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HALOALUMINOXANE COMPOSITIONS
THEIR PREPARATION, AND THEIR USE IN CATALYSIS

[0001] The work leading to the invention described in this patent application was performed
pursuant to a contract with an agency of the United States Government. The contract is
Cooperative Agreement No. 70NANBOH3049 between Albemarle Corporation and the
National Institute of Standards and Technology of the United States Department of
Commerce (Advanced Technology Program).

TECHNICAL FIELD
[0002] This invention relates to new fluoroaluminoxane compositions, new
chloroaluminoxane compositions, and new bromoaluminoxane compositions that are of
particular utility in the formation of new catalyst systems, to methods for the preparation of
these haloaluminoxane compositions and catalyst systems, to the use of such catalyst systems

in the polymerization (homopolymerization and copolymerization) of olefins, dienes, or the
like.

BACKGROUND
[0003]  Partially hydrolyzed aluminum alkyl compounds known as aluminoxanes (a.k.a.
alumoxanes) - are effective in activating metallocenes for polymerization of olefins.
Methylaluminoxane (a.k.a. methylalumoxane) has become the aluminum co-catalyst of
choice in the industry. It is available commercially in the form of 10 to 30 wt% solutions in

an aromatic solvent, typically toluene.

[0004] Modifications to methylaluminoxane have been reported. For example, U.S. Pat.
No. 5,329,032 discloses the use of organic groups having electron-rich heteroatoms, such as
oxygen or nitrogen, in methylaluminoxane to increase the stability of methylaluminoxane.
The organic groups attached to the heteroatom were believed to provide the observed

increases in solubility of the methylaluminoxane.

[0005] Fluorine species have been reported in aluminoxanes; again, these fluorine species
are part of an organic group, which organic group is attached to the aluminum site. See U.S.
Pat. No. 6,153,550, where pentafluorophenyl moieties are attached to the aluminoxane, and
see U.S. Pat. No. 6,211,111 Bl for additional fluoroaromatic moieties attached to

aluminoxanes.
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[0006] Chlorinated hydrocarbons, particularly dichlorobenzene, have been reported to
minimize gel formation when mixed with aluminoxanes. No reaction of the chlorinated

hydrocarbons with the aluminoxanes was contemplated or reported; see Japanese Laid—open
Patent 49293 (1992).

[0007]  Halogenated aluminoxanes have been reported in U.S. Pat. No. 6,306,986 B1

(referred to therein as alkylhaloaluminoxanes). These halogenated aluminoxanes are required
to have a high degree of halogenation, and are not derived from a pre-made aluminoxane.

SUMMARY OF THE INVENTION
[0008]  Pursuant to this invention, simple, rapid, and low cost process technology is
provided for producing novel fluoroaluminoxane compositions, novel chloroaluminoxane
compositions, and novel bromoaluminoxane compositions. Such compositions typically have
considerable stability under inert, anhydrous conditions, while maintaining their solubility
in hydrocarbon solvents, especially aromatic hydrocarbon solvents. In addition to these
desirable features, the novel compositions of the invention also perform as well as, if not
better than, nonhalogenated aluminoxanes when used as cocatalysts in the polymerization of
olefins. In the haloaluminoxane compositions of the invention, one or more halogen atoms

are believed to be bonded directly to the aluminoxane.

[0009]  The fluoroaluminoxane compositions of this invention, the chloroaluminoxane
compositions of this invention, and the bromoaluminoxane compositions of this invention
show improved characteristics as compared to certain aluminoxanes. The fluoroaluminoxane
compositions are more preferred because the fluoroaluminoxanes show a greater degree of
enhancement than do the chloroaluminoxanes and bromoaluminoxanes, when compared to
the properties of corresponding nonhalogenated aluminoxanes. However, it is to be
understood that the degree of enhancement in the characteristics of the chloroaluminoxanes

and bromoaluminoxanes of this invention is also desirable.

[0010] Unlike certain aluminoxanes which often tend to haze or form gels during storage
especially when at elevated temperatures, the fluoroaluminoxane compositions of this
invention, chloroaluminoxane compositions of this invention, and bromoaluminoxane
compositions of this invention have significantly reduced tendencies toward gel formation

when 1n solution in an aromatic solvent.



CA 02546579 2006-05-17
WO 2005/066191 PCT/US2004/041903

[0011] These new fluoroaluminoxane compositions, chloroaluminoxane compositions, and
bromoaluminoxane compositions are useful as activators or cocatalysts with a wide variety
of transition metal catalysts for forming olefin homopolymers or copolymers. Because the
fluoroaluminoxanes, chloroaluminoxanes, and bromoaluminoxanes of this invention are used
as cocatalysts, the fluoroaluminoxanes, chloroaluminoxanes, and bromoaluminoxanes are
sometimes referred to as cocatalysts in this document. Hereinafter, the fluoroaluminoxanes,
chloroaluminoxanes, and bromoaluminoxanes are referred to collectively as
haloaluminoxanes, with the understanding that the halogen may be fluorine, chlorine, and/or
bromine. The invention also includes haloaluminoxane compositions that have mixtures of

two or more halogens, in which there at least two different elements of halogen present in the

haloaluminoxane composition.

[0012] Aluminoxanes are also called alumoxanes. Thus, the terms fluoroalumoxane and
tfluoroalumoxane are considered to be synonymous with the term fluoroaluminoxane.
Analogously for the chloroaluminoxanes, the terms chloroalumoxane and chloro alumoxane
are considered to be synonymous with the term chloroaluminoxane. Similarly for the
bromoaluminoxanes, the terms bromoalumoxane and bromo alumoxane are considered to be

synonymous with the term bromoaluminoxane.

[0013] This invention provides two novel types of species. One of these species is an ionic
haloaluminoxane complex, which, without wishing to be bound by theory, is believed to be
comprised of an organic cation and an aluminum anion site of the aluminoxane, where one
of the species coordinated to the aluminum anion site is a halogen atom. It is to be
understood that the ionic complexes are thought to exist only at the small number of
aluminum anion sites of the aluminoxane, in particular those aluminum sites to which a
halogen atom 1s coordinated. For simplicity, the entire species containing these ionic

complexes is referred to as an ionic haloaluminoxane complex.

[0014] The other novel species of this invention is a partially halogenated aluminoxane,
which is believed to be comprised of a neutral aluminoxane where halogen atoms are
coordinated to some of the aluminum atoms of the aluminoxane. The term haloaluminoxane
1s used to refer to both ionic haloaluminoxane complexes and to partially halogenated

aluminoxanes.
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[0015] In one of its embodiments this invention provides a haloaluminoxane composition
wherein the halogen is fluorine, chlorine, and/or bromine. The amount of halogen atoms
present 1n the haloaluminoxane composition is in the range of about 0.5 mole % to about 15
mole % relative to aluminum atoms. These haloaluminoxane compositions can be formed
from components comprising (a) at least one aluminoxane and (b) at least one halogenation
agent. The halogenation agent is

(1) at least one halohydrocarbon of the formula R _.CX, , where n = 1-3, X 1s,
independently, fluorine, chlorine or bromine, and where R is, independently, a hydrogen atom

or a hydrocarbyl group having from one to about twenty carbon atoms:

or
(1) at least one siloxane having at least one labile halogen atom in the molecule,

wherein each halogen atom is, independently, fluorine, chlorine, or bromine;
or
(111) at least one silane of the formula R',SiX,_, where n=1-3, X is, independently,
fluorine, chlorine or bromine, and where R' is, independently, a hydrocarbyl group having
from one to about twenty carbon atoms:

or
(iv) at least one tin compound of the formula R’ SnX, ., where n = 1-3, X is,

independently, fluorine, chlorine or bromine, and where R’ is, independently, a hydrocarbyl
group having from one to about twenty carbon atoms;
or
(v) at least one hydrocarbyl aluminum halide of the formula R" AIX; _, where m =
1 or 2, where X 1is, independently, fluorine, chlorine or bromine, and where R" is,

independently, a hydrocarbyl group having from one to about twenty carbon atoms;

or
(v1) mixtures of any two or more of (i)-(Vv). .

[0016] An alternative method for forming the compositions of the invention is to have the
halogenation agent present during the formation of the desired aluminoxane, i.e., during the
hydrolysis of the aluminum hydrocarbyl(s) used to form the aluminoxane.

