiint{dhis wvontipn agplseryipddedbeisin)-6,6-diphenylpentafulvene (F-3)

20 General Testing Procedures
Melt index (M1, 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 (HHLMI, g/10 min) was determined in accordance with
ASTM D1238 condition E at 190°C with a 21,600 gram weight.

25 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

30 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)



To a solution of 6-buteny1-6-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 20 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) Wile 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 25 a solution of concentrated hydrochloric acid
(20 mL) in water (200 mL) was added. Following addition of pentane (150 inL), the organic layer was

washed with watetoniiningetisoy/br Sodinhhwulf4tmcidpbenpd BHRS ramnmeat Lnddnimerditheand the
red liquid was coQlgtdfrrafionCopstyiehtollasHE R Ay ehlNG RERdHGhyRswashas vithgald methanol
and dried under vacuum to a red solid (32.8 g, 84% yield). 11-1 NMR (300 30 MHz, CD&@
87.22-7.40 (m, 16199°BIBE 858 17RO 5 ds ¥eiehiisg %@%P%%@&%%%@%ﬁeﬁ% 18 Hz, 1H),
5.91-5.93 (t, J = ¥@ KW, Lith,decibidn8fthgditly, deBdtidn QRfGre, Ak o B Hihfradbfyrdedr1.60 (M,
2H), 1.17 (s, 6H); 13C NMR (Z5 MHz. 95 CDC13) 8 156.16, 148.39. 143.20. 14 , 140,92 138.98,
131.61, 131.43, 1% .@5,"1‘515. ¥ iR 1%7.?%‘%5"7.’531&1‘1’?&#&%%? ,Si%f]ﬁﬁe%’.gg%ivﬁggse, 29.90,
27.90. Synthesisofith{3hgl strekinsetiydpisian Asethy yopbidp oheaeliway ped (@r7sgluéen preparation.
bUtylﬂUorenyl)'l’ihgi%g%ﬁ”t%ﬁf@%ﬂ-iﬁémodpvﬁﬂl&m&%&%%&%&@%m&@&%%&%&@ £hd100 mmol)
in Et20 (200 mL) was cooled in dry ice and n-BuLi (68 mL of 1.6 M in hexanes, 0109 mmol) was
added dropwise. PRESHAPRISL dsirihutions ong fefhsarar Faillivg Shatats RrwanYs ¥rtdark
solution was coolggkit goyyiahydsie, Mol BHE DA, dsdifecsiodpenidhtl. The integral table of
4-enyl)-6,6-diph entafulvene (compaund E-3) (32.8 g, 54.3 mmol) in Et2 was then
added rapidly. Tr?g%rlt%? uér(setav{/lg%r\%és%%rg %t%glr'ﬁl 21ergﬂf)iesre J%ea?ﬁ S [lrrlﬁ')gi[jW(l)Et}l %ﬁ%@éﬁ \fter cooling in
ice, a solution of concentrated hydrochloric acid (20 mL) in water (200 mL) was added. Following

addition of pentans, QtW);]fg‘Su@fsﬂQM‘hl%’% )@/cqﬁ,%p_gﬁ,}%}tand washed with water. After drying

over sodium sulfate 15 and filtering, the solvent was removed under vacuum leaving a glassy solid.
The solid was heated wRR!frgth2lHBIE GorLTEHY RS BERssRstvARtTR SlutHRaFeee RemEbYr This
process was repagiaddfouttimnestalder wid masdirg, digselveddnhel Prmiabe: Waithilasshen
removed unii r vac1 um thj:[e heatinﬁ.BT‘%? solid was broken up drie(éj under vacuym, and then heated
with ethanol (70 rﬂtlf'.“l\cftaecﬂ c%‘fmﬁf”t e 8" R AP PR A e d AR e D188 mers for the
desired product (18.1 g,A3@vayietdjalvabimitaineld as SWWRiteGsadid Alumina A was sulfated by
Synthesisofdiphe lideneth543- -4- c Atadien-1- yidene
[115-(2,7-di-tert-b%xt€}?ﬁ%{(l?r}é6ng£9-y Egﬁefﬁa{;&%uﬁ%ﬁ{loﬁ@g Eﬁl\%%)%éu %ohg %8 (NH4)2S04 .or
1-(3-(pent-4-enyfidy2idp e fiad-alupina giae palsipgifiricyEhid ymair (ABREA rrepHalke fdtnpound

L-1) (45.3 g, 78.6,9mabIdlirgRlyed Nk AARMNINAVARFIOWY AGHRE W28 bbll¢68Pafils@EelS M in

hexanes, 171 3 mmol) at 0 C. The mixture was warmed to room erggera ure, stirred overnight, and
1]

then added 4ta cAMAESTOIFeS: @K &8 WSS HAGH SRIPETdL i t& of pentane (450 mL)

Metallocene Preparations
All manipulations involving air-sensitive reagents and materials were
performed under nitrogen by using standard Schlenk line or dry box techniques.
25  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(TV) chloride was purchased from Strem. The solvent THF was distilled from
30  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-



30 and Et20 (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 96 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%). 11-1 NMR (300 MHz, CDC13) 8 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 5 (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 (in, 2H), 2 28-2 48 (m, 2H), 1.94- 2.05 (m, 2H), 1.46-1.60 (m, 2H), 0.98 (s, 18H); 13C
NMR (75 MHz, Chtyiihaunigare, puachased fram A ldgighy Shemiegl] Conpay, amb Bere1ps8as 128 45,
128.39,128.22, 13614120 46id30:8ec P Ol LEBARIA2S 423 30 119409.1110.06
10119.01, 118.86, 118.82, 118.53, 114.75,114.39, 111.11, 100.92, 100.69, 76.88, 57 35.29,
35.27, 33.75, 31. @g@@gpq@a@gng@ gg_comum dichloride (M-D) were purchased from commercial

SyntheS|sofd|phegm,¥&§t§mq®nﬁgrre‘i43“{§utg%@m3¢}fe{ﬁ{b@memﬂm Scivliio@Ad Crompton.

R15-(2,7- dlt rt-buty1fluoren-9-ylidene)l hafnium dighlo M-2) 15 To

(oot 5oy SESHEEERE) o A B Mo oy BTN 3% M S pound L2
(329,57 nunol)xelfs&nh@bhgmﬁsfzat(ﬁﬁ L ieviimiootbp adaledt (1-Buppoior GHCE 25T fhah@xanes, 13
mmol) at 0 C. Th%éﬂ%'ﬁmd‘ﬁﬁm CIRRETA BRIl e YR el (e agded via

cannula to H1t14 g, 6.5 mmol) suspended in a mixture of pentane (30 mL) and Et20 (5 mL) 20 at
0 C in 10 minutePMhe mixture was warmed to room temperature and stirred for two days. The slurry
was concentrated and cepiribiaRng anisii] PaSBGIRES oo aesmATINGSAsk B Yiashed o
second time, with pentane (80 mL then e tra ﬁ %i:% t%é/lene ride and centrifuged. The

solution Waﬂakefﬁlgo“ﬁ?%%ggem il g5 eé "87.4% vyield). 111 NMR (300
MHz, CDC13) 8 25 7.87-7.98 T P ¥.30-7.38 (dt, J = 7.5 Hz,

1.4 Hz, 2H), 7.14-7.29 (m, 4 > 2 g 3#0.6 Hz, 1H), 5.87-5.92
(tJ 2.7 Hz, 1H) 562577(m 1,542547(tJ 27HZ 30 9711'58 114.94, 114.83, 111.14,

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.

e O g

Phu,,
Phua, Phi,, Ph
” Q/\/\ " Q/\/
/ AN
AN
Mixture of isomers Mixture of isomers Mixture of isomers
L1 L2 L3

15  Synthesis of 2-(pent-4-enyl)-6,6-diphenylpentafulvene (¥-1).

To S5-bromo-l-pentene (100 g of 95 wt%, 0.637 mol) was added
cyclopentadienyl magnesium chloride (700 mL of I M solution in THF, 0.7 mol) at 0
°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

20  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.



