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SUPPORTED CATALYST CONTAINING TETHERED CATION FORMING ACTIVATOR 

This invention relates to supports and supported catalysts fonned therefrom that 

are useful for polymerization of olefins. More particularly, the invention relates to such supports 
comprising an activator compound that is chemically bound or tethered to the support. The 
invention also relates to the preparation of such support.materials and supported catalysts and to 
their use in an olefin polymerization process. 

Several supported cation forming catalysts for use in olefin polymerization 
processes have been previously disclosed in the art. W0-91109882 described a supported catalyst 

prepared by combining i) a bis(cyclopentadienyl) metal compound containing at least one ligand 
capable of reacting with a proton, ii) an activator component comprising a cation capable of 

donating a proton and a bulky, labile anion capable of stabilizing the metal cation formed as a 
result of reaction between the metal compound and the activator component, and iii) a catalyst 
support material. The support material could be subjected to a thermal or chemical dehydration 

· treatment. In some of the examples triethylaluminum was added for this purpose. The maximum 
bulk· density of polymers fonned by use of the foregoing supported catalyst reported in 

· W091/09882 was 0.17 g/cm3. Catalyst efficiencies that were reported were less than satisfactory 
for commercial application. 

. W0-94/03506 described a supported ionic catalyst prepared by combining i) a . . 

monocyclopentadienyl metal compound, ii) an activator component comprising a cation which 
will irreversibly react with at least one ligand contained in said metal compound and an anion. said 

·. anion being ·a chemically stable, non-nucleophilic, anionic complex. and iii) a catalyst support 
material. Optionally, the supported ionic catalyst could be prepolymerized with an olefinic 
monomer. The support material could also be treated with a hydrolyzable organoadditive. 

·preferably a Group 13 alkyl compound such as triethylaJuminum. The reference also taught the 
use of such supported ionic catalysts in a gas phase polymerization process. Disadvantageously, 

. the catalyst efficiencies obtained in W0-94/03506. were likewise insufficient for commercial use. 

In US-A-5,399,636, supported metallocene catalysts wherein the metallocene was 
. · chemically attached to support materials, including silica, alumina, clay, phosphated alumina. and 

mixtures thereof, were disclosed. In US-A-5,427,991, certain catalyst supports comprising 
polyanionic moieties constituted of noncoordinating anionic groups chemically bonded to 
crosslinked polymeric core components were disclosed. At column 19, lines 4-12 the reference 
taught the desirability of masking or protecting hydroxyl groups on the substrate by using standard 
chemical treatments. However. masking or protecting the hydroxyl groups prior to the reaction 
with the noncoordinating anionic reactant renders them inert to further reaction, thereby defeating 
the purpose of the invention. Perfonning the masking or protecting after reaction of the 
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noncoordinating anionic reactant detrimentally interferes with the desired chemically bonded 

anionic moieties. In Figure 8, an alternative scheme comprising functionalizing surface hydroxyl 

groups by reaction with p-bromophenyl(trimethoxy)silane was postulated. No teaching of the 

desirability of limiting the quantity of surface hydroxyl functionality of the silica to amounts less 

than 1.0 mmoVg was provided. In addition no disclosure of forming reactive silane functionality 

instead of p-bromophenylsiloxane functionality is provided by the reference. For the foregoing 

reasons, the disclosure of this publication with respect to silica or alumina based starting materials 

is believed to be inoperable or deficient. 

Cationic homogeneous catalysts prepared by the use of cation forming activator 

compounds are disclosed in numerous prior an references. In EP-A-277,004 and US-A-5,064.802 

the use of Bronsted acid salts able to form cations via hydrogen transfer is disclosed. In 

EP-A-277,003, a similar process using bulky anions containing multiple boron atoms is disclosed. 

In W093/23412 carbonium salt cation forming activators are disclosed. US-A-5,321,106 taught 

the use of oxidizing salt cationic activators and USSN 304.314. filed September 12. 1994 taught 

the use of silylium salt cationic activators. Disadvantageously, such homogeneous catalysts when 

supported by normal techniques of physical absorption on the surface of a support m~terial, may 

be removed again by diluents found in common solution or slurry polymerizations, and by diluents 

potentially found in gas phase polymerization process, such as those employing condensation and 

recycle of either diluents or monomers. Such loss of the catalytic material from the support may 

. . . detrimentally affect the bulk density of the resulting polymeric product. 

. :~ 

It would be desirable to provide a supported catalyst and a polymerization process 

using the same that is capable of producing olefin polymers at good catalyst efficiencies. It would 

further be desirable to provide such a supported catalyst that is adapted for use in a slurry or gas 

phase polymerization process and is relatively unaffected by the presence of condensed monomer 

o:r: diluents. 

In one aspect of the present invention there is provided a support for use in 

preparing supported catalysts for addition polymerizations comprising the reaction product of: 

. (A) an inorganic oxide material comprising a solid matrix, and reactive hydroxyl groups or 

reactive silane functionalized derivatives of hydroxyl groups on the surface thereof, said reactive 
silane corresponding to the fonnula: -OSiR2H, wherein R. independently each occurrence, is 

hydrogen. Ct-20 hydrocarbyl, or c 1_20 hydrocarbyloxy, 

. said inorganic oxide material comprising less than 1.0 mmol of reactive surface hydroxyl 

functionality per gram, and 

(B) an activator compound comprising: 
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b 1) a cation which is capable of reacting with a transition metal compound to fonn a 

catalytically active transition metal complex. and 

b2) a compatible anioµ containing at least one substituent able to react with the 

inorganic oxide matrix, with residual hydroxyl functionality of the inorganic oxide. or with the 
reactive silane moiety. thereby covalently bonding the compatible anion to the support. 

In addition there is provided a supported catalyst system useful in the addition 
polymerization of addition polymerizable monomers comprising the above identified support; and 

(C) a transition metal compound containing at least one 1t-bonded anionic ligand group. said 
.· transition metal compound being capable of reacting with the aforementioned support by· means of 
the cation ht) to thereby chemically bind the catalytically active transition metal complex and 

·support. 

In a funber aspect. the invention provides a process for preparing a support 
comprising combining an inorganic oxide material comprising a solid matrix, and reactive 
hydroxyl groups or reactive silane functionalized derivatives of hydroxyl groups on the surface 

· thereof, said reactive silane corresponding to the formula: -OSiR2H, wherein R. independently 
·each occurrence, is hydrogen, c 1_20 hydrocarbyl, or c 1_2o hydrocarbyloxy, 

said inorganic: oxide material comprising less than 1.0 mmol of reactive surface hydroxyl 
· ·. functionality per gram, 

with an activator compound (B) to form a support for an olefin polymerization catalyst. 

. In yet another aspect the invention provides an addition polymerization process 
. _wherein one or more addition polymerizable monomers are contacted with a supponed catalyst . ' - . . . . 

·. . . system according to the present invention under addition polymerization conditions. 

, The supports and supported catalysts of the invention are readily prepared in high 
yields and efficiencies. Importantly, catalyst systems prepared from the foregoing catalyst 
~o~~on~nts demonsttate improved performance as measured by catalyst activity and/or product 
b1:J1k den~.ity, co~~ared to previously known supported catalyst systems. This is believed to be a 
result of _controlJing the quantity of available surface hydroxyl groups of the inorganic oxide to 

... )~ss_than 1.0 mmol per gram prior to reaction with the activator compound B, and/or the use of th 
,
1
,specific reactive silane functional groups as further disclosed herein. 

'· . · All references herein to elements or metals belonging to a certain Group refer to 
-' the Periodic Table of the Elements published and copyrighted by CRC Press. Inc •• 1989. Also an 

·· .. ,. reference to the Group or Groups shall be to the Group or Groups as reflected in this Periodic 
: . Table of the Elements using the IUP AC system for numbering groups. 
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Surprisingly, it has been found that using the unique combination of activator 

compounds and suppons as.specified herein, the activator compound can be attached to the 

support yet remain capable of activating transition metal catalysts typically employed in addition 

polymerization processes. The present supponed catalysts can be employed to produce olefin 

polymers at extremely high catalyst efficiencies. Preferably the catalysts attain efficiencies of at 

least lxla5 g polymer/ g transition metal, more preferably at least 1xl06 g polymer/ g transition 

metal. Moreover, these supported catalysts are highly immune to catalysts leaching under typical 

process conditions employed in gas phase or slurry polymerizations. 

Additional benefits in the use of the present supported catalysts in polymerization 

processes include the fact that the formation of polymer deposits at reactor wans and other moving 

parts in the reactor is avoided and that polymers having improved bulk density are obtained in 

particle forming polymerization processes. According to the present invention, improved bulk 

densities for ethylene containing homopolymers and interpolymers are bulk densities of at least 

o'.20 g/cm3. and preferably of at least 0.25 glcm3. 

Suitable inorganic oxide supports for use in the present invention include highly 

porous silicas, aluminas. aluminosilicates. aluminophosphates, clays. titanias, and mixtures 

.·. th~reof. Preferred inorganic oxides are alumina and silica. The most preferred support material is 

silica. The support material may be in granular. agglomerated. pelletized. or any other physical 

fonn .. 
:;·'·:··· 

Suppons suitable for the present invention preferably have a surface area as 

.. d~~~ed by nitrogen porosimetry ~sing the B.E.T. method from 10 to 1000 m2/g, and 

~~ferably fro~ 100 to 600 m2/g. The pore volume of the support, as detennined by nitrogen 

adsoq,tion." adVa.ntageously is between 0.1 and 3 cm3/g, preferably from 0.2 to 2 cm3/g. The 

average particle size is not critical but typically is from 0.5 to 500 µm. preferably from 1 to 150 

µm. 

Inorganic oxides. especially silica, alumina and aluminosilicates are known to 

in~erently possess small quantities of hydroxyl functionality attached to the atomic matrix. When 

. u~ed to prepare component A therefrom. these materials are preferably first subjected to a heat 

treatment and/or chemical treatment to reduce the hydroxyl content to 0.001-10 mmol/g, more 

preferably 0.01-1.0 mmol/g, most preferably 0.1-0.8 mmol/g. Typical heat treatments (calcining) 

are earned out at a temperature from 150 to 900°C, preferably 300 to 850°C for a duration of 10 

minutes to SO hours. Typical chemical treatments include contacting with Lewis acid alkylating 

agents such as trihydrocalbyl aluminum compounds. trihydrocarbylchlorosilane compounds. 

trihydrocarbylalkoxysilane compounds or similar agents. Residual hydroxyl functionality can be 

detected by the technique of Fourier Transform Infrared Spectroscopy (DRIFTS IR) as disclosed 
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in Fourier Transform Infrared Spectroscopy, P. Griffiths & J. de Haseth. 83 Chemical Analysis, 

Wiley lnterscience ( 1986), p. 544. 

The inorganic oxide may be unfunctionalized excepting for surface hydroxyl 

groups as previously disclosed. In this embodiment of the invention the low hydroxyl content of 

the support leads to superior properties of the resulting supported catalyst, most likely due to lack 

of interference with the transition metal complex by the residual hydroxyl groups. Preferred 

hydroxyl contents of such support are less than 0.8 mmoJ/g, preferably Jess than 0.5 mmoVg. 

The inorganic oxide may also be functionalized by treating with a silane, 

hydrocarbyloxysilane, or chlorosilane functionalizing agent to attach thereto pendant reactive 

silane functionality, as previously disclosed. Suitable functionalizing agents are compounds that 

., .. react with the surface hydroxyl groups of the inorganic oxide or react with the metal or metalloid 

·. :·· .. atoms of the inorganic oxide matrix. Examples of suitable functionalizing agents include 

... , .. · phenylsilane, diphenylsilane, methylphenylsilane, dimethylsilane, diethylsilane, diethoxysilane. 

'· ' .. , ' :.· ·' and chlorodimethylsilane. Techniques for forming such functionalized inorganic oxide 

compounds were previously disclosed in US-A-3,687,920 and US-A-3,879,368. 

· ··· . In a preferred embodiment the silane and the inorganic oxide are contacted, 

, , . r .. '. : : : : "' · • optionally in the presence of a hydrocarbon diluent, in the presence of a base assist, preferably a 
. ,.:: , ~1-4 ttialkylamine. The reaction is conducted at a temperature from 0 to l 10°C, preferably from 

·' .:- · :: ... :;,;'.. 20. to 50°C. Generally an excess of functionalizing agent is employed. Preferred ratios of 

~ · ·' , : .: functionalizing agent based on inorganic oxide are from I to 2500 mmol/g. As a result of the 

foregoing functionalizing reaction, residual hydroxyl functionality of the inorganic oxide is furthe 

'·~, .... ..,: ,·:c reduced to the previously mentioned low level of less than 1.0 mmoVg. Preferably, the residual 

! ... ~. 

hydroxyl content of functionalized suppons is less than 0.8 mmollg, and most preferably less than 

0.~ mmo1/g. Highly preferably in preparing component A. a calcined silica is employed having 

, -:: ·: .µi~ti~l (i. e. prefunctionalized) residual hydroxyl content less than 1.0 mmol/g, and from 1 to 20 

. .· . ·:,:;_ .. ~ol of functionalizing agent/g silica is employed. The molar ratio of base assist employed to 

. functionalizing agent is generally from 0.7:1 to 2.0:1. Unreacted functionalizing agent is .. ·, 

. preferably. removed from the surface of the inorganic oxide, for example, by washing with a liquic 
' .. • 

,, hydrocarbon, and the suppon is thoroughly dried prior to use in preparing supported catalyst 

.. systems. 

