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FUNCTIONALIZED CATAL VST SUPPORTS AND SUPPORTED CATALYST 

SYSTEMS 

The present invention relates to functlonalized 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 whereln·at least one. 

polymerlzable olefin monomer is contacted with the supported catalyst under polymerization 

conditions to form a polymeric product. The present invention further pertains to methods for 

making such functionallzed 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 3-1 o 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 at, 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 amount of such free 

trialkylaluminum compound in the mixture generally varies from 1 to 50 percent by weight of 

the total product. Examples of alulTioxanes include methylalumoxane (MAO) made by 

hydrolysis of trimethylaluminum as well as modified methylalumoxane (MMAO), made by 

hydrolysis of a mixture of trlmethylaluminum and triisobutylaluminum. While such activators 

normally are soluble in hydrocarbons (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 commercially available. 

Disadvantageously, such a heterogeneous, support~ cocatalyst does not demonstrate 

significant cocatalytic efficiency due in part possibly to the ollgomerlc nature and low Lewis 

acidity of alumoxane. 

A different type of activator compound is a Bronstad acid salt capable of t~sferring 

a proton to form a ca1ionic derivative or other catalytically active derivatllve 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~product, such as an amine, that can 

interfere with subsequent catalyst activity. 

Further suitable activators for the above metal complexes include strong Lewis acids 

including (tris.,erfluorophenyl)borane and tris(perfluorobiphenyl)borane. The former 

composition has been previously disck>Sed for the above stated end use in EP-A-520,732, 

and elsewhere, whereas the latter composition Is disclosed in M~i'ks, et al., J. Am. Chem. 

Soc., 118, 12451-12452 (1996). Additional teachings of the fore~oing activators may be 

found in Chen, et al, J. Am; Chem. Soc. 1997, 119, · 2582-2583, Jia et al, Orqanometalllcs. 

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 perfluorophenyl substituted boron 

compounds. Use of such 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 5,453,41 O, an alumoxane, particularly methylalumoxane, was disclosed for 

use in combination with constrained geometry, Group 4 metal ~qmplexes, especially in a 

molar ratio of metal compl~x to alumoxane of from 1/1 to 1/50. This combination beneficially 

resulted in improved polymerization efficiency. Similarly, in US-A-5,527,929, 

US-A-5,616,664, US-A-5,470,993, US-A-5,556,928, US-A~5,624~e7a, various combinations 

of metal complexes with trispentafluorophenyl boron cocatalyst, ~nd optionally an 

alumoxane, were disclosed for use as catalyst compositions for olefin 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. metal complexes under a variety of reaction conditions. In 

. particular, It is desirable to remove boron containing contaminating compounds from such 

activator composition. Such boron containing contaminating com,pounds result primarily 

from ligand exchange with the alumoxane, and comprise trialkylboron compounds having 

from 1 to 4 carbons in each alkyl group, for example, trimethylborc)n, triisobutylboron, or 

mixed trlalkylboron products. It would be desirable if there were provided compoundS that 
. . . 

could be employed in solution, slurry, gas phase or high pressure polymerizations and under 

homogeneous or heterogeneous process conditions having Improved activation properties, 

that lack such trialkylboron species. 

It is known that an exchange reaction between aluminum trlalkyl compounds and 
. . 

trls(perfluorophenyl)borane occurs under certain conditions. This phenomenon has been 

previously described in US-A-5,602,269. Tris(perfluorophenyl)aluminum is a strong Lewis 
. ; : . 

acid as well. However, It generally performs poorly by itself as ~n activator compared with 
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trls(perfluorophenyl)borane. Similarly, It has further been demonstrated that active catalysts 

resulting from the use of an aluminate anion based upon tris(perfluorophenyl)aluminum for 

the activation of ansa-metallocenes and biscyclopentadienyl derivatives of zirconium{IV) are 

generally of iower activity than those formed by the corresponding borane (Ewen, Stud. jn 

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, howe\ier, 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 eatalyst 

formed by slurrying a silica/alumoxane support with a solution of a monocyt:lopentadienyl 

Group IV metal complex in ISOPAR E, and subsequently briefly contacting with a borane 

activator. 

WO 97/44371 discloses a gas phase polymerization process using a supported 

catalyst formed by contacting a dried or calcined silica support (optionally pretreated with . 

water) with triethylaluminum, slurrying the support with toluene and contacting with a solution 

of a borane, and subsequently contacting with a solution of a monocyclopentadienyl Group IV 
. . 

metal complex in toluene. RePresentative polymer compositions disclosed demorlstrated 

improved rheological performance, and a rising comonomer distribution. 

· WO 97/43323 discloses slurry polymerization processes utlizing a supported catalyst 
., . 

formed by depositing am monocyclopentadienyl Group IV metal complex and a 

pertluorophenyl borate onto a dried and/or calcined silica support which has been passivated 

with a trlalkylaluminum compound. Representative polymer compositions demonstrated a 

rising comonomer distribution •. 

EP 824112A1 discloses a supported composition wherein a Group lllA 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 lllA 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 me1al oxide support 

having a counter anion dreived from a Lewis acid not having readily hydrolyzable ligand 

(such as a tri-perfluorophenyl borane) covalently 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 aluminum-containing 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 functionalized catalyst supports, more 

particularly, supported catalyst systems obtainable from the activation of a metal complex 

using such functionalized catalyst supports, for use in olefin polymerizations that could be 
• J : 

employed In slurry, solid phase, gas phase or high pressure polymerizations. 

Accordingly, the subject invention provides a functionallzed catalyst support 

comprising a particulated suppo_rt material h8ving chemically b•;>nded thereto a plurality of 

aluminum-containing groups derived from a non-ionic Lewis ac!d, said aluminum-containing 

groups: 

containing at least one fluoro-substituted hydrocarbyl ligand containing from 1 to 20 

carbons, said hydrocarbyl ligand being bonded to alumini,im, a~d 

being bonded to said support material, optionally through a bridging moiety, 

said composition being capable of activating a Group 3-1 O metal complex for the addition 

polymerization of one or more addition polymerizable monomer$, 

The subject invention further provides a functionalized catalyst support comprising 

the reaction product of: 

(a) a solid inorganic oxide support material and 

(b) a mixture in tum derived from the contacting of a non-ionic Lewis acid with 

one or more trlhydrocarbylaluminum, dihydrocarbylaluminumhydrocarbyloxides, or 

dihydrocarbylaluminum(dihydrocarby~amlde compounds having. up to 20 atoms other than 

hydrogen in each hydrocarbyl, hydrocarbyloxy or dihydrocarby~mide group, or a mixture 

thereof to form a non-ionic Lewis acid component. 

The subject invention further provides a supported catalyst comprising the 

· f,unction!i\liZed catalyst support' ac00rding to any of the preceding claims and a Group 3-1 O ·. . . . ~ . . . . . .. . . . 

metal complex containing a substituent which react$ with the fu~ctionalized catalyst support 

to thereby form a composition which.is catalytically active for the polymerization of olefins. 

The subject invention further provides a method for preparing a functionalized 

catalyst support comprising: 

a. slurrying a partlculated _support In a hydrocarbon or aromatic diluent; 

b. adding a eompound Ar't'Al201e-t' in sufficient quantity to fully react with surface 

· groups as defined by titration with EtsAI. 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
1 independently each occurrence is selected from hydrocarbyl, hydrocarbyloxy, or 

dihydrocarbylamido, of from 1 to 20 atoms other than hydrogen; 

c. washing the treated sup~ort with a hydrocarbon or aromatic solvent, and 

d. optionally drying. 

