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 organonetal conpositions, olefin polynerization catalyst conpositions,
met hods for the polynerization and copolynerization 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,

that will provi O@R@m@@eﬁﬁwmmmipo@tm%@ Im OGN ic materials
tailored to specific end uses. Mno-I-olefins (a-olefi r;l}si) i ncl udi ng

et hyl ene, can be poCAFAMIYEES KORPRODUIGENG BIMOBAL RESENS®np| oyi ng
titanium zirconium vanadium chromumor other nmetals, inpregnated on a
variety of support materials, often in the presence of cocatal ysts. These

catal yst conpositions may be useful for both honopol ynerization of
et hyl ene, TRE Al FIEED QI Tl INVENJAON et hyl ene with conpnoners such as

propyl ene, L-bijeng, i AeXangs o2 OtAg8 DF SRGronidl ShhBSdR! AR
systens conprisihg netall ocene conpounds have®snown promse I tailoring
pol ymer ppabyeeridation QCatablsy S icompeditens, Camgthddsi Nfgr ot n polyinerizationC oambunds
can al so be used to mdjf al ymer. properties. Agcoydjngly, a process
enpl oyi ngCOBBE'H‘enﬁ%tloé‘Irg%BiFé%‘égﬁﬂéaB?t WWBWI%%‘QPBBQE?’%&V\DUI d provide
exceptional control over polynmer properties during manufacture. However,

there i s BACKGROUNIEOIUPHE INVEEVRIDE of activating both types of
catal ysts. Thus, there remain significant challenges in devel oping

catal ysts thatThesmeppis\A ernsiant sesrbnieadevstopyresy olafing pelymerjation icetalysts, of
desi red %&g}%’i ta!cﬁéaﬁon%#%é%g%, %ﬁ; %&M@%@%M&f ubify SR AR, R OFRASSES
atal yst™ co

cat al yst conpositions,” nethods for preparing o5i t1ons,
met hods frovige leyhanced icatglytit ectiviies amdl pelymerie neatpodly talosedatodspeoifel gmiers. I n

t he course of, ;exam ni.ng ol efin pol rization catalysts, i.t was dj scovered
that o RoEOPUEL oWRE Aol Ra st Rlens e wfamBr gl FuRb i
conpoundscopipovitioed empllyitg! €fadFuint) axicagiuMs vanbdiohd JHEInEiGHl 8F ol Ghétals,
distributions. In one aspect, the present invention enconpasses a catal yst
conposi t iigpregnated 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 .a-olefins.

Catalyst systems comprising metallocene compounds have shown promise in

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 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 catalyst
compositions, methods for polymerizing olefins, and ethylene polymers and copolymers.

In the course of examining olefin polymerization catalysts, it was discovered that a



conprising a netall ocene conpound, an organochrom um conmpound, at |east one
chem cally-treated solid oxide, and at |east one organoal um num conpound.

In this aspect, this invention enconpasses a conposition of matter, a
catal yst conposition for polynerizing olefins, a nmethod of preparing a
catal yst conmposition, a nethod of using a catalyst conposition, new

pol ynmers and copol yners of ethylene, and the like, in each case

enconpassi ng a metal | ocene conpound, an organochromni um conpound, at | east
one chendeald Vo kiRt Gpidhd Tndtlibnes i BloahSARIMIARE cHLPRRAS! poviBsM
conpound. Catal yst conpositions in accordance with the present invention
conpri se pdiwlefinsiaziog veryduoat molecular Weighttdignbutipss.al | ocene conpound, at

| east one organochrom um .conpound, at..|l east e _chem y- Ay solid
oxi de, and at Te38t % eec‘[’or&(f:f:a R tlor(l: oerrrlﬁ%lﬁﬁ%s,s gsv\%erc %t?fﬁ :Lt 5&’{“? ﬁ%&%

met al | oceguenpeisifigod Neletalscehd ecohpoladyl @Y drganothramiung Xoh(psnd, Xa) (eXst) dhe
wherein ML is titanium _zirconiu or hafnium erein ( is )
cycl opent Bames#ly-tregied solid ryide, é?‘nH]I Holeathyane yeans lf’\h‘fle‘iﬁ’ﬁﬁf’%‘il'g]ﬂ_eﬂ’t‘%di enyl ,
a_substi tyhed madaoion Unconpisbstd bothSkitldnUst Bar; 2 WABK/S donféRRlohifsent s on
(X) are allphatic groups, cyclic groups, conbinations of aliphatic and
cycl i c grplypssrizing glefing, eupsthoddfayrepdriakiackatalysb aprapositinn, darcthask efaisnget al | i ¢
groups, ph orus grou i e r Sid | r -Dor. oups,
Ger mani R b Aotk B o R ersCof e A R (RS Rl (0%,
be a bri dgkaighcogmphgsingty métalieuene cédpound; gn @pshochidjiumicempound( #3pasaomk ( X4)
are indep nder;illy a hal %iide,_ an aliphatic group, .a substituted aliphatic
group, a "3‘%‘!‘? y s sol %’ﬂ%%lap Bt leRpt egR9r @O&ﬁ'ﬂuﬁ?méo%?r‘m ation of an

al i phatic grquRa g dotpo¥itibh§ ilffa8dHRdarde GRED itkAbietht Ghvehtish Ridkipkisd @Kk

al i phatic group and a cyclic group, a conbination of an aliphatic group
and a subwmnfacupeduetyef atcleagtong, mefa ¢ sempeynd, @ lepst aiys prEape@EEBIhat i c

010> 1 BRSO AR BSPHR e HRRubGE, o O

group, a cupetnd, wheekiml Kyl oxi de group, an aryl oxi de group, a substituted

aryl oxi de group,. an organonetal |i 0 or supstituted organonetallic
gr )(;up' g a) the metallicgcene compound %agtlile 'ilcﬁlowmg &)rmu a: 9

XHX)E)XM,

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;

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 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 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



wherein (X2) is a cyclopentadienyl, an indenyl, a fluorenyl, a substituted
cycl opent adi enyl, a substituted indenyl, a substituted fluorenyl, a halide,
an aliphatic group, a substituted aliphatic group, a cyclic group, a
substituted cyclic group, a conbination of an aliphatic group and a cyclic
group, a conmbination of a substituted aliphatic group and a cyclic group,
a conbi nation of an aliphatic group and a substituted cyclic group, a
conbi nati on of a substituted aliphatic group and a substituted cyclic

group, an ] , { Hé%%; i gr, : i a
substitutggﬂbgﬂgg%ﬁ#ggigw%ﬁ%§&£% yﬁggggg’ggou]?Qgggggggigggg%ggﬁiyloxide
group, anargioxldexgrap, amorgamometaliic getupt ertaesibstityted vrgdeometallio graup;
organonetal i c_graup r.a substituted, organongtal |4 c group; wher.ein
substituents o‘ﬁge(r?ﬁ) DgSelsaFi %E%PFBtaé‘FBX}psa,n S{Hﬁt 2y FRErsEYL: %r?ﬁ}i’srlil ¥ons of

al i phat i ceyglopemadiamy, &Ysabstiuted Ghdsyl, i bobstigitedufiGoredl K¥ lhalidd, | shealiphatips,
hal i des, organonetallic groups, phosphorus groups, nitrogen groups,

phosphi doZigrRupSubEHYieh aliphaity 8rouge rnBYRLGNEIgHBU A sSUbEHUISY IPEHE Browh R wher ei n
at | east . tiet.Lie n Welol! TaY; i cts
(Xi) and (Xg ')]lﬁal’&l%}s$1 dtfhdéll %?pggﬂco%ﬁ%km&@rﬁ ?gd% %gh ’%E%nﬁlg%gx?hgh?%ﬁpgﬁ ng

f ornul a: aliphatty @Byp wivka eyclicRRrow, a coydiratian b in hliphatig gfouprand atsubsgibsed 20
carbon atops; and wherein.n is an_integer from2 tqQ inelusive; or ii)

G (17 6- CarehS ot ar ariP ption oicp Rirs ol rgys fnd o' SRRy Svefif o

havi ng fgoip, lant emRloCabhgna styikitedaghidy) giodp, & phsiphadd yroup.eatsebhtinnéd d oxi de
conprises a sqlid oxide treated with at | east nﬁ$§%§ctron-mﬁthn W ng

ani on souttoEPRgMEERHRY 20 CHEYRBAP (BFP¥RrR EBHBlFLS FQUPnat B IPHES ent
I nvent | Ofﬁ%}p@%ea_t Afstitulld QWIS UrbHY, 2an %rg&}ne@fﬁa Qg'r!()'u')?éf’or_ Whelsdifutéd<S) i s a

hydr ocar b aving from1°to about 20 carbBon atomns; is an al koxi de or
ar yl oxi deorganonretplfi¢ gnoun; t o about 20 carbon atons, a halide, or a hydride;

and n is a 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, 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 (X*);
b) the organochromium 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(96-CeR's)2,
wherein R' independently is hydrogen or an alky radical having
from 1 to 6 carbon atoms; and
¢) the chemically-treated solid oxide comprises a solid oxide treated with at least
one electron-withdrawing anion source compound.
Organoaluminum compounds employed in the present invention have the

following formula:
Al(Xs)n(X6)3-n§



nunber from1l to 3, inclusive. A chemcally-treated solid oxide in
accordance with the present invention conprises a solid oxide treated with
an el ectron-wi thdrawi ng anion. Solid oxides include, but are not limted
to, silica, alumna, silica-alumna, alum num phosphate,

het er opol ytungstates, titania, zirconia, magnesia, boria, zinc oxide, any
m xed oxide thereof, or any m xture thereof. Electron-w thdraw ng ani ons
i nclude, but are not limted to, fluoride, chloride, brom de, phosphate,
triflate, I e, y
combi nat [N CRGEdar R A pa it R A IS 3P cartbh AR B AT Pt e
chem cal lor-atylexitle awog ifdmok itmjebmmﬁo chrbog elt@ns, @chalidgrorfa lyoridetedal isr na,
chl orided alu m.na, broom ded al um na, sulfated alumna, fluorided

silica- allllﬁ‘ﬁbﬁ oLy 185 B Sbvel i ca-al uni na, bronided silica-alunina,

sulfated sili @a chehhidall§-trehlel Ofdlide Bxide | inC accotdagodiviith ahd cpfetséﬁtd invention
silica-zirconia, bromded silica-zirconia, sulfated silica-zirconia, or

any combioRENYie a obideBide tiegted aith mwéectreﬁéwﬂ@éa\vlpg prnignSkd ogideginsludge  can
i nclude g, gg]pegﬂ%l % TRiRL ken Sﬁ%aecé?ﬁ%d{er OBRYi€4-ReimitY, C KRiminuny 2RRGIHHERE, Si | ver,

copper, I Tum tin, tungsten hum or any conbi nation thereof. In
yet anot H&ter@mﬂ)ﬁcngstatesx ligange, esreotia; magmaaorbornahelnsmm@b amly doixed roxedenpri se

any oxi is ch eri.zed b h surface

el ectr onq%rf‘ﬂaf’%%yn@”%ﬁ? glﬁar%ogz ﬁe‘&%‘%‘pwtg AP AW rlim?% x b’iltnaéer Ieléétg gnsnt?%e
acidity ab, fiieridep|chidridy Blomide, hotphar( tiifatt,hBisal@lte, dsulfare] di@oidphsdsphatenot
treated with at | east one el ectron-withdrawi ng anion. In another aspect of

the presdhoresplfeia:qrany combinatignereel posi tion is provided conprising the
contact produgj aﬂ({uf@r ! éc%'okgfe SNEHORROHRR, aﬁrhhelm«anp@aste@wm oS@pgund, at

| east one chem ca eate Id oxide, and | east one organoal um num
conpound ,beasadectadr ﬁhmr floomghad slungnaarphdrplded ndeac dremhided alwwing.e Slﬂfﬁﬁed

i ntendi ng,to be t heor t ved t th

funct i ong" 48y % gt ﬂgf\’/ 'fﬂl“ulf“ﬁ h ondeé F%a'%‘rlm 5 E’ gér%@ggtsglgc%gaté&%

and oxygeqlfhte® reilidacal@aina fmbndmﬂ&aizimla Seh!lenaéd sﬂlcﬁ-fz&écﬁﬂzi, bmadieal yst S
may be used in this catalyst. COh‘pOSItIOﬂInC|{l§lgi t ﬁ I|mt to,
or ganoal Gﬁ%ﬂﬁ%@ﬁpéﬂﬁﬁ@ silicarriffoREne BYg4R O%oﬁ‘ﬁ g&ut 1‘8’%9 bor on

conpound %helhﬁﬂll% {rBfed YHIOXFRITAR WRbiRIe aGhétdl JBh&AN8h Selecdéd ROW zGRMALKAL | On

t hereof. Thus, an additional organoal um num conpound is an opti onall
cocat al ys/[apa@nm, @éwrbeomer,hgalhume 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 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 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 composition. Several
different cocatalysts may be used in this catalyst composition including, but not limited
to, organoaluminum compounds, aluminoxanes, organozinc compounds, organoboron

compounds, ionizing ionic compounds, clay materials, or any combination thereof. Thus,



same or different fromthe at |east one organoal um num conpound of the
catal yst conposition. In yet another aspect of the present invention, a
met hod is provided for making a catalyst conposition conprising contacting
at | east one netall ocene conpound, at |east one organochrom um conpound,
at | east one chemcally-treated solid oxide, and at |east one

or ganoal um num conpound. Still, in another aspect of this invention a

met hod of polynerizing olefins is provided conprising contacting at |east
one ol efi r W e @gﬁﬁ I Lzl i
conditioﬁ%: ggﬂ@ar§%§§¥mgg%g%§#¥§%ﬁﬁﬁggg%§§%ggo#he déﬁ?é%?gﬁkﬁﬁﬁé?yof a
met al | oc esamecamnyiiffensht feom cheandedst @ne Lrganoelvponuml , coatpoisd of the@atalyst
chemically-treated solid oxide, and at |east one organoal um num conpound.
In accor FOHPES\PRh the present invention, the at |east one netall ocene
conpound,  t hangkt Afask a6t 61 188 PREE aiedtibs ARaodlis priedal for eakingane
chemcally-treated solid oxide, and the at |east one organoal um num
conmpound Gatadysh sompesitinpscommisingstonfacipg Allcast ppe wrrdallpgsns spanBayNd. Ahileast
formula: %%&éé%:%ﬁﬁ)nﬁ $hYbund, WIRL® bile MionkiSally. & Sl Uil olde ORIl Rt

haf ni um Wherei n s a fgﬁopenta |en;i, an i ndenyl, a fluorenyl, a
substi t utee orgymhlnpemimacompylnd. SHtidl s tndthdredpéoh o ik invention g ubethod of ed
fluorenyl; wherein substituents on . are aliphatic gn s, cycli.c groups,
conbi nat (SRS ER PEovidRy cofbrieict spufnte AR SrsrgCRoniiG i 0] Go
groups, halch@Bs: cofpasiasetialdet GolyEiiedizigon RBAGAGKY. UBhgcatdySt, cOinpoggean
groups, silicon %roups, bor on %roups, ermani um graqups, or hydrogen;

wher ei n sompsisey e con@sks redvehtofoa llpggme heomap@indy fin §reEgResECTIINE h
connects ' ) L i i l'ide,
an ali pha%o%og?%%g}&é osn S\bggfg#lﬁh?}ég& g? ?%ﬁiaé%éé’ﬁﬁgegg%gg?%ﬁgégmﬁﬁa
substi t utethpoyad.i ¢ group, a conbination of an aliphatic group and a cyclic
group, a combination of bstituted aliphatic grou i group,
a combi nati on IBiac%f’ﬁglaé’F? Eﬁtgﬁﬁ%pﬁ%ﬁ brlvgf’i@m}a eu%sl‘fa}sgﬁ?ee e%{}%leﬁ% 8%:;Irﬁ ét’}%d > a

conbi nat ita8 at eastobnerogaikschidniigdcahpdunal the fArieasp oaedhemiulbgtredted edlicyclic

group, an am do_group, a .
oxide, and the at Ieast one organoaluminum compound are as follows:

The metallocene compound has the following formula:

XHEXHEXHXHM,

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;

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 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 group, a combination



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
substituted aryloxide group, an organonetallic group, or a substituted
organonetal lic group; wherein (X2) is a cyclopentadi enyl, an indenyl, a
fluorenyl, a substituted cyclopentadienyl, a substituted indenyl, a
substituted fluorenyl, a halide, an aliphatic group, a substituted

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

of an alighatd, a I ifuted
al i phati c&gr ougStgl%tg&lghg 1C %&Xﬁodu]g 9a co t??’l%?l ongﬁ%lban al'i p?tsét*a? gatr oup and
a subst i tsubstituted yathido groopp,a @hosphiziongtdupn aofsubstisuiéd tphospphadb adroyphatn ¢ gr oup

and a substituted cyclic up, ..an am do roup a_substitute group,
a phosphi agff)y loide O"é’ f B'éltsﬁ{"\%’tcg dlkyB’r%ng R4 ox@ﬁ PRy %ﬁtq%ﬁii%?‘g up
substi t utggiorids gtaupl dforghivnibtal A8 gﬂihjz‘,' il ssttmﬂé@Uﬁgamﬂnétallhs ketdupf ed aryl OXi d e
group, an organonetal lic group a substituted organonetalllc roup

wher ei n subst i Vis&siR sCon @)@)CYﬁio@e‘&PﬁhEWét 28 Hdeups 2 Sperend, g supséituted
conbi nati g%tﬁdl?t{}’é,pg%%&n%@ 'Ilrﬂﬁeng]'?q SubStithfed I §'h'al¥(l.le %Oél%ﬁatl@l kyl

hal i de gr organonetal I'i c groups, phosphorus groups, nitrogen
gr oups, pgroumha ctungtﬁubsa,hpha;trco grougy (aug)s:hc oEoumNA mubgrtuiaqbscycm gngudx, cgen; and
wher ei n at Iea t|tuent o) an be a n up. whj ch
connect s (’%") 18ﬂd> (aﬁz%hpﬁ e SEHB AN gcan F-‘é‘?‘h MU el r?p%%blan"i(‘j&n ObS%tuctie avi ng
the fol | awiphgid @oiph@ a cyclic Gidtip, a cbmblﬂaﬁ@{ ef &h Bl;ih&tl@gﬂ@)dﬂhﬁ@arsﬁ)ﬂutdnaﬂi ng
from1l to about 20 carhon  C(96-C6 wherein R |nde endently IS

hydr ogen SYEliGgraipky Gombiration mfw ﬁ@bstlfqt%ftrﬁliphaac Ery pyha atug teqjgyclic

chem cal | ol CAl &fidd Arbh, U SR UARIP BB Serup gﬂ%@maaegﬁoﬁﬁat Qhbstididy an

el ectron W ng ani'on source conpound. anoal um num conpound has
t he fol | qbiosghidoogmulpaan aﬂgxlooagim (S@)B-an sub(StltWﬂdealkylnX(dXSQTOuls an bhpdoxadsar byl

havi ng frorrltlp]’. gosu%ts)t?tldged OaXIi Y ngr((;itlltp(,mB o(rgan)ome§alhc 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, 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 (X%).
The organochromium compound is a compound having the following formula:
1) CrR,,
ii) wherein R is a hydrocarbyl having from 1 to about 20 carbon
Cr(n6-CeR's)2,
wherein R' independently is hydrogen or an alky radical having
from 1 to 6 carbon atoms.
The chemically-treated solid oxide comprises a solid oxide treated with an
electron-withdrawing anion source compound.
The organoaluminum compound has the following formula:
AX)o(X 305



sel ected from al koxi de or aryl oxide having from1 to about 20 carbon atons,
halide, or hydride; and nis a nunber from1l to 3, inclusive. This

i nvention al so enconpasses precontacting some or all of the catal yst
conponents, and optionally pretreating some or all of these conponents wth
an olefin conpound, prior to initiating the polynerization reaction. The
present invention further conprises nethods for polynerizing olefins
conprising contacting at | east one ol efin nonomer and the catal yst

conposi tion ur\Qereinggk 3 hfftddafils SNHL AT b ALBEOANERLARoRS! M%FEs  ThI S

i nvention al so enco sses ‘an article That conprises the polyner produced

wi th the shidyisim alkopids iot iantoxide havisg fromehtd dwut 20 eabomatdnet haidef et ur es,
aspects, eg{iglgd'i mant.s, an va %a es .of. the present invention will becone
appar ent Ange: adndgp pymber Tqm 1o BEISYS det ai | ed description of the

di scl osed f eatTHi@SnvdRRbiEraldOEShIIMPRESN $obcohtdetibRAYNGSEr RllGof the epaBsent s a

conpari son of polyolefin polydispersities gbtal ned usi

. ng a .
bi s( n- butSpMpPEensH el optierally) Bretreabing omg ok Bl o these camppyadts with gnlefifene
chrom um . = [ ' tnstRBHL VI cycl opent adi enyl ) zi rconi um
di chl ori dcé)ﬁﬁilto?ﬁé%#gf\%qgg rug%?n{ﬁgggggea 2;1/st. FIIG 2 represents a conparison of
pol yol ef i n pol it ppsesi inverstionb farthee dcongirisgs anethods for polymerizing olefins

bi s(n-butyl cycl opent adi enyl ) zi rconium di chl ori catal yst. chro e

oat ol yst R EBREER HnE SRR Popene el SRR Fnnbllish Bie"

di chl ori qﬁﬂﬁﬂé@m&em&ﬂhawl%duceﬂﬂﬁim&& DESCRI PTI ON OF THE | NVENTI ON The

present invention provides new catal yst conpositions, nethods fq%gg epari ng
o]

catal yst conpodii nyprtionrAlson@empaTsey Y} Agcker, atd%&’f“éﬂ“;?%stthﬁﬁ BT Presy
pol yner i Zﬁiﬂ?ih%fchﬁf;ﬂ coo?g%silﬁ%lﬁﬂh@ihﬂérﬁoh” one aspect, this invention

enconpasses a net e- organochrom um catal yst systemthat provides
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one chem digllds¢d fdagrésed sol i d oxi de, and at | east one organoal um num
conpound. Further, this invention enconpasses a conposition of matter, a

catalyst CoReDESCHIPIION OF THE DRAWINGS

FIG. 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.

