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POLYMERI ZATAfNoofsdAL YST BASED ON METALLOCENE COVPLEXES AND RighiniddeRi4¥ATED
OLl GOARYL DERI VATI VES OF ALUM NATES The invention relates to new catal yst
conpositions for olefin polynerization. In particular, the invention
relates to new cocatal ysts for activating netall ocene conpl exes of
transition netals as olefin %ol ynerization cat alﬁts. Cat al yst conpositions
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The class of alkylalumoxanes comprises oligomeric linear and/or cyclic
compounds represented by the formulas R-{AI(R)-O},-AlIR: for linear oligomeric
. alumoxanes and [-Al(R)-O-}, for cyclic oligomeric alumoxanes where R is a C1-Cs
15 alkyl group. If R is the methyl group, the compound is called methylalumoxane or
'MAO. MAO has been the most widely used cocatalyst in metallocene catalyst
systems. '
The invention relates to catalyst compositions for olefin polymerization _
comprising metallocene complexes and novel cocatalysts belonging to the group of
20 perfluorinated oligoarylaluminates, perflucrinated oligoarylthioaluminates, and
perfluorinated oligoarylaminoaluminates. Catalyst systems containing these
cocatalysts and metallocene complexes are active in polymerization and
copolymerization reactions of ethylene and alpha-olefins. The catalyst composition
may be a homogeneous catalyst or a supported heterogeneous catalyst which takes
25 the form of free flowing particles which comprise an activated metallocene catalyst.

Contact of the cocatalyst and the metaliocene complex can occur prior to, or



2 concurrently with, introduction of the netallocene conplex into a
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conpoundndenyt, tettabydiroiridenyl, dluenemyd ioe martiaﬂyahydidgehbw,luorenyl group, as
well as a part of other substituted bicyclic or tricyclic moieties. In the case when x is

15 equal to 2, the cyclopentadieny! groups can be also bridged by polymethylene or
dialkylsilyl groups such as -CH,-, -CH,-CH,-, -CR'R”- and -CR'R”-CR’'R"- where R’-
and R" are alkyl groups of 1 to 4 carbon atoms or pheny! groups or hydrogen atoms, -
Si(CHa)z-, -Si(CHs)2-CH2-CH,-Si(CHs).~, and similar bridge groups. If the A and B
substituents in the above formula of a metallocene compound are halogen atoms,

20 they belong to the group of fiuorine, chiorine, bromine or iodine; and y + z is 3 or less,
provided that x + y + z equals the valence of M. If the substituents A and B in the -
above formula of the metallocene compound are alkyl groups, they are preferably
linear or branched C;-Cs alkyl groups, such as methyl, ethyl, n-propyl, isopropyi; n-
butyl, isobutyl, n-pentyl, n-hexyl or n-octyl.

25 Suitable metallocene compounds include:
bis(cyclopentadienyl)metal dihalides,
bis(cyclopentadienyl)metal hydridohalides,
bis(cyclopentadienyl)metal monoalkyl monohalides,
bis(cyclopentadienyl)metal dialkyls,

30 bis(indenyl)metal diahalides
bis(tetrahydroindenyl)metal dihalides, and




bi s(cycl opent ad| enyl)metal hydridohalides, bis(cyclopentadienyl)netal
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| 10  bis(cyclopentadienyl)zirconium hydridochloride,
bis(cyclopentadienyl)hafnium hydridochloride,
bis(n-butylcyclopentadienyl)zirconium dichloride,
bis(n-butylcyclopentadienyl)hafnium dichloride,
bis(n-butylcyclopentadienyl)zirconium dimethyl,

15  bis(n-butylcyclopentadienyl)hafnium dimethyl,
bis(n-butylcyclopentadienyl)zirconium hydridochloride, |
bis(n-butylcyclopentadienyl)hafnium hydridochloride,
bis(1,3-dimethylcyclopentadienyl)zirconium dichloride,
bis(pentamethylcyclopentadienyl)zirconium dichloride,

20 cyclopentadienyizirconium trichloride,
bis(indenyl)zirconium dichloride,
bis(4,5,6,7-tetrahydro-1-indenyl)zirconium dichloride, and
ethylene[bis(4,5,6,7-tetrahydro-1-indenyl)]zirconium dichloride.

