ORGANOCHROM UM METALLOCENE COVBI NATI ON CATALYSTS FOR PRODUCI NG BI MODAL

RESI NS TECHNI CAL FI ELD OF THE | NVENTI ON This invention relates to the field
of or ganowetade/seasposi tions, ol efin polynerization cat alPgItuscamposse i ons,
nmet hods for the pol ynerization and copol yneri zation of olefins using a
catal yst conposition, and polyol efins. BACKGROUND OF THE | NVENTI ON There
exi sts a constant search to devel op new ol efin polynerization catal ysts,
catal yst activation processes, and nethods of making and using catal ysts,
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ethyl ene, can be pol yowTKEYSWSIORHRODUCINGRBISODAISRERPNSYI N t i t ani um

zi rconium vanadi um chrom um or other netals, inpregnated on a variety of
support materials, often in the presence of cocatal ysts. These catal yst
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met al | ocene conpounds have shown promse in tailoring polyrer prdperties.
Cat al yst syspdimedzntioni siatadysor gampesitions, umetiodyouonds theanpajmearitations eddt o
nodi fy pol yner properties cordingly,, a process enpl oying both

met al | ocene %1(}?886? TEASEh e ‘E,Sé‘i‘ga‘?fé?@“\ﬁgﬁlﬂjamfi?’b\ﬁn @0&95‘33;951' onal control
over polymer properties during manufacture. However, there is not a single
support capable of activating both types of catalysts. Thus, there remain

si gni fi cant BASIKGREISNDIOHIHE ENVIENTEINI ysts t hat can provi de cust om nmade
polynmers with a specific set of desired properties._ . SUMWARY OF THE

I NVENTI & Thi's i nV&fe PERISancungas sichdadsryior newmlein polymerizationtratidystsor
preparing catsdlyslacGORASHbEARSs, B HIAHS S &F mgﬁhérg?lrd' s c&’thl%tF n?ﬁat ang
ethyl ene polyners and copolyners. I'n the course 8f exanithing-ol’efTn
pol yrer i zat i pmvidateahystd catalytivastivisicowesd polytlesit neateridlatayistedsty Shedtic end
conprising netall ocene? and or ganochrom um
uses. Mono-1-olefins (o-olefins), including ethylene, can be polymerized with catalyst
compositions employing titanium, zirconium, vanadium, chromium or other metals,
15  impregnated on a variety of support materials, often in the presence of cocatalysts.
These catalyst compositions may be useful for both homopolymerization of ethylene,
as well as copolymerization of ethylene with comonomers such as propylene, 1-
butene, 1-hexene, or other higher o-olefins.
Catalyst systems comprising metallocene compounds have shown promise in
20  tailoring polymer properties.  Catalyst systems comprising organochromium
compounds can also be used to modify polymer properties. Accordingly, a process
employing both metallocene and organochromium catalysts would provide
exceptional control over polymer properties during manufacture. However, there is
not a single support capable of activating both types of catalysts. Thus, there remain

25  significant challenges in developing catalysts that can provide custom-made polymers

with a specific set of desired properties. .

SUMMARY OF THE INVENTION
This invention encompasses catalyst compositions, methods for preparing
30  catalyst compositions, methods for polymerizing olefins, and ethylene polymers and

copolymers. In the course of examining olefin polymerization catalysts, it was



conpounds provi ded pol yol efins having very broad nol ecul ar wei ght
distributions. In one aspect, the present invention enconpasses a catal yst
conposi t iwo 20@aM32133i Nng a netal | ocene conpound, an or gan@chmusemmBaenpound,
at | east one chemcally-treated solid oxide, and at |east one

or ganoal um num conpound. In this aspect, this invention enconpasses a
conposition of matter, a catal yst conposition for polynerizing olefins, a
nmet hod of preparing a catal yst conposition, a nmethod of using a catal yst
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conmpound. Catal yst conpositions in accordance with the present invention
conpri se the cont dttonprasgets thsf psasente yentivie eﬁ@m}l’ﬂswehecaéaiyqﬁo@ﬂmwosﬁmnl east
one organochroni ound, at | east .opne treated.sqljd oxide,
and at | east "¢ ’”%?%51% ﬂﬂ?eﬁﬁrﬁogg’r%%’n%n Og%a% & ﬂmné? PCRPOHRS ﬁ%ﬁ%n@
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haf ni um wherein (X ) is a cycl opentadi enyl, an indenyl, a fluorenyl, a
substituted ewcfoﬁemnadmtmﬁncompwma pmmp@dlqrmfengtter eatalys whsipbsitioe for

fl | bst t t |
ot oups. combPTAReBRCETETE Sad SmieryBk f eoghBLimeastiop Egiegiicor ey
hal i de groupg.cafa@/st @@ﬁpoﬁﬁ&ﬁ%@b@l@h‘le& ﬁ{(p%lyrﬂé]@%?%{ﬂ&egﬁﬂ&'% 1iRé, ihogen

groups, silicon droups, boron groups, germanium groups,” or hydrogen;
wherei n at I mmcaememgmpgmngjemeta}}mc@elc)olmmmn&,eamorgan@gmmgugr aupponhi cat

t i nd dently a hallde
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group, a conbination of a substituted aliphatic a cycltc group, a
conbi nati on odntarn paddushaf atcleget @up nagiallarese behpduidedt keystlone oggamophromium

conbi nation of a s bstltuted al i phatjc_group, an stituted cyclic
gr oup compou% least one Ehemlcall}g—treatgd SOqld 0x1ge and at least one

organoaluminum compound, wherein:

15 a) the metallocene compound has the following formula:
FE)EHE)EM,
wherein M is titanium, zirconium, or hafnium;
wherein (X') is a cyclopentadienyl, an indenyl, a fluorenyl, a
substituted cyclopentadienyl, a substituted indenyl, or a substituted fluorenyl;

20 wherein substituents on (X') are aliphatic groups, cyclic groups,
combinations of aliphatic and cyclic groups, silyl groups, alkyl halide groups, halides,
organometallic groups, phosphorus groups, nitrogen groups, silicon groups, boron
groups, germanium groups, or hydrogen;

wherein at least one substituent on (X') can be a bridging group which

25  connects (X') and (X?);
wherein (X°) and (X*) are independently a halide, an aliphatic group, a
substituted aliphatic group, a cyclic group, a substituted cyclic group, a combination
of an aliphatic group and a cyclic group, a combination of a substituted aliphatic
group and a cyclic group, a combination of an aliphatic group and a substituted cyclic

30  group, a combination of a substituted aliphatic group and a substituted cyclic group,
an amido group, a substituted amido group, a phosphido group, a substituted



an am do group, a substituted am do group, a phosphido group, a
substi t ut edphosphi do group, an al kyl oxi de group, a substituted al kyl oxi de
group, arwergénsezde group, a substituted aryl oxi de groupCTaArs2@vgasesnet al He
group, or a substituted organonetallic group; wherein (X2) is a

cycl opent adi enyl, an indenyl, a fluorenyl, a substituted cycl opentadienyl,
a substituted indenyl, a substituted fluorenyl, a halide, an aliphatic
group, a substituted aliphatic group, a cyclic group, a substituted cyclic

group, a conjpi nat j ti r |i. roup, a .
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conbi nati on of a substituted aliphatic group and a substituted cyclic
group, an arffERBoEIcEllic g9uBubstit uted am do group, a phosphido group, a
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are aliphatic groups, cyclic groups, conbinations of aliphatic groups and
cyclic groupphaic grougr augpbstitateryaliphati¢ geoups qupwslichabiples sultigetedrogtlad | i ¢

groups, pho rus . qgr,oups itr n,.gr oups hosphi do groups, .boron groups,
ger mani um g%gl}l %G 9%9%%0619@1@ gﬁ@”ﬁﬁeﬁ%‘?&% 24 glé(f gfﬂﬁ& §lPB§{bi“lal§18Ht°fcgﬂ1 (X2)
can be a brisgigingedbRpHAMFRD HAMNSEHS lop)a dRsbihdton i om um
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group, an aryloxide group, a substituted aryloxide group, an organometallic group, or
a substituted organometallic group;
wherein substituents on (X?) are aliphatic groups, cyclic groups,
15 combinations of aliphatic groups and cyclic groups, silyl groups, alkyl halide groups,
halides, organometallic groups, phosphorus groups, nitrogen groups, phosphido
groups, boron groups, germanium groups, or hydrogen; and

wherein at least one substituent on (X?) can be a bridging group which

connects (X') and (Xz);
20 b) the organochromium is a compound having the following formula:
1) CtR,,
wherein R is a hydrocarbyl having from 1 to about 20 carbon
atoms; and
wherein n is an integer from 2 to 4 inclusive; or
25 i) Cr(n6-CsR’6)a,

wherein R’ independently is hydrogen or an alky radical having

from 1 to 6 carbon atoms; and

c) the chemically-treated solid oxide comprises a solid oxide treated with at

30  least one electron-withdrawing anion source compound.



| east one el ectron-w t hdrawi ng ani on source conpound. Or ganoal um num
conpounds enpl oyed in the present invention have the follow ng fornmula:

Al ( X5) n( X8P2eev/osadser ein (X5) is a hydrocarbyl having frecrisca+abasae 20
carbon atons; (X6) is an al koxide or aryl oxide having from1 to about 20
carbon atons, a halide, or a hydride; and n is a nunber from1l to 3,
inclusive. A chemcally-treated solid oxide in accordance with the present
i nvention conprises a solid oxide treated with an el ectron-w thdraw ng

anion. Solid oxi i imied to, silica,.alumna,
silica-al um na, gﬁ%%%@r#%ﬁ%s‘%#ﬁ@@%%& é)rl(%?’ﬁg} 1jiillt ﬁlr?gglieﬁffnésl,nv‘frftioﬁnﬁ@’,e the
zirconi a, nhdgiesh@for®@ld: a, zi nc oxide, any m xed oxide thereof, or any

m Xture thereof. El ectron-w thdraw n egni ons i nclude, but are not limted
to, fluoride, chloride, bronide, phO¥ghaf¥)#riflate, bisulfate, sulfate,
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solid oxjd an conpri.se oxide that is .characterized by a high surface
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conprising the contact produ of a netallocene conpound, an organochrom um
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In another aspect of the present invention, the chemically-treated solid oxide

15  can be selected from fluorided alumina, chlorided alumina, bromided alumina,

sulfated alumina, fluorided silica-alumina, chlorided silica-alumina, bromided silica-

alumina, sulfated silica-alumina, fluorided silica-zirconia, chlorided silica-zirconia,

bromided silica-zirconia, sulfated silica-zirconia, or any combination thereof. Futher,

the chemically treated solid oxide can include a metal or metal ion selected from zinc,

20 nickel, vanadium, silver, copper, gallium, tin, tungsten, molybdenum, or any
combination thereof.

In yet another aspect of the present invention, the solid oxide can comprise any
oxide that is characterized by a high surface area, and the electron-withdrawing anion
can comprise any anion that increases the acidity of the solid oxide as compared to the

25 solid oxide that is not treated with at least one electron-withdrawing anion.

In another aspect of the present invention, a catalyst composition is provided
comprising the contact product of a metallocene compound, an organochromium
compound, at least one chemically-treated solid oxide, and at least one
organoaluminum compound, and further comprising an optional cocatalyst. While not

30 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 oxygen from the catalyst



or ganoal um num conpound, and further conprising an optional cocatal yst.
Wil e not intending to be bound by theory, it is believed that the

cocat al yswofesaisesas as, anong ot her things, a scavengePCraSe@Ans@se r aces
of water and oxygen fromthe catal ystconposition. Several different
cocatal ysts may be used in this catal yst conposition including, but not
limted to, organoal um num conpounds, al um noxanes, organozi nc conpounds,
or ganobor on conpounds, ionizing ionic conmpounds, clay nmaterials, or any

conbi nati on f T i ti r oal uni num ¢ und i s.an
opti onal coc%?‘g{ogfse on- a%gg%éﬁﬁg%g%i q[oﬁge%? 87% tﬁgn%gﬁeeﬁ%e;é lgiqﬁ?se‘f‘agaﬁysgfc%%oflﬁgn at

| east one origelndialy B IGEIRD t8) hr@inotlnmitat abiFéundQapaSinbkARs, drfan¥Sihe
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Still, i8 anothaystamaest botitkdaktie Jaméen difrend foRE the s 1045t BAL xf@hbaﬁﬁlﬁ%ﬂ efins
is provided conprising contacting at | east one olefin nononer wth a

cat al yst corfesworndaf tin gatelypotopmemsitioat i on condi ti ons. The catal yst
conposition conprises the contac roduct. of .a netall ocene conpound, an
or ganochr omi um coRg; Sﬁm_{&leéflsqegg%ﬁ thg Réesﬁrﬁé’?ﬁec?gf)?’ﬁrfl%h‘éf’é @r%vgfnggm 22 and
at | east OneaRlyEPRRAROIRbA Bbh w&%mﬁgu%&%ﬁ@%@a%&&% RNESH st
invention, the at |east one netall ocene conpound, the at [edst one

or ganochr onionmasganechredhiuin enztouhdast leavt ene lobamaal lyytentedtsetld saidegl ankiatle,

and the. gt lLeast one organoal um num c ound are as follows;. The
net al | o&gne 1?58[?88% AERST R &PPE’\RP’P\‘S n%&ﬁnﬁ? a@nqteryagpsey abthisinsention an i s

titanium zig ' 1 [ ' ieny n
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groups, sil §Pm8?%%g_,coﬂ S HaP | S@tﬁitpﬁ’_fﬁ)g}mhéﬂfi de dnetylaganmoneampqund, gdbups,
phosphorus g oumBshrofidh QBRPoIAE U Jeast bhd E%igélw&'tecp%lﬂnoxide, and at least

15  one organoaluminum compound.

In accordance with the present invention, the at least one metallocene
compound, the at least one organochromium compound, the at least one chemically-
treated solid oxide, and the at least one organoaluminum compound are as follows:

The metallocene compound has the following formula:

20 EHEHEHEIM,
wherein M! is titanium, zirconium, or hafnium;
wherein (Xl) is a cyclopentadienyl, an indenyl, a fluorenyl, a
substituted cyclopentadienyl, a substituted indenyl, or a substituted fluorenyl;
wherein substituents on (X') are aliphatic groups, cyclic groups,
25  combinations of aliphatic and cyclic groups, silyl groups, alkyl halide groups, halides,
organometallic groups, phosphorus groups, nitrogen groups, silicon groups, boron
groups, germanium groups, or hydrogen;
wherein at least one substituent on (Xl) can be a bridging group which
connects (X') and (X?);
30 wherein (X°) and (X% are independently a halide, an aliphatic group, a
substituted aliphatic group, a cyclic group, a substituted cyclic group, a combination



groups, germani um groups, or hydrogen; wherein at |east one substituent on
(X ) can be a bridging group which connects (X1) and (X2); wherein (X3) and
(X4) are wode@anesnt|y a halide, an aliphatic group, a PubaiS2esadso

al i phatic group, a cyclic group, a substituted cyclic group, a

conbi nati onof an aliphatic group and a cyclic group, a conbination of a
substituted aliphatic group and a cyclic group, a conbination of an

al i phatic group and a substituted cyclic group, a conbination of a
substituted allphatlc group and a substltuted cy ch n,a . group,
2oubst |t ot e anrAlbeigy GNP B hGaPIN G5By SUBTIEBeT ? aLE RS SR
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group, a su a5y group, an organonefallic group, or a

substi t ut ed gfb’ B%ﬁﬂa@ﬂaﬁbﬁ off aGsupstituted raiiphat{cx@pup sné acsgabd;trtpedtcadncegy)hp, an
i ndenyl , uorenyl a substltuted Céclopentadlen a substlt%}ed d
i ndenyl , a subamidougewps lauspkstitited FnHEQ | FAUD:aA %h‘qséﬂg?l gogPodpt stitute

subst | tufed ed g%slpgl e !g‘i%B fOUQlk RoxfdeC él ofip. Qﬁﬁ%t1nﬁe(§r‘d@2fo'x§dét§r‘3 ngyéﬁ hGIEERUP,

combi nat rou a cyclic gro i nation of a

substi t ut ed g@éﬂppfbatsu&nﬁit@&maﬂlda €yap,i an gcrrgatmmaalhorgmu;at bon efbstituted
aliphatic group and a substituted cyclic group, a conbination of a

subst i t ut ed osganptigtallec grewRip and a substituted cyclic group, an amido group,

a substituted am do grqup, a.-ghosphid st d, p d
group, an al kyl oxi de dﬁﬁ%ﬁ QEQ stlt&ggégﬂﬁﬁlﬁbxﬁge%g%%gp aﬁ&%? logide
group, a Sugﬁﬁgt{ft&twey@@én&méﬂgl AlsObRitutad nﬂlegy?l[la)ﬁtﬂisahitctd:ﬂ@frmm a Imtide, an
substituted organonetallic group; wherein substituents on are

al i phatil@ grbiphsic gyobi ¢ Wheiped diphbinsrewas excligl grppat ¢ éubﬁtwsé CHFEF
e e oI e SR T
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conpound i s aasutstipteddydzy grogps hecdnatihaiion gt faowbéllfalted aliphatic group and a
substituted cyclic group, an amido group, a substituted amido group, a phosphido
15  group, a substituted phosphido group, an alkyloxide group, a substituted alkyloxide
group, an aryloxide group, a substituted aryloxide group, an organometallic group, or
a substituted organometallic group;
wherein substituents on (X?) are aliphatic groups, cyclic groups,
combinations of aliphatic groups and cyclic groups, silyl groups, alkyl halide groups,
20 halides, organometallic groups, phosphorus groups, nitrogen groups, phosphido
groups, boron groups, germanium groups, or hydrogen; and

wherein at least one substituent on (X?) can be a bridging group which

connects (X') and ).
The organochromium compound is a compound having the following formula:
25 i) CrRy,
wherein R is a hydrocarbyl having from 1 to about 20 carbon
atoms; and
wherein n is an integer from 2 to 4 inclusive; or
1i) Cr(ns-CsR'6)2,
30 wherein R’ independently is hydrogen or an alky radical having

from 1 to 6 carbon atoms.



i) CRn, wherein Ris a hydrocarbyl having from1l to about 20 carbon atons;
and wherein nis an integer from2 to 4 inclusive; or ii) C(h6-C6R 6)2,
wher ei n Rvoiznabapersdently is hydrogen or an al ky radi cal poaxisag4fsese 1 to 6
carbon atons. The chem cally-treated solid oxide conprises a solid oxide
treated with an el ectron-w t hdrawi ng ani on source conpound. The

or ganoal um num conpound has the follow ng forrmula: Al (X5)n(X6)3-n; wherein
(X5) is a hydrocarbyl having from1l to about 20 carbon atons; (X6) is
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i nvention abRetr@NGANBASTESab€sARtAcInhEngome or all of the catal yst _
conponents, and OE“ onally pretreating sone or all of these conmponents with

an ol efi n conpouinbe orgahealwmnouinmcempainddas the fpbodwimgrfomatlaon reacti on. The

present invention further conprises T@#smg%f_or pol yneri zing ol efins
conprising contacting at |east one él f fionmer and t he catal yst

composi 13 onwHBdAT (O] KTE HyarlchAy GARHL LGNS 1o BOAISG LG RBIUTRLY) i S
i nvention al so enconpasses an article that conprises the polynet produced
with the casdégst fromngdosiide onayloxtide kaviimg/ foni btn abikduwe 26 cartdnaitdras, Halids ur es,
aspects, enbodi ments, and advantages of .the . present invention will becone
appar ent af P’e]i’y‘{é%ﬁe%déws@fn. r%@%ﬁ f)W i\dmg%stl ‘I ed description of the

di scl osed feat ur ¢g;g ﬁ%&ﬁlﬁ%%ﬂh Ség:pr'glgttﬁlat%y NER g)} %‘ﬂr &F the' gﬁ{ﬂ?&ent S a

conpari son of polyol ef m pol ydi spersities o I ned usin _

bi s("-butyl cympapetst adi @niphplly prorating diehiratlidf¢hasatcampsientowith 86 vlvERe
chrom um catal yst, and a.caqnbi n%ti on bis("-butyl cycl opentadi enyl)zirconi um
di chl or 1e/ quggound, prior to initiating 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 also encompasses an article that comprises the polymer
15  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.

20  BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 represents a comparison of polyolefin polydispersities obtained using
a bis(n-butylcyclopentadienyl)zirconium dichloride catalyst, a biscumene chromium
catalyst, and a combination bis(n-butylcyclopentadienyl)zirconium dichloride/bis
cumene chromium catalyst.
25 Figure 2 represents a comparison of polyolefin polydispersities obtained using
a bis(n-butylcyclopentadienyl)zirconium dichloride catalyst, chromocene catalyst, and

a combination bis(n-butylcyclopentadieny!l)zirconium dichloride/chromocene catalyst.

DETAILED DESCRIPTION OF THE INVENTION
30 The present invention provides new catalyst compositions, methods for

preparing catalyst compositions, methods for using the catalyst compositions to



cunmene chromum catal yst. Figure 2 represents a conparison of polyolefm
pol ydi spersities obtained using a bis(?z-butyl cycl opentadi enyl ) zirconium
di chl ori d®ocat6lsysk, chronocene catal yst, and a conbi natconsked 036650

- but yl cycl opent adi enyl ) zi rconi um di chl ori de/ chronocene catal yst. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The present invention provides new catal yst
conpositions, nethods for preparing catalyst conpositions, nethods for
usi ng the catal yst conpositions topolynerize olefins, and polyolefins. In

one aspect, .S,V i es t cghe- organochr om um
catal yor sy dE el A R O e 1 o e B R St e
nol ecul ar wenhghilocdhs bigahodhiremfim thalysns;atens that pravidts tiolyd] SR SRR LA
contact product of at |east one netall ocene conpound, at |east one

or ganochr omibyreEnbEead melecytar weight disrdbuiioani Ehe Fajalysteampgsisioh icdmprisasdhe and
t | t i t t hi i ti
Comos: ti on SReEeBas Bra REPOROHBGENE BFfooph & 4taPhRs HaSBreTRAL o

met hod of preeppbuiy at CRhal Yéile CpeReslyitateda BB hodidel My NG dedkidt ghyst
conposi tion, new polynmers and copol yners ethyl ene, and the |ike.
Def i ni ti ons oTganeplumigyne gempoted.i Farthere this imyentier ¢nérengsses ¢ hempatitianpfig

definitions _are provided. To t.he tent that a definitjo r _usage
provi ded by I%ar@r’d{l)cca#?gﬁg CPW@B?IBW %%é’ot?@?e&zﬂlgb °figt et é’i‘ﬁffé“g(?ﬁfﬂr? 8\t t h
the definiticarlyel coBpESdH, QVindaddher @itk atcaﬁalﬁef:bxﬂpééi%h,q{ewgﬁfgﬁle fyd ded
herein controls. The term"polyner"” is used herein"to nean h pol ymers
conpri si ng eppslymas cindensopul thadiks. of et hyl ene and anot her ol efinic
com)nomfﬁ. Thus, the term"a polynmer of ethylene" is used herein to refer
to bot h"honopol ynmers and copol yners of ethyl ene and an ol efi ni c conononer.
Polymer is ggaitRd herein to mean honopol yners and copol yners of any

ot her pol ynerizabl'e nononer di scl osed herein. The term "cocatal yst" is
general | y used hdioeinnre deady defiv® thehterms gaerb heren, nhenfadtovdog ridfinitioas aray
constitute one t..conposi tion, also refers to

the opti onaﬂ’r‘b"é‘ieglonﬁgﬁte Q’teoﬁ(’)’gt?rhgt%@gg’t%)fa@éﬁn@ws‘?sﬁg‘b IRT‘?Vﬁ&%LHY gy dFmsst
incorporated herein by reference conflicts with the definition or usage provided

15  herein, the definition or usage provided herein controls.
The term “polymer” is used herein to mean homopolymers comprising
ethylene and copolymers of ethylene and another olefinic comonomer. Thus, the term
“a polymer of ethylene” is used herein to refer to both homopolymers and copolymers
of ethylene and an olefinic comonomer. Polymer is also used herein to mean
20 homopolymers and copolymers of any other polymerizable monomer disclosed herein.
The term “cocatalyst” is generally used herein to refer to the organoaluminum
compounds that may constitute one component of the catalyst composition, but also
refers to the optional components of the catalyst composition including, but not
limited to, aluminoxanes, organoboron compounds, organozinc compounds, or
25  ionizing ionic compounds, as disclosed herein. The term cocatalyst may be used
regardless of the actual function of the compound or any chemical mechanism by
which the compound may operate. In one aspect, the term cocatalyst is used to
distinguish that component of the catalyst composition from the metallocene and

organochromium compounds.

30 The term “precontacted” mixture is used herein to describe a first mixture of

catalyst components that are contacted for a first period of time prior to the first



limted to, alum noxanes, organoboron conpounds, organozi nc conpounds, or
i onizing ionic conpounds, as disclosed herein. The term cocatal yst nay be
used regawdl2esmsef32t he actual function of the conmpound @ecTAsgooalsdsseal
mechani sm by which the conpound nmay operate. In one aspect, the term
cocatal yst is used to distinguish that conponent of the catalyst
conposition fromthe netall ocene and organochrom um conpounds. The term
"precontacted” mxture is used herein to describe a first m xture of

catalyst COMRRARR! $ohalid 5 CRPLAS! Shsl@hualicli "5 SBECHiGhd I RELAT O

the firstm €l ng used rm cont acte _ e of

catal yst conpangstestst fHaft aee co@nitaCtPE 4 Wecondsgrabd SeMimd OfybichBy, the
Typically, the precontacted m xture describes a m xture of nefall ocene

conmpound, or BeaeEketehiniretasenired 2 ravére k€ mictadlorgnet qoarondd, s kit clyvitden
bef t hi 1 X1 i t. it h.t . | um d
oreri n monontbolifls i SRAETEReAd Sl AL SRRES S B SR A g ¢ o

contact enchtRtdiginoaRktinihi Bipbind it Slefih AbrlohiRr.C TABY *BRcSnthfed NGesegERNd,
postcontacted m xture. Accordingly, this invention nay occasionally

di stingui sh panpmenisshgenpesedio coged each gherp hntepridido poedingdbe exmpanepisr e
and that conpopent after th I xture has been prepared. .For exanpl.e,

accor di ng tan[ ﬁ’lesseﬁ‘glélc PP?}??“&?%{&;(fm?@repoégfoﬁglélgﬁoﬁaf FRVEIHER FryRecasionally

or ganoal uni namﬁ@mpya@ P BBnigonéri 360 kA pEeperetht BréddfatRliahixpGe MR angd t he
ol efin nmononer ,1 o] haveefr:eact egb{lo form a? e?)eaest ?))ﬁe diaffer ent chem @%I
conpound, f ocompanenbaftenthestmxtoteuhes beamnpteparedi sFomesarmplganaatding nolrthis
conmpound, useqd to prepare the precontacted mixture, In this case, the .
precont a]c(fed GrgQ FW%ﬂﬁ%&rﬁb@m&Wwa& saoalymRingmscomnogRd.ance it is
conpri sing ap,pIganaahyak a&eﬂame@@ﬁﬂmtﬂef@&ﬁmn%ﬁﬁﬂ MR FeRE rm at
precontacted mxture. Simlarly, the term"postcontacted” mxture is used
herein to dekestihe difsmbriemicet vompodnd dombylstior; arpdrvenirs fiohatheadstinct
contacted for a s?cond period of tinme, and one constituent of which is the

"precont act etFEaRAYMIEM cemPpQHnd wsed dapaanges the gnipromntasted pRdrewdndhisgisact ed
| % 08" B TR AL, il BOBERONC “Bemat s
15  comprising an organoaluminum compound that was used to prepare t’he 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

20 were contacted for a first period of time. Typically, the term “postcontacted” mixture
is used herein to describe the mixture of metallocene compound, organochromium
compound, olefin monomer, organoaluminum compound, and chemically treated solid
oxide, formed from contacting the precontacted mixture of a portion of these
components with any additional components added to make up the postcontacted

25 mixture. Generally, the additional component added to make up the postcontacted
mixture is the chemically treated solid oxide, and optionally may include an
organoaluminum compound the same or different from the organoaluminum
compound used to prepare the precontacted mixture, as described herein.
Accordingly, this invention may also occasionally distinguish between a component

30  used to prepare the postcontacted mixture and that component after the mixture has

been prepared.



conpound, ol efin monomer, organoal um num conpound, and chem cally treated
solid oxide, formed fromcontacting the precontacted m xture of a portion
of these worgpawsez3ga Wit h any additional conponents adde@#CTaSpekm3aepo t he
postcontacted mixture. Generally, the additional conponent added to nake up
the postcontacted mxture is the chemcally treated solid oxide, and
optional Iy may include an organoal um num conpound the same or different
from the organoal um num conpound used to prepare the plrecont act ed m|i<ture
as descri bed her e} ordi.n nventlon al so _accasi ona

o (o6 metaﬂ?%agegi C(Slprr eparcém}pﬁg&bo%%ﬁfl&%t é?fomn(f ure

di stingui sh between a conpone

and that corgerelhdidhfleyps Reandk i ﬂfe%&é@l@eﬂﬂlsf)ﬂﬁﬂﬁé&l‘i’oc_@ﬁ@s 6&@.%0% fbi ocene
descri bes a conpound conprising two h5- cycl oal kadi enyl -type ligands 1 n the

mol ecul e. THU§ blﬂ(hecmaékadmwhwediganﬂ) sompwerdls] phemire the n ~cycloalkadienyl

b h5- | oal kadi I-t and wherein th

hISS((:ycI onl kahrt éﬁ@;}lﬁ%ﬁw i?dieh%i)’g‘R ﬂ%yéélngéwiﬁb fhupﬁaﬁldlsganﬁw@ﬁﬁhe

l'i gands, sfl llﬁireeﬁﬁﬁiudkﬂggﬁd?ga?l @a atel®r %L‘lﬂ%ﬁtuté(f‘@é h@&s ntaio%F oYa%ﬁ&f‘Hl?S{J ed or

substituted derivatives or anal ogs of any of t 0SSl st1ruents

on these |i dansblei ndistientsyalr dgse, ligahdy afchrde h)hhogbm@hetrefowlﬂl gedosiptiént ed
derivatives ‘;‘I%Fr eof in this invention conprises partially saturated |igands

such as t et r SYQUFEFheRIRYes thereghy gty FQYGPE‘PR/FOIHB‘%TC&WH Vlsﬁtﬁﬁﬁ‘?ﬁiyllgands
artially s n substit

Bart: al | z sgs%% ggt e a%ln E%Fnyl%gétl t%fttfué)a dr%ﬁ%&ﬁ%’ﬂéﬁg e% tpaﬁl#i #VF and

the like. | nndmme panialiyt satutdiel nBtathydc Gmlbsmt&teﬂef;gﬁﬁeﬂ@ tsatugateP | iﬁd@ﬁylt he

" I h th the t t al is used hereinto
rofer 1800 heubiIRG R BT he andr b T ¢ aly SoTEOmpSI T O
" I . ¢ upon actual produ

the rencti omepidene %S%%r@n#ﬁ%?ﬂ%% SAARAE, WP Rchife 2ahg ayRhO TR v

catal ytic si‘tecatadyst’t Basédhaeidfto réfer @l thebipamtaarual dshpounhe metal | ocene
conpound, the organochromni um conpound, any ol efin nononer used to prepare a

precontact ed m xtlieetersy “eHalystheompesitian, fté?i@]é(? Bettoe,’d fﬂ@léh%tﬁlﬂ@r?ocmbl ni ng
a 05| i a
it ar o and Py EhE RS orbdlf SELER-RAbE bt s B R B8 B B e

honogendfis aenmpoOSift thensctive catalytic site, or the fate of the alummum cocatalyst, the

metallocene compound, the orgahochromium compound, any olefin monomer used to
prepare a precontacted mixture, or the chemically treated solid oxide after combining
these components. Therefore, the terms catalyst composition, catalyst mixture, and
the like may include both heterogeneous compositions and homogenous compositions.

20 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
substituted, unsubstituted, branched, linear, heteroatom substituted derivatives
thereof.

