WD 03/047751 PCT/ US02/ 31491 1 BI METALLI C CATLYSTS WTH H GHER ACTIVITY 1.
FI ELD OF THE | NVENTI ON The invention relates generally to nethods of
produci ngwbiogetzasi ic 5 catal ysts for ol efin polynerizati @Tresazsi4ons. | n
particular, the invention provides nethods of making supported binetallic
catal ysts including a non-netallocenej transition netal catalyst and a

net al | ocene catal yst, the nmethods providing binetallic catal ysts having

i nproved activity. The catalysts are particularly useful in polynerizing
pol yol efins to foBEMETADLEE CATEYSHS WITH HIGBIR AGHIdddYar 10 wei ght

di stribution (MAD) and/or binmodal conposition distribution, in a single
reactor. 2. BACKGROUND Pol yol efin resins having binodal nol ecul ar wei ght

di stributipns apgéan oplPHbiIR®ENTIONPOSI tion distributions are desirable in
a nunber of apptTcations. Resins including a mxture of a relatively

hi gher ol ecul aThewinyértioporslapefdencraly ton metheds wé| profesing bisrctdlis ar  wei ght

pol yol efin n b rooduced tao take advant .Of | SLyength
proper tg escag‘?lyﬁtﬁ g‘ﬂg?le P@éﬁﬁeEF&‘ i TGt 10%3’5 ﬁgarg%éla}a?l% %ﬁgg%t%%}ggwﬁ H nms made

t her ef rom pRads e MetihesupsReassinegllihasartsr nshidig ©hohans4lloce nol ecul ar
wei ght resins. Binetallic catalysts such as those disclosed in U S Patent
Nos. 5, 032irg8tiommaetsl satalyst7and o dneteliessearratsiysin theemathodsgpregiding 5,
produce bi modal;;: fin_Lesi Lo i-ngl : | ysts
Pypi cal 1y PHotle B el e 1FPIRRA A0, N Sl AREkOpar TIBRE EObE Y ocene
catal yst caimpeleivriziMy poly@lefipy addeen polyobdfef resmshwith rigmdildlf mokentlanver age

nol ecul ar welghts. U S. Pat ent . ..5,525,678,. for_.ex | e, discloses a
bi et al9i c weid %@4‘[@&%%'6\?%%034 rﬁ?l"‘lf’(ﬂ’?w@néllstt?g‘g Dyt ASHENt al | ocene
conmponent whieh produces a higher nolecular weight resin, and a zirconium

met al | ocene conponent whi ch produces a |ower nolecul ar weight resin.
Controlling the relative anmounts of each catalyst 30 in a reactor, or the

relative r actiﬁ&g’ggﬁﬂﬁe different catalysts, allows control of the
bi rodal préduct . r background references include EP O 676 418,

Polyolefin resins having bimodal molecular weight distributions and/or

15 bimodal composition distributions are desirable in a number of applications.
Resins including a mixture of a relatively higher molecular weight polyolefin and
a relatively lower molecular weight polyolefin can be produced to take advantage
of the increased strength properties of higher molecular weight resins and articles
and films made therefrom, and the better processing characteristics of lower
20  molecular weight resins.

Bimetallic catalysts such as those disclosed in U.S. Patent Nos. 5,032,562
and 5,525,678, and European Patent EP 0 729 387, can produce bimodal
polyolefin resins in a single reactor. These catalysts typically include a non-
metallocene catalyst component and a metallocene catalyst component which

25  produce polyolefins having different average molecular weights. U.S. Patent No.
5,525,678, for example, discloses a bimetallic catalyst in one embodiment
including a titanium non-metallocene component which produces a higher
molecular weight resin, and a zirconium metallocene component which produces
a lower molecular weight resin. Controlling the relative amounts of each catalyst

30 in a reactor, or the relative reactivities of the different catalysts, allows control of
the bimodal product resin. Other background references include EP 0 676 418,
WO 98/49209, WO 97/35891, and U.S. Patent No. 5,183,867.



WD 98/ 49209, WO 97/35891, and U.S. Patent No. 5,183,867. WO 03/047751

PCT/ US02/ 31491 2 Methods of producing binetallic catal ysts are discl osed
in the reWverianesst cited above. These net hods general |y i RCra$e2/si@positi ng
a non-netal l ocene transition netal conpound on a dehydrated porous
support, and subsequently depositingza netall ocene conpound on the sane
support. For sone applications, 5 however, the activity of the known
binmetallic catalysts is undesirably low It would be desirable to have

met hods of pr odivthmglshif rpeedaicingcbivwtadliy satglysisrare gisoldsesd mgthisirafsraicesol yol ef i n

resins, whi. have a. hi gher .activity.than, binetall.ic catal s _currentl
known. 10 & G%S%XQRY 'l%gge’l'ﬁf:eﬂfoa@wléulyl ltnchl?g n%eé’gﬁtlg% rh H"%‘F’i\%ﬁ?cF lgeund tha%/
bot h suppofheshisiP et AnlResden & r@AFdratedpdreldkusit gt sibsdadestyppor t ed

bimetallic catalysts prepared usvgg:g a support dehydrated at a tenperature
of gr eat er defositingGomcalipesne comppenteni thezaniesupport.-eFet sopee applicptions,

di i..onal I . 3 '
nvent Fon Pravicobeieined Bt S EhirRput e RRteE RN SR ably LE R TCPLL g

the steps Qbull ®¢i deésh@bR &URRAGE tradthod-ofepeidhciagnBimetalial gasdlystec dbt act i ng a
slurry of the supported non-netall ocene catalyst in a non- polar

hydr ocar boRrodueing biredal pplyieledin t5sipealr Bavre Bighslorrtiyity dpnbimeialiox ane,

and dryi ng uct to obtain a supported binmetallic catalyst.
The 20 supﬁ%?@%té%ﬁ%%%#e%%mene catal yst is prepared by dehydrating a

particul ate support material at a tenperature of greater than 600 C
preparing a slurry of th pport in a non-polar aliphatic
hydrochQ bod; co N an organomagnesi um conpound and an

al cohol , contacti pgs thig ré’dﬁ%‘ ith forhH' it Wi fippsiidTeibalhQsaeRensonmpound
of a Goup 4 ortHGrlllo?Jp 5ntransi tglqgn 25 netal, andpgryi ng the co_ntgct pr oduct

to obtain aassitipomeal cmalystetaatll oppored danetalfist caiglysis fareparéd vginage powder .
0,300t SRR UF LSSl DR, 0052, 0 TG e o
provi di ng acEHRNelLties i 1B8 coRéspbhAiag Benvention] eataBatsal yst, contacting a
sturt y1 g fthe In one embodiment, the present invention provides a method of producing
a bimetallic catalyst, including the steps of providing a supported non-metallocene
catalyst, contacting a slurry of the supported non-metallocene catalyst in a non-
polar hydrocarbon with a solution of a metallocene compound and an alumoxane,
and drying the contact product to obtain a supported bimetallic catalyst. The
20 supported non-metallocene catalyst is prepared by dehydrating a particulate
support material at a temperature of greater than 600 °C, preparing a slurry of the
dehydrated support in a non-polar aliphatic hydrocarbon, contacting the slurry
with an organomagnesium compound and an alcohol, contacting the resulting
slurry with a non-metallocene compound of a Group 4 or Group 5 transition
25 metal, and drying the contact product to obtain a supported non-metallocene
catalyst as a free-flowing powder.

In another embodiment, the present invention provides a method of
producing a bimetallic titanium/zirconium catalyst, including the steps of
providing a supported non-metallocene titanium catalyst, contacting a slurry of the

30 titanium catalyst in a non-polar aliphatic hydrocarbon with a solution of a
zirconium metallocene compound and methylalumoxane, and drying the contact

product to obtain a supported bimetallic catalyst. The supported titanium catalyst



30 titanium catalyst in a non-polar aliphatic hydrocarbon with a sol ution
of a zirconium netall ocene conpound and net hyl al unoxane, and drying the
contact Wwo®det7’sto obtain a supported binetal lic catal ysPCTHise2/3u4pport ed
titanium catal yst WO 03/ 047751 PCT/US02/ 31491 3 is prepared by dehydrating
silica at a tenperature of greater than 600 C, preparing a slurry of the
dehydrated silica in a non-pol ar hydrocarbon, contacting the slurry in
turn with di butyl magnesium n-butanol, and a titani umconpound, and drying
t he cont acis prapdrecdt by oddhiytizitingasibiceppora dempesatunetod] greaiendhan &R GM 5
catalyst as a free-flow owder.. . 4.. BRI EF DE PTION,. OF T W NGS
Figure 1 sRGRATRHE Sg\'i’é'r %t&ge QE@X@?‘F@ siigy 41,8 nglilqugglhggﬁqﬁ%b i C8ﬁFaf§RAer ature
for a suppgfet @6k e ikt adiﬂhocﬁsﬁtzhﬁ%eﬁhﬁﬂ, AbuRiod| andad Blayiiim afiipeungyppor t ed
10 bimetallic catal yst. 5. DETAILED DESCRI PTION In one aspect, the

i nvention pnbviyies thy contsgieyofunt tprobpram iangppRorsedrapainsiallocens tiapiym
corrposi%i on.. Thte process i ncl udes provi ding a supported non- 15 netal |l ocene
catal yst, S%Piltyﬁcacsi °%S gyvmgrri? ‘'t he supported non-netall ocene catal yst in

a non-pol ar hydrocarbon with a solution of a netall ocene conpound and an
al unoxane in an _aromatic solvent, and dryi nﬂ\lthe contact product to obtain

a supportdd bi BRIEFIDESCRIPAION OR ALBRAWINGSt has been surprisingly

found that both. Q - . it sts and
Support ed 20 bi AT Fiogo8S A SRSl 0P IEishl A% LR AEh A AR Pd 2t o
t enper at ur gor0h  s@fppatér ndhartdloCene shositiomanetal edtalyct i andt w sugpattede to t he
correspondi ng conventional catalysts. 5.1 Supported Non-Metall ocene

Cat al yd? 2bim¢fallissatalysh, the net hod incl udes providing a supported

non-net al | ocene catal yst. The supported non-netall ocene catalyst is
prepared by dehydrating a particulate support, and contacting a slurry of
t he dehydr at ed DEPRILED DESCRIRTIS! ar hydrocarbon solvent in turn with an
(r)nrstg grogg?rggﬁ Ing mllggge gﬁ{]eg’[, éﬁeg inrvgtlmc)qop‘hgorloﬁd%g %ro%e&%g or Igr%pl)altr%cgeanglrrgerfaqﬂg Ition

catalyst composition. The process includes providing a supported non-

15  metallocene catalyst, contacting a slurry of the supported non-metallocene catalyst
in a non-polar hydrocarbon with a solution of a metallocene compound and an
alumoxane in an aromatic solvent, and drying the contact product to obtain a
supported bimetallic catalyst composition. It has been surprisingly found that
both supported non-metallocene transition metal catalysts and supported

20  bimetallic catalysts prepared using a support dehydrated at a temperature of
greater than 600 °C show increased activity relative to the corresponding

conventional catalysts.

