WD 98/ 05422 PCT/ US97/ 12027 SUPPORTED
MODI FI ED ZI EGLER- METALLOCEME CATALYST FOR OLEFI N POLYMERI ZATI ON The

i nvention kehotess0 a mixed or binetallic catalyst. It al so gahodonfad2e a
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the presence of this catal yst. Binodal nolecular weight distribution
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these catauyst onym HMW (high molecular weight):; the second component
15 being of relatively lower molecular weight than the HMW
T component and being designated by the acronym IMW (low
molecular weight component.) In turn, HMW and the LMW
components can have varying molecular weight distribution.
The production of two different molecular weight components
20 is related to the hydrogen response, and thus process
conditions of polymerization or copolymerization. By
comparison, the molecular weight distribution is dependent on
the catalyst per se.

Depending upon the characteristics of the resin's

25 molecular weight distribution, characterized by gel
permeation chromatography (GPC), high molecular weight
polyethylene and copolymers of ethylene may be suitable for
film or HIC (household and industrial containers)
applications. An HIC resin is also characterized by ADS

30 (annular die swell).

The catalyst of the invention which will be more fully
described below comprises two transition metals. Its method
of synthesis directly affects the properties of ethylene
polymer and copolymer products produced in catalytic

35 polymerization and copolymerization in the presence of these -
catalysts.
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Is a GPC chromat ogram of the product of Exanple 2. FIG 2 is a GPC
chr omat ogwayegigsaine product of Exanple 5. A novel catal yst pompssrasézzcan be
activated by an activator which is an al kyl al um num conmpound, such as 5
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The reI atembodiment , odtt heastganenspurseu ot ctltehé:mmimimf metals is a

metallocene, preferably a zirconocene; in a most preferred
embodiment, the transition metal source provided as the
metallocene is deposited on the support before the second

20 transition metal source, a non-metallocene; the embodiments
of providing the metallocene results in homogeneous
distribution of metallic components. |

At least one of the non-metallocene transition metals is

provided as a contact product of at least three components:

25 additional reactants may be contacted with this source of
transition metal. The at least three components include a
trihydrocarbylsilanol, an organomagnesium compound and a
titanium compound or salt formed by contacting TicCl, with an
alcohol. The resulting titanium component is highly active;

30 thus, the catalyst requires less titanium loading. The
relative amount of the titanium on the support ranges from
0.1 to 1 millimole/g silica, preferably 0.2 to 0.3 '
millimole/g silica, based on the dehydrated silica.

The relative amount of the trihydrocarbylsilanol to the

35 amount of the titanium contacted with it ranges from 0.1 to
10 molar ratio, preferably 0.8 to 1.2 molar ratio. The
relative amount of the organomagnesium to the amount of the
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titaniumcontacted with it ranges fromO0.1 to 10 nolar ratio, preferably
0.8 to 1.2 wologmss2ati 0. The rel ative amount of the al cohol copeaaise®iait h
the titaniumranges fromO0.001 to 1 nolar ratio, preferably 0.2 to 0.6
nmolar ratio; in 5 preferred enbodi nents the titanium and al cohol are
allowed to contact prior to addition of either the organomagnesi um or
trialkylsilanol. One of the transition—mdtals, preferably a titanium
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enbodi nenttI%aNIYR (CORtACERD Haths it ranoes faam Gy brieeldi Brlaxy rathig.s
conponent prefErabliedo a8 €ond2 #Blakl eatie. Nakd | eEReivel ahsung dfet al

