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ZI EGLER- NATTA/ METALLOCENE CATALYSTS 1. FIELD OF THE | NVENTI ON The i nve;rﬂtméyrms
rel ates JENEYHTY to methods of producing bimetallic 5 cBEHU§®HTHor

pol yneri zation reactions. In particular, the invention provides nethods of
maki ng supported binetallic catal ysts ijncluding a non-netal | ocene
transition metal catalyst and a netallocene catalyst, the nmethods providing
bimetal lic catal sts havi n roved activity. The catalysts are

particul arl VEE@@ UPF MWH@% D ZIB-ERON4 BT AMETA LLOGENFCABALYSES i n 1 esi ns
wi t h bi nodal nol ecul ar 10 wei ght distribution (MAD) and/or bi nodal
conposition distribution, in a single reactor. 2. BACKGROUND Pol yol efin
resins havipg bi g_@% dpfﬁggﬁ@riwmt distributions and/or 15 bi nodal
conmposi tion dlst in a nunber of applications. Resins
i ncluding a m xtThe iaferaionekeitey edenehillgher mmhedsuloéir prodtughg ialeydlief i n and

a relatively | ower. nol ecul ar wei ght pol yolefin can be produced to take
advant age %‘alb'ﬁé fWrR!‘?@hE@M"@f‘F%‘%’t'ﬁa‘fﬂoéﬁem paticysr, theylaentian revidey  wei ght
resins and art ﬁéﬂﬁt t GESSi ng
characterisﬁlégﬁ% E ﬁqﬂﬁfgfﬁﬂg%éﬁ?kﬂgggﬁ§g Bﬁéfﬁt Rggcatalysts
such as thos—ensdmcﬁﬁlrmﬁdcatﬂyu &nd Ratrentllddese dat , 8fe2 metinslisSplozhlife/8, and
European Patent EP O 729 387, can produce binodal polyolefin resins in a

si ngl e reacbmeta"rﬁé%telygtaéwystl@pwsdéﬁtp\rly i helcatadysts afe partisplagy lusefshe

cat al yst co t C oduce

pol yol ef i ns glgﬁ}gengﬂgf %ﬁryvgr age %f@!:e\g%arreg@gﬁgﬁﬁ%m%g HE"%?‘]I%{ No.

5, 525, 67, mrghemmimondmm&aa/oa H@mwadom;)@smahaihsyﬁbutldm @ne siigheodi ment

i ncluding a titani um non-netall ocene conponent which produces a hlgher

nmol ecul ar WESRERE- resin, and a zirconi um nmetal | ocene conponent which produces
a | ower nol ecul ar wei ght resin. Controlling the relative anounts of each
catalyst 30 in a reactor, or the relative reactivities of the different
catal ysts, 2]l owBAGKGROUNID the binbdal product resin. Qher background

references include EP_O0 676 418,
Polyolefin resins having blmodal molecular weight distributions and/or

15  bimodal composition distributions are desirable in a number of appllcatlons.
Resins including a mixture of a relatively higher molecular weight polyoleﬁri and
a relatively lower molecular weight polyolefin can be produced to vtake 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 2
PCT/ US02/ 317771 6 NMAY 2006 Met hods of producing binetallic catalysts are
disclosed in the references cited above. These nethods general |y ind Mael0s
deposi t i WY %4°A0R2 net al | ocene transition netal conpound oﬁ%’%@ﬁi’d’?ét ed
porous support, and subsequently depositing a netallocene conpound on the
same support. For sone applications, 55however, the activity of the known
bimetallic catalysts is undesirably low. It would be desirable to have

met hods of producing binetallic catalysts for producing bi nodal polyolefin
resins, which haMettmdhiofjperduanigi binteyallit aatalyistsedraldisctosed an aheysefarendesr ent | y
known. 10 3. SUM\/ARY OF THE I NVENTION It has been surprisingly found that
both suppord&d #hevened Aescobrods (gengeally; isludet depositing| § sion-mefalleesdpor t ed
bimetallic S r i p t erature
of greater tfﬁgﬁfoéo%égﬁ)sfﬁg‘%ég?dngiegg% 4 d%téfai 3‘?@95@? a rF}v%%t gﬁbtsg%&emp

cor r espondi deposiany anhétalladen€ adpmpysidson e Jamexsuppaitb Far s&me applivatipigsent

i nvention provides a nethod of%/;])qrjoduci_ng a binetal]ic cat aryst, i ncl udi ng

the steps dOWveyi e mgtixitsofiths kaewa bimskdlie catalysts- ispundgsirabbedevcatal yst in

a non- pol ar r h [ ' Mpp . .NON- | ocene
catal yst, c%wgcpgﬁ%egﬁﬁgwsfoug%e o@%ﬁaeg &gphgﬁl glgg ng{‘éeﬁ%%'& ag@gﬁéah’(r:at al yst
with a sol urbticigd bianddal blyoletinaesinsipohioll havida alghat katlvigl i bimtetalic conpound,
contacting the resulting slurry with a solution of an alunoxane, and drying
the cont actcaﬁbﬁ%‘mﬁt%‘yg@%’ﬁn a supported bimetallic catalyst. The

supported non-netal |l ocene catal yst is prepared by dehydrating a particul ate
support material at a tenperature of greater than 600 C, preparing a slurry
of the 10dehydr at SUMMPRY OFi THRE INWENDION al i phatic hydrocarbon, contacting
the slurry 25 wiTh an _ organomagnesi um conpound and an al cohol, and
contacting the rBshas ibsef syrnitsingly fownd thah-bath supperet nosripelalieress a G oup
4 or Group t si.ti.gn L.+ T C d i i ted fromthe
Slurry pri oS e et and "UhofaRt BeheBNRTENYLS Mobartd Useld O,
anot her enbagpoRrndehytifaedd ae 3 eeinperaterdt oD Rreatervihde H00 A ishows dficreased

activity relative to the corresponding conventional catalysts.

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 alumbxane, 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. s orted non-netal |l ocene catalyst in a non-polar aliphats

hydr ocar %‘ﬁ(’w*yﬁgut i sol ating the supported non-netall ocgﬂyué%(ﬂpf}sﬁﬁ E'Aﬁz"“ﬁ
contacting the slurry of the W031047752 PCTIUSCQ2/ 31777 1 6 MAY 2006
supported non-netall ocene catal yst wth3a solution of a netall ocene conpound
and an al unoxane, and drying the contact product to obtain a supported

binmetallic catalyst. The supported non-netal | ocene catal yst is prepared by
dehydr at i ng SHPPqstedt nanamgtaloesns afaly sravidy p solusion oft & mstallgeeneecaptpayndat er t han

nvar ocar bon ianeheepRotidRt &Yink X CHREPRHER SURBIA s Bef ARG and an

al cohol , andtatdyt. adthen@ippbited asnHietdiBeerel eHtalyst\s tprefardd By Mehpdrh@seae _
compound of a. G oup 4 or Gro_uE 5 transition nmetal. The contact product is
not i sol at edafticyiate Repportumpteripk atos temperaiwne aft grogtehthan 00 °C, preparing a

met al | ocene/ al unoxan oj ution. 10 I n_another enbqgdi ment,. th r,esent
inventio prsgl{/r{yd%?_s(t%%%ﬁ&i{%{ad PP Oérlgmqnh%oqelyidﬁ%ctagqan Eorg%ﬁtnggjl% ?IUFP{CI udi ng
the steps ofwit &vbanémagrekihl Yor@foudd 2B RARAIdREI, BAM comicinkARERBuRIARl ySt 1N
a non-pol ar hydrocarbon w thout isol atllgdg‘I ﬁt he supported non-netal locene

9

cat al yst, cohiratmihga triea-s¢talleagne fcompeu @r Geebp fon- Geaual § dresigiodat al yst

wi th an al kyl al uyi num.c und, cont,acti.n he,; 15 resul ti sl.yr with a
sol ution of rgetg}eﬂelcc?g}eaﬁ{e)pngégl%éﬂﬂ?f '5?@%@@] %%‘éwei?méﬁ%c"'ﬂg%}i“ﬁﬂ“ {hﬁe cont act
product to qhétallstene/spdREhEShlIMigERt al | i c catal yst. The supported

non- et al | ocene catal yst is prepared by dehydrating a particulate support

mat eri allOat a t erdpeangtthgreembodiment, ethet prasens 0ovantiopr pioxidene anethed rof of t he
dehydrated support in. - hydr r.bo t ng the slurry with an
oo SHOBRTl T SR, DORIEEP s RS0 U

20 organonad%e5|u comnpoun resul ting

slurry W t huppdt@ed weet@aklalloesne caniyzoung noh-palaohgdfocdrbon witoupisolatingnsi ti on
netal. The contact product is not isolated fromthe slurry prior to contact
with the al k)¢ suppasier nRan-B6teHecRRg . CatalyshneRITASHNG nihe ilyrBhof thesupposisdnt

!nvent! on prr%Yli- &ﬁll@ceﬁ@t&?aq?fsgfwitg%rpra l1JCzhu in%npic %@Ll{;d Cco%%cﬁl\ SlthF

including the steps of providing a slurry of a supportéd non-ngtall ocene

cat al yst15i n rasudtnp slotramvithyosohamnbda méthliamehe canpatndrgd ah ARinsoxapea randd

non- net al | ocene catal yst, contacti ra%ﬁt,he slurry of. the ,supgorted
1

non- net al | ocHni@e c Hieargripctproduet oy obtain i srpRotted| Dimstalke © actlibfg t he
resulting 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



slurry with a solution of a netall ocene conmpound and an al kyl al um num 30
conpound, and drying the contact product to obtain a supported binetallic
catal yst. The supportéd non-netal |l ocene catal yst is prepared by dehydét%tr\imgzo%
a partivoee’support material at a tenperature of great ectyisan/3600
preparing a WD 03/047752 4 PCT/ US02/ 31777 16 MAY 2006 slurry of the

dehydr at ed support in a non-polar hydrogcarbon, contacting the slurry wth

an organomagnesi um conpound and an al cdhol, and contacting the resulting
slurry with a non-netal | ocene conpound of a Group 4 or Goup 5 transition

metal . The sq,g.ﬁt jaTel TTat WET IR d§g}, AbLshr by @dhinens al A cont act
with the 5 a uﬁgﬁlgﬁg gdg?ut |SoIr)1fME1l BRI E (t,:RI PTI Or\ll @{‘&Hﬁgfﬁaﬁ%‘ﬁ& Fi gure
1 shows t hewnlven agganembgndsiuyn vemgpogndsardi maaldquldmrai camadtmgphe fdsultiag for a

supported ngn-netall ocene tyransition netal aqtlal ys% and a supported 10

bi metal i ¢ L4PaMth a npn-metplpgens ERIENBIIR F10uBnd AsHEYP, S (tH@SHiRlent i on
provi des prgepSeiR doifad bRRAE 1390 PisBlaflal Rbitfie sIGA\Hiclo CRIRASH @ The
process inc es providihg a slurry o a supported ‘non- ocene

cat al ystS wi dllmaokanesoluaibhng t he supported non-netal | ocene catal yst,
contacting the slurry of the supported non-netall ocene catalyst with a
solution of a netallocene conpound, and drying the contact product to
obtain a supportgfiEPHIRICR] ng%pﬁ-@m“i on. It has been
surprisingly fo = | | ocene transition netal
catal ysts and supigaret Eehdwsicaivirage 20ticiat a¢rysd silipa dpRydiatisisienpeatsyppor t
dehydrated at a terrperature of greater than 600 C show increased act|V|ty
rel ative tofaof h% S(S’(BP‘P g dearmegfalienshe ntansHign melaly cpalyst and) assppRertedd

