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WD 2004/ 022230 PCT/ US2003/ 025280 -1 PROCESS FOR
PRODUCI NG FLUORI NATED CATALYSTS FI ELD OF | NVENTI ON 5
WO 0@a/0222Fhi s application relates to a process POF/US2003/025280

formng fluorinated catal yst conpounds, and in
particular, to producing fluorided netal |l ocene

catal yst conponents and using themas part of a

bi rodal catal yst conpositiaon._ BACKGROUND 10 [0002]
Bi nodal pol yners produced u5|ng two or nDre di fferent

catal yst types- ? % e i ncreasi ng
i nterest, especi hylene and
ot her pol yol efi , 525, 678.

However, probl ens eX|st |n usi ng these blnetalllc
FTEIEﬁ@ I IXSEHSNT ecially in the gas phase. One problemis
gl yst acﬁh\slty whi ch should be as high as
[0001])055| bIT&isi apphcation r¢letee tom proczs ﬂ;hfe»rmmg(ﬂammy@d catalyst compounds,

and irﬁ%ﬁ%f}p Crpgg’ 2 arfi%o(ndgal I glg)ﬁg?/e Fafa %203 Ongts rta%‘ltdhusglg them as

part oPh BRRSRESathi§stic®mpbiAbLVE upon the catal yst used in the
process. A prom sing class of single-site catalysts

for commercial use includes those wherein the netal

s at |east one extractable fluorine (or
BAC?%%@W | eaving group"). Disclosures of such
[0002]: at al y $isodd)ChlghReldSprdd024i0 3288 7twolSr 30018, diFfereft Ssatdlist types—
291, 615; US 4,874,880; US 3,896; 179; WD 97/07141,
blmetgjhc £atabystsooae af 1ncp_qasmggn1@reg’@ @sppg@lly Eppmdugmgqg)lmlgllene and other
h C p
pisofff LS, Bl USSPERNS, MY SRECHEARGRPbS n win s
bimetallic lcataBntsackpeciyily Garthel gasﬁlpl’fahel 0oOhel poblent sdatdlyss bictindtyymiich should

f the acetyl acetonato co .
be as f Qaaey%%?aﬁlegwsfﬂr{ow%ﬁwmsf appatalyRis cqsspare significant.
(1996); A Herzog, et al., Reactions of
(i 5- C5Me5) Zr F3, (i 5- C5SMe4Et)ZrF3, (715- C5MA5) 2Zr F2,
[0003] 735 25)n€51h151$1))d-lf¢f3i,mmnvﬁng7%alﬁ5 MfEyitadsd imigak phabde Processes is to

1mpro§% E]lﬁglté?h ¥ ageftl ; heﬁgl\ﬁrz L;E%%%Is - %QPgé%i C?lrglk%l%{]e-site catalysts for
commierdillass inchitfes Blose WAL nfdtal c@:@eﬁ@é%ﬁ:a%%@ﬁﬁh&aﬁe fluorine (or
CHEM CAL 101 199-209 (1995); and W Kam nsky, et al

fluorig (fipevmat exoupll f Taelosiresh oCowph coatabysiss ircludsl YIS 20020032287; US

630 3RS ERPBELISE SRR POHIIA IR0 G D g 00

A2 0Osk0e At akp-9tl Qonmpene4w; SEIM Mudfhyoleefdl) Palkhe¥Br iazdt igebrroscopic
stemis desirable, especially in gas-phase
charag% g

Tigadiamy/ étrfé”ﬁwfyswéwwgfl coplopentaigiy Growvt 4 flworideasearysiet structure
ofthe%%fgﬁfgz’oﬁ&w%or%éz%ﬁ(/aé?%éz(hﬂCPMBS%?(‘EL PYERL EHOPALRSL, 1983 (1996); A.

ocene
Herzog, et al., Reactions of (77 -CsMes)ZrFs, ( 1-CsMesEt) ZrFs, (¢ 77 -CsM45),ZrFs, ( 77 -

CsMes)HfFs, and (- 775-C5Me5)TaF4 with AlMes, 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.
However, it is often not commercially practical to produce such fluorided metallocene

catalysts.
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WD 2004/ 022230 PCT/ US2003/ 025280 -2 [0004] Met hods of

fluoriding netall ocene catal yst conponents are
waele@aslhzzed by Z. Xie et al., Synthesis, Ml ecRCHDS2003/025280

Structure, and Reactivity of O ganol ant hani de Fl uori de

Conpl exes, [{(Me3Si)2C5H3}2Ln(,u-F)J2 (Ln = La, Nd,

Sm G&d) and [(C5H5) 2Ln(u-F)(THF)J2 (Ln =Y, Yb), 17

ORGANOVETALLI CS 3937-3944 (-.1998); E.F. Mirphy et al.

in Organonetallic 5 Fluorides: Conpounds Cont ai ni ng

0004far bon I
o oy i OB By 2
et alj nSWth@SDo nbfoleBplect Swetrer, Ca)lzd Emafzeﬁy faff O(‘gtzmolanthamde Fluoride

ComplQREy TSR S R PR -sbe 5 63y Taef ik v

(Ln FY V5 m@mﬁto@mmﬁsw@@m&ms FORRrpHyt tal )i
I %nt%e& s, Spectra, and Redistri bzl?% on Equaelr k?r |lg 0r1gan0metallzc
Uuor,

s 2rC0@y7@u@q§seﬁwddmmgz Cal’IbO@i—\Mez‘al—ZF(ule)ze Faagindf¥s of d-Block Metals,

o7 LN ey Y S0 PR ZILD, G190 - IS B ohomi

Serzesg@ﬁmncam5cggfzh'odnmﬁ A@kn@gﬁéﬂau@&ﬁsobﬂdy %Eﬂh}wpmm)m 118 J. Am.
CHEM %@c yst conponents. |t would be deS| rable to inprove
t

metRd 78 (Y Bauendd M- Udricaed almint dMeiebensae Halides: Part I
Synthé@%lpSp&%‘a Ezr?c%’ R?dz%ﬁzbggg?@g zlzB;Qia nzcnglo%gntgcrlz% Zg nz?ﬁ/), -Zr(IV), and

Pl Zaty

~HAT Fﬁ[ déeis@HEMTiS@Cp ¢66a1 10 I’(‘](%St)] OE[OM&VGB, ke emethodrfals short of a
. and 15 ot her problens. SUMVARY [0005]

desirai; chsﬁ %tjﬁfic? ofPrpiial s mehod o o drakang oilugsidsd y erstpflocene  catalyst

compdreHRr | dRdwRBldalE O QEREH1C Q@pﬁgﬂ% the CﬁE@llog Sbf npero%ucén% ¢ fluorided

conposi tion conprising such conpounds,
metallpedngsyens iwallag its2@ inbiohoded pg]srmwglzmmi'promsmu eﬂjﬁcm[l@ B dlimodal gas

one_s enmbodi nent,. of . t vent i
phase R bR AT R BER o The HiREN MoRuind isuiieelrd: oparioiising this and
other robleh@r i nat ed net al | ocene catal yst conpound in a
particul ar enbodinent, with a fluoriding agent for a
tinme sufficient to forma fluorinated netall ocene 25

%Ea!_,yst compound. In one or nore specific
SUMM di ments, the fluoriding agent is or includes a

[OOOS]f | uor i Tiait edlvemmng a¢lbes Sl . ploden €or0hrétiictheS BRGIHEE metallocene
odi nents, the fluoriding agent is in the formof,
COmP%‘P $H&rcptabyst C%W%t%@m%mgé%&w@?oms #gd esnghod of polymerizing

Oleﬁnm&é&ﬁcoﬁgg&& Anot her specific enbodi ment of the
invention Is directed to a process of 30 producing a

fluorinated catal yst conpound, which includes:

t00061g 0 &Y TebsfsPRnatec e PO GRS (o, e iR dflies’ contacting o
metallbden8 chfARfse BombdtRhE AiHloSdhdd ﬁl@taﬁ%éﬁ’e E%:a a|1 9%1?%&%111 a Rartlcular

met al | ocene having the fornmul a
embodjypento gathop fagidipe peeis 200 3/ s ggtﬁcwnt to form a fluorinated metallocene

catalyst compound. In one or more specific embodiments, the fluoriding agent is or includes a
fluorinated inorganic salt. In one or more specific embodiments, the fluoriding agent is in the

form of, or part of, a mixture, for example, an aqueous solution.

[0007] Another specific embodiment of the invention is directed to a process of
producing a fluorinated catalyst compound, which includes: contacting a metallocene
compound having the general formula (CpR,)mMXi.5 with a mixture comprising a fluorinated

inorganic salt to form a fluorinated metallocene having the formula (CpRp)mMXF; (which can
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-3 include, for exanple, a partially fluorinated
net al | ocene) wherein Cp is a cyclopentadi enyl ring or
waleowwz2sve thereof, R is a hydrocarbyl group, POBUR003/025280
group or hydrocarboxyl group, Mis a Goup 4, 5 or 6
transition netal, X is an anionic ligand such as a
hal ogen, carboxyl ate, acetylacetonate, al koxide,
hydr oxi de, or oxide, in = 13to 3, p =0to 10, n =0
to 3, and rr=1to 5 3. [0008] Preferably, in any one
1nclud@ffo¥ Cagﬁaﬁﬁﬁly' fHRAhhEH HEbtARRYSR) HncHES EDHIIOE gy(h@ﬁ &htdlienyl ring
fluorl i ng ent is a mxturé, for exanple,
or denwmmﬂ@repﬁalf\ ize ms@byk/\&w&}v, aetllylf growp on hy@dcarboxyl group, M is a

ganlc sal.t t ativel 1he mxture
Group 5 PPE 8 cPiioparbl R aeioni® ke K Fn R Hatossy, carboryate
acetylao@ﬂi’ng@n hikosidk,thydtdxide; bf 8kide anBodid®Ng s,0 oh®, hi=ugkd gi i r =1 1o
agent may be considered the inorganic fluoride sal t
itself. Various specific enbodi nents denonstrate
unusual ly high yields in the presence of water.
Surprisingly, for exanple, contacting the chlorinated
[0008]net al | Breénsbldeaany baelof therp@bdessds tidtertified abatddredes@ibediiferein, the
raoduct .yield of 50% or nore. More particularl
ﬂuond&%@&%ﬁ 1HG PREUEH Y PREPE hBENTC e omPREFSt Welek and ‘uorinated
r
sl R ERILS, 1 R BEOHG Lo PAC b BN LR AL IS it
inorgamist salt| du&nﬁalw etrrlbOdhleemsalthe ﬂrim(mdmg agend sndyt Ise comsalered the inorganic

oo Sl 5o 0P e 3202k SoSRET i i

presenté bﬁﬂhﬂém Su.rﬁh!’sﬁ‘agﬁfl Bexha 1@' éﬁﬁtac‘tﬁﬁgﬂﬂa‘ éHBmﬂh'té@l%b‘tﬁllocene described
tant al um rom um nol ybdenum tungsten and

herein cwithi thetmixere tlerison, |mo@qtmsrleldp@ﬁ 80%uba mmagerh oMcme marticularly,

consb AT B BB ek B3BLRL TR FBRe R o s

or moﬁﬁ@&hﬁﬁ@%,paﬂldu&rlyocoﬂtafbtlﬁg Ried éﬂl@lhlﬂlzﬂéd ﬁl@ﬁgﬂbdiﬁﬂiflth thel 81t mixture
%O i s substituted). In a particular
resultsé%é’a?%hiﬂel 9f 90% or mereppre (Cp is disubstituted). ?5
DETAI LED DESCRI PTION General Definitions [0010] As
used herein, in reference to Periodic Table "G oups”
[0009]of El elmen specifichembodensnt, Miishsetected fimhéiegloop coisting of titanium,
zirconiegh. GBS RPN PERPSFOS UEAd CREOTEHEG T80 beeRe, tmgsten and
comblﬁ%[tﬁﬁ'é tRerSbf, e% a2R8R) ?mlgulﬁilo@ﬂi%hdrﬁ?enysﬁplshﬁf&}nihm (Rhafium. In
phrase "catal yst sys I ncludes at | east one
anothet cmibaflipgmt, the fipomeated’ matatloeenelie hgdgain eln st tnatherstihodiment, p is

0. In bg%xﬁflgl%rz%la “E@%rtteﬁg% %}r{ Ig%%eg u{stsh%stl h%ﬁ)el ra palﬁcular embodiment,

p is 2 or more (Cp is disubstituted).

DETAILED DESCRIPTION

General Definitions

[0010] 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).

[0011] 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
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catal yst system may al so i nclude ot her conponents,
such as supports, etc., and is not limted to the
W@ 2100al092280 conponent and/ or activator al one or PEI/US2003/025280
conbi nation. The catal yst system may include any
nunber of catal yst conponents in any conbi nation as
descri bed herein, as well as any activator in any
conmbi nation as described hergein. 5 [0012] As used
herein, the phrase "catal yst conpound” includes any

catalySORRHN ] BRY zinchﬁﬁ&ﬁhé‘%ﬁfr@@ﬁ&%rﬁg ghoh Qscstug{\é&r(t)s? Gic.,'aRd is not limited to

capabl e of catalyzing the polyrerizati
the catalygjoremrmonenti and/awfactiviterf alose orHe coatbiagien. cHirepeataigst system may

o D Bl S B ol B e o wet
any acti¥a{o@ &l @y Ambisfidn e dedchbed hemhr ase "I eavi ng group”
refers to one or nore chemcal noieties bound to the

netal center of the catal yst conponent that can be

bstra t Lyst, conponent,, by. an
e N et T o ——
once apipsedpiriatelp adtivari] wadapahle 6f ca(thliygiﬁgﬁliié Btyin@AzatibR®r oligomerization of
e

activatqor is described further ow. 15 0012% As
olefing,sibg ¢t reomnound SOMPTIBINGORt let orst Slrowicénto Eapwn yi2tatom, and

: : 0 i | yst conponent" neans a
optlolfég?gﬂegﬁ bne ﬂaravmﬁ (ﬂ% HodGd glfe?%t@

st conpou Vi ng east one fluoride or
fluorine containing |eaving group, preferably a

tallqQcene or netallocene;type catalyst conpound .
[0013ﬂ§vi ngg’ﬁtus%g’ﬂel‘bn © Y dg/‘%fg B18r !rﬁ't@rsc%f’ﬁ? (F rigore chemical
moietie§ B¥HADtohe liﬁbtal%éln{eggi e ARalysBntpeh t_rihatabo é’fei ar‘%)lstéacted from the

"hydrocarbyl" includes aliphatic, cyclic,
catalygic epmpentint byarmd agtonturj dhusagiradcmg( ithee spedigsdmotier owards olefin

radi.cal s)..conpri si ng drogen.and car that are
R R T A T R T
deficient by two hydrogens. 25 [0016] As used herein,
"al kyl " includes linear, branched and cyclic

an Yy & {
[0014har af £ AR W36 kP, thedermr elupsided i matallosene neatdlysir ogponent” or

7] . 3 - ! | " a a .
R R A R T R S
fluorins carsteidinze teaving  guoup alpkeferyibly b nekbtdlesnt i deafetallbaRcypé catalyst
ang cyclic olefin radicals . 30 that are deficient by
COmpayR hﬁ%‘&g dhleast ong Kyeride erdiosine sontammedeaving seoup-
branched and cyclic acetylene radicals deficient by
one hydrogen radical. W 2004/022230 PCT/ US2003/ 025280
[0015} 5 [ 00A8]usek hersiad atibyéionarbyErintlidey aiphatic, nwkliclesiefinic, acetylenic

and aI%pn%{}XlrhdiQﬁg taeh,y hydljgga{rtgr}/ lrad?pa?s)ocgorr]r?prrising hydrogen and carbon that are
deficient by one hydrogen. A “hydrocarbylene” is deficient by two hydrogens.

[0016] As used herein, an “alkyl” includes linear, branched and cyclic paraffin radicals
that are deficient by one hydrogen. Thus, for example, a —~CH; group (“methyl”) and a
CH;3CHy— group (“ethyl”) are examples of alkyls.

[0017] 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.
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radi cal s whose nol ecul es have the ring structure
characteristic of benzene, naphthyl ene, phenanthrene,
w@niohzane, etc. For exanple, a C6H5 aromati cPCT/US2003/025280

structure is an "phenyl", a C6H42 aromatic structure

Is an "phenylene". An "arylalkyl" group is an al kyl

group having an 5 aryl group pendant therefrom an

“al kylaryl™ is an aryl group.having one or nore alkyl

groups pendant therefrom [0019] As used herein, an

al kyl , es, | N

0018] 2K 0k YEoS 0B BEARISHAI SRR pyricot an e
rad1caTsh wose @rieculésmivey tlenang mdtw@HBQﬂaEtenétlcﬁbhydeﬁB@le) naphthylene,

10 are exanpl es of al kyl en rou O her groups, .
Phenaagf‘?rlf’r SREIA5RS ViiC-hylt darcf‘&éwpfea € s Ty étm@t‘élieyllseﬁﬁile ‘phenyl”, a

o i S8 RSt A g v

aryl grqu@mgémt theaefrananacth@lkydanyll’ i an eaylEpoup lavihg oneosremore alkyl groups
end ggpdlnent Is selected fromthe group 15 consisting
P a8 Si, G, N, P, 0, and S A

"het er oat om cont ai ni ng group” is a hydrocarbon radi cal

hat contains a heteroatom and may contain one or nore

[0019bf t heAsased bareigi o callsylene Hoelodesalingas branslied awheyclicdiydrocarbon

AP 993y Bl LT TR B LAty

are eﬂaﬁfplldsabﬁalbfflemengprs Dthaegroup defasent HIOSRNhH@Sgen radicals include
ers, —ketones, oxoazolines heterocyclics,

aryleB ‘lefleaylepg; oethers, and the like. 20 [0021] As
used herei n, an "al kyl carboxyl ate", "aryl carboxyl ate",
and "alkylarylcarboxylate" is an al kyl, aryl, and
[0020RI kyl aAyIu,sed hstpm;tha/plhmse tHetdrogoms eiﬁ@le&esaar@aatbmxgther than carbon

and bR Es AbehRt58 ¢ B, U i qus SHEPGRITH [ lseGiffom the group
consistifig B8 Bl Wi dGe Mean D, Lhals, LA @h&EI%Han{ %dtﬁ}‘ﬂng%r&g?’tls ta%gﬁ?ocarbon

Eossesses at |'east one noiety in place o
radicah jleht ngatesnsi ;1 haisyoapws i anidomay tchatair pet joe gnors edfetht exdnder amiifferent

s SPHER 3 R GRS Bt yibtins cxmps

of hetﬁﬁ’ﬁtﬁﬁl—@fﬂ%ﬂﬁg § RIVIGR 188041 SF indinke) 4ihitts Obsa8es, PR&Y gléﬂnes ethers,
roups, 5 napht hyl groups, ClL to Co al kyl gr oups
ketonqsoo’ﬁaéo ines delsipcyelicsupezoling. bineicraendis likher eof . 30
Exanpl es of substituted al kyls and aryls includes, but
are not limted to, acyl radicals, alkylamno
[0021) adi cals, abekbxyharadj cals, SdiyloatPoxyaste’gal Saarylcarboxylate”, and

“ allcylthjo radic al kyl am no radi cal s,
alkylagy, %é%?%iﬂ%dﬁ;ﬂl aﬁ@’il %réd 5:9111911%{% EEPBEHPLY, thatiRogsesses a carboxyl

o 022230
group {4y 52003/ bi%%% eg@%“c%ér%{é Ffbﬁdr%%%d@)aey oxy

radi cal s, acylam no radicals, arylam no radicals, and
[0022]conbi ngts iuge: eretng etlhe ?erm “substituted” means 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-
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[ 00231 As used herein, structural fornmulas are
enpl oyed as is comonly understood in 5 the chem cal
w@eaog/2128nes ("-") used to represent associ atiPCEUS2003/025280
between a netal atom ("M, Goup 3 to Goup 12 atons)
and a ligand or ligand atom (e.qg., cyclopentadienyl,
nitrogen, oxygen, hal ogen ions, alkyl, etc.), as well
as the phrases "associated_w.th", "bonded to" and
"bondi ng", are not limted to representing a certain
: i.n S e
carbarhnéégﬁta&%%lg,:]aggfpgg ({?&nsd acﬂﬁrrlﬁr{égliﬁﬁlggls da‘i‘?laﬁﬂﬁjo %aﬁma% ?&d &rfbinations
thereofiond” defined as an attractive 10 force between atons
that is strong enough to perm’t t he conbi ned aggregate
to function as a wunit, or "conmpound". [0024] A
ert ai v, : .
00231 31 &y 361 RAGHETB 8y s HGHDIAE YL flonBAfirsood i
the CHenncadt agisy Bness{ ‘rd€? used ¢ rgpeante adsotigtiarsebadvedn amethlyatom (“M”,

BN N VT R T NP .

oxygeﬁnbﬂggéﬁeﬁhs ofikf1h&ichr BSKBN ak @Heefiﬁﬂa% “aSsob R ﬂlth’l’ I Boh&d to” and
to the oxidation state of the metal atom "M

“bonding’j arediob dimitedite r‘tmeseinh@g gicgtiain tym’egmhemwai rb@néms these lines and
atian of t h
phase%ﬁ?%eglztutéﬁgérﬁ e%%co rrn%o’u%] d 388%3(1, oB{ge d%tlél}e i35 M attractive
force Bétveae aioha| thatLil|s&Sﬁg efidighvib gﬁnhiﬁ dhecedrained B0A64até\o function as a
used herein, the term"bino " when used to describe
unit, og “eRaEA or  pol yner conposition (e.g., polyolefins
such as pol ypropyl ene or pol yethyl ene, or other
honopol ynmers, copol yners or terpolyners) means
[0024] bi nDdAl centainesterkachemsdtyhfor di giveni dimuctuoe pff pé}ﬁ ofihisehicti® should not

b li %t“ﬁ’it ood as R.aw ng the broadest defl niti persons )
o implipd Hplesh &9 sARarle: BLVeR 4FREIHe AP EREDY 5P g geinmony used bonding
symbcﬂ@&lcﬁ%ts %9 dhdhe@ i8S ﬁﬂ/cﬁ%ﬂfﬂﬁésons and issued patents.

For exanple, a single conposition that includes

polyolefins with at |east one identifiable hi gh
[0025 elagf u@ﬁ%ﬁ it It Pﬁhg’b’?‘téé’: %#Jel %gﬁﬁgﬁ%éro V\%fp)l e%éerrll 1nvent10n is herein

limitedlit6 tthe Wxida6ibn i state GFNERE dRétedafodh BRI Aas Hbﬁmabelow in the individual
pol yolefin, as that termis used herein. In a

descripfignisj 2nd| expmplys éhﬁofellmvntTheohgﬁéxontqfathe meefalregordi ‘MM & isestich that the
:;{Eij ght

cormp po yo%e??%&/\lgéﬁ%ﬂtaﬁe nﬁtu%\?vl % glr%%/\g}ellgg C%@%ol yolefin are
essentially the sane type of poI ymer, for exanpl e,

ol ypropyl en or pol yet hy) e WO 2004/ 022230
[0026pCT] UsBB0F® %eﬂep@ozbnnos&% “udEn Hspdita, despiabg @rpelymer or

9 t t rop
AR NS 16, pp R O s

homopmipuesscqplgnsrs gr derpolycieysyenéays divimods aholstular BeighO&i8fribution,”
rated" is lﬂnder st ood

Whichﬁgﬁaggpai 21% :hg%}aé Et?e Br%aggs; ggglylgon persons 1n the pertinent art %ave given

that term as reflected in printed publications and issued patents. For example, a single

P(')

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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definition persons in the pertinent art have given
that termin describing catal yst support materials,
wo e0o4ex28pl e, silica, as reflected in printed PCT/US2003/025280

publications and issued patents, and includes any
material, for exanple, a support particle, from which

a mpjority of the contained/ adsorbed water has been
renoved. 10 [0029] As used-.lperein, the term"salt"”

nmeans a chem cal conpound that nay be formed by a

chem cal reaction of an acid and a base. [0030] As

used herein, the term"fluoriding agent" is defined as

[0027hny i néwsgaed bereihs thedemo (fpidoctivityiiiniaaas ihenweibht ofopadymer produced

nn i-NQr gani c. conpounds capabl e .of form at | east
per WA at oA G SBET ab 65 rOBUANSh Areise ggorerme polymerigram
catalyEtP.UOYi ne-containing noiety and a target conpound. The
fluoriding agent can be any i norgani c conmpound or

[0028} o b ndsi usad diereimothe rtermw  ‘detivideaterEniscundemtqrnlu asl batihatthe broadest

J.ncl or. I orine at and re. .
definib B PR B e b RES. bt 4L W PR e e ciping catlyst suppornt
materihtsarf_gteéxampfm,osi_ﬁdéi, a’safbfléetea_riﬁ ﬁﬁﬂ&pﬁéﬁﬂli@ﬁﬁﬂ@ |aﬁ(_1 qgsu_ed patents, and
: fornlnggg b?n ing 20 association with a fluorine ion,
includgs Ay Betegrl, rc??‘%“?f&%uée?‘@@ﬁppmlﬁléa fpnpevhich andajority of the
contaiH@&/é’(}sorH%@Wéf@l‘Q§beé?12'gmg§€d.r ably, Group 3 to 6

net al | ocene conpounds. n-limting exanpl es of

“fluorine-containing noieties" include fluorine ions

nd raqdicals. [.0031] As.used herein, the termproduct
[0029"¢) - gﬁ@é@ﬁf‘%@ b6 Bra fcthopio Gewaoupkiggnay be formed
by a ch@highltrefttioNRY bAHE Rh@dWade. POSSi bl e (e.g., grans

fluorinated catal yst per gramof theoretica
fluorinated catalyst). Process for Making a

| uori Rpated taly qunhd .[,0032 odj nent s of . )
[0030fhe i _n‘\A/‘gn Sie%%?rﬁ& E%Eecgogr?;gr g@ggémgf a%ﬁ“%%idr‘?ggﬁ_ as any Inorganic
compduind @k coabiadtioBer Rt @nisrt iSRERA BspdMds tapaBRI fif6HNIAE at least one
.a fluorided netall ocene catal yst conponent. The
bonding grseqigfian hebtamm o éaprng ox Epgrinescantaieing veajetyrandor target compound.
' The : ' |l ocene ..catal yst . :
The ﬂgt‘g{ncg%% aéget‘ﬁlt g%ﬁnb%gsr %é&%@f}ﬁ)%}pg’ﬁﬁ%%/ cofi eln%t}ont WO or more inorganic
compapatisthes tiscldéscorcbed niofe gluesihe atddey, aint MEe2PRAENZAR 3P fluorinated
. PCT/ ES 03/,025280 -8 bhelow, or the "second catal yst ]
MoTgaRisninehito (ect sIMPAUREd 4N bgtaaY yerpoymb canablsr ¢igigming a bonding

i t de,l Y t
B TR e g oA il ebe 391 Yl and el
compouis, gind slesirabiy | Groep 3f tor6 encteiiobene @mgmuhdal Nyn-limiting examples of
“ﬂuorif I6_uori nat ed nﬁt al.l chnﬁ& . wher ei is a

OGP BRIEEPISHEY elydoesine 1p rpdglsbal to

cycl opent adi enyl (as described further 5 bel ow) that

can be substituted in any c{Josi_ti on by a group R as set
[0031]out bepdusedVierain,dhetasmp prodst yielt” rseans dmsweigbhoferbdiict produced

per Wélgléﬁ ogg}[‘l%h ) gr écﬁcﬂl%f) %oggﬁte, (ei(g.,l Sgra%?s I?lloroqualttgd lclaga%r/]sg per gram of

=

na
theoretical fluorinated catalyst).

Process for Making a Fluorinated Catalyst Compound

[0032] 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, for example, any one of the catalysts described in greater detail
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car boxyl ate, acetyl acetonate, al koxide, hydroxide, or
oxide; pis an integer fromO to 10, mis an integer
WO @228 3, n is an integer fromO to 3, andPCT/US20831025280
integer from1 to 3; in a particular enbodinent, mis
2, nisOandr is 2. If mis 2, the Cps may be
bridged by a group (A) as 10 described further bel ow
[0033] The process includes gontacting a netall ocene
catal yst conmpound with a fluoriding agent, and nore
td, Cu f
belovg B 1 AbhY saliysl UAEpARRF ot RECARRLE SR Phe Bublid cotatys
compowwip asinprefefhaidy met aldtdbveas dgpal yahpovadphavidg 1fhe general formula

CorPpaePfeeticherdnole for GampiA @Ay iop e g msE et wherein
Cp 1stehé§'cl(gféﬁ’éa€§%yp [1%£H€1r8r ligadl 261094108 cfsgt@{x] dﬁﬂ'}r]la%b Heb&ibed further

Il gan | orine or rom ne
belowf) tha camie sublsitutedtinlahy pem‘eorcbyrpgtmqb R haiset iost oxdow et ied Group 4, 5,

o 6 Ll B e SRt s SRS s st i
carboﬁﬁhﬂe' it J}Izibetdnﬁf% @Ekbmdg Ohyfcﬁ&a&& oﬁb%d@efo% bﬁ"ﬁﬁ@ger from 0 to 10, m is

nmpound may | nclude a cycl opent adi eny an
an mtﬁgeg £riﬁ>al 1 tas3|mols g integarstone Dttth ér ansytis an trucgm %mn 1 to 3; in a particular

embo&!iﬂ?eﬂp %%1 f1§ yrg ?%O Eﬁg re}graurﬂ ? U[BS ; lfltga:g A ng?%gqlzigbcygﬁ group (A) as

(]
| U rP

descnbedrﬁmﬂnadbela'\herefore at Ieast one Cp of the
netal |l ocene is substituted in one enbodi nent, and two
Cps are substituted in another 25 enbodi nent, wherein

[0033Lhe metrgl | HEERE ihelu ssﬂgl‘i‘t‘r%%cﬁ% H%%{a'uBg u@glty?tf‘a%ﬁy&und with a

low. I'n-a artlc ar e ment
fluorigjng wgerftRpnd mqmtpaﬂmuhlrlyl aghmml}naisd atnorgSmp sehyfar 4 tidenyilfficient to

r flu nyl In at | east cert nmbodi nents, it has
form e fTugridsd) Gletllgopen patplSR, EpEPQs  iHseRtalIgresgpeatalyst compound

preferﬁlSlSI'hﬁ§ BRREmMb geﬁ&ﬂ%ﬁﬂulﬁ 2@ ﬁiécéesﬂfé@ﬂﬁjo%na{:e‘arm&%’chg com ound, with
when R is indenyl, the product yield may be as %

the exgeptipn theietherangl gz, momele@ubgtgmtmer}( agr gupsioniadigadd (e g., chlorine or

o RSB 5L bR ST i e i

agent Mia@%é%orrfr@d‘rcﬁﬁﬁﬁ%@ble 815%3@12 ?ﬁip@red\/ﬁ@ ReBA4DRAARD10 one skilled in
PCT/ US2003/ 025280 -9 [0035] one enbodi nent, the

the ar | yori di ng agent is a fluorinated inorganic salt or

conbi nation of salts described by the general formula

(a): [ala[Rlb, (a) 5 wherein a is a cationic species
[0034F el ect EHe fh[abz[ﬂdchlﬁa gorapgundomay shdlnde afcyBopertadiedyldighnd or ligand

