CATALYST COVPOSI TI ONS FOR PRODUCI NG PCLYOLEFI NS I N THE
ABSENCE OF COCATALYSTS This invention relates to the
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pol yneri zation catal yst conpositions, methods for the
pol yneri zati on and copol yneri zation of olefins using a
catal yst conposition, and pol yol efins. Mono- -olefins
( -olefins), including ethylene, can be pol ynerized
with catal yst conpositions enploying titani um
zirconi um vanadi um chrom um or other netals,
i npregnated on a variety of support materials, often
in the presence of cocatal ysts. These catal yst
conpositions may be useful for both honopol yneri zati on
of ethy

W th cobBnONEFSTETHPERTERAR KOR PROELRIR POL RGNS
or other higher aNOIEEIABSENCEIGH COSATAEYSTEXi sts a
constant search to devel op new ol efin polynerization
catal ysts, catalyst activation processes, and net hods
of maki ng and using catalysts that will provide
enhanced catal ytic activities and polyneric materials
t ai | or €bhit oinspednf rdatendoutes fielheft yygenahctelatcampssitions, olefin

AT LE  SHBbh ComRr s, RIS cdnb EnDhiag zation  and
arg, H@%ﬂzﬂtl&%ﬁ&wﬁﬂs &W&l&ﬁ%ﬁn@bgﬁgn %%olyowﬁns

actlvatl ng cocatal ysts such as al uim noxanes or
or ganohbdiono- 1ed efisu aielefifiskg r mcbdeng iethylenepfcan e pehimdrzed with
devel op netal |.ocene-pased.catal ytic systens.that can

b CAYY RRASHPE P RN SEP Ry daradiiperigpipgm or other
aGhiMR! iRgrRY8RE Son ¥Cbarithy Iolf SQIE)EU it A8a8AAY, often in the e presence of
pol ymeri zation activities. al'so of 1nterest

denvebialystse tTdieko cataipst mmds1Uanainyy 'bc usgfat ﬁmbotltmnopolymenzatlon

pol y rzeoleflnsvvltouttene [ L%

THis® Eﬁt?@?n il eéloﬁi)FPB‘gngE% Oﬁs? é’ B Fit n%on¥onomers such as

::[r? rBPfend AL bREGDALRAInE Arad it hl‘éﬂé}p&%léﬂlﬁngfhéi‘%re there exists a
t hods for polymerizing ol efinS using the catalyst

C aoopstant sc{amh th devedoye dewerlefim polyimeaxerstiock $akalbstsedaihh)at activation

certain ty | | pcene conpound

C b SHshese B Tt ho i e moR Ry SR Rt vl Rrgvide enhanced
f %amlﬁl&@ett@iﬁe%taﬁ@?mﬁiehb Hhtdris fall6reA b gﬁ@iﬁ@@fdl 11385, of

ol efins wi t hout hé need for any cocatal ysts such as

al uni noRanEwecet eyt shsenrcoprisos rzanpmetal conpeyundshparticularly

prﬁgtgﬁocéngvggr}lf)gu%ds Often, metallocene compounds are used in catalyst

compositions along Wlth activating cocatalysts such as aluminoxanes or organoboron
compounds. Therefore, it is of interest to develop metallocene-based catalytic
systems that can be activated with different, possibly less-expensive activating agents,
yet still provide good polymerization activities. It is also of interest to develop
metallocene-based catalytic systems that polymerize olefins without the need for
cocatalysts.

This invention comprises catalyst compositions, methods for preparing
catalyst compositions, and methods for polymerizing olefins using the catalyst
compositions disclosed herein. It was discovered that certain types of metallocene

compounds can be contacted with a chemically-treated solid oxide to form a catalyst
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enconpasses new cat al yst conpositions conpri sing
net al | ocene conpounds that are coordi nated by at | east

wee@slhymiocar byl |igand, having from 1l to abouPCR0S2004/037784
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carbon atonms. The new catal yst conpositions further

conprise a chemcally-treated solid oxide, wherein the

c hempaosatioty forr thatpedymsaization il @éefmn‘mithsdstha rsed ifek aRi ceatalysts
ted.with an el ectr t hdr awi ,ng.a

SR ik BT SR 1By ¥ st nvention

ceﬂ&%patsééamewsmwl J&a@tunbﬁ@é&mpﬁﬁnme@él dé@]?é‘é‘ompounds that are
conpound and at | east one chem cal gtreat ed solid
<)

ozmtdmamebye iah 1eaai) onch bydreeabylokgand, gtfm!n Hato ahpait 20 carbon

PR L FET ORI SRR e ek SRR bl reated solid

t aRid! wmreﬁfm@ Rhéticaliptreiie@ Bl oxtife Eoigisded A;soliXdkide $redted with
Gou gand, wherein the Goup-I ligand is a

cynle&p‘@fﬂm%thdrmmg gmionndenyl, a fluorenyl, a
s 41 S LRy oo

Oﬁt lefa& Sndbsietallot @@ dby@oﬁﬁ@ ahadi éeugt onés ubghichlly-gdated solid oxide,
i ndenyl, or substituted fluorenyl (X1) is

pédent |y an aliphatic group, an aronatic group, a

cyclic 39{h%lfffetaﬁ’oc%ﬁgp&ﬂgédn‘amagﬁe%ll%ﬁ{?pﬁnﬁﬁ‘lq cyclic

groups,’ an oxygen a nitrogen

group, a phosphorus gro&ﬁ)@éﬁ@ﬁb@éhwﬁ group, a carbon

gr oup, si.licpn grou erna atin

gr oup, @ereé% .l%ﬁbml b%FC%H“’&? W ufh, V4 eﬁ}mmﬁal%pmalum
gio%lﬁﬂla GyHIEAMA, orin@fganonet al i c group, or

stltut’e derivative thefeof, having from1 to about
20 (préKé)rlalal(Sroup—ﬂbgalﬁi such as 1 to 6) carbon atons;

gr grarliltld Ltl]be}/ g’% %yﬂ 1g%1>&g{soebﬁycqn egmlaalrgg Ltqno rou}H a%orenyl a

alsiyppite cy?dl'&beﬁya‘aﬁdn% AlsObRBute® inddnHll BS54 hdﬂéhﬁﬂed fluorenyl;
derivative thereof, having from1 to about

( pr ef ervdbrfgm 1each sibstiwemthonsthe %Ltbs‘ai}l‘[@alcb@ﬂpfém@h@yl substituted
c?enylS or SR ﬁlrt]edd3 Huor yef (%) gri)ndepelgc?errlﬂy an aliphatic group, an aromatic

group, a cyclic group, a combination of aliphatic and cyclic groups, an oxygen group,
a sulfur group, a nitrogen group, a phosphorus group, an arsenic group, a carbon
group, a silicon group, a germanium group, a tin group, a lead group, a boron group,
an aluminum group, an inorganic group, an organometallic group, or a substituted
derivative thereof, having from 1 to about 20 (preferably 1 to 10, such as 1 to 6)
carbon atoms; a halide; or hydrogen;

(X%) is an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, or a substituted derivative thereof, having from 1 to about
20 (preferably 1 to 10, such as 1 to 6) carbon atoms;

(X4) is independently a Group-II ligand,

wherein the Group-II ligand is an aliphatic group, an aromatic group, a cyclic
group, a combination of aliphatic and cyclic groups, an oxygen group, a sulfur group,

a nitrogen group, a phosphorus group, an arsenic group, a carbon group, a silicon



wherein the Goup- ligand is an aliphatic group, an
aromati c group, a cyclic group, a conbination of

wa@bdoplsdoic and cyclic groups, an oxygen group, PEr/Fsiob4/037784
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group, a nitrogen group, a phosphorus group, an

arseni c group, a carbon group, a silicongroup, a

0 QFTRN b WBBlh iR, grdup] & Ll @Uip, £1da8 a8, @Uforof gh@pOAn aluminum
group, an alun1nun1group, an inorgani c group, an

orggm}?@r?ét worgaéucg SERHP, Ay orsasomstallioy BEWPdOF | 4 shbspiduted derivative

N ey

|r(1>elgmgn@&}ntly a Goup-1 or a Goup-I1l ligand; wherein
(X1) and,(X2) are O{)tl onalllb%/ connected. by_a bridging

gr oup, (khep Eidgpenden lgaGrRuRsT of #&TeRn-Hdizagdigr oup
gﬁéwee }k}%}ﬂ (ﬁ:}dan(i%) bt &Rﬁnaﬂ mf%EteH?b"y%ﬁbﬁ%@ﬂ% Sr&ug wherein

ForE 0

g nhmhngimf nhwﬁp@u@gxbhp batvx&en (Xsb andri(X%nis ohbygwhbr ordfieegtoms; the

group i s saturated unsat u and the br.i dgi

0 0DBITvicn OT g 110+ Tcres Lo b Qe W ERt: SR B oAty C S
¢ |sBrfd P t

o5t A g8, M0 000 aPEIEOR U vy

arsubstitygthdbi ensgbsiiptedzandar omat i ¢ group, a cyclic group,

a conbi nati.on of I'Lhtican. clic qgroup a

oxygen vg} 6661[5 any tftﬁ?rﬁg?rbu}be gla&gﬁ’l% ZEQHD, 18 Wgﬁ%enl&gntly an alkenyl

p S aF HEkyAY10#6up, AR aBfaRARAT I S0H al@h@tﬁf £00p, HnCkmatic group, a

I con group, a germaniumgroup a tin group, a |ead
grcwlpc grup,cr emlgnaliqn O%ahpémww{:mcémcm@lpsfm prYgcyHPwP, a sulfur

grou an. or anorret al L r e
A& Pary WLOBFHE RSP 2 51 %l%rﬁéj%rmu% out él%gb 8 carbon group,
Qehizl @rbhp’, al géﬁnalﬂumsg@hp,as tih gﬂ)uﬁ) aclaﬁcb(gl‘olqj; QilTB(broﬁ group, an
haI i de; rogen; and b) the chem cal]y-treated
i %%oﬁﬁri@%’iﬂé’ SB1UPel 28x PigeneRetallisdsiRipn ofp substituted
el r | l4i |

S AL SRDg AN 053] 2 Y5 ot hentol € SYea 1 0 0
h&faﬂioﬁratdnyst, umgﬁﬂ@toe&ydltolgbmmnd zi rconi a, rmgnesi a,
bbria, zinc oxide, OXi es t.hereof , or

t her eof®) andh¢ P}gngpgl]};}ﬁrgéﬂ Wo‘?"dq\? FRIIBIHES & Sglsl oxide treated with
f'aﬂ%{le%c%n vﬁﬁfd% g,anghom de, phosphate, trifiate,
u

bi s ate any conbi nation thereof.
wherein the solid oxide is silica, alumina, silica-alumina, aluminum

phosphate, heteropolytungstates, titania, zirconia, magnesia, boria, zinc oxide, mixed
oxides thereof, or mixtures thereof; and

the electron-withdrawing anion is fluoride, chloride, bromide, phosphate,
triflate, bisulfate, sulfate, or any combination thereof.

At least one substituent on (X') or (X?) can be a bridging group that connects
or bridges the (X') and (X?) ligands, as long as the bridging group does not prevent
the catalytic activity of the catalyst composition.

In another aspect, this invention encompasses a catalyst composition
consisting essentially of a hydrocarbyl-substituted metallocene compound and a

chemically-treated solid oxide, as disclosed herein. In yet another aspect, this



At | east one substituent on (X1) or (X2) can be a
bri dgi ng group that connects or bridges the (X1) and
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prevent the catalytic activity of the catal yst
conposi tion. In another aspect, this invention
enownpias sesomBpassdsa ¢atalys mopposition toraBigHtf| aﬂgrdrocarbyl -substituted

esseniall of a.h ar ubtlt ed met

SR hortne forbo R LRy AR sl G s s S ERA Berein.
dl scl osgdstivehfdtRer Asp¥&t (B ahHGHiofASRREMpadstd 8l ﬁ%@é‘sﬁ't@rbroduce a
enconpasses a catal yst conposition COI’]SI sting of

hyaatabysar eopiposifiont p«vmp@@ngrecmltac@ngn@ trastp one dl}@in@badoyl substl‘futed
che aII treat d ,oxi d scl d, her.ei n.

el R S S T oI G

pr oces STHeOprBdeAl &i%nﬁox? &lretey Bhe 851 the@Bd RIFYolyhdiking olefins
contacting at | east one hydrocarbyl -substituted
nmomgr@mr@nte@ﬁpg ahdeagheng plefinggenqypes and the catalyst composition of

 chpm Akt L8R 8l ol bR icorThe RERSERL heR! o7

further enconpa S4soHor nmer zi n

conpri shAn@s@bht@it kg tain heddloc@Reisoheli 1o FEIROTE netdllbcene and
the catal yst conposition of this invention under
pahstatiedenedike rorpaunds mam@lgp@@d% Ve mi-afeidiemy} ligheds. In one
used he term netal Ioc t.o r

Rt e et e EORTRE Bne OF TG ekt Rokh g o dn another
ONRp &ﬁ 0 nfea1Bb&RA L&Y ins ! 6&689'%0%% c%ﬁ:&jéadletngﬁ ligands, or its

neta I"locene contai ns one or two h -cyc adi e
| i apalogs or dervativése inchriect’-indaeylnmt af fuosmns] h@mﬂal ns
one or two h -cyclopentadlenyl i gands, or its anal ogs

or _der 'Vt tevrmshydrorartudi is psrd -tp rievii 2 dndropartion sdia) jgroup that
X gém@és pHReist E)f“l{}%(‘#écpct@f :%*gét 'a?kr?ﬁf’% ook gPte;kEQIyla cycloalkenyl,

rocaf bon ra I'cal group
I idynloaﬂtadlenylaa}}dynylalafaj[kyl arplklenyl| ln;allkyngl laﬁd)the like, and includes all

O T e SOl i AP i, vt
Suhabbf %ta@iq 18 W tib tAtoBf 20 g{)ﬁ%ﬁﬁ? 1 1d ?)?a&ﬁh as 1 to 6) carbon

het er oat om subst ituted derivatives there avin
f ratom®ne to about 20 (preferably lto 10 such as 1 to

6) carhon ons. h apgt her e of t.hi nve 0

Che' chdmrpding iinegs LRt SiveRt SR it Sopienb-LRE yad oxide of the
C ROt CoRPoiNP coEPEse & blid oﬁiﬂed@eatté(?ﬁz‘itﬁdaﬂ’\’efebtr&ﬂw1thdraW1ng
el ectron-w thdraw ng ani on, wherein the solid oxide is

sianjasa whateimtha 0lid pideas siligaviatiaminay sildaralwmpiaoslphrmen phosphate,
heteropolytungstates, titania, zirconia, magnesia, boria, zinc oxide, mixed oxides
thereof, or mixtures thereof; and the electron-withdrawing anion is fluoride, chloride,
bromide, phosphate, triflate, bisulfate, sulfate, or combinations thereof. Further, the
chemically-treated solid oxide optionally comprises another metal, including but not
limited to, zinc. In one aspect, examples of chemically-treated solid oxides include,
but are not limited to, sulfated alumina, fluorided silica-alumina, and chlorided zinc-
alumina.
In one aspect, the catalyst composition of this invention further comprises an
optional cocatalyst. While not intending to be bound by theory, it is believed that the

cocatalyst functions as, among other things, a scavenger to remove traces of water and

4



het er opol ytungstates, titania, zirconia, nagnesia,
boria, zinc oxide, m xed oxides thereof, or m xtures

wo b@sesdoil and the el ectron-w t hdrawi ng ani on i BCT/US2004/037784
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fluoride, chloride, brom de, phosphate, triflate,

bi sul fate, sulfate, or conbinations thereof. Further,

t Mygéiﬁffbﬁlaihb}(:ataﬂﬁab@ﬂpmﬂmﬂ Buvetisl diffeieaneddatalysts may be used in
conpri ses anot her, net al ncludlngbt not limted to,

, this caiiysh ﬁemagﬁt@em mcélada%m ngt LISH; teapleguqalgaipwy compounds,

ZI Il ?&n? uor | Si T(fﬁg;a- a l’Jm' %?$B§E6cf{ cﬂqﬁmgéd“ ﬁ&}ﬁﬁﬂg tonic

Zicﬂﬁ‘@bumsf,lalaymlmm;iapem}t cortthieativat thengsf. conposi tion of -
this invention further cogprlses an optional
cocat al i sanothgpaprech dhe CABRRUFITEPH P hAOBYritsieAsrqp optional
t t Sla: anong
R R R A
andoxygen fromthe catal ysAl(an@(c?)sLnt ion. Several

dl ff er e %g)?focﬁ’é’a[%ﬁﬁél ﬂ%gbﬁgﬁslle% 'bgg‘tjm é) era% })’ 1S 0 10, such as 1

0 8 Qfﬁ 0 %M W%QW? 40 d$ haBld) HydAYENHARexi8E, IRNRGI0RMde; and n is a
conpounds, or ganobor on compounds, ionizing ionic

compihgnfleom Lice3, imdessvé.al s, or any conbi nation thereof.

I n another,..as thecta t co osi.tion further

corpr s {gf s erusin By ealRbe SARRGHN 0 dupl dfforiges as an
Bﬂﬂ%rg?ﬂoﬂmk lREcdtayst, owﬁﬂpcﬁmﬂ Wethahe AlloWidg fo¥mbler: ;

vvherel n (X5) is a hydrocar% having from1l to about

20 (preferably 1to 10 (ZIX X o 6) carbon atomns;

(X [

e 35BS b PP BRI Pl
a&@ &Y tcarbdnextexas;aikPsis a(hm@smbyp@nfaucrokmeroranmﬂmadshaang from 1
an optional arganozinc cocataly a conpound with the
f dpR wtr?@ (Pesierably:1 tod Oyurh s e é)s|0ﬁrb@§(@}om% halide, or hydride.

hydroc
10, su C aJll)@li(éé Q%Sefcfé gﬁ%}%aﬁilg t%BHlBB?I % ﬁﬁfh%f g&ﬁﬁjléés %s h® optional
hyiﬂi[lﬁmkhl}d cocatalyad:koxi de or an aryl oxi de haV| ng from1

to about Zﬁg(d referably q’(l) such as 1 to 6)

car bon &8¥6HE 2luRinexARe ha Ymﬁ)ﬂ’tﬁ gaulaj yet anot her

aspect, the catalyst conpositiqn further conprises as

an optional al um noxane{epga t,: acyclic

al um noxane havi ng the forlrrul a/n

R ; wherein

each R is a linear or branched alkyl having from 1 to 10 carbon atoms, and n is an
integer from 3 to about 10;

a linear aluminoxane having the formula:

/R
R‘(’N—O -Al
| n \R
R

each R is a linear or branched alkyl having from 1 to 10 carbon atoms, and n is an

; wherein

integer from 1 to about 50;
a cage aluminoxane having the formula Rts,,,+aRb,,,_uAl4mO3,,,, wherein m is 3

or 4 and @ is = nai3) - RoE) T How); Wherein nays) is the number of three coordinate

5



- -Al- O - ; wherein each Ris a linear or branched
al kyl having from1 to 10 carbon atons, and n is an

WO pa0sgs201f rom 3 to about 10; a |inear al um nOXBEEUS2004/037784
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having the fornula: R R fAl- Al ; wherein each Ris a

| i near or branched al kyl having from1 to 10 carbon
atadifainuan atofhs] s1o@) is Heagmiber radrwd ¢ovrdibMetoxygen atodBdg@oy, is the
al uni noxane having the fornula wherein mis 3 or 4 and b
i qrumber o dr eqordinateaxyesn, MBS, Bf TepEgseats a terminal alkyl group, and R

€98 1%5&12% £ %Héﬂag ﬂm%\z&f#&%{l%@ Ris %fhl{e T L ﬁh%l having

oxygen coordi nat e oxygen
atfedrs 1 to @preesbentasonas; toe pumgt mhbm:htiqd thgneoﬂp, and R

represents a bridging alk rou in each Ris a

| i near 1Bransfhss cgRest: %Rfﬁta%ﬁ(/ 89@135%% %“l'fll?r FOMPEPFoR an optional
t

al it b%n%c&rrpoa i gﬁﬁtahpﬁ Eﬁéngl)'bﬂrcﬁp il8rs lﬁ§(@[‘f'ﬁ'ﬁ0r0methyl)

t he®cat al yst fu onprises as
opthienylgthorom,ganaioarbinstion theoeafd:

tris(p i ug en

r1 o1 5B Bl SRR CcRHITS SOBRER Y Bifighoomgprisgs as an optional
CQHH‘ZH@ i tdogipeahd: | B Bdrhde! caMPERRY &S RAfkinatthgompound, or a
catal yst conposition further conprises as an optional

i combimegiondhéreofconpound: a borate conpound, an

al um n und ination thereof., In vet .

o hot hedb b SRRt inect e8P eB i Sftoh AL ombfisct & an optional
C OB hin@FiakS MysOid emal n@&hAY afBtsohihalic 18/epdsodtek, cogelled clay

ot her natural and synthetic |ayered oxides, cogelled

c | rastrines qonéaasing GHicaion oyt sxidps @illaredelary, zesditew slay minerals, other

PSP InFLANS: of CObliERont! Mol NS g Ohle ool WSHEF 10, ion

i hations thereo I nc

| i exchakedtsle la}waecemﬁeam @adiinal baywfteetidyion ebmlp5s1(e@ ahadeafrom such
or synthetic) npasites nade from such cogBo unds

OrCORPUBSTHOF FBY .cewélltaH@taSe@ﬁreOF dgemdicesal whether ReFyorddestructure
| a¥fbfd imhér bt e

This invention also encompasses methods of making catalyst compositions

that comprise contacting at least one hydrocarbyl-substituted metallocene compound
and a chemically-treated solid oxide, and optionally contacting these components with
a cocatalyst. This invention also encompasses precontacting some or all of the
catalyst components, and optionally ‘pretreating some or all of these components with
an olefin compound, prior to initiatian the polymerization reaction.

The present invention further comprises methods for polymerizing olefins
comprising contacting at least one olefin monomer and the catalyst composition under
polymerization conditions to produce the polymer.

This invention further comprises the polyolefins described herein.

This invention also encompasses an article that comprises the polymer
produced with the catalyst composition of this invention.

These and other features, aspects, embodiments, and advantages of the present
invention will become apparent after a review of the following detailed description of

the disclosed features.



remai ns intact or not. This invention al so enconpasses
met hods of maki ng catal yst conpositions that conprise

w@omsasiing at | east one hydrocar byl - substi t ut BCT/US2004/037784
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net al | ocene conpound and a chemcally-treated solid
oxi de, and optionally contacting these conponents with
a cocatalyst. This invention aI SO enconpasses

pr econt acting sone or_all at al yst conponents,
%QR%%ISH%EFEQ%Eﬁébé al | “of these

Con'ponqq ucre tlﬁusﬁ[}l 1 Bkl QrAFROYRGne B gﬁfbf?:ﬁlhogfl substltuted and non-

initiati ynmeri zation reactio resent
[ mydnicarhyl—ﬁmhstlhﬂfd ametgdtdcess neet] hindthef mlymehmit?)hl s gecorded in
ol efins conprising contacting at | east one olefin
et and the cat al yst conposition under
pol yneri zati on conditions to produce the polyner. This
i nvention further conprises the polyol efins described
h@ETAILEIhiIXESGR/IEfﬂI@NrOEFFﬁE BYCoNpHINes an arti cI e
that c ri ses the groduced Q t he ca
compos Hopf ivRion drevifife SeHio caltlyit compefitions,” Methods for
PHERS ) cASPRCESp &W&Qﬂl R Gls FOR ushely Y 3G BysP fcoflpBsitions to
present i nvention mnll becone apparent after a review
ofpolymeerizs| dlefiwsh gnd gobioledihs.dds acPrdaens with e igvestibosthd catalyst

|f Fﬁh@%’?i@%@oﬁg%%s Cﬁ&eggtlrcggel ﬁ]:drP%a%b}QBsﬁg\gtﬁll%s d mgtaflocene compound

hysd QechERYdall§Uhatddtsalie dx e Jandoduly dbOgiiiey tre presence of a cocatalyst
substituted netal | ocenes used jn the pol yneri zation

r dppohyarssizaolefing. Tipyeven a qoeatalysEnapesicmaty bondded fohe catalyst
T
o npﬁ%%% tglé{(l) ngﬁ ﬁﬁ?rﬁglgé #VRH qﬂltrs Ielﬁg?r?lr?ﬂv thgf%eglgglﬁﬂ?%ltéﬁséohd oxide

C @oppsisés Did oxidehaishak chenJﬁeangi Mth aﬁalea’tryﬁiwnhdrawmg anion from
conposjitions to pol ynerize oleflns and pol yol efin

| [FIAGRIE 08 AUt SRedi and ARl troated avi I}F@tmetal m addition to
aat | east one
h?@Q%%g?B§Pt %H&F?ﬁﬁed nmet al | ocene conpound and a

chemcally-treated solid oxide, and does not require

th esence of a .cocatal yst to. pol [ oIeflns

et %@d@&fﬁ%ﬁﬁ%%%éﬂ%%ﬁlf%ﬁn@%e 4dersdet o the

cat al ysitheGRERAB InvEMbn }%ﬁ\fﬂ%@ @z!itg@@tc&n‘ﬁﬁotsﬁlohg‘ b§mpnsmg one or more
i nvention,” the chemcally-treatéd solid oxid

hydrocarbyl-substituted metallocenes, and a chemlcally-treated solid oxide. The

metallocene compound of this invention typically comprises a hydrocarbyl-substituted
metallocene of a metal such as titanium, zirconium, hafnium, vanadium, niobium,
tantalum, chromium, molybdenum, or tungsten. In one aspect, the metallocene
comprises at least one hydrocarbyl-substituted metallocene compound having the

following general formula:

NP, NP Ny N
N 0:910.40.690.49).% -

wherein M! is  titanjum, zirconium, hafnium, vanadium, niobium, tantalum,
chromium, molybdenum, or tungsten; ’

(Xl) is a Group-I ligand,



conprises a solid oxide that has been treated wth an

el ectron-w t hdrawi ng anion froman ionic or nol ecul ar
wWGEp@sioe®11 and optionally treated with anot her PEL/EB20041037784

addition to an el ectron-w thdraw ng ani on. Catal yst

Conposi tion-The Hydrocarbyl - Substituted Metall ocene ‘

The pr ederdn ihev@rovipalnligandvis d escycthaﬂlty@tanxiomp oslehylpadluorenyl, a

conpri si ne or hydr.oc subst it

bk Gl Pl beafi el A b OiRe iirhsl B s upony
The netalelds &eh CRBROUBE 6h thei subsvest bfbﬂoﬁéﬁ@ddiéﬁ Y substituted
conprises a hydrocar byl - sub§t|tut ed netal |l ocene o

rrm@hyls Lﬂrhsmtlmtqdaﬂumﬂlylz i(Xcots tndepéralentiym maaimlhatnmgroup, an
5 1 aror ot & ke w1 BB oF ekl P8R groups, an
hyg ,aSulrEt blovb etnitEed § 8o Varstsenic group,
fhuicsdoe con grggiﬁimmumm e
OOLII% %’{} Plécig ;'1'8"%\/\,{[4 rgP’nla%{E oup i)1u gﬂgﬁécf% ré@%l)hc group, or a

L

cyabstipeed adivatyd theasof] gy froma tf)|ab@|!it630)y(bref&ably 1 to 10, such as 1
substituted cyclopentadlenyl a substituted indenyl,
10 ofo @) sprber plogised ﬁh@?@PéthOg%er ei n each substituent

on the (ﬁ”')tﬁt lahy lzﬁl 89§ el Qghﬁﬁcy %S?f?u? Ehd1kc868p, a combination

i ndenyl”, “or subs |tut 1 Uor
I ofl ehphmﬂxermaldycyahc groypisadt @ sgbsmmed deriedtiveethéreofhaving fiom 1 to

l i , f_aliph d I
UGB 52T AR 20,8 Sk 27 LS

\ group RYRPRRBHGIERP" £ ERou @nl c group, a carbon
group, (a)S|I|con ro% oéﬁ i um group, a tin

15 group, “dneteaathegimup-ﬂ hg:buhsnalgatlmlnptlc group) amammmg igoap, a cyclic

an i nor roup,,.an..or gano talllc , or a

o By Rl YEadaS R 5T fatnsny® PRidRn £ aisuifir group,

2@ mﬁéﬁne@@bbya bhbHhbfus %‘éﬁfﬂ ﬁaﬁaﬂsex‘il@ Rdurfs & bABoR MWy, a silicon
hal i de; _hydr ogen; an al iphatic group, an

agtsmm acgegrl'@upm grouyscd tln gﬁ@mrﬁ lead goonpi, adiarem gofup, an aluminum

al'i atl c..and Cycl iC substi t ut ed

dSHqUp», 30, AnoTgant §¥ouph a ggap?lgﬁtla ic %rogB,o SF azéubstltuted derivative
20 ( pHepdd) ladving ol tboabo&t&@ (Befetablp 1 @6 10 ubR s Att6®Y ; carbon atoms;

or a halide;

(X?) is independently a Group-Ior a Group-II ligand;
wherein (X') and (X?) are optionally connected by a bridging group, wherein
the length of the bridging group between (X') and (X?) is one, two, or three atoms; the
25  one, two, or one, two, or three atoms of the bridging group are independently C, Si,
Ge, or Sn; the bridging group is saturated or unsaturated; and the bridging group is
substituted or unsubstituted; and
wherein any substituent on the bridging group is independently an alkenyl
group, an alkynyl group, an alkadienyl group, an aliphatic group, an aromatic group, a
30  cyclic group, a combination of aliphatic and cyclic groups, an oxygen group, a sulfur
group, a nitrogen group, a phosphorus group, an arsenic group, a carbon group, a

silicon group, a germanium group, a tin group, a lead group, a boron group, an



(X4) is independently a G oup-H ligand, wherein the
G oup-11 ligand is an aliphatic group, an aronmatic

w@e@afps20a1 cycl i c group, a conbination of ali phe€T/TSENH037784
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cyclic groups, an oxygen group, a sulfur group:, a
ni trogen group, a phosphorus group, an arsenic group,
aalvariban groapp an ansnglamcogrogp,oap organyamaialiic Lgmgv,omp a gubstituted

oHGPR A ook JARPE EYBub > AR SryalHBta | doghaht® g5 L 0 ©
C%Qﬁ bidniit Q‘ﬂaﬁl&r loy ﬁﬂ/dr\é?eﬂ hgd ﬁi@‘oheﬂﬁé@ll?gré‘afe@r@oﬂ;d oRide comprises

about 20 (preferably 0, such as to 6) carbon
ateokd omde&ehﬁadmﬁlan(ei@)ronﬂmh@@p@gd@m y a Group-l or

G
oot1 onsiepoffocpltl 5ok it 1 g yroth, Hifapbmingy glominm
| ﬁﬁ&tpﬁ\a@f hét F@Fyhﬁ@btﬁ&s,gﬂit@ﬁi@ biedonee ndgiddia, adial XA» oxile, mixed

one, hfee atons, the one, two, or one, two,
ODXtdm@@r@tfmmméfur@Siéell@@f@gdng group are independently

unsad ikt Sy PPk B 1G08Rob: TR THERUEE prosphate

U RS Hisutaes] sulgne oragy ebmbmayorsthessbift uent on the
brldgln group i s independently an alkenyl group

aI ky ny [Thg.ous, asapctaafiches iawsntiogris dpe Hsﬁtﬁ @F?rpﬂw%&mnound "wherein at

ftnhgmﬁﬁ%ﬁé }) F1)\&r ?QJQ hgaré)e 1 ié/glca y comgnsmg from 1 to

g labwl 20apreférbibly /th d0psuch aniltto 6g ear‘t@nattmns aInmlnoﬂlphaHpast the (X°)
4 aln arseni

C, group, Jbon I
CBH K B0 G M OECab o NG} Al cPERES QD 1o abou
b% e%r%&p 1.8nal gualrugmtgrey bcﬁ‘f‘atbﬁ@r gaanpawtpéfrasp@@ the (X2),

onet a gf oup, . or substituted derivative

t IQK?)eaﬁd (K%}vlngagdsi Dn M’lanedl}aﬂbmatbﬂmgem &fpacadllyl opniprising from 1 to
car | i de; or

h%?‘gé@ %Z??é_b]@’ﬁ odfletHe &FI@ g?@a{@aa%ﬁ d oxi de

conpri §@s i ﬁ%ﬁﬂ (%(ﬁ@(xi)@&t)m‘i ShinPle8 Bf chemical moieties or groups
el ectron-w t hdrawi ng ani o ereinthe solid oxide is

sithat cegy lé satéated asu tmwms @mtha substitmiecheynlqrentadicayls, substituted

het cﬂr{ 9 Sgl u ngf%lgtdeﬁﬁ%{%y f@g QZ{hﬁ ’P@X?’e sgﬁeg{r%ﬁ%*? S (X ) group,

t e k18R hiayacth &ivetiRkRCIT BB HAldEgIDshd thcdiied But fe not 11m1ted to, the
fluoride, chloride, brom de, phosphate, triflate,

bifellgviag & arialions afie cackrexamplecRrResmad hesving ynless gfherwise specified, R
is independently H, an aliphatic group, an aromatic group, a cyclic group,

combinations thereof, or substituted derivatives thereof, including but not limited to,
halide, alkoxide, and amide derivatives thereof, having from 1 to about 20 (preferably
1 to 10, such as 1 to 6) carbon atoms.

| Examples of aliphatic groups, in each instance, include but are not limited to,
hydrocarbyls such as paraffins and olefins having from 1 to about 20 (preferably 1 to
10, such as 1 to 6) carbon atoms. For example, aliphatic groups as used herein
include methyl, ethyl, propyl, n-butyl, tert-butyl, sec-butyl, isobutyl, amyl, isoamyl,
hexyl, cyclohexyl, heptyl, octyl, nonyl, decyl, dodecyl, 2-ethylhexyl, pentenyl,
butenyl, and the like.