FIG. 2 represents a comparison of polyolefin polydispersities obtained using a
bis(n-butylcyclopentadienyl)zirconium dichloride catalyst, chromocene catalyst, and a

combination bis(n-butylcyclopentadienyl)zirconium dichloride/chromocene catalyst.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides new catalyst compositions, methods for preparing
catalyst compositions, methods for using the catalyst compositions to polymerize olefins,
and polyolefins. In one aspect, this invention encompasses a metallocene-
organochromium catalyst system that provides polyolefins characterized by very broad
molecular weight distributions. The catalyst composition comprises the contact product

of at least one metallocene compound, at least one organochromium compound, at least



pol ymeri zing olefins, a method of preparing a catalyst conposition, a

nmet hod of using a catalyst conposition, new polyners and copol yners
ethylene, and the like. DEFINITIONS To nore clearly define the terns used
herein, the following definitions are provided. To the extent that any
definition or usage provided by any document incorporated herein by
reference conflicts with the definition or usage provided herein, the
definition or usage provided herein controls. The term "polyner" is used
herein {0, IRAN MAPREAMITENR SR EAPA16: P LRV AD A RBADYIRL Fuideret Nyl ene
and anot her "olerim c conpnomer. us, the term™a polyner  of ethylene" is
used her ahiz inventidnerentanpmstds & ocomgmisitiver ef anattecopotatalysts cahpesition dere  and

an ol ef m ¢, conpnoner,. Pol r,is also used,herein to nmeanh pol rs and
copol ynerpa"lme%n@?% abﬁo/elr@?‘r‘e?tisgwgg r?ocr‘i‘ga#@?"?flg%sftbo&ea nheg}oergr%.u“f%erge term
"cocat al ysatalyst SorfifR&IoA] Aot pSi§EleRRQNG cHpdlPmere biylahe, dnlghalilganoal um num
conpounds that may constitute one conponent of the catalyst conposition,
but also _refers to the optional conponents of the catal yst conposition

i ncl udi ndPEBINIHIONS i nited to, al um noxanes, organoboron conpounds,

or ganozi nc CORREUNAS .c1fly! f¥find MO thMY GsedCREFAU AL folRivikl HefiRities Ry ei n.
The term cocat al yst nay %e used regardl ess of the actual  function of the
conpound mwovided, Ehethe cxltentrethita pins rdefyitiphi oh usdge powssdney may dospacate. | n

h | i S L S1-i: i . f
Ohe 2op P Shenrbtfich TEMBT BE RBIHA! cdrlidld S e ALANLAAU Bhet MIVIGARARAN ©

rom the | 'ocene and or romum
conpoundshe défnifi@r nuspgearovitedhiereln contrdlsir e i s used herein to describe a
first mxture of catalyst ent.s t hat gjrge contacted for a %iﬂrst peri od

conpo
of time prior ks tem "pqlymer” i g?‘i‘i’r TR dp mafap JOFOPgIYISFh AP BG COYItHCt ed” or
second mixj _léﬁgolg’lfneﬁﬁ)tf %lhl‘ﬁéne GRIRAREE Slefihid to@bomdér ONRAC iR derhPra polsasond

period of ti Typi cal I'y, the precontacted m xture describes a m xture of
net al | ocefethydensd unused dreirim se refemtiourntle bapepelsmersrrnd copphymsrs §f ¢theeiced

sol i d oxide, befpre thj ] xt .S t ' J UM
compound A SPARE cobafik P is FBAEh Mol 1 rcAE 1ORERISTEATAET o
that are depelgnics sfany ather palgmeriableanondmedr diclosed hiepeisont acti ng t he
conponents i nﬁ{ée second

components 11 41e, Sesond ROSLEON AL o9 VLM & SO ShE R layh Bl ¢

E; ggalro ?etpdgrﬁlggﬁ&fsoﬂﬁhﬁﬁfﬁdcoﬁhﬁﬁﬂér&&Mnﬁdﬁéﬁt 60 HROSEA st adohpositibe Bitxdlsyr e has
refers to the optional components of the catalyst composition including, but not limited
to, aluminoxanes, organoboron compounds, organozinc compounds, or 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.

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 mixture
being used to form a "postcontacted" or second mixture of catalyst components that are
contacted for a second period of time. Typically, the precontacted mixture describes a
mixture of metallocene compound, organochromium compound, and chemically-treated
solid oxide, before this mixture is contacted with the organoaluminum compound and
olefin monomer. Thus, "precontacted" describes components that are used to contact each

other, but prior to contacting the components in the second, postcontacted mixture.

Accordingly, this invention may occasionally distinguish between a component used to



For exanple, according to this description, it is possible for the
precontacted organoal um num conpound, once it is contacted wth the

net al | ocene and the olefin nononmer, to have reacted to format |east one
di fferent chem cal conpound, fornulation, or structure fromthe distinct
or ganoal um num conpound used to prepare the precontacted mxture. In this
case, the precontacted organoal um num conpound or conponent is described
as conprising an organoal um num conpound that was used to prepare the
precont a?rﬁ;%.rﬁlfé?ﬁ’éc%nta@eﬂﬂ'%e}’ and R cEx?f)gﬁe}lp G Yh AR Has BleX E}E{pgrefi.s used
herein t escribe a seconé m xture of " catal yst conponents that are

cont act edfdroexanec apcbrdieg i tod thik  désadptican dit oise possirie t for udbat prstonisdteh i s t he

"precontacted”. or. first m xture of.cat t one t hat r ont act ed
for o firepagapygenSmpi e 3t i PR i T BEBetn e i Fefitur e <
used her ghéndnierdedane Racted & foimitatleast@he dfeaddt oh@niealcompound) foratufigionc hr omi um
conpound, ol efin nmgnoner, organoal um num conpound, and chem cally treated

sol i d oxqrdétrugteiendient riben SistinchcPieaRPAYRINENe COMPAEIde 4P XPuPEPET eortion
of these COMMORRAL fixiie! Il aM¥ ARE! tHeOPpREoHR QRO BF‘%%@aI&’rﬂﬁ'lﬁﬂl tompRa &P the
postcontacted m xture. Generally,” the additional conponent added to nake
up the pomtponerdds descnibsd ay eomprisingeare hrganeahirhipumt ¢aganondd ot ivas amédty, and
optionally may.include an organoal um num conpound the sane or different
fromthe %‘Fpga&%glglpﬁerﬁoﬁtﬁ?ﬁe@@%tgﬁhd used to prepare the precontacted m xture,
as described ISimélamy, tAe e@imd!pogicyntadtbd"smixtweris ussd heayinab slescvide asseooral | y

di stingui sh between a conponent, used to E{gpare th pogécgntacte m xture
and t hat MEGHpOhERALYS qamrpopeRts thak aifr onfagied feea Sﬁ‘i"é‘éé’F@ 1 o fme; ghdpne

met al | 0CeRRsHRSH I RARCIRsCAEPBREhtEAEPT drSfiBOmiMire: & Gitalys¥Romponents that

cycl oal kadi enyl -type l'igands in the nolecule. Thus, the netallocenes of

t hi s i nvewmtre gantagted fdyi asiirseperiodseftirge. cppicely.kthel tesmy Ipostyerdadiedj anaiure shpounds,
wherein the,..eta..sup.5-..cyel oal kadi epy. tions. | d adi enyl
i gands, RG] {0, desrbe] Sor%é"ﬁ# of Ad%t%écf’h%n%ﬂrﬁg}‘% prganioch c‘?@g{“ng

parti al | yogpouidtatefiromoaorhsrd iokgineslus@iuny abmp@mdp andinkdmigallyofreatahyoleff t hese.

Possi bl e substituents on these |igands include drogen,  therefore the
descri pt i%‘HPe* %‘lfﬁ@&?‘i"ﬂ’c ‘_‘é’&t"&E?g {reroutaptad pupre ?@R%‘%? SHCPBROME or i ses
parti al | yyifs gty ddaitRihal ¢R@idRents Hedbdas nidke ﬁl@hﬂéi{)éﬁt&ﬂ%béld,mixuue. Generally,
tetrahydrofl uorenyl, octahydrofluorenyl, “partially saturated indenyl,

parti al | ythe additienaé gothpensnieadded te utake up theppsirantacted inyixtig isrthe elgpmically

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 used to prepare the postcontacted mixture and that
component after the mixture has been prepared.

The term metallocene describes a compound comprising two .eta..sup.5-
cycloalkadienyl-type ligands in the molecule. Thus, the metallocenes of this invention are
bis(.eta..sup.5-cycloalkadienyl-type ligand) compounds, wherein the .eta..sup.5-
cycloalkadienyl portions include cyclopentadienyl ligands, indenyl ligands, fluorenyl
ligands, and the like, including partially saturated or substituted derivatives or analogs of
any of these. Possible substituents on these ligands include hydrogen, therefore the
description "substituted derivatives thereof' in this invention comprises partially
saturated ligands such as tetrahydroindenyl, tetrahydrofluorenyl, octahydrofluorenyl,
partially saturated indenyl, partially saturated fluorenyl, substituted partially saturated



i ndenyl, substituted partially saturated fluorenyl, and the like. In sone
contexts, the netallocene is referred to sinply as the "catalyst", in nuch
the sane way the term "cocatalyst"” is used herein to refer to the

or ganoal um num conpound. The terns "catal yst conposition,” "catalyst

m xture,” and the |like do not depend wupon the actual product of the
reaction of the conponents of the mxtures, the nature of the active
catalytic site, or the fate of the al um num cocatal yst, the netall ocene
conpound, ; o] : r om: 4 Ny u epare a
precontac?ggg%ié%%%gﬁh&gﬂ%ﬂg)gg@%ﬁga (gaﬁﬁegﬁggks% fgﬁgﬁﬁﬁéﬁgg?ggt@%nbining
t hese compeiernns.is Téfered ov simplpeast the fsatelysts| insmuclo fipo simé ovay thattetny st

m xture, and the,like,. may .incl ude both heterogeneous .conpositions and
honngenou§°9ﬁﬂ§§sFﬂpg%@#m¥ﬁ%r @ﬁﬂﬁmﬂvg?5@§WB§ CPUPEY to specify a

hydr ocar bon r aphiec@imgrdatibyst Béhpositital 'utatilysbmixting, "M@ thé Hké @6l nbtodepend |

al kyl, cycl oal kyl, al kenyl, cycl oal kenyl, cycl oal kadi enyl, _al kynyl

aral kyl , &hos|theagthal pa?caqc{%t}ue Teagtign of die) GoRwongtHof the miggesathe nadyibet i ¢ ut ed,

unsubsti t Lor Aeipd 1 t t td i i
unsubst %g&tu;g n@fa}}%ﬁ sitd, Bre e FREL ST AR AFHAS Ldobathl, dRE ﬁ{ét&l}jageﬁe

em cal ly-treated soli1d oxide", "solid oxi
act i vat orcompopod,t the orgamicbifomiamt ¢onagomnd,s amp olefih, monenér nsedr tospspaetd’ |

"treated soli i de .compound” ., or. si npl "agtivator." and. the Like are
used her oteeron PEsEl Bro e, chefficalivoRiatea o8Bl e, PR biet

por osi ty, corpoabnteXThddéfoe, ltiedMetmaCatdlyst oompPssitits edtaBsei thitulesbad ity likand

whi ch has been treated with an el ectron-w t hdrawi ng conponent, typically
an ani on, may/aclyde pthihsteregenequs sampayions|aad LPPASSHICPHERBRASHY S onponent i s

typically an efct ”"h%}degﬂbgw ﬁgusea%%eéi@y ra?ﬁycﬁ@émﬁngadic-gb Poup! st
chemcally treated soli"d oxi de conpound conprises the calcined contact
product ahclades|, et ipnrots dinitedoxtd derytorafolindyeloellylat alkenyds eyaloalkenyl,

el ectron-w t hdraw ng_ani gn _seurce conpound. Typi | Vi L o } y
treated sCJFf"a a@%ﬂe a@( Olr iagagksylaf” eenglt %ngﬁygn%n(zaﬂr?ﬁ,m%i ‘liclncggzlliel%gmoxi de

conpound. subftuteé uiButstfunal, bragchedalifday,dictefoasatp pabstitudsded efio hitiwes debrdod. | npl y
t hese conponents are ipert, nd this ¢ rrpo,gq'nt" %Eo%lé,‘ge not be construed as
I

an inert conporénterys themicallyfrgated 0%f1fi¢ on SO A TISERPBY her wi se,

or unl esswtiig af'cﬁ%t@?ﬁéupgﬁxt@‘{ i"ﬁ&ﬁraﬁ&@ﬁ‘ﬁﬂgﬁnts,gﬁtreﬁti%% k@idoxidP&nouad', ensimpliat are

used herein, include, not limte ; , indenyl; "Flu, fluoreéenyl;

Cp, cycl Ojpetinatati"cang|the tike anstusgd berein togndigat @ welid; ingrganic oxige of seletivelySA,
fluori ded;si L6835, alHH Dbt BSis HEM 52Bkohistel SRR TSRS 241 Wiich 0
been treated with an electron-withdrawing component, typically an anion, and which is
calcined. The electron-withdrawing component is typically an electron-withdrawing
anion source compound. Thus, the chemically treated solid oxide compound comprises
the calcined contact product of at least one solid oxide compound with at least one
electron-withdrawing anion source compound. Typically, the chemically treated solid
oxide comprises at least one ionizing, acidic solid oxide compound. The terms support or
activator-support are not used to imply these components are inert, and this component
should not be construed as an inert component of the catalyst composition.
Unless specified otherwise, or unless the context requires otherwise, certain
abbreviations that are used herein, include, but not limited to: Ind, indenyl; Flu, fluorenyl;
Cp, cyclopentadienyl; C2, ethylene; C6, 1-hexene; iC4, isobutane; FSA, fluorided silica-

alumina; CTSO, chemically-treated solid oxide.
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The phrase "at |east one" is used herein to indicate that one or nore
respective conponents may be used in any conbination. For exanple, the
catal yst conposition is described as conprising the contact-product of at
| east one netal |l ocene conpound, at |east one organochrom um conpound, at
| east one chemcally-treated solid oxide, and at |east one organoal um num
conpound. Thus, the catal yst conposition may conprise one netall ocene
conpound, one organochrom um conmpound, one chem cally-treated solid oxide,
and one or gaHOﬂ{éJgﬂr Maf RAROUHRE i NdaHReh b Sldloard {13t GAY all Midte ROIBRARL tion
may conprise nor an one netal I ocene conmpound, nore than one
or ganoc hr ampoments amgychendsed i agy thahlnatmn dloe rkamaplé,\the péab'etdcostmosm;iomxs de, and
nore than onlﬁée organoalunlgun1co one fLoponent
d t

o be aoiShed RSl B FoROTRIORRe of B JAS, G BerBittd RumfihdC HR0!

exanpl e, lehe oﬁab@aﬁé&u&@l@p&nﬁp@ﬂd drBasCaiuhemtcalPpieatet 3olidaddérahakt ocene
conpound, one organochrom um conpound, .one chem cal]y-treated solid oxide,

and nore leashAne AEEapeREREM SAmRAMRS oS e catalysk camnosition My SompESe 9Rfy
Conponent 5 .fi6.chE Lok gsuddmbﬁ@tdr oPErBMiHE SompE@idd!ons tch&ﬁféﬁ@?-t&ét&ﬂ sGIRTPr i si ng
a netall ocene conpound, an or nochron1un1g ound | east one

chemi cal | gxide, @ad ede Qrganmhlmmndm conzpotinéit Altespative Ghecnagﬂmbmmmmm mahpound.

I n anot her_as ect exanp a_netall ocene co u

or ganochr M CIBPrE?o aél%fcglllerrﬁf’?lgneo%u IP‘)’/r(él {r?gg &% 5%%3%% o
process t@niPoRsdiC encie pthhuebllieyl dhemidatigitizatet t Bolldnioxide, p:Irmlpeiidre ethan Caml yst
conpositions of the present |nvent|og§§onpr|se t he cont ct pr. ct. of at

| east onePTHRIOFUNYBYA SOMBAFKL fythe same dashiongppe W@J&H@Em HH%

| east onenoChRm seé by ahy GPH%dotﬁélj écﬁnﬁ&&bxﬁ@ F&@iaﬁ lel BRSEatAPE cBh @d?ﬁl@}i i num
conpound.” The netal | ocene conpound has s the folfow ng fornula (X

5( X2) ( X2) 1By ¢rpdisol monmbarepme Metallocanetcampawid, Hne eeganoehrompunh gémpanad, wher ei n
(X) is a & open n r ed

cycl ope nt? 5e1 aﬁ e§t fdl{ ({de 91%{]d]¥1 tﬁar{)‘#n%a rgﬁé&uﬂ%@%g&% (h%?e nyl ;

wherein substltuents on (X) are allphatlc groups, cyclic groups,

combi nat | Oatalyst Comipiogitiah and Sethpmonehtsc gr oups, silyl groups, al kyl halide

, hali des, t al l . ph h
O oups, 8111 colegPERRLVEUREPFEn CRgur ORT ol opes hg s Ty legen.

compound, an organochromium compound, at least one chemically-treated solid oxide,

and at least one organoaluminum compound. In another aspect, for example, a
metallocene compound and an organochromium compound are used simultaneously in a
polymerization process to produce a polyethylene resin with unique properties.

Catalyst compositions of the present invention comprise 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.

The metallocene compound has the following formula:

XHEHX)X)XOM,

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;

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;

11°



11 wherein at |east one substituent on (X) can be a bridging group which
connects (X' ) and (X2); wherein (X3) and (X4) are independently a halide,
an aliphatic group, a substituted aliphatic group, a cyclic group, a
substituted cyclic group, a conbination of an aliphatic group and a cyclic
group, a conmbination of a substituted aliphatic group and a cyclic group,
a conbi nation of an aliphatic group and a substituted cyclic group, a

conbi nation of a substituted aliphatic group and a substituted cyclic

group, an ami d@h&&ﬂgﬂ?tea@t on%%ﬁgtltﬁéf{t B Pbfd n?g g:’&ﬁﬁ% cdhOUP. a

substituted phosp 0 group, an e group, bstituted al kyl oxi de
group, an(Xebytid)@( e group, a substi tut ed aryl oxi de group an

organonetal | ic_grau ubst i tut net al J rou Iy (X2)
is a cycl opent %t &R ?()agﬂ%?(ﬁcféﬁﬁdepeél ?P'ogg‘ﬂ@ie anah%’u%tl r?mog&"‘@s fifbd

cycl opent aphetiy froup, HepRbit ighdtiped sibbtienyd cyoic prdip! b cbinbihafibriiof #nyliphatic hal i de,
an aliphatic group, a substituted aliphatic, grou a. cycli %%roup a

subst i t ut&QuR ged 2cCYgle 8FPuPaa cOBbBHIatgR |°5r"il %’IbStéthegl ighatici @owp 80 a8 cyclic
group, %1‘8 5 | NnitAhtiBh oft s HidsHatit G'ﬂ’pcﬁ% an@lal RB&frhted ggé?fé%rﬁibd a@ofmbftlalién 91 OUP,

a conbi na of an aliphatic gro nd a substitu cyclic group, a
conbi nat |ana csfubaltstatbs‘pﬂlphaltcegroaplqmﬂdaalscbgﬁmtﬂ) caplic graypban mnﬂeogr@tyml dc

group, gro a subst i am do p
substi tut géﬁ%ﬁg EJIH}% ogrgoruBUp, OSpéf(Eylg(T)%pde gspgsg%?tgd é}l&g@{}&} e ’a%(yl oxi de
group, ar‘allaylwhawgiwp, o QubititBeds Wlkstoxide grbups wh catyldRidgr @rowp, @msubstituted
organonetal | i c group, or a Subﬁtl tuted {)g[ano talli cﬁlgrou “Wwherein

Hpy!Ps

subst i t uetYlexidk groep) anergangmetal gg@ug,rcg Egaﬁ?lﬁﬁ bi nati ons of

al i phatic gr oweﬁerétﬁdfmcts' £ GcRpRstadieh 1)/|angﬁﬁtk'ﬂy%11 adlfle¥len}ial d ABbGHHALPS |
hal i des, organonetallic groups, ph osp)(tor us groups, nitrogen groups,

phosphi dccyglopentedieisds @mubﬁmigtbsndegﬁlr, mwhamu@doﬂwensér a fgld Q;g@nall@ﬂﬁp wher ei n
at | east %orne ,SUbSBstltttcbt)tS@ atfcxé)o#%g%n d% ° ggén&b& tﬁtlég éﬁghg nz? cts

(Xi) and [ hventl on
have t he cohﬁillhaﬁonrtﬂ afnoailiphht&ki gtoupGmid0s cydirer goap, R bﬁmbnnhtyﬂlr oft arshiystitited/i ng

from1t Oalgggtltjc} gr%gp (a{r%{ Ellj %r,tc gtg?glsp, aacgglbmatlon 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, phosphido groups, boron
groups, germanium groups, or hydrogen; and
wherein at least one substituent on (X?) can be a bridging group which connects
(X1) and (X?).
Organochromium compounds employed in the present invention have 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
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wherein n is an integer from2 to 4 inclusive; or 12 ii) C(g5-C6R 6)v
wherein R independently is hydrogen or an al ky radical having from1l to 6
carbon atons. A chem cally-treated solid oxide in accordance with the
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

net al | ocene and organochrom' um conpounds, including, but not limted to,
at | east one q@t al I(g}g repmpound in conbination with an organochromni um
conpound, a netal | ocetie cdS ound in conbination with at | east one

or ganochr om um conpehengin RAindepasienttynis hydtogeh oc analky oadical having froonbimat i on
with at |east one anochr om um conpound, and any conbi nati on of nore
than one netall oceﬁgc(?ﬂ? d and any conbi nation of nore than one

or ganochr om um, &@ﬁﬁ&u?dreaféﬁg%mabﬂmbnmw&@mwdmﬂermé Qégnt Mnvehtorpr esent
i nvention have the Iovmngforrmla Al (XS)n(X6)3-n; wherein (X5) is a
hydr ocar Bpmphisss swplifogide frepigd spduan chestrorihWraipganion s@yc compopadt ed from
al koxi de or aryl.0 r

yr i de; Can e Bt 1AGHR0n SRR ARG BNGE APoTIOR olBlEE Do
cheni cal Iqanbusaabmmnambnsd)fanﬂtdhomcrpnd smmclsonmmn eringeundsy awtudingnibuh an

el ectron-wt dra ion. Solid oxides e dlnth resen invention
i ncl ude, M4t "EE W 8? Ia{]n'le?sédo?% mgtafipeene n‘ﬁﬂ‘?"ﬁl L FeTe 1n§ umi nxéh Al um num
phosphat %rg%%%ﬁﬁ@h%bﬂiﬁ@ﬁﬂ@h&ﬁetaﬂédeﬁ@ b@np@hfdclﬁruombmmgmasthaat lest bAe  zi nc
oxi de, any m xed oxide thereof, or m xture there

El ectron- qxgm@ehr&mmfg campewl, ahlepsipme Taillogere fRsRPOUS iR P@ab%ﬁonr Vithet de,
chloride, hfo ﬁggﬁ&lﬁ%&ﬁ e Oﬁofuh@t %3 hxﬁ}“lcfoﬁltbﬁlatlﬁh'l b tiBore OthafiN¥ne
er 6‘0

conbi nat i on t cene Met al | ocene conpounds
enpl oyed metalidveng resmotind mndnamy)mooﬂ)maluaneOE meore f thah owien gragaedwethivfor nul a:

compound.