In the catalyst compositions of the invention one or more of these metaliocene

25 complexes are contacted with a cocatalyst containing perfluorinated phenyl groups.
Some of these cocatalysts are oligomeric products belonging to the class including
perfluorinated arylaluminates, i.e., the compounds which can be represented by the
formula
{-Al(CHs)-O-J;- {-A(OCqF5)-O-,;

30 perfluorinated arylthicaluminates, i.e., the compounds which can be represented by
the formula
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10 pentafluorothiophenol, CsFsSH; or with pentafluoroaniline, CeFsNH.. llustrative but
nonlimiting examples of the alkylalumoxanes include

—d

methylalumoxane
modified methylalumoxane (oligomeric alkylalumoxane products containing both
methyl and isobutyl groups),
15 isobutylalumoxane, and
n-octylalumoxane.

The reaction between the alkylalumoxane and any of the said perfluorinated
agents can be carried out in solution in any nonpolar solvent, such as a paraffinic
hydrocarbon, a cycloalkane or an aromatic hydrocarbon, in a broad range of

20 temperatures, from sub-zero to elevated temperatures. The optimum reaction
temperatures are from 10 to 70°C. The reaction proceeds vigorously with the
formation of an alkane RH. In the case when the R group in the alkylalumoxane is
methyl or ethyl, the alkane RH evolves as a gas. It can be assumed that the reactibn
can be described by the following equations:

25 [-Al(R)-O-] + CgFsOH — [-Al(OC¢F5)-0O-] + RH
[-AR)-O-] + CeFsSH —» [-Al(SCeF5)-0-] + RH
[-Al(R)-O-] + CeFsNH, — [-Al(NHC¢F5)-0O-] + RH

If an excess of the perfluorinated agent is used for the cocatalyst synthesis, it
can be neutralized in a post-reaction with trimethylaluminum (TMA). The products of

30 the post-reaction, aluminum phenoxides, phenothioxides or phenomides, such as




agents can be carried out in solution in any nonpol ar solvent, such as a
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group in the alkylaluminum compound formula AlRs is methyl or ethyl, the alkane RH
evolves as a gas. It can be assumed that the reactions can be described by the
15 following equations:
AIR; + CgFsOH — R,AI(OCgFs) + RH
AIR; + CgFsSH — R,A(SCeFs) + RH
AlR; + CgFsNH, — RAAI(NHCFs) + RH
and produces alkylaluminum pentafluorophenoxides, alkylaluminum
20 pentafluorophenylsulfides (or pentafluorothiophenolates), and atkylaluminum
pentafluoroanilides, respectively. The ratios between AlRs and the perfluorinated
agent can vary from 10:1 to 1:2; the most preferred ratios are from 1:1 to 1.2.
In the second stage of the preparation of the cocatalyst, the product of the first
stage is contacted with water. This stage of the reaction can also be carried out in a
25 broad range of temperatures, from sub-zero to elevated temperatures. The optimum
reaction temperatures are from 10 to 70°C. The reaction is relatively slow and
requires, depending on temperature, from 15 to 60 minutes to coms to completion. It
can be monitored by observing a slow disappearance of drops of water on the bottom
of the reaction vessel. The total amount of water can be added to the reaction vessel
30 in one step or in several consecutive steps. It is believed that these reactions

oroceed as shown:



evolves as a gas. It can be assunmed that the reactions can be described by
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foll owi ng sedinother typetofa conmtalystof.this invention containing perfluorinated phenyi
groups is a solid material produced in the following sequence of two reactions:
(i) Solid Al(OH)s in a particulate form is slurried in an inert hydrocarbon and is reacted
with a trialkylaluminum compound AIR; wherein the R groups are the same as
15  described above. The reaction can be carried out using any non-polar solvent, such
as a paraffinic hydrocarbon, a cycloalkane or an aromatic hydrocarbon, in a broad
range of temperatures, from sub-zero to elevated temperatures. The optimum
reaction temperatures are from 10 to 70°C. The reaction proceeds vigorously with
the formation of an alkane RH. In the case when the R groups in the trialkylaluminum
20 compound are methyl or ethyl, the alkane RH evolves as a gas. It can be assumed
that the reaction can be described by the following equation:
>Al-OH + AIRs —» >Al-O0-AIR; + RH _
The reaction involves only OH groups on the surface of Al{(OH); crystals. To
increase the fraction of such groups in Al(OH)s, this solid material can be in advance
25  ground or pulverized by any method suitable for grinding soft particular materials,
including pulverization in a slurry with ultrasound equipment or with high-speed
- grinding devices. Experiments involving the measurement of evolved methane in
reactions of Al(OH)s with TMA showed that approximately 20% of all Al atoms in well-
ground Al(OH)s participate in the above reaction with AIRs. The reaction between

30  Al(OH)s and AlRscan be carried out at the [AIR3):[AI(OH)s] ratio ranging from 1:1 to




(i) Solid AI(OH)3 in g particulate formis slurried in an inert hydrocarbon
and_is reactvagloosdgsiy a trial kyl al um num conpound Al R3 wher ei npa:}g ﬁ qiQups
are the sane-as 15 described above. The reaction can be carrie out usi ng
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15 depending on the ratio between the perfluorinated agent and the >Al-O-AIR; groups,
where Xis O, S, or NH for pentafluorophenol, pentafluorothiophenol, and
pentafluoroaniline, respectively. The products of step (ii) and the catalyst
compositions based on them are air-stable and are not flammable. The products of
the step (ii) can be used, either as slurries in inert hydrocarbons, or after drying the

20  solids, as cocatalysts for metallocene complexes of transition metals in olefin
polymerization reactions.

The catalyst compositions of the invention can contain perfluorinated _
phenylaluminates and metallocene complexes in the molar [Afluuminate:[M]mstatiocene ratio
ranging from 20,000 to 1.0, preferably from 5,000 to 100.

25 The catalyst compositions may be formed prior to their introduction into a
polymerization reactor or in situ in the reactor by contacting the cocatalyst with
metallocene complex. If the catalyst composition is supported, the support may be
contacted with the cocatalyst to form the first contact product and then with the
metallocene complex to form the second contact product; or the support can be

30 contacted with the metallocene complex and then with the cocatalyst. Alternatively
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t,
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deposition of the and the netall ocene conplex alum nate .
or linear low density polyethylene which is a copolymer of ethylene and a higher

15 alpha-olefin such as 1-butene, 1-pentene, 1-hexene, 1-octene, 4-methyl-1-pentene,

etc.
Example 1
Pentafluorophenol (0.218 g, 1.185 mmol) was dissolved in 5 cc of purified
toluene in a 25-cc glass bottle sealed with a rubber septum and methylalumoxane
20 (MAO, 2.38 mmol, 0.5 cc 4.75 M solution in toluene) was added to it at the [OH
groups in phenol]:.[MAQ] ratio of 0.5. Vigorous reaction (ca. 5 min at room
temperature) with methane evolution (the gas was released from the bottle through a
syringe needle) ensued resulting in the formation of colorless solution. Based on
known structure of MAOQ, the reaction product can be described as an oligomer
25 containing units of two types, [Al(CHs)O} and [AI(OR)O] where R is a perfluorinated
phenyl group Ce¢Fs. The ratio between the contents of both groups is determined by
the ratio between MAO and the phenol.
The above product was tested as a cocatalyst in combination with a bridged
metallocene compiex C.Hs(indenyl),ZrCl, (0.00147 mmol) under ethylene/1-hexene
30 copolymerization conditions. The copolymerization reaction was carried out in a S00-
cc stainless-steel autoclave equipped with a stirrer, a thermocouple, and several



