1 CATALYSTS FOR PRODUCI NG BROAD MOLECULAR WEI GHT DI STRI BUTI ON POLYOLEFI NS

I N THE ABSENCE OF ADDED HYDROGEN 5 BACKGROUND OF THE | NVENTI ON The
present iwoentZomeel ates generally to the field of ol efPCm/ysedgioe9dzati on
catal ysis, netall ocene catal yst conpositions, nethods for the

pol yneri zati on and copol yneri zation of ol efins, and polyolefins. Mre
specifically, this invention rel ates \]quto dual catal yst systens for
produci ng broad or binodal nol ecul ar ight distribution polyolefins in the

absence of added hydrogep,rarvystsBRAskSHUPHIBEHoAR! ecul ar wei ght

di stribution pol yolﬁéiﬁ&ﬁl&%ﬂ@,@ MR ST bWL Oﬂﬁ]‘%l&%l ynmers, and the

| i ke) can be produce VH IS i%tégg atal'yst systens and
pol ymeri zati on process@ P%E(’éﬁgsibroadégr i m)(%al rr(g Eelgul ar 15 weight
distribgtion pol yol efins may be produced using a dual netall ocene catal yst

system “but often requiri r drogen in order to do

sg. The addition of ﬂydroggg@i@){gﬁﬁﬁf’fﬁﬁbﬁggﬁsf@ﬁ?zat igon reactor systens,
however, may adves pekont afvieetdn febAast gohe@pe tatthongeld andilé¢finopdymaszavel | as the
resulting properties of the polynmer produced, far exanple,. polyne

o ocul ar RERGHE BreHaert 1 AaBt SRt Bobhtn SRt s R atbe br oad

or bi nodal comligfidHzation s @éFins JdnditgolyUtfin® N MRS ﬁﬁbiﬁ%&lly,s tHikSinEhtidn relates

nmet al | ocene-based dual catal yst systemthat does not require the addition

of hydri8gef® & cHRIYHSYSFRY 195 RF9d8ring Broed oF bimedalopgipgidaryveight distibuton nj s end

that the prLessRnd iNVIRMHLQRe bSaddid BEk&dn, 25SUMVARY OF THE | NVENTI ON
The present invention discloses polymerization processes enpl oyi ng dual

catal yst syst enBroegrort@ogil serlequiap veight whisyautian aobyelebpndhearorplymgiter s,
general |y 'cgbotl)hﬁer@tfé‘?&g;ﬁel@f arRAARE A d) X8 BIFRBdudel uBGE V5ARVCEMYMinBE aspect
of the present” invention, a catalyst conposition s 30 provided, and this
catal yst ceowplosii pisems coaprol¥esizeamapipsssesonpehebivad or danalel stolesslaponent |11,
and an jact PrdistrLbﬂtié‘l’f'gBQSfeﬁﬁss ﬁw%;tbe O&Bd&lec?%iﬂg Paoh%ﬁf%ﬁétaqﬁ')tcén%”ca&gﬁﬁss I'S
provided and,” in this aspect, the process conprises contacting cat al yst
conposi ti onyswin,fbuanftel efquininguho pescnandf agted diydtogyn anobefol dp sonthomer under
pol yrer | Zatah(ﬁﬁon of hydrogen gas to certain polymerization reactor systems, however, may

adversely affect reactor operating conditions, as well as the resulting properties of the

polymer produced, for example, polymer molecular weight or melt index.

20 It would be beneficial to produce broad or bimodal molecular weight
distribution polyolefins using a metallocene-based dual catalyst system that does not
require the addition of hydrogen to the polymerization reactor. Accordingly, it is to this

end that the present invention is directed.

25 SUMMARY OF THE INVENTION

The present invention discloses polymerization processes employing dual
catalyst systems for the production of broad and/or bimodal polymers, generally in the
absence of added hydrogen.

In accordance with one aspect of the present invention, a catalyst composition is

30 provided, and this catalyst composition comprises catalyst component I, catalyst
component II, and an activator. In another aspect, an olefin polymerization process is
provided and, in this aspect, the process comprises contacting a catalyst composition

with an olefin monomer and optionally an olefin comonomer under polymerization



2 conditions to produce an olefin polyner, wherein the catal yst conposition
conpri ses catal yst conponent |, catalyst conponent |1, and an activator.

I n t hese wetalymws27¢onposi ti ons and pol yneri zati on proce®sediS2@anddpgst
conmponent | can conprise: 5a conmpound having fornula (A); a conpound having
formula (B); a dinuclear conmpound fornmed from an al kenyl -substituted
conpound having formula (A), fornmula (B), or a conbination thereof; or any
conbi nati on thereof, wherein: 10f or mula (A) is; wherein: ML is Zr or Hf; X1

and X2 are jndepe Egﬁfsgdg%e %’i ?(1%11 855“’51?1]’ whIRE caﬁwyomﬁogﬂgxgg&m%ﬁégoBm OBR2

or S8R, wherein group hav n atons;
or a leytally stcampyeok, daalggtoumporanﬁychméalaadwwam no group, or a

hydr ocar byl sily oup, 150f | ch 18 carbon [s; El is
Cor s b 0P B S Rne B alTy PRl cBf i grB havi ng up
to 18 car beompdmensl,cantorifirisand R2 are connected to forma cyclic or
heteroc¥cllc group havin ‘Eﬁl‘ @gn atons; and 20R3 is Hor a
hydr ocarbyl or hydroacc<'§3fm(5’§1l aine ?rgﬁ% ving up to 18 carbon atons; and

a compound having formula (B);

a dinuclear compound formed from an alkenyl-substituted compound

having formula (A), formula (B), or a combination thereof; or

any combination thereof, wherein:

< JQ

E1 M1/X1

R /X

R3

10  formula (A) is ; wherein:
M' is Zr or Hf;
X! and X? are independently F; CI; Br; I; methyl; benzyl; phenyl; H; BHy;
OBR; or SO3R, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a
hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any
15  of which having up to 18 carbon atoms;
E!is C or Si;
R' and R? are independently H, a hydrocarbyl group having up to 18 carbon
atoms, or R' and R? are connected to form a cyclic or heterocyclic group having up to
18 carbon atoms; and
20 R’ is H or a hydrocarbyl or hydrocarbylsilyl group having up to 18 carbon

atoms; and



3 Isoner fornmula (B) isMeso; wherein: M2 is Zr or Hf; X3is F, d;
Br; |I; methyl; benzyl; phenyl; H BH4; OBR2 or SBR, wherein Ris an alkyl
or aryl gwoupi2mei’ag up to 18 carbon atons; or a hydroca&chyuseciice29gs oup, a
5 hydrocar byl am no group, or a hydrocarbylsilyl group, any of which having
up to 18 carbon atonms; E2 is Cor Si; R4 is Hor a hydrocarbyl group having
up to 18 carbon atons; and R5 is a hydrocarbyl or hydrocarbylsilyl group
having up to 18 carbon atons. 10l n these catal yst conpositions and

pol yneri zati on processes, catalyst conponent |l can conprise: a conpound
having formula (C); a conpou N\ ing formula (D); a conpound havi ng
formula (E); 15a conpound h formula (F); a dinuclear conpound forned
from an al kenyl - substi tuted .u-.s d having fornula (C, fornula (D),
formula (E), formula (F), or a mat | on thereof; or

R4
>E2 MZ/X
R ’/ X

Meso Isomer - wherein:

formula (B) is
M? is Zr or Hf;
X is F; Cl; Br; [; methyl; benzyl; phenyl; H; BH4; OBR, or SO3R, wherein R is
an alkyl or aryl group having up to 18 carbon atoms; or a hydrocarbyloxide group, a
5 hydrocarbylamino group, or a hydrocarbylsilyl group, any of which having up to 18
carbon atoms;
E?is C or Si;
R* is H or a hydrocarbyl group having up to 18 carbon atoms; and
R’ is a hydrocarbyl or hydrocarbylsilyl group having up to 18 carbon atoms.
10 In these catalyst compositions and polymerization processes, catalyst
component II can comprise:
a compound having formula (C);
a compound having formula (D);
a compound having formula (E);
15 a compound having formula (F);
a dinuclear compound formed from an alkenyl-substituted compound
having formula (C), formula (D), formula (E), formula (F), or a
combination thereof; or

any combination thereof, wherein:



any conbi nation thereof, wherein: WD 2012/006272PCT/ US2011/ 042935 4 .
3--x4 E\N [/ X5 forrmula (C) isCpi; wherein: M3 is Zr or Hf; X4 and X5
are i ndepeodertdoy278; C; Br; |; nethyl; benzyl; phenyl ; PHI/USRHLI/0CBBRR or
SABR, wherein Ris an alkyl or aryl group haying up to 18 carbon atons;
a 5hydrocar byl oxi de group, a hydrocarbyl am no group, or a hydrocarbylsilyl
group, any of which haying up to 18 carbon atons; E3 is a bridging group
selected from a cyclic or heterocycl i bri dgi ng group haying up to 18

car bon atons, '

is C or

10

15

20

10Si ,

formula (C) is
M is Zr or Hf;
X* and X° are independently F; CI; Br; I; methyl; benzyl; phenyl; H; BHy;

; wherein:

OBR; or SO3R, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a

hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any

of which having up to 18 carbon atoms;

atoms; and

E’® is a bridging group selected from:

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

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

a bridging group having the formula —CR™®R®**—CR'“R*—, wherein
R™8, R*®, R’°, and R* are independently H or a hydrocarbyl
group having up to 10 carbon atoms, or

a bridging group having the formula —SiR"’R*"—SiR""R**—, wherein
R™®, R*, R, and R* are independently H or a hydrocarbyl

group having up to 10 carbon atoms;

R’ and R" are independently H or a hydrocarbyl group having up to 18 carbon

Cp' is a cyclopentadienyl or indenyl group, any substituent on Cp' is H or a

hydrocarbyl or hydrocarbylsilyl group having up to 18 carbon atoms;

formula (D) is

R18 C R17
; wherein:

group

R10

or

a bridgi ng grouyp=kayi ng=the fornul a >E3AR7AR8BA, wherein E3A
and R7A and R8 '



haying up to 18 carbon atons, a bridging group haying the formula

- CR71 3R8B- CR7cR8c-, wherein R713, R8B, R7c, and R8c are independently H or
a hydr ocawbybizoerp haying up to 10 carbon atons, or 15&Civrisdgilg2ods oup
hayi ng the fornul a - Si RTDR8B- Si R7TER8E-, wherein R7D, R8D, R7E, and R8E are
i ndependently H or a hydrocarbyl group haying up to 10 carbon atons;

RO and Rl are independently H or a hyc%r ocar byl group haying up to 18 carbon
atons; and 20Cpl is a cycl opentadi enyl” or indenyl group, any substituent on
Cpl is Hor ah 1&?1%&%' or hydrocarbylsilyl group haying up to 18 carbon
atons; fornul a ) “wherein: 5 M4 is Zr or Hf; X6 and X7 are

i ndependent |y FX° @hd X%ra;re hndepmihyly,Fb@hﬂli llnbthyﬂylbpnzlﬂ Iﬁbmyl BBRM.or SOBR,

wherein R i k y pha on toms: or a
hydr ocar byloc'isle’;1 r%b 1¥ Wherem y ?Igcla%boﬁl QX ¥ péfgvol%up gor 2 TR AGERr By si 1yl
group, any h’;‘adrbcanﬂsm@hddwgyumgl lufirdoarby Bntar @onp,a;rarﬂmdrolﬁhﬂbyisﬂyl_agrdnrp, dagi ng group
(szglr gg;e fﬁg%icﬁhg%%ﬁpctoq% Cgr%tor%tgglg;cl ic bridging group haying up to 18

E* is a bridging group selected from:

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

a bridging group having the formula >E*R'**R"**

, wherein E*is C or
Si, and R and R"* are independently H or a hydrocarbyl
10 group having up to 18 carbon atoms,
a bridging group having the formula —CR"PR"“P—CR"R"“—
wherein R'?®, R"E, R"*“, and R"“ are independently H or a
hydrocarbyl group having up to 10 carbon atoms, or
a bridging group having the formula —SiR'*’PR"*P—SiR"“PRYF—

2D RBPRYE and RYF are independently H or a

15 wherein R
hydrocarbyl group having up to 10 carbon atoms; and
R R, R'® and R" are independently H or a hydrocarbyl group having up to

18 carbon atoms;

formula (E) is ; wherein:
20 M’ is Zr or Hf;
X® and X° are independently F; CI; Br; I; methyl; benzyl; phenyl; H; BHy;
OBR; or SO3R, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a
hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any

of which having up to 18 carbon atoms; and



a bridging group haying the forrmula >E4AR12AI c-rs 13A, wherein ELIAis C or
Si, and R12A and R13A are independently H or a hydrocarbyl 10group hayi ng
up to 18 warbomoet7ens, 13,-, 13B cR12CR13C , a bri dgi ngpgraispoihayiong t he
formul a - CR12K wherein R1213, R1313, R12C, and R13c are independently H or
a hydrocar byl group haying up to 10 carbon atons, or a
bridging group haying the formula -SiR 12D1-, K13D si RI2ER13E , 15wherein
R12D, R13D, R12E, and RHE are i ndependently H or a hydrocarbyl group haying

up to 10 carbon . 16, 18 carbon atonms; formula (E) is;
wherein: 20Mb |gﬁég%glpglﬁggro%éelec%émnﬁd X9 are |ndependently F, d; Br; I;

met hyl ; benzyl; phemdyplidhr hgtddocy DBRRidgmg S8R havihgneion 8Rarb9n atmrrmj kyI or aryl
o oup oyt ng b ¥ LSuE TR RN SRR I S i g
to 18 carbon atons; and S5 &fl R@A anbri’ an‘egmgespankpbnﬂglfém edhyfdra@atbyl
5 group having up to 18 carbon atoms,
a bridging group having the formula —(CH,),—, wherein n is an integer
from 2 to 6, inclusive, or
a bridging group having the formula —SiR**’R*'P—SiR**“R*“—
wherein R*, R*'®, R, and R*' are independently H or a
10 hydrocarbyl group having up to 10 carbon atoms; and
Cp®
\ X
M\X”

/

Cp?

formula (F) is

M°Cis Zr or Hf;

; wherein:

X' and X" are independently F; Cl; Br; I; methyl; benzyl; phenyl; H; BHy;
OBR; or SO3R, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a

15  hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any

of which having up to 18 carbon atoms; and

Cp” and Cp’ are independently a cyclopentadienyl, indenyl or fluorenyl group,
any substituent on Cp® and Cp’ is independently H or a hydrocarbyl group having up to
18 carbon atoms.

20 Polymers produced from the polymerization of olefins using these catalyst
systems, resulting in homopolymers, copolymers, and the like, can be used to produce
various articles of manufacture. In some aspects of this invention, an ethylene polymer
produced herein can be characterized as having the following polymer properties: a
broad and/or a bimodal molecular weight distribution (MWD); and/or a Mn in a range

25  from about 9,000 to about 30,000 g/mol; and/or a ratio of Mw/Mn from about 4 to
about 20; and/or a short chain branch content that decreases as molecular weight

increases.



a cyclic or

bri dgi ng group having the fornula >E5BAR2ZOAR21A, wherein E5A is C or

R26A and Waka2ze272ndependently H or a hydrocar byl

het erocyclic bridging group having up to 18 carbon atons, a

Si, and

gr oupCinaseoig/ouze3t o 18

carbon atons, a bridging group having the fornula -(CH2).-, wherein n is an

integer from2 to 6, inclusive, or 13,-,21B si RROCR21C , a bridging group

havi ng the formula -Si R2OK wherein R2§ R21B, R20C, and R21lc are
h

i ndependently H or a hydrocarbyl grou

Cp3 \x'icl RA6 7.---- n. Mo is Zr or
and xi ndependently F; Ghﬁbﬁ%ﬁy&ﬁlpﬁéw benzyw@kﬁenyl H, BH4;

503R, wherei n RFIG. anlluﬂtﬂageb the daﬁmhorgr@hb%mdrigl(ljpntaomb&cmlalr berghait ons; or
a 15hydroc%{sp%l 9xi de group, a hydr ocar byl am no group, or a hydrocar

group,

any
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ution curve:

FIG. 2 presents a plot of the molecular weight distributions of the polymers of
Examples 1-4.

FIG. 3 presents a plot of the molecular weight distributions of the polymers of
Examples 5-6.

FIG. 4 presents a plot of the molecular weight distributions of the polymers of
Examples 7-10.

FIG. 5 presents a plot of the molecular weight distribution and the short chain
branching distribution of the polymer of Example 5.

FIG. 6 presents a plot of the molecular weight distribution and the short chain
branching distribution of the polymer of Example 6.

FIG. 7 presents a plot of the molecular weight distribution and the short chain
branching distribution of the polymer of Example 11.

FIG. 8 presents a plot of the molecular weight distribution and the short chain
branching distribution of the polymer of Example 12.

FIG. 9 presents a plot of the molecular weight distributions of the polymers of
Examples 13-16.

DEFINITIONS

To define more clearly the terms used herein, the following definitions are
provided. To the extent that any definition or usage provided by any document
incorporated herein by reference conflicts with the definition or usage provided herein,
the definition or usage provided herein controls.

The term “polymer” is used herein generically to include olefin homopolymers,
copolymers, terpolymers, and so forth. A copolymer is derived from an olefin
monomer and one olefin comonomer, while a terpolymer is derived from an olefin
monomer and two olefin comonomers.  Accordingly, “polymer” encompasses
copolymers, terpolymers, etc., derived from any olefin monomer and comonomer(s)
disclosed herein. Similarly, an ethylene polymer would include ethylene

homopolymers, cthylene copolymers, ethylene terpolymers, and the like. As an
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and
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OBR2 or

byl si | yl



of which having up to 18 carbon atons; and Cp2 and Cp3 are

i ndependently a cycl opent adi enyl, indenyl or fluorenyl group, any
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a metallocene compound When used to denote a hydrogen atom, hydrogen will be

displayed as “H,” whereas if the intent is to disclose the use of hydrogen in a
polymerization process, it will simply be referred to as “hydrogen.”

The term “co-catalyst” is used generally herein to refer to organoaluminum

15  compounds that can constitute one component of a catalyst composition. Additionally,

“co-catalyst” can refer to other components of a catalyst composition including, but not

limited to, aluminoxanes, organoboron or organoborate compounds, and ionizing ionic

compounds, as disclosed herein, when used in addition to an activator-support. The

term “co-catalyst” is used regardless of the actual function of the compound or any

20  chemical mechanism by which the compound may operate. In one aspect of this

invention, the term “co-catalyst” is used to distinguish that component of the catalyst

composition from the metallocene compound(s).

29 < 29 CC

The terms “chemically-treated solid oxide,” “activator-support,” “treated solid
oxide compound,” and the like, are used herein to indicate a solid, inorganic oxide of
25  relatively high porosity, which can exhibit Lewis acidic or Brensted acidic behavior,
and which has been treated with an electron-withdrawing component, typically an
anion, and which is calcined. The electron-withdrawing component is typically an
electron-withdrawing anion source compound. Thus, the chemically-treated solid
oxide can comprise a calcined contact product of at least one solid oxide with at least
30  one electron-withdrawing anion source compound. Typically, the chemically-treated
solid oxide comprises at least one acidic solid oxide compound. The terms “support”

and “activator-support” are not used to imply these components are inert, and such
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g i cIudrn%£ QUt no% ted to % oxanes, gﬁno ron or
Qo eHTRIHEL | Alshbrsit ‘1‘52? ngcanYis ¢ & dE‘)“O&%lO‘&rF el herein,
when used ifilo@dkahid ®OrohOcodipoasd io¥ akd forfl paGsH]: BYIz]e r:verrenY aepreahal yst” is

conpositio
or ganobor a

used rggar
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30

ess of the actual functiaon of the conpoun
%uor?nated orgarﬁc group. Matelrllals of these types are rrg%neral y and cgﬁ/ectlvely

referred to as “organoboron or organoborate compounds.”

The term “metallocene,” as used herein, describes a compound comprising at
least one 1’ to M’-cycloalkadienyl-type moiety, wherein 1’ to 1’-cycloalkadienyl
moieties include cyclopentadienyl ligands, indenyl ligands, fluorenyl ligands, and the
like, including partially saturated or substituted derivatives or analogs of any of these.
Possible substituents on these ligands may include H, therefore this invention
comprises partially saturated ligands such as tetrahydroindenyl, tetrahydrofluorenyl,
octahydrofluorenyl, partially saturated indenyl, partially saturated fluorenyl, substituted
partially saturated indenyl, substituted partially saturated fluorenyl, and the like. In
some contexts, the metallocene is referred to simply as the “catalyst,” in much the same
way the term “co-catalyst” is used herein to refer to, for example, an organoaluminum

compound. Metallocene also is used generically herein to encompass dinuclear



20 chem cal nechani sm by which the conmpound nmay operate. In one aspect of
this invention, the term"co-catalyst” is used to distinguish that
conmponentwof2ot¥merat al yst conposition fromthe netall oceng/usenpouzyds s) .
The terns "chenically-treated solid oxide," "activator-support,” "treated
solid oxide compound,” and the like, are used herein to indicate a solid,
i norgani c oxide of 25 relatively high porosity, which can exhibit Lew s
acidic or Bronsted acidic behavior, amd whi ch has been treated with an

el ectron-w n i al ci ned.
The el ectr cﬁ?lfb\?]\np ?“}1%8 V\P &%gq%ﬁgﬂgﬁ&dg@%&ﬁ%ﬁ% tl% Ig%al}a%%t%@ﬁ&% ll"% awi ng
ani on sour dg aconpatingl grolhusich tahen @h@mylc%ﬂpype!;ulmg gdm sl dldinonedtegan
conprise a ca40|Q%dm989%act nrrod&J[mfr ﬁ&h east on r1aL % oxide with at

|l east 30 OAE" €l CEFOR- Wi TR AR nY Sah on SEIFEE" ¢o &r%v hd “fFypical Iy, the
chem cal | y-tr eaTkstesm ‘fedtalyxi cxd)mpomnqnf’i’ sealat mixeast “andysagistinc” aolthel oxi de

Cheve. oompOReed Rt aReh s AFud, Reatic6s SsonEn S UrEam it BB Conct r uea

as an i ner for corgpavant oof thee catial ybmpeRssi tof onthe Thelaagéd vadacanyssupport of
the pr esent |nvent|on can be chemcally-treated solid o The term
"acti vat or COMBPRdYXHEY YR, e e Zl?Fe‘})‘/:HY? (pialygicite, Lpaélieaﬁ Fillao- i s

capabl e of cgeRwerthd Hﬂetﬁloﬂ&kabérﬁlﬁﬁlﬂ@(sﬁoimom‘éﬂﬁ inBidnad GRl adoyﬁltepirlaaa can
pol ynerize olefins, or 5 converting a contact product of a netallocene

conponent RFEOHAESHPERE R OrtthﬁtaCttYraE%(%lés a%twa@&ﬂnpafthmﬁér fqrepiniae (hesgy. |, an

al kyl', 18 hyghpsRhst qrhér%rémie%ﬁﬂaG@ﬁﬁyst%ﬁﬁosat% ﬂ%&@iykﬂﬁﬁﬂ@e cepeund does
not  al ready conprise such igand, into a catalyst that can polynerize

ol efi ns. ThYsenp.eppd thg h&@éacqn@ma% @iF énjiéal starting compesals o4 e SAPPYIEOHBEhani sm
|11 ustrati ygagl Lvahaes dilkkiiger gmtexa{ it URRRLEiSe (AW MY a6 n

or ganoboron or 10 organacbor ounds, 1onizing ionic conpounds, and the
| i ke. Al unicoRrensets, amsk gmeﬁbmphmvmof daoglah@brog@[lte%cmmmg@nmamtadwh| zi ng
ionic conp are referred to as activators if used in a

cat al yst cg#pomotql%gﬁ&?snd Whi ch an acti vat or-support is not present. If the
catal y9t conposTbé orm Camtagi predet’” inosddviatan togleppibe compdrgivnt Iwéerainuht? noxane,
oL92n000r B ASRORAALE RIS LoV LS. h PSR Ea Culy Bl o Y
conpound” itimeuFeod etuaipdd, Ithe\Mohi‘ponetnﬂs @n (b rartycteeBynblaglidgor Iﬁfxﬁfg. tRarthaut r al
conpounds of trt1e f(%rm BY3 e% term"fl Uﬁ]BOOI’ gano bo ate CF ound" al so has
its usual MEEHUARG Yo Y eFUEPOPTTIHE HEWoln MSATESES £ 2B¥eE £1 adF 88FGano bor on
conpound ofkompehchOsmihé ealhp@n]ohB}déslcnbeWhleerr@n Y Goﬁfbﬁreﬁgeﬁudsu@aﬁﬁiﬁﬂeﬂm bnat ed

organi ¢_grou Mat er i of these t es a ene and col | ct;vely
referrée t §° goneafwafhg%amr{owcww BoPat-e @f&]ﬁb ‘t?ﬁqﬁé“ Sontact prodige ¢ er m
"net al | ocen@iude@midGRd, BRNE, o8BS MRS, are&%ﬂqsmahcfsormaltﬁé Nikedbr | €ast one
113 to 115- cycloalkadlen I-type noi ety, mhereln 113 to . g5-c cloalkadlenyl

noi eti es i ﬁ%‘ln\?u’&%“%?éhe{ﬁﬁénﬁé‘é?‘éﬁl? CO‘I‘W%@FR&‘%‘“ icAI B pde FeaglgidRrodyetsulrigny |
| i gands, ang} feaﬁre%q‘of 'tﬂéeresﬁe&ﬁ)le%h?gne%?srt%'@éclt Yvithandraab@et. OSinSiieg thd ut ed
derivatives or anal ogs of hese ossi bl e substituents on these
| i gands maermnEPiaeing’ iy ped é*P’@Fftht fes tq materals orhichompy pe Slendedy miggd; y
saturabed |j,gandgiSHEh Bsidieh-Lady ar d?ﬁé?\gi%@%macfte%tlﬁ %R(@'&R% tRR&NY !
oct ahydr of | uor enyf partially saturated Indenyl, partially saturated
fl uorenyl, substhe tera prsaptachdd’” ynlsarrmmaxsedthzrnldetmdlescrlb@ubsﬁrsttmtX@me phrtially
saturated f e I n t ocene is
r eferred t 011 g]?gt po ﬂtﬁap?lre &%?actednfot?’oat ﬁl@ﬂﬁer 0&1 &eéltng prltorl ? I ﬁ}sl[ b

"co-cat al ysszturesbeugeldedterf@lma ‘fmsnceftmtedf’@r secomd mm&mb@ata@m mngmnam um num
g?gﬁg:"ggr '}f?t[ %%el ((:)O(r:l act%d%lors g sé:cson %gr(%locpefn F [ Caﬂy'p%al?? eI Ir)]rego%taec{.éﬁonq& u%es

30  describes a mixture of metallocene compound (one or more than one), olefin monomer

(or monomers), and organoaluminum compound (or compounds), before this mixture is

contacted with an activator-support(s) and optional additional organoaluminum



10 netal | ocene conmpounds, i.e., conpounds conprising two netall ocene

noi eties |inked by a connecting group, such as an al kenyl group resulting
from an owef2ore/aeet7at hesi s reaction or a saturated versi @oTASSUl#2935 from
hydr ogenati on or derivatization. The terns "catal yst composition,”

"catal yst m xture," "catalyst system"” and the 5li ke, do not depend upon

t he actual product or conposition res¥Lting fromthe contact or reaction of
the initial conmponents of the clainmed catal yst conposition/ m xture/system
the nature of SR8 aff V;g; GtaeY e ri%;:st ComPnehtFhak %‘eeu¥£l b N6, 6Q-Gaf al yst.,
the netal | 6cehe conpoun féﬁ, any ol efi n noner used to prepare a

pr econt act ethenibut prier, toocontdegng diei aoatponentseingthe se@nidypdsaonctpp orikthre. af t er
conbi ni ng these. %p conponents. Therefore,. the terns "catal yst

Composi t I ofroRiRgDa HFRIGY i orcaNtul g dRtipeulueliveh o caRbPaed pred g
enconpass flepaieniht i paécostaeed inngtueo ajpd nientcompbnehh afteromposixtirorhas dsemel | as

what ever. product ( may result. from contacting. the Lnitial starting
Componeit & PRGN srpgr ey udingas B Bt R hbrt: s0oRol B aieAtH b nods
cat al yst sysdheBubihu@@IP@sudd ons.it bh@cte kwith "thomtaticeps Ochigiund asd used
herein to ﬂ$§ﬁr'be conpositions erein the co nents are contacted
t oget her i S ?}Jllb‘PB‘?éW}er’i ' haYRroRy 8F?rnaﬁdeaﬁwne%er%ﬁB?rﬂlC%JfCOWPWEda For

exanpl e, t @B NS Rirsct®@ frolfthe ARtAG lehnBatulineAdoRPod Wik& tdglepdrdir t her,
contacting of any nponent can occur in theagresence.or absence of any

conpe

ot her conpdifeRtcoBRoEha et s ihis Gifs Taserrea! HerrehmieshBr PN tdi ti onal
mat eri gbs @hmptheRONRORAN (Sas BRGNS ErcPYoa RMn N EERRIuEd TR R8duschrws t her, the
term"contact product™ includes mXxtures, blends, solutions, slurries,
reaction ppﬁm&@ﬂ§ﬂﬂgﬁﬂﬁwﬁéﬁvﬁk@; or conbinations thereof Although "contact
product™ can i ngl6ndiFaek ipARoRbAL fhareidun iScRBE o rEGHHHY SmE@flodohE
respective conponents to react wth one another. Simlarly, the term
"cont act i ngompendee endhergaionlutmenune f@npauad(wapae t@lcontagtingthismyxtbes Witkended,

m xed, 25sl yr.rj. i vegd,. r . e i cted in
sone otheraﬁﬁﬁﬁiékrﬁgﬁgH@) $ﬁ85€§%§?3%?£%%ﬁ ac%%ﬁgﬁh?§$ﬁ%%ﬁ?gxﬁggéﬁherein to
descridé anfetallstenni compoenddy), oktial mstoneoivp cmd ndcsvatbratupportés)c dafoactied for a
T, I rst perl Odlxto}c,e ig LR acperdlwa{h a:[noo %arr]lgahfll {nlsl;[n cron—cé{aﬁlrs cotr)neloglgi L}Sc%d 5%d];.or m a

post cont act ed™ 'oF  second m xture of catalyst conponents tRat are contacted
for a second peSindbirlipftht tenmd. pdyqintalel’y mixtine igused batmaad dekcribed secenB0
describes a.m xtyre of netall ocene conpou (one or nore.than one), olefin
rononer (oM NUChErR e ROt SRR A VG CuriEl REOPS CHOdATSSe ' bef or e
t hi s m Xt ukenstifuestasTtvatdheid thd ‘tpecafita@ed’1 M elr@rmisthipPOr dalasyst edithoapits eiaal
additignal organoalgginup1 ll,ﬁoggoun . Tgrs, precgntacted(&escribes
conmponeft s YHAOPEFEd AP OP LA LA EMC e dERICHh 81, Bt PPICPYRCED BB Gct i ng t he
conmponent s id ied Recin @6 ARGrbOMS hiz e hiReh 16kt UEBpouNG@ R oA @hdhombRid)s
invention may occasionally distinguish between a conponent used to prepare
the preconPEEPENHINPUOEPARY(Dhard eSHBGHEIPORFT ErMERdTaR £PRGINAALC been 5
pr epar ed. ?%oﬁwmh&turasp@wﬁagofttﬁes& kb BpHRES Withlah P Rddifidnal SouRASP! e for
t he precontacted organoal um num conpound, once it 1s contacted with the

met al | ocenéddsdrip kel uay nopfeorsIcisd mixsh orEen. theichpier-yuppit ednirisef or m at

| east oBe didfiefifNea SOHE BkidS OFRAMREce, R M Rhh I mpBhent bidid ki d  om t he
di stinct organoal’um num conpound used to prepare‘thg precontacted m xture.
In this cage thevetcprtedaimiastechndregahonlicaliy-teriscolip otidd (e of Gosahponent i s
descri bed %ﬁ@f%ﬁﬂ%‘t@%ﬁ%% RGN YA SRR Bifcn BT U56d 2L O Prepare

the preconta
or different from the organoaluminum compound used to prepare the precontacted

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

component after the mixture has been prepared.



Additionally, the precontacted m xture can describe a m xture of

net al | ocene conpound(s) and organoal um num conpound(s), prior to contacting
t hi s m xtwoeowab27an acti vat or-support(s). This precont cras2omix4298& al so
can describe a mxture of 15netall ocene conmpound(s), ol efin nononmer(s), and
activator-support(s), before this mxture is contacted with an
organoaluntnuntco cat al yst conpound or_conpounds. Simlarly, the
term "postcontacted” mxture is used h2rein to describe a second m xture of
cat al yst conpongi o] f e f; , and one
constituent of wﬁ‘iﬁhn%§lﬁ&ﬁxﬁr%%%%%£%? &m@ﬂégﬁgﬂ Opgilﬁgggo h%% al yst
conponent s dedeaibed Rfeinene beomedam thd frattica of itasgig perheadvanfion,ithe typloppi cal | y,
the term" ROS actedd ﬁtpa911r1n§ed hgreln to describe the m xture of
met al | ocen&" coﬁ%oun&fé? SIEFT At or ganoal um num conpound(s), and
activator- suppoAﬂ(pmﬂmmkmednﬂqmnm&onkamﬁmmgwkmeanfeﬁnnbamMeﬂmﬁmxbpre of a

portion_of these copponents wt diti.on nents added to nake up
Phe. post coftaEredon pnrme butomBhad beloyae br SHRRET Fecongireasd o "5
chemi cal | ynictipdblegdics ahdtdaroxideribelfom iHes patlzationk hevhatidindiglonied ue@nMonent
added to make up the pgstcont ct d m xture can hen cal at ed

sol i d oxi dEOP§HE o thp} P“ﬁ%ﬁ’i‘ @)ﬂcrm&ﬁdméﬁﬁt‘iot%naﬁﬁﬁ P‘@’&ﬁattoﬂ%lf{%éssa

or ganoal u mtmuttgh@@trm@téMrmOema SoléI orSRdIEdi&Sosare pliof foatheftingd damitthe

or ganoal um num conpound used to prepare the precontacted m xture, as

descri bed REPEIRPPIGAESR-di Nefhipe fterﬁl% i A0 SRt OBHTUTA St admaistions it dhe y 30
d'St'nQU'5hn@%%ﬂ%%ﬁuﬁeﬁﬂﬁﬁ%ﬁﬁﬂ&h&%ﬁd1&QmﬁhﬁﬂﬁkﬁﬁkhﬁpH&ﬁh&QMB@Cted m xture
and that conmponent after the m xture has been prepared Al t hough
any methods, delorcey pagisglaneaneoped disgoseil lharuemoﬁnYegPaPr@b@resn@CIﬁ@stﬂwt}%

descri bed ?ersgltﬂi CALb b@nc% ggssésn élheccﬂ{f@ﬁﬁtl&ﬁloqsob‘éﬁt' F%lo%(on‘feﬁe Lpyention,
the typica od devices and materials are herein described. A

publi cat i oﬁ@reandmplat dntt saprenise oiven heesicwlanpse dhedsporets.eunlerer dited by 5

reference fgr anpl e, the
construct50258£ Eﬂgﬂﬁggygéﬁt B g@% eé@?ﬁ%gg&l%§ Iﬁc%ﬁmﬁgtgg%s whi ch
m ght Heé use@mpnsses)mhe&nantmmm, tdmsteh@nprsesae(htdﬂ}erct@scahlbmnlers mdeﬁtm an. The
publ 1 cat | sy fbREHE SR oRANeUL (0P Bkl SR IRR oAl Sl d R Lhel
di scl osure prior to t he ?Hﬁl dat e° pres ent A nt Catlon t hi ng
herein is R@D@@zﬂﬂ@@ﬁ%ﬂkdaﬂsmﬂn adn155|on that t he 10|nventors are not

entitled to ant h, di scl osure by virtue of i or vent

For any part | cur R GBRHGRIE rSET 88y Tevisen ™ 4k, PReherFIE SHES 1 ¢
structure picasie i drealos GmeBe AYRAGRE Df aﬁrhbe@@ﬂflt@hﬂ&i taapabf waghteitos, a
regioiéﬁners t er eoi soners _t hat arise froma particul ar set of

subst i ent”glget?EI A Talioge @ JRNSE IRE ?%“'8 UGt 48T §, PURINESE St AtBEC 6t her wi se,

t he gener alpa@icleSPRE lafrifse T LB/ L8t At&D a rahoe BNEOIPASSRSgRE, lan@ B@ RdrihoNer S,
dlastereoners and ot her optical isoners whether in enantionmeric or racemc

forms, as et Appliganis ditclesc of claiper BRRSRBY §/PCAAPRNSHNY IHEt isiodkslosed by a

skill ed ar bt *8m individuall"RB¢H pBRILTe MsGLOaR! %ﬁeheaatanga/eeﬁd OkadoRdM@es in the
present invention. These include, but are not limted to, a range of nunber

of atons, A&nGoamge. daclydingndr pintysol the pOLe Agwelbfasnenasib-gnEes andy r ange of
surfac QISar %@ﬁbm@ﬂdm@%@@utﬁfangég eﬁcéﬁ?ﬂa’s’s@ﬁ%her@}n I 390 Exa ﬁ)leO@\rhteﬁ @ﬂeeAﬁJh%ﬁﬁ?] a range

of catalyst activities nge of nol ecul ar wei ght fort When
Appl i cant s digrloed oselaan ¢lchpmical maiege hefingry carippe nulA]@fpl plcamben afomsent is to

di scl ose O%gﬁhéah{? Infdht il F@QL% o‘?@féﬁn Hfaﬁr?('thﬁll}? ]@v"ev%”'g@s'élbte%hlbﬁé‘tﬁ@t ﬁctg ag”gﬁycou' d

reasonabl y ass, Inc range as wel
sub-r anges rangd could encompass, con51stent w1th the disclosure herein. For example, the

disclosure that a moiety is a C; to Cyg hydrocarbyl group, or in alternative language a
30  hydrocarbyl group having up to 18 carbon atoms, as used herein, refers to a moiety that
can be selected independently from a hydrocarbyl group having 1, 2, 3,4, 5,6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, or 18 carbon atoms, as well as any range between these



25 conbi nations of sub-ranges enconpassed therein. For exanple, when the
Applicants disclose or claima chem cal noiety having a certain nunber of
carbon atwoepr2ppd72cants' intent is to disclose or clai rCrasemildumBsy every
possi bl e nunber that such a range could enconpass, consistent with the

di scl osure herein. For exanple, the disclosure that a noiety is a G to C18
hydr ocar byl group, or in alternative I?nguage a 30 hydrocar byl group having
up to 18 carbon atons, as used hereln refers to a noiety that can be

sel ected i r 5 6, 7,
8 9, 10, ?\?g %ﬁ%ggr? 3(1‘0\{ Efgugﬁi’i'g a rb/dt )}ﬁYAci%&Pgl%B@ glsgi 1nc?1ud11\?\%|a1|411y as any
range bet weembinhtemerf raﬂa@eihﬁ@vmrﬂmft Bvo(mmbee»(&nrpkzenpla a@z to 64 @8l hydrocar byl
group), an%)%1%nméb f%dugg any conbi nation of ranges between these two
nunbers (fof® &xarpie,*a'2 to ¢4 and a Cl2 to C16 hydrocarbyl group).
Simlarly, anot ﬁmnlarlg,pamﬂ&ntr@trés\iﬁatfa»eaeminplefﬁ)lld)x@s/vﬁorftbes Mmef Mhethiylean et hyl ene
5 polyner provided in one aspect .qf. this.invention. By a disclosure that
Che N 81 BHBER G RE Foryripe ah Hiurishy dhighFromaBute dib85% o abou
38 000 8/ g‘gglyleﬁﬁpélymaiﬁaﬁ b ﬂiaeﬂgdgd fBorh elgdgg e, OO%ﬁ)tabbiit@OMOO (gﬁﬁbl,bﬁplﬂlbﬁm% 08 008
about 1 about ou about 0] about
15,000, abdiifnd1, 685 t%atb%atMWro B %8&004@0666& O cfg?“tlg Qlééoé‘[boé}bout

20, 000, abauho®kbe@03,0800480u &4, moab@bo)smo&%b&ﬁ% O@boﬂ%ut 0000420, about
25,000, about 26, 000, about 27,000, about 000, or about

29
30, 000 g/ moP-O0RHPY; 18&994 gpout }b0Gn a‘a%‘hzb@()(?ma%’?ﬁtrpé)w %baﬁfg%?’ 490pARotbout 9, 000

to aboyp 394 @@@ agédmls ,000, %oﬁ&@@@(ﬁ @bot RO BHE A 2@@0@@901& 99 @5@‘& atfat 000
g/mol), and thi's al so includes any conbination of ran et'ween about

) a0 Sl bl o B ey Bmtan o pinam o Pt A et ot out
9, 000 to ahgyho %&Qf&r%%le ©5m b QN 18908 ko %gzﬁ,gébbg&cﬂ‘)b%ﬁ 117821900 g9/ mol ) .

Li kewi se, all ranges di scl osed herein sh Inferpreted in a
manner si mitticirdes anyt ¢pabanatipp oEseasgyl between about 9A0P land abrus 39,64kl tthe right to

provi so out.nf Splé‘)%ﬁé M8 any rahﬁé’i‘r&'fnda"sd% d*éﬁﬁbcgraﬁo&flﬁ g/%“ébqh rq{OQIPB?Oh't nel udi ng

any sub-ranges dor conbinatio ranges wt gr oup, at can be
clalnedSacd&ﬁdDngﬂmotQSWWngobrIMWWamyM$DmmﬂangﬂahmbB@ihﬁmh@hmmmbe 20

reason Appllrlltcange%1 1§QO%ﬁ§ert&1 ar%tgés (;sose);takrhalpest he full measure of the
di scl osure, £8r n1 £0"dcCount ‘Tor arref erence that Applicants may be

unawar e of at thpp&mmﬁrﬂénéhm:ﬁgﬁnmgnmﬁobhEmanphdﬁa@Amﬂwuﬁukmh@bms
Applicants eserv&gthe right to grOV|so out or exc dual

Pt ¢ uen P SRR st hifihe e Rbads s by BT ity bl hay eof
or any nenienp, Oht @ndeaila®dd gE@tting tof a fdge anih dr6as@itarApainkG anfos aﬁ}}hOOSE to

25claimless than the f e of the djsclosure, or exa

Fecountf ofeao apelaRs ﬂ??fatw;%ﬁqn. lessnipan Hﬁyil ﬁem‘i?ﬁ‘éf\%/aﬂf flisgls ngefe % ime of
the filingecRimgifiao apPuhtCdE b @Ference that AfpHcdn®Y MBy b&unawaddef at thdeme oft C., are
intended to include plural alternatives, e.g., at |east one, unless

ot her wi se dhiseliling efgthe ppplicatiay aRwgher.¢ hppligands fesans gheosht 46, PEVISP\8E 8F - suppor t *

or "a netallacengy m@&h'i‘gubsin%eﬂ{?%ﬁ&lo%so &ﬂ%ﬁ&aﬁéarﬁﬁ‘%tm&ﬁre@&‘gkﬂuﬁ or 30
conbi nati ons of nbre than one, activator-support or netallocene conpound,
respect i velthgereof.gor any members of a claimed group, if for any reason Applicants choose to

25  claim less than the full measure of the disclosure, for example, to account for a
reference that Applicants may be unaware of at the time of the filing of the application.

“ 2 “

The terms n,” “the,” etc., are intended to include plural alternatives, e.g.,
at least one, unless otherwise specified. For instance, the disclosure of “an activator-
support” or “a metallocene compound” is meant to encompass one, or mixtures or

30 combinations of more than one, activator-support or metallocene compound,

respectively.



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

vari ous conponents or steps, the conpositions and nethods can al so "consi st
essent i alwg 20f2/006272" consi st of " the various conponents ®CTASe@I/04550%

exanpl e, a catalyst conposition of the present invention can conprise;
alternatively, can consist essentially 5of; or alternatively, can consi st
of; (i) catalyst conponent |, (i) caigl yst conponent Il, and (iii) an
activator. The foll ow ng abbreviations are used in this disclosure: Bu -

glcj)lt);ilrrer by wei ght ﬁ n%égmmhst Qﬁd ehgg ﬁr% \/Cxlllag\gls&lﬁ‘%ht %&gﬂ@ ?rﬂc]o% glfné’lt Qre wei ght

at which 15% @8 tdm@opaityrmrstbgs vtm giotnptm@onlsl giderrneﬁm)kieoaahaalscwér:agfstst D85 - the

nol ecul ar wei gh 5% t.he ner by nol ecul ar

wei ght - 15pe0er At T EEER VB kP SRRl SSS: A RryrdPRhy el ght

has hi gher cﬁiﬁb@uwnaxfthm@hﬁt nEJtenHorectahybmﬁii% alteg&thﬂgrdaﬁamnsmneseémemsat ogr aphy

Fh(l;/lex QI gh f or aFernatlvely, calqlec)g)ns%sq of; (i)ncellta?%%]cc?'ngpovr\{gntq Eu) catalyst comenenMI el t
and (iii) an activator.

The following abbreviations are used in this disclosure:

Bu - butyl
D10 — the molecular weight at which 10% of the polymer by weight has
10 higher molecular weight.

D15 — the molecular weight at which 15% of the polymer by weight has
higher molecular weight

D85 — the molecular weight at which 85% of the polymer by weight has
higher molecular weight

15 D90 — the molecular weight at which 90% of the polymer by weight has
higher molecular weight
Et — ethyl

GPC — gel permeation chromatography
HLMI - high load melt index
20 M — molecular weight
Me — methyl
MI — melt index
Mn — number average molecular weight
Mw — weight-average molecular weight
25 MWD — molecular weight distribution
Mz — z-average molecular weight
Ph — phenyl
Pr — propyl
SCB — short chain branches
30 SCBD - short chain branching distribution
t-Bu — tert-butyl or t-butyl

DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed generally to catalyst compositions, methods
35  for preparing catalyst compositions, methods for using the catalyst compositions to
polymerize olefins, the polymer resins produced using such catalyst compositions, and
articles produced using these polymer resins. In one aspect, the present invention
relates to a catalyst composition, said catalyst composition comprising catalyst

component I, catalyst component II, and an activator.