Thus, one aspect of this invention is the netall ocene
conpound, wherein at least the (X3) ligand on ML is a

whyasosatbyl |igand typically conprising fromBCT/0S2004/037784
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about 20 (preferably to 10, such as 1 to 6) carbon
atons. I n another aspect, the (X3) and (X4) |igands on

ML are M&Qé‘@bmf;&cﬁd gangs tivQuda | ut a*rerﬁmllﬁmm@i fd @¥clbparaffins,
to about 20 (preferably 1 to 10 such as

caﬂg@l@nle&m@nsyclme@dqnm, spRes HuEh 48 Rhenyl, tbh@ctlmyoup@)@)d the like,
2 b b SRRIT oMo Y 05RO o' B0 20 mon roms.

to 10, Buelplésofhalidesihclods Hooridy, oliridEWromite, fral odida.

(X)(X)(X)(X )M, exanples of chem cal noj etl?"i‘é’%
gr oups Q¥ ERYURFAIS X SR EANRIRY, SONPE, FEARRle 9f include, but

5P AAEISHCRBERLES DY, oy i) efopdemian, osi, -

sebRR1, eDAIRS, drddethe Xk, glchldmg oibstitusdd dmyvabeesathereof wherein R in

substituent on the bri gi |nclude
ncdech insfange iy on alke £y %‘sﬁ E laxlr Shstituieqd %%hsu%sﬂtuted aryl,

e)@@%& JG{) Ssa‘filkfl] o 5 Chm IU{U oot 20 NBFfraRly SIPRCId, 'sﬁ@h as 1 to 6)

s I'n endently H~ an al i phatic group, an arommat
graarlqmn astomyclEx:anmiaquf alloayir raylpoy gravpe (€dR) gonps mclude but are
subst.i t.ut.ed depivatives thereof,  including but.not
L LRG0, HEhPe, SR oRioRR. dip e et R phenoxy, and
thesgri. having from1l to about 20 (preferably 1 to
10, such as 1 to 6) carbon atons. Exanpl es of
al i phat$ulfugrgpenps arg wlﬁla@hntammgame@ps exahplgeobwhich irclude, but are

ot iR E gt TRy LRaPE ST Rk P8 A ik inctuding

SugBstafited deRivalivesahbiens, aiterdin Ko e@@h’ifﬁ@{aﬁce @d Izmhﬂkylg cycloalkyl,
grouEs as used herein include nmet hyl , eth

yl,
yxalk)ﬂ@]bsmpwalkyg,é@bﬁﬁgtyd aryl,sqykﬁylbyptu%:g @pqlkyl havmg from 1 to

, |
dec g’g Ya]lbly g¥0 H?llgﬁ AS %gtéﬁ{bé’ﬁy Jbut 2?1_3?/ and
t he | i kl&ltﬂgaﬂ@r@@soére Qﬂt@égeﬁ-o@hﬁuﬁﬁg Igﬁ@lpsﬁ evhidhuinchide, but are not

not |limted to, cycloparaffns, cloglefin i X i
cykiniset dpy ¥Res NRent e udiD zas%hem thep,fik§c frofuding substituted
gr | i

9r URRGA g Lol SO Bk TRGUDRE| RO SO 58, raty
Exmbpﬁt&*&dcﬁlkylabmhtamtemaﬂyum s‘ubstﬂntedea,rald{yl bavigle from 1 to about 20
b)r(@m de, and j odi u s are

Kipraplynk to; 1 ﬁ‘tf &Jﬁé C%f}?g‘h’go -of whi ch incl ude,

but _ar epig hé,r'umg% s taf pidds l?dﬁ{s O6ni Al Fbuls, WHidh include, but are
(-OR), OH -
not llmlted to -PHz, -PHR -PR,, —P(O)Rz, -P(OR),, -P(O)(OR),, and the like,

including substituted derivatives thereof, wherein R in each instance is an alkyl,

cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl
having from 1 to about 20 (preferably 1 to 10, such as 1 to 6) carbon atoms.

Arsenic groups are arsenic-containing groups, which include, but are not
limited to, -AsHR, -AsRj, -As(O)R;, -As(OR),, -As(O)(OR),, and the like, including
substituted derivatives thereof, wherein R in each instance is an alkyl, cycloalkyl,
aryl, aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to
about 20 (preferably 1 to 10, such as 1 to 6) carbon atoms.

10



OPR2, -QAIR, and the like, including substituted
derivati ves thereof, wherein Rin each instance is an

wa@bkdoghs2oeycl oal kyl , aryl, aral kyl, substitutedrp&l/ky1004/037784
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substituted aryl, or substituted aral kyl having from1
to about 20 (preferably 1 to 10, such as 1 to 6)

Car bon Guirlbsts g@p&Mee&rbén-wmQKMgogroﬂp¥| Whgfl’@hm% but are not
grolgs |nclude t are not glmtedto

il topplkpbhali etaw&w atREERy ha %g%hStlw@dal}swe%w with 1 to
I

SR b 1 5SRARS BEGE LA SRR hlhppg i 1o

t @boutSR) (pre@HEbIR, 1-t6Jsc0 @H;h aSANfo -6$®afbonaatdnishec{®)lkb -C(O)R, -

: $®§gl n ﬁé{% g;é@hu)gl‘ig Q%ﬁﬂ&?td@@ hl%r% |the ]é]FV%j ﬁrrlceludmg substituted

2 (%hk?é‘tkves stuhsdd (A}E;Eﬁ;quhﬁl 153éEGh fBAL ISUtﬁlda@Iy %cl&{lkyl aryl, aralkyl,

stituted aral aving from1l to abo
(psubsftﬂfm’radblaikyl, ml’n)stimedsargh ogsubstitoted)araylblavieg fom 1 to about 20

N| tr e nitro cont al n| ng groups, which
(redieoly B 187 e o B o 8 “NHR, -NR, -NO

, N3 SiRehnt Beoups ke é1ﬁéﬂnuéiin'fbﬁni%§b§1bhf)§t %ﬁlcﬁeﬁicl{ﬁte' Y86 are not

thereof, wherein Rin each instance is an alk

yl
c ylishiteal toy sllylarwps saphlaugylsﬂyh@mw,tanﬂedylagrmyps arylalkylsilyl groups,
stituted ar

d |
* O3k OG5 (cter i, Vich ot B e RE R 18 fout 20

C qpRe@dratilly QG -1 0PARBRI QMY ) BirboLp Stoﬂ{se For exanm dple silicon groups include
phosphorus cont ai ni ng_groups, which inclu but are

ndemethydsi ban@henﬂqctylmlwmoupm -P(OR, -P(OR

3709 Fganfi s bk Erab LRSS e, bt

aldoy | limétyd | tal ggﬁnyl apiolips aguah k ylkylgenhst i dgrofisd aiylgehnyl groups,
subst ituted aryl, or sybstituted aral K | having from1
Bislecroy] Pt saBINony giguRs and (il whughymggach instance have

C f nin
CoRIRY SRR GO, ST FEPRLaID,

-AsR , Tm\gi@)[ﬁ are -tis¢ddRining -ghef®) ¢ORh inchrdd, bintearkidoe limited to,
incIU|n subs ed derivatives thereof ?]ﬁinR

R A YL BRSPS AYIRIaRY kgpus, Apfalkylstanny] groups,
arsginkyty O?U‘Qéﬁ]hfrlk& 9 Rblpsl anPHRIfKel WhRdh 1ﬁre¥1kh iffdfance have from 1

suostltu ed ara hawngfromlfoaout
( o ebat é@l(yreierabiylco 18ustieh as 1 1o bpcadhorcaipmen

i ch’ EREPLaEtop R bt GO EaUP oYdY i TuRRE it gge not imited
IOWBR, IBK, CBRIX| herbitl K4S -25hdabAdiohie Grapkflchsomibige, hydride,

with 1to
alkoxide, alkyl thiolate, and the like, and wherein R in each instance is an alkyl,

cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl
having from 1 to about 20 (preferably 1 to 10, such as 1 to 6) carbon atoms.
Aluminum groups are aluminum-containing groups, which include, but are not
limited to, -AlR,, -AlX,, -AIRX, wherein X is a monoanionic group such as halide,
hydride, alkoxide, alkyl thiolate, and the like, and wherein R in each instance is an
alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or substituted
aralkyl having from 1 to about 20 (preferably 1 to 10, such as 1 to 6) carbon atoms.

11



about 20 (preferably 1 to 10, such as 1 to 6) carbon
atons, aral kyl groups with 1 to about 20 (preferably 1

W 200305208uch as 1 to 6) carbon atoms, -C(O H, PCX/0pR04/037784
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C(OOR cyano, -C(NRH -C(NRR-C(NR)OR, and the
l'i ke, including substituted derivatives thereof,
wher ei ExBmiptes ed¢iorgmst grmg)s itlsat aumyethkyded as pabsdiakekyd for substituted

o GhopETALIY 2 PR S | e i st g ooromyle, and Sibstituted
(%&ft&feﬁ%én%s thetiRle 10t aPAiedt 188itekt hO-R), xCAHRPR, 2D 1 ;OPX, -SX, -

i 11 con groups are silicon-contalning groups,
| NISde@ -Als¥b, aﬁcSéO)X)tz, 1Ry, tagd tho like, th:reglr Kuqssa Hmhamomc group

qbin® halide o arplat. Skemton SR Moty e e el wherein any

' 'ﬁﬁ&y‘?neﬁcl&ﬁﬂﬁ fahqma;alkﬁ %ﬁ@éﬂtut%@ :{]E'!jlefsﬁf)ﬁﬁﬁﬁéd 1arSIP dO substituted

suchas"1 to car bon” at ons. exanpl e, [1¢con
glal:&lll@d grour o.adwbsﬁimmtt o1y thebe llgamin dilap frony | (b@laWIElZOyﬂpreferably 1 to

S are ger mani um cont ai ni ng
gu%ghaﬁ.tgﬁf fg}rg mlcs)but are not limted to, gernyl
gr oups Bxdepleal &y b@@h&mletamco Eﬁﬁlps ahyl ﬁﬁ!’/nb/é ugécp 4P Ssubstituents for

aryl al kyl gernyl grou ger nyl oxy s, and the
| iswestituipd eyelonentagdismy Sngltbah@éedmd yg ubstituggsbiigoromyls include,

%.I%h? El%rl?ol?h})’fmgedt t?)i ép%angl?oagn %EOL&)S grl%p%oa(i%ﬁgﬁn ?xi?c u'cpé,ganogall;um

roups are I ni

blgtm@se mgbnésﬂmohedglbﬁps Stcﬁ@ﬂﬂge@rﬁ@ﬁlﬂﬁ Si6dps, organotin  groups,
al kyl st annyl groups, arylstannyl gro

aPrigaRPlend SFsy PregRotisEsition aﬁ%&groes% anét hadikeokgving from 1 to
ance have from
Japb0 ERASHIT A s T 0D ER6OMBRRICT 15V
car bon IabnersspeBorfahis gnamfion J3E) isdndnpendamltlgi mi Gygup-I or a Group-II
i , [ | ud [imt
PBEE R AT o Rt
h%{zx'ng YIS bid! @F’%‘y@ﬁa hl*é}{{rlgtt)?eok@lﬁ nurRlPk Iﬁé]‘@dlng, but not

and erein n eac I NS 'S

c Yiolitedl th Wis(cruigpentaaiianlykly¢omminings, i His(ireieny) Icyinpounds bis(fluorenyl)
substi t ut ed aryl, or substitut ed aral kyl having from1
t SORBOWR SQ@%W@P%FWHW qgubiggiiqps od tyo bevcg)pentadlenﬂ)-type

C%Q&H& WRER (X7 4m Q@Hb%ﬁ _AURSnA! ey ird éB}B(}?l %M@%E&Rz%tallocene

gr oups, whi ch i'ncl ude t are not I'imt
- AbdpoundAl RXludek e neinok(¢yslopentedieayl) orclompgnmisp smﬁmkia;ﬁindenyl)

Pi%%%lig?)g ydr Jé(ﬂﬁ(ﬂ%l%ke?xx )gg@napq%t : hl F gufgﬂ denvatlves thereof.

At least one substituent on (X') or (X?) can be a bridging group that connects
or bridges the (X') and (X?) ligands, as long as the bridging group does not prevent
the catalytic activity of the catalyst composition. Examples of bridging groups
include, but are not limited to, aliphatic groups, cyclic groups, combinations of
aliphatic groups and cyclic groups, phosphorous groups, nitrogen groups,
organometallic groups, silicon, phosphorus, boron, germanium, and the like.
Examples of aliphatic groups that can serve as bridges between (X') and (X?) include,
but are not limited to, hydrocarbyls, such as paraffins and olefins. Examples of cyclic
groups that can serve as bridges between (X') and (X?) include, but are not limited to,

cycloparaffins, cycloolefins, cycloacetylenes, arenes, and the like. Examples of
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al kyl, cycl oal kyl, aryl, aral kyl, substituted al kyl,
substituted aryl, or substituted aral kyl having from1l

wao eooalosetl 20 (preferably 1 to 10, such as 1 t oP@)/US2004/037784
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carbon atons. Exanpl es of inorganic groups that may be
used as substituents for substituted

Cy@ricapandtaltic gng«i;s thatudast detut adbidbe etveeenOP biid (XBdinclude, but
fluorenyls, or at abenzenes j ncl ude,

bu#e aﬁoé Hgllteqa %?t{l‘lgtdustlgg J;gnvatggs,xsu stlwi(gn grgmgé substituted
amgépgxéy}u S, ’gﬁﬁgtltute(f‘ﬁé@lgr lleeT}'lé gﬁgth of the bridging

wher el n monoani oni ¢ suc as ha
hygtoin betwarom @ae') aat KxRjiislene, arbvki,wr thiwe atcmxhg whareih theeone, two, or one,

L'ré%(w e fors b G PR ot B genebtend) (C. i Ge.or Sn. Tnone
P! easlidRidl &l A PUPARLaBYPBLLD e g@;%ﬁ 1o®bout 12 carbon

Ilgands has o about 207 (pre
swgbmas 1 to 6) carbon atons. Exanpl es of

For - Sublet AU bt aii BRgTen, DbaEh At componnd has the

| NRAEBYWE foARelasubst i t ut ed fiuor enyI s include, but are
not limted to, organoborgn gro qr ganoal um num
groups, or ganogal I i um gr@ék@( )(Xr)j&rﬂbél l'i con gr oups,

or ganogﬁﬁé}glrﬁll\% anot |h rou(g)rv anol ead
groups, ofr gano 't‘er 6’ 4h e like,
havi ng @&x'pmisl 4 Ocﬁﬂ@pﬂntaﬁ?en(ypr estnermbél?d 14 Ofldéken$lUCA BSbstituted
1 to 6) carbon atons. one aspect of this invention,

(>€2’P1qp§n‘iaﬁlé@ﬂeﬁ él‘éﬁflwedam@@{lﬁla ypstiuied dlwpranyl| i gand.
When ( % Iaisgab %{1&55{ Q)qlnﬂ'f tstlll?stltuted c clogen’tadlrer&(l:}e substituted

hydr ocar net al I 'ocene conp
biiadéryl,- oy Ghbmltdtaﬁlfhmyén)yl t(K0p ie Qiﬁnpaﬁﬂiﬁlﬂyl nC‘dnu diiptgatic group, an
but not limted t npounds,

bi s(cycl opent adi er%y
b.ag?linﬁ% P> éo%glﬁ nEQup, b? §PF1bH@Péﬁ3ﬂ al@aﬁ% @Al cyclig groups, an

gﬁ) t gmﬁ?fﬁlyggﬂﬁ*d}gﬁ gm‘i’v\%gh&é@%us group, an arsenic group,

qunbdﬂ groip arsillicantprolpy drgecaatiyin- grolys kitinugreth, a lead group, a boron
netalloce;& conmpound i ncl udes .

W s T OBHETY SEHUN AR IROSPATYGRELP: Afn SK§E8pMAtiG, gyoup, or a

CQBaHILA deAPARKIBALEIURLRAY hbnppfm%ﬁid% gﬁ‘@l@rably 1to 10, such as 1
substituted derivatives thereof | east one

sub$p pmbemtom,qkal)deoprbv@pgmancbe a bridgi ng group

|t2ﬁtg gg ﬁgkﬁ)f 8?%) gﬁﬁola Qpce?géfgl qg@g}? ylt (illedof a substltuted

C atyatatatts/l ?ﬁdde hbyingffrdrh e foaﬁtﬂiuyszo GRAREsIVt1 @110, such as 1 to 6)
Exanpl es o br|dg|ng groups include, but are not

| is8yoBctemds. al i phatic groups, cyclic groups,
conbi n%' Eﬁ’l%ﬁlep aspect of this invention, the hydrocarbyl-substituted metallocene

compound has the following general formula:
n 5-cycloalkadienyl)MZRan3_n;
wherein cycloalkadienyl is a cyclopentadienyl, indenyl, fluorenyl, or
substituted analogs thereof;
M?is Ti, Zr, or Hf;
R? is independently substituted or non-substituted alkyl, cycloalkyl, aryl,
aralkyl, having from 1 to about 20 (preferably 1 to 10, such as 1 to 6) carbon atoms;
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al i phatic groups and cyclic groups, phosphorous
groups, nitrogen groups, organonetallic groups,

W@ R00so82011 phosphor us, boron, germani um and t hBCT/UR®04/037784
Exanpl es of aliphatic groups that can serve as bridges
between (X1) and (X2) include, but are not limted to,
hydr ocaKbisl smdeperdhntlys FyaChf Bi;ng andutstiaftehor fonasupbitated alkyl,

Of C}/o%h{ﬁ (eg@our)ail@}l Uag]téOXl np% glgy el qs q?\{rlhg tg;rggl ll?ge)c} gb\eo%t 20 (preferably
cyphpgﬁ@QQIQ; (gxgmgggﬁﬁﬁygndcycloacetylenes ar enes,

and thé Tike. mpl es of ofganonetal | i ¢ groups that
can sernvs asntegerdges 1deBuednsi¢eXl) and (X2) i ncl ude,

but are not limte substituted sil derivatives,
S oubsti U Bipther AoRschah s BifERkn: Grenp ekl iegotERounds that
S Ud9§ tisbfhl GH 1RO REscaf MRBtoRRELIANE thit kaﬁe nbP Qi {80 Ech tﬁ%f following

the bridging group between (X1) and (X2) is one,
orcommpoaadst ons, wherein the one, or one, tmo or

h d d d ly C
S “co VIglpe t‘??e%’ﬁ’@hg@b@gflg“‘%ﬁ@ 2£.edg:‘n3p3?oﬁgt s a

hydrocarbyl group hau g from1l to about 12 carbon
atons. In yet anot Q%} of this invention, the
met al | ocene conpo é following fornula: (X )(X
YJ(X )(X )ML; wherein \g;tltanlunl zi rconi um
haf ni um or vanad (X1¥" s a cycl opent adi enyl, an

i ndenyl, a fluoren substituted cycl opent adi enyl
a substituted indenyl, or a Substituted fl uorenyl;

10 Vher ei rgagonitidrt HSRLorlin UliensbSTi tut ed

cycl opentadi e stltute hyl or substituted
fluorenyl (X1) is i endently an allphatic group, an
aromatic group, a C Qigmp, a conbi nati on of

al i phatic and cycl onps an oxygen group, a sulfur
group, a nitrogen_group, hosphorus group, an
arsenic group, a E%;ggggg %, a silicon group, a

ger mani um group, a roup, .a lead group, a boron
group, an alum num group, an fnorgani c group, an

or ganongz-aihahedi bR - 1-Hdedyls dhsdthjHidiger i vati ve
thereof, having from1 to about 20 (preferably 1 to
10, such as 1 to 6) caetn atons; a halide; or

hydr ogen; and (X2), ] (XA) are i ndependently a
hydr ocar byl group o t ut ed

1,2-ethanediylbis(n’-1 -indenyl)dimethylzirconium,

14



hydr ocar byl group, having from1l to about 20
(preferably 1 to 10, such as 1 to 6) carbon atons. In
wapwslosao1aspect of this invention, the PCT/US2004/037784
hydr ocar byl - substi tuted netal | ocene conmpound has the
foll owi ng general forrmula: (h -cycloal kadienyl)MR X .
; wherein cycl oal kadi e I s a cycl opent adi enyl ,
i ndenyl, fluorenyl, - +t ut ed anal ogs thereof; M
is Ti, Zr, or Hf; X ndependent |y substituted or
non- substituted alKyl, fc¥cl oal kyl, aryl, aral kyl,
having from 1l to about/_20\(preferably 1 to 10, such as
1 to 6) carbon atogs; X i s\ ngepéndently F; C; Br; |
or substituted or non-subsfiNuted al kyl, cycloal kyl,
aryl, aral kyl, al koxileXqr ar§tsoxi de having from1 to
about 20 (preferabl 0, such as 1 to 6) carbon
froml to 3 inclusive. In

Y N =
atons; and n is an
anot her aspect of thMN&lnvention, exanples of

met al | ocene conpounds that are useful in the present

i nvent !mpemsﬁeddﬁbiswtz;,9,6,e-teﬁah3ldlr6rn-ﬁrﬁfénw% dimethyl,
fol |l owi ng conmpounds: bi s(cycl opent adi enyl") hat hi um

di met hyl, Hf: CH bis(cyclope;,aﬂienyl)zirconium

di benzyl, Zr; CH Ph , 2- et hayfEgd pt7s(h5- -indenyl)

di met hyl haf hi um | 2- et hane

-i ndenyl ) di met hyl zNr_.coni ym et anedi yl bi s(h

-4,5,6, 7-tetrahydro-| -pRden a&igum di met hyl ,
met hyl phenyl si | yl bl\g% HE
-4,5,6,7-tetrahydro-1-ind Ujﬁnmnlnndinethyl

bi s(I-Mbutyl -3-net hyl - adi enyl ) zi rconi um
di methyl, -n-Bu

.
b

methylphenylsilylbis(n’-4,5 ,6,7-tetrahydro-l-indenyl)zirconium dimethyl,

H3 C/// ,
~Si
\\\\\\\C H3

L
Ir\CH3

2

bis(1-n-butyl-3-methyl-cyclopentadienyl)zirconium dimethyl

n-Bu
C 2
Me/dmﬁ

N\
-‘\\

7r + isomers

( //SE:§§>::?H3
Me

n-Bu

>

bis(n-butylcyclopentadienyl)zirconium dimethyl,

15



+ isomers M 77?-Bu

bi s("-butyl cycl opent adi enyl ) zi r coni um di net hyl, ,\\ CH
wQ@redos@rodi et hyl sil yl bi s(1-i ndenyl ) zi rconi um PCT/US2004/037784

bis(trinmethylsilylnmethyl), HC ''>> i ~“CH S M HC

Zr; 'CH Si Me octyl (phenyl)silyl bis(1-indenyl)hafhium

dinmethyl, Si H 3 difrethylsilylbis(h

-4,5,6, 7-tetrahydr 4l -indenyl ) zirconiumdi nmethyl, .Si

\ CH di net hyl si |yl bj met hyl -1 -i ndenyl ) zi r coni um

di benzyl ,H Q\ 2P ' CRNOBl

, 2- et hanedi yl bi s(9-tlu ﬁﬁyl ) zi rconi um di net hyl ,

(i ndenyl )trisbenz A anPewy(1 V), PhH C CH Ph

(i sopropyl am dodi i lytycycl opent adi enyl titani um

di benzyl,

dimethylsilylbis(1-indenyl)zirconium bis(trimethylsilylmethyl),

H3C//,"
/Sl \\\\\\CstiMea
HaC' | Zr
\CHZSiMeg

5 )

octyl(phenyl)silylbis(1-indenyl)hafnium dimethyl,

—\_\——\_\Sl \\CH3
7 b
@ s

dimethylsilylbis(n’-4,5 ,0,7-tetrahydro-l-indenyl)zirconium dimethyl,

.
b

dimethylsilylbis(2-methyl-l-indenyl)zirconium dibenzyl,

16



"SI "A"CH PhHC MCH Ph

bi s( pent anet hyl cycl opent adi enyl ) zi r coni um di net hyl , >CH
whe@iosadenyl ) zirconi um di net hyl , PCT/US2004/037784

met hyl (octyl)silylbis(9-fluorenyl)zirconi um di net hyl

bis(2,7-di-fert-butylfluorenyl)-ethan-

, 2-diyl) zirconiun(lV) WFp- yl, or any conbi nati on

t hereof. In another asprgﬁi! hhis invention, the

nmet al | ocene conpound ‘v" at al yst conposition is a

conmpound with the forry I | ; wherein Eis C Si,

Ge, or Sn; R is 'Hfr/a b ocarbyl group having from

1 to about 20 (prefgta { Q&P such as 1 to 6)

en§Ngr oup havi ng from about
‘i.;.ﬁa%ﬁﬁ]is Hor a

1 to about 12 carbon

hydr ocar byl group havi\y
atons; and R4 is H or ocar byl group having from
1 to about 20 (preferably o 10, >such as 1 to 6)

car bon a4_ s K . ne conpound
accor di lﬁ% Q{Egneta%lgm o?rm egygéslr&lmﬂEIIi G R,

nmet hyl - 4- pent enyl et hyt
-9-fluorenyl) zirconi«
prepare organonet a
this invention, ;

3e- (h -cycl opentadienyl)(h |
thyl . Nunmerous processes to
ds that can be enployed in
y netall ocenes, have been

p . S\ Pat.ent Nos. 4,939, 217,
5,210, 352, 5, 436,|305%,.402X887,° 5, 631, 335, 5,571, 880,
5,191, 132, 5,480,848, 03§,.,,. 9, 965,592, 5, 347, 026,
5,594,078, 5,498, 456/481, °5, 563, 284, 5,554, 795,
5,420, 320, 5, 451, 6458 2, 5,705,478, 5,631, 203,
5, 654, 454, 5,705, 579,
met hods, each of whic orporated by reference
herein, inits entire used herein,
hydr ocar byl - subst it ut eONgEe abhl ocene conpounds i ncl ude
nonoki s(cycl opent adi enyl ) conmpourds, nonoki s(i ndenyl)
conpouRidenyl)trisbenzyl titanium(IV),

-

Ti,
\""/CHzPh
5 PhH,C CH,Ph

(isopropylamidodimethylsilyl)cyclopentadienyltitanium dibenzyl,

HSC///,,

/SI\ /Ti"’\’"IICHZPh
HaC N

CHoPh

>

bis(pentamethylcyclopentadienyl)zirconium dimethyl,

17



W@ 00052045,

10

nmonoki s(fl uorenyl) conpounds, bis(cycl opentadi enyl)
conpounds, bi s(indenyl) conpounds, bis(fluorenyl)

conbi nati on of cycl opentadi enyl, indenyl, or fluorenyl
i gands, and their substituted anal ogs. Further
exanpl es of such hydrQc Yyl -substituted, netall ocene
conmpounds that are u i n_the present invention are
presented in Figu &% cal I y- Treated Solid

Oxi de < The present INon enconpasses cat al yst
conposi tions conpri a chem cally-treated solid

oxi de whi ch serves idic activator-support. In
oneaspect, the chem calfy-treated solid oxide
conprises a solid oxide'treated with an

el ectr | 'ﬁﬁmﬂ L erein the solid oxide is
S|I|caqﬁs J%ng?ﬂgl |cgbﬁﬁhxrh al um num phosphat e,
het er opol yt ungst at es rtani a, 2|rcon|a magnesi a,
boria, zinc oxide, i des thereof, or mxtures

t hereof ; and wherein ectronw thdrawi ng anion is
fluoride, chloride, , phosphate, triflate,

bi sul fate, sulfate, ler=gqny S i nation thereof. The
chemcally-treated solid ox?dé i ncl udes the contact
product of at | eastgpgne |n nic solid oxide conpound
and at | east one e X vm&ﬁdraMAng ani on source. It
is not required t‘k
calcined prior to 8Q ing the electron wthdraw ng
ani on source. The conta pr oduct nay be cal ci ned

ei t her ound is
cont act iy R0 sEerd B For R 8T o s ce.
In this aspect, the solid o onpound may be
cal ci ned or uncalcined. In r aspect, the

chem cally-treate solid 0 y conprise the
contact product of | ea

.IC|ned solid oxide
conpound and at Ieast ghe e eCt L \%kthdramnng ani on
source. The chem cally- t&eateo SO $Q:OXIde exhibits
enhanced acidity as ¢ are ‘\ cbrrespondi ng

) @ chem cally-treated
solid oxide also functions as ratalyst activator as
reated sol id oxide.
Wiile not intending to be bo-* ' theory, it is
believed that the chem cally-treated Solid oxide may

f unct i Gis(ag-dirter-Ontyiilugyernyd)-pbawi2ddlyhongeoinmi(Ily dimethyl,

or any combination thereof.

In another aspect of this invention, the metallocene compound of the catalyst

composition is a compound with the formula:

18
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conpletely or partially extracting an anionic |igand
fromthe netall ocene. However, the chem cally-treated

waodosaswxi de is an activator regardl ess of whebP¢EUS1004/037784

10

15

20

25

ioni zes the netal |l ocene, abstracts an anionic |igand
to forman ion pair, weakens the netal-ligand bond in
the netal |l ocene, sinply coor s to an anionic
ligand when it contacts th cally-treated solid
oxi de, or any other nechani X}Vhich activation may
occur. Wil e the chengcal -treq&e@ASgkld oxi de
activates the netall '

cocatal ysts, it is not neces??@

),
™

@» o] etely
elimnate cocatal ysts from hy ﬁ”’

e~cayaryst conposi tion.
The activation function of em cal ly-treated

solid oxide is evident iﬁ; Q anced activity of
catal yst conposition as whol e, as conpared to a
cat al yst conposition containiﬂg t he corresponding

untreated solid oxide. ver the m cal
swhprginoR i &, Sisrfed, 06 88; %E 1o A IR sF y SR }}a\ﬁ/' fFE h % about

?@ gg{gﬁegﬁ)gf h98 ri@ a!;déﬂ"ag 4tb &9 RBYA Atordd; q@ ﬁo X&N8kenyl group having

Ionlzing“ionic conpoun s. I n one
agpeCibout Beo aham 1Cadarlyort atems;eahdsRB iisl Txi ddiydfocathiyk group having

Ianmt Itjﬂog;g%ggg ﬁg%ggla%rgsogl:l §|4ggr aoﬁ I&f}‘ygﬁocgﬁoyﬁmto?léﬁln’ng from 1
! t t le of
ofgegtﬁ L 2 V\gﬁﬁgﬁb% Pad 1ioS sedness £ab loy-darat £6mii tOnedgkample of a

ng conmponent, and optional 'y treated
Wirtehnllacéret admpotind sgccondiagctoethisc ‘éqmguler r%aﬁﬁwl—&mp@amgethyhdene-

Ofmstng}%?z)ﬁegﬁ\é&%télulg&k r;g OXI de hal s tS1UCh as
a %ﬁ%@ﬁ “such as
silicaralm o@é%gesqeg@nds drgﬁﬁ)n‘%‘iﬂ d&ﬁﬁd\&h@ssthbh@hﬂﬁfemployed

The "m Xed oxXi e‘ co such as silica-al um na
simglie 1rmeﬂnmmq1armmﬂmbsnmﬁaﬂhcam&dlatvh Ao epossta| For example, U.S.