into the support, excess solvent is renoved by evaporation at el evated
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solution reactor, a slurry reactor or a fluidized bed gas-phase reactor for
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net al Imce:ﬁe(r._aﬁmllgex C2HA(i ndenyl )2ZrCl 2 (0. 00147 mmol ) under ethylene/l
- hexene 3 copol yneri zation conditions. The copol yneri zation reaction was
carried out in lhesmsatalysiwas prepsred as desgripastinkxanp|a; iprdwastestaddni rrer
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: copolymerization reaction under condition of Example 1. The amount of the
cocatalyst was 1.9 mmol and the [Al}:[Zr] ratio was 8200. The copolymerization
15 reaction produced, over a 60-min period, 19.8 g of an ethylene/1-hexene copolymer
containing 1.4 mol.% of 1-hexene with a melt index of 7.6. Catalyst productivity was
over 67,000 g PE/mmol Zr.
Example 3
Pentafluorophenol (0.396 g, 2.15 mmol} was dissolved in 5 cc of toluene and
20 was reacted, as described in Example 1, with MAO (1.9 mmol) for 1 hour at the [OH
groups in phenol}:{MAO] ratio of 1.13. The cocatalyst was tested in combination with
CzHa(indenyl),ZrCl, (0.00029 mmol) in an ethylene/1-hexene copolymerization .
reaction under condition of Example 1 (2.7 mmol of TMA was present in the reactor).
The [Al]:[Zr] ratio was 8200. The copolymerization reaction produced, over a 60-min
25  period, 34.2 g of an ethylene/1-hexene copolymer containing 1.5 mol.% of 1-hexene.
Catalyst productivity was over 116,000 g PE/mmol Zr.
Example 4
Pentafluorophenol (0.565 g, 3.07 mmol) was dissolved in 5 cc of toluene and
was reacted, as described in Example 1, with MAO (2:41 mmol) for 1 hour at the [OH
30 groups in phenol].[MAOQ] ratio of 1.27. This reaction product was completely inert
when exposed to air and did not react with isopropanol. The cocatalyst was tested in



purged with nitrogen at 105-110[err]C for 1 hour. The capol ymeri zation
reaction %95’%{8? ed out at 800[err]C in n-heptane (230 cc) as a solvent,

at a 0. 64 nol hexene concentration in solution and at PCHUPHP4Lact i on
pressure of ca. 180 psig. TMA (1.35 s mol) was added to the m xture of

t he sol vent and 1-hexene as an inpurityloscavenger. The anount of the above
cocatal yst (expressed as mol of Al') was 2.38 mmol and the [AlJ:IZr] ratio
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groups in ph ratio of 1.2 his reaction product was conpletely

i nert whl Gﬁc\@{bﬂmq Wg]éltﬁs@ﬁdn gembipatiorewith GaHafinden)drGla (@.00928 mmol)
cocafsal Yflan'GRylehidiAekéhe copolymerization reaction under condition of Example 1 at

the [Al]:[Zr] ratio of 6800. The reaction produced, over a 60-min period, 20.1 g of an
ethylene/1-hexene copolymer containing 1.5 mol.% of 1-hexene. Catalyst
productivity was over 68,000 g PE/mmol Zr.
Example 6

20 Pentafluorothiophenol (0.220 g, 1.01 mmol) was dissolved in 3 cc of toluene and
was reacted, as described in Example 1, with MAO (2.15 mmol) for 1 hour at the [SH
groups in thiophenol]:[MAO] ratio of 0.51. The cocatalyst was tested in combination
with C2H4(indenyl),ZrCl, (0.00029 mmol) in an ethylene/1-hexene copolymerizatioﬁ
reaction under condition of Example 1. The [Al]:[Zr] ratio was 7300. The reaction

