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Catalyst Composition for use in the Polymerization

and Comolymerization of Ethyvlene

This invention relates to a catalyst composition for use
in the polymerization and copolymerizaticn of ethylene,
particularly of bimodal molecular weight distribution high
density and linear low density polymers and copolymers of
ethylene.

Polyethylene Is produced commercially in a gas gphase
reaction in the'absence of solvents and in slurry by catalysis.
To be commercially useful in the gas phase fluid bed process,
the catalyst must exhibit high activity, with concomitant high
catalyst productivity, because gas phase process systems do not
include catalyst residue removal procedures. Accordingly,
catalyst residue in the polymer product must be so small that
it can be left in the polymer without causing any undue problems
in the fabrication and/or £o the ultimate consumer. To this
end, the patent 1it'eraturfe is replete with developments of new
catalysts, of high activity with ccrrespending high productivity
valuas.: ™ ' ‘ o

The use qf,metallocené'ccmpcunds of transition metals as
catalysﬁs for polymerizatidn and copolymerization of athylene
is one of those developments. Metallocenes can te described by
the empirical formuia Cp,MAB,..- Theselccmpounds in combination
with methylalumoxane (MAO) compounds have been used to preduce
olefin polymers and copolymers, such as -ethylene and Fropylene
homopolywrers, ethylene-butene and ethylene~hexane copolymers,
e.g., see US-A-4542199 US-A-4404344. - :

More recently, as exemplified in US-A-3032552, metallocene
catalysts containing 2 sacond transition metal, such ag titaniunm
have been daeveloped which produce bimedal molecular weight
distribution preducts, having 2 high molecular weight comporent
and . a relatively lower molecular weight component. The
develcpment cf a catalyst which can produce bimodal products in
a single reacter is significant psr se. Thrat Cevelopment also
provides a commercial alternative to processes which reguire two’
reactsrs tc produce kimodal production with productien cf cne
of the nolecular weight components in a first reactor and
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‘transfer of that component to a second reactor and completion

of the polymerization with production of the othar component of
different molecular weight.

Alumoxanes, e.g. methylalumoxane (MAQ), are used as co-
catalyst with metallocenes. The class of alumoxanes coaprises
cligomeric linear and/or cyclic alkylalumoxanes represented by
the fornmula: R-(Al(R}-0),-AlR, for nligomeric, 1linear
alumoxanes; and (-Al(R)-0-), for oligomeric cyclic aluzoxanes
wherein n is 1-40, preferably 10-20, n is 3-40, preferably 3-20
and R is a ¢;-C; alkyl group and preferabiy methyl,

Methylalumoxane is commenly produced by reacting
trimethylaluminum with Water or with hydrated inorganic salts,
such as CuSo,.5H,0 or Alz(So4),.5H30. Methylalumoxane can be also
generated in situ in polymerization reactors by adding to the
rzacter trimethylalumirum and water or water-containing
inorganic salts. MAO is a mixture of oligomers with a very wide
distribution of molecular weights and Usually with an average
molecular weight of about 12060. MAO is typically kept in
solution in toluene. While the MAQ sslutions remain liquid at
fluid bed reactor temperatures, the MAO jtself is a solid at
reom temperature. .

Most of the experiments reported in the literatur= relating
to methylalumoxane used a2s a cocatalyst with metalleccene
catalysts are undertaken in a slurry cr soluticn process, rather
than in a gas phase fluid bed reactcr process.

Reactor fouling results when MAO solutions zre fad directly
into the gas phase reactor in large enocugh quantities +o provide
liquid contact with the metallocene component of the catalyst.

" The fouling occurs because the MAC solution forms a iiquid fiim

on the interior walls of the reactor. The catalyst is activated
when it comes inte contact with this iiguiq filnm, and the
activated catalyst reacts with ethylene tg form a polymer
coating which grows larger in size until ths reactor is fouled.
In addition, since substantially all of the activation takes
place on the walls, the MAQ is nct uniforzly distributed tc the
catalyst - particles. The  resulting non-heregeneaous
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According to the present inventicn, there is provided a

catalyst composition for producing kimodal molecular weight
distribution high density and linear low dersity polymers and
copolymers of sthylene, comprising:

(a)

(b}

an aluminum alkyl non-oxygern containing activator;
and

a dry, anhydrous, support containing compesition
comprising an activated metallocene compound of a
transition metal and a non-metailocene transition
metal activated by said aluminum aikyl activator,

wherein the support is the reaction product of:

by

(1)

(2)

silica having OH groups, impregnated with R MgR’,,
wherein each of R, and R, is alkyl group containing 1
to 12 carbon atoms, =2ach of m and n is 0, 1 or 2
provided that m+n is equal to the valency of Mg, and
R,MgR’, is present in an amount to provide a R,MgR’,:CH
molar ratio of 0.5:1 to 4:1; and

an organic alcchel reagent providing alkoxy greups
having a formula R’’0-, wherein R’’ is alkyl group
containing 1 to 12 carbons; said alkoxy groups being
effective to displace the R, and R/, of said R MgR’,;
and said reagent being used in an amcunt effective to
provide an alcchol:Mg molar ratio of 0.5 tc 2.9.