25 The terms “chemically-treated solid oxide”, “solid oxide activator-support”,
“acidic activator-support”, “activator-support”, “treated solid oxide compound”, or
simply “activator,” and the like are used herein to indicate a solid, inorganic oxide of
relatively high porosity, which exhibits Lewis acidic or Brensted acidic behavior, and
which has been treated with an electron-withdrawing component, typically an anion,

30  and which is calcined. The electron-withdrawing component is typically an electron-

withdrawing anion source compound. Thus, the chemically treated solid oxide

10



The term "hydrocarbyl" is used to specify a hydrocarbon radi cal group that
includes, but is not limted to aryl, alkyl, cycloal kyl, al kenyl,

cycl oal kewgl2po6onpeiseal kadi enyl , al kynyl, aral kyl, aral kemrgirjusasoaloBesny! , and
the Iike, and includes all substituted, unsubstituted, branched, I|inear,
het er oat om substituted derivatives thereof. The terns "chem cally-treated
solid oxide", "solid oxide activator-support”, "acidic activator-support”,
"activator-support", "treated solid oxide conmpound”, or sinply "activator,"

dthe lik i Bt oqndic i d, dnorgani ¢ oxi.de of
o el iRl Cdnhots] ol RabEh ShBf OIS o AOGANSOLOHIE" o0l
behavi or, acshpdundlwitinst Ibeeoné elea@twirhdwaty £liGcidRe: WrfhaWmically,

conponent, typically an anion, and which is calcined. The
el ect r on- wi WREPEMIEY disatsd rehd oxidersppinsises §t lapst ene denizingi adidic avlicdgxidai on

source conp hu t 1 cal . I eat sol i d oxi deconpound conpri ses
t he cal ci ne N g’ct ?B?(}EIS%{QLE&O%?O{ égtg‘fa?%nse%g%ﬁ?iaéed}ﬁtd{?e‘gc}ﬂplﬂm% H§SEh at
| east orfe etdefonefitsarehidea\ang @Y 6AMPOHE Sh6@APAMNHe bYRNRAl by an 6t

chemcally treated solid oxide conprises at |east one ionizing, acidic
sol i d oxi decosaippeninf thaepdalygraempesitpert or activat or-support are not used

to inply these onent re,inert, and this c onent shoul d not he
construed as anc]?ﬁfeé? > e(():}srﬁp%n%tﬁ?rwd?e’ t%&ngegf g?%/%?n?%&rfﬁ%lfetsi Qfﬁ‘?rwﬂﬁ?l’ ggdam
speci fied oiUbeswdtims thit bRl @58 RdieinC ARURI! DLLABE TigHteal {02 Shde Fg;i n
abbrevi ations that are used herein, include, but not limited to:” 1nd;

i ndenyl ; FlilgoremiioEenyyclogmtadignyl; gz nethlemnyCo, ChexeathyC4 nisobuBie; FSAexene;
i 4, i utane; . F fluorid i l.i ca-al um na; SO,, chemical l y-treated

sol i d 3‘3’? de&uoﬂ?_gdgﬁ%@@m&?, éﬂ%@t C}%?H’é"a?]i}"griﬁ?gcfoﬁgf’&dl‘?: to indicate that one
or nore respect iy GRIROAE NS JHRY iPRcl 8L 10 AM%ae RIABLE More £Ohe BRI €,

the catal yst conposition is described as conprising the contact-product of
at | east oreemmenents oy werdpo amyl combinhiias t Fansxampim tieckutapst womposiponnd, at

I t hem cal | y-t ted solid oxide, and at | east one organoal um num
compound.  ThAEPRL S EEPySbe Brract pioHuries % G eanonioosey apmpeke |
conmpound, OfGeRf GRS BLRMOHRH THAPNEhd, 9P feagtlrt;ﬁ/@ Gbdidaiy Rt ddoRE lO'Xﬁie(,)X I de,

and one organoal um num conpound. Alternatively,
15 and at least one organoaluminum compound. Thus, the catalyst composition may

comprise one metallocene compound, one organochromium compound, one
chemically-treated solid oxide, and one organoaluminum compound. Alternatively,
the catalyst composition may comprise more than one metallocene compound, more
than one organochromium compound, more than one chemically-treated solid oxide,

20  and more than one organoaluminum compound. In the same fashion, one component
may be combined with more than one of any of the other components. For example,
the catalyst composition may comprise more than one metallocene compound, one
organochromium compound, one chemically-treated solid oxide, and more than one
organoaluminum compound.

25

Catalyst Composition and Components

The present invention provides a catalyst composition comprising a
metallocene compound, an organochromium compound, at least one chemically-
treated solid oxide, and at least one organoaluminum compound. In another aspect,

30  for example, a metallocene compound and an organochromium compound are used
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the catal yst conposition nmay conprise nore than one netall ocene conpound,
nore than one organochrom um conpound, nore than one chem cally-treated
sol i d oxiwe,2o@nd2230r e t han one or ganoal um num conpound. PCH/USh@4536680

fashi on, one conponent nmay be conbined with nore than one of any of the
ot her conponents. For exanple, the catal yst conposition nay conprise nore
t han one netal | ocene conpound, one organochrom um conpound, one

chem cally-treated solid oxide, and nore than one organoal um num conpound.

Cat al yst Co b : onent.s T resent dnvention. provides a

cat al zst co%@@# |§&r]151}26wrrpar g ge%%tgt?%lt E’I%Icgscser?ep{:og _eoﬁnB?IYQHQS?%&??&}beYIH’m um
conpound, atunigapropefteschem callytreated solid oxide, and at |east one
organoal um num conpound. | n another aspect, for exanple, a netallocene
compound and an &gy epmpasitenscuribopissend inventerl somptisesthe oorsthot proviuat of

i i d t hyl i i t h uni que
ropert i oe. 2Pel GEFRSaliseoB Bpuheud | o B oL fump shmwsptl S deophe
contact produethéhically-treasd seHicoxiEs, ahd AR oﬁ@@@@ﬂé@um@gﬂsgﬁ?ﬁ&ugg? de. and

organochrom um conpound, at |east one chemnically-treat
at | east one organoal Uiemetaltosapoeomhoutil dasthedbllovimgdomatizound has t he

follow ng formula: (X1)(X2)(X3)(X4) ] Ln4MLis titanium zirconium
or hafnium wherein (X1) is a cycl oﬁ%&)%@ﬁw %%(n’ indenyl, a fluorenyl, a
substituted cycl opent gHepddy ! ig tittRSh | Akb &, BARMKum.Or @ Substi tuted

fluorenyl; wherein substituents on (X1) are al i phat ¢ groups, cyclic
groups, conbi nations wofhesdin pEYi & andydypdntaligybups, irglehyll @rfbwpsenylalakyl

I A T G T
e 05 T MRS Bl GRS SR S P
an al i phat i combimationseof aliphatic and cyclic groups, silyl groups, alkyl halide groups, halides,
organometallic groups, phosphorus groups, nitrogen groups, silicon groups, boron
groups, germanium groups, or hydrogen;
15 wherein at least one substituent on (X') can be a bridging group which
connects (X') and (X?);
wherein (X°) and (X% are independently a halide, an aliphatic group, a
substituted aliphatic group, a cyclic group, a substituted cyclic group, a combination
of an aliphatic group and a cyclic group, a combination of a substituted aliphatic
20  group and a cyclic group, a combination of an aliphatic group and a substituted cyclic
group, a combination of a substituted aliphatic group and a substituted cyclic group,
an amido group, a substituted amido group, a phosphido group, a substituted
phosphido group, an alkyloxide group, a substituted alkyloxide group, an aryloxide
group, a substituted aryloxide group, an organometallic group, or a substituted
25  organometallic group;
wherein (X% 'is a cyclopentadienyl, an indenyl, a fluorenyl, a
substituted cyclopentadienyl, a substituted indenyl, a substituted fluorenyl, a halide, an
aliphatic group, a substituted aliphatic group, a cyclic group, a substituted cyclic
group, a combination of an aliphatic group and a cyclic group, a combination of a
30 substituted aliphatic group and a cyclic group, a combination of an aliphatic group and

a substituted cyclic group, a combination of a substituted aliphatic group and a

12



substituted aliphatic group, a cyclic group, a substituted cyclic group, a
conbi nation of an aliphatic group and a cyclic group, a conbination of a
substi t utwo 2ad06/05k82i ¢ group and a cyclic group, a conbi RaTiUsR00a/03@&@R0

al i phatic group and a substituted cyclic group, a conbination of a
substituted aliphatic group and a substituted cyclic group, an am do group,
a substituted am do group, a phosphido group, a substituted phosphi do
group, an al kyl oxi de group, a substituted al kyl oxi de group, an aryl oxi de

group, a substi.t d.ar:yl oxi de g , o) | | 1. roup, Qqr .
substi tuted %&é@ﬁ%ﬁé?%k%#%éﬂ?6Eb%8§ﬁe$§ﬁ% {§%¥%g§&gag9@?%5§Wtﬁdﬁﬁﬁawgoan

i ndenyl, a fdroes enyibstituted phésphidoegosy Ghogkylbade e, AsubuliGiddt Atk@sxide

i ndenyl, a substituted fluorenyl, a halide, an aliphatic group, a

subst it ut ed SPvpHatdrEoyidsEioum adybstiteted epilipxide gemups a1 prgapemetyidicigrowy, oup, a
conbinationzpfban édkghagict%ﬁogg)and a cyclic group, a conmbination of a
substitut ed at Biilutg iC 6% e_ 1§ uB’ycl ic group, a conbination of an
aliphati group and a wH&e#l kulseehedsC bh COEY 0atB. aldhHaARDEDADY, 08y cBE  Soups,
substituted aliphatic group and asubstituted cyclic group, an amdo group,
a substi t ut epnzhimationg o apphaticigioesind eygiogiups sdlybgioips)tasag] phlabkpdrools,
group, an al.kyl.oxi de group.. a substituted al kyl oxid roup, an aryl.aoxi de
group, a sub}ﬁlfj?sut 85‘?“391'9%8 °d8"GPBuB CENOF giYREt Hﬁ(’%ﬁn 8YRs; Ig’i"s@“éo
substi tut ed GEGANEHBHrdUR, SrRERuNBSHE, Br ByhSiddt #edt s on (X ) are

al i phatic groups, cyclic groups, conbinations of aliphatic groups and
cyclic groups, silyl gwherp,atadaslyonenmbititeergronuS) carabé albsidging grovproieh | i ¢

groups, .phosphor us oups,,.ni trogen groups, phosphido groups, boron groups,
gernaniJ@\gﬁ%ﬁﬂ?ﬁsgesﬁ9@i% en; and wherein at |east one substituent on (X2)

o e PDREUALGD SURSLS OB sy SO T
Cr Rn, wher eifoll®ving farnmyldr ocar byl having from 1 to about 20 carbon atons;
and ) CrR,
wherein R is a hydrocarbyl having from 1 to about 20 carbon
15 atoms; and
wherein n is an integer from 2 to 4 inclusive; or
ii) Cr(me-CsR’6)2,
wherein R’ independently is hydrogen or an alky radical having
from 1 to 6 carbon atoms.
20 A chemically-treated solid oxide in accordance with the present invention
comprises a solid oxide treated with an electron-withdrawing anion source compound.
The present invention further encompasses catalyst compositions comprising
various combinations of metallocene and organochromium compounds, including, but
not limited to, at least one metallocene compound in combination with an
25  organochromium compound, a metallocene compound in combination with at least
one organochromium compound, at least one metallocene compound in combination
with at least one organochromium compound, and any combination of more than one
metallocene compound and any combination of more than one organochromium
compound.
30 Organoaluminum compounds employed in the present invention have the

following formula:
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wherein n is an integer from2 to 4 inclusive; or ii) Cr(h6-C6R 6)2,
wherein R independently is hydrogen or an al ky radical having from1l to 6
car bon atwomoocseisem cal | y-treated solid oxide in accor damas2e4obesshe
present invention conprises a solid oxide treated with an

el ectron-w t hdrawi ng ani on source conpound. The present invention further
enconpasses catal yst conpositions conprising various conbi nations of

nmet al | ocene and or ganochrom um conpounds, including, but not limted to, at
| east one netal |l ocene compound in cgj[“gknﬁat i60n. Wi t h an or ganochr om um
conmpound, a netal | ocene conpound in conbination with at | east one

or ganochr onivdrereinr@Oyrisl 2 Bydroeastl lanmgnival | ooestue PTPEHBEh fbns9 KNS | on
with at | east, one organochrom um cgggou_nd, and any conbi nation of nobre than

one net al | oselgeied Siopbatkaxulsor anyloxdebrvag ifom dito #hpe theabanaoms, halide,

or ganochrom . 1 : nds enpl oyed in the present
i nvention hé’\g@ﬁ@%@%ﬁﬁ%@%ﬁ%ﬂ?ﬂ@%ﬁ?% 3-n; wherein (X5) is a
hydrocar Byl havi ng §taetabovq tbeuEmRAlgaehed sah®BRide( &prises 8&JoBatHGud r om
al koxi de or aryl oxide having from1l to about 20 carbon atons, halide, or

hydri de; andreafefsvigh garebestroprvpighdrawisg 3miqna c Sakid waideasenyieyeddinabopeesenhe

chenmcally-t .ed.sql i d.oxide ¢ rises a.solid .oxide treated with an
el ectron-w %‘%r%g\%lg rlllécq‘é#ﬁ’ 4 I’lil?[( a‘?o?‘i)tgl%g%%g% Szlﬁ%al’ mnfi’nsﬁﬁ?’éa]ﬁ?’é@e r?\l(\‘nnpll’i‘y’éht i on
i ncl ude, buphadphaepheletdPolRthdstitess kitdntd, zZiRbial Mthenddid,| KRTAIZAHE Pade by NUM

phosphate, heteropol ytungstates, titania, zirconia, magnesia, boria, “zinc
oxi de, any mixedoside decredle peoiny mixtuayherpoft uElectrérewdtbfitawing anions include,

ot or 1 b0 "bbBfreBe rOL BBl Al splros; bivride. phatpbiis, olte, By
combi nat i onsiliRRe eRfany THabMaLG iekepe Conmpound Metal | ocene conpounds
enpl oyed in the present invention can have the
The Metallocene Compound
Metallocene compounds employed in the present invention can have the
15  following general formula:
EHEAHEAHEHM,
wherein M is titanium, zirconium, or hafhium;
wherein (X') is a cyclopentadienyl, an indenyl, a fluorenyl, a
substituted cyclopentadienyl, a substituted indenyl, or a substituted fluorenyl;

20 wherein substituents on (X!) are aliphatic groups, cyclic groups,
combinations of aliphatic and cyclic groups, silyl groups, alkyl halide groups, halides,
organometallic groups, phosphorus groups, nitrogen groups, silicon groups, boron
groups, germanium groups, or hydrogen;

wherein at least one substituent on (X') can be a bridging group which

25  connects (X') and (X);
wherein (X°) and (X*) are independently a halide, an aliphatic group, a
substituted aliphatic group, a cyclic group, a substituted cyclic group, a combination
of an aliphatic group and a cyclic group, a combination of a substituted aliphatic
group and a cyclic group, a combination of an aliphatic group and a substituted cyclic

30  group, a combination of a substituted aliphatic group and a substituted cyclic group,
an amido group, a substituted amido group, a phosphido group, a substituted

14



foll owi ng general forrmula: (XI)(X2)(X3)(X4)ML, wherein ML is titanium
zirconium or hafnium wherein (X1) is a cyclopentadienyl, an indenyl, a
f I uor enylwoaoeuissiset ut ed cycl opent adi enyl, a substit ut e@Cirnuseosglo3essr a
substituted fluorenyl; wherein substituents on (X1) are aliphatic groups,
cyclic groups, conbinations of aliphatic and cyclic groups, silyl groups,
al kyl halide groups, halides, organonetallic groups, phosphorus groups,
nitrogen groups, silicon groups, boron groups, gernmani um groups, or

hyd : ' | i : 1 b bri dgi
Wt ch o onRUSELE Derb, &R i RARICHBAD, ¢ MEinal il O S, 25
hal i de, agroapj phatbstitged Wpylogide Uastyp,t it efg@lonfitatit Cer@i U ads¥Ghatd 9 oup,

a substituted cyclic group, a conbination of an aliphatic group and a
cyclic gr8tEnometeliasemi on of a substituted aliphatic group and a cyclic

roup, a conbinatio .an i phat i roup.and a substituted cyclic group,
g coﬁbi nation of a gvl?(éisefl?t(tﬁzdgalai ﬁﬁggﬁ’e@%%lﬁ%g %dlr%se’éﬂbs"’t if?‘lﬁé’&h’cﬁcl ic
gr oup, 5 ansubstititedtyelipen@deEyish sivstiffleBRIBS H QibBtitufedINRSRI %%gﬂag%ﬂy a
a

substi t ut edphosphi do group, an al kyl oxi de grouE, a substitute yl oxi de
group, analiphpfiexgreep, gt cupstiteted whishiticugeuparydyohi¢ deouy, cupybstitntat golionet al | i ¢

, i Lut ed talli : in (X2) is.
Oyel bpent 8iing oniHaAn R Riphh i, st & utliopoutn 4oBYEREDRAf 4di eny
a substi t sitedtutdacaithtic Sroap BB b ydIRbrbh A @Mbinatidn bRbh gﬁ%huagg lgl?dtdgfagﬁ tic

group, a substituted aliphatic group, a cyclic group, cyclic
group, a ecubstialiel oryché gouml 4 shabinatign aufpa snbistauted clliphatiyr grqup and a

nbi pati g f substituted aliphatic group.and a cyclic group, a
conoi o 1 Sl SRR b i Pty Biabo SR eq a4 vepiy Hoplaphide

conbi nat i f a QuisiBgtd LHOSHIR) t 9] Lic
group, anglgﬁ’lﬁd% 1(_%|r oup, tg gﬁ’%lsctﬁ’l %P@d&gﬁﬁgg%ﬂgfg%g?&f %ﬁ%{sl%%%%%l%@g a
subst i t ut gguphaspiilodaleggroup,a sbstiirtey|apybxide graupp an argubmtiatliet @duml dey| oxi de

r n aryl.oxi r i ryl oxi r , an organonetallic
group, an, af sllt%teddc?rg%o%gélligg?ol{lg;st tuted aryloxide group g

group, or
~wherein substituents on (X?) are aliphatic groups, cyclic groups,
15 combinations of aliphatic groups and cyclic groups, silyl groups, alkyl halide groups,
halides, organometallic groups, phosphorus groups, nitrogen groups, phosphido
groups, boron groups, germanium groups, or hydrogen; and
, wherein at least one substituent on (XZ) can be a bridging group which
connects (X') and 0.9)
20 In another aspect of the present invention, the metallocence compound can
have the following general formula:
X)EE)EIM,
wherein M is Ti, Zr, or Hf;
wherein (X') is a cyclopentadienyl, an indenyl, a fluorenyl, a substituted
25  cyclopentadienyl, a substituted indenyl, or a substituted fluorenyl;
wherein (X?) is a cyclopentadienyl, a substituted cyclopentadienyl, an indenyl,
a substituted indenyl, a fluorenyl, a substituted fluorenyl, a halide, an aliphatic group,
a substituted aliphatic group, a cyclic group, a substituted cyclic group, a combination
of an aliphatic group and a cyclic group, a combination of a substituted aliphatic
30 group and a cyclic group, a combination of an aliphatic group and a substituted cyclic

group, a combination of a substituted aliphatic group and a substituted cyclic group,

15



a substituted organonetal lic group; wherein substituents on (X2) are

al i phatic groups, cyclic groups, conbinations of aliphatic groups and
cyclic grwopso6/mseisgl groups, al kyl halide groups, hali desT/use@ansdest al | ic
groups, phosphorus groups, nitrogen groups, phosphido groups, boron groups,
ger mani um groups, or hydrogen; and wherein at |east one substituent on (X)
can be a bridging group which connects (X1) and (X2). hi another aspect of
the present invention, the netall ocence conmpound can have the foll ow ng

eneral for - (X1 ) (X erej i I.q 20, Or Hf; r.ein
?Xl) is a c;]é&}l g%%&?a%‘%gﬁy%, %b%%ﬁ%\%ﬁy% ﬁé%ﬂg/ge‘&r@)ﬁéﬁngo KB i ?us[ugat%%d
cycl opent adi piysphide gothstdnt slk@dxidedesy, a QibsttusddoslkyToxide by, %Qﬁ%‘ﬂokide
wherein (X2) is a cycl opent adi enéfl:, a substituted cycl opentadienyl, an

i ndenyl, a s&i98pi aubEyti aploxige foreum ey organomgbdli taaupd drl @l(ﬁulbstychteda
hal i de, an al i phat i roup, a substituted aliphatic group, a cyclic group,
a substitut elarg(%%rfl?t%ll%r%%%’ a conbi nation of an aliphatic group and a
cyclic grpup, a cafbleRAiKONafd (X*puRsiddepbitng) i Phatids 4 AphARdRupyal i C
group, a comnbination of an aliphatic group and a substituted cyclic” group,
a conbi nat i ofubstitutedsaliphetic grovg, alcygivagionp.gr euhstitae as;]cm lgﬁc_huém ateechbinationc
roup,an amd roup...a substi.tuted. am do group, i.da group, a
gubsti tuted P g%ﬁﬁp@%lcggrga&angna il %rf?}]ﬁ’egngB’@B‘,a%ﬁgsq%EEEWtfsﬂpg@Oéﬁthﬁx: fj_e
group, an ar laf@ a @5 8ltPgrotp, BB AR FAAIPKAHELBLO YR 2 MbsBRIADERLal |1 C
group, or a %ﬂggfs;?i tSt Zd o%rgg%orret alll ic gr oup;@\/\hergeﬂianﬁ)(xﬁ ansgh?x_él are

i ndependent | groap,hakéomibinaten af # ghistitged) abplmticgrsuprarzad & Eﬂl&ﬂitl&?d pjrtﬂub: go%f,oyp,

a cyclic, group, a,substituted cyclic oup, a conbination of an aliphatic
gr oﬁp anlci)g a B Ado STawRy aas“g’é'i‘%“eﬁa? éo‘ﬁ”s%@f’?ﬁ (écgr%ﬂﬂ’p%éﬂl]’%tlt_@‘ieéupd
and a cycli [ b bR CA 1 a te
cyclic gr Ou&lﬁfgﬁ%ﬁggﬁﬁﬂg}?{ﬁgnﬂﬁlbaﬂg %Eos P taﬁétdgg&gﬁdpaflug){l%ﬁga%ﬂg) ’ gﬁﬁbkﬁg

substituted gpupi e gubstifpiedanryioxido ggnpuimn arganbsetallict gebud(riodoa Gibstiiuted
phosphi do gr oup, ' a S&lbsti t ut ed
organometallic group;

wherein any substituent on xh, X3, X%, or (X% is independently selected

15 from a hydrocarbyl group, 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, a carbon group, a silicon group, a germanium
group, a tin group, a boron group, an aluminum group, an inorganic group, an
organometallic group, or a substituted derivative thereof, having from 1 to about 20

20  carbon atoms; a halide; or hydrogen; as long as these groups do not terminate the \
activity of the catalyst composition. Further, this description can include substituted,
unsubstituted, branched, linear, or heteroatom-substituted analogs of these moieties.

Further, substituents may be characterized in more than one of these
categories, such as benzyl. As indicated above, hydrogen may be employed as a

25  substituent. Therefore, the notion of a substituted indenyl and substituted fluorenyl
includes partially saturated indenyls and fluorenyls including, but not limited to,
tetrahydroindenyls, tetrahydrofluorenyls, and octahydrofluorenyls.

At least one substituent on (X') or (X?) can be a bridging group that connects
(X") and (X?). Suitable bridging groups include, but are not limited to, aliphatic

30  groups, cyclic groups, combinations of aliphatic groups and cyclic groups,
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phosphi do group, an al kyl oxi de group, a substituted al kyl oxi de group, an
aryl oxi de group, a substituted aryl oxi de group, an organonetallic group, or
a substi twbedosarsgsaonet al | i ¢ group; wherein any substit REmMUSOD4(036b50 ( X2) ,
(X3), or (X4) is independently selected froma hydrocarbyl group, an

al i phatic group, an aromatic group, a cyclic group, a conbination of

al i phatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen
group, a phosphorus group, a carbon group, a silicon group, a gernmani um

roup, a ti a n | upl ,.an _ingrgani ¢ grou
gn grpganon{e{l’gglgrﬁ{ép%l}sou%?dpg’r rg{rgg%st??uﬁsédg}&g#%%ﬁfég gf?l‘ﬂ”rseﬁ}“gq‘i‘a\ﬁrﬂ Sfrgm 1
to about 20 phagdiido gloaps boonhabipdeandgeryainag@dipas | ong as these groups do

not term nate the activiéy of the catalyst conposition. Further, this
description can ifemples ghaticgrewps, m%%ﬂssbmttay@ aett lithitethtoh eul alklyl geap, a or

het er oat om htut anal f thes jeties. Further,. substituents ma

be char act er%?élééllk&g g?rr%lpé a@hglggrgﬁegr 8}1& ﬁecngioggieg oB1%8R; a8 vyl Fep 0 As g

i ndi cat ed atamaaienpycgw%gna negclibe cup] anad tias Ikes WAt iduRRL - AT NehEhafa, the
e

notion of a substitut i ndenyl and substituted fluorenyl includes
partial |y sansihstibged, haenehed anddlifidanendags or idedvaitien gherboft imesch insianed t o,

t et r ahydr oi ndenyl tetrahyd i uorenyl s, -and oct ahydrofl.uqrenyls. At |east
one substit lﬁuel?r'l]flééidr? X5 {Ooa!%tl@ Caéu]g?‘}l ?r)%mé gﬁ}l%l6ﬁﬂ%§l§rg5?fﬂ’st1ﬂ§’t‘$%éﬁh%r8f1§t (X1)
and (X2) . Sulitcatt ShydkdAedyldsudh Y Para bt did @lkeayls. Fof cRBpib) JHPL%’C Efu

al i phatic groups, cyclic groups, conbinations of aliphatic groups ad?
cyclic groups ustbbptsor tekndgroethyl, ettivi,rmgpyl, griotyls ferobujsin seebatyl, iisotagtydups,
silicon,groups, phosphjdo.groups, .borao roups, an er.mani um gr oups.
Searpl oddof 0 RARE: BPSime PRy BEE GO b b e IRy o SR ha iy |
group, a cygekadhitybuidh@Uid &g kenyl group, a cycloal kenyl group, an

al kynyl group, an al kadi enyl group, a cyclic group, and the |ike, and

i ncludes all subdixatplesdf atmsattesgroups, édeadbriasteivednclade but aeatot dindtedgs, or

derivatives thereof, .in each ipstance _having fromone to about 20 carbon
atons. ThusP %Xlﬁ@mhé’ﬂ @P@‘Gﬁ%‘yﬂ R8 @H‘e‘,‘k% treliding sibstifufed degyatives thsperfotar byl s

R, 2, B S AL P ity ISy BILE 50005 i
i sobutyly  compounds include, but are not limited to, tolyl, xylyl, mesityl, and the like, including
any heteroatom substituted derivative thereof.

Examples of cyclic groups, in each instance include, but are not limited to,
cycloparaffins, cycloolefins, cycloacetylenes, arenes such as phenyl, bicyclic groups
and the like, including substituted derivatives thereof, in each instance having from

20 about 3 to about 20 carbon atoms. Thus, heteroatom-substituted cyclic groups such as
furanyl are included herein.

In each instance, aliphatic and cyclic groups are groups comprising an
aliphatic portion and a cyclic portion, examples of which include, but are not limited
to, groups such as: -(CH2)nCeHqRs.q wherein m is an integer from 1 to about

25 10, q 1s an integer from 1 to 5, inclusive; (CHz)mCGHqRio_q wherein m is an integer
from 1 to about 10, q is an integer from 1 to 10, inclusive; and (CH2)mCsHgRoq
wherein m is an integer from 1 to about 10, q is an integer from 1 to 9, inclusive. In
each instance and as defined above, R is independently selected from: an aliphatic
group; an aromatic group; a cyclic group; any combination thereof; any substituted

30  derivative thereof, including but not limited to, a halide-, an alkoxide-, or an amide-

substituted derivative thereof; any one of which has from 1 to about 20 carbon atoms;
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anyl, isoanyl, hexyl, cyclohexyl, heptyl, octyl, nonyl, decyl, dodecyl,

2- et hyl hexyl, pentenyl, butenyl, and the |ike. Exanples of aromatic groups,
i n each iwetasws213acl ude, but are not linmted to, phenylPCTrzpiniogdeso

ant hacenyl, and the like, including substituted derivatives thereof, in
each instance having from6 to about 25 carbons. Substituted derivatives of
aromati ¢ conpounds include, but are not Iimted to, tolyl, xylyl, nmesityl,
and the like, including any heteroatom substituted derivative thereof.

Exanpl es of i.C Ok [ .i inclu but are npot . limted
to, cyclopa?%%?%%#mb§%#gi?%?gﬁgﬁﬁgggF%%gggﬁﬁgﬁégfgéPQ%ﬁgt@ﬁéﬁpﬁ@“ﬁﬂghyl,

bi cyclic gra@ms<Hnd-CheC{HFe, incl udi ng-SHYSIH, O edHges wat i-vescilgry eof, in
each instance having from about 3 to about 20 carbon atons. Thus,

het er oat om SHeStHOMed-CzdaeOFt:oupdGalilsNHas f ur anyl ar e-CHeIIHNYdprei n.

| hi i . . : : A
i phat i o morr kNS R i YRR G LR S BRI Uil Lde, Cbat are
not |ims edCHOCHYTQUBS; SUCH,@H,CqH,EH2) aeBocaRS g oMer ei—@HE@HfCé@ﬂOiE@t eger

from1l to about 10, g is an integer from1l to 5, inclusive; (CH2) ’
1C6HQR10- q “HeCHiGthiNE; affHaptegelsN¥Mem ICHLCHKGILNED,; anyi segioisomeeger from

1 to 10, inglusive: and (CH?) nCSHOR9; g, ywher ei i i nt from1 t
about 10, o PEOHFrBBgEE T B Rt Buis ARG UBROEn Cach | natance and as

defined above, Rsifmpiadepemdedti ¥a&QB%ﬁ¢;‘e§iiﬂchﬂ@1ﬂLﬁﬁd@,ld#1 i&oﬂﬁ&’é{&hda”
aromatic group; a cyclic group; any conbination thereof; any substituted

derivati ve ipfiwleeof , including but not linmted to, a halide-, an al koxi de-,

or an i desubst]ig': ut ed qeri vative thereof; anébone of which has from1l to
about car bon ABY NG PERER. SPIPSHHE FYBEEEONNINGHHPTRS, sRemBles (0f ¢

groups i nclygen ; to b b t QL. s L ; . D CBHA ;
CCoCar i S b8 s M Aho GRERY o SR g

- CH2 C6 HANMEQPR 5, -OAdRGHANEHR likeCHR TGS MiistituGd GHRGE ¥ therCEAANERHI Gh ;
CH2CH2 CBHABr : . - CHRCHR CBHAI ;. - CHRCHR CBHAOME: - CHRCHR CBHAOET & -
CH2 CH2 C5 H4 Njash lnéﬁmﬁc%?é\ﬂﬁ%gom dﬁbﬂHZ@Sﬁ%&E} oaryh raralkylyi siostigaied iy,

ster eol Sonesrubgtﬂﬁfeaogryl, %dsﬁgﬂm%b%i]&yth%gingeﬁbﬁﬁai Y €l 280%arbon atoms.
15 Examples of alkoxy or aryloxy groups (-OR) groups include, but are not limited to,
methoxy, ethoxy, propoxy, butoxy, phenoxy, substituted phenoxy, and the like.

In each instance, sulfur groups are sulfur-containing groups, examples of
which include, but are not limited to, -SR, and the like, including substituted
derivatives thereof, wherein R in each instance is selected from alkyl, cycloalkyl, aryl,

20  aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to
about 20 carbon atoms.

In each instance, nitrogen groups are nitrogen-containing groups, which
include, but are not limited to, -NH,, -NHR, -NR;, and the like, including substituted
derivatives thereof, wherein R in each instance is selected from alkyl, cycloalkyl, aryl,

25  aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to
about 20 carbon atoms.