' d i j I di . . f d enbodi ts,
Chi e ar 1 She A oo a¥Er REREL AT RY cadaBiin oty GE5OR, Scond
product ofl aollaaastativ ccprefievakhysO.adtot i0asalmoleactrat o fmynbe cont act ed

i th tghi ?yag i f I isncl t t
\(ljmeri vgt : \S; st éé%eéoq .é e %%%Rg?ﬁr%ytggggﬁ% lﬁég’% sqqeq%g&gérgi %Rggﬂﬁ%rﬁ%um
or magnesCORtAAtd PRAIT i i additPon” pfepithery thehoxgaponaghesdium o | n

the nost prafaakyad endipst ment, the silica is one in which the average pore
di aneter ranges from50 to 500A greferably 100 to 450A, and nost

preferably 300PR® 9Ho¥heFFERBELELGD merads.r Rrefarablyca, tikrddwhnt ai ns
[OH gr oupsmpbinents' risra nxtmpowhd 26r aushlitawE ati (1BAS! SDAEtHEt mést

hydr I e onmposi td on of this invention.
The four 0Py PESHEAd Safo iy tn¢, 218 RN BRIR% e kflanin I\ Tea.

Pr ef er abl $etmachinrise | Tifbup Sbviceonponentfishprevided wid la rmowe from
1.6 to 2. I [y LS apge i or .drying,
dehydrati gﬁ@gﬁ %gméi{cﬁnc%\éadt#%?\c%génpgégteﬁ%egg ?hg‘eSI \il ca I@%‘#%‘Q‘ﬁf‘a %ér ein
silanol, SPRERINs & S¥slorenkadienylrgrandBeabl y) groups are detectabl e by

| R spectroscomh greféried i evboainentsat tals @ft adw dsRgYbe38he

! Ak 8Rslt i, ikl T VAo 85" A el Frofie St 52 !
least three components; additional reactants may be contacted
with this source of transition metal and include the support,
and derivatives thereof. The support may be alunina, silica,
or silica/aluminum or magnesium oxide derivatives.

20 Preferably, the support is silica. 1In the most preferred
embodiment,'the silica is one in which the averége pore
diameter ranges from 50 to SOOA, preferably 100 to 450A, and
most preferably 300 to 400A. Preferably, the carrier is
silica, which contains [OH] groups. The carrier material

25 must have at least some active hydroxyl (OH) groups to
produce the catalyst composition of this invention. The
hydroxyl group concentration will be at least 0.7 mmole/gram
silica. Preferably, the hydroxyl group concentration of the
silica will range from 1.6 to 2.5 mmoles/gram silica. This

30 range is favored by lower drying, dehydration and/or
calcination temperatures.

The silica hydroxyl (herein silanol, silica hydroxyl is
used interchangeably) groups are detectable by IR
spectroscopy. Quantitative determinations of the hydroxyl

35 concentration on silica are made by contacting a silica
sample with methyl magnesium iodide and measuring methane
evolution (by pressure determination).
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PCT/ US97/ 12027 -4- Dehydration of silica material can be effected by

heati ng alwoldsfdsenr] to 600C, preferably from 150[err] to 3%jrusdraze2rd nost
preferably at 200 to 300[err]C. By conparison, Davison 955 silica
dehydrated at 600[err]C 5 (for 16 hours) will have a surface hydroxyl
concentration of 0.7 mmles per gram (nmols/gm of silica. Davison 955

silica dehydrated at 800[err]C will bed4a=silica with 0.5 mmvle of silica
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with thdsd@ matmriﬁl arankebednundad rmemtlradenaamea aiff \Davisameds2 | i ca
heat tr%%vié%n@ﬁydﬁﬁttﬂa BHGHQSﬁSch%mﬁQ:Q[lerrﬁ]\Es 'vf‘g' ; breferred

