1 NANO LI NKED METALLOCENE CATALYST COWPCOSI TI ONS AND THEI R POLYMER PRODUCTS
5BACKGROUND COF THE | NVENTI ON The present invention relates generally
to the fiwbadoefossizefi n pol yneri zati on catal ysis, catal ysCtTasemesiizoons,

met hods for the polynerization and copol yneri zation of ol efins, and

pol yol efins. Mrre specifically, this invention relates to nano-Iinked

di nucl ear netal |l ocene conpounds and catal yst conpositions enpl oyi ng such 10
conmpounds. A di nucl ear netal | ocdne conpound can be produced via an
olefin metathesis reaction, for exanple, as shown in Chem Eur. J., 2003,

9, . 3618-362 ef INK BT I Sct ' i bet ween
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often enployed in an olefin nmetathesis reaction 151 nclude netals such as
rut heni um tungsten, nolybdenum or nickel. SUMVARY OF THE | NVENTI ON

The present invention generally relates to new catal yst conpositions,

met hods5for preparing catBAGEGREOAMIDSIR TIORENVENTHONS for using the catal yst
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met al | ocenginadegpouteeiSiotdnet BempsdEeNind RYRRGI WanPasitioe welbyiny pueduce, for

exanpl? 25 et hyl ene-based honopol ynmers and copol yners. The present
i nvent i®n £8RAUBLEs novel dinucl ear netal | ocene conpounds havi ng two

net al | ocene noi gtdiRsIchi AkAobNe @am?&dsﬁrmh b8 pRdRced g @h GldH h&a@Bgs aspect  of
the present invention, these dinuclear conpounds have the formul a:

reaction, for example, as shown in Chem. Eur. J., 2003, 9, pp. 3618-3622. Olefin

metathesis is a catalytic reaction between compounds that contain olefinic (e.g.,

alkene) moieties. Catalysts that are often employed in an olefin metathesis reaction

15 include metals such as ruthenium, tungsten, molybdenum, or nickel.

SUMMARY OF THE INVENTION

The present invention generally relates to new catalyst compositions, methods
for preparing catalyst compositions, methods for using the catalyst compositions to
20  polymerize olefins, the polymer resins produced using such catalyst compositions,
and articles produced using these polymer resins. In particular, the present invention
relates to nano-linked dinuclear metallocene compounds and catalyst compositions
employing such compounds. Catalyst compositions containing nano-linked dinuclear
metallocene compounds of the present invention can be used to produce, for example,

25  ethylene-based homopolymers and copolymers.
‘ The present invention discloses novel dinuclear metallocene compounds
having two metallocene moieties linked by an alkenyl group. According to one aspect

of the present invention, these dinuclear compounds have the formula:



2 X1 /X3X3X1 \ \7\ V A /DA /DAN x4/ Al X2 \/x4x2 ERXRYERXRY \

(CH2) n- CRz=CRz- (CH2) n / wherei n: Xl and X2 independently are a
hal i de orwe 2mbBsizbut ed or unsubstituted 5aliphatic, ar®omttseqoson37eyclic
group, or a conbination thereof; X3 is a substituted cycl opent adi enyl,

i ndenyl, or fluorenyl group, any substituents on X3 other than a bridging
group i ndependently are a hydrogen atomor a substituted or unsubstituted
al kyl or al kenyl group;
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wherein:

X' and X? independently are a halide or a substituted or unsubstituted
5  aliphatic, aromatic, or cyclic group, or a combination thereof;
X® is a substituted cyclopentadienyl, indenyl, or fluorenyl group, any
substituents on X other than a bridging group independently are a hydrogen atom or a
substituted or unsubstituted alkyl or alkenyl group; ,
X* is a substituted cyclopentadienyl, indenyl, or fluorenyl group, any
10  substituents on X* other than the bridging group and an alkenyl linking group
independently are a hydrogen atom or a substituted or unsubstituted alkyl or alkenyl
group;
A' is a substituted or unsubstituted bridging group comprising either a cyclic
group of 5 to 8 carbon atoms, a bridging chain of 2 to 5 carbon atoms, or a carbon,
15 silicon, germanium, tin, boron, nitrogen, or phosphorus bridging atom, any
© substituents on A independently are a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof;
M is Zr, Hf, or Ti;
E is carbon or silicon;
20 R*, RY, and R? independently are a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof; and
n is an integer in a range from 0 to 12, inclusive.
with the proviso that A' is not a silicon bridging atom when both X' and X2
are chlorine atoms, both X° and X* are cyclopentadienyl groups, E is carbon, R*, RY,
25  and R are each hydrogen atoms, and n is equal to 0.
Catalyst compositions containing these nano-linked dinuclear metallocene

compounds are also provided by the present invention. In one aspect, a catalyst



X4 is a substituted cycl opentadi enyl, indenyl, or fluorenyl group, any 10
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wherein:
15 X' and X independently are a halide or a substituted or unsubstituted

aliphatic, aromatic, or cyclic group, or a combination thereof;

X is a substituted cyclopentadienyl, indenyl, or fluorenyl group, any
substituents on X° other than a bridging group independently are a hydrogen atom or a
substituted or unsubstituted alkyl or alkenyl group;

20 X* is a substituted cyclopentadienyl, indenyl, or fluorenyl group, any
substituents on X* other than the bridging group and an alkenyl linking group
independently are a hydrogen atom or a substituted or unsubstituted alkyl or alkenyl
group;

A' is a substituted or unsubstituted bridging group comprising either a cyclic

25  group of 5 to 8 carbon atoms, a bridging chain of 2 to 5 carbon atoms, or a carbon,

silicon, germanium, tin, boron, nitrogen, or phosphorus bridging atom, any



I n anot her aspect, a catal yst conposition conprising a contact product of
at | east one dinucl ear netall ocene conpound and at | east one

acti vat orweurppassi2zps provi ded. This catal yst conpositi oRCTars2608013765
conprise at | east one organoal um num conpound, as well as ot her
co-catalysts. In these and other aspects, 10the at |east one dinucl ear
nmet al | ocene conpound is selected from x3 \x3XI /M X4X4 Al X2 x7nA\ x2
ERXRYERXRY (CH2) n- CRz=CRz- (CH2)" wher#in: 15Xl and X2 independently are a
hal i de or a substituted or unsubstituted aliphatic, aromatic, or cyclic
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al kyl or al kenx\l/[ isgir(,)ﬁl?,;or Ti:
E is carbon or silicon;
5 - R*, RY, and R® independently are a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic,.or cyclic group, or a combination thereof; and
n is an integer in a range from 0 to 12, inclusive.
with the proviso that A' is not a silicon bridging atom when both X' and X?
are chlorine atoms, both X> and X* are cyclopentadienyl groups, E is carbon, R*, RY,
10 and RZ are each hydrogen atoms, and n is equal to 0.
The present invention also contemplates a process for polymerizing olefins in
the presence of a catalyst composition, the process comprising contacting the catalyst
composition with at least one olefin monomer and optionally at least one olefin
comonomer under polymerization conditions to produce a polymer or copolymer.
15 The catalyst composition can comprise a contact product of at least one dinuclear
metallocene compound and at least one activator-support. Other co-catalysts,
including organoaluminum compounds, can be employed in this process.
Polymers produced from the polymerization of olefins, resulting in either

homopolymers or copolymers, can be used to produce various articles of manufacture.

20
BRIEF DESCRIPTION OF THE FIGURES
FIG. 1 presents an NMR plot of Example 1.
FIG. 2 presents a mass spectrum probe evolution plot of Example 2.
FIG. 3 presents an expanded mass spectrum plot of Example 2.
25

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
30  herein, the definition or usage provided herein controls.
The term “polymer” is used herein to mean homopolymers comprising

ethylene and copolymers of ethylene and a comonomer. ‘“Polymer” is also used



20X4 is a substituted cycl opentadi enyl, indenyl, or fluorenyl group, any
substituents on X4 other than the bridging group and an al kenyl |i nking
group i ndependarssizy are a hydrogen atom or a substit ut egCoruseovsozds t ut ed
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chemical mechanism by which the compound may operate. In one aspect of this
10 invention, the term “co-catalyst” is used to distinguish that component of the catalyst
composition from the dinuclear metallocene compound.
The term “fluoroorgano boron compound” is used herein with its ordinary
meaning to refer to neutral compounds of the form BY3;. The term “fluoroorgano
borate compound” also has its usual meaning to refer to the monoanionic salts of a
15  fluoroorgano boron compound of the form [cation]'[BY4], where Y represents a
fluorinated organic group. Materials of these types are generally and collectively
referred to as “organoboron or organoborate compounds.”
The term “contact product” is used herein to describe compositions wherein
the components are contacted together in any order, in any manner, and for any length
20  of time. For example, the components can be contacted by blending or mixing.
Further, contacting of any component can occur in the presence or absence of any
other component of the compositions described herein. Combining additional
materials or components can be done by any suitable method. Further, the term
“contact product” includes mixtures, blends, solutions, slurries, reaction products, and
25  the like, or combinations thereof. Although “contact product” can include reaction
products, it is not required for the respective components to react with one another.
The term “precontacted” mixture is used herein to describe a first mixture of
catalyst components that are contacted for a first period of time prior to the first
mixture being used to form a “postcontacted” or second mixture of catalyst
30 components that are contacted for a second period of time. Typically, the
precontacted mixture describes a mixture of metallocene compound (or compounds),

olefin monomer, and organoaluminum compound (or compounds), before this
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propyl ene) after the mixture has been prepared. For example, according to this description, it is

possible for the precontacted organoaluminum compound, once it is contacted with

the metallocene and the olefin monomer, to have reacted to form at least one different

chemical compound, formulation, or structure from the distinct organoaluminum

10  compound used to prepare the precontacted mixture. In this case, the precontacted

organoaluminum compound or component is described as comprising an
organoaluminum compound that was used to prepare the precontacted mixture.

Similarly, the term “postcontacted”” mixture is used herein to describe a second

mixture of catalyst components that are contacted for a second period of time, and one

15  constituent of which is the “precontacted” or first mixture of catalyst components that

were contacted for a first period of time. Typically, the term “postcontacted” mixture

is used herein to describe the mixture of metallocene compound, olefin monomer,

organoaluminum compound, and activator-support (e.g., chemically-treated solid

oxide), formed from contacting the precontacted mixture of a portion of these

20 components with any additional components added to make up the postcontacted

mixture. Generally, the additional component added to make up the postcontacted

mixture is a chemically-treated solid oxide, and, optionally, can include an

organoaluminum compound which is the same as or different from the

organoaluminum compound used to prepare the precontacted mixture, as described

25  herein. Accordingly, this invention may also occasionally distinguish between a

component used to prepare the postcontacted mixture and that component after the

mixture has been prepared.

The term “dinuclear metallocene,” as used herein, describes a compound

comprising two metallocene moieties linked by a connecting group. The connecting

30  group can be an alkenyl group resulting from the metathesis reaction or the saturated

version resulting from hydrogenation or derivatization.  Thus, the dinuclear

metallocenes of this invention contain four 1’ to n’-cyclopentadienyl-type moieties,
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components. Therefore, the terms “catalyst composition,” “catalyst mixture,”
“catalyst system,” and the like, can include both heterogeneous compositions and
20  homogenous compositions.

The term “hydrocarbyl” is used herein to specify a hydrocarbon radical group
that includes, but is not limited to, aryl, alkyl, cycloalkyl, alkenyl, cycloalkenyl,
cycloalkadienyl, alkynyl, aralkyl, aralkenyl, aralkynyl, and the like, and includes all
substituted, unsubstituted, branched, linear, heteroatom substituted derivatives

25  thereof.

2 ¢

The terms “chemically-treated solid oxide,” “solid oxide activator-support,”
“treated solid oxide compound,” and the like, are used herein to indicate a solid,
inorganic oxide of relatively high porosity, which exhibits Lewis acidic or Brensted
acidic behavior, and which has been treated with an electron-withdrawing component,

30 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 compound comprises a calcined contact product of at least one
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20  encompasses all enantiomers, diastereomers, and other optical isomers whether in

enantiomeric or racemic forms, as well as mixtures of stereoisomers, as the context

requires. For example, isomerized and hydrogenated forms of the general structure
illustrated in formula (I) are also contemplated.

Applicants disclose several types of ranges in the present invention. These

25  include, but are not limited to, a range of number of atoms, a range of integers, a

range of weight ratios, a range of molar ratios, and so forth. When Applicants

disclose or claim a range of any type, Applicants’ intent is to disclose or claim

individually each possible number that such a range could reasonably encompass,

including end points of the range as well as any sub-ranges and combinations of sub-

30 ranges encompassed therein. For example, when the Applicants disclose or claim a

chemical moiety having a certain number of carbon atoms, Applicants’ intent is to

disclose or claim individually every possible number that such a range could



wherein the Ti 3 to 1-15-cycl oal kadi enyl noi eties include cycl opent adi enyl

| i gands, indenyl |igands, fluorenyl |igands, and the |ike, including

parti al | yweabawmsed or substituted derivatives or anal ogeTafS2@spi3hst hese.
Possi bl e substituents on these Iigands include hydrogen, therefore the
description "substituted derivatives thereof' in 5 this invention
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t et rahydrof | uorenyl, octahydrofluoren§l, partially saturated indenyl,
partially saturated fluorenyl, substituted partiall y saturated indenyl,
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co-cat al yst, I}n i nu % met al h&(p),cene conpound, any ol efin nononer used to
prepare a ‘fi‘rag’é’ fyete 4 P &3 2y AP act i vat or - support, after conbining

these conponentSimilditgr fotHee reprb@ntabilid Bxaripit FbiGHs EONPRSWEighNratio” 6@t al yst
m xture," "catal yst system"” and the |like, can include both heterogeneous
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used hegei g h m%ﬁ&arr ys,f méelaaﬁ@mpme Wghsahogrefganaamaﬁmuﬂ% Bnd but i's
not limted to, aryl, , cycloal kyl ,” al kenyl cl oal keny

cycl oal kadioeinwatoraﬁlukm"fyls in araallgkﬁpm Rput] 1I9e1ntylab0‘&r1a1IQQ mpphcaanﬁﬁdnten@tq i ke, and
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substitute rlvatlve ereo terns chemc ly- treated solid
oxi de, " " salout7:dxabdet @&dt dbeat & s dwppé)ﬂtabbut'i it eabowtl2:$ oatiodt biki abeutbApound,

and the 'ia%;utg ﬂ'i@agéfﬁq isealgé%ws% Aq@ﬂ%ﬁ@%@t%q'obda hpf“ig(f"%rguthio e of

relatively porosit Wi 5. ati dic or onsted acidic
behavi 08, ahodt msmhbblasl e abdut eaﬁtsedabtmt h4@ abbeclt45dnabaut A HOGMbogt

COE e SR SR Ao s BB g e or
source COTTMﬂdBOG_,hMﬁ)ut 11*960 C&emoﬁlﬁh]lXDGO Additionally, the weight ratio can be
within any range from about 10:1 to about 1:1000 (for example, the weight ratio is in
a range from about 3:1 to about 1:100), and this also includes any combination of
20 ranges between about 10:1 to about 1:1000. Likewise, all other ranges disclosed
herein should be interpreted in a manner similar to these two examples.

Applicants reserve the right to proviso out or exclude any individual members
of any such group, including any sub-ranges or combinations of sub-ranges within the
group, that can be claimed according to-a range or in any similar manner, if for any

25  reason Applicants choose to 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. Further, Applicants reserve the right to proviso out or
exclude any individual substituents, analogs, compounds, ligands, structures, or
groups thereof, or any members of a claimed group, if for any reason Applicants

30 choose to 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.
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| east one 8 solid oxide conpound with at | east one el ectron-w t hdraw ng
ani on souwwoeo@asprand. Typically, the chem cally-treat e#cyaiscalsoxizde
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linking group can be used to design catalysts which are either capable of, or incapable

of, intra-molecular metal-to-metal interactions. For instance, under the restraint of the
nano-link (e.g., an alkenyl linking group), nano-linked dinuclear metallocenes can

20  offer unique co-catalyst interactions.

DINUCLEAR METALLOCENE COMPOUNDS
The present invention discloses novel compounds having two metallocene
moieties linked by an alkenyl group, and methods of making these new compounds.
25  These compounds are commonly referred to as dinuclear compounds, or binuclear
compounds, because they contain two metal centers. Accordingly, in one aspect of

this invention, the dinuclear compounds have the formula:



30 ranges enconpassed therein. For exanple, when the Applicants disclose or
claima chem cal noiety having a certain nunber of carbon atons,
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appl i cation.
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof;

M is Zr, Hf, or Ti;

conposition provided in yaspect 10 of this F% tion. By a disclosure’

E is carbon or silicon;
20 R*, RY, and R” independently are a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof; and
n is an integer in a range from 0 to 12, inclusive.
with the proviso that A' is not a silicon bridging atom when both X' and X
are chlorine atoms, both X* and X* are cyclopentadienyl groups, E is carbon, R, RY,
25  and R* are each hydrogen atoms, and n is equal to 0.
Formula (I) above is not designed to show stereochemistry or isomeric

positioning of the different moieties (e.g., this formula is not intended to display cis or



10 VWi | e conpositions and nmethods are described in terns of
"conprising" various conponents or steps, the conpositions and net hods can
al so "consowoemssentially of' or "consist of' the vari oBRsETAS2WSHOEITOS OF
steps. SDETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is
directed generally to new catalyst conpositions, nethods for preparing
cat al yst conpositions, nethods for u3|ng the catal yst conpositions to

pol ymeri ze ol efins, the polymer resind? produced using such catal yst

conposi tions, and artlcles produced using these polyner resins. In
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t he di nucl kaxyl aeinfeoodtdls Juadele ekemples siilia] grohps whixB can be employed in the
present invention include, but are not limited to, methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, nonyl, or decyl, and the like. Examples of alkenyl groups within
15  the scope of the ;;resent invention include, but are not limited to, ethenyl, propenyl,

butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, and the like.
Aromatic groups and combinations with aliphatic groups include aryl and
arylalkyl groups, and these include, but are not limited to, phenyl, alkyl-substituted
phenyl, naphthyl, alkyl-substituted naphthyl, phenyl-substituted alkyl, naphthyl-
20  substituted alkyl, and the like. Generally, such groups and combinations of groups
contain less than 20 carbon atoms. Hence, non-limiting examples of such moieties
that can be used in the present invention include phenyl, tolyl, benzyl,
dimethylphenyl, trimethylphenyl, phenylethyl, phenylpropyl, phenylbutyl, propyl-2-
phenylethyl, and the like. Cyclic groups include cycloalkyl and cycloalkenyl moieties
25 and such moieties can include, but are not limited to, cyclopentyl, cyclopentenyl,
cyclohexyl, cyclohexenyl, cyclooctyl, cyclooctenyl, and the like. One example of a
combination including a cyclic group is a cyclohexylphenyl group. Unless otherwise
specified, any substituted aromatic or cyclic moiety used herein is meant to include all
regioisomers; for example, the term tolyl is meant to include any possible substituent

30  position, that is, ortho, meta, or para.

In formula (I), an alkenyl linking group is an alkenyl group that links or

connects the two metallocene moieties. As illustrated in the above formula, the
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(CH2) n- CRz=CRz- (CH2) n / wherei n: Xi and X2 independently are a
hal i de orwe 2ambBsi2but ed or unsubstituted 5aliphatic,
group, or
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a conbi nation thereof;
13

alkenyl linking group is attached to the metallocene moieties at a cyclopentadienyl,
indenyl, or fluorenyl group. X* can have one or more substituents in addition to the
alkenyl linking group and the bridging group.

In one aspect of the present invention, X' and X? independently are a
substituted or unsubstituted aliphatic group having from 1 to 20 carbon atoms. In
another aspect, X' and X? independently are methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl, or trimethylsilylmethyl. In yet another aspect, X!
and X? independently are ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl,
octenyl, nonenyl, or decenyl. X' and X? independently are a substituted or
unsubstituted aromatic group, for example, having up to 20 carbon atoms, in another
aspect of the present invention.

In a different aspect, X' and X? are both chlorine atoms. X' and X’
independently can be selected from phenyl, naphthyl, tolyl, benzyl, dimethylphenyl,
trimethylphenyl, phenylethyl, phenylpropyl, phenylbutyl, propyl-2-phenylethyl,
cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, or cyclohexylphenyl in other
aspects of this invention. Yet, in another aspect, X' and X? independently are methyl,
phenyl, benzyl, or a halide. Further, X' and X2 independently can be methyl, phenyl,
benzyl, or a chlorine atom in another aspect of the present invention.

In formula (I), X* and X* independently are a substituted cyclopentadienyl,
indenyl, or fluorenyl group, and are necessarily substituted with a bridging group, Al
as indicated in the formula above. X* is further substituted with an alkenyl linking
group. In one aspect of the present invention, X3 and X* independently are either a
substituted cyclopentadienyl group or a substituted fluorenyl group. In another
aspect, X* is a substituted cyclopentadienyl group, while X is a substituted fluorenyl
group. Yet, in another aspect, X3 is a substituted indenyl group.

Any substituents on X3 other than the bridging group independently are a
hydrogen atom or a substituted or unsubstituted alkyl or alkenyl group. Hydrogen is
included, therefore the notion of a substituted indenyl and substituted fluorenyl
includes partially saturated indenyls and fluorenyls including, but not limited to,
tetrahydroindenyls, tetrahydrofluorenyls, and octahydrofluorenyls. Exemplary alkyls
that can be substituents on X include methyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, or decyl, and the like. In one aspect, excluding the bridging

ar egmiiseqosou37eycl i c



X3 is a substituted cycl opentadi enyl, indenyl, or fluorenyl group, any
substituents on X3 other than a bridging group independently are a hydrogen
atom or awveubsidissizbed or unsubstituted al kyl or al kenyl pgraispoos43mns a
substituted cycl opentadi enyl, indenyl, or fluorenyl group, any 10
substituents on X4 other than the bridging group and an al kenyl |inking
group i ndependently are a hydrogen atomor a substituted or unsubstituted
al kyl or al kenyl group; Al is a Kubstituted or unsubstituted bridging
group conprising either a cyclic group of 5 to 8 carbon atons, a bridging

chai n of _ 2gJon,%a&?—§l}B@tﬁ‘tu§r¥tQﬂBX3 iﬁﬁep@n@é\ﬁ?%a hydjrége%i Jtérﬁ,%:an%ﬁﬂﬁﬁ%m tin,
boron, nitrogen, or phosphorus bridging atom any substituents on Al
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0" Fo 127 i nei sy TR, % WARERR oflibeaEnd rdahATSE thidyf )

bri dgi ng agonp,whéis substiutd wathdhedridpirg grhipAl aml ant alkhanyl hoting HBupnth X4 are
cycl opent adj e ups .1 syearbon sare. e ydr ogen
at ons, andgx#le %éécégﬁgflpfﬁge%}on’ Xt Co'll—l%rn %&?ﬂ%%‘%ﬁ?@gﬁ% F%o? £“d%esuﬁ’§‘ﬂ8‘2 to show
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di ast er eoi §CHRIsI gF?L%WS% J il g <8Uﬁ§§ ﬁ?@’COnienp?aYeglandlenconpassed
by t hi $0f osutstitaents on X* include methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, or decyl, and the like. In another aspect, excluding the bridging group and the
alkenyl linking group, any substituent on X* independently is selected from a
hydrogen atom, or an ethyl, propyl, n-butyl, t-butyl or hexyl group. In yet another
aspect, substituents on X* are selected independently from a hydrogen atom, ethenyl,
15  propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, or decenyl,
exclusive of the aforementioned bridging group and alkenyl linking group.

In formula (I), A' is a substituted or unsubstituted bridging group comprising
either a cyclic group of 5 to 8 carbon atoms, a bridging chain of 2 to 5 carbon atoms,
or a carbon, silicon, germanium, tin, boron, nitrogen, or phosphorus bridging atom,

20 which connects X° and X*. In one aspect of this invention, A' is a silicon bridging
atom. In a different aspect, A' is a carbon bridging atom. Yet, in another aspect, Al
is a bridging chain of 2 to 5 carbon atoms, such as, for example, a two-carbon
bridging chain that connects X3 and X*. A' can be a germanium, tin, boron, nitrogen,
or phosphorus bridging atom in other aspects of the present invention. In accordance

25  with yet another aspect of this invention, A' can be a cyclic group of 5 to 8 carbon
atoms such as, for example, a cyclopentyl or cyclohexyl group.

Any substituents on A' are selected independently from a hydrogen atom, or a
substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a combination
thereof. A' can have one or more substituents. In one aspect, for example, a

30  substituent on A' can be a methyl, ethyl, propyl, butyl, pentyl, hexyl, ethenyl,
propenyl, butenyl, pentenyl, hexenyl, phenyl, naphthyl, tolyl, benzyl, cyclopentyl,

cyclohexyl, or cyclohexylphenyl group, or a hydrogen atom. Yet, in another aspect,



In formula (1), halides include fluorine, chlorine, bromne, and iodine
atons. As used herein, an aliphatic group includes |linear or branched al kyl
and al kenyb 20®/3520ps. General ly, the aliphatic group ceatraiseasimduzms 1l to 20
carbon atons. Unless otherw se specified, alkyl and al kenyl groups
described herein are intended to include all structural isonmers, |inear or
branched, of a given noiety; for exanple, all enantioners and all

di astereoners are included within this definition. As an exanple, unless

ot herwi se specified, the termpropyl is nmeant to include n-propyl and iso-
10 propyl, edohishestilrar berRe BHathg isfoupBiaRtledted indepétdently Bbiyd hyddgerbut yl ,
t-butyl, sec-butyl, and so forth. For instance, non-limting exanples of
octyl i son#P&: mﬁévba@um-@fswgrmwph&w& SFuB ot §Flohagyirhspyleereipa Bl es of

al kyl gr ou%hmas?&tpﬁnhpset\@arph&w@luusﬂmm@: RrAeeativd\VENhdONJ Aethyde, but
are not limted to, nethyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonsHbstitsentdecy| , and the |ike. Exanples of al kenyl groups within 15
the scope of the REERENYI) NYBBELRE LifgHatd€ aroltatic 2lf BRfic! biupLdakd,

et henyl, propenyl, butenyl, pentenyl, hexenglz hept enyl, octenyl, nonenyl,
decenyl, amntipasions khereof, are diclosed; iag wplloaspibsiiteted elyl anelkoms gnpuns. al i phati c

i ted totidrg@le BRALRT fefiare HGHRR. ol IO SR liEd MiRopr e P Do
napht hyl , pihetitytionsidsany tnesitidn adnk fhlese grapipst gl confot subst iqroebdiled k|, and
the Tike. GeOSLall¥ceS H@E%go%ﬁgﬁgti%ﬁ&eﬁ%% ARtk R{Lees 81];? gﬁ@i’[ﬁ)étitﬁgrnta?é n less

i
t han 20 carbon at ons. mting exanp of "such noleties that
can bel@secbntempldted. pr esent i nvention include phenyl, tolyl, benzyl,

di et hyl phenyl ,,tri hyl phenyl henyl et hyl enyl pr.opyl , phenyl butyl,
propy1- 2- pheny%“cgfl Y sftm%l/eﬁ%’ o %én iplre{%%n?’ %‘?f&?c{%eﬂéi?%@pssé{‘?cgeg | %ge Ly yééa(ﬂ kyl ~and
cycl oal kengiouprod edlfue sgrodth aanitkogerc pronp, £phespharan groupl aaeysebict grang ot

limted to, cyclopentyl, cyclopentenyl, cyclghexyl c] ohexenyl

cycl ooct yl RIS AeliyPn Bohe ¥ REmarien! seHE *alLmih P LERRhB A on

i ncl udi ng groGy,Chrd @luBMifwd gdus, &y Ghaafaky lgpdaenyh @paiometdllid @scaipptoner wi se
speci fied, any substituted aromati.c or cyclic npiety used herein is neant
o1 nel Sdes Bl dEaree sy i BRI Dot g9 HESHERRE ¢ o

i ncl ude any hRRes oP hdrd s tak stgNds BOROGLIPsAId ndthaimihde QY Adtvity lRe Or par a.
In fornmul an), an al kenyl linkin ggou is an. al kenyl group that |inks or
connect s t FRAIYShGOMBESIqNy ClEFERIEs tgeels of tese; upgiitisn gEyPs iclwde Wi f or nul a,
the 13 al kannliteh it khBLSNRERrdupsat t ached to the netal l ocene noieties at a
cycl opent adi enyl , indenyl, or fluorenyl group. X4 can have one or nore

substituents i nExgamlasiocbhalids subwiteansenach easrirense peide Rrptidendlgsidedgi ng
group. 2N PRGIESARCHJQE. the present invention, Xi and X2 independently are
a 5 substituted or unsubstituted aliphatic group having from1 to 20 carbon
atoms. | n anot Haradsgssetrenck| oxygen SRUpsHdepoRdeANYNMESroHps +irpmples Rf/| |

i et hyt ST ATy bey AERE, timhER Lk RE S oo O Y e O N OB 1y ar e
ethenyl, pP8R&nyDAIRS s ewythe lisenindnding stlssituad| derivatpies tyercofpwheraipl R” noneny! |
or decenyl, Xy 8d-&%e DIEPARIC N I Grdt, SRS bdodhiGfaQikyl, substituted
25 ary1, or substituted aralkyl having from 1 to 20 carbon atoms. Examples of alkoxy or
aryloxy groups (-OR*) groups include, but are not limited to, methoxy, ethoxy,
propoxy, butoxy, phenoxy, substituted phenoxy, and the like.
In each occurrence, sulfur groups are sulfur-containing groups, examples of
which include, but are not limited to, -SR* and the like, including substituted
30 derivatives thereof, wherein R* in each occurrence can be alkyl, cycloalkyl, aryl,

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

carbon atoms.



10 unsubstituted aromatic group, for exanple, having up to 20 carbon atons,
i n anot her aspect of the present invention. In a different aspect, Xl
and X2 arwobotdvssizbori ne atonms. Xl and X2 i ndependent | yPprcansb@sseirext ed
from phenyl, naphthyl, tolyl, benzyl, dinethylphenyl, trinethyl phenyl,
phenyl et hyl , phenyl propyl, phenyl butyl, propyl-2-phenylethyl, 15

cycl opentyl, cycl opentenyl, cycl ohexyl, cycl ohexenyl, or cycl ohexyl phenyl
in other aspects of this invention. Y, in another aspect, X1 and X2

i ndependently are nethyl, phenyl, benzyl, or a halide. Further, Xl and X2

i ndependent |y o@Mn.,be &Ik, &@@g&x' odaﬁrh?rylnm n-@oﬁﬁih&”é}@u;ﬁt QRidnn anot her
aspect of the present |nvention. In formula (I 4 independently

are a substilige.dut aspcios hiariteddp.eMR”; and therdikenyrcluding supsitutedhy §#PriGEisep, and are
necessar i | eahpShidih o8 ol BEkABLDLaHR Ry Moyl nT-ALRLN ¢ he

formul a above. X4 1s er substituted wth nyl |nk|ng group. In
one aspect subftitpige ab<b’é§ebﬁttltut¢d/em,mﬁubSXBlt@n@aanl Mw@p%@fﬂelnlol 3P earkonej t her a
substituteg evcl opentadi enyl group or a substituted fluorenyl group. In

anot her aspect X4 is a substituted cyclopentadienyl group, while X3 is a
substit ut ed fl Lior@nlyloc@ﬁgﬂmmpphomorua groapro fsephasplpres-conkgning ggoupabst i t ut ed

| ndeny! oo pien int¥aes URE L YSPGMiRA o3 ﬁi”‘&g;};ﬁb{?ﬁ? % daﬁlﬁ RELRY! HRLBERUP

i ndependently are a’ hydrogen atom or unsubsti tuted al kyl
or al kenyl supstituted &dyd/am@entheeeof neherdiad Rt IIIEI‘GQﬂDI‘C&CIIﬂ'ﬁEBICGIOIanOhG afikya,

Sust L Ut S o RS B S B Bty ot vr ot o
t et r ahy@r ohavilgfydrs | td 20 cabotdatohs.uor enyl s, and octahydrofluorenyls
Exenpl ary aIkyHE t hat can be substituents on Ilct:Iude nethy%gwg}hyl,

propyl, butyl, ‘Befff CHERF; aﬁ%‘ﬂfy%m“péc?rﬁlar“ﬁ‘b%% aYPe A the |ike.
I n one aspiglude,®¥Chd doNEmitetoDr Al NG s(ORF)glafd the 1&&C1hclﬁﬂiﬂ§fsulisﬂ&m¢d on X3

i ndependently i s a hydrogen atqm or an ethyl, pyopyl n-ﬁu@ |, t-butyl, or
hexyl gr oufrvPiVeaBEHy WRSFRIL R e PSS (18 R S Setoaktbany n
i ndependenihiyf seu%ifiddydEQ0ams@heManBl delbitituted SRRAY haviliremyl to zeent enyl
hexenyl , heptenyl, octenyl, nonenyl, or decenyl, exclusive of the brldglng
gr Oup 5 Carbon atoms
In each’ occurrence, carbon groups are carbon-containing groups, which
include, but are not limited to, alkyl halide groups that comprise halide-substituted
alkyl groups with 1 to 20 carbon atoms, aralkyl groups with I to 20 carbon atoms, -
C(NR™MH, -C(NRMR?, -C(NR*)OR", and the like, including substituted derivatives
20  thereof, wherein R* in each occurrence can be alkyl, cycloalkyl, aryl, aralkyl,
substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to 20 carbon
atoms.
In each occurrence, silicon groups are silicon-containing groups, which
include, but are not limited to, silyl groups such as alkylsilyl groups, arylsilyl groups,
25  arylalkylsilyl groups, siloxy groups, and the like, which in each occurrence have from
1 to 20 carbon atoms. For example, silicon group substituents include trimethylsilyl
and phenyloctylsilyl groups.
In each occurrence, germanium groups are germanium-containing groups,
which include, but are not limited to, germyl groups such as alkylgermyl groups,
30  arylgermy! groups, arylalkylgermyl groups, germyloxy groups, and the like, which in

each occurrence have from 1 to 20 carbon atoms.