[0017] In still another embodiment, this invention provides process technology by which
such haloaluminoxanes can be prepared. Such a process comprises mixing, in an inert,
anhydrous environment, (a) at least one aluminoxane and (b) at least one halo genation agent

which is
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(1) at least one halohydrocarbon of the formula R,CX,_, where n = 1-3, X is, independently,
fluorine, chlorine or bromine, and where R is, independently, a hydrogen atom or a
hydrocarbyl group having from one to about twenty carbon atoms:

or
(1) at least one siloxane having at least one labile halogen atom in the molecule,

wherein each halogen atom is, independently, fluorine, chlorine, or bromine:

or
(111) at least one silane of the formula R',SiX, , where n = 1-3, X is, independently,
fluorine, chlorine or bromine, and where R' is, independently, a hydrocarbyl group having
from one to about twenty carbon atoms;

or
(1v) at least one tin compound of the formula R',SnX, , where n = 1-3, X is,

independently, fluorine, chlorine or bromine, and where R' is, independently, a hydrocarbyl
group having from one to about twenty carbon atoms;

or
(v) at least one hydrocarbyl aluminum halide of the formula R" AlX; ,, where m =

I or 2, where X 1s, independently, fluorine, chlorine or bromine, and where R" 1S,
independently, a hydrocarby! group having from one to about twenty carbon atoms:
or

(v1) mixtures of any two or more of (1)-(v),
wherein the amount of halogen atoms is in the range of about 0.5 mole % to about 15 mole

7o relative to aluminum atoms, such that a haloaluminoxane composition is formed.

[0018]  Another process for preparing haloaluminoxanes of the invention COmMprises
contacting at least one aluminum hydrocarbyl with at least one halogenation agent during the
hydrolysis of the aluminum hydrocarbyl. Again, the amount of halogen atoms is in the range
of about 0.5 mole Y0 to about 15 mole % relative to aluminum atoms, such that a

haloaluminoxane composition is formed.

[0019]  Another embodiment of this invention is a composition formed from interaction
between components comprising (I) either a haloaluminoxane wherein the amount of halo gen
atoms is in the range of about 0.5 mole % to about 15 mole % relative to aluminum atoms,
or
(a) at least one aluminoxane and (b) at least one halogenation agent, wherein the
amount of halogen atoms is in the range of about 0.5 mole % to about 15 mole %
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relative to aluminum atoms;
and (II) at least one catalyst compound or complex of a transition metal of Groups 3 to 11

including the lanthanide series and the actinide series. Other embodiments relate to
polymerization processes in which a haloaluminoxane composition of this invention is

employed as an activator or co-catalyst.

[0020] This invention also involves, infer alia, as especially preferred embodiments thereof,
a catalyst composition comprised of a reaction product of a halide or pseudohalide (alkoxide,
oxvhalide, etc.), or other Ziegler-Natta transition metal catalyst compound and a

haloaluminoxane composition of this invention.

[0021] Methods for producing such catalyst compositions and methods of polymerizing or
copolymerizing olefinic monomers using such catalyst compositions form still further

embodiments of this invention.

[0022] These and other embodiments and features of this invention will be still further

apparent from the ensuing description and appended claims.

BRIEF DESCRIPTION OF THE DRAWING
[0023] Fig. 1 is an enlarged postulated schematic representation of one of the preferfed

blue-colored ionic fluoroaluminoxane complexes of this invention.

FURTHER DETAILED DESCRIPTION OF THIS INVENTION
[0024]) To form the novel fluoroaluminoxane, chloroaluminoxane, and/or
bromoaluminoxane compositions of this invention, an aluminoxane 1s reacted with at least
one halogenation agent. Such halogenation agent 1s
(1) at least one halohydrocarbon of the formula R .CX, , where n = 1-3, X Is,
independently, fluorine, chlorine or bromine, and where R 1s, independently, a hydrogen atom
or a hydrocarbyl group having from one to about twenty carbon atoms;

or
(i1) at least one siloxane having at least one labile halogen atom in the molecule,

wherein each halogen atom is, independently, fluorine, chlorine, or bromine;
or
(i11) at least one silane of the formula R',S1X, , where n = 1-3, X is, independently,
fluorine, chlorine or bromine, and where R' is, independently, a hydrocarbyl group having
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from one to about twenty carbon atoms:
or

(1v) at least one tin compound of the formula R'.SnX, . where n = 1-3, X 1S,
independently, fluorine, chlorine or bromine, and where R' is, independently,

group having from one to about twenty carbon atoms;
or

a hydrocarbyl

(v) at least one hydrocarbyl aluminum halide of the formula R"_AlX, . where m =
I or 2, where X is, independently, fluorine, chlorine or bromine, and where R" is

independently, a hydrocarbyl group having from one to about twenty carbon atoms;
or

2

(vi) mixtures of any two or more of (D)-(v).

The amount of halogen atoms is in the range of about 0.5 mole % to about 15 mole % relative

to aluminum atoms. The reaction is conducted in an inert, anhydrous environment such as

in an anhydrous liquid aromatic hydrocarbon solvent, such as one or more of benzene,

toluene, xylene, mesitylene, ethylbenzene, diethylbenzene, 1,2,4-triethylbenzene, 1,3,5-
triethylbenzene, amylbenzene, tetrahydronaphthalene, and the like.

[0025]  As mentioned above, the compositions of the invention may also be formed by

having the halogenation agent present during the hydrolysis of the aluminum hydrocarbyl(s)
used to form the aluminoxane.

[0026] Increased stability is tested on a sample as a 30 wt% solution in toluene. The sample

1s stored indoors for 18 days at about 25°C, followed by outdoor storage at about 20-50°C for

12 days. If gel formation has increased by five-fold or less, based on the weight percent gel
found on the 30th day (in comparison to the amount of gel

present 1nitially), the
haloaluminoxane is generally considered to be of increased stability.

[0027] It is preferred that the haloaluminoxane components as well as the resultant
haloaluminoxane compositions be handled in an Inert, moisture-free, oxygen free

environment such as argon, nitrogen or helium because of the sensitivity of such components
and compositions to moisture and oxygen.

Compounds of the invention
[0028] This invention makes possible the preparation of certain stable fluoroaluminoxane

lon pairs (hereinafter referred to as ionic fluoroaluminoxane complexes), some of which have

7



CA 02546579 2006-05-17
WO 2005/066191 PCT/US2004/041903

sufficient stability to be isolatable in the form of solids, which ion pairs are believed to be
intermediates in the synthesis of partially fluorinated aluminoxanes. Similarly, this invention
also makes possible the preparation of certain stable chloroaluminoxane ion pairs (hereinafter
referred to as ionic chloroaluminoxane complexes) of sufficient stability to be isolatable in
the form of solids, which ion pairs are intermediates in the synthesis of partially chlorinated
aluminoxanes. Additionally, this invention makes possible the preparation of
bromoaluminoxane ion pairs (hereinafter referred to as ionic bromoaluminoxane complexes),
which ion pairs are intermediates in the synthesis of partially brominated aluminoxanes.

However, to date, an ionic bromoaluminoxane complex has not been isolated.

[0029] Without being bound by theory, it is believed that the halogenation agent acts as the
cationic counterpart to the anionic aluminum center in the ionic haloaluminoxane complex.
The available experimental evidence, especially proton and fluorine NMR, suggests that the
1onic fluoroaluminoxanes of this invention are composed of a fluoroaluminoxane monovalent
anion site complexed or coordinated to a univalent cation formed from the halogenation
agent. Note Fig. 1 for a depiction of a proposed structure of one such complex, which has
been observed to be blue in toluene solution. It is believed that fluorine is transferred to
aluminum, forming a fluorine-aluminum bond, and an alkyl group is transferred to the
fluorination agent. In the same manner, again without wishing to be bound by theory, the
available experimental evidence for the ionic chloroaluminoxane complexes also indicates
a chloroaluminoxane monovalent anion site complexed or coordinated to a univalent cation
formed from the chlorination agent. Again, it is believed that chlorine is transferred to
aluminum, forming a chlorine-aluminum bond, and an alkyl group is transferred to the
aromatic compound. Similarly for bromine, the experimental evidence suggests a

bromoaluminoxane monovalent anion site complexed or coordinated to a univalent cation

formed from the bromination agent.

[0030] Some of these ionic haloaluminoxane complexes have been observed to be thermal
and light sensitive. Under ambient conditions without exclusion of light, the blue color of
some of these complexes lasts from hours to days, depending on the halogen content. The
blue color faded away faster at higher temperature, wihth exposure to light, or in contact with
a polar solvent such as tetrahydrofuran (THF). Some of the ionic haloaluminoxane
complexes show decreased solubility in aromatic hydrocarbons, presumably due to the ionic

character of the complex.
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[0031] Inexperimental work conducted to date, ionic haloaluminoxane complexes formed
from siloxanes, silanes, and tin compounds have not been isolated, nor have attempts been
made to isolate such complexes. It is theorized that ionic haloaluminoxane complexes are
formed as intermediates in the synthesis of partially halogenated aluminoxanes in the case of
siloxanes, silanes, and tin compounds, but that the ionic haloaluminoxane complexes proceed
to the end product because the respective cations formed are unstable (relative to some of the
carbon cations formed when a halohydrocarbon is the halogenation agent). However, it is
contemplated that 10onic haloaluminoxane complexes formed from siloxanes, silanes, and tin
compounds, 1if 1solatable, probably require carefully controlled conditions, e.g., low
temperatures (for example, circa —78°C) and/or careful selection of a solvent that would
stabilize the 1onic complex. The existence of such ionic complexes is supported by the
yellow color observed during the synthesis of the partially fluorinated aluminoxanes utilizing
a siloxane, which yellow color is believed to be an ionic haloaluminoxane complex. It is not

known whether hydrocarbyl aluminum halides form ionic haloaluminoxane complexes.

