2 5 MAY 2006 | BI METALLI C CATALYSTS W TH HI GHER ACTIVITY 1. FIELD OF THE

| NVENTI ON The invention relates generally to nethods of producing binetallic
5 catalysts for olefin polynerization reactions. In particular, the 25 MAY 200
i nvention provides nethods of naking supported binetallic catal ysts
including a non-netal l ocene transition netal catalyst and a netall ocene
catal yst, the nethods providing bine?allic catal ysts having i nproved
activity. The catalysts are particularly useful in polynerizing polyolefins
to formpolyolefin resins with binodal nolecular 10 wei ght distribution
(MAD) and/or binmogal _conpositiQ istribution. in a single reactor. 2.
BACKGROUND Pol yol & ALLIC CATALYSTS WITH HIGHER AGENIERY i st ri buti ons
and/or 15 bi nodal conposition distributions are desirable in a nunber of

applications. Resins including a m xture of a relatively higher nolecul ar
wei ght pollyol ef A¥ELENOF BHE SNNENION | ower nol ecul ar wei ght pol yol efin can be
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Binetallic catal ysts such”as those disclosed 1n U'S. Patent 'Nos. 5,032,562
and 5, 525,16qBpda ol niaking sewpoPat dnmetaPicOcatd9st8 8Bcludmg o modiceallnoenelal

polyolefrn resins in.a single reactor. These catalysts typically include a
non- et alfAHERNE Bstal) %?lygo?r‘ﬂ}{)r?eﬁ'?eiaéw&e’%? r?é‘tai)isﬁo@?fné“eé]é‘fdgl ?@’%%ponent

whi ch 25 g 1:0S | i Efer i ghts.
s pat ont ARG GRUYES B pha ppieBachic  TRE cp AN R Ae PPy B O Vet i
one enbodiinepdlymenzhgdiabgplefins teaformnpeiyolefmat @kinoceile imopanenleculat ch
produces a higher .mlecu wei.ght . resin, and .a zjrconium netal |l ocene
conponént WHE hg‘ﬁ?ﬁmfe’éw\gh)é’ﬁg’%r &?ﬂ"éjéhjlcﬁwpﬁﬂpaﬁtd‘%@i“mm@bﬁtsﬂrtﬂ]?i ng the
relative ggpypis of each catalyst 30 in a reactor, or the relative
reactivities of the different catalysts, allows control of the binodal

product resin. O her background references include EP 0 676 418, WO
9S/ 49209, 3/\0 97ﬁg%oﬁ%u. S. Patent Na 5, 183,867. WO 03/047751

{3
SLLEEST ALY

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 ihe better processing characteristics of Jower
20  molecular weight resins.

Bimetallic catalysts such as those disclosed in U.S. Patent Nos. 5,032,562
and 5,525,678, and Ewropean Patent EP 0 729 387, can produce bimodal
polyolefin Yesins in a single reactor. These catalysts typically include a non-
metallocene catalyst component and 2 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.



.2 2 5 MAY 2006 PCTIUS02/ 31491 Met hods of producing binetallic catal ysts
are disclosed in the references cited above. These nethods generally

i ncl ude depositing a non-netall ocene transition nmetal conpound on a5 MaY 2006
dehydr at ed upport, and subsequently depositing a | | ocene
conpound oﬁh@%zg?re support. For sone applications, 5 ho@gﬂ’mﬂﬁé activity
of the known binetallic catalysts is L.J£desi rably low. It would be desirable
to have net hods of producing binetallit catalysts for producing bi nodal

pol yol efin resins, which have a higher activity than binetallic catalysts
currently known. M&heds Wg%mﬂdﬁicldml@'disﬁ:lo@&ﬁinbﬁ@@eﬁl‘éﬁWS' singly
found that both supported non-metallocene transition nmetal catalysts and
support ed bigited sabeve chesg yethods rgeperally inplpdegdepositing fo nen-stallgeeneed at a
tenperature ; [J?@a Qﬁ;)@ | Ly ive to the
correspondi ntg%f:%%gg{rl\%{do‘%a (‘;"g‘?gf‘%? S. %éq]ﬁ&gﬁ%%g?ﬁ?g%itahnénsﬁl?‘sepﬁ%ﬁgr esent

i nvent i on prdepositng ametzilbcede oémpowdoni thesanze suppet.aFbi sonmedppliyations,i ncl udi ng

t he steps of, providing.a.su rted non- .al locene catalyst, coptacting a
slurry 03 t §ﬁf)rpgl?et gﬁ‘%ﬁ?ﬁ@e{ g??%@%%hf&?&?@ts i ‘ﬂgﬁ&ﬂgg'pl&”arﬂhydr ocar bon
with a sol utwéild dbe desiRbR! t0GENE HARRIBUSH padtilciAl BilefMi@ Atalys@&Neordr Yi Nng t he
contact product to qQbtain a supported binmetallic catalyst. ‘.F,he 20 supported
non- met al | odBpdicang bimpdal polyolshia sesinsg Whichdang a ughprastiyity than tametallie  support
material at & iRReHRAIY EnoWn. 9reater than 600 C, preparing a slurry of the
dehydrat ed support 1n a non-polar aliphatic hydrocarbon, contacting the
slurry wth an organonagnesi um conpound and an al cohol, contacting the
resultirﬁ) ;isurryS Al &, D --.- pcene conpound of a Group 4 or Goup 5
transition net-=a gt h ftact product to obtain a supported
nﬁn- netal | ocene Icadfagl i sigpr&iﬂgﬂyedoﬁdd)mh?gbmwdi@pqrtddnnaigmewaelmbodi ment ,

t he present invention provides met hod Q roducing a binetallic

titaniun zi rEBsHQH el FaRlysts ap I%W%gtm@e?ﬁ%ga ysts' preperedi P& 2suppor t ed
non- net al | oc@Bgort IdeRfiratBa @R laddeiPbratiz® W a5tdté10than SY00PLY stfwst fBreddedt | t ani um
catal yst in a non-polar aliphatic_hydrocarbon with a solution of-a
zi rconi um M&WE&@@GMWPWWWUQMWEM; and drying the contact

15 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



product to obtain a supported binetallic catalyst. The supported titanium
catal yst Zs MAY 2006 WO 03/047751 3 PCTI US02/ 31491 is prepared by 25 MAY 2006
dehydrating silica at a tenperature of greater than 600 C, preparing a
slurry of tYROMURAYrated silica in a non-pol ar hydrocar boRCTES023a¢Mi ng t he
slurry in turn with di butyl magnesium n-butanol, and a titani um conpound,

and drying the contact product to obta3n a supported non-netall ocene
titanium 5 catalyst as a free-flow ng powder. 4. BRI EF DESCRI PTI ON OF THE

DRAW NGS Fi gure_1 s verage activity vers Sili d ation

t enper at ur qufpg?p%ei]%g;g%gﬁ%ﬁgn%t% Fot(?‘g’ﬁ’eafuir%r?gis i ag&%:%g’al yst and a
sEpported Jﬁeﬂhﬁﬁgtaa&ldn}b oftthé aém&ia%ted&ilidaﬁﬁélﬂoE@olEESzB‘ol?ilbi&ﬁ}lcbﬁta@iﬁgl aspect,
the invention provides prqcesses for preparing.a binetallic catalyst
conposi ti on.tﬂ?ﬁ'@“ﬁr%&%s “F&}c‘ﬁ agnesimy thbftanod, A9d & HiamuALspmPPEnd et o) | ocene
catal yst, CORYARY I BRI prodot kbR ShdpBod ABa AR AR AMEGAL I VST Tn 2
non-pol ar_ hydrocarbon with a solution of a nmetallocene conpound and an

al unoxané i reatalyshaomired-owimg\ewder. and dryi ng the contact product to obtain a
supported binetallic catalyst conposition. It has been surprisingly found
that both supported non-netall ocene transition netal catalysts and
supported 204.bi mBRIEF DESCRIATYONOPTHBDRAWMINGS8g a support dehydrated at a

t enperature of .eater _than 600 C show i ncreased gctivity relative to the
cor r espondi ng c%ﬁ%‘i’e‘ﬁti%‘ﬂ&? ‘I"&{aﬁgta_%t?“‘g.vfrsgﬁﬁ‘z'ﬁ?é%&'dkﬂqpm%ﬂ@%‘@ene

Catal yst 25 fop HREpSrRA, néMettRbhad trdhSHiA Cherl Qéfallish hnd 5%9?&&@0'_

non-netal | ocene catal yst. The supported non-netal l'ocene catalyst is

pr epar edlby Wesalicoetalyst-a  particul ate support, and contacting a slurry of

t he dehydrated support in a non- polar hydrocarbon solvent in turn with an
or ganomagnesi um conpound, an al cohol, and a non-netal |l ocene transition

met al conpound. SAETANED DESCRIPHIOMN 30 fromthe product to yield a
supported non-netal | ocene talyst. The.catal XSt synt hesi s .1 staﬁarri ed out
in the absence Oflnv%lf &spegh eowéizwn provides processes for preparing a bimetallic ‘

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 Dbimetallic 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.



