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This invention particularly relates to a new procedure
for preparing bimetallic catalysts. This procedure results
in bimetallic catalysts with a more uniform inter-particle
20 distribution of the metals which produce the HMW and IMW

polymer components. '

The uniform inter-particle distribution of the metals in
the catalyst results in the reduction of gel particles in
polyethylene film. Gel particles are attributable to high

25 molecular weight polymer components which are substantially
greater in molecular weight than the surrounding matrix
resin. The presence of gels in polyethylene film interfere
with the film-forming process, reduce film toughness
properties and lower the film quality rating (FQR) and,

30 hence, must be avoided.

This invention relates to supported bimetallic ethylene
polymerization catalysts with improved inter-particle
distribution of the Zr active centers and facilitates the
scale-up production of the catalyst. This invention also

35 includes a new procedure for preparing bimetallic catalysts.



35 I ncludes a new procedure for preparing binmetallic catal ysts.
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transition metals) catalyst precursors are produced without
isolating the titanium component prior to introduction of the
zirconocene component. Activated bimetallic catalyst
precursors exhibit good productivity and produce resins with
a bimodal MWD. The low molecular weight polymer component in
the resin is produced by the zirconocene active centers while
the high molecular weight polymer component is produced by
the Ti-based centers. Typically, the bimetallic catalyst
precursor is prepared in two steps. First, the titanium
component is prepared and isclated as a free-flowing powder.
Then the zirconium component is added to the titanium
component to form the fimal bimetallic catalyst precursor.
The one-stage incorporation of each of the two metals onto a
support to produce the bimetallic catalyst precursors of
this invention greatly reduces the batch time of the catalyst
preparation. Moreover, in preferred bimetallic catalysts
prepared according to this invention, the zirconium catalyst
component is contacted with a trialkylaluminum compound such
as trimethylaluminum (TMA) or triethylaluminum (TEAL) prior
to addition to the titanium catalyst component. This step is
carried out in the absence of methylalumoxane (MAO).
Bimetallic catalysts prepared with this procedure have



prépar ed according to this invention, the zirconium catal yst

conponent is contacted with a trial kyl al um num conpound such as

trii met hyl al um num (TMA) or triethylal um num (TEAL) prior to addition
to the titanium catal yst conponent. This step is 35 carried out in the
absence of net WP &AFxane (MAO) . Bi netal lic catal yst SCHUEHAEY wi t h
t hi s" procedure have 3
significantly higher activity than catalyst§ prepared w t hout this
particul ar step. ' Each of Figures AL Band Cis a [err]C NWR
spect r ogr aph. Figure A depicts the [err] C NVR of

(n'BU(13|:err]ngliﬁifﬂcdﬂflgDﬁk BéF |activd¥yethén catd] yiHY prépared without

(n-BuCp)[err]zr err]-TVA. 1: solution in heptane and the
spect rogr aph” of & @@%’%%ﬁfcfgelfh- BuCp) [err]zrd [err]-TEAL, 1:10
sol ution in heptane.Each of Figureysh, GoapdsFii®sm ~C NMR spectrpgraphal ysts

of the inventiop;GePP A HepdcteCehe! YEINMED of (nCBABH) Tired %aﬂ,wﬁf,pmﬁd&sﬂ
conmpound, such as’ a trialKyl- §ﬁ§$1ggglcon£ound whi ch is free.of
al unoxane® and B depicks (n=BuCplaZrClaiTie dif0oPoLtueR s“r’hg‘egté‘&?r R4 the,
al unoxane, at spectrégxayph ofcFighrs IOdepdctsals+Bulp),.2eChl-TEAL, C2:20d a
non- nmet ; LLign netal source. The | oading of the 15
first transitiO%L%§§§¥€6%£3?§£é#%y a netal |l ocene conpound ranges
fromO0.01 to 1.§a$aln§#nﬂqmnnﬁ§=+a% final catalyst precursor,
preferably from 0. 10THe datalyststofieilael iavedntbor comprisepactecabalydt om
0.20 to G.440 w .2 : e gl t r L{y met al
e Se/%\gfﬁ%irg vt?/tl;& 9/0& Qng& 218&1 Es?ﬁo?ﬂ%' fi nal %%atraaleggfdk

ranges fromo0.1 cursor

i a e
preferably fronkbuBbnup conpound which if fres) of RlyRAxans.crBRLB| ?gH"Bm 0. 70
to 3.0 w. % net aatalyst prethesbrocéuprisingoa catelesowrcaluasRahe) at

different hydrogenge one maé:%iRBE?ﬁ? %%%&tﬁ&gy{ng{@l R 568‘50&%-.-
condi tions, and produce at Teast two pol yner conponents o i fferent
25 mol ecul aketgllfpfane transition mefdd EQRYFRr heerlicadipgrofhkheat al yst
is a sol i tirspartdmaition, mptad provideficbpbd ymétaiigeene cafpourd , such
as ranges from 0.01 to 1.0 wt.% metal in the final catalyst
precursor, preferably from 0.10 to 0.60 wt.% metal and more
preferably from 0.20 to 0.40 wt.% metal; the loading of the
gsecond transition metal ranges frem 0.10 to 10.0 wt.% metal
20 in the final catalyst precursor, preferably from 0.40 toc 5.0
wt.% metal and more preferably from 0.70 to 3.0 wt.% metal.
The two transition metal sources exhibit different hydrogen
responses under ethylene polymerization conditions, and
produce at least two polymer components of different
25 molecular weights.
The carrier material for the catalyst is a soliq,
particulate, porous, preferably inorganic material, such as
an oxide of silicon and/or of aluminum. The carrier material
is used in the form of a dry powder having an average
30 particle size of from 1 micron to 500 microns, preferably
from 10 microns to 250 microns. The surface area of the

carrier is at least 3 square meters per gram (m’/g), and
preferably from at least 50 m’/g up to 350 m’/g. The carrier
material should be dry, that is, free of absorbed water.

35 Drying of the carrier material can be effected 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



an oxide of silicon and/or of alum num The carrier materi al i's used

in the formof a dry powder having an average 30 particle size of from
l-mcron to 500 mcrons, preferably from10 microns to 250 m crons.
The surface area of the carrier is at least 3 square nmeters per gram
(nferr]/g), W@PMset  preferably fromat |east 50 nferr]/§CHPS¥G4RB50
nerr]/g. The carrier mat erial should be dry, that is, free of
absorbed water. 35 Drying of the carrjer nmaterial can be effected by
heating at 100[err]C to 1000[err]C, preferably at 600[err]C. Wen
the carrier is silica, it is heated to at |east 200[err]C,

preferably 2QQepr] £ 00 Gy The carrier mater1a1 4
850[err] C, an n%étg% %ﬁ%ﬂﬁre eragsggerri c rrier nmateria
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produce the Qﬁx@aﬁ&t £60pPeMide Ahedbathipst compdsitdoni off. this In the ~
nost preferred eng ment, the carrier is silica whi ch, prior to the
use thereof iMEhe P fst catalyst synt hesi s step, has been dehydrat ed ,
by fluislizing it Wntghe most prefersedaAuPedineny 53‘%96[‘5?-1? ds Giilicg