[0032] Mixing of an aluminoxane with at least one halogenation agent in an inert,
anhydrous environment such as in an anhydrous liquid aromatic hydrocarbon solvent,
preferably in the absence of heat, is generally sufficient to form an ionic haloaluminoxane

complex. These mixtures, containing complexes of the invention, are also deemed

compositions of the invention.

[0033]  Another type of haloaluminoxane of this invention is a partially halogenated
aluminoxane. These compositions have been observed to be clear yellow, clear green, or
colorless in toluene solution. This type of haloaluminoxane is believed to be an aluminoxane
in which fluorine, chlorine, or bromine is bound to some of the aluminum atoms. Partially
halogenated aluminoxanes can be formed by heating or aging a mixture containing an ionic
haloaluminoxane complex. For the halogenation agents for which an ionic intermediate is
not observed, the aluminoxane and halogenation agent are contacted to form the partially
halogenated aluminoxane. For at least some siloxanes, silanes, and tin compounds, heating
or aging 1s unnecessary. When the halogenation agent is a halohydrocarbon, silane, or tin
compound, the major by-product of the formation of a partially halogenated aluminoxane is
normally an organic compound analogous to that of the halogenation agent, in which it
appears that the sites of the halogenation agent formerly having halogen atoms now contain

hydrocarbyl groups, presumably from the aluminoxane.
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[0034] It appears that the by-products formed during preparation of the partially
halogenated aluminoxane do not bind to the partially halogenated aluminoxane when
halohydrocarbons, silanes, or tin compounds are used in the preparation of the partially

halogenated aluminoxanes.

[0035] When siloxanes are used in the preparation of the partially halogenated
aluminoxanes, the siloxane by-product appears to remain associated with the partially
halogenated aluminoxane. An advantage to this is that the presence of this siloxane by-
product increases the solubility of the partially halogenated aluminoxane. The siloxane by-
product does not appear to adversely affect the properties of the partially halogenated

aluminoxane.

[0036] When the halogenation agent is a hydrocarbyl aluminum halide, the "hydrocarbyl
aluminum" portion of the molecule becomes bound to, and part of, the aluminoxane moiety.
The aluminum from the hydrocarbyl aluminum halide that becomes part of the aluminoxane
1s indistinguishable from the aluminum already present as part of the aluminoxane, and is thus

an inexpensive method for increasing the aluminum content of an aluminoxane while

halogenating the aluminoxane.

[0037] As previously mentioned, the amount of halogen atoms in the haloaluminoxane is
1n the range of about 0.5 mole % to about 15 mole % relative to aluminum atoms. At a mole
ratio of less than about 0.5%, the formed haloaluminoxanes have properties similar to
aluminoxanes. Above a mole ratio of about 15 mole %, solid formation tendencies increase.
Preterred mole ratios of halogen atoms to aluminum atoms are in the range of about 2 mole
percent to about 10 mole percent halogen (relative to aluminum). More preferred is ratio of
about 2 mole percent to about 6 mole percent halogen atoms to aluminum atoms. The
optimum mole ratio may vary with the particular haloaluminoxane. Experimental results
indicate that the reaction of the halogenation agent with the aluminoxane is stoichiometric,
i.e., most or all of the labile halogen atoms appear to transfer to the aluminoxane.

[0038] Partially halogenated aluminoxanes of this invention include, but are not limited to,
partially fluorinated methylaluminoxane, partially fluorinated ethylaluminoxane, partially
fluorinated n-propylaluminoxane, partially fluorinated n-butylaluminoxane, partially
fluorinated isobutylaluminoxane, partially fluorinated n-hexylaluminoxane, partially
fluorinated n-octylaluminoxane, partially fluorinated phenylaluminoxane, partially

10




CA 02546579 2006-05-17
WO 2005/066191 PCT/US2004/041903

chlorinated methylaluminoxane, partially chlorinated ethylaluminoxane, partially chlorinated
n-propylaluminoxane, partially chlorinated n-butylaluminoxane, partially chlorinated
isobutylaluminoxane, partially chlorinated n-hexylaluminoxane, partially chlorinated n-
octylaluminoxane, partially chlorinated phenylaluminoxane, partially . brominated
methylaluminoxane, partially brominated ethylaluminoxane, partially brominated n-
propylaluminoxane, partially brominated n-butylaluminoxane, partially brominated
isobutylaluminoxane, partially brominated n-hexylaluminoxane, partially brominated n-
octylaluminoxane, and partially brominated phenylaluminoxane. Also included as partially
halogenated aluminoxanes are those that have two or more different elements of halogen

(e.g., fluorine and chlorine; fluorine and bromine; chlorine and bromine; fluorine, chlorine,

and bromine).

[0039] Aluminoxane compositions are generally obtained by hydrolyzing aluminum
compounds such as alkyl aluminum compounds with water e.g., by direct water addition,
contact with a water-wet material such as a solvent containing water or a solid substrate such
as a porous catalyst support wet with or soaked in water, or via salt hydrate addition. The

resulting products, depending on the amount of added water, are dimeric or complex mixtures

of oligomeric aluminoxanes.

[0040] Non-limiting examples of aluminoxanes that can be used to make the
haloaluminoxanes of this invention include methylaluminoxane, ethylaluminoxane, n-
propylaluminoxane, n-butylaluminoxane, isobutylaluminoxane, n-hexylaluminoxane, n-
octylaluminoxane, decylaluminoxane, dodecylaluminoxane, . tetradecylaluminoxane,
hexadecylaluminoxane, octadecylaluminoxane, phenylaluminoxane, tolylaluminoxane, and

the like. Mixtures of aluminoxanes may also be used.

[0041] Preferred aluminoxanes are those in which the hydrocarbyl groups are saturated,
particularly those aluminoxanes in which the hydrocarbyl groups have from one to about
twenty carbon atoms. More preferred are aluminoxanes in which the saturated hydrocarbyl
groups have from one to about six carbon atoms. Even more preferred are
methylaluminoxane, ethylaluminoxane, n-butylaluminoxane, and iso-butylaluminoxane.
Highly preferred are methylaluminoxane and ethylaluminoxane. The most highly preferred

aluminoxane is methylaluminoxane.
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[0042]  The methylaluminoxane may contain up to about 15 mole percent (based on
aluminum) of moieties formed from amines, alcohols, ethers, esters, phosphoric and
carboxylic acids, thiols, alkyl disiloxanes, and the like to improve their activity, solubility,
and/or stability. A preferred type of moiety is a bulky phenol. Suitable bulky phenols include
2,6-dimethyl-4-(1,1-dimethylpmpyl)phenol, 2,6-d1isobutyl-4-methylphenol, 2,6-
diisopropylphenol, 2,4,6-triisopropylphenol, 2,6-d1isobutylphenol, 2,4,6-triisobutylphenol,
2,6-di-tert-butylphenol, 2,4,6-tri-tert-butylphenol, and the like. It is preferred that such
phenols are reacted with the trialkylaluminum compound prior to the formation of the

aluminoxane.

[0043]  Concentrations of aluminoxanes are typically in the range of about 10 wt%
aluminoxane to about 50 wt% aluminoxane. Preferably, the concentration of the aluminoxane
solution is in the range of about 10 wt% to about 30 wit% Usually, the aluminoxane is in a

hydrocarbon solvent, preferably an aromatic hydrocarbon solvent. Most preferably, the

aluminoxane is in toluene.

[0044] The halogenation agents that can be used in forming the haloaluminoxanes of the
Invention contain labile halogen atoms, i.e. , halogen atoms that can react with aluminum sjtes
in the aluminoxane. Non-labile halo gen atoms may also be present in the halogenation agent.
For example, halogen atoms directly bound to aromatic rings have been observed to be non-
labile, i.e., such halogen atoms remain bound to the aromatic ring when a halogenation agent
containing such a moiety is brought into contact with an aluminoxane. Only those halogen
atoms that are labile are considered in determining the mole percent of halogen atoms relative

to aluminum atoms in the partially halogenated aluminoxane.

