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(54) Title: CATALYST FOR THE MANUFACTURE OF POLYETHYLENE WITH A BROAD OR BIMODAL MOLECULAR WEIGHT
DISTRIBUTION

(57) Abstract

A catalyst composition is described for preparing a high activity catalyst in silica which produces, in a single reactor, polyethylene
with a broad or bimodal molecular weight distribution. The catalyst is prepared from the interaction of silica, previously calcined at 600
°C, with dibutylmagnesium, 1-butanol and titanium tetrachloride and a solution of methylalumoxane and ethylenebis[1-indenyl)zirconium
dichloride.
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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
(IMW) . 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 poiymer
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'éxhibiting a lower density
range (0.90-0.93 g/cc) in order to reduce the amount of polymer

25 which is extracted with hexane (de51gnated 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 appliéations,'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. 1In 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.
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cat¥ yswiphethese Qﬁdmryetsng fherpokyolefiins 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 catalyets 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.dq. 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 Composition
o Catalysts which contain at least two tran51tlon 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
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15 ﬁacron 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°C to 1000°C, preferably at 600°C. When the
carrier is silica, it is heated to at least 200°C, preferably
200°C to 850°C, and most preferably at 600°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°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 Division 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 k2 dehydrated as indicated above.
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used i Nglgld® @ ey 60°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°C result in
deactivation of the transition metal added subsequently.

15 Accordingly, all catalyst precursor synthesis steps are
conducted below 90°C. The slurry is then contacted with the
aforementioned organometallic compound, while the heating is
continued as indicated.

The preferred organometallic, an orgénomagnesium compound,

20 has the empirical formula

o "RpMgR'
where R and R' are the same or different C;-C;, alkyl groups,
preferably C4-Cjg alkyl groups, more preferably C4, -~ Cg 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 Yiquid
at reaction temperatures and in which all of the reactants used
herein, i.e., the organomaénesium 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, néheptanes}-octane; nonane, and
decane, although a variety of other materials including
cycloalkanes, such.as cyclohexane, aromatics, such as benzene,
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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 organomagnésium compound is added as will
20 be deposited onto the support without leaving any excess of the
organomagnesium compound in the liguid 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 depoaited'into the support. If greater than
30 that amount is added to the solvent, the excess may react with
.the‘non-metallocéne 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
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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

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 25°C to
80°C, preferably 40°C to 70°C.

The alkyl group in the organic alcochol reagent can contain
1l 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_éynthesis of the invention
produces a catalyst which, relative to the absence of this
step, is much more active, requires much less hon-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
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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 tgtravaient 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 &id 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 bis[l-indenyl]
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

e



35 After the addition of the organic alcohol reagent to the slurry is
conpl ete Jfa %urry is contacted With a transition nmetal pgeqiRRYASkokO
provi de t P3P of at least two transition -7- netal conponent’s. In
preferred enbodlnents, this transition nmetal conponent is a non-netall ocene
transition netal conpound, free of subst8t<uted or unsubstituted

cycl opent adi enyl groups. The slurry tenperature nust be maintained at
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M xtures, Pflfggh tﬁfgsltl QpHEEiEyC%VBQPE%Fs”iﬁtlon J% toluene.
Incorporation of the activated metallocene into the
carrier can be accomplished in various ways. Incorporatioh 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-fihwidg 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'cataIYSt precursor. The
resulting free-flowing powder, refgrred 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 solveng 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. 1In this
35 embodiment, the process of impregnating the carrier materials
is by infusion of the alumoxane solution, without formlng a
slurry of the carrier materlal, such as silica, in the



used and generally no restrictions are-inposed on the 25 transition netal
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to or less than 1 65 cm /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°C, and below 50°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°C and below 50° Cc, very short heatlng 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. 2r), 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:2r



| ncor por ati on of the activated netallocene into the carrier can be
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with a ligquid 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
organomégnesium compound, the non-metallocene transition metal
and the activated metallocene, must now be activated with a
cocatalyst, which is an alkyl aliminum 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 precursqr'of this invention comprises a