Sylideneffiris-(2,7-di-tert-butylfluoren-9-ylidene)lzirconium dichloride (M-3) To
1-(3-(pent-4-enyl)cyclopentadienyl)-1 -(2,7-di -tert-butylfluoreny1)-1,1- diphenylmethane (compound
L-1) (34.7 g, 60.2 mmol) dissolved in Et20 (300 tnL) 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 10 cannula to ZrC14 (14.7 g, 63.1 mmol) su§Qended in a mixture of pentane (250 mL) and
Et20 (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 wikewmstHytdnbohtdviene wadendasunmifigrenT enpetativn orys tkeHaw-8r9ess under

vacuum to give ajjgdsol (3%,.5 Grufe- 53kt l%%MB@%Q%MHﬂE).CDQ%?’) B’ UudeIpdnn-2H)],
7.89-7.94 (m, 1H), 7.77-7.87 (m, 3H), 7.47-7.53(m, 2 P7'32'7'39 (dt, J= 7.2 Hz, 1.2 Hz, 211),
7.15-7.29 (m, 41 fWisydopsiadiaers) @ disspbred sl B0 gal g wis addedp-Byli @@z ofg (m 1),
5.50-5.54 (t, J= 216 hiz, ihHle:u2A4; 040 flol)=a2 L7812 H)TheOiidrd . Qs(Waztitd 2 302 #43rem, 211),
1.97-2.05 (m, 2H), 1.48-1.61 (m, 2H), 0.97 (s, 1811); 13C NMR (75 MHz,. CDC13) 8 149.85, 149.65,
144.27, 144.63, TER0FRYISY ,SﬂﬁﬁﬁﬁYﬁ%%%s,qi%?gf“l Py 1%??@?‘&%‘?@}‘?‘1 EIFo6 18,
126.03, 124.04, 28078, 01&81 5o1) A3bTvcliZih. GPIFLZ0B )20 .62 12RO Gnihhi@ s 6 Thd tnBfiyt15.61,
114.44, 108.51, 103.36, 103.29, 76.69, 58.13, 35.39, 35.37, 33.78, 31,06, 31.03, 2529.61, 29.33.
Synthesisofdiphevr‘{?/? rr‘%vgfﬁ%ﬁldteonré%g}[%mﬁf- -Iéena)‘}f)dzic’/t(%ege%‘f%t&lgﬁgl %)%Ie 3%% oft was quencgie(?
}[15-(2,7-di-tert-budshfhmﬁnn@gﬁ@emaﬁjiﬂé’aHc_ihaqiic,mg olest{tvin4Y he mixture was extracted with

o oo Ysrler R e e shiatpibate 1l ks S0 pRAMTARADR,
(compound L-2) (40.5 g, 72.1 mimol) suspended in Et20 (400 mL) was slowly added n-BuLi (15.2 inL
of 10 M in hkkaneelfats2 Remerphedtls soheend gndextvacuwma st it 83%s D ErEA pdieatt Oilstirred

overnight, and thepeaglemhy i GaNAH I TIRHITIE §38-Fid-FOthomal)isuenandathinromisuresof pentane
(400 InL) and Et20 (30 mL) at O C in 15 minutes. The_mixture was warmed to foom t mgﬁ:‘rature,

stirred for one da$PREFE YA Mg dhritise o dthesiiia (HE it bFRIEREN B RRS 1380/E) and
centrifuged. The sslpeingianthwassitict proaelihesrentdiipgidicaian hshed-&-pagems) tsre with

tane (100 mL), tracted. wit | lori ifyged. The soluti taken t
Fymoss under vl TG Ba S Yo SRR SHEok DRlth ST T Tadd L sy 5
7.88-8.02 (5 3H{dd, 77 5.88Hm ] 3H)z,7145; 5.84-(nA2 Z¢d), 7 857 K@, (bfoHd, t|H); §.52+62) 264, 7.14-7.32
(m, 4H), 106.24 (@é’})e_)s_g@?zgm,lE'P{)I?ss?ﬁ%-% (e '%%‘3-5.&633,51@37%5%,(%1)2"92?-@905-55

(unresolved t, 1H nfesclved t, 1H), 4:87-5.01 (m, 2H), 2.33-2.53"(m,
(m, 2H), 1.76-1.88 (quin, J = 7.2 Hz, 2H); *C NMR (75 MHz, CDCl;) & 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.

20
Synthesis of 1-(3-(pent-4-enyl)cyclopentadienyl)-1-(2,7-di-tert-butylfluorenyl)-
1,1-diphenylmethane (E-1)
To 2,7-di-tert-butylfluorene (125.1 g, 0.45 mol) dissolved in Et;Q (700 mL)
was added n-BulLi (47 mL of 10 M in hexanes, 0.47 mol) at 0 °C. The mixture was
25  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% HCI
aqueous solution. The mixture was extracted with Et;O. The organic layer was
30  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



15 35.38, 35.36, 33.98, 31.05, 31.02, 29.46.
Synthesisofdiphenylmethylideneln543-(14-dimethylpent-4-enyl)cyclo-
pentadien-l-ylidenell[ris-(2,7-di-tert-butylfluoren-9-ylidene)]zirconium 20 dichloride (M-5) A slurry of
1-(3-0,1-dimethylpent-4-enyl)cyclopentadieny0-1-(2,7-di-tert- butylfluorenyl)-1,1-diphenylmethane
(compound L-3) (10.8 g, 17.9 mmol) in Et20 (50 mL) wgs 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 25 for 48 hours at room temperature. The mixture was added to ZrClz (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. Theusfgtyagasreohdebittaed isariensitn dedlpeishpeduo h)-Was/ddoagldy Wassiurry was
stirred overnight gpd;tha Lgyignyasstacanted off. The solid was washed a second time with pentane
and then extracted with methylene 30 chloride and centrifuged. The solution was taken to dryness
under vacuum to give a red solid (11.65 g, 85.2% yield). 11-1 NMR (300 MHz, CDC13) 6 7.93-8.02
(m, 3H), 99 Synthesis of 2-(but-3-enyl)-6,6-diphenylpentafulvene (F-2)

5 To 4-bromo-l-butene (100 g of 97 wt%, 0.719 mol} was added
cyclopentadienyl magnesium chloride (800 mL of 1 M sclution in THF, 0.8 mol) at 0
°C in 50 minutes. After stirring for an additional 15 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

10  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-cnylcyclopentadiene). 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

15  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% 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

20  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) 8 7.29-7.41 (m, 10H), 6.50-6.53 (dd, J = 5.2 Hz, 1.4 Hz, 1H),

25  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.



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
(t, 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); 13C NMR 5 (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.\;@4 126.52, 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. 10 Synthesis of
bisKri5-1-(3-phenylpropyl)indenyl1)1 zirconium dichloride (M-A)  This metallocene was prepared
according to the §enthesipfphfdtibatdeenpicislonsbéadicariblsGatdidertriuBuergitybebdrted in: Alt,
H G., et.al. | OroqfipmalfEEaheZ@08) 599, 275; and Alt, H G., et.al. | Organomet. Chem. 2001, 621,
15 304.General preparative methods for forming substituted bis(indenyl) metallocenes are reported in

a number of references 1 8ynirdsieaPEM fuerRee S Z#e Smdrimaibaisoivad ) Bl Gl dMbdene was

prepared accordiggdadiel aenerakpsenprative meihest20sar. ioramingahycocany hiusiwied
metallocenes by substitution reactions, such as allcglatgiggta#@cene chIPrtiides, as‘g%f) rted in:
Resconi, L., 8t. al" 3 Sfg8iSRATE ISEREHIVS 1S, SE54 5 t, ISR A RN EHER SBc., 2001,

123, 3520; Marks2-Thud-34my] ShedipReslpd88R]@be 5 {canpbiMalrk §-2). X10tganofhaéallics2002, 21,

1788. General preparative methods for formj carbyl-supstitute lloc reported
in a number of re&ﬁ%&gs@ﬁﬁésaé&é?lgﬁ- p]%dé’%ngrﬁ%lsnﬁﬁ%fﬁﬁ?éﬁ%’ﬁt@c@%ﬁ%&%a@ ienyl)1-
zirconium dichloridengids &) m@@mmﬁuhhewksfbamgwhargwnmht@%Bu@ﬁ_'ﬂ’rid)Zw@n'BMZ0.0 g, 62.7
30 mmol; prepareg by Ihg feaelan AABRUESTIRTICHAAM G H lusipadalisnotand

0 thyl ether. u

approximately 400 m e The resulting slurry was cooled to OC, after which time
Li(1-allylindéfe) @ixtpig, €& Grinststy with &dbEdvidhaaraanicaleygs 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.
15
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
20 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
25  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% vyield). 'H NMR (300
30 MHz, CDCl) 8 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,



100 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 - 5 35C for a couple of hours. Resulting slurry
was filtered, and the precipitate was dried under redu%sg pressure (0.1 mm, 1 h) to yield the product
as a yellow solid (17.0g, 62%). 114 NMR (CDC13, 3) 0.87 (t, J = 7.2Hz, CH3), 1.50-1.22 (m,
CH2(CH2)2C113), 2.58-2.42 (m, CH2(CH2)2CH3), 3.77-3.62 (m, CH2=CHCH2), 5.10- 5.02 (m,
CH2=CHCH?2), 5.78-5.76 (m, 1, C5114), 5.87-5.83(m, 2, C3H4), 5.99-5.91 (m, 10 CH2=CHCH?2),
6.04-6.00 (m, 1, CBIGE), 8.3864.R714H 32, COHS), BG6d41:-53.0138,98, CE), 132432 1817, 2, CoHe),