WO 03/047751 4 PCTIUS02/31491 2 5 MAY 2006 The support is a solid,

particul ate, porous, preferably inorganic material, such as an oxide of
silicon and/or of alum num The support material is used in the formof a
dry powder Vi n average particle size of fromabout 1-500 pm

typically ?ergor‘zrzog-%gﬁt 10- 250 1n. The surface area of the W‘}FB}QI atzsl rgéys%ﬂﬂﬁ
about 5 3 nR/g, and typically nuch |arger, such as 50-600 nR/g or nore.
Various grades of silica and al um na Support materials are wi dely avail abl e
from nunmerous conmercial sources. In a particular enbodi nent, the carrier
is silica. A suitigRlsgysoi isCAsdlid, Barfibilide, ﬁdféﬁsfigfeféfﬁlﬁggmﬁgﬁﬁ@%%aﬁ' lica, such
as a material marketed under the tradenanes 0 of vi Son 952 or Davi son
955 by the Buch svan idnelsilica apdirof alyipgmr Tl supportrdatadatpansed iThese

silicas are 4 Q,%;q REGA i S.:.Qbta é ay-drying
process, an&hﬁgﬁ%ﬁas r %&%&ar eaégﬁh‘éeg%ttpa%% Sﬁ%/égfﬁogﬁgbgyégpgi%ol unme of
about 1.65 appitdly frdm abouts D4258 penTheosuefateyateaofths istppost ibwt ehstiablowti ng i t

with nitrog nd heat.i at .about 6Q0 chyas descriped, for exanple, in
U 15 Bat ehRgndabisaleRuc Rieeh ek 3o B BB 2r RS, VAt Sfmever ¢ ha
the acti Vit YofodilicaS P Qlubfish Gappakty ilaferifld Cdte AFdé1H Caviailaplé FHdm Gtk Y St S

descri bed herein is unexpectedly sensitive to the dehydration tenperature.

Thus, V\hereé‘é’HWPéCialéﬁ?'éFﬁﬁ-es of U S. Patent No. 5,525,678, for exanple, show
dehydration at 6 : hiav. ahav &4 fpund t hat
much hi gher cat aﬁgé al(‘::%llggFitﬁé&glgl@@éﬂﬂggmggas?sél\i%dgmﬁg%mgg%f;‘/:gga Pl n

t enper at ur essudhcepress amorphbansiBG) s@haasa miatenihl immrkdtédvbuntiet teytsadersammsor t

tion. . Si L b h t ed . . th 00, C, t
Peact 58’ C ofdivisph bR & DENepho S Briserf oo hlion 3 9p B Bt 0 ™o 80
C or up to &@d Compahy.h Théseosiscas aeninahy foraVTspheaithepaati¢leLobtsiné ¥y dpper

t enper at ure bei r;(gy,conterrpl ated. As shown in the Exaégﬂ gzg)herei n, the
activity of SPRRYJTying Prasssi ad d¥veiandiriars atea ofi aboyl #Q0 mh (% 284 &PHEN- | i near |l y

with silica dpindsfdbotin .64 eRPR! M HhRllUBioWA 18 deRydrid 57idh bR BRIk zidPR- 850 C or
750-800 C, and these ranges of maxinum catal yst activity are particularly

preferred. Twith sishgeranddeating 4t ebout $06 Plrsurteas describedofer prample, iy Hrbcar bon.  The
slurry n P n?@?ié%ﬁ%’@' I?Rg‘ﬂegrg %%@lff%ﬁ{i’hﬁ)%gersma{ ﬁl@.iagtﬂgvg%

hydr ocar bon, strrring, he m xt ure.
deact i vat i ngsuppartedaicathlysts sudhs aguéhet [bymetallic 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



added, this and other steps of the catal yst preparation should be carried
out at WO 03/047751 5 PCT/ 0S02/ 31491 2 5 MAY 2006 tenperatures bel ow 90 C
Typi cal tenperature ranges for preparing the slurry are 25 to 70 C, or 40
to 60 C. Suitable non-polar hydrocarbons for the silica slurry are |i g@ g&
reaction twop®eatsares, and are chosen so that the organo&r@gﬂg@,ﬁgglcoﬂ‘z H4!06
al cohol 5 and transition netal conpound described bel ow are at | east
partially soluble in the non-polar hydg¢ocarbon. Suitable non-polar

hydr ocarbons include C4-G |inear or ranched al kanes, cycl oal |l canes and
aromati cs. The non-pol ar hydrocarbon can be, for exanple, an al kane, such
as i sopent artempd:r&tmmsd;eldvs@ﬂéﬁari@piqal leapemties ranges foreprepavingribe slarrydecane, a
cycl oal kane, cl an aromatic, 10 such as benzene,

t ol uene or eﬁ%@e@eﬁéﬂﬁ/&ﬁ%s of non-pol ar hydrocarbons can al so be
used. Prior to UShitabld@ofipolapBydbcaitycds mahb@incsamrpaxdohqmd hedactioich as by
percol ation through al um na, SI lica and/ or nol ecul ar sieves, to renove

traces of wdE@Peraligsgand asoghepencionthy gﬁﬁsorg%@@%&m FemEeynd) gleghglapl e of
adversel ys af fiaglbhfifiok Rl Yothp il bekcided o 6 a§ie9£t E@ﬁae&mkact ed with
an organomagnesi um conpound.” The or ganonagnesi um {1 IS a conpound of
RVMOR , wher endR-petat-hyftocarben.t Suitableanen-potar diy ea:rbms lmledBler@loHyﬂeargnoups or
C4-C10 al kyl rrbodl ment, the
or ganomagnes e asalte, SfQstBk Ui SBES: TSPk baG

or ganonagneshey forcaxgampls) chnusikahe] Suchr &f Bopeataye, nhﬁxajmr@ohekzimnntﬂeptaﬁemunt of the

or ganomagnesi um conpound (o the sili sl u r% will be depQSI t ed,
physi cal Iy diC40ReRqTRES SF, eﬁﬂ’teoatcﬁ%b%lgﬂ"ﬁoﬂc i A %?ﬁ’?e’e‘??c”é’s%wma G

Or ganomagy e siudhNas HeRE, dtom@ue saumglbuméﬁé | Vipkres %f ﬁi@n—&a@l@ﬁ lh%rd}Béarbc;HQe support
dehydration te erature affects the number of hydr ox es on the support

25 avai | abl ecap@isotbgaisesk g%rmm@weﬁm@ﬁmehpbmgwhwan%gmn figds suahesy dr at i on
tenperat ur enléh erbA4ESn 6 u na,[ %ﬂé%]?gf Uﬁole&hﬁr SX! td Pnitfve! @L1 0 Of

t he organomdghesi um conp oxyl ‘groups w vary and can be
det er nmi ned otmaces @dswaiby-m@:gm,bpxﬂms compasdsyr end |ogter | matetias orapatde @fcess

or ganomgnesw%&ggﬁg%% c'atsalylétsé%gidt)-rl._he appropriate anount of

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,-C; alkyl groups, or C4-Cyo alkyl groups, or C;-Cg 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 used. 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



30 organomagnesi um conpound can be determ ned readily by one skilled in the
art in any conventional manner, such as by addi ng the organonagnesi um
conmpound to the slurry while stirring the slurry, until the organonagnesi um
conmpound is 2 5 Mkv 2005 WO 031047751 6 PCTI US02131491 detected in t MAY 2005
sol vent. Asye@gsep®¥ioxi mate gui de, the anmount of the orgaq,%;mg ﬁi@im
conpound added to the slurry is such that the nolar ratio o % to

hydr oxyl groups (OH) on the support is6from 0.5:1to 4:1, or 0.8:1to 3:1,
or 0.9:1to 2:1, or about 1:1. The organomagnesi um conpound di ssolves in 5

t he non-pol ar hydrocarbon to forma solution from which the organomagnesi um
conpound i s déeprdi inedhorsplvehthe Aar a:heappro"ﬁhnatanp.ude dfe tahruotr @éintheagnesi um