' “metallocene compound and an alumoxane which is fed to the
fluidized-bed reactor for gas phase polymeriiations 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 %imodal or
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Maxy UMa43] W& 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 HIMI/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.q.
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 C3~-C10 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-butehe copolymers,
ethylene/l-hexene copolymers and ethylene/4-methyl-l1-pentene
copolymers. One object of the invention is to.produce LLLDGZE
filns. - '

35 | Ethylene/l—butene, ethylene/1-hexene, and ethylene/1- -

- octene copolymers are the. most preferred copolymers polymerlzed

in the process of and with the catalyst of this 1nvent10n. The



of the al unoxane solution also including the netallocene is the total pore
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of For the production of ethylenehcopolymers in the process
of the present invention, an operating temperature of 30°C to
115°C is preferred, and a temperature of 75°C to 95°C is most

15 preferred. Temperatures of 75°C to 90°C are used to prepare .
products having a density of 0.91 to 0.92 g/cc and temperatures
of 80°C to 100°C are used to prepare products having a density
of 0.92 to 0.94 g/cc, and temperatures of 90°C to 115°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 1n _pressure 1ncreases the unit volume heat

25 capacity of the gas. . The partlally 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 . cm,nges the rate of generation of the heat
of . reactlon, the temperature of the recycle gas is adjusted to
accommodate the change in rate of heat generatlon. Complete
instrumentation of both the fluidized-bed and the recycle gas
cooling system is, of course, neceésary to detect any |

?5' 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
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producesllhechﬂlhmnﬂunnnnanﬂrldnepolyethylene product; however, catalysts
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pr oduc e=ToeT 1 t pol yner conponents conpared to those

produced wi tﬁ4§-| gixiany qfamﬂylsm (Paspison Gradetdalcined at €00°C) was
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nol ecul ar wel g yner conponent reduces extracta
oxt ract ALPELTAAEG: MO IRt RO Har 4.8 1iter 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°C
to 58°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 l-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[1-

'jéé indenyljzirconium dichloride (0.141 mmol)_was.trahéferred'to a
30 'ml serum-bottle and 3.0 ml of a 4.75 Molar'(i4.1 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)stirriné'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.
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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 galloh,
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 107 rpm. Then,'the contents of

20 the hoke bomb (Soclution 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 tltanlum-containinq catalyst turned a

light tan color. After the addition of Solution B was
complete, the jacket temperature was set at 45°C and the
residual toluene was" removed under a nltrogen purge for 5 |
hours. :

30 Catalyst 3

SOLUTION (C): 0.079 gram of ethylenebls[l—
1ndeny1]z1rcon1um 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 whlch wvas used
1mmed1ately as described below.
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heat transfer_since an LNCrease in pressure |ncreases {he unit heat
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Mg = 0.94 wt.%; Ti = 1.11 wt.% and Zr = 0.23 wt.%.
15 Catalyst 4
SOLUTION (D): 6.56 gram of bis[n-
butylcyclopentadienyl]zirconium 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 methylalumoxane was added. The
20 Dbottle was shaken for one minute to form a brown solution which
was transferred into a 1.5 liter stainless steel hoke bomb and
used 1mmed1ate1y 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°C and the residual toluene
was removed under a nitrogen purge for § hrs to provide a free-



of catalyst injection. Since any change in the rate of 30 catalyst

I nj ection the rate of generation of the heat of regfly 'ﬁﬁm
tenperatupgp%%g&ﬁe recycle gas is adjusted to acconmpdate the ange in-
rate of heat generation. Conplete instrunentation of both the fluidized-bed
and the recycle gas cooling systemis; 86 course, necessary to detect any
35 tenperatyre change in_the bed _so.,as to enable the agperator to nake a
sui t abl et 4RY1RE nBAVARR - t nBLt Enpdr dt Wite 3t M E Ce@fc W -Fais TS Tick: 1hevE ek e
of heat QEWEZﬁt#OO.B3 wtrectly related to - 13 - product formation, a
measur enent of the tenpela he reactor (the

di fference between inl e?ﬁg %erawa@aﬁﬁyéqﬁperat ure) is
determ fgative of the raAg/gf RoLarcUl al e polyner

