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The invention relates to new binetallic catalyst conpositions for ethylene
honmopol ynmeri zati on and copol yneri zation reactions. In particular, the
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with broad molecular weight distributions. However, the preparation of the supported

15  bicomponent (bimetallic) catalysts comprising metallocene/alkylalumoxane catalyst
systems has a significant drawback: both the metallocene complexes and the
alkylalumoxanes initially applied in the art require the use of aromatic compounds as
solvents. Removal of aromatic solvents from the finished catalysts is a complex and
time-consuming procedure.

20 This invention was aimed at developing supported bimetallic catalysts which
are synthesized in the absence of aromatic solvents and used in ethylene
homopolymerization and copolymerization reactions with various alpha-olefins.

The invention relates to supported (or heterogeneous) catalysts which, in the
as-synthesized form, are free-flowing particles. The catalysts comprise two transition

25 metal compounds provided that at least one of them is a cyclopentadienyl compound
of a transition metal, which may be a monocyclopentadienyl, biscyclopentadieny! or
triscyclopentadienyl compound of a transition metal, in which the cyclopentadienyl
group(s) may be unsubsituted or substituted as described below. The
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In general, the support for the catal yst precursor nmay be any carrier _
mat erital distribyie@s cont ai ns hydr oxyl groups. The preferred support nateri al

for the catal r r j. ticul at por.qus, preferably
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average particle size of from1l mcron to 500 microns. The surface area o

t he suppdtimetailicicatalist precusser, the syppert beingsilica cr sjlicataluniina of Alyminand
preferably 1 qigeneral, the support for the catalyst precursor may be any carrier material
15 which contains hydroxyl groups. The preferred support material for the catalyst
précursor is a particulate, porous, preferably inorganic material, such as an oxide of
silicon and/or of aluminum. The support material is used in the form of a dry powder
having an average particle size of from 1 micron to 500 microns. The surface area of
the support should be at least 3 square meters per gram (m?/g), and preferably from
20 atleast 50 m%/g up to 350 m?*g. The support material should be dry, that is, free of
‘absorbed water. Drying of the support material can be effected by heating it at 100°C
to 1000°C, preferably at 600°C. When the support is silica, |t is heated to at least
200°C, preferably 400°C to 850°C, and most preferably at 600°'C. The support
material must have at least some active hydroxyl (OH) groups on its surface to
25 produce catalyst compositions of this invention. The number of OH groups on the
support surface (silanol groups in the case of silica) is approximately inversely
proportional to the temperature of drying or dehydration: the higher the temperature
the lower the hydroxyl group content.
In the most preferred embodiment, the support is silica which, prior to the use
30 thereof in the catalyst precursor synthesis, has been dehydrated by fluidizing it with
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dry, that i¥O9PEE3 of absorbed water. Drying of the supBeFUSA§R4443 3
can be effected by heating it at 100[err]C to 1000[err]C, preferably
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carried out in a series of several consecutive steps under inert conditions
in thHé polaraereatamatic salvent. ahibe siurnxotibe support material in the solvent is

prepared by introducing the support into the solvent, preferably while stirring, and
heating the mixture to 25 to 70°C, preferably to 40 to 60°C. Suitable non-polar
solvents are materials which are liquid at reaction temperatures and in which all of
the reactants used later during the catalyst precursor preparation, i.e.,

20 organomagnesium compounds and transition metal compounds, are at least partially
soluble. Preferred non-polar solvents are alkanes, such as isopentane, hexane,
isohexane, n-heptane, isoheptane, octane, nonane, and decane, although a variety of
other materials inciuding cycloalkanes, such as chlochexane and methylcyclohexane
can also be used. During the first stage of the catalyst synthesis, the manufacture of

25 the intermediate catalyst precursor, aromatic solvents, such as benzene, toluene and
ethylbenzene, may aiso 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 water,
oxygen, polar compounds, and other materials capable of adversely affecting catalyst

30 activity. The temperature of the slurry is critical with respect to its impregnation with a

non-metallocene transition metal compound; that is, temperatures of the slurry in



Support material containing OH groups on their surface is slurried in a
non- 15 pwvavessses aromatic solvent. The slurry of the suppadrrosssesdsal in

the solvent is prepared by introducing the support into the sol vent,
preferably while stirring, and heatj ng the m xture to 25 to 70[err],
preferably to 40 to 60[err]C. Suitable non-polar solvents are
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15 organomagnesium compound in the liquid phase may react with other chemicals used
for the catalyst synthesis and precipitate them outside of the support. The drying
temperature of the support materiail affects the number of sites on the support
available for the organomagnesium compound: the higher the drying temperature the
lower the number of sites. Thus, the exact molar ratio of the organomagnesium

20 compound to the OH groups in the support will vary and must be determined on a
case-by-case basis to assure that only so much of the organomagnesium compound
is added to the solution as will be deposited into the support without leaving any
excess of the organomagnesium compound in the liquid phase. Thus, the molar
ratios given below are intended only as an approximate guideline and the exact

25 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 deposited into the support. If a greater amount of the organomagnesium
compound is added to the slurry, the excess may react with the non-metaliocene
transition metal compound added to the slurry Iatef, thereby forming a precipitate )

30 outside of the support which is detrimental in the synthesis of the catalyst precursor
and must be avoided. The required amount of the arganomagnesium compound can
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PCT/ Uég g mgon atoms, particularly 4 carbon atoms. The inclusion of the aicoh%I step in the
catalyst precursor synthesis produces a catalyst composition which, relative to the
catalyst precursor prepared without this step, is much more active, requires much
less non-transition metal (e.g., titanium), and does not interfere with the performance
of the metallocene component in the catalyst.

