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I, Colin Lewis Bodkin, of 31 Market Street, Sydney, New South Wales, 2000, Australia,
Patent Attorney for the Applicant/Nominated Person in respect of Application No. 39332/93,

state the following:-

The Applicant/Nominated Person has entitlement from the actual inventors as follows:

The Applicant/Nominated Person is the assignee of the actual inventors.

The Applicant/Nominated Person is entitled to rely on the basic application listed in the Patent

Request as follows:

The Applicant/Nominated Person is the assignee of the basic applicant,

The basic application listed on the Patent Request is not the first application made in a
Convention country in respect of the invention. Certain aspects of the invention were firs(
disclosed in Application No. 07/644,053 filed in the United States of America on 18 January

1991 or in Australian Patent Application No. 12574/92, Convention prior‘ity is only claimed
in respect of aspects of the present application which were first disclosed in the basic

application listed on the Patent Request.
The Applicant/Nominated Person is the applicant/patentee of the original application/patent.
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Yet another aspect of the pritsentinvention is to provide ethylene/a-olefin
copolymers which are particularly effective in making films, especially cast films used in pallet
wrapping applications. The copolymers are advantageously made using the cataylst
compositions and process described herein. The copolymers can be used, e.g., as a core layer in
amultilayer coextruded cast film structure, or they can be used by themselves in the film. The
specific copolymers have a high density fraction greater than 17 percent and a molecular
weight distribution (indicated by Mw/Mn) of less than 3 6 and, when converted into film form,

provide greater overall film stretchability and puncture resistance

CLAIM

1. A process for varying the short chain branching distribution (SCBD) of
ethylene/c-olefin copolymers characterized by (I) subjecting ethylene and one or more o.-
olefin comonomers to solution polymerization conditions in the presence of a catalyst
composition comprising (A) a supported transition metal containing catalyst component
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 alumina, said support material containing not greater than about 5 millimoles of
hydroxyl groups per gram of support material and a particle size less than 10 microns and
. a surface area of from about 50 to about 800m2/g; (2) an organomagnesium compound
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hydrocarbon soluble organomagnesium alkoxide or hydrocarbon soluble magnesium
dialkoxide; (3) a titanium compound; optionally (4) a vanadium compound; and (5) a
Group IITA metal alkyl halide; and wherein the components are employed in amounts
which provide the following atomic ratios:

Si + Al:Mg of from about 1:1 to about 40:1;

Mg:Ti of from about 0.2:1 to about 20:1;

Mg:V of from about 0.2:1 to about 20:1 when V is present;

Mg:IIIA metal of from about 0.05:1 to about 10:1;

V:Ti of from about 0.8:1 to about 1,2:1 when V is present; and
(B) a cocatalyst or activator for component (A); and
(I) controlling the SCBD by varying the ratio of Mg:Ti in component (A).
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(54) Title: SILICA SUPPORTED TRANSITION METAL CATALYST

(57) Abstract

A transition metal containing catalyst useful for the polymerization of «-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 abgout £
millimoles of hydroxyl groups per gram of support material and a particle size not greater than about 10 mictuns and a surface
area of from about 50 to about 800 m2/g in an inert organic liquid medium; (B) mixing said slurry with (2) an alkoxide and
stirring the resultant mixture at a temperature of from about -20 °C to about 126 °C for a time sufficient to saturate the sur-
face of the support material; (C) mixing the product form (B) with (3) a titanium compound or a combination of a titanium
compound and (4) a vanadium compound and stirring the resultant mixture at 2 :emperature of from about -20 °C to about
120 °C for a time sufficient to allow complete reaction of the titanium compound and the vanadium compound with the or-
ganomagnesium moieties remaining on the solid support; (D) mixing the product from (C) with an inert organic solution of
(5) a Group I11A metal alkyl halide at a temperature of from about -20 °C to about 120 °C for a time sufficient to complete
the reduction of the titanium and vanadium, if present, compounds to their final oxidation state. Ethylene/alpha-olefin cop-
olymers which have greater than 17 percent high density fraction and an M,,/M,, ratio of less than about 3.6 are shown to be
useful in making cast films which have good stretchability and good puncture resistance. Copolymers of the present inven-
tion having the specified properties are especially useful in making the films.
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(54) Title: SILICA SUPPORTED TRANSITION METAL CATALYST

(57) Abstract

A transition metal containing catalyst useful for the ;-olymerization of u-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 about 5
millimoles of hydroxyl groups per gram of support material and a particle size not greater than about 10 microns and a surface
area of from about 50 to about 800 m2/g in an inert organic liquid medium; (B) mixing said slurry with (2) an alkoxide and
stirring the resultant mixture at a temperature of from about -20 °C to about 120 °C for a time sufficient to saturate the sur-
face of the support material; (C) mixing the product form (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 about -20 °C to about
120 °C for a time sufficient to allow complete reaction of the titanium compound and the vanadium compound with the or-
ganotnagnesium moieties remaining on the solid support; (D) mixing the product from (C) with an inert organic solution of
(5) a Group 111A metal alkyl halide at a temperature of from about -20 °C to about 120 °C for a time sufficient to complete
the reduction of the titanium and vanadium, if present, compounds to their final oxidation state. Ethylene/alpha-olefin cop-
olymers which have greater than 17 percent high density fraction and an M,,/M,, ratio of les: than about 3.6 are shown to be
useful in making cast films which have good stretchability and good puncture resistance. Copolymers of the present inven-
tion having the specified properties are especially useful ir inaking the films,
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SILICA SUPPORTED TRANSITION METAL CATALYST

The present invention pertains to solid inorganic oxide (e.g., silica) supported
transition metal catalysts, a process for polymerizing olefins in their presence, polymers made

by this polymerization process and films made from some specific polymers.

The polymerization of ethylene and the copolymerization of ethylene with other
olefins is known to be carried out by gas phase, solution and/or suspension (slurry)
polymerization processes. Advantages of the solution 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 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 catalyst
residues in the product and/or permits complete omission of the catalyst rem-:val 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. [t1s
advantageous to carry out these reactions with sufficently 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 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 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 tetravalent

titanium compound in a liquid medium. The catalyst is useful in the polymerization of olefins.

Nowlinin U.S Patent 4,593,009 and U.S Patent 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 vanadium compound or a solution containing

both a vanadium compound and a titanium ¢compound

o



WO 93/19105 PCT/US93/02751

10

15

20

25

30

35

Gessel in U.S. 4,244,838 describes catalysts prepared from an organomagnesium
compound, an organic hydroxyl-containing material and a transition metal halide. These solids

produced by this reaction are isolated and washed prior to use in a polymerization.

Fuentesetal. in U.S. 4,544,647 disclose catalyst compositions prepared from an
organomagnesium material, an organic hydroxyl-containing material, ¢ reducing halide source

and a transition metal compound

Marchand et al. in U.S. 4,910,272 describe a process for polymerizihg olefinsin the
presence of a catalyst preparad from an inorganic oxide, an organomagnesium material, an
organic hydroxyl-containing (naterial, a reducing halide source and a transition metal

compound.

The catalyst efficiency of these catalysts is, in general, decreased with increased

polymerization temperatures, specifically temperatures above 140°C.

The catalysts known for solution polymerization 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 compasitions that are useful in the

polymerization of a-olefins above 140°C.

Sakuraietal.inUS 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 temperatures of at least 180°C. The disadvantage of these
catalysts is that the reactions that produce the catalyst solids are highlv exothermic and difficult
to control and reproduce. These catalyst compositions also 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.

ftis well known in the art to optimize the properties of linear low density
polyethylene (LLDPE) by variation in product molecular weight, molecular weight distribution
(MWD) and density to match the required product application. Increasing the molecular
weight, narrowing the MWD or lowering the density of LLDPE usually results inimproved
impact strength and puncture resistance properties Molecular weight of thie polymer prepared
in Ziegler Natta catalyzed processes (as described by Professor Karl Zieglerin U.S. Pat. Ncs.
3,113,115 and 3,257,332) is typically controlled in the process by the addition of varying
amounts of telogens most commonly hydrogen Similarly the density of the product is typically

controlled by varying the comonomer concentration in the reaction medium.

2
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In addition to optimizing product molecular weight and density for a given
product application further improvement in resin performance can be obtained by narrowing
the molecular weight distribution of a given melt index and density product. U.S. patent No.
4,612,300 describes a process for preparing LLDPE copolymers with narrow molecular weight
distribution using a specific catalyst formulation, resuiting in polymers for film applications

withimproved clarity and toughness

Yet another property known to improve the clarity and toughness of alpha-olefin
polymers is a small spherulite size as described for polypropylene (Kuhre et al, SPE Journal, Oct,
1964, pps 1113 - 1119) and polyethylene (Narh et al, J. Mat. Sci, 15(1980), pps 2001 - 2009).
Similarly, U.S. Patent No. 4,205,021 discloses copolymers with densities from 0.90 to 0 94 g/cm3
with exceedingly high weight average molecular weight but with the intrinsic viscosities of

conventional ethylene copolymers and spherulite sizes of not more than six microns.

Linear low density polyethylene (LLDPE) produced with Ziegler catalysts have side
groups introduced into the molecule from copolymerization with comonomers. In the case of
1-octene this side group would have six carbons atoms i.e. a hexyl chain. The distribution of
these side groups or branches along and among all the polymer molecules is known as the
polymer Short Chain Branching Distribution (SCBD) and the nature of this distribution has a

strong impact on product properties and performance

J. Plastic Film and Sheeting, Vol 4, July 1988, pps 214 - 226, "Short Chain 8ranching
Distribution of ULDPE", K Dehrer L.G. Hazlitt, N.F, Whiteman), teaches that LLDPE copolymers
prepared using a catalyst known to prroduce narrow misiecular weight distribution LLDPE
copolymers with a density greater than 0.87 but less than 0.918 g/cm3 have unexpectedly
impraoved (lower) amounts of n-hexane extractables than those from similar density products of
other catalysts when having a narrow SCBD. Also in this study, a quantitative measurement of
SCBD was introduced, the 24/zg or simply the z ratio. By this definition, polymers of similar
densities should have similar values of z; but polymers with a broader SCBD will have a lower

value of z0. Therefore if zy/zgislow the SCBD is narrow and vice versa

U.S. Patent No 4,438,238 discloses ethylene/alpha olefin copolymers with
improved properties formed by mixing copolymers of high molecular weight and specified SCB
(short chain branches/1000 carbons) with copolymers of lower molecular weight and specified
SCBresults in resins of 0 91 to0 0.94 g/cm3 density and melt index of 0.02 to 50 g/10 min and melt

flow ratio of 35 to 250 with excellent strength properties
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U.S. Patent No. 4,918,038 discloses a process for the production of ethylene
homopolymers or copolymers with a broad and/or bimodal molecular weight distribution using
a mixed catalyst system. One advantage of this system is that the product can be made in a

single reactor rather than using multistage reactors wh.ch raise questions of efficiency and cost.

U.S. Patent No. 4,481,342 teaches a method of preparing an ethylene/alpha olefin
copolymer of varying alpha olefin content, the incorporation of which is controlled by the

porosity and pore radius of the magnesium chloride support.

U.S. Patent No 4,522,987 discloses a process using a chromium based catalyst
system in which the incorporation of comonomer into the polymer chain occursin a "super-
random” fashion as described by the relative comonomer dispersity (RMD) as determined by
N.M.R. The dispersity is controlled by the nature of the comonomer and varying its

concentration in mole percent in the gas phase.