dehydratron and/ or _cal cihation tenperatures are e|OM/ err , _nhore
pr ef er aliRAR| IRA BOPRRRY COT aR8 !‘)‘5 3R8& bﬁré’?‘ér&lﬁ\%lp&’rlaz a3 (corp.
Accor di @ Yourdifaséd | ceheésedlitasnhed Mot ded dtmémm iRistvipé contain a
si | onc ntratro reater than_O. CH pe ram silica;
pre eralﬂ(ggg?q BBh?ﬁr gr‘ﬁgter&gﬁa aly, I5¢¥§‘ SIt‘osf ‘%ﬁ%l es OH per
gram(ﬁ:Qaﬂalxst|afpthéeinednambndexhﬁbdximbehzghest activity
dictates that the silica contain hydroxyl groups for contact
with the solution containing aluminoxane and metallocene.
The amount of hydroxyl groups, in mmoles/gram silica can be
20 affected by the dehydration temperatures used to condition
the silica. Specifically, the dehydration temperatures of
600°C reduce the amount of reactive hydroxyl groups available
for contact with the solution of aluminoxane and metallocene.
By comparison, the dehydration temperatures of 250°C increase
25 the amount of reactive hydroxyl groups available for contact
with the solution of aluminoxane and metallocene, relative to
the silica heat treated, for dehydration purposes to 600°C.
Accordingly, preferred dehydration and/or calcination
temperatures are below 400°C, more preferably below 300°C, and
30 most preferably at 250°C. Accordingly, the silica used in
embodiments of the invention will contain a silanol (OH)
concentration of greater than 0.7 mmoles OH per gram silica;
preferably it will contain greater than 0.7 mmoles up to 2.5
mmoles OH per gram of silica. 1In preferred embodiments, the
35 concentration ranges from 1.6 to 1.9 mmoles/gram silica.
The trialkylsilanol component has a formula AxByCzSiOH,
in which each of A, B, and C is hydrocarbyl of 1 to 10 carbon



35 ‘concentration ranges from1l.6 to 1.9 mol es/gram silica. The

trial kyl silanol conponent has a fornula AxByCzSi OH, in which each of A B,
and Cis h | of 1 to 10 carbon WO 98/ 05422 S97/12027
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and z is a nunber from1l to three and x+y+z is equal to 3. The hydrocar byl
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preferably contains 2 carbon atons. If AL Bor Cis aryl it can be
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DBM wi t h £héSk F\Mﬁa@}le%}ﬁﬁ{ |irgesdiﬁk@§1§ggﬁ@sgﬁm45[ err]C to inprove

conponent sol it
al % iytanlum component, a non-metallocene, or not a

titanocene, comprises a contact product of TiCl, and an
aliphatic alcohol of 1 to 12 carbon atoms, preferably 4 to 8

20 carbon atoms, such as butanol, pentanocl, hexanol, heptanol
and octanol, and analogs thereof. In Examples below pentanol
was employed. The resulting titanium compound has the
formula (R'0O), TiCl,.,, where , is a number between 0 and 4 and
is neither 0 nor 4, and R is alkyl or 1 to 12 carbon atoms.

25 Contact of the reagents is usually undertaken under inert
conditions, free of moisture and air. The contact can be
undertaken at temperatures in the range of 0° to 100°C.
Generally, in the synthesis reported herein the contact
temperatures are in the range of 20° to 60°C. Preferably,

30 the temperature is in the range of from 25° to 45°C. All
stages are undertaken at more or less the same temperature,
except the reaction of DBM with Et,;SiOH which sometimes takes
place at 45°C to improve component solubility.

_ Preferably, the first supported transition metal source
35 is contacted with a second source of a transition metal which
is a metallocene; as noted below a metallocene is a metal

compound and containing at least one cyclopentadienyl group.



Preferably, the first supported transition nmetal source 35 is contacted
with a second source of a transition netal which is a netall ocene; as noted
bel ow a maioedsiosexne is a netal conpound and contai ning at | EFUSITE2027

cycl opent adi enyl group. WO 98/ 05422
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nost preferred enbodi nents the netall ocene is converted to ioni'c form
Preferably, this conver5| on is undertalerm with an al unoxane as a
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wherein n is 1-40, preferably 10-20, m is 3-40, preferably 3~
20 and R is a C;-C; alkyl group and preferably methyl.
Methaluminoxane (MAO) is a mixture of ocligomers with a very
_ wide distribution of molecular weights and usually with an
20 average molecular weight of 1200. MAO is typically kept in
solution in toluene. The volume. of the solution comprising
an alumoxane and a solvent therefor can vary, depending on
the catalyst sought to be produced.
The nmetallocene compounds can be selected from a large
25 wvariety of compounds. The amount of this transition metal
provided as a metallocene ranges from 0.1 molar ratio to 0.5
molar ratio based on the other transition metal source.
In a preferred embodiment, the metallocene is added to
the solution of the alumoxane prior to impregnating the
30 carrier with the solution. The mole ratio of aluminum
provided by aluminoxane, expressed as Al, to metallccene
metal expressed as M {(e.g. Zr), ranges from 50 to 500,
preferably 75 to 400, and most preferably 100 to 300. An
_ added advantage of the present invention is that this aAl:2r
35 ratio can be directly controlled. In a preferred embodiment
the alumoxane and metallocene compound are mixed together at
ambient temperature for 0.1 to 6.0 hours, prior to use in the