hours to achigMend prior ﬁarmwdaydheubfgmtmw@imt eatabystof 0.7
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S e e kLT, O b 15475 A AP Wil ien elffelaneo® |
spray-drying #scacédsh Anrpaeemm, emorphous s1lig |(safape ma cal¥Pohes
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nonane, and §%§g¥%ed by a spray-drying process. As procured, these
silicas are not calcined and thus must be dehydrated as
indicated above.
The catalyst synthesis is undertaken under inert
20 conditions in the absence of water and of oxygen. First, the
carrier material is slurried in a non-polar solvent.
Suitable non-polar solvents are alkanes, such as isopentane,
jsohexane, hexane, n-heptane, octane, nonane, and decane,
although a variety of other materials including cycloalkanes,
25 such as cyclohexane, aromatics, such as benzene, toluene and
ethylbenzene, may also be employed. The most preferred non-
polar solvent is isopentane.
Prior to use, the non-polar solvent should be purified,
such as by percolation through silica gel and/or molecular
30 sieves, to remove traces of water, oxygen, peolar compounds,
and other materials capable of adversely affecting catalyst
activity. The slurry of the carrier material is prepared by
introducing the carrier into the solvent, preferably while
stirring, and heating the mixture to a temperature not
35 exceeding 90°C, preferably 40° to 60°C. The temperature of
the slurry is critical with respect to the activity of the
non-metallocene transition metal which is subsequently added:



al though a variety of other materials including cycloal kanes, 25 such
as cycl ohexane, aromatics, such as benzene, toluene and
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physical |y or dﬁbﬁﬂ@&ll€° tha 2 lepeest g@ 9t S|nce any excess of the
organonaggesiun1conpmunﬂhermédﬁapr@tutrea embodiment of the synthesis of

this catalyst it is important to add only such an amount of
the organomagnesium compcund that will be deposited -
physically or chemically - onto the support since any excess
of the organomagnesium compound in the solution may react

20 with other synthesis chemicals and precipitate outside of the
support. The carrier drying temperature affects the number
of sites on the carrier available for the organomagnesium
compound ~ the higher the drying temperature the lower the
number of sites. Thus, the exact molar ratio of the

25 organomagnesium compound to the hydroxyl groups will wvary 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 onto the support without
leaving any excess of the organomagnesium compound in the

30 solution. Thus, the molar ratios given below are intended
only as an approximate guideline and the exact amount of the
organomagnesium compound in this embodiment must be
contrelled by the functional limitation discussed above,
i.e., it must not be greater than that which can be depcsited

35 onto the support. If greater than that amount is added to
the solvent, the excess may react with the non-metallocene
transition metal compound, thereby forming a precipitate



20 w th other synthesis chem cals and precipitate outside of the
support. The carrier drying tenperature affects the nunber of sites
on the carrier available for the organomagnesi um conmpound - the
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It is also possible to add such an amount of the

organomagnesium compound which is in excess of that which
will be deposited onto the support, and then remove, e.g., by
20 filtration and washing, any excess of the organomagnesium
compound. However, this alternative is less desirable than
the most preferred embodiment described above.
The organomagnesium-treated support is contacted with an
organic alcohol (ROH) which is capable of displacing alkyl
25 groups on the magnesium atom. The amount of the alcohol is
effective to provide a ROH:Mg molar ratio of 0.5 to 2.0,
preferably 0.8 to 1.5, and most preferably 0.90 to 1.0.
contact of the silica-supported magnesium compound with
the alcochol is also undertaken in the slurry, at a
30 temperature ranging from 25° to 80°C, preferably 40° to 70°C.
The alkyl group in the alcohol can contain from 1 to 12
carbon atoms, preferably from 2 to 8. In the embodiments
below, it is an alkyl group containing 2 to 4 carbon atoms,
particularly 4 carbon atoms (butyl group). The inclusion of
35 the alcohol addition step in the catalyst synthesis of the
invention produces a catalyst which, relative to the absence
of this step, is much more active and requires a much lower



It is also possible to add such an anount of the or ganonmagnesi um
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transition metal compounds used herein are compounds of
metals of Groups 4A, and 5A, 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

20 non-polar solvents. Non-limiting examples of such compounds
are titanium and vanadium halides, e.g., titanium
tetrachloride, vanadium tetrachloride, vanadium
oxytrichloride, or titanium and vanadium alkoxides, wherein
the alkoxide moiety has a branched or unbranched alkyl

25 radical of 1 to 20 carbon atoms, preferably 1 to 6 carbon
atoms. The preferred transition metal compounds are titanium
compounds, preferably tetravalent titanium compounds. The
most preferred titanium compound is titanium tetrachloride.
The amount of the titanium or vanadium component ranges from

30 a molar ratio with respect to Mg of 0.3 to 1.5, preferably
from 0.50 to 0.80.

Mixtures of non-metallocene transition metal compounds
may also be used and generally no restrictions are imposed on
the transition metal compounds which may be included. Aany

35 transition metal compound that may be used alone may also be
used in conjunction with other transition metal compounds.
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t he al koxi de noi e?g;%* Q‘gbér%?nic 18(;] Ek un ranc%%&\ﬁﬁggkﬂggﬂé&?g& Sﬁfcal of 1
to 20 carbon mﬁtéﬂcscmpeﬂa‘ialﬁF@M&%mﬁ%cﬂ?ewr%r éf?ﬁ%nsﬂfetﬁleef erred

Er?nSI t : Ont mel?'rrirQ”DQt' ngs wreatied aithMhree adﬁ@&aaumdsxégf&fi@fnml % | )
etraval en I {.a oun e .tanl u conpoun
o Lt ant um Al TR ERRER Compbifa alRy, a BataPlEiEie Homipnet SR um
conponesit r amgshyladumregame (MAOJwl ar ratio with respect to My of 0.3 to

1.5, p: e}‘ Ierabl Y fThe meésm&tnio cbﬂpﬂeﬁols added after M:'Xé%k'i&&ﬁntly
non-netal |l oce ns onpoun e, use

general |y no“?‘&é‘t F?‘ #Bﬁgﬁgr%%‘ﬂ%&g@dcﬁwwnd‘ FhE tylf’gﬁgg? g (}5 % e
conpounds whitxtiatiylbdunimum dsmponngd 88 a critiealt companent bnrtpnwnd t hat

may be used alyRfelRBY aLSOt bfproves ¥AEUpFduUcHIVIRG! beNedé tihiithAN ic
transition netal _.conpounds.

8 10 catad¥st: he addition of the non-metal l ocene transition
met al conpound i sPrefprably, tthe pliyladtwnimunmonpound: he a slurry. It

conpound Al Rj.er ocene co (MAO) .
The net al | ocerfe l@oﬁﬁFgenl %i%fﬁﬁie(?‘gf'{rg?g%*l'co%gw}r'eﬁff’y ~PT %}{ t he
tri al kyl al unibutiylgodpobutyl Tipentyd; odacpentylof hebxyl, isohexyl alleptyiluni num

CONpougd 1S 3 ey, SEEPONU 1isBobByS. Most pR?elaBL§, d€nid 1 nproves
the productivi tn}ém%fengzhis tgfme%:hylaluminum The molar ratio of the
trialkyaluminum compound to transition metal compound
provided by the metallocene compound, can range from 0.50 to
50, preferably from 1.0 to 20, and most preferably from 2.0
20 to 15. The amount of the trialkylaluminum compound used in
combination with the metallocene transition metal source is
sufficient to increase the productivity of the catalysts.
The metallocene compound has the formula Cp,MA,B, in
which Cp is an unsubstituted or substituted cyclopentadienyl
25 group, M is zirconium or hafnium atom and A and B belong to

is treated Wiéﬂatﬂmslaﬂﬂhﬁﬁ UidlpouRal €fi Wich the alkylt %ag@l&iﬂﬁaﬁum

the group including a halogen atom, hydrogen atom or an alkyl
group. In the above formula of the metallocene compound, the
preferred transition metal atom M is zirconium. In the above
formula of the metallocene compound, the Cp group is an