The subject invention further provides a method for preparing a functionalized 

catalyst support comprising: 
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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 

EtsAI, to form a passivated support, 

b. adding from 0.1 to 50 mmol ArsM, to form a treated support, 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 invention further provides a polymerization process comprising 

contacting one or more addition polymerizable monomers under gas phase or slurry 

po!Ymerization conditions with a catalyst composition of the invention. 

These and other advantages are more fully set forth In the following detailed 

description. 

The functlonalized catalyst support of the invention in a preferred embodiment may 

be depicted as a chemical structure of the following formula: 

So[Mem1(K\1){Dd)]s 

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; 

K1 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, K1 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 perfluoroaryl group of from 6 to 20 carbons, -

most preferably pentafluorophenyl; and optionally two or more K1 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 a bridging moiety chemically bonded to So by means of which the group, 

[M9m1{K\1)(Dd)], is attached to the particulated solid support; 

d is a positive number from Oto 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, [Mem1{K1k1)(Dd)]; 

s is a number greater than or equal to 2 and is equal to the number of 

[Mem1(K\1)(Dd)] groups attached to the substrate, So. Preferably sis chosen to provide a 

concentration of [Mem1(K\1)(Dd)] groups on the substrate from 1x10·5 µmole/gram to 2 

mmole/ gram, more preferably from 0.1 µmole/gram to 500 µmole/g. 

The functionalized catalyst supports of the invention are readily prepared by 

combining a particulated support material having reactive functional groups on the surface 
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thereof, with a non-Ionic Lewis acid source of the alumlnum-contaln1ng groups that Is able to 

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

chemically attach the aluminum of the [Mem(K\1HDd)) group and the support by means of­

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

Preferred supports and sources of aluminum groups are those 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. 

Preferred sources of the ligand groups, [Mem(K\1)(Dd)]; ,are non-ionic Lewis acids of 

the formula [Mem(K1)(K\1)], especially;-tri(fluoroary~aluminum 9ompounds-; most preferably 

tris(pentafluorophenyl)alumfnum. as well as mixtures or add~ of such 

tri(fluoroaryl)aluminum compounds with one or more trialkylalum~num, alkylaluminumoxy, 

fluorarylaluminoxy, or tfi(fluoroaryl)boron compounds containin9 from 1 to 20 carbons in 

· each alkyl group and from 6 to 20 carbons~n each fluoroaryl ligand group. Such reactants 

are capable of reacting with a reactive functionality of the support to covalently bond thereto, 

thereby generating the linking group, D, in the process. Preferred reactants are those 

capable of bonding to a hydroxyl, hydrocarbyloxy, hydrocarbylnietal or hydrocarbylmetalloid 

functionality of the substrate, preferably by a ligand exchange mechanism, thereby--­

generating an oxy, metal of metalloid containing linking group, Ii It should be understoOd·· 

that the linking group, D.- may be a component of either the sub$trate or the non-ionic Lewis 

acid used to generate the present compositions, or constitute a: remnant resulting from the 

.'reaction of such components. Preferably, DWlll be an oxygen-Containing bridging moiety, 

more preferably the oxygen contributed by the hydroxyl-group of an optionally but preferably·,-­

dried silica support. 

Examples of the· foregoing mbdures or adducts of non.,lonlc, Lewis acids for use In 

the preparation of the functionalized sl.Jpports of-the invention include compositions 

corresponding to the formula: 

[(-AIQ1·0·)z (~A1Ar'·O·)z-](AfrAl2Q111-r) . 

where; 

a 1 independently each occurrence ~s selected-from hydrocarbyl, hydrocarbyloxy, or 

dlhydrocarbylamido, of from 1 to· 20 atoms other than hydrogen;--

W is a fluorinated aromatic hydrocarbyl moiety.of from-~ 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 (-AIQ1-0-) is a cyclic or linear ollgomer 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 (·AIA~·O·) is a cyclic or-finear oligomer with a repeat unit ot2•30; and 

t' is a number from O to 6, and the moiety·(Ar1rA'2Q1 s-r) is either 

tri(fluoroarylaluminum), trialk.ylaluminum, a dialkylaluminumalkoxide, a 



--~~f: ·· ... I •I,,•,'•• 

W000/15672 PCTIU:S99/_2fS90 

7 
dialkylaluminum(dialkylamlde) or an adduct of trl(fluoroarylalumlnum) with a sub-

stoichiometric to suiJl!~oichlometric amount of a trialkylalu#ilklim. 

The moieties (ArtZ"Af2Q1B-Z') 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 

corresponding to the formula: 

Ar .zA12a 1 
s.z 

where Ar1, Q
1 and z are as previously defined. 

Preferred non-ionic Lewis acids for use herein are those of the foregoing formula 

wherein: 

a 1 independently each occurrence Is selected from 01.20 alkyl; 

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

z is a number greater than O and less than 6, and the moiety: Ar1zA'2Q 1 
s.z is an adduct ' 

of tri(fluoroarylalumlnum) with from a sub-stoichiometric to a super-stoichiometric 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 products are illustrated as follows: 
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-~.. ArsA'2Q13 ( ArsAI·. AIQ1s) 

ArsB + 2 Q 1sAI .. Ar1sA1201s + BQ13 { Ar1sAI. AIQ1~) 

ArfsAI +2 Q1sAI ~ 3 ArAIQ12 ____. 'l/3 Ar1;3A12Q\ ( Ar
1
sAI • 2 AIQ13) 

ArsAI +sQ1sAI __.. 3 Ar1Al2Q1s (Ar1sAI • 5 AIQ13) 

Ar1sAI + 10 Q1sAI ___... 3 Ar1Al2C1s + 5 Q1]Af (Ar1sAI. 10ArAl2C1s) 

The foregoing mixtures of non-ionic Lewis acids and aclducts may be readily · 

.prepared by combining the tri(fluoroaryl)alumlnum 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 optionally continuing such contacting, 

optionally at an elevated temperature. Preferred trl(fluoroaryl)alumlnum compounds are 

tris(perfluoroaryl)aluminum compounds, m~st pref~rably tris(pentafluorophenyl) aluminum. 

The latter compound may be readily prepared by ligand exchange of a trifluoroarylboron 

compound and a trialkylaluminum ciompound; especially trlmethyl aluminum. 

The foregoing mixtures of non-ionic Lewis acids and adducts may be readily 

prepared by reaction of a fluoroarylborane, preferably tris(pentafluorophenyl)borane wi1h 

greater than a stoichiometric amount of one or more trihydrocarbylaluminum, 

dihydrocarbylaluminumhydrocarbyloxides, or dihydrocarbylaluminurn(dihydrocarbyl)amide 

compounds having up to 20 atoms other than hydrogen in each hydrocarbyl, hydrocarbyloxy 

or dihydrocarbylamide group, or a mixture thereof with one or more aluminoxy 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 1rialkylaluminum compound are merely 

contacted in a hydrocarbon liquid at a temperature from o to 75° c, for a period from one 

minute to 1 o 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 practice of the invention. 

Preferred non-ionic Lewis acid reagents for use according to the present invention 

are those wherein Ar is pentafluorophenyl, and Q
1 is C1-4 alkyl. Most preferred non-ionic 
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Lewis acids used according to the present invention are those wherein Ar is 

pentafluorophenyl; and a' each occurrence is methyl, isopropyl or isobutyl. 