25  produced, over a 120-min period, 10.6 g of an ethylene/1-hexene copolymer
containing 1.7 mol.% of 1-hexene. Catalyst productivity was over 36,000 g PE/mmol
Zr.
Example 7

Pentafluoroaniline (0.204 g, 1.2 mmol) was dissolved in 3 cc of toluene and was

30 reacted, as described in Example 1, with MAO (2.19 mmol) for 1 hour at the [NH,

groups in aniline):[MAOQ] ratio of 0.65. The cocatalyst was tested in combination with
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[err]| (2contaiming)l.6 ool36 ofiil rhexenac Gatalystpropuctivity was over $&000 giPE/mmel
apparentl é{rt o produce ol i gopentafl uorophenyl al um nat e cont ai ni ng
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15 Comparative Example 1
Pentaflucrophenol (0.552 g, 3.0 mmol) was dissolved in 3 cc of toluene, the

solution was flushed with purified nitrogen and slowly added to a 25-cc glass bottle
sealed with a rubber septum containing 0.77 cc of 1.35 M solution of TMA in heptane
mixed with 3 cc of toluene to reach the [phenol]:[Al] ratio of 3.0. A vigorous reaction
20 resulted in a rapid methane evolution (the gas was released from the bottle through a
syringe needle); the reaction product partially precipitated from solution. Based on
known chemistry of reactions between trialkylaluminum compounds and phenols,
formation of aluminum triphenoxide A{OC¢Fs); is expected in this reaction. The
reaction product was tested in combination with C,H4(indenyi)ZrCl, (0.00145 mmol)
35 inan ethylene/1-hexene copolymerization reaction under condition of Example 1 and
was found inactive.
Comparative Example 2
Para-trifluoromethylphenol (0.194 g, 1.2 mmol) was dissolved in 5 cc of
toluene and was reacted, as described in Example 1, with MAO (2.41 mmol) for 1
30 hour at the [OH groups in phenol}:{MAOQ] ratio of 0.5. The reaction product was
tested in combination with CzH,(indeny!),ZrCl, (0.00147 mmol) in an ethylene/1-



Zr. Exanole 7 Pentafluoroaniline (0.204 g, 1.2 nmmol) was dissolved in 3 cc
of tol uen%\igﬁpgﬂ) s 30 reacted, as described in Exanple 1, with MAO. (2.19
nmol ) for ] at the [NH2 groups in aniline]:[MQJ rati SCEUSISAHAT 110
cocatal yst was tested in conbination with 11 C2H4(i ndenyl)2zrcC 2
(0.00029 nmol-) in an ethyl ene/ 1- hexene opol yneri zati on reacti on under
condition of Exanple 1. The [Al]:[Zr] ratio was 7550. The reaction

pr oducedmexerercapdmnemzatw readtiori Gndegcoridition of Exampte 1 at tiee pAIR[Zrdratioyofer
cont ai nl%h .6 nol.% of 1-hexene. Catalyst productivity was over 55,000 g

PE/ ol OZ?“ P@&fQPPG&PthWHBa?@VQHZ g, 2.41 mol) was dissolved in 3
cc of toégﬁﬂﬁré}%%é gt ed, as described in Exanple 1, with MAO (2. 19
nol ) f H2 groups in aniline): [MAQ:  ratio of 1.1. The

cocat al yst Riveriotiri ad amourt b O(RE9 ?m%trhmb() wad tissolvadrin 3 é’ofColudrid 00029
I n an et hyl ene/ 1- hexene copo ynerlzatlon reacti on under condition of