Non- Met g | og; ﬁ%%ﬁt 25 In one step, nethods of the invention include
provi di hg a S urry 0 supported non-netal |l ocene catal yst. The supported
non- et al | ocene catalyst is prepared by dehydrating a particul ate support,

and cont act ury o£ aE 2 hildrat ed support in a non-polar
hydr ocar bon soI \a/QEIITﬁ_ E § ﬂ

In one aspect, the invention provides processes for preparing a bimetallic

catalyst composition. | The process includes providing a slurry of a supported non-

15  metallocene catalyst w1thout isolating the supported non-metallocene catalyst

P

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
b;n—e;z;fl;a;aT);st 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 turm 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,



or ganomagnesi um conpound, an al cohol, and a non-netal |l ocene transition netal

30 conpoyt The catal yst synthesis is carried out in the e _of WatMAy 2006
and oxygre}g(?z'/0 gﬁént ageously, the resulting supported non- /ggﬁg}d%ﬁe

catalyst is kept in slurry and further contacted with a netall ocene
conpound as descri bed bel ow, WD 03/047352 5 PCT/ USQ2/ 3177716 NMAY 2006

W t hout isolating the supported non-netall ocene catalyst, resulting in
reduced batch time of the catal yst preparation. The support is a solid,
par ti cul at ewithetoiselatipg dhe sapnoyted nemgasiaio¢eas eqatayst, resulingam weduced de of
silicon and/qr, of alum num The ort material is used in 5 the formof a
dry powder é}%ﬁ“@eghﬂg\fg aé)&épbeggféﬁ@ ‘e size of fromabout 1-500 m typically

from about 10- 25Phdnsuppaf isW §odde pariRala®f pbitdis SpRRA4BLy liforghnit @@driabout 3
n2l g, and typically nuch |arger, such as 50-600 n2/g or nore. Various grades

of silica aswhalsamaxidesefppbean ansk/errofaluynianm. wi bkebyppatiansatatiblds fuseshimuner ous
commer ci al ﬁlogrcesf &0 I n, & ﬁar.ti cul ar. eenbé)lgilnent, ft he cgr rti 3{ is silica. A
sui tabl € si 'FéTM €3 Wi%(h R TR %nd?ﬁﬁgﬁso sfm"i‘ﬁ o éé)lq He 5
nmaterial magkrbRd flehdout 18-2503@NTRB SurfRE JRAVIFIAO s$pdrtOk aPRYLtSBBuO55 by the
Davi son Chem gal” Di vi si on of R Gace and Cojipany. These silicas are in

t he form of 3 spfeernd sipigrdlytrhuthelargsint wich esl SBy08 m'dgp pamode.y Vagows gradess, and

have a surface., area ,of, about 300 n2/ and a.pore 1 olune of about 1.65
cnB/g. It i@c\ﬁéﬁ R HHTE FERPA g{aég?}sl P¢a™ @% |adfa§?b§? Alé"”i‘t““%ﬁr?‘ﬁ ni trogen
and heati ngcathmaRetltod8ss. C, such as described, for exanple, in U S - Patent

No. 5,525,678. It has been suqr"gri singly found, however, that the activity of
suppor t Bl cat al ybt & patiewanembe@imgnhygheagariier is stlichy At syitafele silichasia highein i s

unexpect edl ensitive t he,.dehydration,t rature. . Thus. whereas the 20
oot s of SeFEl sl dfeRohl §NES AL &' PR BTREHA Gacl S radiBbEET L1600
C, the preseDhvikdhVEIN 6 Saisined SUsyPihe DaRBbi Chewichl DivdikioRwE W IR, gligde cat al yst

activity can be achi eved when dehydration tenperatures of greater than 600
C are used i Companyat Bhesstsilicapgby in he &oyar af spiiericalnpardgles ebiainah bya

ey o0, GroSEEE BB OB o Syl ASPRF 558, S0 48 EBlee %0,
from anys | owslumkeafpbowt U6% cint/garny isiwgEknown to dehydrate silica by fluidizing 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



tenperature being contenplated. As shown in the Exanples herein, the
activity of silica supported binetallic catalysts increases non-1i nqag‘MxY 2008
wi th silweoas@ehygdration tenperature up to a maxi num at abeylysd9r8920 C or
750-800 C, and these ranges of maxinum catalyst activity are particularly
preferred. 30 The dehydrated silica is slurried in a non-polar hydrocarbon.
The slurry can be prepared by conbini fig the dehydrated silica and the

hydr ocarbon, while stirring, and heating the m xture. To avoid deactivating

t he catal yst, ,subsequently 1 6 MAY, 2006, WO 03/ 0477-32 PCT/ US02/ 31777 6
added, t h??dgﬁg tglsﬂaé}d %‘thgbéteBT of ke Eﬁtﬁg'lsgl?fepﬁfaé’ﬁﬁr%lpl‘lfﬁb% fatled BE darri ed

out at te : I I r pari ng
t he sl urryrfprg??‘ﬂélj &f%é?%o%@) &éo)'rng}z%ég t%gbeéaﬁg%ﬁ@%fjg&ngﬁg %‘gxfgaﬁ}%hi/l rocar bons

for the silareds &l 10 7@, ardd tbi6§ICd at reaction 5 tenperatures, and are chosen
so that the organo nesi urn coyrpound, al cohaql. nd transition netal '
conpound descri @H‘gggl nRR-RRler J;B@ég‘?“sﬁgf lﬂ?ea?‘llf/a QBFM@I’%ﬂHH‘dt%éeaCHGH- pol ar
hydr ocarsbonemsith bl 6n8%: RAb&N b HaPGRE BANSoMAGhL i i or
branched al ﬁrgﬁgg, cj/cpoga{??(anes nand e?r onmat ?é@" Tﬁe ﬂgﬁ%g%gn({lfy{]rgﬁoér bon can
be, for examgltepsidon aldt@rmempeound desribsdpelotvanre at leastgraetjallyswhblainethe

n- hept ane, 10 octane, nonane, .or. decane, a cycl oal kane, such as cycl ohexane,
or an ar ondfqnffo(fmg'U@FP“ééb%‘eré‘%ﬁgl,e R Wehwo‘@tﬂl’@ﬂsﬂéai‘éﬁgﬂ'qw WPGAT 8 of

non- pol ar I - Bri . = ar

hydr ocar bon%g%(%g gh%&??’fﬁgg),amgﬁgmggds%ﬁ%%cgr co ea%&oﬁélt%ﬂrhgg%ﬁ&gpﬂ%g}ﬁa, silica
gel and/ or belfecekanplsj enw edkantp suadhnas ésoptntans shexhneyaisetiexan ywgleptageg| ar

conpounds, and other materials cagab‘lé:gnof 5 adveésel y affecting. catal yst
activithl THRARS) DPRape; or dReARe oY SlopkaNG TUAh 28 YFIPARAEgRESN BFBHifaound. The

or ganonagneg Kk GRAPHANdoludnelor SR tAZer! MiMIRes oY"fﬂ%ﬁf‘poEr%{L}Grd@ar%‘iﬁ the
same or different C2-Ci2 alkyl groups, or C4-CI10 al kyl” groups, or C4-C8

al kyl  gr ougs.aldorbecuspdr Prioutcauseetheoninpaiar, hydnecadrayacaortegnediednsucbapound i s
G DUty 205Gl i, e, BN o SraSnOmIneR U comound eediis
silica slurfyet hgtt Wwitdr! oxygen, polar compounds, and other materials capable of
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,-Cy2 alkyl groups, or Cs-Co alkyl groups, or C4-Cg 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



‘be deposited, physically or chemcally, onto the support, since any excess
or ganomagnesi um conpound nmay cause undesirabl e side reactions. The s %)rt
25 dehyd™® P¥W7{8nperature affects the number of hydroxyl PETAUSE2/DATE Ir':ﬁ AY"2006
support available for the organomagnesi um conpound: the higher the
dehydration tenperature the |ower thesnunber of sites. Thus, the exact
nolar ratio of the organomagnesi um conpound to the hydroxyl groups wll
vary and can be determ ned on a case-by-case basis to assure that little or

no excess 36lueygaiagiies ihesluoypoihthd ergasmhgndiiemaqpipopnd ad eetageaint  of
organo- magnesi um conpound can be determned readily by one skilled in the
art in any tHRvEhEanbnds smARRIPXINie guide. e amenmt pfithe oragamasrasiesi um

compound Lo o6 WE0RH:04 (f e MGH WOOR LA Tie MRIMALCOPRT ol el T e

stirring the sturry, unti e ‘organomagnesi um conpound® |

sol vent . As geoups pPHYsh et sipgotit defromleS:an®drit o00.8t1he 311gan09HRBEs), Bm
conpound_added to the slurry is such that the nplar ratio of My to the
hydroxyl S gAbRHSs 1doH) T Qreanoguagnesivm; sompapnd) dissplves in 1the gpompglan to 3: 1,
or 0.9:1 to,2: u fudion Wn rlﬁgpmgqg 'H%i oun i | ves in
t he non- pol ggd%ﬁ?gé%goa?lﬁglngtsémg‘g?m a 2‘6 utron Efﬁgdm ?gggﬂt%bggpgg'ag?\%nagnesi um
conpound i s degtefiedidned tntoarridie Thar areunt dfheheadbTranbmagnesiuen @bgpoaRBgnesi um
conpound (noles) based on the anpunt of dehydrated silica ?rams) is

typi cal 'y 0(molesipased on H’ezarwtsntpggelzyrdr%¢<h51hﬁa)(g/rgrn§)o151ymc%d§- qumelig 0. 6
mmol/g to 1 , LTS e . I I ossi bl e,
but not pre%cgrzineﬁﬁ%){/goor%4dg{ (zal/g(]){r%ganormgl/ g)lrg)ngg co }o%nhbhﬁlgl@é)zg)'gf -t he
anmount deposirhelth o Pminfd/gsupport and then renove it, for exanple, by

filtration and washing. Optignally, the organomagnesi um conpound-treated
slurry is contactled 3%5’ \RP?SI‘P?%m 8t &t rRSﬁt%Hg%oFo, %Hcﬁlea@ganomag“esmm
tetraethylo idd | { ' ' <R is a
GGl af kylgpans iiapeess QR A IpRAEDble 1R FRROMST i EI T or oup.
I n a parti ctidraaxampleobly frration @Rh@kyasking- but anol . The anount of al cohol used

