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A transition metal containing catalyst useful for the polymerization of a-olefins is prepared by (A) forming in an inert at-
mosphere which excludes oxygen and moisture a slurry of (1) a porous inorganic oxide support material selected from the group
consisting of silica, alumina, or a combination of silica and alumina, said support material containing not greater than 5 milli-
moles of hydroxy! groups per gram of support material and a particle size not greater than 10 microns and a surface area of from
50 to 800 m2/g in an inert organic liquid medium; (B) mixing said slurry with (2) an organomagnesium compound and stir-
ring the resultant mixture at a temperature of from -20 °C to 120 °C for a time sufficient to saturate the surface of the sup-
port material ; (C) mixing the product from (B) with (3) a titanium compound or a combination of a titanium compound and
(4) a vanadium compound and stirring the resultant mixture at a temperature of from -20 °C to 120 °C for a time sufficient
to allow complete reaction of the titanium compound and the vanadium compound with the organomagnesium moieties re-
mained on the solid support; (D) mixing the product from (C) with an inert organic solution of (5) a Group IITA metal alkyl
halide at a temperature of from -20 °C to 120 °C for a time sufficient to complete the reduction of the titanium and vanadi-
um, if present, compounds to their final oxidation state.
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SILICA SUPPORTED TRANSITION METAL CATALYST

10
The present invention pertains to silica
supported transition metal catalysts and process for
polymerizing olefins in their presence.
15

The polymerization of ethylene and the
copolymerization of ethylene with other olefins is known
to be carried out by solution and suspension (slurry)
polymerization processes. Advantages of the solution

20 process include short reaction times, improved heat
removal and monomer conversion for mass and energy
control of polymerizations and single-phase reaction
environments for controlling reaction dynamics. A most
advantageous solution polymerization would be conducted

25 at even higher reaction temperatures yet with a
polymerization catalyst that yields sufficiently high
molecular weight polymers with a high catalyst
efficiency at these higher temperatures which lowers

20 catalyst residues in the product an/or permits complete

omission of the catalyst removal step.

In the suspension (slurry) polymerization of
olefins, the advantages are low pressures, low
temperatures and the ability to make very high molecular
weight polymers. It is advantageous to carryout these
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reactions with sufficiently high polymerization
efficiencies such that residues from the polymerization
catalyst do not have to be removed from the resulting

polymer.

There are many polymerization catalysts for

(91}

suspension polymerization known in the art. Hagerty et
al. in U.S. Patent 4,562,169 disclose the preparation of
a supported catalyst by treating a solid porous carrier
having reactive OH groups such as silica in a liquid
10 medium with an organomagnesium compound to react with
the OH groups on the carrier: evaporating said liquid to
precipitate magnesium onto the carrier and recovering a
supported magnesium composition in the form of a dry,
free-flowing powder; reacting the powder with a

15
tetravalent titanium compound in a liquid medium. The
catalyst is useful in the polymerization of olefins.
Nowlin in U.S. Patent 4,593,009 and U.S. Patent
50 4,672,096 discloses a catalyst for polymerizing olefins

which catalyst is prepared by treating a carrier
containing OH groups with an organomagnesium composition
and contacting the thus-formed magnesium-containing
carrier with a solution of at least one tetravalent

25 vanadium compound or a solution containing both a
vanadium compound and a titanium compound.

Gessel in U.S. 4,244,838 describes catalysts
prepared from an organomagnesium compound, an organic
30 hydroxyl-containing material and a transition metal
halide. These solids produced by this reaction are
isolated and washed prior to use in a polymerization.

Fuentes et al. in U.S. 4,544,647 disclose
caftalyst compositions prepared from an organomagnesium
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material, an organic hydroxyl-containing material. a
reducing halide source and a transition metal compoung.

Marchand et al. in U.S. 4,910,272 describe a
process for polymerizing olefins in the presence of a

U1

catalyst prepared from an inorganic oxide, an
organomagnesium material, an organic hydroxyl-containing
material, a reducing halide source and a transition

metal compound.

10 The catalyst efficiency of these catalysts is.
in general, decreased with increased volymerization
temperatures. specifically temperatures above 140°C.

The catalysts known for solution polymerization
15 comprise an organomagnesium component, an aluminum
halide and/or an additional halide source and a
transition metal compound. Lowery et al in US 4.250.288
describes such compositions that are useful in the

polymerization of a-olefins above 140°C.
20

Sakurai et al. in U.S. 4,330,646 describes
similar catalysts containing a titanium or a titanium
and/or a vanadium compound as the transition metal
component. These catalysts are useful at polymerization

25 temperatures of at least 180°C. The disadvantage of
these catalysts is that the reactions that produce the
catalyst solids are highly exothermic and difficult to
control and reproduce. These catalyst compositions also
30 contain a large excess of halide with respect to the
transition metal component and yield polymers with a
relatively high halide content. The composition as a

whole is used directly in the polymerization of olefins.

It would be desirable to have available
catalyst compositions which exhibit significantly higher



WO 92/13009 PCT/US91/09589

i

polymerization efficiencies based on the transition
metal and the halide. It would also be desirable to
have available catalyst compositions whiéh exhibit these
high erficiencies while being prepared in a manner which
did not require the isolation and/or washing of the
solid catalytic product. It would be further desirable

St

to ease the process of preparation of the catalyst in
order to increase reproducibility and quality of the
catalyst. 1t would also be desirable to have available
such catalysts which would provide polymers having a
high molecular weight and a relatively narrow molecular
weight distribution and which exhibit more tolerance to
hydrogen at polymerization temperatures of at least
180°C and even greater than 200°C.

(9 1]

One aspect of the present invention pertains to

a supported transition metal catalyst component which
comprises an inert liquid medium having slurried therein
a composition comprising the product resulting from

20 contacting (1) a porous solid inorganic oxide support
material selected from the group consisting of silica,
alumina, or a combination of silica and alumina., said
support material containing not greater than 5
millimoles of hydroxyl groups per gram of support

25 material and a particle size not greater than 10 microns
and a surface area of from 50 to 800 m2/g; (2) a
hydrocarbon soluble organomagnesium alkoxide or
hydrocarbon soluble magnesium dialkoxide; (3) a titanium

30 compound; optionally (4) a vanadium compound; and (5) a

Group IIIA metal alkyl halide: and wherein the
components are employed in amounts which provide the

following atomic ratios:
Si+Al (from the inorganic oxide support):Mg of from

1:1 to 30:1;
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Mg:Ti of from 0.2:1 to 10:1;

Mg:V of from 0:1 to 10:1;

Mg:IIIA metal of from 0.05:1 to 5:1; and
V:Ti of from 0:1 to 5:1.

L

Another aspect of the present invention
dertains to a process for preparing a supported
transition metal catalyst component slurried in an inert
liquid medium, which process comprises (A) forming in an
inert atmosphere which excludes oxygen and moisture a
slurry of (1) a porous inorganic oxide support material
selected from the group consisting of silica, alumina.
or a combination of silica and alumina, said support
material containing not greater than 5 millimoles of
'5  hydroxyl groups per gram of support material and a
particle size not greater than 10 microns and a surface

area of from 50 to 800 m2/g in an inert organic liquid
medium; (B) mixing said slurry with (2) a hydrocarbon

: soluble organomagnesium alkoxide or hydrocarbon soluble
20

magnesium dialkoxide and stirring the resulting mixture
at a temperature of from 20°C to 120°C for a time
sufficient to saturate the surface of the support
material; (C) mixing the product from (B) with (3) a

25 titanium compound or a combination of a titanium

compound and (4) a vanadium compound or adding the
titanium compound and vanadium compound separately and
stirring the resultant mixture at a temperature of from
20°C to 120°C for a time sufficient to allow complete

30 reaction of the titanium compound and the vanadium
compound with the organomagnesium moieties remaining on
the solid support; (D) mixing the product from (C) with
an inert organic solution of (5) a Group IIIA metal
alkyl halide at a temperature of from 20°C to 120°C for a
time sufficient to complete the reduction of the
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titanium and vanadium. if present. compounds to their

final oxidation state.