U.S. Patent No. 3,645,992 discloses a continuous process for the preparation of
homogeneous random partly crystalline copolymers of narrow MWD. The degree of
homogeneity is controlled by varying the reactor temperature. Similarly homogeneity was
decreased when R,AIC| was used as cocatalyst rather than Ry sAICI, 5 or R&ICl,. Similarly
increasing the ratio of cocatalyst to ¢catalyst to greater than 9:1 for octene c¢.polymers was

required to yield homogeneous copolymers

It would be desirable to have available catalyst compositions which exhibit
significantly higher polymerization efficiencies based on the transition metal and the halide. It
would also be desirable to have available catalyst compositions which exhibit these high
efficiencies while being prepared in a manner which did not require the 1solation and/or
washing of the solid catalytic product. It would be further desirable to ease the process of

preparation of the catalyst in order to increase reproducibility and quality of the catalyst

It 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

atleast 180°C and even greater than 200°C

Also, 1t would be advantageous to have a solution process which, at a given melt
index and density, results in a narrow molecular weight disteibution product with small
spherulite size, the SCBD (short chain branching distribution) of which, can be easily controlled
to yield the desired combination of polymer properties for the specific product application

4.



WO 93/19105 PCT/US93/02751

10

20

25

30

35

Ore 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 contacting (1) a porous solid inorganic
oxide support material selected from the group consisting of silica, alumina, ar a combination
of silica and alumina, said support material containing not greater than 5 miliimales 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; (2) a hydrocarbon soluble arganomagnesium
alkoxide or hydn -: oon soluble magnesium dialkoxide; (3) a titanium compound; optionally
(4) avanadium ¢: = +nd; and (5) a Group |IA 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;

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

Mg:V of from 0:1t0 10:1;

Mg:IllA metal of from 0.05:1to 5:1; and

V:Tiof from 0:1t0 5:1.

Another aspect of the present invention pertains to a process far preparing a
supported transition metal catalyst component slurried in an inert liquid niedium, 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 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 aninert organic liquid
medium; {B) mixing said slurry with (2) a hydrocarbon soluble organomagnesium alkoxide or
hydrocarbon soluble 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 (8) with (3) a 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 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 !llA metal alkyl halide
ata temperature of from -20°C to 120°C for a time sufficient to complete the reduction of the

titanium and vanadium, if present, compounds to their final oxidation staiz

A further aspect of the present invention pertains to a process for polymerizing
one or more a-olefins and optionally one or more polymerizable ethylenically unsaturated
compounds other than an a-olefin which process comprises contacting the materials to be

.5.
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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 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 less than 10 microns and a surface area of from 50 to 800
m2/g, (2) a hydrocarbon soluble organomagnesium alkuxide or hydrocarbon soluble
magnesium dialkoxide; (3) a titanium compound; optionally (4) a vanadium compound; and
(5) a Group IIlA metal alkyl halide; and wherein the components are employed in amounts
which provide the following atomic ratios:

Si + Al:Mg of from 1:1t0 30:1;

Mg:Ti of from 0.2:1 t0 10:1;

Mg:V of from 0.2:1 to0 10:1;

Mg:lIIA metal of from 0.05:1to 5:1;

V:Tiof from0:1to 5:1; and

(8) a cocataivyst or activator for component (A).

Still another object of the present invention pertains to process for varying the
short chain branching distribution (SCBD) of ethylene/a-olefin copolymers which comprises (1)
subjecting ethylene and one or more a-olefin comonomers to solution polymerization
conditions in..the presence of a catalyst composition comprising (A) a supported transition
metal containing catalyst component comprising the product resulting from contacting (1) a
porous inorganic oxide support material selected from tne group consisting of silica, alumina,
or acombination 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 5C to 800 m2/g; (2) a hydrocarbon soluble
organomagnesium alkoxide or hydrocarbon soluble magnesium aialkoxide; (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 t0 30:1;

Mg:Ti of frorﬁ 0.2:1to010:1;

Mg:V of from 0.2:1 t0 10:1;

Mg:IlIIA metal of from 0.05.110 5 1;

V:Tiof from 0.8 1to 1.2:1; and
(8] a cocatalyst or activator for component (A); and
(11) controlling the SCBD by varying the ratio of Mg.Tr in component (A)

The presentinvention provides catalyst compositions which exhibit high
polymerization efficiencies based an the transition metal and the halide and are prepared in a

06-
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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 high molecular weight and a
relatively narrow molecular weight distribution when the polymers are prepared by the

solution process

The present invention provides catalyst compositions which exhibit high
polymerization efficiencies based on the transition metal and the halide an: 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

10 weight distribution when the polymers are prepared by the slurry process.

The present invention also provides a process for preparing ethylene/a-olefin
copolymers which at a given melt index and density results in a narrow molecular weight
distribution product with small spherulite size and controlling the short chain breriching

15 distribution by varying the Mg:Ti atomic ratio so as to produce copolymers with a desired

combination of polyme: properties for specific product applications.

Yet another aspect of the presentinvention is to provide ethylene/a-olefin
copolymers which are particularly effective in making films, especially cast films used in pallet
20 Wwrapping applications The copalymers are advantageously made using the ¢ataylst
compositions and process described herein. The copolymers can be used, e.g., asa core layer in
amultilayer coextruded cast film structure, or they ¢an be used by themselves in the film. The
specific copolymers have a high density fraction ¢ veater than 17 percent and a molecular
weight distribution (indicated by MvwMn) of less than 3 6 . *d, when converted into film form,

25 provide greater overall film stretchability and puncture resistance

All references hergin 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
lllivzais, ¢atalog -« mber 5-18806 (1968)

30
The term "hydrocarbyl” as employed herein means any aliphatic, ¢ycloaliphati,

aromatic, aryl substituted aliphatic, aryl substituted cycloaliphatic, aliphatic substituted
aromati¢ or aliphats¢ substituted cycloaliphatic groups

35 The term "hydrocarbyloxy” means a hydrocarbyl group having an oxygen linkage
betweenitand the ¢arban atom to which it s attached
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The term “cepolymer” as employed herein means a polymer produced by

polymerizing a mixture of two or more polymerizable ethylenically unsaturated monomers.
PREPARATION OF TRANSITION METAL CATALYST

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

following manner.

The porous inarganic oxide support material is slurried in an inert organic diluent
under conditions which exciude 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 tiian that to form a uniform slurry of the support in the diluent This depends
upon the amounts involved, but usually a good uniform slurry can be formed in 1 hourina
concentration range from 0 1 to 15, preferably from 0.5 to 10, more preferably from 1to 7,

weight percent

To this slurry is then added the **, zrocarbon soluble organo magnesium alkoxide
or hydrocarbon soluble magnesium 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
frem 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, usua'ly 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 1s added, #.gain 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 te 70°C for a
time sufficient to completely react the titanium compound and the vanadiuin compound with
the reactive silica and magnesium functionalities, usually from 0 1 to 100, referably from 0.5
to 20, more preferably from 1 to 10, hours The titanium and vanadium compounds ¢an be
premixed prior to their addition or they can be added separately in any order to tt.e produ-t
resulting from blending the magnesium compound with the slurry of the inorganic¢ “xide

support matenal

Following the addition and mixing of the titanium and/or vanadium ¢ampounds,
a Group 1A metal alkyl hande 1s added and the mixture is stirred at 3 temperature of from «
20°C to 120°%, preferably from 0°C to 100°C, more preferably from 20°C to 70°C for a time
suffictent to reduce the ttanium compound and vanadium compound, if present, to their finat

.8
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oxidation states, usually from 1 to 100, preferably from 2 to 50, more preferably from 5 to 20,

hours.

Upon completion of the addition and mixing of the Group IIlA metal alkyl halide,
5 thethus 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.

10
The components can also, if desired, be added in the order as follows: Si0> + Mg

compound + Ti compound + Al compound + V compound.

The compenents can also, if desired, be added in the order as follows: Si0a + Mg

15 compound + Al compound + Ti compound + V compound.

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

20
COMPONENTS OF THE TRANSITION METAL CATALYST
Porous Support Material

Suitable porous silica or alumina support materials which can be employed herein
25 'nclude, those containing not greater than 5, preferably not greater than 4, more preferably
not greater than 3, millinmoles of hydroxyl groups (OH) per gram of support material. Thse
hydroxyi (OH) groups are isolated silanol groups on the silica surface

The hydroxyl groups can be reduced or eliminated by treating the support
30 Maternal either thermally or chemically. Thermally, the support material can be heated at
temperatures of from 250°C 1o 870°C, more preferably from 600°C t¢ 800°C for a ime sufficient
to reach the equilibrium hydroxyl group concentration, usually from 1 to 24, preferably from 2

to 20, more preferably from 3 to 12, hours

35 The hydroxyl (OH) groups ¢can be removed or reduced chemically by treating the
support material with SiCls, chlorosilanes, silylamines, or any combination therecf at a
temperature of from «20*C to 120°C, more preferably from 0°C to 40°C for a ime sufficient to
reduce the hydroxyl content to the desired value, usually less than 30 minutes
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The porous support material has a particle size of not greater than 10, preferably
from 0.1 to 10, more preferably from 1 to 9, most preferably from 2 to 8, microns and a surface
areain the range of from 50 to 800, preferably from 150 to 600, more preferably from 300 to
500, m2/g.

The particle «.ze of the support is itnportant as it has been discovered that
lowering the particle size >f the support balow 10 microns while maintaining the support
surface area and porosity results in an unexpected increase in the catalyst productivity and
hence a redurtion in product chioride and titanium residues relative to products of the same
catalyst made on a support of equivalent surface area and porosity but larger particle size.

Inert Liquid Diluent

Suitable inert liquid diluents which can be employed to slurry the inorganic oxide
support mater.al 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. Particularly suttable
solvents include, for example, pentane, isopentane, hexane, heptane, octane, isooctane,
nonane, isecnonang, decane, cyclohexane, v..ethylcyclohexane, toluene, or any combination of

any two or mare of such diluents.
Magnesium Compound

Suitable magnesium compounds which ¢an be employed in the preparation of
the transition metal catalyst component include, for example, those hydrocarbon soluble
organomagnesium compounds represented by the formulas RxMg(OR)y; wherein each R 15
independently a hydrocarbyl group having from 1 to 20, preferably from 1 to 10, more
preferably from 2 to 8, carbon atoms; x +y=2; and 0.5y s 2. Preferably, x has a value of zero
or 1and y has a value of 1 or 2 and most preferably, x has a value of 1 and y has a value of 1.