The inorganic oxide, the resulting support, or the supported catalyst system may 

. ~o be treated with an aluminum component selected from an alumoxane or an aluminum 
. compound of the fonnula AJR3, wherein R is as previously defined. Examples of suitable R 

~ups include methyl, methoxy, ethyl, ethoxy, propyl (all isomers), propoxy (all isomers}. butyl 

~all isomers), butoxy (all isomers), phenyl, and benzyl. Preferably, the aluminum component is 
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selected from the group consisting of aluminoxanes and tri(C 1 _4 hydrocarbyl)aluminum 

compounds. Most preferred aluminum components are aluminoxanes, trimethyl aluminum. 

triethyl aluminum, triisobutyl aluminum, and mixtures thereof. 

Alumoxanes (also referred to as aluminoxanes) are oligomeric or polymeric 

aluminum oxy compounds containing chains of alternating aluminum and oxygen atoms, whereby 

the aluminum carries a substituent, preferably an alkyl group. The structure of aJumoxane is 

believed to be represented by the following general formulae (-Al(R)-O)m• for a cyclic 

alumoxane, and RzAl-0(-Al(R)-O)m·AlRz, for a linear compound, wherein R is as previously 

defined, and m is an integer ranging from 1 to 50, preferably at least 4. Alumoxanes are typically 

the reaction products of water and an aluminum alkyl, which in addition to an alkyl group may 

contain halide or alkoxide groups. Reacting several different aluminum alkyl compounds, such as 

for example trimethyl aluminum and tri-isobutyl aluminum, with water yields so-called modified 

or mixed alumoxanes. Preferred alumoxanes are methylalumoxane and methylalumoxane 
. : .. modified with minor amounts of c24 alkyl groups, especially isobutyl. Alumoxanes generally 

contain minor to substantial amounts of starting aluminum alkyl compound. 

Particular techniques for the preparation of alumoxane type compounds by 

· · contacting an aluminum alley I compound with an inorganic salt containing water of crystallization 

. are dis~losed in US-A- 4.542.119. In a panicular preferred embodiment an aluminum alkyl 

,;_ · .. 
' .. : .... compound is contacted with a regeneratable water-containing substance such as hydrated alumina, 

silica or other substance. This is disclosed in EP-A-338,044. Thus the alumoxane may be 

ine~rporated into the support by reaction of a hydrated alumina or silica material, which has 

optionally been functionalized with silane, siloxane, hydrocarbyloxysilane. or chlorosilane groups. 
with a tri(Ci.10 alkyl) aluminum compound according to known techniques. 

A treatment of the inorganic oxide material in order to also include optional 

alumoxane or trialkylaluminum loadings in addition to activator compound involves contacting the 

same before, after or simultaneously with addition of the activator compound hereunder with an 

· · ~Um.oxane or 'trialkylaluminum compound, especially triethylaluminum or niisobutylaluminum. 

. Optlonally the mixture can also be heated under an inert atmosphere for a period and at a 

temperature sufficient to fix alumoxane or trialkylaluminum to the support, or the support 

component containing alumoxane or the trialkylaluminum compound may be subjected to one or 

· , . . 1;;.!:,-·,.·. ·more wash steps to remove alumoxane ortrialkylaluminum not fixed to the support . 

. ~ . ; ,'..'. .. ' 

.. ; : ... · .;_._:: :·. 
Besides contacting the support with alumoxane the alumoxane may be generated 

. ·, :5.'.~ 

·".•; .. 

bl _situ by contacting an unhydrolyzed inorganic oxide or a moistened inorganic oxide with a 

· Ui8lkyl aluminum compound optionally in the presence of an inert diluent. Such a process is well 

kn.own in the an, having been disclosed in EP-A-250,600, US-A-4,912.075, and US-A-5.008,228. 
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Suitable aliphatic hydrocarbon diluents include pentane. isopentane. hexane. heptane. octane. 

isooctane. nonane. isononane, decane. cyclohexane. methylcyclohexane and combinations of two 

or more of such diluents. Suitab.le aromatic hydrocarbon diluents are benzene. toluene. xylene, 

and other alkyl or halogen substituted aromatic compounds. Most preferably, the diluent is an 

aromatic hydrocarbon. especially toluene. After preparation in the foregoing manner the residual 

hydroxyl content thereof is reduced to the desired low level less than 1.0 mmol of OH per gram of 

support, by any of the previously disclosed techniques. 

The anionic component of the activator compound B used according to the present 

invention corresponds to the fonnula: 

wherein: 

D is a linking group comprising functionality capable of reaction with the 

inorganic oxide matrix. with residual hydroxyl functionality thereof, or with reactive silane 

functional groups of the optionally functionalized inorganic oxide. 

M' is boron or aluminum in an oxidation state of 3; and 

Q is a hydrocarbyl-, hydrocarbyloxy-, fluorinated hydrocarbyl-. fluorinated 

hydrocarbyloxy-, or fluorinated silylhydrocarbyl- group of up to 2Q nonhydrogen atoms. r... .·. i· • • • • • 

Most preferably, Q is each occurrence a fluorinated aryl group, especially. a 

pentafluorophenyl group. 

Preferred activator compounds are salts of the formula 

· : ·wherein o+e is the cationic remnant of a Bronsted acid salt, an oxidizing cation, a carbonium ion 

oi a 'silyllum ion: and e is an integer from 1 to 3. most preferably I. 

' ; 
Suitable linking substituents, D, on compatible anions used with unmodified 

.. inorganic oxides or with inorganic oxide containing only residual hydroxyl functionality, include 

ml)ieties bearing silane. siloxane, hydrocarbyloxysilane, halosilane, amino, carboxylic acid. 

carboxyUc·~~id ester. aldehyde, ketone or epoxide functionality, containing f~m 1 to lxl06 

nonbydrogen atoms. more preferably from 2 to 1000 nonhydrogen atoms, and most preferably 4 tc 

20 nonhydrogen atoms. In practice. use of silane containing compatible anions may require use ot 
a base catalyst, such as a tri(C 1-4 alkyl)amine. to effect the reaction with a substrate containing 

. only residual hydroxyl functionality. Preferably D for use with such unmodified inorganic oxide 

compounds is a silane or chlorosilane substituted hydrocarbyl radical. Preferred linking 
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substituents, D, include silyl-substituted aryl, silyl-substituted aralkyl, silyl-substituted alkaryl, 

silyl-substituted alkyl, silyl-substituted haloaryl, or silyl-substituted haloalkyl groups. including 
polymeric linking groups, most preferably p-silylphenyl (-C6H4SiH3). p-silyltetrafluorophenyl 

(-C6F4SiH3). silylnaphthyl (-C10HgSiH3), silylperfluoronaphthyJ (-CufgSiH3) .. and 2-silyl-1-

ethyl(-C2H4SiH3), groups. 

Suitable linking substituents, D, on compatible anions used with inorganic oxides 

that have been modified with reactive silane functionality include moieties bearing silane, 

siloxane, hydrocarbyloxysilane, halosilane, hydroxyl, thiol, amino, carboxylic acid, carboxylic 

acid ester, aldehyde, ketone or epoxide functionality containing from 1 to lx106 nonhydrogen 

atoms, more preferably from 2 to 1000 nonhydrogen atoms, and most preferably 4 to 20 

nonhydrogen atoms. Preferably D, in such circumstances is a hydroxyl substituted hydrocarbyl 

radical, more preferably a hydroxy-substituted aryl, hydroxy-substituted aralkyl, hydroxy­

&Ubstituted alkaryl, hydroxy-substituted alkyl, hydroxy-substituted haloaryl, or hydroxy­

substituted haloalkyl group including polymeric linking groups, most preferably hydroxyphenyl. 
hydroxytolyl, hydroxybenzyl, hydroxynaphthyl. hydroxybisphenyl, hydroxycyclohexyl, cl-4 

hydroxyalkyl, and hydroxy-polystyryl groups, or fluorinated derivatives thereof. A most preferred 

)i~g substituent, D, is a p-hydroxyphenyl. 4-hydroxybenzyl, 6-hydroxy-2-naphthyl group, 4-(4'­

.. hydroxyphenyl)phenyl. 4-(( 4' -hydroxyphenyl)dimethylmethylene)phenyl, or fluorinated 
· d~rl~atives thereof. A base catalyst, such as a tri(C l-4 alkyl)amine, may also be used to assist in 

·· '· ·the 'reaction with the substrate. 

Most highly preferably, Dis one of the foregoing hydroxy substituted substituents 

used in combination with a reactive silane functionalized silica. 

Illustrative, but not limiting, examples of anionic components, [OM' Q3r, of 

activator compounds to be used in the present invention include tris(pentafluorophenyl)(4-

hydroxyphenyl)borate, tris(pentafluorophenyl)(4-hydroxytetrafluorophenyl)borate, tris-(2,4-

difluorophenyl)(4-hydroxyphenyl)borate, tris-(3,5-difluorophenyl)(4-hydroxyphenyl)borate, tris-

.' (~.S.:di-trifluoromethylphenyl)(4-hydroxyphenyl)borat~ tris(pentafluorophenyl)(2-

hydroxyethyl)borate, tris(pelitafluorophenyl)( 4-hydroxybutyl)borate, tris(pentafluoro-phenyl)( 4-

: : ·h~~xycyclohexyl)borate, tris(pentafluorophenyl)(3,5-dimethyl-4-hydroxyphenyl)borate, 
' ·. ' 

tris(pentafluorophenyl)4-(4'-hydroxyphenyl)phenylborate, and tris(pentafluorophenyl)hydroxy-

~aphthylborate (all isomers, especially tris(pentafluorophenyl) (6-hydroxy-2-naphthyl)borate. 

The cationic ponion of the activator compound can be any cation which is capabl 

. of reacting with the transition metal compound to fonn a catalytically active transition metal 

complex. Preferably the cation is selected from the group consisting of Bronsted acid cations, 

carbonium cations, silylium cations, and cationic oxidizing agents. 
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Bronsted acidic cations may be represented by the foil owing general formula: 

(L*-H)+ 

wherein: 

L * is a neutral Lewis base, preferably a nitrogen, phosphorus, oxygen, or sulfur 
containing Lewis base; and (L *-H)+ is a Bronsted acid. 

Illustrative, but not limiting, examples of Bronsted acidic cations of activator 
compounds to be used in the present invention are trialkyl-substituted ammonium cations such a! 
triethylamrn.onium, tripropylammonium, tri(n-butyl)ammonium. trimethylammonium, 
tributylammonium. Also suitable are N,N-dialkyl anilinium cations such as N,N-dimethyl­
anilinium, N,N-diethylanilinium. N,N-2,4,6-pentamethylanilinium and the like; dialkyl ammoniu 
caiions such as di-(i-propyl)ammonium, dicyclohexylammonium and the like; and triaryl 
pJ:iosphonium cations such as triphenylphosphonium, tri(methylpheny]}phosphonium, 
tri(dimethylphenyl)phosphonium. diethyloxonium, dimethylsulphonium, diethylsulphonium, anc 
diphenylsulphonium. 

A second type of suitable cation (depicted as ©+)is a stable carbonium or silylit 
ion containing up to 30 nonhydrC>gen atoms, the cation being capable of reacting with a substitu{ . . . . . 
of the transition metal compound and converting it into a catalytically active transition metal 
ctimpleit~ Suitable examples ofcarbonium cations include tropyllium, triphenylmethylium. and 
· ~eniene(diazoniu~) cations. Silylium salts have been previously generically disclosed in J. Che 
sciC:·: Chem. Comm .• 1993, 383-384, as well as Lambert, J.B .• et al., Organometallics, 1994, 13, 
2430-2443. Prefefred silylium cations are trimethylsilylium, triethylsilylium and ether substitute 
adducts thereof. 

Another suitable type of cation (depicted as oxe+) is a cationic oxidizing agent 
~avfog a charge of e+, and e is an integer from I to 3. 

Examples of cationic oxidizing agents include: ferrocenium, hydrocarbyl­
. · substituted ferrocenium, Ag+, and Pb2+. 

, ·. 

The activator compounds to be used in the present invention are readily prepare 
by coinbining a Group 1, Group 2 or Grignard metal derivative of the functionalizing substituer. 
D, or~. masked derivative thereof with a neutral precursor to the anion and thereafter contacting 
thi~ reaction product with. the chloride salt of the cation to be utilized. Examples of suitable me· 
detjvatives include lithium or Grignard salts. The term "masked derivative" refers to the well 
known practice of utilizing an inen functionality during the preparation and converting the sam< 
to the desired. reactive functionality in a subsequent step by methods which are well known by 
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those skilled in the art. For example, a trimethylsiloxy group may be present during the synthesis 

and subsequently converted to the desired hydroxyl group by hydrolysis. 

The support of the present invention generally comprises from 0.001 to 10 mmol 

of activator compound per gram of inorganic oxide, preferably from 0.01 to 1 mmollg. At too 

high amounts of activator compound, the support becomes expensive. At too low amounts the 

catalyst efficiency of the resulting supported catalyst becomes unacceptable. Residual hydroxyl 

content after reaction with the activator compound is desirably less than 50 mole percent based on 

desired transition metal complex loading, more preferably less than 10 mole percent based on 

desired transition metal complex loading, most preferably less than 1 mole percent based on 

desired transition metal complex loading. 

The support of the present invention can be stored or shipped under inert 

c~nditions as such or slurried in an inert diluent, such as alkane or aromatic hydrocarbons. It may 

00. ':15ed to generate the supported catalyst of the present invention by contacting with a suitable 

transition metal compound optionally in the presence of a liquid diluent. 