[0045]  When R of the halohydrocarbon, R' of the silane or tin compound, or R" of the
hydrocarbyl aluminum halide is an aryl group, and the aryl group has a -OH, -SH, or -NH,
group as a substituent on the aromatic ring, the - OH, - SH, or -NH, group will react with the
aluminoxane before the labile halogen atoms do, resulting in the binding of the halogenation
agent to the aluminoxane, followed by the reaction of the labile halogen atoms with the
aluminoxane. This may be advantageous when the presence of such species improves the
solubility and/or stability of the product haloaluminoxane and/or the activity imparted to a
polymerization by the use of such a haloaluminoxane as a cocatalyst. The need for labile
halogen atoms in the halogenation agent excludes such moieties as pentafluorophenol, which

does not have labile halogen atom:s.
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[0046] Haloaluminoxanes having two or more different types (elements) of halogen can be
prepared. One way to obtain such haloaluminoxanes is to use a mixture of halogenation
agents, where at least one halogenation agent has labile halogen atom(s) of one element, and
at least one halogenation agent has labile halogen atom(s) of another element. Another
method for preparing haloaluminoxanes having two or more different halo gen elements is to
use one or more halogenation agents in which there are halogen atoms of two or more
different elements of halogen. Labile fluorine atoms normally react faster with the

aluminoxane than do labile chlorine or bromine atoms.

[0047] One type of halogenation agent that can be used to form the haloaluminoxanes of
this invention is a halohydrocarbon of the formula R,CX,,, where n = 1-3, X is,
independently, fluorine, chlorine or bromine, and where R is, independently, a hydrogen atom
or a hydrocarbyl group having from one to about twenty carbon atoms. R can be a_strai ght
chain, branched, cycloalkyl, aryl, or araalkyl group. When only one R is a hydrocarbyl group,
the hydrocarbyl group is preferably an aryl group. Halohydrocarbons in which all R are
hydrogen atoms are not preferred, because such halohydrocarbons tend to react slowly with

the aluminoxane, and frequently the reaction does not go to completion, i.e., the yields are

low.

[0048] A preferred type of halohydrocarbon is a tertiary halohydrocarboh; a more preferred
type of halohydrocarbon is that in which at least one R is an aryl group. Less preferred are
secondary and primary halohydrocarbons, because they provide less stability to the believed

cationic species of the ionic aluminoxane complexes, or to the intermediate in the formation

of the partially halogenated aluminoxane.

[0049] A highly preferred type of halohydrocarbon is one in which at least one R is an aryl
group, especially a phenyl group. When at least one R is an aryl group, tertiary
halohydrocarbons are not especially preferred, i.e., a primary halohydrocarbon in which one
R 1s an aryl group and the other R(s) are hydrogen atoms, or all of the other substituents are
halogen atoms, are also highly preferred. In particular, this highly preferred group of
halohydrocarbons can be represented by the formula:
ArG,

where Ar is an aromatic hydrocarbon ring system, which typically contains up to about 25
carbon atoms, preferably up to about 12 carbon atoms, and most preterably 6 carbon atoms
In the ring system (i.e., excluding X and excluding any substituents that may be present on
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the ring(s)); G is -CX,, -CX,R, or ~-CXR,, in which X is, independently, a fluorine atom,
chlorine atom, or bromine atom, and in which R is, independently, a hydrogen atom or Ci4
alkyl group; and nis 1 to 5, preferably 1 to 3, more preferably 1 or 2, and most preferably 1.

G 1s preferably a trihalomethyl group.

[0050] When there are substituents on the aromatic ring(s) other than hydrogen and the
group(s) containing labile halogen atom(s), it is preferred that these other such substituents
are electron-donating substituents. Halogenation agents containing aromatic groups having
electron-withdrawing substituents on the ring, such as fluorine, were observed to have slower
reaction rates than halogenation agents with aromatic groups having only hydrogen atoms as
substituents. In turn, halogenation agents containing aromatic groups having electron-
donating substituents were observed to have faster reaction rates than halogenaton agents in
which there were only hydrogen atoms on the aromatic ring. Typical electron-donating

substituents include hydrocarbyloxy groups and hydrocarbyl groups.

[0051] Suitable halohydrocarbons having an aryl group include o, a-trifluorotoluene, a,o-
difluorotoluene, a-fluorotoluene, octafluorotoluene, 1 ,2-d1(fluoromethyl)benzene, 1,3-
di(fluoromethyl)benzene, 1,4-di(fluoromethyl)benzene, 1,2-bis(difluoromethyl)benzene, 1,3-
bis(difluoromethyl)benzene, 1,4-bis(difluoromethyl)benzene, 1.3-
bis(trifluoromethyl)benzene, 1,3,5 -tris(triﬂuoromethyl)be-nzene, 4-methyl-1-
(trifluoromethyl)benzene, 3-methyl-1 -(triﬂuoromefhyl)benzene, 1,3-bis(trifluoromethyl)-4-
methylbenzene, 1,4-bis(trifluoromethyl)-2-methylbenzene, 1 -ethyl-3,5-
bis(trifluoromethyl)benzene, 1-isopropyl-4-(trifluoromethyl)benzene, I-(fluoromethyl)-4-
fluoro-2-(trifluoromethyl)benzene, 1-(fluoromethyl)-2,4-bis(trifluoromethyl)benzene, 1 -(1-
fluoroethyl)benzene, 1,2-difluoroethylbenzene, 3,3 -bis(trifluoromethyl)biphenyl, 4.,4'-
~bis(trifluoromethyl)biphenyl, 2,2'-bis(fluoromethyl)biphenyl, 3 -(ditluoromethyl)biphenyl, 1-
(trifluoromethyl)naphthalene, 2-(trifluoromethyl)naphthalene, 1-(difluoromethyl)naphthalene,
2-(difluoromethyl)naphthalene, 1-(fluoromethyl)naphthalene, 1,8-bis(fluoromethyl)-
naphthalene, 1-(fluoromethyl)-2-(methyl)naphthalene, 1 -1sobutyl-2-trifluoromethyl-
naphthalene, 1-methyl-4-trifluoromethyl-naphthalene, 1-n-butyl-5-trifluoromethyl-
naphthalene, 1-(trifluoromethyl)anthracene, 2-(difluoromethyl)anthracene, 9-
(fluoromethyl)anthracene, 9,10-bis(trifluoromethyl)anthracene, 9-(trifluoromethyl)-
phenanthrene, triphenylfluoromethane, difluorodiphenylmethane, o,o,a-trichlorotoluene, o, o-
dichlorotoluene, «-chlorotoluene, 1,3 -bis(trichloromethyl)-4-methylbenzene, 1.4-
bis(trichloromethyl)-2-methylbenzene, 4-methyl-1-(trichloromethyl)benzene, 3 -methyl-1-
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(trichloromethyl)benzene, octachlorotoluene, 1,2-di(chloromethyl)benzene, 1,3-
di(chloromethyl)benzene, 1,4-di(chloromethyl)benzene, 1,3,5-tris(trichloromethyl)benzene,
1-ethyl-3,5-bis(trichloromethyl)benzene, 1-isopropyl-4-(trichloromethyl)benzene, 1-
(chloromethyl)-4-chloro-2-(trichloromethyl)benzene, 1-(chloromethyl)-2,4-
bis(trichloromethyl)benzene, 1-(1-chloroethyl)benzene, 1,2-dichloroethylbenzene, 3,3'-
bis(trichloromethyl)biphenyl, 4,4'-bis(trichloromethyl)biphenyl, 2,2'-bis(chloromethyl)-
biphenyl, 3-(dichloromethyl)biphenyl, 1-(trichloromethyl)naphthalene, 2-
(trichloromethyl)naphthalene, 1-(dichloromethyl)naphthalene, 2-(dichloromethyl)-
naphthalene, 1-(chloromethyl)naphthalene, 1,8-bis(chloromethyl)-naphthalene, 1-
(chloromethyl)-2-(methyl)naphthalene, 1-isobutyl-2-trichloromethylnaphthalene, I-methyl-4-
trichloromethylnaphthalene, 1-n-butyl-5-trichloromethyl-naphthalene, 1-(trichloromethyl)-
anthracene, 2-(dichloromethyl)anthracene, 9-(chloromethyl)anthracene, 9,10-
bis(trichloromethyl)anthracene, 9-(trichloromethyl)phenanthrene, triphenylchloromethane,
dichlorodiphenylmethane, a,a,a-tribromotoluene, a,a-dibromotoluene, a-bromotoluene, 1,2-
di(bromomethyl)benzene, 1,3-di(bromomethyl)benzene, 1,4-di(bromomethyl)benzene, 1,3-
bis(tribromomethyl)benzene, 1,3,5-tris(tribromomethyl)benzene, 4-methyl-1-
(tribromomethyl)benzene, 3-methyl-1-(tribromomethyl)benzene, 1,3-bis(tribromomethyl)-4-
methylbenzene, 1,4-bis(tribromomethyl)-2-methylbenzene,1-ethyl-3,5-bis(tribromo-
methyl)benzene, 1-isopropyl-4-(tribromomethyl)benzene, 1-(bromomethyl)-2-(tribromo-
methyl)benzene, 1-(bromomethyl)—2,4-bis(tribromomethyl)Benzene, 1-(1-bromoethyl)-
benzene, 1,2-dibromoethylbenzene, 3,3'-bis(tribromomethyl)biphenyl, 4,4'-
bis(tribromomethyl)biphenyl, 2,2'-bis(bromomethyl)biphenyl, 3-(dibromomethyl)biphenyl,
[-(tribromomethyl)naphthalene, 2-(tribromomethyl)naphthalene, 1-(dibromomethyl)-
naphthalene, 2-(dibromomethyl)-naphthalene, 1-(bromomethyl)naphthalene, 1,8-
bis(bromomethyl)naphthalene, 1-(bromomethyl)-2-(methyl)naphthalene, 1-isobutyl-2-
tribromomethyl-naphthalene, 1-methyl-4-tribromomethyl-naphthalene, 1-n-butyl-5-
tribromomethyl-naphthalene, 1-(tribromomethyl)anthracene, 2-(dibromomethyl)anthracene,
9-(bromomethyl)anthracene, 9,10-bis(tribromomethyl)anthracene, 9-(tribromomethyl)phen-
anthrene, triphenylbromomethane, dibromodiphenylmethane, and the like. Mixtures of two