net.al .expressed as M (e.g. Zr), ranges from50 to 500, preferably 75 to
400, and nost preferably 100 to 300. An added advantage of the present
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preferred errg nment the al unoxane and metal | ocene conpound are nixed
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i nfusion step. The solvent for the neteal 7oeene and al unoxane can be
appropriate solvents, such as aromatic hydrocarbons, hal ogenated aromatic
hydr ocar bdnfusa'tdrersl;emycl'.l‘heeshbvsn&r fost &he mt@fldmmrse iand ;aalunexare 5
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al kyl such as indenyl, tetrahydroindenyl, fluorenyl or a partially
hydrogenated fluorenyl group, as well as a part of a
substituted bicyclic or tricyclic moiety. In the case when m

20 in the above formula of the metallocene compound is equal to
2, the cyclopentadienyl groups can be also bridged by
polymethylene or dialkylsilane groups, such as -CHZ—, -CHZ-
CHZ—, =CR'R"~ and ~-CR'R"~-CR'R"- where R' and R" are short
alkyl groups or hydrogen, -Si(CHs)z—, Si(CH3)2-CH2—CH2-

25 Si(CHa)z' and similar bridge groups. If the A and B
substituents in the above formula of the metallocene compound
are halogen atoms, they belong to the group of fluorine,
chlorine, bromine or iodine. 1If the substituents A and B in
the above formula of the metallocene compound are alkyl

30 groups, they are preferably straight-chain or branched cl-—c8
alkyl groups, such as methyl, ethyl, n-propyl, isopropyl, n-
butyl, isobutyl, n-pentyl, n-hexyl or n-octyl.

Suitable metallocene compounds include
bis(cyclopentadienyl)metal dihalides,

35 bis(cyclopentadienyl)metal hydridohalides,
bis(cyclopentadienyl)metal monoalkyl monchalides,
bis(cyclopentadienyl)metal dialkyls and bls(lndenyl)metal



30 groups, they are preferably straight-chain or branched Cerr]-(err]-:
al kyl groups, such as nethyl, ethyl, n-propyl, isopropyl, n- butyl,

i sobutyl, wWio@98Ms42k, n- hexyl or n-octyl. Suitable netall ocenecanpaungs

i nclude bis (cycl opentadi enyl)netal dihalides, 35

bi s(cycl opent adi enyl ) netal hydri dohal i des, bis(cycl opent adi enyl) net al
nonoal kyl nonohal i des, b|s(cyclopentadlenyl)netal di al kyl s and -

bi s(i ndenyl ) et al WO 98/ 05422 ) - 8 I . i
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zirconium trichloride, bls(zndenyl)zlrconlum dichloride,
20 bis(4,5,6,7-tetrahydro-1-indenyl)zirconiun dichloride, and
ethylene-(bis(4,5,6,7-tetrahydro-1-indenyl)] zirconium
- dichloride, ethylene bridged- or silane bridged~ bis(indenyl)
zirconium_dichloride. The metallocene compounds utilized
within the embodiment of this art can be used as crystalline
25 solids, as solutions in aromatic hydrocarbons or in a
supported form. |
Use of the catalyst in polymerization and copolymer-
ization can be in the solution, slurry, or gas phase. [In an
embodiment described in another copending application, the
30 catalyst is treated with hexene before being introduced into
the polymerization.] Preferably the conditions include a
pressure of less than 1000 psi and generally no greater than
350 - psi. Temperatures may range from 30° to 120°C.
Generally, the polymerization temperature ranges from S0° to
35 120°C. The ethylene partial pressures range from 50 to 500
psia. Hydrogen is used as a chain terminator. The partial
pressure of hydrogen ranges from 0.1 to 10 psia. The process



