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Catalyst Composition for use in the ?ol.ymerization 
and Cooolymerization of Ethylene 

This invantion relates to a catalyse composition for use 
in the polymerization and copolymeri~aticn of ethylene, 
particularly of bimodal molecular weight distribution high 
dQnsit.y and linear law density polY111ers; and copolymers of 

5 ethylene. 

Polyethylene is prod.uc:rad commercially in a gas phase 
reaction in the absence of solvents and in slurry by catalysis. 
To be com::iercially useful in the gas phase fluid bed process, 
the catalyst must exhibit hiqh activity, with conco~itant h!qh 

10 cat~lyst productivi~y, because gas phase process system3 do not 
include catalyst residue removal procedt.:res. Accordinqly, 
catalyst residue in the polymer product must be so s~~ll that 
it can be left in the polymer witho~t causinq any undue problems 
in the fabrication and/~r· ~o the ultimate consumer. To this 

15 end, the pat~nt literature is .replete with developments of new 
catalysts, ~f. hiqb. activity with ccrrespcndinq hiqh proc!uctivity 
values·~~ -,. 

The use of .metallocene compcu..,ds of transition metals as 
catalY,sts for poly~erizaticin and copolymerization of a~hylene 

20 is one of those developments·. Metallocenes oan he described by 
t?J.e empirical formula Cp~.... These compounds in co-:nbination 
with methylalumoxan~ (~..AO) compounds have been .used to prcduca 
olefin polymers and aopolymers, such as ·ethylene and propylene 
homopolytl'ers, ethylene-butene and et:hylene-hexene copolymers, 

25 e.q., see US-A:-4.5421'9·9 TJS-A-4404344 •. · .. 

More recently •. as exemplifie.d in us-A-so3:zss2, ::ietallQcene 
catalysts containinq- a sacond transition metal, such as titanium 
have been developed whic::h produce bimodal molecular weight 
distribution products, having a hi9h molecular weight co~por.ent 

JO ana. a relatively lower molecular weiqht cc1:1por.ent. The 
develcpment cf a catalyst which can p~oduce biQodal products Ln 
a single reac::tcr is s~gniticant per se. T~at development also 
provides a commercial alternative to processes which require two·. 
reactors to produce bimodal production with producticn of one 

JS of the r.tolec::ular wei9ht components in a rirst reactor and 
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transfer of that component to a second r~actor and ~ompletion 
of the polymerization with production ot the other component of 
different molecular weiqht. 

Alwnoxanes, e.q. methylalumoxane (MAO), are used as co-
5 catalyst with ~etallocenes. The class of alurnoxanes cor.iprises 

qliqomeric linear and/or cyclic alkylalwnoxanes represented by 
tha formula: R-(Al (R)-O},,-AlR:? tor oliqo'Cleric, linear 
alumoxanes; and (-Al(R)-0-)m for oligc~eric cyclic alu~oxanes 
wherein n is 1-40, preferably io-ao, m is 3-40, preferably 3-20 

lO and R is a c 1-<; alkyl ·group and p-referabty methyl. 
. Methylalumoxar.e .~s commonly p=od~ced by Leactinq 
trimethylaluminum with'vater or with hydrated inorganic salts, 
such as cuS04 .SH20 or Al2(S04)3.5Hz0. Methylal1.4moxane can be also 
generated in situ in polymerization reactors ty addi~g to the 

15 reactor trimethylalumir.u-ir. and water or water-containin9 
inorganic salts. MAO is _a mixtu.t'P. of oli9omers with a very wide 
distribution of molecular weights a11d usu..~ l l:i' with an average 
molecular weight of about 1200. MAO is typically kept in 
solution in toluene. While the MAO solutions remain liquid at 

20 fluid bed reactor temperatures, the MAO itself is a solid at 
room temperature. 

Most ot tl"le experi:n.ents reported i:l the li terat~a relatinq 
to methylaltn'loxane used as a cocatalyst with metallccene 
catalysts are undertaken in a slurry er solution process, rather 

2S than in a qas phase fluid bed reactcr process. 
Reactor foulinq results when MAO solutions e.::e fed directly 

into t."'le qas phasa reactor in larqe enough quanti tie:s ~o provide 
liquid contact with the me~allocene component of the catalyst. 
The foulinq occurs becausa the MAO solu~ion forms a liquid film 

Jo on the interior walls of the reactor. The cat.all•st is activated 
when it. comes into con1:act IAith this . li.quid filt:l., and the 
a~ivated catalyst reacts with ethlr·lene to form a polymer 
coatinq which qrows larqer in siz.a until ths reac-:or is fouled. 
In addition, since substantially 411 of the act!vation takes 

35 place on the walls, the MAO is net unifor.r.ly distri~uted tc the 
catalyst · particles. The ~esc~~inq non-~c~oqeneous 
polym.eriz:ation gives low catalyst acr:.t·.•it:r and peer product 
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properties. 

According to the present inventicn, there is provided a 

catalyst composition for pro=tucinq bimodal mol-acular weight 

distribution high density and linear low der.sity pol}'T.lers and 

5 copolymers of ethylena, ·comprising: 

(a.) an aluminum alkyl non-oxyger. c.:>ntaininq activator; 

and 

(b) a dry, anhydrcus, support containing composition 

comprisinq an activated metallocene compound of a 

10 transition ·metal and a non-metallocene transition 

metal activa;ed by said alwninu.~ aLkyl activator, 

wherein the support is-·the reaction product of: 

(l) silica having OH groups, i:npreqnated with Rlll"''<qR' 111 

wherein each of Rm and RD is alkyl group containing 1 

lS to 12 carbon a toms, each of m and n is o, l or 2 

provided that mTn is equal to the valency of M~, and 

RmMgR'n is present in an amount to provide a Rr,.MqR' 0 :0H 

molar ratio of o.5:1 to 4:1; and 

(2) an organ.ic alcoh.cl r11agent providing alkoxy qreups 

20 having a !ormula R''O-, wherein R'' is alkyl group 

containinq 1 to 12 carbons; said alkoxy groups beinq 

effective to displace the Rm and R'~ of said R:nMgR'a; 

~nd said reagent being used in an amcunt effective to 

provide an alcohol:Mg molar ratio cf O.s tc 2.0. 

25 In an embodiment said alkyl aluminu~_activator a~tivates 

JO 

said non-metallocene transition metal. 

by 

... 

In a preferred embodiment, the r~ac~ion pro~uct is for~ed 

( i) 

{ii) 

providing a slurry of a non-polar solvent and a 

solid porous silica havinq -OH groups: 

impreqnatinc; said silica, with said a,,,"MgR' 
11

, to 

fcrm an intermediate C ii),. wherein .:he Mq:-OH 

qroups ratio is less tta~ 2. wherein said R~MqR'~ 

is soluble in said non-polar solvent; 

35 (iii) creating the inten::.ediate !'rem step (ii) with. an 

amount of R'·'OH, whi;:h a::::ount is eff'!ctiva to 

provide a R"OH:~M9R'a1 ~olar ::-atio of o.s tc 
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2.0. 

rt is preferred that this embodiment includes further 

steps, after 

(iv) 

(iii), comprisinq: 
treating the product 
TiCl4 to foni 

intermediate; and 

0£ step (iii) product wit..~ 

a titanium containinq 

(V) combining the titaniu:n containi:iq interr.iediate 

with a said activator. 