or more of the foregoing halohydrocarbons may also be used.

[0052] Suitable halohydrocarbons which do not have an aryl group include tert-butyl
fluoride (2-methyl-2-fluoropropane), 3-methyl-3-fluoropentane, 3-methyl-3-fluorohexane,
I-methyl-1-tfluorocyclohexane, 1,3-difluoro-1,3,5-methylcyclooctane, 2-methyl-2-
fluoroheptane, 1,2-difluoro-1-methylcyclooctane, 2-methyl-2-chloropropane, tert-butyl
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chlonde, 3-methyl-3-chloropentane, 3-chlorohexane, 3-methyl-3-chlorohexane, 1-methyl-1-
chlorocyclohexane, 1,3-dichloro-1,3,5-methylcyclooctane, 2-methyl-2-chloroheptane, 1,2-
dichloro-1-methylcyclooctane, 2-methyl-2-bromopropane, tert-butyl bromide, 3-methyl-3-
bromopentane, 2-bromohexane, 3-bromohexane, 3-methyl-3-bromohexane, 1-methyl-1-
bromocyclohexane, 1,3-dibromo-1,3,5-methylcyclooctane, 2-methyl-2-bromoheptane, 1,2-
dibromo-1-methylcyclooctane, and the like. Mixtures of two or of the foregoing

halohydrocarbons may also be used.

[0053] Suitable halohydrocarbons which have at least two different elements of halogen that
may be used include, but are not limited to, 1-chloro-3-fluoro-1,3,5-methylcyclooctane, 2-
bromo-1-fluoro-1-methylcyclooctane, 2-chloro-1-fluoro-1-methylcyclooctane, 1-
(trichloromethyl)-4-(trifluoromethyl)benzene, 1-(dichloromethyl)-3-(dibromomethyl)-
benzene, 1-(bromomethyl)-2-(fluoromethyl)benzene, 1-(chloromethyl)-4-(trifluoromethyl)-
benzene, 1-(dichloromethyl)-3-(fluoromethyl)benzene, 1-(bromomethyl)-3,5-
bis(trifluoromethyl)benzene, 1-(chloromethyl)-3,5-bis(trifluoromethyl)benzene, 1-
(tribromomethyl)-3-(trichloromethyl)-5-(trifluoromethyl)benzene, 1-ethyl-3-(trichloro-
methyl)-5-(trifluoromethyl)benzene, 1-(chloromethyl)-4-chloro-2-(tribromomethyl)-benzene,
I-(fluoromethyl)-2,4-bis(trichloromethyl)benzene, 1-(1-bromoethyl)-3-(1-fluoroethyl)-
benzene, 1-(1,2-dichloroethyl)-4-(1-fluoroethyl)benzene, 1-trichloromethyl-4-trifluoro-
methyl-2,3,5,6-tetrachlorobenzene, 3.-(trichloromethyl);3'-(triﬂuoromethyl)biphenyl, 4-
(dichloromethyl)-4'(difluoromethyl)-biphenyl, 2-(chloromethyl)-2'-(fluoromethyl)biphenyl,
[-(trichloromethyl)-2-(trifluoromethyl)naphthalene, 1-(difluoromethyl)-2-(dichloromethyl)-
naphthalene, 1-(bromomethyl)-8-(fluoromethyl)naphthalene, 9-(trifluoromethyl)-10-
(trichloromethyl)anthracene, and the like. Mixtures of two or more of the foregoing

halohydrocarbons may also be used.

[0054] Preferred halohydrocarbons are tert-butyl fluoride, tert-butyl chloride, tert-butyl
bromide, o,a,a-trifluorotoluene, 4-methyl-1-(trifluoromethyl)benzene, 3-methyl-1-
(trifluoromethyl)benzene, triphenylfluoromethane, a,o,a-trichlorotoluene, 4-methyl-1-
(trichloromethyl)benzene, 3-methyl-1-(trichloromethyl)benzene, triphenylchloromethane,
a,o,o-tribromotoluene, 4-methyl-1-(tribromomethyl)benzene, 3-methyl-1-(tribromomethyl)-
benzene, and triphenylbromomethane. More preferred are o, a-trifluorotoluene, 4-methyl-1-
(trifluoromethyl)benzene, o,a,a-trichlorotoluene, triphenylchloromethane, a,«,a-tribromo-
toluene, and triphenylbromomethane. The most preferred halohydrocarbons are o,a,a-
trifluorotoluene, 4-methyl-1-(trifluoromethyl)benzene, triphenylchloromethane, and o, o, 0-

tribromotoluene.
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[0055] Another type of halogenation agent that can be used to form the haloaluminoxanes
of this invention is at least one siloxane having at least one labile halogen atom in the
molecule, wherein each halogen atom is, independently, fluorine, chlorine, or bromine. These
stloxanes have hydrocarbyl groups which preferably contain from about 1 to 30 carbon atoms
and include linear and/or branched alkyl groups which contain from about 1 to 24 carbon
atoms, cycloalkyl groups which contain from about 3 to 24 carbon atoms, and alkylaryl or
aryl groups which contain from about 6 to 30 carbon atoms. At least one hydrocarbyl group
of the siloxane contains at least one labile halogen atom. The siloxanes are chosen from
disiloxanes and linear or cyclic polysiloxanes. The siloxanes contain the Si-O-Si bond and
are substantially free of Si-OH bonds. The siloxanes can contain mixed hydrocarbyl groups.
The polysiloxanes have a linear, or branched, or cyclic backbone of alternating silicon and
oxygen atoms. If the polysiloxane is acyclic, it can be represented by the empirical formula,
Si,0,.,, wherein n is at least 3 (preferably in the range of 3 to 6, and most preferably in the
range of 3 to 4), and wherein the oxygen atoms are always individually disposed between and
connected to two silicon atoms as a -Si-O-Si- moiety. The cyclic polysiloxanes can be
represented by the empirical formula Si,0, where n is as defined above, and wherein, as in
the case of the acyclic polysiloxanes, the oxygen atoms are always individually disposed
between and connected to two silicon atoms as a -Si-O-Si- moiety. Whether cyclic or acyclic,
the backbone of a polysiloxane containing 4 or more silicon atoms can be branched on one
or more of the silicon atoms of the backbone. In such case, the silicon atom that carries the
branch is bonded to three or four separate oxygen atoms, and each such oxygen atom is in

turn bonded to an additional separate silicon atom.