PCT~S99/2iS90 

Preferred support ma1erials are finely particulated materials that remain solids under 

conditions of preparation and use and that do not interfere with subsequent polymerizations 

or other uses of the composition of the invention. Sultable support materials especially 

include particulated metal oxides, oxides of silicon or gennanium, polymers, and mixtures 

thereof. Examples include alumina, silica, aluminosilicates, clay, and particulated 

polyolefins. Suitable volume average particle sizes of the support are from 1 to 1000 µM, 

preferably from 10 to 100 µM. Most desired supports are silica, which is thoroughly dried, 

suitably by heating to 200 to 900 °0 for from 1 o 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 functlonality for subsequent reaction with the Lewis 

acid. Suitable treatments include reaction with a tri(C1-10 alkyl)silylhalide, hexa(C1-10 

alkyl)dlsllazane, tri{C1-10 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 

C1-1otri(alkyl)aluminum, most preferably, trimethylaluminum. triethylaluminum, 

triisopropylalumlnum or triisobutylaluminum, to form a modified support. The amount of the 

trialkylaluminum is chosen to pacify 1-99% of the reactive surface species, more preferably 

50 - 90%, as determined by titration with EtaAI. Titration with EtsAI is defined as the 

maximum amount of aluminum that chemically reacts with the partlculated 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 provide an functionalized catalyst support for 

olefin polymerization 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 dihydrocarbylaluminum (dihydrocarbyl) amide, to 

fonn the cocatalyst reactant In situ. 

Particula1ed polymeric supports, while less preferred than inorganic oxide supports, 

may be utilizied. Such particulated polymeric supports 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-ionic Lewis acid and particulated support material may be combined and 

reacted in any aliphatic, allcycllc or aroma1ic liquid diluent, or solvent, or mixture thereof,. 

Preferred diluents or solvents are 04-10 hydrocarbons and mixtures thereof. including hexane, 

heptane, cyclohexane, and mixed fractions such as lsoparTM E, available from Exxon 

Chemicals Inc. Preferred contacting times are at least one hour, preferably at least 90 



W000/15672 10 PCT/US99/2S90 

minutes, at a temperature from o to 75 °C, preferably from 20 to 50 °C, most preferably from 

25 to 35°0. Desirably, the contacting is also done prior to addition of a metal complex 

catalyst, such as a metallocene; to the mb<tlire or either component separately; in order to 

avoid formation of further derivatives and multiple 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 any trialkylboron compounds by any 

suitable technique. Alternatively, but less desirably, a Group 3-1Q metal complex catalyst 

may first be combined wit~ the reaction mixture prior to removing byproducts. 

Suitable techniques for removing byproducts from the r~ion mixture include 

degassing, optionally at reduced pressures, distlllation, solvent exchange, solvent extraction,· 

extraction with a volatile agent, an~ combinatio~ of the foregoi~~ •echniques, all of which are 

conducted according to conventional procedures. Preferably th~ quantity of residual 

byproduct is less than 1 o weight percent, more pref~ly less tt)~n 1.0 weight percent, most 

preferably less than 0.1 weight percent, based on the weight of the functlonalized catalyst 

support. 

Highly preferred compounds according to the invention are those comprising less 

than one trl(alkyl)alumlnutn moeity per tri(fluoroafYl)alumlnum moiety. Most highly desired 

adducts are those·corresponding to the fonnula: Ar'..AbQ 12 and J\rtsAl2C1
• Such compositions · 

possess.extremely high catalyst activation properties. . 

. The support ~terial and eocatalyst derived from the 09nionic Lewis acid are 

prefe~ly reacted to chemically attach a plurality of the tunctio~~I groups to the Sfjrface of 

the support. The reaction '.is also ~referab,ly conducted pri.or to formation of the acHve 

. .. .. . polymerization catalyst by addition of a metal complex. 
. . . . . 

Suitable metal complexes foruse in combination with th~ foregoing functionalized 

catalyst supports include any complex of a metal of Groups 3-1 o· Of the Periodic Table of the 

Elements capable of being activated to pc>lymerize addition polymerlzable compounds, 

especially olefins by the present activators. 

Suitable complexes Include derivativE!s of Grou~ 3, 4, or Lanthanide metals 

containing from 1 to 3 n-bond8d anionic or neutral ligand grouj)s, which may be cyclic or 

non-cyclic delocalized 1t-bonded a~ionic ligand groups. Exemplary of such 1C-bonded anionic 

ligand groups are conjugated or nonconjugated, cyclic or n~n-cyclic dienyl groups, allyl 

groups, boratabenzene groups, and arene groups. By the term "1C-bonded• Is meant that the 

ligand group Is bonded to the transition metal by a sharing of eleclrons from a partially 

delocalized n-bond. 

Each atom in the del0calized n-bonded group may Independently be substituted with 
: :• 

a radical selected from the group consisting of hydrogen, halogen, hydrocarbyl, 

halohydrocarbyl, hydrocarbyl-substituted .metalloid radicals wherein the metalloid Is selected 

from Group 14 of the Periodic Table of the Elements, and such 
0

hydrocarbyl- or hydrocarbyl-
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substituted metalloid radicals further substituted with a Group 15 or 16 hetero atom 
containing moiety. 1na)l)a&tt within the term "hydrocarbyr arii'fG~'l20 straight, branched and 

cyclic alkyl radicals, c6•20 aromatic radicals, C7.20 alkyl-substituted aromatic radicals, and 

~-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 hydrocarbyl-substituted organometalloid 

radicals include mono-, di- and tri-substituted organometalloid radicals of Group 14 elements -

wherein each of the hydrocarbyl groups contains from 1 to 20 carbon atoms. Examples of 

suitable hydrocarbyl-substituted organometalloid radicals include trimethylsilyl, triethylsilyl, 

ethyldimethylsilyl, methyldiethylsilyl, triphenylgermyl, and trimethylgermyl groups. Example8 

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 11:-bonded groups include cyclopentadienyl, 

indenyl, fluorenyl, tetrahydroindenyl, tetrahydrofluorenyl, octahydrofluorenyl, pentadienyl, 

cyclohexadlenyl, dihydroanthracenyl, hexahydroanthracenyl, decahydroanthracenyl groups, 

and boratabenzene groups, as well as C1.10 hydrocarbyl-substituted or C1.10 hydrocarbyl- ··. ' . 

substituted silyl substituted derivatives thereof. Preferred anionic delocalized n·bonded : 

groups are cyclopentadienyl, pentamethylcyclopentadienyl, tetramethylcyclopentadienyl,· 

tetramethylsllylcyclo-pentadienyl, indenyl, 2,3-dimethylindenyl, fluorenyl, 2-methylindenyl, 2-

methyl-4-phenylindenyl, tetrahydrofluorenyl, octahydrofluorenyl, and tetrahydroindenyl. 

Suitable metal complexes include Group 1 O diimine derivatives corresponding to the 

formula: 
CT-CT 

~ II '' wherein N N is Ar"-N N-Ar" 

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

x· is halo, hydrocarbyl, or hydrocarbyloxy; 

Ar* is an aryl group, especially 2,6-diisopropylphenyl 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-naphthanediyl 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 de6cribed by G. Herberich, et 

al., In Organometa!l!cs, 1995, 14, 1, 471-480. Preferred boratabenzenes correspond to the 

formula: 
R" R0 

wherein R" is selected from the group consisting of hydrocarbyl, silyl, or germyl, said 

A" having up to 20 non-hydrogen atoms. In complexes involving divalent derivatives of such 

delocalized n-bonded groops one atom thereof is bonded by means of a covalent bond or a 

'covalently bonded divalent group to another atom of the compl~x thereby forming a bridged 

system. 