In an embcdiment said alkyl aluminum activator astivates
said non-metallocene transition metal.
In a preferred embodiment, the r2action product is formed

(i)

(1)

(iid)

providing a slurry of a non-polar solvent and a
solid porous silica having ~-OH groups:
impregnating said sillca, with sald R Mgr’,, to
fcrm an intermediate (ii), wherein the Mg:-OH
groups ratio is less than 2., wherein said R_MgR’,
is soluble in said non-ﬁclar solvent;

treating the intermediate from step (ii)} with an
amount of R“’0OH, which ascunt is effactive to
provide a R//OH:R MgR’, mclar ratio of 0.5 te
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Tt is preferred that this embodiment includes furthsr
steps, after (iii), comprising:

{iv) " treating the product of step (iii) product with
Ticly,  to form a  titanium containing
intermediate; and

(v) combining the titaniua containiag intermediate
with a said activator,

- As explained above, the catalyst comprises at least two
transition mnetal coméonents on a support; one of the two
transiticn metal cot:pcgnents iga provided in the form of a
metallocene. The supp'c‘ft'ed transiticn retals are activated by
an aluminum compound, free of water and of oligomeric and
polymeric oxygen-containing compounds of aluminum.
Polymerization products comprise two components of different
molecular weight, thus one being of higher molecular weight. than
the other. The film products exhikit excellent Drop Dart Impact
(DDI) and excellent bubble stability in high stalk extrusion.

The invention relates to a catalyst and its use in the
preparation of bimodal molecular weight distriruticn polymers
and copolymers of ethylene, which can be precared ia cne
reactor. The catalyst comprises at least two transition metal
components on a support; one of the two transition metal
compaonents is provided in the form of a metallocene. - The
supported transition metals are activated by a non-axygen
containing aluminunm compound. In accordancs with the invention,
nc alumoxane {(e.g. methylalumoxane) feed to the reaczor (slurry
or gas phase fluid bed} is required for the aetivaziosn cf the
transition metal providaed as a metallccene.

Catalysts which contain at least two transition metals, cne
in the form of a metallocene and one transiticn wmetal in the
form of a non-metallccene, have an activity 9f at least about
1ood g polymer/g catalyst or about 230 kg pclymar/g of each
transition metal.

The catalysts of the invention comprise a cocatalyst
conprising an aluminum alkyl compound, suchk as a trialkyl
aluninum, frea of alumoxane and. free o?f water, or oxygen-
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containing oligomers and polymers of the aluminum alkyl
compound, and a catalyst precursor comprising a carrier, an
alumexane and at least one metallocene; in one embodiment the
catalysts further include a non-metallocene transiticn retal
sourca.

The carrier material may ba a solig, particuléta, porous,
preferably inorganic material, such as an oxide of silicon
and/or of aluminum. The carrier material may be used in the
form of a dry pewder having an average particle size of from
about 1 micren to about 500 microns, preferably from ahout 10
microns te about 250 microns. The surface area of the carrier
may be at least about 3 square meters per graa (ml/g), and
preferably at least abcut 50 m?’/g up to abou: 350 ='/g. The
carrier material should be dry, that is, free of abscrbed water.
Drying of the carrier material can bes effected by heating at
about 100¢C to abcut 1000°C, preferably at about 5C0°C. Wwhen
the carrier is silica, it is heated to at least 200°C,
preferably about 200°C to about 850°C and most preferably at
about 600°C. The carrier material must have at least some
active hydroxyl (OH) groups to produce the catalyst composition
of this invention. '

In the most prefarred embodiment, .the carrier is silica
which, prior to the use therecf ln the first catalyst synthesis
step, has been dehydrated by fluidizing it with nitragen and
heating at about 600°C for about 16 hours to achieve a surface
hydroxyl group cencentration of about 0.7 millireles per gram
(mmols/qg). The silica of the most preferrad emkbodiment is a
high surface area, amorphous silica (surface area = 300 m’/g;
pore volume of akout 1.65 em’/g), and it is a material marketed
under the tradenames of Davison 952 or Davison 955 ky the
Davison Chemical Division of W.R. Grace and Company. This
silica is in the form of spherical varticles, e.g., as obtained
by a spray-drying process. As procured, these silicas are not
calcined; and this must be dehydraied, as indicated above.

The catalyst synthesis is undertaken under inert
conditions, in tha absence ¢f water and of oxygen. The carrier
is dispersed in sclvent to form a slurry.
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The carrier material, having said (OH) groups, may bhe
slurried in a non-polar solvent and the resulting slurry is
contacted with at least ona organomagnesium compound having tha
empirical formula below. The slurry of the carriar material in
the solvent is prepared by introducing the carrier into the
solvent, preferably while stirring, and heating the mixture to
about 25 to about 70°C, preferably to about 40 to abaut &a°C.
Temperatures here are critical with respect to the non-
metallocene transition metal which is subsequently added; that
is temperatures in this slurry of about 90°C result in
deactivation of the transiticn metal added subsequently.
Accordingly, all cataiyst precursor synthesis steps are
preferably conducted below 90°C. The slurry is then contacted
with the aforementicned organowmagnesium compound, while tha
heating is continued as indicated. :

The organomagnesium cempound has the empirical formula

RMgR’,
where R and R’ are the same or different ¢, to C;; alkyl groups,
preferahbly C;-C;; alkyl groups, nore prefarably C.~C, alkyl
groups, more preferably C,-Cy normal alkyl groups, and most

preferably both R and R’ are mostly n-butyl groups; m and n are

each 0, 1L or 2, praviding that m + n is equal to the valence of
Mg.

