NANO-LINKED METALLOCENE CATALYST COMPOSITIONS AND THEIR POLYMER PRODUCTS
BACKGROUND OF THE INVENTION  The present invention relates generally to the field of olefin
polymerization catalysis, catalyst compositions, methdds for the polymerization and copolymerization
of olefins, and polyolefins. More specifically, this invention relates to nano-linked dinuclear metallocene
compounds and catalyst compositions employing such compounds. dinuclear metallocene
compound can be producedateaa shsficEme tetRasia reaptiginyforexampie;sas shown in Chem. Run J.,
2003, 9, pp. 3618-3622. OlefirP NSl S T AN Iekctd T tHdir Eompounds that contain
olefin ic (e.g., alkene) moieties. Catalysts that are often employed in an olefin metathesis reaction
include metals such as rutheniudr:¢tRg3tenMblybdehtii, D NICRElISUMIVIARY OF THE
INVENTION  The pfe5%4%‘4%@&9&8%1%5@1%&?4@&@%éﬁ&%ﬂ}%@%%&ﬂf%ﬂ%ﬁ&%‘s methods for
preparing catalyst compmﬁiﬁeﬂsa Iisi.,l&lﬁ]@]t:hﬁ catapysticompasitiorsiiagpolymerize olefins. the
polymer resins produ Qiﬁ‘l‘ oft fBﬁg‘Zaﬁe%lrﬁé edgivtuced using these polymer
{Qﬁi@&tﬁ

resins. In particular, tﬁé@@é‘éﬁﬁi@y&ﬁf T jmtﬁcﬁ Uﬂeégffmréaﬁlﬁzcene compounds
and catalyst compositiorstempleyintpsiueh sorh, dsu@aetalyst compositions containing nano-linked

dinuclear metallocene qg’ﬁﬂi@ﬁﬁ@ﬁj‘?ﬂ?@ﬁ%ﬁtﬁ?@@ﬂ?@ 1 BE RISE tG hrdufiee, for example,

ethylene-based homopm.leyrmermzsd copplymars.3cIh ecpra&emhmaﬂ{&mldlsdﬁaes novel dinuclear

metallocene compourﬂdﬁlha m@iﬁz g t@gﬁi&;ﬂpﬁ@g em&’é\eéilkéhy? oup Accordlng to
one aspect of the presanhib 66 OhCIRaT CRMRAUNTS BavE. e formula: (1) X12K3...

tungsten, molybdenum, or nickel.
SUMMARY OF THE INVENTION

The present invention gencrally rclates to ncew catalyst
compositions, methods for preparing catalyst compositions,
methods for using the catalyst compositions to polymerize
oletins, the polymer resins produced using such catalyst com-
positions, 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 contain-
ing nano-linked dinuclear metallocene compounds of the
prescent invention can be used to produce, for example, cth-
vlene-based homopolymers and copolymers.

The present invention discloses novel dinuclear metal-
locene compounds having two metallocene moieties linked
by an alkenyl group. According to one aspect of the present
invention, these dinuclear compounds have the formula:
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wherein:

X' and X? independently are a halide or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group., or a com-
bination 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 unsub-
stituted 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 independently are a hydrogen
atom or a substituted or unsubstituted alkyl or alkenyl group;

Al is a substituted or unsubstituted bridging group com-
prising either a cyclic group o5 Lo 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 sub-
stituents on A’ independently are a hydrogen atom, or a sub-
stituted or unsubstituted aliphatic, aromatic, or cyclic group,
or a combination thereof;
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wherein: Xl and X2 independently are a halide or a substituted or unsubstituted aliphatic, aromatic,
or cyclic group, or a combination thereof; X3 is a 8ubstituted cyclopentadienyl, indenyl, or fluorenyl
group, any substituents on X3 other than a bridging group independently are a hydrogen atom or a
substituted or unsubstituted alkyl or alkenyl group; X4 is a substituted cyclopentadienyl, indenyl, or
fluorenyl group, any substitisentsien X4 Gther than the bridging group and an alkenyl linking group

independently are a hydfplyei g 4 2 SiKtiuted,or unsunsfituted alkyl or alkenyl group;

substituted or unsubstituted aliphatic, aromatic, or cyclic
group, or a combination thercof, and

n is an integer in a range from O 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 cyclo-
pentadienyl groups. E is carbon, R™, R¥, and R are each
hydrogen atoms, and n is equal to O.

Catalyst compositions containing these nano-linked
dinuclear metallocene compounds are also provided by the
present invention. In one aspect, a catalyst composition is
disclosed which comprises 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 orga-
noborate compound, at least one ionizing ionic compound, or
any combination thereof. In this aspect, the dinuclear com-
pound is as defined above in formula (1).

In another aspect, a catalyst composition comprising a
contact product of at least one dinuclear metallocene com-
pound and at least one activator-support is provided. This
catalyst composition can further comprise at least one orga-
noaluminum compound., as well as other co-catalysts. In
these and other aspects, the at least one dinuclear metallocene
compound is selected from:
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wherein:

X' and X? independently are a halide or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a com-
bination thercof;

X2 is a substituted cyclopentadienyl, indenyl, or fluorenyl
group, any substituents on X> other than a bridging group
independently arc a hydrogen atom or a substituted or unsub-
stituted alkyl or alkenyl group:

X is a subslituted cyclopentadienyl, indenyl, or [Muorenyl
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 com-
prising 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 sub-
stituents on A' independently are a hydrogen atom, or a sub-
stituted or unsubstituted aliphatic, aromatic, or cyclic group,
or a combination thereot,

M is Zr, HE, or Ti;

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

n is an integer in a range from O 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 cyclo-
pentadienyl groups, E is carbon, R, RY, and R” are each
hydrogen atoms, and n is equal to O.



Al is a substituted or unsubstituted bridging group comprising either a cyclic group of5 to 8 carbon
atoms, a bridging chain 012 to 5 carbon atoms, or a carbon, silicon, germanium, tin, boron, nitrogen, or
phosphorus bridging atom, any substituents on Al iRdependently are a hydrogen atom, or a substituted
or unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof; M is Zr, hf. or Ti; P. is
carbon or silicon; Ry, al-, and ax independently are a hydrogen atom, or a substituted or
unsubstituted aliphatic, aTEIﬁflatESe@It uy&mgmapo@ro&t@@m@n@tmnrﬂwse@@tdm Is an integer in a
range from O to 12, mdﬁﬁ,‘i’\?‘é fHanE pPs fiiarA C‘g@f]é’ IFCoR GG ‘Bfom when both X1 and
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above in formula (I). In ‘another aspect, a catalyst composition comprising a contact product of at
least one dinuclear metallocer&domhgdtind &id gt reast ortd BctivatbiSsupport is provided. This catalyst

composition can further campiise aldeast-onevargarealtimaup icompound, as well as other
co-catalysts. in these %ngﬁﬁ"llézasfﬁéﬂs hedrleast sHe dmukear thetattoedtiedompound is selected

from: X1 N.... ... NI FIG. 3 presents an expanded mass spectrum plot of
Lxample 2.

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 ref-
erence conflicts with the definition or usage provided herein,
the definition or usage provided herein controls.

The term ““polymer” is used herein to mean homopolymers
comprising ethylene and copolymers of ethylene and a
comonomer. “Polymer” is also wused herein to mean
homopolymers and copolymers of any olefin monomer dis-
closed herein (e.g., propylene).

The term “‘co-catalyst’ is used generally herein to refer to
organoaluminum compounds that can constitute one compo-
nent of a catalyst composition. Additionally, ‘“‘co-catalyst”™
refers to other components ot a catalyst composition includ-
ing, but not limited (o, aluminoxanes, organozinc com-
pounds, organoboron or organoborate compounds, ionizing
ionic compounds, as disclosed herein. The term “‘co-catalyst™
is used regardless of the actual function of the compound or
any chemical mechanism by which the compound may oper-
ate. In one aspect of this invention, the term “‘co-catalyst™
uscd to distinguish that component of the catalyst composi-
tion 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 BY,. The term “‘fluoroorganc borate compound™ also
has its usual meaning to refer to the monoanionic salts of a
fluoroorgano boron compound of the form [cation]* [BY ],
where Y represents a fluorinated organic group. Materials of
these types are generally and collectively referred to as ““‘orga-
noboron or organoborate compounds.”’

The term ““contact product™ is used herein to describe com-
positions wherein the components are contacted together in
any order, in any manner, and for any length ot 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 com-
positions described herein. Combining additional materials
or components can be done by any suitable method. Further,
the term ““contact product™ includes mixtures, blends, solu-
tions, slurries, reaction products, and the like, or combina-
tions thereot. Although ““contact product™ can include reac-
tion products, itis not required for the respective components
to react with one another.
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The term ““precontacted’ mixture is used herein to describe
a first mixture of catalyst components that are contacted for a
first period of time prior to the first mixture being used to form
a “‘postcontacted” or second mixture of catalyst components
that are contacted for a second period of time. Typically, the
precontacted mixture describes a mixture of metallocene
compound (or compounds), olefin monomer, and organocalu-
minum compound (or compounds), before this mixture is
contacted with an activator-support and optional additional
organoaluminum compound. Thus, precontacted describes
components that are used to contact each other, but prior to
contacting the components in the second, postcontacted mix-
ture. Accordingly, this invention may occasionally distin-
guish between a component used to prepare the precontacted
mixture and that component after the mixture has been pre-
pared. For example, according to this description, it is pos-
sible for the precontacted organocaluminum compound, once
it is contacted with the metallocene and the olefin monomer,
to have reacted to form at least one different chemical com-
pound, formulation, or structure from the distinct organoalu-
minum compound used to prepare the precontacted mixture.
In this case, the precontacted organoaluminum compound or
component is described as comprising an organcaluminum
compound that was used to prepare the precontacted mixture.

Similarly, the term ““postcontacted’ mixture is used herein
to describe a second mixture of catalyst components that are
contacted for a second period of time, and one constituent of
which is the ““precontacted” or first mixture of catalyst com-
ponents that were contacted for a first period of time. Typi-
cally, the term ‘“‘postcontacted’ mixture is used herein to
describe the mixture o metallocene compound, olel(in mono-
mer, organcaluminum compound, and activator-support
(e.g., chemically-treated solid oxide), formed from contact-
ing the precontacted mixture of a portion of these components
with any additional components added to make up the post-
contacted mixture. Generally, the additional component
added to make up the postcontacted mixture is a chemically-
treated solid oxide, and, optionally, can include an organoalu-
minum compound which is the same as or different from the
organoaluminum compound used to prepare the precontacted
mixture, as described herein. Accordingly, this invention may
also occasionally distinguish between a component 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 group can be an
alkenyl group resulting from the metathesis reaction or the
saturated version resulting from hydrogenation or derivatiza-
tion. Thus, the dinuclear metallocenes of this invention con-
tain four m° to m’-cyclopentadienyl-type moieties, wherein
the 1® to n°-cycloalkadienyl moieties include cyclopentadi-
enyl ligands, indenyl ligands, fluorenyl ligands, and the like,
including partially saturated or substituted derivatives or ana-
logs of any of these. Possible substituents on these ligands
include hydrogen, therefore the description ‘‘substituted
derivatives thereof™ in this invention comprises partially satu-
rated ligands such as tetrahydroindenyl, tetrahydrofluorenyl,
octahydrofluorenyl, partially saturated indenyl, partially
saturated fluorcenyl, substituted partially saturated indenyl,
substituted partially saturated fluorenyl, and the like. In some
contexts, the dinuclear metallocene is referred to simply as
the ““catalyst.” in much the same way the term “‘co-catalyst™ is
used herein to refer to, for example, an organoaluminum
compound. Unless otherwise specified, the following abbre-
viations are used: Cp for cyclopentadienyl; Ind for indenyl;
and Flu for fluorenyl.



x (1) ; wherein: X1 and X2 independently are a halide or a substituted or unsubstituted aliphatic,
aromatic, or cyclic group, or a combiat ion thereo X3 is a substituted cyclopentadienyl, indenyl, or
tiuorenyl group, any substituents on X3 other than & btidging group independently are a hydrogen
atom or a substituted or unsubstituted alkyl or alkenyl group; X4 is a substituted cyclopentadienyl,
indenyl, or fluorenyl group, any substituents on X4 other than the bridging group and an alkenyl linking
group independently are”ﬁhhydmg@n ‘“temlpsta Substitsitednal uRswstituted-alksd.Or alkenyl group; Al
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or unsubstltuted ahphafﬁ;ea;ggmsqrﬂg lg@;ma&{ﬁ&g Rationd nis an integer in a
range from O to 12, |nc|u§ﬂ;e term ““hydrocarbyl’ is used herein to specify a hydro-
carbon radical group that includes, but is not limited to, aryl,
alkyl, cycloalkyl, alkenyl, cycloalkeny] cycloall\adlenyl
alkynyl, aralkyl, aralkenyl, aralkynyl, and the like, and
includes all substituted, unsubstituted, branched, linear, het-
eroatom substituted derivatives thereof.

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
rclatively high porosity, which exhibits Lewis acidic or Bren-
sted acidic behavior, and which has been treated with an
electron-withdrawing component, typically an anion, and
which is calcined. The electron-withdrawing component is
typically an electron-withdrawing anion source compound.
Thus, the chemically-treated solid oxide compound com-
prises a calcined contact product of at least one solid oxide
compound with at least one electron-withdrawing anion
source compound. Typically, the chemically-treated solid
oxide comprises at least one ionizing, acidic solid oxide com-
pound. The terms ““support” and ““activator-support’™ are not
used to imply these components are inert, and such compo-
nents should not be construed as an inert component of the
catalyst composition. The activator-support of the present
invention can be a chemically-treated solid oxide.

Although any methods, devices, and materials similar or
cquivalent to those described herein can be used in the prac-
tice or testing of the invention, the typical methods, devices
and materials are herein described.

All publications and patents mentioned herein are incor-
porated herein by reference for the purpose of describing and
disclosing, for example, the constructs and methodologies
that are described in the publications, which might be used in
connection with the presently described invention. The pub-
lications discussed throughout the text are provided solely tor
their disclosure prior to the filing date of the present applica-
tion. Nothing herein is to be construed as an admission that
the inventors are not entitled to antedate such disclosure by
virtue of prior invention.

For any particular compound disclosed herein, any general
structure presented also encompasses all conformational iso-
mers, regioisomers, and stereoisomers that may arise from a
particular set of substituents. The general structure also
encompasses all enantiomers, diastereomers, and other opti-
cal 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 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 dis-
close 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-ranges encompassed therein. For example, when the
Applicants disclose or claim a chemical moiety having a
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with the proviso that Al is not a silicon bridging atom when both XI and X2 are chlorine atoms, both X3
and X4 are cyclopentadienyl groups, E is carbon, at-, all and ax are each hydrogen atoms, and n is
equalto 0.  The present invention also contemplétes a process for polymerizing ol et ins in the
presence o la 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 @eﬁ@iymehﬂfeeopoiymem Ihﬁrﬁatabﬁlﬁ@mmoositm Gap aanprise a contact
product of at least one” HintEledr Hietar itate Eoma drat ezt oha’ t‘m‘lﬁor -support. Other
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a comonomer. Polyrr&s §&I§a usa .&r&lrh{r@ﬁaeaﬁ, 2qlolelel] Wﬁ%ﬂi&aﬁ mers of any olefin
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Additionally, "co- cataly?stl" Félfevs tola HfierLeohﬁa@ﬂv@wﬂs 199 Sted |é)rﬂhclud|ng but not

limited to, alum|noxan@§ggggggg{npggg1pd%g@lgq Qgg,ar;ggq;op ﬁ@rg@&prﬁ%com pounds, ionizing
ionic compounds, as disclosedhereinolihe:teim stowatalyey: ! isbgsed regardi%stof the actual function

of the compound or ali)g)g%%ﬁ%ﬁg@%@ﬁ%@%@iﬁ%ﬁg}gﬁﬁ@@l@%%te In one aspect of

this invention, the ternase-catalyst ais/ useddardistingish dhat€amponendod irercatalyst composition

from the dinuclear mem@%t&(ﬁWaﬁo is in a range from .abopt 3:1 to about
an s also includes any combination ol 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 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 ofthe
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
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.

‘While compositions and methods are described in terms of
“comprising’ various components or steps, the compositions
and methods can also ““‘consist essentially of™ or “consist of™
the various components Or steps.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed generally to new catalyst
compositions, methods for preparing catalyst compositions,
mecthods for using the catalyst compositions to poelymerizc
olefins, the polymer resins produced using such catalyst com-
positions, 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.

Nano-linked metallocenes of the present invention are
dinuclear molecules in which metallocene moieties are con-
nected by an alkenyl linking group, or nano-link. Nano-linked
metallocenes can be designed with specific angstrom dis-
tances between the two metal centers, where the distance is
determined principally by the connecting linkage or linking



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 fluoroorgano bororf compound of the form Lcationft3Y41, wherey
represents a fluorinated organic group. Materials of these types are generally and collectively referred
to as "orga - noboron or organoborate compounds?'  The term "contact product” is used herein to
describe compositions ywhereindhe-cemponents e contactactogstnes in anyLrder, in any manner,
and for any length of tinfal<oligxianm pleviheccopepordrits tamebe camtattedhiyhilending or mixing.
Further, contacting of 1Y, SpEiERERE (N dEEHE T 1NE presEhte T aliseiergay other component of
the compositions described-hareine Gombining-additionalpaterials or condpoarass can be done by any
suitable method. FurthgrHséetermeciaeepregucttitrciides hhirtarés™Mlenddasolutions, slurries,
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reaction products, it is not reguireddfortherespetiive compenentsitodeadt withiane another.  The
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second mixture of catahystetrmpeorems thdt-dreccontatted fomersedvdperiddoftime Typically, the
precontacted mixture ¢gSErines %ﬁ%@?ﬁ@%@%@ﬁﬁ%ﬁn o CoiMpaliiids), olefin monomer,
and organoahlminum compound (or compounds), before this mixture is contacted with an
activator-support and optional additional organoaluminum compound. Thus, pregpntacted describes
components that are used ta:contact each other, but prior to contactifig the*components in the second,
postcontacted mixture. AccorﬁMﬁly}his invention may occasionaﬁg;\gg;%gy{gsh between a component
used to prepare the precont’ézcted ’ﬁ‘ilg%%@ and that component aftegthe mixture has been prepared.
For example, according to this descriptiQn, if is possible for the-Srecontacted orgmomluminum
compound, once it is contacted with the metallocene and the olefin monomer, to have reacted to limn
at least one different chatmieah.compound, formulation, or structure from the distinct organoaluminum
compound used to pre&qﬁgﬁ@ﬁef%ﬁ?ﬁ?ﬁ@@%@ﬁ%ﬂﬁﬁﬁ%@%@éﬁﬁgﬁg@g@g@d organoaluminum
compound or componahihisidasedbaskas comprising an organoaltiminum compound that was used to
prepare the precontactedPfnistarevbs Siniidrip; tve gotatt cb’rﬂﬁ%’ ed* iR used herein to
describe a second mixﬁiﬁé1 fﬁaﬁgs Séguenlz Y %Qéﬁ%&%@i@ﬁiﬁ?ﬁg%ﬁﬁd period of time, and
one constituent of Whidﬁiisy}édlﬁbécme%ew gjrcmstt rgi,xturle of C%:ata{yst componelnts that were
contacted for a first peggfﬁgfiiﬁﬁes oI fﬂf@ﬁ@fﬁljﬁ@éﬁgﬁéﬁi‘éﬁ;@ﬁﬁgﬁ?@sed herein to
describe the mixture okmetalletene tomipoune;-olefindappodeersorgarmblutrintan compound, and
activator-support (e.g., YAy e AR I S X BE e R Yt Hontac g ihe precontacted

mixture o fa portion ol thesewcemponentsiwithoamoadditisralvomponantstaddadso make up the

post-contacted mixtureff@@%f)%l%iﬁg;@g@igﬁg@gggm%@f@gﬁgg@mwe postcontacted
mixture is a chemicallystreated salid'oxide,ant;aptienallycandasludeanorganoaluunman compound
which is the same as o@ﬂ;ft%ﬁﬁmiﬁg‘g@ﬂﬁaﬁﬁﬁﬁatﬁﬁ?’éﬁ‘rﬂﬁo‘eﬁﬂ’ﬁlsiécﬁfﬁlp?epare the
precontacted mixture, aSﬂﬁﬁ,Cﬁ]E}&é greif, Accordingly, this invention may also occasionally
distinguish between a coﬁ@bﬂ@fﬂs@ﬂjﬁiﬂ; are the )postcogta(\ic::rted mixture and that component after

the mixture has been m@%@fg%eaaﬂgeﬁte;ms {ﬁ@gﬁgﬁ%ﬁpégﬁif%ﬁéﬁﬁéin, describes a
compound comprising swwo'metalotantimoietied dirdcdd dmrla connecting group. The connecting group
can be an alkenyl group Ut HEELE HEELESSalion Bilis Salurated yersion resulting from
hydrogenation or derivatizax hami Riusctiel cihucieammetaltosenesiof thissimxeltion contain four -113
to n5-cyclopentadienyI%%%‘?ﬂéﬁiﬁﬁ@f%&rﬁ@ﬁﬁ@ Be-tyclodiRadienyt fndisties include
cyclopentadienyl ligands tindeny ligands;<hisorenyédigards cand-thedike dneluging partially saturated or
substituted derivatives ¥t ZAH1I65S SFat G Afese. PHESHE DS GrethdsE ligands include

111U splay cis or trans 1sOniers, or

hydrogen, therefore the mmmaw@tut%égﬂmmmmaammon comprises partially
saturated ligands such%ﬁ%%@ﬁﬁ?@ﬁ%ﬁi@fﬁ@%éﬁ%@l . octahydrofittorenyl, partially saturated
indenyl, partially saturated s RhenyhsHhslite maial,)éﬁat;gﬁ&d myinSHjaﬁﬂtUted partially
saturated fluormayl, af#the like>rrrsbatedbrtexts, tHecdiduatearmétalistdhe dreferred to simply as
the "catalyst," in muchi%éﬁﬁﬁﬁ@‘?&@%ﬁ&ﬁﬁ§5@@ﬁ§ﬁ2}§aﬁ]§§ﬁEfgiren@ﬁfrﬁéj to, for example, an
organoaluminum comgount: 4nlessoieé rwise specifiedr trerfallawimg abbreviations are used: Cp for
cyclopentadienyl; Ind fOFIRGRRVI ARG IO TSIy ThE 18178 *Cataly<téoifiposition," "catalyst
mixture,” "catalyst system," and the like, do not depend upon the actual product resulting from the
contact or reaction of the components of the mixtures, the nature of the active catalytic site, or the fate
of the co-catalyst, the dinuclear metallocene compound, any olefin monomer used to prepare a
precontacted mixture, or the activator-support, alter combining these components. Therefore, the
terms "catalyst composition," "catalyst mixture," "catalyst system," and the like, can include both
heterogeneous compositions and homogenous compositions. lhe term "hydrocarbyl" is used herein

to specify a hydrocarbon radical group that includes, but is not limited to, aryl, cycloalkyl, alkenyl,
cveloalkaenvl eveloallkadienvl alkvnvl aralkvl aralkenvl aralkvnvl and the like and inchiidece all



Although any methods, devices, and materials similar or equivalent to those described herein can be
used in the practice or testing of the invention, the typical methods, devices and materials are herein
described. All publications and patents mentione® herein are incorporated herein by reference for
the purpose of describing and disclosing, for example, the constructs and methodologies that are
described in the publications, which_ might be used in comiection with the presently described
invention. The publicatigns fissussed-fhraughautithe dext:are.prddad selelyfor.their disclosure prior
to the filing date of thepreselst appticatibarNothirghereinths tortbercomstriredas:an admission that the
inventors are not entitfd % aite datE dncK dRCRosRE DY vittiE ot T Hvenigd; For any particular
compound disclosed herain m@nRyigaaatal sisucturepresentes riso eacompassessall conformational
isomers, regioisomers{?ﬁfﬁ&@é@?@ﬂha{% ?ﬂ'@é&lfr&@i? tﬁéitﬂ?a?rééfg_éffsubstituents. The
general structure alsofglﬁﬁgﬁﬁ%%%ﬁﬁ;ﬁﬁ%@ﬁlé@ﬁ@ﬁ ArOMEATS, ARg10mias pptical isomers
whether in enantiomeeoy racemit. forms;laswell ag>mikturesiof:gteredisbrniks; as the context
requires. For example; Suitfized. ﬁjﬁ%féggﬁ%@ﬁﬁ@ﬁ@ﬁ@ggﬂ%}ﬁ@?@%@g@ﬂre illustrated in
formula (T) are also ceniemplatesienAPRECaNS. dissloseiseveral typescoliangés. in the present
invention. These include!. betdatecAdtdimited to, a range of number of atoms, a range of integers, a

range o [weight ratioshgc?éﬁﬁé?ﬁﬁ @bﬁfﬁgﬁﬁ%‘ﬁf}i&ﬁ@? ) m&ﬁﬁq@hﬁﬁ@ﬁﬁﬂfﬁclose or claim a range
of any type, Applicantsidntentiisdowdisglese or leimsneividuallyeachy possitiepumber that such a
range could reasonab %ﬁcﬂfﬁp‘é@g?mq,](y Hgﬁnt@?gfﬁgssgzﬁgégﬁggél lweRRls any sub-ranges and

combinations of sub-ragﬁé%‘ﬁﬁéﬁ?ﬁ?p%% thereins ngl%gmgi@ wlagsﬁl 5 eféﬁﬁ%ants disclose or claim

a chemical moiety havings- dértain. numbeémaficarbomattm s;TApplicants*tistentas to disclose or claim
individually every pos@%@@%ﬁ@ﬁ@@éﬁ@é@ﬁ%@@%ﬁ@%ﬁ@m with the disclosure
herein. For example, thelpisglosure HI0iptypis B CAHCIlnearaakbnanched alkyl group, or in

alternative language @Xﬁﬂ%ﬁ?ﬁ%@%@%ﬁrbﬁﬂﬁﬁé 288 GXEIR | TR a moeity that can be

H moieties can m Ut are himited’to; ¢yC

selected independentlydigyn apadkyhgraup havingty 2 c3chibnntl &R1esdkoicarbon atoms, as well
as any range betweert¥fgsetwornumivers{iokexatgle aTa 1o * sRpr'gistip): and also including
any combination of raayﬁiﬁw@%@%@mggﬁﬁ }ﬁagﬁlgeya‘? Ao iodand C6 to C, alkyl
group).  Similarly, a@%?ﬁé@@@m@q@mﬂﬁewgm@@gI?Dtlﬁtieiﬁqf organoaluminum to
activator-support in a Gatalyst COMPRSHIAN.PIoVIHE . 0ne YsPatt Stth s ThveRtion. By a disclosure
that the weight ratio of oifgaiq@)allummnmlc@lmwndﬂ@m:ﬁva@@risappmiylrgaomge from about 10:1
to about 1:1000, appliaHit TR I3wATHE Mal e WelR s Gaths sqla st from about 10:1,
about 9:1, about 8:1, abeutédlabouint:hlakeutigiabetit-4 4 cabouidithdabaudt 2:1, about 1:1, about
1:5, about 1 : 1 0, abol(E'25; ShEHE ?Sglimn;@;gl}ﬁﬁ? LU0 ABEAE 140, about 1:200, about

Cts i 1007 tS %group ar ridg
)

1:250, about 1:300, akeut:£:350, about 1:400, about 1:4 about 1:500, about Jg.:550, about 1:600,

about 1:650, about 1@Qﬁ@ﬁjﬁ@?ﬁﬁi@@%‘f@ﬂ%@@%ﬁgﬁggﬁ@ﬁ;&@%lﬁbout 1:950, or about
1:1000. Additionally, the-weightiratio€an-besitbinanu eamgeeﬁrae@,a&ouillﬁicim about 1 :1000 (for
example, the weight ratigcissindsrdrga<ront aboat3:h ryabdur1100y MHl Heisdlso includes any
combination of range%ﬁ%ﬁﬁ@%ﬁﬁ%ﬁéﬁﬁ@%ﬁ% }:Eéﬁ}gg‘% Pi;oi%?ﬁénges disclosed
herein should be interprétéd trranramterdihiartytiesecnnd. examplesonemydplicants reserve the right
to proviso out or excludE Sy gﬁ;ﬁﬁﬁé@@iﬁﬁﬁf@%ﬁﬁ%ﬁﬁéﬁﬂ?&gﬁ?ﬁéﬁ@ﬁ&y sub-ranges or
combinations of sub-ranges.withimthegreanip; thatisanrbecclainved@eaording to a range or in any
similar manner, if for @ﬁ?@%ﬁﬁﬁ@ﬁﬁ@ﬁﬁi&ﬁo@ggﬁg@@L&ﬁ;‘m@ﬁg@@ﬁ@asure of the
disclosure, for example;110.aecownt domattaference thatipplicarissmanbe tnaware 0 Fat the time o

Ithe filing of the appl|cﬁyﬁﬁ’@yE@@@g%ém@@ﬁg@ﬁﬁjgiﬁﬁ@ﬁﬁ@@é@@ﬁg}@r exclude any
individual substituentsipaialags, campobsds;igands sStaseiities, or<graupsthekaof, or any members of

a claimed group, if for iy edSons Eg%@§§%§gﬁﬁgﬂg%%§lﬁﬁﬁeasure of the
disclosure, for examplgnd@-aceuRiI0LA SRCR: tgla;tgﬁpmﬁgaatﬁénay wuhpyvare of at the time of the
filing of the applicatiorrressthileresmposjtions and methods are described in terms of "comprising”
various components %é%%iﬁxm anﬁs?(@g@& ﬁ;@%ﬁgﬁ;ﬁﬁ‘iﬁ@sﬁﬁﬁ% egssentially of' or
"consist or the variousseoimpofettits: M@.W%%ES@RL@FI@\?WCF HE INVENTION The
present invention is difBRtE GERRIAIR, G 0ew el &t EOmHOsToN S, athadS i preparing catalyst
compositions, methodX fomdsingnthendatakest-obmpasitions topolpmerizaeieiins . the polymer resins
produced using such EIYst'cOMPBEHBAE, Bt ARt BS Prodticey Bsing BfEde Dolymer resins. In
particular, the present invention relates to nano-linked dinuclear metallocene compounds and catalyst
compositions employing such compounds.  Nano-linked metallocenes of the present invention are
dinuclear molecules in which metallocene moieties are connected by an alkenyl linking group, or
nano-1 ink. Nano-linked metallocenes can be designed with specific angstrom distances between the
two metal centers, where the distance is determined principally by the connecting linkage or linking



7 group. 't he length, stereochemistry, mid flexibility or rigidity of the linking group can be used to
design catalysts which are either capable of; or incapable of, intra-molecular metal-tometal
interactions. For instance, under the restraint of theSnmo-link (e.g., an alkenyl linking group)
nmo-linked dinuclear metallocenes can offer unique co-catalyst interactions. ninuclear Metallocene
Compouds The present invention discloses novel compounds having two metallocene moieties

linked by an alkenyl group saBgdimetiods fuakiag thesehpermprEnds. sthese compounds are
commonly referred to ayfdm@(ﬂemdmm}tmdéetopbmmmaﬁd§ peehese they contain two

metal centers. AccordingifCy mﬁﬁ?@é@g@i’ of, thisdnyention he, dinyclear.soppadnds have the formula:

X.L...X3X3 ../ N., ." XlomAeln?lQX@@ IMdeen, 404 or a substituted or unsubsti-
tuted alky]l or alkenyl group. Hydrogen is included, therefore

the notion of a substituted indenyl and substituted fluorenyl
includes partially saturated indenyls and fluorenyls includ-
ing, but not limited to, tetrahydroindenyls, tetrahydrofluore-
nyls, and octahydrofluorenyls. Exemplary alkyls that can be
substituents on X~ include methyl, ethyl, propvl, butyl, pen-
tyvl, hexyl, heptyl, octyl, nonyl, or decyl. and the like. In one
aspect, excluding the bridging group, each substituent on 3>
independently is a hydrogen atom, or an ethyl, propyl, n-bu-
tyl, t-butyl, or hexyl group. In another aspect, substituents on
X2 are selected independently from a hydrogen atom. ethenyl,
propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, non-
cnyl, or decenyl, exclusive of the bridging group.