In each instance, phosphorus groups are phosphorus-containing groups, which
include, but are not limited to, -PHy, -PHR, -PRy, and the like, including substituted
derivatives thereof, wherein R in each instance is selected from alkyl, cycloalkyl, aryl,

30  aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to

about 20 carbon atoms.
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Exanpl es of halides, in each instance, include fluoride, chloride, brom de,
and iodide. In each instance, oxygen groups are oxygen-containi ng groups,
exanpl es WO 2év/0ske3encl ude, but are not limted to, al korPgTars2ampB@Ry groups
(-OR), -OSIR3, OPR2, -QAIR2, and the like, including substituted
derivatives thereof, wherein Rin each instance is selected from al kyl,
cycl oal kyl, aryl, aral kyl, substituted al kyl, substituted aryl, or
substituted aral kyl having from1l to about 20 carbon atons. Exanpl es of

| k I = ' . t limted tQq,
Tet hoxy, et hixy. B eRr ot Groo BRER I bl tmokichGhebihe

like. hi eacbutl metastckmitedilié,ualkgr aulide gfdaps thitusorbsiieahdldRGuBSRHRS » alkyl
exanpl es of which include, but are not limted to, -SR and the like,
i ncl udi ng suB9tPs Wtilkidl tepbaph20\easbaerh atomss aralikd raseupsRwith 1daciboirh 30 aatheni s

|l ected fro | k } ga aryl ...aral kyl ... substituted al kyl.,
:5b§f i '? ut ed ga??)l&ls’, )‘96(; tfs}%glg( { H%ﬂéigl gdl’%lf ) ec?ad\l%ﬁﬁwfeﬁ rfogovs%‘?}ﬂt 28 gashbon
atons. his eagbtahtsisaRketed Frdoi QBN @e@uml,ﬁgﬁ, EﬂaﬂH%Q%Bs‘tﬁQt@H %!H}'l,%bﬁtﬁ%@si

whi ch include, but are not |limted to, -NHZ, -N -NR2, and“the _
i ncl udi ng sudh ior sibsttugre: arelyl heeing fiemddp abowtél0edarboR dtomeach i nstance i s

| d f | ky] | oal ky. | lkyl , substituted a| kyl,
ubst i tut ed aryl . Hofoel iiudRe oS s Ferimofi s s PanBtihbcluds bon
atons. hi eagft aRStRACENIENABPNGKHS ﬁﬁurggd?gﬁkﬁgﬁgpgf&lp 5 GRIGR n%%gpst,he

groups, which include, but are not Timted to, , - PR, (
l'i ke, i ncl udithilglieistlst gtoups dildey eromps\aed thébikeofhichvireeazhringance lage firokn$t ance

is selected framalkyl . cycloal kyl, aryl, aral kyl, substjtuted alkyl,
subst i t utled tgr%o}l{?‘gb @ty ?t?ﬁ'ts'egy Qir?i‘taﬁ}/ﬂle’hsglx‘/‘f% PPBSrr}nf_fUth ‘&H&?@iy1§b’){@3ﬁboR
atoms. | N eackhehPREANGIS) dfon groups are carbon-containing groups, iC
i ncl ude, butclkharg@not ?i%‘lﬁtalgd to, al kyl halide groups that conprise

hal i de- substi t ut el @ckyistagceugesmmitin grotips ab@etmaGumatobtiiniag grps,ankicky|
groups with 1 ut 20.carhon atons, and the like, including substituted

b
derivati ves IPFﬂté‘g% u,? RS GimhteR 19-recuRYheroHRY apdens dlod sgraud expups.crylasey
cycloal kyl, abips, AYalsWermyilBdubl,Ub&thyBbAY leroupPsid i ke, which in each

15  instance have from 1 to about 20 carbon atoms.

In each instance, tin groups are tin-containing groups, which include, but are
not limited to, stannyl groups, such as alkylstannyl groups, arylstannyl groups,
arylalkylstannyl groups, stannoxy (or “stannyloxy”) groups, and the like, which in
each instance have from 1 to about 20 carbon atoms. Thus, tin groups include, but are

20 not limited to, stannoxy groups.

In each instance, boron groups are boron-containing groups, which include,
but are not limited to, -BR,, -BX,, -BRX, wherein X is a monoanionic group such as
halide, hydride, alkoxide, alkyl thiolate, and the like, and wherein R in each instance
is selected from alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or

25  substituted aralkyl having from 1 to about 20 carbon atoms.

In each instance, aluminum groups are aluminum-containing groups, which
include, but are not limited to, -AIR,, wherein R in each instance is selected from
alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or substituted aratkyl
having from 1 to about 20 carbon atoms.

30 Examples of inorganic groups that may be used as substituents for substituted

cyclopentadienyls, substituted indenyls, substituted fluorenyls, and substituted
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aryl, or substituted aral kyl having from1 to about 20 carbon atons. In
each instance, silicon groups are silicon-containing groups, which include,
but are mw0D 2bdamseBd to, silyl groups such al kylsilyl greapaS2expbass vl
groups, arylal kylsilyl groups, siloxy groups, and the |ike, which in each

i nstance have from1 to about 20 carbon atons. For exanple, silicon groups
include trinethylsilyl and phenyloctylsilyl groups. hi each instance,

ger mani um groups are germani um cont ai ni ng groups, which include, but are

not limted [ s. such.a I er myl.. gr oups, | ger myl

groups, aryl {31(? tya%gréira{rr%ﬁ’ %?%%pfsns tséﬁ%?’ @8@?%& tﬁeplig,{1 ’(ﬁe‘fﬁ’e ‘P%_ﬁ%% ‘?&%‘r%h n

each i nstancepiayesX o, atd aPRKE, WEer6iarRan aahefdanidic AR §u:aﬁta§'}ﬁ d%,“ n
0

groups are tin-containing groups, which include, but are not limte ,
stannyl groubglridsydimide alkryidst abny| thiplgepend athg| Bkgnmd vgremeipsany alkyl,

aryl al kyl st annyl_..groups t ann r.."stannyl oxy" roups, and_the like,
which in eac?‘?’c;{(?‘@g' rfee? ﬁrzg@(é’ ,fsyﬁ%&ﬁglkgigﬁﬁst%eié%&% Sﬁl?g‘ﬁ%t?‘?ﬂ?uﬁ’} SEquR
groups irgl U&esubbtﬂﬁelﬁroﬁtﬁk‘;%%lﬂgmﬁﬂst}ﬁgﬁtoﬁl1%%@%@9%9{1‘5&)ms| n each instance,
boron groups are boron-containing groups, which include, but are not

limted to, -BR2, Ex@xples -oBRXganinastaliin gtoiss thatonaabieoused gy sulstiaicats s
hal i de, hydride,.. alkoxjde | kyl thiolate, . and the |ike, and wherein Rin
each i nst anc%l%is‘gtu%éll °88¥B_8‘“f‘$8?9¥%|5@§?t3‘1‘6§ &Illdc‘?gli’]]ﬁy‘?n,% %‘L’Wt}ﬁeér%ok‘im}sa in each
substituted @kigibs, mbRALT bt G AbY imifdd $IDShhdHofsh Frat rgagx‘éhlﬂﬂnﬂﬁlﬂm 1

. yl
to about 20 carbon atons. In each instance, %: um num=gr ubso
al um num congrailps, ngrggnegafisym werioops,i drganckélicdnutgrams, regadogefiniagthnh Ogroufs, R |
wherein in each.instance is selected fromal kyl, cycloal kyl, aryl,

ar al kyl , 1% ub¥EMqHegOgPs rea t BTOHPS Pregnpriransition mstel erqwe. andaftieylikaavi ng

fromlto a%ngﬁoﬁqrtgggo&t@r@rbo@%émg es of inorganic groups that nmay be

used as substituents for substituted cycl opentadienyls, substituted
i ndenyl s, substi tEtamubléd abthenydtsllocanel csmpeirid oft tedbavaitiabdnaene ut bt wACh

i nstance, includ ut_are not limted to, -QAl X, -0Si X3, - OPX2, -SX
-PX2, and tﬁé‘“}tf’cﬁ@; %f@ﬁ%‘i"ﬁg%"mé’oﬁn%noani oni ¢ group such as hali de,
hydri de, am de, al koxide, alkyl thiolate, and t i ke, and wheregi n any

al kyl , ﬁ
C; o ﬁ( ; - \\O/\/\
Hf'"‘“ 7. st e
Qg ~a Q gr ~~ei o~

.‘\\\\NHC(CH3)3

HESy

é
&
% s

~CH;

Zr
ex,
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cycl oal kyl, aryl, aral kyl, substituted al kyl, substituted aryl, or
substituted aral kyl group or substituent on these ligands has from1l to
about 20 werb@wnsatens. Exanpl es of organonetal |ic groupgcrhstoomyesbe used
as substituents for substituted cycl opentadi enyls, substituted indenyls,
and substituted fluorenyls, in each instance, include, but are not |limted
t o, organoboron groups, organoal um num groups, organogallium groups,
organosi |l i con groups, organogermani um groups, organotin groups, organol ead
groups, organo-transition netal groups, and the like, having from1l to
about 20 cagbon atons. Exanples of the netall ocene compound of this

i nvention ifclude, but are not limted to, the follow ng conpounds: Exanpl es

of the netal ne conpound of this invention also include, but are not
limted to, foll owi ng conpounds: bis(cycl opent adi enyl ) haf hi um

di chl ori de, -eghgnedlylbls(hS | -indenyl)di - but oxyhaf hi

1, 2- ethanedlylb' ed- 1- |ndenyl nmet hyl zj rcon

pent anedi yl {t h5 4,5, 6, dr o- I?}ﬁdT\,‘

met hyl pheny!| bi s( h5- i \ﬁahydro-

-indenyl) zir oniun1d|chlor|d‘
di chl oride; dinethylsidylbis(h5=
di chl ori de; dinmethylsilylbis(2-nethyl-
| , 2- et hanedi yl.ji s(9-fl uorenyl ) zirconj

tltanlun(IV) ch

di chl ori de;
di et hoxy

(i sopropyl ggi d hyl sil ytycyc ienyltitamd di chloride; bis
ent anmet hyl cygs |anyl)2|rc i £l oride; bis(imdgnyl)zirconium
di chl ori defCbi std y%92|rcon|um |de met ocﬂxW@dm@H;ns(9-

quorenyI)zircs' OCH
diisopropylani\ |rcon|un1tr|fluoronethylsulfonate
or any conbination thereof. hi one aspect of the present invention, the
net al | ocene conpoupds—incl ude, but are not limted to,

bi s("-butyl c1y3cl yI ) zi rconi um di}wﬁi de, @

S <

/\ \ ; ) 3\%( Cl; {%\m;

_N(Gi-Pr),

@ Zr\n\\\\ H
cl ~N0S0,CF,

: .4:::z?01 (:f;
P i~ YW
= . \N(i—Pr)2

; ; or any combination thereof.

5 Examples of the metallocene compound of this invention also include, but are
not limited to, the following compounds:

bis(cyclopentadienyl)hafnium dichloride; 1,2-ethanediylbis(n’-1-indenyl)di-n-

butoxyhafnium; 1,2—ethanediy1bis(n5-l-indenyl)dimethylzirconium; 3,3-

pentanediylbis((’-4,5 ,0,7-tetrahydro-1-indenyl)hafnium dichloride;

10 methylphenylsilylbis(n’ -4,5,0,7-tetrahydro-1-indenyl)zirconium  dichloride; bis(n-

butylcyclopentadienyl)bis(di-z-butylamido)hafnium; bis(n-
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bi s(i ndenyl) zirconi um di chloride, dinethylsilylbis(l-indenyl)zirconium

di chl oride, and nethyloctylsilyl bis(9-fluorenyl)zirconiumdichloride.

Sui t abl e wetaddmEesre conpounds are al so described i n U BCTRB2@A3MNGE .

6, 355,594 and 6, 613,852, the entire disclosures of which are incorporated
herein by reference. Nunmerous processes to prepare netall ocene conpounds
that can be enployed in this invention have been reported. For exanple,

U S. Patent Nos. 4,939,217, 5,191,132, 5,210,352, 5,347,026, 5, 399, 636,

s 541, 272, Ay dgnatichiyilbiug: iRaBis: idlnfliid sufnyHgrconium
descri be 511&36111&35DC@lrﬁéﬂﬂéﬁﬁblS@-ﬁﬁgﬂmm@n?Qﬁc}ﬁg&de alagnt:l%lgnce lﬁé ein,

descri be such nethods, "each of which is incorporated by r

inits entire.’- t@lrﬂmdrq)ﬂd@ml@sm@ﬂpnepahéﬂmeal I duaalhylsﬂyﬂbrs(mdm}tyhat can

h. as:
cappi - aipensfegeon iR g AestY P25 B e S greny e dicionide
Kadowaki 5 T.ipdddyBhi da, A. Rt} i, S. The %mnqg{, Soci ety of cil ,
1986, 59, 91ln A:y G ; Jungl&%k; Kehr, ?mrret Chem ; 562,

153-181; anc(lSApltoPyllaum@dxmgmmmlymycnqpemaganyimlmem 1998, 568ichfofidk; 1

each of which is |nc orate ef erence h inits entlrety

Furt her, addiiPgamet B?dg eé‘g d?%“ E)F’éfﬁ?‘@nnet gPSi?@é‘ﬁ lflfﬂlé )AHARIERN be
enpl oyed i N didHilsridedveNbisARd P&EBm! ePafilifichid

CXganonetaII|cChenlstrny 199 géz 39- 541 mﬂmeﬂ i's |n orp Fg Yed bls(9

r ef erence hdheramyl)zincaniwment i ret y. ditidofidd;| owi ng treia'él ses al six- [de(acm be
such ods; V\a| I Cour t . o] H in

o ganorrép al 19igo E‘{’}O?/b%?td??”czﬁw?]ﬁmn%???%%‘?lﬁ nﬁﬂfhﬁwmﬁhﬂﬁ'ﬂlfﬁnaﬁﬁe def; New
York, 1974. combffaflbRthedkord-: Lappert, M F.; and Raston, C L. Chenlstry
of Organo-Zirconi um and Haf ni um Conpounds; HaI stead Press; New Yor k, 1986;

each of which i s Ihoneaspectaifabe presee ireatios tlli@llhglanocdnlﬁ cbh%o@r[ﬂslﬂri]@{ﬂe bﬁhet
Or ganochr om um Corrpound Or.ganochr om um conpounds_enpl oyed in the presen
i nventi on h&%e t A& f olMiiRing “ﬁenerbéﬁ(”‘PB?YFﬁYP]@PGQt?dI@WIrCmﬁE| ndRhlogidg,

hydrocar byl vighfg - 08idm! AidRGHe, 28 n{:e"f)l{ﬁﬁﬂllb%(? NRdenyl)zirconium dichloride,

15  and methyloctylsilyl bis(9-fluorenyl)zirconium dichloride. Suitable metallocene

compounds are also described in U.S. Patent Nos. 6,355,594 and 6,613,852, the entire
disclosures of which are incorporated herein by reference.

Numerous processes to prepare metallocene compounds that can be employed

in this invention have been reported. For example, U.S. Patent Nos. 4,939,217,

20 5,191,132, 5,210,352, 5,347,026, 5,399,636, 5,401,817, 5,420,320, 5,436,305,

5,451,649, 5,496,781, 5,498,581, 5,541,272, 5,554,795, 5,563,284, 5,565,592,

5,571,880, 5,594,078, 5,631,203, 5,631,335, 5,654,454, 5,668,230, 5,705,579, and

6,509,427 describe such methods, each of which is incorporated by reference herein,

in its entirety. Other processes to prepare metallocene compounds that can be

25  employed in this invention have been reported in references such as: K6ppl, A. Alt, H.

G. J. Mol. Catal 4. 2001, 165, 23; Kajigaeshi, S.; Kadowaki, T.; Nishida, A.; Fujisaki,

S. The Chemical Society of Japan, 1986, 59, 97; Alt, H. G.; Jung, M.; Kehr, G. J.

Organomet. Chem. 1998, 562, 153-181; and Alt, H. G.; Jung, M. J. Organomet.

Chem. 1998, 568, 87-112; each of which is incorporated by reference herein, in its

30  entirety. Further, additional processes to prepare metallocene compounds that can be

employed in this invention have been reported in: Jowrnal of Organometallic
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and wherein n is an integer from2 to 4 inclusive;

wherein R

car bon atworooddsaaspl es of the organochrom um conpound ofPCrhiSgoo4nsent i on

or ii) Cr(h6-CBR 6)2,

i ndependently is hydrogen or an al ky radical having from1l to 6

i nclude, but are not limted to, the foll ow ng conpounds: bisbenzene

chrom um O ;

di cunrene chrom um( O ; bis(nmesitylene chrom umO;

bi scycl opent adi enyl chr om un{ chr onocene) ;
bi s(met hyl cycl opent adi enyl ) chromi un(I1); bis(l ,3-

B: :E t : : rrrm;: Ezi@t'e)rz){s a SL%:, ?5%%%21% I' l‘gls irg:ogzoiatgd by reference herein, in its entirety.

di net hyl pent ade @ﬂld@lﬁ@ﬁ&ﬁhsb@(aﬂéo)descnbe such methods Wailes, P. C.; Coutts, R. S. P.;
((tetramet hyl cycl opent adi enyl ) tbutél anm no)

di met hyl si | yWqealingk iyl Qiganemetatiel

bemisty uaf( Titgoium) leﬂcyhlurd; ranuti Haffiun),;

T ral yr - obr SRR SO a6 FRMA BT Vbt fch Rasion £ L

(pent anmet4yl Cﬁﬁﬁlﬁgznéia@rw]z&!o%ﬁﬁﬁ Iaﬂatimhﬁmhlybeﬁ&)taﬁﬁ&sc REASEAHTPEsY; )New

tetraal lyl chromu
t et raki s(ben¥pik,d

[V); tetranmet hyl chrom um(1V)

A8@reachof Wblchu%menppmiwelupefmwoe dieredmiit it§ kMjrety.

tetrakis(trinmethylsilylnmethyl)chromun(lV);tetrakis(isopropyl)chromun(lV);
phenyl - 2- net hyl rropyl ) chrom un(1V); or any conbination thereof.

t et raki s(2-

Exanpl es of The opsamnrdntm eagRuneund of this invention also include,
are not limted to, the follow ng conpounds: (h6-C6HE) Cr (CO) 3;

[ (h5-C5H5) Cr ( CO) 3P2gan@r1@©m!uuny¢o)rmpou@dq CriDERIeB) iy, ther P HoyitioGr kdvie2(BeH4) 2;

CR( Me3C6
stereoi s

) 2; . C6ME6 h6- napht hal ene) 2; regi oi soners and
Lok o

to, dicunene chrom um (0), bi sbenzene chromi um(O, and chronocene. The

Chem cal |y

15
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25

30

Tr eat edSol i Wh@emj& is a hydrocarbyl having from 1 to about 20 carbon atoms;

and
wherein n is an integer from 2 to 4 inclusive; or
it) Cr(ne-CeR6)2,
wherein R’ independently is hydrogen or an alky radical having from 1
to 6 carbon atoms.
Examples of the organochromium compound of this invention include, but are
not limited to, the following compounds:
bisbenzene  chromium(0); = dicumene  chromium(0);  bis(mesitylene
chromium(0); biscyclopentadienylchromium(chromocene);
bis(methylcyclopentadienyl)chromium(II); bis(1,3-
bis(trimethylsilyl)allyl)chromium(Il); bis(trimethylsilylmethyl)chromium(Il); bis(2,5-
dimethylpentadienyl)chromium(II); ((tetramethylcyclopentadienyl)(t-
butylamino)dimethylsilyl)(trimethylsilylmethyl)chromium(Il); diallyl chromium(II);
(pentamethylcyclopentadienyl)bis(benzyl)chromium(Il)  pyridine adduct; triallyl
chromium(III); tris(bis(trimethylsilyl)methyl)chromium(III);
(pentamethylcyclopentadienyl)bis(trimethylsilylmethyl)chromium(III);
tetraallylchromium(IV); tetramethylchromium(IV); tetrakis(benzyl)chromium(IV);
tetrakis-neopentyl ~ chromium(IV), tetrakis(trimethylsilylmethyl)chromium(IV);
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The present invention enconpasses catal yst conmpositions conprising a

chem cally-treated solid oxide which serves as an acidic activator-support,
and whi chwp=oaepse32l |y used in conbination with an or gamroaiuseeoawsass@mpound.
In one aspect of this invention, the catal yst conposition can conprise at

| east one chemically-treated solid oxide conprising at |east one solid
oxide treated with at | east one el ectron-w thdraw ng anion. The solid oxide
can conprise any oxide that is characterized by a high surface area, and

aci ity of PRECO DR e RO B Lo Brep A b o

treated W tihyaonl@fiondh&et ect ron-wi t hdrawi ng ani on. Solid oxides enpl oyed
in the present invention include, but are not Ilimted to, silica, alumna,
si | i ca-al umi na, Examplauef pheoerganedhrohisnme cappdyndunf dtimimsntion akniinglude,

zirconi a, nesi a,. bori.a, , zi axi de, any, m xed oxide thereof, or any

m xture therﬁggfe?n‘%ﬁ’émquet&¢8ﬁ%wlﬂﬁfm%ﬁ%§m on is selected fromfluoride,
chloride brom dg¢ @ ebs,. trifl crbGHLE at ey(t.$) te, .

1 uor ophosphat e, i oy Phie, 10T Cﬁﬁ? 1fCOHE 2 Exabbig | TR

aspect, forCeNm@RHe); tGEMBHEFH A ICR(MesHRMh; S Ch{GiMps),deCaahnhshtbatrgs; ed
fromfluorided alumna, chlorided alum na, brom ded al um na, sulfated
al um na, fliggoieErsING Sereeisemens heredf] orangequbination thereeh na, broni ded

silicaalum na, syl fat ild.ca- 1. fluoride ilica-zirconi.a
ohior i aed i1 cal LS Fa,dﬁﬁﬁg%%c?g‘? @fontion, §Ifgra§%%%§@u§a FPgpagids include,
silica-zircdani e A6t diRjtedori disiment chendeh (0), fisbdhbele BRAGIMA), the
present invention, the chem cally-treated solid oxide can further conprise
a net alllor ¢hsempcdngn sel ected from zinc, nickel, vanadium silver, copper,
gallium tin, tungsten, nolybdenum or any conbi nation thereof. The
chemcally-treated solid oxide typically conprises the contact product of

at | east onensChémlicany dpesolPORINOxHd at | east one el ectron-w thdraw ng
ani on source. In one aspect, the solid oxide conpound conprises an

i nor gani ¢ oxi de. Tha preseabtinvengighr eerorpasses heatalysti gomppsitonsowpmprisingea
ca o 1o SR ARSI SR RO S T
conpound i sis et uREd I ddmbiRfioRl vaet 4G pmdanEhAM \@ntugd. source. In this
aspect, the solid oxide conpound may be cal ci ned or uncal ci ned. I n another
In one aspect of this invention, the catalyst composition can comprise at least
one chemically-treated solid oxide comprising at least one solid oxide treated with at
least one electron-withdrawing anion. The solid oxide can comprise any oxide that is
characterized by a high surface area, and the electron-withdrawing anion can comprise

20  any anion that increases the acidity of the solid oxide as compared to the solid oxide
that is not treated with at least one electron-withdrawing anion. Solid oxides
employed in the present invention include, but are not limited to, silica, alumina,
silica-alumina, aluminum phosphate, heteropolytungstates, titania, zirconia, magnesia,
boria, zinc oxide, any mixed oxide thereof, or any mixture thereof.

25 The electron-withdrawing anion is selected from fluoride, chloride, bromide,
phosphate, triflate, bisulfate, sulfate, fluorophosphate, fluorosulfate, or any
combination thereof. In another aspect, for example, the chemically-treated solid
oxide can be selected from fluorided alumina, chlorided alumina, bromided alumina,
sulfated alumina, fluorided silica-alumina, chlorided silica-alumina, bromided silica-

30 alumina, sulfated silica-alumina, fluorided silica-zirconia, chlorided silica-zirconia,

bromided silica-zirconia, sulfated silica-zirconia, or any combination thereof. In a
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aspect, the activator-support may conprise the contact product of at |east
one cal cined solid oxide conpound and at | east one el ectron-w t hdraw ng
ani on souwoepoelise2sehem cal | y-treated solid oxide, also Permsdooinsseso
activator-support, exhibits enhanced acidity as conpared to the
correspondi ng untreated solid oxide conpound. The chem cally-treated solid
oxi de al so functions as a catal yst activator as conpared to the
correspondi ng untreated solid oxide. While the chemcally-treated solid

oxi de acti I ne. in:.th cat.al ysts, it .S not
acecsary TEHED bR AT r QB Gy crion e ARARARY ok R ghtierken firikdt
act i vat i oncdmitiei el o hetalcionVieleeted U@ Iind, Sidkel, d@Rkdit, kieerephipeged

activity of catalyst conposition as a whole, as conpared to a catal yst
conposi t i ogpldent @ Avrgsteanhmobddemapon @ny gombmpten tgred! i d oxi de.

Addi tionally, t hem cal | y-treated .soli xi de can functjon as an
activator, even?ﬁen&?%éw%l s’%%%tgé 8@“@%"@? é@gcg‘ial. ucl%nf%lﬁ?scé“ﬁpf_(?ﬁhﬁt{]prgau& of

al um noxang,leshof¥ GHIAKAAOELESITRAYAM at 105st dfe ERBIréA-RGhIAN ik HEBRMHEe. The
present invention includes a chem cally-treated solid oxide conprising a

sol i d i norljaene asperiddhergoked jozide eonmoviad aomiptisesran éndrghnic sox¢dmbiniatiasn of

by mat  oRe g3 B A e RO 7 RlafLiRth Bt B Bebr”
el ect r on- Wylthalh A ehi GPSRREE MThe @MthcPPlodadahiybd ER@hefcitidr QuAngBE Mter Thus,

the solid oxide of this invention enconpasses oxide materials Such as
al umi na, "thexeldd oxiddevmpompbis tdstatthd mithiths elettraswihdiawingdnion svarcearid

conmbi ngtions and mxtures thereof. The nm xed oxi de conpounds such as
sili ca@ u _rﬁ?‘}?aaﬁt?_ﬁﬁt’ §?lrfg I"él}&BrCOHiHOPP%I@yc %ﬁflelé’legﬁa%élcw h f‘i‘nﬁ‘@ﬂ%qﬁan one
met al conbi pedewhk QCM&@%{{)&)@% fn?a{y’r’]@ognr@ﬁla bl &ﬁa@fpl%ﬁﬂa%@gleaﬁ%ﬁe %Eﬁﬁgd

enconpassed by this I nven . aspect of this invention, t
chemi cal | ysdlidextdeccommioudd and aidefstiohdrelectomnpithdewimg ambdmsounee. net al i on

o o T i L
tin, tungsten, 3 > A&Pi [

hemi cal I ys . 50l | ' t i cal |
ol ude, Pl PAeE A8 e D B8 o SRR O R el

titanilbim i Tigr dgnataty-fréatat saeldoxdie afsodyncrions ad apatahspieirafor uocompatedl unm na,

zi nc-i npregnated chl orj ded
P t% tﬁe corresponding untreated solid oxide. While the chemically-treated solid oxide

activates the metallocene in the absence of cocatalysts, it is not necessary to eliminate

cocatalysts from the catalyst composition. The activation function of the activator-

support is evident in the enhanced activity of catalyst composition as a whole, as

20  compared to a catalyst composition containing the corresponding untreated solid

oxide. Additionally, the chemically-treated solid oxide can function as an activator,

even in the absence of an organoaluminum compound, an aluminoxane, an
organoboron compound, or an ionizing ionic compound.

The present invention includes a chemically-treated solid oxide comprising a

25  solid inorganic oxide material, a mixed oxide material, a combination of inorganic

oxide materials, a combination of mixed oxide materials, or any combination thereof,

that is chemically-treated with an electron-withdrawing component, and optionally

treated with a metal. Thus, the solid oxide of this invention encompasses oxide

materials such as alumina, “mixed oxide” compounds thereof such as silica-alumina,

30  and combinations and mixtures thereof. The mixed oxide compounds such as silica-

alumina can be single or multiple chemical phases with more than one metal

25



silica-alumna, zinc-inpregnated fluorided silica-alum na, zinc-inpregnated
sul fated alum na, chlorided zinc alumnate, fluorided zinc alum nate,

sul f at ed wDnoocalseasenat e, or any conbi nation thereof. hi pamatsh@w/oampect, the
chemi cally-treated solid oxide of this invention conprises a solid oxide of
relatively high porosity, which exhibits Lewis acidic or Brnsted acidic
behavior. The solid oxide is chemcally-treated with an el ectronw t hdrawi ng
conponent, typically an el ectron-w thdraw ng ani on to forman

| he f
Sf Eatlt \é?r:ag{ , Su?&% Bge%vogg %1 bﬁggétoﬁgn%& o g’“l ot gaﬁtﬁ? gn‘iﬁ)%?p&és%qg'ﬁh’asn

el ectron-w t ideydnlg conponent augments or enhances the acidity of the
oxi de. Thus in one aspect, the activator-support exhibits Lewis or Brnsted
acidity which is ¥ypnedspsst g}fetatSernvsm tthe jaallgrireRiedstodid edilel fatthengt h

th th t t t t .h {,
nunber of - acy e 3 %o ShER ioRsskiEa 36kt FRCCHRHA Moty i n%ﬁfﬁaﬂ@%ﬁod to
quantify & heccqff‘,eﬂ Igamuﬁf tﬁlhﬁm‘gﬂ@ﬁnrﬁ(ﬂw)dénﬁﬁle@f ad; @nshitattonaatesr %Qe!ahg)at X and

materials is nparing the p rrerlzatlon activities of the tr
unt r eat ed ox¢®@§0€dhfdfé¢at $0dlldcsm@ ylzaéd'ulﬂm@pmnse a hietad we nEsgéat inchide, but
chemcally-treate soll oxi de cog‘]orl%éja %]so i.d nor anj c .oxi.de co I’ISI ng

oxygen and at'®| 85518 etf)en@ﬁ?l & & Stltaraumgmpgegn?e 8, 9,
10, 11, 12, fdorided. alﬁﬁnﬂla5 Ztc-ihdpRed@fel Ot drided li@miral zﬁﬁ%&%&%d%}'&%dand
at Ieast one el ement sel écted fromthe |anthanide or actinide el enents
{See: Haw eyslhcaeainmemﬁs amcﬂmmm@atedEﬂMHd@daﬂyqa-aﬂumiﬂm Ethc;impodpnatédll | seifaked Sons;
1995; Cotton W .| ki nson rillo; .C. A ;. and mann

Advanced no#llj%i’mae C]ér?‘é‘ﬂ?‘i £y, ahB’E“F?a"Ed “W/éqde%}n‘? ﬂﬁ@’rlg%ﬁe%@gtegwl)lmml ly,
the inor ganl&%gﬁlbmﬁlt@@ofoxygen and atl| east one el enent selected from
A, B, Be, Fe, G, La, WMh, Mo, N, Sb, Si, Sn, Sr, Th,
Ti, VVW P, Y, Znlno ranmthcr Supecbltie e:hanmmaﬁy—tmhtedokcbldi (Dxudiae olﬁath&r l1ﬁ'lfeht1©h

corrpounds t hat can be ed.in | ly-treated solid oxide of the
present i nvefARRIFeS Act eoXl P% éeﬁ@vﬁgfn}qgiﬁrﬁqr%% vhigh oxigbits bewisgeadic mr 208,

CdO, Co30%4, K2R Ak bER chﬂg%d Io%%%m %@é@allyl\(pe%d Mt? anpglgéro S020b,

Si2, Shn®2, SrO ThQ2, TiO2-
15 withdrawing component, typically an electron-withdrawing anion, to form an

activator-support. While not intending to be bound by the following statement, it is
believed that treatment of the inorganic oxide with an electron-withdrawing
component augments or enhances the acidity of the oxide. Thus in one aspect, the
activator-support exhibits Léwis or Brensted acidity which is typically greater than the

20  Lewis or Bronsted acid strength than the untreated solid oxide, or the activator-
support has a greater number of acid sites than the untreated solid oxide, or both. 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.