Particularly suitable magnesium compounds include, for example, ne
butylmagnesium butoxide, ethylmagnesium butoxide, butylmagnesium ethoxide,
octylmagnesium ethoxide, butylmagensium ispropoxide, ethylmagnesium i-propoxide,
butylmagnesium n-propoxide, ethylmagnesium n-propoxide, s-butylmagnesium butoxide,
butylmagnesium 2,4-dimethyigent-3-oxide, n-butylmagnesium octoxide, s-butylmagnesium

octoxide, ar any combination thereof

«10-
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Also suitable are the hydrocarbon soluble reactian product ‘dialkoxide) of a
magnesium dihydrocarbyl (MgR;) compound and an oxygen-containing compound (ROH) such
as, for example, an aliphatic or cycloaliphatic or acyclic Cs-Cyg beta or gamma alkyl-substituted
secondary or tertiary monohydric alcohol, as disclosed by Kamienski in U.S. Patent 4,748,283
which isincorporated 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 40°C. Particularly suitable oxygen containing compounds
include, for example, 2,4-dimethyl-3-pentanol, 2,3-dimethyl-2-butanol, 2,4-dimethyl-3-
hexanol, 2,6-dimethyl-4-heptanoi, 2,6-dimethyl-cyclohexanol, or any combination thereof.
Particu(arly suitable magnesium dialkyl compounds include, for example,
butylethyliagnesium, dibutylmagnesium, dihexylmagnesium, butyloctylmagnesium, any

combination thereof.
Titanium Compound

Suitable titanium compounds which can be employed in the preparation of the
transition metal catalyst componentinclude, for example, those represented by the fe:mula
TiXa.a(OR')a; wherein each R' is independently an alky! group having from 1 to 20, preferably
from 1to 10, more preferably irom 2 to 8, carbon atoms- ~ .5 a halogen atom, preferably
chlorine; and a has a value from zero to 4. Particularly _uitable titanium compounds include,
for example, titanium tetrachloride (TiClg), titanium tetraisopropoxide (Ti(O-i-C3H7)a), titanium
tetraethoxide (Ti(OC;Hs)s), titanium wetrabutoxide (Ti(OCaHg)s), titanium
triisopropoxidechloride (Ti(0-i-C3H;)3Cl), or any combination theraef.

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 vanadium
compound ¢an be added as a portion of the transition imetal component during preparation of
the catalyst. A narrowing of the molecular weight distribution is indicated by a lowering of the

l1o/12 value 6 the palymer

By the term “relatively narrow molecular weigh - stribution” it is meant that the
rasulting polymer produced in the presence of a catalyst ¢ontaining both titanium and
vanadium has a narrower molecular weight distribution than the polymer produced under
similar conditions with a similar ¢atalyst prepared without the vanadium ¢component

.11Q
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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 I2¢/15, 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 isindependently 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. Particula (y suitable vanadium compounds include, for example,
vanadium tetrachloride (VCl4), vanadium trichloride oxide (V(O)Cl3), vanadium triisopropoxide
oxide (V(0)(0-i-C3H7)3), vanadium triethoxide oxide (V(O)(OC,Hs)3), or any combination
thereof.

Organo Halide Compounds of a Group I/IA Metal

Suitable organo halide compounds of a group I1JA Metal which can be employed
in the preparation of the transition metal catalyst include, for example, those represented by
the formula R'yMX,; wt erein M is a metal from Group IlIA of the Periodic Table of the
Elements, preferably aluminum or boron; each R’ isindependently an alkyl group having from
1 to 20, preferably from 1 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
such organo halide compounds include, for example, ethylaluminum dichloride,
ethylaluminum sesquichloride, diethylaluminum chloride, isobutylaluminum dichloride,
diisobutylaluminum chloride, octylaluminum dichloride, or any combination thereof.

Component Amounts

For use in the solution process, the components are employed in quantitias which

provide an atomic ratio as follows:

I'Z.
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Si and/or Al(from the inorganic oxide support):Mg of from 1:1 to 50:1, preferably
from 2:1 to 40:1, more preferably from 4:1t0 20:1;

Mg:group llIIA metal of from 0.01:1 to 100:1, preferably from 0.05:1t0 10:1,
5 more preferably from 0.1:1t0 5:1.

Mg:Ti of from 0.05:1 t0 40: 1, preferably from 0.1:1 10 201, more preferably from
0.2:1to 10:1;

10 Mg:V, when V is present, of from 0.05:1 to 40:1, preferably from 0-1:1to0 20: 1,

more preferably from 0.2:1to 10:1;

V:Tiof from 0:1t0 20:1, preferably from 0 1:1 to 10:1, more preferably from
0.2:11t05:1.

However, when it is desired to employ the solution process to vary the short chain
branching distribution (SCBD) of ethylene/a-olefin copolymers, the V:Ti atomic ratio is from
0.8:1t01.2:1, preferably 1:1. For making the copolymers useful for making films of the
present Invention which have good stretchability and puncture, the V:Ti ratio shou!~ also be

20 from0.8:1to 1.2:1, preferably 1:1.

For use in the suspension (slurry) process, the components are employed in

quantities which provide an atomic ratio as follows:

25 Si1 and/or Al(from the inorganic oxide support):Mg of from 1:1 to 50:1, preferably
from 2:1 t0 40:1, more preferably from 4:11020:*;

Mg:group Il|A metal of from 0.01:1 to 100:1, preferably from 0.05:1to 10:1,

mare preferably from 0.1:1to 5:1.

30
Mg:Ti of from 0.05:1 to 40:1, preferably from 0.1:1 to 20:1, more preferably from

0.2:1t010:1;

Mg:V, when Vs present, of from 0 05:1to0 40: 1, preferably from 0.1:1 to 20:1,
35 moare preferably from 0.2:1t0 10:1;

V:Ti of from 0:1 t0 20: 1, preferably from 0 1 to 10:1, more preferably from 0:1 to
31
-13.
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The compound employed as the liquid medium can be employed in any amount
which provides the catalyst component with the desired consistency which does not interfere

with the polymerization behavior of the catalyst.
COCATALYST or ACTIVATOR

The transition metal catalyst component 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 IlIA metal alkyl, metal alkoxide or metal alkyl
halide compounds, particularly C,-Cyq alkyl compounds of aluminum. Particularly suitable
such compounds include, for example, triethylaluminum, trimethylaluminum,
triisobutylaluminum, trihexylaluminum, trioctylaluminum, diethylaluminum 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
(Al(O)R)y; wherein Ris 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 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 provide a ratio of atoms of Group IllA metal per combined atoms of Ti and V of
from 0.1:1 to 50:1, preferably from 1:1t0 20:1, more preferably from 2:1 to 15:1.

The cocatalyst or activator compound can be employed in the suspension (slurry)
process in amounts which provide a ratio of atoms of Group |IIA metal per combined atoms of
Tiand V of from 1,110 1000: 1, preferably from 5;1to 500:1, more preferably from 10:1 to
200:1.

Altering the Praperties of Ethylenesa-olefin Copolymers by Controiling the Short Chain
Branching Distribution in the Copolymer

The process of the present invention differs from those of the prior artin that it
describes a solution process for controlling SCBO (as measured by the z-ratio) over a wide range
of meltindices and densities and yielding in all resins a narrow molecular weight distribution

and small spherulite size

.18.
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According to the current invention a process for the control of the SCBD of these
resins is achieved by systematic variation in the catalyst composition. This control is
independent of support surface area and does not require changes in reactur temperature or
deviations from optimum cocatalyst/ catalyst ratio ensuring optimum catalyst productivity. The
process can be used for preparing as one example cast film resins with improved stretch
performance or blown film resins with improved strength properties such as dartimpact.

The process of the current invention systematically varies the
magnesium:titanium ratio of the silica supported catalyst to yield products of a given meit
index and density with narrow molecular weight distribution and small spherulite size. The
surprising results of our investigation has demonstrated that in the continuous solution
process, for the preparation of a given melt index and density, systematically increasing or
decreasing the magnesium:titanium ratio of the catalyst while maintaining the catalyst
titanium:vanadium molar ratio at 1:1 results in a systematic broadening (i.e., decrease the
Mag:Ti ratio) or narrowing (i.e., increase the Mg:Ti ratio) of the product SCBD as measured by

the z ratio (z1/z0) of these resins.

The application of this process to resins of various meltindex and density allows
the product SCBD, 2-ratio and crystallization temperature to be tailored to the specific product
application with resulting improvements in resin physical properties. In the course of this
investigation we have also unexpectedly discovered that variations in the catalyst yields resins,
which, when made into films, demonstrate improved stretchability and puncture resistance,

particularly from narrow molecular weight distribution, broader SCBD LLDPE resins.

This process is conducted at solution conditions described elsewhere in this

application.

The copolymers produced by this process are ethylene/alpha clefin copolymers of
the polymerizable comonomers with melt index from 0.2 to 500 grams/10 minutes (ASTM D
1238, Condition 190°C/2.16 kg), preferably from 0.4 to 100 ¢r more preferably from 0.6 to 5;
and a density from 0.8 to 0.96 g/icm3 (ASTM D 792), preferably from 0.85 to 0.94 g/cm3, more
preferably from 0.90 to 0 93 g/cm3

Fabricated articles such as molded articles (e.g., injection molded, blow molded,
roto molded and compression molded parts) can be made from the copolymers produced by
this invention. Of particular utility, however, are films or multilayer film structures from the
copolymers of the present invention. The films or film structures can be made using any of the

.15.
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conventional film manufacturing processes. These include blown film, cast film and extrusion
coated film processes. Especially preferred are cast films. The copolymers of the present
invention can be used alone in the film (i.e., as a monolayer) or they can be used as at least one
layer of a multilayer film structure. The films are usually from 0.4 mils to 1.2 milsin thickness,
preferably 0.8 mils. Additives can also be included in the copolymers of the present invention
fo. usein the films. For example, additives are often included in copolymers used to make films
for pallet wrapping, an especially attractive use area for the copolymers described herein. The
skin layer of the pallet wrapping films might contain special additives, e.g., polyisobutylene
(P1B), to enhance cling properties of the film to the goods on the pallet.

We have found that specific properties of ethylene/alpha-olefin copolymers
which, when made into films for use in pallet wrapping, enhance the ultimate stretchability
and puncture properties of the film. High ultimate stretchability is desired to avoid or minimize
film breakage, while good puncture properties minimizes film damage. The combination of
good stretchabilty and good puncture also leads to good end user economics since less film is
used, thereby minimizing waste. The desired ultimate stretchability is at least 280 percent,
while maintaining a puncture of at least 250 ft-Ibs/cm3. Ultimate stretchability is tested by
simulated pallet wrapping conditions and is described further in this disclosure. The
ethylene/alpha-olefin copolymers used to make pallet wrapping films will have a weight
average molecular weight (M,,) to number average molecular weight (Mp) ratio (M/M, ) of less
than 3.6, preferably less than 3.3, and a high density fraction greater than 17 percent (by
weight of the copolyimer), preferably at least 20 percent. The copolymers made using the
catalysts and process described in the present invention which have these properties are
especially effective in this stretch film application and have not been available here-to-fore.
Unblended ethylene/alpha-olefin copolymers having the above specified properties are also
within the scope of this invention. The term “unblended” indicates that the copolymers are
made within a single reactor system and do not have other polymers blended to them to attain
the properties of narrow molecular weight distribution and percent high density fraction, with
the exception of additives for other reasons, e.g., PIB for cling enhancement. For this stretch
film application, the copolymers preferably have a density from 0.905 g/cm3 to 0.935 g/cm3,
especially from 0.912 g/¢m3 to 0.925 g/cm3. The melt index of the copolymers is preferably from
0.6 grams/10 minutes to 6 grams/10 minutes, espectally from 1 gram/10 minutes to 4 grams/10

minutes



WO 93/19105

10

15

20

25

30

35

PCT/US93/02751

POLYMERIZABLE MONOMERS

Suitable polymerizable monomers include, for exarmple 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-olefinsinciude, for example,
ethylene, propylene, 1-butene, 1-pentene, 4-methylpentene-1, 1-hexene, 1-heptene, 1-octene,
1-nonene, 1-decene, 1-undecene, 1-dodecene, 1-tridecene, 1-tetradecene, 1-pentadecene, or
any combination thereof. Preferably, the a-olefins are ethylene, propene, 1-butene, 4-methyl-
pentene-1, 1-hexene 1-octene, and combination of any two or more of such a-olefins.

