
WO 99/03899                                       PCTIUS98/13691 CATALYST
FOR THE MANUFACTURE OF POLYETHYLENE WITH A BROAD OR BIMODAL MOLECULAR
WEIGHT DISTRIBUTION This invention relates to a catalyst for producing
broad molecular weight distribution polyolefin product.   The catalyst is a
supported catalyst which comprises two transition metal components; the two
transition metal components each 5 exhibit a different hydrogen reactivity,
and therefore, under the same olefin polymerization conditions produce at
least two different molecular weight fractions, one of which exhibits a
lower molecular weight than the other. Broad molecular weight distribution
(MWD) polyolefins may 10  be characterized as containing at least two
different molecular weight (MW) polymer fractions. One polymer fraction has
a relatively high molecular weight (HMW) relative to the second polymer
fraction which has a relatively low molecular weight (LMW). Figure 2
illustrates a sample of polyethylene product 15  in which the difference in
MW of each of the two polymer fractions is relatively large so that each of
the two polymer components are clearly identified in the Gel Permeation
Chromatogram recorded on such a polymer sample. This type of MWD is
required for polyethylene products exhibiting a 20  relatively high density
(0.93-0.96 g/cc) and used in manufacturing polyethylene film. However, a
different MWD (illustrated in Figure 1) is required for polyethylene
products exhibiting a lower density range (0.90-0.93 g/cc) in order to
reduce the amount of polymer 25  which is extracted with hexane (designated
as hexane extractables) which must .be less than 6 wt.% so that this type 



of polyethylene may be used in food packaging applications. For such
applications, the relatively LMW polymer component must be somewhat higher
in MW so that the hexane;extractables 30  test required for food packaging
applications may be passed, i.e., less than 6 wt.% of the polymer. In
addition, a similar MWD is required for polyethylene products exhibiting a
density range of 0.93-0.96 g/cc which may be used in blow molding
applications.    WO 99/03899
PCT/US98/13691 -2- The invention relates to a catalyst which contains two
transition metal components on a carrier or support. Each of the two
transition metal components differ from each other in hydrogen response so
that, under the same olefin polymerization 5 conditions, at least two
different molecular weight fractions are produced.  One of the transition
metal components provides the lower molecular weight fraction and the other
transition metal component provides the higher molecular weight fraction.
The invention also relates to polyolefin products produced 10 with these
catalysts. The polyolefins can be polypropylene, homopolymers of ethylene
and copolymers of ethylene. When used to form LLDPE (linear low density
polyethylene) the lower molecular weight component of the broad molecular
weight distribution will exhibit reduced extractables, and the film 15 will
have improved toughness and processability. High density polyolefin
products with densities of greater than 0.94 and above, e.g. 0.95 g/cc and
above, can be used to form blow 



molding products, and are readily processed in blow molding equipment. 20
Figures 1 and 2 are gel permeation chromatograms of polyethylene produced
with catalysts No. 1 and 4, respectively. The invention relates to a
catalyst and its use in the preparation of bimodal MWD polymers and
copolymers of ethylene, preferably broad MWD resins prepared in one
polymerization 25 reactor. The catalyst comprises at least two transition
metal components on a support; one of the two transition metal components
is provided in the form of a metallocene. The aluminum alkyl compound used
in the polymerization reactor is a non-oxygen containing aluminum compound.
In accordance with 30  the invention, no alumoxane (e.g. methylalumoxane)
feed to the reactor (slurry or gas phase fluidized bed) is required for the
activation of the transition metal provided as a metallocene. Catalyst
CoiDosition Catalysts which contain at least two transition metals, 35  one
in the form of a metallocer and one transition metal in the form of a
non-metallocene, have an activity of at least    -3- 1000 g polymer/g
catalyst or 100 kg polymer/g of each transition metal. The catalysts of the
invention comprise a cocatalyst comprising an aluminum alkyl compound, such
as a trialkyl 5 aluminum, free of alumoxane and free of water, or oxygen-
containing oligomers and polymers of the aluminum alkyl compound, and a
catalyst precursor comprising a carrier, an 