AL TR ST NENCCTEERG o W, R RN R L
or ganomgne s kcatbf AR, t SIRAL £ tetfabihlborthSsifOAt ATEE) Vbt bh e

alcohol R"OH, where R" 1s a C;-C;; alkyl group, or a C, to Cs alkyl group, or a C,

to Cq4 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

0.2to0 1.5, 0r from 0.4t01.2,or from0.6t0 1.1, or from 0.9to 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 t0 0.8.



netal | ocene transition netal conpound. Suitable non-netall ocene transition
metal conpounds are compounds of Group 4 or 5 metals that are sol ubl e Ti6rMAY 2005
t he non-wpabas77bydr ocarbon used to formthe silica sl urrypcBuishabl e

non-netal |l ocene transition netal conmpounds include, for exanple, titanium
and vanadi um hal i des, 25 oxyhalides or _al koxyhalides, such as titanium
tetrachloride (Tid4), vanadium tet raé;hl oride (VCl4) and vanadi um
oxytrichloride (VOO 3), and titanium and vanadi um al koxi des, wherein the

al koxi de noiety has ag BefnRfalier@anshed al kyl group of 1 to 20 carbon
atons, preferably 1t : tures of such transition netal
conpounds nay al ¥he bepposted bim¢tellmnaatalystos praparedtbyndepmisitingenmetatlacaiet i on

metal conpound used is sufficient to give a transition nmetal to nagnesium
ol /ol 1 &t SASTRFRA GaHe Shesuppored nogrmetallgcene iangiion metal ialkek YEbRIWD
03/ 047752 BRREELITARHAITForiSh RorHROMGLER EHdTRY Hoki GuEat al yst The suppor t ed
binmetallic catalyst~is pfepared by depositing a netall dcene conpound onto
t he supported nofheratmt |“owtallbcenarsintpoond’ rat absed ateatipsmeand cbmpdundsi r st

i sol ating the supporte on-netal.|l ocene catal yst fromslurry, 5. The term
"met al | ocen@®¥d gilﬁ?l‘é?‘g’égor&gﬁf‘slﬁté‘?‘b?‘ﬁtaﬁggisw'é%ﬁﬁb‘&lﬁﬂ%ma‘Jr\ea‘?)’llnﬁﬁpb“@“éup 4, 5
or 6 transitgj t\ah; 1 : I j . i )| | i gands
whi ch may bl;éll gg?)r{saﬁl\t@{l}tc ggﬂ aya!é\é Fggﬁltt&gﬁ’e&ﬂgﬂ%tg@gﬁg%eﬁ{c ggi)e g{najggﬁgfej??r\i}reeg | i gand
(X), and zeligamdr(3Onendetreraainenhatena@mcomainingalighnd\)Y,), tHeeligandabemgbei ng

coordinated to ,M and corregpondi ng i.n nunber to the val ence the f. The 10
met al | oceneSAERALFd; to, @{}ﬁs‘éf’r‘?sg P&y 1P yNYrRbRT V’ert}&ct"f’ a¢s (Sfl‘Ferlt’ ﬁ%ﬁ sui tabl e
co- cat ¢ YSheldiRt&fe’ EffalyQ ﬁémﬁeorsag“ehkeaﬁ&%ﬁ)ire L&iRBR Wi Y hflafledd-act i ve
netal | ocene catalyst, i.e., an organonetallic conplex wth a vacant _
coor di nat i onatslyste(refeared garas apodadtivami'd, in osderttp yaeld gnohgtiver mealloteki ns. The
met al | ocene conmpound is a co und o on.e}bor both of,.the foll SV\A ng types:
15 (1) Cycl 6¥albtladfeAd OrgaBgme FRmBIEX Wil A YRS coRrstinglion; i t83t<5a8ns” f or

|igands. Theodrinhtedansket, f SidMpdlypdHdi 6RAGOMhEXm¥falibecnBecdRbdindad acan be
free to rotate (unbridged) or locked into a rigid configuration through a
bri dgi ng gr euppound of one or both of the following types:

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"RIMX,
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; mis 0 to 5; pis 0 to 5; two R' and/or R?
substituents on adjacent carbon atoms of the cyclopentadieny! ring associated
therewith can be joined together to form a ring containing from 4 to about 20

30  carbon atoms; R’ is a bridging group; n is the number of atoms in the direct chain
between the two ligands and is 0 to 8, preferably 0 to 3; M is a transition metal

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



‘The Cp ring ligands can be |ike or unlike, unsubstituted, substituted, or ﬁl
derivati \& w%%gf such as a heterocyclic ring system which n@/f be 16 MAY 2006
substi tut%%l, %nd the substitutions can be fused to for hfr-SUR&3<% ur at ed
or unsaturated rings systens such as tetrahydroindenyl, indenyl, or
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formula (CPP R mR3n(CP2R2p) MX4 wherein: Cp' and Cp 2 are the sane or

di fferent Céﬂ opentadi enyl rings; R and R22 25 are each, indggendently, a
hal ogen or tbigyef heplaents prd iscrielsyably iy its bishesyaxidatighstate;uaaeh) X is a

or ganonet al | 0| car byl - tjt.uted organgnetal | oid grou cont ai ni ng
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4 to about mtaél@ldsanwbhdraﬁashﬂj,—smslwdaorsamcumtai@1@md}@,loqarbygsubs@nncmber of

atons in.th i i t two, Ligands._and is;0.to0 8 referably
0to 3; i §rg§h§§gttﬁlsl§l{a?%ﬁwn§(§g¥mﬁﬁau\ﬂh§ga b<'§1)m\/‘12a gahrg(gng T 8?9 8 l% Sqll?? t(gr ef erably
from group the valené oBMdfiduRe. peri odic WO 03/047752 9 1 6 MAY 2006

PCT/ US02/ 31777 table of the elenents and is preferably in its highest
oxi dati on st at e; (@ddanoeyrlopentadieny complszenwhtrhdiaye only pan Enaing $ysiem
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oxyhydr ocar by | freeulbis trotatet @ohbeidga) osretarkediifoos gl cwaliBytatidn titought£d 5
organonet al | gi.d group containing up to about 20 _carbon atons; and g is equal
to thelQal BHSENEErRMRYH dsheseropom-ganiyaing| bgrddt dbf iy ringohigandxe@d Yhi ch have

onl Y One. bl Slbufifed i FMallle idieds ARAC 8riBeACNALT rfandY of

conpl ex wt netal and can e free to rotate (un cked into

a rigid conbysyem athidnmbaipbe sghstitutdd) abd itlegiubstitgti onspeah e fudedtte faat otitecont ai ni ng
i gand. The Cﬁ ri ng Iigaand an be unsubstituted, subs itrt.eg, r a
derivative PHBRUSK Ok yopriwaled HagsePHLsRY stk o getrdty drpenih cRoRY e

substi tut edgygndyf RRg %yaéﬁqg.tnﬁ]e REtEroa i Q@ntfaH_ﬁr?ggliEQndf Q_rtsedlmdhlgrbotﬁaﬁéﬂ ated or

unsaturated rings syStenms such as tetrahydroi ndenyl, indenyl, or
15  metal and optionally to the Cp ligand 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)RH(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
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hal ogen or a hydrocarbyl, bal ocarbyl, "“hydrocarbyl -substituted
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adj acent carbon atons of the cycl opentadi enyl ring associat'ed there with can
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two fromgro 16, .30 preferahly njtrogen, phaospharous, oxygen, or sulfur;
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there may be two groups on Y each independently a radical selected from
the group c‘@ﬂfé‘F%PfRﬁbnﬁ?usé? to C20 hydrocarbon radicals, substituted C, to

C20 hydrpocar bon i } 451 repl aced
ydigo E%ﬁ§n§f bmgél)%(béhta&]&gyl GhetdHb n'ay%qg@ﬂyeﬁé&/ ?E%rn'ggdn éﬁf‘p

wi th a hal ogen atom eac Is a non- cycl opent adi and is,
i ndependentgrgyp d1hatoegdor paodwainggére orVIZDPRypolpmarsbyf thoxypepdoncae byl |

ne eyl AENSRACH Y, SR R AR 5 L 8,,51 e
or Q?Rcemef/ :: %g%(gs%;o%% azlljli;ag,@ NGOSHP 41522ab9uly, B 50t BOrB2aieans, 3915629, S equal
5,243,001; 5,278,264, 5,296,434; and 5,304,614.
15 Illustrative, but not limiting, examples of suitable biscyclopentadienyl
metallocenes of the type described in group (1) above are the racemic isomers of:
p-(CH3),Si(indenyl); M(Cl)a;
p-(CHs),Si(indenyl);M(CHj3)s;
1-(CH,)sSi(tetrahydroindenyl);M(Cl):
20 p-(CHs),Si(tetrahydroindenyl);M(CHj3);;
p-(CH3)2Si(indenyl);M(CH,CHs);; and
p-(C¢Hs),C(indenyl);M(CH3),;
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.
Illustrative, 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),;
u-(CeHs)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 aﬁgd‘éﬂ\] 2008

di scl oseg,d @3> Patent Nos. 5,324,800; 5,198,401, 5,27 . 7
5.120, 867. 5 017 714: 4,871 705 4,542 199 4. 752, 597 5?'1‘%'%,85‘%%?;@, 391, 629:

5,243,001; 5,278, 264; 5, 296,434; and 5, 304,614. 15 Illustrative, but not
limting, exanples of suitable biscyclldpentadi enyl netallocenes of the type
described in group (1) above are the racem c isonmers of: .t-(CH3)2S

i (indenyl)2M )2, -(CHB)2S i (i, 1)2 2, -(CHB)2S i (tetrahydroi
ndenyl ) M C1) 5. AGHS e ey e RARP P ST v cro 2,
- (CH3) 2Si (i ndeny] : j ) 2M CH3) 2; wherein M
s 70 or HE Exatit 68 i Em B RO BT M aoi enyl retall ocenes
f the 25t i g g i il in U S Patent

