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FUNCTIONALIZED CATALYST SUPPORTS AND SUPPORTED CATALYST
SYSTEMS

The present invention relates to functionalized catalyst supports that are useful in the
formation of supported polymerization catalysts. The present invention further relates to
supported catalysts obtainable using such functionalized catalyst supports, which supported
catalysts are particularly adapted for use in a polymerization process wherein at leastone. = —
polymerizable olefin monomer is contacted with the supported catalyst under polymerization
conditions to form a polymetic product. The present invention further pertains to methods for
making such functionalized catalyst supports and supported catalysts. The present invention
further pertains to polymerization processes utilizing such supported catalysts.

It is previously known in the art to activate Ziegler-Natta polymerization catalysts,
particularly such catalysts comprising Group 3-10 metal complexes containing delocalized =-
bonded ligand groups, by the use of an activator. Generally in the absence of such an
activator compound, also referred to as a cocatalyst, little or no polymerization activity is
observed. A class of suitable activators are aluminoxanes, or alkylaluminoxanes, which are -
generally believed to be oligomeric or polymeric alkylaluminoxy compounds, including cyclic:
oligomers. Generally such compounds contain, on average about 1.5 alkyl groups per

- aluminum atom, and are prepared by reaction of trialkylaluminum compounds or mixtures of -
compounds with water (Reddy et al, Prog. Poly. Sci., 1995, 20, 309-367). The resulting
product is in fact a mixture of various substituted aluminum compounds including especially,
trialklyaluminum compounds (resulting from incomplete reaction of the trialkylaluminum
starting reagent or decomposition of the alumoxane). The amouht of such free
trialkylaluminum compound in the mixture generally varies from 1 to 50 perceht by weight of
the total product. Examples of alumoxanes include methylalumoxane (MAO) made by
hydrolysis of trimethylaluminum as well as modified methylalumoxane (MMAO), made by
hydrolysis of a mixture of trimethylaluminum and triisobutylaluminum. While such activators
normally are soluble in hydfocarbons (homogeneous cocatalyst), supported versions may be
prepared by fixing the alumoxane to a solid, particulated substrate. ‘Silica having alumoxane,
particularly methylalumoxane, chemically bonded thereto, presumably by reaction to form a
silicon/ oxygen/ aluminum bond, is also well known and commerc'ialllzy available.
Disadvantageously, such a heterogeneous, supported cocatalyst does not demonstrate
significant cocatalytic efficiency due in part possibly to the oligomeric nature and low Lewis
aéidity of alumoxane. _

A different type of activator compound is a Bronsted acid salt capable of transferring
a proton to form a cationic derivative or other catalytically active derivatiive of such a Group
3-10 metal complex. Examples of such Bronsted acid salts are protonated ammonium,
sulfonium, or phosphonium salts capable of transferring a hydrogen ion, disclosed in US-A-
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5,198,401, US-A-5,132,380, US-A-5,470,927, and US-A-5,153,157, as well as oxidizing salts
such as lead, silver, carbonium; ferrocenium and silyilium salts, disclosed in USP's
5,350,723, 5,189,192 and 5,626,087. Supported or polyionic salt activators disclosed in USP
5,427,991 are prepared by chemically binding a plurality of such salt anions to a core
component. Disadvantageously, activation of a neutral metal complex by means of a proton
transfer mechanism unavoidably produces a neutral by'-produci,--such as an amine, that can
interfere with subsequent catalyst activity. g : -
Further suitable activalors for the above metal complexes include strong Lewis acids
including (trisperfluorophenyl)borane and tris(perfluorobiphenyl)borane. The former
composition has been previously disclosed for the above stated end use in EP-A-520,732,
and elsewhere, whereas the latter composition is disclosed in Marks, et al., J. Am, Chemn,
Soc., 118, 12451-12452 (1996). Additional teachings of the foregoing activators may be
found in Chen, et al, J. Am. Chem. Soc. 1997, 119, 2582-2583, Jia et al, Organometallics,
1997, 16, 842-857. and Coles et al, J. Am. Chem. Soc. 1997, 119, 8126-8126. All of the
foregoing Lewis acid activators in practice are based on perfiuoropheny| substituted boron
compounds. Use of stich activator compounds in a supported catalyst system has met with

limited success due to the difficulty in retaining the activator on the support surface.
In USP 6,463,410, an alumoxane, particularly methylalumoxane, was disclosed for

use in combination with constrained geometry, Group 4 metal complexes, especially ina -
molar ratio of metal complex to alumoxane of from 1/1 to 1/60. This combination beneficially
resulted in |mprovecl polymerization efficiency. Simllarly, in US-A-5 527,929,
US-A-5,616,664, US-A-5,470,993, US-A-5,558, 928, US-A-5, 624, 878 various combinations
of metal complexes with tnspentaﬂuorophenyl boron cocatalyst, and optionally an
alumoxane, were dlsclo_sed for use as catalyst compositions for o!efm polymerization.

Despite the satisfactory performance of the foregoing catalyst activators under a
variety of polymerization conditions, there is still a need for improved cocatalysts for use in
the activation of various melal complexes under a variety of reaction conditions. In
. particular, it is desirable to remove boron containing contaminating compounds from such
activator composition. _S'uch boron containing contaminating cornpounds resuit primarily
from ligand exchange with the alumoxane, and comprtse trialkylo'oron compounds having
from 1 to 4 carbons in each alkyl group, for example, tnmethylboron tmsobutylboron, or
mixed trlalkylboron products it would be desirable if there were provrded compounds that
could be employed in solution, slurry, gas phase or high pressure polymenzatlons and under
homogeneous or heterogeneous process conditions having lmproved aclivation propetties,
that lack such trlalkylboron specles

Itis known that an exchange reactlon between aluminum trialkyl compounds and
tris(perfluorophenyl)borane occurs under certain conditions. This phenomenon has been
previously described in US-A—5 602,269. Tns(pelﬂuorophenyl)alummum is a strong Lewis
acid as well. However, it generally performs poorly by itself as an actlvator oomparecl with
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tris(perfluorophenyl)borane Similarly, It has further been demonstrated that actrve catalysts
resulting from the use of an aluminate anion based upon tns(perﬂuorophenyt)alumlnum for
the activation of ansa-metallocenes and biscyclopentadienyl derivatives of zrrconlum(IV) are
generally of lower activity than those formed by the corresponding borane (Ewen, Stud. in
Surf. Sci. Catal. 1994, 89, 405-410). The foregoing tri(fluoroaryl)aluminum compounds are
considered to be moderately shock and temperature sensitive and difficult to handle in the
pure state. In order to avoid this problem, the compounds may be prepared as adducts with
Lewis bases such as ethers. Disadvantageously, however, the presence of an ether
detrimentally affects the ability to use the compounds as activators for metal complexes, -
whereas, removing the ether can result in detonation of the compound.

US-A-5763547 discloses a slurry polymerization process using a supported catalyst
formed by slunying a sifica/alumoxane support with a solution of a monocyclopentadienyl
Group IV metal complex in ISOPAR E, and subsequently briefly contacting with a borane
activator. :

—

WO 97/44371 discloses a gas phase polymetization process using a supported
catalyst formed by contacting a dried or calcined silica support (optlonally pretreated with _
water) with triethylaluminum, slurrying the support with toluene and contacting with a solution
of a borane, and subsequently contacting with a solutlon ofa monocyclopentadrenyt Group IV
metal comptex in toluene. Representatrve polymer composrtrons disclosed demonstrated
|mproved rheologrcal performance and a rising comonomer drstrlbutlon '

WO 97/43323 discloses slurry potymerrzatron processes utllzmg a supported catalyst
formed by depositing am monocyctopentadlenyl Group IV metal complex and a .
perﬂuorophenyl borate onto a dried and/or calcined s_mca support which has been passivated
with a trialkylaluminum compound. Representative polymer compositions demonstrated a
rising comonomer distribution.. y |

EP 824112A1 discloses a supported composition wherein a Group IIA metal-
containing compound is directly (or through a spacer) covalently bonded to a' moiety on the
support, which compound may be of neutral or ionic construction, and which forms a catalyst
system with a transition metal compound, such as a metallocene. Although aluminum-
containing compounds are broadly disclosed as suitable Group IlIA metal-containing
compounds, no example describes their use; nor do any teachings recognize any unexpected

. utility of aluminum-containing species.