5.1 Supported Non-Metallocene Catalyst

25 In one step, the method includes providing a supported non-metallocene
catalyst. The supported non-metallocene catalyst is prepared by dehydrating a
particulate support, and contacting a slurry of the dehydrated support in a non-
polar hydrocarbon solvent in turn with an organomagnesium compound, an
alcohol, and a non-metallocene transition metal compound. Solvents are removed

30 from the product to yield a supported non-metallocene catalyst. The catalyst

synthesis is carried out in the absence of water and oxygen.



30 fromthe product to yield a supported non-netall ocene catal yst. The
catalyst synthesis is carried out in the absence of water and oxygen. WO
03/ 047751WwB@3hus3se/ 31491 4 The support is a solid, parti @aratse/3ger ous,
preferably inorganic material, such as an oxide of silicon and/or of

al um num The support material is usegin the formof a dry powder having
an average particle size of fromabout 1-500 m typically from about
10-250 m The surface area of the support is at |east about 5 3 n2/g, and
typi cal |y nuch [Thegepporsisch selid, 3eutbadateppagowss prederably\inpigants matedels  of

silica and al,um na s rt. materjials .are wid avai ] abl e. from nunmer ous
cormer ci al “GBLPLHCoRR OE higE pelpEpT afstuhentt sERE BRiFal BT ca. A
sui tabl e sighd foRmioF a@rP pSRdertiit Aefide [PH2YISE BbhiaBBut BEEMuAS a

mat eri al nmar ket ed under the tradenames 0 of Davison 952 or Davison 955 by

t he Davi soityrdpalyi feerh abputi I9-3Y wh. iR sudpegcarea pfithesuppory is atteaseabnuti cas are
in the formof, s ri.c g S oht ai fe 2 y ' cess, and
have a éur égég’aaﬁjleag[y%lf gl!a?’bgﬁfﬁ %g&nﬁ‘?% a%'ailbggoaob%lo eorsrgor%UXa{%f)#J 9%503 1.65
cnB/g. It iof sidal aknaWmih® sdppordnaiterisls |dare avidylyf hwiildbiei figmi humwdod ni t rogen
and heating at about 600 C, such as described, for exanple, in US 15
Pat ent No. COMBMECIglAQUICES. has been surprisingly found, however, that the

activity of s URR Qgpgﬁﬁy&?teﬁ{b\()ﬁﬁﬁelﬁ,utﬁg tcﬁ%ie% %ﬁs)}%éaw% alilabe GALAL 335’1{i§h descri bed

herein is unexpec sensitive to ration tenperature” Thus,
wher eas t haurfaceaarpd, @amogphots SilicRatuehtas blanatérjd 2arkat8d uhder tha ragenemes how

dehydration _at 600 he. pr t inyentors hav urpris y . found t hat
much hﬁéher"fg)ét"%ﬂ’?/é’& ae Drvishy, 556 % 45 v mm@ﬁ%ﬁ{/ riat FHC
tenper at ur gg4 PondaRRt Gheld@NcRUBe n MeCrotBeH sbReridal BarbidfedobBineAURPLT t

preparation. The 'silica can be dehydrated at greater than 600 C, or at
| east 650 Gprayrdrying |acsss,796 veon satfateeasa ofabogt 30P mdgoa8l € mreup to

Cempor at ur dobirndt skt DB e R RN o A SR I ifakhe P

activity ofwi@bniffohdrCandiennns hembobt 60t &, Isheh sadeatiisdds forraa@plem USN- | i nearly
with silica deh{ldrati on tenperature up to a nmaxinmum at about 700-850 C or
750- 8005C, Patrnt Nee®.825.6'%h gk havbearesurnvistagbaioamngshoviryver. vhatyhegcivisof i cul arl y

preferred. supported catalysts such as the bimetallic catalysts described herein is

unexpectedly sensitive to the dehydration temperature. Thus, whereas the

examples of U.S. Patent No. 5,525,678, for example, show dehydration at 600 °C,

the present inventors have surprisingly found that much higher catalyst activity

20  can be achieved when dehydration temperatures of greater than 600 °C are used in

the catalyst support preparation. The silica can be dehydrated at greater than

600 °C, or at least 650 °C, or at least 700 °C, or at least 750 °C, up to 900 °C or up

to 850 °C or up to 800 °C, with ranges from any lower temperature to any upper

temperature being contemplated. As shown in the Examples herein, the activity of

25  silica supported bimetallic catalysts increases non-linearly with silica dehydration

temperature up to a maximum at about 700-850 °C or 750-800 °C, and these
ranges of maximum catalyst activity are particularly preferred.

The dehydrated silica is slurried in a non-polar hydrocarbon. The slurry

can be prepared by combining the dehydrated silica and the hydrocarbon, while

30  stirring, and heating the mixture. To avoid deactivating the catalyst subsequently

added, this and other steps of the catalyst preparation should be carried out at



The dehydrated silica is slurried in a non-polar hydrocarbon. The slurry
can be prepared by conbining the dehydrated silica and the hydrocarbon,
whil e 30wetostsi7ag, and heating the m xture. To avoi d dea®Cirxepi/sigot he
catal yst subsequently added, this and other steps of the catal yst
preparation should be carried out at WO 03/047751 PCT/ US02/31491 5
tenperatures below 90 C. Typical tenperature ranges for preparing the
slurry are 25 to 70 C, or 40 to 60 C. Suitable non-pol ar hydrocarbons for
t he sili catesiperatyresbelo UPQ. afypiehddrnparatuterqpeenfarrmsparmgdhasbirghosen so

that the organomagnesi um cogpound, al cohol 5 and transition netal conpound
descri bed B@IQé\KPzZEe aPr&QS‘{H)gJathi ally soluble in the non-polar

hydrocarbon. Sugtallie P&?— o RPhFroENB6:RCRF BRNGli¢NGhid @reChqfid @t teattedy or

branched al kanes, cycl oal'kanes and aromatics. The nhon-pol ar hydrocarbon can
be, for extmyemtums, aidkameeshosacsp &wmit itho prganamegndasivim gemppensh aieehel

n- hept ane, ct ane, nonane, or .decane cycl oal kane,.. suc .cyicl ohexane,
or an onﬁ‘?‘f@?ns%@nsrﬁﬁtﬁfi%@ﬁﬁ%‘ﬂg gﬁse?,“%F%P%%)e/af% #%?ﬁﬁ%@ﬁ% éalél.glse xtures of
non- pol ar RydheeARPRBsarb&RNSElabR: Mh-pe@dayd6dadborts Andled C1-0g, near pol ar

hydr ocarbon can be purified, such as by percol ation through alum na,

silica gel bendiedr alivenesc oy dealisiney esd afnatisfovihe porgpear Brdragareen c@kygen,
oo OB R ST S RS MRl

catal yst a yis corntac ah or ganohagnesi um

conpound. FfEne, Hopans MHRARESIeU B S OIvRkEANE Jush as egolpherue obr RValdmatishere R
and- R are the sane or different C2-Cl2 al kyl groups, %try 041#510 al kyl

gr oups 10 or sech wgbenzrys, tolens 95 ethyfbeazensy Mixiires ok ppRAPE fydrocprbons

or ganonagnesj urgl;dr 3o Al SBANR R boAQa B8 pRARRLAua
organomagng%%i%g%%@uﬁldﬁggée&ﬁ%@gf eralt)l-ﬁy)%/1 not nore tphan thSlel a?rsount of
t he or ganobagresilationc thi@ehnaumnat sdicai gdl cadslrunolgctliasicvds, lto remodeposi t ed,

o yanommgn 8P L OGSO Bal C<IER JBe SCF TSt | GREYeTRE support
dehydr at i on4i&eehAEding BlalyREiSivithe number of hydroxyl sites on the support
25 avail abl e for” the organomagnesi um conpound: the hi gher the dehydration
15 The slurry is then contacted with an organomagnesium compound. The
organomagnesium compound is a compound of RMgR', where R and R' are the
same or different C,-Cyp alkyl groups, or C4-Cjo alkyl groups, or C4-Csg alkyl
groups. In a particular embodiment, the organomagnesium compound is dibutyl
magnesium.
20 The amount of organomagnesium compound used is preferably not more
than the amount of the organomagnesium compound to the silica slurry that will
be deposited, physically or chemically, onto the support, since any excess
organomagnesium compoimd may cause undesirable side reactions. The support
dehydration temperature affects the number of hydroxyl sites on the support
25 available for the organomagnesium compound: the higher the dehydration
temperature the lower the number of sites. Thus, the exact molar ratio of the
organomagnesium compound to the hydroxyl groups will vary and can be
determined on a case-by-case basis to assure that little or no excess
organomagnesium compound is wused. The appropriate amount of
30  organomagnesium compound can be determined readily by one skilled in the art
in any conventional manner, such as by adding the organomagnesium compound

to the slurry while stirring the slurry, until the organomagnesium compound is



tenperature the | ower the nunber of sites. Thus, the exact nolar ratio of
the organonagnesi um conpound to the hydroxyl groups will vary and can be
det er m newO®n/04r76BSE- by- case basis to assure that littl e @CTUSIEXILES

or ganomagnesi um conpound i s used. The appropriate amount of 30

or ganomagnesi um conpound can be detergined readily by one skilled in the
art in any conventional manner, such as by addi ng the organonagnesi um
conpound to the slurry while stirring the slurry, until the

or ganonagnéséedsd donheusdvest. WOAR3 A0 AFTBAXIPEE/ |, 3theg amognidef etheed i n t he

solvent. As an apprqxi mate guide, e anmpunt . of r ganomagness um

conpound aPf&aYPHR nFﬂ@“s‘i"HfH”&“ﬁ?%?fwf’ ‘thﬁ;%f“f%és %}‘gﬁatrtg‘?g%&g?r 0%[ o the

hydroxyl  gx@uRshé Blro2N %rbgpsicmgméﬁ theSsuppOMifBml0 5 b 41, 6r0.8:1801 to 3:1,
u 1.