As explained above, the catalyst comprises at least two 

10 transition metal components on a support; one cf the two 

transition metal cor.p9nents is provided in the form of a 

metalloeene. The supp~~ted transition ~etals are activated by 

an aluminum compound, free of water and of oligomeric and 

polymeric oxyqen-containinq co~pounds of aluminum. 

15 Polymerization products comprise t·..:o components of different 

tno1.ecula:r wei9ht, thus one being of higher molecular weight than 

the other. The film products ~xhil:::i t excellenc Drop Dart Impact 

(OO:I) and e>ecellent bubble stability in high stalk extrusion. 

The invention relates to a· catalyst and its use in the 

20 preparation of bimodal molecular weight distrituticn polymers 

and copolYlilers of ethylene, which can be prepared in one 

reactor. The catalyst comprises at least two transition metal 

components on d support; one of the two transition r.iecal 

components is provided in the for::u of a :neta.aocene. The 

25 supported transition metals ara activatQci by a n:>n-oxyqen 

containing aluminur.t compound. In accordanca with the invention, 

no alumoxane (e.g. methyLalumoxane) feed to the ~eac~or (slurry 

or qas phase fluid bed) is required for the ac~iva~ion cf t~e 

transition metal provided as a me~allccer.e. 

30 catalysi:s which contain at least two tr:insition =netals, cne 

in the form of a metallocena and one t~ansiticr. ~etal in the 

to~m of a non-metallocene, have an activity of at least about 

1000 g polymer/~ catalyst er about 200 kg polY't:lar/q of each 

transition metal. 

35 The catal:rsts of the inventio.1 comprise a cocataLyst 

co:\prisinq an ali.:minum alkyl cornpoun:i, such as a tria:ky .L 

alur.iinum, free of alumoxane and f::ee ct wate:::-, or oxyqq:n-
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containing oligo~ers and polymers of the aluminum alkyl 

compound, and a C3talyst precursor comprising a carrier, an 
alu.~oxane and at least one metal1oce~e; in one embodiment the 

catalyst5 further include a non-netallocene t=ar.sition ~etal 

5 sourca. 

The carrier material may ba a solid, particulate, porous, 

preferably inqrganic uterial, such as an oxide of silicon 
and/or of aluminum. The carri~r material may be used in the 

form of a dry powder havi~q an aver39e particle size of from 
10 about l micron to about 500 microns, preferably from about 10 

microns to about 250 microns. The surf ace area of the carrier 
may be at least abou~ 3 square meters per gr.3:u (m1/g}, anci 

preferably at least abGut 50 m2/q 1.1p to about 350 "JJ.-:.Jq. The 

carrier material should be dry, that is, free cf absorbed water. 

15 Dryinq of the carri~r material can be effected by heatinq at 

about ioo 0 c to about l000°C, preferably at about 5C0°C. When 

the carrier is silica, it is heated to at least 200°C, 

preferably about 200°c to about 850°C and most preferably at 
about 600°C. The carrier material must have at least some 

20 active hydroxyl (OR) groups to produce the catalyst composition 

of this invention. 
In the most prefo;irred e:nbodi:nent, .the carrier is silica 

which, prior to the use thereof l.n the firs-: cata!.1'"St s1nt.1i.esis 

step, has been dehydrated by fluidlzinq it with nitr~qen and 

25 heating at about 600°C tor about 16 hours to achieve a surface 

hydroxyl qroup concentration of about 0.7 milli~oles per gram 
(:mmols/q) • The silica of the mos"t preferred eml:odiment is a 
high surface area, amorphous silica (surface area .. 300 m!/9; 

pore volu~e of ab~ut l.65 c:m3/g), and i~ is a ~aterial marketed 

30 under the tradenames of Davison 952 or Davison 955 by the 
Davison Chemical Division of W.R. Grace and Company. This 

si~ica is in the form of spherical parcicles, e.q., as obtained 
by a spray-drying process. As procured, these silicas are not 

calcined; and tnis must be dehydra~ed, as indicated a~ove. 
35 The catalyst synthesis is unde-::"taken under inert 

conditions, in the absence cf water and of oxygen. rhe carrier 
is dispersed in sclvent to form a slurry. 
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The carrier material, having said (OH) q:roups, may be 
slurried in a non-polar solvent and the resulting slurry is 
contacted with ~t least one organomaqnasiu..~ compound havinq the 
Qlnpirical formula below. The slurry of the carrier material in 

5 the solvent is prepared by introducinq the carrier into the 

solvent, preferably while stirring, and heating the mixture tc 
about 25 to about 70°C, preferably to about 40 to aDout 6o 0 c. 
Temperatures here are critical with respect to t~e non­
metallocene transition metAl which is subsequently added; that 

l.O is temp~ratures in th.is slurry of a.bout go•c result in 

deactivation of the transition metal added subsequently. 
_:;_, 

Accordinqly, all cat~lyst precursor synthesis steps are 
preferably conducted below 9oec. The slurry is then ~ontacted 
with 'the aforementioned orqanomaqnesium compound, while. 1;ha 

15 heating is continued as indicated. 

The organomagnesium co~pound has the empirica1 formula 

R,,.MgR' n 

where R and R' are the same or different I'.'!! to c 12 alkyl groups, 
preferably Cz-C12 alkyl qroups, more p't'eferably C4 -C10 alkyl 

20 groups, more preferably c,-c8 nor'!llal alkyl groups, and most 
preferably both R and R' are mostly n-butyl groups; m and n are 
eacn a, 1 or 2, providing t1:.at m + n is equal to the valence of 
Mq. 