7.60-7.56(m, 2, CBL-46), FAMPLES 156,14, 1BLBEN BENE Galplylis 5uas ¥Rning the ddetallocene,

Activator-Support, and 15 Conditions’ ~ Examples’1-6 in Table I'illustrate polymerization run data and
polymer characterization data for ethylene homopolymer and ethylene-I -hexene copolymer prepared

using the catalyskgampasitioss disci@sagihamimynimerianing dopenaimoanieiedinedone-gallon
(3.785 liter) stainless steel reactor. Two liters of iso}%? e 20 and alkyl aluminum
cocatalyst/sc%lverli’é'&l%‘é%eﬁgébl1%’%"&9&&‘]&?&? ggen, when added, was added slowly

throughout the run and waslnteasfi 7 as-tive protuwenr dp7dhm BDmmobtae E&N@er. mietallocene
solutions (Lmglmi).wets Syl PIEPRIEC M SRAMING 3P ROy SIRIAURCETA 0 ph dhipluene. A
y

typical polymerization procedure’is as follows: Alkyl aluminum, SSA and 25 the metallocene solution

were added in thadéadielenvasgh Ehensligey Juis wismessb Hifeosasawsothd sHESh #52bort was
Ckllosgd ancé two litgrerof MRS MR @Qﬁ&ﬂ;d 183;@ aw@aﬁm Soqufioadior-eralRismegmad heated to
the desired run temperature Hexene, when added, was flushed into the reactor. as the ethylene was
initially addéd. Etﬁ')‘f’l’@ﬂé’%g‘?@ﬁné@ﬁ‘gﬁ?gﬁﬂnﬁﬁﬁqg}ﬁ?ﬁﬁgtﬁéﬂé}cr#igd@gréﬁﬁ]ﬁ;)fﬁ g}uéosé@ified 30
length of the polymleyizatiaheruadddderaprityor Flas miginiaives whtineddes ey dentpergieratnd through
the run by an autgma ing-cophn tem 101 j isqn-gel
permeation chroﬁq’%—trgger%ﬁ% é} 's#%?%%xﬁgﬁénh%%m%g%l@r%elé?a%l %({)9% yrﬁgég&g@%%g%%?es 1-6 (El

-E6), prepared as3rovidéal witPaBe0mEbrrasrddedr Fellpwingardiiaatel premas(98aH#Ramples 1-6
are illustrated in GIGIHRE Jor3yE AR A St §3 siRtol FHlank SCale Ao Ry RedvaREITaI0e

Metallocene, Activator-Support, and Conditions . i )
15  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
20  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 diphenylmethy]idene{ns-[3-(pent-4-enyl)cyclopentadien—1—
ylidene]} [n°-(2,7-di-tert-butylfluoren-9-ylidene)) hafoium dichloride (M-1)

25 To 1-(3-(pent-4-enyl)cyclopentadienyt)-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 HfCl; (26.8 g, 83.6 mmol) suspended in a mixture of pentane (450 mL)

30 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



Examples 7-13 (E7-E13) in Table 2 illustrate polymerization run data and 10 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 I|c¥?%cess) by contacting an 15 isobutane solution
of a first metallocene, having the formula indicated in URE 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 wapecotanie180itrir-dh éhivl| outhagted awite rimithid 10 ehiledbugid| Gantrifvgcds  The

tributylaluminum solion ARARQANEGAIASERRSAIRAS 15 HebEtIR Wk dqdas seprrats, streams

into a manifold uqstream of the solid activator feeder outlet where theﬁ\écontacted each other and were

combined with isoBURAMR 38h Mife SHEIRQIVABT WAL MudRed Withthe @Bmbihda Qolutbfnto the
autocla\//e, Itzjriefly mﬂta.gt)'ngﬁ?@b&mﬁ Hﬁsmﬁlmﬂ,aim{}im.qmmsr(b%dﬁtm@wm?,auﬁm;,eﬁm 25
mixture/solid activator just before_entering the clave. T ined salytion flush used,to
transport the Solid %?é/ﬁt&?ﬁat%gﬂésgztgc aVez%L;[%)Zsjﬁi’t %&]:-tsg%nﬁn W%%?d%:‘géﬁ tslél (a%\ rJ:Ei ence time of
approximately 6-23mirties 9525 ytdci/e By, A8 stiBer 486 iGebithn2 I 4iten, 8,102 -flow from
the autoclave the ereqd th ctaf. le se p jzad K thylene
(obtained from Ur%gﬁ@éer%iéb?é%%grgﬁ%’%h \&%ﬁéggﬁﬁﬁg\%%ugg%ﬁ% ﬁgﬁ?%g activated
at 250C (482F) inlARIgeit4 i Heldhetuddd Maslpaifmda2ifon  gfdde 126dend8£92 (8Bt2dned from
Chevron ChemicalgGempaiig, Whichvas Jurheppygfigdysdishiiaon anshsulsagueniyspassed

through a column of alumina activated at 250C 482F; in_nitrogen. The loop reactor was a liquid full,
15.2cm diallrQeterI,igﬁ’rb%gér,lﬂﬁ\ﬁ%glég\ﬂuh% o2 fﬁ%aﬂégs”(i&qi%’tég .6?:iaﬁi%8i§b§ﬁane was

used as 5 the dilugnioSIme, Rydm ey as .agder) zegulate 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 suSgethesintly passed thidiptanylocitiviidefefyiFibdatB-agtarRECa{dRAA) in
nitrogen. 10Reactqs.co 'ti@rﬁ '_&J%ge
&din

a prassure argu d?&? si (4 Pg‘) n%@_ mperature about
77-95C (170-20383 9 lHR 3 rdb“ﬁ?[ﬂ“m slidene it & pidet

atg"le S0, thé reactor was operate residence time of
about 1.1 hddrs. The solid activatB-(has heudst tictopmpitndithgs- bd Licittating:baflushersiiédder and fed
to the 0.5-Liter auogl i e,Matallpace gﬁgpfl NS IR I@ja(@aﬁgf‘%%re within a
range of 15 aboh%%%gnﬁg@.hgggp EF?I? %ﬁrnr%\ﬁficz)n pgrbr%%gf?the di uge{%lgtﬁ?r];{| the pot%ymerizati_on reactor.

Polymer was remdoety feddedhe-Faddtcr mtheofdié M sbkaranes2iB | punedy #dufandheBYYBEEd in a flash

chamber. A Vulcap, dyat Was i Read QAR ROMMEE $Idek HIr a8 tikhalaes GRr@fnkld R 176F).
The cocatalyst (TIBA or TNBA) was added in a concentration_in a range of
HfCls (2.1 g, 6.5 mmol) suspended in a mixture of pentane 80 mL) and Et;O (5 mL)
20  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, CDCl;) &
25  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, /= 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, /= 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, CDCls) & 149.52, 149.33, 144.51, 144.30,
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,



20 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. 25FIGURE 3 provides comparison gel permeation
chromatograms (GPCs) for ethylene homopolymers ar‘&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. 103 11.8Z 61.8Z 8.99 IrgZ EWZI E8'ZT o coco " ---

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{n5-[3-(pent-4-enyl)cyclopentadien—l-
5  ylidene]}[n’-(2,7-di-tert-butylfluoren-9-ylidene)]zirconium dichloride (M-3)

To 1-(3-(pent-4-enyl)cyclopentadienyl)-1-(2,7-di-tert-butyifluorenyl)-1,1-
diphenylmethane (compound E-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

10  cannula to ZrCls (14.7 g, 63.1 mmol) suspended in a mixture of pentane (250 mL) and
Et;0 (20 mL) at 0 °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

15 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) 8 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, /= 2.7 Hz, 1H),

20  4.824.96 (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, CDCl3) § 149.85, 149.65, 144.27, 144.03, 137.79, 134.18,
129,11, 128.85, 128.51, 128.46, 12834, 126.59, 126.55, 126.18, 126.03, 124.04,
123.79, 123.54, 12347, 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,

25  29.61,29.33.