PLES: i’ % CATALYST PREPARAT O\i ITAI,\II Wy, CATALYST
PREPARATI ¢ un of _sFR (Dav son G EBOL AL FedlaFoBRONENtIa

of.drv |>opentane was adgeg to the autocl ave

4. 8 Ilter

paddl e. § A :

and thejgstirridqig rat¢ was s200at 100f{rpm The tenperdt.@e of the
silicalifs 544L££44u¢44;_hg3L, 546 m of

di but yl gagnesium (0. Y13 mo P ) .was|15 added to the sPUrry. The contents
of the UTOCTaWE WeT ¢ SUITTE€@o!l O OO M NUTES.  Them, 27 n—of—Teat
1-butan§| (466.6 nmmol) was added to }jhe autoclave and stirring was
continug¢d for ' '

5 (II) POLYMERIZATION _ _ _
| Ethylene/l-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 49°C, was filled
with 0.750 liter of dry heptane, 0.030 liter of dry 1-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 85°C,

15 and the internal pressufe was raised from 1o_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 95°C. 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. o

25 ' Each of the four catalysts was evaluated as described
above and the results are summarized below:



one hour. Finally, 25.7 ml of titaniumtetrachloride (234.4 nmol) was added
to the autwagbaysmeend stirring continued for 60 20 m nut es. pCAfUiS98/13601 S
time, theliquid phase was renmpoved by evaporation under a nitrogen purge.

Ti found 1.59 wt.% M found 1.39 w.% Catalyst 1 SOLUTION (A): 0.059 gram
of ethyl enebis[l- 25 |ndenyl]2|rconlun1&1cﬁ1or|de (0.141 nmol ) was

transferred to a 30 n serun}bottlemgﬁg@g( of a 4.75 Molar (14.1 w. %
Al') solution of nethylal unoxane was e bottle was shaken for one

m nut e tCC @i : d 2 UM 217 N~/ a 0 r| bed
bel ow. % ;@t 2ran” | nert . gunosphef:e, - 1-7.3 gram. e Lok |

cont ai nlrtgu nbE
cont ai nifig

powder iz

descri bg —S

peri od - : um
cont ai nifrmg : st IR TBoent T e augisERomT 1 ne.
- 14 - H , duni 5 | jre, v?iiq?e tiyani u:fr?hgontani ng

catal ystf turrgd -a I}i ght 4889w C Im3.oF| nal3yg tihgipear [Task{pgg pTa
into anfBoil _bath sdt at 500C a the riesidual jtoluene [rom SoI uti on Awas

renoved funder4a ni tjr oger2850 pur ge3.8o gijve49.Q@ir y{,0.74n, flee-fI3B0 ng pﬁwder
A = 1247 w. % Ml= 095 w % [Ti = 1.116 wt. %land Zr =) 0.40 wi.

* ZXpmw is weight fraction of the HMW polymer component
(IXII) DISCUSSION . _
5 -Catalyst 1, which was prepared using ethylenebis[1-
indenyl]zirconium 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 (n-butylcyclopentadienyl) zirconium
10 dichloride (see TABLE IT). Catalysts 1 and 4 have the same
formulation with an Al/Zr molar ratio of 100 and an Al loading
of 7.0 mmol Al/g of titanium catalyst component.