A further aspect of the present invention
certains to a process for polymerizing one or more a-
clefins and optionally one or more polymerizable
ethylenically unsaturated compounds other than an a-
olefin which process comprises contacting the materials
to be polymerized with (A) a supported transition metal
containing catalyst component comprising the product
resulting from contacting (1) a porous inorganic oxide
support material selected from the group consisting of
Siiica, alumina, or a combination of silica and alumina.
said support material containing not greater than 5
millimoles of hydroxyl groups per gram of support
material and a particle size less than 10 microns and a
surface area of from 50 to 800 m2/g; (2) a hydrocarbon
soluble organomagnesium alkoxide or hydrocarbon soluble
magnesium dialkoxides (3) a titanium compound;
optionally (4) a vanadium compound; and (5) a Group IIIA
metal alkyl halide; and wherein the components are
employed in amounts which provide the following atomic
ratios:

Si+Al:Mg of from 1:1 to 30:1:
Mg:Ti of from 0.2:1 to 10:1;
Mg:V of from 0.2:1 to 10:1;
Mg:IIIA metal of from 0.05:1 to 5:1;
V:Ti of from 0:1 to 5:13 and
(B) a cocatalyst or activator for component (A).

The present invention provides catalyst
compositions which exhibit high polymerization
efficiencies based on the transition metal and the
halide and are prepared in a manner which do not require
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the isolation and/or washing of the solid catalytic
product. The catalysts which contain vanadium produce a
polymer having a high molecular weight and a relatively
narrow molecular weight distribution when the polymers
are prepared by the solution process.

Ut

The present invention provides catalyst
compositions which exhibit high polymerization
efficiencies based on the transition metal and the
10 halide and are prepared in a manner which do not require

the isolation and/or washing of the solid catalytic
product. The catalysts which contain vanadium produce a
polymer having a relatively broad molecular weight
distribution when the polymers are prepared by the

15 slurry process.

All references herein to elements or metals
belonging to a certain Group refers to the Periodic
Table Of The Elements published by the Sargent-Welch
Scientific Company, Skokie Illinois, catalog number S-
18806 (1968).

20

The term hydrocarbyl as employed herein means
any aliphatie, cycloaliphatic, aromatic, aryl
substituted aliphatic, aryl substituted cycloaliphatic,
aliphatic substituted aromatic or aliphatic substituted
cycloaliphatic groups.

30
The term hydrocarbyloxy means a hydrocarbyl

group having an oxygen linkage between it and the
carbon atom to which it is attached.
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PREPARATION OF TEANSITION METAL CATALYST

The transition metal catalyst of the present
invention can be prepared in the following manner.

The porous inorganic oxide support material is
slurried in an inert organic diluent under conditions
which exclude oxygen (air) and moisture at a temperature
of from 20°C to 120°C, preferably from 0°C to 100°C, more
preferably from 20°C to 70°C. No particular time is
required other than that to form a uniform slurry of the
support in the diluent. This depends upon the amounts
invoived. but usually a good uniform slurry can be
formed in 1 hour in a concentration range from 0.1 to
15, preferably from 0.2 to 10, more preferably froml to

7, weight percent.

To this slurry is then added the hydrocarbon
soluble magnesium alkoxide or hydrocarbon soluble
dialkoxide, again under conditions which exclude oxygen
(air) and moisture, and the mixture stirred at a
temperature of from -20°C to 120°C, preferably from 0°C
to 100°C, more preferably from 20°C to 70°C for a time
sufficient to react the magnesium compound with surface
of the solid support. usually from 0.1 to 10, preferably
from 0.2 to 8, more preferably from 0.5 to 4, hours;

After the above addition of the magnesium
compound, a titanium compound or a combination of a
titanium compound and a vanadium compound is added,
again under conditions which excludes oxygen (air) and
moisture, and the mixture stirred at a temperature of
from -20°C to 120°C. preferably from 0°C to 100°C, more
preferably from 20°C to 70°C for a time sufficient to
completely react the titanium compound and the vanadium
compound with the reactive silica and magnesium

PCT/US91/09589



WO 92/13009 PCT/US91/09589

“unctionalities, usually from 0.1 to 100, preferably
from 0.5 to 20, more preferanly froml to 10. hours. The
titanium and vanadium compounds can be premixed prior to
their addition or they can be added separately in any
order to the product resulting from blending the
magnesium compound with the slurry of the inorganic

i

oxide support material.

Following the addition and mixing of the
titanium and/or vanadium compounds, a Group IIIA metal
alkyl halide is added and the mixture is stirred at a
temperature of from 20°C to 120°C., preferably from 0°C to
100°C. more preferably from 20°C to 70°C for a time
sufficient to reduce the titanium compound and vanadium
5 compound, if present, to their final oxidation states.

usually froml to 100, preferably from 2 to 50. more
preferably from 5 to 20, hours.

. Upon completion of the addition and mixing of

20 the Group IIIA metal alkyl halide, the thus formed
transition metal catalyst component can be employed in
the polymerization of a-olefins as is without isolation
of the solid components from the liquid components. The
transition metal catalyst component can be employed
immediately upon its preparation or the component can be
stored under inert conditions for some length of time.
usually for periods of time as long as 90 days.

30 The components can also, if desired, be added

in the order as follows: SiOs + Mg compound + Ti
compound + Al compound + V compound.




WO 92/13009 PCT/US91/09589

20

25

30

-10-

The components can also, if desired. be added
in the order as follows: Si0O2 + Mg compound + Al

compound + Ti compound + V compound.

Oxygen (air) and moisture can be excluded
during catalyst preparation by conducting the
oreparation in an inert atmosphere such as, for example.
nitrogen, argon., xenon, methane or any combination

thereof.

COMPONENTS OF THE TRANSITION METAL CATALYST

Porous Support Material

Suitable porous silieca or alumina support
materials which can be employed herein include, those
containing not greater than 5, preferably not greater
than 4, more preferably not greater than 3, millimoles
of hydroxyl groups (OH) per gram of support material.
These hydroxyl (OH) groups are isolated silanol groups

on the silica surface.

The hydroxyl groups can be reduced or
eliminated by treating the support material either
thermally or chemically. Thermally, the support
material can be heated at temperatures of from about
250°C to 870°C, more preferably from 600°C to 800°C for a
time sufficient to reach the equilibrium hydroxyl group
concentration, usually froml to 24, preferably from 2 to
20, more preferably from 3 to 12, hours.

The hydroxyl (0OH) groups can be removed or
reduced chemically by treating the support material with
SiCls, chlorosilanes, silylamines, or any combination
thereof at a temperature of from 20°C to 120°C, more
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preferably from 0°C to 40°C for a time sufficient to
reduce the hydroxyl content to the desired value,
usually less than 20 minutes.

The porous support material has a particle size
of not greater than 10, preferably from 0.1 to 10. more
preferably from! to 9, most preferably from 2 to 8,
microns and a surface area in the range of from 50 to
800. preferably from 150 to 600. more preferably from
10 300 to 500, m2/g.