Raen enchisS LB ay0ante HR0eRD oo ET et AL ae: 5571880,

°f5 1f9h'1§2' Ny 2806 84, 51396, 68BEM, 5@5 59/2t 5@&7@@6305 5@4@)@ d6,498,581,
her corrprlses as a metal or netal i on,

msmeéwswas;a@a U, 5354805, ciaﬁ%b$20,g§l45|hﬁ49 (1272, 5705478,

tE)%&%ﬁt@B g?Jl %ggwqﬁr gd e d 1 o@%ghgglﬂgg%&ﬁgﬁs, each of which

f%fn@@ﬂboﬁa@éﬂy’&‘fe@n&ﬂkﬁém@ﬁﬁﬁﬁh@ety on include, but are
not limted to, zinc-inpregnated chlorided al um na

zi nc- i dpr @Q‘ﬁht@ﬁelm @dﬁﬁ%@@ﬂaﬂﬁ’ﬁﬁ"ﬁ%ﬁd et {leegcrqg}pgands include
gl%c;)r%o dgqyﬁﬁpeﬁt%gleﬁgrﬂm Nondrolifids, MPT GHARIKEFnbHAY | de€ompounds,

monokis(fluorenyl) compounds, bis(cyclopentadienyl) compounds, bis(indenyl)

compounds, bis(fluorenyl) compounds, and metallocene compounds containing any
combination of cyclopentadienyl, indenyl, or fluorenyl ligands, and their substituted
analogs. Further examples of such hydrocarbyl-substituted, metallocene compounds

that are useful in the present invention are presented in Figure 1.

The Chemically-Treated Solid Oxide '
The present invention encompasses catalyst compositions comprising a

chemically-treated solid oxide which serves as an acidic activator-support. In one
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zi nc-inpregnated sul fated al um na, or any conbination
thereof. In another aspect, the chem cally-treated

w@iosaswxi de of this invention conprises a sol PAI/US2004/037784

10

15

20

25

30

i norgani c oxide of relatively high porosity, which

exhibits Lewis acidic or Brnsted acidic behavior. The

| ngpganthe csintlellysreatensotal dyidé rcomipEtes tsBli@bxide treated with an
el ectron-w t hdrawi ng conponent, typical l'Y’ an_ | . )
em&g{rpgﬂmmd{wpg\gp@; siheisH the gokid pradg is silica, alumina, silica-alumina,

Cc j I e [ j [ ]: {.n [ P
oSSR Yoo pRabe Rl tis, e, ARb L0 b8 sinc
t hxidet rmbtedenkidef thbeof,nor ganiterepxihdeoWi tahd awherein the electron-
el ectronwi t hdraw_ng go onent augpents or enhances

S £

. } t he
acYihdrgvige apioe 1o {perade, Thigside.chiemidre RRQsRRG- (Fiflate: bigulfate, sulfate,
S%lr!aﬂyle?%gﬁaﬁ&mh@ero  Lewis or Brnsted acidity which is

y

typi ca greater than the Lewis or Brnsted acidity of

t he untTheahedicalllyitcbatedaotidoktleandlddes thn eontadt Ippativicoof at least one
quantify the acidity of the chem calﬁé}y-treated and .
uﬁ??rg?ﬂ%cﬁ(’]é(g Prdes 8%?%‘??%%%“@3 CEgRY4 Ry ing @nion source.

POl YRSt ré@litANhBC tHeVdolill &kidf cdrifoulnbi 8R! &ciRRH pHit foe%n%tiﬁg the
oxi des under acid catal yzed reactions. Typically, the

c tedasiron| wihdrawingeaniso| sodrcexi dke confaci pesluat swlyi b calcined either

i . i i.de rj sing oxygen an t. st, one . )
g{hoé)%gg [c])lr %F[g X g ugﬁﬁg ,rcr)%éi,e c&n%qg,un% ?s %c,)n%%:?e(g?mt& g}?e ?lecj_uéc,m_l_?)v,lthdraw1ng
14nidl sdirc®f thenidesdpeed ché alelig, ofide COMBIduRH NBaPXBd@Rlcined or
and at | east one elenent of the | anthanide or actinide

elvapdpined. Isepothepnodpegt, thecetuerlbdir@ivshsddial oxide may comprise the
Di ¢t t . i ;. 1995: Cott
P BBl B 5 gpast R, oo S BRige ohontl "4 tast one

Adtoe tvithdemdagasiothemcst ry, 6th Ed.,
Wl ey-Interscience, 1999.) Usually, the inorganic

oxi de ddwshrmicallystigiad sold exide edibitorrbansesnisidity as compared to

[ i 1 ey e,~Bi ?ﬁﬂ" : .

Crm?é &g#é%g?&i@%@ﬁrg%&%%o%%&ﬂﬁ ’%t)@gan’ 1?5?, Té%’ c@%c ’ eated solid

Tioxidé, aldd/fuRttiods aZa catalydt actiSatiol abtemearedal the corfrespohdiflg untreated
conpounds .t hat can be used .

oxXi mat erial.s or t.he
c ek Cxgey - While 36t SEPIdnD i3 de frundpley Hheosenit is belicved that the
B agl i g PR R ol ofsCpomppund by

O, Qug
, hm@leteloOpartinlilpexPacing @Banidnic Sg@d fr&mGhe nBtalocdieO However,
Ti. O d the.like

! ShemmicpI o e SO i ot vEIRG et vher it fonizes the
t hedtaRcend 4BARCRSanOnidHi ﬁ?arfélxtio 468 bR RN S wREk4ReRE fn@tal-ligand

the chem cally-treated solid oxide of

bond in the metallocene, simply coordinates to an anionic ligand when it contacts the
chemically-treated solid oxide, or any other mechanisms by which activation may
occur. While the chemically-treated solid oxide activates the metallocene in the
absence o(f cocatalysts, it is not necessary to completely eliminate cocatalysts from the
catalyst composition. The activation function of the chemically-treated solid oxide is
evident in the enhanced activity of catalyst composition as a whole, as compared to a
catalyst composition containing the corresponding untreated solid oxide. However,

the chemically-treated solid oxide functions as an activator, even in the absence of

20



the present invention include, but are not imted to,
silica-alumna, silica-titania, silica-zirconia,

wQembios®s, cl ays, alum na-titania, alum na-zirPORUS2004/037784

10

15

20

25

30

al um num phosphat e, het eropol ytungstates, and the

like. Typically, the solid oxide material is

¢ heganvalulyintme abeghobyd,c aitranbkages) t orghtidboadted, east i@migng ionic
el ectron-w t hdrawi ng ani on source, and optionally
CWQH%PGHP‘ﬁSy-_treat ed with a netal ion, then calcining to
forma ]ﬁ'b%@‘agﬁéc{,)fhé Ealigslysebiieh §Bﬂdd(99idé){>f this inveption comprises a
"activator-support”. Alternatively, a solid oxide

mesbhd iiadrgamel ozide @h@dﬂmmixddmmm mgteainl, on asombomtian @f inorganic
\(,:\,%1% Cltglﬁ‘{dgria :j H)é? %sgé}g%ﬁfaj@t%gt%q ?Vﬁ:ﬁ}:qyélec-{r%%~%£gvg’in%ycomponent,
el 88 opABnaMy! e MyTE LCABRLNS Rs, the/ lcnBbdld-Featdd &orﬁ%ou'i‘iﬁs of this
acid of an’el ectron-w thdraw ng anion, includes, but

i snyamtiohj epcompassogxide matertpls sechgesd lelumyna,i frpixed matidencompounds

8 SRR SRR S SRR g i
Ofox@iel” A8y Bibh #sefdal Mink R\ Rehisd) ipBRses 31th more than one
optionally the nmetal ion is calcined. The

elnertel; epmbined avitvpryger thumensolibetide eompand, aivbargxingempassed

i y - ent that increases the Lewis or Brnsted
aéygﬂ%éy}ﬁ\gegﬂgﬁ'e solid oxide upon treatnment. Typically,

t he el datdmenaspetthof avik igvamionO RNthdnSiclly-treated solid oxide further
el ectron-w t hdrawi ng .ani on, derived frgma salt, an ) .
aCPBIPTISEs a5tBptal opsithiPns G, riskd, \aspdium, silvy ggapper, gallium, tin,

C d : r r

¢ ARG, S oI RARG SO BRI SPthdbally-treated
i rsolidideidedotitat finthenodmpiisd 4 edtal or netdl i@t wclude,shilt fagd got limited to,
fluoride, chlarigde,. brom de, iodide, fluorosulfate, . )

f IARSTEHErEeed ﬁﬁ’ce?gl&ﬁét dunia, of BigRIsRRY e fhionded” alumina, zinc-
t liinbldsRhRACcalidi®d ltichlaftfinal | AR BAIrE&RARAL Snori ilica-alumina, -
f Ilugrégtﬁi tanate, trif Icuor oarélg’t at e, iq)It{ldrrléér{aat e?lug%(cliec% hsclahca alumina,
| izkne-imipnegnattidrsg lfatest e lnmeina,ameny oofbmatiowthsreblfier eof . I n

dditiqn, other ion - i oni ds that . .
serve d8' BEITeemeL, {Reghemicalb Meried PHAr SHOROhrhisninvention
NRYmPHEES PSolRIMRoBYRSL bRide e rBhAta Y thid¥EBkR whikh l%?higfits Lewis

the el ectron-w thdraw ng conponent conprises a sa '
ancidiceen Bignsiied heidtichgviani She inohganoamideisichemipally-dieated with an

of ;1 It may be any.cation that allows the salt t

7l eh 53kl 5 850Rlths ThleRlly I aealin g D Anjony o form o

Fabémically-nRitediselidioridehe tillet @i ihichilin@fto tHeebdimt e teafollowing

salt to serve as a_source for the el ectronw thdraw ng
statement, it is believed that treatment of the inorganic oxide with an electron-
withdrawing component augments or enhances the acidity of the oxide. Thus, the
chemically-treated solid oxide exhibits Lewis or Brensted acidity which is typically
greater than the Lewis or Brensted acidity of the untreated solid inorganic oxide. One
method to quantify the acidity of the chemically-treated and untreated solid oxide
materials is by comparing the polymerization activities of the treated and untreated
oxides under acid catalyzed reactions.

Typically, the chemically-treated solid oxide comprises a solid inorganic oxide

comprising oxygen and at least one element of Group 2,3, 4, 5,6, 7,8, 9, 10, 11, 12,
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anion include, but are not Iimted to, the solubility
of the salt in the desired solvent, the | ack of

w@edwenswir eactivity of the cation, ion-pairingP€f/i804037784
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20
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bet ween the cation and ani on, hygroscopi c properties
inparted to the salt by the cation, and the |ike, and
t et ) ors1abf thetpgriodictitee,coni comprisi@gdyesn aid stichdlong element of

pUERLE R e .
awrﬁd‘m %&1%13@8!‘%&@2@@'@%0& B4 29k TQH hes %ﬁ)ﬂﬂ&rﬁ‘ A.; and
, er

and ur t conbi nati ons of oné& or
dlBo‘ohnmrm M. ed‘dmoced/\[rtohgiamw@i@nmﬂmmg’ EanﬂeyImgsmence 1999.)

roporti can be_ used to tailor the specifi
p&? ﬁ*?{l E? IHORgATG e SATPRHISES QXY &RR % a &a%arﬁél%er{tﬂ@cludmg but
degi hﬁﬂteh%elm @B@Imabdoaﬁ ©f &), 861 G AMEN AW ?b, Si, Sn, Sr,

conponent s may’ bé confacted with the oxide rmateria
siThiTi.aneWu® ¥, 4m of Adi vi dual ly, and any order that

af for d& %ElgdeSI ' Fe§ (ﬂ% H%y érei‘ %gﬂ cgr%poundcs»sthg can be used in

acidit

ChBdTtICahik i &fr@cﬂ&(ﬁ%lﬂr&ﬂ’é d)iet‘ﬂe pféseﬂtﬁnﬁéﬂﬂ%ﬁ W, Yut are not limited
cal ci ned [ cinin t he chem cal %treated solid

o003, B}QEIEB%@,I Elz@s Kl e O rCras, dietOatGrmOpHen@;, Mn,0s,
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 SEENO PG SR rOs0 E SRORAE0E: 58 &0 QuY9s Z00.

t iZ¥9), Ofand byt like, NinblutliRigt hidi bkidkd Ghéredf, Sandl\/b,bthbmatlons thereof.

typically, cal CI ning is conducted at a tenperatu
yfgqm’é@m f mpmd oxidss a%mané@o-lsed ah thenhomieailyr-eented sqlid oxide of

fl@?g&el(ﬂf i 2idn bR 7(130 1br L at a [H?}itg% tgpkflgya L} a,sﬁhca-tltama

ning 1's conduc our
h(Bllrca—ZIEDﬂla[m&Eolityspl cabysy, a‘lummaahmuﬁ, Salnmins zit@néd) O Udluminum
20 ho V\hen he chem Cdﬁg {(reat ed solid oxide is
flpé‘Sf‘ to heteropelytungstafesean §P $-ypi cal |y, cal cining is

carrie r
ten‘pergh; &Eall 1 e sg @%ld%gho%e?%qg%gﬁ?%%%y W by ontagting it with

t )apdea'st oma| eﬂedi:ﬂoa—whthlrmmgaamm [pherce, eah opaomeﬂbldclmbmmadgr treated

S TR Yaied . S SRR RouRy S o o

' F“ﬁéﬂva@érf@l?ﬁ&?f e, AughatASly) b @Qlﬁf‘ SHdél @ttriaPlarfd an electron-
reduci ng atnosphere such as hydrogen or carbon

rrmﬁ)dlrmlng raaspnkseumg@nb Cmtgkﬂndcpam@emmghmgsw d$eanethod by

PR Fide® cSET Pl G R ehiinE Hfionsyt ypicaly sl

COF @n 4¥R 6f hﬂl@le@@d)ﬂ-wnﬂﬂﬁﬁfiﬁg ahid@includes, but is not limited to, gelling,
co-gelling, impregnation of one compound onto another, and the like. Typically,
following any contacting method, the contacted mixture of oxide compound, electron-
withdrawing anion, and optionally the metal ion is calcined.

The electron-withdrawing component used to treat the oxide is any component
that increases the Lewis or Brensted acidity of the solid oxide upon treatment.
Typically, the electron-withdrawing component is an electron-withdrawing anion
derived from a salt, an acid, or other compound such as a volatile organic compound
that may serve as a source or precursor for that anion. Examples of electron-

withdrawing anions include, but are not limited to, sulfate, bisulfate, fluoride,
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about 0.5 cc/g, and nost typically greater than 1.0
cc/g. The solid oxide conponent 2 typically has a
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g, nore typically 2 2 fromabout 200 to about 800 m

/g, and nost typically, from 250 to 600mlg. The solid
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¢ RUOERTR S P Jeybar Mo whiRe pask i e anid a8y SRy Factors that
aldgd¥ht8 ahe (‘smté’c;ﬂl%le gf ﬂ{eu fﬂlﬂﬁ@ulap st ednal !&H“a ns%uro%ufc;r ah€ ¢lectron-
alumna, fluorided silica-alumna, chlorid
siviithslsavaing rAnges H@l@m Hefdarsi 1ot dimidddute, ribg sghnbflaY@cﬂ the salt in the

Slqelicdr 3" 3ne il el oL

ded silic a
S o e gkORt dRfrSt R Rl HOE cafiy Bphgiing effects

S ibleivéedn Zthe CRAfbA, anﬁrarﬁ?(m{ 18@rdstayst ipepdriey @fparte@ahthe salt by the
opt i onal | avi ng. been chenically-treated with a netal
i GAtionyjgad }éfwérhee ad hepmal stabdityret tie aa;qnd Exampleseof suitable cations in
u
tl’l}e?%%tdtgfﬁll}ﬁ] E%gtr&% Whaﬁ’vvl oéi%& ?rghﬂie er e ];n]:) FI%ETIE&I ?o ammonium,
asyiekyl afimbhium, |tememltyl @mmdriemg tetrabiksl piospheditimd X [E@©Et,).]",
rises a fluorided solid oxide in the formof a
pégg thelikét e solid, thus a source of fluori de |on is

added @ hBec bﬁiﬁ Jfroggtof"ﬁf'&e H\Iiﬂtelgbn@ BA, g

wmg anions, in

agent. Typl ca uori de 1 on may to t
owa@ngyropmrtwns;g;aa bs Iusnfdty taifor tthespoxiftbeciditysofahe t@hhmlly—treated.
sol v ch a ter udi n ut .are

G f PridBd o Sesfied IRt oriiablons F BlsHiran Sigiagving Components

b%?d%fuﬁ@ c@ﬁta&t@& Iith @Hea&hhé a1 hﬁt\(‘ltaﬁiéﬁﬁﬁ§ Qrt 1ﬁ&i§icﬁﬁlly, and any

anpl es of fluoriding agents that can be used
i nv@tthab ﬁffprd@Ithm‘éqsubdmh@mealbetreatﬁqulebbmdﬁ acidity.

hydr of ld'n%{a 'ifte goqfddox(iggzl)lds been chemically-treated and dried, it is subsequently

calcined. Calcining of the chemically-treated solid oxide is generally conducted in an
ambient atmosphere, typically in a dry ambient atmosphere, at a temperature from
about 200°C to about 900°C, and for a time of about 1 minute to about 100 hours.
More typically, calcining is conducted at a temperature from about 300°C to about
800°C and most typically in a range of 400°C to 700°C. Also more typically,
calcining is conducted from about 1 hour to about 50 hours, and most typically, from
about 3 hours to about 20 hours. When the chemically-treated solid oxide is fluorided
silica-alumina, most typically, calcining is carried out from about 1 to about 10 hours

at a temperature from about 350°C to about 550°C.
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amoni um fl uori de (NH4F), ammoni um bifluoride ( 4HF2),
anmoni unt et raf | uor oborate (NH4BF4), anmoni um
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amoni um hexaf | uor ophosphate (NH PFe), anal ogs
t hereof, and conbi nations thereof. For exanple,

ammoni lEmﬂhblf labip tyipdefiskitihle srabichieatti®eshedS cdn 8 used during calcining.
fI uorl gent, .due to its ease of_use and ready
1 1 qalcining éﬁwdtoﬁé\i"t%é pi8c anoPxidizang r eimesphere, such as air.

W@%At%gétﬁfe Q! %f%?e Cﬁﬁhb%ecﬁg P‘%e(ha|ory£{§§§t 8¢ 2 reducvlng

riding agent® during t I 'hing
fMhnmmﬂhm@udgemhwha@ﬁhh&mmbannmaubhhmy¢@m&att|ng the
solid i d uring the cal ci g step can be used
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pémlca]bfrlmh @xurface grer i1l avngd ehzhoue 10G toahoottdMandg, more typically
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when the S8y gx%'lﬂﬁgﬁﬁ chh WOLh Qﬁ%aﬁ{}v gfll g(%})i@% of halide ion

One conveni.ent net Of COI’]t I'ng t e SO

Wiok Isulfite ibm, uard dcbmblna’@@nbf hsiohs) ahdp@;ltlbﬂﬁl}acﬁdnﬁﬁﬁllyd!réwed with a
g&nt into azg 3 treamused to fluidize the so
e

&l igmrthemyc fraproyie thy ?herrawl&;/-tr?qﬁedamdmdea@ﬁh@; form of a

ti {
bl BIRA, 0 ISRl P B lifpREllon be o
paelideiubasdfasal sodid d)}hde; camponent ea hzﬁhdel‘ll @rd ddfitahmetl-containing

added t.Q the oxide by treatnmen chl ori di
2 GO0 995 OBRPR 4 GG BEDSTe I e 9B 0F o yention, he
f QR&hiRANALShHd EMlcPf)xﬁiQ BarPd AeficallySttatitliEmBal %ﬁgﬁcﬂly—treated

anot her ‘aspect of the present invention, the so
oxilige-abaminpeorchixtircs Heytof e dit ede wipteht, aha:cl:ﬂeunca:llyﬁtgeemgbmm oxide

duri t al ci nin e chl rldln ent c
Sty BF  orGRa kb, S, Bipraigf aB¥GRS. <iked Stuming
C mueritléte sifiBal atlrgh @) L@%ﬂde@%"ﬁ%ﬁlﬁﬁﬂaeﬁ ol @18 AIRHina, sulfated
t he caIC|n|n§'step For exanpl e, volatile organic

B

c kilispialiimriga.a Jeerdedaiichaireenial. cliwadesl sdicorireartiat blogided silica-

f ul hj,s
LR LA 0SB P MRE A BeRRGED o v

f beanchenfiedlBhiretabeith @nfetalCioh O MIRRhBARRIly-treated metal oxide can be
di chl . or onet hane, . chl orof orm_ carbon tetrachl ori de, and

c6hiorided | sims-alwmingof sultaiade otfgminar dlyended| sHicarlusmina, or any
chl@bindBod isflof can also be used with the solid

In one aspect of this invlention, the chemically-treated oxide comprises a
fluorided solid oxide in the form of a particulate solid, thus a source of fluoride ion is
added to the oxide by treatment with a fluoriding agent. Typically, fluoride ion may
be added to the oxide by forming a slurry of the oxide in a suitable solvent such as
alcohol or water, including, but are not limited to, the one to three carbon alcohols
because of their volatility and low surface tension. Examples of fluoriding agents that
can be used in this invention include, but are not limited to, hydrofluoric acid (HF),

ammonium fluoride (NH4F), ammonium bifluoride (NH4HF,), ammonium
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oxi de during cal cining. One conveni ent nethod of
contacting the oxide with the chloriding agent is to

wo 2psns2el a chl ori ding agent into a gas streanPCBEE/20040037784
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fluidize the solid oxide during cal cination. The
amount of fluoride or chloride ion present before
cakgaffioighorite sENHIBBY| deammogeiner akilipoflicdeabquéxalubsosilicate)

about 50% by weight, typically fromabout 3 to
ad63HRBRAFE)y emgRIUm ah‘?i‘aiﬁlBPT@P ogphatsl (YHREn @B@lags 4thegsof, and
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cal ci ne@ FRthepasnselele @r?frenfcemﬁ% dieesolig oxydsi e beychemlcally-
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si dgenta-usbfuiiim ghisi gegbct of pheepwmmthhIdenbutaarb ynot digstedcto, freons,

SI|I | um na t as ore at er

e SRt TSt o ArromePat o, Hiflhohban,  and
0 o%nﬁﬁﬂﬁwn@ﬂ@réﬁls tGds¥MisCiRdrygendhRde lor tlidfind iQe1f €49 also be used
Further, the silica-alumna typically has a surface
areaengfhsaselid pride sberrided oduringg calgiping. tﬁnec mnvgevment method of

585 S0 3R, By TR L 1FYGBLL i s

t Hh® d geetitamnsdibe fandiat the oid oride@nting bﬂmnatb@ilt Sto

about 95% typl ca fromabout, 5 to about 50% and

nor e t ymelarty,y iy ﬁ@%ﬁgv/@%p@cts o/l Ry FioBy thee Plpmicaliphieated solid
S%Xfu?et n%x‘?gehda Qﬁ(lbﬂ ngﬂT b§ﬁi§ 1ﬁuth£ %ﬁn %@da al’?i&!ﬂa% solld thus a
oxl de conponent suc alumna or silica-a

t reufce ifichibride par i iaddddatoeths okidd by Qehincana ivith,a dlﬂkmdlng agent The

At Oo SOt e Fh Becoaia W Tt AP GG e OVIAE in a suitabe

CQRR/hE &% aﬁofﬁ%f é’é ctTc}mh& ekt 1ﬁ\’%ﬁtl§ﬁ‘ lhalsth SQhd &qu@s&l%mlcally-

conpri ses sul mna. I n one aspect of
i riveatedivaith a chlendlmlgfagbmoﬂuaMg rtheeel¢iingctape dArbycIﬁoqnding egat can be
wher um.mna i.s chem cal I -tre ted

i.n th
SURFEIB & SpRulfioeaea e i s iy pY EPIGe s florqpghly contacting the
| i gxideedhrin@, thé Hﬁlf:hﬁ[ﬂg%t@;ﬁ' Hor SOHIYN, W) 31 &%Eﬁc cBloriding agents may

argzolglecllj mEgclafngles of volatile organic chloriding agents useful in this aspect of the
invention include, but are not limited to, certain freons, perchlorobenzene,
chloromethane, dichloromethane, chloroform, carbon tetrachloride, and combinations
thereof. Gaseous hydrogen chloride or chlorine itself can also be used with the solid
oxide during calcining. One convenient method of contacting the oxide with the
chloriding agent is to vaporize a chloriding agent into a gas stream used to fluidize the
solid oxide during calcination.

The amount of fluoride or chloride ion present before calcining the solid oxide

is generally from about 2 to about 50% by weight, typically from about 3 to about
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In addition to being chemcally-treated with an
el ectron-w t hdrawi ng conponent such as halide or

waosas®ii on, the solid.inorganic oxide of thiBCT/US2004/037784
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invention may optionally be chemcally-treated with a
nmetal source, including netal salts or
MEX5&b bg evdi glitnamigmorengypicaldy frofy phorakl ty abbiteX8s g psgtitghere the

.added t egnated Q sqlid inorganic
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the solid 1norgani € oxide can furt conprise a
nestich asnmhémdalmgecbun the pir¢sedicet _of Cﬂlnct,helrel Gkigbically no fluoride or

P i obe b REAR o chlies (O PRSP i halide, the
99QHJ&REALY Haydeldrich by AP IndiRyd Mn inZh0§ 11?011'::’(?1@% th® not limited
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W t hdr amiengilRAiaRitaini Uise efo, ?éﬂiérémﬁé‘ Qﬂeﬂfcallﬂl@feﬁﬁﬂ aEﬂhBQalumma
the solid oxide material w a nmetal may be used
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| nyavieginahason siface AeeaCaaROtEn ABbG BIW0MPE! mospidaity greater than
l'i ke. Follaow ng any contacting nmethod, the contacte

ekl 250 m (8 2ad Bespamally ereder ban ViSO HEIT i Gepeailsorihe silica-
%%glelélﬁgto?% nv%%fbéfo (%M Lﬁagléla I?t@ﬁtcfr%}ﬁ (Ebout 5 to about 95%, typically

e Immh almut\ﬂn tb Iablana\&{)%g aadinofe SPivatie froan Bl%tth SONEdlamisetyt wei ght
or ai mﬁ% conpound, are cont act ed . and
9

cal CI n Tefiefﬂ gidg compxisgy @B@Feaﬁlidoﬁ s@lfd pxide component such

U
e g A

6 sGB&ed thideGi,s ﬁﬁhetl&,err&a’ﬂ@élir@kﬁl wahda meB® 5o16 6ch that kthe calcined
or at ed herei refe nce i its

t ﬁ‘é&%ﬁ‘g ICQI@‘E‘ 5y Y gp{x]:p tedosply oxide comprises
Coetalaié bluhﬁn@dﬁ{l' (In!e%gpécﬁ’of e M%rﬁlolnofh% @ﬁf&@@@lﬁﬁﬁﬁja &%rmed by

the chem cally-treated solid oxide di scl osed herei
t h@r@@tsawgtelmﬁnmbsnma mclmrnlcatllystrwwbmth @mutfpuemﬂpaslullfyte source,
LS _not neces

CRATCABET , Bt FER Bl 19y T hsithenBRon Bt SRl oppapmonium

usbgmfatehe opt i onal cocat al yst can be an organoal um num

conpound, : : : : .
In addition to being chemically-treated with an electron-withdrawing

component such as halide or sulfate ion, the solid. inorganic oxide of this invention
may optionally be chemically-treated with a metal source, including metal salts or
metal-containing compounds.  Typically, these compounds are added to or
impregnated onto the solid inorgaﬁic oxide in solution form, and subsequently
converted into the supported metal upon calcining. Accordingly, the solid inorganic
oxide can further comprise a metal, including but limited to, zinc, nickel, vanadium,
silver, copper, gallium, tin, tungsten, molybdenum, or a combination thereof.

Typically, for good catalyst activity and low cost; zine is used to impregnate the solid
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an al um noxane, an organozi nc conpound, an or ganoboron
conpound, an i oni zing ionic conpound, a clay material,
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catal yst conposition further conprises an optional

clay material, including but not limted to, clays and
otoxéde. nalThy ablidirukidey midyebé ccheayaillgdraadddesth el §8d or metal-
clay matrices containing silica or other oxides, ) o
picPPiREHRL aoggwg}mdzseg‘rfg{eesa,ﬁea oy ahrithfe pang tirge Hlaat thgyseliddoxide is
m . ' ' 3 o ) udi ng but not

I ic%&?gégﬁyg&%%eﬁqg@ctﬁgﬁlgeggg? Wg%g);%%h%&ﬁer al s (natural

or synthethier;)angrmethoph adiinpscgmaiiie theosolRlckide apmenldsith a metal
or ané conbi nati on er egf téegar | ess of whether the

| 357 B used-y dihgraethaddynwhich: the oxife ogontagied with a metal source,

C : . i . i.n i .. .
PSR 06 RTOR R SOOBLTR 0Py o stin

micrtgetlng implegsaionl dpnmebmpduidsontd heothay end itlenlikes Following any
pref er abl arried out i.n a systemthat is ) )
s (BRiRSHES éeﬁvdohi%%lgﬁcadéwﬁf%@é Oa@&ep?talam‘alﬁu RierizoR- withdrawing
ORARAORY BB nsABAbRIMSHiBall\PcAISREN. NRI&Rtively WPtk thMerial, an
free" means that there is | ess than about” 2%

prelscEpahyithdrasisg tahion sabteet andthe mastel ahtefrenethl-gontasiag compound
t out. 0..5% .even re preferably | ess than about
0. )éoqlgar? drraons ca%}%ng}%ﬁ%}lepﬁs%% t han about 0.1% of the

conT ourthieSpreparatici TP AeNtHBichIly-Beaed s61d okflles is described in U.S.
particul ar, I osition which is

a catal yst co
5 dBtemh AT 6. 633 0.r A0S Ut 135 55 T304, (616, A0 6391816,
29 I b I . 9 e _preferahl .
g B Ry bR R a0 e S S8 o i
about 0.2% and nost preferably | ess than about 0.1%
of ,cocat al yst present. The Optional O ganoal um num

UK - ortresiioasedife Qniieadh G esidrdvi des cat al yst

CONMPOSih | LR HOMIP He Sl 118865 O ically- i
hydr ocar byl -lsoubst fteut e 1?nat al (foggg;r‘fgg,ang the chemically-treated solid

cloerdechidclosed heming thesmtalybt oxmpesiti@ne tafs inpdntionabtionally comprises
cocat a s% c]g}rlrlponent . .In one ag{ge%t , the cocatal yst of

t B CPRERt | TS Hnﬁr‘?‘ge%ecﬁstsaIye t Y08 rfE YY) 08EIOGHHOR U include a
CRARRMPS: WhitSuselinie RHESRN Lot MNGRIdRDe %Q}Y?ﬁ%ﬂunﬁnum compound,
catal yst conpositions and nethods to prepare a

c an alupnoxgneao Srganorine compprousd, ey drganpbebh kgmpound, an ionizing ionic
hydr ocar pyl - substituted netall.ocene,and.a

c%%lﬁpg‘gf(ﬁf- Hpe gIaiedja of%i Y SO I,lé%‘é)ﬁothgtrﬁogpﬁ RGpspect; the catalyst
OcGRAPOAliHTIFH 66HPAEE dn optienATREChatefiall Mctudify BMASR Kimited to,

clays and other natural and synthetic layered oxides, cogelled clay matrices containing
silica or other oxides, pillared clays, zeolites, clay minerals, other layered minerals, or
combinations thereof, including but not limited to ion exchangeable layered minerals
(natural or synthetic) or composites made from such compounds, or any combinations
thereof, regardless of whether the layered structure remains intact or not. The
cocatalyst may further comprise a combination or mixture of any of these cocatalysts,
including any mixture of these clay materials.