[0056] Non-limiting examples of siloxanes include (trifluoromethyl)pentamethyldisiloxane,
tris(fluoromethyl)trimethyldisiloxane, (2,2-difluoroethyl)pentaethyldisiloxane, bis(1,2-
difluoroethyl)triethyldisiloxane, bis(trifluoromethyl)tetramethyldisiloxane,
(trifluoromethyl)trimethyldicyclohexyldisiloxane, tetramethylbis(2,2-difluorocyclohexyl)-
disiloxane, tetramethylbutyl(4,4,4-trifluorobutyl)disiloxane, bis(p-trifluoromethylphenyl)-
tetraphenyldisiloxane, diphenyltrimethyl(difluoromethyl)disiloxane, tetraphenylbis-
(fluoromethyl)disiloxane, bis(difluoromethyl)tetramethylcyclotrisiloxane,
tetra(fluoromethyl)tetramethyltrisiloxane, 3,3,3-trifluoropropylheptamethyltrisiloxane,
bis(3,3,3-trifluoropropyl)hexamethyltrisiloxane, 3,3,3-trifluoropropylheptamethylcyclo-
trisiloxane, (trifluoromethyl)heptamethylcyclotetrasiloxane, bis(m-trifluoromethylphenyl)-
hexaphenylcyclotetrasiloxane, tri[methyl(3,3,3-trifluoropropyl)cyclopolysiloxane],
tetra[methyl(3,3,3-trifluoropropyl)cyclopolysiloxane], poly[methyl(3,3,3-
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trifluoropropyl)siloxane], poly[dimethylsiloxane-co-methyl(3,3,3-trifluoropropyl)siloxane],
(trichloromethyl)pentamethyldisiloxane, tris(chloromethyl)trimethyldisiloxane, 2,2-
(dichloroethyl)pentaethyldisiloxane, bis(1,2-dichloroethyl)triethyldisiloxane,
bis(trichloromethyl)tetramethyldisiloxane, (trichloromethyl)trimethyldicyclohexyldisiloxane,
tetramethylbis(2,2-dichlorocyclohexyl)disiloxane, tetramethylbutyl(4,4,4-
trichlorobutyl)disiloxane, bis(p-trichloromethylphenyl)tetraphenyldisiloxane,
diphenyltrimethyl(dichloromethyl)disiloxane, tetraphenylbis(chloromethyl)disiloxane,
bis(dichloromethyl)tetramethylcyclotrisiloxane, tetra(chloromethyl)tetramethyltrisiloxane,
3,3,3-trichloropropylheptamethyltrisiloxane, bis(3,3,3-trichloropropyl)hexamethyltrisiloxane,
3,3,3-trichloropropylheptamethylcyclotrisiloxane, (trichloromethyl)heptamethylcyclotetra-
stloxane, bis(m-trichloromethylphenyl)hexaphenylcyclotetrasiloxane, tri[methyl(3,3,3-
trichloropropyl)cyclopolysiloxane], tetra[methyl(3,3,3-trichloropropyl)cyclopolysiloxane],
poly[methyl(3,3,3-trichloropropyl)siloxane], poly[dimethylsiloxane-co-methyl(3,3,3-
trichloropropyl)siloxane], (tribromomethyl)pentamethyldisiloxane, (2,2-dibromoethyl)penta-
ethyldisiloxane, tetramethylbis(2,2-dibromocyclohexyl)disiloxane, bis(p-tribromomethyl-
phenyl)tetraphenyldisiloxane, bis(dibromomethyl)tetramethylcyclotrisiloxane, bis(3,3,3-
tribromopropyl)hexamethyltrisiloxane, 3,3,3-tribromopropylheptamethyltrisiloxane, 3,3,3-
tribromopropylheptamethylcyclotrisiloxane, tri[methyl(3,3,3-tribromopropyl)-
cyclopolysiloxane], tetra[methyl(3,3,3-tribromopropyl)cyclopolysiloxane],
poly[methyl(3,3,3-tribromopropyl)siloxane], and polyldimethylsiloxane-co-methyl(3,3,3-
tribromopropyl)siloxane], and the like. Mixtures of two or more of the foregoing siloxanes

may also be used.

[0057] Suitable siloxanes having two or more different elements of halogen include, but are
not limited to, (fluoromethyl)(chloromethyl)(bromomethyl)trimethyldisiloxane, (2,2-
dichloroethyl)(2,2-difluoroethyl)tetraethyldisiloxane, (1,2-dichloroethyl)(1,2-
difluoroethyl)triethyldisiloxane, (trichloromethyl)(tribromomethyl)tetramethyldisiloxane,
tetramethyl(2,2-dichlorocyclohexyl)(2,2-difluorocyclohexyl)disiloxane, (p-
tribromomethylphenyl)(p-trifluoromethylphenyl)tetraphenyldisiloxane,
tetraphenyl(chloromethyl) (fluoromethyl)disiloxane, (dichloromethyl) difluoromethyl)tetra-
ethylcyclotrisiloxane, bis(chloromethyl)bis(fluoromethyl)tetramethyltrisiloxane, (3,3,3-
trichloropropyl)(3,3,3-trifluoropropyl)hexamethyltrisiloxane, (m-trichloromethylphenyl (-
trifluoromethylphenyl)hexaphenylcyclotetrasiloxane, and the like. Mixtures of two or more

of the foregoing siloxanes may also be used.
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[0058]  Preferred siloxanes are trisiloxanes and tricyclosiloxanes. Also preferred are
siloxanes with at least one 3,3,3-trihalopropyl group. Preferred siloxanes include 3,3,3-
trifluoropropylheptamethyltrisiloxane, 3,3,3-trifluoropropylheptamethylcyclotrisiloxane,
trifmethyl(3,3,3-trifluoropropyl)cyclopolysiloxane], tetra[methyl(3,3,3-
trifluoropropyl)cyclopolysiloxane], poly[methyl(3,3,3-trifluoropropyl)siloxane],
poly[dimethylsiloxane-co-methyl(3,3,3-trifluoropropyl)siloxane]; 3,3,3-
trichloropropylheptamethyltrisiloxane, 3,3,3-trichloropropylheptamethylcyclotrisiloxane,
trifmethyl(3,3,3-trichloropropyl)cyclopolysiloxane], tetra[methyl(3,3,3-
trichloropropyl)cyclopolysiloxane], poly[methyl(3,3,3-trichloropropyl)siloxane],
poly[dimethylsiloxane-co-methyl(3,3,3-trichloropropyl)siloxane]; 3,3,3-
tribromopropylheptamethyltrisiloxane, 3,3,3-tribromopropylheptamethylcyclotrisiloxane,
trifmethyl(3,3,3-tribromopropyl)cyclopolysiloxane], tetra[methyl(3,3,3-
tribromopropyl)cyclopolysiloxane], poly[methyl(3,3,3-tribromopropyl)siloxane], and
poly[dimethylsiloxane-co-methyl(3,3,3-tribromopropyl)siloxane]. More preferred are 3,3,3-
trifluoropropylheptamethyltrisiloxane, 3,3,3-trifluoropropylheptamethylcyclotrisiloxane,
poly|methyl(3,3,3-trifluoropropyl)siloxane], 3,3,3-trichloropropylheptamethyltrisiloxane,
3,3,3-trichloropropylheptamethylcyclotrisiloxane, poly[methyl(3,3,3-
trichloropropyl)siloxane], 3,3,3-tribromopropylheptamethyltrisiloxane, 3,3,3-
tribromopropylheptamethylcyclotrisiloxane, and poly[methyl(3,3,3-tribromopropyl)siloxane].
The most preferred siloxanes are poly[methyl(3,3,3-trifluoropropyl)siloxane],
poly[methyl(3,3,3-trichloropropyl)siloxane], and poly[methyl(3,3,3-tribromopropyl)siloxane].

[0059] Still another type of halogenation agent that may be used in forming the
haloaluminoxanes of the invention is at least one silane of the formula R' SiX, ., where n =
1-3, X 1s, independently, fluorine, chlorine or bromine, and where R' is, independently, a
hydrocarbyl group having from one to about twenty carbon atoms. Each R’ can be a straight
- chain, branched, cycloalkyl, aryl, or araalkyl group. R'is preferably an aryl group; when R’
s an aryl group, it preferably has from six to about twenty carbon atoms; it is more preferred
that the aryl group is a phenyl group. More preferably, R' is a straight chain or branched
hydrocarbyl group, and when R' is a straight chain or branched hydrocarbyl group, it
preferably has from one to about twelve carbon atoms; more preferably, R' has from one to
about six carbon atoms; the most preferred straight chain or branched hydrocarbyl group is