Mh - nunber average nol ecul ar wei ght Mv - wei ght-average nol ecul ar wei ght
25MAD - nol ecul ar wei ght distribution Mz - z-average nol ecul ar wei ght Ph -
phenyl Prwe 2praapeyi72SCB - short chain branches 30SCBD - fhorus2aihaiiae3s
branching distribution t-Bu - tert-butyl or t-butyl DETAILED DESCRI PTI ON OF
THE | NVENTI ON The present invention is directed generally to catal yst
conpositions, nethods 35 for preparing catal yst conpositions, nethods for
using the catalyst compositions to poﬂ nerize ol efins, the polyner resins
produced st NG UG RALALE nCGIROSLhE o AR & | 8804 aguged,ysi ng

t hese pol yner resins. one aspec ent i nvention refates to a

cat al yst ccam@otsnhe: qmce&andmmaﬂealopatactmgrrpowtazlysmmoum)mnorslmgl ent dtfyst
conmponent ncagraa t tc% otlef{n Con?‘or}l%mep ug e;[r Vo"fl e 1zat10 conditiops Iton anot her
aspect, an 618?‘ 9 i'Oh process is pr&)3@% an& ﬁ PR s aspect,

t he procesgraloopan sfﬂsﬁrc(pnty&ret i wgeramcalbaéayastyst cmmposndm @Drnpnlsteh anlhoet efin
nmononer _and o tionally an olefin oner i zation conditions
Lo br odice aiboieRt Pty drpouitir B A AL ey s Y coRBher SsH. dGirpri ses
cat al yst S@Olﬂfnﬁﬂ@ﬂhbn broc@&@t:ai IySdon@@igaan efdtabdehnce (ﬁl’hdde’tlrhyaf:‘clgbﬂ ator. In a

further aspect rizatio rocess can b onduct in the absence
of added hsdrog i? homoggfe mers, copolr;/m%rs terpolymers, ang the 1 e, canebe produc de

using the catalyst compositions and methods for olefin polymerization disclosed herein.
For instance, an ethylene polymer of the present invention can be characterized as

10 having a broad and/or a bimodal molecular weight distribution (MWD); and/or a Mn in
a range from about 9,000 to about 30,000 g/mol; and/or a ratio of Mw/Mn from about 4
to about 20; and/or a ratio of the number of short chain branches (SCB) per 1000 total
carbon atoms of the polymer at D90 to the number of SCB per 1000 total carbon atoms
of the polymer at D10 in a range from 1.1 to about 20.

15
CATALYST COMPONENT I
A catalyst composition of the present invention comprises catalyst component I,
which can comprise:
a compound having formula (A);
20 a compound having formula (B);

a dinuclear compound formed from an alkenyl-substituted compound
having formula (A), formula (B), or a combination thereof; or

any combination thereof.

< JQ

E’ =X

R1/ M\X2

R3

Formula (A) is ; wherein:

25 M'is Zr or Hf;



A efin honopol yners, copol yners, terpolyners, and the |ike, can be produced
using the catal yst conpositions and nethods for ol efin polynerization

di scl osedwbeneime2780r i nstance, an et hyl ene pol yner of Phe/Use@sonto3s

i nvention can be characterized as 10 having a broad and/or a bi nodal

nol ecul ar wei ght distribution (MAD); and/or a M1 in a range from about
9,000 to about 30,000 g/nol; and/or a ratio of Mwv Mh from about 4 to about
20; and/or a ratio of the nunber of shdrt chain branches (SCB) per 1000
total carbon at 2t he. at. to n . of SCB. . 1000
total carbon at%gémg taﬁglrgfc%{)%/ﬁgg@ya%’ %gsri?f%lgfﬁ}élhgg Lop%eliﬁ’(l:ﬁf %bout 20.
15 CATALYSDBBOMPONENTWherein R is arfalggltclaypd groop iposg tp onl ofarkioh etqprsesient

i nvention conmprises.catalyst co nent |, which .can conprise. a_conmpound
havi ng T or BRI GoR Ol bR RAGIIY #8Phi & PERCBIRI Eowar ohpound
formed fr onrfahichhkeénylp vulshibbubeshsconpound having fornula (A), fornula
(B, or .a conbil_ﬁal iCon hereof; or any conbination thereof Formula (A) is
25ML is°Zr or HF;"“%"Wrerein: 16 X1 and X2 are independently F; O;
Br; I; | met hyl ; hRéaﬂcyR% aﬁhianeplendemlyb B4, hydBR2bor grSﬁKﬁﬁ?aViﬂg'I@ﬁ & lms &rg@n an al kyl
or aryl group havin to 18 carbon atons; or a hydrocarhyl oxi de group, a
hydr ocar by F¥MSnd %r%ﬂgg %?C%n?@?f{t&f%rﬂ’fb%g‘ﬁlﬂ?r Iil@t?r(?@ﬁ?,lcém}‘p VIR P havi ng up
to 18 carbaRcaboimom®Ehdis C or Si; R1 and R2 are independently H a
hydrocar byl group having up to 18 carbon atonms, or Rl and R2 are connected
to forma cycliB &Hh@t%m&f@mﬂ% oy diecHbXp G L0t pving Watcbh cabohs; and

10 atoms.
R5
R4
2 X
R X3
R5
Formula (B) is Meso Isomer ; wherein:
M? is Zr or Hf;

X is F; Cl; Br; [; methyl; benzyl; phenyl; H; BH4; OBR, or SO3R, wherein R is
15  an alkyl or aryl group having up to 18 carbon atoms; or a hydrocarbyloxide group, a
hydrocarbylamino group, or a hydrocarbylsilyl group, any of which having up to 18
carbon atoms;
E”is C or Si;
R*is H or a hydrocarbyl group having up to 18 carbon atoms; and
20 R’ is a hydrocarbyl or hydrocarbylsilyl group having up to 18 carbon atoms.
Unless otherwise specified, formulas (A) and (B) above, any other structural
formulas disclosed herein, and any metallocene species disclosed herein are not

designed to show stereochemistry or isomeric positioning of the different moieties (e.g.,



R3 is Hor a hydrocarbyl or hydrocarbylsilyl group having up to 18 carbon
10atons. |Isoner Formula (B) isMeso; wherein: M2 is Zr or H; X3 is F, d;
Br; 1; nmawbybizdeearzyl ; phenyl; H BH4;, OBR2 or SOBR, whec®ius2R1i0$293%5 an

al kyl or aryl group having up to 18 carbon atons; or a hydrocar byl oxi de
group, a hydrocarbyl am no group, or a hydrocarbylsilyl group, any of which
having up to 18 carbon atons; E2 is Cor Si; R4 is Hor a hydrocarbyl group
having up to 18 carbon atons; and 20R5"i s a hydr ocar byl or hydrocar byl si | yl

group havi 8 r S t rSReG) fd ed,
formul as ( Sy%8}%% ﬁo&gpqrggﬁa%gs Oerdlsglﬁ' u%:{?uo(rara 1%0?5%1 di gcﬁ%sged her ei n,
and any newa$%mmsmmmspth@gmdmdtb@smﬂmmem@umnan@mmmtmdeamgmpdmmbbﬁhOM/

st ereochem st r ' 0si f4i.oni ny t he dif.ferent nole% es (e.g.
17 these fdRvulaZug} and%ﬁrtsmt re‘*%oleﬁ““t"“oa‘oldns)tff)1 IRy Uy it fRiy ey B ¥S, or Ror

S di ast er edheanmli®mer aff dublociglp oandsh conpounds are contenplated and

enconpa sed by se f rnul /or of the
conpounds i thi FVTBRHRITG Vel et mecthus B rieion mFaLgion o Pouide.

5Hy?r gc ar byﬂn 1sSndﬂSlﬁ?1dteb&6 £ehil, talky$, p@elolﬁﬂtyl@. aE&ﬁyloeﬁﬂ@Q&nﬂadycﬂ@JHﬁ@feﬁﬂp t hat

i ncl udes is n te ry Y, en
cycloalken?ﬂwm@y@f 1’k nhﬁﬁaiamQWRythd‘%?éﬁﬁyﬁxgdPaP$§n§1 lﬁpg%wynyl and
the like, andbitigkddRsardhld/ SURaIchéddeativenFeRSE | U!ﬂlfe@ﬂothérbvﬂs@%f)emﬁ’dad/ or
branched derivatives thereof Unless. otherw se speci fied, the hydrocar byl

groups of i Bydrorpedit kPt Phitininvgntiianypically eﬁsm%refe Aoigrabent L eBep

10  atoms. In another aspect, hydrocarbyl groups can have up to 12 carbon atoms, for
instance, up to 10 carbon atoms, up to 8 carbon atoms, or up to 6 carbon atoms. A
hydrocarbyloxide group, therefore, is used generically to include both alkoxide and
aryloxide groups, and these groups can comprise up to about 18 carbon atoms.
Mustrative and non-limiting examples of alkoxide and aryloxide groups (i.e.,

15  hydrocarbyloxide groups) include methoxy, ethoxy, propoxy, butoxy, phenoxy,
substituted phenoxy, and the like. The term hydrocarbylamino group is used
generically to refer collectively to alkylamino, arylamino, dialkylamino, and
diarylamino groups. Unless otherwise specified, the hydrocarbylamino groups of this
invention comprise up to about 18 carbon atoms. Hydrocarbylsilyl groups include, but

20  are not limited to, alkylsilyl groups, alkenylsilyl groups, arylsilyl groups, arylalkylsilyl
groups, and the like, which have up to about 18 carbon atoms. For example, illustrative
hydrocarbylsilyl groups can include trimethylsilyl and phenyloctylsilyl.  These
hydrocarbyloxide, hydrocarbylamino, and hydrocarbylsilyl groups can have up to 12
carbon atoms; alternatively, up to 10 carbon atoms; or alternatively, up to 8 carbon

25  atoms, in other aspects of the present invention.

Unless otherwise specified, alkyl groups and alkenyl groups described herein
are intended to include all structural isomers, linear or branched, of a given moiety; for
example, all enantiomers and all diastereomers are included within this definition. As
an example, unless otherwise specified, the term propyl is meant to include n-propyl

30 and iso-propyl, while the term butyl is meant to include n-butyl, iso-butyl, t-butyl, sec-
butyl, and so forth. For instance, non-limiting examples of octyl isomers include 2-

ethyl hexyl and neooctyl. Suitable examples of alkyl groups which can be employed in



10 atoms. | n another aspect, hydrocarbyl groups can have up to 12 carbon
atons, for instance, up to 10 carbon atons, up to 8 carbon atons, or up to
6 car bon woanr/006e7dydr ocar byl oxi de group, therefore, isPusas2gaende9tal ly to
i ncl ude both al koxi de and aryl oxi de groups, and these groups can conprise
up to about 18 carbon atons. IIIustrative and non-limting exanpl es of

al koxi de and aryl oxi de groups (i. 5 hydrocar byl oxi de groups) i nclude
nmet hoxy, ethoxy, propoxy, butoxy, pheﬁ Xy, substituted phenoxy, and the

i ke. The r r

col L ect i vel' T8 A Ao R, B0 4 Rl U7 B RKL SRinkl bl DB

gr oups. Unm@sélmphtmmwsaomgeﬁxyhemxmehb:h@dﬁc@aeby%qhimﬁa@rmﬂgampi this

i nvention com u about rbon at ons . rb SI| groups

i ncl ude, but escg?nSfﬂF|Ie¥m}"F%nKm1%CWS|ﬂ§ﬁ grongmHm¥L I%EYI

groups, ar )pt@mhw,l bugnm@L psntergy, \eadnl hsptengll, cgfeﬂwlpﬁoneaﬂddetcb@zllanklehe hidke ch have
up to about_ 18 carbon atons. For ex | e rative droc rayl silyl

oF oups. an THRAKERA et K pirmyreT ARt BTy Siroff eopiragaR Ho

hydr ocar by ligwinee ,spkifily eikaryld\r@ip udstitadheh Eundinclaad, ok sid ybt 1ghi@ddp®, gan have up

Up 1o 5 caPbisw BRI T Bt gl v el TP LN b,

Unl ess ot heewtse lslp@lﬁiefﬂyﬁgiqbu@hj}ﬂlyi | QEAMDA- Wteaylkmmhe Becoups descri bed
herein are intended to include all structural 1sone rs, linear or branched,

of a given noi efythisrdizclasusnaiyleis mepnt tainghidegid pad arydpligl i erapaend thssirer s ar e

i ncl udeg “Mkhh@ Bﬂ!&edﬁﬁ'mhﬁ&Pﬂylﬁémﬁnaﬁﬁﬁﬁﬁhﬁme&Q%Eﬁﬁ ﬁﬁﬁﬁ&¥ﬁﬁﬁﬂ5p90'f'ed
the termpropyl is nmeant to include n-pro 30 i so-propyl, while the

term butyl sbstiteedriephthyl; nltelnmld%lbﬁmbte@ §kyL, P@&lﬂb@rﬁb}hsﬂtutedwﬂwwand deeclibsut yl . and
so forth. 'ﬁ%ﬁcé HS4-AR e'} 1|eé H?%dcﬂ%:?i‘%'e&‘e’% Rt c‘RﬁﬁoXHlsédslﬁr{E{AEreééﬁW ude 2-

et hyl hexyl and neooct e exanpl es of gr oups can be
enpl oyed i m@@thnrﬂeclpdﬁes‘@nrl tqlmlelrﬁnnzyindmﬁiyhﬂhénylbtumeﬁryéphwl phienpyletel, t o,

met hyl , I, o] decyl,
and the I|EX&WFF@§@t#mmPME¥ x%ﬁgpbél ?ﬂgfﬁéﬁ§Fqg%§g%s mnf%? ﬂ%ﬁig%cope of

t he prééenEmmﬁkﬂnﬁwombmmn@ndyhnmﬂw1aﬁbhﬂ@n1dmmnmednmbdedthgmm%nwpropenyl
but enyl, penten ny| cten | and the

li ke. 5 Tﬁoer A ‘ﬁ%lﬁth erm}(Olylclan net\ C}ll F lélr&?ﬁm OSSII?I& {%em OSI Ib¥ a fshl S i s not
a reqU|renBﬁmanEmrorpﬁiance speC|f|c al kenyl group substltuents can

i ncl ude, but ar d e 4- pent enyl, 5-hexenyl,
6- heptenyl, 7-0 H§@a‘g}&§f V”§ﬁﬁﬂggn§gxnflnethyl-3- pent enyl ,
1,1-di rret hy1- 3- gbtenyt mdapehdditlmhlhysaMepem grtyéthyl,aus@zylhphdn'ykel BHy; this

disclo aryl nt.to.incl de a and ary k and t hese
10 i ncI de OBBﬁtora*éRnW ereinR degf #6) Wé%ygroupalokﬁl Y éLYlgﬁg%émﬂiﬂ’e%yl

napht hyl , g&mém@umﬁlb okt doﬂambaﬂaydrbymmrgydups Ut iyldecady Rk | group,
naphthyl stituted. alky and the |ike. Hence, non-limting exanpl es of
such "ar yI thenyy @qa@ylaﬂ%& stoxp. e ydegeibrisieerpraihR caiviaei Bnto el ude

phenyl, tolyben a@ﬁm au&hmaw&p%qmrboﬁ st hyl phenyl, phenyl et hyl,
phenylpropyl phenyl bytyl, pro -2-p enylethg and the Iike. Unless

ot herwi se 15 sBeend Kedndeawelﬁﬁbﬂllhe& &d. Bryl Wvlepberwbem npeslpydi Hof s neant
to inchyde Qi o8l £ SORlichendclly SEATPhEyE BB lf ey In bik panbet o
i ncl ude any p055|ble subst 1t uent p05|f|on Jf or para.

In fornul aﬂ(lsf\)nVeMlOm slizanager pppegndX Eand; X @d@PenSﬁnﬂyXa.lre ézﬁanYXZ)henﬂepP:ndent |y
can be F; y, i D3R,

wher ei n R IS*}'lse’th L aft i a%tt}lgr alsge[cp%gﬁly)k anﬁB@QXIIIle o ch @ é_r‘ﬁaq g g%dp)?
hydrocarbyhanbmbmgyb@bmn6n®h'hmdﬁﬁaaﬂ@?ﬂgnmymhqmdu@'Mwhan%&ﬂﬂmdaxbylOX|de
group, theah qu qlno group, the hydrocarbylsilyl group and R can
have up to carbon APons or, alternatively, up to 12 carbon atons. X1 and

X2 |ndependentlylmaﬂmbeAFR>ﬁhdRBme1mmpbehm%dH phﬁmmhﬂwbgKMﬁhmwhgufbr 25

| X X2 d d 2
napott of hTLeATPT: Mol e 12 Bt Sdept: g R R EEURaEN 1y ar e
benzyl, phenayFormarcydrd bytleterotgtlic grBuIﬁMiﬂgﬁfp tagpesbon ok oxhitansivi®, can be

Cl; alternatively, both X1 and X2 can be benzyl; alternatively, both X1 and
X2 can be phenyl; or alternatively, both X1 and X2 can be nethyl.



30ln formula (A), RL and R2 are independently H a hydrocarbyl group having
up to 18 carbon atons or, alternatively, up to 12 carbon atons; or Rl and
R2 are comoeot2®6170 a forma cyclic or heterocyclic grompThseemg429psto 18
carbon atons or, alternatively, 19 up to 12 carbon atons. Cyclic groups

i nclude cycl oal kyl and cycl oal kenyl noieties and such noieties can include,
but are not limted to, cyclopentyl, %cl opent enyl, cycl ohexyl,

cycl ohexenyl, and the like. For insta bridging atomEl, R -, and R2 can

form a CyClugPoel‘}sé%bo% OEP{C'LBJE%%’ bufBh&hdé: C%H‘Sﬁl%l%ﬁh 9{91@1&%1 &‘Feg yelic

groups can trogen, en, or su eroa oms Wi | e
t hese het elsmdlqumnegr@upmckud@ hlavereupott dlmitzdouo Jc&clopﬂnbdnsydbmmnylt he

h [ 2 nb d,
eterocyc [c%cd x% i F}/c?o%ﬁxenglr,réln%n?lﬁ Ig(’)r 1ns[tehnce qpﬁgmﬁ tatom Ee:ﬁt)f q{ 6 MeEnber e

or 7-menbe aspec -on e aspect of
the pr esentfonnh/@mtdpanyl dRIcyclalmtyRﬁmauye Hemﬂmmdﬂmﬂuyedfdyclrmgrhgﬁs can EL@ et hyl ,

propyl, _but tyl, hexyl oct t hen

D oy BT deeBesy e B BT herpiit, M dhesh FbonsRE TR deceny!
phenyl, htolca/ﬂ hav@ﬁlpb@[%wm dafboam@ﬁohlertha;ﬁ@a@éychRgroupmhnE&z 3ar|h@nltdaa1 sarrﬁ and
are either et prop uty ent en | n _anot her
aspect, RIS P/eéezS Ffﬁ&e @ﬁé%?fﬁ? fi-gph %grpeg}rrs igrRome pitien w4 sy kenyl
group havi Rgehiont 0 8 carbon at ons. In yet anot her aspect, at |east 15one of

Ri- and R2 is a term nal al kenyl group hayln up to 8 carbon atons or,
al ternatively, Hbor’tec?‘s@e%%‘%ﬁreé?néﬁﬁ’emon R RI #re finsfenendantyA). nethyt or a

hydr ocapbylethgr, ﬂ}bfﬂfloﬁﬁglpyﬂeﬁt’yl yﬁexglr %ﬁtyhadﬂtﬁgn&{ﬁzlt@ec}ﬁ GRPOHrélepyB. | n one
aspect, R3 can be "hydrocarby avin to 12 carbon atons, while in
anot her aspeieryl. Rentenyh b@e@ylhyaﬁ@ty r B | mne@rlo@pcenﬂvmhgnylhptqbd w20

car bon at 0%@112%? B anofRh A0, B ohd RTELAN Shicydnk-ard ﬂth@pﬁmﬁre glpﬁfahyl R3 can be
H, net hyl propyl, butyl, pentyl, exg eptyl,  oct

decyl, et hénfy'l pelpiybpenl}elnyl blutaewwr asmhtl?erayd R h@membndeh@pﬂeqwh all@bt enyI

none nyl d%f;g w&lnafﬁﬁ{%i %row&ﬂ)fl rto %%Q&%L atoln@ éFC 2% chlJi'ea% @ts thgést R3 is an

al kyl or a termna p having up to on a

al t er ndbi vehq of B ¢l B’ oarabtenmaaloartkenyl rgraipi hdvirmnop herd aa;pracw,orrﬂ?,or; S

25met hyl , , pentyl, or hexyl. It is contenpl ated
in aspects o?rx%tinvgg'i‘ vt)eér?tﬁa%n Lg{s X1 and X2 independently can be F, C, Br,
|, methyl, benzgfin fOfmlph\ecn)ﬁhHasraﬂqrdtmhmy(dk)hydwharbglsﬂlgraalpdlaﬂagmputtependentIy
can be H or

can be 1 on BRI aaTN, roUB e ng R L 12, L0 T i RO cor
R -, R2, alaﬁi)nRSwhﬂ@ 111' ﬁldﬂibemﬁtﬁﬁﬂ; IRy camme laehya&tch&smsnﬂtgiwp he[:izlir@wﬂ to butyl,
pentyl oSl DERUYL G5Ll, SoRfL el Pl cpronenyly Rt el
benzyl. Weng0 1&6&@6&7@13@5(1%2&34}1/, Gdg9B2octyl, nonyl, decyl, ethenyl, propenyl,
butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, phenyl, tolyl, or
benzyl. In yet another aspect, R’ is an alkyl or a terminal alkenyl group having up to 8
carbon atoms, or alternatively, up to 6 carbon atoms. In still another aspect, R is
25  methyl, ethyl, propyl, butyl, pentyl, or hexyl.
It is contemplated in aspects of the invention that X' and X? independently can
be F, Cl, Br, I, methyl, benzyl, or phenyl in formula (A), while R' and R? independently
can be H or an hydrocarbyl group having up to 12 carbon atoms, and R® can be a
hydrocarbyl group having up to 12 carbon atoms. In a further aspect, R', R?, and R’
30  independently can be methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl,
decyl, ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl,
decenyl, phenyl, tolyl, or benzyl.



20 Non-limting exanples of ansa-netall ocene conpounds having
formula (A) that are suitable for use in catalyst conmponent | include, but
are not |woizoedos72 the foll ow ng: 5 WO PCT/US2011/042935

2012/ 006272PCT/ US2011/ 042935 23

20

Non-limiting examples of ansa-metallocene compounds having formula (A)

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

following:

Ve ZiCly - ZiClo 8. ZiClo
O O




; and the |ike, or any conbi nation thereof Conpounds within fornmula
(B) that are suitable for use in catal yst conponent | are the neso isoner
of the respeotzove27econpounds. In forrmula (B), M is Zr orCHUSand/08835is C or
Si. X3 can be F; d; Br; I; nethyl; benzyl; phenyl; H BH4; OBR2 or
SABR, wherein Ris an alkyl or aryl group; or a hydrocarbyl oxi de group, a
hydr ocar byl am no group, or a hydrocargylsilyl group. The hydrocar byl oxi de
group, the hydrocarbyl am no group, hydrocar byl silyl group and R can
have up to 18 carbon atons or, alternatively, up 100 12 carbon atons.

X3 can be F, /A or nethyl. exanple, X3 is d
benzyl pheny xet hyl in one as of this invp y) | n anot her
aspect, X3 i Yet, in afot pex¥/aspect, X3 can be

Cl; alternati™wg X3 can be beng) - rnativel y,>&3 ¢ e phenyl; or
alternativae) érr‘arjlbe met hye” IS I?\‘%g?rrrula (B R éZ?ﬁonr a

hydr ocar byl laving up to 18 Khon at ons or, atively, up to 12
carbon atons e aspect of s dsent i nvent i/a (s/H nethyl,

et hyl, prop proentyl, !, octyl Sdecyl, ethenyl,
propenyl, b pentenyl, hexemyl, heptenyl, octes ngnenyl , decenyl,

phenyl, tolyl, or benzyl. In another aspect; R4 is nethyl, ethyl, propyl,
butyl, pentylyg or phenyl. In 20 yet another aspect, R4 S an aIkyI group
having up to arQQn atonms. 24 R5 in fornula i s a hydrocar byl
or hydrocar by)/si gr oup havi ng ug t ony n one aspect, R5
can be a hyd vl group hawpg q ,‘ggile i n anot her
aspect, RSJé' be aZtGigdr ocar byl s vyl ngMp havi ngphtip /% ¢arbon atons

(e.g., R5 cdhn af al kyl si | yIPh sudh-és tTinethylsil

al kenyl si |yl anot her aspec can be net/ , propyl, butyl,
pentyl, hexw octyl, cyl, etheny , nyl, butenyl,
pentenyl hé ptenyl , o , nBnenyl, decess phenyl, tolyl, or
benzyl . In yex r aspect, s an al kyl or a term nal™al kenyl group

having up to 8 carbon atons, or alternatively, up to 6 carbon atons. In
still another a.ﬁ:j}, R5 is nethyl, e\hyl, propyl, but pentyl, hexyl,
et henyl , prgpen Obut enyl, pent @ or hexenyl ; ernatively, R5 is
propyl, butyly . In acgmgd. th one aspect of

pro |, or bwpreny
eﬁgﬁ be F, d, K6 >Rr, Imf¥pthyl beﬁ I, czr enyl, while R4
2 car borMEat fo);

this i nventPwn,

can be a hydro Byl group haiﬁhg 2 R5 can be a
hydr ocar byl / Aaving up to 12 on atons. In agq ance wi t h anot her
aspect, R4 @ Ry can be ne et\Nyl , propyl, pentyl hexyl ,
heptyl, 150chy decyl , gnyl , Bpr openyl , Ppentenyl

hexenyl , heptenyl yl, nonssA , decenyl, phen) tonI or benzyl
Non- Ilnltlng exanpl es of ansa-netal |l gcene conpounds, in heir meso isoner
form having fo (B) that are bIe for use in Iyst component |
i ncl ude, bﬁ& ar limted %P Ilomnng Me

I rC|2 I rC|2 I rC|2

s



26 WD 2012/ 006272PCT/ US2011/ 042935 27 and the like, or any conbination
thereof 5Qther representative netall ocene conpounds which may be enpl oyed

i n catal yWwO20meemient Tin some aspects of this inventiorCariS2@ii®eisssed in

U S. Patent No. 7,026,494 and U. S. Patent Publication 2009/0088543, the

di scl osures of which are incorporated herein by reference in their

entirety. Cat al yst conpone % | also may conprise a dinucl ear
conmpound forned from an 10al kenyl - substituted conpound having fornula (A,
formula (B), or a conbination 28 thereof For exanple, di nucl ear conpound
can be forned fr, one al kenyl substg ed conpound ha formula (A), from
one al kenyl - sub ted conpound h formul a R, two different

al kenyl - sutEstt\ t conpounds Buayi {ormul a (A, ﬁsom al‘er|

al kenyl - Bftt,isi ut ecr€mpound \HS g foZr@L;zI a (A Med ap—a kehyl - 5
substitute ‘2 nucl ear

met al | ocenes_ax Ne\ 12/ 489, 630 and

U S. Patent
t he di scl osb
entirety.




For instance, dinuclear netall ocene conpounds can be fornmed fromthe
10following illustrative conpounds having fornmula (A): The first
conpound wa0mmmoed7enyl substituent on the indenyl groupCans$2@ansiyes used to
form a di nucl ear conpound as described in U S. Patent Publication No.

2009/ 0170691. The second conpound has an al kenyl substituent on the carbon
15 bridging atom and can be used to f2%n1a di nucl ear conpound as descri bed
in US. Patent Publication No. 2009/ 0170690. The first compound and the

second conmpound can be used together{o forma heterodinaucl ear conpound as
described in U. tent Applicati . 12/ 489, 630. TALYST COVPONENT
[ A cat conp05|t|pw1 o) e present pﬂve conpri ses

cat al yst cdthporn {1, which canscoinzlr@% a conpoy Usid hayjmg formula (O); a
conpound hﬁ%} R forznmgi([» PHE Cpapoun haV|ngPhor (EJ; a conpound
havi ng for a 29 a dinucl eg npound formed ¥ | an

al kenyl - subs D), formula (E),
formula (F), her eof R10 3-X4

Ex5 Cpi 7

oS 2Cl

Bu
D ; and the like, or any combination thereof.

Compounds within formula (B) that are suitable for use in catalyst component |

are the meso isomer of the respective compounds. In formula (B), M? is Zr or Hf and
5 Eis CorSi.

X?can be F; CL; Br; I; methyl; benzyl; phenyl; H; BHy; OBR, or SO3R, wherein
R is an alkyl or aryl group; or a hydrocarbyloxide group, a hydrocarbylamino group, or
a hydrocarbylsilyl group. The hydrocarbyloxide group, the hydrocarbylamino group,
the hydrocarbylsilyl group and R can have up to 18 carbon atoms or, alternatively, up

10 to 12 carbon atoms.

X? can be F, Cl, Br, [, benzyl, phenyl, or methyl. For example, X is Cl, benzyl,
phenyl, or methyl in one aspect of this invention. In another aspect, X* is benzyl,
phenyl, or methyl. Yet, in another aspect, X* can be Cl; alternatively, X’ can be
benzyl; alternatively, X can be phenyl; or alternatively, X* can be methyl.

15 In formula (B), R* is H or a hydrocarbyl group having up to 18 carbon atoms or,
alternatively, up to 12 carbon atoms. In one aspect of the present invention, R* is H,
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, ethenyl,
propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, phenyl, tolyl,
or benzyl. In another aspect, R* is methyl, ethyl, propyl, butyl, pentyl, or phenyl. In

20  yet another aspect, R* is an alkyl group having up to 8 carbon atoms.



\ / 5Formula (C) is; wherein: M3 is Zr or Hf; X4 and X5 are

i ndependently F, d; Br; I; nethyl; benzyl; phenyl; H BH4; OBR2 or SC3R
wher ei n RvO=20mmoed7Ryl or aryl group haying up to 18 car pom/usc@n®i2935 a

hydr ocar byl oxi de group, a hydrocarbyl am no group, or a hydrocarbyl silyl
group, any 10 of which haying up to 18 carbon atons; E3 is a bridging group
selected from a cyclic or heterocyclEg bridging group haying up to 18
carbon atons, a bridging group haying“the fornula >E3AR7ARBA, mherein EA is

C or .Si , and R7$58ﬁ12ar1§§la (ﬁ % 21 ﬁ%&‘br @gg} Lydr&ta%glsﬁﬁp%rgﬁ? ﬁ%{]@ #\p o

15haying up to ormu
- CeR8B- CR7ci#8Gh atoms In one aspect R’ can be a hydrocarbyl group having up to 12 parhﬁ)’rer ein

R713, R8B, R8¢ ndependent ydrocar b 0 hayi ng
Up to 1 0 Ca!r:\O)BlSh {e n ano(j[)her aspect % can galanﬁ/ dI'OrC%E)ﬁﬁh)g y%I'OIaD ?aﬁflr}/gf dg{o *?
- Si eR8B- Si R7AERS aomswagr ar Iarﬂﬂﬂiﬁlkﬁ&m ReEas aimebtlR&AyR e an lahterp&sﬁlj'ent ly H or

" ndependentt g ar AR AP py o 45D WED Ry STt i<t PR s and
Cpi is a cychpprReylashany prapenyl isigdyl, pgl{t&lgl/lb,,heﬁéhyfl Silsityil tdeeAyl, ehefydl IS H or
a decenyl, phenyl, tolyl, or benzyl. In yet another aspect, R’ is an alkyl or a terminal
alkenyl group having up to 8 carbon atoms, or alternatively, up to 6 carbon atoms. In
still another aspect, R’ is methyl, ethyl, propyl, butyl, pentyl, hexyl, ethenyl, propenyl,
10 butenyl, pentenyl, or hexenyl; or alternatively, R’ is propyl, butyl, propenyl, or butenyl.
In accordance with one aspect of this invention, X? can be F, CI, Br, 1, methyl,
benzyl, or phenyl, while R* can be a hydrocarbyl group having up to 12 carbon atoms,
and R can be a hydrocarbyl group having up to 12 carbon atoms. In accordance with
another aspect, R* and/or R” can be methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
15  octyl, nonyl, decyl, ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl,
nonenyl, decenyl, phenyl, tolyl, or benzyl.
Non-limiting examples of ansa-metallocene compounds, in their meso isomer
form, having formula (B) that are suitable for use in catalyst component I include, but

are not limited to, the following:




25hydr ocar byl or hydrocarbylsilyl group haying up to 18 carbon atons. 4111
4111 Fornmula (D) is; wherein: MA is Zr or Hf; X6 and X7 are

i ndependewOl2912/06222; Br; |; methyl; benzyl; phenyl; H BE#/USOBRA41985 SR,
wherein Ris an alkyl or aryl group haying up to 18 carbon atons; or a
5hydr ocar byl oxi de group, a hydrocarbyl am no group, or a hydrocarbyl silyl
group, any of which haying up to 18 csébon atons; ELI is a bridging group
selected from a cyclic or heterocycl ¢ bridging group haying up to 18

carbon atons, A(J dgi ng group hayirg the formula >E4ARQL2ARI3A, wherein
ELIAis Cor M3A or a hydrocar byl
group haying g i ng the formul a

- CR12BR13B12CR



13B, -12C, and R13c are independently H or a hydrocarbyl group haying up to
10 carbon atons, or 15a bridging group haying the formula -Si RL2DR13D

si RI2ER13FOwheyms272R12D, R13D, -12E, and RHE are i ndepemdentskei1i4mss a

hydr ocar byl group haying up to 10 carbon atons; and R14, R15, K-16, and
R17 are independently H or a hydrocarbyl group haying up to 18 carbon
atons. 31 Fornmula (E) is; wherein: g& Is Zr or Hf; X8 and X9 are

i ndependently F, C; Br; |; methyl; bénzyl; phenyl; H BH4; OBR2 or SO3R,
wherein Ris an_a or aryl group having up to 18 carbon atons; or a
5hydr ocar byl ox 7, a hydrocarlyl am no group, geg hydrocarbyl silyl
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of which having up to 18 carbon atons; and E5 is a bridging group selected
from a cyclic or heterocyclic bridging group having up to 18 carbon atons,
a bridgi myogoupeitavi ng the formul a >ESAR20AI ¢' -' 21A, WRETAISROIEDAIBS C or
10Si, and R26A and R21A are independently H or a hydrocarbyl group having
up to 18 carbon atons, a bridging group having the fornmula -(CH2). -,
wherein nis an integer from2 to 6, inclusive, or a
bridgi ng group having the fornula -Si R2613R21B si ecRzic , 15wherein R26B,

R2113, R20C, andyR2ic are indepe
to 10 carbon @ CpB \ xicl RAf

or Hf;
benzyl ; phenyl ;

group havi ng up 8 carbon atons
Et { Pr\S
Si i
Et | /ZrCI2 pr’”
N\ ;
O
Ph @ Me @
Si Yrcl, >Si

and the like, or any combination thereof.

5 Other representative metallocene compounds which may be employed in
catalyst component I in some aspects of this invention are disclosed in U.S. Patent No.
7,026,494 and U.S. Patent Publication 2009/0088543, the disclosures of which are
incorporated herein by reference in their entirety.

Catalyst component I also may comprise a dinuclear compound formed from an

10 alkenyl-substituted compound having formula (A), formula (B), or a combination



32 hydrocar byl oxi de group, a hydrocarbyl am no group, or a hydrocarbylsilyl
group, any of which having up to 18 carbon atons; and Cp2 and Cp3
ar e i ndepeocderdoy27a cycl opent adi enyl, indenyl or fl uoremrgii/use@ufo429ahy
substituent on Cp2 and Cp3 is independently H or a hydrocarbyl group having
up to 518 carbon atons. As noted above, unless otherw se specified,
formulas (©, (D, (E), and (F), or a% ot her structural fornulas disclosed
herei n, and any netal |l ocene species discl osed herein are not designed to
show ster eqeel SERY ool AR RO ol 26 O LR flikheLantuamyeti es
(e.g., these ftornulas are rot Thtended 10 Isplay ci's or trans 1'soners, or
R or S 10 diastuedegingomst $)ving férmalsg)s diom omarpliemdsulatigitalocstngwphdt ed and
T o o rre e AR BT AR AR B S pomagunas bR ORE 0y 1
phenyl : H: (B#4rodBR? alenyBeRRsiuvddec@npouR! ileviap @ihylh @) @kyin ghoog; or a
hydr ocar.byl gxi.de group, hydr ocar byl am no grqup,.or. a hydrocar byl sil yl

ot oup. o s SeRoBu e FBuE (bE Rt Ry BBt aPPr RYTREHSH ne

hydr ocar by ldsdictipdd @rospradd Apiariohase] 24R%630%8d CRS.[Farkna P atih, Nos.

alternativel u 0 ar bon at . X4 and X5 i ndependently can be
2 G e ool ARRERIRT RS e g1 e il et ot e

i ndependentidcprpdratederciPBP@Hrenc HEN} entRéty et hyl in one aspect of this
invention. In another aspect, X4 and X5 I ndependently are benzyl, phenyl,

. p
or 20 methyl. Wit insfapcesrdinyeliar Jugialloeeney gerppoxnds, san s fosmeddram ;the
al ter ngpi v@(I)%Whpé)ﬂlﬁstggﬂvéag%%@mgql@v-ggfcpglgya)(g;): alternatively, both X4 and X5
can be phenyl; or alternatively, both X4 and X5 can be nethyl. In
formula (C), E3 is abm\dging group. In accorgéance with an aspect of this
i nvention, E3 can be clic or heterocyclic sis Qg group having up to
18 carbon 25 aBogs,/of/alternatively, up to .*w atons. Cyclic groups
i ncl ude cycl oal and /Zy@lgoal kenyl noieties aqg/suth noieties can include,

but are not i ni M4 cycl opentyl, cycl op |, &%t ohexyl
«@ ke. For instance, E3 ca

cycl ohexenyl , and n i*:‘ cycl opentyl or
aFerQat om substituted cyc ups can be formed with

cycl ohexyl noi et

ni trogen, oxygen) sul fur heteroatons. Wil »Se \apt erocyclic 30

groups can have up to 12 g #Z8 carbons atons, g heterocyclic groups can

be 3- nenbered, 4-nenbered, 5-nenb%@ed, 6- menb€red, or 7-menbered groups in

some aspects of Thdist émR0Ad PR-an3fkenyl substittnBGCOE GaRAA MbphindRef her aspect

of this invention, E3 is a bridging group_having the fornula >E3AR7ARSA,

wher ei n E3Asdstociosm &jdinuglegr RypPYRE aRedeselited inddpedatent Pybligagen Yo

hydr ocar by bo@@upsdiavimg PoddOocdfhotdd BN At ARGy P kubshbR BRlthe/ @h¥on UP tO 12

carbon atons. For instance, R7A and RBA i ndependently can be H or an al kyl,
15  bridging atom and can be used to form a dinuclear compound as described in U.S.

ed

Patent Publication No. 2009/0170690. The first compound and the second compound
can be used together to form a heterodinuclear compound as described in U.S. Patent

Application No. 12/489,630.

20 CATALYST COMPONENT II
A catalyst composition of the present invention comprises catalyst component
11, which can comprise:
a compound having formula (C);
a compound having formula (D);
25 a compound having formula (E);

a compound having formula (F);



5 al kenyl (e.g., a termnal alkenyl), or aryl group having up to 12 carbon
atons. Illustrative non-limting exanples of suitable "aryl" noieties for
R7A and/ owoR8R/iomyeude phenyl, tolyl, benzyl, dinmethyl premgisS2011/042935
trimet hyl phenyl, phenyl ethyl, phenyl propyl, phenyl butyl,
propyl-2-phenylethyl, and the like. In one aspect, R7A and R8A are

i ndependently H, nethyl, ethyl, propy butyl, pentyl, hexyl, heptyl,
octyl, 10 nonyl, decyl, ethenyl, pro%%n butenyl pent enyl, hexenyl,

hept enyl, octenyl, no ) z anot her
aspect | R7 A and RS A%aggﬂ%q%afr C%ﬁl%elﬂy Qc? 'f%ln rLQ#k&llyl 1&?6% é’omﬁoh&b

pentyl, or phenyl. In yemaangﬁhemhaﬁpﬂbnmﬂaﬂujéammhdﬁaibﬁmﬁﬁﬂﬂamleBA is
phenyl. In still another n@nmnd d%xmﬂeast one of R7A and RBA is a term nal
al kenyl group having up {8 "Hon %t Ons. 151 n accordance with anot her
aspect of this i nveninyoombik®idnshaeddr i dgi ng group having the formula -CR I c,
wherein R7 7B- 8B cR7CR3CB,
and R8c are independently H
atons or, alternatively,
R7C, and R8c i ndependent |

byl group having up to 10 carbon
~F§ﬂp. For instance, R7I3, RSB,

y ' | kyl or an al kenyl group having
up to 6 carbon atons; alternatlve JRBE3, 20and R8c i ndependently can be
H, methyl, ethyl, propyl, butyIE sbutenyl, or , , R7c pentenyl;
alternatively, R713, R8Band R8c ﬁn peXdentIy can be H, nethyl, or 7c 8B,

R ethyl 5 alLgrnatdme! v, R7B, R813C and R8gpcah be H or al ternatively,
R713, Rand R8c can be nethyl I n accordance w th another aspect

of this |nvent|thSZ§DHH§ a bridging group 25 having the fornula -Si R7TDR8D

si RTERSE , wher gin R&B, ﬁrg%a’e%éﬁﬁg’ltwy o Cl; Br; meth%l berhzg L phenyl H

and RSE are |ndependent oéarbyl g ‘up fo}%o car bon
atonms or, @E%m@&&&@mmﬁmm&@@%mﬁmme@Wﬂwwmwwmmma&mdsof

this inven NearRAE: 480y R7E 4809 8k i nde end t e H or an al kyl
or an al ke%l%(ijroéartg’éom?]e %roiﬁ% a }byd{oca M glrl OyHrou: o1 a E)éar@ﬂsﬂ group, any

10 of which having up to 18 carbon atoms;
E’ is a bridging group selected from:
a cyclic or heterocyclic bridging group having up to 18 carbon atoms,
a bridging group having the formula >E**R"*R**, wherein E** is C or
Si, and R™ and R** are independently H or a hydrocarbyl group
15 having up to 18 carbon atoms,
a bridging group having the formula —CR"R**—CR“R*—, wherein
R™®, R®, R’ and R*“ are independently H or a hydrocarbyl
group having up to 10 carbon atoms, or
a bridging group having the formula —SiR"’R*"—SiR""R**—, wherein
20 R, R®™, R and R* are independently H or a hydrocarbyl
group having up to 10 carbon atoms;
R’ and R' are independently H or a hydrocarbyl group having up to 18 carbon
atoms; and
Cp1 is a cyclopentadienyl or indenyl group, any substituent on Cp1 is H or a
25  hydrocarbyl or hydrocarbylsilyl group having up to 18 carbon atoms.



alternatively, R7D, Rand R8E i ndependently can be H, nethyl, ethyl, propyl,
30butyl, allyl, butenyl, or pentenyl; alternatively, R7D, R8D, R7E, and RBE
i ndependewOl291286278D, R can be H, nethyl, or ethyl; altecmaiSemeloyz93R7D,
Rand R8E can be H, or alternatively, R7D, R8D, R7E, and RBE can be nethyl.
34 R9 and Rl on the fluorenyl group in formula (C) are independently
H or a hydrocarbyl group having up to_ 18 carbon atons or, alternatively,
having up to 12 carbon atons. Accor di A ly, RO and Rl independently can be H
or a hydrocarbyl group having upsto 8 garbon atons, such as, for exanple,

al kyl groups: nethyl, ethyl, tyl, pentyl, or hexyl, and the
like. In sonme aspects, RO ‘ A ently nethyl, ethyl, propyl,
n-butyl, t-butyl, or hexyl, other aspects, RO and Rl are

i ndependently H or t-butyl. For N 2. Xboth RO and R1 can be H or,
alternatively, both RO and Rl ca >p%xyl. In formula (C), Cpl is a

cycl opent adi enyl or indenyls G i's a 10 cycl opent adi enyl group. Any
substituent on Cpl can be“F R'0r hydrocarbylsilyl group
having up to 18 carbon atons; ively, any substituent can be H or
a hydr ocar ptmdz (Myislr ocar byl si p—havi ng; wpertem: 12 car bon at ons.
Possi bl e substi %@iﬁx?ﬂ=CD' may include H therefore this invention
conprises partial 'y satutated |igands such as tetrahydroi ndenyl, partially
sat urat ed i ndenyf andixd drhéndepdodentlyls; Ch Rmné& asthelc benaghl phbad; Ho Batidi t i onal
substituti ot her, t han .t hase wn in fornul.a (O, e.d. 0 substituents
ot her ¢ han e S0 s b SRR e steRR B it 14Gsob aPhaber one o
two subst i hyuddtSbylenidt gach aShikisdchibyRitind fHrdeRendeyidtocarbglstylaown ast Kyl |

al kenyl , aIF Lshbe, or glkenXlsil_l group having up to 8 carbon atons, or
alternativé é}w YR W AP BHOLRSHE. Yet, in another aspect, Cpl can have a
single H, 20net his agkibyihg F@hp@é&émed&kﬂmﬂ , pentyl, hexyl, heptyl, octyl,

et henyl, propenyl, buteny gﬁntenyld hexenyl , heptenyl, or octenyl
substi t uent. 3 Gychcedepsrreiofridging gEouR dpung Ut KSRDOR APENtL i on, X4 and

X5 independently can Bfighg dedup Hinglthe RGN SERIBRYP, wREciBENK ¢ oivhi | € R9
and Rl independently can be Hor, t-butyl, and Cpl either has no additional
substitillents or Cpl can MavendaRsi gl K subist indepspdentlp 31 gelacktdsesatybm H or an
al kyl, al kenyl, al kyl si | yhou,Qfyigh K6 BYIdaltbh «@nRUP having up to 8 carbon
atonms. In these and other aspects, E3 can be cytlog%pgxg or cycl ohexyl ;

al ternatively, E3 céan bbdgiagbgrowyihgingr hapfaaviang¢he ¥ orntRa 7ARBA,
wherein EBAis Cor Si, R7A1BNg 1RBAar e, i poe |, ethyl,
propyl, butyl, pentyl, hgﬁgrgyﬁépty ,’géty%¥fEOn%ﬁ?qﬁg%%F?k%tﬁgﬁy :
propenyl, butenyl, penterylrochredenyip,hagdhepteeiydarbooetoenydr, nonenyl ,

decenyl;s phenyl . tol yly; 00, DENEY bRk LRE NBhANE Y sifEPoan GRvagr

wherein R'?°, R¥P, R' and R are independently H or a

hydrocarbyl group having up to 10 carbon atoms; and
R R' R'® and R' are independently H or a hydrocarbyl group having up to

18 carbon atoms.



bridgi ng group having the fornula -CR713R8B CR7cR _8C ,

wherein R713, R8B,

R7C, 35 haying the formula -Si R7TDR8D si RTERSsE , wherein R7D, Rso, R7E, and
RBE are iwoepewearel y H or net hyl . Non- | i m t i n@CeAq10$290F

ansa- net al | ocene conpounds haying forrmula (C) that are suitable for use in
catal yst component |1 include, but are not limted to, the 5foll ow ng:

37

31

Q »

ES M3

&

Formula (E) is ; wherein:

M? is Zr or Hf;

X* and X° are independently F; CI; Br; I; methyl; benzyl; phenyl; H; BHy;
OBR; or SO3R, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a

5 hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any

of which having up to 18 carbon atoms; and

E’ is a bridging group selected from:

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

SAR?AR?M wherein E™ is C or

a bridging group having the formula >E
10 Si, and R** and R*'* are independently H or a hydrocarbyl
group having up to 18 carbon atoms,
a bridging group having the formula —(CH,),—, wherein n is an integer
from 2 to 6, inclusive, or
a bridging group having the formula —SiR*®R*P—SiR*R*'“—,
15 wherein R?®, R*'®, R, and R*'“ are independently H or a

B

hydrocarbyl group having up to 10 carbon atoms.