Organoaluminum compounds employed in the present invention have the

following formula:

AKX )s.05
wherein (X°) is a hydrocarbyl having from 1 to about 20 carbon atoms; (X% is selected
from alkoxide or aryloxide having from 1 to about 20 carbon atoms, halide, or hydride;
and n is a number from 1 to 3, inclusive.

As stated above, the chemically-treated solid oxide comprises a solid oxide
treated with an 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. Electron-withdrawing anions include, but are not
limited to, fluoride, chloride, bromide, phosphate, triflate, bisulfate, sulfate, or any

combination thereof.

The Metallocene Compound
Metallocene compounds employed in the present invention can have the
following general formula:
XHEYE )M,

wherein M' is titanium, zirconium, or hafnium;
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(X)X (X3)(X )M, wherein M is titanium zirconium or hafnium 13
wherein (X1) is a cyclopentadienyl, an indenyl, a fluorenyl, a substituted
cycl opent adi enyl, a substituted indenyl, or a substituted fluorenyl;
wherein substituents on (X) are aliphatic groups, cyclic groups,

conbi nations of aliphatic and cyclic groups, silyl groups, alkyl halide
groups, halides, organonetallic groups, phosphorus groups, nitrogen
groups, silicon groups, boron groups, germanium groups, or hydrogen;

wherein at le e bst r h
connects (X'ammgﬂlgLj EVherePﬁ)?@%&ﬁhhgﬁ(ﬁgglarg Pﬂ%@gghgé H$mﬂmkﬁalide,
an al i phatyclopentadignyl,ce sibiituted irtdedlyl, ad 4 pibstituied Jluotepyl; a cyclic group, a
aroup, a combi B R BHEnd ;O | HE Gy Ao g e Ao o pup,
a combi naflipRiticOAndBydlici @b@ss Gilgr SeBps tky HAUAS dupt, ekblidys | drgangfretaflic a
conbination of a substituted aliphatic qrou and a substituted cyclic

¥

group, argraththfgspb@}ps g&’“P&u‘HﬁPE%‘UZTQHPSa 1$6n GrHpS, brop IR5APRI FBTGRYTh, a
substltuhg #g (gg group, an al kyl oxi de group, a substituted al kyl oxi de
group, aryl oxi’de “grioup, a substituted aryloxide group, an

or ganonet al | i ovlgrainipt least one subsitientibe X0 roga e metridgingegrgnp whichwiosnasitn  ( X2)

is a cyclgﬁfnt %&enyl, an indenyl, a fluorenyl, a substituted
cyclopenﬂ %ﬁ@ a substituted indenyl, a substituted fluorenyl, a halide,

an aliphatic aepdid (X abd bx‘t) lamhaebeahmlyathandgra@mnphzalccgf@ip, 8 s@histitified
substituted cyclic grouP conmbi nation of an aliphati¢ group and.a cyclic
group, a %@hﬁlcrﬁ?’illbr@ “d"F %g@t%s% pybstiaed cyche groupca grmbi atéfﬁ’d‘)faanc%}’é’ R gr oup,

a_conmbi naf, ?ﬁ{a 3%1 ta %o@ ﬁaﬁﬁo@eﬁa%uﬁa@aéa ibieh S%%ﬁ‘?ﬂ hid 9lQMRy @

conblnatlon 0 tic group and a substituted cyclic
group, argreuy, d@ogllbmapon af &uaiaﬁuatm gwdp and d sulptivuied cyslipigomsphi dembinatign  a

substltut%d %iaBW%ugﬂBBW%&B 4 @&éhg%%gragpg%mgTOu%&h&ggggqglkyIOX|de

group, arPat oXi

or ganorretsabétitﬁxe@rmo Sroup, aupmsjphidbegroup,r @agasetatd I;mogﬂﬁxlm grovperai n
substituents qn are all hatic groups, cyclic groups, i nati ons of

al i phati (9“@41%%% g&?ﬂﬂ’ @y 8ybst alsyloxide| %‘Pu%r%ﬁglo’éifi?(ﬁm‘wala} debshtshs,

hal i des, 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, phosphido groups, boron

groups, germanium groups, or hydrogen; and
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organonetal | i ¢ groups, phosphorus groups, nitrogen groups, phosphido
groups, boron groups, gernmani um groups, or hydrogen; and 14 wherein at

| east one substituent on (X2) can be a bridging group which connects (X))
and (X2). In another aspect of the present invention, the netall ocence
conmpound can have the follow ng general formula: (X)(X2)(X3)(X4)M,
wherein M is Ti, Zr, or Hf; wherein (X) is a cyclopentadienyl, an indenyl
a fluorenyl, a substituted cyclopentadienyl, a substituted |ndenyl or

substituted fl qpﬁ%i t d
cycl opent adi en \M?Jr&ﬂ)é }e%e%&tﬁa%%gst?@ut ng in er@?jé gﬂaﬁ#l uor eny {:dté e

subst i t ut@d) ﬁﬂd(cxizknyl a haI ide, an ali phatl C group a substituted

al i phatic gro clic grou a_ subs C|IC rou nbi nati on
of an ali phatbigcan@%ﬁﬁspﬁﬂcf’%éﬁ%g@ﬁn& eBu {5 % f’ﬁeé’f? ‘f’)‘ing c%%gﬁ tuted
al i phati cthgmkl,pv,?nger@ml%mac gr oup, a conbl nation of an aliphatic group
and a substitut cyclic group, a n‘q ipn. of a substituted aliphatic

group and a substituted cycl ic @(d@é) W%}M group, a substituted am do

group, a phosphydg, %;Iqu t| tuted phOSphI do group, an al kyl oxi de
group, a substitute kjlok e’ group, an aryl oxide group, a substituted

aryl oxi de gr oupheran 6%y ais oaredyal dpeutadiemylp anomdan)elulaslﬂubmﬂd aprsybstituted al | i ¢
group; mher |nde enden a i de, an aliphatic
group, a “s}’ﬁ "%‘?}F‘L’é asé‘lbg %39 ‘FGB S‘g’ t&@}%’f%@ {1 a substituted cyclic
group, a Conbhﬂl@érélﬁ X8 is &rbyﬁlobﬁhadlbﬂyl QELQiSﬁtuﬁd@leyaldfayﬂhdlén)g,r zﬁuﬁhderfyl a

conbi nation of a substituted aliphat.i ceéigroup and_a_cycli c %rou

conbi nat i hstipted Andgnyly gaflyarenyil.oy Eubéﬁﬂlt Hugrsnyly &théhd%f‘@l gliph FCO%FS“P’aa
conbi nat | R ed %11 Ia§ %Huﬂt §%’Cﬁl: gre ;5 Subg QHJC Qroﬁfj' Bsdobbhti&dn 674 | ©

group, an am st o gr up, phosphi do group, a
substit utaéthgﬂnogphp dmd grcgnlp? grawp, aa¢dmh1mtnodeaf@rsub§ntufad Slhpmtmtgn@&damil &yl oxi de

: | oxi d bst j.tuted d
o aomorrata Y e o iRl SR P o AL AR e v, o
substi t ueddimbdihtion df,a é%&ﬁmmﬁ)@ﬂﬁahatw gfo¥g)ant S subdepesidgelic grapl antaaddd rom a

hydr ocar byl grou al i phatic group, .an aromatic group, a.,cyclic group, a
conbi nat i AP, G SY thtb‘ﬁﬁ Oa%l'ﬁubyacl’li%l’lﬂ%&&lp’ %ﬁulbs%ﬁpg“éin&&%lﬂ fo BEpuR #F yr

group, a aﬂfq‘l&ﬁgg Br&i) UP subidtituted alkyloxide group, an aryloxide group, a substituted
aryloxide group, an organometallic group, or a substituted organometallic group;
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 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 any substituent on (X%), (X?), (X%, or (X*) is independently selected 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 carbon atoms; a halide; or
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phosphorus group, a carbon group, a silicon group, a germaniumgroup, a tin
group, a boron group, an alum num group, an inorganic group, an
organonetal lic group, or a substituted derivative thereof, having from1l
to about 20 carbon atons; a halide; or 15 hydrogen; as |long as these
groups do not termnate the activity of the catalyst conposition. Further,
this description can include substituted, unsubstituted, branched, |inear,
or heteroatom substituted anal ogs of these noieties. Further, substituents

may be c jgféte ri ' f%ﬁ‘% 0, cale [+eS, benzyl .
As i ndi cg?e aﬁ’obsé,qgﬂ%;brsgg%% y Be&grrnglftot%e ﬁgg %Es%g%{t?t%feg{%%&%ﬁgr efore,
t he not i compbsitios uhsthet, this dieseripéing |cannuclsdehsubstituted dusubssitetag,| bramehieddes
partially. saturated ind | s,and fluarenyls including, but not limted to,
t et rahydﬁ&eﬁdﬁ&‘ﬁ? ?goPé%“E&ﬁ's}tS?S‘?ﬁ?ﬁ?r&é}%ﬁs MOIGHSS - oct ahydr of | uorenyl's. At
| east one subSuktheteBlibsttheht)mBl be ddractdizedén eobed thdfiong of e citbgdriesonnect s

(XI') and (X2). Suitable bridging groups include, but are not_limted to,
al i phat i cugf gapenzydy Asi mdiggted shovec BRYPEE MAYs b emplesHasi 8 YPHtpEtand

Cyclic ortorePPRBAGH GHP allsORRR inddiy] EROSBSALRH MhoreAy GRBRHR! Bitidify 9 OUPS,
silicon groups, phosphido groups, boron groups, and géernani um groups.
Exanpl es sofura¢d pidenyls apdoiperenylschclddingbbut ape limoted| fopriteteadhydepindgnylal ky|

group, a, cycloal kyl groyp n. akkenyl. group, a cycl oal kenyl group, an
al kynyl g}?%%lgf‘f@lﬂoéfl%‘g’oﬂ“@r?%‘iaﬁy"d?% ?lyyés'cycl ic group, and the Iike, and
i ncludes al | Athedsi brietsaBstitubns b §X 1) tod (6Y cab ban bHidging grng thdt bedtecB il ogs or
derivatives thereof. in each instance having fro onemslo,about 20 . carbon

atons. Trad (X3} ﬁ‘HF@lq bridging greunsiinsludfe bubiye n trlémirﬁ‘{atoi aliphatigerogps. fydicocar byl s
such as f fobRBindRGhs@ hati EXAHAP b folic@bioRPat hosPRARAGRS gsed
herein i r?gﬁj ’eClr)r@t&hyﬁgls gfﬁ‘%%r gg{}lp n- bufoyllc, b; e?fsa- utsglq, secg-ﬁ?)lgtyl ,

i sobut yl ,nitsegeh groupsaorganontetallyd grovys: sidisex groups, ipbpsphido grewnsl borpgydups.decyl |
dodecyl, 2-eth alnpexgrlo Egentenyl , butenyl, and the |ike. Exanples of

aromat i caﬂflg T O4B% i nstance i ncl ude, but are not limted to, phenyl,
napht hyl , ant IExagplek of aliphdtio eroupse include) bugti 43¢ nsulimited i, el adleyli graup, \aes
thereof, in each instapce having from 6 to about 25 carbons. Sybstituted
der i vat i v¥slogikylgroppman alkepy mnaqul??g#wlggmmtanﬂl@nwo&mmﬁP@Bf&HFayl tolyl,

>O<Iyl yl, U%?&&%chy@ﬁdgr%ﬁﬁ ahll iR lilke) 6hd HicRidles AN ¥ubRBRLIAD BhRBY RIS brhnthed,
erivative thereof. Exanples of cyclic groups, in each instance include,
but are raod linkarianal@gs or derivatives thereof, in each instance having from one to about 20
carbon atoms. Thus, aliphatic groups include, but are not limited to, hydrocarbyls such as
paraffins and alkenyls. For example, aliphatic groups as used herein include methyl,
ethyl, propyl, n-butyl, tert-butyl, sec-butyl, isobutyl, amyl, isoamyl, hexyl, cyclohexyl,
heptyl, octyl, nonyl, decyl, dodecyl, 2-ethylhexyl, pentenyl, butenyl, and the like.
Examples of aromatic groups, in each instance include, but are not limited to,
phenyl, naphthyl, anthacenyl, and the like, including substituted derivatives thereof, in
each instance having from 6 to about 25 carbons. Substituted derivatives of aromatic
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 about 3 to

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

included herein.
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cycl oparaffins, cycloolefins, cycloacetyl enes, arenes such as phenyl,

bi cyclic groups and the like, including substituted derivatives thereof,
in each instance having fromabout 3 to about 20 carbon atons. Thus,

het er oat om substituted cyclic groups such as furazryl are included herein.
16" In each instance, aliphatic and cyclic groups are groups conprising an
aliphatic portion and a cyclic portion, exanples of which include, but are
not limted to, groups such as: -(CH2)nmC6HgR5 g wherein in is an integer

from1l to abo - 0] i nteqer . i e : .

( CH2) MOBHgR, oi%l e\jﬁg%r“{e&fdr‘\‘g?’ f\aﬁ‘f"é&%n&.%n‘i@dg B %?‘h&lg? gf’s';@g'gj@ sify an aliphatic,

i nt eger fpatiod ahda tPclid patiosiexempkes df (Gid) imChikic, 9 awheotdimitédrtoj gromps i nt eger
from1l to bou , .S an integer froml tqQ.9,.inclusive. |In each

ot e SR e i chREy Shee RN ifedEh Borhd f bt l Apeisif b R

al i phat i c1 @ §URclusiRe;ACHRIC S RI,QUiteréin GY & A infégetl FomANYo alsurONglis g

t hereof; any substituted derivative thereof, including but not limted to,
a hal i deintegamframiklbotd Hy-inclesives gngd (CHDxEslddtoiat WHEEHD g i Ynintsesr fragy bt : any
one of whj is | 2 Qu : dEQGRNkbold) RONE
aspect, %b%ghg??léséf‘\g‘{%éfﬁfaé‘?g?%%’p@“?ﬁ%ﬁg%ﬁi@ﬁ?‘“ae?%d%t l1Tm tgd ‘to:

- CH2C6H5; is fddpEnleritRy sel<ckéd@Bdid:Gin; aliplniicAroupd Bn aromaGelgEah; & dyclic-gBNdCaR OVe

- CH2C6HACEL ;. .- CH2CEHANH2: - NVe2:. - CH2OBHANEL 2:. - CH H5;

- CH2CHR cﬁ%ﬁmgeﬁ%%& ﬂﬂtﬂ%g%%@'&’éﬂﬁ%ﬁm"- Cﬂ%‘&&?&éﬁ%r‘;"g s HAOME;
- CH2 CH2 Coli#idb, ;an -afitdZ fdd2 (e HhNITide-subisti ftdd? §& AN BicreoGHRGHHSOHAMELR haginy

regi oi soner or stereoi soner thereof, and. any substjtuted deri'vative

t her eof . EXEpP&Bowr20arhoneioms; or Bydmzsm it aRfcasPestrliplafe MAfIFiGEouh or i de,
bromi de, apdq ,|bgg&?got r|Hlé | 2_0(?}512 6ﬁ?,Q@Hz@%ﬁ49'?-rCI9ﬁrC9HP@1; ar®,O)y,@en- cont ai ni ng

groups, exanples o e, but "are not Timted to, al koxy or
aryl oxy cGHEsHAT; ORLCHMMRI- CHCHROEL; - (RH NHidCHhEsHaNMS:; | ncl udi ng

From ai ky NG FRChCHE GrtiBd, bibaRehey Ionigtdine v oo o
aryl, or subeH,CHHEACH,aHk@IH J0aé; nNgHECHIT H,08t;a0HCHADHNHBoN at orrs.

Exanpl es of al kox or aryl oxy groups (-OR) .groups include, but are not
limted t&HfbhdtNMes hgégﬂ,Hz%%elﬁEQ'yﬁ%wweﬁWéﬁwgﬂlsogt%&qrm& &yl

phenoxy, ﬁfgf@uﬁﬁﬁ‘utle& K&ivalile @@fBr i nstance, sul fur groups are

sul fur-contal ni ng groups, exanples of which

. Examples of halides, in each instance, include fluoride, chloride, bromide, and
iodide.

In each instance, oxygen groups are oxygen-containing groups, examples of
which include, but are not limited to, alkoxy or aryloxy groups (-OR), -OSiR3, -OPR;,
-OAIR,, and the like, including substituted derivatives thereof, wherein R in each
instance is selected from alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted
aryl, or substituted aralkyl having from 1 to about 20 carbon atoms. 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, 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
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include, but are not limted to, -SR and the like, including substituted
derivatives thereof, wherein Rin each instance is selected from al kyl,
cycl oal kyl, aryl, aral kyl, substituted alkyl, substituted aryl, or
substituted aral kyl having from1l to about 20 carbon atons. In each

i nstance, nitrogen groups are nitrogen-containing groups, which include,

but are not limted to, -NH2, -NHR, -NR2, and the like, including
substituted derivatives 17 thereof, wherein Rin each instance is selected

from al ky}. .6 Bsf%/(i{/l%?é }é)ﬁ in aer¥4 insPnf lfé’%electé&“ﬁ%ﬁﬂ b 1, a?&'lb%}dlﬁ}l‘lt ed

aryl, or su aralk aving froml to a ut 20 rboh’ atons. In
each i nstsabstiuteghikgh Isnbsumtqf aylp or substitpted sypdlioy] g ving ritoa htm@ogt Hugghonnhi ch
include, but are not limted to, -PH2, -PHR -PR2, and the like, including
substi t ut®YS-derivatives thereof, wherein Rin each instance is sel ected

from al kyl, cygl&ash kydtancar M{os hcﬁfﬁﬁbkiﬁbs afdl phdsphoriiedorthiliitle, growdss twHich Ed
aryl, or substltuted ar al k ﬂaw ng from1l to about., 20 carbon atons.

each i nstlaﬁéée @érarﬁ)ﬁo"gkl@ﬂﬁ% t‘ar“é’HeaT% Tont i thegliless d%%dmg'\ﬁil HYteec | ude
but ~ are atJi\;eg"tltlde?Qf erdl k¥ in Rat ﬂﬁtaﬂé@}éps%lercﬁatﬁ&ﬁ’ A, S§cloalkyl, aryl,

hal i de- su stltute groups W t to about 20 carbBon atoms, -aral kyl
gr oups vmarddkjtl substitmoadt alRﬂ substiotedatrplrer substitutddearhlkklehavingnizom di t@gabout
substi t ut qg{? \{atl ves thereof, wherein Rin each instance is sel ected
from aI Y&-kyl, aryl, aralkyl, substituted alkyl, substituted

aryl, or SUbStmteuélﬁﬂstaﬁ@:l katbon Brvipegre fcaish Loh@inipogrouR) whivhlin¢ludd, os. | n
each instance, silicon groups are silicon-containin %)ro% whi ch i ncl ude,
syl alo)

but are #®BoY limitedie, alky! kalidg |2reyps tht camprisehali groups gyith | y |
groups, %l a%t)#?tyioséalr‘wn at&%? lépﬁkig %'rclug§ Wlﬁrl%%ou@mca}ﬂb% Adrk€ andMHeGikel N €ach

|nstance ave froml to a bon atons. For exanpl e, silicon groups
i ncl ude tinclodingshibstityted sledvasiven sheomfy Whérkipl R igreacbdnstanee anstledterd france,

ger mant U1y OURR S, 5T, TR B30 R, ShRARg N P sudsRgdtE bt are

groups, aaylnglflonh 9@s sBout PO Garben atg@k.my| oxy groups, and the like, whi ch in
each instance have from 1l to about 20 _carbon atons. |

groups are ti rnEaH @stAnssy S‘&F%E@upﬁ/\ﬁ?éﬂlcpﬂ@P%Fa’émgbgff’“@pé' }% Pmcl P%m%?tgg tz)I "
stannyl  groWRs linddd Noasilg! ¥t SRR MHIKIEBY Reoupd MyEiIFN B)upd " BYRKylsilyl

groups, siloxy groups, and the like, which in each instance have from 1 to about 20

carbon atoms. For example, silicon groups include trimethylsilyl and phenyloctylsilyl

groups.