alumoxane and at least one metallocene compound; in one embodiment, the
catalyst further includes a non-metallocene lo  transition metal compound.
The carrier material is a solid, particular, porous, preferably inorganic
material, such' as an oxide of silicon and/or of aluminum. The carrier
material is used in the form of a dry powder having an average particle
size of from 1 15  micron to 500 microns, preferably from 10 microns to 250
microns. The surface area of the carrier is at least 3 square meters per
gram (m2/g), and preferably at least 50 m2/g up to 350 m2/g.. The carrier
material should be dry, that is, free of absorbed water. Drying of the
carrier material can be effected 20  by heating at 100[err]C to 1000[err]C,
preferably at 600[err]C.  When the carrier is silica, it is heated to at
least 200[err]C, preferably 200[err]C to 850[err]C, and most preferably at
600[err]C. The carrier material must have at least some active hydroxyl
(OH) groups to produce the catalyst composition of this invention. 25
In the most preferred embodiment, the carrier is silica which, prior to the
use thereof in the first catalyst synthesis step, has been dehydrated by
fluidizing it with nitrogen and heating at 600[err]C for 4-16 hours to
achieve a surface hydroxyl group concentration of 0.7 millimoles per gram
(mmol/g).  The 30  silica of the most preferred embodiment is a high
surface area, amorphous silica (surface area = 300 m2/g); pore volume of
1.65 cm3/g), and it is a material marketed under the tradenames of Davison
952 by the Davison Chemical DivI sion of W. R. Grace and Company or
Crosfield ES70 by Crosfield Limited. The silica is 35  in the form of
spherical particles, e.g., as obtained by a spray-drying process. As
procured, these silicas are not calcined and must ba dehydrated as
indicated above. 



-4- The catalyst synthesis is undertaken under inert conditions in the
absence of water and oxygen. The carrier is dispersed in solvent to form a
slurry. The carrier material is slurried in a non-polar solvent 5 and the
resulting slurry is contacted with at least one organo- metallic compound.
Preferably, the organometallic compound is an organomagnesium compound
having the empirical formula below. The slurry of the carrier material in
the solvent is prepared by introducing the carrier into the solvent,
preferably while 10 stirring, and heating the mixture to 250C to 700C,
preferably to 40[err]C to 60[err]C. Temperatures here are critical with
respect to the non-metallocene transition metal which is subsequently
added.  That is, temperatures in this slurry of 90[err]C result in
deactivation of the transition metal added subsequently. 15 Accordingly,
all catalyst precursor synthesis steps are conducted below 90[err]C. The
slurry is then contacted with the aforementioned organometallic compound,
while the heating is continued as indicated. - The preferred
organometallic, an organomagnesium compound, 20  has the empirical formula
[err] where R and R' are the same or different C2-C12 alkyl groups,
preferably [err] alkyl groups, more preferably [err] alkyl groups, and most
preferably both R and R' are mostly butyl 25 groups, providing that m + n
is equal to the valence of Mg. Other organometallic compounds which may be
used include di-n- 



hexylmagnesium, and organomagnesium compounds that contain an aluminum
compound which is used to improve the solubility of organomagnesium
compounds in hydrocarbon solvents. 30       Suitable non-polar solvents are
materials which are liquid at reaction temperatures and in which all of the
reactants used herein, i.e., the organomagnesium compound, and the non-
metallocene transition metal compound, are at least partially soluble.
Preferred non-polar solvents are alkanes, such as 35  isopentane,
isohexane, hexane, n-heptanes, octane, nonane, and decane, although a
variety of other materials including cycloalkanes, such as cyclohexane,
aromatics, such as benzene,    -5- toluene and ethylbenzene, may also be
employed. The most preferred non-polar solvent is isopentane. Prior to use,
the non-polar solvent should be purified, such as by percolation through
silica gel and/or molecular sieves, to remove traces of 5 water, oxygen,
polar compounds, and other materials capable of .adversely affecting
catalyst activity. In the most preferred embodiment of the synthesis of
this catalyst, it is important to add only such an amount of the
organometallic, e.g. an organomagnesium compound that will be 10  deposited
- physically or chemically - into the support since any excess of the
organomagnesium compound in the liquid phase may react with other synthesis
chemicals and precipitate outside of the support. The carrier drying
temperature affects the number of sites on the carrier available for the 15
organomagnesium compound - the higher the drying temperature 