Concarty T Ehmap R oo et e SRRt ST ermgb S 0°6 mrol /g
to 1.0 nlNgto e HydroxTBlolifs (PHPorPtheT¥appost is Honl b. SFIStG'J‘Jt 300 ®&:3it®! €, but not

preferred, to add t he organomagnesi um conpound in excess of the anount
deposi t ed ort:b WSk tpBdrer abeut 1:he The sraspemagnesiumpompenng Hissolyss i | trati on

and washisng. e7=Tale) rry is
cont acte thﬁédﬁa%}%lﬁ on 3g{r)1m gﬂﬁ%%wgg?#;%do‘?ﬁos%ﬂl%g#e (TECS) or
an organi c cbhpeunsbisalepsiieH, onwm&reecaRierj sThe abiouBl Af ﬂld(gﬂgammngpesimn aC toGCs

al kyl group, Ky, t.i.cul a A nt R'QOHis
n- but anol . ﬁ%’g‘pg?quﬁotlﬁ%sa?? t‘h?gﬂg'é'ﬁqgn@'@%?‘f{)ﬂh Lﬂ‘r §tlF&g’ Y orovi de an
R'OH: My nol /01pImnicllgi ® D imrhél)or @.4 ninfol/k. 19, 1.9 mrhé1NdR - 046 in@ndl/g2to RO from 0. 6
to 1. 1, or fro to 1. 0. The organomagnesi um and al cohol-treated slurry

i s contact ed™®P %0581?6%‘“0%"0%951‘4 €ene transition netal conpound. Suitable
non- met ajg ocene fy ?sl“%ls‘b' B&siﬁé abut ﬁ&”ﬁ%ﬁ?x@& & ©d@ OfROYpERorRienédialP 4 or 5

netals that are soluble In non- pol ar hydrocarbon used to rormthe
silica slur r%ﬁmmdlalweesﬁgf\&lnmmmwedpmaﬁhﬁ suppert apd giengempsutids i ncl ude,
for exanpl e,s I‘é:&&?ieuﬂ%ﬁ I i des, oxyhalides or al koxyhal i des,
such as titaniumtetr ori 8 % vanadi um 25 tetrachl ori de (vd 4) and

vanadi um oxytri clOptiohally, (th&)ﬁ‘ﬂga)lomagndsmthpoumhtrehted/amui isncoatakted i des,
wherein the aJt}lf %Ie ectronld%an s%cszh s Qtretzriageﬁlr}?q'thgglhcaqg r(%ﬁ&%?dor an organic
15  alcohol R"OH, where R" is a C;-C;2 alkyl group, or a C, to Cg 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 titanium tetrachloride (TiCly), vanadium
25 tetrachloride (VCly) and vanadium oxytrichloride (VOCls), and titanium 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.



al kyl group of 1 to 20 carbon atons, preferably | to 6 carbon atons.

M xtures of such transition nmetal conpounds nay al so be used. The anmount of
non- metal | ocene transition metal conpound used is sufficient to give a9 MAY 200
transition 0 to magnesium ol /mol ratio of fromO0.3 to 1.5 or from
0.5 to 0.8.@?\)%54576 vent is renoved in a conventi onal rranné’F,Tguss%ﬂ“%]s by
evaporation or filtering, to obtain the dry, supported non-netall ocene
transition nmetal catalyst. 2 5 MAY 2006 WO 03/047751 7 PCT/US02/ 31491 5.2
Supported Binetallic Catal yst The supported binmetallic catalyst is prepared
by depositing a netall ocene conpound onto the supported non-netall ocene
transition netal catalyst. 5 The term"netall ocene conpound” as used herein
means conpounds Ravi etallic transition nmetal (M, with a

cycl opent adi enyl ﬁhgyxﬁé/qrgg%ﬂnet&ﬁ'clcfl@.ggp% p}‘%afeﬁ PM%Q%{&ME&E at | east
one non-cycl opent adi ehyl -derive I gan , a P o 07 "one

het er oat om conipaimd oo thegappbried hon-nietallocena tmssitien mefal catadystli nat ed to M and

correspondi ng in.gunper to.the val ence thereof. .The 10 netal | ocepe cat al yst
precur sogg gener aﬁ\ey e%q&?ﬁ’aégﬁﬁ'ﬁ ﬁ%fPP%demaﬁ husﬁ‘_i sbﬁfeﬂ'bﬂ?e@“ﬁ_cf-om@éﬁmmﬁgyst
(referred t tha¥ngalGrogp ] ¥ &t Ofransitionin<UI¢RI), Whh ¥ cpdléheafadRaYI (C8) [Bdnd! | ocene
catalyst, i.e., an organonetallic conplex with a vacant coordination site

that can codrlgands which/may be suhstituisd phisast qnedioafayplepentadienyb-denivedcene
d i f f ' : Tt 1
Sych opent agi L CTRMAGe or e Bl ol b P¥) A LS by (1), oo

The Cp |i ganderdimated & Mrradi eolrespomgingxinningrthbdrhte tinet llense dhareot. fhef ree to
rotate (%bri dc) or | ctked into a rigid c.onfig/u&atiot{l} thr"faﬁ h a bridging
gr oup. e THH I’ F?‘ﬁ‘gﬁd%re%‘ﬁsr?r%ée‘?ef AR PFHRBNOT, He o S ARS8

substi t ut ed, caGilysh (reft@fed\tatds i tdogvLeT), i wederas yeeld@h eicioy elettlotdn@g Syst em
whi ch may be substituted, 20 and the substitutions c¢can_be fused to form
ot her sat ur statalyshri.eyf8areangmetallc sogwlexsyyith gacant; cpp a?%‘%?’?ﬂ?‘&‘r%ndenyl,

i ndenyl, or ddohRhdd)Yinsérd, nﬂmdsgglg,ﬁﬁze bgms, ThY GhaR®RER] icBRApburikiO P aexes have
t he general fornmula (Cp"R (Cp2R2p) MXg wherein: Cpl and Cpl are the

sane or dif feompeundgicongoe hetadf theyfollowingtyperl and R2
15 (1) Cyclopentadienyl (Cp) complexes 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'm)R3(CPRE)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 O 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



25 are each, independently, a halogen or a hydrocarbyl, hal ocarbyl,

hydr ocar byl substituted organonetall oid or hal ocarbyl-substituted

organonetal l oid group containing up to about 20 carbon atonms; mis Q&MA@OOB
pis 0to 5 and/or RZ substituents on adjacent car tons of the
cycl opent ai’r’%tr)\{/)@i%ng associated therewith can be joi ned%frggg?zzjé?”to forma
ring containing from4 to about 20 30 garbon atons; R3 is a bridging group;
n is the nunber of atons in the direct®chain between the two ligands and is
O0to 8, preferably O to 3; Mis a transition netal having a valence of from
3 to 6, prefiablabk yhef dlamemas andisdpreferablyrin GtsAighebeoxigdtiondidte; \MRHOR/i947751 8 2 5
MAY 2006 PCT/ US02/ 31491 iible of . the el emenL”s and is preferably inits

hi ghest oxi d¥mreyrlopeniadienyl Jigandcand; is, indgpsndently, gobydrogene Ayhalogem sh@ and i s,

i ndependent | r I C .ar byl ,
i D R R

oxyhydr ocar bpld, s okgyidrascarhyl-substifutede taagdnomgtaipidn adro clial doptbybaibstifutedt ed 5

or ganomnetal | Qi . I ni.ng 20 carbon atoms:; and q is equal
Co  the val e‘ﬁé%’°g{”%§‘rﬁc%§§€§5ﬁ@g‘j’g%8&§ @%?éégﬂ&%gae Yy a‘&‘%%ﬁ syl i ch have
only one Cp théRgem¢afdmims2a | igand. The Cp ligand forns a hal f-sandw ch
conplex with the petal and can, be free to rotate (unbridged) or |ocked into
a rigid confi gur{;@ F?WF&W@W%P@’SCWPIE’&SHQ“‘S?WEOP’J Oée@tr&gééfﬁtﬁfﬁ} cont ai ni ng
ligand. The 43 [idandl Me@ﬂgzﬁﬁ"foﬂ%%aﬂhﬁ%dﬁ&bibh H&ﬁﬂlex%@ﬁhé Héfgﬁ%rga ‘%hbg

derivative thereof such as a heterocyclic ring ~system whi
subst i t ut ed, beafige tthrerotateh unbridgedd rer logkedpiaia @sngidt epnfignration Heroughs at ur at ed or

unsat ur ated i SGbEak ' Y, | ndenvk, orn  fluorenyl
ng syelCmsbidiil FERh IO BEidadR-oRuR Heald SO Co rd "B s bene 15 ot a
and opti onal insubstinttéds sGhstitutgdnok & fdetivagivettherebf buldy By aghienstpcyclii@inget er oat om

itself is an atomw th a.coordi nati on,nunber of three fromGoup 15 or a
coor di nat i orSYNGHpdNch may ke s l?sg.tﬁt%ﬁ BIEfgth ﬂgfltupﬁgs fArhedited 1 f5meothst ¢ he

el enents.  ThAffed R AmSatatReAh@diyRinls GRATHsCHkBEhJIRNAIIE iH@MQT adr for mul a
(Cp' R MR3n(Y7R2) MXs 20 wherein: each Rl is independently, a halogen or a

hydr ocar by , flteaenyé aingyaystemsy Ghe beterogtrms enssaining ligand isgbevsgee dottothe or
hal ocar by3 - spib§f AddWpBdnAlyAB NS} Band through the bridging group. The heteroatom

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

coordination number of two from group 16 of the periodic table of the elements.
These mono-cyclopentadienyl complexes have the general formula
(Cp'R'm)R*(Y:R")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