X% in formula (1) is a substituted cyclopentadienyl, indenyl,
or fluorenyl group, and is substituted with the bridging group
Al and an alkenyl linking group. In one aspect of this inven-
tion, X* contains no further substitutions. X* can be further
substituted with a hydrogen atom or a substituted or unsub-
stituted alkyl or alkenyl group in a different aspect of this
invention. For example, suitable alkyls that can be substitu-
ents 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 hydro-
gen atom, or an ethyl, propyl, n-butyl, t-butyl or hexyl group.
In vet another aspect, substituents on X% are selected inde-
pendently from a hydrogen atom, ethenyl, propenyl, butenyl,
pentenyl, hexenyl, heptenyl, octenyl, nonenyl, or decenyl,
exclusive of the aforementioned bridging group and alkenyl
linking group.

In formula (1), 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, which connects X> and X*. In one aspect of this inven-
tion, A' is a silicon bridging atom. In a different aspect, A’ is
a carbon bridging atom. Yel, in another aspect, A' is a bridging
chain of 2 to 5 carbon atoms, such as, for example, a two-
carbon bridging chain that connects X° and X*. A' can be a
germanium, tin, boron, nitrogen, or phosphorus bridging
atom in other aspects of the present invention. In accordance
with yet another aspect of this invention, A' can be a cyclic
group of 5 to 8 carbon atoms such as, for example, a cyclo-
pentyl 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
substituent on A' can be a methyl, ethyl, propyl, butyl, pentyl,
hexyl, ethenyl, propenyl, butenyl, pentenyl, hexenyl, phenyl,
naphthyl, tolyl, benzyl, cyclopentyl, cyclohexyl, or cyclo-
hexylphenyl group, or a hydrogen atom. Yet, in another
aspect, each substituent on the bridging group is selected
independently from a hydrogen atom, methyl group, phenyl
group, naphthyl group, or cyclohexylphenyl group. In a fur-
ther aspect, A' has two phenyl substituents, or alternatively,
A has two methyl substituents.

In formula (I), substituted aliphatic, aromaltic, or cyclic
groups, and combinations thereof, are disclosed, as well as
substituted alkyl or alkenyl groups. Such groups described
herein are intended to include substituted analogs with sub-
stitutions at any position on these groups that conform to the



X2X4".....7 ER-zRzERryRz N......".. CRZ = CRz - (CH,)" wherein:  X'and X2 independently are a
halide or a substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof;
X3 is a substituted cyclopentadienyl, indenyl, or fluo¥ehyl group, any substituents on )(3 other than a
bridging group independently are a hydrogen atom or a substituted or unsubstituted alkyl or alkenyl
group; X4 is a substituted cyclopentadienyl, indenyl, or fluorenyl group, any substituents on X4 other

than the bridging group-andan.alkenyllinking greupandependantly: psa-arhyahegen atom or a
substituted or unsubstititedafkyr Gr Ak gl;lb“ﬁ‘l%ta?‘@ﬁé‘hﬁ?ﬂlﬁeﬁnstybstituted bridging

group co/uprising eithga@&ggli@rgm%arf ’&E g%béﬁiﬁ@h&féﬁgeb&@lﬁﬁm%éf 2 to 5 carbon atoms,
or a carbon, silicon, gemvariambare it genorplrospheryscbrieeing etom, any substituents on

_Aindependently are 3 ByAAdEGA0RE Tl A SubatuisE o s SRt aipRaic, aromatic, or cyclic
group, or a combinatienghereafaWiis st hit, oralNuBstisueedbign siticdnsreof, any

of which having from 1 to about 20 carbon atoms:; a flahde; or

hydrogen: as long as these groups do not terminate the activ-

ity of the catalyst composition. Examples of cach of thesc

substituent groups include. but are not limited to, the follow-

ing groups.

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

In each occurrence, oxygen groups are oxygen-containing
groups, examples of which include, but are not limited to,
alkoxy or aryloxy groups (—OR¥), —OSiR“*,, —OPR",,
—OAIR4,, and the like, including substituted dcrivatives
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.
Examples of alkoxy or aryloxy groups (—OR) groups
include, but are not limited to, methoxy, ethoxy, propoxy,
butoxy, phenoxy, substituted phenoxy, and the like.

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

In each occurrence, nitrogen groups are nitrogen-contain-
ing groups, which include, but are not limited to, —NR-, and
the like, including substituted derivatives thereof, wherein R-*
in each occurrence can be alkyl, cycloalkyl, aryl, aralkyl,
substituted allkyl, substituted aryl, or substituted aralkyl hav-
ing from 1 to 20 carbon atoms.

In each occurrence, phosphorus groups are phosphorus-
containing groups, which include., but are not limited to,
—PRA,, —P(OR%),, and the like, including substituted
derivatives thereof, wherein R in each occurrence can be
alkvl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted
aryl, or substituted aralkyl having from 1 to 20 carbon atoms.

In each occurrence, arsenic groups are arsenic-containing
groups, which include, but are not limited to, —AsR?,, —As
(OR™),, and the like, including substituted 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.

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 1 to 20 carbon atoms,
—C(NR*HH, —CINRHR4, —C(INRHOR#, and the like,
including substituted derivatives thereotf, 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, arvlalkylsilyl
groups, siloxy groups, and the like, which in cach occurrcnce
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,



Rr, Rr, and Rz 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 X1 and X" are chlorine
atoms, both X3 and 3(4 are cyclopentadienvl groups. E is carbon, R-v. Ry, and Pi< are each hydrogen
atoms, and nis equal to 0. Formula (I) above is not designed to show stereochemistry or isomeric
positioning of the diffegephdnoiglies e gdbis Ihsmullayis aehintepdedhto display-eisior trans isomers, or
RorS dmsteremsome%s?%%hs Iyéeesrip Sﬁh‘d@a@%ﬁﬂéﬁvp@t@dﬁn@@ﬁ@@mpassed by this
fommla.  In linmula (bm‘fiafdés intluRfushing ehorine: Bromine. andiodine atdms. As used herein,
an aliphatic group includes lnearoerbranchediallgyband atkenyl groupsifaenenaby, the aliphatic group
contains from 1 to 20 Gé]?bénlafémte -Unless eihehmisepecifieealigioamd atiednyt groups described
herein are intended to]i d%“éﬁ’%tr%ﬁ‘d?ﬁl’ |55Pi118tr%“1’ﬁéa%;8r’48?an%ﬁ’éal létﬁ\{ié’ﬁ moiety; for example,
all ClialltiOnlaS and 8vaﬂ @g}pgg@mg&%ﬁwm@% ﬁg definitignn, Asanexample, unless
otherwise specified, th€ttesmtprapyhissmeahide. itrcludecn:propyhand iso-prapybxwhile the term butyl is
meant to include n- but%ﬁoiéﬁsbu l, t- bu'gxl Sec- ut and so foarm lfor&nstance non-limiting examples
of octyl isomers mcludgr E,B/@gﬂ qgf Qggoq;y §@ q}ﬁ’ f;gr]@ﬁgééups which can be
employed in the preseptdnyention insiude; . aﬂefmwmbedgﬁ;meimdgemlwlhpeopyl butyl, pentyl,
hexyl, heptyl, octyl, nony Cé’r’d’elit"yfha‘?ﬁfﬂﬂ’éem@ b ‘ﬁ?fé@‘} 6f€|l€éh¥?§?%’ﬂ| in the scope of the
present invention inclygle, bt Aot ieds Bihemil phipeiylRUtenyT, PERESHYI, hexenyl, heptenyl,
octenyl, nonenyl, decenyJBXQd thBlkkex., axAr&maaaMEegr@uhpSeaﬂd(c&mbmaﬂeﬂﬁlwﬁ aliphatic groups
include aryl and arylalgyrgrotipd: aﬁdlmhfgé?rrféiﬁfd’édﬁuﬁﬁ?@ﬁbﬂﬁﬂﬁedﬁé afyt; alkyl-substituted
phenyl, naphthyl, alky3ib gﬁgq’igﬁ‘ SaptiRich Hey- 1ﬁ:§;ﬁ@ﬁ§agﬁ§ &6 EEML Slbstituted alkyl, and
the like. Generally, sueh-groups-angd eambm&tlarmscaf»@dsmms&@ntam less than 20 carbon atoms.
Hence, non-limiting examlescmmmmﬁlemmmangxem@rmq herpreseritdnvention include

phenyl, tolyl, benzyl, dfﬁﬁjﬁ%lﬁﬁ%ﬁRﬁ@wgﬁé MLV fjig‘y t‘ééﬁl&phenylbutyl
propyl-2-phenylethyl, @Jﬂﬁ&dkk%ﬁ&@i&%ﬁl@&ﬂﬁ&b@@ Qﬂalaalkml;@, yI moieties and

such moieties can inclBdeinbutdrerotlimited-to tycidisentyd; IT}/Iauc«;»}ﬂsiscilnexyI cyclohexenyl,
cyclooctyl, cyclooctean‘éiiH‘thﬁﬂﬂ%é}@jﬁE{@ﬁi@%W ] BBﬁﬁﬁﬁ%ﬂBﬁqﬁé g a cyclic group is a

cyclohexylphenyl group. e§§19; hanuise spealisdpamusuhstitiiad-Aramaiis @r.cyclic moiety used
herein is meant to inclade.alirregiolsomensrdor exariples.theitenr tokyt |$lmeam1t@,|nclude any possible

substituent position, that (3, *6ithg, niétaler pafd: = foitula i?s}épr alké) g group is an

is'a moannlonlc ro. SLICh

alkenyl group that Imkglgg(g@rgwggggb EHVO1meLa g@%@g%ﬁ@saﬁg{@g 1@ 9 the above formula,
the alkenyl linking groupkis attachedta theymeialisgene moieties ata tyalopentadienyl, indenyl, or
fluorenyl group. Xa caﬁrﬁévfgﬁékgfoﬁ‘fﬁ?é s’ﬂliBléfbee%ﬂ%% Aoty U atefFiiking group and the

arnon

bridging group. In onE4; %?195 he 't Qﬁgggg&%ﬂgog,xl@glgzw%n@mg@e a substituted or
unsubstituted allphatlcsgwupd&avmgnfﬁmasmcta m&h@m& tranether aspeel Xl and X2

independently are meﬂﬁ’yP‘@ﬁWﬁm’fp’yﬁ HEEh e raonyEdecyl, or

trimethylsilylmethyl, |ng’l%lﬁ n%iﬁgfjgggﬁjr&) an @&ﬁlﬁgﬂﬁ g%q;‘gﬁ@ are sihghvi pronenyl, butenyl,

pentenyl, hexenyl, heptei eﬁegyhugeneay 1160¢ dRcenyh X X2 independently are a substituted or
unsubstituted aromatleltjt@ﬁp for example, having up to 20 carbon atoms, in another aspect of the

present invention. I a &”Ff@f’@ﬁt%& %‘E‘f“?ﬁ%ﬁa‘?’f At ﬁ@f%ﬂ&lﬂhglgt&‘ﬁé‘cfaénd X' independently

COIMpPOUI prc sent inventi FJomonuclea

can be selected from pheayknapiihybolykhanad; dimetndpheny. trimathyiphenyl, phenylethyl,
phenylpropyl, phenylbuty Elphenyﬁt |ceytlapentylsayetopenrt tey/didhexyl, cyclohexenyl,
or cyclohexylphenyl |n°6‘t‘ﬁé’|ﬂ ects tﬁf t tﬁﬁse’?bfnl’YFBHtheﬁna it and X2

independently are methyinphgr;.yi(&@nam§ g@{q@ FuwthenoX-and-X2 indepsndently can be methyl,
phenyl, benzyl, or a chiforime” oY andthetlaspadudiithespresemtdrventiomnly are

selected from a hydrogen atom, or a substituted or unsubsti-
tuted aliphatic, aromatic, or cyclic group, or a combination
thereot. In one aspect of the present invention. R~, R*, and R
independently are a substituted or unsubstituted aliphatic
group having from 1 to 20 carbon atoms. For example, R™,
R?Y, and R” can be selected independently from methyl, ethyl,
propyl. butyl, pentyl, hexyl, heptyl, octyl, nonyvl, decyl, or
trimethylsilylmethyl. In another aspect, R™*, RY, and R are
hydrogen atoms. R, RY, and R independently are a substi-



In formula (I), X' and X' independently are a substituted cyclopentadienyl, indenyl, or fluorenyl group,
and are necessarily substituted with a bridging group, , as indicated in the formula above. X4 is further
substituted with an alkenyl linking group. In one asp&¢t of the present invention, X' and Xa
independently are either a substituted cyclopentadienyl group or a substituted lluorenyl group. In
another aspect, X.4 is a substituted cyclopentadienyl group, while X' is a substituted fluorenyl group.
Yet, in another aspect Xcisa sHhstiiuied-ingdenylgoup.up, AR:subshitugnts. Qg other than the
bridging group independeztily-areca hydroge maiem oiarsubstibate door tirspbs#tuted alkyl or alkenyl
group. Hydrogen is incltidetitherefore the notion of a substituted indenyl and substituted fluorenyl
includes partially saturgltéﬁl( iriﬂ’érﬁflré éﬁf\zdiﬁﬂﬁﬁéﬁsiﬁnfﬁklg’g TSttt iiitedr 1> tetrahydroindenyls,
tetrahydrofluorenyls, @ﬁ%{%@ﬁ@%@j@%ﬁ@fg%%ﬁ@}fgﬁbﬁ%@&tituents on )(3 include
methyl, ethyl, propyl, hutyk pentyhJaexyleplylhoctiyl,noiyl, sudacyl randkthedike. In one aspect,
excluding the bridging §roug ceacticoubystiuert o yindepenténthyid. @hydroden atom, or an ethyl,
propyl, n-butyl, t-butyl SHERYF gPatiy HraAtRE! AsPect SHHdttEeHts gt X3 are selected
independently from a fydﬁ?ﬁﬁt @?éﬁ%@ﬁgﬁé@ﬂteﬁmwyﬁgﬁféﬁi@% fyl, heptenyl, octenyl,
nonenyl, or decenyl, eXGLSNE.0f e AT HABG TUBL, - aid i ormia {45 A substituted
cyclopentadienyl, indenyinar dliseremnyl-greiudp paneissubstitttedwvith the brielging.group A" and an
alkenyl linking group. inroneldspedtsftmsinventior?- X4 éomatsheasferthersibstitutions. X4 can be
further substituted witH'® fiYdfgen atom or a substituted or unsubstituted alkyl or alkenyl group in a
different aspect of thiség@ﬁt%éﬁfgﬁéﬁ@%%@@%ﬁ%@gﬁﬁﬁ?gﬁ@?ﬁfgﬁ@ents on X4 include
methyl, ethyl, propyl, butyil. Pentyh Rexi-bepiA, Qctyl monyl.i decybpsanethedike. In another aspect,
excluding the bridging goup and Hieialkenmys tinkingrgroupyarysuybsiituentena¥d independently is
selected from a hydroden atbriteredretiginprepyimib Giis LA bitthe @b‘&’ﬁ. In yet another
aspect, substituents ofl 7 A& Sl tea B BRNIGHIS RO & By djoiatialo aihenyl, propeny,
butenyl, pentenyl, hexesyhheplaryboctenyls nerenyl, o decenyh exclusivenbthe aforementioned
bridging group and alkemyidintdriggrevpnetiniformutaBe¥liswbsubstitisted or unsubstituted bridging
group comprising ei ther arneychc o tor8tbarben<atomsrarbrdgingrehaiivof 2 to 5 carbon atoms,
or a carbon, silicon, gé?ﬁ‘i]érﬁﬁnﬁltﬁn?ﬁoﬁﬁnf?ﬁ?&{ﬁeﬁl,)o?éﬁh ' ﬂfﬁﬂ@%ﬁé’fﬁi‘n, which connects X.3
and X.4. In one aspect,gF Th|5 venfion s & allcon hridding algidn g diferent aspect, A'is a
carbon bridging atom. Xektinanotheraspastidiis arbrigging ahainmef2ta Bueartbon atoms, such as, for
example, a two-carborrid diverehal mthar conireets1B{Srant: X2 oA teadeeza germanium, tin, boron,
irogen, or phosphor RPN A I CMheF 5B BTN prBSHAY | eBIOFpin accordance wilh ve

3

another aspect of this [vention, Aicanke a cyclicgroup. of 510 8 carbon atoms such as, ter example,
a cyclopentyl or cyclohexyl,grQup1. ARY SUbstiueNts ApA R esalected lodepgndently from a
hydrogen atom, or a substittidtechohnirsubstistesaliphaioy aromaticue.cyalielgioup, or a combination
thereof. A' can have oatteoidsUPBkUeAS Hrrustadpbet, dortsanple, a substituent on A' can be a
methyl, ethyl, propyl, butyl, pentyl, hexyl, ethenyl, propenyl, butenyl, pentenyl, hexenyl, phenyl,
naphthyl, tolyl, benzyl, gyclopemtyt eycloh€Xyimor cyclohexylphenyl group, or a hydrogen atom. Yet, in
another aspect, each substitieat on/(he Dridgifgréup is selected independently from a hydrogen
atom, methyl group, phenyl groug, napghthyd_group, or cyclohexylphenyl group. In a further aspect, Al
has two phenyl substituents, or altetngtively, Alttas two methyl substituents.  In formula (1),
substituted aliphatic, aromatic, or cycl{¢ giups, and combinations thereof, are disclosed, as well as
substituted alkyl or alkenyl groups. Suchfgroups described™herein are intended to include substituted
analogs with substitutions at any positiomea-thesg groups onform to the 10 ' normal rules of
chemical valence. Thus, groups substituted with one or mao¥e _thi#n one substituent are contemplated.
Such substituents, when present, are independentlysghe Oyp-arkoxygen group, a sulfur group, a
nitrogen group, a phosphorus group, an arsenic gyoup, a carhQr(grotip, a siligon group, a germanium
group, a tin group, a lead group, a boron group, ap-alupA @- oFganic group, an
organometallic group, or a substituted derivative thereof=any of which-Having from 1 to about 20
carbon atoms; a halide; or hydrogen; as long as these groups do not terminate the activity of the

catalyst composition. Examplésrotdact obtidabe sbibstitisentngroupsnheludebeare not limited to, the

: illustrative and non-limiting examples of dinuclear com-
fO"OWIng groups. pounds of the present invention include the following:




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

In each occurrence, oxygen groups are oxygen-containing groups, examples of which include, but are
not limited to, alkoxy or aryloxy groups (-OR"), OSiR13, OPRA" -0AIRA," and the like, including
substituted derivatives thereof, wherein RA in each occurrence can be alkyl, cycloalkvl, aryl, aralkyl,
substituted alkyl, substituted aryl, or substituted aralkyl having from | to 20 carbon atoms. Examples of
alkoxy or aryloxy groups ( OR") groups include, but are not limited to, methoxy, ethoxy, propoxy,
butoxy, phenoxy, substituted phesoxy, angttresfike. In each occurrence, sulfur groups arc
sulfur-containing groups, Bxafin i de,dut are not limited to, SR-4 and the like,
including substituted derivatives theredF Wherein R4 each occurrence can be alkyl, cycloalkyl, aryl,
aralkyl, substituted alkyl, substitutgd-2&yl, or sthstituted aralkyl having from 1 to 20 carbon atoms.  In
each occurrence, nitrogen groups arc (“) n-containing,groups, which include, but are not limited to
NR'., and the like, including substitutec atives fpere0f, wherein RA in each occurrence can be
aIkyI cycloalkyl, arvl, aralkyl, substituted & substituted & v or substituted aralkyl having from 1 to
20 carbon atoms.  In each occurrence, phosphorys grou o -- € ph9§phorus-containing groups, which
include, but are not limited to, PRA,, P(ORA),, and “the e, ingftding substituted derivatives thereof,
wherein RA in each occurrence can be alkyl, cycialkyl, 2 “ bstituted.alkyl, substituted aryl,
or substituted aralkyl having From | to 20 carborratonts bead] jrence, arsenic groups are
arsenic-containing groups, which include, but are not limited to, AsSR=A™ As (ORA),, and the like,
including substituted derivatives thereof, wherein RA in each occurrenceican be alkyl, cycloalkvl, aryl,
aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl havingfre®1 1 to 20 carbon atoms. In
each occurrence, carbon groups are carbon-containing groups, which in de, but are not limited to,
alkyl halide groups that comprise halide-substituted alkyl groups witp, 1 €0 arbon atoms, aralkyl
groups with 1 to 20 carbon atoms, -C(\TRA)T-I, C(N-RA)RA, C(MRA)QRA and the like, including
substituted derivatives thereof, wherein R-4 in each.a * e call b8 m cycloalkyl, aryl, aralkyl,
substituted alkyl, substituted gryl, or substituted ayalkyl haw#ty fro Bon atoms.  In each
occurrence, silicon groups argsilicon-containing ghpups, which g}zclude, Byt aré not limited to, silyl
groups such as alkylsilyl gretips, arylsiyl:groups, alylalkylsilyl groups, siloxy groups, and the like,
which in each occurrenge from-1 tO\20 _carbon atoms. For example /sikcon group substituents
include trimethylsilyl and™y \ ctyIS|I @ ps—In each occurrence, germanium groups are

germanium-containing gro shH1Clude; but are not limited to,

Ph Ph




germyl groups such as alkylgermyl groups, arylgermyl groups, arylalkylgermyl groups, germyloxy
groups, and the like, which in each occurrence have from 1 to 20 carbon atoms. In each occurrence,
tin groups are tin-containing groups, which include ¥t are not limited to, stannyl groups such as
alkylstannyl groups, arylstannyl groups, arylalkylsnanyl groups, starmoxy (or "stannyloxy") groups, and
the like, which in each occurrence have from 1 to 20 carbon atoms. Thus, tin groups include, but are
not limited to, stannoxy groups. In each occurrepgg.Jead groups are lead-containing groups, which
include, but are not limited tQ-gk ps=aryllead groups, aalkyllead groups, and the like, which
jms. In each occurrence, boron groups are

12-4 in each occurrence can bé ) W}"aryl, aralkyl, substituted alkyl, substituted aryl, or
gash occurrence, aluminum groups are
aluminum- contalnlng groups, WhICh inchyde, but are A0 [ AIRAX, wherein X is

9 youps that may be used as s ubs t
tueats, in each occurrence include, but are not limited to  0AS ]3 OPX2, SX, AsX2, PX2, and
the like, wherein X is a monoanionic group such as hyg#d N 7 ¥s,. alkyl thiolate, and the
‘ 2 futed aryl, or substituted

aralkyl group or substituent on these ligands has from 1 to 20 carbon atoms. Examples of
organometallic groups that may be used as substituents, in each occurrence, include, but are not
limited to, orga.noboron groups, organoaluminum groups, orgtnowdl ium groups, organos ii icon
groups, organogerman ium groups, orwmaogin groups, orgtnoletd groups, orwmo-transition metal
atoms. Formula (1), depicted above, illustrates that

N . BN are homonuclear, because each metallocene moiety
linked by the alkenyl linking gr%p IS phie sagme and contains the same metal center. N4 can be Zr, 'If,
or Ti in the present invention. In,a-€f 3
E is either carbon or silicon. 12A-, It @r in the alkeny Iinking group independently are selected
from a hydrogen atom, or a substitutéekest i [

rpentyl, hexyl, heptyl, octyl,
nonyl, decyl, or trimethylsilylmethyl. In another aspect, 12:'"s frydrogen atoms. -12-x-, Rr, and

P. independently are a substi-




12 a lute(’ or Lmsubstituted aromatic group, for example, having up to 20 carbon atoms, in yet another
aspect of the present invention. Rr, and itz- independently are a methyl, ethyl, propyl, butyl,
pentyl, hexyl, phenyl, naphthyl, tolyl, henzyl, cyclopéntyl, cyclohexyl, or cyclohexylphenyl group, or a
hydrogen atom, in other aspects of this invention. Further, R-k, Rr, and Rz independently can be
methyl, phenyl, benzyl, or a hydrogen atom in another aspect of the present invention.  The integer n
in formula (1) determines the length of the alkenyl linking;group and ranges from 0 to 12, inclusive. in
one aspect of this inventign, n ig 8l 1o O 3, 4 , 6, or 7. In a different aspect of the present
invention, itis 1, 2, 3, 4,6 NG @ pAHe ~or 3 in other aspects of this invention.
According to yet another aspect afithe pgresent |nvent|on both X1 and X2 are methyl groups, phenyl
groups, or chlorine atoms. In thisaspest. X.4 isiasubstituted cyclopentadienyl group, and X3 is a
substituted tluorenyl group. In one aspg€t, e substituteg-fluorenyl group is substituted with two butyl
substituents, for example, two tert-butyl sybstituen&. In thesg_and other aspects, M is Zr or Iff; nis 1,
2.3.0r4; Rjr, R37, and  are hydrogen atems; and\Al is gcarfjon bridging atom having either two
methyl or two phenyl substituents.  In accordance:w e aspect of the present invention, both
Xl and X2 in formula (1) are chlorine atoms. In thjs aspect, nge front 1 to 10, inclusive. In a
different aspect, Xl and X2 are chlorine atoms;-either X#G Ubgtitutéd-eyclopentadienyl group,
and the other is a substituted fluorenyl group; Afisa s grca hfidging atom, optionally
substituted with one or more methyl or phenyl substituents Rrr, RI", and Rz- are hydrogen atoms; M is
Zr,'lf, or Ti; and n'is either 1, 2, 3, 4 An example O r a dinuclear compound in accordance with
the present invention is the follg giind, which is abbreviated "1 )M F," | 1" throughout
thisdisclosure:  Applicants have-tSed the abbreviation Ph for phenyl. Other illustrative and
non-limiting examples of dinuc|ear co ds of the present invention include the following:

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 synthesiz-
ing a dinuclear metallocene compound is illustrated in the
general reaction scheme provided below:



1.3 14 -continued
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A metallocene catalyst having an alkenyl substituent is
linked to itself via the olefin metathesis reaction in the pres-
ence of a suitable catalyst. Generally, the alkenyl substituent
can be ol any length, and can be, [or example, a substlituent on
a cyclopentadienyl-type group (e.g., cyclopentadienyl, inde-
nyl, fluorenyl). In the reaction product, the metallocene moi-
eties are connected by an alkenyl linking group. Ethylene gas
is also produced in this reaction.