The invention is preferably carried out in a system that is substantially or

completely free of organoaluminum or organoboron cocatalysts.
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i nvol ves the use of sone organoal um num conpound to
precontact the other catal yst conponents prior to
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reactor, and the bal ance of the organoal um num

conpound to be introduced directly into the

pol ynmerAg aseddoineréiga Csubstantially feetoinemegthiat €brd hsaIessI hen about 2%,
same, or anoalun1nun1conpound used jn_the optional

prfg%f@ﬁ’lb ctess than abe HheMore @rcipgbly s thasnplnie &% gven more
d ﬁﬂ'@' ?e%stt i AL %d“%!fﬂs‘?%f@%&%@ k@{ HdUGRdt 0.1% of the
| rect Into e pOl yrrerl zation'react . n one

asqom;bund(h)eonmmmnaxht(s()mgqmmabmm num conpounds i ncl ude,
but ar%hnot mted to congounds havi ng t he fol | ow ng
gener al papmlag, a %tzzlxst)co §1t10n S8 %Btm J1x fige from cocatalyst

hytes %@fmlab&ﬁw g;réfepmé}legsothaﬁ gyaut%f%, §r@3>?éf§§k§9 1dssttfan about

10, such as on atons. lypica
arf. %kwenhmm npgeﬁ*lrabm 12ss tharaiont 0.20%,cad oost @rafemblydm than about

t X5) is ethyl, propyl, n-butyl,
secﬁ@ﬁg?ca %E?ﬂ%ﬁ“) hexyl , and the |ike. The
substituent (X6) in the above formula is halide,
hydri de, al koxi de, aryl oxide, and the Iike. Typically,
)Z@Z)?C?lelﬁb@mﬂdémwum ICampewcd chI oro, and nore
typl cal s .chloro. (X
)3-, C&?Lr?é r(gsX 9? iny r(let%onr l?rgﬁ,]dis a&a]é{etl W&l}p@g){tl\ygs Célﬂaglsélg one or more

tmdﬂ)ahﬂbyl swbsnmtai méelloczhese Of cinlialROfedt &5 18t 88dé,0and an
be an integer, therefore this fornula includes

sé@aam% agqcalysh RoBRESNt GEmeans| pspeciextppiosatabst of this invention
| nv ??%ﬁ[ﬁ: %F@ugﬂmg%#gar it C@H’lrﬁk&ﬁlelgsf’g];’lﬁsn tﬁg p?esent invention

t lplrah&gsl ahtalyst eomposiionsdad shetholy | tal pmpmﬁhhadtalgiﬁ composition
ounds, al kyl al Errchnumagl hal | de _conpoun
ICR HF‘Q&CHWH?%%J YHaFF S@Bﬁﬁ%‘ﬂa%etalh}?én%w ehemieply-treated
t @Sﬁ@Q{me SRAGHK ﬁoﬁé‘i Plrbsluftin lﬂﬁg&ﬂ? ﬁq;” ggﬂ?ﬁpggwentlon
A e pre cte

that can be use s I nvention ont a
milxvalives thm tife d}ihsmmrr %mmmmmqmmdd aogreeontatiethe other catalyst

o RDF, TRROT b, Sl 0 M0l LI o e

t'bhﬁﬁ@@)ﬂfa{ﬁé”'bﬂiéﬁbalqm%{lﬂﬂ | niduly! ”ioetblaoﬁitﬁ%uced directly into the
tributylal um num di isobutylalum num hydrid

t pelysassizetjomtaantonuht S THoBAtduired lat the same orga.noalummum compound

used in the optional precontact step with the other catalyst components is the same as

the organoaluminum compound introduced directly into the polymerization reactor.
In one aspect, the optional organoaluminum compounds include, but are not

limited to compounds having the following general formula:
AIX)(X%3n

wherein (XS) isa hydrbcarbyl ilaving from 1 to about 20 (preferably 1 to 10, such as 1
to 6) carbon atoms. Typically, (X°) is an alkyl having from 2 to about 10 carbon
atoms, and more typically, (X°) is ethyl, propyl, n-butyl, sec-butyl, isobutyl, hexyl,
and the like.
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di et hyl al um num chl ori de. One aspect of this invention
i nvol ving the use of sonme organoal um num conpound is

wa o00pswont act the ot her catal yst conmponents pPCDUS1004/037784

10

15

20

25

30

i ntroducing the catalyst into the pol ynerization

reactor, and the bal ance of the organoal um num

corrpourfmet sutizeitient r@dydedihdi stest! forinatao i halide, hydride, alkoxide,
poI yneri zat |@\n reactor. hqexfgm)unt s of organoal um num

e Adsbe dked Theicaily, $hd iumderamdentht Fluoseran phlorss and more
or ound used in an optional precontact
tgg%%gﬁ?ﬂy%

ny a ti onal organoal um num conpound added
t o0 t he Indhy lﬁmmﬂaatM@ﬁs),r(KgﬁL ot cail be aneunatsp didm 1t 1be3 inclusive, and

wei ght _ratio_of_the organoal um num nd to th
ol > 1Ty 1% Peat Va3l Toig B TSI ginioabodR Misedr, erefore this
a%%ul&:nﬂol&fé@séér’% Elﬂﬁdgié&ﬁ sconposi tion.

Triethylal um nu and triisobutylal um num (Tl BAL)
ar et ypﬁimtalkyo rponplds of begancanmbemusedpoundstha caspeatsed in this

th|S|nv ion. The Opt al. Al um noxane Cocat al yst
TH@V‘?ﬂnggerﬁlc P ?)eﬂﬂtor?rf)r 6’\9# dggu??gt :tpys%ail@ﬁﬂgglq%n§ompounds
C afiRk{ialuRdn@ne ﬁﬁthDr %o Gﬁlﬁﬁar bark 1§1ﬂ9§ﬁdrﬁm &flalide g cgrrgxpounds,

met al 1 ocenes, a chenmically-treated solid oxide, an
opﬂlksdﬂamlmm ammylb@hdm r@@n@mds | and n@m’@p@mns fiegeof.  Specific
ast

Cag: of thi i nventionc ses

C AR Rle i Rharodlolai B CEiEAT Blah 362 1Bussf 33 il yengign in the
t @réconpeted(hjsdinecwithyihe adrgdiomeal Coonsifshd iﬁeaﬁ)tohﬁfn or acetylene
cat al yst conﬁonents are typical I%:écont acted with the

al 0ROt aiBciude,s Buk upke eBothy lirdledr bien é@ms&nyl?éummum (TMA);

i ner@%ﬂlm{l ne r ea ar?t?gl \{Sﬂ%g% “g‘na#“%ssu%@%{;r o) ulk L fthoxide;

t habatglalunaibionn dsﬁmbuqaﬂuﬂnmm agldridd) %&gb@ymiﬁfmmumd(TbIBAL); and
c sitiqgn fo d in this manner may be collecte y
né{rﬁgﬂéu%’&%c{lge“@ﬁose of skill in the art, including
but notgd E@pte@td &1 bk Idno oR/rm I?lﬁeeﬁgé z?)Ifys%}ne mﬁanoalummum

conposi t1 on “may e |ntro uce |nt pol ynmeri za
r eantponndviig ko ptecbetanigthesathet eatalysiheorapatientsoprdoreto introducing the

co dofthl |n\1ent|on|s an oli ric alum num i
AN 4RO 6 RYLFEREAIOR, p5iB5 1 WSBEIRg eafhe organoaluminum

CQERpbERd 10 Ela'eﬁ‘l"troﬁﬁéédc&lfércﬁ§ int6 ¥id b&lym%ﬁzé%ﬁﬂlereactor The amounts of
structures, or typically mxtures of al hree. Cycl

alougdnealvayiaure o repopotsd hdiscloged hierbior rmblade the total amount of

organoaluminum compound used in an optional precontact step, and any additional

organoaluminum compound added to the polymerization reactor. In one aspect, the
weight ratio of the organoaluminum compound to the chemically-treated solid oxide
is from about 10:1 to about 1:1,000 in the catalyst composition. Triethylaluminum.
(TEA) and triisobutylaluminum (TIBAL) are typical compounds that can be used in

this aspect of this invention.

The Optional Aluminoxane Cocatalyst
The present invention provides catalyst compositions comprising one or more
hydrocarbyl-substituted metallocenes, a chemically-treated solid oxide, and an

optional cocatalyst component. In one aspect, the cocatalyst of this invention
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; Wherein Ris a linear or branched al kyl having from
1 to 10 carbon atons, and nis an integer from3 to

w@b@ansAarte enconpassed by this invention. The PEI/BE)004/037784
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25

noi ety shown here also constitutes the repeating unit

in a linear alum noxane. Thus, |inear alum noxanes
h&mhipgisém 1éa3t o1 alundhdXahie Abeadalyst AIAlominosaedseird) also irsfefred to as
| i near or anched al kyl h)aV| ng from1l to 10 carbon
atPoRihydperrhyl dugipynmosies). t b athetocaipysit cosepongpls are typically
alc%ﬂta@t@& QIRARS gﬂmﬁ%ﬁoﬁa‘ﬁh $n b Qé[tﬁﬁ'fémdr@éfﬁolﬁqon}pouﬁd solvent, though
al'um noxanes nay a have cage structures o

f anpebdlael vameh is snhatnstiablyrmeérs ta3the reatambwg) 1nt&medratésoén(2ﬁrroducts of
+ wherein the nunper of ,Jghree coor di nate Ium nu

atthactivalon sfep fenBersedr theoatal vt gPmRPHtion s 41 Hig manner may
| $eldBRedt fneﬁfodé1 kﬁ?\% e ﬁ@ﬁ@opﬁé{ﬁi ﬁpthétaﬂnﬁlclulam but not limited to
represents a termnal al group, and R represents

brﬁlhtglcmg aal thy | catplyst p;ommertmnrmay ite mtrotdweedr ingy the polymenzatlon

%r#hed al lgg hav from 1 to 10 carbon atons. Thus,
alF AR o T’lﬂﬁfso serve as optional cocatalysts in

this i mhenimﬁrhoaraﬁe %Ha%&ﬁd sbfrtﬁrgr ﬁﬁ@ﬂiﬁdlsb)ln fo@i@Hhh'eﬁé aluminum
such as (R-AI -0 O AR, and the lik
memepnnct, hwhﬂegr (oluﬁp tsnmymapmpcamdr n@arcompnm dishe tructures,

o5 S ok RS o Bt B P Mlree ity atuminonane

|@bﬂ@aﬁn({snﬁmn1gth@f@mmg 50. In one enbodl ment, the
al um noxane conpounds of this invention incl ude but

are not limted to, % Iﬁnnoxane

et hyl al um noxane, nprop u oxane

i so- propyl al um noxane, ut yl alfum noxane,

t-but yl al um noxane, sec-bRyl al umwpegglﬁe

i so-butyl al um noxane, 1- pentyl al um noxane, 2-

PRV ﬁ'llléifrbfgfﬁﬁ%d ﬁkﬁqﬁtfﬁﬂ ”r{ax R &rbon atoms, and n is an integer
i so- pentyl al um noxane, neopentyl al um noxane, or

c dirvion. Add iabost tth enemmbommsbcb by tyia nmedntioh.n Tha (AR @)t hoiety shown

different es of R grou are, enc assed, )
lhelre also cony P tutes the repeati g unit m a rrlrepar aluminoxane. Thus, linear

aluminoxanes having the formula:
R
/
RfAI—O a—AI
| no\
R R

R is a linear or branched alkyl having from 1 to 10 carbon atoms, and n is an integer

; wherein

from 1 to about 50, are also encompassed by this invention.

Further, aluminoxanes may also have cage structures of the formula Rt5m+aRb,,,_
oAlsO3y,  wherein m is 3 or 4 and a is = nay) - no@) t+ how)y;, wherein nays) is the
number of three coordinate aluminum atoms, 7o) is the I}umber of two coordinate
oxygen atoms, now) is the number of 4 coordinate oxygen atoms, R' represents a
terminal alkyl group, and R® represents a bridging alkyl group; wherein R is a linear

or branched alkyl having from 1 to 10 carbon atoms.
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by the present invention, nmethyl alum noxane (MAO,
et hyl al um noxane, or isobutyl alum noxane are typical

W@piososealll cocat al ysts used in the catal yst conpoOBUS1004637784
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of this invention. These al um noxanes are prepared
fromtrinmethylal um num triethylal um num or
t rii sobiChug alhhinoxeangs tha&mﬂseﬂvvahy)ptlammi cacatalgamit ﬂhm&ventlon are

RSP PRl R B0 o1 Qb bt AR A S A5 98 the like,
r &AREGH! HEIRY grdug 1ssty1§‘ik§lﬁl WL of BEmSE n§P€1 s di Spch as methyl,

invention to an al urfi noxane in co nation
t rettail kyopl/ii butyurpen‘s'u(m Imsy]dwh@rbmsretypuaallgd r&redeatsent inbdger from 1

4,79 , ich is,herein jnc rated by refere
16 bouoaD; 1 fhe ROl (e HUBReR coMPRRRHots invention

”Eiﬂél l N 1ifigeqdal g fe ASe -
and ]I%{(% Albl%1 § glteAnnFsJt 1and preT eragﬁi)[}@%&?{g% @Idﬁh’gﬁ%xane n

_3prmuennoxaa@endmg)rgpﬁmlumxahe, or glabmﬁllahumm@mm,e t-butyl-
B R T
s yehtybalGamrixadd, i on of nLeEIRAlHELREANES ar &s6BBRYIaRB inoxane,

in the nethods and conposifions of the present
i m@emntﬂﬁl.ummowwarcpgglrtahens:fét@@pﬁst con‘posn tion of

Enl';: 2 r i W o%gnﬁﬁ o%?nﬁ]e% Jﬁl]ﬂ} gﬂ”{” | %{% oi ggagrg)l(l?%gl’tﬁhegcompassed

hybgrtae @fdﬂ@‘ﬂt&ﬂbﬁlhbﬁ uhetlynatidosesh MAD 8t é‘cﬁylcdhﬁi’ﬁﬁﬁ)bchrh@ Br isobutyl
is_usually fromabout 1:10 to about 100, 000:1. In one
@Hg?maéfg@c%re tymiea! pptienal cagatalyss usedendhe ﬁathlm qomnpogisions of this

Rexane ffedohe vy {’yhﬁ gfeg felt eg off! ghgg[gg]{aﬁmmum,

e conposition IS us out
1 5mﬁﬁ@]ahmlﬁhm ambnﬂmbutyﬂalmpinunn atspattively) axa are steithds @eferred to

T RO T LN
”Q’H-mlhﬁma&ﬁﬁé i]égﬁ gy 1Pfs JIEPW Hpﬂjl‘é sl'%&gédlitg& PnBHbn to use an
um nox

50 ng/ L. Orgdhoa anes can e prepared by various
p rbmedoxas inkpmhinatien with|a tkinlkylalimintine swhtas disciospd @sU.S. Patent

or u X r.e aratl saedlsclosedln
O PR Nt 5 5e 658h i3 ablsresee M ooy
whi ch IThel KR IhAnEEn Q‘)()nfe%{p%t@sp %?ans}eﬁa%é% of A fnt ﬁle aluminoxane
entirety. One exarrc{)l e of how an al uni i noxane nay be

pﬁf@mlw (RsAla@)nf aid GUB-AlMD.ZIR2 wand tpréferatilys solsv et 1¢ast about 3.
uor‘ﬁv enurh aP %1 Igc%%oollﬂlpl?\;oﬁvﬁg'l scffg%“ogg r %%ggnleegs y@fpﬁﬁegh%tored’ and used,
dﬂﬁd v&lde of gﬂﬁl@ﬁ|b@maﬁ@maﬁ€1thln a single sample of aluminoxane, and such a
combination of organoaluminoxanes are comprised in the methods and compositions
of the present invention.

In preparing the catalyst composition of this invention comprising an optional
aluminoxane, the molar ratio of the aluminum in the alumixoane to the hydrocarbyl--
substituted metallocene in the composition is usually from about 1:10 to about
100,000:1. In one other aspect, the molar ratio of the aluminum in the aluminoxane to
the hydrocarbyl-substituted metallocene in the composition is usually from about 5:1

to about 15,000:1. The amount of optional aluminoxane added to a polymerization
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conpound. While not intending to be bound by this
statenent, it is believed that this synthetic nethod

w@amwsasfoord a m xture of both Iinear and cycl i BCT/US2004/037784
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(R-Al-O alum noxane species, both of which are
enconpassed by this invention. Aternatively,
Orzpan dsdrimh ot avitsn aayngeef pbeyal @dmigyl. teeselut DEOME/L, from about

T G A L AL i
or gani 00129118 ﬁ'ﬁnno%&?es%'@@l cat %ri%ﬁs g?&c%hﬁllex%&lﬁch are well

The pres I nvention provi | yst conposIt
c dmpminsinribe ame Earmpies ef b@n@mbﬂmh&paﬁﬂb&re disclosed in U.S.

| | henj cal d d d d
BN oo GaEnTE bt Sochro Gl s seBEPpHFE by Teference
cafeadial ¥Sits SftirkRy SOhOKERHAI1ORF HBWPAH §l%ﬁnﬁt5xa!n@% o Bfrepared is as

or ganozi nc conpound. I'n one aspect, cat al yst
c doflows.t Waterf whichés dissuiyad ines it angamptsob'nntl may be reacted with an

?(r)a?%g}om ne, c cata és& b\ﬂ’e m&tg;g) th th‘?ﬁdfo g)?%ggluminoxane

hasohipeuhd. OW}illlet 18t %ﬁt@ﬁ’dln & K@B&frﬁr@bﬂlﬂs s]fatEﬂieﬂio 11: 1§ Y&lkvas that this
1 to 6) carbon atons,; é 6) is a hydrocarbyl,

aldystbctie wethad aatrylaifar e2 haxtag OFf opath hneaab@md @olic ' (R-Al1-0),
0 sucg 0 carbon at,0

haﬁlﬁg% %?Aey sl rlle%féqjolﬂ?} gho %ﬂc}l t%%e%?conf‘ﬁfléseélptl?yongllls invention.

or@wﬂam@ Q@Qaﬂio@lu}{rﬁho;ta&eﬁhﬁ?tﬁéyﬂ)répﬁﬁd bl r@hdtla ZanNguminum alkyl
di propyl zi n¢c, dibutyl zi nc, di neopentyl zinc,

diopionad Kyahs?s éﬂﬁewﬂma)wdﬁ%ed &H Stwha a3 hydrated roppeti sulfate, in an
aqu%8#§h¢%§hgﬁ§ thereof. The Optional O ganoboron

Cocat a e present invention provides catal yst
conp03|t|ons conpri sing one or nore
hy %ﬁgrby -substituted netallocenes a !

gl Orgaowsc SOreabski de, and an opti onal
cocat al DRt prEQAPARERion ﬁﬂvﬁ@? cﬁ§ eﬁ&@ﬁloﬁg Egﬁ"?'héﬁﬁé oftt or more
t on on

this invention conprises at or ganobo

c drydomeadbyl- mesutu‘éechspa‘aﬂocenm mr@mnnhnﬂyeﬂneat@hmh& doxide, and an
c%riajes ngltral bor on cqnmpounds, bo ate sabtﬁs, or. . .
Pt PUREMSh OBy x%nr?pﬁg’e"fl’ HE© 679541361560 nthis invention

i9&ksat Mast $ﬂesorg£ﬁ6%ﬁfc' c@ﬁlp‘éﬁﬁﬁ conprise a
f1 uoroorgano boron conpound,

In one aspect, the catalyst composmon further comprises as an optional

organozine cocatalyst, a compound with the following formula:
Zn(X")(X",

wherein (XS) is a hydrocarbyl having from 1 to about 20 (preferably 1 to 10, such as 1

1

to 6) carbon atoms; (X%)is a hydrocarbyl, an alkoxide or an aryloxide having from 1
to about 20 (preferably 1 to 10, such as 1 to 6) carbon atoms, halide, or hydride. In
another aspect, the optional organozinc cocatalyst is  dimethylzinc, diethylzinc,
‘dipropylzinc, dibutylzinc, dineopentylzinc, di(trimethylsilylmethyl)zinc, and the like,

including 'any combinations thereof.

The Optional Organoboron Cocatalysts
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f mor oor gano borate conmpound, or a conbination thereof.
Any fl uoroorgano boron or fluoroorgano borate conpound

wopasfsionl t he art can be utilized. The term  PCT/US2004/037784
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fl uoroorgano boron conpounds has its usual nmeaning to
refer to neutral conmpounds of the form3. The term

f 1 uor ogng pRRed? GHiving of PIPGdERCaed | Fsd chla@os;ltlsmjmma}insmg one or more
nmeaning to refer to the nonoanionic salts

f hmpwbﬂaﬁﬁbstﬁbﬁeénﬁ@éﬂ%% Gf chemicp Yﬁ’ie[a@gt ﬁ@iﬂ qiisiey) and an
V‘{]} a[tglef e%&ﬂééﬂ&t.ﬂ foly B a&sggcéo RoEat@YQUBF 18 invention
cSRVER 88 4 3P N0 boron uor oor gano

b@ﬁ@bﬁ&ﬁ@ﬂﬁ&ﬂ@dsogp@obmphcambymﬂbferred to
col l ectively by organoboron conpound ei t her

name a#n t pRe c@ﬁ@‘éxtthﬁed‘ﬁga\négoroﬁxéﬁ’ﬁ'ﬁ’%n‘gf CHPRIZIS o PGUFS boron
bg{)rﬁg&nﬁg &H{édéah{sh% 0891'3 &%, COGALAIYRAL Sthb rbrganoboron

Fesen |nvenion|nc ut are not limted t
f bopounsts eef &y | inbartmne sars lscoimpasq 2" ifMotiongatnly benoh | mmnpnund a

tetrakis ntafluor en bor.ate, triphenyl carben
t@pp@m&a@s Fiaas SIBPORNe YA S0 Bt Een (T oty TROMSRERS boron or
% Beﬂ&‘afel 8 ?Bﬁﬂ‘ﬂhﬂ)%r & 8he art can be utilized. The term

ylaniliniu
t émomorg[na ordni sqrhpotirids des ite tsydl ypaeing tplysfeatie neutral compounds
tH

t &f Pg{l %%b Eﬁ?%ﬁlﬁl flugreoreano I]i))?fe)t% ﬁ%ﬂg(fl]ng allsot has its ugual meaning

t *E@ réfeK €0 ﬂie!"ﬁﬂoﬁgérﬁ&um saltsogS fheoeshno @cmplcsmp@ﬁnd of the form
fl uorogrgano boron conpounds that can be used as

c bestion] JBY S, |wihemé( persesents 4 Huemraterh orgagicugieup b fior geavenience,

I
R

| ickBectilvels! Uycbr%@moﬂbf(ﬁlttfoﬁﬁ)ohh@ epby ciflldr hatg s et context requires.
i nt endi ng bound by the foll ow n&%heot; t.hese
exanpl Exgples lofi Snenogzane bemiacempetamds ST 2p 6P EALysts in

.(.:&lég;%épe%% ’mv%gﬁl%rg ﬂcﬁigcﬁgbﬁtoe{w QY ERite@4E ﬂd?) 2}9‘3@& aﬁ}q HoPdt8 such as,

-coor ani ons en corbi ne

0 U\@Mm&@lanﬂﬂﬁmri und satraas(pﬂnsacﬂhmfi@ﬁenyﬁ)bbrﬁe Patmpltenylcarbenium
5,919, 983, mhlch IS |ncorpo at ed her.ej r ef
| ﬁetr%(@mﬂ‘l@m Reesharai, b, hotseouptBGaREROpoRe. M-

ﬁlﬁﬂm? ?eti‘éﬂdl%_;ﬁ 364 ('ftﬁﬂﬂo%xﬁeth?l‘}ﬁ%&ﬂﬁera{en t@;ﬁﬁ:nylcarbemum

aspect e nol ar t he or ganobof on conpound
t hetrakm{aﬁlbm(mfhlownﬁhyhphqnml]bmwc ompbsihti dike; smfﬂmdm letuTeS

bout 0. t 10:1..T I
1? It E%F%fo r‘%}@ﬂ‘w&% i ?Orgfugfbp%rgil %gmgwgﬁ%t ﬁgﬁ: olﬁﬁ ad cocatalysts
USE GheASreSent HRRMALY BichidR! blthie hydLiRsRd Y, tn§§>@§tbﬂﬁ¢tbﬁl@enyl)boron

netal |l ocene i1s in a range of from about 0 nole to
abus([B, 51@s(ﬁnmﬂlggomﬁthybpb¢ny¢]ﬂqnmumdl ‘[ﬂj@ likeggpeluding mixtures thereof.

met al | Okt ough not intending to be bound by the following theory, these examples

of fluoroorgano borate and fluoroorgano boron compounds, and related compounds,
are thought to form “weakly-coordinating” anions when combined with organometal
compounds, as disclosed in U.S. Patent 5,919,983, which is incorporated herein by
reference in its entirety.

Generally, any amount of organoboron compound can be utilized in this
invention. In one aspect, the molar ratio of the organoboron compound to the

metallocene compound in the composition is from about 0.1:1 to about 10:1.
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conmpound. In one aspect, the anmount of fl uoroorgano

boron or fluoroorgano borate conpound used as a
weowansdoyst for the hydrocarbyl -substituted nepel/Usmesnas7784

is in a range of fromabout 0.8 nole to about 5 noles

of boron conmpound per nole of netall ocene conpound.

TITyeicaldy.i thaamaduohpt itregflienabrgady ppoumek Mheroprgase orate compound

oreEEEs Bty s By by R PR el R A FER i ¢ e of from
chpgitC@b ! Moler RALSSht S bfbl@xbel Qoro%néjorﬁl%‘blﬁhﬁt p&@N@ble of metallocene
cocat al yst conponent. In one aspect, the cocatalyst of

t lepspprnde nin ave spaPr theenamt pé dyoroorgand duian ergiliandrgano borate

5 Comaate wtot Baped e Rind SYBRKARSLRR— pistoraps is in »

C dritleYSHt frEMERTE 10LD Maoldb [aBot0s rheled df Byrdrheshyoundt pdrSmole of

believed that the ionizing ionic conpound nay be

c aprddlosenst congwanilng wi th the netal | ocene conpound and
converting the netall ocene into a cationic netall ocene
conpound. Again, while not intending to be bound by

t e Opriohsl Tosizh@l IokieeSbrigvahdt he i oni zing ionic
conmpound may function as an ionizing conpound by

10 conpl etléppresentpayention Browdes eatalyH FORWOBHPBHFUNPIisiRgene or more

?ggﬁogérp%%s@%ﬁ&d' 31}1%?5%&%', }_%i(gl@ﬁlqcaﬁ?-ctﬁa?eﬁ %Sﬁli% gcg[ide, and an

et ocene. wever, he 1 oni z

| opticnat covpatatydt icemponadt | vatae aspget dhesscablyshef hkis invention

it ionizes the netal] ocene, abstracts an (X3) or (X4)
| PHRRESSS R leastAnRilenzing 1e1ye F@Pﬁ?‘ﬁ}ﬁl-! on pair, weakens
the metg] idnidhe %nig%ﬁlgbm)is Qﬁ:iglel')c(zg _ uﬁﬁtxﬁ‘lllil:ﬁ’(éﬁﬂaimction to

sinply coordinates to an (X3) o I gand, or an

15 oehesncerschaty sisthbycaiyst hcoagtositimni o Whitey noic bound by theory, it is

C BRI PA 1 P e dome: QPITSLBAmBHRg . HPFge it 1paes:

© % Fepsling vith the

f wiedlioeheOtorhPSundOMZ Edi el the GREMMGHALE iSo BV EARMC hitallocene

the enhanced activity of catalyst conposition as a

weonpoungs Sgaipavbide not iatepdingl to de hoong byithéawn, it inbelityed that the

ST S B D AR b R oA b cBlpetety o
20 1 artlahlf ckehdtBW AP aRRAROHBAR, bgéim?-daﬂwin)‘%m&hymgand such as
tet;akl s(4§)-tol yl )borate, tri Fn-bu yl) -

v

X) or (X

activator regardless of whether it ionizes the metallocene, abstracts an (X°) or (X

from the metallocene. However, the ionizing ionic compound is an

ligand in a fashion as to form an ion pair, weakens the metal-(X>) or metal-(X*) bond

in the metallocene, simply coordinates to an (X°) or (X* ligand, or any other

25 mechanisms by which activation may occur. Further, it is not necessary that the

ionizing ionic compound activate the metallocene only. The activation function of the

ionizing ionic compound is evident in the enhanced activity of catalyst composition as

a whole, as compared to a catalyst composition that does not comprise any ionizing

ionic compound.