POLYMERIZATION

The catalysts of thi¢ 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 from 0°C up to a temperature
just below the temperature at which the 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 from 1 to 2,000, preferably

from 5 to 50(), 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 hydrogenis employed in that quantity which will provide the resulting
polymer with the desired molecular weight as indicated by the desired 12 value

The solution polymerization can be employed in the presence of any suitable
inert reaction medium such as, for example, aromatic hydrocarbons, aliphati¢ hydrocarbons,
naphthinic¢ hydrocarbons, or combinations thereof Particularly suitable inert reaction medium
include, for example, hexane, heptane, octane, isooctane, nonane, isononane, decane,
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undecane, dodecane, tridecane, tetradecane, cyciohexane, methylcyclohiexane, or

combinations thereof,

The suspension (slurry) polymerization can be employed in the presence of any
suitable inert reaction medium such as, for example, aromatic hydrocarbens, aliphatic
hydrocarbons, naphthinic hydrocarbons, liquefied a-olefins, liquefied hydrocarbons, or
combinations thereof. Particularly suitable inert reaction medium include, for example,
isobutane, isopentane, pentane, hexane, heptane, octane, isooctane, nonane, isononane,

decane, cyclopentane, cyclohexane, or any combination thereof.

The following examples are illustrative of the invention, but are not to be

construed as to limiting the scope thereof in any manner.

The following components were employed in the examples and comparative

experiments.

Silica Support #1 was a silica having a mean particle size of 3y, a surface area of
337 m2/g, subjected to heating in a fluidized bed under a nitrogen atmosphere at 600°C for 12
hours resulting in a silica support material having a hydroxyl content of 3.2 millimoles/gram.

Siliza Support #2 was a silica having a mean particle size of 70y, a surface area of
310 m2/g, subjected to heating in a fluidized bed under a nitrogen atmosphere at 600°C for 12
hours resulting in a silica support material having a hydroxyl content of 1.9 millimoles/gram

Silica Support #3 was a sieve fraction of asilica having a mean particle size of
145, a surface area of 310 m2/g, subjected to heatingin a fluidized bed under a nitrogen
atmosphere at 800°C for 12 hours resulting in a silica support material having a hydroxy!

content of 1.8 millimoles/gram.

Silica Support #4 was a sieve fraction of a silica having a mean particle size of
85y, a surface area of 310 m?/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 millimolesvgram.

Silica Support #5 was a sieve fraction of asilica having a mean particle size of 40y,
asurface area of 310 ma/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.



WO 93/19105 PCT/US93/02751

(5]

10

20

25

30

35

Silica Support #6 was a sieve fraction of asilica having a mean particle size of 3y,
asurface area of 310 m2/g, subjected to heating in a fluidized bed under » nitrogen
atmosphere at 800°C for 12 hours resulting in a silica support material having a hydroxy!

content of 1.8 millimoles/gram.

Silica Support #7 was a small size silica having a mean particle size of 3p, a surface
area cf 430 m2/g, subjected to heating in a rotary kiln under a nitrogen atmosphere at 800°C
for 5 hours resulting in a silica support material having a hydroxyl content of 2.8

millimoles/gram.

ISOPAR™ € was a fractionated isoparaffinic solvent having a boiling range of

113°C-143°C available from Exxon Corporation.

Basic physical testing (including melt index, |, [1o/1;, and density were performed
on each sample using standard ASTM methods as follows:
melt index (I3) by ASTM D 1238, Condition 190°C/2.16 kg;
melt index (1)0) by ASTM D 1238, Condition 190°C/10 kg; melt index (lI39) by ASTM D 1238,
Condition 190°C/20kg;
density by ASTM D 792. Melting point was determined using differential scanning calorimetry
(DSC).

The molecular weight of the resultant polymers was also determined via gel
permeation chromatography (GPC) employing a Waters 150C high temperature
chromatographic unit equipped with three mixed porosity columns (Polymer Laboratories
103,104, 105, and 106), operating at a system teimperature of 140°C. The solvent was 1,2,4-
trichlorobenzene, from which 0.3 percent by weight solutions of the samples were prepared
for injection. The flow rate was 1.0 milliliter/minute and the injection size was 200 microliters.

The molecular weight determination was deduced by using narrow maolecular
weight distribution polystyrene standards (from Polymer Laboratories) in conjunction with
their elution volumes. The equivalent polyethylene molecular weights were determined by
using appropriate Mark-Houwink coefficients for potyethylene and polystyrene (as deseribed
by Williams and Word in Journal of Polymer Science, Polymer Letters, Vol 6, (621) 1968,
incorporated herein by reference) to derive the equation:

Mpaiyethylene = 3 * (Mggiystyrene)®

«19.



WO 93/19105

10

15

20

30

35

PCT/US93/02751

In this equation, a = 0.4316 and d = 1.0. Weight average molecular weight, M,,,

was calculated in the usual manner according to the formula:
Mw = RW|'M,

where w, and M, and are the weight fraction and molecular weight respectively

of the ith fraction elutirig from the GPC column.

The onset of crystallization and crystallization kinetics of each resin was
determined by ineasuring the transmission of plane polarized light through a sample melted at
180°C and allowed to cool to 70°C at a rat” of 10°C/min.

The Short Chain Branching Distribution (SCDB) and per¢ent high density fraction
of each resin was determined by Analytical Temperature Rising Eiution Fractionation (ATREF),
asdescribed in USP 4,796,081 and in Journal of Applied Polme: Science, Applied Polymer
Science Symposia 45, 2537 (1990) entitied “Determination of Short-Chain Branching
Distributions of Ethylene CopAlymers by Automated Analytical Temperature Rising Elution
Fractionation (AUTO-ATREF)", by Lonnie G Hazhtt. ATREF separates the polymer according to
crystallinity. The experimental procedure fot deterrining short ¢hain branching distribution
and high density fraction was as follows:

I. TREF Device Design

A process control gas chromatograph (GC) analyzer was used as the basis of the
design and functions as a computer controlled event sequencer and multiple GC oven
programmer. The GC uses digital /0 to operate pneumatic solenoids, operate other pneumatic
egquipment and detect the states nf various digital switches The GC primary components
includes two large, for¢ed air, isothermal (135°C) ovens an. four smaller, programmable,
forced air GCovens The GC ovens were operated by vendor supplied software t4 control the
temperature profiles. The software includes other program instructions and consists of a fixed
sequence of timed events to provide the necessary control for automation A five mil sample
foop ¢consisting of 1/16 inch ID stainless steel tubing was used to temporarily receive the freshly
irjected polymer solution. A syringe-pump assembly provides the necessary vacuum to move
polymer solution into the sample loop The syringe pump assembly uses a S«ml syriruse darrel
and an awr cylindér to drive the plunger A separate injector head assembly was used to place
the needle into the solution of polymer for subsequent removal  This assembly behaves as a
valve, since when the needle was down, no flow was possible, and when the valve was up 1t was
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actually part of the flow path. The polymer solutions were introduced to the system via a

sample carousel assembly.

Attached to the lower oven were the four programmable GC ovens. In each of
these ovens was a small ATREF column constructed of 1/8 inch thin-wall, stainless-steel tubing.
These were packed with stainless-steel shot. The total interstitial volume of the columns was
1.5 mL. The solvent and polymer solution was directed, via a heated transfer line, to a single-
beam infrared detector set to 3.5 microns. The detector was equipped with a high
temperature, flow-through sample cell containing zinc selenide windows spaced to give a Q.1
¢m path length. Other detectors in¢luding refractive index and viscometers can be used (but
are not discussed here). A reservoir for solvent waste was provided after the detector.

In addition to the analyzer computer which operated the system, a separate
personal computer was used as a data system The software on this latter system includes
various data acquisition routines for digitally storing signals from the ATREF instrument and
data reductions routines to transform this digitally recorded data into meaningful graphs snd
reports. Various voltages from the ATREF instrument were measured digitally These include
the infrared detector output, other mass detectors, and thermc<auple outputs from each of

the GC ovens.

The capolymer solutions were prepared in TCB at about 0.6 percent by weight
and heated to 160°C to ensure homogeneity. These solutions were placed into 15 mL vials with
open-holed ¢aps fitted with Teflon septa, then placed into the ¢arousel. The carousel was
placed in the upper oven and the analyzer computer was then started The operation was then
fully automated for the next 48 hours, provided data ¢ollection routines were inutiated on the

data system and an adequate solvent supply was available.

The operzton of the instrument consists af a sequence of four identical program
modules executed on the analyzer computer The only difference among these modules wiss
the GC oven on which each operates. Each module consists of a sequence of timed events, e.g.,
VALVE 1 ON, VALVE 5 OFF, TEMPERATURE PROGRAM 1, et¢  For simplicity the operation of
only one program module (operating on GC oven 1) was descrnibed, with the understanding
that continuous operations requires the u.e of all four program modules

it will be assumed that GCoven 1, initially at 24°C, ¢contains a previously
precipitated copolymer and that the oven was now ready for elution This means the
instrument has bean running for some Wime and the precipitated polymer in the ¢column was
from a previous injections Valve t, valve 5, and vaives 7 through 10 were ¢lused Valve 4 and
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valve 6 were open. The flow (1.5 mL/min) was bypassing the upper oven and all of the GC
ovens. The detector was in a baseline conditicn and only pure TCB was moving through the

system.

The first step in € 3ch program module was to notify the data system via a set of
contact closures that an elistion step was being initiated. The next step was tG open valve 7
above GCoven 1 and close valve 6. Asthe fresh solvent enters GCoven 1, it displaces the
solvent left in the column during the precipitation of the polymer solution. In nearly all cases
there was a fraction of the polymer which does not precipitate, even at 24°C. As the displa ed
solvent exits the ovenit was directed into the IR detector. After the initial column contents
were eluted and the IR detector has returned to a baseline ¢ondition, GC oven 1 was subjected
to a temperature program of + 1.5°C/min. A continuous response was produced in the IR which
was proportiona: to the concentration of the eluting polymer in solution. This detector
response and the response from an internal thermocouple were recorded on the data system as

a function of time

After GCoven 1 hasreached 122°C, the elution step was asstimed to be complete
The solvent flow was matntained as above while in the upper oven, valve 2 was opened, and
valve 3 was clased. The carousel was advanced one position. The syringe needle within the
injector head was lowered. The syringe pump was pulled down and polymer solution was
pulled into the sample loop. The sample loop was sufficiently farge to prevent any of the
solution from entering the syringe pump mechanism. A 5 minute delay was in¢luded to ensure
that solutions with a range of viscosities will have time to fill the loop

The next steps were to load the columinin GC aven 1 and reset the injector
componente to their initial statss Valve 2 was closed, the needle was raised, valve 3 was
opened, and the syringe pump was forced upwards. xpelling: . ¢ss TCB to waste. Valve 1 and
valve 5 were Upened and valve 4 was closed The polymer solutions located in the sample laop
moves under nearly plug flow ¢conditions toward GC oven 1, maintained at 122°C. At the
approximate time that the moving plug of polymer solution was centered over the ¢columniin
GCoven 1, valve 6 was opened and “alve 7 was ¢losed The portion of the moving SsmL column
will now be i1solated from the flow and remain behind as the excess solution was flushed out of
the sysiem This ¢condition wes, maintained for 30 minutes to ensure that the upper ovens were
well flushed with fresh solvent

Three temperatute programs for GC aven t were imtiated  Frest was a quick ¢ool
from 122°C 10 106°C at +10°C/mirr. Next, a temperature program was started foem 106°C at«
0 1°Umin At thisrate the total coot down would require in ¢xcess of 13 hours to complete
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This time was shortened somewhat by the final temperature pragram of -0.3°C/rnin, which
starts when the oven temperature reaches 50°C. The total cool down time requires about 10.5
hours; and since each of the program modules was only a little over 3 hours, the last
temperature program referred to above (-0 3°C/min.) actually residesin tiie program module
operating on GC oven 4, Near the end of each program module the valves were returned to
the initiai conditions described at the beginning of this sestion in preparation for the next
module. The subsequent modules were identical except they operate on successive GC ovens

The digitized ATREF data were a record of the IR detector response and the
column temperature as a furction of time. The data reduction routine includes baseline
subtraction, conversion to the temperature domain, smoothing, normalization and plotting

the data

The bimodality of the distributions was characterized by the weight fraction of
the highest temperature peak. This fraction was referred to as the high-density fraction, since
1t contains little or no shurt-chain branchina. The remaining fraction was therefore logically
referred to as the SCB fraction, since it represents the fraction whith contains nearly all the

short-chain branching inherent to the copolymer.