Suitable nen~pclar solvents are materials in which all of
the reactants may be used hersin, i.e., the organoragnasium
compound, and the transition metal compound, are at least
partially soluble and which are liquid at reaction temperatures.
Preferred non-pelar solvents are alkanes, such as iscopentane,
hexane, n-heptane, octane, nonane, and decane, although a
variety of other materials including cyclealkanes, such as
cyclohexane, aromatics, such as Lkenzene, toluene and
etQylbenzene, may also be employed. The mest preferred non-
polar solvent is isopentane. Prior to use, the non-polar
solvent should be purified, such as by percolatien through
silica gel and/or melecular sieves, to remove traces of water,
oxygen, polar corpounds, and. other materxrials capable of
adversely affecting catalyst activity. '
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In the most preferred embodiment of the synthesis of this
catalyst it is important to 2add only such an amount of the
organomagnesium compound that will be deposited - physically or
chemically -~ onto the support since any excaess of the
organcmagnesium compound in the solution may react with other
synthesis chemicals and precipitate outside of tha support. The
carriar drying temperature affects the number of sites on the
carrier available for the organomagnesium compound - the higher
the drying temperature the lower tha number of sites. Thus, the
exact molar ratio af the organomagnesium compound to the
hydroxyl groups will vary and must be determined on a case-by-
case basis preferablyf/ta ensure that snly so much of the
organomagnesiur compound is added to the soluticn as will be
deposited onto the support without leaving any excess of the
organomagnesium ccmpound in the solution. Ffurthermcore, it is
paliaved that the molar amount of the organcmagnesium compound
deposited onto the support is greatar than the molar content of
the hydroxyl groups on the suppert. Thus, the molar ratios
given below are intended only as an approximate guideline ancd
tha exact amount of the organomagnesium compound in this
embodiment must be controlled by the functicnal limitation
discussed above, i.e., it is preferably nct g¢greater than that
which can be deposited osnto the support. If greater than that
amount is added to the sclvent, the excess may react with the
non-netallocene transition metal compound, thereby forming a
precipitate outside of the support which is detrimental in the
synthesis of our catalyst: this is generally undesirable. The
amount of the crganomagnesium compound which is not greater than
that deposited onto the support can be determined in any
conventional manner, e.9., by adding the c¢rganomagnesium
compound to the slurxy of the carrier in the sclvent, wiile
stirring the slurry, until the organomagnasiun compound is
detected as a solution in the solvent.

For example, for the silica carrier Leated at about €00°¢,
the amount cf the organomagnesium conmpound added to the slurry
is such that the molar ratio of Mg ts the hydrexyl groups (OH}
on the solid cazrier is about 0.5:1 t> about 4:1, preferably
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akout 0.8:1 to about 3:1, more preferably akbout 0.%:1 to about
2:1 and most preferably about 1:1. The organomagnesium ccmpound
dissolvaes in tha non-polar solvent to form a solution from which
the organomagnesium compound is deposited onto the carrier.

It is alsc possible to add such an anmount of the
organomagnesiua compound which is in excess of that which will
be deposited onto the support, and then remove, e.g., by
filtration and washing, any excess of the organomagnesium
compound. However, this alternative is less desirable than the
most preferred embodiment described abave. '

The organomagnesium treated support is contacted with an

organic alcohol reagent (ROH) containing RO- groups which are

reactive or capable of displacing alkyl groups on the nagnesium.
The amocunt of this organic alcshul ceagent is affactive to
provide a ROH:Mg ratio of 0.5 to 2.0, preferably 0.2 ta 1.5.

Contact of the silica supported magnesium compound, with
the organic alcohol reagent is undertaken in the slurry.
Contact is undertaken at a temperaturs ranging from 25°C to
80°C, preferably 40°C to 70°C.

The alkyl group in the organic alecchol reagent can contain
1 to 12 carbon atoms, preferably I to g; in the empodiments
belbw, it is an alkyl containing 2 to 4 carben atonms,
particulariy of 4 carbon atoms (butvl). The inclusion of the
alcohol reagent step in the catalyst synthasis cf the invention
produces a catalyst which, relative to the absence of this step,
is much more active, requires much less non-transition metal
(e.g. titanium), and is much nore active with respect Lo the
product component produced with the metallocere-transition
metal component.

After the addition of the orgaric alcohol reagent wc the
slurry is ccmpleted,' the slurxy is contactad with a non-
metalleccene transition retal compound, free of substituted or
unsﬁbstituted cyclopentadienyl groups. The slurry temperature
is preferably be maintained at abcut 25 tc akout 79°C, more
preferably at about 40 to about édcec. AsS noted abova,
temperatures in this slurry of about 83°C or greater result in
deactivation cf the non-metallsccene transition metal. Suitable
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non-metallccene tﬁrz_msition metal compounds used herein ara
conmpounds of metals of Groups 4A, and 53, ot tha Periodic Chart
of the Elemeh'ts, as published by Cherical and Engineering News,
63(5), 27, 1985, providing that such compounds are soluble in
the non-polar solvents. Non-limiting examples of such compcunds
are titanium and vanadium halides, e.g., titanium tetrachloride,
Ticl,, vanadium tetrachlcride, VCl,, wvanadium oxytrichloride,
vocl,, titanium and vanadium alkoxides, wherein the alkoxide
moiety has a branched or unbranched alkyl radical of 1 to about
20 carbon atoms, praférably 1 to about 6 carbon atoms. The
preferred transition metal compounds are titanium compounds,
preferably tetravalent ‘titanium compounds. The most preferred
titanium compound 1ls titanium tetrachloride. The amount of
titanium or vanadium, in non-metallocene form preferably ranges
from a Ti:Mg molar ratioc of 0.3 to 1.0, preferably from 0.32 to
G.80. . )
Mixtures of such non-metallocene transition metal compounds
may also be used and qeneraliy no restrictions are imposed on
the transition metal compounds which may be included. Any
transition metal compound that may be used alone may also be
usaed in conjunction withk other transition metal compounds.

After the addition of the non-metallocene transition metal
compound is complete, the slurry solvent is removed by
evaporation or filtering to cbtain a frse-flowing powder. Hext,
incorporation of the metallecene can be undertaken. The
metallocene is activated with an alumoxane.

