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WD 2004/ 022607 PCT/ US2003/ 025281 -1 BI MODAL
POLYCLEFI N PRODUCTI ON PROCESS AND FI LM5 THEREFROM
Wo-b@D22667 | NVENTI ON 5 [ 0001] The present i nvenkd¢DOS2003/025281

relates to binodal polyolefin production, and nore

particularly, to binodal polyolefins in producing

films, wherein the binodal polyolefinis produced in

a single reactor using a brfetallic catalyst in a

desirabl e enbodi nent. BACKGROUND 10 [ 0002] Bi nodal

pol ynmer s BIMOIDAEPOEVQLEFRIN BRODUETION BROGESSt al yst

types- binetallic ANDHINYMS THERBFRIOM' easi ng

interest, especially in producing pol yet hyl ene and

ot her polyolefins. See, for exanple, US 5,525, 678.
FIELDIENENVE merrs exist in using these binetallic

ataly eci Y g i
[0001)§at al yz%‘ aP J S'|GV| yV%%I\%rll d a{egotﬁ) I gﬁncgdéﬁig) 1%0%}% %&MCS&’ @nd more
particil@s$,i 0l Biniodab pdgblefias &6 grodicie ’ﬁhﬁs pwmasstheasimodal polyoleﬁn is

catal ysts costs are Sij gnlfl cant . %g% (ﬁe net h
produegd in gsingls Tracteryans s buestallic Faplyy i ”Pr"} d@%&a gabodiment.

processes is to inprove upon the catalyst used in the

process. A prom sing class of single-site catalysts
BACKGROUNDNer ci al use includes those vvher ein the netal

center | east on tract bI e 'fluor r
[0002k | yor | ﬁgmqaiaqﬂlﬂaef@r%fagw‘)e Bk | 8’§u?re§n(5? élgtgﬁ?g’? catalyst types—

AR BAABLES—LRE bEGRrddSing HR2RO3 2R Eiall Y BROAANE pdhkth d oth
bimetf18 S04 AlC EP-A? REFNE S%%E%-m% 705 %Z{’ fitihyldRe and other
polyolkfinphy ,Seett fal exampiggnlﬂﬁei;ﬁgs @7(&;{ ﬁm’cqvpnsp,rgbhems ex1st 1n using these
. t t f t tut .
wimer G2 S5RGBT Rt B SRR, YLt i ypigh o
be as l‘ﬁéh b '\gos@fb@é il 264216 Bedronfi 1k Qibcbﬁsaﬁﬁ&)eﬁ&stﬂcosts are mgmﬁcant.

5)Zr (- F)SnMe3Cl], DALTON, 1983 (1996); A
Herzog, et al., Reacti ons of (rl5-C5Me5)ZrF3, (75-

[0003:E5 NEA'E%%;A?&E%& r %é Zc%gffs’t Cet(fﬁ 0?1211 §5ME‘ %)a%_ﬂ)'ﬁﬁie ?Hﬁi:esses is to
improv@lipbn theAdatiitysd umcﬁﬁr terprédesst ar proﬂxﬁs1ﬁ§€6¥&MNE§iAglel-% catalysts for

909-917. (1996 Gar b
commggoigt @g[m% W?&;&q&av@ergmﬂ@%%a@ggntg&as f@éa%@e (e§g9§§ble fluorine (or

ﬂuoru@ﬁ%ﬁ Ying sﬂq,?:a RLlio&lres oF lsHEH Ichd g@g 1lff@ﬂutle BODY02H032287; WO

ysts N di ospec Styrene
97/07 Rl yIDEr432&2 068, ABOER52 mmmaawasommvsasm Murphy, et al.,
(1997 Use of such single site a
Synihdsts SgPes TR SHERE FHOTIAT Seein PL SO PRI entdieny! Group

4 fuSARSC B#/kt)ﬁl 'é?rdgf%;l?«% POASRe, 30RO RN €BFiplex [gacac)z(n ~CsMes)Zr(p-

pol yheri zation e desirable to fur
F)SnM ey o VBA LN 1983 5(199631 %mHerEGQeeII all,| Redt-gonsobfrogalsMagZrF;, (-

C5Me4£2)azsg“% B E(Q@%-&nfl%)igrtﬁl P o(n n pé}%ei)sﬁﬂe?? an-lc;’h(?] %ﬂ?fé?)giaFL nw\z/t?znjl}\leg Structure
of the First Hafnium-Aluminum-Carbon Cluster, 15 ORGANOMETALLICS 909-917 (1996); F.
Garbassi, et al., JOURNAL OF MOLECULAR CATALYSIS A: CHEMICAL 101 199-209 (1995); and
W. Kaminsky, et al., Fluorinated Half-Sandwich Complexes as Catalysts in Syndiospecific
Styrene Polymerization, 30(25) MACROMOLECULES 7647-7650 (1997). Use of such single site
catalyst components in a olefin polymerization system is desirable, especially in gas-phase
polyethylene polymerization. It would be desirable to further improve upon this system,

especially for bimodal gas phase polymerization processes. The present invention is directed

towards solving this and other problems.
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towards solving this and other problenms. WO
2004/ 022607 PCT/ US2003/ 025281 -2- SUMVARY [ 0004] The
w@roesentoi nventi on provi des a met hod for bi nodadT/US2003/025281

pol yol ef i n production, preferably using binetallic

catal ysts, and polyolefins filnms nmade from bi nodal

pol yolefin conpositions. At |east one enbodi nent of

the invention is directed t@-a process of producing a

5 bi nodal pol yol efin conposition that includes
SUMMR¥ct i ng nononers with a supported bi netal lic

ataly ition for a tinmne cihent .to forma .
100045 2 ot SRR gt Bl e el 57 b R R ggpcucion
prefer@blyBisadd bﬁnét@lllla'dé@ilydtsma{nddﬁ(ﬂy@leﬁﬂﬁ ﬁlm&t’l\ﬁaﬂle)/ﬁbm bimodal polyolefin

conmponent and a second cataly T%onent t hat
comppsiimgatlegstpse gmbodipent ohthg)1 ly\setntle@ tseedra\a nrgeess of producing a

b1moda?€§lgol%§§ F%lgg{% gxi%h% ngruldgsogedéﬁtnﬁg gf {tl?i%hé}%)rted bimetallic

catalystnacadoisioni for ditinec tiefticient @ mmmelaﬁqodﬁl pdlyalefic co@pasition; wherein

| yol ef t t act
the SWH’&?@L po g <§1ta{ gﬁgggﬁgeggal oot Co yqrt Lg%%?p%g?x?}&n%calsggond catalyst
comp&%p‘ﬁﬂttlhﬁﬂdésoﬁ rAethildBnd léfitfalﬁﬂ @%p&?hdf RIS e 1&139‘39 lfluoride or
pol yol efin conposition that 1 ncludes a high no ecu
fluoringejogtainipg lepwingfgrouw onponent and a | ow nol ecul ar 15
wei ght pol yol efin conponent; wherein the supported
binmetallic catalyst includes a first catalyst
[000SF OMPONARbthehabediAE | dhetRirAert| MOFHeNBlveRtidIE i Aldie&8M 80 a process of
represented by the fornmula Cp2MF2 wherein Cp is a
produgiggst i bigradal drolysiefirb sonmpgsisian coamprisere a@m@ﬁyng rinagomers with a
suppoﬁrg \S{'x?%till\lll cgt.lgﬁfr F Qom%pl\élltloélu%r gtﬁl!ileo S A}’ﬁmenti to frg% the blr%odal polyolefin
comp@tﬁdrﬁtaaidlﬁbljadém atghaholacdlanpepiad polsoléfin c&ﬁ@or@nﬂﬁnd@ I8 molecular
20 [ 0006] Yet another, specific enbodi ment of the
weight pelyelefip omporanerheeindhe sipppisebimetlic patdyaidngiydes a first catalyst
comp é}iemgﬂ ﬁt}@l‘ﬁhé{soi ﬁfl&)rﬁha‘f&f %91% 15%e99 re 6)'1‘&%111%9 ' Qhé) fo%lu_fg @;%Nﬁ:z wherein
partlc ate support nateria I ca;
Cp is hedtstituted drainpabystituted a;todaomnimﬂranjzl Iﬂm (&rdealvati\(e thereof, M is a Group 4,
enper ature of 800 C or nore ime sufficient to
5, or ¢ 8 HPNIBRHA: LIPEOT W?"%?@Pﬂ%ipg? P defnyslgated at a temperature of
800 °cdlehydfat ed silica; 25 combining the dehydrated support
material with a non-polar hydrocarbon to provide a
support slurry; providing a first catal yst conponent
hat i n net al.l oc catal yst; praovidi
[0006tecond i‘%‘%%rt SPEGHS o etfﬂ%“flﬂﬁtc’f tﬁ%llﬁ‘geélgo% 1?73%8‘%?%6%%”00655 of
produé&iag a|b)fﬁ6d2ﬂ PERBLfR ddaipoRitioRtindI8RE pﬂﬂ/@dmé b%@ﬂicﬂﬁt@é’uppon material
fl uorine containing IeaV|ng group; conbrning t
compxgs{yrgggght:a gegtmgjtlw paRiquiase suppert material to a temperature of 800 °C or more

for a time sufficient to form a dehydrated support material including dehydrated silica;

combining the dehydrated support material with a non-polar hydrocarbon to provide a support
slurry; providing a first catalyst component that is a non-metallocene catalyst; providing a
second catalyst component that includes a metallocene catalyst compound having at least one
fluoride or fluorine containing leaving group; combining the support slurry with the first and
second catalyst components to form a supported bimetallic catalyst composition, and
contacting monomers with the bimetallic catalyst composition for a time sufficient to form a

bimodal polyolefin composition having a density of from 0.86 g/em’ to 0.97 g/ cm’, a
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second catal yst conmponents to forma supported
bimetal lic catal yst conposition; and 30 contacting
womoanese’ W th the binetallic catal yst conposirdons263/025281
atine sufficient to forma binodal polyolefin
conposition having a density of fromO0.86 g/cnB to
0.97 g/ cnB, a WO 2004/ 022607 PCT/ US2003/ 025281 -3
nol ecul ar wei ght distributi-@&-of from5 to 80, a 12 of
fromO0.01 dg/mn to 50 dg/mn, and a nelt index ratio
moleoufarfwed)ghtltﬁ)sttib)utﬁ@lOof frafi057jo 86y xcbrdfdiom &spledg/min do 50 |dgmin, and a
f.rom.one or re of the binodal polyolefin 5
melt 15%%89?9 ﬂ‘%“ﬁ)tgéggsed herein has a Dart Drop |npact
F50 Value of at least 100 [g] on 25.4 mcron filmand

75 [g] on 12.5 micron film [0008] In certain aspects,
[0007h fi | mimaetéain raspactine Bim meade fodmtdne doi mmu:-abf piwl pmoeifal polyolefin

compSFPRAL G MRt hFOR DR DR B VRS oGt Taf el on 254

microh €idstan8 78 [8) ¢H LI Omi&0n FEmd micron film [0009] ln
certain aspects, a filmnmade fromone or nore of the

bi nrodal pol yolefin conpositions disclosed herein has

[OOOSﬁ‘i D Tﬁf[)f ﬁﬁ%@ %g %tﬁ %&de]ﬁén%fg] cg'rﬁgreogf l?l}%l ?i%odilspolyoleﬁn

cron m cron on m cron
comp Qi3] dlécﬂbspdiﬂlbteﬁuhw aIEME) Tearevill s oft dtdesst PRIOg/mic@h ah 2.4 micron
eful in the process of i nventi on has been
film aé‘iﬁ'alﬁéségz §/RIGrAB PN ¢ 5|‘W<9F‘1§‘0‘§§‘ silica dehydrated at a
tenperature of 800C or nore. In a nore particul ar
enbodi nent, the support material includes silica
[0009Hehydr &t eettan aspectsgrapfinatmade fodm 880 o« mprenof the bimoylel polyoleﬁn

nor e rt | ar, e nment e t mater
compyiRs LT FEs TR gol a8 Vaticst i S od EoR gt Eifieron film
and 1.0, Iﬁm@h Op@Tﬁhhg,Qn%%CRI PTION General Definitions
(%/ used herein, in reference to Periodic Table

"Groups" of Elenments, the "new' 25 nunbering schene

0010 gl P B Y SRR [ B o e

1nventQRQ12@rt%8§ e&iaﬁbed?dn 120 @0heludBGU2] RBydisrd aher&hperatufteof 800°C or
phrase "cat al i/pzt system includes at |east one

more." ihf ANGFS tarticyias SHMRdimenidthg supreas matshal ingldey siligp dehydrated at a
tempepaQ\S | é)}.fs %3\6{“(9 B At deg C}"e't Qergmfetﬁ E rE%beddﬂnethﬁ} Ss%gport material

system may "al’so i ncl et componen
mcludssjmhcaSe}@dmpmzttsa,texeperaturam@is"Omtmdmm ted to the
cat al yst conmponent and/or activator alone or in
conbi nation. The catal yst system may

DETAILED DESCRIPTION

General Definitions

[0011] As used herein, in reference to Periodic Table "Groups" of Elements, the “new”
numbering scheme for the Periodic Table Groups are used as in the CRC HANDBOOK OF
CHEMISTRY AND PHYSICS (David R. Lide ed., CRC Press 81% ed. 2000).

[0012] As used herein, the phrase “catalyst system” includes at least one “catalyst
component” and at least one “activator”, both of which are described further herein. The
catalyst system may also include other components, such as supports, etc., and is not limited to

the catalyst component and/or activator alone or in combination. The catalyst system may



10

15

20

25

30

WD 2004/ 022607 PCT/ US2003/ 025281 -4 include any
nunber of catal yst conponents in any conbination as
walemaentdeed herein, as well as any activator i|iPCEUY2003/025281

conbi nation as described herein. [0013] As used

herein, the phrase "catal yst conpound” includes any

conpound that, 5 once appropriately activated, is

capabl e of catal yzing the pdiynerization or

ol i gonerization of olefins, the catal yst conmpound
include Gunp milmibagoﬁctatzilmsbmpnner@ oumy3ombi@tionps #2scaibodrheraing as well as

onal | east h V|n group bound t hereto.

any ac?‘détfﬁ Wg&’dﬂaﬁlg[lléf escf‘ & b‘ﬁ? "| eavi ng group"

refers to one or nore chem cal 10 noi eti es bound to

the netal center of the catal yst conponent that can be
[0013hbst r adsaged h@lmrt, lee perasal’ %alyﬁmpmmi” inplugas any compound that,
once %l%té(#p\ﬁa%e%bo?t i ZQOd ﬁ ar c%t %e‘ﬁ? 5o yglglt&a\(ﬁﬁteo(r)w?igomenzatlon of
olefing§Clhe VatAlysti contiand | doathrisingt ktereaheb@NGr{)1QQ35ﬂo Ssowsed atom, and

herein, the term"fluorinated catal yst conponent” or
optionaly gblepsi@ge keayeyzsaup bognd digsAent * means a cat al yst

conmpound having at |east one fluoride or fluorine

containing |eaving group, preferably a netall ocene or
[0014]et al | dseused thepsdn, Cihie gihysse 'Heavidgyipcbubdrefees &t oh@€ @stmore chemical

moier@a G RSB b 15 SR L T 8 Wi cted fom

cataly& k ?Bﬁéht lgyy%l Q@tl\%ltcﬁ'f 'tﬁlhsc é)r@(ﬁ%hl\gl QM Gp ec%% ABfve towards olefin

aromatic radicals .e., ocar bon radlca S)
polymcumtrqns:xrrmggbxydmzagen 5hda¢imatmns ddsaribeslrferthetdfelaoy.ent by

one hydrogen. A "hydrocarbylene" is deficient by two

hydrogens. [0017] As used herein, an "alkyl" includes

[0015] | near Ashkankdrad, @B ey cliictinBRE %falfaly@t ERbInBhE ort“Aabrided catalyst
are deficient by one hydrogen. Thus, for exanple, a

comporgh’ @eypa @atﬁbfsmgqmgomddlagmgzg ]@;ﬂ(qq@ flyprigg por fluorine containing
leavm% &?(gelfpyh pre)fer%lgl Iﬁani%c%ﬁe 8f m alfl¥> g‘ne t%ﬁ? Og'agllgéb‘scRH%%Qnd having at least

one fl@tdei o fRbghe Ebri’tﬁﬂllngaéaﬁ'lngt@aﬁp ar e deficient by one
hydr ogen; al kynyl radicals include |inear, branched
and cyclic acetylene radicals deficient by one

[001 6E¥ g L Sgﬁ? r}{:s?dj 'ggxglnb s %yP%Q&x%khAﬁin&ﬁ&d he Iéklﬁ{?y %?/ llﬁﬁmc acetylenic

and aroaditicaladicakdse., rlrpdhecmbe:s ridivas)t dvenprisngg hydrugéru aﬁad carbon that are
.characteristic nze e 004/ 022607
deﬁm%@m@ P& 1hy 8ca mﬁw%@%m gwg\gz Q8eNSet ¢ |

For exanple, a C6H5_ aromatic structure is an

"phenyl ", a
[0017] As used herein, an “alkyl” includes linear, branched and cyclic paraffin radicals
that are deficient by one hydrogen. Thus, for example, a -CH;3 group (“methyl”) and a

CH;CH,— group (“ethyl”) are examples of alkyls.

[0018] As used herein, an “alkenyl” includes linear, branched and cyclic olefin radicals
that are deficient by one hydrogen; alkynyl radicals include linear, branched and cyclic

acetylene radicals deficient by one hydrogen radical.

[0019] As used herein, “aryl” groups includes phenyl, naphthyl, pyridyl and other

radicals whose molecules have the ring structure characteristic of benzene, naphthylene,
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C6H42" aromatic structure is an "phenyl ene". An
"aryl al kyl" group is an al kyl group having an aryl
w@reaup2pendant therefrom an "al kylaryl ™ is anper/yk2003/025281

group having one or nore al kyl groups pendant

therefrom 5 [0020] As used herein, an "al kyl ene"

i ncl udes linear, branched and cyclic hydrocarbon

radi cal s deficient by two hgdrogens. Thus, -CH2-

("methyl ene”) and -CH2CH2- ("ethyl ene”) are exanples
phenathreab K yitRraeersy; @ups Foﬂehimplgr at@ﬂhd afdnmtxemtrdaylrt W® an “phenyl”

,hydrogen radi ¢al s_incl ude, e and "al k
CeHs™ aémpewwc}&ge aSEY HERYRRE - ¢ % Pﬂ% SIQEP ésr%%elg}yﬁh gtoup having an
aryl glloﬂﬁ IpHﬁi&gxt AHWYe R rQnOtah(%/ﬁarhh qg‘ af 3P %fbupa}ﬁdln%ycgk%%ﬁ BAd1 groups

cah be bound to ‘carbon, and in on€ enbodiment is
pendateha@efremt. f rom t he group consisting of B, Al, Si, Ce,

N, P, 0, and S. A "heteroatomcontaining group” is a

hydrocarbon radical that contains a heteroatom and

[OOZOE’&Y COAL AkdY N C4n TEM e ihdl@ddsaiRa0 brahchddir@ndycib hydrocarbon
et er oat ons, and from1 to 3 heteroatons in a

radlcabaieﬁmm by terhpdipgenst Thaen-GHoni mﬁ@l}’@ﬂa’ﬁrﬂnég(:f&ﬂflz— (“ethylene”)
are exgﬁ)ﬁe gﬁlnes I ns'» NS & p%f&zpsh@%{é:geql? b&her gﬁyﬁ%gn radlcals include

|des
mym@gQﬂ@ohm@ﬁ]cﬂﬁierocycllcs oxazol i nes, thioethers, and
the |like. [0022] As used herei n, an
"al kyl car boxyl ate", arylcarboxylate", and 20

[0021]6(6‘I Kyl AL WSQ@BQ‘QW Itlf’e:t ) age “}%ﬁsr@z{tgﬁﬁl’ in@hdes: an ? m other than carbon

I kyl aryl”, respecti possesses a oxyl
and hgiregen tha c&h)benmnd ncomrbcﬁxanplmsne nmbudimeﬁﬁid&éid@@@@o@ the group
t.he t

consistg 5P, (i icbormbdnd CHAS: thergrGEE T GInng T hads f Byfrocarbon

radlcaﬁ 9%% iBhs? HeRfSHoR NRdMAE thnﬂaﬁl Bh@GE nire WTEhO safRl & different
rogens in any position,” the noieties 25 selected

heteroﬁﬂonm snd:froglr btsnp% hetsronmhger pastaivdalesbodiapent. Nop-lniting examples

R DTSRRI SN TR TONE I e

ketond? h@)ﬂi&olﬁ{e@ %@&roc O3RNy blis MR thefs, atidthelli®eal Kyl
gr oups, to Cl0 aikenyl gr oups, and combi nati ons

t her eof . Exanples of substltuted al kyls and aryls
[o22] "1 HIRS: Ridlg ar errel%t i t eﬁkgi?arbfi’@he" ad"%g)lcc‘arboxylate” and

Ikylan1no %edi ca oxy radrca
“alkylhgtbagtxFlatedl i ant ik, ﬁr@dlaﬁalaﬂ;kylﬁyalrkgpbamei}o thadiossdsses a carboxyl

30 al koxycarbonyl radicals | 0% r b radi cal s,
group dmaBoPRSION: Favapiples inclyuds fdl sgﬁb%ﬁu@ﬁ@hé’@%& Hoy|
radi cal s, acyloxy radicals, acylan no radicals,
arylanino radi cal s, and conbi nations thereof. WO
[0023R004/ 0R2GiSed AN G2 R! Q2b@Blted” teans that the group following that term

possesses at least one moiety in place of one or more hydrogens in any position, the moieties
selected from such groups as halogen radicals (esp., Cl, F, Br), hydroxyl groups, carbonyl
groups, carboxyl groups, amine groups, phosphine groups, alkoxy groups, phenyl groups,
naphthyl groups, C; to Cyo alkyl groups, C, to Cjo alkenyl groups, and combinations thereof.
Examples of substituted alkyls and aryls includes, but are not limited to, acyl radicals,
alkylamino radicals, alkoxy radicals, aryloxy radicals, alkylthio radicals, dialkylamino radicals,
alkoxycarbonyl radicals, aryloxycarbonyl radicals, carbomoyl radicals, alkyl- and dialkyl-
carbamoyl radicals, acyloxy radicals, acylamino radicals, arylamino radicals, and combinations

thereof.
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[0024] As used herein, structural formulas are

enpl oyed as is comonly understood in the chem ca
wa@edogn2dedmnes ("-") used to represent associ atiBIBEUS2003/025281

between a netal atom ("M, Goup 3 to Goup 12 atons)

and a ligand or ligand atom (e.g., cycl opentadienyl,

nitrogen, 5 oxygen, halogen ions, alkyl, etc.), as

wel | as the phrases "assocr&ted with", "bonded to" and

"bondi ng", are not limted to representing a certain

type of chem cal bond, as these lines and phrases are

ant epresent a chem ca

(0024 [03%. ASukGPRSEEE %chﬁh@%%%aref&pé%yeﬁeﬁsv\ﬁeswn%lpawsunderstood in

the cHelifdal lafts Shﬁ&n@*—en@ WBE & rddRésdht adsbElaiIRBMRERAS &AM (“M”,
to function as a wunit, or "compound". 10 [0025] A

Groupc 3rte Afraup t13r eropeMids & ligand or digand, slems (¢ ge chielep@itadienyl, nitrogen,
f r S I e Swii’ S »
oxygen, hﬁogc‘egl 1§§% %l]?yl,ugt? g’r% %}?ﬁ gs k?kge %%?é QSS%@ a?e?i Cglﬁ‘]m‘ﬁo?l&/&sq to” and
“bondug@darb Cm»d lingted Sy Mgoésentng b caﬁalbyypiaasﬁm&nhwl ema,rnd;/ thése lines and
heavy |ines. 15 OQ26 Unl ess stated otherw se
phrases 76 BIeARIP T6RTCRoRE 2pFhamingl t?%@en% "Qiemical hendi Aefinerl s attractive
[
force f)&?v%%g%tg gﬁg}%\tl 1|9 Etr?%%@r?or?%lﬁ \}%)% I?e%cg%t?g%c} %% te to function as a
unit, ceXeormmpeemdt.nat foll ow. The ligation of the netal atmn
"M is such that the conmpounds described herein are
neutral, unless otherw se indicated. 20 [0027] As used
[0025]€r ei NA deh@int RErEdbcHRIIRHAor 2 SNt REk bPpAESER iskectre should not
pol ymer or polyner conposition (e.g., polyolefins
be impliadtiniass pobtpisddpy+ given siruqseicyes hydreridy use obcommonly used bonding

symbal RS b Rhihied HRBY S R NS Pt Tons? Moo i

understood as having the broadest definition persons

the pertinent art have given that term as
[0026} efI ectaless stagad ﬁth@amg@bm cavpdzenad the spresenpapantign is herein

0 Sid 40 | des
limited QF tﬁ?%?f?daﬁon ast%é eas?tgo%&e;&l e t g@fled E&hﬁr ff° the individual
descnptﬁxtxﬁcanﬂaﬁXamleg hhat ﬁ}llSWr | Thet ligatioand the hr)el):ll@fme‘MW ishsugh that the
st one jdentifiable |ow nolecular weight

comp%ﬂ?f Ayssuibscohereia arcipbiah gpless QlBemdseAndigpldgal

pol yolefin, as that termis used herein. In a

particul ar enbodi nent, other than having different
[0027]ol ecuAarusméilgtmiB,, thehtermi Qi‘immbzltlécwhan wsed ghtdescribe a polymer or

potymBe HRPPHPy Pt BaRRHYDauE % aropPiicad S upoigshilaht or other
homomcifrﬁdu gzéli@s@}‘lﬁer@r r A&y BT QH@ans VO RO AEREA weight distribution,”

/7025281 -7°[0028] used herein, the term
which"ip ruudm@tppd/ s aving élmbmhéesv\éc@htm@perp@ms)/wéhe medd@obw have given
that t%fno & S . En tpglg%e po ;t nlr’sllsae % isrs]uetdhIe)atel(1)t|s.y nﬁ(r)lj %}?&Erﬁp €, a single

composition that includes polyolefins with at least one identifiable high molecular weight
distribution and polyolefins with at least one identifiable low molecular weight distribution is
considered to be a “bimodal” polyolefin, as that term is used herein. In a particular
embodiment, other than having different molecular weights, the high molecular weight
polyolefin and the low molecular weight polyolefin are essentially the same type of polymer,

for example, polypropylene or polyethylene.
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catalyst). 5 [0029] As used herein, the term
"dehydrated" is understood as having the broadest
walgfo2dsd0on persons in the pertinent art have BUMES2003/025281
that termin describing catal yst support materials,
for exanple, silica, as reflected in printed
publications and i ssued patents, and i ncludes any
material, for exanple, a sugport particle, from which
a mpjority of the contained/ adsorbed water has been
[0028} enpveds vl Basinphmgernp 6plydmtivttai nwany thenyei phtndtpmlymer produced
cat al S c ded nmetal | ocene catal yst
per vERD bt FOIRb1Rehdn oo SRR Phirefy G0F e pbBimer/gram
catalyft).0CESS for produ0|ng a bi nodal pol yolefin
conmposition conprising: contacting ol efin nononers
wth a binetallic catal yst conposition to 15 form a
[0029@I nodakts pu%«Lﬁ/ %leleegr# he 0RP S‘héﬂ %ewgr\ﬁid@rswb% § H?\’n?é ItljleC broadest
atal ys conposi Ui on conp rst cata
definiioinpenei in @id pemihahtl ﬂceiaee Gintenl that tee@mNimo déu&nbﬁrgl malgst support
| east one fluoride or _ fluarine contalnlng  eavin
materigise f3f. example.psified. cas %ﬁﬂe@ﬁ%da. pred Peplicatphe pagd |l$saed patents, and

1nclud%$tﬁxl(yyﬁltatérﬁl RHPROILSE t%ﬁ{:}l% Gl Rhi¥E a ﬁﬁhty of the

s conpdnents, nd the polynerlzatlo
contaiaedadsetbed matérrhag besatremodet. ai | bel ow. 20 [0031] In one
aspect of the invention, the nethod of making bi noda
polymers is characterized in that the nononers are

Gas-phatd ?Gltyﬁﬂer%ﬁgn W éblf)i'ﬁ?ettﬁhb 'cﬁta@fﬁﬁkéﬁﬁbrlbﬁgaa ?l'uﬂﬁh@d metallocene

reac vessel orm t he bi'nodal polyolefin
catalysbeqroponendn i n the sanme reactor vessel 25 [ 0032] The

resent., i nvent.i.on film,.
1003080 rpostbt BHERBPrEioRg VK A e ey ATk Tl polyoletn
comp@¥itidr @MMRisHE: gétaRing®1iPhofdaes with dmlhlﬁitalhabatﬂ?bgﬁﬁnposmon to

distribution of from5 to 80, a nelt index of fro
form @blwdalgmlfyqieﬁlbccsnp%gv% Whergpthg birastallic satalyst eqmpestifon comprises:

a first cra&%sa é«%ﬂ%&he?ﬁ %ng ?lﬁticlellrigcf?éggafgﬁséoh{p%g?d g%\’elflé bMeaktSone fluoride or

alys nventi on,

fluorigen dotaisingelehaing gosp.r albl £ pagiiilar esntaslimeait, the biretalliercatalyst is
bel ow, 30 Binetallic Catalyst WO 2004/ 022607
suppopesk/ Lo B gls s@ilyst. gaghopa %a]cowoa@@a, Hrthr methadeofipolymperization

mﬁsenghgggghgf&agﬁgabxst or "binmetallic catalyst systeM‘

referS to two or nore catal yst conponents used in
conbination with at | east one activator, and

[0031] In one aspect of the invention, the method of making bimodal polymers is
characterized in that the monomers are contacted with the bimetallic catalyst in a single reactor

vessel and form the bimodal polyolefin composition in the same reactor vessel.

[0032] The present invention also provides a bimodal film composition comprising a
polyolefin having a density of from 0.86 g/em® to 0.97 g/em’, a molecular weight distribution
of from 5 to 80, a melt index of from 0.01 dg/min to 50 dg/min, and a melt index ratio of from
40 to 500. The film composition, or film, is formed from the bimetallic catalyst of the

invention, and has certain desirable features as set out further below.

Bimetallic Catalyst
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optionally a support material, that is useful in
pol yneri zing ol efins. The "supported binetallic
we@ adoalogsb? or "supported binetallic catal yst PCT/US2003/025281
conposition” refers the binetallic catal yst system as
5 used in conmbination with a support material, wherein
one or nore of the conponents that nmake up the
binmetallic catal yst system B8ay be bound to the
support. In a particular enbodinment, the binetallic
[0033]c at al yat veéd hérein, mive terincfoimpiallicdesal fystd oca‘bﬂqtsliic catalyst system”
nponent s. a nore parti enbodi

ul ar
refers G S8 FPEE G014 SOEPOURBOHERTD FHEDGRRE: Y Jgit one acivator, and
optlonﬁﬁgl leﬁﬁﬁoncﬂgfféﬂ@le fhtat 1s%gfu@m p&?ﬁ@ﬂﬁng 3lednyYStThe “supfp_orted bimetallic
conmponent™. 10 [0034] used herein, the term"first
catalystabal Wpox@@@m@dhc cattaém Icempositiony’ m&tratlysbume@liwa@rﬁém system as
e second cat.al yst. conp onent . {Elrr ef er abI

used if b W & GO BRG RO ot O Ao ot HTsmuRgerts that make

up the@Athelal Rl cafedyEP SYLeM ma§bebelies tothe Whppolt. | 1A pagiecull drteiibodithent, the
or vanadi um based Ziegler-Natta catal ysts conpounds

bimetalic getglysi bl thef invertion lnélpéﬁ:Sntquatelwsmmmea@e hie P9 particular
{ e
embocﬁm{en %ﬁeinb{@é%@hg%taﬁwgf ?ﬁrgsor?e?l oca(ri‘ niﬁéﬁg gat %tec%l?porﬁnt and a
secorimtaaily@e@mpoﬁeylpe cat al yst con”pounds i dentified bel ow.
[ 0036] As used herein, the term"second catal yst
conmponent™ refers to any catalyst that 20 is different
[0034]]c rom a,bif3h Ralifl Rt te?ﬂnm@@ '&Et’alg@t g@l:rrlgbllléﬁ?e@@fers to any catalyst
atal yst conponent in a particul odinent. In a
compqmmt aatheﬂ than eérebechmisratalyst kempenand Pod¢rablysthe dostpmitedyst component
a fluorided netall ocene c

ncl
s & n ST Cae e EHSOTIRECT) GG PO TIaa gt mopr vanadium
based Qhéﬁ@é}l}@ﬁta QRN dhipRBuldsOidRiesctbell GRdver h6RId. ai n

nbodi ments of the present invention involve
contactlng nmononers wth the binetallic catalyst

[0035 omponght s%i!)l%ﬁ%lﬁhg { e uln?xg r?%i’ o%'erﬁ%e %otm%o%%ﬁ’hreiq’{e aS{' S'Qgﬂyst that is

ataly RS

neithef @itk Rterlcaor 86 of BE nietalBYOROHHE Bat@ystacoBipdghds luymﬁeafbelow.
support such that, on average, each particle of

support material includes both the first and second

[0036]g ataly uEé’d‘ﬂ?e?&ﬁh}lé tednn‘sgé]oq{dm%%ﬂ%g@ Ear Al eﬁe}“é?ftof énryS talyst that

ataly conpone supporte rom-t
is dlffsleﬁoﬁdnp@ﬁadtmatalyeoa@ﬁpmmht auebtatlbene @Btah)xsen@gpormny in a partlcular
iven particle of _support materjal conprises onl
emboé'J glr

imegt ra P%C‘élérc%@dé‘&?%ﬂ {hetseIIGHAYAL COPRORGH! Shidges ¢ Muorided
metall¥Rr2 00 é)g)% 1%@0#@519%3!1&%%%%6 i@ hodi 'léﬁgfhtg g®8F dr fluorine

support cata yst e introduced into the
contammlg;gmxp zation reactor sequentially in any order,
alternately in parts, or sinultaneously.

[0037] Certain embodiments of the present invention involve contacting monomers
with the bimetallic catalyst component. In a particular embodiment, each different catalyst
compound that comprises the bimetallic catalyst resides, or is supported on a single type of
support such that, on average, each particle of support material includes both the first and
second catalyst components. In another embodiment, the first catalyst component is supported
separately from the second catalyst component such that on average any given particle of

support material comprises only the first or the second catalyst component. In this later
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[0038] In a particular enbodi nent, the first catal yst
conponent includes a titanium 5 non-netall ocene
w@ at0aloyxsn7 conponent, from which a hi gher nol ecedBUS2003/025281

wei ght resin (e.g., > ca 100,000 anu) can be

produced. In a particular enbodi nent, the second

catal yst conponent includes a netall ocene conponent,
fromwhich a | ower nol ecul a@ wei ght resin (e.g., < ca

100, 000 anu) can be produced. Accordingly, o

embo@mieytregack ssuppertddn cathlystp magebe éntodduch@ ihfor e pelgmerization reactor

d I [ bi nodal
seaue 0 af Y hidel Ay ERERGR PoHS T oRE BEEY) o 10

nol ecul ar wei ght conponent and a hi gh nol ecul ar wei ght
conmponent. The two catal yst conponents reside on a

y : "
[0038ki ngl elns appsstiqulasambodimaettnthe fet cpelishcomporsal dagipdes a titanium
' t.0L- ' Lari et
s oI R 315 SRR AR B . >
100,080 hmapcar e progjpasdedims pderatar kedobimiaat,thasecond Scatalyst component

) constitutes the support; the first catal yst conpponent
includpg; a;mEGHOGREE LOMBLRTE Eewpwgwa 3 e oferlet WeigH BB de- < ca
100,008 4duf B& BhBRAGE. SA&doﬁﬁngl&Ppcﬂkﬂ;\éﬁgﬁioﬁ iAURPBFE&Re of the first and
non- net al  ocene conposition; the supported’ _
seconhoatalyst edthpoents provides it himodalspa pelbiimedmppsihon figat includes a low
second cat al yst conponent, for . exa e, a fluoride
molec éﬁl%}bte?%m{o e%frgf) Iaglygla én%lgwl?{gwg{glpx} é:gglpo% . Jl'lgje gwo catalyst
compdrcHRIMe§ife oA Lifd¥isiBport paiR)e in £ phtichiaf emBodiment, and they can be
fluorinated binetallic catal yst conposition having
affixe tthiha ceppop isduetietyiofyway20 when used in production of a
bi nrodal pol yol efin conposition. [0040] Various nethods
of affixing two different catal yst conponents (al beit
[0039p di f f BY eid embodibieniatah ORnkdncedbicy’s isSprepred as Wep@ibed herein and
.can be used. In general, one procedure for preparin% a .
constitigsihe swon; thetstcralsheunpanentis @ nopanefadocspe ¢ompetdhat is first

combiﬁf:tp Rt & e%i[n%&cll gigkéltx oﬁ&@ﬁ%ﬂ@%ﬁned%n%%ﬁ&éew Qoﬁ’lﬁosition; the
slurry that 1 ncludes the first tal'yst conponent in a
supponeh npohatallogelreomargositioniis hombingd with tha seévakl datedystdesiponent, for

he second, cat st conponent, i.ch al so i ncl ude :
examie a SOpARL P ionc S PHoA e BEURE o) g Uit e cUkingy on leaving
group), P&ultBRSin Mudina @l bﬁﬁ&aﬁ@c&gﬁlﬁlsf: 88 Bh s orCIRR R & itasce@Moductivity

recovering a binmetallic catalyst conposition. 30 First
when Getdah perduGoerpairenmofld(eljoletmn qrotmdit@bove, t he

bimetallic catal yst conposition includes a first

catal yst conponent, which is (or includes) a

[0040(}\%1- Mev/ati biRGRRBo GUTREMIHS tWOWEREINt chthlybtSconpdhetd (Ab&ca different
2004/ 022607 PCT/ US2003/ 025281 -10 that for certain

combigghin efagatadyss)tth@ shppat canbabsest lawieponkone pegeedure for preparing a
f hve tallo . C r € n
oo BHLLEIHa08, ke SHEPDin AR, R U R fmpone,
contadi@f @wlirhathai icludes the figdi tcatalyssédruisdnetiteinfa om-pdigr I9@esvactbon with a
.catal yst conponent as described herein. In a .
solutigyathat igludes the second catalyst component, which may also include an activator, and
drying the resulting product that includes the first and second catalyst components and

recovering a bimetallic catalyst composition.

