WO 03/ 047752 PCT/ US02/ 31777 1 METHOD OF MAKI NG M XED

ZI EGLER- NATTA/ METALLOCENE CATALYSTS 1. FIELD OF THE | NVENTI ON The

i nvent i orwoeB@a#®@s2 general ly to met hods of produci ng bi nmet ciriuso2/s17¢at al yst s
for olefin polynerization reactions. In particular, the invention provides
met hods of maki ng supported binmetallic catalysts including a

non-netal |l ocene transition netal catalyst and a netall ocene catal yst, the
nmet hods providing binmetallic catalysts having inproved activity. The
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pol yol efin resins with binodal nol ecular 10 wei ght distribution (MAD)

and/ or binodal conposition distribution, in a single reactor. 2.
BACKGROUND Pol yol.efin resi avi.Rg~0i modal nol ecul ar wei ght distributions
and/ or 15 bi'noda E =--.==-!-“- ':‘hs i IQbuti ons are desirable in a nunber of
applications. RegiensnveRGdn!telagesa gBierillyr @o Ofnethod€! 6ft ipxsuyingi Biestalie! ecul ar
wei ght polyolefin and a relatively |Iower nolecul ar weight polyolefin can
be produéed catrlystsdor atplfiamolygeerization ractionsy dapadicylar.dhg iyepteppiovidss of

hi gher nol ec } . resi . hGl I+ e om and
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Bi netal | i c aaingitipat mealichtahst tdhdse aemtlbasedcdtaiytd, $he Rasthods Masidibg 032, 562
and 5,525,678, and European Patent EP Q 729 387, .can produc Fi nodal
“iaéyl‘iﬁe

pol yol ef i n riaeialic Gatalysts haying impaeysdractiviins Ehecatalysie pre najty clude a

non- netall 3 ; g onent
whi ch 25 pr o e BP R e A D B Pl e

U. S. Patlént waght dsttiBatid@7 v W)y arelemphedaldésupagmn dstoibnesmlihiacsicgéal yst in
one enbodi nent including a titani um non-netall ocene conponent which
produces a HF® nol ecul ar weight resin, and a zirconi um netal |l ocene
conponent whi ch produces a |ower nolecular weight resin. Controlling the
rel ative amounts of each catalyst 30 in a reactor, or the relative
reactivities2.of tBACHGRQUNR catalysts, allows control of the binodal

product resin. alho?}rlolg?nc l?é'yiFnC)leE'e(ljvirrlg(a fb‘iar%g&]a? erﬁol%@tﬁgrugv%igﬁ) d(i)str(iil)?uQio%g‘ 8ahd/0r

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, WD 97/35891, and U.S. Patent No. 5,183,867. WO 03/047752

PCT/ US02/ 31777 2 Methods of producing binetallic catal ysts are discl osed
in the reVermanews2 cited above. These net hods general |y i mcirase2/siopositi ng
a non-netal l ocene transition netal conpound on a dehydrated porous
support, and subsequently depositing \a;erret al | 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 produqiB@odd BEpRlLdIRg BARALNR GitdiRls all'ReitssbAdn PidREAGEnRS! Yol ef i n
resins, which have a higher activity than binetallic catalysts currently
known. 10 3.citsMWaRY CFheeiEn¢thndsNge@hally imcdsdeh deppsitingpa i minryétplléesuad t hat

bot h supported .non-netal |l ocen transition, metal catalyst nd supported
bi ot al |1 0. ASgR Begt spRPeRt.f oteh iy epiot iRy e s Bl acur e
of greater tdepssifi¥a meidIRonel dOEARDARE Gn tAE bdnvd §uppbR! Fok ¥6me appliations,
correspondi ng conventional catalysts. 15 In one enbodi nent, the present

i nventi oA prigweyes the aetivitydolothe pinowar biactallic isiatabisty isi endesirably dow. ilhcl udi ng
t he steps of vy di l.ur o] pper. Ny, .1 catalyst in
a non- pol ar %%éri)ol(g:ear %ﬁaao\}&s ttﬁola%(’ei tsnc‘)3 aot%lgngpt g&g&gpg}ﬁgﬁcngﬁngﬁf a %ocene
catal yst, corbdeingiiniddel gdlyoléfin efsinshehRuipoe b dighee netivtyathhwbmeallicat al yst
with a solution of a netall ocene conpound and an al kyl al um num 20
conmpound, c&AREES FEreAHE KpR®YI ting slurry with a sol ution of an al unoxane,
and drying the contact product to obtain a supported binetallic catalyst.
The supported non-netal |l ocene catal yst is prepared by dehydrating a

parti culléit e 3. supBSUMMARYrORTHA INVENTONat ure of greater than 600 C,
preparing a slurry of the dehydrated su r{ in a ngn;polar aliphatic
hydr ocar bon, contlgc}ﬁsn ‘?etrlhéur?f‘g‘f’g@ g%“% Elﬁ)f‘?ah"thr MB&%@H@&"BW{!%‘%BBUM and
an al cohol, aRditeRNhaal ichdlykiieadde supfored biflethlliey ciakybtsapropdiedisalgl fcene
conpound of a Goup 4 or Goup 5 transition netal. The contact product is
not i sol at eduppeidehgdreledratya ernpgratuee ebrareaser WianhoA0NE shewalingeasad/ al kyl
ﬁla'ltj hmogu(r)nf SOlalEI:%ilvR}D ielzlltlr{/ee%g %Q%Fres?p%%fjn'g%%ﬂ%n&o% c%{a?fs?snt invention provides a

15 In one embodiment, the present invention provides a method of producing

a bimetallic catalyst, including the steps of providing a slurry of a supported non-

metallocene catalyst in a non-polar hydrocarbon without isolating the supported

non-metallocene catalyst, contacting the slurry of the supported non-metallocene

catalyst with a solution of a metallocene compound and an alkyl aluminum

20  compound, contacting the resulting slurry with a solution of an alumoxane, and

drying the contact product to obtain a supported bimetallic catalyst. The

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

25  with an organomagnesium compound and an alcohol, and contacting the resulting

slurry with a non-metallocene compound of a Group 4 or Group 5 transition

metal. The contact product is not isolated from the slurry prior to contact with the
metallocene/alkyl aluminum solution.

In another embodiment, the present invention provides a method of

30 producing a bimetallic catalyst, including the steps of providing a slurry of a

supported non-metallocene catalyst in a non-polar aliphatic hydrocarbon without

isolating the supported non-metallocene catalyst, and contacting the slurry of the



30 producing a binetallic catalyst, including the steps of providing a
slurry of a supported non-netall ocene catalyst in a non-polar aliphatic
hydr ocar bwo oaiostieut i sol ati ng the supported non-netal | oceaa/usat/al7yst, and
contacting the slurry of the WO 03/047752 PCT/ US02/ 31777 3 supported
non-net al | ocene catal yst with a solutiog of a netall ocene conpound and an
al unoxane, and drying the contact producCt to obtain a supported binetallic
catal yst. The supported non-netal |l ocene catalyst is prepared by dehydrating

a particul aagpsHEP Abh-ndIRIcER c@thlyst WRARESALGEE PR HétaRIcehe LHBPoER0 C,
preparing a 5 slurry of the dehydrated support in a non-polar hydrocarbon,

contacting t #rd a1 alnmpxang, and drying the aorrag msedushiceies @rsdpparteddimaialiishol , and

contacting t su r o) a Group
3 or G oup sCTRAfT The Menehiel ot bbloRnERRalRt  bRAGEE L6 PEROUNE R T o

the slurry pparticulbe suppére@taterial At b hempératued bO grart ahanndD0RT; Bedadihgan. 10 In
anot her enbodi nent, the present invention &ow des, a net hod of roduci ng a

binmetal it capEypEthe ‘?%ﬂ@éﬁdn%m?‘l’fé“b% apRspelRr BYForabeRy can@ftmgrtyeé urgy
suppor t ed ”%nﬂ%h%%rte En&RiRlc¥m P?ﬁrﬂi Shd 1P anBIRAER] h%luurry of

isolating the supp non- net af  ocene catal yst, contact
t he support eslurrmamt]m*&it adn- meeahlecmt almypstundi étha aﬂ‘troap ldy br &iroum ﬁummmmmnund

contactlngthe esultln urryWI sol ution of. a netal |l ocene
conpound and™§H F[]?rﬁ%ﬁ‘é “Sd’P&lSHE“eF?fé OmR &b SIWEY BREISgcontag! ‘6’6‘[‘5\?% a

supported bi gRiAbbdfe/A@hstatekolutib® supported non-netal l ocene catalyst is
prepared by dehydrating a particulate support material at a tenperature of

greater than 600 I app amﬂ@dun@ﬂ,uthwprﬂsemthélved@y@rm@d guppdod ¢ a

lar hydracarb he: s h @
Compound andPieRoargon B alE Sabucrrig et e bR IR R

non- et al | oc gipporedRes-Attal focendFa4lPst4n A nda-Folir Ey&@@ﬂﬁmtwnnbmicﬂéungThe
contact product is not isolated fromthe slurry prior to contact with the

al kyl  al umi Hgnuppeped nan-metalipsen exakyph saniaeing thendupy cfethe suppernd o
provides a 6&‘9%ta‘i‘1ocel%5c£&§&g¢%{i&9aﬁ QW&@HIh&nC ﬁ& cHRELH gl'a% t.he

steps of providing a non- met ocene catal yst in a
non- pol at5 hyebsakiag bhmwvwiﬂlnamd)lunsmbﬁd magllocene compound and an alumoxane, and

drying the contact product to obtain a supported bimetallic catalyst. The

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 hydrocarbon, contacting the slurry with an

20  organomagnesium compound and an alcohol, and contacting the resulting slurry

with a non-metallocene compound of a Group 4 or Group 5 transition metal. The

contact product is not isolated from the slurry prior to contact with the alkyl
aluminum compound.

In another embodiment, the present invention provides a method of

25  producing a bimetallic catalyst, including the steps of providing a slurry of a

supported non-metallocene catalyst in a non-polar hydrocarbon without isolating

the supported non-metallocene catalyst, contacting the slurry of the supported

non-metallocene catalyst with a solution of an alumoxane, contacting the resulting

slurry with a solution of a metallocene compound and an alkyl aluminum

30 compound, and drying the contact product to obtain a supported bimetallic

catalyst. The supported non-metallocene catalyst is prepared by dehydrating a

particulate support material at a temperature of greater than 600 °C, preparing a



t he supported non-netal |l ocene catal yst, contacting the slurry of the
supported non-netallocene catalyst with a solution of an al unoxane,

cont acti mngotohm41765Ul ting slurry with a solution of a net acrasengi7epnpound
and an al kyl al um num 30 conpound, and drying the contact product to obtain
a supported binetallic catalyst. The sd.lpported non-net al | ocene catal yst is
prepared by dehydrating a particulate support material at a tenperature of
greater than 600 C, preparing a WD 03/047752 PCT/ US02/31777 4 slurry of
the dehydr atsagS44RE Hbhydiated BgipoRah arnohw@qgama;boﬁpw@ﬁihggletml urry
wi t h an organormagnesi um conpound and an al cohol, and contacting the

resul ting Svith ayosgandmagnesinmesmziiousé end ag aleplelnandbeorsacng tie wswWing oup 5

transition tal ... The contact i t~lsol at ed~frao e. rry
prior to cor’??%@f Wit & qu-énetgl?%ﬁeE%gxgﬁéudsdzpﬂ? i %}%031%4? Oég?ﬁ’ﬁlp&%%ﬁ? lEBEFFO\I OF
THE DRAW NGnéthlg UMt chbnfabopysdidies @otesodged &oin the hrmygirioid $o Sértact avidkahydr at i on
tenperature for a supported non-netall ocene transition netal catalyst and

a suppor ted alumpoxanggelytipn.c catal yst. 5. DETAI LED DESCRI PTI ON I n one aspect,
the invention provides processes for preparing a binetallic catalyst
conposition. The process includes providing a slurry of a supported non- 15
nmet al | ocene 4 at alBRIEFMDESCRIPTION OFi THE DIRA WINESr t ed non- net al | ocene

catal yst, contacting the slurry of the supported non-ngtall ocene catal yst
with a sol ution Jfigurg 1n§i°éi‘15ItB"céYFéa%?o‘??&8l§}ﬁd’FrS%8‘?‘G?ﬂF?Pgﬁi“HB’ EYREARYC pr oduct
to obtain a bi i Lot addt 2D

sur pri si ngl yf% gag(r%gf) Itﬁﬂtaefj B%@%E&%@??@gé‘ﬁ%%%mg?gﬁagdéﬁem{dr gngﬁpiggﬁ@met al
cat al ystld arhdmsafponatadybtbi netal lic 20 catal ysts prepared using a support
dehydrated at a tenperature of greater than 600 C show increased activity
relative to the correspondi ng conventional catalysts. 5.1 Supported