1solobaﬁt@ (?@r_],l}lth an, M%%gg%u o i%ﬁeegmgl%rtsolf osggstlttg]t?on OI’I the Cp may
affect the yield of the ﬂuormated metallocene compound. Therefore, at least one Cp of the
metallocene is substituted in one embodiment, and two Cps are substituted in another
embodiment, wherein the metallocene is a sandwich metallocene as set out below. In a
particular embodiment, the substituent group (R) is not an aryl group such as phenyl, 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.
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wherein Ris selected fromthe group consisting of
hydride, chloride, Cl1 to Cl10 alkyl and C6 to Cl12
w@eoot®2223® (3 is an anionic species sel ected fPONUS1003/025280
group consisting of fluorine ions and conmpounds
conprising fluorine and one or nore elenents sel ected
fromthe group consisting of hydrogen, silicon,
car bon, phosphorous, oxygen,g.al um num and boron; and
15 a and b are integers from1l to 10. [0036] In a
artic e B t, . rj [ o .
1003522 Sh S rATOR e, wd MBolee R ¥ o' PESSRAE iffgnic salt or
combipetien of saftg dédcribed biethe@rserahformalafiyact ed wi th water or
other protic diluent. Non-limting exanples of the
fluorinated inorganic salt include 20 (NH4)3AlF6,
NHAHF2, NaF, KF, , (NH4) 2,\Si F6 and conbi nati ons
t hereof. [0037] ¥ﬁgﬁﬁfuorin %Qd i norgani c salt
conmpound may include a fluorinated inorganic salt
m xt.ure. .The fluorinated.inorganic salt .co nd is .
wherd} § 8 5HiOnE sprARs SR G bR i Goebits AT Srom §ang 2 cations,
Thgiligh@d @nd t iBstifuretd W sioBY thddsdrudad tig, |NH%R,”§$H3§2, and NHR;"
inorganic salt and a diluent, 25 that 1§, the
f mhercimBiespl¢atest Gemithe granp consisting of hxdridey edoiide, &1 to Cio alkyl and
dk}ﬂ;&tdg§'pr to contacting the netallocene catal yst
coftpotifd.” The diluent may include an organic dil uent.
In a particular enbodinment, the diluent is water or
. water .in conbination with sone other pol ar dil uent
B is anpppionig spegiescselpciedafrom (et @pun sopgistingtluprinedppnard compounds
a . ' il -
" SHEDNAIAE fuBhi] and BnB0P il RENAA Mittod EOR il 4G consiting of
e hpdrdgere milico, lvertohyplrdspladres, orygepasiumimmb tind Sordf; and
conbined with a diluent that is at |east 50 w % wat er,
and at | east 60 wt% water in another enbodi nent, and
a and Blard i@&8Ers O Y6 Y@t er in yet another enbodi ment, and
at least 80 wt % water WD 2004/ 022230 PCT/ US2003/ 025280
-10 in yet another enbodinent, and at |least 90 wt% i n

particul ar_.enbodi t ng at, | east., 99 wt.% water in
[0036@ nor etnpgr P%lﬁﬁg’f e&%@ﬁﬁ@n&e F@B@%ﬁste(ﬁ'ﬂléorﬁﬁlﬁlgl ﬁ\g@c?né compound
charagt@ime@undhithigtis cspablNdRséRentiiot fludridie ibhd!Ahkslicoatad@8 Ryith water or
be 5 initially charged in an inert or non-protic

m
other dfrrgfére filuenthe Neenlimiting (examplesy of ribe uliormatedoinorganiey salt include

S B R R e N A R T

substituted and unsubstituted aliphatic hydrocarbons

nd supstituted and unsubstituted aromatic . . i
l0037ﬁydr ocgﬁ% Shyeringipl PG S SPIBPHKIMRE RCludea fupsinpted inorganic

e B Al M AS HIH: Op tyso
in a dfyeht.oddnetedors, the mixthreinayuinelade ter Bodrinatedainpagaticoaltaand a diluent,
that ise, rﬁ?ﬁ? iugﬁr%téd |1\rl?or1]rg::lmllcgn satﬂit rr]r(lqaye 5 ﬁglscﬁ%ecp fin %u.i{uaeg’l Sriiorn %r tcontacting the
metallocene catalyst compound. The diluent may include an organic diluent. In a particular
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



10

15

di l uents include hexane, heptane, octane, decane,
t ol uene, xyl ene, dichloronethane, dichloroethane,
w@ hdoanzo280 m and 1- chl or obut ane. [0039] In a par€T/Us1083/025280
enbodi nent of the nethod of fluoriding netall ocenes
descri bed 15 herein, the fluorinated inorganic salt
conbined with a protic diluent is reacted with the
net al | ocene conbined with appinert diluent. In a nore
particul ar enbodi ment, the fluorinated inorganic sal t
in yetl dhofter LRBSY oa@LRr
Y to be fﬁﬁorlpgéggﬂlglagéﬁsggg%?sgg% fcﬁka}ta%ﬁ}?%%é zﬁleast 99
wt% vegtertin lagigern aediguly dmbedintsoh di | uent . The corrbl ned
reactants may formtwo or nore phases in contact with
one another. The fluoriding reaction 2?0 then takes
[0038p! ace TheélafetdiRsédeAdngdiind | t
pondl tigns. [0040] Inﬁp enbé%‘?&%ﬁ?f;t&%@@%ﬁ t?{FﬁlgPFgmﬁ agent may be
initially; hargg dp @nrinerh er hpwrpratigi ditpentgche inrt dlhnanlsmajo hmalmﬂe one of, or a
nl I [ th.ithe dilu
mixtufdr REEAAE; ofa ChORol ol pois & o Fllegenited FaelVent || suitable
hydromlmn‘s tindltde subaﬂmstbdrdndﬁﬁsﬁﬂmuftédlﬂfphdh@ ﬁy@e@ﬁboﬂsoaﬂdfb%bsumted and

| kylated c yst 5_conponent or the diluent phase
nsub U Bk o araepTogni L PAY ST sohpdinent, tesinertshluontis slected

from t88 gfo%?a dofsistifl€of @3afot £Q fhﬁ?&&é%%% tagcg(fé 1! @é%g%lﬂgegla%%rhydrocarbons

kyl ated cata onen
and m{!&ﬁalge-thﬂa@ﬁﬁlea M%@ts@*&bcﬂlﬂfﬁer&n ONﬁnJIiﬁmtlhg eRbinpRE bfafufable inert
ed.in reactio erein 0 exa an _aqgueous or
dﬂ“enléoﬂ ghu %i | AR ﬁﬁ%tén% OLiNg Oﬂlhﬂna, r?@ﬂerg:m dichlgromethane,
dichlofgthafe, %[1Mﬁo%|aﬁ§mchm}§l§tﬁane and t he reactants are
separated as such. Non-limting exanples of such
phase-transfer catalysts 0 include quaternary anmoni um

[0039]2ta lht(; Sﬁ1e aﬁﬁé’tlcuqéjraé elén &%ﬁ% ﬂﬁm %%I (%u 1’]1f als r%)@gyaﬁgge@g@ described

herein PﬂiE/ DE2E 0 22 8hhic sit dodfidddd Wepen %&Qc QAude; d]?eﬁét%@ dvith the

gree of substitution, the ratio of fluorine
metalque & Forgbingd Aidiran inexs difment| I%@en@emﬁmumambodnmxt,tthe fluorinated

1norga1§15 ogé‘gl i gy'lé’a@{ ?a)f/r that%O g%g%l gl’ll éﬂ? gn?qell%cﬁa? Ha,be fluorided

nment ,
dlssolvedzism;henm in ar‘rdldfo“oaﬂaoﬂ dwhaﬂogdilqwd\&ﬁ}ld@d’ﬂaﬁodnndﬂ‘@ht The combined
tang r enbodi nent, andfromZtOSequaIents in yet
reactatly, fiap dpre O OF AR Phaseqie peiftactavidfoene ateerr aFhsefluoriding reaction

then taﬁ&fﬁlideﬁﬁﬁe@dh%lrﬂﬂgm&iﬁg'aﬁ@ téﬂiqe?eﬂﬁ(re%?ﬁ Ho bopd Mt with any

lower limt. ' e eXcess uori na I'norgani c salt

may not be detrlmental the nolar ratio of the
t he nunper  of

t t db
oo i LRt S el byl pher ot
immiscfi518Pe A, pattaly tiscibldWith WERBueRt 13k 'vx}?@ﬁr?tﬂe sgé‘éEdéf th€iREntion to

repl ace by fluorine or fluoride’ atons.
use a ll‘gggqn,t dhat avillepssisd ithe ﬁtansppﬁeoﬁ}ﬂnntihrorxdin@ngemlmtc thé gikyttged catalyst

compo{leglt %g gg&uﬁﬂgﬁ ﬁoe?sg ih g’thl(f‘f} &10 rq[llarq éég :Steg%lg@g]%plg%dftﬁeor assist in
the reaction between the fluoriding agent and alkylated catalyst component. Such reagents—
phase-transfer catalysts—are known in the art and are used in reactions wherein, for example,
an aqueous or polar diluent phase is in contact with a non-polar or hydrocarbon diluent phase,
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.
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equi val ents of fluorine in the fluoriding agent, that
is conmbined with the netall ocene catal yst conpound
WO 200g@es22860 om 1, or 2, or 3, or 4, or 5 to 6, OPCTWUSIN3/025280

8, or 10, or 12, or 14 or 15 or 18 or 20, wherein a
desirabl e range conprises any conbi nati on of any upper
limt with any lower 15 [imt described herein. In

anot her enbodi nent, the desiited anmount of fluoriding
agent, based on the equivalents of fluoriding agent

[0041}13 ? V\Débéhdlﬂigﬁﬁﬁ Qfe fd@ﬁf@dlde & sufbti t1of?rth% hflo ¥f q{uogne (of the

: 8, 0, erein a desirabi'é™? A
ﬂuon@ggqggergb & mq:;al]@gm mblmﬂ tof reactyis el dquisialentiitd I20 e@ﬁyralents in

o SPBrT FRBESL D Ay B A b gt om 1

equlvﬂatta il vt an@heOsAMYdMEentDN VARG S| uitaldnfs il e %p{ zih%ther embodiment,
nmpounds. The reaction may occur at any temnperature

Whereph%fles&qap@rrégge SOTRDIERSS ipe gorbinationdof any uppef lindtr wifle ény lower limit.

Wh1ler@(t:@§s é&%ﬁﬂ%ﬁﬁ% ﬁrgb%ﬂlgé @Sﬂg’t «f Slﬁinﬁt%f ]O];:}rfgtg] ofar Faﬁloapf%he reactants

is prefwmbday petemmiined by tlenhochemen tniofiddigah@Molhd duBdstitGRE 1h '@he)/l%fetallocene

e particular enmbodi nent, and from 15 to 40
Comp%ﬂo Sigriae © BUmprIRfiaatonts gapduiosaeplagg by Aemne or Tuonide stoms. In

a parti@AP&HBAdH#nES:, HeGRG! hour's
P 1are suffici ent et o ergp?n&ﬂl&gfhg‘f}l}d%g\?g%%ltul"t?dolcszghe
conpound but routine experinentation nmay be desi rabl e

I ve at an m. t enper at ur e. nerally, th
[0044 eact i %Wegl et ‘Hg}ﬁeﬂ;g’eﬂ?ﬁ n‘gcﬂﬁn‘i‘ﬁ% Oéngﬁ‘?ﬁdm%fagem based on the
equival@AE bR GrideSiACthe HuotiBin ?%%eﬁnﬁﬁgis'@ﬂﬁbl éd"%lt{q%%}ﬂe%ocene catalyst
time is fromO0.1 hour hour ?
compaying ganges friamohgrih Phlr@aﬂct)r ﬁ)m &yor 3 odBodrsL0, omit2,lwe 14 or 15 or 18 or

R R

limit dgsoribedl Ihlamin &t etbtharRhalodRsenehs qeﬁfeurb@&loﬁ@ bf ﬁii@ﬁ@ihg agent, based
the fluorided netall ocene may be dried in the pres %

on the\ggiyiyalgnts @ sgrid WE%Z@@S’Y@%Z@EGS from bforagn éswnfhto 5 or 6, or 7,
8, 089! b2 (® heflu rinat
oS et al *0%%2%6%6%%5%3; r%%gﬁaﬁ}' %’5139?%? anyc‘éPrIi’er Flimit with
any lowget lirois defcuibed berej ocessi ng be d| rect ly used in the
pol yneri zation of olefins if the solvent is a
hydrocarbon. 5 [0045] Contacting the netallocene
[0043]CcONPOUrHE MiidrthatddCinbl ARt éﬁﬁtrﬁ% ?crag%ﬂ'v(?lt %ﬂe meﬁﬁocene compound
aqueous fluorinated 1 norgani resu in
by vigeyonely stirrinigethe comp&@¥ds o Theweaetiom nmypects atlahgltemperature that affords
nore i

| d %
T T TR Y. S TR .

°C in @k cifibodinhdhtYld ForN M6 108PLIik dlidre %ﬁﬁﬁgla%ﬂﬁ)odlment d from 10 to
Unexpectedly, contacting the netallocene corrpouﬁoélm

60°C i yeh 2 wereaa@@@ulgr §@1b9dmmt ofndf frowr 1 h4e &0°C riorgani more particular

embod avi nrjﬁs&ib%es t'%r %ngﬁlt%%%e‘%ﬁ ﬁ% (Il}oce af ;‘g{{p [%ﬁ'ﬁf icient to

form aAﬂuarmUbdmemmeene hﬁ)ni}ﬁuﬁd it metidd Expebittedta¥idh ‘maf be desirable to

"binetallic catal yst systent
arrive at an optlmum temperatute. Gerierally, the reaction time is dependent upon the amount

of reactants reacted. In one embodiment, the reaction time is from 0.1 hour to 3 hours.

[0044] 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
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refers to two or nore catal yst conponents used in

conbi nation with at | east one activator, and 15
w@piosoz2Bd y a support material, that is useful P€TUS2003/025280

pol yneri zing ol efins. The "supported binetallic

catal yst" or "supported binetallic catalyst

conposition" refers the binetallic catal yst system as

used in conbination with a_gdpport material, wherein

one or nore of the conponents that make up the

of m%hgﬁﬁlﬁlshif? capal HI?[IaCZ@&ren?ﬂ%g%ns nglﬁtﬁ) %t%ﬁl% egﬁp%%el[l%ep? gompound in

high plﬁitjalaij@ tield, ctdi] Wﬂhﬂ\lﬁﬂﬂrﬂh@ﬂpﬂoﬁ@bh@&ﬁ diteotl¢ ated isthe polymerization of
onents. In a nore particular 20 enbodl ment, the
OIGﬁHBFﬁE?éqlV‘?@l%%hﬁqf%ﬁf %nponent i ncl udes a "first
catal yst conponent” and a "second catal yst
conmponent™. [0047] As used herein, the term"first
[0045¢ at al yﬁontaotmgamlmwhietaﬂeﬁmescdr@oand weidt aieyﬁtommerpﬁmegﬁmc salt, an
than.the sec cat al yst npo Preferably,
aqueOPﬁ EleuPPP%t?g HH%I&?I’;}%F*% ‘ﬁéﬂta pro uqt %3 (8 0¥ 05 MQSE @ particular
embo&iicat .y Th f '
O O R TP RL R R chRlifont. The
produgkyigidsis O0%eer mare: ineyiet hemma marti[c@tan sr]nbmnu:se dUnhexpectedly, contacting
term "non ound! .refers a

the mpiflo} e Popfidpid'i i Fpug SRR P, Bl Retranisysaltgesutts in o
ﬂuonﬂ&trﬁbt‘aﬂ@c%ﬁecbmp@mﬁdia&iﬂgﬂhglﬁﬁ@iﬂ Qetalgesi denti fied bel ow.
30 [0049] As used herein term "second catal yst
component” refers to any catalyst that is different
st catalyst conponent, a netall ocene
Blme{a‘il?&ﬁ:gtﬁ (lé:onponent in a particular W 2004/ 022230

[0046PCT/ USA@O.&E@ZL’&&&Q the 1&ne fibiattta1Bn tatalyst” corP@itneUlcagatalyst system”
enbodi nent, the second catal yst conpanent i ncludes a
refers P (6P PHEWHS HRAF GEBREHS Hf?é‘ri@ ePmbHIaEAN Fafhntileast opg activator, and
tioraB9 3 suPpit frlabi: s UG«
oot S U5y KRRy 4 i, S O e
catalypl’’ @s Esttpporiedbimasailic natelysteconpositionT referatheobieretallicvdtiiyst system as
used 1 il gogllﬁo}pﬁhlgg gfcl: taﬁsé%ﬁé%rt ?n(%t “ﬁ‘[] S«r}?getlr? loqslgorr Igfo%;{fﬁ e‘céﬂ%g]?oenreg‘és r‘Ehat make
up th@é‘iﬁfé@&'ll[ﬂi‘éhttalﬁsﬁ %gﬁerﬁ'xﬁffﬁeeﬂﬂunﬁ% fleYbhp &P”PPEL‘MHEJ@F embodiment, the
rises t imetallic catalyst reS|des or
blmet%lllp setatyst 06 ﬂmlné/pnigmelmms b¥o salelyst tompertentsh aIn aonore particular

A T T o

“secomhitdlogt c&ﬁhpsﬁmﬁ’dl ment, the first catal yst conponent is
supported separately fromthe second catal yst

conmponent such that on average any given particle of
uppor r C esnap! or
[0047§econ dkg amt?sgﬁyljéet%lgo?r%%#erﬁlt ﬁfg %hﬂ lcg %Bent afePse Lo any catalyst
compmmnhoﬂiamhan tledsecancatatalystroaynporent Mdff@ldbl}e tthd ]ﬁlﬂst)cdtiil?st component
t t tjall
is a ngp—tréq?ﬁ&cél%, Ic.'i(ljta y%r:?é:rgggng?f Feugﬂie? &gé@i}g]p 3,‘1? kiué)e tltamum or vanadium

based Ziegler-Natta catalysts compounds as described further herein.

[0048] As used herein, the term “non-metallocene compound” refers any catalyst that is

neither a metallocene nor one of the metallocene-type catalyst compounds identified below.

[0049] As used herein, the term “second catalyst component” refers to any catalyst that

is different from a first catalyst component, a metallocene catalyst component in a particular
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15 [0051] In a particular enbodinent, the first
catal yst conponent includes a titanium

wmoov4/0e0230 | ocene cat al yst conponent, from whi cPCEHUS2003/025280
hi gher nol ecul ar weight resin (e.g., > ca 100,000
amu) can be produced. In a particul ar enbodi nent, the
second catal yst conponent includes a netall ocene
conponent, fromwhich a | owgg_nol ecul ar wei ght resin
(e.g., < ca 20 100,000 amu) can be produced.

R N -
metalRcERO0ImPRHOWBIcH coifRed hi RAstt diRt flidHdelidg Jedih®¥roup or fluorine

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

single support particle in a particular enbodi nent,

and they can be affixed to the support in a variety
[0050pf wayEert2in {B&Rnehts afithe eprbeeti imwehtiominvelnh @omiecting monomers

.. silica’ is prepared as described herein an _ _
with aclaﬁgef%%maé%@%twen@ea%r 4150 xefraregh p él@r%eSaW@fy & bimselip catalyst. In
is . I ' iqtst ' : -
» bl PSR | QoA BEATP QU] gk cnf Y i
catalystonesidtes, at isouwppertabompa singledppe v Happenspdr thel on average, each particle

non- netal |.oce C ositi.on i§ conbjned. with the
of suaatf MATIAl pSuites. BRtBo Mien TS (430 SHGORL ZABIGL CAmPPRGS g another
embodiieat, | A6 a6 EAalfEt @nhpmeneishapbbdetegabASy BHR the second catalyst

fluorine ion |eaving group), resulting in a _
compenenb suchdhaicbnbxvieraga any glvsapaltipds olowppert imatwial hewmprigps only the first

enh oduct i vity n_used i.n oduct i on 0
or the{URBRE PR Oeothe, Yin TR BR UM FHH5 aRr oBtayst may be
introdeéell & A3 HOZERE Pation1adtOO BedlieMadllyOimSanyEbidef] altefnately in parts, or
. affixing two different catal yst conponents (al beit a
simulgpequglyent  conbi nation of catal ysts) to a support can

be used. In general, one procedure for preparing a

supported binetallic catalyst can include providing a
[0051Fuppor Ired partiatlarcembbdisients ol first rdatal ¥st @ontpantritrigelades a titanium

sluyrry that includes the fiyst catal yst caonmponent in
non-mefglopdhe,catslyti GmRo N i Cfléolpl_ FrOROIEFAE Wtghh fRee (e.g. > ca
100,000 @mﬁ? e He GRIRIYS 1€ ARANET:  enM¥dfRerdTPih e Aehd Eh?;%]l&'ét! Somponent

an ac i

. ivator, and drying the resulting product tha
includen @l meedocdne donrmnentn droge odinch & dowiély siolacolap ovegittsresinde.g., < ca

100,0@%1%\}/1 é%nng% ﬁ]bogii}}g%{, a{Alﬁ%}grg}]%glkz lpﬁ]?{%r@%% qgogifét t.hg %Ees%r?celzoifr tlslg first and
secon®icaRly3t Lb@ip&@dn® Wiohvides HPBisiddhOPollydletid ARgnpdsitioh Shat includes a low
catalyst conponent, which is (or includes) a

moleclyr-Witighl peseRanent enpubigh melrelar weight jcomponertnpllThe duo catalyst
comp(gr{%ﬁ{s Je&ﬁ? %r?}l;{/ @%@{e‘é‘%h{)ﬁ 3’%#35%1& Q%aﬁ{c{alfaﬁ' e%ﬁ)toglrxésh"t, and they can be

conponen e a'ne ocen

affixed corthe saghorbin axeiRtyosfovdf. t he nmet al | ocene-type cat al yst

conmpounds identified below that is

[0052] In one embodiment, an “enhanced silica” is prepared as described herein and
constitutes the support; the first catalyst component is a non-metallocene compound that is first
combined with the enhanced silica, to provide a supported non-metallocene composition; the
supported non-metallocene composition is combined with the second catalyst component, for
example, a fluorided metallocene (a metallocene having at least one fluorine ion leaving
group), resulting in a fluorinated bimetallic catalyst composition having enhanced productivity

when used in production of a bimodal polyolefin composition.
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15 different in structure fromthe second catal yst
conponent as described herein. In a particul ar
weried2zent , the first catal yst conponent is aPCT/US2003/025280

Ziegler-Natta catal yst conpound. Ziegler-Natta

cat al yst conponents are well known in the art and

descri bed by, for exanple, in ZIEGLER CATALYSTS

363-386 (G Fink, R Ml haupi_and H H Brintzinger,

eds., Springer-Verlag 1995). Exanples of such

catal ysts include those conprising Ti Cl4 and ot her

such transition nmetal 20 oxides and chlorides. [0055]
[0053[The fi Metiowsmethyds ofadfipiogewd differenihialystconpdhests (albeit a different

.S or terial in one nmbodj nent, either with or )
combiFtERETh cofu OB rIPRSE &y EF VEShldrisHerel THe prodedtre for preparing a
suppofiéd dini&fallicC BARIYNEBIn GRMudRCp NS %dsﬁygBRed R &C ggalg@c &mponent

otherwi se affixed to a support In a riety of 2_ ’
contacfing @ slyrry Seeingfudehibs dirstedptalyshcahpomeyt iofa ndrepsapipalrdcarbon with a

: it abl - pol.ar rocarbon diluent ~is contacted
solutch il hERYE B8 3P Tare BN ERBRG g B el b apBsator, and
drying thet FesuhioR- poldact thay ddedsbms ist WeAtseBbnd REtaB)sHbhipbRents and

forma solution fromwhich the organomagnesi um
recoverigadumgtalic qatadyst geppesiiand onto the carrier. The

or ganomagnesi um conpound can be represented by the

formula RMDR, where R and R are the sane or
First Qathlyst €ompoaetl2 al kyl 30 groups, or C4-Cl10 al kyl

groups, or -C8 al ky]. groups. In at |east one
[0054]5 e 148 n@f‘?%ﬁ?%nfl}e JPlﬁ@taUé‘P Gatabyish gprapesiien: ingbusiea e fizst catalyst
compoAbR Wil ch B 9HEREMARs) lahoBAGet . heg APTipt;; ff

porganpé%gngs[un1c&%ﬁb&hgﬁ?ﬁk ugtggﬁ m?ﬁéqgl|lcglg d%?&mnﬂmed
that for segainyapphisationsithd fivit | datalyest dempsicne dayWMe2QAWEB2BL 3Qnetallocene

compotﬁﬁcae—,/ osl%ﬁ%v%g%ngzqstg (e) eg%}ichr@%%? raﬁ;lajt%gg rﬁat(l:lggurgq% gh%gggg;e?ow that is

differe@t DPficARe FHoRE tHRURBSH catARd cBRPBREHR ab iﬂ@&gjﬁ)@@heﬁﬁp UR a particular
since any excess organonegnesi um compound may —cause

embodifpertsthe {i3ptecatalyr cpripendnd fssa ZRgleriNetta@rpiysi nenpatridorZiegler-Natta
catalysg ?:ggﬁgné‘lﬁ§ Qret %eﬁel&l%w frrllg‘ghterr_]ag’i, a@@&ilﬁ%eg ?g{g rtlct)r g)zample, in ZIEGLER

onagnesi um conpou
CATALOSTEBERVBEN 65. Rink, R Qdubeui dné BNHDBriagHRer, tbas | §fHifdeMeYlag 1995).

ile stirring the slurry, until the organonmagnesi um
Exampﬁ%rﬁgw% ‘?%alwgf seqlede thesq pempwging iCk gindepther such transition metal
oxidesAhdi ehIBAkLy el y, the organomagnesi um conpound can be
added 1 n excess of the anmount that is deposited onto

the support, in which case any undeposited excess
anount...ca ltratgpn and washi ng. The

e rempved by fi L
[0055] 3 rpunt T35+ %rsgrﬁ’éﬁ%%%nﬁ% to ingd (Wish e pupnesleanagerial in one
bodirhént 2Rk wath bédma ?t”‘g engpal
e range fromO. 29%%??03% t%ge %b‘%mlrlgl ?"(gtglry 0 %51-8?(]]%&% oﬁf&?llf%/r,gt catalyst
compopeit cap g rrondiredsivitim rdanep onr-atherwisedifEked toya Bwport in a variety of

with an, electron donor, .such as ,
R L N N S——
is contBStelH, with e eorganorh Szndsifrh- @lﬁpcﬁhh{ wHHOMRn  @issolvdslint fie Ebn-polar
al kyl _group, or a C2 to C4 al kf/ _group. In a
hydrocgrhphj tifjiegt of the slurry to form a solution from which the organomagnesium
compound is then deposited onto the carrier. The organomagnesium compound can be
represented by the formula RMgR’, where R’ and R are the same or different Cy-Cy, alkyl
groups, or C4-Cyp alkyl groups, or Cy4-Cg alkyl groups. In at least one specific embodiment, the
organomagnesium compound is dibutyl magnesium. In one embodiment, the amount of

organomagnesium compound included in the silica slurry is only that which will be deposited,
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15 enbodi nent, R'CH is n-butanol. The anmount of
al cohol used in an anount effective to provide an
woz@todM230m0l / nol ratio of from0.2 to 1.5, or PCDOSING025280

to 1.2, or from0.6 to 1.1, or fromO0.9 to 1.0.

[ 0057] The organomagnesi um and al cohol -treated slurry

is contacted with a non- 20 netal |l ocene transition

nmet al conmpound. Suitable nompsnetall ocene transition

nmet al conmpounds are conpounds of Goup 4 and 5 netals
hysidall§tor 3h&ém&Q | -4,
o Cha o o i shforllth Sl B 852 B 1580 groups on
the suppegh gind ingmore tlzdn tbairapount] sinice ahyl eecess ampanex@gmpsiem compound may

BT e
optim{rhi &Ghédnt Mﬁ%@dﬂém%g%s)ﬁlﬁﬁ hdopottfd V@@;fl)ex%ﬂﬁlgy acﬂélddggél;ﬂr%magnesium

oxytrichloride (V and ?5 titani umand vana
compoying g addgdetoeths sty aibidesstidangrétieeslyrriasnti the angdrechagnesium
of.1 t.0 20 carbon atons,
conp g0 UE g ALY 0, ScliRef 1525 BR R am componna

can b¢ addedi ihi omessedfathe eampattEs is@positd0oms thS 8ebpott)$h which case any
d anggnt of non-netal |l ocene transition netal ~ conpound
UNACPPRIEY FXOO, AROERe AT 08 TgmpEed; byr HHeAtion candnewshing.o The amount of

" i | ' f . . f ;
0 gm%ﬁ%ﬁﬁﬁh%h”g&ﬁtfﬂgﬁ 3 i(lfiﬁltgk ?b?&fed §1ﬁ T -atouhf of C?thfﬁrragedr Siia (grams)

can en be renove
generadlyngrgetfron 12 muvhlgrto 2sumél/ms ;0 by evaporation or
filtering, to obtain the dry, supported first catal yst
conponent. WD 2004/ 022230 PCT/US2003/ 025280 - 16
[0056]] 0058] Opténaill! G cARRBRERRAMNE é&g Siitd- &EE%O%%%?% % Yach) with an

contacted with the support in y order.
electroaé}opplé §hel asisbacthrierbostpxaned TEOSR ot ko organtvealédhos R”OH, where R”

. cat t eat .is regacted fir Wt h the support .
iIs a Claglz eﬁécr glggpog%lo@b,to éﬁ) Fﬁqg uByorc%)?r\%atht“r?ékﬁ fgrQup.  In a particular
embodsuppp RCOH fid hshutadl.al Tt amGRARINABShoM dsbd 3n SECARGNt effective to

..catal, conponent. 5 Fluorided Metall ocene Catal yst
Pro"ld%@:ﬂgoéﬁ%’[g[f@@%@?l rpHe of fromy Q-2 éul-Aeerdidm dehio 1.3, or from 0.6 to 1.1, or

from 048@Crd bed nore particularly herein. Further, the
binmetallic catal yst systemuseful in the present
i nvention includes at |east one fluorided netallocene

oos7icatal yst. component as described herein. Metallocene
[0057] ¢ at al yEHE CLERBOMASRSS . 216 aledbellipatyd FhuEY ipegntacted with a non-

metalldoBhO AN inBtal EGhp&g! p :
PO L] mctal Colfip AT l#lga%gf}véh %&ﬁ%ﬁ@%ﬁﬁ%@ compounds

are congpquands f Swoup 4 land 5 RGBS Yhat @reGolidla ik theimondfblar hydrocarbon used to

| NATI ON REvV. 3-296 (1999) and in .
form tpar Ica iy fglﬁ{quﬂeen?%-n}e%ilog% Hégﬁltgonzjfnetagoqmqise iclude, for
example titariah Ak OGENEHBASENROL SHERINS o2 %k&@éalg(?eg,ogﬁch I0&itanium
al | ocene catal yst conpounds as describe erern

't
tetrachféeﬁlép (HELnwamdaanigipeioriden& Clpuand veaartiwnarytrichloride (VOCL), and

- SN et e WL R —

cycl openta nga%
alkyl group of 1 to 20 carbon atoms, preferably 1 to 6 carbon atoms. Mixtures of such

transition metal compounds may also be used. The amount of non-metallocene transition metal
compound used is sufficient to give a transition metal to magnesium mol/mol ratio of from 0.3
to 1.5, or from 0.5 to 0.8. The diluent can then be removed in a conventional manner, such as

by evaporation or filtering, to obtain the dry, supported first catalyst component.
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cycl opent adi enyl ) bound to at |east one Goup 3 to
G oup 12 netal atom and one or nore |eaving group(s)
whowad22260 t he at | east one netal atom Herei nabCBUS2003/025280
t hese conpounds will be referred to as "netall ocenes”
or "metall ocene catal yst conponents”. The fluorided
nmet al | ocene conponents are those wherein at |east one
| eaving group bound to Misja_fluoride 20 ion or a
fluorine-containing group. The netallocene catalyst

005 TPOTSAL 5 AR oS HRBR B bl i g sovon i

any omay hea papipelat edlbodifreht ffthividvatidn, tefifst E@tﬁly@tadoﬂip)éﬁént is reacted
onent with the first catalyst conponent in

first Vﬁﬁt hie SUPROTt 2@ dpwsabed Abovep Blioysddly ouméactipg (thig anm)radeﬁrst catalyst
Ly, fused ring(s) or ring
°mnp§¥@t§ﬁ§?S?ﬁ@dq%?ﬁgfsg ﬂr ?lng system(s) typically
conprise atons selected fromthe group consisting of
, and nore particularly, the

13 to 16 at
Fluorgtegﬁﬁepﬁggeq?a@%talyﬁt AEWPEBERY gands are sel ected from
[0059} he gr gyp f&%ﬁae&tﬂemoeéne%r&%bea'Itl&%g%c@@gﬁaem Further, the

i Iicon, sulfur, phosphorous, gernan
blmetalhq reiatallyst saystewombifulain dres ptelsertemmntme meludes at Jeast one fluorided

metal B iy Reenrirynt o dRepbRf e o MsIORr Gelatif fpppunds are

generautged@t:ﬂyai aRBStRLt B foPbxnpls! 1 tatreNean el oisisbSAdEDUP6GrorEFINS
cl opent adi enyl |igands and 1igands isol obal to

(John Pish &h VadKemjnsky rrgs- Vol Witey Sx8omd, d¢d.o200 64G. Hlatky in 181

coonfHECSHE) N ALY L UL po ULl e s o

polyetﬁylen@ tilr EMEFAITOOENE-BASED iP@LYthg?n@( agpiley @O0®UCIThe metallocene
gands i ncl ude cycl opent adi en

catalyety GP%‘B%‘H%dép RerigsetHicdnagen iid |“ha1§emﬁwecélny pod “full sandwich”
compcfdnﬂ?rlffﬁlfﬂ et gy ef bgoﬁ%aﬁ}élna yﬁl}fﬁ%‘ngééfr%rﬁﬁ el ERds isolobal to

cyc opentacyclodo ecen
cyclo@nthdizayh) dfdundrte ray lgasOenepBeoupl 3 ltei@irenyy 12 metal atom, and one or more

leaving %Fg%%\)l ocgu%gt gﬁﬁ?{%ﬁggﬁ 2)}12 %}Iﬁ%ﬁgﬁmm i b@é] Zrotfhleéjeogo%[t]polunds will be
referrddnit@PRE ”Qﬁéth'l%c%ﬁys , oPY4hQgERahe dcaYﬁ&s?' Q%péﬁéﬁfseo‘c The fluorided

(e.g., 4,5,6,7- tetrahydroi ndenyl, or
metallgem@tqonmoe@ntw eresth@squwlndnanat)ieasta)m lbastieg gnoyp Ibpund to M is a fluoride

ons thereo cul ar di ment

fon on, € o RBE shEEFL e Preh Bl cR P ERepre Supported on o

suppoﬁ&hﬁélﬁﬁdn farpafficul ff@aoliiednt 8¢ BEcHP&] Rirthb¥BelokV\ehd Maf be supported

particul ar enbodi ment, of the sane or di ffer ent

with %ﬁvlthquhgse Bt eetalyt gommnenenie withdhe fieweaiakyst gpmpenent in a particular
pent adi enyl, indenyl, fluorenyl, 10

emboqpe%lrlghydr oi ndenyl , and subst ituted versions thereof.