25  carbon atoms; R? is a bridging group; “n” 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 conmsisting of C; to Cy hydrocarbon radicals, substituted C; to Cay

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



| oi d group containing up to about 20 carbon atonms, "m' is 0 to 5, and two R1
substituents on adj acent carbon atoms of the cyclopentadienyl ring 5M Y 200
associated there with can be joined together to forma r| ng contal n| ng %ror%
4 to about rbon atonms; R3 is a bridging group; " ; Mis a
transiti onvﬁg?iﬁ% %Zw ng a valence of from3 to 6, pref erSST’ysqub‘f?\lgr oup 4,
5 or 6 of the periodic table of the elenents and is preferably inits

hi ghest oxidation state; Y is a het er oAt om cont ai ni ng group in which the
heteroatomis an element wth a coordination nunber of three from G oup 15
or a coor di nﬂdgeﬂaﬁmmﬁdwﬁénwﬂﬁé@womwmmmbﬁ@ dArtRER R b6 b REOgeN,
phosphorous, oxygen, or sulfu R2 radi cal sel ected from a group

consi sting cgtoQs onl MIM¢maﬂbomdﬂ%U$e&mte§ frog the tgroupt eogsistingtof Ar20

2’5 2006008 BRer il B Bedbe T de AehERER- B0 RR MRRAA"S " O 10 Ce

coordi nat e ammg@ dtrmhore dgdrbge atomsnis yreglacet WithR2 halggenimemoand eachCX is adependent | y

a radical_ selected fro cons stl of d dr ocar bon
radi cal s, sJH’é'f‘iyflﬂP"é’&a nyr g‘g%ﬁg“‘fl‘)ﬂ/ yaél Ibyg;%genmciagg %bfte or nore
hydrogen at %ﬁ:dcﬁrbyﬁplcﬁ@%ma& 1a fﬁb@ﬁﬁm a?dwls@&ﬁhnea | Srghnc?

non-cycl opent'adi enyl | i |ndepen ently, drogen, a hal ogen or

a hydrocar bﬁyﬁtall%%ywm’ aarbx/lrsubﬁmns«é @Fﬁ??@mﬂhl}‘ﬂﬂdﬁdﬁmbybﬁéﬁmtﬁed or gano-
nmet al | oi d, I Qb

hal ocar byI Q%éﬂ-{&?]@{gbg{-&#%%{%%ghﬁ g%ﬁéﬁ% 4ttcg%lgil ng is eﬂu%lo about 20
car bon atonsvaléhséoﬁMmmuaI to the vaI ence of Mmnus 2. 10 Exanpl es of

bi scycl opent adi enyl tall.acenes of ..th e descr.i i 1) above
for prod ng | he Rt G REPetutienh el Gestis 9f i Lrpe 9?3‘?*&558(.% 0.8
Pat ent Nos. 4 89&ve5foil odiing theZth§LDPE; pSlyBerk, 5ﬁ&e invedtidd, &7,

5,017, 714, 4 8 1,705 199; 4,752,597; g 132, 262; 391, 629;

5. 243 001; Sdischesed g UESZBGGWSNOSaﬁéZé 8@@4562&40&554?47Bdé9,r 48B%AE68;but  not
limting, examy &s. ?Bl%WIEaQ'ﬁlI%§C¥“3h?wt4aﬁ2wl 5, 1r§§t2%bj 339pgsy.0f the type

descri bed i n”’group’ above are the rdcem ¢ T38onkrs o

- (CH3) 2Si (i n3i243y001252T8,264; 5:296143% 25 51 30d6h4.l ) 2M CH3) 2,

15 Illustrative, but not limiting, examples of suitable biscyclopentadienyl

metallocenes of the type described in group (1) above are the racemic isomers of:
p-(CHs)2Si(indenyl);M(CI);
p-(CHj3),Si(indenyl),M(CHj),;
p-(CHs),Si(tetrahydroindenyl):M(Cl)2;
20 p~(CHj3).Si(tetrahydroindenyl),M(CHa),;
p-(CHs),Si(indenyl);M(CH2CHj),; and
p~(CeHs)C(indenyl)2M(CHs),;
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 4m. Chem. Soc.
1988, 110, 6255.
Illustrative, but not limiting, examples of unsymmetrical cyclopentadienyl
metallocenes of the type described in group (1) above are:
30 p-(C¢Hs)2C(cyclopentadienyl)(fluorenyl)M(R)z;
p-(CeHs)C(3-methylcyclopentadienyl)(fluoreny)M(R)2;



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

s- (CH3) 2Si (t et rahydroi ndenyl ) 2M CH3) 2; - (CH3) 2Si (i ndenyl ) 2M CH2CH3) 2; and

- (C6H5) 2C(i ndenyl )2M CH3) 2; wherein Mis Zr or Hf. Exanples of sui t2115|Mi\Y 2006
unsymet ri agd osy@rsapent adi enyl netall ocenes of the 25ty §Tﬁggﬁ§§aed in

group (1) above are disclosed in U S. Patent Nos. 4,892,8 677;
5,416, 228; and 5,449,651; and in the lication J. Am Chem Soc.
1988, 110, 6255. Illustrative, but not TI1mting, exanples of unsynmetrical

cycl opent adi enyl netal | ocenes of the type described in group (1) above are:
30 }t-(C6H5) 2C( CYL@K@HQN(aﬁbl@@ylfa)l{eﬁi'm(@lﬁleﬂeﬁi'l)mla} 2

- (C6HS) 2C( 3- net hyl cycl o ent adi en fl uorenyl)l\/élvéz; 2 5 MAY 2006 WO

03/ 047751 10 PCTI Eoper@@qg GHDY:( f | uorenyl ) M R) 2;

{(OB1E) 20( 5" et hyie y%f %%?-%n&ﬁvg‘ihpﬁ r'&é‘aﬁwﬁ@-&%ﬁ%ﬁe&mw-
{ C6H5) 2C( cycl ope f}l-@@dmmwyéﬁggmshléfgﬂmﬂdhﬂ&hﬁﬂw&ﬁﬂl&ﬂ 3{22,%6 5

9- (CH3) 2¢( cycl opent adi en di met hyl f I uor enyl) wherein Mis Zr or
Hf, and Ris O at(CHDC mnyn@daeoyl)@ dlmgﬂleflﬂmmWMl(BhEnt adi enyl

nmet al | ocenes es d._ i, group (2) above are disclosed in U.S.
Pat ent Nos. ‘gg%ﬁ%ﬁé%z‘p‘”smd@’ﬁgﬂf? Cg'%o 723; 5,264, 405; 5,055, 438; and in
WD 96/ 002244. 10 Exdmpidsr of iswieabled uionb6yicldpeitadiemd meniiegeh@s offthe type

nonocycl opent adi..e net a enes of  t p cribed in arou (2) above
s Y By SIS 1o, D b IGTS (1 citaiash Jh Shb iy s, 3036708,

- (CH3) 2Si (3- 5,051 b3, slssaqtpmaﬁbsemﬁhk W@% m) IV( R) 2;
- (CH2(t et r amet hyl cycl openta i enyl (1 adamantil am do) M R)2; 15

-(cH3) 29l tetra siragiye| dwénmaﬁu ing( 1€ ntof| amtmiodyslogertadienyl
- (CH3) 2C(t et L ARb L L ThORFOE AL A bobp WAHFBN b.am do) MR) 2;

p-(CHs),Si(cyclopentadienyl)(1-adamantylamido)M(R)s;
p~(CHa),Si(3-zertbutylcyclopentadienyl)(1-adamantylamido)M(R),;
p-(CHy(tetramethylcyclopentadienyl)(1-adamantylamido)M(R);

15 p-(CHz),Si(tetramethylcyclopentadienyl)(1-adamantylamido)M(R);;
p~(CH;),C(tetramethylcyclopentadienyl)(1-adamantylamido)M(R)s;
p~(CH;),Si(tetramethylcyclopentadienyl)(1-tertbutylamido)M(R),;
p~(CHs),Si(fluorenyl)(1-tertbutylamido)M(R),;
p-(CHjs),Si(tetramethylcyclopentadienyl)(1-cyclododecylamido)M(R);

20 and ‘
p-(C¢Hs),C(tetramethylcyclopentadienyl)(1-cyclododecylamido)M(R),;

wherein M is Ti, Zr or Hf, and R is Cl or CH.
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)