In each instance, germanium groups are germanium-containing groups, which
include, but are not limited to, germyl groups, such as alkylgermyl groups, arylgermyl
groups, arylalkylgermyl groups, germyloxy groups, and the like, which in each 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 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
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aryl al kyl stannyl groups, stannoxy (or "stannyloxy") groups, and the like,
which in each instance have from1l to about 20 carbon atons. Thus, tin
groups include, but are not I|imted to, stannoxy groups. In each instance,
boron groups are boron-containing groups, which include, but are not
limted to, -BR2, -BX2,--BRX, wherein X is a nonoanionic group such as
hal i de, hydride, al koxide, alkyl thiolate, and the |like, and wherein Rin
each instance is selected 18 from al kyl, cycloal kyl, aryl, aralkyl,
substi t Utﬁ&nazmé% cyc%’%ﬁ%%l' e&aﬁ( lsubé?irtuté&' Qﬁé}ll t&ﬁﬁaﬁﬂutearaﬂllkﬂ" sbﬁ’s‘ﬁ'uﬂ&i from1
to about car’bon” at I’ eac ‘i nstance um num groups are
aIunlnun}mamyﬁuwumghgném@SMMmﬂﬂcmbonmmhmde but are not Ilnlted to, -AlR2,
[ [ nst ance s selected froma cIoaIk

wh
e o subs i Sreb o ERGs ddnBl Eifily 4P niilopslfbe ety A havi ng

from 1 t cinglage)tbul reGivt hﬁﬁteatt@ MBIR X TEIER i0fcat k@AY i€ saeaacp&oinrmr(ylnay be
used as substjtuents for_ substituted cyclopentadienyls, substjtuted

i ndenyl s, cyslogbl ranylegrakkyl, éP'é?ﬁthd alkyly subpbistted vk @r sWstittedhaplkahbaying n each

i nstance, frbrgqltgq%utlggtcaﬁgﬁza@% limted to, -QAI X2, -GS X3, -0OPX2, -SX,
-PX2, and the like, wherein X 1s a nonoani onic group such as hallde

hydrn de, am déxampldsod] mergaallc kgrbunsmh@ﬂ e bearsdd b substikusntsalod suh‘@tlmch any

al kyl , cycl ry ubst it yl, or
Subst ¢ e SRR e ey Hidenior s, by 4R BA Y
about 20 wadithisshzéies,Th ea@ﬁﬁﬁtﬁh@Sm@]ﬁldé;@&mnﬁt Hinitb@togr(OADGz tdm&,rr@))@,e used
as substituents for 5@ ted cycl opent adi enyl s, bst gy enyls,
and. subst St e doihe reip X ff 2 MOIHERIC om0 i &r ditde: 11 mi ¢ ed

to, organghar k&K@ Rdlcy 1%1%%@%6%@%95&11 %erenpsxgaamgﬁlclyuwmglr QHAS
organosi | i con groups organogernanlun1groups organotin groups, or ganol ead

gr oups, cﬂf@l&}’iosmbsamdt aligyl, substtutagrasylp ot substitutedearplkKlegrona of ﬁ‘@bsflmm an t o

sbout, 20 L TaRytahpn T R Rl BGRL! | coor, porpound of this

Nr A" " xt egf fi f JExamiplesGSf drganmonmetallicYigroudd that may be used as substituents for
substituted cyclopentadienyls, substituted indenyls, and substituted fluorenyls, in each
instance, include, but are not limited to, organoboron groups, organoaluminum groups,
organogallium groups, organosilicon groups, organogermanium groups, organotin
groups, organolead groups, organo-transition metal groups, and the like, having from 1 to
about 20 carbon atoms.

Examples of the metallocene compound of this invention include, but are not

limited to, the following compounds:

ke ' T s ce NHOCH

WP s S -
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"Xl 19 I\z CM _5 any conbination there of. Exanples of the netall ocene
conpound of this invention also include, but are not |limted to, the
fol |l owi ng conpounds: bis(cycl opent adi enyl ) hafni um di chl ori de;

1, 2- et hanedi yl bi s(g5-1-indenyl)di-n- butoxyhafiiium

1, 2- et hanedi yl bi s(g5-i -i ndenyl ) di net hyl zi rconi um 3, 3-

pent anedi yl bi s((g5-4,5, 6, 7-tetrahydro-1-indenyl) haf ni um di chl ori de;

met hyl phenyl si |l yl bi s(U5-4,5, 6, 7-tetrahydro-1-indenyl)zirconi um di chl ori de;
bi s(n- butyl cycl opent adi enyl ) bi s(di -t-butyl am do) haf ni um bi s(n-

but yl cycl opent adi enyl ) zi r coni um di chl ori de;

di met hyl si Iyl i s(1-i ndenyl)zirconium dichloride;

octyl phenyl si }fyl bi s(1-i ndenyl ) haf ni um di chl ori de;

di met hyl si | yl #S]ljg5-4, 5,6, 7- tetrahydro- | -indenyl)zirconiumdichloride;
di met hyl si | yld (2- et hyl - 1- i ndenyl ) zi rconi um di chl ori de;

1, 2- et hanedi ylI bi Qﬂ?luorenyl) OnlunldIChloerQL} i ndenyl Fhoxy
titani un(IV) ¢ikhride; . e e A

(i sopropyl am i thyIS|IMLfty%+ﬁpéhtad|enxﬂpfraﬂyuﬁ1d|chwohqtf¥aﬁQO
bls(pentanethy< t

cyclopentadleny;w@rT%wuun)df¢hL§T§gé"bls(ln *Tfirconlum
di chl ori de; s(indenyl) zircoRj un dlchlaﬁbde ﬁmiyyloctylsw
bi s(9-fl uorenyl)zirconfum dichl ori de;

bi s-[1- (N, N-diisopropyl am no) bor at ebenzegpetTiyglr i dozi r coni um .
tr|fluoronethyI§E§§Qnate or;aﬁy conyfrigii.gnl t her eof . gpéEEEEQCt of the
present inventl he met akTat epe coa-dgnds i ncl ude, bgpﬁxgie odscsl 1 Mt ed
to, bis(n bug&& ami-n h,ggrcngﬁ“g «,gI%rlde CHs gf Moy
bis(lndenyl)2|rgﬁﬁtﬂn1 C v jﬁ__1|nethylg' |s(1 i ndenyl 2|rcon|um

di chl oride, and %qgghquctyl",,v bls(9 quorenyI)2|rcon|ﬁ‘ chlorlde.
Suitabl e netal |l ocene corpounds are also described ih U S. Pat. Nos!

6, 355,594 and 6, 613,852, the entire disclosures of whic éWéﬂincorporated
gggi%go

herein by reference, Nunerous processes to prepare cene conpounds
that can be enplgeeid in t ' [ ' ed. For exanple,
U S. Pat. Nos. 9“‘2{:1L7 E"’ﬁﬂm:mi

e ~LEF <K,
v : S
. E;;; , e NiiPrhy

any combination there of.

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(y’-1-indenyl)di-n-
butoxyhafnium; 1,2-ethanediylbis(y’-1-indenyl)dimethylzirconium; 3,3-
pentanediylbis((y°-4,5,6,7-tetrahydro-1-indenyl)hafnium dichloride;
methylphenylsilylbis(°-4,5,6,7-tetrahydro-1-indenyl)zirconium  dichloride;  bis(n-
butylcyclopentadienyl)bis(di-¢-butylamido)hafnium; bis(n-
butylcyclopentadienyl)zirconium  dichloride;  dimethylsilylbis(1-indenyl)zirconium
dichloride; octylphenylsilylbis(1-indenyl)hafnium dichloride; dimethylsilylbis(y’-4,5,6,7-

tetrahydro-1-indenyl)zirconium dichloride; dimethylsilylbis(2-methyl-1-
indenyl)zirconium dichloride; 1,2-ethanediylbis(9-fluorenyl)zirconium  dichloride;
indenyl diethoxy titanium(IV) chloride;
(isopropylamidodimethylsilyl)cyclopentadienyltitanium dichloride;
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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 descri be such nethods, each of which
is incorporated by reference herein, inits entirety. O her processes to
prepare netall ocene conpounds that can be enployed in this invention have
been reported in references such as: Koppl, A At, H G J. Ml. Catal A

2001, 16 S. The
ot I %éség #@h*l g@%htad%g%m@gﬁ\qg@bmxﬂde bN(ﬁlHérg@)mr&)mmEHichﬁﬁllﬂb T
O ganor’retbls(ﬁidemyl)zir@&ﬂum&ﬁﬂ)loﬁ&s n@hyloetyldil il b1$(9+ﬂuo®nyl)21moglum mChlbl’lde

Or ganonet, .. 998, h af. which i cor pona

ref er encels” ﬁ?ﬁ@v ISpR{OpY @E’r?gqqr%t%?f’nz yﬁé‘floz%aﬂliuﬂ ro&egléyé%uétgnat

prepare r@taayl;&ﬁ&a@mﬁgﬁa@ypds that can be enployed in this invention have
been reported in: Journal of Organonetallic Chemstry, 1996, EZ 39 54,

whi ch is i ncorlpenatseechyl thef eseat Bveias; the mﬁtaU?“sen%ﬁPinP@ﬂ?iS in bui | owi ng
treatise | sqyflesciithiey SUCJ& mstﬁ]%g%tﬁ@c#o%@ntaﬁenﬁ)mrc&ﬂ%t S, dﬁhlo%de '

Weigold, H in ganonetal it Chem str Titanium Zirconium and
Haf ni um b1st(nﬂelgrﬁzn'pommw ddohllm;ldd,gmmetlﬁzsﬂdlbnﬁ(l—mdeﬂyl)zntgampm tichloridg;, andand

Rast on, C. ano- Zi a fni ds:

Hal st ead B 8?tg%|§{7€ Qﬁékﬂuofaég' 2T dﬁ)‘?ch 4Jg]ﬁu&§bl? arlfg(%é{la@t %}% ‘lr&ef erence
herein, ide bkss desdribe@tiyy U. QJPatTNes @, 353(594 hind g, 618 mnﬂmmﬂu@dganmwm um
corrpounds enpl oyed in the present i nvention have the follow ng general

for mul a: Whicloprincopposated herpinihy rafefgpgé-ocar byl having from 1 to about 20

car bon at ons;
& (oo o 6 o, NfbroWiibEstksiiapfordll hBRdiEhe po A, e chil6 LUBbNGed B 1)

havi ng f rthis ifivéntion havabbonreppuad . Fibcampplss (b$. Pite Nos.ghABthi 7o ¥h1ddnpound
O I (IGO0 G St B461 AP s b Syt sl phd Ry
chrom um(yY98,58i ssyptmer&samsny ls@mxmms;ws Sh2,of18T1e888) 5,594,078, 5,631,203,
oi s(methy C%C3|3%pg 2%2 g|54e r]5y66)8 230 5, 705 79I )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 employed in this invention have been reported in
references such as: Koppl, A. Alt, H. G. J Mol. Catal A. 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 entirety. Further, additional processes to prepare metallocene compounds
that can be employed in this invention have been reported in: Journal of Organometallic
Chemistry, 1996, 522, 39 54, which is incorporated by reference herein, in its entirety.
The following treatises also describe such methods: Wailes, P. C.; Coutts, R. S. P.;
Weigold, H. in Organometallic Chemistry of Titanium, Zirconium, and Hafnium,
Academic; New York, 1974; Cardin, D. J.; Lappert, M. F.; and Raston, C. L.; Chemistry

of Organo-Zirconium and --Hafnium Compounds; Halstead Press; New York, 1986; each

of which is incorporated by reference herein, in its entirety.
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bis(1,3-bis(trinmethylsilyl)allyl)chromun(ll);

bi s(trinmethylsilylmethyl)chromun(Ill);

bi s( 2, 5-di et hyl pent adi enyl )chromum(11); ((tetranethylcycl opentadienyl)(t-
butyl am no)di nethylsilyl)(trinmethylsilyl- nmethyl)chromun(Il); diallyl
chromum(11); (pentanethylcycl opentadi enyl)bi s(benzyl)chrom un(l11)
pyridine adduct; triallyl chromun(lll);
tris(bis(trimethylsilyl)methyl)chromum(1I11);

(pent anet I jsgtrimethylsilylmethyl)chromun(ill);
tetraall yﬁ%@%%n&%: {7; ; hfg%“r"gr%ﬁﬁyl chrom un(1V);

t et r aki s( benzyDigeirchrmingl Wpmpotrelsr ekployed dpetiey preséntoinvemtion\/have the
tetrakis(trinmeth Isi]1l4¥| malt.hyl )chrom un(IV);

tetrakis("@%\ﬁ}n@ P ERPER A1 V) ;

t et raki s(2- phapyl - 2t hyl propyl ) chrom un(1V); or any conbi nation thereof.
Exanpl es of the organochrom um conpound of this invention_al so i ncI&Jde, but

are not linited to,heran Rols|adiydrerattyhbaving fom Lge eyt g9 cripemptpms; an

[ (i 75- GH5) Cr (CO) 314 %"Q%é Aot (SN G or O (MeCEHS) 2;
Cr(Me2C6H4) 2; CR( I\/Ejv%&%é gs Cr{é%lve% 2; Cr(go6- négﬂt hal ene) 2; regi oi soners
and stereoi somBrs tCréredRs)0or any conbi nation thereof. In one aspect of the

present invention, grgang¢hrom um conpounds incl ude, t t.lLimted
to, di cumene chr orri‘ﬂ????’é%, l%eg%’gﬁﬁt@n{égg i ﬁﬂf’b%, yé%&égaé%?ﬁhgg]éﬁg td The

Chem cal |y Treat ed 63akbdh £dchgle 22 The present invention enconpasses

catal yst conpositions conprising a chemcally-treated solid oxide which
serves as an aﬁﬁ%@%’éﬁ%ﬁ@oﬁ%ﬁb‘ﬁpwmaﬂ‘@d\m%@ﬁ 1‘?V§nt1‘?’§/‘€f"lé‘§ Ot EDQt i n
conbi natilgﬁt%?%hmg??lmg@% lhgym conpound. I n one aspect of this
invention, the catalyst conp%HsHint lon can conprise at |east one

chemi cal | y- t r dasbenzene|chebnainmd®; ciauprens ichtpnzinm(®a bis(mesityleoe ichiromiaO)t r eat ed

with at l.east. one..electron-w.thdraw ng.ani i: i de . conprise
B
el ect r on-pag(ll Bchiswimghysilypnliopchropigme  apiy(trdmethplsilyiatethyhichroades(Ihhe
acidity of the solid oxide as co,rrpf%r ed to the solid ﬁxllggﬁ t hat . i@ not
treated vhl%(ﬁﬁaﬁlm!e@a@@n%@n@%?mw Wt hdr awi ng(%tﬁml_ﬁﬁt. Y ‘FPEF“_EB@@‘CH@ (tenpl oyed
in the pffu?ysl%ﬂfnobﬂ%@ﬂ&lsﬁﬂ)éﬂ%kﬂgﬁilylbU%neﬁfyﬁclﬂ@ﬁﬁdﬂlm);[ edlally. cRlbohigAdnal unm na,
silica-alumna, ~aluninum phosphate, hetéropolytungstates, titania,
zi r coni a, (pentgmetbylayclopantadieny])bis(bsxidishromiwp (1B x epyrisiiede addaeteof triablyl any
mxture ther el iam; tris(bis(trimethylsilyl)methyl)chromium(IIL);
(pentamethylcyclopentadienyl)bis(trimethylsilylmethyl)chromium(III);
tetraallylchromium(IV);  tetramethylchromium(IV);  tetrakis(benzyl)chromium(IV);
tetrakis-neopentyl chromium(1V), tetrakis(trimethylsilylmethyl)chromium(IV);
tetrakis(isopropyl)chromium(IV); tetrakis(2-phenyl-2-methylpropyl)chromium(IV); or
any combination thereof.
Examples of the organochromium compound of this invention also include, but
are not limited to, the following compounds:
(5-CeH.e)Cr(CO)s;  [(°-CsH)Cr(CO)lp;  Cr(t-butyl)s;  Cr(CH2CPhs)s;
Cr(MeCgHs),; Cr(Me,CeHyg)r; CR(MesCsHs)z;  Cr(CsMeg)o; Cr(n®-naphthalene),;
regioisomers and stereoisomers thereof; or any combination thereof.
In one aspect of the present invention, organochromium compounds include, but

are not limited to, dicumene chromium (0), bisbenzene chromium(0), and chromocene.

The Chemically Treated Solid Oxide
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The el ectron-w thdrawing anion is selected fromfluoride, chloride,

brom de, phosphate, triflate, bisulfate, sulfate, fluorophosphate,
fluorosul fate, or any conbination thereof. In another aspect, for exanple,
the chem cally-treated solid oxide can be selected fromfluorided alum na,
chl orided alum na, brom ded alum na, sulfated alumna, fluorided
silica-alumna, chlorided silica-alumna, bromded silica-alumna, sulfated
silica-alum na, fluorided silica-zirconia, chlorided silica-zirconia,
brom ded silicg-, zj ni. f kdok CA5 7] i nﬁf?ﬁm” ion
thereof. In a fur fphéesg as}gveeél?w%f %{lﬁgn@%%egsg%ttgylgﬁven?i 8%&5?%) "

cheni cal |chemicaly-edatsdkolitl oxiflel evhhrsefuss abhen acidivpactivgonsuppor] andrwhigleisal i on

sel ected from zinc, nickel., vapadiu silver, copper, gallium tin,

t ungst en, P! Wﬂéﬁlﬁﬂm%d‘?atlgﬂwl rn%{‘[o W‘H%F%ggm?he chenical | y-treated

solid oxide tyRioa&hdpkctGTIRE ixfiRStib) heubil vt tompexititi cadfcomiprisd stdedst ome sol i d

oxi de comound and at | east one el ectron-w t hdraw ng. ani on, sQ one
t

o
aspect, irglly-treafed gelic oride spmPEsiRpaf dast ene sakidr ¢ _Eeaés‘d }Yé'-ﬁ ra(F: ieaﬁts_nnot
" equi red dpaliccddiCuitchfind*hfl6n CHPUNG BEAER0AT ARRE! Ay bAdEORLAG 1 Ng the

el ectron-w thdraw ng ani o source. The contact product fay be cal cined
ei t her duhhmgtedredaby erhighhsurfot actapaidithe abestrpnwwithdrayving anian tcal cainphise he

el ectron-w t hdrawi ng anion sayrce..ln t.his. .aspect. 1 i '

conpound %Wﬂ&%ﬁl“gﬁrﬁ’éﬁs tg‘F & ﬁEYaPthﬁéaL PﬁldSﬁg?%%Para(g%e%? ,%Im%ﬁééc A at or -
support MayotCcessRidi wigh htf18ast 6fd dedtraa- withdihwiiz adionl Selid oxides aaployedda tisol i d

oxi de conpound and at | east one el ectron-w thdraw Qg ani on.soyrce. 23 The

cheni cal IBjesentedpegtion | ingluds b, atq &6t [RiFRdy 10 heilich ¢ PPNy - LREFFMRINAey hi bi t s
enhanced i hi - Rk bdigexi de
%a@h@&@?gl@ﬂé?@ 9 tegg'tﬁteg,_cﬁtﬁlﬁ5,%‘39&'@,%5%}{651@%&@, sk beide;

conpound ed sol'id oxide also functions as a catal yst
act i vat orangsnigehpadetheteof, oheny minturedlvendi ng untreat ed solid oxi de. Wile

the chem callystreated saolid oxide activate th I e e
absence of coéﬁea‘fqﬁﬁoél,’w&:dr?‘gmﬁo?m?{béseéglg?tgé tfré)mel%llu%%ﬁgt éehq%g%atﬂé yfsfltQ 5 from
t he cat alphgsphafpetd, ibisulfaithsulfed, ifwdtdphosphuteg fluarosuifatd, loe aay combinatiors uppor t
is evident 1n the enhanced activi t¥1 of cat iil stﬂgsoggosi i on, as a%%/g]ol e, as
conpar ed theyeef. Enanethes aspeely fas s3amplsrthe shmical Wﬁée oligoxisle,sam b SYSHHE r eat ed
solid oxiglg, AfdidelioR@hdide, (ISHdRANGMNGRY,! Yrotigat Qthuiih] Quiated! Calgdidaf unction
as an activator, even in the absence of ‘an organoal um num conpound, an

al uni noxdhwride silicgaahohios,orhlogdeb siita-aumian, bumiided gilicamhimeing.o séted

silica-alumina, fluorided silica-zirconia, chlorided silica-zirconia, bromided silica-

zirconia, sulfated silica-zirconia, or any combination thereof. In a further aspect of the
present invention, the chemically-treated solid oxide can further comprise a metal or
metal ion selected from zinc, nickel, vanadium, silver, copper, gallium, tin, tungsten,
molybdenum, or any combination thereof.