[0061] The netal atom "M of the rret al | ocene cat al yst

compou t hr.ou the specification

, d b
[0060L g ¢ ‘g’ﬁ-ﬁgﬁ ¥ C“ ed@@tf@ob 44@@? Horirgg sygtems. The
o et N L5 S G Mot

13 to n&satomasarsttmwg mofticGlaslyp the3itdrhs thagtmatt@ulattmr@p ligarals arer eelected from

the grBup cons1st?nrg gp‘o argcl)rge ﬁ&bge%n %X?/Eene%gl?cgn Slﬁgjlr 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
of substituted and unsubstituted cyclopentadienyl ligands and ligands isolobal to

cyclopentadienyl, non-limiting examples of which include cyclopentadienyl, indenyl, fluorenyl
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the group consisting of Sc, Ti, Zr, H, V, No, Ta, M,

Re, Fe, Ru, G5, Co, Rh, Ir, and N in yet a nore
wasoiozaBar enbodi nment; and sel ected from t he BPEDUR2003/025280

consisting of Goups 4, 5 and 6 atons in yet a nore

particul ar enmbodi ment, and a Ti, Zr, Hf atons in yet a

nore particular enbodinent, and Zr in yet a nore

particul ar enbodi ment. The_¢xidation state of the

metal 20 atom "M may range fromO to +7 in one

ond o PSELGARRL | iy BuTREE cPRSDRCSL A SEROEE Rl g fopentatins,
cyclopesitptienmitirencs/],+2, intBngdl +%bendifi@er@l,oupPSluoRaYINd t &ahydrofluorenyl,
netal atom "M are such that the conpounds descri bed

cycloqgiatefhpenil, t Heclopematyslodaderenet rrhepartbandanyl, o| bébenzoflupyenyl, 9-
| =51 | T i
phens SR, | LEERIBLOTR SR PR o7 R R R o gonor 12

9]anth|rc_me£ dgopheheinﬂmﬂ,{:thjoph}ﬁmﬁuoaﬁﬂ, l}aydrogﬂmmﬂumﬂé'ionsgﬂlﬁegﬁ(e@, 4,5.6,7-
ands .are_di stjnc romthe | eaving groups bound to
e S b o o) PaE SR thereot
In a pEMRERPEMBb&inteRt, %h@ﬁ%faﬂ?éénﬁ@ﬁ?é?&ltiEQHé fégelfgl NhtiON Sre selected from
[0062] In one aspect of the inventioh, the one or nore
those metuslingomner tva, &lvy 1 a corp patintlsr emboditvent, 0 ¢het sanre @rdifferent Cp

. represented by the fornul.a.(1):.30 ACpBMXn. (1), VO
. %’f?ﬁ’gz%% | EE3BoF 58 Oof ‘i@%ﬁ%}eﬁyﬁw iléde%l» fluorenyl,
tetrah#i6iadbBe CandROB&ituled & brsi¥nk thefdd@nm cal |y bonded to M

each Cp group is chemcally bonded to M and n is an
integer fromO to 4, and either 1 or 2 in a particul ar

[0061 ggoccl;)gﬁ?;m?tg’l [a 3‘}\?’;'-'3‘13’ tiﬁé %&?ﬁ%creg :921 a nstt ec%ﬁ?p%gpcgﬁ?s described

ormula (1) may be
throughyai thp epicifiiaciby hnd tlgimmng sagbelstigand SrohsMk @Ralp do@sisting of Groups 3

a%l)étczl opent a 1eny| ,. elther or both of _which nmay contain
throughdlZeatoms apds lagiignide (Hewp #pmp é Angembgiimentragd siected from the group

consis%ié%%f @rbﬁ&?eﬁ%%%hgfq)ﬁgm@in alrﬂ%tg;b%.rt%h?l %Mgﬂ?gﬁ%en%pﬁd%%cted from

are i ndependently selected from
the grwmnﬁils‘gngofﬁc, Tii,lyZﬂ, ﬁf,eﬂl Nblj 'Eaj)Mn,dRej (anl}h,, Os, CC?, Rh, Ir, and Ni in yet
t et r ahydr oi ndenyl , uorenyl, and substitute
o morg Goti A PUOGFICHY SEIFOTGE Thh GEPBRIBHENSE o GeppRea 5 and 6
atoms 3R LR Bn &tk &faﬁc{ﬁ%}ﬁr%ﬂﬂo}lhﬂﬁﬂ, 2R A3 UBSHA HEGE iR5et a more tpaurticular

substi tuted any one or conbination of suggt I'tuen
embodjmeifp en®RZr Npryet b mere pgrtsviansidwdohent s st oxidetion sjate wfshe metal

KR din structure (1 well as rin . : .
stom 0Bl B ot ' 7 Bt o RmE om0 s mboctment i
+1, +5 el3getend F3; o ik etgs MR Fa&ﬂ&hl&ﬁ éfiBodiehy @)1 or +4. The groups

radi cal s, alkyls, alkeng s, 15 al kynyls, cycl oal kyl s,
bound fhg, metal géqm M prg speh thaf thexapmponnds dasgrbeddhalan timithst formulas and
i Y, i , k j . r e
strucugc%s;‘%:gx%ll%?rl%glﬁyl}eg?hé ﬁ‘%ﬁg @gﬁglﬂa@ﬁfeﬂang ligand(s) form at least
one chdinaddl byhd edthithernetad atom M to form 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.

[0062] In one aspect of the invention, the one or more metallocene catalyst components

of the invention are represented by the formula (I):

Cp*CpPMX, @
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acyl oxys, acyl am nos, aroyl am nos, and conbi nati ons
thereof. [0065] More particular non-limting exanples
w@hooalokaeBo substituents R associated with 20 fRPCHUE203/025280
(1) through (V) include nethyl, ethyl, propyl, butyl,
pentyl, hexyl, cyclopentyl, cyclohexyl, benzyl,
phenyl , met hyl phenyl, and tert-butyl phenyl groups and
the like, including all thegr isonmers, for exanple
tertiary-butyl, isopropyl, and the |ike. O her
i:pl Leal L.N de su I: e | kvl n .
whorefiP 3R 10 48 JRGIRR, Bovi PR BRIy Rt v Sy Co o s
chemidalty bomdetihgl M; ahddoipranpivitegeb romDbaxs W, .ané Hithe0beRrzyin a particular
nd hydrocarbyl substituted organonetalloid radicals
embo‘g@e%m uding trinmethylsilyl, trinmethylgernyl,
nmet hyl di ethyl silyl and the Iike; and hal ocar byl -
substituted organonetal | oid radi cals including
[0063} r i s( t Thé lligandsmeptegénted by|Cp® and Cp® in formula (I) may be the same or

it SRR CHES N2 bt oo, e o b o

whichGhSpBsHtAih HeReoatBRE QMY Eifdr 68bsthi STGVMEh By B BbARRAH group R.
for exanple;, and di gubstituted C}oug 15"radical s

In ong gabodimegt, o pre e, ICani ase indspemdently shisstofifran the group consisting of

' 1.0e;, | . | ph ine, . 0.1
evloflyRERL SRR, TR BSRY, RLRGRA A8 5y S5B081 A0pbfsyoracn
met hyl sul fi de and ethylsulfide. Oher substituents R

i ncl ude ol efins such as, but n limted to
[0064)|'of i 1 penglenihs a6k AR an@tf%%%tt iof ferewaj (A msagi he unsubstituted or

N . : ' £ O . ..
s D i A s o
substitug® gmups Reasl iske in btmamwe @nizodeiiestringatubbtitasits inetridtures (Va-d)
it B ¢80 7 B SRR BT 22 ot
alkynydd, OBFclSAkAS a1d, r &d hoyier %H&xggrlﬁﬂggc%dyg,g at r}fgﬁ%s%oﬁi’all(ylamines,

ni trogen,” oxyden, phosphorous, g
alkylamidesi altaxycahongls, andoxyoarbongs,i eusorndyds,edkyl- aid siglld-carbamoyls,

seylong S Y b e, AU B e R Bditedvent T bose)

Each X in the formula (1) above and for the
f ormul as/ struct ures Ej”') through (V) belowis _
[0065]; ndepeM@Enpijicular aen-Eaitngoeantdesgeloallylcastientad efsociated with

nym | ' r ' odi t;. halo ions,
om0y SRARTS, RGP, SRASHIBE ) 8950, 008 yetopeny
cycloh€dyl, henglyk ph€irylf ma&@lpﬁﬂ@ylahrkyieﬁﬁbﬂtﬁr)héﬁ&l Efoubd An@ theOMRES including
C6 to Cl6 aryloxys,. C7. to Cl18 al kyl aryloxys, Cl to Cl2
all theyr| §IPErs 1871 Xempss tegiagstbulyl dsnrsenxi a1d Bisdiker Ptherpossible radicals

includ SIRFRA LR RO Qﬁ@gg%srkﬂcﬂ elirs et ATl ﬂﬁgf&g}eﬁéﬁn% o%{o&‘ﬁ%ﬁfg difluroethyl,

) derivatives ther in anore particu
iodopragydy brienolisaylo gbloretensyl @t hylrocaBbydl supstinteCorgmonfetalloid radicals

) al kenyl . 0 al kylaryls,. C1 to, C6_al koxys,

nctay B g o e i s 2 S s atcaroy
bstitalelly | Calobgxyhaia@sid Cl tfdichsf | uok is(tri i

SbsH al_ek | calrO boxyl at eslz Co6 tro 1C1§2 15 gircglﬁ‘cizlggrjboxytlngggfsh,lor(%%lethyl)myl’

methylpi(Eflgoremefiiydisilyle dreosmethyldimetylgemnydsand ther bled; karids disubstituted

. | uor s and C7 to 8 . .
boron fikels S dind HRESEO fo Bl PreChupotiomed g 15 radicals
includihy diiindihyylamine, dimethylphosphine, diphenylamine, methylphenylphosphine, Group
16 radicals including methoxy, ethoxy, propoxy, phenoxy, methylsulfide and ethylsulfide.
Other substituents R include olefins such as but not limited to olefinically unsaturated

substituents including vinyl-terminated ligands, for example 3-butenyl, 2-propenyl, 5-hexenyl
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chloride, fluoride, nethyl, phenyl, phenoxy, benzoxy,
tosyl, fluoronethyls and fluorophenyls in yet a nore
wasoiozaBar enbodi nent; ClL to Cl2 al kyls, C2 tRPCTLR2003/025280
al kenyls, C6 to Cl2 aryls, C7 to C20 al kylaryls,
substituted C1 to C12 al kyls, substituted C6 to Cl2
aryls, substituted C7 to C20 20 al kylaryls and Cl1 to
Cl2 heteroatom containing akéyls, Cl to Cl12
het eroatom containing aryls and Cl to Cl12
d tfeYRE 030 | ke -
and (EHRE O SBbaRIcRY. & IR AR LPkSand Mg & goups in one
embodiiiept, sire jﬁindddo%nnlal«mgyétmctﬁ hhﬁngifﬁmﬁB ky 138ratbrds selected from the
hal o enat 1 to hal ogenated C2 to C6
gm‘lpaﬁ%élgwgs 0 OHamafggﬁht‘Eég@? BhosERoEOU, |8ilicqRy gmagiuyp aluminum,
boron%nﬂ%o%ﬂiﬁ‘e[tfoﬁ Wh&Eof, emgdh@ﬁﬁgutuefnlt%?f gﬁ I%Hﬁ:{/ F‘ﬁ(&lﬁr as -butanyl may

ethyl, propyl, phenyl, nethyl phen eny
form pbpridingassogttishdn e cléthesbnet hyl s (nono-, di- and

trifluoronethyls) and fluorophenyls (nmono-, di-

tri-, tetra- and pentafl uorophenyls) in yet a nore

[0066par t i cBhél Xanadioraat,(I)abdvé hatPfdr de foammé/stréctﬁi% ®II) through (V)
particul ar enbodi nment. £0067] O her non-limtin

belOWe%al#éPI@@d@ﬂl}’XS@@Cé@pﬁonh heo gioup apomlsl)stuilgw of: ud@ya}cawag group in one
embocﬁglgﬁp?ﬁf& Eﬁ]fcﬁrs dlﬁ; ‘ES‘H’ %ﬁé%lgtﬁs 0 1 ﬂ{ggylg,ogs to Cy; aryls, C; to

dcarbon T al avi n

Cao a]kylanﬂs, lﬂ@ﬂlﬂaﬂﬁﬁyfby@f ac & hatylsag) C@"ﬁs CR- Fkylaryl®ys, C; to Cp;
%;Iuo op enyl) fluorinated al kyl carboxyl ates
ﬂuOfO%‘@YG 3@(2(5')? yalilfi Gastodnd Behsregan-Gopkaniag drydrocarbons and
subst1ﬁ1%ﬁbd&ﬁita’c1%5th&l%§f fﬁoeft Po%&%@ﬂ%ﬁ@%ﬁé@n% 1'19@%?9 %{ag)(f%ﬁqgns C; to

her exanples o I gan

Cs alks(lﬁ;: Ez s C@)&ﬂtwblst ¢ to Cycdlbyienyid, C; rmt(]ayd]koxyhl,e(bg 0 Cy4 aryloxys, C; to

Cis aﬂt&glﬁ{y ) %,L Ilf tlgﬁ.%ra(flgégt h%)gy&atégste Ca ﬁ%milag?nate%ﬁlﬁy@@oxylates Ce to Cyp

arylcaffoRPRI%, ©ENeRo (a}\ﬁmcmyhaa&l | CF% @'g %Io*ﬂaahﬁﬁb d&s, to Cq
di net hyl phosphi de radlcals nd fhe lik on
fluoroglisprsds, raadt C7 towo1sotuoneslleylxyls lﬁloyemaanp@rparmﬁula émlscgiiment hydride,

o W08, YRR Bob0 B, R091 1 FB0F5 8 b

in yet ‘a ITmﬁre p@i&loﬁlﬁ[‘ me6d1fde)1t t‘@h 186 612?11@16@12 o, @Ik@nﬁ% X‘)J&l%‘tlﬁ @ryls, C; to
| east _one bri , such
Cao aﬂsﬂaltyl% Eb%ltu}t%pwﬁ‘é Gig alkylss substi ttg%d t¢ &mﬁt}’és sHbgtituted C; to Cao

RN STI T e T —

and Cyreet Gizllmtﬁemm-commmg}mylai\ms % g rﬁoﬂerpaﬁidu&tﬁ‘tdﬁﬂﬁ)d(rhéﬂt chloride,

f f
fruori i B W3y 18 Crbierils £y Wb bondlim tavuskodaniisg Ci do C alkys,
haloge%Q@H‘@gaﬂol ¥ PRaded 5ha R CJIQO {‘afk'yﬁ%r Wy Q%Hrg%artmular

of bridging group (A 1niclude divalent
emboctljm@u,tps flvondeai miatiay], aftthjfleapltopmhepmrngp m&hylphél@rl,at dlmethylphenyl

| d f rb
e el OUh A2 R e5f e EGREy m
di-, trigRetrd-| iafd @Elﬂﬁﬂlﬁﬁdp&ﬂm) f1aydt @Mgork B&BRMar embodiment; and fluoride in yet

a more particular embodiment.

[0067] Other non-limiting examples of X groups in formula (I) include amines,
phosphines, ethers, carboxylates, dienes, hydrocarbon radicals having from 1 to 20 carbon
atoms, fluorinated hydrocarbon radicals (e.g., —CeFs (pentafluorophenyl)), fluorinated
alkylcarboxylates (e.g., CFsC(0)O"), hydrides and halogen ions and combinations thereof,
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wherein the heteroatom may al so be Cl1 to C12 al kyl or

aryl substituted to satisfy neutral valency. The

wheiod@222g0 group (A) may al so contain substit uePCT/JSWOPE25280

R as defined above (for 20 fornmula (1)) including

hal ogen radicals and iron. Mre particul ar

non-limting exanples of bridging group (A are

represented by Cl1 to C6 al kyhenes, substituted Cl to

C6 al kyl enes, oxygen, sulfur, R 2C= R 2Si =,

- S 23 {R:2) o, S P= (Wherein ' o repr nt
Otuer, GebeFidk2ed & ids Ay Cenot 00 & BusiobyfF S ERRELE, metny,
heptyls etadyll ettiffuosométhy, gletupeb9leat,s tpeA@nethyiatdy | @ethylidene, methyoxy,

hydrocar byl , substituted hydrocarb al ocar by
ethyog%; t’%y

|, h |
BEPRAYt BoFnREY-JusNoprthylptidsh alimgihy banidg, impthyipbgsphide radicals
O et ol o RS el A8 o o oy e svem.

Group 15 atons, substituted G oup 16 atons, and

Y e O S TR R R S —
those @RISR ), whte Y HRCCH° ARIHdLE 89 RaGAbAY BY at least one bridging
conponent of fornula (I has two or nore bridging

groupofoupsh gt theagricooy jremesestedivnforimialyg exanpl es of
bridgi ng group (A) include nethyl ene, ethylene,
et hyl i dene, propylidene, isopropylidene,
di phenyl net hyl exg(Ajcp®Mix et hyl et hyl ene iy, 2-
di phenyl et hyl ene, 1,1, 2, 2-tetranet hyl et hyl ene,
dinmethylsilyl, diethylsilyl, nethyl-ethylsilyl, WO

004/ 0 : @
006004 DSR2 T SHBBIEZA s ol ) e g o i
metalldigmes’buCyt, )"l W1, X atidminmtoptord @) aré as diffvied above for formula (I); and
vvhere&r %ﬁﬁ Iréqsg z!'ge{vrglﬁ i§ gt‘%%ﬁ%ﬁéwdgh lé% b/[, ﬁgllfi&{yk(): lis? cg]hee)r(n%lcaslllyI 1t%loln'ded to each Cp.
Nor M SAFARESF L s MO sl s cosion
at leaspione &iroun h2 il 6 atopmsush pephtawe dintitedao Gb least ene®f carbon, oxygen,

. di met.hyl si.lyl digthylsilyl, 5 dinethylgernyl and .
mtrog%‘?’e?lhfl%lrb et I%““P’Oﬁgff%’ Eﬁrﬂé%% et eH_Bojg%We ﬁ?‘?ry‘}?imr%@ar“ﬁ’é‘s thereof;
wherefli €HéPhétéoat®Ry ndlySAsd®eCYCd €, aRFP ok SrIsubb@lutedSABMsE neutral

4 to 10, 5to 7 ring nenbers In a nore particul ar

valencynhdi brtdeing gieup (Ahmarelfecostaimsipstiventegroansely af definedabove (for

r gup: ISt 1 I nt ntioned abgve.. and
ool BPRERRRE M o AL e A FR3 4 Wamois o
bridgipargtéupu( Ay aenvpehiseted by NONtd I071 dlikylenes X auigtifged T, Itb NGs alkylenes,

ch may be present as or part of the

oxyge%,: ;@é},ﬁ%’?&rﬁ?@@lﬁr— iR oS Y B4 Refefrs, RP= (wherein “=" represents two
_ dene. : 5 ylider .

e SYOLBRET 806, NLBOENY L 5 OB, 8 g

hydro@rbylyvosubatitoted dtydneadyt mepicabelt Bybsitutbdahalocadylpf hydrocarbyl-
Si,, G, N and 0, | articular, Si _and Ge.. Th _

substifst g gBhe Lo BEE S e  Pieg IR CBswpbiied boron

disubsfiaiedEroubd1 £ hlohR! sWshituted GANS 16 Abmd, HRNRISH QBical: and i
[ 0072 Tﬁr%)g cyclic bridgi ngﬁgl?oups 1(nA’) may %%tnsatﬁ?étagdvvherem

two orgmoten aney he eudneshie/form eaingyoraing systemmoheonsubshddiment; the bridged
metall?&%%?étg@%% (?o%?%eo%eﬁtooﬁg&u% (Iﬁrﬂ{a% tv% I?)re fnore lg]r?dg‘cirtlgr gr%tugsr FAC’)

e one or

[0070] Other non-limiting examples of bridging group (A) include methylene, ethylene,
ethylidene, propylidene, isopropylidene, diphenylmethylene, 1,2-dimethylethylene, 1,2-
diphenylethylene, 1,1,2,2-tetramethylethylene, dimethylsilyl, diethylsilyl, methyl-ethylsilyl,
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nore substituents are selected fromthe group

consi sting of hydrocarbyl (e.g., alkyl such as 20
woreaohpte3and hal ogen (e.g., F, ) in one enboRPCTENL003/025280

The one or nore Cp groups which the above cyclic

bri dgi ng noi eties may optionally be fused to may be

saturated or unsaturated and are selected fromthe

group consisting of those haying 4 to 10, nore

particularly 5 6 or 7 ring nenbers (selected from

. Si; St . S 1n..a particul ar. -
winucBRe5 RN ik D8Rt B G Byl PP St i, ai
propydyitylp héiy-heangilph e didycloMxy@amar , diphagrilyl, ngySbhessAphet§lsilyl, t-

may 25 thensel ves be fused such as, for _exanple, in,. o
butylqyelohgsdsilids dgt-hehyphagal)sy U (- 1bylisdhyk and ¢ the seorresponding  moieties

4 Logqal fus NG, St ract S ar : : :
Wheregrrlg Pt?elk sg)gsait(?i{l uieént? «g?lac{efil g tgrlaglgvg{ eanon- ?I?lri tqlﬁlgﬁgl%ﬂ% diethylsilyl,
dimetkylgenplyd sndfliethybsmemglibst i t uent s are hydrocar byl

(particularly alkyl) groups and hal ogen atons. [0073]

The Iigands CpA and CpB of fornulae (1) and (11) are
[0071!jl ff er enbndth@mBnRaingl siddidy %gu%ﬁégigg%@omamﬁ@,%mpﬂsing, for

he sane in another enmbodinen 102223
exampe gSH @300 5Rgnemlixs [r@ 7adre Iparticatar ambotinents Jhetringf members
the, i tion, the netallo e catal yst .co nent s
may Be |G B d-BO N ROETTDEA) e clamBt GRe BB s 2nd fom one or
more 0€BY.C, S1pTe, Ny&ldopentagiraovhr &abadivsht. NeAPRIEAE $kampBs of ring
this embodiment, the at |east one netal |l ocene catal yst
structgsydHeh tmays by myeseabag or et fafsthadwideing meaielyl ¥eepnslobutylidene,

oo SRS Rl end SR RSB L Phsonin
rings avhbre digd 0g twe etboh anard ateordRlaasd b, leastpde WIESiLiGe, N and O, in
partic&ta]g :gdféqrag get T"F%QQO(%{d?ﬁjggallr%}gE%Egtegq%g Ntthp?riq%b%\gl;t?le a@g)pgroups may be

either CAA), BAC.. & MBYmbRLHeA fused ring system The X groups
and n of fornula (I1) are as defined above in fornula

(1) and (11). In one enbodiment, CPA is selected from
0072, e A BT S BA A bor ey o
or mofd¥ibS@henta RE/GOBEBRE foQhe ok bRNr&6ther ARg bPifabs.! I present, the one or

formula (111), Qis a heteroatomcontaining ligand in
more §fistifentieard GRlgetad fpmothe gronp cansistinghef hydsodagdel@.gwi alkyl such as

h i cted fron e group consisting of ..
meth}@r %ﬁl p%i(géeng% 'g'r’réﬁ’ gﬁidﬁjcé%eu%mliogfpnal%%mﬂ}eno nd B850 ﬁg’r]i'? s which the
aboveayclisktidging tholstesniaf@pg omlly teofisddstoingy B satitbied @@ @fsaturated and

hosphor us, oxygen or sulfur_ atomin a nore particul ar )
are Se@ﬁ’iﬁad?%  BIQRICHISISHBY ehthogs Ba‘ﬁR&éé‘h 10 mgret pagtiGidary 5, 6 or 7 ring
I I di - Lt s_ of: -
8 CLRHL A R R OED oy A0 AT e b

such asofop exemige, wtlopmytyl opglohexgbandcgirchpix YWiateeser( thege ring structures may
i val at.e car banat es, azeny], azul ene, pental ene

themsglﬁgssahﬁh%q sbfﬁ*bgsp E&h?WI’P & enﬁﬁlq qu§|o’f a naphﬁlyl group. Moreover, these

(optionally fused) ring structures may carry one or more substituents. Illustrative, non-limiting

examples of these substituents are hydrocarbyl (particularly alkyl) groups and halogen atoms.

[0073] The ligands CpA and Cp® of formulae (I) and (II) are different from each other in

one embodiment, and the same in another embodiment.
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pyrozol yl, carbazolyl, borabenzene other conpounds

conprising Goup 15 and Group 16 atons capable of
wheomdiozz3si th M 25 [0076] In yet anot her aspeRCT/U820031€25280

invention, the at | east one netall ocene catal yst

conmponent is an unbridged "half sandw ch" netall ocene

represented by the fornula (Na): CPAMXXn (Na) 30

wherein CpA is defined as fgr_the Cp groups in (1) and

is aligand that is bonded to M each Qis

[0074] ndepegfi g&t %% otRE NS ttd:f e ifvirtioft lt}f‘eaﬂ%ﬁglogén%u@atﬁgst components

descri ve in n ranges from
includ® tyidg8d mnorm;nlegaﬁdbnetahmhe cqmpamydss(efg: omoﬁot@cmpeﬁtadiemﬁ catalyst

0o 3i.on In WO 2004/ 0222
comp Qe o BB T TS RO 58 AR B TS AR ComBPTSE ish brideed

“half- §ahamahh %&ﬂ%&&@ﬁ&h&ft&d@y @t renalioaemt adi enyl,
i ndenyl, tetrahydroindenyl, fluorenyl, substi t ut ed

version thereof, and conbi nati ons t her eof . [0077] In

formula (IVa), Qis from group consi sting
of ROO-, RO, R(O- Cﬁ%‘?‘?@\%@ &ﬁ? -S-, NR2, -CR3,

-SR -Sl , -PR2 H and substltuted and

where fﬁfﬁﬁu%(ﬁeﬂjgv / Ou@% W 1s§| glgic’g %glll]i)e E lég and Cp™;

and Wﬁérﬁlhsa,n atdah filogh (48 %%ﬂéﬁb ABIHAS tdHI; bAd Fian inte e O 1 or 2. In formula
| afyl am nes, t al koxys, C6 to Cl1Z aryl oxys,

al ky
(I1I) abm@, €ne (A) aréQ masnfarmes ﬁlsmn@mne sThﬁf X@rqnmslaud @ of formula (TII)

e o\ SR8 BRI i 5 5L P BH B G g om

group Nodreistiag . ofl CybRPAGhdiBRAC hded], alt&iah?dlroiﬁﬂ)énylt hguorB@flf substituted
. sandw ch" netal | opcenes above can be described as in
versiopgihgigrh apd gembingtiens theregfescri bed in, for exanple, US
6, 069, 213: CPAM @Q&Z) X" or (I1Vb) 15 T(CpAM QRGZ) Xn) m
wherein M CpA, X and n are as defined above;, Q&
[0075] or s In foohyld€iT)aOeas Iaihg&mhtmmicbn(aﬁn@ liggidvialveltied) the bonding atom
(the at\\afhxf g’(li\)l% b;h{je alt{a él?qnﬁlgo gbclﬁ sgﬁgtpg 2 forgrrngungonasls%gg %f Group 15

i e i 0
atoms %‘QWNE% h%%zEQBe&Ie éhélgd'd?lgblltltg %gcll tgﬁlgf’@c(l: g‘?ﬁ‘blg r’%ﬁ% rgﬂglp donsisting of

nitrogesi, Iphospiorusn dxZensor swibfue etosd irf RoNoIE partipubarpencimdsient] agl nitrogen

of R -OR NR2, - o 5SR - Si P and dr.ide, .
and ox gt in 40 PRI Paplsdi riPoagaY. Nongliisog S eapley PEG Fpups inotude
alkylaff®es Jr @YIBmeRRS irBért 4o OfompddRds,NBthoxy SBompShdd3, cafidkilates (e.g.,

and pr ovided that neutral valency for Q1is satisfied
pivalatg) zarbrmaterd agperleiaguisaen Profelene.n dhpsheght Phosphiniminsd pyrrolyl,

TR YRS SSE0 S R B GRS 15T, crou 1

atoms Cfipabte cZbondingeyithdvlyl s, Cl

[0076] In yet another aspect of the invention, the at least one metallocene catalyst

component is an unbridged “half sandwich” metallocene represented by the formula (IVa):
Cp*MQX (IVa)
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 O or 3 in one embodiment; q ranges from 0 to 3, and is O or 3 in one embodiment. In
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to Cl10 al koxys, and C6 to Cl2 aryloxys; nis 1 or 2 in

a particular enbodinent; and 30 T is a bridging group
w@edogo2rsb from the group consisting of Cl to (AOI/US2003/025280

al kyl enes, C6 to Cl2 arylenes and C1 to C10

het er oat om cont ai ni ng groups, and C6 to Cl12

het erocyclic groups; WO 2004/ 022230 PCT/ US2003/ 025280

-24 wherein each T group brpzlges adj acent

"CpAM QRGZ) X'" groups, and is chemcally bonded to

one e ‘Sdlﬁféﬁt,fgfl mﬁ’% s%lg&téé@ By %gcﬁfgaé&ﬁmlﬂl%roqe%})dﬁe}&éﬁgﬂyl, indenyl,

I nt eger r In a no rticu

tetrahgdrp@0#@gA, fluorembtsbstiteisd eetsionfthérbel, hmd/eomhbinatjorns tigeredf.
| east one netall ocene catal yst conponent can be
descri bed nore particularly in structures (Va), (Vb),

[0077( Vc) aﬁﬂfohﬂﬂ])a:(r\%, %}s 3drddndd ﬁoﬁ%h%roﬁ%c&ﬁsﬁimgwm& RO, R(O)-,
(Va-u)(Va-u% g n MARS 6 7 8 (Vb) 15 WO _
~NR—200R.022230- W%/ 08R0 25780 —PR25-HRandRBubREtuRe] ®Rl unsubstituted
aryl g1[0/u}:>§, W%eréi%( wis 'gﬂel'g‘cteg %rom the group consisting of C; to Cg alkyls, Cs to Cy aryls,
Ci to Cs alkylamines, Ce to Cy, alkylarylamines, C; to Cs alkoxys, Cg to Cy aryloxys, and the
like. Non-limiting examples of Q include C; to C;; carbamates, C; to Ci, carboxylates (e.g.,

pivalate), C; to Cy allyls, and C, to Cyg heteroallyl moieties.