.1-(CH3) 2Si (tetranet hyl cycl opent adi enyl ) (1-tertbutyl 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) 2i 20 ;nijMAY 2006
.t-(C6H5) 2 ({ngt hyl cycl opent adi enyl) (1-cycl ododecyl am wherein
M i s Ti, Z?‘(‘S&;’ and Ris O or CH3. Oher organonetal ﬂ’g%’%ﬁl‘éﬂ){es t hat
are useful catalysts are those with ILimdo |ligand systens, such as are
described in WO 96/23010. O her references 25 describing suitable
organonetal | i c conpl exes include Organonetallics, 1999, 2046; PCT
publ i cat i onsnM GG 350 bidARIAS]ERDEhalNEs APhdEIRe MU isHB6ARARGr VO
98/ 40374, V\D 98/ 47933; and European publications EP O 881 233 and EP 0 890
58 1. In parliafeismebalidenerarpresre Preferpbly abiosing oanch the aliay) amonpsiase £1-Cs0
bi s(cycl opegi]ﬁﬂ I net al
hydri dohal i de, églm%:u)g cyc i:%x&ﬂgn&}ugﬂg a?x;ﬂ?}ég?g cEirlndr?léc}a <$’Flu’lsrmno alide, a
bi s(cycl opent adi ém(in)ielié&)zwu@ﬁ@i&hlﬁﬁdaw 047751 11 PCT/ US02/ 31491 nmet al
di al kyl, or a bis(j n net. halldes wherein the netal is zirconium or
haf ni um “hal i de }ﬁ%ﬁg )éjr%' @*’gﬁ’é Schl ori ne, and the al kyl groups are
C-C6 alkyls. | |&s(ﬁﬂéx@tl)zﬁ€omhﬂbm(]9t@ldeh€§1ﬁﬂ>ﬂﬁe)§xarrpl es of such netall ocenes

I ncl ude: bis(i n%ﬁgél )zl rconi um B‘%nchl ori de; (i ndenyl) zi rconi um
di bromi de; bi s(i ﬁﬁ* H@{%@& @H@%‘fﬂ f onat e) ;
bis(4,5,6,7-tet r@gﬁﬁ&bm%ﬂ,,}l&hmm dichloride; bis(fluorenyl)zirconium

dichloride; ethyl ene-bi’s(indenyl)zirconiumdichloride; 10
et hyl ene- bi s(i nd@ﬂwl‘;@rt}iﬂmﬁlﬁmﬂ)zﬁ?m‘@rﬂt}@md@ﬂ hyl ene- bi s(i ndenyl ) di met hyI

zirconiu et hyI éﬁ/ Zéﬁ\ﬂﬁ'@iﬂ% l%lhrconl um

et hyl ene-bi s(i nden coni um nonochl ori de;
et hyl ene- bi s(i nda&wlle)rmrhs(mdenyhdmahyhztrhmmul fonate);

ethylene-bis(indenyl)diphenyl zirconium,;

[+

ethylene-bis(indenyl)methyl zirconium 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;



15 et hyl ene-bi s(i ndenyl ) zi rconi um bi s(p-tol uenesul fonate);
et hyl ene- bi s(i ndenyl ) zirconi um bi s(trifluoronethanesul fonate);
et hyl ene- bi s(4, 5, 6, 7-t et rahydr oi ndenyl ) zi rconi um di chl ori de; 25 MAY 2006

| sopropyl i deneddayshopent adi enyl -fl uorenyl) zi rconi um di chl
i sopropyl i dene(cyc?opent adi enyl - net hyl cycl opent adi enyl ) z??t@%ﬂz{j’mlzo

di chl oride; dinethylsilyl-bis(cycl opeﬁ adi enyl ) zi rconi um di chl ori de;
di met hyl si |l yl - bi s(met hyl cycl opent adi e %I ) zi rconi um di chl ori de;
di met hyl si |l yl - bi s(di net hyl cycl opent adi enyl ) zi r coni um di chl ori de;

di met hyl si | yl - b| Dis(¢yicropeitudiendinpdibylkid@dhiafyhoddchpeide;um di chl ori de; 25
di met hyl si |yl - i’glnd yI)Z|rcon| m dichl ori de;

di et hyl silyl - S(svstopertpdienyl sty W"BWE’PWQDPFUBF%H hanesul f onat e) ;
di et hyl si | yl - b| sbgsfc lo@erYta& yé?mﬁ@dy&q@mﬁﬂgngaﬂbﬁag di chl ori de;

di met hyl si Iyl (cycl opent'adi enyl -f 1 uor ényl ) zirconi um di ¢hl ori de;
di phenyl si | yl - bi dis(eystoppitadienyd)phenyizittioninnanondehlogide;

met hyl phenyl si | yl n |
bi s(cycl gsgent adi é”%)s%idlpr co%%@nfbﬁﬁ%%mcg% ‘K}Logfﬂ §§%| opent adi enyl ) zi rconi um
di bromi de; 2 5 Mbis(&yelpeibionyPHréarhim hibnBéhlbridsGrondbhyaride;
o1 S( oycl opent adi PR RPRGRE R RHORBE PO e;
i s(cycl opent adi
bi s(cycl opent adi W&ﬁc%@ﬁ@m@ffﬂ}&héﬁﬂ%&mmnocm oride;
bi s(cycl opent adi enyl’) phenyl zir coni um nonochl ori de; 5

bi s(cycl opent adi disi¢ycinprntpdisnylidiphenyizimonivat| or i de;
bi s(cycl gpent adi e nonohydri de;
bi s(cycl f(}{;ent adi Z’%Mcm? %gﬁ%ﬁgl}:om lZ&ercl(g)hio ydri de;
Bl sg cyc: opent agi éxisjclt))cthpaﬂadhyh)d)mabyuxymcomum chlonde
i s(cycl opent adi en r.coni.u
bi s(cycl opent adi M‘F’{cgqpsgﬁ?é )é umchlonde
bi s(cycl opent adi W&%T@Eﬁﬁﬁ&éﬂﬂ)zﬁ&@rﬂmﬂ%is@ﬁétﬁﬁde@uﬂfonate);

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
bi
bi
bi
bi
bi

s(cycl opent adi enyl ) et hoxyzi r coni um chl 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 25 MAY 2006
s(cycl opgp asldsy! ) zi rconi um bi s(trifl uoronet hanesul fon%@ds

s(net hyl cycl opent adi enyl ) zi r coni um di chl ori de; 02/31491

s(di met hyl cycl opent adi enyl ) zi rconi um_di chl ori de;

s(di met hyl cycl opent adi enyl ) et hoxyzi r'cdoni um chl ori de;

s(di met hyl cycl opent adi enyl ) zi rconi um bi s(trifluoromethanesul fonate); 20
s(et hyl cycl opergi hthdies: ?}ﬁﬁﬂﬁﬂm@i&xw i de;

s( et hyl et hyl cyclg(g{)dg]p%éadl en}g zi rconi urlgagl chl ori de;

s(propyl cycl opetﬁ (9%1%9? QilYl?éfﬁ?fHHmdil@Pﬂl P i de;

s( et hyl pr opyl di chl ori de;

s(butyl cycl ope(r)lt%{g( I e ?@Fﬁg&%m %1 otide; 25

s( et hyl but yl cya:$(oxv®11emddlenv;l)zjrzmmummydnd®hbhﬂqri de;

s(met hyd but yl cyg ni, U net hanesul f onat e) ;
s(tri rregt hyl cyc%lbd ’fa“é?"fﬁ?giﬁﬂﬁ’é ?lﬁ?lﬁ“g‘% E]ﬁflé‘f’l de;

s(tetranet hyl cmﬁ(mm@dbpémi&@ylﬁ@wm dicElatige;i de;

s( pent anet hyl cycl o%en adj en ZI rconl um d| chI oride; 30

sEPexyI E:Kc: opleyrﬁl%(ﬂ'l ﬁW YYI?P‘F fme, i
s(trimethyl si ﬁi’-}éﬂé, ori de;
s(cycl opent adi ertglmB Q&? ?&h P%iéérclﬁlgﬂhu@ )‘IEM Y 2006 WO 03/047751 13

PCT/ US02/ 31491 bi fsi(nyb@ltytvpfelnpqm@m}'l)hafafmn digrettyl;chl or i de:

bi
di
bi
bi
bi
bi

et 110 i o oo eI SRR Ikt RUBENERRS ' G 5T

s( cy(t:) I opFnt a::ll elﬁg(h—)bg@ldycbpmhadihfny@haﬂmém lﬁ)idﬁ.doclﬂonde
S 00 i
s(n- but yl cycl opsgbafnesitydyeldpemadivhy I fHalBid Wchloride;