US-A-5643847 discloses a catalyst composition comprising a metal oxide support
having a counter anion dreived from a Lewis acid not having readily hydrolyzable ligand
(such as a tri-perfluorophenyl borane) covatenﬂy bound to the surface of the support directly
through the oxygen atom of the metal oxide, wherein the anion is also ionically bound to a
catalytically active transition metal compound. Although aIuminum-contaihing Lewis acids
are broadly disclosed, no example'describes their use; nor do any teachings recognize any
unexpected utility of aluminum-containing species. ' '
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It would be desirable if there were provided functlonallzed catalyst supports more
partlcularly, supported catalyst systems obtainable from the actrvatlon of a metal complex
. using such functnonalrzed catalyst supports, for use in olefin polymenzatrons that could be
employed in slurry, solid phase, gas phase or hrgh pressure polymerlzatlons
Accordmgly, the subject invention provides a functlonalized catalyst support
' comprlsmg a particulated support material having chemically bonded thereto a plurality of
_ alumlnum-oontainlng groups derived from a non-ionic Lewis acld said alummum-contammg -
 groups:
' containing at least one fluoro-substrtuted hydrocarbyl llgand contamlng from 1 to 20
- carbons, said hydrocarbyl ligand being bonded to aluminum, and -
being bonded to said support material, optionally through a bridging moiety,
said composition being capable of activating a Group 3-10 metal_oomplex for the addition
. polymerization of one or more addition polymerizable monomers
The subject inv entlon further provrdes a functionalized catalyst support comprising
the reaction product of:
(a) a solid i inorganic oxrde support material and
(b} a mixiure |n turn derived from the contacting of a hon-ionic Lewrs acid with
one or more trlhydrocarbylalummum dlhydrowrbylalummumhydrocarbylomdes, or
"drhydrocarbylalummum(dlhydrocarbyl)amide compounds havmg up to 20 atoms other than
hydrogen in each hydrocarbyl hydrocarbyloxy or drhydrocarbylamrde group, or a mixture -
 thereof to form a non-lonic LeWIs acid component _ '
The subject |nven_tron further provides a supported catalyst comprising the '

. functionalized catalyst supportf_aocordi:ng to any of the precedin'p claims and a Group 3-10
" metal complex containing a substituent which reacts with the functiOnaliied catalyst support
to thereby form a composition which=is catalytically active for the_'polymerization of olefins.

) Tbe subject in\rention .further provides a method for preparing a functionalized .

catalyst support comprising: .
a.  slurrying a particulated support in a hydrocarbon or aromatlc diluent
b. adding a ¢compound Ar gAng sz in sufficient quantrty to :fully react with surface
" groups as defined by titration with EtsAl, to form a treated suppoit, where

Ar'is a fluorinated aromatic hydrocarbyl moiety of from 6 to 30 carbon atoms;

Z’isa number from 0 to 6, and | -

o Q' mdependently each occurrence is selected from hydrocarbyl, hydrocarbyloxy, or
' dlhydrccarbylamrdo of from 1 to 20 atoms other than hydrogen
c. washing the treated support wrth a hydrowrbon or aromatic solvent, and
_ optionally drymg

The subject invention further prowdes a method for preparmg a functionalized

catalyst support comptising:
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a. slurrying an optionally calcined particulated suppott with an alkyl aluminum reagent
provided in sufficient quantity to fully react with surface groups as defined by titration with
EtsAl, to form a passivated support, ' C

b. adding from 0.1 to 50 mmol ArM, to form a treated suppont, where M = aluminum or
boron and Ar' is a fluorinated aromatic hydrocarbyl moiety of from 6 to 30-carbons,

c. washing the treated support with a hydrocarbon or aromatic solvent; and

d drying under reduced pressure. ' -

The subject inve_ntion' further provides a polymerization process comprising
contacting one or more addition polymerizable monomers under gas phase or slurry
polymerization conditions with a catalyst composition of the invention.

These and other advantages are more fully set forth in the following detailed
description. o

The functionalized catalyst support of the invention in a preferred embodiment may
be depicted as a chemical structure of the following formula:

SofMems(K'er) (De)ls
wherein:
So Is a particulated solid support material;
* Meis aluminum; -

m1 is a number from 1-20, preferably from 1 to 3, more preferably 1;

K' independently each occurrence is a ligand group bonded to Me having from 1 to
30 atoms other than hydrogen, with the proviso that in at least one occurrence, K' is a fluoro- - -
substituted hydrocarbyl group of from 1 to 20 carbons, preferably a fluoro-substituted aryi .
group of from 6 io 20 carbons, more preferably a perfluoroaryl group of from 6 to 20 carbons,
most preferably pentafiuorophenyl; and optionally two or more K' groups may be bonded
together thereby forming a bridging group linking two or more Me atoms or forming a fused
ting system;

k1 is a number from 1 to 5 selected to provide charge neutrality to the complex;

D is a bridging moiety chemically bonded to So by means of which the group,
[Mem{K'x1)(Dg)), is attached to the patticulated solid support;

d is a positive number from 0 to 5, preferably 1 to 3, more preferably 1, and less than
or equal to m, said d equaling the average number of chemical bonds to the substrate per
group, [Mem (K'xr)(Da);

s is a number greater than or equal to 2 and is equal to the number of
Mem (K’m)(Du)] groups attached to the substrate, So. Preferably s is chosen to provide a
concentration of [Mem:(K'«1)(Da)] groups on the substrate from 1-x 10°° umole/gram to 2
mmole/ gram, more preferably from 0.1 pmole/gram to 500 pmole/g.

The functionalized catalyst supports of the invention are readily prepared by
combining a particulated support matefial having reactive functional groups on the surface
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thereof, with a non-fonic Lewis acid source of the aluminum-contairing groups that is able to -

react with the functional surface groups ef the support, preferably under conditions to

chemically attach the aluminum of the [Mem(K'«1)(Dq)} group and the support by means of -

the linking group D, optionally-followéd by removing byproducts formed by the reaction. -

Preferred supports and sources of aluminum groups are thosé capable of reacting by means

of a ligand exchange to release a volatile hydrocarbon or substituted hydrocarbon by-product

that Is readily removed from the reaction environment. o - -
Preferred sources of the ligand groups, [Mem(K‘m)(Dd)]' dre non-ionic Lewis acids of

‘the formula [Men(K'}(K'ir)], especially; triffluoroaryljaluminum compounds; most preferably

. tris(pentafluorophenyl)aluminum, as well as mixtures or adducts of such e

trifiuoroaryl)aluminum compounds with one or more tnélkylalu_mgnum, alkylaluminuroxy,

fluorarylaluminoxy, or tri(fiuoroaryi)boron compounds containinig_'fmm 110 20 carbons in

. each alkyl group and from 6 to-20 carbons-in each fiuoroaryl figand group. Such reactants

are capable of reacting with a reactive functionality of the support io covalently bond thereto,
thereby generating the linking group, D, in the process. - Preferréd reactants are those
capable of bonding to a hydroxyl hydfocarbyloxy, hydrocarbylrrieta! or hydrocarbylmetalloid -
functionality of the substrate, preferably by a ligand exchange mechamsm. thereby -
generating an oxy, metal of metalloid contalning linkinig group, D It should be understood™
that the linking group, D, may be a component of either the subgtrate or the non-ionic Lewis
acid used to generate the present oorhpositions.-‘or constitute a-remnant resulting fromthe . -
« reaction of such components. Preferably, D will be an oxygen-bbmaining bridging moiety,
more preferably the oxygen contributed by the hydroxylgroup of an ophonally but preferabiy
dried silica support. ' R
Examples of the foregoing mixtures or adducts of non-ionic, Lewis acids for-use in S —
the preparation of the functionalized supports of the invention include compositions -
cotresponding to the formula: ' -
[(-AIQ"-O-); ( -AIA:’-o-)z](Ar'rAIzQ &) -
where; _ .
Q' independently each occurrence is selected from hydrocarbyl, hydrocarbyloxy, or
dihydrocarbylamido, of from 1 to 20 atoms other than hydrogen;-- .
Ar'is a fluorinated aromatic hydrocarby} molety of from 6 to 30 carbon atoms;
z is a number from 1 to 50, preferably from 1.5 to 40, more preferably from 2 to 30,
and the moiety (-AIQ"-0-) is a cyclic or linear oligomer with a repeat unit of 2-30;
Z' is a number from 1 to 50, preferably from 1.5 to 40, more preferably from 2 to 30, -
and the moiety (-AIAF-O-) is a cyclic orlinear oligomer with a repeat unit of 2-30; and -
2" is a number from 0 to 6, and the moiety (ArzALQ's) is either
tri(fiuoroarylaluminum), trialkytaluminum, a dialky_laluminumall@xide, a
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dialkylaluminum(dialkylamide) or an adduct of tri(flucroarylaluminum) with a sub-

stoichiometric to §up§%§§iﬁichiometric amount of a trialkylaltii"#ﬁ?ﬁm_.
The moieties (Ar'»AlzQ's2) may exist as discrete entities or dynamic exchange

products. That is, such moieties may be in the form of dimeric or other multiple centered
products in combination with metal complexes and other organometallic compounds,
including those resulting from partial or complete ligand exchange during the process used -
for their manufacture. Such more complex mixture of compounds may result from a
combination of the foregoing compounds, which are Lewis acid adducts, with other
compounds such as metallocenes or alumoxanes. Such exchange products may be fluxional

in nature, the concentration thereof being dependant on time, temperature, solution
concentration and the presence of other species able to stabilize the compounds, thereby
preventing or slowing further ligand exchange. Preferably z* is from 1-5, more preferably -
from 1-3. '

The foregoing class of non-ionic Lewis acids are also suitable for use in the present
invention in the absence of aluminumoxy species. Such compounds accordingly are adducts
cotresponding to the formula: '

A ALQ'e.
where Ar', Q' and z are as previously defined.

Preferred non-ionic Lewis acids for use herein are those of the foregoing formula
wherein: ' :
' Q' independently each occurrence Is selected from Gi.zo alkyl;

Alisa fluorinatéd aromatic hydrocarbyl molety of from 6 to 30 carbon atoms;

' Zisa nﬁmber greater than 0 and less than 6, and the r}_loiety: ArALQ's; is an adduct -
of tri(fluoroarylaluminum) with froma sub'-stoi'chion')etric toa super-stblchiometrlc amount of
a trialkylaluminum having from 1 to 20 carbons in each alkyl group.