The chemically-treated solid oxide typically comprises the contact product of at
least one solid oxide compound and at least one electron-withdrawing anion source. In
one aspect, the solid oxide compound comprises an inorganic oxide. It is not required that
the solid oxide compound be calcined prior to contacting the electron-withdrawing anion
source. The contact product may be calcined either during or after the solid oxide
compound is contacted with the electron-withdrawing anion source. In this aspect, the
solid oxide compound may be calcined or uncalcined. In another aspect, the activator-
support may comprise the contact product of at least one calcined solid oxide compound

and at least one electron-withdrawing anion source.
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The present invention includes a chemcally-treated solid oxide conprising
a solid inorganic oxide material, a m xed oxide material, a conbination of
inorganic oxide materials, a conbination of m xed oxide materials, or any
conmbi nation thereof, that is chemcally-treated with an

el ectron-w t hdrawi ng conponent, and optionally treated with a netal. Thus,
the solid oxide of this invention enconpasses oxide materials such as

al um na, "m xed oxi de" conpounds thereof such as silica-alumna, and

corbi nations i HU LUy ERatel BT oxidd) G158 teRRedOMelRHTABRAUPPER, SHEbIt2S
silica-alumina can be single or muitiple chem cal phases with nore than
one net alenbanebd acidityas ¢prapeyescto thocdrmasperglingswiticated solitboxiderpunupaindahhe ar e
enconpassed by,this Lnventi.qn..ln one aspect. of [ S, ] i e

chon ba 1 PRALY Sl T b8 aisp tpihiand 305 ey lybig W RBpAA (4 B,

sel ect ed dofresponding ,untreatb® bolidvaxideli While thet drinidullysicatedrsplid ogjdpextivaged | i um
tin, tungsten, nolybhdenum or any conbination thereof. Exanples of

cheni cal 4 meklpesrc o fhecbssica & ORI P RSRPATYSE LIRS OB al | on
incl ude, fyH 1R Gtaly3PEothpdBitiRd ThO actBafibn RIFBAGOOEHE qctﬁfat&rsgﬁ?o@t Rleyiiehd,

titani uminpregnated fluorided alumna, zinc-inpregnated fluorided

al umi na, iritheenhapeeadgactivisyl of kitelysidenprisitionzasal wholaaas compaged top2 egakysted
fluoride ilj.ca-al um | nc- i noregna I um Nek: opj ded
Zine al ienepdis] Koy gt MndRhaRahateaR, A SRe Mol STy
conbi nat ichemicalhptreattd sblid axide ke faspentas anheticiteryicval liry tHer shatred ofadni d oxi de
of this invention conprises a solid oxide of relativel higﬁwﬁorosity,

whi ch ex IFEIRPEUEHT COEPRIRG. &) alBREIXEIRY 2B Sreeboron ComRRKRdoPr A RBIZng | |

oxi de is ;GlepbApdIn- treated with an el ectron-w thdraw ng conponent,
typically an electron-w thdrawi ng anion, to forman activator-support.

Whi | e not i nildaaresentinvepbomizghdesy chemicallyttrasididrsglid pzide perpprising a saidpel i eved
that t reaf ieilic %E{i(fehr%ateﬁ OT.9 4 %Héj?nagérgaﬁ] Q?ox‘fﬁhﬁféﬁ&? %f%&{ﬁg{i@%xﬂﬂ:
conponent atignent's or enhances the acidity o e oxi de. us in one
aspect, togerindd, iavainthinaiop pdrmixed okide treatédals, or cainy Boorbatation tlecead] that whi ch i s

typically greater than . the Lewi s qr Braonsted acid strengt han.th

Un eat e #hEBIeAD BB N A AT LIRS (BT 430 APGTeLY SPARAEE, of
acid sit eSmbfARMHUEEthe Walid RAIRSBEY FiventidhCencOmplRtd oxidh endiddPsuchoasquant i fy
the acidity of the chemcally- treated and untreated solid oxide materials

i s by compuminggmires qride) vempounds dhereftsneh 8 slica-ajymingcand combingtigniandnt r eat ed
oxi des u%?ﬁlré%ct'hgregétﬁleﬁﬁgd rogf’a%tc'o%gunds such as silica-alumina can be single or

multiple chemical phases with more than one metal combined with oxygen to form a

solid oxide compound, and are encompassed by this invention.

In one aspect of this invention, the chemically-treated solid oxide further
comprises a metal or metal ion selected from zinc, nickel, vanadium, titanium, silver,
copper, gallium, tin, tungsten, molybdenum, or any combination thereof. Examples of
chemically-treated solid oxides that further comprise a metal or metal ion include, but are
not limited to, zinc-impregnated chlorided alumina, titanium-impregnated fluorided
alumina, zinc-impregnated fluorided alumina, zinc-impregnated chlorided silica-alumina,
zinc-impregnated fluorided silica-alumina, zinc-impregnated sulfated alumina, chlorided
zinc aluminate, fluorided zinc aluminate, sulfated zinc aluminate, or any combination
thereof.

In another aspect, the chemically-treated solid oxide of this invention comprises a

solid oxide of relatively high porosity, which exhibits Lewis acidic or Bronsted acidic
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In one aspect, the chemcally-treated solid oxide conprises a solid

i norgani ¢ oxide conprising oxygen and at | east one el enent selected from
Goup 2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12, 13, 14, or 15 of the periodic
tabl e, or conprising oxygen and at |east one elenment selected fromthe

| ant hani de or actinide elenents. (See: Hawl ey's Condensed Chem cal
Dictionary, 11°'h Ed., John Wley & Sons; 1995; Cotton, F. A ; WIKkinson,
G; Mrillo; C A ; and Bochnmann; M Advanced |Inorganic Chem stry, 6th
Ed., WI eyehaliB.ahe ShiDGEde fsLREmicalty WALy withAR eldRbSVHnGrah nfi RS SeS
oxygen and at | east one elenment selected fromAl, B, Be, Bi, , Co, Cr,
Cu, Fe, Gapichlly avheleMpon-NithdiglyingSiapiogn to form 3, aclivatorsuppgrtp Whele pot or Zr .
Sui tabl e exanpl s ,of. soli,d oxi mat erial s or .conpou th used in
Che. - chentieaimg-ip araf ot ' Blob st dng ol J BRSO Mho rBmeiR B I bl
are not |inbigasid dxide with283 elddR0B witBafawili 268poreiDOaugiadid or GnAies CkO,
Fe2(3, Ga203, La2(CB,. I\/h%g& M3, Ni O P205, Sbh205, S 02, .Sn(2, SrO Th02,
Ti 02, V203sidigs theyotide. Tayin ggecspect dfigagtyatorsuport exbibie Ly iseniransisd des
ther eof, a%'ilﬁtyCQﬁQh“i@tt&ﬁ@ﬁl}l E&%@Pfthan%r@é\ﬁ§ R Brofii@ Aciaxdtl@sint fad tgan be
used in the activator:support of the present invention include, but are
not |i m twdrertsd selid dxide,ar the avéivatei-buppartthas agreater aimpereizcidonies thantkwl it es,

many cl ay i neral-s, um pasti i um L.conk. nc umpat e and
the 1§ ko uReBl eBUE osfet B DhE Tonod L MREP Wsr R, oE B, 2
chem cal | tyeatesdemidanitroyted salith exide mgterihls\ié b cahpdringsthe polgnetieaion@otivitiehdr awi ng
conponent,_typically an el ectron- w thdraw ng ani.on source. Further, the
solid oxiﬁéﬁ%?aé%aé‘ﬂqnge%ﬁf?ﬂﬂ%ﬂwe’bﬁ i '%%lﬂeg-re%rle%% ed with a netal ion,
then cal ci ni ngnt el QB2 HEEERINTICARL PdafidNgbliAr oX18E %bmFﬁ&!sezg RBAlie thorgiic

chem cally-treated solid oxide. Aternatively, a solid oxide material and
an el ect raxade eomngingwixygeraaridon lessioneelamant sdentercfrent Graup éad.& Al 7, 8,

simul tan I h .ch: t oxi S: CO i
el ectr on%ﬂt% hélr’a%f %’nﬁ%%gg%%tthe%f%?gé%? &éj Cg’g}P Eﬂigl% &gg&}a%ﬁ 3%435?1%
el ect r on-alMrhémdrsaletted feomh oie lanthahidd es, actinide iebenments. |(Bed: tHdvleyds Coeddnised), co-

Tpi carl YRt Qg ararty® Che B0 LS 30 T RoCRRR Be AcaVikERTh Sor oxi de
conpound, MBHES;t COR: Wakd HoaMh&eh; NN QRanRR dnolzhRNehénishPecidal Wik i s

cal cined. The el ectron-w thdrawi ng conponent used to treat the oxide is any
conponentIntersgigncs, nid98a sésatlnethe cipprganie @ridmsemaprisge idygsn and ghicagloPndd oxi de

upon treafaenk ce1bePR6m Al B, Be, Bi, Cd, Co, Cr, Cu, Fe, Ga, La, Mn, Mo, Ni, Sb, Si, Sn,
Sr, Th, Ti, V, W, P, Y, Zn or Zr.

Suitable examples of solid oxide materials or compounds that can be used in the
chemically-treated solid oxide of the present invention include, but are not limited to,
Al,O3, B;03, BeO, Bi0;, CdO, Co304, Cr,0;, CuO, Fe0s3, Ga0;, Lay03, MnyOs,
MoO;, NiO, P,0s, Sb,0s, Si0O,, SnO,, SrO, ThO,, TiO,, V,0s, WO3, Y,03, ZnO, ZrO,,
and the like, including mixed oxides thereof, and combinations thereof. Examples of
mixed oxides that can be used in the activator-support of the present invention include,
but are not limited to, silica-alumina, silica-titania, silica-zirconia, zeolites, many clay
minerals, alumina-titania, alumina-zirconia, zinc-aluminate and the like.

In one aspect of this invention, the solid oxide material is chemically-treated by
contacting it with at least one electron-withdrawing component, typically an electron-
withdrawing anion source. Further, the solid oxide material is optionally chemically-

treated with a metal ion, then calcining to form a metal-containing or metal-impregnated
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aspect, the electron-w thdrawi ng conponent is an el ectron-w t hdrawi ng ani on
derived froma salt, an acid, or other conpound such as a volatile organic
conpound that nay serve as a source or precursor for that anion. Exanples
of electron-w thdrawi ng anions include, but are not Iimted to, sulfate,

bi sul fate, fluoride, chloride, bromde, iodide, fluorosulfate,

fl uoroborate, phosphate, fluorophosphate, trifluoroacetate, triflate,
fluorozirconate, fluorotitanate, trifluoroacetate, triflate, and the I|ike,

i ncl udi P%M&a‘ﬂ%&%ateﬁ%li@%@&é?%’t&ﬁ'ﬁiv% ere@fid did@dftdiaPlnd GhN@dctbNi C or
non-ioni ¢ conpounds that serve as sources for these electron-w thdraw ng
ani ons mayitkdrawingeaniorp kayea aiencontastedr axleeaicingdnsiowithunouslyh Ehe niethod by

el ectron-w t hdraw.ng. co nent., conprises .a.sal.t of an el repn- WMt hdraw ng

an on. ¢ B SGRRART N S PRl Suha e SmRheR, BRIGHD sl 50

cation tdiakcidldf ainselédti@nswitidrivaing emidhf ivluddgcainponet limitkd tq@ geltngacobd duri ng
ar. salt to

calcining. Factors that dictate the suitapility of t hf}ﬁaréi (f:"f g
serve as SPl§urEBregRationpd oBF SepPRd QHite ROPLaH ﬁ‘@yﬁlﬁilﬁ‘ﬁ' faikye follgpingr e not
l'imted téggcéoﬂﬁcﬁﬁﬁ H@ih'oﬁ,t the @bnthdi&d ffkthrel dF xR c@ﬁ?gﬁﬁ(ﬂ el RBbY. Sthdraldgs | ack of

adverse r tivity of the cation, ion-pairing effects between the cation

and ani ongnidry gndeptowally the opataltioreis calepgdt ed to the salt by the cation, and
the Iike, and

e oS 21 T SERY- Rk XolloohdH AR RDucdDIRIBLER ifhuy LB, cal | ons

ectron- avvlndlanlon I'n are'not limted
to, ammonhiinciehsedlthy LewbnmBrensted heiditpal kyd sodidnaxideiopont e¢atmeatkid one
. and the like. Further, .conbinatio one or

phosphoni um H+, [ H(CEt 2) 2] +, . S O
mor e di ffaéP%%t thg| eé??&‘i%ﬁ’f"%h_d]f%?%\ﬁf’ﬁ’go%‘mt dhén ‘?‘i?ro’i’/'éi‘?fyhfjwl?ﬁ BYBRtCHEE, can be
used to t@hhorsdithen 3B8CHT btferd&ntHdudd RhcH ea ﬁglhﬁl\é%rg‘e[rrié BERSSInd ttRat rﬁaﬁ

desired | evel. Conbinations of electron w thdrawi ng conponents may be
cont act edser26is apauiicet ¢reprofires famthet pripn. sixamiplesrd slestrpn-oyithdraing anieny y, and

any orderi LaL {0l 45 ilfieq 65 LRT AR ob7bL CRhGitheS Bhdifta@ olfeact A Y-
For exaine, dne aspect o hi’s™invéntion i's enploying’ two or nore

el ect r on-fvdrbstiifate] Nnuaroborates o phasphatepflusrdshdsphdteyo tafluoronestats e geflaee
contacting steps. Thus, one exapple of such a proce by ich a

cheni cal | ORI fi‘tﬂfﬁ’t&%ﬁ’ HE@"W&&%F@E“%"Q@S&F i‘ﬁ‘%@%ﬁ‘%&"&&%d sol i d
oxi de conp@uRchbifions BBROLNah la@Mitih, AKérdenic QFREHIsHSs cdfipsins Bt Savead h a
first electron-w thdraw ng anion source conpound to forma first m xture,

this firstoureextfon theps elepispn-withdiawing, agipes aaycalsrele emplexedningihgresest t hen
contacted with a second el ectron-w thdraw ng ani on source
When the electron-withdrawing component comprises a salt of an electron-
withdrawing anion, the counterion or cation of that salt may be selected from any cation
that allows the salt to revert or decompose back to the acid during calcining. Factors that
dictate the suitability of the particular salt to serve as a source for the electron-
withdrawing anion include, but are not limited to, the solubility of the salt in the desired
solvent, the lack of adverse reactivity of the cation, ion-pairing effects between the cation
and anion, hygroscopic properties imparted to the salt by the cation, and the like, and
thermal stability of the anion. Examples of suitable cations in the salt of the electron-
withdrawing anion include, but are not limited to, ammonium, trialkyl ammonium,
tetraalkyl ammonium, tetraalkyl phosphonium, H', [H(OEt,),]", and the like.
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
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conmpound to forma second m xture, followed by cal cining said second

m xture to forma treated solid oxide conpound. In such a process, the
first and second el ectron- w thdraw ng ani on source conpounds are typically
di fferent conpounds, although they nay be the sane conpound. In one aspect
of the invention, the solid oxide activator-support (chemcally- treated
solid oxide) may be produced by a process conprising: 1) contacting a solid
oxi de conpound with at | east one el ectron-w thdrawi ng anion source

coMPOnT { i U B bk i Yt s ch ALY My b 18] ol Wi €0

formthe s oxl1 de activator-support. In an spect of this

i nvent i ondesirttbclenli¢allyetrdattd salid ioxae acidity pPardaxafiples oneaspest-of tthie itventiao| i d

oxi de) is produced by a [Ofess co risi n%u 1% contactin .a%‘xl east one

201 10 ox BB ditndte Serr ot B ion IHGERRR ik f e SR Tbe
conpound defarhr dohfacling StkpsNTkiid)loRe eXamplel oFisieing pideessf iy whichiaxdheimécatlp- produce
a calcined first mxture; 3) contacting the calcined first mxture with a

second eltegtadosnlifh oxide dtinepasad snas dolinvse xadprdehackd W@Fn‘i%}@é‘%‘énﬂr
m xture; c%ﬂﬁ;ir&iotﬁ %f%bhc&ig”&xﬁﬂ&ﬁn&s??@%tﬁ&ﬁ With o Brsf QleBidRith@blvEgOMidle.

activator-support. , the solid oxi activator-support is sonetines
ref err ed soorcsicopipyuraktogfotm edirstonxire,chisxfirstemixtwerprothen calgined, eg cadgipestt  of

by cont achish s B SREE1 DRk L REE, BObif, RMMER AR fidn Sk o ce
el ect r on-ganipddhd@i fofn adBdoRd nsiRtike; EollowadWydiciniiesaid secoiEméituteeasirmane sol i d

oxi de conpound is calcined befaore, during or aftg;ﬁ contactinpg.the
el ect r on-WHatddselid @EdenrarPaBdy di Sush @ \ifesess nthe Hrst a&Bt $esARd [SectPhere i s a

subst ant i@ft}'r(ﬁmﬁig%ﬁjo(ﬁf soﬁ}cg;go?x%?msare N HAMIRRFELRSontHIUAG, aitRiUpRItRG, 10Ni C

conpounds. | n oné aspect S 1 nvention, once the solid oxide has been
treat ed analy blythedamé compramdbe subsequently cal ci ned. Cal ci ning of the

B I e L
to about tRQARQ soli@bgidé)ahaypbd producell balagudceds ¢onpsihgt 0 about 100 hours. In
anot her aspectl,) c%%’lca%’gig | re]lgsoilifl gx(i)(?ed ggrglegun tw{?tth ta(ta ea%tr %;[léj I’e ec{r(l;rg\r;]\)itﬁ %%ngng?)ooc' to
about g p
anion source compound to form a first mixture; and
2) calcining the first mixture to form the solid oxide activator-support.
In another aspect of this invention, the solid oxide activator-support (chemically-
treated solid oxide) is produced by a process comprising:
1) contacting at least one solid oxide compound with a first electron-withdrawing
anion source compound to form a first mixture;
2) calcining the first mixture to produce a calcined first mixture;
3) contacting the calcined first mixture with a second electron-withdrawing anion
source compound to form a second mixture; and
4) calcining the second mixture to form the solid oxide activator-support. Thus,
the solid oxide activator-support is sometimes referred to simply as a treated solid oxide
compound.
Another aspect of this invention is producing or forming the chemically-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,
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800C. and in another aspect, calcining is conducted at a tenperature from
about 400C. to about 700C. In yet another aspect, calcining is conducted
fromabout 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 fromabout 1 to about 10 hours at a
tenperature from about 350C. to about 550C. Further, any type of suitable
anbi ent can be used during calcining. Generally, calcining is conducted in

an oxi di zi AlTRRROR" St 8seild of AtirhbRAHS, \Webahob@Bteh, Mo idhiAIRS Pher e,
such as nﬁig)gg §! orggsragscl)lg, or a ree u%i ng at rmsp’he%eosucﬁ’as h{/élr ogen or
car bon noieoicicdmpouds. be used. | n anot her aspect of the present invention,

the solid oxi component., used t.o repar e,.t.he. chem cal.l y:t.reated,splid

oxi de has a pg[%é)nS%FRfﬁgo gtPJ@a{{“é?nthf’?fa(ﬁ’c%grlfus[‘)hé.Ofldgg’}a%%eenltrnéé'éeﬁo ﬁgpe%ls}gect,
t he sol i dn@xbélsubseiiieameticihés Caldpangotbk tieBted keRE &Xidd I8 geneddlBudonudied cc/ g,
and in yet another aspect, greater than about 1.0 cc/g. In still another

aspect, tiRen aieT agRePRCTEOBIsARN N WY amRightamesPhFtEadld PSIYLE frogd t o
about 1004,,Ps60eC! B Rt %oc.,a%lg%I a R bawdnt ﬁi%_ﬁgf@m@ BBt 108%hodrsSH f ace

area from about 200 to about '8 ne/g, and in still another aspect, from
about 25Canothealaspsct, cOXimAg gs cPindicted| atda dspkeatest SoinadbouhP08%C.ttoezhostl with a
source of,hakide .ion or sulfate.i.on or onbi nat | f i oand

oot onal 1 §P0RC itk M SrtciaReitifR s cindel AT Rt Rontitell -2

cheni cal | ig-abbetatopelC sial yietl arwthed @spadt, ichleinfiy icohdBtadardm abduatlchondtd gbout N one

aspect, the solid oxide material s treated wth a source of sulfate,
termed a ¥Uhewtiang in apfher, asgedd Galcmingors oniisit drompapoyt 3hou 19 %ﬁ%ﬁq di ng
agent, a RN GeAf ?Ifoltlgéggéﬂg& baﬂ&nintg?{l)dm cafridd 3@ Bofi AHBuPOR Ubou10 Khurs

conbi nati on thereof, af ci ned provide the solid oxide activator. In

anot her aat pdenperaiyesf fodm abduli B80°4% t9 shombpSEGpport s i ncl ude, but are not

limted to: q'rug{}?egfag%%l uegl;)p %\gtaggl é)nrltgigr?tdca%! b%%&gq&kg%é%ﬂ'ﬁ%%éﬁ@%ﬂ

iTi na;

sul fated al umna: Si1T ca-al Um na, chlor Sifica-a
f1 uori deccafdinihg ds adridutted in sl dxadigidg sitthospher@] suwchns; air. Xlemalidly, an inert
silica-zirconia, chlorided silica-zirconia;. fluori ged silica-zirconia;

sul f at ed A1BPFRNEEE: FHGHCBRIFOBS B Rreafetf & Fedicing amephere iuph 43 ydrogen or

mont nor i | d.8intRondRRie! ARRbE ¥selil €ated with fluoride, chloride, or sulfate;
phosphat ed al um na, or other alum nophosphates, optionally treated with
sul fate, fl uorlnchmothsr asieciopf the; prgwnany/entm;ithgwl@sﬁomldercemmn% us¢eto  any of

the actiyalol 5 3URRRILSy-FBYe® Wil L84 NasBEpdhl GRLET oPlatd tRanTOR 0.4 W,
In another aspect, the solid oxide component has a pore volume 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 oxide component has a surface area from about 100 to about 1000 m?/g. In another
aspect, solid oxide component has a surface area from about 200 to about 800 m?/g, and
in still another aspect, from about 250 to about 600 m*/g.

The solid oxide material may be treated with a source of halide ion or sulfate ion,
or a combination of anions, and optionally treated with a metal ion, then calcined to
provide the chemically-treated solid oxide in the form of a particulate solid. In one
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 alumina; bromided
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In one aspect of this invention, the chemcally-treated solid oxide
conprises a fluorided solid oxide in the formof a particulate solid, thus
a source of fluoride ion is added to the oxide by treatnent with a
fluoriding agent. In still another aspect, fluoride ion may be added to
the oxide by formng a slurry of the oxide in a suitable solvent such as
al cohol or water, including, but are not limted to, the one to three
carbon al cohols because of their volatility and | ow surface tension.

