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PROCESS FOR POLYOLEFIN PRODUCTION USING
FLUORINATED TRANSITION METAL CATALYSTS HAVING A LOW PH

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Non-Provisional Patent
Application Serial No. 11/715,017, filed March 7, 2007, which claims the benefit of
U.S. Provisional Patent Application Serial No. 60/848,214, filed September 29, 2006,
and is a continuation-in-part of U.S. Non-Provisional Patent Application Serial No.
11/471,821, filed June 21, 2006, which is a continuation-in-part of U.S. Non-
Provisional Patent Application Serial No. 11/413,791, filed April 28, 2006.

FIELD

[0002] Embodiments of the present invention generally relate to supported catalyst

compositions and methods of forming the same.

BACKGROUND

[0003] Many methods of forming olefin polymers include contacting olefin
monomers with transition metal catalyst systems, such as metallocene catalyst systems
to form polyolefins. While it is widely recognized that the transition metal catalyst
systems are capable of producing polymers having desirable properties, the transition

metal catalysts generally do not experience commercially viable activities.

[0004] Therefore, a need exists to produce transition metal catalyst systems having
enhanced activity.

SUMMARY

[0005] Embodiments of the present invention include catalyst systems. The

catalyst systems generally include an inorganic support material having a bonding
sequence selected from Si-O-Al-F, F-Si-O-Al, F-S8i-O-Al-F and combinations thereof,
wherein the inorganic support material has an acid strength (pKa) of less than about
4.8 and a transition metal compound, wherein the transition metal compound is
represented by the formula [L]»M[A],; wherein L is a bulky ligand, A is a leaving
group, M is a transition metal and m and n are such that a total ligand valency

corresponds to a transition metal valency.
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[0006] Embodiments further include methods of forming the catalyst systems.

The methods generally include providing the inorganic support material and

_ contacting the inorganic support material with the transition metal compound to form

the catalyst system.

[0007] Embodiments further include methods of forming polyolefins. Such
methods generally include introducing the inorganic support material to a reaction
zone, introducing the transition metal compound to the reaction zone, contacting the
transition metal compound with the inorganic support material for in situ
activation/heterogenization of the transition metal compound to form a catalyst
system, introducing an olefin monomer to the reaction zone and contacting the

catalyst system with the olefin monomer to form a polyolefin.

DETAILED DESCRIPTION
Introduction and Definitions

[0008] A detailed description will now be provided. Each of the appended claims
defines a separate invention, which for infringement purposes is recognized as
including equivalents to the various elements or limitations specified in the claims.
Depending on the context, all references below to the “invention” may in some cases
refer to certain specific embodiments only. In other cases it will be recognized that
references to the “invention” will refer to subject matter recited in one or rhore, but
not necessarily all, of the claims. Each of the inventions 'will now be described in
greater detail below, including specific embodiments, versions and examples, but the
inventions are not limited to these embodiments, versions or examples, which are
included to enable a person having ordinary skill in the art to make and use the
inventions when the information in this patent is combined with available information

and technology.

[0009] Various terms as used herein are shown below. To the extent a term used
in a claim is not defined below, it should be given the broadest definition persons in
the pertinent art have given that term as reflected in printed publications and issued
patents. Further, unless otherwise specified, all compounds described herein may be

substituted or unsubstituted and the listing of compounds includes derivatives thereof.
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[0010] As used herein, the term “fluorinated support” refers to a support that
includes fluorine or fluoride molecules (e.g., incorporated therein or on the support

surface.)

{0011} The term “activity” refers to the weight of product produced per weight of
the catalyst used in a process per hour of reaction at a standard set of conditions (e.g.,

grams product/gram catalyst/hr).

-[0012] The term “olefin” refers to a hydrocarbon with a carbon-carbon double

bond.

{0013} The term “substituted” refers to an atom, radical or group replacing

hydrogen in a chemical compound.

[0014] The term “tacticity” refers to the arrangement of pendant groups in a
polymer. For example, a polymer is “atactic” when its pendant groups are arranged in
a random fashion on both sides of the chain of the polymer. In contrast, a polymer is
“Isotactic” when all of its pendant groups are arranged on the same side of the chain

and “syndiotactic” when its pendant groups alternate on opposite sides of the chain.

[0015] The term “C; symmetry” refers to a catalyst wherein the entire catalyst is
symmetric with respect to a bisecting mirror plane passing through a bridging group
and atoms bonded to the bridging group. The term “C; symmétry” refers to a catalyst
wherein the ligand has an axis of C,; symmetry passing through the bridging group.

[0016] The term “bonding sequence” refers to an elements sequence, wherein
each element is connected to another by sigma bonds, dative bonds, ionic bonds or

combinations thereof.

[0017] The term “heterogeneous” refers to processes wherein the catalyst system

is in a different phase than one or more reactants in the process.

[0018] As used herein, “room temperature’” means that a temperature difference
of a few degrees does not matter to the phenomenon under investigation, such as a
preparation method. In some environments, room temperature may include a
temperature of from about 21°C to about 28°C (68°F to 72°F), for example.
However, room temperature measurements generally do not include close monitoring
of the temperature of the process and therefore such a recitation does not intend to

bind the embodiments described herein to any predetermine temperature range.

3
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{0019] Embodiments of the invention generally include methods of forming
polyolefins. The methods generally include introducing a support composition and a
transition metal compound, described in greater detail below, to a reaction zone. In
one or more embodiments, the support composition has a bonding sequence selected
from Si-O-Al-F, F-Si-O-Al or F-Si-O-Al-F, for example.

Catalyst Systems

[0020] The support composition as used herein is an aluminum containing support
material. For example, the support material may include an inorganic support
composition. For example, the support material may include talc, inorganic oxides,
clays and clay minerals, ion-exchanged layered compounds, diatomaceous earth
compounds, zeolites or a resinous support material, such as a polyolefin, for example.
Specific inorganic oxides include silica, alumina, magnesia, titania and zirconia, for
example.

[0021] In one or more embodiments, the support composition is an aluminum
containihg silica support material. In one or more embodiments, the support
composition is formed of spherical particles. _

[0022] The aluminum containing silica support materials may have an average
particle/pore size of from about 5 microns to 100 microns, or from about 15 micr_ons
to about 30 microns, or from about 10 micronS to 100 microns or from about 10

microns to about 30 microns, a surface area of from 50 m?/g to 1,000 m?/g, or from

" about 80 m?%/g to about 800 m?/g, or from 100 m?/g to 400 m%/g, or from about 200

m?/g to about 300 m?/g or from about 150 mzlg to about 300 mzlg and a pore volume
of from about 0.1 cc/g to about 5 cc/g, or from about 0.5 cc/g to about 3.5 cc/g, or
from about 0.5 cc/g to about 2.0 cc/g or from about 1.0 cc/g to about 1.5 cc/g, for
example. ,

[0023] The aluminum containing silica support materials may further have an
effective number or reactive hydroxyl groups, e.g., a number that is sufficient for
binding the fluorinating agent to the support material. For example, the number of
reactive hydroxyl groups may be in excess of the number needed to bind the
fluorinating agent to the support material. For example, the support material may
include from about 0.1 mmol OH/g Si to about 5.0 mmol OH"/g Si or from about 0.5
mmol OH/g Si to about 4.0 mmol OH"/g Si.
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[0024] The aluminum containing silica support materials are generally
commercially available materials, such as P10 silica alumina that is commercially
available from Fuji Sylisia Chemical LTD, for example (e.g., silica alumina having a
surface area of 281 m?/g and a pore volume of 1.4 ml/g.) ,

[0025] The aluminum containing silica support materials may further have an
alumina content of from about 0.5 wt.% to about 95 wt%, of from about 0.1 wt.% to
about 20 wt.%, or from about 0.1 wt.% to about 50 wt.%, or from about 1 wt.% to
about 25 wt.% or from about 2 wt.% to about 8 wt.%, for example. The aluminum
containing silica support materials may further have a silica to aluminum molar ratio
of from about 0.01:1 to about 1000:1 or from about 10:1 to about 100:1, for example.
[0026] Alternatively, the aluminum containing silica support materials may be
formed by contacting a silica support material with a first aluminum containing
compound. Such contact may occur at a reaction temperature of from about room
temperature to about 150°C, for example. The formation may further include
calcining at a calcining temperature of from about 150°C to about 600°C, or from
about 200°C to about 600°C or from about 35°C to about 500°C, for example. In one
embodiment, the calcining occurs in the presence of an oxygen containing compound,
for example.

[0027] In one or more embodiments, the support composition is prepared by a
cogel method (e.g., a gel including both silica and alumina.) As used herein, the term
“cogel method” refers to a preparation process including mixing a solution including
the first aluminum containing compound into a gel of silica (e.g., Al2(SO4) + H2SO4 +
Na,0-Si0,.)