Examples of specific non-ionic aluminum Lewis acid reagents for use herein, reagent

ratios, and resulting producté are illustrated as follows:
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AfAl + QIaAl ——  ArsALQTs (AfAAL . AIQ'g)

AfB + 2Q1Al — AfsALQ's + BQ's  (ArAl AIQ'3)

ATl 12QIAl —> 3 AMAIQY, —» 23 AfARQY (AfSAL 3 ATy
AfAl +5QIsAl —= 3 AfALQ's (AAI - 5AQ'S)
Al +10 Q'sAl —» 3 AfALQ's 4+ 5QlAL (AL 19 AFALQ's )

2 AfsB + 3QIsAl — 3ArLAIQ! +2 BQls —»  ArALQY, (ArBAL 12 AIQ1,)

5 Arl3B +6 QIeAl — > 5 BQ's + ArsALQ! (ArfsAl 1/5 AIQ'g)

The foregoing mixtures of non-ionic Lewis acids and adducts may be readily -
prepared by combining the tri(fluoroaryl)aluminum compound and trialkylaluminum
compound. The reaction may be performed in a solvent or diluent, or neat. Intimate

contacting of the neat reactants can be effectively achieved by drying. a solution of the two
" reactants to form a solid mixture, and thereafter obtionally continuing such contacting,
optlonally at an elevated temperature. Preferred tri(ﬂuoroaryl)aluminum compounds are . -
tns(perfluoroaryl)alummum compounds most preferably tns(pemafluorophenyl) aluminum.
" The latter compound may be readily prepared by ligand exchange of a trifluoroarytboron
compound and a trialkylaluminum compound, eépécially trimethyl aluminum.

‘The foregoing mixtures of non-ionic Lewis acids and adducts may be readily
prepared by reaction of a fluoroarylborane, preferably tns(pentaﬂuorophenyl)borane wilh :
greater than a stoichiometric amount of one or more tnhydrocarbylalumlnum
dlhydrocarbyIalummumhydrocarbylox:des or dlhydrocarbylalummum(dlhydrocarbyl)amide
. compounds having up to 20 atoms other than hydr'ogen' in each hydrocarbyt, hydrocarbyloxy
or dihydrocarbylamide group, or a mixture thereof with one or more alumindxy compounds
(such as an alumoxane) substantially according to the conditions disclosed in USP
5,602,269.

Generally the various reagents which form the improved activators of the invention,
such as the trifluoroarylboron compound and the trialkylaluminum compound are merely
contacted in a hydrocarbon liquid at a temperature from 0 to 75° C, for a period from one
minute to 10 days. Preferably, such contacting occurs for a period from 1 minute to 1 day,
preferably at least 30 minutes to permit ligand exchange to occur to an extent sufficient to
yield the advantages associated with the praciice of the invention.

Preferred non-ionic Lewis acid reagents for use according 1o the present invention
are those wherein Ar' is pentafiuorophenyl, and Q' is Ci4 alkyl. Most preferred non-ionic
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Lewis acids used according to the present invention are those wherein Aris
pentafluorophenyl, and Q' each occurrence is methyl, isopropyl or isobutyl.

Preferred support materials are finely particulated materials that remain solids under
conditions of preparation and use and that do not interfere with subsequent polymerizations
or olher uses of the composition of the invention. Suitable support materials especially
include particulated metal oxides, oxides of silicon or germanium, polymers, and mixtures
thereof. Examples include alumina, sllica, aluminosilicates, clay, and particulated -
polyolefins. Suitable volume average particle sizes of the support are from 1 to 1000 pM,
preferably from 10 to 100 pM. Most desired supports are silica, which is thoroughly dried,
suitably by heating o 200 to 900 °C for from 10 minutes to 2 days. The silica may be treated
prior to use to further reduce surface hydroxyl groups thereon, or to introduce more reactive
functionality than the available hydroxyl functionality for subsequent reaction with the Lewis
acid. Suitable treatments include reaction with a tri(Cy.10 alkyl)silylhalide, hexa(Ci.10
alkyl)disilazane, tri(Cs.10 alkyl)aluminum, or similar reactive compound, preferably by
contacting the support and a hydrocarbon solution of the reactive compound.

In a preferred embodiment, silica is reacted with a tri(alkyl)aluminum, preferably a
Ci.iotri(alkyl)aluminum, most preferably, trimethylaluminum, triethylaluminum, -
triisopropylaluminum or triisobutylaluminum, to form a modified support. The amount of the
trialkylaluminum is chosen to pacify 1-99% of the reactive sutface species, more preferably
50— 90%, as determined by titration with EtsAl. Titration with EtsAl is defined as the
maximum amount of aluminum that chemically reacts with the particulated solid support
material and which cannot be removed by washing with an inert hydrocarbon or aromatic
solvent. Thereafter this modified support is contacted with the above cocatalyst composition,
or a solution thereof, in a quantity sufficient to providé an functionaiized catalyst support for
olefin polyn.\eriz_ation. according to the invention. In the alternative, the modified support may
be contacted with a non-ionic Lewis acid and, e.g., a trihydrocarbyl aluminum,
dihydrocarbylaluminum hydrocarbyloxide or dihydro_cérbylaiuminum {dihydrocarbyl) amide, to
form the cocatalyst reactant /n situ. ' |

Particulated polymeric supports, while less preferred than inorganic oxide supports,
may be utilizied. Such particulated polymeﬁc suppofts are preferably are also functionalized
to provide hydroxyl, carboxylic acid or sulfonic acid reactive groups. The resulting substrate
material formed by reaction with the non-ionic Lewis acid will accordingly bear the
corresponding oxy-, carboxy- or sulfoxy- linking group, D.

The non-jonic Lewis acid and particulated support material may be combined and
. Teacted in any aliphatic, alicyclic or aromatic liquid diluent, or solvent, or mixture thereof,.
Preferred diluents or solvents are Cs.10 hydrocarbons and mixtures thereof, including'hexane,
heptane, cyclohexane, and miied fractions such as Isoparm E, available frqm Exxon
Chemicals Inc. 'Preferred contacting times are at least oné hour, preferably at least 90
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minutes, at a temperature from 0 to 75 °C, preferably from 20 to 50 °C, most preferably from
2510 35°C. Desirably, the contacting is also done prior to addition of a metal complex
catalyst, such as a metallocene; to the mixture or either component separately; in order to
avoid formation of further. derivatives and multipie metal exchange products having reduced
catalytic effectiveness. After contacting of the support and Lewis acid, the reaction mixture
may be purified to remove-byproducts especially e‘ny trialkylboron compounds by any
suitable technique.  Alternatively, but less desirably, a Group 31 0 metal complex catalyst -
may first be combined wrth the reaction mixiure prior to removrng byproducts.

Suitable techmques for removing byprodtcts from the reaction mixture include
degassing, optionally at reduced pressures, distillation, solvent ejrchange, solvent extraction,
extractioh with a volatile agent, and combinations of the foregoing techniques, all of which are
conducted according to conyentional procedures. Preferably the jguantlty of residual
byproduct is less than 10 weight percent, more preferably less tha'n 1.0 weight percent, most
preferably less than 0.1 weight percent, based on the weight of the functionallzed catalyst
suppont.

Highly preferred compounds according to the invention are those comprising less
than one tri(alkyt)aluminum moeity per tri(fluoroaryl)aluminum mot_ety. Most highly desired
adducts are those corresponding to the formula: ArsALQ'; and Ar'sA)Q". Such compositions - -
possess extremely high c_atalyst activation properties. . . - '

‘ The support matenal and cocatalyst denved from the nonlonrc Lewrs acid are
preferably reacted to chemrcally attach a pluralrty of the functlonal groups to the surtace of
_the support The reactron |s also preferably oonducted pnor to tormatron of the active

 polymerization catalyst by addrtron of a metal complex - _

. Surtable metal oomplexes for usein oombrnatron wrth the foregorng functionalized

B catalyst supports include any complex of a metal of Groups 310 of the Penodrc Table of the
Elements capable of belng activated to polymenze addltion polymerlzable oompounds
especially olefins by the present activators.

Suitable complexes include derivatives of Group 3, 4,01 Lanthanlde metals
containing from 1 to 3 n-bonded anlonrc or neutral Irgand groups which may be cyclic or
non-cycllc delocalized n-bonded anionic llgand groups. Exemplary of such w-bonded anionic
ligand groups are coniugated or nonoonjugated oyclrc or non-cycllc dienyl groups, allyl
groups, boratabenzene groups, and arene groups. By the term n-bonded" is meant that the
ligand group is bonded to the transltlon metal by a sharlng of electrons from a partially
delocalized m-bond.