20 Next, the slurry is contacted with a non-metallocene transition metal
compound. During this step, the slurry temperature must be maintained at 25 to
70°C, preferably at 40 to 60°C. As noted above, temperatures in this slurry of 80°C
or greater result in deactivation of the non-metallocene transition metal component.
Suitable transition metal compounds used herein are compounds of metals of Groups

25 4, and 5, of the Periodic Chart of the Elements, as published by Chemical and
Engineering News, 63(5), 27, 1985, providing that such compounds are soluble in
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 alkoxides, wherein the alkoxide moiety has a

30 branched 6r unbranched alky! radical of 1 to 20 carbon atoms, preferably 1 to 6
carbon atoms. The preferred transition metal compounds are titanium compounds,
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20 group is an unsubstituted, a mono-, di- or a polysubstituted cyclopentadieny! group: x
is at least 1 and preferably is 2; and x+y+z equals the valence of M. The substituents
on the cyclopentadienyl group can be preferably linear C4-Cs alkyl groups. The
cyclopentadieny! groups can also be part of bicyclic or a tricyclic moieties such as
indenyl, tetrahydroindeny!, fluoreny! or a partially hydrogenated fluorenyl group, as

25 well as part of substituted bicyclic or tricyclic moieties. In the case when x in the
above formula of the metallocene compound is equal to 2, the cyclopentadienyl
groups can be also bridged by polymethylene or dialkylsilane groups, such as -CH,-,
-CH2-CH,, -CR'R"- and -CR'R"-CR'R’- where R’ and R” are short alkyl groups or
hydrogen atoms, -Si{CH)2-, -Si(CHa),-CH,-CH,-Si{CHs),- and similar bridge groups.

30 Ifthe A and B substituents in the above formula of the metallocene complex are
halogen atoms, they belong to the group of fluorine, chlorine, bromine or iodine; and
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preferably tetraval ent titani um conpounds. The nost preferred titani um
conmpound i s TiCl[err]. The amount uf titanium (or vanadi un) ranges
froma Ti/My nolar ratio of 0.3 to 1.5, preferably fromO0.50 to 0. 80.
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bis(cyclopentadieny!)hafnium 'dimethyl.
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20  bis(cyclopentadienyihafnium hydridochloride,
bis(n-butylcyclopentadienyl)zirconium dichioride,
bis(n-butylcyclopentadienyl}hafnium dichloride,
bis(n-butylcyclopentadienyl)zirconium dimethy,
bis(n-butylcyclopentadienyi}hafnium dimethyl,

25 bis(n-butylcyclopentadienyl)zirconium hydridochloride,
bis(n-butylcyclopentadienyl}hafnium hydridochloride,
bis{1,3-dimethylcyclopentadienyl)zirconium dichioride,
bis(pentamethylcyclopentadienyl)zirconium dichioride,
cyclopentadienylzirconium trichioride,

30  bis(indenyl)zirconium dichloride,
bis{4,5,6,7-tetrahydro-1-indenyl)zirconium dichloride, and



groups can be also bridged by pol ynet hyl ene or dial kyl sil ane groups, such
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aromatic hydrocarbons. Although the Cp,MA,B, complexes used in the course of the
preparation of catalyst precursors of the invention have, by themselves, very low
solubilities in non-aromatic hydrocarbons, their contact products with afkylaluminum

15 compounds are soluble in non-aromatic hydrocarbbns.

The atkylaluminum compounds, preferably trialkyaluminum compounds, which
are contacted with the Cp,MA,B, compounds are characterized by the formula
AI(MYNXP), wherein each of M, N, and P is an alky! group, linear or branched,
containing 1 to 10 carbon atoms; and each of M, N, and P is the same or different

20 group. The alkyl groups can be methyl, ethyl, propyl, isopropyl, butyl, isobuty!,
pentyl, isopentyl, hexyl, isohexyl, heptyl, ischeptyl, octyl, or isooctyl. Most preferably,
this alkyaluminum compound is trimethylaluminum. The molar ratio of the
trialkylaluminum compound to the CpMA,B. compound can range from 0.50 to 50,
preferably from 1.0 to 20 and most preferably from 2.0 to 15. The alkyaluminum

25 compound contacts with the Cp,MA,B, complex in the absence of alumoxanes. When
catalyst precursors of the invention contain two Cp,Ma,B, compounds they may be
contacted individually or separately with the trialkylaluminum compound.

The dried intermediate catalyst precursor is resiurried in a non-polar
hydrocarbon (the same as the solvent used for the preparation of the initial support

30  slurry) and is contacted with the solution containing a complex of Cp,MA,B, and an
alkylaluminum compound in a non-aromatic hydrocarbon. The contact is carried oqt
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bi s(n-butyl cycl opent adi enyl ) zi rconi um di reet hyl ,

bi s(n-butyl cycl opent adi enyl ) haf ni um di net hyl , 25

bi s( n- but a&m‘:emm{aagidg from2ntoB00 dnd dastidfrom 48 to 120 min. After that, the
bi s(n-butyl cycl opent adi enyl ) haf ni um hydri dochl ori de, )
bi s( 1, 3- diceRIRiped ydwsanbon selvgnt Mg syameved byrevaporation and the final
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atons, | i meetallocere epmbednd of a transiticn metalenpl i fi ed by n- hexane, isohexane,
n- hept ane, etc.. and t&ir m xtures,  as, 10 wel | cl oal kanes such as

met hyl cyci opeAickiBion pERs RiesHESOr SODIAIIERct dsRst e ransitionugtals may e
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t he cour sereferéblg the activation occurs in the reactor, e.g. the fluidized-bed gas phase
15 reactor. Activation is effected with a composition comprising the alkylalumoxane
which is soluble in non-aromatic hydrocarbon mediums.