The advantage of the IR detector tuned to the carbon stretching frequency was
that the detector response was more nearly uniform, so that low levels of additives do not
appreciable interfere with the measurement of the "purge” peak. The fraction of “purge” was
represented in the rectangular area near 25°C The copolymer in this fraction contains very
high levels of $¢8

The copolymers used in making the novel films described herein have broad short
chain branching distributions  This means that the copolymers ¢contain comparatively farger
high density and purge fractions and comparatively less intermediately branched material than
less preferred copolymers A ¢opolymer having a SCBD with greater than about 17 percent
high density fraction was especially preferred, and a SCBD with at least about 20 percent hiqh
density fraction was most preferred

D Branching Content Determination

Branching content (1 e , degree of brancming) was calculaied from CH3/1000 C
(methyls/1000 carbons) determination according to ASTM method D2238-68 A Beckman 4260
infrared spectrophotometer was employed, using films of approximately 0.15 mm thickness A
correction for chain end methyl groups was necessary for accurately determining waight
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percent comonomer (e.g., 1-octene) incorporation. The correction was done according to the

following equation:

Corrected CH,/1000C = Uncorretied CH3/1000C + Vinyl - 28000
5 1000C  Mn

Comonomer incorporation can be determined from the following equation:

Wt.% octene =  (Molecular Weight of 1-octene) (Corrected CH3/1000C) (100)
14000 + 84 (corrected CH3/1000C)

15
The width of the SCBD was described using the z value, the calcuiation of which

for a fraction of a whole polymer crystallized at its crystallization temperature T¢ may be
obtained by determining the fraction of methyls/1009 carbons by 13 C NMR (corrected for ¢chain
endsi.e. molecular weight) and calculating the mole fraction of the average sequence length
of methylene units as shown below where m was the carbon number of the comonomer, Mn

20 was the number average molecular weight and x was number of methyls/1000 carbons

(corrected):

2= {1-(x{(m-1)/1000 + 28/Mn)}1000/(x + 1}
25 .
If this calculation was repeated tor a fraction across the Tc range of the whole polymer, the
new distribution reflects the weight fraction of polymer (from ATREF) as a function of average
crystallizable segment mole fraction. Two moments can then be defined:

3 20 = (Egi2)-1
and

2y = Ew. Xz
were wi was the weight percent of the ith fraction and zi was the value of z caiculated from the

observed T¢ for the ith fraction. For the polymers of the current invention, the weight fraction
at each Tc was determined by ATREF and the corrected methyls per 1000 carbons for each T¢
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was determined using a previously determined calibration curve of T¢ vs methyls/1000 carbons

obtained from fractions of the same product type.

Morphological analysis was carried out using a Nikon Polarizing Microscope
(Optiphot-Pol) equipped with an analyzer and a polarizer. Sample preparation involved
melting the sample at 180°C and allowed to cool to 70°C at a rate of 10°C/min. When cool the
sample was placed on a microscope slide and the pictures were taken using a 35 mm camera
which was attached to the phototube. The filter holder was positioned directly next to the light
source to avoid any flare of false images from the filter surface while taking pictures.
Photographs were taken using objective lenses which resulted in a magnification of 200X.

Polymerization (Solution Conditions)

Astirred, 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 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 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 followed by melt flow and

density measurements via standard procedures.
Polymerization (Slurry Conditions)

Astirred, 1.4 liter autoclave reactor was charged with 700 mL of ]SOPAR'™ 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
theinitial pressure and temperature by 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
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resin kettle. After drying, the samples were then weighed to determine catalyst efficiencies

followed 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-O from Schering A.G.). The
resulting slurry was stirred for 1 hour after which an amount 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 25 percent ethylaluminum dicnloride 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 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 componentin 40 mL of ISOPAR™ E 1n 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 batch reactor to effect the polymerization.

The atomic ratio of Al from the cocatalyst to titanium was provided in Table I.
o Polymertzation (Solution Conditions)

The polymerization procedure under solution conditions was employed at a
polymerization temperature of 185°C. The catalyst efficiency was orovided in Table'l.

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 nitrégen and
heating at 800°C for 12 hours and cooled to room temperature under nitrogen

26-



WG 93/19105 PCT/US93/02751

10

15

20

25

30

35

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 of
ethylmagnesium chloride in tetrahydrofuran ITHF) added slowly followed by further refluxing
for 120 minutes. The solvents were remover by distillation and the silica dried at 80°C under a

nitrogen purge.

This product was slurried with a premixed 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 portiors 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 indicates that it contains 1.3 mmol/g Mgrg
catalyst, 0.9 mmol Ti/g catalyst and 4.5 mmol Cl/g catalyst. The catalyst was then combined with
triethylaluminum (TEA) activator (cocatalyst) by slurrying 2 g of the dry catalystin 40 ml of
lsopar™Einadoz(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 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 effect the
polymerization under solution conditions at 175°C as described earlier. The catalyst efficiency

and product data are shownin Table .

.27
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Table!

Efficiency

. (Kg Polymer
. . Atomic
Run Catalyst mmol | mmol | mmo! | mmol Atomic Ratio Ratio of per gralr;1
: : TiorC
No. Source Mg Ti Al cl Mg/Al2/CI/Ti AT

Ti cl
A Ex 1-8 1.4 0.4 4.5 10.6 3.5/11.3/26.5/1 1n 478 24
B Ex 1-B 19 04 45 10.6 4.8/11.3/126 5/1 6/1 627 28
C Ex 1-B 1.8 02 35 9.4 3.0/5.8/15.711 S/ 413 27
D Ex 1-D 1.3 09 ~-- 45 } 0 e S/ 30 8

Aluminum from transition metal catalyst component.

Aluminum from cocatalyst.

SOI61/€6 OM
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EXAMPLE 2
A. Preparation of Transition Metal Catalyst Component
To a 1 gsample of the support designated in Table li slurried in 50 mL of
5 ISOPAR™E was added 2.0 mmol of butylethylmagnesiuni butoxide (BEMB from Texas Alkyls
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Inc.). The mixture was stirred for one hour and treated sequentially with 1.0 mmol TiCls and 1.0
mmol V(0)Cl3 as a neat mixture and 6.0 mmol of ethylaluminum dichloride (4.0mLofa 1 5M
solutionin hexane). The mixture was diluted to 100 mL total volume and then stirred for 24
hours. The atomic ratios of the components in the transition metal complex were Mg/Al/CI/TiV
was 2/6/19/1/1. The catalyst components were activated (use of cocatalyst) according to the

procedure described in Example 1 employing Al (activator)/Ti ratio of 8/1.
B Polyrnerization

The polymerizations were conducted under solution process conditions at 185°C.

The results of the polymerization reactions are shown in Table II.

Table ll. Effect of Silica Particle Size on Solution Polymerizations

Efficiency
Support (Kg Polymer
Run Density | pergram
No glcc 2 TirorCl)
No. Size
H Ti cl
A* 3 145 0.9080 1.16 49 30
g* 5 40 09119 1.05 499 35
C 6 3 0.9159 1.13 842 60

* Notanexample of the present invention.

EXAMPLE 3
A Preparation of Transition Metal Catalyst Component

To 1 g of the indicated silica 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 Inc). 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
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solution of 25 percent 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/Cl“Ti were 10/20/40/1

The catalysts were activated with triisobutylaluminum at an atomic ratio of Al/Ti

of 100/1 by the procedure described in Example 1B
B Polymerization

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

reactions are shown in Table Ili.

Table lll. Effect of Silica Particle Size on Slurry Polymerizations

Catalyst Atomic Raties Efficiency
Support v {Kg Polym;ar
Transiti pergram of T
Run ransition Metal Io log/la or Cl)
No. Catalyst Component | cocat.
Size AliT
# () .
BB mgalcimi | sitmg Ti cl
A* | 3 1145 10/20/40/1 8.3 107.1 | 040 | 428 531 18
B 4 | 85 10/20/40/1 a3 100:1 | 0.33 34.7 727 24
c* 5 | 40 10/20/40/1 8.3 100:1 | 0.48 36.9 575 19
D 6 3 10/20/40/1 83 100:1 } 0.37 387 1,500 | S1
7 3 10/20/40/1 8.3 100:1 | 0.30 34,2 1,510 |} 51
* Not an example of the present invention.

EXAMPLE 4
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 rasulting slurry was stirred
for 1 hour after which 0 20 mmol of titanium tetrachloride (TiCls) was added. The slurry rapidly
darkens to a deep brown coior and was stirred for a further twn 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 1 this manner were used without further

isolation or washing.



WO 93/19105 PCT/US93/02751

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

employing the procedure of Example 1B.
5 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 polymeriza? on reactions are shown in Table IV.

10
Table V. Effect of different Alkylaluminum Halides
Atomic Ratios Efficiency
» (Kg PE
Run | Aluminum pergram
No. Source Catalyst Cocat. | of TiorCl) l2 | 120/12
15
Ma/Al/CITi | Sitmg | AT Ti cl
A EtAICl.a 10/17.5/39/1 83 100N 1,150 § 40 | O 24.7
Et3AlgCigb | 10/17.5/30.3/1{ 83 100/1 986 44 | 0.80 1 31.8
C iBuAlClgc¢ 10/17.5/391 83 100/1 1,010 | 38 ] 0689 | 30.0
20
3 Ethylaluminum dichloride.
b Ethylaluminum sesquichloride.
¢ Isobutylaluminum dichloride
2 EXAMPLE S
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
butylethyimagnesium butoxide (BEMB from Texas Alkyls Inc). The resulting slurry was stirred
30 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 25 percent 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
35 The catalysts were activated with triusobutylaluminum at the ratio givenin Table
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8. 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

5 time of one hour.