Nos. 4, 802, 841 ol T S el e BAGh 't he publ i cat i on

J Am Chem Soc. p-(Qg83:C(tidopenRhlenyl)(1, idlimethy Mlapreoy)) M(BY),; landri t i ng, exanpl es
of unsymmetrical c clogentadien net al | ocenes of the type described in

I
group (P above kn(eHs) (debe%?%@ﬂﬂﬂdbmﬂhé(ml@ﬁ‘w#w(RJ)air enyl )M R) 2;
- (C6Hb) 2C( 3- hwl | j I I I R)2; WD 03/047752 11 1 6
M(AY 202)0C( P@%@Mﬁ%gﬁﬁ;ﬁ%§y8§§%beﬁ?;§?gnyl) ;VE f I) uorenyl ) MR) 2;
- (G6H5) 2C (cycl opemipied @ffydultaBleMRiohydycloperatien fdel Bcbnes- 6ORE lypel 3

-met hyl cycl opentadi enyl)(2-methyl inde ny I)MC I|)2;
- (06H5) 2C( cdesFafsanimdireddy (3 abguediarredisglosed,an Z{I(DI»SI )II)\a(lﬂ)tzNoanéIOB@?‘?S;

:(Cr) 2 cyehopent 3k ) { 364 EH L URY SIWO S F23aq, WhETein Mis 21 or

10 llustrative, but not limiting, examples of monocyclopentadienyl
metallocenes of the type describe‘d in group (2) above are:
u-(CH3)2Si(cycl'opentadiényl)(1-adamantylamido)M(R)z;
p-(CHj3),Si(3-tertbutylcyclopentadienyl)(1-adamantylamido)M(R),;
p-(CHy(tetramethylcyclopentadienyl)(1-adamantylamido)M(R)a;

15 u-(CH;),Si(tetramethylcyclopentadienyl)(1-adamantylamido)M(R),;
p-(CH3),C(tetramethylcyclopentadienyl)(1-adamantylamido)M(R),;
u-(CHj3),Si(tetramethylcyclopentadienyl)(1-tertbutylamido)M(R),;
u-(CHs):Si(fluorenyl)(1-tertbutylamido)M(R),;
p-(CH;)zSi(tetramethylcyclopentadienyl)(1-cyclododecylamido)lM(R)z;

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

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

25  describing suitable organometallic complexes include Organometallics, 1999,

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

In particular embodiments, the metallocene compound is a

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

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



Exanpl es of suitable nonocycl opentadi enyl netall ocenes of the type ,
described in group (2) above are disclosed in U S. Patent Nos. 5,026,67[9@52005
5, 057, 470 B/08B82 723; 5, 264, 405; 5,055, 438; and in WO 96/ pe2a%H2/3107
[llustrative, but not limting, exanples of nonocycl opentadi enyl

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

-(CH3) 2Si (cycl opent adi enyl ) ( 1- adamant yi<am do) M R) 2;

-(CH3) 2Si (3-terl butyl cycl opent adi enyl ) (I - adamant yl am do) M R) 2;

-(CH2(tetr hy: I ' - j .15 .

- (CH3) 2Si (f’g? ?]aar,r‘é%fn"g%c %%‘e“ﬁ? g%%“)ee% @%‘?%%ﬂ%@m%@ﬁi ﬁ%‘gﬁn‘“m or

- (CH3) 2C( t etafmmet, hylidey gtampe rare prefenably( thladadreantdytha ralkid) Moty are C,-Cq

-(CH3) 2Si (tetranet hyl cycl opent adi.enyl ) (1 -tertbutyl am do R 2; - -(CH3)2S

i Ef | uz)r en)(/l %?]()ﬁt p§téthvg,cqué H’i’)“%(‘ﬂﬁ ggtgrgp]es of sucH rXetgmcengsh{(nc ude: ( )

-(CH3) 2Si (tetra 3 AR i d;e( 1- cycl ododecyl am do) M R) 2; 20 and
-(C6HS) 2C(t et raﬁ%%ﬁe%@%opgmg!cg%| (I-cycl ododecyl ami do) M R)2; wherein M
is Ti, 2Zr or Hf,bigidleRyl)zardGhium diBrBmidet her or ganonetal | i c conpl exes that are
useful catalysts _gje those with .diinido |igand systens, such as are
described in” WO Beinsdepylzircontim bis@-talesnesdfonsic)gescri bi ng suitabl e

pubii cati ons Vo S8 Tivee b BERIEE B IS o oe/ 40420, wo

98/ 40374, WD 98/Eis@8renghirdomiwpdiahlqridel i cati ons EP 0 881 233 and EP 0 890

581. In particulay enbpdi.nents,.the metall ocene conpound is a 30

bi s(cycl opent adi%MF?%@’PQ%@@&V?‘HBE“&*‘%I@(‘ 7cl opent adi enyl ) et al

hydri dofpal i de, ghhkgd-6%6h Laeb R div® .monoal kyl nonohal i de, a

bi s(cycl opent adi engl) V\DGOBI 7752 %ﬁ 1 GBQI\/JKY 2006 PCT/ US02/ 31777 net al

di al kyl, or a biehylacehis(ihdetybdimiéthgl Zicesjunwher ein the metal is zirconiumor

haf ni um hal i de ups, ar.e preferably.chlorine, and the al kyl groups are
 fhileeenfiteygiphe

Cl-C6 alkyls. B AR g exanpl es of such netal | ocenes
i ncl ude: 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 ) zirconiumdichloride; 5 bis(indenyl)zirconium dibrom de; 16

bi s(i nde | ,e9ni um bi s(p-tol uenesul fonate); MAY 2006
bi s(4,5, g?ldig)%‘gtﬁ:ghydroi ndenyl ) zi rconi um di chl ori de; bi s(FFUW%H’zi rconi um
di chloride; ethylene-bis(indenyl)zirconiumdichloride; 10

et hyl ene- bi s(i ndenyl ) zi rconi um di brom te; et hyl ene- bi s(i ndenyl ) di net hyl
zirconium ethyl ene-bis(indenyl)di phenyl zirconium

et hyl ene- bi s(i ndenyl ) net hyl. zi rcopi,um nonochl orj de;

et hyl ene- bi s(i ndB‘ﬁE)/:W]?P?‘H F'&%H%‘?‘EX'H’@‘E%%%“PSW&E‘@% 15

et hyl ene-bi s(i ”dSiﬁsélry%@Férﬁ%kw‘e@iﬁéi&b&ﬁw%ﬁé&ﬂl%ﬁ&@t e);

et hyl ene- bi s(i nde rconi bi's(tritluoronethanesul fonate);

et hyl ene- bi s( 4, 5bis(cyelopemtadipayi wiyoldbenli mionmommonodileidegr i de;

i sopropyl i dene(cycl opent adi.eny| -fl yorenyl ) zirconi um di chl ori de;

i sopropyl i dene(cg’é(%ﬁl@ﬁ?fﬁéﬁ‘éﬁﬁa)@ﬁ’éﬁﬁﬁw BI9BREHANES Y| ) zirconium 20

di chl origde; dime i = ] i Lreoni um di chl ori de;
di et hyl Ssji |yl - bi é’?%??b%&@h@g&ﬁ%ﬁg&%&m?{r&égén}?%%éél chl ori de;
di et hyl si | yl - bi bis¢tyolepénthdiyoy] zireotiach reorydchioride amonohydhiddy| or i de;
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di met hyl silyl-bis I ndenyl j zi rconi um di chl ori de;
di net hyl si | yl ( cybis@yelopadadiayl)dipheaylziryéniamr coni um di chl ori de;

et hyl phony ! i [y PRty SOPRH B SBHASTARTER| of | do:

bi s(cycl opent adi gl pbefaNEMD LR QY irdsium RhRtiay¥c! opent adi enyl ) zi rconi um

di brom de; WO 03/047752 13 PCT/ US02/ 31777 16 MAY 2006
bis(cyclopentadienyl)ethoxyzirconium chloride;
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(difnethylcyclopentadienyl)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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s(cycl opent adi enyl ) et hyl zi rconi um nonochl ori de;

s(cyclwpaapadsenyl ) cycl ohexyl zi rconi um nonochl ori de; PCT/U502/3]7771 6 MAY 2006

s(cycl opent adi enyl ) phenyl zi r coni um nonochl ori de; 5
s(cycl opent adi enyl ) benzyl zi r coni um npnochl ori de;
s(cycl opent adi enyl ) zi rconi um nmonochl ¥ i de nonohydri de;
s(cycl opent adi enyl ) net hyI 2| rconi um nonohydri de;

s(cycl opent adi QH £fﬁ W5eh

s(cycl opent adlb‘?ﬂ %% eny |hr cg;rﬁ)u% lorbde

s( cycl opent aditéstyyolehchedieply hrircamumndimethyl;

s(cycl opent adi_enyl ) net hyoxy oni um chl ori de;

s(cycl opent adlbé?(ﬂjif‘)l%‘teﬁ@f?iﬁi‘b’ﬁ&i%ﬂ%i'%déﬁ? Byk de;

s(cycl opent ad te);
sgcgcl oBent ad:bzﬂﬂé(%@e&%gﬁng%gl s(p- t@aﬁgﬁzﬂsél na% e); 15
s( cyclsopent aditésiyyqlapentditnyhbindrh hiyitideshdsridehanesul f onat e) ;

s( et hyl cycl opent adi enyl ) zi r coni um di ¢chl ori de;
s(di et hy] cycI%ETHUS}GWéILﬁHeP%dF%H?G?H'HW@M'@T‘W&f?
s(di net hyl cycl [ orlde;
s(di et hyl cycl%%§%§§+>§% %‘ga}d%g%}r?ﬁhfn d

s( et hyl cycl opebig(adiveyiyyclapencadivny izt @bibmardigiethyl;

s( et hyl et hyl cycl opent adi en?/aé’%ﬁz*{yr coni um di chI or| de;
s(propyl cyci opds{pudexalopen ORawR dgpethet

t)ay! I
(buts) cycl opc GBI B RO g
s( et hyl but yl dys(hdn@dt)aﬂbmpdd)myﬂ)haﬁmmmhgldnhd»dhmrdﬁ
s( et hyl but yl cycl opent enyl)zirco um bj s(m thanesul fonate);

i s(trinethyl cyctréﬁserei?la Fiopentadisp lfﬁoemna) chlonde;

s(tetranet hyl 03{g(lroglﬁg,ﬂgmgilc?@%'rp}&h&%f?ﬂbﬂh%ig;}rpﬁim%gg_ 30

s(pent amet hyl cycl opent adi ényl') zi rconi um di chl ori
s(hexyl cycl opebiS(aehtEyich)\Qpemademzﬂt@ﬁhmrdiddoride;
s(trl thyIS| I cIo ent.adi en zi rcani um di chl ori de;
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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-O0),AIRp, 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 about 50.
25  Most preferably, R is methyl and "n" is at least 4, i.e., methylalumoxane (MAOQ).
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 alky! with a limited amount of water yields