or 0.9:1to 2:1, or abo e organomagnesi um conpound di ssolves in 5
the non- pod:dy oh§8rlotoa?:bam about bl mTheswganomsgnesismopineRnd HissalFaiomagnesi um

conpou is deposited.onto the carrier.. T f gnesi um
conpou%g ( Ir@g)poiﬁjlé{gm(?ﬁ%toﬁgo atcﬂ% At SOL%“%&E%/@?@#@% ﬂ{s)el ?%g?:]gon((?%gr%gﬁng is
typically c@ngouial (d8pdstte@ ot tHeJcarfér. OTHe AMDLAPOL thelofganomighgsivar 0. 6
mmol /g to 1. mml /g, or 0.7 mml/g to 0.9 mml/g. 10 It i

s al so possi bl e,
but not predmapauad (mokeshbesetva be gamesnaghddydinted-s (aﬁ%rnﬁ)rﬂSéX&&@Z]éf gf tlhe

anount depgsited, 0 u EORMB ok » e, by
filtrati onaznlam\%%ﬁl%(r?g%t%’%ﬁg‘% ﬁﬂgﬁ%p&;?g%nomghggioﬁn%ﬂp%mlot r eat ed
slurry is eedlacéedl7 nwhéllp @0.2henslion donor, such as

tetraethylorthosilicate (TEOQS). or an oqrfqan' c 13 ath1COhO| R'OH,_where R' is
a Cl-ci® al kyl HrBuplsooposgible, by egt g ec{gr@uﬁ,do € AOENVBEESS U Ny |  gr oup.
In a parti . Izngé{' t Gefdsiddit O khe stPFoRBRY Men@Emowd 0Ol  used
is an amug%ﬁwgg??géeeg%gf%?ow g a?y&ls?l' OH: My r?osl ??r%l ratig of from 0.2 to
1.5, or frmeRadplepbylfilcation afd wasling to 1.1, or fromO0.9 to 1.0. The

e R R L X
nmetal  conpGUngs cRERok UPROLNARL Ofs feirastRyribsifict@(AEOSY) hat arogganfl ubl e in
t he non- pol ar hydrocarbon used to formthe silica slurry. Suitable
non- metal | elceld R"OH, where R" is a C;-Ci; alkyl group, or a C; to Cs alkyl group, or a C;
to C4 alkyl group. In a particular embodiment, R"OH is n-butanol. The amount of
alcohol used is an amount effective to provide an R"OH:Mg mol/mol ratio of from
0.2 to 1.5, or from 0.4 to 1.2, or from 0.6 to 1.1, or from 0.9 to 1.0.
The organomagnesium and alcohol-treated slurry is contacted with a non-
20  metallocene transition metal compound. Suitable non-metallocene transition metal
compounds are compounds of Group 4 or 5 metals that are soluble in the non-
polar hydrocarbon used to form the silica slurry. Suitable non-metallocene
transition metal compounds include, for example, titanium and vanadium halides,
oxyhalides or alkoxyhalides, such as titanjum tetrachloride (TiCly), vanadium
25  tetrachloride (VCly) and vanadium oxytrichloride (VOCls), and ftitanium and
vanadium alkoxides, wherein the alkoxide moiety has a branched or unbranched
alkyl group of 1 to 20 carbon atoms, preferably 1 to 6 carbon atoms. Mixtures of
such transition metal compounds may also be used. The amount of non-
metallocene transition metal compound used is sufficient to give a transition metal
30  to magnesium mol/mol ratio of from 0.3 to 1.5, or from 0.5 to 0.8.
The solvent is removed in a conventional manner, such as by evaporation

or filtering, to obtain the dry, supported non-metallocene transition metal catalyst.



transition netal conpounds include, for exanple, titanium and vanadi um

hal i des, oxyhalides or al koxyhalides, such as titaniumtetrachl oride

(Tid 4), wanadstm 25 tetrachl ori de (VCl4) and vanadi um oxyCmiusht/supde

(vOd 3), and titaniumand vanadi um al koxi des, wherein the al koxi de noiety
has a branched or unbranched alkyl gyoup of 1 to 20 carbon atons,
preferably 1 to 6 carbon atons. M xtures of such transition netal
conpounds may al so be used. The anmount of non- netallocene transition netal
conpound used is sufficient to give a transition netal 30 to nmagnesi um

nmol /mol ratio o%T frog 0.3 %El 511. g flrc%m 0.5 to 0.8. The solvent is
renmpbved in a co gent © e s by evaporation or filtering, to
obtai n the dry, TRUBRPOHES bRARAAINE calalyRE B Erebdrad By depubitiRt @metalloddnest . VO
03/ 047751 PCT/US02/ 31491 7 5.2 Supported Binetallic Catal yst The supported

bi met al | i ccaapaindontd the pupmonted dommetrllpssna irangitipnmpatal satd¥he conpound ont o

t he supported nop-netall ocene transitios rm

"met al I%gcene coﬂg%[ﬁa‘ glse%%lgg%flehg?%l %h%a%%$gé§n%%ﬁld§&ﬁ%\%?%%gﬁﬁ oup 4, 5
or 6 transpdvigna Gebe 4,(Mr.6 ttdshion mhstal @R Mithdi Greidpeli@dienyli(Gantgaar |1 gands
whi ch may be substituted, at |east one non-cycl opentadienyl -%er,i ved |igand
(X), and zer bgandsoweichaay braswhstitiat &t Aeash oné gamayglopentadignyl-dghyes bei ng
coordi nated t a r i i t f. The 10
ot al | ocenetrdh G B b AR Helatbid-(HitRhe 1R By MBI RO

sui t abl e cevorgiahety®t M raafl esorespdndirgs immutibet ity ghorvajence nheederThe yi el d an

active netall ocene catalyst, i.e., a]iyor anonetallic.co I%) W th a vacant
coor di Hht | Bstadlogene; ¢aly s AHecuEinst PRy PR detvahgn WY Vifable §9%efins. The

met al | ocen i (o] n®f 5,0 aRfactibée nepdllewhdg t ypes:
15 (1) Q/C?%%@%Pg%gﬁ?/fm ?&pa? Egg%grxgslnmﬂi%gﬁhhg%le&t \/\Sccllp ring systens for

| i gands. Thaal@, b b.gandsganomatadlicseomaplex withoarpheant opardinetien pitet thiat eaid can be

free to rotate (unbridged) or |acked into.a rigifd configurati t hrough a
bri dgi ng gF%Qiél.na‘geerBS% ar“gngglp’f“&&ﬁ%s"q%@‘?f- bES K alg)lperbenlcf)%é?%dnggbasti t ut ed,
subst i t ut edomBéurid of $RE b¥Bdth b tHTBNERIng typsh as a heterocyclic ring system
whi ch may be substituted, 20 and the substitutions can be fused to form

other &t ur at ed (DrCslensniadisnBd(Gr) sgaplexes which have two Cp ring systems for

ligands. The Cp ligands form a sandwich complex with the metal and can be free

to rotate (unbridged) or locked into a rigid configuration through a bridging group.

The Cp ring ligands can be like or unlike, unsubstituted, substituted, or a

derivative thereof, such as a heterocyclic ring system which may be substituted,

20 and the substitutions can be fused to form other saturated or unsaturated rings

systems such as tetrahydroindenyl, indenyl, or fluorenyl ring systems. These
cyclopentadienyl complexes have the general formula
(Cp'R' )R?,(Cp’R%)MX,

wherein: Cp' and Cp” are the same or different cyclopentadienyl rings; R! and R?

25 are each, independently, a halogen or a hydrocarbyl, halocarbyl, hydrocarbyl-

substituted organometalloid or halocarbyl-substituted organometalloid group

containing up to about 20 carbon atoms; m is 0 to 5; p is 0 to 5; two R' and/or R?

substituents on adjacent carbon atoms of the cyclopentadienyl ring associated

therewith can be joined together to form a ring containing from 4 to about 20

30  carbon atoms; R is a bridging group; n is the number of atoms in the direct chain

between the two ligands and is 0 to 8, preferably 0 to 3; M is a transition metal

having a valence of from 3 to 6, preferably from group 4, 5, or 6 of the periodic



systens such as tetrahydroi ndenyl, indenyl, or fluorenyl ring systens.
These cycl opentadi enyl conpl exes have the general formula (Cp' R

m R3n( CP2RDPBAKISWherei n: Cpl and Cp 2 are the sanme or di PCarEsnt/31491

cycl opentadi enyl rings; R and R2 25 are each, independently, a hal ogen or
a hydrocarbyl, halocarbyl, hydrocarbyRg- substituted organonetalloid or

hal ocar byl - substi t uted organonet aI |l oid group <containing up to about 20

carbon atons; inis Oto 5 pis O0to 5 tw R and/or R2 substituents on
adj acent ctableoof the @lﬂ;mmts amblsqyeﬂerqbbmrams bm;lilEStrQXm@ﬁtlézgsf@éfF Fee X ster ewi t h

carbon ot offgerdiieetgion? 4sRiD el ShtGRRRR, D@ p B REE o #Vr
di rect chap ro&ﬁb)‘ﬂe@%yh‘i{:tﬁo&éd@yll lhgfbﬁﬁl%yﬁFl@/dlr@caﬁ?o}ﬂ&u&tmpxééfcﬁgﬁbmet@- to 3; M
is a transi |on et al a valence of from3 to_ 6 preferabl from

group 4, 5loidr c@cybrydlton@rbpsbwt@w wra?,mm?m PCY/ Usboserpyhgubstifitedp| e of

the el eprent s _and h Xis a
non-cyc op8’fgta3%ﬁleetﬁ§?la ’(?’%126 §9’l§%‘8’“§ %g%%éar{tg (erf%iiﬂsfﬁ?/%ds gggeﬁ ua? aI ogen or
a hydr ocaﬂiéydalenefxyflyﬂmﬁﬁﬁmyl hal ocar byl , hydr ocar byl - subst i tut ed
organonetal - 1oid, oxyhydr ocar byI substi tui%g anonetall oid or
hal ocar byl - subs{Dt\peRsyslopFrfadiend camplsxgs H’Eﬂé(l rﬂPpg P8*Fbout 20
carbon ato