Synthesis of diphenylmethylidene{n’-[3-(but-3-enyl)cyclopentadien-1-
ylidene]}[115-(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-

30 diphenylmethane {(compound L-2) (40.5 g, 72.1 mmol) suspended in Et;O (400 mL)

was slowly added n-BuLi (15.2 mL of 10 M in hexanes, 152 mmol) at 0 °C. The
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mixture was warmed to room temperature, stirred overnight, and then added via

cannula to ZrCls (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 pentanc

5  (300mL) and centrifuged. The supernatant was discarded. The femaining 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, CDCls) § 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),

10 6.24 (s, IH), 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, CDCls) & 149.85, 149.65,

14423, 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, 12348, 121.08, 120.89,

15 120.31,120.03, 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{qs-{3-(1,l-dimethylpent—4-enyl)cyclo—
pentadien-1-ylidene]} [n°-(2,7-di-tert-butylfluoren-9-ylidene)]zirconium
20  dichloride (M-5)
A shurry 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,0
(50 mL) was cooled in dry ice and n-Bul.i (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
25  for 48 hours at room temperature. The mixture was added to ZrCls (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
30 chloride and centrifuged. The solution was taken to dryness under vacuum to give a

red solid (11.65 g, 85.2% yicld). '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, / = 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 {t, 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

5 (75 MHz, CDCl;) & 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.

10

Synthesis of bis[(n’-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., etal. J Organomet. Chem. 2001, 621,

15  304.General preparative methods for forming substituted bis(indenyl) metatlocenes

are reported in a number of references.

Synthesis of bis(n’~indenyl) zirconium dibenzyl (M-C)
This metallocene was prepared according to the general preparative method
20  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, ].-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

25  are reported in a number of references.

Synthesis of {115-[l-(prop-Z-enyl)indenyl}}['qs—(n-butylcyclopentadienyl)]-
zirconium dichloride (M-E)

A 500 mL Schlenk flask was charged with (n-BuCsHg)ZrClz (20.0 g, 62.7

30 mmol; prepared by the reaction of (n-BuCsHj)ZrCly and ZrCly in refluxing toluenc)

and approximately 400 mL of diethyl ether. The resulting sturry 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 mixturc 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 (CDCl;, &) 087 (t, J = 7.2Hz, CH3), 1.50-1.22 (m,
CH2(CH:),CH3), 2.58-2.42 (m, CH,(CH2)2CH3), 3.77-3.62 (m, CH,=CHCH>), 5.10-
5.02 (m, CH;=CHCH,), 5.78-5.76 (m, 1, CsHa), 5.87-5.83(m, 2, CsHy), 5.99-5.91 (m,
CH,=CHCHy), 6.04-6.00 (m, 1, CsHy), 6.39-6.37 (m, 1, CoHp), 6.63 (d, J= 3.0Hz, 1,
CsHg), 7.28-7.18 (m, 2, Cols), 7.60-7.56(m, 2, CoHs).

EXAMPLES 1-6

Bench Scale Catalytic Runs Varying the Metallocene, Activator-Support, and
Conditions

Examples 1-6 in Table I 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 stecl cylinder. Metallocene solutions (Img/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 permcation 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 metaliocene, 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.

Ethylenc 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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(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 Ibs 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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CLAIMS

1. A method of polymerizing olefins, comprising:
contacting an olefin monomer and an optional a-olefin comonomer with a catalyst
composition under polymerization conditions to form a polymer or copolymer;
wherein the catalyst composition comprises a 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-support, wherein:
a) the at least one first metallocene comprises an ansa-metallocene having the
formula:
XHXAHXHXHM! (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 (X?), 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, 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 SOsR*, 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
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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-A), wherein

M2 is titanium, 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 BHy4; 3) a hydrocarbyloxide
group, a hydrocarbylamino group, or a trihydrocarbylsilyl group, any of
which having up to 20 carbon atoms; or 4) OBR®, or SO;R®, wherein R® is
an alkyl group or an aryl group, any of which having up to 12 carbon atoms;
and

any substituent on the 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) XX x"HXHM? (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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c)

the formula:

108

(X“) and (X12) are independently: 1) F, CI, Br, or [; 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) OBRC2 or SO3RC,
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;

111) any combination thereof;

the at least one organoaluminum compound comprises a compound having

AKX 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 BH,; b) at least one of (X’) and (X®) is a hydrocarbyl group having up to 20

carbon atoms, H, or BHy4; 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



1.A method of polymerizing olefins, comprising: contacting an olefin monomer and an optional a-olefin
comonomer with a catalyst composition under polymerization conditions to form a polymer or copolymer;
wherein the catalyst composition comprises a contact product of: 1) at least one first metallocene; 2) at
least one second metallocene; 3) optionally, at Ieastl ne organoaluminum compound; and 4) at least one
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formula: (Xl)(X2)()§%QﬁQM&@{HI-@)I, whereinM1 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, G.GRITIRM [P &ilD alaprang. 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
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or an aryl group, any of w having up to 12 carbon atoms; an any additional substituent on the
substituted gfasispeintadienyl, substituted indenyl, substituted fluorenyl, or substituted alkenyl group is

independently an gfjphatig,graug, 30 A'GRALGANPer CYRIG-AQUR A,SORRIAAIOMOHAIRNATIR and cyclic

groups, an 107 oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an arsenic group, a
carbon grouprawiicon group, or a boron group, any of which having from 1 to 20 carbon atoms; a halide;

or hydrogen; b)the at least one &«:ﬁgd)(ge}éﬁgmne comprigﬁﬁ k1) upktidged metallocene having the
formula: ’
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 (X?), 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, 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; wherein at least one of (X3) and (X4) is a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy4; 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



1)(xsxx0)(x7)(x)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, CI, Br, or I; 2) a hydrocarbyl group having up to 20 carbon atoms,
H, or BH4; 3) a hydrocarbyloxide group, a hydrocarlMgmino group, or a trihydrocarbylsilyl group, any of
which having up to 20 carbon atoms; or 4) OBRE2 or SO3RE, wherein RE is an alkyl group or an aryl
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cyclopentadienyl or subs’titu_ted indenyl is independently an aliphatic group, an aromatic group, a cyclic
group, a coRibheatgiows.1iphsae SriByelie frsapLraroRPyen yiooh hasnsdrarolipo dthrryen group, a

phosphorus,gilp, 8RS &G @igRn @ carbon group, a silicon group, or a boron group, any of which
having from 1 to 20 carbon atoms; a halide; or hydrogen; ii)(X9)(X10)(X11)(X12)M3(M3-A), wherein M3 is

titanium, zirconiunPlor hathfush; least (D) feepsdbegtatagErcRspepiaatesy | Wigeel HaesM &isa8Substituent
is an aliphaﬂg‘gﬁ%qge a-Aramatic group, or a combination of aliphatic and cyclic groups, any of which

having up to 20 carbon atoms; (X10) is aosub§titu§ed%ndenyl group, wherein one substituent is an
aliphatic group, an aromaitic group, or d<€ofrbil&ti¥rkoMliphatic aﬁmgﬁﬂc‘@hﬁ%, any of which having

up to 20 carbon atoms; 108 (XLl and: ikl e iieResastiyah.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 ffhitih{ihg afst&19ereansBiatorys reasadisn de 2 isls8YR @ wherein

12c is an alkyl group or ag,BEyhEHQMR,FEpeRfMRIAN, RAVIRGHRIRAZ RRHRAN atoms; and any additional
substituent on the substituted cyclgpentadienyl or substituted indenyl is independently an aliphatic group,

an aromatic group, a cyclic group¥d aetriBinhtisnidearpaattyant) &k Broaps, ahadxyderhslip, a sulfur

group, a nitrogen group, %&BBSHX\QHQSL%{ QUP2 AR AFRENIGERUPL, SoFA8PHN Jf %By&réﬂ!ﬁ@?l&iﬁiéo’ ora
boron group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen; or iif)any combination

thereof; c) the at leasEENR g ARSI IRIESNEEOUN dOE ot HsEE s ABMHEUnS PRvirg Yhefformula:

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 of (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;

ii) X)X x"HX*HM? (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;



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-withdrawing anioni Wheli |1n 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 gﬁlcf;\rgg(q\ @gn)sa}-el, g{éﬁ%ﬁgﬁﬂzleaﬂ ope @L()ﬁ@ qul(xgg i§ 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 havingWgres2bagienratbamigH upr BHZ9 carppthateamalyst.compdditiod) camprises at

least one organoaluminom?pggllpﬁgmﬁ; Souk09 ﬁ%}g@g&%ﬁﬂﬂgg%ﬁogﬂ%g aegﬂﬁfycg&d(biﬁlggglof

polymerizing olefins, comprising: contacting an olefin monomer and an optional a-olefin comonomer

with a catalyst compositidH U anp el Maighdtmnectiitots e homitapalpie BEopslyRasR . wherein
the catalyst composition GIBRAISRE & CRNAGH RIRAPSOfh IhAUJRRS ARe HFstimelaloag ey ¢ @b least one

second metallocene; and 3) at least one activator-support, wherein: ajthe at least one first metallocene

comprises an ansa-metalfgEe AR GRS A A8 (09 OLANEX RN NIL LA )y duneredibil DS titanium,

zirconium, or hafnium; 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-support comprises:

a solid oxide treated with an electron-withdrawing anion-

3. The method of claim 1, wherein the at least one first metallocene comprises a

compound having the formula:

(TA), wherein

M is titanium, zirconium, or hafnium;

X3 and X** are independently F, Cl, Br, 1, benzyl, phenyl, or methy];
EAis Cor Si;



(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 Ff%yl 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 (X3} lis Qnﬁ“ﬁ@m&it@%%fé}.&'&ﬁﬂbﬁﬂuﬂﬁﬁ aéi‘&ﬂ&"ogrﬁ’ﬁ’%?‘gﬂﬂlﬁpeﬁﬂé? &sarbon
atoms; (X3) and (X4) are independently: 1) F,"Cl, Br, or [; 2) a hydrocarbyl group ha}Xing up to 20
carbon atonidliFh brBre4uB e IRy ereearsidmdderdrodie gamydrereantil enth ool R ora@driRydibcarbylsilyl
group, any %Wﬂjpgr ,jng 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 of (X3) and (X4) is a
hydrocarbyl group havingRip 8 carsondaiptnde™lydd BH4Hand any additional substituent on the

substituted cyclopentadiepyl, subatiLter, deays, sugtivteshfuorenyl, or substituted alkenyl group is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of aliphatic and cyclic

groups, an 110 oxygen dfoupd duilfuRgrougenenigRige sy BimaE GEREN R SERBIECafT ABedic group, a
carbon groug,. SRR IEP B BHARINOS AR RNY:Rf Whigh BAYIPY D4 IR2QCRAN0N alAms: a halide;

or hydrogen; b)the at least one second metallocene comprises an unbridged metallocene having the
formula: i)(XE5)0R6 X0 IMEPPNIR -T PhRHRIIIHRS IO tih ATPRNA rEEMIRiN, G PRENEIONP- 2 SiHe)tand (X6)

are indepe ﬁBYg’% Qwﬂﬂﬁg}@ﬂi?ﬁﬂé Wﬁ%ﬂiﬂvﬁiémtyﬁ%dlQX%M%’H@%%D&JBH%%HS“MW indenyl;
(X7) and (X8) 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 trinydrocarbylsilyl group, any of

which having up tor@ gRihen stemsn AT $hBRER af BR8RE fYharriaIRElR-30 alkyl group or an aryl
group, any of which having up to 12 carbon atoms; wherein at least one of (X7) and (X8) is a hydrocarbyl

% on the substituted
6 CLQ; ebinden ndeperdenty aRaliphatic
group, a combimatign-of aliphatic and yclic-groups; an oxygé’hgg oup

p, ‘& aromatic group, a cyclic
5. na-Sulfur group, a nitrogen group, a
phosphorus grdﬂﬁ,aé;r%mic group, Retar graup, a silicdf gro o8 boron group, any of which
having from 1 to 20 on atoms; a halide'é‘ hydrogen; ii)(x9)(x )(x12)1\ (M3-C), wherein
N\ Z N\

t-Bu C 0 t-Bu t-
t-But-Bu Ph ®\ o
Phu,,, .~ N\, Cl Ph/’hC

Gl
Zr.

- N\
t-Bu C t-Bu t-But-Bu
Ph,, Cl Phuw,, .\ Cl

G

““““ =’ Mt
h ~c|

\ =
, , or any combination thereof.

5. The method of claim 1, wherein the at least one second metallocene comprises an
unbridged metallocene having the formula:

i) XXX XHM? (M2-B), 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 having up to 20 carbon atoms; (X10) is a substituted indenyl group, wherein one substituent
is an aliphatic group, an aromatic group, or a combi %Iion of aliphatic and cyclic groups, any of which
having up to 20 carbon atoms; 111 (X11) and (XlZTare independently:1) F, Cl, Br, or I; 2) a hydrocarbyl

group having up to 20 camenatomsith oF Bidus) @ hydrocarbyloxide group, a hydrocarbylamino group,
or a trihydrocarbylsilyl group, any of which having Up to 20 carbon atoms; or 4) OB12c2 or S0312c,

wherein 12c is an alkyl grokip otsh &%) geseipinsdepesdamion Aavirdoneniadiondhrbam dtskenylwherein at
least one of (X11) and i &?@d&g@&@@y’l SrAURHRYIR YRdiG ¢0 carbon atoms, H, or BH4; and

any additional substituent on the substituted cyclopentadienyl or Substituted indenyl is independently an
aliphatic group, an aromaltic yréfith, (X dyeie HréeRsndesimbinaligreeraNpHatemAd ePeliERrsups, an oxygen

group, a sulfur groppyaiQEE HIIOHP, B PROSPRRIIS,gfoup, 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 #)ihaiBttist onehictivatbrsuhpuiopshiptisay! ar sybatsiiad rderstivith an
electron-withdrawifigigRifent] '_ﬂﬁ E'P%MQ %Y&E@[rﬁnlaﬁ{‘/ﬁ%ﬂ%i%@%% leasione dirsh mstlasese comprises
a compound having the formula: R 6A r, A T AntIX3 A w | ', Aftx4
of aliphatic and cyclic groups, any of which having from 1 to 20 carbon atoms;
ii) XHXHHXHM’? (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 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, BH4, F, Cl, Br, or I;

or

i) any combination thereof.

6. The method of claim 1, wherein the at least one second metallocene comprises a

compound having the formula:

R7A
A
COJVC
2A||I‘\\\X7A
\XSA

M

9y, & -

i) R34 (I1A), R (IITA), or any

combination thereof, wherein



(IA), wherein MLA is titanium, zirconium, or hafnium; X3A and X4A are independently F, Cl, Br, |, benzyl,
phenyl, or methyl; EA is C or Si; 112 RR2A 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 RR2A is an aryl group; R3A
and R4A are independently H or CH3; nis an integeirll“rom 0 to 5, inclusive; and RSA and R6A are
independently an aliphatic group, an aromatic group, a cyclic group, a combination of aliphatic and cyclic

groups, an oxygen group, a suIfﬁwgg&&ﬁggm,gigy&igﬂwwmmﬁ;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. 5. The method of clain 1a0thefein theaghessusivacsecondndenandeehe EombrBeslan

unbridged metallocene haying the, IprmuandGIQRI(X7)(X8)M2(M2-B), wherein 113 M2 is zirconium or
hafnium;
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=CH5;

R9A\@/\/\

Xl IA\M:;AM\\XIZA

00

R'0A (IVA), wherein

i)
M?>2 is zirconium or hafnium;
R’ is Hor CHs;;
R'%* is 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'?A are independently F, CI, Br, I, benzyl, phenyl, or
methyl;
or

i) any combination thereof.



(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, BH4, F, Cl, Br, or I; and any substituent on the substituted cyclopentadienyl or substituted
indenyl is independently an aliphatic group, an arorqrilgjc group, a cyclic group, a combination of aliphatic
and cyclic groups, any of which having from 1 to 20 carbon atoms; ii)(x9)(x oxx xx 12)\43(M3-B), wherein
M3 is zirconjum orRafiuiod ofKAlds 7 SHRSEHER SYGloReBiRdeRY@rauRIWRSIE Kb AR SUPStituent is
independently a linear or branched alkyl group having from 1 to 12 carbon atoms; )cm) is a
substituted fedpsHtbaping et émamltsubstituent 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) af Z ependently a h "‘; group havjpgrup tox12 carbon atgms BH4, F, Cl, Br,
or I; or iii)any com tQn thereof. 6. The-mg¢ of claim 1(, u:" he at least 4@} d metallocene
comprises a compound\awing the formula: R7Ac114 m2A s I\iQ ependently, zircon\\{ or hafnium;

CH, e CHg

@2/ N C 3/“\@ - :/~ - :/fo%




X7A and X8A, in each occurrence, are independently F, Cl, Br, I, 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=CH2, or CH2CH2CH2CH=CH2; R9A xI1AA™ix12A ii)Ri0A
(IVA), wherein M3A is zirconium or hafnium; R9A is H or CH3; 121Ais H, CH2CH=CH2,
CH2CH2CH=CH2, CH2CH2CH2CH=CH2, CH2CH§&§—IZPh, or CH2CH2CH2CH3; and X1 IA and X12A
are independently F, Cl, Br,&denzyl, phenyl, or methyl; any combination thereof. 115 7.The method of

~G -

CH,

CH,
Zr.

;

CH,
s

0h ok

/\

CH,

, or any combination thereof.