30 unsubstituted, a mono- or a polysubstituted cyclopentadienyl
group: and x is at least 1 and preferably is 2. The
substituents on the cyclo-pentadienyl group can be preferably
straight-chain C,;-Cs; alkyl groups. The cyclopentadienyl group
can be also a part of a bicyclic or a tricyclic moiety such

35 as indenyl, tetrahydro-indenyl, fluorenyl or a partially
hydrogenated fluorenyl group, as well as a part of a
substituted bicyclic or tricyclic moiety. In the case when X



10 catal yst. Preferably, the al kyl al um num conpound is a

trial kyl al um num conpound i n which the al kyl groups contain 1 to 10
carbon atons, e.g. nethyl, ethyl, propyl, i-propyl, butyl, isobutyl,
pentyl, |sopentyl hexyl , |sohexyl heptyl, 15 i soheptyl, octyl, or

i sooctyl .- Nbst“@ﬂ%@ﬁ?hbly, this conponent is trinmet hyPal/usd7489 The
nolar ratio of the trial kyal um num conpound to transition netal
conmpound provi ded by the netallocenq;conpound can range from 0. 50
to 50, preferably from1.0 to 20, ard nost preferably from2.0 20

to 15. - The anmount of the trial kyl al um num conpound used in

conbi nation wi tih the aswélmmﬁat bénﬁhélﬂtdmfo%bnéoééﬁﬁoﬁﬁd is equal to
sufficient to ijncpease t{l %}ct | gl ty of the at ag i The
met al | ocene coffolRa FLS ?‘h ‘E%?‘é?efﬁﬁ&'[ Fgr?f 49ed bY  yhich
Cp is-an unsubmlméuymn%mma&kEHSEM@Mueaybhz& ~CH,§1, O’PH,-M i S
zirconi um or :ﬁ;ﬁ;Um@'maaﬂdkﬁi‘ck'a&@ﬁﬂgwﬁgre R*' and *i@' Q%QUQBI:QE' udi ng

a hal ogen_ato en ato an a roup ove

formula ot the %‘é&%"&‘ ﬁﬂaent?%’ms' 'Si(ﬁge)fzerreﬁi(?%ﬁ&?ﬁl 5EHet al
atom Mis zirc&di{Gh).Frnanhcsimtidar bridge gooupd.a dff the Aeand|Bcene

d, th Uik
pol ysubst i t ut e?“geggggz%%azﬁ%%&f abGE Feiid OF, 5he "RECa) Rodhs cpmpoyna

preferably is en at%sttp?ﬁe’?ﬁ%‘?% ‘f%ébGyEFB“Be?\f husarinegr oup can
be preferably chlorine; riqpinechai hodines |ard gr #] zalkys @r Agss, Provided
cycl openj@di eny:h,aqrgu.p + 2 eq‘&ﬂﬁsbﬁ\é‘lwsﬂé’ho%a oe @ aIP'ﬁ%’%'éxﬁ uot@aen s

tricyclic nolety S as I nden tetr ah dro-inden reny a

partially éd?o m&@yﬁof%ﬁi@r%ﬁheageRJ-h%“% gampoust él'e

substituted bi ep¥ylcoveups, theyi arevpreferdblyt lserafght¥éledlirk or branched

9 I n a f h onpo. equal to
E?Eb B9kf éi‘dﬂﬂsa ghcgegglr%%aﬁl d%ql'gyg "R H{-‘é’m; ]isfol ymet hyI ene

2, the cycl opent adi en s_can
or di al k§;|su Paﬁé BF q&%&%yés igeputyy, n- ?&h]n-hexyl orcH-ectyl,;

-CRR'- ¥d -CR R' mmla/\mrtalsbcm d%in;mlmdshmnelu&e' al kyl groups or

hydrogen at ons pj g by i dgintaliehyljmeead (dHaqtabyl errl-CHerr]-CHerr]-
bis(cyclopentadienyl)metal hydridohalides,
bis(cyclopentadienyl)metal monoalkyl monchalides,
bis(cyclopentadienyl)metal dialkyls and bis(indenyl)metal

20 dihalides wherein the metal is zirconium or hafnium atom,
halide groups are preferably chlorine and the alkyl groups
are C;-C; alkyls. Illustrative, but non-limiting examples of
metallocenes include bis(cyclopentadienyl)zirconium
dichloride, bis(cyclopentadienyl)hafnium dichloride,

25 bis(cyclopentadienyl)zirconium dimethyl,
bis(cyclopentadienyl)hafnium dimethyl,
bis(cyclopentadienyl)zirconium hydridochloeride,
bis(cyclopentadienyl)hafnium hydridochloride, bis(n-
butylcyclopentadienyl)zirconium dichloride, bis(n-

30 butylcyclopentadienyl)hafnium dichloride, bis(n-
butylcyclopentadienyl)zirconium dimethyl, bis(n-
butylcyclopentadienyl)hafnium dimethyl, bis(n-
butylcyclopentadienyl)zirconium hydridochloride, bis(n-
butylcyclopentadienyljhafnium hydridochloride,

35 bis(pentamethylcyclopentadienyl)zirconium dichloride,
bis (pentamethylcyclopentadienyl)hafnium dichloride,
cyclopentadienyl-zirconium trichloride, bis(indenyl)zirconium



Si(CH[err])[err]- and simlar bridge groups. If the A and B

substituents in the above fornula of the netall ocene conpound are
hal ogen atons, they belong to the group of fluorine, chl ori ne,
bromine or iodine; and y + z is 3 or |less, provided 10 that x +y + z
equal s the vaversssyf M |If the substituents A and EETUSIT¢4891above
formula of the netall ocene conpound are al kyl groups, they are
preferably strai ght-chain or branched Cerr]-Cerr] alkyl groups,
such as nethyl, ethyl, n-propyl, _ ijs‘bpr opyl, n-butyl, isobutyl,
n-pentyl, n-hexyl or n-octyl. 15 Sui t abl e netal | ocene conpounds

bi's( Oyl opent SIS BRELA 26, P et ahyatbDR Lilidhy)) zirconium
bi s( cycl opent StFtERH ARt épdn_ﬁﬁw%'}ﬁ'%?dhaﬁﬁe’é',tetrah!'dr"'l"indenﬂ)] _
bi s(tycl opent sitteoniunrd@ichl 8rbd&y| rendimetal bilenydtalnistl p2ecursors het | des

wherein the 4.1 I;r.coqli r | A lL.de are
preferably Cmg‘i%ﬂg&gﬁé&oﬁhghgﬁ%pé%#ﬁ?%@&ﬂ@aaz;:é °a’“§r3?‘i’hg£8?§ﬁ§ﬁ | s.
| 11 ustr&tive, PHRTerRing thegziXeRius complex, e.gwpt fN~BUCRLZY maéh
bi s(cycl opentpeh en\Eons metallUBtene compliexd@s)r allthough scarcely soluble

b1 ( oycl opent D EARASARIE HPELE TG caf e regaiay. dissoived iin then
haf ni um di mretf#y|the presengespfye| vpiakiadiadupinum reennawndaydri dochl ori de,
bi s(cycl opent adi enulg af ales hxerodiasdd dntderndi S{urry of the carrier.
DUt ! O4B! Db Rk S ST S LBl o Alleneld witn tho metatio-
but yl cycl opencens cramplex osnpfherl the metallpsepe addition. If MAO is
BUE y: gyg: gpgg%ﬂgi;&r?&lé)d;?{i?gm&hﬁqi ﬁe%;fmdocﬂes (ciamplex . Sthen the trialkyl-
put Y1 oycl opert A JFPRERRARY nbaf | doary e iR Thould be
bi s( pent anet hpFrevioudantiagredpeed intmithe Glukryri dif the alumoxane is
bi s( peRkamet hyheysduiwntiadioe Blik) BRh iy Attt kRé | B€tallocene complex,
Shcl PN A, Sitn e T e S BB LA e
trialkylaluminum compound, e.g., trimethylaluminum, prior to
the addition of MAC. In this embodiment, the amount of Al,
provided by MAO, is sufficient to provide an (Al]:{transition

20 metal] provided by the metallocene molar ratio ranging from
50 to S00, preferably 75 to 300.