the lower the number of sites. Thus, the exact molar ratio of the
organomagnesium compound to the hydroxyl groups will vary and must be
determined on a case-by-case basis to assure that only so much of the
organomagnesium compound is added as will 20  be deposited onto the support
without leaving any excess of the organomagnesium compound in the liquid
phase. Furthermore, it is believed that the molar amount of the
organomagnesium compound deposited into the support is greater than the
molar content of the hydroxyl groups on the support. Thus, the molar 25
ratios given below are intended only as an approximate guideline and the
exact amount of the organomagnesium compound in this embodiment must be
controlled by the functional limitation discussed above, i.e. it must-not
be greater than that which can be depo[err]ted into the support. If greater
than 30 that amount is added to the solvent, the excess may react with
the-non-metallocene transition metal compound, thereby forming a
precipitate outside of the support which is detrimental in the synthesis of
our catalyst and must be avoided. The amount of the organomagnesium
compound which is not greater than that 35 deposited into the support can
be determined in any conventional manner, e.g. by adding the
organomagnesium compound to the slurry of the carrier in the solvent, while
-6- stirring the slurry, until the organomagnesium compound is detected in
the liquid phase. For example, for the silica carrier heated at 6000C, the
amount of the organomagnesium compound added to the slurry is 



5  such that the molar ratio of Mg to the hydroxyl groups (OH) on the solid
carrier is 0.5:1 to 4:1, preferably 0.8:1 to 3:1, more preferably 0.9:1 to
2:1 and most preferably 1:1. The organomagnesium compound dissolves in
the-non-polar solvent to form a solution from which the organomagnesium
compound is 10  deposited onto the carrier. It is also possible to add such
an amount of the organomagnesium compound which is in excess of that which
will be deposited into the support, and then remove, e.g. by filtration and
washing, any excess of the organomagnesium 15  compound.  However, this
alternative is less desirable than the most preferred embodiment described
above. The organometallic treated support is contacted with an organic
alcohol reagent (R"OH) containing R"O-groups which are reactive or capable
of displacing alkyl groups on the magnesium 20  atom.  The amount of this
organic alcohol reagent is effective to provide a R"OH:Mg ratio of 0.5 to
2.0, preferably 0.8 to 1.5. Contact of the organometallic-silica
intermediate, with the organic alcohol reagent, is undertaken in the
slurry. 25  Contact is undertaken at a temperature ranging from 25C to
80[err]C, preferably 40 C to 70[err]C. The alkyl group in the organic
alcohol reagent can contain 1 to 12 carbon atoms, preferably 1 to 8; in the
embodiments below, it is an alkyl group containing 2 to 4 carbon atoms, 30
particularly of 4 carbon atoms (butyl).  The inclusion of the alcohol
reagent step in the catalyst synthesis of the invention produces a catalyst
which, relative to the absence of this step, is much more active, requires
much less non-metallocene transition metal (e.g. titanium). 



35       After the addition of the organic alcohol reagent to the slurry is
completed, the slurry is contacted with a transition metal compound to
provide the first of at least two transition    -7- metal components. In
preferred embodiments, this transition metal component is a non-metallocene
transition metal compound, free of substituted or unsubstituted
cyclopentadienyl groups. The slurry temperature must be maintained at
25[err]C to 70[err]C, 5 preferably to 40[err]C to 60 C. As noted above,
temperatures in this slurry of 80[err]C or greater result in deactivation
of the non-metallocene transition metal. Suitable non-metallocene
transition metal compounds used herein are compounds of metals of Groups 4A
and 5A of the Periodic Chart of the Elements, as 10  published by Chemical
and Engineering News, 63(5), 27, 1985, providing that such compounds are
soluble in the non-polar solvents. Non-limiting examples of such compounds
are titanium and vanadium halides, e.g. titanium tetrachloride, vanadium
tetrachloride, vanadium oxytrichloride, titanium and vanadium 15 alkoxides,
wherein the alkoxide moiety has a branched or unbranched alkyl group of 1
to 20 carbon atoms, preferably 1 to 6 carbon atoms. The preferred
transition metal compounds are titanium compounds, preferably tetravalent
titanium compounds. The most preferred titanium compound is titanium
tetrachloride. 20 The amount of titanium or vanadium, in non-metallocene
form, ranges from a Ti/Mg ratio of 0.10 to 2.0, preferably from 0.3 to 1.0.
Mixtures of such transition metal compounds may also be 