More preferred are metal complexes corre$pondlng to the formula: 

LtMXmX' nX" p• or a dimer thereof 

Wherein: 

L is an anionic, delocallzed, 11:-bonded group that Is bound to M, containing up to 50 

nonhydrogen atorlls, o(>tionally two L groups may be joined together through one or more 

substituents thereby forming a bridged stru.cture, and further optionally one L may be bound 

to X through one or more substituents of L; 

M Is a metal of Group 4 of the Periodic Table of the Elements In the +2, +3 or +4 

formal oxidation state; 

x is an optional, divalent substituent 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, conjugated 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 together thereby 

forming a moiety that is both covalently bound to M and coordinated thereto by means of 

Lewis base functionality; 

I is 1 or2; 

misOor1; 

n is a number from 0 to 3; 

p is an integer from Oto 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 eitherone 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"2)x wherein Eis 

silicon or carbon, R" independently each occurrence is hydrogen or a group selected from 

sllyl, hydrocarbyl, hydrocarbyloxy and combinations thereof, said R* having up to 30 carbon 

or silicon atoms, and xis 1 to a. ·Preferably, R" independently each occurrence is methyl, 

benzyl, tert-butyl or phenyl. 

Examples of the foregoing bis(L) containing complexes are compounds 

oorresponding to the formula: 

wherein: 

Rs Ra 

A'~' 
R

3 

MX"2 

Ra ~a 
~: 

(I) 

or 

n 
2 

(II) 

M is titanium, zirconium or hafnium, preferably zirconium or hafnium, in the +2 or +4 

formal oxidation state; 

R3 In each occurrence Independently Is selected from the group consisting of 

hydrogen, hydrocarbyl, silyl, germyl, cyano, halo and combinations thereof, said R3 having . 

up to 20 non-hydrogen atoms, or adjacent R3 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 anionic 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 are 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 C2 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 Tl{IV) or Zr(IV) 

were disclosed for preparation of syndiotactic olefin polymers in Ewen, et al., J. Am. Chem. 

Soc. 110, 6255-6256 (1980). Examples of chiral structures include bis-indenyl complexes. 

Similar systems based on Ti(IV) or Zr{IV) were disclosed for preparation of isotactic olefin 

polymers In Wild et al., J. Oraanomet. Chem, 232, 233-47, (1982). 
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Exemplary bridged ligands containing two n-bonded groups are: (dlmethylsllyl-bls­

cyclopentadlenyl), (dimethylsilyl-bis-m~hylcyclopentadienyl), (diJnethylsilyl-bis­

ethylcyclopentadlenyl, (dimethylsilyl·bls-t·butylcyclopentadienyl), (dimethylsllyl·bis­

tetramethylcyclopentadlenyl), (dlmethylsllyl-pls-lndenyl), (dlmethylsilyl-bJs..tetrahydrolndenyO, 
. ' . ' . 

(dimethylsilyl-bls-fluorenyl), (dimethyl~lly!-~is-~etral'!ydrofluorenyl), (dimethylsilyl-bls-2-

methyl-4-phenylindenyl), (dimethylsilY!-bi$-~·mettiy!!ndenyl), (dimethylsilyl-cyclopentadienyl· 

fluorenyl), (1, 1, 2, 2·tetramethyl-1, 2~isilyl-bi$-9yclopentadienyl), (1, 2-

bis(cyclopentadienyl)ethane, and (iSOPfOpYlidEtn~clopentadienyl-fluorenyl). 

Preferred X" groups are selected from hydride, hyd~rl;>yl, silyl, germyl, 

halohydrocarbyl, halosilyl, silylhydrocarbyl a!'lc;I ami~ohydrocarbyl groups, or two X" groups 
:·. . ·: ,.• · .. 

together form a divalent derivative of ~ conjugated diene or else together they form a 
neutral, 7t-bonded, conjugated diene. MoSt preterre~ X" gro~ ~re C1 ·20 hydrocarbyl 

groups. 

A further class of metal complE!XE!S l!lllized In.the present Invention correspond to the 

formula: 
LtMXmX'nX" p• or a dimer thereof 

wherein: 

L is an anionic, delocalized, 1t-t;>onded group that is bound to M, containing up to 50 

nonhydrogen atoms; 

Mis a metal of Group 4 of thePeriodicTable of the Elements in the +2, +3 or +4 

formal oxidation state; 

Xis a divalent substitlient of up to 50 no~·hydrogen atoms that together.with L forms 

' .. ·a metallocycle with M; 

X' is an optional neutral Lewis pase ligand ~ving up to 20 non-hydrogen atoms; 

X" each occurrence is a mon~alem~ ~nionic moiety having 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 c5-aQ ~nju!;l8ted diene, and t.urther optionally X' and X" 

may be bonded together thereby formitjg ~ moiety that is both covalently bound to M and 

coordinated thereto by means of Lewi~ 1>$$~ funetionality; 

lis1or2; 

mls1; 

n ls a number from Oto 3; 

p is an integer from 1 to 2; and 

the sum, l+m+p, is equal to the formal o~i~tion state of M. 

Preferred divalent X substituents preferat:Jly include groups containing up to 30 
. . 

nonhydrogen atoms comprising at least one ato~· that is oxygen; sulfur, boron or a member 

of Group 14 of the Periodic Table of tbe El~'1lent~ directly attached to the delocallzed 1t· 
: ..... ': ; 
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15 
bonded group, and a 9lt,f.~rent atom, selected from the group -~J,1$isting of nitrogen, 

· .• ~~·i_';·· ")!.- ~";!t.:.= 
phosphorus, oxygen ofsUlfur 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: 

wherein: 

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

R3 in each occurrence independently is selected from the group consisting of 

hydrogen, hydrocarbyl, silyl, gennyl, cyano, halo and combinations thereof, said R3 having 

up to 20 non-hydrogen atoms, or adjacent R3 groups together form a divalent derivative (that 

is, a hydrocarbadiyl, siladiyl or gennadiyl group) thereby forming a fused ring system, 

. each -,c:· is a halo, hydrocarbyl; hydrocarbyloxy or silyl group, said group having up to 
20 nonhydrogen atoms, or tvJo X" groups together form a C5.30 conjugated dlene; 

Y is -0-, -S-, -NR*·, ·PR*-; and 
Z is SiR*2, CR"2, SiR"2SiR*2, CR*2CR*2, CR*=CR*, CR*2SiR*2, or GeR"2, wherein: 

R* is as previously defined. 