Cp®
\ X
M6
/ \X11
2
Formula (F) is Cp ; wherein:

M® is Zr, or Hf;
X' and X' are independently F; Cl; Br; I; methyl; benzyl; phenyl; H; BHy;
20 OBR; or SOsR, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a
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32

hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any
of which having up to 18 carbon atoms; and

Cp” and Cp’ are independently a cyclopentadienyl, indenyl or fluorenyl group,
any substituent on sz and Cp3 is independently H or a hydrocarbyl group having up to
18 carbon atoms.

As noted above, unless otherwise specified, formulas (C), (D), (E), and (F), or
any other structural formulas disclosed herein, and any metallocene species disclosed
herein are not designed to show stereochemistry or isomeric positioning of the different
moieties (e.g., these formulas are not intended to display cis or trans isomers, or R or S
diastereoisomers), although such compounds are contemplated and encompassed by
these formulas and/or structures.

In formula (C), M? is Zr or Hf. X*and X° independently can be F; CI; Br; I;
methyl; benzyl; phenyl; H; BH4; OBR, or SOsR, wherein R is an alkyl or aryl group; or
a hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group. The
hydrocarbyloxide group, the hydrocarbylamino group, the hydrocarbylsilyl group and
R can have up to 18 carbon atoms or, alternatively, up to 12 carbon atoms.

X* and X° independently can be F, Cl, Br, I, benzyl, phenyl, or methyl. For
example, X* and X° independently are Cl, benzyl, phenyl, or methyl in one aspect of
this invention. In another aspect, X* and X° independently are benzyl, phenyl, or
methyl. Yet, in another aspect, both X* and X° can be Cl; alternatively, both X* and X°
can be benzyl; alternatively, both X* and X’ can be phenyl; or alternatively, both X*
and X’ can be methyl.

In formula (C), E* is a bridging group. In accordance with an aspect of this
invention, E* can be a cyclic or heterocyclic bridging group having up to 18 carbon
atoms, or alternatively, up to 12 carbon atoms. Cyclic groups include cycloalkyl and
cycloalkenyl moicties and such moieties can include, but are not limited to,
cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, and the like. For instance, E*
can be a cyclopentyl or cyclohexyl moiety. Heteroatom-substituted cyclic groups can
be formed with nitrogen, oxygen, or sulfur heteroatoms. While these heterocyclic
groups can have up to 12 or 18 carbons atoms, the heterocyclic groups can be 3-
membered, 4-membered, 5-membered, 6-membered, or 7-membered groups in some

aspects of this invention.

PCT/US2011/042935



44 and the like, or any conbination thereof In formula (D), M4 is
Zr or HE X6 and X7 independently can be F; d; Br; |; nmethyl; benzyl;
phenyl ; HyOBb/00€BR2 or SO3R, wherein R is an al kyl or &cylusgeioomwsdr 5 a
hydr ocar byl oxi de group, a hydrocarbyl am no group, or a hydrocarbyl silyl
group. The hydrocar byl oxi de group, the hydrocarbyl am no group, the

hydr ocar byl silyl group and R can have yp to 18 carbon atons or,
alternatively, up to 12 carbon atons. X6 and X7 independently can be

F, d, Br, I, bﬁlng%Prda J%e\m{llr ’an&ﬁerrg%fy&ylof tlllzg %\%F@JIP lEe 'is X%r@g‘\g%fbup 10 this

|ndependently are h one as

i nventi on. Imwngnmimﬂmmmspééﬂfﬁﬁé ahde%?E%n@eﬁendéntmm aVbamhm€§huepheny

or net hyl rnatlvely,
pot - x6” andrendeMaEh SR RERSE bropp ket B8 st S@0md e i e "oheny

or alter natup W(ellglcarbmi éﬂor?@ ]%cb‘ldns)(aﬁc«f;&‘?A bﬁi R@tlh&dpendentli oamrtwl}ao( B)alk@d is a

brldgln u n accor danc h an ect of this ven |on E4 can
e & cydt {eREM ster ITEITE el g af G PnDi g ot 5 SHOYEABBR. at ors. - or
al t er nat I Velﬂt)étratlﬂé hénr-lditiaardxemprt Qif&ult@éﬂ“h@l U hupiss IfdﬂCRZfd@ndJMC RéAal kyl and

cycloalkenyl nnle an_include, but are limted
to, cycl opdl g?®1np@gﬂeﬁVP%’ ﬁ%?@WWLCQEFBﬁ%k@ ﬁ Hﬁ?h@’llke. For
i nstance, e ﬁﬁ‘o@@ Iﬁeﬁ%ﬂ&ltﬂp@ﬂﬁ%b Meney@L 0 BRKYE 1IR®I 81 dhe aspect, R™ and

Fbteroatonwgybstltuted cyclic groups can 20 be fornmed with nitrogen,
oxygen, or Rsu Iafeulfnd?@P@ﬁ%‘&t%n%let Vinictyl tHewd PrYle PetYle e lohdtpsoddn have up

Z 0 néer o é%o@ar&ﬁgsetﬁé@@roﬁeme%@r grea/[eﬂyl QoG ep A I R&nyr nsRAPET €d, s of
t;ﬂ S i nvenidp@nyl phenyl, tolyl, or benzyl. In another as-pect R and Rgl( grlé t}?e ;aglesaglrglirg Spects ©
methyl, ethyl, propyl, butyl, pentyl, or phenyl. In yet another aspect, at least one of R™

and R* is phenyl. In still another aspect, at least one of R™ and R* is a terminal
alkenyl group having up to 6 carbon atoms.

15 In accordance with another aspect of this invention, E’is a bridging group
having the formula —CR™®R®—CR™R*—, wherein R™®, R®™, R’®, and R*“ are
independently H or a hydrocarbyl group having up to 10 carbon atoms or, alternatively,
up to 6 carbon atoms. For instance, R™® R*™® R’C and R* independently can be H or
an alkyl or an alkenyl group having up to 6 carbon atoms; alternatively, R™, R®™®, R7",

20 and R*C independently can be H, methyl, ethyl, propyl, butyl, allyl, butenyl, or
pentenyl; alternatively, R R*® R’C, and R* independently can be H, methyl, or
cthyl; alternatively, R, R*™ R’ and R* can be H; or alternatively, R™® R®™ R’ and
R* can be methyl.

In accordance with another aspect of this invention, E’is a bridging group

25  having the formula —SiR™PR*P—SiR™R*— wherein R™®, R*®, R™®, and R* are
independently H or a hydrocarbyl group having up to 10 carbon atoms or, alternatively,
up to 6 carbon atoms. Accordingly, in aspects of this invention, R™® R® R’F and R*
independently can be H or an alkyl or an alkenyl group having up to 6 carbon atoms;
alternatively, R™®, R*®”, R™, and R*" independently can be H, methyl, ethyl, propyl,

30  Dbutyl, allyl, butenyl, or pentenyl; alternatively, R, R*®, R"®, and R™ independently
can be H, methyl, or cthyl; alternatively, R™®, R*, R™ and R™ can be H; or
alternatively, R™® R*, R” and R* can be methyl.



In accordance with another aspect of this invention, E4 is a bridging group
25 having the formul a >E4AAR12AR13A, wherein
E4A is Cwo 28i2/006a7d R12A and R13A are independently H oPCa/usganocmshyl
group having up to 18 carbon atons or, alternatively, up to 12 carbon
atonms. For instance, R12A and R13A i ndependently can be H or an al kyl,

al kenyl (e.g., a termnal alkenyl), og4aryl group having up to 12 carbon
atons. 45 Illustrative non-limting exanples of suitable "aryl" noieties

for R12A and/ or,R it e I e .di yl,
tri met hyl phenyl X %ﬁ‘gﬁw & ﬂ% ?&Eﬁgﬁﬁoﬁf’ g}b)ﬂ)‘fm“p%Qgryy%rﬁdg‘%/eg?&dgwﬂe& :
propyl- 2- phedrpéayiygroupaimyinghe to k& carbon atoens aspaetnatiRI Ahaimg RLBAL2
i ndependent |y can be,an al kyl o a ter.m nal al kenyl, or arvl grpup having up
Lo 567" 8 bt ApS et fhiitn e RoC AR ac S et B PR nctent y
g, rrFt hy![ ,hhestihlghp to® @]ﬂ:}dnl ,atdgms% yilch apefoit thlmplafadlj)ﬁ ,grd‘i@plt mbtﬁybteﬂlyll, Frop}dn%ll , |
ecyl, nyl, propenyl, ny. ent enyl , en ept en ctenyl,
nonanyl 5" doushyeRbERERAL il G ke, BERHE) Fortm Rt Rrotrapeaemsety  RIZA and
FlBAta[F tMQfﬁaﬁﬂanﬂq?QHE?n?;hb?yLeiHM?Lg?gimybgmhug%#$Rﬁeﬂiypru@rd?henyi.
n sti anot her aspect,  a ast one o n i s enyl and/or a
| east 100ndSPREB 100 RN T@ SromBFrboaR alvck@nﬁan F L™ AlsTH Np to 8
carbon at omsith R°Aan@RERLABOCKuYY t h anot her aspect of this invention, E4 is a
bridging group 12B,-.13B cR12CR13C having the fornula -CR _ft, wherein
R1213, R1311, Ri®makd(@ided aife? cyrlapaysicashor yndangk  Lfpdriacalf byl group

having 1yp oc1dRnfedleRANBLOMBARY sulibugiiNgt I0pelMn BPHL & & IGAJRRByRLOME. FoOr
i nst ance, 12%%? ngﬁlg 1ZCf%;ﬁa ﬁlSc iné?pen%ently ca#gge H {SOr an al kyl

or an al kehydrogpaiplyhaxpp§avine widtopl eprlyarpternss we altenatizplyaty\sapsfitucrt 213,

R1311, Ri 2 i , yl, butyl,
By but sy or poyaraney OE A AP Erok PERE o 75 i R e

independenfbvﬂdaﬁmbéU$ﬁSm%@ﬁy#%ﬁéﬂmyﬂit@ﬂ@bvhmsbwmbwmwbmpék$emﬁdhiveIy,
ARG Y T R e e e

15 In one aspect, Cp1 has no additional substitutions other than those shown in

formula (C), e.g., no substituents other than the bridging group E’. In another aspect,

Cp' can have one or two substituents, and each substituent independently is H or an

alkyl, alkenyl, alkylsilyl, or alkenylsilyl group having up to 8 carbon atoms, or

alternatively, up to 6 carbon atoms. Yet, in another aspect, Cp' can have a single H,

20 methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, ethenyl, propenyl, butenyl,

pentenyl, hexenyl, heptenyl, or octenyl substituent.

In accordance with one aspect of this invention, X* and X’ independently can be

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

butyl, and Cp' either has no additional substituents or Cp' can have a single substituent

25  selected from H or an alkyl, alkenyl, alkylsilyl, or alkenylsilyl group having up to 8

carbon atoms. In these and other aspects, E® can be cyclopentyl or cyclohexyl;

alternatively, E* can be a bridging group having the formula >E**R"*R**, wherein E**

is C or Si, and R™ and R*" are independently H, methyl, ethyl, propyl, butyl, pentyl,

hexyl, heptyl, octyl, nonyl, decyl, ethenyl, propenyl, butenyl, pentenyl, hexenyl,

30 heptenyl, octenyl, nonenyl, decenyl, phenyl, tolyl, or benzyl; alternatively, E* can be a

bridging group having the formula —CR™PR*®—CR™R*—, wherein R™®, R*®, R,

and R* are independently H or methyl; or alternatively, E’ can be a bridging group



20RRm Rim Rl12c, and K,-.13C can be nethyl. In accordance w th anot her
aspect of this invention, E4 is a bridging group 12D, -. 13D si RI2ER13E

havi ng t hwofzorzmobzr2- Si R _ft, wherein R12D, R13D, R12E, &nu/USX@E/ 032985

i ndependently H or a hydrocarbyl group having up to 10 carbon atons or,
alternatively, up to 6 carbon atons. Accordingly, in aspects of this

i nvention, R12D, 25 Rup, Rim and RHE gndependently can be H or an al kyl or
an al kenyl group having up to 6 car boR atons; alternatively, R12D, R13D,
R12E, and entd-ypgan 7H S e vhybso pr |, allyl,
butenyl orﬁa\ge ten?qpl%ﬂlglttesrqa |ve$§,dﬁ?12D, ¥ % % R h?ﬁgzl%E%y
|ndependenﬁﬂdjcp@dmtlyeHbl;mﬂthylhyl et hyl, propyl, or butyl alternatively,

R12D, Ri 3p, Rin d R13E i ndep ndent can be H_ neth t
alternatively, Hfﬁ% B‘anf?gﬁ%%r:a Tt aﬂfﬁ‘fﬁ‘é compBundlq—i ha mg to euﬁngé vely,

R12D, R13 D,thaRﬂn%Esultﬁi:ﬂd fRLBE icamalpe cveiphiydnt [IRbdludRbog allifot lmanadl tRltle on t he
fl uorengl %lf)olxjxfffg-i n formula (D) are independently 46
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formul a -SIA
i ndependent
ansa- netaIHer--

catal yst co i ncl ude,
2012/006272%%? 01 042935 47 t-

12 carbon atons. Accordingly,
or a hydrocar byl
gr onp201 208617191 |
I n sone aspects,
n-butyl, t-butyl,
and Rl? are |ndependently Hor t- buty
and R17 can be H or,
is contenpl
phenyl
|ndependenﬁﬁw Cd
cycl opentyl orPby
having the forputa
are independently 07

nonyl , decyhls
heptenyl
alternatively, E4 ca
K13BcRucec,

octenyl

-thyI

AN
Ph. \ e Cl
_C Hf
N

et hyl ,

methyl ,
et henyl ,
q

propyl ,

alternatively,

in formula (D),
tBubut yI . =

pr openyl
decenyl ,

i dging group h
wherein R1211, R13B, R12C, !

but are not

2

R14, R15, R16, and R17 independently can be H
for exanple,
rexUS201a/08298%51e |1 ke.

group having up to 8 carbon atons,
butyl, pentyl,
R14, R15, R16, and R17 are independently methyl,
while in 5other aspects,

For exanpl e,
b,

4 C or

But ut - Bu

such as,

R14, R15, R16,
: 17 R15, R16,
R15, R16, and K can be t-butyl.

X6 and X7 independently can be F, O,
and R14, R15, R16 and R17
ther aspects,
can be a bridging group

' and R12A and R13A
fyd:l, pentyl,

, ;ig? Scpent enyl
phe olyl, or benzyl;

ng the formila -CR 12131,
15'h‘c are independently H or

‘ \E oup having , 13D, si RR t he
wherei n R12D, 3%, f12E and RHE are

NonPH*Sf tLngcexanpl es of
ounds having for mubra (D) Fh@F are suitable for

ited to, the 20foll ow ng:



49 ; and the like, or any conbination thereof In formula (E), M
is Zr or HE X8 and X9 i ndependently can be F;, C; Br; |; methyl; benzyl;
phenyl ; HyOBb/00€BR2 or SO3R, wherein R is an al kyl or &cylusgeioomwsdr 5 a
hydr ocar byl oxi de group, a hydrocarbyl am no group, or a hydrocarbyl silyl
group. The hydrocar byl oxi de group, the hydrocarbyl am no group, the
hydr ocar byl silyl group and R can have yp to 18 carbon atons or,
alternatively, up to 12 carbon at ons. ° X8 and X9 i ndependently can be
F, d, Br, I, enyl, or methyl. pl e, X8 and X9
i ndependent |y & n one aspect of 10 this
i nventi on. tHEy aX dgently are benzyl, phenyl,
or methyl. YetMed ot her aspect, bot hve X@ycan be d; alternatively,
both X8 and X9 '“bﬁpzyl; alternativ X8 and X9 can be phenyl;
or alternativel gtyh é and X9 can be I'n fornmula (E), E5 is a
bridging group. I'n of this 15 iinvention, E5 can
be a cyclic or he p_havj.ng up to 18 carbon atons, or
alternatively, C ps include cycl oal kyl and
cycl oal kenyiBu 5 dt®8uch noi eties ¥ clAide, but are not limted
to, cyclopentyle cyChopeptenyl, cyclohemyl ,~cYclghexenyl, and the like. For
g

i nstance, E5 ca 8 | opentyl or cyc X iety.

Het er oat om substu d clic groups can e rmed with nitrogen,
oxygen, or sulf eroatons. Wile the erocyclic groups can have up
to 12 or 18 carbons atons, the heterocyclic groups can be’3- nenbered,

4- menber ed, 5-nEnbere 6- menbered, or 7-nephgrey groups in sone aspects of
this inventig#n. .gyN accor dance 6t her aspect of this
invention, E5 |5 a’b id%ing group having, or nul a>ESAR20AR21A, wherein
ESA is Cor Si d R2Q~'and R21A are i@ ply H or a hydrocar byl
group havi ng u%eto c®bon atons or, arte tiwely, up to 12 carbon
atons. For instanc R 2A and R21A i ndepen |y can be H or an al kyl,




5 al kenyl (e.g., a termnal alkenyl), or aryl group having up to 12 carbon
atons. Illustrative non-limting exanples of suitable "aryl" noieties for
R20A and/wo 2r21M6i7acl ude phenyl, tolyl, benzyl, dinethylPpnarsgdi1/042935
trimet hyl phenyl, phenyl ethyl, phenyl propyl, phenyl butyl,
propyl- 2- phenyl ethyl, and the like. In one aspect, R2A and R21A

i ndependently can be an al kyl, a termpal al kenyl, or aryl group having up
to 10 10 carbon atonms. |In another agb ct, R2A and R21A are independently
H, methyl. ethy, « , butyl, pentyl, eptyl, octyl, nonyl,

decyl, ethenyl but enyl, pent ¢ nyl, heptenyl, octenyl,
nonenyl , dddenyh; iyl , tBol yl, or ben ~yet  anot her aspect, R 2A and
R21A are the SMQE; a“o/@[e met hyl , ethyMe\o 0 é/c|butyl pentyl, or phenyl.
In still anothe £E at | east one of <R' R21A is phenyl and/ or at

| east 150ne of EZ and 1A is a ternina\\ééﬁényl group having up to 8
carbon at ons. I n accordance, with ano r aspect of ;this invention,
E5 is a bridging p._having the fornmul g 2). -, wherein n is an i nt eger
from2 to 6, i d 3, or 4 in sone aspects of
this i nventtiBor. \LAQ : A of this invention, E5 is
a bridgi ng grqug\_% g the formul a M&\*’:"l S jecwic , wherein R2B, 2R

1B, R20C, and ndependently H oS arbyl group having up to
10 carbon atons Ité?natlvely, up togé bo atons Accordingly, in
aspects of this tion, R2B, R2m Rzo R2i ¢ |ndependently can be H

or an al kyl or an alkenyl group having up to 6 carbon atons; alternatively,
R2B, R21B, R20G and/R1lc independently b H\ 25 nethyl, et hyl ,
propyl, butyy, eyl . or penteny e#/natively, R2B, R21B, R20C,
and R21c i nde y can be H methyl,, Eropyl, or butyl;
alternatively, R 'Rzoc, and R2|(:IvI ¥ tIy can be H nethyl, or
et hyl ; al ter na¥'fvely B, R21B, R20C, and 1CC(|:an be H, or
alternatively, R2BUR21B, R20C, and R21c cappe nethyl. In an aspect of
this invention, 9 in fornmula (E) independently can be F, 30C, Br
|, benzyl, phenyl, or net'yl and 4in some aspects, =E5 can’be cyclopentyl or
cycl ohexyl; alte el y, E5 can be a 'roup having the formul a

>E5AR2CAR21A, pentyl, hexyl, . ectyl nonyl , decyl,

et henyl , prt@peny enylt-Bupent enyl , he eI 'eptenyl octenyl, nonenyl,
decenyl, phenyle_t.o kcpr benzyl al t e¥erat ycl E5 can be a bridging
group havi ng theTar itha, - (CH2) . -, wherMén ys>egual to 2, 3, or 4; or
alternatively, E5 GAN be a brldgl ng group hng the fornmula -Si RRBR21B 5
siece ¢ , wherein RZB, RZm Rzoc, and R21c i ndependently H or nethyl.
Non-limting exanpl es™o having formula (E) that

are suitable for use in cata yst conponent i nclude, but are not limted
to, the foll ow ng
t—BuM
Ph\ | /CI Si /CI
2ol
\\ //



Me.EtPr. ,siZrdd2SizZrd2,si Me 'SEt/Pr Bun-Cctn-Cct .
,Si'Zrd 2Si,Zrd 2,siZrd 2 Bu/Ph'/Me/ 52 EtBu Zrd2IDC zZrd 2CzZrd 2
Eti Pri Buiwo 2012/006272 PCT/US2011/042935
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; and the |ike, or any conbination thereof 53 In formula (F), M6 is
Zr or Hf. X16 and X1 1 independently can be F; C; Br; |; methyl; benzyl;
phenyl ; HyOBb/00€BR2 or SO3R, wherein R is an al kyl or &cyluSgeioomIsdr a
hydr ocar byl oxi de group, a hydrocarbyl am no group, or a hydrocarbyl silyl
group. The hydrocar byl oxi de group, the hydrocarbyl am no group, the

hydr ocar byl silyl group and 5R can havi up to 18 carbon atons or,
alternatively, up to 12 carbon atons. %16 and xcan be F, d, Br, I, benzyl,
phenyl, or neihyl ~Eor exanple, X1 and xare O benzyl, phenyl, or nethyl

in one aspef /~hIS invention. In §pect, X1 and X1 1
énzyl , phenyl, or netk , I n another aspect, both
> & ; alternatlvely, ﬁuu @nd 10xbe benzyl ;

&16 and X1 1 can qup§ y p\g alternatively, both X16
and xbe net hyl In fornmula (F), are independently a
cycl opent adi enyl={ i ndenyl or fl uorenyl gro Cften Cp2 and Cp3 are
i ndependently a cy oo-isadlenyl or indenyl gr&upyfAny substituent on Cp2
and Cp3 |ndependently cah be Hor a hydrocarbyl group 15:having up to 18
carbon at ong ernatively, any sub an be H or a hydrocar byl
group havi Stituents on Cp2 and Cp3
may i ncl ude ¥ i
| i gands sudm\g

i ndependent Iy
X16 and X1 F’h\g
al t ernati veny;

4fore this invention ;
Lnghydr0|ndenyl t et rRthydf ot | ugr enyl , oct ahydrof | uor enyl
partial ly satrtnrgt€osindenyl, partial ly me f i
20l n one aspec 2 and Cp3 have no substi ..|ons ot her than those shown
in formula (F), g., Cp2 and Cp3 independe y can be an unsubstituted
cycl opent adi enyl bstituted indenyl. ;
Cp3 can have one two Substituents, and eac
can be Hor a group having up t
exanpl e, an al yl, or aryl group.
and/ or Cp3 tE4n ha ¢ oitBuwo substit
i ndependent |y Eb ,Cnethyl et hyl, proﬁvL
heptyl, octyl, ,Cpropenyl butenyl %
octenyl, phenyl t or benzyl while in t‘=
i ndependently can yl, ethyl, propyl,
butenyl, or pentenyl. ;

ubst Mt uent independently

0 cashon atons, such as, for
Q n anot her aspect, (Cp2

eaCh tditbst i t uent

vic) pentyl, hexyl,

Fﬁmhexenyl hept enyl ,
agpect s, each substituent

henyl propenyl ,

Ssii zr Ph” |
Ph @/ ¢ @/ C
_ \ .
Bu CQ Bu t-Bu o % t-Bu
Ph. >sii Hf—Cl



30l n some aspects of this invention, X16 and X1 1 independently can be F,
a, Br, |, benzyl, phenyl, or nmethyl, while Cp2 and Cp3 are independently
an unsubswotat2amezrgcl opent adi enyl or unsubstitut ed i nde®gir/US2011/042935
group. Alternatively, Cp2 and Cp3 WD 2012/ 006272PCT/ US2011/ 042935 54

i ndependently may be substituted with one or two substituents, and these
substituents independently can be H or . a hydrocarbyl group having up to 10
carbon atons, such as, for exanple, né{hyl et hyl, propyl, butyl, pentyl,
hexyl, heptyl, actyl, ~ethenyl, propenyl, bu ntenyl, hexenyl,

hept enyl , octe |, tolyl, or benzyl i1 ting exanpl es of
unbri dged @Al eers Bunds havi ng #EW . hadtBuare suitable for
use in catalysphpo'uenegg [l include, but ahe.wﬁzljdﬂted to, the

fol I owi ng: Bhr% @}%«'@CIZr,, ,c7, (ct ,, Ph/SIico/r\Cl
ST\ = Si

PO

/ \ ;
ws e O
Ph__. Cl %
_Si Vg
C



55 Nos. 7,199,073, 7,312,283, 7,456,243, and 7,521,572, the disclosures of
whi ch are incorporated herein by reference in their entirety.

Cat al yst worpomest72l | al so nay conprise a di nucl ear compomifu$2dianm®ds from an
al kenyl - substituted conmpound having formula (C), formula (D), fornula (E)
5fornmula (F), or a conbination thereof For exanple, a dinuclear
conpound can be formed from one al ken %-substituted conpound having formul a
(©, fromone al kenyl -substituted con% und having formula (D), fromtwo

di fferent alkenyl-substituted conpounds hayi nr mula (E), from an

and an al kenyl - substi tuted
S/nucl ear metal | ocenes are

89,630 and U. S. Patent

hel 2009/ 0171041, the

by reference in their

al | ocene conpounds can be

en| conpounds havi ng

la (F), respectively: and

s an al kenyl substituent on
form a di nucl ear conpound

0170691. The netal | ocene

) chave an al kenyl

¢hnbe used to forma
Rybl i cati on No.

descri bed iRh Patient Application NoPh
Publ i cat i orPhkg! 008/ 0170690, 2009/ 017"
di scl osures } ch™are incorporated hg i
entirety. For instance, dinucl &
formed fromThe 153i0 ing illustrativesw
formula (C, for IQKH§% formula (E), and fo

, The netall ocepe\ conpaund havi ng fornul

1:3 group and can be
as descri bddui NNMIAS

P eitBuPubl i cati on Ne-
conmpounds havi Mg .~ aopmula (D) and fav
substituent on
di nucl ear conpo

6

SZRFQQH bri dgi ng ato
(33 described in U S. t

2009/ 0170690. The MHk ( having formula (F) has an

al kenyl substituent o he i ndenyl- group and cean be used to forma

ged netal | ocene conpc
di nucl ear conp O 0
t-Bu t-Bu %%’
Me.... Cl Me. —Cl

Messi” —Cl Messi” —Cl
Me @/ cl Me @/ cl
—— ——
t-Bu CO tBu OQ\C
Messi” 7e—Cl mg:Si zr—Cl
5 AN \

t-Bu t-Bu




5 as described in U S. Patent Publication No. 2009/0171041. Additionally,
any two of these netall ocene conpounds with al kenyl substituents having
formul a (Wp,20f2zomrka (D), fornula (E), or fornula (F) caeThsS2usmerssdget her
to forma heterodi nucl ear conpound as described in U S Patent Application
No. 12/489, 630. 10 ACTI VATOR- SUPPORT The present invention
enconpasses various catal yst conpositions containing an activator, which
can be an activator-support. In one aégect, t he activator-support conprises
a chemically-treated=solid oxide. Alternatiy, he activator-support can
conprise a cl a ‘5 a pillared cla ] ated clay, an exfoliated
c|25 gelle&B“15 I DQ an&PHeP oxi de natr%&{ 2 iéie ed{gilicage mneral, a
non- | ayer ed silicaiezﬂﬂﬁﬁeral, a layered al unminoskki€ate mineral, a
non- 1 ayered al umi bagili€ate mineral, or any coxfinafl on thereof
General |y, chey ' Ohit enhanced acidity as
conpared to thésgor k&gpondi ng untreated sol\g y&e conmpound. The
chemically- 20 treated solid oxide also functions as a catal yst activator

: d oxide. Wile the
chem cal |l y- @ solid oxide activatey et al | ocene in the absence of
co-catal yst s, i scnot necessary to elinmghate p-catal ysts fromthe
catal yst conpssi fTowi The activation functof™ofcit he activator-support is
evident in 2 7 Yy conposition as a whole, as 25
conpared to 3 Agat he correspondi ng untreated
solid oxide. However, it is believed that thé themcally-treated solid
oxi de can fanctiom as an activator, evep=in rhe absence of an
or ganoal um pound, al um noxanes, pr on or or ganoborate
conpounds, i 0p¥FA| Ng..j oni ¢ conpounds, and t i g The chem cal ly-treated
solid oxide c ; ”‘Ith an 30
el ectron-w t hg ng to be bound by the
fol |l ow ng ent, it is believed tha
an el ectron=wt awi ng conponent augne ¢nhances the acidity of the
oxi de. Thus, either the activator- 57 suppart exhibits Lewis or Bronsted
acidity that ig al |y greater than thegiaﬁ 1;; Bronsted acid strength
of the untn@at ed-sp¢+d GBude, or the actBuwwarerssuppdBu has a greater nunber
of acid sites thgh tfies@intreated solid oxide, yPpech. One nethod to
quantify the aci dity orcthe chenically-treated d~ghtreated solid oxide
materials is by npari ng the polynerization(@gtivities of the treated and
untreat ed oxi des a( acid catal yzed reacti orns? Chem cal | y-treated
solid oxides of this invention are fornmed generally froman inorganic solid
oxi de that exhifN s/taw s aci di c or Bronsted™acidrc behavi or and has a
relatively i gN_p@Rs guThe solid oxigeA NG aldy-treated with an
el ectron- 10 withefaw ng conponent, typically-an el gctron-w thdraw ng
anion, to form an_acfiygat or - support. Aclcor &g, t o one aspect of the
present inventio he solid oxide used to pr he chem cally-treated
solid oxi de has a\y \ { 0,1 cc/g. According to

AW ng” ani on. While not i




15greater than about 0.5 cc/g. According to yet another aspect of the
present invention, the solid oxide has a pore volune greater than about 1.0

cc/g. WO 2012006270t her aspect, the solid oxide has a secfraseoiane®3df from
about 100 to about 1000 nR/g. In yet another aspect, the solid oxide has a
surface area of from about 200 to about 800 nR2/g. In still another aspect
of the present invention, the solid oxide has a 20 surface area of from
about 250 to about 600 n®/g. The chemcal ly-treated solid oxide can
conprise a selid~norgani c oxide conprl axygen and one or nore el enents

sel ected fromgloup 2, 3, 4, 5, 6, 7. GQ 11, 12, 13, 14, or 15 of

t he peri odi &l €, or conprising oxygen am one or nore el ements sel ected
fromthe | ant amzdg“b actinide el enents Ser 1Ghwi ey's Condensed 25
Cherical Dictiepary,°'11th Ed., John Wley 8 on! 1995: Cotton, F.A.

W ki nson, G , rillo, C A and Bochma M, Advanced | nor gani C

Chem stry, 6th Bg\, WI eyl ntersci ence, 1999) or exanpl e, the inorganic
oxi de can conprise oxygen and an el enent, or elenents, selected fromAl, B,
Be, Bi, Cdandhe ligy, or @y, comdinaden theegof. Mh, Mo, Ni, Sb, Si, Sn, Sr, Th, Ti, V,
W P, Y, Zn, an 7 €41l or
corrpounds t hat gla% 13u1§8§£§;1 z?oo‘r?)r%}‘t h @ﬁﬂgifmnz% %Igie?tpeg%%e s’gfli %l (S)Ikl de

i ncl ude, butethat;denmyt; plhlarmlﬂédBHLQOBRIz 2080:RB208rcin B dA20] 0Sh2I0SourSp02, Sn02,
Sr0, ThQ2, aEI 2, V205, W03 a% 80& élo Zr 02 I ng Hglng nlxed

oxi des here KmmPyomdn%DW% e?g%9gﬁ) ‘E%aﬁp¥”m£¥ﬁ?1§6PPd Oxi de can
conpri se mhiydm@a,rb}ad»udn gtaup,sthé hﬂEecafhymnrnm gisup, |thah¢d)a¢a&@rmlbr11gnon1aancal unm num

phosphat e, ,al u 0 het er st 2 n| a, zirconia,
moneera. " B BRVSRRIR RO T ARSI B Lorbbb RSy Comor natt on

t her eof Xh en(S of’ I11ﬁie@éﬂd61ﬁly0cfantﬂ’él fs @lnBQ Nt b@izyle peaiypas $&shy0XiFde
materials such a ! | xed ox ds thereof such a
silica-al uﬁi‘*ﬁﬂ’le;ﬂ “g%tﬁ“ﬂ%’i%ﬁﬁ Wﬁ]rB en@’E@F&ﬁ YTHEOH: KB 8%i de
conpounds S$KE mvastical | i€ anothc kM, Qe?narmexéhrrb@b@dam mhtﬂeﬂi}ﬂ’ ﬂféﬁﬂi cal phases

with nmore than one netal conbi ned w oxygen t gol I d oxi de
conpound. E3eHhI ¥8" fanﬁﬁhireadp@k.ba@émétx CahbyEL ag%atWﬁIYt ‘PﬂéhX and

activat or - SUPRObEnf alififatREESBRE X%\ﬁ@ N1 QR tePhbMd€or dMetnadlfy, W3th kf mted to,

silica-alumna, si icatitania, silica-zirconia, zeolites, various clay

m neral s, andid rabeimeanila, al umi nazirconia, zinc-aluminate, al unmi na-bori a,
si l'i ca-bori a, ain“f@rrﬁﬁ’lQQﬁ? pivat §- b?id%in%agro&p' tl%@ic@@rh!ufé@%f’h anae[%gectt e ulid ke. The

solid oxide of thls I nvention al s6 énconpasses oxide 15 naterials such as
si | i ca-léoatimv@ntidng i gan bag codiscer intadodyaliUbiSlgimagieny hPdig e At i narkion

2010- 00761@1.70mst B‘Pal%hﬁﬁbﬁtﬁ‘{fpe@% Mlofi Bid dr%ﬂé gfb‘hgs‘ fdige E?dl&l Y ahET €r ence

inits enti ectron-wt onent” used to treat the
sol i d oxi deydeaiukebel amyetre@nmdnemh nivadties men emskde,t he bewnst dimied otest ed

aci di ty of {6, 501 e Bel. 6. kRonon 20 LIGRHIAEN £AS,ERAPALEd, L@, Lhe: sol i d

oxi de that 7% no one-éel ectron-w ng ani on) .
Accordi ng fan benchﬁSqqgntyl on‘cychﬁe;gﬂmmy Hnwmatdnembsmthedeycemtgr@msmﬁ hdr awi ng

comonehl_ L A5 10N LSRR AR RS el 70 O

source or [gfcﬁlpw'csrﬂha\feOlﬁp thad oansaarbolX atplse hetiet@b@Clid @fvupd taxdbadsi Nng ani ons

I nclude, but m%ered nﬁ) membered, 5-membered, 6-membered, or 7-membered groups in some
aspects of this invention.

In accordance with another aspect of this invention, E* is a bridging group

25  having the formula SE*RAR1A ) wherein E** is C or Si, and R™* and R"™ are

independently H or a hydrocarbyl group having up to 18 carbon atoms or, alternatively,

up to 12 carbon atoms. For instance, R'** and R™** independently can be H or an alkyl,

alkenyl (e.g., a terminal alkenyl), or aryl group having up to 12 carbon atoms.



25 limted to, sulfate, bisulfate, fluoride, chloride, brom de, iodide,
fluorosul fate, fluoroborate, phosphate, fluorophosphate, trifluoroacetate,
trifl ate,wbl2aovowgi7zeconate, fluorotitanate, phospho-tung®Catisoiandshe |i ke,
i ncluding m xtures and conbi nati ons thereof In addition, other ionic or
non-ioni ¢ conpounds that serve as sources for these electron-w thdraw ng
ani ons al so can be enployed in the prggf invention. It is 30

contenpl ated that the electron-wthdr ng ani on can be, or can conpri se,
fluoride, e £ teifl [ fiat rrisul f at e,
and e | 1 B RHEn iR B PRSBREBL il iR Bk T B i

i nventi on. idaudet hnénn}é,s ptetyﬂs benné ediecthylphenyh9 tviethgtiphoiyhg pimnyjﬂhyian
conprise sul fat i de. L0 mde

r d
f1 uor osul f €Y I*r?pﬁlg %nc}'rlb ttﬁ P13 lf%p‘h letﬁ?lr uodrtg%hosp ey By (81 bacet at e,
triflate, ﬁ?llﬁondr@emctenmtm bef dnudky0f 4 teanmbleslkant ot gl kioke ha‘ﬂng amyo bonbi nat i on

t hereof _Thus, for ex rrp e, the b at suppor.t Iy treated
Solt a o agsos et Tk Bk et AbRnodrt PaiRehGiTy it BHBYCAEY nventt on
can be, or peRl, CREDS pehesl, RdxyDMeHOL] odtyliMongl, d@&}lloéthd@n lﬁbpuﬁylnautebylpm ded

al um na, sulfat al um na, fluorided S|I|ca

r| d
silica-al unI?FIH%P Y H &aPtemly; qctenyh BoReRY. d?ﬁ‘i‘yf’aﬁ s‘iolyf ﬁﬂ’?&’ £ | uori ded

sil'ica-zir gdth@.asgedl, R A8E RS lakcCiic ZdnkcC O Ae nRIG NGO Ffdp!/l B@tylz b&g@Ni a,
sul fated silica-zirconia, fluorided silica-gitania, fluorided silica-coated

al umi na, s@f Phgngkl 1n oWl prother apseted! leastoRePAR pwaéﬁhaﬂ%ﬂl%vll angd/gr aidsfskd

al um ngg anpgde €24 g 0k a@&manﬁké@ngmwﬁm%fup tH 3SOBn ASRECt S, the
activator - support corrprl Ses | uori déd al um na, alternati vel y corrprl Ses

chl orided al um Faaccardpegenyith %@tber aspreprof dlais imsigntion &d inlebridgime group
al ternatively,, ﬁlgrm;ﬂuﬁes drrgrsded; isigicca-al.wyl pap_ @kt ﬁma&dd‘{@*%re conpri ses

sul fated sili ca alumna; alternatively, conprises fluorided
silica-zi reltmp@delalytfépmhydy@qasbyl g5up hpiigsupsto d Alcarbprletdms pt, plbanativelyoni a;  or

alternat | V‘Etﬁ(o 6 SR LSS F&Mﬂ{t&{%@%m RIGag Qo%ﬁg%ﬁ'lan itendy can be Yhen the

el ectron-w t hdraw ng conponent conpri'ses’a sa ect ron-w thdraw ng
ani on, Ithe ocanumlkglrorcan aﬂqenyig:rowrha@ﬁlgtumao 6zatbbn ewmsbétesetiedy,Ri”T, ROth any

cation tha IIo 1t he sal t to.r b K cid during
cal ci ni ng. t]ﬁ:at'flo\r/\g Qeﬁgﬁnﬂﬁ P}?%YSUE}Y?EP P bugﬁ %lﬁ'g bun’nf'lac?ul ar salt
to serve a$>elaers_/dzuzﬂmﬁlaf1wly,t R'é? eiklé‘?;tRlbcnmd tFHEfr meagdeaﬁy @an |bncH ,udehylbut are
not limted,t soI &n ecdesir ol ven the | ack
of adverseeﬂlé‘ge?fqpﬂep ?1 gl%lé’l‘%i?'ol{: Pon’ %ﬁu FP%B rﬁg%eflge%%tcﬁ%g%ht he cation
and ani on, ni¥ygl,asGapil; Calﬁfrﬁﬁeeﬂj'z |R§§B |HYi¥aRﬂ?égaﬁd0Rt3ﬁearsaé H: by altdrgatizalyi on, and

the like, ang h@l‘ﬁﬁl Bili he ani on. Exanpl es of suitable cations
in theggal %1 t h& 2'5“ ecocanig "Whdr awi ng ani on include, but are not

limted to, ammmdwi;daﬁdel WK YhotRMBpé Y thietinaadiday [E* agmostidgmg &ehyy aal kyl
phosphoni um H+, [H(CEt2) 2]+, apd the like. Furthey, c¢gnbipationsg, of one or

more di ffe@fips dcdOtmEn-—vp: dP\avm‘r%Rarﬂ ons, Vigeip &' yi Ry pRopotdiBns, can be

used to tai}Ofgk deSan?CHf brcaqgﬂdfﬁcﬁﬂl) Ptgroh{?eha@ﬁltg' YRLOTTOSHRRAN hiol® 30 the
desired | evel. nbi nati ons of el ec ron-w t hdraw ng conponents ggn be

contact ed Wierhatvely, BRitelé caiEB oAl sherardinghs duepRecsof ithiginvcaties B> and i n
any or ggr tRh@E Raﬁ,fa‘ﬁﬂ %Smtnlﬂﬁpendently can be H or an alkyl or an alkenyl group having up

to 6 carbon atoms; alternatively, R RBP R! and R independently can be H,
methyl, ethyl, propyl, butyl, allyl, butenyl, or pentenyl; alternatively, R'*°, R"*", R'?¥,

and R"* independently can be H, methyl, ethyl, propyl, or butyl; alternatively, R'*",
12D 13D

B B

30 R'" and R""can be H; or alternatively, R'*°, R"", R'*", and R"** can be methyl.

B B

R"P R'™E and R™® independently can be H, methyl, or ethyl; alternatively, R

R" R, R' and R" on the fluorenyl groups in formula (D) are independently

H or a hydrocarbyl group having up to 18 carbon atoms or, alternatively, having up to



desired chemcally-treated solid oxide acidity. For exanple, one aspect of
this 60 invention is enploying two or nore el ectron-w thdraw ng ani on
source cowpaord®ei’a two or nore separate contacting step€T/US2011/043PBuIS, one
exanpl e of such a process by which a chemcally-treated solid oxide is
prepared is as follows: a selected solid oxide, or conbination of solid
oxides, is 5 contacted with a first gl ectron-w t hdrawi ng ani on source
conpound to forma first mxture; thi Ofirst mixture is calcined and then
cont act ed t nd Wi § hdg & a c to form
a second mvi?(tcgrbgn S;lgeé s%gégnfgﬁ%rtf Q% u’r% |i§ t ﬁchk%‘:ﬂﬁe%H@%?no?{rnﬁg&?geat ed
sol i d oxi déydrbearisygnovp lpvmgepsto & trebdni aterns,anch sedonckamblec tlkpingraiigshdr awi ng
ani on source n her ifferent 101 [Bpounds.
Accor di ng tothgﬁ%grpr%pgﬁe utyqoqent V! hf”é}ts?ennt%atﬂﬁ\l}gent TG e RECtS: RCR

chemi cal | yR'Y, et R]d awhdqbemdenﬂlﬁrnemypethyleero@ylsﬁﬁbud'l itibotyganhexydxilde imat eri al

a m xed _oxi rlatl orLac i nati,on i Xi de terpd al s, that
s ement oaPlier RPREE B8 B DR AT o BhER nay AP bt SRR

optional | ymrl:r Réétadili!\wt::ihl&mi  altersOivEgER ') mléIRJétlafagRtF&taabetﬁﬁyls?I ts, fnrethal
ions, or other peta taini ng .o . Non-lim exarrp es of the
metal or nmetal fidh CPIH@P@aféd it%% wﬂ%ﬁgtnge%mﬂy ammbt gtlf Biml &n¥ler |

copper, galphényMor tﬂefhyt hUuogsiem), iRl ¥BAEAUT, aai REGRIdpENdAIN cdNR H bKe, or
conbi nati ons t her eof n%)l es of chem cal | ?épt reated solid oxides that

contain a fBEyl- %‘rthffﬁéta&‘li heinasperss Gidean B gyclopentylatr cpslphoxely akgnatyalvor i ded

zi nc-i npr e@"“%&rﬁﬂe %H&@m\%agmtlt WS f&mﬁwwkﬂwﬁemt&ﬁ E*2Q catm na,
l'umna, chlorided zinc-inpregnated

fluorided zinc-

i 11 ca- al UhE  TiddR| dew mitendonty &reatied. shyl eepsh bHvhaenellearled
zinc-inpre e a I n I c

al um nat e, %ﬁ%lf g’f ltilﬂzglh de mafhéé? Pq}r@lelﬁflcg{lﬂé@ét gélﬁenyLn}‘l{é %%ﬂy'? rq{ej:gtt?ele%l with
hexaf | uor ot @namilddecsnyulnhan}ddab’éd)r@bmm‘i riemptestyed’ wint be 2 bridgiand t hen
fl uori ded, K apy128Qnmbi paticgnct h BAnyismRiiho f

i npregnati IRg% h%blg ﬂlﬁedﬁ%n%&ge ?riét ethl al o tﬁ a r’rg{ 'I%Enclgn tr)% BJlsﬁed d e met hod
by whi db t R& e 1d®pemdeotbmﬂa3¢tr®dly\tudrlaltanm1a] E'saube e britlgipg g@lupjaa\angalt or
met al - cont ai n ONMMOINGL, 1€ aR: Jifk hwde, but. isomotishipited 13E el l'ing,
co-gel | i ngf?h %rﬁ?%gganﬁ |lonﬁ]%f ogeﬂ ceﬁrrpOUn‘ﬁh ontloﬁar‘tg‘l%herﬁ1 ke, If
desired, t lwelepeidaltlyddot @ethylng conpound i s added to or |rrpr egnat ed into the
solid oxidein olgltlonfor Oand%bse uentll}d/1 nvert I lgthe
supported netal AT ?:’ia Attt QPSP“ {REPEY aV‘H%r %:( i de can
further conmpx iaﬁeesuaatftetf@;l uss &h eﬂtﬂ@@t dorpBhehit MCinclutld, @t Wi nod Il1ﬁkt@h to,vafadi um
silver, OE@? gallium tin, tungsten, nol ybdenum and the like, or 61
conbi nali ofdo¥fnE hese netals. For exanpl e, zi nc is often used to inpregnate
the solid oxide & e\t can provide inpr alyst activity at a | ow
cost. The i can be treaked |ts or

met al - cont atl%l ng SOUHa dtg% ore, afte?buor s sarriglt'irre t hat the
solid oxide is tre ?/I h the el ectron- 5vv| j ganion. Fol | owi ng
any contacting methkod, 2contacted m xture of onpound,

el ectron-w tE{)t]dr , and the nettaé?] [ % Ri cal 'y cal ci ned.