Suitable non-polar solvents are ~aterials in wnich all of 
25 the reactants may be used herein, i.e., the organoinagnesium 

compound, and the transition metal compound, are at · least 
partially solu]:)le and which are liquid at reaction temperatures. 
Preferred non-polar solvents are alkan~s, sucn as isopentane, 
hexane, n-heptane, octane, nonane, and decane, altl".ou9h a 

JO variety of ot:her materials incluc!bq :::yclcalkanes, such as 
cyclohexane, aromatics, such as benzene, toluene and 
etQylbenzene, may also be employed. The most preferred non­
polar solvent is isopentane. Prior to use, the non-polar 
solvent should be purified, such as by percolation throuqh 

35 silica ~el and/or molecular sieves, t~ 

oxy~an, polar co~pounds, and. o~~er 

adversely aftectinq catalyst ac~ivity. 

re~ove traces cf wator, 
=ateria!s capable of 
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In the most preferred embodiment (Jf the synthesis of this 

catalyst it is import.ant -:o add only such an amount of the 

or9ancma9nesium compound that will be depositQd - physica11y or 

chemically onto the support since any excess of the 

5 orqanomaqnesium compound in the solution may react with other 

synthesis chemicals and precipitate outside of the support. The 

carrier dr.yinq temperature affects the numger ·of sites on the 

carrier available for the organoma~nasium. compound - the higher 

the dryinq temperature the lower the nu."'tlber of sites. Thus, the 

lO exact molar ratio of the organomagnesium compound to the 

hydroxyl groups will v~ry and must b& daterminad on a oase-by­

case basis preferably:·· to ensure that only so :nuch of the 

orqanoma9nesiu~ compo~nd is added to the soluticn as will be 

deposited onto the support without leaving any excess of the 

15 orqanomagnesium compound in the solution. Furthe:~ore, it is 

believed that tha molar amount of the orqa~o~aqnesium co~pound 

deposited onto the support is_g:eater than ~he molar content of 

the hydroxyl qroups on the support. Thus, the molar ratios 

given below are intended only as an approximate guideline and 

20 the exact amount of the organomagnesium compound in this 

embodiment must be controlled by th.e functional li:nitatior. 

discussed above, i.e., it is prsferably ~ct qreater than that 

which can .be deposited ~nto the suppcr.t·. It qr.eat.er than that 

a~ount is added to the solven~, ~he excess may reaot with the 

25 non-metallocene transition ::ietal compound, thereby forminq a 

precipitate outside of the support which is datrinental in the 

synthesis of our catalys~: this is generally undesirable. The 

amount of th.e orqanomaqnesium co::tpound which is not greater ~han 

that deposited onto the support can be determined in any 

30 conventional manner, e.g., by adding the er9anomaqnesium 

compound to the slurry of the carrie~ in t=.e solvent, while 

st.;j.rrinq the slurry, ur.til the. organo!'D.z.9'nas iUl:I co~l?ound is 

detected as a solution in the solvent. 

for example, for the silica carrie~ r.eaeed at about soooc, 

35 the amount cf tho or;anomaqr.esium co~pvund ~dd~d to the slurry 

is such that the molar ratio of Mg to t~e hydroxyl qroups (OH} 

on the solid carrier is about O.S;l ~~ about 4:1, pre!eragly 
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about 0.8:1 to about 3:1, more preferably about 0.9:1 to about 
2 : 1 and. most preferably about 1: 1. The orqanomagnes ium compound 
dissolves in tha non-polar solvent t·:J for.a. a solution froJ'I\ Which 
the organomaqnesiu~ compound is depos~tad onto the carrier. 

5 It is also possible to add auch an amount of the 
or9anomagnasiu~ compound which is in excess of that which will 
be deposited onto the support, and then remove, e.q., by 
filtration and washinq, any excess of the o::"qanomaqnesilll8 
compound. However, this alternative is less desirable than the 

10 most preferred embodiment described above. 

The orqanomagnesi~D treated support is concacted with an 
organic alcohol reagent ·{ROH) containing RO- 1;,n:ol.1ps wh.ich are 
reactive or capable of displacing alkyl qroups on t!:-.e nagnesium. 
The amount of this orqanic alc;:"Jho.t reagent i.s affective to 

15 provide a ROH:Mc;r ratio of a. 5 to 2. O, preferably o. a to l. 5. 
Contact of the silica supported magnesium compound, wit:h 

the orqanic alcoho1 reagent: is undertaken i:i the slur~·" 

Contact is undertaken at a temperature ranqlng fro::t 2s 0 c to 
80°C, preferably 40°C to 70°C. 

20 The alkyl grou~ in the or9anic alcohol reaqent can contain 
1 to 12 carbon atoms, preferably !. t·".) s; in the ,ramoodiment:s 
below, it is an alkyl containing 2 to 4 carbon atoms. 
particularly of 4 carbon atoms (b~tyi). The inclusion of the 
alcohol reagent ste~ in the catalyst synthasis cf the invention 

25 produces a catalyst which., relati.ve to t!'le absence of this step, 
is mu;h more active, requires much less non-transition metal 
(e.g. titanium), and is mucn nore active with respect to the 
product component J?roduced with the 11\etallocer.e-'transit.ion 
metal coDponent. 

30 Aft~r the addition of the o=gar.ic alcohol reagent ~c the 
slurry is completed, the slu:ry is contact.ad with a non~ 

me~allecene tra~sition r.etal compound, free of subs~ltuted or 
uns:ubseituted cyclopen-e.adienyl groups. '!~1e slurry t:ell'.perature 
is preferably be maintained at abcut 25 to about 1occ, more 

35 preferably at about 40 to about t>o •c. rts not:Qd ai:>QVQ 1 

tem~eratures in tnis slurry of 4bo~t so•c or g~eater result in 
deactivation of the non-metall~cene c~~~sition metal. suitaole 
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non-metalloc::ene tra.nsition m.etal compou:id.s used herein are 

compounds of metals of Groups 4A, and SA, ot the Periodic Chart 

of the Elements, as published by Chatt.ical and Engineering Kews, 

63(5), 27, 1985, p=ovidin9 that such compounds are soluble in 

5 the non-polar solvents. Non-limiting examples o! such compounds 

are titanium and vanadium halides, e.g. , titanium -eetrachlor icle, 

TiCl4, vanadium tetrachloride, vc1 •• vanadiu~ ox-1~richloride, 

V'OCll• titanium and vanadium alkoxides, \\'herein the alko:ldda 

moiaty has a branched or unbranched alkyl radical of l to about 

lO 20 carbon atoms, preferably l to about 6 carbon atoms. The 

preferred transition m~tal compounds are titaniWll compounds, 

preferably tetravalent '·titanium COl'l\pounds. ·r!'la most pre: erred 

titanium compound is titanium tetrachl-=>r ide. The amount of 

titanium or vanadiu~, in non-metallocene form preferably ranges 

l5 from a Ti: Mg molar ratio of o. J to 1. a, preferab.ly from o. 50 to 

a.so. 
Mixtures of suc:h non-metallocane transition metal compounds 

may also be used and 9onerally no restrictions are imposed on 

the .transition metal compounds which may be includ.ad. Any 

20 cransition metal compound that may be used alone may also be 

uaad in conjunction with o~har transition r.etal compounds. 

After the addition of the non-metallocen~ trar.sition metal 

compound is complete, the slurry solvent is re~oved by 

evaporation or filtering to obtain a free-flowing powder. Z-iext, 

25 incorporation of the matallocene can be t:ndertaken. The 

metallocene is activated with an alu~oxane. 