5X4 in fornmula (1) is a substituted cycl opentadi enyl, indenyl, or fluorenyl
group, and is substituted with the bridging group Al and an al kenyl |inking
group. | nworneoswmspret of this invention, X4 contains no POTtUsee08/013705
substitutions. X4 can be further substituted with a hydrogen atomor a
substituted or unsubstituted al kyl or alkenyl group in a different aspect
of this invention. For exanple, suitable alkyls that can be 10
substituents on X4 include nmethyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, or decyl, and the like. In another aspect, excluding
the bridging grpucRREctRSCcE! deblips drB KinRBn@InMsPgro@FYY whiklhSihtul& Hut ON X4

i ndependently is sel ected froma hydrogen atom_ or an ethyl, propyl,
n-butyl, tawuRelingtedniex sl @ugyps sl at alkrlstenwt @aypectrylsigpg gewdnt s on X4
are sel ect %R/ldlmﬁaﬁlgﬂg%bé’, sfta[n%%@(&y@{a%ﬁ&ﬁf SBupE tAREHE dike, Lwhilh GPENY!
butenyl, penteryl, heXenyl, heptienyl, octenyl, nonenyl, or decenyl,

excl usi ve 6fchtaseursgnge dpvxenfromnletd 2 ¢adefinragoryy- olipusatinl gzdupe mydlude; Awtiatg) gr oup.

In forml a, (dimited to] sPanft ituted or unsubstituted bridging group
conprig?ngneiEWErt% c§%?§%£§§%hp of 5 to 8 carbon atons, a bridging chain
of 2 to 5 carboh eatlhasuroncealeed gloups ars idad-containipgrenaups.uwlpich ingludpduibn,

ni trogen, 4 r.us b dqi t 2 i 4. I n one
aspect of ?efEQ?%@%ﬁf?b%@&%§@ﬁggggb%&p%gﬁggﬁgd%&#gggg%ﬁéﬁ?ﬁgéggﬂP%érent
aspect, Al liks whidhan barh dscumigice,daat fom 1Ye ) carhommatoinher aspect, Al is a
bridging chain of 2 to 5 carhon atons uch as,.for example, .a.two-carbon
br i dgi ng chai n Preae pEAREiR Bn B Mt SRl e SRR R iR “Boron,
ni trogeén, but phospmoredsobBRAgi-BY, aBRAK| mdohdbke, adprit X ioh nidneamerés ent

b o cpkP BSgrRAGReoRRsts DY Shi PR SR e BB K Shab T e Lo
pygl opegt yt)lc@ﬁ]?ﬁopmbﬂhex%tbl,gy@omltcyl, aryl, ardlky]l, sltﬂafim'ttddtmﬂmd ,Ssubsnit!Abc:) &;yg tos t<:al gct ed

I naepenaen Jram rogen 0 or a substituted or unsupstitute
aliphatic,sﬁ¥BW§§F%ﬁkﬂ aﬁvgﬁpﬁebpghﬁ?bBPa@“@onbination thereof. Al can have
one or nore SUbﬁltéaElUBéHu&enddﬂalQHﬁhmgﬁﬁﬁs arb QlunXANBéRainig cBélipsUDKitH t uent on
Al can be a nethyl, ethyl, propyl,h ,butyl, pentyl 6 hexyl, ethenyl, propenyl,
but enylt> paKiudeyfut aprentlimitedoire AMR”, 1dFt IR X whepein éng ronogetiopent yl |
cycl 0[1e><yl1 gro@f) sﬁdhczlsgﬂlt%ﬁ?é,&mt@ﬂﬂe, ?Iﬁ?ltkgio_lagé, afid edneos aﬁ&laﬂn 1?‘*3{(;1 eatl anot her
aspect, each supstituent on e prirdgin roup 1s selecte

i ndependenPfPERGS AR begliyb gEsodkdmryherlky, S&sgw&d abpdrybstirtedipryls RBpht hy|

group, or eyslRRA%YIIBNERVhg GoRUP JoRaoh Bokdier aspect, Al has two phenyl
substituents, or alternatively, A has two nethyl substituents. 5In fornula

(1), substitut ebxamnlgshat ivorgamomeaupe  thasrmeyy &F i usedrap LRyBstitegnds, darighat i ons
Lher eoby abg,dbaclifagsh, vasRblimRathibaNHAILeshal ,0rmal keny Loy oups.
Such groups described herein are iIntende Yo inclu e substituted anal ogs
wi t h subst endithediks, atherinyXpiesi mouranomict grespe sephoasprydridat antidaf akenideo t he
normal rul e ehenl sl gl 0 § tout ' e or nore
1 1 RYPSI, LUHEH, dblidued
Pt one Su%gftljlltouageh?}l(gﬁlg ¥B! §%Rere MMy andi QYRRRYPEA LHARH, WbLe
alkyl, substituted aryl, or substituted aralkyl group or substituent on these ligands has
from 1 to 20 carbon atoms.
25 Examples of organometallic groups that may be used as substituents, in each
occurrence, include, but are not limited to, organoboron groups, organoaluminum
groups, organogallium groups, organosilicon groups, organogermanium groups,
organotin groups, organolead groups, organo-transition metal groups, and the like,
having from 1 to 20 carbon atoms.

30 Formula (I), depicted above, illustrates that the dinuclear compounds of the

present invention are homonuclear, because each metallocene moiety linked by the



10cont enpl at ed. Such substituents, when present, are independently
sel ected from an oxygen group, a sulfur group, a nitrogen group, a
phosphor wsogoewgssi2an ar seni ¢ group, a carbon group, a SiPCraseoogomrp; a
germani um group, a tin group, a |ead group, a boron group, an alum num
group, an inorganic group, an organonetallic group, or a 15 substituted
derivative thereof, any of which having from1 to about 20 carbon atons; a
hal i de; or hydrogen; as |ong as theselgroups do not termnate the activity
of the catal yst conposition. Exanples of each of these substituent groups
i nclude, butkei Gnkiak ghduplid 8 shRe ahdBorftthd MWisRfle Me@iREnter. M can be ZrExanpl es
of halide substituents, in each occurrence, include fluoride, chloride,
20br omi de, Hard Ti Bfhejpresent mventipne de p disterant psppeteM ivsihse I gF Sups ar e

oxygen- cont ai ni jigng LIRS 1infiE Bk Eqé emffek E';Hbérp&l éfﬁl&n bK, Refr End'RE i i N ted
to, al koxy or aryloxy groups AlRA2, and the

li ke, incl thgi alkgnglibsking grag aee ev@ﬁmﬂwase sﬂeqt@bfronwméwéﬁogemtonh @ach
occurregnce I . oAl u i kyl
substltgted%%guggfﬁlh%wmgu st|$%%%%2%§£¥L O@ éby€dﬁfacggggguggrbon
atoms. Exafgtees bif orel dspsey 06themryseob<rylvgmgmp& (R OIM) R§rivdependentdy emder, but are
oL 1Mt ek el N06stiilel BhaR AR Navi B GV, 1oDABCLRN: arSHES b ut e
phenoxy, curr nce ur groups are

sul fur - contmrmﬂaagl gRPSuqm;i R )wm’pé eﬂieoan‘d intipehdently |frogre mebyl, esind, propyl) i ni t ed

SR" h di b h f,
wherein rabihd Bendd S8 MEACSA, RURRHebil] SC iyl ahisy IR HERECY

subst i ot eespadtkRE, RE st RY atecltydasagh atams. SRESRY f attdeR” arrcabémilentt}aamemg f rom 1

to 20 carbo n _each- occurrence |tro u are

ni t rogen- c&"ﬁ’ tam%gtrs?d W%B?tew PERYS SIURYET FaPPK Zla\q% 819{ &fﬁ

and the I|MEm&nﬁQdemm@wspasbfﬂhbﬁﬂmdeﬁkmmhives t hereof, wherein RA |n each
occurrence can al k cycl ogl k aral k ub tltu | kyl ,
occurr ence can e @kl g uekoatilay Brhy 308 oy BRLSHI S LI
I n each ocghynke ReshthydOED B, gycmwﬁtyarcﬁclpmwbeqmomymmm &gbugl oups,

whi ch |nclude but are not limted to, - @ndythe lJ ke,
i ncl udilhg §h6§‘@’fi‘c°ﬁ?‘éatoﬂ’er‘i‘\Pélfqr\ﬂé%ecfsh%t}’é‘ﬁf m"%’@?‘ellﬁlrﬁ&r’l% dhergRurrence

can be al kydepenii&igahkyé meﬁ{y}’ Ipherdl Heki24h, or Ul 8tdgbihBah idtlakdther sspdRsbs t ut ed
aryl, or substituted aral
the present invention.

The integer n in formula (I) determines the length of the alkenyl linking group

and ranges from 0 to 12, inclusive. In one aspect of this invention, n is equal to 0, 1,
20 2,3,4,5,6,o0r 7. In a different aspect of the present invention, n is 1, 2, 3, 4, or 5.
The integer n can be 1, -2, or 3 in other aspects of this invention.

According to yet another aspect of the present invention, both X' and X? are
methyl groups, phenyl groups, or chlorine atoms. In this aspect, X* is a substituted
cyclopentadienyl group, and X’ is a substituted fluorenyl group. In one aspect, the

25  substituted fluorenyl group is substituted with two butyl substituents, for example,
. two tert-butyl substituents. In these and other aspects, M is Zr or Hf; nis 1, 2, 3, or 4;
R*, RY, and RZ are hydrogen atoms; and A' is a carbon bridging atom having either

two methyl or two phenyl substituents.

In accordance with another aspect of the present invention, both X' and X2 in

30  formula (I) are chlorine atoms. In this aspect, n is in range from 1 to 10, inclusive. In
a different aspect, X' and X* are chlorine atoms; either X3 or X* is a substituted

cyclopehtadienyl group, and the other is a substituted fluorenyl group; A' is a silicon



10 having from1 to 20 carbon atons. I n each occurrence, arsenic
groups are arsenic-containing groups, which include, but are not limted
to, -AsRARO 20988R%) 2, and the |ike, including substitutret/usesnswai7rnyes
t hereof, wherein RA in each occurrence can be al kyl, cycloal kyl, aryl,
aral kyl, substituted al kyl, substituted aryl, or substituted aral kyl having
froml to 20 15carbon atons. In each occurrence, carbon groups are
car bon-cont ai ni ng groups, which incl utfe, but are not linited to, al kyl
hal i de groups that conprise halide-substituted al kyl groups with 1 to 20
carbon at Ogﬁear&ﬁﬁﬂo hn@it@h‘x?%pt‘%ﬁahy JubsAruedd Witk BAS oAkRFB methy CoNpbhi

- C(NRA) RA, C(NRA) d the like, including substituted derlvatlves 20
thereof , WHPFERPRIRA pR eaa’érR e hydregragtons MB 4y Kfor Téand adp giher lary | |
aral kyl, sybsyiduted al kyl, substituted aryl, or substituted aralkyl having
from1 to 20 carbon atons. In each occurrence, silicon groups are
si |'i con- cont ai nimeragbuipie digkgleds cpmpownd dn agsardapgeviffothe presertdaryeption si | y|

groups §uch a3 &ikWiny lcxlhp&maumc}@ryla‘sblewateqr OBRET 45 Aolghbdey td | V!

groups, siloxy groups, and t 1 ke, which in each occurrence have from1
to 20 carbéﬁdawwﬁs For exanple silicon group substituents include
trimethylsilyl and phenyl octyl silyl groups. I n each occurrence,

ger mani um groups are germani um cont ai ni ng groups, which include, but are
not limted to, germy grodpsssuch as al kyl gernyl groups, 30aryl gernyl

groups, ar alky Ot oups,\ gersyl oxy groups, and the like, which in
each occurre# S oyn\1l t & 20earbon atons. 17 I n each
occurrence, tin groupssare tin-containing groups, which include, but are
not limted to, stfdng grobps such as al kyl stannyl groups, aryl stannyl
groups, aryl al kyl stagrnyl groyps, stannoxy (or "stannyl oxy") groups, and the

li ke, which in each" occiFkgnce have froy to 20 carbon atons. Thus, tin
groups include, but ar :@ limted t6, stiannoxy groups.

/

Ph

ClHf
Ph
10 Applicants have used the abbreviation Ph for phenyl. Other illustrative and

non-limiting examples of dinuclear compounds of the present invention include the

following:



In each occurrence, |ead groups are |ead-containing groups, which include,
but are not limted to, alkyllead groups, aryllead groups, arylal kyl|ead
groups, awo 2déveskizke, which in each occurrence, have fr egrisscas®ds7osar bon
atonms. I n each occurrence, boron groups are boron-containing groups, which
include, 10 but are not limted to, -BRA2, -BX2, -BRAX, and the like,
wherein X is a nonoanionic group such_as hydrlde al koxi de, al kyl thiolate,
and the like, and wherein RA in each &currence can be al kyl, cycloal kyl,
aryl, aral kyl, substltuted al kyl, substituted aryl, or substltuted ar al kyl

haV|ng from1l to car bon & -ns In each occurrence, alum num groups are
alunlnun}contalnl OLINg 5 include, but are not limted to,
-AlRA, - Al1X “

// a nonoani oni ¢ group such as hydri de,
he 1 Re, and wherein RA in each occurrence
, aralkyl, substituted al kyl, substituted
leng from1 to 20 carbon atons. Exanpl es of

al koxi de, a
can be al kyl, cycl:.lk ,
aryl, or substituted &Aal kyl

i norgani c groups the pybhe- Used as substituents, in each 20 occurrence

i ncl ude, but are not i ed to, -0A1XZ, -9Si X3, -0PX2, -SX, -AsX2, -PX2,
and the |ike, wherein X nmonoantori ¢ grpup such as hydride, am de,

al koxi de, al kyl thiolate,[and the /ike, and\wherei n any al kyl, cycl oal kyl,

aryl, aral kyl, substituted al kyt substittedyaryl, or substituted aral kyl
group or substituent on thesg ligands has’f+gm 1 to 20 carbon atons.
25Exanpl es of organonetal lic groups that™ may Be tised as substituents, in
each occurrence, include, but are not |Iigted tfo Porganoboron gr oups,

or ganoal um num gr oups, organogal | i\um grou ~rgan05|I|'on groups,

or ganoger mani um gr oups, organot A 1r oup 0 oT edd _groups,
organo-transition nmetal groups, and t g from1l to 20 carbon
atons. 30Fornula (1), depicted above, trate at the dinucl ear
conpounds of the present invention are hononucl ear, because’ each

net al | ocene nmoiety |linked by the 18 al kenyl Ilnklng group is the sane and
contains the sane netal center. Mcan be Zr, Hf, or Ti in the present
invention. In a different aspect, Mis either H or Ti.




In the al kenyl linking group, E is either carbon or silicon. Rx, RY, and Rz
in the al kenyl |inking group independently are selected froma hydrogen
atom or wo 2bosusbebi t uted or unsubstituted aliphatic, aromaisc@g/oos7oeyclic
group, or a conbination thereof In one aspect of the present invention, R,
RY, and Rz independently are a substituted or unsubstituted aliphatic group
having from1l to 20 carbon atons. For exanple, Rx, RY, and Rz can be

sel ected i ndependently from nethyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, or trinethylsilylnethyl. In another 10 aspect,
Rx, RY, and Rz are hydrogen atons. Rx, R ", and, Rz independently are a
substituted or unsubstituted aromatic group, fon/exanple, having up to 20
carbon atons, in yet another aspect of the presépt invention. RY,
and Rz independently are a nethyl, ethyl, propyl)\ butyl, pentyl, hexyl,
phenyl, naphthyl, tolyl, benzyl, cyclopentyl, okexyl, or

cycl ohexyl phenyl group, 15 or a hydrogen atg L her aspects of this
invention. Further, Rx, RY, and Rz inde5~ dént | be net hyl, phenyl,
benzyl, or a hydrogen atomin another aspert o present invention.

The integer n in formula (1) determ pe e N of the al kenyl |inking
group and ranges fromO0 to 12, |n S Vel
nis equal to 0, 1, 20 2, 3, 4, 5, \6—C ferent aspect of the
present invention, nis 1, 2,/3, 4, oOf THe iintegeff n can be 1, 2, or 3
in other aspestg of this invention. pecor dng t/p yet anot her aspect of
the present inweation, both XI \and X2 areChet hyl yYgroups, phenyl groups, or
chlorine atons./ In this aspect,|[X4 is a substituted cycl opentadi enyl group,
and X3 is a sulstituted fluorenyl group. In ane7aspect, the 25 substituted
fl uorenyl 7 Nis sybstituted Wi h two butyl spbstituents, for exanple,
two tert- by In these and ot her aspects, Mis Zr or Hf; n
is 1, 2, 3, \d Rz /are hydrogen atons; and Al is a carbon
bridging ato wo net hyl or two phenyl substituents. In
accordance wt Of hey~aspect of the present invention, both XI and X2 in
30 formul a aye clk{orine atons. In this aspect, nis in range froml to
10, inclusi a/ditferent aspect, Xl and X2 are chlorine atons; either
X3 or X4 i st t uted cycl opent adi enyl group, and the other is a
substituted yorenyl group; A is a silicon 19 or carbon bridging atom
optionally substituted with one or nore nethyl or phenyl substituents; R,
RY, and Rz are hydrogen atonms; Mis Zr, Hf, or Ti; and nis either 1, 2, 3,
4, or 5.




An exanpl e of a dinuclear conpound in accordance with the present invention
5is the follow ng conpound, which is abbreviated "DVET 1" throughout this
di scl osurwo 20008pbi cant s have used the abbreviati on Phptoruspévsnyi7zos & her
illustrative and non-limting exanpl es of dinuclear conpounds of the
present invention include the follow ng: 20 21 22

22




23 24 25 26
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and the like. Applicants have used the abbreviation Ph for phenyl.

Met hods of maki ng a di nucl ear conpound of the present invention are al so
provi ded.wOrneoswsstzomet hod for synthesizing a di nucl ear meralsc@senzotonpound
is illustrated in the general reaction schene provided bel ow A
net al | ocene catal yst having an al kenyl substituent is linked to itself via
the olefin netathesis reaction in the presence of a suitable catal yst.
General ly, the al kenyl 10 substituentzgan be of any length, and can be, for
exanpl e, a substituent on a cycl opentadienyl-type group (e.g.,

cycl opent adi enyl , _k&adenyl , Auorenyl). In the reaction product, the

net al | ocene noi e dr-e- ¢ tted by an al kenyl |inking group. Ethylene
gas is al sop eiw\ ‘ ‘! ‘/f;. yon. Various netal -based catal ysts can be
enpl oyed in gn ol e yeparhesis 16 reaction. The netals often used include

rut heni um tungstemn pf'ybdenum and nickel. In the exanples that follow, a
G ubbs 1st Ceneratio bt at hegjs Catal yst based on rutheni um was enpl oyed,
but this inventionri’s ng imMted to any particul ar netathesis catalyst.

Met at hesi s reacti ons c.qgﬁﬁygznd ted j/h the presence of a solvent such as,
for 20 exanple, aliphatw\g,_-aromatipg;—Or satlurated ester solvents. Suitable
sol vents useful in the prijoduction/of dinuclear netall ocene conpounds

i nclude, but are not limed t0, benzene, ene, heptane, isobutane,

met hyl ene chloride, and thel ke. Solvggpjgz1ectg9n can depend upon nmany
factors, for instance, the desired reggtion tegperature and solubility of

ei ther the nmetallocene reactant or the dinucl gar~pgetallocene in the
25particul ar sol vent. Sui t abl\e ol ef i myrdtat hesi s re¢action tenperatures

to produce dinucl ear netall ocene~shnpognd es invention are

generally in a range from about -




27 50 Cto about 150 C. For exanple, the reaction tenperature can be in
the range fromabout 0 Cto about 100 C. The reaction tenperature sel ected
i s oft en wocompissizvse bet ween nmany vari abl es, such as treTaskasmi37ehpl oyed,
reaction pressure, reaction tinme, quantity and type of catal yst, product
yield and selectivity, 5 and isomer ratio, if desired. Further, the
net at hesi s reaction equilibriumcan be driven towards the dinuclear

met al | ocene product if ethylene gas i% renpved or vented fromthe reaction
system Generally, there is no limtation on the selection of the

nmet al | ocene conpound that ean be used to formthe dinucl ear conpounds of
the present invention an 10 the presence of an al kenyl substituent
on a cycl opent adi enyl or fluorenyl group. Some exanples of

nmet al | ocene conpound ; be used to produce dinucl ear conpounds of
the present invention »w the olefin netathesis reaction schene above

i nclude, but are not[lim FQMM§I 28 '

~ci

; or

r_...\\\\\\\CI
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29 WO 2009/ 085129PCT/ US2008/ 013705 30 ; and the |ike. Applicants have
used the abbreviations Ph for phenyl, Me for nmethyl, and t-Bu for
t ert - but YWo0 2009/085129 PCT/US2008/013705
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and the like. Applicants have used the abbreviation Ph for phenyl.
Methods of making a dinuclear compound of the present invention are also
provided. One such method for synthesizing a dinuclear metallocene compound is

illustrated in the general reaction scheme provided below:

5
/\ Metallocene Metallocene\/\
Metallocene
Catalyst
+ —_— +

/\ Metallocene / T

A metallocene catalyst having an alkenyl substituent is linked to itself via the
olefin metathesis reaction in the presence of a suitable catalyst. Generally, the alkenyl
10 substituent can be of any length, and can be, for example, a substituent on a
cyclopentadienyl-type group (e.g., cyclopentadienyl, indenyl, fluorenyl). In the
reaction product, the metallocene moieties are connected by an alkenyl linking group.
Ethylene gas is also produced in this reaction.
Various metal-based catalysts can be employed in an olefin metathesis
15  reaction. The metals often used include ruthenium, tungsten, molybdenum, and
nickel. In the examples that follow, a Grubbs 1st Generation Metathesis Catalyst
based on ruthenium was employed, but this invention is not limited to any particular
metathesis catalyst.
Metathesis reactions can be conducted in the presence of a solvent such as, for
20  example, aliphatic, aromatic, or saturated ester solvents. Suitable solvents useful in
the production of dinuclear metallocene compounds include, but are not limited to,
benzene, toluene, heptane, isobutane, methylene chloride, and the like. Solvent
selection can depend upon many factors, for instance, the desired reaction temperature
and solubility of either the metallocene reactant or the dinuclear metallocene in the
25  particular solvent. |
Suitable olefin metathesis reaction temperatures to produce dinuclear

metallocene compounds of the present invention are generally in a range from about -



5Addi tional bridged netall ocene conpounds can be used to produce di nucl ear
conpounds of the present invention. Therefore, the scope of the present

i nvent i orwo00aissi2zpmited to the starting netal |l ocene specras2@sovi7ded
above. CATALYST COMPCSI TI ON 10The present invention also relates to

catal yst conpositions enploying dinuclear netall ocene conpounds. According
to one aspect of the present invention, a catalyst conposition is provided
whi ch conprises a contact product of %t |east one dinucl ear netall ocene
conpound and at | east one activator-support. This catal yst conposition can

further cogpic gLatiut I SRSE. ML RABAL AL WALV MARBRAME Gan BG5S fhe rdmpecat al yst
conpositions can be utilized to produce polyolefins, both honmopol yners and

copol yner sfrogabont ¢ € ot gbayt 180 dCus Ehe pysrtiiamtempseturgiselegted |ip #éten @ne
Formil o TP RS oG REY B RGZRFI T P SphFR e eervatitn Lhe
pressure, reaction time, quantity and type of catalyst, product yield and selectivity,
5 and isomer ratio, if desired. Further, the metathesis reaction equilibrium can be
driven towards the dinuclear metallocene product if ethylene gas is removed or vented
from the reaction system.
Generally, there is no limitation on the selection of the metallocene compound
that can be used to form the dinuclear compounds of the present invention, other than
10  the presence of an alkenyl substituent on a cyclopentadienyl, indenyl, or fluorenyl
group. Some examples of metallocene compounds that can be used to produce

dinuclear compounds of the present invention via the olefin metathesis reaction

scheme above include, but are not limited to:

15 AN

t-Bu
lllll Hf....u\\\\C I Ph////,,,,u
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/ x2 ERXRYERXRY \ (CH CRz=CRz-(CH2)" / wherein: XI and X2

i ndependently are a halide or a substituted or unsubstituted 5ali phati c,
aronmat i c,woroeyoski2e group, or a conbination thereof; PCTX32008/083705
substituted cycl opentadi enyl, indenyl, or fluorenyl group, any substituents
on X3 other than a bridging group i ndependently are a hydrogen atomor a
substituted or unsubstituted al kyl or al kenyl group; X4 is a substituted
cycl opent adi enyl, indenyl, or fluorem®}l group, any 10 substituents on X4
other than the bridging group and an al kenyl Iinking group independently
are a hydrogen atm or a~substituted or unsuybs sal kyl or al kenyl
group; Al tuted or unsubsti LNg group conprising
ei ther a cyplii C\g t@®Bu8 car bon tB . v/hgthain of 2to 5
carbon atons, PRI a £8 bonC|15 silicon, gerﬁgqlu N ‘Cporon nitrogen, or
phosphor us bri gLO azeg ~a QA i éndently are a

hydr ogen atonfhor a bst¢t ut ed or unsubstlwute Al i phatic, aromatic, or
cyclic group, or a ination thereof; Mis Zr , or Ti; Eis carbon or
silicon; 20Rx, RY, i ndependently are a hydragenp qunl or a
substituted or

t-Bu




unsubstituted aliphatic, aromatic, or cyclic group, or a comnbination
thereof; and nis an integer in a range fromO to 12, inclusive.

wi t h the woauiwssizhat Al is not a silicon bridging at ompaemars2dmsis7dd and X2
are chlorine atons, both X3 and X4 are cycl opentadi enyl groups, E is
carbon, Rx, RY, 25 and Rz are each hydrogen atons, and n is equal to O.

In accordance with this and other aspects of the present invention, it is
contenpl ated that the catal yst conposi%ions disclosed herein can contain
nore than 32 one dinuclear netall ocene conpound and/or nore than one
activator-support. Additionally, nore th re]l um num conpound i S
al so cont enpl ated. I n anot her aspec he-(pr esent i nvention, a

i pr ovi ded whi ch copt act product of at

, , one activator-support,
and at | east ga -aluninun1conpoqup mhg%gf‘ this catal yst conposition
i's substanpnﬂl S i nc) cempfdunds, or ganoboron or
organobora% d!n.érlthis aspect, the
catal yst c ﬁp di sc

ssed below, in the
absence of these r, in other aspects of
this invention,

For exanple, a catalyst
conposition conprisi

Qgg%gonpound and at

| east one activator-support c further conprise at™l east¥”one gptional
co-catalyst. Suitable co-catalysts in this aspect include, but are not
limted to, alum noxane conpounds, organozi nc conpounds, organoboron or 15
or ganobor at e i oni zi i oni ' 0\t he |ike, or any
combi nati on present in the
cat al yst comn at al yst conposition is
provi ded whic Such a catal yst
conposi ti ofhear st"@he di nucl ear

met al | ocenppetPOUND e fromat 20 |east

one al um noxane cOyM conmpound, at | east one
or ganoboron or 01@@F i oni zing ionic conmpound,
or conbi nations t'te

ast _one di nucl ear
nmet al | ocene conpound

In a differentNas
require an act|§ tor-s
23S @ contact produ mof

aﬂgnat | east one cpﬁpﬁ'
ound, at |east one organozj

oborate conpound, at |eas
egof . I'n this aspect, the a

...m\\“CI
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VAIX3X1 v\ VA M/DA x4/ X2A1 \ Z \ \/x4x2 ERXRYERXRY 25\

(CH2) n- CRz=CRz- (CH2) n / wherein: 33 Xl and X2 independently are a

hal i de orwa 2e8esssizout ed or unsubstituted aliphatic, aromamius200801xyE!lic
group, or a conbination thereof; X3 is a substituted

cycl opent adi enyl, indenyl, or fluorenyl group, any substituents on X3 ot her

than a bridging group i ndependently are a hydrogen atom or a 5substituted
or unsubstituted al kyl or al kenyl grotfh:

.--\\\“‘CI
2r;
~¢|

; and the like. Applicants have used the
abbreviations Ph for phenyl, Me for methyl, and t-Bu for tert-butyl.

5 Additional bridged metallocene compounds can be used to produce dinuclear
compounds of the present invention. Therefore, the scope of the present invention is

not limited to the starting metallocene species provided above.