Al ternati véT deUmat eri al dBawi ng ani on
source, and the's1 2l t or netal -containiwg co pelnd are contacted and
cal ci ned simultanepusly.

ZrCl, HfCl,

25



Various processes are used to formthe chemcally-treated solid oxide
useful in 10 the present invention. The chem cally-treated solid oxide can
conpri se wheoomstzet product of one or nore solid oxi dePCmitsho100€2935 nor e
el ectron-w t hdrawi ng ani on sources. It is not required that the solid oxide
be calcined prior to contacting the el ectron-w thdrawi ng ani on source. The
contact product typically is calci nedﬁfi ther during or after the solid
oxide is contacted with the el ectron-W thdraw ng anion source. 15 The solid
oxi de can be calei\ned ar uncal ci ned. Various—processes to prepare solid

oxi de acti vator that can be enplo @-1@ i nventi on have been
reported. R eXenpid—gUchByet hods ar eRiés Ag # UtSU Pat ent Nos.

6, 107, 230, 6, 165, 9 , 294,494, 6, 300, 271, 6,316,(53, 6, 355, 594,

6, 376, 415, 6, 388, 24, 9d8fCl, 6, 548, 441,
. 613,712, 6,632, 894, ‘ :\

6, 548, 442, 6,574




206, 667, 274, and 6, 750, 302, the disclosures of which are incorporated
herein by reference in their entirety. According to one aspect of

t he presewbd 20rv®nt72on, the solid oxide material is chenmPpPcalusyetiemsed by
contacting it with an el ectron-w thdrawi ng conponent, typically an

el ectron-w t hdrawi ng ani on source. Further, the solid oxide materi al
optionally is 25 chemcally treated with a netal ion, and then calcined to
forma metal -containing or netal-inpré nated chem cally-treated solid

oxi de. Accordi ng_tQ anather aspect of the p nt jayention, the solid

oxi de mater| al on-w t hdrawi ng ani re contacted and
cal ci ned si S8y chh the oxide is

cont act ed wit hPike £l et ron-w t hdrawi ng 30&mpo, tépically a salt or an
acid of an el egtroN: wi LBH¢lawi ng anion, can ﬁnz@ de, ZBdb is not linited to,
gelling, co-gell} ¥npr egnat i on of one_cony onto another, 62 and the
|i ke. Thus,t ¢@ut acti ng p acttBad m xture of the
solid oxide, eleggt metal ion, is

cal ci ned. The solid oxide activator-support (i.e., chemcally-treated
solid oxide) thg = produced by a procez }
sol i d oxi de._gg uWth an efggtt A;BP ani on source
conmpound (or c orma first mpgture; 2)calcining the first
m xture to form bFbjoXi de activator-supmgrt .

a6 7rcl, According to
anot her asp 5 the presént invention=Thig)so\i d/0xide activator-support
(chem cal | Y-g eed S '.

i de) is prodiced/byrs conpri si ng:
101) cont acti ng 3’ @@ tTSE?Lé
T st

Yor solid oxid t electron-

wi t hdrawi ng ani o soune® conpound 1o form a ture;;
t-Bu C t-Bu t-But-Bu
Me_ Ph.__.
Si ZrCl,

A4
o
ke
K



2) calcining the first mxture to produce a calcined first m xture,;
3) contacting the calcined first mxture with a second el ectron-w t hdraw ng
ani on souwoeorawpand to forma second m xture; and 154pcaluskoriingIshe
second m xture to formthe solid oxide activator-support. Accor di ng
to yet another aspect of the present invention, the chemcally-treated
solid oxide is produced or fornmed by ntacting the solid oxide with the
el ectron-w t hdrawi ng ani on source con%gund, where the solid oxide conpound
i s cal cined bef ing, or after contactirmg thesel ectron-w thdraw ng
ani on source, a Othere is a substa 2 ce of al um noxanes,
or ganoboron or orgalg te conmpounds, and i®
Cal ci ni ng of tMe<tr€ated solid oxide generBhiy_ s sonducted in an ambi ent
at nosphere, _typiealy i Ar@2dry ambi ent atsc Cla tenperature from
about 200 Cto 'a 6),@560 C, and for atime © 1 mnute to about 100

i ; ; \er A e-tdBu from about 300 C

G ' S gt f from about 400 Cto

about 700 C. Calcining can be conducted for about 30 mnut’es to about 50
hours, or for ap foyr to about 15 hours. Thus, for exanple, calcining
can be carried out 1 to about 10 hours at a tenperature of from
about 350 Ct C. Any suitabl e anbi ent atnosphere can be enpl oyed
30 during cal cinMn @l ly, calcining is conducted in an oxidizing
at nospher e, “Su r~ Afternatively, an inert atnosphere, such as
nitrogen or @[ g9 eqﬁfing at nosphere, such as hydrogen or carbon
nonoxi de, can b = 3 -bu According to one aspect of the present
i nvention, the sotid de nat eri ajlanid shetlike adredy worhhinaios chered of hal i de i on,
sulfate ion, or_a.c i ion of i Qns tionally treated wifth.a neta
ion, and then cH\@Pﬂ@g(ﬁﬁ%ﬁr%&&d@?ﬁﬁgg@ﬁgﬁfégﬁp?y?%@%?ggm?gﬁﬁ%hﬁgide inthe
form of a patiyl;behal;ehsnil . BHEQOBRX anPOR, wihbeirsRlid 4 alk¢il deariedrenp; at can be
treated_ 5 with a source of sulfate (termed a "sulfatj ent" a source
of ot ofi a8 e APHIGE A sl T THER By dive;or <3 wistrbl e BkboT beie | on
(termed a ‘hidregibydbig &96MUHh hy@bcafby®iid Bdlp,0fe hi@b&eyisi@NgroGabed ned to
provi de the solid oxide activator. Useful acidic¢c activator-supports
i ncl ude, blkcaghaveimto If pirbensatpss oty plismagiaely iRl A2 PUNIERS-ded al uni na,
fluorided al um RaasxP iRkfGddlitidande Rra@MBAadp&iZli pRerl, Wilntahyl CHpr i ded
silica-alumna, 10 flyorided silica-alumna, sulfated silica-alum na,
broni ded sickanee. X radnt andeprrdspilyag & benesl phangbrer ety doprecrspect of
si i ca-3i 1 gQ0iRentihl T A Sithokdr ldsSRr 24T SRANKBindbhdBE1§CHe Hehiyt Bstichiiapt &,
alumina treated w th hexafluorotitanic gcid, silica-coated alumna treated
Wi t h hexaf Imgdwbt ¥ etaini another agpecsibothcd -aald dkricambe £ atterdativielyhbete Xaphdi8r ozi r coni ¢
acid, silica- i i t %] i i g [
bori a- al um%%la],%ﬁsfel ){]gae{{e{nﬁgg% %fﬁka%c@eﬁ@ﬁbﬁoﬁg@%a c’:lﬂgﬁl Xaj;?lﬁdm na
treated wi B cerebeméthylor oboric acid, alunina treated with
hexaf | uor ophosphoric acid,sa pillared clay, such as a.pillared....
montror 1 ot ol B0 BT T Pt BRE Y B Bl HBNES v e
phosphdted imlentiinn & ofn bt heyclal amioropdyoliphadgis gptp bmdhd yp to éditatomi t h
sul fate, fluoride, or .chloride; or any conbination of the abgve. Further,
oy of 1 heatic o et ShoP iz e alan v elh ity e ia et nd et o
i on. chiealiednenmntadtley - 4rde afichd n®idtied qaxi GeluganbeoaRr nse limifl unl | ded
solid oxide in the form of F 9§rticulat solbd. TPe.%Iu rided solLid oxide
can be for EORSYYESHEIRRETTRY £YSBRTY SXTIORE*ATd BT T i BPMGSAYEnt. The
fluoride i @i ban cRBoRAGeO: &RIdhBE/ 1 Mwidle B¥tefdaioM-NBs@uil ¥ydly @dupk ken OXi de in

a suitabl e solvent such as al cohol or water |nclud|n9, ]
20 be formed with nitrogen, oxygen, or sulfur heteroatoms. While these heterocyclic

groups can have up to 12 or 18 carbons atoms, the heterocyclic groups can be 3-
membered, 4-membered, 5-membered, 6-membered, or 7-membered groups in some

aspects of this invention.



25 but not limted to, the one to three carbon al cohols because of their
volatility and | ow surface tension. Exanples of suitable fluoriding agents
i ncl ude, Wwotomyvmezret |imted to, hydrofluoric acid (HF) pCaruasemitomts uori de
(NH4F), anmoni um bi fl uori de (NH4HF2), ammoni um tetrafl uoroborate (NH4ABF4),
amoni um si | i cofl uori de (hexafluorosilicate) ((NH4)2Si F6), anmoni um

hexaf | uor ophosphat e (NH4PF6), hexafl ug@oti tanic acid 30(H2Ti F6), ammoni um
hexaf | uorotitanic acid ((NH4)2Ti F6), xaf | uorozirconic aci d (HZZr F6) ,
ALF3, NH4ALlF4, an t her.eqf cid and
64 ammoniumtri fhl ?4081%3?&'\%1?%%11&”%%%?%Pgﬂ?&kx%ﬂfzoxna@e igd b %rSu i fluoride
(NHAHF2) céanvibe mesmm]g ﬁcE‘?éRziO‘l‘RfBT |Whengn agent C olusi, taod mf%* aais% 6famse and
avai | abil i t’ de endentl raﬁ cfrocar ] gr é)ll d OX gcar%) natrr%ator alternatl 5

f1 uori di ng 2GRNt &&’rlﬂ he Ca gﬁu% v A oridrng agent Yeapabl e of
t hor oughl yupmmtzaccatrbdngudnhse P@@imﬂn@xRﬁgam ﬁmdéﬂsmderﬁlyeaﬂbeﬂlonga sik@p can be

used. For e i n addi n to those fluoridin e ts esc i bed
previ ougl y,aﬁ‘\eilgﬁaéigt’ea 6?5%1?‘?# &ﬂ?Pﬂgr?fdf‘Wg &Yen asvnbgaﬁp %g gﬂﬁﬂ es of
vol ati |l e omgaghtvef hmﬁmﬁh@@xag@eg sf ygiebll “dry1” tﬂmlaleaspeRtZOAoéndtdﬂazzﬂﬁﬂventi on

i ncl ude, but _ are not to, fr.eons erfl uor erfl or obenzene,
f 1 uor onet hadet th?rfyL]for nlé’ﬁ hg?%?yl afigethyipheny e, mq y@ e‘@ﬂ%t Yher eof

Cal ci ni ng {HREBGS &Y rpﬁényl@ltﬁ dﬁlﬁﬁﬂdﬂwﬂ%@tﬁylbﬁldﬂhghk@%%@ agp@ctdﬁ%mpse the
conmpound and,,rel ease fluori Gaseous%%qy rogen fluoride (HF) or fluorine
(F2) itsel R aliggependsnthecarskecengley. ¢ fsem %Pn@sk OHA&VE £ropp GayingisRi i | e
cal ci nijpg. catbbi &OMst Gh raﬁ(f)théloa[sbéé@ 1S b Raﬂ%é?f?ﬁ%ﬁ&@ﬁy(}?%éhﬁ' &8y1
tetrafl uoroborate (BF4-) al so can be e conveni ent t hod of
cont act i ng Prdnsl, Pyildpesil.deexyl, thaptyheoctyl, umnb’ idaey Lagfbeyl, |I§0Re®3’1vé>ﬁt9fl§’lze a
fluoriding e f [ t [ i de
during cal g?lgglﬁ ohrjﬁ%nl?,E q’ieﬁe@ﬂ‘joc&:h?ﬁﬁéﬂeﬂ?l geﬁg%ﬁeéhgg)g é@l JP%G]?%! sﬂl)%éentl on,
the chem cahdtherrasmeat 8Y" sod R " oxd thesammprrd asfegaeﬁlyhmhak prherl, byl deridi de i n t he
formof a e 28 218 y

cont act i nngﬁﬁség?Pc}%ﬁu %&kﬁeﬁiaﬁgg a(l:tﬁ cs){r)(lg 8%23‘ a%é%tﬂ zH1Ig1€éc Sag?@%%ﬁ?agﬁ can be
added 116 t hec ob® ¢feartiyR’t bis mtengnral dkemyt growps havires upxtb ﬂean'bnn atoswi t abl e sol vent .
The 20 solid Oi(' dceorcancebe1 t régo it of Cl’lln %I‘tlldl nr}d gnur |rnl?p t he
cal cining st ep. "ARTOGRRS, Vil rsnP capabi éM6FH¢ serw n gatsBurtte of
chl ori de ameivmgldfecfuginllg/—e(mﬁzﬁet |vvig:rehﬂne i0Xh deegéulfnongz tdwé mallumem e st ep can
be used, such as Si Cl4 S|4|V92C1 C%ft Cl?,t and the |ike, including
m xtures t HEFSSOR i 1Y dP@%fH?%:SPEW P8 Fent s can be used. Exanpl es
of suitabl e vol at kdcerdafi@anitlc aghth@rdspéch@f age niventidic [Rde a thridsingr gonot 25
limte certain freons. ,pershl orgbenzene, chl gsonet;hane,
di chl 0§8ne{hﬁ‘§ﬁ%the MBHBFov R érﬁéﬂ#% r achV s " K ch or’oaé‘fihlgﬁ%l and

the like, @fe a¥ppadilynat 60 Hyﬂﬁfc@t@frl gﬂﬁgml gﬂi{a’ Qa0 EbA s Odr, chl ori ne
itself also can%e used with the so xi de during cal cining. Cne

conveni ent HEEHIEYOED dOAtADON HPShe RIS I FSRERS % g R VENHRY. §gent is to

vaporize apett grf %H@zﬁgﬁébeﬂd@ﬁtgz GnBeH §Ea{nea§'1®1 Bﬁ%ﬂalkéhyi lgﬂéhﬁh%@néﬂ? 30solid
oxi de during cal ci nati on. g apypunt. of fluoridé or chloride ion

present beﬂ%ééa@an@tOmSngltﬁtrWéwglm o&u =S geﬁé@l&'l yindeperdent agso H1 t o about
50% by Huei %Ehfyovmgﬂ g)rrr%qw t}ﬁ(%h gehltcyl ﬁsﬁ{eﬁﬁ”&r ﬁeﬁteﬁ?ls Qﬁerfmw@@ Rive i ghtc of the

solid oxide a- al um na ore cal cining. Accordl ng to
anot her as @@d:R oflnctemlslemtlrwmthedrh methel, atpuntopst, of butsk iafenaiivebhR3Fi de | on

present begkome real hﬁ”m%&eﬁ d%ﬁiy'cqn%‘ﬁdﬁleifh?l oF 8@138%%11%1 Ot}zafb%umg 25% by

wei ght, atcor’ ng to a hventl on;  frdm about 2 to
about 20% wmdg{ﬂ cavac:H;ma‘htgrmatpvely,R , R*'® R*, and R*'“ can be methyl

In an aspect of this invention, X® and X’ in formula (E) independently can be F,
30  Cl, Br, I, benzyl, phenyl, or methyl, and in some aspects, E> can be cyclopentyl or
cyclohexyl; alternatively, E> can be a bridging group having the formula >E**R***R*'4,

wherein E** is C or Si, and R*** and R*'* are independently H, methyl, ethyl, propyl,



5 yet anot her aspect of this invention, the anount of fluoride or chloride
ion present before calcining the solid oxide is fromabout 4 to about 10%
by wei ghtwoGnréosarpr egnated with halide, the halided oxipde/usaniioe29dsi ed by
any suitable nethod including, but not limted to, suction filtration

foll owed by evaporation, drying under vacuum spray drying, and the |iKke,
although it is also possible to initigLe the calcining 10step i medi ately
wi t hout drying the inpregnated solid i de. The silica-al um na used
to prepare t S u '\ greater

t han about bhtgg pteE/?fih%&:l flé C%%lomo ﬁdtey ?ég¥ pP(ﬁ)%n ’rglgé p%!ﬁt/ée tion, the
pore vol unﬁexe&yghqmngt otthayi mmenm d):c&yd;qmgnyl,ankyl ac borzgl; agem111vahyoE?1er aspect
of the presen ntion reat e t ha t, 1.0 cc/ Fur
o 11 Ca- ol g 4 RUEDLL @D, FEFRLEE -BRR SRR o i S Lo b 100
e/ g. Accoréldlongltetrmatﬁzakyt Iﬁémambpaclﬁndgfngt abep hﬁW@‘ltheOﬂOrmﬁlhle—SﬂRlchBR&lg—ar eais

or cat or Stna aour 200 iargr R K P B CAR o BSRR G G ebLEGT 7 Che

pr esgnt i nventi NanihmguingaéﬂamptbaSOf&ﬂzs@immu]paenﬁQiatn@aﬁndé rfaing brottiuld r(]Ep ?bout
95% by wei According tQ one aspect of this 0 invention, the alumna
content of %Pﬁére ORI, T i 42 S QOB B B 1 luﬁ%?babaﬁﬁtn%@f%ﬂe%ﬁo fRm about
8% t o aboutpR@hag:al um na by weight. In another aspect, high alum na content
silica-al um na cgmpounds can enployed, in which the alum na content of
these silica-a Qa conpounds typicy |y ranges fro it 60% to about
90% or froma : 1 i According to yet

anot her aspect is 25 invent t he solid oxi de.eggponent conprises
al um na wi t hout a, and accordi o anot her aspe this invention,
the solid améde edponent comatise lica wthoer ald a The

sul fated sol I%IOXI d,e_rcqg)rrprl ses ;el f at Qr@ d a soli d Bixi dezqa@gponent such as
al um na or Mgl fl um na, n Bthe s o] apartléula Solid. Optionally,

bn such that the
one aspect of the

the sul fated
cal ci ned sul “oXxi de corrpr| 4
present inve i d oxi de conpr sul fate and al um na
| n some i nst a¥eEEs, mna is forned a 66 process wherein
the alumna is treated with a sulfatesource, for exanplg, sulfuric acid or
a sulfate salt 3 i i Seneral |y
performed by f sol vent, such as
al cohol or wat B sul fating agent
has been added. not limted to,
t he onetoBLh{_ . {y and | ow
surface te ZrCl, Accor di ng?rb Ione Zishect  of .8l nveriCi,on, the

re

anount of fa e~hon present b /53 syt 0.5 to about
100 parts by A:@ sulfate ion tg 4|!

3 i Qht solid oxide.

According tg 0 r aspect of t prention, the #h 10 of sulfate

ion present\pefgre calcining is bout 1 to abot J parts by wei ght

sul fat d0i on N about 100:parts by @&l ght solid oxideand accoriding to

still another aspeqt of this inventioq a about 30 parts by

wei ght sulfate i de. These wei ght

rati os are  based cal cining. Once

i npregnate W|t 5= i ed by any

sui table ne : dto, sg/lcetio tration foll owed

by evapor at i 51, y under vacy sptay dryin e |like, although
is also possPble JClnitiate t p8 cal grékng st gpAtedi&td y

Accordl ng td\/lanot 8xy aspect of Phe pfEgent inventl on, e actl vator-support

¢ catal yst o‘@ of thigs

used i n prepari-ng o tion conprises an
i on- exchangea O

mna in a suit
whi ch the desire ncentration o
abl e organic 5SO| s include, but




20 activator-support, including but not limted to silicate and

al um nosilicate conpounds or mnerals, either wwth |ayered or non-1|ayered
st ruct ur e8Q 2areh0602bi nat i ons t hereof | n another aspect ®CTiUsS2&Iiomeht i on,

i on- exchangeabl e, | ayered alum nosilicates such as pillared clays are used
as activator-supports. Wen the acidic activator-support conprises an

i on- exchangeabl e acti vator-support, i% can optionally be treated with at
25 | east one el ectron-w t hdrawi ng ani A such as those discl osed her ei n,

t hough typical |yt he i on-exchangeabke acti vator-suppg is not treated with
an el ectron-w AW ng ani on. \\“ccording to apt hey aspect of the
present invent t he activator brt of this in¥ on conprises clay
m neral s havi ngyexQbhangeabl e cati oys—qad | ayers capab¥e 0 of expandi ng.
Typical clay m t'f‘.’} activator-sup i ncl ude, but a/not limted to,
ion-exchand%:o 6 Y ayered al umrs ates such 8Y<\pifTafed clays. Although
the term "sypport” 4€hused, ity ot 4fehknt to be eOnstri#dhas an inert

r £ u > .
conponent of thé&3atal yst 67 conpog on, but rather /35t o be considered an
active part g catal yst corgees , because @ ' nti mate
associ ati on e netall oce Aponent ordi ng to anot her

aspect of tR esent inventi ON ' this invention
enconpass naterials either in their natural -state or that have> been treated

with 5 variou QNS by wetting, exchange, or pi ng. Typically, the
es clays that have

clay materi al ator-suppo|t 0 S inventio| cq .
i ncl udi ng{ pol ear, highly
t he cl ay t

X4
. oriYy
been i on excha with | argellcat
) Hi®)
NgY'so enconpags cliayg/that have been

RO
charged netal cof cati ons. \Ho
cltudi ng, but no (flnlx dto, salts of

activator-syppor gf this inventia

i on exchan Af i npl e sal t s)\4

A(IT1), 10§ A1), angeZi AT h 1 gangs ych AShal i de,
acetate, sul itrate, or nitryig 0 K0 anot her aspect of
t he present jr on, the actiy pi | lared clay. The
term"pillap ray" is used t Ff to clay matg 5 that have been ion
exchanged wt arge, typicall Wpal/ynucl ear, high jar ged netal conpl ex
cations. Exanples of such ions include, but’ are not limted to; Keggin ions
15 which can have charges suc 7+, various pol yoxynretal |l ates, and ot her

| arge ions. Th b i ng refers to a

in which the e

| arge, hig ch

yaty ar e replaced with
fhebe pol yneric cations

are then i bi | within the terlayers of the>t\ay and when cal ci ned

are converte €t al oxide "[pi é*ﬁ’" effectiv@!y orting the 20 clay
| ayers as %ﬁl -1 i KeClst ruct ur Ufs, once the % 1'$2dried and cal ci ned
to produce 'tfe yorting pill g% between clay |a , the expanded | attice

structure is_n

A 4
can vary in ﬁhap: nd size as
at ef i al used. EX‘\
—

parent clay
found in: T. Pi nnavai a,, Sci efRe€

rosity is enhanged/ The resulting pores
nction of the pytTaring material and the
@s of pillaring iIIared clays are
/220 (4595), 365- 25:(1983); J. M

Thomas, | nt ¢ -Q ation Chemstry, (S. Wittington and A Jacobson, eds.) Ch.
3, pp. 55-9adem’c Press, Inc., (1972); U S. Patent No. 4,452,910; U. S.
Patent No. 5 6,611; and U. S. Patent No. 4, 060, 480; the disclosures of

whi ch are i por at ed herein by reference in their entirety. The pillaring
process util s clay mnerals having exchangeabl e cations and 30 |ayers
capabl e of (¢xpanding. Any pillared clay that can enhance the pol ynerization

of olefins it
used. Ther ef
limted to,

Clat al yst conposition of the present invention can be
, Suitable clay mnerals for pillaring include, but are not
ophanes; snectites, 68

; and the like, or any combination thereof.



bot h di octahedral (Al) and tri-octahedral (M) and derivatives thereof such
as nontnorillonites (bentonites), nontronites, hectorites, or |aponites;

hal | oysi twe;2012¢00637¢ul i t es; m cas; fluorom cas; chlorite®CTrSz@dOkEgRr

clays; the fibrous clays including but not limted to sepiolites,

attapul gites, and pal ygorskites; a serpentine clay; 5 illite; |aponite;
saponite; and any conbi nation thereof n one aspect, the pillared clay
activator-support conprises bentonite nont nor i I |l onite. The princi pal

component  of beﬂ%f&ﬂh@?(@é}\ﬁg W{H%'ﬁmiahﬁ?ﬁar egepglédne fy Bd b2F.84. Et gy can be

pretreated if desire a pi onite 1S pretreated by
dryi ng at afmdlyll b@ﬁlz@rl @hemdieH; B OtB@rzlor SO Fo syhleineR ﬂ%npﬂl@?hbﬂ qrylcgryup, 20

ni trogen, a%r RIS t10X31 ehorulgs ahbgrfo(c)a{r atl)n%lnﬁ% %ddoercall 8r0 ar, 1%? éﬁo'erl tl on
react or. Haa ah s &Py dgraby ntPi g erd herePn, "t shoul d
be under st myﬁo&dn@nom&Egrpn@ hbfahyd”ﬂg:aﬂﬁzhlnbﬁo g@np,l th@l hgad:bcaﬂiylsmghgroop hﬁi’

Stops, 1| Tort v B scRontint e Ay iy SR B A CHRTLS T E AT T

acti vat or - suppom0 anged' inderenépay eait beFcat, ajryﬁnaemmsn}ﬂl@nﬁetmﬁ tFfoe present
i nvention can pnbj pgd wit her nor nic support materials
i ncl udi ng, CHEP ?13? té‘&ieP%lqe‘E it Chden Shat if@%%ﬂ?yaggonep%%%ﬁat ed

i norgani ¢ @4 ql%mu@ndmt DR tHel Kectl X' ORNRY ﬁgn%bend%b{ﬂgl gl beSPPRIchylMBE eri al s
that are used include, but are not limted t |'ica, silica-alumna,

al umi na, t MeHi-aY et iy AGHIRASPRRIEs Ka 20 o | &N b@ﬁ’dﬁl@maw%bﬁ@p%o%%at e,

20al Umltum)@h&%%%ﬁlzyl %ltkﬂnﬁt@veﬁy e afkPR' @6k BE piha§d oS hikdreih E1y L5 @,

m xtures thereof, or any c mbi'nati on t her eof Accordi ng to anot her
aspect of P%eanﬁr)%s@ﬁtbeiﬁwﬂé’htl on, one or nore of the netallocene conpounds
can be precont agfgd. Wt a2 aletin Fal 1H88a ju conpound
for a first perloﬁ ]\f%i(l)rre%prl(grbbt%ﬂggg% cdtel g t@ﬂQ em%tg re i qn\?mth t he
act i vat or - Supisayltgroupn c@ftanh EpprrslcOm taue indepamilsatly recyeloperiatianst e lln@@erhe
conmpound('s) I a ted with
e R L S T

acti vatlor - @m*ppg)nm fos 1§ e:arhed 2aori’1p0(st dmmmaelgnanynsubsument Jdwebpdbtacont act ed
m xture ca nt agt for a acon period of
(e pri o g Seii 2GR ek Gab T 3 ok HOAY BoSRE GBS PG IBTTRES 2at i on
process W Inlaylecleder ) fhelrefuné this mvennoAcoompdse@@aﬁmlly@itmamdtlfgendsa@pleest of the

or coont act da bt PRaRVE 2Bl SRR DR BRI 6 iRl or

first peri @artolly tatrBeflucenyl,angeietli&et ing this mxture wt h the
or ganoal um num&? ound ce the precontacted mﬁlture 0 nmet al | ocene

compourd(s) P andy VE PR YPSIEYiope other thag d Saé ¥ W th the

or ganoal umifgHHmaC@yRAL, r@bz am e:pé GBRSHdnI9Ral bE Lih@fsubared §cRPeridienyl
organoalum num 5 is termed a "postcontacted" mxture. The postcontacted

m xture caf’ BesuRpiteGddndeayly eH‘anh)ﬂieﬁ 3FRECL Het BERE 4t P2y 8ecBh#Deri od of

ti ”eNgra\:_alrwsﬁﬁ%tﬂ%ﬁtﬁlgaﬂdnéa"cf?@H&%@lwhﬂhﬁeﬁe‘ﬂ@er@l?' SHESd Babd £hylResbAr sroup
having up to 10 carbon atoms, such as, for example, an alkyl, alkenyl, or aryl group.

25 Yet, in another aspect, Cp” and/or Cp® can have one or two substituents, and each
substituent independently can be H, methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, phenyl, tolyl, or
benzyl, while in other aspects, each substituent independently can be methyl, ethyl,
propyl, butyl, ethenyl, propenyl, butenyl, or pentenyl.

30 In some aspects of this invention, X' and X" independently can be F, Cl, Br, 1,
benzyl, phenyl, or methyl, while Cp®> and Cp® are independently an unsubstituted
cyclopentadienyl or unsubstituted indenyl group.  Alternatively, Cp® and Cp’



10l n sone aspects, catalyst conpositions of the present invention can

conpri se one or nore organoal um num conpounds. Such conpounds can i ncl ude,

but are w0 2biamotd t o, conpounds havi ng the formul a: (RCY3A2011/042935 wher e

Rc is an aliphatic group having from1l to 10 carbon atons. For exanple, Rc

can 15be nethyl, ethyl, propyl, butyl, hexyl, or isobutyl. O her

or ganoal um num conpounds whi ch can be %sed in catal yst conpositions

di scl osed herein can include, but are’ limted to, conpounds having the

formula: Al ) y. & e or an

aryl oxi de, &gglﬁg?&@ﬁﬁﬁ&éAgkﬁmq)g(gﬁ§8§Q?%k1P§§nq%F%Q§%s é#€5|ve

FwdrocarbyhmkpmﬂaﬁﬁrhebeHNHmdw§QE@¢ngemhmdngomn@@&cmhd1aam&gndup and

i ncl udes IS c ken

ool oat kenyt e s R r 0L Ry e Ot ot oL PR en R o 1 | ane

the |i ke, an@nylnshted@lshalhylshepehylt odted], phasl bl dniicayl. branched Ilnear,

and/ or Eeteroatﬁ, ?ubstltutep dgriga iges tﬁereof 251 n e as 1@ XAis a

hydr ocarbyl haviAg FF 8% 2rBies w5 apbradged ey C%{FOWPOVWS bect of

t he presentF) fimend sudable Xk uss infdatadskydmpvawit NDink @bt 4r0 ndthrﬁA&fdbO nhat ons. For

exanpl e, XA can be methyl, ethyl, propyl, n-butyl, sec-butyl, isobutyl, or

hexyl , andf¢! 8”W5ke in yet another aspect of the present invention.

Accordi ng tQ © ent invention, XB i g=an al koxi de or an

30 aryl oxide, a m1lto 18 car pns, a halide, or

a hydride. In ar esent inventis' is selected

i H4 Cl vet, Claspect, XBis
XAE(XB)E'rnls 3/ nugber from1 to 3,

chlorine. 70 IrClt he fornu) a,
restricted to be an

i ncl usi ve, and jcally, mis e S

i nteger; theref is formula in conmpounds or ot her
or ganoal um num cl ust er~conpounds. S5Exanpl &s of organoal um num gonpounds
suitable fo in accordance e present i tion include, but are
not limte \ ds, di al num hal i de

conpounds, fpounds, di al ky m num hydri de
conpounds, and co peéilfi c non- Ilnl i ng €Xlanpl es of

sui tabl e organoiézﬁl/A\// Udﬁ trlnethyla| - Uﬁm(TN“)
@KQ o

_ClI
K- Zr
2 ~cl ~c|

o @ @

2 2 2

M, D, T

Zr/CI

and the like, or any combination thereof.

aspect of th
ori ne and CHM

| um num al koxi de
i.r&t i ons t her eof

).

Other representative metallocene compounds which may be employed in

catalyst component II in some aspects of this invention are disclosed in U.S. Patent



10 triethylal um num (TEA), tri-n-propylalum num (TNPA), tri-n-butylal um num
(TNBA), triisobutylalum num (TIBA), tri-n-hexylal um num
tri-n-octwybabieiosaren di i sobutyl al um num hydri de, di et hylPalraseowoumshoxi de,
di et hyl al um num chl ori de, and the |ike, or conbinations thereof The present
i nvention contenplates a nethod of precontacting a netall ocene 15 conpound
w th an organoal um num conpound and a? ol efin nononer to forma
precontacted m xture, prior to contac ?ng this precontacted m xture with an
act vat or - SRRl b0, TNty CALAIS! GPTRAPY. AR NIRQLLNGE CRERIYS!
conposition 1's pré in manner, cal necessarlly,
a portion mkoﬂheﬂ@ﬂg&moa¢mﬁrmmﬂudbﬂpdumdyls added to the pr econt act ed

m xture and anoghgfs porti or allsOe 20 ongﬁnqendﬂ%pu&hqgngdmfed&e)added to

t he post cont act &8 M Xt P8 prepareﬁ'%ﬁ & Precont At ed™ ny' Xiure™ s

cont act ed whtmhmpem$dhmddaxndemﬁmhwum;dMﬂmuppﬁytmnhmMeEerﬁnmhb gtire
organoalunlnu oun d to prepare the catal yst conposition in
ei ther the nk’ﬁ?pE?FﬂBMB?KBg% gntactlng step. Alternatively, all the

cat al yst conponeme&a@ple LAkt &dnpdﬂn@.caﬁlib’&gbleneﬂtfﬁmq ordaffiteny n@bstiti®d € t han

one organoal um nym conpound be us ther the precontacting or the
post cont acf?lﬁ@%ﬁé‘bvm%élﬁulaﬁ&b?@ghm SHARPOPd Beyaed Ol ti pl e

steps, the @AM &V@Hlff&@aam&hmmumwa%m%aﬂhsmas&gqaﬁﬂnb@E)elﬁra)m gcl ude the
total anount of or?anoalunlnun1conpound used in both the precontacted and

post cont ac@Ekanisgesiresl campowry havaet fomale dlganrshl Wity cobybisl added to

30 the jpol %%ﬁé&@thlaélﬁg E‘@r%lao('ii) éﬁ'&%%r‘ﬁ{ eDmTquEa”?lf' méﬂ%&{é aRf dREARAGR! UM num
conpounds are discloséd regardl ess of whether a single organoal um num

conpound olU-horfatenhafrRdisetialr géhodRdr?-Adln a¥nmddindPatant yBedication] HQsUM NOXANE
COVPOUNDS 2009/017?58% pﬁ@@%“?od9'i‘v%ﬂ&'ﬂi@9fo‘1"ﬁ0ﬁ?r R ﬁ}éblgﬁﬁes o‘PaJ«lﬁEﬁ/ Ske
conp05|t|on whi ch can conprise an al unm noxane conpound used herein, the
t er m " al unirvosparaged heedfiebysrefagencs ingheintmiotane conpounds, conp03|t|ons
Mt ures, of Ol B! ShENADORA RS LEOALALES BoRlo AN R R KRS ar e
prepared, formed or ot hérw se prOV|de a catalyst conposition
conpriﬂﬁngﬂdbwaMyn&mdﬁamencmﬂpumndxmanumb bmmgaﬁ@dnmn(GM|ﬁmmahuﬁﬂnoxane is
provi ded a I b nm num oxi de), or in which al um noxane
i's provide ]nm%dﬁgaxéd% ﬁg %8?%V& Yal umi num al kyl conmpound and a 10sour ce
of active protons syct Al um noxane lso referred to as
poly(hydrocarbyk 3 G or organog The ot her
cat al yst conponen?s s y are cont aEBEd W artiBinoxane in a
sat ur at ed hydrocarddh1 onzegﬁb sol vent, thMagb,.n solvent that is
substantially inertPfo Penctant s, i pedilat esZr@ad products of the
activation step can be d. The 15 cataly 6 conposition forned in this
manner is collected by i tabl e meth@idt Nl 4 i
Alternatively, the cataly sition is I\Q \
pol ymeri zation reactor w thout bei’ng isol ated. Thé al um noxane
conpound of this inveat®gQn can be an oligoneric al um num conpound
conprising linear st @ es, cyclic structures, or cage structures, or 20
OAcl i c al um noxane compounds having the fornula:

m xtures of all|three i i
wa ~es )
Y !
. ZrCl, '\ e

Fif

S-S

B

The metallocene compound having formula (C) has an alkenyl substituent on
20  the cyclopentadienyl group and can be used to form a dinuclear compound as described

in U.S. Patent Publication No. 2009/0170691. The metallocene compounds having



-( Al-0- 1
having fro

enconpasswo 2b12/abi7e i nventi on.

t he repeat
havi ng t he
| i near or

i nteger fr

PR , wherein Rin this formula is a linear or branched al kyl
m1l to 10 carbon atons, and p is an integer from3 to 20, are

The Al RO noi ety shown hePeTAlSe@1/6d293% i t ut es

ing unit in a |inear alum noxane. Thus, 25linear al um noxanes
formula: R/ RA-0-Al 1q RR, wherein Rin this formula is a
branched al kyl havi ng fron1§gto 10 carbon atons, and g is an

oml to 50, are al so enconpassed by this invention. 72

Further, aluyni - heii » RO
urther, a Vtﬁ%ﬁo@%ﬁé ifcgfﬁ'lgllat I\f%a\?e e?lg%gggl}bgt:itﬁ%t %Lt eesghéa? ngi].dlg%? Faﬁo%{ * r_
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alkenyl substituent on the indenyl group and can be used to form a dinuclear compound

as described in U.S. Patent Publication No. 2009/0171041. Additionally, any two of
these metallocene compounds with alkenyl substituents having formula (C), formula
(D), formula (E), or formula (F) can be used together to form a heterodinuclear

compound as described in U.S. Patent Application No. 12/489,630.

ACTIVATOR-SUPPORT

The present invention encompasses various catalyst compositions containing an
activator, which can be an activator-support. In one aspect, the activator-support
comprises a chemically-treated solid oxide. Alternatively, 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-layered silicate mineral, a
layered aluminosilicate mineral, a non-layered aluminosilicate mineral, or any
combination thereof.

Generally, chemically-treated solid oxides exhibit enhanced acidity as
compared to the corresponding untreated solid oxide compound. The chemically-
treated solid oxide also functions as a catalyst activator as compared to the
corresponding untreated solid oxide. While the chemically-treated solid oxide activates
the metallocene in the absence of co-catalysts, it is not necessary to eliminate co-
catalysts from the catalyst composition. The activation function of the activator-
support is evident in the enhanced activity of catalyst composition as a whole, as
compared to a catalyst composition containing the corresponding untreated solid oxide.
However, it is believed that the chemically-treated solid oxide can function as an
activator, even in the absence of an organoaluminum compound, aluminoxanes,
organoboron or organoborate compounds, ionizing ionic compounds, and the like.

The chemically-treated solid oxide can comprise a solid oxide treated with an
electron-withdrawing anion. While not intending to be bound by the following
statement, it is believed that treatment of the solid oxide with an electron-withdrawing

component augments or enhances the acidity of the oxide. Thus, either the activator-



S5nunber of three coordinate alum num atons, 110(2) is the nunber of two
coordi nate oxygen atons, and 110(4) is the nunber of 4 coordi nate oxygen
at ons. WO 20iPwe272al um noxanes whi ch can be enpl oyed i RCTS2@anadpst
conpositions of the present invention are represented generally by formul as
such as (R Al-0)p, R(R-Al- 0)gAlR2, and the like. In these formulas, the R
g[ ﬁulp IS typ: calbl %/ ia | nef;arI or brﬁnchsg E>1<0 C: -C6 ?I k?/l , such as nethyl d
ethyl, propyl, butyl, pentyl, or hexyF. anpl es of al um noxane conpounds
that can be,yaadiliePeordenss, Wit RiddsnRiessRbnl BXEOE hal danclyds, but are
not limte 0, et ylal um noxane, et hyl al uninoxarie, npropyl al um noxane,
i so- pr opy! @rensied oacaherengthboft the alntaterb xal ke pxitle, bart tht aktivmtanexeoe, has a
sec- butyl al um noxane, i so-butyl al um noxane,..1 -.pentyl al ugi noxan 2- 15
pentyl al uriEaaninng of SRS e oV R el kel Ao
%?Eert IyI a!quxﬁtilﬁpmameiflitgaﬂtlhb Ic_herhibzklsr,-tr@tedaany uﬁ@&;ﬁtﬂdl’k.&ﬁt}l oxidt hateeiol is by 4
yl al_.um noxane, . e al um noxane i so-butyl al um nqgxane, ar e, prepare
from t 1 PreCHyP AR BT h A ATTG P i egrd £14 TURHE RruoRLR
respecti velytalyadidestiont i nes are referred to as pol y(methyl al um num oxi de),
pol y(et hyl al um_pum qxide),, an | y(isobutyl 20_al um num oxi de),
respectively. |Fﬂ?®ca§rys%ea¥ﬁrltsr%ﬁqd10§ﬁ§ éfé‘@ﬁéws?ﬂan?ée fHREEFHHIY ST @ an
al um’ goxgn%drghnmm '541 @%ggq%tg g&ﬂi@tsi&xﬁi ﬁJidﬂNEﬁEtﬂﬁkt@&l a&bidis lb@l?hv@b‘ir ahfa@ds £i scl osed
in U S Patent .4, . i ncor porated herein reference inits
entirety. rlativelyThighgasset The, 94 B8R de dhcherpraletica Yty SMuEECISP- p and q
in the gl uRiMEnang dotptitndsyi&1dhn Q%&r&lﬂﬂitﬁﬂviﬁéaﬁbﬂ"&l%@m AneeRaREdl vely. In
some aspects, p and gq are at 25 |east 3. However, depending upon how the
or ganoal u_mswﬁpe is prepared, stored, and used, the value of p and g can
or ganoal uni noxahograrg ATR: Skl @ kPRI Cn il heSUho ARTREDR HOR%: 21 al yst
conposi t i othecdrmagatlyhigatadh salidinkidoxane, parherolwleagrestert then gbouthal tcofgal nol es
of al um nurg | 1 ' 0. t ot s 30 of
et al 1 ocenar sl Aot ARANE e BoRARSA IRSLIA Bl s BbRad S 1. T
and abd6it 160tc0@@n boutM.Sacvdd. haccoadipe ot yet tineharwb@ct ofahe present invetionange from
about 5:1 to about. 15 000; 1. tionally, alumnoxane can be added to a
ol yrrer zat OB T s vonBLe IS rhaissfi g §% o L To about 1000 g L.
from about 0.1 mydnbtlieoaspbouhe 0@ axiglelhas o kurfacoatealod ibmhbom/100 toatwhout 50

marpl es o "0l BaRodl U RORGTe St A5aPs PUHE hi o g it SR AR B bes ant
Nos. 3, 242 t09uasid mBg. 4in808 abifler abfret ehtehrogur @sen®bn Wi @iid akie hacor por at ed

herein hy reference_jin their_entiret For exanple, water in an inert
or gani @Bsolsk}réar‘fﬁ a’i?éﬁf%%mra Ot YOO 6§9“ﬁ1%um num al kyl conpound, such as

(Rc)3AL, to forimd Rechiesiy @etcar §AA0atitdr AR X@dRpric® AP astadinohiceon@d _
intending to be bound by this statenment, it is believed that this synthetic
met hod can CEPPBYRE QYEFXINGrae §F MBEstdemgntiesslectath fomymore 2R A12-@» & i noxane

10 speci es,jobot h20f3 Wi &N sayren B8R AHHE br BYmPink dx¥EMddUhe oflnfodE Nati vely,
or ganoal um noxanes are prepared by reacting an alum num al kyl conpound,
such as (Relesmats sqlpqted Homyhp laptheni ‘Prta,Ctl@é‘tﬁe@@tﬁ@?aﬁ@WIW@[é@ﬁe@ fate, in

an inent oicgafib SRNRRY, 112184 ORERNRGRINFREONIBIRO & LOMRRNGS G.