Suitable transition metal compounds (C) for use in the supported catalyst of the 

p~t invention may be derivatives of any transition metal including Lanthanides, but preferably 

of Group 3, 4, or Lanthanide metals which are in the +2, +3, or +4 formal oxidation state meeting 
: . ··-·· 
.~ JH.e'Y'.iously mentioned requirements. Preferred compounds include metal complexes containing 

-· . . • . ! •·.· -~ : . . . . . . 

~m 1 lo 3 7t-bon~d anionic ligand groups. which may be cyclic or noncyclic delocalized 7t-

~nded anionic ligand groups. Exemplary of such 7t-bonded anionic ligand groups are conjugated 

o~ nonconjugated, cyclic or non-cyclic dienyl groups, ally! groups, and arene groups. By the term 

"7t-bonded" is meant that the ligand group is bonded to the transition metal by means of a 1t bond. 

Each atom in the delocalized 1t-bonded group may independently be substituted 

with a radical selected from the group consisting of halogen, hydrocarbyl, halohydrocarbyl, and 

hydrocarbyl-sobstituted metalloid radicals wherein the metalloid is selected from Group 14 of the 
Periodic Table of the Elements. Included within the term .. hydrocarbyl" are Cl-20 straight, 

branched and cyclic alkyl radicals, C6-20 aromatic radicals, C1-20 alkyl-substituted aromatic 

radicals, and C1-20 aryl-substituted alkyl radicals. In addition two or more such radicals may 
. ~ '.-:.:::_~:: .·. 

· togelher form a fused ring system ·or a hydrogenated fused ring system. Suitable hydrocarbyl-
... ~ .· . -.. ~ . 

. ~~tuted organometalloid radicals include mono-, di- and trisubstituted organometalloid radicals 
. • ·. .c-~~ 

°'~-~up 14 elements wherein each of the hydrocarbyl groups contains from I to 20 carbon atoms . 

. ~les of suitable hydrocarbyl-substituted organometalloid radicals include trimethylsilyl, 

~ylsilyl, ethyldimethylsilyl, rriethyldiethylsilyl, ttiphenylgennyl, and trimethylgermyl groups. 
-. ~·. ~· ~ 
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Examples of suitable anionic, delocalized 1t-bonded groups include 

cyclopentadienyl, indenyl, fluorenyl, tetrahydroindenyl. tetrahydrofluorenyl. octahydrofluorenyi, 

pentadienyl, cyclohexadienyl, dihydroanthracenyl, hexahydroanthracenyl, and 
decahydroanthraceny) groups, as wen as c 1-10 hydrocarbyl-substituted derivatives thereof. 

Preferred anionic delocalized 7t-bonded groups are cyclopentadienyl, 

pentamethyJcyclopentadienyl. tetramethylcyclopentadienyl, indenyl. 2,3-dimethylindenyl, 

fluorenyl. 2-methyJindenyl and 2-methyl-4-phenylindenyl. 

Suitable transition metal compounds C) may be any derivative of any transition 

metal including Lanthanides, but preferably of the Group 3, 4, or Lanthanide transition metals. 

More preferred are metal complexes corresponding to the formula: 

· L1MXmX' 0 X" p• or a dimer thereof 

·. ; wherein: 
. . ~ 

'· . , · ·· : . :. L iS an anionic, deJocalized, 1t-bonded group that is bound to M, containing up to 

. ; 5,0, nonhy~rogen.atoms, optionally two L groups may be joined together through one or more 

substituents thereby fonning a bridged structure, and further optionally one L may be bound to X 

. ~rough ~~e or ~re substituenti of L; 

.... M is a metal of Group 4 of the Periodic Table of the Elements in the + 2, +3 or +L 

formal o.xidation state; 

X is. an optional, divalent substituent of up to 50 non-hydrogen atoms that togetht 

with L fo~s. 8: metallocycle with M; 

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

X" each occunence 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 fonn a neutral, conjugated or 

nonconjugated diene that is 1t-bonded to M (whereupon M is in the +2 oxidation state), or funhe1 

· ···oplittnallyone·0r more X" and ·one or more x···groups may be bonded together thereby forming a 

·· ·· :· .. · moietj that.is both'eovalently bound to Mand coordinated thereto by means of Lewis base 

functionality; · 
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l is 1or2; 

misOor l; 

n is a number from 0 to 3; 

p is an integer from 0 to 3; and 

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

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"'2)x wherein Eis 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 

i~.1to8. Preferably, R* independently each occurre~ce is methyl, benzyl, tert-butyl or phenyl. 

· · · EXamples of the foregoing bis(L) containing complexes are compounds 

corresponding to the fonnula: 

RJ 
R' 

Rl RJ 

RJ. 

~-
l 

·; .. 

(I) (II) 

Rl ~·' 
R R or 

wherein: 

· ·'. :'.-:' : · Mis titanium, zirconium or hafnium, preferably zirconium or hafnium. in the +2 or +4 

fonnal oxidati0n state; 

R3 in each occunence .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 fonn a divalent derivative (that is, a 

hydrocarbadiyl, siladiyl or germadiyl group) thereby· forming a fused ring system. and 
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X .. independently each occurrence is an anionic ligand group of up to 40 nonhydrogen 

atoms. or two X .. groups together fonn a divalent anionic ligand group of up to 40 nonhydrogen 

atoms or together are a conjugate~ diene having from 4 to 30 non-hydrogen atoms forming a 7t­

complex with M. whereupon Mis 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 Cs symmetry or possess a chiral, stereorigid structure. Examples of the first type 

are compounds possessing different delocalized x-bonded systems. such as one cyclopentadienyl 

group and one fluorenyJ group. Similar systems based on Ti(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 .• L 
Organomet. Chem. 232, 233-47, (1982). 

Exemplary bridged ligands containing two n:-bonded groups are: (dimethylsilyl­

bis-cyclopentadienyl), (dimethylsilyl-bis-methylcyclopentadienyl). (dimethylsilyl-bis-

•, .· ., ·' ;_,_: :'' ~ylcycl~pen~_ienyl, (dimethylsilyl-bis-t-butylcyclopentadienyl), (dimethylsilyl-bis-

... · ·:. '. ,_;,,;, _; tetramethylcy~lopentadienyl), (dimethylsilyl-bis-indenyl), (dimethylsilyl-bis-tetrahydroindenyl), 

·, •.: (dimethylsilyl-bis-fluorenyl), {dimethylsilyl-bis-tetrahydrofluorenyl), (dimethylsilyl-bis-2-methyl-

.: _. ..... . . 4-phenylindenyl), (dimethylsilyl-bis-2-melhylindenyl), (dimethylsilyl-cyclopentadienyl-fluorenyJ), 

. , .. : 
,; ~ ... 

(1. l, 2, 2-tetrainethyl-l, 2-disilyl-bis-cyclopentadienyl), (1, 2-bis(cyclopentadienyl)ethane. and 

(isopropyli~ene-cyclopentadienyl-fluorenyl) . 

Preferred X" groups are selected from hydride, hydrocarbyl, silyl, gennyl, 

halohydrocarbyl, halosilyl, silylhydrocarbyl and aminohydrocarbyl groups, or two X" groups 

together form a divalent derivative of a conjugated diene or else together they fonn a neutral, n:­
bonded, conjugated diene. Most preferred X" groups are C1-20 hydrocarbyl groups. 

A further class of metal complexes utiliud in the present invention correspond to 

the formula: 

L1MXmX' 0 X''p• or a dimer thereof 

wherein: 

L is an anionic, delocalized, 1t-bonded group that is bound to M. containing up to 

50 nonhydrogen atoms; 
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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 a 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 ligand having up to 20 non-hydrogen atoms; 

X" each occurrence is a monovalent, anionic 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_30 conjugated diene, and further optionally X' and X" 

may be bonded together thereby fanning a moiety that is both covalently bound to M and 

coordinated thereto by means of Lewis base functionality; 

lis 1or2; 

mis l; 

n is a number from 0 to 3; 

p is an integer from l to 2; and 

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

·' Preferred divalent X substituents preferably include groups containing up to 30 ·. : . . 

· · · · · · · · · · ·· nC>nhydrogen atoms comprising at least one atom that is oxygen~ sulfur, boron or a member of 

Group 14 of the.Periodic Table of the Elements directly attached to the delocalized JC-bonded 

· ·group, and a different atom, selected from the group consisting of nitrogen, phosphorus, oxygen or 
. sulfur that is co~alently 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 formal oxidation state; 
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R3 in each occurrence independently is selected from the group consisting of 

hydrogen, hydrocarbyi, silyl, gennyl, cyano, halo and combinations thereof. said R' having up to 

20 non-hydrogen atoms, or adjac~nt R3 groups together fonn a divalent derivative (that is, a 

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

each X"' is a halo, hydrocarbyl, hydrocarbyloxy or silyl group, said group having 
up to 20 nonhydrogen atoms. or two X" groups together form a C5_30 conjugated diene; 

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 in the practice of the 

present invention include: 

cyclopentadienyltitaniumtrimethyl, ........ •. 

cyclopentadienyltitaniumtriethyl, cyclopentadienylutaniumtriisopropyl. 

cyclopentadienyltitaniumtriphenyl, 
'.. ~ 

cyclopentadienyltitaniumtribenzyl, 

c~clopentadienyltitanium-2,4-pentadienyl, cyclopentadienyltitaniumdimethylmethoxide, 

cyclopentadienyltitaniumdimethylchloride, pentamethylcyclopentadienyltltaniumtrimethyl, 

. iil~e.lly 'titaniu~trimeth:rl. 

i~cieny 1tit8niumtriethy 1. · . 

. · _ in~enyltitaniumtripropyl, 
-.·:· . ' 

indenyltitaniumtriphenyl, 

t~trahydroindenyltitaniumtribenzyl, 
.:· .... :. · .. 

pentamethylcyclopentadienyltitaniumtriisopropyl, pentaffiethylcyclopeiltadienyltitaniumtribenzyl, 
: . . 

pentamethylcyclopentadienyltitaiiiumdimethylmethoxide. 

pentamethylcyclopentadienyltitaniumdimethylchloride. 

·c~5-2.4-dimethyl-1.3-pentadienyl)titaniumtrimethyl. 
octahydrofluorenyltitaniumtrimethyl, 

tettahydroindenyltitaniumtrimethyl, 

tetrahydrofluorenyltitaniumtrimethyl, 

(1,l-dime~yl-2,3,4,9,10-11-l,4,5,6,7,8-hexahydronaphthalenyl)titaniumtrimethyl, 

(l, l ,2,3-tetramethyl-2,3,4,9,10-11-I .4,5,6, 7 .8-hexahydronaphthalenyl)titaniumtrimethyl, 

(tert-butylamido)(tetramethyl-115-cyclopentadienyl) dimethylsilanetitanium dichloride.. 

(tert-butylamido)(tetramethyl-115-cyclopentadienyl)dimethylsilanetitanium dimethyl. 

(tert-butylamido)(tetramethyI-11'-cyclopentadienyl)-l,2-ethanediyltitanium dimethyl. 

(tert-butylamido)(tetramethyl-115-indenyl)dimethylsilanetitanium dimethyl, 
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(ten-butylamido)(tetramethyl-115-cyclopentadienyl)dimethylsilane titanium {III) 2-

(dimethylamino )benzyl; 

(ten-butylamido )(tetramethyl-115-cyclopentadienyl)dimethylsilanetitanium (Ill) allyl, 

(ten..:.butylamido)(tetramethyl-115-cyclopentadienyl)dimethyl-silanetitanium (II) I .4-

diphenyl-1.3-butadiene, 

(tert-butylamido )(2-methylindenyl)dimethylsilanetitanium (II) J ,4-diphenyl-1,3-butadiene, 

(ten-butylamido )(2-methylindenyl)dimethylsilanetitanium (IV) 1,3-butadiene, 

(tert-butylamido ){2,3-dimethylindenyl)dimethylsilanetitanium (II) 1.4-

diphenyl- l ,3-butadiene. 

(ten-butylamido)(2,3-dimethylindenyl)dimethylsilanetitanium (IV) 1,3-butadiene, 

.. (tert-buty lamido )(2,3-dimethylindenyl)dimethylsilanetitanium (II) 1,3-pentadiene, 

(tert-butylamido ){2-methylindenyl)dimethylsilanetitanium cm 1,3-pentadiene, 

(ten-butylamido )(2-methylindenyl)dimethylsilanetitanium (IV) dimethyl, 

{ten-butylamido )(2-methyl-4-phenylindenyl)dimethylsilanetitanium (II) 1,4-diphenyl-1.3-

butadiene, 

(tert-butylamido ){tetramethyl-l\5 -cyclopentadienyl)dimethyl-silanetitanium (IV) 1,3-

butadiene • 

• • • ·"~ 
0

(~J.t"".butylamido )(tetramethyl-1\5 -cyclopentadienyl}dimethyi~silanetitanium (II) 1,4-
> L ~.; j i . ;_. . 

. . . dibenzyl-1,3-butadiene, 

(tert-butylamido)(tetramethyl-115 -cyclopentadienyl)dimetbyl-silanetitanium cm 2.4-

hexadiene. 

(ten-butylamido )(tetramethyl-115 -cyclopentadienyl)dimethyl-silanetitanium ·(II) 3-methyl- 1.3-

pentadiene, 

(teit-butylamido)(Z4-dimethyl-l,3-pentadien-2-yl)dimethyl-silanetitaniumdimethyl, 
··:. . : .... \:: 
(tert-butylamido)(l,l-dimethyl-2,3,4,9,10-1\-1.4,5.6,7,8-hexahydronaphthalen-4-

yl)dimethylsilanetitaniumdimethyl, and 

(tert-butylamido )( 1, l,2,3-tetramethyl-2,3,4,9, 1 O-'fl- l ,4,5,6, 7,8-hexahydronapbthalen-4-

yl)dimethylsilanetitaniumdimethyl. 