'f‘he term “alkylalumoxane” refers to a class of alkylalumoxane oligomers which
includes methytalumoxane. Methylalumoxane {MAO) has been widely used as a co-
catalyst for metallocene complexes. MAO is routinely used as a solution in toluene,

20 or. in other aromatic solvents, because it is not solubie in linear or branched
aliphatics, e.g. linear or branched alkanes.

in contrast, the alkylalumoxanes which are used in accordance with the
invention are soluble in aliphatics (alkanes, alkenes and alkynes) of 4 to 10 carbon
atoms, e.g., alkanes of 4 to 10 carbon atoms. These alkylalumoxanes contain at least

25 one alkyl substituent which contains at least two carbon atoms and comprise
oligomeric linear and/or cyclic alkylalumoxanes represented by generic formulae; R-
[(AI{R)-O1, -AIR; for oligomeric, linear alumoxanes and [-Al(R)-O-], for oligomeric
cyclic alumoxanes. Since these are soluble in aliphatics, the catalyst synthesis can
be aromatic-free, e.g., toluene free. More particularly, the oligomeric alumoxanes of

30 this invention are characterized by the formula [-Al(R;)-O-l.[-A{R2)-OJs{-Al(R3-Ol , in
which each of Ry, R, and Ra, is the same or different C,-Cs alky! group, wherein
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evapor at i ighderétie'alumdi@ne speciddi SBRIKIE ih GligRaR MydroBaRSoHsSsUch 4% sBPentane

free-flowng particulate formis isolated. As clear from the above

descr %t i @ heptaneef erred enbodi ments descri bed bel ow, the catalyst 5

P ont o, Cprefdrably: Hhd iaiaR6RL s Burfikli Ui i B Thiound,
preferably a trialkyaluminum compound. Each alkyl group of the trialkylaluminum
compound may be the same or different and contains 1 to 10 carbon atoms.
Examples of triatkylaluminum compounds can be trimethylaluminum,

20  triethylaluminum, tripropylaluminum, tributytaluminum, tri-isobutylaluminum,
trihexylaluminum, and trioctylaluminum. The amount of the two components is
sufficient to provide a trialkylalumirium:alkylalumoxane ratic of 0.1 to 50, preferably
0.1 to 30; in the examples the ratio is 210 6.7.

When used under ethylene homopolymerization and copolymerization

25  conditions, the two transition metal components differ from each other in their
hydrogen response (ability to control molecular weights of polymers in the presence
of hydrogen). Accordingly, under the conditions of ethylene polymerization, the
difference in the hydrogen response will result in the production of at last two polymer
components with different molecular weights within a single catalyst particle. Such

30  polymerization products have bimodal or broad molecular weight distributions.
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PCT/ US98/ ingretdes the unit volume heat capacity of the gas.

Hydrogen is used as a chain transfer agent in the polymerization reaction with
the catalysts of the present invention. The ratio of hydrogen/ethylene employed will

20 vary between 0 to 2.0 moles of hydrogen per mole of ethylene.

Polymerization products produced with the catalyst compositions of this
invention comprise at least two components of different molecular weights (MW), with
one component being of relatively higher molecular weight than the other. The
component with a relatively higher molecular weight has a relatively narrow molecular

25 weight distribution (MWD). The bimetallic catalyst systems of this invention produce
polyethylene resins with broad bimodal MWDs in which the low MW component in the
resin is provided by the metallocene active centers, while the high MW component is
produced by the non-metallocene transition metal centers. These bimodal resins,
when processed into a film by the film-blowing technique, exhibit better bubble

30 stability compared to resins produced with other catalysts in which the MWD of the

high MW component is relatively broad. Bubbie stability is a prerequiisite for the use
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wei ght dwhich wasipseiously calcined at 600°C for 4 hours, and n-heptane (60 ml). The flask
was placed into an oil bath (§5°C). Dibutyimagnesium in the amount of 1.44 mmol

20 was added to the stirred silica slurry at 55°C and stirring was continued for 1 hour.
Then, 1-butanot (1.368 mmol) was added at 55°C to the slurry and the mixture was
stirred for additional 1 hour. Finally, TiCl,(0.864 mmol) was added at 55°C to the
reaction medium and stirring was continued for 1 hour more. The liquid phase of the
sturry was removed by evaporation under nitrogen flow to yield an off-white free-

25 flowing powder of an intermediate catalyst precursor. This powder (2.50g) was then
reslurried in n-heptane {50 ml) and the slurry was heated to 50°C. Then, a heptane
solution of a zirconocene complex, which was prepared in a separate vessel by
cont_acting trimethylaluminum (TMA), 5.00 mmol, in heptane (~4 mi) with (n-
BuCp).ZrCl; (0.100 mmol, 0.0404g), was added to the slurry of the intermediate

30  catalyst precursor. After stirring the mixture at ~50° for 0.6 hours, the liquid phase of
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this invention produ
heptane (1.70 mmol) was added to the tube. The metallocene complex quickly

dissolved. The *C NMR spectrum of the solution was recorded and compared to the
spectrum of pure (n-BuCp),ZrCl, (recorded as a solution in deuterated chioroform).

20 The spectrum of the contact product from (n-BuCp),ZrCl, and TMA contains eight
signals in the Cp carbon atom area at -135.5, -131.7, -117.0, -114.8, -112.5, -112.0, -
110.6, and -108.9 ppm whereas the spectrum of (n-BuCp),ZrCl, itself contains only
three signals at -135.2, -116.8, and -112.4 ppm. The difference proves that the (n-
BuCp) 2ZrCL/TMA contact product is a unique entity.

25 In the second experiment, 0.272 mmol (0.110g) of (n-BuCp),ZrCl, was contacted
with 2.0 ml of TEAL solution in heptane {3.06 mmol). The metallocene complex'
rapidly dissolved. The **C NMR spectrum of the solution contains fifteen signals in
the Cp carbon atom area encompassing the -126.2 to 101.4 ppm range. The
difference with the spectrum of pure (n-BuCp),ZrCl, proves that the (n-

30 BuCp),ZrCl/TEAL contact product is also a unique entity.
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of

cooled to ambient temperature and the polyethylene was collected.