Ium br's tr| “uor onet hanesul f onat e);

20
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hydr i doch 5 bi s(cycl opent adi enyl ) haf ni um hydri doch 2,/ 17
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bi s(n-butyl cycl opent adi enyl ) haf ni um di ¢Hl ori de;

bi s(n-butyl cycl opent adi enyl ) zi rconi um di net hyl ;

bi s(n-butyl cycl opent adi enyl %haf ni um di et hyl ; 10
bi s(n-but yl éf@mg‘éwaavrérgf |3 YROXAHRS- Jmhywhad%féﬁrzappraef MAO is described

bi s(n-butyl ﬂyl 20 Eeﬁgdyaafgza%,#(yzdtmgl %1”1%&'?4647 (1990). MAO is

bi s( pent ane opentadi ényl ) zirconi.um

bi s( pent anethylaesitdbbpfoinadiienydopnatieial sowtteshtypidatleas a 30 wt % solution in
bi s(n-butyl cycl opent adi enyl ) zi rconi um di ch] ori de; 15
cycl opent adt¥Hsnez ilp eap EmRPdimeat thy arpeunt OSPQmmamwéqdr%me@wm@nc ori de;

bi s(4,5, 86, 7-
oty enes [ bISTEEETE b aEM¥ Al GBI E B S il ipolpol il
vari ous enbodimans®] uase@l],uén f@mnGB.lam mwmm 881ty 20011, bBfromegar ed, 20

in an aromati ¢ solvent, such as benzene, toluene or ethyl benzene.
Al unoxanes t@afE:bi goreri c al um num conpounds$ represented by the general

formula (RA - O, m}' & bb&l nfsy C Ecmgt%mﬁéﬂ%dcorﬂ \BﬁRlﬂp&%@Ak@h whi ch is

a linear conpound. ese orrful ae, eac I's a &l Kyl
radi cal , foaluxaand solutiort hii thesk hgthbodimentg] thebuieydllooéned @tinpbundannd " n" is an

i nteger from | to about  50. 25 Mpst preferably, Ris nmethyl and "n" is at
| east 410j . @l um%ﬂweaqnwéﬁagréh%rm@e aroMateoSeAYRBS ak A AeTBRETBIUED At &9 Dy vari ous
procedur es § H?étt@% Pldurs. FOr | exanpl e, an alum num al kyl may be treated
with water drssol In an 1nert -.organic solvent, or it may be contacted
with a hydrated $al stomsun’rboelsndmysjran adkylcempenumrcmmmurﬂuhs‘ ased. sThpended i n
an inert or %ﬁcmla(iunsnonlu\r/ne%mpoundy !:aenl %e a trialkylaluminum compound in which the
alkyl groups contain 1 to 10 carbon atoms, 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



30 al unoxane. Exanpl es of al unoxane preparation can be found in U S. Patent
Nos. 5,093,295 and 5,902,766, and references cited therein. Generahlgympy %006
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m xture of al unoxanes. Further characterization of MAOis described in D.
Cam and E. Al bizzati, Mkromol. Chem 1991, 1641-1647 (1990). MAOis also
avai l abl e from various conmerci al sources, typically as a 30 wt % sol ution
in tolueng., lL.n one _enbodi pent he amqunt. al unm nu rovi ded by_.the
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conpound i s prebeatother ¢enpodimentatheasherTy of the nen-metallohersetransbiodiment s, t he
met al | ocene_conpound. an 10 al ynoxang are m xed together in the aromatic
sol vent at Cafaly étnlﬁecroé?fatﬂegi gfIB%S#BtIO%BF€W%? 1128 aFomate, selxenty nﬁé"ome
enbodi ment sesulidp Aikitte ab WREA WONERIBAOWIth iaS sUR@i8n dihan aliky llimuREm
conpound can be~a trial kyl al um num conpound in which the “al kyl groups
contai n | compounskarigonetaliotens cempourakinmet (0 hydrhgdrborpsadpant., 15 i sopropyl ,
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ooty or i ooty ph iheL ARRE! gkl R RE e sARRD TR e
trinmet hyl alobizidadnis( HYR) drivad t%qs{bﬁl}hx{ al WRpdRute BALD-s0ThE, @ B%Janﬁkwi num

conmpound is used in an anount such that the nolar ratio of the

tri al kyal usuppomed bimpleliecatadyst.r ansi ti on netal conpound provi ded by the
s from0.50 or 1

met al | ggene conpound y 1.0 or 2.0 t0.50 or 20 or 15. In
sone eﬁ@odi ment s, e%@eéﬁkﬂ/fataléftucr?f‘ntlfrr?%gr%ﬁd?.fﬂgu“ies?‘g}“gsﬁﬁZ’Bmf’ﬂglér’?&ﬁ uti on of
a C5-C 2 hudrcopayhres BMNE Himods WiktriBGtiARNbARDledutR PREERN omBAXABE,

i sohexane, or heptane. In one enbodinent, the slurry of the non-netall ocene

transiti on cpmpesitiomaaraiofist Thesecastal ysts ean bg usedainsorandty of pplysiekigatian uni num
fggﬁl"f[‘ﬂ gaﬁgggoﬁr?, es’Jl‘ai A hRGERE v RN LI AVER A% ARRGkbon sol vent. The

15 6. EXAMPLES
Example |
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.



then contacted with a solution of alunbxane in an aromatic solvent. In

anot her enbodi nent, the slurry of the non-netallocene transition netal

catal yst W&0¥HYAT3cted with a sol ution of al unoxane and meRGI/USRENEC A rpAIn08
in an aromatic solvent. 30 In another enbodinent, the slurry of the
non-netal |l ocene transition netal catajyst is contacted with an al kyl

al um num conpound or a solution of an al kyl WO 03/047752 16 1 6 MAY 2006
PCT/ US02/ 31777 al um num conpound. The resulting m xture is then contacted
with a sol ution Bfampit@roxane and netal | ocene conpound in.an aromatic
solvent. In another enbodi nent, the, slur r‘y of the non-netall ocene transition

metal catal yst T%’O@BH;%?]L*&CW transiicagnele Giplysts aretsrRiReated.i Feraplesplomat i ¢
solvent. Thg,.;g{ §§3"|smc§gvéﬁ &chﬁﬁeé Jnggnnﬁr%ggﬁ?@%gf&“ 4 @g@r&saglqébb@q of an
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al kyl al um num conpoun nd ne ocene co drocar bon
sol vent. | nSanpleoDAY) hmdabo8ed 8 gSampled2Byrb Ehichesnangple g thenturatedpssoduct t hus
obtained is_then dried, at .a tenperature of 40-60 C, to obtain the

typically at .a : )
support ed bfohewsl 14-0 @a?%e/h)‘?s‘ie.hyﬂ‘@teﬁh%]‘% Wat Rlaced a9t 3 Sghlenk dlashavithsed t o
produce pol Y(Sdrﬁi'ﬁxgggopﬂ{eyﬁgsrkswa?%gacgﬂ)gmoyﬁy?roﬁ E?x{{'eﬂg L3 at @\}iﬁa”' buti ons
of nol ecul ar welget, conononer corposition, or both. esé catalysts can be
used in a vairiagy Dibugdhygresiuia(2.88) mmeldovar sddedudh sgfind t tHezatirdded
reactors, autoclaves, and slurry reactors, 15 6. EXAMPLES Exanple 1 This
exanpl e sho¥BITy aebewe>h japd the shurmy hwasssiFRdl dtedinsmneratanel fotdriours r ansi ti on

metal catal y.géhr{}%oi BELARERI WM. ddbs ﬁy%%rmhgrétﬁéed%%&%g nbeRa" e the

catal yst is rated at a higher tenpe e than i's conventionally used.
Two 20 BanpieE3C ahd Devindanredsss stirtddcar thisrtemperhyde &éreld homneFiaillyg 1t 228per at ur e

Genydr at ed. ma10 e A4C It 10HE% £ o168 TTEn B 4 4PRh SR g GU R8Nl | g
3 :O:O gfg 3 dbﬁ%)cﬁ{t‘iﬂbed foRNhduk ! FREAThE BEEAPRAL WA reARVER DG NEChRAMS at © Yiel d a
about 50 °C to yield a free-flowing powder.
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 péi (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



met al | ocene transition netal catalyst. The supported non-netallocene
catalyst 25 was then dried to obtain a free-flow n owder. This cat g
Y 9p o & Ry 200

was thenygegdyher a | aboratory slurry reactor to pol yneri gergkhyiiene,
the catalyst activity was determ ned for each sanple. Sanple 1A (using 600

C dehydrated silica) showed an activity of 3900 grans pol yet hyl ene per gram
catal yst per hour, and Sanple IB (usi 850 C dehydrated silica) showed an
activity of 4960 granms pol yethyl ene 30 per gram catal yst per hour. WO

03/ 0-47752 17 P%’){ Q 531777 16 MAY 2006 Exanple 2 Two non-netal | ocene
transition net al-eaggeag—ysts were prepared. Sanples of Davison 955 silica

wer e dehydrat ed mae@nﬂa bpBiRNethllie Wafabfstshwére Wrépaddd. G5t horkMe@Nb&@nédA) and at
800 C (Sample 2B). Each sanple was then treated as 5 follows. 4.00 g of the

dehydr at ed @italyssawreesprepared @nd nsadatad Ssing S9R °Q dedwdigtedhsilicaSampladdane. The

Di but I magrtls T (2 CeneRRe iRl 38 &5 megld & R oSt ur vy

about 56 C eefl tleBRdSAsUfdIwsaS ThE i drfeddn@i-metil IS cérRNVRAIFEUGES frédlurkie@aHr . 2. 96
mol of n-butanol was added via syringe to the stirred m xture at about 10