[0078] Described another way, the “half sandwich” metallocenes above can be
described as in formula (IVD), such as described in, for example, US 6,069,213:

Cp*M(Q,GZ2)X, or (IVb)
T(Cp"M(Q:GZ)X)m

wherein M, CpA, X and n are as defined above;

Q.GZ forms a polydentate ligand unit (e.g., pivalate), wherein at least one of the Q groups form
a bond with M, and is defined such that each Q is independently selected from the
group consisting of -O—, -NR—, —-CR,— and -S—; G is either carbon or silicon; and Z is
selected from the group consisting of R, —OR, —NRj,, —CR3, —SR, —SiR3, —-PR,, and
hydride, providing that when Q is -NR—, then Z is selected from the group consisting of
—OR, —-NR3, —SR, —SiR3, —PR,; 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 Cyg
heteroatom containing groups, C; to Cig alkyls, Cg to Ci; aryls, Cg to Cy; alkylaryls, C;
to Cy alkoxys, and Cg to Cy; aryloxys;

nis 1 or 2 in a particular embodiment; and

T is a bridging group selected from the group consisting of C; to Cjo alkylenes, Cs to Cia

arylenes and C; to Cyo heteroatom containing groups, and Cs to C;; heterocyclic groups;



RBR ROR~~R2 RORI1 (M) RARBRRRR RR R
(XXn MA . R7 R8 RRI9 R10 (Vd) 5 wherein in structures

w@ a3 Vd) Mis selected fromthe group conBCHUB2993/025280
of Goup 3 to Goup 12 atons, and selected fromthe
group consisting of Goup 3 to Goup 10 atons in a
nore particul ar enbodi nent, and selected fromthe
group consisting of Goup 3240 WO 2004/ 022230
PCT/ US2003/ 025280 -26 Group 6 atonms in yet a nore

p i eul ' 3 el o oup . .
chEleit R SRR ke AT AR BB R chemically
ebbmitidne ite, Cingtogss. ect ed from the group consisting of
Zr and Hf in yet a nore particular enbodinent; and is
Zr in yet a nore particular enbodinent; 5 wherein Q
. i i (Nas b ot . fr . .
i 2 ol F R 7 oS RO CE o R IR Bbodiment.
5 aryl enes, al koxys, aryl oxys, am nes, al kyl am nes,

hosphi nes al kyl phaosphi nes, .substituted al kyl s,

[0079 gubst i t“hta@ethﬁ? Vi ‘?C?sq}ﬁ S {YEREeDy) %Sxﬁts‘,iea LG8 | Peiploeene catalyst
compadet €V deSeHbel ittt BartidMaN9 In stiutitd twihedrtd! Kxd) akl ped).

substituted phosphi nhes, 10 substituted

al kyl phosphi nes, carbamates, heteroallyls,

carboxyl atgs (nop-limting exanp]es of, suitable

car bamat e& and Barboxylates i ncliide t B et hyl acet at e,
e, nethylacetate, p-44dluate, benzoate,

di et hyl car e, and dinethylc wate), fluorinated
al kyl s, 2 d aryls, ang mat ed
alkylcg}box Iates§'15 nﬁ HK

R! A
MG ()M /
\ Q
10
(Va-i) (Va-ii)
R’ R*

15



g is an integer ranging from1 to 3; wherein each R*
is independently: selected fromthe group consisting
wo@oohgezecar byl s and het eroatom contai ning  PCT/US2003/025280
hydrocarbyls in one enbodi nent; and selected fromthe
group 20 consisting of al kyl enes, substituted
al kyl enes and het eroat om cont ai ni ng hydrocarbyls in
anot her enbodi nent; and selegted fromthe group
consisting of C1 to Cl12 al kylenes, Cl to Cl12
substituted al s and Cl to Cl12
het er oat om cont's g- hydrocarbons in a nore
particul ar enbo and selected fromthe group
consi sting \ al kyl enes in yet a nore
parti cul ar "enbod ; ghd wherein both R* groups are
25 identical in =vw\her enbodi nent in structures
(Vb-d); A is as/desgyibed above for (A) in structure
(1), and ngg%e” pal Rarly, selected fromthe group
consi sting of \N-S2-, -NR-, =SR2, =GeR2,
=SnR2, -R2Si § ,\d to Cl12 al kyl enes,
substituted £1 to C12 alkyl enes, divalent C4 to Cl12
cyclic(ﬁqupcarbons 30 and substituted and
unsubsti tuted aryl group$*in one enbodi ment; and
sel ected froN the_,group/ consisting of C5 to C8 cyclic
hydr ocar bons, A -,/=CR2 and =SiR2 in a nore
particul ar ggodi pent; pwherein and Ris selected from
the group consig ‘ al kyl's, cycl oal kyls, aryls,
al koxys, fl uorosg s and heteroat om contai ni ng WO
2004/ 022230 PCT/ 03/ 025280 -27 hydrocarbons in one
enbodi ment ;R seRécted fromthe group
consi sting of CX C6 al kyl's, substituted phenyls,
phenyl, and C t/0 C§ al koxys in a nore particul ar
embodi ment ; an@'R i srSkel ect ed fromyhe group
consi sting of nmethoxy, nethyl, phenoxy, and phenyl in
yet a nore particular enbodi nent; 5 wherein A may be
absent in yet another sembodi ment, in which case each
R* is defined & for R'Rl-R12; each X is as described
above in (1); 1p—n(is an integer fromO to 4, and
from1l to 3,in Af S gbodi ment, and 1 or 2 in yet
anot her enbodi Re and* Rl through R12 are
i ndependent|y: seiketed fromthe group consisting of
hydr ogen radi cal I\>b hal ogen radicals, Cl to Cl2
al kyl's, C2 tég CL Kepyls, C6 to Cl12 aryls, C7 to C20
al kylaryls, ClL Yo |Cl2 & koxys, C to Cl12 fl uoroal kyl s,
C6 to Cl2 flugfoap}ils, and ClL to Cl12

(X)n M

9 10
R R (V)

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



het er oat om cont ai ni ng hydrocarbons and substituted
derivatives thereof in one enbodinent; selected from

wo b@4gexsp consi sting of hydrogen radical, fl uPeT/ng2003/025280
radical, chlorine radical, bromne radical, Cl1 to C6
al kyls, C2 to C6 al kenyls, C7 to C18 20 al kylaryls, Cl
to C6 fluoroal kyls, C2 to C6 fluoroal kenyls, C7 to C18
fluoroal kylaryls in a noreygarticul ar enbodi nent; and
hydrogen radi cal, fluorine radical, chlorine radical,

t er ar y é)m%lylfl y@{] g%lf)re if) eny?p&%‘bg‘gg‘e}/l ds%?é%é& From the group

aoshsibtihg of Gesupbbithng e ydt agheréparticnlay einbadifibing and selected from the
parti cul ar, enbodi nent ;. wherein ad: acent R groups nay

£ GoHp soRsifipg ofi 4rred Hbin el eanorepartiquiar spbodimeni; el Is g in yet a
2&0%?'5){1&}1@%%@&%@1 ed. [0080] The structure of the
a

nmet ocene catal yst' conponent represented by (Va) nay
5 t ake on many forns such as di scl osed in, for exanple,
US. 5, 026,.798 n 747 406
wherejtQ) i 4 V) k(I b seliel gt e gwaccpaflaﬂngs%wl%gfn fons, allyls,

R B A ey oI55 4 e o BIFAGILE,  phosphines,

[ @@Blp]loﬂphm@&pmbsﬁl@tﬂdaﬂﬂkﬂﬁb@dbﬁmtﬂd @‘MSt ebstitited Ialir@ewe substituted

esente Vd R and .conj u
SRS eHoLiPsBn G o JOrueh o RHla i haiP e, cposphines,
10 S.%b)‘ﬁtlﬂutddt Qlky i KHBRThedNO Barbhiihfel, N heRXGIRIS S C&Boxylates (non—hmltmg
net al I ocene catal yst conponents consistent with the

desemles i on feieklen qaﬁhqmﬁd@s #yl| eppemtviaipeninciudec dﬁmthylacetate
h |
;&nméf@ﬁ%%\’alt L?rfe%ﬂgem%a@es gjtglﬁlﬁttﬁmy sy ) AdiutAtihate,  and

( dmmth@gdrbamhém)yl ) Zudrinatedu rrn]l@yls ﬂuonnated aryls, and fluorinated
propyl i ndenyl ) zi rconi um Xl ,

(
(ékﬁlﬁ? P?‘Ylﬁlt@ﬁyl )zirconium Xl ,
15 (2-butylindenyl)zirconium Xn, 15

: enyl) zirconi um X,
41 ant(1 %g%alggﬁé%geny?g% rconi um Xn,
(pent amet hyl cycl opent adi enyl )ZI rconi um Xn,
wherefty dobpRh i didepatidently oseldétedXrom the group consisting of hydrocarbyls and

pﬁg‘]uter%gt%}nhgoln%%ﬁllngph%rrc]lgo%g}b%f?syllnt ér}eaenriﬂ.llnjorgnﬁgnt and selected from the group

20 consisting of alkylenes, substituted alkylenes and heteroatom-containing hydrocarbyls
in another embodiment; and selected from the group consisting of C; to Cy; alkylenes,

C; to Cy, substituted alkylenes, and C; to Ci, heteroatom-containing hydrocarbons in a

more particular embodiment; and selected from the group comsisting of C; to Cq4

alkylenes in yet a more particular embodiment; and wherein both R* groups are

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

A is as described above for (A) in structure (I), and more particularly, selected from the group
consisting of -O—, —S—, —SO,—, -NR—, =SiR,, =GeR,, =SnR,, —R,SiSiR,—, RP=, C;
to Cy; alkylenes, substituted C; to Cj; alkylenes, divalent C4 to Cy2 cyclic hydrocarbons

30 and substituted and unsubstituted aryl groups in one embodiment; and selected from the
group consisting of Cs to Cg cyclic hydrocarbons, —CH;CHy—, =CR; and =SiR; in a
more particular embodiment; wherein and R is selected from the group consisting of

alkyls, cycloalkyls, aryls, alkoxys, fluoroalkyls and heteroatom-containing
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30

20 tetranet hyl cycl opentyltitani um X
1,2,4-trinmethyl cycl opent adi enyl zi rconi um X,

waleoweotezbesi | yl (1, 2, 3, 4-t et ramet hyl cycl opent adi PC/U$Z003/625280
| opent adi enyl ) zi rconi um Xl ,
di methyl silyl (1, 2, 3, 4-tetranet hyl cycl opent adi enyl ) (1,2
, 3-trimethyl-cycl opentadi enyl)zirconium Xn, 25
di methyl silyl (1,2, 3, 4-tetrappthyl cycl opent adi enyl ) (1, 2
-di net hyl - cycl opent adi enyl ) zi rconi um Xn,

dh?ﬁ%?a)ft@‘}s o %’ b%dl LA Wl eﬁﬁs\ﬂcﬂr&ﬁ B &%’uﬁ QXJls)is(tgfg of C; to

open eny ilrconlum
d Caeeﬂltm ssubytit(tzdcplmnelst pteeiy knd iGdiengl )aﬂtd‘xg'@ rih lam¥te particular

dl "Eéél}{leﬁt' la%{d 5{ 18 g‘esltegcgcli Ifrlggletﬂg lgz plclc'l)gsrlse ?l%lg ofzrlngt gxn3|1, lilnne;thyq phenoxy,
dhxli}hﬁ[&ﬁ&ﬁh' { 4 hhofe ﬁarﬁcﬁl@tt &Pt cycl opentadi enyl ) (13-

propyl cycl opent adi enyl ) zi rconi um Xn, di nethyl silyl
(1,2, 3, 4- tetranethylcyclopentadlenyl)

where Sﬁé?b“?%%‘#é' B By B ST AP e 96 R sisgleGped as for

yRéyetopent adi enyI )ZI rconi um Xn,
dlnethyIS|IyI(1 2,3, 4- tetranethyl cycl opent adi enyl ) ( 3-
nethylcyclopentadlenyl) zi rconi um Xn,

ea"h}gﬁoﬁﬁ%ﬁfﬁ%gﬂéﬁﬁ%g cycl opent adi enyl ) (9-fl uorenyl)zirc

diphenylnethylidene(cyclopentadienyl)(indenyl)zirconiu

i So-propyl i deneblsgcyclo ent adi enyl ) zi r coni_ um
n is axxgpteger from O to 4, and from 1 to 3 in another embodimeént, and 1 or 2 n yet another

| sapbdiRRY: Legne(cycl opent adi enyl ) (9-fl uorenyl) zirconiu
m Xn, ’
i so- propyl i dene(3-nethyl cycl opent adi enyl ) (9-fl uorenyl)

R ORUBESD AR KGO8 St 820 o)

ehﬁlM#&x"‘ﬁﬂh&a(sl Glnﬁﬁ@ﬁ )ade[sC‘Eg fénC Nalkenyls, Cs to Cyp aryls, C; to C20
et hyl enebi s n zi rconi’um Xn,

e@lhylaéﬁ% lﬁli@ Q-m%lkhwsy a ® @Lzﬂmmail@llﬂ/ @isdo Cid fh@mma}lb')szath to Ci2
o estHBheesparyainine hwdrogarbons —and, sbstisuted. dervatiggs, igiepf in one

Oélhbtﬁﬂ11>ﬁent 48lected from the group consisting of hydrogen radical, fluorine radical,
ethylenebls 2-1sopropyl - 6, 7-tetrahydro- 1

- Pilerdng, radie c@?ﬂfﬁlﬁﬁ)@dlcﬂ']@ QIOM/QBZQ]ESE, C; to Ce alkenyls, C; to Cis
/
TR FETST J0E ST, G 9 Co Spomalyameis Oy RfimgPrppeblpevis ina

ninora Yarticular embodiment; and hydrogen rad1ca1 fluorine radical, chlorine radical,

rEs b L blova ﬁfg%ﬁ%ﬂy'éa by dsobupl Y By RIS, 2 6.0

RSk 1Z'a58041t tylpheyl partic bodiment;
d| phényl 56,7-te ra%;lljd?}f) %Tou%s lennW) %Inrn():rg st embodimen
wherein adJacent R groups may form a ring, either saturated, partlally saturated, or

completely saturated.

[0080] 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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5 et hyl enebi s(4,5,6,7-tetrahydro- 1 -indenyl)zirconium

X,, dinmethylsilylbis(cyclopentadienyl)zirconiumX,,,
walewentaeBei | vyl bi s(9-fl uorenyl ) zirconi um XX, , PCT/US2003/025280

di met hyl si |l yl bi s(1-i ndenyl ) zi rconi um X,

di met hyl si | yl bi s(2-nmet hylindenyl)zirconium X, 10

di met hyl si | yl bi s(2- propyl i ndenyl ) zi rconi um X,

di met hyl si |yl bi s(2-butylindegyl)zirconium X,

di phenyl si | yl bi s(2-nmet hyl i ndenyl ) zirconium X,

h
oos PP A1 B AL v v,
form alcorgudayddge nreyrbleiesl(cArbontring systeb@rtidt)nzay @anaymot¥e substituted.

di met hyl si | yl bi s(tetrahydroi ndenyl)zirconium X,
di met hyl si |l yl bi s(tetranet hyl cycl opent adi enyl ) zi rconi um

[0082% " Non—hmltmg examples of metallocene ata[lﬁst components consistent with the
di met hyl si |l yl (cycl opent adi enyl )l% f oren)})l Zi rconi um

description herein include:
di phenyl sil yl (cycl opent adi enyl ) (9-fl uorenyl ) zi rconi um
X, 20 di phenyl silyl bis(indenyl)zirconium X,
cyclogeniedd@nk/iAvebhivmexigsi | yl (t et ramet hyl cycl opent adi enyl) (cy

indenglbPRAMAK enyl ) zi rconi um X,

(Lme%ng %ﬁ‘é‘ﬁﬁﬁiﬁi' ne3| Iyl (tetranethyl cycl opent adi enyl ) (
>zirconium X, ,,

(2-me & (9% ER? Sl |yl (tetranet hyl cycl opent adi enyl ) ( 2-
(;-pro L1 a/ﬁm ? S coni um X, , ,
(2-propytinds si |yl (tetramet hyl cycl opent adi enyl ) ( 3-

(l‘bu'?fﬁ?‘l b%oéﬁ’é‘h fadi enyl ) zi rconi um X, | ,

(2-buty %qe@b’lr)zlﬁ‘“‘é’ﬁlﬁ}ﬂl&ney | yl bi s(2- et hyl i ndenyl ) zi rconi um
(methy{cyclopentadienyl)zirconium X,

tetrahydroindemyilriatonitine Xesi | yl (t et r anet hyl cycl opent adi enyl ) ( 2,
(pentaithefhryldyciopentagicayigimoainnaii,enyl ) zi rconi um X, ,
cyclopeyitdddnkiziresdiymexigsi | yl bi s(tetramet hyl cycl opent adi enyl )

pentar&bth G Pé18PBrtadienyltitanium Xy,

tetram@i 156 §ﬁt ullte(lﬁ,%r)@rret hy| cycl opent adi eneyl ) (N-tert - but
s(cycl opent adi enyl ) chrom um

1,2,4- %'
dimetlVisi 1(51 tgcp p% nyl)zirconium X,
dimetiylS #-1 g%ié &;s}%a[n& gfi g %%;} Wclopentadlenyl)zucomum
| cycl opent adi enyl ) 2| rconi um X,
dlmetlgflggyl@@i/ ﬂ]?@mt @yﬂ @Rﬁn@ﬁwnyl)(15%gmpq§hylxzyclopentadlenyl)zn'comum
b¥s( i so- propyl cycl opent adi enyl ) zi rconi um X, , ,
dimethylsilyl(1,2,3,4-tetramethyl-cyclopentadienyl)(2-methylcyclopentadienyl)zirconium Xp,
dimethylsilyl(cyclopentadienyl)(indenyl)zirconium Xy,
dimethylsilyl(2-methylindenyl)(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 X,
iso-propylidenebis(cyclopentadienyl)zirconium X,
iso-propylidene(cyclopentadienyl)(9-fluorenyl)zirconium X,
iso-propylidene(3-methylcyclopentadienyl)(9-fluorenyl)zirconium X,
ethylenebis(9-fluorenyl)zirconium X,
meso-ethylenebis(1-indenyl)zirconium Xy,
ethylenebis(1-indenyl)zirconium X,
ethylenebis(2-methyl-1-indenyl)zirconium Xp,,
ethylenebis(2-methyl-4,5,6,7-tetrahydro-1-indenyl)zirconium X,
ethylenebis(2-propyl-4,5,6,7-tetrahydro-1-indenyl)zirconium Xy,
ethylenebis(2-isopropyl-4,5,6,7-tetrahydro-1-indenyl)zirconium X,
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bi s(met hyl cycl opent adi enyl ) zi rconi um X, , ,
bi s(n-oxtyl cycl opent adi enyl ) zi rconi um X, , ,

whe@gnznaent yl cycl opent adi enyl ) zi rconi um X, , 40PCT/US2003/025280
bi s(n- propyl cycl opent adi enyl ) zi rconi um X, , ,
bi s(trinethylsilylcycl opentadi enyl)zirconiumX ,,
bis(1,3-bis(trinmethylsilyl)cyclopentadi enyl)zirconium
X,,, bis(1l-ethyl-2-methyl cygl opentadienyl)zirconi um
X,, bis(1l-ethyl-3-nethylcycl opentadienyl)zirconi um

ethyle eb1 Q‘tb};;illts ﬁ%ntteﬁ‘ dpé/hqﬁ%gﬁg‘g%m%ll ) zi rconi um X,

ethyl 8 m X,
ye%,lg ’rconl um X, ,,
dimethylss (-4 EJrlr‘ln%\ ’enyl ) zi rconium X, , ,

diphewy{23d 2829/916) b@ﬂeaslé@m m%fso - 30

ethylepphys(4.5.6 Gieitajyde- hrintdsyylgiersivanXadi enyl ) zi rconi um X, , ,
dlmetbylsi}iblp)ﬁwiiypema@@tW]Zuy@umpéﬁt adi enyl ) zi rconi um X, , ,
dimethylsi{ylbi8Onl e yrcodmpaentadi enyl ) zi r coni um X, , ,
dimethylsi{ybigldindatyhyircadenyX,) zi r conium X, , 5
dimethy1§i(yIBig@DibthFlifidedR]) i olivm X,

dlmed@ﬁﬁ(ﬁbla@tﬁmbymm@ﬂm Mbﬁmum X,

dimetfrl§ilyTh co;1:1u][n X

afnium X, , ,
gipﬁ: ls°i ﬁbi C}Bi{ %H-C?l envi¥hafiiiumX, , 10
dlghe%?’ Y, 1? ’i 1?1‘1 *) haf ni um X, ,, (n-propyl

eycl opent adi enyl ) haf ni um
dlmet 1germy b1s(2-m yhn enyl zm:omun%/ Xa P yh)

dlme%Y@M is({etrahdioyndenyaieonim Lycl opent adi enyl ] hafiiium

dimetlyylsilylbip(teftantetimgeyojonsntagdienyhzitcopm Xai enyl ) haf ni um X,

dimethylsily2(cyelppapadiemdéPrflupteali)tiraomuy X,, 15

dipheitpyls [yXcpelbpdnyd dierd @@ ubeeh pli)zircodium X,

dipheI<TBIH r&iehwzﬂf@hﬁmpp{gpyl cycl opent adi enyl ) haf ni um X, , ,

cyclot@¥teHeSily15tetpinsdtRy1BYE1Y bl ARB b&tNdibikATAVCHRuy Xy,

cyclotlirsh hﬂeﬁésﬁm({eftﬂaﬂl‘éﬁﬁf%?oﬁéﬁtml% yclopentadienyl) zirconium X,

cyclotrimethylenesilyl(tetramethylcyclopentadienyl)(2-methylindenyl)zirconium X,

cyclotrimethylenesilyl(tetramethylcyclopentadienyl)(3-methylcyclopentadienyl)zirconium X,

cyclotrimethylenesilylbis(2-methylindenyl)zirconium Xj,

cyclotrimethylenesilyl(tetramethylcyclopentadienyl)(2,3,5-
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 X,

bis(n-oxtylcyclopentadienyl)zirconium Xy,

bis(n-pentylcyclopentadienyl)zirconium X,

bis(n-propylcyclopentadienyl)zirconium X,

bis(trimethylsilylcyclopentadienyl)zirconium X,

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(9-n-butyl fl uorenyl)hafniumX,, 20
(9-n-propyl fluorenyl) (2-n-propylindenyl)haf niumX ,,

whe@@2n23pr opyl - 2- net hyl cycl opent adi enyl ) haf i i PCIUX003/025280

(n-propyl cycl opent adi enyl ) (1- n- propyl - 3- n- but yl cycl ope
nt adi enyl ) haf ni um X, ,
dlnethyIS|IyI(tetranethylcyclopentadienyl)(cyclopropyl
am do)titanium X ,
d|nethyIS|IyI(tetranethyleyclopentadlenyl)(cyclobutyla

gizg-i‘%]'fqﬁ iv ti:?ﬁygﬁ %’:g;fy lrcOml)?pe’l‘it adi enyl ) (cycl opent yl
bis(1, C, e

bis(d, H’ﬂ%ﬁﬂi‘?{ ﬁ%ﬁ?}ﬁ&gﬁﬁ%@gﬁwgycl opent adi enyl ) (cycl ohexyl a
bis(indrmprbeirsangim ¥ t et r amet hyl cycl opent adi enyl ) (cycl ohept yl
bis(2-mathpbidanyhrireamivn Xn,

cyclopntmdiehylislehylz{rtetinmét hyl cycl opent adi enyl ) (cycl ooctyl a
bis(n-propelr ydlbmentddienyl)hafnium X,

blsm-@;ggg&yﬁwdayﬁﬁmﬁmb@yl cycl opent adi enyl ) (cycl ononyl a
blS(n—ﬁe I%'n

(n-profit l:lflaﬁthﬁ%ﬁ | tﬂu@;ﬂ%&&%&%ﬂl&%ﬁ%ﬂhﬁ@é" ) (cycl odecyl a

Ei:ggl{ngﬁs s 1(%%% é%g?}?ema }tha%l Opeﬁ’t adi enyl ) (cycl oundecy

ps

bis(2-pyp LYDYRAR Karret hyl cycl opent adi enyl ) (cycl ododec

215(23;,{ %mﬁﬁypg ﬁil C&%“’ o yl cycl op yl) (cy y
1me JIrPRYICXCencaRET }ég@lu@pgmt adi enyl ) (sec-butyl am
d1meth3ds;§yﬂb15(afhu¢§/‘lp§clopentadleny hafnium X, I Y

bis(9-utproptyHidosédy)héfoatm Xaet hyl cycl opent adi enyl ) (n-oct yl ani d
bis(9-wptriyl farvirenyl Matniurd X,

(9-n- pﬁbpyﬁid@{é@ﬂ)l(g/.ln(ﬁrepﬁaﬂeﬁﬁyiaﬁﬁmhqgent adi enyl ) (n-decyl am d

bls(l-ﬂl}) adindthyicyolopentadienyl)hafiium

(pro % bt N it P smg, @eﬁpeﬁgalammum adecy!

dimet pentadien lamido)titanium
dimethy eRr ene¥h c}I}] j’(: dlengll%gt i;npc?o aﬁﬂi%’li] ( cycl opr
dlmet D t

dimet Prawindeyclanentadicarderslplspéylapide)itaniamXy. (cycl ope
dlmethnlg;l t@@)qthyl@m?qp@ l;qdwny]zq(@ygooctylamldo)tltamum Xn,l) ey P
dimethydsihy(testanrefhidicidpentticaniichiglboymylapdoitaaiienyis) (cycl ohe
dimethgydi yhGtetapiath ydeyclopedtadienyl)(cyclodecylamido)titanium X,
dimethipdilyytqhenyigijcdpehrti-amichbeizt gaeidadiagi X(.cycl ohe
dlmetH%tléﬂ tﬁﬁ)éth}ﬂ@ﬂ:'ldﬁ%h%dlenyl) clododecylamido)titanium X,
et ST by ahagniAieRy) ) Coyel ooc

el %@Mﬁ@a el 1) (cyol on
ﬁl

i ' ?eta(r}g% %7':‘5 enta}((i[lé (th a%‘zopropy am1§o)t1t§1/1:112n(1 S%/ ¢l ode

methy
methy FyATRethylp ql@%qnéaéﬁﬁw cyglebwiylamideliemim oy cl oun
methylpheyyls lﬁ@;mqthﬂp%p@ntadlenyg(cyglopggtylamldo)tltamume%iy
meth}’@ﬁhxlﬂbﬂ@ﬁyalmthybmlmemmbﬂ)(w lohopdamnidd)tdailmn(ycl odo
methytpheyylsityl ety ton¢thylcyniopéntadienyl)(cycloheptylamido)titanium X,
methyiphehylkiph@eydmséthylt {dlejeheadizinhly(cgylobaprntidshiemyin Ksec- but
methylﬁh@ﬂ?l@i@l(tbtﬁaﬂéthﬁb%lopentadlen 1)(cyclonony1am1do)t1tamum X,
methylphb élgh SydrgdthybidiSichiaRh mh&%{iﬁﬁg R ( R; oct yl
methy BRI AR hyfeyolopaA R g RINES QE3RR %1,
methylp%énylsﬂyl(tetramethylcyclopentadlenyl)(cyclododecylam1do)t1tan1um X
methylphenylsilyl(tetramethylcyclopentadienyl)(sec-butylamido)titanium Xy,
methylphenylsilyl(tetramethylcyclopentadienyl)(n-octylamido)titanium X,
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nmet hyl phenyl si |l yl (tetranet hyl cycl opent adi enyl ) (n-decyl
am do)titaniumX,,,
woreaohpipbenyl sil yl (tetramet hyl cycl opent adi enyl pCHUSZIDZ 025280
ecyl am do)titanium X ,,
di phenyl silyl (tetranethyl cycl opent adi enyl ) (cycl opr opyl
am do)titaniumX,,,
di phenyl si |yl (t etrarret hyl cye{ apent adi enyl ) (cycl obutyl a
mdo)tltanl um X, , ,

e iRIGR gfg(lgee rxﬁlgﬁ] maﬁmdlawr? R Aslas Rtk se] opent v
met %’ open T ) O%fé La%'ﬁgﬁuinw a%exyl a

1
diphenylgy gig iy
diphenl t 1 ) ),
diphomioi 3’* oy gﬁgﬁiﬁlﬁ%ﬁﬁ@ﬁﬁ?ﬁ%ﬁ?&%‘@% ot ohepty!
diphemjyly agmqﬂwlexcéqpeataétenyl)@ydbb@@ﬂmdommyrpéghc| ooctyl a
diphemylglby) (téttaamtiyivyclopentadienyl)(cycloheptylamido)titanium X,
dlphelmb'rlﬁbé(mgttmmwléyoedpemmiehyl)@ydboﬂglahﬂdﬁ)ﬁ'myﬂmﬁ Xycl ononyl a
dipheiifl€l D) (tétiaRibthiToyclopkatadienyl (cyclononylam1do)t1tamumX

diphef}f1§l métwm;tc%ﬁeﬁfaa{ehy @YElbarsHaadb Rtk % C! odecyl a

diphefB1€R) yelopentadi lound d
dighzgm é%@@ipeﬁ{iaﬁﬁy VG BREO A S H by & oundecy
i

('D

diphe entad sec idoMita
1en nygctﬁténmgo%‘:aé @n‘f‘i&y cl ododecy

d1phe1i1y ﬁ]

diphenylsiiy {agﬁlqt Ry qnﬂaf?é{eﬂ Deytaengdaizaim Xosec- butyi am

diphemag l%fclopentadlengl)(11—octa ecylamido)ti am?lf(;n Xas an>c/1 derivatives

thereoj phenyl silyl (tetramet hyl eycl opent adi enyl ) (n-octyl anmi d
o)titanium X, 15

[0083@%?[‘?2&%@ l'iltﬁé ehLaTeiny evehopentiadi ey (% ey Atk dion. By

“denvdw&semﬂeaﬂ i (st ﬁl%ﬁlﬁ@iyhé{ﬂbwﬁﬁ&?%ﬂﬁﬁ‘é' RiMhtdd a@ﬁ&@ﬁﬁ&y labove for
am o)tltanl um X, ,, and derivatives thereof. [008

structppe(¥a-A) ithenecmbpsdimenthandsinipartcudar, wplagpmenitof] tbegtetaé M” (Cr, Zr,
S f e [ J Ves .
Ti or%{b wﬁ%t &Q%an ele g{é%iuxg rgn&grgrglﬁ %tsmtnl?ﬁ ot(fmhérélS r, Hf and Ti; and
replacelmsmr obea ‘@bb‘gﬁ)ufpomth&mywﬂﬂli &SCG\é‘ﬂ{}dé ChaBig Cs to Cyo alkylaryls,
enbodi.nment; and in part] cuI ar, replacenent of the
fluoringe chilpring or @@mlnzf In a partigp ay_ﬁr)lbqglmqnta ﬁacg)t e @ycgr@tr@qjallocenes isa
I
ﬂuonééggﬁgt%@ﬁcée% Wﬁ? e?xﬁﬁﬁé éﬁﬁlﬁ%oﬁgh%(t %1%{1 S soa]c ﬂl{l}?‘:d@ m@ﬂij groups are
fluorids ly lyet, a r@Bregrayticsi]ar €hbbdinEh@ al kyl aryl s, fluorine,
chlorine, or bromne. In a particular errbodi ment, each
of the above netallocenes is a 25 fluorided
[00844‘?Et al | prspe Qaﬁfféﬁfaﬁynn&ﬂﬁmﬁfng‘@{aﬁm@& dihgie ﬁughgékpéathﬁrstacomponents
luoride; and all X groups are | uorides in yet a
usefulyip the Ip%th@d eﬁtharm\@nb@manqr@mfollc{mosq More particul arly,
non-limting exanples of the fluorided catalyst
conmponents useful in the method of the invention are
Bis(meéthyfctlbpasadiaty Birsériimmiiiedeppent adi enyl ) zi r coni um
Bis(ethyib dl@fdn@hﬂwny%kﬁ&cﬁﬁtﬁﬁh%h@@em adi enyl ) zi r coni um

Bis(prap 1t #P6peadienS) S QIARY URNRI@RENt adi enyl ) zi rconi um
Bis(is ﬁt&i@%l SntadRnHLERER MY EhgPent adi enyl ) zi r coni um
Bis(b i/l &Qﬂéngﬁienyl)zucomum difluoride,
Bis(isobutylcyclopentadienyl)zirconium difluoride,
Bis(neopentylcyclopentadienyl)zirconium difluoride,
Bis(cyclopentylcyclopentadienyl)zirconium difluoride,
Bis(cyclohexylmethylcyclopentadienyl)zirconium difluoride,
Bis(allylcyclopentadienyl)zirconium difluoride,
Bis((3-butenyl)cyclopentadienyl)zirconium difluoride,
Bis(trimethylsilylcyclopentadienyl)zirconium difluoride,
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35 Bi s(butyl cycl opent adi enyl ) zi rconi um di fl uori de,

Bi s(i sobutyl cycl opent adi enyl ) zi rconi um di fl uori de,
w@e@dnenpent yl cycl opent adi enyl ) zi rconi um di f | uP€T/ti82003/025280

Bi s(cycl opentyl cycl opent adi enyl ) zi rconi um di f | uori de,

Bi s(cycl ohexyl met hyl cycl opent adi enyl ) zi r coni um

di fluoride, 40 Bis(allylcyclopentadi enyl)zirconium

di fl uoride, Bis((3-butenyl}gyclopentadienyl)zirconium

difluoride

31:?;%‘15@1 EIBATEI Sonc0 o
Bis(1.5! 1}1 e a& yl):ercom en1 uom{1ey 9%1% coni um
Bls(l’ I l‘g‘a{?]ﬁ?F@Pﬁh 3ﬂ'¥'§ ippifatifeadi enyl ) zi r coni um

Bis(1,3; clopentadienyl)zirconium difluoride,

Bis(1 %:45 imeshyde yelaneptadigay Daeaoniven ddlypide.r coni um di f | uori de,
BIS(tega@%]mymthomﬁgb@w&ﬁgng@ nmahﬂglo'f@;deglm rconi um di fl uori de,
Bis(1,8-msjthylethg]c3clopentedibyylrcompanti fabratey | ) zi r coni um
Bis(1,8irhéthiglproge]lcyclopentadienyl)zirconium difluoride,
Bis(1,BiadtAylBudidytciopeithdieaylwdiepatmadnenide) i r coni um

B1s(pKBn lcyélbpéiﬁadlel@lﬁﬁﬁﬁlﬁﬁ@ﬂwdé}’c| opent adi enyl ) zi r coni um

-

gizg ; éﬁ t?}lftag;}?apzmomu@ delfr}i}?r)l zI'r coni um
Bis(1,5!