enbodi ment described in anot her copending application, the 30 catalyst is
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15 an annular die having a tapered entrance angle of 24.4°; dle
lend length of 3.05 mm; die gap of 0.505 mm and average die
diameter of 5.16 mm.
EXAMPLES ILLUSTRATING ESSENCE OF INVENTION
Example 1 - Preparation of Bimetallic Catalyst
20 a. Component 2a
Davison 955 silica was dehydrated at 250°C for 16 hours.
In a flask, 0.1 g of Bis(ﬁ-butylcyclopentadienyl) Zirconium
Dichloride (from Boulder Scientific Company) was mixed with
10 ml of methylaluminoxane (MAO) solution (4.76M, from
25 Witco/Schering Company). In another flask, 7.4 ml of this
reaction product soclution was mixed with 5 g of the 250°C
dehydrated silica and dried to remove toluene under nitrogen
purge at 55° to 60°C at least 4 hours.

b. Component B
30 In a flask, 0.14 ml of triethylsilanol was dissolved in
approximately 20 ml heptane and heated to 55° to 60°C. Then
1.23 ml of 0.736 M dibutylmagnesium (DBM) in heptane solution
was added rapidly and stirred for one hour. This reaction
product could be used to prepare a high activity Ti catalyst
35 if it was reacted with titanium chloride compounds.



dehydrated silica and dried to renove tol uene under nitrogen purge at 55 to
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15 Comparative Example 1
Preparation of Ti-Base Type Bimetallic Catalyst
In a flask, 2 g of 600°C-dehydrated Davison 955 silica
was slurried with approximately 16 ml heptane. 1.96 ml of
dibutylmagnesium in heptane soclution (0.736 M) was added. It
20 was stirred for 1 hour at room temperature. 0.16 ml of n-
butanol was then added and stirred for'another hour. Under
agitation, 0.39 ml of 0.927 M TiCl,/heptane solution was added
to this slurry. The slurry was stirred for one hour before
drying under vacuum at 45° to 55°C. 2.19 g of Ti-~base
25 catalyst was obtained.
In a small vial, 10 ml of the above-mentioned MAO
solution was mixed with 0.2006 gram of (n-BuCp),2rCl,to form a
complex solution. 3.91 ml of this solution was mixed with
2.19 g of Ti-base catalyst, and dried at 45° to 55°C under
30 vacuum. 2.96 grams of catalyst was obtained.
Example 2
Preparation of 1,1'-Ethylene Bis({Indenyl) Zirconium
Dichloride ~ Type of Example 1 Catalyst
The preparation is identical to Example 1, except (n-
35 BuCp).ZrCl, was replaced by 1,1-CH, bis(indenyl),2rCl, at sanme
level of 2r content, Davison 955-250 silica was replaced by
PQ's 988-200 silica, and 4 ml heptane/g silica was added



sol-uti.on was m xed wth 0.2006 gram of (n-BuCp)2Zrd 2to forma conpl ex
solution. 3.91 m of this solution was m xed with 2.19 g of Ti-base

catal yst, amdosioseel at 45[err] to 55 err] C under 30 vacuum PC/@®792@7s Of
catal yst was obtained. Exanple 2 Preparation of 1,|-Ethylene Bis(Indenyl)

Zi rconi um Di chl oride - Type of Exanple 1 Catalyst The preparation is
identical to Exanple 1, except (n- 35 BuCp)2Zrd2 was replaced by 1,1-C2H4
bi s(i ndenyl )ZZrCI 2 at sane IeveI of Zr=cdAtent, Davi son 955-250 silica was

replaced b 200 SI|I and 4 hept ane silica wa WO
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psia. 0.24 gram of Example 1 catalyst and 300 ml heptane
were fed into the reactor, using ethylene pressure slightly
above the reactor pressure, to start the polymerization.
The polymerization was maintained at 90°C for 1 hour.