The particle size of the support is important
as it has surprisingly been discovered that lowering the
particle size of the support below 10 microns while

15 maintaining the support surface area and porosity
results in an unexpected increase in the catalyst
productivity and hence a reduction in product chlori=de
and titanium residues relative to products of the same
catalyst made on a support of equivalent surface area

20 and porosity but larger particle size.

Inert Liquid Diluent

Suitable inert liquid diluents which can be

25 employed to slurry the inorganic oxide support material
and as a diluent for any of the other components
employed in the preparation of the catalyst include, for
example, aliphatic hydrocarbons, aromatic hydrocarbons,
naphthinic hydrocarbons, or any combination thereof.

30 Particularly suitable solvents include, for example,
pentane, isopentane., hexane, heptane, octane, isooctane,
nonane, isononane, decane, cyclohexane,
methyleyclohexane, toluene, any combination of any two
or more of such diluents.
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Organomagnesium Compound

Suitable magnesium compounds which can be
employed in the preparation of the transition metal
catalyst component include, for example, those
hydrocarbon soluble organomagnesium compounds
represented by the formulas RyMg(OR)y; wherein each R is
independently a hydrocarbyl group having from 1 to 20.
oreferably from1 to 10, more preferably from 2 to 8.
carbon atoms; x+y=2: and 0.5=y=2. Preferably, x has a
value of zero or 1 and y has a value of 1 or 2 and most
preferably. x has a value of 1 and y has a value of 2.
Particularly suitable magnesium compounds include. for
example, n-butylmagnesium butoxide, ethylmagnesium
butoxide, butylmagnesium ethoxide, octylmagnesium
ethoxide, butylmagnesium i-propoxide, ethylmagnesium i-
propoxide, butylmagnesium n-propoxide, ethylmagnesium n-
propoxide, s-butylmagnesium butoxide, butylmagnesium
2.4-dimethylpent-3-oxide, n-butylmagnesium octoxide, s-
butylmagnesium octoxide, or any combination thereof.

Also suitable are the hydrocarbon soluble
reaction product (dialkoxide) of a magnesium
dihydrocarbyl (MgRe) compound and an oxygen-containing
compound (ROH) such as, for example, an aliphatic or
cycloaliphatic or acyclie C5-Cig beta or gamma alkyl-
substituted secondary or tertiary monohydric alcohol, as
disclosed by Kamienski in U.S. Patent 4,748,283 which is
incorporated by reference. The reaction is preferably
conducted in the presence of a liquid hydrocarbon media.
The alcohol is usually employed in slightly more than
twice the molar equivalent, based on magnesium. The
reaction is usually conducted at temperatures not in
excess of 50°C, preferably below H40°C. Particularly
suitable oxygen containing compounds include, for
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example, 2,4-dimethyl-3-pentanol, 2.3-dimethyl-2-
butanol, 2,4-dimethyl~3-hexanol., 2,6-dimethyl-4-
heptanol, 2,6-dimethyl-cyclohexanol. or any combination
thereof. Particularly suitable magnesium dialkyl
compounds include, for example, butylethylmagnesium,
dibutylmagnesium, dihexylmagnesium, butyloctylmagnesium,
or any combination thereof.

“itanium Compound

10 Suitable titanium compounds which can be
employed in the preparation of the transition metal
catalyst component include, for example. those
represented by the formula TiX4,(OR'),; wherein each R'
is independently an alkyl group having from 1 to 20,

15 preferably froml to 10, more preferably from 2 to 8.

carbon atoms; X is a halogen atom, preferably chlorine:

and a has a value from zero to 4. Particularly suitable
titanium compounds include, for example, titanium
tetrachloride (TiClg), titanium tetraisopropoxide (Ti(O-
i-CgH7)4), titanium tetraethoxide (Ti(OCeoHs)4), titanium
tetrabutoxide (Ti(0C4Hg)4), titanium
triisopropoxidechloride (Ti(0-i-C3H7)3Cl), or any

20

combination thereof.

Ny
Ul

Vanadium Compound

In the solution process, when it is desirable
to produce a-olefin polymers which have a high molecular
weight and a relatively narrower molecular weight
distribution than that produced with the catalyst
containing only titanium as the transition metal, a

30

vanadium compound can be added as a portion of the
transition metal component during preparation of the
catalyst. A narrowing of the molecular weight
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distribution is indicated by a lowering of the Iig/I»

value of the polymer.

By the term '"relatively narrow molecular weight
distribution” it is meant that the resulting polymer
produced in the presence of a catalyst containing both
titanium and vanadium has a narrower molecular weight
distribution than the polymer produced under similar
conditions with a similar catalyst prepared without the

vanadium component.

In the slurry process when it is desirable to
produce a-olefin polymers which have a high molecular
weight and a relatively broad molecular weight
distribution than that produced with the catalyst
containing only titanium as the transition metal, a
vanadium compound can be added as a portion of the
transition metal component during preparation of the
catalyst. A broadening of the molecular weight
distribution is indicated by an increase of the Igy/Ig,
high load melt flow ratio (HLMFR), value of the polymer.

By the term "relatively broad molecular weight
distribution" it is meant that the resulting polymer
produced in the presence of a catalyst containing both
titanium and vanadium has a broader molecular weight
distribution than the polymer produced under similar
conditions with a similar catalyst prepared without the

vanadium component.,

Suitable vanadium compounds which can be
employed in the preparation of the transition metal
catalyst include, for example, those represented by the
formulas VX4 and V(0)X3; wherein each X is
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independently OR or a halogen atom. preferably chlorine;
each R is independently an alkyl group having from 1 to
20. preferably from 2 to 8. more preferably from 2 to 4,
carbon atoms. Particularly suitable vanadium compounds
include, for example, vanadium tetrachloride (VCly),

2 vanadium trichloride oxide (V(0)Cl3), vanadium
triisopropoxide oxide (V(0)(0-i-CgH7)3), vanadium
triethoxide oxide (V(0)(OCgHs)3), or any combination
thereof .,

10
Organo Halide Compounds of a Group IITA Metal

Suitable organo halide compounds of a group
IIIA Metal which can be employed in the preparation of
the transition metal catalyst include, for example,
15 those represented by the formula R'yMXz; wherein M is a
metal from Group IIIA of the Periodic Table of the
Elements, preferably aluminum or boron; each R' is
independently an alkyl group having from 1 to 20,
preferably from1 to 10, more preferably from 2 to 8,
carbon atoms; X is a halogen atom, preferably chlorine;
y and z each independently have a value from 1 to a
value equal to the valence of M minus 1 and y+z has a
value equal to the valence of M. Particularly suitable
25 such organo halide compounds include, for example,
ethylaluminum dichloride, ethylaluminum sesquichloride,
diethylaluminum chloride, isobutylaluminum dichloride,
diisobutylaluminum chloride, octylaluminum dichloride,

20

or any combination thereof.
30

Component Amounts

For use in the solution process, the components
are employed in quantities which provide an atomic ratio

as follows:
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Si and/or Al(from the inorganic oxide
support):Mg of froml:1 to 50:1, preferably from 2:1 to
43:1, more preferably from 4:1 to 20:1:

Mg:group IIIA metal of from 0.01:1 to 100:1,
preferably from 0.05:1 to 10:1, more preferably from

5
C.1:1 to 5:1.
Mg:Ti of from 0.05:1 to 40:7. preferably from
3.1:1 to 20:1, more preferably from 0.2:1 to 10:1;
10 Mg:V, when V is present, of from 0.05:1 to

43:1, preferably from 0.1:1 to 20:1. more preferably
from 0.2:71 to 10:1;

V:Ti of from 0:1 to 20:1, preferably from C.1:1

15 ¢to 10:1, more preferably from 0.2:1 to 5:1.