15 The polymerization results for these catalyst systems are given below:
Cataiyst Cocatalyst Mixture: Productivity Flow MFR-
Precursor RsAl (mmol); - gfq cat-h Index 1 16/t 218

MMAO (mmol) ks
Example 1 TMA (2.0);MMAO (0.3) 4640 26.7 136
Example 1 TMA (1.0);MMAO (0.5) 9500 963 94
Example 1 TEAL (1.0);MMAO (0.5) 2840 1.6 46
Example 1 TEAL (1.0);MMAO (0.8) 3590 2.0 45
Example 1 TIBA (1.0);MMAO (0.5) 3690 6.9 111
Example 2 TMA (2.0);MMAO (0.3} 1200 133 80
Example 2 TMA (1.0);MMAO (0.5) 1980 415 187
Example 2 TEAL (1.0);MMAO {0.5) 950 1.3 as
Example 2 TIBA {1.0); MMAO (0.5) 1380 30 59
Example 3 TMA (1.0);MMAO (0.5) 3880 >1000 -
Example 3 TEAL (1.0);MMAO (0.5) 1120 20 53
Example 3 TIBA (1.0);MMADO (0.5) 1800 22.9 197

Each of the l,.1sand I21 ¢ values was measured according to ASTM D-1238
20 conditions E and F.



whi ch was previously cal cined at 600C for 4 hours, and n-heptane (60 m).

The flask WOXES6Y aced into an oil bath (55[err]C. Dibut é@"ﬂ?nln
t he amount of 1.44 nmol 20 was added to the stirred silica slurry at
55[err]C and stirring was continued for 35hour. Then, 1-butanol (1.368

mmol ) was added at 55[err]C to the slurry and the m xture was stirred
for additi onallhé& da!nlyst systerns pf this divientioh prod@sresirs withisoad birodal MWDs,

o o e SR il enara. YRR Sobl G e 00 BB o
ni trogen fhidnantd & fetnaké 8v&'tglﬁpgr@ge mﬁéd?itg?géfiéﬁd%ﬂﬁﬁ{es%fcaﬂlysts

i ntermedi ate catal yst precurs
reslurri e@anrbe]uﬂgpdhydhemwmﬁeam thehresinsirthe I'Mglserftbatﬂm\r indeXPthe Aigher a

Cepar ate a8 ARG of tad i, M SRR AR e TtarbRD o (havkow MG RRer ¢
heptane (g ggm Hh gug?ntheﬁ ﬁi‘é[o?'ﬂ‘(ijdﬁae@%ﬁbﬁﬁn M chbIl in tHe &6 yst

was added t he 1 nterne catal yst precursor.

\S/\;)I Sr9 Sr9 } ggSEngtm XFor a given tfalystprécursor, Gtheaocatalyst enikiume TMAMMAODf
PCT/ US98/ séngtates more of the low MW component than the cocatalyst mixture TIBASMMAQG, t he

S1 U1 1Y RSB TA hcion HRSRb TREAIRAADrb GBS v e B el v 01

free- ne as except

triethyal wmpmehffli@.éwdéntﬂﬁomnhb very low flew indeesiof tie psbing. Tha lesEer
Exanpl e 3. Sanme as Exanple 1 exce‘th trii sobutyl al um num (TI BA) ,

e Used PXAGnEdrachon of the 16w M 8 aid0 HepaNd R the pees ebthe
Sol ubl e i gy Mggrﬁlﬁhﬁ\ J:ﬂ:rﬂ bﬁ’ﬁd PQ@&EH g'%c @graftmn SR8 'c%féif;tﬂt&@u&%r The

(n-BuCp)[err ave I'n-para

sol vents. afthbeﬁematm edmpbhénttihlthé lch‘sebﬂmémmxmmmoase@rm 10
net al | ocene corrpl exes form products which are readily soluble in paraffinic

and egtalysiar ﬁWﬂsﬁTS:'ssﬁi@W@ﬁ@@ﬂy higker than thakmithesistrasponding hEAL-based
TNN(B? gpé&ﬁéé‘]sZr Cl[err] and TEAL/ (n- BuCp)[err]ZrCl[err] products

i n he i"ons were recorded in the follow ng
Thus it is apparent that there has been provided, in accordance with the

invention a synthesis that fully satisfies the objects, aims, and advantages set forth
above. While the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications, and

20 variations will be apparent to those skilled in the art in light of the foregoing
description. Accordingly, it is intended to embrace all such alternatives,
modifications, and variations as fall within the spirit and broad scope of the appended
claims.



procedure. In the first experinent, 0.230 nol (0.0933g) of
(n-BuCp) [ erwhApssd62rr] was added to an 15 NWVR_tube, fl ushedcmddyspidssogen
foll owed by addition of 2 mM of n-heptane. The onplex did

met a
not dissolve i .3 m ofi, TMA solm ,lﬂ N e tane (1.70
mmol ) was adde met al | cl)?:ene conh nm:'mllmjﬂmi

di ssol vegy Alj ect fum of the sol utioh Wastrecor nd

conpar ed : spectrum of pure (n-BuCp)[err]ZrCli[err] (recorded as a
sol ution in deut er & bithethllic catalystjconitibsifidresuitabia farproducing hosdpotymersoduct
from(n-BuCp)[err]ZrC [err] and TMA contains eight . . signals in the Cp
carbon a mrﬁersqghﬁ%ne with broad mofeguiar weight distriautions and prosiuced