8. The method of claim 1, wherein the at least one second metallocene is:



116 , or any combination thereof. 8.The method of claim 1, wherein the at least one second
metallocene is: 0-12cH=c112 , or any combination thereof. 9. The method of claim 1, wherein the at
least one organoaluminum compound comprises trimethylaluminum, triethylaluminum, tripropylaluminum,
tributylaluminum, triisobutylaluminum, trihexylalumigu.ww, trioctylaluminum, diethylaluminum ethoxide,
diisobutylaluminum hydride, diethylaluminum chloride, or any combination thereof. 10. The method of
claim 1, wherein the at least one activator-suppartgomprises a solid oxide treated with an
electron-withdra @ anion;wherein: 118

K

Clam  Cl Clam panCl Clame / nCl
O \: ”C\ C\
CH2CH=CH2 CH2CH=CH2 (CHz)ZCHZCHZ
9 2 2
Cl\Hif el Claw 7 iCl Cl\Hif..ma Clam, J aniCl
SoNNNG o
(CH,) CH
(CHy),CH=CH, | : 3@, ( 2)3@, (CHy),CH,
O - RORSN
Cla fip-mcl Q/\/\ Clam / Cl

\ Clam / aiCl Clam, Lencl \
Q) Qo Q0 O
(CH,);CH; , CH,CH=CH,

CHCH=CH, " or any combination thereof.

9. The method of claim 1, wherein the at least one organoaluminum compound
comprises trimethylaluminum, triethylaluminum, tripropylaluminum, tributylaluminum,
triisobutylaluminum, trihexylaluminum, trioctylaluminum, diethylaluminum ethoxide,

diisobutylaluminum hydride, diethylaluminum chloride, or any combination thereof.

10. The method of claim 1, wherein 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, f|lII §osulfate, trifluoroacetate, phosphate,
fluorophosphate, fluorozirconate, fluorosilicate, fluorotitanate, permanganate, substituted or unsubstituted

alkanesulfonate, substitu@g ol pasyhstituted g{_ﬁ&gsqﬁgﬁﬁltg,, %ﬁl?é&ya‘ﬁﬂﬂlﬁﬁ?ag%ﬁﬂ%ﬁ% Ate The

method of claim 1, wherein the at least one activator-support comprises chlorided alumina, fluorided
alumina, fludideauatuhesphisptidte, slumaifetioal HEiRAaD PLYSHHBSESHidEBNImHEC Y anhagitihation

thereof. 12y, 1he MENBGLRS FlRIRY dxWMBETRN:G) TheR} [astiang i aidneiedngene comprises a compound
having the formula: t-Bu (IB), wherein M1B is zirconium or hafnium; 2B K is methyl or phe%RSB and

R4B are independently Htb? Clegtrandvithsian ingeg@idrorts oftssidaciclioeds) Preatdeadesisé second
metallocenebﬁggpgg[ggs @iAgPopRdIBAYING thGtel 1Huoroborate,  fluorosulfate, trifluoroacetate,

phosphate, fluorophosphate, fluorozirconate, fluorosilicate, fluorotitanate, permanganate,
substituted or unsubstituted alkanesulfonate, substituted or unsubstituted arenesulfonate, or

any combination thereof.

11. The method of claim 1, wherein the at least one activator-support comprises
chlorided alumina, fluorided alumina, fluorided aluminophosphate, sulfated alumina,

fluorided silica-alumina, or any combination thereof.

12. The method of claim 1, wherein:

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

M
Re™ " d ~ci

F
R% s "

(IB), wherein
M'B is zirconium or hafnium;
R is methyl or phenyl;
R>B and R*® are independently H or CH3s; and
n is an integer from 0O to 5, inclusive;
b) the at least one second metallocene comprises a compound having the

formula:



Mr is zirconium or hafnium; and X7c and X8c are independently benzyl, Cl, or methyl; R9B ioB R ii)(IVB),
wherein M3B is zirconium or hafnium; R9B is H or CH3; and RioB is H, CH2CH=CH2,
CH2CH2CH=CH2, CH2CH2CH2Ph, or CH2CH2CH2CH3; or iii) any combination thereof. 13.The method
of claim 1, wherein: a)the at least one first metallocelrlmg comprises a compound having the formula: (1A),

wherein MIA is zirconium or hafnium;

o3
1) ©3 (IIC), wherein

M2€ is zirconium or hafnium; and

X’¢ and X*€ are independently benzyl, Cl, or methyl;

R9B
@ |\\\\C1

-~ .
Cl M3B
O \

3B . . . )
M~" is zirconium or hafnium;

R’® is H or CH3; and
R!%® is H, CH,CH=CH,, CH,CH,CH=CH,, CH,CH,CH,Ph, or

O

RI0B (IVB), wherein

CHQCH2CH2CH3;
or
iii) any combination thereof.
13. The method of claim 1, wherein:
a) the at least one first metallocene comprises a compound having the formula:

(TA), wherein

M is zirconium or hafnium;



120 X3A and X4A are independently F, Cl, Br, |, benzyl, phenyl, or methyl; EA is C or Si; RR2A 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 RR2A is an aryl group; R3A and R4A are independently H or CH3; n is an integer
from O to 5, inclusive; and RSA and R6A are jndependently 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 groue: Al 2igenis iRBeAEAIROR GIOW: 7 SUIEIN BHRHD, OF mbgiAn aroup any of

which having from 1 to 12 carbon atoms; or hydrogen; b)the’at least one 'second metallocene
comprises a compound hBvildi9€ $érmula:  combination thereof, wherein m2A | s | independently,

zirconium or hafnium; R4 334 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;
R* and R** are independently H or CHs;
n is an integer from 0O 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;
b) the at least one second metallocene comprises a compound having the

formula:

R7A
X
Q = R7AO
2A“““\X7A
\XSA

M “X7A
24
9o g -
i) R34 (ITA), R (IITA), or any

combination thereof, wherein
M is, independently, zirconium or hafnium;
X" and XSA, in each occurrence, are independently F, Cl, Br, I,
benzyl, phenyl, or methyl; and
R7A and R8A, 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=CH;;



X7A and X8A, in each occurrence, are independently F, Cl, Br, I, 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=CH2, or CH2CH2CH2CH=CHZ2; 121 M3A is zirconium or
hafnium; R9A is H or CH3; 121Ais H, CH2CH:§%—£2, CH2CH2CH=CH2, CH2CH2CH2CH=CHZ2,
CH2CH2CH2Ph, or CH2CH2CH2CH3; and XIliA and"X12A are independently F, Cl, Br, I, benzyl, phenyl,
or methyl; or iiij)any combination thereof;os  C)the at least one organoaluminum compound comprises
trimethylaluminum, triethylaluminum, triprop n ibutylaluminum, triisobutylaluminum,
trihexylaluminum, trioctylaluminum, diethylaliginum ethoxide, diisobutylaluminum hydride,
diethylaluminum chloride, or any combiratieq tharesfizand d) the at least one activator
activator-support comprises a solid oxide treated with an electron-withdrawing anion, wherein:

i) RI0A (IVA), wherein

M3 is zirconium or hafnium;

R’*is H or CH3;

R'% is 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 XA are independently F, Cl, Br, I, benzyl, phenyl, or

methyl;
or
1i1) any combination thereof;
c) the at least one organoaluminum compound comprises trimethylaluminum,
triethylaluminum, tripropylaluminum, tributylaluminum, triisobutylaluminum,

trihexylaluminum, trioctylaluminum, diethylaluminum ethoxide, diisobutylaluminum
hydride, diethylaluminum chloride, or any combination thereof; and
d) the at least one aetivater 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.



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, f|lII osulfate, trifluoroacetate, phosphate,
fluorophosphate, fluorozirconate, fluorosilicate, fluorctitanate, permanganate, substituted or unsubstituted
alkanesulfopate, syRstiftded PotsHRStIYIRGArenesulfonate, or any combination thereof. 122 14.The
method of claim 1, wherein: a) the at least one first metallocene comprises: 123 c) the at least one
organoaluminum cdmpouthe Edenstiens st EllesANgraofRHSBEitylaluminum, triisobutylaluminum, or any
combination thereef.and d) the at least-ene agtivator activator-sapport-eemprises a sulfated solid

; gNg.,, C) the atleast one
um, triisobutylaluminum, or any
' E;*{"%:ulfated alumina. 16.The

nd comprided trie mihum. tH-n-bi

organoalumintim comp g o
.rr;]L.gm d)the at Iph @ r\)foélltor-suppo'g1

combination thered

t-Bu CO t-Buy tBu CO t-Bu
Phu,
Phu,, ..cr C Zr“""““Cl
- -
Ph/C (ng\C| Ph (g \Cl
- N\ o
, , or any combination thereof;

b) the at least one second metallocene comprises:
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@ @ CH,CH=CH,
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H,C

)
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-~ Hf W\ Cl

be.