The metalloeene compound has the forr.ula C'?r"!AyBz i~ which 

Cp is an unsubstituted or substituted :yr.lopentadienyl group, 

M is zirconium or hafnium and A and B belor.; to tne c;rcup 

30 including a· halogen atoI:I, hydrogen o-:- an alkyl group. In the 

above formula of the metallo:ene compound, the p~eferred 

tr~nsition metal ato~ M is zirconium. In the above fort11~la of 

the "metallocene compound, the cp group is a~ unsubstituted, a 

mono- or a polysu.bstitut:ed cyc::lo];)e.ntadianyl qrou;:i; and x is at 

JS least l. The substituants on the cyclopentajienyl qroup can be 

preferably st:raight.-cllain C;-Ct; alkyl qroups. The 

cyclopentadienyl qroup can be also a part o!. a. bicyclic or a 
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tr1cycl1c moiety such as indenyl, tatr~hyd~oindenyl, fluorenyl 

or a partially hydro9oanated fluorenyl group, as !Hell as a part 

ot a substituted bicyclic or tricyclic moiety. In the case when 

x in the above formula of the metallocene compound is equal to 

S 2, the cyclopentadienyl groups can ba also :ridged by 

polymethylene or dialkylgilane qroups, such as -CHl-, -CH2-CHz-, 

-CR'R11 - and -C::R'R"-CR'R"- where R' ~nd R11 are short alkyl groups 

or hydrot;en, -Si(CH3)i-, Si(CHJh-CH:?-CH~-Si{CH~}2- and sicilar 

bridge qroups. If tha A and B subutituents in the above formula 

10 at the metallocane cocpound are h~logan at~s, thay belong ta 

the group of fluorine, .. chlorine, b=o::line 01· iodine; and y + ~ 

is 3 or less, provided "that x ~- y + 2 equals ~ha '.lalence of K. 

!f the substituents A and D in the above fi.;rmula oi= "t.ha 

metallocene compound are alkyl groups, they are pretarably 

15 straight-chain or branched C1-~ alkyl groups, such as methyl, 

ethyl, n-propyl, isopropyl, n-butyl, isobutyl, n-pen"tyl, n-hexyl 

or n-octyl. 

Suitable metallocene compounds include 

bis(cyclopentadienyl)metal dihalides, bis(cyclopentadienyl}matal 

20 hydridohalides, bis(cyclcpentadianyl)h.etal ~onoalkyl 

monohalides, bis(cyclopentadienyl)metal dialkyls and 

bis(indenyl)metal dihalides wherein the ~etal is zirconium or 

hafnium, halide 9Toups are prefaraoly cnlo=inQ and the alkyl 

qroups are c1-c6 alkyls. Illus~rativ&, but non-li~iting examples 

25 of metallocanes include bis (c-tclcpentadienyl.) zirconiUI:l 

dichloride, bis(cyclopencadienyl)hatnium dichloride, 

bis(cyclopentadianyL)iirccnium dimet:hyl, 

bis(cyclopentadienyl)hafnium ~imethyl, 

bis(cyclopen~adienyl}tirconiu~ hydridcchlori~e, 

30 bis (cyclopentadieny 1) hafnium hydridcchloride, bis {n-

butylcyclopentadieny l) drconiulll dichloride, bis(n­

bu.i:ylcyclopentadienyl)hafnium dichloride, bis(n-

but~lcyclopantadianyl) 2irconium di~ethy~, bis(n-

butylcyclopentadienyl)hafnium dimethyl, bis(~-

35 butylcyclopentadienyl)~irconium hydrido~h!cride, bis(n-

butylcycl cpe~tadieny l} hafniu~ hydridoctlcrida, 

bis(pentameehylcyclopentadieny!)zirconiu~ diobleride, 
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bis(pentamethylcyclopQntadienyl)hafnium dichloride, bis(n-
butylcyclopentadienyl)zirconium dichlori;a, cycl~pent~dienyl­

zirconiu~ trichloride, bis(indenyl)zirconium dichloride, 

bis(4,5,6,7-tetrahydro-l-indenyl)zirccniu~ dichloride, and 

5 ethylene-[ bis ( 4, 5, 6, 7-tatrahydro-l-indenyl}] zirconium 

dichloride. The matallocene ccmpounds utilized within the 

embodiment of this art can be used as crystalline solids, as 

solutions in arottatic hydrocarbons or in a supported form. 

The alumoxane can be impreqn~ted into the carrier at any 

lo stage of the precess of catalyst ?reparation. In ·this 

embodioent, the amount of Al, ~rovided by alumoxane, is 

sufficient to provide ~n Al:transition xr.etal {proTtided by 

metallocene) ~ole ratio ranging fron SO to 500, preferably 75 

to 300. 

15 The class af alumoxanes comprises a:iqomeric linear and/or 

cyclic alk7lalumoxanes rapr4sentad by t~a fcn:ula: 

R-(Al(R)-O)n-AlR2 for oligomeric, linear alumoxanes a~d 

(-Al(R}-0-)m for oligomeric cyclic alunoxane 

wherein n is l-40, prefera~ly 10-20, m is 3-40, p=gfgraDly 3-20 

20 and R is a C1-Ca alkyl qroup an=i t>referably meth~·l. MAO is a 

mixture of oligomers with a very wid9 distributio~ of roolecula~ 

weights and usually with an average colecular ~eiqht of about 

1200. MAO is typically kept in solution in toluene. The MAO 

solutions reDain liquid at fluid bed reactor temperatures. 

25 Incorpcraeion of tne activa~ec meeallocena component onto 

the carrier can be aeccmplished i~ various ways. !ncorporation 

of either or both the alur.tino:icane can be into the slurry 

resultinq from the addition, i.e. after the addition, of the 

non-metallocene transition metal. 

30 Alternatively, and in accordance with tr.e unique ~ethod of 

infusion of alu~oxane into the pores o: the carrier, the carrier 

sl~rry can be stripped of solvenc, after ~he addition of the 

non-=metalloc:ene transition metal coopound, to form a free­

flowing powder. ·?he free flowinq powde~ can cher. be ir::pregnated 

35 by deterr.ining the pore volume of the ~arrier and p~cvidinq an 

alumcxane (er metallocene-alu.~oxane) solution in a volume equal 

to or lass t!la:t tne to~al pore volume c: the carrier, ant\ 
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reeoverinq a dry cat.alyst precursor. The resulting trae-flowing 
_powder, referred to herein as a cat.a lyst precursor, is combined 
with an activator (sometimes referTed as a cccatalyst). 

The volume of the solution comprising a solid alumoxane and 
5 a solvent therefor can vary. In a preferred embodiment, of 

alumoxane incorporation into th.a carrier, one of the controllinCJ 
tac:tors in the alumoxanci incorporation ir.to the carrier material 
catalyst synthesis is the pore volume of the silica. In this 
preferred embodiment, the process of impregnating the carrier 

10 material is oy infusion of the .:tlumoxane solution, without 
forminq a slurry of the carrier materi.al, ;:;uch. .as silica, in the 
alumoxane solution. Tti~"volume of the :solution of t.~e alu."1lo>eane 
is sufficient to fill the pores of the carrier :material with.out 
forminq a slurry in which the volume of the solution exceeds the 

15 pore. volume of tha silica; accordingly and preferably, the 
maximum volume of the alumoxane solution is, does not excee~, 
the total pore volume of the carrier ~aterial sample. That 
maximum volume of the alu."1loxane solution ensures that no slurry 
of silica is fort:led. Acccrdinqly. i~ the pore volume of the 

20 carrier meaterial is 1. 65cm3/g, then tt.e .,,.olume of alumoxane will 
be equal to or less than l.65 om~/gram o: carrier material. As 
a result of this proviso, the ~preqnated carrier material will 
appear dry immediately followinq i~pregnat:ion although thQ po't'es 
of the carrier will Pe tilled with ~ AJ.J.A solvent. 