Various metal-based catalysts can be emploved in an olefin
mectathesis recaction. The metals often usced include ruthe-
nium, 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 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 tactors,
for instance, the desired reaction temperature and solubility
of either the metallocene reactant or the dinuclear metal-
locene in the particular solvent.

Suitable olefin metathesis reaction temperatures to pro-
duce dinuclear metallocene compounds ot the present inven-
tion are generally in a range from about —50° C. to about 150°
C. For example, the reaction temperature can be in the range
from about 0° C. to about 100° C. The reaction temperature
selected is often a compromise between many variables, such
as the solvent employed, reaction pressure, reaction time,
quantity and type of catalyst, product yvield and selectivity,
and isomer ratio, if desired. Further, the metathesis reaction
equilibrium can be driven towards the dinuclear metallocene
productifethylene 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 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:

-Bu -Bu

Ph.,, wCl
oC i
P o)



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 kir synthesizing a dinuclear
metallocene compound is illustrated in the generaliredction scheme provided below: 16

metallocene catalyst having an alkenvl substituent is linked to itself via the olefin metathesis reaction in
the presence of a suitable catalyst Generally, the alkenyl substituent can be of any length, and can be,
for example, a substituent on a cyclopentadienylstype,graup (e.g., cyclopentadienyl, indenyl,
lluorenyl). in the reaction product, tfie metallocené moieties are connected by an alkenyl linking
group. Ethylene gas is also produets \far
employed in an olefin metathesis reacfion. T
molybdenum, and nickel. In the example§:u

eta sgften used include ruthenium, tungsten,
Ja Grubbs 1st Generation Metathesis Catalyst

catalyst Metathesis reactions can be cong d in the presence of a solvent such as, for example,
bitabtesaleefits useful in the production of dinuclear
i zene, toluene, heptane, isobutane,
newupon many factors, for instance, the
er the metallocene reactant or the dinuclear
metallocene in the particular solvent. Sj;u‘,ble otefifl metathesis reaction temperatures to produce
dinuclear metallocene compounds of the presept invention are generally in a range from about -50 C.
to about 1500 C. For example, the reactio 1 erature can be in the range from about 0 C. to about
100' C. The reaction temperature selected is ofter proftiSepetween many variables, such as

the solvent employed, reaction preactio uantity and type of catalyst, product yield and

selectivity, and isomer ratio, if, des hesis, reaction equilibrium can be driven
towards the dinuclear metallocene préduc ene gas is removed or vented from the reaction
system. Generally, there is no limit-itidr-qr sglettibn of the meta llocene compound that can be
used to form the dinuclear compoundspb(th r semﬁ\/ention, other than the presence of an alkenyl
substituent on a cyclopentadienyl, indeny!ls renyl group. Some examples of metallocene
compounds that can be used to produce di of the present invention via the olefin
metathesis reaction scheme above j limited to
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-continued 20 -continued and the like. Applicants have used the abbreviations Ph for phenyl, Me for
methyl, and t-Bu for tert-butyl. 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 The present
invention also relates to catalyst compositions employing dinuclear metallocene compounds.
According to one aspect of the present inventiora€atalyst composition is provided which comprises a
contact product of at least offe d affocene compound and at least one activator-support.
This catalyst composition cag 2
catalyst compositions can be ut|||ze ,
variety of end-use applications. th‘ce:at Ieaztoge dinuclear metallocene compound in these catalyst
compositions has the formula: X iX3X8x <

/ ;




JLNG LN AVt isA4AT .- %. L, XAX2; X2 X4\ FLRXR YERVRY . 7-((2EI2)'-CRZ=CRZ-
(CH 2)"wherein: X'and X2 independently are a halide or a substituted or unsubstituted aliphatic,
aromatic, or cyclic group, or a comb inat ion therecfp °

-continued

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

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

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 organocaluminum compound. These catalyst com-
positions can be utilized to produce polyolefins, both
homopolymers and copolymers, for a variety of end-use
applications. The at least one dinuclear metallocene com-
pound in these catalyst compositions has the formula:

@

X3 X!

XA SN

M Al A M
2/ ~N 4/ \X4, \XZ.
X X\ yd >

LRIRY ERYRY
(CIL),,— CRZ=CRZ*— (CHo,),
wherein:

X' and X? independently are a halide or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a com-
bination thereof;

X3 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 unsub-
stituted 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 independently are a hydrogen
atom or a substituted or unsubstituted alkyl or alkenyl group;

Al is a substituted or unsubstituted bridging group com-
prising either a cyclic group of 5 to 8 carbon atoms, a bridging



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 unsu bstituted alkyl or alkenyl
group; X4 is a substituted cyclopentadienyl, indeny1ct tluorenyl group, any substituents on X4 other
than the bridging group and an alkenyl linking group independently are a hydrogen atom or a
substituted or unsubstituted alkyl or alkenyl group; Ai is a substituted or unsubstituted bridging group
com- prising either a cyehegsonpcd Saidhcarhen atams;rahridging ., 2kehaimoh 2 to 5 carbon atoms,
or a carbon, silicon, getFth?ﬁ’lﬁﬂdP e, MiRb! WW&W gtBﬁHg@iﬁg a‘m‘j‘m any substituents on

A' independently are aﬁyﬂfﬁ(ésgﬁlﬁg{fﬁsdeﬁaflldﬁé ﬁﬁéegahﬁ,’&@g IStEE A g‘hﬁ&g aromatic, or cyclic

group, or a combinationrthereokiNdiisnZmigoor Ti; E is carbon or silicon;

M is Zr, HI, or Ti;

E is carbon or silicon;

R*, R*, 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 O 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 cyclo-
pentadienyl groups, E is carbon, R*, RY, and R are each
hyvdrogen atoms, and n is equal to O.

In accordance with this and other aspects of the present
invention, it is contemplated that the catalyst compositions
disclosed herein can contain more than one dinuclear metal-
locene compound and/or more than one activator-support.
Additionally, more than one organoaluminum compound is
also contemplated.

In another aspect of the present invention, a catalyst com-
position is provided which comprises a contact product of at
least one dinuclear metallocene compound, at least one acti-
vator-support, and at least one organoaluminum compound,
wherein this catalyst composition is substantially free of alu-
minoxancs, organozinc compounds, organoboron or orga-
nobhorate compounds, and ionizing ionic compounds. In this
aspectl, the calalyst composition has catalyst aclivily, Lo be
discussed below, in the absence of these additional co-cata-
lysts.

However, in other aspects of this invention, these co-cata-
lysts can be employved. For example, a catalyst composition
comprising at least one dinuclear metallocene compound and
at lecast onc activator-support can further comprisc at least onc
optional co-catalyst. Suitable co-catalysts in this aspect
include, but are not limited to, aluminoxane compounds,
organozinc compounds, organoboron or organoborate com-
pounds, ionizing ionic compounds, and the like, or any com-
bination thereof. More than one co-catalyst can be present in
the catalyst composition.

In a different aspect, a catalyst composition is provided
which does not require an activator-support. Such a catalyst
composition comprises the 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 orga-
noborate compound, at least one ionizing ionic compound, or
combinations thereof. In this aspect, the atleast one dinuclear
metallocene compound is selected from:

(D

1 3 X3 X]

NN N o
M Al A M

2/ ~ 4/ \X4/ \XZ'

X X ya 4
ERYRY /FRXRY
{(CH),— CRZ=CR?— (CH2),
whercin:

X! and X? independently are a halide or a substituted or
unsubstituted aliphatic, aromaltic, or cyclic group, or a com-
bination thereof,

X2 is a substituted cyclopentadienyl, indenyl, or fluorenyl
group, any substituents on X? other than a bridging group



Rr, and R." independently are a hydrogen atom, or a substituted or masubstituted 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<oth X' and X' are chlorine atoms, both X' and
X4 are cyclopentadienyl groups, E is carbon, R', IC and R." are each hydrogen atoms, and it is equal to
0. In accordance with this and other aspects of the present invention, it is contemplated that the
catalyst compositions diseclosed:heteir-Canycebirin noresthas.esetisuclean saetallocene compound
and/or more than one %T}Vatb?lwgpbﬂllﬁﬁﬂlt%ﬁaw more than one organoalumlnum compound is

also contemplated. g}@ﬂpﬁgﬁﬁu TN RIALN ] geélet(;aﬁ:en mdel%g@?gugf;ﬁegﬁiposmon is provided
which comprises a contatt-pretuctyofiatdaastonerdintigleartetaliocenaxcompoaund, at least one

activator-support, and ¥ (83t b orgaidatitng WREFEIN HeiE Eatalyst composition is

a sub Or unsu stltutg rld mng group

substantially free of alyminaxanas: SLGINCZNGEANPALIA ar&l;ga. @ral@,@ag@amoborate compounds,
and ionizing ionic comgwndst Arcthisaaspeetothe. catadysbeonsy m'eaﬂhagleataiyst activity, to be

discussed below, in th ﬁp%ﬁﬁ@%@ﬁﬁﬁ% @gg@gwmﬁ@g VIR other aspects of this

invention, these co-catalystsicanulie 1Homexample acatalysiicogposition comprising at

least one dinuclear meta ﬂ;lg?fefﬁ Pnpb eézﬁd at least one activator-support can further comprise at
least one optional co- catgygg@ig@hg gglggltlalysts in this aspect include, hut are not limited to,

aluminoxane compoundszorgrneziadcomparndsnorganohdrenrogenganohorate compounds, ionizing
ionic compounds, and St‘ﬁ‘ésﬁ‘l?éte& WL EoHTB SN, Q}B?]éﬁf‘f\ﬂd?\ré"fh%\thcoﬁﬁ ¢3Fafalyst can be present in

the catalyst composmon n 1s’lalﬁlﬂiﬁ§$8n£ aspact acatalysticompesitian is provided which does not
require all activator- sugpmlthmhra P&I‘g;s‘t%bm posHio F@?%Ijé%méepproduct of at least one

1 i b th
dinuclear metallocenelqgmaqg TeAT0Re R8ound selatea- S5 Jgast one aluminoxane
compound, at least onley@hgmeroanm@omp@md ealum;;ts’t@ne org,anoboron or organoborate compound,

at least one ionizing |0ﬁ§§§?§§é§gﬁﬂ’§@’e@m|g@@g§4gg%rseggr4&@§apa§9§cgbme at least one dinu
clear metallocene compsiindds selegied-fiiomi(4gX3X' XIX3arNupport., In. o%:...,ALM MAI,24..4** N.

aspect, the activator-support comprises a chemically-treated
solid oxide. Alternatively, the activator-support can comprise
a clay mineral, apillared clay, an exfoliated clay, an exfoliated
clay gelled into another oxide matrix, a layered silicate min-
eral, a non-layered silicate mineral, a layered aluminosilicate
mineral, a non-layered aluminosilicate mineral, or any com-
bination thereof.

The chemically-treated solid oxide exhibits enhanced acid-
ity as compared to the corresponding untreated solid oxide
compound. The chemically-treated solid oxide also [unctions
as a catalyst activator as comparcd to the corresponding
untreated solid oxide. While the chemically-treated solid
oxide activates the metallocene in the absence of co-catalysts,
it is not necessary to eliminate co-catalysts from the catalyst
composition. The activation function of the activator-support
is evident in the enhanced activity of catalyst composition as
awhole, as compared to a catalyst composition containing the
corresponding untreated solid oxide. However, it is believed
that the chemically-treated solid oxide can function as an
activator, even in the absence of an organoaluminum com-
pound, aluminoxanes, organoboron compounds, ionizing
ionic compounds, and the like.

The chemically-treated solid oxide can comprise at least
one solid oxide treated with at least one electron-withdrawing
anion. While not intending to be bound by the following
statement, it is believed that treatment of the solid oxide with
an electron-withdrawing component augments or enhances
the acidity of the oxide. Thus, either the activator-support
exhibits Lewis or Brensted acidity that is typically greater
than the L.ewis or Bronsted acid strength of the untreated solid
oxide, or the activator-support has a greater number ol acid
sites than the untrcated solid oxide, or both. Onc mcthod to
quantify the acidity of the chemically-treated and untreated
solid oxide materials is by comparing the polymerization
activities of the treated and untreated oxides under acid cata-
lyzed reactions.

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



4' 4,,4'X4X44, X2 x4 'N....7 ERAKIERXR) ',...X (CH -)) -C R.z = C 12z - (CIl,), wherein: X1 mid X'
independently are a halide or a substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a
combination thereof, X'is a substituted cyclopertadienyl, indenyl, or fluorenyl group, any
substituents on X' other than a bridging group 22 independently are a hydrogen atom or a substituted
or unsubstituted alkyl or alkenyl group;

clectron-withdrawing componcent, typically an clectron-with-
drawing 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 ce/g. According to another
aspect of the present invention, the solid oxide has a pore
volume greater than about 0.5 cc/g. According to yet another
aspect of the present invention, the solid oxide has a pore
volume greater than about 1.0 cc/g.

In another aspect, the solid oxide has a surface area of from
about 100 to about 1000 m?/g. In yct another aspcct, the solid
oxide has a surface area of from about 200 to about 800 m3/g.
In still another aspect of the present invention, the solid oxide
has a surface area of from about 250 to about 600 m?/g.

The chemically-treated solid oxide can comprise a solid
inorganic oxide comprising oxygen and at least one element
selected from Group 2,3,4,5,6,7,8,9,10,11,12,13, 14, or
15 of the periodic table, or comprising oxygen and at least one
element selected from the lanthanide or actinide elements.
(See: Hawley’s Condensed Chemical Dictionary, 117 Ed.,
John Wiley & Sons; 1995; Cotton, F. A.; Wilkinson, G.;
Murillo; C. A.; and Bochmann; M. Advanced Inorganic
Chemistry, 67 Ed., Wiley-Interscience, 1999.) For example,
the inorganic oxide can comprise oxygen and at least one
element selected from Al, B, Be, Bi, Cd, Co, Cr, Cu, Fe, Ga,
La, Mn, Mo, Ni, Sb, Si, Sn, Sr, Th, Ti. V., W, P.Y, Zn or Zr.

Suitable examples of solid oxide materials or compounds
that can be used to form the chemically-treated solid oxide
include, but are not limited to, Al,O;, B,O,;, BeO, Bi,O5,
CdO, Co;0,, Cr,O,, CuO, Fe,O;, Ga,O,, La,O;, Mn,O,,
MoO;, NiO, P,Os, Sb,O5, Si0O,, SnO,, SrO, ThO,, TiO,,
V.05, WO,,Y,0;, ZnO, ZrO,, and the like, including mixed
oxides thereof, and combinations thereof. For example, the
solid oxide can be silica, alumina, silica-alumina, aluminum
phosphate, heteropolytungstates, titania, zirconia, magnesia,
boria, zinc oxide, mixed oxides thereof, or any combination
thereof.

The solid oxide of this invention encompasses oxide mate-
rials 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
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-alumi-
nate, and the like.

The electron-withdrawing component used to treat the
solid oxide can be any component that increases the Lewis or
Broensted acidity of the solid oxide upon treatment (as com-
pared to the solid oxide that is not treated with at least one
electron-withdrawing anion). According to one aspect of the
present invention, the clectron-withdrawing component is an
electron-withdrawing anion derived from a salt, an acid, or
other compound, such as a volatile organic compound, that
serves as a source or precursor for that anion. Examples of
electron-withdrawing anions include, but are not limited to,
sulfate, bisulfate, fluoride, chloride, bromide, iodide, fluoro-
sulfate, fluoroborate, phosphate, fluocrophosphate, trifluoro-
acetate, triflate, fluorozirconate, fluorotitanate, trifluoroac-
etate, triflate, and the like, including mixtures and
combinations thereof. In addition, other ionic or non-ionic
compounds that scrve as sources forthesce clectron-withdraw-
ing anions also can be employed in the present invention.

Thus, for example, the chemically-treated solid oxide used
in the catalyst compositions of the present can be fluorided



X4 is a substituted cyclopentadienyl, indenyl, or thforenyi group, any substituents on X4 other than the
bridging group and an alkenvl linking group independently are a hydrogen atom or a substituted or
tmsubstituted 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 o 12 to 5 carbon atoms, or a carbon,
silicon, germanium, tin, boron, nitrogen, or phosphorus bridging atom, any substituents on Al

independently are a hygrogen alivy:ata substiited.arunsuhstituied.aliphatici.aromatic, or cyclic
group, or a combinatiomitirerBedridgd klka-Hfgid; Ehlrcmdenior-silicoma: Biy- R1', and Rs
independently are a hﬁ(éeg%ﬁfélmcaféiﬁ’ﬁﬁ@g?@féﬁ g;;,ég]Sﬂ%ﬁgi%ﬁﬁ]féialﬁﬁo i€ *Sromatic, or cyclic
group, or a combinatiorrthiereotfand riis-arrinteger. ind randadrome0nd hizitinokusive.  with the

proviso that Al is not atgﬁﬁﬁé‘lpggﬁgigg&;gm wpﬁgrp‘q,g@(;c@gggg%@g&gpggees agfoms, both X' and X4
are cyclopentadienyl graups; <o ig sarbenyvWHyR&iapchiksareeachhydiogen atoms, and it is equal to

0. Activator-Support TR bESETIFReHIRIFMTAT RS e in Batastydfibositions which can
include an activator-suppat<mangiaspeais thewastivator-suppeHcomprEes sa:ﬁﬁemically-treated solid

oxide. Alternatively, thésa%ﬁgagtﬁﬁgﬂ‘egﬁpﬂ pecigevioiisRe gel:Va] ;@Fali,tn@elﬁ(q‘@riéﬁtclay, an exfoliated

re

clay, an exfoliated clay.gellad inte anothar Gxide-mattix. @ ayesedsdicae mineral, a non-layered
silicate mineral, a layeredralamifesiicaterminerhs, a%ﬁmlayérediarunﬁmes?ﬁeatéqnineral, or any

combination thereof. ﬁfﬁ?ﬁ%ﬁ@fﬁﬁﬁﬁ?ﬁ%ﬁgﬁé Ahaace

phibLsieinanced,ataity as compared to
the corresponding untréatedtsdlithoxidercompobidine ehecmit;aﬂg:lﬁeatedl@od:idtoxide also functions

as a catalyst activator ﬂﬁ‘ﬁﬁﬁﬁ@ﬁﬁ?pﬂﬂﬁﬁg@éﬁﬁ%ﬁﬁ@%@ﬁ LR BRI While the

chemically-treated solid exideactivatestheonetailooenerimthe abgenge ef«coscatalysts, it is not

necessary to eliminate}EortaRTYaRs T the XA seIMBIRIRIT: T3 AGtVatigl function (3 1- the

activator-support is evitlentda the-erahansathachviby ef-catalystienmpositiosbasa whole, as compared

to a catalyst compositiﬁm@%ﬁiﬁg ﬁ%@g@%@@?gg%@ﬁ%gﬁu@yeven it is believed

that the chemically-treatzgqli&q)l' axideican fineionas @a@&uua&%.m&hﬁaglabsence of an

organoaluminum comm&%ﬁﬁrﬁﬁﬁ*&ﬁ@f@?g&ﬁ@W@#P@g?ﬁpmds,w&iﬁ’g%nic compounds, and
£_LE

the like. The chemicaily:Faated. soli oxidercan Comprise at least one solid oxide treated with at least

one electron-withdrawin ézrmi@mr\klhﬂelneﬁmﬁﬁdmgawmmmwmmg statement, it is

believed Mat treatmenifgﬁh%fé’@aﬁﬁgﬁﬁ/jﬂiﬁiﬁpﬁeﬂrﬁﬁ&ﬁsiﬂ;ﬁeﬁﬁ@ﬁ&&ﬁs@leﬁ@ 1t augments or
enhances the acidity oftheroxided Thius, efilher ¢heactivatonsuppod exhibits-bewis or Bronsted acidity

that is typically greater’ fRRIHEL S S 3o ey st Suienbth ol tHe Lt ekl solid oxide, or the

activator-support has agigatepriypnben o acichsites-thandherunty eated solid:axide, or both. One

method to quantify the%’fggc b pr@%lmmg@'gﬂg%ﬁﬁ%@@v %@JE&QX!% materials is by
comparing the polymesizationacities.of dhadreated-and unitcated-oxidasrinder acid catalyzed

reactions. The chem?éﬁﬂgg(]:gﬁ%d tsooggm%igreagf ‘tergilsoip\t/]gntiggqiesnltbirmg]qtgjennq{%lIy from an inorganic
solid oxide that exhibit@ﬂ&w&ﬁgﬁg@éﬁmﬁa@ﬁmd&b@%g@w&ﬂ%a&a@ﬁ@ely high porosity.
The solid oxide is chempiedtyatreated: withignd 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 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 alumina, zinc-imprcgnated
fluorided alumina, zinc-impregnated chlorided silica-alu-
mina, zinc-impregnated fluorided silica-alumina, zinc-im-
pregnated sulfated alumina, chlorided zinc aluminate, fluo-
rided 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 used. The method by which the oxide is
contacted with a metal source, typically a salt or metal-con-
taining compound, can include, but is not limited to, gelling,
co-gclling, impregnation of onec 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 calcin-



23 electron-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 voluraé greater than about 0.1 cc/g. According to another
aspect of the present invention, the solid oxide has a pore volume greater than about 0.5 cc/g.
According to yet another aspect of the present invention, the solid oxide has a pore volume greater
than about 1.0 cc/g. ila anethenaspeciththe salichoxdeaibas@isufaca.atea obirom about 100 to
about 1000 m2/g. In yéﬁﬁﬂ@tﬁ@?ta%p%%tﬂ’fbf%ﬁﬁ%Rﬂéiﬁasi‘&wfabéla?’é‘&?ﬂiﬁg? about 200 to about
{

800 m2/g. In still anotﬁé?éﬁ%q%@ﬁfﬁ SNt VR The Ié)éﬁad,gggenﬁggaag%;sggface area of from
about 250 to about 608fm/gsed Thenahemicalydireattd solidokideeanicomprse-a solid inorganic

oxide comprising oxygef IR SetiEl S AIEATGIoYn 2,3, 4,5, 6, 7,8, 9, 10, 11,
12, 13, 14, or 15 of th%&a@gﬁﬁgt HICRINBURING, QXpgenaldial @meeej@ment selected from
the lanthanide or actinide elgidentsidSeae: Eavwely's'CondenseebChermcdidictiorary, 1 1" Ed., John

Wiley 8.2 Sons; 1995, e & o, ST o M e A B BURTERAR: M. Advanced
Inorganic Chemistry, 6aE&dicWileysipterssienae 10 ikon exasnle, theidinergaanic oxide can
comprise oxygen and ‘@eleast orfe efdaserusaidded frong AR BecBicedaEd, B¢, Cu, Fe, Cia, La,
Mn, Mo, Ni, Sb, Si, Sne.8L; al;ﬁ%ﬁﬂzﬁlﬁ??ﬁg CARSBIR EXEMPIEE 51S0iid Oxide materials or
compounds that can he osethbios feroe¢he:-chemicaliyetreatediselichexide:includeidsut are not limited to
A1,0,, B20,, Bet), Bi3(;@1%;@%5“@%@?@56?#3;@3?@?&?@?Hg@p%ﬂﬁ@ﬁg--Mo, P205, Sh,05,

SI0" SNO", 510, ThO,, 118 w20l b3, 2R O:. Rhd Bk Ika - nelidiogsmixed oxides thereof;

and combinations theréef~FEor eramplevthe. Jolid oxidecamdsetsiicei<akathaxsitica-alumina,

aluminum phosphate,@E{gﬁﬁgﬁ&ﬁ(@ﬁgﬁ@gﬁﬁf@tg%@gﬁéﬁﬁ@ ZHOPRY Ziic oxide, mixed oxides

thereof; or any combinatien ﬁﬁeefduri]—lgecﬁ()ﬁdtgﬁ(id%o:f&%iﬁ ieRtieh epocampasses oxide materials
such as alumina, "mixednéxidesd cgﬁmﬁlmd?m@wma%isﬁi@@iﬂumcana%mbinations and

mixtures thereof. The ﬁé@’éﬂ@gﬁgﬁﬁﬁ%@%&ﬂ%ﬁﬁ%@@@é Sina e Be SfGle or multiple
chemical phases with sagse-thanionsimetahadmmbined withh expgeredo Folina-asalid.oxide compound.

Examples of mixed owgg@gﬁaiggﬁa%qsﬁﬂﬁg%@gy%&éi@@ﬁ@@@%’invention include,
but are not limited to, ¢ 376.415. SikexWaniacSHICAZICONa: ZEQIHES, ¥artolssray m inerals, alum
ina-ti tani al LIM i na-zirée®ia4 zinccdl4tadte cafidcii@ ikes. 6 TRHel8lectrof3nfathéirawing component

used to treat the solid %ﬁéé@ﬁ%‘éﬁj §§rj I@&ng}ﬁ ﬂﬁ?ﬁ?ﬁf&?&g@%ﬁﬁ‘?ﬁeﬁﬁsﬁbﬂ%ronsted acidity of

nce 111 1 S1lir

the solid oxide upon treaitrest{asaobparegtetbe salidroxide Ig@éﬂﬁﬂﬂlﬂﬁ%&leﬂdlvith at least one
electron-withdrawing ?‘m@ .I%@Gei‘gﬁﬁg Tb@ﬁfﬁ%pé@?@?ﬂné?p@s?ﬂﬁm%#ﬁiwﬁfﬁm
electron-withdrawing ¢OfRPGRERLIS AN Slect oot ARG Ao deived fbi& salt, an acid, or other
compound, such as a uelatiie orgaRic: coRpoLH1t; thattserves asa-gouste Dfpuesursor lin- that anion.

Examples of electron-ggeﬁm;%a e @@@S@%@ﬁ%ﬁﬁ@ﬂmﬁéﬁgﬁ%ﬁ@ﬂiﬂsul fate, fluoride,
chloride, bromide, iodiglg, %ﬁﬁ{é,ﬂggfg ata:p Qﬁﬂﬁﬁ@@&@g&ﬁ&é trittuomacetate,
trillate, fluorozirconatevfitishatitanatenipil toroacelatesdntiatel audl thielilked meluting mixtures and

I

combinations thereof. ff f?ﬁ@ﬁé@hgm QRICIPHNON:IRNIC.CAMPRINLS thatsereas sources for these
electron-withdrawing arors alstreambecemployed.invihepresentinventiorid ofFus, for example, the
Al

; ; niey ! e
chemically-treated solffl35}f& (SRR L EAtaINS: SO SN S UL IR hIEBERE ¢an be fluorided 24

another, and the like. Thus, following any contacting method,
the contacted mixture ot the solid oxide, electron-withdraw-
ing anion, and optional metal ion, is calcined.

The solid oxide activator-support (i.e., chemically-treated
solid oxide) thus can be produced by a process comprising:

1) contacting a solid oxide compound with at least one
clectron-withdrawing anion source compound to form a first
mixture; and

2) calcining the first mixture to form the solid oxide acti-
vator-support.