Each atom in the delocalrzed n—bonded group may lndependently be substituted with
a radical selected from the group consistlng of hydrogen, halogen hydrocarbyl
halohydrocarbyl, hydrooarbyl-substrtuted metailord radicals wheretn the metalloid is selected
from Group 14 of the Periodic Table of the Elements and such hydrocarbyl- or hydrocarbyi-



WO 00/15672 PCT/US99/21590

11

substituted metalloid radicals further substituted witha Group 15 or 16 hetero atom
containing moiety. lné]u&ad within the term “hydrocarbyl” aré! G1 :p0 Straight, branched and

cyclic alkyl radicals, Cg.oq aromatic radicals, C7.og alkyl-substituted aromatic radicals, and
C7.20 aryl-substituted alkyl radicals. In addition two or more such radicals may together

form a fused ring system, including partially or fully hydrogenated fused ring systems, or they
may form a metallocycle with the metal. Suitable hydrocarbyi-substituted organometalloid
radicals include mono-, di- and tri-substituted organometalloid radicals of Group 14 elements —
wherein each of the hydrocarby! groups contains from 1 to 20 carbon atoms. Examples of
suitable hydrocarbyl-substituted organometalloid radicals include trimethyisilyl, triethylsilyl,
ethyldimethylsilyi, methyldiethylsilyl, triphenylgermyl, and trimethylgermyl groups. Examples

of Group 15 or 16 hetero atom containing moieties include amine, phosphine, ether or

thioether moieties or divalent derivatives thereof, e. g. amide, phosphide, ether or thioether
groups bonded to the transition metal or Lanthanide metal, and bonded to the hydrocarbyl

group or to the hydrocarbyl- substituted metalloid containing group.

Examples of suitable anionic, delocalized t-bonded groups include cyclopentadienyl,
indenyl, fluorenyl, tetrahydroindenyl, tetrahydrofiuorenyi, octahydroﬂudrenyl, pentadienyl,
cyclohexadienyl, dihydroanthracenyl, hexahydroanthracenyl, decahydroanthracenyi groups,
and boratabenzene groups, as well as C..1o hydrocarbyl-substituted or Cs-1o hydrocarbyl- -
substituted silyl substituted derivatives thereof. Preferred anionic delocalized n-bonded ' -
groups are cyclopentadiényl, pentamethylcyclopentadienyl, tetramethyicyclopentadienyl,
tetramethylsilylcyclo-pentadienyl, indenyl, 2,3-dimethylindenyl, fluorenyl, 2-methylindenyl, 2-
methyl-4-phenylindenyl, tetrahydrofiuorenyl, octahydrofluorenyl,. and tetrahydroindenyl.

Suitable metal complexes include Group 10 diimine derivatives corresponding to the
formula;

N ) N CT-CT
M*X2A"  wherein N Nis AN  N-Ar
N

M* is Ni(ll) or Pd(ll);

X' is halo, hydrocarbyl, or hydrocarbyloxy;

Ar* is an aryl group, especially 2,6-dilsopropylphenyl or aniline group;

CT-CT is 1,2-ethanediyl, 2,3-butanediyl, or form a fused ring system wherein the two
T groups together are a 1,8-naphthanediy! group; and

A’ is the anionic component of the foregoing charge separated activators.

Similar complexes to the foregoing are also disclosed by M. Brookhart, et al., in J,
Am. Chem. Soc., 118, 267-268 (1996) and J. Am. Chem. Soc., 117, 6414 -6415 (1995), as
being active polymerization catalysts especially for polymerization of a-olefins, either alone
or in combination with polar comonomers such as vinyl chloride, alkyl acrylates and alkyl
methacrylates.
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The boratabenzenes are anionic ligands which are boron containing analogues to
benzene. They are previously known in the art having been described by G. Herberich, et
al., in Oraanometallics, 1995, 14, 1, 471-480. Prefetred boratabenzenes correspond to the
formula: ' ' :

wherein R” is selected from the group consisting of hydracarbyl, sily), or germyl, said
R” having up to 20 non-hydrogen atoms. In complexes involving divalent derivatives of such
delocalized n-bonded groups one atom thereof is bonded by m'eahs of a covalent bond or a
‘covalently bonded divalent group to another atom of the complex thereby formmg a bridged
system.

More preferred are metal complexes corresponding to the formula

L|MmenX"p, or a dimer thereof
wherein:

Lisan anionrc delocalized n-bonded group that is bound to M, containlng up to 50
nonhydrogen atoms optlonally two L groups may be |omecl together through one or more
substituents thereby formmg a brldged structure, and further optlonally onel may be bound
to X through one or more substituents of L; '

Mis a metal of Group 4 of the Periodic Table of the Elements in the +2, +3 or +4
formel oxidation state; I T ' -

' Xisan optional drvalent substrtuent of up to 50 non-hydrogen atoms that together
with L forms a metallocycle with M;

X' is an optional neutral Lewis base having up to 20 non-hydrogen atoms;

X" each occurrence is a monovalent, anionic moiety having up to 40 non-hydrogen
atoms, optionally, two X” groups may be covalently bound together forming a divalent
dianionic moiety having both valences bound to M, or form a neutral, cohfugated or
nonconjugated diene that is n-bonded to M (whereupon M is in the +2 oxidation state), or
further optionally one or more X" and one or more X’ groups may be bonded togsther thereby
forming a moiety that is both covalently bound to M and coordinated thereto by means of
Lewis base functronahty

lis1or2

misOor 9;

n is a number from 0 to 3;

pis aninteger from 0 to 3; and

the sum, l+m+p, is equal to the formal oxidation state of M.
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Such preferred complexes include those containing either one or two L groups. The
latter complexes include those containing a bridging group linking the two L groups.
Preferred bridging groups are those corresponding to the formula (ER*5), wherein E is
silicon or carbon, R* independently each occurrence is hydrogen or a group selected from
silyl, hydrocarbyl, hydrocarbyloxy and combinations thereof, said R* having up to 30 carbon -
or silicon atoms, and x is 1 to 8. Preferably, R* independently each occurrence is methyl,
benzyl, tert-butyl or phenyl. -
Examples of the foregolng bis(L) containing complexes are compounds
corresponding to the formula: ' '

Rs Rs
Y
R® —égﬂs
A ()]
R quz
R? R®
R R®

or

wherein: _ .
M is titanium, zirconi_um or hafnium, preferably zirconium or hafnium, inthe +2 or +4 .
_ formal oxidation state; . . _ . .

R® in each occurrence independently is selected from the group consisting of
hydrogen, hydrocarbyl, silyl, germyl, cyano, halo and combinations thereof, said R® having :
~ up to 20 non-hydrogen atoms, or adjacent R® groups together form a divalent derivative (that
is, a hydrocarbadiyl, siladiyl or germadiyl group) thereby forming a fused ring system, and

X" independently each occurrence is an anionic ligand group of up to 40
nonhydrogen atoms, or two X" groups together form a divalent anienic ligand group of up to
40 nonhydrogen atoms or together are a conjugated diene having from 4 to 30 non-hydrogen
atoms forming a n-complex with M, whereupon M is in the +2 formal oxidation state, and

R*, E and x ars as previously defined.

The foregoing metal complexes are especially suited for the preparation of polymers
having stereoregular molecular structure. in such capacity It is preferred that the complex
possess Co symmetry or possess a chiral, stereorigid structure, Examples of the first type
are compounds possessing different delocalized n-bonded systems, such as one
cyclopentadienyl group and one fluorenyl group. Similar systems based on Ti(IV) or Zr(IV)
were disciosed for preparation of syndiotactic olefin polymers in Ewen, et al., J. Am. Chem
Sac, 110, 6255-6256 (1980). Examples of chiral structures include bis-indenyl complexes.
Similar systems based on Ti(lV) or Zr(IV) were disclosed for preparation of isotactic olefin
polymers in Wild et al., J. Organomet. Chem, 232, 233-47, (1982).
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Exemplary bridged ligands containing two n-bonded groups are: (dimethylsilyl-bis-
cyclopentadienyl), (dimethylsilyl-bis-methylcyclopentadienyl), (dimethyleilyl-bis-
ethylcyciopentadienyl, (dimethylsilyl-bis-t-butylcyclopentadienyl), (dimethylsilyl-bis-
tetramethylcyclopentadienyt), (dlmethylsiry_l-bis_-indehyl), (dimethyisilyl-bis-tetrahydroindenyl),
(dimethylsilyl-bis-fluorenyl), (dimethyleiIy!—his-getraﬁydrofluorenyl), (dimethylsilyl-bis-2-
methyl-4-phenylindenyl), (dimethyIsily__l_.-'bis-?-m..etﬁy.!.!ndenyl), (dimethylsilyl-cyclopentadieny)-
fluorenyl), (1, 1, 2, 2-tetramethyl-1, 2-Qisilyl-bi§-gycgppemadienyl), (1, 2- -
bis(cyclopentadienyl)ethane, and (isopropyliden_e%gyelopentadie_ljyl-ﬂuorenyl).

Preferred X" groups are selec_ted"f_rem' hydride, hydrocarbyl, silyl, germyl,
halohydrocarbyl, halosilyl, silylhydroearby'l and aminohydrocarbyl groups, or two X" groups

together form a divalent derivative of a oonjugated diene or else together they form a
. heutral, z-bonded, conjugated diene. Most preferred X" groups are C4.oq hydrocarbyl

groups.

A further class of metal complexes utilized in the present Invention correspond to the
formula: - : )
LMXmX'nX'p, or a dimer thereof
wherein: S

L is an anionic, delocalized, -u-bonded group that is bound to'M, containing up to 50
nonhydrogen atoms; ' '

M is a metal of Group 4 of the Penodlc Table of the Elements in the +2, +3 or +4
formal oxidation state; o A AT :

X is a divalent substituent of up fo 50 non-hydrogen atoms that together with L forms .
" 'a metallocycle with M; : ;

' X is an optional heutral Lewis ba'se ligand ha‘ving up to 20 non-hydrogen atoms;

X" each occurrence is a monovalent amomc moiety havrng up to 20 non-hydrogen
atoms, optionally two X" groups together may form a divalent anionic moiety having both
valences bound to M or a neutral 65.30 comugated diene, and further optionally X' and X"
may be bonded together thereby formmg a morety that is both covalently bound to M and
coordinated thereto by means of Lewrs base funotlonalrty,

listor2 '

mis1i;

n is a number from 0 to 3;

p is an integer from 1to 2;and

the sum, l+m+p, is equal to the formal oxidation state of M.