25 Solvent may be rgmoved frOlll the alumo~ane impre9nated pores 
of the carrier material .by heatinq and/or under a positive 
pressure i:iduced :by an inert qas, such as nitrcqe.n. If 
employed, the conditions in this step are controlled to ~educe, 
if not to eliminate, agglomeration ot impregnated c~rrier 

30 particles and/or crosslinkinq of the aiWtoxane~ In this step, 
. solvent can be removed by evaporation effec"ted at relatively lcw 
al~vated temperatures of above about 40 2 C and below about so•c 
to obviate aqqlomeration ot catalyse particles and crcsslinkinq 
of the alw:oxane. Althouqh solvent can be removed by 

35 evaporation at relatively hiqher temperatures than that def inad 
by the ranc;e above 40°C and .below about so•c, very short heating 
ti::ues schedules must be employed ta oJ:•riate. aqglo?neration of 
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catalyst particles and crosslinking of the alumoxane. 

:rn a preferred embodiment, t:he metallocene is added to the 

solution of the alumoxane prior tc i::u;reqnatinq the carrier ~ith 

the solution. Aqain, as noted above, the maximum volume of the 

5 alu:moxane solution also including the metallacene is the total 

pore volume of the carrier material san:ple. The mole ra:t:io ot 

alumoxane provided aluminu.'"11, expressed as Al, to =.etallccene 

metal expressed as M (e.g. Zr), preferably ranqes from 50 to 

500, more preferably 7_5 to 300, and most preferably 100 to 200. 

10 An added advantage oi the present: invention is thae this Al: zr 

ratio can be direcely ~~ntrolled. In a preferred embodiment the 

a.lut:toxane and meta.llocene compound are ::dxed toqether at a 

temperature of about 20 to 80°C, for 0.1 to 6.o hours, prior to 

use in the infusion step. The solvent for the netallocene and 

15 alw:ioxane can be appropriate solvents, such as aromatic 

hydrocarl:>ons, halogenated aror.iatic hydrocarbons, ethers, cyclic 

ethers or esters. preferably it ls toluene. 

The catalyst precursor component formed from the 

orqanomagnesiw:i compound, the non-maeallocene transition natal 

20 and the activated metallocene, must now 1!>e activated with a 

cocatalyst, which is an alkyl aluminum compound, free of water 

and free of oxygen-containing oligomers. 

The cocatalyst can be a trialky!alili:tin.im, frae of an 

alumoxane. Preferably, trimethylalureinum \THAj is the 

25 cocatalyst er activator. The amount of ~he T~.A activator is 

preferably sufficient to give an Al: Ti molar rat:io o:f abcut lO: 1 

to about 1000:1, ~ore preferably abcut 15:1 to about 300:1, and 

mose preferably a.bout 2 0: 1 to abot.:t 100: l. The catalyst 

exhibits hi9h activity for lcn9 periods cf time, and exhibits 

30 little deaetivation. 

The catalyst precursor of this inven~!.on ccmprisas a 

metallocene compound and an alumoxsr.e ~hie~ is fed to the fl~id 

' bad.reactor for qas phase polyir.erizati~ns a~d ccpolyrnerizacicns 

of ethylene in particulate fortt. Moreove!', in a.c:crdance ~lith 

35 the inventicn. the cocatalyst or ac~ivacor is fed ~c the fluid 

bed reactor for polymerizations and :opoly;n9:-izations c:f 

ethyl~ne in the a~sence of alu..,oxane sol~tion. 
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The polymerization products produced using tha catalyst 

according to the invention cotr.prise two components of di!ferent 

molecular weight, with one MW component being of relat.ively 

higher molecular weight than the other. The relatively higher 
s molecular weight component, of the bimodal i:1olecular weiqht 

distribution product, has a relatively narrcw m~lecular weiqht 

cUstribution. These resins exhibit better bubble stability than 

resins produced by other catalysts in which. the M'"~O of the high 

MW component is relatively broad. Bubble stability is a 

10 prerequisite to use of.the resin product in hiqh sta:k extrusion 

film equipment operating under commercially acceptable rates. 
(10-20 lb/hr.inch (0.18~to O.l6 Kg/hr.cm} die ra~e a~ thin gauge 

(< 1 mil (25 µ))). 

The products exhibit excelle~t Dart Drop Lmpace (DOI) as 
lS measured by ASTM O 1709. The products exhibit Cart Drop Impact 

(DOI) in the ranqe of lSO to soog, r;:ref~rably fr~m 300 to soog, 
and most preferably from 400 tc 8009 for a nominal L mil (25 ~) 

qauqe. film. 
Ethylene polymers, as well as copolymers of ethylene with 

20 one or more C3-Cta alpha-olefins, can be produc:ed ir. accordance 
with the invention. Thus, copolymers having t;.;o moncr,,eric units 

are possil:lle as well as terpolymers havinq three monomeric 
units. Particula:- examples of such polymers ir.cl~de ethylene/1-
butene copolymers, ethylene/l-hexene copolymers a~d ethylene/4-

25 ~ethyl-1-pentene copolymers. 
Hydroqen inay be used as a cr.ain transfer agent in the 

polyu\erization reaction cf the present ir.vention. The ratio of 

hyclroqen/ethylene emplo~·ed will vary between abo~t a to a.bout 

2.0 moles of hydroqen per mole of ethylene i~ the qas phase. 

30 Any ~as inert to the catalyst and ~=actants can also be present 
in t~e qas stream. 

' 
Ethylene/1-butene and etr~ylene/ 1.-hexar.e copolyners are the 

mos-C preferred copolymers polymeriie:i fr. the pr~cess of and with 

the catalyst of this invention. ~l"'.e et:i.ylene copoly:r.e::.-s produced 
35 in accordance with ~he prese:'lt invention prefera~ly contain at 

least about: so percent by weight of ~thylene units. The 

cocatalyst of this invention can also be used with the caealyst 
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precursor of this invention to polyni.erizQ propylene and other 
alpha-olefins and to copolymerize them. 

In another e:nbodiment of tr.a i:-w'!nticn. the catalyst of tha 
invention exhibits high activity fer poly;:erization of ethylene 

5 and higher alpha-olefins and allows the syn~hesis of ethyleno 
polymers and copolymers with a broad molecular weight 
distribution and q~nerally, bimodal molecular weight 
dist~ihutior. with a relatively high molecula= weight component 
and with a relatively lower molecular weight component in the 

10 resin blend. The molecular weight distribution of the bi~odal 
resin, expressed as M.FR, is a.bout 70 to aoout: 200. 