20 The polymer slurry was stabilized with an antioxidant package
and dried over night at room temperature. The solid precduct
was placed in a vacuum over for 1 hour. The polymer was
weighed and a productivity of 1000 g/g cat/hr was
calculated. The dry granular product was extruded through a

25 Randcastle mini-extruder. The following melt flow properties
were determined: I, (melt index) or I; and I,, (flow index or
FI) (ASTM D-1238]. The melt flow properties of this product
were: I, = 1.27, I; = 0.046 and FR (I,,/1I;) = 27.6. GPC
analysis on the extrudate shows a HMW-film type bimodal was

30 obtained (Figure 1).

Comparative Exanple 2
Ethylene Polymerization in Slurry using the Comparative
Example 1 Catalyst .

The polymerization conditions are identical to that of

35 Example 3, except 7 ml of Trimethylaluminum alkyl (TMA, the

Teferred cocate}ggpﬂbyﬂthis~system) co~-catalyst solution

_}_,g_uzﬁr-‘aﬁd""the comparative Example 1 catalyst were used.



25 Randcastle mni-extruder. The following nelt flow properties were. .-
determned: I[err] (nelt index) or I[err] and I[err] (flow index or Fl)

[ ASTM D- 198898/05d12c nelt flow properties of this product werecthisefidez+
1.27, I[err] = 0.046 and FR (I[err]/I[err]) = 27.6. GPC analysis on the
extrudate shows a HWMfil mtype bi nodal was 30 obtained (Figure 1).
conparative Exanple 2 Ethylene Polynerization in. Slurry using the
Conpar ati ve Exanple 1 Catal yst The poI yme}2 zati on conditions are identical
to that of 35 _Example 3, exceg of Trinethylal um num al kyl (TKA, the
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4 10 Ethyle P t i n,Slurry using _Exanmple yst an
Cocat al ys%/"é};eﬁigwl? ?#'garEUﬁHF‘t?g oX; HlﬂerﬁRR?al"%‘le%t of
Conpar at i vEdanmpis ot 2, except the Exanple 2 catalyst was usedhand t he

I t t Lr]l. hour .to id. 15
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0.02. The @t’&’olm&e‘épcmqlmtyners were wei ghed and a productivity of 2300
g/g cat/hr was 'ﬂ?éC}%%&ﬂérl?ﬁ%1ghawrﬁr1ﬂrd}@cé{ré"’a§d%ﬁ:{&g§dt5h‘f:ﬂygh??

Randcastle m ni - ext y uder roperties of this

0.9 and lﬁﬂi‘f’(ﬁﬁ*’e“rwﬂr[%ﬁ‘?‘]‘lﬂe 3y exepetaﬁaleyﬁ@mﬁ%h’e@&ﬂmt ewmouged
that a H Cangahs nsbyméiza8soabtameethasEch@it@ned to ¥ hour to avoid

15 hydrogen starvation during the second half hour. The
hydrogen/ethylene ratio was 0.02. The stabilized, dry
polymers were weighed and a productivity of 2300 g/g cat/hr
was calculated. The granular product was extruded through a
Randcastle mini-extruder. The properties of this product

20 were: I, = 0.9 and MFR (I,/I,) = 57. GPC analysis on the
extrudate showed that a HIC type bimodal MWD was obtained.
Example 5 |
Ethylene Polymerization in Slurry Using Example 2 Catalyst
and DIBAH Cocatalyst.

25 The polymerization conditions are identical to that of
Example 3, except 1 ml of DIBAH cocatalyst solution (1.258M)
and Example 2 catalyst were used, and the polymerization time
was shorten to % hour to avoid hydrogen starvation during the
second half hour. The hydrogen/ethylene ratioc of this

30 experiment was adjusted to 0.04 to raise the FI. The
stabilized, dry polymer was weighed and a productivity of
2700 g/g cat/hr was calculated. The granular product was
extruded through a Randcastle mini-extruder. We found the
properties of this product were: I,, = 16 and MFR (I, /I,) =

35 104. GPC analysis on the extrudate showed that a bimodal MWD
suitable for HIC type applications was obtained (Figure 2).