Exanpl es gficd 41thQdadt MM - aqlnﬁﬁa%{bnd@@ sitig £ dubtind; Bhiatt Y RALAIQRidaNC! ude,
but are not limted to, hydrofluoric acid (HF), amioniumfluoride { NH4F),
anmoni um bromidedr slhea-(zmm;zc)hloradq:doﬁhmmomas Yonided tﬂﬂncaltkm()m&m BFW.)ted

anmmoni um ori Qr SI t

hexaf | uor%fp os L{A g?ﬁﬁﬁelgllcg%(ﬂué:ﬁa % 1¥§§p§§?{éﬂwt r?g %Pl%ﬁs t‘ﬁl reof

For ex anpﬂnmndammwn@nnﬁnulfampphcdph%&lﬂﬁammyr dlli!erla&ﬁﬁinaphdsﬂfatésl opionaliyg
agent, due to =as of, _use @nd ready avaj .l abi | L n anot her_  aspect of

the preséfiat it TiuReas of FEoBIS: 96 atbufomen Ao RRG A afdhs gi ng
agent duracﬂgatbhglp?ahﬁnay BpticafP be ABMed WiHRRIMUIANGoR0ENt capabl e of thoroughly
contacting the solid oxide during the calcining step can be used. For

exanpl e, in addianeqspeat of tthig gavenfignr theichgmisgiynirsated selid bride sompiisassd v,

vol atile e I e

or gani ¢ 1SR4 Sald S80L B B2 ARRUCS Pcuife RS BBLR BB I, e,
but are naided 'tmthbenhded)y freatnas, wiges fluoddiap exemeln Pl ddotier akpen @neride

fl uoronet.hane, . tr.if oet ha and conbi i on thereof seou
hydr ogen 1P 5 b§2dde tPIt %ppﬂggylf%}npgaélgﬁy&?% ﬁ%ﬁaﬁntém d oxi de

is fluorigdefdediel bN@akd iGtnHRg, b&m@e QBNNRIREE B, thasﬁmﬂﬂ@ée ERBGRAEHME t he
solid oxide with the fluoriding agent is to vaporize a fluoriding agent

into a gadscause ebtheirgelptility anddpwis aqeﬁensml Eaamnlpmf fiuoriding agants ihacdron,
Simlarl e bibaaROHe indRR66 inflad b AL fifled WOCHAGAGR! hota! (A3 o

solid oxi can conprise a chlori ed OXI de’in m of
parti cul amanemhmd ﬂum:ie a (NbyFce a)ﬂmombinor biftuorida | NERAF) tmnmbmunw de by

o ol P10, S e S e S B R 0t e
aspect ofmﬁm@n&hq&@@ﬂudrw Hald (NILIPEF ﬁ%hl@g@&ie%fcﬁﬂ &nbinfRhethepddth a

chloridin agent during the cal ci m}é% ste Any chl oriding agent capable
of servi r{%r%alaplgmembm bifugrisie; NdHhdnah wgwrs yhecibnridéng aggnt Hee toxi de

during thg eg@é&ilﬁé%l%%(gpuse%lﬁ%used. For exanple, volatile organic

chl oridi ng agents nmay anpl es of volatile organic
In another aspect of the present invention, the solid oxide can be treated with a

fluoriding agent during the calcining step. Any fluoriding agent capable of thoroughly
contacting the solid oxide during the calcining step can be used. For example, in addition
to those fluoriding agents described previously, volatile organic fluoriding agents may be
used. Examples of volatile organic fluoriding agents useful in this aspect of the invention
include, but are not limited to, freons, perfluorohexane, perfluorobenzene, fluoromethane,
trifluoroethanol, and combinations thereof. Gaseous hydrogen fluoride or fluorine itself
can also be used when the solid oxide is 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 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
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choriding agents useful in this aspect of the invention include, but are
not limted to, certain freons, perchlorobenzene, chl oronethane,

di chl oronet hane, chloroform carbon tetrachloride, trichloroethanol, or
any conbi nation thereof Gaseous hydrogen chloride or chlorine itself can
al so be used with the solid oxide during calcining. One convenient nethod
of contacting the oxide with the chloriding agent is to vaporize a
chloriding agent into a gas streamused to fluidize the solid oxide during

cal ci natign, pb %degﬁte@ﬁ,ggﬁ%e EQ?%‘Z’“?% Rt 1ty fo;rlta@er %)ﬂﬁe % aCdukequik dEIvERN PT esent

bef ore cal cining generally from about 2 to about 50% by
wei ght, wimetter afpechef thhtpresentdevintion,athe sblad exidoan he tregied)mithaf chi¢redisg| i d

oxi de, for e | e.silica-alumna, ,before calcining.. ln another aspect,
Che  amounfeett aTgof saeBRREHE fecGiRh o8 EabiCotockdr LR RGkeRBPEGI | o
oxi de i s dhlgrdeadndithorduily abgtuétingSitie byideriugihg theadattining arptcagbe asqeFor from
about 4 to about 20@6by,me%g%ﬁ: Once inpregnated with halide, the halided
oxi de may=X3@Pls iveltilsyorgany cHiorHBE deseifrmdhbe Heeda Framples gbivAiglieieaniot
limted té?lorigfﬁg[ dofks Tusbful 3 4RO afRld OMER iRVentiBY IRQLAL IbRAD arelhiot! 1NGitddNEeET
vacuum spray drying, and the Ii'ke, although it is also possible to

i nitiate deeincie@isnperghlstobpnientrechleromiethang, tdichiorothethang chisoionpr egghent ed

solid oxide. ,The siljica-al umna used.to pr i1i.ca-al um na
can have EchftfichehORisRaeh PraliinstipBn BRALE, Gl SAERATIEESE, U 12
al gm' na C@ﬂt?]rﬁi&t itseff daheﬂ@ihlbé Gsed Wil fiensolideyxide dirirgeadiomg. Bnt comaitht 50%
and in anot her aspect, the alum na content of .the silica-alumna my be

f r om abouPeiedet niAsHDE ﬂ@d%‘itfl ‘YI‘FH &'SCB(} B GRENt 1§ 19 ‘S?BE’“Z%?J’? NgAgFBEL, the
sol i d oxiifg £ORRABAN LSRN NLRITR ths ol oK Rurif ChRttktil.| | ca and in anot her
aspect, the solid oxide conponent can conpriSe silica w thout alum na.

Silica- titanilaonggspesedhd ameuns of fluerdst or ahlasitleiiom present batoye calciningdhs um

content fr about 1% t.0 bout 0 b t . i.Lani um
contant CRRTSRRRH S, @ bt 2 p AR S0 o PEIRC L RARE bciehl Birkl &1
anot her ag@béaded onltke s@lghd odthicdelid oridenfonexaaple siiopulunena, thiefare tacininighout

silica and i n_anot her_aspect, .the solid oxide conpo t can.conprise silica
wi t hout tipRAKS aspeq; tbaalfpvr&&ﬁﬁlam or gblqgice ipn PrEsat blpr s SR P ST can

have a zigGaN{sUm 3BoNieitout D9 BPREih? %ndl Gn ahGiHEr A&t ReE dbbuteh @ her
aspect, the zirconiumcontent can be rom about 4% to about 20% In yet
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si lica and in ANOLOCH ASRE G indilfing Hut HoPihil 0 TREDE Hitc&RR foRANR by €

silica wiThout zirconi a.
evaporation, drying under vacuum, spray drying, and the like, although it is also possible

to initiate the calcining step immediately without drying the impregnated solid oxide.

The silica-alumina used to prepare the treated silica-alumina can have an alumina
content from about 5 to about 95%. In one aspect, the alumina content of the silica-
alumina may be from about 8 to about 50%, and in another aspect, 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 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
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The sul fated solid oxide conprises sulfate and a solid oxide conponent such
as alumna or silica-alumna, in the formof a particulate solid.
Optionally, the sulfated oxide is further treated with a netal ion such
that the calcined sulfated oxide conprises a netal. |In one aspect, the

sul fated solid oxide conprises sulfate and alum na. In one aspect of this
invention, the sulfated alumna is formed by a process wherein the alum na
is treated with a sulfate source, for exanple selected from but not
imted ! Qi ht)mfbsu@?{a@%Qsou@ssﬁyéﬁd%%nﬁﬁg asDUE M @SirSATRAL YR W B &, Thi S
process nay be pertorne rormhn urry” of umna In a suitable
sol vent sfiah @eubd%otoohbant 2\@% dn, yelt ranmﬂhclc hspette tln:tesoltdedmd@@nmpmmatcamn of

the sulfatin ent .has been .adde . abl e ani¢, sol,vents in but
are not |?%P§Bagtr8°m? RAthgREsige éﬁeﬂoaﬁp??ctgﬁS?léd élggﬁgglpggenf ﬁ%n e
vol atili t%n@jﬁegmwwaﬁm@ﬁeoﬁlgnm on The amount of sul fat e i on present

before calcining is generally fromabout 0.5 parts b ght to about 100
parts by wei ghthesyplfpted solid gxidg CQE’QGﬁeslg(B‘éfaﬁaﬂnEisa $o)id, gasi Om@&Flﬁtcﬁu@kPﬂe I'n
anot her 1or%ﬁea.afmm P esf&lrﬁ §pdr9&11%5 @ﬁﬁi‘bp%ﬁé?fgeth%%hl‘ﬁtéﬁ Sedé S

generally rom about 1 part by weight to about 50 parts by weight sulfate

i on to ahistiurthet GOatpdiwith abyetalcom suchstbantbb cnkaml@i sulfatgd jonids tcomprlsﬁa otrhesal. aspect ,

from abo 5 part bout t.s b sulf ien to
bbout 200 sherabisy, 0F s botid S aF Sithoofies BRI oY Al g e 108G o
the wei ghthisGhvénfien, 3Bt blfated demibdefiofemedby apragss wheein theglueyiads edated t h

sul fate, the sul fated oxj de may be dried by any rrethg kn in the art
i ncl udi ng¥ithatsulate soniees o exampleselectsdl fromy 'i“’éttqo?) IS I%v@&%ﬁ} it at i on,

dryi ng ungdetie JACHY mas%aﬁeamaﬁyguﬁgm Ad frhGesh 'nkae, b@bérhﬁyﬂa Yyt forRirid! $0

possible to |n|t|ate the calcining step inmed atel In additionto being
treated vilury afithelabmtingm avstitailcasolvegt whp@ralmholsqmwt@rs in Which dhe dasiredi| f at e

th I d f . thi t t ted
wih el PRRP O S e gk e bil BB SABpERR8Rt SROH el o3t °
These cqmo@wldﬁhmdb@ tla@l@k&dottmreebaxbamalegmﬁ bebamtofthéieva@ﬁhtyl aﬁxi(lcﬁhe in

sol ution form and subsequently converted into the supported netal upon
cal ci ni nPWiAeEERMPhgl y, the solid 31 inorganic oxide can further conprise

a metal sel ectygd fhQm: oFR6ifatt '1<§rf’lﬂi'e§éﬁt H%f&g%!alcmlﬁgaﬂ%hbﬁll FonY 8bout XOPPET ,
gallium tin, tungsten, nolybdenum or any conbination ¥hereo For

exanpl e, mrtnd)ymgdglﬁetowbedt 1Q) partsrsywaight sHéate binj i@ @Quﬁéﬂ%m@ewmghpr ovi des

solid oxide. In another aspect, the amount of sulfate ion present before calcining is
generally from about 1 part by weight to about 50 parts by weight sulfate ion to about
100 parts by weight solid oxide, and in still another aspect, from about 5 parts by weight
to about 30 parts by weight sulfate ion to about 100 parts by weight solid oxide. These
weight ratios are based on the weight of the solid oxide before calcining. Once
impregnated with sulfate, the sulfated oxide may be dried by any method known in the art
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
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
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good catal yst activity and | ow cost. The solid oxide may be treated with
netal salts or netal-containing conpounds before, after, or at the sane
time that the solid oxide is treated with the el ectron-w thdraw ng anion.
Further, any nethod of inpregnating the solid oxide material with a netal
may be wused. The nethod by which the oxide is contacted with a netal
source, typically a salt or netal-containing conpound, includes, but is
not limted to, gelling, co-gelling, inpregnation of one conpound onto

anot her, &%aﬁlbeoﬁldé(@an We‘?v\édﬁ%r%@ya 91%?§la§élécm iR bRd, tﬁzﬁﬁm? opiRQt ed

m xture o I de conpou el ectron-w t hdraw ng anion, and the nmetal ion
i s typi catanydival cilved copperegaldininy einy, tuag&'mll |molahdmiemmeanyak:omlama@¢r9ct ron-

w t hdr awi on _sou and .t he tal sal ound

are conttﬁg‘F‘zfg %%ﬂ‘a@é’F % FW@ Ay, BRSE oG FRRa e\}g? F%ﬁ(fsoxﬁcriegégéegélgg g{ @gv%ggp

sol i d oxighpdaatal lg’éﬁh&fwt?laﬁﬂ(lb\kf&‘coﬁtha”he sélid bﬁde mi’piydgeeweatednwith insetal edksndbt on have
0

been reported. r. exanple, U S Pat 364,842, 4,364, 8 (g
4, 364, 855netal-quytaining coalpgwsﬁt?ﬁor%amomtzthezﬁaﬁwlf%&hat Ahey sofidggride is

4. 444, 96 38 Z4236ho Bick5, 929, 6, 294, 494, 6, 300, 271,
6 316 552‘re @?@%@941“%&3%} 415 'ST501 816, 6. 395 666 6. 524 987, and

6, 548, 441, dedtwther asymkthos of buwregrasiog thefsolif oside imaterjah with ponetelagaype
reference h in njts i Iet. The Log 0

or ganochr‘gﬁ‘?ﬁ\ 6’6%0%% hl&Btﬂé o) lsc tag{e& Jherrgl(g)@ s%?tﬁ?% %Qau%gg%l act ed
with an qhethi-dontaifgresoniundn mg&@oaiuunisnum clﬁmnadumj géldmg,a chigeHingper i od
of time prior to contacting this mxture wi,th the m.cal | treated solid
oxi de. OiEWregRatqs ateng semBernd ity raé“’g‘? T, 139 tﬂ‘éthé‘ﬂ gg@%‘ (?H%cﬁ?ﬁ@ e

or ganoc hgﬂéﬂwf h&@&ﬂ?&wadm&tr%fdf%xﬂte%eﬂﬁbm@%écesﬂm&lawgﬂm& ompasnd i s
cont acte the chemcally-treated solid oxide, the conposition further

conprisi rmgetalh éorc ire tyndeallyy caleined. eAlterativelly, ox i sld | exide mpsefial.han electron-
Post cont gl Loyl XE Southe aggsthg%t%ftssﬂ ) ﬂegtl%oﬂaxu%e oftpb P Ard ©

remain in’ I a sécon eriod o ing
charged dontaotetl AAd cgtdfédsimuhandousd t he poI ymerization pr ocess will be

carried out. 32 . The Organoal um nu(EP rr%gund O anoal ?j}r% ounds t hat
can be used |rtvacr1‘i’iu§;PT°t‘i9séﬁstT°dﬁel?a1‘i?:F X143 getiyptor- ?R?P“F n&e ounds

with the i ohidhRntidd hdvéDeeh ¥$oed. For example, U.S. Pat. Nos. 4,364,842, 4,364,854,
4,364,855, 4,397,765, 4,900,704, 4,444,962, 4,444,964, 4,444,965, 4,444,966, 4,504,638,
6,107,230, 6,165,929, 6,294,494, 6,300,271, 6,316,553, 6,355,594, 6,376,415, 6,391,816,
6,395,666, 6,524,987, and 6,548,441, describe such methods, each of which is
incorporated by reference herein, in its entirety.

The metallocene compound, the organochromium compound, or a 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 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.
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wherein (X5) is a hydrocarbyl having from1l to about 20 carbon atons; (X6)
is selected from al koxi de or aryl oxi de, any one of which having from1l to
about 20 carbon atons, halide, or hydride; and n is a nunber from1l to 3,
inclusive. In one aspect, (X5) is an alkyl having from1l to about 10
carbon atons. Exanples of (X5) noieties include, but are not limted to,
ethyl, propyl, n-butyl, sec-butyl, isobutyl, hexyl, and the like. In

anot her aspect, (X6) may be independently selected fromfluoro or chloro.

In yet an be chloro. ~/yy In the formula
Al (X5)n (@mfﬁan?@g&;éumn%gﬁ?ro to 3 inclusive, and tyg}dcal ly, n is

3. The val ue df)rganoa@nmﬂmcesﬂpmmd%ﬂiatt anbe usediintlgs dnventioreingfude.cbut ires

formul a incl.ude ses i hal i. nds or ot her organoal um num cl uster
corrpoundsn%i%}\tgaécf [YIPR %ﬁﬁ‘f@‘?‘h%?%fé noal uni num conpounds that can be used
in this invention include, but apgCtpixhigited to, trialkylal umnum
conpounds, di al kyl al ugi ni um hal i de conpounds, dial kyl a] um num &ioxi de

conpounds, di avh§Fial ?ﬁﬁ ﬁMWWWé havigg e d <o ahaet 2braPemeems LAY eof .
Specific s%i%@féﬁl QoL BN d&'iﬂengﬁs} o LSROMBE Badihd o Etdsidhitdo baﬁ‘b(;ﬂ'“ S

|nvent|on|ncl but are ITmted to: trinmethylalumnum (T
triethyl sdtoms, rhahrdc( ‘DEA}’dndes mprlmm/a purobr fom 1 telB sinklybize. nione aspeeth 6%1) de;

tributylal i.sab |.al dr| i u nd
i et Pyl ai THRERE RIS Rl e SPGB I o S
pr econt acdré Mgt tindtedeioalkihgt epropyic amuqm,n@bc-ﬁdnﬁ t¥obayh ctex glyianth the ﬂikeuhd or a

conbi nation thereof wth at Ieast or ganoal ym num conpound an
ol ef i n moWEHEF agpsets Qf‘ hizRyed ‘FF’QM SF}F%FE am {lyqrg or chl Brocg‘hf'ﬁé’PP t hi s

precont acésg&t’fb(ﬁ)tﬁ{ﬁfbé"&ﬁl&ot he soI id oxide activator-support to formthe
active catal yst. Wen the cat al yst conposition is prepared in this manner,

typically, t Homlyrfonoulawé@ééﬂ{&)n 4,yn is a npwbet f5pm dfto BHaclbyiyasodtypidaHym
conpound .i ded L0 B egons i f the
or ganoal JPn%hu ¥ Vgrﬁ?oun ls § 38%‘8&?%%?@ BAdel Con‘%}ag eg’w%rfrﬁ?areﬁlﬁfr@esgr ed
when t he seﬁcpﬁlmlmaeérﬁpbmdxbmthencﬁgamalhﬁﬁmﬂﬂcmmhcddmundsol id oxide activator.
However, all the organoal

cat al yst in ei¢emerallyyex Bt;iﬁsoﬁ ?E&%(F)‘ 8%?“%5"22 ‘E‘B?H“gg g?fgcaé‘tg%hsﬂlrepﬁ{%gt}cgl Y,

all the lﬁeérﬁbmclmrmrae@ﬁ& 1RedRs, tﬁauyﬁﬁﬁﬁﬁmmoﬁ 58] @ak{RRmiftiued her

nore than one organoal um num corrpoun may be used, in ei t hef the
halide compounds, dialkylaluminum alkoxide compounds, dialkylaluminum hydride
compounds, and combinations thereof. Specific examples of organoaluminum
compounds that are useful in this invention include, but are not limited to:
trimethylaluminum (TMA); triethylaluminum (TEA); tripropylaluminum,;
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 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 mixture is contacted with the

solid oxide activator. However, all the organoaluminum compound may be used to
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precontacting or the postcontacting step. Wen an organoal um num conpound
is added in nultiple steps, the anounts of organoal um num conpound

di scl osed herein include the total anmount of organoal um num conpound used
in both the precontacted and postcontacted m xtures, and any additi onal

or ganoal um num conpound added to the polynerization reactor. Therefore,
total amounts of organoal um num conpounds are disclosed, regardl ess of
whet her a singl e organoal um num conpound i s used, or nore than one

or ganoal LRt ik APHREARAE T ol bRAL ATt "

triisobut um num-are typical” organoalfum num conp s used Iinthis
i nvent i orthe cafdystenmpo@ntsanay hstantabhed iDptsingleadtepAl um noxane Cocat al yst One

aspect of the dnyention enconpasses,a .catalyst c osition comprising at
| east one net aﬁ“lr%ﬁre g o?ﬁ?c)i(,’rgﬁ?o#‘glgg‘tlmo p8}'né‘§%gaé' ﬁt?eo?ﬁeg’rﬁnc%lnﬁg?)a}led, at
| east oneredontidtif@bt thetposiabitactmeg!steh. Wielean @haroahgiingn eompoddoaladdddum

conpound,, and, optionally, an alum noxane cocatalyst. Al um poxanes are
al so r ef dpmEHtiRle stges, His AW CEgBUmEUEhTomppURd difelegedderein include the

organoal yglNANGS - of " BRaRbdlfhirff! HokbuSP TRONCH! Bo thd Yhlofblia &Nt act ed

with the gﬁaum noxane | g? a saturat eé) ydrocarbon conpound sol vent, though
any sol vamstcottacthd insixSudss tad tang | ddgditionalr ergaupalumeinumacomapound addede tordhdi at es,

and products of the actiyation st can be used. The cat al osition
f or med irPoﬁW?’ h&sac yi%?e OE%ltPgagta&ﬁ’“Bﬁ s ?’i%%‘&"saI s ?"ﬁl?s"ft%%‘gsgg%f ski |l
in the ardiscldstd| regard@soott whéthed a BingROorganoafintihii@tdoatpoust ist ised,cart mbyest

conposition may be introduced into the pol ynerization reactor i.t hout
bei ng i sdhait ene 0T$?é‘°§}1’[§‘#}“ﬁb>‘%8‘?ﬁ‘€°‘€t5‘ﬁﬂ6bﬂﬁ‘8&8¥ agpEch tf’ﬁ‘?‘@ %HWS(T#)O?I] goneric

al um numg.c RhinH 8 A cgﬂwg@abylmﬂmae&ng&ﬁapu&q i 8 B9&Rohse | i near
Ic, or ¢ or typi

structures, cy e structures, cally m xtures of all
three. Cyclic alum noxane conpounds having the formula: | n R ; wherein
34 R is @ptionab€oemalptanched al kyl having from | to 10 carbon atons, and n

is an intgaes fromu il ddiare enconpassed by this invention. The
(AIRO N m—gpy—s%crwr'i‘&llm?ﬁ?wégonstltutes the repeating unit in a |inear
al um noxane. Thmesaspedtrndahe aventiiom raroapatsay iangtalyst 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 aluminoxane cocatalyst. Aluminoxanes are also referred to as 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 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 having
—an—o-)—
| /n