Finally, the solvent is removed from the impregnated
catalyst precusor by heating and/or under a positive pressure
induced by an inert gas, such as nitrogen, at 40°‘ to 50°C.

25 The conditions in this step are closely controlled to reduce
or eliminate agglomeration of impregnated catalyst particles
and/or crosslinking 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 50°C, very

30 short heating times schedules must be employed.

The molar ratio of alumoxane provided by aluminum,
expressed as Al, to metallocene metal expressed as M (e.g.
Zr), ranges from 50 to 500, preferably 75 to 300, and most
preferably 100 to 200. In a preferred embodiment, the

35 alumoxane and the metallocene compound are mixed at a
temperature of about 20° to 80°C, for 0.1 to 6.0 hours prior
to use. The solvent for the metallocene and alumoxane



dichl oride, and ethyl ene-[bis(4,5,6,7-tetrahydro-1-indenyl)]

zirconiumdichloride. The binetallic catal yst precursors of t he

i nventi on may be prepared using a Zr conponent prepared 5 by pre-m xing
the zirconiumconplex, e.g., (n-BuCp)[err]ZrC[err] with TMA. Sone
nmet al | ocene com@l 998891 al t hough scarcely sol uble i n paPEF/UAT0E1

hydr ocar bons, can be readily dissolved in them In the presence of a
trial kyl al umi num conpound. MAO is also introduced into the
slurry of the carrier.-10 Preferably, #t is added either concurrently
with the netall o- cene conplex or after the netall ocene addition. If
MAO i s C t I yl -

al um num conpomf{r;ié&%q-g ngl% t#"fa“'{m ﬁkh% ﬁ l h@iogteﬂg‘Ee& P%/‘lsﬁdu%é(y

i ntroduced int &WQFHPFﬁr \"hﬁ% SIYGPrbSEaﬁEh?%S 133' QSteFﬁtr 1% 3% he
slurry after this Riflaehecene conpl ex, then the netal |l ocene conpl ex

shoul d be treated th Kk

trimethylal um num 3% mOSt preé%?kghaéégé#gﬁgHg]%&%ngeg%%ﬁgg%nbodlnent
t he amoun® of momponent lﬁrBW%de'ilﬂ/‘ RAtrialkyelalundinagm coBPRYRY | SHCh @S
[Al]:[transiti ogMa?QGn a ﬁai-atki@w\uydedcbtbbﬂecmajdmgesetaoizrcamﬂow

rangi ng from atonms gr%gagggﬁgFﬁéﬁyakigh¥é7§§$ﬁéégﬁl Pefan% and h ﬂyqé Y

t he solvent is TenoVe precuso

heating and/or imdde absenrei 9t MG ssithés mixturg M&@G“b?dﬁﬁdl%r‘%h%as
such as nl trogefitaivhObatalys® dddponeh€. 2Phe MADdscaadedi asgsa itolddne step

oo cloosl COLIER 13, LRUERs sveg, i PALTHBS IR BRERLLSE, O,
Al t hough sol vencagalyst precupsoy diaswed Syoav@mrmmmésnﬁélmumgmﬂdgher

tenperatures +he ndnl@Rthlabcéifd iHiRfshYibhendttdlycupovadsdhertdd and bel ow

R e L

essed as Al,
to metall ocene ¢Rgatialyssn eybéahaée fan &l laluminunzﬂomppangegrggmﬁ Natey

500, prefigrabl yard drd aldoxahé. mlﬂie cocataljﬂéefﬂ qiﬂesfeﬂﬁl?oa 20Fialkyl>
e o iy B, SABREABEY 1 (ol " ERB OB o1
prior t oisutfiiedens) v'erai\febm Ad: %tml%mlmefall%bx%mewoo
preferably 15:1 to 300:1, and most preferably 20:1 to 100:1.
The catalyst precursor of this invention is in
20 particulate form; it can be fed to the fluidized bed reactor
for gas phase polymerizations and copolymerizations of
ethylene in the absence of additional alumoxane fed as a
separate component to the fluidized-bed reactor.
EXAMPLES
25 catalyst Precursor Preparation
Example 1
Into a Schlenk flask were added Davison-grade 955 silica
(2.00 g), which was previously calcined at 600°C for 4 h, and
heptane (60 ml). The flask was placed into an oil bath kept
30 at 55°C. Dibutylmagnesium (1.44 mmol) was added to the
stirred silica slurry at 55°C and stirring was continued for
1 h. 1-Butanol (1.368 mmol; butanol/Ms molar ratioc of 0.95)
was added at 55°C and the mixture was stirred for another 1
- h. Then TiCl, (0.864 mmol) was added at 55°C to the reaction
35 medium and stirring was continued for 1 h. The flask was
removed from the oil bath and allowed to cool to ambient
temperature. Then a heptane solution (1.8 ml) containing TMA



11 m xture can be aromati c hydrocarbons, hal ogenated aronmatic

hydr ocar bons, ethers, cyclic ethers or esters, preferably it S

t ol uene. In the nost preferred enbodi nent, the netall ocene 5
conponent is mxed with a trialkylalum num conpound such as TMA in a
paraf fini c hjNr¥68%on containing 5 to 12 carbon at oRET/UBYTEOR®R abl y

| sopent ane, isohexane, hexane and hept ane, I n the absence of MAQ.

This mxture is then added to the tltanlun1catalyst conponent. The
MAO i s added as a toluene 10 solutionlds the final step in the catal yst
preparation. The catal yst precursor formed fromthe organonmagnesi um

conpound, tmo 803&Ft§’“ e%{,é ?bti?@%nﬁﬁ&oﬁﬁ %ogpguag & the

acti vated net ocene dctiva cocat al yst,
which is an @Id@fﬁatarrthﬁnﬂ‘%mndﬁﬁﬁeﬁ stimra for 1 hanﬁﬁ%nﬂeﬂ%xane
Thef Cocglt al y simof1S %}l%eiﬂ Lﬁ@ideﬁe tﬂdl?lt_“i_m was addecﬁlmfnannmmw nhd
preera y it .S e_anpo t