. o 2. 2 . 2 . 2
According to another aspect of the present ‘invéntion, the catal’yst
conposi t i oMutdle, EordprindeBahmeny dvio falverscd inagyan Eboniatre €ohpolilty- Such
conpounds iclyde.n aleoPOLAMIC WPRUNASc RRALE SRAbLS o:d3th bta] | ke, O
conbi nati ons fqﬁer g’oﬁé&%r (Oaxar?p ee,’ Q%lpuoli%oolr goangakborconbcorr%’%gnds and
f | uor oor garbnisot; at @croonty edentsl fame Al, B, Be, Bi, Cd, Co, Cr, Cu, Fe, Ga, La, Mn, Mo,
Ni, Sb, Si, Sn, Sr, Th, Ti, V, W, P, Y, Zn, and Zr.
30 Suitable examples of solid oxide materials or compounds that can be used to
form the chemically-treated solid oxide include, but are not limited to, Al,Os3, B,Os3,

BeO, Bi203, CdO, C0304, CI'203, CuO, F6203, Ga203, La203, Ml’l203, MOO3, NIO,



20cont enpl at ed. Any fluoroorgano boron or fluoroorgano borate
conpound can be utilized with the present invention. Exanples of

f | uor oor gaioaoteaet7e conpounds that can be used in the pPesarstolio¥®asi on

i nclude, but are not limted to, fluorinated aryl borates such as

N, N-di met hyl ani I i ni um t et raki s(pent af | uorophenyl ) borate, triphenyl carbeni um
25 tetrakis(pentafluorophenyl)borate i thium

t et raki s(pent af | uor ophenyl ) bor at e, i met hyl ani |'i ni um
tetrakis[3,p9yb r h 0 e r car m
t et r aki s[ 3. POY Sﬁzﬁﬁﬁ%@%ﬁ?ﬁ@%ﬁ%?ﬁ%@ eYzéngH@ﬁ%qzi d?ﬁerm‘%m Xt ur es
t her eof Exampldewm mixeﬂquojescolnagtaxf,oarbioccm]nb1minmm¢©f t Fat cgamplhetheseldl as
co-catal ystg, I nartl hem 18¢.silica ia V%{]atl If‘lCl ude Sini QUtatadrgl rrlll%ta alI nn1]1r¥ %9 to,
trls(pentaPF Fopﬁ% §ﬁ$ﬁ%fbn 4 My, stiica-coate@ alu i
bls(trlflU@h@mbmhyﬂmpmaﬁwmmm&cmamm@a@umgﬁnénhanaommGMmhmm§$mmmﬁﬁmpf

Al t hough not intendin und b the follow.ng theory, these exanples
of 11 uosooriE g aPEotifia TRrsio B aPERRPBEPE MBS hpounds. | and rel at ed
conpounds, are tThowidtoxide of ﬂﬁ%?éhum&&i@hm@%ﬂdm&tbms sugh a0Mgmwaen

conmbi ned wi th angmet al al.l ocene onpounds s disclosed {n U S.
Pat ent 5, 918683190 oCAROuPSss (EEOb UL A1eE: AU FOF atPIREPRY Ay

reference infixtufes t}%FBoW eﬁa/ml;q%@@kid@ abrhSoudliS Qick @ntigedlahRa tchebdiseg106r di bor on,
or bis-boron, conpounds or other bifunctional conmpounds containing two or

5 more bor GHIERIGAReMIF! Phascr WEhimoss thep Pﬁ%pﬁ%w@'ﬂew wh gregpde &Mt J. Am
Chem 30C. so1&00ade é(%?poui?dp EAimEs dAhR8d 0§1|a@s ﬁl@tn&l%rﬁe REd Yi’hih@ Qcﬁv%tor—

i ncorporated herein by reference in its entirety. CGeneral ly, any
amount of 6&¥RPAHCH dhoprereshipaeiign degludse by e notApeipd dp ndlicalupisa.éligéct of this
i nventi on, tlrtalﬂﬁt ng?lllﬁrznrc@ﬁléozébfhtetshevafl alcla?'Dhlﬁl%ra@sf Qﬁlﬂﬂlgqyﬁ'iaonal%m%o
organoborate conmpound (or compounds total noles of netallocene
conpounds iziicanive zggtahinyigate.cawmpiogbbiia reilicg-bora, salyraingehofphateraliveutitaiad: 1 to
about 15:1 e t I 0 r §.J;uoroor gano
bor at e comBsiRl G2 gHe uk® AT Rge N HOpARA AR h Al &L o

bor on/ B6r amtam]rsmu‘mds p)l@l:a -oiltedl aiﬁmmet al dosodred IEMORHME P(ublataabrys\fto conponent
|, catalys nd an ther .net al | ound(s)).

nccor i ny. COTEIDERET g siss®Ogr A BUT T ABIRR A FR%n 0 RO LS b gano
boron or f lentieyor gano borate conpound IS fron1about 0.8 nDIes to about 5

nol es of boron/ te co und nol e of ce npou | ONI ZI NG
TN & COVMPOUNDS B0 HE LD h G BTSN Pofh et BRoV TS s cah pa s

conposi ti Olaom»gtbrféht aan e He Iadvma@ﬂllazrbmedl @c]l?dht‘y Gﬂmﬂbobtﬂﬂ oxNle upoH IZI ng

1 oniC npouna 1 s an ionic c na. t can functjon as co-catalyst to
enhancest hdeaREnAY gPrgtargdrig t @gﬁﬁyéwe@@hﬁd&t {FFH VU Y 858k SIFRRRg) ng to be
bound by t he@iMwird anich)beldeenad b hat atet 60ME pidIentiiBRhGo WHQLNGnI S capabl e
of reacting with a netall ocene compound and converting the 25 netall ocene

into one oriRERYIERMBANN! HFetnglecHeenahdBrpeiing, eavedi gisghtansidi oni ¢

met al | oceng, GaEPesHtaind Adal Bs a WolakiR &94nid BSERALAGNAGRSs ROWRGuLY of heory, it
is believed that the ionizing ionic conpound can function as an i oni zi ng

conpound byreseip fet dptanign. Fxpmplas phelesiopadthiligy ingranams sreiude) iugaisaot possi bl y
a non- gkkageay! | | Qand, didfk! %OHEJ a&ﬂl@?&“%roﬂfa@ﬂ‘{%dethﬁorbé%ﬁfaé' ng ionic

conpound is an activator or co- catal yst regardl ess of whether it is

i oni zes th@umwb@hwoG@ﬂ@hmabﬂmmapbﬁpmﬁ¢|@@h@ﬂ%ﬁﬁé%f@éhwoﬁhagﬂﬂonmwrn1an i on
pair, weak - = nithe, rdi nat es
to a I|ganEM§%%B§%?$@2%%%”?ﬁ%gﬁggg P%bg%% é? amﬁ& é%?%gf 75

Further, i ther®fnbtaddgiorssler yonihetnonhenic omlpﬂun@s thamenve @S)smpcmfn&r #debé vate the
met al | OCe“%legorHOwHﬁ‘adéwQag%i 2l a5k (‘E’}%‘@b}?’& fLupgtd é’sQntofnvén%en' ofi;zi ng i oni ¢
conmpound can P hé“enfiance IVIt cataly conp03|t|on as

a whol 8p aSOmampamédMﬁmmadaamahwﬁMnm@mpmmoﬁbmnbéhmkmﬂ@empmmtﬂamnhaln an
lontzing 1 %Hlloﬁde, bromide, phosphate, triflate, bisulfate, or sulfate, and the like, or any

combination thereof, in some aspects of this invention. In other aspects, the electron-



5 conpound. Exanpl es of ionizing ionic conpounds include, but are
not limted to, the foll ow ng conpounds:tri(n-butyl)anmoni um

t et r aki s(wotoiydoyiyor at e, tri (n-butyl) amoni untetrakis @oTtus201yi0¥1935
orate, tri(n-butyl)ammoniuntetrakis(2,4- dinethyl phenyl)borate,
tri(n-butyl)ammoniumtetrakis (3 ,5-di methyl phenyl )b orate, 10
tri(n-butyl)amoniumtetrakis [3 ,5-bis (trifluoronethyl)phenyl]b orate,
tri(nbutyl)anmoni um tetraki s(pent af | u8§opheny| ) bor at e,

N, N- di met h r P I t t i um
tetrakis( m)éJt"?::la)lﬁllal’Vl or anc]fn Gh Iﬁgﬁbg& Stuﬁ%t% %{ﬁ? a?ehﬁﬂ% f}%{]&%’sg%hlm Eddﬂie

(2, 4-di net Iﬂyblphnéfatjd )ﬂuGHD]aIraﬁ, Mhbbpdiam;etfhw@hodphmurtnﬂmiro'ca;ktaw (Biflate,

, 5-di et hylphenyl ) bor thyl ani lini ymtet is [3,5-bis
(et or otBRoSobe i Fubtle TS Pk ePRbT D,
t et r aki s( pent af Thet &pmemybl):,bthe at@vatdrirshmimﬁr(ylgqa:hélﬁmall}mreated solid oxide)

t et r aki tolyl)b t Ib't.k' t ol yl ) bor at e,
L1 phony! G Beiti DRt SR e DU it R BORYYBoF4k £ F ARG Car beni um

tetrakis ($1u5r1dedCﬁhﬂﬁhﬁl,ydhnﬂiﬁlB&’ |aI)u|ﬁ111€H’ diemitied phamyl aafsbaniluhhet lakidsd [ 3, 5-b is
(trifluoro-_neth orate, trip Ica eni um

tetrakis( péWF%lf‘ éwfﬂ ;ﬂ%@%&? @}b poicaalmipg. ovay C% B SefedINiFbor at e,
tropyl i um tRhfiekifRoAdddodiNda)RRb b, echlér[dé@)éilicb”%lr&&ﬁd adreided dilica-zirconia,

di met hyl phen%(l )borate tropyliumtetrakis 5- di net hyl pheny I%b orate,

tropyl i um tefatedgilicarzgceniy, ugrl%etdrsr Fﬁﬁ’éﬁn%ﬂt‘?fﬂejiﬁﬁéﬁwaﬁ? aél%l%% subdtehy | i um
tetrakig( p%ﬂ%@t&d&@ﬁhﬁ@%%&}%@a Qilich-LédMdMThmina, and the like, or combinations

t et raki s(pent af I uor ophenyl )borate, |ithiumtetraphenylborate, Iithium
tetraki s( pthestof ) B@r s, appecksi (he tastiyaaiTsspRATt sopPYitser Auesided salpmiagm
tetraki s(2,dsdifRih + Y %;})l e tafumihd; tahl.lefﬁmlvely, comprises splfated alumina;
tetrakls(35d|rre phenyl) bor at e, I|th|umtetrafPuoro orate, sodium

t et r aki s( peheragtivalyr @pmengﬁb)ﬁwdp@ silisodiuming etlicaphivdlyl bonenises salfdedim
tetraki s(p- ra i | y}i).bod \ i
Cotrakis(2 gl% Xllu)nl?r%yl %ﬁeer%aéﬁgfgor ac%ngér[sg% dﬁ&&ﬁdteﬁ’ ¥htRohahk: SRAhHeLy,
tetrakil§(3 canmlmtchithlﬂdmlyda)zmooraa eyr affoditivelyt, ebmprfides dnolided asflea-cpotdssi um
t et r aki s(pe[ﬂ af | uor ophenyl ) bor at e, potassi um 30t et raphenyl borate, potassium
tetraki s(p- a\)borate pot assium tetraki s(mtolyl)borate,

pot assi unt et r akivget Zhéemctmt\htyﬂqndvenglcbhpm’reat eom@isas ai sahtftanadesrof3, 5-

di nmet hyl phenyl ) bor at e, pot assi umetr ro ate |i

ety e st PP A B8 T ok bl P APt seloted o am i, 11 ¢ i um
tetr ati sE gmlt )ﬂédv@d tlliﬁiszlﬂﬁfo&evdrl (BrlhieUdiﬁllché Ib@dlkl tsgm dcd Yl darsidigd. eFactdrd hi um

t et r aki 4 | met ny e umnae I thi

t et r aki?8( 3.5t dicks ﬂxﬂsaﬁ%a‘g}%% r'spit f‘h?‘iﬂ‘ﬁ et pareulr 8 R8st e, sodi um
t et raki s( pmaifalvu@r aphe meludal s aﬁ'@fn@t lismaei W th& sélalslr@plsnewl alupithate,
sodiumtetrakis(p-tol %g al um nate, sodium t et r aki s(nmoly %al um nate, sodi um

t et raki s( 2 d2sigfl ﬁ%lt’?i’g'/lt A P adverie W&ftyltyg>6&1elfﬁﬁlqrbﬂqna?@ilr§(gse cts between
di met hyl phenydayial b a{ﬁ%nehﬁ?&‘ébﬁ{@b%o?éﬁ@é IREAAIURE DAL, thpeatfaﬁsantamle

t et r aki s(pent af |l uor ophen al um na pot assi um t et r aphenyl al umi nat e,
pot assi um thb@,raaﬂﬂ@(lpaltszéﬂbg}lty af theiepian.e Exyoplesef sufableestiahy Byt ﬁaéil ¢fith&al umi nat e,

pot assbgm teFeEtl}G’H%vﬁl((ga\f}mg anion include, but are not limited to, ammonium, trialkyl
ammonium, tetraalkyl ammonium, tetraalkyl phosphonium, H', [H(OEt,),]", and the

like.

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

30  the desired level. Combinations of electron-withdrawing components can be contacted
with the oxide material simultaneously or individually, and in any order that affords the

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



10 di net hyl phenyl ) al um nate, potassiumtetrakis

(3, 5-di net hyl phenyl )al um nate, potassiumtetrafluoroalum nate, and the

| i ke, or wornbizmmsi7zons t hereof 1onizing ionic conpounds BEEfUSR011/04298F S
invention are not limted to these; other exanples of ionizing ionic
conpounds are disclosed in U S. Patent Nos. 5,576,259 and 5, 807,938, the
di scl osures of which are incorporated Qerein by reference in their
entirety. 15 OLEFI N MONOMVERS Unf% urated reactants that can be

enpl oyed w, t.al i I f this
rvent | on Cherad PP e FRGReS W?%as%%%gﬁn KRS AR AR RERER i bon
at ons per mmbaou@esandumamkmgmaﬂqheast one oleflnlc doubl e bond. 20 This
i nvention enco SS rlzatl n ol efin
such as et hyl eggﬁlor‘“ber%‘a? ’ger?éwc% RIBTT™ As ‘%8 o|Cﬁem1FMfz'V‘t{ teﬁ Shd e
terpolynernipmpmaimencmuowgaemebaﬁiuﬂﬁn@umﬂoﬂb@ﬁMnmmmnﬂthdwmmhsai | east

one dlfferent ic.co ound..F r example, the resultan eth | ene

om0l ymr & cottagfeb hyhar GR0ERANO kB S R rputef SamRag: Soont i M8 ot hyl ene
(>50 nol e mﬁm&mttms and @ixeire oy camabmtan@fthe@ommmarw1¢h<50seamideelwoﬁent) 25
though this arnot a.requirenent Cbgnnoners hat can be gg merized with
et hyl ene of“t"é‘ A LREAN ree CHMPRYING 40 I iHRd MRYTRENE SsraP e 1% hai n.

Acyclic, cyighidicifaltyGyel b Greatt@kMdaidd ain suchtagfrbéks, thd ARAGAd Ricarnched,
substltuted unsubstituted, functionalized, and non- ‘functional i zed oleflns

can be enplelsgE-VHRhdrHyiag anipentonEss . COmpPUR 4#p1 ke, cithgp itheatanmeneia fiffierenk
conpoungs thapoman be polymerized with 30 the catalyst conpositions of
this invention include, but are not limted to, ethylene, propylene,
1-butene, 2 - bufesnsding to geathsy|aspect |ofithengresens inybutop) Bwechemicsbivtresied 2 - p
entene, 3 ORE &Mhe Eoﬂ%pr%@st £18%id f}lof%ﬁlbyolxld% REN £ n@m1§ed@ﬁﬁﬂﬁate@a‘l hﬁxae ne, 3

- hexene, 3-ethyl - hexene, eptene, 2-heptene eptene, the four
nor mal oct epmbingtencpf indrgaie exieg matehels,f bafris nbanedlyrfenasd eith atheedtioge nor nal
decenes, a t ds.
Cyclic andQ\gﬁ g{%gl I!glc&)o poﬁ %nrtlga o d#ilﬁf?a tre %ﬁtvgpﬂlo eﬁl ?{)urEdé‘ C%Cﬁ g%{gnt ene,
cycl ohdfenesltsnmretabiony loether rmottabmnltaaudngcmnpoamdt tlﬁ@l limkieg ea:irsmescdnhd:)e 5

p0| ymeri zed e{ﬁ ogr%gt%f lort?ei'\ndclu{%ib ZH’I% nlc%[ rena%l Ca‘r‘gltaar‘ll SO sHver ng CT a(ﬁlum t monomer
in the present "1 nventi on. FAEn aspec Yhe Kere a 'C2-c10

ol ef i n; al thergmai, mc&jrt;d;enﬁrin&mbrﬁﬁmmnmmm ot &n&ﬁﬁﬁﬁbﬂﬂtﬁeredﬁ’ mdatnpremafl vely,

t he olefin n a copol or alter atively,
L er pol ymebPab g RaRE VRERChasoneithaiet Ot GRRL sthnruds beEpe SRl o

et hyl ene Ollmﬁtl’ed)pw | edrdoridelni gific- irﬁpr@@p@hymmlﬂaedﬂd&lmthamhmhe@&rgnaae

conono ccordjn Qne, aspect of this ion, the ol fln nononer in
the pol e U507, off 03%@ eeﬂ&%nﬁ%sal@%lww shlorded, At igpEgREet SlRanpl es of
sui t abl e olagfiim, ﬂ@éﬁﬁ%@"z’ﬁbﬁmﬁ@?ﬁd&@%&hd@lﬂunﬂﬁﬁ sigdcd zlmﬁ@%g&l@ted ﬁlﬁfﬁﬁw ene,
1-butene, 2- hutene, 3 -net I-butene is obu%éﬁene 1 -p entene,

2-pent ene, hlofgRdnginG alumipate ngsided; zingealppinate, sylfated; e alu@lﬂ%ﬁéﬁé

2-hexene, 3oftdWilhmink rARYSNE he;(aﬂln)@&hﬁf'@ acid-MRRIBREd aBmidkdtrca@RLANE,
1-octene, 1-decene, styrene, and t |'i ke, or conbinations thereof

Accor di ng ?@C@Wémﬁgﬁé@vwéﬁmﬂﬁ@lﬁﬁe§@ﬁ10¥NW@ﬁppﬁwﬁmfhe conobnomer can

conpri g 1- but engy ylamoBSH! A B SR oxlgARIERE with--ARGENEn bSLYuENe, or
any conbi nation t ereS? rijHEizng &Q@a ?ny%ﬁé annuﬁ? S’ conn%oner i ntroduced
into a readheometipdedyt whiph dbueede heostagod yitbra mgtalf sayracatypisally0a Galt bo about 50
wei ght per NQMe 1t al he nononer
and cormno%%rla1t1 %%%%Qg(%ﬂgﬁo én%?E%?ﬁgs%%bgqg%h§WEﬁﬁg’§§ﬁ%gh;J%%%lon t he
amount of m@mﬁgmutlem of nine edwpehdi oitto aaothgaehdithez blee i1 désirodn thbaextald. 01 to
abOUt 40 V\BCIO all’l er Centl’ld n%) K[Begr 1pnase(rjlatoc£1nttoh§16 S&tcﬁo lg\elng.‘shfutlglg fOtrIrlllle nmonomer
and cononorer. 1 PP “andttier’ dspect, “the amsunt. of conpnomer it r oduced
i nt 0 a3neaahdsubzamentlyscohvarl abo tie sﬁpﬂorﬁed) e upondGloiveng hAcqmedm@ﬂtthe:ormnorrer

25 based t t ot. i gh th nd Yet th
aspoct ;- tneokhBuEn e HbABY chRB BaLBRa Rt 6! HOPEAR P Ak fom

about 0.5 tvanadh@ut siRer, Wipphi! gaBiuGein, CoNBRaTaolRiBAEh, 0and R tliee abr wei ght  of
t he nononmer and conpnoner.



VWhile not intending to be bound by this theory, where branched,
substituted, or functionalized olefins are used as reactants, it is

bel i eved wbab12z00617@ri ¢ hi ndrance can 30 i npede and/ or sPOWUSh@& 1/042935

pol ymeri zati on process. Thus, branched and/or cyclic portion(s) of the
ol efin renmoved sonmewhat from the carbon-carbon doubl e bond woul d not be
expected to hinder the reaction in tgg way that the sane olefin
substituents 78 situated nore proxi le to the carbon-carbon doubl e bond
m ght. ACC%B f:)lﬂ?tlotng 09?1%5 8@1@ F81]c ){’«{Hl%lep ifie ‘Fs”&fteh%&%”t%'l Eregﬁatt {1}%%31% one
nononer/reac 1 ene, e p ynheri zations eceit her - a
honnpolynemxmabumawunmommwm@1mmkyameQY%m®wnpat&bpnmynerizations mﬁth a
di fferent acyclﬁﬁéséﬁ i nt ranc

na o
subst tuted. ”or TS Eseb B BHAR ik PELER or iR R Rh8 P fhn ©
conposi ti Olbsfofbf afthi, or |anwlenia1mnt1ma|ﬂ1abehajsc&d oxidet hetre;acddy\m n}zeaélecm)nof

di ol efi unds incl udi but not m d|e e sopr ene,
o pentadrana v ions iR necis St R R T TR e b ont
invention esppayd, CRt@bySIthdHMAGSinidnonHdCcoBt bl Mg @sattﬁjlc)aﬂp @qmﬂwnent I,
catal yst c | east one actiyv These cat al

onponent |1, and.at
Conposi t i <_—mA'sHD RV qhﬁ%@ 6teB?llo8]§C%T‘<}6Wd«[€\?W1H% anwﬁéwﬁwy S,
copol yner s meaigalt d}enétdlléﬁntmnfn@rcoﬁxpéﬁﬁfd'a@et don@ke@ Bt é&&@ne@@ﬁhﬂlﬁﬁédu@l?s Cat al yst
conponents | and I 1 were discussed above. In aspects of the present

invention, it i Y2RQNPERSISET & vgdde f@&t@?ﬁ%ﬁtﬂlli@ﬁ%&ﬁ%ﬁéﬁ@ww cwsWdht ai n nore

than ong ngy 1%QﬁﬁﬁﬁmﬁRﬂp0Hﬂﬂdéﬁﬂkﬂﬁt&ﬁE@EMﬁﬁoﬁ&@@ﬁp&ﬂhxkéﬂﬁﬁ&mﬁ@ﬂta'n nmor e
t han one netal | ocene conpound. Furt addi tional netall ocene compounds -

ot her than PfQﬁ‘G%teOfs?}@chf e Sofid cxides yath esngiomerst clectiop-witeleming aigihponent | |
- can be e@&lr&ﬁednl nm%ﬂ&?éda%hxtsﬁle%eﬁmﬂ&'b%rbafbﬂ{%/d riok 18 091%1%{ E{grth@at' on

process, provided that e additional netall ocene onpoun oes not
detract fr cleror-wihdidviaateagesodicec|lhs edntaeirmpduct ppetiatly anedléiped erthee t han one

activat or %Lﬁl%/&ea\ftepﬁe ls%lldl d;&cﬁqs contacted \}llgﬁetﬂg El@étwﬁ %tr'ﬂq}{g%m&?%?c%l tions of

t he present ention conprise catal conponent : yst conponent 11,
and at15ea§meomaiamﬂcvatbechmmhspammkmaﬂ t igidqur\pesteisento pieparatsolikcast one
activator ca i.se_ at ne _activyatqr-su ﬁ

Act i vat or - Sobpar erants R Bl SEPaBENRY L Ol FHBRRRIme B rButt avove.
Such cataly@teﬁmﬁmgsuﬂimmﬁomaMekMﬁibarnﬁUﬁpmh&etNisfbmwmﬁoasuﬁan9pne

o 2o er o G AT R MBSy AR it R Bl R Tor o T rvent s on

Ca{l Cotrrpri 5@95,66@ 36§St24,®87[p|@[&l8';44ghe@5§18@ﬂ4¥$;6| mmrsi@rr:]e@@mlmz 8%6325@&]';:0?‘16
r-su rt, as u u u

?(r:]s![\z;ﬁ@g o §?ia|ag§§35@5{@ ﬁ»stdf%zws gre @a?fper&wggﬁrg@ Y GG R d

al um na, (ﬂﬂgmﬁgﬁdmglunlna br om ded alunlna sul fated alum na, fluorided

silica-alumna, chlorided silica-alumna, bromded silica-alumna, sulfated
silica-al unina, Accpgding to one aspect of the present invention, the solid oxide material is

chemically-treated by contacting it with an electron-withdrawing component, typically

an electron-withdrawing anion source. Further, the solid oxide material optionally is

25  chemically treated with a metal ion, and then calcined to form a metal-containing or

metal-impregnated chemically-treated solid oxide. According to another aspect of the

present invention, the solid oxide material and electron-withdrawing anion source are
contacted and calcined simultaneously.

The method by which the oxide is contacted with the electron-withdrawing

30  component, typically a salt or an acid of an electron-withdrawing anion, can include,

but is not limited to, gelling, co-gelling, impregnation of one compound onto another,



fluorided silica-zirconia, chlorided silica-zirconia, brom ded
silica-zirconia, sulfated silica-zirconia, fluorided silica-titania,

fl uori dedwei2bixmereat ed al um na, sul fated silica-coat edparaseoa,04Bdsphat ed
silica-coated alumna, and the like, or combinations thereof Additionally,
the at | east one organoal um num conpound can conprise 5 trimethylal um num
triethylalum num tri-n-propylalum nu'%r%J tri-n-butylal um num
triisobutylalumnum tri-n-hexylalum Aum tri-n-octylal um num

di i sobutyl r g ({i}% L .ypg num

chl ori de, gﬁﬁﬂeﬁgm uq foﬂ&mn n@g %ta% ?tﬁg(} Z%e% %F{agtgcrllo tgllre%\gsh%e of the
present i nw)eudb|edm‘;romwuﬁhdlatvylgtanmommdS)ptlorrahmetsl ipn, owcadkanied 10 whi ch conpri ses
cat al yst conpon cat a

activator- suppo? ¢ SOth)X dte af%ve% g e g?%a%hgglcaﬁ rtlrﬁ?rtlec S Oxﬁ%) th\/\/ﬁ(gr ein this
cat al yst cmapmﬂucteld(bp aipgocsssizstmpritingl |y free of al um noxanes or ganobor on or

organobgrate co ounds L oni zi ou and/ or ot.her sim

or gaN0DQT at & COPOUNd ok ZUAT LT SATROHS Andl gt oL ST 2

al ternati vahlysn s@m&sdoaipburail (bycdnfipd@ndal tdlbgﬁﬁlﬁtb@frﬁbﬂul@rarﬂr ganoborate 15
conmpounds; or alternative subst ant i IIy fr i oni zing ionic
conpounds. In thkse C&@ﬁ%&ée fifsh B 4 Eafélfl @oﬁqﬁggwﬁ? BV HAS Re yst

activity, to beAGdo‘i&—iH@ &eadlob@f ectiof tHeRes@PtSignGEon thd igig@xad ditivaanal
materials. For exa yst conp05|t|on of the present invention can

consi st esé@l?wrtmeylu@ilwﬁ%tafi @P%lﬁ Oé@ﬁb‘éﬁ@ﬁ‘f‘c by @reeSFOMPHRBSnent 11, an
activatjgr- suppory, ahtasihe0hIaNakbYaAk NM s%ﬁﬁp&&iéi@ \vmpraemtnae&&ner
materials 20 are present 1 n the catal yst conposi t| on whi ch woul d

i ncr ease/ dedthdayinganongerry anypoypd torfere afigt Péxturgonposi tion by nore than
about 10%from sfie CalcdliySthe Ak htlthié t&{%a&% oSy Rl fARESI Lion in the
absence of said materia In other aspects of this

i nvention, thes#& actqoua@mh@cﬂl@mddlwtsmsm&wﬂbe sesnpd dyan-vAthdrassiagipl e, a
cat al yst cgggg%utr% ocr&m(ggﬁ%rtb%r&gasceg#lﬁl %ﬁlrecgm)onent |, 25catal yst conponent
I, and an activator ort, can turther ’conprise an optional co-

cat al ydt. Suitabhl e cc@louamgtlhysqcsnd mixte & hspdmtsolldwmﬂj@twbmt—suap@’t not limted

to, al um noxane,g¢o anaghor or..Qrgano und i oni zi ng
oni 6 compounds SO RER pRiRR SR8 e e R ARRIROL S SRREY BB, e

co- cat al ystolahoxibe ippedertl or rfoiniee lgat:@it@cshg denpdidi dxidenwitiB@enclectdinf f er ent

aspect, a ca st conposition is rovid 0oes not .requlre, a

Sl vat or- SupiENe SHOR e cuisodR MoH i FonEne 6 Sl iR ot

conmponent  Ibefotdatiyg tor @ﬁérp@maﬁﬁng the e&ﬁdorﬁbwth(ﬁaﬁhlg(hlﬂﬁ)na@tmwadn@rwhe\f@er ein the

at Ieazh 03% activat r 80. c |ses | east one abum noxane conpound, at
0 b

| east gartobdbry St%ﬂ“abr bota n’d‘?ﬂ’fﬁ‘%fﬁnd)rga& rehstt 8RB ng i oni ¢

conmpound, @pm {, AAd iofRetibieE 8thpounds. In a particul ar aspect
contenpl ated herein, the catal yst conposition is a dual catalyst

conposi tion conﬁﬁlp%lmgofaﬂleafé%af%mﬁ Potfe SeCrEr 8 PORAIFIGNE) a0 MbiENbne
catalyst 5, W pidall TR 2y QGRNEG &t%aﬁséfédat LR QM PRI iR BV

conmponent II met al'l ‘ocene corrpound I'n these and ot her aspects, the catalyst
conposi ti oro dant Qﬁ@rf@r arsiefoaa tilne @ ¢booh b mévuité wabaut;100 hbws.ofdciomgpeaubd havi ng

for mul A ormul a or di ucl ear. co r from an

L kany Pss obtnd e i bR ot A S o TR Mp LT Al o

combi nat i oRepiReR@OTor fdRCaRM Yooore (L ayspe it avhRGhifofai e ohfdctedffof MUl @ 10
(D), formula (E), formula (F), or a dinuclear conmpound forned from an

al kenyl subgbout é@é\@in‘@@ﬁ’rﬁ@cﬂbﬁ@ é\ﬂuﬁgoﬁ for adua 1 (hoyr tofappwrullSahoum) , Thuprfaul a (E) ,
formul a (Fly, e RaLRIHR ARLE 9{1111%&181&6}91]( abblit Pf&%oﬁ%@gﬁ@ at %]Ele‘?nrjfge Lﬁ’%) ¥pt

COHDOSItIOﬂ can conprise at ast one acti vator ocene
conpound hdemapofito¥SAiC 4o ghapt TYO “Cormy|saitabB)ambagnd awrisyheonen e tabloyekne

corrpougg h%ﬁliiﬁ};gcglc(?ﬁiﬁy %el(xe@tliy, fcglgi%lgals g@dmt]:e&) Ennm &i&i’z:i)ng a%osphere, 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.



15 formula (F). For exanple, the catalyst conposition can conprise at |east
one activator, only one netall ocene conpound having formula (A), and only
one net alwocersocapound having formula (C); alternativecy/ustha/oenwsal yst
conposition can conprise at |east one activator, only one netall ocene
conpound having fornmula (A), and only one netal |l ocene conpound havi ng
formula (D); alternatively, the catalg t conposition can 20 conprise at

| east one activator, only one netall ocene conpound having formula (A), and
only one netal 'RS&?&%%&?&% eélao‘f't % {egénmv%m thePol; OQ%'I}{gfiér}’aﬂ id he

catal yst conposition Tan co east one ac I vat or one
netalIocen@euahwuhmdomavpﬁgﬂﬂenmubdﬁﬁ$&m,andmmmmmummefmamalbm&mmgfconpound
havi ng fornula ernat i g cat Sltl n onprise at
| east one ¢ |v§%¥ amel‘ iy %“r?‘etﬁ ey %roé 881&%“61un aa\t/efar?‘)ﬁ? SHi & (B),
and only omeﬂmﬁ%ﬁﬂbﬁummmmwm&manndohamnm@ ﬁmmnmiamd£mmwaﬂuﬁnhahbmaiy, t he

et al | oGiend BaBBERA DI G PGl bty R b G i hiBloRt s RRE compound

havi ng for mHieriditd ,agealltt)eam@htcvedfyﬂudriae 161ﬁit(€b|r1yl$d aCaaging | PntCANrcoNpPri se at

| east one act ator .netall o¢ n ound having faormula (B), 30
and only of&m etaqw tB%rsﬁJ o sy %‘P’%&d@t gefivaigr. HF"cf‘élrar‘f Gvely, the
cat al yst C@&R@ﬁk%mﬁﬁn§ﬁﬁh@@mﬁwM§ﬁmﬂﬁmkﬁ&§%nﬁﬁﬁuﬁﬂ&hmahmknm&mMﬁmﬁﬁe

met al | ocene conpound havi ng fornul a and only one netal | ocene conpound
havi ng f or Aipead e@rﬂ}um% Stllﬁaé%dealurslfa atsrﬁl@@ﬁ% Sﬂlwlymtw%tdﬁﬂ FdeEAEM®8npounds
are prQ§emﬂub1ndetdh§11€a3§hﬂhﬁi§ts&ﬁfé@%?lictalaﬁﬂmné tﬁomlde@%nfe@lzﬁ&aﬁ% ppRanent |
ansa- net al | ocene conpound and one catal yst conponent met al | ocene
conpound. BHicy-gireenigelecsivied nibrariceynichatfated dligh-Zieani, ﬂe@red@é sdigp-Hiapist

conposi ti ogGan, GRAEA! Rtk RALAMMMS £la, aﬁll&%&hoa%lﬂae@tw%ﬂﬁ
conpound(s), but 5 this is not a requirénent, and generally the dua

cat al yst cdm);ﬁ(ﬁlgmton@mcwmd coher-dumipg steqatddavity I@Baﬂwéozancanem@rﬂc isrred t wo

met al | oceng; cONPAUR wuﬁ”ﬂﬁ'ﬂdoﬁloatca?c ?cv@gmﬂhéaa%mrﬁbaﬁ & Rlica®PiRdiyf 1 onal

nmet al | ocene conpounds, wherel n any additiona ocene conpounds woul d
not indp eamvadwr)bms‘eacmeluauma treateyl ofth tdrefleablairgsicide elvposi tréaged Yoyh nor e t han

about 10% alyst actl f the catal onposi t.i.on. in the
Toabsence. orarhe BuiRiRish i nds btet ey cOfp ol s Mot CRBSRO R sin § on

further enmpmpmﬂﬁe&mméhhﬂdﬂummmnakbngzuhamﬂhea@h@¥EMatenmmm1btoﬂﬁr such as,
for exanple, con ing the res tive ca ysS npone ts in any order or
sequence SHETHEPaRYEe ARt CulECRRr Wik Sutls JheRgtraoRaRds o A

met al | oceneomdidateMngFahih abdve O PufhdradnySdf tEEBTACHNR:- shlbport@ropﬁ)@fahy c&abe be
precont cted v%th an ol efinic nononmer if desired, not necessarily the

ol ef i n? VEh BERbIYPneri zed, and an organoaluninunlconpound for a

first peri od of Thd SRl reht0d SOHM A&dd AE cbMbSsePd BERIbASIROMKTURE W th an
activator-support. The first Perlod of time for contact, the precontact
e

time, betwddf ¢freparaeulate seligh el heoiosiderisolideids) cap bRifermed MyrRSRtaCHige t he 20

or ganoal umsBuMGRMRAHNOMloHRINGAdeXt. T BRSSO QR Banl bdTRIdRERS At Hliddhput 1
m nute to about 24 hours, for exanple, from about 0.05 hours to about 1

hour. Precdeitiieg a tlrresf feormideppatsutiablmahsnesich ¢s alsohstl oswaier fghdingar e al so
enpl oyed. @%F&ﬁﬂﬁﬂkﬁ@iXm:&ﬁqOMﬁ&98ﬂ&ﬂﬁh&ﬂBmﬁk mﬁ?&ﬂh&r@@&hﬁ?Qw@H&z'”

mul tiple steps, rat han a single ste tiple mxtures are
pr epar ed, @@r@we ¢aosmoni Exagples ofi Sflft:éxlqaﬂmorsleng agbnte achidg.dwt eromobhieitedsto, 25 For
exanpl e, W@?I r first

m xture, %83& m=%91@ﬁ§g%%§%a&§g@&@% 4ﬁ§xtéﬂgkgfgﬁﬂm&% EF he ot her
cat al yst c_@mpwnmm tefraflunirolgrae Sld.g3d), ramatanneyn snadlwodé (iretdrﬂuorosﬂicate}\/ljl tiple
Vessel s Ful LIS FRReaTar debi et le pT BRI oY ' sor es
3Q(SquQntKHIME@”amﬂmﬂmﬁﬁhb&ﬂumﬁﬁmﬂwCﬂﬂb(ﬁ@ﬁ@ﬁmﬁ@hb&@ﬂﬁn&nmoﬁxammie a
first m xt fzéﬁ’%%@” Igﬁﬁﬁht Ahal GR TR i ARl IR i Llif 8q VeSSl 2

second m X



82 first mxture plus one additional catalyst conponent can be formed in
the first vessel or in a second vessel, which is typically placed

downst r eawpab1doe27Ri r st vessel . I n anot her aspect pCoris2an/omse of the
catal yst conmponents can be split and used in different precontacting
treatnments. For exanple, part of a catalyst conponent is fed 5 into a
first precontacting vessel for precontacting with at | east one ot her

catal yst conmponent, while the renalndg$ of that sane catal yst conponent
fed into a c for pre a east one
ot her cat alaégl%gﬁql Q%ﬁ&%?a 9 E"ll Je £ oﬁi ((?}!eg ectFIOJD nrﬁlgg’t %1'&61&;8 glélmt tothu%h?é
conbinatioﬁNHHQheamlﬁhmupmemmmnadh@mgmnamebeu$®w¢Omme@mmmmmﬁany sui tabl e
iggle\e:rggtsz Zugrlfadisuegptlfl 011 tolxrl € 1%treat‘ted w%nk%}lo rl é)lé% | E_Sl?{lt I C n!c;f'rlurgé
appar at us. step. Antho@ﬁQ;mgmta$mﬂebfmbmmgﬂgcmnMﬁngﬂmmphdhmdwamn@u&:catalyst

conponents (for ex npl e at t co onent st co onent
ot T var or - SHEBbEC DRy RO dR i o esgmRgy 3 gediton syt musairy gt
unsat ur at edeRRyiBédoprI YN, wajlzeﬂe:@fgtaaletfadmdmgtdgentp@hlyrmerusecat IEQﬂnlbles’vIGf or
sinultaneous%y whil e the ner|z§%10n reaction is Erqfe di ng.
Al ter nat i vePpUlegpgang ogin ﬁ& Wtpyscih g isagpyt s ﬁ‘ﬁ&’?é tadec B e

precont act g i Nmke¥ €36,e! frfdns O pérBluGBh&ahd)d fePBuci@RfichON ARRIEOmethitieS _
pr econt act step can be continuous, in which the precontacted product IS

|
fed conti nﬂfétg’:,OF%ﬁt}taBOIt ead rthe dikgr andy copinatigns (fhergofst HRE SeMISEERW se
procesgoi N gl ﬁu@%ecﬁgﬁfengﬁﬁlc%na&gﬁlﬁgsepﬂhé)%ﬁﬁ)oﬁrﬁl AldeiblONIBKR. @

catal yst conp05|t|on precontactlngrste can be carried out over a 20
time peri odapdoas hwﬁgqnath@@der fiim o fierpasdebitgy alse cas beuedd wish Bevelidl days,

or |onger. okide i ﬁuo@lﬁpde%hllet &1@ ?t i §H'19H§ tQFa%Qp&eaﬁlFBgarﬁit %&nlgcﬁl'ﬂgsr ally

| asts fromabout 1 second hour anot her "aspect,
cont i nuous cgtrt@nmgtt@t@ﬁ“liuwgb@"@@;ﬁBFa)sal@ ¢andrn catrdeped 1 @ns sowvedsnt mefébd)gf 45

m nut es, oﬁtgcqtqg%peo%bthdjoxmeqyltt}?thlteqlnug)?g#% g&trﬂ %U%ngygnze@ﬁg%ﬁcﬁ% e‘ﬁFO”t act ed

m xture of a catalys onent ene co und r catalyst
conmpondnt muoagmambaneﬁdtoﬁhéﬁnﬂunmhmnsdcmamgcdp@ammalunlnunlco catalyst is

contacted with ct.ivat or-su ..this c Sltl he ,addi ti on
of the activat oP alippapi R SEPhah kO bl BRBRBEY Bhratybiid O
postcontacteMpm%xhuMenmﬂmbbmamﬁwmnhﬂmhnsfipmﬁ@ﬂﬁﬁgﬂmfdheaﬂaaﬁdmduperlod of

time, the postco rior.to ating.the neri zati.on process.
bost cont ac DR RolrBt ebienBE otk Sudsy b £ by BeeB i Gt i
act i vat or - suppoidded enee alkldy b@r&ﬁ@ﬁng h GRrR RO e dxum inuts@ititde elrat. 2¥e hours. In

a further as ect., the postc ct IS in e from about 0.05 hours
to abo pxidergan B$ é%tﬁff @ @ﬁlg{@ag L 8%% ﬁ%ﬁ%@e%gﬁte& DV or bot h,
can 83 i n@:ﬁl@ﬁ&ﬁg i@t PAREN G IsViving 20f sbti@e POLMORIC A tEATRAIEEbnERIANE Same
catal yst conposition that i s prepared w thout precontact]

postcontacﬁﬁd&leH@W@%@W‘”H@PWh@ﬁ’ﬁmﬁFé@@ﬁﬁaﬁiﬁﬁﬂcgt%%“hgh'gcbogpbontacting

step is regqgi &&dhkeT%hmfgt AAiAC R M XloWkig &%all@%hﬂaﬁ@ihgqga{ts gard BTPEr At ure
and for a tine gerlo sufficient to all ow adsorption, Inpregnation, or

i nteracti omsesf Brasemest @fc%tdblm\s@ht#eeor@mc cchierigipgiagatoinciigdepbutt arc gt h t hat a
por ti onsof 1%{1%1 CRMPROGRE StrQns ! *f)%rcﬂfo?d%%f?}eﬂgt %ﬂlomrﬁ@tﬁaﬁlﬁolﬁchﬂd??fﬁghéﬂez ed,

adsorbed, o eposited thereon. Vlhere heatiing Is enp
post cont acrkldraiemet wadoy deteackibiide, itachieratthanot, gind theehis@r@itanyesouhnranmn bet ween

about 0 F ttl%re%l?o!(gasejoﬁg hg;droéélh CL[O?I% %p QIHBrirf}:Oltslglftaﬁoacgﬁ) WL u?e% \El'th 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

30  solid oxide during calcination.
The amount of fluoride or chloride ion present before calcining the solid oxide

generally is from about 1 to about 50% by weight, where the weight percent is based on



10According to one aspect of this invention, the weight ratio of catalyst
conponent Ito catal yst conponent Il in the catal yst conposition generally
is in a naogeldeemabout 100: 1 to about 1:100. |In anot hecTasp@aigs29she
weight ratio is in a range fromabout 75:1 to about 1:75, from about 50:1
to about 1:50, or fromabout 30:1 to about 1:30. Yet, in another aspect,
the weight ratio of catalyst conmponent_| to catalyst 15 conponent Il in
the catal yst conposition is in a rangg fromabout 25:1 to about 1:25. For

i nst ance, out 1:20,
from about tﬂ{l}:g‘yé,@it%m}ﬁ Sgl%d §X1§§@0r1?e S%ﬂl a’gscl)ltgjctg ’L%gn &J o geg%utm%g 1%?610 dr"g% about
5:1 to aboud anbilsy adpr:o:m;f &1@0utrenﬂoﬂ, theoanadvotigf ﬂluotlde @Tchforrldmombmubnt:beﬂorct o about
1: 3. Wen a reco e Oldlton}g? onll S Ou§qu ﬁ%%‘ﬁ rh; angfa{;%]h(%n taI nol es

of olefin “Y5"H§ &S ¥ econt act ed
m xt ur e i's ahgtpercaa;belcyoﬁ ﬂh1sanveange fifolnoaihoabmm abbmlPJO% (byazdzmg]ﬁt. A@Ebrﬂiﬁ@ td. Tot al

nol es each c onent e used in.,this ra account for aspects of
DR TR S R Tt e S A e

met al | ocenéecfiofe eghiay abe kélidofle ¢ Rb@MmCibond 4 StoefboutFureh BT weight. sOfed ar rati o
can be in a range fro ou

1 t.o t 000: 1 in anaqt her a ct of the
25i nvent i opMPregated t’;‘éﬂ]é‘ragﬁq yhe S‘ﬁéde\ﬂe‘?’ij c3m, bt glrigg ]chr @%%ﬁa@m onpound

to acti vat eich&@ip et ndt Sinditdd 2o, <A DA ﬁl{rﬁmn&bmedl@ dvah&ra@diQ Utyins ma I f nore
t han one organoal um num corrpound and/ or an_one activator-support is

enpl oyed, ATy strppdiyigpanddhe ke, @H@H@Bﬂtalﬁ a\ﬁfép@%tbleotp ipitfat thegaledning ve
conponqpt . sdePuﬁﬁ@ala@lry vaﬁ@%rymghﬁlfe@ﬂegﬁmedrs%a 8xi@f. 30 the organoal un num
conpound to the activator-suppo is In a range fromabout 3:1 to about
1:100, or from &kotilicaralyming %%m prepgp . the gated silica-plymipnigpigaliyebasss of this
| nvent i on, by yehoRfeafeR k) a,foupskaéc/%OC%@goraa IRO WAL Sy dePblncOfroGlt a1 ySt
conponent PPand cat | yst conponent to actlvator-support is in a range
f rom about iventiang thebpnye volume(0O@r@EO thanfabray @8 tchvign avhaccawtingviat amothsupport i s
enpl oyed, t i support.
i anot her "HEC e el RESGE Al FRyb bl (1R et IF ARkkERL -5 FC
about 1510@¢Badly has afsnidave atvogreater 11&ntab01ati©0|1m/.g mcmg t¥ahothé¢rraspaeot her
aspect, the ight ratio of .the netallac 0 nds tq, the

nortvat or - SR el R Ul Gl HABE TR SOTPRIEES v gmer

Cat al yst cesmotsthblsmmeeifeaﬁs@emre]mmboutﬂﬁenﬁgon general ly have a catal yst

ool ymer e S B0 B85 BRIt abtre R Ay S PGS S SR AR - suppor

per hour (abfbérevﬂr(aﬁeaﬁﬁg% (t%éﬁodlr%)% biynwaglﬁt hﬁﬁco&ﬁﬁ)@% oné hepecab kst ]
activity is great an about ter t han apout 250, aqr_ greater than
about 580 ’(“@%Sel’r‘f a;“mlPﬁC%‘tt?thO%ﬁﬁogﬂ ér "é%‘f)%l?tfao%é At 4P BRYHPBE 0F ons of
this i nvenffﬂoﬁﬂatﬁ)'hﬁS%ht@raﬂ)@ﬁtem%eﬂuﬂﬁﬁﬁah)@r\/\kzélglta aahaihysispa&! high ayingh£at er t han
about 1000, %reat er than about 1500 %reat er than about 2000

gP/ ( gAS. hr pontssilicp-alugypg;qqapounds C%&ff%@@ye t Hevhdcly the glamingcontgptof these gr eat er
than about 208kl Gfpobhds: tydithily AGkdsVEbN a%@utr@)@@% 86bud PAes o8 Ikl ¥

pol ymeri zation conditions using i'sobutane as the diluent, at a

pol yner i za#ba oPentpabart §Pe. sumatsdunt voglts drgordingda geigmotheraspest of s about 450
PSI0- 5 invifidll BRUSHEOADOY S onBeohBARL RN Rho MtciTEhakbopgRe compound
from cat al yst conponent and/or from catal yst conponent ,
act i vat or - suppdrer aspe¢teot 2108 v ereivn athe pelislevidsrvpwom C@tmilspmlml \érthomt monomner ,
can be pregpntacted in sone aspects of this invention. Wen any
precontacting occurs with an olefinic nononer, it is not necessary that the
ol efi n nmononer Ubedlfaedsdlal qxn@@@nmammsui@tcsarelm fobd bhide sanmnas, fukkeaol efin to
be pol ynerized. Further. when.a precontacti st.ep -ammng, apy ¢ nati on of
Che cat ary 0Tt Bt om B o R BB P B PR DL PR B R S

30  oxide is treated further with a metal ion such that the calcined sulfated oxide comprlses

a metal. According to one aspect of the present invention, the sulfated solid oxide

comprises sulfate and alumina. In some instances, the sulfated alumina is formed by a