Illustrative Group 4 metal complexes that may be employed ih the practice of the 

present invention include: 

cyclopentadienyltitaniumtrimethyl, 

cyclopentadienyltitaniumtriethyl, 

cyclopentadienyltitaniumtriisopropyl, 

cyclopentadienyltitaniumtriphenyl, 

cyclopentadienyltltanlumtrlbenzyl, 

cyclopentadienyltitanium-2,4-pentadienyl, cyclopentadienyltitaniumdimethylmethoxide, 

cyclopentadienyltitaniumdimethylchloride, pentamethylcyclopentadienyltitaniumtrimethyl, 

indenyltltanlumtrimethyl, 

indenyltitaniumtriethyl, 

indenyltitaniumtripropyl, 

lndenyltitaniumtriphenyl, 

tetrahydroindenyltitaniumtribenzyl, 

pentamethylcyclopentadienyltltaniumtriisopropyl, 

pentamethylcycfopentadienyltitaniumtribenzyl, 
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pentamethylcyclopentadlenyltltaniumdlR1ethylmethoxlde, · 

pentamethylcyclopentadienyltltaniumdim~hytctiloride, 

(115-2,4-dimethyl· 1,3-pentadienyl)titanl'-'mtrimethyl, 

octahydrofluorenyltitaniumtrimethyl, 

tetrahydroindenyltitaniumtrimethyl, 

tetrahydrofluorenyltitaniumtrimethyl, 

· (1, 1·dimethyl-2,3,4;9, 10-Tt-1,4,5,6,7,s.,hex~ydrqnaphthalenyl)t~nlumtrlmethyl, 

(1, 1,2,3-tetramethyl-2,3,4,9, 1<l-T]·1,4,5,6, 7,8-hexahydronaphthalenyl)titaniumtrimethyl, 

(tert-butylamido)(tetramethyl-1')6-cyclopentadi!!nyl) dimethylsilanetitanium dichloride, 

(tert-butylamido)(tetramethyl-1')5-cyclopentadienyl)dimethylsilanetitanium dimethyl,. 

(tert-butylamldo)(tetramethyl-1')6-cyclopentacilenyl)·1,2-ethanediyltltanium dimethyl, 

(tert-butylamido)(hexamethyl-ri5-inde~Qdimethylsilanetitanium di~ethyl, 
(tert-butylamido)(tetramethyt-ri6·cyc1Qpe'1t~~ienyl)dimethylsilane titanium (Ill) 2-

(dimethylamino)benzyl; 

(tert-butylamido)(tetrameJhy,1·1')6-cyclopent&dienyl)dimethylsilanetitanium (Ill) allyl, 

(tert-butylamido)(tetramethyl-1')5-cyclopentadienyi)dimethylsilanetitanium (II) 1,4- diphenyl-,, ·, . .. ' ,: . 

1,3-butadiene, 

· (tert-butylamldo)(2-methyllndenyl)dlmethylsilaf1~1tanium (II) 1.4;diphenyl·1,3-

(tert-butylamido)(2-methyllnr;leny~dimethylsHanetitanium (IV) 1.3-butadiene, .. 

· (tert-butylamido)(2,3-dimethylindenyl)dirriethylsilanetitanium (II) 1.4~ 

dlphenyl-1,3-butadiene, 

(tert-butylamido)(2,3-dimethylindenyl)dimethyisilanetitanium (IV) 1,3-butadiene, 

. (tert-butylamido)(2,3-dimethylindenyl)~imetf'lylsiianetitanium (I I) -1,3-pentadiene, 

(tert-butylamido)(2-methylindenyl)dimethylsilanetitanlum (II) 1,3-pentadlene, 

(tert-butylamido)(2-methylindenyl)dirri~thylsHanertit~nium (IV) dimethyl, 

butadiene, ,• . 

(tert-butylamido)(2-methyl-4-phenyli~enyl)dimethylsilanetitanium (II) 1,4-diphenyl- 1,3-

butadiene, 

(tert-butylamido)(tetramethyl-1')5-cyclopentadienyl)dimethylsilanet!tanium (IV) 1,3· 

butadiene, 

{tert-butylamido)(tetramethyl-rt 6-cyclopentadienyl)dimethylsilanetitanium (II} 1,4-

dlbenzyl-1,3-butadiene, 

(tert-butylamldo)(tetramethyl-115-cyclopentadlenyl)dimethylsilanetitanium (11) 2,4- hexadiene, 

(tert-butylamido)(tetramethyl-ri 5 -cyclopentadienyl)dimethylsilanetitanium (I I} 3-methyl 1,3-

pentadiene, 

(tert-butylamldo)(2,4-dimethyl-1,3-pentadien-2~yl)dimethylsilanetitaniumdimethyl, 

(tert-butylamido)(1, 1·dimethyl·2,3,4,9,1 O-rt~1.4,5,6,7,8"hexahydro.naphthalen-4-

yl)dimethylsilanetitaniumdimethyl, 

(tert-butylamldo)(1, 1,2,3-tetramethyl-2,3,4,9, 10~rt-1,4,5,6, 7,8-hexahydronaphthalen- 4-
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yl)dimethylsilanetitan,\~~,dimethyl, {.i.!\'ti;\#. 
:::·:;;~~.... ·.· ':r.~:.t 

{tert-butylamido)(tetramethylcyclopentadienyl)dimethylsilanetitaniiim 1,3-pentadiene, 

(tert-butylamido)(3-(N-pyrrolidinyl)inden-1-yl)dimethylsilanetitanium · 1,3-pentadiene; 

(tert-butylamido)(2-methyl-s-indacen-1-yl)dimethylsilanetitanlum 1,3-pentadiene, and 

(tert-butylamido)(3,4·cyclopenta(~phenanthren-2-yl)dimethylsilanetitanium 1,4-

diphenyl·1,3-butadiene. 

Bis(L) containing complexes including bridged complexes suitable for use In the 

present Invention Include: 

biscyclopentadienylzirconiumdimethyl, 

biscyclopentadienyltitaniumdiethyl, 

biscyclopentadienyltltaniumdiisopropyl, 

biscyclopentadienyltitaniumdiphenyl, 

biscyclopentadienylzirconium dibenzyl, 

biscyclopentadieilyltitanium-2,4-pentadienyl, biscyclopentadienyltitaniummethylmethoxide, 

biscyclopentadienyltitaniummethylchloride, bispentamethylcyclopentadienyltitaniumdimethyl, 

bisindenyltltaniumdimethyl, 

indenylfluorenyltitaniumdiethyl, 

bisindenyltitanlummethyl(2-(dimethylamlno)benzyl), 

bisindenyltitanium methyltrimethylsilyl, 

bistetrahydroindenyltitanium methyltrimethylsilyl, 

blspentamethylcyclopentadlenyltltanlumdlisopropyl, 

bispentamethylcyclopentadienyltitaniumdibenzyl, 

• bispentamethylcyclopentadienyltitaniummethylmethoxide, 

bispentamethylcyclopentadienyltitaniummethylchloride, 

(dimethylsilyl-bis-cyclopentadienyQzirconiumdimethyl, 

(dimethylsilyl-bis-pentamethylcyclopentadienyl)titanium-2,4-pentadienyl, 

(dimethylsilyl-bis-t-butylcyclopentadienyl)zlrconiumdichloride, 

{methylene-bls-pentamethylcyclopentadlenyl)tltanlum(lll) 2-(dimethylamino)benzyl, 

{dimethylsilyl;.bls~indenyl)zirconiumdichloride, 

(dimethylsilyl-bis-2-methylindenyl}zirconiumdimethyl, 

{dlmethylsilyl-bis-2-methyl-4-phenylindenyl)zirconiumdlmethyl, 

( dimethylsilyl-bis-2-methylindenyl)zirconium-1,4-diphenyl-1,3-butadiene, 

( dimethylsilyl-bis-2-methyl-4-phenylindenyl)zirconium (II) 1,4·dlphenyl-1,3-butadiene, 