The results are shown in Table v

Table V. Effect of Varying Amount of Titanium and Cocatalyst

10 Atomic Ratios Efficiency
(Kg PE

No. Catalyst Cocat. of Tior Cl)
Ma/Al/CI/Ti SiMg Al Ti cl
15 A 6.7/15/30/1 8.3/1 25/1 1,150 52
B 6.7/11 7/123.3 8.3/1 100/1 1,100 64
C 10/35/70/1 8.3/1 100/1 2,140 a1

EXAMPLE 6
20

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 resuiting slurry was stirred
. for 1 hour after 0.20 mmol of titanium tetraisopropoxide (Ti(O-iC3Hz)a) was added The slurry
was stirred for a further two hours. An aliquot of a solution of 25 percent ethylaluminum
dichloride (4.5 mmol) 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 atomi¢
ratio for the catalysts are given in Table VI.

30
The catalysts were activated with triisobutylaluminum at an Al/Ti zatio of 200:1

8 Polymerization (Slurry Conditions)

The polymenization was conducted under slurry polymerization conditions
employing a temperature of 85°C, a hydrogen to ethylene ratio of as indi¢ated in the Table, a
pressure of 170 psi (1,172 kPa), and a polymerization time of one hour Various solvents were
employed as the polymerization medium. The results are givenin Table VI

.32



Table V1. Use of Different Solvents as a Polymerization Medium and different Hydrogen to
Ethylene Ratios.
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Atomic Ratios Efficiency
. (Kg Polymer

Run Ratio of , per gram

No | Solvent Catalyst H2to 12 {12012 | ofTiorcl

Cocat. CoHy
] AlTi

Mg/AlICTi Si/Mg Ti cl

A n-CgHy4 10/22.5/45/1 831 200/ 0.36 019 395 1,020 | 31
B i-CsHyo | 10/22.5/45n 8311 200/1 30 067 | 385 750 22

15420/€6SN/10d
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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 In¢)  The resulting slurry was stirred
for one hour after which 0.40 mmol of titanium tetrachloride (TiCls) was added. The slurry
rapidly darkens to a deep brown color and was stirred for a further two hours. Anal'quotofa
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
(VOCI3) and then stirred for 4 hours. The Mg/Al/CI/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 caiaiyst was activated with triisobutylaluminum at an Al/Ti atomic ratio of
100:1

B. Polymeriration (Slurry Conditions)

The slurry polyrerization conditions were employed. The polymerization
temperature was 85°C, the nydrogen 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 T
and the polymerization efficiency based on chloride was 52 Kg PE/g Cl and the polymerization
etficiency based on titanium plus vanadium was 476 Kg PE/g T + V.

EXAMPLE 8
A.  Preparation of Transition Metal Catalyst Component Containing Vanadium

To 1 g of Silica Support #7 slurtied in 50 mi of SOPAR™ E was added 2 0 mmol of
butylethylmagnesium butoxide (BEMB from Texas Alkyls In¢.) The resulf:ng 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 ¢olor and was stirred for a further two hours An aliquot of
a solution of ethylaluminum dichloride (3 S mmiol Al) was then added and and the final mixture
stirred for 17 hours. The mixture was treated with 0 40 mmo of vanadium trichloride oxide
(VOCI3) and then stirred for 4 hours  Tne Mg/AI/CIAV/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

The catalyst was activated with trusobutylaluminum at an atomi¢ ratio of AUT) of
1001
+34.
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8. Polymerization (Slurry Conditions)

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.

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/heur.

EXAMPLE 9

A. Preparation of Transition Mé&tal Catalyst Component Containing Vanadium

To 1gofSiliza 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 1 hour after whi¢h 1.00 mi.iol of titanium tetrachloride (TiCl4) was added. An aliquot of a
solution of ethylaluminum dichloride (6 0 mmol Al) was then added and und the final mixture
stirred for 17 hours. The mixture was treated with 1.00 mmol of vanadium trichloride oxide
(VOCI3) and then stirred for 4 hewurs The complete mixtures prepared in this manner were used
without further isolation or washing. The Mg/Al/CIV/TI atomic ratios of the ¢atalyst was
2/6/19/1/1. The Si/Mg atomi¢ ratio of the catalyst was 8 3/1.

The catalysts were activated with the ¢cocatalyst designated in Table VIL.
B. Polymerization (Slurry Conditions)

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 ane hour

i

The catalyst efficiency and properties of the resulting polymer are shown in Table
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Table VIl. Use of Varying Amounts of Vanadium

Efficiency

BugAl (Kg PE
R Cat. TO pergmm
No. | N» T of Tror Cl) 12 l20/12

Ratio

Ti c {Ti+V

A 9A 100 433 | 31 | 216 | 012 50 0
B 98 200 433 | 31 | 216 | 012 60.3
¢ | oac 50 325 { 23 | 163 | 009 [ 578

This Exarnple 9 shows that high I/l ratios ¢an be achieved with the vanadium
containing catalysts in slurry polymierizations. These high Ix¢/l; ratios were indicative of a broad

molecular weight distribution

EXAMPLE 10
A Preparation of Transition Metal Catalyst Component
To t g of Silica 5upport #7 slurriea ia 50 m! of ISOPAR™ E was added 2.0 mmol of
butylethyimagnesiurn butoxide (BEMB from Texas Alkylsinc) The resulting slurry was stirred
1or one hour after which titanium tetraisopropoxide was added in the indicated quantitids
The slurry was stirred . r a further two hours An aliquot of a solution of 25 percent
ethylaluminum dichlor. 2 1n hexane was then added and the final mixture stirred fur 17 hours
The atomic ratios of Mg/AI/CI/T: for these catalysts wereg as follows:
Run A= 7.5/15/30M1
RunB= 3 8/8 8/17 51
The atomic¢ ratios of Si/Mg for these catalysts were as follows:
RunA= 8311
RunB=z 8 I
The ¢atalysts prepared in this manner were used without further isolation or washing

The catalysts were activated with triethylaluminum at atormic ratios of Al/Tr of 8/
and 6/1
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The catalysts were used to polymerize ethylene using the solution polymerization

procedure employing a polymerization temperature of 185°C, and a polymerizadion time of

one haur.
The results were givenin Table VI
Table Vil
Catalyst Cocat Efficiency
illiey at. (Kg PE per
Run (millimoles) Atomic o % or%l)
No. Ratio
A | 02 | 30 8 | 73 | 35
B | 040 | 35 6 641 | 50
EXAMPLE 11

A,

Preparation of Catalyst

To 1 g ofSilica Support #7 slurried in 50 ml of ISOPAR™ E was added the required
amour of butylethylmagnesium butoxide (BEMB from Texas Alkyls In¢) The resulting sluery
W as sticred for one hour aftsi which titanium tetrachloride (TiC.s) was added. An aliquot of @
solution of ethylaluminum dichloride (EADC) was then added and the slurry stirred for 17
hours. The mviuis was trearad with vanadium tetrachlonde (VCla) and then stirred for 4
hours. The complete mixtures prepared in this manner were used without further isoiation or
washing. The composition of these Latalysts are given it Table IX The atomic ratios aré given

in Table 1X.

B

Activation and Polymerization

After activating t.2 ¢atalysts prepared ab wve with trietnylaiuminum in the
indicated amounts, polymerizations were conducted under solution polymerization conditions

ata polymerization temperature of 185°C and a polymerization time of ten minutes

The results are givenin Table IX

37
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Table IX
Atomic Ratios Calaiyst
. Efficiency
el el Rl Rl e I DR o A I s
Mg/AUCINV/TI Si/Mg adl Ti cl
1.2 0.2 0.2 1.5 6/7.5/23/1/1 14/1 94 09334 3 3.45 552 32
B 1.2 0.6 02 1.5 2/2.5/10/0.33/1 14/1 52 09314 | 3.74 593 77
C 1.5 04 04 25 3.8/6:3/20.5/1/1 1n 4.';7 0.9250 1.24 1,096 72
b 1.8 06 06 35 3/6/2011/1 2111 67 09241 1.81 1,021 70
E 12 06 0% 35 2/6120/11/1 14/1 83 09228 1.16 958 66
F 1.2 10 10 3.5 1.2/3.5/1511/1 141 83 0.9285 i.21 1,157 1G4
G 12 1.2 1.2 35 13141111 14/1 83 0.9232 1.84 807 79
H 1.2 0.6 02 35 2/7/19/0.3/1 1411 83 09226 1.47 1,002 80

SO .76 OM

1SLT0/€6SN/1Dd
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EXAMPLE 12

A. Preparation of Transition Metal Cataiyst Component
To 1 g of Silica Support #7 slurried in 50 ml & iSCPAR™ 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. Analiquot of a
salution of ethylaluminum (ichloride (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
(VOCI3) and then stirred for 4 hours.
The catalyst has the following ratios:
Mg/Al/CINITi of 2/5.8/18/1/1
Si/Mg of 13.9/1

B. Activation and Polymerization Under Solution Conditions

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

The polymer product has a density of 0.9239 g/cm3 and an |12 value of 2.36 and
was produced at an efficiency of 790 Kg PE/g Tt and 57 Kg PE/g Cl.

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 TiCls and VOCI3 ( 6 mmol Tit.6 mmol V). This mixture

was stirred for 8 hours.
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The catalyst has the following ratios:
Mg/Al/CIN/Ti of 2/5.8/18/1/1; and
Si/Mg of 13.9/1.

B. Activation of Catalyst and Polyincrization Under Solution Conditions

After activating the catalyst with triethylaluminum (Al/Ti = 5/1), the

polymerization was conducted using the solution polymerization procedure.

The polymer product has an efficiency of 742 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 of vanadium
trichloride oxide and the mixture was stirred for 4 hours. The mixture was then treated with
6.5 mmol of ethylaluminum dichioride and the slurry stirred for 24 hours. The atomic ratios of
Ma/Al/CIITirV 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 18
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.
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A. Preparation of Transition Metal Catalyst Component

Table X
Efficiency
(Kg PE

Run TRun Density | per gram

No. eonc1p, glcc 2 of Tior Cl)
Ti cl
A 185 0.9251 0.81 945 98
B 215 0.9259 0.71 319 33

To 1 g of Silica Support #7 slurried in Isopar™E was added 2.0 mmol of
magnaesium bis(2,6-dimethylcyclohexoxide), 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 and the slurry stirred for 24 hours. The atomic ratio of Mg/Al/CI/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 procedure for solution process polymerizations at 185°C. The polymer produc
had a density of 0.9332 g/cm3 and an |3 value of 2.42 g/10 min, an lyo/l3 ratio of 8.0 and was
produced at an efficiency of 149 Kg PE/g Ti and 3.4 Kg PE/g Cl

EXAMPLES 16-32

Preparation of Catalyst for Example 16.

A 410 g sample of Davison SYLOID ™ 245 silica was heated at 800°Cin a rotary kiln
under nitrogen and then slurried in 3 gallons (11.35 L) of ISOPAR™ E This silica support has a

surface area of 401 m2/gram, and a particle size of 3 micrs; = A 12g2!"on (45.4 L) vessel was
charged with 20 Ibs (9.07 kg) of Isopar E followed by the silica slurry.

A1
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After silica addition, 1.86 kg of butylethylmagnesium butoxide (BEMB, Texas
Alkyls, 0.97 wt percent Mg in heptane) was then added. The slurry was stirred for 2 hours
followed by the addition of 157 mL of an equimolar mixture of titanium tetrachloride and
vanadium oxytrichloride (VTi mix, Akzo Chemical) was added. After the addition, the slurry
5  was stirred for one hour and then 4.8 kg of ethylaluminum dichloride (EADC, Texas Alkyls, 2.15
wt percent Al in hexane) was then added.