Non- Met al | ocene GatphMSED PDEIJCRIPTEOSt ep, net hods of the invention include
providing a slurry of a supported non-netallocene catal yst. The supported
non- net al | ocene datoakaspect.sthe invention provides processes for preparing a bimetallic

catalyst composition. The process includes providing a slurry of a supported non-
15 metallocene catalyst without isolating the supported non-metallocene catalyst,
contacting the slurry of the supported non-metallocene catalyst with a solution of
a metallocene compound, 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 bimetallic
20  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, methods of the invention include providing a slurry of 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

30 compound. The catalyst synthesis is carried out in the absence of water and
oxygen. Advantageously, the resulting supported non-metallocene catalyst is kept

in slurry and further contacted with a metallocene compound as described below,



prepared by dehydrating a particul ate support, and contacting a slurry of
the dehydrated support in a non-pol ar hydrocarbon solvent in turn with an
or ganomagwesBom7sonpound, an al cohol, and a non-net al | ocemreTtusansi7vri on
metal 30 conpound. The catal yst synthesis is carried out in the absence of
wat er and oxygen. Advantageously, the 5resul ting supported non-netall ocene
catalyst is kept in slurry and further contacted with a netall ocene
conpound as descri bed bel ow, WO 03/047752 PCT/ US02/ 31777 5 wi thout

i sol ating tRgusHPRYILER PRNsuPpbAtd ABRMRIARICEAY Shtalys€ bl id RediREyCed
batch tinme of the catalyst preparation. The support is a solid,

par ti cul at e bapbrtousof the edtelyafprgparatingani ¢ material, such as an oxi de of

silicon and/or of_alum num The support material ds,used in. 5 the form of
a dry powder haviT SRPR & agalith pliciase Rty gl BrepRRboREMANE. Boisink
typically frsaen adanbxidf0230ich ahliRr SPaAGRUMAS %e%ﬁgﬁd}ﬁnﬁ&@ﬁplstusje& imt | east
about 3 n2/g, and ty(rl cally much | arger, such as 50-600 n2/g _or nore.

Vari ous §r adbsformfofsy dry pawdaidhavingamayeeags particlasizeef fpm abput IpQRpup,
avai | abl e from Loy cm | al j odi nent ,
the carrier t?%lcél&nﬁ?:@.a%gmsuf a ﬁ }él' sTuﬂ%?sggfg?e:arS}%fgﬁ S%gg(% ggcéeiq%ar%{eafoqlgmr phous
silica, sucls m¥gpartbdypichlty niiehKeged suohder50-660 in'/adenasies Vafoubavideen 952 or
Davi son 955 by the Davison Chem cal Division of WR, Gace and Conpany.
These silic#d Hhe apd hming sppert sppleriale Are pyidelyc peailablse Hpme guggroys
spray-dryin [ have a surface area of about 300 n2/g, and a pore
15 vol une o%ogjggﬁtaﬁ%ogg&gnﬁlg. It is well known to dehydrate silica by
fluidizilog it wiilhha paricubgemtadinéeathe cgrratr iadbes. 2660@taBle slichisashigescri bed,
for exanple, in U S  Patent . 5,525,678. .1t has been surprisingly found,
ovever |t habHRHAEs ARG e RIS A acaianisl T ared Gonerale BTG al |1
catal ysts deg@idvied 98208 DAvisSn 995 8% RRCOSH Oh SRdMiIchl MR/idich bW [ebide at i on
tenperature. Thus, whereas the 20 exanples of U S Patent No. 5,525,678,
for exanpl e,and {oomppabiy dihgsé siticas arg G0 the, formiaf spherdeah paitiles rebtainedHzv e

surprisingly found. that nmuch higher catal yst ti Vi can be, achi eved when
Gonydr at | on PERHEY e sy T bAREP SRBE ¥GH AHolt o SR B3 ur vt
support 15r epahahé 6Naboline.6Sidm’ca Nias wet kdehmdd alckytirate stlicadsyefluitiiza it

with nitrogen and heating at about 600 °C, such as described, for example, in U.S.

Patent No. 5,525,678. It has been surprisingly found, however, that the activity of
supported catalysts such as the bimetallic catalysts described herein is
unexpectedly sensitive to the dehydration temperature. Thus, whereas the

20  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
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

25  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
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.

30 The dehydrated silica is slurried in a non-polar hydrocarbon. The slurry
caﬁ be prepared by combining the dehydrated silica and the hydrocarbon, while

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



600 C, or at least 650 C, or at least 700 C, or at least 750 C, up to 900 C
or up 25 to 850 Cor up to 800 C with ranges fromany | ower tenperature to
any upperwotoenpasat ure bei ng contenpl ated. As shown in theCExsnpsies? herein,
the activity of silica supported binmetallic catalysts increases
non-linearly with silica dehydration tenperature up to a maxi mum at about
700-850 C or 750-800 C, and these ranges of maxi num catalyst activity are
particularly preferred. 30 The dehydrated silica is slurried in a non-polar

hydrocarbon.,qd&ie s %ayotp&%eﬁeoﬂofh%&aﬁaq%t BytegaPiinninRdld BE caigiRd Yuatapd silica

and the hydrocarbon stirring, and heating the m xture. To avoid
deacti vat i ngemp&ratuedsabej&sw 9830’s efjypinall tgmpErana¢ @ahB?SLfOIPpIEpaJSiﬁgZﬂ@lsNﬁy 6

added, this an el he catal yst preparation should be carried
out at terrﬁ‘éergfl @ Cb g@%‘égécé Typi cal tenperature ranges for preparing

the slurry are &lthaehgn%lﬁmy&&cmoﬁ@f& thSkilita by ed tigeldat régsgcar bons
for the silica slurry are liquid at reaction 5 tenperatures, and are

chosen sé t Hemperhwresy gachoreagfmssi @mtb@nqbgmaanomagawm cgmpoupdinaléaliobn et al

conmpound descrlbed bel aw, ar e at Id R Iug % n- pol ar
hydr ocar bon. %JP?%B?%HW§%C%BP%VMH§%$&§§r oﬁngaIF%Jé) lkﬁﬁlﬁﬁ%ggg or
branched al kfg®lar hy&toeatblsan Saitatléel na-poRt hgdrocatbensiaclufe CaC hjae@oar bon can
be, for exanple an al kane, such as isopentane, hexane, i sohexane,

n- hept ane, b@chﬁ]é(an%oﬁ&ﬂ@a kefjes (fad asematicse y ER BPICAPIET hydrogarken can
cycl Ohexa“e,b Ol Biaﬂ{rpq) glkan%%bh % ideaene, hép@lslggleab&%oeretmas{eze

M xtures of non: po rocarbons can S0 be u to use the
non- pol d0 hydtane andmne, Cc&nddnenqowré}fdlceﬂkansumhaas cyblohpeanepbatin (ammdctra;ugh

alumna, silica gel and/or nol ecul sieves, to renove tra f water,
oxyen. pol SHEI B BERHHS, (OUIEHe o Ak Therens. Yy b EN gl 18 SRFoious y

affecting cahahkghesdd. VPﬂM to URE R Ho- }folblsh)td?@&irﬁﬁmaﬁ%eﬁn‘ﬂea haRR as

or ganonmagnesi um conmpound. The Or ganonagnesi um conpound 1s a conpound of
RWR , wher eyRpanaatidn dreughhelursnaresiliva gélf areiv’cenmotﬁzul@tlzsleabkyb gmoNps, ofr
C4-C10 al kyl

t he organon&&%rougn\k'ﬁggmf}%ni é’ol;“i¥ rocl)l%% %@ﬁ@%ﬁoﬁﬁa efials aEap% PNt

15 adversely affecting catalyst activity.

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,-Cj, alkyl groups, or C4-C;o alkyl groups, or C4-Cy alkyl
groups. In a particular embodiment, the organomagnesium compound is dibutyl

20  magnesium.

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 compound may cause undesirable side reactions. The support

25  dehydration temperature affects the number of hydroxyl sites on the support
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

30 organomagnesium compound is used. The appropriate amount of organo-
magnesium compound can be determined readily by one skilled in the art in any

conventional manner, such as by adding the organomagnesium compound to the



The amount of organomagnesi um conpound used is preferably not nore than

t he anbunt of the organomagnesi um conpound to the silica slurry that wll
be deposiwead3ophyxsically or chem cally, onto the support, PETNSe2/aINy7 excess
or ganomagnesi um conpound nay cause undesirabl e side reactions. The support
25 dehydration tenperature affects the fuunber of hydroxyl sites on the
support available for the organomagnesi um conpound: the higher the
dehydration tenperature the |ower the nunber of sites. Thus, the exact
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slurry, until the organomagnesi um conpound is detected. in the solvent. As
an appr oRi neabeuguilde, ThaeotapRMBgnssiuih coggandndigidssui  thenperpelaidded to

the slurry i [ I On: dr o rnaups (OH)
on the suppo td ﬁ)lLéSJBP %ggntf : ?11575?%9)2: fi@]ho‘?hlgﬁ é]%go{ggné‘[g%&%@%é#&m‘%gqg 1, or 5
about 1:1. Tdepositedasroafeesinien Chirpamodntdos skd \weganomapixsium neopgdoand
hydrocarbon to forma sojJution fro i ch the organomagnesi g:co ound is
deposi t ed orfft9leshbased opithg ameppd ratgd stlica W@é}n%%ﬁ%@r (i eBRBBUNd

(rnol es) bas f i i i ly 0.2
ol 1 g Lo 3 aarraE e Hmile (FDSIRALRE o b finbl ROFD ey o
mol / g, 16r Oninol/g ® Grfminhgl/g.o0 0.9 mol /g. It is al so possible, but not

preferred, to add t.he organopagnesi u C und i cess of the.anount
deposited onto tﬁé ‘§Lfdi‘fbr%[os%lﬁg’ {hﬁ‘innqq]e%&ggﬁt ?0 ?Cglr %@(é’ﬁ%ﬂn@fnaﬁﬂ’iesmlt ration
and washi ng.cooud A dxtesstdTehOAIBRRMRPSEEH YRoCAEBEpPEL dridaRECRnRIVEILY 1S
contacted 15 with an el ectron donor, such as tetraethylorthosilicate

(TECS) or arfooexpamile by dileatia andveashinghere R' is a Cl-Cl2 al kyl group, or a
gﬁbggi (rTDIBan? l k?g. O%r(?épdﬁ@@{jt %ﬁé%%gﬁﬁ%&%éﬁ%ﬁlﬁ%’&o O%Hgitrela{%daslﬁ)% tig %&llt%(r:ted

15  with an electron donor, such as tetraethylorthosilicate (TEOS) or an organic
alcohol R"OH, where R" is a C;-Cy; 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.

20 The organomagnesium and alcohol-treated slurry is contacted with a non-
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,

25  oxyhalides or alkoxyhalides, such as titanium tetrachloride (TiCls), vanadium
tetrachloride (VCls) and vanadium oxytrichloride (VOCI;), 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-

30  metallocene transition metal compound used is sufficient to give a transition metal

to magnesium mol/mol ratio of from 0.3 to 1.5, or from 0.5 to 0.8.



al cohol used is an anobunt effective to provide an R"OH My nol/nol ratio of
from 0.2 to 1.5 or from0.4 to 1.2, or from0.6 to 1. 1, or fromO0.9 to
1.0. 20 T™we oengaspmagnesi um and al cohol -treated slurry i spcortsazswd’ with a
non- netall ocene transition nmetal conpound. Suitable non-netall ocene
transition netal conpounds are corrpoungs of Goup 4 or 5 netals that are
sol uble in the non- polar hydrocarbon used to formthe silica slurry.