The metallocene compound has the forrmula CpMAB, in which
Cp is an unsubstituted or substituted zyelopentadieny! group,
M is zirconium or hafnium and A and B brelony to the group
including a haleogen atom, hydrogen or an alkyl group. In the
above formula of the metallocene compound, the preferred
transition metal atom M is zirconium. In the abova formula of
the metallocene compound, the Cp group 1s an unsubstituted, a
monc~ or a polysubstituted cyclopentadienyl groups and x is at
least 1. The substituents on the cyclcpentadisnyl group can be
preferably traight-chain C.=Cq aikyl groups. The
cycleopentadienyl group can be alsc a part of a bicyclic or a
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tricyclic moiety such as indenyl, tatrahydroindenyl, fluorenyl
or a partially hydrogenataed fluorenyl group, as well as a part
of a substituted bicyclic or tricyclic moiety. In the tase when
x in the above formula of the metallocena compound is squal to
2, the cyclopentadienyl groups can be also kridged by
polymethylene or dialkylgilane groups, such as -CH,-, -CH,~CH,—,
~CR/R"- and ~CR’/R"~CR‘R"=~ whare R’ and RY are short alkyl groups
or hydregen, -Si(CHj);-, Si(CH,),~CH,~CH.~51 (CHy) ,~ and similar
bridge groups. If the A and B substituents ir the abeve formula
of the metallocane coméound are halagen atoms, thay »elong ta
the group of fluorine, chlorine, bromine or iodine; and y + 2
is 3 ar less, provide&’ihat x + y + 2 eguals the valence sf M.
1Tf the substituents A and B in the above furaula of the
metallocene compound are alkyl groups, they are prefarably
straight-chain or branched C,-Cg alkyl groups, such as methyl,

‘ethyl, n-propyl, isopropyl, n-butyl, isobutyl, n-pentyl, n-hexvl

or n-octyl.

suitable metallocene compounds include
bis(cyclopentadienyl)metal-dihalides, bigfeyelapentadienyllzatal
hydridochalides, bis{(cyclopentadienyl)retal monoalkyl
monchalidaes, bis{cyclepentadiaenyl)metal dialkyils and

bis(indenyl)metal dihalides whereir the metal is zirconium or
hagfnium, halide groups are preferasiy cnlerine and the alkyl
groups are ¢;~C; alkyls. Illustrative, but non-limiting exanmples
of matallocanes include bis(cycicpantadienyl) zirconium
dichloride, bis(cyclopentadienyl)hafnium dichleride,
pis(cyclopentadienyl)zircenium dimethyl,
bis(cyclopentadienyl)hafniun dimethvyl,
bis(cyclopentadienyl)zirconiun hydridcchloride,
bis(cyclopentadienyl)hafnium hydridochloride, bis (a-
butyleyclopentadienyl)zircenium  dichloride, pis(n~-
bu;yléyclopentadienyl)hafnium dichloride, - Bis(n~
bué?lcyclopentadienyl)zircenium dimethyl, bis{n-
butyleyclopentadienyl)hafaium dimethyl, vis(n-
butylcyclcpentadienyl)zirconium hydridochlcride, bis(n-
butylcyclcpettadienyl;hatniua hydridaockloricds,
bis(pentamethylcyclopentadienyl}zirconium dichleride,
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bis(pentamethylcyclopentadienyl)hatfnium dichlcride,  bis(n-
butylcyclopentadienyl)zirconium dichlorida, cyclopentadienyl-
zirconium trichloride, bis(indenyl)zirconium dichloride,
bis(4,5,6,7-tetrahydro-1-indenyl)zirconium dichloride, and
ethylene-{bis(4,5,6,7-tetrahydro-1-indenyi) ] zirconium
dichloride. The metallocene ccmpounds utilized within the
embodiment of this art can be used as crystalline solids, as
solutlions in aromatic hydrocarbons or in a supported form.

The alumcxane can be impregnated into the carrier at any
stage of tha process of catalyst preparation. In this
embodiment, the amount of Al, provided by alumoxane, is
sufficient to provide an Al:transition metal (provided by
metallocene) mole ratio ranging from 50 to 500, preferably 75
to 300.

The class of alumoxanes conprises aliqomeriﬁ linear and/or
cyclic alkylalumoxanes represented by the foermula:
R-(ALl(R)-0),~AlR, for oligomeric, linear alumoxanes ard
(-Al(R} -0-),, for oligomeric cyciic alumoxane
wherein n is 1-40, preferably 1¢-20, m is 3-40, preferably 3-20
and R is a ¢,-Cg alkyl group and praferably methyl. MAO is a
mixture of oligomers with a very wide distribution of moleculax
weights and usually with an average rclecular weight of about
1200. MO is typically kept in solution in foluene. The MAQ
solutions remain liquid at fluid bed reactor temperatures.

Incorperation of the activated metalleocene component onto
the carrier can be accomplished in various ways. Incorporation
of either or both the aluminoxane can be ints the slurry
resulting from the addition, i.e. after the addition, of the
non-metallocene transition metal.

Alternatively, and in accordance with the unique rethod of
infusion of alumoxane into the pores of the carrier, the carrier
slprry can be stripped of solvent, after the additisn of the
non-metallocene transition metal compound, to form a free-
flowing powder. The free flowing powder can ther be inpregnated
by determining the pore volume of the carrier and vreviding an
alumcxane (or metallocene-alumoxane) solutien in 2 velume equal
to or lass than the total pore volume <Z the carrier, and
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recovering a dry catalyst precursocr. The resulting free-flowing
powder, raferred to herein as a catalyst precursor, is combined
Qith an activator (sometimes referred as a ceccatalyst).