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),AIR5, 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



bi s(n-butyl cycl opent adi enyl ) haf ni um di met hyl ; 10

bi s(n-butyl cycl opent adi enyl ) zi r coni um hydri dochl ori de; 25 M

bi s(n-butyl cycl opent adi enyl ) haf ni um hydri dochl ori de; AY 2006
bi s(pent a | opent adi enyl ) zi rconi um di chl ori de;

bi s( pent amﬁ%@giﬂ opent adi enyl ) haf ni um di chl ori de; PCT/US02/31491

bi s(n-butyl cycl opent adi enyl ) zi r coni umﬂi chloride; 15

cycl opent adi enyl zirconiumtrichloride;”" bis(indenyl)zirconiumdichloride;

bi s(4,5,6, 7-tetrahydro-1-indenyl)zirconiumdichloride; and

et hyl ene- [ bi $ ¢dfled mixtus dahychnes. [Furthetahytapterizdtioa @f MADds dbicebéda. A
solution of the met Ig@ene .CO ounlg nd %ﬁ unpxane activator is 20
prepar ed, i nPahamaBLE: AbizgtiMafromel, Chem I3 e FAINOAT (K902 nMAR) 1s@lsey|  benzene.
Al unpxanes  agilsi1é RE Vidoud! dinf e ICRRRRYNGBickIBP L& 5 0t RlloPYolbdtn meneral
formula (RAI-O,, which is a cyclic conpound, 'or R(R-Al-O nAlR2, which is a
| i near conpotehgne. | In angegbodiment, theeamanntof duminum provided gt the alud@$xarieky |

radi cal, {or. , & | . butyl or_ pe I d"n" is an
i nt eger fSI on%sf&ﬁg{ég{sﬁ)ﬁ%w%@m DST %)rlfe? t%?&eéﬂeytfanﬁﬁogr%?gﬁ@q%d%a%n" is at
| east 4, i . eof froe50)lltal5000 xanfeom (5@ 30631 powfkan $S:1cta2002, o fegaaved by vari ous
procedures known .in the art. For exanpl an al um num al kyl nmay be treated
Wi th water d'ios]ﬁ@ﬂv PP lyaweiah.gqqxan%q,@g{ﬁqtgﬂgcgpmgoug anemixed togethetont act ed
with a hydr ajt@desipdratureSsfol 1680 P (rdl PR 6.CRAREr or iron sulfate suspended in
an inert organic solvent, to yield an 30 al unoxane. Exanpl es of al unoxane

preparation can bE° P the bindallipgaialyst, s dried; sgpripd moamptaloge, 766, and
ref erencqg Ciﬁ:ﬁﬂiomﬁétﬁ' datal g%-"s‘iu!rﬁfed e &ipﬁ@i@@géﬁgmgéw ga%g&é:' \%‘) of an

al um num al k wth a limted anmount of ter'yie

03/ 047751 PChe\s8D2/08 dfdreritfrem dharpydrrcarhont used inlpreppxiag s silica slhary.
characterizatj on .of O is,desgri.bed i , gd E., Al Qi.zzat i~ Ml oronol .
Chem 191, i’gﬁhyfé%?r f@%?vel@&@ﬂf%pﬂrg(?fgﬁlﬁggglQ’W%?ﬁ'ggi?g%sc’commrci al
sources, typixsab |7 °as -8ta360RC, &0 $0kdB5 O0. | Buitable! hdecariofs aiudeBerdi ment, t he
amount of al um num provi degwb t he al unoxane 5 is suffici egt to provide an
al umi num t o FEHERe dEQPRRIARG AFXine; LRberens D-ReRtanep octang, ingnanss desagen ¢o: 1 to

500: 1, ofsfrgmofexahet © 300:1, or from85:1 to 200:1, or from90:1

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.



to 110:1. Typically, the alunoxane and netal |l ocene conmpound are m xed
together at a tenperature of 20 to 80 Cfor 0.1 to 6.0 hours. To prepare
the binetallic catalyst, the dried, supported non-netallocene 10 tra:ﬁNMWﬂng
nmet al cat al | e-slurried in a light aliphatic hydroc t can be

t he sone opmg??¢€$%nt from the hydrocarbon used in prepar?ﬁ@gﬁﬁ%ﬂg?lica
slurry. The hydrocarbon can have a bq%ling point of less than 90 C, such as
-50 to 89 C, -251t0 70 C, -5 to 50 C“or 10 to 35 C. Suitable hydrocarbons
include, for exanple, isopentane, hexane, isohexane, n-heptane, octane,
nonane, decafle, @®XAMPLEScC|I ohexane. The slurry of the non-netall ocene
transition netal catalyst is contacted with the netall ocene/al unoxane
solution. Prefer 5E¥$Eﬂhe vol une of the netallocene/al unoxane sol ution does

not exceed the t ol eRile YRIWETEhaP thel REvity la?g&r Eupp%pa @8h métalibipe VOl UNME

ratio of the light aliphatic hydrocarbon used for 20 the non-netall ocene
transition niansifion axetal pafelyst igincyeasad whea the swppert matevialusad tarephre ther t he

M

nmet al | ocepe n 9 .. fromO.5 (o} L. .or froml-1 to 15:1,

or fromZ 1 %%@ggl&hi&%fi oa%gﬂl.’%ei B 2 i hﬁ%lels égﬁYeEEPH%IIY ouéét]a(it T¥Rus obt ai ned
i s then dri esdmpley pif avisyn &55 ailicariues déhytdated)bned Bt £ Cenfiperdtare@ft6ad ACt he
supported bipetal lig catalyst. 25 The biymtal]ic cafalyst n._be used to
produce pol P‘@_P?]ierﬂlﬁ rﬂﬂeﬁértgmp%fﬁiﬂfecg_ y%edsémﬂgvf@g ﬁ%&g‘éﬁm@fistri buti ons
of ol ecul arsiNgi Gtke tHeR ERHRIEENiIth GHIRARLSdeSim @ 70RIbl/gTHRSS, KiRdmdl,yst s can be
used in a variety of polynerization ™ reactors, such as flui'dized bed

reactors, auadclitipivm tetmrhlarider g desesibed saboge, Stoviield oo sUPPBTEE/ BUF751 15
PCT! U302{03148§xa1§ ce@%@mﬁmm tl"['ﬂ_ig'cétaﬁ'm e&ﬂ%‘éﬁn%ﬁ%&&lﬁ activity
e a metal C

of the suppor non- ne ocene ransi tio atalyst 1s 1ncreased
when t he supshary reactoetoi plymiees cthylepe.cnditle datadyst Sctivityavassdetexmainedfordr at ed at a

hi gher tenperature .thgn i vent i anal sed. ...T'wo .sanpl es of. vi son 955
silica were 96 W%{F'eg?me‘?eﬁg‘ usépgt@ﬁpgr‘iﬁé tegﬁlhé\égSh@ng%ﬁﬁtf‘@tylo) and one
at a tenper asggoegrarhs B ethy{cne Ndr Grdds) catalyR€ pee Ryek, ah@ Bample 1B (using

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.

25 296 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 TiCl; 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



silicas were then treated with di butyl magnesi um (0.72 mol Il g silica),
butanol, and titaniumtetrachloride as described above, to yield a 5
supported non 10 netal |l ocene transition nmetal catalyst. This catal yszt MA%ZOUB
then used i ratory slurry reactor to polynerize e and t he
cat al yst aé{tl)‘\??ljdt‘@g\%as determ ned for each sanple. Sanpl eI’%ﬁ}g’?‘% 600 C
dehydrated silica) showed an activity_ of 3900 grans pol yet hyl ene per gram
catal yst per hour, and Sanple 1B (usi ﬁg 850 C dehydrated silica) showed an
activity of 4960 grams pol yet hyl ene per 15 gram catal yst per hour. Exanple

2 Two non- NnETMA)OSR&ided. 2 Thi tre4bfor Wing wa$ @logédy $heS stviing welsCRaea’d tsanpl es of
Davi son 955 silica were dehydrated under nitrogen flow for 4 hours at 600 C

20 (Sanpl e 2890 gy apd thegemperaturs yasinongsed t,3°G o ks intexpal prosape Mesat ed as
foll . 4. Ihbd ' k flask
ol | ows. 4. QR gl ﬁﬂ?ﬁgqgégéﬁlhﬁmgg&’g}géxp%dﬂﬁhp&ﬂﬂ% | gitnﬁmﬁ&@& gk flas

with 100 nL r_\ex_ane. aced into an ol at about 50 C,
with stirrinmgntaidi the tothlnpressersi atr2 102pE8 (h¥rndMba).wakhead thedtemiperaye wage t o t he

stirred csluy at .a Cand,the slurry. was stirred at this tenperature
For 1 hottr. ket 8 REE, 2P fpefiind Salatnintiohd g Bie Betbine *obrr red
m xture at afyldne o9&-fresdind, Addetheteniperaurd@as fitieadedindheldnit 95 P€NmaEat ure for 1

hour. Finally, 1.728 wmuol of Ti( 4 was added via syringe to the m xture at
about 50 C ARHmsrizatiqngactiop ftas fauipdrit far haqpr and thex! the wglyﬂqnaapaplbhase was

renoved UNdgiasRichh& Ahe rbdRtr Has co81MHo antbidnt fethp¥tagilrdl afd fHeGRElWLPT POWder .
30 Et hyl ene/ 1- hexene copol yners were prepared using the two sanples. A 2.0