Al : nol ar rs§t:ﬁr518? 8% 1% t#"d‘tﬁfpfor -6 h. pre }g‘ﬁ %iéﬁ{ "{égﬁﬁl\é% and
m)st pr#f er abintep@nloid bathiat 55°C and the mvmamystummwoaedt hi s

invention is dﬂae%oa niﬁi‘éééﬁ%ﬁg% e Glive! a CFedF1badnObiben IPdudéirzed bed
react or E g%s phase polynerizations and copol yneri zati ons of
ethylene in t ce of additional alunoxane fed as a separate

conponent t o Thee chltailisteprecursameas: prepaced as da Expuplerkoip dor and

SPIr FP?;at i on includ.lng' ghe 'Bi@fmsﬁaﬁ fl/ﬁﬁﬁl Ousﬂ\?fegglﬁﬂﬁﬁedtl@;/ﬂ%gook Q?:g?etﬂ55 nd
hept an&®( 60 rﬁ‘)l b?%@ %Pgsiiﬁﬂgnﬁ é@e 9 ﬁ'PBia &‘tﬁ‘g‘h% Cﬂ“ ’
55[err] C. Ditniueneagodution ((4 44 mhjoicpntasningldra d 10k04 mmol Als)t |amﬂed

silica sl urry(3 gﬂ)?zf&fg 3891664 rxﬁnmg, \cﬁ%veoa; Imiaa%a to the 1 h.
1- But anol 68

ano] [ \Vs, a.h f% ?{) dded at
55[err]C and Wirekure. ¢ upgtﬁéssgﬁl?% ff"(’fr 'ﬂé‘? askx was Blacﬁv%‘?‘ °a[err]
(0. 864 mmol ) amidddethat56% eraridCthe shiverts twene semovedeuiden and
stirripg was goddenegurge éog% ivel e frledslf1 ¥@fng brown powAEELM fromthe oil

bath and al |l owed to cool "to anbi ent tenperature. Then a heptane
sol ution (1. EXABRAGed ai ni ng TMA
The catalyst precursor was prepared as in Example 1 up to and

including the TiCl, step. After removing the flask from the
oil bath and allowing it to cool to ambient temperature, TMA
20 (2.38 mmol) was added to the mixture. After stirring for 1
" h, a toluene solution (4.4 ml) containing MAO (19.04 mmol Al)
‘and (n=-BuCp).2rCl, (0.1904 mmol, 0.077 g) was added to the
mixture. After stirring for 1 h, the flask was placed into
an oil bath (50°C) and the solvents were removed under a
25 nitrogen purge to give a free-flowing brown powder.

Example 3A
Into a Schlenk flask were added Davison-grade 955 silica

:F

(2.50 g), which was previously calcined at 600°C for 4 h, and
heptane (90 ml). The flask was placed into an oil bath kept

30 at 50°Cc. Dibutylmagnesium (1.80 mmol) was added to the
stirred silica slurry at 49°C and stirring was continued for
about 1 h. 1-Butanol (2.16 mmol; butanocl/Mg molar ratio of
1.2) was added at 49°C and the mixture was stirred for 1 h.
Then TiCl, (1.08 mmol) was added at 49°C to the reaction

35 medium and stirring was continued for 1 h. The flask was
removed from the oil bath and allowed to cool to room
temperature. Then a heptane solution of TMA (4.30 mmol) was



12 (2.38 mol) and (n-BuCp)[err]Zrc[err] (0.1904 nmmol, 0.077 g)

was added to the m xture. After stirring for 1 h, MAO (19.04

nmol Al) in toluene solution was added to the m xture and stirring
was continued for 0.6 h. Then the flask was placed 5 into an oil bath
at 55[err] C anWo%ies88bl vent mi xture was renoved under PEIESP458kn
purge to give a free-fl ow ng brown powder. Exanple 2 The
catal yst precursor was prepared as in Exag&(e 1 up to and i ncl udi ng
the TiC [err] step. After renoving the fl fromthe 10 oi | bath and
allowing it to cool to anbl ent terrperature toI uene solution (4.4
m ) contai ni ng ( N; red ferr]
(0.1904 mol &%% éﬁq {xdaﬂ%.rrmg waé Atft gr S':Istl rring for

1 h, the flaskawlm.a@equﬁﬁﬂe S°1uti¢ahqﬁ meam(%b[nml] &}) afentaining
sol vents were t@mmzzﬁdsg (®.293 mmol) twaxg@ddedr g6 tite gsmﬁ:zq fr eRehl avd ng

up to nd - sovymse yete FRRBYLE ¢ BOPRSkkailor AU BB pRoRIAINC |

fromtheb5 frw#flmimamwéprow ng it to cool to anbi ent tenperature,
TMA 20 (2. Wwas added to the mi xture. After stirring for 1

h, a toluene s ut| talnln 1 Al ) an
(n-BuCp)[err]Zz ["'éq 1(1{(3(} f’gﬁ%n (##XA&? éva%sa reﬂépa#glfa & up to anéj

m xture. Afteriseluding) ther TiCh, ﬁ*m’ fI agkem/aseqﬂ"é@sdthﬁtﬁlask from thei |

?at h (50[ e][ r] Q%ft%ﬁm%gﬁolam%%we ﬁ&wdtﬂnfmléi'@&empera}:ﬁfég%d)ur ge
o0 give ree; ro nto_ a n ask_were

added |son- Pa‘g‘\é\i %538 ?{9 o&% A}s d%c\ﬁ%I %° |o'ﬂ ﬁ

cal ci ned at GOBF‘é@t]@JflmimU forahdh, a heptaast §ﬁb‘l‘(w rﬂl)-B mhé fl ask was

pl af)ed i nt Odgncehtamtrkq oot (3038 mmal) Eﬁ{der(h]-ﬁucpgzbunilmgmal wib1( 1. 80
mol ) was adde t tpLr S

stirring was cgh{)ﬁl él’d WS added tb glgut%“f&%%e LE (ﬁnt( %Lﬁ'éelﬁm@e

but anol / My nol Zhenathe ffask was placed vintoganedihtbatdl 55 C) anand Heheni xt ure

was stinsed fogolvénts were réh8fedi dhdéy ld nitrBfeiPlidge\dd gddedaatree-

49[err]C to thglreactlon 35 nedi um and stirring was continued for 1 h.
The flask was wing Browh o ?'Fgﬁ]the oil bath and allowed to cool to room
Exanple S5

- The catalyst precufor was prepared as in Example 1 except
triethylaluminum (TEAL, 2.38 mmol) was used in place of TMA.
20 The preparative scheme for Examples 1-5 are illustrated
belovw.

25 Example 2

- —— e
955600 silica heptaze DBM 1-butanc! Ticl, {MAOHn-BuCp)2:CL,} dry
— — —— ——> ———— ——

Example 3ad3A

Ticl, T™MA {MAO+(n-BuCp),ZsCl,} dry
> \J > —
- Example 4
30 955600 silica | heptsne DBM I-butanol TiCl, MAO {TMA#(n-BuCp),ZrCl,} l dry !]
—— — > > > > —
L




tenperature. Then a heptane solution of TMA (4.30 nmol) was

13 added to the flask and stirring was continued for 1 h.
Fi-nal ly, a toluene solution of MAO (20.30 nmmol Al) containing
(n-BuCp)[err]zZrdferr] (0.203 mml) was added to the slurry. Then all
solvents were renoved with a streamof nitrogen to produce a 5

free-fl ow ng . Exanpl e 4 The cat al yst was
prepared as |v28%§§?ﬂl e 1 up to and i ncl udi ng the Ti%ﬁ%ﬁ‘?%@tep
After renoving the flask fromthe oil bath and allowing it to cool
to ambient tenperature, MAO 10 ~ in tojgene solution (19.04 mml A) was
added to the m xture. After stirring for 1 h, a heptane solution
(1.8 m) containing TMA (2.38 mmol) and (n-BuCp)[err]Zrd[err]
(0.1904 mol Example 50. 077 g) was added to the mxture at arrbl ent

t enper at ure.
and the 15

er ~> he amol ) e 5 2 —1 ola-pl A< | K

Exanple 1 except tr| et hyl al um num (TEAL 2. 38 mml) was used in
pl ace of TMNA séfle embbdémentparfathecprsesante ihventieompinvolivesthecuse |afst rat ed
bel ow. gE¥EHEQS%né Fom%}ex 32t HGk in RERLEPEnic hydrobBMions

MAO d%y Z(ExamplesaQ? E, and 5). All metallocene complexes are

practically insoluble in such liquids by themselves but some
of them become soluble when contacted with trialkylaluminum
compounds.
Example 6

10 0.1904 mmol (0.077 g) of (n—BuCp),ZrCl, was added to a 10-ml
serum bottle, flushed with nitrogen followed by addition of
1.8 ml of TMA solution in heptane (2.38 mmol). The
metallocene complex quickly dissolved to form a yellow
solution.