For use in the suspension (slurry) process, the
components are employed in quantities which provide an

atomic ratio as follows:

20 Si and/or Al(from the inorganic oxide
support):Mg of froml:1 to 50:1, preferably from 2:1 to
40:1, more preferably from 4:1 to 20:1;

Mg:group IIIA metal of from 0.01:1 to 100:1,
preferably from 0.05:1 to 10:1, more preferably from

25
0.1:1 to 5:1.
Mg:Ti of from 0.05:1 to 40:1, preferably from
0.1:1 to 20:1, more preferably from 0.2:1 to 10:1;
30 Mg:V, when V is present, of,from 0.05:1 to

40:1, preferably from 0.1:1 to 20:1, more preferably
from 0.2:1 to 10:13

VeTi of from 0:1 to 20:1, preferably from 0:1
to 10:1, more preferably from 0:1 to 3:1.
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The compound employed as the liquid medium can
oe employed in any amount which provides the catalyst
component with the desired consistency which does not
interfere with the polymerization behavior of the

U

catalyst.

COCATALYST or ACTIVATOR

The transition metal catalyst component
10 described above requires a cocatalyst or activator in
order to efficiently polymerize the a-olefin monomer(s).
Suitable cocatalysts or activator compounds include, for
example., Group IIIA metal alkyl, metal alkoxide or metal
alkyl halide compounds, particularly Cj-Cyg alkyl

15 compounds of aluminum. Particularly suitable such
compounds include, for example, triethylaluminum,
trimethylaluminum, triisobutylaluminum,
trihexylaluminum, trioctylaluminum, diethylaluminum

20 chloride., diethylaluminum ethoxide, or any combination

of any two or more of such compounds.

Also suitable are the aluminoxanes such as
those represented by the formula (A1(O)R)yx; wherein R is
25 an alkyl group having from 1 to 8 carbon atoms and x has
a value greater than 4. Particularly suitable
aluminoxanes include, for example, methylaluminoxane,
hexaisobutyltetraluminoxane, or any combination of any
two or more of such compounds. Also, mixtures of these
30 aluminoxanes with alkyl aluminum compounds such as, for
example, triethylaluminum or tributylaluminum can be
employed.

The cocatalyst or activator compound can be
employed in the solution process in amounts which
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provide a ratio cf atoms of Group IIIA metal per
combined atoms of Ti and V of from 0.1:1 to 50:1,
preferably from 1:1 to 20:1, more preferably from 2:1 to

15:1.

(S]]

The cocatalyst or activator compound can be
employed in the suspension (slurry) process in amounts
which provide a ratio of atoms of Group IIIA metal per
combined atoms of Ti and V of fromi:1 to 1000:1,
oreferably from 5:1 to 500:1, more preferably from 10:1

to 200:1.

POLYMERIZABLE MONOMERS

Suitable polymerizable monomers include, for
15 example a-olefins having from 2 to 20, preferably from 2
to 12, more preferably from 2 to 8, carbon atoms and any
combination of any two or more of such a-olefins.
Particularly suitable such a-olefins include, for
example, ethylene, propylene, 1-butene, 1-pentene, 4~

20 methylpentene-1, 1-hexene, 1-heptene, 1-octene, 1-
nonene, l1-decene, l-undecene, l1-dodecene, l1-tridecene.
1-tetradecene, 1-pentadecene, or any combination
thereof. Preferably, the a-olefins are ethylene,

25 propene, l-butene, 4-methyl-pentene-1, l1-hexene. 1-
octene, and combination of any two or more of such a-
olefins.

] POLYMERIZATION

0

The catalysts of the present invention can be
advantageously employed in the polymerization of
monomers by the solution or slurry process. The slurry
process is employed at temperatures of from0°C up to a
temperature just below the temperature at which the
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resulting polymer becomes soluble in the inert
polymerization medium, preferably at temperatures of
from 60°C to 105°C, more preferably from 80°C to 95°C.
The solution process is employed at temperatures from
the temperature at which the resulting polymer is
soluble in the inert reaction medium up to 275°C,
preferably at temperatures of from 145°C to 260°C. more
preferably from 180°C to 240°C.

The polymerization can be employed at pressures
of fromi1 to 2.000, preferably from 5 to 500. more
preferably from 10 to 50, atmospheres.

Molecular weight control agents such as
hydrogen can be employed in the manner known to those
skilled in the art of polymerizing a-olefins. Usually
the greater the amount of hydrogen or terminating agent
employed the lower the molecular weight of the resulting
polymer. The hydrogen is employed in that quantity
which will provide the resulting polymer with the
desired molecular weight as indicated by the desired Is
value.

The solution polymerization can be employed in
the presence of any suitable inert reaction medium such
as, for example, aromatic hydrocarbons, aliphatic
hydrocarbons, naphthinic hydrocarbons, or any
combination thereof. Particularly suitable inert
reaction medium include, for example, hexane, heptane,
octane, isooctane, nonane, isononane, decane, undecane,
dodecane, tridecane, tetradecane, cyclohexane,
methyleyclohexane, or any combination thereof.
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The suspension (slurry) polymerization can be
employed in the presence of any suitable inert reaction
medium such as, for example, aromatic hydrocarbons,
aliphatic hydrocarbons, naphthinic hydrocarbons,
liquified a-olefins, liquified hydrocarbons, or any
combination thereof. Particularly suitable inert
reaction medium include, for example, isobutane,
isopentane. pentane, hexane, heptane, octane. isooctane,

i

nonane, isononane, decane, cyclopentane, cyclohexane. or

any combination thereof.

10
The following examples are illustrative of the
invention, but are not to be construed as to limiting
the scope thereof in any manner.
5
20
25

30
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The following components were employed in the
examples and comparative experiments.

Silica Support #1 is a silica having a mean

particle size of 3u, a surface area of 337 m2/g,

2 subjected to heating in a fluidized bed under a nitrogen
atmosphere at 600°C for 12 hours resulting in a silieca
support material having a hydroxyl content of 3.2
millimoles/gram.

10

Silica Support #2 is a silica having a mean

particle size of 70u, a surface area of 310 mé/g,
subjected to heating in a fluidized bed under a nitrogen
atmosphere at 600°C for 12 hours resulting in a silica

15 support material having a hydroxyl content of 1.9
millimoles/gram.

Silica Support #3 is a sieve fraction of a
silica having a mean particle size of 145y, a surface

20 area of 310 m2/g, subjected to heating in a fluidized
bed under a nitrogen atmosphere at 800°C for 12 hours
resulting in a silica support material having a hydroxyl
content of 1.8 millimoles/gram.

25

Silica Support #4 is a sieve fraction of a

silica having a mean particle size of 85u, a surface
area of 310 m2/g, subjected to heating in a fluidized
bed under a nitrogen atmosphere at 800°C for 12 hours

30 resulting in a silica support material having a hydroxyl
content of 1.8 millimoles/gram.

Silica Support #5 is a sieve fraction of a
silica having a mean particle size of 40p, a surface
area of 310 m2/g, subjected to heating in a fluidized
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bed under a nitrogen atmosphere at 800°C for 12 hours
resulting in a silica support material having a hydroxyl

content of 1.8 millimoles/gram.

Silica Support #6 is a sieve fraction of a
° silica having a mean particle size of 3p. a surface area
of 310 m2/g, subjected to heating in a fluidized bed

under a nitrogen atmosphere at 800°C for 12 hours
resulting in a silica support material having a hydroxyl
content of 1.8 millimoles/gram.

Silica Support #7 is a small size silica having
a mean particle size of 3p, a surface area of 430 ml/g,
subjected to heating in a rotary kiln under a nitrogen
15 atmosphere at 800°C for 5 hours resulting in a siliea
support material having a hydroxyl content of 2.8

millimoles/gram.