25 precontacted m xture can be used in a subsequent postcontacting step

bet ween any ot her conbi nation of catal yst conponents for a second period of
ti me. Forwexarggloe272one or nore netal |l ocene conpounds, tRETAISg@ENO319351 Nnum
conmpound, and 1-hexene can be used in a precontacting step for a first
period of tinme, and this precontacted m xture then can be contacted with
the activator-support to forma postcgntacted 30 m xture that is contacted
for a second period of time prior to ﬁltlatlng t he pol yneri zation
reaction. QJces%Wel hetan?nntla{ 1rs§ at@ﬁ()vlltﬂq sﬁ{f t& 'scg{Ecef s egﬁﬂuﬂgcsh fulJiJ]%ICP recont act
tinme, betm@en any |na i'on of f'ocene’ ¢ olefinic
85 nnnoneroraheﬁacEMVambmsaummmnnnsdﬁd:tﬁbs@n@&mu&@mmrdbmmm@np@hhﬂ can be
from about 1 m nute to ut nutes to ahout 1
hour, or from S0t Sht‘“%“ﬁe %‘u&“ma “tI%S%E%Ie Soéfélmn%“ﬁ t alCOhriT“Lor B Eonts (Elhct ed

m xt ure opthcoddirtd coeatdtioned the suléniag ngem }manmactaddedr &n&taleoofrgamxerl od of

or ocess s ARtor i Mg it i dreaBatstlediiS: hF obt Y AR sfboniiBR fEe S Bl ros

bet ween t hehdihebilityamt esly sirkbeicasiand any remai ni ng catalyst conponents is
fromabout 1 m nute to about 24C§%§P or. from about hour to about 1
t

hour. POLYNMERI ZAFIEANEOLESEPE Y OYeNE s PP OF aﬁljf%t%éonpprs%e@ht

invention egfrdRlcuieds tRnPMoUi®es tozam@tl ®bhipasgs Epwélgmmam% WBGRE $60
copol yners, terpoly ners and the |ike. One such process for polynerizing

ol efi ns |npﬁ1ﬁ%b5bW@§]§r§8]é ofidy Qerordingto WehpRsPEct BhthEFintghEoh thesapiunt nvent i on

conpri §@s %P@ﬁl@a@é idﬂgprEsQﬁt S@&@'cﬁﬁinn@ﬂﬁ?&h%&ﬁ Wt fbod5@bghd By FRR@MEr and
optionally an ol efin conpnoner under polymerization conditions to produce

an ol efin S‘ﬂ@t%éﬂnyﬁf?eafboufv\k@r Rdre byhweightt wiig gideoppsbadepidsie ©oifranetisr cat al yst
conponent L, alrah SlveRQRP ABG Ubolt! 5 toaa@gutaStO e Q% w’%ﬂﬁlt ?ﬁfa'te Bh 8 abot al yst
conponent | can conpri se a conpound havi ng for , a conpound havi ng
formul a ( BYLY0 garth yuwkightr sotid wpwland hfssrweightfrptom aamb@bclk enyhe weibkitdftthe ed
conmpound h - r or any
conblnatlo%&%ﬂ%?%%ﬁ%%a?gﬁys E%ﬁpoﬁg%%Q%F“ggﬁﬁg%%g?%gg&gg%ghgg&?%%nd havi ng
f or mul d5( Cyriedaby ampeutable maoshadgnéloding) | bat (1<D)l;mlafddo,nqmotumdﬁlhamm@llbwcdmI a (B);

a conpound haV|% fornu%algké_wwuulnugie [:.GO %kfor d fﬁ?”hg?
al kenyl - suBE Y HRFRE e SNSRI hEIT Y PEr iV EE( ?@b Yormula (E),
formul a (Fppﬁﬁﬂem1mﬂmbﬂmahkmm@uh@nmﬁkdm&bzany conblnatlon thereof In

accordance with,one .aspect .of th vention, the meri zation ocess 25
ool oye o cat al OSPUBRBOSPPRORPES b S Sizels e ik aRiror vsEhe al yor
conponent i prepdithgalic da&ﬁy&t cEn®siichd Mah@ﬁnvemﬁtarc@nmnhé@anaén é}@ﬁﬁigeﬂﬂke
activatqr coqprlses at gst one jctlvator supgf ThJS cat al
conposi?i oACE wrfmppﬁewcle P Rotfmifed 4a piligHe @ @Jaﬂlmumtﬁaﬁ% Hound.
Sui tabl e Orogﬁllil{é@dlsu%HB#W&WMW&OIG&%IE@QMH@@S Bt codibtati®ls thdr&dft @d t o,
trimethylalumnum triethylalumnum tri-n-propylalumnum tri-n- 30
but yl al uni ABRHCTt38PGCE Gb Ut MCBANA iRfy e?&CP'c}ng?ab#‘eiweadmm@ﬂﬁﬂwates such as
tri-n-octyhalap Be odi LA ydtabtmwm@wdma@ medhaaltaya{cﬁwwmgmret hoxi de,
di et hyl al um num chl oride, and the like, or any conbination thereof 86
| n accor dafe@pikics |n a@m@mb%nga@&@thatpr-meort niy ¢t P¥ienalbhlee pertsdraith 2kt i on
Pr 0C€s 95 Bl AYshe 18R Rl S HTRARA! slua{l «SEBR GG A, ARG RRRLYS!
conponent met al | ocene conpound (e a netall ocene conpou havi ng
formul a (A)theomnfeachmgfatbl(eR)C)lvat@uﬁslhpp@‘hes oot abapek wath rgpoeleditontwithdeavangd ocene
conpound (g,g., a netallocene conmpound 5having fornula (C) or formula (D)
or fornula T%? or formula (F)); at |east one

According to another aspect of the present invention, the activator-support of

this invention comprises clay minerals having exchangeable cations and layers capable
30  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



activator-support; and at |east one organoal um num conpound. In
accordance with yet another aspect of the invention, the polynerization
process ewpl2oizoez7eat al yst conposition conpri sing catal pst/usonpon®ss |,
catal yst conmponent I1, and at |east one activator, wherein the at |east one
activator conprises at 10 | east one al um noxane conpound, at |east one

or ganoboron or organoborate conpound, ? | east one ionizing ionic conpound,
or conbi nati ons thereof The cat i yst conpositions of the present

i nvention n r i L)y various

t ypes of pg{)&?res?[ |O§aﬁﬁg?\é1§1re1%c %n%{&slgd% tfl:%rﬂealﬁflgf tﬂ&c %’E??r? [ g)(ra\ reactor"

i ncl udes ahwmpﬁhymnmummM3@nmuaammmhﬂmamaﬁkemwkop@bymar|Z|ng 15 olefin
nononers and co Q p

nomopol yrer s, cORarg e ks SPEE Shed R e PR R RE B el RSB B Ve of
reactors i mﬁdemtmtm eInb@ﬁ[&lsi IlnafbrmtayltﬁeE1nrtbé1emanﬁdl stade @rtha@ hbad behn rreaaezimth slurry
reactor, gas-phase reactor, .solu on reac h ure re

{ubul ar Sr SSRIB i bEAT Dt BRI Rarkh TR Kby Db Al B ¢ her eof
The pol yrreracmatdr@ﬁpp@ﬁnﬂnﬁls ﬁﬁsmfoarcotnbﬁsemraly@uﬁt hAaGkel ion 2QcHaygiswiat e wel |
known to those of skKi he ar e reactors nm rise
f1uidized BEEF FH5RY H}Cg‘d @ﬁygg@aarhlagﬁa 5&? PefalgoaIPiex cajigry @P PEAET or s may
conpri se Vefd digahmaRFialn@kivzendupportsQingis iffc@hoPbI1eS éwoﬁlpa@am}@ ltBatM@Ye CONPri se
aut ocl ave or tubul ar reactors. Reactor types can _.include batch or

cont i nuous PRFoWBSXehaneqdoith ARG SgE oteding. bus oy limited iy salisne AKHD. or
Cont'nq@USF@?Bdﬂ%ﬁDqmﬁ@ﬁﬁbg%ﬂnﬁﬁﬁ&ﬁ§§?%lﬁﬁ&a%&§Qe%§ﬁﬁ&%ﬂgﬁzB@&ﬁh@' or ful
direct recyc unr eact ed nononer, unreacted conononer, and/or dil uent.
Pol yner i zati on Aeedine teyasethersaspectt Hethp msesewit invenrient the racH¥focwRpIT se one
type of re e I£R6 3B fferent
type. Prodgg% gﬁbgF@ %@ﬂ%ﬁgﬁﬁ%ﬁﬁ% ??%Eg ?gégfg%gqigﬁaﬁﬁc udeﬁéggiral
stages in @mib@aémmnmbl@@b@@ai@nhaog@dmywéWHwhmudﬁnr@a@v@h@gﬂhm@mbonnected
by a trans ' P Mih r esul ting
fromthe f|rs?ggg%gﬁ%??ggﬂgg%6%£§€§%$lﬁﬂ%ﬁ %ﬁgygéﬁghdagégg%%gﬁléﬂ% desired
pol ymerltzatwhaah anrhcdvet tlonss ismchogse/ofvatiis p%mbmctsllam;/ambotherf lhgeemts. 87 from
the operat ITlﬁgs grln;[ i ﬁaﬁ? gorz:fe%sqe % h?e excﬁa?flCt Aagtio All { i3 I Vek:}/n’ cable

pol ynmeri zati on I 1B Feaet e may 1 el ude t'hé manua &hster of

pol ymer fr omicom ef i elag tm}aterlhbars wdpbae ol @/iith la’r%dltgdﬂySchfafgl‘ed Rt dutiu ﬁﬂ:ﬂ(eggln

polynerlzatlon Mul tiple reactor ste de an t|on

P o e iogr T bR Fis o Ram e AT o By il G R T s 0
phase reactfd sshei@ cloifl Batdoaverell tb awml @mdleg‘@ﬂlamh’aa&cﬁ@aﬁﬁwlpsmnguh% } pl e high
pressur ctors, or a c i nation ressure wt oop n or gas
phase r2§ac1° Y dayerhas Rlyp 3?@ Sﬁr@alg?sor g@fﬁw Yl iyt ﬁn%?lfnégf qn

paral l el , @Foda&t the supporting”Gifiar BeRgeh Qla@ﬂ@ye@§ ARC bxpRhdddhgtticOveminires t he
polynerlzatlon react or system may conprise at |east one Ioop slurry reactor

conpri si ng WEHtPEatndghe ReorRoRtAMCbpdhe 1oulBn BT CAyaughthape 4t yst, and

conononer RBY 4L fmeid SFURUSIdideGRhtdifal 8nd @O Bark RSl FhatWhe L& Py AFIEd Zat i on
occurs. General |y, continuous processes may conplise the continuous

i nt roduct i @APFRrinepRd e leradstayp aidpundgn:chi. :Ellrylgvala éﬁ@nc& 2@7? (4/8At 3phBdl a
pol ymenizai{ s, VJ%%%aéﬁﬂte}aﬁu&P@hérﬂféﬁ’ys(srWﬁmﬁﬁgtoﬁ LRM I ALSsbERal pr of a

suspensi on conprising pol ymer particles ’and the diluent. React'or ef fluent
mey be flashed oS5-25 /erwuie Prive Lawl (LA720V SrBetcift o #h2910; §LS.detenhat

conprise the d byent, JRNORErp AR/ QL GRBBAEle YRULQY %F"\l&\{lﬁl | es may be
used for thi's §epérat|on stép |ncludlngﬁg gyﬁof ? %l% to, a%%%ng t hat
may |ncIudexanynmﬂhbﬁmmhymﬁx@teheh@radmﬁY|on and pressure reduction
separation by C¥ﬁet pita 'r‘%n af)rto'cé’sé‘ il AR5 EL AN Qe IO ENELORST OF
separation by cen é%

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

olefins in the catalyst composition of the present invention can be used. Therefore,

suitable clay minerals for pillaring include, but are not limited to, allophanes; smectites,



20A typical slurry polynerization process (also known as the particle form
process) is disclosed, for exanple, in U S. Patent Nos. 3,248, 179,

4,501, 885v0RpBABeLZS, 5,575,979, 6,239,235, 6,262,191, @ow/U5283842035, each
of which is incorporated herein by reference in its entirety. Suitable
diluents used in slurry polynerization include, but are not limted to, 25
t he nononer bei ng pol yneri zed and hydrocarbons that are |iquids under
reaction conditions. Exanples of sui tggl e diluents include, but are not
lim ted t%m'ﬂyﬂfo&%ﬁ‘efd%”@lg%ﬁ f?lsocPath glnﬁmﬁ?ya%ho&?é éh&r‘@&’#%féﬂ n-but ane,
n- pent ane, 1 sopent ane nt ane, one | meri zati on
reactions mmntmdlsbmtesncdbﬁntdmtbdﬁ cr@ndomieanélevmlenee no kdp(bnmemt haboysﬂmd An
exanple is Qol rlzaltéo R apythn m)no 1S ]%Odl sed ﬂ . S.
Pat ent Nos. 314 h uoﬁo $% ncor egra{? ?/’e r ¥ ehce hetel®in its
entirety. 118:81d1ng but nd%dmﬁrednmg:ptodltey,ettta}angltebeind@slpgmkmﬁ atshnpsntma\cexml on, the

ol rrerlza l,on,.react or c ris ast .o se.rea tor Such
yst e Sty EaPE) s e AGUS SeBeyRlien SERRaaPooRasieRt 15 RHESE e o
mononer s caawamu@oy comphied behomiegi nﬁ)nfrh(ullld)hit@dﬂhaqﬂmbipaltdmﬁlpbﬁ@ﬁ6flCe of the
catal yst under {) %Prrerl Zﬁtl on conditions. A 5 recycle stream may be

wi t hdr awn PPERIEAETPPNOGI9NE- bed and recycl ed back into the reactor.

Si nul t aneous! y, TROpiEFRd clRY SLHUSL prifPtcl & Ws &t rFBx dnfpiiNa tphlBrddeRelogite and new
or fresh nmononer g be added to repl ace the pol ynerized nmononer. Such gas
phase reactoPstragd Bprsying ét abpit otsEC fuader Al et SHBPSPHRIS- PiRiegly dry

pol yrmenpzat i 0.pf ¢! NS, 1 f ay obyi Zed, | e gaseous
phase i H at tfbgas K V\%foilngepéelﬂnsd\é% &gaﬂs)én?%(%a dasoeﬂ& wg@eﬁlzag? olﬁacté%nes whi |l e
feeding a @“éithalhghsm @@mphrmpmgequmryn%desfsmeﬂédrmm ltashfouludshe ydérytred ihaat i on zone

to a secon t t [e di scl osed
0 o PadPeTR G308 08 o i WURF g RER BRI B bR CF P

i ncor por at edmbiyaticaf &ff ®mperatunc atds tient stepst yll é rvdiich ardcanoodpasgpdt loy dtis | |

anot her aspectt of the invention, a high pressure 15 polynerization reactor
may conpri $€°a'Yubul ar reactor or an autoclave reactor. Tubul ar reactors
may havé sever alThg avtiestomhippert useglsth prapacenie cathlysttdoaiposiSonsaif tapraseyist s ar e
added. Mononer %/1 e en raane(ati]g an inert Baseous. ﬁtreﬁlgi d |ntroduced
at one zondVGRIQHEN g LomBmed pithy thgr gprsanic,uppoil materigfygingiudiog; iy

conpo n}gznt ﬁ lipRged hﬁz@me[srﬁlm%dmt gx1ae§3m9hh$edﬁhd5r§ﬂﬂd agdesi ﬂidrtﬁ&?lé‘ee(in aﬁe anot her
zone of the reactor e gas treans e interm or .

pol yner i zafRsh: OHsat S@ﬁ&ﬂﬁ?ﬁé@?ﬁs @a ﬁlﬁﬁwéla e lﬁrlieatt%| ¥i%o obt ai n
opti mal polyieRhiu@ial QMnliQAGkdne) zﬁ@@ﬁa trhe%ﬂ@sqa boria, thé\ﬁ@camﬂmﬂq)ﬂo@phmt anot her
aspect of the i nvention, the oI ynmerization react or conprise a solution
pol ynerpzataluaﬁn%@é@%@hatﬁmhwﬁamhecwmw cHieRHEHSy naﬂ@reéd et 84 with the
catal yst copp@shdihn B¥red¢i tabl e stirring or other nmeans. A carrier 25
conprising an inert organic diluent or excess nononer may be enployed. If
desired, the noAewsdingdorsnether asmes) Wethpriserghft inventiope o pbmMPh £Edhd nt o
contact W th.f B@en%a&ﬂﬁ hds CHAGK g&c&{t&%ckmh' tn &P EGRREE Q8 apsence of
l'i quid materla ol ymerization zone is maintained at tenperatures and
pressur es wrzanoalrhinumesmppuridnfor hdirftpered pbhmepriar wojontationg s Itllh@lrepol ymer in
a reac 'tSO”vaﬁd't t&%%é\ip oR c?ethgaa ? AN a&&?dm&%rg botfa{he lt?lgtglﬁ cene

t enperature con and t8 rrai ntar n url rorm pol ymeri zation m xtures

t hr oughout cbrinpoqndQSy rodafinziad noomer zamdargaAdaiqmamlm coeposndiseoutacted natdl thor

di ssi pati n%ctlva or- %l)l(p%to etrhg:n cgmgoes%onq{m cr c rggrlisllrlzgattll

c acnuvator—support is termed a
“postcontacted” mixture. The postcontacted mixture can be allowed to remain in
further contact for a second period of time prior to being charged into the reactor in

30  which the polymerization process will be carried out.
According to yet another aspect of the present invention, one or more of the

metallocene compounds can be precontacted with an olefin monomer and an activator-



89 Pol ymeri zation reactors suitable for the present invention may
further conprise any conbination of at |east one raw material feed system
at | east woeofawa73yst em for catal yst or catal yst conpomemtus20iandg?ods at

| east one pol ynmer recovery system Suitable reactor systens for the present
invention may further conprise systens for feedstock 5 purification,

catal yst storage and preparation, extrusion, reactor cooling, polyner
recovery, fractionation, recycle, st of ge, Ioadout | abor at ory anal ysi s,
and pr 0Ces3y rpgo%ﬂt &S ! first perig AEO 1%@8@11&61% %nt%&ﬂ% Eﬂl r}ﬁixw@‘twiﬁ{ %1169 ontrolled
for efficiency an ?o r dvi de desire pol |es can 1 ncl ude

t enper at ur ergapeadesiune, ccammbund]e Quaec drat plamm&domu{h@vacrf thg smetallocene

react ant s. Pol atj on te erat ur ffect catalyst productjvity,

pol yner nnl%cﬁlmg ée(ﬁ nﬁ%l@%ul%&“ﬁﬁlsﬂp ﬁ|§1rf%§ ?gnﬁmﬁ §%ltable

pol ymeri z atorganoathﬁmpennabmpeundamehﬁn@nyudreﬁipthératompas1hg hl&vmrgi‘m’-balummum

de- pol yperi.zati o erature accor bbs Fre er equati on.
Tyorcal Py it Rrasl e Pt it  HB R PohaBuliTIgs & o RO e o
from about r&khiCid fartadr@dhtad: 0r &ecorkﬁpdﬂﬁ@@ﬂdmegnbhpt@rbetnlgenttqd]aeed(lflto the

pol ymeri zati on reactor. In sone reactor systens, the polynerization
t enper at ur &° lggﬁ@%aélp{lpeapfg ‘within a range fromabout 70 C to about 90 C, or

fromabout 75 C to about 85 C Sui tabl e pressures will also vary
according to the reactor and nerization type. The pressure for liquid
phase pol yGYAPAGHYINGM, Q tor is typically less 20 than 1000

psig. Rpessure fpLngaspRAAIERH %‘ﬁﬁfohﬁ@ﬁs‘ &nthé %re’s’éﬁ'%xje}{tlﬁi caAlQuprid00 to 500
psig. High pressure polynerization in tubular or autoclave reactors is

general |y 100%0%1{110@118&@021@“1@@'@1 eenPPsndo Sysh icgmppidy Ay ingluds, dit predet or s can
al so be opq;glggegg) ShbuR PN Mbiild SAhuls€01 on occurring at generally higher

t enperat ures and pressures. erati on, above the critical point of a
pressure/tenperature di agram (superéRl)tAICaI 25 phase) may of fer advant ages.

pspect s of il uenteR: a6 BMLESER Lol LALLY AR XIPEIARLL a0 By ocesses

conprising contacting a ca onposition w fonomer and
opt i ondbl ybatnetlsb,sthyblpe)p@l btﬁtyhhethmnmn‘mﬁylunder pol yneri zation conditions to
produce an ol ef} Pﬁl r rgrora rnlThe orlnef |ng gg ye anb se?lflce écot he rocess can
have a M in a rangestrom 39" §oout" 58 8 DpSaT a6 000 CYrBIien

addi tion, (di‘sc]ahetd&fefbaictamelhdudeiﬂnﬁamlrﬁf inlmtepltlbydmrpomﬁh hhaugtha der&tuiao of Mw~ Mh
fromabout 4 to about 20. In add',&fﬁgm) Qg;' alternatively, the olefin polyner
can have a broad and/or a bi nodal VeBllar wei ght distribution. In 90
addi tion, Q\}heﬁ| X‘é[sl’bah}id&f@iabb,yl tyifeis ah eflioridp @k ylﬁfﬁfykﬁ(&?d]: bavkded oshaydridehai n

RN M TR TS I el
conduct ed irfilidah@rapsanCRcRllcsadded AndrRgan o, AGFIO Rty dy¥ioaldil, alihyin
pol ymer Zatc;/c?galkenyl cycloalkadienyl, alkynyl, aralkyl, aralkenyl, aralkynyl, and the like, and

includes all substituted, unsubstituted, branched, linear, and/or heteroatom substituted

derivatives thereof.

25 In one aspect, X” is a hydrocarbyl having from 1 to about 18 carbon atoms. In
another aspect of the present invention, X* is an alkyl having from 1 to 10 carbon
atoms. For example, X* can be methyl, ethyl, propyl, n-butyl, sec-butyl, isobutyl, or
hexyl, and the like, in yet another aspect of the present invention.

According to one aspect of the present invention, X® is an alkoxide or an

30 aryloxide, any one of which has from 1 to 18 carbon atoms, a halide, or a hydride. In

another aspect of the present invention, X® is selected independently from fluorine and

chlorine. Yet, in another aspect, X" is chlorine.



5 process of this invention can conprise contacting a catalyst conposition
with an ol efin nononmer and optionally at | east one ol efin conononmer under
pol yrer i 280i2012/0627di t i ons t o produce an ol efi n pol yner, Pamarsedin/os1ses

catal yst conposition conprises catal yst conponent |, catalyst conponent I1,
and at | east one activator, and wherein the polynerization process is
conduct ed in t he absence of added hydg gen. di scl osed 10 above, catal yst
conmponent can conprlse a conpound havi ng fornula (A); a conpound havi ng

forrrula(B) upgb.f or of Jot d
conpound havi ngﬁt or rruﬁml? AQII&Q)B‘& '?Eg %u?ﬁgeﬁqm%m%ﬁgﬁ gllrrtg?]?sﬁtetg% or any
conbi natj i ﬁmymchﬁy ]tcamhs AddThd mtad by m sm®5%MCt®Wmmtdgbr ; dearefonpns se S
conpoun ving f.or C ound, havi ng for oun

navi g 15 TPch AnCE sbabinaBin R RS Mheh bl S e Conpound
f or med fromnapouablskenyl substl tut ed conpound having formul a (C) formul a
(D, forsrmla ( g miJ a((ﬂF%l a conbi atiqﬂ hereof,d or. any conbi nation
t her eof XIS BEH HW“Ek?‘t‘t‘PO“H SHEARE OBEIYAFREBYE % E  hydr ogen
can be geneficapiestnt Mnvshtida YIuaEthak lhacnditigdadoy siallgpomuini wﬂ@ouﬁusvari ous

ol efin poly, ation rocesses, and. the anount generated ma vary
dependi ng &gﬁwl nEIBec]ilatl‘i%E CRMRPYs. g'ﬁ@%lgtue%lﬂﬂa al $O5WeH

conpound( s MiaB@dI@iadm hyiedd soppo@ids p&h}éﬁﬁbinéﬁ&ﬂs ALrPTOSpEHicURAdimitine
pol yneri zation reaction conditions utilized, and so forth. Therefore,

al t hough hy&ejeriraiRbioerepoaligiagn t%nt%édwtly%trtnf&tﬂ%lﬁn%@c@w> it is
cont enmbat %‘i’etﬁﬁﬁﬁmﬂﬁtny(@‘ﬁhb ZtﬁInLIS}Gpﬂa[lﬁ’rﬁﬁtﬁ&e{?N'Pﬁ) f%ﬁ%%@ﬁﬂﬁ&nn\ﬁ&ﬁ (INBH)S

i nvention can be conducted presence of about 1 to about 1000 ppm
hydr ogen oftisehyfydalypisp@a] | y(TU?N‘h) t hetrpflé@éﬁ%l@mﬁﬂmaboutmﬂ qspraleming®out 750
ppm of i N qhlB.RIARAAER APk AIRRD QuRARK! déﬁgla@mwdm&% Hence,
hydrogen contents 1 n the ‘pol yneri zation reactor be In a range from
about 12 p@ndthelléi@@utiomfﬁﬁaq@pmhelfeﬁbm about 15 ppmto about 450 ppm from
about 20 ppmto 0 pm 30
While in nany abnontsobineR olatfRL Fhgha o7 PRI CHEAANEEPT (he
pol yrrerlﬁzatcomnoqndcmxﬂssn Qﬁgqnbalmanmlm ctt)mcanqblaadi entdelin noeohen®f focmad pol yner
properties geecsn ltcttel:cp I%IX’[ rrgnﬁrgoh ac% hrllse r%lc S ac?e mlxgllf'lalVl ﬁ%%%lctvaaltor

corrp05|t| oRS (1% - al'y st n%one% N J cornponent 1) are
not | i m tedumoltyo tt‘@:rm:a camlymtamp@ﬁmhembenhydmggm cbﬁlpmﬁonad@&@alt:d) it he

pol yneri zati.on reactor.. For instance icants c e that | ow
Povals of - SHQHRgar SUH i BE b QG OB e Mo TEAEATHE ogen ey
depend on thapsladi iseddqdl yorahe nirt@atab@d mtught ardn GhotherP Pbitizer ofMehd 5i ndex,
among g her consi derations. Accordi n ne aspect of thi

i nvent i28n, OfSROYURRBM SPMRYYIGY @Adeddo thiePasi tﬂ?ﬁe PR Prengredyghen the

pol yner i zatotdaantﬂrt@pﬁﬁ;ﬁn@ R&toR@ctEOWith @l 8Hd odié Stvb8llppsat HowerReRal | y can
range fromabout 1 ppmto about 1000 ppm of hydrogen, based on ‘the wei ght

of the ol efpte r%%taﬁ@étmmmrcomgt%@é bettsed focRreRashiic sptahsbepmaRopition &t hydr ogen
to ol efin LhyORQNEkcsRRiRE &Omstc%hta@tqlgatteﬁ Vaiighhtivedf, | A1 Wt Chiralyal | s Wi thin
a range from about 5 ppmto about 900 ppm from about™ 7 ppmto dabout 750
ppm or fréﬁmmm@amomﬁﬁwmst%o ppm Furthernore, the reactant or
feed rakio of hygiingahud ol Gl RedBANE &k REnE ol 601480 Rling el ot
ratio in a range from about %mto about 5 ppm from about 20 ppmto
about 450 ppapnteating rqyrthatpomon%tl@mepo Wheutn mnpﬁmlmum saonpulbaspect s of
this i ”Ve”tah@e'a in multiple & SEttﬁyAn?(Ql?ltSp&.l &f%%roﬁlﬁl%iﬂuﬁpédm olaﬁd ?ﬁ?gseﬁ%ltefeﬂl of
hydrogen to ethyle ne roNoTTe I Trespec of conononer(s) e oyed, may be
control | edimiuda tkreeﬁoglﬂttlmpmtloﬁ ovganwlmnlauma;ngtpodndomdamdwh mempfn:pntactabout 1000
ppm alterna |v from about 5 pp bout 900. te ely, from
about 7 ppm% (%ta ted ity i raﬁ]%’tlt)‘t/aioygan?r%“r%“g‘g‘ tnpo%{af@ Cll\réom to about
500 ppBp altltwpsorhﬁhenzeﬂuy], reﬁdtm'm "Hizedidre, 1D tap piviios abmgtmoélzﬁnmpmomlbdtmdmatl vely,
from about 20 5 m .or alternati veI m about 25 ppmto
about 400 Bpioned feefRsh o Wi R Ssrile St PRurSthusbd T FORbeof

hydr ogen t en®bghicalumnemesmpsandRiudéri ned substantially constant during the
pol ymeri zation run for a particular



25 polynmer grade. That is, the hydrogen:olefin ratio is selected at a
particular ratio within the range fromabout 1 ppmto about 1000 ppm and
mai nt ai newoaniddee27zati o to within about +/- 25% during PhE/ysedimea9szati on
run. For instance, if the target ratio is 100 ppm then maintaining the
hydrogen: ol efin ratio substantially constant would entail naintaining the
feed rati o between about 75 ppm and agﬁut 125 ppm Further, the 30addition
of cononomer (or conobnoners) can be, d generally is, substantially
constant throughout the polymerization run for a particul ar pol ymer grade.
92 However, in another aspect, it is contenplated that nononer,
cononormner MMW@NE@MP@W hydr ogen can be periodically pulsed to

t he reactor, | nstan nner |m ar t hat din US.
pacent Moo 5, 736" 35 EGeddn BRI By e lah s B oGO8 ¢ he

di scl osur eSOmﬁnsehn@hmance;anmmrmomatMushéhﬁem myteﬁme‘ﬁlarrmmma”meféfsed r

enti ret¥. he concentration.of the react%nts enteri n%%dr

pol yner i zaPl“SHn?‘é%f‘cf%‘Ppodl&ﬂF (FETRBHINS EHUEY PrOuTee SPES AT 8br t ai n
physi cal amdwmeahanmﬁﬁkarps aReirtpaesl, fofmed pr oposed @oddess eF @raausit, 4 hat wi | |
be forned b% t he F"@%ﬁ resin and the nethod of forgn % t hat pr.oduct

ul ti mat el y SHANSFOmer l%coelwélSﬂlggflra&laInb%%ﬁ?mwa &7 PRRCRHE MG t ri but es.

Mechani cal aph@R&EAd @S ptdvedet 08 ’éh@ i1y @y drbéaeplr AhminliP&Glie), ©F &R Pwhiit I €SS
rel axati on, and hardness tests. g5| cal tpro perties incl ude density

mol ecul ar ARPHMANGS| REeYifled: 25 F GAMDIARIA pfan 3lBminuppeglkyl rf@mtpéﬁ‘ﬂe‘i‘nélt%re gl ass

transi tjhon L GAPSF akiie r&t&ﬁpﬁfcﬁtdér@at@}al t ARifoRE 8drb | ARL t@8reddBNEL LY,
stereoreqgularity, cracli<j growt h, |long chain branching, and rheol ogi cal

measur enenpely(ygmsarhy] Wn@m@ﬁldﬁﬂé opprganq@iunEexelest o, and enconpasses, the
pol ymers producegl Q}{er%%l %@@néﬁ% nZﬁPa[liPrZa?é dAhcRl %ﬁ%ﬁ@ﬁurﬂfﬁﬁn@%ﬁ? herein.

Articles of manufacture om and/or can conprise, the
pol yners prsadnatﬁédlyﬂwcaxb@mqm@u@i woltent, thvugh prpysobtcinbihat i9 GuIFENYNZRSTAND

ARTI CLES to the. ructa{:ntée r{t&ﬁlléhltaépta]nﬁ%lrydﬁg{s ori) 'Hccfl%iuo'nrﬁtel%c&ﬁrb%glg&? %&% h the

present invention I's rrer or ethylene, its
propertlbes cmtalrystb@rrrphan@rc femed eld thipyy mamerer @fusolbntadi Yl i aoalsulttaé)@hrmletl}uésfok nown and

used in the efin.ind i cl f manuf act ure ,ca or ned
from and/ oré)n%pa%éf(i% ftﬂtratlon Xﬁ é/tweﬁ'y1I;[heencea%§ Corrval?OSHloié1 T A htrOd‘iq\??r%l\l/tgnt[’l on, whose
typi cal pr «pp@rrhnmmar@ctpfwuh(dletdmbgisolmmd Pol ymers of et hyl ene

(copolyners, te ner s ced | acc dan e Wth this invention

Genaral 1y have SEabpTiortseorBLHHE 0 b £ BRioLn eaBeg Fheh. Mol

i ndi ces i ncbrh@odndngﬁnﬁri’sﬁﬂg’l b tstrietQRd, t:ybhabgult:tu?& @t 1édgen siuctire@moabout 0. 01
to abob /10 or from bout 0.05 to about SOfg/lO mn, are

conterré at SRS OBl Wt Cyelisadyramgang ferapqupdsliyingdhe gpulgx anpl e, a pol yner

of the present invention can have rrelt index (M) in a range from about
0.05 to about 25, or from about | ‘%’ut 10 g/10 mn. 93

wherein R in this formula is a linear or branched alkyl having from 1 to 10 carbon
atoms, and p is an integer from 3 to 20, are encompassed by this invention. The AIRO
moiety shown here also constitutes the repeating unit in a linear aluminoxane. Thus,

25  linear aluminoxanes having the formula:

/R
R‘fAl— Oa’Al
| q \R
R

wherein R in this formula is a linear or branched alkyl having from 1 to 10 carbon

atoms, and q is an integer from 1 to 50, are also encompassed by this invention.



Et hyl ene pol yners produced in accordance with this invention can have a
ratio of HM/M in a range fromabout 5 to about 150, such as, for

exanpl e, woamaaeare 10 to about 125, from about 10 to alPomtus2@@/04f98Hm about
15 to about 90, from about 15 to about 80, from about 20 to about 70, or
from about 25 to about 65. 5The density of ethyl ene-based pol yners produced
using the catal yst systens and procesigs di scl osed herein typically falls
within the range from about 0.88 to about 0.97 g/cnB. In one aspect of this
i nvention, the t thyl gl W tr about 0.90
to about 0.95 ?ﬁﬁ%k @@nog%egn% ?gacggéecst%&%%§ dd b, {Oﬁﬁl‘lgg Lliﬁ gbr ange from
about 0. 91aAerabcmiere®1 R4S agéromifl lmmmr@mcﬁedraﬂeokgrqmpé],avmg drmabout0 0. 92 to
10about O. 94 ene uch a

t er pol ymer §* %019 r% Rnés sc%lg m%#m?aﬁeorr)g)rrée{lg%r?talk%\/%%p fggoe%;ﬁleo 1(ﬂave a

pol ydi sper sarbyn atlﬁl&Xr is Jaorr atdnd ofs dquel tweaAght nayer ags, Wbéraﬁwh@f iswk¢ ght  ( Mn)

bout 20 bl B (PR St B Rl e B rebE B RS e s

range fromogp@uttotst sndaQut tht Gumbsramuaboudinad okpgoaets. 16, from about 4.2 to
about 16, or fr;%n about 4. 2t bout 15. For. instance, the IVIN/I\f/n of the
pol ymer can be WYShfHMPORegHY fc SAT B rplovedain thy cafalyst Composiopy0idBout 4. 2 to

about 10, fe@éﬁtammlorﬂaé rElﬂes%ﬁféHtgeﬁeralgf bf FRMuARQWL 4 R-ALOJDRYR-AM- 5. The
rati o of /Mv for th ymers of this invention oftenis in a range from

20 about 2QAlBaBdthe 1&@ III\/EleFesfoffﬁ‘éaSz the R gxoye ingPiedlin alinegepighenchethd My i s
the weijght tyeragg, m&l%uﬂnéﬂhyl"\%'t}?htproﬁﬁ &999%@@?%%&?1 ORGa@siPeet. the
Mz/ Mv of the ethylene nmers o invention is in a range from about
2.2 to abo@lurrsnoxw%ﬁqramaﬂs thap cangbe Bysdtin pccardangae apibuthe @reselttdn‘e@mbm 7, from
about 2.4 H&l@@ouﬁut&are‘)rn&rQi'?ﬁn%l%io% %néh}l&’luﬁ%%ne el &Re, Pal ymers can
have in sone aspec s of hi's | nvent 1 oNn, hl n a range f f om about
7,000 to ahimwlahmnm@@ng/1$ﬂ3pr0psl@igmlr@sanef owu@%mmexanﬁrbbntﬂﬂgmnosamo to

about 35,0 out 30, 00 ordiggly, the

Vn of the g%h Lﬁ%%ﬁelﬁlg{g@%ér cgshol%gylaﬂlt“%%%%f r angelg)efng/lm a%lout 89 008 t o about
28, 000 1§/ mpbntylnluasms@mes of t hi §-pemykhmiomanal t er nat |1smg¢ryylalhmmat¢out 9, 500
to about 26&:9001; gd mln(’) ne and‘theei kre]:atl Vel blfn!cﬁlO er (éf d@ I?qolu;[nonma{atl)n%m 25, 000
g/ nol ; al t erHat PV 11 From apout 19, 3(51?5(3 ? ﬁ }éﬁl

alter nat i veihyhldmmmaégcumﬂ 1&@bﬁ9ﬁluhﬂn@bmmbre21§lm§)@&i @bnmtrzmemlfylahmmnmat ively,

Lonal orer st o bR Rhm et il apbsmded B REdi s, (9

systens desg¢ rpolw@letaploumnﬁm haide), apayiethi/] @lillainﬁhnbroaﬂiéb’] ﬁmlnbelp@sdbh@t
decr eazﬁs as nol ecul i ncreases, e., the mol ecul ar wei ght
ts?

he
conpon IRy OFige ﬁeéPngj?éﬂ%r éﬁWSﬁavﬂmr B\ferorecitd % Fnt}OHGBH‘B"o'f“htl on t han

the 5 | owarunfillx@6d ndEonvhgibh waMND BReRumi@im! ARA Qs itfat RGTLEASINNG.SCONDNONET
i ncorporation with increasing nol ecular weight. Oten, the anmount of

conononer PAEBOALOF R0 é@comoﬁﬁ%‘rhefﬁﬁ‘l‘ B iFfeaencqd| itRntir®an be about 20% | ower,

or about 30% | OYgS preQht ﬁb&ﬁ%n%&{e&ﬁ%i maf vARQWE p 48TY iPWR alunBho@Rout  90%
| ower, than at | ower nol ecul ar V\BAER or |nstance t he nunber of short
2@5151%6‘

chai n br and¢resilas §CB)l- @eﬂndllﬁ@eAkgﬁ Hvely oREsoBsHsIsets 1D angk @@ @t at Mh
than absMuc, B ERGPALY n Holl e LERAERRIAFLARYis BRhER, sREBDafenOr t

chai n branc algtng di st ?l but on? I%H i se sI:%m | ar % éBe fsoundal n et hyl ene
pol ymer s puedutedalysiofg ﬁtnriama@w@n’a‘iwﬂzrl@@lﬂ@le Natploicalnaingxane saynsit sepls .

In additio . r i i bution) of polyners of
the pr esen?ol nl\ggt}lotig:gﬁog hnlg@%#egdtgec?jptgehﬂ%d% %ﬁenrratl o of the nunber of
SCB per 1000 totrlalbreﬁ%lngarcbtakysmmsm@n tdm,anpog ymalmmatoxmotlteondldtreraanber of
SCB per 100 I at ons at P10 , at D90) /
Csce ot 010) "B R AR EET & bRigRE PPl 88 St B mer by
wei ght 3has ofinghsiocan® lcempduad (sywi gmlatcpm@minc[ﬂlﬁ geﬁerhllt;ebmb@cauoair I\ welaght at

arc: depi ot At RRILE TG aPiogelteh ol Bt b arvies B BP0 B on

about 15,000:1. Optionally, aluminoxane can be added to a polymerization zone in



20 curve as a function of increasing |ogarithmof the nolecular weight. In
accordance with one aspect of the present invention, a ratio of the nunber
of short wbabr/dosaaches (SCB) per 1000 total carbon at omsTafS241he4396% yner at
D90 to the nunber of SCB per 1000 total carbon atons of the polyner at D10
isin arange fromabout 1.1 to about 20. For instance, the ratio of the
nunber of short chain branches (SCB) gfr 1000 total 25 carbon atons of the
pol ymer at D90 to the nunmber of SCB p 1000 total carbon atons of the

pol ymer at i t om about
1.2 to abou%aqggs, ﬁ&ﬂ ?%rqbéglg%@q%%g&[t @R%%L Sf%héegnog} gl I yé/LjngbO?r%rléd di scl osed
her ei n havelg/lcmtnﬁammbbutjl mgLa@aiunnszngt chal n branches (SCB) per 1000
total carbon at -1 mmo nasnd tBI ) é[le% cb gyrlovar S M ne den§| ty of
the pol yner. 30LI EWI%E ’%ahg SBB° BrePaSH eV Lo ptr(hguresen'fl PIRV&hti on can
be char act ergaaedurhiyiotdne grqiaramoﬁn‘ atehasawebem OfS. SP@BnpNos 180@2,09t ahd car bon

atons of t nunber of total car bon
Some oF t ASORSFYNEF diogds of with RETRC ST HRelt v ekt Bt Don | o
t he nol eculeatiretiei ghit e;aaﬁnpmmer%%roﬁnehhergm& )Sﬁﬁéntbc)énW&l glattedasthhigher
nol ecul ar i ht, nd D15 is the | | ar wel at which 15% of the
pol yner bya ﬁlfagcqmﬁaff WQ}@%”@?@A%@. @rﬁlt sHed BreALREEINRERC one
aspect of tha &fn@SWEﬂel oY @AY, to Be balildObyohhist dgeridhiiers wRficebekd: tghai n
br anches (SCBE per 1000 5 total carbon atons of the polynmer at D85 to the

number of qhis rmetlysiocap Gtard & arEBiE Atbshslinger plecysbt FrdlrO gfunprexapg jn a
range filpomyglout phinl 6f0 w@lﬁl‘ﬂurarel%nc &;%as@éastwn%s tnb&tibat | oaRdmitheynunber  of
short chain branches (SCB) per 1000 total carbon atons of the poI ymer at
D85 to theOrﬁawéwm@pxasegarpmremwgémreﬂcémg carebeHNED ghyl e@mreqved poFy aer at D15
can be in O%ify” PRYABRM Sl hoh s HBHIod Loy fih@MiARP ey lygarfic aboUL 6,
or from 102%3% 12 tg}abou Sa 4, 5 ?q%mzf ouP]D Sél to about 2. I%a

il lustrativelvemtd non-limting exarrpl e of an ethyl ene pol yrrer of t he present
i nvention can be characterized by a broad and/ or binodal nol ecul ar wei ght
distribution; and/or a Mh in a range from about 9,000 to about 30,000

g/ nol ; 1and/ORGANOBORONIORMANDBOR AHE AKOMPOYUNDS about 20; and/or a ratio of
t he nunber of S 5100total arhon. ato t he ner..at D90 to
t he nunber of S%C Oo(ﬁng Séﬁethogrt o%resetno}lrlgel{(}sn {l?e Cataﬁygrreoﬁpe%mﬁio in a
range fromecdn &orhmlsalaﬁmrgaﬂnﬁboramdf orgagobosiltd comyfouhde Sndnb@npomﬁdsSﬁEium@r 1000

total carbon atons of the r the nu per 1000
total car boR SREncomRE BoPyREr sl Bint Hid T sM $0F6 Hbout 8.
Such i || ustekahply, eflaRborsmioSbabis @ofpyunide ahdrfldesorgharmeitercompouddy sac M in a
range from 20 abou 5 0.01 to about 50 g/10 mn, and/or a ratio of HHM/M in
a rang@Vf r GARt %\‘BP)‘G‘F 20 to about 80, and/or a density in a range from about

0.91 to about 0A8¢3u&b6i¥Bro boron or R Y0TRINS bofatedoMpodMBeanRakigdd with
honopol ymer s, copaol yners, ter? rrers and so forth, can be forned into

various ar tﬂredilreentdw%ﬂuf%em of fperpengaio Rergte FOTBRAYNTR#CRR Be Bt fiher s of

this i nventicofedeACinYeRion Mkiudr But@é nbd Mhk&Otol ﬁuoﬁﬁteﬁ%&l%ﬁté&rﬁbh hilm an 25
autorobile part, a bottle, a drum a fiber or fabric, food packaging film

or cont ai nésN- délnﬁftbid@lllbl@ldml ce tefrakisgicataflgorophenyliberate. a @&@ﬁ@ﬁ?ﬂf%ﬁﬂ@m a
hOUSEhQ:Sd ?é?ﬂ&k@@@ﬁtﬁﬂucﬁ‘oﬂh‘e&ﬁfbora@e kg F?Jt&ﬁfégﬁantaﬁu&&gi i/oga‘?é“ RENOT

hmateri a a prp a sheet ‘or tape a toy arl ous processes
can be enpldmhvlarmhrﬂmnmetrhleéé Samg(irdluerometiyhplhanyrllpdratg, Mﬁm@gbemum hese

processes ke bk ARl Sk ALAbpRlo ML g, (9t ALLGRAI paBll ng, {11 m

30 extrusi xtrusio e extrusion, ormn t he
| i ke. Addi tBixempled pf ﬂa«ztdorganpelsoramdomnﬂs éras car be wekiem ca)etrde@/stsantth@se

POl yITers. | bl Fisch RN BuLSDRN il LA FRaRERFRISH A i A: U
30  Dbis(trifluoromethyl)phenyl]boron, and the like, or mixtures thercof. Although not
intending to be bound by the following theory, these examples of fluoroorgano borate

and fluoroorgano boron compounds, and related compounds, are thought to form



EXAMPLES The invention is further illustrated by the foll ow ng

exanpl es, which are not to be construed in any way as inposing limtations
to the scwpeorfoosdTes i nvention. Various 5 other aspect @CTasbadion®ss s,

nodi fications, and equival ents thereof which, after reading the description

herein, may suggest thenselves to one of ordinary skill in the art w thout
departing fromthe spirit of the pres Qt i nvention or the scope of the
appended cl ai s. Melt index” (M, g/10 mn) was determned in

accor dance. i ASTWRAREE, A 1090 oD o2 FO0 AL ek Mocc  H o

| oad el t eérm ne n accordance W {1?1 ASTM
D1238 at 190mpumls, hasa d%ﬂoé‘ji(do irga \R/eﬂeghﬁ 919,983, thE’odlmmedeﬁsvl’ug/h vas

determ nediicn g?ed epeef\ b tf nCen Im’?lré‘:t\ ghca fg ¢ Sesdsorol mol ded
sanpl e, codi€F §t “alsou Rotr " andPRGAYT £ %ﬁ q‘l% i5 40
hours at r diordne npbisabmmacdmmoaﬁdmrrdﬂm 61fundt1bna4\8&hdb®h5§)50mmdingﬁwbDl928
procedure C r and nol .weight . di stributions
her e obPai MSEE BEPhAEREE Tgeahal Hrshs SHEERATTEeb i b e SGp Ry ani ¢

(Pol yrer Labes, abprgpesd7 6t uhed, ﬁheC&Hn%hO@[e\ﬂﬂlelﬂfs i0ddgRratas hérb@ yakteemte W th a

flowrate of. 1 nUnnute at a 20 tenperature of 145 C. BHT
(2, 6-di -teﬂlfltso‘inlfﬁtY4 met hyl phenol ) at a concentration of 0.5 g/L was used

as a stabilizer Geserdie ayCBnodd of atgaﬁdwowa obaipum &@h 80Qed. Ackoriiag téised with
a nom nal pol yner concentration of /. Dissolution of the sanple in

st abi | | zed OTCBRRES Olc By insentiont thwn%raﬁﬂﬁgofa ¢ f9fplomplsP ob RBUPROTYR Oh

occasi QUa| 0 B@E&%Iraﬁe adhfRhd 08-comPEurl®) tHrméSto% %le‘éﬂ%ﬁ‘%&aﬁlb@e@le Rb@fdunl xed A LS
col ums and 25were cali brated broad |i near polyethyl ene

st andar d ( Bhihe |Cilt91§stwamp@w(1¢n) is B}—Bray%gymfabﬁutm bw bt Ippl- ebwicetyibe ght had
been deter 'aln'aﬁﬂ of the ﬂuorogrgg &B@bpﬂlm’ré’&gﬁ'o%gra% %Mfﬂo@ﬁﬁ 1!1591@ 1s(f§>g5£aoufj ata was

obt ai ned using a SECF tenperature heate | ow ce Pol yrer
Labor at or i ) maks desbpitbEd H@}esmﬁlborme‘bq_ratarqompgun@p@. mRghoff mnfgllocamd E T.