CATALYST COMPOSITION

10 The present invention also relates to catalyst compositions employing
dinuclear metallocene compounds. According to one aspect of the present invention,
a catalyst composition is provided which comprises a contact product of at least one
dinuclear metallocene compound and at least one activator-support. This catalyst
composition can further comprise at least one organoaluminum compound. These

15  catalyst compositions can be utilized to produce polyolefins, both homopolymers and
copolymers, for a variety of end-use applications. The at least one dinuclear

metallocene compound in these catalyst compositions has the formula:



X4 is a substituted cycl opentadi enyl, indenyl, or fluorenyl group, any
substituents on X4 other than the bridging group and an al kenyl |i nking
group i ndependarssizy are a hydrogen atom or a substit ut egCoruseovsozds t ut ed
al kyl or al kenyl group; 10Al is a substituted or unsubstituted bridging
group conprising either a cyclic group of 5 to 8 carbon atons, a bridging
chain of 2 to 5 carbon atons, or a carbon, silicon, germanium tin, boron,
nitrogen, or phosphorus bridgi ng atomM! any substituents on A independently
are a hydrogen atom or a substituted or unsubstituted aliphatic, aromatic,
or cyclic groupyior a i@nbination thereof; 15Mis Zr, Hf, or Ti; Eis
carbon or silicons. .~ Rx,, RY, and Rz independeqpﬁ§\@rg/§ hydr ogen at om
or a substituted olwqgsgbétituted al i phatic, ar tic Mor cyclic group, or
a conbi nation t@ﬁ eof *yand n is an integer in ar f?nﬂgo to 12,

i nclusive. 20w t'h the pxoviso that Al is not a siliton brftdgi ng at om when
both XI and X2 are chIoE Reyat oms, both X3 and_X4 _gre cycl opent adi enyl
groups, E is carbon, RX: ., and Rz are each h en atonms, and n is equal
to 0. ACTI VATOR- SUPPORT 25 TiaH e ORF=CRRe(@H)p enconpasses ¥hir.i ous
cat al yst conpositions which can include an activator-support. In one
aspect, the activator-support conprises a chemcally-treated solid oxide.
AIternatiVﬁhaem;he activator-support can conprise a clay mneral, a
pillared clay, an exfoliated clay, an exfoliated clay gelled into another
oxi de matrix, aXiaykpedimiepindentty aienerkalide rnpsubsipued @r siisibstitueedni neral , a

Lfy:;sd%ggghﬁgh?%%hkhggggyakqg&ﬂ{orgmﬂﬁﬁﬁ*ﬁxgk%gﬂaluninosiIicate m ner al
X is a substituted cyclopentadienyl, indenyl, or fluorenyl group, any
substituents on X® other than a bridging group independently are a hydrogen atom or a
substituted or unsubstituted alkyl or alkenyl group;
X* is a substituted cyclopentadienyl, indenyl, or fluorenyl group, any
10  substituents on X* other than the bridging group and an alkenyl linking group
independently are a hydrogen atom or a substituted or unsubstituted alkyl or alkenyl
group;
A' is a substituted or unsubstituted bridging group comprising either a cyclic
group of 5 to 8 carbon atoms, a bridging chain of 2 to 5 carbon atoms, or a carbon,
15  silicon, germanium, tin, boron, nitrogen, or phosphorus bridging atom, any
substituents on A' independently are a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof;
M is Zr, Hf, or Ti; -
E is carbon or silicon;
20 R*, RY, and R? independently are a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof; and
n is an integer in a range from 0 to 12, inclusive.
with the proviso that Al is not a silicon bridging atom when both X' and X?
are chlorine atoms, both X° and X* are cyclopentadienyl groups, E is carbon, R*, RY,
25  and R” are each hydrogen atoms, and n is equal to 0.
In accordance with this and other aspects of the present invention, it is

contemplated that the catalyst compositions disclosed herein can contain more than



34 The chem cally-treated solid oxide exhibits enhanced acidity as
conpared to the correspondi ng untreated solid oxi de conpound. The

chen cal lwyotz@asertosol i d oxi de al so functions as a cat alPgstusaaBiovEddr as
conpared to the corresponding untreated solid oxide. Wile the
chemcally-treated solid oxide activates the netallocene in the 5 absence
of co-catalysts, it is not necessary to elimnate co-catalysts fromthe
catal yst conposition. The activation #anction of the activator-support is
evident in the enhanced activity of catal yst conposition as a whole, as
conpar ed t gna dakRhY HhetARIBRS ichinpHurO BiEBd N infiGe ttheh Wkl fsRaekdpornt r eat ed
solid oxide. However, it is believed that the chemcally-treated solid

oxi de can f\dfitienadly. mereghaneneiopgangslumpygycompoyrd s also spehelatedt an

or ganoal um num GoRBEAENSsped! JTh PR AAL FrverRoH 20 ORI AT AHBRAGN &Sprovi@&d Zi NG

i oni ¢ conpounds, and the |ike. The chem cally-treated solid oxide can
conpri se athicksempidses asentaef pesdugieoftat leagtoe dinu¢leaimdtal lpsenepgpound, at

el ectr op- vweaéz%@mtngm@.@ﬁéysanbm 4t8ealne i H0ALMhubCe Aol RE ReheRn HAE

foll owi ng statenent, It el1eved that treatnment of the solid oxide with

an 15 el ectatdystwompdsiaon kigsubstapiinile rirecaefgatemingxanes,eqrbiznveing conwordsdi ty of

t he oxi de. i i =S 4. exni-hi A .S onst ed
acidity t hat Q’?@O{o&péggg{gfél&gfagﬁc@ﬁ%‘ﬁg% at%ﬁgg{l_%l\]/\ﬁg)s(l%lrp LErﬁl(#rcl’gl}tmesd g{:lth? strength
of the unt rpattethe solaiydt oxhplsitionrhas lvetalyst aofiaitprto heppemusseddelaw,gndlagt er nunber
of acid sites t he untreated.solid oxide, or both. One nethod to
quantify tﬁgggggﬁﬁF§3%Pﬂfng%§ﬁ3%¥%§le-treated and untreated solid 20

oxi de rat eri al sHowevey, oomer | asgedthef phisy myentiat i these acd-catalyste canf be he
treated ang nt rdea%erd x%Xi eesa (l:'lart]%ert ar%i d itcar;[ 9|IXZrlegn raetalCtsi %ng'dinuclea The
cheni cal | y*TP 88t ed" Yo 1dPo%ki%ae" o> tRIMEO T HVekt PSR MEs 2 695 ed gener ETl y from
an i nor ganietaadenel canpabad tahdiht leashbid dcsivdtermsuppart tah fartber dBrmpnsd &ideaaci di ¢
behavi or and has rel atively .high porgsity. The solid qxi i S

oo cal 140t B3Rl GEERu PuBRorP SR I irnag. EoHIErERT f9hi cal 1y an
el ect r on- Wiinkteld a64j n@urainbedhe tOMPAMIR, aBrgafddinatcompsufdOrdrganoboron &ccor di ng
to one aspect of the present invention, the solid gxide used fo.prepare the
cheni caPl yQ%F%)g‘P’é‘EF WotRoYn G g HSNS C%P@l%aawedﬁ@a?reﬁnyt%@hl iUt 0. 1

cc/g. Accopdiedf MBreaht diRlcodaRBet cadlbe phe it the BhtalyMRhipbsifion.t he solid oxi de
has a pore 30vol une_greater than about 0.5 cc/g. According to yet another

aspect of the presbiferentpsesst.asatalysheonypgpition iarefddedaghigh degsdoysAvie gr eat er
than about 5l @iv&6{-Ehpport. Such a catalyst composition comprises the contact product of at

least one dinuclear metallocene compound and at least one compound selected from at
20  least one aluminoxane compound, at least one organozinc compound, at least one
organoboron or organoborate compound, at least one ionizing ionic compound, or
combinations thereof. In this aspect, the at least one dinuclear metallocene compound

is selected from:

x1 X3 X3 x1
\M/ \A1 R \M -
aRNE4 RN
X2 x4 x4 X2
\ /
ERX{QY ERXRY
2 (CHp),—CRZ=CRZ—(CHy),, .

wherein:



35 I n anot her aspect, the solid oxide has a surface area of from about
100 to about 1000 n2/g. In yet another aspect, the solid oxide has a
surface awveaowiosfrzom about 200 to about 800 nR/g. In stipChr/iseaBhes7oRspect
of the present invention, the solid oxide has a surface area of from about
250 to about 600 nR/g. 5The chem cally-treated solid oxide can conprise a
solid inorganic oxide conprising oxygen and at | east one el enent sel ected
fromGoup 2, 3, 4, 5 6, 7, 8 9, 163 11, 12, 13, 14, or 15 of the
periodic table, or conprising oxygen and at | east one elenment selected from
the lanthani de sor ,acti2nj de, Bh&MRNLR: 2 (1RE& oFBWsEMtifitddoRdansanitham cal
Dictionary, 11th Ed., John Wley & Sons; 1995; Cotton, F. A ; 10 WIKinson,
G ; Mri | |@iphgic, momatipdr Brsdisesamr; oma compinatier thereqdr gani ¢ Cheni stry, 6th Ed.,
W ey-Intersci 1 - I { Walhly ' i onpri se
oxygen and at I%gcag% aoggt%gkuéér:(rgrwaée eg%gél’ pﬁgﬁ}%l ,Q@E?U%IB%?I %Fmﬁ)adrj]ar@Co Cr,
Cu, Fe, Gasubstityenkion Xbothetthangbbridging sspup igdeperdentlypre ahydiggepatom oran or 7y .
Suitablg e | i [ . or conpounds that can be used to
15form hegﬁgﬁglrlﬁg@g %Vﬁ?#lgg?ﬁﬁkggfﬁgﬁﬁgﬁi ncl ude, but are not limted to,
Al 203, B203, Be¢ iBia26@stiOtO, c@dspatadengl)3ind@yl), oF RSNy G2e®, 404203,
VMh203, M03, P20 Sh0 Si 02, .Sn : - V, Y203,
ZnO, Zr02, Sugsffgu nﬁge OP?ﬁe?’t}}eﬁéﬁg%dfhgggﬁ%%gg%gg%g %Iheair%a{l, ﬁ%ﬁ%g %ﬁ%}i nations

t her eof Foimdepeadaplle ard Hbydogdnchtaniote scbatitited i Urisalestituaddatkylaor alkenyl
silica-alum na, alum num phosphate, 20 heteropol ytungstates, titania,
zirconi a, ¥8Yhesia, boria, zinc oxide, mixed oxides thereof, or any

conmbi nad i on t hek'eigfa. substituted BEumsabstiutek bridzinsf grohp somprisimg ¢idrr engditpasses

oxi de material s.such as alum na, " m xe .oxlrgg" cor{pounds t hereof such as

si i ca- al uBPHROf S RIS CORBT APToALTSREE (AR OF 440 PHENRBF M. Ohf { &by de
conpounds §H&R, agerfhdii@a-tdl, UBBa Garbede 3P stHosgHorusombridiingi plos, chrgmi cal
phases with nore than gqne netal conmbined with oxygen to forma solid oxide

conpound. REHPIES A Avi MaPBRERbs har hvdnedk OF n? ¢ fylstituted ~or

activat or - sipR@hiteddliphki, Woﬁ_ﬁﬁ@,tor!c?é_{@@&@[‘oﬂ dGnitigstioRWlersdfe not linited to,
silica-alumna, silica-titania, silica-zirconia, zeolites, various clay

mi neral®, al umMas €5, #8dr0rdl al uni na-zirconia, zinc-alunminate, and the I|ike.
30The el ectron-ptHaLAW Rfcqmonmponent used to treat the solid oxide can be
any R*, RY, and R” independently are a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof; and
n is an integer in a range from 0 to 12, inclusive.
20 with the proviso that A' is not a silicon bridging atom when both X' and X?
are chlorine atoms, both X> and X* are cyclopentadienyl groups, E is carbon, RX, RY,

and R are each hydrogen atoms, and n is equal to 0.

ACTIVATOR-SUPPORT
25 The present invention encompasses various catalyst compositions which can
include 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
30  aluminosilicate mineral, a non-layered aluminosilicate mineral, or any combination

thereof.



conponent that increases the Lewis or Bronsted acidity of the solid oxide
upon treatnent (as conpared to the solid oxide that is not treated with at

| east onewel2earassrzy 36 wit hdrawi ng ani on). Accordi ng t eCoris2@spess of t he
present invention, the el ectron-w thdraw ng conponent is an

el ectron-w t hdrawi ng anion derived froma salt, an acid, or other conpound,
such as a volatile organic conpound, that serves as a source or precursor
for that anion. Exanples of electron-#thdrawi ng anions include, but are 5
not limted to, sulfate, bisulfate, fluoride, chloride, brom de, iodide,

fluorosul fate, fHeUudeRRANXRatc@ROKPHAIE exihihOMARRES REBIE as béhpdréPipacet at e,
triflate, fluorozirconate, fluorotitanate, trifluoroacetate, triflate, and

the |ike, ihﬁcﬂoaasmgdlﬁgxtnﬁrﬁeed aakl copicompPers Thechemicaliyitrazied £9lh, ot her

ionic or nenRad AR fnGRIFR AN ESal Pél%tn%ﬁfr\é&&}épa%&%%?écofrﬁ ponlfi Sntreated
el ectron-w t hdrawi ng ani ons also can enpl oyed in pr esent

10i nvent i ofplid oxide. Whjipsthe ploamieallyripsiated solioxihestivates fhetmaseltosenesipithed oxi de
used insth s&?c(e%ﬂétcatﬁ%,g%'ist +8rh§ce9§ar§9> efli%ﬁ' @@% cEthﬁstQGr‘ro #e'c g&l%gt al um na,

chl ori ded um na, bro 2d al um na sul fated a uori
si | i ca- al usanmsitiom| oTthedtl‘@itlbncfamaioumfn&le dstivatpdagpert | 15 caxidghumi ke, sul f at ed

si 11 ca- al UgRea O] dedagblsl S8RAIIRANLR PO dRthoakd &14 i@l T coni &

brom ded silica-zirconia i Cat 21 reoni
conbi nat i ofmsnpokgipe gontaining thMemetstxmdeigemttreendWOhhom@dﬁ ndloavenponem

conpri ses alt n, el the nterion or cation
of that sa eth%‘éeéjnth%t thgcver%l'??calcy &r(t)ér% Sé’ﬁ OXI |onﬁl figh ) a& %Itﬁr A" to revert

or decddrpotie bbsekcd ooﬂ ha@ axrgaﬂloalummngl oairrmonnd)g alunﬂﬂoxﬁa&t opmatdtatondi ct at e

t he suitabili %)3/1 ﬂ?ﬁf rr'ﬁnartl cul ar sal%htg serve as a source for the

el ect r on- WHRIAR 19914405 'SRCiRRPARES: BlfPeE not limited to, the solubility
of the salt in Theecleteaigdreandyeaiid, omcﬁeecziraedﬁnmfseaaﬂvleissemeeamtiiM&idey of the
cation, ion irin effect bet we the cati nd a roscopi ¢

o oper {1 esTTARRAFIIL 1! TR Teslpt g P oHaE o AP CREMTadE CLRRE, her el
stability Bf tHehelaningtatdmteipi €8 b&lfeved ilapibAme@t dfORS sbIi 0x8e it sal t of the
el ectron-wi t hdrawi ng anion include, but are not limted tq, ampni um

trial ki aﬂﬁisrﬁmmhdfaéweépwpnwwem of ephapsesc e AHEEH RS v Prider,

[ H( OEt 2) 2] thusaithet BR detitRor-Suippdid 8XhibikONEN 8t BRAS@hciate tRf isTpialfll f f er ent
el ectron-w thdraw ng anions, In varying proportions, can be used to tailor

t he speci f gréatericthen the lgwis ﬁéB&QﬂSteq &g@rstrength of the untreated solid oxide, or the
activator-support has a greater number of acid sites than the untreated solid oxide, or

both. One method to quantify the acidity of the chemically-treated and untreated solid
20  oxide materials is by comparing the polymerization activities of the treated and
untreated oxides under acid catalyzed reactions.

The chemically-treated solid oxide of this invention is formed generally from
an inorganic solid oxide that exhibits Lewis acidic or Brensted acidic behavior and
has a relatively high porosity. The solid oxide is chemically-treated with an electron-

25  withdrawing component, typically an electron-withdrawing anion, to form an
activator-support.

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

30  volume greater than about 0.5 cc/g. According to yet another aspect of the present

invention, the solid oxide has a pore volume greater than about 1.0 cc/g.



30 support to the desired | evel. Conbinations of electron-w thdraw ng
conponents can be contacted with the oxide material sinultaneously or

i ndi vi duaWbyposnssizon any order that affords the desiredpchase@alol3res r eat ed
solid oxide acidity. For exanple, one 37 aspect of this invention is

enpl oying two or nore el ectron-w thdraw ng ani on source conpounds in two or
nore separate contacting steps. Thus, one exanple of such a process by
whi ch an chenically-treated solid oxide is prepared is as follows: a

sel ected solid oxide conpound, or conbination of 5 oxide conpounds, is

contacted w th ja,fdihétasbe Gl Bha Wkilih BiAWuPECARELST RM Bt COURQYSE to form a
first m xture; thls first mxture is calcined and then contacted with a

second el et)OP &rianilp helrappthapasapstohe sdidraxdeduip surfage etsa o6 fIRALeWEH8d ni xt ur e:
the second,mpxi4H6 n{Z%etIH S aﬁdtﬁérrae&ctt & tflcofn'&é?it tvedioRding Qblidlo¥d g conmpound.

In such a process, first and second el ectron-w t hdraw ng ani on source
conpounds dgafes s pffrom h‘@uééﬁﬁam@bo'éilépf)m &nt conpounds. According to

anot hers aspect L {giANGSEALA! IVEANcaf BomBHET Bl YndbaAl Sligsol 1 d oxi de

corrprlses a solid I'norganic. oxi e mat er | a mxe oxi decmaterial, or a
conbi nat i owngfising ok geeniand ekleas onatlemeat sslectleﬁé‘oml Grovp@nd.caldl §.-1 Beat ed with

an el ectrofy i UG ung, £OUPARSAL.q2 MR LARALIN GLERE 80 WAL ghoret al

sour ce, udi ng net a I'ons, net al - cont ai ni ng
conmpounds. elétbe’n-tlseiﬁctednljomxdtq)llzeﬁhanfdethlemmhé.d ebamemtst al (Seon Hawlayde zi nc,

i ckel t | v I | i ,
ol y belenur oagrep cderriopb Biiehary €1 £ B Wil s, P10 IR S
(l; hem cal | yWﬁlkelamed} SMdlutildb; @(IPdﬁﬁidtBtﬁhmExﬁﬂMlAdVﬁnd@dﬂﬁﬂrgmc @h«traﬂstry,cﬁﬂ“ i ncl ude,
t dt t ded.
i tant om | iebr SGREBUFienS 19280 DG ORIaH RS s, RRCER S LT r Bl PPRUF ded

al uni na, Zd)p@@eﬂ A £ ged el eq?dixhdht bdletedstrdnh @4 B) BeyiBiaCd, o) Crj OprRegGat ed

fluori ded SI i ca-al um na, qu ted alum na, chlorided zinc
al um nat e, 14 MibMy &0 NS S&i th g@ah‘gt Tnc aluminate, and the Iike,

or any conbi natduaabit ReiBNEs &mbhmnﬁdn@éndlm@@&@hmgh&tr@n%elulséﬂ oxi de
material with a netal can be 25 used. The nethod hy which the oxide is

cont acted {Re Kheachemicallydisated solid gpfe inofuge gbut arg n?frlmﬂf‘éqdaff’x 26Re a1?293’ng
conpound, gah BHG!, W, é&@,l &r,09tclo, rpe%(@;i Gé)@g Iﬁbg rmnzo;om@ | NiRg,

i npregnation of one conpound onto anot Ke. If desired, the

net al - cont%ziom Py OsoPipoudit)s STQ.IHRp, ﬂépnwzﬂﬁpW@qn‘éz%dzpﬂt 6 Pnhand #ig d oxi de
in soluti Olrk f Ui i PSEANGRLLYE, GRIMNYGRBRG NS tRerldte BaPRAMbRI i@t @l upon

cal ci ni ng
SOlld oxide can be silica, alumina, silica-alumina, aluminum phosphate,

20  heteropolytungstates, titania, zirconia, magnesia, boria, zinc oxide, mixed oxides
thereof, or any combination thereof.

The solid oxide of this invention encompasses oxide materials such as
alumina, “mixed oxide” compounds thereof such as silica-alumina, and combinations
and mixtures thereof. The mixed oxide compounds such as silica-alumina can be

25  single or multiple chemical phases with more than one metal combined with oxygen
to form a solid oxide compound. Examples of mixed oxides that can be used in the
activator-support of the present invention include, but are not limited to, silica-
alumina, silica-titania, silica-zirconia, zeolites, various clay minerals, alumina-titania,
alumina-zirconia, zinc-aluminate, and the like.

30 The electron-withdrawing component used to treat the solid oxide can be any
component that increases the Lewis or Brensted acidity of the solid oxide upon

treatment (as compared to the solid oxide that is not treated with at least one electron-



30 Accordingly, the solid inorganic oxide can further conprise a netal
selected fromzinc, titanium nickel, vanadium silver, copper, gallium
tin, tungwoeng/ssizgbdenum and the |ike, or combi nati ongcofustéssesmet al s.
For exanple, zinc is often used to 38 inpregnate the solid oxide because
it can provide inproved catalyst activity at a | ow cost. The solid
oxi de can be treated with netal salts or netal-containing conpounds before,
after, or at the sane time that the s#lid oxide is treated with the
electron- 5 withdraw ng anion. Follow ng any contacting nethod, the
contact ed Fiekdrshe g Qhio | @%c&emgqy Bfle a QTR prdkchP HFBNMJRAD tRMHIQRonaNd the
metal ion is typically calcined. Alternatively, a solid oxide material, an
el ect r on- wthiR Wi fgMaPHHhis$p GlecBon-wiHdrawmg gpton deg yadi fream a ggdt, an agidnt ai ni ng
conpound agEo A HopbEH, 3ch £24 CHIARE oodailt! JRAMBAME liifat SYAEL VS SARQLESSES are
used to formthe chemcally-treated solid oxide useful In 10 the present

i nvent i on. Pregrssas Henthebanign.t Esamelds sbelpdropxyithdrayang enaps inglnde,Hmt @ent act
product s of nalhaslo, QxS bilileex M ELTRMAY FOhA bAAS M Ruiwe,

el ectron-w t hdraw ng ani on sour ¢e. FT2i's not requi red tHat the solid oxide
conpound bBuwebaitpephqsphate, fleorepheseiate Myfludreacelatse ttrifiate Wb drdeizsonatg, ani on
source. Th g pically i | gi,ne i t-her i.ng. or after
the solid g&é}gﬁg%géﬁp%n y(lszatscet%t\éht%@% tlg’d avr\lnﬁt Iflﬂt ﬁlfé(@’lgmg‘]&elg rrgﬂ%{é\%e? hdraw ng

ani on sour cenbifdtiens tleredf. oki aklitppypthenidnican nbe-iead compuinds thanemvecasned.
various processes: ha PHERALS, Solg, 0xhide At LYPLOL:SUDBPL §elak,can be
enpl oyed in 157 8% MVENT Ton Nave et ?8’%??%8? orMB %gfe, FEF et hods
are deseriimeehtion. U. S. Patent Nos. 6,107,230, 6,165,929, 6,294, 494,

6, 300, 271, 6, 31§(, 553, 6, 355,594, 6,376,415, 6.388,017, 6,391, 816,

6. 305 666, 6. SAHUBR T BaRE: e theatRlgisisany sOE oRig wisd ih dhg FaDY,

6, 632, 894, ccfjiu;ﬁ@i?loﬁg 4’% th&ﬁiﬂ?semﬂ&ﬁ,b%%onﬁé'@aldhﬁ&!, obldfigés stmwhal berrgﬂéﬂ

i ncor por at erei reference in thejr entirety. . .Accaordjng to one
aspect of "lﬁH‘@mﬁr culipied; AlrE ofiiordid sicralighingie Hiaridsd aﬁlﬁiasalumma,

cheni cal | yblomertadidayneeinh,atl R siiicadiuhiinatiivoaast sinbeziedodtl tRBridéd hdr awi ng
conponent, typically an electron-w thdraw ng_anion source. Further, the
solid &xi ddligpedipiia) brosnidest sthisarirgenias uHagd calieyirceuat e Wha Hka Hetal ion,
and then cgyingdnd @efegf m a nmet al - cont ai ni ng or netal -i npregnat ed

chem cally-treated solid oxide. According to another aspect of the present
i nvention, the Wbt theglecientathdravang serap@icelceaarisgg 2 1salt BhiaAlegHPen sour ce
ar e cont act,gehrApde Galdal @%dc&lhf@ﬁbg%ﬁl%%%! ¥t thiSalfBiN0d s¥erith oy 4ye oxide is

contacted wth the electron-w thdrawm n
cation that allows the salt to revert or decompose back to the acid during calcining.

20  Factors that dictate the suitability of the particular salt to serve as a source for the
electron-withdrawing anion include, but are not limited to, the solubility of the salt in
the desired solvent, the lack of adverse reactivity of the cation, ion-pairing effects
between the cation and anion, hygroscopic properties imparted to the salt by the
cation, and the like, and thermal stability of the anion. Examples of suitable cations in

25  the salt of the electron-withdrawing 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-

30  support to 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



30 conmponent, typically a salt or an acid of an el ectron-w thdraw ng anion,
can include, but is not limted to, gelling, co-gelling, inpregnation of
one conpovpaoovissizanot her, 39 and the |ike. Thus, foll earng2espizont acti ng
met hod, the contacted m xture of the solid oxide, electron-wthdraw ng

ani on, and opti onal netal lon, is calcined. The solid oxide
activator-support (i.e., chenlcally treated solid oxide) thus can be
produced by a process conpri sing: 51)¥bntact|ng a solid oxide conpound with
at | east one electron- wthdrawi ng ani on source conpound to forma first

m xture; apd.qhe f’”lscfn%rﬂﬂm 1£@m{)lb§§1& 03 ¥t HbR él&tr%@-r\xmhﬁﬁ%lﬁéﬂi& Qkdde

act i vat or - stpport According to anot her aspect of e present
i nventi on, caninousds| in o R weregeparyacotacingpePs (chemically-treated solid

oxide) is produged Qy p?ecgg%c?q%(lﬁs?%gwﬂ19@)aﬁf&ﬂéra&5mﬁgea%d taast one

solid oxi de conpoun on- W t hdraw ng ‘ani on _source
conpound t (Jmﬂ@rsmr@afqdrls ps frllowar @;selected soligl) oxide eamrionpd, tof sombingionefit ure to

producega ﬂh .08 oJ [ Sts %ﬁ%&éf’mhh a firsd)el&BBh MithiR%itd8nkd! sduagd first

mxturevvl a se electron wi t hdraw ng anion source conpound to forma
second m Xtcmnp&)pn@_mj form a first mixture; this first mlxture is calcined and then contacted

with a second electron-withdrawing anion source compound to form a second
mixture; the second mixture is then calcined to form a treated solid oxide compound.
In such a process, the first and second electron-withdrawing anion source compounds
10 are either the same or different compounds.
According to another aspect of the present invention, the chemically-treated
solid oxide comprises a solid inorganic oxide material, a mixed oxide material, or a
combination of inorganic oxide materials, that is chemically-treated with an electron-
withdrawing component, and optionally treated with a metal source, including metal
15  salts, metal ions, or other metal-containing compounds. Non-limiting examples of the
metal or metal ion include zinc, nickel, vanadium, titanium, silver, copper, gallium,
tin, tungsten, molybdenum, and the like, or combinations thereof. Examples of
chemically-treated solid oxides that contain a metal or metal ion include, but are not
limited to, zinc-impregnated chlorided alumina, titanium-impregnated fluorided
20  alumina, zinc-impregnated fluorided alumina, zinc-impregnated chlorided silica-
alumina, zinc-impregnated fluorided silica-alumina, zinc-impregnated sulfated
alumina, chlorided zinc aluminate, fluorided zinc aluminate, sulfated zinc aluminate,
and the like, or any combination thereof.
Any method of impregnating the solid oxide material with a metal can be
25 used. The method by which the oxide is contacted with a metal source, typically a
salt or metal-containing compound, can include, but is not limited to, gelling, co- -
gelling, impregnation of one compound onto another, and the like. If desired, the
metal-containing compound is added to or impregnated into the solid oxide in solution
form, and subsequently converted into the supported metal upon calcining.
30  Accordingly, the solid inorganic oxide can further comprise a metal selected from
zinc, titanium, nickel, vanadium, silver, copper, gallium, tin, tungsten, molybdenum,

and the like, or combinations of these metals. For example, zinc is often used to



154) cal cining the second m xture to formthe solid oxide activator-support.
According to yet another aspect of the present invention, the

chemi cal lwotzn@aisertosol i d oxi de is produced or formed byPconiSa@Bionzyos he
solid oxide with the el ectron-w thdraw ng ani on source conpound, where the
solid oxide conpound is calcined before, during, or after contacting the

el ectron-wi t hdrawi ng ani on source, 20 and where there is a substanti al
absence of al unmi noxanes, organoboron ¥ organoborate conpounds, and
ionizing ionic conpounds Calcining of the treated solid oxide generally is

conduct ed |nfhréghaRNRE §6Md SEADSKRARE & cah YRIvedR ildprdvd 2atdliyyt RADireAta RWTDSpher e,
at a tenperature fromabout 200 C to about 900 C, and for a tine of about 1

mnute to &¥but 100 hours. Calcining 25 can be conducted at a tenperature

of from about 380 il Qx@p%ﬂb%te@wﬂf m@thlts‘ift@@ﬂﬁmé’tﬂ%bnta%m@c&n%gﬁﬁﬁsat ure of
from about 400 C to about 70 Cal cining can be conducted for about 1

hour to abbgferesaftéioor at thersam@rtlraebé@t thg ebidroxidegs disatgd vath hewlestrorhus, for

exanpl e; ¢ ' [ ; s at a
e B R S i i T L

at nospher ecaegpubd dn@tqny\étﬂh@@wmgganm @indj they. mginmnals| piceHy cialvined. i s
conduct ed hi, r%gth\%yéqls%hﬁl%x%termﬁ%?rﬁl c1SHBN-AThdPWing AhibRSOAEL UGl ¥ne @N 1 nert

at nosphere,
metal salt or metal- -containing compound are contacted and calcined simultaneously.

Various processes are used to form the chemically-treated solid oxide useful in

10  the present invention. The chemically-treated solid oxide can comprise the contact

product of at least one solid oxide compound and at least one electron-withdrawing

anion source. It is not required that the solid oxide compound be calcined prior to

contacting the electron-withdrawing anion source. The contact product typically is

calcined either during or after the solid oxide compound is contacted with the

15 electron-withdrawing anion source. The solid oxide compound can be calcined or

uncalcined. Various processes to prepare solid oxide activator-supports that can be

employed in this invention have been reported. For example, such methods are

described in U.S. Patent Nos. 6,107,230, 6,165,929, 6,294,494, 6,300,271, 6,316,553,

6,355,594, 6,376,415, 6,388,017, 6,391,816, 6,395,666, 6,524,987, 6,548,441,

20 6,548,442, 6,576,583, 6,613,712, 6,632,894, 6,667,274, and 6,750,302, the disclosures
of which are incorporated herein by reference in their entirety.

According to one aspect of the present invention, the solid oxide material is
chemically-treated by contacting it with at least one electron-withdrawing component,
typically an electron-withdrawing anion source. Further, the solid oxide material

25  optionally is 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,



40 nitrogen or argon, or a reducing atnosphere, such as hydrogen or carbon
nonoxi de, can be used. According to one aspect of the present

i nvent i onyotzh@/msei2pd oxi de material is treated with a segras2@B/onzbs de ion,
sulfate ion, or a conbination of anions, optionally 5 treated with a netal
ion, and then calcined to provide the chemcally-treated solid oxide in the
formof a particulate solid. For exanple, the solid oxide material is
treated with a source of sulfate (terifed a "sulfating agent"), a source of
chloride ion (termed a "chloriding agent”), a source of fluoride ion
(termed a afd HORkE AGu@UBMEwihg a8Y cantQ&m‘glrﬁ@ﬁddOﬁhet bekRel mAkde Ak ned to
provide the solid oxide activator. Useful 10 acidic acti vat or - supports

i ncl ude, bislideKiderbectonnyithderving amiers andiartioaplumsialdon. dhtasingded al uni na,
fluorided al um-pg.sfybiial %lvgéopgﬂﬂ;@rt & Q:'ﬂblqﬁ;gllyihédt&ﬁscﬁ‘lh%md@ shu§énor i ded
silica-alumna, fluorided silica-alumna, sulfated silica-alumna, brom ded
si | i cazi r compraducethbpp prhegssspmipusingi r coni a, fluori ded silica-zirconia,

sul fated silicanzir p aredeC a I -

nont ITDI‘I9| | oni taf) op%?gtlﬁ%fnlgy % %’Aede(ll egge é@pouﬁgf\%}g%lggﬁhbg{ fé%gtror(l)r sul f at e;
phosphat edwdhdrawimg aonon@olhwccamMummwhusplﬁaﬁttesxmm ashal | y treated with

sul fate, fluorid4le, o i Furt her,
any of these acthl vatc’%lrClnl ﬁlégf’tm%[ ﬁ%g%g%ﬁ%%%hgg{af%&é&%g g\ﬁﬂ’h a nmetal ion.
The chemical |l y- Acroeah@tosmbﬂhdr aspmﬂef marpresm‘rmwea@oratlfel sabd pxidel agyhiodt oxi de in

the formof a [0)'¢ can be forned by
cont act i ng>'%P ?‘8&38‘?“}"8{‘%52 gwllﬂﬁxgﬁs Bolr.é?l d’ grg(h Sgcofﬁéﬁﬁ%on de ion can
be added to thel)oxi dentaytifgostniesy one sbhal myldefcohipeumi(lmlﬂh a firs edagirombl e

sol vent such, as al cohol or water etJ| :51’? but not limted to, the one to
three car b¥HD f‘”&’é‘ﬁ&f"?“lﬁ%‘tf&%%"én%’f"n PP 3 SFAPTENS and | ow surface tensi on.