According to another aspect of the present invention, the
solid oxide activator-support (chemically-treated solid oxide)
is produced by a process comprising:

1) contacting at least one solid oxide compound with a first
electron-withdrawing anion source compound to form a first
mixture;

2) calcining the first mixture to produce a calcined first
mixture;



alumina, chlorided alumina, bromided alumina, sulfated alumina, fluorided silica-alumina, chlorided
silica-alumina, bro/hided silica-alumina, sulfated silica-alumina, fluorided silica-zirconia, chlorided
silica-zirconia, bromided silica-zirconia, sulfated siligaczirconia, and the like, or combinations thereof.
When the electron-withdrawing component comprises a salt of an electron-withdrawing anion, the
counterion or cation of that salt can be selected front any cation that allows the salt to revert or
decompose back to the ascidliwsingnealeintat:ikatiors that dictatehessuitabilityof the particular salt to
serve as a source for {fgleRERORWItHuraWG* aHIGHA fierrRE BUt afemotlifitedo the solubility of the
salt in the desired solvent) tha dack gfiadversereactivity.ofdhe cation; ien-paising-effects between the
cation and anion, hyg%&@@g&)@ﬂe‘g ignrggﬂgrd to the salt by the cation, and the like, and thermal
stability of the anion. Epgamgmfg& 1@5&@%@@%3;3?@@-§@m1fﬁ@déqgaaéaﬁﬁélrawing anion include,
but are not limited to &rﬂmma,%lﬁgﬂi@rmﬁé@ﬁumétteﬂ]a‘al ermonitdrdraetiaalkyl phosphonium, lit

e CO Qaun the solid oxi

FI(OEL,)21, and the lik&h o e thas, COmpINaToRS 0L Qs A N0T  Terant electign-withdrawing anions,
in varying proportions deawibpe used10 tailor¢hesperifieacidityofithe astivatortsdpport to the desired

level. Combinations oﬁ%ﬁ%ﬁﬁ@ﬁf@@ﬁ@ﬁﬁ@@i@iﬁ;&ﬁﬁ HEEONEAEE Wit the oxide material

sir/hilt-1- neously or individucilypard inamyosdesihabaifordsiheatesiyedehemigally-treated solid

oxide acidity. For exarthf, B TS TRVERION. 15 ERtioRiNG Hrddbre electron-withdrawing

anion source compouads in{waQk horesepakate:cortasting sieps.urs khus;i @ng example of such a
process by which an M%g}g gl ?ﬁd%@éﬁ?ﬁ@é&i@dﬁ?ﬁ%@ﬁ&ﬂ%% &lected solid oxide

., or alternatively, at

compound, or combinaion of Rxide.corpodn 1@&@@@%&%@%&3@%&3&Withdrawing anion
source compound to f%rﬁPHIfijE%t%’ﬂiB%{HI@? Wﬁspn}fﬁa@ﬂ@i@ C%P]g'm’efel ’azngftﬁghifébntacted with a
second electron-withdE@Wing anian, SOWtE-compatng: lainina secondbaixturg;the second mixture is
then calcined to form &'treatéd ot xidercompoaht: dmbaeit atproeebsrdlverditst and second

electron-withdrawing igﬁ’gﬂ(gﬁ&g@j@} (Rle ﬁgfé}f@%ﬁp%ﬁ%ﬁé;ﬁﬁ@%ﬂﬁﬁfﬁmpounds.

According to another aspesbotthe fikgsentinvestionthe:chemicalydireatechsolid oxide comprises a
solid inorganic oxide MBRSH L ke d ukigehatertl of L eombNais qritdrganic oxide materials,

1ng’'té one aspec presait invention,

that is chemicalIy-treamdwimaa&e@rm&m;gﬁd«awmg(ﬁﬁmp_ onamja&nd)ﬁptiqngally treated with a metal
source, including metaPgalfy, iné R8YE Higtal-ebRfAAIRYg €6 urtds. Non-limiting examples
of the metal or metal Egﬁﬁgﬁﬁé?g&%?&{;@é%&%ﬁ%@ﬁé@ lg%%ggtﬁ%aﬂium, tin, tungsten,
molybdenum, and theq@@lgFWQH§ t@@éf@%ﬁgﬁ%@ﬁﬁ@ﬁﬁ%ﬂﬂg%ed solid oxides that
contain a metal or mefahiap IeHd fﬁuﬁﬁ?@?ﬁf@f@@%@g%@m&éﬁa@iﬁgrided alumina,
titanium-impregnated Huenided -akursingining-mpregratedifludrided aluminalzihe-impregnated
chlorided silica—alumirﬁ’éﬁ&?@ﬁfg@céﬁﬁmqg@%%@ﬁﬁmmﬁﬁgﬁ%ﬁ@ted sul fated alumina,

chlorided zinc al Lull maieyibunritedizint alummMatessutfatedazinoialunmbinatedand the like, or any
combination thereof. SUATRHIENGG-sTMBEGTAAY HE SO HRierartat Bl a metal can be used.
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the method by which tha«xiseds-enatatte dwithaametaksoutea,iiy pia@iy-a sakk-o0r metal-containing

compound, can includehueis: fopinied Hrogetit d@%@l@@%nﬂ?ﬁ;{!ﬁﬁﬁﬂ%ﬁgne compound onto
another, and the like. ﬁ%ﬁ.&gﬁel uataetairégﬁ{a}n?%glggﬁmgg@ﬂ%@d e,étf@)%ilfmpregnated into the

solid oxide in solution ‘f’(fﬁ?}fﬁ%gdtbﬁb X %@a@ﬁé&i@?@ﬁﬁeﬁwm upon calc in- 25 ing.
Accordingly, the solid Iirianc.oxide can fitther comenrice a metah 88iee & 1tdm zinc titanium, nickel,
vanadium, silver, copper} gallinmirnltyAgster molybdeniinsaanchtihetike coflgombinations of these

. i iAg lybdenta .
metals. For example, ZJfEI<BG Diseid B RoREDhat R SOILISIE tekdfistifcan provide improved

catalyst activity at a lowigest luoTilensolig-oxidencamnbe dkeated withanetaksaltster metal-containing
compounds belbre, al@fidi 8 i SR %ﬂﬁf@’tﬁé’%@@uﬁﬁn@@g}gﬁ@@éﬁjﬁ the

sti¢cli as’ a or walcr 1nc

electron-withdrawing asiafrckallowing-asyrcontastingenethad;theieanigcted mixture of oxide

compound, electron-wittgg@viieRation, Bt iReemetal Joris tgpilas kgﬁigﬁ%ﬁemaﬂvely,asolid
oxide material, an elecifoR-Withslrawingranion SOUIGEn thaimataksaltror, metgl-containing

compound are contactedandiegiciredSirnabanecuSii-BFapoy osscdlmelused to font the
chemically-treated solﬂﬁgﬁ%@ﬁﬁﬁﬁé’ Eﬁéﬁ%ﬁ;ﬂ%@;ﬁﬁég}gﬁéﬁﬂﬁﬁmd solid oxide can
comprise the contact produet dicatddalst orreasahe oxide compdiic andedt ldalsttane
electron-withdrawing &R SERFEE It Ao réddiFrste s the Kot X7 toiuditthd be calcined prior to
contacting the electron-withesawingranionsouige i tre-contactnpratuci dypicadyris calcined either
during or after the solit'BXige ‘€6ipbintr & Shtacted Wit e elegtshswritiawing anion source. The
solid oxide compound can be calcined or uncalc ined. 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 TES. Pat, 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,
27 °

thoroughly contacting the solid oxide during the calcining
step can be used. For example, in addition to those fluoriding
agentls described previously, wvolalile organic [luoriding
agents can be used. Examples of volatile organic fluoriding
agents useful in this aspect of the invention include, but are
not limited to, freons, perfluorchexane, perfluorobenzene,
fluoromethane, trifluoroethanol, an the like, and combina-
tions thereof. Gaseous hydrogen fluoride or fluorine itself
also can be used with the solid oxide if fluorided while cal-
cining. One convenient method of contacting the solid oxide
with the fluoriding agent is to vaporize a fluoriding agent into
a gas stream used to fluidize the solid oxide during calcina-
tion.

Similarly, in another aspect of this invention, the chemi-
cally-treated solid oxide comprises a chlorided solid oxide in
the form ot a particulate solid. 'l'he chlorided solid oxide is
formed by contacting a solid oxide with a chloriding agent.
The chloride ion can be added to the oxide by forming a slurry
ol the oxide in a 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, volatile organic chloriding agents
can be used. Examples of suitable volatile organic chloriding
agents include, but are not limited to, certain freons, perchlo-
robenzene, 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 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 cal-
cining the solid oxide generally is from about 2 to about 50%
by weight, where weighl percent is based on the weight ol the
solid oxide, for example, silica-alumina, before calcining.
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 notlimited
to, suction filtration followed by evaporation, drying under
vacuum, spray drying, and the like, although it is also possible
to initiate the calcining step immediately without drying the
impregnated solid oxide.

The silica-alumina used to prepare the treated silica-alu-
mina typically has a pore volume greater than about 0.5 cc/g.
According to one aspect of the present invention, the pore
volume is greater than about 0.8 cc/g, and according to
another aspect ol the present invention, greater than about 1.0
cc/g. Further, the silica-alumina generally has a surface area
greater than about 100 m>3/g. According to another aspect of
this invention, the surface area is greater than about 250 m?/g.
Yet, in another aspect, the surface area is greater than about
350 m3/g.

The silica-alumina utilized in the present invention typi-
cally has an alumina content from about 5 to about 95%6 by
weight. According to one aspect of'this invention, the alumina
content of the silica-alumina is from about 5 to about 50%0, or
from about 8%6 to about 30%, alumina by weight. According
to vet another aspect of this invention, the solid oxide com-
ponent comprises alumina without silica, and according to
another aspect ot this invention, the solid oxide component
comprises silica without alumina.

The sulfated solid oxide comprises sulfate and a solid oxide
component, such as alumina or silica-alumina, in the [orm ofl



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 cobgatting it with at least one electron-withdrawing
component, typically an electron-withdrawing anion source. Further, the solid oxide material optionally
is chemically treated with a metal ion, and then calcined to form a metal-containing or
metal-impregnated chemueakytreatedisolivpoxideliAcaordingdeanother aspeet@aif-the present
invention, the solid oxfd’éﬂf‘ﬁét‘é’ﬁﬁ'l %ﬁtfé?bgfbﬁ“@%ﬁéﬁﬁgﬂﬁf&ﬁ%é@@éﬂ@’@ﬁﬁtaaed and calcined

simultaneously. Thalmeihad bymmatﬁmsamd&ﬁmam uhraeteﬁiraan|thdraW|ng
component, typically &°3ait- Qf\;@ﬁ?}@l ofans elettroriit Ly ?@lﬂ% it eafdiviute, but is not limited
to, gelling, co- gelllng,ﬁ;}w gﬁ@rgéﬁgﬁe g@mp@u R Aol @&&@E&ﬁ[hus following any

contacting method, th@é@ﬁfaci@dsrmmaﬁ?Soﬁi‘tr@esshdlbmlerfe#eeﬂ@ﬁlwﬁhdtmwmg anion, and optional

metal ion, is calcined 5, LNE, SOla HaE AR AR LR Siﬁfﬁ)ﬁ%ﬁuﬁ ?llyu‘ﬁqgaitgg solid oxide) thus can
be produced by a proeesstdom prisingdded.)Domattiegea:solisboxdes conlpdantluwith at least one

electron-withdrawing ﬁfﬁmﬁgﬁ§&mm@ﬁﬁﬁgﬂ@fﬁﬁlﬁfﬁﬁg 1%1‘?1’??“362) calcining the first

mixture to Form the solichoxiclelagtivatoirsuppert. ofAmsor tﬁ@za,nmta@maspscbﬁf the present

invention, the solid oxjgeéfggt NEAL O‘%‘ij‘q@@? @E@; [RAIRE: SO DRdENTS Pigduced by a process

comprising: 1) confagtingsa eqattmﬁlaodjﬂla&deoeﬁmﬁgn Mmtﬂeﬁ}rsﬁleéeemn-wnhdrawmg anion
ount of sulfate ion present before cal-
source Compound to femlgavﬁ TOm *%OIFE?I part by 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 S parts by weight to about 30 parts by weight sulfate ion
to about 100 parts by weight solid oxide. These weight ratios
are based on the weight of the solid oxide before calcining.
Once impregnated with sulfate, the sulfated oxide can be
dried by any suitable method including, but not limited to,
suction filtration followed by evaporation, drying under
vacuum, spray drying, and the like, although it is also possible
to initiate the calcining step immediately.

According to another aspect of the present invention, the
activator-support used in preparing the catalyst compositions
of this invention comprises an ion-exchangeable activator-
support, including but not limited to silicate and aluminosili-
cate compounds or minerals, either with layered or non-
lavered structures, and combinations thereof. In another
aspect of this invention, ion-exchangeable, layered alumino-
silicates such as pillared clays are used as activator-supports.
When the acidic activator-support comprises an ion-ex-
changeable activator-support, it can optionally be treated with
at least one electron-withdrawing anion such as those dis-
closed herein, though typically the ion-exchangeable activa-
tor-support is not treated with an electron-withdrawing anion.

According to another aspect of the present invention, the
activator-support of this invention comprises clay minerals
having exchangeable cations and layers capable of expand-
ing. Typical clay mineral activator-supports include, but are
not limited to, ion-exchangeable, layered aluminosilicates
such as pillared clays. Although the term ““support’ is used, it
is not meant to be construed as an inert component of the
catalyst composition, but rather is to be considered an active
part of the catalyst composition, because of its intimate asso-
ciation with the dinuclear metallocene component.

According to another aspect of the present invention, the
clay materials of this 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. How-
ever, the clay material activator-supports of this invention
also encompass clays that have been ion exchanged with
simple salts, including, but not limited to, salts of AI(III),
Fe(1l), Fe(I11) and Zn(I1) with ligands such as halide, acetate,
sulfate, nitrate, or nitrite.

According to another aspect of the present invention, acti-
vator-support comprises a pillared clay. The term “pillared
clay” is used to refer to clay materials that have been ion



2) calcining the first mixture to produce a calcined first mixture; 26  3) contacting the calcined first
mixture with a second electron-withdrawing anion source compound to form a second mixture; and

4) calcining the second mixture to form the solid oXiée activator-support.  According to yet another
aspect of the present invention, the chemically-treated solid oxide is produced or formed by contacting
the solid oxide with the electron-withdrawing anion source compound, where the solid oxide compound
is calcined before, dukrghai aftercontacting ihecelegtronywithaeawingranionsauce, and where there
is a substantial absent¥ b £ URH ﬁﬁlgggérg%fﬁﬁﬁaézlﬁ Branepsrate'témpdlinds, and ionizing
ionic compounds. C?ﬁfcﬁﬁﬁénéj % fg&tlgdliéf@;(v Cg,éﬁgr Vejgigifﬁ S(i‘.lféi ﬁian ambient
atmosphere, typically iarendriflaniiéentiatmospheérerlat actérmperateretfromrabdit 200 C. to about 900

C., and for a time of UL RIPETE 1 ABGEoY AGHRE, BARTh Ediacondiited at a temperature
hi chargec[ 1018, such 88 Kéggin to1is S€ poly
$80 ti '

of from about 300 C. iaahow a&x@fﬁmfﬂﬁﬁ%hiz&kﬁ&m@uﬁﬁéﬁim alout 400 C. to about
700 C. Calcining can Ee?lcleh’ctgetgﬁ ﬁh@béﬂﬁ%ﬂuﬂ@ﬁbéﬁi?ﬁ%@ﬂr§,1<6F1¥clfP>sil§qut 3 hours to about
20 hours. "thus, for exgiinle. calgIing cah Ve Cakied ouf forahdpt 1 1d ahgitdfhours ata
temperature of from abeut350 Geto-abpuitdhd Gilkny suitakienambientgtmosphere can be employed
during calcining. GenérgiRh caficlijtig 9s° ed M oxideing athfosprerEysich as air,

size hs a

Alternatively, an inert a;m&ﬁhg;&@%ﬁjﬁ%ﬁ@éﬁﬁéﬁ@ X le%llﬁe uging-atmesphere, such as
hydrogen or carbon meorgxideacandse tisddaringdaodnolii ctevaspe tbohthe:present invention, the

soid oxce material s EARANI oA ot SAE o epttpation ofanions
optionally treated withsadnedal yom.andthes calciied danprovdde the-chemicallystseated solid oxide in
the form of a particuIalllirefs,dl?%-6 %@jt%&tﬁ{blél. tﬁe%ﬂimp@ﬂ@@i@l fgtddted ﬁiﬂth a source of sulfate
(termed a "sulfating agefit.y; gﬁ%@gﬁjﬁﬁﬁéﬁs TS 8 cHibridiFgRgent, a source of fluoride
ion (termed a "fluoriding agenpijeriacombinationihereof, and calciresio previde the solid oxide
activator. ITseful acidi¢; Wisli(vis) ﬁ§in§l‘ﬂ‘d‘é‘?’§&‘t a???’fﬂteli‘?ﬁitﬁé@’f@dﬁiré ved alumina, chlorided
alumina, fluorided aILﬁEgrié,i Lfay Eﬁ&%{l&ﬁy % Zﬁiﬁiﬁ;ﬁﬁﬁ Orﬂegfgﬁfca-alumina, lluorided
silica-alumina, sulfatedisdregeadumiitabbromidedrehidrdedsiliceingziraohideflomrided silica-zirconia,

sulfated silica;irconiaggﬁ@f)écﬁdﬂgxig 3;?,1‘3%:% cﬁ@;&;@gﬁ@bﬂﬁg@@ﬁ@gg@j&i@b treated with
fluoride, chloride, or sulfateiphaspi aluninanmetberaluminaphesphates.pptionally treated with
sulfate, fluoride, or chiotite haHary tomtsination 6fthe movBUFurtheramp ofrtieese activator-supports

optionally can be trea@ﬁg@?}fﬁtﬁi&éﬁbpﬁeﬂ 1e% E@lﬁj EIVAIGEI Ls:bfﬁlgljglﬁﬁf@n comprise a
lluorided solid oxide irthe limreofgrparticiate-sokd ahhe:lycridedisetichoxide<an be formed by
contacting a solid oxidé it _asﬁ’tﬁ’ﬁﬁo‘i]ﬁl%ig?ﬁfb IBEISTIE fonTaR e a0ty the oxide by forming a

e 1 i i
slurry of the oxide in aogﬁ{&hte s(brwrél;ﬂt 16 ﬂhﬁﬁﬁ%ho}ﬁgr narfgﬁﬁclﬁd?ﬁﬁ?%ﬁtl not limited to the one to

three carbon alcohols betawpdlot¢hairayotatlity andleweslifaeceitedsiomn. Exanmdes of suitable

tluoriding agents |ncIu@§é§ﬁ%§iﬂf&@i§i@§j@%@ﬁ@g‘?ig‘i’}%r@‘Ig!jogoﬁﬁi)@@@ fluoride (14H4F),
amnion i urn lli fluorida{NET4dER), ammonaubtelraliio @%%i\i&&ﬁ&%écamnion iurn silicoll

luoride (hexafluorosili B A RSiA] }aammgﬁlr'aﬁﬁlh@xfafﬁjéﬂﬁ n&%&fﬁzﬁ ageefN- 1t1,13F,), analogs
thereof, and combina&?%%ﬁeﬁﬁ rs@g&fﬁﬁgﬁﬁﬁ%ﬁﬁﬁlﬁ an% an éﬁ fy -nZ(t:an be used as the
fluoriding agent, due toats %ﬁwgqys@mtdravmbiﬁtypsa ifidesivdd cthersotidcoxide is treated with a
fluoriding agent during tigsEafE it STERHATY ducriding 4960t 6aRaRIRAE compo-

sitions of the present invention can be combined with other
inorganic support materials, including, but not limited to,
zeolites, inorganic oxides, phosphated inorganic oxides, and
the like. In one aspect, typical support materials that are used
include, but are not limited to, silica, silica-alumina, alumina,
titania, zirconia, magnesia, boria, thoria, aluminophosphate,
aluminum phosphate, silica-titania, coprecipitated silica/tita-
nia, mixtures thereof, or any combination thereof.
According to yet another aspect of the present invention,
one or more of the dinuclear metallocene compounds can be
precontacted with an olefin monomer and an organoalumi-
num compound for a first period of time prior to contacting
this mixture with the activator-support. Once the precon-
tacted mixture of the metallocene compound(s), olefin mono-
mer, and organocaluminum compound is contacted with the
activator-support, the composition further comprising the
activator-support is termed the ““postcontacted” mixture. The
postcontacted mixture can be allowed to remain in further




27 thoroughly contacting the solid oxide during the calcining step can be used. For example, in
addition to those fluoriding agents described previously, volatile organic fluoricling agents can be used.
Examples of volatile organic fluoriding agents usef@bif this aspect of the invention include, but are not
limited to, freons, perfluorohexane, perfluorobenzene, fluoromethane, trifluoroethanol, an the like, and
combinations thereof. Gaseous hydrogen fluoride or fluorine itself also can be used with the solid
oxide if fluorided whilecatanifig: @nemwmtmaﬂmﬂmﬁwﬁaatmglthgsohdtgmde with the
fluoriding agent is to AFdH2& 8" oty Hiyehit Nt 4'GAE ¥trBAMT WSt 10 Rtiitize the solid oxide
during calcination. &fgﬂddynmmﬂﬂe@a&gﬁﬁﬁmﬁhls invention, tr:Fe ghemlcallyé -treated solid oxide
comprises a chlorided s 11N I@.‘é‘%@ it Th | solid oxide is formed
by contacting a solid %zﬂé,dnégua and E&g&%ﬁ%‘m jgﬁc}l:lhlorl e fon léglt?{lgg ded to the oxide by
forming a slurry of tile omdq@g@wtable solvent. The solid oxide can be treated with a chioriding

agent during the calciging.step Any,chigpiding ageni.capable afsarving asa.squsce of chloride and
thoroughly contactlngathver@xﬁerdengﬁm Ralcining stépy cande udedyFdreexdnple, volatile organic

chloriding agents can B&{{‘%b Jranpies-ef sHitabls volatile giganic chioLidingagents include, but are
not limited to, certain fregnsiapercionohbazereschloremethanesdichlosomathane, chloroform, carbon
tetrachloride, trichloroBtRA3A3I arfPtABIKE b arredhbiR&fBHhereof. Gaseous hydrogen chloride or
chlorine itself also can be usé&ewith tite-solid oxide during calcining. One convenient method of

contacting the oxide Tﬂéﬁ(ﬁ g@‘@eéﬁ? tﬁygg@g@‘&’@@%ﬂdma&ﬁmlféﬁo a gas stream used
6

to fluidize the solid oxida ‘Tg?;’g@a@&?’aﬁemsah £,88UNG glqrt ®n present be lbre
calcinina the solid OXIGEFQEHQF&WSISI#GHPMEEtQt&E@EE E@@bm@@%e@ weight percent is

based on the weight Qf.ihg e%'ggﬁf,vmﬁg,}fprnegg@ﬁgeélﬁ%@yﬁomoﬁéﬁgg@mg@g According to
another aspect of thistinvektioim the amobiat @afrﬂeemr'rdelm ohiorideiiorrpriesent before calcining the

solid oxide is from abgﬁf@ﬁbﬁ@l%@mm SR SR G tH ahgthels 48bect of this invention,

from about 4 to aboutc%%]byawmghi @m;mpﬁa@ngrﬂé with:halige, 4bp-hakidedoxide can be dried by

any suitable method iRE Bﬂrﬁ?téqhﬁi%dﬁﬂdﬁ‘ig‘&‘éﬁ@ml@éﬁ By &vaporation, drying under
vacuum, spray drylng an kenﬁk}mw@%sﬁ |5>a 59 Qqsﬂbfedaﬂmuate&helc&l@olng step immedi-ttely

without drying the mpm@n@t@ﬂ apfidmisly: "Thelsiliba-airminbrasedton ?lﬁ%@&?the treated

silica-alumina typlcallyiﬁ§%me§f§&ér han ahoid o B Ty ANAdNG to one aspect of the
present invention, the pdirarohlgrecisg rseatemlthamalmm)@lﬁ samlta@@cmhng;fto another aspect of

the present invention, BrA&igF A ﬁ@ﬁﬂﬁf@jﬁf&r@fﬂ% i Q]lg“ﬁf?’ diida géRerally has a surface

area greater than abow#1198 m&@oﬁﬁﬂ@rdm t@ammﬂﬂemas deis:inveniiodsthe surface area is

greater than about 25@ereo%g¥gg?ﬁaﬁgﬁﬁ§wg%%? eit‘??asﬁ’gé‘ﬁ g?égt@? than about 350
m2/g. The silica-alumainadtiidad indh ﬁlpfeﬁmt mv&aﬁmtypﬂﬁaﬂythg&amamma content from

about 5 to about 95% ﬁm??ht%‘e%wﬁihgi qu@&:‘l‘b thisoirRRet "gtumina content of the
silica-alumina is from tg}aiﬁl@g& § Fol§ r@pﬂa& , to.abaih ma'ﬁamma by weight.
According to vet anothé%cas‘éyecdp@#ms mﬂferﬂrcyrpltk@mdl@ﬂhereefnponent comprlses alumina

without silica, and accordiBg h aR0l ek aRnectoL s e e Ctﬁlréfgﬁ@ﬁzldgggomponent comprises
silica without alumlnanoalﬁhelsulﬁatedrspb@hm@ect@m lsés sulfatenaerdia golidioxide component, such
as alumina or silica- amﬁﬁ&@ﬁa‘@a@g@@m& SO C R RATS. RS aé. ated oxide is treated
further with a metal iosisush thatihercalcined sukaieg axidecamprisesaimatahidccording to one
aspect of the presentﬁ@@ﬁ%ﬂg&éﬁﬁ@dﬁggﬁéﬁﬁﬁﬁﬂgeisﬁﬂfé{‘é“aﬁa gigmina. In some

instances, the sulfateg adnnats fapped-bya-pcessiah @@ﬁmmt%&fﬁated with a sulfate
source, for example, Qﬂﬂmtla(ﬂéctﬁdatgl}ﬁ&teﬁﬁ%}}ehtaé ureretftey s process is generally

reconlacted mixture 1s conl L,led the solid

performed by formlnga%t UiRAA Siblita ggg%&iﬁg@@l%rﬁ%@ﬂﬁl or water, in which
the desired concentrationcf thels'el#at agentdrashden addéd:tSuitablesoiganic solvents include, but

are not limited to, the Gifo Eﬁ@g?ﬁf@ﬁgﬁgﬁ@gﬁ@m@@ﬁm SIS X8 ow surface tension.
According to one aspectrofrthis-inventionheasmound afusulfatenionpresent before calcining is from
about 0.5 parts by welijlittd aptie16a aq‘é?‘f?b‘?%éjﬁﬁt%ﬁﬁ%?eﬂ%ﬁ%ﬁ?ﬁﬁﬂﬁ@j?ans by weight solid
oxide. According to ara&tbe,rmp& |&fm1@aiiaa1ﬁhﬁlamouahqt@hﬂfat&lmnbpéesent before calcining

is from about 1 part b ‘\‘ﬁ%ﬁ %q Jpats P AP0 parts by weight solid
oxide, and according ?use ar % %tﬁ?@%@%ﬁ o &&S&C@lﬁgﬁiaﬁy weight to about 30

parts by weight sulfatézqthtopa?bmem@lpangbaﬁmmgﬁhsmﬁm(ldetaﬂmae%ghf ratios are based on
the weight of the solid oxide before calcining. Once impregnated with sulfate, the sulfated oxide can be
dried by any suitable method including, but not limited to, suction filtration followed by evaporation,
drying under vacuum, spray drying, and the like, although it is also possible to initiate the calcining
step immediately According to another aspect of the present invention, the activator-support used in
preparing the catalyst compositions of this invention comprises an ion-exchangeable activator-support,
including but not limited to silicate and aluminosilicate compounds or minends either with layered or

non-layered structures, and combinations thereof. In another aspect of this invention,
in0n-evchanneable lavered aliiminocilicatece <1ich a< nillared clave are 1iced ac actinvvator-<rinnorte




According to another aspect of the present invention, the clay materials of this 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 &dti¥ator-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 that have
been ion exchanged with=gimplersalteninch t not lmistddded saltsioflAd{141), re(ll), Pe(ll) and

Zn(I1) with ligands sucﬁ%‘éﬂbgmgiﬁgﬁﬁﬁ i Sﬁ@ﬁeﬂﬁfﬁﬁﬂl‘é‘i “ACtIrdiNg fo another aspect of

the present invention Aﬁﬂﬁmfxsupwﬁawdses a pillared clay. The term "pillared clay" is used to

refer to clay materials tha é}}gl L Woxane C%@Xﬁg@&‘muclew highly

charged metal compl%ﬁ@m@mﬁe @ﬂﬁaﬂa@ alenatlroied to Keggin ions
which can have chargeS'Sisth e 7o yakfons @t&llﬁeafégt%ﬁgieé égﬂsggéirons Thus, the term
pillaring refers to a smpi@@(c ﬁnggggacﬂgp |g ;gibtﬁes @g Iﬁ;ggqgglpf a clay material are
replaced with large, highiyreirdrgeds oaiiyrsumas« m@*qtleatlons are then

immobilized within thqﬁﬁqﬁﬁqg‘yﬁfﬁiﬁf@ CIERCAR AR t@gﬁg&’é é‘gﬁﬁ?ﬁé@ﬁ;metal oxide "pillars,"
effectively supporting thentl tagaersfas @hiumnshkelwucwmdﬂm@mﬂ@edk@eday is dried and

calcined to produce tf@‘s‘uﬁg’gﬂfﬁgﬁmcar T;T\’ﬁ@?n@ﬁﬂ%ﬂﬁgﬁ@g HdEAkite structure is

maintained and the parositids. enhanced. The resulting pores can vary in shape and size as a function

of the pillaring materig| a uﬂ?ﬂ@?ﬁgﬁl Arz ﬂﬁ@;@gﬁ%@g;oc %ﬁjﬂ%cm i nglrg@gﬂand pillared clays are
found in: T. P|nnavac&eggﬁ&%%&GﬁﬁﬂS(Lag M T N Imgrcalatlon Chemistry,

(S Whittington and A. Jactiysen QFFHQEP@@WG agérie PrEss e s(@972); -U.S. Pat. No.