used and generally no restrictions are imposed on the 25 transition metal
compounds which may be included. Any transition metal compound that may be
used alone may also be used in conjunction with other transition metal
compounds. After the addition of the non-metallocene transition metal
compound is complete, the liquid phase is removed by 30 evaporation or
filtering to obtain a free-flowing powder. Next, incorporation of the
metallocene can be undertaken. The metallocene is activated with an
alumoxane solution. The metallocene compound is ethylene bisfl-indenylJ
zirconium dichloride. 35       The alumoxane can be impregnated into the
carrier at any stage of the process of catalyst preparation. In this
embodiment, the amount of Al, provided by alumoxane, is    -8- sufficient
to provide an Al:transition metal (provided by metallocene) molar ratio
ranging from 50 to 500, preferably 75 to 300. The class of alumoxanes
comprises oligoneric linear and/or 5 cyclic alkylalumoxanes represented by
the formula: R-(Al(R)-O)n-AlR2 for oligomeric, linear alumoxanes and
(-Al(R)-0-)m for oligomeric cyclic alumoxanes wherein n is 1-40, preferably
10-20, m is 3-40, preferably 3- 20, and R is a [err] alkyl group and
preferably methyl (MAO). 10  MAO is a mixture of oligomers with a very wide
distribution of molecular weights and usually with an average molecular
weight of 1200.  MAO is typically kept in solution in toluene. 



Incorporation of the activated metallocene into the carrier can be
accomplished in various ways. Incorporation of 15  the alumoxane can be
into the slurry resulting from the addition, i.e. after the addition, of
the non-metallocene transition metal compound. Alternatively and in
accordance with the method of the examples, infusion of alumoxane into the
pores of the carrier, 20  the carrier slurry can be stripped of solvent,
after the addition of the non-metallocene transition metal compound, to
form a free-flowing powder. The free-flowing powder can then be impregnated
by determining the pore volume of the carrier and providing an alumoxane
(or metallocene-alumoxane) solution 25  in a volume equal to or less than
the total pore volume of the carrier, and recovering a dry catalyst
precursor. The resulting free-flowing powder, referred to herein as a
catalyst precursor, is combined with an activator (sometimes referred to as
a cocatalyst). 30       The volume of the solution comprising a solid
alumoxane and a solvent therefor can vary. In the examples of alumoxane
incorporation into the carrier, one of the controlling factors in the
alumoxane incorporation into the carrier material catalyst synthesis is the
pore volume of the silica. In this 35  embodiment, the process of
impregnating the carrier materials is by infusion of the alumoxane
solution, without forming a slurry of.the carrier material, such as silica,
in the    -9 alumoxane solution. The volume of the solution of the 



alumoxane is sufficient to fill the pores of the carrier material without
forming a slurry in which the volume of the solution exceeds the pore
volume of the silica; accordingly and 5 preferably, the maximum volume of
the alumoxane solution is, does not exceed, the total pore volume of the
carrier material sample.  That maximum volume of the alumoxane solution
insures that no slurry of silica is formed. Accordingly, if the pore volume
of the carrier material is 1.65 cm3/gram of carrier 10  material, then the
volume of alumoxane solution will be equal to or less than 1.65 cm3/gram of
carrier material. As a result of this proviso, the impregnated carrier
material will appear dry immediately following impregnation although the
pores of the carrier will be filled with inter alia solvent. 15
Solvent may be removed from the alumoxane impregnated pores of the carrier
material by heating and/or under a positive pressure induced by an inert
gas, such as nitrogen. If employed, the conditions in this step are
controlled to reduce, if not to eliminate, agglomeration of impregnated 20
carrier particles and/or crosslinking of the alumoxane. In this step,
solvent can be removed by evaporation effected at relatively low elevated
temperatures of 40[err]C, and below 50[err]C to obviate agglomeration of
catalyst particles and crosslinking of the alumoXane. Although solvent can
be removed by evaporation 25  at relatively higher temperatures than that
defined by the range above 40[err]C and below 50[err]C, very short heating
time schedules must be employed to obviate agglomeration of catalyst
particles and crosslinking of the alumoxane. In specific embodiments below,
the metallocene is added to 30  the solution of the alumoxane prior to
impregnating the carrier with the solution. Again, as noted above, the
maximum volume 