Sui tabl e non-netal |l ocene transition nmetal conpounds include, for exanple,
titani um and vanaglbum @@dﬁoﬁ@@m@&am@ﬂmwaes or al koxyhal i des, such as
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al koxi de noi ety has a.bra r r |k u 1t 0 carbon
atons, pref ecreoe%rf Oﬁmﬁ P E’%%Bﬁ%%e%a?égpﬁ@ N %Bﬁg%grtéagsﬁh rg‘%g%@att@g%sﬁtg%‘% nmet al
conpounds nefirstissRtihg thesapporedmoanmetalloczhe baalysiframkRidyocene transition
metal conpound used Is sufficient to give a transition netal to nagnesium
mol /ol ratio of Thedsm Smetpllpcane gompeundy passusedl fergin Woaps compewds
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binmetallic c%%é?@%tér‘%lgwﬁrgg)ggrtg%sﬁy%%%ls t)f %Sthgd %S%Oggﬁg%lgﬁgq%%ﬁ ognd onto
t he support ecr Hgandeatldath amgrie subatisitdd, an least ahe oan-ajyolepentadidnybderiveldi r st

i solating the suppqorted non-netall ocene catal.yst. fromslurry. 5 The term
"met al | oce_nel_%ﬂﬁgﬁnep o gs e %&Pé?%omn@ﬂe_ sehh) ﬂé&flé@gﬂda b&up 4, 5
or 6 transit{onqiiEER! (M andVdofreshondfiloORERLABELRY lthd GRlenté GRGEOLS, Ofhel | gands
whi ch may be substituted, at |east one non-cycl opentadi enyl -derived |igand

(X), andl@ermetatlocmme dattlyst pagcwmoro gerrallyn gequirg sactivation, withea buitphledeo-bei ng
coordinated tQ ,M.a correspondj ng in,nunber, to the val ence thereof. The 10
net al | ocene Tlﬁ?ty(g%eﬁ?(t{:\&laggps aﬁtg%?ra o1 1) PO %‘eﬁc?‘? \?’8?Yeoﬂle\?ﬁ?lt°ﬁe"§

sui tabl e co-cgayal ys! ad behismhedicoafplénwithG VatahdootdintiorOgitkethat @nyi €l d an
active nmetallocene catalyst, i.e., an organonetallic conplex with a vacant
coor di nat i oncasirdigatehanseeiarind ce@lyaerieg olefings dihe, mgipdlopiiey spmpowndoliefai ns. The
nmet al | ocene fole)

i : r both of the follow ng types:
15 (1) Cycl openﬁﬁoglg@g’rgyﬁe%&#ﬁggﬁ%?g&@&lnghqﬁe% have two Cp ring systens for
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)R*(CP RH)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 isa 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



| i gands. The Cp ligands forma sandw ch conplex wth the netal and can be
free to rotate (unbridged) or locked into a rigid configuration through a
bri dgi ng womap47750The Cp ring |igands can be |ike or unlikecTarssubgrit ut ed,
substituted, or a derivative thereof, such as a heterocyclic ring system
whi ch may be substituted, 20 and the substitutions can be fused to form

ot her saturated or unsaturated rings ggstens such as tetrahydroi ndenyl,

i ndenyl, or fluorenyl ring systenms. These cycl opentadi enyl conpl exes have

the general e Bk ElERentsaHd R3plfRA5 ) MEGiyhar 6%étio%os¥a@ﬁéhc9®( s are the

same or different cyclopentadienyl rings;, R "and 25 are each,
i ndependent Inpn-cyclopewsgdinnydrligand yaad os.amdypendpatlyo cahysirpgenh adhadeganber a

substi tut ed,or.gan talloid or,hal gcarbyl ssupstituted organoenetall oid group
contai i ng. JBUREAREE ouBYdabEle e SRE AR R B0 B
and/or R2  shhislldéillUeR¥Hy dRitadd-aaRtitutéRbRRnoat@sidodr hdlecelyalsapaititedi enyl
ring associated therewith can be joined together to forma ring containing

from4 té aieganopwtallyid gioyp oRaBWRS LR abouh 28 cpdpgn @ipres: 306 4 15 eAdalithe nunber
of atons i”dfl{‘gal%@lcre,ﬁ’ﬂ?itl\gﬁgﬁl%sr?- between the two ligands and is O to 8,

preferably ransition nmetal having a valence of from3 to
6, preferably fraqR)Noaugycdopebtadiehylbcomiplétes witeH ledlie ©nlMdH{ET PATY Sybtem

PCT/ US02/ 31777 .9 table of the elenments and js preferably in its highest
oxi dation stirdigapachholp dgapd fopns g@elféﬁréfﬂ\wah icgmylew@aﬁha g and can

i ndependent Iy, : 0 : di:ega XWh a byl ,
Bﬁyg‘r@% hy o Quntﬁﬁd@@%) 8 NoNed intd " ﬁgflal g(il}%ﬂguré?f&‘) s has by

hal ocar byl , car byl - subst it uted organo- net ,
oxyhydr d6ar thridgsngbgtoup ub ea hetepatmomevathinmgl ligandalhec@p bylg bpirskt carubed 5

or ganonet al | oi roup containing up to about 20 carbon atons; .and IS
caual to tHESWRBAED SPHen 0 Bt By Rtk iRt ddPeRUT B nEExes
whi ch have ngt}ém%ﬁc%a&'%g;u%fﬁﬁt@m andSth@ subsHaMdns ddhebedRisdd GABEM foftich® a
hal f - sandwi ch conplex with the netal and can be free to rotate (unbridged)

or | ocked i ra@rateq jofi ensalwrtedyuings isysiemn rogh esatetrahyskoindenyd, denyl, 06 a
et ot O SR LRI TIB R N ORGP ERVBRY B0,
whi ch nmay benatbsid dptioaslly @nbe Chdigahid stirbtigh the msidgiag gosupt The Hetefoataan m ot her
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'R* (Y RHMX,
20  wherein: each R! is independently, a halogen or a hydrocarbyl, halocarbyl,
hydrocarbyl-substituted organometalloid or halocarbyl-substituted organo-
metalloid 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 consisting of C; to Cy hydrocarbon radicals, substituted C, to Cyo

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



saturated or unsaturated rings systens such as tetrahydroi ndenyl, indenyl,
or fluorenyl ring systens. The heteroatomcontaining ligand is bound to
bot h t he Wb oaw#ab2 and optionally to the Cp |igand throughprchasbrsdgi ng
group. The heteroatom itself is an atomw th a coordi nati on nunber of
three from Goup 15 or a coordi natiolent;nber of two fromgroup 16 of the
periodic table of the elenents. These no- cycl opent adi enyl conpl exes have
the general formula (Cp' R mMR3n(Y, R2)MXs 20 wherein: each R is

i ndependent IhWjogan BRND AR wiend R)ENcO e8sditate ARl @®AUBM there may be two R?
hydr ocar byl - substituted organonetal | oi d or hal ocar byl - subst’i tuted organo-

met al | oi d’ greseypsoonX sadhi indenepdensly Agedicalzglestedtitnm thewigyp cansisting of €0 5, and
two Rl Slm%(% ¢ é&‘)‘g%%fﬁﬂgrgﬁ&@& sr,‘tsuﬁs?i@ﬁgd‘ O, @&dr&@é’rh&% ?Ad?c%?s[‘tv&h%'{e%ﬁ'y' ring

associ at ed € Jorned tog orma ring’ contar ning

from4 to akaytor2horédhydasdearnt@hoisiepRded vith Hhhldgemgtods, dnp;eac’X issa0 to 3;
Mis a transition netal having a valence of from3 to 6, preferably from
group 4, 55, ngp-caclgpentpdienyd ligsad @nd dp) wdependemly. & Bydspgad, ankplogenmred er abl y

A R R e R S
from G oup Ibetdlioid, cxydydioeatblybsubstinixel ogandmetafisidrorghaogarthyb-sutidityedf er abl y
o oup_cons SXERGTSTAEId F6UE S0 APUIREHPIBHN TS LA 0506t 13 GHBOGRe t 0 C20”
group consi : : " to

hydr ocar bon \Ladi L8t 1 miaghei n one or nore hydrogen atons is replaced with a
WO 03/ 047752 PCT/ US02/ 31777 10 hal ogen atom and when Y is three

coor di ndfe and urbxairgdpsdoft hiseyxelomeptadeny hwmeRtlocepres udsthertype deschibed in

hyclr ocar bon Sl 01 gbove, B, pograe (G bV ERRER IR &R B JaeUr Sher of
one or nore deilisedein L.9NMPateht NG, 25824 800;h5398a0bPIBD 781D} 58F, FBeh X is a
5 non-cycl opent adi enyl |igand and is, independently, a hydrogen, a hal ogen
or 3 hydr odata0y67: XYyt e By105: Hai43otPbyl. 5 G oy SubiiePut ed
oo, T LAy SRARH SR bSO orsenoretallotd or
carbon dtons, "s'lllusraggeabut aot higitivgl eaaplef oMsoitabls biscyclopentadienyl
metallocenes of the type described in group (1) above are the racemic isomers of:
H-(CHs3),Si(indenyl);M(Cl)y;
u-(CHj3),Si(indenyl),M(CHj3)s;
u-(CHjs),Si(tetrahydroindenyl),M(Cl),;
20 u-(CHjs),Si(tetrahydroindenyl);M(CHj3),;
p-(CHjs),Si(indenyl),M(CH,CHj3),; and
p-(CeHs)2C(indenyl);M(CHs3)s;
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.
lustrative, but not limiting, examples of unsymmetrical cyclopentadienyl
metallocenes of the type described in group (1) above are:
30 p-(C¢Hs)2C(cyclopentadienyl)(fluoreny)M(R)2;
p-(CgHs)2C(3-methylcyclopentadienyl)(fluoreny)M(R),;



10 Exanpl es of biscycl opentadi enyl netall ocenes of the type described in
group (1) above for producing the nVLDPE pol yners of the invention are
di scl osedwon3ihB852 Pat ent Nos. 5, 324, 800; 5, 198, 401; 5, 278pLTAIS0531387, 568;
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, 264, 5 29@ 434; and 5,304, 614. 15
II'lustrative, but not limting, exanpl es of suitable biscycl opentadi enyl
net al | ocenes of the type described in group (1) above are the racenc

f - ;gﬁ:@[@ d ) 2M CH3) 2;
'?&TEJ,;Z g |(tetrahy%r%0|£ n(ggﬁe?{é 2M C l)h?uorer( 21 (1 ndenyl) 2M )

-(CH3) 2Si (tetr ahudcccumnaowclcawhﬁﬂ&)uﬁxz ToahgBngDNEHY)) 2M CH2CHe) 2; and
- (C6H5) 2C(i ndenyl ) 2 zé%l wherein Mjs | es of suitable
unsymmetri cal cydt 3'@W}/}FY1%@ﬂ%epﬁé’éﬁb‘%(zdpe@‘bﬂéndeﬁl)%ﬁ&édescri bed in

rou 1) above ar 851 5,334, 677,
5 416, (22%3 and 5 %Q&%E}?(Cya?ﬁd’ef’ﬁd{eﬂg)% R Sors MR B, 200 1988,
110, 625§. Illusy ?éméfC(c?aBpaﬁédlédymxz 7 et ¥R} S 3M(Rwsymmt rical
cycl opent adi enyl = metal | ocenes of the type described in group (1) above

are: 30 .L- (v@&fﬁpmm&mrd}bfeané&lsﬂyblﬂﬂb uor enyl ) M R) 2;
R
- (CBHS) 2C( cygeb@nrat adigRiupl [A)2atdtehiel @ﬁ@eyeld) M @HS) Patent (NS5, @& B)8;
:rret hyl cycl opent adi en i&m§2 met hyl i ndenyl %N(