(dimethylsilyl-bis-tetrahydroindenyl)zirconium(ll) 1,4-diphenyl-1,3-butadiene, 

(dimethylsllyl-bis-fluorenyl)zlrconiumdichloride, 

(dimethylsilyl-bis-tetrahydrofluorenyl)zirconiumdi(trimethylsilyl), 

(isopropylidene}{cyclopentadienyl}{fluorenyl}zirconiumdibenzyl, and 

(dimethylsilylpentamethylcyclopentadlenylfluorenyl)zlrconiumdimethyl. 
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Suitable polymerizable monomers include ethylenically unsaturated monomers, 

acetylenic compounds, conjugated or nci11-conjugated dienes, and polyenes. Preferred 

monomers include olefins, for examples alpha~ol~ins having f1"9m 2 to 20,000, preferably 

from 2 to 20, more preferably from 2 ~o 8 ca~ll atoms and combinations of two or more Of 

such alpha-olefins. Particularly suitable alp~~o!efins include, for example, ethylene, 

propylene, 1-butene, 1-pentene, 4-m~hylpentene-1, 1-hexene, 1:~heptene, 1-octene, 1-

nonene, 1-decene, 1-undecene, 1-dod~~ne., 1-t~decene, 1-tet!'lldecene, 1-pentadecene, or 

combinations thereof, as well as long 9tiain vinyl terminated oligomeric or polymeric reaction 

products fonned during the polymeri~tion, and <?1o.3o a.-olefins ~pacifically added to the 

reaction mixture in order to produce relatively· long chain branches Ill the resulting polymers. 

Preferably, the alpha-olefins are ethylene, propene, 1-butene, 4:methyl-pentene-1, 1-hexene, 

1-octene, and combinations of ethylene aritVor propene with onl!l or more of such other 

alpha-olefins. Other preferred monomers include styrene, hal~ or alkyl·substituted styrenes, 

tetrafluoroethylene, vinylcyclobutene, .1.4-hexadiene, dlcyclopeflt~diene, ethylidene 

norbornene, and 1,7-octadiene. Mixtures of the a®ve-mentionecfmonomers may also be 

employed. 

In general, the polymerization may be accomplished at cxmdltions well known in the 

prior art for Ziegler-Natta or Kaminsky-Sinn type polymerization reactions conducted unde{ 

slurry or gas phase polymerization collditions; Preferred polymer~ation temperatures are 

from o-2so0 c. Preferred polymerizatl9n pr8$8Uresare from atmospheric to 3000 

atmospheres. 

Molecular weight control agents can be u$9d in combination with the present 

. eocatalysts. Examples of such molecu!ar weight control agents include hydrogen, silanes or 

other known chain transfer agents. 

Gas phase processes for the polym~riz;atlon of C:!.s olefin.s, especially the 

hornopolymerization and copolymeri~tion of ethylene and propylene, and the 

copolymerlzation of ethylene with C3-8 a..-oleflr1$ S!JCh as, for exl:lJllple, 1-butene, t-hexene, 4-

methyl-1-pentene are well known in the art. SQCll processes ~re used commercially on a 

large scale for the manufacture of high density polyethylene (HOPE), medium density 

polyethylene (MOPE), linear low deflS!1y polyethylene (LLDPE). and pojypropylene, especially .. . . 

isotactic polypropylene. 

The gas phase process employed can b~. for example, ofthe type which employs a 

mechanically stirred bed or a gas fluiqized bed as tne polymeriz~tlon reaction zone. 
: . . . . 

Preferred is the process wherein the polymerizatio" reaction is carried out in a vertical 

cylindrical polymerization reactor containing a ~~idiz:ed bed of polymer particles supported 

above a perforated plate, the fluidizatiQn grid, by a flow of fluidi:Zation gas. 

The gas employed to fluidize 'he bed C<>l'Jlprises the mon9mer or monomers to be 

polymerized, and also serves as a heat exchange medium to relJ!!lVe the heat of reaction 
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from the bed. The ho ~ses emerge from the top of the rear;tQf, nonnally via a 

tranquilization zone,. · wn as a velocity reduction zoni;~·w~ing a wider diameter than 

the fluidized bed and wherein fine particles entrained in the gas stream have an opportunity 

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

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 liquid 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 cooled ·in · 

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 drople~s ·. 

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 

particularly 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 liquid within the bed. This type of process Is 

described in WO 94/28032, the teachings of which are also hereby incorporated by 

reference. 

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 

prepolymerizatlon 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 particles of catalyst, supported catalyst or prepolymer 

within the bed. Start-up of the polymerization reaction Is achieved using a bed of prefonned 

polymer particles, which, preferably, is similar to the target polyolefin, 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 have-In the recycle ga$ stream, such as-a diluent gas, 

hydrogen chain transfer agent, or an Inert condensable gas when operating in gas phase--- -

condensing mode;. The produced polymer is discharged continuously or discontinuously from 

the fluidized bed as desired, optionally exposed to a catalyst kill and optionally pelletiz8d. 

Supported catalysts tor use ill slurry polymerization may be prepared and-used 

according to previously known techniques. Generally such catalysts are prepared by the_ 

same techniques as are emplayed for making-8lfpported-cataly8ts used In gas phase 

. polymerizations. Sluny polymerization- conditions generally encompass polymerization of a 
' ' ' 

~-20 olefin, diolefin, cycloolefin, or mD.<ture ther~of in an aliphatiC solvent at a temperature 

below that at which the polymer Is readily soluble In the-presence -of a supported catalyst. 

Slurry phase processes particularly suited for the polymerization of-~ olefins, especially the 

homopolymerization and copolymeri~tion-of ethylene and propylene, and the-- -

copolymerizatlon of ethylene with Ca-a a.-oleflns such as, for example, 1-butene, 1-hexene, 4-

methyl-1 ·pentene and 1-octene are ~!I known in the art. Such processes are used 

commercially on a large scale for the manufacture of high derisitypolyethylene (HOPE), 

medium density polyethylene (MOPE), lirflllar low density polyethylene (LLDPE) and 

_ polypropylene, especially isotactic polypropYIEif)e. ·: --- . 

ltis understood that the present invention is operable in-the absence of any 

component which has not been specifically disc!Osed, The folloWing examples are provided 

·. ·. in order to further illustrate the Invention and are not to be construed as limiting. Unless 

stated to the contrary, all parts and percE1ntages 'iare:expressed on a weight basis. Where 

stated the term "room temperature" refers to a temperature fl'C)m 20-to 25 °0, the term: 
. .·· ·. .' 

"overnight" refers to a time from 12 to-18 hour$,· and the term "mixed alkaneS" refers to the 

aliphatic solvent, lsopar™ E, available from Exxon· Chemicals Inc. 

EXAMPLES 

Tris(perfiuorophenyl)borane was Obtained as a solid from-Boulde.r Scientific Inc. and 

used without further purification. Modified m~rimoxane ~0-3A) in heptane was --- -

pmchased from Akzo-Nobel. MAO and tiimetbylalumilmm (I'MA) both in toluene were 

purchased from Aldrich Chemical Co. 'Tris(perfluorophenyl)aluminum (FAAL) in toluene was 

prepared by exchange reaction between tris(perfluorophenyl)borane and trimethylaluminum. 