50 C and t hkexanstumb peagram iof calglyst) at lambiang tqyepesaturee Wit stirringuo tiFisnal |y,

1.728 mol _of .Ti,Cl4 was e a syfri-nge to the .m xture at out,, 50 C and
stirring c%tmeidnﬂ'ér&y 67 Si&ﬁ@ugqa/eﬁjhaeﬁ%ﬁubﬂ'g (’Ifitﬁfuiraac_blﬂgspé'(’%csf Orfeﬁg\”/"g(f’ under

ni trogen flpM@Lt in afdfithe 506.8€ ttmyi EAHganbh festAll RBhN IS and  bis(n-

Et hyl ene/ 1- hexene copol yners were prepared using the two sanples. A 15 2.0

L st ai nl essbuylsp¢lopantasi¢nszirgeriuahdichoadei(AHZn enalareratipsP0x)) Ereddark hexene
(40 mL),under. a slow nitroge ur.ge t hen 2..0 | of t.,rinethyl.al um num
(TMA) w%dsf agrd’é‘@.m’f‘g rer“éaascS?gFeravagn "%\A%rgﬂgWB%rgﬁ’,re tf%repg?P? ?'i’dng"e areﬁct?eased to

1000 rpm agnisbut B8 °CeMmirr laduid phaeswa tHef asmdvédulder Gitrddt fl6W €6 RRld Br essure
was raised 6.0 psi (41 kPa) wi th hydrogen and then ethyl ene was introduced
to 20 mai nt Beerflowingyewn pemdssure at 270 psig (1.9 MPa). Then, the

temperature was flectaselod i3 tys?Qafioll Werd Nfef AIBLYRL SiRSdHAT 0duCed
into the reactor Wth ™ ethylene over-pressure, an T he errpgr tur € was
i ncreased astiylead/d-hekerRbasCdestibed in Example 2. The bimetallic catalyst prepared
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.



pol yneri zation reaction was carried out for 1 hour and then the ethyl ene
supply ed. The reactor was cooled to anbient tenperature a

pol yet thwgﬁfg?/B%ggwas col |l ected. The catal yst prepared from 36]5’0@16%9% MR@%“UG
silica (Sanple 2A) had an activity of 3620 grans pol yet hyl ene per gram
catal yst per hour, and the catal yst pid#pared from 800 C dehydrated silica
(Sanmpl e 2B) had an activity of 4610 grans pol yethyl ene per gram catal yst
per hour. 30 WO 03/0-47752 18 PCT/USQ2/ 31777 16 MAY 2006 Exanple 3 Two
sanples of binetallic catalysts were hred. First, non-netallocene
Catalysts r-epared—and—iso 49 —1o—60606 cehydrated Hi+e8 (San’p|e
3A)  and 800 C dehydrated silica (SanptimPs- ExaFﬁP@P}E.“%ach sanpl e
was 5 then treated as fol |l ows. The dr (@HPIEAVERt al | ocene catal yst was

reslurried™ nexane (o gr am of ySt) at a M.t enper at ur e,
wWith stirri @‘%ﬁ'ﬂ?@“&%?&@ slurry \%\gg@g} ow y addeglyéﬁgg?)uti on of the
reaction praiiCtga@modOrato % MAO in tol ugoel (6.8 nmmol Al /ogonon- et al | ocene
catal yst) and bis(n- butyl cycl opent adi enil élzi rconium dichloride (Al/Zr

mol ar rat i o Celfer: 25 molg@lBark 10 brown mi %P¥fe was stirred-@48 anbi ent

t enper at ur e (,0h k] BRWLréNE; heat eqs§ 9 (1 afput 45 C yskhe ] pgayi d phase was
then renoved” ﬁder?ni turroggln( fl Z)W to yield (a ?Erbge-f | ow n-g%hﬁlo%wpovxder. The
two bi net al IH:0 @amal yst sanpl es were then/.2ised to pol yner2ke
et hyl ene/ 1- descri bed i n Exanpl . The binetallig,catal yst

pr epar ed 12‘%33%@30 C dehydrated sili c§0§8arrpl e 3A) hadlg% activity of
1850 grans Pebduetihiyy €ri® per gram bi net al 1820 cat al yst per 4040r, and the
bimetallic talyst . prepared with 800 C dehydrated,_silica (Sanple 3B) had
an activity ‘?W%f% Izla@%"ﬁm yet h91%ene per gram bi ?rét allic catal yst per
hour. 20 Exampttepet nilenpamstetiylére, bavalghst s prepared according to Exanple 3
were used t 6 maadhrydreddozdingtdEENED 1T M8 xeundition F(2id Jat load 198 T ui di zed bed
react or. Exanple 4A

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



in Table 1 shows the reactor conditions and results for the catal yst of

Sanpl e 3A, and Exanple 4B shows the reactor conditions and results fb6 MAnes
cat al ystwoasmi®es2 25 3B. WO 03/ 047752 19 Tabl e | PCT/ US02/ ¥ iéo2ka7MAY 2006
Exanpl e 4A Exanpl e 4B (conparative) React or Tenperature (F(C)) 203 (95) 203
(95) H2/C2 gas nole ratio 0.011 O. Olé@ C6/ C2 gas nmole ratio 0.007 0.008 C2
partial pressure (psi(Ma)) 156 9 (1 2) 158.5 (1.093) HO (ppm 7.2 21.0
TVA (ppr’r) 100 100 Productivity (g/ g) 1820 4040 Flow Index 121.6 (dg/mn) 2
6.6 6.4 par b rding to
ASTM D 1238 Es@gﬁ& cﬁekiﬂ&fgﬁ%ﬁ (%l 0a EJi(s)ao@c:) é}ﬁ/ﬁpgeygeﬁ %sglfy?"%xgrrpl es 1-4
are sunmmar iweeel plrdspaTabluang thé mtaauhn eaqal[yptlseas fdlloavs! A 2s@iypdtainiess preepar ed

I dehyd d d "B d
111 Ca dehyORRREE v GordsAps A e A0 AO~ene NSELL Heder 3 he
activities |q, qiffeh E}Srlgé o Bef ngh Ahid?cst Ymﬁé’tﬂglﬁfmhﬁmmﬂﬁewé’sf

differences \n ¢ pol ymeri zation processe

however 5 t hddehalhe rdaltoi@eﬁtC\'waSId:lbyed( the srirriegsegds md:remdttheoomepmemced
advant ages of the higher silica calcination tenperatures. Table 2 Activity
("A" sanpl die temgrerafpreywas mereasefploe§ 8k dethplsse a(rl% Tpenmok Bydmegn yerE/ g

cat/hr) EX%'&H&&&&%Q%%@%Y ﬁ?essure 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 uL) 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 23620461027% Exanpl e 31850297061% Exanpl e 418204040122% ocnpaJ ati ve
exanpl es 15 Exanple 5 Supported non-netal | ocene catal ysts based on Ti tgzMAY 2005
were prePQeHaitd i sol ated as described in Exanple 2, exBepUS@¥di7Isanpl es

of silica were dehydrated 1 6 MAY 2006 WD 03/04 7 7 52 PCT/US02/ 31777 20 at
various tenperatures from 600 C to 830,C. Ethylene/1l-hexene copolyners were
prepared using the titaniumcatalysts as follows. A 2.0 L stainless steel

aut ocl ave was charged with isobutane (800 nL) and | -hexene (20 nL) under a
sl ow ni t r ogEdDOPIprgendnik tengrraw8byasnatreaedt toiaSeChyEdl leat nudd(psid28rvas 5

added. The ¢ aﬁ_ltaor vent wa%égl osed, the stirring was increased to 1000 rpm
and the telF%ﬁ fpeen Wege aqter dQ R Ider? tpsal pressumgf @A Paigd 178 MR#®: Iy dr ogen
were added | o] : ' | - oubl0 g of

t he cat al ysrtn%%\/fgéé)lmr??‘?%lgﬁtccg%ﬁjisht gsﬁrﬁg@ggﬁnﬁ%ﬁﬁp@h&%{ ﬁ’;}f‘i"rﬁ ofe?‘gegr essure,
and the tenpessatrejaad theasmbedathratva8held.at 75 Cpdhy pelynisizhtdon feaaidn wis Was
carried out far, 40 mputes 10 a then the ethyl ene supply was stopped. The
react or wasC¥Be! e {Ppbg(gmﬂ"é‘ﬁ% an‘{]&‘ﬁ%éhea‘t‘t Ylgne sippbhwasgppigadhyl herfgaciers

col l ected. £Qf  &AGHOa:85aE LBt At i uth wa [ ared and
run. Table 3 s%ows ttohe alctivlllnPyaJrrggﬁft}g %b{)eeé éﬂ%terrperlgt%ﬁ:\pgl:%ﬁ'gé e 3 Si
dehydr at i ondehytiatioh tempBenature, At tleast two skmple® vt ipvépayed andenageTalbhlerdper at ur e

(O (gPE/ g at/h%@%nglzgwgat/hré (gPE/ g cat/hr) 600127514251350

68014401395%WP? s 5 g4 SACh $REDIF102032 830168015301605
Table 4
Si dehydration Activity Activity Activity Activity,
temperature (°C) Run1 Run 2 Run 3 average
(gPE/g cathr) (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.

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



15 Figure 1 shows the average activity versus dehydration tenperature
graphically (filled dianonds, left axis). Exanple 6 20 In this Exarrpﬂeﬁ MAh2806

non- net alW@emnersat al ysts of Exanple 5 were used to prequ&,@gogg?]ﬁbl iC
catal ysts, according to Exanple 3. Polynerization of ethylene/l-hexene was

then carried out as follows. A 2.0 1, stainless steel autoclave was charged
w th n-hexane (700 m.), 1-hexene (40 n@? and water (14 L) under a sl ow
nitrogen purge and then 2.0 nL of trinethylal um' num 25 (TMA) was added. The

react or vent . cl d Iy T ed 3/ 04
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10 Example 8
A catalyst is prepared as in Example 7 up to and including the TiCly step.