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

present invention include: 

b~clopentadienylzirconiuindimethyl, 
·. ·, ··bi~cfopentadienyltitaniumdiethyl, 

· ·· :. · b~cfopentadienyltitaniumdiisopropyl, 
.·bi~clopentadienyltitaniumdiphenyl, 
·biscyclopentadienylzirconium dibenzyl, 

biscyclopentadienyltitanium-2,4-pentadienyl, biscyclopentadienyltitaniummethylmethoxide. 
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biscyclopentadienyltitaniummethylchloride, bispentamethylcyclopentadienyltitaniumdimethyl, 

bisindenyltitaniumdimethyl, 

indenylfluorenyltitaniumdiethy 1, 

bisindenyltitaniummethyl(2-( dimethylamino )benzyl), 

bisindenyltitanium methyltrimethylsilyl. 

bistetrahydroindenyltitanium methyltrimethylsilyl, 

bispentamethylcyclopentadienyltitaniumdiisopropyl, 

bispentamethylcyclopentadienyltitaniumdibenzyl, 

bispentamethylcyclopentadienyltitaniummethylmethoxide, 

bispentamethylcyclopentadienyltitaniummethylchloride, 

(dimethylsilyl-bis-cyclopentadienyl)zirconiumdimethyl, 

. ·{dimethylsilyl-bis-pentamethylcyclopentadienyl)titanium-2,4-pentadienyl, 

. (dimethylsilyl-bis-t-butylcyclopentadienyl)zirconiumdichloride, 

(methylene-bis-pentamethylcyclopentadienyl)titanium(IIO 2-( dimethy lamino )benzyl, 

. . . ; , <d.i.~ethylsilyl-bis-indenyl)zirconiumdichloride, 
(dimethylsilyl-bis-2-methylindenyl)zirconiumdimethyl, 

. '· :{dimethylsilyl-bis-2-methyl-4-phenylindenyl)zirconiumdimethyl, 

(~_imethylsilyl-bis-2-methylindenyl)zilconium-1,4-diphenyl-l,3-butadiene, 

. . (dimethylsilyl-bis-2-methyl-4-phenylindenyl)zirconium (Il) l,4-diphenyl-1,3-butadiene, . t-·~:;~-; . . ' .. . . 
. (dimethylsilyl-bis-tetrahydroindenyl)zirconium(Il) l ,4-diphenyl-1,3-butadiene, 

(dimethylsilyl-bis-fluorenyl)zirconiumdichloride, 
'•'·'. ·: .. · .. 

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

(isopropylidene)( cyclopentadienyJ)(fluorenyJ)zirconiumdibenzyl, and 

(dimethylsilylpentamethyJcyclopentadienylfluorenyl)zirconiumdimethyl. 

Other compounds which are useful in the preparation of catalyst compositions 
according to this invention, especially compounds containing other Group 4 metals, will, of 
course, be apparent to those skilled in the art. 

Generally, the ratio of moles of activator compound (B) to moles of transition 

metal compound (C) in the supported catalyst is from 0.5:1 to 2:1, preferably from 0.5:1 to 1.5:1 

and most preferably from 0.75: 1 to 1.25:1. At too low ratios the supported catalyst will not be 

very active,_ whereas at too high ratios the catalyst cost becomes excessive due to the relatively 

large quantities of activator compound utilized. The quantity of transition metal complex 

. chemically bound to the inorganic oxide matrix in the resulting supported catalyst is preferably 
; ~. . 

f!.om 0.0005 to 20 mmol/g, more preferably from 0.001to10 mmol/g. 
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The supported catalyst of the present invention can be prepared by combining the 

support material, the activator compound and the metal complex in any order. Preferably, the 

inorganic oxide material is first treated with the activator compound by combining the two 

components in a suitable liquid diluent. such as an aliphatic or aromatic hydrocarbon to form a 

slurry. The temperature. pressure. and contact time for this treatment are not critical. but generally 

vary from-20°C to 150°C, from 1 Pa to 10,000 MPa. more preferably at atmospheric pressure 

(100 k.Pa), for 5 minutes to 48 hours. Usually the slurry is agitated. After this treatment the solids 

are typically separated from the diluent. 

Before using the support of the invention, the diluent or solvent is preferably 

removed to obtain a free flowing powder. This is preferably done by applying a technique which 

only removes the liquid and leaves the resulting solid, such as by applying heat, reduced pressure, 

evaporation, or a combination thereof. Alternatively, the suppon may be further contacted with 

the ~sition metal compound (C) prior to removing the liquid diluent. If so contacted the 

uansition metal coin.pound is preferably used dissolved in a suitable solvent. such as a liquid 

hydrocarbon solvent, advantageously a C5_ 1 o aliphatic or cycloaliphatic hydrocarbon or a C6-l o 
aromatic hydrocarbon. Alternatively. a suspension or dispersion of the transition metal compound 

in a nonsolvent may also be used. The contact temperature is not critical provided it is below the 

. d~composition temperature of the transition metal and of the activator. Good results are obtained 

. ··in-~· temperature range of Oto ioo0 c. The contact may be total immersion in the liquid medium or 

contaCt with an atoinized spray. of the solution, dispersion or suspension. All steps in the present 

process should be conducted in the absence of oxygen and moisture. The resulting supported 

catalyst may be stored or shipped in free flowing form under inert conditions after removal of the 

solvent. 

. The supported catalysts of the present invention may be used in addition 
·'. 

polymerization processes wherein one or more addition polymerizable monomers are contacted 

with the mpported caialyst of the invention under addition polymerization conditions. 

Suitable addition polymerizable monomers include ethylenically unsaturated 

, . . monomers, acetylenic compounds, conjugated or non-conjugated dienes, and polyenes. Preferred 
. . . 

monomers include olefins, for examples alpha-olef"ms having from 2 to 20,000. preferably from 2 
,; '.. . . . . ~ .. . 

, to 20, more preferably from 2 to 8 carbon atoms and combinations of two or more of such alpha-
.. ~·· : ; i:. ~ ::··_; ~.. . : . ; 

. olefins. Particularly suitable alpha-olefins include. for example, ethylene, propylene, I-butene, 1-

'·': .: ··~ ·:, ~:,:.'.,· -~~~~Jle, 4-methylPentene-l, 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene, 1-undecene, 1-

... . . - ··. dodecene, 1-tridecene. 1-tetradea:ne, 1-pentadecene, or combinations thereof, as well as Jong 

chain vinyl tenninated oligomeric or polymeric reaction products formed during the 

polymerization, and C 10-30 a-olefins specifically added to the reaction mixture in order to 
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produce relatively long chain branches in the resulting polymers. Preferably, the alpha-olefins are 
ethylene, propene, I-butene, 4-methyl-pentene-l, 1-hexene, 1-octene. and combinations of 

ethylene and/or propene with one or more of such other alpha-olefins. Other preferred monomers 
include styrene, halo- or alkyl substituted styrenes, tetrafluoroethylene. vinylcyclobutene, l ,4-

hexadiene, dicyclopentadiene, ethylidene norbomene, and 1,7-octadiene. Mixtures of the above-
.. 

mentioned monomers may also be employed. 

The supported catalyst can be fonned in situ in the polymerization mixture by 

introducing into said mixture both a support of the present invention. or its components, as well as 
__ 8: suitable transition metal compound (C). The supported catalyst can be advantageously 

_~ployed in a high pressure, solution, slurry or gas phase polymerization process. A high 

__ ~~s~u:"C process is usually carried out at temperatures from 100 to 400°C and at pressures above 
500 bar. A slurry process typically uses an inert hydrocarbon diluent and temperatures of from 

0°C up to a temperature just below the temperature at which the resulting polymer becomes 

substantially soluble in the inert polymerization medium. Preferred temperatures are from 40°C to 
l l 5°C. The solution process is carried out at temperatures from the temperature at which the 
resulting polymer is soluble in an inen solvent up to 275°C, preferably at temperatures of from 
130°C to 260°C, more preferably from 150°C to 240°C. Preferred inert solvents are Cl-20 

;,:.~hydrocarbons and preferably C5.10 aliphatic hydrocarbons, including mixtures thereof. The 
. ~' ~ :- . .' . 

-. solution and slurry processes are usually carried out at pressures between 100 kPa to 10 MPa. 
-':( ' · ·~ ·, ' .-. ,. fypicai oi>eratiii8 conditions tor g;is phase polymerizations are from 20 to i 00°c, more preferably 

... ! ~· 

_ trOrn 40 to 80°C. In gas phase processes the pressure is typically from 10 kPa to 10 MPa. 

Condensed monomer or diluent may be injected into the reactor to assist in heat removal by mean~ 
of latent heat of vaporization. 

- - Preferably for use in gas phase polymerization processes. the support has a 
- , , ·_, median particle diameter from 20 to 200 µm. more preferably from 30 µm to 150 µm, and most 

. · preferably from 50 µm to 100 µm. Preferably for use in slurry polymerization processes, the 
: · . support has a median particle diameter from l to 200 µm. more preferably from 5 µm to I 00 µm, 

and most preferably from 20 µm to 80 µm. Preferably for use in solution or high pressure 
... · . • polymerization processes, the support has a median particle diameter from 1 to 40 µm. more 

preferably from 1 µm to 30 µrn, and most preferably from l µm to 20 µm. 

In the polymerization process of the present invention, scavengers may be used 
• · .. ': • which serve to protect the supported catalyst from catalyst poisons such as water, oxygen. and 
. -'.: ·· polar compounds. These scavengers are generally used in varying amounts depending on the 

. . " : amounts of impurities. Preferred scavengers include the aforementioned organoalurninum 
. ~mpounds of the fonnula AIR3 or alumoxanes. 
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In the present polymerization process, molecular weight control agents can also be 

used. Examples of such molecular weight control agents include hydrogen, trialkyl aluminum 

compounds or other known chain transfer agents. A particular benefit of the use of the present 

supported catalysts is the ability {depending on reaction conditions) to produce narrow molecular 

weight distribution a.-olefin homopolymers and copolymers. Preferred polymers have Mw/Mn of 

less than 2.5, more preferably less than 2.3. Such narrow molecular weight distribution polymer 

products, especially those from a slurry process are highly desirable due to improved tensile 

strength propenies. 

Having described the invention the following examples are provided as further 

illustration thereof and are not to be construed as limiting. Unless stated to the contrary all parts 

and percen_tages are expressed on a weight basis. The bulk density of the polymers produced was 

determined according to ASTM 1895. 

EXAMPLES 

Example 1 

· Aia~ Synthesis of (4-bromophenoxy)trimethylsilane BrC6H4-p..OSiMe3 

l,l,l,3,3,3-hexamethyldisilazane (100 ml; 98 percent purity; 0.464 mol) was 
aqded to BrC6H4-p-OH (40.3 g; 0.116 mol) and heated to reflux for 2 hours. Af~er cooling to 

. ' . . . 

· .... . ... : ~°C, the excess l,l,l,3,3,3-hexamethyldisilazane was separated by distillation (120°C) and the 

.t. 

~idue purified by flash chromatography using silica (Davison 948. 800°C, pentane). The 

pf<>4uct was a colorless liqui~. Yield: 50 g (88 percent) 

Alb. Synthesis of MgBrC6H4-p-OSiMe3 

Magnesium turnings (1.20 g; 49.4 mmol) were mixed with TIIF (4 ml) followed 

by 1,2-dibromoethane (0.25 ml; 2.87 mmol) in a 100 ml 3-necked flask. The mixture began to 

reflux. and a solution of 4-bromophenoxytrimethylsilane (7 .5 ml; 38.8 mmol) in THF (32 ml) was 

added dropwise through a syringe over a period of 15 minutes. The resulting reaction mixture 

was further refluxed for 1 hour and then cooled to 25°C. The dark gray solution was fdtered and 

. titrated with 2-butanol in the presence of 5-methyl-1.10-phenanthroline. Yield: 81 percent (0.87 

M. 36ml). 

· Ale. Synthesis of [MgBr.2THF][(C6Fs)38(C684-p;.QSiMe3)l 

A solution ofB(C6F5)3 (15.85 g; 31 mmol) in 100 ml diethyl ether was treated 

with freshly prepared MgBrC6H4-p-OSiMe3 (35.5 ml; 0.87 M in TilF) at room temperature. The 

reaction mixture was stirred for 16 hours, 100 ml pentane was added and the mixture further 

stirred for 30 minutes to form a two layer mixture. The upper pentane layer was decanted and the 
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lower layer was funher washed with pentane (50 ml) two times. The resulting syrup was 
evaporated under reduced pressure to obtain the white solid product. Yield~ 22.1 g (77 percent) 
1H NMR (d8 -THF) S + 0.18 (s, 9~. -SiMe3). 6.45 (d, 2H, C6H4). 7.06 (d, 2H, C6H4). 19F (d8 

-THF) o -131.1 (d}, -167.2 (t), -169.9 (t). 19C (d8-THF) S + 0.46 (s, -SiMe3), 117-153 (Caryl> 

Ald. Synthesis of dimethylanilinium ( 4-hydroxyphenyl)tris(penta-fluorophenyl)borate 
[PhMe2NH][(C6F 5)3B(C6H4·p-OH)] 

{MgBr·2THF][(C6F5)3B(C6H4-p-OSiMe3)] (22.1 g; 23.9 mmol) and aqueous 
NMe2Ph·HCl solution (100 ml; 0.312 M; 31.2 mmol) were stirred at room temperature for 16 

· hours. The resulting H20 solution was carefully decanted and the viscous solid was washed with 
distil1ed H20 (6 x 150 ml) and rinsed with pentane (3 x 100 ml) and dried under reduced 
pressure. Yield: 13.2 g (76 percent). 1H NMR (d8-TIIF) o + 3.22 (s, 6H,-NHMe2Ph), 6.40 (d, 

2H, C6H4), 7.05 {d, 2H, C6H4>, 7.4-7.7 (m, SH, NHMeiPh). 1·9F (d8-THF) o-131.l (d), -167.S(t), 
-169.9(t). 19C (d8 -THF) 0+46.3(NHMe2Ph),112-158 (Cary1>· 

.. A2a •. Synthesis of 4-((4'-bromophenyl)phenoxy)trimetbylsilane BrC6H4-C6H4-p-OSiMe3 

l,l,l,3,3,3-Hexamethyldisilazane (75 ml; 98 percent purity; 0.348 mol) was 
·' · added to BIC6H4-C6H4-p-OH (30 g; 0.117 mol) and heated to reflux for 4 hours. After cooling 

to 25 °C , the solid prOduct was filtered and rinsed with cold pentane ( 50 ml; 0 °C). The crude 
·. product was then dissolved in diethylether and purified by flash chromatography of silica 

.=:·:. ·coa~is~n 948, 800°C, pentane). The product was.a white crystalline solid. Yield: 33.6 g (89 . ····._.j:; .. . 