110. 6, and .- g\@@{, he spectrum of (n-BuCp)[err]zZrCi[err] itself
cont ai ns%gr%%&%sgof%?% ee s%sﬁg s at -135.2, -116.8, and -112.4 ppm The

di fference prqies tshatyinda support matefiaCrodntainingriyidrexyl btdugs incnheadpatiroduct
IS a unique entity. 25 In the second experinent, 0.272 nmmol (0.1109)
of (n3BuCp)[err]zr @P[‘@nﬁ] was contact ed with 2.0 mM of TEAL sol ution

i n hept 3. I : : | | | ved. The

errT o ve spdfl - LRting hlfelRiy FSERTF ERIGmegnesiafiitdotidi = VoL, T

carbon at om ar(i erya@mga@sthagmfn&eofgta?.(ﬁgggal&ho{} ppm range. The
n- Bu

difference with the spectrum of pure -BuCp)[err]ZrCl[err] proves that the
(n- 30 BuCp) [(&r] Adding:torthe slutry ebsterdiil) @ renrmetalipcens compaungef @ntity.
WO 99/ 33563 -

PCT/ US98/ 24442 ~ transition metal, | 14

Examabe 5. Sl yyyy Baﬁngnme ERIrtyOst é?ep@w? and recdveying ey ihtdrmetigtecopol yners

were prepared with the binetallic catalyst precursors and the cocatal yst

m xture of Mm@agamst@rewr_gpkw al um num conpound. _ Al.6 liter
stai nl ess- st eql; autoglAyingiAs inRfelatd of sfEp0FH & ho¥ o RohHroftatic” ©f
soivent,

(vii) contacting, in a non-polar, non-aromatic solvent, a compound of the
15 formula Cp,MA,B,
wherein x is 1 or 2, M is titanium, zirconium or hafnium, Cp
is a cyclopentadienyl group, a substituted cyclopentadienyl
‘group, a cyclopentadienyl group that is a part of a bicyclic or
a tricyclic moiety or, when x is 2, the cyclopentadienyl
20 groups are bridged, and each of A and B is selected from
the group consisting of a halogen atom, a hydrogen atom,
an alkyl group, or combinations thereof; providing that x+y+z
is equal to the valence of M;
and an alkylaluminum compound of the formula AI{M)(N)(P),
25 wherein each of M, N; and P is an alky! group, linear or
branched, containing 1 to 10 carbon atoms; and each of M,
N, and P is the same or different;
the contact resulting in dissolving of said metallocene
compound in said non-aromatic solvent,
30 (viii) adding the solution of step (vii) to the slurry of step {vi},

——
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!
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5 was filled with heptane (750 ml) and 1-hexene (30 ml) under a slow
nitrogen purge at . 50[err]C and then a trial kyl al um num conpound and
MVAO wer e added. The reactor vent—was—et-osed—the-stirring was
increased to 1000 rpm and the tenperature was i ncreased to 95C. The
internal pressure was raised 6.0 psi wi $ HagBeas Raplaeed hen et hyl ene
was introduced to maintain the total prefH§ 11 110 psig. After that,

10  the tePRPHPIFE was decreased to 85[[# i ! 35. 0 R§TEISR/ P42
bimetal | i c catal yst precursor was introduced Into the reactor with

et hyl ene over-pressure, and the tenperature was . |ncreased and hel d at
95[err] C. The pol ynerization reaction was carrled out for 1 hour and

then the ethyl ¢ixp supmovingthediquithphiasdireny thaciarty vhstep (vu‘) B?Qkﬁﬁq_téhd
anbi ent tenperature and the fﬁel yeth Iene was col |l ect ed.

pol ymeri zati on resul"@SOVE&SING: V&) BTeRGVESAlr e gi ven bel ow.
LAY o J 2 Rhtdéethe ca an%gt%&}asy b step (i Yith d'EdEatalyst which® " "

Rl err] Al

MVAO (ol ) conmsts of an alkylaluméﬁén@wuth an erﬁbi@iﬁfﬁl férﬁqula TMA (2.0);
0.3) 4640 1 TMA (1.0): MVRO 05)

9500 5 963 [*ﬁI(Rs)-)O-HxawBt)eOﬂb[-Al(Rﬁﬂ(Q-] wf@felmmh(qf R R.2and

Sxarpl e 1 THRRSETRG ditatsnt gk aLek6e U ftybl and 8t epst one of éaﬁﬁ@gé“’

TMA (2.0); NNAORaQs%h alkﬂ??@up of at leb%t fwo ca¥on atoms Eéﬁd@#&@ |s 3 tJ "}’60( Q-ata)

MVAO (0.5) 190 Exanpl e 5)

950 1. 3alkylalgmoxane b@awrwubb in non—mla(.mm)ammo(sm@nts 1380

3 0 59 Exanpl e 3 TMA (1.0); MMAO (0.5) 3880 >1000  --
Exanpl e 3 TEAL (1.0); MVAO (0.5) 1120 2.0 53 Exanpl e 3

TIBA (1.0); MO (O0Thp catalySiBdmpositiciofClaimM wherein x is 2.

3. The catalyst composition of Claim 1 or 2, wherein each of M, N, and P is
selected from the group consisting of methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl,
n-pentyl, isopentyl, n-hexyl, ischexyl, n-heptyl, isoheptyl, octyl, or isooctyt groups.

4, The catalyst composition of Claim 1, 2 or 3, wherein A{M)(N)}(P) is
trimethylaluminum and its molar ratio to transition metal compound provided by the
metallocene compound, ranges from 0.50 to 200, preferably from 1.0 to 100, and
most preferably from 2.0 to 75.

5. The catalyst component of Claim 1, 2 or 3, wherein the support is silica
calcined at a temperature in the range of 250 to 800 degrees C.

8. The catalyst composition of Claim 1, 2 or 3, where the
dialkylmagnesium component used in step {ii) is dibutylmagnesium.