Reference is now ·;ir.ade to t~e acconpanyi:ng drawings, in 
which: 

Figure 1 is a gel permeation chromatogram of Example 4 
15 product; 

Fiqure 2 is a qel permeation chromatogram of 2xample 3 
product; 

Figure J is a qel permeation chromatogram or bbr.cdal 
molecular weight distribut.ion resin pr:::::lu.ct, in which one 

20 ccmponent of t~e resin was produced under one set of 
polymerization conditions a~d t~Q other componan~ was produced 
under a second set of conditions; and 

Figure 4 is a schematic drawing cf a fluid bed rgac~or for 
qas phase polymerization {and copolymerization). 

25 Referring to Fi9ure 4, a reactor 10 consistg of a reaction 
~one 12, a velocity red~ction zone 14 and the distributor plate 
20. Aithcu9b fculinq can occur in all cf the cold areas (areas 
in a reactor at a temperature whic~ i~ less than the te~perature 
at wnicb any component{s), in the g3s phase reac~or a~e liquid 

30 rather th~n gaseous) distr~butor plat~ fouling is the one tost 
Qasily detected, since it results in a rapid increase in the 
p"'-essure drop across the distrlbu~o~ plate due ~o flo~ 
restric~ion. Such flow restr!c~i~r.s also result in chanqinq 
fluidi%ati.on patterns and con-:.ribut·a tc reactor wall foulinq. 

35 The lowest temperature in the :e~c~c~ loop is in the reactor 
inlet beneath the distribu~or plate. Othe= areas represen~ing 
the coldest sections in the fluid bed reactor system. incluC:s 't:he 
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cooler and pipinq between the cooler and tna botto~ nead. 

The reaction zone 12 comprises a bed of growing polymer 

particles and a minor amount of catalys~ particles f luidi:ed by 

th• continuous flow of pol~erizable and modifying gaseous 

S components. ~o maintain a viable fluidized bed, the mass gas 

flow rate t."lrouqh the bed must be al:::ove the minimum :flow 

required for fluidizaticn, and pt'efer:sbly f:-om about l. 5 to 

about 10 times Gmf and more preferably from about J to a~o~~ 6 

tillles G::nf. Gmf is used in the accepted for::n a=S the abbreviation 

10 for the minimum mass gas flo\'1 requ1red to achieve tluidization, 

c. Y. Wen and Y. H. Y~~ "Mechan_i=s of Flu.!.dization", Cher.deal 

Engineering ?:-ogress S)'l:lposiu~ ~eries, V-:>L 62, p. 100-111 

(1966). The distributicn plate 20 serves the purpo!;Q of 

diffusing recycle gas through the bed at a ra~a sufficien~ to 

15 maintain fluidization at tl"'.e base of the bed. Flui.:iiz:;.tior. is 

achievtd by a high rate ot qas recycle to and through the bed, 

typically in the order of about SO ti~es thG rata o! !eed of 

make-up qaa. r-'.ake-up gas is fed to unity to drop back in"!o ~he 

bed, through a cyclone 22, thrcuqn a filter 24 (optionally) and 

20 is C:)lllpressed in a compressor 25, passes throuqn a heat 

exchanger 26 and is raturn&d to the bed. ':!:le dist:ribution plate 

20 serves the purpose of diff:.isinq ::-ecycle gas tl'lrCLtgh the bed 

at a rata sufficient to ~aintain fluidizaticn. The plate ~ay 

be a screen, slotted plate, perfcra~ad plate, a plate of the 

. 25 bubble cap typa, and the li."<.e. The ~.!.ements of the plate may 

all be stationary, or the pla'C& may ·be of the mobile type 

disclosed in crs-A-3298792. 

!t is qen9rally important to opQra~e the fluid bed reactor 

at a tempera~ure below the sinterinq temperature of the polymer 

30 particles. !?or the production ot ethylene copolymers in the 

process of t~e 9resent inv~ntion an operating ~Qmperature of 

ab~ut J0° to l15°C is preferred. and a temparature of about 75° 

to 9s 0 c is nost preferred. Temperac~res cf about 75° to 90°C 

a.re used to pre.pare products havinq a density of a.bou~ o.91. to 

JS 0.92 q/c~3 , and tempera~ures o! abo~t 50 3 t~ l00°c are used to 

prepare products havir:q a den·sity of abou~ o. 92 to o. 94 g/orr;;3 , 

and te:nperatures of about 90° to 115 °C are used to prepare 
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products havinq a density of aboue C.9~ to 0.96 g/curl. 
The fluid bed reactor is operated at pressures of up to 

about iooa psi (6.9 MPa), and is preferably operated at a 

pressure of from about 150 to 3SO psi (l.O to 2.4 MPa), with 
5 operation at the higher pressures in such ranqes favou.rin9 heat 

transfer since an increase in pressure increases tne unit volume 

heat capacity of the qas. 
The partially or completely activated catalyst is injected 

into the bed at a point above the distribution plate at a rate 

10 equal to its consumption. Since the catalysts used in the 
practice of this invent~on are highly active, injection of the 
fully activated catalyst into the area celow the distribution 
plate may cause polymerization to begin L~ere and eventually 
cause plugging of t.he distribution pl.!l.te. tnjection into the 

15 bed, instead, aids in distributing the catalyst thrcuqhout the 
bed and precludes the formation of local i.zed spots of hiqh 
catalyst concentration. 

Ths production rate of polyr.:er in the bed is controlled by 

tne rate of catalyst injection. Since any chanqe in ·the rate 
20 of catalyst inject:ion chanqes the rate ot generation of tha heat 

of reaction, the temperature of the recycle qas is adjusted to 
accommodate the change in rate of haat qaneration. Co~plete 

instrumentation of both the fluidized bad and the recycle qas 
coo!inq system is, of course, n~cessary to detect any 

25 temperature change in the bed so as to enable the operator to 
make a suitable adjust~ent in the temperature of the recycle 
qas. 

Since the rate ·of heal:. generartion is directly related to 
product forw.ation, a measuremen~ of ~~e temperature rise cf the 

30 gas a1.::ross the reactor (the d!.fference betwee:\ inlet gas 
te~perature and exit qas temperat~re) is determinative of the 
rate of particulate polymer forwa-:ion at a consta!1t 9as ..... 
velocity. 