4,452,910; U.S. Pat. ﬁ@cﬁaz‘éié’l,ﬁggiﬁéb SNGs 4 BRAZE B F5HBSGESE of which are

incorporated herein byvie¢eneniceln their@antiyetyzomtiveipdiaringprodessdutilizesrelay minerals having

exchangeable cationsPaR /8 LARSHIE Qfoﬁ@%ﬁﬂﬁﬁf%fﬁ fATEd clay.that.can enhance the

polymerization of olefias dn:the-icatalysticgompositippwidhepresentinventionscan:be used. Therefore,
suitable clay minerals fipi I@fﬁég T E Bt are HECTHIE 10, 81]6‘@11‘5@%‘3“ shitttites, both
dioctahedral (Al) and tri- octahedral (Mg) and derivatives thereof such as montmorillonites (bentonites),
nontronites, hectorites, or laponites,,_halloysites; vermiculites; mica s; flu oromica 5; chlorites;
mixed-layer clays; the fibrous clays in€luding but not limited to sepiolites, attapulgites, and
palygorskites; a serpentine clay, illite; laponite; saponite; and any combination thereof In one aspect,

the pillared clay activatafeseippariLampdsesbentasiteos mantmariionite. The prncipal component of
bentonite is montmorikeHie: 2esp farer] ﬁwc&ﬁeaerg a’t‘téd #‘é&e%lf?e@lmF‘UT‘example a pillared

bentonite is pretreated Hys adm@tgi m iNRer AR NAT A aeRhete; typieally dry nitrogen, for
about 3 hours, before lrefng ddded tadhespolymeritatiomredetor. Although an exemplary pretreatment

is described herein, it should be understood that the preheating can be carried out at many other
temperatures and times, including any corpbination of temperature and time steps, all of which are
encompassed by this inverition-TReractlivator-support used to prepare the catalyst compositions of
the present invention can be combined witifother inorganic support materials, including, but not limited
to, zeolites, inorganic OXIdeS phosphated i morganlc oxides, and the like in one aspect typical support

materials that are used J}id Rcﬁﬁfaﬂéﬁlaog‘ﬁguﬁﬂ"fgeg@cq}éi ?:‘én@u%nad,r@%ggla titania, zirconia,
magnesia, boria, thorienatunpiacphiosphiate palumiowm phosphate, silica-titania, coprecipitated

silicastitania, mixtures th gﬂ.@“e&r%&@@Jﬁﬂﬁ@?@ageﬁm@jﬁﬁaﬁygéﬂ@”ther aspect of the

S

present invention, one-akdaRea eidhBiyClear Jocena cempounds:sandia precontacted with an

olefin monomer and aﬁmmmmgﬁi g‘ﬁi’ﬁ’ Cﬁgﬂ&tﬂ&f‘ﬁ?ﬁéﬁﬂéPm contacting this

mixture with the activatarestippalt, ORCenbe presantacist-mdurd ah.tb& mataligéene compound(s),

olefin monomer, and @@@ﬁoawlmm%nmtlﬂpfg sworactdd withrthezaetivator-support, the

composition further coarlﬁ(é{fﬁﬁﬁjﬁ A S hBOEa %é}ateﬁ & Adsiabitagted” mixture. The

postcontacted mixture-camrbeithowed toeremaiminfuetiérn3@e represented gener-
ally by formulas such as (R—Al—0),,, R(R—AI—O) AlR,,

and the like. In these formulas, the R group is typlcally a
linear or branched C,-C, 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, ethylalu-
minoxanc, n-propylaluminoxanc, iso-propylaluminoxanc,



contact for a second period of time prior to being charged into the reactor in which the polymerization
process will be carried out. Orwmo-durninurn Compounds In one aspect, organoaluminurn
compounds that can be used with the present invertion include, but are not limited to, compounds
having the formula: ae),At; where -12.2 is an aliphatic group having from 2 to 6 carbon atoms. For
example, R2 can be ethyl, propyl, butyl, hexyl, or isobutyl. Other organoalurninum compounds which
can be used in accordameeswithineqpresenttiventioningludedsut are-votslimiied to, compounds
having the formula: AW&NH@QQg@%@?%%QgﬁgFBﬂ%m TAialkoRIdE or an aryloxide, a
halide, or a hydride; afagmis-eniviimd,inctasyaandrreneaspeahyboisisi hydeecarhyl having from |
to about 20 carbon atéhseni-arethet Erofihe. stestatinventen X3 &n'atkyl having from 1 to

a t

10 carbon atoms. Forgx@ uﬁf.gf-o an§ %tﬁlﬁﬁﬁﬁfﬁ?qpﬁmf %@ﬁgﬁl lflgo’laﬁa/l, or hexyl, and the
like, in yet another aspectoitire preserieimventicn. roAcen ﬁélﬁnélasgeeii@ﬂhe present invention,
X s alkoice o B GG AL BRETAREL S A0 AR, @ e, of =
hydride. In another aspectotinelpreserntinventiomnuXiis:gelectedhindepéndeniiyirom fluorine or

chlorine. Vet, in anothigP:Bs SRtk X 183 tleines < . e rartuld> Al BIXB)S: 127 is a number from 1 to

3, inclusive, and typically, ® is3ichhgwvalue-afduuisnotisestiisted teahe-antipteger therefore. this
formula includes sesq@ﬁ%ﬁfg‘t‘l@eﬁ;ﬁ s orBtHer éﬁ%@@u@j@lﬁ‘g@%{e@ hpounds. Examples

yectively. Is some

of orwmo-durninurn cermpasnrés stitableforyse.imaccardancewithithei presart iavention include, but
are not limited to. triqlggflkﬂm‘ﬂaLﬂ?tﬁﬂfﬂﬁj&%gﬂﬁ‘gjahﬁzlaﬂhﬁm’érgﬁﬂig}g compeurids, dialkylalumiimm

Y 1n0§ane,

alkoxide compounds, Gialklaldmifiiim hydras. carmRaUBaS. ahficembiBatians thereof. Specific
non-limiting examples ofl suitamerorganeoaHduynimameompou s ipchice ﬁrimé'ﬂn%%huninum (TMA),
o JDU

rethy Ia lum limm (TEAT-AREB TS i, LR AR atuminum,
diisobutylaluminutia hyidgiidgetriisehatidakiminng ciethwaloominymehpidecanaddthe like, or
combinations thereof position is generally between about 1:10 and about 100,000:
*1. In another aspect, the molar ratio is in a range from about
5:1 to about 15,000:1. Optionally, aluminoxane can be added
to a polymerization zone in ranges from about 0.01 mg/L. to
about 1000 mg/T., from about 0.1 mg/I. to about 100 mg/I ., or
from about 1 mg/I. to about 50 mg/L..

Organoaluminoxanes can be prepared by wvarious proce-
dures. Examples of organcaluminoxane preparations are dis-
closed in U.S. Pat. Nos. 3,242,099 and 4,808,561, the disclo-
sures ol which are incorporated herein by relerence in their
entirety. For example, water in an inert organic solvent can be
reacted with an aluminum alkyl compound, such as (R*);Al,
to form the desired organoaluminoxane compound. While not
intending to be bound by this statement, it is believed that this
synthetic method can afford a mixture of both linear and
cyclic R—Al—O aluminoxane species, both of which are
encompassed by this invention. Alternatively, organoalumi-
noxanes are prepared by reacting an aluminum alkyl com-
pound, such as (R*); Al with a hydrated salt, such as hydrated
copper sulfate, in an inert organic solvent.
Organoboron/Organcborate Compounds

According to another aspect of the present invention, a
catalyst composition comprising organoboron or organobo-
rate compounds is provided. Such compounds include neutral
boron compounds, borate salts, and the like, or combinations
thereof. For example, fluoroorgano boron compounds and
fluoroorgano borate compounds are contemplated.

Any fluoroorgano boron or fluoroorgano borate compound
can be utilized with the present invention. Examples of fluo-
roorgano borate compounds that can be used in the present
invention include, but are not limited to, fluorinated aryl
borates such as N, N-dimethylanilinium tetrakis(pentafluo-
rophenylborate, triphenylcarbenium  tetrakis(pentafluo-
rophenyDborate, lithium tetrakis(pentafluorophenyl)borate,
N.N-dimethylanilinium tetrakis[3,5-bis(trifluoromethyl)
phenyl|borate, triphenvlcarbenium tetrakis|3.5-bis(trifluo-
romethyl)phenyl|borate, and the like, or mixtures thereof.
Examples of fluoroorgano boron compounds that can be used
as co-catalysts in the present invention include, but are not
limited to, tris(pentalluorophenyl)boron, tris[3,5-bis(trifluo-
romethyl)phenyl]boron, and the like, or mixtures thereof.
Although not intending to be bound by the following theory,
these examples of fluoroorganco borate and fluoroorgano




The present invention contemplates precontacting at least one dinuclear metallocene compound with
at least one organoaluminum compound and an olefin monomer to form a precontacted mixture, prior
to contacting this precontacted mixture with the actigator-support to form a catalyst composition. When
the catalyst 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
org,anoaluminum corbpeund-isnasicletito meipﬁsweﬁtaoted»mwceapéepafeghuhen the precontacted
mixture is contacted it the SoMt 8xae ativade- Slfé:%oun HOWEvEE THE ¥itting By, anoaluminum
compound can be used: omsermq;e MGataiysaﬁempa&t@ﬂmlmmeﬂ e qeantacting or
postcontacting step. A“Iféﬂﬁ%he e Tate clé?g% g@@@b@gﬁ?&@‘g@lﬁgmﬁsmgle step. Further,
more than one orgamﬁa?uﬂuauﬁhcemﬁpgﬂémﬁeauﬁa iR.6ithanthe presaRtachng or the

postcontacting step. Whirs ghorg 'ni'lgf;nsesm @H‘Wlswﬂﬁedﬂmmﬁbe@teps the amounts of

organoal um inum comgggpﬁggsg ggfﬁggepygg_lggg ﬁ;’qfﬁo@cﬁﬁcﬁﬁﬁ {oF8r§3riS-durninum compound
used in both the precontaeted-and pasteontaoied mixtureboamd amppaditibnahdrganoaluminum

compound added to tﬁgeﬂom%j{ﬁﬁﬁﬁgﬁqmm%@&@@ % WS oF 2 E'brganoaluminum

compounds are disclgsatchregardiess ofinvhethera gAY cosspound or more than
one organoalumlnumleqmlgﬂgg%né?m@@ ggﬁéb‘@&@%iy e é1ﬁ’tninvent|on further

provides a catalyst cmmﬁmh&chaaamg&pms&afbalm|ﬁa>&aﬂergaﬁmp%mdteéxs used herein, the
term "aluminoxane” referstoratiTis g&&gg; of Eé g ﬂhﬁbor %ft%nﬁr discrete species,

oles

regardless of how su%g{gguﬂgxgggsl%eepg@p@r lﬁy tgﬁlgtt@{gwggn%@wagd For example, a
catalyst composition e:'@mpn@n en=aigthiroxanve icompt @ambempmdqhthlch aluminoxane is

provided as the poly(@s@nﬁﬁ@ﬁg@ﬁ%ﬁ’uﬁg‘%@%’fﬁgwfgéh‘iﬁ’ﬁf@&?ﬁﬁ%iﬁf’p&ovnded as the
combination of an aluminumialkyl dompeundandlasauy ceobactive protons such as water.

Aluminoxanes are als{?@ﬁg?l%r@@l’z}g@m&ggeq I%Iymg;lg@ %@gagﬁl%rggnoalummoxanes

The other catalyst compﬂnﬁﬁisptypiﬁgllylareﬁmﬁ@,cﬁ aluninexarainiagaturated
hydrocarbon compouf@%“gﬁﬁﬁ’w %g%ﬁiﬁgﬂgﬁ@ﬁ%‘zﬁﬁgﬁé}&m‘?ﬁfme reactants,
intermediates, and pra@uctwah BAGHYAIDM SR y@&le.emaosutlon formed in this

manner is collected biran éthod, W@%ZE ﬁli'tliatﬂfrfeﬁﬁ@ﬁgaﬂvﬁw the catalyst
composition is introdyced ipte e RoMATELZAlb AT eactorw Ang.slaetin: The aluminoxane
compound of this inventismsambe docghgomerig alunimico bt ndﬂcgmpnwng linear structures,

cyclic structures, or cé‘@ﬁ%{f@ﬁ@?}gﬁfﬁﬁf@f@ ojjﬂ‘iﬁfﬁg@éﬁ@éﬁfﬂ@@éﬁg%ompounds having

the formula: -e di,’ - OpwheateinrRistanlineax endianchedaliylihauingdramsio 30=carbon atoms, and p
is an integer from 3 t4'20; %}@gﬁéﬁ’ é’fﬁg@;ﬁgfh@sln%enﬂbﬁ(m&ﬁl?ﬁ i6féty shown here also

cene, IHHoweve! ing ionic compoun isanac
constitutes the repeatiagazaitin aﬂmﬁumm&aﬂe&sﬂm&ﬂﬂ{iﬁa& u.maeﬂmm(aﬂeé; having the formula:
R ( Al - 0-3 Al 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 met-
allocene, simply coordinates to an X' or XZ ligand, or acti-
vates the metallocene by some other mechanism.

Further, it is not necessary that the ionizing ionic com-
pound activate the metallocene compounds only. The activa-
tion function ofthe ionizing ionic compound can be evidentin
the enhanced activity of catalyst composition as a whole, as
compared to a catalyst composition that does not contain an
ionizing ionic compound.

Examples of ionizing ionic compounds include, but are not
limited to, the following compounds: tri(n-butyDammonium
tetrakis(p-tolyl)borate, tri(n-butyl)ammonium tetrakis(m-
tolyDborate, tri(n-butyl)ammonium  tetrakis(2,4-dimeth-
yviphenylborate, tri(n-butylDammeonium tetrakis(3,5-dimeth-
viphenyl)borate, tri(n-butyDammonium tetrakis[3,5-bis
(trifluoromethyl)phenyl |borate, tri(n-butyDammonium
tetrakis(pentafluorophenylborate, N,N-dimethylanilinium
tetrakis(p-tolyl)borate, N,N-dimethylanilinium tetrakis(m-
tolylDyborate, N.,N-dimethylanilinium tetrakis(2.4-dimeth-
viphenyborate, N,N-dimethylanilinium tetrakis(3,5-dim-
ethylphenyl)borate, N, N-dimethylanilinium tetrakis[3,5-bis
(trifluoromethyl)phenyl|borate, N,N-dimethylanilinium
letrakis(pentaflluorophenyl)borate, (riphenylcarbenium  tet-
rakis(p-tolylDborate, triphenylcarbenium tetrakis(m-tolyl)
borate, triphenylcarbenium tetrakis(2,4-dimethylphenyl)bo-
rate, triphenylcarbenium tetrakis(3,5-dimethylphenyl)



" R; wherein R is a linear or branched alkyl having from 1 to 10 carbon atoms, and g is an integer
from 1 to 50, are also encompassed by this invention.  Further, aluminoxanes can have cage
structures of the formula Rts,. ,",Rnt. Alat.03,., whe#etn R." is a terminal linear or branched alkyl group
having from 1 to 10 carbon atoms; Re' is a bridging linear or branched alkyl group having from 1 to 10
carbon atoms; r is 3 or 4; and a is equal to n4,0)-n"r)-1-n"(,), wherein rt4l(3) is the number of three
coordinate aluminum atams, mﬂphiaaghedauaﬂbeﬁaofe&m(eqerdmaietﬂwmms) and n0(4) is the

number 0!4 coordlnat@ﬁggﬁg{@@snyl)boragéﬁopy ifeé‘té“@hl%réfc;&& é6oned in the catalyst

compositions of the presgpiilnve kR IERsBReRiRY tgeﬂ%@ ﬁﬁ;&mh as (RAIO);"R(RA
1-0),A and the like. in thesetfornbday  theRigr ﬂlt ;gmﬂuom Ol apbhlett C, -C, alkyl, such as

methyl, ethyl, propyl, Bii{kGicke tm@%‘f{ylnéetr IS hapﬁ%ﬁg,t&gis that can be used in

accordance with the phehentllmvefﬁhmﬁpngtadeob@mmemmwwdlmlm thylakiminoxane,

ethylaluminoxane, n - @m@m%@éﬁ%a aiieR ?ﬁ@ﬁé&@@ﬁ‘gfm ﬁﬁtylalumlnoxatle

t-butyl-aluminoxane, sec:butylalumir@s@ne dsodmiyaleminexane;, 1-paniyalumeinoxane,

2-pentylaluminoxane, g@%ﬁ?@@ﬁ%ﬁ%ﬁﬁﬁg@%ﬁmﬁ@ﬁﬁetrglﬁlb@g‘ﬁp’gﬁg@ﬁ fininoxane, and the

like, or any combinaticrdheke of yhaloR Inexane, ethylal ﬂémamxapedaﬁdﬂsobutyl aluminoxane
are prepared from trlm*égi“y? NIARNLTT, 11 ety mint A et isbBtRe I'llgll?ﬁw >fespectively, and

te, pot U1 f enta

sometimes are referreﬁimléfsyéﬁin &ggg]mmtgag ¥ ﬁ a Qg,;mlgmde) and
poly(isobutyl aIumlnurfPU%i@éiprésb’éﬁ-’ew it |9<alwwmh|ntﬁﬁ@13m TG’ﬂYﬁE’ﬂW@%tlon to use an

aluminoxane in combiRigHan Wwith A Hémlﬁyi@pm ddmethy]qkfc%m ﬂ;@fﬂ% IGSERRS. Pat. No.

4,794,096, mcorporate@heeeln b mgﬁemencetmrﬂgemwe fluotdehprederitumyemton contemplates

many values of and@ﬁ*ﬁ%&lﬁiﬁ@%ﬂ%ﬁ@tﬁ@%ﬁ?ﬁﬁ@qﬁhﬁﬁ@ﬂﬁ%ﬁw respectively. I

some aspects, p and @ﬂﬁ@t&&l@&@h&ljdmﬁﬁm;e epending upenrhipivthe-amwaddurninoxane is

prepared, stored, andiﬂg’;@;@l %@@@ I;i%}ummg ﬁﬁjﬁﬁ@gg%ﬁ@ﬂ‘é“ﬁalummoxane and

such combinations of argan 1uam@mmasaﬁe eortemplaied-hereidaiuth Riepakng a catalyst
composition contalnlng“a "dbdhﬁ'ﬂh’c‘j&gﬁéethe‘ ra;Riref‘tﬁé?tlﬁtléé @?B‘Fa‘m’r‘ﬁmum in the a

T
ltuniaoxane (or aluminGXAnaS Eaha Al maes of @Eﬁi&%e&éﬂé& héearipound (or compounds)

in the composition is gemém b'émentaa b@ﬂ%@l@tﬁ@d@b@%ﬂ@@l@@@ate Incamother aspect, the

molar ratio is in a randg. R ABSUL B Fﬁﬁbﬁiﬁﬁg’j’i@j@ﬁ tgjfyf‘ﬁ m'tcﬁ)i%f@%we can be added to a

polymerization zone wramg@&érom aboub {ﬂf%éiram abmat&@@%{m}g/%immabout 0.1 mg/l_,
?!pr_{nlnate and the like, or
about 100 mg/]' or f@ililllgﬁﬁatﬁoﬁﬁfgﬁ T Z 1601nic compounds useful in

this invention are not llmlted to these:; other examples of
ionizing ionic compounds are disclosed in U.S. PPat. Nos.
5,576,259 and 5,807,938, the disclosures of which are incor-
porated herein by reference in their entirety.

Olefin Monomers

Unsaturated reactants that can be emploved with catalyst
compositions and polymerizaltion processes ol this invention
typically include olefin compounds having from about 2 to 30
carbon atoms per molecule and having at least one olefinic
double bond. This invention encompasses homopolymeriza-
tion processes using a single olefin such as ethylene or pro-
pylene, as well as copolymerization reactions with at least
one different olefinic compound. The resulting copolymers
generally contain a major amount of ethylene (50 mole
percent) and a minor amount of comonomer (<50 mole per-
cent), though this is not a requirement. The comonomers that
can be copolymerized with ethylene often have from 3 to 20
carbon atoms in their molecular chain.

Acyclic, cyclic, polycyclic, terminal (o), internal. linear,
branched, substituted., unsubstituted, functionalized, and
non-functionalized olefins can be employed in this invention.
For example, typical unsaturated compounds that can be
polymerized with the catalyst compositions of this invention
include, but are not limited to, ethylene, propylene, 1-butene,
2-butenc, 3-mecthyl-1-butene, isobutylene, 1-pentene, 2-pen-
tene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene,
2-hexene, 3-hexene, 3-ethyl-1-hexene, 1-heptene, 2-heptene,
3-heptene, the four normal octenes, the four normal nonenes,
the five normal decenes, and the like, or mixtures of two or
more of these compounds. Cyclic and bicyclic olefins, includ-
ing but not limited to, cyclopentene, cyclohexene, nor-



Organoaluminoxanes can be prepared by various procedures. Examples of organoaluminoxane
preparations are disclosed in U.S. Pat. Nos. 3,242,099 and 4,808,561, the disclosures of which are
incorporated herein by reference in their entirety FGb €xample, water in an inert organic solvent can be
reacted with an aluminum alkyl compound, such as (R2)3Al, to form the des ired organoaluminoxane
compound. Wh i le not intending to be bound by this statement, it is believed that this synthetic method
can afford a mixture obbathiineanand aydlic-R-AQi-ilidnirexane apeciesoth«ef which are
encompassed by this Iivefole AR&Taavely; orgaroslsiroxanzs dre (sregarsd by reacting an
aluminum alkyl corn- poun&&u@@MMLM&&&W&%&S&MB@SW&&M copper sulfate, in
an inert organic solveﬁv@rglamb@%eﬂmrgmmﬂem@@mﬁp@amglym@eéﬁdﬁ J# another aspect of

the present invention, .c Aol Steomop 5&5@5@%‘@%@%@?@@&@@0@@ compounds is

provided Such compoisetistintiode nbvtra’rcbmon%@ onds 2borateysdltpcanchthe like, or
combinations thereof. ?ﬁéﬂﬁpﬁ@ﬁ%@v&ﬁﬁﬁ&%&&ﬁﬁﬁg@?ﬁ@][{ﬁ‘(f@é}fgano borate
compounds are contemplaietng tAnydhgraorgane nileorgorgarederaie-compound can be
utilized with the presetfﬁjlﬁifesr‘fﬁﬁ tcﬁg ?ﬁbFe§"6?ﬂ’ﬁoFoBF@‘é?fb°bbrﬁfé‘%b‘fnbdlfﬁﬂ%%hat can be used in

CcCcene, or s

the present invention m%miembu&amaaﬁﬁaﬁaddﬂpﬂuﬂdsmaﬁe&a batates suchas
N,N-dimethylaniliniumf frekispen %ﬁ@%ﬁo ora Ompmcﬁ H]‘iégﬁkls(penta
fluorophenveborate, Ilfhg;gjl{et;a entaf aye gﬁatemhlebl aglllmum tetrakis [3,5 -bis
(trilluoromethyl) phenyl]cpﬁlfm’e 4?5#?1% ﬁ&#bemm%‘trak&@t@bis@imu@lﬁmﬁethgfphenyl 'borate, and

the like, or mixtures therept,mXas ?ﬁ@tﬁto ﬁgrfﬁzﬁogrggﬁ?ce RdSThat cah be used as
co-catalysts in the preg@mlnweﬁttbﬂ mciudenfbutﬂace aohimitedtto Itr|§§perﬁaﬁumnphenyl)boron

tris[3,5- bls(trlfluoromeﬂﬁ@b%ﬁfﬁ&ffﬁ@i@%@ﬁ@%ﬁiﬂgﬁ@%ﬁﬁm not intending to be
bound by the foIIOW|ng:ﬁheorynthesmamplg&@fﬂngm@matec&ndﬂmrg ano boron
compounds, and relate§ catiBsiRas 2 e tholaRtIG 1oHA PR CO T Yt 8nions when
combined with organqsme&a{tefometauﬁﬁemﬁmmuad&aasvdimﬂsedlm& ai No 5,919,983, the
disclosure of which is WE??amt“ael )%;efegenge in At%englret){ Ilcarlllts also contemplate the
use of diboron, or bis-beren,&oMpeLnas her bifupational Qg@moya ‘cantaining two or more
boron atoms in the ch@ﬂ%ahﬁruenﬂ@%hﬁglmwi@edqnbénmﬂl@hw Soes2005, 127, pp.

14756-14768, the cortSatarwhich & oo Baatad Aetein il ute i B ey,  Generally, any
amount of organoborordempouh dm&n@@@b@ddﬁze@ordm tocomeraspectohthis-invention, the molar

ratio of the total moleéﬁ@?@%ﬁ@%ﬁgﬁ@m%&m&?azﬁ@@ﬁm&&iomm@ to the total moles
of dinuclear metallocemestompounaiios compeungsyintheneaiadyshcompasition4s in a range from
about 0.1:1 to about 1@1“13{@6&%%1?{3%’1?6&??}“6?&%%@% B%B%ﬁ"ﬁ?‘ﬂﬁ@roorgano borate

merizalion 1mmMyolving onl

compound used as a ea=Catalystilorth eldﬂz.welﬁarvmﬂial.lQﬁefaedﬁtfrﬁfgcahgwﬁgdmoles to about 10

moles of boron/borate“%’tiﬁkﬂ‘f}é)lljgﬁft 53 n@?h{jﬁé@%g&lﬁé@ OSltl9(1:rrlgbﬁiliil‘i’q:llt\ccord|ng to another

aspect of this mventlonl&etﬁmguﬁt LEQar M&ri&g&@@a%ﬁ@@{g compound is from
about 0.8 moles to abgavsdﬂmmwrbnrm@b%mprauhéﬁeﬁfrﬁtﬂeceﬁmnwl@ar metallocene

compound. lonizing |op;91§,‘i>madlen an%ﬁggrexadiﬂgggmtgp further provides a catalyst composition
comprising an ionizing idmioweawpeundhAprisrizingvionicooempounrdsscar ignidxcompound that can

function as a co- catalg%%ﬂmfﬁﬁm&mmﬂggﬁrﬁﬁ;@g@féﬁame not intending to be

bound by theory, it is believedthatrthedenizipgionic copupoL abiﬁa@bteactlng with a
metallocene compounﬁ%asmémoﬁa@o ca@g‘ﬁ’g@ié 06 68 GG B&Piﬁﬁﬁ_rnetallocene
compounds, or |nC|p|e@1t;ﬁaﬂamﬁ>m COMPOMNES: g@lﬂam untending to be bound by
theory, it is believed tRettheds 2% C?@rﬁ’e COMmp GHlll‘ré ctaﬁﬂfaﬁca@ﬁ asarrbrizingcompound by
cornpletely or partlallyp%%ﬁr?@ Ora TAETaTls 1ol gﬁnéleﬁaésl ﬁ/ lomzﬁgamc Eﬁggnd such as X' or X/,
from the metallocene. lm\/\slevepqhelmnm ngomiceomps bndonslan%tlquegwdless of whether it is

ionizes the dinuclear REIAHSES Ofagq‘ﬁlgi;gg%;éﬁﬁ BRI AT AR AS B form an ion pair,

weakens the metal- Xb@mmet&ldxatmndtmrthea@audeaﬂbmetaﬁ@wde Rikply eoerdinates to an X1 or
X2 ligand, or actwateﬂﬁ??ﬁgﬁéﬁ@g‘ﬁ&%r@“g@ﬁ@méﬂﬁo%ﬁ@gﬁéﬂaSt PUFtHEE 1€ not necessary that
the ionizing ionic compoumdsaztivatedth onm&emwmu%maiy dher&aﬂvﬁlon function ofthe
ionizing ionic compou@?%@}i@@%ﬁ@%@ﬁiﬁ@éﬁhﬁ@gﬁn&a@zr Teftel 6Hf§)$ltlon as a whole, as
compared to a catalyst corypasitas:th thak URESNELCARA) ﬁc&%ﬂ@%ﬂﬁnkﬁﬁiﬁ @a[maeund Examples of
ionizing ionic compoun&cineide dbtitthrerehimitee ceomefollowing Eompoanes:
tri(n-butyl)ammonium tetraki s( p-to lyl)borate, tri (n- buty 1 Jammon ium tetraki s(mtolyeborate,
tri(n-butyl)-Immonium tetrakis(2,4-dirnethylphenyl)borate, tri(n-butyflammoniurn
tetrakis(3,5-dirnethylphenyl)borate, tri(n-butyeammonium tetrakis[3,5-bis
(trifluoromethyl)phenyl]borate, tri(n-butyl)ammoniurn tetrakis(penta fluorophenveborate,
N,N-dimethylanilinium tetrakis(p-tolyeborate, N,N-dimethylanilinium tetrakis(mtolyeborate,
N,N-dirnethylanilinium tetrakis(2,4-dirnethylphenyl)borate, N,N-dinnethylanilinium
tetrakis(3,5-dinnethylphenyl)borate, N,INT-dimethylaniliniurn tetrakis[3,5-bis

(tritliioromethviDpnhenvilboarate N N-dimethvianiliniiim tetrakice(pnentathinoronhenviborate