25 In one aspect, the chemically-treated solid oxide comprises a solid inorganic
oxide comprising oxygen and at least one element selected from Group 2, 3, 4, 5, 6, 7,
8,9,10, 11, 12, 13, 14, or 15 of the periodic table, or comprising oxygen and at least
one element selected from the lanthanide or actinide elements. (See: Hawley's
Condensed Chemical Dictionary, 11™ Ed., John Wiley & Sons; 1995; Cotton, F.A.;

30  Wilkinson, G.; Murillo; C. A.; and Bochmann; M. Advanced Inorganic Chemistry, 6™

Ed., Wiley-Interscience, 1999.) Usually, the inorganic oxide comprises oxygen and at
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Zr@2, and the like, including m xed oxides thereof, and conbi nati ons

t hereof. Exanpl es of m xed oxides that can be used in the activator-support
of the prweendas/dsmsenti on i nclude, but are not limted t®CcTAisSkéodas@bum na,
silica-titania, silica-zirconia, zeolites, many clay mnerals,

alum na-titania, alumna-zirconia, zinc-alumnate and the like. In one
aspect of this invention, the solid oxide material is chemcally-treated by
contacting it with at | east one el ectron-w thdrawi ng conponent, typically

an el ectronyw i i our ce r solid oxi terdal is
optional |y %?\gg%rn&ge;%%g %tr %getcgegi f\%\ﬁnflh the%téa?Eﬁ%dri,é@ﬁ%ﬁh@éla? & ﬁ?’g@ ﬁn’ﬁ\gf’m a
met al - cont aiNij St 3y SATSk alh, PV ewnat gdzeberi.cal | y-treated sol i d oxi de.

Al ternatively, a solid oxide mat erial and an el ectron-w t hdrawi ng ani on

source are cont acuéablaredamples jof selid pxide mameinls py cormpeunds thas da pewiedn t he

oxide is contagted w th el.ect ronwi t hdr awi.ng ¢ on o typically. a salt
or an aci o S il R R G oS U B TR SR, e i ¢ o
to, gell§ngio GO08B,00Be0, BEEITRAD, €8,0f, (4G, m@%ﬁ@k enLo;, 2N ’Mn,caNd t he
| i ke. Typically, follow ng any contacting nethod, the contacted m xture of

oxi de conpoel)s, eViél th:00a, Wbad S, fpCanStp, ThAd Bighj ¥n@k,| WQshd0st 4hOj on i's

lcined. T I -wi thd ' t d.to .t .th de
Component 1 RADS fid daE dtte ABATHRR SmERBORER shGEft By EombRatan et de

upon treat MpRhmBies WremARRKides e GInesd (1 Q- M e HcBWIBETDBRATERE préseRD
el ectron-w t hdrawi ng ani on derived froma salt, an acid, or other conpound

such as a volwniide imlykenbut @empblimdted haytsiligyalsminag silisa-ttagin) sdeaaircpmiecur sor
for th%tl ani on., Exanpl es of. el ectron-w t hdra\ivi n% ani ons i nclude, but are
not |1 mi® edZeRites, i iy giagiafss el elupiedicana pgAuBnakmde,

f1 uorosul f ayg, 1;fd uor oborate, phosphate, fluorophosphate, trifluoroacetate,
triflate, fluorozirconate, fluorotitanate, trifluoroacetate, triflate, and
the like, includimgne especesf tidingemtinngdid sl dlide anterial s dobghiitdllyrtreatddner
ionic or nogiii oni ¢ conpounds that serve as sources for these

el ect ron-wi PRATRGFHGS 2hi Wi Ared§2Sh186 HectemprBhdaving comprenabeipicelly ettt i on.
Wien the el @%E&Q@—wgﬂlhwiﬂg“aﬂﬂ)ncﬁmne?ﬁrtl’fé?,”ﬁ{e' SHR Sxid@lrhat@iar 3o optionally

el ectronw t hdraw
15  chemically-treated with a metal ion, then calcining to form a metal-containing or

metal-impregnated chemically-treated solid oxide. Alternatively, a solid oxide
material and an electron-withdrawing anion source are contacted and calcined
simultaneously. The method by which the oxide is contacted with an electron-
withdrawing component, typically a salt or an acid of an electron-withdrawing anion,
20  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
25  that increases the Lewis or Bransted acidity of the solid oxide upon treatment. In one
aspect, 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, chloride, bromide,
30 iodide, fluorosulfate, fluoroborate, phosphate, fluorophosphate, trifluoroacetate,

triflate, fluorozirconate, fluorotitanate, trifluoroacetate, triflate, and the like, including
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anion, the counterion or cation of that salt nmay be selected from any
cation that allows the salt to revert or deconpose back to the acid during
cal ci ni ngvORa@t03e232t hat dictate the suitability of the parttiscamsessalt to
serve as a source for the el ectron-w thdraw ng anion include, but are not
limted to, the solubility of the salt in the desired solvent, the |ack of
adverse reactivity of the cation, ion-pairing effects between the cation
and ani on, hygroscopi c properties inparted to the salt by the cation, and

.t he i ke I?Bg?lte K e m%in%laons Cgi‘ }nhﬁ(bﬂq 61’1 other lg I'Tg 8&%0%3?1%%:;?%1%5%1,&611 Ia:,nl ? 23

in the sal ron-w raw ani’on |nc

to, anmonifhm sdrvé ad KothrcaToPMesdTeletedn-Rahdodlvi BrisUithy hRb hRaIbyed in
phosphonium H+, [H(OEt2)2] , and the |ike. t her, corrbl natifons of one or

more di f f eheREesentdayensionni t hdr awi ng anions, i n varyi ng proportions, can be

used to tailor ec c_ac of theatlvator-su ort tq the desired
| evel . Conbi natﬁ@ﬁgﬁg‘? lqc(l_g h‘%{}ﬁ‘{%rcg%pﬂﬁe SPBRSHY & SRl iR %8??{%t ed
with the owitheawaiehiish, G %hﬁt@ﬂ@@%‘i'cﬁtx@ﬂ off AkHt \aftugthy Be s@ﬁ@te@rﬁ'onqr 2{) t hat
affords the desired chem call y-treated solid oxide dcidit For exa

one aspectcagpnthatsaliomsethe isdhta Sever’rmragccmgpfbmdoagk todheeacd eiunngmalmr@rrt]gjr awi ng

S, | te ont acting steps us, one
axanpl o o Glieh B heate e SR P e R A 1P SaPECb FPECo RS, &
prepared iged@niWith@Mringtand§l Bek@d bﬁﬁldedn&)ﬂn‘iii?edctgr@l@égﬂlﬁc}ﬁg of AR, 1 on of
oxi de conpounds, is contacted with a first electron-wt W ng ani on

source cortbomalrttdmﬂwnt; thef liacls bf milxdrse esactivikys of ithes tativnX for-gaitisg teffests
t he cal.ci ned fir t MmMxgure is. then contacted with a second

gﬁleg!t P@d Wt FeRma dien grton; & 1 i FOHOBInRroPerties impartech (o e palk uirthe
fol I owed hytieAl &dthOdKs ahd tlﬁaﬁﬁglr@aﬂﬂltifrtdgt]l?@ %g%% g%fgn?}% %::s,[ (?Tgs}‘]lﬁgblg Q%iﬁoqls%(' de

conpound hi such a process, the firs raw ng ani on
source corpe sadd sf 'dxeeald:oymno;atﬂdyavdmg faefomrihcladeypat admot dhtifeduguniheyiupmy be
t he sane co hi. one as ect of the invention, the soljid oxide
acti vat or - E‘ﬁ F“Fm‘(f)élﬁgﬂa tetpaloyl rammeniugy (tstealiol @Bysnkayiuse i dH(RB@):by a
process coppihsijg: 1) contacting a solid oxide compound with at |east one
el ectron- Wlth%raWI ng ani on source conpound to forma first mxture; and

15 Further, combinations of one or more different electron withdrawing anions, in

varying proportions, can be used to tailor the specific acidity of the activator-support
to the desired level. Combinations of electron withdrawing components may be
contacted with the oxide material simultaneously or individually, and any order that
affords the desired chemically-treated solid oxide acidity. For example, one aspect of

20  this invention is employing two or more electron-withdrawing anion source
compounds in two or more separate contacting steps. Thus, one example of such a
process by which a chemically-treated solid oxide is prepared is as follows: a selected
solid oxide compound, or combination of oxide compounds, is contacted with a first
electron-withdrawing anion source compound to form a first mixture, this first

25  mixture is then calcined, the calcined first mixture is then contacted with a second
electron-withdrawing anion source compound to form a second mixture, followed by
calcining said second mixture to form a treated solid oxide compound. In such a
process, the first and second electron-withdrawing anion source compounds are
typically different compounds, although they may be the same compound.

30 In one aspect of the invention, the solid oxide activator-support (chemically-

treated solid oxide) may be produced by a process comprising:
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2) calcining the first mxture to formthe solid oxide activator-support.
I n anot her aspect of this invention, the solid oxide activator-support
(chem calWwo-2bosaEeBd solid oxide) is produced by a proce®ETasaqwiosiong: 1)
contacting at | east one solid oxide compound with a first

el ectronw t hdrawi ng ani on source conpound to forma first mxture; 2)
calcining the first mxture to produce a calcined first mxture; 3)
contacting the calcined first mxture with a second el ectron-w thdraw ng

ani on source conppu -1 0 ond m xture: d 4) calcining the second
m xture to form tﬂer(l’g%t%lgﬂdI go%(%ﬂdigd %{’iﬁ? S%qlgzr)qnsd u‘ﬁﬁ‘&?ﬁga%‘ﬁ{?&,e oHen-YGMAPEREde
act i vat or - supfext $ovrse mhhdr&sfomfaeﬁﬂseﬂigt@re§bﬁﬂjl y as a treated solid oxide

conmpound. Anot her aspect of this invention is ﬁ)_rodpci ng or formng the
chemi cal | yt r eat ed)seal¢igingtheErshinixtre tadoim hesolifl @aite aotieatsmbripponixi de wi t h

east one Sl i d ol ABCWBIBANG PL Bl aPGHOBerBY eluokidy oFtuRercrppon

n
| east one solid oXxide conp

cont act i ig t(@Eeﬁic@ﬁi—f@ﬂed@dl%ﬁ&?@ﬂ?ﬁﬁh% W&@ess%mgﬁé}ﬁ ein, optionally,
a or

there is a substantial absence o um noxanes, organ tes, and/or

i oni zi ng i oni ¢ cobpoeemactingnatolrastaspe colidfoxié sompeent ivairh aofiew ¢lbaragol i d
oxi de has bevtgrtll?‘& reated.and dried, it {n;% beeﬁsrubs.e uent |y cal ci ned.

Cal ci ni ng of VEHEYISAGE SOBTP §oBRrE oo AdHs Pt ¥Enduct ed i n an anbi ent
at nosphere, typi cl éycihidedhdHidst ARLRND prddHRS RREIEed Lgpperature from
about 200C to abgzt?t 90005, and for a tip?ée of aglgute ?ﬂsr%q?\l% e to about 100

hours. | n anot her3)aspatettingcthk ciakvimeg fisst ovxtticc it sasecand elepRo@iithardwiag
about 3 n anot her aspect, calcining is conducted at

Sgc t 0. about 8000C ‘%gd tlp .

a tenperat ur - EHLSEMPORDE fogn dsserndapgérerndy et anot her aspect,

cal cining is condpctgr:f; ] IS, i.n_anot her
aspect cal cini ngdqi’}s C?%h%%%’?%%p&g ?%ﬁlggg%tté goﬁlggjrfés S@gd gg@&tacﬁlg&%{ﬁ?@ Rt

still anot héfhuasthectolidandids mitivgtomayppuet sasonedithes ttfefe@nd abaply ok 4 geabput 10
hours at a tepperature from about 3500C to about 55Q0C. Further, any type of
sui t abl e ant’ Px’%ﬁﬁo’ﬁ’@c’ d during cal cining. Generally,

Another aspect of this invention is producing or forming the chemically-

15 treated solid oxide by contacting at least one solid oxide with at least one electron-
withdrawing anion source compound, wherein the at least one solid oxide compound
is calcined before, during or after contacting the electron-withdrawing anion source,
and wherein, optionally, there is a substantial absence of aluminoxanes,
organoborates, and/or ionizing ionic compounds.

20 In one aspect of this invention, once the solid oxide has been treated and dried,
it may be subsequently calcined. Calcining of the 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. In another aspect, calcining is conducted at a temperature from

25  about 300°C to about 800°C and in another aspect, calcining is conducted at a
temperature from about 400°C to about 700°C. In yet another aspect, calcining is
conducted from about 1 hour to about 50 hours, and in another aspect calcining is
conducted, from about 3 hours to about 20 hours. In still another aspect, calcining
may be carried out from about 1 to about 10 hours at a temperature from about 350°C

30  to about 550°C.
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calcining is conducted in an oxidizing atnosphere, such as air.
Alternatively, an inert atnosphere, such as nitrogen or argon, or a
reduci ng wormepiserse such as hydrogen or carbon nonoxi depCmagb@403@d0 | n
anot her aspect of the present invention, the solid oxide conponent used to
prepare the chemcally-treated solid oxide has a pore volune greater than
about 0.1 cc/g. hi another aspect, the solid oxide conponent has a pore

vol une greater than about 0.5 cc/g, and in yet another aspect, greater than
about 1.0 cc/g. In still another aspect, the Solid oxj de conponent has a

surface area frond ¥HsG:a0YAPS f suable aPdedt (77 Be vi5d dwperalomag eBeneralyy g
oxi de conponght. > . . 00 m.Lg,
and 1n sti1|ChnpRds uRbCRST R LR AEE 3R re S hPaif ARl B BT,
oxi de mat er i &mospherdsuth shiedgwi dhargoss auracreduding anmadphére Bush asshildk@dea dron,
or a conbi nation of anions, and optionally treated with a netal ion, then
calcined to W}éﬂﬂ@én@&iéﬂaﬂ?éﬁhed&w-y-t reated solid oxide in the formof a

ci ned to g , d sol intl o
B cour e Jofsul f b RP R AR E ke A En N VPR Slaordorch PG

termed a chlgepsenBe dpiitallydtreed s@idbxitlt has bddré oblunicegromer thahiabout @li ng
agent, or a conbination thereof, and calcined to_provide the solid oxide
activator. |¢¢/@&ndn Beethespwest, theswolid oxads aprapenant hiay apostpplmeseteaier thae, but

S R A 1 L A

sul f at ed alfmo 1 chl ori st

fluorided sijdped; BleWblidaxidditdmipRRnShas £ SurddenireafroRr ABu€@do to about 1000
silica-zirconia, chlorided silica-zirconia; fluorided silica-zirconia;

sul f at edisi | inC/g- Zh aGOMBERaspactPidiidas:ade ebrayordthasassidfaet latearfdn about 200 to
nmontnorillonite, optionally treated with fluoride, chloride, oy sulfate;

phosphat ed adyent 860 mOfte, @idnarstifilausihsophecphanedoutdHfioi toabbltyc00meat.ed W th
sul fate, fluoride, or chloride; or an%@conbi nation thereof. Further, any of
the acti vat or - suppee saidredemaiasishmay bsdreated avily awprtse of halidg ionon sulfaeone

eepect of U S SR Ml Ay IR OB 30 B O, BOTREARD .
fl uoride i onlovide the chemically-treated solid oxide in the form of a particulate solid. In one
15  aspect, the solid oxide material is treated with a source of sulfate, termed a sulfating
agent, a source of chloride ion, termed a chloriding agent, a source of fluoride ion,
termed a fluoriding agent, or a combination thereof, and calcined to provide the solid
oxide activator. In another aspect, useful acidic activator-supports include, but are not
limited to: bromided alumina; chlorided alumina; fluorided alumina; sulfated
20  alumina; bromided silica-alumina, chlorided silica-alumina; fluorided silica-alumina;
sulfated silica-alumina; bromided silica-zirconia, chlorided silica-zirconia; fluorided
silica-zirconia; sulfated silica-zirconia; a pillared clay such as a pillared
montmorillonite, optionally treated with fluoride, chloride, or sulfate; phosphated
alumina, or other aluminophosphates, optionally treated with sulfate, fluoride, or
25  chloride; or any combination thereof. Further, any of the activator-supports may
optionally be treated with a metal ion.
In one aspect of this invention, the chemically-treated solid 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. In still another aspect,

30  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
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added to the oxide by treatnent with a fiuoriding agent hi still another
aspect, fluoride ion may be added to the oxide by formng a slurry of the
oxi de i n wouwidmskize sol vent such as al cohol or water, i Rchra$2og/,o3dsae are
not limted to, the one to threecarbon al cohols because of their volatility
and | ow surface tension. Exanples of fluoriding agents that can be used in
this invention include, but are not limted to, hydrofluoric acid (HF),
anmoni um fl uori de (NH4F), ammoni um bifluori de (NHAHF2), ammoni um

tetraf| b i.um si:ti.cof i de. (hexaf | i | ]
(O 251 oy el R o T R TR LE B sl Pl RBRRlEt OF aho
conbi nat i onsflioridirgofigenfsothae¥anb @se N Hivellidd Rk LNHAERAt qﬁ]%ité?ietolfsed

as the fluoriding agent, due to its ease of use and ready availability. hi
anot her _as pewrraiuoris acig(BEd rammeniwmt flugmide(NELE S lenhanind difhamido €N Ha e d

ith a fluorjiding agent,durin l.ci ni ng. step. Any. fl uori di ng_agent
\(,:Mapabl e o1l‘J talrl{é ,1%1881%1'9{)%&%%1}9%%%%%%3&&%? ‘QO‘%“ e m@ﬁﬁ?ﬁf%’é‘et(ﬁ@‘agéf’ ﬂ‘icg@) step
can be Used-((IFHJ{)zﬁF@W&&nehﬁnﬁ%xﬁﬂﬁ&oﬁﬁ)sbﬁﬁ§e(ItIH!rFFl;GB,diaﬁ%g@@%(ﬂgl% egf4 | bed

previously, volatile organic fluoriding agents may bée us rrgﬁes of

vol ati | e or gambgnations thegiofig Fag entmsples efglonivm biflwrids pEEIHBf mbpée iusedng i on

i nclude, but, ape not limted,t freans, perf] uorqghexane, perfl uorobenzene,
f1 uor omet harid® h??ﬁ‘ﬁ?%ﬁge%tdﬁﬁﬁ%ﬁé e%ﬁ&’?%erﬁﬂ%ﬁﬁ?dyﬁ‘@ﬁ%ﬁ%of . Gaseous hydrogen
fluoride or fl uorhRgothéSRbéct R the: | ' I

fnori ded during cal c(i) ni ng? COne %:e?r{\é}%ﬁf)glr‘{tgﬁ%glt’ E%?%?%ﬁ%@ﬁ%%ﬁg"@oﬁ id
oxi de with tiheriflingegedi duging glendtaléising stepaporyi theriifd ageni etipalgic ag divkoighly a
gas streamused to fmdize the sqlid oxide during calcination. Simlarly,
in anot E@r :fgﬂt@ﬁtﬂn%ghet W:l’é ‘?’ﬂ&eﬂ‘c‘?’%%’eﬁ Frlcigingnitem Py be sed. o o5 6kamplsxite can
conpri se a Gha®bhdsdnLsR! | | : L:eu - s@lid. thus a
source of chloride i gﬁbgi %&%%Q%ég?% E%%gé%g}eg];mﬁyggﬁ%% E%El?]ﬁ tgdoacénilllr%ﬁi di ng
agent. The epérds nthy beonsatnyEkempldsled voiatild ergaxicdfudiidif® agdntg ugefsl wr thys of
the oxide in a sui ttgbl,e sol vent. 1n_another aspect of the present

i nvention, ERRECEAT G JRY kOB Hclide buiapregngl {imitgd oty draousnperyenohexiwei ng

t he cal ci ni nﬁé[?% C Mol agent servhng.as a,sour.ce of
chl ori de angglifﬁ{g?%gg y’ cglﬁ%gﬁﬂr%ge’t he o>(<)? e d‘hf?i (r%édt hcé)}ﬁ(?é (tzlloﬂ? n&le?t'ogp can

be usedl5 FoGasemusthydrogen flaviitle ooflgainecitefl canialiontg: &@e RitenThY sélfl shse€lis
Exanpl es

-]

fluorided during calcining. One convenient method of contacting the solid oxide with

the fluoriding agent is to vaporize a fluoriding agent into a gas stream used to fluidize
the solid oxide during calcination.

Similarly, in another aspect of this invention, the chemically-treated solid

20 oxide can comprise a chlorided solid oxide in the form of a particulate solid, thus a

source of chloride ion is added to the oxide by treatment with a chloriding agent. The

chloride ion may be added to the oxide by forming a slurry of the oxide in a suitable

solvent. In another aspect of the present invention, the solid oxide can be treated with

a chloriding agent during the calcining step. Any chloriding agent capable of serving

25 as a source of chloride and thoroughly contacting the oxide during the calcining step

can be used. For example, volatile organic chloriding agents may be used. Examples

of volatile organic choriding agents useful in this aspect of the invention include, but

are not limited to, certain freons, perchlorobenzene, chloromethane, dichloromethane,

chloroform, carbon tetrachloride, trichloroethanol, or any combination thereof.

30  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
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of volatile organic choriding agents useful in this aspect of the invention
include, but are not limted to, certain freons, perchlorobenzene,

chl or onetwarrege/desl or onmet hane, chl orof orm carbon t et r achluseeod®36650

trichl oroet hanol, or any conbination thereof. Gaseous hydrogen chloride or
chlorine itself can also be used wth the solid oxide during cal cining. One
conveni ent nethod of contacting the oxide with the chloridingagent is to
vaporize a chloriding agent into a gas streamused to fluidize the solid

oxi de during_cal¢] ion. I n.gne.aspect,. the amount of fluaride gr chl.oride
i on present %%eﬁlér%e{bg{é p%?%? r?gdﬁﬂlédl%laigamol%?ode &4 Sggﬁ%r‘lﬁF‘; Vs ﬁ”&ﬂ?eaﬁ’ﬁﬁolﬁé to
about 50% byoyigé ghding sdd@nfidnhe wei ght percents are based on the wei ght of

the solid oxide, for exanple silica-alumna, before calcining. In another
aspect, the anpunin @ Fspedy thg¢eanmyunt bf drpdde poehlprdsiont presehbbeforataléiningg t he

lid oxide js fr. 3 bout, 25% by, wei d j ,
From about _4PEce iR QuREab ety Rl RO o AaS Rt A b ikt WIS e VR
hal i ded o&xi dgerbEifs 28 betddash thY wibht mmﬁdgggﬁig@, foR ek 4HBp1R silich 1 Ih'iﬂb,%folg‘“

not limted to, suction filtration follo y evaporation, ﬁ'lryl ng under
vacuum spr aseldnipigngln anather laspdct,kibe aaiovinb ofjfluptidé er shledde des phEsentttefore

initiate the calcinin ep. j medi at el it hout ing the inpregnated

sol i d oxi de. ca%ﬂ@%i%? ggﬁilog}den]ﬁ %@B&%Pét glrtB put %1% R wstebt @1d incanothein na
can have an ' et : Ohid g@% ta . the
al um na cont?rggéﬂo?%{rﬁe Si ﬁt:JagﬁﬁttJ%ng%}r’rg@é%g' ??gérﬁ a ou@agefgﬁgggd@tag’S% and
i n anot her alsglided oxidaena hendrival tyomtyenethad khdven &i the aat-iatludingabutat Hmifed om

about 10% t o, _about % al umnj.na wei ght . hi _yet anot her aspect, the solid
oxi de cow(;)o n@nfUtgn Wﬁgho‘éﬁ‘ggd’ FEARRFAH8Y fryE1g Ydsr ¥aryumy, SeiRy dRens. asfect |

the solid OXﬂléqike,omagmt i§ 830 HRbISE imitihleGRe WiIkRAM E]st Hr%@tﬂ?tlep without

Silica-titania, as used In the present invention, c ave a ani um
cont ent fr ondringuhe inPregrataibmolitl o20B, and i n anot her aspect, the titanium
content can be frgom about 2% to about 10% tjtani um by weight, hi yet

anot her aspect, the sbicpglumingdisedipdrepare dhs tealep rsiie-alpming sanvheyoan

o o % ARkt b B6h4 oy SRR Sl SRS 3
have a Zi5r c ilictralomirtaenty be Gonpitout 8 28aboutaddgs)tand 3an@hér dsPect, the alumina
content of the silica-alumina may be from about 10% to about 30% alumina by
weight. In yet another aspect, the solid oxide component can comprise alumina
without silica and in another aspect, the solid oxide component can comprise silica
without alumina. Silica-titania, as used in the present invention, can have a titanium
20  content from about 1 % to about 20%, and in another aspect, the titanium content can
be from about 2% to about 10% titanium by weight. In yet another aspect, the solid
oxide component can comprise titania without silica and in another aspect, the solid
oxide component can comprise silica without titania. Silica-zirconia, as used in the
present invention, can have a zirconium content from about 2% to about 35%, and in
25  another aspect, the zirconium content can be from about 4% to about 20%. In yet
another aspect, the solid oxide component can comprise zirconia without silica and in
another aspect, the solid oxide component can comprise silica without zirconia.
The sulfated solid oxide comprises sulfate and a solid oxide component such
as alumina or silica-alumina, in the form of a particulate solid. Optionally, the

30  sulfated oxide is further treated with a metal ion such that the calcined sulfated oxide

comprises a metal. In one aspect, the sulfated solid oxide comprises sulfate and
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anot her aspect, the zirconiumcontent can be from about 4% to about 20% hi
yet anot her aspect, the solid oxide conponent can conprise zirconia w thout
silica amsoiznoéasetsker aspect, the solid oxide conponent PcaruSe@dpsicse silica
Wi t hout zirconia. The sulfated solid oxide conprises sulfate and a solid

oxi de conponent such as alumna or silica-alumna, in the formof a
particulate solid. Optionally, the sulfated oxide is further treated with a
metal ion such that the cal cined sulfated oxide conprises a netal hi one

t, th { | i g t dal ym na.. |
acpect of R, O R sPeltt i ARFRAMS TR bl A Sptidh D v DoBlEs

wher ei n t he whetginnieiaburhineds edated twitlna sulfitatseursoUfof @xathple R Foriehgct ed
from but not |imted to, sulfuric acid or a sulfate salt such as amoni um

sul fate. ThiRotdwaiiedsts, sullriseacisber opwhizie plt sushes sgaonsimrsulfaisf Thieprmlessi na

in a suitabl | cohql._or t .in.which the desire
concentrat i olﬁagﬁ L}Eﬁg&)gﬁﬁg}' iqﬁrél%ggean%iuﬁgso f‘é@%ﬁf“%‘aﬁeaﬂ a§ﬂﬂ?‘§5lsglq’8‘?tg§fﬁ}q@s

sol vent s 5i ncdiestRl obtat@! &1 Waich! theidesited €oncbiteatidf ot tRe SRR CARORsAbeRNOl s
because of their volatility and | ow surface tension. The anmount of sulfate

i on present #Epdr Suitable engagici solvsatreingludp, butosreatss UimiGed tqpahe onbyto vtkieght t 0

bout 100 b i ght _sul f.at e ign.t t 100 ts b i ght solid
oxide. Tn rarsoaedBla Rl o B Nt aB ot wlfegn Niisgent berore
cal cining is generw dnfout @ﬁf‘s@l@é”ionl]g@%n"t b@ﬁb;é/\@ilahﬁlrgitig gérteﬁ?%ﬁey églﬁgl%atsoﬁy

wei ght sulfate ion to about 100 parts by weight so oxl| In still
anot her asperts byrweighifowbod K¥r paststhy weightrrulfate iabdutbA0 10amass by weigight

sul fate ,i.on to.about 100 parts b i ght solid.oxjde. These_ weight ratios
are baséd or?oﬁﬂeox\’l\‘gei' 4 e{ﬁgpegé%,ea |H"e°%§'&%‘Feeloé‘aHr8?eﬁf @f_oreg;fggmng 13

I npr egnat ed gantAa11$ Wok@hisout U WaERCo b EES B+ %ﬁtds d
known in theg@grt ?ngl udi rlllg, H%Il}?di}not Iir?‘ited to, ssu t\?%l fi tl[regtg?{(g%%(el owed
by evapor at i I8, padisybynyeighti eolid axiderpnd pu atjll dnytheg aspeoi fione abinkes padtd bpugh

it is also possible.to initiate the calcining step imediately. In addition

to being treated Wi i‘}?_ﬁ’ué_r?iaé?aététl}yow?ﬁhf A6l t& SRpnEI Pastichy )ééaig_hélspﬁé or
sul fate ion,gdfe ”ﬁ{%:sé FelBPr480 afe &gé@&l ok &ﬁg@ of ﬂ%%iih%%ﬁ%éfo?@%gg?%ﬂ%y be

treated with a netal source, 1 ncluding netal“salts or al -con
conpounds$. Thmmampoagpeted ddtinayfatre thedaéfttet @xate hapbediat BdagnhethbdRneoh i d

oxi de in SOlirlilttiug re]u't including, but not limited to, suction filtration followed by evaporation,
drying under vacuum, spray drying, and the like, although it is also possible to initiate
the calcining step immediately.
In addition to being treated with an electron-withdrawing component such as
20  halide or sulfate ion, the solid inorganic oxide of this invention may optionally be
treated with a metal source, including metal salts or metal-containing compounds.
These compounds may be added to or impregnated onto the solid oxide in solution
form, and subsequently converted into the supported metal upon calcining.
Accordingly, the solid inorganic oxide can further comprise a metal selected from
25 zine, titanium, nickel, vanadium, silver, copper, gallium, tin, tungsten, molybdenum,
or any combination thereof. For example, zinc may be used to impregnate the solid
oxide because it provides good catalyst activity and low cost. The solid oxide may be
treated with metal salts or metal-containing compounds before, after, or at the same
time that the solid oxide is treated with the electron-withdrawing anion.
30 Further, any method of impregnating the solid oxide material with a metal may

be used. The method by which the oxide is contacted with a metal source, typically a
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form and subsequently converted into the supported netal upon cal cining.
Accordingly, the solid inorganic oxide can further conprise a netal

sel ect ed Woameriseas2 titani um nickel, vanadi um silver, PCOAS2004/08@50 | um
tin, tungsten, nolybdenum or any conbi nation thereof. For exanple, zinc
may be used to inpregnate the solid oxide because it provides good catal yst
activity and | ow cost. The solid oxide may be treated with netal salts or
nmet al - cont ai ni ng conmpounds before, after, or at the sanme tinme that the

sol i d oxide J r ed wit.-h the el ect it hdr awi-ng.. anji on....Furt her.. any
met hod of i rrgﬁrﬁé)ténaﬁlncgn%ﬁem% 8??88%%%%%%@ n(\),vﬁ lllﬁlte? gﬂ}mgré?'%@_l% ed.
The met hod biynpépination bEoxédiRpdindaRs adthd, Whd theaikBB RN RO &E) cnrRiticg! | Y
asalt or netal -containing conmpound, includes, but is not limted to,

gel 1ing, co-methedrihe contpeted maikiuse 0bPxigdaeompapard releotronovitntya i, angong ahdhe

i ke. Foll A t td t . th t ted .m xt f id
comsoung.  oltb8 B o RNPEN Safibd o Raetliy S8 BT Ol ety e fatipn-
cal ci neds AlWiqmmnEemn 208RkI dn@thélendrmt e at mé%ﬁ!—&Jn@eﬁﬁihg %aaggf]@%eg

ani on source, and the netal ;sa1t or netal -containing conpo cont act ed
and cal ci nedostagieH eadedoivkd sinvitaneanslypr ocesses to prepare solid oxide

activator-supports that can be enployed.in.this invention have_ been
reported. For exa\fﬁﬂoél,s p{ﬂcgs.seb& @Eparﬁ%gl.ld oXidg Actiyator-seprgls thejsan hesey, 855,

4,397, 765, 4. aaa , ,
4. 504, 638 éb:l 0 ,egglg,thléall, 165,%%%%%2)?%%?481%?& %Drge%%@%u%%%@gg

6, 355, 594, 6, BARA214366338H,BH685% 4393,76664,00), BRY A984,962/41464,968, 441,

descri be_ such 0 h ich is.incarporated by reference herein,
inits thl r%‘%‘{%f‘éégh%ﬁ%gg&l%gi%g&emmg gtlﬁgv%?gﬁa?'% Yo Ri3i2dbnpound, or
a combi nat | @5 IgeeBss 5B, de7aU B BBYARI 6 Y43 fhB, Ok ok iIONEIyand an
or ganoal um num conpound for a first period of 'time’ prior’to ¢ontacting this
m xt ure wit llesdribesheniethotly cacteaf which df indorpatattel byQefeperich defig ¢0fts act ed

m xture of the netall ocene conpound, the organochrom um conpound, olefin
mononer, andB¥anoal uni num conpound is contacted with the

Chem a4 oo gt obgubTIRg B OGR!
15  combination thereof, may be precontacted with an olefin monomer and an
organoaluminum compound for a first period of time prior to contacting this mixture

with the chemically-treated solid oxide. Once the precontacted mixture of the

metallocene compound, the organochromium compound, olefin monomer, and
organoaluminum compound is contacted with the chemically-treated solid oxide, the

20 composition further comprising the chemically-treated solid oxide is termed the
“postcontacted” mixture. The postcontacted mixture may be allowed to remain in

further contact for a second period of time prior to being charged into the reactor in

which the polymerization process will be carried out.