7. The catalyst composition of Claim 1, 2 or 3, where the alcohol used in
step (iii) is n-butanol.

8. The catalyst composition of Claim 1, 2 or 3, where the non-metal locene

R

transition metal compound used in step (iv) is titanium tetrachloride.




Each of the [err] and [err] val ues was neasured according to ASTM D- 1238 20

condi ti ons WOHI33363 WD 99/ 33563 , PCT/US98/24442
R bt

PCT/ US9/ 24442 i

The cataly B BRENY i nvention pgoduce resigREgnEEIEIR! S
MADs , W%@g hi 93 [err] ratios. Relati VH‘% il g
hi gh MW and_LQu.MAL eorpbnents to the nake-up of the po products
prepared with these catal ysts can be judged by the flow i ndex of the
resins: the higher Thecétalyst compesitiohef Glaimel, 2 or Bhwheonthe metallogene t he

| ow MW conponent. The fragctjon .of the |ow C nent ., . ds
primaril Wqﬁ‘ﬁfgﬁxf‘ﬁ@ %F{ﬁ%&ﬂi ‘%%EIW‘P%‘Wﬁpg%dm%ﬁﬂﬂ'H%d'FﬁE‘?ﬁg'

cocat al yst m xture. For a given catal yst precursor, the cocatal yst

m xture TMA MVAO generates nore of the | ow MN conponent than the
cocat al yst mi xtQr e ThedéatdiysOcompositiohidf €laime1,c2 caBawhsre thexsalvents BsedNMVAO

produces very little of the thow MV 10 npon as evident fromthe very

. .CO nt, .
| ow f 1 ow SteREVIBds selactad freay the grewp inghiding n pe’%a"%x‘ﬁgﬂ?r}taf‘ﬁenﬂeé@??'on of .,
the | ow 5‘%}% éj[’agh | lohe
trial kyla ufh nam Ob}gﬁ%gs use ng% t’he pérx %ﬁ%ﬁg?ﬁ’ﬁaﬁ "ltiﬂgylggt: ca)??/)éatne, and
precur sorisofiémtanes. efficiency of the netall ocene conponent in the case of
the TMA and TI BA- based catal yst precursors is significantly higher
than that of the correspondi ng TEAL- based 15 precur sors. Thus

| nvent | on . Syt hesPLORERa OraTeR g o B Aietfe cut pReCRerodnd iy of

advant agestepsit forth above. Wiile the invention has been described in
conjunction with specific enbodi mrents t h_er%of, [ i I s evident th%tg many
al ternatives, (Modi fSheEYingfsuppRIt material cantaiMeg RNYAroxys SEHPS 1B NRrPRIs e
skilled in the art é é,jltght of the foregoing description. Accordingly,
it is intended to enbrace all such alternatives, nodi fi cati ons, and

vari atsi ons as (fipl | addihg to theesisiyrof stepn() & dizikyimagpesiam tompapmd,nded
(lii}  adding to the slurry of step (ii) an alcohol,
(iv) adding to the slurry of step (iii) a non-metallocene compound of a

transition metal, _
(v)  drying the slurry of step (iv) and recovering an intermediate

10 catalyst precursor,

(vi)y reslurrying the intermediate of step (v) in a non-polar, non-
aromatic solvent,

(vii) contacting, in a non-polar, non-aromatic solvent, a metallocene complex
compound of the formula Cp,MA,B, '

15 wherein x is 1 or 2, M is titanium, zirconium or hafnium, Cp
is a cyclopentadienyl group, a substituted cyclopentadienyl
group, a cyclopentadieny! group that is a part of a bicyclic or
a tricyclic moiety or, when x is 2, the cyclopentadienyl
groups are bridged, and each of A and B is selected from

20 the group consisting of a halogen atom, a hydrogen atom,
an alkyl group, or combinations thereof providing that x+y+z

is equal to the valence of M;
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REPL ACENENT RPE3s63 CLAI Vg, '™ SHEET HAS Begn | PCT/USpSIAMA2 5
bimetal lic catal yst conposition suitable d.or,p‘rqﬁ”dgft:ﬂﬁﬁg honppol yners or
copol yners of ethylene with broad nol eculiar wei ght di'st¥ibutions and
produced in a series of steps conpri sing:

(i) form ng a firandsanatkylaidminus ppmpound oéthesformata AlN){N)(R),dr oxyl
groups in a o] ar Sﬁ| vent ,

(ii) adding to the sl urWhespinseagh efM, Bl?gfq_ﬁ%(‘ﬂ%@' YLTOHP c UMBRTRTd,
(ii11) y5adding to the slurgy, et{itcﬁﬂia(ihih;; £ ‘?dEQHB%’qtomS' and each of M,
ep (111 of a

(iv) "adding to the slurry of s a non-netall ocehe conpoun

transition N, and P is the samewr different; (v)
drying the slurry of step (iv), and recovering an interpediate catalyst
precur sor, the contac rgsulting in disselving & saidsmetallipcsne: ne

I nternmedi ate of step (v) ; . ;

non- at omati ¢ sol vent, d@rﬁﬂb&ﬁﬂ%aﬂ?h&ﬁ c\:/rPFSIC s%‘(‘)'ﬁptacti ng, in a

non- pol ar, non{@iip eidding tHevsoititiomohstepl (vivcerthe sturpoohstep (vi),
of theforrrulab?serr]NAerr]G[e[r] .
wherei3p x is 1{& 2removing thediquisiphase frem thmsdurrnef stepdviiibpyidtying and

cycl opent adi enyl gr . (M Lenyl group, a
cycl opent adi enyl grggg"‘{W§ %@%an@? %%?gcﬁgé@] tricyclic noiety
or, when X is Zxj t heopyddtingant adtlyst précarepp obstepl{ix) dgeca betaanrt whighach
other, and each of A and Bis selected fromthe group
consists of an alkylalumoxane with an empirical formula:
[FAR+)-)O-1[-Al(R2)-O-Jp[-Al(R3)-O-]., wherein each of Ry, Rz, and R, is
35 the same or different and is a C4-Cs alky! group, and at {east one of Ry, R; and
Rs is an alkyl group of at least two carbon atoms, and a+b+c¢ is 3 to 100; said

alkylalumoxane being soluble in non-polar, non-aromatic solvents.