30 Examples of ionizing ionic compounds include, but are not limited to, the

following compounds: tri(n-butyl)ammonium tetrakis(p-tolyl)borate, tri(n-butyl)-

ammonium tetrakis(m-tolyl)borate, tri(n-butyl)ammonium tetrakis(2,4-dimethyl)-
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amoni um tetraki s(mtolyl)borate, tri(n-butyl)amonium
tetrakis(2,4-dinethyl)-borate, tri(n-butyl)atnnmnium

W edosakios( 3, 5- di net hyl phenyl ) borate, tri (n-butBdh/usS2004/037784
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anmoni um

tetrakis[3,5-bis(trifluoronethyl)phenyl]borate,

t rhiogate butisi{n)}autydaimonium  tetrakis(3,5-dimethylphenyl)borate,  tri(n-butyl)-
tetraki.s(pentafl

RO HRT Ty S-S A o SRy iTharaieat drics-butyDammonium
“’tﬁ‘reg%iﬁg&}‘céﬁﬁﬁrb#ﬂényﬁﬁb&@ d %Nﬁﬂﬁé‘cﬁ’}hﬂl iRREAT Qetrakis(p-tolyl)borate,

thylaniTiniamtefrakis(

dilvbt-tiyrhqsing ayilijinor ﬁt@klanNOUﬂ)lbetaﬂml MN-diméthytanilinium tetrakis(2,4-

t ecﬁpng{fmﬁ?}%&%r?t?; ,H) Ql ne\(h}lgrg{mlurﬁ tetrakis(3,5-dimethylphenyl)borate,

tq«l[\a&mﬁt@lénﬁhﬁhi ri fltéﬂﬁmpﬁslbyd@rﬁm%wﬁ&tﬁﬁ Iﬁfe %]l%rate N.N-
Ndi met h iand [iniumtetraki s(pent af | uoropheny or at
i

t rdimid anietrakis@entalinerophesiy))bprate rtsiphenylcarbenium tetrakls(p
t I trak [).b
BRI E SRR et o PR Rb bRy 1 EBhaylsarbenium

t rétpdkeny |4C(ﬁﬂiéﬁ{ylphéhyl§ﬁdré%l s( 3, 5-triphenylcarbenium tetrakis(3,5-
di net hyl phensl )borate, triphenyl carbenium

t shimgtylhg rafes ri f | udHBrARYIogrbenpeny | | botelalds]3,5-bis(trifluoro-
t f |
it bt sk —

t etdpghum( g’tdt@km@-h);lqvliﬁioﬁutet lrgigpfﬂ'liumlm tetrakls(m~tolyl)borate tropylium
tetr s(2,.4- di et hy| pheny r at
té@trfﬁ%(%ﬁsdlglemy}@@ﬁ lpﬂﬁ%tﬁyqrqnyiwm @ﬁa]flﬁ@p%]/ﬂlﬂrlﬁﬁhylphen}’l)borate

tré’é’%u %lgnst 2t ?Iag%%lpg ot ﬁ??@%hﬁéﬁﬁ}ﬁ%mﬁ G%Flth tropylium

t etetrzd;ks(pémelﬂualﬁ}bhmyl)lpﬂmﬁay Ilfﬂhmmate&aklls(pehtaﬂnmrophenyl)borate lithium

%é(ﬁlé%xyﬁggﬁg El(gl'lng{n:tetr%ﬂ{u% ~t8“[§1)borate lithium tetrakis(m-tolyl)borate,

tq{tﬁﬁﬁi s( M t Rk @AU-BhRthyl e‘ﬁ
t et rlaki s(2, 4- drl met hyl hen}} }gbgrgat)rgte ['ithi B% t et r aki g:%tgalqs@ >

5-dind ety n]z:lbimngtb) bhthm tbnraﬂuomhdrae,r afddiom o betraltis(pentafluoro-

o | @ﬂ}ég‘%ﬁ@%@ﬁ geg{ag eggls l?)e)m¥e| )soQﬁ)lgna%e‘taraklg&-toiqugborate sodium

t QéttAkd(Bl-R1INoydte, PIdALE teﬁﬂﬁé(g M.dimethylphenyl)borate, sodium tetrakis-
tetrakis(mtolyl)borate, sodium

tés,ﬁackn@( Iphegyhiearaip! pheadjum bort@ttééluomi@iraﬁm t qotaskiugy  tetrakis-
&&t%ﬁd@&%ﬁé{l?@ﬁ&x )%%Ea%% %ggak tetg) or o é)srsf’ltullle "tetrakis(p-

assi um UOT op

p@djl&SEdmatﬁ t @lbfalééﬁnﬁ( n&wﬂd(ﬁlbt@[}&)b@rat@,mm@mum tetrakls(z 4-dimethyl-
tet t
thh%a St HH64 B9 1550 B ais(ar dimeftapheny borate, potassium tetrafluoro-

AP
SHER) g BRI RO 8851 . s i
t Nﬂﬁﬁd(mﬂo@h}aﬂmﬁi@atet rfcr((n-bhltgﬂ)alrﬂrﬂdsﬂrmmj ustrakis(2,4-dimethyl)aluminate,
t = {naa}p#t ﬁ)gfp :tn8t 0;1%)/4(1% 24: gﬁ@fszg% Zi’lmtﬁrh%y he%ﬂ}%ql%uga mmﬁWD I?ml'lélnbutyl)ammonium
t t
A B AL 1 M TR
t rivEmanbies HIY-alimethjlanilinium tetrakls(m—tolyl)alummate N,N-dimethylanilinium

tetrakis(2,4-dimethylphenyl)aluminate, N,N-dimethylanilinium tetrakis(3,5-dimethyl-

P
—

phenyl)aluminate, N,N-dimethylanilinium tetrakis (pentafluorophenyl)aluminate,
triphenylcarbenium tetrakis(p-tolyl)aluminate, triphenylcarbenium tetrakis(m-tolyl)-
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t et raki s( pent afl uor ophenyl ) al um nat e,
N, N-di net hyl ani l i ni um tetraki s(p-tolyl)- alum nate,

wORMsgsaeet hyl ani | i ni um tetraki s(mtolyl)al um NBCBEPS2004/037784
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N, N- di net hyl ani | i ni um
tetraki s(2, 4-di net hyl phenyl ) al um nate, _ ‘
NaNmdinates hyriphenylcarbenmumet tebrkliis(34-dmditipdpleplyphhlemyhate,  triphenyl-

| um nate, N, N:dj .h LN t Ki . .
R e IR LA
t %%ér@al‘fhﬁ;%bﬂeﬁ%rlﬁlﬁuﬁiﬂﬁ@, Nafr8pylivnk PNRAVKIS@L R Ahhinate,  tropylium
tetrakis(mtolyl)-alum nate, triphenyl carbeni um

t éatradrici(m(ielyd)atinmipetey | pheemslval um is(2,4-dphethylphenyDaluminate,

f ﬁ%ﬁﬁﬁﬁ?}?&%&%{éﬁ?bﬁ&g@@y | rég}?l?e}ﬁlu%?nea@f | )tr%lp?fmngattgﬂrakis(pentaﬂuoro-

( pashAfduamaRh el PRt luoRyhétyMaluminate, lithium tetrakis-
tetraki s(p-tolyl)alum nate, tropylium

t éptreaelominaie.y | )lihivm naterakis(ppyyhalwpinate,  lithium  tetrakis(m-

L PR TR BRI TR By bR, o et 5

t @irhadsiiphaenjhithinatep ithany tgtraluordanahi@ate] séditmntetrakis(pentafluoro-
tetrakl s(pentafl ugrophenyl )al um nate, 1ithium

t @bg@;@).a@ml(nﬁwe n)$P‘§18mu n{qtrgkl)é(ph!epyl.}ﬁlwnate, s.odium tetrakis(p-tolyl)-
;?‘&{@ﬁé@é Qo«?lﬁ{nﬁ %%@hkﬂm-@a&ﬁamn'iﬁé?é, Uik "Bk g $34hiMledhylphenyl)-
t @tunaikats( 2 sédidinmetehykip(3eigtin)athylphangl)eluniindthj usodium  tetrafluoro-
:giqaa%flg;a’%g?’Bgtlﬁﬁﬁgjllﬁpnﬁggﬁggﬁéﬁﬂgﬂﬂeg}%ﬁﬁmﬁﬁgI lil)rc?‘cassium tetrakis-

: o o i . o
t g][&geg@)él ,ﬂété,l d;%% %&g@{&mm&a@ Qi B hm teicrj&lfls(m tolyl)

I's( pheny ~sodiumtetrakis(p-toly
alabmiinate e potassilin rtettakis(Akidsihathy phyhyljdleminate eptassdinurirakis (3,5-

tetrakis(2, 4-di net hyl phenyl )- alum nate, sodjum
t SipakyBhE Bt BRSR IRt Bintiony Biwever, the ionizing
t edtiabdpsarl ¥ HbihRed Mt tH8present invention.

t et raki s( pent af |l uor ophenyl ) al um nat e, potassi um
tetraki s- (phenyl)alum nate, potassium

t et r aki -tolyl)al um nate, potassium

t%?gﬁfﬁ%’é&o ’8’?’%)- al uni nate, potassium :

t et r akitsfsdtudated ARichintPiRD Mt abdfill ROt pPIPHARSISHIBNA processes with
tetrakis (3,5- dinethyl phenyl)alum nate, potassium

t cetelist sompaitiannh ane Preesaesserl thipdnvefion wgludgnelefin compounds
c ' t, | i reto | .

" R e G082 Jo B N kA0 ok o REAS M having at feast one
t lpddfings doulslefbondi NThis anpaitipiesnica@pasits homopslyarivatidn processes

catal yst conpositions and processes of this jinvention . |
i Hengcre sB) P}?ﬁ@oﬁﬁbﬁd@g}ﬁm 0 HoRAFRE At Well 3 copplymerization

3 - at e t
o?eea%ﬂ51ti’soalét%u%rigasggr]lg@flﬁﬁﬂi BlefRE Hpdidd Tg@gagﬁsy, QBBolymers of

I'nic hi's i'nvention enconp
hethybamleycanpizset & anajpr emesstesf gfiybanea>SiOngloke peretnth and a minor

iuﬂfﬂc h?lusﬁrﬁf ,tcg | ﬁ%ﬁerOLSé) rn(ljcﬂg lp%l%%ht),aaxo\{l\g}ll lthigsis not a requirement. The

comonomers that can be copolymerized with ethylene should have from three to about
20 carbon atoms in their molecular chain.

- When a copolymer is desired, the monomer ethylene is typically
copolymerized with a comonomer typically, but not necessarily, 1-butene, 1-pentene,

1-hexene, 1-octene, 1-decene or styrene. The amount of comonomer introduced into
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reactions with at | east one different olefinic
conpound. Typically, copolyners of ethylene conprise a

woregososampunt of et hyl ene (>50 nol e percent) aPdI/aS2004/037784
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m nor anount of cononomer <50 nol e percent), though

this is not a requirenent. The conononers that can be
capeigorezdnzed proiitceethbydopolynehau lgeindnalize fiomo abdutrée@l taabout 10
about 20 carbon atons in their nol ec:ﬁl ar. chai.n.

St RS GRIEPRHET PR OROM ‘ShyYGE Df the’ Monofher and
?ﬁ&%rbé& CRRRL Xﬁfzél?}ﬁ%é""aﬁll&uﬁt 60 BBNBHBher! ¥Rlo8AdddYinto a reactor

not necessar but ene, 1-pentene, 1-hexene,
1 zogd Bnom labdet em torabstity b mghtTpmwhnumpn@tnem; @no moost typically

: g‘rto%tg%é%ggi | n}ag act { Eezrgcgn% 08mg r odu&@e@ t]gee&)gaéﬁ{elght of the
CIBMIRIEE ﬁn@@&ﬁ&l&ﬁ‘ert hﬁlt'gx%taﬁbel%%%ﬁoﬁft ch'Be TRAAHRis SMicient to

conmonorer. More typically, the anount of conononer
i ivedble smdreidesaibad coreEnt ationsrbey Weights brbe bepaly@emrodeced.

bout 5 ht t d tt
? r gum aﬁ&\&?ﬁ‘g cgiclfcg ggﬁgmfcﬁ%g oc)pggggﬁ i %%kﬁ‘e@ed ysubstltuted
b%ﬁﬁﬂ)sﬁﬂtédh %in(:ﬁ&ﬂhz\é@' %latnoﬂfﬁlﬁaﬁmﬁﬁ’i&rﬁéﬁxﬁr}ﬁay be employed in this

conononer . ternati ve an anpunt can used that Is
s trfivfentio® nFort exagiples tyieal albsalyawégompbemdsdbmmheamlmzed with

by weight in.th l duced. Acycl
oSS R of g R e BURERS o iomtia butene, 2
S%*aﬁehétyhr%&lymrbwafet isobhi§thne,f LPGithiy) QLpeﬁfgﬁe Rgbthyl-1-pentene, 4-

non-f uncti onali zed ol efi ns may be enployed in this
i nvesimtli lopentdhsy 1elst<a<r$p¢,e2 hegimeeai -hexenet dredidd - h@;q?p@u kdigptene, 2-

t hat, ca

i RoRlsPs, ginhqpﬁ %1 O%rfﬂeo(%g@ e&c'?er%eg,l Ihcr-cfn ?élﬁ d‘x\é?ﬁ'lgl ﬁgnehéyr ﬁle ﬁve normal

1-dosdnes) ean@mlﬂuf&n@f aidy @b Nyt mbredtHegioe, Cy?r@liwtnyd Ql@chc olefins,
1- pent ene, Elent ene, 3-nethyl-I-pentene, 4-

ngnqi\}dmgbbtgm ﬁgtedio,rpéfﬁ@ﬂqgntexga, ﬁ@g@g]p@(engmg;@mgene norbornadiene,

3- ; 3- hept ene,

ﬁga elmﬁhorgéggggtOﬁ%&&ﬁgﬁasggﬁggﬁ%gﬁgF nonenes, the .
f i ve nowhitd neeimesnding anbe bouidibeshiofthenny, invihe @vemtothet branched,
thereof. Cyclic.and bjcyclic ol efins, includi.n

n&ubstityied.edr fupctionadipesh aletipn gre Eﬁf’él @hgﬁ%tﬂ%ts it is %epgvted that steric
Bg{mﬂﬁr{@él g? nl%gflc-p%&/%g dsw ote Wﬂahgﬁ pro&Ys al "ﬁﬁlsib%ranched

ynmerize escri be e not "I ntendi ng
bembou rgcliy pbi'uosl(st.) hefothe, oliefin trinmoeed: ROmEWhAL fspmnthieechbon-carbon

Siﬁeéfgt ced i gobBf eigiied Goimderdne B i RS ALt the same

i Lgﬁﬁ'tlu@ﬁts $eped RO BlokMRAE 28 thOPrBHREAB6n dzmslé bond might.

Typically, at least one reactant for the catalyst compositions of this invention is

ethylene, so the polymerizations are either homopolymerizations or
copolymerizations with a different acyclic, cyclic, terminal, internal, linear, branched,
substituted, or unsubstituted olefin. In addition, the .catalyst compositions of this
invention may be used in polymerization of diolefin compounds, including but are not

limited to, 1,3-butadiene, isoprene, 1,4-pentadiene, and 1,5-hexadiene.

Preparation of the Catalyst Composition
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and/ or cyclic portion(s) of the olefin renoved
somewhat fromthe carbon-carbon doubl e bond woul d not

wheooswsect ed to hinder the reaction in the wayPChas2004re37784
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sanme ol efin substituents situated nore proximte to
the carbon-carbon double bond nmight. Typically, at
| east omeccedencerwith dus trventiat, dheysttalgsircpompositions wefe prepared by

this i tion.i t hyl - t he. pal tions are
AR T s e o e T o
di fbetiaRl ReMBbide S4Bl AC leakORE NMlemiddllyardAtld: sé)llﬁcf‘n Ride for an

branched, substituted, or unsubstituted ol efin.
addfectivnpertddeofatme pyior te vsmpthis cabalystabniposision mv thetpobymerization

may. _be used.in po rization of dipolefmco unds,

T EPHaF g BHre SREUNGY epifif toarrared By, BRHBHoRd any order of
| SRBfRALg the VridAHtasbEAts. aTHe doadl P¥&E5EHLpreparing the catalyst of
Preparation of the Catal yst Conpositionln accordance .
withis trhviestiom\igpicdlbh oceire datenl ipstt atorgspledre | ands undere substantially

r .proc CONPL Si cont acting vari ous
RS Bttty s BB e BB LOR U Rl orveen-tree
Meind| Jubgiemttalyl fede o wheast tienRaeiRMbapils Yo bfahiedbas@dtidn of the
oxide for_an effective period of time, prior to using

t Hfiatelysht dhipsontasiipg BTQcPFeicAn PR@Ir Yo R\MREElYAftWas including, but not
PHOLCRSH:, % . st Ld.b d n

RS, GERANE of BBints TRuEh, fkit B ERALEE b Mbn components
c anpdre fedsintd hiee eeuta@cdeppratetes SWhiérIl P asptiogall Becatalysts, various
catal yst. of this invention typically occurs in, an .

i (FOMPILAtARS ﬁﬁ dhgse L9909 cagy %Pawwsq? toReshen yiog g being further
c L _ . o :

oy e A TRyt o P eFtbiins oagy be contacted
wdbgatheaxdbefone being oitragincibigtanthe réastqer event deacti vati on

of the .catalyst. This.contacting procedure can. occur ’
in a vaPi %Wgﬂﬁﬁcwgstﬁ}snmvﬁﬂﬁl%,tgﬁ (RAHEE GOmROSELPn; 15, prepared by
blefetitt Ahe MnétalBeerdeUicbRBbun a3l He (REMFRAUNRTed solid oxide
conposi tion conponents can be fed into the reactor
sepmpanaityo e first nyxturs, iaod dhencommmally sostactirgy thisufirst mixture

cQomi nations of . these conpounds can be contacte

¢ SURk erocRARal oh SarnG PR REp-ERedS EFaEn o form a second
adlixhir®Rampfisihal e cataBRPenapssitiod" Iifle SRAIMAYALS & Metallocene
be contacted together before being introduced into the

r éaepepnd il theechgmieatly-titatadniodidi axdmednapenenharedspiaaliss contacted
LS e B BN 24 Ry ST PP RIS B! BAS  aboe

conpoun ! : _
cqupanefbret t?ﬁfcﬁfl bk lab§lt MmihiteGo 06k | HSDr IPL1ARFL Y re from

cont acti ng is Tirst mxture
about 15°C to about 50°C. The components of the second mixture are typically

contacted for about 1 minute to about 24 hours at a temperature from about 10°C to
about 100°C, more typically from about 1 minute to about 1 hour at a temperature
from about 15°C to about 50°C, prior to initiating the polymerization reaction.

In another aspect of this invention, the catalyst composition is prepared by
contacting the metallocene compound and a cocatalyst, for example an
organoaluminum compound, to form a first mixture, and then contacting this first
mixture with the chemically-treated solid oxide component to form a second mixture

comprising the catalyst composition. In the first mixture, the metallocene compound
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with a cocatal yst, for exanple an organoal um num
conpound, to forma second m xture conprising the

W@ 2108l0y011 conposition. In the first mxture, tPEI/US2004/037784
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't HBstcherieavith -apr aidiedcheplicalydxsaird edith

nmet al | ocene conpound and the chem cally-treated solid

oxi de conponent are typically contacted for about 1

MaRdtike tocabdlpiitard dypivally coatacdtforpernat luméndié el @4 hours at a
10 C to about 100 C m)ret¥ ically fromabout 1 )
miteroperatuge &mabout hdigr toazboy E @0Rse magra tri¢allynirems ghout1 b winute to

to,about 50 C. The component f~the s i xture

RO e § BB GPo RacE 9 heaPaCy Shikionsyts of the
hQUEchdnjautce SRS BICHIE chitae@BOU b Crdifut8RE Whot094 Gours at a
nore typically ffomabout 1 mnute to about 1 hour at

a ttrapgretuad from dhoail @b et abbBC106@° Calmoart tflcally fporh @bottol minute to
initiating the polynerization reaction. |In anot

her
agpewt 1 hpun #; atemperaiie Jipm aheitday &) 1) apowloi bs priphip indfiating the
pr, .acting the nmetal |l ocene conpound and a
cé’?%?q%sap%;n?%r%@ﬁanpl e an organoal um num conmpound, to
f or m a Ihi andthefiaxpadt ef tlhindnieneonCihet caeilyst Gotupiositibn ris tprepared by
m xture with the chemically-tyeated solid,oxi

i de . .
cERPBRERE the Mstalogense comaOwI tande the rﬁ?ﬁm&aﬂgﬁqﬁt@d solid - oxide
C C I £l t ' X th :

PR BERRe i lbn fto| 8 olnhSizafibi! #hdlor.| U thip, aspect, the
c ondtalddcede fard #izo wherticallyrticated ooxdtie Ldre 2ebnkrptads imttha absence of

L FOPEAb RO A RRAB A T hopieieg a0 Ao Hrell from about 1

t ehRGleAb Ybht ; ﬁ@ﬁlemta téﬁﬁ]&aﬁﬁe #8AUborP1dSC tdRBout 200°C, typically

conponents o secon xture are typically
cdrinmaabad 208C tabsount 80°Cri nute to about 24 hours at a
tenperature fromabqut 10 C to about 100 C, nore .
typi calP8e faspestawbuthiy wvariaR (1§ se@asting 1odyydecarpyl-substituted
t t 3 i

| PRRRH St AT ot A TS 3 i on Byl gtnpound such
aspedtiscHutyiiy or abmarsoi @ihutdshe femh al 515t mo@uROSid tdrtohfcting this
prepared by contacting the netall ocene conpound an

d

ofide su¢iepg ehlorided zinc-
[ 0 % at r [
a%@%?%h%% ZSF?Oglg e%‘lee{t{é{led the gﬁ%%nggog I{I}?it{rl%affeéu the catalyst
oxbofpoatts ¢ Mibracidedt isnoptioaalihakiowed o6 rangiatial gomtact dirond about 1
period from abou% 1 mnpute to ahqut 24 hours, . ..
t ypingta o, abqw ridaBeRie PHoKitAUIsE S Brisiserond GRS iBny palymerization
t?%)&g iture fromabout C to about 200 C, typically
from about 20 C to about 80 C.

When an optional cocatalyst is used, the weight ratio of the cocatalyst

compound to the chemically-treated solid oxide component in the catalyst
composition ranges from about 5:1 to about 1:1000, typically from about 3:1 to about
1:100, and more typically from 1:1 to 1:50. These weight ratios are based on the
combined weights of cocatalyst, the chemically-treated solid oxide, and the
metallocene used to prepare the catalyst composition, regardless of the order of
contacting the catalyst components.

The weight ratio of the chemically-treated solid oxide component to the
metallocene compound in the catalyst composition ranges from about 10,000:1 to

about 1:1, preferably, from about 1000:1 to about 10:1, and most preferably, from
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One aspect of this invention is contacting a
hydr ocar byl - substituted netal |l ocene such as with an

woe@ansa@ium num conpound such as Al (i sobutyl) BCT/U82004/037784
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about 30 minutes to forma first mxture, prior to
contacting this first mxture with an acidic,

. 256nl Al 0: /.- Thesatveuighd odtiod aoxbabed sn e asnithédweightd of any optional
zincalunmna to m.a second m xtyre. .Once .t he second
e ARbred A HeRrg B el iR g gty pene used to
| repaé ARAkhiyl &&szﬁsiitidﬁ, ESIR1Ess| B ARNrAGE of FQMERGYhe cat
1%)méiﬁ]{§te to aggtlut 4 hours Pprior to using ?hi S sec%nde catalyst
moempoeents a pol yneri zati on process. Wien an opti onal
cocatal yst is used, the weight ratio of the cocatal yst
conmpound to the chem cally-treated solid oxide

C IR Bfibhel Cuthh§ Cptlsiimh if PBBRRI RS, PARE&Ss T rom

about 5}:211 to about 1:1000, typically fromabout 3:1 to

about 1:100, and nore typically from1:1 to 1:50.

These wei ght ratios are based on the conbi ned wei ghts

of cocatalyst, the chemcally-treated solid oxide, and

t he netRljaeentions edngd heatdateof e @Ré@lonSdan be carried out in any
conposi tion, regardless of the order of contacting the

c dpangs tkneyipin e art. TREChWPIeMissses othpb cait polamerize monomers into
c ] Iy at [ ' c t ¢ ne ..
PR3 BT 0 5 b PilEq SRURARED popbiiBons, ses phase
r potyeserizatonsg olutioh OyddRBerizations bemdt mhiltlreaptofoetrdiayions thereof.

fr.gm about 1000:1 to about 10:1, g_tnd nost preferably, .
f roWNPsEMY RYYBEIZAORLZNE [ROYRt 10y MG G 7 Predcedolghin-containing

t BR1RERichE Be WRiligHd. S 2l ' 9{@1 i
e%%l oyed,c thg chlem' cgl gl-t égﬁé%} SO f%&’%)f(‘fc%%ﬁétgﬁ
nmetredebs cmniie usadionocapr ixp eareied et canthymsslycimnpdsép reantor or in a

regardl ess..of . the orgder. ontacting the catalyst . _
TR S5t Toorieg Srvietlly. BRRaTy LT AnBo AP e hepin are caried
PRy Hﬁﬁ% 23419 ﬁﬁyﬁf&&&?&_ POLABA aZBbh QR YR 1288k,  Rfitable diluents
catal ysts of this invention can be carried out in any

masere i Rhvownpolpmenzatigntare Stedihkmovor és $les att heaitl inelnde hydrocarbons

pol ri.ze. mopomers _into pol rs iclude,  but are_not . .
| IQVI#{%EE 31‘? glqélf UPP cr pl(‘)e:'agt Ig%cﬁg%}?s, 'Ja'gsy as(g}juenﬂ as usea in this
palis¢IotieZdick @6SnecSshiilyirBehnRMl iMEPe friafeal, 8 $his 876 is meant to include
mul ti-reactor conbinations thereof. Thus, any

pEPYPREYRGE NG nCHBPSItkMs WHIAE nineRecentibyto for quligaerization  process.
Olﬁ%fe@%ﬁ&@o@&bom that can be used as diluents include, but are not limited to,

cyclohexane, isobutane, n-butane, propane, n-pentane, isopentane, neopentane, and n-

gzef%téor a batch

hexane. Typically, isobutane is used as the diluent in a slurry polymerization.
Examples of this technology are found in U.S. Patent Nos. 4,424,341; 4,501,885;
4,613,484, 4,737,280; and 5,597,892; each of which is incorporated by reference

herein, in its entirety.

Polymerization reactors suitable for the present invention can comprise at least
one raw material feed system, at least one feed system for catalyst or catalyst
components, at least one reactor system, at least one polymer recovery system or any

suitable combination thereof. Suitable reactors for the present invention can further
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pol yners can be utilized. For exanple, a stirred
reactor can be utilized for a batch process, or the

WO e@sisoml can be carried out continuously in aP¢DUR2004/037784
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reactor or in a continuous stirred reactor. Typically,

the polymerizations disclosed herein are carried out
Usdoigprize ahylonie) op obiybidniiaabi, arafhecasmge Byderh 08 extrusion system, a
reach@gn zone. Suitable diluents used in slurry

pAopHRE Systemop dilpent feFYCLRE SWFieMp OF ReoREp! By neﬂuabl geactors can

N T e

di Galeodlyy ecodnﬁmousopronessessanl dqmprganﬂmncommmbus introduction of a
mat er i al his termis, nmeant i ncl.ude compounds

A RORARS 08 CRIRbHb 2P AHEP EUR ArobRer4a8 Op SpaFtes ansdbe Gpntinuous
PrRGeea: fbh R eSachir &Y 9" QERRAS:S stngga%og}??éfﬁ}%g‘uaés and the

di luents include, but are not limte ane
i sblwantane, n-butane, propane, n-pentane, i sopent ane,

neopent ane, .and nhexan i call obut.ane is used

e he A udRtone e b RS o, OO B 2o iepdler System can
t RdosnpriRe BNRhA Dhe 36 §19H‘9Qedc[bru S%ch PaHcrnd aﬁ@qérown in the art and can
4,424,341; 4,501, 885; 4,613,484; 4,737,280; and

5. cYPrige yertisak ir berizgmital Hopps. | Hedr bmpatc@@l compried ersrgie loop or a
herel nPflln it PoI msr|zat|on

sut 8P t B’rleeze ragl f o ROURH® cgﬂ%(r: ?ﬁga&tand horizontal

| gasss. OMBe @Wlmbﬂiatﬂ‘oaaﬁn%sp@mmu ihemsérg@iie soRRMt that can
syst em for catal yst or cat al yst conponent s, at | east

orfbsneEsgcthe reat st é‘ﬁfi pelymeia s Examales sifysvitebleesodiaats, include butane,
SYRKAHD, YyoRkadl! bABME HAMRUARLION MARGLER' sorglt! BBLGt and any

reactors pres i'nvention can er conpr

arcy)mmemen farec ooﬂnmwhslgnfedftp a logy atacsdr whaeagdyysiAidh occurs.
Xt rusi.on system coolln system a diluent
561‘?‘??@“9%%&?0“6 @t g"%%ﬁﬁ‘m@ u@ygﬁ%mesw@h Reagtar gfduent can be

cqﬁsﬁ% gvé:@,]gtsbp@%ﬁltake of f and direct recycling

of cat al yst uent, and polyner. Generally,
cont i nUnugetpamitiss espech i clhip nm\eeatloﬂne tleopblymedizstion reactor can

i ntroduction of a non a cat and a diluent
| OB o STt PIS R0 RIPEAEEBIOT a s RSB, G4t BBBLoY 2 continuous

r @‘9@“6&' s&éa%f"cbﬂﬂaﬁnﬁg? ¥nk Yr ﬂBr@nﬁﬂ%ﬁ’l%&s ESHint e ! c%bf&g through a

pol ymer particles and the diluent. In one aspect
t thldlmﬁb hed om the hessenskyafethe xatalysh unéacpqiymsymt@m mmdltlons The

t |
r égcyt T §fegF1eC%a§ %ﬁ-’ ooggl,“ﬂtt% ,fﬁl (5:15?{{: %%({rﬁ?(f geé:ycled back into the
vV eedctsrabinfiltaAedisER PbBimdr §aRRict SHACHE WRARREWE Fbnt HEYehRSr and new

2 o?‘ Iﬁ“rc]e | ?nolngr?qgr c(:)a{n t?e added to replace the polymerized monomer. Such gas phase
reactors can comprise a process for multi-step gas-phase polymerization of olefins, in
which olefins are polymerized in the gaseous phase in at least two independent gas-
phase polymerization zones while feeding a catalyst-containing polymer formed in a
first polymerization zone to a second polymerization zone.

In still another aspect of the invention, the polymerization reactor can
comprise a tubular reactor. Tubular reactors can make polymers by free radical

initiation, or by employing the catalysts typically used for coordination

polymerization. Tubular reactors can have several zones where fresh monomer,
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series of loops. Miultiple |loop reactors can conprise
both vertical and horizontal |oops. The slurry

w@oiogsoizat i on can be perforned in an organi CPEDUSHNL/037784
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that can disperse the catal yst and pol yner. Exanples

of suitable solvents include butane, hexane,

cyialtbey atrecatslgitanes addet. | dMdnvnadsrecan N enedined &l w8 Mhert gaseous

catal yst and any_conononer are continuyqusly fed to a

| os(gfgameaélgtlgqroq,%@@ &t o 7eRsr9fARe regptonc Mutafors, catalysts, and/or catalyst

Po

IR L0 0 A7 gl B HETMEATMESRAD, o sone of

t hiae seakciod Ths gis stﬂeamy; ate Amrerhived faspxﬂymenf;atiohl Heat and pressure can
vention, the polynerization reactor .can conprise at

MR dpRRTapALy feehinig Pt Rolypetigtionasctiomsprgitians.

cont|n ) I
rononor moliF ¥t 5f e ERBAANG dofhniEafbn, BBlofr can comprise o
[ rsohttmnppcdymmcmtmh tehetor atirygt sa]mtmka‘r pplyinenieatiratthe monomer is
condi t | cle strea e w.thdra from
¢ rontacliiar it etrels Tl GomeByine BV LIS FUBIENS of RGPS A cartier
Si (B FrRIROHSI¥ RN EBITudM: %9' Wedes§ %neﬁle%éﬂlgé l\ffgkfye& M desired,
t he reactor and néew or fresh nononer can be add
r ethé amomeca@dje)hmug}ztemtmmephasamm cgp;g:t ;yhthstbe catalytic reaction
reactors. can co i Se .a process mul.t i
aeoih o R rpmate, St pBReT oyt et LR R smariation zone is
arfaiinedet tea@séritirek AAd ?ﬁs‘éﬁﬁ%thﬂﬂ WS Erekult Rithk ﬁﬁ‘ﬁiaﬂbﬁ\’@f a solution
|ndependent gasphase polynerjzation zones whi
f efef ity P@lb@éﬁfalllysat -IedttoR madimol yheifatiosr e ben egoployed during

eygm%l%aﬁ Z%ﬁ)'t BEHLE {eg}p%ra?ﬁ?og&tpoql r| Z%{ahrﬁgm uniform

n Anot her  aspect o hé 1'hven

pqioyyfﬁmmabn mxm@ctmdsugmm d@nmymen@tﬂbn tmha.r A&RQhtermeans are
Tubul ar reactors can nmake mers by free radical

i itilizad ifemdisgipating f@ﬁpﬂxegheﬁal‘:t ﬁr@t ehpalyyrarizatigryi dAr pplymerization
us&‘lﬂ géjéffgé?&f % Qaﬁdt&p npi\j\klglx lrmrfr Elaﬁ 'cgﬁ]tmu-gﬂp %Qﬁlef ea@teolreﬁctor can
can have several zones ere fresh nononer, initia

orcongtraé yes bariear &f aid d:l@dt olvb rsepatitoc ahatbanplnw diigte gpréspuranand low
[ nertB]%aseous stre and i ntroduced at one zone of the

r UEISBIE 10 FRRATtE sy S“ PAVEEs, and/or catal yst ‘
CONMPONERY | $m&RAAHBR tel@lbsatlﬁs%f Ahid 1H@éﬁi%ﬂ2t?r§fc ﬁg’i‘%@é&g from about

i ntroduced at another zone of the react The
stG0éGn abromt i2808C, mivithda fmityrmizymm irgzztion rtemplaatura rmbre typically
pressure_ can be enpl oyed appro&rlately to obtain

opPerRiing Beiwes abou 1700k o abttild Ceondi ti ons. I n anot her
aspect "ﬁIe ﬂo@ﬁnéﬁ%ﬁGﬁ l.réygtloﬁ %1(9&?1&136% ﬁ‘?gﬁ Hert a?ﬁ%gﬁ{ere that is, in

can conpri
atmosphere substantial free of oxygen and under substantially anhydrous conditions,

thus, in the absence of water as the reaction begins. Therefore a dry, inert
atmosphere, for example, dry nitrogen or dry argon, is typically employed in the
polymerization reactor.