Davison™ 948 silica was purchased ft!)lll Grace-DaviSOn.Jncorporated. All solvents were 

purified using the technique disclosed by Pangborn et al, Organometa1llcs. 1996, 15, 1518-

1520. All compounds and solutions WeJ-e halldleq ®dee an inert atmosphere{dry box). 
Jaample 1 

Tris(pentafluorophenyl)boron (5.775 g, i1.3 mmol)-Was dissolve.cl in toluene (100 

mL). A solution ofMMA0-3Ainheptane (11.6 mL of a 7.1 wi. percent Al solution. Akzo) 
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was added and the~ agitated on a mechanical shaker for !.~. mirmtes. The volatiles were 
.;~i~- :t;V.\;•r 

r~ed in vacuo to pve:a pale yellow glass. 200 mL Oftohienewas added to dissolve the 

material and the resulting solution was added to 2 g of DavisonTM 948 silica that had been 

dehydrated at 2500C for 3 hours in air. The mixture was agitated foc 3 days. The slurry was 

collected on a fritted funnel and the resulting solid washed with 50 ml. toluene and dried in 

vacuo. Yield= 2.9 g; [Al] = 8.2 wt. percent. 1 g Of the treated support was slurried in l 0 mL 

hexane; 0.2 mL Of a 0.2 M solution of titanium, (N-l, l-dimethylethyl)dimethyl(l-(l ,2.3,4,5-

eta)-2,3,4,5-tettamethyl-2,4-cyclopentadien-1-yl)silanamina.to ))(2-)N)-(114 -1,3-pentadiene) 

(C5M~iMei_NtBu)Ti(ri4-t,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 

Continuous gas phase polymerization was carried out in a 6 liter gas phase reactor 

having a two inch diameter 12 inch long fiuidization 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 reac..tion 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 2 to 8 

times the minimum particle fluidization velocity fFluidization Engineering. 2nd Ed.~ D. Kunii 

and 0. 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 accumulate in the reactor over the course of the reaction. 

The total system pressure was kept co:m.tmt 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 pressure than the reactor. The pressures of 

~omer, camonomer and othe.r gases reported refer to partial pressures. 

The catalyst prepared above, 0.05 g, was loaded into a catalyst iajector in an inert 

atmosphe.re glove box. The iajector 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 

ethylene(monomer) pressure of 6.5 bar (0.65 MPa), a I-butene (comonomer)pressureof 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. 1be yield of dcy, free flowing, ethylene/ 1-

butene copolymer powder was 64.7 gram. 

· · A comparative catalyst prepared without the use.of B(C~sh (only MMAO treated 

silica support) yielded 2.7 g powder under identical polymerization conditions. 

Example2 

· 3 g of Davison:948 silica, which had been dehydrated by heating in air far 3 hours at 

250°C, was slurried in tolu~ (30 mL). 4.S mL Of a 1 M solution of 1riethylaluminum in 

hexane was added and the mixture agitated for 15 minutes. The solid was colle.cted on a fritted 

fwmcl, washed with 20 mL of toluene followed by 20 ml. of hexane. The soUd was res1unied. 

in toluene (30 mL). In a separate vessel a solution ottris(peiltatl1,1orophenyl)borane (0.768 g, 

1.5 Dm10l) in toluene (30 mL) was treated with 1.S mL of a IM solution of triethylalnminmn in 

hexane. 1be mixture was· agitated for., 0 minutes and then added to the slurry of the treated 

silica. The mixture was agitated five hours, collected on a flitted funnfl, 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 

(C5MC4,SiMe:zNtBu)TI(114~t,3-pentadiene) in lsopar™ E was added. The mixture was 

agitated two hours, filtered.on a fritted-funnel, and the green solid was washed with two 20 mL 

portions of hexane and then dried in vacuo. 

Slurry phase polymerization : ·. 

A stirred 4 L reactor was cliaiged.with 2.8 L of hexane and tbenheated to 700C. A 

scavenger, 0.5 · g of TEA/silic~· was introduced to the reactor. Ethylene was then added to the . 

reactor in an amount suffi.cientto bring the total pr~sure tO 12 bar (1.2 MPa). A 0.4 gram 

aliquot of the catalyst prepared as described above was then added to initiate the 

polymerization. The reactor pressure was ~ ess~ly constant 'by contimullly feeding 

ethylene on demand during the polymerizationreacUon. The temperature was kept 

substantially constant by Cooling the reactor as required. Afte.t 60 :lninutes the ethylene feed 

was shut off and the contents of the reactor wt>Ze trailsferred to a sample pan. After drying, 

160 gram of a freefiowingpolyethylenepowder·ofbulkdensity 0~40 g/cm3 was obtained. 

Gas phase polymeriZaUon 

The polymerization conditions of Example 1 were substantially repeated using 0.325 g 

of the above supported catalyst. The yield of dry. free flowing, ethylene/ 1-butene copolymer 

powder was 112.5 grams. 

Example3 
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To 15.04 g Da~son™ 948 silica (heated in air at 250 °C for four hours) was slurried 
·::.~f';b, ·;;.-~ ~ : . 

in 90 mL hexane, and 'afi&cess (2.0 mmol/g, 30 mL of a 1.0 .M:sOJ.ution in hexanes) of 

triethylaluminum was added. The mixture was agitat.ed for 12 hours. The solids were 

collected 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 50 mL of a 0.023 M solution of Al(C~5)3 in 

toluene. The mixture was agitated on a mechanical shaker for 15 hours. 'Ihe slurry was . 

evacuated to dryness. The solids were tbenreslurried 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 slurried 

. in 15 mL ~was added 410 µI.. of a 0.202 M mixed a1kanes solution of 

(C5~iM°2~u)Ti(114-t ,3-pentadiene). The mixture was shaken for 1 hour, then the 

· solids were collected on a fritted funnel, 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 ethylene/ 1-butene copolymer 

powder was 43 grams. 

Exanmte4 

Solutions (10 mmol each) ofB(C~5)3 and A1Me, in toluene were added to 2.0 g 

Davison TM 948 silica which has been dried at 250 °C for 2 hours; The slurry was shaken for 2 

days. At this time, the solids were collected on a flitted funnel, washed 3 times with toluene, 

and dried in vacuo. 'The solids were reslurried in 15 mL of mixed hexanes, and 0.5 mL of a 

0.202 M solution of (t-butylamido)dimethyl-(tetramethylcyclopentadienyl)silanetitanium 1,3-

pentadiene in mixed alkanes was added for a nominal loading of 50 µmo1/g. The silica quickly 

turned dark green leaving a pale yellow filtrate. 'The slurry was shaken for 1 hour on a ' 

me.chanical shaker, then the solids were collected on a flitted funnel, washed with hexane,·· and 

dried in vacuo. The solids analyzed for 29.3 µmo1/g Ti and 0.96 mmo1/g Al. Boron levels 

were below the detection limit (<SO µgig). 

Slurry phue polymerization 

The slurry phase polymerization in example 2 was substantially :repeated using a 0.379 

gram aliquot of the catalyst prepared as de.scribed above. After 30 minutes. the yield of free 

lowing polyethylene was 109 g. 

Gas phase polymerir.aUon 

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/ I-butene copolymer 

powder was Sl grams. 
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To 1.95 mmol of tris(pentafiuorophenyl)borane (B(C6Fs)3) in 40 mL tolume was added 

3.91 mmol AIM63 in toluene to form (CriFsbMesA12 in situ. The product was identified by 

comparison to known chemical shifts in the 1'F{ 1H} NMR. The solution was added to 0.5 g 

Davison.TM 948 silica dried in air at ~O °C. The slurry was.sbake.n for I day. At this time, the 

solids were collected on a fritted funnel, washed 2 times with 10 inL toluene. and dried in 

vacuo The solids were reslurried in 10 mL pentane. and 0.25 mL of a 0.202 M solution of (t­

butylamido)dimethyl-(tetramethylcyclopentadienyl)Sllanetitaniurn 1,3-pentadiene in mixed 

alkanes was added. The Silica quickly turned dark green leaving a red-brown filtrate. The 

slurry was shaken for 1 hour on a mechanical shaker, then the s~ds were collected on a fritted 

funnel, washed with 2xl0 mL pentane, and dried in vacuo. 