Catal yst 2 SOLUTION (B): 2. 616 Mﬂwﬂwuﬂﬂﬂm indenylizirconi um
dichlorid nmmol ) was tra ne-liter 263 m
of a 4. 75€Vl\$§)§é(r%§9(914 1 w.%Al) solution of nethyl al um)xanebl\;/\véla'lts/ha&izﬂ'g91
bottl e was shaken for one mnute to forma dark red sol ution which was
transferred into a 1.5 liter stainless 38eel hoke bonb and used i medi ately

as described bel ow. 15 Under an inert atnosphere, 311 gram of the
titani un¢IBEME A ni ng catal yst described above was added to a 2 gall on,

gl ass-reactorayessgl catalyisti Wizhhpriciced iBiMsadD well éddiEat "Pe Eght! Vst

b0 107 TofrErhEREIPR. PeSvethviche Sod Witiiane Sapigien sy oEbyhaned
to the tpohymenlzahﬁannoogdd&hahﬁstthmamqﬂxﬁdc&ﬂxﬂn/dbﬂﬁtt&1ﬁ¢tquots every
30 s%ponds ovgr ﬁgégr@EﬁutgtBE sgchﬁﬁif%gég é%”iggééﬁ éx”éhéféﬁ?v sed was

such>that the t? ram contarnrng ca ways appeared g the
entire ammsbhwnnmetal@mmpouudsungnemema st of tsaid twe white

titani urafﬁféféﬁtnars%altm etagd c%nkidiﬁfdé o s AN (&Enfienaddi ti on

of Sol ution was , conpl e the jacket "tenperature was set at™ 4 C and the

resi dual ¥5eﬁ%‘ﬁebihﬂ£ 1?’&&5@9&( 1l]n6€Pu£’ pondstk @ deansitionuretalo
Cat al ystesmpdhhd} ON (CD 0. 079 gram of et hyl enebi sl - indenyl]zirconi um

dIC Iorlde (0..189 pmol nsferred to 0 n1 serum.bottl e and 8.0 ni
04. 75 Nbl‘é?ef‘_’cinlamfeWRP) ) E2apsitde eﬁ'& RXRIRILS Rd. The
bottle prdBMannrespbnseowhlmhnusednifhmentaﬂhum<th§ih¥ﬂnoéémlr@&pbngas

used i g A Ptda 25y IeRE" F9edtPerAWsition metal compound; and

‘ wherein the ethylenebis{l-indenyl] transition metal
compound produces the lowest molecular weight polymer component

15 of the polyethylene or ethylene copolymer.

2. The catalyst of claim 1 wherein the ethylene-bridged
bis{l-indenyl] based compound is a zirconium compound.

20 3. The catalyst of claim 1 wherein the atomic ratio of
transition metal provided by the ethylene-bridged bis[1-
'1ndenyl] transition metal to the second tran51tlon metal

' compound ranges from 0.01 to O. 50.

25 4. The catalyst of claim 1 wherein the second tran51t1on
' metal compound is titanium tetrachloride.

5. The catalyst of claim 1 which comprises silica with a
_ hydroxyl group content of 0.3 to 2.5 mmole per gram silica.
30 |

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 inciuding-
said silica. -

35

7. A process of polymerlzlng ethylene in the presence of
a 51ng1e catalyst composition in a single reactor to produce

e
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.- 15 - Under an inert atnosphere, 2.03 gramof the titani um@@‘%&%&#ﬁ%ng
cat al yst wioggmiseed abo 200 m pear- flaskP a
magnetic'stirring bar mlmmllmﬂﬁmjﬂm agitate the _catal yst powder

vi gorously. Then at roof 5%t énpératuré, g-9 m of Solution C described
above, was added DROPW SE to the flask !)ver a 7 mnute period. The total

I f .Sol C I
oL e QoIS R SRS URE HEDN! DohehEE bl BBAME S30) Sidy gl al ot

aIvvays tion Howe uring this
addi ti orfxiacma,ortsve mll eof i vhich ndlﬁﬁeréoﬁtamnﬁhg 6’5?1511'ys‘tn MAYRILIAY | ght

brown cQlareme Rifd | etpfo&&ée ébﬁﬁhwﬁgpbeﬁedcwhq an fidg eg h set at

506C, and 't e resi dua uene from oI ution C wa énoved under a nitrogen
purge t ethvdene ARd anAalphazotesinngtpdnler 1°AFar - @tams, tRgethey,