. . . percent) 
! •. . . • . • i'.'~ ., . 

. :_·. 

.. . ·~· . A2b. Synthesis of MgBrC6H4·C6H4·p·OSiMe3 

Magnesium powder (50 mesh; 0.47 g; 19.3 mmol) was mixed with TIIF (5 ml) in 
a 3-ne~ked flask. l,2-dibromoethane (0.25 ml; 2.87 mmol) was then syringed into the flask and 
heated to reflux vigorously. A THF solution (11 ml) ofBrC6H4-C6H4-p-OSiMe3 (3.0 g; 9.34 

~ol) was added dropwise through a syringe over a period of 20 minutes under reflux 
. -. conditions. The resulting hot reaction mixture was cooled to 25°C in 1.5 hours. The dark gray 
. solution was filtered and titrated with 2-butanol in the presence of 5-methyl-1,10-phenanthroline. 

Yield: 87 percent (0.76 M, 10.9 ml) . 

.· ·.uc~ Synthesis of [MgBr·2THF)[(C6Fs)3B(C~4-C~4-p-OSiMe3)] 

A solution of B(C6F5)3 (3.24 g; 6.33 mmol) in 50 ml diethyl ether was treated 
. : with freshly prepared MgBIC6H4-C6H4-p-OSiMCJ (10.4 ml; 0.76 M; 8.13 mmol) at room 

temperature. The resulting mixture was stirred for 3 hours, worked up, and recovered following 
the procedure of Example 3Alc). Yield: 6.84 g (84 percent) 
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A2d. Synthesis of dimethylanilinium 4-((4'-hydroxyphenyl)phenyl)· 

tris(pentafluorophenyl)borate [PhMe2NH]+[(C6F 5)3B(C6H4-C6H4·p-OH)]" 

The procedure of lAld) is substantially repeated. Yield: 84 percent 

A3a. Preparation of 2-bromo-6-trimethylsiloxynaphthalene 

A sluny of 10.0 g 2-bromo-6-naphthol in 30 mL Me3SiNHSiMe3 was stirred 

under argon for 2 hours. At this time, the excess silane reagent was removed under reduced 

pressure. The remaining solids were dissolved in 20 mL pentane and eluted down a 2 inch (5 cm) 

pad of silica. The solvent was removed under reduced pressure yielding 11.5 g of 2-bromo-6-
njmethylsiloxynaphthalene as a white, crystalline solid. 1H NMR (CDC13): -0.40 (s, 9 H, SiMe3), 

6.4,.:. 7 .3 (m, 6 H, aromatic H) ppm. 

"A.3b. Preparation of 6-(trimethylsiloxy-2-naphthyl)tris(pentafluoro-phenyl)borate 
MgBr2·CEtiO>x (MgBr2CEii0).1:f 6-Me3Si0CioH6-2-B(C6F 5)3D 

A slurry of0.7 g Mg powder in 10 mL THF was activated by addition of 0.1 mL 
_ lhCH2CH2Br and heated to a gentle reflux. A solution of 5.0 g 2-bromo-6-

· .. ·. ·. 

: triinethylsiloxynaphthalene in 5 mL THF was added over a 30 minute period. At this ·time a 0.5 

... ~aliquot _of the cooled solution was titrated with isopropyl alcohol. The remaining 13.9 mL of 
.... p.758 M Grign~ solution was added to a slurry of 5.39 g [B(C6F5)3] in 30 mL Et20. The 

. ' : ·. . ~ . 
. ~- , Inixture was stined for 20 hours. during which time a white precipitate formed. The solids were 

collected by filtration, washed with Et20 and pentane. and dried under reduced pressure. Yield: 

6.81 g MgBr2(Et20)x[6-Me3SiOC10H6-2-B(C6F5)3]. 1H NMR (TIIF-dg): 0.28 (s, 9 H. SiMe3),. 

6.8-7.7 {m, 6 H. aromatic H) ppm. 19F{'H} NMR (THF-d8): -123.0 (d, Jp_p = 19,S Hz. onho F), 

. ~159.4 (m, meta F). -161.9 (t, Jp_p = 23 Hz, para F) . 

.Uc." Preparation of dimethylanilinium (6-hydroxy-2-naphthyl)tris(penta· 

D~orophenyl)borate PhMe2NH+[6·HOC10H6·2-B(C6F 5)3]" 

The 6.81 g MgBr2CEt20)x[6-M~SiOCtoff6-2-B(C6F5)3l prepared above were 

_slu_rried in distilled water with an excess of PhMeiNHCl for 4 hours. The water solution was 

· decanted and the solids washed with several portions of distilled water. The resulting solids were 

dissolved in 10 mL methanol. The methanol was subsequently removed under reduced pressure 
to yield PbMCiNH[6-HOC1oH6-2-B(C6F5)3] as a white. crystalline solid. Yield: 4.34 g. 'H 

NMR.{TI{F-dg): 3.02 (6 H, NMei>. 6.6-7.5 (11 H, aromatic H) pp·m. 19F{ lH} NMR (THF-dg): 

. .:.fa3.l (d, Jp~p = 20.6 Hz. ortho F}, -159.4 (m. meta F), -161.8 (t, JF-F = 23 Hz, para F). 
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B. Preparation of phenylsilane modified silica (PhHzSi-0-Silica) 

A pentane (150 ml) slurry of 10 g of Davison™ 948 (800 °C) silica (available from 

Davison division of Grace Chemical Co.) was treated with phenylsilaoe (PhSiH3) (2.70g; 0.025 

mol) and triethylamine (NEt3) (2.53 g; 0.025 mol) via a syringe under argon atmosphere at 23 °C. 

Hydrogen gas evolved from the solution vigorously. The resulting mixture was agitated for 12 h. 

The phenylsilaoe-modified silica was collected on a frit under argon, washed with pentane (5x5 ml). 

and dried under reduced pressure. Yield was 10.43 g. DRIFTS IR: n (Si-H) 2178 cm· l (vs). ~9si 

CPMAS: ~ -23 ppm. Hydroxyl content of the functionalized silica was undetectable ( <0.1 mmolJg) 

C. Preparation of the supported anilinium borate ([NHMezPb]+[(C6}'5)3B (C6114·p·O­

SiHPh-O-Silica))· 

An ether (30 ml) slurry of phenylsilane-modified silica (3.00 g) was treated with 

I 00 ml of an ether solution of [NHMe2PhtlCC6F5)3B(C6H4-p-OH)]- (1.05 g; 1.44 mmol} at room 

temperature under an argon annosphere. Hydrogen gas evolved from the solution for 10 min. The 

_sol1:1tion was stirred for 15 hand the resulting white solid was filtered, washed with ether (5x20 ml) 

. ·an'~ pentane (3x 20 ml}, and dried under reduced pressure. Yield was 3.71 g. DRIFTS IR: n (Si-H) 

· .. : .. :: ... ·· 2i~_cm·l (m);.n (N-H} 3239 cm-1 (s). 29si CPMAS: -0-SiHPh-OSilica (s, -41 ppm}. 13c 

'C~AS: NHMe2Ph (s, 48.5 ppm). 

,·= .. 

D. Slurry Batch Reactor Polymerization 

A 2 liter autoclave reactor was evacuated at 80 °C overnight prior to use. A 

· heptane (300 mi) slurry of phenylsilane functionalized- silica-supponed anilinium ( 4-

~ydroxyphenyl}tris(pentatluorophenyl) borate. ([NHMeiPhtICC6F5}3B (C6ff4-p-O-SiHPh-

OSilica)]"} (200 ~g}, was treated with (t-butylamido)dimethyl (tetrarnethyl-1\s-cyclopentadienyl)­

silanetitanium dimethyl( IO mg: 31 mmol). The catalyst mixture was transferred via vacuum into 

the preheated reactor. Ethylene was quiclcly admitted to 200 psig (1.4 Mpa) and the reactor 

~emperature was maintained at 75 °C via a recirculating water bath. Ethylene was fed on demand 

. via a mass flow controller. Polyethylene yieJd after 10 minutes reaction was 7.14 g. Mw=745,60C 

Mw/Mn = 2.465. 
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Example2 

A. The activator of example lAl.d was employed. 

B. Preparation of diphenylsilane-modified silica (Ph2HSi-O-Silica) 

A pentane (200 ml) slurry of Davison™ 948 (800 °C} silica (20.0 g) was treated 

with Ph2SiH2 (8.67 g; 0.047 mol) and NEt3 (5.08 g; 0.050 mol) via a syringe under argon at room 

temperature. Hydrogen gas evolved from the solution vigorously. The resulting mixture was 

agitated for 12 h. The diphenylsilane-modified silica was collected on a frit under argon. washed 

with pentane (5xl0 ml), and dried under reduced pressure. Yield: 20.87 g. DRIFrS IR: n (Si-H) 

2169 cm·l (m). Residual hydroxyl content was undetectable (<0.1 mmoVg silica). 

· C~. Preparation of the diphenylsilane functionalized silica supported anilinium ( 4-

·• .. phenyl)tris{pentanuoropbenyl)borate {[NHMe?Pb]+[(C6F5)3B (C6H4-p-O-SiPh2·0-Silica)]' 

. . . A diethylether (30 ml) slurry of diphenylsilane-rnodified silica (3.00 g) was treated 

. with a diethylether (100 ml) solution of [NHMeiPh]+[(C6F5)3B (C6ff4-p-OH))" (l.00 g; 1.38 
.·· .· 

. mmol) at room temperature under an argon atmosphere. The solution was stirred for 15 h and the 

·resulting white solid was filtered. washed with ether (5x20 ml) and pcntane (3x20 ml), and dried 

under reduced pressure. Yield was 3.11 g. 

Dt. Slurry Batch Reactor Polymerization 

•• = •• ·~ 

A l gallon Hoppes autoclave purchased from Autoclave Engineers Inc. was initially 

·. · : charged with 1850 grams of anhydrous hexane. The reactor vaJ>or space was then swept twice with 

. a S. mol percent hydrogen/ ethylene gas mixture and vented between each sweep. The reactor was 

... : . ~en. brought up to 80 °C temperature and then vented to the solvent vapor pressure of 13 psig ( 190 

. . , . . . kPa) •. The hydrogen/ethylene mixture was then added to increase the reactor ·pressure to 53 

. , . . . . ... . , , psig.( 470 kPa). Ethylene was supplied by a demand feed regulator with a set pressure of 180 

.... ··· psig.(1.3 MPa). The slurry catalyst was prepared by mixing 0.07 g of the diphenylsilane-modified 

·silica supported anilinium borate. [NHMe2Ph]+[(C6F5)3B (C61'14-p-O-SiPh2-0Silica)]-). 20 ml of 

mixed alkanes solvent (lsopar E™ available from Exxon Chemicals Inc., and 0.21 ml (0.07 l 7M. 15 

mmol) of a solution of (t-butyl)amidodimethyl(tettamethyl-115-cyclopentadienyl)silanetitanium 

dimethyl and stirring for 15 minutes. The catalyst sluny was then injected into the reactor via a 

stainless stee) pressurized cylinder. After 60 minutes, the polymer sample was removed from the 
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reactor, filtered. and the powder placed in a drying tray in a vacuum oven at 80 °C for 

approximately 30 minutes. 20.4 g of polyethylene was isolated (29.800 gPE/gTi). 

D2. Solution Batch Reactor Polymerization 

A stirred. one gallon autoclave reactor was charged with 1445 g of Isopar E™ 
and 126gof1-octene and heated to 130 °C. The reactor was then charged with 37 psig (360 kPa) 

of hydrogen followed by ethylene sufficient to bring the total pressure to 450 psig.(3.1 Mpa) The 

catalyst was prepared by stirring 0.15 g of the diphenylsilane-modified silica supported anilinium 
borate, [NHMeiPh]+[(C6F5)3B(C6ff4-p-O-SiPh2-0Silica))'. 20 ml oflsopar E™. and 0.42 ml of 

a. solution of (t-butyl)amidodimethyl(tetramethyl-t\5-cyclopentadienyl)-silanetitaniurn dimethyl 

(0.0717M, 30 mmol) for 15 minutes. The catalyst slurry was injected into the reactor and the . . - ~ . . .; . 

reactor temperature and pressure maintained by continually feeding ethylene during the 

~lymerization and cooling the reactor as required. After 10 minutes, the reactor contents were 

· , transferred into a nitrogen purged resin kettle containing 0.2 g of antioxidant (lrganox 1010 ..... ·.·· ... 

available from Ciba Geigy Co.). The sample was dried for 15 h in a vacuum oven to yield 93.4 g 

of copolymer (65,000 gPFJgTi). 