ISOPAR™ E is a fractionated isoparaffinic
20 solvent having a boiling range of 113-143°C available

from Exxon Corporation.

The polymer properties were obtained by the

following methods.

= Io by ASTM D 1230-86 condition "E.
Ii0 by ASTM D 1230-86 condition "N".
Isp by ASTM D 1230-86 condition "F".
Density by ASTM D 1248-84.

30

Polymerization (Solution Conditions)

A stirred, one-gallon (3.79L) autoclave reactor
was charged with two liters of ISOPAR™ E and the
required amount of the alpha-olefin comonomer, octene-1,
in an amount such that its molar concentration in the
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reactor was 0.99M before heating to the desired
temperature. The required amount of hydrogen, 2 psig ¢
13.8 kPa), was then added to the reactor followed by
ethylene sufficient to bring the total pressure to 450
psig (3,103 kPa). An amount of the activated catalyst
was injected into the reactor. The reactor temperature

i

and pressure were maintained constant at the initial
pressure and temperature, as indicated, by continually
feeding ethylene during the polymerization run and
cooling the reactor as necessary. After a 10 minute
reaction time (unless otherwise indicated), the ethylene
was shut off and the hot solution transferred into a
nitrogen-purged resin kettle. After drying, the samples
were then weighed to determine catalyst efficiencies
15 followed by melt flow and density measurements via
standard procedures.

20

(A8
i
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Polymerization (Slurry Conditions)

A stirred, 1.4 liter autoclave reactor was
charged with 700 mL of ISOPAR™ E before heating to the
desired temperature. The vapor space was swept with
hydrogen and then hydrogen was added to the reactor
until the desired partial pressure was reached. This
was followed by ethylene sufficient to bring the total
pressure to 175 psig (1,207 kPa). An amount of the
activated catalyst as described under preparation of
activated catalyst was injected into the reactor. The
reactor temperature and pressure were maintained
constant at the initial pressure and temperature oy
continually feeding ethylene during the polymerization
run and cooling the reactor as necessary. After a 45
minute reaction time (unless otherwise indicated), the
ethylene was shut off and the polymer slurry transferred
into a nitrogen-purged resin kettle. After drying, the
samples were then weighed to determine catalyst
efficiencies foilowed by melt flow and density

measurements.

EXAMPLE 1

a. Preparation of Transition Metal Catalyst Component

To 1 g of Silica Support #1 slurried in 50 ml
of ISOPAR™ E was added the required amount of
butyloctylmagnesium ethoxide (BOMAG-0 from Schering
A.G.). The resulting slurry was stirred for 1 hour
after which an amount of titanium tetrachloride (TiClu)
was added. The slurry rapidly darkens to a deep brown
color and was stirred for a further two hours. An
aliquot of a solution of 25percent ethylaluminum
dichloride was then added and and the final mixture
stirred for 17 hours. The complete mixtures prepared in
this manner were used without further isolation or
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washing. The catalysts have the atomic ratios as
indicated in Table I.

B. Preparation of Activated Catalyst

An activated catalyst was prepared by slurrying
4+ mL of the transition metal catalyst component in 40 mL
of ISOPAR™ E in a 100 mL septum-capped bottle in a
glove box. To this mixture was added the required
amount of 0.15 M solution of triethylaluminum in hexane
as a cocatalyst or activator. The resulting slurry was
made up to 50 mL total volume with ISOPAR™ E and the
mixture injected into the bateh reactor to effect the
polymerization.
The atomic ratio of Al from the cocatalyst to titanium
is provided in Table I.

€. Polymerization (Solution Conditions)

The polymerization procedure under solution
conditions was employed at a polymerization temperature
of 185°C. The catalyst efficiency is provided in Table
I.

D. (Comparative)

A catalyst was prepared as described in U.S.
Patent 4,562,169 in the following manner.

Davison Silica Gel, Grade 952, was
dehydroxylated by fluidizing with nitrogen and heating
at 800°C for 12 hours and cooled to room temperature
under nitrogen.

10 grams of the activated silica was slurried
in 100 mL of anhydrous degassed hexane, brought to a
reflux temperature of 60°C and 7 mL of a 2.6 M solution
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of ethyimagnesium chloride in tetrahydrofuran (THF)
added slowly followed by further refluxing for 120
minutes. The solvents were removed by distillation and
the silica dried at 80°C under a nitrogen purge.
This product was slurried with a premixed
7 solution of 6 mL of TiCl4 dissolved in 100 mL of
Isopar™E and the slurry stirred at 50°C for two hours.
This mixture was allowed to cool to room temperature and
the solids washed twice with 100 mL portions of
Isopar™E and twice with 100 mL portions of hexane and
dried under a nitrogen purge to yield a tan colored
free-flowing powder. Analysis of the powder indicated
that it contained 1.3 mmol/g Mg/g catalyst, 0.9 mmol
Ti/g catalyst and 4.5 mmol Cl/g catalyst. The catalyst
1> was then combined with triethylaluminum (TEA) activator
(cocatalyst) by slurrying 2 g of the dry catalyst in 40
ml of Isopar™E in a 4 oz (118.3 mL) septum capped
bottle in a glove box. A 2 mL aliquot of this solution
was transferred to a second bottle to which was added
20 the required amount of a 0.15 M solution of
triethylaluminum in hexane followed by an additional 20
mL of Isopar™E. The required amount of this slurry was
then injected into a batch reactor to effeect the
polymerization under solution conditions at 175°C as
described earlier. The catalyst efficiency and product

data are shown in Table I.

0

25

30
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EXAMPLE 2
A. Preparation of Transition Metal Catalyst

Component

To a 1 g sample of the Support designated in
Table II slurried in 50 mL of ISOPAR™E was added 2.0
mmol of butylethylmagnesium butoxide (BEMB from Texas
Alkyls Inc.). The mixture was stirred for one hour and
treated sequentially with 1.0 mmol TiCly and 1.0 mmol
7(0)C13 as a neat mixture and 6.0 mmol of ethylaluminum

10 dichloride (4.0 mL of a 1.5 M solution in hexane). The

mixture was diluted to 100 mL %otal volume and then
stirred for 24 hours. The atomic ratios of the
components in the transition metal complex were
Mg/Al/C1/Ti/V was 2/6/16/1/1. The catalyst components

(91

'? were activated (use of cocatalyst) according to the
procedure described in Example 1 employing Al
(activator)/Ti ratio of 8/1.

20 B. Polymerization

The polymerizations were conducted under
solution process conditions at 185°C. The results of
the polymerization reactions are shown in Table II.
2z
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Table II. Effect of Silica Particle Size on
Solution Polymerizations

Efficiency
Support (Kg Polymer
Run Density I per gram
No. _ g/ce 2 Ti or Cl1)
No. Size
H Ti c1
A* 3 145 1 0.9080 | 1.16 49 30
B* 5 40 0.9119 | 1.05}] 499 35
C 6 3 0.9159 ] 1.13 842 60

" Not an exampie of the present .nvention.

EXAMPLE 3

A. Preparation of Transition Metal Catalyst
Component

To 1 g of the indicated silieca support of
different mean particle sizes slurried in 50 ml of
ISOPAR™ E was added 2.0 mmol of butylethylmagnesium
butoxide (BEMB from Texas Alkyls Inec). The resulting
slurry was stirred for 1 hour after which 0.20 mmol of

titanium tetraisopropoxide was added. The slurry was
stirred for a further two hours. An aliquot of a
solution of 25percent ethylaluminum dichloride (4.0 mmol
Al) was then added and the final mixture stirred for 17
hours. The complete mixtures prepared in this manner
were used without further isolation or washing. The
atomic ratios of Mg/Al/C1/Ti were 10/20/40/1.
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The catalysts were activated with
triisobutylaluminum at an atomic ratio of Al/Ti of 100/1
by the procedure described in Example IB.