of the alumoxane solution also including the metallocene is the total pore
volume of the carrier material sample. The molar ratio of alumoxane
provided by aluminum, expressed as Al, to 35  metallocene metal expressed
as M (i.e. Zr), ranges from 50 to 500, preferably 75 to 300, and most
preferably 100 to 200. An added advantage of the present invention is that
this Al:Zr    - 10 - ratio can be directly controlled. In embodiments below
the alumoxane and metallocene compound are mixed together at a temperature
of 20[err]C to 80[err]C, for 0.1 to 6.0 hours, prior to use in the infusion
step. The solvent for the metallocene and 5 alumoxane can be appropriate
solvents, such as aromatic hydrocarbons, halogenated aromatic hydrocarbons,
ethers, cyclic ethers or esters, preferably it is toluene. A variation on
the method of incorporation of either alumoxane alone or alumoxane
activated metallocene is to employ 10 a volume of solution of alumoxane
alone (or alumoxane activated metallocene) small enough to avoid slurry
formation together with a liquid medium which is immiscible in that
solution; in this variation, the total of the two volumes is sufficient to
form a slurry. -15      The catalyst precursor component formed from the
organomagnesium compound, the non-metallocene transition metal and the
activated metallocene, must now be activated with a cocatalyst, which is an
alkyl aluminum compound, free of water and free of oxygen-containing
oligomers. 20       The cocatalyst can be a trialkylaluminum compound, free
of 



an alumoxane. Preferably, trimethylaluminum (TMA) is the cocatalyst or
activator. The amount of the TMA activator is sufficient-to give an Al:Ti
molar ratio of 10:1 to 1000:1, preferably 15:1 to 300:1, and most
preferably 20:1 to 100:1. 25       The catalyst precursor of this invention
comprises a '"metallocene compound and an alumoxane which is fed to the
fluidized-bed reactor for gas phase polymerizations and copolymerizations
of ethylene in particulate form. Moreover, in accordance with the
invention, the cocatalyst or activator 30 is fed to the fluidized-bed
reactor for polymerizations and copolymerizations of ethylene in the
absence of alumoxane solution. Products Polymerization products comprise at
least two components 35 of different molecular weight, with one MW
component being of relatively higher molecular weight than the other. The
relatively higher molecular weight component, of the bimodal or    - 11 -
broad MWD product has a relatively narrow MWD. The metallocene component
produces the LMW component of the polyethylene product; however, catalysts
prepared with the ethylenebistl- indenyl]zirconium dichloride compound
produce much higher 5 molecular weight polymer components compared to those
produced with similar catalysts prepared with the
bis(alkylcyclopentadienyl]zirconium dichloride compound.  The increase in
molecular weight of the LMW polymer component reduces extractables, as
extractables are the lowest molecular 



10 weight molecules produced in the polymerization reaction. The resin MFR
value is defined by the ratio of HLMI/MI measured according to ASTM D-1238,
conditions E and F. When the product is polyethylene or copolymers of
ethylene containing at least 90% by weight ethylene units, the product 15
can be high density of greater than 0.93 g/cc to 0.96 g/cc with MFR values
of 30 to 80. Alternatively, the product of polymerization can be LLDPE with
a density of less than 0.94 g/cc, and MI of 0.1 to 5.0 and MFR values
defined as HLMI/MI, measured by ASTM D-1238 Conditions E and F of 30 to 80.
Each 20 of the products will contain at least two different molecular
weight fractions. Moreover, the products exhibit excellent toughness, e.g.
Dart Drop Impact (DDI) as measured by ASTM D-1709. Polypropylene, ethylene
polymers (homopolymers), as well 25 as copolymers of ethylene with one or
more [err] alpha- olefins, can be produced in accordance with the
invention. Thus, copolymers having two monomeric units are possible, as
well as terpolymers having three monomeric units. When LLDPE is produced,
the alpha olefin contains 4 to 10 carbon atoms. 30 LLDPE exhibits a density
of less than 0.94 g/cc. Particular examples of such polymers include
ethylene/l-butene copolymers, ethylene/1-hexene copolymers and
ethylene/4-methyl-l-pentene copolymers.  One object of the invention is to
produce LLD[err] films. 35       Ethylene/1-butene, ethylene/1-hexene, and
ethylene/1- octene copolymers are the most preferred copolymers polymerized
in the process of and with the catalyst of this invention. The   