Biz(plbe Ml%, 8 en éfy F @r@gﬁﬁdﬂgme) zi rconi um
Bis((3gphe P§° PIPﬁPE Drgrsiim difloyids:
(Tetraa}efl}}’&‘a’ﬂmfétadl %ﬂ?gg m@é@ny%r%% gﬂuggﬁ um

(Pentagmeﬁlpﬂ@flpmtadlenyl) ropylcyclopentadlenyl)zucomum difluoride,

Cyclopintqdierad (peartyjdyorpaytadipnymeotiadi difiybridd, r coni um
Cycloperftadiaryl @etylcysi apetiadizyypsicboipandifidotdy| ) zi r coni um
Cycloﬁd:rftidi@fyﬂ(d?clopentylcyclopentadlenyl)z1rcomum difluoride,

Cyclopérddiendi 51%1 LOYRbAREAGEI08RY] ) Zi rconi um
gzgiggérftidiﬁfyl 3. %}ﬁ&&l@}iﬁ%&ﬁﬁ fiﬁh%ﬁﬂ&ﬁﬂﬁﬁ%ﬁh& zi rconi um
Cyelo Eéfn? J@t@&é’ﬁ&t@@&p& ?ﬁlen(g/ hy&omdh dHRO
Szzizgggég%} RS ?@ggézm%&g&w )2
ggﬁgig}g@é@ﬁ@ﬁi@rrﬂ;ﬁ%ﬁ %ggﬁ%ﬂgﬁpf cycl opent adi enyl ) zi

Cyclogyntadigrehifladieapritqomomy Hiflpotidpent adi enyl ) zi r coni um
Cyclopknddisryil (trahfdrofluorenyl)zirconium difluoride,

Cyclogantdddpsitboetrdhpdryiiidretyi)Aychiopeadifiasi®@)y| ) zi rconi um
Bis(telafyldesifided§1)zirconium difluoride,
Bls(meé@&bpaﬁﬂg@q)ﬁﬂwhﬁﬁyﬁhgm yl cycl opent adi enyl ) zi r coni um
Bis(pet ér 1 z%

Dlmetﬁﬁ@l VIBTa ﬂ}{,})a qﬂ&’e&?ﬁ&ﬂcoﬁﬂnﬁi‘ Hffféllof’ldg oride,
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,



10

15

20

25

30

35

40

45

Cycl opent adi enyl (1, 3- net hyl but yl cycl opent adi enyl ) zirco
ni um di fl uori de,

w@yotopest adi enyl (t et ranet hyl cycl opent adi enyl ) RCT/US2003025280

di fl uoride, 25

Cycl opent adi enyl ( propyl t et ramet hyl cycl opent adi enyl ) zi r
coni um di fl uori de,

Cycl opent adi enyl (butyl tetraggthyl cycl opentadi enyl)zirc
oniun1dif|uoride

Dime ?B ggdpg? foﬁxﬁ‘té&) QI?}H}Z}II'CSI%{ImaC{TE&(I)}YA cycl opent adi eny

Dime g %gﬁla H e S e

Dime 1125 § Xﬁgﬁgﬁ z YRpTopRiuE GHNORdSsi £ 1 uor i de,
Dimethiylsgylof ﬁﬁ@ﬁ%@lﬁ’l@b{gﬂpp?f}t ¢18] nywm&ﬁﬂmﬂdm f1uori de,
Dimethylsilplyistindensdmrconivmdfiyaridst | uor enyl ) zi r coni um
Dimetysilylbis(2teethylindenyl)zirconium difluoride,
DimeiBylsilplbes(2-aditieiyd-fleny iddedyoditaonivengtifuatide oni um
DimetthiyTsilyibis(2ienethyBids(BL pii- hutlsticngieniehyBzifdattinydifluoride,
Dlmeltﬂlbffsilyllib[si(li-ﬁlet}@lﬁl(-ﬁafphhl‘yyﬁﬁ Dkiaddiith Hddogi@B] Ui n
Dimefhkfst ly@éycﬂﬁ)entaaﬁlﬁ')&ﬁdéﬁ?l) gi'u%?aiﬂu%ﬁbié) zi rconi um

Dime sl et C cl tad1 n (1nden 1)21r conium dlﬂuonde

Silac
Sllacy

Ethyl Og % 8’on| um di fl uor| de, 40
Ethylfme -wsfha( mleﬁer ﬁW AR QO f | uor i de,
Isopropiy wewyaloﬁémiﬁsixuenﬂ @ﬁylleylzlorﬂtcemunnd@upnd@ru de,
Diphepykyethydidgneteydgpentedismy])fiorenybizireondirh diforide,
DimetBys{l$ pledpghiadceyly({ueiengDrirammiwhi Hiflnoridele,
DipheByIs{l Z{qyetopyhiadidayiyifhatengriicomudi difluoridele, 45
DimetByB{1j1bisofl@t¥hyl Fircegtmutifiadrideyor i de,

Ethyld3lebis d%&frbdiﬁﬁlﬁwﬂﬁoﬁdécom um di fluori de,

Bis(mBih${c9c1bpitad kb d}:2| rconi umdifl uori de,
B::?;: l§, 1 Ji@ dﬂ 1e1%t11} r ycl opent adi enyl ) zi rconi um
PCT/ US2003/ 025280 - 33

gi:((gr VIFI;‘?}M‘%?’Z qﬁihesdgmxﬁ)dl u)(/)ﬂﬁg | opent adi enyl ) zi r coni um

Bis(isputdeyst Pléﬁnlt 1%1y9§‘éﬁlﬂlnafhrpé"f’ﬂg?’cycl opent adi enyl ) zi rconi u
Bls(nqq;pgqlty}cug,lppggadlen hafnium difluoride

Bis(cyplapeniyjdysiopghtadisn e figumdifiearidel cycl opent adi enyl ) zi r co
Bis(allyileyiel apreitadioni/ e foium difluoride,
Bis((3Bhutatyh)eyclbp gritialis(yi anfhaume difidoeide,] opent adi enyl ) zi r coni um
Bis(cy@ldhexdifietiglcyclopentadienyl)hafnium difluoride,
Bis(trimethylsilylmethylcyclopentadienyl)hafnium difluoride,
Bis((3-phenylpropyl)cyclopentadienyhafnium difluoride,
Bis(1,3-methylbutylcyclopentadienyl)hafnium difluoride,
Bis(1,3-methylpropylcyclopentadienyl)hafnium difluoride,
Ethylenebis(indenyl)hafnium difluoride,
Dimethylsilylbis(3-propylcyclopentadienyl)hafnium difluoride,
Dimethylsilylbis(2,4-methylpropylcyclopentadienyl))hafnium difluoride,
Dimethylsilylbis(tetramethylcyclopentadienyl)hafnium difluoride,
Dimethylsilylbis(indenyl)hafnium difluoride,
Diphenylsilylbis(indenyl)hafnium difluoride,
Bis(cyclopentadienyl)titanium difluoride,
Bis(methylcyclopentadienyltitanium difluoride,
Bis(ethylcyclopentadienyl)titanium difluoride,
Bis(propylcyclopentadienyltitanium difluoride,
Bis(butylcyclopentadienyl)titanium difluoride,
Bis(isobutylcyclopentadienyl)titanium difluoride,
Bis(neopentylcyclopentadienyl)titanium difluoride,
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5 Di net hyl silyl bi s(i ndenyl ) zirconiumdifluoride,

Di et hyl si |yl bi s(2-net hyl i ndenyl)zirconiumdifluoride,
woreenaeB&i | vyl bi s(2- met hyl - 4- phenyl i ndenyl ) zi reORUS2U03/025280

di fl uori de,

Di et hyl si | yl bi s(2-net hyl -4-(3,5-di -t-butyl)phenylinde

nyl ) zirconiumdifl uoride,

Di met hyl si | yl bi s(2- et hyl - d3pnapht hyl i ndenyl ) zi r coni um

di fluoride, 10

Bis(c g?ﬁtg%&gfohgﬁtg&igﬂlﬁ@aﬁn%% Lfylak (1 ndenyl) zi rconi um
Ethylegfﬂ?ﬁ mlgﬂg meiliﬂ Fﬁ%m% cycl opent adi enyl ) (i ndenyl ) zir

Dim.

a&@‘n
Dlphﬂ@rl?lla)éwpleeentgfqllelilsé}(ﬂawewgﬁ}t@ww@ﬂmwb eurglopentadieny)zrgpnium
trifluorid®ni um di f | uori de,

(indeng)rigeopinino préfiitoyidet et r amet hyl cycl opent adi enyl ) (i ndenyl ) z
(1-methybudenyritddnliuno tii fileride Ft hyl enebi s(i ndenyl ) zi r coni um
(2-methiiyfihden)dieconitm Eiftwori@eebi s( 2- met hyl i ndenyl ) zi r coni um
(1-propyliddeéaylARonium trifluoride,

(2-pro ﬁgﬂ@gﬁﬁm@gﬁﬁ{%bgg@nt adi enyl ) (f1 uorenyl)zirconium

8:123: h% 3?{% oﬁ%‘i uorﬁl gycl opent adi enyl ) (fl uorenyl ) zircon
(meth%l;% @fgg?)ggq%&dg’nyl ) (fl uorenyl)zirconi um

(tetr:
(Pentaﬁeﬁﬁ 1@?@?@?@@%6@%@%@9 »(f1 uorenyl ) zirconi um
(CYCIOH?m@d]@WIEECOIZ@mUﬁ ¢ | bi s(fluorenyl)zirconium
Peﬂtamﬁth}’lgml¢mtadl®vhymwe@lﬂﬂl@ﬁr{@or enyl ) zi rconi um
tetramdihflcyclopelgyldicByKitansurh yti iyaridepent adi enyl ) haf ni um
1,2 4-tdinfethydeyicitpentaBica yleirtoriay i e fdeash demigdty b athataom

di fluoride, Bis(propylcyclopentadienyl)hafnium

di fl uoride, 25 Bis(butyl cycl opentadi enyl) hafni um
[0085)di T | uogi;d %onteﬁ?&?é@@ﬁ%ﬂél ¥a 1?&%9%% dfs‘&y chﬁiﬁc}n@ﬁfﬁ Mescribed above

di fl uori Bl s( neopent yl cycl opent adi eny
1ncludd tlfeinﬂtriuptdlmrl or Bpsc(ath yx:d:mp‘emhyﬂngsohmpe(rﬂ:canhmemyiﬂ)rl&}gfand umy be a pure

.uor i de,b “é]gal I yl cycl opent adi enyl ) haf ni um

enanu%ﬁ‘?“ﬁé’f“?&@ odNE}-5 ( ( 3- but enyl ) cycl opent adi enyl ) haf ni um

di fl uori de,

Bi s(cycl ohexyl met hyl cycl opent adi enyl ) haf ni um
[0086]di f | uof$ desed herein, a single, bridged, asymmetrically substituted metallocene

cataly% i ?@héﬂ}u{ﬁg ie}Q\y hg ré’ceﬁﬁ‘é Qr}/d/ocrylﬁes%pgo%earddogy Mot) s flfn conmtltute at least two

differegt l?xfidg%dpiglefaylb@"newﬂa)ﬁywnmeﬁtad| enyl ) haf ni um
i fluoride,

Bi s(1, 3-met hyl butyl cycl opent adi enyl ) haf ni um
d'll.“lié ‘i&ﬂéﬂaﬁ&: g%gtra pS§/ cgr)%?%egg " bse lelrl?.ytlhf I‘Pa?sent }%Ventlon may comprise
any codlbﬁﬂamonloﬂeny“dﬁllmdhmembd&(cribekbmthﬁlhaf ni um di f | uori de,

[0087] 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 8 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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Di et hyl si | yl bi s(3-propyl cycl opent adi enyl ) haf ni um
di fl uori de,
worewenaeB&i | vyl bi s(2, 4- met hyl propyl cycl opent adi BelUy1vas/25280

iumdifluoride,

Di et hyl sil yl bi s(tetranmet hyl cycl opent adi enyl ) haf ni um

di fluoride, 40 D nethylsilylbis(indenyl)hafhium

di fl uoride, D phenylsilylbis(indenyl)hafnium

di fluoride, Bis(cyclopentadienyl)titaniumdifluoride,

Bi s( et hyl cycl opent adi enyl )titani um di fl uori de,

Bi s(et hyl cycl opent adi enyl )titani umdifluoride, 45
ActivaBoey pr opyl cycl opent adi enyl )titaniumdifl uori de,

Bi s( butyl I nt adi enyl ) titani umdif]uoride,
R AT S ——
combiBAtRn TR ﬁh&g%@%ﬁe& afjhfsﬂg%aﬁédt, AMUABatllabtHRE b gl Re catalyst
2004/ 022230 PCT/ US2003/ 0252 - 34
compaBind ((e:ge| mtiogdnes,cCopent Sdoraipiigt catalstanetd)f budr addy creating a
o LT LGB AT 8 UG e, tsction o
least ob¥ Paethg! &bhy (X et aR et Beth @By koidirbPERAY) Ibint B8 &M center of the
di fl uoride, (cycl opentadienyl)zirconium”5

Catal}’%trqomnj)@@tde? €1 GatRdYsy IcpipPBORS Wi the iDi¢semly inyention are thus activated
towarés;o:lgrﬁrﬁ E%lllylh{]é gﬁ}q lgséu{lggémh lﬁgﬁ\ﬁt%n{s]l NG grhents of such activators include

eny ont um uori de,
Lewis @didp sughydsi aydienyi olioreaio ipoiw(tiydrddadpaldinub® oxides) and so called non-

‘ ! R Pumtritiucr: do
COOIdi%&itir&Z?%%[){(‘: :a,grg\%]q);; )Z(;Z‘I'?Ir@&’);{' {gg}frgr@qrxc:elw ﬁlgazggg activators” or “stoichiometric

i e ) RPN plogne cas compone
to a m¢thBogeab yatiani thaldmpdtiveiwithorespent tordléfinpoliaierization.

(pent anet hyl cycl opent adi enyl ) zi rconium trifluoride,

(cycl opent adi enyl ) zirconiumtrifluoride,

OB S0 SO A L i
as alumoxane (e.g., “MAO”?, modified alumoxane (e.g., “TIBAO”), and alkylaluminum
compounds as activators, and/or ionizing activators (neutral or ionic) such as tri (n-
butyl)ammonium  tetrakis(pentafluorophenyl)boron and/or a trisperfluorophenyl boron
metalloid precursors to activate desirable metallocenes described herein. MAO and other
aluminum-based activators are well known in the art. Tonizing activators 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).

[0090] 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
include trimethylaluminum, triethylaluminum, triisobutylaluminum, tri-n-hexylaluminum, tri-

n-octylaluminum and the like.
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1,2,4-trinmethyl cycl opentadi enyl zirconiumtrifluoride,
and m xtures thereof. 20 [0085] It is contenpl ated
wao bat/o23280 et al | ocene cat al ysts conponent s deseeT/b81903/025280

above include their structural or optical or
enantioneric isoners (racemc mxture), and nmay be a
pure enantioner in one enbodinent. 25 [0086] As used
herein, a single, bridged,_ggymetrically substituted
net al | ocene catal yst conponent having a racemc
and/ or meso isonmer does not, itself, constitute at
| east two different bridged, netall ocene catal yst

[0091F onponErrapled hef ‘heetral [ondane acavabgssﬁn@maomemp 13 tri-substituted
useful in fh ntion ey conprise

compQipfl fin PRAHHBF p%ﬁ?ﬂ : 'ﬁ‘lfﬁ%gﬂ@ﬁt telyeday | duainer egeﬂhwnyand indium
compde§ 7%&%&%%6?&)@ t @nf QhfDLt gh%stl?ﬂl.lFﬁf %ohlipéz @AY Shdependently

conponent, the nolar ratio of e first
selectesatfigiy she @oonponemsisting thelkgh;: caﬂ@n;zla,t hhly)gebn csubptintedt alkyls aryls,

nol ar Q00 Ti:Z e of fromO0.1
afylhaig Sl ilﬁlfs pre chibogingegy ! ot%i%e BIPURR G dfdependently
select@bfremlpg gﬂﬁptoonﬁmlgf Jﬂmo?geﬁ Ondso bﬁmﬁﬁkya&oen'it%dmg halosubstituted)
embodi ment, and from3 to 12 in yet another

aryls, éﬂﬁﬁlﬁdmﬁen]kenldr?@nfppmdwnﬂdanmthp@pf afoaimgher embodiment, the three

R L N NN D .

alkyl gatlpﬂ lyesinge D20 etborn &bk, SREGNE 0GR it | tocZRIP&Nitoms and aryl
IS any conbinatjon of any upper limt wth any

group] Gghe § Fovil SuBek APBe iR BBt SLONSE onylDp aRbepbinations thereof. In

yet arfofhbt %@9%&1%5%%0three %5(0%]%% Lﬂ@vsl%ie% X ﬁ&ﬂgﬁ% Og‘?@.\é}lgﬁl%lstmg of alkyls

herei n t’erm "act def i ned
having dmpo uhdbathon  gmbs, nphényh odphdoiipmdn dsxtussspfirrdogd O yet another
bodAsu orhjgd whi ch can %’“dltc vate a single-sjite cataly
embomey o 8LoYPS Affeteleq Rt e B Cansistigat ofi Hehly *halogenated

alkyls Ciivlgy 3t ®, 4 &dafbon gtk §" lﬁ?hl*%’ha% bl gplﬁn?ﬁt 'a{?@ i1 %l'hl?f Shalo genated

y&);m es fromthe cat a onent . cal
naphthyis,adaixtuiee theneofr Bt T‘IDgiﬂEﬂlah)Eenat@ﬁstt io lm‘ahteﬂwﬁ atgeast 50% of the

S A et e TR I L

chlorinadnal b6inikO MpCREe Bﬁc&h@feniﬂbﬁlrﬂérﬁ SIBB el Qi HRGm 8tke aEmvh?tor is a tri-
activated towards olefin polynerization using such

substityted; Groupr 53 compodidnegmpyisiig hxgéh/ ﬂﬁ@lildﬁdt awk gravpb.uthe groups being

hlghlylfﬁ'\ ?ﬁ&gf}%?g%@gﬁ%rﬁ ﬁ%%%%ﬂaé thgl ; IoC cal | ed non-

coordl nating ionic actlvators (" NCA) (alternately,

"i oni ctivators "st oi chionetric
(00927} vﬁt"o?%ﬂal}ef %?b%fﬁ‘ye Wt i DD SrbEHued G ok eorapends are
boron @6ﬁb6ﬂdsr@%1tcﬁlals oacﬁﬁﬁerglgﬁ) Hét l%gp&}p rﬂﬁo?oﬁghthyl boron, tris(3,5-

nmetal | ocene cation't ctive respe

d1(tnﬂgbl@methy@)phymm)hoz<m,| trrs(dléltanuﬂ)ﬂﬁﬁﬂﬂyls'ﬂlyt)perﬂaotopheﬂyébdryn, iahd other
Jlon to use_Le

‘hlghlyafilll E Cﬂ}sgreylﬁc’o%gﬁ ecor%];)oﬁrpdssanldngoe nltolnatlons thereof, an fchelr 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).

[0093] [Mustrative, not limiting examples of ionic ionizing activators include trialkyl-
substituted ammonium salts such as triethylammonium tetra(phenyl)boron, tripropylammonium

tetra(phenyl)boron, tri(n-butyl)ammonium tetra(phenyl)boron, trimethylammonium tetra(p-
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as al unoxane (e.g., "MAO'), nodified al unoxane (e.g.,

"TI BAO'), and al kyl al um num conpounds as activators,
wW@na4o2228@©Ni zi ng activators (neutral or ionic)PECIUK2083025280

tri (n- butyl)anmmoni um

t et raki s( pent af |l uor ophenyl ) boron and/or a

trisperfluorophenyl boron netalloid precursors to

activate desirable netallocenes described herein. MAO

and ot her 20 al umi num based activators are well known

in the art,.. lgnizing .activato re Il known in t .
t01y1)baorr?n’and artgn{fgry&%‘ 1&1%, for{egrﬁg)rfﬁiy 4 0Eﬂ"gene Yéﬂnb%?%ﬂjmomum
tetra(feR@furopBiyN)bdronar KStript@SBindhy@tt f Oftetra(o,p-dimethylphenyl)boron,

Met al - Cat al yzed O efin Polynerization: Activators,

tributylgmmegivnpn Pebe@ssedimethyipicpyearone- Agutylpynonium  tetra(p-tri-

o B3 OO B A AT o, i

butyl)hatrodivng tetraoHigoNbororiahl ahe ilike ABENGCl Ak yl Canilvituin e such as N,N-
. . catalyst conmponent (e.g..,. 25 nmetallocene) or separate
dlmeﬂ?ﬁ%‘ﬁmll%{lﬁél é@%%PWBE@ﬁ&o AbNrdiethylaptligrimy és%@(pfa@%ﬁ)@wom N,N-2,4,6-

. r e S S§: e-.Si . .
pona SR oy S BRCDECHS, SRS o s s
(isopr&EN)aBOnidB4 7- 137 tetip@Ratfnofopd&@y1)bdiam; | i i t i digyclohexylammonium

xaml es of al um nu l. K conpounds i ch may. be .
tetcaCrE R REpgan e el A BreV oGP RaHEn el e Bepdgiosphoniurm
tetra(fheAAHIGS for use tﬁﬁn&tﬁﬁ%)ﬁ&{yhb?ﬁ&pﬁﬁm’hﬁﬁ pr esent tetra(phenyl)boron,

_ . invention include trinethylal um num _ i _
tri(dimethdphgpiyhphesphompmt rtetra(phrmylbetonniandinthe like, and their aluminum
emﬂvﬁgkén-hexylaluninun] tri- n-octylal um num and the

I'’K€. WD 2004/ 022230 PCT/ US2003/ 025280 -36 [0091]

[0094FXxanp| &s yé&fanotidt edbodigith? bfNtheactivatat ff the iMentioR, £ flkaluminum
13 tri-substituted_ caonpounds, in particular, )
can b rysed |ip sonfurcEen Fatoa, hetepeyshe romparagn nlhe rigal ofi the heterocyclic
> U . : ] .
comp @B bl ae BTRRY BEni B0, Blipd B30 b \BIP oo Al s at Lot
one nitrogen btven g1 ong embodinehi. nThe hetetdeytli, cahpomny lisgludes 4 or more ring
hal.ogen, substitut al kyls, aryls, . aryl halides,
membgysig >g?§)e ﬁﬁ’i‘go CE e é‘g‘? 9 PRI RGBS EbRES IR F‘n%/th%f qophaggment.
groups are independently selected fromthe group
consi sting of hal ogen, nono or nulticyclic (including
[0095hal osulbbe heteraspiglic eomyiosind ddrkysesis aaradtiedtéeewith ap elipdalwdium may

be ungyBlilo ot BB ilEh SR ot PP oy s Eiimples of
suitabR &BRNHuchts QHEIEAd ﬁﬂbg%l, Iy, AReBAT illclyD iEdicald) elowliyl radicals,

groups having 1 to carbon atons, al koxy groups )
aryl rpdigalagaryl sebshitutedrafor radiedls, aed radippls, gioglipadiealyi #lljoxgy radicals,
0 20. carb - 1.ncl udi 1pst | tut ed .
arylosC BHiCER ARV BT Tagibdl R RS o] radicas,
arylmcty:azlt(rblengrrﬁdipsls,acz&baﬁbﬁcméidglﬁf aliey1- he cﬁﬁlmt:]p o@lﬂfaﬁio@'l Ezﬁgcal@é, acyloxy
) y .having 1 to 4 carbon, groups, enyl , napht hy
radicalin Acfeting cBdiHEs @Wlamlﬁoy@@w&}?ot%}ghﬁehﬁaah%ﬁf xlie alkylene
oald I t ISt d :
radicalel BF Pof HBAALE BRLE" PR MRTLHE SO mEP Ak, Mbsfuted with
halogegs opausculimlygfhgrirteadr bgemiat cut heteeoatdras oathd like.ghl y
hal ogenat ed

[0096] Non-limiting examples of hydrocarbon substituents include methyl, ethyl,
propyl, butyl, pentyl, hexyl, cyclopentyl, cyclohexyl, benzyl or phenyl groups and the like,

including all their isomers, for example tertiary butyl, isopropyl, and the like. Other examples
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napht hyl s and m xtures thereof By "highly

hal ogenated”, it is nmeant that at |east 50% of the
whyanozess are replaced by a hal ogen group sel BCT/E82003/025280

fromthe group consisting of fluorine, chlorine and

brom ne. In yet another enbodi nent, the neutra

stoichionetric activator is a tri- substituted G oup

13 conpound conprising highg fluorided aryl groups,

t he groups being 20 highly fluorided phenyl and

o st ALHALL SRR P BHE i bASHEA PRoBOR. Bomotens o

chlorobeyhunds are boron conpounds such as a
trisperfluorophenyl boron, trisperfluoronaphthyl
boron, tris(3,5- di(trifluoronethyl)phenyl)boron,
ris(di-t- L& | 3 Nyl - d
100978 11 &1 55 0R7 SE TR b Dok RFL HILBRAREN BALATMART In another
embodimenic ondion ahoengoditivers eaf theahetetdegelic abmpdundmare substituted with a
equi val ents. Qther suitable neutral ionizin
halogeGckipiiarh alage? RORCFIIRIY R (BT gorigeniplo ploggraied aryl group. In
one efibdfiBefitheBhioRRs b&edd da- bbisptidd I4-chibtne, bromine and
(2000), and 1m 17 ORGANOVETALLI 3996- 4003 (1998 .
fluorirg) 4nd0edkcted | fiemr ttei gequpnoondistimgt of flusxiamphmb tybmimeniic another

j.oni zi ng,actjvators i.nclude trial kyl -..substituted
embodifine hifit@ HlogL B hionB€ i T b b bt
[0098] et r a( RbRMiliRe kRimplks bP hoRYcHONPBbHpdunds utilized in the activator of
tetra(phenyl)boron, tri(n-butyl)amoni um

the inveatipn (pyhededupsipisd and upsabstitptedmisiolesninnidazalgsp pywazoles, pyrrolines,
/ . 0Q3/40 . |
pmolﬁ??eébgﬁéﬁg%ﬁéz%ﬁ? QR4 %1_%?%?,}/ lp}%rgg O%qfd8ie¥, b%(,)—rd%ﬂethylpyrroles, 3-

etra(
pentafluokdphienyipymele] 4)606, A-@irafidaeintaliclod G [dodifiaoiopytolkon,
tripropyl amoni um tetra(o, p-di net hyl phenyl ) bor on,
tributylammoniumtetra(in, mdi net hyl phenyl ) boron,

ribut i I 2l L5 . . :
[0100]} ' Uor o%{r’le ?%@;%%hgdr%‘l%% él?%ﬁet%{drcm}ld:t c}:/cimﬁoun%iduersrc]:nbed above is combined
with ah etkyh @lweritadlonen epmerxphg oyield, art ackif atob cdropouinyamnoln i upoen reaction
.. tetra(o-tolyl)boron and the like; N N-dialkyl . ..
with o i Pidiehs Tof Giziens RetifirbeyaradHoR? fuaftive polymerizaton
catalydtet r afRRany#hBor &ampls\- &k ehityladithihiAk Unhclude  trimethylaluminum,
tetra(phenyl)boron, N, N2, 4, ent anet hyl ani | i ni um

6-

triethyladuminugph e fryibgtyidylelnmanran.t ﬁl@'-ﬂ-ﬁlﬂ&éfﬁlhdhiaukyl trepseohilalwminum,  tri-iso-
.1 di- (i J '

octytal b e et T M ETIBE heyt armroni um

tetra(phenyl)boron and the like; and triaryl
sphonium sal ts such as triphenyl phosphoni um

h 10
[0101F et 1 o SHsR9¢ @it ncludeitporstdesiriiid iy WY GRSLBRG AR as tris (2, 2, 2
Crd ( di !
o AT . A, SO M
inventeoqy foradxemipte, autdhesl andyiehizmgaictiedstoihedimbamntiond. Obier activators
activator_of the invention, an al kyl al um num ,can

. be . :
includg slpmymyny/Begorn EQPRIFESH thyrcklorateer Besrdetes anshednier ingluding  their
. o 0 . [ . I a .
18y L S R L O L bt v
a nonicooldirckiag afonipatisle anion. Also, methods of activation such as using radiation,

electro-chemical oxidation, and the like are also contemplated as activating methods for the
purposes of rendering the neutral metallocene-type catalyst compound or precursor to a
metallocene-type cation capable of polymerizing olefins. Other activators or methods for
activating a metallocene-type catalyst compound are described in for example, US 5,849,852,
5,859,653 and 5,869,723 and WO 98/32775.
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one nitrogen atomin one enbodi nent. The heterocyclic

conpound includes 4 or nore ring nenbers in one
weried2zent, and 5 or nore ring nenbers in anok¢EUS2003/025280

enbodi nent. [0095] The heterocyclic conpound for use

as an activator with an al kyl alum num may 20 be

unsubstituted or substituted with one or a conbination

of substituent groups. Examyges of suitable

substituents include hal ogen, alkyl, alkenyl or

al kynyl radicals, cycloalkyl radicals, aryl radicals,

aryl substituted al kyl radicals, acyl radicals, aroyl

[0102) adi calnSgenata Ky attRaidct and cataBfsy b&iﬁp’oﬂeﬁt@)@&é Sombined in mole ratios
aIkyIthlo radi cal s, dial kyl am no radicals,

of actixpiRh e, easlie FpmppBent & 10003} g @ kildaope ﬁmbomaﬁnéaanﬁ from 300:1 to

1:1 int@f B%F%Jéfylanfcﬁg}‘ Ce%‘t?ﬁ éﬂ{t,y laind ol %q‘ylto £ar 1tf1a a more particular
radi ca acyl oxy radl cal's, acylam no radi S,

embodamelyd, amd ﬁOmrfiiI:Il tal $ in yétrmgietparﬁhu&mehﬂﬂdmmmmﬂlfmm 10:1 to 0.5:1

ene |cals or an nbi nati on t hereof. The
in yelg abépm @aﬁ{cg rSdimess o8 Sipi il o8 Wk A more particular

embod?ﬁ‘i'eﬁ’lg %@l%renpﬂrdtsél%leafahg eB‘JaFQﬁéI&fe élﬂ\}fgnw‘{iﬁﬁg&g any mg)Per mole ratio

het er oatons or the
limit with mmlrlowar e sattes Hinituéescbédnbéraihe Nﬁtdnyﬂhp astimstbr is 8Qyclic or

oligo egﬁg%ly@y%@ﬁ ﬁ?nt%m}s ﬁ%;l (eries VQM%E?T %ﬁclina c| gfhexélédtivator to

catalydth@inipdnefiTeinges i SXRAP! 100801 &1 ¥nd L&Ndodlrhérﬁp BAPYom 10:1 to
and the like. O her exanples WD 2004/ 022230

10,000t eisztherzgalpmizgent, agBirem &ibde 210081t i 4 mereparticular embodiment.
f I
When #Iléo'l %ﬁg@g Fy % }nelfl‘Jreﬂ U ?c?r%p %mpgé ﬁ%tg%%oe h1¥ as a b%%I apP %@%ﬁd the ionic

|"or n onée e

salt oftalt@rdreileylotheahole mtmnf@uﬁ@htmsto wamlRstdrhponeat rahfesafrh 0631 to 10:1
) 5 enhodi nent. one_or nore positions on the heterocycllc
in one egIhgdimAtAnd feanbdilite gl w £ Foge PHESHHFNbadeReYr a
hal ogen at om cont ai ni ng group, for exanple a
hal ogenated aryl group. In one enbodi ment the hal ogen
[0103] s sel Boregafticolarlyh thegmolgy o sifsAl/mgtatibcanietmetain€dl from MAO)
and sel ect

ranges 578 4D A0 it OFF Gobiihtzeathgnd Fiven o Ciniian Bht: embodiment;

and rafFRIEInTB0 ko BM }Ieh%ldﬁ*’i’ér‘éﬁﬁ)@din%nft | @ rAlpRs fremy’ﬂj t0BMBLR§Et another
enbodi nent . Non-limting exanpl es of

embodieerd @@q/mmgcﬁ &@m&@aﬁ d|§5 Ut ydtianetied gmbddémentt andatapgesoftom 90 to 125
in yet taﬂ&}rl%rre\én% notdluﬁ?lg' n rlégle gus:ijrs gltrﬁélgrdwpr g L}{iﬁ%{gﬁ)lto m&gllocene—metal

“M” caybeé alyl cdjmitﬁﬁauomwflaﬁyz peg dihliew th asy lowed lLint@sesbedHeed !
i ndol es, 2,5, dlnethy?pyrroles 3-
pentafluorophenylpyrrole 4,5,6, 7-tetrafl uoroi ndol e or