B. Polymerization

(81}

The polymerizations were conducted under slurry
conditions using a hydrogen to ethylene ratio of 1:1 and
a4 reactor temperature of 85°C. The results of the
polymerization reactions are shown in Table III.

10

20

N
N

30
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EXAMPLE 4

A. Preparation of Transition Metal Catalyst

Component

To 1 g of Silica Support #7 slurried in 50 mi
of ISOPAR™ E was added 2.0 mmol of butylethylmagnesium
butoxide (BEMB from Texas Alkyls Inc). The resulting
slurry was stirred for 1 hour after which 0.20 mmol of
titanium tetrachloride (TiCly4) was added. The slurry
rapidly darkens to a deep brown color and was stirred
for a further two hours. An aliquot of a solution
containing an alkylaluminum chloride (3.5 mmol Al) was
then added and the final mixture stirred for 17 hours.

The complete mixtures prepared in this manner were used
without further isolation or washing.

The catalysts were activated with
triisobutylaluminum at a ratio of Al/Ti of 100/1

employing the procedure of Example 1B.

B. Polymerization

The polymerizations were conducted under slurry
conditions using a hydrogen to ethylene ratio of 1:1. a
reactor temperature of 85°C and a polymerization time of
one hour. The results of the polymerization reactions

are shown in Table IV.
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EXAMPLE 5

A. Preparation of Transition Metal Catalyst

Component

To 1 g of Silica Support #7 slurried in 50 ml
of ISOPAR™ E was added 2.0 mmol of butylethylmagnesium
butoxide (BEMB from Texas Alkyls Inc). The resulting
slurry was stirred for one hour after which an amount of
titanium tetraisopropoxide was added. The slurry was
stirred for a further two hours. An aliquot of a
solution of 25percent ethylaluminum dichloride in hexane
was then added and and the final mixture was stirred for
17 hours. The complete mixtures prepared in this manner

were used without further isolation or washing.

The catalysts were activated with
triisobutylaluminum at the ratio given in Table V.

B. Polymerization (Slurry Conditions)

The polymerization was conducted under slurry
polymerization conditions employing a temperature of
85°C, a hydrogen to ethylene ratio of 1:1 and a
polymerization time of one hour.

The results are shown in Table V.
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Table V. Effect of Varying Amount of Titanium and

Cocatalyst
Atomic Ratios Efficiency
_ (Kg PE
° Run per gram
N Catalyst Cocat. |of Ti or Cl)
O'
Mg/A1/C1/Ti |Si/Mg| Al/Ti Ti cl
A 6.7/15/30/1 8.3/1] 2571 1,150 52
10 6.7/11.7/23.3/1{8.3/1] 100/1 1,100 64
C 10/35/70/1 8.37/11 100/1 2,140 41
EXAMPLE 6
15

A. Preparation of Transition Metal Catalyst

Component
To 1 g of Silica Support #7 slurried in 50 ml
of ISOPAR™ E was added 2.0 mmol of butylethylmagnesium
20 butoxide (BEMB from Texas Alkyls Inc). The resulting
slurry was stirred for 1 hour after 0.20 mmol of
titanium tetraisopropoxide (Ti(0-iC3H7)4) was added.
The slurry was stirred for a further two hours. An

aliquot of a solution of 25percent ethylaluminum
dichloride (4.5 mmol) was then added and the final
mixture stirred for 17 hours. The complete mixtures

25

prepared in this manner were used without further
isolation or washing. The atomic ratio for the
30 catalysts are given in Table VI.

The catalysts were activated with
triisobutylaluminum at an Al1/Ti ratio of 200:1.
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E. Polymerization (Slurry Conditions)

The polymerization was conducted under slurry
colymerizaticn conditions employing a temperature of
285°C., a hydrogen to ethylene ratio of as indicated in
the Table. a pressure of 170 psi (1,172 kPa), and a

5
colymerization time of one hour. Various solvents were
employed as the polymerization medium. The results are
given in Table VI.
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EXAMPLE 7
A. Preparation of Transition Metal Catalyst

Component Containing Vanadium

To 1 g of Silica Support #7 slurried in 50 ml
of ISOPAR™ E was added 2.0 mmol of butylethylmagnesium
butoxide (BEMB from Texas Alkyls Inc). The resulting
slurry was stirred for one hour after which 0.40 mmol of
titanium tetrachloride (TiClg) was added. The slurry
rapidly darkens to a deep brown color and was stirred
for a further two hours. An aliquot of a solution of
ethylaluminum dichloride (3.5 mmol Al) was then added
and the final mixture stirred for 17 hours. The mixture
was treated with 0.40 mmol of vanadium trichloride oxide
(VOClg) and then stirred for 4 hours. The Mg/AL/ClL/V/Ti
atomic ratios of the catalyst was 5/8.8/20.3/1/1. The
Si/Mg atomic ratio of the catalyst was 8.3/1.

The catalyst was activated with
triisobutylaluminum at an Al1/Ti atomiec ratio of 100:1.

B. Polymerization (Slurry Conditions)

The slurry polymerization conditions were
employed. The polymerization temperature was 85°C, the
hydrogen to ethylene ratio was 2:1, and the
polymerization time was one hour.

The polymerization efficiency based on titanium
was found to be 952 Kg PE/g Ti and the polymerization
efficiency based on chloride was 52 Kg PE/g Cl and the
polymerization efficiency based on titanium plus

vanadium was 476 Kg PE/g Ti+V.
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EXAMPLE 8

A. Preparation of Transition Metal Catalyst

Component Containing Vanadium

To 1 g of Silica Support #7 slurried in 50 ml
5 of ISOPAR™ E was added 2.0 mmol of butylethylmagnesium
butoxide (BEMB from Texas Alkyls Ine.). The resulting
slurry was stirred for one hour after which 1.80 mmol of
titanium tetrachloride (TiCls) was added. The slurry
rapidly darkened to a deep brown color and was stirred
10 for a further two hours. An aliquot of a solution of
ethylaluminum dichloride (3.5 mmol Al) was then added
and and the final mixture stirred for 17 hours. The
mixture was treated with 0.40 mmol of vanadium
z trichloride oxide (VOCl3) and then stirred for 4 hours.
The Mg/A1/C1/V/Ti atomic ratios of the catalyst was
1.1/1.9/12.3/0.2/1. The Si/Mg atomic ratio of the

catalyst was 8.3/1.
20 The catalyst was activated with
triisobutylaluminum at an atomic ratio of Al/Ti of

100/1.

B. Polymerization (Slurry Conditions)

N
(53]

The slurry polymerization procedure was
employed using a hydrogen to ethylene mole ratio of 1 to
1, a polymerization temperature of 85°C, and a
polymerization time of one hour.