[0028] The first aluminum containing compound may include an organic
aluminum containing compound. The organic aluminum containing compound may
be represented by the formula AlRs, wherein each R is independently selected from
alkyls, aryls and combinations thereof. The organic aluminum compound may
include methyl alumoxane (MAQO) or modified methyl alumoxane (MMAO), for
example or, in a specific embodiment, triethyl aluminum (TEAI) or triisobutyl
aluminum (TIBALl), for example.

[0029} The support composition is fluorinated by methods known to one skilled in
the art. For example, the support composition may be contacted with a fluorinating

agent to form the fluorinated support. The fluorination process may include
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contacting the support composition with the fluorine containing compound at a first
temperature of from about 100°C to about 200°C or from about 125°C to about 175°C
for a first time of from about 1 hour to about 10 hours or from about 1 hour to about 5
hours, for example and then raising the temperature to a second temperature of from
about 250°C to about 550°C or from about 400°C to about 500°C for a second time of
from about 1 hour to about 10 hours or from about 1 hour to about 5 hours, for
example.

[0030] As described herein, the “support composition” may be impregnated with
aluminum prior to contact with the fluorinating agent, after contact with the
fluorinating agent or simultaneously as contact with the fluorinating agent. In one
embodiment, the fluorinated support composition is formed by simultaneously
forming SiO; and Al;O3 and then cbntacting the Si0O; and Al,O;3 with the ﬂuorinating
agent. In another embodiment, the fluorinated support composition is formed by
contacting an aluminum containing silica support material with the fluorinating agent.
In yet another embodiment, the fluorinated support composition is formed by
contacting a silica support material with the fluorinating agent and then contacting the
fluorided support with the first aluminum containing compound.

[0031] The fluorinating agent generally includes any fluorinating agent which can
form fluorinated supports. Suitable fluorinating agents include, but are not limited to,
hydrofluoric acid (HF), ammonium fluoride (NH4F), ammonium bifluoride
(NH;HF;), ammonium fluoroborate = (NH4BFs), ammonium silicofluoride
((NH,);SiFs), ammonium fluorophosphates (NH4PFs), (NH.);TaF;, NH4NbF,,
(NH,),GeFs, (NHg);SmFs, (NH,),TiFs, (NH4)ZrFs, MoFs, ReFgs, SO,CIF, F,, SiFy,
SFs, CIF;, CIFs, BrFs, IF;, NF;, HF, BF;, NHF,; and combinations thereof, for
example. In one or more embodiments, the fluorinating agent is an ammonium
fluoride including a metalloid or nonmetal (e.g., (NH4),PFg, (NH4),BF4, (NH4)2S1F¢).
[0032] In one or more embodiments, the molar ratio of fluorine to the first
aluminum containing compound (F:Al') is generally from about 0.5:1 to 6:1, or from
about 0.5:1 to about 4:1 or from about 2.5:1 to about 3.5:1, for example.

[0033] The fluorinated support may have a pH that is lower than about 8.0, or less
than about 7.8, or less than about 7.6, or less than about 7.0, or less than about 6.5, or

less than about 6.0 or less than about 5.5, for example.
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[0034] The fluorinated support generally has an acid strength (pKa) that is lower
than about 4.8, or less than about 4.6, or less than about 4.3 or less than about 4.0, for

example.

[0035] The fluorinated support may have a surface acidity (as defined in the
examples) that is greater than about 0.3 mmol/g, or greater than about 0.35 or greater

than about 4.0, for example.

[0036] Embodiments of the invention generally include contacting the fluorinated
support with a transition metal compound to form a supported catalyst composition.
The contact includes in situ activation/heterogenization of the transition metal

(134

compound. The term “in situ activation/heterogenization” refers to
activation/formation of the catalyst at the point of contact between the support
material and the transition metal compound. Such contact may occur in a reaction
zone, ‘either prior to, simultaneous with or after the introduction of one or more olefin

monomers thereto.

[0037] Altemnatively, the transition metal compound and the fluorinated support
may be pre-contacted (contacted prior to entrance to a reaction zone) at a reaction
temperature of from about -60°C to about 120°C or from about -45°C to about 100°C
or at a reaction temperature below about 90°C, e.g., from about 0°C to about 50°C, or
from about 20°C to about 30°C or at room temperature, for example, for a time of
from about 10 minutes to about 5 hours or from about 30 minutes to about 120
minutes, for example.

[0038] In addition, and depending on the desired degree of substitution, the
weight ratio of fluorine to transition metal (F:M) is from about 1 equivalent to about
20 equivalents or from about 1 to about 5 equivalents, for example. In one
embodiment, the supported catalyst composition includes from about 0.1 wt.% to
about 5 wt.% or from about 0.5 wt.% to about 2.5 wt.% transition metal compound.
[0039] In one or more embodiments, the transition metal compound includes a
metallocene catalyst, a late transition metal catalyst, a poét metallocene catalyst or
combinations thereof. Late transition metal catalysts may be characterized generally
as transition metal catalysts including late transition metals, such as niékel, iron or
palladium, for example. Post metallocene catalyst may be characterized generally as

transition metal catalysts including Group IV, V or VI metals, for example.
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[0040] Metallocene catalysts may be characterized generally as coordination
compounds incorporating one or more cyclopentadienyl (Cp) groups (which may be
substituted or unsubstituted, each substitution being the same or different) coordinated
with a transition metal through = bonding.
[0041] The substituent groups on Cp may‘ be linear, branched or cyclic
hydrocarbyl radicals, for example. The cyclic hydrocarbyl radicals may further form
other contiguous ring structures, including indenyl, azulenyl and fluorenyl groups, for
example. These contiguous ring structures may also be substituted or unsubstituted
by hydrocarbyl radicals, such as C, to Cy hydrocarbyl radicals, for example.
[0042] A specific, non-limiting, example of a metallocene catalyst is a bulky
ligand metallocene compound generally represented by the formula:

[LImM[A]n;
wherein L is a bulky ligahd, Aisa leaving group, M is a transition metal and m and n
are such that the total ligand valency corresponds to the transition metal valency. For -
example, m may be from 1 to 4 and n may be from 1 to 3.
[0043] The metal atom "M" of the metallocene catalyst compound, as described
throughout the specification and claims, may be selected from Groups 3 through 12
atoms and lanthanide Group atoms, or from Groups 3 through 10 atoms or from Sc,
Ti, Zr, Hf, V, Nb, Ta, Mn, Re, Fe, Ru, Os, Co, Rh, Ir and Ni. The oxidation state of
the metal atom "M" may range from 0 to +7 or is +1, +2, +3, +4 or +5, for example.
[0044] The bulky ligand generally includes a cyclopentadienyl group (Cp) or a
derivative thereof. The Cp ligand(s) form at least one chemical bond with the metal
atom M to form the "metallocene catalyst." The Cp ligands are distinct from the
leaving groups bound to the catalyst compound in that they are not highly susceptible
to substitution/abstraction reactions.
[0045] Cp ligands may include ring(s) or ring system(s) including atoms selected
from group 13 to 16 atoms, such as carbon, nitrogen, oxygen, silicon, sulfur,
phosphorous, germanium, boron, aluminum and combinations thereof, wherein
carbon makes up at least 50% of the ring members. Non-limiting examples of the
ring or ring systems include cyclopentadienyl, cyclopentaphenanthreneyl, indenyl,
benzindenyl, fluorenyl, tetrahydroindenyl, octahydrofluorenyl, cyclooctatetraenyl,
cyclopentacyclododecene, phenanthrindenyl, 3,4-benzofluorenyl, 9-phenylfluorenyl,
8-H-cyclopent[a]acenaphthylenyl, = 7-H-dibenzofluorenyl, indeno[1,2-9]anthrene,
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thiophenoindenyl, thiophenofluorenyl, hydrogenated versions thereof (e.g., 4,5,6,7-
tetrahydroindenyl or "HjInd"), substituted versions thereof and heterocyclic versions
thereof, for example.

[0046] Cp substituent groups may include hydrogen radicals, alkyls (e.g., methyl,
ethyl, propyl, butyl, pentyl, hexyl, luoromethyl, fluroethyl, difluroethyl, iodopropyl,
bromohexyl, benzyl, phenyl, methylphenyl, tert-butylphenyl, chlorobenzyl,
dimethylphosphine and methylphenylphosphine), alkenyls (e.g., 3-butenyl, 2-
propenyl and S-hexenyl), alkynyls, cycloalkyls (e.g., cyclopentyl and cyclohexyl),
aryls (e.g., trimethylsilyl, trimethylgermyl, methyldiethylsilyl, acyls, aroyls,
tris(trifluoromethyl)silyl, methylbis(difluoromethyl)silyl and
bromomethyldimethylgermyl), alkoxys (e.g., methoxy, ethoxy, propoxy and
phenoxy), aryloxys, alkylthiols, dialkylamines (e.g., dimethylamine and
diphenylamine), alkylamidos, alkoxycarbonyls, aryloxycarbonyls, carbomoyls, alkyl-
and dialkyl-carbamoyls, acyloxys, acylaminos, aroylaminos, organometalloid radicals
(e.g., dimethylboron), Group 15 and Group 16 radicals (e.g., methylsulfide and-
ethylsulfide) and combinations thereof, for example. In one embodiment, at least two
substituent groups, two adjacent substituent groups in one embodiment, are joined to
form a ring structure.