First Catalyst Component
[0041] As noted above, the bimetallic catalyst composition includes a first catalyst

component, which is (or includes) a non-metallocene compound. However, it is contemplated
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enbodi nent, the first catal yst conmponent is a
Ziegler-Natta catal yst conpound. Ziegler-Natta 5
w@ 2t0al0y07 conponents are well known in the artP@emnus2003/025281
descri bed by, for exanple, in ZI EGLER CATALYSTS
363-386 (G Fink, R Milhaupt and H H Brintzinger
eds., Springer-Verlag 1995). Exanples of such
catal ysts include those corf+sing Ti Cl 4 and ot her
such transition netal oxides and chlorides. 10 [00421
that foFheerthinrapplicaticas ytbe fics matatesh coinponrsmitriviayesltempatively be a metallocene

corm GRS LA TS BRI s bl M ot s

differéa@irpdtiture GNP BleedeborPihtdIfst cOmpbRa avidesuribeld aersh. Olh ®particular
ot herw se affixed to a support in_a variety of

way
embodimentntedfrst ¢rtafist waywonait 4 atsglesiNatiacatalysh spmpoynda Zlegler-Natta

u d r
cataly% Jto%x%%hgntp%gen%alﬁleog%u% g% Qg Errll% de\%’\ﬁﬁ)teﬂ Hly;e P EJ{Q@IFVIH ZIEGLER
CATAILyrsm Bé3- BB@((BoFlak H.SMhuxduptcmd FDH. Bnlntmrger addst, BprisgentVeylag 1995).

forma sol ution from which the nes m
Exammlesfrse swh cadalysts ingludro dose GoBRTIYNE ﬁlg g transition metal
oxuhé%ﬂ@%ﬂﬁﬁﬁg esi um conpound can be represented by the
Rl R where R and R are the sane or
di fferent C12 al kyl groups, or C4-Cl0 al kyl
r oups

CA-
AT RO T ————

emboddinBit WithBRGNES ol Myithdht Ofhe RESRMICERNRst cohpoAdMUNITHE! fikP catalyst
organonagne3|un1conpound included in the silica slurry

compqngnfocmlnybet deambingd withypla¢edoen @]re(p;bgrwlgqjafﬁx%y@ RSBPPOyt By a variety of

ways. ;:Ig IR 8?“1)%%)(?9% ér he St tﬁg Qg é)rt 318%1 sglﬁg)rfg lngla ngar nngB&HB&l diluent

is conttzﬂ.@é'dl virat arﬁ@'ﬁgaﬂbmagmdﬁﬁﬁl @BypEXRE Sehiol A0 dBgsIesd Winthe non-polar
npound nmay cause undeS|rabIe si de reactions.

hydrogashn Aduent prfr thee Ay tonfareh apt %@d fiogn etih (o, organgmagnesium
compo%’lh' 1@“@6@{%@9&&6@ ofth 9L OJEB%}eS SroAHY esﬁ@e Ig%oeugd can be

organonagne3|un12 oun
represéifted b? the fisrinulaVRIMIER 'S twiterd RY ahhlER afeuﬁ)leysamendm differemt C,-C;; alkyl

or ganqma neS|un1 co is detecteq in the s ort ..
roupsy oF Geris ARVE PR PULPYs A EE B S Lp TR SREE R A gdiment, the
organcﬁﬂ&n@ﬁ Ad gﬁggédﬁdeﬁc 8&\?\}]}@fm£éﬁ@sﬁﬁouﬁﬁ drdalmb&difRROShE @hount of

ont© t € suppo case any undeposited
organmmssummumoundimdhﬁiedenﬁweﬂhdayslmy tsretly drat avhach will be deposited,

physictle P SJereGa 0] BhRtE it cBFDEnpaPh PRLI M ydoxy groups on

th rﬁﬁﬁa AOro a8 Rt lavh hﬂingﬁ é xQ % di‘giﬂo/nga si¥m compound ma
esuﬁ&{ /g P% oﬁe enbodlwgnt ( /8226 7 ghisi P Y

cause Pamtmem@oed@zsmvns 1qutm@4eqpe@wnt@hw logn hengsed to determine the
opt1m€a1??ajrg§1%n{ﬁg(2 %Lé’la;rrl]grﬁm% oe(r%gu:r]rg ctor %ﬁhﬁcﬂ Si:gxr Xaﬂ‘q?lec Qll?é ao‘f‘éa%gmagnesium

compdtthﬁr@ﬁtﬁbyhdﬂeﬁhﬁsﬂhbQXL&@E“&'HE@M@ thanslofrgamtil thé eefmomagnesium
R'OH, where R' is a Cl-Cl2 al kyl group, or a C, to C8
compgyndys defegfadh in gie salppgT selvert. ﬁlmatlg’leb’u lt_)he grgagpmagnesium compound

can b&® Qﬁ&e‘d Hl«% cess of the amount that is deposited onto the support, in which case any
undeposited excess amount can be removed by filtration and washing. The amount of
organomagnesium compound (moles) based on the amount of dehydrated silica (grams)

generally range from 0.2 mmol/g to 2 mmol/g in one embodiment.
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enbodi nent, R'OH is n-butanol. The anount of al coho
used in an anpunt effective to 5 provide an R'OH My
worzdoAnedeor ati o of fromO0.2 to 1.5, or from 0. 4rP¢DUI2083/025281

or from0.6 to 1.1, or from0.9 to 1.0. [0044] The
or ganomagnesi um and al cohol -treated slurry is

contacted with a non- netall ocene transition netal

conpound. Suitabl e non-net-allecene transition netal
conmpounds 10 are conpounds of Goup 4 and 5 netals

[0043} hat a@ptisallypbihe organbmagmsnp obrapounddireatear Puomy isseuitacted with an

ke A B L S ST e L) SEIE 1 o
is a C ?Elk%ln%r@ | sranedkd! oy Radyl esp, OXY talth A5 salRyl dgToup In a partlcular

such as titanium tetrachl ori
emboctmem@”ow an alehunanOd et Flec Amnowntael glvatiod)usaddn vanampuh effective to

o Y O B S oz 5o AT R 2B A g0 1.1 or

from Q9 tUnbr anched 15 al kyl group of 1 to 20 carbon atorms,

preferably 1 to 6 carbon atons. M xtures of such

transition netal conpounds may al so be used. The

mount lteh @A PRAAN ith i
10044500 T8 PR Ach R 20 MEARSCAOR, R s (ATRMANith & non
metallﬁﬁéjﬁ&ﬁlﬂﬂﬁbﬂﬁia&ﬂbbmpaumd) Sifitablearnn@all¢cend trépsitpen methrompounds

OC I I o T M
form fHe! &ifEd Qﬂu‘r 0 Sgl%lﬁé MhohBfetdiidcens YRRGALLS qnéthf ebm ’Fé\hﬁk Yifitlude, for

component 20 0045] The first and second cata
examyde rrptanmm sandayanlaéluuo rakidese xwhalides he sllsppyralides Suah yas titanium

o5 B IR B Skl DGR o, o

tltamutnh énd VaaRfuim aﬁcoﬁ'ﬁ§§ RSN AROMRoxifO hlodwp thad) be&ithad bt igbranched
hi s su$ported first catalyst conponent with a second

alkyl gmua| ofst te O’ngaxbfm atones, prefewbly 1de Gvgribeg afoms. Mixtures of such
tranqucHlu R %t:%(;ca()tﬁl?ﬁ%éln Cg% Ili]%(a,"y g%o %8 npe%u nﬁle[ ooﬁ‘gp r %C n{mgé&e QlfanSltlon metal

€ a process

compdundaisédBts@ficién t@ kiveta ER6ipoH Mibtalas ﬂldgﬁe@ﬁhtm@lﬁh@lrratl@of from 0.3
fluorided netal | ocene catal yst conponent. The
to L5 gr /e Aelioro8 allhe ddnent e 1eh Pegomet PespvRMtiggabmanner, such as

by evag)%a"ill'oh opﬁhgx‘gﬁrg g@&et& 4R h;lfiﬁ %g{ﬁ%h@d fi ‘E@él o 8&%%%“

onen I 'nc any fluori
met aI | ocene catal yst conponent, but is preferably a
ed_netall ocene c ent

fl ' | yst
10045} | oy | HB0RECA% POCANGHEAS GFYTROmeRE FD B oo it ths support in

any o éia”ﬁll ae%arﬁaﬂaloﬁﬁb&flmtsﬁleof(%ﬁé Alv¥siton, @RSl ERslydttod; %ﬁérﬁ 'is reacted
etail below, or WO 2004/022607 PCT/ US2003/ 62528{’

first witheth® seppmtas d@sahb@t almyepiotlened byfcontestibg ithis aipported ﬁrst catalyst

componen? w}{ﬁ a seconcel cataijy%{ éo(jrr%jon%gtt al yst conpound is

Process for Making a Fluorinated Catalyst Compound

[0046] Embodiments of the invention include a process of producing a fluorinated
catalyst compound, and in particular, a fluorided metallocene catalyst component. The
fluorided metallocene itself is described in more detail below. The fluorided metallocene
catalyst component can be (or include) any fluorided metallocene catalyst component, but is
preferably a fluorided metallocene catalyst component. The fluorided metallocene catalyst

component can be, for example, any one of the catalysts described in greater detail below, or
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preferably a netall ocene type conpound having the
general formula (Cp(R) p) MMXnFr (which can incl ude,
wo ovo4@xmnpl e, a partially fluorinated netal | ocROBYUS2003/025281

wherein Cp is a cyclopentadienyl Iigand or |igand

i sol obal to cycl opentadi enyl (as described further

bel ow) that can be 5 substituted in any position by a

group R as set out below, -M3ds a Goup 4, 5, or 6
transition mnetal in a particular enbodinent, X is an

the “sa:nhd rhatalysi gampbrentofalke hintmlabgzﬁmlystc arlieoflydriged catalyst compound is

yl acet onat e, al koxi r oxi de
preferdlily g LICes GiHecsFToRB PAYIY Sherert dgEp A (B Db B (uhich
can 1n§udé" fblse)éﬂlg'lé“ag)gﬁfallgf mﬂhﬁ)até@m%taH@E%eS wherdh Opl @@9¢lopentadienyl
from1l The process i ncl udes contactin

ligandaondigand oecdnlealcm ayglspené@m@ryb r{ds vdescmb&d further ibelayy that can be

substltggatm alngrpogtlpflﬁ)é/pa%}fopﬁ Fé/t u‘? b]g :dvg]rl\fl rféata]‘:(?ro{éﬁ A ga&l § transition

metal WEtadpdra6ERE cHBbAIMESL, quﬁuﬁdgnﬂhgaﬁ@tsabli as einHalogen carboxylate,
catal yst conpound preferably has the sane aener al

acetylfcstomaiea o IR hYHERKRB QT 4Xi: 1 it BuiniREeR OB rfg 10, m is an integer
or nore
from Htgngpgqglgln L%pﬁgﬁgftg%ggﬁgﬂsg%%@?&g%ﬁ ?ggg , chlorine
or 15 br om ne) rather than fluorine. The netall ocene
compound that is ont acted with the fluoridi

[0047krmy e LB teReet 4N Weava?r}%ng 2 JHORHYCHE AP Styind with a
ﬂuoncﬁﬁ% Qgﬁg KOPWRrd n‘gal‘ﬁ@ﬁ’laﬁ ﬁlfl%Grlhﬁed tnnﬁgﬁﬁé sal[ 0RA8l tim® ufficient to

cene conpound nBy include a cycl opent adi enyl
form thegﬂn@hdﬂd hietplodene2catilyss aapound. Che emt:ﬂakl@cene catalyst compound

preferéﬂﬁg?si u{sgrgﬁ %%}Flfl%ggﬁibé tasg*ﬁjggig%l-rret uo)ﬂng{gzg nbeftal qggne compound, with
the extépiRhl Mal 8 oiBiRIh&eaaR kO ERAPOK arther afiewie ligahd (&2$ Chlorine or
one Cp of the nmetallocene is substituted in one

bromiesretientban fluarige. t s @plgllegeac sompeind thaldsicantapied math the fluoriding
ment e re
agent %Y%FPSE‘Q}F ci \éatlla(b)ltlcjTt grbrmﬁ%%!: f’) :i)%%ﬁ bﬁy&é@%ﬁto one skilled in

the artenbodi nent , the substituent group (R) is not an aryl
group such as phenyl, indenyl or 25 fluorenyl. In at
| east certain enbodinments, it has been discovered that

enzen i
[004812 Coduc § i%gﬁ?%iso%yr%g ong%@%ﬁéaf%&@&ogr& clBE dy{e nyi:'d:ﬁq}%and or ligand
isolobplr @dQdp} eltlyeireluﬁstttmyd e wsubsawtas Zae amdenebé rsaH)ﬁtyutldnhen Cp may
subst i rou i ncl de hydr ocar r
affect ooyt EherBBTREATTCNYEFIC SHBBPREL] TBiTe LG i (&} e Cp of the
metallgé’é}{%r [sS b]nﬂlliﬁt&i G dﬂeeérﬁﬁodlfr{%ﬁt eﬁh’ﬂ”‘ﬁb@ Cps9afé QhbstRIt&] in another

n one enbodi nent, the fl uorldlng agent is a
embodimgot; i wizreid uhnonqalﬂnccn@a$ @ sndwidntictdlotans o seagutsbelow. In a

partlclgesc f ) dg&%ﬁ%ggas%?u eggroup ?ﬁfné not sn :)iryl gvi\%upz) glcl)éhl as p%‘l%l‘(l);l indenyl or
fluorenyl. In at least certain embodiments, it has been discovered that benzene substituent
groups correspond to reduced product yields. For example, when R is indenyl, the product
yield may be as low as zero. Preferably, the substituent groups include hydrocarbyl groups. In
a preferred embodiment, alkyl substitution results in surprisingly high yields, for example,

95% or more.

[0049] In one embodiment, the fluoriding agent is a fluorinated inorganic salt or

combination of salts described by the general formula (a):
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[ala[13] b, (a) wherein a is a cationic species
sel ected fromthe group consisting of Goup 1 and 2
w@zow/ores97 5 anilinium and substituted versi OnNBCT/US2003/025281

t hereof; and NH4+, NH3R, NH2R2, and NHR3+ wherein R

is selected fromthe group consisting of hydride,

chloride, Cl1 to C10 alkyl and C6 to Cl12 aryls; (3 is

an ani oni ¢ speci es selectedl3+om the group consisting

of fluorine ions and conpounds 10 conprising fluorine

and one or nore el enents selected fromthe group

consi sting of nﬁg @P SI| carbon, phosphorous,

oxygen, al um nu ﬂ bboron d a and b are i nt egers

from1l to 10. 15 [0050] In a particular enbodi ment,

the fluorinated inorganic salt is a conpound
whereuhanaetoanomedpwnestdq@ptedtfrqrs theagmpe:ooﬂstgmeﬁ @raupgl and 2 cations;

qu r|de| en.cont.act
b ETAEend SRR AT e da 205, Nl ViR, and NHRy'
f lyﬁ@{eimti@gélécmrmﬂufe @‘aﬁll\? cdrfafshugef hyddé) dndiide, C, to Cyp alkyl and
NHAHF2i NaF, KF, NH4F, H4) 2 Si F6 and combi nati ons
t GeteGf:. ardg [0051] The fI uorinated i norganic salt
conmpound may include a fluorinated inorganic salt
m xture. The fluorinated inorganic salt conpound is
B is aprafidii@kpscicodeldeted foompae tglr@l;i yorsistitplof fhiodina idnd al&htompounds

Therefore, the m xture nay cI ude tlhe f uor nate
€

. PRTP@%\SWS: flygyine AFHOBE 6T PSR Elemepliagelqcied fp@ the group consisting of
Jhm e oy e
conpound The diluent may include an organic diluent.

Q@{ artlcuI? f& enbodi nent, the diluent is water or
a and parentegprs b fadfon with some other polar dil uent

that is mscible with water (e.g., ethers, ketones,
al dehydes, etc). In another enbodi rrent the dil uent
[0050] s anyImes patiohler pnrbtorlnnemta,dih@nﬂuonnaéeqoamrg@uc aalt is a compound

t.he f nat e r sa
charadE R BNl A ol e Petid e DU g by pagtgd g water or
other G}ﬁgtuﬂtdlhﬁﬂts’t ﬁ'@nll\ﬁrﬁ(mﬂ‘@tékﬁmlp[bsaﬂﬂtth@rﬂucﬁ‘ﬂib&dl Eﬁblﬁgamoaﬁ;dlt include
| east 70 wt % water in et anot her enbodi ment, and

(NHL oA IFe N HTBONGE FEBVF, W Sifistand semhiatienbercrent |
and at least 90 wt% in a partl cul ar enbodi nent, and at
least 99 W% water in a nore particular embodi nent .

[0051)AD 200210 2R68RateCTHdrgR0O 3410 262Bdund idy [i8€16@d a Therinated inorganic
met al | gcene conpound that IS conéacte

salt mpytysr {Idverilposgaind oagANtfesalt GaPRoHNY {5 RE Fa&@asqlquaﬁr patipily soluble
in a dﬁ{lerﬁonfﬂ%'fe%ﬂe ¢l IHJ&HE m %cﬁ'uﬁ@ fife ﬁhérﬁl‘%@d Hﬁﬁgahirécéa}i%d a diluent,

f, or a mxture o i phatic and aromatic
that myctie dhnanbaxad; 1mrgm1hah109myabed1$@llvvcem a @lientbhier to contactmg the

el LEEA00NS LR, SISl LU 0. 800 SRS LA pricl

embodiment, the diluent is water or water in combination with some other polar diluent that is

miscible with water (e.g., ethers, ketones, aldehydes, etc). In another embodiment, the diluent
is any desirable protic medium. In a particular embodiment, the fluorinated inorganic salt is
combined with a diluent that is at least 50 wt% water, and at least 60 wt% water in another
embodiment, and at least 70 wt% water in yet another embodiment, and at least 80 wt% water
in yet another embodiment, and at least 90 wt% in a particular embodiment, and at least 99

wt% water in a more particular embodiment.
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5 unsubstituted aromatic hydrocarbons. In a particul ar
enbodi nent, the inert diluent is selected fromthe
w@er@dp2onsi sting of C3 to C30 hydrocarbons aneCZUS1003/025281
C10 hal ogenat ed- hydrocarbons and m xtures thereof in
a particular enbodinment. Non-limting exanpl es of
suitable inert diluents include hexane, heptane,
oct ane, decane, tol uene, »yl4ne, dichl oronethane,
di chl or oet hane, chl orof orm and 1-chl orobutane. 10
[0052] 0053] Thenmataflacdriecivngrousdritied isenttacdéd with theflnoddiog agent may be
. ... . flyo i.ng netall ocenes. descr h t he.
initially dfgFeeat g InGTH PG ANFErOdig) i o ire e ppinclude one of, or a
mixtud! bFeQﬁgﬁaﬁcr eaF  £OmWid MyldbsarioRs abd CﬁC AR cERHTRI NBWeW. t NSuitable
an i1 ner luent. In a rfiore particul ar enmbodi ment, the

hydrodairlymms umau@dsubsmmtegaamdmns@stltutqd aliphptécBydracrybeustand spbstituted and

wi th .the.neta ocene to b
unsub%ﬁgtgg Wéxba/tlgdgisé%agagnf n Ralallgglg g?]élm%g{,'t eolélgljntadtllugnt is selected
from thY @E@@&foﬁﬁ@u@hbﬂ@mo C}Bhfydﬁﬁﬁbjoﬁe dnd 02 3¢ Ganhslogateld Aydrocarbons
two or nore ases in contact with one another. The
and nfixtyess theraef r@ammlart ¢rebpdimpris Idpaélénmna Exagples rofuigable inert
e it ]
dlluen{gnéhggdea extaﬁ‘?p ?hglta#% g ()o(rél g deg %A%Q\%?lél n)lﬁ%ne, dichloromethane,
dichlofdetmhe,whngoﬁgmrmd|13chl<i’r6butmn SCI bI e or only partially
mscible with the diluent, it is within the scope of
the invention to use a reagent that will assist the
[0053]t J anspﬁ)lrg p&lftlcﬁlgteer‘;ﬂ)b{ﬁﬁiegﬂ SIchQMOJ & ﬁﬁkﬁuﬁﬁé‘we&tﬂ%genes described
tal yst "~ conmponent l'uent phase in which
heremaltlkq/ flabeuatedtindrgsiic mmmnecbml&t 8, pronc ablsuestt 1sj mactteaewﬁh the

metallége%gfcbgl?m@gﬁﬂ = %n@%g[]{.y% IeTg 2‘%{’@ ent El at et e fluorinated

inorgaR Rt 841 $h Sat kst KSPWNwhiBr iR ofbined nﬁhtﬁrtﬁe Uﬁi@t@llb&ne to be fluorided
reactions wherein, for exanple, 25 an aqueous or pol ar

dissoleid/ vepniphase hdrbearbam prbelogimatedahyrspcasra ilognt. ' The combined
reactag% FS%aS/; A bc{gfg %Jﬁﬁr%t Iﬁeass’lr(:“l 00{1%& W}etg g)ncr: %ﬁgﬁlg‘rp t ‘%hcaglﬁoriding reaction
then tdkB@pRcd hrdies tiedirabRiralxyt snd tél’ﬁﬁérwtﬁiﬁe epnditneary amoni um

salts (e.g., quaternary anmonium bisulfate), crown

ethers, and others common in the art. 30 [0055]

pendi S 0, uti..o0

[0054 atio ot S (Plllijbé)trd:ﬁﬁeérg% c#tJr ?% (Plﬁgrltl % néplgéégl% ;He @luoﬁ@iﬁg agent 1is
immisoibleadr qate partialbyriiisedisle t\xothrthadﬂuens, if tsowitHinelgisoopt efithetinvention to

20 equi val ents in_ one enbo nd from2 to
use aé%ﬁﬁegfa%thJ 35515l B HE SR O ﬂheeﬂtwﬂ%ﬁa BP0 the e ‘%ﬁw catalyst

i

oo G008 L SR GRRIC Bt S VAL oy g it
the reaioh hetweentibe floending agénd apd mllerlaﬂ@hcactdmts:onmmgent Such reagents—

co IS any conbi nat i limt wth. a
phase FRGF T e iRt efn o B ah Tasbb bbb R cxample,
an aqUEBYs ?Ioﬁotlgedlﬁ@hf PR RN, coht¥t WRh @lnohdlol® @thydRRarbon diluent phase,
reactants
and the reactants are separated as such. Non-limiting examples of such phase-transfer catalysts
include quaternary ammonium salts (e.g., quaternary ammonium bisulfate), crown ethers, and

others common in the art.

[0055] Depending on the desired degree of substitution, the ratio of fluorine (of the
fluoriding agent) to metallocene combined to react is from 1 equivalent to 20 equivalents in

one embodiment, and from 2 to 10 equivalents in another embodiment, and from 2 to 8
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is preferably determ ned by the nunber of anionic
ligands to be substituted in the netall ocene 5
wa@eovpoeaso; that is, the nunmber of anionic |igandpusmobe2s5281
repl ace by fluorine 'or fluoride atons. In a
particul ar enbodi ment, the nunber of anionic |igands
to be substituted is 2. [0056] Stated another way, the
desired anount of fluoridi-mp-agent, based on the
equi val ents of fluorine in the fluoriding agent, that
equivalentcinnget audheni entbodineentesng Iffome 2 e S equisthlysts in $€ anotipoemibdiment,
ranges from1l, or or 3, 0 51to0 . ..
wherelg’s (horrgbje TERge opmRgises Sosorgnasion a8 a5y upBer Gl ufthac lower timit,
Whlle@ﬁt?ésﬁ ﬂtﬁbﬁna&@cﬂ%r@%maltsrﬁ%/ 1 %be GRiFRh AL AR rﬂélalaﬁﬁo WP BRS reactants
h any lower linit described herein.

is prefarabtyr@terenmﬁdbsnﬁmnumuqe ofjargpnie digandsiin tbe@pbsmtursd |11‘d thegnetallocene

compoélggnthwtgﬁgg n?rgﬁ%et appg&%ig\é%%sftgté)% rgélacgpJ ty ﬁc%‘kr{é%rgﬁlgﬁa%atoms In
a parti@iilar’embd¥im8nt, tHe nAmbef ofldhiorMIRERIR tcﬁbed%lsﬁlﬁ&]dﬁs pange

conpri ses any conbination of any upper limt with 15

any lower limt described herein. [0057] The

uori d g casa i C e

[OOSGfmt al l%@éeﬁea%ogﬁér @Q% th% hésng%raougllng/ %Zt fll?@}dri:ﬁgé r&ﬁ&ﬁ based on the
equlvﬂmoﬂﬂd&meﬂn&hé dhotidion ageyt, t‘]lmcmrcomblmdywtth rrhrem'etalllbeene catalyst

that affaqrds, the dgsued é or trlfl or|
compqpRdl £A258 E0B1 Li ik QB g % Ehp &t idir egr BrorelOp A

0 |SIBah bGP tfmit Rvifh any 1
20, Wgnégﬁlé%p%erg%r?@ﬁqg?gee%gql Smen Y c%ﬂ%m |r1 om 1O>O uﬂwoclu n lyeany owe
limit desenired heeaid.i fu buaoth eredidieent, thanidsﬂqdcnmc_wt b flaoBling agent, based
ticul ar

on oG BR BBl o SR T i B8 3, g s ox .o,

or 8, 1€ o W, W itdr@Rta deSiratl®FdMod chhphdes Ry @mBRaAbh 6 &0 upper limit with
conpound, but routine experinentation may be desirable

any lower limitrdesaibad hereimopt i mum t enperature. Generally, the
reaction tinme is dependent upon the amount 25 of
reactants reacted. |In one enbodi nent, the reaction

[0057f i me i Bhd Flashtdd h@b%anldi)saa MeyYbs ree[c&ﬂ&&ith Tﬁkﬁnﬁtdllbedﬁe compound
along with reaction by oducts, can be renoved f

by vigofmals &m@&the,qqn@og eﬁle T8#cAion ﬁawyn@,cur at any tg@pg9ture that affords

the desll\f&p&ro%' L &r t Flgéd ngtallggengb glda'._rfg‘l% eda es of om -80 °C to

uori naf ed ocene conpoun anpl e
120 °CE |nlu ofid datiodmieﬁi Ian(t doe Oty 1 O@ °Arin edncma pm‘tmupur eﬁﬂandmém and from
magnesi um sul fate. Th f||tr ch gontains th
10 to ﬁ@ "G X?é?é’borﬁ&a’éllclut% O@m?abaﬂ Fiofp ﬁoﬁ’.n. X 3 Zprge Particular
embodﬁn%hﬁ swtérﬁ;s&atuifewe'aa[onpﬁxﬁ&eéﬁmg H?)%r & 'se}foﬁlwale%ﬁfhmem to
e polynerization of olefins if the solvent is a
form inylmonnaecbmrmtalmememmeobumwmsz@@@m@m&n manfbe desirable to

amvefaf 8%8%?{5{%21&%%%% eg%ﬂa]?y, t e?]reera]lgtdcﬁggxg\g Li|§n ?P\(/fmﬂti?h}’é gan the amount

of readtBQs BABIed. $Rble erﬁ&ﬁk‘ﬂn&& 1h8 réachRb® Hitetis oMl 611 Bbulkd % Hdrs.
nmore in a particul ar enbodi ment. The product yield is

80% or nore in yet a nore particular enbodi nent. The

105 150r 18 or

[0058] The diluent, along with reaction by-products, can be removed from the mixture
in a conventional manner, such as by evaporation or filtering, to obtain the dry, fluorinated
metallocene compound. For example, the fluorided metallocene may be dried in the presence
of magnesium sulfate. The filtrate, which contains the fluorinated metallocene compound in
high purity and yield, can without further processing be directly used in the polymerization of

olefins if the solvent is a hydrocarbon.
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5 product yield is 90%or nore in yet a nore

particul ar enbodi nent. Unexpectedly, contacting the
wortrloemoene conmpound with the aqueous sol uti oRCTAS2003/025281

fluorinated inorganic salt results in a fluorided

met al | ocene conpound havi ng hi gh productivities.

Fl uori ded Metall ocene Catal yst Conponent 10 [ 00601 The

binmetallic catal yst systemiGeful in the present

i nvention includes a second catalyst conponent that

conprises at |east one fluorided netall ocene catal yst

v RSBl b A e
aqueo&xﬁﬂ&ﬁ&tedlm‘&r%gm-ﬁﬁLmﬁr B YObESYPISoH diofin a particular

Scheirs & W m nsky eds ohn /Iley & Sons, Ltd.
embodb@ea) ; T® oduktayikd ik r80%39r TOCRD NATH ORICPENpUlREgmbodiment.  The

produd IR 1Y Mgt et BRI P e o cb e ey, contacing

the mdtalloteh&bdisodalwidy ﬂle(alfﬁ@&)s sofhRnrBEtflorinaed éncrghudt ysit results in a
conpounds as descri bed herein include "half sandw ch"

fluoridgd anetpligceneseoippduad havipgpiahaedussyitiss one or nore Cp
i gands (cycl opentadi enyl and |igands isolobal to
cycl opent adi enyl ) bound to at |east one Goup 3 to

FluorﬂedMet:hﬂomﬁteatatalywn?ompdnmte or nore | eaving group(s)

bound to st one net atom 20 Hereinafter
[0060F hace EBrBHHILS GRRDSLSBY et 15 o R GgHges a second
catalyﬁrcorrm?) fnht! AGEOSmGRElaY fdast GRTROANERISmetallb&né |c'aiﬁl‘l)isg @8mponent as
ocene conponents are those wherein at |east one
describebldrain. Mewllpcdno wadlysbcdvhpannds fareuganicthdlyi dsscredahroughout in, for

f 1 uogine-cont ai ni rQup. The cen t
example o N L GEEOPER Toh YU AP SR a7 sky eds, Johm
Wlleyp&rgdng ut@r 20004 GEMatRy ifl @8L HJREN AN enEMbREo\Aa@a% (1999)
be’ supported with or without the first catalyst

and ig qmmcnézm opiush mhehef syrshesi Bf cpel ythdene divploMMBTALLACENE-BASED

POLYCE%%E{I\JE a?% %Zf ngggfé% 6156929 (%%1%% ggtaggt (cé%%&ﬂ’fc'dsaﬁse described herein

lncludsy&famdwm’ a[ddntl’(lﬁ)saﬁﬁwfdhn@o&mhﬁd‘d BYvihy pine adrl more Cp ligands
conprise atons selected fromthe g roug consi stin
e

(cyclopprsedisnyl padtligands lé@]@h%l toggyalongitadipayl} peandatol 3f, 1e%sg gne Group 3 to
Group, lf]?fﬁ%taﬁ e, TRESnHB fggwlng Wﬁs)%oﬁn&% £6La8 gkt B Mltal atom.

roup consis |ng car trogen, oxygen,
Hereirgifier, cthese cubfounds Wﬂbbp hefecrad to ger‘metilloognes’bor Emettidcene catalyst

al un1nun1and conbi nati ons t her eof erein car .
compqupg@s efi uquélggb %%[%csqe $qRponents gar%g].pag rv@ere% &h ?eﬁﬁtr Qne leaving

' £nifi dri ﬁiaallltise 1
B e TR e

compcnfenslstmppcmﬂdem aan)portsmttsmltmtaamnayﬁa:@pmdmrémyIdescnbed further

be:lown aﬂg Eﬁ%{ 'r:] gséllpl (ﬂ‘gqap chlf v?/&ﬁc?l.ght%F r{‘i{%{ J&agﬁ cao%peo%nt’ with the first

cataly%h%ﬁéﬁt%jhﬁﬁﬂdculaf &ﬂBdSHHn_entf.' uorenyl and ot her
structures urther non-limting exanples of such

I i gands i ncl ude cycl opent adi enyl

[0061] The Cp ligands are typically n-bonded and/or fused ring(s) or ring systems. The
ring(s) or ring system(s) typically comprise atoms selected from the group consisting of Groups
13 to 16 atoms, and more particularly, the atoms that make up the Cp ligands are selected from
the group consisting of carbon, nitrogen, oxygen, silicon, sulfur, phosphorous, germanium,
boron and aluminum and combinations thereof, wherein carbon makes up at least 50% of the

ring members. Even more particularly, the Cp ligand(s) are selected from the group consisting
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cycl opent aphenant hreneyl, indenyl, benzindenyl,
fluorenyl, octahydrofluorenyl, 5 cyclooctatetraenyl,
waeyokopsnt acycl ododecene, phenant hri ndenyl , PCT/US2003/025281
3, 4- benzof | uorenyl, 9- phenyl fluorenyl,
8- H cycl opent [ a] acenapht hyl enyl , 7H di benzof | uor enyl
i ndeno[ 1, 2- 9] ant hrene, thi ophenoi ndenyl,
t hi ophenof | uorenyl, hydrogeifated versi ons t her eof
(e.g., 4,5,6,7- tetrahydroindenyl, or "H4lnd"),
of substitgtedt whéd weutsiioms] t dyetfopehtadianyl H'gaedsacymd i bgands isolobal to

eront R Rkt e BB e TRy SR, ey

and otR&! BabRigesk rfth@pn&hﬁl%ﬁmgn&daﬂﬁﬂé’ég)f Q(6h REard¥@nclideyiclbpantadienyl,
nore particul ar enbodi nent, of the sanme or different

cyclopanaphanag@resaeylect addénybm t henzipdsoyl, con&w@mg ofoctahydrofluorenyl,

0 tadl I n flu aren
cydooféf rﬁﬁ?}ﬂr o} c‘j%% acyr%]ﬂ%’%c §ti tp a %mél denyl s SrhRgrggfluorenyl,  9-

phenyl[tﬂ@fe%]yl Th e; g@iopéﬁt?]&ce%plﬂ{yléﬂw metldivaesfudzatyd) ysindeno[1,2-
ound escri 15 thrwhout t he
anthse@@cﬁhfqp@amqmﬁnah thiephenpduorgry), hudreganated dgrsiqng thererf (e.g., 4,5,6,7-

I g
o PRI 500, o 5 M ARy
In a pdrtioutat &ebglimen, theonetalskddengs ok fuBio tlpSpresdnh invenior] fre selected from

atons in a nore particul ar e?tiodl and_sel ect ed

those inlyging; e cgrtwptv@ows% wersRerhfulagem ishgl, of 16 sgierg different Cp
rings Ts%lecM& g#%lgo%on&m gRpr I I@EHtaMenyln i&ﬂ'ényla fluorenyl,

nore parti cuI ar di nent; "and se ected fromt
tetrahygiraingergd resil stbstignted vessionpthe#kof.5 and 6 20 at ons |n yet
a nore particular enbodinment, and a Ti, Zr, H atons
in yet a nore particular enbodinent, and Zr in yet a

[0062]T0T € PRRd InfdihlaktoRITOREN BENke nldiglldR¥hsl %bta%t sbaipousd, idhdescribed
nmetal atom"M may range fromO to +7 in one

througématctuc mtﬁcaam aidclaimspmey paselpeied Epmethe grpupeansisting of Groups 3

throug&#@ oaa?rpf% ag’él_ia_%lde ;}go%)aﬂg%s ’fhr%:l% en?tz)o{%ﬁslgntg%cfn %’f#ke%rfrom the group

consis % 8f 6 @¥ 3’ Mroweh €1 0sai6is i atmdrb attieune emedideme randaelected from
owin the formul as and 25 structures are

the gr@pewsluse%g pEShdistraHl YinNesks MmdienF eeR o &2 BY., Irrapd Ni in yet
s Gk P R A A R By POk 5

atoms A ROHMGre pifttculaCenibodmnahs, @rdea di sZn Bt atémemn tybtea more particular
embodl(q%ggtl gg% %rgg%%hggxlpjf?rg ptgﬁgc%ggte?r&@t an%/ %pog(lil atlonnstz}tg o% the metal
atom ‘NPl %ftréi‘;geqwe 1203 1aGH b erhBREhERNEnd RG ﬁxgﬁ%hlduﬂhr‘éﬁﬁ)odlment is

aspec i nvention, the one or nore netall ocene
+1, +% aﬁaH@r +Soapbiverdt 8 mart pattiulaneeboiiorenafset 2, e efstht edhe groups

wound AR, o OG0 ST S b s

structlﬁ'@é: Qre%le&n&imgrﬂeﬁ@bﬂ YinRenetdervice Mdiceedh e 0p Uigand(§) form at least
chemcally bonded to M and nis an integer fromO to

one chemieal dpoad tithrthg metal atonn M toplorm; the [‘metallocene catalyst compound”. The

Cp ligands are distinct from the leaving groups bound to the catalyst compound in that they are

not highly susceptible to substitution/abstraction reactions.