The catalysts employed in Examples 17 to 32 were prepared in'a manner similar to
that described above for Example 16.

10
Comparative Example A*

A d45 g sample of Davison SYLOID™ 245 silica was heated at 800°Cin a rotary kiln
under nitrogen and then slurried in 3 gallons (11.35 L) of ISOPAR™ E. This silica support has a
15 surface area of 391 m2/gram, and a particle size of 3microns. A 12 gallon (45.4 L) vessel was
charged with 20 Ibs (9.07 kg) of Isopar E followed by the silica slurry.

Aftersilica addition, 2.01 kg of butylethylmagnesium butoxide (BEMB, Texas
20 Alkyls, 0.97 wt percent Mg in heptane) was then added. The slurry was stirred for 2 hours
followed by the addition of 19.5 mL of neat titanium tetraﬁhloride (TiCla, Aldrich Chemicals)
was added . After the Ti addition, the slurry was stirred for one hour and then 2.38 kg of
ethylaluminum dichloride (EADC, Texas Alkyls, 2.15 wt percent Al in hexane) was then added.

25 The dilute catalyst was then injected into the reactor of a continuous solution
process pilot plant. Reactor temperature was controllea by the catalyst injection rate. The
triethylaluminum (TEA) sidestream co-catalyst was injected into the reactor entry line. Reactor
temperature and TEA/Ti ratios were varied to optimize catalyst efficiency. A standard additive
package of 1250 ppm calcium stearate, 200 ppm IRGANOX™ 1010, and 1200 ppm IRGAFOS ™

30 1681inthe polymer was injected as a slurry after the reactor.

Film Manufacture

Film was made using the ¢copolymers of the present invention by fabricating on a
35 three layer (A/B/C) co-extrusion cast film line. For examples 16-21 and Comparative Example
A*, the same copolymer was simultaneously extruded through all three extruders, making a

three layer film structure having the same copolymer in each layer. The line speed was

-42c
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maintained at approximately 800 feet/minute at a total gauge of about 0.8 mils using a 30 inch
manual adjust die. The draw distance from the die to the primary chill roll for these
experiments was about 5 inches. For Examples 16-21 and Comparative Examples A* and B*, the

three extruders were operated as follows:

Table Xi
diameter Throughput | percentof total | Melt Temp
Extruder | “inches) | R*M | (Ibshour) structure °F)
A 2.5 27.4 52,5 15 549
B 3.5 48.4 245 70 552
C 2 44.8 525 15 544

Film performance was evaluated using a Lantach SHS rotary wrapping machine. The film was
placed on the pallet wrapper and stretched wrapped beginning at 0 percent elongation. The
film elongation was gradually increased until the film cannot be stretched any farther without
breaking. The final elongation beyond which the film cannot be stretched wrapped was called
the ultimate stretch point or ultimate stretchability for that film. Films which have the highest
ultimate stretchability have the most preferred performance.

The puncture resistance of the film was measured by cutting each sample to asize
of 6inches (15.2 cm) by 6 inches from the film and testing the film samples on an Instron Tensile
Tester. The Instron was equipped with a 100 pound load cell and was operated at a cross-head
speed and chart speed of 10inches/minute. The load range was up to 50 percent. Each sample
was held in place by a clamping unit which has a 4 inch (10.2 ¢cm) diameter circular interior. The
thickness (T) of the center of each film sample was measured and recorded. Each sample was
secured into the clamping unit. A 0.5 inch diameter (1.3 ¢cm) ball attached to the end of a rod
was used as the puncturingmechanism. The puncture probe (attached to the upper cross-head)
was lowered onto and into the film until the film punctures, or the ¢ross-head has traveled 8
inches, or 40 pounds force was reached. At puncture, the energy (E) required to break the film
was recorded. The puncture resistance (PR) was then calculated by the following equation:
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PR = E/(12)*(T)*(A),

where: PR was puncture resistance in foot-pounds/in3,

E was the puncture energy ininch-pounds,
5 12 inches/foot was a conversion factor,

T was the film thickness ininches, and
A was the area of the clamped film specimen sample (12.56 in2 for *hese
samples).

Six samples were tested for each film and the results were averaged.

10
EXAMPLES 16-21

Examples 16-21in Table XIA summarizes the catalyst formulation for each
15 example. The data in Table XIB summarizes the copolymer product data observed using the
catalysts and process of the current invention at a constant reactor temperature of 195°C while
targeting a 2.3 meltindex, 0.917 g/cm3 density product using octene as comonomer, as well as
properties of cast film made from the copolymers. The comonomer and hydrogen were
adjusted to achieve the target density and meltindex, respectively. Broad SCBD copolymers

20 c¢ontain more comonomer than narrow SCBD copolymers.

Copolymers shown in Table XIB, produced from the catalysts described in Table
XIA, clearly demonstrate an increase in z-ratio and decrease in crystallization onset

temnperature, as the Mqg:Ti ratio of the catalyst increases.

25
Table XIB also demonstrates that films made from the copolymers made using the

navel catalysts and process of the present invention have excellent ultimate stretchability and
good puncture resistance, especially when the copolymers have a percent high density greater
than about 17 percent and a My/M, ratio of less than about 3.6, especially less than about 3.3."
30
Comparative Experiment A*, when compared to Examples 16-21, illustrates the
importance of the presence of vanadium in the ¢atalyst on 2 ratio, 110/12 and percent stretch
Comparative Example B* was an ethylene’{-hexene gas phase copolymer sold into the stretch

35

.44.
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film market for use in pallet wrapping and was produced by Exxon Chemical (known as Exxon
3002.37). Comparing the film made from Examples 16-18 with films made from Examples 19-21
and from comparative examples A* and B* shows that a copolymer having the combination of
narrow molecular weight distribution (i.e., a low Mw/Mn) and broad SCBD (high percent high
density fraction), when made into cast film, has both high ultimate stretchability and good

puncture resistance.

.45.
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Table XIA
Catalyst Properties™™
Catalyst Composition
5 Ex. or Surface millimoles/gram of SiOg
C.E. Area .
No. m?/gram _ ' ,
Mg Ti \Y Al
16 400 2.0 1.8 1.8 9
17 270 2.0 1.8 1.8 9
10 18 360 2.0 1.0 10 6
19 400 2.0 0.6 0.6 6
20 270 2.0 0.6 06 6
21 260 2.0 04 04 5
s A* 390 2.0 0.4 0.0 5
1 -
B* NA NA | NA | NA | NA
* Not an example of the catalysts chained in the present
invention.
NA = Not Available
20 **Average particle size of the supports used is 2 mt -rons
25
30
35
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Table XIB
Polymer Properties
12
Ex. Cryst. . .
or grams l10/i2 Density Moo/M % High onset z1/zg Fulrr;UItln;‘ate Puncture
CE. per Ratio a/cm3 wittin Density temp. Ratio tretc (ft-1bs/in3)
No 10 oC (percent)
’ min.
16 2.31 7.2 0.9177 3.2 24.4 111.2 | 0.823 330 303
17 2.33 T.2 0.9170 3.1 22.7*** 1 111.5 | 0.908 340 264
18 2.38 T.1 0.9173 2.9 17.4 110.0 § 0.933 320 304
19* 2.24 7.3 0.9173 3.0 13.3 109.6 1.059 295 353
20*% 2.37 7.3 0.9172 3.1 12.2 108.6 1.05 310 322
21% 2.39 7.5 0.9166 3.2 9.6 108.6 1.30 280** 330
A* 2.40 8.2 0.9174 3.5 11.6 ———— 1.18 275 291
B* 1.97 7.9 0.9208 3.9 34.0 —— —-—— 320 225

* Not an example of films claimed in the present invention.

** Average of 2 trials (265% and 2909%, rounded to nearest 5%)

**= Average of 2 trials {22 3% and 23.1%)

SO0L61/£€6 OM

15£20/£6SN/10d
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The folicwing Examples 22 to 27 in Table X!l summarize the catalyst
formulation and product data which was observed using the process of the current invention at
varying reactor temperature and targeting a 1.0 me|t index, 0.920 g/cm3 density blown film

product using octene as comonomer.
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Table Xit
Catalyst Compasition po) 12
Ex. { Surface Area millimolesigram of 5i02 To ym. grams lo/12 Density 21/29
emp. . -
No- (m2/gm) oc per Ratio g/cm3 Ratio
Mg | Ti v Al 10 min.
22 374 20 18 1.8 65 180 096 72 0.9201 0834
23 374 2.0 1.8 18 6.5 210 1.04 71 09195 0.864
24 374 20 18 18 6.5 225 097 80 0.5206 0.821
25 420 20 06 06 65 180 097 70 0.9201 1.1
26 420 20 06 06 65 210 1.07 77 09189 1.190
27 428 20 12 12 4.7 195 1.07 74 0.9189 0.980

S0151/€6 OM

1§L20/€65N/1Dd
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EXAMPLES 28-32

These examples summarize the cataly., formulation and product data observed
using the process of the curreTt invention at 175°C reactor temperature and targetinga 0 8
5 meltindex, 0.905 g/cm3 densuty‘blown iwm pruduct using octene as comonomer. The catalyst
composition and results are given in 7able XIIl. The copalymers produced from the catalysts
described in Table X!11 clearly show ayincrease in 2-ratio as the Mg:Ti ratio of the catalysts

increases.
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Table X1l
Catalyst Comp..tion 2
Ex. millimoles/gram o1 5i0O2 Polym. grams l10/12 Density 21/20
Temp. . .3 .
No oC per Ratio g/cmid Ratio
Mg Ti v Al 10 min.
28 2.0 0.6 0.6 6.1 175 0.80 7.8 0.9041 1.123
29 20 6.2 2 52 175 0458 8.6 0.9049 1.257
30 20 6.2 0.2 45 175 0.78 8.9 0.93055 1.168
31 2.0 0.6 05 5.4 175 0.80 8.1 0.9058 1.109
32 20 04 04 4.7 175 0.80 82 09059 1121

S0161/€6 OM

1SLT0/€6SN/\LO4
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EXAMPLE 33

Compression molded plaques of the polymers of Examples 16 and 27 were
subjected to morphological analysis at a rnagnification of 200X as described previously The

5 optical micrograph of these thin plaques indicate the spherulite size shown in Table XIIL.

Comparative Example C*

For comparaiive purposes, a polymer was prepared using the catalyst disclosed in
10 Example 7 of U.S. Patent 4,547,475, the disclosure of which was incorporated herein by

reference.

A compression molded plaque of about 1-4 mils thickness of the polymers
prepared from this catalyst was subjected to morphological analysis at a magnification of 200X.
15 The optical micrograph of this plaque indicates the spherulite size shown in Table XIV.