[0047] Each leaving group “A” is independently selected and may include any
ionic leaving group, such as halogens (e.g., chloride and fluoride), hydrides, C; to C»
alkyls (e.g., methyl, ethyl, propyl, phenyl, cyclobutyl, cyclohexyl, heptyl, tolyl,
trifluoromethyl, methylphenyl, dimethylphenyl and trimethylphenyl), C; to Ci2
alkenyls (e.g., C; to Cg fluoroalkenyls), Cg to C,2 aryls (e.g., C7 to Cyo alkylaryls), C,
to C;2 alkoxys (e.g., phenoxy, methyoxy, ethyoxy, propoxy and benzoxy), Cs to Ci¢
aryloxys, C; to C;s alkylaryloxys and C; to C;; heteroatom-containing hydrocarbons
and substituted derivatives thereof, for example.'

[0048] © Other non-limiting examples of leaving groups include amines,
phosphines, ethers, carboxylates (e.g., C, to Cs alkylcarboxylates, Cs to Ci;
arylcarboxylates and C; to C,s alkylarylcarboxylates), dienes, alkenes (e.g.,
tetramethylene, pentamethylene, methylidene), hydrocarbon radicals having from 1 to
20 carbon atoms (e.g., pentafluorophenyl) and combinations thereof, for example. In
one embodiment, two or more leaving groups form a part of a fused ring or ring

system.
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[0049] In a specific embodiment, L. and A may be bridged to one another to form
a bridged metallocene catalyst. A bridged metallocene catalyst, for example, may be
described by the general fbrmula:

XCp*Cp®MA,;
wherein X is a structural bridge, Cp* and Cp® each denote a cyclopentadienyl group,
each being the same or different and which may be either substituted or unsubstituted, M
is a transition metal and A is an alkyl, hydrocarbyl or halogen group and n is an integer
between 0 and 4, and either 1 or 2 in a particular embodiment.
[0050] Non-limiting examples of bridging groups “X” include divalent
hydrocarbon groups containing at least one Group 13 to 16 atom, such as, but not
limited to, at least one of a carbon, oxygen, nitrogen, silicoﬁ, aluminum, boron,
germanium, tin and corﬂbinations thereof;, wherein the heteroatom may also be ;cl Cito
Ci2 alkyl or aryl group substituted to satisfy a neutral valency. The bridging group
may also contain substituent groups as defined above including halogen radicals and
iron. More particular non-limiting examples of bridging group are represented by C,
to Cs alkylenes, substituted C, to Cs alkylenes, oxygen, sulfur, R,C=, R,Si=, --
Si(R):Si(R»)--, R,Ge= or RP= (wherein "=" represents two chemical bonds), where R
is independently selected from hydrides, hydrocarbyls, halocarbyls, hydrocarbyl-
substituted organometalloids, halocarbyl-substituted organometalloids, disubstituted
boron atoms, disubstituted Group 15 atoms, substituted Group 16 atoms and halogen
radicals, for example. In one embodiment, the bridged metallocene catalyst
component has two or more bridging groups.
[0051] Other non-limiting examples of bndging groups include methylene,
ethylene, ethylidene, propylidene, isopropylidene, diphenylmethylene, 1,2-
dimethylethylene, 1,2-diphenylethylene, 1,1,2,2-tetramethylethylene, dimethylsilyl,
diethylsilyl, methyl-ethylsilyl, trifluoromethylbutylsilyl, bis(trifluoromethyl)silyl,
di(n-butyl)silyl, di(n-propyl)silyl, di(i-propyl)silyl, di(n-hexyl)silyl, dicyclohexylsilyl,
diphenylsilyl, cyclohexylphenylsilyl, t-butylcyclohexylsilyl, di(t-butylphenyl)silyl,
di(p-tolyl)silyl and the corresponding moieties, wherein the Si atom is replaced by a
Ge or a C atom; dimethylsilyl, diethylsilyl, dimethylgermyl and/or diethylgermyl.
[0052] In another embodiment, the bridging group may also be cyclic and include
4 to 10 ring members or 5 to7 ring members, for example. The ring members may be

selected from the elements mentioned above and/or from one or more of boron,
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carbon, silicon, germanium, nitrogen and oxygen, for example. Non-limiting
examples of ring structures which may be present as or part of the bﬁdgiﬁg moiety are
cyclobutylidene, cyclopentylidene, cyclohexylidene, . cycloheptylidene,
cyclooctylidene, for example. The cyclic bridging groups may be saturated or
unsaturated and/or carry one or more substituents and/or be fused to 6ne or more other
ring structures. The one or more Cp groups which the above cyclic bridging moieties
may optionally be fused to may be saturated or unsaturated. Moreover, these ring
structures may themselves be fused, such as, for example, in the case of a naphthyl
group. '
[0053] In one embodiment, the metallocene catalyst includes CpFlu Type
catalysts (e.g., a metallocene catalyst wherein the ligand ingludes a Cp fluorenyl
ligand structure) represented by the following formula: |
X(CpR':RZm)(FIR?);
wherein Cp is a cyclopentadienyl group, Fl is a fluorenyl group, X is a structural
bridge between Cp and Fl, R! is a substituent on the Cp, nis 1 or 2, R? is a substituent
on the Cp at a position which is ortho to the bridge, m is 1 or 2, each R? is the same or
different and is a hydrocarbyl group having from 1 to 20 carbon atoms with at least
one R? being substituted in the para position on the fluorenyl group and at least one
other R? being substituted at an opposed para position on the fluorenyl group and p is
2or4. _ ‘
[0054] In yet another aspect, the metallocene catalyst includes bridged mono-
ligand metallocene compounds (e.g., mono cyclopentadienyl catalyst components).
In this embodiment, the metallocene catalyst is a bridged "half-sandwich" metallocene
catalyst. In yet another aspect of the invention, the at least one metallocene catalyst
component is an unbridged "half sandwich" metallocene. (See, U.S. Pat. No.
6,069;213, U.S. Pat. No. 5,026,798, U.S. Pat. No. 5,703,187, U.S. Pat. No. 5,747,406,
U.S. Pat. No. 5,026,798 and U.S. Pat. No. 6,069,213, which are incorporated by
reference herein.)
[0055] Non-limiting examples of metallocene catalyst components consistent with
the description herein include, for example cyclopentadienylzirconiumA,;
indenylzirconiumA,; (1-methylindenyl)zirconiumA,; (2-methylindenyl)zirconiumA,,
(1-propylindenyl)zirconiumA,; (2-prdpylindenyl)zirconiumA,,; (1-
butylindenyl)zirconiumA,; (2-butylindenyl)zirconiumA,;
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methylcyclopentadienylzirconiumA; tetrahydroindenylzirconiumA,;
pentamethylcyclopentadienylzirconiumA; cyclopentadienylzirconiumA,,;
pentamethylcyclopentadienyltitaniumA,; tetramethylcyclopentyltitaniumA,; (1,2,4-
trimethylcyclopentadienyl)zirconiumA,; dimethylsilyl(1,2,3,4-
tetramethylcyclopentadienyl)(cyclopentadienyl)zirconiumA,;  dimethylsilyl(1,2,3,4- '
tetramethylcyclopentadienyl)(1,2,3-trimethylcyclopentadienyl)zirconiumAy,;
dimethylsilyl(1,2,3,4-tetramethylcyclopentadienyl)(1,2-

dimethylcyclopentadienyl)zirconiumAy; : dimethylsilyl(1,2,3,4-
tetramethylcyclopentadienyl)(2-methylcyclopentadienyl)zirconiumA,;

dimethylsilylcyclopentadienylindenylzirconiumA,; dimethylsilyl(2-
methylindenyl)(ﬂuoreny])zirconiumAn; diphenylsilyl(1,2,3,4-