R
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the formula: R R1-On" n RR wherein Ris a linear or branched al kyl
having from1l to 10 carbon atons, and n is an integer from 1 to about 50,
are al so enconpassed by this invention. Further, alum noxanes nmay al so have
cage structures of the fornmula RtsmtnRbm aAl 4n8m wherein mis 3 or 4 and
a. is =nAl(3)-no(2) + no(4); wherein nngs) is the nunber of three

coordi nate al um num atons, no(2) is the nunber of two coordi nate oxygen
atons, no(4) is the nunber of 4 coordinate oxygen atons, R represents a
termnal al kyl group, and Rb represents a bridging al kyl group; wherein R
is a linear or branched al kyl having from1 to 10 carbon atons. Thus,

al um noxaRésa lilgt ockranched atkkyhkaviyg framdl to d 6 catbah ptomss, and 1t isiag integesfitomon ar e

general ly,repre ted by for as,.such as (R Al L RIR-AL-0), Al and
Phe’ he3 GRFR ] s enthmgpistl b Busd itenitn o e ik m S Pl 60 o

al kyl  sucdonagutee titylepeatinp it in @riey alulioyine. P&, Yihear @lunfiadydneshdrigg N n
typically represents an integer from1l to about 50. For exanple, the

al um noxa Q!Bh‘fﬁ:)unds of this invention include, but are not I|imted to,
met hyl al um noxane, ethyl al um noxane, n- pkgpyl al um noxane, i so-

propyl al um noxane, n-butyl al um noxang, t/-butyl -al um noxane,

sec- butyl al um noxane, 1iso- Ahi'@i-wAiane, 1- pentyl al um noxane,

2- pentyl al um noxane, 3-pentyl lllm nokané, i so-pentyl al un noxane,

neopent yl al um noxane, or any coRbi nati onRt;k\qi’emi. Wi | e or ganoal um noxanes
with different types of R groups are enconpassed by the present invention,
nmet hyl al um noxane (MAO), ethyl alum noxane, or isobutyl alum noxane are
typi cal optional cocatalysts used in the catal yst conpositions of this

i nvent i onR isldkisear at brandhed alkgbhavirg fisrafac ad chrbomatonispaidhyis ah integen fitom
triethyl a{ um, nu or triisofputylalum.num respectively, and are

35
sonet i nes foAbaRt 30y ate Flsgencoinpas S 1Y um oxi de), pol y(et hyl al uni num
oxi de), and patyfhis RHNbxMks Ha) HRPOKdVE®age strRSRRS bf MRl formbla R'S,.AR%0 W thin

the scope of the invention to uSe an alumnoxane in conbination wth a
trial kyl alAlaiChunvheseiahn i3 o 4 anbsets T a7 Pabe; RBCTEN Mg ipthg number
of three coordinate aluminum atoms, no() is the number of two coordinate oxygen atoms,
now is the number of 4 coordinate oxygen atoms, R' represents a terminal alkyl group,
and R® represents a bridging alkyl group; wherein R is a linear or branched alkyl having
from 1 to 10 carbon atoms.

Thus, aluminoxanes that can serve as optional cocatalysts in this invention are
generally represented by formulas such as (R-Al-O),, R(R-Al-O),AlIR;, and the like,
wherein the R group is typically a linear or branched C;-Cs alkyl such as methyl, 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-butyl-aluminoxane, sec-butylaluminoxane,
iso-butylaluminoxane, 1-pentylaluminoxane, 2-pentylaluminoxane, 3-pentylaluminoxane,
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

invention. These aluminoxanes are prepared from trimethylaluminum, triethylaluminum,
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which is herein incorporated by reference in its entirety. The present

i nvention contenplates many values of n in the alum noxane formnulas
(RRAI-O" and R(R-Al-0O,AlR2, and preferably n is at |east about 3.

However, dependi ng upon how t he organoal um noxane is prepared, stored, and
used, the value of n nmay be variable wthin a single sanple of

al um noxane, and such a conbi nation of organoal um noxanes are conprised in
t he net hods and conpositions of the present invention. In preparing the
cat al yst GORRQbhtylMinint Nesheb Mt i afeO Sihdtimhdi0reddradPld 98 Holy(RbMY] Noxane,
the molar ratio of the alumnumin the alum noxane to the netallocéne in

t he conpoduminum joxidgk upaly(gthiyl @mmesibemt oxtidd)) and paby(irobutgh ab@onum exidone

aspect, the mplar .ratio of .the alunmn in the alum noxane to e.

roral | ooyt S i P el AT Spiedfiof b o8 B FplehliCin § 000,
1. The anguitinatibn opith @aniialkgldhithinaaRactads @ikcloged in ROS.Y RET INovA,T9,096N€e i S an
anount within a range of about ?.01 mg/L to about 1000 ng/L, from about
0.1 ny/ L VYichisdistein Bigorpgrated by refsreiiee bt entietiy/ L to abut 50 ny/L.

Or ganoal um NOXPHRE PrekéHt B@exﬁfo%p@érﬁéinﬁl){tey%w%aREQQﬁ'dH rigsthehhiahifxkgnare! |
known in the art. Exanpl es of organoal um noxane preparations are di scl osed

in U S HarmulapGR-Al9)24m] BR-AdrQ).AlRa081domreferabic h indt least ebout 3. Haweygsor at ed
by referepg rein, i Nt tire / o) iloxane
ey’ be. propail Feh o oBuneSlplridne (SRR Bnda g ¥ A AU

or gani c smhy batvarialyle beithie acsiage vainpleaof alutihoxane,adndysuch coogmabingtieuch as
AlR3 to forn1tpe,desired or;anoaluniﬂoxane oggﬁund. VWi | e qﬁt i nt endi ng
to be bougengplupHRQxaREs,pienentRPrised I fhe anqtiagdsandh SPMPGSons i HERESCHet hod
can aff opfbmofl Xture of both linear and cyclic (R-Al-On al um noxane
speci es, both of which are enconpassed by this invention, Alternatively,
or ganoal um noXarmeepaning the cprlyplaeaaposiiipnrafaibisi ngendionsgoymrising, ag astiongbnpound
such as . W t S . in an
nert o cuarinblds, e el 2Rt 2 ¥ it Bhe kiRbERS IS BhoabR B (L0 ¢
of the i nkeovormpssitemcie npeedlyeona abait dt Msto aboutp¥),G00dn lic ongaspsetntheatolat east
one netalloce&;ego ound, at | east one o%gg ochram,um conpaund, at | east

one cherffiap R L e plngReRRae tofhe CHn GIFRBATHAR RSP bmpound,
and, optigialdbput 53Ne0sKHANAZI000: 1C ABBtAhiHt of UpBoRdl SAmbRmeCRIded ab Vet
enployed in the present invention is

polymerization zone is an amount within a range of about 0.01 mg/L to 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. Pat.
Nos. 3,242,099 and 4,808,561, each of which is incorporated by reference 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 AlR; 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), aluminoxane species, both of which
are encompassed by this invention. Alternatively, organoaluminoxanes may be prepared
by reacting an aluminum alkyl compound such as AIR; with a hydrated salt, such as

hydrated copper sulfate, in an inert organic solvent.
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selected froma conpound with the following forrmula: Zn(X7)(X8); wherein
(X7) is a hydrocarbyl having from1l to about 20 carbon atons; (X8) is
selected froma hydrocarbyl, an al koxide or an aryl oxide having from1 to
about 20 carbon atons, halide, or hydride. For exanple, the optional
organozi nc cocatal ysts include, but are not I|imted to, dinethylzinc,

di et hyl zi nc, di propyl zi nc, dieutylzinc, dineopentyl zinc,

di (trimethylsilylmethyl)zinc, and the Iike, including any conbi nations
thereof . TheobRidPORanbYiHARBLRLI0Hs Cocat al yst One aspect of the invention
enconpasses a catal yst conposition conprising at |east one netall ocene
conpound, at |@usaspepteoldbthganvation rencempassgs cueatalystt cdmpmsition wemprising at

chemi cal | -&Qpateq Eplid oxi de %t Igast one_Qr "QgﬁJgninu qqm§9und, and,
optional | ast ok nberﬂ ﬁSIbeo?od?PO&IBg’a? &F%f pne ?’f%n%cr”éa opof orﬂpoélgﬁ{)%uﬁ c%%pri ses
neutral beieficatlgriateddslid beida) & 1&at bk orginoati@iibihadomPosnd, Aad, epliondFiy|
exanpl e, the organoboron conpounds of this invention can conprise . a

f 1 uor oor gHhTEHBIBI; CeHpYsindhe areaneziicsoryaie plared s Srrgisat ingpation is

conmbi nat i ik tdAgFRPh cofPdurid Wit AL TARNAnPRIrANI0r 1 uoroorgano borate conpound
known in the art can be utilized. The7t%rn1fluoroorgano bor on conpounds
has its usual nmeaning to refer toZm&X)@ad; conpounds of the form BY.sub. 3.
The term f] uor gergan r at.e . .conpaund h [ . [ ref er
(o the motpdengR ERIAaHS) rERTE R 3 380 2 sl i OO eHEA S, 1

[ cation] %ﬁﬁ&%ﬁydmmlyl: a arkgpfd%eah gryﬁm‘idamﬂn‘ga&@d 1a6 gbmit @0 cabol ptontspr
conveni ence, or.oQr gano boron_and or oor gano borate conpounds are

typi cal | thT@F,eqrﬁwéngﬁq’ea CKUBRIFABE ypts‘gpag PEEAReARS Wa@bﬁﬁdaﬂagé, %marsgwéi t her
name as tifjted Ol esimeitfAtihd, € ietlHIARD! WprBhyltihslOTaRIgRMe, baf&pentgRIROUNdS
that can be used as cocatalysts In the present invention include, but are
not | i m tditirimsthylsilylmdtindizéing, and the bike, ancdedingiany combingtigns thergef-hy| ani | i ni um

t etraki s(pent afl uorophenyl )borate, triphenyl carbenium 37

ot axt s BROAdHPORRRARY PACRNG: | L1 UM
or

t et r aki s(pentatf enyt)borate, N, N dinmethylanilinium
t et raki s[ 3, 5- s aspeétl efothe metdntib) pheomypakdes raatatglystrdoptpesiyibic apinpnsingnat

tetrakis[3,5-bis(trjfluoronethyl)phenyl]borat and the like, .including
i xt ur es FHLPBb oA llegen ooy R S SR B uR R traed it o b
used as CehelicallySicttel Rolid6xide o @&¥st one organoaluminum compound, and, optionally,

=Q

an organoboron cocatalyst.

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 usual meaning
to refer to neutral compounds of the form BY.sub.3. 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 by either name as the
context requires.

Examples of fluoroorgano borate compounds that can be used as cocatalysts in the
present invention include, but are not limited to, fluorinated aryl borates such as, N,N-

dimethylanilinium tetrakis(pentafluorophenyl)borate, triphenylcarbenium
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invention include, but are not limted to, tris(pentafluorophenyl)boron,
tris[3,5- bis(trifluoronethyl)phenyl]boron, and the Iike, including

m xtures thereof. Al though not intending to be bound by the follow ng

t heory, these exanples of fluoroorgano borate and fl uoroorgano boron
conpounds, and rel ated conpounds, are thought to form
"weakl y- coordi nati ng" ani ons when conbi ned with organonetal conpounds, as
di?closed in US. Pat. No. 5,919,983, which is incorporated herein by
reference, |yl ' rak: anye AR n ound
can be ut?F@%@@aFﬁm%k§@k¥Wﬁ§§%§io#hﬁFﬁ oﬁ% as e%??&?ﬁggﬁgﬁgggght?gﬁgf t he
or ganobor dimethytandimant caetrides]dptas(rfbmnaenctbyjghenylfborate,t heipberybagienivon i s

fromabout 0..1:1 t.0 out 1. Typical | he.,anmpunt ..of .t he fl uogr.oorgano
bor on or ?F%S%%f@ﬁ@%é?ﬁ%gylim%daﬁsé@ §’§’el S MR, QYKYIES ?{8(’#')
net al | oceBganiied o fRiofREHR0 Bbrdn ipdlindiithal.can BOL&dtae cad¥bilystslial theopresenof bor on
compound _ per_ nol e of netall ocene conpound. |In anpother aspect of the

present iinvemionomclidse buiaignmobf limited 9o r FamenBBryAPksY PR 0 Y20 bor at e
conpound LShéBo@ range of from
about O. SMm@%ﬂgggﬁe‘%}hﬁ%é%%?t éc}?(g’:\rﬁgglggl Eﬁgﬁn%sgPérgrr%iﬁe of netall ocene
conpound. The Althdughalot inderidzrighty boboundGonthe foldbvdog shenry sheseregamplgeof of t he

i nvention,enconpasses, a _cat.al yst _conposition conpri,si at _le e

met al | oc e%‘éorﬁ?fﬁ’g%ﬁﬁr,atea?nqaﬁ& OTSAR® g’Bboé’n‘éoé?ﬁoélﬁﬁ A orrff‘g"1 tﬁin%o,mpé)tugﬁstéaag one
chem cal | fhotglatoe dors®| ivebalyiderdimdtink e a@liorsnevher geomahedriwithnoegaumpmetatl, and,
optionally, an_ionizing ionic conpound cocatal yst. Exanples gf j oni zi ng

i oni ¢ conysEReYNds: @s disclaseddny-$nPay, Ho. 5&19’9%5‘?"%5},153/6’}@%”%% §e¥o 938,
each of V‘f&f&éhcie?nlt@&ﬁfrﬁ?f ated herein by reference, inits entirety. An
ioni zing itonic compound™is an ionic conmpound which can function to enhance
the activity ofereralycangl gmourdonpasganoberon \Vimpoundt canobadutdized hisothis it is

bel i eved t hat. t i oni Zj i_oni ¢..cogpound b I f ting with
the. f1rstivabisBn onsAisse A HERL S LS LomIBten coTRATRE R h B R
met al | oceqagpound th habapbsitistes Fdnoatue0.138to abouplduh dSpicAllp it amnirt ef not

i ntendi ng_to be bound by theory, it is believed that the i OB,i z%ngpi oni c
conpound HayluCIeEEangPosdn g fipgieptgang ek GOmMBeUR wsed3F & wacgtalyst 1954Rg i al | y

(e;<( g ; ac ? | NGe@lo@ht MG fahS2H0oMABSAMY.Y nfbl R atdar 80 kR Wordn! @afpdusdich as

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.

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 compound are
disclosed in U.S. Pat. Nos. 5,576,259 and 5,807,938, each of which is incorporated herein
by reference, in its entirety.

An ionizing ionic compound is an ionic compound which can function to enhance
the activity of the catalyst composition. While not bound by theory, it is believed that the
ionizing ionic compound may be capable of reacting with the first, second, or both

metallocene compounds and converting the metallocenes into cationic metallocene
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(X4) fromthe netall ocene. However, the ionizing ionic conmpound is an
activator regardless of whether it ionizes the netall ocene, abstracts an
(X3) or (X4) ligand in a fashion as to forman ion pair, weakens the
metal (X3) or netal-(X4 ) bond in the netallocenes, sinply coordinates to
an (X) or (X4) ligand, or any other nechanisns by which activation may
occur. Further, it is not necessary that the ionizing ionic conpound
activate the netallocene only. The activation function of the ionizing
oni ¢ COMgaGHIndsS ApHinISHficl fbr ihiBFuifE RABE HAAE bl thioky.of i BURNKS tnak @RPOS! L1 on
as a whol e, "as conparéd to a catalyst conposition that does not conprise
any i oni zZionigingoiont canpsuddnapfampioasasofin iiomzing ngpniponind byoeqmapletdy oncl ude,
but are not.limted.to, the. foll.ow ng conpounds:.tri{n-hut vl ni um

t et r aki s(p&ftf%]:yﬁx%?)‘g%ta?,an{%"( Tgangd, RAsPIPLY & %ﬁ‘i’ Eﬂi{%ﬁdéwgégg’?ﬂl%ﬁb%@@ g?)rr at e,
tri(n-butw*) om0 nhe mdtdiocalkd. H{dwdver,dihgeionidingd (onid @ompburdiduh ydcligatepni um
tetrakis(3,5-dinmet hﬁltﬁhe_nyl )borate, tri(n- butyl)ammonium , . i

t et r aki s[regadlsssseh Whetheroit derieasythe sretallacemse phsteictst 3 (26D 9t hgaddnm

t et r aki s(mant.af r bor-at | hi kHedi s :

t et r aki s(fg&?%ﬂ?% ;{gofrag??yil\cl),nl\@{ngi ﬁg?]%}%\g% ﬁ%&\#ﬁ%ﬁ?g{ rngélt(%lg%( n)} P %I?dy Iui lg%er ate,
NN di et hmétalidenes; simplyecocdinate®todan (X ret %)) digends|or lsoy ather mechanisms by

N, N- di met_hy.l anitl ;mnl um t et r aki s( 3, 5-di net hyl phenyl ) borate, N, N

di met hy| aWEFY ATHYAVBPPLRIS 3, 5-bi s(tri f 1 uor onet hyl ) phenyl ] bor at e,

N, N- di met hy| arfukther, U is t it r @dcesape thaaf the obapgn onjd @bmpeund activate the

tri phenyl carbenium tetraki s(p-talyl)borate, . triphenylcar bdeni ur )

t et raki s (RetRISENY pelyat e agtivabem Hfctan BE MeuiRnizimg igric Soppgund 1s evident in

di net hyl : ' I j

t et r aki S?g@%)ﬁé%ﬁgc{ %itﬁﬁtﬁéﬁg%%g¥a§gﬁ% {Hroi&’lrr;ahsearl y“Thé’éer’ bag nciompr?r od to a catalyst

t et r aki s[c®ppokitien that ddes opbrominise pphismididgionistcempowidohenyl car beni um

t etraki s(pent gf | uorophenyl)bor.at.e, tro i e L.SCR-tal-vl).horat e,
tropyl 1 o ¢ ot PRI O BT APE comeRily ifdhbhehehbe hifita ) B0

t et r aki s(f3lldwilgnet dumhpgoinady | ) bei@betylamaoyilunum tetakiskp-sold)dorate,  tri(n-

di met hyl phenyl ) borate, tropyliu ) ) .
tetraki s[PyhaIagRqniy§ | umraﬁﬁéwmy%%ﬁ% | bJA@RtyDampugagipm,  py tetrakis(2,4-

tetraki S(d?ﬁ%?i;)%%@t'épphﬁ(}ﬂ)ﬁtg@irﬁih@niu{ﬂ t NEddRis(3,5-dimethylphenyl)borate,  tri(n-
tetraki s(pentafl uc_)rophe%:sg orate, lithiumtetrakis(phenyl ]) borate, lithium
t et r aki s (butst@mpniven atetrakis|3t hbigtifleerpmkibyDphenydbgrateh drifn-buty)ammpnigm
tetrakis( = (i a | L . | } ' ~

et IR MIE AR (LSRR e, v

t et r aki s(dreathgfahiliaiuophemttakisgnasdlgl)bsath umN, Ntdimkihglaptimin ) boetedkes(2,40di um
tetraki S((ﬂlr-nethylphenyl)borate, N,N-dimethylanilinium tetrakis(3,5-dimethylphenyl)borate, N,N-

dimethylanilinium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, 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(trifluoromethyl)phenyl]borate, triphenylcarbenium
tetrakis(pentafluorophenyl)borate, tropylium tetrakis(p-tolyl)borate, tropylium tetrakis(m-
tolyl)borate, tropylium tetrakis(2,4-dimethylphenyl)borate, tropylium tetrakis(3,5-
dimethylphenyl)borate, tropylium tetrakis[3,5-bis(trifluoromethyl)phenyl |borate,
tropylium tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)borate,
lithium tetrakis(phenyl)borate, lithium tetrakis(p-tolyl)borate, lithium tetrakis(m-
tolyl)borate,  lithium tetrakis(2,4-dimethylphenyl)borate,  lithium tetrakis(3,5-
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tolyl)borate, sodiumtetraki s(mtolyl)borate, sodium

tetraki s(2, 4-di net hyl phenyl )borate, sodium

t et - aki s(3, 5-di net hyl phenyl ) borate, sodiumtetrafl uoroborate, potassium
tetraki s(pent af |l uorophenyl ) borate, potassiumtetraki s(phenyl)borate,

pot assium tetrakis(p- tolyl)borate, potassiumtetrakis(mtolyl)borate,
pot assi um tetrakis(2, 4-di nethyl - phenyl)borate, potassium

t et raki s(3, 5-di net hyl phenyl ) borate, potassium tetrafl uoroborate,

tri(n- butaah)eammfah*lmo&ﬁ@,r aki s(p-itgh ) @l UM nakSaudrbbdrire, DUt Yl ) anmaRML UM
tetraki s(mtolyl)alumnate, tii(n-butyl)ammoniuTn tetrakis(2,4-

di i net hyl tetrblgs(pentailuorophenylpbasaie.y | spdinmmo rictakis(phenyl)borate, sodium  tetrakis(p-

t et r aki i.oet hyl ph . i o tdi(n- '
eSO DR RONARLHOMRESE BB e

t et rat! Sgsmdtun’ln y:tkwdﬁn@,ﬁa?methzllpﬁﬂémta{whl F\smdiulnml Uetrafluoroborate,  potassium
tetraki s(mt uni na , i ni | i ni i )
tetrakis (ts?#gﬂ%ﬁ%ﬁwﬁ%éﬂﬁm%@t&rﬁOFﬁaggm t%&,r?@%ﬁpfeﬁé\ffﬁ%aw Potagsiyyotrakis(p-
tetraki s(@iypheiabet hydipsRay | ekl RabBbdaly; di goeistivhAnidtRisda-UehdRyil S