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 cafalyst 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



10 * no data Figure 1 shows the average activity versus dehydration

t enper at yr raphically (filled squares, right axis), alon

non- et aﬁl(ggzé%g%%ranmtlon netal catalyst data for corrpaFFg/&]ﬁWﬂg-’? EcMéYa 005
fromthe Figure, the activity of both the non-netallocene transition netal
catalyst and the binetallic catalyst 13315 surprisingly enhanced using
silica dehydrated at tenperatures greater than 600 C. The foll owm ng exanpl es

illustrate processes t hat can be used taq pr fare binmetallic catal ysts
wher ei n t heMmMl) eadded gt 4AEC aad atiping qoatipd fosd| haved Tpe iflask tsoremoned act wi th

bhe et 2! RBACHE RN tha ARbRATRLR, i LA lpBanpl AGRplae SAINGE S 20 &

800 C for 4 hours eS| ica an tan ar e dto a

Schl enk fl ask TMAe(4f3(Bﬁkn<bl$ 1$)Iaa@eﬂdand1tsm-rmg c@inltinuéhfér kermur AtASBluene W t h
stirring. Dibutyl ma%gem um mml) is added to the 25 stirred slurry at
55 C, and st?lpuom@f MALLMG. @anwo%\l)lcq@&mmgl@ Bot anrsel (ntBe6p)r4r@: NAY 2006 WO

St rred T or gt ko e adyems o RO AT e e i g iy

stirring coppwaered for | hour. The flask is renoved fromthe oil bath and
allowed to cool to anbient tenperature. A solution of heptane (1.8 nlL)
containing 2.38 mmol TMA and 0. 1904 mml 5 (n-BuCp)2Zrd 2 is added. After
stirring for | (19 04 nmmol Al) in toluene is added to the m xture
and stirringiscoéufpgnned or 0.6 hours. Then the flask is placed into an
oi | bath at 55 CaAaculalyftds $fdp¥lﬂ:ﬂtas )} Emimﬁlé Tosles amd inchgéfg theTg€ltseepyi el d a
free-flovm'n%lbrovm powder . %Acatal IS prepared as i n Exanpl e
7 up tol@ndAfisEremeyigeithe ﬂ?ﬁbf"@"‘kt‘}@po‘l Afh and PH%WEn’é 19 190} f,81breRbm t he oi |

bach and al Lapiehgtulet MAOCAClo)Re AIPLERImol RIS ALK %o 15 hfikugneaggl utl on

(4.4 nmL) containing n- Bu (01 4 mol ) is
added t o t hetimingtfor & ho#, taehep&he scvlumgm €108 rrfL)honta;mﬂ@TMne (2.B&simolsampd aced into

an oil bath (%uCpgaZr&d (bq‘ﬁof ?Ilero is aécﬁegoo the lgrrlllx?ure 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 9535 silica dehydrated at 800 °C and "M"

is used to indicate the metallocene compound.



nitrogen purge to give a free-flow ng brown powder. Exanple 9 A catalyst is
prepared as in Exanple 7 up to and including the TiCl4 step. 20 After1ﬁMAY 2006
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hydrocarbons (Examples 7, 11 andl2). All metallocene compounds are

w-

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



A catalyst is prepared as in Exanple 7 except that triethylalum numEi(ﬁ(TEAL,
2.38 mmol) is used instead of TMA. 20 The preparation sequence for Y €80
7-12 is %’bt“l}lﬁ)ﬁgazi n Table 5, where "955-800 Si" is usedq’tca/lﬁ‘?a*?lﬂfe Davi sor61
955 silica dehydrated at 800 C and "M is used to indicate the netall ocene
conpound. WO 03/047752 24 Table 5 16 MSY 2006 PCT/US02/31777 Exanple

7955- 800 Si hept aneDBM - BuOHTi d 4TMA/ MVAO i ndry i n heptanet ol uene 8955-800

Si hept aneDBM - BuCOHTi Cl 4MAQ Mdry in tol uene 9955- 800

Si hept aneDBMecByOHT theaqompmapoavst ofh (-BugphérGlogmd- BYA contains eight

Si hept aneDBML- Bu LClAT j Nl bir e ei ol 1 -800

Si hept aneDB%’-’%:gj;ﬁﬁgsflﬁm'?’nW rléglt?ortzggr]ieil 22' ’ep#?gari‘%g@gigﬁwn

Si hept ane DBMi;s Rif@rdndel shomAlhdvM ri-BAC), 7T hEMMANGIngd Y §RRILSOR®: i ment s
use netal | ocene conpound solutions in paraffinic hydrocarbons (Exanples 7,
11 and 12).¢€NItY- net al | ocene conpounds are 5 practically insoluble in such

i qui ds py thensel ves, but sone of them becone soluble when contacted with
trial kylal umi num conpounds. Exanple 13 0.1904 mmol (0.077 g) of

(n-BuCp) 2Zr Cl 2 vBgangglded to a 10 nL serum 10 bottle, flushed w th nitrogen
followed by additron of 1.8 nL of TMA solution in heptane (2.38 mml). The
net al | ocene conpPisgolytior Rf {n-BuEpriZyel in dep@perwas carried out as in Example

13 except that 2.38 mmol of TEAL was used in place of TMA. The metallocene

complex rapidly dissolved to form a yellow solution.
10

Example 16 ‘

0.272 mmbl (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/1-hexene copolymers

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



yel | ow sol ution. Exanple 14 15 0.230 mml (0.0933 g) of (n-BuCp)2ZrCl2 was
adﬂed to an NWMR tubeII fl ushed V\1th gi 'Ejrogendfol I f)vved bK addi tion of q_'r(%ay%os
n- hept a syretal | ocene conpl ex did not dissolve. The

sol uti onn&l #Iﬁegtgﬁe (1.70 mol ) was added to the tube. EST%Sﬁzé%ocen
conpl ex quickly dissolved. The '3C NWR spectrum of the solution was
recorded and conpared to the 20 spectr2ém of the pure (n-BuCp)2ZrCl2 conpl ex
(solution in deuterated chloroforn). Wereas the spectrum of pure

(n-BuCp)2zrCl 2 contains only three signals in the car bon atom range at
-135. 2, - 188uppsthavitma magnefrin ver impellgs @87%457@252‘5‘}15@?9‘@8({2"}3@ mi7ande MAY

2006 Spectrihahe (5 yfophaRy LA o0l, (ABYEPE GIE NG PngPU ST
-108. 8 ppm TMHANk addid fRieaeaosvess theatlobdit tHenstBtinp jiddeaceRtolNIBOGHML act

product is a unique entity. 5 Exapple 15 Dissolution of (n-BuCp 27r C12 in
hept ane \Nasanéahﬂeéweawreagcrmﬁeékg% €. Thg iategahpressie ipraggd Grfbpsi¢f1 TEAL was

vet ow Sof (i i fSrockd o thel HASEHE ; RO bIRLskaly BT8R KERUB ) 5
added to arat/IWRptighie.dl I\fIPabshmbmhéththenémmmre‘ Bldeorsmstday 88cddi, 87.6mpf 2 nl of

n- heptane. The netall| ocene conplex did not dissolve. Then, 2.0 nL of TEAL
sol ution i refhihst Bimetalhe ‘E‘@Ftnﬁol“}roﬂla%edaﬁﬂ‘édh? oFeagier (Wil ethyienenayeit | ocene

conpl ex qui §-t
recor ded an@%%:%rrrpg&g ettggxpﬁréam}g 1511?}1[ rum o PS)B%CpH{)%E%%%ér&%e spectrum
of the cont@adtioprioduaiedodut fbn-lBtt@a)aﬁé[rtﬁ‘éerlarﬁihyl]Eﬂ_swyas mﬂpefd f Then signal s

in the %) carbon atom area_. enconpassi ng the -126.2 to -104.4 ppm range.
Thi s di ¥ ergacer inicepled fpampisat Qegmerature and the polyethylene is collected.

e

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/ l-héxene 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.



20 of pure (n-BuCp)2ZrCl2 (see Exanple 14) shows that the 16
(n-BuCp) 27 | 2- TEAL contact product is a unique entity. Exanple 17 An
at t enpt 986§§@§%T%e Cp2ZrCl 2 in heptane was carried out adct gﬁ%éﬁ%Te
13. 0.1904 mol of Cp2Zrd 2 was used instead of (n-BuCp)2ZrCl2. In this
case, however, the netall ocene conpl egx7renmai ned insol uble. Hence, a
catal yst preparation technique simlar to that of Exanples 7, 11 and 12
cannot be applied wth this conplex. 30 Exanple 18 This exanpl e shows the
preparati on of et papels, testhpveefiiresopod piher slocumemg cbednbersin, iieclediogl yst s

with a TMA ¢ lyst. A 1.6 ainl ess-steel autocl ave, WO 03/047,/52 26 1 6
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filled wth depsardgshébbcoilsisteil witr eXiatentioatindlidr N feTsdRtiBhOM Whitk ogen
purge at 50 C and then 2.0 mmol of TMA is added. The reactor vent is then
cl osed, t he syeh incprpgrating ispesmatteado 1000 rpm and the tenperature increased
to 95 C .The internal pressure is raised 6.0 psi (41 5 kPa) w th hydrogen
and then“ethylene is introduced to maintain the total pressure at 204 psig
(1.41 MPa). Afterwhiiat claini®l itenperature is decreased to 8 C, 37.6 ng of
the binetallic catalyst is introduced into the reactor with ethyl ene over-
pressure, and the tenperature is increased and held at 95 C. The

pol ymeri zation reaction is carried out for 1 hour and then the ethyl ene
supply is stopped. The 10 reactor is cooled to anbient tenperature and the
pol yethyl ene is collected. Exanple 19 Two catal ysts were prepared accordi ng
to the procedure of Exanple 8, except as follows. For Exanple 19A
(conparative), 600 C-dehydrated silica was 15 used, 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
catal ysts were used to polynerize ethyl ene/ 1-hexene using the nethod of
Exanpl e 18, and the catalyst activity nmeasured. The results are shown

MAY 2005
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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)300033293§§83206 19B (800 C siIica)SQSQSSiﬁ;@@éﬁ
* no data Table 6 shows that the catdlryst produced using silica dehy o 6
at the 25 higher tenperature was nearly 20% nore active than the
conparatiégégibflyst. WO 03/047752 27 1 6 MAY 2005 PCT/US02/ 31777 Al

pat ent s, ocedures, and other docunents cited herein, including

priority qocunaNpgceddlfer prébhiing HBRENSINIS CAEIYY thedrBEQReBmbAsinBe extent such
di sclosure is not inconsistent-with this invention and for al'l jurisdictions
in which such(#ncompevidingarshizy pes sipported nen-wesallacena¢aalystdy: s: 28 CLAI MS

1. A process for preparing,a,bi.netallic,catalys he ocess conpri si ng:
(a) providing a sl us(By of‘ggyg'ﬁ B%ratpé"ﬂﬂ‘q?% 9%?1%’(1,{ 8‘3&651@1 ggﬁg?r%etra (i)
dehydrating a particul at eyfsaipgfbsgrpt erial at a tenperature of at |east
650C, (ii) preparing a slurry of the’ dehg/drat ed support in a non-polar
hydrocarbon; (iii) diht aquepagingtreslvityof yhedelyydrated\supportning: sempolagnesi um

conpound RMDR , where R gnd R_.are the sanme or different C2-Cl2 al kyl
groups; and ahy%rocarbon,