[0063] In one aspect of the invention, the one or more metallocene catalyst components

of the invention are represented by the formula (I):
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5 enbodi nent. [0064] The |igands represented by CPA
and CpB in fornmula (1) may be the sanme or different
waeyokopsnt adi enyl |igands or |igands isol obal POT/US2003/025281

cycl opent adi enyl, either or both of which may contain

het eroatons and either or both of which may be

substituted by a group R 10 In one enbodi nent, CPA

and CpB are independently s ected fromthe group

consi sting of the group consi sting of

cycl opent adi enyl , BND¢etrahyq oi ndenyl ,

fluorenyl, and substltu ed derlvatlves of each

[ 0065] Independently, each CpA and CpB of fornula ( g?
wherepp)! e asidessibed tabprel each Xgs sqb@@tqailt/u@adw fh Mngadnép group is

[ n t r tH 10

chemifly SRR 3 WL i BBl ol QAP3, S SRer L 8 2 0 partcular
mnbmﬁhmnﬁs wel | as rlng substituents in structures (Va-d)

i ncl ude groups selected fromthe group consisting of

hydr ogen radical s, alkyls, alkenyls al kynyl s,

[0064 LY C! OafF}!fé/? gandgrr)é#mk%y?rﬁ&iy by Ccpr aul &p° & |f(9’}i'}{§a (B'MaPBY She same or

al kylt am nes, al kyl am dos
differeat lcgcdypmtam@ml shgamdsybmkgazds bsm\oybaé to @aclbpmgdlmyl,abllﬁgelr -or both of

it G0 S USSR S PRSI A A b s ®

In ond@fibddeHER! CPO amh qsﬁtatmlde@@w{tgssewcteal fkoth tBe1Bslub todReibting of the
R associated with fornula g ) through (V) .include

group m@pﬁytmg of thOP@F@MH}’I indenpil,, tegglpﬁ@q)mdm,yﬂuorenyl and substituted

ty cycl ohexyl , benzyI phenyl ,
denvaﬁe?sh@pﬁﬂqenyl and tert-butyl phenyl groups and the

i ke, |nclud|ng 25 all their isoners, for exanple

tertiary-butyl |30£rogyl ang, the I|ke O her
[0065b053| bindepeadrrth. seach fep'ygad sQﬂ)sttfa’ff@Ha dlkgmay Bpgusubstituted or

substl %ﬁl Witl? léﬁﬂ ?lg 'or c8 bﬁf&ﬁgﬁ’ o s 6s't1HféﬁPg§bﬁxB¥(h§1| f\]loHrlﬂx?ihﬁyexamples of

uroe opropyl r ono ) or obenzy
substitenk gryﬁhwkaersb;sbd s bstidttngt (é)]laa)wght ras meigadubstitdentaidn seicures (Va-d)

e T RTIE T e ——

alkynﬁé‘b%dl(gﬂﬁﬁﬁg QFIANRL alnjo?l' d aﬂl&%&@alcn%lld)d%l aiydiols, d1alkylam1nes
i s(trifldorongéthyl)si

alkylanndldmiy hlkpsymﬁdnwtsr @méomm)bgnylw carbomoyls alkyl- and dialkyl-carbamoyls,

scyloRs B BTG BV TR OR RN g di met hy! bor on

for exanple; and disubstituted G oup 15 radicals
i ncl udi ng di net hyl am ne, di net hyl phosphi ne,

[00661i phenMO@Qﬁ)ﬁélCUlﬁgpﬁWhpﬂ@m& p@m@g%pﬁ @kyk;@@btuegtg R associated with

oSG TR s P BESPSagRR sen,

cyclofeyt, b@&@/@%fh@ﬂﬁ?ﬁﬂ:th}dﬂlﬁnﬂ; bed testifs yliphergi igsoupsiand thillike, including

ol efins such as but not limted to olefinically
all theiisamensa foscexagypls tertiangrbeyLi isenroelngnd, theylike: o PiHes qogsible radicals

1nclude'sg95[ﬁﬂﬁec} Illggls %}ﬁ@'ﬂ?&@s@l&%g ﬁ%}lna{nﬁ%i}flﬂggcggé’th%ll ﬁu%%ﬁﬁ/ﬂwlﬂuroethyl,
iodop@peLl rsomodivax yh djhdarebdnziR gmd)hpdrobarbxdnmbstltuted organometalloid radicals
including trimethylsilyl, trimethylgermyl, methyldiethylsilyl and the like; and halocarbyl-
substituted organometalloid radicals including tris(trifluoromethyl)silyl,
methylbis(difluoromethyl)silyl, bromomethyldimethylgermyl and the like; and disubstituted
boron radicals including dimethylboron for example; and disubstituted Group 15 radicals
including dimethylamine, dimethylphosphine, diphenylamine, methylphenylphosphine, Group
16 radicals including methoxy, ethoxy, propoxy, phenoxy, methylsulfide and ethylsulfide.
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enbodi nent, are joined to forma ring structure having
from3 to 30 atons selected fromthe 5 group
wa@emgiosiedng of carbon, nitrogen, oxygen, phospPOT/O88)3/025281
silicon, germanium alum num boron and conbi nati ons
thereof. Also, a substituent group R group such as
1-butanyl may form a bondi ng association to the
elenent M [0067] At least-%he X in the formula (I)
above and for the fornulas/structures (I1) 10 through
Other (SupstivadntwR s‘ndln@kepxbafmenmcy zse betc ned lifm ted tdn@leg‘nm;ﬂy unsaturated

consi. s Iuorlde |on fluorinagte
substi g 4ncludhy SurgbiTRTER LS, RV PI B ProgeipS-hexenyl
and tH3! K. S.In V&?l%réihl'ibdlmfeﬁtu%f 'léh@f 8 RRadlpsatwd Qdfce@NR, grdfigh in one
up to 100% of the hydrogen atons of t he group are
embodlmpﬂltael@domﬁdﬂd) lf@lm Agingt sbistureahaying ﬁmnsb tq 30 piyans %ﬁleo@qdefrom the

oy ARSIRORE PPy, e 4. B ORGE, s, A SSAAS atomimm,

boron RHA RBMbirAREAY therel)'f nlsbyd phtsitlent Qﬂoﬂ‘ﬁtm)gkcﬁipemch as 1-butanyl may
trimet hyl phenyl, fluoronethyls (nono-, di- and

form a hongling ssevEAting Ita hegemant by ophenyl's (nono-, di-
tetra- and pentafl uorophenyls) in yet a nore
particul ar enbodi ment; and are fluoride ions in yet a

[00670r e pAf ldasubie Xeftbdieh foemisla (In abovepamd ifeuther formulas/structures (II)

enbodi nent , X r ups t tall
through (0 PrieWois FGRAIARETY SRR THEn 5F GpS Somiaig: phloride ons

ﬂuomﬁ% ED Y&, %ﬁ?rg P(?Uz% Glth BEy1€ 'm@qld&ﬁﬁt’ed‘%;l P} By, wherein

roups on the met al | oCene useful in the |nvent|on
“ﬂuormlated’l’ Imeans e ldashene, [aDO6S)] toNbID% i afi the rhgde»gamalt@ss of the group are

her . X groups i ncl yde al k hi.nes,.
replac‘é‘{ ¥y Quor ‘Hg%ﬂ ﬁ’?‘ii %%Qnésfow&fn @Srrﬁ}gi egd?t%'rc‘ in a particular
embocﬁﬁ‘i\éhtn Oseldc IndeBerrdinfir Ho ﬂh@rﬁ@a ioftd, UREhRBt efyl, propyl, phenyl,
hydr ocar bon radi cal s (e.g

methy{phenylaf | dimethytmhepyl) ) | trlﬁmqnl@rl]i)hﬁab’bd ﬂsoram{omk%r H&opoat edi-  and

i EREE T b S0 LSRR (BB ene o s

more pﬁﬁétuﬁeerﬂﬂ)dﬁﬂﬂneﬂlf et srestucifidasorsyia lyeb winydre pambhlmh expbdiment. In a

met hyl tyl, tolyl trlfluoromsthl
particylat erah@dlﬁyngﬁil Xpereeser e el Oﬁeéxeh@rr:.fb&slél refl¥pfing containing

r P Nk i

group?tag%?%}f bed! %Rlof%?/er%e {‘ﬁﬁ%%grst ;ﬁggﬁf}ggl Ca:fl ATk o@lgﬂ %(egroups on the
metallotdee uséfnl ke aventomaratluotindions. nore X's form a part

of a fused ring or ring system 30 WD 2004/022607

PCT/ US2003/ 025281 -20 [00691 In another aspect of the

nvent \gp. sphines,
s 120 AR5 ERYREREDDER, ks isamenel Lo ighor
etherseaaai'bo&yllaes ldysnas hgdretarbore rhdicalyi yinggfionp, 1 (1) 20 smbvn atoms;

fluori %]E A)‘@‘E‘E%fk{b%%} :’I)rrzexdllca s’ eP ' esentce g by(pentaHU Uuorop eny})) fluorinated

alkylcarboxylates (e.g., CF3C(0)O), hydrides and halogen ions and combinations thereof.

, tri-

Other examples of X ligands include alkyl groups such as cyclobutyl, cyclohexyl, methyl,
heptyl, tolyl, trifluoromethyl, tetramethylene, pentamethylene, methylidene, methyoxy,
ethyoxy, propoxy, phenoxy, bis(N-methylanilide), dimethylamide, dimethylphosphide radicals

and the like. In one embodiment, two or more X’s form a part of a fused ring or ring system.
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[00701 These bridged conpounds represented by fornmul a
(I'1) are known as "bridged netall ocenes". CpA, CpB,
wokookoazsd7 n in structure (I1) are as defined abov®sions/025281

formula (1); and wherein each Cp ligand is chemcally
bonded to M and (A) is chemcally bonded to each Cp.

10 Non-limting exanples of bridging group (A) include

di val ent hydrocarbon groupf@entai ning at |east one

Group 13 to 16 atom such as but not limted to at

[0069] east Drodfer aspear dftthe nme;atjem the mietallog@ne, caglyst camponent includes

o ST RO O S ST 0 e
group, R@x) %Cfl %a% sﬁlugﬁllfe 1@ Eepfilés)éhteﬁ BRIbihs Eg). t 0 satisfy

edatral  val ency. dgi ng group (A) may al so
cont ain substltuent gr oups R as defined above (for 15
formula (1)) b glbbﬁlogen radi cal s and iron. More
particul ar non?f §£¥$ xanpl es of brf gi ng group
(A) are represented by Cl1 to C6 al kyl enes, substituted

Cl to C6 al kyl enes, oxygen, sulfur, R 2C, R 2Si =, 5
[0070] Si (R Tixsr (brnsdgsvd compo@ss Tepresmtaduipe famla d) jredinewarass bridged

: Y,
e 157 €35, B0l ANSLEAR 3l BRRSQISBHIOfor om0 an
wherettyshch Gp Ibydnd is ullmthtllyt lﬁﬁhdb&tb" M;athﬂ)){A) 1s|'tﬁieﬂmallllmﬂonded to each Cp.
substituted hal ocar byl , drocarb 20 Slébstl t ut ed
Non-lighifjag s¥ameles of brideing goup 6%4) gl lv Yewihydrocarbon groups containing

at leas@gﬁgﬂ%? # ltc?'l@ato%%H@?ﬁé b t hprﬁfeﬁrio al T@a&%tdf{a%a?gon oxygen,

at ons tute oup at ons,
nitrogérg| flieon, radintal, Bordn,wWemeinmm t and tm atomeaIRI qma;bnta@ons thereof;

BN T N N
valenc§9 nﬂfé’lﬁ'ﬂi})r%f %rBQ}% 8?&"7&39 lalsh gt Whs@iuer6upd R d9dBfned above (for

gr oups 11" Gt her non-limting exanples of
formular (Y ginolydmgchaogen)radinals e irant h)losp partisulay nepdimiting examples of

bndgugé N df&eﬁg {eﬁﬁ%ent%? gy d‘lj‘ng(} ﬁ{()lo | %}%g,ggubs&tuﬁed C; to C¢ alkylenes,

oxygefl] ﬁfl‘ﬁ@yﬂ{'@@ﬂyt@ﬂﬁ -1SiR %Sith ?#VR'QGé:hyR@EhWJlﬁﬁdn “=" represents two
d’lmsthIS|IyI dleth|SI|Y met hyl -et hyl sily
chemwarhbqnd@)s orhsth tﬁutnylpganiym y mlgqted |ﬁforru %Wﬁ;ﬂwgﬁmr&a of hydride,

hydrocarlésg %”sblg 1t)u dI zﬂyflroq: YI )hgﬁélall)b@i %hbst%t&é hfllo?rﬂn/l,, hydrocarbyl-

’dlcyc exyl's
substit@dtgdh Qiﬂgdn%hie}dllmd}yhilodiwb(}xllspbsmyﬂesI baganorhet3lloid, disubstituted boron,

dlsubsgglitgl E%q?tliHOhg)é%/ e yI dl ( oy )nggtgg}gy@z%légqne@dlcal and wherein

o P YT £ ) B B g e

metalldcekeleptatyst eorhpond® cﬁ“ﬁ'@xztvhﬂﬂ 2B 0vas PE oUSROOBri g B2 Stbups QA).
[0072] In another enbodi nent, bridging group (A my
al so be cyclic, conprising, for exanple 4 to 10, 5 to

(0071 ' NJOMRAGA- ﬁnhfh%e)&ﬁﬁﬂesﬂﬁ“"btrﬂ gh‘ﬂgeg‘ro@m%ﬂ'ﬁdf@ methRne, ethylene,

ring menbers selected fromthe el enments
cthylidemat | pxnem@bg,v elsopfrowhdgma diiphepylmediyl@e, Cl,2<limethylethylene, 1,2-

diphe E%h%e ér%ﬁlt%#lggett}&yﬁgllb%o%me y1s11"}\llp ndle{ gl g tmethyl-ethylsilyl,
triﬂuoromethylbutylsﬂyl bis(trifluoromethyl)silyl, d1(n-buty1)511y1 di(n-propyl)silyl, di(i-
propyDsilyl, di(n-hexyl)silyl, dicyclohexylsilyl, diphenylsilyl, cyclohexylphenylsilyl, t-
butyleyclohexylsilyl, di(t-butylphenyl)silyl, di(p-tolyl)silyl and the corresponding moieties
wherein the Si atom is replaced by a Ge or a C atom; dimethylsilyl, diethylsilyl,
dimethylgermyl and diethylgermyl.
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as or part of the bridging noiety are cycl obutylidene,
cycl opentylidene, cycl ohexylidene, cycloheptylidene,
waeyokoksvyl i dene and the correspondi ng rings WET/@SmN®025281
or two carbon atons " are replaced by at |east one of
Si, G, Nand 0, in particular, Si and Ge. The bondi ng
arrangenent between the ring and the Cp groups may be
either cis-, trans-, or a-cdhbination. 10 [0073] The
cyclic bridging groups (A) nay be saturated or
unsaturated and/or carry one or nore substituents
and/ or._ be fused.ta one.or. nore other tru tu res. ..
100720 ot Fimboiangh, bPifeRe Sk ek rto 2 eYEls efbprsine, for
exampld Qrﬂ)tl@GSQB 07Uﬁn§ aesibetd Moa ﬁforé")ﬁ&h@@l@f Qﬁﬁbo&lﬁ}eﬁt , TBt ik members
such and hal ogen (e. in one
may be ﬁti@‘dﬁdréfﬁm thwbenm@s wentipged atpyey ?reup@levmu meretf d3, 15 Si, Ge, N and
abave, c ycI bri dgi n
0 in 4ROtk R e ERE sk ERPEY AL SALAL wREh P presen
as or paAndft R BriGtiRg GrvistySirengcldbutytidsse, hexiopgnt4lidene] @yclohexylidene,
nor e artlculargé 5 6. or 7 rlng menbers (sel ected
cyclohepiyfiflente cyileRnsylidsns rad thegoresronding rngs ety one of two carbon atoms
lar [ t
are refiBEdd BY EUPRTRHE TR e 2GR i BariENAETfand G The bonding
arrangemegt t&twmtthas ssg amd/the tUpegroepsvesy beeithes ed-, s1ao, asg cdmbination.
exanple, in the case of a naphthyl group. Moreover,
these 20 (optionally fused) ring structures may carry
[0073]0ne or TH@E}%I@ BBk lég(ﬂfp§ (A} Hay Bk @t & oMBRathiald dndfbr carry one
anpl es of these substituentS are hydrocar byl
or mox(embaiutcentsand]ordiekfwe)d tgrone ps meneiothel magsirustuses . If ppaem4he one or

and B of farmil ae n L1) ar
more gHRUPBRR PO AL e oPh oM g oM RERI (ke i suen
methyD3Hd HalbgdRGE. BEIF, ©MPRAdri¥eMboddherdt0Oe] onkTor)ire alpaglla,aps which the
aspect of the invention, the netall ocene catal

above eehsdbridaing moirsicumey loptierly beokesd tp @@ﬁyob%@ﬂaﬁqeé @& Hasaturated and
are sel%gtnﬁ)?%rr]rg )g%l?pnc%n%}lggg%%ﬁ%g@ﬁmﬁgh E@ﬂ) rﬁ?lte?a%&?ctularly 5, 6 or 7 ring

onen I ment e at

membBi@t(QélbﬁedE M@n dfeadry6p comORTC, N, @ 4nid §ged particular embodiment)
"hal f - sandwi ch” netal | ocene represented by the formula

such ag,) foy gxamyge, Qypj(ogyr@(}xcyc(lq)}}qul m %GM}/ d\é%gyer ese ring structures may
themsgg%s/ b Q&;/ Q&IS%S%X %yéfnp\i\@ Qﬁ ’%f 'asna? gp gﬂ)ugboM%reover these

oun IS a gi ng
(optlomlty ﬁipa!kt) nngrsdrumhms enay carryamermrfrrrommuuseu@tgr dllystiagve, non-hmltlng

and n an i nteger 0O of, 2. In formula
examp?q:sl q )t %?569 tltL@pﬁ arq %drgmb)% (Hage)cqleﬁlm]]gy#) SEQURpS Iapﬂ galogen atoms.
system The X groups and n of formula (I11) are as
defi ned above in fornuLa E and (11 In one
[0074Enbodi Tealigandp £pi* end Epéof filag ﬂ)tahé (II) are different from each other in

one embodiment, and the same in another embodiment.

[0075] In yet another aspect of the invention, the metallocene catalyst components
include bridged mono-ligand metallocene compounds (e.g., mono cyclopentadienyl catalyst
components). In this embodiment, the at least one metallocene catalyst component is a bridged

“half-sandwich” metallocene represented by the formula (III):

Cp(A)QMX, (IID)
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5 group consisting of cycl opentadi enyl, indenyl,
tetrahydroi ndenyl, fluorenyl, substituted versions
wo benezdep7 and conbi nati ons thereof. [0076] | n Por/Isioa3/025281
(I'11), Qis a heteroatomcontaining |ligand in which
the bonding atom (the atomthat is bonded with the
nmetal M is selected fromthe group consisting of
Goup 15 10 atons and G o246 atons in one
enbodi ment, and sel ected fromthe group consisting of

whereini Cp’oig definqihabeph andiis, boond GeM; 64) is altridginet group boraledty € and Cp?;

wnd e R P AR 08T AT ST 82 formut
(1II) a@vgf@ypgAb Agd Ch%a ﬁJnlﬁw fﬂ§@d"}¢1§g sy8feH. amerwgrodﬁ%ﬁ@ﬂto@ formula (III)
oun eth oxy onpounds, carb;mglates

are as plc\ﬁaechabc)ve maﬁoban}at @k anchﬂé)nyln ongy pdimepk r@pﬁﬁ §rﬁ@1ected from the

sou 35RDRY 4 SPRBLRVTA o IR gy, sbsini

vers1oﬁ§@1b'ﬂéoﬂ5.n@6&n@h@tﬂ&m]tﬁere@ﬁ oms capabl e of bonding with
[0077] In yet another aspect of the invention, the

at | east one net al | ocene cat al yst corrponent is an

o076 RS i B O PSR B

(the atdaf ihael baadédwith hike ﬁi&tag M))lleSellectecﬂ ifforathd grsu}acd»nsg;ang of Group 15

that _is bonded to Qis i ndllegtgndfentlé bonded ¢
stomsyapRIroNPI 4 Homsevi s GRORIMSY: amd EreTed bR BHpuprgumsisting o
mtrogéhmsﬁggﬁl%nfsr Qﬁééat& sffAr Atong g a'rﬁor@ &Hl(?uldrrhrﬁ’r%?ilment and nitrogen

I'nment nges fromO to 3, I n one
and m@lgbmdl ymratmoﬂerpammlardudmdmn N@pAlmmng@kaopbsl ot‘ fogroups include

e group consisting of c en i en en
alky e QAR RorgEaitD L BRI GGy GrBRoWERy gfporyiates (e.
plvalaﬁemgrcﬁﬂiamaﬁa@d &1 NBhleaBS ﬂeﬁﬁfeﬁ@f -phoS$h6§], k)ﬁosfphlﬂﬂﬂhr’b pyrrolyl,
Qis selected fromthe group consisting of ROO,

pyrochk@, cafb(a@)lyl bcgaj)enme othgrgompowmds comprisingcRgoup. $R and Group 16
; l§§ i Rgfn d substituted and unsubstituted
a"ms&F‘l% B ,g\mglre'n Ris selected fromthe group

consisting of Cl to C6 alkyls, C6 to Cl2 aryls, Cl to

C6 al kyl amines, C6 to Cl2 al kylarylamnes, Cl to

[0077hI koxy®, y@eaqoéheglagpg:,t yqfotiag, dnvepgn He que%gmeo@g@ggcene catalyst
. 2‘ ’ f
B P

(e.g., pivalate), C2to C20 allyls, and C2 to C20
het er oal Iyl noietjegs 00791 Describ not her vvay,
the "hal f sandwi ER" Mﬁ%&‘al | ocenes abo&g( i‘an be
described as in formula (1Vb), such as descri bed in,
for exanple US 6, 069, 213: CPAM QRGZ) X" or (| Vb)
wherein Cp” is defined as for the Cp groups in (I) and is a ligand that is bonded to M; each Q is

independently bonded to M; X is a leaving group as described above in (I); n ranges from 0 to
3, and is 0 or 3 in one embodiment; q ranges from 0 to 3, and is 0 or 3 in one embodiment. In
one embodiment, Cp”" is selected from the group consisting of cyclopentadienyl, indenyl,

tetrahydroindenyl, fluorenyl, substituted version thereof, and combinations thereof.

[0078] In formula (IVa), Q is selected from the group consisting of ROO", RO—, R(O)—,
—NR-, -CR,—, —S—, -NR;, —CR3, —SR, —SiR3, —PR,, —H, and substituted and unsubstituted
aryl groups, wherein R is selected from the group consisting of C; to Cs alkyls, Cs to Cy aryls,
C, to Cg alkylamines, Cs to C); alkylarylamines, C; to Cq alkoxys, Cs to C,, aryloxys, and the
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T(CPAM @R&Z) X')m 10 wherein M CpA, X and n are as
defi ned above; RGZ forns a pol ydentate |igand unit
W@ eoog/0226pi val ate), wherein at | east one of thePQ/ysmape25281

form a bond with M and is defined such that each Q

I's independently selected fromthe group consisting

of -0-, -NR-, -CR2- and -S-; Gis either carbon or

silicon; and Z is 15 sel ect&dl-fromthe group

consisting of R -OR -NR2, -CR3, -SR -SiR3, -PR2,
like. Nod-linkitinlg exkemplps of Qdinolyde Katto Whecarbamates, NRR-to € hearbdxjlstes (e.g.,
. . sel ect fromth rou onsj sting. of -OR -NR2, -SR
pivalat i%?g@g?s’&%%ﬁ?%&oﬁ@gﬂ?aﬁiﬁ mr‘?éeg‘teﬁ'al val ency for Q

is satisfied by Z; and wherein each Ris

i ndependent |y sel ected fromthe group consisting of Cl
[0079} 0 C10Dedssibed carotrer cwaY.aihti fbalfrongwichtCimetgllggapes above can be

deseriBlf S ok YOI Rt e TR P R VB8 7P,

a particular enbodinent; and T is a bridging group
sel ected, fromthe group consisting of Cl to CIL0
al kyl eREM(@E38)XnC12 o5 aryl end¥dhnd C1 to Cl10

heterOfgcg{M@%b%ﬁppng groups, and C6 to C12
iC

het er oc roups,; wherein each T group bridges

adj acent , CpAM RGZ) Xn" groups, and is chemcally

bonded,to the CPA groups. mis an integer from1l to 7;
wherejrM; §Pgr?(?ﬂ‘§é§€¢rasfq%gﬁ?‘gatf‘1¥e’6 in a nore particul ar

enbodi nent. 30 [00801 In anot her aspect of the

i nvention, the at |east one fluorided netall ocene
Q.GZdatnad a/sitl yd entatgp b gandt undte(e. gb @ividase)s whengimasleaspeme ¢fdhe¢ Qrgrgups form

RIS Bl s 580 bl fm

Rerop cbisidtthgAdf - INRX) nCIM-Q an V8- § i€ Maher carben B8siRéon; and Z is
selected from the group consisting of R, -OR, —NR;, —CR3, —-SR, —SiR3, —PR;, and
hydride, providing that when Q is -NR—, then Z is selected from the group consisting of
—OR, -NR;, SR, —-SiR3, —PRy; and provided that neutral valency for Q is satisfied by
Z; and wherein each R is independently selected from the group consisting of C; to Cyo
heteroatom containing groups, C; to Cjg alkyls, Cs to C,; aryls, Cs to C,; alkylaryls, C,
to Cyp alkoxys, and Cg to C; aryloxys;

nis 1 or 2 in a particular embodiment; and

T is a bridging group selected from the group consisting of C; to Cyo alkylenes, Cs to Ci2
arylenes and C, to Cjo heteroatom containing groups, and Cs to C)2 heterocyclic groups;
wherein each T group bridges adjacent “Cp"M(Q,GZ)X,” groups, and is chemically
bonded to the Cp* groups.

m is an integer from 1 to 7; m is an integer from 2 to 6 in a more particular embodiment.

[0080] In another aspect of the invention, the at least one fluorided metallocene catalyst

component can be described more particularly in structures (Va), (Vb), (Vc) and (Vd):



RR R RL(XYn MA R5 R6 R R7 R8 (Vb) WD
2004/ 022607 PCT/ US2003/ 025281 -25- R4 RS R3 f \\ R6
W&R200R023€27 (X)n MA R7 R8 R* RO/ R 2 R o RL1pr¢HMup2008425281
RE RBRE RRR RL(Xn MA \R7/ R38R R9 Ro (Vd)
5 wherein in structures (Va) to (Vd) Mis selected
fromthe group consisting of Goup 3 to Goup 12
atons, and sel ected from t-I24 group consi sting of G oup
3 to Goup 10 atonms in a nore particular enbodi nent,
and selected fromthe group consisting of Goup 3 to
WO 2004/ 022607 PCT/ US2003/ 025281 | - 26
R® R* R’ R*

R? R R\
R! A
MQq (X)n /
\ Q
(Va-1) (Va-11)
R R*




Goup 6 atons in yet a nore particul ar enbodi nent, and
sel ected fromthe group consisting of Goup 4 atons
WO nooger26a7 nore particul ar enbodi ment, and sel ee¢BUSIO®S5281
the group consisting of Zr and Hf in yet a nore
particul ar enbodiment; and is Zr in yet a nore
particul ar enbodi nent; 5 wherein Qin (Va-i) and
(Va-ii) is selected from t+#bgroup consisting of
hal ogen ions, alkyls, alkylenes, aryls, arylenes,
al koxys, aryl opfs, amrfnes, al kyl ami nes, phosphines,
al kyi phosphi nes, pstituted al kyls, substituted
aryl s, substltu S vlkox S, substituted aryl oxys,
subst i t ut edR’am -t |tuted al kyl am nes,
substi tuted phosphipes, 10 substituted
al kyi phosphi nes, ( 2 bamat es, heteroal | yl s,
car boxyl at es S ‘-uthg exanpl es of suitable
car bamat es éhd ganboxyRat es include trinethyl acet ate,
trimethyl acet gt'e, !get hy acetate p-tol uate, benzoate,
di et hyl car bapft e, Rand i met hyl carbamate), fluorinated
al kyls, fludrinated aryls, and fluorinated
al kyl céXhoMyl ates; 15 q ias an integer ranging from1
to 3; wherelNy each R* iz?independently: sel ected from

t he group consi st RAg of /hydrocarbyls and
het er oat om contai ni ng hdrocar byl s in one enbodi nent;
and sel ect eR’ i

enbodi ment; A -ctedlgronwthe group consisting of
Cl to C12 &ky
and Cl1 to C12 hé er0at om cont ai ni ng hydrocarbons in a
nore particul ar_jgnbodipent; and sel ected fromthe
group consisti®g of Bl to C4 alkyVéhes in yet a nore
particul ar enbodi nent; and wherein both R* groups are
25 identical in another enbodinent in structures
(Vb-d); A is aszdescrgsbed above for (A) in structure
(I'1), and nore particularly, selected fromthe group
consi sting of , -S2-, -NR-, =SiR2, =CGeR2,
=SnR2, - R2SRSIR —RC1 to C12 alkylenes,
substituted Cl t\Q al kyl enes, divalent C4 to Cl12
cyclic hydrocar
unsubstituted a gkoups in one enbodinent; and
sel ected froRrtfhe consisting of C5 to C8 cyclic
hydr ocar bons, =CR2 and =SiR2 in a nore
[ erein and Ris selected from
2004/ 022607

R’ R10 vd)

5  wherein in structures (Va) to (Vd) M is selected from the group consisting of Group 3 to Group
12 atoms, and selected from the group consisting of Group 3 to Group 10 atoms in a

more particular embodiment, and selected from the group consisting of Group 3 to



-27 al kyls, cycloal kyls, aryls, al koxys, fluoroalkyls
and het eroatom containing hydrocarbons in one
wepdadezsent ; and Ris selected fromthe group PCT/US2003/025281

consisting of C1 to C6 alkyls, substituted phenyls,
phenyl, and Cl1 to C6 al koxys in a nore particul ar
enbodi nent; and Ris selected fromthe group
consi sting of nethoxy, nett3d~+ phenoxy, 5 and phenyl
in yet a nore particular enbodi ment; wherein A may be
abBsoapt 6 iamnysein Jeot heoreeprvocilaresthbodimenthiantl selestedefmah the group
R* is.def sfor. -R12; 10. each .S a
crasgRitieet GBG0d Homt in Yot Mt pirtiefiRE gupodifsfil and geispted from the
agidu COHBisting df %r'aﬁhd@ﬂ'h'}%[ a RO PuARAlar eAHAdinedt; #hdiid Zr in yet a
yet ‘anot her ~ enbodi nent;” and 15 Rl through R12 are
| moespartetautar legnbodimhentt ed from t he group consi sting of
hydrogen radical, halogen radicals, ClL to Cl2 al kyl s,
C2 to C12 alkenyls, C6 to Cl12 aryls, C7 to C20

wherefl dﬂh avylisandilvd-i) fslsdlealel rons theGlrotip cbdsdstingluiaddgen ligns, alkyls,

to Cl12 fluoroaryls, and Cl1 to Cl12

h@knépreﬁat oty soraraicRes g 2lkgrso cayioans annesybalkylaminsg, phosphines,
d t [ t 0
tﬁfg/lé@%sg}{%%s nsgﬁ?étftﬁfed aﬁlfﬁﬂ Pgtggl%gr Calfb%ﬁh%&f Qﬂim‘i}k Wibstituted
ragllo&yé,, sdbstitidedr |anﬁndsadsmtltutddr oatkylemrmsl,l csajbstnﬁﬂedt gphosphines,

C6 _al kyl s, to C6 al kepyls, C7 to C1 al kyl aryl s
GRORUEE PITESSPRD s, CEDE o PReTRATa KBRS Ty pen-limiting
%%.n‘{gllééor&al SYLBEY | Sirtlahafes MRKE REFdxyfidsar ineRiae ditARBihylacetate,

rogen radical, fluorine radical, chlorine
rtahhile(tlaﬂacetamm hyde;h}éachgpte,, pp-opyite, |5b@pz®py| distityydarbamate, and

"é{%%@%ﬂ? r %?In 3r uq*%llét?%/ e ar %ﬁlﬁéy | thfi 0 5%1'31 d In %}1& fluorinated

NAkPcABSLYISEs;ar embodi nent; 25 wherein adj acent
groups may forma ring, ei t her sat ur at ed, partlally
sat urated, or conpletely saturated. [0081] The

ucture o t al I ocene catal yst conponent
qlsanrlg g%rsrgwflg%lfﬁg ﬁ?n? take on many forms such as

di scl osed in, for exarrpl e, US 5,026,798, US 5,703,187,

and US , 30 5,747,406, including a dinmer or ol |q%oner
wherewy paghtRir &, indgeandgatlyyj sglertsd aom rfhe reoupecensistiag Qlihydrocarbyls and

W@é&%@@ﬁgﬁ?ﬁd&%ﬁ%ﬁgz% %xgrg)%i/b a%t%? (} selected from the group

emmdtm@ Df alifylenbs subttalted atkyenee pncbketntaatbmmox@t‘a/nh)ng Rdrocarbyls
o0 LSO Sonsod G egbet e SALban, LD 1 .y aleyens,
C; to Cy, substituted alkylenes, and C; to C), heteroatom-containing hydrocarbons in a
more particular embodiment; and selected from the group consisting of C; to C,4
alkylenes in yet a more particular embodiment; and wherein both R* groups are

identical in another embodiment in structures (Vb-d);

A is as described above for (A) in structure (II), and more particularly, selected from the group
consisting of —O—, -S—, —SO,—, -NR—, =SiR;, =GeR;, =SnR;, —R,SiSiR,—, RP=, C,
to Ci alkylenes, substituted C, to C,, alkylenes, divalent C4 to C;; cyclic hydrocarbons
and substituted and unsubstituted aryl groups in one embodiment; and selected from the
group consisting of Cs to Cg cyclic hydrocarbons, —CH,CH;—, =CR; and =SiR; in a

more particular embodiment; wherein and R is selected from the group consisting of
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[00831 Non-limting exanples of netall ocene catal yst
conponents consistent with the 5 description herein
w0 pakioetsn7 cycl opent adi enyl zi rconi um Xn, PCT/US2003/025281
i ndenyl zi rconium Xn, (1-nethylindenyl)zirconium Xn,
10 (2-nmet hylindenyl)zirconi um Xn,
(1- propyl i ndenyl ) zi rconi um Xn,
(2- propyl i ndenyl) zi r coni um2¥
(1- butylindenyl)zirconi um X,
(ks yEyaioakylk,) zarytoni alkoxys, flBoroalkyls and heteroatom-containing

glg\?ffxwgllﬁ ggg%ﬁ%*’&%ﬁ?’ Z&hﬁrl %irs]isglg]ctég 'from the group consisting of C; to
eq}l QW@VSMBM%@QWQEFBH&&P o0 U KN alkoxys in a more particular
cycl opent adi enyl zi r coni um Xn,

pembeivmehty had/Blis pdentedifremyihe gronp comsising of gnethoxy, methyl, phenoxy,
teI}éir rretlhﬁé,c%cl apent Iut i teari)i {ne>1<1rt]"
13580 PRCTY el MO oR Bt s 2R i coni um X,
di met hyl silyl (1, 2, 3, 4-tetranet hyl cycl opent adi enyl ) (cyc
| opent adi enyl ) zirconi um X, ) i .
wherei dandyyhesahisgnt(in yet another embadinany iydieh ese£ark Ry |1y defined as for
, gt bid. met hyl - cycl opent adi enyl ) zi rconi um Xn, 25
dinethyl silyl (1, 2, 3, 4-tetranet hyl cycl opentadi enyl ) (1,2
- di met hyl - cycl opent adi enyl ) zi rconi um Xn,
di methyl silyl (1,2,3,4-tetranethyl -cycl opent adi enyl) ( 2-
each Xqisiag dp P%a‘ameaai(ﬁhw ) zi r coni um Xn,
di met hyl si |l yl (cycl opent adi enyl ) (i ndenyl ) zi r coni um Xn,
di met hyl si |l yl (2-met hyl i ndenyl ) (fl uorenyl ) zi rconi um Xn,
n is aBhteger from O to 4, and from 1 to 3 in another embodiment, and 1 or 2 in yet another

di phepylsilyl (1, 2,3, 4-tetranet hyl -cycl opent adi enyl ) ( 3-
p?’ggﬁ%‘%ﬁ’ﬁ&nt adi enyl ) zi rconi um Xn, di net hyl silyl
(1, 2,3,4-tetranet hyl cycl opent adi enyl )
| (3-t- Qytyl cycl opent adi enyl ) zi rconi um Xn, )
R' thrdgheRhy brgeindgpanderttlydisalecied | fegre | thp ereupdresisting fj kydpeasp radical,

y cl opent adienyl }zi . [ n
d#ﬁé&%\% 1@, r((i‘, %’ }5,%24?@{% awr;rqett%(hglz- alkenyls Kt LuingRieaCr to Co
etk bivhyey ©, ap € ARGBRYC) tol |, EaBtodky}) Cs to C)2 fluoroaryls, and C; to Ci,

di phenyl net hyl | dene cyclopentadienyj)(g-fluonenyl%zirc_
oh¢tereptRA-caraining  hydrocarbons and substituted derivatives thereof in one

?nérﬁﬁfd?%'eﬁ@‘s@é&%@ ARG{ feCLORS BERULERIHHRIER ¥digdlr SR radical,
chlorine radical, bromine radical, C; to Cg¢ alkyls, C; to Cs alkenyls, C; to Cis
alkylaryls, C, to C¢ fluoroalkyls, C, to Cs fluoroalkenyls, C7 to C;s fluoroalkylaryls in a
more particular embodiment; and hydrogen radical, fluorine radical, chlorine radical,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tertiary butyl, hexyl, phenyl, 2,6-di-
methylpheyl, and 4-tertiarybutylpheyl groups in yet a more particular embodiment;
wherein adjacent R groups may form a ring, either saturated, partially saturated, or

completely saturated.