Supp w4 di fluoropyrroles. 15 [0100] In one enbodi nent, the
eterocycllc conpound descri bed above is conbi ned

[0104}wi t h aA sabpotk nfdywhmhﬂpfﬁserarasqiattmiﬁme ®1rhetamcedathlym system of the

1nvent€c>§: I‘,ﬁ@%g ! rts, Cthods nrﬂ s&?ﬂﬂ%ﬁ@( F @E@?%@ gc:‘:]qvgggg] éupports for single-site

catalyﬁr 919&1'10% AltABLINEE ROlGYIIBRELd Al Ofdr EARYIYSY: MBTALLOCENE-BASED
-l'imting exanpl es of al kyl al umi nuns 1'ncl ude
POLYQIEF]N@ﬂﬁ%QéB WhiSeherrs & W. Kaminsky eds., John Wiley & Sons, Ltd. 2000). The
terms “support” or “carrier”, as used herein, are used interchangeably and refer to any support
material, a porous support material in one embodiment, including inorganic or organic support
materials. Non-limiting examples of support materials include inorganic oxides and inorganic
chlorides, and in particular such materials as talc, clay, silica, alumina, magnesia, zirconia, iron

oxides, boria, calcium oxide, zinc oxide, barium oxide, thoria, aluminum phosphate gel, glass
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triethylalumnum triisobutylal um num

tri-n-hexylalum num tri-n-octylalumnum tri-iso- 20
w@edoglozd280m num  tri phenyl al um num and conbi naPCDNS2003/025280

thereof. [0101] O her activators include those

described in WD 98/07515 such as tris (2, 2', 2"-

nonaf | uor obi phenyl ) fluoroal um nate. Conbi nati ons of

activators are also contenpygted by the invention,

for exanple, alunoxanes and ionizing activators in

beads, mn#&géﬁfggr glrl]g(s:% n_azveyléh\f&%&e%% s"rﬁb eﬁci)%gstyraréet, efgncé%)aalized or

crosslinfréldtopganid) Shppdirts Gsuth @k rpolyaysaemd &ﬁfmyll Ibtethmm polyolefins or polymeric
(2,2'-bisphenyl -ditrinmethylsilicate)4THF;, silylium
°°mp%l51d€’sanidﬁmé‘8ﬁ%ﬁ theteph AnduieRnite, ik fdbrarals fomgs.
conpati bl e anion. Al so, nethods of activation such as
usi ng radi ation, electro-chenical oxidation, and the
[0105] i ke afe abpportonay bapdradeet with dod otheat c'amgodmemm of ¢hef @atalyst system
. t he urposes_of rend r|n he neutr al
in any, el 9E WAL tipfRe Caaf éf%‘?rﬁ%?@ﬁﬁ iy ponspakedy i the agtiyator to form
an as%mabwé@ﬂ Stht YREv&SE 140 %@gﬂl ®rOf ‘BOhAdTBLAFNY. In another
ol efins. Gther activators o thods for activating a
embodigteat, | the ealelysy pempeneat ysy bonpaasted avith theswppogdoiform a “bound

R, 15 B s e RSP R

actlva[o@ 102 tathlysgemejoaknt t n%\%fheicéﬂ Widh 8dchatiaigtidbys brder. The components
nponent g%)') are co ned in nole ratios of activator

may lteo C@&MP ¥BnpBiskle: meansnfsL G0 E: splutipng slurmy, jof setid form, or some

comblﬁgﬁ)@{jiﬂéfegf aélgbr}g dsI Bgﬁ%a%&%ﬁéan&%})eﬁ]&ﬁ%% 't‘,!ilnlﬁoeﬂ%reqo effectu?te a desirable

chemmﬂr;mysxaalttramsrfo&natﬁoxenbodi ment, and from50:1 to 1:1 in

yet a nore particul ar enbodi nent, and from10:1 to

0.5:1 in yet a nore particular enbodi nent, and from
0106P: 1 t Onfdsifhible bRl QindRLRiAifd beluBERRUITBIY 14, 5. 13 and 14
[ ﬁ rein a desirab earrfemgea may 1?#?# tgecéllny corﬁ?nétll’ oo
OXIdeSJéndaG’Qlorubpem onméebeditent, ahd mote partidulatyy inargsric owides and chlorides

ratip limt desc ed her When t he ctlva is.a
of G 1§ et T4 st o ek T R RGE ORRP) P i g, alumina,
silica-6Rnfina, mMMekiim tierias)! ﬁaﬁlﬁfe‘ QAnd@miRilrbs/ %%oft OOﬁQr useful supports
cat al yst conponent ranges romz2:1 to 100, 000 in one

lncludéMﬁmmtmmrqbn@mnpmnloulbmti@EBOOSII 663 %})ophﬁébsﬂlcate and the

eghodi n m.5 o_2. 00
like. ‘gfstgi Cgﬁgﬁﬂagg oS 3f tﬁe e Qupmﬁlétnmtaﬁgagcpayglf S?é fgr example, silica-
chromf@tif diBda-S10miie) |51¢1cdt-ﬁtuni’d 4d the liky anaditionslu ?ﬁor&nﬁ&ﬁﬁ[k may include
aIkI andthelonlc salt_of a boron al ky the nol e

those P%TPP%aCéY ligpelypgissieserived i BP PsA07d8Apnent " ranges from
0.5:1 to 10:1 in one enbodinent, and from1:1 to 5:1
in yet a nore particul ar enbodi nent. 15 [0103] More
[0107par ti cld ant yespdchef rthé a;uppscm usefof irAIt]ia’rﬁtvahmmm ehe-suppat possess a
i n, one

rom MAQO ang to 50
surfact mdrlﬁg%fa Fangh 45 S@EP 80 gobis vabuns i g of fiom 0.1 to 4.0
cm’/ g3 QD %‘élﬁg@%aﬂlcl% Rebelid rtlﬂ';eﬁnéé M58 30 53Qyhn H%otﬁé}%ﬁ‘rﬁfdlment the
nbodi nen ranges from 70 to 200 Ln yet anot her
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
surface area of the carrier is in the range is from 100 to 400 m*/g, pore volume from 0.8 to 3.0
cm®/g and average particle size is from 5 to 100 um. The average pore size of the carrier of the
invention typically has pore size in the range of from 10 to 1000A, from 50 to 500A in another

embodiment, and from 75 to 350A in yet another embodiment.
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enbodi nent; and ranges from80 to 175 in yet another
enbodi nent; and ranges from90 to 125 20 in yet
wa@pethen3enbodi mrent, wherein a desirabl e nol arPCHUS®0D625280
Al (MAO) to netallocene-netal "M can be any
conmbi nation of any upper limt with any lower limt
descri bed herein. Supports [0104] A support may al so
be present as part of the bjyretallic catalyst system
of the 25 invention. Supports, nethods of supporting,
nodi fyi ng, and activating supports for single-site
catal yst such as netall ocenes is discussed in, for
0108gxanpl @ ode TR BAPBEM, %ﬁ};h\fg-iaﬁbéﬁsas]tﬁés rtQThe graphite
F gcheirs & W _ Kam nsky eds., John Wley & Sons,%%?ﬁ. g?p
is a powder) in qfeembedippgnt: sﬁpﬁmther eyrbodiaent e grapiyte s dtike graphite. In
anothaeén%dﬁiim%te%h%sé%ﬂifgta%ﬁCIEQggﬁﬂpélg si@? gf ﬁ%ﬁle{ té gO@%cmns, from 1 to
suppor nater , a porous support material "I'n one
400 néerboslinmother embbditieny ahd Gogan toc2 (Y inOfepauititer 2ubpdithendand from 1
materials. Non-limting exanples of support materials
to 10¢ lﬁtqr‘ﬂm’éniyﬁb@gﬁgm {igEst-and i norganic chlorides, and
in particular such materials as talc, clay, silica,
al um na, magnesia, zirconia, iron oxides, boria,
[0109F al ci uldebydrdeon @i cadcinmg e thesmppontneyi atenayt 4dsx bacarried out. In one

B MRS T2 —

modiffRigistipslied)| BY dndgheRBelbsdiRRhi, tHé REp RO INBINKRAINAA used without further
unctionalized or crosslinked organic supports such

modifipgtipm| grsaalinade fallowedyty entacsing with e ef ingge agtivators and/or catalyst

complfTp AT IR i ARG LL58 | D321 300 g mocimen

and fi®EPROOIC FRY 206 CCRNiRl enddinéde afd iRk S00WPELNDS0°CS in another
t he catal yst s%stem Ln_any nunber of ways.

I n one
embogifsat e tom BHE Coiari9Ne if SicuRiheE cBROMINLang from 400°C to 850°C
in yetaﬁtrh&%t }garfci&ﬁ%f Qﬁl%diﬁl{%nesaiﬁcﬁ '%@%Wg ?yet a more particular

activator and support, “or a "bound activator"i ln
embodin@htjeand &otmodi0PENtg 8PORE dmtyat wsmoropmtioalai emfbpdiyeent, wherein a

) ntacted wiith the s ort to forma "bound catalyst
desna@l%nﬁaﬁ% GOMPIifes 3 iRt PRRSS temp Rt e Jiseif (Wikpgny lower
c : i . .

e R, Sy Vel ot B Ao BP0 PRI ARL moisture by using
for exemgkey an Thwsplorpohdmtnitrogeay be cont act ed by any

suitable nmeans as in a solution, slurry, or solid

form or sone conbination thereof, and may be heated

0 an ' e u et [
[0110] O any THeSuppéH, e edpRPRBY anU idridic s{i]gfd[l%?g g%ra%g{%s bﬁ;@{@é@ may be

chemi cal / physi cal "transformation. sira
pretregigd rsuglr s e aj hpdogsantiian pxdcasssor piher ispiahlel @rqgessy phat, f@, example,

. 5 . i.de arhdes, i n.on . . .
ssoefcs o hinf AieC NP I E R U bl el onding, o

interactivthsC bt othietl @hysicdl dor ehigmidad iatechclidn.atiahe febodi@ERL, the support is
.particular|ly, support materials  include silica, .
ﬂuoruquu miligcfluorige cpmpounds skable fag prevdding flupriag fogdhe support are desirably

rore O oAU 5 S0 o RN s
be any EPmPotridl cGB&inBE) 3 flpbyihd el ac &ing, asahdloeh@ot contain a carbon atom.
Particularly desirable are inorganic fluorine containing compounds selected from the group
consisting of NH4BFs;, (NH.),SiFs, NH4PFs, NH4F, (NH;),TaF;, NH4;NbF;, (NHy),GeFs,
(NH4)2SmFs, (NHs)2TiFg, (NH,)2Z1rFs, MoFg, ReFes, GaFs, SO,CIF, F,, SiFs4, SF¢, CIF3, CIFs,

BI'F5, IF7, NFg, I‘IF, BF3, NHF2 and NH4HF2.
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20 |i ke. Also, conbinations of these support materials
may be used, for exanple, silica- chrom um
W@ 004022230 um na, silica-titania and the |ike. PCT/US2003/025280

Addi ti onal support materials may include those porous
acrylic polyners described in EP O 767 184 Bl1. [0107]

I n one aspect of the support useful in the invention,

the support possess a 25 sgiface area in the range of
from10 to 700 n2/g, pore volune in the range of from

1 to,4 icle . siae i ,
111D, LB B AL LIS L o s
mix t}mMo&mm;whelﬁs bf; bldidirgadtra &ncérfration oli éroha QQ tofl Of(rmﬁhﬁnele F/g of

to 500 ng/ pore volume of fromQ.5 to

SUPPOE,\/8 108§ @H&@gtm%ﬁ,eanéh indhe Fange e fromn 095 20$-Q mﬂhnaply &? : 6f Support in
t f

o O GO0y 105 1S3 0 1 A 841 et ot

embochm@m OTlg flgoreGoBpoond tan hmdryanmedgﬂtlp&a tsingpeet sitlee before or after

chargigh p1{B VHTL A GRYERRA PUTBEgBT SUB1EE. ArSpHE e fuorine

oonceﬁ’t;atfoﬁl%s%ﬁt &P thk%@ﬂort fy @S g@ 0P40M 01 t8 rSO\H% fin one embodiment,

nbodiment, and from 75 to 350A in yet another
and fremtﬁb@tm?eﬁtwt‘ywﬁsmw oxmpther @tﬁdemOS/ 025280 -41
[0108] In one enbodi nent of the support, graphite is
used as the support. The graphite is a powder in one

[0112EnDOdi ARBther hiktRdtDLN efeatiid GHE NMRPport twich Fhe@liokife | dmpound is to
flake graphite. In another enbodi ment, the graphite

dissolymthetfiipriae pap splypr, Siches gratery i thep 60Bae the synnes, with gie fluorine
0 0 t har dj n r

conafghghule, SREOeL B AR AR ROPRLHE=Rpot T i e 0 e

quantity of waier that jelessathad ﬁertotah‘pmtélmﬂmhe o{ i G8ppdoe hPdsiebiygthe support

or cal ci ning.of the port ma al so be carried
and, fgy,example, %OHW%H? ag ﬁ@t%%isig%}f any sugtate mheets shelpas by dry
m1x1n%g>r rsﬁﬁll“}lnfn?}ﬁn Pt b térﬂﬁerﬁtlui%of)f H@mOTO(P@ HS r1OBORPHY bae J:lgxbodlment and

onpound.” I'n anot her embodi nent, the suppor
from BQO°€aItQ:|8|9@(£ amcingther ewibolioentf and Kem HOATE ite 260036, 1noyet another

embodifef, Meconl-ing Wty st GRE Hash S heht e o sfil fours

cal cining tenperatures range from 100C to 1500C i n one
enbodi ment, and from 200C to 1200C in another -
[0113bnbodi Henwithixthe ﬁwm@dmr@wnnwg@qnﬁo &psepteet (or “co-immobilize™)

more | ogdln{r?: n{atal;%ﬂ g rpgoﬁelitogﬁtl{ 9 gsglgﬁnﬁ 5 )i@(.lm ﬁl%ﬁgmexamples of co-

1mmol$1&ilzitidhu lofir cagatian didBpunentanthctude mvNObrt mo%)Qﬁ? the y&he aor different
nore particular enbodinment, and from810C tq 890C in
metallye%neacaw&sé CREPOIaLH PC eHBWET MelocaseyEh A ZicelereNpitnbipe catalyst,
a r
one Si2008; SRERILS6E, O, € ARMERHL 08 ORGP csg one or mor
metallGednes miithga @qug Bk eorphianeg qatalysln,eandkmgnxf ehczsfa compireioandith one or

more ggc:tlgf%iérésﬁ b ore pgalrtlcuflar{y, ez:(c? s pportec(f1 ncom inati ngr elnalltlded r1¥1e’callocene

A/metallocene A; metallocene A/metallocene B; metallocene/Ziegler Natta; metallocene/Group
15 containing catalyst; metallocene/chromium catalyst; metallocene/Ziegler Natta/Group 15-
containing catalyst; metallocene/chromium catalyst/Group 15 containing catalyst, any of the

these with an activator, and combinations thereof.

[0114] Further, the catalyst system of the present invention can include any

combination of activators and catalyst components, either supported or not supported, in any
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[0110] The support, especially an inorganic support or
graphite support, may be pretreated such as by a
wh200e9z223d | on process or other suitabl e procesBCT/Hs1003/025280
for exanple, associates a chemi cal species with the
support either through chem cal bonding, ionic
i nteractions, or other physical or chem cal
interaction. In one enbodi ngnt, the support is 25
fluorided. The fluorine conpounds suitable for
LAl.0g r bl
mombflf G SELED TGt (88 caltfs? eBRBbherf e SR by one or both of
metallonareg aanidéorf Guarpi 16-contairigicaglysnpatpaientsaye. g beUBN265,505; US
nd contai nj n fl ine atomas |ong as. it does
57079887 o Ased A% i Won 5P, aﬂéirm%ewﬁ\dwnﬂ empingtign gF activators,
fwﬁfaqm bd LpPbHAEDE @ tuﬂbagoﬁ‘a SdeRGlitRit r
any of R Lg’ﬁs#su%gﬂ% AP FRPRRE S Mes el l\ﬁ%{f Nbh-limiting
examplpmﬁ,’ cafdly#4 s gsTark comkidbRsiysefill Iﬁzl)lﬁ(m‘%,nt Bﬁ'e(ﬂﬂdhﬁh)nZEldEMN + NCA,;

SoPECASCACS P M RvER s M AU NS B s +

MN: AQNB A -2 N YO 2007 NT2A: E&OMRCI/AQ2@Q§/+01§I@A8 @515: 92 NCA; NCA S+

017111 A desirabl e nethod of treafin he support wth

G15; BAENGAS: IS t oo P55~ APADAJA: S ltSr;e_GliAA :S; AIA:S + NCA +
: by; bl t
o15; FEMENEELE DN DN R GEdaRR nhen il Bt v + s

MN:NQ®HtSi-nGlL e MI&HQ(GW# Amrm&r D5 Al wGGQSfTALA SR IVEN FH@lﬁDfMN AlA:S
n another enbodiment, and in the ran

i of
+ G155 PR HNEA SVB 615 e SFTéVDSer 335 JoBt 55 MN&INCA; GI5:MN:S +
NCA: a'@ﬁ‘sg@d@ ©MReEPoU %03@1?%1&@ + MN;

erbofl. Meits. e dl?
t he Support e|t ore or a
G15:MNakig: S\;gGﬂiIAﬂAES Vd§€AI + f\N; dﬁlﬁ;NIEAtSi OrMVdI +Q‘&]IAQIMNng ZN + NCA;

vy AR RINGA: NeRSTE A P o A R NRAGE R T 78T ot zais +

AlA; §11WS% R 00, momts AIAPANTT ORI & NIR: B0e: M %8 9TZN; wherein
support in anot her enbodlnent 10 [0112] Anot her

“MN"nmist stplloener eampmgent,h‘éZE Uipp oz tZieglerNattee chtalyst i cosponent, such as

und.i s, to is ve the fluQrjne in a sol vent
descrifGTRBR" iy b e SRRk Seproacnt THEAS ispbrioopIbdfie activaor
1ncludiﬂgU1©hic%d 1201413 oRb ) 8n b Mkt baddli @BmpehRds dsSdd&estdaeve, “A1A”

silicais the support, it is desirable to use a

is an glyspinpmyalkyl ghd/er alumexanes bilf‘@ésaotlﬁ@mft Kél 5t”otSa11 (popp 15-containing
cataly%‘téépﬂ@%n&ft & I@?%ﬁ%@ Abbve ra)ﬁ&" "‘E’a d sy C?nbﬁﬁgunse of “” with

xanpl e, rine conpounds ar cbn
“S” meand thbt thatrdmes geaupb nest toythdreplohbarsi a>s$d&gat@‘r W$ﬂhl{l“§L}pported by”) the
mxing at a tenp gpﬁ ure . of from 100C to 1000C i n_one

SuppO ol ARG R G G S S BB BUOAR The aoRNeie 1 Sign means that
the adg%g%: d&xgﬁ{onelﬁqg nbt &%cﬁ? WuhPtR8 Su fgﬁrﬁe’lﬂt gﬁé&%ﬁ‘%{t}é the support and

, the contacting In any cas I'ng
specief bpumrlstw@e suppest, socteagpresdmd i 8 slupfy] d@tion, das phaseh bnanother way,

. th e of .the. present invention to.co-con
but is o3f DG 14 BB TP b o B e eP BRIeQr PR b ipetighipn with the
suppoii nbl/o2 sEpIRPRHE tspedied)- Thid, ttbiNgk @A RhE SmBbdiERnt “MN:NCA:S + G157
i mmobi |i zation of catal yst component s i ncl ude two or

meanspihek aghetalecesg AadoNCdi pftistatagtare bound to a support, and present in, for
example, a gas phase polymerization with a Group 15 containing catalyst component.

[0115] In a particular embodiment, the catalyst system is selected from the group
consisting of MN:ZN:NCA:S; MN:ZN:AlA:S; MN:AIA:S + ZN; ZN:AlA:S + MN;
MN:NCA:S + ZN; and ZN:MN:AIA:NCA:S. The components may be combined in any order
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net al | ocene catal yst conponents, one or nore
nmetal l ocene with a Ziegler-Natta type catal yst, one
wo@roogper3net al | ocene with a chrom um or " Phil | PEBUS109pE25280

catal yst, one or nore netallocenes with a Goup 15

contai ning catal yst, and any of these conbi nations

Wi th one or 25 nore activators. Mre particul arly,

co-supported conbi nati ons ipglude netal | ocene

Al metal | ocene A; netal |l ocene A/netal |l ocene B

A .

des1ram%tt g{:lﬁl&ﬁegtﬁc ﬁgzjlg%/t?tro;l}l}ﬁér 1?%%%%2& E\?gﬁé %nﬂégcg g}l{g él%e;ZN catalyst is
1mmob1htzad blﬁmetn emAiobdiizig fiatnicadl{scont) id dnothardndbodirent, the metallocene is

first ilglg’l:ﬁ)glg%/ d, n@%gtgglglr ;gqetﬂgrg%glgq%gn?ge gr? Ia%l\y Str{,bp(ifﬁsqtdﬁnnoblhzed followed
by eit%ﬁtthiﬁ(‘:ﬁﬂo%&@ dn§BFRieAY bé)cglé/rsrt]t Llﬁry%ﬁénoﬂ?bg ehfdbdiblent, both the MN and

e catal yst syst e present invention
ZN catalysti cophpoohentaraye imorvbilizad i somultefneaudly wat the suppatt, the support being

cat al.yst .conponent s Lther s r or, no .
pretreg i Sttheass PR ALY S ShoRT0sS R T SsaBS empapgnt treatment in
Wﬁanoﬁgraﬁggﬁﬁwﬂﬁ ways. For exanple, the catalyst

conmponent may i nclude any one or both of netall ocenes

and/ or Goup 15-containing catal ysts conponents (e.g.,

[0116 S 6, Zg)g‘f’ e%%ogllﬂ?ent o’f7t9 lSJ (]p;b%rt \ﬁp ﬁlq nﬁ%ﬁe ??e%ént ggen\ﬁgn is a so called

9/ 014 I'nc ination o

“enhafcddi 368HEL’S ,prep’al’f}d lof hwmncgmuppcm b@rtﬁlb@ [0 &t detlydiyitiain yemperamre of at
nunber of supports as described herein. Non-limting

least &0 AraBorgs beéwy@% 8QQ/ Gt 2y LOORES: impnether eishgdimenty rftswémg in an

enhanﬁéﬁ?@b%ﬁm! K&Hfgﬁh %@Iﬂl}% &ﬁhﬁﬁre S'ﬂf‘ aA %;ﬁc%%;emgogl_lment, the
heatinygf the\dppdritdies Albde B an MNEA (¢:glyN), oNGA) Bmiosphere, aldAn tlisldbsence of
water,y 3 Dlgfisred SmipMTmORiEA 45135564 PrOREEVAL &S Gehigiod e, enhanced
suppoil’c is %&blﬂ'é%lﬁ the %hgbr g:elu% of tleheM% é‘at% dlwss%dhew to form a
suppomﬂmmmalgc eatﬁlyst, Wh@:has tmmmostaeted/hmﬂl m@mmdmmg golymenzatlon to

Gl15; NCA:S + MN + Al A + G15;
produfi ¢ hingRl DRIPNRESROSGER, ~ Gr5: oA S 1+ M
Gl5: MN: NCA:'S; GI5: MN'S + Al A, G15: A1A:S + WN
Gl5: N Al A''S; GL15: A1A.S + NCA + M\, GL5: NCA'S + MN +
[0117 A; MR engRe magespecifipegibediments, NEenhpoRdSSuppony is- fvpg; prepared,

preferé%r Wﬂﬁ?@;ﬁ%&%g@&o Itﬁ?'NMélt él}lﬁ%fd sﬁﬁﬂﬁ't @I\rlmﬁfeﬁ (g g, combined

with idMedishBriaatnforrtiMhe first daellyt) ogroeide aguppendd catalhkt thst iacludes the
gler-Natta cat al ¥St 0a‘ponent such as descri b
) gpé

first cé{gg@‘bcqr@onpﬁte ko, spegitie ﬁg]morte Nl catalyst 1sd then treated
in the Pé%el‘f&%rf QbR #rét\é@fnanen't ﬂﬁhﬂ%d@ 9 shﬁ;%rféd%ﬁetalhc catalyst.

eutral boron an um num based conpounds as
descri bed above, "AIA" is an al u_m num al kyl and/ or
[0118?'55"22;(]& E?e ﬁgﬂ%agéjd gu%tpbyt ?st Srrebare&%y any sul?abg megns and more particularly,

by any means wherein water is removed from the support, such as by heating, exposure to low
pressure, chemical treatment, or combinations thereof. Heating the support at a dehydration
temperature of at least 800°C, and between 800°C and 1000°C in a particular embodiment,
provides an enhanced support, for example, enhanced silica, which provides surprisingly
improved results over support that is dehydrated at lower temperatures, that is, below 800°C,
even slightly lower temperatures, for example, 760°C. While not immediately apparent from

the enhancement procedure itself, it is contemplated that the heat treatment results in an actual
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20 catal yst conponent as descri bed above, and "S" is a
support; and wherein the use of ":" with "S' neans
wao bai/o22a¢ t hose groups next to the col on are PCT/US2003/025280

associated with ("supported by") the support as by

pretreatment and ot her techni ques known in the art,

and the "+" sign neans that the additional conponent

is not directly bound to thgssupport but present with

the support and species bound to the support, such as

RE t 40 r i . : 10 4 .
cherni I SRAE iyt Shalgb ¥ 13 SiosP o G it B PR g beneficil
structita WeheROcapkbitddc arith e fii st ahd isedond aatdlyan ceinpbnéie destuiped herein, and

and/ or supported speci es. . Thus, for ex%ﬁpl , the .
placedeipmihgicaniekt ofme pgaRlPalyragizatione AiRE cxHaRleaWhen Hio ebanred silica is
. i \V/
com BRI ERAE 3506258 O I HBLAKL B BB o o
suppoffed pmitallcovdtalysti ngmpestitidry sthatc supported thim8@l1ljc0 t4t5lyst nomposition,

inclu r?gr) | I%H}éa%rﬁpi i 829,1;%%5}:%1} éigcg)vggetd%ﬁ: S%q:nsy gie rgl}ll lsqig?leplrgcﬁc%gfity when
TN AL AL S MM AL Bh ZBE - AN Al A S AL+ MNLANGA:

vt 5 BAMSEAALK Sl B B1j M o HGH Rt o

example e iprasticiivityaof/atdease 30021206 polyzez parPCialys coshoadxsed. More

prterflf, OF R ERHE S AT RS B SAER e StPE, 13 bctiviy of

least Bmwgiahiszﬁﬂyﬁbf/gﬁani QathlYBP biBveR ihgret fiefer@l @l ye) CL Manetallic catalyst
_anot her enbodi nent, the nmetallocene is first

having thegimhpiegd guppgitibasne pedueiietydrat dasbdidfegrams pelymer/gram catalyst.

. . r l: . o e
O SO Bpndehl i AVOAEE 800 EIHE sl gt of
4500 gaine Golyert/grdn titalybieaniibave] 560X Maastpalysdr/ gamneatadyst snd above, or
are i mmobilized sinultanepusly on the support, the
even QUM g530ps Eféylﬁﬁr/grﬁ‘rné’cafaéﬁtéﬁ‘?@@qvﬁ- activator in one
enbodi nent, and treated after catal yst conponent
treatnment in yet another enbodinment. [0116] One
[0119Enbodi freatpanticuldrecrsbpinment, tisefudpoitnusehid iprthsgntsent invention is a

inventjon is.a so call .10 "enhanced suppogt”,
Groug, G4 FOptptis i e Bov BavinS pabty THESE SERGERG A &9 /e and
a surfh@TRGH & Uddn Q00 ab 50098%5E. SRRCRIpoRDk flesidbly RIRhydaRd as described
800C and 1000C in another enbodinment, resulting in an__
hereinginrvan catbodimpinbr A prafened sapposiis fanegnospleavis dizgh srfage erpeeilica, such
In a partigyl ar,_e di t,~the at . of. .t he
o5 DayigR Be aRdeR IR Tor Sk hY i on GEGHARPRsbAS WR. Grace and
cOmpaf?quﬁBw QlicANe M sHRSicAPHEAC PrePhred W 18E -SEl!as» RYREYrb&ds, with a
enpodi nents, increased f)r oductivity s achi eved when _
surface luecaepi3 o s BBd suppovelume elbhbf warl/an Atpro¢ndues fosdehydrating the

o S Of ! iC.cat al yst di scussed herein, to
silica gtgédr(r)] zgﬂsgétgggﬁ%%gga’#&%%l ic catalyst, which is then
contacted with nmononmers during polynerization to

uce a binodal pol yolefin conmpositions. [0117] In

10120010 or The FEMBRRLTIPPOr STISGHFHERESE vk cchRICRgEon diluen to

e B S, 00 e S LSRR M TR,
(e.g., conbined

[0121] A variety of non-polar hydrocarbon diluents can be used to form the support

slurry, but any non-polar hydrocarbon selected should remain in liquid form at all relevant

reaction temperatures, and the ingredients used to form the first catalyst component should be

at least partially soluble in the non-polar hydrocarbon.  Accordingly, the non-polar
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with ingredients that formthe first catalyst) to
provi de a supported catal yst that includes the first
W@ 210al092280 conponent . I n specific enbodi ments, PEEUS2003/025280

supported first catalyst is then treated in the

presence of the second catal yst conponent to provide a

supported binetallic catalyst. 25 [0118] The enhanced

support is prepared by any.ggitable neans, and nore

particularly, by any means wherein water is renoved

he PROL: I: N re to.lo .

hydroud B P RBAG dorp KL { raen P ARHE e L HRRE P oot Gbodiments
the ingledithts @re diy parpipldy solable én thehydioatiben. t enperature of

at | east 800C, and between 800C and 1000C in a

particul ar enbodi nent, provides an enhanced support,
[OIZZLor e.xﬂgzﬂléfles ggaﬁﬁﬁﬁ%&'— 14y dVdtaftin LRSS, C o Jinear or branched

urprisingly I mprove resdlts over supporﬁ et €
alkanadpbpoiivatitands aid drommticst eMipsr siecifieslly, ahmin-podar dilednewafl ®8 Gopentane,

even slight | oner tenperatures, for exa le’@éﬁ%ﬁf
hexangy ISPRSXARS, T HERIEStOSI AR o PAENDT AP B HOTAANar Gisialiane such as
cycloRk AL GHEE atdnSRlcl such las benAROERBhA LS it &dee MBlires of different

treatment results in an actual W) 2004/ 022230
non-p@lamitydseadaing 282 8o be 48dcheni cal and/ or physi cal change

in the support structure itself, which only reveal s

its beneficial structure when conbined with a first

[0123pnd seThO dupattadlingy ceR R URERE Dot atind et RREremBingB€ the support
| aced in the context of an actual polynerization. For

particlg&émm the ngpa@wlar hydesadea salvsnt, bk af die podntovmageiilier lor both of the
th.t ARSI I 0, e S d
caty 391y AT 620 Yo R T s P gy shoud

sufficienafiyllywt soc drEpaitheéroof thd@italsste pat tiagdvertertivldebdtivated. Thus, the
catal yst conposition, ipcluding the enhanced si]ica,

tempefphare ge b SPREEEIBH e, HAA HEr s iprefsraphmgpntained at a temperature
o . 0 .b ,
selovBOOEY L Bps A5G By Bolo BR e ) g .
exanpl e, a productivity of at |east 3000 grans

ol r/gram.catal yst can be achi eved. More
Gas PSP%%/E&&B@WW% 5‘?‘%& allic catalyst that includes the
[0124ENhancegk BiRRAGE chtalystd, /dAAbEpamiclarl] tRtsupfortedBsimetallic catalyst
3500 grans pol yner/gram catal yst. Evén nore preferably

compasition, desstied heteinc atsaraferably usrdviormgakeheimadahpelydlefin compositions,
.Su rt .has roduct.i vi.ty _of at |east . 4000. gramns. .
tat ifoBORBYYORR, Raflod) | ctinbaly el KRR SRRHIART 0 o pariculer
embodifi@ni, k€ Bithetallicnedtalgds lestkibad [Heteif at@hiysd $n W §iﬁ%le polymerization
roductivities of =~ 4500 grans, pol yrrer/gr am cat al yst

reactogﬁmn@%sw& bigmuig! pelapkstip soypesitigh.aianeatthe yarposted bipefalic catalyst
. @ - Nol / ' [ : .

comp BT RFOL ' UTR0NIRL LA, GELALISLs BORARRNED o win

that camsgdsitioni Arhérez the earsying appreachesthai cande WSed inehids poscedldres set forth