Preferred divalent X substltuents preferably include groups containing up to 30
nonhydrogen atoms comprising at leaet one atom thet is oxygen, f3sulfur, boron or a member
of Group 14 of the Periodic Table of trj-é _Elemente directly attached to the delocalized n-
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bonded group, and a different atom, selected from the group

phosphorus, oxygen of Stiifur that is covalently bonded to M. * .
" A preferred class of such Group 4 metal coordination complexes used according to
the present invention correspond to the formula:

isting of nitrogen,

wherein:

M is titanium or zirconium in the +2 or +4 formal oxidation state;

R® in each occurrence independently is selected from the group consisting of
hydrogen, hydrocarbyl, silyl, germyl, cyano, halo and combinations thereof, said R® having
up to 20 non-hydrogen atoms, or adjacent R® groups togethéf form a divalent derivative (that
is, a hydrocarbadlyl siladiyl or germadiyl group) thereby forming a fused ring system,

" eachX"isa halo, hydrocarbyl, hydrocarbyloxy or silyl group, said group having up to
20 nonhydrogen atoms, or two X groups together form a C5_3¢ conjugated diene; ' :
Y is -O-, -8-, -NR*-, -PR*-; and
Zis SiR*5, CR"5, SiR"5SIR"y, CR"5CR",, CR*=CR", CR",SIR";, or GeR",, wherein:
R*isas prei')iously defined. ' ' .
' Mustrative Group 4 metal complexes that may be employed in the practlce of the
present invention include:
cyclopentadienyititaniumtrimethyl,
cyclopentadienyltitaniumtristhyl,
cyclopentadienyltitaniumtriisopropyl,
cyclopentadienyititaniumtriphenyl,
cyclopentadienyititaniumtribenzyl,
cyclopemadienyltiténium-z 4-pentadienyl, cyclopentadienyltitaniumdimethylmethoxide,
cyclopentadienyltitaniumdi methylchlonde pentameihylcyclopentadlenylﬂtanlumtnmethyl
indenyititaniumtrimethyl,
indenyltitaniumtriethyl,
indenyltitaniumtripropyi,
indenyititaniumtriphenyl,
tetrahydroindenyltitaniumtribenzyl,
pentamethylcyclopentadienyltitaniumtriisopropyl,
pentamethyicyclopentadienyititaniumtribenzyl,
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pentamethylcyclopentadlenymtamumdimethylmethoxlde
pentamethylcyclopentadlanyﬂitamumdlmethylchlonde,
m°-2,4-dimethyl-1 3-pentad|enyl)tltan!umtnmeihyl
octahydroﬂuorenyltitaniumtrimethyl, |
tetrahydroindenyHtitaniumtrimethy),
tetrahydrofluorenylititaniumtrimethyt,
-(1,1-dimethyl-2,3,4,9,10-1-1,4,5,6,7 B-hexahydronaphthalenyl)titaniumtrimethyl : -
(1,1,2,3-tetramethyl-2,3,4,9,10-n-1,4,5,6,7 &hexahydronaphthalenyl)mamumtnmethyl
(tert-butylamido)(tetramethyl-n -cyclopen'_tadl.enyl) dimethylisilanetitanium dichloride,
(ten-butylamido)(tetramethyl-ns-cyclopentadiehw)dimethylsilanqtnénium dimethyl,
(tert-butylamido) (tetramethyl-n‘-cyclépentadi__enyi)—1 ,2-ethanediyititanium dimethyt,
(tert-butylamido)(hexamethyl-n®indenyl)dimethylsilanetitanium dimethyl,
(tert-butylamido)(tetramethyl-n -cyclopentadlenyl)dlmethyIsllane titanium (1) 2-
(dimethylamino)benzyl;
(tert-butylamido)(tetramethyl-n -cyclopentadlenyl)dlmethylsﬂanetﬂamum (1) allyl,
. (terl-butylamldo)(tetramethyl-n -cyciopentadlenyl)dlmethylsllanetltamum (1t) 1,4~ diphenyl-
1,3-butadiene, ' : : :
- (ten-butylamido)(24nethylindenyl)dlmethylsilanetltamum o1 4-d|phenyl-1 3- butadiene, i
. (ten-butylamndo)(2-methylindenyl)dlmethylsnlanetltamum (1V)1,3-butadiene, -
- (tert-butylamido)(2, 3-d|methylmdenyl)dlmethylsﬂanetnamum 14
diphenyl-1,3-butadiens, ° T
. (tert-butylamido)(2, 3-d|methyl|ndenyl)d|methylsﬂanet|tamum (IV) 1,3-butadiene,
:(terl-butylamldo)(2,3-d|methyl|ndenyl)Q|methyls|I§netnan|um (1)1,3-pentadiene,
(terl-butylamido)(2-methylindenyl)dirhethylsilanétitanium m S-pentadiene,
(tert-butylamldo)(z-methyllndenyl)dlmethylsﬂanetltamum (1V) dimethyl,
(terl-butylamMo)(Z-methyl-&phenyhndenyl)dlmethylmlanetrtamum (1 4-d|phenyl- 1,3-
butadiene,
(tert-butylamido)(tetramethyl-n -cyclopentaduenyl)dlmethylsulanetﬂamum (V) 1,3-
butadiene,
{tert-butylamido)(tetramethyl-n -cyclopentadlenyl)dlmethylsllanetnamum (ll) 1 4-
dibenzyl-1,3-butadiene, L
(tert-butylamido)(tetramethyl-n -cyclopentadienyl)dlmethylsllanetnamum () 2,4- hexadiene,
(tert-butylamido)(tetramethyl-n -cyclopentadlenyl)dlmethylsllanetltamum () 3-methyl  1,3-
pentadiene,
(tert-butylamido)(2,4-dimethyl-1 3-pentadieh-2-yl)dimethylsilanetitaniumdimethyl
(tert-butylamido)(1,1-dimethyl-2,3,4,9,10-n-1 4 56,7 8-hexahydronaphthalen-4—
yl)dlmethyISIlanetntamumd;methyl
(tert-butylamido)(1,1,2,3-tetramethyl-2,3, 4, 9 10-'q-1 4,5,6,7 &hexahydmnaphthalen- 4-



WO 00/15672 17 . PCT/U 899{211590

yl)dimethyisilanetitaniumdimethyl, -
(1ert-butylamldo)(tetraméthylcyclopentadienyl)dlmethylsnanetltamum 1,3-pentadiene,
{tert-butylamido)(3-(N-pyrrolidinyl)inden-1-yl)dimethylsitanetitanium 1,3-pentadiene,
(tert-butylamido)(2-methyl-s-indacen-1-yl)dimethylsilanetitanium 1,3-pentadiene, and
{tert-butylamicio)(3,4-cyclopenta()phenanthren-2-yl)dimethylsilanstitanium 1,4-
diphenyl-1,3-butadiens. '
Bis(L) containing complexes including bridged complexes suitable for use in the -

present invention include:

biscyclopentadienylzirconiumdimethyl,

biscyclopentadienyliitaniumdiethyl,

biscyclopentadienyititaniumdiisopropyi|,

biscyclopentadienyltitaniumdiphenyl,

biscyclopentadienylzirconium dibenzyl,

biscyclopentadienyltitanium-2,4-pentadienyl, blscycloperuadaenyltltamummethylmethoxwe

biscyclopentadienyltitaniummethyichioride, bispentamethylcyclopentadienyltitaniumdimethyl,
bisindenylitaniumdimethyl,

indenylifiuorenyititaniumdiethyl,

blsmdenyltltaniummethyl(2-(d|methylamino)banzyl)

bisindenyltitanium methyltrimethylsily,

- bistetrahydroindenyiltitanium methyltrimethylsilyl,
bispentamethylcyclopentadienyititaniumdiisopropyl,
bispentamethylcyclopentadienylititaniumdibenzyl,

- bispentamethylcyclopentadienyltitaniummethylmethoxide,
bispentamethylcyclopentadienyititaniummethylchloride,
{dimethylsilyl-bis-cyclopentadienyf)zirconiumdimethyl,
(dimethylsilyl-bis-pentamethylcyclopentadienyl)titanium-2,4-pentadienyl,
(dimethylsilyl-bis-t-butylcyclopentadienyl)zirconiumdichloride, |
(methylene-bis-pentamethylicyclopentadienyljtitanium(li) 2-(d|methylammo)benzyl
(dimethylsityl-bis-indenyl)zirconiumdichloride,

(dhi methylsllyl-bls-2-methylmdenyl)zwcomumdmethyl. '
{dimethylsilyl-bis-2-methyl-4-phenylindenyl)zirconiumdimethyl,