a methyl group.
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[0060] Silanes that can be used as halogenation agents include, but are not limited to,
trimethyltfluorosilane, dimethyldifluorosilane, diethyldifluorosilane,
ditsopropyldifluorosilane, tert-butyltrifluorosilane, dicyclobutyldifluorosilane,
tripentylfluorosilane, dicyclohexyldifluorosilane, triheptylfluorosilane,
dicyclooctyldifluorosilane, triphenylfluorosilane, diphenyldifluorosilane,
phenyltrifluorosilane, phenyldimethylfluorosilane, diphenylmethylfluorosilane,
phenylmethyldifluorosilane, phenyldiisopropylfluorosilane, tritolylfluorosilane,
ditolyldifluorosilane, trimethylchlorosilane, dimethyldichlorosilane, methyltrichlorosilane,
triethylchlorosilane, diethyldichlorosilane, ethyltrichlorosilane, di-n-propyldichlorosilane,
triisopropylchlorosilane, isobutyltrichlorosilane, dipentyldichlorosilane,
cyclohexyltrichlorosilane, dicycloheptyldichlorosilane, dodecyltrichlorosilane, tert-
butyldimethylchlorosilane, octylmethyldichlorosilane, dimethyloctadecylchlorosilane,
chlorodimethyl-tert-hexylsilane, benzyltrichlorosilane, triphenylchlorosilane,
diphenyldichlorosilane, phenyltrichlorosilane, phenyldimethylchlorosilane,
diphenylmethylchlorosilane, phenylmethyldichlorosilane, phenyldiisopropylchlorosilane, tert-
butyldiphenylchlorosilane, tritolylchlorosilane, ditolyldichlorosilane, trimethylbromosilane,
dimethyldibromosilane, methyltribromosilane, triethylbromosilane,
ditsopropyldibromosilane, n-propyltribromosilane, tert-butyltribromosilane,
dicyclopentyldibromosilane, trihexylbromosilane, cycloheptyltribromosilane,
dioctyldibromosilane, triphenylbrombsilane, diphenyldibromosilane, phenyltribromosilane,
phenyldimethylbromosilane, tolyltribromosilane, phenylisopropyldibromosilane,
naphthyltribromosilane, phenylchlorodifluorosilane, phenyldichlorofluorosilane,
phenyldibromochlorosilane, diphenylbromofluorosilane, phenylmethylchlorofluorosilane,
diphenylchlorofluorosilane, phenylisopropylchlorofluorosilane, ditolylchlorofluorosilane,
tolylbromodichlorosilane, and ditolylbromofluorosilane. Preferred silanes are
triphenylfluorosilane, triphenylchlorosilane, and triphenylbromosilane. Highly preferred are
silanes of the formula (CH;),SiX,_,, where n = 1-3, and X is, independently, fluorine, chlorine
or bromine; especially preferred of these is trimethylfluorosilane.

[0061] Yet another type of halogenation agent that can be used in forming the
haloaluminoxanes of this invention is a tin compound of the formulaR' SnX,_, where n=1-3,
X 1s, independently, fluorine, chlorine or bromine, and where R' is, independently, a
hydrocarbyl group having from one to about twenty carbon atoms. R’ can be a straight chain,
branched, cycloalkyl, aryl, or araalkyl group. Preferably, R' is an aryl group, or, more
preferably, a straight chain or branched hydrocarbyl group. When R’ is an aryl group, it
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preterably has from six to about twenty carbon atoms; it is more preferred that the aryl group
1s a phenyl group. When R’ is a straight chain or branched hydrocarbyl group, it preferably
has from one to about twelve carbon atoms; more preferably, R' has from one to about six
carbon atoms; the most preferred straight chain or branched hydrocarbyl group is a methyl

group.

[0062] Tin compounds that can be used as halogenation agents include
trimethylfluorostannane, diethylfluorostannane, di-n-propyldifluorostannane, tri-n-butyl-
tfluorostannane, dipentyldifluorostannane, cyclohexyltrifluorostannane, diheptyldifluoro-
stannane, trioctylfluorostannane, didodecyldifluorostannane, dichlorodimethylstannane,
trichloromethylstannane, triethylchlorostannane, diisopropyldichlorostannane,
dicyclobutyldichlorostannane, cyclopentyltrichlorostannane, trihexylchlorostannane,
dicycloheptyldichlorostannane, octyltrichlorostannane, dinonyldichlorostannane,
decyltrichlorostannane, dimethyldibromostannane, bromotriethylstannane,
tribromoethylstannane, cyclopropyltribromostannane, di-n-butyldibromodstannane,
pentyltribromostannane, dihexyldibromostannane, trihepylbromostannane,
dicyclooctlydibromostannane, dimethylchlorobromostannane, diethylfluorobromostannane,
1sopropylfluorodichlorostannane, fluorotriphenylstannane, difluorodiphenylstannane,
trifluorophenylstannane, fluorotritolylstannane, chlorotriphenylstannane,
dichlorodiphenylstannane, | trichlorophenylstannane, dichloroditolylstannane,
bromotriphenylstannane, dibromodiphenylstannane, tribromophenylstannane,
tolyltribromostannane, phenyldichlorobromostannane, diphenylfluorochlorostannane,
diphenylfluorobromostannane, and the like. Preferred tin compounds are
triphenylfluorostannane, triphenylchlorostannane, dichlorodimethylstannane, and
triphenylbromostannane. Highly preferred are tin compounds of the formula (CH,) SnX,.,

where n = 1-3, and X is, independently, fluorine, chlorine or bromine.

[0063] Still another type of halogenation agent that can be used in forming the
haloaluminoxanes of this invention include a hydrocarbyl aluminum halide of the formula
R" AlIX, ., where m =1 or 2, where X is, independently, fluorine, chlorine or bromine, and
where R" is, independently, a hydrocarbyl group having from one to about twenty carbon
atoms. R" can be a straight chain, branched, cycloalkyl, aryl, or araalkyl group. Preferably,
R" 1s a straight chain; the straight chain preferably has from one to about ten carbon atoms.
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[0064] Hydrocarbyl aluminum halides that can be used as halogenation agents include, but
are not limited to, methylaluminum difluoride, dimethylaluminum fluoride, ethylaluminum
difluoride, diethylaluminum fluoride, isopropylaluminum difluoride, diisopropylaluminum
fluoride, n-butylaluminum difluoride, isobutylaluminum difluoride, diisobutylaluminum
fluoride, dipentylaluminum fluoride, cyclohexylaluminum difluoride, diheptylaluminum
fluoride, dicyclooctylaluminum fluoride, nonylalumium difluoride, decylaluminum
difluoride, diundecylaluminum fluoride, phenylaluminum difluoride, diphenylaluminum
fluoride, tolylaluminum difluoride, ditolylaluminum fluoride, methylaluminum dichloride,
dimethylaluminum chloride, ethylaluminum dichloride, diethylaluminum chloride,
ditsopropylaluminum chloride, di-n-butylaluminum chloride, isobutylaluminum dichloride,
pentylaluminum dichloride, dicyclohexylaluminum chloride, heptylaluminum dichloride,
cyclooctylaluminum chloride, dinonylalumium chloride, didecylaluminum chloride,
undecylaluminum chloride, phenylaluminum dichloride, diphenylaluminum chloride,
tolylaluminum -dichloride, ditolylaluminum chloride, methylaluminum dibromide,
dimethylaluminum bromide, ethylaluminum dibromide, diethylaluminum bromide,
1sopropylaluminum dibromide, isobutylaluminum dibromide, diisobutylaluminum bromide,
pentylaluminum bromide, cyclohexylalum'inum bromide, heptylaluminuni dibroniide,
cyclooctylaluminum bromide, dinonylalumium bromide, decylaluminum dibromide,
undecylaluminum bromide, phenylaluminum dibromide, diphenylaluminum bromide,

tolylaluminum dibromide, and ditolylaluminum bromide.

[0065] Preferred hydrocarbyl aluminum halides are methylaluminum difluoride,
dimethylaluminum fluoride, methylaluminum dichloride, dimethylaluminum -chloride,
methylaluminum dibromide, and dimethylaluminum bromide. More preferred are

methylaluminum difluoride and dimethylaluminum fluoride.

[0066] Finally, as alluded to above, mixtures of two or more halogenation agents may be
used. Thisincludes mixtures of different halogenation agents within the same type, mixtures
of halogenation agents of different types, and mixtures of at least two different halogenation
agents within the same type with at least one halogenation agent of a different type. Mixtures
may be used in which the halogen elements in the halogenation agents are the same or
different. It may be advantageous to use a mixture of halogenation agents, depending on the
desired produét haloaluminoxane and the properties thereof (e.g., degree of halogenation,

solubility, and stability).
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Process for producing haloaluminoxanes

[0067] The formation of these haloaluminoxane compositions is generally rapid, and the
by-products of the formation do not appear to adversely affect the properties of the desired

haloaluminoxane composition.