Exarr%ﬂ e and thﬂasq ution was,slowly; addgsktoa8§0-ccglass beltleispaled with@wbbsier a

ol |54 of Pt cetainidh & yRfine bEX FC6e 1 38 BOUBRRAUATIRA I Bepl A 8.6
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in 3 cc of toluene, the solution was flushed with purified nitrogen and

sl owl y aehesaistry of reactionshetween ialkylaluminsm opmpounds and alashels, fereeation ni ng
0 otRabh AR SRR AT A8 BoSEell b} BBcbbnhiED", L,
rapi g ”ﬁﬁé&l%@ifﬁﬂaﬂtddaéd(tbhﬁe dafutidnsn ft\ﬁb%férfsd firstaManhemBaht of24 fir @usl a
syringe needle); the reaction product partially precipitated from soI ution.
Based ormmoi)io acmaves anyHs0]:[Mlretio of 9.5 andapparentiy toypratuee num conpounds
and IOhenoetql'iylphenoxydlaIumoxelne (CsHs0)(CHs)AI-O-Al(CH3)(O CeHs) and then, in the
second step, in an amount of 22 ul (1.22 mmol) to reach the total [H.O]:[Al] ratio of
0.9:1. The reaction product was tested in combination with C;H,(indenyl),ZrCl,
15 (0.00147 mmol) in an ethylene/1-hexene copolymerization reaction under condition of
Example 1 at the [Al]:[Zr] ratio of 1860 and was found to have a very poor activity, ca
1,500 g/mmol Zr in a 120-min run.
Examples 1-8 show that aluminum denvatlves containing [-Al(OC¢Fs)-0O]-,
[-A{SC4F5)-0O-] and [-AI{NHC¢Fs)-O-] groups with perfluorinated phenyl rings are
20 effective as cocatalysts in olefin polymerization and copolymerization reactions with
metallocene complexes whereas products of a similar structure derived from
nonfiuorinated phenols (Comparative Examples 2 and 3) do not make effective
cocatalysts. '
Example 9
25 Solid Al(OH), in an amount of 0.10 g (1.28 mmol) was slurried in 15 cc on n-
heptane and was ground using a tissue tearor (Biospec Products, Model 985-370) at
a stirring speed of ca. 30,000 rpm for 15 min. The slurry was placed in a 50-cc serum
bottle, sealed with a rubber septum, flushed with purified nitrogen, and 0.90 cc of 1.42
M solution of TMA in heptane was added toit. The reaction resulted in evolution of

30 methane (which was released from the bottle though a syringe needle) and produced




formation of alum num triphenoxide Al ([err] is expected in this reaction.
The reacti onwpigsesgs was tested in combination with CHA(I ndgpyiukesdsids2 -
(0.00145 nmol-) 25 in an ethyl ene/ 1-hexene copol yneri zati on reaction under
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Example 10
The cocatalyst was prepared as described in Example 9, except for the amount

15 of pentafluorophenol which was increased to 0.288 g (1.55 mmol). As a result,
formation of >Al-O-Al(OC¢Fs). species on the surface of Al(OH)s is expected in this
case. The solid was tested as a cocatalyst in combination with CH4(indenyl).ZrCl>
(0.0015 mmol) in an ethylene/1-hexene copolymerization reaction under condition of
Example 1. The reaction produced, over a 180-min period, 28.9 g of an ethylene/1-

20 hexene copolymer containing 2.0 mol.% of 1-hexene with a melt index of 1.7 and a
melting point of ca. 115°C.

Thus it is apparent that there has been provided, in accordance with the
invention a synthesis that fully satisfies the objects, aims, and advantages set forth
above. While the invention has been described in conjunction with specific

25 embodiments thereof, it is evident that many alternatives, modifications, and
variations will be apparent to those skilled in the art in light of the foregoing
description. Accordingly, it is intended to embrace all such alternatives,
modifications, and variations as fall within the spirit and broad scope of the appended
claims.
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a cocatalyst with perfluorinated phenyl groups of the general formula