Exanpl es of suifabl Qafcimkig’tihéliﬁf@nﬂﬁ&ﬂ&tt&pioﬂﬁddﬂiﬁlcu’mdtﬁrarrﬁlxm@é limted to,
hydrof l uoric acid (HF), amoni um f | J anmoni ur’a bi fluoride 25

d
(NH4HF2) ,  amonum tcéﬁ?%ffqgudP%bﬁﬂ%‘feéorfjmlegé re an? et (S Por i de

(hexaf | uor @shdrh® Al @hioh (Mdddchdufd to BHARBEISMY hﬁx«alfel mr ophosphat e (NHAPF6),
anal ogs thereof, and conbinations thereof. For examp anmoni um bi fl uori de

NHAHF2 18an be Wed #alcimng the sesendimpurs de form tEm@hé@X}dﬁgcféVéé% SBFPose and

availability. IAcégﬁﬁﬁg %11 el Ql%tﬁé?ldsgec@)@fQEe ipfestrteiat @fiowl tHe éhehlidaayd di ng
agent during the 30 cal CI ning step %hfl uori di n% agent capabl e of
Y 8

t hor oughl ytr?ﬁé?ﬂt sadidi eigde fifeprodiided Qixﬁoﬁée icaptagtig g elifiyrilesyidlhy ﬂ?‘f’an be
used. For L it d'rﬂmﬁgth'o'nos%u;cg cbfi3Bend, iR teNG1BRMISAGRER RE

previ ously, vo e organic fluoriding agents can be used. Exanpl es 41 of
vol atile ocz@amdcbeffbngodm@hm@r affententagtiog whe elactran-witlkspreiog apfont 98rcenvent i on

| ncl UdPZO bUtd awrl%rl ffwre {P tegugs a’ntlillr ?%ﬁcﬁ Qﬁr fillu}h% 9('3&%8‘”& IBESIfOl‘luﬁlr obenzene,

f I uor orfet hahe tor oef’ hano ¢ €onbi nat1 ons t her eof .
Gaseous hy digegsboratd mpodmdsoandlbmemgmmm d:csmiqimdﬂ so can be used with the
solid oxide if (fll gg{n%dgfd thmreagad I118|0x1 € gen%?ly is conducted in an ambient
atmosphere, typically in a dry ambient atmosphere, at a temperature from about 200
°C to about 900 °C, and for a time of about 1 minute to about 100 hours. Calcining
25 can be conducted at a temperature of from about 300 °C to about 800 °C, or
alternatively, at a temperature of from about 400 °C to about 700 °C. Calcining can
be conducted for about 1 hour to about 50 hours, or for about 3 hours to about 20
hours. Thus, for example, calcining can be carried out for about 1 to about 10 hours
at a temperature of from about 350 °C to about 550 °C. Any suitable ambient

30  atmosphere can be employed during calcining. Generally, calcining is conducted in

an oxidizing atmosphere, such as air. Alternatively, an inert atmosphere, such as



5 conveni ent nethod of contacting the solid oxide with the fluoriding agent
is to vaporize a fluoriding agent into a gas streamused to fluidize the
sol i d oxiwe 2durissocal ci nati on. Simlarly, in anotrer/tas@soi37of this
invention, the chemcally-treated solid oxide conprises a chlorided solid
oxide in the formof a particulate solid. The 10 chlorided solid oxide is
formed by contacting a solid oxide with a chloriding agent. The chloride
ion can be added to the oxide by formithg a slurry of the oxide in a

suitabl e solvent. The solid oxide can be treated with a chloriding agent
during the,igaldnl i aghnS bER rediBih e Glth Qphélt NAcRIE RYdrs@RaR|cBrbsh nfddoNidBd as a
source of chloride and thorougﬁly contacting the oxide during the cal cining
step can b@npsaged. For exanple, 15 volatile organic chloriding agents can
be used. Exanplg&ogifingsw 5&@132@0‘(9&%& BrEseRf S8 tonCHL Abkid bRide 38 id NCl ude,
but are not limted to, certain freons, perchlorobenzene, chloronethane,

di chl or onetréaéadeyittch bowest afrhalide inbawifatedon. ¢ hicompetion ofi aokIngr péiAdol , and
the |1Ke. QL AREAAILO Ind ARH&RlcincF3S SAMR NI ABRR ML AGRA chl orine
itself also can be used wt the so_lg oxi'de during calclining. One

conveni ent oxidgs hothedbrm 20 acpartiawdate nglid. hEonsiagwlaithd seliseoxifi¢ araiadiahes agent is
to vapori z chl.ori di i “ . efhididi the solid
oxi de whi | %eageéjl \gﬁthnétsé{g%?QO%?m%%&gdngun Sﬁé %%ﬁ@ﬁ%q{)cﬁe%c F?Hérl?%g&l on
present beftomed edkhlionding agére”)s elsowcood fimrige mer @ringd as‘ fihondmabgant™)2 t o about
50% by wei ght er.e i rcent.is based on.t.he.wei f solid

oxi de, for‘%&%ﬁ% lga}tmé'%?rg(gé 319??51&1 rc'nlél?d g’e?r(()“r@eglé %Olhrc%io%b&eacggét rgclojls |1ng to

anot het0 asgédit aafvatosspporty eémdidenbuttabeencanimitet] tafbréhided alienimr, cllotided de i on

present before cal cining the solid oxide is fr out. 3. to about. 25% by
wei ght, ant"@t%o P'ﬁ%’dt gl“%’@t rpaatgd GEETIH%H%PW?(%H} H ceaﬁ%l?“Blr??’ FﬁSrth%dbout 4 to
about 20% §ycaninghib, fB6&d RPicegnatie] svifitad halidaddyminhe bromtidelediliexi de can be
dried by any suitable t hod i ncl udi. Jut not. limted.to,.suction
filtrati onZ‘fCGP‘Iao%%“%QZgVéﬁHF%‘PF’ ,Or‘gg‘{/?‘ﬁﬁa'ﬂﬁag’f" @%&?@&H}?P’Z&ﬁ?‘&’g‘/ Aryi ng,
and the |ik@are@ AROUGN bd al SllAbS Md¥BESHIDNAe,t Sptiohally Gbtfed Rethchhdride] ng step

i mredi ately w t hout dr%/i r;)g the inpregnated solid oxide. 42 The

si | i cal@l ufhleridey 08 ssuliatep pBpsphated nalumma 50t gther |ajuainophesphates QRtiogallY y has a

pore Vol UNBedea e SultRaMushed! tor Chidri§S /o8 an6sAbi AN JfIhONRDVAS PaRkerof the
present invention, the pore volune is greater than about 0.8 cc/g, and

accor di ng My dilsshagtivaepespogs optimally eaadstireptsd sifhiagpetaldeat er t han about
1.0 cc/g. Furt hﬂech@ﬁﬁ:aﬁ%}ﬂe&t@d sQlidPdxidl AR cORPELA forAed s@idikidaansnar ea
greater than about 100 g. According to another aspect of this invention,
t he surfackrareda negicglateatodid. tThgrfluabdest sopg Oxide/can by&rmef by £ABlEAHEE Bspect ,
t h? Su56 a??olfaro(?(?dei wit®h LRGN hi%@ntabﬂ}é?ﬂl%?ﬁe 91 &m be adldea_ !fl?th%i A)Ji@ﬁaﬁyal um na
utilized in the present i nvefitiron typically has an alum na content from
about 5 t ofombingta DE9p bithevekightin a Agitablediolvgntt sucln acaleahpb ot weter inhluding,
but not limited to, the one to three carbon alcohols because of their volatility and low
surface tension. Examples of suitable fluoriding agents include, but are not limited to,
hydrofluoric acid (HF), ammonium fluoride (NH4F), ammonium bifluoride
25 (NH4HF;), ammonium tetrafluoroborate (NH4BFs), ammonium silicofluoride
(hexafluorosilicate) ((NH4),SiF), ammonium hexafluorophosphate (NH4PF),
analogs thereof, and combinations thereof. For example, ammonium bifluoride
NH,HF; can be used as the fluoriding agent, due to its ease of use and availability.
If desired, the solid oxide is treated with a fluoriding agent during the
30 calcining step. Any fluoriding agent capable of thoroughly contacting the solid oxide
during the calcining step can be used. For example, in addition to those fluoriding

agents described previously, volatile organic fluoriding agents can be used. Examples



10 invention, the alum na content of the silica-alumna is fromabout 5 to
about 50% or from about 8% to about 30% alum na by weight. According to
yet anot hwo 20@psst29of this invention, the solid oxide ceaparseows/ oc3IPri ses
alumina without silica, and according to another aspect of this invention,
the solid oxide conponent conprises silica wi thout alumna. 15The sul fated
solid oxide conprises sulfate and a solid oxi de conponent, such as al um na
or silica-alunmina, in the formof a pHrticulate solid. Optionally, the
sulfated oxide is treated further with a netal ion such that the cal cined
sul fated oyt Qﬁarﬁ@&ﬂ%ﬁﬁié 2R0RdiB h@dnts ACRPIMAhRAsHeRt OMNBe AVEAIN iAéludd)Bufdr esent
invention, the sulfated solid oxide conprises sulfate and alum na. In sone
i nst ances, aEhaots linfilgd e ¢P; afraprisn aperfuopeheranenergripprebepresee SWormestang t he

al um na i s fq, GAkRdn M &ﬂh@nﬁé{'am%ﬁn@%&@th_eiéa%. B4R Bydrodthfiiiblige &ci d or a
sul fate salt such as’ ammonium sulfate. This process i's generally perforned
by form ngfleorgleutsely algd carhlee wed withethe splid oxidetifAperided whalatcalc gy éf&e al cohol
or watetr, | ' si : ent: I: t) t has
been adéed%&§%%§1§?g&§? %zn‘Ji"f:‘Bgté gl(ré\t%ilﬁﬁ%dt}gg%b%?%a@gh% té ?tm?sfqg’g to, the
one to threwodar bdmodding egindlimo bemagsamohsed e ifluidizs the isplid gxidnduingy sur f ace
t ensi on. Aeﬁ%{qu'ogg to one aspect of this invention, the anount of sulfate
i on presen &f'Sre cal ci ni ng is fromabout 0.5 parts by weight to about 100
parts by wei ghtSisulaflgt @ arether aspdsowf tHi@Onypatioss thy chenighlly-gedted sadid de.
Accordi ng tao,anot her aspect.af this.inveption, the an sulfate ion
pr esent bef”blfl% C%%P%ieﬁian%q?ré e;ar S(f)tr%ga(ﬁ%%et mlﬂlﬁaf?)fm boyf %89‘%@‘.&"% S%Elg' aJBIEJeut 50
parts hy wehlgidedsulid akide ii0forined b @uitacking apstit oxble wieh glehlosidingdigenti de, and

di til. th t of this i tion, f bout. 5 parts b
el gnt Lo Boationts s s, KRBT Ghevea e Y b WSB! T60%BHrPS by wel oht

solid 43 suitable solvent. The solid oxide can be treated with a chloriding agent during the

calcining step. Any chloriding agent capable of serving as a source of chloride and
thoroughly contacting the oxide during the calcining step can be used. For example,

15  volatile organic chloriding agents can be used. Examples of suitable volatile organic
chloriding agents include, but are not limited to, certain freons, perchlorobenzene,
chloromethane, dichloromethane, chloroform, carbon tetrachloride, trichloroethanol,
and the like, or any combination thereof. Gaseous hydrogen chloride or chlorine itself
also can be used with the solid oxide during calcining. One convenient method of

20  contacting the oxide with the chloriding agent is to vaporize a chloriding agent into a
gas stream used to fluidize the solid oxide while calcination.

The amount of fluoride or chloride ion present before calcining the solid oxide
generally is from about 2 to about 50% by weight, where weight percent is based on
the weight of the solid oxide, for example, silica-alumina, before calcining.

25  According to another aspect of this invention, the amount of fluoride or chloride ion
present before calcining the solid oxide is from about 3 to about 25% by weight, and
according to another aspect of this invention, from about 4 to about 20% by weight.
Once impregnated with halide, the halided oxide can be dried by any suitable method
including, but not limited to, suction filtration followed by evaporation, drying under

30  vacuum, spray drying, and the like, although it is also possible to initiate the calcining

step immediately without drying the impregnated solid oxide.



oxi de. These weight ratios are based on the weight of the solid oxide
before calcining. Once inpregnated with sulfate, the ulfated oxide can be
dri ed by woyosuissehbl e nmet hod i ncl udi ng, but not |i m tedPCo/USsMSIITNS
filtration foll owed by evaporation, drying under vacuum spray drying, and
the like, although it is also 5possible to initiate the calcining step

i mredi atel y. According to anot her aspect of the present invention, the
activator-support used in preparing t¥e catal yst conpositions of this

i nvention conprises an ion-exchangeabl e activator-support, including but

not limted to Bid dicatBudiE REH PR|Ark itkRtEat&OTRQUNGIRIMA Ity itNBY dsSa €1 t her
with | ayered or non-layered structures, 10 and conbinations thereof. In
anot her ~ asp¥etvobIme BEa®r HpebPend-Sicsfs. eRetadinBADIOBS 2fnsglepltie present

al um nosi | {GaliRa, BdGraSolRint iaLRIeF A} SpaTD $186E, AR a@e&m@tteranw@por ts.

When the acidic activator-support conprises an Ion-exchangeabl e

act i vat or - 3BpErft the jpresentningprtjopn graater [ean ahoat 4 of/eh Burthendbe sbiser

el ectro t 1Ll typically
the. i on exehanattPaIZ M) S0 B ons ShebaEI0 TS hepien

el ect r on- wanotfer aspepicpfalms oryention, the/‘i@tfmeohrmsg@aﬁnﬁtah@bmas?ré@m /gonftthe pr esent
i nvention t i conprises clay mnerals
havi ng exchaa}r;ligtgglﬁﬂt gyge{% %‘ﬁfswgnég Ts%eeatrtgs;l ﬂcﬁgﬁgﬁlﬁgggﬁp 'pandi ng. Typical clay
m neral acti vatBr&sshqaﬁdmmmawmbmtiw th present enveotion iypicaliyl hapan alumina

i on- exchan r S ilLlare

Al t hough t%ogl?e?'e?r&n{ g%& fq' a}y(m @94, Ly%?e%%? Ct;rc{f‘i?ﬁgng ) Bsé)%cons%ﬁr ued as an

i nert do6npomenionpthe hhleunmd:caitqnst)f therxpm&ahmmm 1stfwm atauhérto alsout Go%eorcon5| dered

an active art of & t.co siti bec i

associ at i o ORiaPRIY %%aa%ﬁuaéggrahﬁ%?‘g%%cégﬁ’é Aﬁcr%(g nqtyetﬂgogrd’s% o anot her
aspect of thli‘seuwel&sﬁntthd @Mﬁhbmddﬂ ,cotnpenent aympﬁieeralnahﬁlaaletﬁdnt slhc2,5and1vent| on
enconpass %L’I al s ejther fIgfelr aturg %}date or that have been treated
Wi th vari of€os SiestorRpotist ﬁpﬁa ofi B1 BYEEAAMARS S BT SPTRATCNTSANRERFS y, t he
clay mat er kifta wighduy @b@imasupport of this invention conprises cl ays t hat have

been ion exchanged with | arge cations, including. polynuclear, %hl y
char ged’ net al cﬁmuéf%eé selihprdde eqmpRries sulfiar?eanémag?hﬁﬁmfa.Caanponent suc

acti vat or - gURRAidaS oOEiliENAIRMiRY €N tthO ford] 8O a GRERIARAS Solfd. A)ptidRaltyNake have been
ion exchanged with sinple salfs, including, but not |inmted to, salts of

A (111, F@{lﬁate)i oxpg (i trmtedaﬁ&hzm\(fqth 3 mgtal forf Sugha fhas the galgingd sHEAtsddexideacet at e,

sul fate, nidhalts a Metdll tALdoRing #Fone aspeACHARE bRGer: Qn@e%&lf'etﬁe 9pR&d of the
present invention, activator- s@fport conprises a pillared clay. The term

"pillared @qlléwxxde§om9w8tsalf¢teﬁ alpping| dy serag wetanges, tbha}tlfaltml\ﬁéurb@erlﬁ i on
exchanggd ‘f‘Mn%Et? bRs glf%cests%xﬁfefeﬂl h¥ af 1x41g94e§@5 wuﬁ'a%t}ffélte &ﬂéeg (%e%ﬁﬂe conpl ex
catl ons. €s e

such 1ons i nclude are not |m Keggi n ions
5 whi ch casulifuavecwmragséfawu@h sash 3srammmu0usﬂﬁat¢| yH)GG)IWBlCa$S| iatgemeralynd ot her

large ions, er%n%g%% grlegreamca ofatrh glmlga 1?1 a su t&pé‘s&i s%lcheéscglgace e.aCt i on

in Wmchtﬂe exc ons o erial are re a with
| arge, hi ghhuyr, ohewlgeld theoﬁs,lred; wohneaﬁati(mgqﬁ thel aifgtingl hgse hpolbymeaddedcat i ons

g; g Egﬁc elr Eggalgle orﬁﬁqlalso%xxilta dne !gqelr :‘l])tgf rgrle?Xo?rhml?ed ttoh?hecl)r?ey to nge\,\@aer on cal ci ned

25  alcohols because of their volatility and low surface tension.

According to one aspect of this invention, the amount of sulfate ion present

before calcining is from about 0.5 parts by weight to about 100 parts by weight sulfate

ion to about 100 parts by weight solid oxide. According to another aspect of this

invention, the amount of sulfate ion present before calcining is from about 1 part by

30  weight to about 50 parts by weight sulfate ion to about 100 parts by weight solid

oxide, and according to still another aspect of this invention, from about 5 parts by

weight to about 30 parts by weight sulfate ion to about 100 parts by weight solid



10 effectively supporting the clay |ayers as colum-Iike structures. Thus,
once the clay is dried and cal cined to produce the supporting pillars

bet ween cWayodsgerzs, the expanded lattice structure is marnsasei7and t he
porosity is enhanced. The resulting pores can vary in shape and size as a
function of the pillaring material and the parent clay material used.
Exanpl es of pillaring and pillared clays are found in: T.J. Pinnavaia, 15
Sci ence 220 (4595), 365-371 (1983); JF3M Thonas, Intercal ation Chenistry,
(S Whittington and A. Jacobson, eds.) Ch. 3, pp. 55-99, Academ c Press,
Inc., (1972)de. UTﬁeseP@E%ﬂg Qs e %&dg&o,th@w%lghtj Jraft bRd oridd76erérkl; and

us.- Patent No , the di scl osures of which are incorporated herein
by ref er ervalsining.t Rsie ipreERated, withrselfge.| thaspiitiedh poidesan beidried &y away

m neral s hs%}émga,g ﬂgn‘gaaﬁkh %atngflshﬁ% %9 LaYs ﬁsﬁ&aﬁ@blfenmedewandl ng.

Any pillare t can €nhance the polynerization of olefins’in the
cat al yst conposian dmlog unées \@Pmmpr@mdlé’mgb ond ¢mlike alheegh THemisPor e,

suitabl e ol arakont SRl Apldaplyde, but are not Limted fo

al  ophanes} 'snectites (Al') and tri-octahedral (My) and
derivatives t he%oeorfdnmjtohamhmpmlof theopriesent H(Vbetmrorihq egjvatopsurpogni t es,
hectorites r. . h t cas;

fl uorom causseé)c lp%)p% é;etﬁerﬁcia(%y-sf)é?/delé(%ﬁom 20? tk{heq}'&bro gucgo rg%lss%l?ﬁoq udi ng but
not lim tedchmgsaé)ﬂn ohqtivetm Slﬂipbﬂpuingillﬂmg bandnqnallygmds kiot eslicae sawdpent i ne
clay; illi : onit

; _saponite nd ation.there |0 one
aspect, th urB’inPT & Coé"ilpa AR 15‘?8% ¢Hlis b%'}tﬁ e‘r?%r"ﬁé*%“ IR S oﬁ? e
nmont noro | | i ctoamblﬁlélﬂenmhemblfpalh aothepagrett of thie Mventidng mn;emmtgemhslel | oni te.
30The pillared n be etr d,if desired. For exa a pillared
bent oni t e ]ia%e“fiflré ﬁ?ls atBSyS W Hgfj\?ﬁ% clays 3tc %60 af:a'ffhvﬁéor’ ”F‘ﬁer"}’h At mospher e,
typically ¢ Mcﬂictd’cﬁ@eﬁﬂn suppért abmphsea ah Goti-8xchigfeaisle abvang - s&ﬁ;ﬁlﬁd it éant he

pol yneri zation reacto V& ?9/ 085129PCT/ US2008/ 013705 4 %hOUQh an
exenpl ary (Hep b(a?errgﬁ't‘teﬁi V1 & fRH e Ch e PRIoR; WY HBE 1 28 Ve WA FEr '8PSod t hat

the preheadiidMied Herdde BRLEH Gpbiodly Bk FRRYcHhRAbI afRatforupms andott i Mes,
i ncl udi ng any conbi nation of tenperature and tinme steps, all of which are

enconphsserapy il a glepieptyibAravsnh@iefet i vat or - support used to prepare the

cat al yst conposidchRits; Bfanbiher &rp@a%mhel PR in0fhtioANMB Ackiidisagsbribt h ot her
i norgani c support materials, includin but not limted to, zeolites,

i nor gani c isi Ueentionherpprisee ¢layn aviepmls hawe dexshangseble Hratipnskand [ayene aspect
typi cal {apamé FE*#%%S J&ﬁ.tal ehg ot ﬁé«‘rﬁ'l 1dBohAS rw)me; iRlRe G d fbd €d to,

silica, ca-a na, "al tania, zlrconia, magnesia, boria,
t hori a, limited to, ion-exchangeable, layered aluminos1hcates such as pillared clays.

20  Although the term “support” is used, it is not meant to be construed as an inert
component of the catalyst composition, but rather is to be considered an active part of
the catalyst composition, because of its intimate association with the dinuclear
metallocene component.

According to another aspect of the present invention, the clay materials of this

25 invention encompass materials either in their natural state or that have been treated
with various ions by wetting, ion exchange, or pillaring. Typically, the clay material
activator-support of this invention comprises clays that have been ion exchanged with
large cations, including polynuclear, highly charged metal complex -cations.
However, the clay material activator-supports of this invention also encompass clays

30 that have been ion exchanged with simple salts, including, but not limited to, salts of
AI(IID), Fe(Il), Fe(III) and Zn(II) with ligands such as halide, acetate, sulfate, nitrate,

or nitrite.



10al um nophosphat e, al um num phosphate, silica-titania, coprecipitated
silicaltitania, m xtures thereof, or any conbination thereof.

Accor di ngwoaogeatssenot her aspect of the present inventi oRCTaI$2008/013705 € oOf

t he di nucl ear netal |l ocene conpounds can be precontacted with an olefin
nmononer and an organoal um num conmpound for a first period of time prior to
contacting this 15 mxture with the activator-support. Once the
precontacted m xture of the netall ocetfe conpound(s), ol efin monomer, and
or ganoal um num conpound is contacted with the activator-support, the

conposi tion furAfefdifOMPrdndinee dsht astt inéap@tent URRSIKibn, BctiviforBehpohe
"postcontacted"” m xture. The postcontacted m xture can be allowed to remain

i n furt hercompmsesca Pillared glaye cldisdemerpibaredelay] reised togefer & play myteelkr ged into
the react Of,d ifve QUM i6h ek dhEn Rl WilE Tt Z 2k bRANPHAGRRRaWinidhlPEnasdrhst out .
ORGANOCALUM aNUMvCO\_/PcllJNE)S ng¥ | néog%é?ygspe)gg), 9%?%9;60@% u}Pn' r?u%r,cqrrpounds t hat
can be useepmilexhcatipes. pixagwins dfsy@niohpiciude|byfare notlimgpd tos &egginfieised t o,

conpoungs m\éi\ Ot %;:,g &@g@gu_l,u%h azéi%%&g%{%%téﬁ%mgsm%t@r iRbatdns. 9roup

having from carbon atons. For ex R2 can be ethyl, propyl,
butyl, hexVhus, dhe iteobpidring refers @ hesimpleygrdungarireastoe onpviledis thehi ch can

i ted (0" RERARnGRORL b LOf pBA TP R UGN Wb RS oM RSN 1
hydr ocar bysuch %6 Keggiamiambk oXhede potynsemic agayibwsx andethern imaiobidiged ovithan Hhedri de; and
mis from i%tetrlgye?r’s o% rt]l%l E'l%i/ Vi5d wﬁgrsl calcined are converted to metal oxide “pillars,”
10  effectively supporting the clay layers as column-like structures. Thus, once the clay is
dried and calcined to produce the supporting pillars between clay layers, the expanded
lattice structure is maintained and the porosity is enhanced. The resulting pores can
vary in shape and size as a function of the pillaring material and the parent clay
material used. Examples of pillaring and pillared clays are found in: T.J. Pinnavaia,
15  Science 220 (4595), 365-371 (1983); J.M. Thomas, Intercalation Chemistry, (S.
Whittington and A. Jacobson, eds.) Ch. 3, pp. 55-99, Academic Press, Inc., (1972),
U.S. Patent No. 4,452,910; U.S. Patent No. 5,376,611; and U.S. Patent No. 4,060,480;
the disclosures of which are incorporated herein by reference in their entirety.
The pillaring process utilizes clay minerals having exchangeable cations and
20 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, both dioctahedral (Al) and tri-octahedral (Mg) and derivatives thereof such
as montmorillonites (bentonites), nontronites, hectorites, or laponites; halloysites;
25  vermiculites; micas; fluoromicas; chlorites; mixed-layer clays; the fibrous clays
including but not limited to sepiolites, attapulgites, and palygorskites; a serpentine
clay; illite; laponite; saponite; and any combination thereof. In one aspect, the
pillared clay activator-support comprises bentonite or montmorillonite. The principal
component of bentonite is montmorillonite.
30 The pillared clay can be pretreated if desired. For example, a pillared
bentonite is pretreated by drying at about 300 °C under an inert atmosphere, typically

dry nitrogen, for about 3 hours, before being added to the polymerization reactor.



In one aspect, X5 is a hydrocarbyl having from1 to about 20 carbon atons.

I n anot her aspect of the present invention, X5 is an alkyl having from1l to
10 car borwet2oommss2or exanpl e, X5 can be ethyl, propyl, mRchatsgéososzes butyl,

i sobutyl, or hexyl, and the like, in yet another aspect of the present

i nvention. 5According to one aspect of the present invention, X6 is an

al koxi de or an aryl oxi de, any one of which has from1l to 20 carbon atons, a
hal i de, or a hydride. In another aspe® of the present invention, X6 is

sel ected i ndependently fromfluorine or chlorine. Yet, in another aspect,
X6 is chl O}‘\it][fbglgh LR ek Qb Rt B imedt {PRioribbdBerdin, it sHAUIS b uRderfiedd thitom 1 to 3,
i ncl usive, an 10 typically, mis 3. The value of mis not restricted to
be an i nt egeprehedtiogetmbecartipd eutfabmany efh¢rriemnpriatyres aadiimpsaifdedinggtiyounds or

ot her orga | L | um num
compounds. S Eb AT B e i o e B A o

i ncl ude, bumverdior. not |imted to, trial kyl al um num conpounds, 15

di al kyl al um ni hal.i de i.al 1 : i ounds,

di al kyl Sl urni nﬁfrﬁehaghya?%fés%ﬁﬁgg%ﬁﬁg ,p%g?f t‘?ﬁ%%%ﬁ??‘ﬁﬁi&‘féﬁ%%%@ep‘%%@?. fic

non-1 i miti mgentivanp bs cafibised withlotheoingegaoalsupponumatevatpdnsiuding, ek nefe

trimethyl aluym npum (TMA), triethyl al.um ( TEA). Lpr Aum pum

di et hyl al uﬁ‘?lﬁ?r?m%e%‘ﬁogll‘?sd}e“,"r%aﬂ%%"t‘% S’aﬁ’h&ﬁ?hﬁté?] ihdy i SI%B%{dy{?gﬁgﬂeﬁ{ﬂ%nh@dri de, 20
trii sobut ybml aspeanutypicdi atppyit ahatenialu that hleorsed énchaied buthare| riok dimitsd to,

conbi nati ons t her eof . The.grePFni inventionégogg; k@%esﬂgﬁgcontacting
at | east oHBi AUEREM™ Wt AV B8N B8R ARE R t AP Y 4ast dhe ’

or ganoad unmilamifopkssphdte) dalamehuan phdsphatel siticwotireimia,t corfrenipitazedpsibcatithmet ed

m xture, prior to coptacting.this precontacted mxture with the

act i vat or-%’ﬁﬁ‘HSSr‘?‘e‘teB ’Pb?rfﬁcé’%@é‘laéff’? r 8grrposi tion. Wien the catalyst 25

conposi tion i's REBRARED yob ahbthér PEVNLT thetpr@ettinlantiohhenegdt mat ofidleessari |y,
a portion of the orglanoal um num conpound is&'ggde&l'to tgeﬂ_g)r econt act ed
m xt ure an@inBHE FeSAl96PR OMRIINGSEn e ErroaRRERT FiTh FoNpIlMPPReLHed to t he

post cont ac,ed JihsditthBull &RAIREAd WHER fArepdioacamiime tieidr b XbhiatidgSthgont act ed
with the solid oxide activator-support. However, the entire organoal um num

conpound cektiye wWidiehe aivpoEpERPertt I@@C%@’éa’feép%‘ft_e‘i:@ﬁﬁ%iof thermstallaSeReher t he
precont act &&ongﬁd(pﬁ%teﬁggﬁcﬁﬁ}deﬁgmﬁ bfifno hiahRAohpehg isdbhtabb® wiligl yst
conponents are confacted in a single step. 47 _ _

activator-support, the composition further comprising the activator-support is termed

the “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

20  which the polymerization process will be carried out.

ORGANOALUMINUM COMPOUNDS
In one aspect, organoaluminum compounds that can be used with the present
invention include, but are not limited to, compounds having the formula:
25 (R?)Al
where R? is an aliphatic group having from 2 to 6 carbon atoms. For example, R? can
be ethyl, propyl, butyl, hexyl, or isobutyl.
Other organoaluminum compounds which can be used in accordance with the
present invention include, but are not limited to, compounds having the formula:
30 ALK (X )s.m,
where X° is a hydrocarbyl; X® is an alkoxide or an aryloxide, a halide, or a hydride;

and m is from 1 to 3, inclusive.



Further, nore than one organoal um num conpound can be used in either the
precontacting or the postcontacting step. Wen an organoal um num conpound
i s added wo 2omlasspbe steps, the anmounts of organoal um neOTASPSONET0S

di scl osed herein include the total anobunt of organoal um num conpound used
in both the precontacted 5 and postcontacted m xtures, and any additi onal
or ganoal um num conpound added to the polynerization reactor. Therefore,
total amounts of organoal um num conpotthds are discl osed regardl ess of
whet her a singl e organoal umi num conpound or nore than one organoal um num

conpound i s usegl.ond QspRLANF W%c%d%om 1 to abdA€2PEEEE YtofmBVENTT ON
further provides a catalyst compositio ich can conprise an al um noxane

conmpound. #thes @gpepleplethy presaet ineeniionaXu i aodkyldravingifegms 1tte ) eahavoxane
conmpounds, i LJ i 1SC EGI r s of how
mp  atbREPESE LiAlHe, X0 eshg{eeef%w,ﬁggﬁvl, i Bfﬂke sSPEAYL SobliFHAL %IL::

such al um noxanes are prepare or ot hérw se” provi r’ exanpl e,
a 15 cat al yskthe b asyet prether eapect ofi thgyprasentinueritidtoxane conmpound can be

prepared in whi - L i Vj l. rbyl al um num
i doy or i 1 vy SR AP Aok oPlig e ASeiaf RO i LkHeRRR i 2
al um num adrdpkideamponadf whithdas Gomceto@d cadbn wenpy ohadids, @aciydade.wat er .

Al um noxan S e red tq. asypal rocarhyl umyum oxi des) or
or ganoal um&%g%gﬁs g& Ogé}gl%érg%tn ﬁlenrV e@}'f a?‘y?tsz%gtﬁ%b“né%%“?g‘%tﬁyg‘%r%“é| uﬁméer & contacted
wi th the athlorimeoX@ben antlzer agitent; X écthhyrie ocar bon conmpound sol vent, though

any sol vent that s .subst LAl inert to the reactants, jnternedi ates,
and products ofaI ntth% f%r(rﬁui?avg!m%ﬁmé%éﬁ“ &k %élu’ﬂg%rdfmr?hle%cgtglf éive’c%ﬁposi tion
fornmedid n typicsllyyamixed. iThecaldecsttads byt @Ryicditd dblag inkgdiptherdfar, dicanpl e, by
bbb Y Y chbisbe 2S5t SO P B oSG, e
conpound ofonigdufids. nventi on can be an ol igoneric al um num conpound
conprising linear structures, cyclic structures, or cage structures, or
mixturos of al IARRPISS 0 eg&éfl?adwaanam%Bwah@Séaﬁ%i%ﬁagswﬁmdms ity mul a: 48

wherein R ih§ peeskitNBddntion il@Re Bedard! ey limhad itd GrihikPRlubifin t8mpaddagn at ons,
and p is an integer. from3 to 20, are enconpassed blyk this invention. The
Al RO r‘rb? et c;;algh]ébwmxum halide compounds, dialkylaluminum alkoxide compounds,
dialkylaluminum hydride compounds, and combinations thereof. Specific non-
limiting  examples of  suitable organoaluminum compounds include
trimethylaluminum  (TMA), triethylaluminum (TEA), tripropylaluminum,
diethylaluminum  ethoxide, tributylaluminum, diisobutylaluminum hydride,
20  triisobutylaluminum, diethylaluminum chloride, and the. like, or combinations thereof.
The present invention contemplates precontacting at least one dinuclear
metallocene compound with at least one organoaluminum compound and an olefin A
monomer to form a precontacted mixture, prior to contacting this precontacted
mixture with the activator-support to form a catalyst composition. When the catalyst
25  composition is prepared in this manner, typically, though not necessarily, a portion of
the organoaluminum compound is added to the precontacted mixture and another
portion of the organoaluminum compound is added to the postcontacted mixture
prepared when the precontacted mixture is contacted with the solid oxide activator-
support. However, the entire organoaluminum compound can be used to prepare the
30  catalyst composition in either the precontacting or postcontacting step. Alternatively,

all the catalyst components are contacted in a single step.



here al so constitutes the repeating unit in a |inear alum noxane.

al um noxanes having the formula: R/ R (-Al-0-)--Al 1g RR wherein Ris a
| i near orwbnramaisertoal kyl having from1l to 10 carbon at orsT/tmpesg13785 an
integer from1l1l to 50, are al so enconpassed by this invention.