- 12 - ethylene copolymers produced in accordance with the present
invention preferably contain at least 70% by weight of ethylene units. The
cocatalyst of this invention can also be used with the catalyst precursor
of this invention to polymerize $  propylene and other alpha-olefins and to
copolymerize them. Hydrogen may be used as a chain transfer agent in the
polymerization reaction of the present invention. The ratio of
hydrogen/ethylene employed will vary between 0.001 to 0.5 moles of hydrogen
per mole of ethylene in the gas phase. Any gas 10  inert to the catalyst
and reactants can also be present in the gas stream. For the production of
ethylene copolymers in the process of the present invention, an operating
temperature of 30 C to 115C is preferred, and a temperature of 75 C to
95[err]C is most 15  preferred.  Temperatures of 75[err]C to 9[err]C are
used to prepare products having a density of 0.91 to 0.92 g/cc and
temperatures of 80[err]C to 100[err]C are used to prepare products having a
density of 0.92 to 0.94 g/cc, and temperatures of 90[err]C to 115[err]C are
used to prepare products having a density of 0.94 to 0.96 g/cc. 20       A
fluidized-bed reactor for gas phase polymerization is operated at pressures
of up to 1000 psi, and is preferably operated at a pressure of from 150 to
350 psi, with operation at the higher pressures in such ranges favoring
heat transfer since an increase in pressure increases the unit volume heat
25  capacity of the gas.  The partially or completely activated catalyst is
injected into the bed at a point above the distribution plate at a rate
equal to its consumption. The production rate of polymer in the bed is
controlled by the rate 



of catalyst injection. Since any change in the rate of 30  catalyst
injection changes the rate of generation of the heat of reaction, the
temperature of the recycle gas is adjusted to accommodate the change in-
rate of heat generation. Complete instrumentation of both the fluidized-bed
and the recycle gas cooling system is, of course, necessary to detect any
35  temperature change in the bed so as to enable the operator to make a
suitable adjustment in the temperature of the recycle gas. Since the rate
of heat generation is directly related to    - 13 - product formation, a
measurement of the temperature rise of the gas across the reactor (the
difference between inlet gas temperature and exit gas temperature) is
determinative of the rate of particulate polymer formation at a constant
gas 5 velocity. EXAMPLES: (I) CATALYST PREPARATION TITANIUM CATALYST
PREPARATION: 541 gram of silica (Davison Grade calcined at 600*C) was
weighed into a two-gallon stainless steel autoclave containing a stirring
paddle. Next, ca. 4.8 liter of dry isopentane was added to the autoclave
and the stirring rate was set at 100 rpm. The temperature of the
silica/isopentane slurry was 54[err]C to 58[err]C. Next, 546 ml of
dibutylmagnesium (0.713 mmol/ml) was 15 added to the slurry. The contents
of the autoclave were stirred for 60 minutes. Then, 42.7 ml of neat
1-butanol (466.6 mmol) was added to the autoclave and stirring was
continued for 



one hour. Finally, 25.7 ml of titanium tetrachloride (234.4 mmol) was added
to the autoclave and stirring continued for 60 20  minutes.  After this
time, the liquid phase was removed by evaporation under a nitrogen purge.
Ti found 1.59 wt.%; Mg found 1.39 wt.%. Catalyst 1 SOLUTION (A): 0.059 gram
of ethylenebis[l- 25 indenyl]zirconium dichloride (0.141 mmol) was
transferred to a 30 ml serum-bottle and 3.0 ml of a 4.75 Molar (14.1 wt.%
Al) solution of methylalumoxane was added. The bottle was shaken for one
minute to form a dark red solution which was used immediately as described
below. 30       Under an inert atmosphere,-1.73 gram of the titanium-
containing catalyst described above was added to a 100 ml pear- flask
containing a magnetic stirring bar which was used to agitate the catalyst
powder vigorously. Then at room temperature, 2.5 ml of Solution (A)
described above, was added 35  dropwise to the flask over a 4 minute
period.  The total volume of Solution A used was such that the titanium
containing catalyst always appeared dry during the entire addition time.
- 14 - However, during this addition time, the white titanium- containing
catalyst turned a light brown color. Finally, the pear flask was placed
into an oil bath set at 500C, and the residual toluene from Solution A was
removed under a nitrogen 5  purge to give a dry, tan, free-flowing powder.
Al = 12.7 wt.%; Mg = 0.95 wt.%; Ti = 1.16 wt.% and Zr = 0.40 wt.%. 