(dimethyisilyl-bis-2-methylindenyl)zirconium-1,4-diphenyl-1,3-butadiene,
(dimethylsityl-bis-2-methyl-4-phenylindenyl)zirconium (i) 1,4-diphenyl-1,3-butadiens,
(dimethylsilyl-bis-tetrahydroindenyl)zirconium(}) 1,4-diphenyl-1,3-butadiene,
(dimethylsilyl-bis-fluorenyl)zirconiumdichloride,
{dimethylsilyl-bis-tetrahydrofluorenyl)zircontumdi{trimethylsilyl),
(isopropylidené)(cyclbpentadienyl)(fluorenyl)zirodniumdibenzyl, and
(dimethylsilylpentamethylcyclopentadienylfiuorenyl)zirconiumdimethyl.
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Suitable polymerizable monomers include ethylenically unsaturated monomers,
acetylenic compounds, -oonjugated or nqn-oonlugat_ed dienes, and'polyenes. Prefeired
monomers include olefins, for examples alpha-oieﬁns having from 2 to 20,000, preferably
from 2 to 20, more preferebly from 2 to 8 carbon atoms and combinations of two or more of
such alpha-olefins. Particularly suitable alpha-olefins include, for example, ethylene, -
propylene, 1-butene, 1-peniene, 4-methylpentene-1, 1-hexene, 1-heptene, 1-octens, 1-
nonene, 1-decens, 1-undecene, 1-dodecene, '-'l'-tridecene 1-tetredecene 1-pentadecene, or —
combinations thereof, as well as long cham vmyl terminated ollgomenc or polymeric reaction
products formed during the polymenzatlon, and Cioao o-olefins speomcally added to the
reaction mixture in order to produce relatlvely long chaln_ branches In the resulting polymers.
Preferably, the alpha-olefins are ethylene, pro_p_ene,- 1-butene, 4-,.n1e_thyl-pentene-1, 1-hexene,
1-octene, and combinations of ethylene aritﬂor'propene with.one or more of such other
alpha-olefins. Other preferred monomers inc_lude' styr_ene_, halo- or alkyl substituted styrenes,
tetrafluoroethylene, vinylcyclobutene, j-.d—-hexadiene,-dlcyclopemediene, ethylidene
notbornene, and 1,7-octadiene. Mixttlres of the ebpve-mentioned= mono_mers may also be
employed. '

In general, the polymerization may be accomplished at conditions well known in the
prior art for Ziegler-Natta or Kaminsky-Sinn type p__olymenzatlon rea__ctlons conducted under
slurty or gas phase polymerization condilions- ‘Preferred polyrnerizalion temperatures are

- from 0-250°C. Preferred polymerlzation pressures are from almospherlc to 3000

atmospheres. . : _
Molecular weight control agents can be used in oombmatlon with the present

- cocatalysts. Examples of such molecular welght conirol agents mclude hydrogen. silanes or

other known chain transfer agents. . _

Gas phase processes for the polymenzatlon of Cos oleflns especially the
homopolymerization and copolymerization of ethylene and prop_ylene and the
copolymerization of ethylene with Css a-olefins such as, for ex_arnple, 1-butene, 1-hexense, 4-
methyl-1-pentene are well known in the art. Stlch processes are used commercially on a
large scale for the manufacture of high denslty polyethylene (HDPE), medium density
polyethylene (MDPE), linear low densliy polyethylene (LLDPE) : and polypropylene, especially
isotactic polypropylene. o e .

The gas phase process employed can be for example of the type which employs a
mechanically stirred bed or a gas flmdlzed bed as the polymenzation reaction zone.
Prefetred is the process ‘wherein the po_lym_enzatlon reaction s carried out in a vertical
cylindrical polymerization reactor coni.%«.xini_ng a fiuidized bed of polymer particles supported
above a perforated plate, the fluidization grid, bya ilow of fluid__iiet_ion gas.

The gas employed to fluidize the bed Oompris_es the monomer or monomers to be
polymerized, and also serves as a heat eitcha_nge medium to rerngve.the heat of reaction
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from the bed. The hg;i%gses emerge from the top of the reac

_ normally via a
tranquilization zone, als5 known as a velocity. reduction zone,
the fluidized bed and wherein fine particles entrained in the gas stream have an opportunity

fo gravitate back into the bed. It can also be advantagsous to use a cyclone to remove ultra-

aving a wider diameter than

fine particles from the hot gas stream. The gas is then normally recycled to the bed by
means of a blower or compressor and one or more heat exchangers to strip the gas of the
heat of polymerization. : : : -

A preferred method of cooling of the bed, in addition to the cooling provided by the
cooled recycle gas, is to feed a volatile liquid to the bed to provide an evaporative cooling
effect. - The volatile liquid employed in this case can be, for example, a volatile inert liquid,
for example, a saturated hydrocarbon having 3 to 8, preferably 4 to 6, carbon atoms. In the
case that the monomer or comonomer itself is a volatile liquid, or can be condensed to
provide such a liquid this can be suitably be fed to the bed to provide an evaporative cooling
effect. Examples of olefin monomers which can be employed in this manner are olefins -
containing from 3 to eight, preferably from 3 to six carbon atoms. The volatile liquid
evaporates in the hot fluidized bed to form gas which mixes with the fluidizing gas. if the .
volatile liquid is a monomer or comonomer, it will undergo some polymerization in the bed.,
The evaporated fiquid then emerges from the reactor as part of the hot recycle gas, and
enters the compression/heat exchange part of the recycle loop. The recycle gas is cooledin -
the heat exchanger and, if the temperature to which the gas is cooled is below the dew point,. -
liquid will precipitate from the gas. This liquid is desirably recycled continuously to the.
fluidized bed. It is possible to recycle the precipitated liquid to the bed as liquid droplets . .
carried in the recycle gas stream, as described, for example, in EP-A-89691, US-A-4543399,
WO 94/25495 and US-A-5352749, which are hereby incorporated by reference. ‘A
patticularly preferred method of recycling the liquid to the bed is to separate the liquid from
the recycle gas stream and to reinject this liquid directly into the bed, preferably using a
method which generates fine droplets of the liguid within the bed. This type of process is
described in WO 94/28032, the teachings of which are also hereby incorporated by
reference. C

The polymerization reaction occurring in the gas fluidized bed is catalyzed by the
continuous or semi-continuous addition of catalyst.' The catalyst can also be subjected to a
prepolymerization step, for example, by polymerizing a small quantity of olefin monomer in a
liquid inert diluent, to provide a catalyst composite comprising catalyst particles embedded in
olefin polymer particles. - : :

The polymer is produced directly in the fluidized bed by catalyzed (co)polymerization
of the monomer(s) on the fluidized particies of catalyst, supported catalyst or prepolymer
within the bed. Start-up of the polymerization reaction is achieved using a bed of preformed
‘polymer particles, which, preferably, is similar to the target polyoclefin, and conditioning the
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bed by drying with inert gas or nitrogen prior to introducing the catalyst, the monomer(s) and

any other gases which it is desired to h‘a\rein the recycle gas stream, such as-a diluent gas,

- hydrogen chain transfer agent, or an _ine‘rt condensable gas when'-operating in gas phase—--
-condensing mode.. The produced polymer is discharged comin_tiously or discontinuously from
the fluidized bed as desired, optionally eXposed 1o a catalyst kill and optionally pelletized.

Supportted catalysts for use in slurry pclymerlzatlon may be prepared and used

according to previously known techmques Generally such catalysts are prepared by the”
same techniques as are employed for makmg supported catalysts used in gas phase

- polymerizations. Slurry polymerization condltrons generally encompass polymerization of a
Ca.20 Olefin, diolefin, cycloolefin, or mlxture thereof in-an alrphatrc solvent at a temperature
below that at which the polymer is rea_dlly soluble in'the presence of a supported catalyst.
Slurnry phase processes 'particularly sulted for the polymerization i_:_f-eM olefins, especially the
homopolymerization and _copolymeriz'atlon.of-'_ethylene and propylene, and the---
copolymerization of ethylene with Css a-olefins stx'ch as, for exam'ple 1-butene, 1-hexene, 4-

- methyl-1-pentene and 1-octene are well known in the art. Such processes are used
commercially on a large scale for the manufacture of high densnty polyethylene (HDPE),

~ medium density polyethylene (MDPE) Imear low denslty polyethytene (LLDPE) and

N polypropylene, especially isotactic polypropylene _

It:is understood that the present mventlon is operable inthe absence of any
component which has not been speclflcally dlsctosed The followmg examples are provided
- in order to further illustrate the invention-and are:. notto be const_rued as limiting. Unfess -
stated to the contrary, all parts and percentages ='a_re:expressed on a weight basis. Where ~ -—
stated the term “room temperature” re_tere t_o__a temperature from 20.to 25 °C, the term-
“overnight” refers to a time from 12 to18 _hours,'and the term “mixed alkanes” refers to the
aliphatic solvent, Isopar™ E, available from_ Exxen'Chemicals lnc.

'I‘ns(perﬂuorophenyl)borane was obtained as a solid from Boulder Scientific Inc. and
used without farther purification. Modlﬁed metha]umoxane (MMAO-3A) in heptane was -
purchased from Akzo-Nobel. MAO and tnmethylalumlmmt (’I‘MA) both in toluene were R
purchased from Aldrich Chemical Co. :T:is(perﬂuorophenyl)alannnum (FAAL) in toluene was

_ prepared by exchange reaction between tris(perfluorophenyl)borane and trimethylataminu.
Davison™ 948 silica was purchased 1rom Grace-Davison Incorporated. All solvents were - -
purified using the techmque disclosed by Pangbom et al, gganometallics, 1996, 15, 1518-
1520. All compounds and solutions were handled under an inert au_nosphm'e{dry box).