tetramethylcyclopentadienyl)(3-propylcyclopentadienyl)zirconiumA,;  dimethylsilyl
(1,2,3,4-tetramethylcyclopentadienyl) (3-t-butylcyclopentadienyl)zirconiumA,;
dimethylgermyl(1,2-dimethylcyclopentadienyl)(3-
isopropylcyclopentadienyl)zirconiumA,; dimethylsilyl(1,2,3,4-
tetramethylcyclopentadienyl)(3-methylcyclopentadienyl)zirconiumAy;
diphenylmethylidene(cyclopentadienyl)(9-fluorenyl)zirconiumAy;
diphenylmethylidenecyclopentadienylindenylzirconiumA,;
isopropylidenebiscyclopentadienylzirconiumA,; isopropylidene(cyclopentadienyl)(9-
fluorenyl)zirconiumAy; isopropylidene(3-methylcyclopentadienyl)(9-
fluorenyl)zirconiumA,,; cthylenebis(9-fluorenyl)zirconiumA,;  ethylenebis(1-
indenyl)zirconiumA,,; ethylenebis(l-indenyl)zirconiumA,; ethylenebis(2-methyl-1-

indenyl)zirconiumA,; ethylenebis(2-methyl-4,5,6,7-tetrahydro-1-
indenyl)zirconiumA,; ethylenebis(2-propyl-4,5,6,7-tetrahydro-1-
indenyl)zirconiumA,; ethylenebis(2-isopropyl-4,5,6,7-tetrahydro-1-

indenyl)ziréoniumAn; ethylenebis(2-butyl-4,5,6,7-tetrahydro-1 -indenyl)zirconiumA,;
ethyléenebis(2-isobutyl-4,5,6,7-tetrahydro-1-indenyl)zirconiumA,;

dimethylsilyl(4,5,6,7-tetrahydro-1-indenyl)zirconiumA,; diphenyl(4,5,6,7-tetrahydro-
1-indenyl)zirconiumA,; ethylenebis(4,5,6,7-tetrahydro-1-indenyl)zirconiumA,;
dimethylsilylbis(cyclopentadienyl)zirconiumA,; dimethylsilylbis(9-

fluorenyl)zirconiumA,; dimethylsilylbis(1-indenyl)zirconiumA,; dimethylsilylbis(2-

methylindenyl)zirconiumA,; dimethylsilylbis(2-propylindenyl)zirconiumA,,;
dimethylsilylbis(2-butylindenyl)zirconiumA,; diphenylsilylbis(2-
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methylindenyl)zirconiumAy,; diphenylsilylbis(2-propylindenyl)zirconiumA;
diphenylsilylbis(2-butylindenyl)zirconiumA,; dimethylgermylbis(2-
methylindenyl)zirconiumA,; dimethylsilylbistetrahydroindenylzirconiumA,;

dimethylsilylbistetramethylcyclopentadienylzirconiumA,;
dimethylsilyl(cyclopentadienyl)(9-fluorenyl)zirconiumA,;
diphenylsilyl(cyclopentadienyl)(9-fluorenyl)zirconiumA,;
diphenylsilylbisindenylzirconiumA,;
cyclotrimethylenesilyltetramethylcyclopentadienylcyclopentadienylzirconiumA,;
cyclotetramethylenesilyltetramethylcyclopentadienylcyclopentadienylzirconiumAy;
cyclotrimethylenesilyl(tetramethylcyclopentadienyl)(2-methylindenyl)zirconiumAs;
cyclotrimethylenesilyl(tetramethylcyclopentadienyl)(3-
methylcyclopentadienyl)zirconiumA,; cyclotrimethylenesilylbis(2-
methylindenyl)zirconiumA,,;
cyclotrimethyienesilyl(tetramethylcyclopentadienyl)(z,3,5-
trimethylclopentadienyl)zirconiumA; '
cyclotrimethylenesilylbis(tetramethylcyclopentadienyl)zirconiumAy;
dimethylsilyl(tetramethylcyclopentadieneyl)(N-tertbutylamido)titaniumA,;
biscyclopentadienylchromiumA,; biscyclopentadienylzirconiumA; bis(n-
butylcyclopentadienyl)zirconiumA,;  bis(n-dodecyclcyclopentadienyl)zirconiumAy;
bisethylcyclopentadienylzirconiumA; bisisobutylcyclopentadienylzirconiumA,;
bisisopropylcyclopentadienylzirconiumA,; bismethylcyclopentadienylzirconiumAy;
bisnoxtylcyclopentadienylzirconiumA,; bis(n-pentylcyclopentadienyl)zirconiumA,;
bis(n-propylcyclopentadienyl)zirconiumA,;

bistrimethylsilylcyclopentadienylzirconiumA,; bis(1,3-
bis(trimethylsilyl)cyclopentadienyl)zirconiumA,; bis(1-ethyl-2-
methylcyclopentadienyl)zirconiumA,; bis(1-ethyl-3-
methylcyclopentadienyl)zirconiumA,; bispentamethylcyclopentadienylzirconiumA,;
bispentamethylcyclopentadienylzirconiumA,; bis(1-propyl-3-
methylcyclopentadienyl)zirconiumA; bis(1-n-butyl-3-
methylcyclopentadienyl)zirconiumA,; bis(1-isobutyl-3-
methylcyclopentadienyl)zirconiumA,; bis(1-propyl-3-

butylcyclopentadienyl)zirconiumA,;  bis(1,3-n-butylcyclopentadienyl)zirconiumAy;
bis(4,7-dimethylindenyl)zirconiumA,; bisindenylzirconiumA,; bis(2-
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methylindenyl)zirconiumA,; cyclopentadienylindenylzirconiumA,; bis(n-
propylcyclopentadienyl)hafniumA,; bis(n-butylcyclopentadienyl)hafniumA,; bis(n-
pentylcyclopentadienyl)hafniumA,; ' (n-propylcyclopentadienyl)(n-
butylcyclopentadienyl)hafniumA,,; bis[(2-
trimethylsilylethyl)cyclopentadienyllhafniumA,;

bis(trimethylsilylcyclopentadienyl)hafniumA,; bis(2-n-propylindenyhhafniumA,;

bis(2-n-butylindenyl)hafniumA,; dimethylsilylbis(n-
propylcyclopentadienyl)hafhiumA,; . dimethylsilylbis(n-
butylcyclopentadienyl)hafniumA,;  bis(9-n-propylfluorenyl)hafniumA,;  bis(9-n-
butylfluorenyl)hafniumA,; (9-n-propylfluorenyl)(2-n-propylindenyl)hafniumA,;

bis(1-n-propyl-2-methylcyclopentadienyl)hafniumA,; (n-propylcyclopentadienyl)(1-
n-propyl-3-n-butylcyc lopentadienyl)hamimAn;
dimethylsilyltetramethylcyclopentadienylcyclopropylamidotitaniumA,;
dimethylsilyltetramethyleyclopentadienylcyclobutylamidotitaniumA,;
dimethylsilyltetramethyleyclopentadienylcyclopentylamidotitaniumA,;
dimethylsilyltetramethylcyclopentadienylcyclohexylamidotitaniumA,,;
dimethylsilyltetramethylcyclop entadienylcycloheptylamidotitariiumA,,;
dimethylsilyltetramethylcyclopentadienylcyclooctylamidotitaniumA,;
dimethylsilyltetramethylcyclopentadienylcyclononylamidotitaniumA,,;
dimethylsilyltetramethylcyclopentadienylcyclodecylamidotitaniumA,;
dimethylsilyltetramethylcyclopentadienylcycloundecylamidotitaniumA,;
dimethylsilyltetramethylcyclopentadienylcyclododecylamidotitaniumA,;
dimethylsilyltetramethylcyclopentadienyl(sec-butylamido)titaniumA,;
dimethylsilyl(tetramethylcyclopentadienyl)(n-octylamido)titaniumA,;
dimethylsilyl(tetramethylcyclopentadienyl)(n-decylamido)titaniumAn;
dimethylsilyl(tetramethylcyclopentadienyl)(n-octadecylamido)titaniumA,;
dimethylsilylbis(cyclopentadienyl)zirconiumA,;
dimethylsilylbis(tetramethylcyclopentadienyl)zirconiumAs,;
dimethylsilylbis(methylcyclopentadienyl)zirconiumA,;
dimethylsilylbis(dimethylcyclopentadienyl)zirconiumA,; dimethylsilyl(2,4-
dimethylcyclopentadienyl) (3',5'-dimethylcyclopentadienyl)zirconiumA,;
dimethylsilyl(2,3,5-trimethylcyclopentadienyl)(2',4',5'-
dimethylcyclopentadienyl)zirconiumA,; dimethylsilylbis(t-
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butylcyclopentadienyl)zirconiumAy;
dimethylsilylbis(trimethylsilylcyclopentadienyl)zirconiumA,; dimethylsilylbis(2-