CHCH=CH,  or any combination thereof;



a)the at least one first metallocene comprises a compound having the formula: R3B and R413 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: thereof, wherein M2B is zirconium or hafnium;
X713 and X8B are independently benzyl, Cl, or metlg)é? and R713 and R8B are independently H,
methyl, ethyl, n-propyl, n-butyl, CH2CH=CH2, CH2CH2CH=CH2, or CH2CH2CH2CH=CH2; c) the at

least one activator getivaige:sneat is\enipudes MG diapdathalumiRR-SUiRIRh ANy fluorided

silica-alumina, or any combination thereof; and 125 d)the at least one organoaluminum compound is
trlethylalumtﬁu%bQFbB@Wélﬂl‘ﬂmnEmﬁqlwéﬂﬁhmmumi@ﬂﬁﬂW%ﬂV%@iﬁblﬂ@f@ﬁth@@eof 17.The method of

claim 1, wherein: ) the at least one aetivater activator-support comprises a sulfated solid oxide.

15. The method of claim 1, wherein:

the at least one first metallocene is:

00 e w5

Ph” e | Ph Ph/ wCl
“C_ 2K i, Gl »C_ HE
AN F
t-Bu C 0 t-Bu
Ph// \\\\\\\ WCl

’

Q Q@M\@M

\Zr'“‘““CHZ \ wCH, 7 5\
NCH NcH O@
0 @5 2
@ s CHQCH CH2 s CHQCH=CH2

Clam /7 iCl Clam JpanCl
9o, O
(CH),CH=CH, | (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



a) the at least one first metallocene comprises a compound having the formula: R313413 (IB), wherein
Mzirconium or hafnium; R2B is methyl or phenyl; R3B and R4B are independently H or CH3; and nis an
integer from 0 to 5, inclusive; b) the at least one second metallocene comprises a compound having
the formula: RtoB (IVB), wherein M3B is zirconium P{4hafnium; R9B is H or CH3; and RioB is H,
CH2CH=CH2, CH2CH2CH=CH2, CH2CH2CH2Ph, 6r CH2CH2CH2CHS;

d) the at least one activator-support comprises sulfated alumina.
16. The method of claim 1, wherein:
a) the at least one first metallocene comprises a compound having the formula:

t-Bu t-Bu
Ph////”'“’C 1B““CI
F
RSB 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 0O to 5, inclusive;

b) the at least one second metallocene comprises a compound having the
formula:
R7B
X
L. ~Q
.|.\\\\\X7B
2B
M \XSB MZB“““\X7B
99, ol
R®P 1B), R* (IIIB), 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=CHy;
C) the at least one aetivater activator-support is chlorided alumina, fluorided

alumina, sulfated alumina, fluorided silica-alumina, or any combination thereof; and



c) the at least one activator-support is chlorided alumina, fluorided alumina, sulfated alumina, fluorided
silica-alumina, or any combination thereof; and 126 d)the at least one organoaluminum compound is
triethylaluminum, tributylaluminum, triisobutylaluminum, or any combination thereof. 18.The method of
claim 1, wherein the at least one first metallocene co prises a compound having the formula: MIA is
titanium, zirconium, or hafnium; X3A and X4A are indépendently Cl or Ph; EAiS C or Si; RI!, and R2A are
ph; RR4A are independenyly Hor Ci3: Biis 2B BIRIALHNTA 1 m{siHve: 2ndeRREM AR IBY. 19.A
method of polymerizing olefins, comprising:

tributylaluminum, triisobutylaluminum, or any combination thereof.

17. The method of claim 1, wherein:

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

t-Bu t-Bu
P h Iy, i C I
“C M1 B
F
RSB 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;
b) the at least one second metallocene comprises a compound having the

formula:

R9B\@/\/\

CI\M3B--‘“‘CI

RI0B (IVB), wherein

M8 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,CH3;
c) the at least one activator-support is chlorided alumina, fluorided alumina,

sulfated alumina, fluorided silica-alumina, or any combination thereof; and



contacting an olefin monomer and an optional a-olefin comonomer with a catalyst composition under
polymerization conditions to form a polymer or copolymer; wherein the catalyst composition
comprises a contact product of: 1) at least one first metallocene; 2) at least one second metallocene; 3) at
least one organoaluminum compound; and 4) at Ieaﬁéone 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
ML is titanium, ziregnium gor hafnilgy 164e  organéibhARGhiX 2oaifoldlePRndanti Aaauhstiyted
cyclopentadienyl, a substituted indenyl, or a substituted fluorenyl, one substituent on (X1) and
(X2) is a britigHEy e npIaY G TR IR IERT RDAMYHSHSI IR GOR BEFBn 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 &8st onehefRethadd R zlaian laryihgisiipthe at least |epatisite BekaiRCRIR 6ARAYESr 1X2) is a

substituted 951ﬁ?dﬁggqg_§,tiiﬁ%t% aliksemyh group having up to 12 carbon atoms; (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

to 20 carbon atoms; or 4) OB ‘ ;
having up to 12 carbon atoms; and, , any additional substituent on the substituted cyclopentadienyl,
substituted indenyl, substituted flu i”g A

boron group, any of which having from 1 arbon atoms; a halide; or hydrogen; b)the at least one
second metallocene comprises an unbridged fetaffe€ene having the formula:
)(X5)(X6)(X7)(X8)M2(M2-A), wherein M2 iStitatum, zirconium, @A hafmistein

M is titanium, zirconium, or hafnium;
X** and X** are independently Cl or Ph;
EAis Cor Si;

R'* and R** are Ph;

R** and R** are independently H or CH3;
n is an integer from 0O to 5, inclusive; and

R>* and R®* are t-Bu.

19. A method of polymerizing olefins, comprising:

contacting an olefin monomer and an optional a-olefin comonomer with a catalyst
composition under polymerization conditions to form a polymer or copolymer;

wherein the catalyst composition comprises a contact product of: 1) at least one first
metallocene; 2) at least one second metallocene; 3) 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:

XHXHX)XHM! (M1-A),wherein

M 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 having
up to 20 carbon atoms, H, or BH4; 3) a hydrocarbyloxide group, a hydrocarbylamino group, or a
trinydrocarbylsilyl group, any of which having up to 97carbon atoms; or 4) OBRE2 or SO3RE, wherein
RE is 128 an alkyl group or an aryl group, any of which having up to 12 carbon atoms; and any

substituent on the substityjgel CA{‘HOR‘}‘FS&C’A?@YMH@:?HH&&EH dindgpyisdadeReidrathan alichatic group,

an aromatic group, a cyclic group, a combination of aliphafic and cyclic groups, an oxygen group, a sulfur
group, a nitfogetteisuindanyhespharesigrsdglumicandenic group, a carbon group, a silicon group, or a

boron group, any of whicly havingfreemLde 80 Farkepxatoms; gr{}%lf([;ll% )g?[)lﬁ\y(i{ggﬁ‘ HROFMS@XX

)(x12)1\(M3-A), wherein M3 is titanium, zirconium, or hafnium; is a substifuted cyclopentadienyl
group, wherfélh BnevbaratithdhaisaPralinat@ st HATArorasiiegeliniema Yohiblitidn@tdfiphatic and

cyclic groupg, KYMQT WhiehNBANGMRIE LA RARRRAOR Sind RO} HaGSHRSHIY e ellﬁﬁ'@fb%‘wp’

wherein one substituent is an aliphatic group, an aromatic group, or a combination of aliphatic and cyclic

groups, anyChfaRIHoR BERHAgaNeb Zovdaabobatagndp to 13 qarpam@tony)oareyHeepenyBetg M 3tE, Cl, Br, or

I; 2) a hydrqeaepyhg e BaYIRY WRiAL0 g@,ﬂ?gn atoms, H, or BH4, 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any gf which having up to 20 carbon atoms; or 4)

OB12c2 or S0312c, wherdifc2¥caacaiBIkNgbap OF ArPhkyf drisub SR BYSAhERRANHPLFHEd 2 carbon

atoms; and g1k A IRRE SURYIHERLER hgaWbstituted cyclopentadienyl or substituted indenyl is
independently an a%iphatic roup, an,aromatic group, a cyclic ggl‘glgiqa combination of aliphatic and cyclic

groups, an oxygen group(% s@drfauise AdRASEENEIEUD) K 8FUs Graup dpcareenidup, a

carbon gro%@giliqﬁ:,n eouR %MQrogk&;gyp}@nyglof hich havino fremcd s RRiearbangioms; a halide;
or hydrogen; or ili)any combination thereof; 129
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR*; or SOsR*, wherein R is an alkyl group or an aryl group, any
of which having up to 12 carbon atoms; and
any 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-A), wherein
M?is titanium, 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 BHy4; 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 R® is