( C6H5) 2C( ¢ \hed Dbt ééisaﬁ B) 12044 Qi rﬁékSﬁle m@ﬂewo)%(q:@)zzM and 5
450 2660 coeniagl gl K Taf TSRS Rt > 2 o
met al | ocenesn&hllddagest offike type descrlbed in group (2) above are:

p-(CHs),Si(cyclopentadienyl)(1-adamantylamido)M(R),;
u-(CH;),Si(3-tertbutylcyclopentadienyl)(1-adamantylamido)M(R),;
u-(CH,(tetramethylcyclopentadienyl)(1-adamantylamido)M(R),;

15 u-(CHs;),Si(tetramethylcyclopentadienyl)(1-adamantylamido)M(R)s;
p-(CHs),C(tetramethylcyclopentadienyl)(1-adamantylamido)M(R);
u-(CHj;),Si(tetramethylcyclopentadienyl)(1-tertbutylamido)M(R),;
u-(CHsj),Si(fluorenyl)(1-terfbutylamido)M(R),;
u-(CHs),Si(tetramethylcyclopentadienyl)(1-cyclododecylamido)M(R);

20 and
u-(CeHs),C(tetramethylcyclopentadienyl)(1-cyclododecylamido)M(R),;

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



described in group (2) above are disclosed in U S. Patent Nos. 5, 026, 798;
5,057, 475; 5, 350, 723; 5, 264, 405; 5,055, 438; and in WD 96/002244. 10

11 ustratwoes/obas2 not |imting, exanples of nonocycl opent &dirarsyt/31777

nmet al | ocenes of the type described in group (2) above are:

- (CH3) 2Si (cycl opent adi enyl ) (1- adamant yl gxm' do) M R) 2;

-(CH3) 2Si (3-iertbutyl cycl opent adi enyl )(1 -adamant yl am do) M R) 2;
-(CH2(tetramet hyl cycl opent adi enyl ) (1- adamant yl am do) M R) 2; 15

- (CH3) 2Si (t %ét@lrfﬁﬁlk?’l', @,i/ﬁlbw@ﬁa&xgd)neaw dihAiRe anmeéin! thdriée) M Bl nium or
-(CH3) 2C(t et ranet hyl cycl opent adi enyl ) (1- adamant yl am do) M R) 2;

- (CH3) 2Si ( t dafrawmt hglidsygrovpre ateapti fematily (chlorioe t wﬁl theaatkylogmopsy are C-Cs

-(d 3)2Si (fl uonenyl .-tertbutyl am do 2i . )

- (OHB) 2Si (t ya\?‘r@?%f%‘ﬁl 8%%%‘%‘&?‘8%"%’%@?% PR IREAUISAT O NER) 21 20 and
- (C6HS) 2C( t et r anefidtirldenya}pemuaciienlytidd; 1- cycl ododecyl am do) M R) 2;  wherein
Mis Ti, Zr or Hf, and Ris O or CH3. Oher organonetallic conplexes that
are usefdl cat al Pixindand)zingeeiumgdibtemide;i i do |i gand systens, such as are
descri bed in WO - el e descri bing suitable
organonetal lic c%’%ﬁgglég)zllr%@%el géﬁggr%tﬁg?ﬁ?é, 1999, 2046; PCT
publications WO 94(44 5D ety @8ind3A fzircuhadidiloiads; WO 98/ 40420, WO

98/ 40374, WD 98/47933; and . European publications EP 0 881 233 and EP
0890581. In part By é?rCQH%‘HP%H’( chlpHgde:net al | ocene conpound is a 30

bi s(cycl opent adi Bt i J.de. bistgy.cl opent adi enyl ) net al

hydri dohal i de, a ilésr{(%%ang}éﬂ?%cfiggwﬁ?ﬁ%%glgy’mnoal kyl nmonohal i de, a

bi s(cycll®pent adi etyllgneviis(@BleoMfZitsBnRETdiUBORA81777 12 netal dialkyl, or a
bi s(i ndenyl ) netal dihal.i.des, nmcﬁr ei,n.the nmetal is zirconiumor hafnium

hali de groups ar EUBHEFHSH BEMR e e al kyl groups are Cl-C6

al kyl's. 111 ustratdipencbib(idieRyhdiphdnyngir@ndifpl es of such netal | ocenes
i ncl ude: bis(indenyl)zirconiumdichloride; 5 bis(indenyl)zirconium
di br omi de; 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;



bi s(i ndenyl) zi rconi um bi s(p-tol uenesul fonate);

bis(4,5, 6, 7-tetrahydroi ndenyl ) zi rconi um di chl ori de;

bi s(fl uorwoyB)xi7zszoni um di chl ori de; et hyl ene- bi s(i ndenyl peirrusonsuan

di chl oride; 10 ethyl ene-bis(indenyl)zirconium di brom de;

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

et hyl ene- bi s(i ndenyl ) zi rconi um bi s( et hanesul fonate); 15

et hyl ene- bi s(i ”dQﬁé(l:)chéﬂeﬁ&ﬂieﬂm)Me ridcohiugnaskdchivirie) ;
et hyl ene-bi s(i ndenyl’) zirconi um bi s(trifl uoronet hanesul fonate) ;.
et hyl ene- bi s( 4, 5,bs(Fyclenentadieay Dethyehgonivmmeenechierideichl or i de;

i sopropyl i dene(cygl,opent adi.enyh={ 4] ' pchl ori de;

i sopropylidene( cibéi(?)g"z 63%fheeﬁ;{/bg}t%%%%ﬁ%}%%%{béﬁ@&?gﬂﬁgP?’ zirconium 20
di chl ori de; di metdiytydldpehtadicnyDpledng pixabsidmanyiocklorideni um di chl ori de;
di met hyl si |yl -bi s(net hyl cycl opent adj enyl.) zi r coni um di chl ori de;

di met hyl $i Iyl - bi éxlﬂpxﬁéqnwelaégﬁ@wbﬁwmgﬁym)@?wbwﬂﬁa di chl ori de;

i et hy1 i 151 - b TG edRAEhARER A kR A CABhoHUREN! ort de: 29
di met hyl si |yl - bi $ié(eytopehjadiengdmiethyidicegiin mburydrige;hanesul f onat e) :

di mret hyl silyl -bis(4,5,6,7-tetrahydroi ndenyl ) zi rconi um di chl ori de;

di met hyl si |yl (cy&‘%@é‘rlﬁpémaéﬁwsﬁd yéﬁfﬂc’}‘é\ni)‘;coni um di chl ori de;

di phenyl si | yl - bi 8§ ' i i j.de; 30

nmet hyl phenyl si | yf&%?)g%@r%%aa%e{n?g?l?gﬁﬁﬂﬁagml oride;

bi s(cycll®pent adi ens(tyctopeotadienyl)dibetdtydriicdrium;bi s( cycl opent adi enyl ) zi r coni um
di brom de; WO 03/.0 77% PCT/ USBZ/ 1777. 13 loride:

bi s(cycl opent adi eSHFYFRRERALEDY DR RR YrirsoRLh gpide:

bi s(cycl opent adi egyty@égentadiengDethbryAeosiah ildritR;

bis(cyclopentadienyl)zirconium bis(methanesulfonate);
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;
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SE et hKI ch Iholpe r‘liiglmibafwdy)cladpéﬂt@dienym)ltﬁf@ihhﬂditlderide;

s( et hyl et hyl cycl opent adj enyl ) zi rcqni um di chl ori de;
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s(met hyl propyl G&rﬁg%aﬁfwﬂipw@ea@@mmimew;ggi de;
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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.
In various embodiments, a solution of an alumoxane activator is prepared,
20  in an aromatic solvent, such as benzene, toluene or ethyl benzene. Alumoxanes
are oligomeric aluminum compounds represented by the general formula (R-Al-

0);, which is a cyclic compound, or R(R-Al-O),AIRp, which is a linear

compound. In these formulae, each R or R' is a C, to Cy alkyl radical, for example,
methyl, ethyl, propyl, butyl or pentyl, and "n" is an integer from 1 to about 50.
25  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

20
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aromatic solwémt)l such as benzene, toluene or ethyl benzene. Al um)xanes
are oligomeric alum num conpounds repre nted by the general formula (R Al-
On, which is a dYcPImBe EHMIGURTIS. otheRmRialioceyen sPIRPOUNghit: tPresgnty 1p Hear

corrpound | niAESRef ﬁfllmﬁnae’ln GfcR a‘ngf)dl%en’tss the %tﬁlfbc% ablypbuifdhgal . for

exanpl e, nethyl, propyl, butyl or pentyl, and "n" 1S an integer
froml tl@ atadmtw)&ﬁn;: ﬂénﬁwtogctbéremthbw,roxﬁamcs sq‘rectrhﬂ aaﬁdpénafum sf 20 tbeast 4,
i.e., methyl xwt g\@‘% Al unoxanes can be prepared by various
procedures S-For exanpl e, an alum num al kyl may be treated

with water di ssolmeglorh@ é}ﬂ)ddﬂﬁéﬂts ah JARVIC ah@PhiBRAL coMpoirdd MBYWsB® qaBet act ed
with a hydrated salt, such hydr at ed Copﬁmj or iron sulfate suspended in
R

an inert or gdkulel umur@mompp@nqucm dean tagkyla wheconmoanp | i@swhichgthgnoxane
preparation a(f’l?yri gr%u gtam 1™to 10P8‘atr8&¥ alt\gﬁs, such as methyl, ethyl, propyl,

15 isopropyl, butyl, isobutyl, pentyl, isopentyl, hexyl, isohexyl, heptyl, isoheptyl,
octyl, or isooctyl. Particularly useful alkyl aluminum compounds include
trimethylaluminum (TMA) and triethylaluminum (TEAL). The alkyl aluminum
compound is used in an amount such that the molar ratio of the trialkyaluminum
compound to transition metal compound provided by the metallocene compound,

20 is from 0.50 or 1.0 or 2.0 to 50 or 20 or 15. In some embodiments, the alkyl
aluminum compound is provided in a solution of a Cs-C;, hydrocarbon solvent,
such as pentane, isopentane, hexane, isohexane, or heptane.

In one embodiment, the slurry of the non-metallocene transition metal
catalyst is contacted with a solution of alkyl aluminum compound and

25  metallocene compound in a Cs-C,, hydrocarbon solvent. The resulting mixture is
then contacted with a solution of alumoxane in an aromatic solvent.

In another embodiment, the slurry of the non-metallocene transition metal
catalyst is contacted with a solution of alumoxane and metallocene compound in
an aromatic solvent.