Example 3 

·., . ' ·: ·' · .Bl~ Preparation of phenylsllane-modified silica, PhH2Si-OSillca 

·:·:=;; 
Silicas having residual hydroxyl content of 0.5 lnmoUg were obtained by 

caltjning various silicas at 800 °C (Davison 948. Davison 952, and Sylopol™-2212, available ... '· .. ' . . 
.. fro~ GRACE Davison Corporation). 20.0 g of the calcined silicas was slurried in pentane (150 
ml) and treated with PhSiH3 (6 ml; 0.048 mol) and triethylaluminum (6 ml; 0.043 mol) added via 

"a sYrlnge under argon atmosphere at room temperature. Hydrogen gas evolved from the solution 

vigorously. The resulting mixture was agitated in a shaker for 12 hours. The phenylsilane-
. , .. mocUfied silicas were collected on a frit under argon. washed with pentane (5 x 20 ml), and dried 

under reduced pressure. Yields were approximately 21.0 g. DRifTS IR: v (Si-H) 2178 cm-1 (vs). 
29Si CPMAS: 6-23 ppm. Residual hydroxyl contents were undetected (<0.1 mmoVg silica). 

, ,. · B2. Preparation of dimetbylsilane-modified silica, Me2HSi-OSilica 
.. , 

A pentane (200 ml) sluny of GRACE Davison 948 (800 C; 0.5 mmol -OH/g) 
·· · silica (30.0 g) was treated with CMeiHSi)2NH (3.0 g; 22.5 mmol) •. The resulting mixture wa5 

~- . '. 
agitated in a shaker for 12 hours. The dimethylsilane-modified silica was collected on a frit unde: 
argon, washed with pentane (S x 20 ml). and dried under reduced pressure. Yield: 30.95 g. 

DRIFTS IR: v (SiH) 2158 cm-1 (s). 29Si CPMAS: 6-1.3 ppm. 
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83. Preparation of diethylsilane-modified silica, Et2HSi-OSilica 

A toluene (50 ml) slurry of GRACE Davison 948 (800 C; 0.5 mmol -OH/g) silica 
(2.5 g) was treated with EtiH2Si (0:90 g; 97 percent; 10.2 mmol) and NEt3 ( 1.05 ml; 7.5 mmol). 

The resulting mixture was refluxed for 12 hours. The resulting solution was cooled to 25 C and 

the diethylsilane-modified silica product was collected on a frit under argon, washed with pentane 

(5 x 20 ml), and dried under reduced pressure. Yield: 2.7 g. DRIFTS IR: v (Si-H) 2141 cm·1 (s). 
29Si CPMAS: 8+5 ppm. 

84. Preparation of phenylmethylsilane-modifted silica, PhMeHSi-OSilica 

A heptane (350 ml) slurry of GRACE Davison 948 (800°C; 0.5 mmol -OH/g) 
silica (30.0 g) was treated with PhMeH2Si (9.15 g; 97 percent; 72.8 mmol) and NEt3 (10.5 ml: 75 

mmol). The resulting mixture was refluxed for 12 hours in an overhead stirrer under argon 
.... 

atmosphere. The resulting solution was cooled to 25 C and the phenylmethylsilane-modified 

silica product was collected on a frit under argon. washed with pentane (5 x 30 ml), and dried 

· · ~nd~~ reduced pressure. Yield: 31.73 ·g. DRIFTS IR: v (Si-H) 2160 cm·• (s). 29Si CPMAS: 5-6 

ppm. 

BS. Preparation of diphenyisilane-modified silica, Ph2HSi~OSilica 

A pentane (150 ml) sluny of GRACE Davison 948 (800°C; 0.5 mmol -OWg) 
silica (20.0 g) was treated w~th Ph2S~2 (9 ml; 98 percent; 44.7 mmol) and NEt3 (6.2 ml; 44.5 

mmol) through syringe under argon atmosphere at room temperature. Hydrogen gas evolved from 

the solution vig0rously. The resulting inixture was agitated in a shaker for 12 hours. The 
:' ... 

: · diphenylsilane-modified silica product was collected on a frit under argon, washed with pentane 

. (S ~ 30 ~). and dried under reduced pressure. Yield: 21.6 g. DRIFfS IR: v (Si-H) 2169 cm·1 (s} . 
. ;; . . 

Cl. Preparation of the silica-supported anilinium borate, w/ phenylsilane functionalizer 

lPhM"lNHJ+ [(C6F5)JB(C6H4-p-O-SiHPh-OSilica)]• 

An ether (100 ml) slurry of phenylsilane-modified silica (prepared according to 

381) (10.00 g) was treated with an ether (JOO ml) solution of dimethylanilinium (4-
. hydroxyphenyl)tris(penta-fluorophenyl)borate [PhMeiNH][(C6F5)3B(C6H4-p-OH)] (prepared 

according to tAl(a-d)) (2.94 g; 4.03 mmol) at room temperature under an argon atmosphere. The 

. .solution was agitated in dry box for 1.5 days and the resulting white solid was filtered off, washed 
.: ::: ~ ·. . . . . ~. : . . . 

.• I • ;~. ~ ' ' I 

wi~ ether (5 x 20 ml) and pentane (3 x · 20 ml), and dried under reduced pressure. Yield: 1 1 .99 g. 

DRIFTS IR: v (Si-H) 2190 cm·' (m); v (N-H) 3239 cm·' (w). 19Si CPMAS: -0-SiHPh-OSiJica (s, 
. ~i ppm). 13C CPMAS: NHMe2Ph (s, 48.5 ppm). ICP boron content: 0.231 percent. 
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C2. Preparation of the silica-supported anilinium borate, w/ di·methylsilane functionalizer 

[PhM~NH]+[(C6F5)3B(C6H4·p·O-SiMe2-0silica)). 

An ether ( 100 ml) slurry of dimethylsilane-modified silica (10.00 g) (prepared 
according to 3B2) was treated with an ether ( 100 ml) solution of [PhMe2NH][(C6F5)3B(C6H4-p-

OH)] (2.90 g; 4.02 mmol) at 25 °C under an argon atmosphere. The solution was agitated in a dry 

box for 2.5 days and the resulting white solid was filtered off, washed with ether (5 x 20 ml) and 

pentane (3 x 20 ml), and dried under reduced pressure. Yield: 12.21 g. v (N-H) 3240 cm·1 (w). 
29Si CPMAS: -0-SiHPh-OSilica (s, -7 .7ppm). 

· C3. Preparation of the silica-supported anilinium borate, w/ di·ethylsilane functionalizer 
[PhM~NH]+[(C6F s)3B(C6H4·p·O-SiEt2-0silica)). 

An ether (100 ml) slurry of diethylsilane-modified silica (10.00 g) (prepared 
acc.ording to 3B3) was treated with an ether (100 ml) solution of [PhMe2NH][(C6F5)3B(C6H4-p-

OH)] (2.90 g; 4.02 mmol) at 25 C under an argcin atmosphere. The solution was agitated in a dry 

box for 2.5 days and the resulting white solid was filtered off, washed with ether (5 x 20 ml) and 

. pentane (3 x 20 ml), and dried under reduced pressure. 

C4. Preparation of the silica-supported anilinlum borate, w/ phenyl-methylsllane 

~nctionalizer [PhMe2NllJ+[(C6F 5)3B(C6H4·p-O-SiMePh-Osilica))" 

An ether ( 100 ml) slurry of phenylmethylsilane-modified silica ( 10.00 g) 
• ! • • 

(prepared according to 3B4) was treated with an ether (100 ml) solution of 
[PhMe2NH][(C6F5)3B(C6H4-p-OH)] (2.90 g; 4.02 mmol) at 25 C under an argon atmosphere. 

The solu~ion was agitated in dry box for 2.5 days and the resulting white solid was filtered off. 

washed with ether (5 x 20 ml) and pentane (3 x 20 ml). and dried under reduced pressure. 

CS. Preparation of the silica-supported anilinium ( 4-hydroxyphenyl)tris(pentatluoro-

-. , phenyl)borate, w/ diphenylsilane functionalizer [PhMe2Nff]+[(C6F 5)3B(C6H4-p·O-SiPb2-

0silica))" 

An ether (100 mJ) slurry of diphenylsilane-modified silica (10.00 g) (prepared 
according to 385) was treated with an ether (100 ml) solution of (PhMe2NHU(C6F5)JB{C~4-p-

OH)] (2.90 g; 4.02 rnmol) at 25 C under an argon atmosphere. The solution was agitated in dry 

box for 2.5 days and the resulting white solid was filtered off, washed with ether (5 x 20 ml) and 

·· ... · ·pentane {3 x 20 ml).· and dried under reduced pressure. 
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C6. Preparation of silica-supported anilinium (4-(4'-hydroxyphenyl)phenyl)tris· 

(pentatluorophenyl)borate borate, w-pbenylsilane· functionalizer (PhMe2NH]+[ 

(C6F 5)38(C'1f 4·p·O-SiHPh·Osilica)]" 

An ether (80 ml) slurry of phenylsilane-modified silica (4.00 g) was treated with 

dimethylanilinium ( 4-(4' -hydroxyphenyl)-phenyl)tris(pentafluorophenyl)borate 
- [PhMe2NHt[(C6F5)3B(C6H4-p-OH)r (prepared according to 1A2(a-d) {1.20 g; 1.49 mmol) at 

25 C under an argon atmosphere. The solution was agitated in dry box for 2 days and the 

resulting white solid was filtered off, washed with ether (5 x 20 ml) and pentane (3 x 20 ml), and 

dried under reduced pressure. Yield: 5.04 g. DRIFTS IR: v (Si-H) 2191 cm·1 (m): v (N-H) 3244 
cm'1 (w). 29Si CPMAS:-0-SiHPh-OSilica (s,-41ppm). 13C CPMAS: NHMe2Ph (s. 47.7 ppm). 

_ ICP boron content: 0.225 percent 

C7. Preparation of the dimethylsilane functionalized silica-supported dimethylanilinium (4-

. (4' .. ydroxyphenyl)phenyl)tris( pentaftuoro-phenylborate, [PhMe2NH]+[ (C6F 5)38{C6H4-p­

O-~iMe2·0Silica)]" 

An ether (60 ml) slurry of dimethylsilane-modified silica ( 1.0 g) was treated with 
·--· [PhMe2NHt[(C6Fs)3B(C6H4-c6H4-p-OH>r (0.39 g; 0.49 rnmol) at room temperarore under an 

argon atmosphere. The solution was agitated in dry box for 2 days and the resulting white solid 

~as filtered off. washed with ether (3 x 20 ml) and pentane (3 x 10 ml). and dried under reduced 

. ~smre. Yield: 1.20 g. DRIFTS IR: v (N-H) 3142 cm·• (w). 29Si CPMAS: -0-SiHPh-OSilica (s, 

'"'7 .6 ppm). ICP boron content: 0.232 percent . 

D. Slurry Batch Reactor Polymerization 

1) Cooolymerization 

A 2 liter autoclave reactor was evacuated at 70°C for 90 minutes prior to use. 
' - -

Heptane (550 ml) containing 13 µmole oftriisobutylaluminum (0.013 ml; 1.0 Min toluene) was 

divided into two approximately equal ponions and placed into two 600 ml high pressure 

containers. One container was treated with 35 ml of 1-hexene. The second container was treated 

_ with 0.2 ml of a toluene solution of bis(n-butylcyclopentadienyl)zirconium dichloride (n­
~uCp)2ZrCI2. (0.2 mg; 0.494 µ.mole) and the activated support of 3C I (12 mg~ 2.4 µmole based 

on boron). The hexene containing solution was transferred into the preheated reactor followed by 

the catalyst mixture. Ethylene was quicldy admitted at 125 psi (860 kPa) and the reactor was 

main-tained at 70°C via a recirculating water bath. Ethylene was fed on demand via a mass flow 

controller. The reaction was continued under these reaction conditions for one hour. Polymer 

yield was 97 g, giving a productivity (g polyrner/g Zr-hr.) of 2.15 x 106
• and a catalyst activity {g 

polymer/g catalyst-hr.) of 1950. 
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D2·6) Additional Batch Slurry polymerizations 

The reaction conditions of Example 301 were substantially repeated using 

different quantities of bis(n-butylcyclopentadienyl)-zirconium dichloride, triisobutyl aluminum 

(TIBAL) and hexene as well as different types and quantities of activated supports. Results are 

contained in Table 1. 

Run 
302 
303 
304 
305 
306 

Activated 
Support 

3C2 
3C2 
3C6 
3C7 
3C6 

I: _Productivity g polymer/g Zr-hr 
2. Activity g polymer/ g catalyst-hr. 

D7) Ethylene Homopolymerization 

Table l 
TIBAL 

ol 
12 
13 
20 
30 
13 

hexene 
ml 
35 
35 
40 
20 
70 

Yield 
g 
41 
40 
137 
87 
73 

Prod.1 

ex 106> 
0.9 
0.9 
1.5 
0.4 
1.6 

Act.2 

3360 
3570 
6720 
2810 
5530 

. a) A 2 liter autoclave reactor was evacuated at 70°C for 90 minutes p~or to use. 