L stai nl ess vas@ellectadt ocl ave was charged with hexane (750 nmL) and 1-hexene
(40 L) ;dnder a LY gg@f Ry ng gm A hyl al um num 2
5 MAY 2(}96 WO 03%3%}% tlrg %é%%oglglﬁn‘f ggl\}éas aaélggelaTzA#ﬁg& F’%act or vent
was cl osed, actidtyséfi 3620 pganmspolyethylerespat gram cdtlige pep ioun add teccatatysper at ur e was
increased to 95 C. _.The internal pressure wa alsed 6.0, psi .( kPa) with
hydr ogen and'® fom,A00n G\Tg’é'd{agﬁdrﬂgf?c&fn}pie zﬁ)a;hﬂ‘féflnacf t°6t4§&0pressure at
270 psig (1.QarBolyettyléie pet Hramt ArADRE pérhogr, Was 5 decreased to 85 C, 20.3 ny
of the catalyst was introduced into the reactor with

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.



et hyl ene over-pressure, and the tenperature was increased and held at 95 C.
The polynerization reaction was carried out for 1 hour and then the

et hyl ene supply was stopped. The reactor was cool ed to anbi ent tenper%lélW\éZUUB
and the pol e was collected. 10 The catal yst prep r 600 C
dehydr at ed‘g(?fﬁimézﬁ?Sarrpl e 2A) had an activity of 3620 grgﬁgﬁ%@@t‘hyl ene
per gram catal yst per hour, and the C?Zal yst prepared from 800 C dehydrated
silica (Sanple 2B) had an activity of “4610 grans pol yet hyl ene per gram
catal yst per hour. 15 Exanple 3 Two sanples of binetallic catalysts were
prepared. First, Pxamplet al | ocene cat al ysts were prepared using 600 C
dehydrated sili cé‘(‘Sgﬁl e 3A) and 800 dehydrated silica (Sanple 3B) as in
Exanpl e 2. Each daghimeiallis qa Stpré@ar%ctj ageordipg, tq Hxamply e were; usgd to

non-netal | o £ éé’cpﬁep( . & ram of

catal yst) a(tb%g'ﬁ%l ent@hlygﬁlr%@?%%{%rgg#u\ﬂﬂbﬁggjerhr‘?iﬁn orlé%cﬁrs st r edgsl urry was
sl oW y addedn Tablel1shows thefreachor cpmtiﬁoﬂscandpcsmljs;ﬁurthn‘cawymf Sarvfl©3iAy t ol uene

6.8 Al Lg non: | | t al
bi's(n- bucy! R TERaRICRY VIS FeGR Grtahe AROrEFHls foufhe spehel SR8 o 100: 1).
The dark er;\m m xture was stirred at anbient tenperature for 1 hour and

then heated to about 45 C. The |iquid phase 25 was then renoved under
nitrogen flowto yield a free-fl ow r{’t:fb ]ovvn powder. The two binetallic

catal yst s ) as
described in Exanple 2. The binetalli e%t pr epar &P h 600 C
dehydrated silica (Sanple 3A) had an “é’ﬂﬂa{ﬁ of 1850 grans pol yet hyl ene

per gram bi r@h&b}T&n NSt hour, 2¢9@ ?he bi met al o 9spt al yst 30
pr epar ed vvlth 800 deh drate silica (SaiTE e 3B) had an act|V|ty of 2970

grans pol yeti¢ jpam bi netal | ic @8thlyst per houf0lb 5 MAY 2006 WO
03/ 047751 PEJERAE /,&,1411%@1017 Exanpl e 4 Theopi netal lic cagghysts prepared
according to Exagl e 3 were used t pol yrmeri ze ethyl ene/ 1-hexene in a pil ot
scal e fl ui diGdart Hreﬁ%’ﬁ%@éll(MPE—)}arrpl e1§¢(9 (1.88Papl e | éﬁ&\ﬁé %D reactor
conditions gngh @pailj ts for the catalyst pp Sanple 3A, 219

TMA (ppm) 100 100

Productivity (g/g) 1820 4040

Flow Index I ¢ (dg/min)? 6.6 6.4

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.



5 and Exanpl e 4B shows the reactor conditions and results for the catalyst

Sanple 3B. Table | Exanple 4A Exanple 4B (conparative) Reactor Tenperature

(F(C)) 203 (95) 203 (95) H2/C2 gas nole ratio 0.011 0.011 C6/C2 gas zngp;wgys 006

ratio 0.007 0.008 C2 partial pressure (psi(MPa)) 156.9 (1.082) 158.5 (1.0

H20 (ppmM ) wo ésidd7s9 TMA (ppmi) 100 100 Productivity (g/ E): %&%1@940 Fl ow

I ndex 121.6 (dg/mn)2 6.6 6.4 '"parts per mllion parts et yTene, y weight 2

nmeasured according to ASTM D- 1238, cog@ition F (21.6 kg load, 190 C) 10 The

results of Exanples 1-4 are sunmarized in Table 2. In each exanple, the "A"

sanple is a conparative exanple, where the silica was dehydrated at 600 C,

and the "B" sanple is the inventive &xdeple. Note that the activities in

different rews—a ot—eH—+ —E0APa - differences in

catal yst, 15 pol yneri zAstivly (AOsample)s, Aettvity/B'hsample)r owls inorarseer , t he

change in activity (% irgPéset/hdhows t hég Pllgepdim) ed advant ages of the

I nventive ﬁmwmvm—g@rmu JJ.U,?hIﬂ

118PCTI Us02138H91e Fabl e 2 At Wity ("A" sampl&Y Activity /8" sample) %

i ncrease (g Bample2at/ hr) (g P29 cat/ hr) Exanmgbt) 13900496022#Exanpl e

236204610270/ﬁx|%>1<ﬁ3mé)§e 3185029178%81%
pl

2970 61%
Example 4 1820 4040 122%
* 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/l1-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.



Exanpl e 418204040122% conpar ati ve exanpl es Exanple 5 5 Supported

non-net al | ocene catal ysts based on Ti Cl14 were prepared as described %gMAY 2006
Exanpl e 2, except that sanples of silica were dehydrated at various

t enper at ur 1 00 Cto 830 C. Ethyl ene/ 1-hexene copol

pr epar ed ug‘i&)n(gﬂ??gpti tanium catal ysts as follows. A 2.0 L¥§@$0ﬁﬂg{?g st eel
autocl ave was charged with isobutane (800 nL) and 1-hexene (20 M.) under a
sl ow 10 nitrogen purge and then 1. 86 | of trimethylal um num (TMA) was
added. The reactor vent was closed, the stirring was increased to 1000 rpm
and the tenperature was increased tgatd®3C. Ethyl ene and 75 mmol hydrogen
were added —to-provide a total pressure of 325 psig (2 24 MPa). 100 ny of
the catal yst ®bdehydratiomducedictivity Rurhke r e dctivity, Buni2 et Adtieity, average pr essur e,
and the tenpdemperaterel®S) 15 (gHBig edt/hB5 C. (ERB/guat/)yer i z{gPE/p cadayti on was

carried out=—for—#—mrrotes—ard 1 ed. The
reactor was cool e@oto anbi ent l%izﬂrperature a@égt he pol yet H?ﬁ%ne was

col l ected. For eaggp dehydrati om4qt enper at ur ej395Wwo sanpl es jygy e prepared and
run. Table 3 sho% t he activitg results at each tenperature. 2 5 MAY 2006
WD 03/ 047751 19 Tafl e 3 PCTI USE$P31491 Si dedyarati onActi ¥P1%, Run
1Activity, Run 2Agoi vity, averagss tenperaturgi16C (gPE/ g capshr) (gPE/ g
cat/hr) (gPE/g cat/hr) 600127514251350 680144013951417 730202521752017
780205520102032 308168015301608088% gure 1 shol#d%t he averagd®®tivity versus

dehydration tenperature graphically (filled dianonds, Teft axis). 5

Figure 1 shows 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.



Exanple 6 In this Exanple, the non-netall ocene catal ysts of Exanple 5 were
used to prepare binetallic catalysts, according to Exanple 3.