The volume of the solution comprising a solid alumoxane and
a solvent therefor can vary. In a preferred embodiment, of
alumoxane incorporation into tha carrier, one of the controlling
factors in the alumoxane incorpcration ifto the carrier material
catalyst synthesis is the pore volume of the silica. In this
preferred embcdiment, the process of impregnating the carrier
material is by infusion of the alumoxane solution, without
forming a slurry of the carrier material, such as silica, in the
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 preferably, the
maximum volume of the alumoxane solution is, does not exceead,
the total pore volume of the carrier naterial sample. That
maximum volume of the alumoxane soluticn ensures that no slurry
of silica is formed. Accerdingly, if the pore volume of the
carrier material is 1.65cmu/g,'then the volume of alumoxane will
be equal to or less than 1.65 cm;/gram of carrier material. As
a result of this proviso, the impregnatéd carrier material will
appear dry immediately following impregnation although the pores
of the carrier will be filled with inter aljia solvent.

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 nitrcgen. It
employed, the conditions in this step are controlled to reduce,
i not to eliminate, agglomeration of impregnated carrier
particles and/or crosslinking of the aiumoxane. In this step,

. 80lvent can be removed by evaporation effected at relatively lcw

elgvated tamperatures of above about 40°C and helow about S0°C
to obviata agglomeration of catalyst particles argd crasslinking
of the alumoxane.  Although solvent can be removed by
evaporation at relatively higher temperatures than that defined
by the range above 40°C and below about 50°C, vary short heating
times schedules must ke employed to okviate agglomeration of
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catalyst particles and crosslinking of the alumoxane.

In a preferrad embodiment, the metallocene is added to the
solution of the alumoxane prior te impregnating the carrier with
the solution. Again, as noted above, the maximum volume of the
alumoxane solution alsc including the metallocene is the total
pore velume of the carrier material saxple. The mole ratio of
alumoxane provided aluminum, expressed as Al, to netallccene
metal expressed as M (e.g. 2r), preferably ranges from 50 to
500, more preferably 75 to 300, and most preferakly 100 to 200.
An added advantage of the present invention is that this Al:2r
ratio can be directly controlled. In a preferred embodiment the
alumoxane and metallcéene compound are nixed together at a
temperature of about 20 to 80°C, for 0.1 to 6.0 hours, prior to
use in the infusion step. The solvent for the metallocene and
alumoxane can bs appropriate solvents, such as aromatic
hydrocarbons, halogenated aronatic hydrocarbons, ethers, cyciic
ethers or esters, preferably it is toluene.

The catalyst precursor component formed from the
organomagnes ium compound, the non-metallocene transition netal
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.

The cocatalyst can be a trialkylaluninum, £ree of an
alumoxane. Preferably, trimesthylaluminua (TMA) is the
cocatalyst or activator. The amount of *the THMA activater is
preferably sufficient to give an ALl:Ti wolar ratio of about 10:1
to about 1000:1, more prefarably abcut 15:1 to akecut 300:i, and
mest preferably about 20:1 to about 100:1i. The catalyst
exhibits high activity for long periods of time, and exhibits
little deactivation.

The catalyst precursar of this invention comprisss a
metallaocena compound and an alumoxane which is fed te the fluid
bad reactor for gas phase polymerizations and copolymerizaticns
of ethylene in particulate form. Moreover, in accerdance with
the inventicn, the cccatalyst ar activacer is fed uc the rluid
bed reactor for polymerizations and copolymerizations <of
ethylene in the absence of alumoxane salution.
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The polymerization products produced using tha catalyst
according to the invention comprise two components of different
molecular waeight, with one MW component being of ralatively
higher molecular weight than the other. The relatively higher
molecular weight component, of the bimodal nolecular weight
distribution product, has a relatively narrew malecular weight
distribution. These resins exhibit better bubkle stability than
resins produced by other catalysts in which the MWD of the high

| MW component is relatively broad. Bubkle stability is a

preraquisite to use of the resin product in high stalk extrusion
film eguipment operating under commercially acceptable rates.
(10-20 lb/hr.inch (o.laﬁtc 0.36 Kgs/hr.cm) die rate at thin gauge
(< 1 mil (25 u«))).

The products exhibit excellent Dart Drop Impact (DDI)} as
measured by ASTM D 1709. The products exhibit Dart Drop Impact
(DDI) in the range of 150 to 800g, preferably from 300 to 8aog,
and most preferably from 400 tc 800g {or a nominal 1 mil (25 u)
gauge film. . '

Ethylene polymers, as well as copolymers of ethylene with
one or more C,~C,, alpha-olafins, can be produced ir accordance
with the invention. Thus, copolymers having two moncmeric units
are possible as well as tarpolymers having three monomeric
units. Particular examples of such polymsrs inciude ethylene/i-
butane copolymers, ethylene/l-hexene copolymers and sthylene/4-
methyl-i-pentsne copolymers.

Hydrogen may be used as a chain transfer agent in the
polymerization reaction ¢f the present invention. The ratio of
hydrogen/ethylene employed will vary betwsen ahout ¢ to abour
2.0 moles of hydrogen per mole of ethylene in the gas phasa.
Any gas inert to the catalyst and rsactants can also ke prasent
in the gas stream.

. Ethylene/l-butene and ethylerne/l-hexere copolynmers are the
most preferred copolymers polymerized in the process of and with
the catalyst of this invention. The ethylene copolymers produced
in accordance with the present invention preferawnly contain at
least about 80 percent by weight of sthylene units. The
cocatalyst of this invention can also he used with the catalyst
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precursor of this invention to polymeriza propylene and other
alpha-olefins and to copolymerize then.

In another embodiment of the inventicn, the catalyst of tha
invention exhibits high activity for polymerization of ethylene
and higher alpha-clefins and allcws the synthesis of ethylene
pelymers and copolymers with a broad molecular weight
distribution and generally, bimodal molecular weight
distribution with a relatively high molecular weight component
and with a relatively lower molecular weight component in the
resin blend. The molacular weight distributisn of the kimodal
resin, expressed as MFR, is about 70 to about 200.