[0081] The structure of the metallocene catalyst component represented by (Va) may
take on many forms such as disclosed in, for example, US 5,026,798, US 5,703,187, and US
5,747,406, including a dimer or oligomeric structure, such as disclosed in, for example, US

5,026,798 and US 6,069,213.
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I so- propyl i denebi s(cycl opent adi enyl ) zi r coni um Xn,
i so-propylidene(cycl opent adi enyl ) (9-fl uorenyl)zirconiu
wWon003/022607 PCT/US2003/025281
i so- propyl i dene( 3- net hyl cycl opent adi enyl ) (9-fl uorenyl)
zirconium Xn, ethyl enebis(9-fluorenyl)zirconiumX, 40
nmeso- et hyl enebi s(1-i ndenyl ) zi rconi um Xn,
et hyl enebi s(1-i ndenyl) zi r ec&8-4am Xn,
et hyl enebi s(2-nmet hyl - | -indenyl)zirconi um Xn,
[0082]et hy| elmebpati2ulaetinpbdithenGof the metallocene represented in (Vd), R! and R?

form aggpnieala i BERDRFD Y POR TGS EYHTD ST Sy aF 813 PeRRR AYISH,
oni um Xn, 45

et hyl enebi s(2-i sopropyl -4,5,6, 7-tetrahydro-1-indenyl)z .
[0083]; r coni Nem-Kmitingeroaq¢soDBetllpEne ysrbeB ronBa®nts copsistent with the

descri%etlgo%e%qg%cﬁdze_: butyl -4,5,6, 7-tetrahydro-1-indenyl)zirco
et hyl enebi s(2-i sobutyl -4,5, 6, 7-tetrahydro-1-i ndenyl ) zi

rconium X , ,
cyclopgniadieRylrgeaypmnsg, 6, 7- t et r ahydr o- 1-i ndenyl ) zi r coni um
indeny¥gircondhinpKeny| ( 4, 5, 6, 7- t et rahydr o- 1-i ndenyl ) zi r coni um
(1-metKplindengl)niydoanebiXs,( 4, 5, 6, 7-t et rahydro- 1
(2-methiylikanyl)zizdonomm iXym Xn,
(1-prop¥lifRlehyl)Aichiiuki X(,cycl opent adi enyl ) zi r coni um X,
(2-pro§&lﬂﬁ1‘éﬁ§’l£z§fcbﬁi|um %(,9-fl uorenyl)zirconium X,

(1-butPid@RhPyligohikbks ( 1- i ndenyl ) zi r coni um X,
(2-but LR Y %S(2- et hyl i ndenyl ) zi rconium X, ,, 10

1§3|.0 > . . .

| ! 1 S(2- pyl i ndenyl ) zi r coni um X,
(methy C%E h a?llqn ) ‘.“"E“g‘-“%‘?’w i ndenyl ) zi rconi um X,
tetrahyGrtpd A 2licOliUBt &%0_ net hyl i ndenyl ) zi r coni um Xn,
(pentagreHiylay(lopentydighd ZeMPm X, ndeny! ) zi r coni um X,
cyclopgnisdisAyiEFImBi%s( 2- but yl i ndenyl ) zi rconi um X, ,, 15
pentangit t?mlmg‘—‘@l‘raﬁl}ﬂnmﬁé@‘nﬂééhyl i ndenyl ) zi r coni um X"
tetramefihyletyblpb ety itdmiwd &et r ahydr oi ndenyl ) zi rconi um X, , ,
1,2,4-tdlinvatti yigstcdapepdabiesyltetamaure iy | cycl opent adi enyl ) zi r coni um
dimeth¥ilsilyl(1,2,3,4-tetramethylcyclopentadienyl)(cyclopentadienyl)zirconium X,
dirnet}%llsm%/‘l(h}d,ﬁhltéth{rﬁéﬂﬁ}}l@ﬁﬁﬂfeﬂﬂﬂﬁﬁ}’lb()l(25,93-fﬂilﬁ@thﬁlﬂds}c)cﬁieﬁﬁdi&hyll)zircomum

dimet@zﬁﬁ@@}ﬂ,ﬁhlté{{e{r&a{@mfd%ﬁahﬁﬁm§29aifrﬁaw1.%5}mb2>a{'tada&wlmcomum

dimethylsilyl(1,2,3,4-tetramethyl-cyclopentadienyl)(2-methylcyclopentadienyl)zirconium Xy,
dimethylsilyl(cyclopentadienyl)(indenyl)zirconium X,
dimethylsilyl(2-methylindeny!)(fluorenyl)zirconium X,
diphenylsilyl(1,2,3,4-tetramethyl-cyclopentadienyl)(3-propylcyclopentadienyl)zirconium X,
dimethylsilyl (1,2,3,4-tetramethylcyclopentadienyl) (3-t-butylcyclopentadienyl)zirconium X,
dimethylgermyl(1,2-dimethylcyclopentadienyl)(3-isopropylcyclopentadienyl)zirconium X,
dimethylsilyl(1,2,3,4-tetramethyl-cyclopentadienyl)(3-methylcyclopentadienyl) zirconium X,
diphenylmethylidene(cyclopentadienyl)(9-fluorenyl)zirconium X,
diphenylmethylidene(cyclopentadienyl)(indenyl)zirconium Xn,
iso-propylidenebis(cyclopentadienyl)zirconium X,
iso-propylidene(cyclopentadienyl)(9-fluorenyl)zirconium X,
iso-propylidene(3-methylcyclopentadienyl)(9-fluorenyl)zirconium Xp,
ethylenebis(9-fluorenyl)zirconium X,

meso-ethylenebis(1-indenyl)zirconium X,

ethylenebis(1-indenyl)zirconium X,,

ethylenebis(2-methyl-1-indenyl)zirconium X,
ethylenebis(2-methyl-4,5,6,7-tetrahydro-1-indenyl)zirconium X,
ethylenebis(2-propyl-4,5,6,7-tetrahydro-1-indenyl)zirconium X,
ethylenebis(2-isopropyl-4,5,6,7-tetrahydro-1-indenyl)zirconium X,
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20 di phenyl silyl bi s(indenyl)zirconium X,
cyclotrinet hyl enesi |l yl (tetranet hyl cycl opent adi enyl ) (cy
W@ baperdeatli enyl ) zi r coni um Xn, PCT/US2003/025281
cycl ot et ranet hyl enesi |l yl (tetranet hyl cycl opent adi enyl ) (
cycl opent adi enyl ) zirconi um Xn,
cyclotrinet hyl enesi |l yl (tetranet hyl cycl opent adi enyl ) ( 2-
met hyl i ndenyl ) zi r coni um Xm,29 —
cyclotrinethyl enesilyl (tetramethyl cycl opent adi enyl) ( 3-
ethylenahis{24botpd4gpe Aitetihydnpl )-indenpditeonidm X25
ethylengbid(2tigobunilHyd, & Reatdhydior s{rideng)zincbnindeXy,| ) zi r coni um
dimeth{silyl(4,5,6,7-tetrahydro-1-indenyl)zirconium X,
dlphe @508 mta%wlloenﬁﬁkhwzﬁkaﬁlmx hyl cycl opent adi enyl ) (2,
ethyle eblfms ¢.7-tdBhibavmhianRgpiashieayk) 2i r coni um Xn,
dimet 5(%:% %Eb%?d)h}‘éo‘ﬁhﬁﬁt)@t r anet hyl cycl opent adi enyl)
Ore

l'}%

g;ﬁ:ﬁ g lﬂg IF) )Z]trCO gl gygl opent adi eneyl ) (N-tert - but
(cycl opent adi enyl ) chrom um

dlmetigﬁs Uyihig( éé%t ”@H?lluﬁnz #coni um Xn,

dlmeﬂbﬂ%’(ﬂ'@ﬂ tWPRﬁQ@ﬁ?Ip’J)W&%P%‘H ™ zi rconi um Xn,

dimethyilsilyithig(@chaeylodensd)zispemivmdieny| ) zi r coni um Xn,

diphertyilsskydis(@nesthylogemyzaticemyim) Xi,r coni um Xn, 35

dipheryllskyiltasi2 pudpyliadel ybpaosmaanety| ) zi r coni um Xn,

diphe3ilsiylEg2 pruepindenst)zaperitadi.enyl ) zi r coni um Xn,

dlmetwlg&ﬂﬁlwwwﬁﬁmeﬁﬁm@mhﬂg coni um Xn,

dimett) lﬁf 1&’64‘[%&1 dﬁ%n@@ﬁﬂ zﬂ@bﬁﬁ]\ﬁ' XZi rconi um Xn

dimet

r1 ghlqlﬁpgl um Xn 40

dimet 13 ,W_gr?ﬁh h ;'% ﬁf Fnc §“2|u:ncz)<2| um Xn,

glpﬁerﬁ'l }hﬂ%c e§l dﬁ %rei? fylé ‘i‘1t adi enyl ) zi rconi um

iphenylsi me 't’hyl c clo nt adi e r coni u

cyclotspethylineg lb’-l@i?t e ptaRg P enges! aaffnéfiﬂwa@zve%wa

cyclotmmetbylbm@(lwéﬁqtran@tbwwymmw&m3@ Ipeptadicayh zisemim X

cyclotiiinsthpydanesiimt¢tyaneinyleystapendiisnyl) Rzinethyhindeny eirconium Xn,

cyclothire(hidgmesiby(tetBxmutiigictopehpgeny @ eethlyiczélopaadienyXairconium X,

cyclothingftiddrekilitiyib23n e ylindeaygtinpeaninadli,enyl ) zi r coni um Xn,

cyclotifleB MO RAGE anfHyI R B8R ¥HR,3,5- 30
trimethylcyclopentadienyl)zirconium X,,

cyclotrimethylenesilylbis(tetramethylcyclopentadienyl)zirconium X,

dimethylsilyl(tetramethylcyclopentadieneyl)(N-tert-butylamido)titanium X,

bis(cyclopentadienyl)chromium X,

bis(cyclopentadienyl)zirconium X,

bis(n-butylcyclopentadienyl)zirconium X,

bis(n-dodecyclcyclopentadienyl)zirconium X,

bis(ethylcyclopentadienyl)zirconium X,

bis(iso-butylcyclopentadienyl)zirconium X,

bis(iso-propylcyclopentadienyl)zirconium X,

bis(methylcyclopentadienyl)zirconium Xy,

bis(n-oxtylcyclopentadienyl)zirconium X,

bis(n-pentylcyclopentadienyl)zirconium X,,

bis(n-propylcyclopentadienyl)zirconium X,

bis(trimethylsilylcyclopentadienyl)zirconium Xy,

bis(1,3-bis(trimethylsilyl)cyclopentadienyl)zirconium X,

bis(1-ethyl-2-methylcyclopentadienyl)zirconium X,,

bis(1-ethyl-3-methylcyclopentadienyl)zirconium X,

bis(pentamethylcyclopentadienyl)zirconium X,,

bis(pentamethylcyclopentadienyl)zirconium X,

bis(1-propyl-3-methylcyclopentadienyl)zirconium X,

bis(1-n-butyl-3-methylcyclopentadienyl)zirconium X,
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bi s(1-i sobutyl -3-net hyl cycl opent adi enyl ) zi r coni um Xn,
bi s(1- propyl - 3- but yl cycl opent adi enyl ) zi rconi um X, , ,

whre@250n- but yl cycl opent adi enyl ) zi r coni um Xn, PCT/US2003/025281

bi s(4, 7-di met hyl i ndenyl ) zirconium X,,, 5

bi s(i ndenyl ) zirconi um X,

bi s(2- et hyl i ndenyl ) zi rconi um X,

cycl opent adi enyl i ndenyl zi r-cdhi-um Xr, ,

bi s(n- propyl cycl opent adi enyl ) haf ni um X, , ,
bis(1-isotmityl-onethyboycloppetadianlylizmgbyibat Xi, um X, ,, 10
bis(1-iropyl3-peyicytlopaitafienadcenymPhaf ni um X, ,, (n-propyl
bis(1,TH® e?m@m@émaﬂﬁehyl fArdotituyl Xgycl opent adi enyI ) haf ni um X,

I

bis(4, RisdetRinabaRZbSuyX et hyl ) cycl opent adi enyl | haf ni um
b1s(1nc?ény1£zu Bhfift & et hyl Sil yl cycl opent adi enyl ) haf ni um Xn,

bis(2-RERymdis f) !n gnyl ) haf ni um Xn, 15
c;clopgn iR ?ncfé 1?}500 ﬁl‘g’l)z haf ni um Xn,
bis(n- Hpgg y_ég)%ep

- priopyl cycl opent adi enyl ) haf ni um Xn,
'cycl opent adi enyl ) haf ni um Xn,

bis(n- Wher) haf ni um Xn,

oSS eﬁx‘w AL T

N-propy-cycigp IERYIHR Fyeao hhat hi um Xn,

bls[(2bmmémyhxlplﬁdwlbbydomadgdnwﬂmmf(ad| enyl ) haf ni um Xn,

bis(trifnethylsdplyd yelopengpérehpghadmyin) Xl - n- pr opyl - 3- n- but yl cycl ope

bis(2-mpgiyEndeny e il umrXxn,

b1s(2 ﬂbﬁ@tlmangl)hyﬂn(mﬁx;anet hyl cycl opent adi enyl ) (cycl opr opyl

Iﬁ&ﬂ@cﬁbentadlenyl hafmum

my(%%uk%g@fﬂeha BW ogent adi enyl ) (cycl obutyl a

f Si 5(aﬁ’et hyl eycl opent adi enyl ) (cycl opent yl
o

(57 H@?W&’ﬂﬁ‘fﬂ ent adi enyl ) (cycl ohexyl a
bis(1 Iprp@@y{ : -tnaeﬁ ﬁycj@pentadwn 1um
(n-proaylmlmﬂnadneﬂyoﬂeﬂrpa@mtlﬁyn bwlcw@lenm@m@mnhf@e%m%hept yl
dimetlagdilyd(jetiatettiylepckapentadienyl)(cyclopropylamido)titanium X,
dimetlolilsiA (haptagickhyll §tcbdpeatasiehyl) c ydbmpelamadt) etapiun{ Xy.cl ooct yl a
dimetti¥il €3] (tdttaitiiinepétopentadienyl)(cyclopentylamido)titanium X,
dimeti1EIBARHasi iy élcRpentaBichyl) @ yabrasinadb irativrh 6§c ! ononyl a
dimeth{14R3) étfaﬁfé'tm%[bpeﬁﬁdmnylg(cycloheptylamldo)tltamum Xn,

S=

dimetid1 é}aﬁ{e!l: 18R AR A CYAb SRR RYukl RY Cl odecyl a
dimet 1 tra pentad e pnony o)tlt

e KRR oncec
dimethylsilyl(tetramet ylcyc opentadlenyl)(cycloundecylamldo)tltamum X,

dimethylsilyl(tetramethylcyclopentadienyl)(cyclododecylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl)(sec-butylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl)(n-octylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl)(n-decylamido)titanium X,
dimethylsilyl(tetramethylcyclopentadienyl)(n-octadecylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclopropylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclobutylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclopentylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclohexylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cycloheptylamido)titanium Xp,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclooctylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclononylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclodecylamido)titanium, Xy,
methylphenylsilyl(tetramethylcyclopentadienyl)(cycloundecylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(cyclododecylamido)titanium Xy,
methylphenylsilyl(tetramethylcyclopentadienyl)(sec-butylamido)titanium X,
methylphenylsilyl(tetramethylcyclopentadienyl)(n-octylamido)titanium X,
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di met hyl si |l yl (tetranet hyl cycl opent adi enyl ) (cycl ododecy
| am do) titani um Xn,
waolzomebipshsi | yl (tetramet hyl cycl opent adi enyl ) ( seecbuszobams281

ido)titanium Xn,

di met hyl si |l yl (tetranet hyl cycl opent adi enyl ) (n-octyl am d

o)titanium Xn, 35

di et hyl si l yl (tetranet hyl cy&l epent adi enyl ) (n-decyl am d

o)titanium Xn,
methythheeylbiyygetrarhdth gt yQdomentadieoyd(negesntaaddetijdniym Xact adecy!
methyiphieniy3il yl{tetrdirmgthoyclopentadienyl)(n-octadecylamido)titanium Xp,
dipheryisi By(tdphaait yid lcldpehtadieayiit foldprv syl amein)adhanyX),( cycl opr
dipher3t @tﬁ%@ﬂﬁ@&ldﬁtﬂenyl)(c lobutylamido)titanium X,
diphedVBERY e@ﬁﬁﬁﬂ'{ﬁé}k dp@ﬁt@&l@ﬁ‘ﬂﬁ%}M&ﬂ%ﬁ@lﬁﬁﬁl@}tﬁ%ﬁﬁﬁ(,} (cycl obu

g ;é& R e AL BRI oo

diphe P%;g’@kh %ﬁ}ic%ﬁgg?tégwny ({Cié gg %}B %Elmm n? (cycl ohe

dlphegy
diphe fesEidniciapertadienrieysiodes Kiappdmt aaivem | oh
dlphe g hyt]%}gpgmy@,lenyl)(cﬂo%ec@%ﬁmﬁo)tltamu%;(( cyerone
dlphemhi(tqblhmﬂi}éwcldp@medlpmiﬁﬁm}Ngth}dp@lﬁOMa@lnm X¢cycl ooc
diphertyldilyttethajteiltydeyiclopendadienyl)(sec-butylamido)titanium X,,,
dipheriyidily)(teptagieyt yddyciopeitadicayiihivetydaaidopaatiadi X2ny| ) (cycl ono
diphed¥di Bt et@ietyddlicloPertadienyl)(n-decylamido)titanium X,,,
dlpher{ﬂ‘stllg te@ﬁﬁfé)ﬂyffé}Jclﬂp@ﬁtﬁ&l@ﬁ‘ﬁf@h@éb@%&)lﬁﬁﬂ@stﬁ%ﬁﬁy | X( C Vel OdErivatives
thereofY! @m do) ti t'ani um
nethylphenyIS|IyI(tetranEthyIcyclopentadlenyl)(cycloun
decyl am do) titani um Xn,
[0084)et hyl W}Efbyxh shd ydlgé ef nasr&t Rydr 3y cind pe ii¢aad b X )s( Yladbrddtoion. By
. . decylam dg)titani um Xn,
denva%‘tq%yﬁifﬁ%fﬂyws15| MR Y SHBIHYHUY 81 B8 fPHertiany 1) fdesstbygbove for
= I [13 29
struct Y S e, and i paticula foplaperment of e metal M (Cr, 2
Ti or eﬁﬁﬂ)d\m)th i anaafonmsiiected\Or& 0 ¢ Q2260 ToRGgSRO0 A3 WSmland Ti; and

replacigBe AL B Y s ISP (Y AL 1 By Er ol i B ForodBetivtanyis

ﬂuonr@m:lﬂ&)xﬁé ABIdMIhE, In a particular embodiment, each of the above metallocenes is a
net yﬁfhenyl silyl (tetramethyl CB/(CI opent adi enyl ) (n-oct ad

fluoridgd ymespHagenq Wgﬁﬁ:mjme)@r more of the X groups is a fluoride; and all X groups are
ﬂuoru%s By ge)t%l ore)ﬁla.[(tlck rgrrﬁg})g%eﬁtyd opentadi enyl ) (cycl opropyl

d|phenyIS|IyI(tetranethylcyclopentadlenyl)(cyclobutyla
m do) titani um X,

[0085yi phenMogq P@»‘Flelﬂléltl}”aff?@rlllfwt@ﬁcqxé@é}?ﬁé%fltb‘?lﬂ“?'(l@%ﬁ’c?%ﬁé%t%’mponems

useﬁﬂgﬂgﬁg%% %t?{?h?e%m#%%%r {:O3lllglwopent adi enyl ) (cycl ohexyl a
m do)t|tan| um X, ,

Bis(m whqu “tsnllaalrﬁy )eltréo%ql?r}lg}/tjluo%%!ewem adi enyl ) (cycl ohept yl

Bis(ethyileysdapgnediepysisronme dilipdde | opent adi enyl ) (cycl ooctyl a
Bls(prﬁp)d@)cﬁ%?gegwm&mrcomum %uo?ﬁe g yl) (ey Y
Bis(isqpirpidenclapiehtadienglzizoontuny diflpetidgent adi enyl ) (cycl ononyl a
Bis(butylchldpentadienyi)2irqoniub difluoride,

Bis(issbupherydhiadi ehi/Biirarinnyifiaytgdgpent adi enyl ) (cycl odecyl a
131s(neapaﬁylbydl@vnwméﬁyl)zmomum difluoride,

B1s(c yelopBR Pl Slbpettddi&t )%HE‘Jrl"Mh‘an‘Pdo?ﬂ%nt adi enyl ) (cycl oundecy

%g%t&? %ﬁﬁ%%éﬁ[ﬁg Zlﬁcr%mlérfléiﬁ%%%rglgi enyl ) (cycl ododecy
)

BIS(C ‘TE
Bls(al (}103/1
Bis((3 b3 uteny. yclopen adienyl)zirconium difluoride,

Bis(trimethylsilylcyclopentadienyl)zirconium difluoride,
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di phenyl silyl (tetranet hyl cycl opent adi enyl ) (sec-butyl am
ido)titaniumX ,,
walcphemehsi | yl (tetramet hyl eycl opent adi enyl ) ( n- BCT/YEzN08/025281
o)titaniumX,,, ‘15 -
di phenyl silyl (tetramethyl eycl opent adi enyl) (n-decyl am d
o)titanium X ,
di phenyl si |yl (t et r amet hyl cﬁﬂopent adi enyl ) (n-oct adecyl
. amdo)titanium X ,, and derivatives thereof [0084]
Bis(tripgyeehnéganmy leerclppéeniedierfyDaircenium diflegride, and at | east one
Bis(trifettylalylthetbylicgeopentadiddyl) z2eniwe difimiidees t hereof ', it
Bis(1,2-dimethyic ydoyensadisiyl ) zivtdndum difluoridg, f or mati on as
Bis(1,3lagféthie gclapavalidngT)zirédniwie diff@sidé,va- d) in one
Bis(1 Mhﬂﬂieﬂ@myclo@e&aalen)n febfitadiflusieRl acenent of the

Bls(lfm ltfin et entgt.rhenyl) rc%uﬁfalﬂﬁ‘éﬁcﬁ an atom sel ected
Bis(te £I‘H cl éﬁ% iy Wi d uoﬁrde Zi, H and Ti; and
Bis(1, §_ et m% u dgny of fCll t? 55
Bls(l yp{gpy dheél}')?]ﬁcoél r errbodlu?relme each
Bis(1, -fnef éb%lawom ?na@éﬁs‘ecgme ’Iuorl ded
Bis(phgpylgyqlepeatadispybzissomm i re of the X groups is a

Bis(1,3 mféhsfhd@nyl&wloatmtadﬂ@rgﬂmlwléhﬂuqr@@f| des in yet a
Bis(benmyleyqbemrentadisingibzieaob e 1id¢,0085] More particul arly,
Bis(1, hrarethyilianz i legelepentquli anyl)ofrcdniven difleridded cat al yst
Bis(phensthylogoibdgentadsenfyDrirdonidnh diffeetided of the invention are
Bis((3@henyblopwheychipehiadichphioaied dipRbtiasi enyl ) zi rconi um
(Tetraﬁbtfh M@Idp@ﬁtadle 1 ﬁﬁ;wlysnbséxﬁ@cﬁasﬁﬁhewhmlﬂ&&meum

(Pentafilefly#Qid R ﬁtadle pJ t%i@ % éum

Cyclo d%i’l l( Fopy &1 :nelny f' et
Cyclog %‘e%i Styl rr¥om I%ed” ggf € vl s vl oont um
Cyclopoeln thﬁglpf'( clop P ﬁc 31élH} %‘ﬁéﬁf)zi rconi um
Cyclopgniadiggy grahy PBfent adi enyl ) zi r coni um

Cyclogﬁnfqdwl(aé methylbuty cyclopenta ienyl)zirconium difluoride,
Cyclomniadispy] (istresopihvisy Blppenyediond riraehivmydifleeridsoni um
Cyclomgnfadicay ] (peopyUdraBietiydd ycydpeyatispediadinemy diflsoridgni um
Cycloptnfadienyl(betyltetBinsstl{y3e yeldpentalijenyljziapenhadif@osdg,zi r coni um
Cyclopthfadisnyi(eitlopentyltetramethylcyclopentadienyl)zirconium difluoride,
Cyclo&hﬁaﬁldhbfl'(ﬁfdeﬁ{}l'lﬁhﬂcb’ﬁﬁl‘iﬁhﬂ@&{&ad| enyl ) zi rconi um
CyclopbhfddHai(8netMRnA0RA-AR20h RET4AR2003/ 025281 - 32
Cycloﬁ Qﬁe’h &)éhﬂ)’zﬁﬂwﬁlﬁ}ﬁ‘:&lﬁ{?&‘iﬁ@d' enyl) zi rconi um
Cyclo h dié?l ?rahydroﬂuorenyl)zucomum difluoride,
Cyclopentadlenyl(octahydroﬂuoreny1)21rcon1um difluoride,
Bis(tetrahydroindenyl)zirconium difluoride,

Bis(trihydropentalenyl)zirconium difluoride,

Bis(pentahydroazulenyl)zirconium difluoride,
Dimethylsilylbis(tetrahydroindenyl)zirconium difluoride,
Ethylenebis(tetrahydroindenyl)zirconium difluoride,

Bis(indenyl)zirconium difluoride,

Bis(1-methylindenyl)zirconium difluoride,

Bis(2-methylindenyl)zirconium difluoride,

Bis(4,7-dimethylindenyl)zirconium difluoride,
Bis(5,6-dimethylindenyl)zirconium difluoride,

Bis(1-phenylindenyl)zirconium difluoride,

Bis(2-phenylindenyl)zirconium difluoride,

Bis(fluorenyl)zirconium difluoride,

Bis(1-methylfluorenyl)zirconium difluoride,
Bis(2,7-di-t-butylfluorenyl)zirconium difluoride,
Dimethylsilylbis(3-methylcyclopentadienyl)zirconium difluoride,
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Bi s(trinmethylsilylmethyl cycl opentadi enyl ) zirconium
di fl uori de,
w@e@¢2%0di net hyl cycl opent adi enyl ) zi rconi um di PCT/OS20d8025281

Bi s(1, 3-di net hyl eycl opent adi enyl ) zi rconi um di fl uori de,

5 Bis(1,2,3-trinethyl cycl opentadi enyl)zirconium

di fl uori de,

Bi s(1,2,4-trinethyl cycl operdddi enyl ) zi rconi um

di fluoride, Bis(tetranethylcyclopentadienyl)zirconium
Dimettytisilylbis(Zdpropylcyclopentadienyl)zirconium difluoride,
DimetByIs{ljib3 2y idhydteyibydlepeatadpagt)zidionnyh ifluoddei um
DimetHy161134Bis( 2B 5-trimethylcyclopentadienyl)zirconium difluoride,
Dlmetﬁyl§ﬂ§lb§(t8@£rhé¢h§l6ﬂﬂUﬂe@Mﬁhéﬁ@@ﬁ’&@ﬁhﬁﬂ)dlf)ubhﬂ@Onl um

Dimetf} i} sttl @e erconlum difluoride,
Dimet % Rﬁ nggﬁla;fﬁghggyl ) zi rconi um
Dimet lfsl Efll%ethy %e&}’lf)n%&?%aﬂhﬁ&y&e) zi rconi um

Dimethyls Hen 6,3; i Ieyalaﬁdswg roppiggdifferide,
Dimet YLP;(;%BFQG@C{@:L@ éﬂﬂ (?g SRy Q‘FWS‘% rconi um
Dimethylsil ﬂ@;—yic@@entadlenyl)(1ndeny1)21rcon1um difluoride

Dimethyls(lyl(tgtranethylc pensptadjenybiiadeadizsei 13 difusidem
S11aCYdhObgWHtﬂt@met%'&YBb@élEih@ﬂ@Xl W@yﬁbm@hzlamlﬁnym(}% rconi um
Silacydiopéntgl(iettamethylcyclopentadienyl)(indenyl)zirconium difluoride,
EthyleBebis((idephBriydopiuaptifjucsidé,opent adi enyl ) zi r coni um
Ethyleﬂhﬁlk@%étﬁ linden l)Zirconiurr_l difluoride, _ _
Isopro gfﬁ‘&erne(@él érﬁy ﬂ@&b@ﬁ)ﬂu)céﬂnﬁmhﬁweopent adi enyl ) zi

Dlphe dieny (ﬂuo 1)zirconjum difluoride,

Dlme 1§1 1 tggf @,gl e))g 0@&‘1(1813{& opent’adi enyl ) zi
Diphe Y, FANY mu d1 uor

Dimet rené/ ?r nElu %& ®) 8 | enyei ) zi rconi um
Ethyl Fﬂn?{HF furp diflpepde, opent adi enyl ) zi rconi um

Bis(m y]cu@pp@éad enyl)hafnium difluoride,

Bis(etinjleyienentadisngblyafpivpedifipendsy| cycl opent adi enyl ) zi r coni um
Bis(prdp¥ltyndepedtdiengyled fomendifldprdsy |
Bis(bufyleydlagepdididngeatyiunr diflaorideym di f | uori de,
Bis(iséBigylopgspeacidenyl)bdmdnnaitlaptidt yl cycl opent adi enyl ) zirco

Bis(nedb ety E1bpkid dit@yyl)hafnium difluoride,
Bls(cﬁ%'eﬂb?ﬁﬂélﬁﬂéxgé&{éﬂ}ﬁﬁtaﬁﬁﬁﬁtdﬁYdo‘PM@| opent adi enyl ) zi r coni um
Bis(al difl

Bt gg o gn?ﬁy SRR 1 et ovnt ot en i
Bis(

B;z(c}" F Ft e y(gggeﬁrﬁtf eny é’ﬁl\iﬂ%‘mﬁﬁl opent adi enyl ) zirc

&
Bis(Gayeny/peany RaYLms V’é]b"éh ¢iflperdiet hyl cycl opent adi en
Bis(l,%th)g@ﬁy@mlgpmtqmmy@éamlfnl?} difluoride, ey pent adi eny
Bis(1,yadtiyiprop pid iy dogengadaeheybb fnninn didhiotide,di f | uor i de,
EthyleDylaik@oienyBidifeioy] difluoddyy| i ndenyl ) zi rconi um di fl uori de,
DimetBPsiDybis@piop aldycoydnfddismgt)anmiynz diftorideim di f | uori de,
Dimet®YISIABR(T, A6 BR¥prop At YAt dnyDhLMI diffu6Aa,um
Dimetfl lgi1%Bifs(tgt?amethylcyclopentadleny hafnlum difluoride,
Dlmetg (15 adlyBR¥hac hghaydaor | uorenyl) zi r coni um
Diphe 11 B (?enyl)hafmum difluoride,
Bis(cyclopentadienyl)titanium difluoride,
Bis(methylcyclopentadienyl)titanium difluoride,
Bis(ethylcyclopentadienyl)titanium difluoride,
Bis(propylcyclopentadienyl)titanium difluoride,
Bis(butylcyclopentadienyl)titanium difluoride,
Bis(isobutylcyclopentadienyl)titanium difluoride,
Bis(neopentylcyclopentadienyl)titanium difluoride,
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Bi s(tetrahydroi ndenyl)zirconiumdifluoride,
Bi s(tri hydropental enyl)zirconiumdifluoride, 35
w@eagpzsdahydr oazul enyl ) zi rconi um di fl uori de, PCT/US2003/025281

Di et hyl si |l yl bi s(tetrahydroi ndenyl ) zirconi um

di fl uori de, Ethyl enebi s(tetrahydroindenyl)zirconium

di fluoride, Bis(indenyl)zirconiumdifluoride,

Bi s(1-net hyl i ndenyl) zirconi3fa-di fl uori de, 40

Bi s(2- et hyl i ndenyl ) zirconiumdifl uoride,
Bis(cyBlopéutyleydopettidienyhganyhh diftwode,um di f | uori de,
EthyleBelsig(mdendl)tirhiny difideridd,) zi r coni um di f | uori de,
DimetBi/siiyibietiedenlyl)te@nih fiuogiagi um di f | uori de,
Dlphe 1§1¢ﬁ c@@l@ﬁé’ﬂthdl&%ﬂ)(h)l@ﬂeﬁﬁﬁﬁmﬁ{ﬁndhﬂﬁ&ﬂfe' @Sclofiéntadienyl)zirconium

uorenyl )zirconiumdifluorid

(mden% {}yﬁljolrfdgrenyl ) zi rconi um d| fluori de,
8

(1-me 0 lIlnv.(xltgrenyl )zirconiumdifluoride,

E
hyl cycl opent adi enyl ) zi r coni um
2-me )€é°°¥‘%}«ﬁ‘§ 2607 PCT/ US2003/ 025281 - 33

(1-propylindepyl 7§‘|'°I° uBr C(EBOFAS Ly | cycl opent adi enyl ) zi r coni um
(2-progy1pqdl§5ylpzd@omum trifluonde,

(1-butpindsnyiyzironipnpiriflupride.di met hyl cycl opent adi enyl ) zi r coni u
(2-butphimienyharcodaym trifluoride,

(methyc ymépgentadidny])bireonyd (riflvarideet hyl cycl opent adi enyl ) zi rco
(tetrabyidtotnddhl)ziegonilen trifluoride,
(pentaaeffsjwwio§bﬁualehﬁiﬂi@bmaﬂfﬁrﬂﬂmbﬁ&e;I opent adi enyl ) zi rconi um
(cycloﬁéﬂt&di&{y'lﬁﬁrcorﬁuﬁtﬂﬁh&i(des' | 'yl bi s(i ndenyl)zirconium

penta ét i1 lt1 amumt iflnorid ]
tetram h g gﬁt Rﬁﬁ E enyl )ZI rconi um di fl uori de,
1,2,4- t yc @ex 1en lz1rcon1u cprlh eancf mlx?u%é etdof 0Nt UM

D|methyIS|IyI bi s(2-nmet hyl -4-(3,5-di-t-butyl)phenylinde
)zi rconi um di fl uoride,

[0086b| net hjlis icpytemplateal thet Hiel mataHegshe inptal yetesRmp IR slesGiihed above
1nclud%:tﬁeluj“%%i: log'?gtlc 1 8{) en talgmgrrl]cil sS)r(nlerns C%ar%e/ czrln}xct%rg? L?ﬁ]d may be a pure
enanticinkl i@k dﬁl,bodlment

Di et hyl silyl (tetranet hyl cycl opent adi enyl ) (i ndenyl) zir

coni um di fl uori de,

(008715 | ACYRL Afudh ﬁﬂéérralﬁt TARRERY dret &P aaRiaeMly CLBYRRYd )fétallocene
cataly§| cosupyudnd bevmg h@acwtmamut/hwhcspo'scop@rdoaﬂn@nwe)lﬁ conbgitgt ptdeast two

different gnggeﬁ { Elocene cgtalyst components.

[0088] The “metallocene catalyst component” useful in the present invention may

comprise any combination of any “embodiment” described herein.

[0089] When combined to form the bimetallic catalyst component, the molar ratio of
metal from the first catalyst component to the second catalyst component (e.g., molar ratio of
Ti:Zr) is a value of from 0.1 to 20 in one embodiment; and from 1 to 18 in another
embodiment, and from 2 to 15 in yet another embodiment, and from 3 to 12 in yet another
embodiment; and from 4 to 10 in yet another embodiment, and from 4 to § in yet another
embodiment; wherein a desirable molar ratio of first catalyst component metal:second catalyst

component metal is any combination of any upper limit with any lower limit described herein.
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Et hyl enebi s(i ndenyl ) zirconiumdifluoride, 15
Et hyl enebi s(2- met hyl i ndenyl) zi rconi um di f| uori de,
wo soprozaeyt | dene( cycl opent adi enyl ) (fl uorenyl) zi PCDTB2003/025281
di fl uori de,
Di phenylnethyl|dene(cyclopentadlenyl)(fluorenyl)2|rcon
ium di fluori de,
Di met hyl si |yl (cycl opent adi-&¥y+) (f 1 uor enyl ) zi r coni um
di fl uori de,
Di phenyl silyl (cycl opent adi enyl ) (fl uorenyl ) zi rconi um
Activ i fluoride, 20 Di nethylsilylbis(fluorenyl)zirconium
VaIPE | Lori de,  Et hyl enebi s(fl uorenyl)zirconi um
[0090[di f| UOAE Ogsed RRErSInTRAS Gy Chetpatsradl edefinedatohibeMany compound or
di fluoride, Bis(etylcyclopentadienyl)hafnium
combigatidn efiGompounds;, glmwa ptwpmawh@hway Re ¥itg#reatalyst compound

(e.g.,g Hey%falttg melzago% %o%ﬂbﬁ)écég gﬁg&?g%&% ?ﬁg LM‘ as by creating a

cationidi $pleties iftben theBbﬁéllyﬁO@ml‘[io)némy Cszmémeadlnle nwdlmmhe Lam;tractmn of at
o B i BB G P DU L e o
cataly%i ‘; m m{ﬂc%tp » TR Bt ToRpbRMME WENEE Pp&rbadivemidn RAS fiud Mctivated

uo
towardsi al¢firy pbkyhmm}zhtlimt g suechepevatadi dmytodiaents whsuch activators include

Lwisgiede et TS Py PHERFICRRLY GHRE Ay BHYRTHR i ) 2lvialuminum

compdiilhﬁi 4Ad isd€salled non-coordinating ionic activators (“NCA”) (alternately, “ionizing
Bi s((3 phenyl propyl ) cycl opent adi enyl ) haf ni um
activa@ry’| erofstaighiometric activators”), or any other compound that can convert a neutral

metallacqn%ldgg’algs? %@%Hér%ltg %Crlngtgﬁgéeﬁglcgﬁgﬁ )11{11?1 a&me with respect to olefin

polym&q@(til)nS nmet hyl propyl cycl opent adi enyl ) haf ni um

di fl uoride, Ethylenebis(indenyl)hafniumdifluoride,

Di et hyl si |l yl bi s(3-propyl cycl opent adi enyl ) haf ni um
[0091 ”;TL;J(; ogceP gular(l% it 1s w1t n‘hgrsc(:)o )?ch )El(l:l[s (l)réJveeﬁttI%%%oel%]S)? L)ew1s acids such
as alumoxadgé f(le;gqri‘MeAO”) modlﬁed alumoxane (e.g., “TIBAO”), and alkylaluminum

Di net hyl si | |bIS et ranet hyl cycl opent adi en haf ni
compind i PEYACED, BYEE HOTEiEy PG h BRI na dbtie e as i -

butyl)&i’nfn'oﬁfﬁﬂ d?etrak@(;ﬂbﬂ%bﬁi bt yPjbefdnndgnydy) haf ft1‘1:iéiéiﬁfluorophenyl boron
difluoride, Bis(cycl opent adi enyl ) titani um | uorid

metalladspmuﬂsgﬂsctpca@wem @ﬂslrelriyln)@talﬂ@mmmd@thlb@b hewe. MAO and other

alummum— asela c{: ¥a&or%pa?en5vgl‘ii i(gcp\k{rll }nt tlh'é ! lfcgrrwntzjilnfg agt?\;alt(()jr(sa are well known in the

art and are described by, for example, Eugene You-Xian Chen & Tobin J. Marks, Cocatalysts

—

for Metal-Catalyzed Olefin Polymerization: Activators, Activation Processes, and Structure-
Activity Relationships 100(4) CHEMICAL REVIEWS 1391-1434 (2000). The activators may be
associated with or bound to a support, either in association with the catalyst component (e.g.,
metallocene) or separate from the catalyst component, such as described by Gregory G. Hlatky,
Heterogeneous Single-Site Catalysts for Olefin Polymerization 100(4) CHEMICAL REVIEWS
1347-1374 (2000).

[0092] Non-limiting examples of aluminum alkyl compounds which may be utilized as

activators for the catalyst precursor compounds for use in the methods of the present invention
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45 Bi s(propyl cycl opent adi enyl )titani umdifl uoride,
Bi s(butyl cycl opent adi enyl )ttani um di fl uori de,
w@Be@¢ioswbut yl cycl opent adi enyl )titani um di fl uor PABUS2003/025281

Bi s(neopentyl cycl opentadi enyl )titaniumdifluoride, W

2004/ 022607 PCT/ US2003/ 025281 -34

Bi s(cycl opentyl cycl opent adi enyl )titani um difl uori de,

Et hyl enebi s(i ndenyl )titani-udf i fl uori de,

Di et hyl sil yl bi s(i ndenyl)titaniumdifluoride,
1nclud@|tphleﬁwﬂ2émmyﬂu(n;ynd:tb]demtranlulrengrll;((bfut}d@iumnylrr) ttritrzhexfaluminum, tri-

Lfluorid cl opent adi enyl ) zi rconi um 5
n-octy, alhlnmnﬁfg}"i‘r@ sné f %ﬁdenyl )zirconiumtrifluoride,
(1 met hyl i ndenyl Yzirconiumtrifluoride,

2rrethyl|ndenyl)2|rcon|umtr|fluorlde (1-prop
[0093)| i ndeRyamples cdnnenral r ionizing jagvatans include” Group 13 tri-substituted

compc%.l%glglrﬁ{/) }é%llltlgﬁﬁgpy ﬁl'bgt?tg{é'du rbh Féll‘dﬂmaxgealummum gallium and indium

enyl)zirconiumtrif
compc(uﬁdhuir)d infigmngsl Jheieo€ onThenthret fdubstituele, groups are each independently
hyl cycl opent adi.enyl )él(rcon um tr fI uori de

selecte(dtngrpmaﬁvdlgfﬂuﬁd%q{ws ing of o3lkylsy gikenyls, q,p%eéx si}gsty(tbted alkyls, aryls,
arylha}?i&ésa”.i‘ﬁEcJ?«_Y/I SXChORRA! agh 6RY 'e)xﬁ)bﬁﬁx%ﬂ't Ufﬁ‘etﬁécel B8upHGre independently

(cycl opent adi enyl)zirconiumtrifldorid
selectqulemorartiee prolup wohoymgtod dinlogyh, tm@mq)nnm]ltlcyctlicl,(mdhdhng halosubstituted)

T I A—
groupsaﬁl@ sBle¥tet RS tﬂ'éegr&iﬁ cons%@né Q)@%ﬁénﬂllt groSpsCR MA@ arbon atoms,

that the netal | ocene catal ysts conponents descri bed
alkyl grpenschavingcl todk0 ¢ady atems.pdkQxyagroens f@pmgclaﬂo 2@rcarbon atoms and aryl

groups l'i]a%nﬁg 20 ?Eﬁq gariag'nogqgﬁé (glglcﬁ’lﬁ:i}? glb&ln’&tea' : %)I i@%‘sa*%%ngglereof In

enant 1 oner

yet anbﬂfeﬁ iembodintdnfgthe  thiee | ogd, arasyleortrfranl thy gﬁdﬂ@stcbﬁsimﬁgl of alkyls
net al | ocene catal yst corrponent having a racenic
havingrlford 1Feden; SoHaD Bsal nePhthy sads migyrest thefeog afn yet another

embocin%@ﬁ‘tt, theMhree groups are selected from the group consisting of highly halogenated
alkyls having 1 to 4 carbon groups, highly halogenated phenyls, and highly halogenated
naphthyls and mixtures thereof By “highly halogenated”, it is meant that at least 50% of the
hydrogens are replaced by a halogen group selected from the group consisting of fluorine,
chlorine and bromine. In yet another embodiment, the neutral stoichiometric activator is a tri-
substituted Group 13 compound comprising highly fluorided aryl groups, the groups being
highly fluorided phenyl and highly fluorided naphthyl groups.