30 In another embodiment, the slurry of the non-metallocene transition metal

catalyst is contacted with an alkyl aluminum compound or a solution of an alkyl



5,093, 295 and 5,902, 766, and references cited therein. Generally, however
prepared, the reaction of an alum numalkyl with a limted anmount of water
yi el ds WWO3IB047552 PCT/ US02/ 31777 15 a conpl ex m xture etCralSonsxanes.
Furt her characterization of MMAOis described in D. Camand E. Al bizzati,
Makronol . Chem 191, 1641-1647 (1990). Ois also available fromvarious
commerci al sources, typically as a 30 % solution in toluene. In one
enbodi ment, the amount of al um num provided by the al unbxane 5 is
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atons, such , . b SO i sobutyl,

pentyl, i soﬁeﬁlpgﬁd] élxnﬁgttdﬁ&segﬁgélgp(ydnﬁé%?yqsségggﬁgdﬁ???%&gg t'yI , or isooctyl.
Particul arly useflnlangl &fy theahbuviendostidtoedp embodinients| uhke comtactnprolydtathusi num
(TMA) and triethylal um num ( TEAL) i is used in

Th | kyl al d
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transition 3 i ded by the netall ocene conmpound, 20 is from
0.50 or 1.0@§é€d£eg%?g9%ggoorg{a%k'or 15. In sone enbodi nents, the al kyl

al um nurtbconpoundhesimetalicderdalyst can dolused om pofduae EdlyGleZinhycsirapohymibays
solvent, such as pentape, isope ne,.. hexane, isohexane, or heptane. In
one. enbodi e <OPHETEFL R PTORE AV AL ' BN R RS G HEDAET

catal yst is oRpbaabehridi FhselddtalyRns @h Rl kevl ishUaliByaGRIRRsHeNd 25
met al | ocene compound in a C5-Cl2 hydrocarbon sol vent. The resulting mixture

is then coneastaracduoh anflaidized bed wactofs, altaplayesnand sjugyi regeiat i ¢ sol vent. In
anot her enbodi nent, the slurry of the non-netall ocene transition netal

15 6. EXAMPLES
Example 1
This example shows that the activity of the supported non-metallocene
transition metal catalyst is increased when the support material used to prepare the
catalyst is dehydrated at a higher temperature than is conventionally used. Two
20  samples of Davison 955 silica were dehydrated, one at a temperature of 600 °C
(Sample 1A) and one at a temperature of 850 °C (Sample 1B). The dehydrated
silicas were then treated with dibutylmagnesium (0.72 mmol/g silica), butanol,
and titanium tetrachloride as described above, to yield a supported non-
metallocene transition metal catalyst. The supported non-metallocene catalyst
25  was then dried to obtain a free-flowing powder. This catalyst was then used in a
laboratory slurry reactor to polymerize ethylene, and the catalyst activity was
determined for each sample. Sample 1A (using 600 °C dehydrated silica) showed
an activity of 3900 grams polyethylene per gram catalyst per hour, and Sample 1B
(using 850 °C dehydrated silica) showed an activity of 4960 grams polyethylene

30  per gram catalyst per hour.



catalyst is contacted with a solution of alunoxane and netal | ocene conpound
in an aromatic solvent. 30 In another enbodinent, the slurry of the

non- net alwomen€77sy ansi tion nmetal catalyst is contacted weCh/usn/al7kyl
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al um num conpound. The resulting m xt u1i;|; is then contacted with a solution
of alunoxane and netal |l ocene conpound' i n an aromatic sol vent. |In another
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one at a terrperature 0] nd one at a tenperature of 850
C (Sanplié 158)°C arethd ehixdiratved stisiedl iat tss warperdtivenfot i demed Fmatlh, 1.728

di but yl magnesi u .£2 mol /g, silica),. butanol itaniumtetrachl oride
as descri bedm&B]g]Q/é'?lcﬁb“S??éfl V‘satfﬁfBB%et E’dt%ﬁdﬁ‘x“ﬁ%tagf‘g eS:Q a?‘ﬁlﬁir{ "Pon net al
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obtain a free-fl owing powder. This catalyst was then used in a |aboratory

sl urry reactabputt3® %ﬂ%ﬂ@ldlazfeeeeﬂwmemewd%md the catal yst activity was

Ethylene/1-hexene copolymers were prepared using the two samples. A
15 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
(TMA) was added. The reactor vent was closed, the stirring was increased to
1000 rpm, and the temperature was increased to 95 °C. The internal pressure was
raised 6.0 psi (41 kPa) with hydrogen and then ethylene was introduced to
20  maintain the total pressure at 270 psig (1.9 MPa). Then, the temperature was
decreased to 85 °C, 20.3 mg of the catalyst was introduced into the reactor with
ethylene over-pressure, and the temperature was increased and held at 95 °C. The
polymerization reaction was carried out for 1 hour and then the ethylene supply
was stopped. The reactor was cooled to ambient temperature and the polyethylene

25  was collected.

The catalyst prepared from 600 °C dehydrated silica (Sample 2A) had an
activity of 3620 grams polyethylene per gram catalyst per hour, and the catalyst
prepared from 800 °C dehydrated silica (Sample 2B) had an activity of 4610
grams polyethylene per gram catalyst per hour.

30



determ ned for each sanple. Sanple I A (using 600 C dehydrated silica)
showed an activity of 3900 grans pol yet hyl ene per gram catal yst per hour,
and SanplwoloBo41785i ng 850 C dehydrated silica) showed an &ctrivsot/gi7o0f 4960
grans pol yethyl ene 30 per gram catal yst per hour. WO 03/047752

PCT/ US02/ 31777 17 Exanple 2 Two non-ngtal l ocene transition netal

catal ysts were prepared. Sanples of Davison 955 silica were dehydrated
under nitrogen flow for 4 hours at 600 C (Sanple 2A) and at 800 C (Sanple

2B). Each sanpl e pRanpglbgn treated as 5 follows. 4.00 g of the dehydrated
silica was placedinto a Schlenk flask with 100 nL hexane. The fl ask was
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n- but anol wagndsiew deleydemed BPRat(SahbrR ) 49 BOERAMpPlEI®e Haclabaniple MhsS50 C and
the mxture was stirred at this tenperature for 1 hour. Finally, 1.728

mol of T O tepdeeated wrsgfoliowssy The gaied qopraetatlogens s2lyshpsstresuiriedHng
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(40 m) undeMAD sitbuiolenf o uhgle Arél Hareres ecqlaﬁoy(cat&_?ysg} et _ﬁg;%rw uni num
(TMA) was adgﬁ?lcy@ibﬁerﬁé%ﬁ&{y%irﬂ@rﬂ&m%%llei&é'sGQ/ZII R6lad rhid 16 1)VaPhé Askeased to
1000 rpm and the tenperature was increased to 95 C. The internal pressure

was raibkd Bro@npwixtyrd wdsPiyrediat lantbyeat depeperatne fohdrhaair fand éhen beagedi tot r oduced
to 20 maintai total t 270 psig.(1..9 . Then. t
t grrper g? Iu? ea%}PZf’éﬁ ngéé? eﬁgéﬁ&lﬁ%%@%@@? as %“’r%zé‘%fl (Linﬂ%r %{Ef?)é‘?rﬁlg?%\r}/gg leiq%tar oduced

into the reagt@fowidgbro®hpylvaee over-pressure, and the tenperature was

increased and held at 95 C. The polynerization reaction was carried out
for 1 hour and thEhe tthe bimstallisecafalypl yamplas wergpied. ustde te crpdYraerizgas

cooled to a%?l@ﬁe/ﬁ%@g{eaésu&e%cm fnhgxe[?ﬁ)ﬂlé( 8t hﬁléa Bﬁnetgl%c\’@?al}ps?lpte%&tegd'
15  with 600 °C dehydrated silica (Sample 3A) had an activity of 1850 grams
polyethylene per gram bimetallic catalyst per hour, and the bimetallic catalyst
prepared with 800 °C dehydrated silica (Sample 3B) had an activity of 2970

grams polyethylene per gram bimetallic catalyst per hour.

20 Example 4
The bimetallic catalysts prepared according to Example 3 were used to

polymerize ethylene/1-hexene in a pilot scale fluidized bed reactor. Example 4A
in Table 1 shows the reactor conditions and results for the catalyst of Sample 3A,
and Example 4B shows the reactor conditions and results for the catalyst Sample

25 3B.



The catal yst prepared from 600 C dehydrated silica (Sanple 2A) had an
activity of 3620 grans pol yet hyl ene per gram catal yst per hour, and the

cat al yst wprepar7ezrd from 800 C dehydrated silica (Sanpl e 2BrThsd2/an7activity
of 4610 grans pol yethyl ene per gram catal yst per hour. 30 WO 03/047752
PCT/ US02/ 31777 18 Exanple 3 Two sarrpllgs of binetallic catalysts were
prepared. First, non-netall ocene catalysts were prepared and isol ated

usi ng 600 C dehydrated silica (Sanple 3A) and 800 C dehydrated silica
(Sanple 3B) as in Exanple 2. Each sanmpge Was 5 then treated as follows. The
dried non-netallocene catalyst was reslurried in hexane (5 nl per gram of
catal yst) at anbient tenperature, w thEsinpl¢#4Ag. To thiExampld4B ed slurry
was slowy added a solution of the reasmpapativepduct of 30 wt % MAO in

tOl uene (6 S— B —A-—5—ROR “'f—.'-——ef—‘*"*‘*f*.**.-—v—'"*-*3*%—3”‘ T

but yl cycl opdtaaar daypyrature G di chl or BOR(OPA / Zr nol ar 208t(PH) 100: 1). The
dark 10 bro 1 stirred at anbj t enperat ure 1 hour and

t hen heat ed"i{{‘%@} g%g{lj@eﬁ%%c The liquid pR'ggie was t hen ren(%@feld under

ni trogen fl dy/€Cpgasimdldratio free-fl owi ng bPOOM powder. The G.O&8 binmetallic

catal yst sanpl es.were then. to pol ri et hyl en zh e as

descri bed i nra) |pées§l}re%p§é&§?§ét al li éggg’t@@%)[ pr epar géaéLS £§6%r}t h 600 C
dehydr at ed silJO gan{'panpl e 3A) had an actiypty of 1850 grams.opol yet hyl ene
per gram bingetal |ic,catal yst per hour, and the binetallic tal yst
prepared w t ™ME0OP® Hehydrated silica (Satf e 3B) had an é@@i vity of 2970
grams pol yetppyheRitpeg/gpram bi metal lic cagad yst per hour.4@4) Exanple 4 The
binmetal lic catal ysts prepared according to Exanple 3 were used to

pol yneri ze dilpylladrx/li{dg@nn)’in a £id ot scale flui dP#ed bed reactor.

Exanpl e 4A '%gfsﬂIﬁi]ﬁo§1amgsetﬁy]@1er,g§1&\te¢ghtcondl trons and results for the
catal yst of 2 ﬁd%@nordﬁg@o lismbalzgg, shiGorl @ Ir€RE 1A, Pyt | ons and

results for the catal yst Sanple 25

5 The results of Examples 1-4 are summarized in Table 2. In each example,
the "A" sample is prepared using silica dehydrated at 600 °C, and the "B" sample
is prepared using silica dehydrated at a temperature greater than 600 °C. Note that
the activities in different rows are not directly comparable because of differences
in catalyst, polymerization processes, etc. Within a row, however, the change in

10  activity (% increase) shows the unexpected advantages of the higher silica

calcination temperatures.

Table 2
Activity ("A" sample)'  Activity ("B" sample) % increase
(g PE/g cat/hr) (g PE/g cat/hr)
Example 1 3900 4960 27%
Example 2 3620 4610 27%
Example 3 1850 2970 61%
Example 4 1820 4040 122%

' comparative examples
15
Example 5
Supported non-metallocene catalysts based on TiCly were prepared and

isolated as described in Example 2, except that samples of silica were dehydrated



WD 03/ 047752 PCT/ US02/ 31777 19 Table 1 Exanple 4A Exanple 4B

(comparative) Reactor Tenperature (F(C) 203 (95) 203 (95) Hz2/C2 gas nole
rati o 0. OWD 3/0@Ti2 C6/ C2 gas nole ratio 0.007 0.008 C2 parrcralsopsEssur e
(psi(MPa)) 156.9 (1.082) 158.5 (1.093) H20 (PPM 1) 7.2 21.0 TMA (ppnm) 100
100 Productivity (g/g) 1820 4040 Fl ogol ndex 121.6 (dg/mn)2 6.6 6.4 parts
per mllion parts ethylene, by weight nmeasured according to ASTM D- 1238,
condition F (21.6 kg load, 190 C) 5 The results of Exanples 1-4 are

summari zed iap vhabhetetn ekaﬂu@acﬂbnemcrplteao 83(}1‘&’3 "E?t'hyl%ﬁéfmllﬁxd:r& @epan&d using
silica dehydrated at 6pOO C, and the "B" sanp 'S epared using silica
dehydrat ed” avers Rrepaset asing ethey tisani g ?%Yﬁ%@@ fellomt $-Rdt stajriess sqel vi t | es

n diTferent (QIRcALR go a{g; 'V@%séoxu&ﬁgg%@m a?laclaué&ne 26]fnfL2q{n9€rﬁe change

catal yst, poal ynmeriza rocesses in a row, ovvev

in 10 acti visiow (ibrogear plage)anahtbm 1.B@ mmekméahetétl@dialannimlgeﬂMA)t has hi gher
silica caIC| ation tenperatures. 2 Activit 3 Ie) tivity
("B" sanpl e)2d964-néheEagtor (vantp@%f 9%?3/ Hieystipringoppy ! f{cgﬁaﬁ@rso e a.ﬂﬁ 3900
4960 27% EXRIB Ry dR20 0Ly BT ok PORAWfReATR:E 4 1820

4040 122% conparative exarrp
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 held at 85 °C. The polymerization reaction was carried out for 40 minutes
10 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.