Under a qiven sat cf operating conditions, the tluidized 
35 bed is ~aintai~ed· at essentially a constant heiqht by 

withdrawing a porti~n of t~e bed ~s product at a rate equal to 
the rate of formation of the pa=ticuia~e po!ymer prod~ct. 
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Examples 

<+> CATALYST PREPARATION 
The titanium component of the catalyst was prepared first 

and isol8ted as a tree-flowing powder. The zirconium component 
5 ot the catalyst was prepared using a "dry" i::npreqnation methoa 

described above. 
Example 1 

(A} Titanium Catalyst Component Preparation: 541 qrams of 
Davison grade 955-[600°C calcination temperature] silica was 

lO weighed into a two-ga·l:lon (0.008 nr) stainless steel autoclave 
containing a stirrinq paddle.· Next, about 4 .a litres of dry 
isopentane was added ta·· the autoclave and the stirring rate was 
set at 100 rpm. The temperature of the silica/ isopentane slurry 
was S4-58°C. Next, 546 c~3 of dibutylmaqnesium (0.713 Dll1lol/ml) 

15 was added to the slurry. The contents of the autoclave were 
stirred for 60 minutes. Then, 35.6 cm3 of neat 1-butanol were 
added and stirrinq was continued for one hour. Finally, 21.4 
crril of titaniwn tetraehloride was added to the autoclave and 
stirring continued for 60 minutes. 

20 solvents were removed by evaporation 
Catal¥st yield was 496 qrams of a tan 
found ·i.u wt.%; Mg found l.4a wt.%. 

After this time, all 
under a nitrogen purqe. 
free-flowing po~der. Ti 

(B) small-Scale Catalyst Preparation: Solution (A): 0.0850 
grams ot (BuCphZrCl? was transferred to a 30 cm3 serum-bcttle 

25 and 4. 5 cm3 of a 4. 67 Molar ( ll. 7 wt. t Al} solution of 
methylalwnoKQ.na ware added. The bottle was shaken ~or about one 
minute to form a yellow solution which was used immediately as 
described below. 

Under an inert atmosphere, 2.sos grams of the titaniurn-
JO containinq catalyst described above ((A) Titanium . catalyst 

Component Preparation} was added to a 300 c-:J.3 pear flask 
c~taininq a maqnetic sti::.-rinq bar which was used to aqitate the 
catalyst powder vigorously. Then a·t room temperature, J. 76 cml 
of solution (A) described above, was added dropwise ta the tlask 

35 over a 12 minute period. The total volume of solution {A) used 
was such that the titanium containing catalyst always appeared 
dry du:t"inq the entire addit.ion ·time. However, durinq this 
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addition time, the light tan titanium-containing catalyst turned 
a dark brown colour. Finally, tne pear flask was placed into 
an oil bath set at 55-60"C, an<2 the residual toluene fro."IL 
soluti"on (A) was removed with a nitrogen purge to give a dry, 

5 tan, free-flowing powder. 
Example 2 

Large-scale Cataly~t Preparation: Solution s: 12.95 qrams 
of (BuCp) 2ZrClJ was transferred to a one-litre bott~a and 687 ml 
of a 4.67 Molar (13.7 wt.% Al) solution of methylalu~oxane were 

lO added. The bottle was shaken for about one minute t.o form a 
yellow solution which was transferred into a l. 5 litre stainless 
steel hoke bomb and used immediately as described below. 

Under· an inert atmosphere, 4 i;s gran:s ~f the titanium­
containinq catalyst de!:lcribed above ({A) Titanium catalyst 

15 Component Preparation] was added to a 2-qallon (0 .• 008 l'!l.3, qlass­
reac:tor ve!:lsel containin<J a helical sti:rer to aqitate th.Q 
catalyst powder and a teAllperature jacket which was set at about 
30°C. The stirrer was set at 125 rpm. Then, the contents of 
the hoke bomb (solution B) was added to the titanium-eontaininq 

20 catalyst in approximately 5-10 cm3 .aliquots every :l o-eo seconds 
over a 45 minute period. The total voluiue of solution (B) used 
was such that the titanium containing catalyst always appeared 
11 dry11 during the entire addition· time. Howe"·er, during this 
addition time, the light tan titani1.<m-:contain.Lnq catalyst turned 

25 a dark brown colour. After the ad:iit~on of scluti:::m (B) was 
complete, the jacket temperature was set a~ 45°<: and the 
residual toluene was removed vith a nitrogen purqe tor 5 hrs. 
A.Cter this time the catalyst "Nas a dark brown free-flowinq 
powder. Analytical results: Mq, 0.99 wt.%; Ti,· C. S6 wt.%; Al, 

30 11.09 wt.% and Zr, 0.4J wt.% • 

.., Polymerization - Slurry 
Ethylene/l-hexene copolymer was prepared with the 

bime'l:allic (Ti/Zr) compositior. of Example 2 to produce HOPE with 
35 a relatively high molecular weight. 

A 1.6 litre stainless steal a.utocla· ... e, at about 4ioc. was 
filled with o.750 litres of dry hexan~, 0.030 lit=es cf dry l-
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hexene and 4.0 mmols of trimethylalurnir.um (TMA) was added while 

under a slow nitrogen purge. The :reactor was c:losed, the 

stirrinq rate was set at about 900 :::-p:n, the internal temperature 

was i:icreased to 85°C. and the internal pressure was raised from 

5 7 psi to 1J psi ( 48 to 90 KPa) with hydroqen. Ethylene was 

introdueed ta m!!.intain -the reac:tor :?=essure at about ioo psi 

(l.4 MPa). Next. 0.0244 grams of catalyst composition of 

Example 2 was introduced into the rea~~c~ with ethylene over­
pressure and the temperature was increased ana held at 9S•c. 

10 The polymerization was continued for 6t"> minutes, and than the 

ethylene supply was stopped and th~ ~e.actcr alloNed to cool to 
. . 

room temper~ture. 36.6 grams of polye~t.ylene vere collected. 

The HI.Ml of the polymer was 4.J indicatinq a relatively high 

molecular w·eiqht and the GPC chromat.oqra:11 .is shown i:i Figure 2. 

15 'Example 4 

20 

PolYJVerization - Gas PMse F'!uid-bed React:or 

ThQ catalyst of Example 2 was added to a fluid-bed qas 

phase reactor under the followinq conditions: 

Ethylene 

H.1'Cz 
Hexene/ethylene 

Reactor Temp. 

Cccatalyst 

185 psi (l.28 MPa) 
0.009 

0.013 

90'C 

TMA (trL"Ge~hylaluminum) 300 

?PM based on ethylene feed 
25 Examnle · s 

Product - Alpine film Line: 

Polymer produced in Example 4 with a HI.MI of s.9, MFR 0~ 

128, which gave a GPC chromatogram with a HMW/l.MW ratio of 

64.2/35.S as· show.n in Fiqure 1. was fabricated into HOP~ !iln 

30 at o.s and 1.0 mil (l3 and 25 µ). T~e i~pact data is· shown 

belcw: 
~Ill FI/MFR' 1.0 mil Dart Dr-:>p o.s mil Dart Drop 

(25µ) (lJu) 

i::xampla 4 5/111 752 .as 
35 herein 

Tandem 7/110 2"' -• :::i 395 . 
values for pellets oi:rtained a!'.1:er -,;~al:::iliza::: packaqe • ... ·as 
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added to granular resin 
The molecular weiqht distribution (••iWD) of polymer produced 

in Example 4 from the gas phase rsacto::::- and poly~ar from the 
slurry reactor (Example 3) ..,era ex:amined t.y Gal Permaation· 

5 Chromatography {GPC), and tha :-esults -clearly show that both 
polYJCers have a bimodal :MWD (Figures land 2). rigure 3 shows 
the GPC chromatogram for a HOPE polymer prepared in tandem qas 
phase reacto~s. comparison of the GPC chromatograms shows that 
the polymer prepared in a sinqle reactor (either qas phase or 

10 slurr/) with the C·!talyst of this invention has a bimodal MWD 
si~ilar to the ?Olymer prepared in tandem r~actors. 