The polymerization reaction pressure can be aﬁy pressure that does not
adversely affect the polymerization reaction, and it typically conducted at a pressure
higher than the pretreatment pressures. Generally, polymerization pressures are from

about atmospheric pressure to about 1000 psig, more typically from about 50 psig to
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sol ution polynerization reactor. During solution
pol yneri zati on, the nononer is contacted with the

W@ 2108/0y911 conposition by suitable stirring or BCTE82004/037784
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means. A carrier conprising an inert organic dil uent

or excess nononer can be enployed. If desired, the
naboe0(Cpdig.b Futiharyidrogen tdnebesagedrin pltasa ymetigatmarracdss of this
with the catal ytigc reactli on product, in the presence
orinygHien ¢ certral pglymer %ﬁ‘lﬁ]aél"‘.’el e pol ynerization zone

IS mai ' t Ak b : r : i

asult T (R SSpETRE R ARG IR PRLbE ahactty System can
i compreacheé amonmbeditiom ofAgie atri mnrec sactves. e frbdydidndoff polymers in

pol ymeri zation to. optain better t.e rafure control L
b TR Bler AP SPIREREE P YOy S1EFeF 25K ATFohi e drsdate polymerization
t HEQUEROWEer LR RB VBB &ahIFON dERRE - mAMBIURRSEBRN® #aBsfer the
utilized for dissipating the exothermc heat of
paioyymeers zeruitong. fraehe bikst pohimertzaton ceantopentefthe s¢oodd ireactor. The
at c nner,.or in.a cantinuo manner. The reactor
SRRl porldiGSoR st T BRGS 5ah B HERER from the
ergleRiing RoAllitiBAE §5 tHeotRét hoh Q¥ DI AGHAR ely) pdBR&IRhSort BEmultiple
desired pol ymer. Polynerization tenperature for this
i rvashers eAn tygdndaatheymanal ensfeoed paipuer omcnareagionto subsequent
28 ith a. rizatij.on reagtio enperature nmore,. .
Cymear Iyt Solren A RRlRT , s53F AR ER HANY FapReoination
THECIp@InY "Bt 2Rt | DNite@ao] imiltiplePlcopl keacRes Uintiltiple agds reactors, a
i nert atnosphere, that is, in atnosphere substanti al i
f reBbEatigR P dappaAnd 8RR deactasBifseRpRipaiianyofauRpivE igactors or solution
nggdt&s%%h égéq&slo_ﬁﬁ)nreg 6rs ?tgt?lg sBfutibRLEL S &hl%ultiple autoclave

reacti on begi ns. ererore a Inert at m)’sphere,

f acactor@anpl e, dry nitrogen or dry argon, is typically

enpl oyed_in_ the_ pol ynerization reactor.

pol y The _ . ) )
pol ynert et hePAMBEE | B PRBISEY 8ok 40 Be fRFYeh g siaFigus articles,
t nﬁ‘élu_&*iﬁg%ug% lﬁx‘iii‘(e%rt%?ﬁéi}slélg(fl@ €bn Eﬂgrsgﬁde}{ﬁﬁ,r ilzsy H?ﬂgcs, drums, fuel

reactio It typica conducted at a pressur
hitgiiesr pipes ngephenrates eatdrbmirs.pNesous psoceSenenmlfdrm these articles.

oo R0 ol oobTh R gacrd ot BN 5 SRR B desied
5QfReisI ByPadRs!the8BPeidh desdribeh Mefoin, ¥ 6EI006MH Bi@dly BE produced at a

used in the polynerization process of this invention
t dowehces whdleymemtaimng cubsir omell gift the| wigqué propesties of polymers

25 B58 e Rly i e S Ly he POl yreri zation react or
The present invention is further illustrated by, the following examples, which
are not to be construed in any way as imposing limitations upon the scope thereof.
On the contrary, it is to be clearly understood that resort may be had to various other
aspects, embodiments, modifications, and equivalents thereof which, after reading the
description herein, may suggest themselves to one of ordinary skill in the art without

departing from the spirit of the present invention or the scope of the appended claims.

Definitions
In order to more clearly define the terms used herein, the following definitions

are prox}ided.
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conprise the conbination of two or nore reactors.
Production of polyners in multiple reactors can

w0 p@bsos®iseveral stages in at | east two separ aP€I/US2004/037784
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pol yneri zation reactors interconnected by a transfer

device making it possible to transfer the polyners

resul tiTig teronpslhmef fis atedohdryiteto zeén PNhé@asdlPhelsnéDethylene or
the second reactor. The desjred pol ymerization

c ovPbingss of ethylsre d1d anqiher elefipisOMANeMSE di f f er ent

from t hg, Op aIﬂePtlgatﬁ‘BQ drd P9 h&}éﬁ} ) F@f[ar i$ @.ﬁ%qg?e of ambient
Al ternatively, polynerization in nultiple reactors can

i nethosighetd thatrisuudbtattizdlysineeactife pobydehe pardionlangaction, process, or

reactqr, to subsequent reactors for continued . .
poPgiREsh Fmoup WGP FUASPRIE SERUP Py &éaniﬁt;- Thus, this term is

COFhicaR) Ly ﬂlé?@ih%ﬁ Ir ¥ 1Pt uRQhrlal %Et@ﬁjﬁilféf or%{y#lsﬁ-.ﬁ!%la Gnd moisture-
| 00p reactors, multiple gas reactors, a co nation o
| oioge Hnakagiag gredotlodmg bat pontimited ko dryodrgenstdrg mitwezen, dry helium,
react ors or so%ution reactors with ggs ar | oo

p )

r ACRBTEES TEetp PSS Gy B S PEa LB e, AnigtiRed P eor product of a
AULRHOR\R Pr6RSS R Bnsitd B patiRR Yo SnGERrd" REUESHhILY, the term
they can be formed into various articles, including
bunem@tmpsphiereeis alen ubmuberbinl to 1wt tai theruse aftdpsiit 85 a blanketing
filmpraoduct,s runs, fuel tanks i pes eonmenbr anes
anaémqu%]gfes WRSR, ﬁ’gugfeﬁ‘?fa%fés §QLp 8%%@0#‘%%&@ SaPt PEp@icts of the
Usrdadtion,or pesbietd € SnBHloibMet-§cnsitive ah@ nssigden-Serdshifve,

pol ymer_in order to provide desired effects. By using

t he” i nvEH feon radtaliqcenets used Bprein oy reifer| te gnetaltocend and migtallocene-
pr.qduced at | ower.cost, while maintaini.ng nost or
aiifeopompding; seliinigoaps i e tuf Borbadedy o Reaik eesuor nive n*

| Ay SlBm RABSBAL of WVERELPopehtadienyl 1i

pﬁ%ryt@r?lglrkg?iléiﬁﬁ}s:?ér at gd byot@r}gpf ol o{/gvlé ﬁgﬂixgml% ' e%‘?él&% ileé]ﬁl ligand, or
arits anelogs or Berivativss. r Tk, the nasigllovayesasf thispwesntign typically comprise

limtations,upqgn.the scqgpe thereof. the cantrary, )

i 1% i° BGIE%dIE‘Fﬁar‘P%}né’ﬁdgﬁ%‘ie d ¥h Pra%?B?"tn_errg?% ffagubstituted
t QleYiRhiid ShREOR 'PRSPR GliBotit@HMROSH 1B Boant® tcldde AHRIen, therefore
and equi val ents thereof which, after teading the

ddbe degsripian henkstitntedrdyrivaliyge sheredfd ris ghiscigvensionnipclofles partially

O T NN —

apentigtatiste@nded patibilp Baudatedomeényl] OsubBitated lpaAlly saturated
define the terns used herein, the follow ng
dérdenvh ispbsdituted partially saturated fluorenyl, and the like.

The terms catalyst composition, catalyst mixture, and the like are used herein
to refer to the mixture of catalyst components disclosed herein, regardless of the
actual product of the reaction of the components, the nature of the active catalytic site,
or the fate of any one component such as the hydrocarbyl-substituted metallocene or
the chemically—tfeated solid oxide. Therefore, the terms catalyst composition, catalyst
mixture, and the like include both heterogeneous compositions and homogenous
compositions.

The term hydrocarbyl is used to specify a hydrocarbon radical group that
includes, but is not limited to aryl, alkyl, cycloalkyl, alkenyl, cycloalkenyl,
cycloalkadienyl, alkynyl, aralkyl, aralkenyl, aralkynyl, and the like, and includes all
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are provided. The term polynmer is used herein to refer
to honopol yners of ethylene or copol yners of ethyl ene

waprasasmiher ol efmi ¢ conpbnonmer. The term i nertPCT/US2004/037784
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atnosphere is used herein to refer to any type of
anbi ent at nosphere that is substantially unreactive

t aBétiiutehe WRGbStRMES! bi@REEd, OMlinedd| OkR&DatoR] JMBLiiied! derivatives
around whi ch the atnosphere surrounds or bl ankets.

THbereok hpwng diom pue toyaRPeld0 @refereblynletoe)On seah asdf terd) cerbon atoms.
t ' - f .
iR asPectcndi 8 3phicBhlt RUAR A EoBOW erpup compriging from

t condrty aBEGAD (pdsfirablyt I agel),suck ¥s hed bYBarben afdime. Uhedother aspect,
t hereof , when any precursor, conponent, internediate, )
orthe tesaJivdresarbyl pssiged it reiesito gp glBkatic gowp g8 arqmyaticr group, a cyclic

: ) i.st. i t] I t : cvati
PI45Y Saancls TS g (VO LODALL Y,y ARSI v
ustkeredf, Hawingifionas t@ativluadk girefopbly s phisneh wheto 6)lvarbon atoms.

precursQrs, conponents, internedi ates, or products of |
t he re‘;@ﬁ Y?Hnd?re?ﬁn&?é%‘sméﬁi%reo’ﬁl‘i?e ey e dg Pty 5@" mixture of

a 0 i L : | Sy
ol BHpERInS TRt MPriadee o e PR B e M Pt e fir
c anpbwre dsingaredionfomy aoprstcontatied on secink aiixemy bf titglastabomponents

o] or two hb- cl oal kadi.enyl. | i gand, . d re )

¢ yBitcap cGRaREd P § RECHRA RELION s SR A L gAYt REpeoptacted mixture
| tes@iiRk Q48ixAire BEAYMBL YRS ubstiSd nidia10¥BLeA] AR E BRSmiehlly-treated
this invention typically conprise a cycl opentadienyl,

i rigbidyoixide; bafore this mishrd i igiradessdeanto theguhnerigation reactor. Any

substit.uted deriyvatives.thereof. Possible substituents .

o PRl i 7 TR S Strn T RlR FosmeP e S Ecimprise 2
desefpoRéntOSf aSpHesdritidiéd thigdRird, vatpovtesnthéied efifkhirsl, bthS or neither.
invention includes partially saturated |igands such as

t eklughyrreesnyisded)| deserghes sepponents dras #y¢ used to contact each other, but
0 ydr o yla . p ' t W at | nd I .
oS LAY e PRI B ET BEodg B i
s dA¢toadiegly) thikeinykntichuisy otesksaalpadistiaglivh Betiveemtedmponent used
fluorenyl, and the |jke. The terns catal yst

c RPN Hie, Prespmipqied nixtite, sl thah qompendnt plieiths e has been

h ' Ney : . l.

S Bed (PR Bpte of ARl X M gRBRE 1R pol AR 208 pRcontacted

t heganealbmmiommodonpreind o opeen &nis sqontdveednadithir the dfydrdvarbyl-substituted
or th

active catal ytic sit.e, fate .Qf any one

cnRiste o P eieHEA Rttt Sulbab Haye dgpoted to form at least

I3l LEfedf Sherhisl ¢HRPLERAI, | HribBAbRI 0P OLihi ¥l H#8m the distinct

Therefore, the terns catal yst conposition, catalyst
organoaluminum compound used to prepare the precontacted mixture. In this case,
the precontacted organoaluminum compound or component is described as
comprising an organoaluminum compound that was used to prepare the precontacted
mixture.

Similarly, the term postcontacted mixture is used herein to describe a second
mixture of catalyst components that are contacted for a second period of time, and one
constituent of which is the precontacted or first mixture of catalyst components that
were contacted for a first period of time. For example, the term postcontacted mixture

can be used herein to describe the mixture of hydrocarbyl-substituted metallocene,
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m xture, and the like include both heterogeneous
conposi tions and honbgenous conpositions. The term

whyasosatbyl is used to specify a hydrocar bon PadiUsmb4/037784
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group that includes, but is not limted to aryl,
al kyl, cycloal kyl, al kenyl, cycl oal kenyl,

cmbmadaugdteafeﬁl solﬁﬂ ksyiay) an@rc@lubmil o@aﬂdz}ﬁﬁmébm ound, formed from
aral kynyl, and the like, and includes aIIsubstltuted

urkSnisetng (e precontagicH emixtireneh @ poTEPR Qfathess components with any
f t
St SRR BIRE B e IOl BT | By, some

atcatabyst borapencagpiasy be adiedtie bothhyfisomaitingland @fsesshdtpixéure.

hydr ocar.byl group. conprising. fromone to about 20

(pr ef er g5 (i ghgmiallysirratpdafolifd egdeys uspdpwierehapgeably pith terms

argqah 8l E@%hd bife! Sfidt fawa@&a{u@w)rt | Gt éﬁigﬂ/ 1QivhitSipport, and
to an a atic group, an aromati ¢ group c'ie

grthbeiphke ‘a) mdnmerwcthenncaﬂy-iaéaltqnh atliccoxddel oﬁged;altlvelygnghj ps:;osrcy, which

or s bstitu deriyatiye thereof aving from1l to
s ankdneel Ceutaridie %ﬁwsteg&eﬂma%e hiviop, tsinghisugh treatment
at e sbhie Jx@d%e&&) réle%ﬁbﬁ-%ﬂﬂdi‘atwiﬁ #g%ﬁ‘gn?’? &]ng &P electron

describe a first mxture of catal ys
arveticbawiagt @dodf or an leckon patlidoaiviog emlcme spuicercotpothé In one

f t t b ed.to f. ast c nta.cte
Bt e i el S b R R SR Bion e o chiffically-reated
C GRéragiie @xide! AhySfe ofithefnh OshpPbrtt HHE: noTchirﬁ[ﬁkl kiat ti8 8omponent
precontacted m xture describes a m xture of

hyi#iriberhr By s shexld taat e W@E%Neéc@nén dnert tdeenponent of the catalyst
¢ I?:% 15%. ?gehftg %Btlsfpﬁtaﬁyl g a ed %8{1(? b%i dt{ah ?ssax}T%%/lva{mg component

ntr UCG I on I‘

Op;tfhlcmahn Covmetind thomit ,w1ﬂD rat elastpofie allydpo Gahydabstitited metallocene,
conpound, nmay conprise_a conponent of a precontacted

iCREPFIESS the e%iébéfoquwnrﬁf ihla myentigs 19, pregucg dolymests.
Thus, 'Elﬁﬁgﬂtaﬂ(j‘trﬁgho&e%‘é{hbp%%n& Qﬁg?%?{&?m fp ea[n“:(‘/alent to those

act” each of her conta
t hiesaibep dredit can betused se cl:l&n%nﬂl;ac@mmcmﬁmm be dlerﬁnxémfdh the typical

Accoy dj ngl this |nv ntion may occasionally

di%?tﬁ?%ug%‘%ceéé?me ﬁ'g‘ﬁﬁgh%esﬁ%l -t o prepare the

precontge gﬁghéﬁtf&hk’ rﬁdagﬁeﬁtp SherftfONRP 'I‘ﬁ%fétm afd ‘?ﬁc&;ttﬁk?rated herein by
. gto

m xture has been prepare For exanpl e, accor
t hefsrages forithe pwness of descross arsl ahscﬂcmng forr @mnqﬂacﬂnee«:bnstructs and

or Lum n conp und nce. it contacte

ABRRIE SR CPT (ReBU b b cRhbiofine; mgnch ight be used i

C kefthdeibh Yrith! 188 heste i) Hé’soﬁﬁédjﬁxveﬁtﬂmham% ﬁlﬁﬁi‘é&ﬁq‘lstd?scussed above

format | east one different chem cal nﬁoun
C

f ondthranghon thertext are prayideds sodaly forgheir §IS stre prior to the filing date

of the present application. Nothing'herein is to be construed as an admission that the

inventors are not entitled to antedate such disclosure by virtue of prior invention.

For any particular compound disclosed herein, any general structure presented
also encompasses all conformational isomers, regioisomers, and stereoisomers that
may arise from a particular set of substituents. The general structure also
encompasses all enantiomers, diastereomers, and other optical isomers whether in
enantiomeric or racemic forms, as well as mixtures of stereoisomers, as the context

requires.
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or ganoal um num conpound used to prepare the
precontacted m xture. In this case, the precontacted

wo@e@ansalun num conpound or conponent i s descrPOEUSHG4/037784
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conpri sing an organoal um num conpound t hat was used to
prepare the precontacted m xture. Simlarly, the term

post contiaGire’nfinvehiti¢h {sSfunhedilekfedby thIRIOMiRE e@amples, which
second m xture of catalyst conponents that are

c e aet wdbe mnsa’u@b@bﬁw Py asdmppsing disitagiers spen the scope thereof.

ol Pl LA SRR 4 s v

a abpdctd, eRBOdiattntf niddifvatibny, aBk agidlgentt hﬁarécﬁ”ﬁﬁhlch after reading the
post contacted mi xture can be used herein to descrl be

t Kesaipkion hered. maptsuseastihemsaliestty ope efordinary skill in the art without
AL PG A0 A S Sl 8P sprpged s

t he prexlopereitiagesnandtrdties gifver lrpﬂfetdxamphafs dnliebe specification are by
conmponents with any additignal nPonent s added to
nakaghfpntssgotheatissHatedt ed rﬁnxfh?r éllawipg neampdespginless otherwise

C r

m%gztééulgig& ggé(;g@@%;sg% 3 ddlﬁgega%tl&sﬂsdq’eﬁgﬁ%gg%&@n@w&e &liried out under an

c heert @ahbsphereesitchdass aftragen xindéri asrgmseoSdlmms otae qeadiaged from
such a treated,.s

ter.

PR S0 ARd Wor QPRI died pock rise Dt othspgise specified
th@aéehié@vér@obtﬁ?ie&%to%l BoriRRfiAdbhyed r eat ed, solid oxide

of relatively high porosity, which exhibits enhanced

Lewi s acidic or Brnsted acidic behavior, arising
t hrough treatnent of the Sﬁwge with an
el ectron-w t hdrawi ng conpo ically an electron
Wi g oMmesh@dani on or an el ectron w thdraw ng ani on
source conpound one aspect, the chem cally-treated

sol i d oki"Quaniachrping AwipeerbitNitregea RaveizaDistribuiéen Swirument,"”
no?&@% ﬁ“orﬁ)ﬂn? %Fé{a%hrgﬁl%og(ﬁp %_)llteg.ﬁlf)ltl egsyols%ez,uI?RPr %v s gl? &to determine

skaifheb Afas twldc poet KoRhedSofithd RAEhicalypeaedt ssid bRiles of this
catal yst conpasition. Rather, the chemcally-treated
S ARYeAtign d\églt itgdexn(Mbt 5/ VAR Wes dstsmmined #i %,qefordance with ASTM

t byl Styi.f pit
ot P Snfoitt of LA0°C BT 200 A AR Y SRS ok Bt index
t KHEMIng&ift i) was deterchincesl m(}icymdaﬁce with ARGV IAIMBS condition E at
met.ho Vi and .materials simlar or equival ent
t&bpﬁggghéggéiﬁﬁﬁ g?n can be used in the practice

or testing of the invention, the typical nethods,

devices and materials are herein descri bed.

EXAMPLE 2
General Sources and Properties of the Solid Oxide Materials Used to Prepare the
Chemically-Treated Solid Oxides _

Alumina was obtained as Ketjen grade B from Akzo Nobel, having a pore
volume of about 1.78 cc/g and a surface area of about 340 m%/g or Ketjen L 95-98%
alumina and 2-5% silica having a pore volume of 2.00 cc/g and surface area of 380
m?/g. Silica was obtained as Davison grade 952 from the Davison Division of W.R.

Grace and Company, having a pore volume of about 1.6 cc/g and a surface area of
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Al'l publications and patents nentioned herein are
i ncorporated herein by reference for the purpose of

waele®siosding and di scl osing, for exanple, the cPCBFUS2004/637784
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and met hodol ogi es that are described in the
publ i cati ons, which m ght be used in connection with

t ot ﬂmem?/igy SiRGCAIURAt WAVEHhed as VB 3PU fr6AtWIGrace having
di scussed above and throughout the text are provided

s ol3&b Py mesiight biming jasd B o vewpighbtiliesandikaving 4 peredratuane of about
of; 4 h n ' [ i,hing herein is to be

colh‘;é &g%gggug%&%%ﬁkgﬁﬁsﬁ% /E'he i nventors are not
entitled to antedate such disclosure by virtue of

prior invention. For any particul ar conmpound di scl osed
herein, any general structBX&MPEeBénted al so

e : . t A i 2I's, regi oi soners,

a%g e?lgg?’é%}r’%g@gg%g%wm%ﬁ%}?*egglﬁgg{%sa particul ar set

of subs{étjenegpide. B Thenigsiedds &twasahturfedtoSaist past incipient wetness
encqonpasses all, enantioners, .di astereomers, and ot her

I .
opYHt an afuwsve selvipR O aps iErPicranehigREs it 980 erofcwatpicand shaken to
f QLSEe BSfo¥R WetASsMPHWoBa Wos BESIRERH S0 Wa?uur?sovteﬁ Gt 120°C and
context requires. The present invention is turther
i Ipasgstirthtoagh ap §hmeflobdroed (lPOexpnmises A phitioh @i the BOlid was then
to pe canstrued in an ,As Inmposing limtations
SRR St e B ot GO°E e aRy bed In 5 &5 Fgh iameter tube
cl,eamnl vard ..
A0 ESCH O CURRLL URAR T ! A i
eduinved tentperdtive rvesf muhiadted @f606TC r@ddhegad fiftam was changed from

description herein, may suggest thenselves to one of

ordi Wafyy giagen nlheme 15, mLnpk perben detprehiaridg weisniniasted into the
SRkt $or O e ' ' S 0 he

AT e B G BB Horh e ARG bl " The carbon
t hatraeklonide empandag hariedepi t[ﬂcm%hitfbm lbladl en&)yeawidghfth the alumina in
unl ess ot herwi se stated. In the follow ng exanples,. )
R do ShitBRISEs e fe produce pghloyidedalygunandhe chlorided alumina
PreRIVR iRBSIofescri bed therein were carried out under

an inert atnosphere such as nitrogen and/or argon.

Sol vents were purchased from comerci al sources and

were typically dried prior 58 Unl ess ot herw se
specified, reagents were & #r om commerci al

S @SR GtioIbEdAESiLAAnMhRods A " Quant achr one

Aut osorb-6 Nitrogen Pore Size Distribution

| nst r uftliga-alumina, MS13-110 from W.R. Grace Company, 700 g, was

impregnated to just beyond incipient wetness with a solution containing 70 g of
ammonium bifluoride dissolved in 1250 mL of water. This mixture was then placed
in a vacuum oven and dried overnight at 120°C under half an atmosphere of vacuum.
The final step in producing activated-support was to calcine the material in dry
fluidizing air at 454 °C for 6 hours, after which the chemically-treated solid oxide was

stored under nitrogen until used.

EXAMPLE 5
Preparation of Sulfated Alumina
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acqui red fromthe Quantachronme Corporation, Syosset,
N. Y., was used to determ ne surface areas and pore

woodoane®1nf the chemically-treated solid oxi deRCDUS1004/637784
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invention. Melt index (M, g min) was determned in
accordance with ASTM 123 condition at 190C with a

2,160 dfetjenvieiadihinaH6$he) wad implegnatod ex jistbMonddindPient wetness
i n). was, determ ned jn accordance with ASTM 1238

cotidh # Sowten spntagens 147 %l OYH Aoy distolved gni 300axhwbivrater. This

' . the Solid Oxig
VAN o TR AT 0 BRTRE iy PRt 1P Gy ptram
Oxitilesphéteuol Mecunasambiheh teldined iKef ine M@ iafeeeBy f300°T for 3 hours,

Akzo Nobel , having a pore volunme of about 1.78 cc/g
el AR R G der AerrsotieaBeh SiicHYAGd SRPIKet fvemsaoened through an
9 9 ] - 5%-5] | ' a_pore .volu o

2 o e ted Blagns. Ble LbBits eP AR iR iR s30°C for 6
oliaisy efierawhich \ths ohengicaltietr&fed §dlanvtibe wiae tos@under nitrogen until
D vision of WR G ace and Conpany, having a pore

vd‘lsiffre‘of about 1.6 cc/g and a surface area of about

300 m/g. Silica-alumna was obtai ned as M513-1 0 from

WR Gace having 13% by wei ght al um na and 87% by

wei ght silica and havi ng aEaMPLBlbune of about 1.2

1 f 350 m /g, EXAMPLE 3
EEE A SO RPLE PRgrearat S eiied Missdlonpem na
Ket | en TheagdydBtshdédi iRdhe %ﬂmﬁﬁ% GxatiBfs SR feﬁh&fdﬁé?i and distilled

just past incipient wetness w an” aqueous sol ution
ofunderonigrogen pimg stdriderd nethods 90 Gtygedfovent euitabld dsyiakergent and

. uni. t . i dri i
= RS B 3 Kioedfen Rt eliEtn e ShRumenr
S GFee€ PurCRHRd Hosi OdtEherctal BOIrbésOhdafsed Bereivid afafl6R of bis- or
calcined in air for three hours at 600 C using 10

i fetrakkel metallpcene raemponpdst sias t pisforaed 1. diethyl Petuersmhg typical
bi f nit n. ter
{ DFRl dHPhe FOPIBSE, "B Lo fling el e Atk pompound was

6dBsélvediod stitied &s distiye amenamnden angeeodar zﬁfﬁ_ogblferé andlile mixture
Then, 15 nL of carbon tetrachloride were

Plﬁjg‘gzlgi? g& +7RtCo Uping iy i dathst Penprding oBeigstingmstallocene cither
URBH: @283k 0P 6 BE nld bR e&’Lﬁgalel:HQ SEMM? Gri gnard reagent was then

added at this temperature followed by slowly warming the reaction mixture to room
temperature and stirring overnight. The reaction mixture was evacuated to dryness
under reduced pressure and the residue extracted with an aromatic solvent such as
toluene, filtered, and the filtrate evacu;ted to dryness affording the desired alkyl
compound.

General preparative methods for forming hydrocarbyl-substituted
metallocenes by substitution reactions, such as alkylating or arylating a halide-
substituted or alkoxide-substituted metallocene, can be found in a various references,
including: Wailes, P. C.; Coutts, R. S. P.; Weigold, H. in Organometallic Chemistry
of Titanium, Zironium, and Hafhium, Academic;\ New York, 1974. ; Cardin, D. J.;
Lappert, M. F.; and Raston, C. L.; Chemistry of Organo-Zirconium and, -Hafnium
Compounds; Halstead Press; New York , 1986.
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tetrachl ori de vapor was carried up through the bed and
reacted with the alumna in order to chloride the

waeesas®it o produce a chlorided alum na. The cPCDURZEH037784
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alum na was white in color. EXAMPLE 4 Preparation
of Fluorided Silica-Alumna Silica-alum na, M13-110
fromWR Gace Conpany, 700 g, was inpregnated to
just beyond incipient wetness with a solution
containing 70 g of ammoni uBXKBMPLBri de di ssol ved in

then placed in a
vgge%ﬁ%ﬁzlg%eg%n Déﬁo%%l%&tgnmf? 120 C under half an

at nos phteealiofl coapatnds, ttudingthossd£Pigire pmﬁm@aleg were typically
acti vated-support was to calcjne the naterial in

f [Pg-apBiacted Hiith afdeasbancchegpicalynigrated sodid; idey lafdr@q@éoon solvent

I d
LS8 O S bR R TR Iy s wer
Al condlueddein) € ond-gailoun(3785 18&3 sgunlemsstéetrpraeginatlihés feactor employed

j ust .beyond.incipi ent wet s,wth a sqlution
c SRt memeed e with a ey bladed prawglicramdwasisshts epegtte at 700 rpm

V\@Ble fhe dithfiodTox cﬁyl‘ﬁ@ﬁzattlhﬁri'uﬂl apffedréa&of‘ %@%ﬁ%&‘é@é& n a steel
and dried overnight”at O C under half an atnosphere o

vamhqtrwahdsuplbﬂerhrma lezdimgotoianheat pxdhiahgerfumitrthatewast, 18 0On,Connected
r 3 .hours, then  at 450 ours afte whi ch
%C%%I{‘}gv‘ﬁ%téﬁmﬁfpﬁ B I ggz}rgeﬁggenmﬁr%@wog °B0 mesh

_SCI‘ een gb izatlBiE pfotRAGE! isVaS fEIRTRs. actie) alifstion of the

in air at 50 or 6 hours after which the

clsbpiging sepuERasatoctile geactel Wi teoughsars pmr@d aharerport while venting

PSR b SRR 0B R 0 i, i

useeld,i wad higiedted |quidkig felangd 89 Adliteore bf imepredént@aeca@mrry of the
distilled under ni trogen usi ng standard net hods or
logeng apd dbe rhemirallpdigated etplidi exide. The

DR P48 2 IR I 0 g v
usdeds Tieceoments i theareattonweaé etisredoand heated to the desired run
temperature, and ethylene was then introduced along with the desired amount of
hexene, if used. A mass flow unit allowed the pressure to quickly climb to within 50
psi of the desired run pressure and allowed the smooth transition of ethylene flow
until the specified pressure and temperature levels were achieved. These temperature
and pressure levels were maintained for the duration of the run. At the completion of
the run time the ethylene flow was stopped and the reactor pressure slowly vented off.
When the pressure and temperature were safely low, the reactor was opened and the
granular polymer powder collected. Activity was specified as either grams of
polymer produced per gram of treated solid-oxide or transition metal charged per
hour. Representative Experimental data employing the invention to prepare

polyethylene and ethylene-1-hexene copolymers are provided in Table 1.

EXAMPLE 8

Sample Polymerization Runs

50



tris-al kyl netall ocene conmpounds was perforned in

di ethyl ether using typical procedures that are well
whp@ms20The starting netall ocene hal i de conpouPdI/va=04/037784

di ssolved or slurried in diethyl ether under a

nitrogen atnosphere and the m xture cooled to 78 C
usi ng Babli | r¢coedsihie mesufte pbsrypralpelmstiagtiqnigns and provides data to

I ith ' > h
L8 TG o AP SIS Ry B S BR ocee

agigsbualls tHoven reFRaral i €ombinktvwedithya shamicyllpaeatedigolid oxide

the reaction mxture to roomtenperature and stirring

oAre RetiYgHRVen Th herabaeice o cogaialystesish$s evgragaluanyrg compounds. In

dryn er. redu - esihdue . - .

Y PAE LR g SRR PR AR b g i o e

fhdun@bgdheorndt ishpséibletthatthe enganarddccbnippudd Yings®ns as a scavenger

affordln% the desired_al kyl onpﬁund. General . )

plogiSEIOHE | raeesneh Wales 2pg ,oxygﬁnné?@ the catalyst composition. Comparative
r byl : [ al. | .qcene it

AL ARG 2 Bl il BRI STRACS, B ahghdind it for the

hdithldesndidiocent Hdhownah Kiguiede- substi t ut ed netal | ocene,

can be found in a various references, including:

Wailes, P. C; Coutts, R S. P.; Wigold, H in

Organonetal lic Chem stry of Titanium Zironium and

Haf ni um Academ c; New York, 1974. ; Cardin, D J.;

Lappert, M F.; and Raston, C. L.; Chemistry of

Organo- Zi r coni um and, - Haf ni um Conpounds; Hal st ead

Press; New York , 1986. EXAMPLE 7 General Description

of the Polynerization Runs The al kyl conpounds,

including those of Figure 1 and Table 1, were

typically pre-contacted with at | east one

chem cally-treated solid oxide in hydrocarbon sol vent

prior to injection into the polynerization reactor. AU

pol yneri zation runs were conducted in a one-gallon

(3.785 liter) stainless steel reactor. This reactor

enpl oyed an air-operated stirrer wwth a three bl aded

propel l er and was set to operate at 700 rpmfor the

duration of a polynerization run. The reactor was al so

encased in a steel jacket with supply lines leading to

a heat exchanger unit that was, in turn, connected to

cooling water and a steamline, allow ng for

tenperature contr ol
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A typi cal

pol yneri zation procedure is as follows. The

initiation of the charging sequence to the reactor was
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“Type of transition metal compound used (see Figure 1).
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di chl oronet al | oceneH shown in Figure 1. Tablel.

Pol yneri zation Data for

wa@r@smaseyl ene- 1- Hexene Copol yners.
8so[SOQ PE[M OL MI™
2

None 550

Form ng Et hyl ene Honopol yners
Run M [ M
M (xI0) dO No. Act. Act. 1 A
80 60 0 S 225 44 19.4 196 0 0 0.9469 2 A
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Table 1. Polymerization Data for Forming Ethylene Homopolymers ang
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" Scavenger type and amount used (if any) in
mlliliters. ethylene pressure in psi. Polynerization

w0 e@spsom t enperature in degrees Cel sius. Lengedir/u$2004/037784

10

15

20

25

30

pol yerm zation reaction in m nutes. Anmount of hexene

added to reactor in grans. |"Typeof treated
sol i d-oxide used (S = sulfated alumna, F = fluorided
silica-alumna, d = chlorided zinc-alumna, A =

Ketjen L untreated al um na) - M&k@ht in mlligrans of

solid oxide used. 'Anmount of polynmer isolated in

grans. Metal activity in (gPE/ gZr/hr)/1000.