Hsi eh, Pol 3 S | L i - support
(abbrevi at égﬁ%%nﬂg ﬁ%ﬁa%eé@%%g a Q%ng ! C%Ejfp g@ P?a ﬁ@%gﬁ%ﬁ fé%%%lgcr n? n
accor ddhce cainpduntlfs®. f %dcomnm tq ramo‘édru ragpnecBokiethist ewve®np bhaianedntf odom W R.
G ace Conp% Xrolélrrz]ggr?or botrgr? ord o cgorrlg‘a{[nlo rolr'clte'a‘clolr‘lnrf)loﬂr?‘d fg‘ frof Wbout 0.8 moles to about

5 moles of boron/borate compound per mole of metallocene compounds.

IONIZING IONIC COMPOUNDS

20 The present invention further provides a catalyst composition which can
comprise an ionizing ionic compound. An ionizing ionic compound is an ionic
compound that can function as a co-catalyst to enhance the activity of the catalyst
composition. While not intending to be bound by theory, it is believed that the ionizing
ionic compound is capable of reacting with a metallocene compound and converting the

25  metallocene into one or more cationic metallocene compounds, or incipient cationic
metallocene compounds. Again, while not intending to be bound by theory, it is
believed that the ionizing ionic compound can function as an ionizing compound by
completely or partially extracting an anionic ligand, possibly a non-alkadienyl ligand,
from the metallocene. However, the ionizing ionic compound is an activator or co-

30  catalyst regardless of whether it is ionizes the metallocene, abstracts a ligand in a
fashion as to form an ion pair, weakens the metal-ligand bond in the metallocene,

simply coordinates to a ligand, or activates the metallocene by some other mechanism.



97 having a surface area of about 300 n2/g and a pore vol une of about 1.3
m./g This material was obtai ned as a powder having an average particle size
of about WOQorvmwsas. This nmaterial was inpregnated to POTIUS2@ni4298% ness

wi th an aqueous sol ution of ammnium sulfate to equal about 15% sul f ate.
This m xture was then placed in a 5flat pan and allowed to dry under vacuum
at approxinmately 110 C for about 16 h?grs. To cal ci ne the support,
about 10 grans of this powdered m xtu were placed in a 1.75-inch quartz
tube fitted wt i pt.er i 1.he . t [ owder was
supported on thgurg}egki? 1gin;%g(n g%? éa%?éélﬂdt égen{fl né%dg%tl)&s{ﬁ% tcg%%mdécﬁgéjgﬁl;}gpassi ng

t hrough a 18Xllvodnecaingrousd(ev enlyol urhe, astevstitl dwetiopwelr thet hmorigh iehie di sk at
the 10 linear rate of about 1.6 to 1.8 .standa ubi ¢ feet per hour. An
el'octric 1 ornaet s B aPa s ol e SRR O AL b B s R et

t enper at ur @s wampt@i steda afatatyhe compeitoh aaoubesA@6t Copan dnouvniding tidrec desi r ed
cal ci ni ng terrEer ture of about 600 C. At this tenperature, the powder was

al | oned”t o “PTR{'Yfze for about three hours in the dry air. Afterward, the
suljf ated al um nEXﬁlgﬂd.:SV@ﬁ anizgtgpm)ﬁrﬁt co(nﬁa%)md/saﬁlcmé,llﬁ@thaea naﬂ’lﬂm&t]d)ltd?dhémder
15dry nitr n, and was used w {hout exposure to the atnosphere.

T uot i ded ST HogRois mct TPy LYBYBYTE tea%%ﬁ(@vtplapg%ra Asfnewlbyed in
Exanpl es 7ahthonRisn Pr €RafeE(nh-RolAgRese anc erid-bity hditmbahhow ngriiqeadure. A
silica-alum na was obtained fromWR. ce Co cont ai ni n% about 13%

! G a npany .
al umi na by HBIHRNEHP KA nﬁl(%'_bgﬂp?ré@é?l%‘eateé‘?“é@o%‘{hm&@'@lpﬁg}'y@ 8t a pore
vol ure 19f  ghaurhadndfivil/ 9 TRt 8 @HudBmcAPhRcAfthoate,a POWYEr having
an average particle size of about 70 mcrons. Approximtely 100 grans of
thi s mat er batyDermenivpieegidecstfinpronhenyBbryei BA-digsthalanilingatssakis00 L of
vater and ahoyiord0 SMEndfy AL UBAYIRLPORMLLLIO" L fedin3thiiiey | N @ damp
powder having the consistericy of wet sand. This mxture was then placed in
a flat pan tnblis@4-dwsthytpberipoated er N\Nadimethytanilmpior oxictiglisd . §-dim@hyd- 25f or
about 16 h T p-ne th (AR this
powder ed mB E{nﬁz})gor&t& o ’gfcg%lgtgylgfﬁlﬂgm&]. ‘;qg&?ﬁ@ﬁf{%a%r t z%%%%@?@@gg\%et h a
si nt er d qiNaNtdmdhghknibiiutmhe botakomentdfdrephichg)powder wadesdppantued on t he
di sk, air (nitrogen,can be.substituted r.i ed assing through a 13X
moresutar SebaORERURR e Bt AR ES B PAE® B AR 5571 e
rate of abaoatitakit(2B!-dimethyhsiydibdiated cubi ctiphetylq@erentuaur . An etlrddi(B5e fur nace

around the guar tuhe was then turned on.and the te ure.was raised at
the rate oflﬂ’éegl&'a?zheﬁglg”@t%er houFI@SHﬁ‘f’f‘ébeﬁg@? red caﬁeggﬁﬁ%g'tbfsgﬁﬂg?rgf ure of
For gy SIS e e i 1 1 2
. [ . ir.. . luori

sili cagﬁl urf§tia IS@CtPB\I)E?rG‘FL sHBWg?‘%/’ (B %@fyblg?rla@ct BoPHR sEBHE2dnder dry
ni trogen, aQAnEbiNAShcHFIGEHrad, L h@%}iyli@%powﬁﬁs@g—diﬁ&h?ﬁ) pbeee; Thgylium
pol ymeri zati on runs were conducted in a one-gal OE&?,B. 8-11 ter?yst ainless 5
steel react®irkials For(rgyromstindphenyBoragact or “was pur ged wi t FOATYdgen and
Er1 T SobUt y o R sty Hen Bl o i,
acti vat or - éigpleanylbgaicor libapn  sygkistrelolybBerried hthumt icaakigaalWseratsorponent |
and/ or Hgat gy QIRENER el GO Wi kNGRS 19 on onponent s)
wer e adged [ nﬁ%rt’u%t E%?de?i teh?ﬂjigﬁ%gpcheérgeﬁ%ée?% l\g\ﬁfsr(ﬁelﬁ%tog)\?e%\@%gmﬁéobut ane
vapor . The ligtian getepafitoroimsate| osedumnd tebloisipeRafluogiphpgdlboretne wdien added.
e cont ot il REadieoCh i v £HLEG B0 8RS 19LPAc 848 B Tien. 025
Exanpl es 13editiB xgtrakin(2 wetttyiphtind)borte; eaiot tankief3, edimgthgipbenyHpdregen was
:‘nggelc? Fi()%‘? ulénei\z %%%ﬁ%oﬁrgbélrm?‘%gv pto a%silrl%drté%l%El@(p%r(i!tgﬁlgoroal;[her?‘yﬂblo%(a eq po %SSSiurn’lat o with

30  tetraphenylborate, potassium tetrakis(p-tolyl)borate, potassium tetrakis(m-tolyl)borate,

The

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

dimethylphenyl)borate, potassium tetrafluoroborate, lithium



15 Hydrogen was stored in a 340-nL pressure vessel and added with the
ethyl ene via an automated feeding system while the total reactor pressure
was mnai ntwionew/@s272he desired pressure in the 390-550 p®Cy/usangm419gst he
conbi ned et hyl ene/ hydrogen(if used)/isobutane addition. The reactor was

mai nt ai ned and controlled at either 8 C or 90 C throughout the 30-m nute
run tinme of the polynerization. Upon %)rrpl etion, the 20i sobutane and

et hyl ene were vented fromthe reactor,/the reactor was opened, and the

oi g GuarHEnr RS FRu SRR, BRRe AR AU AR Rty TRARBY CCCn”
conpounds tdgthlumingthese lidwamp| gstrdkasdmitblgl)dlomingtel ng lklinmct ureaskis(2 WO
SUEC T —— L
tetrafluoroaluminate, sodium tetrakis(pentafluorophenyl)aluminate, sodium
5 tetraphenylaluminate, sodium tetrakis(p-tolyl)aluminate, sodium tetrakis(m-
tolyDaluminate, sodium tetrakis(2,4-dimethylphenyl)aluminate, sodium tetrakis(3,5-
dimethylphenyl)aluminate, sodium tetrafluoroaluminate, potassium
tetrakis(pentafluorophenyl)aluminate, potassium tetraphenylaluminate, potassium
tetrakis(p-tolyl)aluminate, potassium tetrakis(m-tolyl)aluminate, potassium tetrakis(2,4-

10 dimethylphenyl)aluminate,  potassium tetrakis  (3,5-dimethylphenyl)aluminate,
potassium tetrafluoroaluminate, and the like, or combinations thereof. Ionizing ionic
compounds useful in this invention are not limited to these; other examples of ionizing
ionic compounds are disclosed in U.S. Patent Nos. 5,576,259 and 5,807,938, the
disclosures of which are incorporated herein by reference in their entirety.

15
OLEFIN MONOMERS

Unsaturated reactants that can be employed with catalyst compositions and
polymerization processes of this invention typically include olefin compounds having
from 2 to 30 carbon atoms per molecule and having at least one olefinic double bond.

20  This invention encompasses homopolymerization processes using a single olefin such
as ethylene or propylene, as well as copolymerization, terpolymerization, etc., reactions
using an olefin monomer with at least one different olefinic compound. For example,
the resultant ethylene copolymers, terpolymers, etc., generally contain a major amount
of ethylene (>50 mole percent) and a minor amount of comonomer (<50 mole percent),

25  though this is not a requirement. Comonomers that can be copolymerized with
ethylene often have from 3 to 20 carbon atoms in their molecular chain.

Acyclic, cyclic, polycyclic, terminal (a), 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

30  the catalyst compositions of this invention include, but are not limited to, ethylene,
propylene, 1-butene, 2-butene, 3-methyl-1-butene, isobutylene, 1-pentene, 2-pentene,

3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene, 2-hexene, 3-hexene, 3-ethyl-1-



1011-411-5 These netal | ocene conpounds can be prepared in accordance
with any suitable nethod. Representative techniques are described in U S.
Pat ent NowO 26120@637494, 7,199,073, 7,312,283, 7,456, 243, pamwsZ9138129572, and
U S. Patent Publication 100 2009/0088543, the disclosures of which are

I ncorporated herein by reference in their entirety. The

pol yneri zation conditions for Exanplez 1-10 are sumari zed in Table I,
while the resultant pol yner propertie Tt or Exanpl es 1-10 are sunmari zed in

Table 11. ' LO O | yste cO e 1) es 1-10
was mﬁthin%%lggn%grgg%hégﬁ%%F’%ﬁ%ﬁ%%’g%gﬁ]W%B§5*$%%ﬁkﬁé%ngﬁ§%Zo %ners of
Exanpl es 1{@0 nomsal wottdnes the: fivamgend derenesb et thd Lik@ 00 mixsuraboflty o2 n@dO g/ mol .
Seanpt es 155 0 GompSfid EidieCnd Rl Slslhle MebirgR e Binst B Sne of i ne
pol ymer s oktydépehcasipdye®héxehe, m@nisbriti€ae, doibbhnaditeataasd thdékeaodl@cednabe wei ght

0oL DM o Bl e ROLHIPY5,01 SEXGL e, 1Al SPy 2ot ogpShy 2 € P
FI GS. 5-8 iptdstistiiahor he MARpenché brfibGBRofkr &heCPo]yuidEms akémixanpl es 5, 6,
1L o 12, [SSRocl el v TGS BRLYIRLE MR bndal D and. 10
Al kyl  Al'um num Qu@n "aRbpolyBA Qor Calf¥Rbiveld, BA terpolymer) is desired, the olefin
monomer can comprise, for example, ethylene or propylene, which is copolymerized
10 with at least one comonomer. According to one aspect of this invention, the olefin
monomer in the polymerization process comprises ethylene. In this aspect, examples
of suitable olefin comonomers include, but are not limited to, propylene, 1-butene, 2-
butene, 3-methyl-1-butene, isobutylene, 1-pentene, 2-pentene, 3-methyl-1-pentene, 4-
methyl-1-pentene, 1-hexene, 2-hexene, 3-ethyl-1-hexene, 1-heptene, 2-heptene, 3-
15  heptene, 1-octene, 1-decene, styrene, and the like, or combinations thercof. According
to one aspect of the present invention, the comonomer can comprise 1-butene, 1-
pentene, 1-hexene, 1-octene, 1-decene, styrene, or any combination thereof.
Generally, the amount of comonomer introduced into a reactor zone to produce
the copolymer is from about 0.01 to about 50 weight percent of the comonomer based
20 on the total weight of the monomer and comonomer. According to another aspect of
the present invention, the amount of comonomer introduced into a reactor zone is from
about 0.01 to about 40 weight percent comonomer based on the total weight of the
monomer and comonomer. In still another aspect, the amount of comonomer
introduced into a reactor zone is from about 0.1 to about 35 weight percent comonomer
25  Dbased on the total weight of the monomer and comonomer. Yet, in another aspect, the
amount of comonomer introduced into a reactor zone is from about 0.5 to about 20
weight percent comonomer based on the total weight of the monomer and comonomer.
While not intending to be bound by this theory, where branched, substituted, or
functionalized olefins are used as reactants, it is believed that a steric hindrance can
30  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
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situated more proximate to the carbon-carbon double bond might. According to one
aspect of the present invention, at least one monomer/reactant is ethylene, so the
polymerizations are either a homopolymerization involving only ethylene, or
copolymerizations with a different acyclic, cyclic, terminal, internal, linear, branched,
S substituted, or unsubstituted olefin. In addition, the catalyst compositions of this
invention can be used in the polymerization of diolefin compounds including, but not

limited to, 1,3-butadiene, isoprene, 1,4-pentadiene, and 1,5-hexadiene.

CATALYST COMPOSITION

10 The present invention employs catalyst compositions containing catalyst
component I, catalyst component II, and at least one activator. These catalyst
compositions can be utilized to produce polyolefins — homopolymers, copolymers, and
the like — for a variety of end-use applications. Catalyst components I and II were
discussed above. In aspects of the present invention, it is contemplated that catalyst

15 component I can contain more than one metallocene compound and/or catalyst
component II can contain more than one metallocene compound. Further, additional
metallocene compounds — other than those specified in catalyst component I or catalyst
component II — can be employed in the catalyst composition and/or the polymerization
process, provided that the additional metallocene compound(s) does not detract from

20  the advantages disclosed herein. Additionally, more than one activator also may be
utilized.

Generally, catalyst compositions of the present invention comprise catalyst
component I, catalyst component II, and at least one activator. In aspects of the
invention, the at least one activator can comprise at least one activator-support.

25  Activator-supports useful in the present invention were disclosed above. Such catalyst
compositions can further comprise one or more than one organoaluminum compound
or compounds (suitable organoaluminum compounds also were discussed above).
Thus, a catalyst composition of this invention can comprise catalyst component I,
catalyst component II, at least one activator-support, and at least one organoaluminum

30 compound. For instance, the at least one activator-support can comprise fluorided
alumina, chlorided alumina, bromided alumina, sulfated alumina, fluorided silica-

alumina, chlorided silica-alumina, bromided silica-alumina, sulfated silica-alumina,
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fluorided silica-zirconia, chlorided silica-zirconia, bromided silica-zirconia, sulfated
silica-zirconia, fluorided silica-titania, fluorided silica-coated alumina, sulfated silica-
coated alumina, phosphated silica-coated alumina, and the like, or combinations
thereof. Additionally, the at least one organoaluminum compound can comprise
5 trimethylaluminum, triethylaluminum, tri-n-propylaluminum, tri-n-butylaluminum,
triisobutylaluminum, tri-n-hexylaluminum, tri-n-octylaluminum, diisobutylaluminum
hydride, diethylaluminum ethoxide, diethylaluminum chloride, and the like, or
combinations thereof.
In another aspect of the present invention, a catalyst composition is provided
10 which comprises catalyst component I, catalyst component II, at least one activator-
support, and at least one organoaluminum compound, wherein this catalyst composition
is substantially free of aluminoxanes, organoboron or organoborate compounds,
ionizing ionic compounds, and/or other similar materials; alternatively, substantially
free of aluminoxanes; alternatively, substantially free or organoboron or organoborate
15  compounds; or alternatively, substantially free of ionizing ionic compounds. In these
aspects, the catalyst composition has catalyst activity, to be discussed below, in the
absence of these additional materials. For example, a catalyst composition of the
present invention can consist essentially of catalyst component I, catalyst component 11,
an activator-support, and an organoaluminum compound, wherein no other materials
20  are present in the catalyst composition which would increase/decrease the activity of
the catalyst composition by more than about 10% from the catalyst activity of the
catalyst composition in the absence of said materials.
However, in other aspects of this invention, these activators/co-catalysts can be
employed. For example, a catalyst composition comprising catalyst component I,
25  catalyst component II, and an activator-support, can further comprise an optional co-
catalyst.  Suitable co-catalysts in this aspect include, but arec not limited to,
aluminoxane compounds, organoboron or organoborate compounds, ionizing ionic
compounds, and the like, or any combination thereof. More than one co-catalyst can be
present in the catalyst composition.
30 In a different aspect, a catalyst composition is provided which does not require
an activator-support. Such a catalyst composition can comprise catalyst component I,

catalyst component II, and at least one activator, wherein the at least one activator
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comprises at least one aluminoxane compound, at least one organoboron or organoborate
compound, at least one ionizing ionic compound, or combinations thereof.

In a particular aspect contemplated herein, the catalyst composition is a dual

catalyst composition comprising an activator (one or more than one), only one catalyst

5 component I metallocene compound, and only one catalyst component II metallocene

compound. In these and other aspects, the catalyst composition can comprise at least

one activator; only one compound having formula (A), formula (B), or a dinuclear

compound formed from an alkenyl-substituted compound having formula (A), formula

(B), or a combination thereof; and only one compound having formula (C), formula

10 (D), formula (E), formula (F), or a dinuclear compound formed from an alkenyl-

substituted compound having formula (C), formula (D), formula (E), formula (F), or a

combination thereof. In some aspects, the catalyst composition can comprise at least

one activator, only one metallocene compound having formula (A) or formula (B), and

only one metallocene compound having formula (C), formula (D), formula (E), or

15  formula (F). For example, the catalyst composition can comprise at least one activator,

only one metallocene compound having formula (A), and only one metallocene

compound having formula (C); alternatively, the catalyst composition can comprise at

least one activator, only one metallocene compound having formula (A), and only one

metallocene compound having formula (D); alternatively, the catalyst composition can

20 comprise at least one activator, only one metallocene compound having formula (A),

and only one metallocene compound having formula (E); alternatively, the catalyst

composition can comprise at least one activator, only one metallocene compound

having formula (A), and only one metallocene compound having formula (F);

alternatively, the catalyst composition can comprise at least one activator, only one

25  metallocene compound having formula (B), and only one metallocene compound

having formula (C); alternatively, the catalyst composition can comprise at least one

activator, only one metallocene compound having formula (B), and only one

metallocene compound having formula (D); alternatively, the catalyst composition can

comprise at least one activator, only one metallocene compound having formula (B),

30  and only one metallocene compound having formula (E); or alternatively, the catalyst

composition can comprise at least one activator, only one metallocene compound

having formula (B), and only one metallocene compound having formula (F). In these
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aspects, only two metallocene compounds are present in the catalyst composition, i.e.,
one catalyst component I ansa-metallocene compound and one catalyst component 11
metallocene compound. It is also contemplated that a dual metallocene catalyst
composition can contain minor amounts of an additional metallocene compound(s), but
5 this is not a requirement, and generally the dual catalyst composition can consist
essentially of the aforementioned two metallocene compounds, and in the substantial
absence of any additional metallocene compounds, wherein any additional metallocene
compounds would not increase/decrease the activity of the catalyst composition by
more than about 10% from the catalyst activity of the catalyst composition in the
10 absence of the additional metallocene compounds.

This invention further encompasses methods of making these catalyst
compositions, such as, for example, contacting the respective catalyst components in
any order or sequence.

The metallocene compound from catalyst component I, the metallocene

15  compound from catalyst component II, or both, can be precontacted with an olefinic
monomer if desired, not necessarily the olefin monomer to be polymerized, and an
organoaluminum compound for a first period of time prior to contacting this
precontacted mixture with an activator-support. The first period of time for contact, the
precontact time, between the metallocene compound, the olefinic monomer, and the

20 organoaluminum compound typically ranges from a time period of about 1 minute to
about 24 hours, for example, from about 0.05 hours to about 1 hour. Precontact times
from about 10 minutes to about 30 minutes are also employed. Alternatively, the
precontacting process is carried out in multiple steps, rather than a single step, in which
multiple mixtures are prepared, each comprising a different set of catalyst components.

25  For example, at least two catalyst components are contacted forming a first mixture,
followed by contacting the first mixture with at least one other catalyst component
forming a second mixture, and so forth.

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

30  (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
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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 used
in different precontacting treatments. For example, part of a catalyst component is fed
into a first precontacting vessel for precontacting with at least one other catalyst
component, while the remainder of that same catalyst component is fed into a second
precontacting vessel for precontacting with at least one other catalyst component, or is
fed directly into the reactor, or a combination thercof. The precontacting can be carried
out in any suitable equipment, such as tanks, stirred mix tanks, various static mixing
devices, a flask, a vessel of any type, or combinations of these apparatus.

In another aspect of this invention, the various catalyst components (for
example, catalyst component [, catalyst component II, activator-support,
organoaluminum co-catalyst, and optionally an unsaturated hydrocarbon) are contacted
in the polymerization reactor simultaneously while the polymerization reaction is
proceeding. Alternatively, any two or more of these catalyst components can be
precontacted in a vessel prior to entering the reaction zone. This precontacting step can
be continuous, in which the precontacted product is fed continuously to the reactor, or it
can be a stepwise or batchwise process in which a batch of precontacted product is
added to make a catalyst composition. This precontacting step can be carried out over a
time period that can range from a few seconds to as much as several days, or longer. In
this aspect, the continuous precontacting step generally lasts from about 1 second to
about 1 hour. In another aspect, the continuous precontacting step lasts from about 10
seconds to about 45 minutes, or from about 1 minute to about 30 minutes.

Once the precontacted mixture of a catalyst component I metallocene compound
and/or catalyst component II metallocene, olefin monomer, and organoaluminum co-
catalyst is contacted with the activator-support, this composition (with the addition of
the activator-support) is termed the “postcontacted mixture.” The postcontacted
mixture optionally remains in contact for a second period of time, the postcontact time,
prior to initiating the polymerization process. Postcontact times between the
precontacted mixture and the activator-support generally range from about 1 minute to
about 24 hours. In a further aspect, the postcontact time is in a range from about 0.05

hours to about 1 hour. The precontacting step, the postcontacting step, or both, can

au 1
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increase the productivity of the polymer as compared to the same catalyst composition
that is prepared without precontacting or postcontacting. However, neither a
precontacting step nor a postcontacting step is required.

The postcontacted mixture can be heated at a temperature and for a time period
sufficient to allow adsorption, impregnation, or interaction of precontacted mixture and
the activator-support, such that a portion of the components of the precontacted mixture
is immobilized, adsorbed, or deposited thereon. Where heating is employed, the
postcontacted mixture generally is heated to a temperature of from between about 0 °F
to about 150 °F, or from about 40 °F to about 95 °F.

According to one aspect of this invention, the weight ratio of catalyst
component I to catalyst component II in the catalyst composition generally is in a range
from about 100:1 to about 1:100. In another aspect, the weight ratio is in a range from
about 75:1 to about 1:75, from about 50:1 to about 1:50, or from about 30:1 to about
1:30. Yet, in another aspect, the weight ratio of catalyst component I to catalyst
component II in the catalyst composition is in a range from about 25:1 to about 1:25.
For instance, the weight ratio can be in a range from about 20:1 to about 1:20, from
about 15:1 to about 1:15, from about 10:1 to about 1:10, from about 5:1 to about 1:5;
from about 4:1 to about 1:4, or from about 3:1 to about 1:3.

When a precontacting step is used, the molar ratio of the total moles of olefin
monomer to total moles of metallocene(s) in the precontacted mixture is typically in a
range from about 1:10 to about 100,000:1. Total moles of each component are used in
this ratio to account for aspects of this invention where more than one olefin monomer
and/or more than one metallocene is employed in a precontacting step. Further, this
molar ratio can be in a range from about 10:1 to about 1,000:1 in another aspect of the
invention.

Generally, the weight ratio of organoaluminum compound to activator-support
is in a range from about 10:1 to about 1:1000. If more than one organoaluminum
compound and/or more than one activator-support is employed, this ratio is based on
the total weight of each respective component. In another aspect, the weight ratio of
the organoaluminum compound to the activator-support is in a range from about 3:1 to

about 1:100, or from about 1:1 to about 1:50.
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In some aspects of this invention, the weight ratio of metallocene compounds
(total of catalyst component I and catalyst component II) to activator-support is in a
range from about 1:1 to about 1:1,000,000. If more than one activator-support is
employed, this ratio is based on the total weight of the activator-support. In another
aspect, this weight ratio is in a range from about 1:5 to about 1:100,000, or from about
1:10 to about 1:10,000. Yet, in another aspect, the weight ratio of the metallocene
compounds to the activator-support is in a range from about 1:20 to about 1:1000.

Catalyst compositions of the present invention generally have a catalyst activity
greater than about 100 grams of polyethylene (homopolymer, copolymer, etc., as the
context requires) per gram of activator-support per hour (abbreviated gP/(gAS-hr)). In
another aspect, the catalyst activity is greater than about 150, greater than about 250, or
greater than about 500 gP/(gAS-hr). In still another aspect, catalyst compositions of
this invention are characterized by having a catalyst activity greater than about 1000,
greater than about 1500, or greater than about 2000 gP/(gAS-hr). Yet, in another
aspect, the catalyst activity is greater than about 2500 gP/(gAS-hr). This activity is
measured under slurry polymerization conditions using isobutane as the diluent, at a
polymerization temperature of about 90°C and a reactor pressure of about 450 psig.

As discussed above, any combination of the metallocene compound from
catalyst component I and/or from catalyst component II, the activator-support, the
organoaluminum compound, and the olefin monomer, can be precontacted in some
aspects of this invention. When any precontacting occurs with an olefinic monomer, it
is not necessary that the olefin monomer used in the precontacting step be the same as
the olefin to be polymerized. Further, when a precontacting step among any
combination of the catalyst components is employed for a first period of time, this
precontacted mixture can be used in a subsequent postcontacting step between any
other combination of catalyst components for a second period of time. For example,
one or more metallocene compounds, the organoaluminum compound, and 1-hexene
can be used in a precontacting step for a first period of time, and this precontacted
mixture then can be contacted with the activator-support to form a postcontacted
mixture that is contacted for a second period of time prior to initiating the
polymerization reaction. For example, the first period of time for contact, the

precontact time, between any combination of the metallocene compound(s), the olefinic
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monomer, the activator-support, and the organoaluminum compound can be from about
1 minute to about 24 hours, from about 3 minutes to about 1 hour, or from about 10
minutes to about 30 minutes. The postcontacted mixture optionally is allowed to
remain in contact for a second period of time, the postcontact time, prior to initiating
5 the polymerization process. According to one aspect of this invention, postcontact
times between the precontacted mixture and any remaining catalyst components is from

about 1 minute to about 24 hours, or from about 0.1 hour to about 1 hour.

POLYMERIZATION PROCESS
10 Catalyst compositions of the present invention can be used to polymerize
olefins to form homopolymers, copolymers, terpolymers, and the like. One such
process for polymerizing olefins in the presence of a catalyst composition of the present
invention comprises contacting the catalyst composition with an olefin monomer and
optionally an olefin comonomer under polymerization conditions to produce an olefin
15  polymer, wherein the catalyst composition comprises catalyst component I, catalyst
component II, and at least one activator. Catalyst component I can comprise a
compound having formula (A); a compound having formula (B); a dinuclear compound
formed from an alkenyl-substituted compound having formula (A), formula (B), or a
combination thereof; or any combination thereof. Catalyst component I can comprise
20 acompound having formula (C); a compound having formula (D); a compound having
formula (E); a compound having formula (F); a dinuclear compound formed from an
alkenyl-substituted compound having formula (C), formula (D), formula (E), formula
(F), or a combination thereof; or any combination thereof
In accordance with one aspect of the invention, the polymerization process
25  employs a catalyst composition comprising catalyst component I, catalyst component
I, and at least one activator, wherein the at least one activator comprises at least one
activator-support.  This catalyst composition can further comprise at least one
organoaluminum compound. Suitable organoaluminum compounds can include, but
are not limited to, trimethylaluminum, triethylaluminum, tri-n-propylaluminum, tri-n-
30  Dbutylaluminum, triisobutylaluminum, tri-n-hexylaluminum, tri-n-octylaluminum,
diisobutylaluminum hydride, diethylaluminum ethoxide, diethylaluminum chloride, and

the like, or any combination thereof.
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In accordance with another aspect of the invention, the polymerization process
employs a catalyst composition comprising only one catalyst component I metallocene
compound (e.g., a metallocene compound having formula (A) or formula (B)); only
one catalyst component II metallocene compound (e.g., a metallocene compound

5 having formula (C) or formula (D) or formula (E) or formula (F)); at least one
activator-support; and at least one organoaluminum compound.

In accordance with yet another aspect of the invention, the polymerization
process employs a catalyst composition comprising catalyst component I, catalyst
component II, and at least one activator, wherein the at least one activator comprises at

10 least one aluminoxane compound, at least one organoboron or organoborate compound, at
least one ionizing ionic compound, or combinations thereof.

The catalyst compositions of the present invention are intended for any olefin
polymerization method using various types of polymerization reactors. As used herein,
“polymerization reactor” includes any polymerization reactor capable of polymerizing

15  olefin monomers and comonomers (one or more than one comonomer) to produce
homopolymers, copolymers, terpolymers, and the like. The various types of reactors
include those that may be referred to as a batch reactor, slurry reactor, gas-phase
reactor, solution reactor, high pressure reactor, tubular reactor, autoclave reactor, and
the like, or combinations thereof. The polymerization conditions for the various reactor

20 types are well known to those of skill in the art. Gas phase reactors may comprise
fluidized bed reactors or staged horizontal reactors. Slurry reactors may comprise
vertical or horizontal loops. High pressure reactors may comprise autoclave or tubular
reactors. Reactor types can include batch or continuous processes. Continuous
processes could use intermittent or continuous product discharge. Processes may also

25  include partial or full direct recycle of unreacted monomer, unreacted comonomer,
and/or diluent.

Polymerization reactor systems of the present invention may comprise one type
of reactor in a system or multiple reactors of the same or different type. Production of
polymers in multiple reactors may include several stages in at least two separate

30  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
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from the operating conditions of the other reactors. Alternatively, polymerization in

multiple reactors may include the manual transfer of polymer from one reactor to

subsequent reactors for continued polymerization. Multiple reactor systems may

include any combination including, but not limited to, multiple loop reactors, multiple

5 gas phase reactors, a combination of loop and gas phase reactors, multiple high

pressure reactors, or a combination of high pressure with loop and/or gas phase
reactors. The multiple reactors may be operated in series, in parallel, or both.

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

may comprise at least one loop slurry reactor comprising vertical or horizontal loops.

10 Monomer, diluent, catalyst, and comonomer may be continuously fed to a loop reactor
where polymerization occurs. Generally, continuous processes may comprise the
continuous introduction of monomer/comonomer, a catalyst, and a diluent into a
polymerization reactor and the continuous removal from this reactor of a suspension
comprising polymer particles and the diluent. Reactor effluent may be flashed to

15  remove the solid polymer from the liquids that comprise the diluent, monomer and/or
comonomer. Various technologies may be used for this separation step including but
not limited to, flashing that may include any combination of heat addition and pressure
reduction; separation by cyclonic action in either a cyclone or hydrocyclone; or
separation by centrifugation.

20 A typical slurry polymerization process (also known as the particle form
process) is disclosed, for example, in U.S. Patent Nos. 3,248,179, 4,501,885,
5,565,175, 5,575,979, 6,239,235, 6,262,191, and 6,833,415, each of which is
incorporated herein by reference in its entirety.

Suitable diluents used in slurry polymerization include, but are not limited to,

25  the monomer being polymerized and hydrocarbons that are liquids under reaction
conditions. Examples of suitable diluents include, but are not limited to, hydrocarbons
such as propane, cyclohexane, isobutane, n-butane, n-pentane, isopentane, neopentane,
and n-hexane. Some loop polymerization reactions can occur under bulk conditions
where no diluent is used. An example is polymerization of propylene monomer as

30  disclosed in U.S. Patent Nos. 5,455,314, which is incorporated by reference herein in

its entirety.
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According to yet another aspect of this invention, the polymerization reactor
may comprise at least one gas phase reactor. Such systems may employ a continuous
recycle stream containing one or more monomers continuously cycled through a
fluidized bed in the presence of the catalyst under polymerization conditions. A

5  recycle stream may be withdrawn from the fluidized bed and recycled back into the
reactor. Simultaneously, polymer product may be withdrawn from the reactor and new
or fresh monomer may be added to replace the polymerized monomer. Such gas phase
reactors may comprise a process for multi-step gas-phase polymerization of olefins, in
which olefins are polymerized in the gaseous phase in at least two independent gas-

10 phase polymerization zones while 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, 4,588,790, and 5,436,304, each of
which is incorporated by reference in its entirety herein.

According to still another aspect of the invention, a high pressure

15  polymerization reactor may comprise a tubular reactor or an autoclave reactor.
Tubular reactors may have several zones where fresh monomer, initiators, or catalysts
are added. Monomer may be entrained in an inert gaseous stream and introduced at
one zone of the reactor. Initiators, catalysts, and/or catalyst components may be
entrained in a gaseous stream and introduced at another zone of the reactor. The gas

20  streams may be intermixed for polymerization. Heat and pressure may be employed
appropriately to obtain optimal polymerization reaction conditions.

According to yet another aspect of the invention, the polymerization reactor
may comprise a solution polymerization reactor wherein the monomer/comonomer are
contacted with the catalyst composition by suitable stirring or other means. A carrier

25  comprising an inert organic diluent or excess monomer may be employed. If desired,
the monomer/comonomer may be brought in the vapor phase into contact with the
catalytic reaction product, in the presence or absence of liquid material. The
polymerization zone is maintained at temperatures and pressures that will result in the
formation of a solution of the polymer in a reaction medium. Agitation may be

30  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.
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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

5 purification, catalyst storage and preparation, extrusion, reactor cooling, polymer
recovery, fractionation, recycle, storage, loadout, laboratory analysis, and process
control.

Polymerization conditions that are controlled for efficiency and to provide
desired polymer properties can include temperature, pressure, and the concentrations of

10 various reactants. Polymerization temperature can affect catalyst productivity,
polymer molecular weight, and molecular weight distribution. A suitable
polymerization temperature may be any temperature below the de-polymerization
temperature according to the Gibbs Free energy equation. Typically, this includes from
about 60 °C to about 280 °C, for example, or from about 60 °C to about 110 °C,

15  depending upon the type of polymerization reactor. In some reactor systems, the
polymerization temperature generally is within a range from about 70 °C to about 90
°C, or from about 75 °C to about 85 °C.

Suitable pressures will also vary according to the reactor and polymerization
type. The pressure for liquid phase polymerizations in a loop reactor is typically less

20 than 1000 psig. Pressure for gas phase polymerization is usually at about 200 to 500
psig. High pressure polymerization in tubular or autoclave reactors is generally run at
about 20,000 to 75,000 psig. Polymerization reactors can also be operated in a
supercritical region occurring at generally higher temperatures and pressures.
Operation above the critical point of a pressure/temperature diagram (supercritical

25  phase) may offer advantages.

Aspects of this invention are directed to olefin polymerization processes
comprising contacting a catalyst composition with an olefin monomer and optionally at
least one olefin comonomer under polymerization conditions to produce an olefin
polymer. The olefin polymer produced by the process can have a Mn in a range from

30 about 9,000 to about 30,000 g/mol. In addition, or alternatively, the olefin polymer can
have a ratio of Mw/Mn from about 4 to about 20. In addition, or alternatively, the

olefin polymer can have a broad and/or a bimodal molecular weight distribution. In
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addition, or alternatively, the olefin polymer can have a short chain branch content that
decreases as molecular weight increases.
Aspects of this invention also are directed to olefin polymerization processes
conducted in the absence of added hydrogen. Accordingly, an olefin polymerization
5 process of this invention can comprise contacting a catalyst composition with an olefin
monomer and optionally at least one olefin comonomer under polymerization
conditions to produce an olefin polymer, wherein the catalyst composition comprises
catalyst component I, catalyst component II, and at least one activator, and wherein the
polymerization process is conducted in the absence of added hydrogen. As disclosed
10  above, catalyst component I can comprise a compound having formula (A); a
compound having formula (B); a dinuclear compound formed from an alkenyl-
substituted compound having formula (A), formula (B), or a combination thereof; or
any combination thereof. Additionally, catalyst component II can comprise a
compound having formula (C); a compound having formula (D); a compound having
15 formula (E); a compound having formula (F); a dinuclear compound formed from an
alkenyl-substituted compound having formula (C), formula (D), formula (E), formula
(F), or a combination thereof; or any combination thereof
As one of ordinary skill in the art would recognize, hydrogen can be generated
in-situ by metallocene catalyst compositions in various olefin polymerization
20 processes, and the amount generated may vary depending upon the specific catalyst
composition and metallocene compound(s) employed, the type of polymerization
process used, the polymerization reaction conditions utilized, and so forth. Therefore,
although hydrogen may not be added to the polymerization reactor, it is contemplated
that polymerization processes in accordance with this invention can be conducted in the
25  presence of about 1 to about 1000 ppm hydrogen or, more typically, in the presence of
about 5 ppm to about 750 ppm, or in the presence of about 10 ppm to about 500 ppm
hydrogen. Hence, hydrogen contents in the polymerization reactor may be in a range
from about 12 ppm to about 475 ppm, from about 15 ppm to about 450 ppm, from
about 20 ppm to about 425 ppm, or from about 25 ppm to about 400 ppm.
30 While in many aspects of this invention, hydrogen is not added during the
polymerization process, Applicants contemplate that the beneficial polymer properties

resulting from the use of the disclosed dual catalyst compositions (i.e., catalyst
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component I and catalyst component II) are not limited only to circumstances where
hydrogen is not added to the polymerization reactor. For instance, Applicants
contemplate that low levels of added hydrogen may be used, and the amount of added
hydrogen may depend on the desired polymer molecular weight and/or polymer melt
index, among other considerations.

According to one aspect of this invention, the ratio of hydrogen to the olefin
monomer in the polymerization process can be controlled. This weight ratio generally
can range from about 1 ppm to about 1000 ppm of hydrogen, based on the weight of
the olefin monomer. For instance, the reactant or feed ratio of hydrogen to olefin
monomer can be controlled at a weight ratio which falls within a range from about 5
ppm to about 900 ppm, from about 7 ppm to about 750 ppm, or from about 10 ppm to
about 500 ppm. Furthermore, the reactant or feed ratio of hydrogen to olefin monomer
can be controlled at a weight ratio in a range from about 15 ppm to about 475 ppm,
from about 20 ppm to about 450 ppm, or from about 25 ppm to about 400 ppm, in some
aspects of this invention.

In ethylene polymerizations, the feed ratio of hydrogen to ethylene monomer,
irrespective of comonomer(s) employed, may be controlled at a weight ratio within a
range from about 1 ppm to about 1000 ppm; alternatively, from about 5 ppm to about
900 ppm; alternatively, from about 7 ppm to about 750 ppm; alternatively, from about
10 ppm to about 500 ppm; alternatively, from about 15 ppm to about 475 ppm;
alternatively, from about 20 ppm to about 450 ppm; or alternatively, from about 25
ppm to about 400 ppm.

In another aspect, the feed or reactant ratio of hydrogen to olefin monomer is
maintained substantially constant during the polymerization run for a particular
polymer grade. That is, the hydrogen:olefin ratio is sclected at a particular ratio within
the range from about 1 ppm to about 1000 ppm, and maintained at the ratio to within
about +/- 25% during the polymerization run. For instance, if the target ratio is 100
ppm, then maintaining the hydrogen:olefin ratio substantially constant would entail
maintaining the feed ratio between about 75 ppm and about 125 ppm. Further, the
addition of comonomer (or comonomers) can be, and generally is, substantially

constant throughout the polymerization run for a particular polymer grade.
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However, in another aspect, it is contemplated that monomer, comonomer (or
comonomers), and/or hydrogen can be periodically pulsed to the reactor, for instance,
in a manner similar to that employed in U.S. Patent No. 5,739,220 and U.S. Patent
Publication No. 2004/0059070, the disclosures of which are incorporated herein by

5 reference in their entirety.

The concentration of the reactants entering the polymerization reactor can be
controlled to produce resins with certain physical and mechanical properties. The
proposed end-use product that will be formed by the polymer resin and the method of
forming that product ultimately can determine the desired polymer properties and

10  attributes. Mechanical properties include tensile, flexural, impact, creep, stress
relaxation, and hardness tests. Physical properties include density, molecular weight,
molecular weight distribution, melting temperature, glass transition temperature,
temperature melt of crystallization, density, stereoregularity, crack growth, long chain
branching, and rheological measurements.

15 This invention is also directed to, and encompasses, the polymers produced by
any of the polymerization processes disclosed herein. Articles of manufacture can be
formed from, and/or can comprise, the polymers produced in accordance with this

invention.

20  POLYMERS AND ARTICLES
If the resultant polymer produced in accordance with the present invention is,
for example, a polymer or copolymer of ethylene, its properties can be characterized by
various analytical techniques known and used in the polyolefin industry. Articles of
manufacture can be formed from, and/or can comprise, the ethylene polymers of this
25  invention, whose typical propertics are provided below.
Polymers of ethylene (copolymers, terpolymers, etc.) produced in accordance
with this invention generally have a melt index from about 0.001 to about 100 g/10
min. Melt indices in the range from about 0.001 to about 75 g/10 min, from about 0.01
to about 50 g/10 min, or from about 0.05 to about 30 g/10 min, are contemplated in
30  some aspects of this invention. For example, a polymer of the present invention can
have a melt index (MI) in a range from about 0.05 to about 25, or from about 0.1 to

about 10 g/10 min.
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system containing a single catal yst conponent |I 5netall ocene The
cat al yst worgpvment72l net al | ocene conpound used in thesepPexarspdiesn4ivasl t he
followi ng structure: 10I-1 The pol ynerization conditions for
Exanpl es 13-16 are summarized in Table Il1, while the resultant polyner

properties for Exanples 13-16 are surm?rized in Table IV. FIG 9
illustrates the nol ecul ar wei ght di stP7butions of the pol ymers of 15
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| argely unaf HgMIédlI iy redpe feomoahout 5)fo dbyutrldgﬁmdaahd@d ekmnnlﬁhd‘rqnemloto
to about 125, from about 10 to about 100, from about 15 to about 90, from about 15 to
about 80, from about 20 to about 70, or from about 25 to about 65.
5 The density of ethylene-based polymers produced using the catalyst systems
and processes disclosed herein typically falls within the range from about 0.88 to about
0.97 g/lem’. In one aspect of this invention, the density of an ethylene polymer is in a
range from about 0.90 to about 0.95 g/cm’. Yet, in another aspect, the density is in a
range from about 0.91 to about 0.945 g/cm3 , such as, for example, from about 0.92 to

10 about 0.945 g/cm’.

Ethylene polymers, such as copolymers and terpolymers, within the scope of the
present invention generally have a polydispersity index — a ratio of the weight-average
molecular weight (Mw) to the number-average molecular weight (Mn) — in a range
from about 4 to about 20. In some aspects disclosed herein, the ratio of Mw/Mn is in a

15  range from about 4 to about 18, from about 4 to about 16, from about 4.2 to about 16,
or from about 4.2 to about 15. For instance, the Mw/Mn of the polymer can be within a
range from about 4.2 to about 12, from about 4.2 to about 10, from about 4.3 to about &,
or from about 4.3 to about 7.5.

The ratio of Mz/Mw for the polymers of this invention often is in a range from

20 about 2.2 to about 10. Mz is the z-average molecular weight, and Mw is the weight-
average molecular weight. In accordance with one aspect, the Mz/Mw of the ethylene
polymers of this invention is in a range from about 2.2 to about 8, from about 2.2 to
about 7, from about 2.3 to about 7, from about 2.4 to about 6, or from about 2.5 to
about 5.