Heptane (350 ml) containing 25 µmole of triisobutyla1uminum (0.025 ml; 1.0 M in toluene) and 
. .:: . Lo mi of a toluene solution of bis(cyclopentadienyl)zirconium dimet,hyl Cp2ZrMei. (0.9 mg: 3. 7 

, ·. :•. · µinoJe) and the activated support of 3C6 (30 mg; 5.0 µmole based on boron was transferred into 
. . ·~ ' . ' ~ .... •· . . . . ' ' . ·' . . . . . - ·. -. . . 

: ~, 1·• the preheated reactor. Ethylene was quickly admitted at 180 psi (1200 k.Pa) and the reactor was 

.·,. ,~_ntained at 80°C via a recirculating water bath. Ethylene was fed on demand via a mass flow 

controller. ·The reaction was continued under these reaction conditions for one hour. Polymer 

yield was 160 g. Mw = 155,000, Mw/Mn = 2.05. Tm (DSC) was 138 °C . 

. " b) The reaction conditions of 3D3a) were substantially repeated excepting that the quantity of 

· triisobutyl aluminum was 50 µmot, the transition metal compound was 

biscyclopentadienylzirconium dichloride, (2 mg, 6.8 µmol), the activated support was 3C6 (60 

mg, 12 µmol based on boron). and the temperature was maintained at 75 °C. Polymer yield was 

139 g. Mw = 144,000, MwlMn = 2.41, Tm (DSC) was 135 °C; 

., c) The reaction conditions of 3023) were substantially repeated excepting that the quantity of 

triisobutyl aluminum was 100 µmol, the transition metal compound was (t-

butylamido )dimethyl{tetramethyl-115 -cyclopentadienyl)silanetitanium dichloride,( 10 mg, 27 .2 

µmol), the activated support was 3Cl (200 mg, 40 µmol based on boron), and the ethylene 

pressure was 200 psi (1400 kPa). Polymer yield was 94.2 g. Mw = 961,000, Mw/Mn = 2.00, Tm 

(DSC) was 135 °C. 
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d) The reaction conditions of 3D3a} were substantially repeated excepting that the quantity of 
triisobutyl aluminum was 50 µmol, the transition metal compound was bisindenylzirconium 
dichloride, (2 mg, 4.8 µmol). and the activated support was 3Cl (80 mg, 13 µmol based on boron. 
Polymer yieJd was 140 g. 

Example4 

C. Preparation of phenylsilane functionalized silica supported anilinium (6-hydroxy-2-
napbthyl)tris{pentanuorophenyl)borate, [PhMe2NHJ+ [silica-0SiPhH-0-6-C

10
H,-2· 

B(C,Fs)3]· 

A mixture of 1.67 g [PhMe2NHt[6-HOC1oH6-2-B(C6F5)3] (prepared according 

. to Example 1A3) and 5.0 g phenylsilane-modified silica (prepared according to Example lB) 
were heated at gentle reflux with mechanical stirring for 24 hours. The solids were collected by 
filtration. washed with Et20 and pentane, and dried under reduced pressure. CP-MAS 29Si NMR: 

-43 ppm. Solids were determined to be 0.154 weight percent boron. 

D. Slurry Batch Reactor Polymerizations 

DI. A 2-L autoclave was evacuated at 80°C overnight prior to use. A heptane (300 
; ·. ~ ; I ~ . . . . . 

. mL) slurry of phenylsilane modified-silica supported dimethy)anilinium (6-hydroxy-2-
.. _ naphthyl)tri~{pentafluoro-phenyl)borate [PhMe2NHJ1silica-OSiPhH-OC 1 ofl6-2-B(C6F5)3r 

r ~ ;- ·~ • •. . •._ ·~ ··. ,.:..:.-1: · · ··· · • · · · .. · 
· (O~l~ g), (t-butylamido )dimethyl(tetramethyJ-115 -cyclopentadienyl)silanetitanium dimethyl (5 

· · · ·, mg}.: md o.i mL of a 25 percent Et3Al solution in heptane were transferred into the preheated 

· · .: .. :. ~or. Ethylene was quickly injected to 180 psi (1200 kPa) and the reactor was maintained at 
· 80~C via a recirculating water bath. Ethylene was fed on demand via a mass flow controller. 
Polyethylene ·yield after 60 minutes was 50 g. 

D2. The procedure of example 401) was repeated with the following changes: 0.05 g 
[PhMe2NHt[silica-0SiPhH-OC l off6-2-B(C6F5)3f, 0.05 mL Et3Al solution, 1.5 mg Cp2ZrMei. 
and 3 ·psi {20 .kPa) Hz. Polyethylene yield alter 60 minutes was 144 g. 

D3-22. The previous reaction conditions were substantially repeated using transition 
. metal complexes, activated supports. and other reaction conditions indicated in Table 2. Results . . 

are contained in Table 2. Molecular weights were determined by gel penneation chromatography 

(G~). 
· ... 
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Table 2 

Sup- complex . Scav. C8~1 H., time Yield Mw Mw/ 
Run pon (µmol) (mmol) 

~ 
kPa min. (g) xl0"6 Mn 

403 4C TM2 C30) TEA3 (1.5) 0 14 60 48 
404 TP4 (30) TEA (1.5) .. .. .. 74 1.13 6.1 
405 .. .. TEA(.75) " .. 62 1.08 4.9 
406 .. " TEA(.38) " " .. 46 1.03 4.9 
407 .. .. TEA(.05) •• " .. 9 
4D8 .. .. TEA(l.S) .. .. 61 
4D9 .. •• MA05 (.05). .. .. .. 4 
4010 .. .. TEA (1.5) •• 35 .. 52 0.73 5.8 
4011 .. .. TEA(l.5) .. 60 .. 52 0.79 4.9 
4Dl2 IC •• TEA (1.5) .. 280 .. 39 0.40 13.5 
4Dl3 .. .. TEA(l.5) .. . . 26 
4Dl4 .. TP (54) TEA (1.5) " 14 42 214 
4D15 .. TP (45) TEA (1.5) 50 28 60 98 0.60 7.3 
4016 TP (45) TEA (1.5) 25 34 125 0.80 6.2 
4017 .. 

TP~90) TEA ~1.5) 50 70 .. 62 0.40 14.2 
4018 .. TP(90) TEA v.s) 35 .. .. 240 0.75 8.6 
4d19 .. ZC6 (68) TBAL (.7) 140 .. 106 0.04 2.0 
4d20 .. Rl8 (5) TBAL(.2) .. 30 169 
4021 3C6 ZB9 (10) TBAL(.2) 0 .. 4 
4D22 4C .. TBAL(.2) 30 •• .. 142 

I . 

2• 1-octene . 5 
3." (t:butylamidp)dimethyl(tetramethyl-Tl -cyclopentadienyl)silanetitanium dimethyl 

, , 4• tnethylalummum 5 
· · · · 5• (t:Jmglamido ~imethyl(~etbrJ-~ -cyclopentadienyl)silanetitanium (II) 1,3-pentadiene 

. truso utylalummum mciddied me Pc; 8.lumoxane 
· ·~. b~~clo~n~enylzirconium dich oride 

• trusobutylalummum 8
• rac-bis(indenaMzirconium cm 'rdiphenylbutadiene f.fcrepared by reduction of the 

9 correspon · g dichloride in t e presence of ~4-dip enyJ-1,3-tiutadiene}. 
; bis(n-butylcyclopentadienyl)zircomom dichlori e . 

.. Examples 

Preparation of dimetbylsllane-modified alumina 

5.0 g of Pural™ 200 alumina (available from Condea Chemie AG (calcined at 

600°C Under vacuum) was slurried in 25 mL of pentane, and 4.5 mL (5 mmol/g) 
HMeiSiNHSiMeiH was added. The mixture was shaken for 15 hours. The solids were collected 

on a fritted funnel, washed with pentane, and dried under reduced pressure. DRIFTS IR: 2958. 

2904 (C-H), 2102 (b~. Si-H) cm·•. 

" . ~ 
· Preparation of the activated support by reaction of dimethylsilane functionalized alumina 

. , ; , · · .. with dimetbylanllini11Dl 4-(hydroxyphenyl)·tris(pentaftuorophenyl)boratet [PhMe2NH]+ 

: ccc,F5)3B(C6H4-p-OSiMezO-alumiDa)]" 

1.0 g dimethylsilane-modified alumina was slurried with 0.35 g 
[PhMe2NHtCCC6F5)JB(C6H4-p-OH)] in 10 mL Et20 for 12 hours. At this time the solids were 
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collected by filtration. washed with Et20 and pentane. and dried under reduced pressure. 

DRIFTS IR: 2960, 2908 (C-H) 2131(Si-H),1641. 1623, 1591, 1514, 1461, 1261 (aromatic ring 
breathing) cm·1

• 

Slurry Batch Reactor Polymerization 

A 2-L autoclave was evacuated at 80°C overnight prior to use. A heptane (300 
mL) slurry of PhMe2NH[(C6F5)3B(C6H4-p-OSiMe20-alumina)] (0.200 g), Cp2ZrMe2 (10 mg), 
and 0.2 mL of a 25 percent Et3Al solution in heptane were transferred into the preheated reactor. 

Ethylene was quickly injected to 180 psi (1200 kPa) and the reactor was maintained at 80°C via a 
recirculating water bath. Ethylene was fed on demand via a mass flow controller. Polyethylene 
yield after 60 minutes was 2.16 g. 

Example6 

. Dl-5 Continuous Slurry Polymerization 

A continuous slurry polymerization was carried out using a computer controlled 

lOL sluny reactor equipped with an external water jacket, a stirrer, a thermocouple, a catalyst 

·· ·- · ··. : ··addition· dip-;tube, diluent addition dip-tube. and a continuous capacitance, level detector probe. 

Purified isopentane diluent was set to a constant flow of 4000 g/hr which resulted in maintaining 

a :solids content in the reactor of approximately 60 weight percent. The reactor level was 

maintained at approximately 60 percent of the reactor volume by periodic removal of the reactor 

contents. The reactor was heated to a temperature of 55°C. A hydrogen flow of 0.15 Uhr, an 

ethylene flow of 650 g/hr and a 1-butene flow of 75 g/hr were initiated and the reactor pressure 

. set to 220 psi ( 1.5 Mpa). The cataly~t mixture was prepared by combining 81 mg (200 µrnol) of 

(n-BuCp)2ZrC12• 4.90 g of phenylsilane modified silica supported dimethyJanilinium 4-(4'-

hydroxyphenyl)phenyl)tris(pentafluorophenyl)borate prepared according to preparation 3C6, and 

2 inmol triisobutylaluminum (TIBA) in 800 mL of hexane in the dry box and placing the mixture 

in a IL bomb. The contents were then transferred under nitrogen to the stirred catalyst vessel and 

I· diluted to 8 L with isopentane. The catalyst mixture was slowly added to the reactor from the 

· ·" ~ontinu~usly stirred catalyst t8nk. The ethylene and I-butene flows were then incrementally 

increased. A portion of the reactor contents was periodically passed by means of exit valves to a 

heated flash vessel wherein diluent was removed. The devolatilized polymer's properties were 

measured and recorded. The reactor was operated continuously over an 8 hour period. The data 
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reponed in Table 3 were measured on samples obtained after the reactor reattained equilibrium 

following a change in process conditions. 

Table3 
Run C2H4 C4Hg Kg PE yield I2 Mw Mw/Mn Density C4Hg Bulko 

!{!!r ~r gTi (g) dg/min xl0-6 (o) glee mol% glee 

601 650 75 0.36 206 0.06 0.9471 <0.2 
602 850 100 0.51 339 0.6 0.9354 0.57 
603 850 100 0.51 320 2.22 0.101 2.21 0.9321 1.16 0.35 
604 1000 138 0.64 414 2.71 0.9310 1.52 
605 1000 138 0.64 1.46 0.125 2.93 0.9316 0.32 

06-14 Continuous Slurry Polymerizations 

Preparation of bis(n-butylcyclopentadienyl)zirconium (1,4-diphenylbutadiene) 

Under nitrogen, recrystallized bis(n-butylcyclopentadienyl)zirconium dichloride 

(2.02 g, 4.99 mmol) was slurried in hexane with 1,4-diphenyl butadiene. A solution ofn-BuLi in 
. :.... . . 

hexanes (2.5 M, 2.05 mL, 5.13 mmol) was added and a deep red color formed immediately. 

After stirring for 30 minutes at room temperature, the mixture was refluxed for 2 h. The solvent 
•. ,·. ,_ •·.•• ·:.. . :: • l· •• ·.· - .• 

was removed in vacuo and the solid redissolved in about 20 mL of hot hexane. Red crystals 

· fonned. A small amount of hexane was added and the reaction flask was cooled in a freezer and 

then filtered through a medium ftit. The red crystals were isolated via filtration through a 

···~edium frlt funnel, washed once.with cold hexane, and dried in vacuo (2.04 g, 76.5 percent 

yield). 

. 'PoJymei:izations 

The reaction conditions of ExBmples 601-5 were substantially repeated exceptini 

that the purified isopentane was set to a constant flow of 2500 g/hr, the reactor temperature was 

65 °C, and the initial ethylene and I-butene flows were 1000 g/hr and 50 g/hr respectively. The 

. initial catalyst mixture was prepared by combining 40.5 mg (100 µmol) of (n-BuCp)2ZrCt2, 2.45 

g of phenylsilane modified silica supported dimethylanilinium 4-(4'­

hydroxyphenyl)phenyl)tris(pentafluoropbenyl)borate prepared according to preparation 3C6, anc 

1 mmol TIBA in 400 mL of hexane in the dry box and placing the mixture in a IL bomb. The 
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contents were then transferred under nitrogen to the stirred catalyst vessel and diluted to 8 L with 

isopentane. The catalyst mixture was slowly added to the reactor from a continuously stirred 

catalyst tank. The ethylene and 1 ~butene flows were then incrementally changed. A second. 

stirred catalyst vessel was prepared in the same manner as above described and the two catalyst 

vessels were switched back and forth every 3-5 hr during the 34 hour polymerization. During the 

polymerization the metalJocene catalyst precursor was changed to bis{n-

butylcyclopentadienyl)zirconium (II) (1,4-diphenylbutadiene), (n-

BuCp)2Zr(PhCH=CHCH=CHPh). Results are shown in Table 4. 