%? gl eny[hle %Pe%e?efé&va‘u% gﬁf ﬁid%&?c&ﬁpl% WithUfe fetdl 2Ad can

Monocycl opent a ave only one Cp ring system as a
| i gand. Thee Gied togaoidtef thmdgedjadmf lehadwitoha cugig| exfigitation Herovghad and can

be free to rqtate (unbrid ked into d con ration through
a 10 bﬂ@dgbﬁég@g(ﬁi uR do & %IF P‘iﬁ’&’c %?}ngalgﬁqqgfhfegg}ﬁdl g {\%a%&) ﬁ Y |i gand
can be ungylpthiditdedubsiitiiel] buhedbrivativéd tieedfv aldhv 8 ahest@etyctidClings a

heterocyclic ring system which may be substituted, and the substitutions

can be fuseystem whichmnay e substisiated. ané theotubsiistions eanehe Tsadds feym pes such as

t et rahydroi nden i.nd er.pat om

cont ai ni ng "lr‘][ 5%db’f émﬁagﬁ%&edt gn%sotsiﬁsq?l‘hirgﬁéj rer%[E g ri}}’a% d(@1 H&?n dnafl%@h’t (E))pt he Cp
l'igand thr @M@&n&hﬁn@rs?rﬁgin@gTﬁé Gueroaldne coatabringligand it B@lﬂ‘d fosbath thdé om wi t h a
coordi nati on nunber three from Goup 15 or .a. coordi nﬁe' on nunber of two

f r om gidup el ¢pd pREoRAly; tedhe Cp digprd @foqghéh% Pefiging group. 1

itself is an atom with a coordination number of three from Group 15 or a

eteroatom

coordination number of two from group 16 of the periodic table of the elements.
These mono-cyclopentadienyl complexes have the general formula
(Cp' R R H(YRH)MX,

20  wherein: each R! is independently, a halogen or a hydrocarbyl, halocarbyl,
hydrocarbyl-substituted organometalloid or halocarbyl-substituted organometal-
loid group containing up to about 20 carbon atoms, “m” is 0 to 5, and two R!
substituents on adjacent carbon atoms of the cyclopentadienyl ring associated
there with can be joined together to form a ring containing from 4 to about 20

CL bl

25  carbon atoms; R? is a bridging group; is 0 to 3; M is a transition metal having
a valence of from 3 to 6, preferably from group 4, 5, or 6 of the periodic table of
the elements and is preferably in its highest oxidation state; Y is a heteroatom
containing group in which the heteroatom is an element with a coordination
number of three from Group 15 or a coordination number of two from group 16,

30  preferably nitrogen, phosphorous, oxygen, or sulfur; R? is a radical selected from
a group consisting of C; to Cy hydrocarbon radicals, substituted C; to Cyo

hydrocarbon radicals, wherein one or more hydrogen atoms is replaced with a



These nono-cycl opent adi enyl conpl exes have the general formula (Cp

1R1M R3n(YrR) MXS 20 wherein: each Rl is independently, a hal ogen or a
hydr ocar bwyb,03kad76car byl , hydrocar byl - substi t ut ed or ganon®Caluso?/si4or

hal ocar byl - substituted organonetal - |oid group containing up to about 20
carbon atonms, "nf is O to 5 and two K1 substituents on adjacent carbon
atons of the cycl opentadienyl ring associated there with can be joined
together to forma ring containing from4 to about 20 25 carbon ajoms; R3
is a bridghalgggr o, atichivhérs YOis tlyed coavtlingtezant mabg dgeddhensanay bvewd Rg  a

val ence of from3.to0 6. preferably frgmgroup 4. .5 or 6 of .the.periodic
tabl e of EFPé‘P%P’éﬁé??ﬁg_l%fﬁae?@ﬂgyé’flé@aﬁ|S§1%FtﬁH?&°§1 fhe SR co&?’fﬁ% f’%ﬁl state; Y
i's a heter g hydzokiin iattal! Sutititiled\tl € Ch By d16sRb &R EAABalsS wihiredd €ment
with a coordination nunber of three from G oup 15 or a coordi nation nunber

of two frorngprouprd byddgepatones isbleplanéd withenhalpgrssphey Gud caelkygisr?  or

sul fur;.R2 is a,radical ] ected.f.rom p [ Sti to C20
hydr oc a? bo Ho?ﬁ%ﬁl@%ﬁn&ﬂ%ﬁllgﬁ?%ta% ! 1mfl%)%g%‘?wh§}3@(§:§e%b r%gl}ag(gﬁeg a rsa} wherein
one or nor gysedrBEeN oxiyRyEotbyleplharesibw, t MydrddeyBsMsiingidd PCIgan502/ 31491
9 hal ogen atom  and when Y is three coordinate and unbri d?ed there may be
two R2 gr wgilosh oxyhzdmearhglepbsideind greanamgaliold of dradecagyTepbsitutet group
consi sting r radi.cal I, teadb 0

hydr ocar bor?péaggtglgtgf@fl %ﬁﬁ%‘ﬂ%ﬁﬁﬁﬁgﬁ) gf) argr%!#teﬁ hc%r rozlgg%}l%tgns%dﬁqgalr%g?%ed with
a hal ogen shlefite &M neiaad2.X i s a 5 non-cycl opentadi enyl |igand and is,

i ndependently, a hydrogen,. a hal ogen or a _hydrocarpyl, oxyhydrocarbyl,
hal ocat®yl , hydﬁéf‘}ap_ |erslfu&‘s‘/@rqpﬁ{l g‘eBYlg@_Fl@llo %Iogéﬁé type )égsc}/lge‘? 1n
oxyhydr oc alrgp%%ag bolvk Uof thrBa G Ak %%9%%%18@%@061‘ hivd -iseREbA tad ed

or ganonet a roup containing up to about” 20 carbon atons, "s" is equal
to the valdexeedfin MIf.nBatet N3 Ex32H$®s piohit8Ly 61238410 adiHMA68;

VLDPE. nol SriD st St ad S AsE AR s srh 3 2 2 BIHBL 9 "
5, 324, 800; 5343981480378 562 5R0k134; aB8T0568:. 5, 120, 867; 5,017, 714;

4,871, 705; 4,542,199; '4,752,597; 5,132,262, 5,391, 629; 5,243,001;
5,278, 284: 5, 208lugativeynbitsngolimiting, examples of suitable biscyclopentadienyl

metallocenes of the type described in group (1) above are the racemic isomers of:
u-(CHjs),Si(indenyl),M(Cl),;
u-(CHs):Si(indenyl);M(CHs)x;
p~-(CHs),Si(tetrahydroindenyl);M(Cl)y;
20 p-(CHs),Si(tetrahydroindenyl),M(CHzs)»;
u~-(CHs),Si(indenyl),M(CH,CHs),; and
u~(CeHs)2C(indenyl)M(CHz),;
wherein M is Zr or Hf.
Examples of suitable unsymmetrical cyclopentadienyl metallocenes of the
25  type described in group (1) above are disclosed in U.S. Patent Nos. 4,892,851;
5,334,677, 5,416,228; and 5,449,651; and in the publication J. Am. Chem. Soc.
1988, 110, 6255.
Ilustrative, but not limiting, examples of unsymmetrical cyclopentadienyl
metallocenes of the type described in group (1) above are:
30 p-(CeHs)2C(cyclopentadienyl)(fluoreny )M(R)2;
p-(CeHs)2C(3-methylcyclopentadienyl)(fluoreny)M(R)2;



15 Il lustrative, but not limting, exanples of suitable biscyclopentadienyl
net al | ocenes of the type described in group (1) above are the racemc

i soners oWO 0304@KB) 2Si (1 ndenyl )2M d ) 2; - (CH3) 2Si (i ndeny| P2NUSHB3 A1

-(CH3) 2Si (tetrahydroi ndenyl)2M d)2i 20

-(CH3) 2Si (t et rahydroi ndenyl ) 2M CH3) 2; 16 (CH3) 2Si (i ndenyl ) 2M CH2CH3) 2; and
-(C6HS) 2C(i ndenyl ) 2M CH3) 2; wherein Mis Zr or Hf. Exanples of suitable
unsymet ri cal cycl opentadi enyl netall ocenes of the 25 type described in

group (1) abovepa(m3mwmdtaﬂienyl)61uom1y®M(Rl)bs 4 892, 851; 5,334,677,
5,416, 228; and 5, 449, 651; and in publication J. Am Chem Soc.

1988, 110, 6255. urqqus)tz%wl@éent%@mHX? m?tmliﬂdﬁﬁyl)l\é%ﬂﬂ%es of unsymetri cal
| tad | 1 b
e Bo ™ ( Core) peb RO e RS R p R R ER RS RIS DR 270V

- met hyl cycl open / US02/ 31491 10
- ( CH3§IZC{ cycFopgrai@ag%ggﬁ) F?&ﬁ%@%}i}?&’(ﬂi&xetﬁ&ﬂl&ﬁér@@ﬂ@z e

- ( C?E5|)QC( lecl Oglﬁ(arﬂlﬁﬁﬁﬂémcgdr(eﬁiagmhwg Mﬂﬂ?\t}(%ﬂ)b?dﬁmwmz( C6H5) 2C (3
-ne CycCl gpent adl en ne n ;
(C6H)5/) 2)& W@r%%&sgd%é 4€)I\d2RiiSy ?fe(reﬁ%ﬂ uorenyl )M R) 2; and 5

-{ O) 20(cyel opamag et (e HaTRLIMbELeERY N ties WhaRelgodd s 2r or

Hf, and Ris es of suitable nmonocycl opent adi en
met al | ocendssomﬂbecﬂ ha tippe (2ezbove beed disclgyeduin (29. Bbisve Nose 5di26¢198sed i n

e s o
nonocygf opent adirglativéTetiak | a6ENEmiRig, t RRatipRE @ES @ﬁdﬂwsﬂclbﬂ%nwd@snm (2) above
are: -(CH3)2Si (cycl opent adi enyl ) (1- adamantgl am glo) MR) 2
metallocenes of the type described in group (2) above ar
u-(CHz),Si(cyclopentadienyl)(1-adamantylamido)M(R)2;
u-(CHj3),Si(3-tertbutylcyclopentadienyl)(1-adamantylamido)M(R)z;
p-(CH,(tetramethylcyclopentadienyl)(1-adamantylamido)M(R)2;

15 u-(CH;),Si(tetramethylcyclopentadienyl)(1-adamantylamido)M(R),;
n-(CHz),C(tetramethylcyclopentadienyl)(1-adamantylamido)M(R),;
p-(CHz),Si(tetramethylcyclopentadienyl)(1-ferfbutylamido)M(R),;
n-(CHs),Si(fluorenyl)(1-terfbutylamido)M(R);
u-(CHs),Si(tetramethylcyclopentadienyl)(1-cyclododecylamido)M(R),;

20  and “
-(CgHs),C(tetramethylcyclopentadienyl)(1-cyclododecylamido)M(R)y;

wherein M is Ti, Zr or Hf, and R is Cl or CH3.
Other organometallic complexes that are useful catalysts are those with
diimido ligand systems, such as are described in WO 96/23010. Other references

25  describing suitable organometallic complexes include Organometallics, 1999,

2046; PCT publications WO 99/14250, WO 98/50392, WO 98/41529, WO
98/40420, WO 98/40374, WO 98/47933; and European publications EP 0 881 233
and EP 0 890 581.