Table XIV
Catalyst Sp:;:::l"ne
from (microns)
20
Ex. 16 10
Ex. 27 19
Comp. Ex. C* 48
**Determined by SALLS
25 (small angle laser light scattering)

The smaller spherulite size produced by the polymers prepared by the process of
the present invention was advantageous because small spherulites typically resultinimproved
clarity and toughness over polymers of identical structure, but having larger spherulite size

30

35
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53
The claims defining the invention are as follows:

1. A process for varying the short chain branching distribution (SCBD) of
ethylene/a-olefin copolymers characterized by (I) subjecting ethylene and one or more -
olefin comonomers to solution polymerization conditions in the presence of a catalyst

5 composition comprising (A) a supported transition metal containing catalyst component
comprising the product resulting trom 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 about 5 millimoles of
hydroxyl groups per gyam of support material and a particle size less than 10 microns and

10 a surface area of from about 50 to about 800m?2/g; (2) an organomagnesium compound
hydrocarbon soluble organomagnesium alkoxide or hydrocarbon soluble magnesium
dialkoxide; (3) a titanium compound; optionally (4) a vanadium compound; and (5) a
Group IITA metal alkyl halide; and wherein the components are employed in amounts
which provide the following atomic ratios:

15 Si + Al:Mg of from about 1:1 to about 40:1;

., 2 Mg:Ti of from about 0.2:1 to about 20:1;
. Mg:V of from about 0.2:1 to about 20:! when V is present;

Mg:IIIA metal of from about 0.05:1 10 about 10:1;

5 V:Ti of from about 0.8:1 to about 1.2:1 when V is present; and

20 (B) a cicatalyst or activator for component (A); and

K (II) controlling the SCBD by varying the ratio of Mg:Ti in component (A).
2, A process of claim 1 wherein

(a) said solid support material contains not greater than about 4 millimoles of

hydroxyl groups per gram of support material, a particle size of from about 1 to about 8

26 microns and a sutrface area of from about 150 to about 600m?2/g;
(b) said transition metal catalyst contains an atomic ratio of Si + Al (from the

inorganic oxide support): Mg of from about 2:{ to about 30:1;

s (c) said transition metal catalyst contains an atomic ratio of Mg:Ti of from about
’ 0.2:1 to about 10:1;
30 (d) said transition metal catalyst contains an atomic ratio of Mg:V, when present,

of from about 0.2:1 to about 10:1;
(e) said transition metal catalyst contains an atomic ratio of Mg:IIIA metal of

from about 0.05:1 to about 5:1; and
(H said transition metal catalyst contains an atomic ratio of V:Ti of about 1:1.

[NALIBZJ00687:SAK
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3. Aprocess of Claim 1 wherein

(a) <aid solid support material contains not greater than about 3 millimoles of
hydroxyl groups per gram of support material, a particle size of from about 2 to about §
microns and a surface area of from about 300 to about 500 m2/g;

(b) said transition metal catalyst contains an atomic ratio of Si + Al (from the
inorganic oxide support):Mg of from about 4:1 to about 20:1;

(¢) said transition metal catalyst contains an atcmic ratio of Mg:Ti of from about
0.5:1toabout 10:1;

(d) said transition metal catalyst contains an atomic ratio of Mg:V, when presen .
of from about 0.5:1 to about 10:1;

(e) said transition metal catalyst contains an atomic ratio of Mg:IlIA metal of
from about Q.1:1to about 5:1; and

(f) said transition metal catalyst contains an atomic ratio of V:Ti of about 1:1.

4, Aprocess of Claim 1, 2 or 3 wherein

(a) said solid support material is silica;

(b) said magnesium compound is a compound represented by the formulas
RxMg(OR),, wherein each R is independently a hydrocarbyl group having from 1 to about 20
carbon atoms, x+y=2,and 0.5sy<2;

(¢) said titanium compound is @ compound represented by the formula TiXa.
a(OR’); wherein each R’ isindependeritly an alkyl group having from 1 to about 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 VX4.5(OR), wherein each R’ is independently an alkyl group having from 1 to about 20
carbon atoms, X is a halogen atom, and a has a value from zero to 4;

(e) said Group lIIA metal alkyl halide is a compound represented by the formula
R'yMX; wherein M is a metal from Group IllA of the Periadic Table of the Elements, each R’ is.
independently an alky! group having from 1 to about 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 + 2 has a value equal to the valence of M; and

(f) said a-niefin contains from 2 to about 8 carbon atorns or any combination of

any two or more of such a-olefins.

-54.
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5. A process of Claim 1, 2 or 3 wherein

(a) component (2)said magnesium compound is ethylmagnesium ethoxide,
butylmagnesium ethoxide, octylmagnesium ethoxide, butylmagnesium butoxide,
ethylmagnesium butoxide, butylmagnesium octoxide, s-butylmagnesium octoxide or any
combination of such compounds;

(b) said titanium compound is titanium tetrachloride, titanium
tetraisopropoxide, or any combination of such compounds;

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

(d) said Group I1A metal alkyl halide is ethylaluminum dichloride, i-
butylaluminum dichloride, ethylaluminum sesquichloride o7 any combination of suck
compounds; and

(e) said a-olefin is ethylene, propylene, butene-1, hexene-1, octene-1, 4-

methylpentene-1 or any combination of any two or more of such compounds.
6. The polymer prepared by the process of Claim 1,2 or 3.
7. The polymer prepared by the process of Claim 4.
8. The polymer prepared by the process of Clarm 5.

9. The polymer resulting from polymerizing one or more a-olefins and optionally
one or more polymerizable ethylenically unsaturated compounds other than an a-olefinby a
process CHARACTERIZED BY contacting the materizis to be polymerized with (A) a supported
transition metal containing catalyst component comprising the product resulting from
contacting (1) a solid, porous inorgznic oxide support material selected from the group
consisting of silica, alumina, or a combination of silica and alumina, said support material
ccnitaining not greater than about 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 about 50 to
about 800 m2/g; (2) a hydrocarbon soluble organomagnesium alkoxide or hydrocarbon soluble
magnesium dialkoxide represented by the formula R,Mg(OR), wherein each R is ind2pendently
a hydrocarby! group having from 1 to about 20 carbon atoms; x+y=2; and 0.5sy<2;(3)a
titanium compound; optionally (4) a vanadium compound; and (5) a Group HIA 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 about 1:1toabot "0:1;

Mag:Ti of from about 0.1:1 to about 40-1,

Mag:V, when present, of froni about 0.1:1 to about 40:1;
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Mag:IllA metal of from about 0.01:1 to about 100:1:;
V:Ti of from about 0:1 to about 10:1; and
(B) a cocatalyst or activator for component (A),

5 10. The polymer of Claim 9 wherein
(a) said solid support material contains not greater than about 4 millimoles of
hydroxyl groups per gram of support material, a particle size of from about 1 to about 8
microns and a surface area of from about 150 to about 600 m2/g;
(b) said transition metal catalyst contains an atomic ratio of Si + Al (from the
10 inorganic oxide suppoit):Mg of from about 2:1to about 40:1;
{c} said transition metal catalyst contains an atomic ratio of Mg:Ti of from about
0.2:1to about 20:1;
{d) said transition metal catalyst contains an atomic ratio of Mq:V, when present,
of from about 0.2:1 to about 20:1;
15 (e) said transition metal catalyst contains an atomic ratio of Mg:(llA metal of
from about 0.05: 1 to about 10:1; and
(f) said transition metal catalyst contains an atomic ratio of V:Ti of from about
0:1toabout5:1.
1. The polymer of Claim 9 wherein
20 (a) said solid support material contains not greater than about 3 milhmoles of
hydroxyl groups per gram of support material, a particle size of from about 2 to about 5
microns and i surface area of from about 300 to about 500 m2/g;
(b) said transition metal catalyst contains an atomic ratio of Si + Al (from the
inorganic oxide support):Mg of from about 4:1 to about 20:1;
25 (¢} said transition metal catalyst contains an atomic ratio of Mg:Ti of from about
0.5:1to about 10:1;
{d) said transition metal catalyst contains an atomic ratio of Mg:/. when present,
of from about 0.5:1 to about 10:1;
(e) said transition metal catalyst contains an atomic ratio ofMg:lllA metal of from
30 about0.1:1toabout5:1; and
(f) said transition metal catalyst contains an atomic ratio of V. Ti of from about

0:1toabout 1:1.

12. The polymer of Claim 9, 10 or 11 whereain
35 (a) said solid support material is silica,
(b) said titantum compourid is a compound represented by the formula TiXa.
2(OR’), wherein each R' is iIndependenit: a1: i, kyl group having from 1 to about 20 carbon

atoms, X is a haloger atom, and a has a value from zero to 4;
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(c) said vanadium compound, when present, is a compound represented by the
formula VX‘;_a(OR')a wherein each R is independently an alkyl group having from 1 to
about 20 carbon atoms, X is a halogen atom, and has a value from zero to 4;
(d) said Group IITA metal alkyl halide is a compound represented by the formula
5 R'yMXz 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 about 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; and
(e) said o-olefin contains from 2 to about 8 carbon atoms or any combination of
10 any two or more of such a-olefins.
13, The polymer of claim 9, 10 or 11 wherein
(a) component (2) is ethylmagnesium ethoxide, butylmagnesium ethoxide,
octylmagnesium ethoxide, butylmagnesium butoxide, ethylmagnesium butoxide,
butylmagnesium octoxide, s-butylmagnesium octoxide or any combination of such

16 compounds;
(b) said titanium compound is titanium tetrachloride, titanium tetraisopropoxide,

or any combination of such compounds;

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

20 (d) said Group IIJA metal alkyl halide is ethylaluminum dichloride, 1-
T butylaluminum dichloride, ethylaluminum sesquichloride or any combination or such

compounds; and
S (¢) said o-olefin is ethylene, propylene, butene-1, hexene-1, octene-1,

. 4-methylpentene-1 or any combination of any two or more of such compounds,

*ed 25 14. The polymer of claim 9, 10 or 11, wherein the polymer is characterized as
) having greater than about 17 percent high density fraction and a M,,/M;, ratio of less than
. about 3.6.

" 15. The polymer of claim 9, 10 or 11, wherein the polymer is characterized as
: having greater than 20 percent high density fraction and a M /M, ratio of less than about
30 3.3,

16. A polymer resulting from polymerizing one or more o-olefins and optionally
one or more polymerizable ethylenically unsaturated compounds other than an wx-olefin,
substantially as hereinbefore described with reference to any one of the Examples.

17. A film comprising the polymer of any one of claims 9-16.

18. The film of claim 17, wherein the film is a cast film having a gauge of from
about 0.4 to about 1.2 mils (about 10 to about 30um), a percent ultimate stretchability of
at least about 295 percent and a puncture of at least 2bout 250ft-Ibs/cm3 (ahout 339J/cm3).

19. The film of claim 18, wherein the polymer has a density of from about
== 0,905g/cm? to about 0,935g/cm3 and a melt index of from about 0.6g/10 minutes to about

GRaL,
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20. The film of claim 19, wherein the polymer is an ethylene/1-octene copolymer,
21. The film of claim 20, wherein the film gauge is about 0.8mils (about 20pm)
and the percent ultimate stretchability is at least about 320 percent.
22, A film comprising the polymer of claim 14 or 15, wherein the film is
6 characterized as having a gauge of from about 0.4 to about 1.2mils (about 10 to about
30um) a percent ultimate stretchability of at least about 380 percent, and a puncture
resistance of at least about 250ft-lbs/cm3 (about 339J/cm3),
23. The film of claim 18, wherein the polymer is further characterized as having a
density of from about 0.905g/cm3 to about 0.935g/cm3 and a melt index of from about
10 0.6g/10 minutes to about 6g/10 minutes.
24. A process for varying the short chain branching distribution (SCBD) of
ethylene/a-olefin copolymers, substantially as hereinbefore described with reference to
any one of the examples but excluding the comparative examples. -

Dated 11 February, 1997
The Dow Chemical Company

Patent Attorneys for the Applicant/Nominated Person

SPRUSON & FERGUSON
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