Catalyst 2 SOLUTION (B): 2.616 gram of ethylenebistl- indenylizirconium
dichloride (6.251 mmol) was transferred to a 10 one-liter bottle and 263 ml
of a 4.75 Molar (14.1 wt.% Al) solution of methylalumoxane was added.  The
bottle was shaken for one minute to form a dark red solution which was
transferred into a 1.5 liter stainless steel hoke bomb and used immediately
as described below. 15       Under an inert atmosphere, 311 gram of the
titanium- containing catalyst described above was added to a 2 gallon,
glass-reactor vessel containing a helical stirrer to agitate the catalyst
powder and a temperature. jacket which was set at 260C. The stirrer was set
at 107 rpm. Then, the contents of 20 the hoke bomb (Solution B) was added
to the titanium-containing catalyst in approximately 5-10 ml aliquots every
30 seconds over a 15 minute period. The total volume of Solution B used was
such that the titanium-containing catalyst always appeared dry during the
entire addition time. However, during this 25 addition time, the white
titanium-containing catalyst turned a light tan color. After the addition
of Solution B was complete, the jacket temperature was set at 450 C and the
residual toluene was removed under a nitrogen purge for 5 hours. 30
Catalyst 3 SOLUTION (C): 0.079 gram of ethylenebisl- indenyl]zirconium
dichloride (0.189 mmol) was transferred to a 30 ml serum-bottle and 8.0 ml
of a 4.75 Molar (14.1 wt.% Al) solution of methylalumoxane was added. The
bottle was shaken 35 for one minute to form a dark red solution which was
used immediately as described below. 



- 15 - Under an inert atmosphere, 2.03 gram of the titanium- containing
catalyst described above was added to a 200 ml pear- flask containing a
magnetic stirring bar which was used to agitate the catalyst powder
vigorously. Then at room 5 temperature, 3.0 ml of Solution C described
above, was added DROPWISE to the flask over a 7 minute period. The total
volume of Solution C used was such that the titanium-containing catalyst
always appeared dry during the entire addition time. However, during this
addition time, the white titanium- 10  containing catalyst turned a light
brown color.  Finally, the pear-flask was placed into an oil bath set at
506C, and the residual toluene from Solution C was removed under a nitrogen
purge to give a dry, tan, free-flowing powder. Al = 13.0 wt.%; Mg = 0.94
wt.%; Ti = 1.11 wt.% and Zr = 0.23 wt.%. 15 Catalyst 4 SOLUTION (D): 6.56
gram of bis[n- butylcyclopentadienylzzirconium dichloride (16.22 mmol) was
transferred to a one-liter bottle and 342 ml of a 4.75 Molar (14.1 wt.% Al)
solution of methylaluruoxane was added. The 20 bottle was shaken for one
minute to form a brown solution which was transferred into a 1.5 liter
stainless steel hoke bomb and used immediately as described below. Under an
inert atmosphere, 232 gram of the titanium- containing catalyst described
above was added to a 2 gallon, 25  glass-reactor vessel containing a
helical stirrer to agitate the catalyst powder and a temperature jacket
which was set at 