In particular embodiments, the metallocene compound is a

30  bis(cyclopentadienyl)metal dihalide, a bis(cyclopentadienyl)metal hydridohalide,

a bis(cyclopentadienyl)metal monoalkyl monohalide, a bis(cyclopentadienyl)



-(CH3) 2Si (3-tertbutyl cycl opent adi enyl ) (1- adamantyl am do)MR)2; p
-(CH2(tetranet hyl cycl opent adi enyl ) (1- adamant yl am do) M R) 2; 15

- ( CH3) 2Siwoasaret hyl cycl opent adi enyl ) (1- adamant yl am do) MPRYA1S02/31491

-(CH3) 2C(t etranet hyl cycl opent adi enyl ) (1- adamant yl am do) M R) 2;

-(CH3) 2Si (tetranet hyl cycl opent adi enyl J(1-tert butyl am do) M R) 2i

-(CH3) 2Si (fluorenyl)(1-tertbutylam do) MR) 2;

-(CH3) 2Si (tetranet hyl cycl opent adi enyl ) (1-cycl ododecyl am do) M R)2; 20 and
- ( C6H5) 2C( tretal dindlly bey bis(ipdentytdietat yibalides; wdieozln descyktabisdoichiRiRor  wher ei n

Mis Ti, Zr pt H, .and Ris C o ...Qt.her argan tallic ¢ exes that
are usef ul L%éf‘%‘i"ylﬁl eagrguli’sh?)rgéjrﬁre’ﬁalﬁﬁﬁl?lf’ﬂ?%oaq '%&?E@jﬁ?%‘e}r% (':(lf:f’ as are
descri bed by MOIRRLABRL But £InDBhitie eRABHIEE ST suth rikRsltdckRdsigelady: t abl e
organonetal I Tc conpl exés incl ude ganonetal l'ics, 1999, 2046, PCT

publ i cati ons WobB@hdepdzircobuegliddaglz; WO 98/ 41529, WO 98/ 40420, WO

98/ 40374, WO 98?}%&%@3' and Eur opean.publications EP 0 881 233 and EP 0 890

581. In5 particu W&&frﬁgﬁy@, rﬂ@i st al | ocene conmpound is a 30

bi s( cycl opent adbgntdiElzatoslinidid(pesluencbilsdreys] opent adi enyl ) et al
hydri dohalide, a bis %cl opent adi enyl ) net al. _nonoal kyl nonohal i de, a
bi s( cycl opent adbistdsfp. inetrely daindey Deegnigysidiande; 11 netal dial kyl, or a

bi s(i ndenyl ) net %ls(%ége}gﬁe’irlg%ﬁ%gniﬁ%ﬁe%ah&i&&e metal is zirconiumor hafnium

hal i de groups are rine, "and the al kyl groups are Cl-C6
al kyl s. 111 ust r athylee-tit(indegyldirconmitinndicldadde| es of such netal | ocenes

i nclude; bis(indenyl)zirconiumdichlqgride, 5 bis(indenyl)zirconium
di br onl®e; bi sGthﬂlf’é’ﬁW%(E}dF%}ﬁ“ﬁﬂﬁ“BP’s‘g%l%ﬁ%enesuI f onat e) ;

B: SE ?I 5o?e2yf )etzi%r g%%ﬁ%ﬂﬂ@gﬁ%aﬁ%@ﬂhﬁ%ﬁ%ﬂLOL: g(el ndenyl ) zi rconi um

dichloride; 10 ethyldreries(bidsylydigheny)ziicoommi;um di br oni de;
ethylene-bis(indenyl)methyl zircbnium monochloride;
ethylene-bis(indenyl)zirconium bis(methanesulfonate);

15 ethylene-bis(indenyl)zirconium bis(p-toluenesulfonate);
ethylene-bis(indenyl)zirconium bis(trifluoromethanesulfonate);
ethylene-bis(4,5,6,7-tetrahydroindenyl)zirconium dichloride;
isopropylidene(cyclopentadienyl-fluorenyl)zirconium dichloride;
isopropylidene(cyclopentadienyl-methylcyclopentadienyl) zirconium

20  dichloride;
dimethylsilyl-bis(cyclopentadienyl)zirconium dichloride;
dimethylsilyl-bis(methylcyclopentadienyl)zirconium dichloride;
dimethylsilyl-bis(dimethylcyclopentadienyl)zirconium dichloride;
dimethylsilyl-bis(trimethylcyclopentadienyl)zirconium dichloride;

25 | dimethylsilyl-bis(indenyl)zirconium dichloride;
dimethylsilyl-bis(indenyl)zirconium bis(trifluoromethanesulfonate);
dimethylsilyl-bis(4,5,6,7-tetrahydroindenyl)zirconium dichloride;
dimethylsilyl(cyclopentadienyl-fluorenyl)zirconium dichloride;
diphenylsilyl-bis(indenyl)zirconium dichloride;

30 methylphenylsilyl-bis(indenyl)zirconium dichloride;
bis(cyclopentadienyl)zirconium dichloride;

bis(cyclopentadienyl)zirconium dibromide;



et hyl ene- bi s(i ndenyl ) di met hyl zirconium ethyl ene-bis(indenyl)di phenyl
zirconium ethyl ene-bis(indenyl)nethyl zirconium nonochl ori de;

et hyl ene-wpgiomdenyl ) zi r coni um bi s( et hanesul fonate); 15PCT/US02/31491
et hyl ene- bi s(i ndenyl ) zi rconi um bi s(p-tol uenesul f onat e) ;

et hyl ene-bi s(i ndenyl ) zirconium bis(trifl uoromet hanesul f onat e);

et hyl ene-bi s(4,5, 6, 7-tetrahydroi ndenyl ) zirconi um di chl ori de;

i sopropyl i dene(cycl opent adi enyl -fl uorenyl ) zirconi um di chl ori de;

i sopropyl i dene( bistdyolopentadienylyhethpizhrgdmiym nagneshladideny!| ) zirconi um 20
di chl oride; dingethylsilyl-.bi | opent adi envyil.) zi, r coni um di chl ori de;
di net hyl si |yl - gﬁ?ﬁ%ﬁf"ﬁ té‘}‘&?@é@% 5‘5‘%&&}’??%‘?%%’? di chl ori de;

di et hyl si |yl - bps(drmpbividienaGRrneRdiedtung bionesiigadgli chl ori de;

di met hyl silyl -bi s(triivet hyl cycl opentadi enyl)zirconiumdichloride; 25
di et hyl si | yl - bbis(dyatbeenthdizhydphenpirrenniwn srqngehloride;

di met hylsilyl-bis(indenyl ).zi r.coni i rifl ugr t hanesul f onat e) ;
di et hy#si |yl - bg%cgf%}ng%ﬁﬁlgg}(lﬁbaeﬁgzlﬂ%?or{%&]y ???@(cz)gﬁ%um di chl ori de;
di met hyl si |yl (C]szs§®I@Rﬂib&ﬂd&i@ﬂylbzifdoﬂﬁhﬁmyshdcllildrmnhwﬁhgiﬂﬁﬁé;0ri de;

di phenyl silyl -bi s(i ndenyl ) zirconium di chl oride; 30
met hyl phenyl si | Pistayclopriadisyy)meihybHremaireenobyids;

3: Egg?/ncIdgpe%aggﬁg%y%‘%ﬁtg%%%%%%bﬁ% bi s(cycl opent adi enyl ) zi rconi um

bi s( cycl opent adbByic)opetitagieayl)diphinyivircomomiy| or i de;
bi s(cycl opent adi enyl ) et hyl zi r coni um nonachl ori de;
bi s(cyéP opent adi’@ﬁﬁﬂ%"@?’@?@ﬁ%&@ﬁgﬂzﬁ M ®onochl ori de;

bi s(cycl opent ad mgwcgo%@ﬁaaﬂeﬁmﬁeﬂmymﬁe&ﬁm AldriR; 5
I enyl

bi s(cycl opent ad enzyl zi fconi um nonochl ori de;
bi s( cycl opent adbestyyic)apentadiehyiethomeobdmnneblomdaphydr i de;

bi s(cycl opent ad iblebs?&c%(jpggt%g%ll}zlli)zri%c%g{ulrjnnf)iangle%]%%glillgo%ﬁte);
bis(cyclopentadienyl)zirconium bis(p-toluenesulfonate);

15 bis(cyclopentadienyl)zirconium bis(trifluoromethanesulfonate);
bis(methylcyclopentadienyl)zirconium dichloride;
bis(dimethylcyclopentadienyl)zirconium dichloride;
bis(dimethylcyclopentadienyl)ethoxyzirconium chloride;
bis(dimethylcyclopentadienyl)zirconium bis(trifluoromethanesulfonate);

20 bis(ethylcyclopentadienyl)zirconium dichloride;
bis(methylethylcyclopentadienyl)zirconium dichloride;
bis(propylcyclopentadienyl)zirconium dichloride;
bis(methylpropylcyclopentadienyl)zirconium dichloride;
bis(butylcyclopentadienyl)zirconium dichloride;

25 bis(methylbutylcyclopentadienyl)zirconium dichloride;
bis(methylbutylcyclopentadienyl)zirconium bis(methanesulfonate);
bis(trimethylcyclopentadienyl)zirconium dichloride;
bis(tetramethylcyclopentadienyl)zirconium dichloride;
bis(pentamethylcyclopentadienyl)zirconium dichloride;