25 Ethylene polymers can have, in some aspects of this invention, a Mn within a
range from about 7,000 to about 40,000 g/mol, such as, for example, from about 8,000
to about 35,000, or from about 9,000 to about 30,000 g/mol. Accordingly, the Mn of
the ethylene polymer can be within a range from about 9,000 to about 28,000 g/mol in
aspects of this invention; alternatively, from about 9,500 to about 26,000 g/mol;

30  alternatively, from about 9,500 to about 25,000 g/mol; alternatively, from about 10,000
to about 25,000 g/mol; alternatively, from about 10,500 to about 24,000 g/mol; or
alternatively, from about 11,000 to about 23,000 g/mol.
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Ethylene polymers (e.g., copolymers) produced using the polymerization
processes and catalyst systems described above can have a short chain branch content
that decreases as molecular weight increases, i.e., the higher molecular weight
components of the polymer generally have lower comonomer incorporation than the
lower molecular weight components, or there is decreasing comonomer incorporation
with increasing molecular weight. Often, the amount of comonomer incorporation at
higher molecular weights can be about 20% lower, or about 30% lower, or about 50%
lower, or about 70% lower, or about 90% lower, than at lower molecular weights. For
instance, the number of short chain branches (SCB) per 1000 total carbon atoms can be
greater at Mn than at Mw. Ethylene polymers of this invention may have a SCBD
(short chain branching distribution) that is similar to the SCBD found in ethylene
polymers produced using traditional Ziegler-Natta catalyst systems.

In addition, the SCBD (short chain branching distribution) of polymers of the
present invention can be characterized by the ratio of the number of SCB per 1000 total
carbon atoms of the polymer at D90 to the number of SCB per 1000 total carbon atoms
of the polymer at D10, i.c., (SCB at D90) / (SCB at D10). D90 is the molecular weight
at which 90% of the polymer by weight has higher molecular weight, and D10 is the
molecular weight at which 10% of the polymer by weight has higher molecular weight.
D90 and D10 are depicted graphically in FIG. 1 for a molecular weight distribution
curve as a function of increasing logarithm of the molecular weight. In accordance
with one aspect of the present invention, a ratio of the number of short chain branches
(SCB) per 1000 total carbon atoms of the polymer at D90 to the number of SCB per
1000 total carbon atoms of the polymer at D10 is in a range from about 1.1 to about 20.
For instance, the ratio of the number of short chain branches (SCB) per 1000 total
carbon atoms of the polymer at D90 to the number of SCB per 1000 total carbon atoms
of the polymer at D10 can be in a range from about 1.1 to about 10, or from about 1.2
to about 6, or from about 1.2 to about 3. Generally, polymers disclosed herein have
from about 1 to about 20 short chain branches (SCB) per 1000 total carbon atoms at
D90, and this typically varies with the density of the polymer.

Likewise, the SCBD of polymers of the present invention can be characterized
by the ratio of the number of SCB per 1000 total carbon atoms of the polymer at D85 to
the number of SCB per 1000 total carbon atoms of the polymer at D15, i.e., (SCB at

PCT/US2011/042935
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D85) / (SCB at D15). D85 is the molecular weight at which 85% of the polymer by
weight has higher molecular weight, and D15 is the molecular weight at which 15% of
the polymer by weight has higher molecular weight. In accordance with one aspect of
the present invention, a ratio of the number of short chain branches (SCB) per 1000
total carbon atoms of the polymer at D85 to the number of SCB per 1000 total carbon
atoms of the polymer at D15 is in a range from about 1.1 to about 18. For instance, the
ratio of the number of short chain branches (SCB) per 1000 total carbon atoms of the
polymer at D85 to the number of SCB per 1000 total carbon atoms of the polymer at
D15 can be in a range from about 1.1 to about 10, or from about 1.2 to about 6, or from
about 1.2 to about 4, or from about 1.2 to about 2.5.

An illustrative and non-limiting example of an ethylene polymer of the present
invention can be characterized by a broad and/or bimodal molecular weight
distribution; and/or a Mn in a range from about 9,000 to about 30,000 g/mol; and/or a
ratio of Mw/Mn from about 4 to about 20; and/or a ratio of the number of SCB per
1000 total carbon atoms of the polymer at D90 to the number of SCB per 1000 total
carbon atoms of the polymer at D10 in a range from 1.1 to about 10; and/or a ratio of
the number of SCB per 1000 total carbon atoms of the polymer at D85 to the number of
SCB per 1000 total carbon atoms of the polymer at D15 in a range from 1.1 to about 8.
Such illustrative polymers also may be further characterized by a MI in a range from
about 0.01 to about 50 g/10 min, and/or a ratio of HLMI/MI in a range from about 20 to
about 80, and/or a density in a range from about 0.91 to about 0.945 g/cm”.

Polymers of ethylene, whether homopolymers, copolymers, terpolymers, and so
forth, can be formed into various articles of manufacture. Articles which can comprise
polymers of this invention include, but are not limited to, an agricultural film, an
automobile part, a bottle, a drum, a fiber or fabric, a food packaging film or container, a
food service article, a fuel tank, a gecomembrane, a houschold container, a liner, a
molded product, a medical device or material, a pipe, a sheet or tape, a toy, and the like.
Various processes can be employed to form these articles. Non-limiting examples of
these processes include injection molding, blow molding, rotational molding, film
extrusion, sheet extrusion, profile extrusion, thermoforming, and the like. Additionally,
additives and modifiers are often added to these polymers in order to provide beneficial

polymer processing or end-use product attributes.

PCT/US2011/042935
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EXAMPLES
The invention is further illustrated by the following examples, which are not to
be construed in any way as imposing limitations to the scope of this invention. Various
5 other aspects, embodiments, modifications, and equivalents thereof which, after reading
the description herein, may suggest themselves to one of ordinary skill in the art
without departing from the spirit of the present invention or the scope of the appended
claims.
Melt index (M1, g/10 min) was determined in accordance with ASTM D1238 at
10 190 °C with a 2,160 gram weight.
High load melt index (HLMI, g/10 min) was determined in accordance with
ASTM D1238 at 190 °C with a 21,600 gram weight.
Polymer density was determined in grams per cubic centimeter (g/cm’) on a
compression molded sample, cooled at about 15 °C per hour, and conditioned for about
15 40 hours at room temperature in accordance with ASTM D1505 and ASTM D1928,
procedure C.
Molecular weights and molecular weight distributions were obtained using a PL
220 SEC high temperature chromatography unit (Polymer Laboratories) with
trichlorobenzene (TCB) as the solvent, with a flow rate of 1 mL/minute at a
20  temperature of 145 °C. BHT (2,6-di-tert-butyl-4-methylphenol) at a concentration of
0.5 g/l was used as a stabilizer in the TCB. An injection volume of 200 ul was used
with a nominal polymer concentration of 1.5 mg/mL. Dissolution of the sample in
stabilized TCB was carried out by heating at 150°C for 5 hours with occasional, gentle
agitation. The columns used were three PLgel Mixed A LS columns (7.8x300mm) and
25  were calibrated with a broad linear polyethylene standard (Phillips Marlex® BHB 5003)
for which the molecular weight had been determined.
Short chain branching distribution (SCBD) data was obtained using a SEC-
FTIR high temperature heated flow cell (Polymer Laboratories) as described by P.J.
DesLauriers, D.C. Rohlfing, and E.T. Hsieh, Polymer, 43, 159 (2002).
30 The sulfated alumina activator-support (abbreviated SA) employed in Examples
1-6 and 11-16 was prepared in accordance with the following procedure. Bohemite

was obtained from W.R. Grace Company under the designation “Alumina A” and
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106 To calcine the support, about 10 grams of this powdered mixture were placed in
a 1.75-inch quartz tube fitted with a sintered quartz disk at the bottom. While the
powder was supported on the disk, air (nitrogen can be substituted) dried by passing
through a 13X molecular sieve column, was blown upward through the disk at the
10 linear rate of about 1.6 to 1.8 standard cubic feet per hour. An electric furnace around
the quartz tube was then turned on and the temperature was raised at the rate of about
400 °C per hour to the desired calcining temperature of about 600 °C. At this
temperature, the powder was allowed to fluidize for about three hours in the dry air.
Afterward, the sulfated alumina activator-support (SA) was collected and stored under

15  dry nitrogen, and was used without exposure to the atmosphere.
The fluorided silica-alumina activator-support (abbreviated FSA) employed in
Examples 7-10 was prepared in accordance with the following procedure. A silica-
alumina was obtained from W.R. Grace Company containing about 13% alumina by
weight and having a surface area of about 400 m’/g and a pore volume of about 1.2
20  mL/g. This material was obtained as a powder having an average particle size of about
70 microns. Approximately 100 grams of this material were impregnated with a
solution containing about 200 mL of water and about 10 grams of ammonium hydrogen
fluoride, resulting in a damp powder having the consistency of wet sand. This mixture
was then placed in a flat pan and allowed to dry under vacuum at approximately 110 °C

25  for about 16 hours.

To calcine the support, about 10 grams of this powdered mixture were placed in
a 1.75-inch quartz tube fitted with a sintered quartz disk at the bottom. While the
powder was supported on the disk, air (nitrogen can be substituted) dried by passing
through a 13X molecular sieve column, was blown upward through the disk at the
30  linear rate of about 1.6 to 1.8 standard cubic feet per hour. An electric furnace around
the quartz tube was then turned on and the temperature was raised at the rate of about

400 °C per hour to the desired calcining temperature of about 450 °C. At this



R3 is Hor a hydrocarbyl or hydrocarbylsilyl group haying up to 18 carbon
atons; and Isoner formula (B) isMeso; wherein: M2 is Zr or Hf; X3
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group, a hydrocarbyl am no group, or a hydrocarbylsilyl group, any of which
hayi ng up to 18 carbon atons; E2 is C gr Si; RAis Hor a hydrocarbyl group
haying up to 18 carbon atons; and R5 a hydrocarbyl or hydrocarbylsilyl

group hayi @(an%pan%rg tiligpgxgé%;was%tﬂg%d { aﬁlﬂd%@ltf '9)6% ttﬁl%%%@f?% il drg%p“ ses. a

conpound hayin ound
hayi ng for mﬂeawrdi) the aflwoidpd wilida-hkayiinmg acftxyawublwp()ﬁ)(FSA) dwamublllecaed amirpound
la (O, fornula

E([)); ma](cj o]; Lﬁmgre?é‘)“def d@? lllltrﬁge%s%dt#%euge&@ﬁp%r%xé’fo ?ué%{op[ eeatm MGt any combi nati on
t her eof , wher ei Mihe polymerization runs were conducted in a one-gallon (3.8 liter) stainless
5 steel reactor as follows. First, the reactor was purged with nitrogen and then with
isobutane vapor. Approximately 0.3-1.0 mmol of either triisobutylaluminum (TIBA)
or tricthylaluminum (TEA), 100-200 mg of activator-support SA or FSA, and the
desired amount of catalyst component I and/or catalyst component II (see below for
structures of these components) were added in that order through a charge port while
10 venting isobutane vapor. The charge port was closed and about 2 L of isobutane were
added. The contents of the reactor were stirred and heated to 85-90 °C. Then, 8-25
grams of 1-hexene were added into the reactor (no 1-hexene added for Examples 13-
16), followed by the introduction of ethylene. Hydrogen was used in Examples 14-16,
with the hydrogen added at a fixed mass ratio with respect to the ethylene flow.
15  Hydrogen was stored in a 340-mL pressure vessel and added with the ethylene via an
automated feeding system, while the total reactor pressure was maintained at the
desired pressure in the 390-550 psig range by the combined ethylene/hydrogen(if
used)/isobutane addition. The reactor was maintained and controlled at either 85 °C or
90 °C throughout the 30-minute run time of the polymerization. Upon completion, the

20  isobutane and ethylene were vented from the reactor, the reactor was opened, and the

polymer product was collected and dried.

EXAMPLES 1-10

Polymers produced using a dual catalyst system
25
Catalyst component I metallocene compounds used in these examples had the

following structures:
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hydr ocar byl am no group, or a hydrocarbylsilyl group, any of which haying up
to 18 carbon atons; E3 is a bridging %oup selected from a cyclic or

het er ocycl i c bridging group haying up’to 18 carbon atons, a bridgi ng group
hayi ng the fornul a >E3AR7AR8A, whergin ESA is Cor Si, and R7/A and R8A are
i ndependently H or a hydrocar byl oD haying up to 18 carbon atons, a
bridgi ng group y 71 3R8B- CR7cR8c-, V\/nerel n R713, R8B,
R7c, and R8c ar dr ocar byl aying up to 10

g the formula - DRBB- Si R7ERSE-,

wherei n R7D, 8D, R?Elz and R8Eh~a§ # TTdependent |y drocar byl group
hayi ng up (ke saf bon atoms; akt rC
o pr
1-1 I-2 — meso isomer 1-3

Catalyst component II metallocene compounds used in these examples had the

5 following structures:

Qg G TR,

Hif.
e\ Zr/CI J \CI
Y00 al
1I-1 I1I-2 — rac isomer 11-3
Ph_ ; Me\ ;CK
O/ZrCI2 O/ZrC|2
10 11-4 11-5

These metallocene compounds can be prepared in accordance with any suitable
method. Representative techniques are described in U.S. Patent Nos. 7,026,494,
7,199,073, 7,312,283, 7,456,243, and 7,521,572, and U.S. Patent Publication
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about 4:1 to about 1:2. The Mn of the polymers of Examples 1-10 was within a range
from about 11,000 to about 25,000 g/mol.
FIG. 2 illustrates the molecular weight distributions of the polymers of
Examples 1-4, FIG. 3 illustrates the molecular weight distributions of the polymers of
10 Examples 5-6, and FIG. 4 illustrates the molecular weight distributions of the polymers
of Examples 7-10. FIGS. 2-4 demonstrate that the polymers of Examples 1-10 have a
broad and/or bimodal MWD.
FIGS. 5-8 illustrate the MWD and the SCBD of the polymers of Examples 5, 6,
11, and 12, respectively. These polymers have a bimodal MWD and, in addition, the

15  SCB content decreases as molecular weight increases.
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a bridging group having the fornmula -Si R2OK wherein R2B, R21B, R20C, and
R2i ¢ are independently H or a hydrocarbyl group having up to 10 carbon
atons; amoQpR/doxi7el RAG 7.----_ xil formula (F) isCp2; pamarsedn/o49B85i s Zr
or Hf; X16 and Xi 1 are independently F;, C; Br; |; nethyl; benzyl;
phenyl; H BH4; OBR2 or 503R, wherein Ris an alkyl or aryl group having up
to 18 carbon atons; or a hydrocarbyl oxi de group, a hydrocarbyl am no group,
or a hydrocarbylsilyl group, any of which having up to 18 carbon atons; and
Cp2 and Cp3 are independently a cycl opentadi enyl, indenyl or fluorenyl
group, any substituent on Cp2 and Cp3 is independently H or a hydrocar byl

group having up toi8—¢arbon—atoms T 7T heprocess of claiml1l, wherein the
catal yst conpositior conprji se§ at |l east| ong activator, only one
ansa-netal | ocene co of(@d;m?g;gﬁg (‘@ﬁa}jgﬂm or fornmula (B), and only one
nmet al | ocene conpoung havjng (farnullal (O} [farmula (D), fornula (E), or
formula (F). 3. The process af [claim 1, mherlein the at | east one activator
conprises at |east |@ne|agt| vatiorn-suppprft ccgnprising a solid oxide treated
wi th an el ectron-w Bhdia, g -a8ilan—| whereid—| 110 the solid oxide
conprises silica, akunmwps|wsl|ige)aldfima~|si|lica-coated al unmi na, al um num
phosphat e, al um noptosphptie,| hHetlefopo| yt ungstjate, titania, zirconia,
magnesi a, boria, zimc pxyde, T mxet pxjdejthereof, or any m xture thereof;
and t he el ectrgg@@@aﬂ\g@ grtbaésn%e%rrprises sul fate, bisulfate,
fluoride, chloride, Nbgmoqleqq&hqiﬁ SfdQEgsll fate, fluoroborate,
phosphat e, quorophEsmﬁt%,fﬁ)Bﬁfﬁug 5@@&&5 triflate, fluorozirconate,
. on «| . .
fluorotitanate, phosphp”tUNYst|at e —of|Any|“&ohbi nati on t her eof
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4. The process of claim1l, wherein the catal yst conposition further

conpri ses at | east one organoal um num conpound havi ng the formul a:

Al ( XAUXB)WO201240627¢i n: XA is a hydrocarbyl; XB is an al oxiuseoion4mns

aryl oxide, a halide, or a hydride; and mis from1l to 3, inclusive. 5. The
process of claim4, wherein: the at | east one organoal um num
conpound conpri ses trinethylaluninun](ﬁriethylaluninun]

tri-n-propylal um num tri-n-butylalun% um triisobutylal um num
tri-n-hexylalumnum tri-n-octylalumnum diisobutylal um num hydri de,

di et hyl al um num et hoxi de, di et hyl al umi num chl ori de, or any conbination

t hereof; and the at | east one activator conprises at |east one
activator-support, and wherein t E t. .one activator-support conprises
fluorided al unina, chlorided al uﬁrrl"?%gfm Pdi'fled al unina, sulfated al um na.
fluorided Fohimes-abdiuredasingchdadlysdedtesi dontiviad wnhgiacablyarvalpahent 1

sil i ca- al umendipcsml fated silica-alumna, fluorided silica-zirconia,
chlorided silica-zirconia, bromded silica-zirconia, sulfated

sil'i ca-zirconi aThd tat@ydit@eahpsichi Tarctallb@ne @ompunariseteth sidel G@amprahed al um na,
sul fated silica-coated al um na, phosphated silica-coated alum na, or any
conbi nat i ofMtHALPEEE STUERICs The process of claim 1, wherein the at |east one

activator conprises at |east agmenal um noxane conpound, at |east one
or ganobor on or organoborate cnd, at | east one ionizing ionic compound,
or any conbination thereduJ. fire{process of claim1, wherein catalyst
conmponent | conprises a compund &r@k ng fornmula (A), and wherein: X1 and X2
are independently F, O, et hyl , benzyl, or phenyl; and R1

iyl , ethyl, propyl, butyl, pentyl, hexyl,

Wl , propenyl, butenyl, pentenyl, hexenyl,
, phenyl, tolyl, or benzyl.

heptyl, octyl, nonyl, dec
hept enyl, octenyl, noneny

10 I1

The polymerization conditions for Examples 13-16 are summarized in Table

III, while the resultant polymer properties for Examples 13-16 are summarized in
Table IV. FIG. 9 illustrates the molecular weight distributions of the polymers of

15  Examples 13-16. As shown in Tables ITI-IV and FIG. 9, unexpectedly, the molecular
weight distributions of the polymers of Examples 13-16 were largely unaffected by the

amount of hydrogen added to the reactor.



8. The process of claim1l1l, wherein catal yst conponent | conprises a conpound
having formula (B), and wherein: X3 is F, d, Br, |, nmethyl, benzyl, or
phenyl ; WwWO02012R96173 net hyl, ethyl, propyl, butyl, pentylPCThSza/04198pt yl ,
octyl, nonyl, decyl, ethenyl, propenyl, butenyl, pentenyl, hexenyl,

hept enyl , octenyl, nonenyl, decenyl, phenyl, tolyl, or benzyl; and R5
is methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl,

decyl, ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl,

nonenyl, decenyl ,—phenytg—totyl, or benzyl. 9. The process of claim1,
wherei n cat al yst conpoI§ [<|conpri ses a conmpound having formula (C), and
wherein: X4 and )§1§re T é}dently F, d, Br, |, benzyl, phenyl, or
nmethyl; E3 is a brrdgi ng|grouy) selected from a cyclopentyl or cycl ohexyl
group, , a bridgi|kg 3 rang ng the fornmul a>=E3AR7AR8AwWherein E3A is C or
Si, and R7A and R8A<argﬁc5 ndently H, nethyl| |etlhyl | propyl, butyl,
pentyl, hexyl, heptyl, |optyd|=|nonyl, decyl, |Zthenyd|~|@iopenyl, butenyl
pent enyl, hexenylp—heptenyjl-rdgctenyl, nonenyl, d¢gcgnyt| phenyl, tolyl, or
benzyl, 112 a bri;.dd%i ng< e etlpe|hayi ng the formulja |- (R{13R8B CR7cR _8C ,
wherein R7n, K- 88 5 |95 %
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R7C, and R8c are independently H or methyl, or a bridging group haying the
formul a -Si R7TDR8D Si R7TER8E , wherein R7D, R8D, K-r, T7E,
and RBE awe ordepaadent|ly H or nethyl; and RO and R16 aP€Tiusd@pomdsht |y H
or t-butyl. 10.The process of claim1l, wherein catalyst conmponent II
conprises a conpound haying formula (D), and wherein: X6 and X7 are
i ndependently F, d, Br, I, benzyl, phenyl, or nethyl; E4 is a bridging
group selected from a cyclopentyl or cyclohexyl group, a bridging group
hayi ng the formul a >E4AR12AR13A, wherein E4A is C or Si, and R12A and R13A
are independently H nethyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonyl, decyl, ethenyl, propeﬁEAlMgutenyl , pentenyl, hexenyl,
hept enyl , octenyl, nonenyl, decenyl, phenyl, tolyl, 13,-,13B cR12CR13C , a
bridgi ng group haying the fornmula -CR12K wherein R1213, R1313, K's 12C, and
R13c are indegendently H or nethyl, or a bridging group haying the formula
_Si R 2DR13D si R zERHE , wherein R12D, R13D, R12E, and R13E are
i ndependently H or nethyl; and

L. An olefin polymerization process, the process comprising:

contacting a catalyst composition with an olefin monomer and optionally at
least one olefin comonomer under polymerization conditions to produce an olefin
polymer, wherein the catalyst composition comprises catalyst component I, catalyst
component II, and at least one activator, wherein:
catalyst component I comprises:
a compound having formula (A);
a compound having formula (B);
a dinuclear compound formed from an alkenyl-substituted compound
having formula (A), formula (B), or a combination thereof; or

any combination thereof, wherein:

< JQ

E! X

RY M~x2

R3

formula (A) is ; wherein:

M'is Zr or Hf;

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

E'is C or Si;

R' and R” are independently H, a hydrocarbyl group having up to 18 carbon
atoms, or R' and R? are connected to form a cyclic or heterocyclic group having up to

18 carbon atoms; and



R14, R15, R16, and R17 are independently H or t-butyl. 11. The process of
claim1, wherein catal yst conponent |l conprises a conpound haying formula
(E), and wbeneya627X8 and X9 are independently F, C, Br pCrrjush@nsyio3s phenyl ,
or nethyl; and E5 is a bridging group selected from a cycl opentyl or

cycl ohexyl group, bridging group haying the fornula >ESARZOAR21A, wherein
ESA is Cor Si, and R26A and R21A are |ndependently H nethyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, éctyl nonyl, decyl, ethenyl 113

|, but | t I I d |,
pope  Buteng s B0 PRSP AL ERLETN o Ty, RoPE Bty Jeoer

wherein n ia®megadl to 2, 3, or 4, or a bridging group having the forrrul a
- Si RRBR21B si ecec wher ei n R2B, R21B, K,-,20C, and R21C are independently
H or nethyl.

Meso Isomer : wherein:

formula (B) is
M? is Zr or Hf;
X isF; CL; Br; I; methyl; benzyl; phenyl; H; BH,; OBR, or SO3;R, wherein R is
an alkyl or aryl group having up to 18 carbon atoms; or a hydrocarbyloxide group, a
hydrocarbylamino group, or a hydrocarbylsilyl group, any of which having up to 18
carbon atoms;
E”is C or Si;
R* is H or a hydrocarbyl group having up to 18 carbon atoms; and
R’ is a hydrocarbyl or hydrocarbylsilyl group having up to 18 carbon atoms;
and
catalyst component II comprises:
a compound having formula (C);
a compound having formula (D);
a compound having formula (E);
a compound having formula (F);
a dinuclear compound formed from an alkenyl-substituted compound
having formula (C), formula (D), formula (E), formula (F), or a
combination thereof; or

any combination thereof, wherein:



12. The process of claim1, wherein catal yst conponent Il conprises a
conpound having formula (F), and wherein: X1 and X11 are independently F,
Cl, Br, Iwokerapbz72phenyl, or nethyl; and Cp2 an@CCaB2@nm42935

i ndependently a cycl opent adi enyl or indenyl group, any substituent on Cp2
and Cp3 is independently H nethyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, ethenyl, propenyl, butegyl, pent enyl, hexenyl, heptenyl,
octenyl, phenyl, tolyl, or benzyl. 197 The process of claim1, wherein a
wei ght ratio of catal yst co g_cat al yst conponent Il in the
catal yst conmposition is i s

norent |
bout 100:1 to about 1:100. 14.
The process of claim1, R ,

‘ S100 S conducted in a batch
reactor, slurry reactor, gas-phas eactor, solution reactor, high pressure
reactor, tubular reactor, autocl g

Ngfadtor, or a conbination thereof 15.
The process of claiml, wher ei nE{he §i n nononer is ethylene, and the at

| east one ol efin conmobnoner conpri ptopyl ene, 1-butene, 2-butene,
3-met hyl - | for@tutaq8is i S obutyl ene, Cp pentene, 2yvhdpent ene, 3
-met hyl -1 -pentene, 4-nethyl-I-pentene, 1 -hexene, 2-hexene, 3

-et hyl - | - hexeneM 1 4/¢itlhe, 2 -heptene, 3 -heptene, 1-octene, 1-dec ene,

styrene, or a mkXbHi &’ tHeLRRpenddfly Fhel; R0CeRsShPE beA; PrdnyVienei,n the
process is conducted in the absence of added hydrogen. ng
2012/ 00627 2B /08P 17Bacn B5s an alkyloy aryfgeoup havuag ¥p ©f 1 Scagiomatomsppet ei n t he

process is h%gg#%n@gdg Bobhe Wd?(ly%‘éli%ﬁfmo Mtor %%ﬁ%h%?l;%h%&up?%& ppm

hydr ogen. ~The process of claiiml, erein: the polynmer has @ Mh in a
range fromoawbigh hevinw tod 8ghibar at8WS000 g/ nol ; or t he pol ymer has a

ratio of the nu I . | nches (SCB) per 1000 total carbon
atons of the poﬁtﬁngg?ﬁ%g%%Pgggﬁgiﬁﬁﬁber of SCB per 1000 total carbon

atonms of the pol ynera @tliQdrheierocgclicdmgeing igomp having up wmbi@whrb@0 atoos, bot h.  19.
A pol yner produced Qym&pe process . of

conpri sing catal yst conﬁgﬁﬁﬁgg,aQ%ﬁggbgl%%éﬁgggzﬁéxﬁﬁ%%%ngpgg egg;tggg
activator, wherein: Si, and R and R** are independently H or a hydrocarbyl group
having up to 18 carbon atoms,
a bridging group having the formula —CR™R®**—CR'“R*—, wherein
R™® R*® R’ and R are independently H or a hydrocarbyl
group having up to 10 carbon atoms, or
a bridging group having the formula —SiR"’R*"—SiR""R**—, wherein
R, R®, R”F, and R™ are independently H or a hydrocarbyl
group having up to 10 carbon atoms;
R’ and R' are independently H or a hydrocarbyl group having up to 18 carbon
atoms; and
Cp' is a cyclopentadienyl or indenyl group, any substituent on Cp' is H or a

hydrocarbyl or hydrocarbylsilyl group having up to 18 carbon atoms;

R18 11!"<Zé'!!> R17
; wherein:

formula (D) is



catal yst conmponent | conprises: a conpound having formula (A); a conpound

havi ng formul a (B);

a di nucl ear conpound fornmed from an al kenyl - substituted

conmpound weaworegobenmul a (A), fornmula (B), or a conbi nat iPom/ush@naaefo3s or any

conbi nati on thereof, wherein: R2 \X1 RI/EM 2 ---- formula (A is;
wherein: ML is Zr or Hf; X1 and X2 are independently F, d; Br; I;
net hyl ; benzyl; phenyl; H BH4; OBR2 or SG3R, wherein Ris an al kyl

or aryl

group having up to 18 carbon atons; o83 115 hydr ocar byl oxi de group, a
hydr ocar byl am np/[z;gSrﬁLEb?,Hfor a hydrocarbylsilyl group, any of which having up

to 18 carbon atons;

s Cor Si;
X® and X are independently F; CI; Br; I; methyl; benzyl; phenyl; H; BHy;

OBR; or SO3R, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a
hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any
of which having up to 18 carbon atoms;
E* is a bridging group selected from:
a cyclic or heterocyclic bridging group having up to 18 carbon atoms,

4Ap 12Ap 13A . .
R'*ARPA wherein E** is C or

a bridging group having the formula >E
Si, and R and R"* are independently H or a hydrocarbyl
group having up to 18 carbon atoms,

a bridging group having the formula —CR"PR"P—CR"™R"‘—
wherein R'5, R, R"C, and RYC are independently H or a
hydrocarbyl group having up to 10 carbon atoms, or

a bridging group having the formula —SiR'*’PR"*P—SiR"*PRYF—

PP RBPRME and RYF are independently H or a

wherein R
hydrocarbyl group having up to 10 carbon atoms; and
R" R", R' and R are independently H or a hydrocarbyl group having up to

18 carbon atoms;

Q

S 5
E M\Xg

formula (E) is ; wherein:

M’ is Zr or Hf;

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

of which having up to 18 carbon atoms; and



R1 and R2 are independently H, a hydrocarbyl group having up to 18 carbon
atons, or RL and R2 are connected to forma cyclic or heterocyclic group

havi ng upwoco®oexebon at ons; and R3 is H or a hy#coasedylo41985
hydr ocar byl silyl group having up to 18 carbon atons; and |I|soner fornula
(B) isMeso; wherein: M2 is Zr or Hf; X3is F, d; Br; |I; methyl;

benzyl; phenyl; H BH4; OBR2 or 503R, erein Ris an al kyl or aryl group
having up to 18 carbon atons; or a hydrocarbyl oxi de group, a

hydr ocar byl am ngs yl silyl group, any of which having up
to 18 carbon atgrrg %Egglng%@a%w%te%qgﬁl S H or a hydrocarbyl group having up
to 18 carbon atons; aydicRy he&rc&;yﬁ;pdmdgmglg;dupdmvmg/ub oclgrcashos kfoyrs, group

having UP, L, 10 £l ARy AN CBIRPOR, Lo SHPLLSER 2
having formula (E); 116 Sl and R* and R*' are independently H or a hydrocarbyl
group having up to 18 carbon atoms,
a bridging group having the formula —(CH,),—, wherein n is an integer
from 2 to 6, inclusive, or
a bridging group having the formula —SiR**’R*'P—SiR**“R*“—
wherein R?®, R*'®, R, and R*'“ are independently H or a

B

hydrocarbyl group having up to 10 carbon atoms; and

Cp3 10
\ X
/M ~x11
formula (F) is Cp ; wherein:

M?C is Zr or Hf;

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

Cp” and Cp’ are independently a cyclopentadienyl, indenyl or fluorenyl group,
any substituent on Cp® and Cp’ is independently H or a hydrocarbyl group having up to

18 carbon atoms.

2. The process of claim 1, wherein the catalyst composition comprises at least one
activator, only one ansa-metallocene compound having formula (A) or formula (B),
and only one metallocene compound having formula (C), formula (D), formula (E), or

formula (F).

3. The process of claim 1, wherein the at least one activator comprises at least one
activator-support comprising a solid oxide treated with an electron-withdrawing anion,

wherein:



a conmpound haying fornmula (F); a dinuclear conpound fornmed from an

al kenyl - substituted conpound haying fornmula (C), fornmula (D), formula (E)
formul a (W9,20v00627¢0nbi nati on t hereof; or any conbi nati @aTiuses1@of293her ei n
R10 3-X4 E\ / Oo 1 X5 fornula (O is wherein: M3 is Zr or Hf; X4
and X5 are independently F, d; Br; I; nmethyl; benzyl; phenyl; H BH4; OBR2
or SBR, wherein Ris an al kyl or aryﬁ»group hayi ng up to 18 car bon at ons;
or a hydrocarbyl oxi de group, a hydroc Pbylanino group, or

hydrocar byl sily hegsBl?ct]&adkf%rﬁglsesmlc%halnﬁw n%h al&rﬁm&ﬁsﬂ?cgrcgﬁgd Qﬁu%ﬂﬁ E3 is a

bridgi ng group selec a cyclic or eroc bridging gtou
hayi ng up tnii@incaphonhag, Omiil,mlaoﬁhmimigﬂengh@enqnqbyth@}iawg tilagiaf orimohm,

>E3AR7AR8A mhere n. E3A is C or. A are i.ndependently H or
a hydr ocar byalg gr Oh I'lahZII’IC 0X1de da n%lxe%l%ucgegg T OfAOI' anw@ure%lereof an

the electron w1thdraw1ng anion comprises sulfate, bisulfate, fluoride, chloride,
bromide, iodide, fluorosulfate, fluoroborate, phosphate, fluorophosphate,
trifluoroacetate, triflate, fluorozirconate, fluorotitanate, phospho-tungstate, or any

combination thereof.

4. The process of claim 1, wherein the catalyst composition further comprises at

least one organoaluminum compound having the formula:

AlXMm(X)3.m,
wherein:
X* is a hydrocarbyl;
X" is an alkoxide or an aryloxide, a halide, or a hydride; and

m is from 1 to 3, inclusive.

5. The process of claim 4, wherein:

the at least one organoaluminum compound comprises trimethylaluminum,
triethylaluminum, tri-n-propylaluminum, tri-n-butylaluminum, triisobutylaluminum,
tri-n-hexylaluminum, tri-n-octylaluminum, diisobutylaluminum hydride,
diethylaluminum ethoxide, diethylaluminum chloride, or any combination thereof; and

the at least one activator comprises at least one activator-support, and wherein
the at least one activator-support comprises fluorided alumina, chlorided alumina,
bromided alumina, sulfated alumina, fluorided silica-alumina, chlorided silica-alumina,
bromided silica-alumina, sulfated silica-alumina, fluorided silica-zirconia, chlorided
silica-zirconia, bromided silica-zirconia, sulfated silica-zirconia, fluorided silica-titania,
fluorided silica-coated alumina, sulfated silica-coated alumina, phosphated silica-

coated alumina, or any combination thereof.



a bridging group haying the formula - CR713R8B- CR7cR38C

, Wherein R713, R8B, R7c, and R8c are independently H or a hydrocarbyl
group haywogoos27210 carbon atons, or a bridgi ng groupPoagsag1ok®3$ or mul a
- Si eR8B- Si RTERSE-, wherein R7D, R8D, R7E, and R8E are independently H or a
hydr ocar byl group haying up to 10 carbon atons; RO and Rl are

i ndependently H or a hydrocarbyl group haying up to 18 carbon atons; and
Cpi is a cycl opentadi enyl or indenyl @oup, any substituent on Cpi is H or

a hydrocar l%yl ( D?h@%rgge\?\iﬁgf J?:y JnslI IL\%I reglrtgy B lgﬁﬁ&gac{f'%t&r cxé’lgrlge ! %Qst %Bé) ms; 4111

4111 formula
i ndependentaluynnquaﬁ qonﬁmpnd, ,at hmth)ylb orgaewtz)ydn orphigampbgrated; COJBqundIBRQasor SR,
wherein Ris rou rYahQIgthlélp };o 18 carbon atons; or a

an.
hydr ocar byl 8%08%1“5 1ch corgp é%r O &% 3I/I} am no gr68up, or a hydrocar byI silyl

group, any of which hay| ng up to 18 car bon atoms ELI is a bridging group
sel ected from clic het er clic b hayln u o 18
carbon at ofs. a B VUGFRGT GRS NATE RSS! Oy LBHRES ALEIR Wher of n
ELIAis C qaavusg foriatild (R, 2 aheleiRl3A are i ndependently H or a hydrocar byl

9T oup haying Up.io, 1% SELAGNALATS: of ol S9hI0,SLGUR. K gL he Formila

R', R? and R® are independently methyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl,
octenyl, nonenyl, decenyl, phenyl, tolyl, or benzyl.

8. The process of claim 1, wherein catalyst component I comprises a compound
having formula (B), and wherein:

X*isF, Cl, Br, I, methyl, benzyl, or phenyl;

R* is methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
cthenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl,
phenyl, tolyl, or benzyl; and

R’ is methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
cthenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl,
phenyl, tolyl, or benzyl.

9. The process of claim 1, wherein catalyst component II comprises a compound
having formula (C), and wherein:
X* and X° are independently F, Cl, Br, I, benzyl, phenyl, or methyl;
E’ is a bridging group selected from:
a cyclopentyl or cyclohexyl group,
a bridging group having the formula >E**R"*R**, wherein E** is C or
Si, and R and R* are independently H, methyl, ethyl, propyl,
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, ethenyl,
propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl,
decenyl, phenyl, tolyl, or benzyl,



wherein R 12B, - x 13B, -12C, and Rl13c are independently H or a hydrocar byl
group haying up to 10 carbon atons, or a bridging group haying the formula
- Si R12DRMSD 201 2RZFER13E wherei n R12D, R13D, -12E, and RHECaris20mndeehdent |y
H or a hydrocarbyl group haying up to 10 carbon atons; and R14, R15, K-16,
and R17 are independently H or a hydrocarbyl group haying up to 18 carbon

atons; 118 fornmula (E) is; wherei n:HIXB Is Zr or Hf;

a bridging group having the formula —CR"R**—CR“R*—, wherein
R™® R*™ R’ and R* are independently H or methyl, or

a bridging group having the formula —SiR"’R*"—SiR""R**—, wherein
R™® R*™ R and R*are independently H or methyl; and

R’ and R'? are independently H or t-butyl.

10. The process of claim 1, wherein catalyst component II comprises a compound
having formula (D), and wherein:
X®and X’ are independently F, Cl, Br, I, benzyl, phenyl, or methyl;
E* is a bridging group selected from:
a cyclopentyl or cyclohexyl group,

ARPARPA wherein E** is C or

a bridging group having the formula >E
Si, and R'* and R"** are independently H, methyl, ethyl, propyl,
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, ethenyl,
propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl,
decenyl, phenyl, tolyl,

a bridging group having the formula —CR"PR"P—CR"™R"‘—

2B RPBOR™C and R are independently H or

wherein R
methyl, or

a bridging group having the formula —SiR'*’PR"*P—SiR"*PRYF—
wherein R'?P, R"¥P, R"™F and R"“F are independently H or
methyl; and

R" R",R', and R" are independently H or t-butyl.

11. The process of claim 1, wherein catalyst component II comprises a compound
having formula (E), and wherein:
X* and X’ are independently F, Cl, Br, I, benzyl, phenyl, or methyl; and
E° is a bridging group selected from:
a cyclopentyl or cyclohexyl group,

SARAR?M wherein E** is C or

bridging group having the formula >E
Si, and R** and R*'* are independently H, methyl, ethyl, propyl,

butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, ethenyl,



X8 and X9 are independently F, C; Br; |I; methyl; benzyl; phenyl; H BH4;
OBR2 or SBR, wherein Ris an alkyl or aryl group having up to 18 carbon
at ons; orwe 2bidwezrar byl oxi de group, a hydrocar byl am no @COM$2010/04235

hydr ocar byl si |l yl group, any of which having up to 18 carbon atons; and E5
is a bridging group selected from a cyclic or heterocyclic bridging group
having up to 18 carbon atons, a bri dg %g group having the fornul a
>E5AR20AI ¢' -' 21A, wherein E5A is C or and R26A and R21A are

i ndependently H or a hydro y [ 0 ns,

bri dgi ng group having the “?‘%ﬁ’ﬁu utgﬁ’?%&ﬁ%@\{ Y n&?hﬁﬁ %ﬁlog?eg HO egér from 2
to 6, inclusive, or a brlddganmbp@nﬁhp)lﬁamhagzﬂhe fornula -Si R2613R218

siecRzic , wherein R26 i c~@ne in endent H or a
e e byl s oun TR e A o &Eeg@ S payghe

7.----_,11 formula (F) |52C®2hr4y\brere|n M6 is Zr or Hf; X16 and Xil
are i ndependent ly F; (215 lmﬂlgé 1c OBR2 or
503R, wherein Ris a?nggfl%lw %?upath)aIYm% tB%pte '%i‘i‘ ng ﬂi) ﬁo Rarbon at ons: or
a wherein R?®, R?'B, R¥C and R*'C are independently H or
methyl.
12. The process of claim 1, wherein catalyst component II comprises a compound

having formula (F), and wherein:

X' and X" are independently F, Cl, Br, I, benzyl, phenyl, or methyl; and

Cp”> and Cp’ are independently a cyclopentadienyl or indenyl group, any
substituent on Cp” and Cp® is independently H, methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl,
phenyl, tolyl, or benzyl.

13. The process of claim 1, wherein a weight ratio of catalyst component I to
catalyst component II in the catalyst composition is in a range from about 100:1 to

about 1:100.

14.  The process of claim 1, wherein the process is conducted in a batch reactor,
slurry reactor, gas-phase reactor, solution reactor, high pressure reactor, tubular reactor,

autoclave reactor, or a combination thereof.

15. The process of claim 1, wherein the olefin monomer is ethylene, and the at least
one olefin comonomer comprises propylene, 1-butene, 2-butene, 3-methyl-1-butene,
isobutylene, 1-pentene, 2-pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene,
2-hexene, 3-ethyl-1-hexene, 1-heptene, 2-heptene, 3-heptene, 1-octene, 1-decene,

styrene, or a mixture thereof.

16. The process of claim 1, wherein the process is conducted in the absence of

added hydrogen.



119 hydrocar byl oxi de group, a hydrocarbyl am no group, or a hydrocarbylsilyl
group, any of which having up to 18 carbon atons; and Cp2 and Cp3 are
I ndependewDl2912200637¢| opent adi enyl , i ndenyl or fluorenyl @COA$201A/0¥2935
substituent on Cp2 and Cp3 is independently H or a hydrocarbyl group having
up to 18 carbon atons.
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17. The process of claim 1, wherein the process is conducted in the presence of

about 10 ppm to about 500 ppm hydrogen.

18. The process of claim 1, wherein:

the polymer has a Mn in a range from about 9,000 to about 30,000 g/mol; or

the polymer has a ratio of the number of short chain branches (SCB) per 1000
total carbon atoms of the polymer at D90 to the number of SCB per 1000 total carbon
atoms of the polymer at D10 in a range from 1.1 to about 20; or

both.

19. A polymer produced by the process of claim 1.

20. A catalyst composition comprising catalyst component I, catalyst component II,
and at least one activator, wherein:
catalyst component I comprises:
a compound having formula (A);
a compound having formula (B);
a dinuclear compound formed from an alkenyl-substituted compound
having formula (A), formula (B), or a combination thereof; or

any combination thereof, wherein:

R2 Q
\E1 M1/X1
R /X2

R3

formula (A) is ; wherein:

M'is Zr or Hf;

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

E'is C or Si;

R' and R” are independently H, a hydrocarbyl group having up to 18 carbon
atoms, or R' and R? are connected to form a cyclic or heterocyclic group having up to
18 carbon atoms; and

R® is H or a hydrocarbyl or hydrocarbylsilyl group having up to 18 carbon

atoms; and

Meso Isomer : wherein:

formula (B) is
M? is Zr or Hf;
X isF; CL; Br; I; methyl; benzyl; phenyl; H; BH,; OBR, or SO3;R, wherein R is
an alkyl or aryl group having up to 18 carbon atoms; or a hydrocarbyloxide group, a
hydrocarbylamino group, or a hydrocarbylsilyl group, any of which having up to 18
carbon atoms;
E”is C or Si;
R* is H or a hydrocarbyl group having up to 18 carbon atoms; and
R’ is a hydrocarbyl or hydrocarbylsilyl group having up to 18 carbon atoms;
and
catalyst component II comprises:
a compound having formula (C);
a compound having formula (D);

a compound having formula (E);
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a compound having formula (F);

a dinuclear compound formed from an alkenyl-substituted compound
having formula (C), formula (D), formula (E), formula (F), or a
combination thereof; or

any combination thereof, wherein:

formula (C) is Cp1 ; wherein:
M? is Zr or Hf;
X* and X° are independently F; CI; Br; I; methyl; benzyl; phenyl; H; BHy;
OBR; or SO3R, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a
hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any
of which having up to 18 carbon atoms;
E’ is a bridging group selected from:
a cyclic or heterocyclic bridging group having up to 18 carbon atoms,
a bridging group having the formula >E**R"*R**, wherein E** is C or
Si, and R™ and R** are independently H or a hydrocarbyl group
having up to 18 carbon atoms,
a bridging group having the formula —CR"R**—CR“R*—, wherein
R™®, R®™, R, and R* are independently H or a hydrocarbyl
group having up to 10 carbon atoms, or
a bridging group having the formula —SiR"™PR**—SiR*R**— wherein
R™®, R®™, R”® and R* are independently H or a hydrocarbyl
group having up to 10 carbon atoms;
R’ and R' are independently H or a hydrocarbyl group having up to 18 carbon
atoms; and
Cp1 is a cyclopentadienyl or indenyl group, any substituent on Cp1 is H or a

hydrocarbyl or hydrocarbylsilyl group having up to 18 carbon atoms;
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formula (D) is
M*is Zr or Hf;
X® and X are independently F; CI; Br; I; methyl; benzyl; phenyl; H; BHy;

; wherein:

OBR; or SO3R, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a
hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any
of which having up to 18 carbon atoms;
E* is a bridging group selected from:
a cyclic or heterocyclic bridging group having up to 18 carbon atoms,

4Ap 12Ap 13A . .
R'*ARPA wherein E** is C or

a bridging group having the formula >E
Si, and R and R"* are independently H or a hydrocarbyl
group having up to 18 carbon atoms,

a bridging group having the formula —CR"PR"“P—CR"*R"—,
wherein R'5, R, R"C, and RYC are independently H or a
hydrocarbyl group having up to 10 carbon atoms, or

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

R R' R'® and R' are independently H or a hydrocarbyl group having up to

18 carbon atoms;
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formula (E) is ; wherein:

M? is Zr or Hf;

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

E’ is a bridging group selected from:

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

5Ap20Ap21A . .
R¥R*4 wherein E** is C or

a bridging group having the formula >E
Si, and R** and R*'* are independently H or a hydrocarbyl
group having up to 18 carbon atoms,

a bridging group having the formula —(CH,),—, wherein n is an integer
from 2 to 6, inclusive, or

a bridging group having the formula —SiR*®R*P—SiR*R*'“—,
wherein R?®, R*'®, R, and R*'“ are independently H or a

B

hydrocarbyl group having up to 10 carbon atoms; and

Cp®
\ X
M6
/ \X11
2
formula (F) is Cp ; wherein:

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

Cp” and Cp’ are independently a cyclopentadienyl, indenyl or fluorenyl group,

any substituent on sz and Cp3 is independently H or a hydrocarbyl group having up to
18 carbon atoms.