. [ | C oxi.de support havin .pore vol u rangi ng . )
in US; p.oav0/ % & _ ‘k«msg PEOfFSS8 & %@e@edgwe &egrdane oA igventions
claimedORrdR/ Br edddhiie SHPROM thShidh i@ do e Ifi&gs"it?ta@ Qe@Sibed herein. The
_described herein in one enmbodinent. A preferred

equiprsergppnotess soaditionsp resatants, hddytives anfl atter anateriads wilt af caussvary in a
given process, depending on the desired composition and properties of the polymer being
formed. For example, the processes discussed in any of the following patents can be used: US
6,420,580; 6,388,115; 6,380,328; 6,359,072; 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.
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20 as Davi son 952 or Syl opol (r) 955, sold by Davison
Chem cal Division of WR G ace and Conpany. Those
w@Rlosoz23@r e in spherical form prepared by theCEPSEY3/025280
drying process, with a surface area of 300 n2/g and a
pore volune of 1.65 cnB/g. A procedure for dehydrating
the silica at 600 Cis set forth in US 5,525,678. 25
[0120] The enhanced supporigjs then conbined with a
non- pol ar hydrocarbon diluent to forma support
slurry, which can be stirred and optionally heated
during mxing. [0121] A variety of non-polar
[0125hy dr oCRIo® partiichldeiny he padrefeofihe prdsentf iaventionds ditpgted toward a gas
slurry, but any non-pol ar hydrqcarbon sel ected shoul d
phase rp@bﬁmqmzaﬁon PEIFES Plopha et marg olelingyenpmersdayigdrom 2 to 30 carbon
t e
stomsy FOREL B4 oo Bmls R o RREF B AR UABSHibnt OB 10l 2 to 8 carbon
atomssolyegbhenom pahtécubarenpaidanertty diheciavérsion idqgactiodiankyl well shieed to the
nan- pol ar WD 2004/ 022230 PCT/ 3/025280
poly 8.8 6% OB PP BR00aMEIS e . BRoHens Jr Giige 1-pentene, 1-
hexenBel ﬁéﬁtenee\/le@ctéﬁéo UdhbreRe, (ARl 1 iERREE, ”F-’i‘éo‘buteh@el-lsobutene and 1-
i'ngredi ents are only partiall'y soluble in the
decentyydr ocar bon. [0122] Exanpl es of suitabl e non-pol ar
hydr ocar bons include C4-Cl10 |linear or branched 5
al kanes, cycl oal kanes and aronmatics. Mre
[0126EDGC| f DRk InoncindioMseral &1 i) HdB&s CGINthB EnVeéBiBE Théli@s ethylenically
exane, isohexane, n-heptane, octane, nonane, or
unsatugeiec MONORCKp Kliqleling hasjrg b 4p KSrrarkanc#oms, cenjegaintbampenconjugated

dienes {pﬁlya gle 'n?cm%yrfegr thd gf&ée‘?? er%ste (n)i\]{dﬁ 2@1}1@18% In%lornomers useful in the

inventiondr omybonﬁlchmle al s@bheents ed. nolBorhfdiind, Theolﬁlﬂjdama“t isoprene,
slurry can be heated bgt h during and after

melb@ﬂ@cgeleb‘me pHyenes e2lgil ¢ PubHETREN- FBICES h%ﬁ&%bdwrbomene,
d1cyc1§15’én‘{ aggtcga()%%‘ﬁg&epm nt when either or both of the
C

catal ysts ar Ined with the support slurry, the
terrperature of the slurry should be sufficiently |ow

0127 B S B0 AL SR, coptyme

of ethlbhl #s¥prddhiced, witdrd Wt eBlyideyd chrfomiridralaghigdat ISR 268 in having
at a tenperature 15 bel ow 90C, for exanple, from 25

from 4 & Y carber atqnasm i tdo d6Garhnaaionh ér yeind Birerpaticulan embodiment,
and froHltai? ?0 3,8t g%r %51%"’5 119 et!:) 5 : Cu?’m[t%%%ff]eﬂ%;hgu n?e% ig yn‘fenzed in a gas
phmebhﬁ@&@lllc catalyst conp03|t|on descrlbed herein are

preferably used to make bi nodal polyol efin

conpositions, 20 that is, conpositions having a

I noda [ cll

o125 10l SRS A ARANEADE o MO 8o ERIEH e
polymarigedusghl at least teiontifferepiotonmeroniesd, ioptional kyamiearf w}ucltmiay be a diene,

t he bi nodal pol yol efin conposition. Once the supported
to formgiaterp qu% catal yst conposition is prepared, as

descri bed above, a variety of processes can be carried

out usi ng
[0129] Typically in a gas phase polymerization process a continuous cycle is employed

where in one part of the cycle of a reactor system, a cycling gas stream, otherwise known as a
recycle stream or fluidizing medium, is heated in the reactor by the heat of polymerization.
This heat is removed from the recycle composition in another part of the cycle by a cooling
system external to the reactor. Generally, in a gas fluidized bed process for producing

polymers, a gaseous stream containing one or more monomers is continuously cycled through a
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that conposition. Anong the varyi ng approaches that
can be used include procedures set forth 25 in US
wWG2®262238 i n which those processes are nodifiBdI/U$2003/025280
accordance with the inventions clainmed herein, for
exanpl e, involving the high fluidized bulk density as
descri bed herein. The equi pnent, process conditions,
reactants, additives and other materials wll of
cour se vary in a given process, depending on the
|t| of tk ol yne
fuidifi e G TRESIe ' A RBRE, b bodalforl? il aggpp stream i
withdffmn ﬁiﬁmttllikﬁﬂﬁldizlea\hfbtm gnd Al pdled bavkrintoethel s&dtor USimdéltaneously, polymer
6,420, 580; 6,388, 115; 6, 380,328; 6,359,072; 6,346, 586;
produgs is athdgawn Fomabe 1eaetor gnd figshymenomer i3 adderbip replace the polymerized

monofef e oftr Gagfle 484,940, “Huin P PG, 13RS 35274

5,405 20D 49, 48577 BI) 5 ACT JAUS2NDOR, PB52806,66 Uand H.HEZP28Mr e
particularly, the process of the present invention is
directed toward a gas phase pol ynerization process of

[0130P"® O THRFGoRE BidsSr8BNP IR halloptoBeks b Vady hBmIBOGAING0 kP to

tons, from?2 carbon ‘atons in nor e partl cul ar
500 psﬁﬁb‘tﬁ&@aﬁ in emlerfibastimentt fiom 29@@@1(157 QkBaetoidi0yeig (3759 kPa) in a

nor.e particul ar e j ntion.is. .
more SRt € BRI Rl Rl o) oot 72D KPR Fod Brig 2414 1 im vet o
morepa[memaleerﬁﬂ,cﬁﬁﬂnemnononers of ethyl ene, propyl ene,
1- butene, 1-pentene, 1- hexene, 1-heptene, 1-octene,
1- nonene, 4- nethyl-l-pentene 1-isobutene, 1-isobutene
nd 1- ecen mononer s _usef N o
013170 o TGS SRR 2 81 PLE PRt LAY g fppmn” 360 to 120°C
in ondEASEdUh&EFoMHILCRS $15¢ 1 a%bx%%aﬂﬁ:\ild? SntholiiPneh® ff‘cﬁ‘ﬁ BOT to 110°C
atons, conj ugated or nonconj ugated dienes, polyenes,
in yet/lanmbra’npmcmnlas emhzbduymit; and |fesinn ri73§)°Cl\l:oan95‘7Gnm|yag a more particular
nononers useful in the invention may include
@mbOWHFBbHEﬁ%“’HB? FRfiQe, isobutyl ene, isoprene,
vi nyl benzocycl obut ane, styrenes, al kyl substituted
styrene, ethylidene norbornene, 15 dicycl opentadiene
[0132hnd cytd apeimbadimel{tm’_fzﬁ@ inventitng tho grogesefeppeated by introducing a

rocess, of the jnven a. .
carbo g g ol Gy o g FEREH o1<Bhatt B el Rl Py i compound into the
reacto bRYbEE R itacting @réefyaszglatehﬁéthmn it tﬂ@%ﬁta@i@ﬁsy@teﬁi &fth®invention prior

having from4 to 15 carbon atons, from4 to 12 carbon

to its infrefhection igietthererep® particul ar embodi ment, 20 and from
4 to 8 carbon atons in yet a nore particul ar
enbodi ment, is polynerized in a gas phase process.

[0133] 0128] Tha “aﬁxatybesymnbodsefelnm thile gdSQJmE@QGB&lmfzaﬁdiﬁprocess of the
i.nvention, eth¥lene or opyl ene is poI rlzeg
invengign fnelndes theofigst pre F%Cﬁfld@ losrapRonegls; BRI 4P & gn?fﬁlhc catalyst,

and ol bCRoFRYctRG 08, HEDBimetARe ERallyS {928 T85PN ¥ Euitable means known

in the art, either before introduction into the polymerization reactor or in situ.

[0134] The gas-phase process of the present invention includes contacting the catalyst
system (including catalyst components and activators, and optionally, a support) with
monomers in a reactor vessel of desirable configuration to form a polyolefin. In one
embodiment, the contacting may take place in a first reactor vessel, followed by transfer of the
formed polymer into another second, third etc. reactor vessel to allow further polymerization,

optionally by adding the same or different monomers and optionally by adding the same or
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[0129] Typically in a gas phase polynerization process
a continuous cycle is enployed where in one part of
W b@4oyBEe of a reactor system a cycling gas BCT/E820P3/025280
ot herwi se known as a recycle streamor fluidizing
medium is heated in the reactor by the heat of
pol yneri zation. 30 This heat is renoved fromthe
recycle conposition in anotfier part of the cycle by a
cooling systemexternal to the reactor. Cenerally, in
e @ gas ;fluidized bed. process. f roducin X r
aifferdhy 3B hst SpPRBRG LT ABRG e 15 L REHEID sBRLRNPE 6 o present
inventt@NtherBigallic el adyitbinas gbntactMOvA0ddrdabeSth a single reactor vessel
. PCT/ US2003/ 025280 ~-48 fl uidized bed in the presence
(or “reggtor) cigllawed by isodption of a dipished pelielcfingesin. The gaseous
streamis wthdrawm fromthe fluidized bed and
recycl ed back into the reactor. Simultaneously,
[0135pol ynmeFor @anthicta gas phakd gobwerikation ploeessadditned hersdn may include

resh, nononer, i.s added tq. repl ace the pol ynerized e
use ot EORHERION, SEle 1 g ingcbas Bramalgs, asbate Fggm or fluidizing
mediur) $2Beafe0n tRe f%%c?tofh%@ theﬁre%'p%gﬁmeriz%ti&m%s 884 can be removed from

5,436 5 1, 5,462,999, d

436, 304, 5,453,4 5,616,661 and
the re@yol68irem8.i) apotheOparTied theaytlorbypr essling systera thatsis pixtegeal to the

rescrof G55 e B! R R REA R ERR 6 o Gor i inin
one ortrBoré Qfordwheds Ea/BScdnbiatously @clddRhRdupR atfiEdkél bed in the presence of a
enbodi nent, and from 250 psig (1724 kPa) to 350 psig
catalygtounyler eagyive rpopditions.  fIhengaseoysastidany isaprederplyi awn from the
o T i
g 3SR ROy BT SRR o

the redoborlahdGrésh Aot qdded tociephce eedpulimenied homumet) (Sdedfor example
in yet a nore

110C articul ar. enbodi nent, and from
US 4.966%% YEN 9&{28&7550%17;;%}% i%e1f2af49, 28088 dP ABRE04:01:453,471,
5 4629%9 S&416%B8h %Hrstéb%rzzﬁf' ow. [0132] In an enbodi nent of
2 )t é 5 2 . b
a

invéntion, ' thé process is operated by introducing
carboxylate netal salt such as al um num stearate or
ot her tal-fatty acid conpound into the ea r.
101368 or TROESE PR Bk BORYFRIEOTHER Doy Jant i RO PR (690 KPa) to
500 pER{RIAR KPa PSS RBrodihént] HHEP0D %@igm 39 kP Qo 400 bkig (2759 kPa) in a
~introduction into the reactor. '[0133] Thé "catal yst
particlgrserabodiment, @hd ifrom R&0 gsig (Bt Ppoloyitér psia (244 Idtap e yst a more
aﬂic@f gl“so .rinnvtenti on includes the first and second
P AR ] sgtl g%h'ponents, making up a binetallic catal yst,
and one or nore activators. The binetallic catalyst is
activated by any suitable nmeans known 25 in the art, ]
[0137kj t her Ineiectspest of dlsginrention, thetvoidage of dreygasmhasg yegeior 1s desirably
C 0 i .Sit.u [ . o - . .
contefEE hPbne b tiBhy oo bitizglth BERRR TR MIRERY, Bpaqoriscd o
a procsyssif @olymerzbtich ngng abmhetdiic cantysineldrsindhelvaidagevefithe Buidized bed

and optionally, a support ith__nonopgers in a reactor .
gas phase Lgaptop s taiged at ]ggan]ya% &\[3%. i Chisican graﬁngnphsheg %y any suitable
meansPRIcH Ak &y For dx3nPIE adjusting the hydrogen level in the reactor or reactors. The

voidage of the reactor can be described in the equation below (A):

SBD - FBD

Voidage =
SBD - gas density (A)
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30 enbodi ment, the contacting may take place in a
first reactor vessel, followed by transfer of the
wo eoomezk2pol yner i nto anot her second, third et cPCTESDE025280
vessel to allow further polynerization, optionally by
addi ng the sane or different nononmers and optionally
by addi ng the sane or WO 2004/ 022230 PCT/ US2003/ 025280
-49 different catal yst conpgments, activators, etc. In
a particular enbodi nrent of the present invention, the
' Ly, Cec I LN} ] d_w rs.. .
wherefl SEbTs (h" SR 3L aGRLEPY ip SARIERAF M, RS BlGRor FBD is
the “flajdizegiahAlk desityf, whith iy b €engiigl ofahetdsth grasulBs inbthe @dadtdr; and “gas

_For exanple, a gas phase polymerizati on process,
density| i shpnlyHBe éiieﬂsf%‘e@f tﬁﬁ gpsuidpdhe irpgtops The &ﬁ{? isnthe yatie g the measured

: i . i’ viel _
s Dy 4 4L IS0, LRSIl B B B SLGFENE e
portiohe 2As ndteg thorerey thedfBRrs aThean Vebad, vddch beyrtenpreetdr br doss than the

.1 recycl.e streamin .anpther part of the cycle by a o
tocaligel il 556k BT 41 Bt AA etcior RiOR o i, (it density is
dimin@BSglyl sl RGBS IRESSSg { Glady @ weisiEp HRMBRESHO1BWing (B):

gaséous sfream containing 10 ohe or nobre nononers can
be continuously cycled through a fluidized bed in the
presence of a catalyst unq@ﬁ)reactive condi tions. The
gaseous str &gjdee Prefgrahly Wi thdrawn fromthe
fluidized bed and then recydIzd back into the gmactor.
Pol ymer product can be withdrawn from the reactor and
fresh nononmer added to replace the polynerized

013500006 T35 IO /931430 o AR Ly gt o
process, Hvthgd TlhidizeliShdk AdeRsiBP PFBD) G, i6 Giiglesn dthan @Bi@r 2dfbdal polyolefin
136] The react or,ggr essure_in a gas phase process nma

[Q : . _ay
polymgrzafiop RIAFeEERS- p&i fieh 98P kpalow Foidaer) ¢ kpvedemghitgpyg)a gas phase
polyns B Rl et B Vel in g S b vt due o
the high§ psidgndel Figks kPmwable BHOughsagred@dil4 A Ragh iFBL edlscaprovides for

re. 20 rticular enbodi ment. [0137] In one aspect. .
sdvanfSes R PTG PTG d58 5 iFen b sRaBeRBgatsp cvcle i
interripfeddBp ick BRhbus TRAGISO! F&TexahiplO e 17 IHED MBALspohdE to excessive bed

pol yneri zati on process of the invention is

expangipia rdgeing rthe aebtaring prosess cmd h gooisfimasi evanirorkey tientgstart process
bi allic catal yst wherein the voi dage of the
unmm??%ﬁ%ized bed 25 gas phase reactor is maintained at

| ess than 40% This can be acconplished by any

suitable neans such as by, for exanple, adjusting the )
[0139hy dr 0g8h used/reinptherermy eBidized Sulk dspsitr @.B%s thé same meaning

svn L SRMECHE 1 0 90O A B g e s
pressutke diptupwafd across a centrally fixed portion of the reactor to the height of the fixed
portion, for example, a “pressure tap vertical separation.” As noted therein, the FBD is a mean
value, which may be greater or less than the localized bulk density at any point in the fixed

reactor portion.

[0140] All FBD values that are absolute values of fluidized bulk density are expressed
in units of Ibs/f’®. The values of FBD of the present invention range from 5 to 50 Ibs/ft> in one
embodiment, from 7 to 40 Ibs/ft’ in a more particular embodiment, and from 8 to 30 Ibs/f® in

yet a more particular embodiment, and from 10 to 25 Ibs/ft’ in yet another embodiment,



10

15

20

25

30

30 WD 2004/ 022230 PCT/ US2003/ 025280 - 50 wherein SBD
is the "settled bulk density" of the forned resin
w@e@atr30 in the reactor; FBD is the "fl ui di zrdI/bsok3/025280

density", which is the density of the resin granul es

in the reactor; and "gas density" is sinply the

density of the gas in the reactor. The FBD is the

ratio of the measured pressure drop upward across a
centrally fixed portion of the reactor to the height

whereﬂ‘f h&‘fraf)ie)&gg fop %'Btlj 1%'&% bA§n£ gérﬁgmgﬁg Sf 5}1}1t éé}%r fﬁﬁ% \!vi%h gny lower

11m1t.| ocal i zed bul k density at any point in the fixed
reactor portion. Since the gas density is
di mnishingly small, the equation describing voi dage

[o141£3n beA?I' ?@b‘ Y Olsg]e%ggséea'lh%@%f(@/ﬁ FER, &é%éé BD of the

SBD tain specific enbodi nents
present veventiore revige iroar &0 adé(aﬂjs awus¢ ymbodiechednd Grom 12 to 50 Ibs/ft’ in a

more R GG STAHDEHeP LA 1 AR GRos! =R FBOaprl ind from 15

to 35 AbPRESHEFet Aotted férrﬁa%an{éﬂt ‘vaﬁ&’el‘ﬁoh dﬁﬁ?&bl& #hola%e SBD may be any
benefits in a gas phase 'polynerization process, since

combingtifheef ABLpereni mith ampdewertingbher cat al yst
productivity due to 15 the hi gher residence tines
all omable in such a reactor. A high FBD al so provides

[0142f or  aHvand agsest f)pfherlﬁﬁérﬂibhi ds *oLEFIERI b @les@fb_altﬁe value of FBD
react or when gas phase pol ynerization Cécle

relativierip dlpat (9 SEIP- b§ﬂ @B@t prabedimsntt of the inventig, ths BERP! ks agvalegef 60% or
more igcll?e %% &mf %@gs 01I ﬁofe)ﬁﬁgtsﬁgl\é%apt? aree)frﬁ)%ﬁﬁhaﬂ Q@r'}dd}ﬁ oI' H1%re n yet

restarti’ng process, n ‘sonet | mes even na
anotharestb@dim @it carisE % onswee BSEd wl mo2pafthBe lemdodinset. All FBD values

that a{]ene@(e;lgn Elg éé{?q%g]o é&%raelél:‘g@lgtzeg gt/k;ul K ug(gg?ﬁt %HIk(Lg%gty gg percentage of

set‘clecff_’blﬂf\3 ﬁeﬁ’sﬁ@ SBJFDg‘MS'té%EH SR AP BIﬂ@éb%ﬁer%f m&g)réé?ﬁl‘c fhvention are

asur pressure drop upward across
0.60 oc amr«v al dne dnibegeingdy §.65nr wbre inempthar ewbodimentienhi@i7§ lor more in yet

fixed t on, .for examp sure tap
anothfgriogiapert ing B ot i St greromagionfs cEbAERED | 2
[01431’rean 2h iy @Esﬁﬁble%' defustring poeyrBérBaties pRicedseish RS Weldage is at a
ocal i zed bul k density at any point in the fixed

desirabledevdr Ipoens epbodimensp fheayoidamRDs\Igssuiben t49%e aaddess than 35% in a
ot EAL A, Iy AT g g oo 20
in a nidie partisitntenbbdanéitont han@geer FoaimdSthatoths Ordiduge fdad Henadjusted to a
desiralg)lgelevel when using bimetallic catalyst systems comprising at least one metallocene by
adjusting the level of hydrogen in the polymerization reactor. The level of hydrogen in the
reactor can be adjusted by adjusting the level of hydrogen in the gas stream that is introduced

into the reactor, or stated alternately, adjusting the ratio of hydrogen and ethylene.

[0144] In certain specific embodiments, the polymerization reactor temperature is
maintained at a certain level to further optimize the voidage at a desirable level. As used
herein, the term “reactor temperature” can refer to an actual measured temperature (i.e., at a
point in time) of a fluidized bed in a reaction zone of a fluidized bed reactor used to carry out a
gas phase polymerization; and can also refer to a calculated number that equals an average of a

plurality of actual measured temperatures, measured intermittently over a period of time, for
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30 enbodinent, from7 to 40 Ibs/ft3 in a nore

particul ar enbodi nent, and from8 to 30 | bs/ft3 in yet
wa2omoz22parti cul ar enbodi nent, and from 10 to PSI/US2003/025280

| bs/ft3 in yet another enbodi nent, WO 2004/ 022230

PCT/ US2003/ 025280 -51 wherein a desirable range for

FBD may be any conbination of any upper limt with any

lower limt. [0141] Al SBE»val ues are expressed in

units of | bs/ft3. The val ues of SBD of the 5 present

examﬂ.el%agfd}%\%?gg e’r @f‘a%g r%éa%{ﬂeége%gerggu%sg oluP holpe ?mnod In a particular

rom I'n a
embodialehi, ¢hd p&lyﬁlﬁﬁ@d{ioﬁﬁeic,tor’o‘teﬁpéﬂaﬁm iaélgé@ﬁéﬂx ldlﬁCf 61399"@ or 98°C, or
yet anot her enbodi nent, and f to 35 | bs/f

97°C, P 905500 Ce 9B AT (retit 93°wh ¥ sl é’rc?ésﬁ?f%}b?(écv Hhé@ (? GH0°C, 60°C,

0 ° 13
70°C, ?ﬁ?of@;acg:@l Ié?n}ﬁ{ 84“@7’% gq 46258? 83 g%&é&y%(};gjgg{he%éf\mm e hdtr temperature

may henire atnanga fiiotm i |aﬂy wombemhemtoftmydmr ittrepdrhtares ahue\wm any lower

el afi t hat qf pne enmbodi nent

tempefﬁ\‘zrg Bn‘{ Ef’l?rasﬂ’é‘ rLFé(aH]P e@@o;sea?tor Fﬁﬁ‘?@f?}’f‘fet ﬁsi‘ét averages
97°C ¥63Dat a6t §5af‘ie0 ftwBD kifed, Nolr HRT BoRkMduk GIhBE BIP WL GBIMed during a

and 70%or nore in yet another enbodi nent, and 75% or
contingppsegdsphgsst podymerizatipaeydle of the invebben e, emijollinEaD

values that are expressed in terns of percentages (%

are fluidized bulk density as percentage of 15 settled
[0145]3U| k dgRe vbidagSEID)FBI) aiag beasdatrbBéd oyne ErBbYdBBEIVIRY B@Ssting the

of the present invention are 0.60 or nore in one
hydrogapn éayicheimtthe pobancsizatien @rqq%%n okhieehydragaadilavelst (alsnepferred to as

hydrog% Qn%tﬁ%%eesdnﬁ%%ﬁgets ex | C u ﬁ[‘%gcg%ﬁgeﬁt e ﬁ){&%{%}f S?tﬁ&% tg C, (also

H,/C,ders Hzfﬁfkbe“ﬂﬁrmdj}mzstrefeﬂsetopmqldimﬂarzhydrogbnp ramdeslg 1®8fed to ethylene.
that the vgidage is at a esirabl e |evel

Alternatyelyi tﬂeﬁlﬁm&gﬁ%?%f s fligessed hereu canygfer Apdhe 546 of Gacdes Hy to moles

of mohgﬁ‘l@rss@séﬁ' in Be 6%@}&?&{2%’51&9 |r@&fct1§ﬁ'bf?>g'e§§fi‘f lc? %ﬁ‘@%ﬁ! ;’g c;pgl e and/or

%in a nore particul ar enbodiment,
butenq n Iaeftmbéy,plmvvew@ul the Iawlmgstnnbml relﬁtremd Iarein lfsothndmolar ratio of

oot B APUFREE 3RS 58 3B Ton SRR e v

referehdd@Her @M and'Bi ik lcREAH trchMe a@ﬂllapﬁltstaﬁﬁn&chﬁ théeled %fydrogen levels, for
hydrogen in the polynerization reactor. The |evéel of

examfHgd¥ Bigdar ratio ohdydioget e tocethyleee, 2] ansatvwgb;byén]gqstle\@ based on
measu?r&fhyldgélg nc}gxteég%ﬁ&?l%?e ét[%}l{lgg%f%% e%frodg?rfn ! hat s
alternately, adjusting the ratio of hydr ogen and
et hyl ene. [Q14 t]r In certain speC| fic enmbodi nents,
[0146h0| yrrefhs dphonok Sydsm ttenpbylsnerhesi & wRPhHEhef 9t01§ in one
il t [
enboBSEh i Sflot 1l 109Dk Bl PEMIIAN 89 %y st anther
embodimepie aad r@8 ioanmosd partlmdalaafmbuﬁmaht ard 1002 dn yet a more particular
in ti

ermbodifighia o OB6 15 aan e agiicent Fahecibent, g 0B sbuetgapore particutar

embodifRAL hd W3Rd ih Qfeﬁﬁhfo}‘e ﬁz!tﬁlclﬁar &ﬁﬁocﬁﬂl@ﬁte "F&ﬁis{fﬂ%réxﬁﬁf)leoﬂ)e average
and can also réfer to a cal cul ated nunber that equals

ratio ofre mekeculge hpdrogen to ethylene over a four-hour period is 0.009 or below during a

continuous gas phase polymerization cycle in one embodiment. The ratio of hydrogen to
ethylene may have a lower limit of 0.0005 in another embodiment, and 0.001 in a more
particular embodiment, and 0.002 in yet a more particular embodiment, and 0.003 in yet a more
particular embodiment, and 0.004 in yet a more particular embodiment, and 0.005 in yet a more

particular embodiment. The range of hydrogen levels (molar ratios of H,/C,) may have
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plurality of actual neasured tenperatures, neasured

intermttently over a period of tinme, for WO
wWQOm40222P30 PCT/ US2003/ 025280 -52 exanpl e, aPCHU£2083/¢25280

of ten measured tenperatures over a four-hour period.

In a particular enbodinent, the polynerization

reactor tenperature ranges from 100C, or 99C, or 98C,

or 97C, or 96C, or 95C or594C, or 93C, or 92C, or

91C, or 90C, to 40C, 50C, 60C, 70C, or 80C, or 82C,

compI? se r?gliicgf‘??ﬂ%a gﬁ%gﬁ?%ﬁ rilo Iglglg me:' %rmefgwe} pa%o l?mﬁtdggcnbed herein.

For eﬁfmxﬂﬂ)ﬁnt@ Psdci flcCEpBs Ringiite t}hd fiiolar Watid of e hymsgen gas in the gaseous
nperature limt described herein. Thus, for exanple,
strealratOrE‘élaé@r@rlntﬂémﬁéecatsaﬁream fsfrom\0034e9.0097C for at | east
a one, two, three, four or nore-hour period may be
utilized during a continuous gas phase pol yneri zation
[0147Lycl e @he tiheentiouecdn dusi be atescribedobly reyt cobinp@dm Sif the various

The vo dage e_cont led iin.one
embodisBsi 6§‘ga%ﬁ g eﬁ@%ﬁ the mﬁqﬂg%frepm%wg ? fluprided metallocene
catalyRQbWIFBhLH 2hh 68 ARLABEPDY théhEachys s aRaie (veyel s (al so

referred to as hydrogen anounts) are sonet i nes

expressed herein in terns of the nolar ratio of H2 to

c2 (aligp H2/ C2 or H2:C2), wherein H2 refers to

P hydrogen, and C2 refers to ethyl dR);

rnatively, the hydrogen |evels di ed herein
refer to the ratio of noles H2 es 15 of
noners used in the polynerizatio ction, for
X et hyl ene, propyle nd/ or bufene. _F
abl y + hovievéa] [B}bme—n;%%?ggm | evel Yeferenced
5@ the nolar ratio of hydrogen ae\eegethylene

pnoners. As with reactor tenperat he hydr ogen
referenced herein and int ' include
I nst ant aneous neasur ed hydrog for

R)sa nmol ar ratio of hydrogen gas to e(%&lene or
an average hydr ogen | evel, based on 20 neasured
hydrogen | evel s taken internittently over a period of
time. [0146] The(dqtlo of hydrogen to ethylene has an
upper limt of 0.015 in one enbodinent, and an upper
limt of 0.01 in another enbodi nent, O 009 in yet
anot her_ enbhodi and 0.008.in a ar_ .

Where@%a iar?gﬁvﬁaﬁar'%na@% I} opeyfbogimgte ‘EGP ?r um i a
ephedireahbodEnt0- 006 in yet a nore particul ar
embodi ment, and 0.005 in yet a nore particul ar
enbodinent and 0.004 in yet a nore particul ar

t he aver

cach R AP R st Sl iy Pioe P Ese pEdonfe PR o O

i Sargo@@z&e@rcpﬁi QY BetylRGtchate8 O Rydronidd andaS; BNE3E alkoxides in one
nerization cycle in one enbodi ment. The ratio of

h?@g@@@ﬁ% nd gnprp| paseceEly Beloded Mopwitie gliom) tcomnst@lg)ef)ﬂle group
' Qor%ﬁ?h OF ch %g'ﬁgﬁ]lﬁde g)gzogzgé’)okgla%sr@ Pacetylacetonates

I cuPar e i nen
partlcular enbodi ment, and 0.003 in yet a nnre
particul ar enbgﬁlnent and 0.004 in yet a

R are Fgaqqpis dhatapayrap p,]pé(ﬂmdesaq;pdth@ gng%algﬂegrednqlﬁﬂegdenﬂy selected from

groups as defined above; and in a particular embodiment, selected from the group

consisting of C; to Cg alkyls;

p is an integer from 0 to 5 in one embodiment, and from 1 to 5 in a particular embodiment;

wherein when p is 2 on any given Cp ring, adjacent R groups may form ring systems;
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particul ar enbodi ment. The range of hydrogen |evels
(nolar ratios of H2/C2) may have WO 2004/ 022230
weEONANS2003/ 025280 -53 conpri se any conbi nat i PCT/0U820851925280
upper ratio limt with any lower ratio limt described
herein. For exanple, in a specific enbodi nent, the
nmol ar ratio of the hydrogen gas in the gaseous stream
to ethylene in the gaseous gtreamis from0.003 to
0.009. 5 [01471 The invention can thus be described by
any conbi nati on of the various enbodinents descri bed
above. For exanple, the nethod of producing a
[a].[B]f IsuerdeHesd dmt@ldndcene catal yst conponent can be
descri bed by the reaction schene (VI): (Rp (Rp X
H2O\ F M+ 1-10 {[a]a[41 01. MX ~F (Rp (Rp 10
the re&c\r{f[)& céﬁ\ﬁﬁ o%'s Ny dssdﬁin@ﬂoé%vél rin o eﬁb%%ht | the© More partlcularly,
di rren and zirconi um or ﬁa?nl um 1n a particula
eadnmﬁsamntv\zo fliase agiten, wheieird epe phesetib yn seheatseghabe oomprising at

P ST B8ten o e o Wity P aaiicBlAE FEOtT i g B other phase
%&ngoa gwo&k%%mr%ﬁ)gbﬁmmdrm diRkhs, and nore

particultarl’y selected fromthe group consisting of the
group consisting of chloride, bromde, Cl1 to C20

car boxyl at es 0 .C20 cet |.acet onat.es: 120 R.ar .
[0148], oupgﬁi}eh dfreﬁ'ﬁﬁgzﬁnélﬁl?t%?@e 3rdr ?4818 Sorf ?Hgle@hc r‘faﬁ%gsaﬁamposmon
compri¥ify 411640 enE enblitedsRbRUbasefanyst B6apRRnass dedctiBed herein, a non-

above; and in a parti cuI ar enbodi ment, selected from

metallpgene g:ya@‘jrst eospenetti mgd ofn @gtl*{a@orcgh%dcggabejt COmPANEIYS #nd activator
suppoﬂlt%f czlggﬂ n{o&%ﬁ}lcooyhg?rgeﬂaﬂ ﬁ&f temv\g‘g;emﬁg \’% gﬁ%’bérlrtlgmzé%dg €. 3The non-

metallodeye giomn@ﬁ of first adjatyse tomigoget s desisablyoanZieglegNatta catalyst
systens; WO 2004/022230Q PCT/ US 3/ 02522 54
compo[ngﬂlta[% gmposition i fqrmed 1 BR% gn oacg@ent by first 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.