"Qolid-.oxide Activity in gPE/ gSO hr. Melt index

(37?3 IRY, "High load nmelt index (g/10 nmin.). Density

of polynmer (g/cc). DEZ = diethyl zi nc, heptane

sol ution. Hydrogen added to reactor. CLAIMS W C aim

1.1. A cd\ attylyst coomppeitioni comprsingrdtdeasyomd meedidteren®mpound and at

tall ) t. | east. one
T S S 01 oBedB b ier oi n: a) ¢ he
met al | gf BRENSGANRLHO dohsurd s R fo¥ivig hana! a:

wherein"ML is titanium zi.rconi um haf'ni um vanadi um

ni obi um tantalum chr ofXOGEH@EERuM or tungst eg;

X1) is.a & -1 .Ligand, . wher ei he G oup-I| |igan

Lo CoReTBAain dhpas Firb R, Ratii, YR Dip, midhtn, tantalum,
s htdnitih} Bd1yhdehaneHttagsemyl , a substituted indenyl,

or a substituted fluorenyl; wherein each substituent

on t he (Xudst pGuieet] Egaidopent adi enyl , substi t ut ed

i ndenyl

i ndepent e n%illl %ﬁ}da‘ﬂ&) :'Jltpﬁ%tn?lcl ygiagﬁ‘\d,"l’%%%ﬁ?"&ﬁaf‘? 2dgpyy  flugrenyl, 2
cyabsticuted oyiopetadivhip], aatibwiuted irlehyahat 4 SubdftdBldrényl;
groups %vhae?ein each substituent on the substituted cyclopentadienyl, substituted
indenyl, or substituted fluorenyl (X') is independently an aliphatic group, an
aromatic group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen gr(;up, a sulfur group, a nitrogen group, a phosphorus group, an arsenic group,
a carbon group, a silicon group, a germanium group, a tin group, a lead group, a boron
group, an aluminum group, an inorganic group, an organometallic group, or a
substituted derivative thereof, having from 1 to about 20 carbon atoms; a halide; or
hydrogen;
(X%) is an aliphatic group, an aromatic group, a cyclic group, a combination
-of aliphatic and cyclic groups," or a substituted derivative thereof, having from 1 to
about 20 carbon atoms;
(X*) is independently a Group-II ligand,
wherein the Group-II ligand is an aliphatic group, an aromatic group, a cyclic
group, a combination of aliphatic and cyclic groups, an oxygen group, a sulfur group,
a nitrogen group, a phosphorus group, an arsenic group, a carbon group, a silicon
group, a germanium group, a tin group,ia lead group, a boron group, an aluminum
group, an inorganic group, an organometallic group, or a substituted derivative

thereof, having from 1 to about 20 carbon atoms; or a halide;
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oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a

W@ R0I05O8201Qr oup, a ger mani um group, a tin gr oupPCHUS®a4037784

10

15

20

25

30

group, a boron group, an al um num group, an inorganic
group, an organonetal lic group, or a substituted
deri vat(K@)slsuﬂltEpenﬁemlyawGrgufb—i{ oz Growp- Htkgand 20 car bon

o oup. "B eefc o8l Y3585y B bECE o, v

CQH@leH?ﬂiitd?@h@ﬁn@élh BRlubGeANdn $XE) dndl (Wﬂ@%ﬁe t%f : gr hree attoms the

subst i ed derivailve ther eof, ‘having from
zmncawmo or ang rwp, (Xdyed afoms déﬂ@rtdﬂigtﬂgygraulﬁammdépendenﬂy C, Si,

G800 sy % SRl SO o, B o v

C%ﬁ@étﬂ%&@ﬂuﬁub@tﬁtﬁféﬁaﬁﬂ& and cyclic gr oups an oxygen
group, a sul flur group, a nitrogen group, a phosphorus

group, veierein sy subsfitoen, onathe énnldgmgwounp is mdspérdently an alkenyl

parale oF aERIAOUE i i Risg Pt e rindRb AR faroup. o

Orcl a]i@g@hﬁ 4 EEmBinetidh oPiliphatit BSd EydicEodR! by 8kisen goup, a sulfur
t hereo aving from1l to about 20 carbon atons; or

h TP & MIPLETs Srqiide GePhRSAIITYS raTpo aparsemc arogooapamon group, a

| 'sﬂﬁ:%g grﬁgﬁ?:]%gglfng%%, v\gl% éxg)tnhgﬁ gptal IEQ (¥ RS rcog‘n group, an

bralhdg]lnngl groupp aheirmd Xtguparag ()%21)om6tamﬁegrohpp or & substituted
tV({ee at ons; or one, or three atons
ofd®

one
flﬁ%t“ﬁr‘ihar&P’%a dﬂgmsu%marhtq ﬁ%ﬁéﬁo@mqwa’fm@ a halide; g hydrogen;,
S’bé\ gthe bridging group is saturated or unsaturated;
the bridging group is substituted or
unsubsthi) the eltbmiealty-wbeed solidaoyids cbhmprisasensolhotifie treated with an

brid in .group is jndependently an al kenyl group, an
45? - &@HBQHSHHQWkadlenyI group, an aliphatic

group, vﬁ{éréﬁ OfiRt QD RUR i@ CYGldC MAMA, Rica-alumina, aluminum

conbi nation of aliphatic and cycllc groups an oxygen

gmbagphate, defefopolygungstatesatitinta; eyeomigmagnesia, s phoraxsde, mixed

grou rseni arbon group, a silicon
Sﬂ§:%§ X@ﬁgﬁﬁﬁﬁﬁfzgﬁtln group, a lead group, a

bor on ghdeRctréil wihdfiwiHE BIRAUR, ToHAO! dAYide, BréHide, PRosphate,

organonetal |l ic group, or a substitut ed derivative

t Haflelesbisuifale, syllate.omany combivetien thoresdr bon at ons: a
hal i de; or hydrogen; |, /

2. The catalyst composition of Claim 1, wherein the chemically-treated solid
oxide further comprises as a metal or metal ion zinc, nickel, vanadium, silver,

copper, galltum, tin, tungsten, molybdenum, or any combination thereof.

3. The catalyst composition of Claim 1, wherein the chemically-treated solid
oxide further comprises as a metal or metal ion zinc-impregnated chlorided alumina,
zinc-impregnated fluorided alumina, zinc-impregnated chlorided silica-alumina, zinc-
impregnated fluorided silica-alumina, zinc-impregnafed sulfated alumina, or any

combination thereof.
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and b) the chemcally-treated solid oxide conprises a
solid oxide treated with an el ectron-w t hdraw ng

w@pioss2omherein the solid oxide is silica, al uPETES2004/037784
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silica-alum na, alum num phosphate,

het er opol ytungstates, titania, zirconia, nagnesia,

bot.i a, Thencatalystdeomposikan ok iClem iheherin tioy cﬁﬂﬂﬁbaﬂﬁ}e&eated solid

t hereof; and_the el ect On.-WIt awi_.ng anion i

f 1¥dts e flupndest algwinay o Gﬁﬂ% Hapre! etiralwma@esulfated alumina,

b' Haal %111c§lé!11ftrf’rtn§ cl‘ﬂE) sﬁeﬁghﬂﬁé %oﬁ?@d%?fwa—%umﬂhe sulfated
talyst conposition of d aim 1 ereln

cfmlmmaihﬂnmat fhetidel] sdidadzimrnide chioritled rsﬂmampmcoﬁles basmided silica-

metal or tal .ion.zinc, nickel, .vana um,_. silver,

c isaRia, aﬁﬁrq CarZICONIAy AR, BYSHER or any

conbi nation thereof. 3. The catal yst conposition of

Claim1, wherein the chemcally-treated solid oxide

f ur.t herleoanualysIe@)ImmsﬁionmfaClaim Inefugheri cmnprising as a cocatalyst an

[ [ nat ed chl.orided.alumna, zinc-i

zi nc-i npr
| GER R RO RS b8 FIHPEE o b REBPHGT GEAPOUG o organcboron
S'dohﬁ:@uﬁd WRlidAzing idHeé Fahpanal £af bedrialesd any combination thereof,
silica-alum na, zinc- mpregnated sul fat'ed al um na, or

any conbi nat| on thereof.4. The catal yst conposition of

re|nthe hem tr ted sol.i.d oxide i
F1Gort B eI rea BN h el i ReF oy %' 4 Godebiyst an

aldtgma],unﬁxwlﬁ at@fpcnd/M Wiereih| He lcdgﬂmaldmlﬁanaldémpaand has the
chlorided silica-alum na, brom ded silica-al un na,

sutlaveg fermilaa- al uni na, fluorided silica-zirconia,

chlorided silica- Z|rcon|a 5(2 d.silicazirconi a,

sul fated silica-zirconia, n{/ dfrbi nati on t her eof .

5 wﬁaanqm‘)allsymydmmqshamguﬁom 1Qoaiboutl20 dasbdrheoms; (X°) is an

i.sing as a cat yst an orga [ um num co ound
r%xa &% Powrglpgide Vlagga%ilt% %g‘asa g0 atoRsy %ﬁ%%bmde and
corp}god%brrgﬁohpmozg n I{IQ{)#C conmpound, a clay material,

or any conbi nation 't hereo 6. The catal yst
conposition of Caim1, further corrpri sing as a

cocat al yst anoal.um 0 , erein

o1 banoal WA CORPORHER IFAL TG O SiSin 8 Y SHR0 of the organo

A a(laﬂn}nuﬁ%c&mpound to the chemically-treated solid oxide is from about 10:1 to about
1:1,000.

8. The catalyst composition of Claim 6, wherein the organoaluminum compound is
trimethylaluminum, triethylaluminum, tripropylaluminum, diethylaluminum ethoxide,
tributylaluminum,  disobutylaluminum  hydride, triisobutylaluminum, or

diethylaluminum chloride.
9. The catalyst composition of Claim 1, further comprising as a cocatalyst an

organozinc compound, having the following formula:
Zn(X)(X°);
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wherein (X5) is a hydrocarbyl having from1 to about
20 carbon atons; (X6) is an al koxi de or aryl oxi de

whawsnospoirom 1 t o about 20 carbon at ons, hal i dBCT/U82004/037784
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hydride; and n is a nunber from1 to 3, inclusive. 7.

The catal yst conposition of Caim6, wherein the _

Weitahdin I(EE) B Dhydrbearbylganingafroui htsrabanuabdmatbims; (X°) is  a

chemcally-treated solid aoxide.is. from about 10:é to

abydrocarbyl, gooalkexider e 26 2 EPYILe hawingoEom; ke shoubiZl;Geripn atoms,
@ . or ganoal um num conpound i s

r@%&%%ﬁ§ﬁg§ﬂﬁ$nunl triethylal um num

tripropyl al um num di et hyl al um num et hoxi de,

tributylal um num disobutylalunjn hydri de,

t ri0; so%‘ﬁ?y‘f%lﬂhcﬂlﬂ}ﬁ?snﬁﬂn ngfwmal fﬁﬁq“?%‘?ﬂr%ﬂﬂsﬁgi 39e? cepatalyst  an

ThREs 585 ¥ShpGRARREih @ @EarfdzfRotnpoiut i &fimethylzine, diethylzinc,

coﬁ%r|5|ng a2 a cocat al yst "an organéalnc conpound,

hatiprogylzihe fdibuitglzineg fimeopentylzidy ( Xdifiixethylsdylmiethy)x8y, or any

s a, hydro arbyl having from1 to about 20 carbon

aCOmEIapsn fegeel. 5 hydr ocar byl, an al koxi de or an

aryl oxi de having from1l to about 20 carbon atons,

hal i de, or hydride; 10. The catal yst conposition of

Cl1di m IThefoatalyiveconapmsition of fdpimsl, duthee sempysing 2sp cocatalyst  at least

or ganpzi.nc conpound,, wherein the organozi nc conpound

i SUGP IHQWQ?EEQPQ$¥hﬂ§W¥FW§; di propyl zi nc,

di but ylaziyREe aRibie0Ras haiag e, formula:

di (trinmethylsilylnmethyl)zinc, or any conbination

thereof. 11. The catal ygt 'EEE sition of daiml,

further conprising as alc@ta st at l|'east one

al um noxane conpound, conprisingl a cyclic al um noxane

having the formula: ft' ; erein, wR&BIinR is a linear

or branched al kyl having from1 to 10 carbon atons, )

aredcn R is aalinganos feanchebplcsl hayingfom 1de 18 darheaagtoms, and n is an

aliﬁt@genr oanQ% tQ%l\)/clmquE he formula:

a linear aluminoxane having the formula:

R
R{Al——oa—m
' n \R
R

each R is a linear or branched alkyl having from 1 to 10 carbon atoms, and n is an

; wherein

integer from 1 to about 50;

a cage aluminoxane having the formula R's,+oR? .0AlimOsm, Wherein m is 3
or 4 and o is = nai3) - Ho@) + Now); Wherein naj3) is the number of three coordinate
aluminum atoms, np() is the number of two coordinate oxygen atoms, row) is the
number of 4 coordinate oxygen atoms, R' represents a terminal alkyl group, and R®
represents a bridging alkyl group; wherein R is a linear or branched alkyl having from
1 to 10 carbon atoms; or

any combination thereof.
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Rn ; wherein each Ris a linear or branched al kyl
having from1l to 10 carbon atons, and n is an integer

w0 e@s02000 about 50; a cage al um noxane havi ngP@T1ES2004/037784
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fornmula whereinis 3 or 4 and is = A (3)- "O 2)+
wherein the nunberof three coordi nate al um num at ons,

i $2.t heTRENG@IyRS coigsitRar of nelain OKY,gene@ironke mhéler ratio of the
nunber of 4 coordi nate oxygen atons, represents a

t elumiman inthe pluginnxgne e pustaiioceae i thecakylysy gp]ﬁl@osition is from
ﬁ'g%é%ﬁgp,%bi‘w%ﬂ?aﬁ is a linear or branched al kyl

o] carbon atons; or any conbination
thereof. 12. The catal yst conposition of Caim1l1,
wherein the nolar ratjio of the_alumnumin the .
al i ndkasatalyst earapasiton afdclame 1 nWhtrsiocihe glwppoxane compound is

g%‘g@%@hﬂ{bxﬁe from r-?ﬂg)?&'l indx@nébout Q%nﬂg?ﬂlémir%%an&he iso-

conposition aim 11, wher
aptopybxainex awypcutylaluminetahy, ebhupiahmiamene, sec-butylaluminoxane,
et hyl al um noxane, n-propyl all um noxane, .
i SRS X ane, “R?ﬁéﬁ? YRUAQEADNS o x and Pentylaluminoxane, 3-
t _ K 1 X _ 1 . . .
| BEH AP B0 Den SR ok u, R Mminoxane, or a combination
2tlperufy| al um noxane, 3- pentyl al um noxane,
i so- pentyl al um noxane, neopentyl al um noxane, or a
conmbi nation thereof. 14. The catal yst conposition of

Chal M ThefddtdRelcomPbRios P TClAsn 3, GRGRE 8diiprisidNas a cocatalyst an
or ganoboron conpound, that is . i

t pigsptmomf loempowienythatboison, t r ri(Eentatluorophenylboron,  tris[3,5-
bis(trifl uor t.hyl.}.phenyl . i nation
L T NS S

wherein the nolar ratio of the organoboron conpound to

the netal |l ocene conpound in the conposition is f{om i

aBdut dhe: gatelystapermposiigony of 1Glain &4, yhgrejyithe molar ratio of the

g%@?@?éﬂgﬁ ncggﬁpo%@itmtﬂe hthiiddehe COMBbIR AP S cémposition is from
about 0.1:1 to about 10:1.

16. The catalyst composition of Claim 1, further comprising as a cocatalyst an
jonizing ionic compound, that is tri(n-butyl)ammonium tetrakis(p-tolyl)borate, tri(n-
butyl)ammonium tetrakis(r?—tolyl)borate, tri(nj—butyl)ammonium tetrakis(2,4-
dimethyl)borate, tri(n-butyl)ammonium tetrakis(3,5-dimethylphenyl)borate, tri(n-
butyl)ammonium tetrakis[3,5—bis(triﬂuoromefhyl)phenyl]borate, tri(n-
butyl)ammonium tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium
tetrakis(p-tolyl)borate, ~ N,N-dimethylanilinium tetrakis(m-tolyl)borate, N,N—
dimethylanilinium  tetrakis(2,4-dimethylphenyl)borate, ~ N,N-dimethylanilinium
tetrakis(3,5-dimethylphenyl)borate, N,N-dimethylanilinium tetrakis[3,5-bis(trifluoro-
methyl)phenyl]borate, N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate,
triphenylcarbenium t’etrakis(p-tolyl)borate, triphenylcarbenium  tetrakis(m-
tolyl)borate, triphenylcarbenium tetrakis(2,4-dimethylphenyl)borate,
triphenylcarbenium tetrakis(3,5-dimethylphenyl)borate, triphenylcarbenium
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ionizing ionic conmpound, that is tri(n-butyl)anmoni um
tetraki s(p-tolyl)borate, tri(nbutyl) amoni um

W edosakios( mtol yl )borate, tri(n-butyl)amoni unPCT/US2004/037784
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tetrakis(2,4- 1 dinmethyl)borate, tri(n-butyl)amormum
tetraki s(3, 5-di net hyl phenyl )borate, tri(nbutyl)
anatelisp3Y5-bis(trifluoromethyl)phenyljborate, triphenylcarbenium

tetrakls[35bls(trlfluororrethI)phenyl]bora )
t Estyakis(asptafiug Fﬁﬁbﬁp}d}horate tropy jum’  {etrakis(p-tolyl)borate, tropylium

t .
SAEABLREPAAH BB ) MBS, imetpmiponte, oyt

Ntétkaﬁs(mswmmylphanjdybotﬁbr aki s(tmﬁyhhlyﬂ ) bor atteakisfi3,5-bis(trifluoro-

' h I Kis(2
mdnlp@?]g; )pi\p%?ll téqlqgtlp:'lm f’gﬁi))rfl?unlls( tetrakls enta%fuﬁ*gglyey l}/})ggrra?et © lithium

t?ﬁ%ﬂg&ﬁafﬁx&mq@h?#&% NIRRT RErfids(phenyl)borate, lithium tetrakis(p-
t edlyBborafe3, 5- blith{unt i f | ustrdas(hiolyl)whaay| | bditkate, tetrakis(2,4-

N, N d I ey
t GOV BP AR Bor o BHHY! ) bEFEESTFmgocaP bRy lithiom
t %tfa@ﬁbﬁfb%rét@l éddmﬂ rté&ﬁqs({)éﬂtﬁh@wﬂ&ﬁm hdMsodium tetrakis(phenyl)

tetrakis(nmolyl) borate henyl car beni um
t dbradi $©Q1um d iatmakis(n- mm@tmr@@@mt W’q:ﬂkeaﬁl}ﬂl-tebd}bemt@msodlum

o BN LRIRRL S TEBh S crrpinaesimenyihgRgborse

nybdiRay ateafidordtrany |potiskiam lié&akls(pentaﬂuorophenyl)borate potassium
tetraki s(pentafl uorophenyl)borate, tropyli

t detrakid(Bliigpybborpie) b petasEumy r@gg,klp(pﬁplyl)borate potassmm tetrakis(m-

t . .
SO A R SR ey potasiom tcrkiss 5
t @imhatklyphany@ydrareoydssinanetrhosraberate] trigpiputydyammonium tetrakis(p-
tetraki s[3,5-bis(trifl uoromethyl) phenyl ] bo

t tRly)rInDTRAIB r akifiéE-paid ammpéle%henws%ﬁ(@ﬁ@ yaﬁﬂfltrwma% tri(n-
B S

balimatihylphetiyi)alumineter aki s ( m tol yl ) bor at e, |it hrifoabutyl)ammonium

tetrakis(2,4- dimethyl phenyl) e, Jithiu .

t detFalis( gf(r@afbwa?w@msl%bﬁ@wﬁ bovaf gigtpylppllifim  tetrakis(p-toly)-
t %idrﬁ&hﬂéowgﬁlﬁgtﬁ ylafffitetrakis(m-tolyl)aluminate, N,N-dimethylanilinium
tet | s{ pént af [ uor ophenyl ) bor at e, “sodi um

t detrakieE(3, @phmn’ghy)plbnyl&ﬂmmr@tﬁd iNjNr-dimethylanilinium tetrakis(3, 5-dimethyl-

tg’ﬁ"r ai{-‘ﬁ@@%y yRJgOC{J @ylaggg}ﬁﬁrm tetrakis (pentafluorophenyl)aluminate,

t efipladnly Rhrbefiiusth BN (PRENYANROEAS, Siriphesiledtbenium tetrakis(m-tolyl)-
tetrakl s(3, 5-di net hyl phenyl ) borate, sodi um

t eduymaiohigor my;eay]@arbpmpgg stetnakis(2,4- dlmethylphenyl)alumlnate triphenyl-
: g%‘{b?é# % %r&) f}gﬁﬂf#}%eggléﬁ{l&ma%m aﬁ‘l‘?}h&@lcarbemum tetrakis-

Or a
t%érﬁéﬁﬂlﬁ{r@pﬂeﬁ&bﬂlmﬂﬁﬁa@é e, tpyiagsi umtl’faﬁis(;ﬁfﬂlﬁidﬁlﬁinﬁ’[e) tropylium
bor ate, potassiumtetrakis(2,4-dinmet hylghenyga1
pé@ta%%s(mﬁdsélaﬂlamngf@s 5- trgp By | p bR ylphenyl)alummate

g{ %gﬁl S( p%&%ﬂ ?(;3|5u &B%Wlﬂ{eﬁyl)él{ﬂng&'t? Uttydp%’ﬁ{ﬁrﬁo nt'eﬁlgﬁls(pentaﬂuoro-

phenyl)aluminate, lithium tetrakis(pentafluorophenyl)aluminate, lithium ~tetrakis-

(phenyl)aluminate,  lithium  tetrakis(p-tolyl)aluminate,  lithium  tetrakis(m-
tolyl)aluminate, lithium tetrakis(2,4-dimethylphenyl)aluminate, lithium tetrakis(3,5-

dimethylphenyl)aluminate, lithium tetrafluoroaluminate, sodium tetrakis(pentafluoro-
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alumnate, tri(n-butyl)amonium
tetrakis(mtolyl)alum nate, tri(nbutyl) amoni um

W@ edosakios( 2, 4- di net hyl ) al um nate, tri(n-butyl)eCmOsi004037784
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tetrakis(3,5- dinmethyl phenyl)al um nat e,
tri(n-butyl)ammoni um
t ghea)adfmmateaf Isudivapheetsakjsgihenylpdtminate, sodium  tetrakis(p-tolyl)-

N, N-dj net hyl.anilinju tet i S t ol alu na
N, ABIALE §O14F rqt#ﬁ@lrtgky )gﬁwﬁéﬁ?w %ﬂdi‘}'; e iRy Gainiethylpheny)-

N, t h¥ ﬂ-‘!tll:%msﬁ 5- d1methy1 enyl)alumlnate sodium tetrafluoro-
tetra met hyl phényl) nae

N, a[lmﬂmatet hpbtamnhmm tamkls(pcrakﬂls(rep@nw)mnmw@ herogdspium  tetrakis-

?Bﬁﬂ%&ﬁ%@%gﬁ&%g&%ﬁ Pl nqu%%ﬁltglg{%t% j)roﬁaéﬁllugh{etrakls(m-tolyl)
t eﬂ&ﬁ%ﬁh@é Boﬁa%mh)tédra&f@,(aatcﬁmemywa mﬁg@@ DidBissium tetrakis (35-

tetrakis(mtolyl)- al um nate, "tri phenyl car béni um
t ehmalhlyhmzmd)adimmwtwl potessiuny atqtmﬂngqoe uminate, or any combination

r yl car beni um
téb&ﬁﬁs(& 5- di net hyl phenyl ) al uni nat e,
t ri phenyl carbeni um t et raki s-
(pent af | uorophenyl )al um nate, tropylium
t elt7r aki'Biepratadysy pgrastfrﬁqmaifeClam} b girgomprising as a cocatalyst a clay

t &t e{tg ki Sl%g? i ol lcnlzcel?ﬁii}% én'y afu%{la?*ny dij&ldei, a saln het1c layered oxide, a

t %g@lﬂ@d&ﬂ@y ﬁradimﬂmhﬁigmydﬁ@é maierial @ plllafre@kélalyumzeohte a natural
t et raki s(pent afl uorophenyl) alum pate, |ithium

tepm-&kcpf@pg@bleaﬁwaﬁdo ang?rﬂ )%%ﬁhﬁa don-pxghapgpeple layered mineral,
hi
¢ SRt SN IR thertd, T o1 aki s ol y1)

al um nat e, I|th| um

tetrakls(2 di net hy] pheny| )al unj nate, |it
&b aki TesalyStRomAoRPp ﬁgﬁlﬁw &1 WhyRg e metp {ollogef pompound has the

t%ﬁ ng?{nqﬂgm nate, sodium

tetra ent af | uor ophenyl )aI um nat e, sodi um

t et raki s(phenyl )aI umi nat@{)( )ﬂXb(ﬁd)MJ‘akl s(r-tolyl)-
al um nat e, %gi etraki.s mtoh%ﬁ?l al um nat SOdI um
t et r aki‘Ggesein YR, ‘H‘é’t"é"ag%

tetrakig(p 8- di r@%}&ldﬂ%ﬁﬁﬁieﬂﬂ' U Naléhyl,S@difltrenyl, a substituted
tetrafl uoroal um nat'e, potassi um

t etyclokeetadienilad substi myiqn)yé,lqnmsnb:tléute@ Buarenylim

:gi :ZE:‘E_%‘&E“G )éﬁg{?ﬁpﬂ}% Bgt 54 §; #’H cyclopentadienyl, substituted

t ahdédyl,SeiMmstisekivltdd fRlokeryD a(lxé) iPoidpendently an aliphatic group, an
tetraki s(2, 4-di net hyl phenyl )al um nate, potassium
t EPHRIG ZAPE 2 @HOHET HOMph §9TpHIatinn 94tadiphptin a8d icyglic groups, an

rreEat SRR A Rl RhicRRén PR, {5 RERED. an Kenic group,

c an@iba froumS silicncrdw, wierrmartlua)gromd, @ tinadrout, dead groap, a boron
clay mineral, a natural |ayered oxide, a synthetic
| B @Re alb A ANUE RIS | A IOF SAIGEEYUPx a@oﬁfgépﬂmﬁ@llgcn group, or a

Oxd itk RetithtivethPlebt, AaSthoChdi 1 B ARat bb %arb%n%&ﬂig,aa{ halide; or
hydrogen; and
(X3, (X%), and (X*) are independently a hydrocarbyl group or a substituted
hydrocarbyl group, having from 1 to about 20 carbon atoms
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i on- exchangeabl e | ayered mneral, a synthetic
i on- exchangeabl e | ayered m neral, conposites thereof,

wo@roososdoinat i ons thereof. . The catal yst conpoBRCT/US2904/037784

10

15

20

Claim, wherein the netall ocene conpound has the
following formula: wherein ML is titanium zirconium
hafoni urTheaatalyanatipositiof XA laims 1 awvhereih dipemtatibeepy tomound has the
i ndeny|l, a fluorenyl, a substituted cycl opentadi enyl,
a fellpgmefomaya; ndenyl or a substituted fluorenyl;
vvher ein each substlt kUt ed
i iy g

cycl opent adi enyl , P’ substi t ut ed

f 1 uor enyheréiXlthei sycildlm&t@lﬁi@!é ngly o&b\lopd:ntaﬁaﬁylp igteayilp, flwdenyl, or

aromati c graoup, clic group, a conbination of

aHWbﬁﬁF@éaaﬁ@gﬂyﬁﬁpg groups, an oxygen group, a sul fur

group, ]ﬂg&lﬁﬁqgggrgfoup a phosphorus group, an

arseni ¢ group, & carbon group, a silicon group, a

ger maniRAMisgindeyendentlyi n sybstitpted 2orl madsusiomped aldloregeloalkyl, aryl,
n .alym nu i norgani ¢ group, an

or"@%lgblrrg%‘ﬁw emglr&?g’ bfo %arg‘?} ‘I"gut ed derivative

t her eof 1 ahgut .

hal i de: X 19 q—ﬁdl@gg{%’%ﬂg‘ . r% CC(15(2 I; Y )%(g)sﬁl?é'tf‘?lg&z Q)tr% su@sntuted alkyl,

i myekme}kxyh naryly apalkyld eboardey br gr}dmrpd@ haungtfwnl It ta ebbut 20 carbon

hydr ocarg group, having from1l to about 20 carbon

atBMEEEAThe "cat al yst conpositionof Caim, wherein

the net@islaﬁ%eger%mw@glmﬁsﬁéﬂe following formula: (h
- cycl oal kadi enyl )M R X3-n ; wherein the

cycl oal kadi enyl is cyclopentadlenyl i ndenyl ,

A2 He Bt AR AR LRGPl ok oounais
B

NQRnfpeisd ofithd Remalakyl , cycl oaI kyl, aryl, aral kyl,
having from1l to about 20 carbon atons; X is

i ndependently F, d; Br; I; stituted or
non-substituted al kyl, cycl %r ar al kyl ,
al koxi de, or aryl oxi de havi to about 20
carbon atons; and Rlwyg ZE—RA R3

R2” é

wherein Eis C, Si, Ge, or Sn; R1is Hora hydrocarbyl group having from 1 to
about 20 carbon atoms; R2 is an alkenyl group having from about 3 to about 12
carbon étoms; and R3 is H or a hydrocarbyl group having from 1 to about 12 carbon

atoms; and R4 is H or a hydrocarbyl group having from 1 to about 20 carbon atoms.