[0094] In another embodiment, the neutral tri-substituted Group 13 compounds are
boron compounds such as a trisperfluorophenyl boron, trisperfluoronaphthyl boron, tris(3,5-
di(trifluoromethyl)phenyl)boron, tris(di-t-butylmethylsilyl)perfluorophenylboron, and other
highly fluorinated trisarylboron compounds and combinations thereof, and their aluminum
equivalents. Other suitable neutral ionizing activators are described in US 6,399,532 B1, US
6,268,445 B1, and in 19 ORGANOMETALLICS 3332-3337 (2000), and in 17 ORGANOMETALLICS
3996-4003 (1998).
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di fferent bridged, netall ocene catal yst conponents.
[ 00881 The "netal |l ocene catal yst conponent” useful in
wWo be4pemeent i nvention may 30 conprise any coOPOI/N&L608025281

of any "enbodi nent" descri bed herein. [00891 Wen

conmbined to formthe binetallic catal yst conponent,

the nolar ratio of netal fromthe first catal yst

conponent to the second cat3l yst conponent (e.g.,

nolar ratio of Ti:Zr) is a value of from0.1 to 20 in

[0095one enBlustirative; notalmitingoswathples ofdonin iempingeactigBors include trialkyl-

N T RN TR T ——

tetra(pBBIRATHORRN iri(@BHtyl jaRiMchit® EBaipRensBibofRHOL fidfethylammonium tetra(p-
enbodi ment, and from4 to 8 in yet another , _

tolyDberdsudi nentitimathglagimoniuesi r abkealadplabbergni o of fribugylammonium

cat al yst. conponent t.al - second.cataly c
et BbnGRIBRRREI B SRS ifper * Float EBIRERRRyenyboron,
tributyll@M@bniutin t tetef i h i@ ethephemy]) DO 004 bARBMmonium tetra(p-tri-
PCT/ US2003/ 025281 _-35- Actjvator [00901 As used )
fluoromsthyinhenylphorener m tribuylyamgpiun s deffa(pravaiuprephegylyboron,  tri(n-

butyl)&rﬁfﬁgﬁﬂg{g %égfg’(o-f\'l‘(ﬁy%?a{ LR tﬁg 1ik& nﬂ?ﬁ@-ﬂﬁﬁqgﬂ SHARREH &d1t® (riuch5 as N,N-

unsupp can actilvat'e a cat yst conpoun
dimetl{ydarliniui egtagrhehigdicaon, mbt Mddicicdaebniud éetm(phenyl)boron, N,N-2,4,6-

15-cont.aj ni n talysts, etc,).,..such_.as by creating a .
pentarRcloy G B8h GGy RO o8 i 64 D GURGRIaIS Sal sheh as di
(isoprdphafhdnyumt hi s '@Mgh%@tﬁﬂﬁ&ﬁpl?&?f)ﬁé}%ﬁ) on of g@dycldh8@Ahmmonium

one leaving group (X group in the fornul as/structures _
tetra(phbaytWprdr and thidikepard tripeylt phosplfonivme saltsagugh yasttriphenylphosphonium

0 nent. The ca t .CO ents of the present
tetra(p?‘ﬁé}}i Of%Bh are thuiggé%ﬁ%}i’x}@feglgﬁ&fo Rg?nd%mol ef ipn tetra(phenyl)boron,

tri(dinfe@thpiehl, BEtidsphibrirh N getSigsHengigtdry@t @i . thEntieell nadt shaf  aluminum
~such activators include 10 Lewi s acids such as cyclic
equivalgnty| | goneri ¢ pol y(hydrocar byl al um num oxi des),
al kyl al um num conpounds and so cal |l ed
non-coordi nating ionic activators ("NCA")
[0096)( al t er mayet layiothén @nbatdiment @fathé wetivata of dlie invention, an alkylaluminum

"stojchionetric activators”), or any other conpqupd )
can b 3R EhOBGRTASHE Wi fesgeyClitecampe e_Tg’ﬁt %ms_,&? tﬂ? heterocyclic
compdﬁﬂWH&lu&&l ait; 1478t Gel r{?ﬁ*@;&ﬁ, Gﬂlg'eﬂ,nan'dgbgtstﬂg& A6t %1 WeiBes at least

respect to olefin polynerization. 0911 More
one nifrag¢r atomaml gne ¢émbddsmentt e héterosydipecoufpotind sndludee @t dromore ring

to. Lew id h I . 9., ."NMAQ'),
membiy3 P B GEadTEl 8 0TS o BAOPYe T PR
conmpounds as activators, and/or ionizing activators

(neutral or ionic) such as tri (n- butyl)anmmoni um )
[0097]t et r akThy prteroefaligsonphurg, forvee anamaeiivgtoravith an alkylaluminum may

v unARREA YRR 9590y20pEL 0 B BEERY BB e o
suitabRnglibsiitb@its include halogen, alkyl, alkenyl or alkynyl radicals, cycloalkyl radicals,
aryl radicals, aryl substituted alkyl radicals, acyl radicals, aroyl radicals, alkoxy radicals,
aryloxy radicals, alkylthio radicals, dialkylamino radicals, alkoxycarbonyl radicals,
aryloxycarbonyl radicals, carbomoyl radicals, alkyl- or dialkyl- carbamoyl radicals, acyloxy
radicals, acylamino radicals, aroylamino radicals, straight, branched or cyclic, alkylene

radicals, or any combination thereof. The substituents groups may also be substituted with

halogens, particularly fluorine or bromine, or heteroatoms or the like.
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al um num based activators are well known in the art.
loni zing activators are well known in the art and are
waolemantdsed by, for exanpl e, Eugene You- Xi an Cheam/€S2003/025281
Tobin J. Marks, Cocatalysts for Metal-Catal yzed
A efin Polynerization: Activators, Activation
Processes, and Structure- Activity Rel ationships
100(4) CHEM CAL REVI EWs 139384434 (2000). The
activators may be 25 associated with or bound to a
[0098k uppor Non-intitieg dxanm@oef dtyidroganipn hsubkiétuerts aingkide methyl, ethyl,

propyfé E’Pngf? el tt%lo ﬁ‘B’gﬂ’eﬁ‘fc OGS og-x)g)éﬁ %%%? @t %ggg[rnoﬁ%\eand the like,

includhd lkﬂ‘lelr iddRhcRs qeleémxpse @rﬂﬁﬂ Buiyl gi@é}&' Mﬁittﬁe fli@e. Other examples
(]%gln Polynerlzatlon 100(4 CHEM L REVI EW5

of subsgurpnts3ralude ghoyomebyl dbe;z@thydmduﬂumqerha@ edapRopEls bsgmohexyl or
%I num al kyl conpounds which may be utilized as
chloro .
Cti’vators for the catal yst precursor conpounds for
use in the nethods of the present invention WO
2004/ 022607 PCT/ US2003/ 025281 _ -36 i ncl ude
[0100} i et h‘yp%ﬁ Gw‘bﬂ@menf, rtp%thﬁgﬂoéﬂyﬁllf‘ﬁ ﬁg}ﬁpound 18 unsubstltuted In another
embodlfrfehtsg @erﬂbféﬁMnst & 1 REXMc 1%&Hgbuﬁd bre substltuted with a
n-octyl alumnum and the I'1ke. [0093] Ex l es of
halogeveatbmadr d alo gannggormotontagtiog graupc fqnobsa@mhamgenated aryl group. In

tris-substituted .5 co nds, in particul ar
one aispod SRSt IHHEE 55 0 O S0 P AR B U IR, O g ringpromine and
fluori) darldN dé18ted CREMAO R SrowpNdombistingr 86 HUtREOhnd H6mider @€ another
substi t uent groups are each independently selected

embodiment, atbthg heleger sritiosing gy fanethgrgnsbodinpietny | s,
hal ogen, substituted al kyls, aryls, arylhalldes,
al koxy and halides. In one enbodi ment, the three

[0101pr OUDSNaﬁ-@milﬁ %aem;aleﬁ by hetecgelicecorhparmds higiliged tpthe activator of
consi stin al agen, mono or nulticyclic (including

the inyeatign iftsdy etaytbeta)lteé@nawﬁlsbsmarqé;nygmleanama%?ﬁy pyrazoles, pyrrolines,
pyrrolfHi ﬂﬁ‘lgiﬁe?ngarﬂaz)éiéér &Rd! peaeef ppér(% a{}@te)fégf 2SRRI rroles, 3-

ree 'groups are selected roup
pentaﬂmmqﬂmnylpgn@lé 4b Joehtetrafjucomdoleay B Mgdiﬂubmpgﬁokcar bon
atons, alkyl groups having 1 to 20 carbon at ons,
al koxy groups having 1 to 20 carbon atons and aryl

[0102P7 OUPSTN&Yd BYb&ik@nE & ﬁEt@Rﬁy@lfcoﬁn;‘duﬂﬁl dégér‘ftgzd above 1s combined
substituted aryls), and conbi nati ons thereof. yet

with aaradityh ehmemhmdxrnerammqmee thyield aglratmpjetoaccenwneovledh fupomreaction
4. car

with 4, 5o EmBRT S b gRERgle S e RlokEu aoPe? arectyh TobRerizaton

cataly@n ot hiJon-1eh#iagi neampldsheoft haRGlabmdiHRSs ariaclagd eQﬁﬁl@thylalummum
fromthe group consisting of hly hal ogenat ed
triethydglRgpinginy o Griipeputylalymanysa,r Ham- @wgbsnmhmg hitin1estybaemengy  tri-iso-

ocySEp oo BRR et it RORREShs haRBL DY <, ond

that at | east 50@6of the hydrogens are replaced by a
| ogen group selected fromthe

g oup_consi sti ﬁ%}Of' o
10103}| uor i REer Sefakars HICHe depeislessbRa in MO P&t07ane sy as tris (2, 2, 2"
nonafRBRBIHHERYYS flubidSufifitie AombRlaRB WA fioRGkd Y185 BbntbrfipRted by the
invention, for example, alumoxanes and ionizing activators in combinations. Other activators
include aluminum/boron complexes, perchlorates, periodates and iodates including their
hydrates; lithium (2,2'-bisphenyl-ditrimethylsilicate)-4THF; silylium salts in combination with
a non-coordinating compatible anion. Also, methods of activation such as using radiation,

electro-chemical oxidation, and the like are also contemplated as activating methods for the
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substituted Group 13 conmpound conprising highly
fluorided aryl groups, the groups being highly
wo bavanedert phenyl and highly fluorided napht hyPCOUS200%025281
[0094] In another enbodi nent, the neutral
tri-substituted G oup 13 conpounds are 25 boron
conpounds such as a trisperfluorophenyl boron,
trisperfluoronaphthyl boromd9+ris(3,5-
di (trifluoromethyl)phenyl)boron,
purposes i &f{ cﬁndm:imgjttbd mettnl| mietallodepertypeu oatelysic nginbownsin or gmetursor to a
ot her |y fl ri ated trisa bor onpounds and
metallgisig met PO pirabBor! PUSeBHER ST (UM BOGHOR ghptsthods for
activafifig)8 metalidoahd- B%Httal’ 1 cdr@stutt g asktvéd BY ®r @k&mple, US 5,849,852,
described in U 9,532 Bl, US 6,268,445 B1, and in
5,859,083 mmmm‘@@%&@wgw (2000), and in 17
ORGANOVETALLI CS 30 3996-4003 (1998). WD 2004/ 022607
PCT/ US2003/ 025281 -37 [0095] Illustrative, not
[0104] i M t | Iggeexailpthe actdfatdrant caiabist delg:»raﬁt(i;)vaé Obmbinlad imdmle ratios
trial kyl- substituted amoni um salts suc

of acntvatpéf%gat%lmmﬁv%tﬁrog( ¥Ry 19 Db gR ong Fmpéwn&rﬁ% rifogmP00:1 to

1:1 mt at fn%% ﬁgﬂﬁélugag OIrbdirhErit( 'an? Lﬂ?{éﬂl) PNLYUDMY in yet a more particular
tetra(phenyl)boron, trimet anm)nlumtetra(g

embodimbyt, jupbfrom, 5a: fied hy bfammmemwﬂara(rdboﬂmhth)dmdrfmm 10:1 to 0.5:1

R o W T R T
embodifbRt WheATR Qi'e&ifﬁbleeltahgé ﬁ%a?"n‘i’dlﬁ'&t aw dﬂﬁﬂﬁﬂitbo‘ﬁcﬁf%y upper mole ratio

tributyl amoni um tetr a(
limit Wit sy nlewhy InsHe mtio bnntofhescmbadomrymanﬁﬂmnuthﬁ activator is a cyclic or

ohgon?egc: 8 | @gﬁ{g% o éi?LP hen ﬁego(in i %(e‘rl{/lh ”),3Iff1ta| %m ol'ftgctlvator to

catalyﬁnd:dm]ﬂin@ﬂﬁ Salges fome 2 B?eo NOBtoodi1net kyié %ﬂlﬁoldﬁhéim and from 10:1 to
etra( henyl&boron N, N- di et hyl ani | i ni um
10 OOQ bip a{upih%rnw wkment, alNi fom 0:5 19 8.0081t A@rfetRys BHticRlAG grbodiment.

When Yf 6% % VB{Z)? Ny L)nggﬁ'ﬁrb 356 t&ﬁ‘ml‘x% lﬁ@tlvagdraéu@{ s 3T0TP3 81 and the ionic
SUch® s (lsopro py
salt oftaeiolr@( gyl gfel mole ogtvesfidc)iaoman, catzib(syodmﬂsmeyﬂ rarrmrfrqmr() 5:1t0 10:1

tetr henyl)) bor d the like; and tri l

in Oneﬁﬁﬁ’ga’fﬁ%ﬂtmﬁlﬂs‘gqm iﬂstaghl Byt 3 PIoRePRpHES R
tetra(phenyl)boron, tri(nmethyl phenyl)phosphoni um
tetra(phenyl)boron, tri(dimethyl phenyl)phosphoni um

[0105) et r a( Moen phitisolaoly, dredmotes datikenf AHohetaheceneahetal (Almfrom MAO)

ranges Ry A o406 36 EPRGPRUEA BRECaOm 1 Paltiri RO Scgpodiment
and ral_?%es 60 o SOMnURE hrd?Rer Wirfbld ditndhetRH @ﬁg&,@k feNCT0MRRV0Gn yet another
e ring of the ‘heterocyclic conpound may includes at
embodimgnt; 2heanges fromdR, to dX§ geret aapldombadiment; andbrengesrgom 90 to 125
in yet élqn%&g% c{%mﬁuﬁtgalﬁ ]I%pr % ggsclzria%)%rrg%lgproaﬁi% q‘/’ll@}dg@ to Anetallocene -metal

“M” chibb€anty dvgnbiABtENeITany Npest dindtwih ange fiwer dindt &esoribetitteein.
ring menbers in another enbodi nent.

Supports

[0106] A support may also be present as part of the bimetallic catalyst system of the
invention. Supports, methods of supporting, modifying, and activating supports for single-site
catalyst such as metallocenes is discussed in, for example, 1 METALLOCENE-BASED
POLYOLEFINS 173-218 (J. Scheirs & W. Kaminsky eds., John Wiley & Sons, Ltd. 2000). The

terms “support” or “carrier”, as used herein, are used interchangeably and refer to any support
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[0097] The heterocyclic conmpound for use as an
activator with an al kyl al um num may be unsubstituted
worogobsnituted with one or a conbinati on of PCT/US2003/025281

substituent groups. Exanples of 25 suitable

substituents include hal ogen, alkyl, alkenyl or

al kynyl radicals, cycloal kyl radicals, aryl radicals,

aryl substituted al kyl radidhts, acyl radicals, aroyl

radi cal s, al koxy radi cal s, aryloxy radi cal s,

material, Ia)potduscsuplaxd“[ oatesial Jail (HiﬂcyﬂMmmt,nadhudmlgsnorgamc or organic support

maten& r %cﬁ](-)@@tﬁn%qxg gels |s‘&;§qort 161 leﬁ%%ﬁ@{}?&e”%xg@%ﬁ%&%%es and inorganic

chlondé@dérﬁiaihﬁ)artﬁ:@ll/dr Q¥oh mhteHhIs ab alc, 36! AMbNANIndglh Qﬁé%‘nesm zirconia, iron
aroyl amno radicals, stralght branched or ¢

oxidesabRij#,enakei g0 oxigdi giat oxidsy b'canyn owidsi iharla,oaiumﬁ@lrlbghowhﬁ@ gel, glass
beads, agn?i%oétflnl{g@%g? r ouglngﬁnyycpﬁm%g a%é sgxfrfg%ﬁtje{i togf’gt}%%x{e, functionalized or
crosshhﬁécﬁ‘bﬁgfthmppbrtﬁ RecH bk @olyW®ratR0dik 3L 66zene polyolefins or polymeric
PCT/ US2003/ 025281 -38 [0Q98] Non-].imting. exanpl es of
compaypds.3ad myyires thereet yuhgraphitse Inany afdis wwousefpﬁw
propyl, butyl, pentyl, hexyl, cyclopentyl, cyclohexyl,
benzyl or phenyl groups and the l'ike, including al
[0107k hei r Thosmppsit Iﬁayrbeeooqu:ted wigh theanterlmomplonerits othhcrwtalyst system

and the_like. Clher e of substituen | ud
in any TGO RBVRYY InOPE EPBSL AL B PRT Doy ce b g rorto form
an as@c%ﬁeﬁéﬂweél{ th® eV A60R8MZbpork 08P “bSurNGctivator”. In another
enbodi nent, the heterocyclic conpound IS
embodimsuth$hé catelyst compansot ey beepdvantererithothe sspperbite form a “bound

cataly: o(%solﬁlgﬁé)%gﬁ ”10 g{j’te?{ a{}% T O%gbd l Cen%g O%Jug)%]o gﬁ%)z :’6%' r?nEac e%dwnh the
activa@k @hPeathl9ht RUPIRER tepetiRy,QEeviet @dh Phiiallg ey order. 1TheQ‘iﬁ>ﬁ1ponents
enbodi nent the halogen is selected fromthe group
may h,eomt@twmgyomycmt@blp rfecansrasmna sahdions slugyi ge sol¢dorm, or some
C [
comblﬁﬁ Jn trhgx%ofr“1 agglg%l#}regﬂe%% g%ﬁg d‘?—:gﬂag)ge d&%ﬁ) Leﬁlﬂ% 38 g:gf@laiijate a desirable
chemitdliphiysiosl tiansfpahationot her enbodi nent. [0101]
Non-limting exanples of heterocyclic conpounds
utilized in the activator of 15 the invention include
[oms};ubst | Héi&@l%#ﬁ‘%@ﬁ%fﬁa&ﬁc%d&g%ﬁ'1ﬁc°1udé BHARZ21 £%9, 5, 13 and 14
yrazol es, pyrrolines pyrrolidines, purines,
oxidescandixhiwides jin emdembodohers, anghmeonse partrmiddrlys jnorganic ox1des and chlorides

R TS M T T ——

sﬂ1ca-£1qm Ih%ngﬁﬁme!fm&‘i’dé"rﬁﬁphlk hand) @4iRTuPssY fleted f.C QDG ﬁ§€ful supports

descri be bove is ined 20 with an al kyl al um num
include rmme%\a,umarzercpmaymentmoaﬂloaé@ (EROorl 166 nehyklebidipate, and the

like. g‘gﬁgt %gﬁlgglg lgns W# <3 scu%t grtyr% telglglnpong e u£ fof ae%sle silica-

uces an active p ITEFIZ& ion

chrom@ah 2di Y&t aluia; bllll‘ﬂ—flﬂaﬁ@ danplies Aﬂdmbkallsalbpum MitEBials may include
i ncl ude trlnethylalun1nu trieth aluninum

those pQrppsBYHGRPAYIEsS deseribed n nﬁ? ARy &t &k num
tri-n-octylalumnum tri-iso-

[0109] In one aspect of the support useful in the invention, the support possess a
surface area in the range of from 10 to 700 m°?/g, pore volume in the range of from 0.1 to 4.0
cm’/g and average particle size in the range of from 5 to 500 pm. In another embodiment, the
surface area of the carrier is in the range of from 50 to 500 m?*/g, pore volume of from 0.5 to

3.5 cm’/g and average particle size of from 10 to 200 pm. In yet another embodiment, the
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octylalum num triphenyl al umi num and conbi nati ons
thereof. 25 [0103] O her activators include those
walemaneised i n WO 98/ 07515 such as tris (2, 2',PCI/US2003/025281
nonaf | uor obi phenyl ) - fl uor oal um nate. Conbi nati ons of
activators are also contenplated by the invention,
for exanpl e, alunoxanes and ionizing activators in
conbi nati ons. Ot her activatéks include al um num boron
conpl exes, perchlorates, periodates and iodates
surface arda dithegearieiis iBthehsyoeds éom 10Q foi 400 m*/g, pore volume from 0.8 to 3.0

e e R e S
inventfHFCAD) BasdrOfze M HO ranFRlAGdE P tArfoRa oS HESV0ESIn another

usi hg radi ation, electro-chem cal oxidation, and the
embodiimket, andframds te 3404 iplettandthasembedimart ng net hods f or

the WO 2004/ 022607 PCT/ US2003/ 025281 -39 purposes of

rendering the neutral netall ocene-type catal yst

[0110)c ONPOURCorRleniYod b OF tHeGudportiRiradhlite G tay fite S@dpb@N The graphite
capabl e of polynerizing olefins. Oher activators or

is a pongdar gl PP gImbogdinenfatlnrrgothersmhpdiscahdbe gpwhiadnflpky graphite. In

YRR BRG0P 5,y S0 com 11

400 miyeowasrialanothbreenaleddimerttpandaficmdatb 209sh yetamptre ambsdingnt and from 1
conbi ned in le ratjos of activator to catalyst

to 100&’6’&[5151ﬁé‘m’ettap%£‘?r1‘?3’6‘6? meR- 0. 1: 1 in one embodi nent, and
from300:1 to 1:1 in a nore particular enbodi nent,
and from150:1 to 1:1 in yet a nore particular .

[0111enbodi Pelmtdratmndbricalsmigg ofi thesugport inay pemay atsorte carried out. In one

articular _enbodinent, and from.10:1.tq, 0.5:1 10 i
embodBtl, e Bhpri ¥ bV Ar SRBDA HEREon Wi g igfipe o5 Sher support-
modif{ing b&mB@uﬂd@Hn andMéentydirent] ME susoRod citeied aMdd a§crl witlbut further

~desirabl e range may i nclude any conbi nation of any
modifigpiiat, ofsplsinedt folowied Biytcopfachingyth| GRer mgyeeactiygtprs and/or catalyst

o ) _ : . or i o
compde SHESAE LGRS oAy G e,
and froMATY)°C tohE20008C én rambiber @mbadimengt ord from 3GEX°Al tps1000°C in another

o GERBRELhoh SR8 P o h Soth FEmgc  ss

in yet SRAL TR culR Nl dddmO ard tonf 884 1o 19808 MRMRt rticul
e partic arcuerrbodq nent . a%/&en t he act?vat or rﬂFS}%a @ miore partieutar
embodimeants ahd ofrorn I0ECi ton8%1°Gginagtti ¥ ana@e suigtulasembddiment, wherein a
. alkyl and the ionic .salt of. a boron al kyl, the.nol
desiralgy HRgc5 POTaRARED SO AR Y <A CUTHRD HARRFP A BEri iy 2ny lower
tempefhtie linti® &Rcthingd Map RkePHRAL @ﬁ‘&bseﬁd&%ffdx?gériléﬂd hdistird by using,
in yet a nore particular enbodi nent. 20 105] More
for exgraple. anuAtmpspheretdf@rypiteogen.at i o of Al / net al | ocene- et al
(Al fromMAO ranges from40 to 500 in one
enbodi ment; and ranges from 50 to 400 in another
[0112]enmbodi TN tsiupport, especially an inorganic support or graphite support, may be

pretreated such as by a halogenation process or other suitable process that, for example,
associates a chemical species with the support either through chemical bonding, ionic
interactions, or other physical or chemical interaction. In one embodiment, the support is
fluorided. The fluorine compounds suitable for providing fluorine for the support are desirably
inorganic fluorine containing compounds. Such inorganic fluorine containing compounds may
be any compound containing a fluorine atom as long as it does not contain a carbon atom.

Particularly desirable are inorganic fluorine containing compounds selected from the group
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and ranges from60 to 300 in yet another enbodi nment,
and ranges from70 to 200 in yet another enbodi nent;
waea4nzeges from 80 to 175 in yet anot her enboRdTES10D3/025281

and ranges from90 to 125 in yet another enbodi nent,
wherein a desirable nolar ratio of AI(MAO to

net al | ocene-netal 25 "M can be any conbi nation of

any upper linmt with any |-clier |init described herein.
Supports [0106] A support nay al so be present as part

consistifig tdfeNbl,BEj, a(NH),Siks, aNyePF s \SHdm OYHRkaF7i NEBiNbFan (NH,)2GeFg,

orts, h S rting, di.fyi '
NH) S8R e RO P Bt B0 GG 357 By osifon CIE CIFs
BrFs, BS, NEf, #iH, ®FeNeHF sndivsgissed in, for exanple, 1
METALL OCENE- BASED ~POLYOLEFI NS 173- 218 (J. Scheirs &
W Kam nsky eds. John WI ey & Sons, Ltd. 2000). The
ernms s i . .
[01 13}t nt er Cﬁ a&régg%bé I}}’leg‘ln 1‘13’4 the s%spogta\g/g}é ?J‘fg %}meaﬂ'oﬁlp%ﬁﬁ&jls to dry

mix th%&%/ daﬁ%ﬁgntPESF/bléﬁaﬁ@?dt Q?dﬁﬁ%htraﬂéh@ ofrfbayr 0. al to a0 panidlirsole F/g of
port material in one enbodinent, includ

support i Pg%\ﬁm@@m@f gaaﬁu 1 ﬂ%{fﬂé‘é? Pf ffﬁﬁ’t 405 49 6.0 Nt ls Fig Plgsupport in
i

e A5 UG T2 10 AR GO0 58 o

embodimesr I’Hiesﬂmnba:bmpomhchya,n bsa dlrlyamxealwuﬂm tha suppagn@thenbefore or after

zZi reon n borja, cal ci um oxi de, in .
chargif 1gdhe Bisel, i csePALiEn of aloting oo biipRios fbe By, the uorine
conceﬁﬁ%ﬁ pPesefedIStheal d}P s)ﬁHQﬁeSraﬁF@ Bf B8mP@D Xy i5nyiog M Bid &iibodiment,

and substituted pol ystyrene, functionalized or
and frem @sstoi nk witlomf gapnast in@ppibert embnditents pol ystyrene

di vi nyl benzene pol yol efins or polynmeric conpounds,

and m xtures thereof, and graphite, in any of its

[0114)ar | OUANSIBEMetidAl QT ]tre'ﬂiﬁg Ship ROFporiTaithb eheC iNbARE @Fmpound is to
with the other corrponents of the catal yst system 10

dissolyethg fliorneiies svefasish ap WatmeandriberPeRstat the FHPPST pYEY the fluorine

contalhl‘?l CORfAA! e‘alh\élhtvbatgﬁﬁ %%B'a\[lﬁts%ca R hO'ThpdH it is desirable to use a
AS&O0CI atlon between the actrvator and s port, or a

quantitybefiwatenthii isdewsrthan the tatabpdre voluerealthersmiport higesirably, the support

cataly onponent nmay be contacted with the s
and, 155 BRI MGG PmRoAE €t CUBRTInRh ALY SFWW%@"&E%FYF&% as by dry
m1x1n§C P! Vgr??‘?r?lfan d hea Wﬁthrer@yfr&ﬁ 19PNt 36 180 fnhoﬁehgmbodlment and

and catalyst conmponent together, or wt
from é@(tﬁ? waBO0 4l Iuy annthanymbpdhment Taral ﬁonpéﬁ@rﬁ go wOr@ynbﬁt another

cono RRME SR S TR bR R e

and may be heat ed to any desirable tenperature to
effectuate a desirable chem cal/physi cal .,
[0115) r ansfmmtthmrthe $opo 8y thodsesertonecniign i se-sorfpet (or “co-immobilize™)
u e 2,
more tﬁ o>%|at s an(xllrE p%ﬁ%orl éls%i n%pnogp errtl)%ogL hlﬁlt%n% e;'(%rnf?l@?l of co-

immobiizRiopabt | catlyt | domponeritg antide xiwde Sr amndrec If othie d%ne Q)fr different
G oup 13 and 14 atonms. Yet nore particul arly, P
metallgegng criglyst FoRPRREBLSs PG MO MataHecene with a Zlegler-Nat a type catalyst,

one or more metallocene with a chromium or “Phillips” type catalyst, one or more

metallocenes with a Group 15 containing catalyst, and any of these combinations with one or
more activators.  More particularly, co-supported combinations include metallocene
A/metallocene A; metallocene A/metallocene B; metallocene/Ziegler Natta; metallocene/Group

15 containing catalyst; metallocene/chromium catalyst; metallocene/Ziegler Natta/Group 15-
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silica-alum na, magnesi um chl ori de, graphite, and
m xtures thereof. Other useful supports include
wor@aesiea] titania, zirconia, nontnorillonite PERPUS2063A25281

665 Bl), phyllosilicate, and the |ike. Al so,

conmbi nations of these support materials nmay be used,

for exanple, silica 25 chromum silica-alum na,

silica-titania and the |iket3-Additional support

materials may include those porous acrylic polyners
containieg criabet metalbtede/thiontgn (Bt&lyst/[Gmﬁm]IS loontameng splelyst, @hy of the

e eful .in th ention, the support
these‘?f)‘glé ‘ggﬁ{or 0883’1%1185 ﬁ%ﬁ "®®he range of from 10 to 700
n2/g, pore volunme in the range of from0.1to 4.0 30
cnB/ g and average particle size in the range of fromb5
[0116k o 500Further.n thaorakrdyst epistsint nedntthe tpresesiir myewticay ¢an ofnclude any

comblnﬂloncoatr ch%tof > ncattgigs.t §%{ﬁg8ne§‘- fegt% %%g rgec? 810 n&ﬁs/ugported in any

pore volune o rom aver ag

numbdﬂafﬂ wele Fof example; ahe tHalyst 26ipenent mn%emcaml@tzh@r one or both of
enbodi nent, the WO 2004/ 022607 PCT/ US2003/ 025281
metallagenes, GBIRF dGrayp { hreomiainige Fatplysts nCqmRONERIS o9 US ér%65 505; US

5,707, 400 gy 469 4§‘2j Egld W@r &y QﬂGUﬁn?rn‘Pix 19(:1§d$ Qno)gc&nbl_ﬁrﬁgg&ngof activators,

and average particle size 1’s
any ofavigclageyher sxpporze toyf artyheunstzar roif supm{nstals elesdribeé meregn Non-limiting

pi cal has pore size in ang e of. from 10 t
examp 5 ol St EOm B OB S D Eh e Py FARD, MGG MN + NCA;
MN:S £ QUTAS NOAIPOAMN; Weki:NrRIShavme r agdh Mk 3 [AQALQUALS + MN;

one enbodi ment of the support, 3 aphite is used as the

MN:ASSpAdA:S THE Ayr-dgNi NEA: Ss‘ MNpodisr Gil h+OWeAeRbo i mNEA; NCA:S +

a5 s R SIPRTR s Ly Spkte s Hiakg SR ca -

G15; YeAts @rl@lmonMNmm + GIBYOOINISCF NGA  GOosn NCAGS +4a8 + G15;
m crons in another enbodi ment, and from 1 to 200 |

MN:NGUES gt HieMM ot hovA; MG + AbLG1 L0AKGS TOMNITF &1GRAMN:AIA'S
+ G5!\ Rll)(%ﬁ%t%*lem Suppg@;‘,&s 1444 AB@*—Wé{ﬁtMﬂm NCA; G15MN:S +

cini ng of may or nay al So ’be carr
NCA; oGl 5:NGA@ne+ MN)OGII&MN NEASS; SGIPMN:S s+ CAIA:I rGarS.MA.Sr + MN;

G15: W&@Cfﬁai’i‘%%a@ WA R Re s e P ATA M s 3% + NCA:
MN:S S zf@k N@RdN@QFuﬁzﬂl WINTRO N ANy slwmm £AAOMN:ZN:S +

or cal ci ned | owed by ¢ontacting W th one or nore
AlA; M@ISVaZNHsMN;MNrAIAaZEISyﬁIA Z36SpoNERt $ MISUMNIAILA:S + ZN; wherein

MN" R afalB e AR BB0GS i ZBBEC TR SHB0Re PPNt such as

descn‘t%@lb%vgeﬂir the kst Cay3008mpochDOQECAN BNOMBBIcoordinating activator
nbodi nent, and from’350C to 900C in yet anot her

mcludm@b@mrc rmedmeutsalbororoandidmainug Bsed compoynds as desribed above, “AlA”
rtl

n QO
is an ufnémbaratqﬁ%lu?‘narorzge&n%an%l Eri%sﬁ Al '\%&i’ r orr11%8 1186{ Ia}ch%%d%comammg
catalydt Ro@bnént 0 Idesdpided Iabwea&nd?hﬁodl dRipportWVaeT @hered the use of “” with

“S” means that that those groups next to the colon are associated with (“supported by”) the
support as by pretreatment and other techniques known in the art, and the “+” sign means that
the additional component is not directly bound to the support but present with the support and
species bound to the support, such as present in a slurry, solution, gas phase, or another way,
but is not meant to be limited to species that have no physico-chemical interaction with the

support and/or supported species. Thus, for example, the embodiment “MN:NCA:S + G15”
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desirabl e range conprises any conbi nati on of any upper
tenperature limt with any lower tenperature limt.
w@adogiozdeny may take place in the absence of oxpgEDSZNS025281

noi sture by using, ‘for exanple, an atnosphere of dry

nitrogen. 25 [0112] The support, especially an

i norgani ¢ support or graphite support, nay be

pretreated such as by a hal4fenation process or ot her

suitabl e process that, for exanple, associates a
meanscﬁl@macmletaﬁp@nuewdmNCIA nétevatarpportiousd tther suppodtugind present in, for

b
examp aheS Rhasg popmantzab b a bl o oM e assb R
the support is fluorided. The fluorine conpounds

sui tabl e for prOV|d|(g fluorine for the support are
[0117kesi r abl ¢ Boticwar gabedmentydhs satabishsxtemn g sclrisdufions. the group
con51s§H§ of OS2 I&CNSUOMIQGZI\?QEA%' ni\/ﬁ@ A @oyng - Mg\ AH@? + MN;
npoun contai ni n ["'Udrine” atom as Ong a

MN:NdReS BN; and ZNi MNaAD%NhiD’nSammconﬁanéntQMaglbbyombmed in any order
desirabl e are i norgani c. fl uorine containin

desirablgte a¢hugyerthe Haghpst p@}ng@ry@@gﬁtbz hrepe embo 1ment 81e ZN catalyst is
1mmol§>géc§‘l§%&qgngﬁl%%ﬁllzmg e nﬁ%ﬁ)'cé{e' ﬂga&fthé}"élﬁl%gélment the metallocene is
NH4 PF6 (NH4j 2TaF7, NH4AN

first ifideili2&b Fmd in (Mmboﬁhﬂ&ﬁbt,Zﬁ E(ﬁl,va(ONI-rMIiﬁsZmEﬁqobl\lrthG followed

by elﬂ'}Fé'Ij-';hGC %%ng_eﬁgesoz 5 Ft’hﬁ%& aiﬂggftr\“lg &gtzano °f 6111%%(}: nﬁnt %051 the MN and
ZN ca@zﬁ?étr&%}%neﬁg hedl iffnobl1R8d isiBultaA o sUPBR the Wirdgort RBe support being
fluorine conpound is to dry mx the two conponents Dby
PretreawéWdﬁhrﬁgtlmtohlnc@q@@rhoﬂamlmrﬂndftrefat@drﬁf@r oatalyst cognp@nent treatment in
g of support in one enbodinent, and in
wﬁan&hgr?gﬁﬁgmgyzfron1o 05 to 6.0 mllinole F/g of support
anot her enbodi nent, and in the range of fromO0.1

mllinole F/g of support in yet another
[0118]enbod| Reeembediaent 9 the aipperpisaiid e Hie peset ynvaniiag is a so called

“enha ehréuéékﬁ't %Feg)%egetﬁ}yﬁd& ggﬁﬁpgr@}gﬁ‘rl%ll@% %ﬁé d%ﬁ)é(ﬁ%ﬁ(%%fg e}a?hre of at
least 8@06@ fodl inmay &, yandt Beew édnu@D0° @ eand OO & tir atatleen eprbedamnént 01resulting in an
esuport|5|n f from0,2 to 5 %

enhant dhq@& a m%‘chgleq :ng‘%gag sirgetares i & Eﬁm%lﬂ?)rp BWBO‘?iﬂlem the
heatin?ﬂ@tﬂ’é%pl%m %@bﬁﬁl@&e 1n[a91]iﬁél& (HPoND et A??&tﬁl%gplﬁie tah&% {HeGibsence of

he support with the fluorine conpound
water. di lnspiefaaredhembodimentae iricreaseds produntivitys isc hclasved/awécn thgr@nhanced

t hen ¢ t ct. .t ort th.the, fluorin cont ai ni n
suppot §F BemBied Wl e gt DR el bkt B Bipfged Perdin % form o
suppoietPPiaidtalli¢ bathl§std®BichaPihen kontdsted &ithGhieHdmdry d@Hin Vel Pherization to
that is less than the total pore volune of the

producg pipimodal mdyelefbegmpasiensupport  and, for exanpl e,
fluorine conpounds are contacted by any suitable neans
such as by dry mxing or slurry mxing at a
[0119]t enper Bi oiiec o0 Inolré epecifit emboditRABCah rnbned Khpsirenfirst prepared,
and, 20 from 200C to 800C in another enbodi nent, and
preferghly in the mranpgr g@qdrpem henthatgnhanced support is treated (e.g., combined

with ingredients that form the first catalyst) to provide a supported catalyst that includes the
first catalyst component. In specific embodiments, that supported first catalyst is then treated

in the presence of the second catalyst component to provide a supported bimetallic catalyst.