W . % Tiyithl nddvégdh amder etRy2énét cépolimerizhriont o‘iﬂdﬂi@hé D): 6.56
gram of bi s[n- butyl cgcl ogent adkegélﬁ%zgécom B?f di chI oride (16.22 muol) was

transfe riFipg BFUHGt P P5ls 75 Molar (14.1 wt. % Al)

sol ution of nethylal uruoxane was added. The 20 bottle was shaken for one

Ctaintess stdh hoko BaRBC F8ekRked ¥ibm LRI KEACRLd HEAME 7 ier an

i nert atnosphere, 232 gram of the titanium  containing catal yst descri bed

aboyg was addpd t o ap21§3bt0B1 095moPHBAS akR3EQ FEENERl SUH Ak Wréduct

helircal stirrer to agitate the catal yst powder and a tenperature jacket

whi ch wef skaim 8

10. 'I‘he catalyst of Claim 1, in combination with
trialkylaluminum. '
- 11. The' catalyst of Claim 10, wherein the_. first of said
two transition metal compounds is activated with an alumoxane.

12. The catalyst of Claim 11, wherein the first of said
20 two transition metal compounds is a zirconium compound.
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26-C—+The stirrer was set at 200 rpm Then, the contents of the hoke bonb
(Solution-D) was added to the titaniumcontaining catalyst in approximtely
5-10 m aliquots in approxinmately one 30 mnute intervals. The total volune
of Solution D used was such that the titaniumcontaining catalyst always

appeared dry during the entire addition tinme. Howeve ' | dition
time, the white titani umcontaining cat&¥yst turned Hw h[lgm 'LE&E r.
After th I, . of Solution (D) was conplete, 35 M at ure

ddi,ti gn
was set M@g['ﬁr‘g?@ﬁqut he residual toluene was renoved under a nitrogen
purge for 5 hrs to provide a free- - 16 - flowing powder. Al = 11.3
w.% Mg =0.96 wt.% Ti =1.16 wt.%and Zr = 0.37 w.% TABLE (1) -

SUMARY . AAEbiIGEESvAid bra8liéés bimodal moleculdt whRfHl §igibueibn Sthylene
B wpicf prod Ing kil

ratio conponen

7.0 2 (co)polym@00under ethylene polymeriZatibr® conditions, 4B@ catalyst
7.0 4 100 7.05 (I1) POLYMERI ZATI ON

Et hyl ene/cbrhprising:copol ymer was prepared with each of the catal ysts
nunbered 1-4 to produce polyethylene. The same pol ynerization conditions
were used for each catal yst as described below. : 10 Al6 liter

[ t 499C, was filled wt . 750 liter of dr
f]teglt glngs%%&%qr%é?glg?avlg’ﬂaqqmg;@m at least two c?if?erent transition meytal

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-indenyl] 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 bis[1-indenyl] 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-indenyl] 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. |
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and 40 mmpl of TMA whil e the autoclave was under a J/”W 3 Ur ge.
The reactor was closed, the stirring rate was set -at 900¢ \Al;szar'hal
tenperature was increased to 85C, 15 and the internal pressure. Wiai sed
from10 psi to-16 psi with hydrogen. Ethylene was introduced.-to.nmaintain
the reactor pressure at 202 psig. Next,18.0291 gram of catal yst 1 was

i ntroduced into the reactor with ethyl ene over-pressure and the tenperature
was i ncr éasdheapatalyst oft cim 1Tiwehichl gomprises silick withsa duoydioxyd dgfaup 60
m nut es, and ther} he et hyl ene supply was stopped and the reactor all owed
to cool t®MEHNQ eé&ﬂ@t%@mm@@ eefriaramsiliea.yet hyl ene was col l ected. The
H M of the polynmer was 42.7 and the GPC chronat ogram of the polyner is
shown in Figure 1. 25 Each of the four catal ysts was eval uated as