. Tris(pentaftuorophenyDboron (5.775 g, 11.3 mmal) was dissolved in toluene (100

mL). A solution of MMAOQO-3A mheptmte (11.6 mL of a 7.1 wt. percent Al solution, Akzo)

This Sheet Has Been Replaced
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was addedandthenngctggeagitatedonamechamcal shakerfor 15 ‘minutes. The volatiles were
removed in vacuo to ZiVe a pale yellow glass, 200 mL Of tolnenc ‘was added to dissolve the
material and the resultmg solution was added to 2 g of Davison™ 948 silica that had been
dehydrated at 250°C for 3 hours in air. The mixture was agitated for 3 days. The slurry was
collected on a fritted funnel and the resulting solid washed with 50 mL toluene and dried in
vacuo. Yield= 29 g; [Al] = 8.2 wt. percent. 1 g Of the treated support was shurried in 10 mL
hexane, 0.2 mL Of a 0.2 M solution of titanium, (N-1,1-dimethylethyl)dimethyl(1-(1,2,3,4,5- —
eta)-2,3,4,5-tetramethyl-2,4-cyclopentadien-1-yl)silanaminato))(2-)N)-(n# -1,3-pentadiene)
(CsMeySiMeyNtBu)Ti(n#-1,3-pentadiene) in mixed alkanes was added and the mixture was
agitated 30 minutes resulting in the formation of a green solid phase and a colorless
supernatant. The solid was collected on a fritted funnel, washed with 30 mL hexane and dried
in vacuo.

Gas phase polymerization

Continmous gas phase polymerization was carried out in a 6 liter gas phase reactor
having a two inch diameter 12 inch long fluidization zone and an eight inch diameter eight inch
long velocity reduction zone connected by a transition section having tapered walls. Typical
operating conditions ranged from 40 to 100°C, 100 to 350 psig (0.7 to 2.4 MPa) total pressure -
and up to 8 hours reaction time. Monomer, comonomer, and other gases entered the bottom of -
the reactor where they passed through a gas distributor plate. The flow of the gas was 2to 8
times the minimum particle fluidization velocity [Fluidization Engineering, 2nd Ed., D. Kunii
and O. Levenspiel, 1991, Butterworth-Heinemann]. Most of the suspended solids disengaged
in the velocity reduction zone. The gases exited the top of the velocity reduction zone and -
passed through a dust filter to remove any fines. The gases then passed through a gas booster.
pump. The polymer was allowed to accunmlate in the reactor over the course of the reaction.
The total system pressure was kept constant during the reaction by regulating the flow of
monomer into the reactor. Polymer was removed from the reactor to a recovery vessel by
opening a series of valves located at the bottom of the fluidization zone thereby discharging the
polymer to a recovery vessel kept at a lower pressute than the reactor, The pressures of
monomer, comonomer and other gases reported refer to partial pressures. _

The catalyst prepared above, 0.05 g, was loaded into a catalyst injector in an inert
atmosphere glove box. The injector was removed from the glove box and inserted into the top
of the reactor. The catalyst was added to the semi-batch gas phase reactor which was under an
cthylene (monomer) pressure of 6.5 bar (0.65 MPa), a 1-butene (comonomer) pressure of 0.14
bar (14 kPa), a hydrogen pressure of 0.04 bar (4 kPa) and a nitrogen pressure of 2.8 bar (0.28
MPa). The temperature of polymerization throughout the run was 70°C. Polymer was allowed
to accumulate for 90 minutes. The total system pressure was kept constant during the reaction
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by regulating the flow of monomer into the reactor. The yield of dry, free flowing, ethylene/ 1-
butene copolymer powder was 64,7 gram.

- A comparative catalyst prepared without the use of B(CFs)s (onty MMAO treated
silica support) yielded 2.7 g powder under identical polymeuzat;on conditions. .

Example 2

3 g of Davison: 948 silica, which had been dehydrated by heating in air for 3 hours at —
250°C, was slurried in toluene (30 mL). 4.5 mL Of a 1 M solution of triethylaluminum in
hexane was added and the mixture agitated for 15 minntes. The solid was collected on  fritted
" fannel, washed with 20 mL of toluene followed by 20 mL ofhcxmn. _The solid was reshurried
in toluene (30 mL). In a separate vessel a solution of ms(pentaﬂuorophenyl)borane (0.768 g,
1.5 mmol) in toluene (30 ml) was treated with 1,5 mL of a 1M sqlution of triethylaluminom in
hexane. The mixture was agitated for 10 mirutes and then added to the slurry of the treated
. silica. ‘The mixture was agitated five hours, collected on a fritted funnel, washed with two 30
‘mL portions of toluene followed by 30 mL hexane and then dried in vacuo.

A 2 g sample was slurried in 20 mL hexane and 0.5 mL of a 0.2M solution of -
(CsMe4SiMeyN'Bu)Ti(n*-1,3-pentadiens) in Isopar™ E was added. The mixture was
" agitated two hours, filtered.on aﬁ‘Medfunne] andthegreensohdwas washed with two. 20 mL

pm‘tionsofhexaneandmendﬂedmvacuo ' o ' :

" Slurry phase polymeriiaﬁon s :
A stirred 4 L reactor was charged with 2.8 L of hexane and then heated to 70°C. A
scavenger, 0.5 g of TEA/silica; was introduced to the reactor. Ethylene was then added to the
reactor in an amount sufficient to bring the total pressure to 12 bar (1.2 MPa). A 0.4 gram
aliquot of the catalyst prepared as described abave was then added fo initiate the
polymerization. The reactor pressure was kept essentially constant by continually feeding
ethylenc on demand during the polymerization reaction. The temperature was kept
substantially constant by cooling the reactor as required, After 60 minutes the cthylenc feed
was shut off and the conterits of the reactor were transferred to a sample pan. After drying,
160 gram of a free flowing polyethylene powder of bulk density 0.40 g/cm’ was obtained.

Gas phase polymerization

The polymerization conditions of Example 1 were substantially repeated using 0.325 g
of the above supported catalyst. The yie.ld of dry, free flowing, ethylenel 1-butene copolymer
powder was 112.5 grams, :

Exampie 3
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To 15.04 g Davison™ 948 silica (heated in air at 250 °C fm' four hours) was shurried -
in 90 mL hexane, and b &xcess (2.0 mmol/g, 30 miL of a 1.0 ¥ Siution in hexanes) of
triethylaluminum was added. The mixture was. agitated for 12 hours. The solids were
coliected on a fritted funnel, washed three times with 50 mL portions of hexanes, and dried in
vacuo. To 2.00 g of this material was added SO mL of a 0.023 M solution of A1(C¢Fs)s in
toluene. The mixture was agitated on a mechanical shaker for 15 hours. The shurry was -
evacuated to dryness. The solids were then reslurried in toluene, collected on a fritted funnel, -—
washed two times with 30 mL toluene, and dried in vacuo. To 1.73 g of this material sturried

-in 15 mL hexane was added 410 pL of a 0.202 M mixed alkanes solution of
(CsMe4SiMepNtBu)Ti(n4-1,3-pentadiene). The mixture was shaken for 1 hour, then the -
-solids were collected on a fritted funmel, washed twice with hexane, and dried in vacuo.

Gas phase polymerization

~ The polymerization conditions of Example 1 were substantially repeated using 0.075 g
of the above supported catalyst. The yield of dry, free flowing ethylenel 1-butene copolymer
powder was 43 grams.

Example 4 o
Solutions (10 mmol each) of B(C¢Fs); and AlMe; in toluene were added to 2.0 g
Davison™ 948 silica which has been dricd at 250 °C for 2 hours. The slurry was shaken for 2. -
days. At this time, the solids were collected on a fritted fonnel, washed 3 times with toluene,
-and deied in vacuo. The solids were reshurried in 15 mL of mixed hexanes, and 0.5 mL ofa - -
0.202 M solution of (t-butylamido)dimethyl-(tetramethylcyclopentadienyl)silanetitanium 1,3-
pentadiene in mixed alkanes was added for a nominal 1oading of 50 pumol/g. The silica quickly
turned dark green leaving a pale yellow filtrate. The slurry was shaken for 1 hour on a
mechanical shaker, then the solids were collected on a fritted funnel, washed with hexane, and
dried in vacuo. The sclids analyzed for 29.3 pmol/g Ti and 0.96 mmol/g Al, Boron levels

were below the detection limit (<50 pg/g).

Slurry phase polymerization

The shurry phase polymerization in example 2 was substantially repeated using a 0.379
gram aliquot of the catalyst prepared as described above. After 30 minutes, the yield of free
lowing polyethylene was 109 g.

Gas phase polymerization

The polymerization conditions of Example 1 were substantially repeated using 0.065 g
of the above supported catalyst. The yield of dry, free flowing ethylene/ 1-butene copolymer
powder was 51 grams,
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- Example S

To 1.95 mmol of tris(pentafluorophenyl)borane (B(CgFs)s) in 40 mL toluenc was added
'3.91 mmot AlMe; in toluene to form (CeFs)sMesAL, in situ. The product was identified by
comparison to known chemical shifts in the ’F{'H} NMR. The solution was added to 0.5 g
Davison™ 948 silica dried in air at 250 °C. The slurry was shaken for 1 day. At this time, the
solids were collected on a fritted funnel, washed 2 times with 10 inL toluene, and driedin =~ —
- vacuo The solids were reslurried in 10 mL pentane, and 0.25 mL of a 0,202 M solution of (t-
butylamido)dimethyl—(tetramethylcyclopentadienyl)kilaneﬁtaxﬁmn 1,3-pentadiene in mixed
alkanes was added. The silica quickly turned dark green leaving a red-brown filtrate. The
slurey was shaken for 1 hour on a mechanical shaker, then the solids were collected on a fritted
funnel, washed with 2x10 mL pentane, and dried in vacuo.