Table4 
Run Cat. H2 C2H4 Kg PE 12 Mw Mw/Mn Density C4H3 Bulle() 

~r sl!!r gTi dglmin xI0-6 (6) glee mol% glee 

6D6 Zr(IV)1 0.15 100 0.61 0.306 0.9389 
607 Zr(IV) 0.15 100 0.61 0.325 0.9359 
608 Zr(IV) 0.15 100 0.61 1.638 0.9304 
609 Zr{IV) 0.15 100 0.61 2.099 0.9285 1.54 0.37 
6010 Zr(IV) 0.15 100 0.61 2.408 0.092 2.098 0.9305 1.70 0.37 

· 6Dll Zr(IV) 0.075 172 I.00 5.24 0.075 2.1 0.9242 2.79 0.36 
. 6012 Zr(Il)2 0.075 172 0.80 4.57 0.076 2.073 0.9230 2.86. 0.35 

6D13 Zr(Il) 0.075 172 0.80 3.085 0.083 2.181 0.9141 4.76 0.35 
-···- . . ··, ;6Dt4 Zz(ll) 0.075 250 0.81 2.058 0.092 2.197 0.9126 4.82 0.34 

. , :· 
1
·, .. b.is( n-butylcyclopentadienyl)zirconium. dichloride 

· · · ~- b.is(n-butylcyclopentadienyl)zirconium (1.4-diphenylbutadiene)" ... ~ .. ·. . . 
.. '·· ···'·'. 

Example 7 

.:. · .... 
B Preparation of triisobutylaluminum treated phenylsilane modified silica. 

B 1. Phenylsilane modified silica was prepared substantially according to the 

procedure of Example lB excepting the silica was Sylopol1M 2212 silica and the calcining 

temperature was 400°C. A heptane (200 ml) slurry of this phenylsilane modified silica (10 g) • 

.. ~ treated with TIBA (20 ml. IM in toluene) at room temperature. The resulting mixture was 

,a.pated in a shaker for 12 h and was then filtered, washed with pentane (3 x 50 ml), and dried in 

· .. Y8'=ll0. Yield: 11.3 g. DRIFrS IR: v (Si-H) 2170 cm·• (m). 29Si CPMAS: d -24 ppm. 

·. ·' 

B2. The above reaction conditions were substantially repeated excepting that the 

silica (Sylopol™ 2212) was calcined at 800 °C. 
,._. 
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B3. The above reaction conditions were substantially repeated excepting that the 

silica (SyJopol™ 2212) was calcined at 500 °C. 

B4. The above reaction conditions were substantially repeated excepting that the 

silica (Sylopol™ 2212) was calcined at 300 °C. 

C. Preparation of triisobutylaluminum treated, phenylsilane .modified silica-supported 
N,N.:.dimethyl anilinium (4-( 4'-hydroxyphenyl}phenyl)trispentatluorophenyl-borate -

[PhMezNH]+[(C6F 5)3B(C6H4-C6H4 -p-O"SiPhH-OSi)]• 

C 1. A diethylether (200 ml} slurry of the TIBA modified phenylsilane siJica 

·. ; (7Bl) was treated with [PhMe2NH][(C6Fs)3B(C6H4-C6H4-p-OH)] (3.01g;3.75 mmol) at room 

temperature under argon atmosphere. The solution was agitated in dry box for 2 days and the 
·.,.; .... ; . . :... ..... :... . 

resulting white solid was filtered off, washed with ether (3 x 50 mJ) and pentane (3 x 10 ml), and . ·.'.·.· 

dried in vacuo. Yield: 11.25 g. ICP boron content: 0.244 wt percent. 
··~ ... · ·. . . .. 

: ···... :·~ :.· .. 
..C2. The preparation of Ci was substantially shonened (2-3 hours reaction time) 

using hot toluene in place of diethyl ether . 
. ~ ...... : .' . ·. :: : • .. ~ .· ·> ; ~ ' .. ; ·. ; .. 

···-· · · · ·•· · ·CJ. The preparation of Cl was substantially repeated using the 

· :-... ·, · · · triisobutylaluminum treated phenylsilane modified silica of 7B4. 

D. Ethylene homopolymerizations 

Dl. A 2 liter autoclave reactor was evacuated at 75°C for 90 min prior to use. A 

supported tethered catalyst was prepared by combining TIBA {100 mmole; 0.1 ml; 1.0 Min 

toluene). heptane (-500 ml) and bis(n-butylcyclopentadienyl)zirconium dichloride 

.. ' (°BuCp )2ZrCl2 (0.1 mg, o~247mmol), followed by the addition of the TIBA treated. phenylsilane 

· · · ·· ·modified· silica supported anilinium ( 4-( 4' -hydroxypbenyl)phenyl)-tris(pentafiuorophenyl)borate 

... of7Cl (7 nig; 158 mmol); The catalyst mixture was transferred into the preheated reactor via 

··· ·:~···· .vacuum line. Ethylene was quickly admitted to 180psi (1.2 Mpa), and the reactor was 

,._J·< ·• :_; · ·• ': maintained at 75°C via a recirculating water bath. Ethylene was fed on demand via a mass flow 
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controller. Polymer yield: 180 g (1 hr). Mw = 169,000, Mwf'M0 = 2.11. Productivity: 8.0 x 106 

g·PE/g·Zr·h. 

02. The reaction conditions of 7D 1 were substantially repeated excepting that 

the tethered borate suppon was phenylsilane modified silica supported anilinium (4-(4'­

hydroxyphenyl)phenyl)tris(pentafluoro-phenyl)borate (Sylopol™ 2212 silica, 500°C calcining 

temperature (7B3)). The quantities of reagents used were: (8BuCp)2ZtCI2 (0.2 mg, 0.494mmol), 

TIBA (100 mmole; 0.1ml;1.0 Min toluene), and tethered borate (12 mg; 1.97 mmol). Polymer 

yield: 204 g (I hr). Mw = 184,000, MwfM0 = 2.38. Productivity: 4.5 x 106 g·PE/g·Zr·h. 

03. The reaction conditions of 70 l were substantially repeated excepting that 

the tethered borate suppon was phenylsilane modified silica supported anilinium (4-

h~droxyphenyl)tris(pentafluoro-phenyl)borate (Sylopol™ 2212 silica. 800°C calcining 

temperature (7B2)). The quantities of reagents used were: (8BuCp)2ZrC12 (0.2 mg, 0.494mmol), 

TIBA (100 mmole; 0.1ml;1.0 Min toluene). and tethered borate (13.5 mg; 2.16 mm~l). Polymer 

·.' ·' .. ·: y~eld: 2~8 g (1 hr). Mw = 156,000, MwfMn = 2.09. Productivity: 4.6 x 106 g·PE/g·Zr·h. 

D4. A 2 liter autoclave reactor was evacuated at 80°C for 90 min prior to use. 

TIBA (350 mmole; 0.35 ml; 1.0 Min toluene) was added to heptane (-500 ml) and the solution 

treated with (t-butylamido)dimethyl-(tetramethyl-115 -cyclopentadienyl)silane-titanium dichloride 

(0.5 mg, 1.36 mmol) fol1owed by the addition of the tethered borate of 7C l ( 40 mg; 8.5 mmol). 

The catalyst mixture was transferred into the preheated reactor via vacuum lines. Ethylene was 

quickly admitted to 200 psi ( 1.4 Mpa) and the reactor was maintained at 80°C via a recirculating 

water bath. Ethylene was fed on demand via a mass flow controller. Polymer yield: 67 .7 g (I 

' hr):· Mw = 3.22 x 106
, Mw/Mn = 2.96. Productivity: 1.0 x. 106 g·PElg Ti · h 

DS. The reaction conditions of 704) were substantially repeated using the 

·''· ·. · 'f:,, ·:.rnetallocene ethylenebis(indenyl)zirconium dichloride and the triisobutylaluminum treated. 

;::'·· . . phenylsilane modified silica supported borate of7C3. The reagents were: (EBI)ZrCl2 (0.13 mg. 

~' 0.319 mmol). TIBA (100 mmole; 0.1 ml; 1.0 Min toluene), and TIBA treated. phenylsilane 
·, .. 1: ;· .. 

_,,:·modified, silica supponed tethered borate (9.8 mg; 1.54 mmol). Polymer0 yield: 170 g (1 hr). Mw 

= 130,000 Mw1Mn = 2.63. Productivity: 5.9 x 106 g·PElg·Zr·h. 
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. THIS iHEET HAS SEEN 
WHAT IS CLAIMED IS: ftl!flLACl!O 

1. A support for use in preparing supponed catalysts for addition 

polymerizations comprising the reaction product of: 

(A) an inorganic oxide material comprising a solid matrix, and reactive hydroxyl groups or 

reactive silane functionalized derivatives of hydroxyl groups on the surface thereof, said reactive 
silane corresponding to the fonnula: -OSiR2H, wherein R, independently each occurrence, is 

hydrogen. Ct-20 hydrocarbyl, orCl-20 hydrocarbyloxy, 

said inorganic oxide material comprising less than 1.0 mmol of reactive surface hydroxyl 

functionality per gram, and 

(B) an activator compound comprising: 

bt) a cation which is capable_ of reacting with a transition metal compound to form a 

catalytically active transition metal complex, and . . . . : . . . . 

. _ . . . . bi) a compatible anion containing at least one substituent able to react with the 

. "' . inorganic oxide matrix, with residual hydroxyl functionality of the inorganic oxide. or with the 

reactive silane moiety, thereby covalently bonding the compatible anion to the suppon. 

..... 2 . A support according to Claim _l wherein the suppon material comprises 

:." silica. 

· 3; A support according to Claim 1 wherein the activator component is a 

salt of the formula: 

,, 
wherein o+e is the cationic remnant of a Bronsted acid salt, an oxidizing cation, a 

carbonium ion or a silylium ion; 

[DM'Q3]- is a noncoordinating. compatible anion, 

D is a linking group comprising functionality capable of reaction with the 

inorganic oxide matrix, with residual hydroxyl functionality thereof, or with reactive silane 

functional groups thereof, 

M' is boron or aluminum in an oxidation state of 3; 

.. Q is a bydrocarbyl-. hydrocarbyloxy-, fluorinated hydrocarbyl-, fluorinated 

bydrocarbyloxy-, or fluorinated silylhydrocarbyl group of up to 20 nonhydrogen atoms, __ ~-- .. 

e is an integer from 1 to.3. 

I lllllll llllll lllll lllll II llll 
* C L M S * 
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• ;# 4. A support according to Claim 3 wherein e is 1. 

5. A support according lo Claim 3 where: 

M' is boron; and 

Q is pentafluorophenyl. 

6. A support according to Claim I wherein the anion of the activator is 

selected from the group consisting of tris(pentafluorophenyl)( 4-hyd~xyphenyl)borate, tris-(2.4-

difluorophenyl)(4-hydroxyphenyl)borate, tris-(3.5-difluorophenyl)(4-hydroxyphenyl)borate, tris­

(3,5-di-trifluoromethylphenyl)(4-hydroxyphenyl)borate. tris{pentafluorophenyl(2-

hydroxyethy l)borate, tris(pentafluorophenyl))( 4-hydroxybutyl)borate, tris(pentafluoro-phenyl)( 4-

hydroxycyclohexyl)borate, tris(pentafluorophenyl)(4-hydroxy-2,6-dimethylphenyl)borate, 

tris(pentafluorophenyl)4-( 4 • -hydroxyphenyl)phenylborate. tris(pentafluorophenyl)4-(4' -hydroxy-

2• ,6' -dimethylphenyl)phenylborate. and tris(pentafluorophenyl)(6-hydroxy-2-naphthyl)borate. · 

7. A supported catalyst comprising the support of Claim 1 and (C) a 

transition 'metal co~pound containing at least one ~bonded anionic ligand group and a substituent 

capable of reacting with the activator compound to thereby form a catalytically activ~ transition 

~tai· complex. 
. . ': . . .. ~. 

8. A supponed catalyst according to Claim 7 wherein the 1t-bonded 

anionic ligand group of the transition metal compound (C) is a conjugated or nonconjugated, 

.. ;; cyclic or non-cyclic dienyl group, an allyl group, aryl group, or a substituted derivative thereof. 

9. A supponed catalyst according to Claim 8 wherein the 1t-bonded 

anionic ligand group is a cyclopentadienyl group or a substituted derivative thereof. 

10. A supported catalyst according to Claim 7 wherein the transition metal 

is titanium. zirconium or hafnium. 

11. · A supported catalyst according to Claim 7 additionally comprising an 
~umoxane, or a hydrocarbylaluminum compound according to the formula AIR3 wherein R is C 1 _ 

20 hydrocarbyl or hydrocarbyloxy. 
:.·.?t.'··· ·•. 

12. An addition polymerization process wherein one or more addition 

polymerizab)e monomers are contacted with a supported catalyst according to Claim 7 under 

addition polymerization conditions. 

13. The addition polymerization process according to Claim 12 carried out 
'· -

under slurry or gas phase polymerization conditions. 
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14. A gas phase addition polymerization process according to Claim 13 

wherein condensed monomer or inert diluent is present. 
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