Table 3
Si dehydration Activity, Run 1 Activity, Run 2 Activity, average
temperature (°C) (gPE/g cat/hr) (gPE/g cat/hr) (gPE/g cat/hr)
600 1275 1425 1350
680 1440 1395 1417
730 2025 2175 2017
780 2055 2010 2032
830 1680 1530 1605
15
Figure 1 shows the average activity versus dehydration temperature
graphically (filled diamonds, left axis).
Example 6
20 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
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

25 (TMA) was added. The reactor vent was closed, the stirring was increased to



Exanpl e 5 Supported non-netall ocene catal ysts based on Ti C 4 were prepared
and isolated as described in Exanple 2, except that sanples of silica were
dehydr at edO\W®00B35D47752 PCT/ US02/ 31777 20 at various tenperatsoras7from 600
Cto 830 C. Ethylene/ 1-hexene copolynmers were prepared using the titanium
catal ysts as follows. A 2.0 L stainles 1steel aut ocl ave was charged with

i sobutane (800 nL) and 1-hexene (20 rrL? under a slow nitrogen purge and
then 1.86 nmol of trinethylalum num (TMA) was 5 added. The reactor vent was
cl osed, the 19pp rrf():ﬂn,ngnd/\ﬁx% teRpérBRSE at TctORAY tP93 c@NEthyiER érﬂ@?ﬁ@t(% € was
increased to 85 C. Ethylene and 75 mmol hydrogen were added to provide a
total presskiPe) bydrage weieqdded prppdy a tgt@%pm@suoef off S psig 6l ysMPapag0

i ntroduced into.the .reacto i ethyl ene ;qver ; pressure e

tonper at ur e Mgl UHCHRR Gl A& p BB WS PERERRY o AR Brerr e ou
for 40 m nutpesssi, arittht kaperdiareatiytetdar 9HATN| Thessyraéppod reattién agact or was
cooled to anbient tenperature and the polyethyl ene was col| ected. For each

dehydr at Pon cafrigdpait ferglminuigs and neibe wehydens suprly avps stappedin TherEBFeT 3 shows
the activit r |4t . r i i ctivity,
Rum 1At Vit CERg 13 ot A e PR AR poll ol fond w3 YL BT )
(gPE/ g cat/ kichydrgftud gengmetdtine) at BASt W7 Sanipl@&bwiRkSirepG8@ atd 40n.132blel4t17 730
2025 2175 2017 780 2055 2010 2032 830 1680 1530 1605 15 Figure 1 shows
the aver age SBEYS theragtivity Wil §9elt 'SP Enper ature graphically (filled

di anonds, left axis). Exanple 6 20 Inpjyp $ Exanple, the non-netall ocene
catal ysts of Exanple 5 were used to

Si dehydration Activity Activity Activity Activity,
temperature (°C) Run 1l Run 2 Run 3 average
(gPE/g cat/hr) (gPE/g cat/hr) (gPE/g cat/hr) (gPE/g cat/hr)

600 2761 2304 * 2532

680 3416 2399 3454 3090

730 5250 4137 4810 4732

780 5674 4682 * 5178

830 5137 4953 * 5045

10 *nodata
Figure 1 shows the average activity versus dehydration temperature
graphically (filled squares, right axis), along with the non-metallocene transition
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

15  surprisingly enhanced using silica dehydrated at temperatures greater than 600 °C.

The following examples illustrate processes that can be used to prepare
bimetallic catalysts wherein the non-metallocene catalyst is not isolated prior to
contact with the metallocene compound.

20

Example 7
Davison 955 silica is dehydrated at 800 °C for 4 hours. 2.00 g of the silica
and 60 mL heptane are added to a Schlenk flask. The flask is placed into an oil
bath kept at 55 °C, with stirring. Dibutylmagnesium (1.44 mmol) is added to the
25  stirred slurry at 55 °C, and stirring is continued for 1 hour. 1-butanol (1.368



prepare binetallic catalysts, according to Exanple 3. Polynerization of
et hyl ene/ 1- hexene was then carried out as follows. A 2.0 1, stainless steel
aut ocl avewaas/oettar ged with n- hexane (700 nl), 1-hexene (4@cmysoasd7nat er
(14 L) under a slow nitrogen purge and then 2.0 niL of trinethylal um num 25
(TMA) was added. The reactor vent was Ebosed, the stirring was increased to
WO 03/ 047752 PCT/ US02/ 31777 21 1000 rpm and the tenperature was increased
to 95 C. Ethylene and 4 prig (28 kPa) hydrogen were added to provide a

total pressy@oDfis 2Q8edsi §56C- i thPanixtup is FGrred féhandsheret Bbkd CTRAY al yst
was introduced into the reactor wth ethyl ene over- pressure, and the

t enper at ur e (A864 memal) ds addedat SPHE prsl §tiveing Lantiviedrfoadthon vids flaskdsri ed out

for 60 m nutes a?id@ n t. t . eyl r was
cool ed to anbréen (gexgrg}éer%l E?tg aﬁ%%ﬁﬁ%é%gﬁ% bgttohy elglﬁet(%%§ %tg?-elhe‘%f g@.ﬁ&gor each
dehydr at i on dfenpptand u(le8 aiL)l @ontaining 2.38PhaRoMETMADT &flar®HOGINGmish. Tabl e
4 shows the activitéresults at each tenperature. Table 4 Si dehydration
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5674 4682 * fltK & pladal infi3an 419 Hath*at B6LE antidthe solyeotatrembveguureled nttoges t he
average activity versus dehydration tenperature graphically (filled
squares, ri gHEERIYeIC azlres- WiRE RTOMAEP et al | ocene transition netal
catal yst data for conparison. As is clear fromthe Figure, the activity of
both the non-netall ocene transition netal catalyst and the binetallic

cat al ystl0i s 15 suiyamipd §igl y enhanced using silica dehydrated at
tenperatures grea %rtgfygtgig&?%)grealaé&g?ig(afn%iel PN afX ISR, fnk HEL B

processes that c
After removing the flask from the oil bath and allowing it to cool to ambient

temperature, a toluene solution (4.4 mL) containing MAO (19.04 mmol Al) and
(n-BuCp),ZrCl; (0.1904 mmol) is added to the mixture. After stirring for 1 hour,
15 the flask is placed into an oil bath (50 °C) and the solvents removed under a

nitrogen purge to give a free-flowing brown powder.

Example 9
A catalyst is prepared as in Example 7 up to and including the TiCly step.

20  After removing the flask from the oil bath and allowing it to cool to ambient
temperature, TMA (2.38 mmol) is added to the mixture. After stirring for 1 hour,
a toluene solution (4.4 mL) containing MAO (19.04 mmol Al) and
(n-BuCp),ZrCl; (0.1904 mmol) is added to the mixture. After stirring for 1 hour,
the flask is placed into an oil bath (50 °C) and the solvents are removed under a

25  nitrogen purge to give a free-flowing powder.

Example 10
Davison 955 silica is dehydrated at 800 °C for 4 hours. 2.50 g of the silica

and 90 mL heptane are added to a Schlenk flask. The flask is placed into an oil
30  bath kept at 50 °C, with stirring. Dibutylmagnesium (1.80 mmol) is added to the
stirred slurry at 49 °C, and stirring is continued for about 1 hour. 1-butanol (2.16

mmol) is added at 49 °C and the mixture is stirred for another 1 hour. TiCly (1.08



bimetallic catal ysts wherein the non-netal |l ocene catalyst is not isolated
prior to contact with the netal |l ocene conpound. 20 Exanple 7 Davi son 955
silica i swosbpar7at ed at 800 C for 4 hours. 2.00 g of the ®ciusaz3amd 60 nlL
hept ane are added to a Schlenk flask. The flask is placed into an oil bath
kept at 55 C, with stirring. D butyl maggesi um (1.44 mmol) is added to the
25 stirred slurry at 55 C, and stirring is continued for 1 hour. 1-butanol
(1.368 WO 03/047752 PCT/US02/ 31777 22 mml) is added at 55 C and the
mxture i s shinbl)esadd¥d AA9tleindlstibdy confinGédHor (I0hRHB4 THEGakk iSreafdded at 55 C
and stirringf continued for 1 hour. The flask is renoved fromthe oil bath
and al | owed fram gsil bash andaBewed orgoel oy amlientAgemperatironA heptane selatien (1. 8 nl)

cont ai ni ng 0, . - )R ZF is Af ter
ctirring Portr AP unBos el dnd ik ERCE BN A A PlRf

m xt ure and sslutibh i sTAMAD qROB0 ntime] Ady céhtfinkigud 203 Theol (hBuCh),Zskl,iis pl aced
into an qil bath_at 55 C and the sol ve%@j{ renmoved under nitrogen _ purge to
yield a Preadfeddihay thersolventscrgissmoved upder pireges pargedoalgld @ fles-Tovdpar ed as
i n Exanpl e 71)0%6 o and including the Tid4 step. After renoving the flask
fromthe oi " bath and allowing it to cool to anbient tenperature, a

tol uene solution (4.4 nL) containing MAO (19.04 mml Al) and
(n-BuCp)2zZrcd 2 (Q,1904 ppol) is added to the m xture. After stirring for 1
hour, 15 the fla L HTaged into an oil bath (50 C) and the solvents

removed under a A‘icét'éB@@i@ préfaséd zisqngix\iﬁlg%‘f’hﬁ% Eh@ Mty Ql‘é'_rTiQB‘@é?{
Exanple 9 A catalyst i's prepared as in anple 7

. . up to and includi ng t he
Ti A 4 stlép. ARG amowng deolaskgrahdhd bishatli apdnallnwing it toatoel andmdidnowi ng i t

to cool to gnbient t tat yre, (2.3 |),is.added .to th i xture.
After stirr 3?813?%?"?1 ]ﬁg@re m Eogu?ng I dgﬁé @@Pﬁﬁ% %‘Hf.ei tﬂﬁge SRS n "Mro
(19. 04 mmol sfikringafed 1 Hor, Buiteptahérseluiof 01.8 %81) domediding TMAGRA8 tinbdlyandi Xt ur e.
After stirring for 1 hour, ) ) _

(n-BuCp),ZrCl; (0.1904 mmol) is added to the mixture at ambient temperature.

Then the flask is placed into an oil bath (55 °C) and the solvents removed under a

15  nitrogen purge to give a free-flowing brown powder.