34 borate, triphenylcarbeniurn tetrakis[3,5-bis(trilluoromethyl) phenyllborate, triphenylcarbenium
tetrakis (pentafluorophenyl)borate, tropylitun tetrakis(p-tolyl)borate, tropylium tetrakis(m-tolyl)borate,
tropylium tetrakis(2,4- dimethylphenyl)borate, tropyiumm tetrakis(3,5-climethylphenyl)borate, tropylium
tetrakis[3,5-bis(trifitioro-methyl)phenyl 'borate, tropylium tetrakis(pentafluorophenyl)borate, lithium
tetrakis(pentafluorophenyl)borate, lithium tetraphenylborate, lithium tetrakis(p-tolyphorate, | ithium
tetrakis(mto ly )horatesdritkiunetetegld st2dedienath enyhirorate ablthuiuprdetrak s (3 ,5 -di methyl
phenyl borate, 11th iffF {tRAMIERBRRE SoAlin Ttk EEntaMiciRR A tate, sodium
tetraphenylborate, sogiu teiﬁ;is( yhharata - goditea tetrakis(Edelyebaratacsodium
tetrakis(2,4-dimethylp ratersodllnhet SRS S dirte SHETatk-sodium
tetrafluoroborate, pota%%gm@) ﬁ;ﬁ%@%@%ﬁ%ﬁ%ﬁg Q%%é&?fg henylborate,
potassium tetrakis(p-t@yﬁbe%m?@tgsﬁbwséiraﬁséhpmlyl @{ﬁy@m@sﬁuﬁmlles
tetrakis(2,4-dimethyl-pligRyiiarate, potassitin_ t&rakid(3, 5 AimetVidheRyebrste, potassium
tetrafluoroborate, lithiumAetrakisipentafitore glgnrmatesslikthdararedtetraphenylal um inate, lithi
um terak s(p - olypat [l TGHE P DAl L
dimethylphenyl)alumiratellithivmmietsakis (3;bdimehyl phamd)aliuninaiey dithivm tetrafluoroaluminate,
sodium tetrakis(pentalERTABHIAY SRR HTEL: SocRnt tpeERu At <ddum
tetrakis(p-tolypaluminatensedidndtatialis fedaly)aiiminate asadidmotetrakis(2;4-dirriethylphernl)
alurninate, sodium tetraRis{d S ditr it M) aurh it d esotitne' etafivordagdminate, potassium
etrakis pentafluorop By Bl e A A el A et
tetrakis(p-tolypaluminates pdtassivm tetrakit(hetobdjuaiolniratE;spotassigmet two
tetrakis(2,4-dirriethyIpEE ARE Sl T AR AN . DoraS i e kit (3 BRI shEf.Aluminate, potassium
tetrafluoroahuninate, and ¢thenlikeycon comibirtationsitimeteofitenizinglonineompounds useful in this
invention are not limitggy thesesviféy ekamp R ot dotizing forie CoMisolifids Sie disclosed in U.S.
Pat. Nos. 5,576,259 and b 80+1238,4he-disclosures-af which aseiincorpangtad-herein by reference in
their entirety. Olefin I\@jozﬁgﬁsfe%mi@f é@;ﬁ;@gﬁ@g@@gﬁﬁ;@@g@m catalyst _
compositions and poIm&ﬂz@wﬁh@rose&ﬁa&pﬁ%&mueﬂﬁgmﬁa@a 2 u@%ﬁfeﬁn compounds having
from about 2 to 30 carsdrlatbrespergisleebiécahd dvavivgat lebidteo revetefinid dduble bond. 'Ibis
invention encompasségﬁﬁﬁfll@&smfﬁeﬁﬁqtaﬁt 5?55@5@?@@55@‘5;@@@5?@%5&5 as ethylene or
propylene, as well as topdiyreeiyzationtheactionswith atceadtioneddifiérent 6l&fimic compound. the
resuiting copolymers BRI B At ot A b S s Bl ¥rcent) and a minor
amount of comonorner {(18sKele peigent aboygl . thisdsmpiaareguremsaie Baggonnonomers that can
be copolymerized witfi*EHflylene often have from, 3 19,20 carbaq, atoms, in their mglecular chain.
Acyclic, cyclic, polycyelieapeimeial (&6) ciaterprl, inear chedosubstiidied;wRsubstituted,
functionalized, and nonst@Retions %%@?ﬂ@%n@%@ﬁ@ﬁt@?@@}ﬁﬁor example, typical
unsaturated compounds that canBe.palyiier

WL thEIcatalShEampQsItions: of this invention
include, hut are not Iirgite@g&;eﬁtqyigﬁe}?%?epg Db%gg;%ﬁ)@tﬁﬂﬁ?ﬁ@t@ﬂ -buten, isobutylene,
1-pc/Acne, 2-penteneys: thathill soenterae. e VidinenEne. L hekehtnitiekene, 3-hexene,
3-ethyl-I-hexene, 1-heptertacB-tieptene;3<hepianethe fouicncrmaiogtenpsidhbdour normal nonenes,
the five normal decent%,A%id $ie |IKE, of AEXREE SOMWS BEHGIR U s tatisolinds. Cyclic and
bicyclic olefins, includingdpttsnebhimited teecyclapantesepcyalohexenssdort 3bbornylene,
norbornadiene, and t@@ﬁ@?ﬁ@tﬁ@?@eﬁﬁﬁgﬁﬁg Sctibed acieStiténe can also be
employed as a Monomeking WHEH a-copoly Tels $:des Fdyine Benames Gambes for example, ethylene
or propylene, which i§]§e‘§oWr Wit ecEoFRe e ExgmpRes afasiefig onomers include, but
are not limited to, 1-béﬁ§hﬁ, ﬁﬁﬁ%ﬁ%ﬁ ,;,O afhy ;QI[A abc,“lgo Sutﬁlelﬁuet?i’-ﬁ’ern ene, 2-pentene,
3-methyl-I -pentene, 4-nfetlayl-{hrentenentbdtestener 2ureré ke Jrettylddraxerent-heptene, 2-heptene,
3-heptene, 1-octene, B RIS AL R HE HEBECL AT IS B eSetit iNehtidn, the comonomer is
selected from 1 -butems; ddpentend, thehexenepi-agipns,) Isdecend, e spweren- Generally, the
amount of comonorndfATAAMRENIIHG alEaCIBR2E HEHRATRE HE CHRRINHES from about 0.01 to
about 50 weight percenhef_lshmﬁlé? i Itﬁgba&qﬂao?;hb%ﬁigtém;m&gheg. th;sfltgeﬁemer and
comonomer. Accordirigto'diiother aspett of tie il comonorner
introduced into a rea&ﬁ%EEB%g %@Qﬁﬁﬁﬁ%@gﬁfm&gﬁ u%é%?ﬁe%onomer based on the
total weight of the mofiormertand Eohionoriertinwtill amothEhaspectrtihetaraotirt-of comonomer
introduced into a reactor zone is from about 0.1 to about 35 weight percent comonomer based on the
total weight of the monomer and comonomer. Vet, 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) ofilte 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 invghtioryatlaast ene Ivonomerseastanhis eibylene;aoqie polymerizations are

either a homopolyme PRIVENThBS Il etiié He ot Topol ZafBRAY Rt A different acyclic,
e, o e o, tre onalyst
compositions of this irﬁe?géﬁeerltﬁrsét-u§ed in_thtg olgmgrizationdoftdioIIefin comgounds including, but
not limited to 1,3-butagj@gﬁ%ﬁﬁ@l‘?ﬁﬁjﬁaﬁp@ﬁaﬁaﬁgﬁiﬁ%ﬁ%@éﬁfeffﬁlﬁ'@@geration of the Catalyst
Composition  In onenaspecpthetpregéﬁniﬂvemm@mmwes archtalystugaposition comprising a

contact product of a diffliclEaE MeAliiCatiE bl by 4 SNATREStRSAH c§uch a composition
can further comprise an-eeganodluminurmicempeundofdditinaaky thisieatadysiigemposition can further

comprise at least one@m@%@lﬁﬂ%ﬁfm@i@jﬁ%ﬁfj@ﬁ@ﬁé Bl ed;tatalyst is at least one

alum inoxane compound, at least one organozinc compound, at least one organoboron or

organoborate compound S S B BRINGUAE topBRNaob Ay TanBiATAN thereof. In another
aspect, a catalyst compestinisHRFMMISIMEUGA COMPESE! saipasiyedugtof at least one

dinuclear metalloceneaéb're@b}@daaﬁd brleagrotel ebm ronﬁsé{j@ﬁ@%fi@@]ﬁfﬁ@st one alum inoxane

compound, at least org DraAaLiNG CORPOUNALALICASE ANG. AT DARPDOTAD, AL Riganoborate compound,
at least one ionizing ichicedrnpourid! loramy combimationr tivereofl¢histinvemtion durther encompasses

methods of making th§§& SRt BN chS STl 3E 381 Bkabiie, satidctty the respective

catalyst components imanylotder eosegenter Fhenableast enendinteleanmetablocene compound can

be precontacted with AT FCIHBHBMET IR Jest et Hoeessts 36, S hiehufefin monomer to be
oy oSt ) :

polymerized, and an argaroaluminl onhadinsizpearipd af-titneprierto contacting this

precontacted mixture yity STRCIRAIERSHBBON TR irstseritd SafeTif i, the precontact tme,
between the metallocene ©empaung, amLcopIped «the aletite ria,o&q;wuﬁrm?be organoaluminum

compound typically rarffes fiomratime!perlodiof ittt 00P 10 to dbsut'2elsours, for example, from
about 0.1 to ahout 1 holE. HeRRIaCH HBIE SO ARAULID RIS S da. AR0E had Ainutes are also
employed. Alternatwe:}Y',e threuprécontizeting protessiisisarned outdin imultiple $teps, rather than a
. . . rnG[v ar ratio can be in a fange from, a]:hout 10:1 to abo%jt % 000:1
single step, in which mititple0X{Ues ale RepaTat; sdch Comprising & different set of catalyst
components. For exampieqaédeast twovositaly st componsntis drerdoniactechferming- a first mixture,
; CEzZaL S - ;
followed by contactin; g 8St RIRIES I LSS 0%, SR Eatvsl RoribgfgH forming a second
mixture. and so forth. more than one activator-support is employved, this ratio is
based on the total weight of each respective component. In
another aspect, the weight ratio of the organocaluminum com-
pound to the activator-support is in a range from about3:1 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
respeclive component. In another aspect, this weight ratio is
in a range from about 1:5 to about 1:100,000, or from about
1:10to about 1:10.000. Yet, in another aspect, the weight ratio
of the dinuclear metallocene compound to the activator-sup-
port is in a range from about 1:20 to about 1:1000.
According to some aspects of this invention, aluminoxane
compounds are not required to form the catalyst composition.
Thus, the polymerization proceeds in the absence of alumi-
noxanes. Accordingly, the present invention can use, for
example, organcaluminum compounds and an activator-sup-
port in the absence of aluminoxanes. While not intending to
be bound by theory, it is believed that the organocaluminum
compound likely docs not activate the mctallocenc catalyst in
the same manner as an organoaluminoxane compound.
Additionally, in some aspects, organoboron and organobo-
rate compounds are not required to form a catalyst composi-
tion ofl this invention. Nonetheless, aluminoxanes, orga-
nozinc compounds, organoboron or organoborate



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 catalysBédmponents can be formed in a first vessel, a
second mixture comprising the first mixture plus one additional catalyst component can be tbrmed in
the first vessel or in a second vessel, which is typically placed downstream of the first vessel. In
another aspect, one otdnarewofdhe catedyst Comjporenipcandde splitantusetbimsdifferent
precontacting treatmeﬁ%rel?c‘ﬁ{fé‘?a?@p sepdit asse’gﬁ‘%fﬂgisé preésfitrii?m“gfﬁiﬁ}’ﬁ first precontacting
vessel for precontactlmgays&th a&lemhgme aﬁﬁer;&a&ahyﬁﬁﬁama@g&nfga&h&almedﬁmamder of that same
catalyst component istfedifto %%%’é@ﬁd?f’e%@tf VESSet? é“é%?ﬂt“&é Ingith at least one other
nati thereo n =
catalyst component, ok s eRLaIaC @eu}tgﬁglrga&g@rc@ﬁ@&@m al mﬁv@l e precontacting can
be carried out in any mmmelequﬁﬁhwcsaéhlasqfamrsﬁmm mltfaqﬂklsewtbas static in ix ing

ce Ol’ in the absence of an Eﬁiboa ULIT1111L11T) omp

devices, a flask, a vesS&-QLADY ¢ ygglrgsgq |Q@tl@llg £se.a0na e;ﬁlgnother aspect of this
invention, the various leatalystcomp tor-exarniple, e(thh}telleargtmﬁaldcﬁo@m& activator-support,

organoaluminum co- cé%j&ﬁﬁﬁﬁ@%{ﬁﬁ@@i@?ﬂf@gﬂmm%ﬁgaﬁ‘lg‘btacted in the

polymerization reactosisimutianeosslyewhiterthepal menmn@ﬂ magtiontspseceeding. Alternatively,

any two or more of these calfalgst TompoRetits car e hreest e@g}maygggg prior to entering the
reaction zone. This preseiacting:sh eptﬁanalaa@o%ﬁugu&nm prﬁﬁﬁn%’a,eted product is fed

continuously to the re%ﬁ@tethPEﬁbétdé %‘igégéﬁb&t’é h¥#sel @g?mwﬁgh a batch of
16 af

precontacted product @@Hﬁ@qﬁf ) duk/éeéq ryﬁfﬁéﬁﬁgﬁgﬁﬁﬁy Zéﬁ %g step can be carried

out over a time perlodtthm eamgazﬁgédr@mg asféw secomdstoas ucfhlastsevwaidays (Jr longer in this
aspect, the continuou§FEEEERTAATHY Step GeRhdralR TEBtEhoRT B8t 1'$86oHd 16 about 1 hour. In
another aspect, the contmu@msapﬁecmtactmmte@iastsﬁmﬁpab@utnm segoitdsito about 45 minutes. or
from about | minute toagmiﬁcf’%(ﬂﬁ@gfg st e R hrecRat R MSURE Orthe metallocene
compound, olefin monemen mg@@.@%&m@m&ﬁ&ly&{ds ﬁ@miaﬁ{edamt&éae activator-support,
this composition (Wlthat ragaitoir ator: q?fé?ﬁ%’é‘eﬂﬁ@l ntacted mixture." The
oot it A S comiac: e
prior to initiating the p§|°;ﬁhe?ﬁ*2abt§ ﬁﬂmﬁﬁ@%ﬁchm{em?@sw Eth'eepﬁ!&a'ontacted mixture and

the activator-support gené ggsﬁ Je fromeaioutO s aﬁg?&g‘éﬁqﬁf{" RS ER A further aspect, the
postcontact time is in aottamgefﬁrbrrpmze)n]; hounteahdutckdroutdioa pﬂpecgrﬁaetlng step, 37 the

postcontacting, step, iR Gk THETEASR S BRIV SR Bonihat dtdtppared to the same

catalyst composition thatds:prepared withotitpratantasting srpasieantactiay.ddowever, neither a
precontacting step noVE@@&Fdﬁ?éf&tﬁfi%f@@ﬂé@@ﬂgﬁi ﬁroxlpg’g,thﬁFé)@éﬂ’ﬁ‘nxture can be heated
at a temperature and Eaﬁlapuunﬂcperiedlsufguemm a&@w;&dﬁmptlsn mapﬁegmtmn or interaction
ofprecontacted mlxtur%a’fﬂ?fh‘é’ g'ezgfwﬂg DPUTE ULt ﬁéﬁlﬁf the: onents of the
precontacted mixture &um or depo p05|ted the IWher ating is employed, the
postcontacted mixture ggn wwgﬁawqmaimmwelebfmﬁemm about O F. to about 150

F., or from about 40 F, 1g 200UE 95,5 on ceSing: tlvﬁ’éﬁﬁlﬁpggﬁ@ﬁﬁjﬁﬁgﬁ@h the molar ratio of the

moles of dinuclear metalioceneaompoondite tine<moles oﬁbﬁgammlummmaeeng)ound in a catalyst

composition generallyoﬁegﬁéféﬁgg‘]e@iﬁﬁ@@@t’m%@m [l G800 SHRARENEr @spect, the molar ratio

is in a range from abouielslsionatoué b&;ﬁ@@:rhéeﬂ imanotheaspeckibs-melardatio of the moles of

dinuclear metallocene>tShiBufig " @géayf’g{gnﬁlﬂ%l;p‘iﬁg@l CHRPURT I8 in a range from
about 1:1 to about 1:10(, J@asedmehagmaﬁsgd@i lest ihe rafiaoktotap melesat diﬂuclear metallocene
compound or compoundsteRECtsH aver aﬁweﬁﬁgﬁem@lﬂﬂe ‘é:ompounds) in both
the pre-contacted mﬁggeé&idﬂ&e@ﬁf&gn Yar Eﬁx ﬁaféfélgta A cﬁﬁfé‘&gg&e&lmg and/or

postcontacting steps arew@@wéchg s\tihénrep plietoptacithg Stepgs asedhthemolar ratio of the total
moles of olefin monor&E 1S H5tAEARIES o fﬁﬁ‘)ﬂﬁ@ﬁfgﬁ%ﬁﬂ@wd @h%g@éé@%qled mixture is

typically in a range fromsabout ﬁemntooaboubi@ﬁqeﬁaiiutﬁota@ﬂwa@ufreadz@mmponent are usedin
this ratio to account deﬁ%@%ﬁt L OF ff ﬁﬁ%ﬁﬁ)@nfﬁ%ﬁéﬁ%ﬂr@ﬁﬁﬁﬁ@%ﬁ@?ﬁ - Mignomer and/or more

wWeetl any cOmibi

than dinuclear metallaﬁaﬁ@d&ﬁm ph@y e intk alardaticatan e a., ramge from about 10:1 to
about | ,000: | in anotﬁ'%‘? 'as%jggom rﬂﬁég%?ﬁ%m% utfgoltﬁgpvggg?rﬂ laﬂgréPorganoalum iimm
compound to activatorrsuppaitds iB av remhaRQuUtrH ;;Aeta(b@ﬁueﬁ)ﬁbxﬂumere than one

organoaluminum competndahtior hvorethan-or actvatorsupport iserpteyed, this ratio is based on
the total weight of each respective component. In another aspect, the weight ratio of the
organoaluminum compound to the activator-support is in a range from about 3:1 to about 1:100, or
from about 1:1 to about 1:50.  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 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 diariclear metallocene comnoiind to the activvator-<irinnort ic in 2 ranade from ahoirit 1:-20 to ahor it



According to some aspects of this invention, aluminoxane compounds are not required to lifrm the
catalyst composition. Thus, the polymerization proceeds in the absence of &vitalnoxanes. Accordingly
the present invention can use, for example, organagliiminum compounds and an activator-support in
the absence of aluminoxanes. While not intending to be bound by theory, it is believed that the
organoaluminum compound likely does not activate the metallocene catalyst in the same manner as
an organoaluminoxanemGompaubgostAGdiionaly, k-semeiaspacts; olgaaohawen and organoborate
compounds are not relgaited ter forrsa-Catalydtrcompesitionnsithid ilventioa2Nemetheless,

. ostcontact times between the precontacted mixt and an ... .
aluminoxanes, organdgiii¢ cambeunds. Oanghoka S SIAnchatATR S 38 LhiBsunds, ionizing ionic
compounds, or combiaations4heresf cambeusesuincotheseatalyst-compositions contemplated by and
encompassed within tﬁégjf’éﬁ’é f‘ﬁﬂz‘él‘fﬁﬁ?ﬁsﬁenge, co-cataltysts such as aluminoxanes, organozinc

atalyst co the C11 t an be use

Os1t10ns o 1inventign C

compounds, organobQEaR, M BEGAR0BAIAA LOMBRIURGS.JBIZINGOBIC-CampMadS, or combinations
thereof; can be emploged witththe-dividlear vhetadiodene tampoutd; eithemigethe presence or in the

absence of an activat@g‘;ﬁiaﬁcfz’@lg,f@iﬂg@g@‘gﬁh@@gﬁ%ﬁggﬁ i tHE BoSeER 3f ain orwmoaluminum
compound. Catalyskcomprsitinas pfithapyesent inveatiosnrganeralhchava.akatalyst activity greater
than about 100 gramstrﬁne’(gjoéjll ;ﬁ@eg&pg{gi‘a@ gg %ﬁ@%% TS lheap‘ggzgoreviated
gP/(gAS.hr)). In anoth&l aspecly e ot a i R St haR Attt T80 Sreater than about 200,
or greater than about 260gP {gAS-tirptrrstitbanothBnaspket;tcatalystedmpasitions of this invention
are characterized by FAVIG’S CaBRR ALty §raster tHad MbEUt S8 i85t than about 1000, or
greater than about 1500 gP/(gAS-hr). Yet, in another aspect, the catalyst activity is greater than about
2000 gP/(gAS-hr). This act;}/lity ierpeasured under slurry polymerization cogditidHs using isobutane as
the diluent, at a polymerizatiog€mpgrature of about 900C. and anl\/etﬁ)d@e pressure of about 550 psi
g. Other aspects of the ptésehk@vention do not require an activaft-support. These catalyst
compositions comprise a contact pred{ict of at least one dinuclédy fHetallocene compound and at least
one compound selected from at least ofi& atumirfoxané coripbund, at least one organozinc compound,
at least one organoborolg or.organoborate compound, at least one ionizing ionic compound, or any
combination thereof. SUSh: Gatalyst corpesitions,of ihe, prasentinvention: gangrally have catalyst
activities greater thanabouts 0@ gtariislefitpolyethyitice pershdia pergrarm ofthe respective

aluminoxane compouH&@ﬁﬁﬁﬁ%ﬁﬁﬁg@@g&;gﬂm@r&gg@g{g@@n(g{eggggc;rqggg@}%compound, ionizing
ionic compound, or cambination thevechirancthexaspeet, thecatalysktactiityig-greater than about

250, or greater than aBBiiFSOd NS G IdRpENIRAL Perhvar pe gtam ot the' Fespective aluminoxane

€
1
compound, org,anozinc wmpaundsﬂfggaﬂ&be%‘eﬁeﬁh&ﬁgﬁﬂmbﬂr@éﬁ}aompﬂua&ﬂ@nizing ionic

compound, or combingﬂg??tk@%&%‘fﬁfﬁﬁﬁ’éﬁ8&&4ﬁﬁg§£§ﬁn§§§2§ﬁ?ﬁﬁ}gpreater than about

1000, or greater than abon20 &am&a?ﬁ)@fﬁﬁgﬂﬂwﬁlﬁgu& alﬂe&lgﬁséltﬁﬁe,d above, any
combination of the dinuchhi%ﬁeﬁ&ﬂﬁééﬂ?@@hg@ﬂ@ﬁ?@ﬁg%@m@rwgp@w reaprganoaluminum
compound, and the oIﬁﬁﬁfm&ﬁ(ﬁgﬁéﬁﬁggf@aﬁﬁiﬁﬁgﬁggﬁﬂﬁﬁé invention. When any
precontacting occurs withtanolefmicomonomehdtsishoot nécatsary shanhthewlefin-monomer used in the

precontacting step beﬂggﬂﬁ%‘ﬁﬁiﬁ@ﬁﬁﬁﬁj@ﬁ@ﬁ@%@g&ﬂ@gﬁﬁ@ 1.4 precontacting step

among any combination @tthetsatalyst ¢emponents is employed br a first period of time, this
precontacted mixture cafY'hi G$etlind sibsequent postcontacting step between any other

OI11 Or S111COI11;

combination of catalyst cefponenia fer ase¢ead parpd-ef imedrosexample dhe dinuclear
metallocene compourﬁl;btzfet‘é)@hcmfa}gmqhﬁ 6@£§®1?6(§lﬁndq@ﬁ7é‘>t€ne°6aﬁyﬁé‘%sed ina

mation t

precontacting step for'a Airki petiad.oktime, anddhis pre-eontaciecmixture then can be contacted with
the activator-support tg fglriﬁ}lﬁlpgs?géﬁ?&@gd%miimeathﬁgqtshle}ggﬁ%te%jmS’é'le’@nd period of time prior
to initiating the poIymg@@i@aﬁ@ﬁiohmﬁﬁgﬁfsﬁppﬁﬁa effime 1or gpntact, the precontact
time, between any coimbimation ofbthes nretd h locenst ound, the olefinic monomer, the

activator-support, and, & S giRER h RN ATo D A HR R A0 1l to about 24 hours,

from about 0.1 to aboutdehourponiiamiabout ihminutesstoeboutdthmiputesadhe postcontacted
Iffixture optionally is ajfeiief f&%@ﬁéﬁgﬁéggﬁjﬁdﬁﬂyﬁﬁﬁﬁ@ B 89 GF it the postcontact time

merizin, onomers to pro mopolymers

prior to initiating the pelymesizaina-process. caorhngnte e nenaspeslof thisdnyvention, postcontact

times between the prgggﬁ}?fgl@ﬁr@r? agﬂ%%i@mgﬁegﬁ%ﬁ@@g is from about 0.1
hour to about 24 hourgn@k [Qm@i&uj@ms; baut «BRlymesization, Brocess

Gas phase reactors may comprise fluidized bed reactors or



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 corntaéting 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 metafleaeneicontpiitadand ahleastarecacivaior-shippesvdhe at least one

dinuclear metallocene MO & SElecRI o MeTSIING TR IRL SRR YRY R=CR AIN

x4," Ere"RY '(C batch or continuous processes. Continuous processes could
use intermittent or continuous product discharge. Processes
may also include partial or full direct recycle of un-reacted
monomer, un-reacted comonomer, and/or diluent.

Polymecrization rcactor systems of the prescent invention
may comprise one type of reactor in a system or multiple
recactors of the same or diffecrent type. Production of polymers
in multiple reactors may include several stages in at leasttwo
scparatc polymerization reactors interconnected by a transfer
device making it possible to transter the polymers resulting
from the first polymerization rcactor into the sccond recactor.
'I'he desired polvmerization conditions in one of the reactors
may be different from the opcerating conditions of the other
reactors. Alternatively, polymerization in multiple reactors
may includc the manual transfer of polymer from onc recactor
to subsequent reactors tor continued polymerization. Mul-
tiple recactor systems may includce any combination including,
but not limited to, multiple loop reactors, multiple gas reac-
tors, a combination of loop and gas rcactors, multiplec high
pressure reactors or a combination of high pressure with loop
and/or gas rcactors. The multiple reactors may be operated in
series or in parallel.

According to onc aspecct of the invention, the polymeriza-
tion reactor system may comprise at least one loop slurry
reactor comprising vertical or horizontal loops. Monomer,
diluent, catalyst and optionally any comonomer may be con-
tinuously fed to a loop reactor where polymerization occurs.
Generally, continuous processes may comprise the continu-
ous introduction of a monomer, a catalyst, and a diluent into
a polymerization reactor and the continuous removal from
this reactor of a suspension comprising polymer particles and
the diluent. Reactor effluent may be flashed to remove the
solid polymer from the liquids that comprisc the dilucent,
monomer and/or comonomer. Various technologies may be
used for this separation step including but not limited to,
flashing that may include any combination of heat addition
and pressure reduction; separation by cyclonic action in
either a cyclone or hydrocyclone; or separation by centrifu-
gation.

A typical slurry polymerization process (also known as the
particle form process), is disclosed, for example, in U.S. Pat.
Nos.3.248.179, 4,501,885, 5,565,175, 5,575,979, 6,239,235,
6,262,191 and 6,833,415, cach of which is incorporated by
reference in its entirety herein.

Suitable diluents used in slurry polymerization include, but
are not limited to, the monomer being polvmerized and
hydrocarbons that are liquids under reaction conditions.
Examples of suitable diluents include, but are not limited to,
hydrocarbons such as propane, cyclohexane, isobutane, n-bu-
tane, n-pentane, isopentane, neopentane, and n-hexane. Some
loop polymerization reactions can occur under bulk condi-
tions where no diluent is used. An example is polymerization
of propylene monomer as disclosed in U.S. Pat. Nos. 5,455,
314, which is incorporated by reference herein in its entirety.