TR ) ) O
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consi sting of a halogen atom a hydrogen atom an al kyl grouq"EPMMENT SHEET
conbi nations thereof; providing that x+y+z is equal to the valence

of M’ , and—an- al kyl al uni num conpound of theMuy ¢33 29
formula Al (Rl err]( .;.e:ﬁ_rl._:ﬁl

wherei n each of R ek ﬁﬁiﬂ”“ﬂr rf¢ i s an al kyl group, linear or (Poct s
br anched s % containing 1 to 10 carbon

* 4 L ]
at ons; andgﬁm?f Rlerr], Rerr] and Rerr] is the
e

same or di rent, the contact resulting in dissolving of said

I d 4 i . tic solvent, ,
(Vi 11) “addi ng ¢ Re. Sort Pl Sldcomprsjonsainite Liscemicioponpobmersas (vi).

) ! g - P NG
) | CTP oDalyknefs Jfefijlee Midlodd Ol biI seigt dicuMyeBhEihd polokd fa ks 19
17 of sfepy comprisingact i ng the catal yst precursor of step (ix) with a

cocat al yst whi ch. . consists of an.al kyl.alu ane. Wi th an
enpi rical for mJRQ: forming a first shurty o asuppo?t matetial co tammgrﬂgféroxyl groups in a

[AI(R)-O][err][-A abhpokersdiemt] [-A(R"")-O][err], wherein each of R,
R' and . ' is the sane or different and is a CJerr]-(err]
al kyl group, andilht Pdding toghe slefry of step (i) a dialkylmagesium'compgumt,’ is an al kyl

group of at | eagint ~ath+c. s equal to 3

to 100; said al E{l/’l)a}l\gdn(ggéﬁ)gtﬂ%giihﬁg Eggt?ﬁﬁpeaniagco%lh_ pol ar, non-

aromatic sol ven{(#) adding to the shurry of step (iii) a non-metallocene compound of a transition
metal,..

2 dryiixg the slurry of step (iv) and recovering an intermediate catalyst
precursor,

(vi)  forming a second slurry of the intermediate of step (v) with a non-polar,

non-atomatic solvent,
(vii) g:onta{;ﬁﬁg, in a non-polar, non-aromatic solvent, a metallocene compound
“of i_;i;_é'fOMtﬂtt Cp:-MAG;
- wherein x is 1 or 2, M is titanium, zirconium or hafnium, Cp is a
. " cyclopentadieny! group, a substituted cyclopentadienyl group, a
REPM&ENT SHEET cyclopentadienyl group that is part of a bicyclic or tricyclic moiety
T or, when x is 2, the cyclopentadienyl groups are bridged between

each other, and each of A and B is selected from the group

24,80V 2010

consisting of a halogen atom, a hydrogen atom, an alkyl group, and

combinations thereof; providing that x+y+z is equal to the valence
=, of M;
' and an alkylaluminum compound of the formula AIR$)R")R®),

wherein each of R%, R” and R® is an alkyl group, linear or branched

containing 1 to 10 carbon atoms; and each of R¢, R” and R® is the
same or different; the contact resulting in dissolving of said
metallocene compound in said non-aromatic solvent,

(viii) adding the solution of step (vii) to the second slurry of step (vi),

(ix)  removing the liquid phase from the slurry of step (viii) by drying and

recovering a bimetallic catalyst precursor,



2. The cat al
The catal yst c
and ‘Rferr] is

i sopropyl, n-b
n- heptyl, isoh
conposi tion of
trimethylal um

gﬁé@@n§“@al

etected fromt

tyl .24 $gWesM, n-
ptyl” octyl and| i
ClYam™1, wWher el n

um and its nol.ar

f Claiml, wherein x is 2.

m1l or 2, wherein each of R er
group consi sting

o kMl Illlrlnﬁq@;uyﬁﬂixz; alys:

AI(R[err Y(Refr]9 (R emr

pentyl,
sooct yl

by the netall oc
catal yst comnpon

cal cined at a termer%ﬁgigsbfhntdl'@m%efane%%%é

The catal yst co Caml1l, 2 or 3, W

B ofRadpe: &

nposi tion of
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atio to transition netal
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hyl, propyl,

conmpound provi ded
The

£ES C. 6.

al kyl magnesi um

conponent used in st AKR)O- ]aB-AdﬁRﬁ)tQ-I]u{rﬂ”dﬁé’é’)-@ﬂc, wherem each fR’, R*’Tind

catal yst conpos

(iii)

ition RQf’ lgh%saxge br(%ﬁoﬁ?g Mlﬁﬁr&e'té G@WE

i S n-butanol.
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or 3, where the non- ge{Rd Iaa@Rwelstanaamgutgrda@miﬁastmy&ﬁataﬁ@dma%ﬁ#@ﬁ (' v)

is titaniumtet

rachl orrde

The cat al

yst conposition o

Clam

1, 2 or 3, where the eaeal4o B sxkisaidaliplahunaxsncibding satehle inmanypalar, non-
b| s(n-butyl cycl opent %{-H %Wls2>ﬁ/eﬂt§.on' um di chl ori de.

2. The catalyst composition of Claim 1, wherein x is 2.

3. The catalyst composition of Claim 1 or 2, wherein each of R®, R” and R® is

selected from the group consisting of methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, n-

pentyl, isopentyl, n-hexyl, isohexyl, n-heptyl, isoheptyl, octyl and isooctyl groups.