Example 12

A catalyst is prepared as in Example 7 except that triethylaluminum
(TEAL, 2.38 mmol) is used instead of TMA.
20
The preparation sequence for Examples 7-12 is outlined in Table 5, where
"955-800 Si" is used to indicate Davison 955 silica dehydrated at 800 °C and "M"

is used to indicate the metallocene compound.



the flask is placed into an oil bath (50 C) and the solvents are renoved
under a 25 nitrogen purge to give a free-flow ng powder. Exanple 10

Davi son 906 0sioki7en i s dehydrated at 800 C for 4 hours. 2. POT@Soi/3t7he silica
and 90 nL heptane are added to a Schlenk flask. The flask is placed into an
oil 30 bath kept at 50 C, with stirrigg. D butylmagnesium (1.80 mmol) is
added to the stirred slurry at 49 C, and stirring is continued for about 1
hour. 1-butanol (2.16 mol) is added at 49 C and the m xture is stirred
for another 1 hour. Tid4 (1.08 WO 03f{yery52 PCT/ US02/ 31777 23 mmol) is
added at 49 C and stirring contipued for 1 hour. The flask is remved from
the oil bat|texangde 4l | owed tjo cool | to apbi ent [t enperature. |A hept ajne qol ution

of TMA (4. MO )| ok S . Addeq S rrn Nt+-Auet T . Huene
sol ution of U7I\/AO (Zggiﬁ(ﬁ%?rnﬁ’e%%q c%irallgla E?%Gglgoggg d,rr%gt D- %ﬁg ggr%ﬁ% is 5
added. Then-the-sglvents are renpvedpnder m—t—#egeﬂ—gw—gf i 3
free-flowingd powd@f3-848anpreanel| BBMat EBY |i BChr|MAPAE as i n Exiadplle 7 up
to and inclluding tlhe Ti Cl4 step.| 10 After rlenovin Y48 fl ask friom tlhe oil
bat h and al{loowi ng |i955-800 St qQlepthe pDBMent-Budke NPECRAL UTMA MAQMAD/MOI ueng (19. 04
mmol Al) ig added|to the i xture| Aftpr stifrring for 1 hauplpena heptlane
solution (18 TL) 1L Al T TIVA 3B ) BU: 12 11904
mmol) is add‘gd to %ﬁgg(ﬁisit lr}lrg%tgrlé\'/t grér%i elrltgﬁ%npgggt qﬁgéne rm e f‘{rgsk i's
pl aced i nt g—ah—oih—-bath(85-C)-ahdthp-selventsrerpbvredynder—a+15

ni trogen purlde to |§PV800R! f|rhersare|] pRBMg| bPNh |pttker MARK aifpITMANM A Eatlal yst
is prepared as in |[Exanpl e |7 _except that triethyl al Q4 um| "TFRAE, | 2. 38 ol )
i s used ingtiead of| 933800 S20 hefrenep| BPEIr Al-BaUH SEDARNCEEAIOM Exaapl @s| dfy 12 i s
outlined in Table |5 wherg "955:800 Si" is |used [iohepedle ¢ adlenddavj son 955
silica dehydrated at 800 Cand "M~ 1S used to indicate the netallocene
conpound.

Some embodiments use metallocene compound solutions in paraffinic
hydrocarbons (Examples 7, 11 andl12). All metallocene compounds are
5  practically insoluble in such liquids by themselves, but some of them become

soluble when contacted with trialkylaluminum compounds.

Example 13
0.1904 mmol (0.077 g) of (n-BuCp),ZrCl; was added to a 10 mL serum

10  bottle, flushed with nitrogen followed by addition of 1.8 mL of TMA solution in
heptane (2.38 mmol). The metallocene complex quickly dissolved to form a

yellow solution.

Example 14
15 0.230 mmol (0.0933 g) of (n-BuCp),ZrCl, was added to an NMR tube,

flushed with nitrogen followed by addition of 2 mL of n-heptane. The
metallocene complex did not dissolve. Then, 2.3 mL of TMA solution in heptane
(1.70 mmol) was added to the tube. The metallocene complex quickly dissolved.
The C NMR spectrum of the solution was recorded and compared to the
20 spectrum of the pure (n-BuCp)ZrCl, complex (solution in deuterated
chloroform). Whereas the spectrum of pure (n-BuCp),ZrCl, contains only three

signals in the Cp carbon atom range, at -135.2, -116.8 and -112.4 ppm, the



WO 03/ 047752 PCT/ US02/ 31777 24 Table 5 Exanple 7 955-800 Si heptane DBM
1-BUuOH Tid4 TMWM MAO in dry in heptane toluene 8 955-800 Si heptane DBM
1- BUuOH TiveDA3NK@EM dry in toluene 9 955-800 Si heptane DBRTASBus¥7Ti C 4
TMA MAO M dry in toluene 10 955-800 Si heptane DBM 1-BuOH Tid 4 TMA in

MAO M dry heptane in toluene 11 955-8 Si heptane DBM 1-BuCOH Tid 4 MAO in
TMA/ M dry toluene in heptane 12 955-8 Si heptane DBM 1-BuOH Tid 4 TEAL/ M
MAO in dry in heptane toluene Sone enbodi nents use netal |l ocene conpound

sol utions i nspeaw@hfdMite cohtattopaalense (ERaCP),2EC]Y and 1TRIA Ldhtaindl tight
nmet al | ocene conmpounds are 5 practi caltlé’g;y i nsoluble in such |iquids by
b O
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followed by adidytion of 1.8 nmL of TMA solution in heptane (2.38 mol). The

net al | ocene conpl ex quickly dissolved to forma vyellow solution. Exanple

14 15 0. 230 mmol (0.0933 g) of (n-BuCp)2ZrCl2 was added to an NMR tube,

flushed with nitr | owed by addition of 2 nL of n-heptane. The
%ﬁlé% y P

met al | ocene corrplE ot dissolve. Then, 2.3 nL of TMA solution in

hept ane (1.70 mmDispolwdsen aflGeduCp),Zh€El,tinlheptaiih evaseamicd ane e ix &dixpmele qui ckl y

di ssol ved. e ' 3C, VR gpecty um of; the sof Ut l,on esfecqpded gnd. conpar ed
complex rapidly dissolved to form a yellow solution.
10
Example 16
0.272 mrﬁol (0.1097 g) of (n-BuCp),ZrCl, was added to an NMR tube,
flushed with nitrogen followed by addition of 2 mL of n-heptane. The
metallocene complex did not dissolve. Then, 2.0 mL of TEAL solution in heptane
15  (3.06 mmol) was added to the tube. The metallocene complex quickly dissolved.
The '*C NMR spectrum of the solution was recorded and compared to the
spectrum of pure (n-BuCp),ZrCl,. The spectrum of the contact product of
(n-BuCp),ZrCl, and TEAL contained fifteen signals in the Cp carbon atom area
encompassing the -126.2 to -104.4 ppm range. This difference with the spectrum
20  of pure (n-BuCp),ZrCl, (see Example 14) shows that the (n-BuCp),ZrCl,-TEAL

contact product is a unique entity.

Example 17

An attempt to dissolve Cp,ZrCl; in heptane was carried out as in Example

25  13. 0.1904 mmol of Cp,ZrCl; was used instead of (n-BuCp),ZrCl,. In this case,
however, the metallocene complex remained insoluble. Hence, a catalyst
preparation technique similar to that of Examples 7, 11 and 12 cannot be applied

with this complex.

30 Example 18
This example shows the preparation of ethylene/l1-hexene copolymers

using bimetallic catalysts with a TMA cocatalyst. A 1.6 L stainless-steel autoclave



20 spectrum of the pure (n-BuCp)2ZrCl2 conplex (solution in deuterated
chloroform. Wereas the spectrum of pure (n-BuCp)2ZrCl2 contains only
three siwoaBs4i7mthe Cp carbon atomrange, at -135.2, -1P6T&Sansi77112. 4
ppm the WD 03/047752 PCT/US02/ 31777 25 spectrum of the contact product of
(n-BuCp) 2Zr C12 and TMA contai ns ei ght gi gnals at -135.5, -131.7, -117.0,
-114.8, -112.5, -112.0, -110.6 and -108%g ppm This difference shows that
the (n-BuCp)2ZrC 12- TMA contact product is a unique entity. 5 Exanple 15

Di ssol ution egﬁlggéh 5%&&909 1%%%_ et Arive lmﬁma@ﬁn@@fs fgeearmd hepthned®7 50 ERaaPl € 13

except that EAL was used in place of TMA. The netal | ocene
conpl ex raplldhe}wnh slibmlédlrtdor ﬁcsﬁowwnmgehmmmamﬂ?%fhandahﬁxaﬁplnm01©f0 272

| (oO. 109 rCl2 hed with
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conplex did dﬂ@tthedﬂeﬁr?@}a‘{lﬁ'e indi&Red & & . Phe iHedhal§ésdtiieds rdiedrEPpanel 15 (3. 06

mmol ) was added to the tube. The netal | ocene conpl ex quickly dissolved.
The 13C 8VR Kppwithhydrfzen aad sheinuathydenasia sntrastisedi amaiipie ghrepiatad arasgire he

(n: Bucp) 221 &R S0 ERBFEAEMER, Sl BERENR § sl EHEL Or,

area enconpdstik Ngnichglic Taflydt tio inttédhcdd Hpw tl&nmctofhmh dithyfletecoee-wi t h t he
spectrum 20 of pure (n BuCp) 2Zr C12 (see Exanple 14) shows that the
(n- BuCp) 2Zr @ressyeagnd thgderaperatyrgigynereqsed gndy HFldu?é 9%entr t he nolyngiatiey An
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catal yst preparation technique simlar to that of Exanples 7, 11 and 12
cannot be applied

Example 19

Two catalysts were prepared according to the procedure of Example 8,

except as follows. For Example 19A (comparative), 600 °C-dehydrated silica was

15  used, and the silica slurry used hexane instead of heptane. For Example 19B,
800 °C-dehydrated silica was used, and hexane was used in the silica slurry. The
resulting bimetallic catalysts were used to polymerize ethylene/1-hexene using the

method of Example 18, and the catalyst activity measured. The results are shown

in Table 6.
20
Table 6
Example No. Activity Activity Activity Activity,
Run 1 Run 2 Run 3 average
(gPE/g cat/hr) (gPE/g cat/hr) (gPE/g cat/hr) (gPE/g cat/hr)

19A (600 °C silica) 3000 3329 3288 3206
19B (800 °C silica) 3959 3537 * 3748
* no data

Table 6 shows that the catalyst produced using silica dehydrated at the

25  higher temperature was nearly 20% more active than the comparative catalyst.



with this conplex. 30 Exanple 18 This exanple shows the preparation of

et hyl ene/ 1-hexene copolyners wusing binetallic catalysts with a TMA

cocat al yswo 04047782 L st ai nl ess-steel autoclave WO 03/ 04775PCPTBOB027 31777
26 equi pped with a magnet-drive inpeller stirrer is filled with heptane
(750 nL and 1-hexene (30 nL) under a %ow nitrogen purge at 50 C and then
2.0 mol of TMA is added. The reactor “vent is then closed, the stirring
increased to 1000 rpm and the tenperature increased to 95 C. The internal
pressure is rai et SaRnBSies( frbeSiiBRanWiokiit: RSELAGRY AR HERAD iiIhhene i
introduced to maintain the total préssure at 204 psig (1.41 MPa). After
that, the t@omnosityatdocemens,dery dulbedncap@sted, b 7rekrenge tf theheexisintresugh | i ¢
catalyst is j.ntroduced into.the reactor with ethyl ene over.- pres e, and
Che t anper a R ot bR Rl R R A e o bR act on
is carried aquth frebrpbrdi@Hlis petshiftdien t he et hyl ene supply is stopped. The 10
reactor is cooled to anbient tenperature and the polyethylene is collected.
Exanpl e 39 Two catal ysts were prepared according to the procedure of

Exanpl e 8, exce . For Exanple 19A (conparative), 600
C-dehydrated sil %ﬁa%élgiﬁ%'sed, and the silica slurry used hexane instead
of heptane. For Exanple 19B, 800 C-dehydrated silica was used, and hexane
was used in the silica slurry. The resulting binetallic catalysts were
used to polynerize ethyl ene/ 1- hexene using the method of Exanple 18, and
the catal yst activity neasured. The results are shown in Table 6. 20 Table
6 Exanple No. Activity Activity Activity Activity, Run 1 Run 2 Run 3
average (gPE/g cat/hr) (gPE/g cat/hr) (gPE/g cat/hr) (gPE/g cat/hr) 19A
(600 C silica) 3000 3329 3288 3206 19B (800 C silica) 3959 3537 * 3748



* no data Table 6 shows that the catal yst produced using silica dehydrated
at the 25 higher tenperature was nearly 20% nore active than the

conpar at iwe ocasabyst. WO 03/ 047752 PCT/ US02/ 31777 27 Al | ppatusnt/sL771 est
procedures, and other documents cited herein, including priority
docunents, are fully incorporated by reéxerence to the extent such

di sclosure is not inconsistent wwth this invention and for all
jurisdictions in which such incorporation is permtted. 5 Wiat is clained
is: WO 03/ 04@723MRCT/ US02/ 31777 28 CLAIMS 1. A process for preparing a
bimetallic catalryst, the process conprising: (a) providing a slurry of a
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contacting the slurry gf (i Hahyu&a&ih?@pa}figﬂﬁtem&gptﬁshumriabmwﬁ&raﬁ&@? ,
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contactinyg the slurry of (iffgresiet tham6BdrCnet al | ocene conpound of a G oup