(i)  contacting the slurry of (if) with an organomagnesium
compound RMgR', where R and R’ are the same or different
C2-Cy2 alkyl groups; and
(iv)  contacting the slurry of (iii) with a non-metallocene
compound of a Group 4 or Group 5 transition metal;
®) contacting the slurfy of the supported non-metallocene catalyst in a
non-polar hydroc:arbon with a solution of a metallocene compound
and an alkyl aluminum compound in a Cs-C;; aliphatic solvent;
(¢)  contacting the slurry of (b) with a solution of an alkyl alumoxane in
an aromatic solvent; and

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

2. A process for preparing a bimetallic catalyst, the process comprising:
(a) providing a slurry of a supported non-metallocene catalyst by:
(i) dehydrating a particulate support material at a‘terﬁperature
of at least 650°C;
(ii)  preparing a slurry of the dehydrated support in a non-polar
hydrocarbon;
(i) contacting the slurry of (ii) with an organomagnesium
compound RMgR', where R and R’ are the same or different
C2-C)2 alkyl groups; and
(iv)  contacting the slurry of (iii) with a non-metallocene

compound of a Group 4 or Group S transition metal;



(iv) - contacting the slurry of (iii) wth a non-netall ocene conpound of a
Goup 4 or Goup 5 transition netal; (b) contacting the slurry of the
supported non-metal | ocene catalyst in a non-polar hydrocarbon with a8 MAY 2006
solution of a netall ocene conmpound and an al kyl al um nyum conpound in a

C5-C12 aliphagic solvent: (c), contacting the slurry of (b) with a solution
of an alkyl alf broxaﬁ‘g‘ta“iq?g té#la’f%&g?‘i&s@gﬂ}%‘:ﬁ{‘?nﬁ}?&ﬁ{%7“?1?%}?196?}‘%ﬁe product .
of (c) to obtain a gyRPelht 8FdrBLsBERMWithCa SRy St a métalDcBAOESSon@ Preparing
a binetallic catal yst, the process conprising: (a) providing a slurry of a

support ed non- et al twkemalkybalumpxanetip an @romatssedveatsiand a particul ate support
material at a nper,at ur of , a t B50C; (i epar.i.n slurry of the
dehydrat ed sup grt g ﬁ"Sr?-r?)%c(g\?tL&ﬁ?/%?%%’é‘rao%’&??o%ﬁjif;')‘&%m gi‘:‘?\YﬁJg the slurry
of (ii) with an organomagnesi um conmpound RMJR , where R and R are the sane

or different C2-Cl2 al kyl groups; and (iv) contacting the slurry of (iii)
with a noh- net &lpreessh &or prepaswgidimptatliaganlystthe pragesygOraptisingisi t i on net al ;

16 NAY 2006 29 6 g&ygﬁggg shbey oﬂ%gﬁé,i}%oé,h&eéhg&&%c fajySuppor t ed

non- net al | ocene’ cat non-p r-ocarbon w olution of a

met al | ocene conpoung) andelaydratingyd padticulaanppor maerslosted teenpedtieent ; and (c)
drying the product of (b) _to,obtain a supported binetallic catalyst. 3. A
process for preparing a Bfn"élleéﬂl@@%;at al yst, the process conprising: (a)

gcra(r)\;:j?;tn ?ng Zl ;;H/l ?&I gt g"%ﬁ%%?? l%?g??fg?&e&?&%fh?eﬁgg%ﬁ%eﬁ@&g | east
650C;, (ii) preparing a shydrogabbnt he dehydrated support in a non-pol ar
(ili) contacting the slurry of (ii) with an organomagnesium
compound RMgR', where R and R’ are the same or different
Cy-Cyz alkyl éroups; and
(iv)  contacting the shury of (iii)) with a non-metallocene
compound of a Group 4 or Group 5 transition metal;
®) 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 an alkyl alumoxape
and a metallocene compound in an aromatic solvent; and

(d) drying the product of (c) to obtain 2 supported bimetallic catalyst.

4, A process for preparing a bimetallic catalyst, the process comprising:
(&) providing a slurry of a supported non-metallocene catalyst by:
(i) dehydrating a particulate support material at a temperature
of at least 650°C;
(i)  preparing a slurry of the dehydrated support in a non-polar
hydrocarbon;
(iii)  contacting the slurry of (i1) with an organomagnesium
compound RMgR', where R and R' are the same or different

C,-Cy; alkyl groups; and



hydrocarbon; (iii) contacting the slawrry of (ii) with an organomagnesi um
conpound RMJR , where R and R are the sane or different CZ-C 2 al Ky MAY 2006
groups; and (iv) contacting the slurry of (iii) with a non-netall ocene
conpound of a G oup 4 or Goup 5 transition nmetal; (b) contacting the slurry

of the supported non-netall ocene catalyst .in.,, non- pol ar hydrocarbon wth
an al kyl al uni num d&RpolfRatacps g@ntsg‘f%’i g ﬁﬂg g’FtEr pyngR-mesaliesens, 5 sol ution

of an alkyl alunoxane anghuiBobeh!REEDS of CRBRHS ahdkiG nfapTaL I C SOl vent;
and (d) drying the product @f (c) to glgt é)i n a supportledﬂ%lE metal lic catalyst.

4. A process f(by prosptacting the dhimme vfithieisoppartedl nontmetalieceme wetadyst omapr i si ng:
(a) providing a slurr f .a supported, non:netal.l ocen catal yst by: (i)
dehydrating a partira%%cﬁ%rgyﬁ%%c’w{' Aisgfutign °£?P&ﬁ‘aifla%9"én¥b? Mt | east
650C; (ii) preparingomaté s61ventof the dehydrated support in a non-polar

hydrocarbon; (iii) contacting the slurry of (ii) with an organonagnesi um
conpound RWMgR(s) whewataating b slemre athé)samtb arsolitidnepérd meta2lleeste al kyl

groups; and 30 (iv) contacti the slurry of (iii) .wt ngn-net al | ocene
conpound of a aoud’OE‘Pc?Pn%ﬂB%n Iﬂfyrléh'@’l”ﬁ@nc Oé‘P?i‘?B) %‘gjﬂtajtpth?ﬂ@ the slurry
of the supported nogivegt.ahiocene catalyst in a non-polar hydrocarbon with a
solution of an al kyl alunpxane is an aromatic solvent; (c) contacting the
slurry of (b) (dt h drywaithe produetfof{chtotaliain e sweporied boetalhicegatnlyst. al kyl

al um num conpound in a C5-Cl12 aliphatic solvent; and (d) drying the product
of (c) to obtain a supported binmetallic catalyst. 5. The process of any of
claims 154, W{eairocdshef suyopbelainsal-&whdreinthes buppott materidlne sitic@cess of any of

clainms 1-4, wherein the support material is
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.

7. The process of any of claims 1-4, wherein the support material is
dehydrated at a temperature of from 700 C to 900°C

3. The process of any of claims 1-4, wherein the support material is
dehydrated at a temperature of from 750 C to 900°C

S. The process of any of claims 1-4, wherein the non-polar hydrocarbon in
(a) is selected from the group consisting of C4-Cyo linear  and branched

alkanes, cycloalkanes and aromatics.

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
compound is used in an amount of from 0.2 mmol to 2 mmol

organomagnesium compound per gram of dehydrated support material.



dehydrated at a tenperature of from650 Cto 900 C. 7. The process ofl tawy s
cl ai ns 1-\%0 wherein the support material is dehydrated at a tenperature of
from 700 ¥PYYY6UC 8. The process of any of clains 1-4, whEFE8IS28HE7 support
material is dehydrated at a tenperature of from 750 C to 900C 9. The
process of any of clainms 1-4, wherein t3le non-polar hydrocarbon in (a) is
sel ected fromthe group consisting of C4-Cl10 |linear and branched al kanes,
cycl oal kanes and aromatics, 10. The process of any of clainms 1-4, wherein

t he or ganomabhesi Thm prasspoahany ofdilpmsy | tafindet wamptising Thrforer seesp)of any of

clainms 1-4, wherein. the grganonagnesi ym ound is used in an amount of
from0.2 mol to ?“M%Pg%be?sg‘é%ﬂgg@e%’#%“g%c nuﬂ%floﬁ'er gram of dehydrated

support material. 16 MAY 2006 1 6 MAY 2006 WO 03/047752 31 PCT/US02/ 31777
12. The process of any of clainms 1-4 further conprising before step (iv),
contacting the s|The proe¢ss(oficlaimyli2; whargirethecalgctnendlomor com@iseThe alsobeless of

claim12,. wherei n,t el ect.0 r ¢ompr.i ses an al cohol 5 ROH where R
isadC-Cl2 al kylrhé&guvﬁi.‘erfg 1%@?%36%1&1;@8@.0' aim 13, wherein the alcohol is

n- butanol . 15. The process of claim 13, wherein the alcohol is used in an
amount of 0.2 to 10 1.5 noles per nole of magnesi um provi ded by the

or ganomagnesl4im TEeenproegsd of ¢gim ThewhareindBe algphddnyndutapphi s 1- 4, wherein the
Goup 4 or 5transition netal is titaniumor vanadium 15 17. The process
of any of clainms 1-4, wherein the non-netallocene transition netal conpound

i's a titaniupg hal Tigkeprodessiof alaimi 1B O¥ldtainitBEalcéhdliid @ddiduinan ambarTalld e, a
vanadi um hal i de, a vanadi um oxlyhal i de or a vanadi um
10 1.5 moles per 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.



al koxyhal i de. 20 18. The process of any of clains 1-4, wherein the : ‘
non-netal | ocene transition netal conpound is used in an anmount to ArfoMAdEQE
fromO.%dRBpirr, 0l es of the Goup 4 or 5 transition mepetr/upersimol e of
magnesi um provi ded by the organonmagnesi um conpound. 25 19. The process of
any of clains 1-4, wherein the netall qcene conpound is a substituted,

unbri dged bi s-cycl opent adi enyl corrpour?’&. 20. The process of any of clains
1-4, wherein the al kyl alum num conpound 30 is trinethylalumnum WO

03/ 047752 1 Y. ol : cl ai ns
1-4, wher ei%ﬁ'thgr al rf/’?gg?)tgr%ﬁ u?ngggrgn%ééhgv}%?esmIlﬁkleaelgfﬁgﬁgﬁﬁ%%lﬁ%%o% The
process of any df ugdthylaRmindm. wherei n the al kyl al unoxane is nethyl 5

al unoxane.

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

5 alumoxane.