[0149] The present invention also includes a process for producing a bimodal
polyolefin composition comprising the steps of: (a) contacting a  metallocene  catalyst
compound with an fluorinated inorganic salt for a time sufficient to form a fluorinated
metallocene catalyst compound; next, (b) isolating the fluorided metallocene catalyst
compound; followed by (c) combining the fluorided metallocene catalyst compound with an
activator and ethylene monomers and optionally a support at from 50°C to 120°C; and (d)

isolating polyethylene. The catalyst may be combined with other monomer such as 1-

butene, 1-hexene, etc.

[0150] In one embodiment, the fluorided metallocene, activator and support are also
combined with a Ziegler-Natta catalyst comprising titanium halide. This can be done in any
desirable order to produce a bimetallic catalyst. In a particular embodiment, the fluorided

metallocene, activator and support are combined and isolated prior to combining with ethylene
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the reaction conditions are as defined above in one

enbodi nent, and nore particularly, 5 conprise a two
w@b@ge22y6t em wherein one phase i s an agueousPEITHSM03/025280

conprising at least 50 wt % water, at |east 80% wat er

in a particular enbodi nent; and the other phase

conprising a hydrocarbon or hal ogenated hydrocarbon

diluent. [0148] The presentsgnvention also includes a

binetallic catalyst conmposition 10 conprising at

monora%rg - ﬁlg gtgppﬁgt?cgﬁ e%aghggatgilylstolg ?%tho R I%ag‘t%{ in% ocﬂgrc(ﬂg ﬁﬁue%%) state in a

ocene Ca

partlmﬁﬂﬂﬁﬁlﬁ&ﬂfnenﬁn% aofhet iextdbaiment, hthe Cisitr@taylsd cﬁt@W@DhﬁE\i@ended ina
and activator gported on an inorgani ¢ oxid

diluenters) o atodel s dydep cUBAPFOMATISE Lo ek ta fo i@%w%ae@mtﬁé or silicon
tall
oil and 304 {18 o' RESH7 P TNAOEGhey Blbodilel, (MR inorganic salt s
charac&ﬁitipd) e that 1t'@&ﬂeratamﬁlusm<ﬂe mns iwheh @ontacted mlthrEedldardno thatesndt least 50
bé first synthesizing the fluorided 15 netal |l ocene as
cri bed above, followed by conbining with the
non- et al | ocene catal yst conponent, activator and
support in any order. In one enbodi nent, the
[0151]non- neThdsk cotodimentmpbiemresent frivestione antsixemglified bytthe following
pport followed by an activator, followed then by
nbi ning with the fluorided met al | ocene cat al yst
produced by the nethod described herein. 20 [0149] The
present invention also includes a process for
EXAMPBESci ng a binodal pol yol efin conposition conprising
he st I
[0152]:: onpou%lgt%\?\n ?% v&ﬁ% ﬁ%@élg ;f{)ﬂ%elﬁ S Bf;elrs1 Iog ﬁggﬁ?a&?d ﬁ'leYa?lttocene catalyst
compcﬁmﬁi ivedr & Iibteﬁaﬁbdf oEmha sdrhplerdiffedeé chrimailalih dhe rdlozimbiel yrattallocene
nmpound; _next, i solating the fluorided
comp%fiatrlti Q@eﬂt@r@ateét%ga% t%d fol l owed by (c)
conmbi ning the fluorided met al | ocene cat al yst compound
with an 25 activator and ethyl ene nononers and
[0153ppt i onEkample SupRer/inesi-(18FMeBE0R), L1F, 2B @repanetl yipdding a solution

or .54 S0k N B 1) SRS ST BB 5w ETRARR souionof
1.00 [g@a}éolofl Snenfiod] penkq )t%/ﬁléééoqtlsdmm@mzlr@gem 10 ml of

acti vat or and support are also 30 conmbined with a
dlchlozomejhm Nhe reaction mnytgxe wamhgitiesl vigoronglaAdrutl mémutere and the organic

layer p? ﬁg?%qrziﬂeg ’Jc“lga 8{%;1%0 ﬁ?fér({ wasp?m:(??xa M@%O%ﬁ’tepedo v%)orated in

vacuof l1eihges offelhitd aoRAewitAChi yieldolof a0d5 s gapRr (92%)9 Rac/meso 1,3-
conbi ned and i sol at ed prior to conbi n%}rtra(t)lwl th et h | ene

MeBu@@zZ@mW@sza@a@pw@éym;@%Q@mon o THilh Frsssof Gl moles, 2.20
RO I n
eq.) Ngﬂtg L8R ol K gt{t% %J)togatb;f?\%ﬁ s%lﬁ{atoﬁ ggéﬁf% ahfi%16358 8 ﬁtotés 1.00 eq.)
rac/mdso-(&j3ateBuCpnatly ien?50 trhe dii witeak! |T&1eC£daﬂthgtStm1xﬁre was stirred
suspended jn a diluent (e, g., C5to gf ydr ocar

V1goro¢1§]|¥pt;or §pﬁ@1npteé,nan;1 W%‘rgaétgcl SR o) organic ?ay%} was dried
with gﬂégbg ORiterd,! a trﬁtﬁa{ps&tédnbpv&% 1&3i1g04n oftﬂwﬁt@%ﬁd GHhAE yield of

exampi%

odi ment, uori nated inorganic salt
219.99 grams (95%).
[0154] Example 2: Rac-ethylene(HsInd),ZrF, was prepared by adding a solution of

0.58 grams of (10.2 mmol, 4.34 eq.) NH4HF in 10 ml of water to a colorless solution of 1.00
gram of (2.31 mmol, 1.00 eq.) rac-Ethylene(H4Ind)ZrCl, in 50 ml of dichloromethane. The

reaction mixture was stirred vigorously for 30 minutes, and the organic layer was separated.
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5 characterized in that it generates fluoride ions

when contacted with a diluent that is at |east 50 W%
wowRi0e10222p0151] These enbodi nents of the presenPCT/US2003/025280

invention are exenplified by the follow ng exanples.

10 EXAMPLES [0152] In the follow ng exanpl es,

fourteen sanples of fluorinated netal |l ocene catal yst

conpounds were prepared. Eagh sanple differed

prinarily in the chlorinated netall ocene conpound and

he. fl uori na I, us 15
e ot el ol it R A5 SR AR Branbly e P PG o white
solid wieH &tieRiof 092 Bab8 (WO®OE of (10.3 mmol, 4.47 eq )
NHAHF2 in 10 nl of water to a stram#colored sol uti on

of 1.00 gramof (2.31 nmmol, 1.00 eq )

[OlSS]&aC/ neﬁ?aﬂlgﬂr?a%ng/b(%%@ %s 'RR:I}?I L u andm a SOhlthla of 14.46 grams

chl orone Yeactio stirre
of (25¢imgmo s05/ ed.p NHOIFaiim 6O an] ofiwdtet he amagﬂmr soldfioh @¥ €0.00 grams of

(124 Ipmjgw_f)l( 3:? ar&@@%gﬁ)@%w { aggr h]\g?gqlggl eda“\ﬁ%ﬁeactl f? (r)n41xture was

stu‘redo\tlgox’ﬁfﬁélgl §or58) hf%nd%é 'ﬂn@ tl¥é 591119f1ay@r $as 95 Eed. 9].%@ orgamc layer was

/ meso- (1, 3- was "agai n prepar ed
dried et MgS@4,sﬁalltantd camdoefvaﬁ@ra@d ig nenreo, dfaving zznmulae@,lorzd 20lid with a
n 500 M of water to a brown solution of
Yleld‘%sq# :Zgﬁé ‘of (0.578 roles, 1.00 eq.)
rac/neso (1, 3-McBuCp) 2ZrC12 in 750 m of toluene. The

reaction m xture was stirred 25 vi%grously for 30
[0156]m' nut eExample 4:he(MeGRnd &> Way erepargd byagdingtacssplutipmeof 0.39 grams of

(6.84 Bk p,[)&r 9 e@yl .08 1195(') ‘iof‘%a‘té? tg/g%&brlwaé {oﬁ&{o Ayt dﬁﬁw%am of (3.12

eaV| ng

mmoly1.60 dq i (MeZpP 7801, g’[ a@ml(cﬁﬁéhloxbﬁlbﬂﬂhe E)‘{ﬁ:mehcﬁtlo& mixture was stirred
Rac- et gqv1| ene( H41 nd) 2Zr F2 was prepared by addin

vigorogsly foy Hhmggutesy gncbthg golorlgsrcorganie !@gexzwwarazpdgﬁg%argﬁmc layer was
dried %lﬁ%gﬁgsdh ﬁl‘t@l};eﬁ} %Iglgl%'iecltz% 1%6&2 g@%\ﬁl’fgsz§ pélgl}}éﬂb@r\ﬂl‘ﬁte solid with a

ram o
yleld(ismgﬁtrts;(m%ﬂ H4lnd)ZrCd 2 in 50 m of dichl oronet hane.
The reaction mxture was stirred vigorously for 30
m nutes, and the organic |ayer was separated. WO

[015712004/ 0@%21%91@ w&mé%z%%as ) ngea 157 glaaing 4 aY¥Rfion of 0.36

dried wt I'tered evapor at e
gramswzfc (31 waol 2}@6 QWL sin| i0dmhpf watgr {a @Ih@hbfelb)m golution of 1.02

grams%fi%?? &%mgl;/dl 0(9 qu,?sa 5? @W%F%@b%n( ﬁ&’%jé? élcgégomgthg?e The reaction

mixtufe2®4s $IFRId, vigordhsl§ qor) 1 Niiiktes, iafid Gk #d1odss \vagiic 189e@Was separated.
anber sol ution of 50.00 grans of
The organic layer was dried with MgSOsa, ﬁltered and evaporated in vacuo, leaving a pale

yellow-white solid with a yield of 0.86 grams (95%).

[0158] Example 6: Cp*;ZrF, was prepared by adding a solution of 0.59 grams of
(10.3 mmol, 4.39 eq.) NH;HF; in 10 ml of water to a yellow solution of 1.02 grams of (2.36
mmol, 1.00 eq.) Cp*;ZrCl, in 10 ml of dichloromethane. The reaction mixture was stirred
vigorously for 1 hour, and the yellow organic layer was separated. The organic layer was dried
with MgSOy, filtered, and evaporated in vacuo, leaving a light manila solid with a yield of 0.90
grams (96%).
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(124 mol, 1.00 eq.) (BuCp)2ZrCl2 in 200 m of

di chl oronet hane. The reaction m xture was stirred
woe@enz2dd y for 22 mnutes, and the organi c | apEr/Usme3/025280

separated. The organic |ayer was dried with MySO4,

filtered, and evaporated in vacuo, |eaving a

mani |l a-colored solid with a vyield 42.58 grans (93%.

10 [0156] Exanple 4: (MeCp)2ZrF2 was prepared by

addi ng a solution of 0.39 granms of (6.84 mml, 2.19

qg.) HE2 1 er to colorl ess olu 0
orsoft ) obggmita B "@sCip2inai Probedes f 89 85 B9p Erg grams of
(11.0 Aadl 4.96 eQ!)Q\l’FI&HQHﬁH'@&ﬁEof WhRr (e agtrhwRolbred S18HMRST 1.00 gram of
stirred Vi gorously for 10 mi nutes, and the col orl ess

(2.66 Byepdni OO0 ea;beﬁPanbZ@pm 49 @l ofighlefopihac) Ahe reaghien pyxture was
e N L R v
dried @ith MgS®4 Wtereli Odiblidvapuared|ie vbéuof Eeaﬁm@’ﬁﬁ@fﬁ-ﬁlﬁttEﬂol\Minth a yield of

preoared by adding a sol ution of ams of (6.31 )
0.78 grarps (8 o)1e(¥’ ﬁngﬁgaw prepayed By a isg%.a seiiraed sefytion of NaF in

v N Dl et o

mmolThéO rega P, AriCikt iur & mhsf dichioredethamo r’l‘dnﬂsrbgctfonnnmlure was stirred

. m nut e and the col orl ess or ani c | aye
vigordigofoR 1D gty G5 PRSP S SCRETLRH. e PrRgpigpleyer was dried
with Mgﬁ@; rfﬁtéredaﬁh‘i’d %B{%&&F 8% detio, weecva&pgf arl @EM/}H& s@llaa;bﬁq a yield of 0.90

e solid with a yiel

grms¥(99%mlssppﬁzm@ ot aggn pmpmfgwgg@dgmmoi&?&fdm Exgma of (11.1
mmoln e T 9 EF B A GEBE P o el Bl uititoR 51 op gy of 266

mmol,gI @U&qqf(Pf(%))%CH 015 mi o@@1dﬁﬂarbm%ﬁﬁ’ezﬂﬁl3eadﬂloiQniﬂtur9fwas stirred
di chl or onethane. The reaction m xture was _stirred

vigoropplyolewn 48 Inyinfiss, andniba orgamilaypewoe pepaiptest Jdisi gy dayer was dried
- S t I

wits WSS SRR, 0 G OA N, Mg B oM, soliivith 3 ield of 0.80
gramsl(Bg). mani | a sol i d with a yield of 0.90 30 grans

(96% . WD 2004/022230 PCT/ US2003/025280 -57 [01591

Exanple 7: (PrCp)2ZrF2 was prepared by adding a

0°|Ut'E§8108631\% Akl wis Bhreddoy §d(ﬁﬂ)a lution of 0.60

[016 HAHF2 |irl1 Y % 4%?%3? )o 1izlstsr?:gibcc;el ored so ut?oo%IOHO
gramsaff (10. GOmg}phm ldf eq.X WHGBF nimol ) ml o0 ateq 19 a cRa@pkEedsdluiion of 1.00

TN TET M TS E IR RN —

mlxudeawag sw?f@d ab@dedor ThanRfueANksd Y QFga@s 18yefl WaBheparated. The
Wi th iltered, and evaporated in vacuo, |eaving

orgamarlaﬁfrfwwﬂrteé \g@h MWD Hiltgrogi andievaporatedr@r yrcwnslepBigggan off-white
prepared by adding a saturated
SOhd‘&ol? l%?l}%%o o¢9‘;€§%m%?@g%t er (15 m, approx. 15 mmol, 5-6

eq.) to a strawcolored solution of 1.00 gram of (2.66

[0161] Example 9:  Cp*(PrCp)ZrF, was prepared by adding a solution of 0.31 grams
of (5.43 mmol, 2.20 eq.) NH4HF; in 10 ml of water to a light yellow solution of 1.00 gram of
(2.47 mmol, 1.00 eq.) Cp*(PrCp)ZrCl; in 10 ml of dichloromethane. The reaction mixture was
stirred vigorously for 10 minutes, and the organic layer was separated. The organic layer was
dried with MgSOQ,, filtered, and evaporated in vacuo, leaving a white solid with a yield of 0.91
grams (99%). Cp* means pentamethylcyclopentadienyl.
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mol, 1.00 eq.) (PrCp)2ZrCl2 in 10 m of

di chl oronet hane. The reaction m xture was stirred
woe@enza2dd y for 10 m nutes, and the organi c | apEr/Usme3/025280

separated. The organic layer was dried 10 with MySOH4,

filtered, and evaporated in vacuo, |eaving an

off-white solid with a yield of 0.90 grans (99%.

(PrCp)2ZrF2 was yet again pggpared by adding a

sol ution of 1.97 granms of (11.1 nmmol. 4.12 eq.)

[0162@ yleR ?@ﬁ ie?lOSSC&Mé) Egﬁ%e{x%égrep fl'i)?fdg lg%rs%?utlon of 0.36 grams
of (5. S(Gjlhﬁ[b)l 227-043&%) INHE, 1th 8okl 6f Whie@ t® ABighapelow belutieast 1.00 gram of
was stirred vigorously for 18 m nutes, and

ture
(2.93 Wldr e Cr@eCoVES lsiadarmat efdlichipremsthsng the tegetion gaiture was
stiod Fibudp ot 1t ond hd BBl R0 wBY RAREALE i brappig favor wes
dried wgitaMgS @y Witerdd) AGD¢vapxentgal 2 18icud, NedGrp) § Pudy)whik2soligiswith a yield
repared by adding a solution of 0.60 grams of (10.5
°f0‘9ﬂﬁ¥5’1n',‘s égf’g eq.) NH4HF2 in 10 M of water to a
straw col ored solution of 1.00 20 gram of (2.56 mmol,
1.00 eq.) (Me4Cp)(PrCp)zrCl2 in 10 m of
[01631i chl oExampledie. CMPeMee(é}m)tZﬂEmwm repagednby adtlingr @ golution of 0.33

s SRRl A G Y o 0

gramsfdf! |(D 84 Qﬁ’mola"lcbo (ﬁﬂﬁ&@}ﬂﬁ(ﬁ? H#010 hﬁ@? dit81c2dmethane. The reaction
off-white soli ield of %rarrs (98% . 25

mlxml[eoams}m‘ési a(rgw@lsgf foqw (rpn@sg zn¢ﬂlwmée yillepaerganip yaygt Wiam geparated.

0 f 0] )
mhe o0 Elifa HoCkas., et 4t Bk B0 50) egps o b
yellowlk gf¥6n Gyaid) with a(Zeld éf GIBOlgraIﬂs (@@‘V@q ) Cp* (PrCp)zrC12 in
10 m of dichl oronethane. The reaction m xture was
stirred vigorously for 10 m nut es, and the organic
ayer :
[0164 E?é‘?‘? er edaéjgﬂél3 evap o ted%argl% re\ﬁﬂo%,l aedgl\%gﬁg S%mﬁ&l 0f0.32
gramsvadi (lSélsminlolj 293 hq )11\5H4HF@1 m)flOGnDdf w3Rr ¢y andarl( Bﬂﬁ@n saDptfon of 1.00

gram r‘r?:%? %épent fggbg 8B§1pf S&Mp@% i 1§004/o(%2(§1c2>g10romethane The

reactléﬂ%ﬁﬁ@ﬂ%a%rsﬁ%e&\@éoﬁﬁﬂgﬁfoﬁqo @Mn@t@g ' a'ﬁg tﬁ’e ﬁlﬁh&é‘ Zgr@éh Qlfgamc layer was

grans_ m nol

separagsfd. (Ghe erganis laydruvgéStdry:élvvldegSiQu ﬁlmred)fand e@@pcgatamszzacuo leaving
Cp)zrC12 in 12 m of
amamg? z‘:ﬁ o‘?gio?‘r%?’he dn%pogﬂgl)a%%gg%%gn m xture was stirred

vigorously for 10 m nutes, and the organic Iayer vvas
separated. The organic Iayer was 5 dried with

[0165F j | t er Bgampled3e BbpHER Wes mpwed by edding g salmouforf;p 52 grams of

.12 396 I Y0 1 B A g 531 s o

(2.18 amhalf i 60 agf) @rCP),HET1a 0 10fml( & di@hlm‘mﬁethzﬁ].elg‘heqee)ctmn mixture was

stlrredlvl_llggrgl%sj}@ r}@% gqrgmg*tes( 2n% gﬁe‘ﬁt)lr%pﬁaic g}%g w\éla %%pGatratg(? ’f’ﬁel grgamc layer was

dried $Rh RIBES Camtddl and Rvadfdrdtta 9f valhohleatiapBhNaMsr 618 with a greenish

reaction
tinge, with a yield of 0.83 grams (89%).

[0166] Example 14: (Me,Cp),HfF, was prepared by adding a solution of 1.20 grams
(21.0 mmol, 10.3 eq.) NH4HF; in 20 ml of water to a colorless solution of 1.00 gram of (2.03
mmol, 1.00 eq.) (MesCp),HfCl; in 25 ml of dichloromethane. The reaction mixture was stirred

vigorously for 1 hour, and the organic layer was separated. The colorless organic layer was
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m xture was stirred vigorously for 10 m nutes, and the
pal e yel |l ow organi c | ayer was separated. The organic
wo 20081022286 dried with MgSO4, filtered, and evapor/asmds3/025280

in vacuo, leaving a pale yellowgreen liquid, with a
yield of 0.80 grans (84% . 15 [0164] Exanple 12:

Cp(1, 3- MeBuCp) Zr F2 was prepared by adding a sol ution

of 0.32 grams of (5.61 mpig_2.03 eq.) NH4HF2 in 10

m of water to a dark brown solution of 1.00 gram of

aied ity AFest i oo aborktBa e Voot SRbE e Wl Seylla Hetd of 091

grams\(Og@y.ously for 10 m nutes, and the murky green organic
| ayer was separated. The organic |layer was dried with
MySO4, filtered, and evaporated in vacuo, |eaving 20

mani . i i i el f . 9

(0167 Ton, Wi bt BreblytenBentiofinfls Boerd ulRuBEOIRY ifRHhed by referonce to
particw@lais embbdiornzf tHdsddf @rdinaryodkill (9 .tHe anmwill, apprd@atehdt the invention
NHAHF2 in 10.n of water to ai straw.col.ored_sol ution

dipeld tp mepyn Aiffegent yapiatignghgf illupirgfigd derging prgy) thepeciensons, then,
. . ) . ) . _

referetih shOuflibehadd Sl DLO HE!BARIca Hifimt 83 ThirifelbEAUERHAS the scope
of thel mysnt wasnsepaFattbe, cditien degares of [the presertsinvehtiondareideberibed in

S, filtered, and.evaporated inh vacuo, .l eaving a

terms AR O MG ap o LB S B SR oGk It should be
appredlatS 1k dfzed &IMed blyBhGonibhaiiBh ®f Hbse (ilert@Re Jhithir?theasope of the
' prepared by adding a Solution of 1.20 grans 30 (21.0
inventanoinless Otl®rwige jndigatsdr2 in 20 nl of water to a

col orl ess solution of 1.00 gramof (2.03 nmol, 1.00

eq.) (Med4Cp)2HiA 2 in 25 ml of dichl oronmethane. The
[0168] eact | URlesd wthsrwiswdadisited,r A0 numbeer«xpedsying Quadtitieduss ingredients,

and the_organic | ayer was separated. The. cal orl ess

PropedicgalispeionagRaritions. WY soderyaseden Hersrosiselen 289 ipims are to be
ey, oot ol i, L P8 RRERANRHY ecbine by i

preser imreati 19 8841 .thd &t&74f Mdeshentent epr. .emdrshouldwet idasbbe bastrued in light
been described and illustrated by reference to 5. .
of thep%wmnbegmfarﬁp%rﬁ%oagﬂ@ﬁ@, ‘%E%é%‘f by @P_E’H%P TR | TPURging figehniques.
NotwitdstanWinlg! thaP HeShirdifcal Baoet REd I VANRE Isefite foftAdBe Hr8& Scope of the
to many different variations not illustrated herein. ~
inventitar atehegeoxigrtions , the mamericalealnemeet fombuing teportedi@s precisely as
.biegl ely to the appended clains for purposes of
POSSIOfst ermi ni ng the scope of the present invention.
Further, certain features of the present invention are

described in terns of a set of nunerical upper limts
[0169hnd a &8t pEerifyudeeunats |assdierdin nﬁltlx.mp@rpgw&ﬁ bybeefargnee for all

.. eci . r . a i i f. .

i RRBECE 1 ALl RERor] B PEA PG Ok it i

includiny ®sténoproesdiirese aterttbreiatiellly icOiddted oy esBrentd éorvillsirisdictions in
..indicated, all nunbers expressing quantities of

which; slqgl} BgpwRragion is permitted.

lends



properties, reaction conditions, and so forth, used in
the specification and clains are to be 15 understood
wW@200aoz28xi mat i ons based on the desired properPCEES2003/025280
sought to be obtained by the present invention, and
the error of nmeasurenment, etc., and should at |east be
construed in light of the nunber of reported
significant digits and by agplyi ng ordi nary roundi ng
techni ques. Notw thstandi ng that the nunerical ranges
cLAMY val ues setting forth the broad scope of the
I nvention are approxi mations, the nunerical val ues set
Whatfioelhimedries reported as precisely as 20 possi bl e.
[0169] Al priority docunments are herein fully
i ncorporated by reference for all jurisdictions in
1. W GRogue b }?&Qﬁcﬁﬁé af IfRBrilsd Refalst (Behpofid,t B&hpridhd contacting a
docunents cited herein, includi'ng testing procedures,
ametdocenacatalystycompound vithtandlusyinated énegaec fdt taaform a fluorinated
juri.sgictio Ln__2 i ch such incorporation is
pﬁe%ﬁ&fé%c%%ﬁﬂpg%% PCT/ US2003/ 025280 - 60-
CLAIMS What is clainmed is: 1. A process of producing a
fluorided catal yst conmpound, conpri sing cqntactjn%la )
2. ndbginrecsnof dledn yvis twhaeip dba dluarinpted inprgavic edt isocharacterized by
i ' . f ] : | 0
o SPEPANETER i WAoo S P R e REERD, g water
the fluorinated inorganic salt is characterized by

genperating fluyoride ions en, contacted with a di] uent
3. pBp mrecest of ek S\@ w&e%laﬁg% Aluognated, dngyegie salt gs desaibed by the
1genh@rgiAuibhe fluorinated inorganic salt is described
by the general formula: [a]a[R] b, wherein a is a
cationic species selected fromthe group consisting of
Goup 1 and 2 catjgns, aniliniumand substituted
versi ons thereoffﬂéﬁg’NH4+, NH3R, NH2R2a and NHR3+
wherein Ris selected fromthe group consisting of
hydride, chloride, ClL to Cl10 alkyl and C6 to Cl12
aerein i is jascagionignspsaics selpeed &ons Bieegroup conwstinghel Group 1 and 2

ar. con. 0 Luor.i ne .l ons. _and no es
O5RPSAABHRH Dok DA B0, TRATYICS g s, na
f NGRS [vehegsio Rpisaselesicd tog thaf grofiy d6:00@ing oFihlyi6@d) chloride, C; to Cro
ca@pon, @?os hor ous, oxygen, al um num and boron; and a
afybangh s tofriegBfs from1 to 10. 4. The process of
Claim1, wherein the inorganic salt is selected from
the group consisting

B is an anionic species selected from the group consisting of fluorine ions and moieties

comprising fluorine and one or more elements selected from the group consisting of

hydrogen, silicon, carbon, phosphorous, oxygen, aluminum and boron; and
a and b are integers from 1 to 10.

4. The process of Claim 1, wherein the inorganic salt is selected from the group consisting
of (NH,4);AlFs, NH4HF,, NaF, KF, NH4F, (NH;),SiFs and combinations thereof.

5. The process of Claim 1, wherein the metallocene compound is described by the

formulae:



of (NH4) 3A1F6, NH4HF2, NaF, | M-, NH4F, (NH4)2Si F6 and
conbi nations thereof. 5. The process of Caiml,
wob@renid he netal | ocene conmpound is descri bedp@lus1ve3/025280
fornmul ae: WD 2004/ 022230 PCT/ US2003/ 025280 -61
CpACpBMXn, CpAMX" or CpA(A) CPBMX' wherein Mis a
Goup 4, 5 or 6 atom CPA and CpB are each bound to M
and are independently selecged fromthe group
consi sting of cycl opentadi enyl |igands, substituted
cycl opgniadieqy! ~ A gands:. A i i sol obal to
cycl op@ﬁt%i@?’lcﬂ%’é&g@ i({xz(?g(}g‘&‘gands i sol obal to
cycl opentadi enyl; (A) is a divalent bridging group
bound. to both CPA and CpB selected fromthe group
cWhstie Mg adfronp dat @h® ae1t o C20 hydrocarbyls and Cl
to C20 heteroatom containing hydrocarbonyls; wherein

t he het eroat om contai ni ng hydrocarbonyls conprise

f CpfandeCpd atchembh bremdrioatiomst ad¢ indememdentlyo sélectéd dvimthe group
group selected fromthe group consisting of chloride .
Yons? Sostnnact bropenaosl et Suurgrd cafigngiabtint igands,
and al kexiddesoldafl © c§elapbntdii @Y add Qubskithied 3lighhds ThSlobal to
process of Claim1l, wherein the netall ocene conpound

i s descydlgmtagienyhe f or nul ae: CpACPBMX" or

CpA(A) CoBMX"  wherein Mis zirconiumor hafniunm CpA

and CpB are each bound to M and are independently

s eA et £ivhIeaiTbHAENg el bouadTd PoiCpdins WpStdeledicddiom the group
cycl opent adi enyl |1 gands, substituted indenyl I|igands,

subst i ERRSEHNE e aihxﬂg%i G dpry$aol hyfipepsbyls yangt G ufoe§20 heteroatom
fluore N h vat |

cach: ool ooetylsy HhEteAP M RRMERL bHRTn pyarocarbonyls
t he gr esippisenfsomtona hicetikterent&hfl al kyl s and hal ogens;

WD 2004/ 022230 PCT/ US2003/ 025280 -62 (A) is a

di val ent bridgi ng group bound to both CPA and CpB

s C [ de i
B0 aiehRTIcR R B sD0AR FrchlThe Bhouf {@sRhe oF chibride fons,
hydr oc hrooody ke, cabreybites, adetylinetomateas amd atlonxi deisrdndg

hydr ocar bonyl s conprise fromone to three heteroatons;

n is an integer from 1 to 3.

The process of Claim 1, wherein the metallocene compound is described by the

formulae:
Cp*Cp®MX, or Cp*(A)CpPMX,
wherein M is zirconium or hafnium;

Cp* and Cp® are each bound to M and are independently selected from the group
consisting of substituted cyclopentadienyl ligands, substituted indenyl ligands,
substituted tetrahydroindenyl ligands, substituted fluorenyl ligands, and
heteroatom derivatives of each; wherein the substituent groups are selected from

the group consisting of C; to Cj alkyls and halogens;



X is an anionic | eaving group selected fromthe group
consisting of chloride ions, bromde ions,

w@ a00box2B@t es, acetyl acetonates, and al koxi desPCEHOS2003/025280
is an integer from1l to 3. 7. The process of Caim 6,
wherein at |east one Cp is substituted. 8. The
process of Claim6 wherein at least one Cp is
di substituted. 9. The bineté&2lic catal yst conposition
of Claim®6, wherein at |east one Cp has from2 to 5

(A) isawdbedledt BEideng. erdi boting tdbeB I nd (GALBIYRE FoRIRE %&dpo&nsisting

aim6, wherein the substituent groups are

.of d
of dlvglgme%t o llbﬁiﬁombylglamhﬁl toofsibsterorgorn feontaintinyg léychdbdmylbqnyls;
i i sQ- | -butyl, iso-butyl,
el B A} 8RR ok chBBERe bl e erppoms

Claim1l, wherein the fluorided netall ocene is further

i Sombined with an inorganic oxide is dehydrated at a
15 ag 8%6%3?4)/9%% grup F@%ﬁt@? fremdke gRorconsisting i ehloride s, lwbmide
ions. dali ' ' ed nmetall ocene has a
’ prt%'éidﬁgﬁ%% lﬁefbél%{égﬂ%’gé?{og%%?&%éi pol yner/ g cat al yst
towards slurry or gas phase ethyl ene pol yneri zation
. rocess at tenperature of from50C to 120C. 13. The
nis anglpéeggrséo%fl t&la}ai m 1, wherein contacting the netall ocene
with the fluorinated inorganic salt conprises
contacting the netall ocene conpound with from2 to 20
7. cHbf wrapess s Clim 6, defdinairleashorniCp imvubatituedsal t  based
on the nunber of equivalents of fluorine atom WO
2004/ 022230 PCT/ US2003/ 025280 -63 14. The process of
8. (Ilad prodess Wi Eldin® WhereiiRt RlabtQme T 1S Al@bihtegomponent is
in contact with a hydrocarbon or hal ogenated
hydr ocar bon diluent. 15. The process of Claima1,
WAR! 5 3 ri ' ani.c_salt 1s in cantact
O R R ebB o SRR 0 wBet et s rom 2 o 5

uen

substitutions.

10.  The bimetallic catalyst composition of Claim 6, wherein the substituent groups are
selected from the group consisting of methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, and
tert-butyl.

11. The bimetallic catalyst composition of Claim 1, wherein the fluorided metallocens is

further combined with an inorganic oxide is dehydrated at a temperature of greater than 830°C.

12. The process of Claim 1, wherein the fluorinated metallocene has a productivity of at
least 3,000 g polymer/g catalyst towards slurry or gas phase ethylene polymerization process at
a temperature of from 50°C to 120°C.

13. The process of Claim 1, wherein contacting the metallocene with the fluorinated
inorganic salt comprises contacting the metallocene compound with from 2 to 20 equivalents of

the fluorinated inorganic salt based on the number of equivalents of fluorine atom.
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14.  The process of Claim 1, wherein the metallocene catalyst component is in contact with

a hydrocarbon or halogenated hydrocarbon diluent.

15. The process of Claim 1, wherein the fluorinated inorganic salt is in contact with a

diluent comprising at least 10 wt% water.