25  The Organoaluminum Compound
Organoaluminum compounds that can be used in this invention include, but
are not limited to, compounds with the formula:
AL (X sn
wherein (X°) is a hydrocarbyl having from 1 to about 20 carbon atoms; (X°) is
30  selected from alkoxide or aryloxide, any one of which having from 1 to about 20

carbon atoms, halide, or hydride; and n is a number from 1 to 3, inclusive. In one

34



"postcontacted"” m xture. The postcontacted m xture nmay be allowed to remain
in further contact for a second period of tinme prior to being charged into
t he reactwo 200v/08k23eh t he pol yneri zation process w || bepcaruse@d/osisso The

Or ganoal um num Conpound O ganoal um num conpounds that can be used in this
invention include, but are not Iimted to, conpounds with the formul a:

Al (X5)n(X6)3-n, wherein (X5) is a hydrocarbyl having from1 to about 20
carbon atons; (X6) is selected from al koxi de or aryl oxi de, any one of which

nanber 1 1 orReckoPd) 7 et g frogh b et 1L sehon o, wa%'?%a& 3 from 1
e e s R e B S S B b e e
chi oo, ﬁ“‘é‘é?l‘?i?%?’ﬁi‘ﬁ&aﬁ‘ sy m’"ﬁ”ﬁﬁf‘ﬁﬂépgﬁdﬁﬂ?ﬁiﬂfﬂi“nﬁ?“;“ﬁmr o
Al ( X5) n(XG)%-CHIOKh Insyeéalilﬂj AsPIGd| ﬁﬂ)ﬁlm@}éggchlﬁﬁq usive, and typically, nis 3.

The val ye of n irg REtehSal hiHOS G, ey a0 d BLAGEN o1 6 87 fchfiha, haimul a

i ncl ude$§ sesqui hal i'de conpoun ther” or ganoal um num cluster conpounds.

General |y, tgpaaIBl, @siso$. drlgﬁmalaéwﬂmms@faswmtot batanciateghe thigefdrd this hi s
i nvention include, but are not limted to, trialkylalum num conpounds,

di al kyl al urfPrmdm Frglides ceiavehalids, camapyadsalolniofist SrsaaRIEBIEER SIS

di al kyl al umonum ac/)drl de conpounds, and conbi nations thereof. Specific
exanpl es of® Blrpggrﬁ al um num conpounds that are useful in this invention

i ncl ude, but areGdiRtallyl 8% e$ Of ofgahpBirhiHual UompoNHdEMAgt; cahbeaisey kg num
(TEA); tripropylalum num diethylalum num ethoxide; tributylalum num

di sobut19I alinvdntiom Hyelpiele; bU{fr idre olpat y listitedi rfam trialy] @lluumlmyn alogmpauRes,
chLor 5o, \RRIARRER! o015, SRR BRaFRIRL, ESoRheaRbghIg, o
\éwr te Eoﬁt aLtegﬁzilkﬁﬂﬁmﬁﬁﬂﬁf}%hﬁmcﬂﬂl@?bﬁﬁépﬁhwdoﬁﬂﬂlaﬁcﬁhsodhéxfdoﬂ SPEAAE exiBple®r M a
of organoaluminum compounds that are useful in this invention include, but are not
limited to: trimethylaluminum (TMA); triethylaluminum (TEA); tripropylaluminum;
15  diethylaluminum ethoxide; tributylaluminum; disobutylaluminum  hydride;
.triisobutylaluminum; and diethylaluminum chloride.

In one aspect, the present invention comprises precontacting the metallocene
compound, the organochromium compound, or a combination thereof with at least
one organoaluminum compound and an olefin monomer to form a precontacted

20  mixture, prior to contacting this precontacted mixture with the solid oxide activator-
support to form the active catalyst. When the catalyst composition is prepared in this
manner, typically, though not necessarily, a portion of the organoaluminum compound
is added to the precontacted mixture and another portion of the organoaluminum
compound is added to the postcontacted mixture prepared when the precontacted

25  mixture is contacted with the solid oxide activator. However, all the organoaluminum
compound may be used to prepare the catalyst in either the precontacting or
postcontacting step. Alternatively, all the catalyst components may be contacted in a
single step.

Further, more than one organoaluminum compound may be used, in either the

30 precontacting or the postcontacting step. When an organoaluminum compound is

added in multiple steps, the amounts of organoaluminum compound disclosed herein
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m xture, prior to contacting this precontacted mxture with the solid oxide
activatorsupport to formthe active catalyst. Wen the catal yst conposition
i s preparwad 2006/a5kd33 nmanner, typically, though not neces®amiusgio4m3@osti on of
t he organoal um num conpound i s added to the precontacted m xture and
anot her portion of the organoal um num conpound is added to the
post contacted m xture prepared when the precontacted m xture is contacted
with the solid oxide activator. However, all the organoal um num conpound
may be use C [Hec L
post cont acf1 Pﬁﬁd@{h%ﬁg{ai?ﬁlgﬁm (?{'O?é%{j%luh l‘fﬂtltﬁ(tgl(?l a{mfu&d € g’ﬂ%’atﬁg e%o%de%e
cont act ed mndaposmagiaetes neiRturésy bhd ey additiendl bﬁgﬁn@ﬂ&n@iﬁlﬁﬂf&@ﬁlbbﬁﬂd’lwﬂe@ egpound
may be used, in either the precontacting or the postcontacting step. Wen
an’ or ganoal therpplymesigsisaLisactps Rheretors, ﬁOtﬁhWP‘Hﬁ% OE pwgoalummuahmmp@nds
or ganoal um I.SC e n he total a

g A Hls‘éf%gé’d“%g%rﬁ'le% éP%ﬁgth? £§iﬁ]§ &J &m ST STRP a8 quﬁ L OF ed

or ganoal um num-co con

m xt ur eg, &ﬂ@i‘eatfhfdn aghdi 6ﬂg@ﬁ@dlu@frﬂlﬁﬂ@@1&1§6ﬁﬂwmlﬁm@%%sﬁéwe€hét 14188snum

pol yneri zation reactor. Therefore, total ampunts of ofganoal im num
conmpounds dTEAJios dnes@butylal@gamm e@stymcahm@ah@qlman@mng@mp@n@an@ad imittiam
conpound is us?,d nore than one organoal um num conpound. I n anot her
aspect, tH%YWP& um num ( TEA) or triisobutylalum numare typical

or ganoal um num conpounds used in this invention. Qo onal Cocatal ysts The
Optional Al um noxane Cocatal yst One aspect of the invention enconpasses a
cat al yst cdPmigial Coentalystsr i si ng at |east one netallocene conpound, at |east
one or pno one chem cally-treated solid oxide,

at |lea ofgatroar ut Gt and, optionally, an al um noxane
cocatal yst. Al U@M@e&%f@ﬁ@m%ﬁgmr&&%b%egQca SlyRloridy f@foﬁfc@fnﬁaﬁhn@'aym num
oxi des) or organoal um noxanes. The ot her cat al ysty conponents are typically
cont act ed gash onbencidlinveno xameoiml, at deastipat etzanychromarm eonponpd) undeasol vent ,

t hough any sol yent ich, is stantia inert to the reactants
i nt er medi at%®§, ¢ \fjﬁ JHfigtedss %#Pf’ Cattk }e\? PR OLgAapalpminygR. coEpquodynd,

catal yst  gptjonally, an aluminoxane cocatalyst. ~Aluminoxanes are also referred to as

15  poly(hydrocarbyl aluminum oxides) or organoaluminoxanes. The other catalyst
components are typically contacted with the aluminoxane in a saturated hydrocarbon
compound solvent, though any solvent which is substantially inert to the reactants,
intermediates, and products of the activation step can be used. The catalyst
composition formed in this manner may be collected by methods known to those of

20  skill in the art, including but not limited to filtration, or the catalyst composition may
be introduced into the polymerization reactor without being isolated.

The aluminoxane compound of this invention is an oligomeric aluminum
compound, wherein the aluminoxane compound can comprise linear structures, cyclic,

or cage structures, or typically mixtures of all three. Cyclic aluminoxane compounds

‘ﬁ:_ot

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

25  having the formula:

; wherein

from 3 to about 10 are encompassed by this invention. The (AIRO), moiety shown
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conposition fornmed in this manner may be coll ected by nethods known to
those of skill in the art, including but not limted to filtration, or the
cat al yst wornp@sistizen may be i ntroduced into the pol ynmer PZatuSeov4/08&6t Or

wi t hout being isolated. The al um noxane conpound of this invention is an

ol i goneri c al um num conpound, wherein the al um noxane conmpound can conpri se
| i near structures, cyclic, or cage structures, or typically mxtures of all
three. Cyclic alum noxane conpounds having the fornmula: Ris a |inear or

branched al kyl having from 1.to 10 rbop.atons, and n is an ipteger from3
to about 10 Afe chﬁ%satg%tgﬁll%fl rteﬂ?agl%gn‘\?%lﬂtlﬁo%% Ale a?%‘ﬁ@)}ar?enoi ?HS%her e
al so consti tyh@sdxBResRRBR thdGHRAld: 1 n a linear alum noxane. Thus, |inear

al um noxanes having the fornmula: ; wherein R.is a linear or branched al kyl
having from1l to 10 carbon atons, and n_is integer from1 to about 50,
are al so enconpassed by this in%e t&gp E I her, al um noxanes may al so have
cage structures of the formula R arRi'/V'adl4 0 3, wherein mis 3 or 4
and ais = "AI(3) - "o(2) + o0 (4 rein™AIR3) is the number of three
coordi nate al uni num atons, "o(2) is‘the nunberWBfreinno coor di nate oxygen
atons, "o(4) is the nunber of 4 coordinate oxygen atons, R represents a
term nal al kRlis glinag, ordrendRed efkyk deving fimanbi itad 0 mgrbeh kydmygraadp;is whénteger R i s
a linear or pranched al kyl having from& tq .10 carbon atons. Thus,

al um noxanesteRdttORAMSHL §E8 U YRPIBASSF Elﬁg’é%ﬂvﬁ%ﬁ‘@-i n this invention are

general ly repres s & = nAl BB, and
the |ike, wherei ﬁp%rﬁ%r’%{gﬁl%g% ég'%tl pi %:ba f(cggﬁtnearr&o?ﬁgfggﬁgﬁl%R&tagﬂ'ﬁl kyl

such as net hyAl,,Gt.hywhepsiopyls, 3 brithyand apémeA;@)emo@)exyzb@)\z\/rmh&éiﬁ nj\l(;)jmiheal |y
represents an int e%er from1l to about 50. For exanple, the al um noxane
conpounds ofumbes gt {hrertcopriinate plysanum, atoms,drompt s thewsher of two coordinate

met hyl al um n , y) al ym r opyk: 1 t
i sopropyl al umgﬁglggﬁog},lgn’lf%ﬁ?éqﬂg%)é%%ﬁgrxg%g,90?)¥ ‘ﬁji‘t§| ﬁgﬁrl?r%&{%she}? represents a
sec- but ylal urimexpalRyl droap, butl R°abpreionexehedgidg ARV grbay; wWheRex RIi€ a linear or
2- pentyl al umi noxane, 3-pentyl al um noxane, iso-pentyl al um noxane,

neopent yl al urreRdwdslkyl baviag frogohist Hagareen atoms.

Thus, aluminoxanes that can serve as optional cocatalysts in this invention are

generally represented by formulas such as (R-Al-O),, R(R-Al-0),AlR;, and the like,

wherein the R group is typically a linear or branched C;-Cs alkyl such as methyl,

15  ethyl, propyl, butyl, pentyl, or hexyl wherein n typically represents an integer from 1

to about 50. For example, the aluminoxane compounds of this invention include, but

are not limited to, methylaluminoxane, ethylaluminoxane, n-propylaluminoxane, iso-

propylaluminoxane, n-butylaluminoxane, t-butylaluminoxane, sec-butylaluminoxane,

iso-butylaluminoxane, 1-pentylaluminoxane, 2-pentylaluminoxane, 3-pentyl-

20  aluminoxane, iso-pentylaluminoxane, neopentylaluminoxane, or any combination
thereof. |

While organoaluminoxanes with different types of R groups are encompassed

by the present invention, methyl aluminoxane (MAO), ethyl aluminoxane, or isobutyl

aluminoxane are typical optional cocatalysts used in the catalyst compositions of this

25  invention. These aluminoxanes are prepared from trimethylaluminum,

triethylaluminum, or triisobutylaluminum, respectively, and are sometimes referred to

as poly(methyl aluminum oxide), poly(ethyl aluminum oxide), and poly(isobutyl

aluminum oxide), respectively. It is also within the scope of the invention to use an
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t hereof . Whil e organoal um noxanes with different types of R groups are
enconpassed by the present invention, nethyl alum noxane (MAO, ethyl

al um noxawe,2o0a@vosesebut yl al um noxane are typi cal opti onacTasecaumabssse s used
in the catal yst conpositions of this invention. These al um noxanes are
prepared fromtrinmethylal umnum triethylalumnum or triisobutylal um num
respectively, and are sonetines referred to as pol y(nethyl alum num oxide),
pol y(et hyl al um num oxi de), and pol y(i sobutyl al um num oxi de),

respectively, It is also wthin the sc of. the invention to e

hnal um noxadBTHROLBRGR REPBACR BHIE TRRAPRGTar s Wisaredd HRE Betsata i n
U S, Patent \¥o4 784,694, 0% iU G ihchrfifthRl By rieRNBORASG Rty ! eT erence in its
entirety. The ptesent’ I nvention contenplates many values of n in the

al um noxane f or milhaspréfnflin@nhioanadnipipléks G)anpl Rlyesaollnpinether dbinjnomans at

| east about 3. However, depending n _how the o oal um ngxane_ i s
prepared, stpatas é}ﬁaA]Gde?n‘i]t%Rv/éﬁE’gi@BZ’n a‘ﬁ‘g)}”rﬁéfqagg)f ik &t dpashidhout 3i ngl e
sanple of a i C o) i ugt gx re
compr i setl | ER e e B o koo Rl BRAR oAy RSy
preparing t kg edtaloyst magmheosiriablenwithint hsiagiersaample of albaripeiatengndasuchpd i onal
al um noxane, the nolar ratio of the alum numin the alum noxane tg the

met al | ocene CPRDINGEOR SR ERMNPRIBRIROXapRS AR (COMPFISHA Whe methods ang capwpgsitions

100, 000: 1. Hhi .the nolar ratio of the alumnumin the

al um noxane%gh%trﬁ%%&%g@a% %Oéiéne in the conposition is usually fromabout 5:1
to about 15, 000: In pldpariageiendatalyst @pinpositibn af thid hexaie asdethitgafoptional

pol ymeri zation zone is an anount within a range of about 0.01 m:};/L to about
1000 ngl®, eherinexwe: thg molagratioted thalyminwp iprfrq aluginoxprsmiosibe gretallaegne. t o
abut 50 ng/ L. ,Or ganoal .um.nox S..can are ho edures
which are wét fhek(%)glvw S}ur?ntlﬁéls aar?ﬁ.ﬁ%%%% elgi(g?o él?ogléﬁg%p@mhhﬁgﬁég%?eggér%ti ons
are di scl oseghlarYatib of tHRalehinubios. thSaldddnd8e ethedn @il focefidin thaebmpdsitiéd ch i's
incorporated by reference herein, inits entirety. One exanple of how an

al um noxaneinasually frme pheeidS:ilstoabopiol §.00& 1. \eermoptc dpsiogdlsdeminegang: an

Inert or gangaa’ %ove(la rﬁ%lyﬁ@ﬁz?ﬁoﬂ’ ggfetgdanvgn%gun?r\]?vithin a range of about 0.01 mg/L to
15  about 1000 mg/L, from about 0.1 mg/L to about 100 mg/L, or from about 1 mg/L to
abut 50 mg/L.

Organoaluminoxanes can be prepared by various procedures which are well

known in the art. Examples of organoaluminoxane preparations are disclosed in U.S.
Patent Nos. 3,242,099 and 4,808,561, each of which is incorporated by reference

20  herein, in its entirety. One example of how an aluminoxane may be prepared is as
follows. Water which is dissolved in an inert organic solvent may be reacted with an
aluminum alkyl compound such as AIR3; to form the desired organoaluminoxane
compound. While not intending to be bound by this statement, it is believed that this
synthetic method can afford a mixture of both linear and cyclic (R-Al-O),

25  aluminoxane species, both of which are encompassed by this invention. Alternatively,
organoaluminoxanes may be prepared by reacting an aluminum alkyl compound such

as AlR; with a hydrated salt, such as hydrated copper sulfate, in an inert organic

solvent.
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al um num al kyl conpound such as AIR3 to formthe desired organoal um noxane
conpound. Wiile not intending to be bound by this statenment, it is believed
t hat t hi sweyntdseize net hod can afford a m xture of bot hpcirnsaso4msasecyclic
(R-Al -On al um noxane species, both of which are enconpassed by this
invention. Alternatively, organoal um noxanes may be prepared by reacting an
al um num al kyl conpound such as AIR3 with a hydrated salt, such as hydrated
copper sulfate, in an inert organic solvent. The Optional O ganozinc

Cocat al vst s spe of t.he . nvention enconpasses a catal yst conposition
conpri sing m&%—H%MMomound at | east one organochrom um
conpound, at | eaghnedRPe@EMRSRVEIMIdN DBORPassed 4 Gat@&b%mp%kltlbﬁ%ﬁhpﬁglﬁg aﬁ

or ganoal um num conpound, and, optionally, an organozinc cocatal yst.
or ganozi nc desshoag yxsettalhwpn@y@aipoundt hélqasteg@mprganvdmmmm icompehattatdedst om a

compound with the fo n{ X7) X8) reLn X7

hydr ocar byl Oﬂg\ﬁhﬁﬁll(fahlé’%efpe%o ]6108%1%%05 %’P loi('ﬁ?goa RE scoé’é’f)‘él&‘fe%ldfrom a
hydr ocar byl ,opaanﬁiyk ol Ql?aﬁézﬁ@ cBEthI9at! dghB 36’1‘g£i9)zi1{00 BdchtalRt @RPWyed Gn GAE DON
atons, hali de, ri For exanpl e, the optional organozincC cocatalysts
i ncl ude butpr@cm mmntldm wistleded mmdlcnmphwidzwmmedolmwl;agimmﬂa di propyl zi nc,

di butyl zi nc, dineopentyl zinc, di(tri _ﬁjté&yl gl ylmethyl)zinc, and the Ii ke,

i ncl udi ng any conbi nations thereof. dq%')émal Organoboron Cocat al yst One
aspect of t Ren iy O} G0 ACHGRUDRS SfaviheC BbAl YSto SRR LdrBbh GRIIR | GEgs at

| east one netall oggé:\e ccail ﬂ%dgnd at Ieaggt one organochr omﬁghm%comﬁ nggs at

| east one chelettedlftom tarlgdrc&mlrtg'hlandalhwldepran abéevsﬂe daeng rfigan @ ab wisb a2

conmpound, and, optionally, ol ganobor on c The or ganobor.on
corrpoun&ocoﬁﬁ‘?biogé’éom%ﬁkﬁqléﬁ deo n%‘ﬁuﬁ@gl %“étoétlg%ﬂl {0E8anREINg d’l‘?ﬁ?itﬁéﬁtﬁ ons

t hereof . For , opor u t
conprise a ﬁ%g%ga%%qﬁg?%%%goﬁbo%ﬂaﬁﬂ% 1 lr(}%rﬁg&f 0&8@%‘?@ {izlg ound, or
a conbi nat i dinebpentyzific, Atiimkthylsilyoethal)ningcimadnthe rhkfeJ umhﬂﬁfggﬁlj'Ocdmﬂflﬂettﬁns

conpound

thereof.

15  The Optional Organoboron Cocatalyst

One aspect of the invention encompasses a catalyst composition comprising at
least one metallocene compound, at least one organochromium compound, at least
one chemically-treated solid oxide, at least one organoaluminum compound, and,
optionally, an organoboron cocatalyst.

20 The organoboron compound comprises neutral boron compounds, borate salts,
or combinations thereof. For example, the organoboron compounds of this invention
can comprise a fluoroorgano boron compound, a fluoroorgano borate compound, or a
combination thereof. Any fluoroorgano boron or fluoroorgano borate compound
known in the art can be utilized. The term fluoroorgano boron compounds has its
25  usual meaning to refer to neutral compounds of the form BY3. The term fluoroorgano
borate compound also has its usual meaning to refer to the monoanionic salts of a
fluoroorgano boron compound of the form [cation]'[BY4], where Y represents a
fluorinated organic group. For convenience, fluoroorgano boron and fluoroorgano
borate compounds are typically referred to collectively by organoboron compounds, or

30 Dby either name as the context requires.

39



known in the art can be utilized. The term fl uoroorgano boron conpounds has
its usual neaning to refer to neutral conpounds of the formBY3. The term

f | uor oor gaoodms2d3e conpound al so has its usual neani ngPCE/USeden3des0 t he
nonoani oni ¢ salts of a fluoroorgano boron conpound of the form
[cation] +[ BY4] , where Y represents a fluorinated organic group. For
conveni ence, fluoroorgano boron and fl uoroorgano borate conpounds are
typically referred to collectively by organoboron conpounds, or by either

h i ) | f fl
Can be_used aq coLHGRLRRIOY BB SemPHOERIP S Foh AERILES GORRRrE ot
limted to, gl %érﬂaﬂi tid 34{1)019&1{ BLE BreSiéf Mindifed 1) HYortHARE Y] Bthdel BhdH s,

t etraki s(pentafrl uoropheny orate, triphenyl carbeni um
t et r aki s( peny,atdinethypdndlinitinbor dttegkid(pentaflnorophenyl)borate,  triphenylcarbenium

t et raki s(pent af | uor ophenyl ) borate, N.Ndi neth ilinj

t et rati s[ 3, 53%41%-‘((P?rlt$ﬂ%¥ﬂ¥?§¥]éwr5‘tﬁhgﬁw‘i%o%%‘)ékg?é@%%%ﬁhﬁ%}fwgmtﬁmMN -
tetrakisk3, [ b uar ] I e ' '

m xt ar a5t hT s o B b ) AL
as cocat al ysétsakiis)3 fShsisor Ss@oineihgl)pindoytihotatec | anid, tHeutliker einebiding nmfixdres o,

tris(pentafl uorophenyl)boron, tris[3 5-bis(trif|u&lrorrethyl) henyl ] bor on,

and the | i kéhereole| Examigjenpk lhpraereape barop. coppronBlitahen havssAds sgcdtelye
bound by the_f i e f, . f nd
fIuoroorgangnB%%é%%%g%%%%ﬁ@é¥ngﬁ%%?gf%%25@%@ﬁ%@&%ﬁgga%@g&@ﬁgﬁgE@ﬂﬁ%ﬁ¥grm
" weakl y- coongp-bidgriflaskoaizshylypRenytipotunn et ietlikepingladimgehiaturentipreofids, as
disclosed in U S. Patent 5,919,983, which is incorporated herein b

referend® in its Alqusbmpt lf@ﬂéﬂ%ﬂolw,b(’&ﬁ‘}/bﬁﬂﬁﬁﬁi“ﬂf“ﬁh@&ﬁdﬁ%ﬁﬁ@@@#ﬁ@@nd

can be utiliged in this inv | on. t i f. Lhe

or ganobor on u@ﬁ%%g?‘%)hb(ga{ehaéﬁrrrﬁelfog%r%%:rg)ng&g%%%Iglg(r&]%“dlsh %g?%gc{n}%o@#@g% Ellré from
about 0. 1:1 theughpaut fokM: tweakipiscttiindting henidf® uittenotorhbiaed Iwith e@ggantddor on
or fluoroorgano borate conpound used as a cocatalyst for the netall ocene is

in a range ofonfpoundsiseutiscdossd iplbSt BatgriohP 1988 hovkish a¢ insernsmated hewimby per
nol e of netal locene conmpound. I n another aspect of the present invention,
t he anount &e%erefqggfubg? gIEtHStyboron or fluoroorgano borate conpound used as a

cocatal yygt for thged®R41B) | AGenBourt dfMoRahetitdén Gonfpoand aapWe Qtifized 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.
Typically, the amount of the fluoroorgano boron or fluoroorgano borate compound
used as a cocatalyst for the metallocene is in a range of from about 0.5 mole to about
20 10 moles of boron compound per mole of metallocene compound. In another aspect
of the present invention, the amount of fluoroorgano boron or fluoroorgano borate
compound used as a cocatalyst for the metallocene is in a range of from about 0.8

mole to about 5 moles of boron compound per mole of metallocene compound.

25  The Optional Ionizing Ionic Compound Cocatalyst

One aspect of the invention encompasses a catalyst composition comprising at
least one metallocene compound, at least one organochromium compound, at least
one chemically-treated solid oxide, at least one organoaluminum compound, and,
optionally, an ionizing ionic compound cocatalyst. Examples of ionizing ionic

30 compound are disclosed in U.S. Patent Numbers 5,576,259 and 5,807,938, each of

which is incorporated herein by reference, in its entirety.
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nole to about 5 noles of boron conpound per nole of netall ocene conpound.
The Optional lonizing lonic Conpound Cocatal vst One aspect of the invention
enconpasswe 280aEkBkyst conposition conprising at | east eoe/usedalobassene
conpound, at |east one organochrom um conpound, at |east one
chemcally-treated solid oxide, at |east one organoal um num conpound, and,
optionally, an ionizing ionic conpound cocatal yst. Exanples of ionizing
ionic conpound are disclosed in U S Patent Nunbers 5,576,259 and

5, 807, 938, each ich is.incorporated h in b f nc nits
entirety.An ioni }zg‘lnnlﬁngf’ﬁ LG ﬁﬁ%ﬁ‘gmﬁss grh llglggucg mé% n%(gd’ﬁaeji'i\/r‘f% rﬁl%(ﬁlr?nf @ncti on
to enhance éﬂﬁné@the%&tl‘xntﬁfoﬁtﬁ@ caialydt ¥&hpEHins lwmwmotv%udn% BPheBRY Hﬂlsby
theory, it is believed that the ionizing ionic conpou may be capabl e of

reacting wibdlievhe that tleg ionizdng raiic egm mex be Ceppb of;magmmwgh el first,
converting the ocenes into cati met a ene .c ounds ai n,

w1 not i SeaR o H B R B aomyo LBy cOnting e iien ity %%Pwm 2 ng
i oni ¢ cyMOMBAIIBEMe! cohEiduals. A @i, | WAl hbO uﬁ@megl il b@%oﬁﬁﬂmyeﬂl%&ér _
partial 'y extracting an anionic |igand, possibly a non-h5-alkadi éenyl Ilgand
such as (X3Yelisved e} ther iomzttesionist cinipued enayHonetuer gs aohienizorg einygpuindrbyc
conpound is an acilvator gardl ess of whet it iopnizes thes;netall ocene,

abstracts a?Pr%Bésse YoPt (Pﬁﬁ)aﬁlw. GGG, 25 FUUNF gwaa@ POSSIObY & BOPTIOA Ikpdenyl
weakens the Haéuc?;%s; (%T) %{S}?)I Iﬁ.gan Ol?lgtailecénlae %%IV&D Ctﬁ@?énlmgxg %%éch

coordlnates 0 an or any ot her mechan
activation caypamdds an Eatrvhh)emegakdleéss)fmtheeﬁeSﬁlaeythe lddiallotend, @pdtZictaGmi oni C
conmpound actiyate the nmetallocene only, The activation function of , the

i oni zi g i ot 8 Oédﬁﬂpbua%m B i as {9 fqai@ FhIEhBEE Wetkens the BetabeX A gFst
CorrpOSI ti on,ag- ‘2’31%% 8in #%e ﬁgﬁﬁgée%gs Ry CC%F)?AIIXER% £041P @@)}to} fﬁ‘ntl a}lddoes not

conprise any 10 ng ionic conp es of Ioni iC conpounds

i ncl ude, bUinyaftBerﬂﬁéchbm@inE &g vﬂ@ch édﬁl@aﬁ@i 1Inayvb6tglrcorrpounds
tri(n-butyl)amoniumtetrakis(p-tolyl)borate, tri(n-butyl)- amonium
tetraki s(mt ol yl Fedhat & ist pot(pecgssagy }@Mbwmrzmgtwm gqmpmmdu asEvALgl the

P?:?Lebuz;: 9m§§%%%%h§??2%ra |SE§?§§ ?Pﬁﬁ%nﬁ%?él Fﬁ§¥3 bq%@?f%gwg?g
tri(n-bustyl hareenhdtded activity of catalyst composition as a whole, as compared to a catalyst
composition that does not comprise any ionizing ionic compound.