SUBSTITUTE SHEET (RULE 26)



Et hyl ene Pol ynerization in Slurry Using Exanple 2 Catal yst and DI BAH
Cocatal yst. 25 The pol ynerization conditions are identical to that of
Exanpl e 3, WRA98H%422 ni of DI BAH cocatal yst sol ution (1.258M RORUBIARRTe 2
catal yst were used, and the pol ymerizatildn-tine was shorten to [err] hour
to avoi d hydrogen starvation during the second half hour. The

hydr ogen/ et hyl ene ratio of this 30 experinent was adjusted to 0.04 to

raise the FI. The stabilized, dry polymer was wei ghed and a productivity
of 2700 g/g gat/hr was cal culated. The granul ar product was extruded
t hrough a e mni-extruder. We found the properties of this product
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tri hydrogar byl si |l anol whereinl ky) QBoAcsbHBRActhpredacts ideydr ocar byl si |l anol

has a fornul a nd C |s drocarbyl of 1
to 10 carbon aﬁaﬁéqéﬂérgﬁéﬁbﬁgsgﬁg gn@“&rﬁ&%iﬁgi|HEQHf " and each of x,
y, and z is a nunber fwhewdinotgibydrecarbylsiAencilnhes @ dicamuiia wagnesium
S & compound | &l £6RN1A! kikkchS ebles B0, digffeereents adsgs SO0 b

to 8 carbon atons erein I'S the cont act
titani um t et r acht k@ dk0 .RATRANAALERS| aBeneach ig theo @%(mbdﬁl%f%}ﬁ%ntt 0

form a genpound £ig téeckBEr kGal, fahaulzaleRaO}ﬁHb@x{ ¥rdd [Preéd )3 afere a is
a nunber greater than 9 and less than 4 . 2. The catal yst conposition of

claimi, wherei @FPHE=
wherein said dialkyl magnesium is a compound in

which each alkyl is the same or different and contains 1
to 8 carbon atoms;

15 wherein (b) is the contact product of titanium
tetrachloride and an alccheol containing 1 to 12 carbon
atoms, to form a compound of the empirical formula
(R'0)aTiCl .., Where a is a number greater than 0 and
less than 4 .

2. The catalyst composition of claim 1, wherein the

support is silica which is dehydrated at temperatures in the
range of 200° to 300°C.

3. The catalyst composition of claim 1, wherein a
second source of transition metal is provided as an activated
metallocene.

4. The catalyst composition of claim 1, wherein at
least one of A, B, or C is alkyl which contains 1 to 6
carbon atoms.

5. The catalyst of claim 1, where at least one of A,
B, and C is an aryl group which contains 6 to 10 carbon
atoms. S
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support  is silica which is dehydrated at tenperatures in the range of . .. .
200[err] to 300[err]C. 3. The catal yst conposition of claiml1l, wherein a
second sowaes/es#22transition nmetal is provided as an acti vatecrosdmbizrcene.
4. The catal yst conposition of claim 14 wherein at | east one of A B, or
Cis alkyl which contains 1 to 6 carbon atons. 5. The catal yst of claim -
1, where at |east one of Al B, and Cis an aryl group which contains 6 to
"10 carbon atons. WD 98/ 05422 '

PCT/ US97/ 12027 - 14 - 6. The catal yst conposition of claim3, wherein at

| east one of A B, or£%%:¥%£ s?Mﬁ%hPQﬁ##ib%S°§ ¢Lazmcdy bBherednsaty.

The cat al ysieaktclonemno® wes, o e fetd Moy ediibéR| E6REAEnES1CEB 8CEEd WA h
t he supportaegkgr to contact with said non-netall ocene. 8. The cat al yst
conposition O I"ai m 7 wherein the al cohol is pentanol.

7. The catalyst of claim 6 wherein the activated
metallocene is contacted with the support prior to contact
with said non-metallocene.

8. The catalyst composition of claim 7 wherein the
alcohol is pentanol.
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