Pol yneri zation of ethyl ene/1-hexene was then carried out as follows25M@. 5
L stainles 0 autocl ave was charged wi th n-hexane 1- hexene
(40 nli) anﬁv(\s)vgjt%g?s}( 14 L) under a slow nitrogen purge and%ﬂ&ﬁ@lﬁlm of
trinmethylal umnum (TMA) was added. Tgﬁ reactor vent was cl osed, the
stirring was increased to 1000 rpm d the tenperature 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 tibley of the binetallic catal yst was
introduced intao the reactor with ethyl ene over- pressure, and the

t enper at ur e w8sde¢hyideatiah 95 Activitye pol Ywvityzat | orkctieidet | on Aetigity,carri ed out
for 60 m nut aemperdtutd@©C) t he Rithy| ene skmp2y was Ru@pped. THeerageactor was
cool ed to ambi ent tenper aigPRyg calin)t (EPHEIO LAt YEREIE civafy) qePE/RGhRd) For each
dehydr at i on tefpet-at-tt-e—at= - p—SaPi-es—wee—pf-epat-ed—ard—+un. Table 4
20 shows the actihy resul t 878t each £¥Mperature.* 2 5 MAY258D6 WD 03/ 047751
20 Table 4 PCT/ USHgy 31491 Si sgighydrati oggyct i vit yAgs4 vi t yActspypt yActivity,
tenperature (CQRun 1 Run 2 Run 3 average (gPE/ g cat/hr)(gPE/g cat/ hr)(gPE/ g
cat/hr) (gPE/ g cat73®) 60027632%04* 253245¥03416239880543090 4732
730525041374810477gh 78056744682+ 5178 839@1374953* %045 * nosgaga Figure 1
shows the aver age83abcti vity v§{3s7us dehy%%ti on terrp*er ature

5045

* no data
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:



graphically (filled squares, right axis), along with the non-netall orc?gbne
transition 5 netal catalyst data for conparison. As is clear fromt MaY 2006
Figure, the activity of both the non-netall ocene transition nmetal catalyst
and the bi R84/ Blcatal yst is surprisingly enhanced usi ROTAB023¢491
dehydrated at tenperatures greater than 600 C. Al patents, test

procedures, and other docunents cited2ierein, including priority docunents,
are filly incorporated by reference to the extent such 10 disclosure is not
i nconsi st ent W h\q this invention and for all jurisdictions in which such

i ncorporati ermtted. What is clainmed is: 25MAY2006 WO 031047751 21
CLAIMS 5 10 15 20 PCT/US02/31491 1. A process for preparing a binetallic
catal yst, the process caonprising: _(a)_providing a supported non-netall ocene
catal yst by:l-(i) Aerpgessder prgpasing a bimetallic catalystpihe ProcasstcemPHSINGt a t enperat ure
of greater than Crneddiliiho B L a dehydrat ed support in
a non- pol ar hyd?g}gar 6«?]\%1&1%{;'&?@5@%%@0@%@{]% g%tﬁl&%}?ybf (iit) with an

or ganomaghesi um conpdind RebyRrgtingtacpagticRlate shpRortamateridi @t 8 demepenatumti f f er ent
C2-C12 al kyl groups; (iv) centactin Slurry of (iii) wth a

non- net al | ocene conpound 8?8“536';‘}6‘856 of Goup 5 transition netal; and (v)
drying the product of ({i) V) prepagilyf &slarr of thepdehy&dted GpporEinal nodcilg cat al yst;
(b) contacting a slurry of the supported non-netall ocene catalyst in a

non- pol ar hydrocarbon wit h BY9®ea % on of a netal | ocene conpound

(iii) contacting the slurry of (ii) with an organomagnesium

10 compound RMgR', where R and R' are the same or different
C»-C3 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;-C; alkyl alumoxane in an aromatic solvent; and

(¢)  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.



and a O -C8 al kyl alunpoxane in an aromatic solvent; and (c) drying the

product of (b) to obtain a supported binetallic catalyst. 2. The process of
claim1, wherein the support material is silica. 3. The process of clal nMay 2006
wherein the support material is dehydrated at a tenperature of from 650 C

to 900 C. 2o dsosThe process of claim1l, wherein the suppopérigfRided! 1S
dehydrated at a tenperature of from700 Cto 850 C. 5. The process of claim
1, wherein the support material is dehlydrated at a 30 tenperature of from
750 Cto 800 C. 2 5 MAY 2006 WD 03/047751 22 PCT/US02/ 31491 6. The process

of claim1, wherein the non-polar hydrocarbon in (a) is selected fromthe
group consi i ng e mocess Of| ¢lpiand, svhetsim thehneh-polie hrdrocarbone i fd)kignes and

<" but y1 magnesHiRed SR ol Brlishps BB telf of bARORRRARER, O D 0T

conpound i s used cyclpalignes andiafomaticE rom 0. 2 nmol to 2 mmol or ganomagnesi um
conpound 10 per gram of dehydrated support material. 9. The process of
claim1 further conprising before step (iv), contacting the slurry of (iii)

with an g ectron 'ﬂﬂnﬁiocesla)flglajﬂ e WHeRGE IBe RfgdabAbfMeSumMiGhpduadt R€ el ectron
donor conprises an alcohol R'OH where R' is a d-Cl12 al kyl group. 11. The

process of cl ai mdilptylmasnesivin.t he al cohol is n-butanol. 20 12. The process of
claim 10, wherein the alcohol is used in an anmount of 0.2 to 1.5 noles per

nol e of magnesi um provi ded by the organomagnesi um conpound. 13. The process
of claiml1, 8her éihe promesGrhelpind1,orhebein thensrgdnonagnesivmh cormpou® is insedni um or

vanadium 14. The, process: &f ok ko YESHY LS00 RLALLS550g transi ti on

10 per gram of dehydrated 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;-Cy3 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 titanjum oxyhalide, a titanium
alkoxyhalide, a vanadium halide, a vanadium oxyhalide or a vanadium

30 alkoxyhalide.



conmpound is a titaniumhalide, a titaniumoxyhalide, a titanium

al koxyhal i de, a vanadi um hal i de, a vanadi um oxyhalide or a vanadium 30

al koxyhalide. 2 5 MAY 2006 WO 03/047751 23 PCT/ US02/ 31491 15. The prpkeRe )ik
claim1, wkesel e non-netal |l ocene transition netal conpound is used in
an anount to gir/dcj)‘#sge from0.3 to 1.5 noles of the Goup EBB/PS@/ﬂI?s'énsition
netal per nole of nagnesi um provi ded the organonagnesi um conpound. 5 16.
The process of claim1l, wherein the al | ocene conmpound is a substituted,
unbri dged bi s-cycl opent adi enyl conpound. 17. The process of claim1l, wherein

step (b) is marripg# protesdtofoclhigiMe wdetéire 1 norl-thetaBdente Nedhsiidn Gmetdld> 20 25 30
18. A process for preparing a binetallic catal %’f);[ilnﬁ’t he process conpri sing:

(a) providing a SKO5POHRL WEA iaR aMPBRidA PreVide 3 de d15ymplep pf the )

dehydrating sili ’ffh‘iﬁ' r oot : =+ Jad( 1 reparing a
slurry of the deﬁ?fgrﬁgt‘lcaalglt gi |clgb#lr?€eé£ gﬁ- po gr? Iﬁ%@%}l@@%}'@gﬁd H |)d|1°)D
contacting the slarganpmagnésiun covnpdundli but yl magnesi um  (iv) contacting the
slurry ofc. (iii) with n-butanol; (v) contacting the slurry of (iv) with
titani umstetrachl oride; and (vi) drying the product of (v) to obtain a
supported nore. neT® Ipesese of i Elaifd U whérdiny $le; niddlloeendt @6mpohdaislaurry of the
supported non-netall ocene titanium catalyst in a non-polar hydrocarbon with
a solution of a APHBHEdHIbHIgMEYGIoD F1Y4 SeBBOWYnpound and

met hyl al unbxane in an

17.  The process of claim 1, wherein step (b) is carried out at a temperature of
10 less than 90 °C.

18. A process for preparing a bimetallic catalyst, the process comprising:
(a) providing a supported non-metallocene titanium catalyst by:
6)) dehydrating silica at a temperature of greater than 600 °C;
15 (i)  preparing a slurry of the dehydrated silica iﬂ a non-polar
hydrocarbon;
(iii)  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.



aromatic solvent; and (c) drying the product of (b) to obtain a supported
bimetallic catalyst. 19. The process of claim18, wherein the silica izj MAY 2006
dehydrated at a tenperature of from650 Cto 900 C. 20. The process of

cl aim 18, i he silica is dehydrated at a tenperatu m 700 C
to 850 C. %Sﬁ&$5i006 WD 03/ 047751 PCT/ USO02/ 31491 24 21_£"$"F.’88‘%36‘£355 of

claim 18, wherein the silica is dehydrated at a tenperature of from 750 C
to 800 C. 5 22. The process of claim 18, wherein the non-pol ar hydrocarbon
in (a) is selected fromthe group consisting of C4-Cl0 |inear or branched

al kanes, cycl oal kanes and aromatics. 23. The process of claim 18, wherein
t he di butyl na neS|um|s used in_an _ 10 anount of from0.2 mvol to 2 mol

di but yI magnest-um Epyeessa opelaim é&d’l’h?%‘? ﬂ&eﬁ*ﬂ#‘éﬂ&ﬂ@&’dﬁtﬂ @A temperatyffe process
of claim 18, V‘her@f‘ffbrﬁb?oﬂcl%’ﬁ(ﬁf“@ is in an amount of 0.2 to 1.5 noles per
nmol e of dibutyl magnesium 15 25. The process of claim 18, wherein the
titaniumtetrachl oride |s used in an anount to provide from0.3 to 1.5

noles of fitaniu u gResium .2 ess of claim
18, wher elgn ?ge &Eaﬂ ene %18%39 HX?ISI the s%s@@&?yéﬁo %’rﬁ’ﬂrﬁo@
bi s- cycl opent adi egeydctedofitra ltheél grodp .corsisting rof @SS Ainedr! ¢t trardohed ulkeﬂieﬁj n step (b)

is carried out at a taﬁ(rrperature of less than 90 C. 25
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