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)-

20  borate, tri(n-butyl)ammonium tetrakis(3,5-dimethylphenyl)borate, tri(n-butyl)-
ammonium tetrakis[3,5-bis(trifluoromethyl)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,

25  N,N-dimethylanilinium tetrakis[3,5-bis(trifluoromethyl)phenylborate, N,N-
dimethylanilinium tetrakis(pentafluorophenyl)borate, triphenylcarbenium tetrakis(p-
tolyl)borate,  triphenylcarbenium  tetrakis(m-tolyl)borate,  triphenylcarbenium
tetrakis(2,4-dimethylphenyl)borate, triphenylcarbenium tetrakis(3,5-
dimethylphenyl)borate, triphenylcarbenium tetrakis[3,5-bis(trifluoro-

30  methyl)phenyl]borate, triphenylcarbenium tetrakis(pentafluorophenyl)borate,
tropylium  tetrakis(p-tolyl)borate, tropylium tetrakis(m-tolyl)borate, tropylium
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tetraki s(pentafl uorophenyl)borate, N, N-di nethylanilinium
tetrakis(p-tolyl)borate, N Ndinethylaniliniumtetrakis(mtolyl)borate,

N, N- di nretwpl2aowdsezsam t et r aki s(2, 4- di net hyl phenyl ) bor at @CT/US2004/036650

N, N-di met hyl ani I i ni um t et raki s(3, 5-di met hyl phenyl ) bor at e,

N, N-di met hyl ani [ i ni um tetrakis[3,5-bis(trifluoronethyl)phenyl]borate,

NSNdi et hyl ani |i ni um t etraki s(pent af | uor ophenyl ) borate, triphenyl carbeni um
t et r aki s(ptol yl) borate, triphenylcarbenium tetraki s(mtolyl)borate,

triphenyl c me nI t tr enyl.carbeni um
telt Iroakl }s/( 3?%[61%& inj‘g]t t%aléh%}%%’(%a? {r R‘Eﬁe?nz Fear gﬁ?ﬂmetﬂﬁ qmenﬁ)borat -
tetrakis[ 3ydpfinght ri f | U%@ﬁlﬁ&[h}d Blsﬁhﬂwbhﬁmy@pﬁenyu]bbﬁb@nyl car bggyiin
tetrakls(pent af | uoraﬁﬁtpm )borate, tropyli umtetrakls(p-tol yl ) borat e,

tropylium t%ltalq;kpegl( pl)sﬂ)hogﬁtg lithium " tetrakis(pentafluorophenyl)borate, lithium

Lot aki (3 SentRy Ry TR ek (P%é@bﬁ?fﬁf e, Bt lakis(metolyDborate,

tetrakis| 3jfifns(t i fibwasguatitiinaRuiiReae! € treBh UM  tetrakis(3,s-
t et r aki s( pent af | uor ophenyl) borat e, I i thium '

t et r aki s( pdmethylnbenybherayd, ) dhiate, tétiaflworaborate,r asodsfophaetydkis{persefbyordi t hi um

ot raki o( oPheh bR Rofium teabisRhet] Poie wdiB ehrigr@ tynbotate, $Cdium
di met hyl ph%k)spgftéfyﬁboﬂalet NoHA Qétfa%ﬁé(@@rd?ﬁ@ﬂl? Renyd Hdrid) fgdl%ortetrakls-

t et raki s(pent af [ uor ophen borate di um t et rakis( pheny ate, sodium
t et r aki s( p€3, mdyrhwhp}phmwl)bsm umsbédiunaki strafltiotopblabmr atpetassionhi untetrakis-

(5 5ol Gt bRy @@s%ﬁﬁapéat%,iﬁé%%s%@?&é RseonBrostte, mpississ S 5
(pentafl uom%gw (5t§§sﬁ1m PR pﬁbﬁﬁ@ Sl %gamt}@{ra&m PLR

tetrakis(pto borate, potassi u i sCny orat e, potassi um

t et r aki s( 2pHergi)betaly | grhesipin) tditﬁﬂ@&(CE,S chmbﬁlsﬁihmmyl)borate potassium tetrafluoro-
tetraki s(3, 5-di net hyl phﬁnyl )borate, potassjumtet uoro horate,

tri (n- but yP@Hrorr@PreDrRRoSID « JeiFrsisipdaly) é‘c“@flm%tf'%l (ﬁﬂ(ﬁthuﬁ YRR MMM

tetrakis( tr )

tetrakis( r;ezl%gl"é@ach&%ﬂ uﬁlater:iat ﬂn((ﬁ' bgﬂéwm‘? Ut@?raklsl}Z 4-dimethyl)aluminate,
tetrakls( Buﬁndjwnﬁ)dmah@hemy tehakis(ﬁ Mirﬁethylphéﬂyl)fallfnyihéta,rrtﬁ(mhmyl)ammomum
t et r aki s(pent af | uor gphenyl ) al um nate, N-di met hyl ani | ini

tetraki s( ptaigkip(nentafiugren 5"!3@ UQRRLg; rrethPII imethyhinilgpium tetfale(P tOlyl)'

t et r aki
T Y T -
t et r aki s( tebrallis(EA-ditheth@phitnylalumithaay NNl‘daﬁiemymﬁﬂimydrﬁrtbﬂram(B mLdiglefaii S

(pent af | uor ophenyl ) al um nat e
phenyl)aluminate, N,N- dlmethylanlhmum tetrakis (pentafluorophenyl)aluminate,

20  triphenylcarbenium tetrakis(p-tolyl)aluminate, triphenylcarbenium tetrakis(m-tolyl)-
aluminate, triphenylcarbenium tetrakis(2,4-dimethylphenyl)aluminate, triphenyl-
carbenium tetrakis(3,5-dimethylphenyl)aluminate, triphenylcarbenium  tetrakis-
(pentafluorophenyl)aluminate, tropylium tetrakis(p-tolyl)aluminate, tropylium
tetrakis(m-tolyl)aluminate, tropylium tetrakis(2,4-dimethylphenyl)aluminate,

25  tropylium tetrakis(3,5-dimethylphenyl)aluminate, tropylium tetrakis(pentafluoro-
phenyl)aluminate, lithium tetrakis(pentafluorophenyl)aluminate, lithium tetrakis-
(phenyl)aluminate,  lithtum  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-

30 phenyl)aluminate, sodium tetrakis(phenyl)aluminate, sodium tetrakis(p-tolyl)-

aluminate, sodium tetrakis(m-tolyl)aluminate, sodium tetrakis(2,4-dimethylphenyl)-
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triphenyl carbeniumtetraki s(p-tolyl)alum nate, triphenyl carbeni um
tetrakis(mtolyl)- alum nate, triphenylcarbenium

t et r aki s(Wp4oaioseisdyl phenyl ) al um nate, tri phenyl carbeRrCENS2004/036650
tetraki s(3, 5-di net hyl phenyl )al um nate, triphenyl carbeniumtetrakis-
(pent af | uorophenyl)al um nate, tropyliumtetrakis(p-tolyl)alumnate,
tropyliumtetraki s(mtolyl)alumnate, tropylium

tetraki s(2, 4-di net hyl phenyl )al um nate, tropylium

tetrakis(3, 55di et hyl nyl ) n hat I |i . .

tetraki s(pe PR er’op%gﬁlﬁ ) t%%alfuéng(g’gf‘gf,nefhiyﬁﬁ’?ér&}"#a%mmate’ sodium  tetrafluoro-
t et raki s( pendlamins@s, opeenryitnnl tefridtRntallubbheiRnEkAMS: pognrh) abdridat e,
lithiumtetrakis(p-tolyl)alumnate, lithiumtetrakis(ntolyl) alumnate,
|'i t hi um t et r@kerylRlumigpive Poipssitie ipirylkis(@ripyBalmihate hpetassivwet retkaks((B-©lyl)-
di met hyl phenyl )alum nate., lithi.u traf Luoroalum.nate, sodium .

t et r aki s( pe n%i]é%jfr{?g? (%’ﬂaéﬂ%n) k&?‘ﬂﬁ@n‘%ﬁ’é{le%@?ﬁ?%%a&?’ﬁoﬁ?ﬁém yetiakisi Gatre,
sodiumtatr adam%&gdﬁnéhylbalumﬁiawp BataSuiuBOdbtiRordal@kingle 60! My) AoBilabE
sodi um tetraki s(2,4-di nmet hyl phenyl )-al um nate, sodi um

t et r aki s( 3, Sheient tHgweienrihe Yenizing rianie, cospadindniy aotr lahited theatto rin i present
potassiumtet ral%i s(pent af | uor ophenyl )al um nate, potassiumtetrakis-
(phenyl ) al uf™MFHE™ pot assi um t et raki s(p-tol yl )al uni nate, potassi um
tetrakis(mtolyl)- alumnate, potassium

tetrakis(2, 4-di net hyl phenyl )al um nate, potassiumtetrakis (3,5-

di et hyl pheril/hd Olefin Momemepot assi um t et raf | uor oal um nate, or any

conbi nat.ion thereqf. However, the ionizing. ionic conpound is not limted
thereto n the pr ‘%%’ﬂlra\éﬁ\fé‘f‘ﬁt?rﬁﬂthafhgedségql dn%ﬁ&@w?arm%sqse%ham S

that are usefuliydiNed RN M Z;%&é%@esﬂ)g%ﬁs Gvatib EBIANY ShefAEPRREh! Ons

and processes of this Inventiontypica i nclude o conpoun avi ng
from about Zompoabdubavdfy femboutl amaboped0 nmbex elotmsaed nfvdstulgardthalvigsdt one
ol efinic doubl e bond. This inventjon_enconpasses honopol yneri zation _
processes usfFiy esplalnie duble hond;c This BeRYoRE FBCQERPasPEPRITBPROLYBEIZREPD as

copol yneri z B%Sése%%i;l}%g@.s st fgfeh drid eqsh deetfgfkléxgﬁe;oﬁrgﬁxcglgggniegia% GRIPQYnd hi

one aspect a copo ri zation reaction of ol'yner s of

et hyl end 5comppblyeesizatigro reaationsnivithf at ey | @eedifferzt BIfRIPesBpHind. amg oaem nor
amount of conononmer <50 nol e percent), though this is not a requirenent.
The conpnonedsBeqt AR cORplypisrization reaction of ethylene, copolymers of ethylene comprise a

major amount of ethylene (>50 mole percent) and a minor amount of comonomer <50

mole percent), though this is not a requirement. The comonomers that can be

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

Acyclic, cyclic, polycyclic, terminal (o), internal, linear, branched, substituted,
unsubstituted, functionalized, and non-functionalized olefins may be employed in this
invention. For example, typical unsaturated compounds that may be polymerized with
the catalysts of this invention include, but are not limited to, propylene, 1-butene, 2-

25  butene, 3-methyl-1-butene, isobutylene, 1-pentene, 2-pentene, 3-methyl-1-pentene, 4-
methyl-1-pentene, 1-hexene, 2-hexene, 3-hexene, 3-ethyl-1-hexene, 1-heptene, 2-
heptene, 3-heptene, the four normal octenes, the four normal nonenes, the five normal
decenes, and mixtures of any two or more thereof. Cyclic and bicyclic olefins,
including but not limited to, cyclopentene, cyclohexene, norbornylene, norbornadiene,

30  and the like, may also be polymerized as described above.
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copolynerized with ethyl ene can have fromthree to about 20 carbon atons in
their nol ecul ar chain. Acyclic, cyclic, polycyclic, termnal (a), internal,
| i near, bwenedwd223zubstituted, unsubstituted, functionalPCTA200a086650
non-functionalized ol efins my be enployed in this invention. For exanple,
typi cal unsaturated conpounds that may be polynerized with the catal ysts of
this invention include, but are not limted to, propylene, 1-butene, 2-

but ene, 3-nethyl -1-butene, isobutylene, 1-pentene, 2-pentene,

3-net hyl - 1- pente Anet hyl - 1-.pent.ene,. 1- hexene, ,2- hexene, 3-hexene

3-et hyl -1 - hexene, Fﬂé'p?oé’?ﬁ’&‘n?-lg ﬁ%ﬁ)‘f‘%ﬁé}_}e FORANEE RbYlepg tuay be C?R??}Qﬁ?nzed
octenes, thewhpW cHR6BrherNORRARSles 0T8NS ickRoASBRINCURIREBES arc?iSl HinbdIkES Of
any two or nore thereof. Cyclic and bicyclic olefins, including but not

limted to, pypylepsrtenene, Sylnitatve Jenethylhbbbieneyibemsylems ribpmtand) 2penteasyd t he
i ke, may al so be.pol ri zed as. described.above, \When a pol rJ

desired, thef'ﬂ?ﬂyllr'@r’peé%%ﬁ éﬁ@eﬁﬁbfiﬂgnt% o?’;lfﬁzé‘?’ﬁez &&W’E‘% g'%ﬁ’é‘?%ggﬁ%#@'l'
Exanpl es 50f fhe,&onnangmy z-wéﬂées.&g%ene; fheN®bir bAhd1eshtéRs, MeORYE 8Bfnal

1- but ene, 2-butene, 3-nethyl- 1-butene, 1sobutylene, 1-pentene, 2-pentene,

3-net hyl - 1-pewhener the fetchydrmal -deeateeneln dndtieer easpect theez@nenonderhexg e,
3-et hyl -1 hexene - hept.ene, 2-heptene, 3-heptene, the four normal octenes,
t he four nor Cter‘?g}?;%ﬂgéb,utg‘re> f‘ﬂi’ ntengd -higehal -ordeen bdlecens, o YIRRY aspect, the

conmonomer nay be gl %ﬁﬁ)ﬁﬂ't bf e8hdndHLEREroddcddCls Q%%&Eoggi%’%% Pro@GdeChig:

1-decene, or styrene. The anmount of conononer 1 ntrodu Into a reaction
zone to prodeopelynine i< ggelallyefforh abowne0hid gbolut ddnweahgit hefetilconmnahrer baskd
wei ght percent conoponmer based on the total weight of the nononmer and
conmonome® 190 thedeta Welgﬁb%@fﬂ? TMOREMSH ARt EOTBPIERHn AR ARIther AsPestBe ampptpfa

react or ZO”%JH?OJOWiH?Q&H%@'iQ&) 58'6%9(?;%%1%0}[%& Ly %F]Qﬁﬂt &% OTES o nd in

still another aspect, from about wel ght “percent conononer

based on t hepdrednalcom@hgintr, aindtihestiib mther apecte Gobnabeit.0. Altd abodt 4 walight an
amount sufficient to give the above described concentrations_by weight, in
t he copol ymeRereing FeEwgorsh baged, gp dhe ipial avaight einthenmiongmen apd eBIRETSY t hi s

R R S R
15  weight, in the copolymer produced can be used.

While not intending to be bound by this theory, in the event that branched,
substituted, or functionalized olefins are used as reactants, it is believed that steric
hindrance may impede and/or slow the polymerization process. Thus, branched
and/or cyclic portion(s) of the olefin removed somewhat from the carbon-carbon

20  double bond would not be expected to hinder the reaction in the way that the same
olefin substituents situated more proximate to the carbon-carbon double bond might.
In one aspect, 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
25  unsubstituted olefin. In addition, the catalyst compositions of this invention may be

used in polymerization of diolefin compounds, including but not limited to, 1,3-

butadiene, isoprene, 1,4-pentadiene, and 1,5-hexadiene.

Preparation of the Catalyst Compeosition

30 This invention encompasses a catalyst composition comprising the contact

product of a metallocene compound, an organochromium compound, at least one
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hi ndrance may i npede and/or slow the polynerization process. Thus, branched
and/or cyclic portion(s) of the olefin renoved sonewhat fromthe

car bon- cawvbanoadsedske bond woul d not be expected to hi ndecTiuseommassse on in
the way that the sane olefin substituents situated nore proxinmate to the
car bon-carbon double bond mght. In one aspect, at |east one reactant for
the catal yst conpositions of this invention is ethylene, so the

pol ynmeri zati ons are either honopol yneri zations or copolynerizations with a
different acycli lic,..termnal .. internal |inear, .branched

Substi tut edcHapiefibsifded Sobd g g o e85 cmodh iy oggound.  In
conposi t i ongnathert Risgect,NIERt iRRNAGY HRoMPESes NmBOLYSEST 2akiiRe Ot dh@lyefin
conmpounds, including but not limted to, 1,3- butadiene, isoOprene,

1, 4- pent adi eprposiieh dncRmipescnl eordactgapmetilpeme gbhmpesn@anadrgsiochempiosi t i on
This invention enconpasses a catal yst..c ositi,on canprising.the contact
product of SOHBYH ggteﬁl%a or?BSur‘fg? %?ﬁll}??rg%ﬁ‘icﬁ?lb‘ﬁi B’fhgg’or?ﬁ’éur?ﬂ, legst | Qngst
onecheni gal hyrhsQahefnd Wonthodxi den AR odder! €aat tlf?@%sﬁéc@,aréﬂahé{men'd%l stk_
conpound. In another aspect, this invention enconpasses nethods of r}r/a i ng

t he cat al ystomposgiiomi isiadbtaieecwhpadsi catplysd componands arewehtatledde rey saypoeend, an
organochrom um conpound, at | east one chem cally-treated solid oxide, and
at | east on8r?)'id§’énoal um num conpound, in any order. In this aspect, an

active catalyst gPNRRMd! aihdef OPUAINGRMEN (e SRlAbYHL COABBARN! hd! €
contacted in any sequence or order. hi another aspect of this invéntion,

t he net al | oomaerochoompoun dompdrendy og dothcéemooyitionmity b pravdntacted bdthhare alefinic
optional |y be precontacted vvi,ltyh 1a]\n o{ggf ni ¢ nonomer, not necessarily the

ol ef i n HbnoMSROREE h8h PRSI e dhe afl§lia N NGHISH afUNPS RAlEBeHEcd) yard fagr o
first perio i i Clel.ng | r n ! wth the
chem cal | y-gmljgg?é sg&[ cf'%g?(t? (Satcg{ﬁt g‘ntg'r%sgée@éj O}ti)h@(ﬁ?i #’Ig(? g(gréyggtcg#lgtﬂﬁe for
contact, thprepostaciad adktutd with thethesivaliyreeied sdlidosdde BooAEOAsPEctOthe first
conmpounds, the olefinic mononmer, and the organoal um num conpound typically
range from Bedst ofgime fosisontact theggeonart Hges g,etwéﬁ’élﬂferlﬁﬁﬁa]é%ﬂ? compoynsl ethout 1

hour'_Pr ecoBlbuld "B bieAMcRRHbmAR M HHeeSughfoAlitun? QoMU S Sty o0

15  range from about 0.1 hours to about 24 hours, and from about 0.1 to about 1 hour.
Precontact times from about 10 minutes to about 30 minutes are also typical.

In yet another aspect of this invention, once the precontacted mixture of the
metallocene compound, organochromium compound, olefin monomer, and
organoaluminum cocatalyst is contacted with the chemically treated solid oxide, this

20  composition (further comprising the chemically treated solid oxide) is termed the
postcontacted mixture. The postcontacted mixture may optionally be allowed to
remain in contact for a second period of time, the postcontact time, prior to initiating
the polymerization process. In one aspect, postcontact times between the precontacted
mixture and the chemically treated solid oxide may range in time from about 0.1 hour

25  to about 24 hours. In another aspect, for example, postcontact times from about 0.1
hour to about 1 hour are typical.

In one aspect, the metallocene compound, organochromium compound, and
treated solid oxide are contacted together, for about 1 minute to about 24 hours, at
temperatures from about 10°C to about 200°C to form a precontacted mixture. This

30 mixture is then contacted with the organoaluminum compound to form a

postcontacted mixture.
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In yet another aspect of this invention, once the precontacted m xture of
the netal | ocene conpound, organochrom um conpound, ol efin nononer, and

or ganoal uwonuoewsemsat al yst is contacted with the chem calrcy/use@atwesstssol i d
oxi de, this conposition (further conprising the chemcally treated solid
oxide) is ternmed the postcontacted m xture. The postcontacted m xture may
optionally be allowed to remain in contact for a second period of tine, the
postcontact tinme, prior to initiating the polynerization process hi one

aspect, postcont i etween th recontacted m xture and the

chenmical ly treat g’g%séﬁg%%%%% ypf’gﬁfgr}atacﬁlﬁlgt F%B’ %o Oé’ootﬁ?y Qp?e?ﬁ‘jwﬂﬁ[ 0
about 24 hOiéfo'“‘duBﬂivi%n@fhlﬁ cRASREChs cs%a&giacapﬂ@,saﬁ@sé&ﬁl?&aéémﬁdsm fraP about
0.1 hour to about hour are"typical. hi one aspect, the netall ocene

conpound, opteparsdHFidHUG Preconfactmgl or pesicantasiingd ¢vgr,ondittler apeccontattang ed

toget her, f bout i, nut bout. 24.h Lot t f bout
100C (oAbt 3B0bEoT HOIhE 2’ Bt Brbiset BATHS FroRlon TS i xt ure i< thon

contactesl with thgeQoaenRadted bR RaP Pendated at Qrtéﬂlﬁerﬁﬁgé ﬁrﬁf‘fd?%t&ﬁlation
m xture. The precontacting, the postcontacting step, or both may I ncrease

t he product sufficienbto ahew cesaiptisn, agpregmapaneco interadimnsainrecattadteds mixture
conposition that i.s pr red Wi thout, . precontacting or_postcontacting.
However , nef”f“ﬂghfe @eﬁﬁggl&ﬁ{e@%{d‘ Wé)’ SR 8P ﬁ%a&&o M at erf@’ng%oéﬁ“térog%‘e
required fo HS ot I : : x4 b at a
Fenper at ur P Rt YR e RO R, M PR X (ER . Fof Bk

i mpr egnat i othe wostdontaeted ahixamre afaypbehantdibacbarvadisouand°c he abhamooat] y
treated solid oxide, such that a portion of the conponents of the

pr econt K¢t edempgiatires besweemahont 20°&dto abgub? e e bivieh Pobe mextureris heded atFor
exanpl e, tha postcontacted m xture nmay be heated from between about 10C to
about 200C. “Tenper at ures between about 200C to about 95C are typical if the

mxture is heateh ghe adgect, ki SMMEnidSIBLGEated BRICHEAE GALAIYintA 8R4 eGnm@hihek OXi de
is calcined at a tenperature from about 200C to about 900C, and for a tine

of about 1 fonualeout Q0ANOUC abo®t HUICs and Her g dined nfdbah eningmitt yo tbest 8 sol i d
oxide is t hﬁcr)]ur(s:.o %g%glgglewichgmﬁzgll}lf- aeesitted gcr)]l?d oxide is then contacted with at least one
15  metallocene compound, at least one organochromium compound, at least one
organoaluminum, and at least one olefin monomer to form a postcontacted mixture.

The molar ratio of the metallocene compound to the organochromium
compound may be from about 100:1 to about 1:100. In another aspect the molar ratio
of the metallocene compound to the organochromium compound may be from about

20  10:1 to about 1:10, or from about 5:1 to about 1:5.

The molar ratio of the metallocene compound to the organoaluminum
compound may be from about 1:100 to about 1:1. In another aspect, the molar ratio of
the metallocene compound to the organoaluminum compound may be from about
1:100 to about 1:5, and in another aspect, from about 1:50 to about 1:10. These molar

25  ratios reflect the ratio of the total amount of metallocene compound to the total
amount of organoaluminum compound in both the precontacted mixture and the
postcontacted mixture combined.

When a precontacting step is used, generally, the molar ratio of olefin

monomer to metallocene compound combined in the precontacted mixture may be

30 from about 1:1 to about 1:1000, or from about 1:10 to about 1:100.
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net al | ocene conpound, at |east one organochrom um conpound, at |east one
organoal um num and at | east one olefin nononer to forma postcontacted

m xt ure. wbeoowisaa32rati o of the nmetal |l ocene conpound t oPChaSesog@B@shr oni um
conpound may be from about 100:1 to about 1:100. In another aspect the
nolar ratio of the nmetall ocene conpound to the organochrom um conpound may
be from about 10:1 to about 1:10, or fromabout 5:1 to about 1:5. The nol ar
ratio of the netall ocene conpound to the organoal um num conpound may be
fromabout 1:100_to about 1:1. hi another. as ect,ﬁiﬁghe mol ar_rati o, of the
met al | ocene conpéRirid TrEhef AsPest gintha Weﬁﬁ?ﬁ’c@‘ﬁp\‘}f t wafip 96 the spstalinsgre 1: 100

to about 1:3. ?ﬁédcgb ?r%oé}p:ﬁ‘giceﬁﬁpﬁ&%tﬁde fséél%‘of?ﬁ%#%a n;oég:{(;rfr?m a{%?ﬁil“iO:gr:tgyoaboI ese

nmol ar ratios ¥t eratro’o ot a ocene conpound

to the totalp.coopuntincfet anghsoabedtiofuis ¢orgptiomahe welgit hatidef e ecosiicehed
m xture and the postcontacted m xture conbi ned. When a precontacting step
i s used, gesewmapysd tq pee sbtmicalwnitieatedssobidedxife vam dive fromo abmatt al i Je eaheut

about 1 Loo0008r b AR S5h EhF At D0t BB OOl aepect of this

i nvention, the wgihghteislatrhto of tHehtefitdatlytRardaotidmred the ofdagodtaitiueal | y
treated solid oxide nmay be fromabout 10:1 to about 0.0001:1. Li yet
anot her aspeempegnd miax ranggdfam ghout 10 jeeplitt 1084)i ongmothice aspect thoweight

conmpound to _the em cal | reated.solid i d n.be. fromabout, 1: 1, to
about 0. 001 4t oG thiticely WeFRl SRuT B S HE Gy RSy BhapRinh ot . 1
The wei ght fafn Sk 118 26b@&M0DAN, ladd i RabRsth&dshebt Ofbelebbet 1:he about 10:1.

or ganoal um nurn conpound nmay range from about 1:10 to about 100:1. hi

anot her 18spect, {flihe ameiughof rergimpabiminie wahegsi fterm|apout @81 epnsisl dheubiPee to

t he organoal um num conpound .may he from ab 1..1 to about 100:1, a in
yet anot her Pagbg’ét ,Wefé}gnﬁ?fﬁgu?xl&’f F’Slg@?ﬁo?f%?):dfﬁm%eﬁ]arﬁ}ﬂwr depect e

or ganoal um WML AREESuh l&ﬁ@e@ﬁ@ﬂ; atfduPd. 1 R Qubskost0 0By RRIBHPYaseR bdlike based

on the weight” of the diluent, In another aspect, the organoal um num ranges
from about Gvelghtpofi the dilwent; ofOfompEpobly 1vigingtie abasteiS®mpmhe Theirgin obfthe he

dif'uent, or C{lg‘,l’l(’)l{ya }t/) ‘?rlézgte& scﬁpcf%);[ige %bt%g tdil&eSnQ V\Rﬁ rt?e fr-lgr]r(laa‘tr)c%}t il?l,(%O,(S(Jbeto 1:1000.
15  The amount of metallocene compound ranges from 0.001 ppm to about 100 ppm by
weight based on the weight of the diluent, or from about 0.1 ppm to 50 ppm, or, in
another aspect, from 0.1 ppm to 10 ppm.
Aluminoxanes are not required to form the catalyst composition disclosed
herein, a feature that allows lower polymer production costs. Accordingly, the present
20 invention can use AlR;-type organoaluminum compounds and a chemically treated
solid oxide in the absence of aluminoxanes. While not intending to be bound by
theory, it is believed that the organoaluminum compounds likely do not activate the
metallocene catalyst in the same manner as an organoaluminoxane.
Additionally, no expensive borate compounds or MgCl, are required to form
25  the catalyst composition of this invention, although aluminoxanes, organoboron
compounds, ionizing ionic compounds, organozinc compounds, MgCl,, or any
combination thereof can optionally be used in the catalyst composition of this
invention. Further, in one aspect, cocatalysts such as aluminoxanes, organoboron
compounds, ionizing ionic compounds, organozinc compounds, or any combination

30 thereof may be used as cocatalysts with the metallocene compound, either in the
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chemcally treated solid oxide to the diluent will be from about

1: 1,000,000 to 1:1000. The anmpunt of netall ocene conpound ranges from 0. 001
ppm t o abwotoddB2pm by wei ght based on the wei ght of treTdiskagnsgesor from
about 0.1 ppmto 50 ppm or, in another aspect, fromO.1 ppmto 10 ppm

Al um noxanes are not required to formthe catal yst conposition disclosed
herein, a feature that allows | ower polyner production costs. Accordingly,
the present invention can use Al R3-type organoal um num conpounds and a

hem cally treated soli ide in.the ab |y i |
i endi ng’ OB Ronat 15 fiisars oF ok FuBRRCFeAte A LRBRCAEE st i
conpounds | ijglehcélér iAGke BEehdAIRS BandilBhinoELaNSRinds ySt i n the sane

manner as an organoal um noxane. Additionally, no expensive borate conpounds
or Mgyl are requiFredcatdytiopetivityeofahe adtglyst eommpsiion; afrthisfinyenition iis tyeiailpn,

al t hough al um noxanes, organobor conpound ionizing ignic co unds,

or ganozi nc c%ﬁag?ﬁfﬁa% Pfﬁ}ﬂ@? ?%6 mjﬂ9 g&%fﬁ%?ﬂ?ﬁ%h%lﬁﬁ ﬂ%rr%%?‘ 022’ e@ﬁ?ﬁ%’%ﬁ?ﬁeé be
used in the &ghalyad pEOHPAS {abbRRiRld EPISCTIUHRN! O mfdﬂsér%{sec_t,l fheOBBIRRPECT |
cocat al ysts such as al um noxanes, organoboron ‘Conpounds, 10nizing Ionic

conmpounds, aroggositionofabispoved®n iy Be yharectbiizedt byoan héterigoéf gregtebthansed as
cocatal ysts with the netall ocene conpound, either in thepresence or in the

absence of téEalciReRPeid00\ely (e84 Anddn gRother asppet. @ aakivity jof SteptsT frag$Ence

or in the abse of, the 1 aym ounds. The catalytic activity

of the cat aliﬂélglc ggnﬁ%oé’ittl?’@nggg?&t%'wVeﬁﬁ?l nacltléllst?’ ypi ﬁﬁafve%r]é%c%érg{l%n or
equal to aboyilyéld, 86ARBnAabNE McaBGURRE BrtREderhal GahlaypdiyBaifdosol i d
oxi de per hour” (abbrevi ated gﬁ/(géTSO hr)). In another aspect, the catal yst

conposi tlidon tefpedabuse ofelentt i99TCrand be ethybama pressireed dyputa¥dlapsig. v Thy reaftor
greater than_or ual bout 20Q.gP/ SO hr, nd i.n another _.aspect, an
activity of GBSk Vetsﬁhﬁa‘?a)tfa?]é{ a}n%g%ﬁgﬁgg)%ngwlgigp%g@qg% §t Otg?fi forms o yi ¢ y
i s measured MWORSY udihiking Ble¥ORIchdRlh@fts.condi tions, using isobutane as the
di luent, and wth ‘a polynerization tenperature of about 90 0C, and an

et hyl ene pressure of about 550 psig. The reactor should have substantially

no indicati 08 .of an I 1. scale, ¢gqQati ng lor of her fornms of fouling upon
maki ng these m%g%&gyst omposition in Polymerization Processes
15 Polymerizations using the catalysts of this invention can be carried out in any

manner known in the art. Such processes that can polymerize monomers into
polymers include, but are not limited to slurry polymerizations, gas phase
polymerizations, solution polymerizations, and multi-reactor combinations thereof.
Thus, any polymerization zone known in the art to produce olefin-containing
20  polymers can be utilized. For example, a stirred reactor can be utilized for a batch
process, or the reaction can be carried out continuously in a loop reactor or in a
continuous stirred reactor. Typically, the polymerizations disclosed herein are carried
out using a slurry polymerization process in a loop reaction zone. Suitable diluents
used in slurry polymerization are well known in the art and include hydrocarbons
25  which are liquid under reaction conditions. The term "diluent" asused in this
disclosure does not necessarily mean an inert material, as this term is meant to include
compounds and compositions that may contribute to polymerization process.
Examples of hydrocarbons that can be used as diluents include, but are not limited to,
cyclohexane, isobutane, n-butane, propane, n-pentane, isopentane, neopentane, and n-
30 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;

48



Uility of the Catal yst Conposition in Polynerization Processes

Pol ynmeri zati ons using the catalysts of this invention can be carried out in
any mannewokn@m32132 the art. Such processes that can polPgraIS2@E/0BEEEONMES S
into polyners include, but are not limted to slurry polynerizations, gas
phase pol ynmerizations, solution polynerizations, and nulti-reactor

conbi nations thereof. Thus, any polynerization zone known in the art to
produce ol efmcontai nng pol ynmers can be utilized. For exanple, a stirred

ot cont i nabber i EFAE wlatonr oo Fhaot ablorhiioeSaRRlRY et |

Typi cal |y, fdg&npalitérmtitet@ati ons di scl osed herein are carried out using a
slurry polynerization process in a |oop reaction zone. Suitable diluents
used in slurry pailymenzatianireactes euitabld fog Hmpresent invention caarnwnipnist adleast
hydrocarbons which are . ljiquid under reaction conditions. The term "diluent"
as used in i ?Vﬁilg%?%@uteggﬁé@nhoﬁt 1;?@ e%%ea?‘:i’elﬁys ah fg’h qaﬁgfﬁf heGHAYS| | as
this term i RABts A 1bRE bHERaCOMRANAASA 384t 688BOS I AR vED R stBRX
contribute to pon?r’eri zation Sr 0oCcess. ’E{;arrpl egérgf §dﬁltf/sdr ocgr o%ss thoétangan be
used as di |suginbls dcombination thereofar Suiteble teatiotsefdr oy preyait diresntine can Saotherane,
n- but ane, propane, n-fl)ent ane, . i sopent ane neo%ent ane, and nhexane.

Typi cal |y, SOS8BITE aA%ONS Of serpbination ah, @ aiakyst SOFRSS SETIERr §0 BETUFIESYSIER: B,
Exanpl es of ' ngl ' . S. ;
4,501, 885: 4‘3‘%’%? Egﬁgﬁa?%%?é%%;@yééﬁg%g?ﬂg 7}3532@%?5 hstS eh efbeoi€ an

i ncor por at ednipyise ebatiewons thlereff randi direct seceeling ef yatalipal dikeent,zaid polymeact or s
suitable for the present invention can conprise at | east .one raw nateri al

feed syl enyensrallye £ONUBRRYSE BENGCSSES 18 FURPIESSt Hiey sentyiuops dafrgductien, RioAent s,

at least o tor : T any
Ui table congiif SreeBlEb il AlndEie VRN REL SRR YRRt
can furt herreporgr fism &y reavtor of acapersidn ovmpfising Podfradry pirtisSleorangethsyst em

an extrusion system a cooling system a diluent recycling system or a
control sys#iB§ht.Such reactors can conprise continuous take-off and direct

I N s L IR
catal ysits, afidesdt 6hhd 1@PIshirfi RadtoR OBy @disi 28 kh&®a i® thedditlaid@nCntprizgous

vertical or horizontal loops. Such loops can comprise a single loop or a series of

loops. Multiple loop reactors can comprise both vertical and horizontal loops. The

slurry polymerization can be performed in an organic solvent that can disperse the

catalyst and polymer. Examples of suitable solvents include butane, hexane,

20  cyclohexane, octane, and isobutane. Monomer, solvent, catalyst and any comonomer

are continuously fed to a loop reactor where polymerization occurs. Polymerization

can occur at low temperatures and pressures. Reactor effluent can be flashed to

remove the solid resin.