Presently, cc:amercial samples of HDPE wi~h a bimodal MWD 
are produced wit.h a tandem reactor process. In such a process, 
the catalyst is exposed to one redctor ~n the presence of very 

15 low levels of hydrogen a~ chain transfer a.gent, a.nd then 
transferred into a second reactor with relatively large amounts. 
of h}'droqen. The f lrst reactor produces the hiqh-molecular 
weight component, while the "second reac~or produces the low­
rnolecular weight co~ponent. 

20 Film toughness properties, as measure<! by Dart Crop Impact 
(DOI), show that the resin p:-epared w1<:.:1 the bimet:3.ll1c catalyst 
in a sinqle reactor has signifi'cantly better properties than the 
resin produced in tandem gas phase raac~crs. The polymer cf 
this invgntion also P.xhibited good fili:! bt=.J::ble stability without 

25 having to tailor ~he r-asir. ir. an ex~rud~r prior to tr..e film 
forminc; process. 
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Clai;ns 

1. An catalyst composition for prcducinq bimodal molecalar 
weiqht distribution hiqh density and linear low density polYllJers 

5 and copolymers of ethylene, comprising: 
{a) an aluminum alkyl non-oxyqen containing acti•Jator; 

and 

(b) a dry, anhydrous, support containing composition 
comprisinq ~n activated metallocene compound of a 

10 transition . D\lital and a non•metallOCQnQ transition 

15 

wherein 

( l) 

~etal activa~ed by said al~~ir.um alkyl activator, 
the support is· the reaction pr~duet of: 

silica havinq OH groups, impregnated with R,,,MqR' 11 , 

wherein each of Rm and Ru is alkyl grou? containinq l 
. to 12 carbon atoms, each of :m and n ls o, ! or 2 

provided that M+n is equal to the valency of Mq, and 
Rn.MqR' 4 is present in an amount to provide a RmMqR'n:OH 
molar ratio of O. S :·l to 4: 1; and 

(2) an organic alcohol reagent providing alkoxy groups 
20 havinq a formula R''O-, wherein R'' is alkyl group 

coneaining 1 to 12 carbons; said alkoxy groups beinq 
effective to displace the Rm and R'n cf said R.J-lqR'n; 
and said :eaqent being used in an ~=cunt effective to 
provide an a.lcchol:Mq molar ratio of o.s to 2.0. 

25 

2. A catalyst composition accordin~ to Clai~ l, wherein each 
ot Rm and R'n is alkyl group containi~q 4 to 10 carbon ato~s. 

J. A cata12·st. accordinq tc Clai!lt 2, wherein each of Rn: and R' n 

JO is a butyl qroup. 

4 .,. A catalyst a::::cordinq to Claim .t., wherein each of Rm and R.' 
11 

is ri-butyl. 

35 5. A catalyst accordinq to a~y one of Clai~s l to 4
1 wherein 

R'' is an alkyl group containing l to 9 carbons ato~s. 

I 1111111 1111111111111111111111 
* C L M S * 
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6. A catalyst aacordinq to any one of the precedinq Claims, 

wherein ~he R''O- is provided as an alcohol. 

7. A catalyst according to any one of the preceding Claims, 

5 wherein the reaction product is forn:ed by 

10 

15 

20 

(i) providinq a slurry of a nan-polar solvent and a 

solid porous silica havinq -OH qroups; 
(ii} impreqnating said silica, with said RsnMgR' 0 , to 

form an:· intermediate ( i.i.), wherein the Mq:-OH 

(iii) 

groups ra~io is less than 2, wherein said RmM9R'n 
is soluble in said non-polar solvent; 
treatinq the int.ermediate from step (ii) with an 
amount of R''OK, which amount is effective to 
provide a R"OH:R,..MqR'n,r.,olar ratio of 0.5 to 

2.0. 

s. A catalyst accordinq tc Claim 7, wr.ich includes further 

steps, after (iii), comprisinq: 

(iv) treating the product of step (iii) product with 
TiC14 to form a titaniu:n containing 
inte..""lllediate; and 

(v) com~ining the titaniu~ ccntaininq intermediate 
with a said activato~. 

25 9. A catalyst accordinq to any one of the preceding Claims, 

30 

wherein the non-metallocene transition i:tetal is titanium. 

10. A catalyst aoc:ordinq to Clai~ 9, wherein the non­
metallocene transition metal is titan1u~ tetrachloride. 

11. A catalyst according to any one of the precadinq Claims, 
w~erein the activator is trimethylalu~inu~. 

12. A catalyst according to ~ny one of the preceding _Claims, 
35 wherein the metalloc::ane trans=.ti.o:i. metal is provided as a 

c01:1pound which has the formula Cp • .MA.:B:, wherein Cp is 
cyclopentadienyl unsu~stituted or substituced ~y alkyl or 

11111111111111 11111 1111111 1111 
* C L M S * 
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alkylene of l to 6 carbcn ato:tsi x is at leas~ 1; each of A and 

B is halogen or alkyl of 1 to 8 carbon atoms, and y plus z is 

l or less provided that x~y+z is equal to the valence of ~i and 

M is selectad from the 9~cup consistinq of titaniun or zirconium 
5 or hafnium. 

13. A catalyst according ~o Claim 12, wherein the metallocen• 
compound is selected from the qroup consisting cf bis­

( cyclopentadienyl) .zirconium dichloride and bis-(n-
. ~. 

10 butylcyclopentadienyl)'.·zirconium dichloride. 

14. A catalyst according to any one of the preceding Claims, 

wherein the metallocene compound is activated with a solution 
of methylalumoxane; wherein the silica has a pore volmue in the 

15 ranqe of l. o cm3 / q to 4. o em!/ q; and wherein the solution has a 

volume which is equal to the total pore volume. 

15. A process tor prociu.cin9 bimoc!al ::iolecular wiai.qht 

distribution hiqh density and linear low density polymers and 
20 copolY111ers of ethylene, CClllprising pol~-merizing ethylene in the 

presence of a catalyst as defined in any precedinq Claim in a 

single reactor to produce bimodal nolecular ~ei;ht distribution 
hi~h density and linear low density poii"r.:ers of said ethylene. 

· 25 16. A process according to Clai111 15, wherein said ethylene is 

c::opolymerized with a Ca to Ca alpha claf'in to produce bimodal 

molecular weiqht distribution !liqh density and linear low 
density copolymers of said ethylene. 
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