15 Example 7
0.230 mmol (0.0933 g) of (n-BuCp).2rCl, was added to an NMR
tube, flushed with nirtogen followed by addition of 2 ml of
n-heptane. The metallocene complex did not dissolve. Then,
2.3 ml of TMA solution in heptane (1.70 mmol) was added to

20 the tube. The metallocene complex quickly dissolved. The *C
NMR spectrum of the solution was recorded and compared to the
spectrum of the pure (n-BuCp),ZrCl, complex {solution in
deuterated chloroform). Whereas the spectrum of pure (n-
BuCp).ZrCl, contains only three signals in the Cp carbon atom

25 range, at -135.2, -116.8 and -112.4 ppm, the spectrum of the
contact product from (n-BuCp).ZrCl, and TMA contains eight
signals at -135.5, -131.7, -117.0, -114.8, -112.5, -112.0, -
110.6 and -108.8 ppm. This difference proves that the (n-
BuCp),2rC1,-TMA contact product is a unique entity.

30 Exanple 8
Dissolution of (n-BuCp),2rCl, in heptane was carried out as in
Example 6 except that 2.38 mmol of TEAL was used in place of
TMA. The metallocene complex rapidly dissolved to form a
yellow solution.



Exénple 3 and 3A Exanple 4 30 955-600 silica heptane
DBM  1- but anol Tidd[err] MAO (TMA+(n-BuCp)[err]Zrdferr]) dry

14 Exanpl e 5 Some enbodi nents of the present invention

i nvol ve the use of setal | ocene conplex solutions in paraffinic

hydr ocar bons 5WO93B8amples 1, 4, and 5). Al netall ocene cHHVEXRS% e
practically insoluble in such Iiquids by thensel ves but sone of them
becone sol ubl e when contacted with trialkqsaluninun1 conmpounds. 10
0.1904 mmol (0.077 g) of (n-BuCp)2Zrd 2 was added to a 10-ml serum
bottl e, flushed with nitrogen foll owed by addition of 1.8 m of TMA
solution in h?ﬁﬁéﬂﬁlii%'38 nmmol ). The net al | ocene conpl ex qui ckly

ol (0.0933 8- A2 [P,y 10971 9} 9% A PURRLARSIa e Adpshge an MRRY).
flushed with ntubbengefilushiedowdthbyitxhian doldbwed by @ddition of 2 ml of
n-heptane. The metallocene complex did not dissolve. Then,
5 2.0 ml of TEAL solution in heptane (3.06 mmol) was added to
the tube. The metallocene complex quickly dissolved. The '’
NMR spectrum of the solution was recorded and compared to the
spectrum of pure (n-BuCp),2rCl,. The spectrum of the contact
product from (n-BuCp),2rCl, and TEAL contains fifteen signals

10 in the Cp carbon atom area encompassing the -126.2 - -104.4
ppm range. This difference with the spectrum of pure (n-
BuCp).Z2rCl, (see Example 7) proves that the (n-BuCp),ZrCl,~-TEAL
contact product is a unique entity.

Example 10

15 An attempt of dissolution of Cp,2rCl, in heptane was carried
out as in Example 6. 0.1904 mmol (0.056) of Cp,2rCl, was used
instead of (n-BuCp),2rCl;. In this case, however, the
metallocene complex remained insoluble, hence, a catalyst
preparation technique similar to that of Examples 1, 4 and 5

20 cannot be applied with this complex.

Slurry Polymerization Reactions: Ethylene/1-hexene
copolymers were prepared with the bimetallic catalyst
precursors and the cocatalyst TMA. An example is given
below.

25 A 1.6 liter stainless-steel autoclave equipped with a
magnet-drive impeller stirrer was filled with heptane (750
nl) and l-hexene (30 ml) under a slow nitrogen purge at 50°C
and then 2.0 mmol of TMA was added. The reactor vent was
closed, the stirring was increased to 1000 rpm, and the

30 temperature was increased to 95°C. The internal pressure was
raised 6.0 psi with hydrogen and then ethylene was introduced
+o maintain the total pressure at 204 psig. After that, the
temperature was decreased to 85°C, 37.6 mg of the catalyst
precursor of Example 1 was introduced into the reactor with

35 ethylene over-pressure, and the temperature was increased and
held at 925°C. The polymerization reaction was carried out
for 1 h and then the ethylens supply was stopped. The



n-heptane. The netal | ocene conpl ex did not dissolve. Then, 2.3 m of

THA solution in heptane (1.70 mmol) was added to 20 the tube. The
nmet al | ocene conpl ex qui ckly dissolved. The [err]C NVR spect rum of
the solution was recorded and conpared to the spectrum of the pure
(n-BuCp)[errmrampsstr] conplex (solution in deut er aPETWUBHIOIOdT or ) .
Whereas the spectrum of pure (n- BuCp)[err]ZrC[err] contains only
three signals in the Cp carbon atom 25 range, at -135.2, -116.8 and
-112. 4 ppm the spectrum of the cdRtact product from
(n-BuCp)[err]zZrderr] and TMA contai ns ei ght signals at -135.5,

G e ence pEBIEESE e G vo MBsthy sommamtyity o i gdabRE TS

product is alenequesemlxgct%b The gluppy PP ymerizat %s’éﬁ}%lﬁcﬁwf@ff
(n- BUCP)[err]ﬁé&[@&ﬂl*é\:é‘@i@‘@&v&ﬁsbﬁmw ed out as in Exanpl e 6
except that 2.38 mol TEAL was used in olace of _TVA_ The
met al | ocene A.' T D di S§0I Ve '

¢ ow soljut i on.
15 é?ﬁﬂ'é?!t Precigsor | ?ﬁ'ﬂﬂ“vﬁg 53"’ I?f% r] 7rd [err]
was added t o jaa-—hM -t : Sefdh ed addltlon

of 2 nlgof Examibibemt ane. The |net aljaa(nene clonpl ex. 4li d ot 1d|9$5 ve. Then,
5 2.0 M §f TEAL SOTUtTon In hept (3 06 nmo yas el(;s t he
tube. The l- {amplec2.onn) g 0 : ;G NMR

spect rum of hgmgymt Bon was recordeéwmd conpareggto thg 142 spectrum of

pure (n- BuCp ZTg Z-—Tne specirym or I contjact 0 produgx Trphm
(n-BuCp) [er \ SHATPLE 3% ahd-—TEAL nnn+3§ vo—f it —eHaad-4—1-0 Hh the Cp
carbon atom : r@on;passmgtre-lafsm- -104.49.2 ppngzangk. This

di fference WyrT € Spec rumo’r pure( E)[errJng]][er ] (see
Exanpl ¥07) pildBARRNER Lhoe (e Bl L ald PRI act

product is a unique_enti

di ssol ution of CpPétrF2e &T‘éﬂ‘ﬁsq ﬁyﬁgﬁggn%rﬂé < z}'ﬁségﬁn"’%{m %@%ﬁf{)ﬂ as in
Exanpl e 6. 0.Mid#A nRelatdveSntxfib8Eizng]of vikthe womponents camdfe derdged