-[AI(R)O],-{AI(XCsFs)O)y-, wherein R is an alkyl group, X is an oxygen atom,

a sulfur atom or an NH group; and the p:q ratio varies from 10:1 to 0:1..
2. The catalyst composition of Claim 1 wherein x is 2.
3. The catalyst composition of Claim-2 wherein M is Zr.
4. The catalyst composition of Claim 3 wherein A and B are Cl.
5. The catalyst composition of Claims 1, 2, 3 or 4 wherein Cp comprises an -n-
butylcyclopentadienyl group, a tetrahydroindenyl group, two tetrahydroindeny! groups

linked by an ethylene bridge, an indenyl group, or two indenyl groups linked by an
ethylene bridge.

6. The catalyst composition of Claims 1, 2, 3 or 4 wherein Cp is a
tetrahydroindenyl group and where the two tetrahydroindeny! groups are linked by a
dimethyisilyl bridge.
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transition net % n@fe Fﬂt@gfsgf’ﬂwp&s QQ@a%im%ﬂ? tﬁg GP FRiioL 9%%1 s titanium
zirconiumor hafnium Cp conprises a 5 cycl opent adi enyl group, a

substituted cycl opent adi enyl group, a cycl opentadienyl group that is a part

of a bicyclic dO.arhe catalyst component afrClainhd wherein the adtalysiveomposition

cycl opent adi enyl oups .ar.e optionall ri dged; apd each of A and B.i
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groups of [Al{XCgls)Olalis Supported on an inert porous support.

11. The catalyst composition of Claim 1 wherein the perfluorinated cocatalysts
of the formula {AIR)O},-[AI(XCsF5)O],-, wherein X is oxygen atom, a sulfur atom or
an NH group, are produced by reacting an alkylalumoxane of the formula -[AI(R)Olp+4-
with pentafluorophenol, pentafiuorothiophenol, or pentafluoroaniline, respectively, in

5 the amounts required to produce the cocatalysts at the p:q ratio from 10:1 to 0:1.

12. The catalyst composition of Claims 1, 2, 3 or 4 wherein R is the methyl
group.

13. The catalyst composition of Claims 1, 2, 3, or 4 wherein the perfluorinated
cocatalysts of the formula -[Al(R)O}-[AI(XCsFs)O)s-, wherein X in oxygen atom, a
suifur atom or an NH group, are produced in steps comprising

(i) reacting a trialkylatuminum compound of the formula AlIR; with

5 pentafluorophenol, pentafiuorothiophenol, or pentafiuoroaniline, respectively, in the
amounts corresponding to the molar [Al]:[perflucrinated agent] ratio from 2:1 to 1:1;

(ii) reacting the product of step (i) with water at the molar [AIRs]:[H20] ratio of

2:1to 1:1.



[err] wherein Ris an mmm S an oxygen atom a sulfur atom or an
NH group; 284 /5%?9p q” l,minjm,nlum 10:1 to 0:1.. 2. The cat aIX :
conposi ti.on oT Gl aimI| wheréin®™ Fs 2. 3. The catal yst comfSHYIBAME - ai m
2 wherein Mis Zr. 4. The catal yst conposition of Claim3 wherein A and B
are C. 5. The catal yst conposition of @Wains 1, 2, 3 or 4 wherein Cp

conpri ses an n- butyl cycl opentadi enyl group, a tetrahydroi ndenyl group, two
t et rahydr oi ndenyl groups |inked by an et hyl ene bridge, an indenyl group, or
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bri dge The catal yst conposition

t he aI kyisopyiopy| Rbutyl, tisebutyle nspenitylrisopeatyl,sn-hekylcisetiekylpmieptylpisoheptyl,
conpri si n t ropyl, isopropyl, n-butyl, isobutyl, n-pentyl,
| sopentﬂgcﬁ?ﬂywﬁ)’%ﬁ&?% n- heptyl , soheptyl , n-octyl , or isooctyl
groups. 8. The catal yst corrposition of Claiml wherein the g:p ratio is
1.0. 9. The catal yst conposition of Claim1l wherein the q:p ratio is 0.1.