Reference is now ‘made to the acconpanying drawings, in
which: '

Figure 1 is a gel permeaticn chromatogram of Example 4
product;

Figure 2 is a gel permeétion chromatogram of Zxample 3
product;

Flgure 3 is a gel permeation chromatogram of bimodal
molecular weight distribution resin preduct, in which cne
ccmponent of the resin was produced under one set of
polymerization conditions and the other component was produced
under a second set of conditions; and

Figure 4 1s a schematic drawing of a fluid bed reacter for
gas phase polymerization (and copolymerization).

Referring to Figure 4, a reactor 10 consists of a reaction
Zone 12, a valocity reduction zone 14 and the distributor plate
20. Although fculing can occur in all cf the cold areas (areas
in a reactor at a temperature which is less than the temperature
at which any component(s), in the gas phase reactor are liquid
rather than gaseous) distrikbuter plate fouling is the one rost
easily detected, since it results in a rapig increase in the
pPRgssure drop across the distributor plate due to <flow
restriction. Such flow restrictisrs alse result in changing
fluidization patterns and contributs tg reactor wall fouling.
The lowest temperature in the reacter loop ig in the reactor
inlet beneath the distributor plate. othex areas representing
the coldest sections in the fluid bed reactor systen include =ha
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cooler and piping between the ccoler and the hottom head.

The reaction zone 12 comprises a bkad of growing polymer
particles and a minor amount of catalyst particles fluidized by
the continuous flow of polymerizable and modifyving gaseous
components. To paintain a viable fluidized hed, the mass gas
flow rate through the bed must he akova the minimum flew
required for fluidizaticn, and preferably from about 1.5 to
about 10 times Gmf and more preferably from about 3 to about 6
times caf. cmf is used in the accepted form as the abbreviation
for the minimum mass gas flow reguired to achieve fluidization,
C. 7. Wen and Y. H. Yu, "Mechanizcs of Fluldization", Chemical
Engineering Progress Symposium Series, Vol. 62, p. 100-111
(1966). The distributicn plate 20 serves %The purpose of
diffusing recycle gas through the bed at a rate sufficient to
maintain fluldization at the base of the bed. Fluidization is
achieved by a high rate of gés recycla to and through the bed,

typically in the order of about S50 times the rate of fsed of

make-up gas. Make-up gas is fed to unity *o drop back intc the
bed, through a cyclone 22, thrcugh a filter 24 (opticnally} and
is compressed in a compressor 25, passes through a heat
exchanger 26 and is returned to tha bed. The distribution plate
20 sarves the purpoée of diffusing r=cycle gas tnrocugh the bed
at a rate sufficient ¢o maintain fluidizaticn. The plate may
be a screen, slotted plate, perfecratad plate, a plate of the
bubble cap type, and the like. The elemants of the plate may
all ba stationary, or the plate may 'be of the mobile type
disclosed in US-A-3298792.

It is generally important to operate the fluid ked reactor
at a temperature beiow the sintering temparaturs of the polymer
particles. For the groduction of ethylene copolymers in the
process of the present invention an cperating temperature of
abgut 30° to 115°C is preferred, and a temperature of about 75°
to ¢5°C is nmost preferred. Temperatures ¢: about 75° to 90°C
are used to prepare products having a deasity of about 0.91L to
0.92 g/cr®, and temperatures of about $0° to 100°C are used tO
prepare products having a density of about 9.92 to 0.94 g/or’,
and temperatures of about 90° td 115°C are used to prepare
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products having a density of about .94 to 0,26 g/cm’.

The fluid bed reactor is operated at pressures of up to
about 1000 psi (6.9 MPa), and is preferably operated at a
pressure of from about 150 to 350 psi (1.0 to 2.4 MPa), with
operation at the higher pressures in such ranges favouring heat
transfar since an increase in pressure increases the unit volume
heat capacity of the gas.

The partially or completely activated catalyst is injected
intoc the bed at a point above the distribution plate at a rate
equal to its consumpﬁion. Since the catalysts used in the
practice of this invention are highly active, injection of the
fully activated catalyst into the area kelow the distribution
plate may cause polymerization to begin there and eventually
cause plugging of the distribution plate. 1Injection into tha
bed, instead, aids in distributing the catalyst thrcughout the
bed and precludes the formation of localized spoks of high
catalyst concentration.

The production rate of polymer in the bed is controlled by
the rate of catalyst injection. Since any change in the rate
of catalyst injection changes the rate of generation of the heat
¢f reaction, the temperature of the recycle gas is adjusted to
accomnodate the change in rate of nsat ganeration. Complete
instrumentation of both the fluidized bked and the racycle gas
cooling system 1is, of coursa, necessary 'tc detect any
temperature change in the bed so as to snable the gperator to
make a suitable adjustnment in the temperature of the recycle
gas.

Since the rate of heat generation is directly related to
product forration, a measurement of the tamperature rise c¢f the
gas across the reactor (the difference hetween inlet gas
temperature and exit gas temperature) i3 determinative of the
rate of particulate polymer Cformation &t a constant gas
veiécity. _

Under a given set cf operating conditions, the fluidized
bed is maintained at essentlally 2 constant height by
withdrawing a portizn of the bed as product at a rate equal to
the rate cof formation of the particulaze polymer product.
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Examples
P ARAT

The titanium component of the catalyst was prepared first
and isolated as & free-flowing powder. The zirconium component
of the catalyst was prepared using a "dry" impregnation method
descriked abaove.

Example 1 .