(n-BuCp) [err iy PrleCeibw ihdek W6 1S eeshfVCViie Higher the flow index,

the higher the contribution of the Zr component. The

15 efficiency of the Zr component is much higher for the
catalyst systems of Examples 1-3, as evident from their
higher resin flow indexes. Adding TMA prior to the addition
of MAO in the catalyst precursor preparation resulted in the
most active catalysts (Examples 1,3). In contrast, adding

20 MAO before TMA addition in the catalyst precursor preparation
(Example 4) had a deleterious effect on the catalyst
productivity. The catalyst precursors of Examples 1 and 4
are unique in that the (n-BuCp).2rCl, complex is reacted with
TMA and not pre-mixed with MAO. .Using TEAL (Example 5) in

25 place of TMA in the catalyst precursor preparation produced a
catalyst system with low Zr efficiency as manifested by a low

resin flow index.



met al | ocene conpl ex renai ned insol ubl e, hence, a catal yst

preparation technique simlar to that of Exanples 1, 4 and 5 20 cannot
be applied with this conpl ex. Slurry Polymerization Reactions:
Et hyl ene/ | - hexene copolynmers were prepared with the binetallic
catal yst - WO78%aY sors and the cocatal yst TMA. An exanpl RCTHESGP458h

bel ow. 25 A 1.6 liter stainless-steel autoclave equi pped with a
magnet-drive inpeller stirrer was filled with heptane (750——— )—and

1- hexene (30 ni) under a slow nitraogen pury® at 50[errjf - n
2.0 mmol of THA was added. The reactor vent was Hﬂ,"Hm""ﬂ@‘iﬂmr” ng
was i ncreased 0 rpm and the 30 tenperature was imcreaseds
95[err]C. The al pressure was raised 6.0 psi with hydrogen
and then ethyl ene was introduced to mintain the total pressure at
:2),(;46psi g. fAf}]er that, the siurry ptemafm:: enamsadeﬁfmgead_supp&&[tea(rj] C,

.6 mg of the r v LT ed into
the reactor w P %g%ggifﬂcét%aﬁae]ﬁgeoég%é‘%fée%’gufr%j(%jangf?ﬁee%rﬁ)agroe{‘t%g?% was
i ncreased and copolymerizationospactiens TeRINIGISiRGr Ehet $¥#PTeact i on was

igrri ed oyt koy lsnT ghen ;thoﬁrsecawpé:ydmﬂ:ﬁmiagedh The
reactqr cool ed . to enperatur nd_ t-he pol yet hy-
| ene was col | e%&gas&gieg scf"{?rsr;} pgﬁggnié'?%%%’f%yrd gg??ks’ ?O?olverﬁ: at)éhese

catal ysts are ¢ewparathrse below 90°C; Cat al yst Precursor Productivity Flow

| ndex MFR (ii) +tr¥atibg the (s1@¥Fy with an oF¥@idhfhnksium

3310 19. 4 39, iEx&ngl § l?' 2170

29 7° 138 compound $r0 w:?ere n n a§§86ach the sane pr 142
Exanpl e BA different Rg@@r or branched alkyl Cz«C;, groups Ewdnpl and m
1670 9ate each 0824 or 2 providing that n+m=2;

(iii) subsequently treating the slurry with an
aliphatic alcohol R"OH where R" is a linear or branched C,~C,,
alkyl group;: the said treatment carried out at the

15 [R*OH):[Mg] molar ratio of 0.5 to 2.0;

(iv) subsequently treating the slurry with a non-
metallocene compound of titanium or vanadium soluble in
aliphatic hydrocarbons; the said treatment carried out at the
(transition metal): (Mg) molar ratio of 0.3 to 1.5;

20 (v) subsequently treating the slurry, at a temperature
of 25° to 70°C, concurrently, with either (a) a solution in a
paraffinic hydrocarbon containing a metallocene complex and a
trialkylaluminum compound, wherein the said metallocene
complex contains one or two substituted or unsubstituted

25 cyclopentadienyl groups and a transition atom which is
selected from the group consisting of titanium, zirconium and
hafnium, and wherein the said solution is prepared at the
(Al) : (transition metal) molar ratio of 0.5 to 50; or (b) a
trialkylaluminum compound in a paraffinic hydrocarbon

30 solvent; each step (a) or (b) being carried out at the AlR,:Mg
molar ratio of 0.5 to 20;



10 Exanpl e 5 1820 3.4 57 Al l
the catal yst systems produce resins with binndal MADs. Rel ative
contributions of the conponents can be judged y the flow i ndex of
the resin: the higher the flow i n “mu“mmﬁ Lgher the contribution of
the Zr conponeabraséie 15 efflc onponent RCI/USADWSHN gher
for the . catal yst systens of * mit ed 123," as evident fromtheir

hi gher resin flow i ndexes. Adding TI\/A pr| or to the addition of MAO

in the catal yst precursor preparation reddlted in the nost active
catalysts (Exanples 1,3). In contrast, adding 20 MAO before THA addition

i n the catal yst pre rsor ar le 4).had_a d terlous

effect on the catd% ubg q\ﬁ) 1?)]ﬂ’u |e\?|tf‘§}g "'Ilgﬁ% ?‘ra$§lyy %’tpre%eu“r'%eoragc 0

Exanpl es 1 araf £5° to 708¢e mquelehamtm@J(tmeBu@)[QrﬂMqheﬂt]

complex is repat ngﬁa%xhhxane in M%t&et hi?é?oéﬁﬁ% Wbl e MO o:!eJSod)g aTEAL

(Exanple 5) in mthe&lg % recur sor ﬁ?{?

produced a= solutigmy &P§7§Pi§§7’§? 2 e R ol o) J-iOEREG g fQ st&? by a

| ow 5 r estiap (@) iandemethylalumoxane in an aromatic hydgocarbanirry

process for g Pigetgml |1 c catal yst precursor
@cfwhaqd rt?xa st&UQ&BI&%' prepared' ¢

for ethyl ene- yneri zation reactions _co sing the
steps: 5 alumir(qn) (trpppition %&He?ﬁ’lﬁﬁrﬁﬁ?%aﬂfrl eFocafe eﬁrg:{‘;n

hydr oxyl gr ougiuninuan balinghprovidedikyc saidnmetiivlaiunsxane ; whe:qmpe:m;t ur es
bel ow 90[ err] [ r h I t

organomagnesfcu‘uep vi(e) forlr%gﬁ% the rri I\/gn}?% ?e%rx& tH{v\c?;n)eért\glk:‘n{hRﬁg)ndfolix}lc.z;vrse each
the sakB® or Ithe steR M(B)ént Ilnear or branched alkyl Cerr]-Cerr] groups
and n and m (wri9 ezeholing the ZglventdmigturmifrnemntRe said slurry

under normal or reduced pressure at a temperature not

exceeding 90°C.

2. The process for manufacturing a supported
15 bimetallic catalyst precursor of Claim 1, wherein the
organcmagnesium compound employed in step ii is
dibutylmagnesium and the (Mg):(OH) molar ratioc is 0.1 to 3.0,

3. The process for manufacturing a supported
buimetallic catalyst precursor of Claim 1, wherein the
20 aliphatic alcohol employed in step iii is n-butanol and the
(n-butanol) : (Mg) molar ratic is 0.5 to 2.0.