trimethylsilyl-4-t-butylcyclopentadienyl)zirconiumA,; dimethylsilylbis(4,5,6,7-
tetrahydro-indenyl)zirconiumA,; dimethylsilylbis(indenyl)zirconiumA,;
dimethylsilylbis(2-methylindenyl)zirconiumA,; dimethylsilylbis(2,4-

dimethylindenyl)zirconiumA,; dimethylsilylbis(2,4,7-trimethylindenyl)zirconiumA,;
dimethylsilylbis(2-methyl-4-phenylindenyl)zirconiumA,; dimethylsilylbis(2-ethyl-4-

phenylindenyl)zirconiumA,; dimethylsilylbis(benz[e]lindenyl)zirconiumA,;
dimethylsilylbis(2-methylbenz[eJindenyl)zirconiumA,;

dimethylsilylbis(benz[flindenyl)zirconiumA,; dimethylsilylbis(2-
methylbenz[f]indenyl)zirconiumA,; ' dimethylsilylbis(3-

methylbenz[flindenyl)zirconiumA,;
dimethylsilylbis(cyclopenta[cd]indenyl)zirconiumA,;
dimethylsilylbis(cyclopentadienyl)zirconiumAy,;
dimethylsilylbis(tetramethylcyclopentadienyl)zirconiumA,;
dimethylsilylbis(methylcyclopentadienyl)zirconiumA,,;
dimethylsilylbis(dimethylcyclopentadienyl)zirconiumAy;
isopropylidene(cyclopentadienyl-fluorenyl)zirconiumAy;
isopropylidene(cyclopentadienyl-indenyl)zirconiumA,;
isopropylidene(cyclopentadienyl-2,7-di-t-butylfluorenyl)zirconiumA,;
isopropylidene(cyclopentadienyl-3-methylfluorenyl)zirconiumA,;
isoropylidene(cyclopentadienyl-4-methylfluorenyl)zirconiumA;
isopropylidene(cyclopentadienyl-octahydrofluorenyl)zirconiumA,;
isopropylidene(methylcyclopentadienyl- fluorenyl)zirconiumA,;
isopropylidene(dimethylcyclopentadienylfluorenyl)zirconiumA,;
isopropylidene(tetramethyléyclop entadienyl-fluorenyl)zirconiumA,;
diphenylmethylene(cyclopentadienyl-fluorenyl)zirconiumA,;
diphenylmethylene(cyclopentadienyl-indenyl)zirconiumA,;
diphenylmethylene(cyclopentadienyl-2,7-di-t-butylfluorenyl)zirconiumA,;
diphenylmethylene(cyclopentadienyl-3-methylfluorenyl)zirconiumA,;
diphenylmethylene(cyclopentadienyl-4-methylfluorenyl)zirconiumA,;
diphenylmethylene(cyclopentadienyloctahydrofluorenyl)zirconiumAn;
diphenylmethylene(methylcyclopentadienyl-fluorenyl)zirconiumA,;
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diphenylmethylene(dimethylcyclopentadienyl-fluorenyl)zirconiumAn;
diphenylmethylene(tetramethylcyclopentadienyl-fluorenyl)zirconiumAn;
cyclbhexylidene(cyclopentadienyl-ﬂuorenyl)zirconiumAn;
cyclohexylidene(cyclopentadienylindenyl)zirconiumAg;
cyclohexylidene(cyclopentadienyl-2,7-di-t-butylfluorenyl)zirconiumAs;
cyclohexylidene(cyclopentadienyl-3-methylfluorenyl)zirconiumAas;
cyclohexylidene(cyclopentadienyl-4-methylfluorenyl)zirconiumAa;
cyclohexylidene(cyclopentadienyloctahydrofluorenyl)zirconiumAas;
cyclohexylidene(methylcyclopentadienylfluorenyl)zirconiumA.,;
cyclohexylidene(dimethylcyclopentadienyl-fluorenyl)zirconiumA,;
cyclohexylidene(tetramethylcyclopentadienylfluorenyl)zirconiumA,;
dimethyisilyl(cyclopéntadiényl-ﬂuorenyl)zirconiumAn;
dimethylsilyl(cyclopentadienyl-indenyl)zirconiumA,; dimethylsilyl(cyclopentdienyl-

2,7-di-t-butylﬂuorényl)zirconiumAn; dimethylsilyl(cyclopentadienyl-3-
methylfluorenyl)zirconiumA; dimethylsilyl(cyclopentadienyl-4-
methylfluorenyl)zirconiumA,; dimethylsilyl(cyclopentadienyl-
octahydrofluorenyl)zirconiumA,; dimethylsilyl(methylcyclopentanedienyl-
ﬂuorenyl)zirconiumAn;

dimethylsilyl(dimethylcyclopentadienylfluorenyl)zirconiumA,;
dimethylsilyl(tetramethylcyclopentadienylfluorenyl)zirconiumA,;
isopropylidene(cyclopentadienyl-fluorenyl)zirconiumA,;
isopropylidene(cyclopentadienyl-indenyl)zirconiumAa;
isopropylidene(cyclopentadienyl-2,7-di-t-butylfluorenyl)zirconiumA,;
cyclohexylidene(cyclopentadienylfluorenyl)zirconiumA,;
cyclohexylidene(cyclopentadienyl-2,7-di-t-butylfluorenyl)zirconiumAy;
dimethylsilyl(cyclopentadicnylﬂuorcnyl)zirconiumAn;
methylphenylsilyltetramethylcyclopentadienylcyclopropylamidotitaniumA,;
memylphenylsilyltetramcthylcyclopentadienylc:yclobutylamidotitaniumA,,;
methylphenylsilyltetramethylcyclopentadienylcyclopentylamidotitaniumA,;
methylphenylsilyltetramethylcyclopentadienylcyclohexylamidotitaniumAq;
methylphenylsilyltetramethylcyclopentadienylcycloheptylamidotitaniumAn,;
methylphenylsilyltetramethylcyclopentadienylcyclooctylamidotitaniumAn,;
methylphenylsilyltetramethylcyclopentadienylcyclononylamidotitaniumAn;
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methylphenylsilyltetramethylcyclopentadienylcyclodecylamidotitaniumAn;
methylphenylsilyltetramethylcyclopentadienylcycloundecylamidotitaniumAn;
methylphenylsilyltetramethylcyclopentadienylcyclododecylamidotitaniumA,;
methylphenylsilyl(tetramethylcyclopentadienyl)(sec-butylamido)titaniumAy,;
methylphenylsilyl(tetramethylcyclopentadienyl)(n-octylamido)titaniumA,;
methylphenylsilyl(tetramethylcyclopentadienyl)(n-decylamido)titaniumAy;
methylphenylsilyl(tetramethylcyclopentadienyl)(n-octadecylamido)titaniumAn;
diphenylsilyltetramethylcyclopentadienylcyclopropylamidotitaniumAy;
diphenylsilyltetramethylcyclopentadienylcyclobutylamidotitaniumAy,;
diphenylsilyltetramethylcyclopentadienylcyclopentylamidotitaniumAy;
diphenylsilyltetramethylcyclopentadienylcyclohexylamidotitaniumAn; -
diphenylsilyltetramethylcyclopentadien-ylcyclohepfylamidotitaniumAn;
diphenylsilyltetramethylcyclopentadienylcyclobctylmnidotitaniumAn;
diphenylsilyltetramethylcyclopentadienylcyclononylamidotitaniumA,;
diphenylsilyltetramethylcyclopentadienylcyclodecylamidotitaniumAs,;
diphenylsilyltetramethylcyclopentadienylcycloundecylamidotitaniumAn;
diphenylsilyltetramethylcyclopentadienylcyclododecylamidotitaniumAn,;
diphenylsilyl(tetramethylcyclopentadienyl)(sec-butylamido)titaniumAs;
diphenylsilyl(tetramethylcyclopentadienyl)(n-octylamido)titaniumAy,;
diphenylsilyl(tetramethylcyclopentadienyl)(n-decylamido)titaniumA,; and
diphenylsilyl(tetramethylcyclopentadienyl)(n-octadecylamido)titaniumA,.

[0056] In one or more embodiments, the transition metal compound includes
cyclopentadienyl, indenyl, fluorenyl, tetrahydroindenyl, CpFlu, alkyls, aryls, amides
or combinations thereof. In one or more embodiments, the transition metal compound
includes a transition metal dichloride, dimethyl or hydride. In one or more
embodiments, the transition metal corhpound may have C,;, C; or C; symmetry, for
example. In one specific embodiment, the transition metal compound includes rac-
dimethylsilanylbis(2-methyl-4-phenyl-1-indenyl)zirconium dichloride.