(A} Titanium Catalyst Component Preparation: 541 grams of
Davison grade 955-{600°C calcination temperature] silica was
weighed inte a two-ga'l.'lon (0.008 m’) stainless steel autoclave
containing a stirring paddle.  Next, about 4.8 litres of dry
isopentane was added tg the autoclave and the stirring rate was
set at 100 rpm. The temperature of the silica/isopentane slurry
was 54-58°C. Next, 546 ca’ of dibutylmagnesium (0.713 mmol/ml)
was added to the slurry. The contents of the autoclave were
stirred for 60 minutes. Then, 35.6 cm’® of neat 1-butanocl were
added and stirring was continued for one hour. Finally, 21.4
em® of titanium tetrachloride was added to the autoclave and
stirring continued for 60 minutes. Aftar this time, all
solvents were removed by evaporation under a nitrogen purge.
Catalyst yield was 496 grams of a tan frae-flowing powder. Ti
found 1.48 wt.%; Mg found 1.43 wt.$.

(B) Small-Scale Catalyst Preparation: Sclution {A}: 0.0850
grams of (BuCp).ZrCl, was transferred to a 30 cp® serum-bcttle
and 4.5 cm® of a 4.67 Molar (13.7 wt.% Al) solution of
methylalumoxane wers added. The bottle was shaken for about one
minute to form a yellow solution which was used immediately as
described balow. _

Under an inert atmosphere, 2.508 grams of the titaniunm-
containing catalyst described above ((A) Titanium catalyst
Component Preparaticn! was added to a 2360 o pear flask
captaining a magnetic stirring bar which was used to agitate the
catalyst powder vigorously. Then at room temperature, 3.76 cm®
of solution (A) described above, was added dropwise ta the flask
over a 12 minute pericd. The total volume of soluticn (A) used
was such that the titanium containing catalyst always appeared
dry during the entire addition time. However, during this
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addition time, the light tan titanium-ccontaining catalyst turned
a dark brown colour. Finally, the pear flask was placed into
an oil bath set at 55-60°C, and the residual toluene from
solution (A) was removed with a nitrogen purge tc give a dry,
tan, free-flowing powder.
Example 2

Large~Scale Catalyst Preparation: Soluticn B: 12.958 gramns
of (BuCp),2rCl; was transferred to a one~litre bot:le and 687 ml
of a 4.67 Molar (13.7 wt.% Al) sclution of methylalumoxane were
added. The bottle was shaken for about one minute to form a
Yellow solution which was transferrad into a2 1.5 litre stainless
steel hoke bomb and used immediately as described below.

Under  an inert atmosphere, 4465 grams of the titanium-
containing catalyst described above [(A) Titanium catalyst
Component Preparaticn] was added to a 2-gallon (0.008 n?, glass-
reactor vessel containing a helical stirrer to agitate tha
catalyst powder and a temperature jacket which was set at about
30°C. The stirrer was set at 125 rpm. Then, the contents of
the hoke bemb (solution B) was added to the titanium-containing
catalyst in approximatesly 5-10 cm® aliquots every 310-60 seconds
over a 45 minute period. The total volume of soluticn {B) used
was such that the titanium containing catalyst always appeared
*dry" during the entire addition’ time. However, during this
addition time, the light tan titanium~containing catalyst turned
a dark brown colour. After the adiition of sclution (B) was
complete, the jacket temperature was set at 45°C and the
residual toluene was removed with a nitrogen purge for 5 hrs.
After this time the catalyst was a dark brown free-£lowing
powder. Analytical results: Mg, 0.99 wt.%; Ti, 0.96 wt.%; Al,
11.09 wt.% and 2r, 0.43 wt.%.
Example 3

« Zolymerization - Slurry

Ethylene/l-hexens copolymer was prepared with the
bimetallic (Ti/2r) compositior of Example 2 to produce HDPE with
a relatively high molecular weight.

A 1.6 litre stainless steal autcclave, at about 47°C. was
filled with 0.750 litres of dry hexans, 0.530 litres of dry 1-
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hexene and 4.0 mmols of trimethylaluminum (TMA) was added while
under a slow niltrogen purge. The reactor was closed, the
stirring rate was set at about 200 rpm, the internal temperature
was increased to §5°C. and the internal pressure was raised from
7 psi to 13 psi (48 ts 90 KPa) with hydrogen. Ethylene was
introduced to maintain the reactor mressure at about 200 psi
(1.4 MPa). Naxt, 0.0244 grams of catalyst composition of
Example 2 was introduced into the reactcr with ethylene over-
pressure and the temperature was increased and nheld at 95°C.
The polymerization was continued for 60 minutes, and then the
ethylene supply was stopped and the reactor allowed to cool to
room temperature. 36.6 gfams of polyethylene were collected.
The HLMI of the polymer was 4.3 lndicating a relatively high
molecular weight and the GPC chromatogram is shown in Figure 2,

Example 4
Polyrerization — Gas Phase Fluid-bed Reactor
Tha catalyst of Example 2 was added to a fluid-bed gas
phase reactor under the falldwinq conditions:

Ethylene 183 psi (1.28 MPa)

Hy/Co 0.309

Hexene/ethylene 0.013

Reactor Temp. ¢03C

Cocatalyst ' TMA (trimethylaluminum) 300

PEm based on ethylene feeqd

Example 5

Product - Alpipe Fila Line:

Polymer produced in Example 4 with a HIMI of 5.%, MFR of
128, which gave a GPC chromatogram with a2 HMW/IMW ratic of
64.2/35.8 as shown in Figure 1, was fabricated into HDPE €ilm
at 0.5 and 1.0 mil (33 and 25 p). The impact data is shown
belew:

RESIN FI/MFR. 1.0 mil Dart Dro» 0.5 mil Dart Drop
(25u) {13u)

Exanple 4 5/111 752 415

herein . '

Tandem _ 7/110 275 395

values for pellets obtained alter stajilizer package <~as
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added to granular resin

The malecular waight distribution (WD) of polymer producad
in Example 4 from the gas phase rsactor and polymer from the
slurry reactcr (Example 3) were examined by Gel DPermsation
Chromatography (GFC), and tha rasults clearly show that both
polymers'have a bimodal MWD (Figures 1 and 2). Figure 3 shows
the GPC chromatogram for a HDPE polymer prepared in tandem qas
phase reactors. Comparison of the GPC chromatograms shows that
the polymer prepared in a single reactcr (either gas phase or
slurry) with the catalyst of this invention has a bimodal MWD
similar to the polymer prepared in tandem rsactors,

Presently, ccmmercial samples of HDPE with a bimodal MWD
are produced with a tandem reactor process. 1In such a process,
the catalyst is exposed to one r=actor in the presence of very
low levels of hydrogen as chain transfer agent, and then
transferred into a second reactor with relatively large amounts
of hydrogen. The first reactor produces the high-molecular
weight component, while the second reactor produces the low-
molecular weight component.