According to yvet another aspect of this invention, the poly-
merization reactor may comprise at least one gas phase reac-
tor. Such systems may employ a continuous recycle stream
containing one or more monomers continuously cycled
through a fluidized bed in the presence of the catalyst under
polymerization conditions. A recycle stream may be with-
drawn from the fluidized bed and recycled back into the
reactor. Simultaneously, polyvmer product may be withdrawn
from the reactor and new or fresh monomer may be added to
replace the polymerized monomer. Such gas phase reactors



wherein: X' and X2 independently are a halide or a substituted or unsubstituted aliphatic, aromatic,
or cyclic group, or a combination thereof, X3 is a substinned cyclopentadienyl, indenyl, or fluorenyl
group, any substituents on X3 other than a bridgingigfoup independently are a hydrogen atom or a
substituted or unsubstituted alkyl or alkenyl group;  Xa is a substituted cyclopentadienyl, indenyl, or
fluorenyl group, any substituents on Xa other than the bridging group and an alkenyl linking group
independently are a hydsogematom crreacstlifstituted cramsubsitutedalkyroialkenyl group; A'is a

substituted or unsubsﬂ%@f@ﬁ%@@gﬁ%ﬁﬁ@%ﬂ&ﬁﬂ@@%@@ﬁ DFRJ0 8 carbon atoms, a

bridging chain of 2to & pcaiems terararhon, Si ygeraaniumdimdemea; nitrogen, or
phosphorus bridging &fBSany @gﬁgﬁ?@;ﬂg‘jﬁd’gﬁ%ﬁﬂéﬂg&oﬁ‘g%ﬁmggg?f@tom, or a substituted

type s phHase rea

or unsubstituted aliphatis, aameatis, 6r<yelicagrorps O7acambinatianitgreacN4is Zr, HI; or Ti; E is
carbon or silicon; Wlllg,c]aﬁﬂ i iol'mdgﬁqﬁd@h m%%?&g@ﬁﬁ&im?%liﬁtuted or

unsubstituted aliphatigr@:rﬁfﬁéggﬁ l‘éyﬂ&@?ﬁﬁ@éﬁﬁgu fﬁqﬁéﬁ;‘[ ﬁﬁ 2iLis an integer in a

range from 0 to 12, inclusiven aummet?ersmﬁsojfhatlkﬁseﬁetcasﬂmmbﬁdgiinglaﬂom when both X1
and X2 are chlorine affif, B X A X A e A O 5 &8kon, R, and 1-2" are

each hydrogen atomspandindscequalie Bone Titetbatalysttcompositions ofithiepresent invention are

intended for any oIefi@@@ﬁ?ﬁ@gﬁﬁ?ﬁ@f@ﬁ%@@ﬂ@@ﬁ;&&@%ﬁon reactors. As used

herein, "polymerizationxeastoinincludemamnpolymerizationniesictoicapabie:odpolymerizing olefin
monomers to produc%@ﬂ&@%@%@@ﬁ?@j@gﬁﬁﬁéﬁmﬁp6’I‘Wﬁ’é¥§’§H&]€6polymers are

referred to as resins or m@wﬁlgTﬁey\éaaQu&upg@eﬁseﬁ@mﬁﬁmﬁkﬂdﬁ, thRsestkat may be referred to
as batch, slurry, gas-ﬁh%léé?éemﬁe?ﬁqql'r%ﬁ:gyeggi}m{%ﬁfbaIW@FW@@I&W}?@&G@R Gas phase reactors

. . ._ _reactqr wherein t onomer is contacted with the catalyst

may comprise ﬂUIdIZQ&, eas ﬁ§y05uitable stirring or other means. A carrier

comprising an inert organic diluent or excess monomer may

be employed. If desired, the monomer may be brought in the

vapor phase into contact with the catalytic reaction product,

in the presence or absence of liquid material. The polymer-

ization 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 employved to obtain better

temperature control and to maintain uniform polymerization

mixtures throughout the polymerization zone. Adequate

means are utilized for dissipating the exothermic heat of
polymerization.

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

Conditions that are controlled for polymerization etfi-
ciency and to provide resin properties include temperature,
pressure and the concentrations of various reactants. Poly-
merization temperature can affect catalyst productivity, poly-
mer molecular weight and molecular weight distribution.
Suitable polymerization temperature may be any temperature
below the de-polymerization temperature according to the
(Gibbs Free energy equation. lypically this includes trom
about 60° C. to about 280° C., for example, and from about
70° C. to about 110° C., depending upon the type of polymer-
ization reactor.

Suitable pressures will also vary according Lo the reactlor
and polymerization type. The pressure for liquid phase poly-
merizations 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 auto-
clave reactors is generally run at about 20,000 to 75,000 psig.
Polymerization reactors can also be operated in a supercriti-
cal region occurring at generally higher temperatures and
pressures. Operation above the critical point of a pressure/
temperature diagram (supercritical phase) may offer advan-
tages.

The concentration of various reactants can be controlled to
produce resins with certain physical and mechanical proper-



40 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 intermittént or continuous product discharge Processes
may also include partial or full direct recycle of un-reacted monomer, un-reacted comonomer, and/or
diluent.  Polymerization reactor systems of the present invention rnay comprise one type of reactor in
a system or multiple reagtansegidhg-samenar-aiferent ype-Pradust en-afqobynaess in multiple reactors
may include several st@ ésagﬁia‘fll% &ﬁtﬂw_ﬁﬁﬁfﬂ% Fgo‘]’g érizatich tetsetvrsintdreonnected by a
transfer device makin&i%ﬁ%ﬁﬁﬂggaﬁgﬁgﬁimﬁc M@%f&ﬁ@%ﬁﬁ%ﬁbﬁﬁ&poIymerization
reactor into the secon@yeadctorsiheé vlestret polyrierizatforriconditibies inroreishthe reactors rnay be
different from the opefafitig: et qlinle.or HE CHED oAl iardn A ST RRIVEN hofifiErization in multiple
reactors rnay include thesmansiaktarsian ot pehymerdromdonieieadtarniosubsequent reactors for
continued polymerizaft8f. R dRG Sy SR i na .inglude any combination including, but not
limited to multiple loop seagtossmultiplecgaseaciorsrencambinatinniaf fospanthgas reactors, multiple
high pressure reactors ! afiGPe oL Al ‘EFé%% Ure& WRRIBYY Endiiof fasTactors. The multiple
reactors may be opergtl%fﬁggﬁg%gﬁgﬁi. c%? iyi?ﬁégg@uﬁgé%%f ,tﬁﬁﬁ{e invention, the
polymerization reactw%gtpmsmgﬁie@mpﬂ@hﬂe@mvg@%i d' aeﬁ}_)lari)rising vertical or
horizontal loops. Mongmek, dile. ftg%’i%TMQ' rtonalRany colnyRmaL maybe continuously fed to
a loop reactor where polymerzdticroceursiGenanallyc conrtinaousprocassesimay comprise the
continuous introducticﬁf‘éﬁf@ﬁﬁggggggrqgg@%%, anda-diluentinte. ahymerjzation reactor and the
continuous removal frerithis:reactonof arsuspensiongemprsing pesmenpatiidles and the diluent.
Reactor effluent may pe-fastiatt g*éﬁ?ﬁmﬂ@&@ml@yﬁﬂ@@:%ﬁ@QSQW comprise the diluent,
monomer and/or comenemn@kariads-techanlagigs snayhausadfos tbis, sepanation step including but
not limited to, flashing et Tisysinel e deccrbjrete ot Heas attion it ressure reduction,
separation by cyclon|(1;11'11)Qﬂg|gh|§1Cf\j;ﬁg{3 acky. Qﬁglbﬁdyyg%c{lgrﬁbog&ega{@nqg%y centrilitgation. A
typical slurry polymerizatioreproeess (ajsorkrownresthd partitteiferhpproeessy, is disclosed, for
example, in U.S. Patj%@féﬁi@ﬁ%&ﬁi@iﬁ%%ﬁ%&ﬁ? h.239,235, 6,262,191 and
6,833,415, each of whichiseinte dvbynrefeienaes ipitsientiretyrhereiing aSiitable diluents used in

slurry polymerization mﬂﬁbﬁ@?ﬁéﬂ@ﬂfﬁhﬁ?@mﬁj@@m@g@mﬁ@bﬁﬁzed and hydrocarbons
that are liquids under seactiomsonditionss Bxampies of-gidtable diluents include, but are not limited to
hydrocarbons such as, pHprrEtyElaeRare sabrtarte, pititbaiern portarts Kopentane,
neopentane, and n-haxareawame eop-pHymerzatpnd eactians-can et Andat bulk conditions
where no diluent is used=AREY; iS izt of et mbPomer as disclosed in U.S.
Pat. Nos. 5,455, 314,;&ﬁqﬂgﬁ&gfﬁﬁ{§t§§ﬁb§f§ﬁé&e lg;glﬁnzir? ?t%%ﬁﬂ%%({ lnAc:c:ording to yet
another aspect of this inVéstidanthe pdl attdnrr redatobmeycomphisedtieast one gas phase
reactor. Such system§ B ARl A Fo Rt UGS HEe RIS SR G AR § @38 %r more monomers
continuously cycled thrioughoesfiuidize d:beddmtheqresenseoftnecatalystelgdaspolymerization
conditions. A recycle S{Feay Mdy ?&W@@nﬁwﬁ@dﬁéﬂn@%ﬂm8§ra'%‘£€§i§$d back into the

reactor. Simultaneousiycpolymerproduatonay bevithdrawn from the reactor and new or fresh

monomer rmay be added ¢ prateane y}jﬁeé)’flf’éﬂﬁéh@jfbo cSuchyEs pHas@feactors 41 may
comprise a process fQ# stepgasrehi aﬁﬁfer{’?eatlfgﬁg@aia B%ﬁwﬁl@fa@iﬁns -Ire

polymerized in the ga§e&g§phhs€ﬁﬂﬂsllgast‘{f® ihde ¢ dx_&;ﬁt 2 tﬁ‘ﬁalsle ) yﬁjlérization zones while
feeding a catalyst-corffaiaing. nalymen Bimedun At palimerization.zone.thiaisecond polymerization

B

zone. One type of gadiphasSéréactorisdisetosedin %&1&319&@3.@,3@2}%49?%88,790 and
5,436,304, each of w1 InCoTAarATAtI IR FETEREIER HilS EreR il s ording to still another
aspect of the inventioni,calhighqpressufésp@lymedm&oﬁﬁeaat@amayaénm@ﬂs&iaewbuIar reactor or an
autoclave reactor Tu%@?gﬂ@ﬁsﬁ@‘@g’g %%Q‘éﬁgl%zggggg\ﬁgléfe@;@éﬁ@ gifgnter, initiators, or
catalysts are added. Manemer may be entrained in an inert gaseous stream and introduced at one
zone of the reactor Initiators, catalysts, and/of, catalys} ¢amponents may be entrained in a gaseous
stream and introduced at another zone of the reactor. The gas streams may be intermixed for
polymerization. Heat %quggﬁﬁmgengﬁ?@ggﬂiﬂfgﬂg‘gy‘gV@JZngla;f;d}ﬁm‘ggTSﬁ;nal polymerization

reaction conditions. ing limitations to the scope of this invention. Various other
aspects, embodiments, modifications, and equivalents thereof



According to yet another aspect of the invention, the polymerization reactor may comprise a solution
polymerization reactor wherein the monomer is contacted with the catalyst composition by suitable
stirring or other means. A carrier comprising an inefs grganic diluent or excess monomer may be
employed. If desired, the monomer may be brought in the vapor phase into contact with the catalytic
reaction product, in the presence or absence of liquid material. The polymerization zone is maintained
at temperatures and pressurestthatraakiiesultin thedopmationotamsohuiornsegthketpolymer in a reaction

medium. Agitation ma&‘ﬁ@@ﬁsﬂ;ﬁm@g Plfnvgﬂg@{};‘é%fg@gbﬁlm%amtam uniform

polymerization mixturasgbraughaut.the polymerlzatlon zone. Adequate means are utilized for

dissipating the exothergﬁ&ﬁé&@ﬁ;%fw erc&{ym TRECHTS Siltable for the present

invention may furthergpm@ﬂﬁg any. 6o tien t @S AW Gfa@{tapi&eﬁ system, at least one
feed system for catalyfet@dcﬁegyst ézﬁmgheﬁtlsesaﬁ%ﬁéﬂgae?g gn@pmmerlﬁe?:évery system.

Suitable reactor systefg tzggjﬁ,e}gﬁngn enlioh Ay Turfiier Somprias sy eteins for feedstock
purification, catalyst storagedakidqpr MMBnaehtrns@mqfe@mgpeoeh E p@¢yrner recovery,

fractionation, recycle, Sfgr&e, f@’i&ﬁé‘f&fﬁﬁ@ﬁﬁ&ﬁ @@3&1 S pIgEESS Ry Conditions that are

controlled Ibr polymerization-eaigiensy:anddasprovide resimpr emesm@ksdeawnperature pressure

and the concentratlongﬁﬁzﬁoﬁfgg%@ﬁﬁ &ﬁ@iﬁf@@&%ﬁﬁe‘?ﬁgﬁ’ggﬂlﬁ@ct catalyst
productivity, polymer meleeuiaraue&gh&@nefmelﬁmﬂa&lwmgﬁhw ibuition, Suiable polymerization

temperature may be @?3? Otge?ﬁeT@WEE %ﬂj‘igjghf faefeegccording to the Gibbs
Free energy equationg Imlg s¢@e Iiglaara mﬂtGﬁa(ilml Ot 2804 $oofor example, and

from about 70' C. to abbiFtCPtI@OSG@n e ‘e”ef—‘ ‘o’l mEr%ﬂbthactor Suitable
pressures will also vaBiag gﬁg&ouﬂfmegr ,@rfqlpgiy pe, fhe pressure for liquid

phase polymerizationginataioemde actonineni @aﬂydelsscmaﬁrm@@rpmgnﬁreeemg for gas phase
polymerization is usumgﬁﬁlﬁh‘t SHHISBBY FEY. MR SreitE pa g8 in tubular or
autoclave reactors is generakbyyurnas ahout 20:8000 46445000 lg:da@iymefnzaim reactors can also be

operated in asuperchﬁEaﬂ‘i@@gj@i}i@nrbﬁ§(q1 gpene@fjfﬁ@gmbeﬁﬁ?%?ﬁﬁjrwe@t@ ressures. Operation

above the critical pomé)a‘tarefe&eu aagsanp uperﬁ{ale&bplease)lmay offer advantages.
the concentration of valigus e e‘@ﬁﬁ Edrbeto VFe@lleC}ifltld fosk éor’eg?f@vm@%grtam physical and
mechanical proper- 4;2 eb %&I&@Ossg éiﬁéﬁf ¢ a{;a\fmﬁéefoqmieéeby the resin and the

method of forming thatlpeedaet thetarmiresitie t}péstle‘slqﬁeehmal properties include

tensile, flexural, impadf, Bk e;ebfu?t?ﬁ 187 h%,ﬁfyihat Eﬁélf&’ {efgnjleOfth pibperties include
density, molecular waghtpmetewmghedismgt S transition

temperature, temperafUithiiER of SYSHRIZats; é@é‘{;ﬁ@ g@mgﬁ ? owth, long chain

branching and rheologicah measurermenis takaéh%cenﬁet&saﬁonerﬁfam@wc:merﬁwmonomer hydrogen,
co-catalyst, modifiers "ATRf SIBEHOR TGOS é@;@&ﬂ%@g M ProYLERRY tHes eset BIERIA properties. C
knnonomer is used tolﬁﬁﬂffel; pﬂedwaeapﬁybayerﬁgﬁrbc,aneberusem G‘:@ﬂifﬂleﬂrOdUCt molecular
weight. Co-catalysts canpefsert o alplate Iseavente poisorls At comrptiolecular weight.
Modifiers can be usedﬁeseanmﬂm Qﬁggaampa?&&a ]ie&lé@p o & ﬁilgiereoregularlty In
addition, the concentratien Wlﬁé ﬂﬁquSMWllzeﬁﬁb‘eea 0} eeaecreactions and product
properties.  The polyiar ohrSsinmaybe foRed IntS VHHOUS arf e indluding: but not limited to,
bottles, drums, toys, housetioidtontaifiers 1 Gtensilsyvidprodusisddrumsoiseltanks, pipes,
geornembranes, and Fﬁéﬂﬁ&%@ﬁ@%ﬁi @%ﬁ%’@%gﬁﬁ%@iﬁiﬂ@’ﬁﬁ%@@ les, including, but not

limited to, blow moldirgcexdusierapldmgMatatzrrahmeloing, shermolbrningrcast molding, and the
like. After polymerlzat%?},%ddltlv%se and modifiers can be added to the pelymer to provide better

processing during manidee u%ﬁmﬂlfgr%;lﬁeéspféﬁgmﬂsm thﬁﬁlde peadﬂ@h/hﬁidltlves include
surface modifiers sucﬁbﬁv‘él’{g @Er%ﬁy]plg% ackift wj&éﬁ;{i@h ‘a8!primary and
secondary antioxidantsspigmen @@rgeeeemg@tds such as waxes lls an oroelastomers and

special additives such adfire rdtardiesns lantist: tieeseav'e’rlrg reegbsisersinedobEnhancers, and

art. For,exa

degradation agents. ElGRapoly m@(@@gﬁq Q@W%ﬁeiﬁy{ggglgmgw@ﬁﬁﬁccordance with this
invention generally hatveragnednird@bfromeabout@@h idiabbut- 108 G Ghmamdeorrexample, a melt

index in the range frot 4Bt § 150BbUE B0 Y710 miH. "8 fisi 80 GP 6. B 8 aBiBit 25 g/10 min. are
contemplated in some aspeciswhthisdimertioend mikhecdensityotbthyllenesbased polymers produced
using one or more dinti€&ar MEtafd et rhbotRds o thie Bre¥enPitettor fically falls within the
range from 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. Vet, in another aspect, the density is generally in a range
from about 0.91 to about 0.94 g/cc.



If the resultant polymer produced in accordance with the present invention is, for example, a polymer
or copolymer of ethylene, it can be formed into various articles of manufacture. Such articles include,
but are not limited to, molded products, household4batainers, utensils. film or sheet products, drums,
fuel 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 extrusien, prafile extrusisnyand thedike:Addilionaly: additives-and modifiers are often

added to these polymérgif bfdé? 5 fﬂ'@\?ﬂ%i&ég it l_ﬁﬁg’égi’qﬁﬁrl;grﬁ-use product
attributes. EXAMPLE§1;1$§§&£\(@I@LQ{H§I ther strated ), ngﬁlbtiv;&gag@pples, which are not
to be construed in anywine ¥ iFposing timitationtto¢he Scpelofthistirs@ntioh.aVarious other

aspects, embodiment$, HOAHEMSY T SHRIFAIBAES they 83t 2 ¢ WATH, afteieading the

¢ sainplé 1n Sta s carried Su ating a

description herein, mayssdggestthemseabies.itmone-afondinagye.siil iptheian without departing from
the spirit of the preserscihventiorr ot ﬂﬁerscb%@d?wlabﬁéﬁéeﬁ ERiadumiNy{cléar Magnetic

Resonance (NMR) speCitd i BoIet AR A A MIBF B B00 KA Hiectrometer operating
at 300 MHz for 1.H. NMR<EDE b3-sohrant referenceaagainst the peak of residual CHC13 at 7.24

ppm) and 75 MHz for LS NITR [COERLS SONERt I emenel Agaer chiTaLis of CHC13 at 77.00
ppm). In addition to MR, & ther ﬁw@.lwmwggﬁmeﬁynﬁﬁ urgddirect insertion probe
mass spectrometry on@h%ﬂ%&wﬂ&dg@@‘t@-dﬁmwzeﬁm@ 'nﬁg]ctltieldmgllear metallocene

compounds in the exaPIES Tk TASIIPRAISMIRET TR BB RBEHHS: 70 ev electron

impact ionization, mass-tange{ran35 ia. 200 anku, dhiect . insepianaeeessory with maximum
temperature to at Ieas@@S@gg}.Sfahélisefmér@@é}’%aﬁlb‘@ﬁﬁtégmt' Idral" peaksrdypical of probe runs
P

The method was devqﬁﬁé@p%@rggﬁﬁﬁ%ﬁq i@ﬂ?ﬂp fﬁg@m%ﬁdescg@mﬂme of 35 to 1400 (1

second scan time). convenionalemimivid enNwith laee abtip)probeitipshsedrgedamperature of 180 C.,

2x10-6 manifold vacuuny*Hntp AFf Foedlpdriri e hyaieorde peak ihtegfration and instrument
control. Other instrumé%%ﬁléﬁggﬂig%é%m Zﬁi%?;a%%mgﬁmg could be utilized.

in the LYIPMS procedure, 'thessaumiple isqola@edbm@gwbgmm‘agﬁm?ﬁnge. In practice, the
smallest drop of samgtE hitt ¢aiT bE FahSTEITER 13 THEZBROBE S tANY gVES the Best results. After
placing the sample onitheqrehenibisallawed igistand-fes @bauta-10madas iew for evaporation of
the bulk of the diIuent)‘S"@Ivelm@?ﬁ%ﬁﬂﬁ%fﬁ%hﬁééﬁé@?ﬂﬂ%@?%ﬂ@%}dﬂuent/solvent to

evaporate before inseﬁﬁ;‘igﬁfé@ ) ﬁ?ﬁl&ﬁﬁéﬂfp\ﬂﬁ%‘ﬁ@p@ ﬁ@é@ﬁﬁgﬁglessen the chance
that the drop will fall ofiefithedtipi dukiingoblees iIRsertiompracessaAfteninsestia guibs=probe, the

temperature program %@t&ﬂﬁ@i@ﬁ ﬁ%ﬁ%ﬁ?@éﬁ@f&aﬁ% Q@g%‘f‘am used was 50 C.
(hold 1 min) 30 ChinnJgmperatie . i) ageg;&é’@g&eﬁidﬁigy@ fﬁ]is program takes 26
minutes to complete. Ehedikimenttwas turiied onO® mip/info thelredanckdept on until the completion

of the temperature pr%ﬁﬁﬁﬁmmﬁ OV IirLRES T AW thE prone (R 3 @Yo, the probe was

t-average mo

removed from the instrumgintapd theiasalysis sytle was complels.or ilaﬁlFinniganm instrument had
removable ion volumeb?ﬂaegb“ﬁmgf%%m%aﬁéfﬁ@éﬁwmﬁ Jemywmmet@ minimize buildup of

residue on the lens and Qg LHONICECOIIRADE MSe e KBS s AT v RICALY. AUtRLIted as plots showing
total ion current versustiride tdgaliades ‘éwt?ﬂ_@fnﬁﬁéwasl@éftemﬂed ncacdotdance with ASTM

L31238 at 190 C. Wltfﬁ%ﬁé@@i@rﬁtb liqéfgrgfe%b ;ﬁ‘gﬁ‘bﬁj‘dﬁ%ﬁgiﬁ%ﬁhﬂgi 871U min) wis determined
in accordance with ASTMR 3$238@i-190. C.-naNa/ GO0 grarewsigidined on 15

weight percent samples in TCB using a 500 MHz Varian

Unity Spectometer run at 125° C. as previous described [see

Randall J C, Hsieh E T, NMR and Macromolecules;

Sequence, Dynamic, and Domain Structure, ACS Sympo-

sium Series 247, J. C. Randall, Ed., American Chemical Soci-

ety, Washington D.C., 1984 .]. Methyl content per 1000 car-

bons by NIMR was obtained by multiplying (times 1000) the

ratio of total methyl signals to total signal intensity.

A partial least squares (PLS) calibration curve was gener-
ated using Pirouette chemometric software (Infometrix) to
correlate changes in the FTIR absorption spectra with calcu-
lated or NMR measured values for methyls/1000 total car-
bons for 25 samples. The FTIR absorption spectra used in the
calibration model were made from co-added spectra collected
across the whole sample. Only a portion of the spectral region
(2996 and 2836 cm™ ') was used in the calibration step in order
to minimize the effects of residual solvent absorption. Pre-



Polymer density was detenuined in grams per cubic centimeter (g/cc) on a compression molded
sample, cooled at about 15 C. per hour, and conditioned li3r about 40 hours at room temperature in
accordance with A STM 1)1505 and ASTM L11928,5ptocedure C.  Melt 'theological characterizations
were determined by methods known to those of skill in the art. For example, small-strain (10%)
oscillatory shear measurements were performed on a Rheometrics Scientific, Inc. ARES rheometer
using parallel-plate gaomeatsyinilcihveslogataldestacheteparfernredatiz9@<@. talylolecular weights and
molecular weight distfpfiiBRd Wardshiained dding & #1220 SEC RigRtsHperature chro- 44
matography unit (Polymey k&bp@&Q{ﬁ%%e\ﬁ{t@ﬂi%%@{é?ﬁ%é%?@Q%Lﬂ%m%é%{ﬁm with a flow rate of
1 mL/minute at a tempgitatuire-ofubdbGhéibtb (& 6didart-bulyitdimetidohencldat a concentration of
0.5 g/L, was used as &'Stab mféﬂﬁm tﬂ&?’(ﬁ‘“ﬁg} Fdﬁ%‘fﬁﬁ’i@ Bﬂ@? s used with @ nominal
polymer concentratlor{,glf1 adan kss,&lfgt@& ﬁ;i%rélé?pa gtjgns 5 was carried out by
heating at 150" C. for Edmhwmct)eeasmh eﬂﬂera mf ﬁ"lt?el@@ilemﬂfsllﬂ%ed were three PEgel

Mixed A T,S columns 173 x43’6)(5:rr¥n 5?11dp e céﬂ Braﬁec]j Wi og@'fne  polyethylene standard
(Phillips Marlexa BUB; &w i g@ﬁﬁl’f Sﬂe‘fﬁgc%aa Sumy{igd. Molecular weight
distributions and branehqavoﬁ%wweeotﬁbﬂnédqﬁrwqg §i2% e&eﬁ]ml\ﬂl%ﬁfé@graphy (SF,C) using
an FTIR detector. Chrisaaladianhinconaitong s thes ﬁé@fﬁ}bﬁn OB ver, the sample

injection volume was 500 &Lﬂl@ampieslwe“rmmtmdn@edammlﬂ iRdtetectorlvidza heated transfer line
and flow cell (KBr Wlnﬁm§nﬁjﬁi@bﬂf§§€mﬁ%@l@§%ﬁﬂ e B \stReY, tRB temperatures of the
transfer line and flow eethwere kept at 143-s-1 C and 1401 C,, respectlveF A Perkin Elmer FTIR
spectrophotometer (PE 200Gy etjailvmechwithra mercey cadmsitmrteluride (MCI) detector

was used in these stu@%’g‘i(}w&ﬁﬁé@ﬂﬁﬁ% éﬁ%@uygﬁﬁgﬁg{?‘éﬁ@@ﬁpﬁh i&hase software.

Background spectra of:thenpic B ssolvent weike thmnzedrpﬁomuaaclbrummuﬂohﬁhspectra were measured

at 8 cm-1 resolution (P6;8EANS). ﬁﬁ@fgjﬁ@tﬁ@@ﬁilfﬁ@é@igéﬁﬁg@mméﬁgp‘g@ean square

absorbance over the 3600-2700 -k spectrahregionifiiag EbdRisesvesas@icopcentration detector).