Further, al um noxanes can have cage structures of the fornula

Rt 5, - +cabr, A14r03r, wherein Rt is a termnal |inear or branched al kyl group
having from1l to 10 10 carbon atons; b is a bridging |inear or branched

al kyl group having from1 to 10 carbon atons; r is 3 or 4; and a is equal

to nA (3) - 11G{Zhert mbiOftfan ’on%?g'aﬁéaﬁ\m;l-ﬁli%?t%nip&ﬂdh&nrﬁém@d upéltHehﬂﬁe

coordi nat e al unmi num at ons, no( 2) is the nunber of two coordinate oxygen

at oms, andPrReNprtings of Hie mr?@etact@fg stere o Y hen iRt 2AOFHEHNHR SREWPOTKY IS

al um ”Oxanﬁﬁe&"m &b ﬁrkt% ﬁmaln%){ of B Eﬁlmg%¥§&pgﬂﬂnﬁﬁl55b@ﬂ§reﬂf 15 the
present invention a presente genéra l'y by fornulas such as (R Al-0)p,
:Q( RA1- 0) gAhRRde tn dotalpedunikes organoalh@srelnf ermpeuad usedfe bethghoprgcqndactegdpi cal |y a
i near gr Y. tyl
pentyl 2 or TRGPotRd KRl ol i e T ey PO AR Y
accor dancethwpbltymh@tlpne@emr Thmefm, ¢otali anedupgef okganoaiurainymt comipepndsd t o,

nmet hyl al um iy n I

S0- pr opyl A Qe e AE st R el o R R RRL AN ore than

sec- butyl abmmrgunxanm;nunsmxmmlydl alwed. noxane, 1-pentyl al um noxane, 2-

pent yl al um noxane, 3-pentyl al um noxane, isopentyl al um noxane,

neopent yl al um noxane, and the |ike, or any conbi nation thereof Met hyl

al um noxangLUMINGIX AVEGOMR@UBIDSand i sobutyl al um noxane are prepared from

The present invention further provides a catalyst composition which can

comprise an aluminoxane compound. As used herein, the term “aluminoxane” refers
to aluminoxane compounds, compositions, mixtures, or discrete species, regardless of
how such aluminoxanes are prepared, formed or otherwise provided. For example, a

15  catalyst composition comprising an aluminoxane compound can be prepared in which
aluminoxane is provided as the poly(hydrocarbyl aluminum oxide), or in which
aluminoxane is provided as the combination of an aluminum alkyl compound and a
source of active protons such as water. Aluminoxanes are also referred to as
poly(hydrocarbyl aluminum oxides) or organoaluminoxanes.

20 The other catalyst components typically are contacted with the aluminoxane in
a saturated hydrocarbon compound solvent, though any solvent that is substantially
inert to the reactants, intermediates, and products of the activation step can be used.
The catalyst composition formed in this manner is collected by any suitable method,
for example, by filtration. Alternatively, the catalyst composition is introduced into

25  the polymerization reactor without being isolated.

The aluminoxane compound of this invention can be an oligomeric aluminum
compound comprising linear structures, cyclic structures, or cage structures, or

mixtures of all three. Cyclic aluminoxane compounds having the formula:

Aéil_ot |



25 trinmethylal um num triethylal um num or triisobutylal um num
respectively, and sonetines are referred to as pol y(nethyl alum num oxide),
pol y( et hywoabasissirzn oxi de), and pol y(i sobutyl al um num exraspg0s/013705
respectively. It is also within the scope of the invention to use an

al um noxane in conbination with a trial kylalum num such as 49 that
disclosed in U S. Patent No. 4,794,096, incorporated herein by reference in
its entirety. The present invent4®%n contenpl ates many val ues of p and
g in the alum noxane fornulas (R-Al-0)p and R(R-Al-0),, ALR2, respectively.

I's some aspe&LH.R R NiRRCortbrifcBedlky18@hg FromHOWEMESarboheRGR aAdp PN how t he
or ganoal um noxane is prepared, stored, and used, the value of p and g can

vary wi t hi itegessfron| etoshprecnspmaissed hosanmventiog: sthemABSHBIoHA SR of

or ganoal unm,Jexaesoitifitds Ofte eRPLALE Lt fiflaNtinear alurhiloPEPATHIY Ifhesat al yst
conposi tion containing an al um noxane, the nolar ratio of the total noles

of al um nu#inmoxinss Apung exemmlqor al umi noxanes) to the total 10 nol es of
di nucl ear netal |l ocene conpound (or conmpounds) in the conmposition is

general |y between about 1:10 and jabout \100,/000: 1. In another aspect, the
molar ratio is in a range fron‘Fia'té'(Ah‘G. Ab about 15,000:1. Optionally,

al um noxane can be added to a pol yheri zagi zone in ranges from about O0.01
nmg/ L tosabout 1000 ng/L, from abodR 0.1 ny/L o about 100 ng/L, or from
about 1 ng/L to about 50 nu/L Or.ganoal.um poxagnes, can be epar ed by
Various prSEEBOAES * med Berchtd BRYFABAR b Ral e DR PBh Pl

di scl osed infegkt ffom Pas 80itard\EISo endodpabs&AS, BiRAnvenBOB, 561, the di scl osures of

whi ch are incorporateqd herein by reference in their entirety, For exanple,
water in an i ndbiihgh GHPEOXEEYEHE HaN BB FELRTHER] i PSR W mbim o kyl

conmpound, SAICD, aehéA)BAd a tdrididaPlifgat BEbdBeted QTkyPEGaH ARl iHEogXAReI020
conpound. Wi le not intending to be bound by this statenent, it is believed

! b .
that th?s eybrmatems FesHobrideng brerbpybunehedalyd sarupdswing fredroafd cyclic
R-AL-0 al ugdiaxadiis, SPE B! &54; 1@ This Qbuatb G AT B, SHCRYIDARREEn RY of Bk |
( ( ( ()

invention. Alternatively, organoal um noxanes are prepared by reacting an
al umi num ahwyber ©f e aePrdivaierplyRINURAIGAS nai2r i the pymbatafdwegoprdingtech as
hydrated c a%fa@;ﬁ% |10 2Tk BT 3f 4UBRIHate c%(?ﬁ&l MERL -
ORGANCB OR’ATE“)(%OVP&JNDS Accordrng to another aspect of the
present inventiBrs, dumitoahnes twiidnpaashe éroplopesinipr the iceiglysir epammobidieamnotor
or ganOtl) orapg p?e%ngHv%qﬁoﬁ gre%&r\ééeq?eq' ge§é{§1® 839 ?3}81'11&9 uch as (R-AI-O),, R(R-

Al-O)4AlR;, and the like. In these formulas, the R group is typically a linear or

branched C,-Cg alkyl, such as methyl, ethyl, propyl, butyl, pentyl, or hexyl. Examples

of aluminoxane compounds that can be used in accordance with the present invention

include, but are not limited to, methylaluminoxane, ethylaluminoxane, n-

20  propylaluminoxane, iso-propylaluminoxane, n-butylaluminoxane, t-butyl-
aluminoxane, sec-butylaluminoxane, iso-butylaluminoxane, 1-pentylaluminoxane, 2-
pentylaluminoxane, 3-pentylaluminoxane, . isopentylaluminoxane,
neopentylaluminoxane, and the like, or any combination thereof.  Methyl
aluminoxane, ethyl aluminoxane, and isobutyl aluminoxane are prepared from

25  trimethylaluminum, triethylaluminum, or triisobutylaluminum, respectively, and
sometimes are referred to as poly(methyl aluminum oxide), poly(ethyl aluminum

oxide), and poly(isobutyl aluminum oxide), respectively. It is also within the scope of

the invention to use an aluminoxane in combination with a trialkylaluminum, such as



30 include neutral boron conpounds, borate salts, and the |ike, or

conbi nations thereof. For exanple, fluoroorgano boron conpounds and

f | uor oor geoodmsat2e conpounds are contenpl ated. 50 PCAUS200800370D1 gano
boron or fluoroorgano borate conpound can be utilized with the present
invention. Exanples of fluoroorgano borate conpounds that can be used in

the present invention include, but are not limted to, fluorinated aryl
borates such as N, N-di met hyl ani | i ni urft et r aki s( pent af | uor ophenyl ) bor at e,

tri phenyl carbenium 5 tetrakis(pentafl uorophenyl)borate, lithium

tetraki s pgt @fdissed HPREQYPXEeNS @,70N0dE! ihcdipdRhtBY hediH by RiferviBetiftitsaki s [3
,5 -bi s (tri fl wuoronethyl )phenyi [borate , triphenyl carbeni um

t et r aki s[ ensirddy-s(trifl uoronet hyl ) phenyl Jborate, and the like, or mxtures

thereof. Exanplgg g;esédtug{vgﬁfoga@&tggﬁl%s Crggﬁgp%ﬁl%s tfah GAD PenuaRd as
co-catalysts in th resent 1nvention inclu but are not fimted to,

tris(pent a&lummpgamqému)lm&?@?ql 0),20d R(R-Al-0)4AIR;, respectively. Is some aspects

tris[3,p-bigfdri h res

ther ot AL ASgrrb Al TARES A BNEL YRR R o B B€ crpFBalsMinAL U %, ese
exanpl es ofrefaredo stvoadgamd utrdy theevahrebffpl andrg oangeany wbimon Si@ghfw@mm@so and

rel aj[ ed COa Ollil'lr(}ga'lsrfe z%rds 5 gol‘ﬁ%qrtlat {)foor nom%lﬁloy(af %ed(!ogéhi d}?eli]é Pns when
conbi ned w or gahonet a ocene corrpoun Tosed in U.S.
Pat ent 5, 919, 988prdphxeng1la mdlmuomp@sﬁtiwﬁonﬂainﬁr@ anlaEBummcxnnpahatrethr egioei n by
reference in.its ent li.c al.sqQ_copt e di bor on,
or bi s- bor¥nhe é%tﬂlplgﬁlr? ur@ﬁﬁ%rm ulrlllc oA oéoarrpnélll}%)]x g esgotﬁ't{ gigrtﬁq%lg two or
nore boy onmalhaomsﬁ diruciehe nedistangl coripound (orecongivahdsdsn dhs cbmpedtiomis]. Am

Chem Soc. 5 127 . 147 ont nt of
i ncor por at %eé?e‘ﬁﬂ?‘ g?tWefi&al%é‘f éﬁéﬁﬁ ahot ?(?Osoofgkﬁt I%' C%E%Cﬁ’vyﬂ%mofr 4y anount
of or ganob@ﬁlﬁ@rﬁgfrﬁwmdoaaﬂn ?ﬁabﬁﬁteﬁ ooAlqc GUpﬁlﬂoﬁigly]E ﬁ)luﬁlﬁl&)xaﬁep&mtbe@ﬂdddhl S
invention, the nolar ratio of the_tot es or.gan ron_o
or ganobor aPet REHPHIAHCY gPnedB issh Fem 3%8‘”[@& F’@ﬁafo ﬂ’g’ g&)@fm%( n ET81“ear
net al | OCenﬁ)oﬁmﬂ%ﬂﬁto(dbbutcm%nd&)ﬁdnﬂaﬁohﬁl il IdoysbbutGOMEEI tion is in a
range from about 1:1 to about 15:1 Té ically, the anpunt of the

14

f1 uor obt gano bdPBANBHIHINYANS LT RE Brepares é{%ré’"éﬁfﬁ%‘?]ﬂ%? JSemPEs °f co- cat al yst

for the di &g&logﬁ'fmﬁ@(taﬁ’é fn@ﬁﬁ%rﬂs%ref&&ms@cpﬁﬁ% SOpateri™o8 3,142, (Woqul 10 nol es of
bor on/ bor ound per nol e of dinuclear netall ocene conpound. According

to anot her4, &%&:11; thgfdiscleisures pfrelrieh erm incorperagedohprein bY refergpiedb igino bor on or
fluoroorga (Q? r?ﬁr%xgrﬂggo\”yt ihSn fn{e lxgnﬁcamle?esac{eg vagoHt 5 noles of

bor on/ bor a e conmpoun clear netallocene conpound. 51
| ONI ZI NG | §hh@uoCUBOUNDEound, suclflae(lﬁoDséé,etmfornﬁhemsumhOlfgamalhenmpxam| des a

catal yst composid i ggRORLiakg. AN BRI B (% 400y SORROMA bl uhON! 21 O
i onic COI’TpOU I S an 1onirc co can ion as a co-cat al yst to
enhance t hgnéeti¢ miethyd odn 4ffed «aaﬂimﬂu;@ctf bothpesi and (o_mchc\RHAll@ aluminoxane

species, both of which are encompassed by this invention. Alternatively,

organoaluminoxanes are prepared by reacting an aluminum alkyl compound, such as

(R*);Al with a hydrated salt, such as hydrated copper sulfate, in an inert organiq

25  solvent.

ORGANOBORON/ORGANOBORATE COMPOUNDS
According to another aspect of the present invention, a catalyst composition
comprising organoboron or organoborate compounds is provided. Such compounds
30 include neutral boron compounds, borate salts, and the like, or combinations thereof.
For example, fluoroorgano boron compounds and fluoroorgano borate compounds are

contemplated.



5 not intending to be bound by theory, it is believed that the ionizing
ionic conpound is capable of reacting with a netal |l ocene conpound and
converti ngotzh@/osei2al | ocene into one or nore cationi c netralriuse@sdizrohpounds,
or incipient cationic netall ocene conpounds. Again, while not intending to
be bound by theory, it is believed that the ionizing ionic conpound can
function as an ionizing conpound by conpletely or 10 partially extracting
an anionic |igand, possibly a non-al k#dienyl |igand such as Xi or X2, from
the netal |l ocene. However, the ionizing ionic conpound is an activator

regardl ess of waf MGErobigahs bbRA! FeAudrbsgMlonbisth &onipBll kAL BOGuiligdaSt ract s an
X1 or X2 ligand i'n a fashion as to fornman ion pair, weakens the netal -Xi

or met al - X¥ithghecpresent ingentionu Examplesref Bydreprasne, bosgtepeyrUBEs Hirhed™d®¥ to an X

or X2 1igapd, i e3Pt foR Snchmie BliaHrd AGARRIRY10D A kel Uiy TRERANT S
t hat e 1onizing ionic conpound activate the

Further, it 1s not necessary f
met al | ocensich enoudusctyitnjlinifhdeteakisineatefluerophpnybbaspte gfikdpglcrdaiEmng i oni ¢
conmpound c en R cRMPosition as
a mholeg a§9g§§8§¥%ﬂﬁﬁ%mgagggg??spéggﬁg%s?%# %&¥k§%n§%§sk%§%%c§2?ain an

i oni zi ng i dinietyboitmoun detraR BB abps(te Suabdmetbyliptieny [Hoorie,ciriphamplyarbdsivinnc| ude,

but are nog_|.i.m,ted t he f oW 0 updsitri (- AR um
tetrakis( p{efr(a) 1§IP;Sgodsr({é‘r?‘leu,orc%nﬁtlzy;ﬂ_p%ar\%%|% ra?e, ha Hl% hg(é, ()P IQ&ELXéS) #!

amoni unt eExakples( oft fluargdrydmortaren tomfoundsuthyd Jaanbrowsed b ebcatialysts An 4he

di met hyl phenyl )b orate ., tri(n-butyl)a niym t et r aki 3. H=di m
et hyl phenyPr)%en%)rlﬁYeé’go? r‘f’tlﬁé%u‘?‘ih K nﬁgﬁfdet{?’akrils pe["?,fﬁlggog}lésnypg P
L | uor onet hyisbwei@&tﬂlea‘étﬁymﬁHeﬁﬂibo?&, and the like, or mixtures thereof. Although
ut ypammoni unt et r.aki s nt af | uqr ophenyl ) borate, N, N- di.net hyl ani | i ni um
t et raki s(p?¢idryr ‘%F%Eggﬂf%l&i ﬁ’éttﬁ{}]‘f‘%‘ g Itheq these Féﬁ@fﬁ?ﬁ?%’?rﬁﬁr}"at e, N, N
di met hyl anpdrhidi daatfRioklfgand (Wordh cathporhdy lapd @dlyted Rompounds, are thought to
orate, N, N-di net hyl ani | i ni um tetrakis(3,5-di pet hen I%borat ,

|
N, N- di met hiprEnepysaprdephag auqns when cpmbingd yit %/?&%BQm ?fyﬂﬁtb‘ﬁl&ﬁﬁﬂ ]borate |,

N, N-di met hydrajuhdd)i 4Mik@bdedkinS (RRNP Akl USD CRYE3N Ythe biRécBIsBre of which is
15  incorporated herein by reference in its entirety. Applicants also contemplate the use
of diboron, or bis-boron, compounds or other bifunctional compounds containing two
or more boron atoms in the chemical structure, such as disclosed in J. Am. Chem.
Soc., 2005, 127, pp. 14756-14768, the content of which is incorporated herein by
reference in its entirety. |
20 Generally, any amount of organoboron compound can be used. According to
one aspect of this invention, the molar ratio of the total moles of organoboron or
organoborate compound (or compounds) to the total moles of dinuclear metallocene
compound (or compounds) in the catalyst composition is in a range from about 0.1:1
to about 15:1. Typically, the amount of the fluoroorgano boron or fluoroorgano
25  borate compound used as a co-catalyst for the dinuclear metallocene is from about 0.5
moles to about 10 moles of boron/borate compound per mole of dinuclear metallocene
compound. According to another aspect of this invention, the amount of fluoroorgano
boron or fluoroorgano borate compound is from about 0.8 moles to about 5 moles of
boron/borate compound per mole of dinuclear metallocene compound.

30



30t ri phenyl car beni unt etraki s(p-tolyl)borate,triphenyl carbeni untetraki s(m
tolyl)borate, triphenyl carbeni untetrakis(2,4-di met hyl phenyl ) borate,

tri phenylwenb@mssizbet r aki s( 3, 5- di net hyl phenyl ) bor at e, t r ippharsgéosatizeni um 52
tetraki s [3,5 -b i s(trifluoronethyl)phenyl]borate,triphenyl carbenium
tetraki s (pentafl uorophenyl)b orate , tropylium
tetrakis(p-tolyl)borate,tropyl i umtetrakis(mtolyl)borate, tropylium

t etraki s(2, 4-di net hyl phenyl )borate, tfbpyliumtetraki s (3

, 5-di et hyl phenyl )borate,tropyliumetraki s [3 ,5-bi s(tri fluoro- 5

met hyl ) phepyliARGabRIctdOpouNd$ et r aki s(pent af | uor ophenyl ) borate, |ithium
tetraki s(pentafl uorophenyl )borate, lithiumtetraphenyl borate, Iithium

tetrakis(ptol yl Thoprageat inventionfurthen prakides areatellystl copwesitien comprsingin

tetr aki s( 2 idhizing ionic comPou d. An ionizing ioni¢c compgound is an ionic compound that can
dlnethylpheny_g orate,lrthiuntetra |§t3,5-d|nethylphenyl borate, |ithium
t et raf | uor Sivovict as & oetcatalyelt toznhancp dlet aetiviny b Breccaiplysh eerapasitivadi While
10t et r aphepyl: ' ' ; : ' :

et r ak; o( iy aT et R,y oY I3y Bapfhdfhd IR BhBing B8 Uihpound s

- di met hyl phapalle ol craatineg, withl metadlioeakiceBoud and converting the 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
10 partially extracting an anionic ligand, possibly a non-alkadienyl ligand such as X' or
X%, from the metallocene. However, the ionizing ionic compound is an activator
regardless of whether it is ionizes the dinuclear metallocene, abstracts an X' or X?
ligand in a fashion as to form an ion pair, weakens the metal-X' or metal-X* bond in
the dinuclear metallocene, simply coordinates to an X' or X? ligand, or activates the
15 metallocene by some other mechanism.

Further, it is not necessary that the ionizing ionic compound activate the
metallocene compounds only. The activation function of the ionizing ionic compound
can be evident in the enhanced activity of catalyst composition as a whole, as
compared to a catalyst composition that does not contain an ionizing ionic compound.

20 Examples of ionizing ionic compounds include, but are not limited to, the
following compounds:  tri(n-butyl)ammonium tetrakis(p-tolyl)borate, tri(n-butyl)
ammonium tetrakis(m-tolyl)borate, tri(n-butyl)ammonium tetrakis(2,4-
dimethylphenyl)ﬁorate, tri(n-butyl)ammonium tetrakis(3,5-dimethylphenyl)borate,
tri(n-butyl)ammonium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, tri(n-

25  butyl)ammonium tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium
tetrakis(p-tolyl)borate, = N,N-dimethylanilinium tetrakis(m-tolyl)borate, =~ N,N-
dimethylanilinium tetrakis(2,4-dimethylphenyl)borate, N,N-dimethylanilinium
tetrakis(3,5-dimethylphenyl)borate, N,N-dimethylanilinium tetrakis[3,5-bis(trifluoro-
methyl)phenyl]borate, N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate,

30  triphenylcarbenium tetrakis(p-tolyl)borate, triphenylcarbenium tetrakis(m-
tolyl)borate, triphenylcarbenium tetrakis(2,4-dimethylphenyl)borate,
triphenylcarbenium tetrakis(3,5-dimethylphenyl)borate, triphenylcarbenium



di met hyl phenyl ) bor at e, sodi unt et r af | uor obor at e, pot assi unt et r aki s-

(pent af | uor ophenyl ) borate, potassiumtetraphenylb orate, potassiumtetraki
s(p- tol Wwbhoavasey potassiumtetraki s(mtolyl)borate, porasso8m3705
tetrakis(2,4-dinethyl- 15 phenyl)borate, potassium

tetraki s(3, 5-di net hyl phenyl ) borate, potassiumtetrafluoroborate, |ithium
tetraki s(pent af | uorophenyl )alum nate, |ithiumtetraphenylalumnate, |ithium
tetrakis(p-tolyl)aluminate, lithiumt®rakis(mtolyl)aluninate, |ithium

tetrakis(2,4-dimethyl phenyl)alunmnate, lithiumtetrakis(3,5-

di net hyl ph%’&)ﬂh)ﬂ?|5‘-’(§E(H§id%rod1étﬁﬁ}p‘}l@ﬂ)ﬂ}%5faféf | uor oal uni nat @iph&QHathhium
t et raki s(pent afl uor o- henyl ) al um nate, sodiumtetraphenyl al um nate,

sodi um t et Feakklﬁ(ﬁ)ﬁﬂt{*ﬂﬂoyfl’ﬁhalllﬂ}ﬁofﬁé% e, trepiivmm fetakE@-OiYRbORt ealoMiNE e, sodi um
tetrakis( 2teﬁaﬂb(%{ow#tﬁﬂ%1ylt)cﬁ’;l[yﬁﬁﬂlnqgt?akls@ﬁj 'dHﬁchylghen?ll)borate tropylium

t et raki s(3, 5- di met hyl phenyl) alum nate, sodiumte I"uor oal um nat e,
pot assi um tmhd&%@mtﬁvbﬁtm}b@v@nyl )atlr@mllh@t e, patekis[3;frpis(trifluoro-

tet raphgnyk«’a H‘;l%%?ﬁb et aS%I%}rmnet r?e‘ﬁ’a%%@eﬁt?ﬂhﬂréﬁ'e#ﬂyﬁ)%%@ PRhARS um

tetrakls(mto nat e assi um
tetrakis( 2;e¢alds(mtmuomrélnwl)t@ran¢n dighiem petapbeiyihoratet rigkivm (Rirakis(p-

di methy! PhEsURBLAT Nat fn ROt aS UM RIIANMAAL 03! VTRt e, apthidigal T ke, O

conbi nat i on: ereof. Tonizing |on| ounds us I nvention are
not | i m t edintethylghesg)bodcither lkithiampl esetthGBCﬁadlmeﬂg'lph@nyl)bomrpoulnf-hlsmar e

di scl osed | ent No 57 n he di ures of
whi ch are |eﬁr8§‘?°6%broé? ed here?ntObyq‘Fe e p@ﬁ%ﬁ?rﬁ&t]ﬁ%}gﬁ&ragﬁtl rets)'él)giu 3 OLEFIN

MONOVERS  tetrapHengladrateat sdiune aetrakis(p- ttblh]abora‘.ta,n shdiumnpétokedmviblyDbaatal yst
conposi tions.and pol es of this |nvent|on b ally

i ncl ude ol &4 ‘H“corrpo%ﬁggs(ﬁ%vd‘ﬁlﬁthwpg ig?ﬁﬁ{e 2 to 38" ¢%r bon a?o)rq'sgé ;g)er

nol ecul e aaﬂadﬂ@vphagymiordt@ast sediemol eteaflgoroiguiitte 5 pbmssiume setiakigent i on
enconpasses h pcesses Uusi e oIef such as

t
et hyl ene oﬁpeﬂ‘i?’gv P%%@y ‘:‘;é‘%ﬁ:e%"t ‘%p&WWV@gfa?%ﬁlﬂggiﬂP?‘ont§ aﬁ(ﬂ at | east

one di ffer e/NnytRd,| PoasHORP @Halis(nlhQyljisait,t ipdhs§iMPO| tatFakisE, gﬂﬁﬁd’tﬁ}ll y contain
a maj or anount of ethylene (>50 nole percent) and a m nor nt of

cononorer PreyhbeIRte, B@P%‘é’r‘ﬂ )tetfakﬁ@aﬁﬁmﬂeﬁhyéphegylmat& PRURRIIUE FFérﬁ uorghe
cononorer syt hat ll‘ﬁﬁﬁ'm b@trgigs(ﬁ&ﬁm%%hbﬂﬂﬁlumlﬁﬁe efifhitn® NerphtSlatiaietef rom 3 to

20 carbon atoms in their | ecul ar chai n. Acyclic, cyclic, . polycyclic,
term nal (&hium nttetquéﬁ(l? tqlﬂ??élaﬁlna‘lgf ahihted, tgtm%%&(wte{ygalunwé@bslﬁhtum ed;

functi onal lteégﬁs(Z%nﬂm{ag&IJhH%ﬁ alib zed ol ef | NN be enpl@yadsss-t his

i nvention. r exa unsat ur at ed conpounds that can be
pol yner i z edingitiiyiphenyl)aluminate, 11th1um tetrafluoroaluminate, sodium tetrakis(pentafluoro-

20  phenyl)aluminate, sodium tetraphenylaluminate, sodium tetrakis(p-tolyl)aluminate,
sodium tetrakis(m-tolyl)aluminate, sodium tetrakis(2,4-dimethylphenyl)aluminate,
sodium tetrakis(3,5-dimethylphenyl)aluminate,  sodium tetrafluoroaluminate,
potassium tetrakis(pentafluorophenyl)aluminate, potassium tetraphenylaluminate,
potassium tetrakis(p-tolyl)aluminate, potassium tetrakis(m-tolyl)aluminate, potassium

25  tetrakis(2,4-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

30 by reference in their entirety.



15 the catalyst conpositions of this invention include, but are not
limted to, ethylene, propylene, 1-butene, 2-butene, 3-nethyl-1 -butene,

i sobut yl ewe,2odo/qgesnbene, 2-pentene, 3-nethyl- | -pentenepcirusedosls7od
-pentene, 1 -hexene, 2-hexene, 3-hexene, 3-ethyl-I|bexene, 1-heptene,

2- heptene, 3-heptene, the four normal octenes, the four normal nonenes, the
five normal decenes, and the like, or mxtures of two or nore of these 20
conpounds. Cyclic and bicyclic olefin® including but not limted to,

cycl opent ene, cycl ohexene, norbornyl ene, norbornadi ene, and the |like, can
al so be pobigpﬁ¢g@5N@ﬁﬁE@g§cribed above. Styrene can al so be enployed as a
nonomner . Wien a copol yner is desired, the nononer can be, for exanple,
et hyl ene or pr olé%aélﬁ?éed WﬁF@htsltbatd@deequl?bfédVW e#alysteeompesiiens akkanpl es of
olefin 25 p&] W54 ro'c su(ﬁths %n@&ﬁeﬁ%llyl 1h£ﬁh&@geﬁﬁcorﬁpcpﬂhgﬂeﬁnm - but ene,
3- et hyl - ut ene, |so en 1- penten pent ene, 3- hyl - 1- pent ene,
4- et hyl - 1fr01p@h@letri’et0 3@%*\)9)@@?9@8 = holeswle an@h@{uirg/éht-hraSh@)@eﬂ@ﬁnlqd%@tﬁ ene,

2- hept ene, he C C Q.0 ect of
the. pr coenpotdns Th vertfEhEfoasdhdlpob R K PO R R ot one,
1- hexene, dleHiserhess dhylemeorepropylest ys agh .as wwmcmahyn r¢alppornwilinat of

conpnoner L d. i n I r.is from
about 0. 01198 oBp e Sldinf, oRREHEL FROEPEGINER PRcERRTIRI °, f 0
wei ght of tnlaﬁbr rzmmomteasf ahydemomjﬂonele peﬁcmtmradd ragnmor aﬁéuramﬂdmmonawplect of the
present in conmononer into.a reactor zone
is from abgﬁ ”60 B?GECS%%IMEJB‘S\K%P%that reﬂ%’f%“é%“f coﬁn%rg?reomebaghgac%ln T he total
wei ght 10f tdpelynmneatwithethyzasofaniive filom 3ta 2d casivatdoens mapecinolectler anount  of
conononer introduced into a reactor zone is fromabout 0.1 to about 35

wei ght 5 p&}?'ab’bnt conononer based on the total weight of the nononer and

conononer. Yet A¢y&ha,rbcytzllftgbo@sm@;tenﬁlhﬂ (@)aiterhal Ofinea ) BRAMORERY, substituedyuced i nto
a reactor zone is fromabqut 0.5 to _abaqut 20 %@ﬁght Rﬂeﬁ}rcent gm noner based

on the tot ASUREitYFE: fb‘f"“f’ﬂ*’é”ﬁ%r?&?ré‘f’“é‘t‘m IEAhBFLAERTS SAR;DeSTIRAYe ing to be
bound by t fvéntloReToyexaMpR, @y pidad BRdAREteSidATIolhdkt tREL card Be PoIymERALddivanal | zed

olefins are used as reactants, it is believed that a steric hindrance can
i npede !andfhs rcatgf s WeQPROSIIONY b iy HVFWionpRgedss dut et ligtitsd éhedhyled/ or

cyel 1¢ por biot) 1-tfenkNEpBbAL HinE RPN S ROMEMASnd 1ORRiRE, £pirhoR; car bon

doubl e bond woul d not be expecdted to hinder the reaction in the way that
t he sane ofefdthyldisstens ubmethydiltheateesd hrbexengrbhexens. e311®’<e!1h>e3@ﬁwbém car bon

doubl e DOneyTh.nepkihe S 80F AN A ADCB TN Horils bOEncR! B8R haAIC [ on, at

| east one nonorer /T eact ant e et Yl efe, - S0t he pol'yneri zations are either a
hormopol ynenéreats, tre iﬁwntdnmaln@pcgmﬂsyareitthy lisereor rmxtumpdltymrr it obHwsani t h a

S 1T SB SUEL EYA AT B by, S5 (B S0phSfen,
conposi t i onglaikxdne sorbmglmhe,mmhzmndbme,tmddhe hket lven pisb yoewpol ynadrized aof
diolefin described above. Styrene can also be employed as a monomer.
When a copolymer is desired, the monomer can be, for example, ethylene or
propylene, - which is copolymerized with a comonomer. Examples of olefin
25  comonomers include, but are not limited to, 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, and
the like. According to one aspect of the present invention, the comonomer is selected
from 1-butene, 1-pentene, 1-hexene, 1-octene, 1-decene, or styrene.
30 Generally, the amount of comonomer introduced into a reactor zone to

produce the copolymer is from about 0.01 to about 50 weight percent of the

comonomer based on the total weight of the monomer and comonomer. According to



20 conpounds including, but not limted to, 1, 3-butadiene, isoprene,
1, 4- pent adi ene, and 1, 5- hexadi ene. PREPARATI ON OF THE CATALYST COMPCSI Tl ON

I n one aswean)y/ashr9pr esent
conprising a contact product of a dinuclear

activator-

or ganoal um num conpound. Additionally

support. Such a conposition can further conprise an

i nventi on enconpasses a cat alPgstuseaspoxns i on 25
nmet al | ocene conpound and an

this catal yst conposition can

further conprise at |east one optionaft}4 co- catalyst, wherein the at | east
one optional co-catalyst is at |east one al um noxane conpound, at

Or ganozi NCaf@i¥PAYPRLt ofathe bRASH: 1RRALHA, GRNARANOBE WmoHImRF GMdARRHAASB aCOoMpound,
at least one ionizing ionic corrpound, or any conbi nation thereof |In another

aspect, a

eaten 3r8e iIcBap P bRl

| east one

osabgpitf) Weight isTeent compemsebasedan dignt act

product of (8 WeRRBbf @REnSHoMAE hEBEorBloftlet. OGENR SRR UG RAL Alouhfast one 55
conpound sel ected fromat | east one al um noxane conpound, at |east one

Or ganozi ncoaEmmpmeh itrogucadeinty a gprstasr49an ob Hiovn abut G lgihabrit oeWeihipound, at

| east oge
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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
impede and/or slow the polymerization process. Thus, branched.and/or cyclic
portion(s) of the olefin removed somewhat from the carbon-carbon double bond

would not be expected to hinder the reaction in the way that the same olefin

substituents situated more proximate to the carbon-carbon double bond might.'

According to one aspect of the present invention, at least one monomer/reactant is
ethylene, so the polymerizations are either a homopolymerization involving only
ethylene, or copolymerizations with a different acyclic, cyclic, terminal, internal,
linear, branched, substituted, or unsubstituted olefin. In addition, the catalyst
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.