30 bis(hexylcyclopentadienyl)zirconium dichloride;
bis(trimethylsilylcyclopentadienyl)zirconium dichloride;

bis(cyclopentadienyl)zirconium dichloride;



bi
bi

bi
bi
bi
bi
bi
bi
bi
bi
bi
bi
bi

bi
bi
bi
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bi
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bi
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bi

bi

s(cycl opent adi enyl ) di net hyl zi r coni um

s(cycl opent adi enyl ) di phenyl zi rconi um 10

s(cycl opensadirenyl ) di benzyl zi r coni um PCT/US02/31491
s(cycl opent adi enyl ) met hyoxyzi r coni um chl ori de;

s(cycl opent adi enyl ) et hoxyzi r coni um ¢hl ori de;

s(cycl opent adi enyl ) zi rconi um bi s( et hanesul f onat e) ;

s(cycl opent adi enyl ) zi rconi um bi s(p-tol uenesul fonate); 15

s( cycl opent adbisteyiclopentadiniylyhabiisnt dicllbnds; omet hanesul f onat e) ;

s(net hyl cycl opent adi enyl.) zi.t coni um di chl ori de;

s(di net hyl cycfgbsg“é'ﬁ 0385%(51‘%?551 1rF8’61Hfrh%f‘]ﬁ%ﬂ1 ori de;

s(di met hyl cychapgr gﬁtg@gﬁgl Raunzdifve@ii;um chl ori de;

s(di net hyl cycl open%ogdi enyl ’z}%ar coni um tgiia’i(t rifluoronethanesul fonate); 20

s( et hyl cycl opéiadlopastrdisiylizamepuimdiydridoehladde;

cycl opéis srmpuiwhhidechionte,
< probyl cycl opbtwanPRNgr et RB bR >

s(met hyl propy %%Y&b@@&?b]@ﬁéﬁwéﬂ}ﬂ)Zil@@ﬁhﬂfﬂidﬁlﬁhdl@r i de;
s(buyl cycl opent adi eni%fy) zi rconi um.di chl oride; 25
s(met hyl but yI &ysEr-bpaieyalapangdigeilbedrgdichiondesr i de;

s( et hyl but yl K i ) Z I CORNL i t hanesul f onat e) ;

S(rri ot byl oyt S SRFRAERE A ERROME LpUOE

s(tetramet hyl dbyth-bpighyaldbeartydimilyaddimndicdetyl;or i de;

s(pent anet hyl cycl opent adi enyl.) zi.r coni um di chl qr.i de; 30

s(hek¥1 cycl opg’ﬂﬁﬂ%gllté(ﬂy&)o??m ﬁ‘?ﬂ}ﬁlﬁf”&‘ﬁpbwdﬂ‘g,o&lon e

s(trimethyl si i Ik i i ride;

s( cycl opent ad%ﬁ%ﬂy?’?glgiﬁi@’ﬁ?n(ﬁ%?{’g?ﬁél?%gﬁ%%@ O T/ Usoz/ 31401 13
s( cycl opent adibéstydnyduzetinileyolaticotadenyheirconiing divhlsiridpent adi enyl ) zi r coni um

it b o apsd S el AL P
bis(n-butylcyclopentadienyl)zirconium dichloride;
15 cyclopentadienylzirconium trichloride;
bis(indenyl)zirconium dichloride;
bis(4,5,6,7-tetrahydro-1-indenyl)zirconium dichloride; and
ethylene-[bis(4,5,6,7-tetrahydro-1-indenyl)] zirconium dichloride.
A solution of the metallocene compound and an alumoxane activator is
20 prepared, in an aromatic solvent, such as benzene, toluene or ethyl benzene.
Alumoxanes are oligomeric aluminum compounds represented by the general
formula (R-Al-O),,, which is a cyclic compound, or R(R-Al-O),AlRp, which is a
linear compound. In these formulae, each R or R' is a C; to Cg alkyl radical, for
example, methyl, ethyl, propyl, butyl or pentyl, and "n" is an integer from 1 to
25  about 50. Most preferably, R is methyl and "n" is at least 4, i.e., methylalumoxane
(MAO). Alumoxanes can be prepared by various procedures known in the art. For
example, an aluminum alkyl may be treated with water dissolved in an inert
organic solvent, or it may be contacted with a hydrated salt, such as hydrated
copper or iron sulfate suspended in an inert organic solvent, to yield an
30 alumoxane. Examples of alumoxane preparation can be found in U.S. Patent Nos.
5,093,295 and 5,902,766, and references cited therein. Generally, however

prepared, the reaction of an aluminum alkyl with a limited amount of water yields
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an int eger%%m 1 tgFeZOgm;ggﬁ? gg&h%gt) Bpr eferably, Ris net hyI and " n" IS
at least 4, i.e.To pepel e bimstalie ce(ta\me(n) theAdimmbmapm'tedamnbaetpﬂwae ed by

i d k t he. art kyl may be
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suspended in an inert organic solvent, to yiel al unoxane. "Exanpl es

of al unoxaridepydrnsarhonsan bave leoikiegineint of lgssghaxpaf) éGI Slmbgs -5080#93C295 and
5,902, 766, tLerences Gt r Vwever repared, the
reacti on of ﬁgﬁ) Zﬁ ﬁi ngfﬁ § b %\%IIOELS ﬁ i m te él% if%c{ro O\k}gtlg?lugl el’ds WO

03/ 047751 RedhplS) 240pdrk9ie, hzbéka@ Gslpkane, Mi-hdptine, attnd)Xxanese, detdreher

characterization of MMO i s descri bed in
cyclohexane.

The slurry of the non-metallocene transition metal catalyst is contacted
with the metallocene/alumoxane solution. Preferably, the volume of the
metallocene/alumoxane solution does not exceed the total pore volume of the
support. Typically, the volume ratio of the light aliphatic hydrocarbon used for

20  the non-metallocene transition metal catalyst slurry to the aromatic solvent used
for the metallocene compound solution is from 0.5:1 to 20:1, or from 1:1 to 15:1,
or from 2:1 to 10:1, or from 2.5:1 to 8:1.

The contact product thus obtained is then dried, typically at a temperature
of 40-60 °C, to obtain the supported bimetallic catalyst.

25 The bimetallic catalyst can be used to produce polyolefin homopolymers
and copolymers having bimodal distributions of molecular weight, comonomer
composition, or both. These catalysts can be used in a variety of polymerization

reactors, such as fluidized bed reactors, autoclaves, and slurry reactors.



D. Camand E. Al bizzati, Mkronol. Chem 191, 1641-1647 (1990). MAOis al so
avai l abl e fromvarious commercial sources, typically as a 30 wt % sol ution
in tol uewe.o3bsr76ne enbodi ment, the amount of al um num pr @¢irdsd2/emot he

al unoxane 5 is sufficient to provide an alum numto netallocene transition
metal nol/nmol ratio of from50:1 to §P0:1, or from75:1 to 300:1, or from
85:1 to 200:1, or from90:1 to 110:1. Typically, the al unoxane and

net al | ocene conpound are m xed together at a tenperature of 20 to 80 C for
0.1 to 6. 06hour EXAMPDhESpare the binetallic catalyst, the dried, supported
non-netal |l ocene_ 10 transition metal catalyst is re-slurried in a |light
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850 °C dehydrated silica) showed an activity of 4960 grams polyethylene per

15  gram catalyst per hour.

Example 2

Two non-metallocene transition metal catalysts were prepared. Samples of
Davison 955 silica were dehydrated under nitrogen flow for 4 hours at 600 °C
20 (Sample 2A) and at 800 °C (Sample 2B). Each sample was then treated as
follows. 4.00 g of the dehydrated silica was placed into a Schlenk flask with
100 mL hexane. The flask was placed into an oil bath at about 50 °C, with
stirring. Dibutylmagnesium (2.88 mmol) was added via syringe to the stirred
slurry at about 50 °C and the slurry was stirred at this temperature for 1 hour.
25  2.96 mmol of n-butanol was added via syringe to the stirred mixture at about
50 °C and the mixture was stirred at this temperature for 1 hour. Finally, 1.728
mmol of TiCly was added via syringe to the mixture at about 50 °C and stirring
continued for 1 hour. Then, the liquid phase was removed under nitrogen flow at

about 50 °C to yield a free-flowing powder.
30 Ethylene/1-hexene copolymers were prepared using the two samples. A
2.0 L stainless steel autoclave was charged with hexane (750 mL) and 1-hexene

(40 mL) under a slow nitrogen purge and then 2.0 mmol of trimethylaluminum



Thi s exanpl e shows that the activity of the supported non-netall ocene
transition netal catalyst is increased when the support material used to
prepare tWe 03%4at al yst is dehydrated at a hi gher tenperararasohanm9i s
conventional ly used. Two sanples of Davison 955 silica were dehydrated, one
at a tenperature of 600 C (Sanple | Ag and one at a tenperature of 850 C
(Sampl e 1B). The dehydrated silicas were then treated with

di butyl magnesi um (0. 72 nmol /g silica), butanol, and titaniumtetrachloride
as descri beMabovas, added.y i Thedreactou ypur waticlosad, 16 stisriak| wee msreageshtsi t i on
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st ai nl ess gf@é%i’(?&@@?@&@%ﬁﬂ%%éﬁ%ﬂ% hexane (750 mL) and 1-hexene
(40 nmL) under a slow nitrogen purge and then 2.0 mmol of trinethylalum num
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15 Example 3

Two samples of bimetallic catalysts were prepared. First, non-metallocene

catalysts were prepared using 600 °C dehydrated silica (Sample 3A) and 800 °C
dehydrated silica (Sample 3B) as in Example 2. Each sample was then treated as
follows. The dried non-metallocene catalyst was reslurried in hexane (5 mL per
20  gram of catalyst) at ambient temperature, with stirring. To this stirred slurry was
slowly added a solution of the reaction product of 30 wt % MAO in toluene (6.8
mmol Al/g non-metallocene catalyst) and bis(n-butylcyclopentadienyl)zirconium
dichloride (Al/Zr molar ratio 100:1). The dark brown mixture was stirred at
ambient temperature for 1 hour and then heated to about 45 °C. The liquid phase
25  was then removed under nitrogen flow to yield a free-flowing brown powder.

The two bimetallic catalyst | samples were then used to polymerize
ethylene/1-hexene as described in Example 2. The bimetallic catalyst prepared
with 600 °C dehydrated silica (Sample 3A) had an activity of 1850 grams
polyethylene per gram bimetallic catalyst per hour, and the bimetallic catalyst

30 prepared with 800 °C dehydrated silica (Sample 3B) had an activity of 2970

grams polyethylene per gram bimetallic catalyst per hour.