26-C. The stirrer was set at 200 rpm. Then, the contents of the hoke bomb
(Solution D) was added to the titanium-containing catalyst in approximately
5-10 ml aliquots in approximately one 30 minute intervals. The total volume
of Solution D used was such that the titanium-containing catalyst always
appeared dry during the entire addition time. However, during this addition
time, the white titanium-containing catalyst turned a dark brown color.
After the addition of Solution (D) was complete, 35 the jacket temperature
was set at 45[err]C and the residual toluene was removed under a nitrogen
purge for 5 hrs to provide a free-    - 16 - flowing powder. Al = 11.3
wt.%; Mg = 0.96 wt.%; Ti = 1.16 wt.% and Zr = 0.37 wt.%. TABLE (I) -
SUMMARY OF CATALYSTS Al/Zr molar               Al Loading CATALYST
ratio            (mmol Al/g Ti component) 1            100
7.0 2            200                       4.0 3            200
7.0 4            100                       7.0 5  (II) POLYMERIZATION
Ethylene/1-hexene copolymer was prepared with each of the catalysts
numbered 1-4 to produce polyethylene.  The same polymerization conditions
were used for each catalyst as described below.: 10       A 1.6 liter
stainless steel autoclave, at 499C, was filled with 0.750 liter of dry
heptane, 0.030 liter of dry i-hexene 



and 4.0 mmol of TMA while the autoclave was under a slow nitrogen purge.
The reactor was closed, the stirring rate was set at 900 rpm, the internal
temperature was increased to 85C, 15  and the internal pressure was raised
from 10 psi to-16 psi with hydrogen. Ethylene was introduced to maintain
the reactor pressure at 202 psig. Next, 0.0291 gram of catalyst 1 was
introduced into the reactor with ethylene over-pressure and the temperature
was increased and held at 95C. The polymerization 20  was continued for 60
minutes, and then the ethylene supply was stopped and the reactor allowed
to cool to room temperature. 129.6 gram of polyethylene was collected. The
HIMI of the polymer was 42.7 and the GPC chromatogram of the polymer is
shown in Figure 1. 25       Each of the four catalysts was evaluated as
described above and the results are summarized below:    - 17 - TABLE (II)
Catalyst Activity  .                  Zr Activity g PE/g cat HLMI   MFR
kg PE/g  Zr 1         4450     42.7    73.6  0.18.        910 2
3550     17.1    56.6  0.19         1940 3      4650     123.0   33.8  0.12
1780 4         2650     3.8      49.0  0.71        360 * X[err] is weight
fraction of the HMW polymer component (III) DISCUSSION 5       Catalyst 1,
which was prepared using ethylenebis[l- indenylzzirconium dichloride,
exhibits significantly higher 



zirconium-based activity and provides a LMW polymer fraction with a
significantly higher molecular weight than catalyst 4 which was prepared
with bis (r-butylcyclopentadienyl) zirconium 10 dichloride (see TABLE II).
Catalysts 1 and 4 have the same formulation with an Al/Zr molar ratio of
100 and an Al loading of 7.0 mmol Au/g of titanuium catalyst component.
What is claimed is: 1. A catalyst which produces bimodal molecular weight
distribution ethylene (co)polymer under ethylene polymerization conditions,
the catalyst comprising: a supported catalyst comprising at least two
different transition metal compounds, wherein a first of said two different
transition metal compounds contains an ethylene-bridged bis[1-indenyl]
group bonded to a transition metal compound; wherein a second transition
metal compound of said two different transition metal compounds is a
non-metallocene transition metal compound of Group 4A or 5A metals and
exhibits a hydrogen response which is different from the hydrogen response
exhibited by the first transition metal compound; and wherein the
ethylenebis[1 -indenyll transition metal compound produces the lowest
molecular weight polymer component of the ethylene (co)polymer. 2. The
catalyst of claim 1 wherein the ethylene-bridged bisil -indenyll based
compound is a zirconium compound. 3. The catalyst of claim 1 wherein the
atomic ratio of transition metal provided by the ethylene-bridged
bis[1-indenyll transition metal to the second transition metal compound
ranges from 0.01 to 0.50. 4. The catalyst of claim 1 wherein the second
transition metal compound is titanium tetrachloride. 



5. The catalyst of claim 1 which comprises silica with a 11ydroxyl group
content of 0.3 to 2.5 mmole per gram silica. 6. The catalyst of claim 5
wherein the combined content of each of the transition metals from said two
compounds range from 0.5 wt. % to 5.0 wt. % of the catalyst composition
including said silica. 7. The catalyst of claim 1, in combination with
trialkylaluminum. 8. The catalyst of claim 7, wherein the first of said two
transition metal compounds is activated with an alumoxane. 9. The catalyst
of claim 8, wherein the first of said two transition metal compounds is a
zirconium compound.    