PREPARATION OF THE CATALYST COMPOSITION

In one aspect, the present invention encompasses a catalyst composition
comprising a contact product of a dinuclear metallocene compound and an activator-
support. Such a composition can further comprise an organoaluminum compound.
Additionally, this catalyst composition can further comprise at least one optional co-
catalyst, wherein the at least one optional co-catalyst is at least one aluminoxane
compound, at least one organozinc compound, at least one organoboron or
organoborate compound, at least one ionizing ionic compound, or any combination
thereof. In another aspect, a catalyst composition is provided which comprises the

contact product of at least one dinuclear metallocene compound and at least one



This invention further enconpasses nethods of maki ng these catal yst
5conpositions, such as, for exanple, contacting the respective catal yst
conmponentwoi2n0%08y120r der or sequence. The at | east @oe/usRVsOITAF

nmet al | ocene conpound can be precontacted with an ol efinic nononer if
desired, not necessarily the olefin nononmer to be polynerized, and an

or ganoal um num conpound for a first period of tinme prior to contacting this
10 precontacted mixture with an acti\ator-support. The first period of tinme
for contact, the precontact tine, between the netall ocene conpound or
conpounds, cohheuf §dldcRldCraR AP Rt ond RfinliftRay @Aipoatd) Al RENNAO BRAhct Ypi cal |y
ranges froma tinme period of about 0.1 hour to about 24 hours, for exanple,
f r om aboutcompeunde atalsest; enel ongapboropas EBFNeROFaty FITRROURY, GinleaBloRRe 1PBIZIMBnut es t O
about 30 nj,RAUCERp&E, & 39 cEPInRYSherdx. Al ternatively, the precontacting
process is carried out in nmultiple steps, rather than a single step, in

whi ch nul ti pl e Thisxtieeagom rfarthgre pagoatpassen dhetbesiip of snaleng thesef extalist set of
catal yst c S . {s are

cont actged g&%gﬁ§sé5#cﬁgéiﬁ§% reé’,c%tg{:tﬁ%\i[/g%}éégecggél%?? %tncggl?ﬁg&ﬁh 1?1st m xture
with at | eagtordener ssgiknce.cat al yst conponent fornming a second ni xture, and so
forF h. ZOM'” ti pllh% apfeﬁﬁ%gg ﬂﬁ)‘iﬁ&l@& rﬁétﬁpo%exfea& %ur?ciiéarn'b%qar%ktaugd @vit%'a'ﬂgl € Ves.sel
or in multiple vessels.Further, nmultiple precontacti'ng steps can be carried
out in serdlef®i¢ segaset if dkdised, notmepessally die, olefin mogemdri edte pptymdiegedof For
exanple, a first mxture o *:1*‘1%‘5&?‘}?2&??1?%@&3‘9 herals g”iﬁg in a

. anld an organoaluminim %or%;\)é\cﬁmﬁ %E)ra
first vesse , da econ m Xt ur conprisin m Xture prus one

addi ti omal preahakts migmnpeikab activatdeupmrtethei fivst peeiofl iof simeXovesdat, or in a

second ves%el , _Whi %h. IS t%pi cg_ll Il¥ t?haced downs&r eam of tdhethf i{ 1%icvessel .

I'n anot her Pa@fgeRact fime. bptwggh thegpetaiiocens, camppaund of COROUIAS, the, QeI hli ¢ and

used in di bt an@rRcoghmalunigurh ceapomiditgpicdigrayeafiphes tipaperiaf ofa cat al yst

conponent is fed into a first precontacting_ vessel har precofriltacting W th
B{’)ﬂi bHdi Wb

at |east ot oPAUE 4P 2Pt 24 BT NIOR eXampley Bompbop WLt sane

cat al yst cpRRARRNMimésSidR dbdulll 0 ninfeLORBoR 80 piifteydrasks Bgpeeasel for
precontacting with at | east one other catalyst conponent, or is fed

direct 1y into tHMEmaxelyothe PECOBAEBRTIrAES 16 FATRE PROP MHEPISSERS ATt i ng can

be than a single step, in which multiple mixtures are prepared, each comprising a
different set of catalyst components. For example, at least two catalyst components
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.

20 Multiple precontacting steps can be carried out in a single vessel or in multiple
vessels.  Further, multiple precontacting steps can be carried out in series
(sequentially), in parallel, or a combination thereof. For example, a first mixture of
two catalyst components can be formed in a first vessel, a second mixture comprising
the first mixture plus one additional catalyst component can be formed in the first

25  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

30 precontacting vessel for precontacting with at least one other catalyst component, or is

fed directly into the reactor, or a combination thereof. The precontacting can be



56 carried out in any suitable equipnent, such as tanks, stirred m x tanks,
various static m xing devices, a flask, a vessel of any type, or

conbi nat iwoo@fossizese appar at us. I n anot her aspect pafr/usheos/oizroent i on,
the various catal yst conponents (for exanple, dinuclear netall ocene,
activator-support, organoal um num co-catalyst, and 5 optionally an

unsat urated hydrocarbon) are contacted in the polynerization reactor

si mul t aneously while the polyneri zatith reaction is pr oceedi ng.
Alternatively, any two or nore of these catalyst conponents can be

precont act ggriddlod iY 88 SlitaBlel dLiphfen€ BBl ds Mghkk NRirde @ ik it&Hks 2@iBus Skhtics
precontacting step can be continuous, in which the precontacted product is
fed conti ntburg devicss-efiask.aaeswst of 4y tRe MBS A HGFSS BPRIFUED bat chwi se
process in whicly ghodk GlRp&Qt JTREOM AR iRl fA16S chﬁlﬁfi@&qp&&nm@ a
catal yst conposition. This precontacting step can be carried out over a
time peri oeramply dewalepamgiellpgenen astifdoy-SepUh Pseanealuminyr po-gafalgdty | days,
or longer. olinbiy 1 AiRAGed HYGoEARI) HAO UsntRERE ANME PolyRrBhih Qg6 al Iy

| asts frorr?% gup 1 secondtetol}g[gout ithour. I n anot %Jeorﬁ%spet?t?l, t he

cont i nuoussipubiznsaedy whilg the pplymaszation resatierth surrocegding. sdlesomatiselyoabout 45
m nutes, of,f abouh .k i ] . e

pr econt act ed {)r[loﬁqtoure of t%eﬁigr%?gﬁt" %%gﬁg&ggbmﬁg%&gﬁel?ianversr%g’ﬁg{P) and

or ganoal unemermgctbe crcadny sanei sSThioprecantasting\btep cathbe eanttinvetsom whishdhet , t hi s
conposition (wth . th di ti.on of t I - i t he
"post cont a rteéo tar?‘lpegtplf(r&é.c‘? lgI'Eeé1 %%@?%061%:1%5 §%¥%§E’u"§?§%§ ?D%ﬁa%?pbﬁéeggngi ns in
cont actl0 f obatehvasc prodes2 Oinpehiclnch bdtclt bfrprecotiactqb ptodoett mcadded ne maseiaor to
initiating the polynerizati.on process. Postcontact tines between fhe

br econt act P ROTPE e THE PEpTodPE e it CgEl LPTS o REEERm about
0.1 hour t manbouiangsd fromud Sew lsécoadd tr dsh@nctaspsstal g, posdngent &cthisine is in
a range fromabout 0.1 hour to about 1 hoyr, The precontacting.step, the
o5+ Cont actPHY BF B GPUBreACaR Tinsatoty ond Eprbaer § 9reyt BreHE  pol yirer
as 25 conpanger.t t hhGth&adiBedtaihdl doafinueQspRsbith@mgt e 1as8 fRdrRPBo@AI0M t hout
precontacting or postcontacting, However, neither a precontacting step nor

P . ) I
a post édnt $EPRASGC Shauh4 BURULGH P TEM abays | pHRE bRt WomAuesur e can be heat ed

at a tenperat ur@n@ngk prefonfactddTBixRRE bfafe HEfafllbeheBdmpsunal diom Adssmd! i on,
i npregnation, or interaction of precontacted 30 m xture and the

act i vat or - &ifpPeganoalymaym (rarcailysoris| enntastedt Mathc dhep GEBYAIY-YPPerhethis

Eregtcg)gé act g SPsitiot (Fith $he JHARRIn! dffactiIESQEBE) BherHRAUR 4RGicbitadiiarn. Wiere

-mixture.” The postcontacted mixture optionally remains in contact for a second

20 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 0.1 hour to about 24 hours. In a further aspect, the

postcontact time is in a range from about 0.1 hour to about 1 hour. The precontacting

step, the postcontacting step, or both, can increase the productivity of the polymer as

25  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

30 mixture and the activator-support, such that a portion of the components of the

precontacted mixture is immobilized, adsorbed, or deposited thereon. Where heating



57 is enpl oyed, the postcontacted m xture generally is heated to a
tenperature of from between about O F to about 150 F, or fromabout 40 F to
about 95 Wo0 2009/085128ccordi ng to one aspect of this invenrcons2alsmei3ros ar
ratio of the noles of dinuclear netall ocene conpound to the nol es of

or ganoal um num conpound in a 5 catal yst conposition generally is in a range
fromabout 1:1 to about 1:10,000. In another aspect, the nolar ratio is in
a range fromabout 1:1 to about 1:1,09D. Yet, in another aspect, the nolar
ratio of the noles of dinuclear netall ocene conpound to the nol es of

or ganoal unsniMpIGRAPEE PAsttSntadledPmixANe Geddr AP BRMEd o 4 tdnpet@Ylof Fok00. These

nolar ratios reflect the ratio of total noles of dinuclear netall ocene

conpound 1D<_3twerb€thf?‘p&|rfd@ abputt 138 °F.or lomeahoutt0 tto bR aT uni num conpound (or
compounds) 11 DRUERE (PLAE AUICLLHITXLHIR, HAnbHL ARSLCARAGhLdy M xture

conbined, if precontactting a postcontacting steps are enployed
When a predmnctlaartmq:tglltermqowmpwédp théhgrohms | afr organorlomafun lgempeind| inn| es of

olefin ganO y%t c%mgg% F‘!)n ngrle%ﬁl s nqlanrlélq eﬁé r%%&)qll hgct?rlgo t: E q%)o Cont act ed

m xture’is
Tot al nol esmmﬁereaﬁbt dmrrpoiaemloasrm magh from tabowg 1r latoi abotltol aﬁ&@uﬁbt iror as pects

of this invention re reth t han

di nucl ear ARY rf’%?c?%h& |n§° e %y@g Fﬁs Flglrnuc i ?anqg %l}e Croa P%ﬁggtgﬁhebe ina
range frommakeeuwf olghn&alhmlrﬁnhouémﬁouaaﬁs in h RargRdtdieabagperto about NelOOnvent i on.
20Gener al | t he WEI ati o of a um.conpoynd to

activator - i-h‘ﬁﬁé"rotlar rat qsr{eé et figgaig ?{3‘85 g l?tgmigmid?%r;g%%ﬁlce’f LIPS ™ f nore

than ong obgesgRuLAS BURR ERATREHHRE! anﬂé@lbalmﬁ@ni bafipsane (acddxnp@nmSasupport is
enpl oyed, th| s ratio i s based on tai ot al ght of. each r g’ct.'ve
conponent . PPt HKoPrePniaepd cmixtpge ft p?sé"ﬂ“fﬁ‘ Gf M 68 H’Ie ]

conpound t?regmaoﬁgghf{@&q{os@gﬂmfntg Ste@uﬂa ealp[@age from about 3:1 25to about
1: 100, rom about 1:1 to:about, 1:50 aspects_qof this

i nvent i on t he WlERAPISCARPHingsiep ihutadethe “Fﬁ%%rafF"i“befeﬁl?% tote) meles obRIEin support
isinar a%ﬁ‘o&)&oﬂ? fRuUhoits bf td?mﬁté@#ﬁne%all%cé?{éomoﬁg prédontiBlc@ hixdie Qe

di nucl ear netal l ocene and/or nore than one activator-support is enployed,

this rafi obiricahaded smnee Heom abayt l/»éi) dghtabert L0 les @&llmée%@ﬁﬁéﬁént I'n
anot her as 9&% ehitrS u3Q 1%111% éuort%t 'c&)u'n§fo'r Qﬁc{s%@g}@s Vet GHOMre fiove L O @bout

1: 100, 000, rom about I n anot her aspect,
t he wei ght thaator@ olffin heordmmdné/&r mmatharodawelemommm@bn@owtmloyed

activator- %H&P tins molér Nafo LAY mfarrz(ljn@e %%%uéboat ?(pl 0 ab%QPPBOOlI #O008ther

aspect of the invention.

20 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

25  to about 1:100, or from about 1:1 to about 1:50.

In some aspects of this invention, the weight ratio of dinuclear metallocene to
activator-support is in a range from about 1:1 to about 1:1,000,000. If more than one
dinuclear metallocene and/or more than one activator-support is employed, this ratio
is based on the total weight of each respective component. In another aspect, this

30  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 dinuclear metallocene

compound to the activator-support is in a range from about 1:20 to about 1:1000.



58 According to sone aspects of this invention, alum noxane conpounds
are not required to formthe catal yst conposition. Thus, the polynerization
pr oceeds Wo 2névasaizsence of al um noxanes. Accordingly, tRreTarSe@sni37ofnventi on
can use, for exanple, organoal um num conpounds and an activator-support in
t he absence of 5 alum noxanes. Wiile not intending to be bound by theory,
it is believed that the organoal um num conmpound |ikely does not activate
the metal | ocene catal yst in the sane #anner as an organoal umi noxane
conpound. Additionally, in sone aspects, organoboron and organoborate

conpounds are nR{cotfRId Qethel Rpdcdy &P this (?I%ﬁ‘tlldﬁs hlufRRexasd Edrpbunfis 4B indt
i nvention. Nonethel ess, 10 al um noxanes, gan02|nc conpounds,_ organoboron

or or ganob#anires @dem@taly%ﬁwzp%glqnorﬁms Brpolumeazatiop PersseAsriathcons

t her eof Casbs@ﬁcetb?%ﬂnﬁlﬂoﬁhbserAe@Jr@ihg@t thegmagﬁllmemén eanh&mpdakesdpRy and
encorrpassed wthin the pr esent | nventl on. nce co-cat af ysts SUC as

al um noxanesganashingRi rempowRssurtad, apr GEBTSEPPSY  r gthaoisbseate ebnpounds,
i oni zing i 91{]1119109%] URtfe nbl m?é?lﬁpllgntgteﬂle?t%%}l& Qgrtﬁﬂ;ry, £30 bRV tl‘f%ﬁ'ﬂflé)yed with

t he di nucl ear ocene conpoun resence or in the
absence ofommuahmmvanawnmgwpbhkdydqw1@H@W®mﬁiWeﬂhéﬂbWQQEﬂﬁ@Y%ﬂnﬂh3the

absence of ﬁﬁ”g&g@pggh @%ﬁgﬁh&ﬂﬁﬂgﬂﬂ%Pngul Cat al yst conpositions of the

present i nvent | on géenera ave a catalyst activity greater than about 100
grans of pol yetAhgdigorallpen ngarasprfctsaoltgambmn-asldppgﬁmpborzt@ compolreigrare

(abbrevi at e uﬁ%ﬁ?%hfo}r}l ata ys;i)t crz)%poa 150 ojogﬁshei‘n\%%ﬁg yskoﬁﬁkelgl ty is

greater t han grea han Fedt er an about 250
gP/ (gAS0 hr )lumlrm)xsﬁels,l borganafite bomp@eﬂt,, ongaxtoabgost orc orgamshdrate) rIS)nmbumdSJ S

i nvention are.characterlzeg Qy g ﬁ%ta yst actl%lty % t han
about 500, "grEe: B RERPABOUt" 1 ma pisgHEIOE R Rg A 6‘bt° a§’|§>7(gAs hr).
Yet, in anedhigssitRapestemplited B}'ziﬁriﬂ embmpa:s&dd\mfwn e ;@éseﬂtlmenhbﬁnHadﬁﬁut 25
2000 gP/ (gAS. hr). This activity is nmeasured under sIur&ggg?#%nerlzatlon

condltlonscﬁgﬂﬂéﬁ?sﬁﬁ t &he2WEIFGYANG; | YBHIOZING; CYMPING$re OF A"t 8hperat ure

of about 9QGaRAbEratdcEhftyh&) fortifS Priceoftipo@idd Udr coRBifasibes thédebE tarBbpect s of
the present 1 nvention do not require an activator-support. These, catal yst

conposil®i oABPIEYIHVIE dhedipgsitan dtetgliopwng comppungs eythes dy t}GﬁEeSGP?ﬁR‘l igdhe 30

et al | ocengye IRt @RstoRsuphbEASIndO et AR YrdleiR! SChaRe hbRArAbS hieast one
al um noxane conpound, at |east one organozinc conpound, at |east one

or ganobor oArgano HWE@BWQWEMCOHpound at | east one ionizing ionic conpound,
or any conbi nat Cﬁg'lyst compositions of the present invention generally have a catalyst

activity greater than about 100 grams of polyethylene per gram of activator-support

20  per hour (abbreviated gP/(gAS-hr)). In another aspect, the catalyst activity is greater

than about 150, greater than about 200, or greater than about 250 gP/(gAS-hr). In still

another aspect, catalyst compositions of this invention are characterized by having a

catalyst activity greater than about 500, greater than about 1000, or greater than about

1500 gP/(gAS-hr). Yet, in another aspect, the catalyst activity is greater than about

25 2000 gP/(gAS-hr). This activity is measured under slurry polymerization conditions

using isobutane as the diluent, at a polymerization temperature of about 90°C and an
ethylene pressure of about 550 psig.

Other aspects of the present invention do not require an activator-support.

These catalyst compositions comprise a contact product of at least one dinuclear

30 metallocene compound and at least one compound selected from at least one

aluminoxane compound, at least one organozinc compound, at least one organoboron or

organoborate compound, at least one ionizing ionic compound, or any combination



59 thereof. Such catal yst conpositions of the present invention generally
have catal yst activities greater than about 100 grans of polyethyl ene per
hour per woamaigst2be respective al um noxane conpound, oPgarus2é08®1370Frpound,
or ganoboron or organoborate conpound, ionizing ionic compound, or

conbi nati on thereof In another aspect, the 5 catalyst activity is greater
t han about 250, or greater than about 500 grans of pol yethyl ene per hour
per gram of the respective al uni noxan¥ conpound, organozi nc compound,

or ganoboron or organoborate conpound, ionizing ionic compound, or

conbi nati ofjetber R cXBlyst EdPRRASES B8 PRGENt iamﬁs@g@fiemty 1AGE bathlydt i S
greater than about 100&5 or greater than about 2000 grans of polyethyl ene
per hour. actmdiesiigereiss shan awul 00 gramscofnprlyiylens o hode ren ar ehfhe

met al | ocengq ORI noaE cfidu@ bPfan SRR pourdd Sroo88/R 31 HighidsBRaeOMPOUNd,
and the ol e?l n nononer, can be precontacted in sonme aspects of this

i nvent i on. comfpernda fppizitgcionivt eaatonry. @t combingfiqrhthaisob| b angther ppsetnte, it is
not necgss L i RO 5HS i I ClL ep be the
sane aséet h%li%’(%%v%%bg‘l"g{gf G}Ff‘{eﬁfu zeud.zsg’u(rafﬁjée?ferr\t\lﬁaerﬁag&%?@r gg%tif{cti ng step
anong any mydthyereipsn hafr eh gravadfithy se¢speasivp ehannoxanescommoliery etgafiesincg f i r st
period of ti i ] Xt n.he . ] equent

Post cont actTig s} dPRbGEEat bRl EBaiR e it o et
for a secowmahetionthecfoft Yk in Hothee aspertl the catabystdictivity sareatsttlznl aboetne
conpound, or ganoal um n Qun a 1- he can be used in a

pr econt actf(ﬁg’ %rté%tefrgl}anzf ﬁ‘égoﬁ‘?g}é sﬁgP?lggg%Fn%qeﬁggﬁand this precontacted

m Xt ur €0 t hen caxs dicusedtabotesdnwdntbitdnen a€ thedartuoleasmptplbodend coriguml,a

post cont acﬁ ed m xture th% is contacted for se(fgkndlé:%%ri orcli ogr (t:inrre pri or
to initiat "R CRETSERRNe e AET0R FEREY CBRPOYES MK ERpY e TRE T+ €Y period of
time for cenp@édntactddenpomeaipaaat oft thisEinvdneibive @haangnyqoedontatingoccafs t he

nmet al | ocene, corrpoufmd, t he ol efini c nononer, thge afcti vat or-suEport, and the
or ganoal un¥iilian Pl menemeTe s Bat pecstrabbAt the. AtHoBPNBerAFEGLE 3% hour s,

from about pRechtdcBn@BRP tbe LthB Qlivhe aflthd bIRFh 30 B tpolindHizBdlt Gaurthér, ahenta 30
m nut es. T?'ue post contacted m xture optionally is allowed to remain in

cont actS f opregPnissting sfep @iong apy cempwatianned the sRtalyst camponeie 1s grpigYed o

i ni tiatinggeh REGREOLUIRS b2 e OthiP pRESR &t FHALM! B Be0uRBENnaS ARfkEqueht t hi s
i nvention, postcontact tinmes between the precontacted m xture and any
renai ni ng BBtcenwetingsster bapsarrny dtkerfqombingonof Fatalysh Gpmpeneatsofer 24 hour s,

or from abguln Dk fORF b, ABBHLxdmBBUfie AR EFLXYERIZAT LON,ERORSS

Cat al yst conposfitions of the pres Invention can be used to polynerize
ol ef i ns t oorgaroalunommp ebypeuns!, axd t-hpxsng war be uBdan QURTPCopragtRe: siel & a

pol yma?b .Zi R ?l:r?ofdi o tiliflg,. érlzlethpsr &%g&?a%tegfm&nﬁgtﬂ?ényéak SOMReRtdd 9ftn @le t he
present 1 nvention conprises
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, the olefinic monomer, the activator-support, and the organoaluminum
25  compound can be from about 0.1 hour to about 24 hours, from about 0.1 to about 1
hour, or from about 10 minutes to about 30 minutes. The postcontacted mixture
optionally is allowed to remain in contact for a second period of time, the postcontact
time, prior to initiating the polymerization process. According to one aspect of this
invention, postcontact times between the precontacted mixture and any remaining

30 catalyst components is from about 0.1 hour to about 24 hours, or from about 0.1 hour

to about 1 hour.



5 contacting the catal yst conposition with at |east one ol efin nononer and
optionally at |east one ol efin conononer under polynerization conditions to
produce avpabgwmssizor copol ymer, wherein the catal yst comrpoaisteosmizrohpri ses
a contact product of at |east one dinuclear netall ocene conpound and at

| east one activator-support. The at |east one dinucl ear netall ocene
conpound is selected fromthe following fornmula: 10 x,x3 V \x3x, v \ V Alm
ImNxti Al \ / \ X2 \/x4x2 ERXRYERXRY \QUCH2)"-- CRz=CRz- (CH2)" / CD ;

POLYMERIZATION PROCESS
Catalyst compositions of the present invention can be used to polymerize
olefins to form homopolymers or copolymers. One such process for polymerizing
olefins in the presence of a catalyst composition of the present invention comprises
5  contacting the catalyst composition with at least one olefin monomer and optionally at
least one olefin comonomer under polymerization conditions to produce a polymer or
copolymer, wherein the catalyst composition comprises a contact product of at least
one dinuclear metallocene compound and at least one activator-support. The at least

one dinuclear metallocene compound is selected from the following formula:

10
X1 x3 x3 x1
\M/ a1 R
/7 N\ 7 /
X2 X4\ \X4 \x2
ERX{?Y ERXRY
(CH,),—CRZ=CRZ—(CHy),,/ @

wherein:
X' and X independently are a halide or a substituted or unsubstituted
15  aliphatic, aromatic, or cyclic group, or a combination thereof;
X is a substituted cyclopentadienyl, indenyl, or fluorenyl group, any
substituents on X’ other than a bridging group independently are a hydrogen atom or a
substituted or unsubstituted alkyl or alkenyl group;
X' is a substituted cyclopéntadienyl, indenyl, or fluorenyl group, any
20  substituents on X* other than the bridging group and an alkenyl linking group
independently are a hydrogen atom or a substituted or unsubstituted alkyl or alkenyl
group;
Al is a substituted or unsubstituted bridging group comprising either a cyclic
group of 5 to 8 carbon atoms, a bridging chain of 2 to 5 carbon atoms, or a carbon,
25 silicon, germanium, tin, boron, nitrogen, or phosphorus bridging atom, any
substituents on A' independently are a hydrogen atom, or a substituted or

unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof;



wher ei n: XI and X2 independently are a halide or a substituted or
unsubstituted 15 aliphatic, aromatic, or cyclic group, or a conbination

t her eof ; w0 2009485128 a substituted cycl opentadi enyl, i ndeoylus2as/oii7odrenyl
group, any substituents on X3 other than a bridging group independently are
a hydrogen atomor a substituted or unsubstituted al kyl or al kenyl group;
X4 is a substituted cycl opentadi enyl, indenyl, or fluorenyl group, any 20
substituents on X4 other than the bri%gi ng group and an al kenyl |inking
group independently are a hydrogen atomor a substituted or unsubstituted
al kyl or al kenwi9y0Wig;orTi; A 1s a substituted or unsubstituted bridging
group conprising either a cyclic group of 5 to 8 carbon atons, a bridging
chain of 2 to F t&etbononsibeal; or a carbon, 25 silicon, germanium tin,

boron, nitrogergx og, JthRh%a@ememwaw a2h R oMo URR tal LitRAuRA0S A

i ndependently are a hydrogen atom or a substituted or unsubstituted

al i phat i c, ursrlestittédcalipoatics gromiatic,gr cxgic gequpacicotPpibinetive herdefiramdf ;. 61 Mis
zr, Hosor T Fshf if@IPAh heiih 69812 Rhety R and Rz i ndependently are a
hydrogen atom or a substitut d or tUnsubstituted ali phatic, aromatic, or
cyclic group, ovitathegmbiisvathaoA ishet @cilicoabddging mtpmawhembethext and 26 r ange

br i dgi ng. a6 SIS ARl Xt 4ot IR BN AR APE S kOO RY M are

cycl opent agtideRfydre epcbihpdrogdn itsmganthoris eq@xl,toRY, and Rz are each hydrogen

atons, and n i SThe l?{%llys% gorr(l)positions of the present invention are intended for any olefin

10 polymerization method using various types of polymerization reactors. As used
herein, “polymerization reactor” includes any polymerization reactor -capable of
polymerizing olefin monomers to produce homopolymers or copolymers. Such
homopolymers and copolymers are referred to as resins or polymers. The various
types of reactors include those that may be referred to as batch, slurry, gas-phase,

15  solution, high pressure, tubular or autoclave reactors. Gas phase reactors may
comprise fluidized bed reactors or staged horizontal reactors. Slurry reactors may
comprise vertical or horizontal loops. High pressure reactors may comprise autoclave
or tubular reactors.  Reactor types can include batch or continuous processes.
Continuous processes could use intermittent or continuous product discharge.

20  Processes may also include partial or full direct recycle of un-reacted monomer, un-
reacted comonomer, and/or diluent.

Polymerization reactor systems of the present invention may comprise one
type of reactor in a system or multiple reactors of the same or different type.
Production of polymers in multiple reactors may include several stages in at least two

25 separate polymerization reactors interconnected by a transfer device making it
possible to transfer the polymers resulting from the first polymerization reactor into
the second reactor. The desired polymerization conditions in one of the reactors may
be different from the operating conditions of the other reactors. Alternatively,
polymerization in multiple reactors may include the manual transfer of polymer from

30 one reactor to subsequent reactors for continued polymerization. Multiple reactor
systems may include any combination including, but not limited to, multiple loop

reactors, multiple gas reactors, a combination of loop and gas reactors, multiple high



The catal yst conpositions of the present invention are intended for any

ol efin 10 polynerization nmethod using various types of polynerization

react or s.woomgBsi2ber ei n, "pol ymerization reactor” incl BCEaS200$/013705

pol ymeri zati on reactor capable of polynerizing olefin nononers to produce
honopol ynmers or copol yners. Such honopol ynmers and copol yners are referred
to as resins or polyners. The various types of reactors include those that
may be referred to as batch, slurry, ¢as-phase, 15 solution, high pressure,
tubul ar or autoclave reactors. Gas phase reactors may conprise fluidized
bed react opgssife Rh@RbrNPEIAGRLTN SEREH PfeSsureohwith op GAFHOESs RBMoGONPr i se
vertical or horizontal |oops. H gh pressure reactors may conprise autocl ave
or tubul ar The@eliplegeactesapry be pppreisd ussriesREliyB@alidt ch or conti nuous
processes. COMAEBAEH%@ B O6L5968 A Hivbiffn! e §olPntdrEMonCleaGONEsRHPUS
product discharge. 20 Processes may al so include partial or full direct
recycl e of mancereprisead leatimaadeop Uwrreresterdcosmmsme rerticalaidiopromil| leenst .

Pol ymer § zajjAfmEL AN, a¥%iseahd § t'otnlﬂ‘lér B P &milnotndy ﬁ?& 'bgrlo%}{loﬁggrﬁ%ﬁ Se one
type of reactor in a systemor r f'tl l e reactors of the same o I fferent
type. Prodiect loop resctop sthgreepalyinerizatibn pesues. Henarelly sommpounplopgseessaaser al
stages in . ; i i r &..Lat.er connect ed
by at rans?t;fe?drgg\%}l}i ecéeo\mmrsi I ﬁgg‘f‘)‘?‘[“g{é‘&?ﬁ é@%&%{?gﬁg?%e? ﬁ%gpdglluslﬂr%é?% Tesulti ng
fromthe fpolgmepmtiymesactonandtherceniuons iemtovalt fa@n $lue ogadtor efatsespensiére desi r ed
pol yneri zation. condi,tions i.n one of 1. react ors iffere fromthe
bperat ng. S RoRLaf Bt A B illpur SRERRY TRt Do ASRETLs 5ot on

i n nmul 10 pl enoeadteaobd palymen &bmdbe titpadnthatuainptisaths fddnend,f meainyamend/6r om 30 one

reactor to_subsequept .reactors for conti d.polynerization. Miltijple
eactor sySTRMETidy VLR QETaRg C B Bh AT AR FRACHRIY. SBUECHOPERHH t od o,
mul tipl e | paplimR&L tQrFashiigl thatp Ay gasudec asyt @ombinatico b iheat addiicf ahdop and
gas reactors, nul iﬁle_ hiaqh. 6.2 (gyrfssure rea%ors OLOa C i nati on of high
pressure \I\PEFWUTGO%%)UC AR/ SEPATRUR BYeavctopicactiah R Giifift § HICEE QR 8Y BRI be

oper at ed i & sspdrht@sh Wl cehtiifpkiah| el . According to one aspect of the

i nvention, the polynerization reactor system may conprise at | east one |oop
slurrylfeact or 2dMF?sTlvEY obIME R, PIRERSP ABl? dnOVB ASsthe Pafisio AR  di | uent ,

catal yst apdcQpf ii9NBdioke@NYorC OIRPRTER TBY Bfert OREd. MBI %, fL5h 11352 | 0op
react or where g%lt ynmerization occurs. General In% conti nuous processes nmay
b |

conpri se théos HABUYS% n€-PBULLY | DAY 1a and rfobihd15a cagh o9fy thichaiy] a

di I uent i nt.0,8,RRLYYEELAEAL ANis'RAGlHerand the continuous removal fromthis
reactor of a suspension conprising polynmer particles and the diluent.

React or ef f | uenfuitably djuerfts nsedan shugy polymengatontindudse bitcarp opt/limited toom t he
liquidsyth L SE;: i t n C 0 -1 OUS

t echnof bgi 55 aAlse HEink b g TR b B e R R FUP B ™) i t e
to, flashicygditivas. nddxamples ud@ sanable odibventat includef bheatre awhdi timged ated pressure
reducti on; nsgpar atjon gyacycl Qni c ac{' on in .eibu%er %_b%)(cl one_or.

hydr ocycl one; C(%Fbogsepsélrcat i S(')nprlg{}an(?en‘fyrclo Exgag?’i o Y TEA typl%l§1 s ?Jnrtarnf’
pol yner i zaisontape,oeeshtana) &d rkingae. e8nteHeoppul yheizatibéoreattions can occur
under bulk conditions where no diluent is used. An example is polymerization of
25  propylene monomer as disclosed in U.S. Patent Nos. 5,455,314, which is incorporated
by reference herein in its entirety.
According to yet another aspect of this invention, the polymerization reactor
may comprise at least one gas phase reactor. Such systems may employ a continuous
recycle stream containing one or more monomers continuously cycled through a
30 fluidized bed in the presence of the catalyst under polymerization conditions. A
recycle stream may be withdrawn from the fluidized bed and recycled back into the

reactor. Simultaneously, polymer product may be withdrawn from the reactor and



process), is disclosed, for exanple, 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 whi ch we 200va8s120r at ed by reference in its entirety heceius20080i37abl e
diluents used in slurry polynerization include, but are not limted to, 20
the nononer being polymerized and hydrocarbons that are |iquids under
reaction conditions. Exanples of suitable diluents include, but are not
limted to, hydrocarbons such as prog®ne, cycl ohexane, isobutane, n-butane,
n- pent ane, isopentane, neopentane, and n-hexane. Sone | oop polynerization
reactions gaNoOF&H mIHBHRT mlawbk a8QAAb tdpPRRe NS EnételinldaBRbr. isSciigRd. An
exanple is polynerization o propyl ene nononer as disclosed in U S.