30

The efficiency of the catalyst based on
titanium was 571 Kg PE/g Ti/hour and the efficiency
based on chloride was 90 Kg PE/g Cl and the efficiency
based on titanium plus vanadium was 285 Kg/ g of
Ti+V/hour.
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EXAMPLE 9

A. Preparation of Transition Metal Catalyst

Component Containing Vanadium

5 To 1 g of Silica Support #7 slurried in 50 ml
cf ISOPAR™ E was added 2.0 mmo. of butylethylmagnesium
butoxide (BEMB from Texas Alkyls Inc). The resulting
slurry was stirred for 1 hour after which 7.00 mmol of
titanium tetrachloride (TiCl4) was added. An aliquot of

0, solution of ethylaluminum dichloride (6.0 mmol Al) was

then added and and the final mixture stirred for 17

hours. The mixture was treated with 1.00 mmol of

vanadium trichloride oxide (VOCl3) and then stirred for

4 hours. The complete mixtures prepared in this manner

were used without further isolation or washing. The

Mg/A1/C1/V/Ti atomic ratios of the catalyst was

2/6/19/1/1. The Si/Mg atomic ratio of the catalyst was

8.3/1.

15

20
The catalysts were activated with the
cocatalyst designated in Table VII.

B. Polymerization (Slurry Conditions)

25
The slurry polymerization procedure was

employed at a temperature of 85°C. a hydrogen to
ethylene ratio of 1:1, and a polymerization time of one

hour.

30 The catalyst efficiency and properties of the
resulting polymer are shown in Table VII.
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Table VII. Use of Varying Amounts of Vanadium
Efficiency
R BugAl (Kg PE
“lcat. | TO per gram
No. | Ti of Ti or Cl) Ig | I20/12
_ No. Ratio
7 Ti Cl | Ti+V
A 9A 100 433 31 216 | 0.12 ] 60.0
B 9B 200 433 31 216 | 0.12 | 60.3
C 9cC 50 325 23 163 | 0.09 | 57.8
10

15

20
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This example 9 shows that high Ig9g/I2 ratios can
be achieved with the vanadium containing catalysts in
slurry polymerizations. These high I9p/I2 ratios were

indicative of a broad molecular weight distribution.

EXAMPLE 10

A. Preparation of Transition Metal Catalyst
Component

To 1 g of Silica Support #7 slurried in 50 ml
of ISOPAR™ E was added 2.0 mmol of butylethylmagnesium
butoxide (BEMB from Texas Alkyls Inc). The resulting
slurry was stirred for one hour after which titanium
tetraisopropoxide was added in the indicated quantities.
The slurry was stirred for a further two hours. An
aliquot of a solution of 25percent ethylaluminum
dichloride in hexane was then added and the final
mixture stirred for 17 hours. The atomic ratios of
Mg/Al/Cl/Ti for these catalysts were as follows:

Run A= 7.5/15/30/1
Run B= 3.8/8.8/17.5/1
The atomic ratios of Si/Mg for these catalysts were as

follows:
Run A= 8.3/1
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Run B= 8.3/1.
The catalysts prepared in this manner were used without

further isolation or washing.

The catalysts were activated with
triethylaluminum at atomic ratios of Al1/Ti of 8/1 and

6/1.

B. Polymerization (Solution Conditions)

The catalysts were used to polymerize ethylene
using the solution polymerization procedure employing a
polymerization temperature of 185°C, and a
polymerization time of one hour.

The results are given in Table VIII.

Table VIII
Catalyst Efficiency
qup | (millimoles) | Cocat. (Kg PE per
Nun Atomic |g Ti or Cl)
°- Ratio
i | A AT i | o
A |o0.20 | 30 8 773 | 35
0.40 35 6 641 50

EXAMPLE 11

A. Preparation of Catalyst

To 1 g of Silica Support #7 slurried in 50 ml
of ISOPAR™ E was added the required amount of
butylethylmagnesium butoxide (BEMB from Texas Alkyls
Ine). The resulting slurry was stirred for one hour
after which titanium tetrachloride (TiCl4) was added.
An aliquot of a solution of ethylaluminum dichloride
(EADC) was then added and the slurry stirred for 17
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hours. The mixture was treated with vanadium
tetrachloride (VCly4) and then stirred for 4 hours. The
complete mixtures prepared in this manner were used
without further isolation or washing. The composition
of these catalysts are given in Table IX. The atomic

ratios are given in Table IX.

B. Activation and Polymerization

After activating the catalysts prepared above
with triethylaluminum in the indicated amounts,
polymerizations were conducted under solution
polymerization conditions at a polymerization
temperature of 185°C and a polymerization time of ten
minutes.

The results are given in Table IX.
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EXAMPLE 12

A. Preparation of Transition Metal Catalyst
Component
To 1 g of Silica Support #7 slurried in 50 ml

of ISOPAR™ E was added 1.2 mmol of butylethylmagnesium
butoxide (BEMB from Texas Alkyls Inc). The resulting

slurry was stirred for one hour after which 0.60 mmol of

titanium tetrachloride (TiCl4) was added. The slurry
rapidly darkens to a deep brown color and was stirred
for a further two hours. An aliquot of a solution of
ethylaluminum dichloride (3.5 mmol Al) was then added
and the final mixture was stirred for 17 hours. The

mixture was treated with 0.60 mmol of vanadium

trichloride oxide (VOClg) and then stirred for U hours.

The catalyst had the following ratios:
Mg/A1/C1/V/Ti of 2/5.8/18/1/1
Si/Mg of 13.9/1

Activation and Polymerization Under Solution
Conditions

|

After activating the catalyst with
triethylaluminum (A1/Ti = 5/1) the polymerization was
conducted using the solution polymerization procedure.

The polymer product had a density of 0.9239
g/cm3 and an Ig value of 2.36 and was produced at an
efficiency of 790 Kg PE/g Ti and 57 Kg PE/g Cl.

PCT/US91/09589
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EXAMPLE 13

A. Preparation of Transition Metal Catalyst

Component

To 1 gram of Silica Support #7 in ISOPAR™ E was
added 1.2 mmol of butylethylmagnesium butoxide. After
stirring the mixture for two hours, 3.5 mmol of
ethylaluminum dichloride was added and the mixture was
stirred for 17 hours. To this mixture was then added a
1:1 molar mixture of 7iClg and VOClg (.6 mmol Ti/.6 mmol
V). This mixture was stirred for 8 hours.

The catalyst had the following ratios:

Mg/A1/Cl/V/Ti of 2/5.8/18/1/1; and

Si/Mg of 13.9/1.

B. Activation of Catalyst and Polymerization Under

Solution Conditions

After activating the catalyst with
triethylaluminum (A1/Ti = 5/1), the polymerization was
conducted using the solution polymerization procedure.

The polymer product had an efficiency of T42 Kg
PE/g Ti and 54 Kg PE/g Cl.

EXAMPLE 14
A. Preparation of Transition Metal Catalyst

Component

To 1 g of Silica Support Sample #7 slurried in

ISOPAR™E was added 2.0 mmol of butylethylmagnesium
butoxide, 1.8 mmol titanium tetrachloride and 1.8 mmole
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of vanadium trichloride oxide and the mixture was

stirred for 4 hours. The mixture was then treated with

6.5 mmol of ethylaluminum dichloride and the slurry
stirred for 24 hours. The atomic ratios of
Mg/A1/Cl/Ti/V for this catalyst were 1.1/3.6/13/1/1.

B. Activation of Catalyst and Polymerization

An aliquot of the catalyst was diluted and
activated according to Example 1B using a
triethylaluminum to titanium ratio of 8.5:1. The
polymerization was carried out according to the
procedure for solution process polymerizations at the
temperatures shown in Table X.

Table X
Efficiency
Run Run (Rg PE
u :
Density per gram
‘o Tgﬂf' ¢/ce Io lof Ti or Cl1)
Ti Cl
185 0.9251 0.81 945 98
215 0.9259 0.71 319 33
EXAMPLE 15

A. Preparation of Transition Metal Catalyst
Component

To 1 g of Silica Support #7 slurried in
Isopar™E was added 2.0 mmol of magnesium bis(2,6-

dimethyleyclohexoxide), 0.2 mmol titanium tetrachloride
and the mixture was stirred for 1 hour. The mixture was

then treated with 5.5 mmol of ethylaluminum dichloride

PCT/US91/09589
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and the slurry stirred for 24 hours. The atomic ratio
of Mg/Al1/Cl/Ti for this catalyst was 10/27.5/59/1.