[0068] A process for producing the new haloaluminoxanes of this invention comprises
mixing, in an inert, anhydrous environment, (a) at least one aluminoxane and (b) at least one
halogenation agent which is

(1) at least one halohydrocarbon of the formula R CX, , where n = 1-3, X is, -
independently, fluorine, chlorine or bromine, and where R is, independently, a hydrogen atom

or a hydrocarbyl group having from one to about twenty carbon atoms;

or
(11) at least one siloxane having at least one labile halogen atom in the molecule,

wherein each halogen atom is, independently, fluorine, chlorine, or bromine;

or
(111) at least one silane of the formula R’ SiX, , where n = 1-3, X is, independently,

fluorine, chlorine or bromine, and where R' is, independently, a hydrocarbyl group having
from one to about twenty carbon atoms; |

or
(1v) at least one tin compound of the formula R' SnX, , where n = 1-3, X is,

independently, fluorine, chlorine or bromine, and where R' is, independently, a hydrocarbyl
group having from one to about twenty carbon atoms;

or
(v) at least one hydrocarbyl aluminum halide of the formula R"_AlIX,_, where m =

1 or 2, where X 1s, independently, fluorine, chlorine or bromine, and where R" is,
independently, a hydrocarbyl group having from one to about twenty carbon atoms;
or
(vi) mixtures of any two or more of (i)-(v),
such that a haloaluminoxane composition is formed. The amount of halogen atoms is in the
range of about 0.5 mole % to about 15 mole % relative to aluminum atoms.

[0069]  The aluminoxane and the halogenation agents are as described above for the

compositions of this invention.
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[0070]  Typically, the inert, anhydrous environment is an anhydrous liquid hydrocarbon
solvent, preferably an aromatic hydrocarbon. The aromatic hydrocarbon is usually one or
more of benzene, toluene, xylene, mesitylene, ethylbenzene, diethylbenzene, 1,2,4-
triethylbenzene, 1,3,5-triethylbenzene, amylbenzene, tetrahydronaphthalene, and the like.
Mixtures of solvents may be used. Toluene is a particularly preferred aromatic solvent.

[0071] Even though the reaction is exothermic, cooling is not usually necessary. Reactions
of halogenation agents having fluorine atom(s) are more exothermic than those using
halogenation agents having chlorine or bromine atom(s). Cooling of the reaction medium,
e.g., with an ice bath or recirculating coolant, dilution of the aluminoxane solution, and
dilution of the halogenation agent, are acceptable methods for absorbing the heat of reaction.
A preferred method is dilution of the halogenation agent; such measures are less preferred
when the halogenation agent is a siloxane with labile halogen atom(s) because such reactions
tend to be less exothermic than those utilizing halohydrocarbons. Generally, to form the ionic
haloaluminoxane complexes, excess heat should be avoided. In preparations of partially
halogenated aluminoxanes with a halohydrocarbon as the halogenation agent, the mixture of
aluminoxane and halogenation agent is usually heated or aged. When preparing a partially
halogenated aluminoxane from a halohydrocarbon the temperature is preferably in the range
of about 30° to about 80°C. Aging or adding heat to the process to form a partially
halogenated aluminoxane is usually not necessary when using a siloxane, silane, tin

compound, or hydrocarbyl aluminum compound as the halogenation agent.

[0072] While the order of addition is generally not believed to be important, it is preferred

to add the halogenation agent to the aluminoxane solution, especially when the halogenation

agent 1s a halohydrocarbon.

[0073] As mentioned previously, the reaction of the aluminoxane and the halogenation
agent can be quite rapid, and is often finished in a few minutes on the laboratory scale. For
example, in alab-scale reaction of methylaluminoxane with e, o, a-trifluorotoluene (6-64 ppm
in “F NMR; 2-4 mol% fluorine relative to aluminum) at ambient temperature, the fluorine
atoms of the a,a,a-trifluorotoluene became undetectable by °F NMR in less than 5 minutes.
At larger scales, longer times may be necessary for the reaction to complete, due to the
greater length of time needed to achieve thorough mixing of the aluminoxane and
halogenation agent. It has been observed on the laboratory scale that siloxanes react more

slowly with aluminoxanes than do some of the halohydrocarbons.
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[0074] As described briefly above, another process for preparing haloaluminoxanes of the
Invention comprises contacting at least one aluminum hydrocarbyl with at least one
halogenation agent during the hydrolysis of the aluminum hydrocarbyl. halogenation agent
which is

(1) at least one halohydrocarbon of the formula R ,CX,., where n = 1-3, X 1S,
independently, fluorine, chlorine or bromine, and where R is, independently, a hydrogen atom
or a hydrocarbyl group having from one to about twenty carbon atoms:

or
(11) at least one siloxane having at least one labile halogen atom in the molecule,

wherein each halogen atom is, independently, fluorine, chlorine, or bromine;

or
(111) at least one silane of the formula R' SiX,_, where n = 1-3, X is, independently,

fluorine, chlorine or bromine, and where R’ is, independently, a hydrocarbyl group having
from one to about twenty carbon atoms;

or
(1v) at least one tin compound of the formula R' SnX, , where n = 1-3, X 1s,

independently, fluorine, chlorine or bromine, and where R' is, independently, a hydrocarbyl
group having from one to about twenty carbon atoms:

or
(V) at least one hydrocarbyl aluminum halide of the formula R"_AIX,__, where m =

1 or 2, where X is, independently, fluorine, chlorine or bromine, and where R" is,
independently, a hydrocarbyl group having from one to about twenty carbon atoms;
or

(vi) mixtures of any two or more of (i)-(v),
such that a haloaluminoxane composition is formed, and the amount of halogen atoms is in

the range of about 0.5 mole % to about 15 mole % relative to aluminum atoms.

[007S]  As described above, methods for hydrolysis of aluminum hydrocarbyls to form
aluminoxanes are well known in the art. In the preparation of haloaluminoxane compositions
during the hydrolysis of aluminum hydrocarbyls, the preferences for halogenation agents is

the same as detailed above.

[0076] Aluminum hydrocarbyls that can be used in the hydrolysis include, but are not
limited to, trimethylaluminum, ethyldimethylaluminum, triethylaluminum, tri-n-propyl-
aluminum, tri-n-butylaluminum, triisobutylaluminum, tri-n-hexylaluminoxane, tri-n-
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octylaluminum, tridecylaluminum, tridodecylaluminum, tris(tetradecy)laluminum,
trithexadecyl)aluminum, tri(octadecyl)aluminum, triphenylaluminum, tritolylaluminum, and

the like. Mixtures of two or more aluminum hydrocarbyls may be used.

[0077] Preferred aluminum hydrocarbyls are those in which the hydrocarbyl groups are
saturated, particularly those aluminoxanes in which the hydrocarbyl groups have from one
to about twenty carbon atoms. More preferred are aluminum hydrocarbyls in which the
saturated hydrocarbyl groups have from one to about six carbon atoms. Even more preferred
are trimethylaluminum, triethylaluminum, tri-n-butylaluminum, and triiso-butylaluminum.
Highly preferred are trimethylaluminum and tniethylaluminum. The most highly preferred

aluminum hydrocarbyl is trimethylaluminum.

Supported Compositions and Cocatalysts of this Invention

[0078] This invention also provides new supported haloaluminoxanes. These supported

haloaluminoxanes include both supported 10onic haloaluminoxane complexes and supported
partially halogenated aluminoxanes. Instead of 1solating the haloaluminoxanes of this

invention as particulate solids, the haloaluminoxanes can be deposited on a support.

[0079] To produce the new supported haloaluminoxanes of this invention involves a process
comprising A) contacting a haloaluminoxane composttion with a support matenal, or B)
contacting a support material with (a) and (b), such that a supported haloaluminoxane is
formed. Here, (a) is at least one aluminoxane and (b) is at least one halogenation agent which
1S

(1) at least one halohydrocarbon of the formula R CX, , where n = 1-3, X 1s,
independently, fluorine, chlorine or bromine, and where R is, independently, a hydrogen atom
or a hydrocarbyl group having from one to about twenty carbon atoms;

or
(11) at least one siloxane having at least one labile halogen atom in the molecule,

wherein each halogen atom is, independently, fluorine, chlorine, or bromine;

or
(111) at least one silane of the formula R’ 81X, , where n = 1-3, X is, independently,

fluorine, chlorine or bromine, and where R' is, independently, a hydrocarbyl group having
from one to about twenty carbon atoms;

or
(iv) at least one tin compound of the formula R' SnX, , where n = 1-3, X is,
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independently, fluorine, chlorine or bromine, and where R’ is, independently, a hydrocarbyl

group having from one to about twenty carbon atoms;

or
(v) at least one hydrocarbyl aluminum halide of the formula R"_AlX;_, where m =

1 or 2, where X is, independently, fluorine, chlorine or bromine, and where R" is,
independently, a hydrocarbyl group having from one to about twenty carbon atoms;
or
(v1) mixtures of any two or more of (i)-(v).
The amount of halogen atoms in either the haloaluminoxane composition or in the ratio of (a)

to (b) 1s 1n the range of about 0.5 mole % to about 15 mole % relative to aluminum atoms.

[0080] Generally, the addition of heat is to be avoided during this process when forming
a supported 1onic haloaluminoxane complex. Operations for forming a supported partially
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