Pat ent NosPhase He3stozimay GAMpHse & Prasessriob rudtestep gas-pihase PabyaeRgdton©fi n jts
entirety. gefins, AFGALCH REANE F¥ELoRRRLDES 1@%1@%5%9&5 E)ﬁ'dsé ihnyeRhd Ao the

pol yneri zation reactor may conpri'se at |east one gas phase reactor. Such
syst ens rragndmpqmy gas-phase | plpnerizabery gbress whdefeedong ai ertdlgstepetaiBmgnor e
Mononer s g gghlﬁe!dy] %Lt% rf%ﬁ't%?l ngpo a géc%@écﬁ%ﬂe}?ﬁqoﬁ Qor;eh%ngr esence of
t he catal yst” under ynerizdation conditions ycl e stream may be

wi t hdr awn fyponf g*seplfasmredctze@s dedosadhdn Ut oltent] N@ack3$2ﬂ49 #hEs, TWaardor .

Si mul t aneo p r. reactor and 63
new or freg%ﬁ%or%%c)r{%?Qh%%‘?ﬂéé%g%@%ég%?éé’f%}g@% E&eﬁt{rﬁy%%%ed nononer. Such
gas phase react&msrdmgy tcos«thizsetlm parspcmessf ftbe mueitionstaephiglasprpdsase

pol ymeri zat i,on_ of ins, which olefins are pocr)l%rrerl zed. in the gaseous

phase in ak® lYmeen tl?n reacnde%aé’h(fglﬁlf) ns@fag Bh akérerealc O{/merl za?tf)%lﬁvezé?\aé;s ‘whi |l e
f eedi ngo a tﬂiuairy@btomnﬁﬁhauersgveﬁalrzohqsnfﬂfera‘ﬂwshmbnbmea idifiatets, pradatahgtsi zat i on

zone to a sec nmeri zation, zon type of ase tor is

di scl osed {'f? %ﬂ% F@%ﬁ(é’?ﬁ TNge @%"5‘?‘?7‘4 1“2%@550?%5% %‘ngg%ocgﬁ Aaach of
which is iagorgerdttae réytor ef lafthres dafalystss afdibl ER4lysth@ipofients may ‘waccor di ng
to still another aspect of the inve a I[INLQHQ EErrgtssure {E nmerization
react or na§ tRBEHM %éasamt%f&?faran? B‘fe &Fa’ém HFCBCP Ve 1FEREL o1 830 Tubul ar
react ors n@jahavfyRUREAixéPRR poMhRFifatioh € Heal BRI TEIsurel dyl beddr18yedOr

catal ysts are added. Mononer may be entrained in_an inert gaseous stream

and i nf? odiRPERPTIAIEGASLRERP STl pPlumeriztion Feaction ondifieRs, cat al ysts, and/or

catal yst conpongib&iidih RF aftthEdsPES of TheAin9aRIBA e %rﬁ%ﬁﬂﬁl feiigoduced at
anot her zone of the reactor. The gas streans nay be i'nterm xed for

pol ymer i zamppROMpRSL2 mwlqyr@émw@amyre@@oewﬂwr@ye@emmp? Fentasted t o obtain
opti nal po!wﬁﬁetﬁé zalhRp c’bﬁx?ﬁ&h&? b%oﬁﬁ{aﬁfeo&ﬁnn% or othECHANI AOcMfE, anot her

aspect of the 1 nvention e pO yneri zation Teactor my conpri se a sol ution
pol yneri z acqmnmsmgaotlmrt ewb@riediuenher axoese memoinst menbaempldyed. tlf desed.cat al yst

Cowposbél Ofle I’X(():P %nt?yebeStb htng) fle %Qlehﬂﬁgaiﬂt% d%ﬁtacc?r d{he C(% lcS' ng an

i nert organi € exc SS nono be e npl oye red
reaction product, in the presence or absence of 11qu1d material. The polymerization

zone is maintained at temperatures and pressures that will result in the formation of a
solution of the polymer in a reaction medium. Agitation may be employed to obtain
better temperature control and to maintain uniform polymerization mixtures

25  throughout the polymerization zone. Adequate means are utilized for dissipating the
exothermic heat of polymerization.

Polymerization reactors suitable for the present invention may further
comprise any combination of at least one raw material feed system, at least one feed
system for catalyst or catalyst components, and/or at least one polymer recovery

30 system. Suitable reactor systems for the present invention may further comprise

systems for feedstock purification, catalyst storage and preparation, extrusion, reactor



20 the nononmer may be brought in the vapor phase into contact with the
catalytic reaction product, in the presence or absence of liquid material.
The pol ymeoi2a@idssrzozone i s mai ntai ned at tenperatures ardTase@soisss t hat
wWill result in the formation of a solution of the polynmer in a reaction
medi um Agitation may be enployed to obtain better tenperature control and
to maintain uniform polynerization m xtures 25t hroughout the polynerization
zone. Adequate neans are utilized for%dissipating the exotherm c heat of
pol ymeri zation. Polynerization reactors suitable for the present invention
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controlled for polynerization efficiency and to provide resin properties
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from ab®utupbil tks tiee efpolitmetikatida rese@endi ng 10 upon the type of
pol ymeri zati on rSlexﬁgbtlg {)r'essures will also vary according to the reactor and polymerization
type. The pressure for liquid phase polymerizations in a loop reactor is typically less
than 1000 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
15  about 20,000 to 75,000 psig. Polymerization reactors can also be operated in a
supercritical region occurring at generally higher temperatures and pressures.
Operation above the critical point of a pressure/temperature diagram (supercritical
phase) may offer advantages.
The concentration of various reactants can be controlled to produce resins
20  with certain physical and mechanical properties. The proposed end-use product that
will be formed by the resin and the method of forming that product determines the
desired resin properties. Mechanical properties include tensile, flexural, impact,
creep, stress relaxation and hardness tests. Physical properties include density,
molecular weight, molecular weight distribution, melting temperature, glass transition
25 temperature, temperature melt of crystallization, density, stereoregularity, crack
growth, long chain branching and rheological measurements.
The concentrations of monomer, co-monomer, hydrogen, co-catalyst,
modifiers, and electron donors are important in producing these resin properties.
Comonomer is used to control product density. Hydrogen can be used to control
30  product molecular weight. Co-catalysts can be used to alkylate, scavenge poisons and

control molecular weight. Modifiers can be used to control product properties and



Sui tabl e pressures wll also vary according to the reactor and

pol yneri zation type. The pressure for liquid phase polynerizations in a
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pol ynmeri zation is usually at about 200 to 500 psig. High pressure

pol yneri zation in tubular or autoclave reactors is generally run at 15
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druns, t oysOREEs¥Iee Ff12REsS AN HeR#RerPs, film products, druns,

Homopolymers and copolymers of ethylene producéd in accordance with this

15 invention generally have a melt index from about 0.01 to about 100 g/10 min. For
example, a melt index in the range from about 0.1 to about 50 g/10 min, or from about
0.5 to about 25 g/10 min, are contemplated in some aspects of this invention.
The density of ethylene-based polymers produced using one or more dinuclear
metallocene compounds of the present invention typically falls within the range from
20  about 0.88 to about 0.97 g/cc. In one aspect of this invention, the polymer density is
in a range from about 0.90 to about 0.95 g/cc. Yet, in another aspect, the density is
generally in a range from about 0.91 to about 0.94 g/cc.
If the resultant poiymer produced in accordance with the present invention is,
for example, a polymer or copolymer of ethylene, it can be formed into various
25 articles of manufacture. Such articles include, but are not limited to, molded
products, household containers, utensils, film or sheet products, drums, fuél tanks,
pipes, geomembranes, liners, and the like. Various processes can be employed to
form these articles. Non-limiting examples of these processes include injection
molding, blow molding, film extrusion, sheet extrusion, profile extrusion, and the
30 like. Additionally, additives and modifiers are often added to these polymers in order

to provide beneficial polymer processing or end-use product attributes.



5 fuel tanks, pipes, geonenbranes, and |liners. Various processes may be
used to formthese articles, including, but not limted to, blow nolding,
ext r usi orwoubavasgi2or ot at i onal nol di ng, thernoform ng, cast/usedodiongyornd t he
i ke. After polynerization, additives and nodifiers can be added to the
polymer to provide better processing during nanufacturing and for desired
properties in the end product. Additives include 10 surface nodifiers such
as slip agents, anti bl ocks, tacklfler@3 anti oxi dants such as primary and
secondary anti oxi dants; pignents processi ng aids such as waxes/oils and

fl uoroel astoners; and speci al addighiagprsgich as fire retardants, antistats,
scavengers, absorbers odor enhancers, and degradati on aﬁfnts annpolyners

and copol yners B ”é‘tehWTEﬁéurﬁFeédU{%%f@ by the doJlopangexampies, WhiEB aremof vent i on
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processes can hba aecnmblomdmm aftigriil deesptic ﬂhhs@lsﬁ&trohd@ﬁy brdtﬂadum gh&xtarrpl es of
t hese processes include injection r usi on,

il
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The i n\]/%ntihérfo X%VIF&F%H?BH‘“FEP | W9 SeREPnpnPRFidomzogwmas BRENTPES3S thhi ch are

not to be eMRSHUEHed Ero@@)’ns\é\@ﬂbnﬁ&ek%pﬁ@itﬁ%akhﬁﬂrﬁ fhipeRturt @ itheassespe of this
i nvention. Various ot her aspects, enbodinents, nodifications, and

equi val ent ¥.t andrsefitvagehFapable of mtegratmg broad peaks typical of probe runs. The
method was developed using a Finnigan™ TSQ 7000™ instrument, scan range of 35

to 1400 (1 second scan time), conventional thin wire (with loop at tip) probe tips,

20 source temperature of 180 °C, 2 x 10-6 manifold vacuum, and Finnigan™

Excalibur™ software for peak integration and instrument control. Other instruments
having comparable mass range and probe capabilities could be utilized.

In the DIPMS procedure, the sample is placed on the probe tip using a micro

syringe. In practice, the smallest drop of sample which can be transferred to the probe

25  usually gives the best results. After placing the sample on the probe, it is allowed to

stand for about 5-10 min to allow for evaporation of the bulk of the diluent/solvent

containing the compound of interest. Allowing the diluent/solvent to evaporate before

inserting the probe into the instrument will, among other things, lessen the chance that

the drop will fall off of the tip during the insertion process. After inserting the probe,

30 the temperature program and data acquisition cycles begin. The temperature program

used was 50 °C (hold 1 min), 30 °C/min temperature ramp, 650 °C final temperature

(hold 5 min). This program takes 26 minutes to complete. The filament was turned



5 after reading the description herein, may suggest thenselves to one of
ordinary skill in the art without departing fromthe spirit of the present
i nvent i orwonowdmsseeope of the appended cl ai ns. Nuc lPearuskngnei7ne
Resonance (NMR) spectra were obtained on a Varian Mercury Plus 300 NWR
spectronmeter operating at 300 MHz forNVR (CDC13 10 sol vent, referenced
agai nst the peak of residual CHC1l3 at 7.24 ppm and 75 MHz for 13C NWR
(CDC13 sol vent, referenced against ceftral |ine of CHC13 at 77.00 ppn).

In addition to NVR, a thernal desorption nmass spectronetry procedure

(direct ingesbigR iRbAENBIE kSRIRNATEE CYmPletibd BMBY tRSeratSR Grd@am.
characterize and identify the dinuclear netall ocene conpounds I n the

exanpl es. #fer nepsiplesyf aripptehioralownihe probe tip iacqab thepioke “earamVed {iPds: 70 ev

el ectron iﬁp%hu}ngﬁia;,ame%alyggg%gggy&n{mggn 35 to 1200 anu, direct probe
insertion accessory wth maxinumtenperature to at |east 650 C, and

sof tware capabl Eeoffinnigandlfrinstiumenb hashrsmouaie iany yalemes; dhesp isirechapesl.  The
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of 35 to 1 second scan , conventiona inwre (wth | oop at
tip) probesaurqesconPOnedur dée tresujie peet typisallyf outgarted, as2plpts 1showingetatat ¢ind vacuum
and Finni g?‘ﬁ;l‘;m @;&ﬁ@lﬁin%urTM software for peak integration and instrunent
control . er instruments having conparabl e mass range and probe

capabi lities coMel islex (ML g/k@®ohin) was determinke irDideMBamreoritid ASEM Dh23&anpl e i s
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using parallel-plate geometry. All rheological tests were performed at 190 °C.

20 Molecular weights and molecular weight distributions were obtained using a
PL 220 SEC high temperature chromatography unit (Polymer Laboratories) with
trichlorobenzene (TCB) as the solvent, with a flow rate of 1 mL/minute at a
temperature of 145 °C. BHT (2,6-di-tert-butyl-4-methylphenol) at a concentration of
0.5 g/L was used as a stabilizer in the TCB. An injection volume of 200 uL was used

25  with a nominal polymer concentration of 1.5 mg/mL. Dissolution of the sample in
stabilized TCB was carried out by heating at 150 °C for 5 hours with occasional,
gentle agitation. The columns used were three PLgel Mixed A LS columns
(7.8x300mm) and were calibrated with a broad linear polyethylene standard (Phillips
Marlex® BHB 5003) for which the molecular weight had been determined.

30 Molecular weight distributions and branch profiles were obtained through size
exclusion chromatography (SEC) using an FTIR detector.  Chromatographic

conditions are those described above. However, the sample injection volume was 500



5 and cl eaned after every two runs to mnimze buildup of residue on the

| ens and ot her source conponents. The results are typically outputted as

pl ot s showoregosvosseb i on current versus tine. Mel t  ipodaps2qoslon37g3 10 mi n)
was determned in accordance with ASTM D1238 at 190 Cwith a 2,160 gram
wei ght. 10Hi gh load nelt index (HLM, g/10 mn) was determned in
accordance with ASTM D1238 at 190 C with a 21,600 gram wei ght. Pol yner
density was determined in grans per c®bic centineter (g/cc) on a

conpressi on nol ded sanpl e, cooled at about 15 C per hour, and conditioned

for about 40 BAHpISs @&rer.mut:m&ﬁ@tnﬁzede&datoawaoar%t@eeramm RS I4505 and
ASTM 15D1928, procedure C. Melt rheol ogi cal characterizati ons were
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Rheonetrics Screntifi In rheomet'er using paral I él-plate geometry.
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vol une)s ThE CPlé‘?ﬁ%Qna%H?F‘é%WS?e taken atrsampleionsenirations Whisho for cxpgedsibthal kept at

143 + 1 C andedléP, 6"od151§:a1 {oerﬁ%%évﬁbﬁ8né/ﬁﬁréﬂﬁl Jelet®p). FTI R
spect r ophot onet er “( PE 2000) equi pped w tth a narrow band Smercury cadm um

telluride (MCT)Bueehéng eentortswass defeiningdhass follpwgdi Blgrrow molecular weight
(weight-average molecular weight to number-average molecular weight ratio (M./M,)

of about 1.1 to 1.3), solvent gradient fractions of ethylene 1-butene, ethylene 1-

20  hexene, polyethylene homopolymers, and low molecular weight alkanes were used in
calibration and verification studies. The total methyl content of these samples ranged
from 1.4 to 82.7 methyls per 1000 total carbons. Methyl content of samples was
calculated from M, or measured using C-13 NMR spectroscopy. C-13 NMR spectra
were obtained on 15 weight percent samples in TCB using a 500 MHz Varian Unity

25  Spectometer run at 125 °C as previous described [see Randall JC, Hsieh ET, NMR
and Macromolecules; Sequence, Dynamic, and Domain Structure, ACS Symposium
Series 247, J. C. Randall, Ed., American Chemical Society, Washington DC, 1984.].
Methyl content per 1000 carbons by NMR was obtained by multiplying (times 1000)
the ratio of total methyl signals to total signal intensity.

30 A partial least squares (PLS) calibration curve was generated using Pirouette
chemometric software (Infometrix) to correlate changes in the FTIR absorption

spectra with calculated or NMR measured values for methyls/1000 total carbons for



Al'l spectra were acquired using Perkin El ner Tinebase software. Background
spectra of the TCB solvent were obtained prior to each run. Al IR spectra
wer e neaswoedosassfocm | resol ution (16 scans). Chronat ograns2esnes7gener at ed
usi ng the root mean square absorbance over the 3000-2700 cm | spectral 10
region (i.e., FTIR serves as a concentration detector). Ml ecul ar wei ght

cal cul ati ons were nmade as previously described using a broad nol ecul ar

wei ght pol yet hyl ene (PE) standard [se@)Jordens K, Wlkes G, Janzen J,

Rohl fing DC, Welch MB, Polymer 2000;41:7175]. Spectra fromindividual tine
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| east squares (PLS) .cal.i br urve erat ed usin ette
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total carbons for 69 25 sanples. The FTIR bsorpt%ﬁgpéggg% ed in the
I

cal i br &P offHeReMewsr @ FmtMsf Wherg Mseedtithe AueBercqime %03 t he

whol e sanmplegal cEbb nPlRQlds! Ons @f cohftgntsReAttH alaooE W Qs ﬁ%&&%@fldf 2496 cm 1)
was used in the calibration step in order to mnimze the effects of

resi dual sbrvaated shainewsbsi(®a. | foreghrasenasatalyzed resiek prdMs fthgmolseilat| uded

area nor nalv'e%ﬂlt daﬂ:ﬂlatéd%f anﬂlaﬁar slitSbf tﬁlceﬁlb}é@ﬁlhﬁ/@elgﬁt dififoiRgctra and mean
centering all four conponent calibration nodel was cal cul ated

and optim zed u&lﬁgedtfmmm owedermsd byrprocesaWhgesin algmirRSEeochggicallgEy=0. 7) .
The .Ca?b br ﬂgdt&pwmda%m girs{llff%tg go&fﬁé n@u&?’a ‘%gﬂ[étte 12 rﬁs’ulfﬁémlu?c% mz-ilshe

predi cted versus actua values
include, for example, sulfuric acid, ammonium sulfate, or ammonium bisulfate. In an

exemplary procedure, a commercial alumina sold as W.R. Grace Alumina A was
sulfated by impregnation with an aqueous solution containing about 15-20%
(NH4),SO4 or H,SO4. This sulfated alumina was calcined at 550 °C in air (240 °C/hr
25 ramp rate), with a 3 hr hold period at this temperature. Afterward, the sulfated
alumina was collected and stored under dry nitrogen, and was used without exposure

to the atmosphere.

EXAMPLE 1

30  Synthesis of bis[dichlorohafnium(diphenylmethylidene( 7°-9-2,7-di-tert-
butylfluorenyl) ( 17°-3-cyclopentadienyl)] 1,8-oct-4-ene, CgsHgsHf>Cly (DMET 1),
using olefin metathesis ‘



10 validation data showed excellent correlation (RSQ=0.987) and exhibited a
root nean square error of prediction equal to +/- 0.4 nethyl groups per
1000 t ot avocasdssi2e! ecul es. Short chai n branchi ngprcenskesmwesres

cal cul ated by subtracting out nmethyl chain end contributions. The anount of
met hyl chain ends were cal cul ated using the 15 equation Me"--C(2-V")/ M,
where Me" is the nunber of methyl chain ends per 1000 total carbon

mol ecules, Cis a constant equal to 14000, Vce is the nunber of vinyl

term nated chain ends (e.g., 1 for chromiumcatal yzed resins), and Ms is
the nol ecul ar Wei@ft) Gal Gbaineel, deucl%ax%HﬂoEﬁH & ths bies&nt&f int&iRioADIIECUl ar

wei ght distribution. Sulfated alum na was formed by a process wherein

al um na weis REh&used asing-a sipgler metatlecgneyireaktapt ang fsatterefprepjashgmenugleaiour ce.

Such a sul é@xgp%uﬂa bi sl f %fctaﬁfeunﬁ&alr&yna n&éea'd% fRsaugamier syl furic acid,
anmoni um s ate, or annDnlun1b|suI ate. I'n an exenplary procedure, a
commer ci al dighanyinmahydigknt (a5 (vpRitetd adleyApentadienyl) We9-5 i tted by

i mpregnat i ueo sol u t )2504 or
o504 Thi Syl EpdfndftiPiEnGRse PR RRR L LY. A2 bachon (3R
ranp rat e) thisshtdntiae Sahtplduishlthspated beloat(Ph AiPkertynper at ure. Afterward, t he

sul fated alum na was col |l ected and stored under dry nitrogen, and was used
wi t hout exposure to the atnosphere. EXAMPLE 1 30 Synthesis of

bi s[ di chl or ohaf ni prEN eyl i dene075 -9-2,7-di-tert- butylfluorenyl)
(775-3- cyclopent- ene, CB86H88Hf 2C14 (DMET 1), using

ol efin netatk 4 a nano-1linked, dinuclear conpound of
the presented invew produced using a single netall ocene reactant
and is, ther ear conpound. The reactant netall ocene used to

i dene (ri 5-(3

y 5-9-2,7-di-tert- 5 butylfluorenyl)
ed "MET 1"). The reaction schenme for this
at ed bel ow (Ph = Phenyl):

produce DMET 1 is dip enyI P Q%

(penten-4-yl)cyclaope
hafnlun1d|chlor|deq?
i nventive exanple is i

CgeHggHf,Cly

Mw=1620.43

C 63.75; H 5.47; C1 8.75; Hf 22.03



71 The MET 1 netall ocene starting nmaterial can be prepared in
accordance with suitable nmethods. One such technique is described in U S
Pat ent PwDi2e@rissrz9No. 2007- 0179044, the discl osure of RITaAIS2008/013705

i ncorporated herein by reference inits 5entirety. Approxi mately 2 ng
of bis(tricycl ohexyl phosphi ne)benzylidine ruthenium (1V) dichloride (G ubbs
first generation netathesis catalyst) were charged to a reactor under an
inert nitrogen atnosphere. After abouf! 100 ng of MET 1 were added to the
reactor, approximately 2 nL of benzene-d6 were added via syringe. The
reaction was 10 allowed to proceed at anbient tenperature. Initially, a
yel l ow solution resulted and ethyl ene was rel eased fromthe reaction

m xture. As thelheddEL| lomeidtoreae faning mpseriab satt Reapieparsd tirascofdanshevi® t ur bi d

yel  ow col gfitablefh@hodd. AB¥Ssuch S MIRIE iQflethbed RAG1S. PAreRf PElIChtiMRo N €nDVed,
and utilized in Exanple 2. After 6 days, approxinmately 3.75 ng of ruthenium

cat al yst i 2007-H79¢s4, thes diselasise of gehidhe rseingerpedtedohareia byersderenss Brisduct
remai ni By jyddhe reactor. After a total of 34 days at a tenperature of
around 30 C, the solid reaction product was renoved fromthe reactor. A
sanpl e of this ArmetimaishpZothec of Wisbtrigycdehskylplpsphinpbetdybdioé omnthenignf or m a

i nucl ear ohanieHt fyios o Wi MTHEAEL! PR RFeRRIERED, fpqdy dos red
Hydr ol ysi sursker MaFtt injtraged ath88ptici Chfigr aboutt i@ nig efMElgawete 2888110 9% Al t hough
conti rmed TR poaNhely il SR B g BT aRedyia AR e RBRREATE 1Y 2 PP o
of t h_e 19 eaa:ltd“@_d tp pocteet ataaiteent 2enoiseysurer dmitiﬂjga_rame@ow sobgion sesdltedsartdne _
S\l TR o, P H TRl Bl RSl e
usi ng abouteadtdnmigtudd bdcemns aafirbishgetowichloabafier Dddys, a sample of the reaction
product was removed, and utilized in Example 2.
After 6 days, approximately 3.75 mg of ruthenium catalyst in 1 mL of
15 benzene-d6 were added to the reaction product remaining in the reactor. After a total
of 34 days at a temperature of around 30 °C, the solid reaction product was removed
from the reactor. A sample of this reaction product was dissolved in D-chloroform to
form a solution for analysis by 1H-NMR. NMR confirmed the presence of the
desired dinuclear compound, DMET 1, as illustrated in FIG. 1.
20
EXAMPLE 2

Hydrolysis of DMET 1, CssHgsHf>Cly, to the free ligand, CssHo:

Although the conversion to DMET 1 was slow in Example 1, mass

25  spectrometry also confirmed the presence of the desired dinuclear compound, DMET

1. A portion of the reaction product after 2 days from Example 1 was used as the
starting material for Example 2.

Approximately 25 mg of the solid DMET 1 reaction product of Example 1

were placed in a vial and hydrolyzed using about 10 microliters of water in about 0.5

30 mL of toluene. The metal was hydrolyzed to the free ligand (CgsHoz) and the ligand

having the following structure was subsequently characterized: .



30 nL of toluene. The netal was hydrolyzed to the free |igand (C86H92) and
the ligand having the followi ng structure was subsequently characteri zed:
Thi s conpwondosvesizanal yzed using the thernmal desorpti onpPoadas2@gecidnetry 5
procedure, DIPM5, outlined above. In FIG 2, the peak at about 9 mn is the
desired product. As illustrated in FIG 3, the prom nent nol ecular ion
observed was consistent with the expected nol ecul ar nmass of about 1124
Dal tons of the free |igand. EXAMPLES %7 10 Pol ynerization runs using a
catal yst system based on di nucl ear netal |l ocene DVET 1 Di nucl ear
met al | ocene conpounds of the present invention were used as part of a
catal yst systemto polynerize olefins. Al polynerizations were conducted
in a one-gallqn/stainless steel sem -batch reactor. \Two liters of isobutane
and al kyl 15 alMaminum co-catal yst were used in all_pgfynerization
experinments. The typical polynerizatiten procedure wa§ conducted as foll ows:
al kyl al uni pui\t he acti vat or - suppdfit” Ui le47¢ net al | gecene were added in

. ol. Wi.: 1125.6
tharge port whil e veptiigsisSobut ane apay. The charge port
gbout 2 liters of isobutane weng atde e contents of the

nd heated to the desired &t gnper ature, and
ed a NN DNe desi red punt of hexene.
demand o nmal"ntain the spécifisd plessure for the

»e¢ pol ynmerization run. The reag as mai nt ai ned and
desired run tenperature throughou\» pol yneri zati on
ion, the ethylene fl ow was stopped akRd e reactor pressure
The reactweicywasadp@gned and t he poljynmer product was
col | ected and d under vacuum at approximately 50(C for at |east two
hours. Ethyl edeN1l -hexene copol ynmers were produced ™ag the dinucl ear
met al | ocene 5 product of Exanple 1, DMET 1. The specific polynerization
conditions enployed were a 60 mnute run tine, reaction tenperature of 95
C, 420 psig ethylene feed, and 10 grams of 1-hexene with either 0.2 or 0.5
mol of triisobliiyrempavndwes erBERY useg theothery! desoBon MAEYHSREFTMHE. | n sone
cases, E‘ydéx%gé‘dﬁré{‘@‘ip IS,SQutIiHédra%GU&eﬁl 1.9, 1R eAIEAGHSML 0 P ehd desioaTar i Zes
the catal ySt systemtornulations and the anmount of

product. As illustrated in FIG. 3, the prominent molecular ion observed was

reactor were
et hyl ene was

controll ed &
Upon 73 conp
slowy vented

consistent with the expected molecular mass of about 1124 Daltons of the free ligand.

EXAMPLES 3-7

10 Polymerization runs using a catalyst system based on dinuclear metallocene DMET 1

Dinuclear metallocene compounds of the present invention were used as part

of a catalyst system to polymerize olefins. All polymerizations were conducted in a
one-gallon stainless steel semi-batch reactor. Two liters of isobutane and alkyl

15 aluminum co-catalyst were used in all polymerization experiments. The typical
polymerization procedure was conducted as follows: alkyl aluminum, the activator-
support and the metallocene were added in order through a charge port while venting
isobutane vapor. The charge port was closed and about 2 liters of isobutane were
added. The contents of the reactor were stirred and heated to the desired run

20  temperature, and ethylene was then introduced along with the desired amount of
hexene. Ethylene was fed on demand to maintain the specified pressure for the
specified length of the polymerization run. The reactor was maintained and

controlled at the desired run temperature throughout the polymerization. Upon



10 et hyl ene/ hexene copol ynmer produced in Exanples 3-7. Table I.
3-7 using DVET 1 dinuclear conpound. Exanple Catal yst ng Catal yst mmol

ng hydr ogwo 20ep/085139g PE 3 DVET 1 1

10

15

20
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completion, the ethylene flow was stopped and the reactor pressure slowly vented off.

The reactor was opened and the polymer product was collected and dried under

vacuum at approximately 50 °C for at least two hours.

Ethylene/1-hexene copolymers were produced using the dinuclear metallocene

product of Example 1, DMET 1. The specific polymerization conditions employed

were a 60 minute run time, reaction temperature of 95 °C, 420 psig ethylene feed, and

10 grams of 1-hexene with either 0.2 or 0.5 mmol of triisobutylaluminum (TIBA) per

100 mg of sulfated alumina. In some cases, hydrogen was also introduced into the

reactor. Table I summarizes the catalyst system formulations and the amount of

ethylene/hexene copolymer produced in Examples 3-7.

Table I. Examples 3-7 using DMET | dinuclear compound.

Example | Catalyst mg mmol mg | mg A-S g PE
Catalyst TIBA | hydrogen
3 DMET 1 1 0.2 N/A 103 16
4 DMET 1 1 0.2 N/A 102 32
5 DMET 1 1 0.5 N/A 106 22
6 DMET 1 1 0.5 17 108 40
7 DMET 1 2.5 0.5 17 107 35
Notes on Table I:

- mg A-S — milligrams of sulfated alumina activator-support.

- g PE — grams ethylene/hexene copolymer produced.

- mg hydrogen determined by means of PV=nRT.

Exanpl es

TI BA



0.2 VA 103 16 4 DMET 1 1 0.2 VA 102 32 5 DMET 1 1

WO 2009/085129 PCT/US2008/013705
74
CLAIMS
1. A compound having the formula:
x1 3 3 1
\M/X\A1 A1/x\ /X
M
NG AN
X2 X4 X4 x2
\ /
ERX{?Y ER*RY
5 (CH,),—CRE=CRZ—(CHy),/ @,
wherein:

X' and X* independently are a halide or a substituted or unsubstituted
aliphatic, aromatic, or cyclic group, or a combination thereof;

10 X? is a substituted cyclopentadienyl, indenyl, or fluorenyl group, any
substituents on X° other than a bridging group independently are a hydrogen atom or a
substituted or unsubstituted alkyl or alkenyl group;

X* is a substituted cyclopentadienyl, indenyl, or fluorenyl group, any
substituents on X' other than the bridging group and an alkenyl linking group

15  independently are a hydrogen atom or a substituted or unsubstituted alkyl or alkenyl
group;

A' is a substituted or unsubstituted bridging group comprising either a cyclic
group of 5 to 8 carbon atoms, a bridging chain of 2 to 5 carbon atoms, or a carbon,
silicon, germanium, tin, boron, nitrogen, or phosphorus bridging atom, any

20  substituents on A' independently are a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof;

M is Zr, Hf, or Ti;

E is carbon or silicon;

R*, RY, and R? independently are a hydrogen atom, or a substituted or

25  unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof; and

n is an integer in a range from 0 to 12, inclusive.



0.5 VA 106 22 6 DVET 1 1 0.5 17 108 40 7 DVET 1 2.5

WO 2009/085129 PCT/US2008/013705

75

with the proviso that A' is not a silicon bridging atom when both X' and X?
are chlorine atoms, both X and X* are cyclopentadienyl groups, E is carbon, R, RY,

and R” are each hydrogen atoms, and n is equal to 0.

5 2 The compound of claim 1, wherein X' and X* independently are a methyl

group, a phenyl group, or a halide.

3. The compound of claim 1, wherein each substituent on X’ other than the
bridging group, and on X* other than the bridging group and the alkenyl linking

10  group, is selected independently from a hydrogen atom, an ethyl group, a propyl
group, an n-butyl group, a t-butyl group, or a hexyl group.

4. The compound of claim 1, wherein X° is a substituted fluorenyl and X* is a
substituted cyclopentadienyl.

15
5. The compound of claim 1, wherein each substituent on A' is selected
independently from a hydrogen atom, a methyl group, a phenyl group, a
cyclohexylphenyl group, or a naphthyl group.