(TMA) was added. The reactor vent was closed, the stirring was increased to
1000 rpm and the tenperature was increased to 95 C. The internal pressure
was rai swo08/0@7psi (41 kPa) with hydrogen and then ethyl @cg/usay3i4at r oduced
to mintain the total pressure at 270 psig (1.9 MPa). Then, the
tenperature was 5 decreased to 85 C, 120.3 ng of the catal yst was introduced
into the reactor with ethylene over-pressure, and the tenperature was

i ncreased and held at 95 C. The polynerization reaction was carried out
for 1 hour and EkampleHde et hyl ene supply was stopped. The reactor was

cooled to anbie enper.at u nd t he .pol yet hyl ene collected. 10 The
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silica (Sagpl e 3B) as in Exanple 2. Each sanple was then treated as
follows. The dried non-netall ocene catal yst was reslurried in hexane (5 nL
per 20 gram of catal yst) at anbi ent Ttl]élﬁﬂerature, wth stirring. To this
stirred skHary—wa oy a—sotution—of theregctign product of 30
W % MAO in toluene (6.8 mmol Al/g FSRVRECH) | ocene cEXMRIEMP and
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PCT/ US02/ 31491
Productivity (g/g) 1820 4040

Flow Index I, 6 (dg/min)* 6.6 6.4

TAY e

" parts per million parts ethylene, by weight
2 measured according to ASTM D-1238, condition F (21.6 kg load, 190 °C)
10

The results of Examples 1-4 are summarized in Table 2. In each example,

the "A" sample is a comparative example, where the silica was dehydrated at

600 °C, and the "B" sample is the inventive example. Note that the activities in
different rows are not directly comparable because of differences in catalyst,

15  polymerization processes, etc. Within a row, however, the change in activity (%
increase) shows the unexpected advantages of the inventive methods and

compositions.



17 Exanple 4 The binetallic catal ysts prepared according to Exanple 3 were
used to polynerize ethylene/l-hexene in a pilot scale fluidized bed

react or. WoanpkBsSUA in Table 1 shows the reactor conditi @ag/Een3nesul ts
for the catalyst of Sanple 3A, 5 and Exanple 4B shows the reactor
conditions and results for the catalysg Sanple 3B. Table 1 Exanple 4A
Exanpl e 4B (conparative) Reactor Tenperature (F(C)) 203 (95) 203 (95)

H2/ C2 gas nole ratio 0.011 0.011 C6/C2 gas nole ratio 0.007 0.008 C2
partial pressure (pS|(I\/Pa)) 156. 9 (jl“ab1¢22) 158. 5 (1 093) H20 (ppm) 7.2
21.0 TNA-{pp 00 ody . 0 320 0 ow—trdex 121. 6
(dg/nin)2 6.6 6.4 1 péﬁftl‘@tYp(eA"ﬁ@mplﬁbn MWﬁYéfBiyﬂaéﬁ%e) by(VWé‘F@l%e 2 measured
a]E:cordl nlg to ASTM DlZSE(gHEzSglchtﬂlrbn F (21(gG’Hl{|ca‘rdabi 190 C) 10 The results
of Exanpl es—t=#—4re— abte—2: CIT exanpt €,.,t e A" sanpl e
is a conpafXfmple ]exarrpl e, e the silica %&gehydr at gd a7 600 C antrzlrp
the "B" samhﬁ e the inventgre exanpl e. Notggtghat the actipyigies in
different rows are not directly conparabl e because of differences in

catal yst, Ezapplodreri zationl§locesses, etc. Within a row, Rédever, the

change in activity (% incregge) shows the upgxpected advapiages of the
i nventive m%&ﬂ%mw 18 Tabl e

2 comparative examples

Example 5
5 Supported non-metallocene catalysts based on TiCly were prepared as

described in Example 2, except that samples of silica were dehydrated at various
temperatures from 600 °C to 830 °C. Ethylene/l-hexene copolymers were
prepared using the titanium catalysts as follows. A 2.0 L stainless steel autoclave
was charged with isobutane (800 mL) and 1-hexene (20mL) under a slow
10  nitrogen purge and then 1.86 mmol of trimethylaluminum (TMA) was added. The
reactor vent was closed, the stirring was increased to 1000 rpm, and the
temperature was increased to 85 °C. Ethylene and 75 mmol hydrogen were added
to provide a total pressure of 325 psig (2.24 MPa). 100 mg of the catalyst was
introduced into the reactor with ethylene over-pressure, and the temperature was
15  held at 85 °C. The polymerization reaction was carried out for 40 minutes and
then the ethylene supply was stopped. The reactor was cooled to ambient
temperature and the polyethylene was collected. For each dehydration
temperature, two samples were prepared and run. Table 3 shows the activity

results at each temperature.



Activity ("A" sanmple)' Activity ("B" sanple) %increase (g PE/g cat/hr) (g
PE/ g cat/hr) Exanple 1 3900 4960 27% Exanple 2 3620 4610 27% Exanple 3
1850 2970wOemm4EXANPl € 4 1820 4040 122% 1 conparative exaepluss2/Edanple 5 5
Supported non-netal |l ocene catal ysts based on Ti 4 were prepared as
described in Exanple 2, except that sagples of silica were dehydrated at
various tenperatures from600 Cto 830 C. Ethylene/1l-hexene copolyners
were prepared using the titaniumcatalysts as follows. A 2.0 L stainless
st eel autocl ave was charged with |S"Eﬂbdﬁt%1ne (800 n) and 1- hexene (20 nm)
under a sl-ow ogen -p 0e a¥a hoan—1_ 96 N e o y e

(TMA) was ao@ilehﬂlychlﬁéonreact\gtrlvﬁb’emm\ﬂoas cﬁ@géﬂy Rune? st | A¢iity, dessagencr eased
to 1000 rpmenmmtume@clenpég%&/.rcet/lwas mc(gBE/ge@t/hb 85 CgPE gﬁalt/érbe and 75

nmol hydrog'en“v%ﬁauueu Tde—a tota LESSUre of WWZ 24
MPa). 100 ng of e catal yst \%&Z i nt r oduced % ﬁ'to the reac 0 wi th ethyl ene

over-pressure, ggd the tenpergyyge was 15 helsgsat 85 C. Theiigol yneri zati on
reaction was carried out for 40 mnutes and _then the ethyl ene supply was
stopped. The reddPor was cool @423 0 anbi ent - 2ldAperat ure amPl/ne

pol yet hyl ene was; (§@O| lected. Fopsgach dehydrajgign tenperatyyse, two sanples
were prepared and run. Table 3 shows the activity results at each
tenmperature. WO838/ 047751 PCT/16802/ 31491 1915B8ble 3 Si delffdrati on
Activity, Run I Activity, Run 2 AClivily, average tenperature (C) (gPE/ g

cat/hr) (gPE/g cat/hr) (gPE/g cat/hr) 600 1275 1425 1350 680 1440 1395
1417 730 2025 Figawgsl2¢gmws the average activity versus dehydration temperature

graphically (filled diamonds, left axis).

Example 6
In this Example, the non-metallocene catalysts of Example 5 were used to

prepare bimetallic catalysts, according to Example 3. Polymerization of
ethylene/1-hexene was then carried out as follows. A 2.0L stainless steel
10  autoclave was charged with n-hexane (700 mL), 1-hexene (40 mL) and water
(14 pL) under a slow nitrogen purge and then 2.0 mL of trimethylaluminum
(TMA) was added. The reactor vent was closed, the stirring was increased to
1000 rpm, and the temperature was increased to 95 °C. Ethylene and 4 psig (28
kPa) hydrogen were added to provide a total pressure of 205 psig (1.41 MPa). 30
15 mg of the bimetallic catalyst was introduced into the reactor with ethylene over-
pressure, and the temperature was held at 95 °C. The polymerization reaction was
carried out for 60 minutes and then the ethylene supply was stopped. The reactor
was cooled to ambient temperature and the polyethylene was collected. For each
dehydration temperature, at least two samples were prepared and run. Table 4

20  shows the activity results at each temperature.



780 2055 2010 2032 830 1680 1530 1605 Figure 1 shows the average activity
versus dehydration tenperature graphically (filled dianonds, left axis). 5
Exanpl e 6wDr3nki7s1t Exanpl e, the non-netal | ocene catal ysts @®CTHESanpi4e1 5 were
used to prepare binetallic catalysts, according to Exanple 3

Pol ynmeri zation of ethyl ene/1-hexene »ms then carried out as follows. A 2.0
1, stainless steel 10 autocl ave was charged with n-hexane (700 ni),
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Activity, tenperature (C n" 1 Run n 3 average (gPE/g cat/hr) (gPE/ g

cat/hr) (gPE/g cg0/ hr) (gPEA@3Tat/hr) €80 2761 2304 * 2532 5@BB0 3416 2399
3454 3090 #7307 p250 41374810 47327805674 4682~ 5178 830 5137 4953 *
5045

Figure 1 shows the average activity versus dehydration temperature

graphically (filled squares, right axis), along with the non-metallocene transition

5 metal catalyst data for comparison. As is clear from the Figure, the activity of
both the non-metallocene transition metal catalyst and the bimetallic catalyst is
surprisingly enhanced using silica dehydrated at temperatures greater than 600 °C.

All patents, test procedures, and other documents cited herein, including

priority documents, are fully incorporated by reference to the extent such

10  disclosure is not inconsistent with this invention and for all jurisdictions in which

such incorporation is permitted.