[0120] The enhanced support is prepared by any suitable means, and more particularly,

by any means wherein water is removed from the support, such as by heating, exposure to low
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enbodi nent, the contacting in any case taking pl ace
for between two to eight hours. [0115] It is within
wo b@4pewpe of the present invention to co-cont BCT/USZTNN3G/ 025281
"co-inmobilize") - nore than one catal yst conponent
with a support. Non-limting exanples of co- 25
i mobi |'i zati on of catal yst conponents include two or
nore of the sanme or differeti—netall ocene catalyst
conmponents, one or nore netallocene with a
pressui’e engbmrc-al\la'eatmehypae comtbarlayisns themaoé dfeatimg ehermtpabttc&t errtehydratlon

el & ST g TALLRE VRS Bl PO i

provide8taAl ¥Hanca Suppovt, Gbr thas C‘éﬂﬂﬁn@@d ispfe8, Wihidh PREidYs surpnsmgly
nor e actlvators R/bre%?1 |cuI arly, co- supported

improvehtsisulss qncmsupnm thdeisrdehgdrated eab dovBe tathperabireso Eaah és, elow 800°C,

oven JEHTLISTENERSHTERE)E955AF 7B SR FSFYBs saren o

the enﬁﬁio@tnleﬁ@ﬁﬁ&!d@ﬁf AEADiC adraabiiplatedRitahd E&@métﬁieﬁg kestlts in an actual
Natta/ G oup 15 WO 2004/ 022607 PCT/ US2003/ 025281 -43

chemiea)rndvion phipicehehangs n thesupRarotRsBIE Hichinivigh only reveals its beneficial
struct gtv%e}’ls&{r@i%ﬁpwiltﬁ LRI %&” nﬁ%ﬁ% ysti'com 5‘1¥e ‘PJ dééﬁﬁbed herein, and
ese w an activator, iI‘nat|1 ohs er eo
placed {hlthe Lohext &fean adthe pbih)tmdarymtlomy Foepxaple, hwhqzlr tweamhanced silica is
i nvention can i nclyde any 5 comhi nation of activator

combigh ity G THBH AL COMPENEThaRY BBy Hocr Byt sgmPonett fo form a
supporttd® ﬁ)@lﬁ%ﬁﬁlc Eftal aycorﬁg(m?rﬁfn QhataportE® rbnﬁél%m%l @atal?@te composition,

cat al yst conponent y I n¢lude any one or
includiveg thk leok@ged siling/has b&nodipcolred aasthaving rdgsmadvt.l)ahsgbtpsoductlvﬁy when
conpo

used o3 PR nt ¥ éor‘,\%r@:ﬁ;sgiog(sé%ghgg)dhﬁi poﬁ%(fl %isrﬂ/ 51%gleoreactor For

exampl&d 'pF(ﬁiu'cﬂﬂt}Déf &Qbdsy 300U Srams POYynedr/ gtdth ¢htaliBY cddEbe achieved. More
supported by any nunber of sugports as descri bed

preferhlely etha . binetallic eaialysh ghat Oneludasphe snkymced suppsithagaspregyctivity of at

least WI natd orl gf?% IE"P @ygwg%% pr%?%&%ts'zpwaﬁhc catalyst

havm% enMtheS sﬁpﬁréhasr“?\-ﬂlﬁlrodﬁcAtﬂWﬂYMf at M‘dsMO‘QO @améibélyn&r/‘gram catalyst.
NCA: + +
Other mlﬁmbocgments of the m@tmn@ud@tgletalm g@tal@_tg V\gi_prgﬂt)gtlvmes of

4500 é’}{i@ Eoﬁ%§%§ &@@@W@lyﬁ%%@gﬁ a_'pd above, or

even 00 grdmiSpolhedPiadatabyst afiedl ShovN + GLS5 + ALA; M\ S +
AlA + G15; A1IA:S + MN + G15; MNAITA'S + G15; AlA'S +
NCA + MN + G15; NCA:S + MN + AlA + G15; MN + NCA;
[0121%5 MNP pa artideir oA %tstﬁ'e mpo@l@ew 1B|Ciﬁe resent invention is a
5:MN:'S + AlA; G15: A1A 3
GroupGllBoAl 40tn8rganN®éudle SVNpOIGhBVmE:A*pSrG’rVQWNn% ramrgmg fupm-0.81¢ Jcm /g and

e vl R 0 B E A Bl B s
hereliﬂ heAmBYdRenfr L A: pibetred sispdrttis M anMdibHud hipttsuéfice area silica, such

wher ei n
as Davison 952 or Sylopol® 955, sold by Davison Chemical Division of W.R. Grace and

Company. Those silicas are in spherical form, prepared by the spray drying process, with a
surface area of 300 m*/g and a pore volume of 1.65 cm’/g. A procedure for dehydrating the

silica at 600 °C is set forth in US 5,525,678.

[0122] The enhanced support is then combined with a non-polar hydrocarbon diluent to

form a support slurry, which can be stirred and optionally heated during mixing.
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"MN' is netal |l ocene conponent, "ZN' is a Ziegler-Natta
cat al yst conponent, such as described above for the
wo 2oogi2wat al yst conponent, "NCA" is a non-coorBCTIaEE2008/025281
activator including ionic and neutral boron and
al um num based conpounds as descri bed above, "AIA" is
an al um num al kyl and/or al unbxane based acti vator,
"GL5" is a Goup 15-contaid4#Gg 25 catal yst conponent
as descri bed above, and "S" is a support; and wherein
the use of ":" with "S" nmeans that that those groups

O B S S ISR L ETRRH e e oo
slurry KB@Why! for-p&lahldroddibort B&ectdd sifduld réBAASntiAkd fdrfeat all relevant

addltlonal conmponent is not directly bound to the
reactlcsuwpmpltatlbm, apd dheomgredients ushe e fqmbﬂlﬁ faﬁd:atashtﬁé epmgonent should be

at leagglq??t- a(gloﬁ/ b?eg ﬁgg@t 8§H gﬁlgf‘ cséebrl) é%%g'rdl% the non-polar

hydroé@@(ﬁi’ dlhﬁnbl@ cbhdiildredltd Kt ST0DIeRS Hehﬁﬁ ehéh/ tholgh in certain embodiments
sico-chem cal interaction wth the support and/ or

the i mge igaip arscPrdyppatially sotphle In the hydios#BPe, t he enbodi nent
"M\ NCA: S + G15" WD 2004/ 022607 PCT/ US2003/ 025281 -44
means that a netall ocene and NCA activator are bound
[0124] 0 a sBppuoples ofsudtableam@riolarrydfooarboas mchide,C.2Cgdsmear or branched

has ol ynerj zati an h a Gro 15 cont ai
alkanega‘f)g angg, q{gﬁ]latlcs[ 917‘:] SPEH 1821 B'afltqoe lﬂo(iq: aﬂﬁxﬂg &P.n.[gmsopentane

hexanb,NBolfexbd yﬁhep?iﬁ% %&a‘n@ ﬁ@ﬂaﬁ@t @Idd&faﬁén inl%nq%@é%pcycﬁ)alkane such as
consi sting of M ZN: NCA: S ZN;

cycloligkankl, Ar 8n -ardupjtic sMsh IanA\ergene ZNuelzfn Qr zthylhﬁnmm M(Lxxtlges of different

nent s onbi ned in any order desirable
non"’?%”%?@ﬁ&ég’a?aon(sﬁ%nﬁ éh@gfe pol ymeri zation activity. In one

enbodi nent, the ZN catalyst is imopbilized prior to
|nnDb|I|Z|ng the netall ocene; in another enbodi nent
[0125} he neThe PepeRresliy can b theptadbpih dureng, arzshafttrrrmy@g of the support

partlclgg ‘&{1&11%8 %?B%g»'l }{dﬁocmoﬁ(‘sﬁr}fé@aﬁpt Jatsth WHE, fhe%ére goth of the

er t ocene an [or 't

catalyaatﬁd: Yoinbided Wéth ﬁﬁoidppbrtemnqdi menﬁempbmhhetdifetﬂw\blang should be
N cat al yst. conponents are l.ized simultaneou

sufﬁckgﬁtlx AW S%H@f tnelt{qﬁeog Gtﬁ?pé’i‘tﬁlyﬁtél aﬁg ln%q,VthPIng gaaqmvtaqe{?i yThus, the
tempe?a‘ﬁ'ilje\f)"f‘ttﬁé su H@ﬁlrﬁ"r{% el JRat slut%?qs [r@@traﬁ Etn?armed at a temperature

catal yst c onent at ment et an

belowe&oBO diorrexempld, Frdrd 2384 7@k oe frbmdiOnte H0°Gfin aﬁceherlﬂ:prbodhnent.
useful in the present invention is a so called
“enhanced support”, prepared by heating support

Gas pﬁggetp(g&ﬁ,%ng;m@n Pedegy ation tenperature of at | east
C or nore, and between 800C and 1000C in anot her

[0126bn‘ood| FenbimatalBu Fatalysfsi andanore pattianteel, @@pp@pqﬂeﬁewmn@ll?u catalyst

rmdlfled h cal stru e, art.ic "
comp iy REHBES FRER ARt RtAthY oo oAbt e vojefin gompositions
that i&N cbipsditid®. Bavind2a Oindd)]l atdImsBREHRighandstkiBufidig in a particular
absence of 20 water. In preferred enbodi nents,

embodimeple Ao dipetaligceatalysts describedhevesy ahaped He acHingla qwlymerization

reactor to make the bimodal polyolefin composition. Once the supported bimetallic catalyst
composition is prepared, as described above, a variety of processes can be carried out using
that composition. Among the varying approaches that can be used include procedures set forth
in US 5,525,678 in which those processes are modified in accordance with the inventions
claimed herein, for example, involving the high fluidized bulk density as described herein. The

equipment, process conditions, reactants, additives and other materials will of course vary in a
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support is conbined wwth the other parts of the
bimetallic catal yst discussed herein, to forma
waeappoeiced binetallic catal yst, which is then ponusmbees281
wi th nmononers during: polymerization to produce a
bi nrodal pol yolefin conpositions. 25 [0119] In one or
nore specific enbodi nents, an enhanced support is
first prepared, preferabl-@#4d+a the manner descri bed
bel ow; then that enhanced support is treated (e.qg.,
given cpm’daissn aldpendihd onnfe eldsieslt sorhpasitidnoamd phepeftiessdf the polymer being

formedd b1 A3l Tppastes e P oo IOV RE Bfjges e be used: US

6,420, 9§630€'3§§@11§ 6%'8@%29%}3@90@21 bi3u815862t6ad 4081301 96 53*961@4 6,300,436;
‘tréated in the presence of the second cataly

6,274,6%hp 6.3 hB23;0 6218:81 bte 6248:8pHo |6t2éd 0P mét 2421548 5 cﬁa&lél,l)@ét 6,207,606;
[0120] enhanced support is prepared by any
6J8Q2%?33é%q4ﬁé§§s and nore particularly, by any neans
wherein water is renoved fromthe support, such as by

heatin exposure to | ow WO 2004/ 022607
[0127]pCT/ usgb@fapwgzlsliy, th%r%@%sscsfuh@ presertrinvtion g direatet toward a gas

s G5, PR RS DB 0 BARIS B gt 0 oo

atoms,l\fﬁﬂ'mahtthZOﬂﬁEbn mtoﬁlspﬁrat moté mrtlalﬁnoeihhmm,ent phd\fioted tar8 carbon
enhanced suppo r exanp .enhanced silica, 'ch

atoms 3p y¢} §&R0E w@ﬁt&q“i% r?gﬁ:\f lm%r dnYEuignt's PaisHl aaéfp"\é\‘g guited to the

polymEHf’eItloh%f g\%‘ Xgﬁﬁ}@&eﬁ‘ﬁ ﬂoﬁ&ﬁérsto?%%é% WiBSyletd) @Ibu'te%e l-pentene 1-

bel ow 800C, even slightly lowef temnperatures,

hexenexhhmtme 'As@cctene\/\mnoaemm -inatiny il peeleye,appabetane, f}r-tsnbutene and 1-

t he enhancenment procedure itself, it is contenplated

%hat the heat treatnment results in an actual chenical

and/ or physical change in the support structure

itself, which only reveals its beneficial structure

[0128lwhen cOtst weenopjerth ugefeli instheapracese odribie ela\teatlylstmclude ethylenically

r : P
unsamgag%? e Fn% aﬁl%og% Zlgavghgl 5 lrtrgrw%g?t)on Atgl"%g con;( ﬁr%% or I\ll%lconjugated

dienes} pelyendsantgtl nsdnohess ikl dylic wdfinze dNvh-linitiod Inonbmefs iseful in the
cat al yst conponent and the second catal yst cQ onent
inventiol f oPlya BIGHEE! t RPTRATRRRCa | inorRoanadisng cd lgncen, isoprene,
e ta CRR it
vmylbIEr'ri%E %% edsé}qﬁggr%be hég’i: I ﬁggat tgas been9%| sécto édreg%l ans0 rbornene,
dicyclépentadiend ead cyddbpentingh productivity when wused in a
pol yneri zation process for maki ng bi nodal pol yolefin
in a single reactor. For exanple, a productivity of
[01292t | eag th3 Akt gfe@éﬁemﬁa@aﬁﬁé&r@%&gsoaé%%tf te@fhveion, a copolymer
achieved. More 15 preferably, the tallic catalyst
of ethylerst is |pmdua@|résvltehfewah lethybend, seqpperomendeviag pt sasteong wralgfin having

eas poI nmer / [am ata
from 4l £ spbPElony Wat’ W13 RAROTHEE BLVER Bt by omtpdiment,
and fr@tﬁhﬁﬁ&CSCi:aﬂimpﬂdSms agetea ﬁfo@apmmmaf ¥m6bdiddent, 88 pblyfRERed in a gas
granms pol yner/ gram catal yst. Qherspemflc
phase pig§eHi nents of the invention include binetallic
catal ysts with productivities of

decen

[0130] In another embodiment of the process of the invention, ethylene or propylene is
polymerized with at least two different comonomers, optionally one of which may be a diene,

to form a terpolymer.
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4500 grans pol yner/gram catal yst and above, 5000 grans
pol ynmer/ gram cat al yst and above, or 20 even 6000
w@rea®2ot ymer / gr am cat al yst and above. [0121] PCTVUS2003/025281
particul ar enbodi ment, the support useful in the
present invention is a Goup 13 or 14 inorganic oxide
support having a pore volune ranging fromO0.8 to 3
cnB/g and a surface area-cf8 #rom 100 to 500 n2/g.
Thi s support is desirably dehydrated as described 25
[0131]her ei nTymczﬂI)eneurgmsqihmemolymermaeéleproeclsssaquptlnmou5$yaln is employed

whereglgggl Bous Hﬁ(ﬂy(: uorf&gfggctgrgqeygte%y a[ﬁﬁ?}]ﬂ%ﬁas(ﬁtfg?ﬁlcgﬁ ¢iwise known as a

recyclp's&éa?rh QA fﬁﬁdMﬁE méau%ﬁe1sallﬂa‘atedqgnﬂ%@'i‘é’actop”lgﬁﬁle%elat A polhferization.
in spherical form pr epar ed by the spray drying

This tpatomersmovw frhmathe genyklecepmpasiionfin 300thap pet ahdheacysds By a cooling

e . of rocedure or,. d i n
systenl 3pifF100 BisoreelPE Sandvl oK P B Qe Y Blosfe Foiproducing
polymEf 1 2 ghsedtiestRaMmAIba REhi Sk BROST mbie rhéimeoRontthosslyityaled through a
non- pol ar hydrocarbon diluent to forma support

fluidized \ped yin thehpierenea @f Becatalyst vaderarsactist GosArRIoNy Hbgt&@grous stream is

L

produdiés withdraivd fram thd feectst ppbfresh mbmb‘mgt is hddedanyeplace the Ipatymenzed

hydracar bon sel ected s re id for t
monomgt. (Sgf f9h fxamplea éﬁgéﬁger“a{@r@ Sahsie SHTBR, 535240,
5,405,998 15ecehuSs U587 L G 4‘69@@9@816 b6 154ndCREGH Yty conponent

shoul d be 5at Iedst partially solubl’e in the
non- pol ar hydrocarbon Accordi ngly, the non-pol ar

01324, EAEFRHOL METHTe e DA SISO RO SO D Dig (690 KPa)t

500 psig)F4adik®as &fe&emhunmrﬁéralzba sigl (ubtoekpd) td heo pSlg (2759 kPa) in a
hydr ocar bon. [0124 es oF sui t abl e non- po
more py e dsarbonimETG Rk G001 ol (v&2A Kbs) tbr AT (2418 Pa) in yet a
nuneg%ﬁgﬁes 1¥ﬁg£&ﬁlkanes and aromatics. Mre
pec ica a non-pol ar al kane can be i sopent ane,
hexane |sohexane n- hept ane, octane, nonane, or
cane; a non- Polar cycl oal kane such as cyclohexan

[0133lor an Bheipastr teaperitg ha g2eplase procersiaay Bty from  30°C to 120°C

inone P Gaan Sl L5°60" adiort PrdChign SRFSARER e o nove

in yetsﬁ%f)ﬁé pafichgr REBbEFhAO! dhadwbihgoandoaddeer ; rfrg 1 R9mBfe particular
the support particles wth the non-polar hydrocarbon

embodimentent gs detioutfurthdnbelowi. nt when eit her or bot h of the
catal ysts are conbined with the support slurry, the
tenperature of the slurry should be sufficiently |ow
[013450 t haty A€letBBdinfht bhehe aivahtysH, ShepRcbdiaid\Vdpeted by introducing a
deactivated. Thus, the tenper ature of the support
carboxyllaie metql saly suchsy 3luminsin ptegrptei or qhesfraptabfagty mﬁ1<£@<ammd into the

reactof «Imd’?\o c%n%g{n?gt ! carboxylate metal salt with the catalyst system of the invention prior

to its introduction into the reactor.

[0135] The “catalyst system” useful in the gas phase polymerization process of the
invention includes the first and second catalyst components, making up a bimetallic catalyst,
and one or more activators. The bimetallic catalyst is activated by any suitable means known
in the art, either before introduction into the polymerization reactor or in situ. The supported

bimetallic catalyst is fed to the reactor in a dry (no diluent) state in a particular embodiment. In
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20 bel ow 90C, for exanple, from25 to 70C, or from 40
to 60C i n anot her enbodi nent. Gas Phase Pol yneri zation
w@e@a®3xs0f 0126] The binetallic catal ysts, and Por/®EsS2003/025281
particularly, the supported binetallic catalyst
conposition, described herein are preferably used to
make bi nodal pol yol efin conpositions, 25 that is,
conposi tions having a bi nrodd —nol ecul ar wei ght
distribution; in a particular enbodi nent, the
anothd?i embadiinent, ¢h¢ imstalicdestalysbed shepeaded am ea usleenti e.@, Cs to Cis

si hgl e pol yner| atloq reactor tao make the. bi no
hydrogbay| oMPRSEEHERSR % VIR 10 t G e e GH b 5GPt fod into the
reactof at al yst conp05|t|on is prepared, as described above,
a variety of processes can be carried out using that
conposition. Anobng the varying approaches that can be
sed incl ude procedure 0 5 525, 678
10136 i Dfe Eircle P RE PSR Ry Bah e e P AR me catays
systenM (irkt1ddi@g | AMBYRE | @URsSponehta AR aBEVRLM, ah@rofioadNY,a support) with
i nvol ving the high fluidized bul k density as descri bed
monomeiseina TERYOT aqeseh i rdesirghle cwabigeshen ttp p eRplyqlpfiy, In one

e 300 A gt e SRRy o

formed @pB/Attr igto ARothBe sedonrd, thild ermpasiolr |venehmdalmvo fiethet pslym‘enzatlon
. the polynmer being fo ned. For exa roc SSe
optiong|ly @Ms@é&lgi the éﬁ?ﬂecﬂf difereplmeBRPe ngt@ﬂpga fYa lag éﬁe same or
: P 3
dlffCI‘%l? 302%’1355% %oggg%%gs ?%gvét%ég 398) 1%& égé%%lézg}ai %&a?ment of the present
inventton? Tk, 6 8%tallg, @Tdly3 2gsterd, lidﬁlt&tﬁi w@h Zmﬁﬂ,o&%s in6y giasle 7edtor vessel
105; 6, 180, 735; and

(or* r"@"ti’ﬁ% t%ﬁgwe‘fbi% atigR pggésgfacgm?lgﬂesn T4k process of

[0137f he PrEseslanipk @NgdsOphaks Pdlyﬁféﬁkﬁfbnt $0BEd haifid8 heRi@sfy include
ﬂgo yrrerl zati on process o one or nore ol efin nononers
use o

aeomipupnd pycle o Whirhcaepding gas sirsamf(f. emaxeexslel stregar pofluidizing

medlugrtgﬁgg%t%% élimr ectglhﬁxljth%:lflgatlrﬂ)fe n‘p r{rgtn cgr} qg n%atg:% %e %é?n08ved from

e Icul'ar e

the redife isfiy@itih @Aothsr part toif Ghi¢ aydly B»yezh lcoslitigt ©gbtdn® thit€is external to the
polynerlzatlon of two or_nore qlefin nonomers of

reactopt iy Regag, u&i@@ybe@n@oc%s Hor BRducing pelymske 2 Zascqys,aiisam containing
one oxitn?l%%%&{b@}%&c Jbglbl{l%%dégg%?ef tﬂrgﬂ@é%éﬂuﬂi?ﬁ?&&gg%e presence of a

cataly§it tnefer redvtine rcsndlaeﬁs.ll The gdseousr slr.eeﬂlslsopreifdrably mvﬂ]mirawm from the

ﬂu1d12|§:g\%apﬁiJ cht%egﬂfgg%gsl | ng&u @E{?éa%{pg; J gpé)gg%gpqg usct can é\?vgtilgrgwn from

the remmeﬁﬂj ﬁ‘%‘eﬂtrﬁ&onﬁjér%ﬁﬁﬁ tPRpMEOER ptiAXizdOAOTRES. ?Sb@ for example

cyclic fins [1mting nononers useful in the
US 4,543,291, ido¥881790, 5,028,08¢, NdthodmSnkd2, Har baOhAdrend36,304, 5,453,471,

[ yI vi nyl benzocycl obut ane,
5A62§§§Egﬁ's, ﬁpﬂéfggﬁgg}ltuted styrene, ethylidene

nor bor nene,
[0138] The reactor pressure in a gas phase process may vary from 100 psig (690 kPa) to
500 psig (3448 kPa) in one embodiment, from 200 psig (1379 kPa) to 400 psig (2759 kPa) in a
particular embodiment, and from 250 psig (1724 kPa) to 350 psig (2414 kPa) in yet a more

particular embodiment.

[0139] In one aspect of the invention, the voidage of the gas phase reactor is desirably

controlled. In one embodiment, the polymerization process of the invention is characterized as
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20 di cycl opent adi ene and cycl opentene. [0129] In the
nost preferred enbodi nent of the process of the
WO noogforicon, a copol ymer of ethylene is producedy/ustves/es5281
with ethylene, a conononmer having at |east one
a-olefin having from4 to 15 carbon atons, from4 to
12 carbon atons in yet a nore particul ar enbodi nent,
25 and from4 to 8 carbon -dibas in yet a nore
particul ar enbodi ment, is polynerized in a gas phase
a procpssaﬁ@sls/me[rﬂaﬁiﬁi udimg ahimdtalic eathlysti whemeindlic vdidagerafdesBuidized bed
of the inventian,,K ethylene p ylene is
gas PH3SS JREioT Somalianecel IeisEn Al aTRE SPERE Actprished by any suitable
Byl C%Bﬁm% cHi18ng in tROrdarof OF feadtors. The
means?%{fhggyrre?m geo\g?ozz Pmcf%% 52003/ 025281 - 48
voidageqif3hq reFstpr mlquesmmdglaﬁiemqa@t@nﬂ@ﬂ%é‘k) zation process
a continuous cycle is enployed where in one part of
the cycle of a reactor system a cycling gas stream
ot herwi se known as a r8Bpcl&BIiream or fluidizing
medi um is Neidagd Fn y the heat of
pol ynmeri zation. ThisSBpat gasdémeitpved from the recycle
conposition in another part of the cycle by a %goling
5 systemexternal to the reactor. Cenerally, in a gas
fluidized bed process for grodu0|ng pol yners

whereifa8RBBis thet Tsetiled dulk dansityigofothe fermedoieain EsaBies 18 the reactor; FBD is
[13 9y f (13

T

densitgasesimiplyshe demsityof the pascinahe rdactom The FBID,Ilscthz edicbeftthe measured

and recycl ed back intg the reactor,.  Sinultaneousl.
pressuﬁ%ﬁwap%gf Beraes 2 ety HERe R0 tPﬁ seackos dp ghe Bjiht of the fixed
portioh” &S ndTBI &HEREin,| the FHITGs b ndaBRARE WHIG ﬁlﬁ&)ﬁ@e%rbitgldorlféss than the
monomner. (See for exanpl e US 4, 543,399, 4,58
localizgd ORdk @asitybat3dny OGmL 115, t%ﬁxedﬂ,geactda mm}gngzzﬁmce the gas density is

47 462..999, 5,616

aiminghigg 331 (el qaioh ety foifitsan b8 P20 Shesoppive ®

process may vary from 100 psig (690 kPa) to 500 psig

(3448 kPa) in one enbodlnent from 200 psig (1379 kPa)

to 400 psig. (2759 kPa) IES nore particul ar

enbodi nent , H@' ron12é0 pgﬂg)(1724 kPa) to 35 @Dp3|g

(2414 kPa) in yet a nore particular enmbodi men

[0133] The reactor tenperature in a gas phase process

y from30C to 120C in one enbodi nent, from 60C

10140l 0 115@“%‘1 apsebiicemhediments of theyentinsrare adyanagposly directed to a
procesy Sing Bl Sl ARG, B0 B B0 JEORE e Pincr P00l Hivolefn
polymsnzatxontprbmﬂskdserAdﬁgh)\HBQ (Ddr31©]w voidage) enab dovershenefats it faegas phase

n h ntr n
polymleg%/a%%% Ip?ocess? 51enc hig % IE'BbS neglil?ltn?gang%lglhe} ce?ta lillgt prgductwlty due to

the higher residence times allowable in such a reactor. A high FBD also provides for
advantages for restarting a commercial-scale reactor when a gas phase polymerization cycle is
interrupted by extraneous factors. For example, a low FBD corresponds to excessive bed
expansion during the restarting process, and can sometimes even make the restart process

unsuccessful.

[0141] As used herein, the term “fluidized bulk density” (FBD) has the same meaning
given that same term in US 5,436,304, in which the term is defined as the ratio of the measured

pressure drop upward across a centrally fixed portion of the reactor to the height of the fixed
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carboxyl ate netal salt such as al um num stearate or
other netal-fatty acid conpound into the 25 reactor
w@eak4oe266Dnt acti ng a carboxylate netal salt w peT/UR®03/025281

catal yst systemof the invention prior toits

introduction into the reactor. [0135] The "catal yst

systent useful in the gas phase polynerization process

of the invention includesthe first and second

cat al yst conmponents, making up a binetallic catalyst,
portioi3Gonedngrie, adipremsmre tgpovartical sepmratibne’ is meteall theéreing ttediBI3 s a mean

e, RS 0t St IB F BRI AS, fin e v

KmaofﬁﬁﬁgQr or in situ. The supported binetallic catalyst
is fed to the reactor in a dry (no diluent) state in a
particul ar enbodi nent. I n WO 2004/ 022607
PCT/ US ther e | :

[0142]bI et a‘%ﬁq% ?51§1F§/g1[at i asuthe Val gn%?%u{? Pﬁdubeur%?ﬁfnsn& are expressed

in unit€af 183/f€1 SThehjatlied GAFBDNY tBOPREES iiih@nfi6® FAnge ok 5 @0 30 (bs/ft® in one
wt % m neral oil or, silicon 0|I and fed into the

embodrn@s@t §em % tg 49 Joy1t TRe mars-Raricar sRoduRents aft%fémsrf‘e@e}ﬁ Ibs/ft’ in
0 t he y i
o PRYERARA AU RO 1225 303 1 URLER embodiment
wherempt desirableyrange foripBDrmy bé by combioatusofi amyaipperalimdrwith any lower
. .. vessel of desirable configuration to forma
limit. ol yolefin. I'n one enbodinent, the contacting may
take place in a first reactor vessel, followed by

transfer of the forned polyner into anpther second,
[0143}t hi r d AtlcSBIBe\adneerar&/eswestsedonallnitswf flbﬂ/ft%erT he values of SBD of the

presen PIvF Tkt T RO Gy o TYOB PR C Dol 2 g0 1o/ in

more ﬁhﬁlcﬂérfd‘nﬂfo@ﬁherﬁ adrl fYsHh 16 QRO MBI Sn y8Cdrowk embodidient, ahdl from 15
payticul ar embodj nent of the present invention, 't he

to 35 6‘P5ﬁﬁt B} Yplc arcthey] gngods,rygmtemhesel@ @nfl%s@tabl@ Weh foro S BRe gy be any
comblgaﬁlo% Sf'aﬂ?klg%érq&? Qlﬁth\égzﬁo% rl "reactor”), followed
0 I ni po

sol a yolefln resin. [0137]
For exanpl e, a gas phase polynerlzatlon process
clainmed herein may inclu use of a continuous

[0144)cy c| o IPRgsrelpdimentcihe wgld@g% °§E1}€é8%ﬁt‘€1‘ is dess than AP fexpressing the
valuessibrogﬁ% %;rcfeh ?9%0 lesdTBGh W3V, '11*?ﬁlr}§ rfidhldr lfo%ﬁﬁ&ﬁr and less

at o meri zation. at can
than 4ﬁ%rmwedafmcuapamhelar enbadimest, andiioss thaan“sd%mra pzrtltulam‘ embodiment,

the c ) a cooling s t m t hat er, to the .
and Iefthaf 5PV i ¥ aroge Soricnin YRRt g Bssct e 208, it plats particular
embod?ALYTRAOE atAeHRPPUR cHe! &APOIABARIaRE N 1e208 095 iATQ Bore particular
monofers can be conti nuousl cycled through a

embodimentdvhertihe demnabhhenggrmfs/@ ¢ yhluas 2Oy el edeyany combpération of any

over 58 MR 80 RSB B R, BAGDERRR .

FBD/SBI katioth®y hide 4 Rded & fronP'@leates thaar 4@ 4089 whén multiplied by 100 as
wi thdrawn from the reactor and fresh nononer added to

in the datp|tahles) imengembedimente andiaieatet than (1S&einy Hmops pFFfPWar embodiment,

and greater than 50% in yet a more particular embodiment, and greater than 60% in yet a more
particular embodiment, and greater than 65% in yet a more particular embodiment; and less
than 95% in one embodiment, and less than 90% in yet another embodiment, and less than 85%
in yet a more particular embodiment, wherein a desirable range of FBD/SBD values may
include any combination of any upper FBD/SBD limit with any lower FBD/SBD limit

described herein.
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US 4, 543, 399, 4,588,790, 5,028,670, 5,317,036,
5,352,749, 5,405,922, 5,436,304, 5,453,471,

w® 200822800, 5,616, 661 and 5, 668, 228) 25 [ 0138] pd1es2003/025281
reactor pressure in-a gas phase process may vary from
100 psig (690 kPa) to 500 psig (3448 kPa) in one
enbodi nent, from 200 psig (1379 kPa) to 400 psig (2759
kPa) in a particular enbodddrent, and from 250 psig
(1724 kPa) to 350 psig (2414 kPa) in yet a nore
particul ar enbodi ment. 30 [0139] In one aspect of the

[0145]&2;??;‘5% l}ggrﬁtfglg'{dﬁggtethggvot%@ g‘i??{sl c}%h%ﬁfﬁtéf ?o?é%’esilreﬁ)le level when
using Qi%éfﬂﬁé 'thﬁIy'stod'ysféh@“c%ﬁ% ri9inglad QaktiRNthét@Nodesic by adjusting the level of
characterized as WO 2004/ 822607 PCT/ US2003/ 025281 -

hydrogm math@ polyassizafonpsheferer Thatevehofusidaegea initiheeteaptor gan be adjusted
by aijﬁgr§ Me Lc:v\’\t1 ydrno ! he Qﬁg %(%9 %?ea?rr htélgg {n olﬁug%@go Eh%.qeacgcﬁ‘sor stated

alternddély; &Hﬁﬂlg Itl&h@do b?hﬁiwgéiltﬂnﬂ&lﬂiﬁenerreans such as by, for
exanp adj usting the hydrogen level in the reactor

reactors. The voi dage of the reactor can be

[0146 escr ' ﬂrege tgﬂgciﬁg BRfimB& OYﬁe( I B re% temperature is
1 o] e

oi da gas density Dis
maintdisek htl aaate]hmh Kevtd rtmfmyfierocfptmrhee fthH vadageesti dgslaubld kesell nAs used

hereinf,\ﬁr Ct%r%? gtret%F:l@r o e%r:l\.styre Pc%fl;rf e? Iég:aﬁeélgt}lgﬁ{lﬂ%%gl?q tepﬁ)grature (i.e., at a

point ﬁﬁﬁﬁe)Q)rf a ARG Ze0RS in AQe£IGH0A1 'ZBMe of z§ﬂ§11dfﬂéhlbe@i hecdbensdd u carry outa
he gas in the reactor. The FBD is the ratio of the

gas phmumdnmtlessmdecau rlsp refsntor @lcelctrl@tsé namberrthataﬂqmlsmnﬁ@drage ofa

lurali or Qn 1of t he rteactO{ to_the ht h{;ef xed d of ti f

p “ralf%P P2l REASHEGIPHARET metaﬁ%re Q¥ Fabigd of time, for

exampld)i dnNavERdEe ST 18h 9adaSiire®@ rterhﬁ&ﬁtufd'éacﬂ/elf Iﬁefouir pG@l }beh%d bl X particular
density at any point in the fixed reactor portio

embodbinete thiereol iAS I £AIAB ireaptar JempRTAiuFG ERBRRGITgmSIORIE, ort SH’eC or 98°C, or
7°C,§ f)éw 0%9%?3‘35} %“’tg@%%f‘ﬁ‘?(gra%%% *i’)ﬁ 9%"% Jlg 280 2048 0eC, 60°C,
70°C, or 80°C, or 82°C, or 84°C, or 86°C, or 88°C, or 90°C, wherein the reactor temperature
may be in a range from any combination of any upper temperature limit with any lower
temperature limit described herein. Thus, for example, a reactor temperature that averages
97°C for at least a one, two, three, four or more-hour period may be utilized during a

continuous gas phase polymerization cycle of the invention in one embodiment.

[0147] The voidage (or FBD) may be controlled in one embodiment by adjusting the
hydrogen level in the polymerization process. The hydrogen levels (also referred to as
hydrogen amounts) are sometimes expressed herein in terms of the molar ratio of H; to C, (also
H,/C; or H,:C;), wherein H; refers to molecular hydrogen, and C, refers to ethylene.
Alternatively, the hydrogen levels discussed herein can refer to the ratio of moles H; to moles
of monomers used in the polymerization reaction, for example, ethylene, propylene and/or
butene. Preferably, however, the hydrogen level referenced herein is the molar ratio of
hydrogen gas to ethylene monomers. As with reactor temperature, the hydrogen levels

referenced herein and in the claims include actual instantaneous measured hydrogen levels, for
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[0140] Certain specific enbodi nents of the invention
are advantageously directed to a process having
wo ban@ewed bul k density (FBD) that is higher tpkanusto®n25281

bi nrodal pol yol efin 20 pol yneri zati on processes. A high
FBD (or | ow voi dage) can have benefits in a gas phase
pol yneri zati on process, since higher FBD generally
nmeans hi gher cat al yst prod-u@?ti-vity due to the higher
resi dence tinmes allowable in such a reactor. A high

exam@R mlokw rptncov»f twdrogen gasatﬂvv@thylagaa@r fanravieesge drydiaggn devel, based on

meas RO S RO BT FE P Qlentty Bt PR BT ¥t r ancous

factors. For exanple, a | ow FBD corresponds to

excessi ve bed 25 expansion duri naﬂt he restarting
[0148]y; ocesEhe gao cefn hydireen ripsctbylene hakean H@P?’éétnalﬁtf)f 0.015 in one

embocﬁﬁggt??gegrpmgrezﬁ&ylof é@géé]D %&Sgﬂb&ﬁﬁﬁhﬁ 0. bébe ua %@1 another

ensit ane " neani
embodjiment) ahd 81008 simea Mmerenpadrticdlly émbBkRitmatidand 0.08fiia lyet hlmore particular

ermis ned as the ratjo of fhe nea ur d, 30 )
embmﬁme% eﬁldegI § %}31 FbAERQTe Rattisular ?ﬁl@@f\mﬁa‘i P-vf %&1 ¥ _meIR particular
embodifneht)énd 8 @@Kq’ﬁ £y 3G ?ﬁ{ ihr QhbddiBedd Xﬂﬂst\Qr example the average
2004/ 022607 P /U82003 025281 -51 portion,

ratio cxfﬁanpleeulaxahyqaog@s@r@hylapr o\ foatl-h(snfgmladlmﬁ 009A)$ below during a
el n

contini Qs gy PRE SaHRalioh RTe Gn e AP RUPR oLt ryhonb Sgrosen to

ethyleﬁl@lnﬂiy hdvet H@owérxBahit HLODODOS iR AbiheN en®ollidehe] arfd 0.06BEn a more
val ués that are absol ute val ues of fluidized bul k

particyjerpspbogimaens, anddh@iiacyet ¢ mogrpartiowdr qnpradiment, A1ive0.003 inexst a more
partic %r é/:-@%gﬁ{l%&t gaﬁlélm 6‘(§£I é/e{ QXII%PJ éa?{g%ﬁ%ne?&o%%g%sﬁ %5(95 in 8}fet amore

partlcu‘m‘r emb@LhMeﬁu,ll dheerahgeliofieydrogen deddlO indlar araBs lobHFC3 may have

mpre particul ar errbodl ment, and from 10 to
comprisg ap) Sompigafip PEATHRRER BHiod Bl i hey lowghsii mig described hercin.