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 Ieas{ e activator-support comprises a solid oxide treated
with an electron-withdrawing anion, wherein: e solid oxide is silica, alumina, silica-alumina,

aluminophosphate, aluminynyRResRAE AR RMBIPAGy RFIRIAPLIIVRESIRE ia0ifAITaRRIQ, magnesia,

boria, zinc oxide, mixed oxides thereof, or any combination thereof; and the electron-withdrawing
anion is fluoride, chlorideaBfomide, iodide, phosphate, triflate, bisulfate, sulfate, fluoroborate,

fluorosulfate, trifluoroacetate, phgﬁplgglggﬁ{ﬁég[o&pqﬁgkg%tl%tﬂg@gp?ggm}ﬁaéliggws&l}cg}gstﬂg&@g&)titanate,

permanganate, substituted or unsubstituted alkanesulfonate, subsfituted or unsubstituted arenesulfonate,
or any combination there&1domyT e Wdapriletttyanh abPhgHerglieua)tAR AfqBRSiICoB@ iPstanfadiocene

comprises a compound haing he iBkioRGA HibhAR4XTANVRABUAL whesRMLAJSZirponium of
hafnium; X3A and X4A are independently F, Cl, Br, 1, benzyl, phenyl, or methyl; EA'iS C or Si; 130 RR2A

are independently an alkyl$isugrerniaiirgesipeieiRe@ophosphorus 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) xXHx"x"HxHM? (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 [; 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;RE,
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

1i1) any combination thereof;



which having up to 12 carbon atoms, or hydrogen, wherein at least one of RR2A is an aryl group; R3A
and R4A are independently H or CH3; n is an integer from 0 to 5, inclusive; and RSA and R6A 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& oup, a phosphorus group, an arsenic group, a
carbon group, a silicon group, or a boron group, any ot which having from 1 to 12 carbon atoms; or

hydrogen; b)thg,at legft Qpe.second NERIlNGRRR SOTMRHSSS:A eemmé&da%@gm@ ﬂ%%,ia;n each

combination thereof, wherein m2A , s | independently, zirconium or hafnium; A and X8

occurrence tagdarigelsendently F, Cl, Br, |, benzyl, phenyl, or methyl; and 127A and R8A, in each
occurrence, are independently H, methyl, eth%l(kpéﬁpxlﬁﬂ;gutyl, n-pentyl, CH2CH2CH2Ph,

CH2CH=CH2, CH2CH2CH=CH2, 0{3CH2CH2CH2 H=CH2; 131 ”
wherein (X') is a hydrocarbyl having from 1 to 20 carbon atoms; (X'7) 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 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.

20. The method of claim 19, wherein:

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

(TA), wherein

M' is zirconium or hafnium;

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



M3A is zirconium or hafnium; R9A is H or CHS; 121Ais H, CH2CH=CH2, CH2CH2CH=CH2,
CH2CH2CH2CH=CH2, CH2CH2CH2Ph, or CH2CH2CH2CH3; and XIiA and X12A are independently F,
Cl, Br, I, benzyl, phenyl, or methyl; or iii)any combination thereof; and c)the at least one organoaluminum
compound comprises trimethylaluminum, triethylalu?}ié"lum, tripropylaluminum, tributylaluminum,
triisobutylaluminum, trihexylaluminum, trioctylaluminum, diethylaluminum ethoxide, diisobutylaluminum

hydride, diethylaluminumghialjderes %f@’iﬁﬁ@b@iﬂ?etﬁ?& therapl gljou'f;h& %@mg g_ifoﬁ ,ir&&leyvgprein the

olefin monomer is ethylene, propylene, 1- butene, 2-butene, 3-methyl- 1-butene, ISOf utylene, 1-pentene,

2-pentene, UHAHAVINE pdniede, Grhfstiyems.peinbeHE0EhaxbersiRah dsasheng-Hekenand Bthyk 1-hexene,
1-heptene, Zhgptenss3-heptene, a normal octene, a normal nonene, a normal decene, or a combination
thereof. 22. The method of claim 1, wherein the olefin monomer is ethylene and the optional oc- olefin

comonomer is propylene Ri“birdrhe. rugentisnenderidyéher €Hvtene, or 1-decene.

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;

b) the at least one second metallocene comprises a compound having the
formula:
R7A
X
L -
‘.u\\\\X7A
MZA TA
\ 2A‘"‘“\X
o " %
i) R34 (I1A), R (IITA), or any

combination thereof, wherein
M4 is, independently, zirconium or hafnium;
X" and XSA, in each occurrence, are independently F, Cl, Br, I,
benzyl, phenyl, or methyl; and
R’ and R8A, 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=CHy;



132 23. The method of claim, wherein the method is conducted in a slurry reactor, a gas phase reactor, a
solution reactor, a high pressure tubular reactor, a high pressure autoclave reactor, or a combination
thereof. 24. The method of claim 20, wherein the olefin monomer is ethylene, propylene, 1- butene,
2-butene, 3-methyl- 1-butene, isobutylene, 1-penter]l 2-pentene, 3-methyl- 1- pentene, 4-methyl-
1-pentene, 1-hexene, 2-hexene, 3-hexene, 3-ethyl- -‘hexene, 1-heptene, 2-heptene, 3-heptene, a normal
octene, a normal nonene, a normal declgne, combination thereof. 25. The method of claim 20,
wherein the olefin monomer is ethylene and ‘VL -olefin comonomer is propylene, 1-butene,
/]
1-pentene, 1-hexene, 1-octene, or 1-decene =7

6. The method of claim 20, wherein the method is
conducted in a slurry reactor, a gas phaseé4dactor..&'selution reactor, a high pressure tubular reactor, a
high pressure autoclave reactor, or a comhination thereof. 27. The method of claim 19, wherein the olefin
monomer is ethylene, propylene, 1- butg ;ro@y ne, 3-methyl- 1-butene, isobutylene, 1-pentene,
2-pentene, 3-methyl- 1- pentene, 4-methky S

eptene, 1-hexene, 2-hexene, 3-hexene, 3-ethyl- 1-hexene,
1-heptene, 2-heptene, 3-heptene, a normal octene, 4 normal nonene, a normal decene, or a combination
thereof. 28. The method i claim 19, wherein the®lefin monof¥Ais athsieine and the optional a-olefin
comonomer is propylene, 1-butgpes gs-gggggﬂﬁnjd%ﬂﬁn,l-octene, or 1-decene. 29. The method of
claim 19, wherein the method is cgn.ducted in a slurry reactor, a gas phase reactor, a solution reactor, a
high pressure tubular reactor, aﬁlahsp"bggﬁfr]ésautoclave reactor, or a combination thereof.

R'** is 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 XA are independently F, Cl, Br, I, benzyl, phenyl, or
methyl;
or
111) any combination thereof; and
c) the at least one organoaluminum compound comprises trimethylaluminum,
triethylaluminum, tripropylaluminum, tributylaluminum, triisobutylaluminum,
trihexylaluminum, trioctylaluminum, diethylaluminum ethoxide, diisobutylaluminum

hydride, diethylaluminum chloride, or any combination thereof.

21. The method of claim 1, wherein the olefin monomer is ethylene, 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, a normal octene, a normal nonene, a normal decene, or a

combination thereof.

22. The method of claim 1, wherein the olefin monomer is ethylene and the optional -

olefin comonomer is propylene, 1-butene, 1-pentene, 1-hexene, 1-octene, or 1-decene.
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23. The method of claim, wherein the method is conducted in a slurry reactor, a gas
phase reactor, a solution reactor, a high pressure tubular reactor, a high pressure autoclave

reactor, or a combination thereof.

24. The method of claim 20, wherein the olefin monomer is ethylene, 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, a normal octene, a normal nonene, a normal decene, or a

combination thereof.

25. The method of claim 20, wherein the olefin monomer is ethylene and the optional

a-olefin comonomer is propylene, 1-butene, 1-pentene, 1-hexene, 1-octene, or 1-decene.

26. The method of claim 20, wherein the method is conducted in a slurry reactor, a gas
phase reactor, a solution reactor, a high pressure tubular reactor, a high pressure autoclave

reactor, or a combination thereof.

27. The method of claim 19, wherein the olefin monomer is ethylene, 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, a normal octene, a normal nonene, a normal decene, or a

combination thereof.

28. The method of claim 19, wherein the olefin monomer is ethylene and the optional

a-olefin comonomer is propylene, 1-butene, 1-pentene, 1-hexene, 1-octene, or 1-decene.

29. The method of claim 19, wherein the method is conducted in a slurry reactor, a gas
phase reactor, a solution reactor, a high pressure tubular reactor, a high pressure autoclave

reactor, or a combination thereof.
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