Gas phase polymerlzaUon 

The polymerization conditions of Example 1 were substantially repeat.ed using 0.05 g 

Of the above supported catalyst. The yield of dry, :tree flowing,· ethylene/ 1-butene copolymer 

powder was 15.5 grams. · 

Examgle6 

To 1.95 g Davison™ 948 silica dried by heating in air at 250 °c was added 45 mL of 

a 0.067 M solution of Al(Crifsh• The slurry was ·$aken for 12 hours. At this time, the solids · 

we.re collected on a flitted funnel,· washed once witll 20 mL toluene and twice with·20 mL 

hexane, and dried in vacuo A 0.5 mL aliquot of the pre-wash solution was mixed with 0.25 

mL C~w and the 1'F {1H} NMR .spe.ctrum was recorded: The only major resonances recorded 

were due to unreacted Al(Crifs:h and C.rifsll, foQ:ned as a byproduct of the reaction of Al(Crif sn 
with silica hydroxyl groups. <> -12A-.O (C~s-Al).-140.2 (C~.sH); .:1520 (C~s-Al),-155.2 

(C~sH); -161.8 (C~s-Al), -163.6 (C~.sH) PPJD.. The ratio Of~eacted .Al(Crifs)3 to 

pentafluorobell7.ene 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-butylamido)dimethyl-(tetramethylcyclopentadienyl)silanetitaniµm 1,3-pentadiene in mixed 

alkanes was added. The silica quickly turned dark green, leaving a colorless filtrate. After 2 

minutes, a second 0.50 mL of tile 0.202 M sohition of (t-butylamido)dim.ethyl­

(tetramethylcyclopentadienyl)silanetitanium 1,3-pentadiene was added. The slurry was shaken 

for 10 minutes, during which time the ·supernatant 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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;:tions of Example 1 were substantially,~eated using 0.075 g of the 
• ·;:;·?i~~ji·" 

·as 57 g of et11yiene1 1-butene copolymefas a fine free flowing 
. . 
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CLAIMS: · 

1. 
. .-.}_;;:i -~~ ·._1 ,.:. 

A fuiiaflbnci.lized catalyst support oomprising'a J)articulated 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 support material, optionally through a bridging moiety, 

said composition being capable of activating· a Group 3-10 metCil complex for the addition 

polymerization 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[Mem1 (K\1)(Dd) ]s 

wherein: 

So Is a partlculated solid support material; 

Me is aluminum; 

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

K1 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, K1 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 pertluoroaryl group of from 6 to 20 carbons, 

most preferably pentafluorophenyl; and optionally two or more K1 groups may be bonded · 

together thereby forming a bridging group linking two or more Me atoms or forming a fused 

ring system; 

k1 ls 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, [Mem1(K\1)(Dd)]. is attached to the particulated solid support; 

d Is a positive number from o 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, [Mem1(K\1)(Dd)]; 

s is a number greater than or equal to 2 and is equal to the number of 

[Mem1(K\1)(Dd)] groups attached to the substrate, So. 

3.. A functionalized catalyst support according to claim 1or2 wherein the 

support is silica, the fluorosubstitlited hydrocarbyl ligand p is a fluoroaryl group, preferably a 

perfluorophenyl group, ands Is chosen to provide a concentration of [Mem1(K\1)(Dd)] groups 

on the substrate from 1 x 1 o-s µmole/gram to 2 mmole/ gram, more p_referably from 0.1 µ. 

mole/gram to 500 µmole/g. 

4. A functionalized catalyst support according to claim 2, wherein K1 Is 

pentafluorophenyl and k1 equals 2. 

i 

! 11111111111111 111111111111 1111 
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5. A funqt19natlzed catalyst support comprising .the reaction product of: 
.}i·;f(;i·\ •/''''·.\,' 

(a) 1 ·a sdiii:I !llorganic oxide support material an<f · •· · 

(b) a mixture in tum derived from the contacting of a non-ionic Lewis acid with 

one or more trlhydrocarbylalumlnum, dihydrocarbylaluminumhydrocarbyloxides, or 

dihydrocarbylaluminum(dihydrocarbyl)amide compounds having i.Jp to 20 atoms other than 

hydrogen in each hydrocarbyl, hydrocarbyloxy or dihydrocarbylamide group, or a mixture 

thereof to form a non-ionic Lewis acid component. 

6. A supported catalyst comprising the functlonallzed 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 fonn a composition which is 

catalytically active for the polymerization of olefins. 

7. A supported catalyst according to claim 6, wherein the Group 3-1 O metal 

complex contains at least one 7t-bonded anionic ligand group which is a conjugated or non­

conjugated, cyclic or non-cyclic dienyl group, an ally! group, aryl group, or a substituted 

derivative thereof. 

B. A supported catalyst according to claim 7, wherein the 1t-bonded anionic 

ligand group is a cyclopentadienyl group or a derivative thereof. 

9. A method for preparing a functlonalized catalyst support comprising: 

a. slurrying a particulated support in a hydrocarbon or aromatic diluent; 

b. adding a compound Artz"Al2Q 1 
s.z" in sufficient quantity to fully react with surface 

groups as defined by titration with EtsAI, to form a treated support, where 

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

z' is a number from Oto 6, and 

Q1 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 

d. optionally drying. 

1 O. A method according to claim 9, where the optionally calcined support has 

been pretreated with Q1sAI, where Q1 is independently selected from hydrocarbyl, 

hydrocarbyloxy, or dihydrocarbylamido, of from 1 to 20 atoms other than hydrogen, and the 

amount Of Q1aAI is chosen to pacify 1-99% of any reactive surface species, more preferably 

50- 90%, as determined by titration with EtaAI., 

11. A method according to claim 10, wherein the amount of Q 1 sAI is chosen to 

pacify 50 - 90% of any reactive surface species, as determined by titration with EtaAI. 

12. A method according to claim 9, wherein the optionally calcined inorganic 

oxide has been pretreated with Q 1 sAI in a quantity from 0.1 to 1.5 mmol Al/gram support. 

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

11111111111111 111111111111 1111 
* C L M S * 
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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 

Et~. to form a passivated support, 

b. adding from 0.1 to 50 mmol A~aM, to form a treated support, where M = aluminum or 

boron and Arf 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. 

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 comprising the step of adding to the 

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 oleflns. 

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 

polypropylen_e, preferably isotactic polypropylene. 

1 a. A process according to claim 16, wherein ethylene is polymerized, optionally 

with one or more a-olefin .monomers and/or a.,.n-dlenes, to form an ethylene polymer. 

19. A polymerization process comprising contacting one or· more addition 

polymerizable monomers under gas phase or slurry. polymerization conditions with a catalyst 

composition according to claim 6. 

20. A process according to claim 19 wherein propylfi!lle is polymerized to form 

polypropylene, preferably isotactic polypropylene. 

21. A process according to claim 19, wherein ethylene is polymerized, optionally 

with one or more a.-olefin monomers and/or a.,O·dienes, to form an ethylene polymer. 

i 111111111111111111111111111111 
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