4. The process for manufacturing a supported
buimetallic catalyst precursor of Claim 1, wherein the non-
metallocene transition metal compound employed in step iv is

25 titanium tetrachloride and the (TiCl,):(Mg) molar ratio is 0.3
to 1.5.



(iii) subsequently treating the slurry with an al i phatic al cohol

R'CH where R' is a |linear or—branched—Ccerri=C err] al kyl group; the
said treatnent carried out at e ' :[My] nolar ratio of 0.5 to
2.0; (1v) subsequHBﬂiﬂjwﬂ“mﬂﬂe slurry with a non-

met al | ocene coMSSUARIBT tit ani ji v oluble in PCT/HBYTMEM i C
hydr ocarbons; the said treatnent carried out at the (transition
nmetal):(My) nolar ratio of 0.3 to 1.5; 20 (v) subsequently
treating the slurry, at a tenperature 13 of 25[err] to 70[err]C,
concurrently, with either (a) a solution in a paraffinic hydrocarbon

Caini tall i d,
contai ning a metal | gcene, GOSFlL% f’%‘c‘g"n%ﬁ’eﬁ a methih B¥LAL %ﬁ{%ﬁvr%?%%gtgpt Ut ed

wherein the said nefallocene contal ns one or
or unsubstit ut &Figtkylaluninghe GORRPERYt YHRRIE ihe said metallacemeom which
is - sel ecoagléxotontheiny @ne 69NEWS tsulstiftutelast UehsWbdidited and

(ALY (transi ti GYcacPetPRabilyd Mhoph g HaZBHEIcH oo s selectea
trial kyl & uni n6FeBoRR® PP SoNSdsEing € Hitandumy pahrooniun ansi hafniumach
tst ego(a) or (bwhegenn tie réeill aitiadkylaPuriih Mompound SEAtHinsAlliifedat Br5
o 20; . .
(vi) subsequenpf?nflr‘%%t?b?]t 1FE PG Fr?ma?‘ got (e:"rfpgapgt Hpgg‘ém th%fsazg to
70[ err] C, concGONEAEEYPrafuGE dist ﬁéiuébﬁ in gargfifépniefhydrocarharmyl al unoxane

I n an aronmati c shyg¢eaear bon solvent, or (d) a solution containing a
m xture of a netall ocene conplex of the 5 step v(a) and nethyl al unoxane
in an aromati c hydrocarbon solvent, the said solution prepared at an

al umi nurd® (transiti 6n e FontaGtapreduch off acmegaiocene (complex andmanum
]E)e: Ing proxi ded mamwammnaldmmm;amﬁm 51, hgherein tﬁiéaléa\ii(dé ;3)

ol l ows the st ep.v Q e, sten v(b):
(vii) renovi ng%%ﬁéig%f%%t&rf#%ﬁ%h‘r gsf ir’%%g‘f%ccei?ae:ﬂ%aé ﬁ?lf%/)hnrcmﬁ%der nor mal
or reduced pre8dgh2oxide. t enperature not exceedi ng 90[err]C.

7. A contact product of a metallocene complex and a

15 trialkylaluminum compound of Claim S5, wherein the said
metallocene complex is bis(n-butylcyclopentadienyl)zirconium
dichloride.

8. A contact product of a metallocene complex and a
trialkylaluminum compound of Claim 5, wherein the said
20 trialkylaluminum compound is trimethylaluminum.

9. The slurry process for manufacturing a supported
bimetallic catalyst precursor of Claim 1, wherein the
solution of a metallocene complex and a trialkylaluminum
compound in a paraffinic hydrocarbon solvent employed in step

25 v(a) is the contact product of a metallocene complex and a
trialkylaluminum compound of Claim 5.

10. The slurry process for manufacturing a supported
bimetallic catalyst precursor of Claim 1, wherein the
solution of a metallocene complex and a trialkylaluminum

30 compound in a paraffinic hydrocarbon solvent employed in step
v(a) is a contact product of a metallocene complex and a
trialkylaluminum compound.



2. The process for manufacturing a supported 15 bimetal | i c catal yst
precursor of Claim1l, wherein the or ganomagnesi um conpound enpl oyed
instep ii is di butyl magnesi um and the (My):(OH) nolar ratio is 0.1
to 3.0. 3. The process for manufacturing a supported
buinetal It c catal yst precursor of Cdaim1l, wherein the 20 al i phatic

al cohol enpl oyedwpn7/sssep iii is n-butanol 4gpd the ( n- bURGEAGRIT/O45AL))
nolar ratiois 0.5 to 2.0. 4, The process for manufacturing
a supported bui zetal lic catalyst precursor of Caim1l, wherein the
non- ; - metall ocene transition netal conpound enployed in step iv is 25
titaniumtetrachloride and the (TiC[err]) :(My) nolar ratiois 0.3

to 1.5. "19 5.
A contact product of a netall ocene conplex and a vtrial kyl al um num
conpound, wherein the said netall ocene conpl ex cpntdi ns one or two
substituted or unsubstituted cycl opent adi enyl gr yps and a
transition atomis selected 5 fromthe group con§| qing of titanium

zi rconi um and haf ni um wherein the said trial kyl al um num co ound
contains linear or branched al kyl groups frOWIC[err] to J and
wherein the said contact product is soluble |n p afifinic

hydr ocar bon sol vent s. 10 i 6. A QO pﬂoduct of a

nmet al | ocene conplex and a trlalkylalunlnunlco .,f Claimb5,

wherein the said P NvRGARNEH SO0 ;
bi s(cycl opent adi enyl)2|rc0|u 1 LA N?M@ M(U ‘/ %
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di thi ori de. 7. A contact product of a netallocene COWRJ&
and a 15 trial kyl al um num conpound of Claimb5, wherein the said
met al | ocene conpl ex is bis(n-butyl cycl opentadi enyl)zirconium

di chl ori de. 8. A contact product of a netall ocg

and a tri al um nur, W&?&@ Bg.;,,rgn sy ei n -‘.»‘;
trial kylalum nunMound IS tr| net hyln [mg Suvdf The

slurry pr quﬁmmmﬂﬁmémbmmmmrm THE PATEND COBPERATION aRE&TY §CT)
precur sg LIIU —

Hhﬁ'f‘—a_a'l—ﬁ‘lﬂ_—\mf SO otTomn
and a trfsf’g?lrzf QT“ﬂﬁftﬁbﬂmE“ 'corrpou d 'H“h’“‘ﬁ“a’?"é\ﬁgwg“ﬁ%ggfgg é& ’\7/35&?l /
i

errgl oyed #2864 y(a) is the c ﬁtlaqxs)ﬁ{e.qﬂmtmaimﬁnm al | Deneiaumnbex
an a - a9~ +Ho—The
slurry- § Rbdobd 1 NG pery 1 Designated StestTRY, 2h |1, &R, atent (AT,
pr ecur sq Ezgg?é%ﬁgniglrﬁp wherein thé’a’r §ddi?&§¥s a‘S;t [ a?wfnmnmﬂlmﬁéﬁ%?ﬁgm%c
and a_t | 2N igatbrak g Pate3 0 2bMad ANRALPANY par PRSP hydr ocar bon sol vent
enpl oyed in step v(a) is a contact product of a netall ocene conpl ex
and a | (30) pribafity Bdtd<y| @l um num corrpound/ Published
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A process of forming a bimetallic catalyst composition comprising a cocatalyst (a trialkylaluminum compound) and a catalyst
precursor. The precursor compnses at least two transition metals; a metallocene complex is a source of one of said two transition metals,
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