In yet another aspect of this invention, the polymerization reactor can comprise

25  at least one gas phase reactor. Such systems can employ a continuous recycle stream

containing one or more monomers continuously cycled through the fluidized bed in

the presence of the catalyst under polymerization conditions. The recycle stream can

be withdrawn from the fluidized bed and recycled back into the reactor.

Simultaneously, polymer product can be withdrawn from the reactor and new or fresh

30 monomer can be added to replace the polymerized monomer. Such gas phase reactors

can comprise a process for multi-step gas-phase polymerization of olefins, in which
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removal fromthis reactor of a suspension conprising polymer particles and
the diluent. hi one aspect of the invention, the polynerization reactor
system camocooysese at | east one loop slurry reactor. Sech/use@atosdsso ar e
known in the art and can conprise vertical or horizontal |oops. Such | oops
can conprise a single loop or a series of loops. Miultiple | oop reactors can
conprise both vertical and horizontal |oops. The slurry polynerization can
be perforned in an organic solvent that can di sperse the catal yst and

pol ymer. Exappl es of suitable solvents i.nclude butane,.hexane, cycl ohexane,
oct ane, and® ’6‘51?{%1381.33'%8 :‘%%"139%?}12‘5%11%%%?5%&60 pe&“giﬁ%tn B8 e
cont i nuous! yofyfibrizRich LARR WEAC tAHinhPERIALIIRAAS oM CRMNS in a firs

Pol yneri zat ?58 cgn (l)ccur at | ow telrlrlr\%?reat u]?gi and prgeﬂssures. Reaclzr%or °

ef f | uent capolyeetizatsdrezbrtedo napmnd pphymesizhiich r@®i n. hi yet anot her aspect of
this invention, the polynerization actor can conprjse at . |east one gas
phase reactor. S rﬁtﬁlysf‘fl% T @aspeck Ig'if ?V@BH??’nMOiWP@%Wa@% cant

cont ai ni Bg faBuliPROMRSS GORIL HOMRY &Y Ghad ol el atlicd] zed
bed in t}?e %&@gg%ecgooﬁu{zﬁe ca‘% al yst under golcyrreri za?@g{r}l}écon%i tieor?s. "The
recycl e str édtintt@) e Wyt hanpglogmingr ale t bealfybtai dypedlybeskedndor ecyoediedtidack
into the reactor. Simultaneously, pol roduct can be w thdrawn fromthe

. yner p
react or andPRBEWHZAHGLg ﬂ@%n@?eterénc%nﬁﬁﬁqéﬂ’ef 7058 e ﬁ@s%dpwqrzed
monomer . SUglgRR, RIASGINSAGHCARIAA MURBRI 2n hPEREERE 0y Tl baRhap
gas- phase polynerrzation o ol & Ins, 1n I cholefins are polynerifzed i n the
gaseous phasgedm aad ikt@akited Mooriendap ofi dentcagas - hlikgerspedtyipsts, i andtor @atalenes
whil e feeding a catal yst-containing polyner forned in a first
pol yner 19 at icomperenss ean be saiganef ot gasPiy sirganh ap Hdrodpgeds ot anothes gppe pf
aspect of the invention, t I I i . I ul ar
anctor . TuB SR abR s BEART bR el P AT ST ER R hSafe bR O
by enpl oyi ngethpisal a&y@pﬁa&mb ©Blaliny optsesl gobim&Datich ratiencaditioner i zat i on.
Tubul ar reactors can have several zones where fresh nononer, initiators, or
catal ysts are addednothnaipest afdhe bevcatiendhaealymerigatiomeaeton sy eRBPREr 2am
22,? a: Sts'[ Odu%&%tigltl p%T}?mezr?z%?lor? freéc?c?r. r %%tngrs'oldtpc;nt bc?l%r%%ﬁmt%%f ?Illey %O%Om%P % or

15  contacted with the catalyst composition by suitable stirring or other means. A carrier

comprising an inert organic diluent or excess monomer can be employed. If desired,
the monomer can be brought in the vapor phase into contact with the catalytic reaction
product, in the presence or absence of liquid matertal. The polymerization zone is
maintained at temperatures and pressures that will result in the formation of a solution

20 of the polymer in a reaction medium. Agitation can be employed during
polymerization to obtain better temperature control and to maintain uniform
polymerization mixtures throughout the polymerization zone. Adequate means are
utilized for dissipating the exothermic heat of polymerization. The polymerization
can be effected in a batch manner, or in a continuous manner. The reactor can

25  comprise a series of at least one separator that employs high pressure and low pressure
to separate the desired polymer.

In a further aspect of the invention, the polymerization reactor system can
comprise the combination of two or more reactors. Production of polymers in
multiple reactors can include several stages in at least two separate polymerization

30 reactors interconnected by a transfer device making it possible to transfer the

polymers resulting from the first polymerization reactor into the second reactor. The
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conponents can be entrained in a gaseous stream and introduced at anot her
zone of the reactor. The gas streans are interm xed for polynerization.
Heat and woeseurse23can be enpl oyed appropriately to obtaPoTaskemnBesso

pol ymeri zation reaction conditions. In another aspect of the invention, the
pol ymeri zati on reactor can conprise a solution polynerization reactor.
During solution polynerization, the nononer is contacted with the catal yst
conposition by suitable stirring or other nmeans. A carrier conprising an

e e e ORI e S SR T

nmononmer can he hase i nto con e catalytic

reaction prQoduGting cbndilEnPELEE Wier GbadiS € NlCerRdtiviel g poBmidRizetidraln miltle
pol ymeri zati on zone is maintained at tenperatures and pressures that wll

result in theactass an fidudsf tha masiual frevsfesf oft prdyipen {Famy onenreactpre b subspdusati um
Agitation can be | oyed durin ol.ymerj zation to obtain better.. ..

t enper at ur e r%%’t‘f‘ gﬁqpﬁ 11Ug r?ﬁiyﬂ%éi%ﬁtl%/fhi 158?1§1r%%’P(§7?r§?? 22\%\@%2‘% ygpipgtion

t hroughoygt tha,RekYBEY inkat Mgﬁecf qa,fe mMERURID FRRRSs, ARRINPIE | dagefbabiofs, a

di ssipating the exotherm c heat of polynerization. The pol ynerization can
be effect ed combiakiat ©fi lavprandrgas oeactars,a esominatioouy avtovtaye redttas pesgten can

conprise a series qf at |east one separator that enploys high.pressure and
| ow pr essur &S3SHPTS Fly &350k ﬁé’p JS%‘i%?rédg‘Si}@?’rﬁ?l}lgf’% r%larglaﬁf’t We’?lug?ﬂ)‘g E't?toglfv‘? he
invention, the.polynerization reactor systemcan conprise the conbination
of two or nore reactors. Production of polyners in nultiple reactors can

i ncl ude several stagedlymeaizatieasémpevatuse for dtie ipanyine rtypiasllyoranges ditoor s
i nterconnected by a transfer device nmaking it possible to transfer, the

pol ymer 40r e 2hpeti 9GCrtp ghout80F¢.rvgith ﬁBPly’H@Fir%%téﬂq 15Actoa demnBeraturg Horericallyng
tor. Thedesi. | i,Zab A | Ad i f th t b
react or egﬁﬁsﬂilﬁggﬁ%’%%gﬁdt% égon%bco%'f"flié"' ns in one o e reactors can be

different fr’ g conditions of ‘'the other reactors.

Al ternatively, potRsRIyE@idafon kéachivh typRlally beast &f sn fRA duReipheer, te igranual
transfer of polymer fromone reactor to subsequent reactors for continued

pol yner i zat iabmospBarshsubstastialrfscecefroxysen and undgr substhitivdlyi ashydraes aendigonsput
100 A RhR OO SR B MURAGPRRAE® TRASHEL B, dnet o
or sol ujson LRaGHeFs W tRarBRs, BFy h@RRek QRO gorYUb tti kAl einployed if @BEt or s,
or multiple autoclave

polymerization reactor.

The polymerization reaction pressure can be any 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

20  about atmospheric pressure to about 1000 psig, more typically from about 50 psig to
about 800 psig. Further, hydrogen can be used in the polymerization process of this
invention to control polymer molecular weight.

After the polymers are produced, they can be formed into various articles,
including but not limited to, household containers, utensils, film products, drums, fuel

25  tanks, pipes, geomembranes, and liners. Various processes can form these articles.
Usually, additives and modifiers are added to the polymer in order to provide desired
effects. By using the invention described herein, articles can likely be produced at a
lower cost, while maintaining most or all of the unique properties of polymers

produced with metallocene—organochromium catalysts.

30
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reactors. Polynerization tenperature for this invention typically ranges
from about 60C to about 280C, with a polynerization reaction tenperature
nor e typiwal2bgs/Bpseat i ng bet ween about 700C to about 11®@CI/URh@4/036650

pol ymeri zation reaction typically occurs in an inert atnosphere, that is,
in atnosphere substantial free of oxygen and under substantially anhydrous
conditions, thus, in the absence of water as the reaction begins.
Therefore, a dry, inert atnosphere, for exanple, dry nitrogen or dry argon,
is typically enployed in the polynerization reactor. The polynerization
reaction p é%’ﬁ'r”é"’z tallgrene, Oss@nchremupm, raflocengelegargchippden  ne
pol ymeri zapi, o g3&hLLon, and it typically conducted at a pressure higher
than the pretreatnent pressures. Cenerally, polynerization pressures are
from about at noBjgeer ilc ilhusastenrthet molpdieprsiti@0Of pssigs abbaired pincal bis(E+ om

about 50 psig to about 800, psi.g. Further, hydrogen can be used_in the
pol ynmer i zag‘i“biﬁyﬁ%%%‘ge%g)zﬂﬁ?@“mn\/@E?RIP%‘?‘P t‘(‘f’){f’gﬁsﬁt CBxanypley ddr angligEpens,

wei ght .z Af . po ar, roduce th can, be .into ious
articl ess, IE}%(EI) E@?ng %%J&?E/%lﬁt I(lﬁyr(nﬁlgg to,g)’houg%%ol con‘{oa(l@){|mr}1(igér%l'e,p,h ut g)rlls Is,
fil m produbtitglcydopemadibmd)zitcarile, dichpele/djenrmebeaneiim adathiyst (Exsmphar i ous
processes can formthese articles. Usually, additives and nodifiers are

added to the pdsyseer ip Figrads the mutaiacare-prodpsadyresiy diamplad) ¢xhifys tahe

. (i -y > HEr T i kel J
cost. whi | SRR EOICORE W R e st Ahule B, dedfeoRiBbiehoBled IRUET
produced Wedrirolret @xlaffb &) 0&GalieC e Brotdesiatidiactlas . WeighadigAbutn. In

Met al | ocene, Organochrom um and Metal |l ocene- Organochr om um Cat al yst Resins
Fi gur el i pemparisgp.ethet metaletopgiosgrapehromsumgrodussd pesiptEsimele Prexhkits

o cumone o HERRAE AU E TR TRl Gt Rt . 2
bi s(nbutyl ?ﬁb@h&lﬂ%&i@d\b@ﬁ&ﬂa}adér{z@@ HyUWThithabAd tefteihdéc ITERR) 6hawyw: wn7Gat al yst

(Exampl e 5 As seen in Figure 1, the netal | ocene-produced resin (Exanple
4) exhi bi t #/18min and a polydispersity of about 64.5. Figure 1 shows that the combination

metallocene-organochromium catalyst contains elements of both parents. The
15  metallocene-organochromium resin shows a central high peak from the metallocene
component, and broad tails on both high and low MW sides from the chromium

component.

Figure 2 illustrates the polydispersities of resins obtained from a bis(7z-

20  butylcyclopentadienyl)zirconium dichloride catalyst (Example 4), a chromocene
catalyst (Example 7), and a combination bis(n-butylcyclopentadienyl)zirconium
dichloride/chromocene catalyst (Example 8). Figure 2 shows that the combination
metallocene-organochromium catalyst contains elements of both parents. The
chromocene catalyst contributes the high molecular weight tail of the metallocene-

25  organochromium-produced resin

Although any methods, devices, and materials similar or equivalent to those
described herein can be used in the practice or testing of the invention, the typical
methods, devices and materials are herein described.

All publications and patents mentioned herein are incorporated herein by

30 reference for the purpose of describing and disclosing, for example, the constructs and

methodologies that are described in the publications, which might be used in
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narrower nol ecul ar wei ght distribution, while the organochrom um produced
resin control (Exanple 3) exhibits the broadest nol ecul ar wei ght

di stri butwonoodas2senpari son, the netal | ocene- or ganochr orcuraspeca@sssed resi n
(Exanmpl e 5) exhibits an internedi ate nol ecul ar wei ght distribution. The
met al | ocene- or ganochr om unproduced resin was characterized by a high-1oad
nmelt index (HLM) of about 0.275 g/10m n and a pol ydi spersity of about
64.5. Figure 1 shows that the conbination netall ocene-organochronm um

t al yst t ai | ts_of h ts.. Th tall . hr oni
st shows CatieBiot BTG Rregeul SPeRera Y rtioht | GBS S SR A0S o
tails on botfi hirShstR0HHeQk MY piciefed ORI Fdiahé&hBRBIoYR: GRI6P @R linG @i e 2

illustrates the polydispersities of resins obtained froma

bi s(nbut yI cyfthepeeseatiapighiionz | Noibmigimrdindh kobé denstuediby i adimssioplimtd)e  a
chronocene cat al yst a 7 nd a,c i hatjon . .

b1 's(n-buty| EPERGFRHE 2 GHGies 31 PgHic ik CHPoPree CRPS ACREFnS Ry st
(Exanpl e58) . Fi ggpLady rg&}ﬁwaﬁé@ﬂp&uhe drABRA BEIS) P bl AGHAEAL SREGRA OM um
catal yst contains el enents of both parents. The chronocene cat al yst

cont ri but es atsheenkoighassed el .oaformefigia isamérs,ofegionmmers, and stereoisomers that

nmet al | oceneor ganqchrom um pr.oquced resin Al though_any nethods, devices,
and nmat er i aP¥YsfH#q eﬁo%raekﬁ}l?}ﬂ?reﬁfﬂ t %E@eaﬁscﬁlbeeﬁeﬁgﬁgiw&@? s sed

in the practy i -] LQN VRkcal j ces
and materi aIEfé&gI}%%%égreaz 'ﬁﬂ%llé@%lrel}%giéé&ﬁ?}h%ﬁb fnll(%‘. raafa}e% no?ltlg%dl Sgigltgg(r)\?geﬂr}%ﬁﬁ oned
herei n are ematiopeiiateedateatieiforniyy as efedl anméxthms dfberguisqose afthdesntekbi ng
and disclosing, for exanple, the constructs and net hodol ogi es that are
descri b8y i FAUHES-publ i cati ons, which night be used inconnection with the
presently descri i tLan: T | 4 i [.S angd -
t hr oughout the tggltg pg%\éﬂg&trng%l e Q?% e jilﬁ%ﬁa’t%@ @edﬁgéﬁgg%&éﬁ?sb%%l t he
filing dateagfndt febpeanantd muplyiveatdsampodiag intigtibey @on the sdope ere O ued
as an adm ssion that the inventors are not _entitled to antedate such
di scl osure B¢ canttage ibfs fy boclepfly amdpistood that reagrt paayt be hrdyto vempsuether
di scl osed NELL, oANYGHRRE! AbafkiuGLULS: BEPIONerhAlT0Sa AMBARSAR, d
conformation IsONers, regiolsoners;, and stereolsomners a

15  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.
In the following examples, unless otherwise specified, the syntheses and
preparations described therein were carried out under an inert atmosphere such as
nitrogen and/or argon. Solvents were purchased from commercial sources and were
20  typically dried prior to use. Unless otherwise specified, reagents were obtained from

commercial sources.

GENERAL TEST METHODS
Density

25 Density (g/cc) was measured on a compression molded sample, cooled at
about 15°C per hour, and conditioned for about 40 hours at room temperature in

accordance with ASTM D-1505-68 and ASTM D-1928 procedure C.

Melt Index
30 Melt index (MI, g/10min) was measured according to ASTM D-1238,
Condition 190/2.16(190 °C, 2.16 kg).
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may arise froma particular set of substituents. The general structure also
enconpasses all enantioners, diastereoners, and other optical isoners

whet her iwoen@nseeeri c or racemic forns, as well as m PCENS2008/036650

stereoi sonmers, as the context requires. The present invention is further
illustrated by the foll owi ng exanples, which are not to be construed in any
way as inposing limtations upon the scope thereof. On the contrary, it is
to be clearly understood that resort may be had to various other aspects,
enmbodi nents, nodifications, ~and equivalﬁgts thereo%%yhich, after reading

the descr ithrovah aHaXanoleciansiaisoBunn. (s Ay BRWEY Biragh thegtiel #arlipeaki 11 in
the art wiilofbndfRY ldGul { 8Wahfif3Rbicl e Bor AR RLLSERNC RINERILAMAOT the
appended 3 n e follo es, un

[
scope of the clarns. ng exanp ess ot herw se

speci fi ed,thé hearstabdwacthen Rdned epandihe asispdaiany wiradisebat siout ¥&0 ¥/parri ed
out under an inert atnosphere such as nitrogen and/or argon. Solvents were

pur chased tP 8P '€ endrbeld jahrbayd @ &3 ferhanss. e T ¢aleingd ﬁuﬁidf“gcﬂ;ﬂiﬁaiaéﬂm% use.

Unl ess .ot her wi se .speci f.i re obtai ned fromcomrerci al sources.
GENERAE TEEY ?@fi%? t%%??§&§§%§5%§”%%%cc) was neasured on a conpression

nol ded sanpl e, cool ed at about 150C per hour, and conditioned for about 40
hours at roomtenperature in accordance with ASTM D- 1505- 68 and ASTM D- 1928
procedure C. Melt Index Melt indexEEMIMPEERZON n) was measured according to

ASTM D- 1238, Conditi.gn 190/ 2. 190 C - 2.,16 kg).through a 13X nol ecul ar

si eve colﬁﬁﬁ?mﬁﬁgn8*%ﬁﬁ%ﬁﬁ%ﬁw_ ’ngﬁﬁﬁh%ﬁggdisk at a linear rate of about
1.6 to about 1.fusiRadald-Luhking WwRShreddedd 4Qekeribdn i EREhpleCl. FEHenace ar ound
the quartz tube was then turned on and the tenperature was . rai sed at about

400 C/lbr  tfnosied giicanlinting wanfouad 6o havisosuoEes aiea OF Heawt 300 Thég andl i ned
B&&r;,:_ (éeg psoirtla bﬁ%fn% lo% g?)g]u% 1‘.’¥a§c/ §.° kc%(r:r}e%g cﬁrrc])%igrtnctb)evqrasu Qﬁjp%reglgatcéa or}lit(t) fagen-
fluorided silica-alumina support from a heptane solution in an amount equal to 1 wt%
chromium based on the weight of the support. The heptane was then evaporated off
the support under an atmosphere of flowing nitrogen, while the catalyst was warmed

15  to about 50 °C.

EXAMPLE 3

Polymerization Run Using the Dicumene Chromium Catalyst
To a dry 2.2L steel reactor at about 90 °C was charged 0.5827 g of catalyst
20  prepared as in Example 2. The reactor was equipped with a marine stirrer running at
about 400 rpm and was surrounded by a steel jacket containing boiling methanol with
a connection to a steel condenser. The boiling point of the methanol was controlled
by varying nitrogen pressure applied to the condenser and the jacket, which permitted
temperature control to Withiﬁ about 0.5 °C. The run was allowed to proceed at an
25  ethylene pressure of about 550 psig, a temperature of about 90 °C, using isobutane as
a diluent. As ethylene was consumed, more ethylene flowed in to maintain the
pressure. The activity was noted by recording the flow of ethylene into the reactor to
maintain the set pressure. After the allotted time, the ethylene flow was stopped and
the reactor slowly depressurized and opened to recover a granular polymer powder. In
30  all cases the reactor was clean with no indication of any wall scale, coating or other

forms of fouling. The polymer powder was then removed and weighed. After
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Preparation of the D cunene Chrom um Catal yst Fluorided silica-alum na was
prepared as described in Exanple 1. The fluorided silica-alumna was found
to have aweundeasezar ea of about 300 nR/g and a pore vol eae/uskooalsdsso 1. 1
cc/g. Dicunene chromum (0) was inpregnated onto this fluorided
silica-alum na support froma heptane solution in an anount equal to 1 W%
chrom um based on the wei ght of the support. The heptane was then
evaporated of f the support under an atnosphere of flow ng nitrogen, while
the catal yst. was warned to about 50 OCf. OEXAI\/PLE 3 Pol yneri zati on Run Using
the Di cunendlepissamzing Bareacipss Sraramsiypoyaer e &pcovgiedt dhispolymeihadd oC
was char ged 0o 5RAL 69k Cale) YitPLERREChARi BdENAloe R TE LERRIRE vas
equi pped with a narine stirrer running at about 400 rpm and Wwas surrounded
by a steel j(noKewasorRIsiioy/mol. Rolldiggrsisthami3. Wi th a connection to a steel
condenser. The boiling point of the nethanol was controlled by varying
nitrogen pressure applied to the condenser and the jacket, which permtted
tenperatﬁre control to within about B A5 he run was allowed to proceed
at an ethyl ene pressure of about 550 psi g, a tenperature of about 90 0C

i owed 1t GBI AEATA RE pPREEL/E HE Sl e i e By A g ne

fl ow of et h)@cﬁﬂ?sti nto the reactor to maintain the set pressure. After the

allotted time, the et hyl ene flow was stopped and the reactor slowy
depr essuri zed andhsdgbweded siliceelywena nsegrveasuirepargsbisydeseripdvinl Example lal To cases

th t I ith i_ndi cat i f | 1 L.e,, coati .
ot her f or s %ofF Gk Agel TGP0l Ve Frasethorl ShasTeme ot BHOEY sher-aliftgiea.
Af ter 53geprsgswdd Byng i dfr @.@CW1 sotckidH BFidth- %{clwgﬁfggi&\ﬁﬂf%nﬁ%f&ﬁﬁ{uﬁﬂ-

This polynmer had a nelt index of zero and a HLM Density was
0. 9540 and nrinhéaidean tokmeghby (eight. waAs6 @] Catoupt obisobirahg dias pédegli thenWes 243.

bi (- but y| GG JEALHACBHON A M SR cHdofipdly another 600 mL of isobutane.
The reactor temperature was raised to 90°C and then ethylene was added at 550 psig.
After 1 hour the reaction was stopped as above and 271 grams polyethylene was
15 recovered. The polymer had a 0.21 melt index and a high load melt index of 3.48.
The density was 0.9478 gm/cc. The molecular weight (Mw) was 184,000 g/mol, and
the polydispersity (Mw/Mn) was 2.7.

EXAMPLE 5

20  Polymerization Run Using the Combination bis(n-butylcyclopentadienyl)zirconium
dichloride/ dicumene chromium Catalyst

In this run, 0.2969 grams of the catalyst composition prepared in Example 2

was charged to a dry 2.2L steel reactor followed by 2 ml of a toluene solution

containing about 0.5% bis(n-butylcyclopentadienyl)zirconium dichloride by weight.

25 600 mL of isobutane was added, then 0.5 mL of triethylaluminum (1M in heptane),

and finally another 600 mL of isobutane. The reactor temperature was raised to 90°C

and then ethylene was added at 550 psig. After 87 minutes the reaction was stopped

and 58 g of dry polyethylene powder was removed from the reactor. It had a melt

index of zero, a high load melt index of 0.3, and a density of 0.9497. Bulk density

30  was 0.393 g/cc, about twice the usual value obtained without addition of chromium.
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Catal yst The fluorided silica-alumna used was prepared as described in
Exanple 1. To a dry 2.2L steel reactor was charged 0. 1585 grans of

fl uori dedwei2becgzskum na followed by 2 nL of 0.5 wt % solpariusr00af36650

bi s(n-butyl cycl opent adi enyl ) zi rconium di chl oride in toluene by weight. A
600 nL anount of isobutane was added, then 0.5 nmL of triethylal um num (1M
in heptane), and finally another 600 nL of isobutane. The reactor
tenperature was raised to 900C and then et hyl ene was added at 550 psig.

After 1 hour_the reaction_was stopped as _above and 271 grans pol yethyl ene
was recover e'El_EﬂS'FH%teB@ YAt foudgtogheyesa wright averaes melgewlammgight 65d, Hd1G00i ndex

of 3.48. The Y : . nol ecul ar wei ght (Mv) was

184, 000 g/ rof | é’ﬁdéhtarpempﬂé%fgsﬁé’gle&r‘s;:?'t?@ O(f;\EAt}v’/%l\/h) was 2.7. EXAVPLE 5

Pol ymeri zation Run Using the Conbination

bi s(n-butyl cycl opent adi enyl ) zi rconi um_di chl ori de/ di cunmene chrom um

Catal yst hi this run, 0.2969 grans ofEXANUPEE: | yst conposition prepared in
Exanple 2 was charged to a dry 2.2L steel reactor followed by 2 nl of a

t ol uene svl ubiBATEERATI W ogisseite Garalyst

bi s("-butyl cycl opent adi enyl ) zi rconi um di chl ori de by weight. 600 nL of

i sobut ane was add&ke flupededosibicarplupfina mbest Was preparadum (¢sktibed epkanple, 1.and

finally another 600 nL of. isobutane. The rgactor t.e rature was raised to
90C ané thenggﬁoﬁﬁﬂcg%ee VW&S‘“EH&%H}[ O%t@oglﬂ)%i origde éihcg?ﬁ‘t‘ﬁlﬂ’@rt ggmt AehsPEmEt i on

was stopped @ietioaSintnCdmaliny RIS tyHo ;
reactor. It hadla rrrlelnt r?ndefeg%‘ gg%{ﬁg&%ﬁﬁﬁ%ﬁ@ﬁ%f@% eaggﬁggpgl,?ménd a

density of OTlgx8gptaBuivks dieens evapoveisl 0ff3B8 sgppwt vabeuin hishephébefuawingval ue
obt ai ned, wi t hout addi.tion of chrom um 56This _material was found to have a
wei ght gkpera%} O/ & F’él?e%gfiléﬁt‘”aéfwaﬂnf‘éﬁ?%@(ﬁ‘taﬁl, and a pol ydi spersity
(Mnv Wn) of 70.3. EXAMPLE 6 Preparation of the Chronocene Catal yst The
fluorided silica-alumna used was prepared as described in Exanple 1.

EXAMPLE 7
Polymerization Run Using the Chromocene Catalyst

To a dry 2.2L steel reactor was charged 0.3200 grams of the catalyst prepared
15 in Example 6. The reactor temperature was raised to 90°C and then ethylene was
added to 550 psig. After 48 minutes 10 g of PE was taken from the reactor. This
polymer had zero melt index and zero high load melt index. The density of the
polymer was 0.9411 g/cc. The polymer was found to have a molecular weight (Mw)
equal to 2,117,000 g/mol and a polydispersity (Mw/Mn) equal to 25.6.
20
EXAMPLE 8

Polymerization Run Using bis(n-butylcyclopentadienyl)zirconium
dichloride/chromocene Catalyst

In this run, 0.0819 grams of the catalyst composition prepared in Example 6

25 was charged to a dry 2.2L steel reactor followed by 2 ml of a toluene solution
containing about 0.5% bis(n-butylcyclopentadienyl)zirconium dichloride by weight.