B. Activation of Catalyst and Polymerization

> An aliquot of the catalyst was diluted and
activated according to Example 1B using a
triethylaluminum to titanium ratio of 12:1. The
polymerization was carried out according to the

10 procedure for solution process polymerizations at 1851C.
The polymer product had a density of 0.9332 g/cmd and an
I» value of 2.42 g/10 min, an Ijp/Ig ratio of 8.00 and
was produced at an efficiency of 149 Kg PE/g Ti and 3.4
Kg PE/g Cl.
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30
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1. A supported transition metal catalyst
component which comprises an inert liquid medium having
slurried therein a composition comprising the product
resulting from contacting (1) a porous solid inorganic
oxide support material selected from the group
consisting of silica. alumina, or a combination of
silica and aluminas; (2) a hydrocarbon soluble
organomagnesium alkoxide or hydrocarbon soluble
organomagnesium dialkoxide; (3) a titanium compound;
optionally (4) a vanadium compound; and (5) a Group IIIA
metal alkyl halide;
characterized in that

(i) the composition is employed without washing and
solids removal;

(ii) said support material contains not greater than 5
millimoles of hydroxyl groups per gram of support
material and a particle size not greater than 10
microns and a surface area of from 50 to 800
m2/g;

(iii) .the atomic ratio of Si+Al(from the inorganic
oxide support): is from 1:1 to 50:1;

(iv) the atomic ratio of Mg:IIIA metal is from 0.01:1
to 100:1

(v) the atomic ratio of Mg:Ti is from 0.05:1 to 40:1;
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the atomic ratio of Mg:V. when present, is f{rom

about 0.1:1 to 40:1; and

‘vii) the atomic ratio of V:Ti is from 0:1 to 1C:1.

{a)

(b)

‘e)

(d)

(e)

(a)
(b)

2. A catalyst of Claim 1 wherein
said solid support material is silica:
said organomagnesium alkoxide or dialkoxide is a
compound represented by the formulas RgMg(OR)y:
wherein each R is independently a hydrocarbyl group
having from 1 to 20 carbon atoms. x+y=2, 0.55y=2:
said titanium compound is a compound represented by
the formula TiX45(0R'); wherein each R' is
independently an alkyl group having from 1 to 20
carbon atoms, X is a halogen atom, and a has a value
from zero to U4;
said vanadium compound, when present. is a compound
represented by the formulas VX4 or wherein each R'
is independently an alkyl group having from 1 to 20
carbon atoms, X is a halogen atom, and a has a value
from zero to 4; and
said Group IIIA metal alkyl halide is a compound
represented by the formula R'yMX; wherein M is a
metal from Group IIIA of the Periodic Table of the
Elements. each R' is independently an alkyl group
having from 1 to 20 carbon atoms; X is a halogen
atom, y and z each independently have a value from 1
to a value equal to the valence of M minus 1 and y+z
has a value equal to the valence of M.

3. A catalyst of Claim 1 wherein
said solid support material is silicajs
said magnesium compound is ethylmagnesium ethoxide.,
butylmagnesium ethoxide, octylmagnesium ethoxide,
butylmagnesium butoxide, ethylmagnesium butoxide,

”
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butylmagnesium octoxide. s-butylmagnesium octoxide
cr any combination of such compounds;

(c) said titanium compound is titanium tetrachloride,
titanium tetraisopropoxide, or any combination of
such compounds:

(d) said vanadium compound. when present, is vanadium
tetrachloride, vanadium oxytrichloride, or any
combination of such compounds: and

{e) said Group IIIA metal alkyl halide is ethylaluminum
dichloride, i-butylaluminum dichloride,
ethylaluminum sesquichloride or any combination
thereof.

4, A process for preparing a supported
transition metal catalyst component slurried in an inert
liquid medium,

charachterized by

(A) forming in an inert atmosphere which excludes oxygen
and moisture a slurry of (1) a porous inorganic
oxide support material selected from the group
consisting of silica. alumina, or a combination of
silica and alumina, said support material containing
not greater than 5 millimoles of hydroxyl groups per
gram of support material and a particle size not
greater than 10 microns and a surface area of from
50 to 800 m2/g in an inert organic liquid medium;

(B mixing said slurry with (2) a hydrocarbon soluble
organomagnesium alkoxide or hydrocarbon soluble
organomagnesium dialkoxide and stirring the
resultant mixture at a temperature of from -20°C to
120°C;

(C) mixing the product from (B) with (3) a titanium
compound or a combination of a titanium compound and
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(4) a vanadium compound or adding the titanium
compound and the vanadium compound separately and
stirring the resultant mixture at a temperature of
from -20°C to 120°C for a time sufficient to allow
complete reaction of the titanium compound and the

g vanadium compound with the organomagnesium moieties
remaining on the solid support;

(D) mixing the product from (C) with an inert organic

solution of (5) a Group IIIA metal alkyl halide at a

temperature of from -20°C to 120°C for a time

10
sufficient to complete the reduction of the titanium
and vanadium, if present, compounds to their final
oxidation state.

15 5. A process of Claim 4 wherein

(a) said solid support material is silica:s
(b) said organomagnesiumalkoxide or organo magnesium
dialkoxide is a compound represented by the formulas
RxMg(OR)y; wherein each R is independently a
20 hydrocarbyl group having from 1 to 20 carbon atoms,
x+y=2, and 0.55y=2;
(¢) said titanium compound is a compound represented by
the formula TiX4a(OR'), wherein each R' is
25 independently an alkyl group having from 1 to 20
carbon atoms. X is a halogen atom, and a has a value
from zero to 4;
(d) said vanadium compound, when present, is a compound
represented by the formula VX44(OR); wherein each R'
30 is independently an alkyl group having from 1 to 20
carbon atoms, X is a halogen atom, and a has a value
from zero to 4; and
(e) said Group IIIA metal alkyl halide is a compound
represented by the formula R'yMX; wherein Mis a
metal from Group IIIA of the Periodic Table of the
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Elements, each R' is independently an alkyl group
having from 1 to 20 carbon atoms; X is a halogen
atom, y and z each independently have a value from
to a value equal.to the valence of M minus 1 and y+z
has a value equal to the valence of M.

6. A process of Claim 5 wherein
(a) said magnesium éompound is ethylmagnesium ethoxide.
butylmagnesium ethoxide, octylmagnesium ethoxide.
butylmagnesium butoxide, ethylmagnesium butoxide.
butylmagnesium octoxide, s-butylmagnesium octoxide

10

or any combination of such compounds:

(b) said titanium compound is titanium tetrachloride.
titanium tetraisopropoxide., or any combination of

15 such compounds;

(c) said vanadium compound, when present is vanadium
tetrachloride, vanadium oxytrichloride, or any
combination of such compounds; and

(d) said Group IIIA metal alkyl halide is ethylaluminum
dichloride, i-butylaluminum dichloride,

ethylaluminum sesquichloride or any combination of

20
such compounds.

T. A process for polymerizing one or more
a-olefins and optionally one or more polymerizable
ethylenically unsaturated compounds other than an a-
olefin by subjecting said olefins and/or compounds to
polymerization conditions in the presence of a catalyst,

30 characterized by

employing as the catalyst, any of the catalysts of the
Claims 1-3 or any one of the catalysts prepared by the
process of Claims 4-6.
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