[0057] One or more embodiments may further include contacting the fluorinated
support with a plurality of catalyst compounds (e.g., a bimetallic catalyst.) As used
herein, the term “bimetallic catalyst” means any composition, mixture or system that
includes at least two different catalyst compounds, each having a different metal

group. Each catalyst compound may reside on a single support particle so that the
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bimetallic catalyst is a supported bimetallic catalyst. However, the term bimetallic
catalyst also broadly includes a system or mixture in which one of the catalysts
resides on one collection of support particles and another catalyst resides on another
collection of support particles. The plurality of catalyst components may include any
catalyst component known to one skilled in the art, so long as at least one of those
catalyst components includes a transition metal compound as described herein.

[0058] As demonstrated in the examples that follow, contacting the fluorinated
support with the transition metal ligand via the methods described herein (e.g., having
the pKa described herein) unexpectedly results in a supported catalyst composition
that is active without alkylation processes (e.g., contact of the catalyst component
with an organometallic compound, such as MAO.) Further, the embodiments of the
invention provide processes that exhibit increased activity over procésses utilizing
MADO based catalyst systems.

[0059] The absence of substances, such as MAO, generally results in lower
polymer production costs as alumoxanes are expensive compounds. Further,
alumoxanes are generally unstable compounds that are generally stored in cold
storage. However, embodiments of the present invention unexpectedly result in a
catalyst composition that may be stored at room temperature for periods of time (e.g.,

up to 2 months) and then used directly in polymerization reactions. Such storage

-~ ability further results in improved catalyst variability as a large batch of support

material may be prepared and contacted with a variety of transition metal compounds
(which may be formed in small amounts and optimized based on the polymer to be
formed.)

[0060] In addition, it is contemplated that polymerizations absent alumoxane
activators result in minimal leaching/fouling in comparison with alumoxane based
systems. However, embodiments of the invention generally provide processes
wherein alumoxanes may be included without detriment.

[0061] Optionally, the fluorinated support and/or the transition metal compound
may be contacted with a second aluminum containing compound prior to contact with
one another. In one embodiment, the fluorinated support is contacted with the second
aluminum containing compound prior to contact with the transition metal compound.
Alternatively, the fluorinated support may be contacted with the transition metal

compound in the presence of the second aluminum containing compound.
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[0062] For example, the contact may occur by contacting the fluorinated support
with the second aluminum containing compound at a reaction temperature of from
about 0°C to about 150°C or from about 20°C to about 100°C for a time 6f from
about 10 minutes hour to about 5 hours or from about 30 minutes to about 120
minutes, for example. _

[0063] The second aluminum containing compound may include an organic
aluminum compound. The organic aluminum compound may include TEAI, TIBAI,
MAO or MMAO, for example. In one embodiment, the organic aluminum compound
may be represented by the formula AIR3, wherein each R is independently selected
from alkyls, aryls or combinations thereof. | |

[0064] In one embodiment, the weight ratio of the silica to the second aluminum
éontaining cbmpound (Si:AP) is generally‘from about 0.01:1 to about 10:1 or from
about 0.05:1 to about 8:1, for example

[0065] While it has been observed that contacting the fluorinated support with the
second aluminum containing compound results in a catalyst having increased activity,
it is contemplated that the second aluminum containing compound may contact the
transition metal compound. When the second aluminum containing compound
contacts the transition metal compound, the weight ratio of the second aluminum
containing compound to transition metal (AP>:M) is from about 0.1:1 to about 5000:1
or from about 1:1 to about 1000:1, for example.

[0066] Optionally, the fluorinated support may be contacted with one or more
scavenging compounds prior to or during polymerization. The term “scavenging
compounds” is meant to include those compounds effective for removing impurities
(e.g., polar impurities) from the subsequent polymerization reaction environment.
Impurities may be inadvertently introduced with any of the polymerization reaction
components, particularly with solvent, monomer and catalyst feed, and adversely
affect catalyst activity and stability. Such impurities may result in decreasing, or even
elimination, of éatalytic activity, for example. The polar impurities or catalyst
poisons may include water, oxygen and metal impurities, for example.

[0067] The scavenging compound may include an excess of the first or second
aluminum compounds described above, or may be additional known organometallic
compounds, such as Group 13 organometallic compounds. For example, the

scavenging compounds may include triethyl aluminum (TMA), triisobutyl aluminum
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(TIBAI), methylalumoxane (MAO), isobutyl aluminoxane and tri-n-octyl aluminum.
In one specific embodiment, the scavenging compound is TIBAIL

[0068] In one embodiment, the amount of scavenging compound is minimized
during polymerization to that amount effective to enhance activity and avoided
altogether if the feeds and polymerization medium may be sufficiently free of
impurities. In another embodiment, the process doesn’t include any scavenging
compound, such as embodiments employing second aluminum compounds, for

example.

Polymerization Processes

[0069] As indicated elsewhere herein, catalyst systems are used to form
polyolefin compositions. Once the catalyst system is prepared, as described above
and/or as known to one skilled in the art, a variety of processes may be carried out
using that composition. The equipment, process conditions, reactants, additives and
other materials used in polymerization processes will vary in a given process,
depending on the desired composition and properties of the polymer being formed.
Such processes may include solution phase, gas phase, slurry phase, bulk phase, high
pressure processes or combinations thereof, for example. (See, U.S. Patent No.
5,525,678, U.S. Patent No. 6,420,580, U.S. Patent No. 6,380,328, U.S. Patent No.
6,359,072, U.S. Patent No. 6,346,586, U.S. Patent No. 6,340,730, U.S. Patent No.
6,339,134, U.S. Patent No. 6,300,436, U.S. Patent No. 6,274,684, U.S. Patent No.
6,271,323, U.S. Patent No. 6,248,845, U.S. Patent No. 6,245,868, U.S. Patent No.
6,245,705, U.S. Patent No. 6,242,545, U.S. Patent No. 6,211,105, U.S. Patent No.
6,207,606, U.S. Patent No. 6,180,735 and U.S. Patent No. 6,147,173, which are

incorporated by reference herein.)

[0070] In certain embodiments, the processes described above generally include
polymerizing olefin monomers to form polymers. The olefin monomers may include
C, to Cjp olefin monomers, or C; to C;; olefin monomers (e.g., ethylene, propylene,
butene, pentene, methylpentene, hexene, octene and decene), for example. Other
monomers include ethylenically unsaturated monomers, Cs to Cg diolefins,
conjugated or nonconjugated dienes, polyenes, vinyl monomers and cyclic olefins, for

example. Non-limiting examples of other monomers may include norbornene,
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nobomadiene, isobutylene, isoprene, vinylbenzocyclobutane, sytrene, alkyl
substituted styrene, ethylidene norbornene, dicyclopentadiene and cyclopentene, for
example. The formed polymer may include homopolymers, copolymers or

terpolymers, for example.

[0071] Examples of solution processes are described in U.S. Patent No.
4,271,060, U.S. Patent No. 5,001,205, U.S. Patent No. 5,236,998 and U.S. Patent No.
5,589,555, which are incorporated by reference herein.

[0072] One example of a gas phase polymerization process includes a continuous
cycle system, whe.rein'a cycling gas stream (otherwise known as a recycle stream or
fluidizing medium) is heated in a reactor by heat of polymerization. The heat is
removed from the cycling gas stream in another part of the cycle by a cooling system
external to the reactor. The cycling gas stream containing one or more monomers
may be continuously cycled through a fluidized bed in the presence of a catalyst under
reactive conditions. The cycling gas stream is generally withdrawn from the fluidized
bed and recycled back into the reactor. Simultaneously, polymer product may be
withdrawn from the reactor and fresh monomer may be added to replace the
polymerized monomer. The reactor pressure in a gas phase process may vary from
about 100 psig to about 500 psig, or from about 200 psig to about 400 psig or from
about 250 psig to about 350 psig, for example. The reactor temperature in a gas phase
process may vary from about 30°C to about 120°C, or from about 60°C to about
115°C, or from about 70°C to about 110°C or from about 70°C to about 95°C, for
example. (See, for example, U.S. Patent No. 4,543,399, U.S. Patent No. 4,588,790,
U.S. Patent No. 5,028,670, U.S. Patent No. 5,317,036, U.S. Patent No. 5,352,749,
U.S. Patent No. 5,405,922, U.S. Patent No. 5,436,304, U.S. Patent No. 5,456,471,
U.S. Patent No. 5,462,999, U.S. Patent No. 5,616,661, U.S. Patent No. 5,627,242,
U.S. Patent No. 5,665,818, U.S. Patent No. 5,677,375 and U.S. Patent No. 5,668,228,
which are incérporated by reference herein.) In one embodiment, the polymerization
process is a gas phase process and the transition metal compound used to form the

supported catalyst composition is CpFlu.