4.  The catalyst composition of Claim 1, wherein AIRHRT)R®) is

trimethylaluminum and its molar ratio to transition metal compound provided by the

metallocene compound, ranges from 0.50 to 200.

calcined at a temperature in the range of 250 to 800 degrees C.

5. The catalyst component of Claim 1, 2 or 3, wherein the support is silica

6. The catalyst composition of Claim 1, 2 or 3, where the dialkylmagnesium

component used in step (ii) is dibutylmagnesium.

7. The catalyst composition of Claim 1, 2 or 3, where the alcohol used in step
(iii) is n-butanol.

8. The catalyst composition of Claim 1, 2 or 3, where the non-metallocene

transition metal compound used in step (iv) is titanium tetrachloride.

9. The catalyst composition of Claim 1, 2 or 3, where the metallocene

compound used in step (vii) is bis(n-butylcyclopentadienyl)zirconium dichloride.



10.  The cat 4l Wbl ARWERY 4iceh pf Claim 1, 2 or 3, where the SQipEIEHENTSSHEET
M

in step (vii) i § he group conS|st|ng of n-pentane,

I sopgent ane, n-hexane, nmet hyl cyc| opent ane, i sohe ; exane,

n- hept ane, netjhyl 2 4INOW ang i sohept anes. A process for
preparing a bijngtallic catal ypt}conprisipg the st ﬂJmcﬂly”m

formng a firgt slurry of a support materlal cont aifi oups in
a nan- palar_sol vent, (i) addi ng to the slurry of
step (i) a dial kyl nma eS| u.nd tg tot slurry of
step (ii) an al ﬁﬁhol %’F‘{%’P anof Glging & éﬁ%ﬁ §’f}{?F ©§ V%‘F%BS |“i‘?tfpa
non- net al | qe@yig SSIBSTROHOS tﬁ’é gt@uf) EcH3tihg 6f\n- -pentane, isopentane, n k, (v)
drying the slurry of ste pé armd—Tecoveri ng a nt er medi at € cat al yst

pr ecur sor , methyleyclgpentane, xangs, ayelohexane, sll-hcpm;ae,anethyieyolmheameemhdat e of step
(v) with ag%ﬁp ol ar, non-aromati c sol vent, (vii)
contacti ng, 156 ‘f‘?On pol ar, non-aromatic solvent, a netall ocene conpound

of the fornul a Op[err]l\/A[err]G{err] wherein x is 1

or 2, Mis titanium zirconiumor hafnium Cp is a

cycl opent adi enylllgr odypprogess @ﬂm&db@%ﬂﬁpmﬂiwmﬁs@g@mm of:
cycl opent adi enyI gro LS Ral I.C tri.cyclic noiety
or - hen x i 5 2OFhe tulibE ohP sBRr otk SRR n'

each other, and eachnoh-péladssivdati s sel ected from the group

(if)  adding to the slurry of step (i) a dialkylmagnesium compound,

(iif) adding to the slurry of step (if) an alcohol,

(iv)  adding to the slurry of step (iii) a non-metallocene compound of a transition
metal,

(v)  drying the slurry of step (iv) and recovering an intermediate catalyst
precursor,

(vi) forming a second slurry of the intermediate of step (v) with a non-polar,

non-aromatic solvent,
(vii) contacting, in a non-polar, non-aromatic solvent, a metallocene compound

of the formula Cp,MA,G,
wherein x is 1 or 2, M is titanium, zirconium or hafnium, Cp is a
cyclopentadienyl group, a substituted cyclopentadienyl group, a
cyclopentadienyl group that is part of a bicyclic or a tricyclic moiety
or, when x is 2, the cyclopentadienyl groups are bridged between
each other, and each of A and B is selected from the group
consisting of a halogen atom, a hydrogen atom, an alkyl group, and
combinations thereof providing that x+y+z is equal to the valence of
M;

and an alkylaluminum compound of the formula Al E g(R"')(R8 , wherein

each of R%, R” and R® is an alkyl group, linear or branched containing 1 to 0

carbon atoms; and each of R®, R” and R®is the same or different; the contact

resulting in dissolving of said metallocene compound in said non-aromatic

solvent,

(viii) adding the solution of step (vii) to the second slurry of step (vi),
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which the step (vii) of contacting consists essentially of contacting the

met al | ocene and t he A19BALESAIYEHE M conpound.

12.  The bimetallic catalyst of Claim 1 in which the step (vii} of contacting

consists essentially of contacting the metallocene and the alkylaluminum compound.

13.  The bimetallic catalyst of Claim 1 in which the step (vii) of contacting is in

the absence of alumoxane.

14.  The process of Claim 11 in which the step (vii) of contacting consists

essentially of contacting the metallocene and the alkyl aluminum compound.

15.  The process of Claim 11 in which the step (vii) of contacting is in the

absence of alumoxane,
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FIN-SOLUBLE ALKYLALUMOXANES
(57) Abstract

(54) Title: BIMETALLIC CATALYSTS FOR ETHYLENE POLYMERIZATION REACTIONS ACTIVATED WITH PARAF-

A catalyst and method. of making it are disclosed. The catalyst is made by combining two components. The first component is made
by slurrying a hydroxyl group containing support in  nonpolar solvent, adding a dialkylmagnestum compound, adding an alcchol, adding
a non-metallocene transition metal compound, removing the solvent, then reshurrying the dried product in a nonpolar, nonaromatic solvent.
The second component is made by contacting in a nonpolar, nonaromatic solvent a group 4 metallocene and a trialkylaluminum compound.
The second component is then added to the first component, the solvents removed, and an alumoxane added in which at least one of its
repeating [ATO(R)] units has as its alkyl group an alkyl group of at least two carbon atoms.