What is claimed is:



* no data Figure 1 shows the average activity versus dehydration
tenperature graphically (filled squares, right axis), along wth the

non- net alwomane77sr ansition 5 metal catal yst data for conmpamitson3i4fss i s
clear fromthe Figure, the activity of both the non-netallocene transition
metal catalyst and the binetallic catgyst is surprisingly enhanced using
silica dehydrated at tenperatures greater than 600 C. Al patents, test
procedures, and other docunments cited herein, including priority docunents,
are fully ChdM®rated by reference to the extent such 10 disclosure is
not inconsistent with this invention and for all jurisdictions in which
such incorporation is permtted. What is clainmed is: WO 03/047751

PCT/ US02/ 31491  A2drockdsAbMReparin dbiReRHEe datily<d ®P pfdcag cdnlprisiigal | i ¢
catal yst, the process conprising: (a) providing a supported
non- et al | ocene (@at alpyestidipg a sepygarted aehyentalidcsne eatplastttiyeul at e support

material at a tenperafure f.agreater. .. AN r i slurry
of the éehydrat ed sug ort dleﬁydégtHl(%n% Béﬁtlggﬁ&hsgg)gggar?%%ﬂﬁ%l a?iaie[?]?5 %ﬂgﬁ]tr%cti ng the
slurry of (ii) with an orgg%zwmmiaowcio conpound RMDR , where R and R
are the sanme or different -Cl12 al kyl rOUBS' (i.v) contacting the slurry
of (iii) with a non- B} al IPERRERBE achpoMe slehudrajed sPREThR TPoRTpolksr
transition nmetal; and (v) 1 A8ohhe product of (iv) to obtain a supported
non- 15 metal | ocene cat al yst; %%f ‘contacting a slurry of the supported

non- et al | ocene cat al(iiyt icon@ctingothepaluary loy diiip ceithoan wigadnomagmdsivm on of a

MRS O R R TETIN S NE TI TE
catal yst. C,-Cy; alkyl groups;
(iv)  contacting the slurry of (iii) with a non-metallocene
compound of a Group 4 or Group 5 transition metal; and
V) drying the product of (iv) to obtain a supported non-
15 metallocene catalyst;

(b) contacting a slurry of the supported non-metallocene catalyst in a
non-polar hydrocarbon with a solution of a metallocene compound
and a C;-Cy alkyl alumoxane in an aromatic solvent; and

(c) drying the product of (b) to obtain a supported bimetallic catalyst.

20

2. The process of claim 1, wherein the support material is silica.

3. The process of claim 1, wherein the support material is dehydrated at a
temperature of from 650 °C to 900 °C.
25
4. The process of claim 1, wherein the support material is dehydrated at a

temperature of from 700 °C to 850 °C.

5. The process of claim 1, wherein the support material is dehydrated at a

30 temperature of from 750 °C to 800 °C.



20 2. The process of claim1l1l, wherein the support material is silica. 3.
The process of claim1, wherein the support material is dehydrated at a

t enper at Wwe 03/04176om 650 C to 900 C. 25 4. The process of ecCaiusod3i4wherein
the support material is dehydrated at a tenperature of from 700 C to 850
C. 5. The process of claim1, whereinyihe support nmaterial is dehydrated at
a 30 tenperature of from750 Cto 800 C. WD 03/047751 PCT/US02/ 31491 22
6. The process of claim1, wherein the non-polar hydrocarbon in (a) is

sel ect ed f6om t Abe grrocsss adfnslai i Ingvlsdreig4thelmon-palem hydnocsbemmdhee) as kanes,
cycl oal kanes and .aromatics. 5 7. The pro sof,.claim.1 rgin the

or ganonagnesi urr?%lf‘)“rff)%grr?&‘ ?}ée gr&flﬁﬁf”j}ﬁlﬁﬁlﬁn‘gﬁﬁﬁfo greaq o1 bﬁ%@%s &S?f’scl aim1,
wher ein the or gapasRRARS aH@afoxmiesind i s used in an anmount of from 0.2 mol
to 2 mmol organomagnesi um conpound 10 per gram of dehydrated support
material. 9. The process of claim1 further conprising before step (iv),
contacting,the lurry of (i4i ith a ectr T process
of clai $n 9,7‘ whe anrf)fv‘u Se(l’f(egi[a}%nwd‘(’)vﬁ%rre &Cglﬁpgf%aggmgg&a{u%#gpﬁgwd&f where R’
is a Cl-Cl2 al kylbugifl@idpneshim. The process of claim 10, wherein the al coho
is n-butanol. 20 12. The process of claim 10, wherein the al cohol is used
in an anount of 0.2 to 1.5 noles per nole of nagnesi um provided by the

or ganomagngsi u T i j Goup 4
or 5 trans?ti oglrgrlgg)g&%lyggf%%ﬁ? iltg’ﬁ?lgf%o%rg%\%%%fgaﬁgﬁsmﬁ@%gﬁ%r%c&ggﬁ of claim
1, wherein the noanaRicaht offom 0.2 amaol iodh nmedladrgamomggoesignicempotind ani um

hal i de, a titani um oxyhalide, titani um,
10 per gramyof Jehygrate?{ support material.

9. The process of claim 1 further comprising before step (iv), contacting the

slurry of (iii) with an electron donor.

15 10. The process of claim 9, wherein the electron donor comprises an alcohol

R"OH, where R" is a C;-C;; alkyl group.
11. The process of claim 10, wherein the alcohol is n-butanol.

20 12.  The process of claim 10, wherein the alcohol is used in an amount of 0.2 to

1.5 moles per mole of magnesium provided by the organomagnesium

compound.
13.  The process of claim 1, wherein the Group 4 or 5 transition metal is
25 titanium or vanadium.
14.  The process of claim 1, wherein the non-metallocene transition metal

compound is a titanium halide, a titanium oxyhalide, a titanium
alkoxyhalide, a vanadium halide, a vanadium oxyhalide or a vanadium

30 alkoxyhalide.



al koxyhal i de, a vanadi um hal i de, a vanadi um oxyhal i de or a vanadi um 30

al koxyhal i de. WD 03/047751 PCT/ US02/ 31491 23 15. The process of claiml,
wher ei n twe opos7/set al | ocene transition nmetal conpound i sPa3AMY/s4an anount
to provide fromO0.3 to 1.5 noles of the Goup 4 or 5 transition netal per
nol e of magnesi um provi ded by the organomagnesi um conpound. 5 16. The
process of claim1, wherein the netall ocene conpound is a substituted,
unbri dged bi s-cycl opent adi enyl conpound. 17. The process of claim1,

wherei n st ép. (b)Thesproagssiafdcloim latwhereigniberzanametadpceneotransgion: fgiel 00 C. 18.

A process for preparing.a binetallic ta t he, pr.o S ising: (a)
provi ding a supﬁ8$’i)8‘6n l?n‘-lsr‘?\q.tlﬁlaflc?@bor%%?q Pg&rﬁc{f"ﬁ%%‘t%?)}gtcl?%ﬁp:()?e%r%}ﬂhghydrati ng
silica at a temgabap urer 9ftrakBidhahethhpsr $OG 6 makbediirh)prpvidgBibyngea slurry
of the dehydrated silica in a non-polar hydrocarbon; (iii) contacting the
slurry of (ii) wrgdsothagoesiymgempedndm (iv) contacting the slurry of (iii)
with n-putanol; (v) contacting the slurry of (iv) with titanium
tetrachtforide; and 20 (vi) drying the product of (v) to obtain a supported
non- met al lecenghki pasesynogatialnyst,; wheyeis othtagidtapcenes |domppund ishe
supported non-netal | ocene titani.um catalyst in a nan-polar hydrocarbon
with a sol uti on sebstiutsd.rungriged bisey Hapetadis b eaPPY«ene conpound and

nmet hyl al unoxane in an 25 aromatic solvent; and (c) drying the product of
(b) to obtain a supported binetallic catalyst. 19. The process of claim
18, wher ei 17t he Tielproeess of detmy dy eherdinattera(tt) eésrpariad wntat afenfpectue®d C t o 900

¢ 30 10 less than 90 °C.

18. A process for preparing a bimetallic catalyst, the process comprising:
(2) providing a supported non-metallocene titanium catalyst by:
) dehydrating silica at a temperature of greater than 600 °C;
15 (i)  preparing a slurry of the dehydrated silica iﬂ a non-polar
hydrocarbon;
(ili)  contacting the slurry of (ii) with dibutylmagnesium;
(iv)  contacting the slurry of (iii) with n-butanol;
v) contacting the slurry of (iv) with titanium tetrachloride; and
20 (vi)  drying the product of (v) to obtain a supported non-
metallocene titanium catalyst;

(b)  contacting a slurry of the supported non-metallocene titanium
catalyst in a non-polar hydrocarbon with a solution of a zirconium
or hafnium metallocene compound and methylalumoxane in an

25 aromatic solvent; and

(©) drying the product of (b) to obtain a supported bimetallic catalyst.

19.  The process of claim 18, wherein the silica is dehydrated at a temperature
of from 650 °C to 900 °C.
30
20. The process of claim 18, wherein the silica is dehydrated at a temperature

of from 700 °C to 850 °C.



20. The process of claim 18, wherein the silica is dehydrated at a
tenperature of from 700 Cto 850 C. WO 03/047751 PCT/ US02/ 31491 24 21.
The procewe 08040FBRIi m 18, wherein the silica is dehydrat edPafl/usor/a2lper at ur e
of from750 Cto 800 C. 5 22. The process of claim 18, wherein the

non- pol ar hydrocarbon in (a) is seleoted fromthe group consisting of
C4-Cl10 linear or branched al kanes, cycl oal kanes and aromatics. 23. The
process of claim 18, wherein the dibutyl magnesiumis used in an 10 anount
of fromO0.2 mol to 2 mmol di butyl nagnesi um conpound per gram of

an amount G- 0. o egnoest O o8 e Rndtsi G st s YRS L D frbpatll e

process of cl ai ifHFm MWereingode.titaniumtetrachloride is used in an
amount to provide from0.3 to 1.5 noles of titanium per nole of
di but yl magnesi um 20 26. The process of claim 18, wherein the netall ocene

conmpoung i s, SLI e rqiod | t d 27.
The pr ogess of ?Ikﬁgi ﬁrﬂio%gsfs %gllrdg?nlgé?@%ré%%?éﬁ% ?Al}e%% aotn a Lr:iper ature
of less than 9GelectedSrom the group consisting of C4-Cyo linear or branched alkanes,

cycloalkanes and aromatics.

23. The process of claim 18, wherein the dibutylmagnesium is used in an
10 amount of from 0.2 mmol to 2 mmol dibutylmagnesium compound per

gram of dehydrated silica.

24.  The process of claim 18, wherein the n-butanol is in an amount of 0.2 to

1.5 moles per mole of dibutylmagnesium.

15
25. The process of claim 18, wherein the titanium tetrachloride is used in an
amount to provide from 0.3 to 1.5 moles of titanium per mole of
dibutylmagnesium.
20 26. The process of claim 18, wherein the metallocene compound is a

substituted, unbridged bis-cyclopentadienyl compound.

27.  The process of claim 18, wherein step (b) is carried out at a temperature of
less than 90 °C.
25