[0073] Slurry phase processes generally include forming a suspension of solid,
particulate polymer in a liquid polymerization medium, to which monomers and

optionally hydrogen, along with catalyst, are added. The suspension (which may
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include diluents) may be intermittently or continuously removed from the reactor
where the volatile components can be separated from the polymer and recycled,
optionally after a distillation, to the reactor. The liquefied diluent employed in the
polymerization medium may include a C; to C; alkane (e.g., hexane or isobutene), for
example. The medium employed is generally liquid under the conditions of
polymerization and relatively inert. A bulk phase process is similar to that of a slurry
process. However, a process may be a bulk process, a slurry process or a bulk slurry

process, for example.

[0074] In a specific embodiment, a slurry process or a bulk process may be
carried out continuously in one or more loop reactors. The catalyst, as slurry or as a
dry free flowing powder, may be injected regularly to the reactor loop, which can
itself be filled with circulating slurry of growing polymer particles in a diluent, for
example. Optionally, hydrogen may be added to the process, such as for molecular
weight control of the resultant polymer. The loop reactor may be maintained at a
pressure of from about 27 bar to about 45 bar and a temperature of from about 38°C
to about 121°C, for example. Reaction heat may be removed through the loop wall

via any méthod known to one skilled in the art, such as via a double-jacketed pipe.

[0075] Alternatively, other types of polymerization processes may be used, such
stirred reactors in series, parallel or combinations thereof, for example. Upon
removal from the reactor, the polymer may be passed to a polymer recovery system

for further processing, such as addition of additives and/or extrusion, for example.

Polymer Product

[0076] The polymers (and blends thereof) formed via the processes described
herein may include, but are not limited to, linear low density polyethylene,
elastomers, plastomers, high density polyethylenes, low density polyethylenes,
medium density polyethylenes, polypropylene (e.g., syndiotactic, atactic and
isotactic), polypropylene copolymers, random ethylene-propylene copolymers and

impact copolymers, for example.

[0077] In one embodiment, the polymer includes syndiotactic polypropylene. The
syndiotactic polypropylene may be formed by a supported catalyst composition

including CpFlu as the transition metal compound.
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[0078] In one embodiment, the polymer includes isotactic polypropylene. The
isotactic polypropylene may be formed by a suppbrted catalyst composition including
2-methyl-4-phenyl-1-indenyl)zirconium dichloride as the transition metal compound.

For example, the tacticity may be at least 97%.

[0079] In one embodiment, the polymer includes a bimodal molecular weight
distribution. The bimodal molecular weight distribution polymer may be formed by a

supported catalyst composition including a plurality of transition metal compounds.

[0080] In one or more embodiments, the polymer has a narrow molecular weight
distribution (e.g., a molecular weight distribution of from about 2 to about 4.) In
another embodiment, the polymer has a broad molecular weight distribution (e.g., a

molecular Weight distribution of from about 4 to about 25.)

Product Application ,

[0081] The polymers and blends thereof are useful in applications known to one
skilled in the art, such as forming operations (e.g., film, sheet, pipe and fiber extrusion
and co-extrusion as well as blow molding, injection molding and rotary molding).
Films include blown or cast films formed by co-extrusion or by lamination useful as
shrink film, cling film, stretch film, sealing films, oriented films, snack packaging,
heavy duty bags, grocery sacks, baked and frozen food packaging, medical pa'ckaging,
industrial liners, and membranes, for example, in food-contact and non-food contact
application. Fibers include melt spinning, solution spinning and melt blown fiber
operations for use in woven or non-woven form to make filters, diaper fabrics,
medical garments and geotextiles, for example. Extruded articles include medical
tubing, wire and cable coatings, geomembranes and pond liners, for example. Molded
articles include single and multi-layered constructions in the form of bottles, tanks,

large hollow articles, rigid food containers and toys, for example.
Examples

[0082] As used in the examples, the second support type “Silica P-10” refers to
silica that was obtained from Fuji Sylisia Chemical LTD (grade: Cariact P-10, 20
pum), such silica having a surface area of 281 m?/g, a pore volume of 1.41 mL/g, an
average particle size of 20.5 um and a pH of 6.3. Unmodified P-10 silica is referred
to herein as Support Type “A”.
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[0083] Support Type “B” as used herein is unmodified Al;Os.

[0084] Support Type “C” refers to alumina-silica that was obtained from Fuji
Sylisia Chemical LTD, such silica including 4.8 wt.% Al;0s and having a surface area
of 260 m?/g, a pore volume of 1.3 mL/g, an average particle size of 20.5 um and a pH
of 6.5.

[0085] Support Type “D” refers to alumina-silica that was obtained from Fuji
Sylisia Chemical LTD, such silica including 4.7 wt.% Al,O; and having a surface area
of 261 m?/g, a pore volume of 1.12 mL/g, an average particle size of 20.29 um and a
pH of 5.9.

[0086] Support Type “E” refers to alumina-silica that was obtained from Fuji
Sylisia Chemical LTD, such silica including 5.3 wt % AlLO; and having a surface area
of 213 m%/g, a pore volume of 1.24 mlL/g, an average partxcle size of 21.13 pm and a
pH of 7.8.

[0087] Support Type “F” refers to alumina-silica that was obtained from Fuji
Sylisia Chemical LTD, such silica including 7.5 wt.% Al,O3 and having a surface area
of 253 m?/g, a pore volume of 1.16 mL/g, an average particle size of 20.4 ym and a
pH of 8.6.

[0088] Support Type “G” refers to alumina-silica that was obtained from Fuji
Sylisia Chemical LTD, such silica including 7.7 wt.% Al,O3 and having a surface area
of 396 m%/g, a pore volume of 1.11 mL/g, an average particle size of 31.7 pm and a
pH of 8.8.

[0089] Support Type “H” refers to alumina-silica that was obtained from Fuji
Sylisia Chemical LTD, such silica including 7.5 wt.% Al,O3 and having a surface area
of 418 m%/g, a pore volume of 1.16 mL/g, an average particle size of 31.7 pm and a
pH of 8.3.

[0090] Support Type “T” refers to alumina-silica that was obtained from Fuji
Sylisia Chemical LTD, such silica including 1.3 wt.% AlOs and having a surface area
of 264 m?/g, a pore volume of 1.3 mL/g, an average particle size of 21.7 pm and a pH
of 6.7.

[0091] Support Type “J” refers to alumina-silica that was obtained from Grace
Davison, such silica including 13 wt.% Al,O; and having a surface area of 400 m?/g, a

pore volume of 1.2 mL/g, an average particle size of 76 pm.
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[0092] Fluorinated alumina-silica supports were prepared by adding 10.0 g of the
corresponding alumina-silica to a 250 mL round bottom flask including 31.4 mL of
water at ambient temperature. The preparation further included dissolving 1.0 g of
NH,F.HF in 8.6 mL of water and adding the solution to the round bottom flask. The
resulting slurry was mixed by shaking the flask for about 2 minutes. The remaining
water was then removed under vacuum (30 in. Hg) at 90°C.

[0093] The resulting white free flowing solids were placed in a small glass dish
and-heated in a muffle furnace at 400°C for 3 hours. The hot solids were poured into
a hot 250 mL, 1-neck, shlenk round bottom flask. The flask was then capped with a
rubber septum and placed under vacuum for about 15 to 20 minutes. The flask was
then stored under nitrogen. A

[00941 Example 1. ' First, indicétion of metallocene activation was testéd by
slurrying each support material in toluene. The preparation of supported catalyst
systems was then achieved by mixing a support material with rac-
dimethylsilanylbis(2-methyl-4-phenyl-1-indenyl)zirconium dichloride, shaken and

leaving the resulting solid to settle. The resulting solids were then checked for color.

" The active species (solid) is generally dark red. The results of such tests are

illustrated in Table 1 below.
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TABLE 1
Type of
R Counter pH of . Color of
un#  Support Type Ton of s ot Fluorination process Supported
support UPPo Metallocene*
1 Unsupported Yellow
2 A H 6.3 Yellow
o - -
3 A H 63 | 6% ofF-AgentFl Yellow
method
4 B Yellow
5 B 6% of F-Agent, F1- Yellow
method
6 C - H 6.5 No Yellow
6% of F-Agent, F1-
7 C H 6.5 method Red
3 c H 6.5 6% of F-Agent, F2 Red
_ method
9 D H 5.9 No Yellow
6% of F-Agent, F2
10 D H 5.9 method Red
11 E H 7.8 No Yellow
12 E H 78 | 6%ofF-Agent F2 Red
: method
13 F Na 8.6 No Yellow
6% of F-Agent, F2
14 F Na 8.6 method Red
14 F Na g6 | 6% ofF-Agent,F2 Red
method
15 G Na, H 8.8 No Yellow
6% of F-Agent, F1
16 G Na,H 8.8 methad Red
17 H Na, NH; 8.3 No Yellow
6% of F-Agent, F1 :
18 H Na, NH; 8.3 method Red
19 c H 6.5 10% of F-Agent, F2 N/A
method
20 I - 6.7 No N/A
0,
21 1 } 6.7 6% of F-Agent, F2 N/A
method
22 H Na,NH, | 83 | 10%cfF-AgentFl N/A
method
23 J - - No N/A
10% of F-Agent, F2
24 J - - method N/A
25 ] _ . 15% of F-Agent, F2 N/A
method

* Red Color indicates cation formation with the metallocene.