21.  The catalyst composition of Claim 1, wherein the metallocene compound is :
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nis an integer from1l to 3 inclusive. 20. The

catal yst conpositionof Caim, wherein the netall ocene
wa@orssosaedi s a compound of the fornula: R3' wheP€l/nSH04/637784

C, Si, G, or Sn; R is Hor a hydrocarbyl group

having from 1 to about 20 carbon atons; R2 is an

al kenyl group having fromabout 3 to about 12 carbon

atons; and R3 is Hor a rpcar byl group having from

hydr ocar
atons. 2 . cat al ys} 50siti onof Claim, wherein

t he met al FeBgngHeonpQ A ~Ph PhH X

A-CH Si  CORd) na iw eof @The cat@
conposi 1 Ay Gai ml, whe 3¢ the metallocene T
conpouny Btk enyl ) haf r}izzum'ldigmat v \CHS’
bi s(cycl O adi enyl ) coni um di;b8mizSy| ; "CHPh . :
, 2-et hanedi yl bi s( - -indenyl) dinethyl hafhium

, 2- et hanedi yl bi s(
@ /CHZSiMe3
7 l_-CI—IZSiMe3

3, 3- pent anedi yl bi G

met hyl phenyl sj | ARE#SL " s

-4, 5, .\.3(!-3' dgélgﬂ\&gom\éi\{ugt h
I: AL UK

]

5,6, 7-tetrahydr¢ Cp pgenyl um di met hyl ;
bi s(I -7z-butyl - 3g8t ent adi enyl ) zirc
di net hyl ; bi s("-but¥l cycl opent adi enyl ) zi rconi um

di met hy| ;. di silylbis(1 -indenyl)zirconi
oi ot r rapRyPEERARBAGRE et y1'(phemyi ) <i Tyl bi S(

-i ndenyl ) haf ni um di net hyl ; di net hyl silyl bi s(h
-4,5,6, 7-tetrahydro-| -indenyl izi rconi um di et hyl ; y
5 di2det hylihsicpiplysi dopmpositiemod Claim hauhsyein shemaeipliocandomppund is

 2- et haRe A NS RL BRI HMBRRAY bikddarioni um di met hyl;
bis(cyclopentadienyl)zirconium dibenzyl,
1,2-ethanediylbis(n’-1-indenyl) dimethylhafnium;
1,2-cthanediylbis(n’-1-indenyl)dimethylzirconium;

10 3,3-pentanediy1bis(n5 -4,5,6,7-tetrahydro-l-indenyl)hafnium dimethyl;
methylphenylsilylbis(n5-4,5,6,’7-tetrahydro-l-indenyl)zirconium dimethyl;
bis(1-r-butyl-3-methyl-cyclopentadienyl)zirconium dimethyl;
bis(n-butylcyclopentadienyl)zirconium dimethyl;
dimethylsilylbis(1-indenyl)zirconium bis(trimethylsilylmethyl);

15 octyl(phenyl)silylbis(1-indenyl)hafnium dimethyl;
dimethylsilylbis(r’-4,5,6,7-tetrahydro-l-indenyl)zirconium dimethyl;
dimethylsilylbis(2-methyl-l-indenyl)zirconium dibenzyl,
1,2-ethanediylbis(9-fluorenyl)zirconium dimethyl;
(indenyDtrisbenzyl titanium(IV);

20 (isopropylamidodimethylsilyl)cyclopentadienyltitanium dibenzyl;
bis(pentamethylcyclopentadienyl)zirconium dimethyl;
bis(indenyl) zirconium dimethyl;
methyl(octyl)silylbis(9-fluorenyl)zirconium dimethyl;
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(i ndenyl ) trisbenzyl titaniun(lV);
(i sopropyl am dodi net hyl sil yl')cycl opent adi enyl titani um

waleisnapht bi s(pent anet hyl cycl opent adi enyl ) zi r BORUS2004/037784

10

15

20

25

30

di met hyl ; bi s(indenyl) zirconium di nethyl;
met hyl (octyl)silyl bis(9-fluorenyl)zirconi um di net hyl ;
bi s(2, 'b-isﬂﬂﬁtch#éﬁlbut}&ﬂlidrmwl)aatylhl)—l gt-tigt)zirconium(IV) dimethyl;
, 2-diyl) zi rconlb thyl; or any conbination
t her eofoT 2DBCOTR| ’é‘é?%ﬂ ’EeogEnposi tion consisting
essentially of at |east one netall ocene conmpound and
at |l east one chemcally-treated solid oxide, wherein:
aP3t he Aretatdlyst cmngposition cuonsisthegs e$Shmia‘HgI bt rigastt ovmeu Inzetallocene

XXXXX V, tit
ﬁgpwpam)g%ﬁ’g%ﬁw '}% '%W'W%%daspnh {d?w Ty
ol ybdey metau&éﬂgé&rﬁﬁ@ur@ﬂa)s tlhesfoﬂoﬁr%uj}%rrhuia' gand,

wherein"the Goup-1 lig ? a, cy c opent adi enyl, an
i ndenyl, a fluorenyl, a @iJ)lﬁX )(Xl)()édM:ycl opent adi enyl

a substl t ut.e 1nde a_ Subs uted fl yoren

wher ei ViSEER t%glﬁ]t ZBRo - g‘ﬁ%’é g > Wobium, tantalurn,
C VB RRERT ﬁgjxﬂméhums&Q%ggw{ ed i ndenyl, or substituted ‘
quorenyI i's |ndependently an allphatlc group, an

ar omat i(&’ )glﬁomﬁrow-ldyggmdc group, a conbination of
Slr Ioﬁg,atv{é Gﬁ?l{lqhé: %ﬁou rIo é&%% W égxgtgﬁegyl gl?lnd%ﬂ?lu' fﬁ{{orenyl a

rogen rus group,

alsedlitiied tPelBpentadiciy Qﬁsubﬁtﬁulﬂéd nﬁleﬁyl bE® Qu‘tgnmml ﬂl&brenyl

ger mani um group, a _tin group group, a

gr oup, vEFranusAchy Pﬁbg?lwﬁﬁt | nﬂien &@Hﬁﬁt‘id gweiepent%enyl substituted
t her eg];%} %!ﬂlsltlﬁlt ﬁﬁ'&e r(Xa) out érﬁ) ? ﬂleil Yatd é‘x%up, an aromatic

avin rom bon toms

hardwde a ogelid gﬂ)up,gzemmlﬁﬂ(ﬁ)on of aélphaﬂm @lhbctychc Graupp,, anaexXygen group,
aromati c group,.a cyclic grou a conbi nati on of

ald PHEE | FOWNF BYftIgER S0 FsPheSPharus #5Qm, 14 @genic group, a carbon
d%rr?lr.g@ta' sl ohrﬁf)ﬁpf %Xllllﬁ% £085 oLtif grcjl%:ﬁ?lb!ltl%ag%é%, B%¥bron group,

(X4) is enden y a G ou
whar dumirtuine g@upu;anllhoﬂgmgargiom}s anoghighetallic grogypyr asubstituted
ard%rnlr%ﬁv% tgerelojp havmg ¥rom fto about 20 carbon atoms; a halide; or hydrogen;
(X3) is an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, or a substituted derivative thereof, having from 1 to about
20 carbon atomé;
(X*) is independently a Group-II ligand,
wherein the Group-II ligand is an aliphatic group, an aromatic group, a cyclic
group, a combination of aliphatic and cyclic groups, an oxygen group, a sulfur group,
a nitrogen group, a phosphorus group, an arsenic group, a carbon group, a silicon
group, a germanium group, a tin group, a lead group, a boron group, an aluminum
group, an inorganic group, an organometallic group, or a substituted derivative
thereof, having from 1 to about 20 carbon atoms; or a halide;
(X?) is independently a Group-I or a Group-II ligand;
wherein (X') and (X?) are optionally connected by a bridging group, wherein
the length of the bridging group between (X') and (X?) is one, two, or three atoms; the
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group, a conbination of aliphatic and cyclic groups,
an oxygen group, a sulfur group, a nitrogen group, a

wW@b@sokmwius group, an arseni c group, a carbon BEDUR2004037784

10

15

20

25

silicon group, a germaniumgroup, a tin group, a |ead

group, a boron group, an al um num group, an inorganic

gt tyoaor otieg awo) @t thidei atorgs ofithe bordgingsgrbsp iateuindependently C, Si,
derivative thereof, having from1 to ahout 20 carhon .
Ao Sgi g lereie iR S SRIATRERTY 250 Ghs g group is
a @sBted br dis@pliflutcthgei n (X1) and (X2) are

opt | onaj3 y connected by a bri dgi ng group, wherein the

| engt h wieretith @np rsubigiitwent gmothp bivisigigegronXiy imteder(déplly i en alkenyl
one, two, or .three atﬁal ;. _theone, t hat Y o ONe; t wo or
LB, 3t et aelkagiony’ Gt alEha R pE AR Ty eroup a
SkyclfeBerolS, A¥bmBiR&id d)fde_giéoﬁﬂicgéri&%fcl@ gBtlpy! & 66)geh group, a sulfur
unsat urated; and the bridging group i's substituted or
uigsps i nitrogely geong, wiphospheremgroypban iarsgrist Srowp.t hearbon group, a

bridgin roup i s i.ndependently an al kenyl qrou n

a5y et i et R o Byt i S04 oY e obordl group, an
g aRnuANgRRPRh | Biofa@i¢P groapC ¥E | drgatimdilic agroup, or a substituted
conbi nation of aliphatic and cyclic groups, an oxygen
gdenyative therepfihayingufsomal 9 ehavgeh cgrasmpatomsph balidss oy drydrogen;
group, an arsenic group, a carbon group, a silicon

group, a germaniumgroup, a tin group, a lead group, a
boron @) @epchedticalyranedsgidosyide asmprises gasulid auidelpeated with an
organonetal | ic group, or a substituted derivative

t lsEckeR-WikhdiaWiBS ARISR 1 to about 20 carbon atons; a

hal | dewiteily 095y A0de . L Bfichnamlfiah) Xilh®Alifla, atuminum
solid oxlde conprises a solid oxide treated with an
elphoiphate; hettropobminpgtatssj tapiankiecwmiia) mippesia) batiapxind oxids, mixed
silica, alymna, siljica-alumna, alum num phosphate,
h@F§P6§H¥?%uﬂdngPE%ﬁmegéﬁ a, zirconia, magnesia,

bori a, #d REcR¥h-IRihdFwiRE AXRS HRGIROTchiRdeMb¥dHideS phosphate,
t hereof; and the el ectron-w thdrawi ng anion 1s

f ltmDate deisul tid, ouiifate, oreny combinapbthsteate, trifl ate,

bi sul fate, sulfate, or any conbination thereof. 24.

The catal yst conpositionof Caim 23, wherein the

mehal | 0gRReELITRRAGkiSn 8f CRIFP23!Rehefdin tRendiAllodtetompound is a

compound of the formula:

J

R4
\
Rl—g Z1-R4 R3

H

~ wherein Eis C, Si, Ge, or Sn; R1 is H or a hydrocarbyl group having from 1 to about
20 carbon atoms; R2 is an alkenyl group having from about 3 to about 12 carbon
atoms; and R3 is H or a hydrocarbyl group having from 1 to about 12 carbon atoms;
and R4 is H or a hydrocarbyl group having from 1 to about 20 carbon atoms.
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R3' wherein Eis C, Si, Ge, or Sn; R is Hor a
hydr ocar byl group having from 1l to about 20 carbon

war@i®s20R2 i s an al kenyl group havi ng from aboR€T/BS1004/037784

10

15

20

about 12 carbon atons; and R3 is H or a hydrocar byl
group having from1l to about carbon atons; and R4 is H
or a hydrocarbyl group having from1l to about 20

t ons, 25. The. cat st ,GONpPOSi f a aim23
S ol RSt SoTRIGIERE CRGITD AT Brein Mg etpoce By Frtgmd i :
CH PhH C CH Ph CH SiMe /-CH.Si Me or any conbi nati on
thereof. 26. The catal yst_g&gnpositionof Caim 23,
i Kanp

wherein th tal | ocene poundi s :

bi s(cycl g enyl ) m di met hyl ;

bi s(cycl 6 |ényl) |qnm dlbenzyl

, 2- et hane Iy ‘ X nmet hyl hi un
, 2- et hanedi yk Q‘B i "thyl i un
3, 3- pent [ H2’§(h

-4,5,6, ahydrol-i leny} ) haf ni um gfqeichy) ; /\"”C“a
met hyl ph i1yl bis( ~ : PnHzc/d J;?izlazs:%:’, . + o
h-4,5, 6, 7-tetrahydfo-1 -i ndenyl ) zi r coni um di rrethyl
bis(l - n but yl - 3- nethyl - cycl opent adi enyl ) zi r coni

2

di met hyl; bis(n-b IchcI opent adi enyl ) zi r coni
di met hyl ; di net 2l |yl bi s( ndenyl ) zi r coni CH,SiMe;

st |0y
bi s(trinethylsi|{lafibyl); Zyk«t"lﬁ?henyl si | zr

- ndenyl/)\b(arﬁ\g\ﬁsf e, Wy si STl @
-4,5,6,7-tetrahyd -inde@wéomumdlmth
di met hyl si | yI bi s( thyI -1 -TYrdenyl ) zi rconi um ;

di benzyl ; hanedl (9-f| uor enyl ) zi r coni um

di net hy‘Prané’lCﬁ’ Vig) Ctnr zyI titaniun(lV);

\/.CH,SiMe,

0...1.

26.  The catalyst composition of Claim 23, wherein the metallocene compound is :
bis(cyclopentadienyl)hafnium dimethyl;
bis(cyclopentadienyl)zirconium dibenzyl;
1,2-ethanediylbis(n’-1-indenyl) dimethylhafnium;
1,2-ethanediylbis(n’-1-indenyl)dimethylzirconium;
3,3-pentanediylbis(n5-4,5 ,0,7-tetrahydro-l-indenyl)hafnium dimethyl;
methylphenylsilylbis(n’-4,5,6,7-tetrahydro-l-indenyl)zirconium dimethyl;
bis(1-n-butyl-3-methyl-cyclopentadienyl)zirconium dimethyl;
bis(n-butylcyclopentadienyl)zirconium dimethyl;
dimethylsilylbis(1-indenyl)zirconium bis(trimethylsilylmethyl);
octyl(phenyl)silylbis(1-indenyl)hafnium dimethyl;
dimethylsilylbis(n>-4,5,6,7-tetrahydro-l-indenyl)zirconium dimethyl;
dimethylsilylbis(2-methyl-l-indenyl)zirconium dibenzyl;
1,2-ethanediylbis(9-fluorenyl)zirconium dimethyl;
(indenyl)trisbenzyl titanium(IV);
(isopropylamidodimethylsilyl)cyclopentadienyltitanium dibenzyl;
bis(pentamethylcyclopentadienyl)zirconium dimethyl;
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(i sopropyl am dodi met hyl si | yQcycl opent adi enyl titani um
di benzyl; bis entanethyl cycl opentadi eny”zirconi um

waleowsoseplt bi s(i ndenyl) zirconium di met hyl ; PCT/US2004/037784

10

15

20

25
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met hyl (octyl)silylbis(9-fluorenyl)zirconi um di net hyl ;
bis(2,7-di-terbutylfluorenyl)-ethan-
, 2- di ybistindewyl) gisgominm dimeshylyl ; or any conbi nation

t her eof tal.yst, co sition consisting

essent MsisPIERBP uEEREDGsasBn dar S

chenmi C@id(&,?%&éﬁ%ﬁtﬁﬂhér@nﬁﬁbtﬂﬁn—1\’2*3&5/9kﬁ‘éorﬁ‘ﬁmfﬁ§ dimethyl;
nmet al | ocene conpound has the fol fow ng for nula:

( XXXXX®RKany combipdoetherevf i s titani um zirconi um

haf nium or vanadium (X1) is a cycl opentadienyl, an

i ndenyl, a fluorenyl, a substituted cycl opentadi enyl,

a 23ubstA tailed conpesitbn coisising dasdtialiiibed rﬁét%‘l%c%ﬁé/ tompound and a

wherej n_each substituent on the substitute

c;?g?%éw-gaaféﬁml}d exiBetwhangind i ndenyl, or substituted

fluore [ S |ighati.c group, an
u Q}'!hge(lﬁg%)lldcgn% %ﬁfcgﬂlﬁ%% ltﬂé Bilo }#gﬁﬁgﬁll group

aromatic group, roup, a c 8n of
aliphatic and cyclic grqex’)es)egymgn group, a sul fur
group, ni.t r qgen. gr.oup,. a phospharus group, an

ar seni &VOGFERY. 18 tE%PB@nZI&‘rOé‘U&}, hafypm; eoyergdisop, a

‘ger maniym ggoup, @cgpgﬁtgﬁigﬂﬁ; ! ﬁﬁgn}g,r o4 pﬂu&egﬁ,r O substituted

group, an al um num p, an’ inorgani'c’ group,
ocydopamisdadnyl, @ sybstitpted amdeayls ubs bulistitutetl flesreny] i ve
thereof, having from.1l to about 20 .carbon atons; a T

hal i de VR -re“hf&?’bgsé‘ﬁ?m&ﬂﬁ ?Wg? ?“iét)‘t}“eén vqlspeptadicayl, substituted
| RRRANSEAbLituted M GEATRYis HIBYROEHR 28 YWAShA: i
hydr 1gsgar byl group, hg%?g_g%flsf om% 0 a)gout gfe) fccgr@%)ﬁ an aromatic
atHR; a smilctgromm@ ndrmatigh|of atipldicenidsytlicgonpsi@n oxygen group,
c i ol.ld oxide treated with an )
AR, A e Rt M. e s, g g carbon
Sktouppa silicomeftp, & igkirtarn@h Wil a tHl SHELH MR QFRBAE Boron group,
het er opol ytungstates, titania, zirconia, magnesia,

b8} iBHIMIARRCETeRP.di Infrgaidc gxiuge 8N tonganeutetalie graupt or @ssubstituted

t H&‘i\%ﬁ(f& tl?erllgof, having from 1 to about 20 carbon atoms; a halide; or hydrogen;

and

X3, (X%), and (X4) are independently a hydrocarbyl group or'a substituted
hydrocarbyl group, having from 1 to about 20 carbon atoms; and |

b) the chemically-treated solid oxide comprises a solid oxide treated with an
electron-withdrawing anion;

wherein the solid oxide is silica, alumina, silica-alumina, aluminum
phosphate, heteropolytungstates, titania, zirconia, magnesia, boria, zinc oxide, mixed
oxides thereof, or mixtures thereof: and

the electron-withdrawing anion is fluoride, chloride, bromide, phosphate,

triflate, bisulfate, sulfate, or any combination thereof.

28. A catalyst composition consisting essentially of a metallocene compound and a

chemically-treated solid oxide, wherein:
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the el ectron-withdrawing anion is fluoride, chloride,
brom de, phosphate, triflate, bisulfate, sulfate, or

w@popsoseobi nat i on thereof. 28. A catal yst conpoBRCT/US2904/037784

10
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consi sting essentiallyof a netall ocene conpound and a
chem cal ly-treated solid oxide, wherein:a) the
met al | acthemetdlopenenmnipasind hes thelfolbwing féromdal a: (h

TRy
ycl opent adi eny e msubstitute
anal og e . S
chv ﬁ Q}écl%eMgadléltye q cg@lﬁ‘ggntad?n)}l 1ndenyly|ﬂuoreny1 or

| ndepen ubstitu ubsti t'uted al’k
cywsaaité@dnalmylhareaﬂ al kyl , haV| ng from1 to about 20

carbon_atons; X is_i ndependent ly F;, d; Br; I; or

subst | thlééﬁozr HB%Ifsubst ituted al kyI cycl oal kyl

aryl, d r o)

o 35 MigefLiny Roguiar i 20 Im 00 aitonkbe. w

i amﬂk;&;lmemgafndnﬂ)toiabwta@marhmldtqms,r eated solid oxide

conprl ted wt n .

el ectr 1%“% ?%f%“ﬂ gﬁi QL eﬁﬁﬁg ri W%Fﬁt@tegoﬁni gonptityigd alkyl,
Sild16aK la|ai=’5m Rdlkys Jnksﬁaél SHMRoxidd Bt MoRN@SBhaHoat 20 carbon
het er opol yt'ungst at’es, ti t'ani a; zirconi a, magnesi a,

betonss; amd nc oxi de, ni xed OXI des thereof, or m xtures

thereof; and.the_.ele i t.hdr ng anion is
f1uori ddS LT fom foﬁﬁ? sk

phosphate triflate,

bi sul f 8§ ehe c&iéhﬁ@ﬂl@rtr&tecﬁmhdmmé Betipies helidafxide?featéd with an
conposi tion of matter conprising: a) a nmetallocene
c Sleplomtithdtawing emens ol | owi ng formula:  (XXXXX XxV,

wher ei O Igge h]% E(ﬁm LkmldeZI Ecogﬂlllé gﬁﬁ&ﬁh“@iho&%ﬂﬁ&ﬂmammmum
ni-obi um nt a chrom um enum” or tun
( Phosphatey H&térobolyh.g@@tdtes titania, zirconia, magnesia, boria, zinc oxide, mixed
oxides thereof, or mixtures thereof; and
the electron-withdrawing anion is fluoride, chloride, bromide, phosphate,

triflate, bisulfate, sulfate, or any combination thereof.

29. A composition of matter comprising:

a) a metallocene compound having the following formula:

EHE)E)XIM;

wherein M! is  titanium, zirconium, hafnium, vanadium, niobium, tantalum,
chromium, molybdenum, or tungsten;

(X" is a Group-I ligand,

wherein the Group-I ligand is a cyclopentadienyl, an indenyl, a fluorenyl, a
substituted cyclopentadienyl, a substituted indenyl, or a substituted fluorenyl;

wherein each substituent on the substituted cyclopentadienyl, substituted
indenyl, or substituted fluorenyl (X') is independently  an aliphatic group, an
aromatic group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an arsenic group,

a carbon group, a silicon group, a germanium group, a tin group, a lead group, a boron

67



wherein the Goup-1 ligand is a cycl opentadi enyl, an
i ndenyl, a fluorenyl, a substituted cycl opent adi enyl,

w@2@alsiont ut ed i ndenyl, or a substituted fl uorRelyUS2004/037784
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wherei n each substituent on the substituted
cycl opent adi enyl, substituted indenyl, or substituted
f lgoaupe g afuddiputios gionge peniherganic groupl iaphatg'anorgeﬁal]i@ genp, or a

ashpaEe Rty dn S uie Tk 1oy R g Geon e palide or
gqlgﬂ,eg,nltrogen group, a phosphorus group, an
enlc roup, a carbon group, a silicon group, a
b,

ger mani(Xm gr cnmmhpaamq groyp purparognakie oy au:g;:h(agroup, a combination

o Pyt e ipbeop 3 uiefita REHARE fodbl Uﬁa'vmg from 1 to

t@ggﬁqocaka@ﬂﬁ&npom 1 to about 20 carbon atons;
hal i de Qr hydrogen (Xg is an aliphatic group, an

ar omat i(¥ )gxsmtspe@de@wl pé&rgupldigaadconbi nati on of

Z‘LL "vatT e Rt o BGRES: A8 il Wi Shmategape. a el
, a(cSfhbinagioh mgﬁﬂm@rahhsc elidFoups, ahiogfsih gmﬁ@raesunﬁn group,
th oup Il ligand is an allphatlc group, an aromatic
raom@rog@n Gyl @ RIOSRIPIUS SEWRD M A SCBIF SPUR| # SHROR LWy a silicon
HERE ESHRR Qi 050, 8580 1BGBRYTs SRR, ap v

a geaup)oan Gricepgmic reug, | mrmr@nomtalla: QEGUPELIr Uan sgbstumedadenvauve
. a_lead grou oron group, %n al um num

grﬂg?}'EOfogﬁ“P&gPﬁ’a]nFocabQP car o0 FPgsneeadidsi ¢ group, or
t . 1
S0P SHIAEIAAY | NERbRL 8P4 i Bagom 1 (o

i ndependemeihy(Xd) &d)@ﬁ ) breoopteon@ly uparectedibyambiridgihg gedup, wherein

GBI ETy e Wt BB PR TRG B G R Hap0r hret atoms; he

befnaeRid, oXbhe, ewa &%%}eel ol %f tHeV¥idgRie grbﬁfﬁre‘ﬂl@é&ndéﬁigf C, Si,

one, two, or one, two, or three atons of the bridging
gr(ﬁmwrﬁne thmbln@gngi gravipyis sa@iratedser unsatigated; frsl theitdigmg group is
gro IS satur r saturated; and the bridging
gPBﬁ%“W§d355§WltﬁP§g %Punsubstltuted and wherein any
subst i tyieptin G ytBstinéd HnNlie Prididihg Sro }Eﬁ’@ﬁﬂ@ﬁ&ﬂfehﬂy anmn alkenyl
al kenyl group, an al kynyl group, an al kadi enyl group,.

argreun, ghalkyaygereup, ana%k b EIoED gialiphatic group, an aromatic group, a

cyclic group, a combination of aliphatic and cyclic groups, an oxygen group, a sulfur

group, a nitrogen group, a phosphorus group, an arsenic group, a carbon group, a
silicon group, a germanium group, a tin group, a lead group, a boron group, an
aluminum group, an inorganic group, an organometallic group, or a substituted
derivative thereof, having from 1 to about 20 carbon atoms; a halide; or hydrogen;
and

b) a chemically-treated solid oxide comprising a solid oxide treated with
an electron-withdrawing anion,

wherein the solid oxide is silica, alumina, silica-alumina, aluminum
phosphate, heteropolymngstatés, titania, zirconia, magnesia, boria, zinc oxide, mixed

oxides thereof, or mixtures thereof, and
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cyclic group, a conbination of aliphatic and cyclic
groups, an oxygen group, a sulfur group, a nitrogen

wW@e@a3520a1 phosphorus group, an arsenic group, BCT/HRIDOH037784
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group, a silicon group, a germaniumgroup, a tin
group, a lead group, a boron group, an al um num group,
an i noranilectpnevighdramingr geeromet dlidridegeldopde obromide, phosphate,

substjtuted derivative thereof. having from1 to about
2 #%Eﬁug?t&rfﬁl,hfé%’ AegQrnates ezt % yen: and b) a
chem cally-treated solid oxide conprising a solid

oxide treated with an el ectron-w thdraw ng ani on, _
whl ei nAt Ipeocses itel pividuee ias cetalist scomplogitiona comprising  contacting a

i |ica-aluni ' hesphate, ... . :
hepealaGy Phfendt 48 eI Brsglid axidemyhesi,
boria, 2)ithenRidlidesneBoxpduikhalatie FIRMERE forPlulddi Xt Ur es

t her eof ;; andt he el ectron-w tlgdr aw ng anion is
fluoride, chloride, br on{)&(,x K%Xmlé, triflate,

or ocese Bt o il AR AT S Ricivgly ighhpp. tantatu,

C aghr@iunfgnélyb@dnatl, o emgstemnpound and a
chem cal |,y-treated solid oxide, wherein: a) the
net al | ocehés cdHioydridigasd t he fol | owi ng fornul a:

wher ei ' i | W i r.coni f.ni v .
ni obi u nmwN%rgirrll tSt g% l? rﬁa{ﬂ% ﬁ Eﬂgarln&c}]%] gr]r%}l'{{%) e%&%nyg}ant lgﬁf}}gﬂ,@uorenyl, a
( Mdipstitated ogrlopgntadibnydansibstitnedenderyh or Gsobiitited Fgardyl;

is a cyc]opentadi enyl,, an indenyl, a fluorenyl,6 a .
subst i tW{‘%rglnc)?%q%o ﬁ%@ﬁ%ﬁ% ,?hea Sglaﬁélé‘it?é YEWPFHadiRYYl, substituted
OrinBeriD et ishibdtRtted | HIREERY! (X' YHE iRADeRBREy S UBST Liipeh;

on 't hrgm’s(Jbsst Pt ut ed cycl ope(ntggi elnyeirﬂ),e SUbt | ?33{ g%ll o group, an
i retemgtic goups wbeydlicugrep.f & wombmpatiof Xi) aliphatic and cyclic groups, an

o EReh iyt s P ac e et e ARLPIRBOs et Al Btseftc group,
gr DeHIBon SfduP)XYIBEONITO) a gerBbhilibh gr8ii) WRin @otip,ta 108 Froup, a boron

group, a phosphorus group, an arsenic group, a carbon
greyoup, an sAlumpwm grewp,ana MPEanit i SIeHNy r au preagometpllic group, or a

O 8 AN SLETAECLR) 0y SRR Praic: o
subglkddent ed derivative thereof, having from1l to about
20 carbon atons; a halide; or . . o
)is an aliphatic group, an aromatic group, a cyclic group, a combination
of aliphatic and cyclic groups, or a substituted derivative thereof, having from 1 to
about 20 carbon atoms;
(X*) is independently a Group-II ligand,
wherein the Group-1I ligand is an aliphatic group, an aromatic group, a cyclic
‘group, a combination of aliphatic and cyclic groups, an oxygen group, a sulfur group,
a nitrogen group, a phosphorus group, an arsenic group, a carbon group,fa silicon
group, a germanium group, a tin group, a lead group, a boron group, an aluminum
group, an inorganic group, an organometallic group, or a substituted derivative
thereof, having from 1 to about 20 carbon atoms; or a halide;

(X®) is independently a Group-I or a Group-II ligand;
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hydrogen; (X3) is an aliphatic group, an aromatic
group, a cyclic group, a conbination of aliphatic and

W@ @bios20gr oups, or a substituted derivative t hReBUE2004/037784
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having from1 to about 20 carbon atons; (X4) is
i ndependently a Goup-11 Iigand, vvherel n the Goup-1I
[ gand whereimn (X1)| qntle(mz): ar@rc:mpnal‘@nccamecmd bg ag’tvruigmg group, wherein

BT D T T -
g%ﬁé’ pcwo oP S RO 3+ Qttins SNth8hidBing g%lﬁﬂ&e 1ﬁ’déf)@ﬁ&@1ﬂy C, Si,

grolp, & silicon group, a germani um group,
giGmylpr Sa theawtidginggroup ibsatoratagr aupnsabmated; Lﬁﬂdrihmbglldéuilﬁ group is

an i n ni c n organonetalllc group, or a
sﬁE‘%ﬁt%{gff &’ﬁ%“ﬁﬁi N8t her eof, havi ng from1 to about

20 car Baprdh 4t h@h'tﬂ@b a Sup Rdeaepsanidy an alkenyl
G oup- | o; ag@gﬂp-l n gand,; Rh%qf%lgrr} (ﬁX1) anﬂ(XZ)yyarea o

ogtdupnal hikyeyl rgneust, ed abﬁpd@nhlr sre, g Aipbatfs, SRR 18] AFOTHAEC group, a

050l NSRS, AR, B RSP ), A0 i, i
orgrddy aem%géﬂs %ﬂfupt R hBEpI @I Grogp Obip addetici frdapemdeadboh ygroup, a

C the bridging group is saturated or
uﬁﬁwpmg@@m s SRENAREN FTPUR hGgEOUP, R dead)BEUPs § RIOBrgroup, an

u t n S h
Q‘? (5’? 1?1%%1 glltro ’paﬁgiﬂ P%@{oe tl)ély} %%ﬁﬁ(?r{} %ﬁﬁ}k %?o%’p,gr an SuPStltu't ed
a|d|é19ma/tiveghaia§f, haning| fkadi letwhbcgut Q0pgartsom a:bmphaﬁliahde; or hydrogen;

group, an aromatic group, a cyclic group, a
c ination of aliphatic and cyclic groups, an oxygen

aroup. 1 R et c Ay Bresdlid 520 8ofpANR 2 %m@a@@ §EMEd with an

group, an arsenic-group, a carbon group, a silicon
gremmnpnmlgﬂrmngamgroup, a tin group, a lead group, a

bor on n m nu rou a
or ganonieai; Begfaltip UE ¥ oLy A ERtory un i, Muminum
t gﬁﬁgﬂ{a h@t%foBGI}ft&r%ma@est ﬁtaﬁﬁo bircotfla, GRAZHRE 2 ABSHES zin@ oxide, mixed

hydr dgen; and b) the chemcally-treated
scmlmdxbsdhﬁr@lﬁ Qromziturssetshem0§®lrldd oxide treated with an

Si 7 oa el M enatk 3ion o, HuPuifraRfiod s, blosphae,

triflate, bisulfate, sulfate, or any combination thereof.

31. A process for polymerizing olefins in the presence of a catalyst
composition, comprising contacting the catalyst composition of any of
claims 1 through 29 with at least one type of olefin monomer in a
polymerization reactor under suitable polymerization conditions , to
produce a polymer.

32.  Use of a catalyst composition as defined in any of claims 1 to 29 in the
polymerization of an olefin. |

33. A polymer comprising a catalyst composition as defined in any of claims 1

)
to 29.

34. A polymer produced by a catalyst composition as defined in any of claims

1 to 29.
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phosphat e, heteropol ytungstates, titania, zirconia,

magnesi a, boria, zinc oxide, mxed oxides thereof, or
wWOor0os0s2s1 t her eof ; and the el ect ron-w t hdr awi NnBCEOB904/037784

is fluoride, chloride, brom de, phosphate, triflate,

bi sul fate, sulfate, or any conbination thereof. 31. A

procgss f Arcatadysy nempadition cdmprisisg atrledsh engpmetdiocanesdmpound and

cat al yst conposition, ca i sing, contactipg the .
catal yst Eorpssi P?%ncwln‘ﬂgy“%?ét%q ai e PX'EC_R*P oligfredy the catalyst
with at | easlo@if 1y psQhilehied FRAYBIncaAindnum or organoboron

pol yneri zati'on reactor under suitable polynerization
condi t i onsocatalystr oduce a pol yner. 32. Use of a

cat al] yst osjtion as.defined ipn_a of .cl ai l1to

5 55" Pat he B0 PafALR SRS Grotig &5 Mitereh toagodkap Sompound
conprisin SORRBSA), O ' IRjexBy of
claims 1 tg%rﬁ%%fégggyaklpol yrreryl)%r oé%?é%%&ﬂg@gg };\I st _
conpdsi t i The agalystf qommpsitionanfyeladi -3 whersinithe gh@gicgBy-trpated solid
cat al yst coa‘gosi_t .on Cﬁ%@éifi nlg at | east one
net al | oceff&%t EPPBUHG © 8%t one
chem cally-treated solid oxide, wherein the catalyst
conposition is substantially free from organoal um num
or organoboron cocatal ysts. 36. The catal yst
conposition of claim35 wherein the netall ocene
compound conpri ses (n5-cycl oal kadi enyl ) 2
Zr (hydrocarbyl )2 conpl exes. 37. The catal yst
conposition of claim35 wherein the chemcally-treated
sol id oxide conprises sul fated al um na.
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