descri begs akpye r : Ll W, - - TAB [ 1)
Cat al yst Shct T, patelyst of Gl & diferi Tt EBHHIGe]"bontpric b gagh ofiatie

kg PE/ g téinsiti talstekh said %0 - Og

3550 Fingftion metalsof said fiwolcompbags rani# from 0.5 wE%to b0 wty,
1780 4 % of th@atalyst SodpositioAInBludinglsaid silica.360 * X err] is weight
fraction of the HWN pol yner conponent (I11) DI SCUSSI ON 5 Cat al yst 1,
whi ch was prepared using ethylenebis[l- indenylzzirconiumdichloride,

exhi bits sigpificantl i gher
f 'que cata ystymb c?ahlm 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.
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zi rconi um based activity and provides a LMN polymer fraction w t;'g 5’] WP T

signi ficantly higher molecular weight than catalyst 4 whigh-wa L i er—

with bis (r-but adienyl) zirconium 10 dichlorid

Catal ysts 1 anqﬂ!ﬂmﬁbﬁiﬁ%lmﬁ fornmulatjon with an Al/Zr

100 and an Al | Mg, Oty I I Au/g%%titanuiumcatal Wﬁg‘? '
What is clained is: 1. A catalyst whic roduces bi nodal §m}e Baht'
distri bufl\ilﬂf't fd an{iﬁ{fd fsc.o) pol ymer under et hyl ene pol ynerigald et

the catalyst conprising: a supported catalyst conprising gt |east two _
different transition netal conpounds, wherein a first of Se+e—two—drfterent
transition netal conpounds contains an ethyl ene-bridged bis[1-indenyl]
group bofidé&d catalyst vehicht produnssabinmodabmuleculae veeight distribution &thyleren
metal conpound of said two different transition netal conpounds is a

non- net al¢@@al¥meranyndesn etbylene opsdvmerizationougondiiensA beal catalyst
exhi bits a hydroogen response which is different fromthe hydrogen response
exhi bi t cGOPPHHBXK i rst transition netal conpound; and wherein the

et hyl enebi s[1 -indenyll transition metal conpound produces the | owest

nmol ecul ar wei ght pol yner conponent of the ethylene (co)polyner. 2. The
cat al yst g0 ' YhEid | §:24 ¥ At
conpoundai E”Qb?:r@c%m um‘g%tprpoungﬁgg?d %}21%%%’[2?% Q%l?égfglt ﬁﬁ\}/é\)rﬁeor'gi n tﬁle

at om ¢ r ebipaiinds aHdreia firbelof Rald tdasidiffereit teamsitionemidtalleésthpounds

bi s[1-indenyll transition nmetal to the second transition netal conpound
ranges fcomtaingl anoethglenedbridgedchbisiflyiskleniylk lgroup 1bahdedi to tadramsitionh

transition nmetal conpound is titaniumtetrachl oride.
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 BA 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-indenyl] 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 bis[1-indenyl] based

compound is a zirconium compound.

3. The catal_yst of claim 1 wherein the atomic ratio of transition metal
provided by the ethylene-bridged bis[1-indenyl] 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.




—The c*al yst of claim 1ﬂv‘iﬂmgcorrprl ses silicawth a 11 dBB%CtB*IEHTDSHEET

content of 0. 3nt““ﬂ u ramsilica. 6. The catalysf ¢f claim5
wherein the co ach of the transition netallsif rpMaR ¢agMmo

conmpounds range fromO 5 w. %to 5.0V, %of the catal yst jcgnposi tion

including said silica. 7. The catal yst 8 cl alvn\}nl in corrb:c a Ttonfwutnd )

trial kyl num cat al yst aof claim7, rein the fiir of sai WO

transiti gnuﬂi@?a?a@iﬁh?%d‘élaf@ icwh)sheaownms%s IGRYA eélI dcgﬁCBJWZt
i's

of ¢l ai M8 e i 3 B 5.6/ fimBle aa}%rsﬂ@sh.caans'“on Tetal compounds

zi rcom um-conpoun

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.