For ex38ld, q}?laesp%é@igeenfllﬁfduﬁgi? m@ymgﬁr % Splﬁ% Ol’%ﬁi% é%%l ?af é@%ﬂe gaseous

upper limt with any [ower |
StreanMaIeths'b%nameﬂ@g@swetdearmmtfmrnQ O@B td DH09t 3. The val ues

of SBD of the present invention range from 10 to 60

| bs/ft3 in one enbodinent, and from12 to 50 | bs/ft3

[0149|n a AR QIBMIhinGHnRr ceRBOidTeRE , RiRehrE ' 9P nlpBuff, such
] bs/ft3 in yet another I(rle]lprrbodl nment , ané from 15p%151 to Suctt a8

tnmetl&éalumgrum ar in@tlwlalulammhmfemwmnﬁmctonAM@me|embad1ment at a rate of

from 1%%' {J&F Itc? 50& t f o{}we‘?&? \R,en% Pt mfl‘lnc}/n[ ﬂ%ﬂ%nﬂﬁ&%ﬁgedrate co%pared to

ethylelﬁﬂfeeditamnﬁnd frbm soowﬁpgm t6#400 he. praed HmorEphrEsslat é}ﬂlﬁbdlment and
50% (expr eSSI ng the values above as percent ages)

from 6|0é?§tsplefﬁéﬁh Geogt; pormmvste TRQIEPREISHERF cuRbdiananb in feamiiS0 W ppm to
250 w{aﬁgﬁﬁ] 1g§g : E%Ee é%ﬁlgr é(rﬁﬁocﬂmgﬁ)ca ?ncpﬁ&tn' AUl an Rﬁﬁ?&%o'@ﬁbpm in yet

artic enbodi
another embodiment, wherein a de51rab1e range may comprise any combination of any upper

limit with any lower limit. The alkylaluminum can be represented by the general formula
AIR;, wherein each R is the same or different and independently selected from C; to Cyg alkyls

and alkoxys.

[0150] Also, water may also be fed into the reactor in another embodiment at a rate of
from 0.01 wt. ppm to 200 wt. ppm (weight parts per million water feedrate compared to
ethylene feed rate), and from 0.1 wt. ppm to 150 wt. ppm in another embodiment, and from 0.5
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and less than 30%in a nore particul ar enbodi nent, and
| ess than 20%in a nore particular enbodinent; and at
wo e@gn2%06 i n one enbodi nent, and at | east 10% PQI/HSIV05/€25281
particul ar enbodi nent, wherein a desirable range of
voi dage val ues may include any conbi nati on of any
upper voidage limt with any | ower voidage limt
descri bed herein. Stated arfgther way, the 25 FBD/ SBD
ratio may have a value of fromgreater than 0.40 (or
wt. ppﬁﬂ% Wi9ewt. ppintinplet eabtheyr eh@Odisent, andt fnen dawa ppalioed) wi. ppm in yet

odi ne d greater, than 45%i

anotheB 2B RIERH BHSRN HeHe PR A0 o™ ¢ o ST oy empodiment,
wherel#04 Gedd@blel &Hé@ha?@ﬂfﬂrh@@ Bhy caBingfi&RbLany Bpper @K with any lower

%et a nore particular enbodi nent, and greater than
limit dgSsyibiedh herein. a nore parti cul ar embodi ment ; and | ess

than 95% i n one enbodi nent, and | ess than 90% i n yet

anot her enbodi nent, and Iess than 85% 30 in yet a nore
Bimodid PolydhiéroProdiieOsh d/Bilins Médy Ehérefrodesi rabl e range of

FBD/ SBD val ues nmay i nclude any conbi natign oiﬁaany e
[0151ypper Hmppobmers nmodwe@hbwel BURSFSSERIYeSHyad; Aprel utlhzmg the

im0 400y OB SEOHT TV EOBD A8 by v

variet)adf pmtlm]ls tied enddesl appbtaionewedh astfdms, pnpesnglcbuutrmgawm ccoatmg, and

other 15%} o&lgt fl%% q%gp gl chf&%rplégxg%g Pﬁﬁpﬁgven%on mc(?u(fe linear low
denmt?%o‘i’ﬁﬁ{)}l@rﬁ:t | RRInGRE! }t%tstoﬁgl% Ihepre Ue@sﬁtyhﬁkﬁz&ﬁfl@nésn hd¥Bum density

react or can be adj usted 5 by adiustlng t evel
polyethyldnesglow damsitypolyetbylenese polypioaylcne andpelypropiiene mp@lms
reactor, or stated alternately, adjusting the ratio
of hydrogen and ethylene. [0146] In certain specific
[0152bodi P&Iinsss thiecapWeyiRde woitid 1O deS@ible@ précesiee icat l:“i\&: a Sanety of
mai ntai ned at a certain level to further opt|n1ze
compasgioaagdiagacteaistessindapopertiesy e Al loast ereeef the @dwanagen of tﬂPF‘eblmetalhc
c e t
cata1y§t§ mha[ Zﬁei ER) e&salgm?zrga (Ci% %e t%gtgl'eg q%gf?rﬁ{loﬁ ﬁ&ﬁ%;&@}gpo%non with a
desuecﬁ |sbtl @;irﬁp‘brbéw For exarmpbe tif tsmoﬂmﬂ@laﬂéd thaf khei pﬁlmdrskh‘ading the same

reactor to carr out, .a ol i za
propergi gk AU PabBrr CUmAORS N bRk R RBor Falogih afGiordingly
US 5, 5‘?5 e ALS. e BimeRI gitélgléfs QfscRbbd BLreMBERUBEGsed in polynfwnzatlon

errper at ur es neasur e Intermttentl y over a perl od
processésty, fdror pobfxraemqalheymgrtha\semagnopﬁmc%ns tiecapalyerrs in the following

ptes SRS S, BB A ST R et .13

6,300,486106374 6040 $99€329r 622€,8461 62€,8681 6,48G05016,20345016,211,105;
95C or 94C “or 93C or 923 or 91C or 90C fo 40C

62075@@6 BOg35; mlﬁ,l@bc or 82C, or 84C, or 86C, or
88C, or 90C, wherein the reactor tenperature nay be
in a range fromany conbi nati on of any upper

[0153] enper BhdipEyniert] typidall etiyienk dagsd pdl pnge/ vy raeiehmny itn the range of
descrlbgd herein. Thus, for exanple, a reac

from Q.80 eicay up . 910 g/cmy dn g@@gmbodlme from 0.880 g/cm to 0.965 g/em’ in a
more particular embodiment, from 0.900 g/em® to 0.960 g/lem® in yet a more particular

embodiment, from 0.905 g/cm® to 0.955 g/cm’ in yet a more particular embodiment, from
0.910 g/em’ to 0.955 g/em’ in yet a more particular embodiment, greater than 0.915 g/cm3 n
yet a more particular embodiment, greater than 0.920 g/em® in yet a more particular

embodiment, and greater than 0.925 g/cm3 in yet a more particular embodiment.
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20 97C for at least a one, two, three, four or
nor e- hour period may be utilized during a continuous
w@am4pbmwse pol yneri zation cycle of the inventipPor/Us2005825281
enbodi nent. [0147] The voi dage (or FBD) nmay be
controlled in one enbodi nent by adjusting the
hydrogen level in the polynerization process. The
hydrogen |l evels (also referd®d to as 25 hydrogen
anounts) are sonetines expressed herein in terns of
[0154} he noThe polytiess ddrivied fram dze buhaial ERAIES ard mcm)of the invention

vave TS5 5020 DT BN OB o Sheh S 8 0 050

g/em’ @i &wﬁ&eanﬂzﬁirﬁern SRANGERT0e430tt0 (L300 g/ah? ; pdt amlhes eBodifent, and
nol es nmononmers used in the Pol yneri zation

from G444k to; QaﬁO gfcoy ieyaingsiother empgdigsal, Wicesywy pelsairabltyagge may comprise
any urph SIS QoSN EHER agD G B NGRS Yo,
gas to ethylene nmonomers. As with reactor tenperature,

he hydrogen | evel s refer enced her e‘)hg and in _the

101551c| ai s L Bolyprersay e aimeql F@Jtlaaﬁf%\afgcﬂas;n i P P91y @ Ggammolecular

weigh %Vﬂrﬁberfagéﬁlggnaﬁ&%‘fap %Z ORI R in 015<§embod1ment of
ratio of hydr ogen gas to ethylene, or

from Hhtcaﬁ@nagaembyﬂjpargadaﬂ anbd)dmbatsexﬂ fom 1hetasir ded:tyrdrr@g@partlcular

evel s ter tt tinme.
embo‘J[“@iWan&Tﬂ‘gg 608 ¥F§ra ﬁp? 108@5%11@%‘8‘ an upper
[imt of 0.015 in one 5 enbodinent, and an upper

limt of 0.01 in another enbodi ment, 0.009 in i;e_t
[0156fanot heThe polyosrmade byt desodiBed progcsses kavigar mickiundgx (MI) (I, as

measu&%@{l@ 22%8 g9§% lé) ﬁnée ra%ggrrg{ogn gg):lH%llﬂ#na{o 100 dg/min in one

embodfieadliffent0.01ad88/nfin A0S0 AgHteh iR aBiog: paﬁlbul@.uleﬁllbodlment from 0.02
enbodi nment, and 0.004 in yet a nore particu

dg/mir e gfEnr In yaiagnore @aﬂléulahﬁmbodl{rﬁét e fraged- 0} d/in &2 dg/min in
f
ot G R SR b9 0156 8 AL R i
embodimktyerhezai iaatesicabid eaniga rm;eoeemﬂrmdlalmynbmbﬁwon atfiany apper I, limit
.. hy rogefn to et hyl ene may have a lower limt of 0.0005
with apyy loyprgdnimite nhodi nent, and 0.001 in a nore particul ar
enbodi nent, and 0.002 in yet a nore particul ar

enmbodi ment, and 0.003 in yet a nore particular
[0157knbodi Relymersand® by0thei methed of ther mvgamm badeaan HLMI (L1, Iy is

e GBS 80 0R K1V RS B WEULAES s 901 o 5

dg/miPin b&d EdbodB¥nh ANE frbi G.OBBOSE aﬁ&heﬁ&ﬁ%@ﬁbmto&l@ﬁomWS to 20 in
upper ratio limt with any | ower ratio limt described

yet a moreiparticulap renéwdmmné arjdnframs pde i 10j i ¥ty Hore Rerticilae embodiment
nol tio af. a
A QG s b DAL ARE S BRLubr A0 RoBSGR s A i
O 009. [0149] An al kyl al um num conpound, or m xture of

npounds, such as 20 tripnethylal um num or
[0158F 1 ¢ hpelimers mads Py the dasribed Prefessea et Pt dlex ratio (MIR, or

I/I) %F’ﬁ%ﬂi IER s inPbnk %Hﬁ)o@lment, from 30 to 300 in a more particular embodiment,
and from 60 to 200 in yet a more particular embodiment. Expressed differently, polymers

made by the described processes have a melt index ratio of from greater than 40 in one
embodiment, greater than 50 in a more particular embodiment, greater that 60 in yet a more
particular embodiment, greater than 65 in yet a more particular embodiment, and greater than

70 in yet a more particular embodiment.
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from1l0 wt. ppmto 500 wt. ppm (wei ght parts per
mllion al kyl al um num feedrate conpared to ethylene
wo ewd/oemwbe), and from50 wt. ppmto 400 wt. ppPCT/OSAE03/025281
nore particul ar. enbodi rent, and from60 w. ppmto
300 . ppmin yet a nore particular enbodi nent, and
from80 wt. ppmto 250 w. ppmin yet a nore
particul ar enbodi nent, and %&em 75 wt. ppmto 150 wt.
ppmin yet 25 another enbodi ment, wherein a desirable
range nay conpri se any conbi nation of any upper limt
W th [ imt al k | um num.can .be
(0159} oy e:'g%? l@ 1 Pﬂ]ém{jésn g}lcho )frﬁ}eapre SEPRATVERHEY 3y haygp certain
averagd pastidld1§iz8 BFEAIN, rﬁ’d Iﬁ fi8 dgr@ﬂ@r !hﬁﬁiqsﬁlﬁﬂ@rﬁh!s)m 684 @ab&fiment, and
romCl to C10 al kyls al koxys. 0150] Al so,
from k&@ttngOﬁﬁngnogs)lm@mogqumﬁgldalt ¢raboda m@[an fomn qthrIOOO microns in

yet ansgg‘g g%gE cﬂmené glrl(il fr%tme386 Fé(? Hhé’ro{l W%et & IS)araQLgarV\érgbodlment

ion wa e co
This Wats daéﬂﬁyihﬁﬂeyflsﬁ@ ftaﬂid%}d s&ﬂés f rFtﬁfﬁs(XpirtMlIes qulmsst chaihSDZS pm) are
pmin anot her enbodi nent, and fromO

typlcabnezﬁﬁ@zz%tws tharrp UE%@B)@G%@IZM WY o1 s thaﬁr%‘t’% 100 Wt .

ppmin yet another enbodinent, and from1l wt. ppmto

60 wt. ppmin yet another enbodi ment, and from5 w.
[0160)ppm t olnd€ertain emppedimentyg.eprogylene baq@drnoilymérarcaml’mqum)dmnd using the
proces\é\g]ser%crmafﬂgﬁlselfquqablt re? Egcgmgg S oV (HH(EI > cf‘}lrc% é)g)gxrﬁtr)«lﬂgy et:ne isotactic

lypr318hde)- heniBssRAR! afiP! 5taEli O PUBrépbnEl | MRhdVBS8pylene polymers

polyP Egr ef'r oml[ 0151] The Sryslgqiyr?er s(igpf}}(iajtrzluceél1 by the Py potym
includp poemdenesbldds or nmwt hqwé)'merSuthbmzlﬁmfgpQIMeleerﬁ)ﬁr%lﬁsﬂ types are well

d bed
mowif Tl s L FEalt KR, o) B SOt iRl 036,034 and

54592 end-use applications such as filns, pipes and
tub|ng, wire coating, and 10 ot her appllcatlons The
pol ymer s produced by the process of the invention

[01611pnCI Udfhé é&ﬁ%grs ot Yhe 1{{9 ioﬁlé‘n%%ﬁ ﬁ%d%ﬂ&/’or gl b ggﬂa&lﬁh any other

| ast oner enS| enes, ensit
polympe! D\'@hﬂ&ﬁl&ﬁgfﬁ:xaﬂlpms déothet polyaleyeinbiddenmsar low density polyethylenes

produc%g: &Ep;?c‘g)%{n%g{%nglgd@%gl r}ﬁ%tgap)é% r?g gw‘%ga?lla nert?}geeocata?ys]is elastomers,

plastoﬁ%&ce?l gﬁgsupcavﬁ) \ﬂ@ﬁélﬁfi ypélgleth 1%n&°'lﬁg1§' td'eﬁﬁﬁh polyethylenes

afacteristics and properties: | éast “one of
polypragylen¢seagpd sholiket he bi netal lic cat aI ysts is that the
process utilized can be tailored to forma pol yner
conposition with a desired set of properties. For

[0162{3X anpl Bolykers prodiRBA 8YRhASBELsE Bﬂfhetlﬂ@enﬂ@h YA® bRnBeieRD are useful
same” properties” as the binodal polyner

in such (fmmggg pp@'ﬁ@onsrasw'gt%smg pevganssiibay exfrogipm gnd co-extrusion as well as
blow ?(ﬁ}tlglsl?lge é%‘é &1 15 35%1§r o arycrgﬂﬁbrieg Llﬁelagi lir;l]l%fu%l lﬂlgwn or cast films
forme ®lyYovEXths@dn &by lamination useful as shrink film, cling film, stretch film, sealing
films, oriented films, snack packaging, heavy duty bags, grocery sacks, baked and frozen food
packaging, cable and wire sheathing, medical packaging, industrial liners, membranes, etc. in
food-contact and non-food contact applications. Fibers include melt spinning, solution
spinning and melt blown fiber operations for use in woven or non-woven form to make filters,
diaper fabrics, medical garments, geotextiles, etc. Extruded articles include medical tubing,

wire and cable coatings, geomembranes, and pond liners. Molded articles include single and
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20 processes to form pol yners having the sane
properties as the polyners in the followng patents:
whR0d/02807 580; 6, 388, 115; 6, 380, 328; 6, 359, 072PCT/US2003/025281

6, 346, 586; 6, 340,-730; " 6, 339, 134; 6, 300, 436;

6, 274, 684; 6,271, 323; 6, 248, 845; 6, 245, 868; 6, 245, 705;

6, 242, 545; 6, 211, 105; 6, 207,606; 6,180, 735; and

6,147,173. 25 [0153] The pdd¥waers, typically ethyl ene

based polynmers, have a density in the range of from
multi-Ghy8za ginsm&tMS Gn 91O fofne B battlesn eardmp dgarbntlow fartictes, rigid food

0. 880 cnB to 0.965 g/cnB in a nore particul ar
contalé?lrﬁ@ﬁ‘il%%ﬁ’tecfrom 0.900 g/cnB to 0.960 g/cnB in yet a

nmore particular enbodiment, from0.905 g/cnB to 0.955

g/cnB in yet a nore partlcular enbodi nent, from 0.910
[0163}/ cnB Mpr@pgﬁsulgﬂyn@e polyysts raadmlpgtl]ganqth@dj pfthe invention are useful

N T

embodni¥Rf Erod@ 1t it6 Ul Gor mlmgdbﬁﬂffﬁom ando gS(Eaﬁlefonts hian a0m32b particular
/cnB in yet a nore partl cul ar enbodi nent.

embodigway, erd dym ety 39mEEMIAs y8ha mass PRGIERLeY elﬂ’ﬁ’édlﬁﬁ%n%dscompﬂse
conoE TR TR, 60 5] ST 0 o o
olefingircahriicul @neen tevdiraehtait sthydert folllom . @20-otedin® irBYA a more particular

embodjmehis ThA r5ake Wi AP IBb AR berklongeH ghitl otheg gdives such as
pigmedtsd OntxsdiBits, RI¥S! e@NALIERhowH AP BN ks ldﬁéearSQh& &o not interfere with

eSirabl e range may conprise 5 any uppér bul’k density
the dekired filmypropertins: | ower bul k density limt described

herein. [0155] The pol yners have a nol ecul ar wei ght

distribution, a weight average nol ecul ar weight to

[0164]§unber IrR¥es aﬁsodmieﬁ@ Wl Bin WRHE flon{ MY M moeé of kinbitnddal polyolefin
0 in one enbodi rrent of from1l0 to 60 in a nore

compQsatians cim:cmsedz howsitl hema DagtDiopdmpeg £ Nsluerpfyssdeast AR k] on 25.4
mICI‘OR ?'rh%la(ﬁ‘éf 56 c}n f 5“?19 g%ggﬂ n?dwg[%&lgéﬁ &a[ﬁqglq oﬁ(?nb%%lﬁlghtytgg bimodal

nore pa ar e

comp&yndnbeladesqbarbeﬁbm[rﬁp&ss%t leasta 08 [gEbi 2614d1ﬁ)@rcﬂﬂ\/ﬁ)m (@h@,75 [g] on
as neasured by ASTM D- 1238, 190/2 16). in the range,
12.5 miceam flnp pnddn Hha f9re pertigyrhrRbPdimse thebisrdrhgarppositions have a

Dart Ijelrﬁg?gpacq of gtgll 19 QO%?%] 12§g¥dlg}&od ﬁln@aﬁ@f(g)g[%i?h'lﬁlﬁl rﬂ{cron film.

ment , from mn to ninyet a
nor e particul ar enbodi nent, and fromO0.03 dg/mn to 2
g/mn_i

016590, "t e Hebo 5 BT St SHRRILIEL 8 L ottt

comp@s’f@cﬁ@ iR Msed WeYRIERA 28 MBSF eralabilﬁe Bﬁﬂggasrtr@% Qﬁﬂ&Bh 28 aaZSY4 micron
nmbi nati on of any upper limt wth any | ower

film m |om: tembg@lnﬁdmLEWf] at Pedsy fér yrmmdre obya 2hé nmetonofdlnoin amore particular
embodEE ] oy LG Emisrort 8 7 &) a0 Yot e partcular
embodifrief; Qin@lle§soth59 5 g/microgram on a 25.4 micron film in yet a more particular
embodiment; and less than 5 g/micron on a 25.4 micron film in yet a more particular
embodiment; and at least 0.2 g/micron on 12.5 micron film in one embodiment; at least 0.4
g/micron on 12.5 micron film in a more particular embodiment; and at least 0.8 g/micron on
12.5 micron film in yet a more particular embodiment; and less than 10 g/micron on 12.5
micron film in one embodiment; and less than 5 g/micron on 12.5 micron film a more
particular embodiment; wherein a desirable range of MD Tear values may comprise any upper

limit (corresponding to a given gauge) with any lower limit described herein.



dg/mn in one enbodinment, and fromO0.1 to 30 in
anot her enbodi nent, and fromO0.5 to 20 in yet a nore
w@arotiozashar enbodi nent, and from1l to 10 i n yePCHURIN®025281

particul ar enbodi mrent wherein a desirable range is

any conbi nation of any upper 121 limt with any | ower

121 limt. 25 [0158] Polyners nade by the descri bed
processes have a nelt inde®&atio (MR or 121/12) of
from20 to 500 in one enbodinment, from30 to 300 in a

nor e particular enbodi nent, and from 60 to 200 in yet

[01 66]3 oIm;:nee pdar{etn%ﬁ {?e]? rmofﬂgls%]]a{ieb g‘grrgr es§r§ glggel L gﬁlgeb&moxiﬂ polyolefin
compdsté diselos&d Kdreih Ak ATEBéR Vakub i atiRadtN. PFEi&On on 24.5 micron film
enbodi nent, greater than 50 in a nore_ particul ar
in onecemhodiment at lgase atgémqrcﬂatm %5 imicraat film 1ot morgpartipeen gpbodiment;
5 and at%'rgép 9 msg{dn cg{r’] %435 rﬁé% Xét%%lgfe rﬁ}@ﬁ% e%gd;otéﬁlﬁéﬁt,az[nd at least 9
g/micrpA lohi 228 ﬁﬁcr&ﬂﬂ’ﬁ(hdllnireﬁé emmlﬁ@ﬁ)tél/aﬂdl BSOthan 40 g/micron on a 24.5 micron
PCT/ US2003/ 025281 . -56 [0159] The hi npdal pol yners
film in el duREE RAIEH ssrbadiment; Heckts G A0 g istRs 90 § dfapisron film in

t €,an@r AR n I r
vt BUEE RO LARRURAAE ) S0 S S LG 0815 e ot
embodd@OnY; #i.€ gémsrém on 120 enigran tfilouliraryete abodiengarticulam cmbwcbment 3.0

10 gmicrp gy 3g0MGOR GG SP L ERFPRIE B iant PRI 2R 20 gmicron
on a 12809@idiEMn in yERh for@partlalfr erﬁhlﬁﬁl%w e 1@@5 t8AR 8 htlcron on a 12.5

Si eves. Flnes (particles of less th an 12 5 m are
micron ﬁbn @rawtya rpp@smtncuﬂaa embodimensviserein g, degiralile sange A D4Tear values
60]. Ln _cer
may o BB o RTsnshbotonel ki RehEel Bihny fower iy doserived
hereinusi Nng the 10 processes descrlbed herein. These
pol ynmers include atactic pol ypropyl ene, isotactic

15 pol ypr opyl ene, heni-isotactic and syndiotactic
pol ypr I r I I .
o0 5 S R 5, . o e v

embodvmletytﬁﬂesz:rubéd abese Roy peangle ethmaielthodl@fqmwducm g difluenided seeallocene
r le US. 4,794, 09 3, 248, 455, 376, 851,
catalysf ce@e%%rﬁcah'ae desoriledf byt eref@ﬂ%&ﬁ@il]nefﬁ@ pol yners of
the invention nmay be bl ended and/ or coextruded with
any other polymer. Non-limting exanples of other
pol yne(B),i ncl ude |inear |ow density polyeth I(RyES
uced via conventional Ziegler-Natt
al | ocene-type catalysis, elasto pl ast oners,
gh pressure | ow density pol yethy hi gh density

ﬁg’yethx!enes 20 polypro%¥lenes and th |Ik§

+ 1-10 {[al,[B],} ——2—»

X M~

N

20 (R)p (R)P

(VD

wherein M is a Group 4, 5 or 6 metal in one embodiment; and zirconium or hafnium in a

25 particular embodiment;
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[0162] Pol yners produced by the process of the
i nvention and bl ends thereof are useful in such

wd mosdngooper ati ons as film sheet, pipe and fRARUS2003/025281
extrusi on and co-extrusion as well as bl ow nol di ng,
injection nolding and rotary nolding. Filns include
bl own or cast filnms 25 fornmed by coextrusion or by
| ami nation useful as shrimd®%TIm cling film stretch
film sealing filnms, oriented filns, snack packagi

each meawrgdegm%nﬁﬁgglectgci @@érr {heeiORR COBHNE %fn@ﬂ@rﬁ é’ﬁ"’fl@éd Cy to Cyo
P a [
DAEESGIAL. ol CyP - Raal i bae T Gl g ondes i one
f enbodimehtaahd aﬂ@kenmaélﬂmw Gdlacttad:tfr(mp phe gatupommmsﬁngmfschlonde

ncl ude |t spinni nni ng and nelt
b‘PrBWigef’ngE‘? @fﬁ@f%"b’g‘?f‘éé é@é‘c?}ﬁla gr non- woven

formto nake filters, 30 diaper fabrics, nedical
gar ment s, geotextlles etc. Extruded articles include
R are igemlips dihat tnodyi wg],ace Wiydredea oot tbalﬂpenngsazmdr@g independently selected from

geonenbr pond .l i ner | ded . artjcles. inglud

JF R 50010 08T 895 dp PR PORSouEpuDishl pefitics o e grou
nuhkmnhgyﬁcp@(ggﬂﬁyﬁuctlons in the formof bottles,

t anks arge hollow articles, rigid food containers

and toys, etc. [0163] More partlcul arly, the polyners
. 0 v r ful . ' . }
p is af B Eecl bl O O3 A0S rmbd Uil BAU OB P8 35 ot mbociment;
t Wwhedsinesenqy 1sQuOS divenrCp ring,aidfacerefogdupemby foranridg systems;
100 mcrons, and from2 to 50 mcrons in a nore
particular enbodinent, and from 10 to 30 microns in
1a[B &l asHeAREE H%%td qul ar enbodl ment; and conprise
a[]goﬁg yrers of ethylene with a C3 to C10 olefin in one
enbodi nent, ethylene with C3 to C8 a- olefins |n a

articul [ enbodi and ethyl ene
the e FkEloR §Brsacrgied PAVEI BLPE CTUOUSOR i morgpgrticularly,
r &thptse US 86 bRasEBKStefnl ¢/hkldifmonéKadees hherdeshshiale comprising at
other additives such as pignments, antioxidants,

f leh$tSOSVtYe weter.z ldast %0%wratdrnn e ipertisniar cabodisregt; @s;ldttmeyther phase
F%Oj)fggoft sul}%rlatx rc{roca:f‘:% Tl dorrilalo{gggatgtf §¥Jrgcdart(§]oe u%nto pe rt I es.

rom one or nore
of t he bi nodal polyolefin 15 conpositions discl osed
herein _has a Dart Drop Irrpact F50 Val ue of at |east
01681100 [ gFhorpreseny inypRticon aliq ringlidess [ metlio 2cataliftc cgpposition

compliér{ré;]it BR ohB o%é@n%‘il&@élcﬁfa ﬁ?@&ﬁb ¥ as P&%mgéd{gg@ n, a non-

oslitlons ave a npact east
metallbgﬂneocateﬂﬁst%mpnnem fanﬂnararadtﬁa&or[ ahe @ataly]sﬂ cBmlmonerman and activator

and in. .,a re rticul ar enb di ment
suppogdBhah T I P ATV ET &  SRErrE ! BFRC (h e 1 8G¢C. The non-
metallb&Rg! co%%ngﬂl 0P figsp- élltan%/s@ r@pbhér® "i‘@@egncﬁglsl gl Zl@@leﬂ-&aaa catalyst
mcron film 20 [0165 none enbodi ment, "a | m made
compdnenin ‘Breecoprpositios lbformhé b one® dtabOCbmleytolb)et’HSh synthesmng the fluorided

metallocene as described above, followed by combining with the non-metallocene catalyst
component, activator and support in any order. In one embodiment, the non-metallocene
component is first combined with the support followed by an activator, followed then by

combining with the fluorided metallocene catalyst produced by the method described herein.

[0169] The present invention also includes a process for producing a bimodal

polyolefin composition comprising the steps of: (a) contacting a metallocene catalyst
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conmpositions disclosed herein has an MD Tear val ue of
at least 0.8 g/mcron on a 25.4 mcron filmin one
wendedeasent ; of at [east 0.6 g/ mcron on a 25.ECTS10051025281

filmin a nore particular enbodinent; and of at | east

0.4 g/mcron on a 25.4 mcron filmin yet a nore

particul ar 25 enbodi nent; and | ess than 5 g/ m crogram

on a 25.4 micron filmin ydi0a nore particul ar

enmbodi ment; and |l ess than 5 g/micron on a 25.4 mcron
compduind nwith eyeﬂuannn:uccb ipagariic walir for eriowi sufficienartel farm a fluorinated

a5 e B 08 Tt By TheRe oh RO gt
compdlﬁdafmdnﬁ*(fg%%ﬁfm@‘ﬂ@dﬂmd sl lREnd Gﬁﬁltystoccﬁnpound with an
g/ mcron on 5 mcron filminy etarmre(gartlc

activasnisodicthsfiene maeprhess sind oationalygd swrognatofiomzGC30 120°C and (d)
}srg[{ E% a/gt]h % gn Thé ’E!E’t%@fs{'ﬁ n$' ’ge %18)1?18 n%g};lgl?gtﬁlmgrrnonomer such as 1-

mcron
butené’;‘mbﬂﬁi‘eﬂc. wherein a desirable range of MD Tear
val ues may conprise any upper Ilimt (corresponding to

a given gauge) with any | ower limt described herein.

[0170]!20200&{ Qgezggg?cf) fnvgﬁ ;B ?égﬁ%gztalloé%e[ Q&%Jorlaﬂdoﬂﬁpoﬂ are also

ment romone or nore of
combihedrodithl a BreileoNatta rmatat;enp«mapmsm)g] sitagivsic helsdad ﬁblls @ian beatone in any

TD, Tear v Iue Jea g/ mcron on. 2 )
desirae U 1 PG GHECE oAt -t PREGSEr SMGPHirasbring fluorided
metallgéen% mtﬁlﬁ@f‘ atd SuPpbft afe E@ﬁlﬁn&ﬁﬁﬂd Rl pridh eslEsRBihingSwvith ethylene

and at least 5 g/mcron on 24.5 mcron filmin yet a

monompse Ilpamctthﬁrmodm,dhmwnbma@ flueridadenefallgrengy/ agiivatonand support

are suwné?c}ﬂ ;}8 uegﬂ ccgn%lﬂg,lg ﬁ:lgglre oﬁvn‘p]?:j: 0. wt"/g/%{}r(;erlﬂesf'o} sfcon oil. Ina

particilal bh®bdiaient Nihe dilutinatedaimdrdagiRS sdlh & cRa@éiidedr BN tiN i8 generates
24.5 micron filmin %et a nore particul ar enbodi nent;

fluoridgrigns Whenygortastedrivigna douent Hiag isgh 19251 % Wite Yidteranot her
enmbodi nent; 2.0 g/mcron on 12.5 mcron filmin yet a
nore particul ar enbodinent; 3.0 10 g/mcron on 12.5
[0171m cr onThésk remibaditedntofrtireeprpsent irehtéion aebodmplifitd barthe following
| ess than 20 g/mcron on a 12.5 micron filmin yet a
examplgy e particul ar enbodi ment; and |ess than 15 g/ m cron
on a 12.5 mcron filmin yet a nore particul ar
enbodi ment; wherein a desirable range of TD Tear
EXAMRLESs nmay conprise any upper limt (corresponding to
a . gjven gauge) with any lower limt described herein.
Exam!_)gegi[ 0167] The invention can thus be described by any

[0172]30”bl NGt {hefoRbwingeex ‘éﬂl?leoqﬁfe sﬁﬁ‘fﬁﬁ:@'dﬁﬁf) rﬁ%@sﬁifr{ehﬁﬂc catalysts were
above. For exanp e net hod of uci ng a

prepareil.y dachy e@mpi@tdaﬁfcrr@t primaribainayeiher tpd qraphlqsinated metallocene
was use% %ﬁ'tl?ee&jehera{lgg tern?pae%tul%nfoP ﬁlla%maca(syﬂadrt. (@eelffc@l?, Samples 1 and 4

had the same dehydration temperature (760 °C), but differed in whether fluorinated or
chlorinated metallocene was used, demonstrating a slight increase in polymer productivity at
that temperature (760°C) due to use of a fluoride leaving group rather than a chloride leaving
group. Samples 3 and 5 demonstrate that the fluorinated metallocene samples that included
silica dehydrated at temperatures above 800°C provided surprisingly higher catalyst
productivity than either chlorinated metallocene samples having silica dehydrated at similar
temperatures (Sample 3) or fluorinated metallocene samples having silica dehydrated at lower

temperatures. Specific properties of the samples are displayed in Table 1.
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XHO0\ F M+ 1-10 {[a]a[f3lbl MX F 20 (Rp (Rp

(VI) wherein Mis a Goup 4, 5 or 6 netal in one
wepdaaeaeent ; and zirconiumor hafniumin a 25PCT/US2003/025281

particul ar enbodi ment; WD 2004/ 022607

PCT/ US2003/ 025281 -59 each X is independently

sel ected fromthe group consisting of chloride,

brom de, Cl to C20 carboxyBiates, C2 to C20

acetyl acet onates, hydroxide and Cl to Cl10 al koxides in

one enbodi nent, and nore particularly selected from

conS|st|ng of chl ori de,

(0173 oy b?&&?@{yég Prerepicoly Akt s Syiepgl@ 953 Silica was
used. & %%Pe% epen dg&%ﬁ %S'd %tzﬂéldt]rgﬁlggr%tugg of I?@O ED Sgh){ﬂgeSZ gﬂg dehydrated

are roup

at 8303@0311&‘(1 Samglek '3 ﬁl@@r\i’dré dbifdrasdad g7 1319Ane<f<sre@bch rs@xlﬁple a non-
the group consisting of Cl to C6 al kyls; 10 pis

metallpegne atal st ias Gombirgdwithothe @hﬁbdﬁedeﬂtca arfbt is; don qaCh éample 500
grams oﬁ&ﬁ‘e F aéécltl%plda fl}'}(ﬁ‘%g hmgr\]’& 'S aﬁ n% 1 W&p 3Onéc§t l%ur?cpbottom flask

acen y ’for

enclos8y 3t @ARN, glo&t aok 3] A!nhyilr(aﬁ m&mmoa hﬁl\) avasaﬂhdn hﬂdéchﬁlto the flask,
reaction conditions are as defined above in one

making pbe ¢afearane shiarynoFlee gary iv\éalallwmegi to acismperaswe HIt545C while under

gse sys mhere n S
consafi{Fnd 0 "B SELEL 848 VehRRRe) Sr APuPTHERGHINIAR asded o the
slurry loRerta p&idd @ﬂﬂ(ﬁfnnﬁﬁﬁo di heeyirry @/asl tHeheallotag o ptaas €or an addltlonal 30

ngr|3|n86a hydr ocar bgn or hal ogenat ed hydrocar bon
minutgg; | Baigol 4 ereE) WeRliyiedsiontolmG evith BRKaP 4B 4 ol Tl gglumetric

flask. a’[ﬂkﬁfﬁl% ll%g dyﬁﬁto?lc?ﬂlﬁ edCQLHEHIﬁ' sto;hRR)n GARRASH Hﬂ) @Jlsel £RS the flask

one ori ocene catal yst conponent
contaiﬁiiﬁg Ghé blReryhenditien the Btuiry Wed hélt ot @nempataalry f 54°C for 30 minutes
nponent, and an _actjvator, the catal yst conponents

while 'é‘?tﬁ?f senstans agitatiog,, Ep@pwgﬁe@ephmqer{é} J&riras)gxasdiluted to volume with
hexan%ﬁ}éd% gﬁl Wiudethi€ "Bk At H eﬁl{re ggaltner of tdqﬁfbdsgﬂg&umﬂf@rachlonde

ocene conponent, or rst cata
solutionmowpthen taddédsdrdpwise aihtbyhaﬂisikecgjnealmhgtthasluﬂy ale)ﬁbwih@ the addition

onent. The conposition is forned in one enbodi
of the 59155%&6 siprHeds allomgdite atapd def T hminuieRett A leEPEREIras S4C. The

slurry das ﬁ{ehgﬁﬁv@@ 8 Evol ]‘t@%ﬁ’i\éﬁtqergyerﬁmfo%ﬂg (Y 4t aﬁ)ported catalyst.

non-netal l ocene cata

[0174] The respective metallocene catalyst compound was then added to each sample
from the above slurry. First, 673 grams of a 30 wt.% solution of methylaluminoxane (MAQ) in
toluene was added to a new flask in an N, glove box. For Samples 1, 2, and the metallocene
bis-n-butyl-cyclopentadienyl zirconium dichloride (13.72 grams) was added into the MAO
solution and the mixture was stirred until all of the solids had been dissolved. For Samples 4
and 5, 13.72 grams of the metallocene bis-n-butyl-cyclopentadienyl zirconium difluoride was
added into the MAO solution, and the mixture was stirred until all of the solids had been
dissolved. Next, the MAO/Metallocene mixture was slowly added into the flask containing the
previously prepared titanium reaction slurry over a period of one hour. Toluene (50 ml) was
used to wash the residual MAO/Metallocene mixture remaining in the flask into the flask
containing the reaction slurry. Each resulting mixture that included the respective bimetallic
catalyst sample was then held at ambient temperature for a period of one hour. Afterward, each

mixture was dried using a rotary vaporizer, followed by removing most of the hexanes using a
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conmponent, activator and support in any order. In one
enbodi nent, the non-netall ocene conponent is first
w@oovhiozasd7 Wi t h t he support followed by an actiPet/v82003/025281
foll owed then by conbining with the fluorided
net al | ocene catal yst produced by the nmethod descri bed
herein. 30 [0169] The present invention also includes
a process for produci ng a-ldmdal polyolefin
conposition conprising the steps of (a) contacting a
vacuumBjredshecehzl maildg ysi teiMperOixe/ 152607 P@'MingBGﬂ)ﬁgQﬁ)&ﬁEthuene was
-60 conmpound with an fluorinated inorganic salt for_a
subsequienidy sqmcfweéﬂ@mg 3 VABTYRTESSHIA 0 £ ErdS ahatiampeawreof 70°C. The
| t [
final dﬁxg{i% r%{%t%lél sp ?%P ?r%cyltbrov('rg fn Oo%’lj %4&1& g@%mg(sld;qﬁ E5eh sample of

“ZN/I\&IQTT’@ihﬁpoﬁ@d fcﬁlﬁlyfsﬂ WY usde Gn ﬁ@é}ﬁirahte pehenceiahtidrysin io @rgasphske reactor,
acti vator and et tyl ene nononers and
under %tcpewapwdsntéﬁrﬂga rieblgt] torfprm 5oelvebyieng eolvineg cogposition.
i sol ati ng pol yethyl ene. The catal yst may be conbi ned
wi th other nononer such as 1- butene, 1-hexene, etc.
[0175] 0170] Fhuvl-Beé Bolpmeiizmtint, t h€hé | prdymdazhtions abérec eomducted in a

TN £ R TN S ——

The ga—éetﬁs ¢RQ QRaARNT diRyl&®Y andl Qydiegéd allemeP WEBT 1if@d RicRtbAGMer were
bimetal lic catalyst. In a particul ar enbodi ment, the

mlxedfuogctherdmda meiking| toe errengearsni vad ontr@chldecé lbplpzvyr theayeactor bed into the

recycl%%g;gha cir}ﬁmgﬁsoeﬁgs ! gerrﬁél?ﬁ a n‘ﬁl :c')mrrx]ltgrg %Be Ynd?vﬁual flow
rates dfl étﬂylbﬁ@%ydﬁig%hhﬁhﬁ%ﬁlon@ﬁlkf Vak® E:oﬂﬁﬂle&ttbnﬁﬁﬂhtalrﬁlﬁﬁed composition
suspended in a diluent conprisi ngt from5 wt%to 100
A

targetspt mqﬂ@flgpe cher@rat@mwgsoeprmql ed [tp 1RAINIGHY £ @PFtaRt ethylene partial

pressug aF ac %enhlrla% cobﬁ& édnt?tngag%tér X &ﬂl@fag%lﬁ?#r%%énﬁo ethylene mole ratio.