[0095] The un-fluorinated catalyst systems did not show an indication of active
species. Further, the catalyst systems including only silica or alumina were absent an
indication of active species. However, the fluorinated alumina-silica supports

exhibited a red or orange color, an indication of active species.
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[0096] Example 2: First, about 0.30 g or each support was weighed out in a
20 mL screw cap vial and 5 mL of Methyl red indicator solution (0.5 mg of methyl
red in 250 mL of isohexane) was added to from a red acidic solid. The solid was then
titrated with a 0.12 N n-butylamine solution in isohexane. Titration was continued
until the the red color of the solids disappeared. The results of such tests are

illustrated in Table 2 below.

TABLE 2
Run# |Support Type |Sample (g) Oi;: got}:;?(:xtl):?;ulsc eq:g:/lge;t
support
1 I 0315 0.95 3.62E-04
2 C 0.308 1.19 4.64E-04
3 F 0.309 0.85 3.30E-04
4 G 0.300 0.80 3.20E-04
5 J 0.309 145 5.63E-04
6 I 0.308 . 1.40 5.45E-04
7 C 0.307 1.65 6.45E-04
8 C 0.304 1.25 4.93E-04
9 F 0.307 1.50 5.86E-04
10 F 0.307 1.40 5.47E-04
11 J 0.303 1.95 7.72E-04
12 J 0.300 1.75 7.00E-04

1.) Measurement of surface acidity was performed according to the method described by B.C. Roy,
M.S. Rahman and M.A. Tahman, Journal of Applied Sciences 5(7): 1275-1278, 2005 with minor
modifications where the aliphatic solvent used was isohexane instead of hexane.

[0097] Example 3: The supported catalyst systems from Examples 1 and 2
were contacted with propylene monomer to form polymer (in 6X parallel reactor or

2L bench reactor, 170 g. propylene, 67°C). The polymerization conditions and results

of each polymerization follow in Table 3.
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TABLE 3
Support Support Catalyst | Cat non Co—Cal:Co_cm to Propylene | H, |Activity MF1
Run#1 " rvne | 2 | Mixing [(mg)| 288 [(mg) | 2™ [ @)  |opm)| @em) | &0
TIBAL Co-Cat ratio min)
1 2 0
2 3 0
3 5 0
4 6 0
s 7 11 | RT30 4 4 0.0 170 | 119 | 6664 | 9.1
min. .
6 10 11 | RT30 |49 0.0 170 | 119 | 6519 | 823
min.
7 12 11 | RT30 |4 0.0 170 | 119 6142 | 119
min
8 7 1:2 I;Tl 45 | TiBAI| 90 | 20 1350 | 36 | 3175
our
9 14 1:2 1;‘“ 30 |TiBAL| 15 | o5 170 | 83| o
our .
10| 16 1:1 1;'“'5 30 |TBAL| 10 | 03 170 |166| o
Oours
11 18 1 0

[0098] The catalyst systems absent activated metallocene (yellow color for
activation test) did not show any activities in propylene polymerization.
Unexpectedly, it has been discovered that only fluorinated alumina-silica supports
having a pH of less than about 8.0 are active in propylene polymerization.

[0099] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof and the scope thereof is determined by the claims that

follow.
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CLAIMS

What is claimed is:

1. A catalyst system comprising:

an inorganic support material comprising a bonding sequence selected from
Si-O-Al-F, F-Si-O-Al, F-Si-O-Al-F and combinations thereof, wherein the inorganic
support material comprises an acid strength (pKa) of less than about 4.8; and

a transition metal compound, wherein the transition metal compound is
represented by the formula [L]mM[A]}.; wherein L is a bulky ligand, A is a leaving
group, M is a transition metal and m and n are such that a total ligand valency

corresponds to a transition metal valency.

2. The system of claim 1, wherein the inorganic support material comprises a

surface acidity of at least 0.3 mmol/g.
3. The system of claim 1, wherein the catalyst system comprises a weight ratio of
silica to aluminum of from about 0.01:1 to about 1000:1 and a weight ratio of fluorine

to silica of from about 0.001:1 to about 0.3:1.

4. The system of claim 1, wherein the catalyst system comprises a molar ratio of

fluorine to aluminum (Al1') of about 1:1.

5. The system of claim 1, wherein the catalyst system comprises from about 0.1

wt.% to about 5 wt.% transition metal compound.

6. The system of claim 1, wherein the catalyst system is active for

polymerization absent alkylation.

7. The system of claim 1, wherein the inorganic support material comprises a pH

of less than about 7.5.

8. A method of forming a catalyst system comprising:
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providing an inorganic support material comprising a bonding sequence
selected from Si-O-Al-F, F-Si-O-Al, F-Si-O-Al-F and combinations thereof, wherein
the inorganic support material comprises an acid strength (pKa) of less than about 4.8;
and

contacting the inorganic support material with a transition metal compound to
form the catalyst system, wherein the transition metal compound is represented by the
formula [L]wM[A].; wherein L is a bulky ligand, A is a leaving group, M is a
transition metal and m and n are such that a total ligand valency corresponds to a

transition metal valency.

9. The method of claim 8, wherein the inorganic support material comprises a

surface:acidity of at least 0.3 mmo.ll‘g.

10. The method of claim 8, wherein the inorganic support composition is formed
by simultaneously forming SiO; and Al,O; and contacting the SiO; and Al,O3 with a

fluorinating agent.

11. The method of claim 8, wherein the inorganic support composition is formed
by contacting a silica containing compound with a fluorinating agent and then with an
organic aluminum containing compound, wherein the organic aluminum containing
compound is represented by the formula AIR; and wherein each R is independently

selected from alkyls, aryls and combinations thereof.

12. The method of claim 8, whereiﬁ the inorganic support composition is formed
by contacting a silica containing compound with an aluminum containing compound
and then with a fluorinating agent, wherein the aluminum containing compound is
represented by the formula AIR; and where each R is independently selected from

alkyls, aryls and combinations thereof.

13. The method of claim 8, wherein the inorganic support composition is formed
by providing an alumina-silica support and contacting the alumina-silica support with

a fluorinating agent.

30



10

15

20

25

30

WO 2007/127415 PCT/US2007/010317

14, The method of claim 8, wherein the inorganic support composition is formed
by providing a silica support and contacting the silica support with a fluoninating
agent represented by the formula RnAlF3.,;, wherein each R is independently selected

from alkyls, aryls and combinations thereof and n is 1 or 2.

15. The method of claim 8, wherein the inorganic support composition is
contacted with the transition metal compound in the presence of a second aluminum
containing compound represented by the formula AIR3;, wherein each R 1is
independently -selected from alkyls, alkoxys, aryls, aryloxys, halogens or

combinations thereof.

16.  The method of claim 15, wherein the second aluminum containing compound

comprises triisobutylaluminum.

17. The method of claim 8, wherein the contact of the inorganic support
composition and the transition metal compound occurs in proximity to contact with an

olefin monomer.

18. A method of forming polyolefins comprising:

introducing an inorganic support material to a reaction zone, wherein the
inorganic support material comprises a bonding sequence selected from Si-O-Al-F, F-
Si-O-Al, F-Si-O-Al-F and combinations thereof and an acid strength (pKa) of less
than about 4.8;

introducing a transition metal compound to the reaction zone;

contacting the transition metal compound with the inorganic support material
for in situ activation/heterogenization of the transition metal compound to form a
catalyst system,;

introducing an olefin monomer to the reaction zone; and

contacting the catalyst system with the olefin monomer to form a polyolefin.

19. The method of claim 18, wherein the inorganic support material comprises a

surface acidity of at least 0.3 mmol/g.
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20. The method of claim 18, wherein the catalyst system contacts the olefin

monomer in the presence of an alkyl aluminum compound.

21. The method of claim 18, wherein the alkyl aluminum compound comprises

triisobutyl aluminum.

22. The method of claim 18, wherein the olefin monomer is selected from a C; or

greater olefin, a C, or greater conjugated diene and combinations thereof.

23. The method of claim 18, wherein the transition metal compound is selected

from metallocene compounds comprising a symmetry selected from C,;, C; or C,.
24. The method of claim 18, wherein the transition metal compound is selected

from metallocene compounds, late transition metal compounds, post metallocene

compounds and combinations thereof.
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