Gas phase polymerization -

The polymerization conditions of Example 1 were substantially repeated using 0.05 g
of the above supported catalyst.  The yleld of dry, free flowing, ethylene/ 1-butene copolymer -
. powder was 15.5 grams,

To 1.95 g Davison™ 948 silica dried by heating in air at 250 °C was added 45 mL of
2.0.067 M solution of A(CeFs)s; The shurry was shaken for 12 hours. At this time, the solids
were collected on a fritted funnel, washed once with 20 mL toluene and twice with- 20 mL

- bexane, and dried in vacuo A 0.5 mL aliquot of the pre-wash solution was mixed with 0.25
mL C¢Dg, and the *F{*H} NMR spectrum was recorded: The only major resonances recorded
. were due to unreacted ANC¢Fs)s and-CngH, formed as a byproduct of the reaction of Al(C¢Fs)s
 with silica hydroxyl groups. 8 -124.0 (CsFs-Al), -140.2 (CsFsH); 152.0 (CeFs-AD), -155.2
(CoFsH), -161.8 (CsF5-Al), -163.6 (CsFsH) ppm. The ratio of unrwcted AY(CgFs); to

_ pentafluorobenzene was approximately 0.75:1. :

The above solids were slurried in 20 mL hexane, and 0.50 mL of a 0.202 M solution of
(t-butylamldo)d:methyl-(tetramethylcyclopentadlenyl)snanenmnmm 1,3-pentadiene in mixed
alkanes was added. The silica quickly turned dark green, leaving a colorless filtrate. After 2
. mimtes, a second 0.50 mL of the 0.202 M solition of (t-butylamido)dimethy}-
(tetramethylcyclopentadienyl)silanetitanium 1,3-pentadiene was added. The slurry was shaken .
for 10 minutes, during which time the'supemamnt again became colorless. The solids were
collected on a fritted funnel, washed with 2x10 mL pentane, and dried in vacuo.

Gas phase polymerization
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The polymerization conditions of Example 1 were substantialt eated using 0.075 g of the
above catalyst, yieldiﬁévwas 57 g of ethylene/ 1-butene copolj&net asa fine free flowing

powder,
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1. A functibnalized catalyst support comprisihﬁ%-ﬁarticulated support material

having chemically bonded thereto a plurality of aluminum-containing groups derived from a
non-ionic Lewis acid, said aluminum-containing groups:

containing at least one fluoro-substituted hydrocarbyl ligand containing from 1 to 20
carbons, said hydrocarbyl ligand being bonded to aluminum, and

being bonded to said stpport material, optionally through a bridging moiety, -

said composition being capable of activating a Group 3-10 metél complex for the addition
polymetrization of one or more addition polymerizable monomers.

2. A functionalized catalyst support according to claim 1 having a chemical

structure of the following formula:

So[Mem (K'c1)(Da)le

wherein: .
So Is a particulated solid support material;

Me is aluminum;

m1 is a number from 1-20, preferably from 1 to 3, more preferably 1;

K' Independently each occurrence Is a ligand group bonded to Me having from 1 to

- 30 atoms other than hydrogen, with the proviso that in at least one occurrence, K' is a fluoro-
‘substituted hydrocarbyl group of from 1 to 20 carbons, preferably a fluoro-substituted aryl -
group of from 6 to 20 carbons, more preferably a perfluoroatyl group of from 6 to 20 carbons,
most preferably pentafluorophenyl; and optionally two or more K' groups may be bonded
together thereby forming a bridging group linking two or more Me atoms or forming a fused
ring system; : '

k1 is a number from 1 to-5 selected to provide charge neutrality to the complex;

D is an oxygen-containing bridging moiety.chemically bonded to So by means of
which the group, [Memi(K'x:)(D4)], is attached to the particulated solid support;

d is a positive number from 0 to 5, preferably 1 to 3, more preferably 1, and less than
or equal to m, said d equaling the average number of chemical bonds to the substrate per
group, [Mems (K'«)(Da));

s is a number greater than or equal to 2 and is equal to the number of
[Memi (K'«1)(De)] groups attached to the substrate, So.

3. A functionalized catalyst support according to claim 1or 2 wherein the -
suppott is silica, the fluorosubstituted hydrocarbyl ligand p is a fluoroaryl group, preferably a
perfluoropheny! group, and s is chosen to provide a concentration of [Mem (K'k1)(Dq)] groups
on the substrate from 1 x 10° pmole/gram to 2 mmole/ gram, more preferably from 0.1 p
mole/gram to 500 pmole/g.

4, A functionalized catalyst support according to claim 2, wherein K'is
pentafluorophenyl and k1 equals 2.
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5. A functlonalized catalyst support oomprlsmg the_reacnon product of:
@ a solid lﬁorgamc oxide support material and "

{b) a mixture in turn derived from the contacting of a non-ionic Lewis acid with
one or more trihydrocarbylaluminum, dihydrocarbylaluminumhydrocarbyloxides, or
dihydrocarbylaluminum(dihydrocarbyl)amide compounds having up to 20 atoms other than
hydrogen in each hydrocarbyl, hydracarbyloxy or dihydrocarbylamide group, or a mixture
thereof to form a non-ionic Lewis acid component. -

6. A supposted catalyst compricing the functionalized catalyst support according
to any of the preceding claims and a Group 3-10 metal complex containing a substituent
which reacts with the functionalized catalyst support to thereby form a composition which is
catalytically active for the polymerization of olefins.

7. A supported catalyst according to claim 6, wherein the Group 3-10 metal
complex contains at least one n-honded anionic ligand group which is a conjugated or non-
conjugated, cyclic or non-cyclic dieny! group, an allyl group, aryl group, or a substituted
derivative thereof. '

8 A supported catalyst according to claim 7, wherein the n-bonded anionic
ligand group is a cyclopentadienyl group or a derivative thereof.

9. A method for preparing a functionalized catalyst support comprising:
a. slunrying a particulated support in a hydrocarbon or aromatic diluent;

b. adding a compound Ar'>AlQ'e. in sufficient quantity to fully react with surface
groups as defined by titration with EtsAl, to form a treated support, where

Ar' is a fluorinated aromatic hydrocarbyl moiety of from 6 to 30 carbon atoms;

Z" is a number from O to 6, and

Q' independently each occurrence is selected from hydrocarbyl, hydrocarbyloxy, or

dihydrocarbylamido, of from 1 to 20 atoms other than hydrogen;
c. “washing the treated support with a hydrocarbon or aromatic solvent, and

optionally drying. o

10. A method according to claim 9, where the optionally calcined support has
been pretreated with Q'sAl, where Q' is independently selected from hydrocarbyl,
hydrocarbyloxy, or dihydrocarbylamido, of from 1 to 20 atoms other than hydrogen, and the
amount of Q'sAl is chosen to pacify 1-89% of any reactive surface species, more preferably
50 — 90%, as determined by titration with Et.Al.,

11. A method according to claim 10, wherein the amount of Q'sAl is chosen to
pacify 50 — 80% of any reactive surface species, as determined by titration with EtsAl.

12. A method according to claim 8, wherein the opticnally calcined inorganic
oxide has been pretreated with Q'sAl in a quantity from 0.1 to 1.5 mmol Al/gram support.

13. A method for preparing a functionalized catalyst support comprising:

This Sheet Has Been Rep

I



WO 00/15672 - _PCTU $99/21590

28
a. - slurrying an optionally calcined particulated support with an alkyl aluminum reagent

provided in sufficient quantity to fully react with surface groups as defined by titration with

EtsAl, to form a passivated support, oo

b. adding from 0.1 to 50 mmol Ar'sM, to form a treated support where M = aluminum or
boron and _Ar is a fluorinated aromatic hydracarbyl moiety of from 6 to 30 carbons,

c. washing the treated support with a hydrocarbon or aromatic solvent; and

d. drying under reduced pressure. : -

14. A method of any of claims 9-13 wherein the particulated solid support
material is an optionally calcined inorganic oxide. -

15. - A method of any of claims 9-13, further oompnsmg the step of addmg tothe
functionalized catalyst support a Group 3-10 metal complex containing a substituent which
reacts with the functionalized catalyst support to thereby form a composition which is
catalytically active for the polymerization of olefins. _

- 16. A polymerization process comprising contacting one or more addition
polymerizable monomers under gas phase or slurry polymerization conditions with a catalyst
composition according to any of Claim 6-8. .

17. A process according to claim 16 wherein propylene is polymerized to form
polypropylene, preferably isotactic polypropylene.

18. A process according to claim 16, wherein ethylene is polymetrized, optionally
. “with one or more a-olefin monomers and/or «.,Q-dienes, to form an ethylene polymer.

19. A polymerization process comprising contacting.one or-more addition
polymerizable monomers under gas phase or siurry. polymenzatlon conditions with a catalyst
composition according to claim 6. : . _

20. A process according to claim 19 wherein propylene is polymerlzed to form
polypropylene, preferably isotactic polypropylene. N

21. A process according to claim 19, wherein ethylene is polymerized, optionally
with one or more a-olefin monomers and/or «.,Q-dienes, to form an ethylene polymer.
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