Molecular weight calciifatio ﬁgﬁpﬁ% &‘%‘Eﬂ%ﬁ%ﬂﬁ% 4 proad molecular weight
Q

polyethylene (PE) stafgja{d; S88-s) $ G ol ARRAR R OR kEkg@&eANelch MB, Polymer
2000; 41:71751. Spe@tmlﬁ‘@ﬁ?ﬂn‘ﬁfﬁﬂéﬂéﬁﬁé@ﬁé@s%ﬁﬁ@%HFGmmGQWé@ﬁbsequently analyzed

for cornonorner branciy Ievefstlﬁlﬁng chérnometric techniques. All calibration spectra were taken at
sample concentrations which lin- exceeded that,nggdgd;lingood signal to noise (i.e., ==-0.08 mg/mL at

the detector). Branching content was determined as follows. Narrow molecular welght
(weight-average molecular sgighé 40 mmb@aﬁmag&am{eﬁudapweighheaﬂo (M/M") of about 1.1 to
1.3), solvent gradient fracﬁb‘ﬁse‘bi%tn lefie Thitenk "eilemenyiday ﬁg;g@i{yethylene homopolymers,
and low molecular weight Alkanes VE?@E?&%QS b a%gfh Hadverification studies. 't he total methyl
content of these samples ranged from 1.4 to 82.7 methyls per 1000 total carbons. Methyl content of

samples was calculated]i‘? o e dlﬁﬁ@g Smg ME %‘pm fSoby€-13 INTMR spectra

were obtained on 15 W@ig{Hrﬁ&iﬁanis's LBushgua1otd pMaiiamidity Spectometer run
at 125 C. as previous'@ée ﬁ?fggﬁe grﬁl‘t%ggzmﬁ Pe?PNWI e gﬁolecules Sequence,
Dynamic, and Domalrggmfgfwgm Eﬂ?nié: American Chemical

Society, Washington DNCE'H 984, IhMEft FY‘ erGGGSCHm@FFsVWNWR was obtained by
multiplying (times 100165“tTleaF5 0" Sr Rl Fhethyi s ;E}e Is to total signal intensity. A partial least
squares (PIS) calibration curve was generated usmg Pirquette chemometric software (Tntometrix) to
correlate changes in the FTIR ab orptlo R measured values for
methyls/1000 total carbons for 25-s3 Jectra used in the calibration model
were ma de from co-added spectra ¥: 5 hole sample. Only a portion of the spectral
region (2996 and 2836 cm-1) was used in the [ pi order to minimize the effects of
residual solvent absorption. Pre- 450
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processing of spectral data included area normalization, taking the first derivative of the spectra and
mean centering all data A Ibur component calibration model was calculated and optimized using the
process of cross validation (RSQ=0.999, SEV-0.7)4d e calibration model was verified using 23
additional samples. The predicted versus actual values for the validation data showed excellent
correlation (RSQ).9S7) and exhibited a root mean square error of prediction equal to +1-0.4 methyl
groups per 1000 total carbon molecules.  Shastehain-branching levels were calculated by
subtracting out methyl.chain g ORtriby {he amount of methyl chain ends were calculated
using the equation Me*=EZ(2- W)/Mg (whbre Me TSTIfe-rUMber o F methyl chain ends per 1000 total
carbon molecules, C is a constant egual t0~44000, V the number of vinyl terminated chain ends (e.g., 1
for chromium catalyzed resins), arnd Ms is the-Hi6lecular weight calculated for a particular slice of the
molecular weight distribution.  Sulfag€d gfymina was fopmed by a process wherein alumina was
chemically-treated with a sulfate or bisulfate sourcgZ Such a gulfate or bisulfate source may include, for
example, sulfuric acid, ammon Mm sulfate,.of ammon hurfgisijfate. In an exemplary procedure, a
commercial alumina sold as W.R. Grace Alumina A was gtifateq by #mpregnation with an aqueous
solution containing about 15-20% (NT-Ta), SC)a or 12,S0a,_Thig'Sulfated alumina was calcined at 550
C. in air (240' (2./hr ramp rate), with a 3 hr hold_period 2 -.@n- atye. Aflerward, the sulfated
alumina was collected and stored under dry nit gen, -=f-l- out exposure to the
atmosphere. Example 1 Synthesis of his! . . .

dichlorohafnium(diphenylmeth-ylidene us-QT%chngjtgft;lgE{télllcluzt)genyI)(U5-3-cycIo-pentadienyl)]1,8-oct-
4-ene, 1), using olefin metathesis D ET 1S 2 hano-lihked, dinuclear compound of the presented
invention. It is produced TtJELn a %ir]lgrlrtleertg%tallgggg% 1[tt?lfilctant andli(s:éthlgrefggeé]g homonuclear
compound. The reactant,ifllotene fKel fo DT oMs 3N L1 SRR RRERy lidene(u 543 -
(penten-4 -yl)cyclopenrtasdigsyd) (u Vrdi- tertcbutyhuorenyphsrdn 2oav dichiooide @kbreviated "MET 1").
The reaction scheme ﬂ;@ﬁfﬁ@ﬁﬁ%@%ﬁﬁﬁ@@ﬂﬁﬂﬁ%@%élbwlﬁjﬁ@ﬁéﬁ’;}ﬁ? 46 a

Approximately 2 mg of bis(tricyclohexylphosphine)ben-
zylidine ruthcnium (IV) dichloride (Grubbs first gencration
metathesis catalyst) were charged to a reactor under an inert
nitrogen atmosphere. After about 100 mg of MET 1 were
added to the reactor, approximately 2 ml. of benzene-d6 were
added wvia syringe. lhe reaction was allowed to proceed at
ambient temperature. Initially, a yellow solution resulted and
ethylene was released from the reaction mixture. As the reac-
tion proceeded, the reaction mixture became a turbid yellow
color. After 2 days, 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 benzene-d6 were added to the reaction product
remaining in the reactor. After a total of 34 days at a tempera-
ture of around 30° C., the solid reaction product was removed
from the reactor. A sample of this reaction product was dis-
solved 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.

Example 2

Hydrolysis of DMET 1, C,;H, ,Hf,Cl,, to the Free
Ligand, CgsHgo

Although the conversion to DME'L 1 was slow in Example
1, mass spectrometry also confirmed the presence of the
desired dinuclear compound, IDMET 1. A portion ofthe reac-
tion 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 prod-
uct of Example 1 were placed in a vial and hydrolyzed using
about 10 microliters of water in about 0.5 mL. of toluene. The
metal was hydrolyzed to the free ligand (CgsHg,) and the
ligand having the following structure was subsequently char-
acterized:



-continued C86H881-1S,C14 N45y - 1620_43 C 63.75; H 5.47; Cl 8.75; HI- 22.03 the MET 1
metallocene starting material can be prepared in accordance with suitable methods. One such
technique is described in U.S. Patent Publication N@. 2007-0179044, the disclosure of which is
incorporated herein by reference in its entirety.  Approximately 2 mg of
bis(tricyclohexylphosphine)benzylidine ruthenium (TV) dichloride (Grubbs first generation metathesis
catalyst) were charged to a yeactor under an inert nitrogen atmosphere. After about 100 mg of MET 1
were added to the reactorpgpproximately 2 ml, of benzene-d6 were added syringe. the reaction
was allowed to proceed-attambient temperature. Initially, a yellow solution kgsulted and ethylene was
released from the reaa ¢ \ure became a turbid
yellow color. After 2 day ample gf the re tion odu Lyas re tilized in Example 2.
After 6 days, approxi b-d6 were added to the
reaction product remaming# the reactor After a total of 34 days at a temQ e of around 30 C., the
solid reaction product was Yemoved from the reactor. A sample of this reacjion product was dissolved
in n-chloroform to form a“Sotution for analysis by | H-NMR. NMR confirmegthe presence of the desired
dinuclear compound, DMET 1, as illustrated.jn _F[{3s 2 Example 2 Hydrolysis of DMET 1, C"lI"lIf,Cla, to
the Free Eigand, C86119, Although the coﬂvemomlaj FIMET | was slow in Example 1, mass
spectrometry also confirmeg.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 _al-Aerial for Example 2.

This compound was analyzed using the thermal desorption
mass spectrometry procedure, DIPMS, outlined above. In
FIG. 2, the peak at about 9 min is the desired product. As
illustrated in FIG. 3, the prominent molecular ion observed
was consistent with the expected molecular mass of about
1124 Daltons of the frece ligand.

Examples 3-7

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
aluminum co-catalyst were used in all polymerization experi-
ments. 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 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 polymer-
ization run. The reactor was maintained and controlled at the
desired run temperature throughout the polymerization.
Upon 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 employved 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 formula-
tions and the amount ol ethylene/hexene copolymer produced
in Examples 3-7.



Approximately 25 mg of the solid 1)MET 1 reaction product of Example 1 were placed in a vial and
hydrolyzed using about 10 microliters of water in about 0.5 nth of toluene. The metal was hydrolyzed
to the free ligand (C861192) and the igand having #8e°following structure was subsequently
characterized: 47 C. C36 H92 Rsaca Mass: 1124.72 Mol. Wt.: 1125.65 C, 91.76; Il, 8.24 Cr, - Cyc
Inpentadienyl

TABLE I

Examples 3-7 using DMET 1 dinuclear compound.

mg mmol mg

Example Catalyst Catalyst TIBA hydrogen mgA-S g PE

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.



This compound was analyzed using the thermal desorption mass spectrometry procedure, FYIPMS,
outlined above. in FIG. 2, the peak at about 9 min is the desired product. As illustrated in FIG. 3, the
prominent molecular ion observed was consistent withi the expected molecular mass of about 1124
Daltons of the free ligand. Examples 3-7 Polymerization Runs Using a Catalyst System Based on
1-3inuclear Metallocene DMET 1  F3inuclear metallocene compounds ofthe present invention were
used as part of a catalystsysteimto polymerize olefins. All polymerizations were conducted in a
one-gallon stainless sted!- sempbatctire aciorsEnediters ol isobutafidlandallyt-atuminum co-catalyst
were used in all polynt&fiZation 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 isobyteriewapor-tiresgharge port was closed and about 2 liters of isobutane
were added. The contentg-o ‘&. y Hrredd@nd heated to the desired run temperature, and
ethylene was then introdliced algng wit the desired amount of hexene. Ethylene was fed on demand

to maintain the specified pressurg fetthe spetified length of the polymerization run. The reactor was
maintained and controlled at the desir temperature throughout the polymerization. Upon
completion, the ethylene flow was stopp&d and the geactor pressure slowly vented off. The reactor was
opened and the polymer product was collected and dried @ acuum at approximately 50 C. for at
least two hours.  Ethylene/ | -hexene copolymerswere-prodtded using the dirmclear metallocene
product of Example 1, DMET 1. The specific polymerization conditteps employed were a 60 minute run
time, reaction temperature of 95 C., 420 psig ethWene fged.-d "E*il. grams of/L -hexene with either 0.2
or 0.5 rinnol of triisobutylaluminum (T1BA) per 00 mg yercie a. in some cases, hydrogen
was also introduced into the reactor. Table | summarizes the catalyst system formulations and the
amount of ethylene/hexene copolymer produced in Examples 3-7. 48 ' 17113LE 1 Exiujiples 3-7 using
DMET 1 dinuclear compound. Example




Catalyst mg Catalyst mmol T113A mg hydrogen mg A-S g Pb 3DMET 11

50 °

-continued




0.2N/A 10316 4DMET 110.2 N/A102325

51 °

-continued




DMET 11 0.5N/A 106 226 DMET 11 0.5 17 108

52 °

-continued

wherein Ph is an abbreviation for phenyl.

2. The compound of claim 1, wherein the compound is:




40 7 DNIET 1 2.5 0.5 17 107 35 Notes on Table I: mg -4-S - milligrams of sulfated alumina
activator-support. g PE grams ethylenethesene copolymer produced. mg hydrogen determined by
means of PV - nRT. 53 °

3. The compound of claim 1, wherein the compound is:

5. The compound of claim 1, wherein the compound is:




49 We claim: 1. A compound represented by any of the following structures: 50 -continued 51

54 °

6. The compound of claim 1, wherein the compound is:




-continued 52 -continued wherein Ph is an abbreviation for phenyl. 2. The compound of claim 1,
wherein the compound is:
55 ©

9. The compound of claim 1, wherein the compound is:

11. The compound of claim 1, wherein the compound is:




53 3. The compound of claim 1, wherein the compound is: 54 6. The compound of claim 1, wherein
the compound is: 7. The compound of claim 1, lerein the compound is: 8. The compound of claim 1,
wherein the compound is: 56 ©

12. A catalyst composition comprising a contact product of
at least one dinuclear metallocene compound and at least one
activator-support,

wherein the at least one dinuclear metallocene compound
is:




55 9. The compound of claim 1, wherein the compound is: 10. The compound of claim 1, wherein the
compound is: 11. The compound of claim 1, wherein the compound is: 56 12.A catalyst
composition comprising a contact product of at leas? one dinuclear metal locene compound and at
least one activator-support, wherein the at least one dinuclear metallocene compound is:

-continued




57 -continued -continued

58 °

-continued




-continued or a combination thereof, wherein Ph is an abbreviation for phenyl.  13. The catalyst
composition of claim 12, wherein the at least one activator-support is fluorided alumina, chlorided
alumina, bromided alumina, sulfated alumina, fluorided silica-alumina, chlwided silica-alumina,
bromided silica-alumina, sulfated silica-alumina, tluorided silica-zirconia, chlorided silica-zirconia,
bromided silica-zirconia, sulfated silica-zirconia, or any combination thereof. ~ 14. The catalyst
composition of claim 12, wherein the at least ong.agtivator-support comprises a solid oxide treated

wherein the metal or metal j
molybdenum, or any comb

least one activator-support comprises a clay mlneral a plllared cI
clay gelled into another oxide matrix, a layered silicate mineral, a

layered aluminosilicate mineral, a non-layered aluminosili€s

eI vanadlum silver, copper, galllum tin, tungsten

im 12, wherein the at
d clay, an exfoliated
i silicate mineral, a

17. The catalyst composition of claim 12, further comprisiﬁg“%ﬁ"leait ope-organoalurninum compound

having the formula: -wherein: X5 is a hydrocarbyl;

-

or a combination thereof, wherein Ph is an abbreviation for
phenyl.

13. The catalyst composition of claim 12, 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, fluorided silica-zirconia,
chlorided silica-zirconia, bromided silica-zirconia, sulfated
silica-zirconia, or any combination thereof.

14. The catalyst composition of claim 12, wherein the at
least one activator-support comprises a solid oxide treated
with an electron-withdrawing anion, wherein:

the solid oxide is silica, alumina, silica-alumina, aluminum

phosphate, heteropolytungstate, titania, zirconia, mag-
nesia, boria, zinc oxide, any mixed oxides thereof, or any
mixture thereof; and

the electron-withdrawing anion is fluoride, chloride, bro-

mide, phosphate, triflate, bisulfate, sulfate, or any com-
bination thereof.

15. The catalyst composition of claim 12, wherein the at
least one activator-support further comprises a metal or metal
ion, and wherein the metal or metal ion is zinc, nickel, vana-
dium, silver, copper, gallium, tin, tungsten, molybdenum, or
any combination thereof.

16. The catalyst composition of claim 12, wherein the at
least one activator-support comprises a clay mineral, a pil-
lared clay, an exfoliated clay, an exfoliated clay gelled into
another oxide matrix, a layered silicate mineral, a non-lay-
ered silicate mineral, a layered aluminosilicate mineral, a
non-layered aluminosilicate mineral, or any combination
thereol.

17. The catalyst composition of claim 12, further compris-
ing at least one organocaluminum compound having the for-
mula:

ALXS),,, (X3,
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.



X' is an alkoxide or an aryloxide, a halide, or a hydride; and in is from 1 to 3, inclusive. 60 18. The
catalyst composition of claim 12, further comprising at least one organoaluminum compound, wherein
the at least CM e organoaluminum compound is trigaethylaluminum, triethylahuninum,
tri-n-propylaluminum, diethylaltuninum ethoxide, tri-n-butylalumiimm, di isobutylalum inum hydride,
triisobutylahuninum, diethylaluminum chloride, or any combination thereof  19. The catalyst
composition of claim 12, ferthee camprisiagnapdeash o e apiionat coneatalysinwherein the at least one
optional co-catalyst is iatl eadtariecak natroxahecompourdratedstdrrecangimezinc compound, at
least one orgkmoborolr it AsbUratd EBinpBute Rread o Hashizit 1i'(lj‘iil‘i’évét}mpound or any
combination thereof t‘Z’(‘j’tﬂ F'dﬂ&‘é“f‘&‘ 61?(%61’?2 g IS E8m ’Eﬂﬁ’g the catalyst

eﬁ r1—11— minuni, diisobut lalginu 111% (il
composition of claim 12 wﬁh qy eqst on ?A]%H‘l%ua}ﬂ a Ireas dgne olefin comonomer

aluminuin,

under polymerization g@ggﬂ@@pgﬁg&;@ uce a po ymer or copolymer 21 The p process of claim 20,
wherein the at least one plefinc MangRersapyyises sthylane: propyene:Qngiysene.  22. The
process of claim 20, wihereindhe ahleastionelgtefinmopromaigemptises sthyleme and the at least one
olefin comonomer comptisestichtterrdy 2-yutelve s 3metiyindrpen coomylehet 1-pentene,
2-pentene, 3-methyl- ieﬁétn‘f’é‘ﬁéx&%%ﬂﬁ?? Icﬁé?ﬂéﬁé‘dﬁﬁéi%ﬁéD%I’i’é%@ﬁ‘éb%r‘éﬂw% lhexene, 1-heptene,
2-heptene, 3-heptene I ECfe Hes F:é’r‘]“ ‘6‘??@3@595% tgcr’é’éefm“%“q’ hé'Pfoc&ss of claim 20, wherein
the process is conduc%)ed;ﬁ'u gBpi\ré‘@gr%§%gn}gg@g9{n@/§lt%ggg;g{;lg@ggcgjg{gyeactor a loop slurry
reactor, a gas phase rgactel fldidizedhepiaaciol. Asalution:reactos: achubulas reactor, an
autoclave reactor, or any@ombinatien thekgefonadd.al he progessoafclaimadakerein the catalyst

composition lhrther compesas-atteastanerorganbatkimine mcoimpoundeivinereinthe at least one
organoaluminum compgbnly i5¢timethylaluminum, triethylaluminum, tri-n-propylalum
diethylalunainuna ethoxid&; Wﬁ-?flﬁ’(yﬁéhfhﬂh]dﬁl &ﬁ’sdﬂﬂf?féﬁ%ﬁm‘rﬁeﬁ?‘dﬁﬂéolﬁ%‘bbutylalumlnum
diethylaluminuna chlorldD;;Zorrﬁn)f)roce binat nyt]h edt; ¢ 4hd WhereiR the At least one activator-support

Ss o a1rn vv’herel St one’o
is fluorided monomer comprises ethy]ene and the at least one olefin
comonomer comprises l-butene, 2-butene., 3-methyl-1-
butene, isobulylene, 1-pentene, 2-pentene, 3-methyl-1-pen-
tene, 4-mcthyl-1-pentene, 1l-hexcne, 2-hexcenc, 3-cthyl-1-
hexene, 1-heptene, 2-heptene, 3-heptene, 1-octene, styrene,
or mixtures thereof.

23. The process of claim 20, wherein the process is con-
ducted in a polymerization reactor system comprising a slurry
reactor, a loop slurry reactor, a gas phase reactor, a fluidized
bed reactor, a solution reactor, a tubular reactor, an autoclave
reactor, or any combination thereof.

24. The process of claim 20, wherein the catalyst compo-
sition further comprises at least one organcaluminum com-
pound, wherein the at least one organocaluminum compound
is trimethylaluminum, triethylaluminum, tri-n-propylalumi-
num. diethylaluminum ethoxide, tri-n-butylaluminum,
diisobutylaluminum hydride, triisobutylaluminum, diethyla-
luminum chloride, or any combination therecof; and

wherein the at least one activator-support is fluorided alu-

mina, chlorided alumina, bromided alumina, sulfated
alumina, fluorided silica-alumina, chlorided silica-alu-
mina, bromided silica-alumina, sulfated silica-alumina,
fluorided silica-zirconia, chlorided silica-zirconia, bro-
mided silica-zirconia, sulfated silica-zirconia, or any
combination thereof.

25. A catalyst composition comprising a contact product of
at least one dinuclear metallocene compound and at least one
compound sclected from at least onc aluminoxanc com-
pound, at least one organozinc compound, at least one orga-
noboron or organoborate compound, at least one ionizing
ionic compound, or any combination thereof;

wherein the at least one dinuclear metallocene compound

is:



chlorided alumina, bronaided alumina, sulfated alumina, fluorided silica-alumina, chlorided

bromided silica-alumina, sulfated silica-alumina, fluorided silica-zirconia, chlorided silica-zirconia,
broraided silica-zirconia, sulfated silica-zirconia, oréany comb illation thereof 25.A catalyst
composition comprising a contact product of at least one dinuclear metallocene compound and at least
one compound selected from at least one altuninoxane compound, at least one organozinc compound,
at least one organoboron or organoborate compound at least one ionizing ionic compound, or any
combination thereof; wherein } ' r metallocene compoundis: 61 ¢ 62
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-continued or a combination thereof, wherein Ph is an abbreviation for phenyl.  26. The catalyst
composition of claim 25, wherein the at least one compound is at least one aluminoxane compound,
and the at least one alum inoxane compound compfses: (a) a cyclic aluminoxane having the formula:
wherein: R is a linear or branched alkyl having from 1 to 10 carbon atoms; and p is an integer from 3 to
20; (b) a linear aluminoxane having the formula: - Rz

-continued




wherein: R is a linear or branched alkyl having from 1 to 10 carbon atoms; and q is an integer from 1 to
50; (c) a cage aluminoxane having the formula wherein: Itt is a terminal linear or branched alkyl group
having from 1 to 10 carbon atoms; Rb is a bridgingehnear or branched alkyl group having from 1 to 1 0
carbon atoms; r is 3 or 4; and a is equal to n,,,,,,-noc.,,no(."), wherein n41(3) is the number of three
coordinate aluminum atoms, n"(2) is the number of two coordinate oxygen atoms, and n"(4) is the
number of 4 coordinate oxygen atoms; or any cegihinatign thereof. 65 ¢

or a combination thereof, wherein Ph is an abbreviation for
phenyl.

26. The catalyst composition of claim 25, wherein the at
least one compound is at least one aluminoxane compound,
and the at least one aluminoxane compound comprises:

(a) a cyclic aluminoxane having the formula:

—eziu—oap—;

R

wherein:
R is a linear or branched alkyl having from 1 to 10 carbon
atoms; and
p is an integer from 3 to 20;
(b) a linear aluminoxane having the formula:

R
/
R—€Al—O— Al
I N

R R;

wherein:

R is a linear or branched alkyl having from 1 to 10 carbon
atoms; and

q is an integer from 1 to 50;

(c) a cage aluminoxane having the formula
R., . J R, _"Al, O,

wherein:

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 or 4; and

a is equal to 0,5y, 5ea,: Wherein n s, is the num-
ber of three coordinate aluminum atoms, Ng, is the
number of two coordinate oxygen atoms, and N, is the
number of 4 coordinate oxygen atoms; or

any combination thereof.



27. The catalyst composition of claim 25, wherein the at least one compound is at least one
organoboron or organoborate compound, and the at least one orwmoboron or orwinoborate compound
is INT,N-dimethylanilinium tetrakis(pentafluorophesgOborate, lithium tetrakis(pentalluorophenyeborate,
triphenylcarbcnium tetrakis(pentafluorophenyt)borate, N,N - dimethylanilinium tetrakis [3,5 -hi
s(trifluoromethyl)phenyl] borate, triphenylcarbenhun tetrakis13,5-bis(trifluorornethyl) phenyl] borate, tris
(penta flu orophenyeboran, trisd2a8athiS-Erthicnommethy nhanyHcior,-amainy: cambination thereof

28. The catalyst comﬂsgﬁimleFemm%dWr@wthwaﬂ%m%%oﬁ{pbaﬁﬂq@at least one ionizing

Ci. c a cast one o an
jonic compound, and {EAETRRSH e, BRSdIGE COmRR IR BT AR bGonium
tetrakis(p- tonI)boratemﬂmh&ly%amommmtetrﬁra%@%m reteythénsbobyparmmonium tetrakis(2,4-

dimethyl)borate, trl(n-g@}? it tetr Wﬁfﬁ il %utyDammon ium
tetraki 43,5-h |s(tr|fluomm iﬁﬁm@é ,Jl RQUURAG alluorophenyt)boratc.
N,N-dinnethylaniliniunpbetrakis pﬂq@lyebm@enlel <ghinretindariimivm tetrakisfiptelye borate,

N,N- dlrnethylanlllnlurrﬁ% fm%m{i’@iﬁlal N A egjlﬁf@ﬁrp

tetrakls(35dlmethylptwayk)lb@mﬁbhhdma ARiliniURteEakES: {315 cdib® ound,
(trlfluoronnethyl)phenyll]@oﬂa?eawﬁrqsellﬂﬁe H’Iﬁll‘ﬂ’ﬂlteﬁ‘aklp§ tall'iytﬁmﬂqumyphorate

triphenylcarben i um tEiFARTS(R:toI] g@l" ttﬁ{éﬁﬁrat VIR n:1ait) borate,

triphenylcarbenium tetrahla@{tbmbmﬁéh eayk:asbsrmunneth-
tetrakis(3,5-dimethylp ik i y?r}:‘éora?%‘ﬁn’%ﬁ?n_ ) fﬁ; SSplsyrifilnidtinethyl) phenyl] borate,
triphenylcarbenium teﬁg@m}b‘; ¢ ;eﬂﬁf 0 Itlelt{@ﬁg pf )gléhorate tropyl i um

tetrak is(m -tolypborate, tmpy? ratketrale\(Zittnechmh hen pborate(tropybilum tetraki

S(3.5-cimethylpheny e T R R Sk S AR L bFate. ropylium

tetrakis(pentafluorophesydjborate, litkinmdtetrakis mﬂafhiﬁrophenyé)bﬂfaia bthim tetraphenylborate,
lithium tetrakis(p-tolylYoo! @rﬂ@ﬁghgugfr@qﬁm §bora teiidireiakiaidiatdimethylphenyeborate,
1ithium tetrak s (3,5a€ (Bé%lﬂgl&% pOI’t&IéhB B, B HRIMO yeﬁiaiﬁiegrﬁwiﬁ)
tetrakls(pentalluorophb Boralueh‘?@dﬁﬁﬁ?@tr &xtyito é%e4*§b Atht S% ypborate, sodium
tetrakis(m- tolyl)borat%%ym?&g%@ﬁﬁ?&%@gﬁﬁﬁ%@%ﬁﬂh Eék (3,5-dimethylphenyl
)borate, sodium tetraficiorobUtatestpotassium tetrdkistpentatiuoro henyebamtekpotassmm
tetaphenylhorate, poESH A S VR A s TG SN borate, potassi
tetrak is(2,4- d|methylphatgtpbwamn,ypmass¢mtetmk1s ;t5a&imeth h&n horate, potassium
tetrafluoroborate, lithiti] %Eﬁ%ﬂ{%(ptét@%ﬁ%pﬁéﬁﬁﬁ en é;‘luor {1 Bﬁiralummatc lithium
tetrakis(p- tolypalumlnaﬁvsh,ulﬁhuﬂaﬂrm akyﬁ;qhwmga feﬁrra ist{2 e

dimethylphenyealumirfaf Ogﬂfrﬁaz{igtféygﬁ Egﬁdiﬁrﬁﬁymmm enyli‘gﬂf’l(ﬁ’rm tetralluoroal um i
dd

nate, sodium tetraklaﬁlﬁnm uQrapheny . 1)@6}& (a ? Iur{uaate sodium
tetrakis(p- toIVfIaIumlna?@L%éWfﬁraR@£ﬁmo i ftet!fdkglsfézazpdlmethylphenyl)
aluminate, sodium tet@@ﬁajﬁﬁﬁ ﬁg‘f}@i@;ﬁﬁnéﬁmﬁﬁr g{ﬁg:{g’grgﬁfﬁ Olﬁ‘ﬁmate potassium
tetrakls(pentafluoropmmy@a:lumlqa@ee otadsium tetregi I%J@nmaatelrp@as@‘lem tetrak s (p - tolypal
urn M, porassi um AT SIE -1 i Oa;r’@m}ﬁa@bagﬁémﬁgﬁ’a%@@:& 18] methylphenyl a
luminate, potassium teéltﬁddBS(@So phepylgsaluminates{patassiuny toikathwaroaluminate, or any

combination thereof. PP A@cﬁﬁﬁ@e@}%ﬁgpﬁﬁi%@ﬁ@sw@mng the catalyst

composition of claim 2»5%&&31 leashona éja@laﬂmsmea&mab ancheptionaliy,atdeast one olefin

comonomer under po&?ﬁéﬁ?ﬁﬁ&ﬁt i @@‘Fﬁ@@&c}@gm el Q%z'_{‘g@tet % 30. The process of

claim 29, wherein the @Mﬁ@ﬁp JRanamer cgmpﬂﬁes or styrene.  31.
The process of claim X@Wﬂéﬂhwmlﬁttq’eabﬂyﬁelo ﬁ'l‘é)‘l’f@ﬁ‘l‘@ln%ﬁfﬁ FiS @Sdewhylene and the at least

one olefin comonomefLHMTSSa m&%&aﬁﬁ)? ;ﬁtﬁe{ﬁﬁ L hREE ISOhilylene, 1-pentene,

2-pentene, 3-methyl- Ime@iyt@ﬂermHﬂ@th koipentereakinexandéin2<liexdehen3lethyl-1 - hexene,

L-heptene, 2-hoptenc B, TRAIED RIS o7 B RGE 32 Phe process of claim

29, wherein the processpis<egniiuciething polymenizatiomnrea:ciosisystemeceimprsing a slurry reactor, a
Iy 1)
loop slurry reactor, a @‘#@%@kﬁéﬁ% o] tésgﬁfgiliﬁﬂtﬁgq)g\%%@begﬁméﬁ; r}?é%f{@ a tubular reactor,
an autoclave reactor, erﬁmylgfmblnaﬁamaﬂmﬁao tetrakis(3.5-dimethylphenyl)
aluminate, potassium tetrafluoroaluminate, or any
comblnatlon thereof.
29. A process for polymerizing olefins comprising contact-
ing the catalyst composition of claim 25 with at least one
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olefin monomer and optionally at least one olefin comonomer
under polymerization conditions to produce a polymer or
copolymer.

30. The process of claim 29, wherein the at least one olefin
monomer comprises ethylene, propylene, or styrene.

31. The process of claim 29, wherein the at least one olefin
monomer comprises cthylene and the at least one olefin
comonomer comprises 1-butene, 2-butene, 3-methyl-1-
butene, isobutylene, l-pentene, 2-pentene, 3-methyl-1-pen-

tene, 4-methyl-1-pentene, 1-hexene, 2-hexene, 3-ethyl-1-
hexene, 1-heptene, 2-heptene, 3-heptene, 1-octene, styrene,
or mixtures thereof.

32. The process of claim 29, wherein the process is con-
ducted in a polymerization reactor system comprising a slurry
reactor, a loop slurry reactor, a gas phase reactor, a fluidized
bed reactor, a solution reactor, a tubular reactor, an autoclave
reactor, or any combination thereof.