Film toughness properties, as measured by Dart brop Impact
(DDI), show that the resin prepared with the bimernallic catalyst
in a single reactor has significantly better properties than the
resin produced in tandem gas jhase rsaccteors. The peclymer cf
this invention alsc exhibited good film bubhle stability without
having to tailor the rasin in an extrudser prior to the film
forming process.
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1. An catalyst composition for prcducing bimcdal molecular
weight distribution high density and linear low density polymers
and copolymers of ethylene, comprising: '

(2) an aluminum alkyl non-oxygen containing activator;
and : .

(b} a dry, énhydrous, support c¢ontaining composition
comprising an activated metallocane compound of a
transition metal and a non~metallocena transitian
netal activated by said alupinum alkyl activatoer,

wherein the support is the reaction praduct of:

(1) silica having OH groups, impregnated with R.MgR’_,
wherein each of R, and R, is alkvl group cantaining 1
.to 12 carbon atoms, each of m and n is 0, 1 or 2
provided that m+n is equal to the valency of Mg, and
RqMgR’, is present in an amount to provide a R,MgR’,:0H
molar ratio of 0.5:1 to 4:1; and '

(2) an organic alcohol reagent groviding alkoxy groups
having a formula R’’C-, wherein R‘‘’ is alkyl group
containing 1 to 12 carbons; said alkoxy gxoups being
effective to displace the R; and R’, ¢f said R,MgR’,;
and said reagent keing used in an amount effective to
provide an alcchel:Mg molar ratio of 0.5 to 2.0.

2. A catalyst composition according te Claim 1, wherein each
of R, and R’, is alkyl group containing 4 to 19 carkon atons.

3. A catalyst according tc Claim 2, wherein each of R, and R/,
is a butyl group.

4." A catalyst according to Claim 2, wherein each of Ry and R/

5. A catalyst according to any one of Claims 1 to 4, wherein
R/’ is an alkyl group containing 1 o ¢ carbens atons.

A
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6. A catalyst according to any one of the preceding Clainms,
wherein the R’’0- is provided as an alcohol.

7. A catalyst according to any one of the preceding Claims,
wherein the reacticn product is formed by .
(i) providing a slurry of a non-pclar solvent and a

solid porous silica having -0OH groups;
(ii) impregnating said silica, with said R,MgR’,, to

form an’ intermediate (ii), wherein the Mg:-OH

groups ratio is less than 2, wherein said R,MgR’,

is soluble in said non-polar solvent;

(iii) treating the intermediate from step (ii) with an
amount of R#’0H, which amount is effective to
provide a R’‘‘OH:R,MgR’, rolar ratis of 0.5 to
2.0.

8. A catalyst according tc Claim 7, which includes further
steps, after (iii), comprising:

(iv) treating the product of step (iii) product with
Ticl, to form a titaniun containing
intermediate; and

(v) combining the titanium ccntaining intermediate
with a said activator,

9. A catalyst according to any one of the preceding Claims,
wherein the non-metallocene transition metal is titanium.

10. A catalyst according to Claim 9, wherein #he non-~

metallocene transition metal is titanium tetrachloride.

11. A catalyst according tc any one of the precsding Claims,
wherein the activater is trimethylaluminum.

12. A catalyst according to any one of the preceding Claims,
wherein the metallocens transition metal is provided as a
compound which has the formul CpMAB.,, wherein Cp is
cyclopentadienyl unsubstituted or substitucsd zy alkyl or

* c L M s *
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alkylene of 1 to 6 carben atoms; X is at least 1; each of A and.
B is halogen or alkyl of 1 to 8 carben atoms, and y plus z is
3 or lass provided that x+y+z is equal to the valence of M; and
M is selectad from the grcup co151stx g of titanium or zirconium
or hafnium.

13. A catalyst according to Claim 12, wherein.th? metalloc:nj
compound is salectad from the group Fons;st1nq ci- E s-
{cyclopentadienyl) nq}rconium | dichloFlde and is-{n
butylcyclopentadienyl) zircenium dichleride.

14. A catalyst according to any one of the pre?eding Claims,
wherein the metallocene compound is activated with a so%ution
of methylalumoxane; wherein the silica has a pore volume in the
range of 1.0 ex’/qg to 4.0 cn’/g; and wherein the solution has a
volume which is equal to the total pore volume.

15. A process for procducing bimedal molecular weight
distribution high density and linear ;ow ée?sity pelymers and
copolymers of ethylene, comprising polymerizing ﬁthylére.in tke
presence of a catalyst as defined in any pre?edan'c-a%m i? a
single reactor to produce bimodal nolecular weight éxstrzbutxcn
high density and linear low density polymers of said ethylene.

is. A proéess according to Claim 1§, wherein said ethylfne is
copolymerized with a C; ta ¢y alpha clefi? to Pdeuff-bLmodal
mdlecular weight distribution high density and linear 1low
density copciymers of said ethylane.

R R 0 0 :