20 6. The compound of claim 1, wherein the compound is selected from:



0.5 17 107 35 15Notes on Table I: ng A-S - milligranms of sulfated al um na
activator-support. g PE - grans ethyl ene/ hexene copol yner produced. ng
hydr ogen wetzesaisezd by neans of PV--nRT. 20 74 CLAIMS PcAvusesnsouwTds havi ng

the formul a:

76




5 xI x3,x x3x" VAL Ann /M/ \ [/ \ x2x4 [ x2 \
ERXRYERXRY \ (CH2)--CRz=CRz-(CH2)n / wherein:
WO 2009/085129 PCT/US2008/013705

77




XI and X2 independently are a halide or a substituted or unsubstituted
aliphatic, aromatic, or cyclic group, or a conbination thereof; 10X3 is a

subst i t utwo 2000adsspeent adi enyl , i ndenyl, or fluorenyl groepI/useys®UETssituents
on X3 other than a bridging group i ndependently are a hydrogen atomor a
substituted or unsubstituted al kyl or al kenyl group; X4 is a
substituted cycl opentadi enyl, indenyl, or fluorenyl group, any substituents

on X4 other than the bridging group atd an al kenyl |inking group

15i ndependently are a hydrogen atom or a substituted or unsubstituted al kyl
or al kenyl group; Al is a substituted or \unsubstituted bridgi ng group
conprising either a cyclic group of 5 to 8 carbpon atons, a bridging chain
of 2 to 5 carbon atons, or a carbon, silicon, g&rmanium tin, boron,

ni trogen, or phosphorus bridging atom any 20substituents on Al

i ndependently are a hydrogen atom or a substiE/ﬂ*e or unsubstituted

al i phatic, aromatic, or cyclic group, or a c¢ong on thereof; Mis Zr,

Hf, or Ti; E is carbon or silicon; Ph and Rz independently
are a hydrogen atom or a substituted or 2Qunsub uted aliphatic,
aromatic, or cyclic group, or a conbrsatiyon cf and n is an integer in
a range fromO to 12, inclusive.

ch

Cl,
Zr

PH Ph



75 with the proviso that Al is not a silicon bridging atom when both
XI and X2 are chlorine atons, both X3 and X4 are cycl opentadi enyl groups, E
i s carbormyoRRgy/mBY129and Rz are each hydrogen atons, and mrCraSeqsai37n® 0. 5
2. The conmpound of claim1l, wherein XI and X2 independently are a nethyl
group, a phenyl group, or a halide. 3. The conmpound of claim1, wherein
each substituent on X3 other than the bridging group, and on X4 ot her than
the bridging group and the al kenyl |i%¥ing 10 group, is sel ected

i ndependently froma hydrogen atom an ethyl group, a propyl group, an

n- butyl group group, or a hexyl group. 4. The conmpound of claim
1, wherein ted fluorenyl and X4 is a substituted

cycl opent ad e conmpound of claim 1, wherein each substituent
on Al is sekg > ntly froma hydrogen atom a nethyl group, a
phenyl group, group, or a naphthyl group. 20 6. The
conpound of €raj wherein the conpound is selected from 76

Ph
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81 82 wherein Ph is an abbreviation for phenyl. 7.A catal yst conposition
conprising a contact product of at |east one dinuclear netall ocene conpound
and at | exeto@msseeti vat or-support, 5Swherein the at | eastTaseoodionros ear

nmet al | ocene conpound has the fornmula: x,x3 / Nx3x" v N/ /mAlAL \ /M

81

; Or

C I\\\\\\“""



\' /[ \ X2X4 \/x4x2 ERXRYERXRY \ (CH2)"-CRz=CRz-(CH2)n / (1) wherein: 10X
and X2 independently are a halide or a substituted or unsubstituted

al i phat i cwoar@nmsi2e, or cyclic group, or a conbination wPhenseds013705 X3 is
a substituted cycl opentadi enyl, indenyl, or fluorenyl group, any
substituents on X3 other than a bridging group independently are a hydrogen
atom or a substituted or unsubstituted al kyl or al kenyl group; 15X4 is a
substituted cycl opentadi enyl, indenyl82or fluorenyl group, any substituents
on X4 other than the bridging group and an al kenyl |inking group

[ ndependen%é/reﬁrﬁl 19arbé/l§%l}819a‘%n"}‘5r%ﬂe9§1. a substituted or unsubstituted al kyl

or al kenyl

7. A catalyst composition comprising a contact product of at least one dinuclear

metallocene compound and at least one activator-support,

5 wherein the at least one dinuclear metallocene compound has the formula:
X1 X3 X3 x1
\M/ \A1 A1/ N,
M
2\ /N
X2 X4 X4 x2
\
ERX{RY ER*RY
(CH,),,—CRZ=CR?—(CH,), / @ .
wherein:
10 X' and X’ independently are a halide or a substituted or unsubstituted

aliphatic, aromatic, or cyclic group, or a combination thereof;

X® is a substituted cyclopentadienyl, indenyl, or fluorenyl group, any
substituents on X° other than a bridging group independently are a hydrogen atom or a
substituted or unsubstituted alkyl or alkenyl group;

15 X is a substituted cyclopentadienyl, indenyl, or fluorenyl group, any
substituents on X* other than the bridging group and an alkenyl linking group
independently are a hydrogen atom or a substituted or unsubstituted alkyl or alkenyl
group;

Al is a substituted or unsubstituted bridging group comprising either a cyclic

20  group of 5 to 8 carbon atoms, a bridging chain of 2 to 5 carbon atoms, or a carbon,
silicon, germanium, tin, boron, nitrogen, or phosphorus bridging atom, any
substituents on A'! independently are a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof;

M is Zr, Hf, or Ti;

25 E is carbon or silicon;

R*, RY, and R? independently are a hydrogen atom, or a substituted or

unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof; and



Al is a substituted or unsubstituted bridging group conprising either a
cyclic 20 group of 5 to 8 carbon atons, a bridging chain of 2 to 5 carbon
atonms, orwe2o@vdssizy silicon, germanium tin, boron, nitPaEAIs2008/013FnOSphor us
bridgi ng atom any substituents on Al independently are a hydrogen atom or
a substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a
conbi nation thereof; Mis Zr, Hf, or Ti; 25E is carbon or silicon; Rx, RY
and Rz independently are a hydrogen a3om or a substituted or unsubstituted
al i phatic, aromatic, or cycl ic group, or a conbination thereof; and 83 n

is an integer in.g, rﬁ'ékgﬁl g%eofr&{?ojt@’lz %s%l ve. wi th the proviso

that Al is not aS| ' con' b I ng atom’when both XI and X2 are chlorine
atons, both X3 wifidthkdreyise thytcAopemtadsllmylbnggmmptpm Fhesbethdpomd XRx, RY, and

Rz are eacene cylgrlﬁeggtomgtb% X3 %ﬂ:dx‘“ re cxcggé@ladle %1 ‘% d)eh€|ls éraqgoncib(ai{yﬁ

conposition o ereln y are’a het’hyl group,
a phenyl gandRf aroeach hipdrbgateatom§ and hés @atlabyst conposition of claim 7,

wher ei n. each substituent on X3 other than 10 the bridging group, and on X4
other than the bri dgi ng group and the al kenyl |inking group, is selected

i ndependens.| y fThersaallRy dsmgsitioatodaialv, ethbitin ¥ antpX’ andep@id¢htlygireup, an

DUty 0r QURy) B0 Bk BN o Bhide. Y1 07 OUP-

9. The catalyst composition of claim 7, wherein each substituent on X> other than

10 the bridging group, and on X* other than the bridging group and the alkeny! linking
group, is selected independently from a hydrogen atom, an ethyl group, a propyl
group, an n-butyl group, a t-butyl group, or a hexyl group.

10.  The catalyst composition of claim 7, wherein X’ is a substituted fluorenyl and

15  X*is a substituted cyclopentadienyl.

1. The catalyst composition of claim 7, wherein each substituent on A' is
selected independently from a hydrogen atom, a methyl group, a phenyl group, a
cyclohexylphenyl group, or a naphthyl group.

20
12.  The catalyst composition of claim 7, wherein the at least one dinuclear

metallocene compound is:



10. The catal yst conposition of claim?7, wherein X3 is a substituted
fluorenyl and 15X4 is a substituted cyclopentadienyl. 11. The catal yst
conposi t iwo 2069/85#bm 7, wherein each substituent on Al ipsTASR@sSHEXI05

i ndependently froma hydrogen atom a nethyl group, a phenyl group, a
cycl ohexyl phenyl group, or a naphthyl group. 20 12. The catal yst
conposition of claim?7, wherein the %h | east one di nucl ear netal |l ocene

conmpound is: 84 85




86 87 88 89
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90 or a conbination thereof; wherein Ph is an abbreviation for phenyl. 13.
The catal yst conposition of claim?7, wherein the at | east one

acti vat orweurppassi2es fl uorided al um na, chlorided al um raT/usecasionzds

alum na, sulfated alumna, 5 fluorided silica-alumna, chlorided
silica-alum na, bromded silica-alumna, sulfated silica-alumna, fluorided
silica-zirconia, chlorided silica-zirconia, brom ded silicazirconia,

sul fated silica-zirconia, or any conb$nation thereof 14. The catal yst
conposition of claim?7, wherein the at | east one activator-support 10
conprises a solid oxide treated with an el ectran-m t hdrawi ng ani on,

wher ei n: the solid oxide is silica, aluming/ silica-alumna, alum num
phosphat e, heteropol ytungstates, titania, zircolia, magnesia, boria, zinc
oxi de, any m xed oxides thereof, or any m xture Y hereof; and t he

om de, phosphate,
hereof. 15. The

one activator-support
the metal or metal ion

tin, tungsten,

e catal yst conposition of
conprises a clay

pl i ated clay gelled

el ectron-withdrawi ng anion is fluoride, chloridg
15triflate, bisulfate, sulfate, or any conbygu/'
catal yst conposition of claim7, whereifi\the a
further conprises a netal or netal ion, and whe
is zinc, nickel, vanadium silver, copper, O9
nol ybdenum or any 20 conbi nati on f. 16
claim7, wherein the at |east gne asitN-¥gtor-
mneral, a pillared clay, an gxfoliated\cl
i nto anot her Qxi/de matrix, a Nayered sili N gl , a non-|ayered
silicate m neral+—a 25l ayered al um nosilieate myperal, a non-|layered
alum nosilicatg mneral, or any'conbination t her/eof



91 17. The catal yst conposition of claim?7, further conprising at |east one
or ganoal um num conpound having the formula: A (X5)m X6)3_m 5wherein: X5 is
a hydr ocawbybgy/0é8120s an al koxi de or an aryl oxi de, a hal ipdejusesosaidrysri de;
and mis from1l to 3, inclusive. 1018. The catal yst conposition of claim 17,
wherein the at | east one organoal um num conpound is trinethylal um num
triethylalumnum tri-n-propylal um num diethylalum num et hoxi de,
tri-n-butylal umi num diisobutyl al uni i¥m hydride, triisobutylalunm num

di et hyl al um num chl ori de, or any conbination thereof. 1519. The catal yst
conposition o i urther conprising at | east one optiona

co-cat al yst | east one optional co-catalyst is at |east one
al um noxaneg ast one organozi nc conpound, at |east one

or ganobor on £ conpound, at |east one ionizing ionic compound,
or any conbi 20 20. A catal yst conposition conprising a
contact prod&t ast one di nucl ear

Ph




nmet al | ocene conpound and at | east one conpound selected fromat |east one
al um noxane conpound, at |east one organozi nc conpound, at |east one

or ganoborwo 2009/0852anobor at e conpound, at | east one i oni pcomgise@sioc37opnpound,
or any conbi nation 25thereof; wherein the at |east one dinucl ear

nmet al | ocene conpound has the formula: 92 X1X3X3XI VA 4M X2W /M x4/ A" \ [

\ \/x4x2 ERXRYERXRY
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\ (CH2)-CRz=CRz-(CH2)" / wherein: Xi and X2 independently are a
hal i de or a substituted or unsubstituted 5aliphatic, aromatic, or cyclic
group, orwewoowssnati on t hereof; X3 is a substitut edTasedospestoadi enyl ,
i ndenyl, or fluorenyl group, any substituents on X3 other than a bridging
group independently are a hydrogen atomor a substituted or unsubstituted

al kyl or al kenyl group; X4 is a substituted cycl opentadi enyl, indenyl, or
fluorenyl group, any 10 sub stituent<%n X4 other than the bridging group
and an al kenyl |inking group independently are a hydrogen atomor a
substituted or unsubstituted_al kyl or al kenyl group; Al is a

substituted or unsubstit
group of 5 to 8 carhbg

éﬁ‘?ridging group conprising either a cyclic
ons, A bridging chain of 2 to 5 carbon atons, or a
carbon, 15 silicon, »5-'// tin, boron, nitrogen, or phosphorus
bridgi ng atom any subBst\ tuents on A independently are a hydrogen atom or
a substituted or unsybsti\tutedCpliphatic, aromatic, or cyclic group, or a
conbi nati on t hereof; d Hf, or Ti; Eis carbon or silicon; 20Rx, RY
and Rz independently a
al i phati c, aroway'- g
integer in a ray

clic group, or a conbination thereof; and n is an
0/ to 12, inclusive.

.....

Clw



with the proviso that Al is not a silicon bridging atomwhen both XI and X2
are chlorine atons, both X3 and X4 are cycl opentadi enyl groups, Eis

car bon, Rwxo2R¥/088B9and Rz are each hydrogen atons, and mciraseepsalzh® 0. WO
2009/ 085129PCT/ US2008/ 013705 93 21. The catal yst conposition of claim 20,
wherein the at | east one al um noxane conpound conprises: (a) a cyclic

al um noxane having the fornul a:

--( -Al-0- | P R5wherein: Ris a lin¥ar or branched al kyl having from1 to
10 carbon atons; and p is an integer from3 to 20; (b) a |inear alum noxane

having t heorf aod’om'blilﬁ'tioﬁthereof; wherein Ph is an abbreviation for phenyl.

13, The catalyst composition of claim 7, wherein the at least one activator-support
is fluorided alumina, chlorided alumina, bromided alumina, sulfated alumina,
5  fluorided silica-alumina, chlorided silica-alumina, bromided silica-alumina, sulfated
silica-alumina, fluorided silica-zirconia, chlorided silica-zirconia, bromided silica-

zirconia, sulfated silica-zirconia, or any combination thereof.

14.  The catalyst composition of claim 7, wherein the at least one activator-support
10  comprises a solid oxide treated with an electron-withdrawing anion, wherein:
the solid oxide is silica, alumina, silica-alumina, aluminum phosphate,
heteropolytungstates, titania, zirconia, magnesia, boria, zinc oxide, any mixed oxides
thereof, or any mixture thereof; and
the electron-withdrawing anion is fluoride, chloride, bromide, phosphate,

15 triflate, bisulfate, sulfate, or any combination thereof.

15. The catalyst composition of claim 7, wherein the at least one activator-support
further comprises a metal or metal ion, and wherein the metal or metal ion is zinc,
nickel, vanadium, silver, copper, gallium, tin, tungsten, molybdenum, or any

20  combination thereof.

16. The catalyst composition of claim 7, wherein the at least one activator-support
comprises 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
25 layered aluminosilicate mineral, a non-layered aluminosilicate mineral, or any

combination thereof.



Ri Al-0-Al ig R R 10wherein: Ris a linear or branched al kyl having from1l
to 10 carbon atons; and q is an integer from1 to 50; (c) a cage
al um noxawe 2h@wisszot he formul a R 5, - +Abr - aAl4, 03r, wher ecm/US@B®13785 a
termnal linear or branched al kyl group having from1l to 10 carbon atons;
Ro is a bridging Iinear or branched al kyl group having from1 to 10 carbon
atons; r is 3 or 4; and 20a is equal to nm(3) - nom+ no(4), wherein nAl (3)
is the nunber of three coordinate 1

17. The catalyst composition of claim 7, further comprising at least one

organoaluminum compound having the formula: ‘

AKX )3
5  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.

10 18.  The catalyst composition of claim 17, wherein the at least one organoaluminum
compound is trimethylaluminum, triethylaluminum,  tri-n-propylaluminum,
diethylaluminum ethoxide, tri-n-butylaluminum, diisobutylaluminum hydride,

triisobutylaluminum, diethylaluminum chloride, or any combination thereof.

15 19.  The catalyst composition of Claim 7, further comprising at least one optional
co-catalyst, wherein the at least one optional co-catalyst is at least one aluminoxane
compound, at least one organozinc compound, at least one organoboron or
organoborate compound, at least one ionizing ionic compound, or any combination
thereof.

20
20. A catalyst composition comprising a contact product of at least one dinuclear
metallocene compound and at least one compound selected from at least one
aluminoxane compound, at least one organozinc compound, at least one organoboron or
organoborate compound, at least one ionizing ionic compound, or any combination

25  thereof;

wherein the at least one dinuclear metallocene compound has the formula:



al um num atons, no(2) is the nunber of two coordi nate oxygen atons, and

no(4) is the nunber of 4 coordi nate oxygen atons; or any conbination

t her eof . WB2809fiss12¢at al yst conposition of claim?20, wherermskés/oai7os east

one or ganoboron or organoborate conpound is /V,N-dinmethylanilinium

tetraki s(pent afl uorophenyl ) bor at e,

lithiuntetraki s(pentafl uorophenyl)borate,triphenyl carbeni um

tetraki s(pentafl uorophenyl Yborate, N,9N-dinethylanil iniumtetraki s [3
,5-bi s(trifl wuoro-

rret hyl ) phenyl ] bgy at e, t{(g, phenyl car beni unt et raki s[ 3, 5-pi s(trjfl uoronethyl)-

phenyl ] bor at e, t \s( an AEorophenyl )boron, tris| 3,)5)‘ i sg(?(i fl uoronet hyl) -
phenyl ] bor on, ation thereof. 523. T cat aMlyst conposition of
cl ai m 20, where| th\ | east one ionizing ionic coApourd, is
tri(n-butyl )amngﬁl um tg\rakl s(p-tolyl)borate, tri( ut y! Xammoni um
tetEakls(mtoI yl ) borate g(rg((n but yl ) anmoni umterx JKi s(2, 4-di met hyl ) bor at e,
tri(n-

(CHz)n—CRZ=CRz—(CH2)n @ .

b

wherein:
X' and X* independently are a halide or a substituted or unsubstituted
5  aliphatic, aromatic, or éyclic group, or a combination thereof;
X? is a substituted cyclopentadienyl, indenyl, or fluorenyl group, any
substituents on X> other than a bridging group independently are a hydrogen atom or a
substituted or unsubstituted alkyl or alkenyl group;
X* is a substituted cyclopentadienyl, indenyl, or fluorenyl group, any
10 substituents on X* other than the bridging group and an alkenyl linking group
independently are a hydrogen atom.or a substituted or unsubstituted alkyl or alkenyl
group;
A' is a substituted or unsubstituted bridging group comprising either a cyclic
group of 5 to 8 carbon atoms, a bridging chain of 2 to 5 carbon atoms, or a carbon,
15 silicon, germanium, tin, boron, nitrogen, or phosphorus bridging atom, any
substituents on A' independently are a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof;
M is Zr, Hf, or Ti;
E is carbon or silicon;
20 R*, RY, and R? independently are a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof; and
n is an integer in a range from 0 to 12, inclusive.
with the proviso that A' is not a silicon bridging atom when both X' and X?
are chlorine atoms, both X> and X* are cyclopentadienyl groups, E is carbon, R*, RY,

25  and R” are each hydrogen atoms, and n is equal to 0.



but yl ) anmoni unt et r aki s( 3, 5- di net hyl phenyl ) borate, tri (n-butyl)anmoni um
tetraki s [3 ,5-bi s(trifluoronethyl)phenyl]borate,tri(n-butyl)amoni um 10
t et r aki s(wenb@idsspophenyl ) borate, N, N-di net hyl ani | i ni umCT/US2008/013705
tetrakis(p-tolyl)borate, N, N-dinmethylaniliniumtetrakis(mtolyl)borate,

N, N-di net hyl aniliniumtetrakis(2,4- d imethyl phenypb orate,

N, N-di nethylaniliniumtetraki s (3 ,5 -dinethyl phenyl)borate,

N, N-di nethylaniliniumtetraki s [3 ,58bis(tri fluoronethyl)phenyl]borate |,
N, Ndi met hyl ani |'i ni um tetraki s(pent afl uor ophenyl ) borate, triphenyl carbeni um
tetrakis(p " : : ;

15t ol yl) bozrlat e,]'EhreiCﬁha«leyﬁg/f%rggcgglr?fluorft%atupa OI sw(hﬁ{e%“ofhﬁfitt}?)arsét‘”éf f’jllru}npl)nr?é?{?l car beni um
tetraki s {ampéumiicommrisgst phenyl ) bor at e, t ri phenyl car beni unt etraki s(3,5- d

i met hyl phenyl ) b.qQrate. tri 1y junmetrakis [3 ,5-bi s(trifluoro-

met hyl )phe@%f%%‘?ﬁﬁltgf' %%%E%W%%?E(gﬁﬁqhm etraki s(pent af | uor ophenyl ) bor at e,
tropyliumtetrakis(p-tolyl)borate/ trc iumtetraki s(mtolyl)borate,
tropylium 20t et raki s(2, 4-di net hyl‘;é)‘{%lngﬁﬁi)rat e, tropylium

tetral ci s(3, 5-di met hyl phenyl ) bor at trdpl i umtetrakis [3 ,5-bi s
(trifluoronethyl)phenyl]borate, trdpylium

t et raki s( pent af |uof;,gphenyl ) borate, 1ithium

t etraki s(pent af | uorophenyl )borate, lithiumtetraphenyl borate, lithium

t et raki s( p-t ol yR Jseoingeregr biranché¢datktl dryiag frafink to A0 whiphp ptems; and; t hi um
tetrakis(2,4-dinmeth rate, lithiumtetrakis(3 ,5- 25

di net hyl phenyl )%%rag}tﬁlet?g%??r%;ﬁ%%z?ét raf | uor oborate, sodium

t et r aki s( pént dihtanaluopieayd hdangathe formoldi um t et raphenyl borat e, sodi um
tetrakis(p-tolyl)borate, sodiumtetrakis( ml_IaoI yl )borate, sodium

tetraki s(2, 4-di net hyl phenyl ) borat,e, sodj uny

t et raki s(3, 5-di net hyl phenyl )boFaieN—s@ /X tetrafl uoroborate, potassium

t et raki s( pent af | uor ophenyl ) bor at 8, | pot éi t et raphenyl borate, potassium
tetrakis(p- 30 tolyl)borate, potas®iumtetrakis(mtolyl)borate, potassium
tetrakis(2,4-dinmethylp henyl)b orate , potassiumtetraki s(3

, 5-di mé® hyl phenyherginor at e, potassiumtetrafl uoroborate, |ithium

tetraki s(pent af g 4o QRAESARhETIRA S vink kb UQ 0RRABRARMK Mdm nate, 95

q is an integer from 1 to 50;
(c) a cage aluminoxane having the formula R‘5,+(,Rb,-uA14,O3r,
wherein:
15 R' is a terminal linear or branched alkyl group having from 1 to 10 carbon
atoms,
R’ is a bridging linear or branched alkyl group having from 1 to 10 carbon
atoms;
ris 3 or4; and
20 0. is equal to nai) - no) + now), Wherein nais) is the number of three coordinate
aluminum atoms, nog) is the number of two coordinate oxygen atoms, and no, is the
number of 4 coordinate oxygen atoms; or

any combination thereof.

25 22.  The catalyst composition of claim 20, wherein the at least one organoboron or
organoborate compound is N, N-dimethylanilinium tetrakis(pentafluorophenyl)borate,
lithium tetrakis(pentafluorophenyl)borate, triphenylcarbenium
tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium tetrakis[3,5-bis(trifluoro-



lithiumtetrakis(p-tolyl)alumnate, lithiumtetrakis(mtolypal umn
lithiumtetrakis(2,4-dinethyl phenyl)alumnate, lithiumtetrakis(3,

ate,
5-

di met hyl phenyésymbizei nate, |ithiumtetrafl uoroal um nate, PeoaisLONs/013705

tetraki s(pent afl uorophenyl ) al um nate, sodi umtetraphenyl al um nate,
tetrakis(p-tolyl)alumnate, 5sodiumtetrakis(mtolyl)alumnate, so
t-etraki s(2, 4-di net hyl phenyl ) al um nate, sodi um

tetrakis(3, 5- d|nethylphenyl)alun1naté’ sodi um t etrafl uoroal um nat e,
pot assi um tetraki s(pentafl uorophenyl)al um nate, potassium

tetr apheny&%y@@@f@oaﬁ@t as Sfr Igggcitammu%{ P- t eikisp! Bk R oromEhAFS

tetrakis(mto m nat e,
t et r aki s( 2phenyljieeatey | phén%b?%#ﬂmrM@@l)bp@masm utmsi3et-bisltiiBuqrgnethy)-o

d'”EthylPhﬁﬂ¥w@ﬁﬁ&?%9%§wﬁnﬁ%%%§§h% Jketrafluoroal um nate, or any

conmbi natio rocess tor polymerizing olefins in the
of a catalyst conp05|t|on conpri5|ng contactlng the catal yst conmp

L el g o L) RS 20, SRLIPL e TRy
copol yner, cory@iued nis t thién-datdy Bhisionanpaikis(peolyd)boyatd, Steign- hutgzbmxmomupr
oL east ope dnuel g ot s acens comaund. Apd oL b SBEDSTR. i
has the fopidhaamefiunl X 3xedakis(y,5 dimsthyiphekyl)boriMe/ Al DA(A-butyl)ammonium
tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, tri(n-butyl)ammonium

10 tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium tetrakis(p-tolyl)borate,
N,N-dimethylanilinium tetrakis(m-tolyl)borate, N,N-dimethylanilinium tetrakis(2,4-
dimethylphenyl)borate, N,N-dimethylanilinium tetrakis(3,5-dimethylphenyl)borate,
N,N-dimethylanilinium tetrakis[3,5-bis(trifluoromethyl)phenyljborate, N,N-
dimethylanilinium tetrakis(pentafluorophenyl)borate, triphenylcarbenium tetrakis(p-

15  tolyl)borate, triphenylcarbenium tetrakis(m-tolyl)borate,  triphenylcarbenium
tetrakis(2,4-dimethylphenyl)borate, triphenylcarbenium tetrakis(3,5-
dimethylphenyl)borate, triphenylcarbenium tetrakis[3,5-bis(trifluoro-
‘methyl)phenyl]borate, triphenylcarbenium tetrakis(pentafluorophenyl)borate,

tropylium  tetrakis(p-tolyl)borate, tropylium tetrakis(m-tolyl)borate, tropylium

20 tetrakis(2,4-dimethylphenyl)borate, tropylium tetrakis(3,5-dimethylphenyl)borate,
tropylium A tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, tropylium
tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)borate, lithium
tetraphenylborate, lithium tetrakis(p-tolyl)borate, lithium tetrakis(m-tolyl)borate,

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

25  dimethylphenyl)borate, lithium tetrafluoroborate, sodium tetrakis(pentafluoro-
phenyl)borate, sodium tetraphenylborate, sodium tetrakis(p-tolyl)borate, sodium
tetrakis(m-tolyl)borate, sodium tetrakis(2,4-dimethylphenyl)borate, sodium tetrakis-
(3,5-dimethylphenyl)borate,  sodium tetrafluoroborate,  potassium tetrakis-
(pentafluorophenyl)borate, potassium tetraphenylborate, potassium tetrakis(p-

30 tolyl)borate, potassium tetrakis(m-tolyl)borate, potassium tetrakis(2,4-dimethyl-
phenyl)borate, potassium tetrakis(3,5-dimethylphenyl)borate, potassium tetrafluoro-

borate, lithium tetrakis(pentafluorophenyl)aluminate, lithium tetraphenylaluminate,

sodi um
di um

i um

presence
osition
efin

oduct of

conmpound



X2X4x/ \/x2 ERXRYERXRY \ (CH2)n-CRz=CRz-(CH2)n / (1) wherein: Xi
and X2 independently are a halide or a substituted or unsubstituted

25al i phatwo,20evossebi c, or cyclic group, or a conbi nati orCrhmse@sni37096

X3 is a substituted cycl opentadi enyl, indenyl, or fluorenyl group, any
substituents on X3 other than a bridging group independently are a hydrogen
atom or a substituted or unsubstitut ed al kyl or al kenyl group; X4 is a
substituted cycl opentadi enyl, indenyl9 or fluorenyl group, any 5
substituents on X4 other than the bri dg| ng group and an al kenyl [|inking

o ﬁ;}o :)pd:lﬁtﬁgﬁirttétbékﬁ(;ﬁtoﬂrlﬂwlﬁﬁgn AR Otttk fhsslyhabifchagy ufisiulst i tut ed
tetrakis(2,4- dlmetgylphenyl)alummate lithium tetrakis(3,5-
dimethylphenyl)aluminate, lithium tetrafluoroaluminate, sodium tetrakis(pentafluoro-
phenyl)aluminate, sodium tetraphenylaluminate, sodium tetrakis(p-tolyl)aluminate,

5  sodium tetrakis(m-tolyl)aluminate, 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-dimethylphenyl)aluminate, potassium tetrakis 3,5-

10  dimethylphenyl)aluminate, potassium tetrafluoroaluminate, or any combination

thereof.

24, A process for polymerizing olefins in the presence of a catalyst composition,
comprising contacting the catalyst composition with at least one olefin monomer and

15  optionally at least one olefin comonomer under polymerization conditions to produce
a polymer or copolymer, wherein the catalyst composition comprises a contact
product of at least one dinuclear metallocene compound and at least one activator-
support,

wherein the at least one dinuclear metallocene compound has the formula:

20
X1 X3 X3 x1
/N i \
X2 x4 x4
\ /
ERX{RY ERXRY
(CH,),—CRE=CRZ—(CHy), ®

wherein:
X' and X? independently are a halide or a substituted or unsubstituted

25  aliphatic, aromatic, or cyclic group, or a combination thereof;



Al is a substituted or unsubstituted bridging group conprising either a
cyclic group of 5 to 8 carbon atons, a bridging chain of 2 to 5 carbon
atonms, orweoa@vdssrzy 10 silicon, germanium tin, boron, PoTtUSe@sini3705
phosphorus bridging atom any substituents on A independently are a
hydrogen atom or a substituted or unsubstituted aliphatic, aromatic, or
cyclic group, or a conbination thereof; Mis Zr, H, or Ti; E is carbon or
silicon; 15Rx, RY, and Rz independenti%y are a hydrogen atom or a
substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a

conmbi nation thegeqf -, s@\dinlled TyABpddRAST nbBerdl,” BN FRiokdn9M QoD d

i ncl usi ve. ' with the proviso that _AI is'not a silicon bridging atom
when bot h sabstifpentsn Xr ethestthasy 4 bredeginecseup ipdansndently A atwdegeen aterl Ydent adi enyl
groups, E i$«GR6H0 iR kP R . each hydrogen atons, and n is
equal to O.U%Sgtgﬁ Tﬂuenspr olc_essag%9 c?%ﬁ%‘fﬁ{us_’v\her ein the at |east one
activator - suppoXt is @ Fubsthitefe ¢yelppariadienyls hindeniyhear dlugraniib, groioniiyed

alumna, s i fl yori d iJica- ) | Qg
i ca b uiierdhafs B0, Bher i bleBah] WP el AEifiE ko
25f | uor i detideichdandly arer & bydragencdidro ror d edbgitytédar- yrisnlstifited, alkyloiatkedyl

silica-zi rcrglqi_a, sulfated silica-zirconia, or any conbination thereof. 26.
The proces% O claim24, wherein the catal yst conposition further conprises
at | east one orAyaisasubstituednoc ongobstinded btidgitgegrofip comprisimeeithet aleyeticnum 30

A AT A TR
di et hyhal usticoam ghharibde, tir badly, Girdgemaibt ophospleneofbridging atom, any
substituents on A' independently are a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof;
M is Zr, Hf, or Ti;
E is carbon or silicon;
15 RX, RY, and R? independently are a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof; and
n is an integer in a range from 0 to 12, inclusive.
with the proviso that A' is not a silicon bridging atom when both X' and X?
are chlorine atoms, both X> and X* are cyclopentadienyl groups, E is carbon, R*, RY,

20  and R” are each hydrogen atoms, and n is equal to 0.

25. The process of claim 24, wherein the at least one activator-support is fluorided
alumina, chlorided alumina, bromided alumina, sulfated alumina, fluorided silica-
alumina, chlorided silica-alumina, bromided silica-alumina, sulfated silica-alumina,
25  fluorided silica-zirconia, chlorided silica-zirconia, bromided silica-zirconia, sulfated

silica-zirconia, or any combination thereof.

26. The process of claim 24, wherein the catalyst composition further comprises at
least one organoaluminum compound selected from trimethylaluminum,
30 triethylaluminum, tri-n-propylaluminum, diethylaluminum ethoxide, tri-n-
butylaluminum, diisobutylaluminum hydride, triisobutylaluminum, diethylaluminum

chloride, or any combination thereof.



97 27.The process of claim?24, wherein the catal yst conposition and the at

| east one ol efin nononer and the optional at |east one ol efin conmononer are
cont act edwono@/gsIphase reactor, a |l oop reactor, or a PCITUSe@sEITHS
reactor. 5 28. The process of claim24, wherein at |east one olefin
nononer conprises ethylene, propylene, or styrene. 29. The process of
claim 28, wherein the at |east one olefin conmononer is 1- 10 butene,
2-butene, 3-nethyl-I -butene, isobutyl’ene, 1-pentene, 2-pentene, 3-nethyl-|
- pentene, 4-nethyl- | -pentene, 1-hexene, 2-hexene, 3-ethyl-I|-hexene,

1- heptene, 2- heptene, 3-heptene, 1-octene, or styrene. 15

27. The process of claim 24, wherein the catalyst composition and the at least one
olefin monomer and the optional at least one olefin comonomer are contacted in a gas

phase reactor, a loop reactor, or a stirred tank reactor.

28. The process of claim 24, wherein at least one olefin monomer comprises

ethylene, propylene, or styrene.

29. The process of claim 28, wherein the at least one olefin comonomer is 1-
10  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, or styrene.

15