10. The cat al 1&tA catalyst eompokitiondonpalymierization of alpt-clefing cofippising then
conpri sing,t e c nta c“é%te of a ta{ﬁocene conplex _of a transition
metal of ?top [aet%p?a n?ﬁ@"ﬁ’ip trangition raet?épamssiormma he formul a
[AI(R)q;ﬁxM él([err] is supported on an inert porous support. 11. The

catal yst co oSition of aim!| wherein the perfluorinated cocatal ysts of
the formul a [wherein xiis ar2; M isstitaniups rzircbnium or Rafrfium; §er an NH group,

N thBpent af | SHEAReREA R e TCR RIS
respectively,gjdibpentadienyl group that is a part of a bicyclic or a tricyclic moiety or,
when x is 2, the two cyclopentadienyl groups are optionally bridged; and each of A
and B is selected from the group consisting of a halogen atom, a hydrogen
atom, an alkyl group, or combinations thereof; providing that x+y+z is equal to
10 the valence of M; and -

a solid cocatalyst containing perfluorinated phenyl groups and produced in steps
comprising
(i) reacting solid Al(OH)s with a trialkylaluminum compound of the formula AlRs
at a molar [AIR3]:[AI{OH)s] ratio of 1:1 to 0.2:1;
15 (ii) reacting the product of step (i) with pentafluorophenol,
pentafluorothiophenol, or pentafiuoroaniline in the amounts corresponding to
the molar [AIR3]:[perfluorinated agent] ratio from 2:1 to 1:1. |

16. In a process for activating a metallocene complex with an alkylalumoxane,
the modification comprising
reacting the alkylalumoxane of the formula [Al(R)-O}, with a compound
selected from the group consisting of pentafiuorophenol, pentafluorothiophenol and
5 pentafiuoroaniline to form a contact product; and
contacting the above contact product with said metallocene complex.



5 the anmpbunts required to produce the cocatalysts at the p:q ratio from
10:1 to 0:1. 12.- The cat al yst|[Remas g Caims 1, 2, 3 or 4 wherein R
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cycl opent adi enyl group, a substituted cycl opentadi enyl group, a

cycl opent adi enyl group that is a part of a bicyclic or a tricyclic noiety
or, when x is 2, the two cycl opent adi enyl groups are optionally bridged,
and each of A and Bis selected fromthe group consisting of a hal ogen
atom a hydrogen atom an al kyl group, or conbinations thereof; providing
that x+y+z is equal to 10 the valence of M and a solid cocatal yst
cont ai ni ng perfluorinated phenyl groups and produced in steps
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(72) Inventor: KISSIN, Yury, Viktorovich; 35 Pine Ridge Drive,
East Brunswick, NJ 08816 (US).

(74) Agents: SANTINI, Dennis, P. et al.; Mobil Oil Corporation,
3225 Gallows Road, Fairfax, VA 22037 (US).

(54) Title: OLEFIN POLYMERISATION CATALYST BASED ON METALLOCENE COMPLEXES AND PERFLUORINATED
OLIGOARYL DERIVATIVES OF ALUMINATES

(57) Abstract

The invention relates to a catalyst composition for olefin polymerization comprising metallocene complexes and novel cocatalysts
belonging to the group of perfluorinated oligoarylaluminates, oligoarylthicaluminates and oligoarylaminoaluminates. These cocatalysts are
produced by two alternative synthetlc methods, either by reacting alkylalumoxanes with pentafluorophenol, pentafluorothiophenol, or with
pentafiuoroaniline, respectively; or in two-step processes comprising first reacting malkylalummum compounds with said perfluorinated
agents and then by reacting the products of the first step with water. Catalyst systems containing these cocatalysts and metallocene complexes
are active in polymerization and copolymerization reactions of ethylene and alpha-olefins,