4 or Go 5 transitiop.netal.: i t ted
non- met aﬂoocene czlt a:S f)n?nsljgparélﬁegg %ﬁ&%?g@%i&n&f#ﬁqg asﬁ%ﬂﬁ{%ﬁogf ea

met al | ocene conpound 15 anhbydrocabdsyl al um num conpound in a C5-Cl12

al i phatic solvent; (c) contacting the slurr f.(h) with a soluti.on of
al kyl al unoxane in an (4} ongRntzetiag V’én?l}‘”&néf 2’&5(’8 AR gCTERROIREIGRIET of (c)

to obtain a supported bi met gl h&in83EMbLKS where R and R’ are the same or different
10 C,-C); alky!l groups; and
(iv)  contacting the slurry of (iii) with a non-metallocene
compound of a Group 4 or Group 5 transition metal;
(b) contacting the slurry of the supported non-metallocene catalyst in a
non-polar hydrocarbon with a solution of a metallocene compound
15 and an alkyl aluminum compound in a Cs-C;; aliphatic solvent;
(c) contacting the slurry of (b) with a solution of alkyl alumoxane in an
aromatic solvent; and

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

20 2. A process for preparing a bimetallic catalyst, the process comprising:
(a) providing a slurry of a supported non-metallocene catalyst by:
(1) dehydrating a particulate support material at a temperature
of greater than 600 °C;
(i)  preparing a slurry of the dehydrated support in a non-polar
25 hydrocarbon;
(iii)  contacting the slurry of (ii) with an organomagnesium
compound RMgR', where R and R' are the same or different
C,-C); alkyl groups; and
(iv)  contacting the slurry of (iii) with a non-metallocene

30 compound of a Group 4 or Group 5 transition metal;



20 2. A process for preparing a binetallic catalyst, the process
conprising: (a) providing a slurry of a supported non-netall ocene catal yst
by: (i) dwbydwat7sng a particul ate support naterial at a tecpdarsat/snre’ of
greater than 600 C, (ii) preparing a slurry of the dehydrated support in a
non-pol ar 25 hydrocarbon; (iii) conta(iézi ng the slurry of (ii) with an

or ganomagnesi um conpound RMR , where and R are the sane or different
C2-Cl12 al kyl groups; and (iv) contacting the slurry of (iii) with a

non-netal | ocene &P C%H&efﬁgg%smn%me_élu@br@lﬁ&pnﬁtatu@eaﬁiaaiamtmal; WO
03/ 047752 PCT/ USQ2/ 31777 29 (b) contacting the slurry of the supported

non- et al | ocene cat al ywn-potarshydrosarbppiveth hyelnoemebo metdlioperng @oippundn of a

nmet al | ocene conpound a%@?an?aﬂsy?%lﬁ%?%euﬁoaéaa?gm%tgc% ‘éf% 'Oaﬁ@ti c solvent; and
(c) drying the product i suppor i‘metallic catalyst. 5
3. A process for (gy epairiing tike Hrofidt af (H)Go 6blai afaippoﬁétﬁbiafemw@tﬂgﬁpri si ng:

y:

(a) providing a slurry of a supported non-netal | ocene catal yst (1)
dehydratPng a particul ate support material at a tenperature of greater

than 600 C, 10 (i r [] ) d e 't in a
non- pol ar h3ydr oc‘%%’ﬁ(g:ﬁé;%q?f P ri%?argncgn"{ %&(E:T{%Yar]\gé (f‘%%%%stl %rg )rég&%gs Mﬁ\g&g h an

or ganomagnesi um (gpnpgioddRyiRlurrynbits @ipPoaettindd-matalloédne caalyst y: di f f er ent
C2-C 12 al kyl groups; and 15 (i V) conta,cting the slurry of (iii) with a
non- et al | ocene conpdiind ¢fehydraing, p partisplaty sppor matgridliat jagdmpeagire ()

contacting the slurry of tfb%ﬁ%éé]%‘?lﬁ&netfbow@“' net al | ocene catalyst in a
al kyl a

non- pol ar hydrocarbon with a um Aum conpound;
10 (i)  preparing a slurry of the dehydrated support in a non-polar

hydrocarbon;
(iii)  contacting the slurry of (i) with an organomagnesium
compound RMgR', where R and R' are the same or different
C,-C); alkyl groups; and
15 (iv)  contacting the slurry of (iii) with a non-metallocene
compound of a Group 4 or Group 5 transition metal;
(b) contacting the slurry of the supported non-metallocene catalyst in a
non-polar hydrocarbon with an alkyl aluminum compound;
(c) contacting the slurry of (b) with a solution of alkyl alumoxane and
20 a metallocene compound in an aromatic solvent; and

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

4. A process for preparing a bimetallic catalyst, the process comprising:
(a) providing a slurry of a supported non-metallocene catalyst by:
25 (1) dehydrating a particulate support material at a temperature
of greater than 600 °C;
(i)  preparing a slurry of the dehydrated support in a non-polar
hydrocarbon;
(ili)  contacting the slurry of (ii) with an organomagnesium
30 compound RMgR', where R and R’ are the same or different
C,-C2 alkyl groups; and



(c) contacting the slurry of (b) with a solution of alkyl alunoxane and 20
a netall ocene conpound in an aromatic solvent; and (d) drying the product
of (c) towolmBaiTisa supported binmetallic catalyst. 4. A prerase2/8u0rn7
preparing a binetallic catalyst, the process conprising: (a) providing a
slurry of a supported non-netall ocene Glt al yst by: 25 (i) dehydrating a
particul ate support material at a tenperature of greater than 600 C (ii)
preparing a slurry of the dehydrated support in a non-polar hydrocarbon;
(iii) contacting the sddj”xeoﬁtfactéﬁrge)thw B fNoPTGHN ABINE o et epEPOoUNd
RWR , where R and R "are the same or different = C2-Cl2 al kyl groups; and
WO 03/ 047752 PCT/ US02/ 3177 ton®Ouiid ofja Grorupaicari Gryup Adrapkitionynetel; (iii) with a
non- et al | ocene onmpound of oup or oup 5 tr ition al; (b)
contacting the sI(Bry GRAEHRS @ﬁ%Wt"égh%%WPPﬁ?‘QP‘P’BB“@fP@%&%‘FaﬁaV@ Ih o

non- pol ar hydrocar bon pahidi# Bakdthaiten With al dorbtichl SMBAKNSluidxAke ida@r OMBti C
solvent; (c) contacting the slurry of (b) with a solution of a netallocene
conmpoundland an al kyl asproatioselvestnpound in a C5-Cl12 aliphatic solvent; and
(d) drying the product of (c) to obtai r bingtal |l i.c,catalyst.

10 5. The pr oceség)of a°89ta énélﬂéﬁ - 2{? (\%Z“?jlg?% %‘ﬁgt‘%‘hg’gﬁtmﬁ%‘%"e‘%@%‘% i's
silica. 6. The processofipoaiy alf ahidyNEuhirhm vb@peird inneCsappdiphatiat er i al
is dehydrated at a tenperature of from650 Cto 900 C. 15 7. The process
of any of clains 1-4, €RlepRd t he support material is dehydrated at a

t t ff 700, - s The. £ ims 1-4,
Lpaperat e guppgér?f‘ "% lrﬁgglfé ;Iﬁgﬁ’uc?of&) to il LGS bifiRalR cabdide M

10
5. The process of any of claims 1-4, wherein the support material is silica.
6. The process of any of claims 1-4, wherein the support material is
dehydrated at a temperature of from 650 °C to 900 °C.
15
7. The process of any of claims 1-4, wherein the support material is
dehydrated at a temperature of from 700 °C to 850 °C.
8. The process of any of claims 1-4, wherein the support material is
20 dehydrated at a temperature of from 750 °C to 800 °C.
0. The process of any of claims 1-4, wherein the non-polar hydrocarbon in
(a) is selected from the group consisting of C4-Cjo linear or branched
alkanes, cycloalkanes and aromatics.
25
10.  The process of any of claims 1-4, wherein the organomagnesium
compound is dibutylmagnesium.
11.  The process of any of claims 1-4, wherein the organomagnesium
30 compound is used in an amount of from 0.2 mmol to 2 mmol

organomagnesium compound per gram of dehydrated support material.



20 dehydrated at a tenperature of from750 Cto 800 C. 9. The process of
any of clains 1-4, wherein the non-polar hydrocarbon in (a) is selected
from t he womap4wensi sting of C4-Cl0 |inear or branched alPkarnse2/31777

cycl oal kanes and aromatics. 25 10. The process of any of clainms 1-4,
wherei n the organomagnesi um conpound i3$1 di butyl magnesi um 11. The process
of any of clains 1-4, wherein the organomagnesi um 30 conpound is used in
an amount of from0.2 Mol to 2 nmol organomagnesi um conpound per gram of

dehydrat ed syppor théprsiekalof NP dI3¢184%752 Rﬁﬁéﬂ$@%ﬁ&iﬁ§7bef8r% sk&p (ihe
process of any of clainms 1-4 further conprising before step (iv),
contacting the sl|emtactiog thig sy of (i) With an gleetremdenssior . 13. The process of
claim 12, wherein the el ectron donor conprises an alcohol 5 R'CH where R’
is a Cl-Cl2 al kyl group. 14. The process of claim 13, wherein the al cohol
i's n-butanol 13.15. THO proeescsEctaimf 12; whierdir the eldveroaidonbheompriselah alcdheised i n
an anount_of 0.2 to 10 1.5 noles per | e of nmagnesi um provi ded by the

or ganomaghesi um RdrHowhere Rigs athiCipalkyk@ieupf any of clains 1-4, wherein
the Goup 4 or 5 transition netal is titaniumor vanadium 15 17. The
process of any of clains 1-4, wherein the non-netall ocene transition netal
conpound i s #.tit@he processlof dmimd 31 whaminuhe alkgtilis okbptaaok i t ani um

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

al koxyhal i de. 20 18. The process of any of clainms 1-4, wherein the

non-net al | ocgqne tTHé‘ElioTcés‘%%fcIﬁ?rhalh, wREBRURL alkShd1$E6keld In B8R aRBBMIYE 0l 01oPT OVi de
from0.3 to 1.5 noles of the Goup 4 or 5 transition netal per nole of

magnesi uhf pr ovi detlSbmotdseper mole of magnesium provided by the organomagnesium

compound.

16. The process of any of claims 1-4, wherein the Group 4 or 5 transition
metal is titanium or vanadium.
15
17.  The process of any of claims 1-4, 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
alkoxyhalide.
20
18. The process of any of claims 1-4, wherein the non-metallocene transition
metal compound is used in an amount to provide from 0.3 to 1.5 moles of
the Group 4 or 5 transition metal per mole of magnesium provided by the
organomagnesium compound.
25
19.  The process of any of claims 1-4, wherein the metallocene compound is a

substituted, unbridged bis-cyclopentadienyl compound.

20. The process of any of claims 1-4, wherein the alkyl aluminum compound

30 is trimethylaluminum.



or ganomagnesi um conpound. 25 19. The process of any of clains 1-4, wherein
the netal | ocene conpound is a substituted, unbridged bis-cycl opentadi enyl
conpound.w®®3/081182 pr ocess of any of clains 1-4, wherein tireTalskybi7al um num
conpound 30 is trinethylalumnum WO 03/047752 PCT/US02/ 31777 32 21. The
process of any of clainms 1-4, wherein tgf al kyl al um num conpound is
triethylalumnum 22. The process of any of clainms 1-4, wherein the alkyl
al unoxane is nmethyl 5 al unoxane.

21. The process of any of claims 1-4, wherein the alkyl aluminum compound

is triethylaluminum.

22.  The process of any of claims 1-4, wherein the alkyl alumoxane is methyl

5 alumoxane.