The cdﬂ&eﬁtr'&tmt aftdllethe Watds veerd intcasurtd bipain drslisd gziseeiﬁdsmﬂﬁgmp%to ensure
water. [0171] These enbodl ments of the present

relatively\RORStRIFORPESIEQR MpihE FEcYaleds $1HaM o | owi ng  exanpl es.
20 EXAMPLES Exanple 1 [0172] In the follow ng
exanpl e, five sanples of supported binetallic
[0176)cat al yEhe solet eatakystewasr eyect&hdhreghnpite tik fiughizd bed using purified

) i mari | r.a.fluo ted or,.chl orinat

nitrogff e 4 g | VS PORUTIRHEY RO Ab RS SMEFS %1 St for the ZN

cataly§t0 rIt§ Fh‘?e S ok |00 s B B Qhdinta?P 8 Gohét&d! prvductidiRh@s Thé@Pddclng bed of
had the sane dehydration tenperature (760 C), but

growmﬁ pqlmewwclmetm@ntamle@m 2 Auidigedstate bytherdopamusys flow of the make
up feeHE I%ng lg%cglc % mglﬂ%}s t%g ’rea%ﬁ&? D&, aAlsﬂlgerﬂmgi éa%Weldcﬂgl 0?3 fi/sec was

used to achieve this. The reactor was operated at a total pressure of 300 psig. To maintain a
constant reactor temperature, the temperature of the recycle gas is continuously adjusted up or

down to accommodate any changes in the rate of heat generation due to the polymerization.

[0177] The fluidized bed was maintained at a constant height by withdrawing a portion
of the bed at a rate equal to the rate of formation of particulate product. The product is
removed semi-continuously via a series of valves into a fixed volume chamber, which is
simultaneously vented back to the reactor. This allows for highly efficient removal of the

product, while at the same time recycling a large portion of the unreacted gases back to the



10

15

20

25

30

35

that tenperature (760C) due to use of a fluoride
| eaving group rather than a chloride | eaving group.
wEamphesoB and 5 denonstrate that the fluori nap@nus2003/025281
net al | ocene sanples that included silica dehydrated
at tenperatures above 800C provided surprisingly
hi gher catal yst 30 productivity than either
chlorinated netal |l ocene saffides having silica
dehydrated at simlar tenperatures (Sanple 3) or
reactof.| (Thisi prathed isnpuieded do enmova aptraisechbydroearbdrsi gl treated with a small

d dr d.at |ower tepperatures. .Specifi. roperties
steam O R TicH piPoeenclp dest BFRp Farh T ot ey <BBRE
2004/ 022607 PCT/ US2003/ 025281 -61 [01731 Catal yst
Preparation. In all the sanples, Davidson Syl opol (r)
[0178055 Si Résérn Ruamertias e dThespngnesties1 ofilee polyenes Wahdeteamugd by the
followat a tt e&g&éature of 760C, Sanple 2 was dehydrated at
e anpl es 3 and 5 were dehydrated at 875C.
Then, for each sanple, a non 5 netall ocene catal yst
was conbined with the dehydrated silica. That is, for
1. eieht In HAS TM; b1 23gr Gomdidn Ene respective dehydrat ed
2. sDpnsity: Mo, into a 5-1iter, 3-neck round bottom
3. f BakkkDensity] Beetesimisgroung vk @vES bash. diamkied fous! g anfexed volume
( @Bidemd§)400as. tTherbuiiddedity s measheedfas slsk weightikd Teginalivided by 400
séd foqavdexaneinsd/en,ry. The slurry was heated to a
4. t PavAgleasivé: eTRd phdiclenkiizé &s WiddSired GYNGdtartinigi the i weightasfl material
3&A1e0tath af sefied DWW .SYoSiglddEd SRV ah *aéieﬁhinﬁ%ﬂ%swé[@ht average

: t : er a period of
nd?gggg?ﬁ%dsopﬁlrl%%e%%hﬁgnﬁal | oned to stand for an

additional 30 mnutes. Butanol (27.4 grans) was
The filed areadtfined uothenpervénitdpehefha eotaindiatribdbomrpassaigutiedughca 120 mesh
flask. The entire 125 m of dil te((j) but anol_.sol uti on )
standaygh sleyr d bbEs dipd guedtisls fige cqiualpnelid? BT nifiiges; He important since
. , 7 t « .
i L0 A0 0 B oIl 2l SBGEE, e s
heat eXidhiaagdr distritetorgdite doulthg réquirifg grean®) shudsiowinltockedn put.
volume with 15 hexane in a 125 m volunetric fl ask.
The entire 125 m of diluted titaniumtetrachl oride
[0179F0! Ut i PRHWAR W %Peﬁfé@%eldﬁ F&’Mdsﬁ 24Nord, R irddi@%dd in Tables 1 and 3.
cont ai ni ndg the slurry. Followi ng the addition of the
Each pul wes conducted wding the smme aontinnews ges phasadlyidizeded reactor. The

.. M AUt es .a ratur 4C  The ., sSldrr e
i O B A, b 0 0, e s
feed strédis ST Mnea@d Gatrigys tvereZatrbikcéd belblvethe 8SPRE bed tto a recycle gas

. net al | ocene catal yst conmpound was then added tq each
line.  lowpnee corponomerwas Bpdueadupelgw the reactorghrd. gl hendjyidyal flows of
ol M 8 oSN PONANES BELpLY, s compsin
targetd-ddenfbhapincBables Pandafid Théeonvehtadtions efigases were measured by an on-line

bi s- n- butyl - cycl opent adi enyl zirconium dichl oride
chromgtpgraph. o ans)  was added into the MAO sol ution and the

m xture was stirred until all of the solids had been

di ssol ved. For Sanples 4 25 and 5, 13.72 grans of the
Examplt2al | ocene bi s-n-butyl-cycl opentadi enyl zirconium

[0180]di A uoﬁies%:"s p\ﬁ'laoguced from the catalysts in Example 1 were compounded on a ZSK-
30 compounder with an additive package of 1500 ppm Irganox 1010, 1500 ppm Irgafos 168
and 1500 ppm zinc stearate. The compounding operation was conducted under a nitrogen
blanket, and conditions were adjusted to maintain the melt temperature below 230°C. Films

made from the polymers were formed for purposes of assessing polymer properties. The
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added into the MAO solution, and the m xture was
stirred until all of the solids had been dissol ved.
weoot/0226be MAQ/ Met al | ocene mi xture was sl ow y panies2003/025281

into the flask containing the previously prepared

titaniumreaction slurry over a period of one hour.

Tol uene (50 mM) was used to wash the residual

MAQ Met al | ocene mixture reAing in the flask into

the flask 30 containing the reaction slurry. Each
followiresexatriphegdescaibes the tfzﬁﬂicaﬁimg:d:mﬂﬂﬂ)ns Her the sfﬂmcﬂabmeation process Films

WX CE RN 2 NS YA KT e
was 1%@ Hid [PdRR tef ah & ‘Ha&‘%'lnﬁnﬁdl@ %‘éﬁ‘r ¥Exuafeh %@rcon(ﬁl@técp%eadrate of 45.4
y renoving nost of the hexanes using a WO 2004/ 022607
kg/hr, R@ﬁdd)ﬁ%ﬁ%ﬁ%%tbmpeﬁ\ﬂlmanuﬁlm pif é@is/af)@f(bfoanlennx-ﬂngat aad a flat

enperature of 52C. The hig | ing point to] uene
tempegaise @qqféﬁtorf P 1PEnmsudbe dis nBIeaﬁ%wa Predsyfd %‘PWz@ fatio (BUR),

with agm{lgi?ﬁéef e gg{ggﬁﬁ%ﬁse&nﬁf a f1O%1i tﬁ%l hI bPab o L§hs Chl}led air without

appear e W T n color as a
using bh dvemgl ulibilel stallﬁazdsr tsaa o lae mtbrnal BN Cosluppofhe thke-up speed was
graduall %&géreg%g\é\@% gglgeg Q m%gls SRG 1 tetequs%%g(ﬂe f queg\%J Qr \Evgsnreacr:]led or the
onset 'o@%kt blibd 1h§1aﬂ—ﬁ§J %/aé dofedf O'Pﬁyﬁca@oér}éﬁérﬂh’sl er’@ﬁo&‘él' mﬁble 2 were
onposition. 101751 Fl ui d-Bed” Pol yneri zati on.
measupeul tymenab]zdlubblts ofegapgesoridat £ niproas uemgtstmld@usﬂsA§5M techniques.

h fI ed, bed reactor flad di ed i s made
Eimeriftofeat, St it ura€ Meoflre oW PRfdD ARelel F Sordance
with AT 51 9225001 Dyl m@;ﬁ Pmp &R FEO RIS tierd measute eIl RBYrocedures in

were 10 m xed together in a mxing tee arrangenent and
ASTM RiY¥Ht®ed bel ow the reactor bed into the recycle gas
line. Mononers of 1-hexene were used as the conononer.
The individual flow rates of ethylene, hydrogen and
[0181}3 ONDNOTRY présdne irsentisrodfifers ntaqy aavantapen obdrtkelprior art. One advantage
onposition targets. The et h%/,I ene concentrati o

is thaic B (oA YSb AYRtem rRiTGRR MMAOAS 68 SnProdpHpIiyna rpfé)/ftt\qﬂfﬂne production.
More @%ﬁ%tﬁ%?]? tﬂ-e!']@llﬁ){dgu?g d’ yﬁmﬁﬁ’rpbﬁﬁ%hl Efé fep W%{Sayﬂrlﬁgﬁle@ metallocene

hydr ogen er a :
catalystdiag embctbtity o fioin gichtet then ¢a8ks/guwe ppe mah@dirredt lalyd greater than 5000

.on-line as chro raph.to ensure _ rel ati.vel
g/g incp faqrg i %%ogm‘%wgwn apg e%r?%c?y@% 5&9@ R q By particular
embodTHl%ntsﬁl a4 oBRlcREdn Waetire Prarorli g0eet 100°Cinorden@nbodiment, and
| ui di zed bed using purified nitrogen as a carrier.

from 9‘3 |t¢r198?{9|1mlaumomj patitiay embodiaabd Taes & @dnéteala\ﬁ@t/lty ghan for the
20.¢c

corresgor@(sl}%flgﬂ?d Itgg{?gl??egﬁ %?rlgé %%3 apcé gg% ecgll%f)deg%aglﬂ;cgnes with

the enBdrR¥d SilicPQIppBRI(SRBplt 213gs s mai nt ai ned in a fluidized
state by the continuous flow of the make up feed and

recycl e gas through the reaction zone. A superficial

as ve ¢l SiY. £

(0182025 VELRELINN O arfr @Fgltsé P BroattIfidtalion A Sitds Y Sovantage o

produg¢ifig golyEthytamic r}ioaymera ha@mg Sbmﬁntlerrs&&s tradging fipar 614000 0t300 g/ml in
t enper at ure of thigr rec ga is conti uousl

one erga? @eRl aﬂ(grfglfgmg om O to 490 g?m l'in anot er embodlment and ranging

from 0.450 to 0.480 g/ml in yet a more particular embodiment; and particularly when an silica

support is used that has been dehydrated at from 830°C or more in particular embodiments.

[0183] These results are accomplished using a molar ratio of hydrogen to ethylene as

described herein, and more particularly of from 0.001 to 0.015 in one embodiment, and from
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20

25

25 down to accommopdate any changes in the rate of heat
generation due to the polynerization. [01771 The
wo bastdewer bed was nmai ntai ned at a constant hepghUsig3/025281
wi thdrawi ng a portion of the bed at a rate equal to
the rate of formation of particul ate product. The
product is renoved sem -continuously via a series of
valves into a fixed vol une @hanber, which is 30
simul taneously vented back to the reactor. This all ows
0.002 ft@10.1i0gh| anotifef embediment rand dtono®.G0eto qdASdincyet anbihkrembodiment,

s e T S B T cng ey compri
any cd%ﬁ%éé%%}%(} 4pp& Inole Bio 1A With-anY MdveerRh 16 ¥ao lirfit ﬂb‘é’c%@d herein.

to remove entrained hydrocarbons”and treated with a

smal |l steam of hum di f| ed n| t rogen to deactivate any
race ant es _of. cat 0 L0
[01 84f:,r oper %E tlhe”%esBIPtoxag 08 as fbefter},| f)edne[»nrldlv%gx]gtrﬁ%ﬁ by reference to

particél@t 8mBbAiankY thdie of Drdiahdyosdingn ttl@éhrtfmﬂlhﬁﬂﬁemdte thil the invention
I ndex: ASTM D-1238-Condition E, 2. Density: ASTM

lends [sglf50 BanypdiferemtneariajionsThet Hasitated shepdiny ed i Hese pyagons, then,
refere%%c%gfdgﬁc?%% egqgé’l? ‘?d ‘81 Q@P?rﬁieltlg:ﬁ%gg \gél}]r asgsltg &éﬂeﬁlﬂgﬁg the scope
of theolﬁrefdhs iz el tivm. dGRIhrthyr, 46iain Cfeattu&s gif\the @resahtuav@rmlog/ are described in

.. Particle Sjze: article size is sure
terms @ ecidhiaN Hgnansal me@ E‘F‘PE)“T it 874 of MBS AT Gy, T should be
appreéﬁ@ﬂ ﬁfat odn gé %méﬁ Q:oﬁib?ﬂ’a@i%n e tialird pd Wgthhhﬁle scope of the
wel ght rage | e size based on the sieve
1nven1$nmmrdessw$l'®dww¢5ndf¢v@df | nes are defined as the
percentage of the total distribution passing through a
120 mesh standard sieve. This has a particle size
[01 SSEqL” valamss Qthetwiie TheitABS - alFni@Bed &phd¥piak t@akhtitdsNéPingredients,
igh levels can lead to sheetlng and foul rng of the
pr0peﬁ@acmea@mmmdetlcglasm§ysq orth, Tused 1 dhaupResificatiomang claims are to be

B

preser@ @We@h@ﬁl, aﬁn‘d&he arrpesfi rachsofemht, ey hd shsuldrudilesst Belcondtrued in light
Tabl es and Each run, was conducted usi ng the sane
of thec@‘ﬁfﬂi’fﬁlﬁfu@%%%d pigidieant) digtts 20d byepphang pesinaryfgunding techniques.
e f
Notwilldthifthap Bt Rimbid) rhRRE Al Vs RRRe Pl eIl Loope of the
1nventﬂxfn atehyproeinatidnd) yitle agerericelr ealued sedfocthdaleeteportechas precisely as
.reactor bed into a recycle gas 25 |line. Hexene
possitlnononer was i ntroduced bel ow the reactor bed. The
i ndi vi dual flows of

All priority documents are herein fully incorporated by reference for all jurisdictions in
which such incorporation is permitted. Further, all documents cited herein, including testing
procedures, are herein fully incorporated by reference for all jurisdictions in which such

incorporation is permitted.
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Al'l priority docunents are herein fully incorporated
by reference for all jurisdictions in which such
WO roenpeoat i on is permtted. Further, all documeEmntus2003/025281

cited herein, including testing 25 procedures, are

herein fully incorporated by reference for al

jurisdictions in which such incorporation is

pernmitted. WO 2004/ 022607 8%+US2003/ 025281 -66 TABLE

1. Reaction Conditions and Resin Properties Paraneter
CLAIMS 3 4 5 Catalyst Description ZN M\ ZN MN- ZN M\-

MN di chl ori de dichloride dichloride
Whatc;ﬁl\%lm}%(rig%lg di fl uoride Catalyst Dehydration 760 830

875 760 875 Tenp. C Residence Tine (hrs) 3.9 3.1 2. 8
3..C2 Partial Pressure 157.1 157.1 157 3 156
1. ésblmetaélpfsqaéelysutlg?reeosaw mwmsmﬂsor@@é myptallggere qaiaéysz

comp%rf% %n8£1 dﬁml?@ée%élﬂ%nﬁﬁ%a Qﬁén (§l agt@vagarog-% 893@yspc&-f]r[90nents

er at
and adéivetbu sipportedan en ﬁﬁr@nﬁﬂomdé &eh'ydﬁﬁec&t A@er@peratubd &ff greater than
8000CCat al yst Productivity 2594 3603 4000 2881 5564 (g/9)
TMA C2 Flow Ratio 121.4 122.0 124.7 124.9 124.9 (w
ppn) H20/ C2 Flow Ratio 20.1 24.7 27.0 13.0 23.6 (w

% Resin Properties
2. he bimetallic catalyst composition of Claim 1, wherein the fluorided metallocene

compound is described by the formulas:

Cp*Cp®MX,, Cp*MX, or Cp*(A)Cp°MX,

wherein M is a Group 4, 5 or 6 atom,

Cp”" and CpB are each bound to M and are independently selected from the group consisting of
cyclopentadienyl ligands, substituted cyclopentadienyl ligands, ligands isolobal to
cyclopentadienyl and substituted ligands isolobal to cyclopentadienyl;

(A) is a divalent bridging group bound to both Cp” and Cp® selected from the group consisting
of divalent C; to C; hydrocarbyls and C; to Cy heteroatom containing hydrocarbonyls;
wherein the heteroatom containing hydrocarbonyls comprise from one to three heteroatoms;

at least one X is a fluoride ion; and

n is an integer from 1 to 3.

3. The bimetallic catalyst composition of Claim 1, wherein the metallocene compound is

described by the formulas:

Cp*CpPMX,, or Cp*(A)CpPMX,



2 [g/10 min] 0.051 0.061 0.055 0.064 0.061 121 [9/10

mn] 5.58 5.32 5.58 7.73 6.92 121/12 110.0 87.2 97.5
wWQ2@4/022688. 4 Density (g/cm 0.9507 0.9518 0. 9BGBUS2003/025281

0.9528 0.9506 Bulk Density (g/cm 0.4005 0.4168

0.4533 0.4160 0.4715 APS [microns] 630 653 609 579

661 Fines (<125 m (% 3.1 2.0 1.9 3.8 3.3 W

2004/ 022607 PCT/ US2003/ 025481~ -67 TABLE 2. Film

Properties 5 Property Units 1 2 3 4 5 Anperage anps

5@héremM s 2i9%cdhilnf oD h&Mivdn; Pressure MPa 50.2 49.5 50.8

46.4 46.4 Max Draw nimn 54.9 51.8 57.9 51.8 51.8

Down Gauge microns 25.4 12.7 25.4 12.7 25.4 12.7 25.4

1§5’V ggé Blare dRhibddh@Ro M3 Aé4AndehendfilySdelect@Ofréf/the group

2 41 326 Inpact F50 MD Tear g/mcron 1.01 0.97

1. 18 OconBisting®f suldditfed 2ydo@atatiedsl ligaels, Jubstiitad indenyl ligands,

g/mcron 9. 4 .9 .38,2.91.7.66 2.49. 10.69 3.6 :

7177 Sbsuiia JeEpSRSR D0 GUSSE; TR ligands, and
CLAI M5, diahtohsdéivativa fietch; WheRibtheRuBétithdht GRjupk Yfet selected from
conposition conprising a fluorided netall ocene

cat al yibe grawmeosisting ofZCirfe it nelkls land Brlegenst al yst
conmponent, and an activator, the catal yst conponents
and activator supported on an inorganic oxide

detyydraadiedlent brddiggrpeuptisuad of bothe@peand ph seBORE frotn the group
The binetallic catalyst conposition of Caiml1,

wher ei FPRERENE | fofivaledt et & 1(ae dndroaBnib R ©s to Coo heteroatom
descri p&%iﬁ%gtﬂ}argc%bgﬁ&@?ivherein the heteroatom containing hydrocarbonyls

comprise from one to three heteroatoms;
at least one X is a fluoride ion; and

nis an integer from 1 to 3.

4. The bimetallic catalyst composition of Claim 1, wherein at least one Cp is substituted.

5. The bimetallic catalyst composition of Claim 1, wherein at least one Cp 1s disubstituted.

6. The bimetallic catalyst composition of Claim 1, wherein at least one Cp has from 2 to 5
substitutions.

7. The bimetallic catalyst composition of Claim 1, wherein the substituent groups are

selected from the group consisting of methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-
butyl, and tert-butyl.

8. The bimetallic catalyst composition of Claim 1, wherein the bimetallic catalyst also

includes a Ziegler-Natta catalyst component.



CpACpBMXn, CpAMXn or CpA(A) CpBMXn wherein Mis a
Goup 4, 5 or 6 atom CPA and CpB are each bound to M
consi sting of cyclopentadienyl |igands, substituted
cycl opent adi enyl |igands, |igands isolobal to
cycl opent adi enyl and substituted |igands isolobal to
cycl opentadi enyl; (A) is a ™ ~al ent bridging group
bound to both CPA and CpB sel ected fromthe group

9.  CDinsbistetablic casdlysd icumbesitimCdf €kai1@20whyxdhuhathgﬂer-l\éaﬂa ogtalyst

to C20 het eroat om dr ocar bo ei
compopel ERPEER GTREOH SPFFD SR D S8 S SMEgr P08 4P Group 5
halide¥RideS, Jx@ﬁﬁﬁie@%ﬁl@fxﬁﬁgmrmﬁﬁmkﬁtﬁ%opne X is a fluoride

i'on; and” nis an integer from1 to 3. 3. The

b| rretalllc catal yst corrp03|t|on of aiml1, wherein

0. e BRSPS b HHOEH Bk e

dehydBEEEt’ 2200 AR b2 oreat@Qharg30°€i N M i s zirconi um or
haf ni un1 CPA and CpB are each bound to M and are

i ndependently selected fromthe group consisting of

Sl BB WD AR PR i

tempetatganf870 %(Clbrsmloteut ed fluorenyl ligands, and
het er oat om deri vati ves of each; wherein the
substituent groups are selected from the group
12.  CPRShitdetdife Hralfst cbRipbifopbkelatman@nbalnge Hﬁ)rgeﬁﬁ\) 0)h§e & silica.
di val ent bridging group bound to both CPA and
sel ect ed fromthe group consi st ng of di val ent Cl to

h% car | s ag}d 1 Cﬁg. om cont ai I ng..
amﬂ cingAdmapda PRSI es SRPRIHMg conitring

hydro %}% (‘eﬂ{}}P&ﬁXﬁcﬁlonfé%‘Wfth f#e du ¢dfmeflliddaBRyst composition of Claim
teroatons; at | east one is a fluoride ion; and n

1 to form a@mdalea@érolerfmmosmoa 4. The binetallic catalyst
conposition of Claim1, wherein at |east one Cp is
substituted. 5. The bi nmetallic catal yst conposition

14, th r@téss bf CiiRrie] whereir tha bimealtic Cptalyst lthisauprsductivitedf at least
The binetallic catal yst conposition of Caiml,
3000%?8?%%%%3Me Cp has from2 to 5
substitutions.

15.  The process of Claim 13, wherein the bimetallic catalyst has a productivity of at least

3500 grams polymer/gram catalyst.

16.  The process of Claim 13, wherein from 0.01 wt. ppm to 200 wt. ppm of water is also

contacted.

17.  The process of Claim 13, wherein the first catalyst component is a Ziegler-Natta

catalyst.

18.  The process of Claim 17, wherein the Ziegler-Natta catalyst component comprises a
compound selected from the group consisting of Group 4 and Group 5 halides, oxides,

oxyhalides, alkoxides, and mixtures thereof.



7. The binmetallic catal yst conposition of Caim1l,

wherein the substituent groups are selected fromthe
w@eowp22sonsi sting of methyl, ethyl, n-propyl, PCT/US2003/025281

i so-propyl, n-butyl, iso- butyl, and tert-butyl. 8.

The binetallic catal yst conposition of Caiml,

wherein the binetallic catalyst also includes a

Ziegler-Natta catal yst conponent. WO 2004/ 022607

PCT/ US2003/ 025281 -70 9. The binetallic catalyst

19. bdsk 8NCOAm@3akviRin the Siipofted BEnefhlég lcﬁtﬁ%bédng)osmon
cata yst corrponent conprises a conpound sel ect from
includesresuppors pnat&@raé cempriging Gopeiup3 ar kniaomenigpxide dediyfigied at a

oxi de i d opl koxi des, and mi xtures ther eof.
tempergfire go%l ag ?600 tal yst conposi tion of daimi1l,
wherein the inor ganl c oxi de is dehydr ated at a

tenperature of qreater ap 830G The pro ess of
20. g pregess phetamn 3 wée@ub%r e e §¢le<zf%fﬁgp mdbe seupicensisting

of cyc@)?@ﬁ(tg&?llﬁ dmﬁ&n tefr HYRRSIA ?/F Rl Slﬁ)ggtu%cp\;erﬂgﬁsetheﬂegf The

cat a1 yst “conpos tion of Caim1l, wherein
the i norgani c oxi de is silica. 13. A process for

dcn nodal , pol yal £f i n. . Gonposi t i conprising: ...
AR L e R
of cycﬁ)‘ﬂ@ﬂ@ﬁl%ﬁ)q ﬁ%ﬂ@i?}ll atHrh}?ydﬁﬁh&énX/ﬁ tand QRARItEd RisiBhs fRerRbMchdracterized
form-a binodal, pol yol efin conposition. 14. The

in thatptt trestame of eihexiGp” 18 Cpithes fileast pre Bignapeselactedfeana Gy da Cio alkyls.
has a productivity of at |east 3000 grans
pol ynmer/gram catal yst. 15. The process of Caim 13,

22.  WIES SioBesk b€ Cpifel3akirther Earhtisngd comitsiningfarddeibdbinét teledddd from Cs
at |east 3500 granms polyner/gram catalyst. 16. The

to Copled@ess of Caim 13, wherein from0.01 wt. ppmto 200
wt. ppmof water is also contacted. 17. The process
of Claim13, wherein the first catal yst conponent is a

23.  ZTkgpeteshlat CaimCled, Alrjist corﬁﬁ:isiﬂ'gm)nmﬁningasnoﬂfonﬁim'r paldcfed from the
wherej n the Zieqgl er-Natt cat al yst conponent conpri ses

group gonsiting ofi APrerangcl-autens.d ecxﬁ’ée Tpct E€$5| sting of

Group 4 and G oup 5 halides, oxides, oxyhalides,
al koxi des, and m xtures thereof . WO 2004/ 022607
24, PUH¢ hiS260 3f O2E@8IB, whitkin the monomers are contacted with the supported

bimetallic catalyst in a single reactor vessel and form the bimodal polyolefin composition in the

same reactor vessel.

25.  The process of Claim 13, wherein the bimetallic catalyst composition further comprises

alumoxane.

26.  The process of Claim 13, wherein the molar ratio of hydrogen to ethylene ranges from

0.001 to 0.015.

27.  The process of Claim 13, further comprising the steps of:
(a) providing a particulate support material comprising silica;
(b)  heating the particulate support material to a temperature of 800 °C or more for a
time sufficient to form a dehydrated support material comprising dehydrated

silica;



19. The process of Caim 13, wherein the supported
bimetallic catal yst conposition includes a support
wordoanemb7 conpri sing a Goup 13 or 14 inor gani BCDY5183/025281
dehydrated at a tenperature of from 800C to 1000C
20. The process of Caim 13, wherein CpA and CpB are
sel ected fromthe group consisting of
cycl opent adi enyl , indenyl ,- #2trahydroi ndenyl, and
substituted versions thereof. 21. The process of O aim
1@) Whenshiningitte @hgdiid sapporcelaetibbatith b@bhipoar fydvparbon to
consi st n%F of cycl opent adi enyl, indenyl,
t et r ahFOVIF AEHPRAT SIAY subst it ut ed versions thereof ;
rac f ﬁ?ﬁk
R b e
aleky| sprovidhg alfeeompt ctagst cofnpﬁjhemt that Bchidgs & hmtallocene catalyst
conpri si.n corrb nin r. selected from C3
COPRAUBH ARYIE & leaspie Bpoabied ries Spieingie lpbithgup! °
C@"‘p M &nf¥Inf Pgrt 9RO First@h& séRAd ChaRsE dnponents to
oup consi s 1- pr Opene, 1-butene, 1-hexene and
1 oct efoem a2541ppd'rtﬁ§1 mmotaéms:atﬂlysoc@mmﬂ@n wherein the

nmers.ar.e contacted. ed _bi.net i:
ol vt PR AR S b S u R RRRSH Eitap (T8 & e
bi nodadufReknab rina Bﬁmﬂl@ﬁ}f)élyﬁeﬁh Boihpésitig@e react or
vessel . 25. The process Claim 13, wherein the

bi met avhereindhe bmwtal pAbipleEn comROiueT s deppipt 9icfeam 0.86 g/em’ to
al um)x&g 0%16 @B dﬁr cHiaf Qv%f%lt gxtsﬁ—fquﬂb%f‘ﬁom%r@' R 12t %%60611 0.01

nol ar ogen ene ranges from

to O. Od@mnit?o SGI'dl‘grrm[ m@ssmﬂfoﬂ]?nan A018500.ur t her
conprising the steps of: (a) providing a particul ate
support materi al conpri sing silica; (b) heating the

28. pﬂrbtlﬁu‘&&'il?)or L osu%g'bf@han&&?awth@ﬂéﬁleﬂh@%%@da@ﬁo%gﬁg

nor e icient to0 forma dehydrat éd
compasitippdras amieh@tyi c&flfrommﬁ]Sﬁ igginm o Otyglerat, ednolséylarcweeigM@istribution of

from SieriJap Acregt JUBAE AP A8 iy 102 hghopra H B

hydrocarbon to provide a support slurry; (d)

providing a first catal yst conponent that includes a
29. nArfilmemadd fg@mrtbe ecanposifion:of Qlaim 28, sxbiesiim thefilmdias ﬁd)art Drop

i BSEUEb S ARBTER I3 PRS2 B Emigron .

fluorine containing IeaV|ng gr oup;
30.  The film of Claim 29, wherein the film has an MD Tear value of at least 0.4 g/micron

on 25.4 micron film and at least 0.2 g/micron on 12.5 micron film.

31.  The film of Claim 29, wherein the film has a TD Tear value of at least 1.5 g/micron on

24.5 micron film and 1.0 g/micron on 12.5 micron film.
32.  The film of Claim 29, wherein the polyolefin comprises ethylene derived units.

33.  The film of Claim 29, wherein the polyolefin comprises ethylene derived units and units

derived from the group consisting of C3 to Cyp olefins.



(f) conbining the support slurry with the first and
second catal yst conponents to forma supported
whoomeadeh7 ¢ cat al yst conposition; (g) contactiPQr/us2003/025281
monomers with the binetallic catal yst conposition for
atinm sufficient to forma binodal polyolefin
conposi tion; wherein the binodal polyolefin
conposition has a density -of3£rom 0.86 g/cnB to 0.97
g/ cnB, a nol ecular weight distribution of from5 to
34. 80he film 3f Ofairh 20MWherBih thelgolpdlefih GomPrisky/etiiylenealecived units and units
. 121/12 of fromA40 to 500. 28. A binodal polyolefin
derived dron e T Onsising of Grto Gaee?lefins-t he bi nodal
pol yolefin conposition has a density of from 0. 86
g/cnB to 0.97 g/cnB, a nol ecul ar wei ght distribution
35. oThe fimpof 6lair 280whereinZhepolfyolefm Bad midgcnian weggh® Oistribution of
ﬂg/nin, and a 121/12 of from40 to 500. 29. Afilm
from 1{H8L0t  om t he conposition of O aim 28, wherein the
filmhas a Dart Drop |Inpact F50 Value of at |east 100
on 25.4 mcron filmand 75 [g] on 12.5 m cron .
36. f Therfilngof Cipkme 20; wherein tim pelirelz6n haphe heif ironh@ 002 fa Hgsin.
an MD Tear value of at least 0.4 g/mcron on 25.4
mcron filmand at least 0.2 g/mcron on 12.5 micron
37. T Thefing df CThRE 2b] Wherein tht polfoRAn huheLebNfromel fol 10nddham. a
TD Tear value of at least 1.5 g/mcron on 24.5 mcron
filmand 1.0 g/mcron on 12.5 mcron film 32. The

38 T FESLCHE P SrhortiH PRyt B RN AR 56520 t0 0.600
glbrat.ei n the polyolefin conprises ethyl ene derived
units and units derived fromthe group consisting of
C3 to Cl10 ol efins. WD 2004/ 022607 PCT/ US2003/ 025281
39. - Adrodss fmgrcfdubﬁﬁ’g%e SthfVda polyol¥REESHPbLsttR &%&*Bh@fth@steps of:
conpri ses ethylene derived units and units erived
fromthe group consisting of C4 to C8 a-olefins. 35.

The fi.l m.of aim 29, .wherein. t he | vol efin S a

@ iR e SR REE i 1P BtiPigtd Beleds caralyst
TosinpdunBpedducbdbytaifactinBarniétillddete mélyalceﬁ;;peuﬁta@ita ah Zluorinated
of fromO0.002 to 2 dg/mn. 37. The filmof d aim 29,

winerganie salidorpoiime sefficienhigsforn aflognated giefallopeneiqgtalyst compound,
dg/mn. 38. The filmof Caim?29, wherein the
pol yol efin has a bul k density of fromO0.420 to 0.600

(b) Oisehifing 8R. flubridedarttlotae carabdticomgountie bi nodal
pol yol efi n conposition conprising the steps of: (a)
contacting the catal yst conposition of Caim1, the

© [ LobihRtRIniGidl G AR @1yt Compound with an activator and ethylene

monomers and optionally a support at from 50°C to 120°C; and
(d) isolating polyethylene.

40. The process of Claim 39, wherein the fluorided metallocene, activator and support are

also combined with a Ziegler-Natta catalyst comprising titanium halide.

41.  The process of Claim 39, wherein the fluorided metallocene, activator and support are

combined and isolated prior to combining with ethylene monomers.



conmpound produced by contacting a netall ocene catal yst
conpound with an fluorinated inorganic salt for a
wo 2ova/os26hf i ci ent to forma fluorinated netal | oR€NES2003/025281
cat al yst conmpound; (b) isolating the fluorided
net al | ocene catal yst conpound; (c) conbining the
fluorided netal |l ocene catal yst conpound with an
activator and ethylene nonBhers and optionally a
support at from 50C to 120C, and (d) isolating
42. pOhypobgssef €1ai14:1039 Wherej the élnsrindtedinargan8saltubiehragaaterized by

flugrided. netal |l ocene, . ac t or al so
generatiggiiuqage jGns vhgn SPRgetEd ¥ TR us&&tﬁﬁ{};}%?t g%ﬁa{) Pyt
titanium halide. 41. The process of Caim 39, wherein
the fluorided netal |l ocene, activator and support are
43.  c'Ehdproeess af €1aimol %awdigrer the fluponatethinorganty sMttihdescriedehpethe
no WD 2004/ 022607 PCT/ US2003/ 025281 -74 42.
g“mﬂgﬁgngﬁ ¥cess of Claim 39, wherein the fluorinated
inorganic salt is characterized by generating
fluoride ions when contacted wwth a diluent that is at
[ala[Plbeast 50 wt % water. 43. The process of C aim 39,
wherein the fluorinated inorganic salt is described by
the general formula: [a]a[13]b, wherein a is a
wherehad is@datiosipepe@s sskicted tiamah ﬂﬁ@mdﬂmngisﬁ)mmoﬁ:@mpsitdnd@ afions,
ity S simiong s RN RS NG wherin
[ .
select%(?rlﬁ élgk ﬁghﬁ SO&?Qtﬁ%to? ﬁ%/(gﬁd%%ﬁlgﬁ(ll(% C‘?g(ﬁg?ooﬂ}%}'tdglhlé g t®,, aryls;
aryls f3 is an anionic species selected fromthe
. _group consi st uorine iQ and noi eties -
pis arfisiiRs SRS P SO Famaht BB o et BRun o0 2ad mojesig
comprig Lidiheding WRe 6P RRkSEILMBNtO Eel bt R8RMhe gﬁ)lut |c§1@5ﬂst1ng of hydrogen,
carbon, phosphorous, oxygen, alum num and boron;
silicors garbpn, an’r@sphW@Q,Sep&ygenmwrmlwm ang. bozen; afhe process of
Caim39, wherein the inorganic salt is selected from
the group consisting of (NH4)3ALF6i NHAHF2, NaF, KF
a and Da¥Hfnteg®sionsSi ké1@nd combi nations t her eof

44.  The process of Claim 39, wherein the inorganic salt is selected from the group

consisting of (NH,4);AlFs, NH,HF,, NaF, KF, NH,F, (NH,),SiFs and combinations thereof.