600 mL of isobutane was added, then 0.5 mL of triethylaluminum (1M in heptane),

and finally another 600 mL of isobutane. The reactor temperature was raised to 90°C

and then ethylene was added at 550 psig. After 61 minutes the reaction was stopped
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Chr onocene was i npregnated onto this fluorided silica-alumna froma

hept ane solution in an anobunt equal to 1 w % chrom um based on t he wei ght
of the suppantc/0sTise hept ane was t hen evaporated off thePswpseolk/oB6sd@r an

at nosphere of flowi ng nitrogen, while the catal yst was warned to about 50C.
EXAMPLE 7 Pol ynerization Run Using the Chronocene Catalyst To a dry 2.2L
steel reactor was charged 0.3200 grans of the catal yst prepared in Exanple
6. The reactor tenperature was raised to 90C and then ethyl ene was added to

550 psig. Aft nu g of PE was ta fromthe reactor. This

pol yner hada‘}dg?%g HEH}EY I?Oh}{f‘é&y ﬁtﬁdpoi@%w é‘ﬁn‘i"ﬁé&p the Tepgtas. Thepolyrerdiady of
t he pol yner 4 / Y- ar
wei ght (NMDaQ%%E d%B&E%T81%%8$JB§9%%%ﬂgﬁﬁggp%éﬁ %ﬂgpggg? yqzﬂﬁﬁﬁﬁ§&§%ual to
25. 6. EXAVPLEe Bolpoley wes faumtlito haRummdidcnbyr weight (Mw) equal to 412,000 g/mol and

bi s(n-butyl cycl gpent adi eny| zi rconi um di chl ori de/ ¢hr onocene’ Catal yst hi
this run, 02Dey9isperaits(My/VRbequad 8184t conposition prepared in Exanple 6
was charged to a dry 2.2L steel reactor followed by 2 m of a tol uene

sol utiong contai ni ng about 0.5% bi s(w butyl cycl opent adi enyl ) zi rconi um

di chl ori de by weight. 600 nL of isobutane was added, then 0.5 nlL of
triethylalum num (IMin heptane), and finally another 600 nL of i sobutane.
The reactor tenperature was raised to 90C and then et hyl ene was added at
550 psig. After 6 1 mnutes the reaction was stopped 57and 66 g of dry

pol yet hyl ene powder was renoved fromthe reactor. The polyner had a nelt

i ndex of zero, a high load nelt index of 1.16, and a density of 0.9482

gnm cc. The polymer was found to have a nol ecul ar weight (Mv) equal to
412,000 g/ nol and a pol ydispersity (Mv M) equal to 8.4. 58VWE CLAIM1. A

catal yst conposition conprising the contact product of at |east one
net al | ocene conpound, at | east one organochrom um conpound, at |east one
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chemcally-treated solid oxide, and at |east one organoal um num conpound,
wherein: a) the netall ocene conpound has the follow ng formula: (X XX XX XX
ML, wher eWo0 2Mi6/G52232i t ani um zi rconi um or haf ni um wher ecCm/uSXin/ 03&5@

cycl opent adi enyl, an indenyl, a fluorenyl, a substituted cycl opentadienyl,
a substituted indenyl, or a substituted fluorenyl; wherein substituents on
(X1) are aliphatic groups, cyclic groups, conbinations of aliphatic and
cyclic groups, silyl groups, alkyl halide groups, halides, organonetallic
groups, phosphorus groups, nitrogen gﬁU@ﬂ?&A@WIicon groups, phosphorus

groups, boron groups, G&fERHHAERURS, rgfnéh%@r&gm %Iﬂfcﬁiowgle%sg?%t one

substituent on (X ) can be a bridging dgroup which connects fXZ);
wherei n (X3) amet{llesinearempavddpendest loye corgrbéldenivan campplhigl iat lggsoume a

subet 1Lt o0l B0 AL 84X o QG BT S P, 2

conbi nati on of an a
substi t ut ed 5al i phat krthgetifiocnd cemgonad hes the HUPwing femli: nat i on of an
aliphatic group and a substituted cyclig gk A& conbination of a
substituted aliphatic group and a subsf¥ﬂ%¥ggg@§3ﬂhc group, an am do group,

a substituted am do gr OURher8inPI0S BRhfith, 9 QMRm, 3r Bikigtit t ut ed phosphi do
group, an al kyl oxi de group, a supstituted al kyl oxi de group, an aryl oxi de

group, a substituted aryVosfide(Foolipa evslaperfatienybt an | indenyt oapfluagenyy a
bstituted ] - eln ' - ' I,
st it o o gL B,  EIEH 8 JoELaRgIE g e - o

i ndenyl, a fluoreny e ent-adi eny a su ut ed
i ndenyl, a 9ubstituted fwhaeiensibstitaettalonde’) ame aliplpitiat groums ayic groups,

substituted aliphatic gr cyclic group,. subst i t.ut cycli roup, a
conbi nati on of Cg’i’?%’élla ”ﬂ’gé)? %ﬁﬁhéfj% E‘Ivﬁiccé’ﬁléc gm‘é%?c?l}y?gr@}l% f)ﬁcylg“agg?r%‘%% ﬁ%ﬁe%f a
substituted al ighabinetaliic OgRupEld phogpiéué Cordilishll PritrBgdhONRbUPS! | ARRT gRAps,

aliphatic group_and a substituted cyclic group, a conbination of a
substituted al PHHWLPES §ToYPs LEH SEOUBY BSHIPIEHOWP Il dige@up, an ani do group,

a substituted am do gr OURpeBinRPRER/LE Qibstituent on (X") can be a bridging group which

15 connects (X') and (X%);

wherein (X°) and (X*) are independently a halide, an aliphatic group, a
substituted aliphatic group, a cyclic group, a substituted cyclic group, a combination
of an aliphatic group and a cyclic group, a combination of a substituted aliphatic
group and a cyclic group, a combination of an aliphatic group and a substituted cyclic

20  group, a combination of a substituted aliphatic group and a substituted cyclic group,
an amido group, a substifuted amido group, a phosphido group, a substituted
phosphido group, an alkyloxide group, a substituted alkyloxide group, an aryloxide
group, a substituted aryloxide group, an organometallic group, or a substituted
organometallic group;

25 wherein (X?) is a cyclopentadienyl, an indenyl, a fluorenyl, a
substituted cyclopentadienyl, a substituted indenyl, a substituted fluorenyl, a halide, an
aliphatic group, a substituted aliphatic group, a cyclic group, a substituted cyclic
group, a combination of an aliphatic group and a cyclic group, a combination of a
substituted aliphatic group and a cyclic group, a combination of an aliphatic group and

30 a substituted cyclic group, a combination of a substituted aliphatic group and a
substituted cyclic group, an amido group, a substituted amido group, a phosphido
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59group, a substituted phosphido group, an al kyl oxi de group, a substituted
al kyl oxi de group, an aryl oxi de group, a substituted aryl oxi de group, an

or ganonet\wbl2ne/gesap, or a substituted organonetal |ic gPQEIS2003®B&EN
substituents on (X2) are aliphatic groups, cyclic groups, conbinations of

al i phatic groups and cyclic groups, silyl groups, alkyl halide groups,
hal i des, organonetal lic groups, phosphorus groups, nitrogen groups, silicon
groups, boron groups, gernmani um groups, or hydrogen; and wherein at Ieast

one substituent on (X n. be_ a bridgi ng group, which connects (X
(X2);: b) t he%ﬂ&a%é%bﬁl@ﬁ(ﬁ %rauP,safhalg Blengronena mepstified aikvl)@w

f or mul a:

car bon- at ofsE IR WEREIE dou %@%‘%@%Se %5%13?71@26“3%&& GLts %m‘g%@bé’r%ﬁoq

Cr (h6- C6R 6) 2 substiene«i crrgﬁomenaiﬁp@fbi@nt |y | s hydrogen or an al ky radi cal
having from1l to 6 carbon atons;  and c) e chem cally-treated solid oxide
conprises a solid oxi d¥heielnsubStiges é?l.n %ésﬁreoﬁ]éplat@cgm@n&vxm%r SNAURE)

ani on sow ce erein the
organoal3%1nu%@%g&ﬂggné%ﬁgmﬂﬁﬁégﬁg% oﬁpﬁggggr I (%yﬁ)#%&é?gwhgﬂﬁﬁ%rein
(X5) is a hygdlesrdyginoneetallig giéupd) Bhdspheidd Wrouwdss, ﬁﬂqrolgeﬁl gaduwssﬂlédﬁﬁgrd@s an
al koxi de or aryl oxide having from1l to about 20 carbon atons, a halid or
a hydride; abRIORSrAIPs, SSRBEEIY growRs1 ot ydzogenhendusi ve. 3. The catal yst
conposition of Caim1l, . wher

si l'ica-al unina, alun1nﬁ%9§ﬁ5§6ﬁ%%8n6%3?2€% de&gﬁﬁg?h?gind§W§é395’Wh“m
zirconia, nmagRRsHa(X") and (X%);

10 b) the organochromium compound is a compound having the following
formula:
i) CrRy,
wherein R is a hydrocarbyl having from 1 to about 20 carbon
atoms; and
15 wherein n is an integer from 2 to 4 inclusive; or

i) Cr(me-CsR)2,
wherein R’ independently is hydrogen or an alky radical having
from 1 to 6 carbon atoms; and
c¢) the chemically-treated solid oxide comprises a solid oxide treated with at

20  least one electron-withdrawing anion source compound.

2. The catalyst composition of Claim 1, wherein the organoaluminum compound
has the following formula:
AKX )05
25 wherein (X°) is a hydrocarbyl having from 1 to about 20 carbon atoms; (X%) is
an alkoxide or aryloxide having from 1 to about 20 carbon atoms, a halide, or a

hydride; and n is a number from 1 to 3, inclusive.

3. The catalyst composition of Claim 1, wherein the solid oxide is silica, alumina,
30 silica-alumina, aluminum phosphate, heteropolytungstates, titania, zirconia, magnesia,

boria, zinc oxide, any mixed oxide thereof, or any mixture thereof; and
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boria, zinc oxide, any m xed oxide thereof, or any m xture thereof; and
60t he at | east one el ectron-w thdraw ng ani on source conpound is a

fluori de,we 20ddBeizde, a brom de, a phosphate, a trifl at ectasbogobdeat e, a
sul fate, any salt thereof, any acid thereof, or any conbination thereof. 4.
The catal yst conposition of Caiml1, wherein the at | east one netall ocene
conpound is: bis(cycl opentadi enyl ) hafni um di chl ori de;
1,2-ethanediy|bis(h5 1- indenyl)di nbut oxyhaf ni um 1, 2- et hanedi yl bi s( h5-
-indenyl ) di nmet hyl zi rcqni um

pent anedi yl bi s((h e4a ea5t ohg SFF%MWRW@WI%%WP)SH%Hmmpe}%rSc# flyaride, a
nmet hyl phenyl X 0, i I de;
o1 s(Mbuty1 oy ol Rancady mia s e dTRR: S RTHHE P LLASERY Sk S8 HPURREED, Bl
bis(nbutylcyahdﬁﬁmmﬂﬁmemybpmbanOﬂﬂummﬂ]chIorlde; di et hyl si | yl bi s(
-indenyl ) zirconi umdichloride; octyl phenyl silylbis(l-indenyl)hafnium

di chl ori de; dinethylsilylbis(hS- 4,5, 6, 7-tetrahydro-1-indenyl)zirconi um
di chl ori i met [ - P n I di ch

|, 2- et haﬁ%d. & bi s%é ?F F*é‘agﬁ%??%%%?l?%%??h%@ﬁ%% tﬁﬁoﬁfd}e%h%yﬁ o l”t% aluggéne
titani un( | V) cahpamidde;
(|sopropylan1dod|nethyIS|IyI)cycIopentadlenyltltanlunldlchlgrlde

bi s( pent anet hy| cybistyelepertadiagl)baiimenrdichtodde hl, Znetmedlbllbzﬁ(n ntrexdenyRdireoni um

oy RSN BRI PSSR b,
di i sopropy! &@eﬁmtﬁ;@@@?%wl#%ﬂwrw SRMRYR;A! f 1 vor onet hyl &MTBH mger .

or any conb at1on e cat yst corrp03|t| on of aim

the at |Bnst mengiphehdkilyibieae- 4;5)6}70tuﬁ1éhyld50 16ndhgDrirediyure ONBichidtiien bies-eof .
6. The catal yst conposition of Caim1, wherein the at |east one

or ganochr oni lepetpprniadlieny))bis(dirdnidmidodhadniomy( O) ;. di cumene chr onbisr-O) ;

bi s(mesi tyl eg'l?[ylcyclopentadwnyl)zncomum dichloride; dimethylsilylbis(1-indenyl)zirconium

dichloride; octylphenylsilylbis(1-indenyl)hafnium  dichloride; dimethylsilylbis(n’-
4,5,6,7-tetrahydro-1-indenyl)zirconium  dichloride;  dimethylsilylbis(2-methyl-1-

15  indenyl)zirconium dichloride; 1,2-ethanediylbis(9-fluorenyl)zirconium dichloride;

indenyl diethoxy titanium(IV) chloride;
(isopropylamidodimethylsilyl)cyclopentadienyltitanium dichloride;
bis(pentamethylcyclopentadienyl)zirconium dichloride; bis(indenyl)zirconium

dichloride; bis(indenyl)zirconium dichloride; methyloctylsilyl bis(9-
20  fluorenyl)zirconium dichloride; bis-[1-(V,N-
diisopropylamino)boratebenzene]hydridozirconium trifluoromethylsulfonate; or any

combination thereof.

5. The catalyst composition of Claim 1, wherein the at least one metallocene

25  compound is:
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chrom um(O); biscycl opent adi enyl chrom un{chronocene);
bi s(met hyl cycl opent adi enyl )chrom un{11) ; bis( 1, 3-
bi s(tri mawbybeidsyispal | yl ) chrom un(l1); PCT/US2004/036650

bi s(trinmethylsilylnmethyl)chromun(ll); bis(2,5-

di met hyl pent adi enyl ) chrom un(11);

((tetranet hyl cycl opent adi enyl ) (t but yl am no)

di rethyl silyl)(trimethylsilyl nethyl)chrorri un(11); diallyl chromun(ll);
(pent amet hyl cycl opent adi eny”~bi s*enzy”chrom unf'l) pyridine adduct; triallyl
chromun(111); tris(his(tri rrethyls'lyl)rrethyl) un(111);

(pent anet hyl cycl op di eny”™bi s hyl si |yl me4 rom untl |

tetraal |l yl chrom ; tetra | chrom u o .

t et raki s(benzyl) chronmiy@fV) ; tetrgkivsCheope tylmt‘\or om un{ | Zr\\\ ’
CH,

tetrakis(trinethylsil Mlhyl)ch ofm onglr V) ;
tetrakis(isopr opy%m un( |

t et raki s(2- phenyl - 27 hyl pr opyl om yn(1V) any compbi na t her eof .
7. The catal yst conposition of Caim1l, wher ein the at, | east one

or ganochrom um conpound is: 63(h6- CGH6)Cr(CO)3 [ (h5-C5H5) Cr (CO) 3] 2;
Cr(t-butyl)4; Cr(CH2CPh3)4; Cr(MeC6Hs)2; C (M2C6H4) 27/ CR(Me3C6H3) 2;

Cr (C6Me6) 2; Cr (h6-napht hal ene) 2; regioi soners thereofy er eoi soners

t hereof; or any corrb' pat i on t hereof. 8. cat al yst sition of Claim
1, wherein: a) the A ) ympound

bi s(nbut yl cycl 1) zircopium d de; bi s(i ndepg!)$ECEDai um
di chl ori de; y(c}}” : vi bi s(1-i nttg, gni_um di chl ot d2;g (CHz)s
met hyl oct yl si a | uoren i UB [ the at | east one

or ganochr om um CORY
or chronocene;

e chromum O ;
olid oxide is
<and d) the at

y-treated

) Nophosphat e; | east
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9. The catal yst conposition of Claim1l, wherein the at | east one
chem callytreated solid oxide is fluorided alum na, chlorided al um na,
br om ded wbumans2233ul f at ed al umi na, fluorided silica-al moirnespooabbase ded
silica-alumna, brom ded silicaalum na, sulfated silica-alumna, fluorided
silica-zirconia, chlorided silica-zirconia, bromded silica-zirconia,
sulfated silica-zirconia, or any conbination thereof. 10. The catal yst
conposition of Claiml, wherein the at |east one chem callytreated solid
oxi de further conpri nmetal or nmetal ion which is zinc, nickel,
vanadi um silver, c gallium tin, tun en, nol ybdenum any
conbi nati on ?Iﬁie\re he catal yst co Jtion of Claiml, i

el

f

at | east one Ctronwttaghaw ng ani on e conpound is an

el ectron-wi € awm™Rg AnNon, a salt of an 4e|Bﬂ@F n-w t hdrawi ng—anisan, an
acid of an electronfith8tawing anion, a_ i natli on of two on ®

el ectron-w t hdrawi g anions, a conbinatio two or nore sa an

el ectron wi thdraw ng_ani on,  a conbi nation Qr nore aci g\é\o’i an,

el ectron withdraw ng ani on,’or any conbination theéreof. 12. The catalyst
conposi tion of Claim1l, wherein the el exgPon-w thdrawing anion is
fluoride, chloride, brom de, phosphgtB, triflate, bisulfate, sulfate, or
any conbi nation thereof. 13. The yst conposition of Claim1, wherein
the weight ratio of the east or ganoal um num conpound to the at

| east one chemically- ed solid oxidewHs from about 1:10 to about 100: 1.
14. The catal yst co yen of O ai i?\mhbﬁ@jn t he organoal um num
conmpound iﬁy%Lnggh%I po tr | al um num tri-n-propyl al um num

di et hyl al ummm”ef;hoxi d - bu um num diisobutyl al um num hydri de;
triisobutylalum nuin di al um num chhoride, or any conbi nation thereof.
15. The catal yst conpositwon of; Clain11,FWd?hher;onmpwbﬁﬁmgnﬁnﬂmnmﬁbna
cocatal yst which is at | east one al unm noxane, at |east one organozinc
conpound, at |east one organoboron conpound, at |east one ionizing ionic

conpound, gf anyTIfeoéMI%@tci)ﬂﬁosition of Claim 1, wherein the at least one organochromium

5  compound is:

bisbenzene  chromium(0); dicumene  chromium(0); bis(mesitylene
chromium(0); biscyclopentadienylchromium(chromocene);
bis(methylcyclopentadienyl)chromium(Il); bis(1,3-
bis(trimethylsilyl)allyl)chromium(Il); bis(trimethylsilylmethyl)chromium(Il); bis(2,5-
10  dimethylpentadienyl)chromium(IT); ((tetramethylcyclopentadienyl)(t-
butylamino)dimethylsilyl)(trimethylsilylmethyl)chromium(Il); diallyl chromium(II);
(pentamethylcyclopentadienyl)bis(benzyl)chromium(Il) pyridine adduct; triallyl
chromium(11I); tris(bis(trimethylsilyl)methyl)chromium(III);
(pentamethylcyclopentadienyl)bis(trimethylsilylmethyl)chromium(III);
15  tetraallylchromium(IV); tetramethylchromium(IV);. tetrakis(benzyl)chromivm(IV);
tetrakis-neopentyl chromium(IV), tetrakis(trimethylsilylmethyl)chromium(IV);
tetrakis(isopropyl)chromium(IV); tetrakis(2-phenyl-2-methylpropyl)chromium(IV); or

any combination thereof.

20 7. The catalyst composition of Claim 1, wherein the at least one organochromium

compound is:

63



thereof. 16. A nethod of meking a catal yst conposition conprising
contacting at |east one netall ocene conpound, at |east one organochrom um
conmpound,wetoéeasiz2one chemically-treated solid oxide, a@ow/uskomasso one
or ganoal um num conpound, wherein: a) the netall ocene conmpound has the
follow ng formula: wherein ML is titanium zirconium or hafnium wherein
(X1) is a cycl opentadienyl, an indenyl, a fluorenyl, a substituted

cycl opent adi enyl, a substituted indenyl, or a substituted fluorenyl;
65wherein substituents on (X1) are.aliphatic groups, cyclic groups,

conbi nations of all grE&ICHERME; cy 8 CsHsBafsO)di | y Crigryinds; agt(ﬂHzﬁBhi)de

groups, hali no | Li-c.gr )h roups,, Bi trogen qroups,
silicon grou§§3k§%§g§h0¢ﬁ§ﬂﬁ¢éﬁ%%,?%§$%%8g$§gp§%33%&ﬁgniéﬁﬁgﬁﬁﬂﬁggﬁB 25
hydrogen; WhepRidndis HRADE B6oisdhsE Tt o0y (c8mbira®tn BferéofPr i dgi ng group
whi ch connects (X1) and (X2); wherein (X3) and (X4) are i|ndependently a
hal i de, an aliphatic group, a substituted aliphatic group, a cyclic group,
a substi%yted cyclic group, a conbination of an aliphatic group and a
cyclic group, a conbination of a substituted aliphatic group and a cyclic
group, a conbination of an aliphatic group and a substituted cyclic group,
a conbi nation of a substituted aliphatic group and a substituted cyclic
group, an ang.do gtbegatalgstsoimposition efiCRmmdo whemirp, a phosphi do group, a
substituted phosphi do group, an al kyl oxi de group, a substituted al kyl oxi de
group, an aryl oxi ¥e grB&p, substi t @Ped éP%P@%WH% grempounth ofganbisttal | i c

group, or a-&He ' ; gm@§ N p;ﬁ%ﬁﬂ L &Gl ichloride:
cycl opent adi en %?&gﬁ%ﬁﬂﬁgﬁg?? a I?uopgﬁgégwh su sf??ﬂQég%%vb 032%18%?%ny|,
a subst it edinmettgdsilylbis(a-isdenst)rireonddn f | dahéoride; aohal meyloatylslyl phbis(%
group, a subgtituted ahigﬂ?tic_%%oup, a cyclic group, a substituted cyclic
group, a co ‘Wﬁ@@ﬂBﬁC@P“ 1§ﬂ9%.'tic.group and a cyclic group, a

conbi nation of a §)u bst 1%1{3 Ul qg%s"il ! o'ng r@%%&cﬂo%ﬂmaggnﬁolﬁﬁqs' @b chrBmium

conbi nati on of an “aliphatic grou
(0); bisbenzene chromium(0); or chromocene;

c) the at least one chemically-treated solid oxide is fluorided silica-

15  alumina or fluorided aluminophosphate; and

d) the at least one organoaluminum compound is triethylaluminum or
triisobutylaluminum.
9. The catalyst composition of Claim 1, wherein the at least one chemically-

20  treated solid oxide is fluorided alumina, chlorided alumina, bromided alumina,
sulfated alumina, fluorided silica-alumina, chlorided silica-alumina, bromided silica-
alumina, sulfated silica-alumina, fluorided silica-zirconia, chlorided silica-zirconia,

bromided silica-zirconia, sulfated silica-zirconia, or any combination thereof.

25 10.  The catalyst composition of Claim 1, wherein the at least one chemically-
treated solid oxide further comprises a metal or metal ion which is zinc, nickel,
vanadium, silver, copper, gallium, tin, tungsten, molybdenum, or any combination

thereof.

30 11.  The catalyst composition of Claim 1, wherein the at least one electron-

withdrawing anion source compound is an electron-withdrawing anion, a salt of an

64



a substituted cyclic group, a conbination of a substituted aliphatic group
and a substituted cyclic group, an am do group, a substituted am do group,
a phosphiwo 2gocanspz32a substituted phosphi do group, an al legirascae/ogseoup, a
substituted al kyl oxi de group, an aryl oxi de group, a substituted aryl oxi de
group, an organonetallic group, or a substituted organonetal lic group;
wherei n substituents on (X2) are aliphatic groups, cyclic groups,

conbi nati ons of aliphatic groups and cyclic groups, silyl groups, alkyl
hal i de groups, halides, organonetal|jc. grqups, phosphorus groups, nitrogen
groups, sil i%Bﬁ“ﬁ‘r‘Wﬁb@‘?‘”ﬁlﬁ oy raB@ﬁ‘:,‘f Ofg@reﬂﬁ‘g’l’%ﬂi"ﬁ#‘%ﬁﬁ&g BYoTh yicogdaratioand

wherein at | i ) : (e el ich
connects (X1) an d&?ﬁ&r)% Lép%éjgﬁj %ﬁﬂ@r@{igéﬁg@ﬁ?,&%&%@a&%ggﬁgﬂ |%§ %g,?g gar%pw(;dufﬁaa

havi ng the felkdtroni mgthfieiwing anidn) aCednbinuti@r ef twlk o neorb ydiRCal by | elé@onng
from1l to about 20 carbon atons; and wherein nis an integer from2 to 4

i ncl usi ve; oWithdmwing apgenseRery) combipaiion therrot. i ndependent |y i's hydrogen or an
al ky radigcal having from1 to 6 carbon atons; and c) the chemcally-treated
solid oxide conprises a solid oxide treated with at |east one

el ectron-wi ttMr awihgeailyQrospusiden 600RAMNd, whéreintheRlddgon fithapdwilR khidhNg
ol efins conprisjing contacting at | east one type of olefin nmononer with a
catal yst conodlueride whissidepdirgmids, z hosphateorfdifleteonbisulfitier sulfateheorc znal yst

conposition ccoi%g}ﬁ%@o%sth&ggf_contact product of at |east one netallocene
conpound, at T'east One of ganochr om um conpound, at |east one

chem cally-treated solid oxide, and at |east one organoal um num conpound,

wherein: a) the netall ocene conpound has the follow ng fornula:
10 © 13.  The catalyst composition of Claim 1, wherein the weight ratio of the at least

one organoaluminum compound to the at least one chemically-treated solid oxide is

from about 1:10 to about 100:1.

14.  The catalyst composition of Claim 1, wherein the organoaluminum compound
15 is trimethylaluminum, triethylaluminum, tri-n-propylaluminum, diethylaluminum
ethoxide, tri-n-butylaluminum, diisobutylaluminum hydride; triisobutylaluminum,

diethylaluminum chloride, or any combination thereof.

15.  The catalyst composition of Claim 1, further comprising an optional cocatalyst
20  which is at least one aluminoxane, at least one organozinc compound, at least one
organoboron compound, at least one ionizing ionic compound, or any combination

thereof.

16. A method of making a catalyst composition comprising contacting at least one
25 metallocene compound, at least one organochromium compound, at least one
chemically-treated solid oxide, and at least one organoaluminum compound, wherein:
a) the metallocene compound has the following formula:
EHEHEHEHM,
wherein M is titanium, zirconium, or hafnium;
30 wherein (X") is a cyclopentadienyl, an indenyl, a fluorenyl, a

substituted cyclopentadienyl, a substituted indenyl, or a substituted fluorenyl;
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(X' XX XX ML, wherein ML is titanium zirconium or hafnium wherein (X ) is
a cycl opent adi enyl, an indenyl, a fluorenyl, a substituted

cycl opentwadizeowyisz2za substituted i ndenyl, or a substitut edTiUsoax®bsss)
wherein substituents on (X1) are aliphatic groups, cyclic groups,

conbi nati ons of aliphatic and cyclic groups, silyl groups, alkyl halide
groups, halides, organonetallic groups, phosphorus groups, nitrogen groups,
silicon groups, phosphorus groups, boron groups, gernmani um groups, or

hydr ogen; wherein at |east one substituepi on (X1l) can be a brjdgi ng group
whi ch connects (X1) aRdEsRSubsiieedy Py ig)) a'f?dg@%ﬂcag@upm&%wdmlp& a
hal i de, an gljphatd AN td alji i c{, | roup,
a substitute I(B}ygtﬁ(%ﬂé Ogra 0 p,lcgang%ggl?én%ﬁlgﬂ So %ﬁéﬁasf ?%gg?#@e&?%%’ geﬂgle%
cyclic groumgasometnihicnatoups, ophapsarbst gtoupsd mirogrnatgrousy gsitiopn agtbus,cycl i c
group, a conbination of an aliphatic group and a substituted cyclic group,
a combi nat i BHPSBROTYS SLANERE:DOTRNCH OBPS, SEAHANEIY SEANDS AR dYarogebst i t ut ed cyclic
group, am do group u i ] i nhi do i pa
Subst | t ot ed phosphi dong*?rSﬁ‘p%ﬁ%Aﬁ‘ g{‘f%bgﬁuggt ‘%i@%"ﬁ?aﬁbé’ﬁ%?@?{n%%%&éﬁ%y oxi de
group, an acotnests (8')andyk?); a substituted aryl oxi de group, an organonetallic
group, or a substituted organonetal |ic group; wherein (X ) is a

cycl opent adi enyl, an WReH/X") and (X 0raenipdepcndsntbse helidee an eliphatiseewmizeny | |

a substitut I: n tit d fluo . hal..de, an ali.phatic
group, a su%g??@%%éﬁggﬁﬁﬁgggﬁthﬁ %ﬁb?bg&€§§ﬁ¥%w6%%ﬁ%¥?é?%ﬂb?fp Jﬁ%im?yclic
group, a cogibamatipRdticofroan aalli PbpdlicCa@upUP cBRbirtieN Uil £ selisBdfed aliphatic

conbi nation of a substituted aliphatic group and a cyclic group, a
conbi natd ongrepp and alcy@liragtped. dr eupbinaitpnotonbdiphatin grdue ped  sulpptituipd cyclic

o, gl AL AP SR LR
subst i t ut edarph@sahi Geudr & Ustibstaited! kinlidX g 9 Yihosphidd Rsbig, U4 edibaddseoxi de
group, an aryl oxide group, a substituted aryl oxide group, an organonetallic
group, or phosphido group, an alkyloxide group, a substituted alkyloxide group, an aryloxide
group, a substituted aryloxide group, an organometallic group, or a substituted
15  organometallic group;
wherein (X?) is a cyclopentadienyl, an indenyl, a fluorenyl, a
substituted cyclopentadienyl, a substituted indenyl, a substituted fluorenyl, a halide, an
aliphatic group, a substituted aliphatic group, a cyclic group, a substituted cyclic
group, a combination of an aliphatic group and a cyclic group, a combination of a
20  substituted aliphatic group and a cyclic group, a combination of an aliphatic group and
a substituted cyclic group, a combination of a substituted aliphatic group and a
substituted cyclic group, an amido group, a substituted amido group, a phosphido
group, a substituted phosphido group, an alkyloxide group, a substituted alkyloxide
group, an aryloxide group, a substituted aryloxide group, an organometallic group, or
25  asubstituted organometallic group;
wherein substituents on (X?) are aliphatic groups, cyclic groups,
combinations of aliphatic groups and cyclic groups, silyl groups, alkyl halide groups,
halides, organometallic groups, phosphorus groups, nitrogen groups, silicon groups,
boron groups, germanium groups, or hydrogen; and
30 wherein at least one substituent on (X°) can be a bridging group which
connects (X') and (X%);
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a substituted organonetal lic group; wherein substituents on (X2) are

al i phatic groups, cyclic groups, conbinations of aliphatic groups and
cyclic grwops¢e/seisgl groups, al kyl halide groups, halidesy/use@anssest al |ic
groups, phosphorus groups, nitrogen groups, silicon groups, boron groups,
ger mani um groups, or hydrogen; and wherein at |east one substituent on (X)
can be a bridging group which connects (X1) and (X2); b) the organochrom um
conmpound is a conpound having the following fornula: i) CrRn, wherein Ris
a hydrocarbyl havjng from1 to about 20 carbon atons; and wherein n is an
integer from 2 to{?hqh%(ﬂr%@W}éﬁonE‘l‘mi P9MREYHE IS8 B BOUNGh Badng the following

i ndependentlgo' 1Aydrogen or an al ky radical having from1l to 6 carbon
atons; and 6 (I:in%t e chemically-treated solid oxide conprises a solid oxide
treated with at |east Dne eCeRiron-w thdrawi ng ani on source conmpound. 18.
The nethod of Claim 17, wherein_ the catal yst conposition is contacted with
ethyl ene and at |east one oVWh8riIbResimhydipeapbyl dhaying fremel topalnut @Recarbon

3- et hyl % - byt ene, 4 sobutyl ene, 1-pentene, 2-pentene, 3-nethyl-1-pentene,
4- et hyl -1 - pentehe, 1- hexene, 2-hexene, 3-ethyl-1-hexene, 1-heptene,
2-heptene, or 3-heptene. 19whdfeth reidhdGdtegér fedai2o Banclvkioeairn t he catal yst
conposition is contacted with ethylene and 1- hexene. 20. The nethod of
Claim 17, wherein the Bhtal Qs(m&zéﬁbsi tion is contacted with ethylene. 69

wherein R’ independently is hydrogen or an alky radical having
from 1 to 6 carbon atoms; and
10 c) the chemically-treated solid oxide comprises a solid oxide treated with at

least one electron-withdrawing anion source compound.

17. A method of polymerizing olefins comprising contacting at least one type of
olefin monomer with a catalyst composition under polymerization conditions,

15 wherein the catalyst composition comprises the contact product of at least one
metallocene compound, at least one organochromium compound, at least one
chemically-treated solid oxide, and at least one organoaluminum compound, wherein:

a) the metallocene compound has the following formula:
EHEHEHEHM,
20 wherein M is titanium, zirconium, or hafhium;
wherein (Xl) is a cyclopentadienyl, an indenyl, a fluorenyl, a
substituted cyclopentadienyl, a substituted indenyl, or a substituted fluorenyl;
wherein substituents on (X') are aliphatic groups, cyclic groups,
combinations of aliphatic and cyclic groups, silyl groups, alkyl halide groups, halides,

25  organometallic groups, phosphorus groups, nitrogen groups, silicon groups,
phosphorus groups, boron groups, germanium groups, or hydrogen;

wherein at least one substituent on (X') can be a bridging group which

connects (X') and (X%);
wherein (X°) and (X*) are independently a halide, an aliphatic group, a
30  substituted aliphatic group, a cyclic group, a substituted cyclic group, a combination

of an aliphatic group and a cyclic group, a combination of a substituted aliphatic
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group and a cyclic group, a combination of an aliphatic group and a substituted cyclic
group, a combination of a substituted aliphatic group and a substituted cyclic group,
an amido group, a substituted amido group, a phosphido group, a substituted
phosphido group, an alkyloxide group, a substituted alkyloxide group, an aryloxide
group, a substituted aryloxide group, an organometallic group, or a substituted
organometallic group;

wherein (X?) is a cyclopentadienyl, an indenyl, a fluorenyl, a
substituted cyclopentadienyl, a substituted indenyl, a substituted fluorenyl, a halide, an
aliphatic group, a substituted aliphatic group, a cyclic group, a substituted cyclic
group, a combination of an aliphatic group and a cyclic group, a combination of a
substituted aliphatic group and a cyclic group, a combination of an aliphatic group and
a substituted cyclic group, a combination of a substituted aliphatic group and a
substituted cyclic group, an amido group, a substituted amido group, a phosphido
group, a substituted phosphido group, an alkyloxide group, a substituted alkyloxide
group, an aryloxide group, a substituted aryloxide group, an organometallic group, or
a substituted organometallic group;

Wherein substituents on (X?) are aliphatic groups, cyclic groups,
combinations of aliphatic groups and cyclic groups, silyl groups, alkyl halide groups,
halides, organometallic groups, phosphorus groups, nitrogen groups, silicon groups,
boron groups, germanium groups, or hydrogen; and

wherein at least one substituent on (X?) can be a bridging group which
comnects (X') and (Xz);

b) the organochromium compound is a compound having the following
formula:

1) CrR,,

wherein R is a hydrocarbyl having from 1 to about 20 carbon
atoms; and
wherein n is an integer from 2 to 4 inclusive; or
ii) Cr(me-CeR’s)2,
wherein R’ independently is hydrogen or an alky radical having

from 1 to 6 carbon atoms; and
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¢) the chemically-treated solid oxide comprises a solid oxide treated with at

least one electron-withdrawing anion source compound.

18.  The method of Claim 17, wherein the catalyst composition is contacted with
ethylene and at least one other olefin which is 1-butene, 2-butene, 3-methyl-1-butene,
isobutylene, 1-pentene, 2-pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene,

2-hexene, 3-ethyl-1-hexene, 1-heptene, 2-heptene, or 3-heptene.

19.  The method of Claim 17, wherein the catalyst composition is contacted with

ethylene and 1-hexene.

20.  The method of Claim 17, wherein the catalyst composition is contacted with

ethylene.
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