(pent af | uorophenyl )-al um nate, triphényl carbeni um .
t et - aki s(phenydarytel uni metassiumt r i pherakiséhpidémethyiphenylborate, potassium

t etraki S(%ﬁ{}@_lo}l%qo}&é,um nﬁ%‘?ﬁ“&}@é‘ﬁgﬂ%‘\{ ar bepl U LeblyNshififatd  trico-

di et hyl phe um’nat e carbeni um

t et r aki s(@itd)ammedituyl phetrakis(@ttoiyi )Jalhenate,t r itpipebuty1gandemunm tetrakis(2,4-
tetrAi s(pent af | .uor opheny. |l um nate, tropyl]j tetrakis(p- tolyl)al um nat
tropyl | URRRECY RGBT (L St DpiASRam By el tensRy Snipate, bt

di et hy! Pyl AbiEat et ABMAMBRRih A SAReR; oI M RudinbsMuhlifum nat e,

tropylium tetrakis(pentafluorophenyl)alumnate, lithium

t et raki s(tpedaypitelzhdpmaaid, ) A.0imethylanilinivm; uietreldsraioly)abreingte) aMNiti nat e,

I e O o e e T
i et hy! placiyd() i dumhglpbonylahisinare o r af | NO¥ dimidasliniact um _ tetrais
e S M o STt AR
sodi um t etiprdoyfarbefiunti NRirAMS@NOM)-Mahiidtdat eipleAfichBenium  tetrakis(2,4-

tetraki s(3, 5-di net hyl phenyl )al um nate, sodium_ tetrafl uoroal um nate,
pot assi urﬁlméfthb’h’lbf:@(l%bmlaﬂlt?u dripkiegrbeaiumni tstekis(G podimstiviphenyl)aluminate,
tetraki s( l.hat | 1,503t ol U n -pat assi um
totr aki o(APrey| eIl RaraRBRANNT Mt O Mo P " efaicp
t et r al ds(t@lyBakintimate¢, hy [tpipgliyth ) altetrakis@heplyhoeluassdtem ttedpyhitons  tetrakis(2,4-

(3,5-dineth nyl) al un-dnat e,.. pot assi tetrafl yoroal um nate, or any

Conti nat e BRebeatipaey Byl R SO Fordnt

limted tibedked(PentdflvoRphryeBithinate, lithium  tetrakis(pentafluorophenyl)aluminate,
lithium tetrakis(phenyl)aluminate, lithium tetrakis(p-tolyl)aluminate, lithium tetrakis(m-

o

tolyl)aluminate, lithium tetrakis(2,4-dimethylphenyl)aluminate, lithium tetrakis(3,5-
dimethylphenyl)aluminate, lithium tetrafluoroaluminate, sodium
tetrakis(pentafluorophenyl)aluminate, sodium tetrakis(phenyl)aluminate, sodium
tetrakis(p-tolyl)aluminate, sodium tetrakis(m-tolyl)aluminate, sodium tetrakis(2,4-
dimethylphenyl)aluminate, sodium tetrakis(3,5-dimethylphenyl)aluminate, sodium
tetrafluoroaluminate,  potassium tetrakis(pentafluorophenyl)aluminate, potassium
tetrakis(phenyl)aluminate, potassium tetrakis(p-tolyl)aluminate, potassium tetrakis(m-
tolyl)-aluminate, potassium tetrakis(2,4-dimethylphenyl)aluminate, potassium tetrakis

(3,5-dimethylphenyl)aluminate, potassium tetrafluoroaluminate, or any combination
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invention. The O efin Mnomer Unsaturated reactants that are useful in the
pol yneri zati on processes with catal yst conpositions and processes of this
invention typically include ol efin conmpounds having fromabout 2 to about
30 carbon atons per nol ecul e and having at | east one olefinic double bond.
Thi s invention enconpasses honopol yneri zation processes using a single

ol efin such as ethylene or propylene, as well as copol ynerization reactions
with at |east one different olefm c conpound. In one aspect of a

copol ymer t f e ise a
o) or amohieoh ARt SR heToBiipe ! @RPouide mb B LB LoRE SiERRL
conononerin¥&dionol e percent) though this is not a requirenent. The
conmononers that can be copol ynerized with ethylene can have from three to
about 20 carbon atons in their nolecular chain. Acyclic, cyclic,

pol ycycl i Ehe QlefimiMignomen)  internal, |inear, branched, substituted,

unsubst | tut ed, u{JRGhbORALAE tha 8N ftH@?&l RALdR brololol Qan Tl

enployed in this 1nvention exanp aturate ounds

t hat may dmmg@eiltlymaandzmdcmdsmftﬂms inveation Wicsllpﬁncﬂudesolq:ﬁweoqumds hmflmmle but

t t e 1- but t h
Sobutyl chith oA e AR a0t FRE MRl S haing Memting R hen ene,
1- hexene, do%btazea«ﬁlaemsqmm&eeno%nq;a&)éé hbmbﬁ)iﬁﬂ@mzaﬁoﬂ@ﬂio%%s ugnpapigne, 3-

hept ene, the four normal octenes, the four nornmal nonenes, the five norm

decenes, @lplin sughyas gfhiensior pRYPYISRE #r Welhacaprbiessizatin, repstions fathiat dsast i ¢
ol efins, dﬂéch*ﬂ"& %ﬁm@(&)mgh%ﬁﬂt. Lﬁdf)ﬁcﬁ ’asIS‘e)éf: e QBg&gxgeﬁﬁ'aﬁloﬁ hl%é&ﬂ)ﬁ of

norbonylene nor ene yneri zed

descri becktiaiencs. cowigmem cf)pthlylpnercongmd@a mﬂ);r ammntrmfmtbylem M%mlmy be
copolynerlzed wth a conpnomer @ he coq? h ncl ud but are
not | m tRSEFPB, 4% % BYREEmou OMPEWE E ENe° PERREY n\gf’“% stésn‘é" a

i sobutyl Q’@%ureinﬁﬁ nltlﬁ%mo%oﬂéﬂttﬁﬂecanajef’ﬂiﬁ)bwhrehze@&'ﬁtheﬂmleﬁé-dmtﬂayé flompent ene,
1- hexene hexene, 3-hexene, . 3- ethyl-l-hexene 1- heptene, 2-heptene,

3- hept endhree fealayt;20 asbematons insthels malesuler §bginnor mal  nonenes, or the five
normal decenesy, Hcﬁ@@ﬁ@ <ﬂﬁ§ﬁ§&ﬁnn&ﬁﬁ.@&”Bﬂ?&ﬁrhﬁﬁy Qﬁn&ﬁheﬁﬁﬁﬂukﬁom

1-butene, 1 -pénté 1-oct ené decene,” or styrene. 41 The
amount  ofunsestiteds functionahed,eahdi mrnﬁactncmbmdoweﬁmwmavdaepmpmw inhthis

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-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, and the like, may
also be polymerized as described above.

When a copolymer is desired, the monomer ethylene may be copolymerized with
a comonomer. Examples of the comonomer include, but are not limited to, propylene, 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-hexene, 3-ethyl-1-hexene, 1-
heptene, 2-heptene, 3-heptene, the four normal octenes, the four normal nonenes, or the
five normal decenes. In another aspect, the comonomer may be selected from 1-butene,

1-pentene, 1-hexene, 1-octene, 1-decene, or styrene.

41°



copolynmer is generally fromabout 0.01 to about 10 wei ght percent conononer
based on the total weight of the nononmer and conononer. |n another aspect,
t he amount of conononer introduced into a reactor zone is from about 0.01
to about 5 weight percent conononer, and in still another aspect, from
about 0.1 to about 4 weight percent conononer based on the total weight of
t he nononer and conononer. Alternatively, an anpunt sufficient to give the
above described concentrations by weight, in the copolymer produced can be
used. VA le nofnd BRI 60 cbfloRiindOfidaled! M ol REAIOK zbil WdProtiEOlmd Nat
branched, substituted, or functionalized olefins are used as reactants, it
i s bel i evegpotymxtr isgeneially ftomatyasih 081 e gboutp @ cesight génoentsomanomer based on

pol ymeri zati.on, process.,. Thus, branched and/or. cyglic portion(s) of.the
et r osa SRR e Aokt B4 505D on bt EBSh b ENaTrRCRE: "be
expect ed ¢ondhofide intfodecadaantd Ractonzdneds \iyn ddvat 00heo abs® SokéEightpercent
substituents situated npre proximte to the carbon-carbon dqubl e bond

mi ght. | ncogpRoRehetd iy still cngther gspect dom Abouf Gyl o, abu: 4 Wedght R5#5585i t i ons
of this i QyemohRPbised 6h M BHEweit bi'lie NRAKIE IRl PomeA Qtphdely, an
honopol yneri zati ons or copolynerizations wwth a different acyclic, cyclic,
t er m nal , amoung suffitient to gisegrthe vayr clissatibed adnsentratioasiby weighh smbhstcopelymdr ol ef i n.
In addit] h at al,yst conpositions of this invention may be used in
pol ymer i z%rglg%cﬁag%&d'i‘sg ‘efin conpounds, including but not limted to,

1, 3- but adi ene, While pioe iretendingd 1@ ®st aing s, thiakitody, Sn thx adestnthat Braagirdat i on of

the Catal yst  Conposi.tign This |nvention enconpasses a tal yst conposition
conpri si n?(j‘gftﬁléte offt 5‘8{0“0??1’6 olelids ae sed,ap a{%@ﬁ?@% dhﬁ%@%&veéﬁr_fm steric
or ganocmlﬁﬁ&‘dﬁ%cﬁﬂ@%ﬁéﬁe Aakl/dr QB ﬂ%&ﬁo]yﬁ&%@ﬁ'&%‘e&s{ qRLE braRhtd afbde, and

at | east one organoal um num conpou anot hér aspect, this invention

enconpas swslieponions) of theedlefig rameved somieybat feampls parberncarbere dovde Spidy
cont act | oo Bt L4 PeGes s R YRE B I REL RTINS TR Mthcn] oS!

one chem Cca rea oxXI de, one organocal um num
conpound, situated amyre prostémate kanthichiasboasiaehoh,doable dohd weglaalmbdnesdspeygrdedst | on i S
obt ai ned when the catal yst _conponent.s ar ontacted i.n any sequence or
order. | rPiEn&ieRERt g%rp cBfalysh; QMPRYEARS &E hnyrBrAR |18 cHRE KoM, the

8[ g??gfgr%ﬁéﬂzﬁﬁéﬂw&e ¢ith& hRSPO1FARIARbAOHAEI POl RErREESRN AR hedlfigfehh an
acyclic, cyclic, terminal, internal, linear, branched, substituted, or unsubstituted olefin. In
addition, the catalyst compositions of this invention may be used in polymerization of
diolefin compounds, including but not limited to, 1,3-butadiene, isoprene, 1,4-pentadiene,

and 1,5-hexadiene.

Preparation of the Catalyst Composition

This invention encompasses a catalyst composition comprising the contact
product of a metallocene compound, an organochromium compound, at least one
chemically-treated solid oxide, and at least one organoaluminum compound. In another
aspect, this invention encompasses methods of making the catalyst composiﬁon
encompassing contacting a metallocene compound, an organochromium compound, at
least one chemically-treated solid oxide, and at least one organoaluminum compound, in
any order. In this aspect, an active catalyst composition is obtained when the catalyst
components are contacted in any sequence or order.

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

organochromium compound, or both can optionally be precontacted with an olefinic
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nmononer, not necessarily the olefin nononer to be polynerized, and an

or ganoal um num cocatal yst for a first period of tine prior to contacting
this precontacted mxture with the chemcally-treated solid oxide. In one
aspect, the first period of time for contact, the precontact tinme, between
the netal | ocene conpound or conpounds, the olefinic nononer, and the

or ganoal um num conpound typically range fromabout 0.1 hours to about 24
hours, and from about 0.1 to about 1 hour. Precontact tines fromabout 10

m nut es tg. Aot rﬁg Rl Ly AR aliSHh t ¥Rh6REr don BEClpARREAIRE, a&RECHh Of this

i nvention, once t precontacted m xture of the netallocene conpound,
or ganoc hrayganeatuodmmo aowtalyst &friarfinstopesiod of timedrioo tgeonérstingrihispreeantastesl yst i s

contacted with t chem.cal | r.eaf.ed .sol.id oxide, ..t Lt
o frer bt i e e Gl ealef RBHE PRt So8 MrdSs el neGOFBP RS O
post cont agphget, Mh ipkicentadtempobéteedt det adtalibedne r@nipaynd jot iconpbindspeheal | owed

to remain in_ contact for a second period of tine, the og_tco tacé tinme,
prior to 9¢fini¢ monager rad the prezpeqlymmugy cpRauad §Yp11“1%lyo‘ﬁ§£%1 pECPouh8dt cont act

tines betygRNoLHSutPYSORR! Akt $éh aBbutioUr & B T MSur CHBEInERL tithe! irBRBFursO!l i d

oxide may range in time f(om about 0.1 hour to about 24 hours. In another
aspect, flomiexwspl soupbmonidsaee alsg typisak r om about 0.1 hour to about 1 hour

are typical. Ln ope ect, .t net al | oce n Lum
conpound, and Int%egélf’%ggrs R %ifhéselngflét?%nc)n%ggglg%g 8%3?%éecgmgtgg§ out 1
m nut e t an@kltiebne?4 cbpbend, at orghredh@ndinr esorfpountdabolfin]l 0@onbmerboattd 200C.
to forma precontacted m xture. Thia @bﬁure i.s.then contacte Wih}h t he
or ganoal (REFROAEGTHES GAEALAIESLE 18 cantactsd Syt theacheayically; treqtizds soli, gxide, this

precont ?%ﬁl@gsitiéﬁqm; CORpAShE Nle SEiRRricay ROt BB IdREdeFaS Gefnhtd the
productivity of the catalyst as conpared'to the sane catal yst conposition

that is mosipentactedvnidtara: Thapostsontaeted migfurermpoentionaltyses dllogred tpyaiagt In nei t her
a precontacting step no . postecontact | uj . S

i nventi onc.ont?ﬁteg%o%t%% ({31 ?relcc)fpnq%x@ﬁl?’eﬁlr?a?g%ce tt%gt@éee’aﬁr?og tore%pﬂtel%ta urrﬂ% and for
a dur at i qlynsatizhiicti @rdcesso Ial brvagedsrpisicontacti timee dgrawdenntheoprecontaetegct i on of
precontacted m xfure and . the chenmical|ly treated soli.d oxi de uch that a
portion d?lelﬁ"ea‘é‘{)ﬁl}:‘ﬁﬁh‘%}ﬁ‘l"gllﬁre"tt soligy ay raage i pg frem Oflh%gﬁofnf Bed,

adsor bed, a0t MERAS. 11E Shdhe 80831, f5i06xafpRIPbRcorkde timR® HofPaHoae 0.2 thotit %t Ur e may
be heated from between about 10C. to about 200C.
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
mixture is then contacted with the organoaluminum compound to form a postcontacted
mixture.

The precontacting, the postcontacting step, or both may increase the productivity
of the catalyst as compared to the same catalyst composition that is prepared without
precontacting or postcontacting. However, neither a precontacting step nor a
postcontacting step are required for this invention.

The postcontacted mixture may be heated at a temperature and for a duration
sufficient to allow adsorption, impregnation, or interaction of precontacted mixture and
the chemically treated solid oxide, such that a portion of the components of the
precontacted mixture is immobilized, adsorbed, or deposited thereon. For example, the

postcontacted mixture may be heated from between about 10°C. to about 200°C.
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43 Tenperatures between about 20C. to about 95.C are typical if the

m xture is heated at all. In one aspect, the chemcally-treated solid
oxide is calcined at a tenperature from about 200C. to about 900.C., and
for a tine of about 1 mnute to about 100 hours. The cal ci ned
chemcally-treated solid oxide is then contacted with at | east one

net al | ocene conpound, at | east one organochrom um conpound, at |east one
organoal um num and at |east one ol efin nmononer to forma postcontacted

m xt ure. s[if%:luﬁe% ' t &3 : r rom um
conmpound T‘%}rg e rb g?ﬁ&éggggémlzgggrlfgtag&g%gut@ aiﬂre %g’%?ﬂpﬁmgg%‘%ﬁﬁ?gg%g@? ht he

nol ar ratalb of the netallocene conpound to the organochrom um conpound may
be from about 10:1 to bout 1:10, or .from about b5: 1.t 0 , The

mol ar ratio of “t9H& 2MSEh eocg“gﬂlécaéﬁ'rﬁ%tﬁﬂ8013dg%§1§%1859§51r?8§?%ﬁ ' E%%%S%&r)nund may
be from afsut 200°C0f dbouB$BAC. Lindl. fot A timeaifhBsutdSpiate totabeutrtobdoursaThe of the
net al | ocene .conpound to the organoal'un‘i num conpound n]ay be from about 1:100

to aboutcacined ‘éﬂ‘i’&ﬁ‘?aﬁt‘yéﬁ‘éﬁqﬁleﬁo}i Bdetis thenoeaniastsdt With spleay opgggtaliocsre These

mol ar rat éd?[?po’hﬁcfl,l £ fdast dndSrgAbéRoRfunt Binp&ind) ataEBLUGHe &%an@@lhﬁﬁﬁt@&,%ﬂ@ afonpound
to the total® amount of organoal um num'conpound in both the precontacted

m xt ur e aleest bheolelis eonmactoddrm apgsteantactedithixirel. When a precontacti ng step

i s used, gener.all the molar ratio of ol efi J1et e
conmpound comnbi ﬂbed‘%f’lﬁr ﬁi‘g %gr‘@ec%ﬁﬁ%g%‘i% C(r’nmg?%nrdgo n%;é;g%gﬂ%@%llgﬁo%bi p?:&‘%{] to
about 1: 180§ beOfrothr AH3ualoot tb: dddut Q: 100 ahothBO aspett thef molaheatiespeld of

this invention, the weight ratio of the netall ocene conpoun to the
cheni cal | petallecepe gowppyndl i9xthg orgampclyemiymg spmpeRd May er%’r%ﬁg?ﬁt ]&:]05?)1: 1. In

yet anot heit 30k atoll §1toMsgt 13N, the weight ratio of the netallocene
conmpound to the chemcally treated solid oxide can be fromabout 1:1 to

about 0.001: 1, Themjolanraginof es metapesne compeundetb dig oganoalunipumtsempognd01: 1.

The weight ratip of the ¢ LC reate i i .

or ganoal uhif S’r% ﬁglgrr%%oﬁlﬁc} '@g“’r E{I’)IJ&]% #? ‘02111Ii aaggté}fg ll fgfgéttgga%@a{ tl]%b)o :Oﬁ .th? n

anot her asp@ltécent bemp&inghd th@biganoahiminhe cdmgpuuad nhay e framexdbostol :i1A0 6xi de to
t he organqgal um_num conpound maybe from abou} 100:1,.and in

yet anot oubkgeand in pQshrasprgt Trom ahogt 59@3«?%% }_JIOt These molar ratios réflect

the ratio of the total amount of metallocene compound to the total amount of

2__0_

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 from about 1:1
to about 1:1000, or from about 1:10 to about 1:100.

In a further aspect of this invention, the weight ratio of the metallocene compound
to the chemically treated solid oxide may be from about 10:1 to about 0.0001:1. In yet
another aspect of this invention, the weight ratio of the metallocene compound to the
chemically treated solid oxide can be from about 1:1 to about 0.001:1, and in another
aspect, from about 0.1:1 to about 0.001:1.

The weight ratio of the chemically treated solid oxide to the organoaluminum
compound may range from about 1:10 to about 100:1. In another aspect, the weight ratio
of the chemically treated solid oxide to the organoaluminum compound maybe from

about 1:1 to about 100:1, and in yet another aspect, from about 1:1 to about 10:1.
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44, The anount of organoal um num ranges from about 0.01 ppmto about 1000
ppm by wei ght based on the weight of the diluent, In another aspect, the
organoal um num ranges from about 0.1 ppmto about 500 ppm by wei ght based
on the weight of the diluent, or fromabout 1 ppmto about 150 ppm The
ratio of the 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
fromO0.001 ppmto about 100 ppm by wei ght based on the weight of the

di | uent, or freqp ahdith oPorkaiilirhifumGaRRR o abdud 0 Pphfio HBRELI00 gph™ 0. 1

ppmto 10 ppm Alum noxanes are not required to formthe catalyst
conposi t i nweight bassd dnhibceveight of thealiluens, Irhanothdr|aspest,| thowrgapodlyminum

production _costs. Accoxdi ngl h esent i nventi e LAl type
b ganoal (ireras, fHEECGE B, -balE O v BB B of s vaEf T4
absence odilweht)otr fiomadbest 1 Phinlte abait 160 ppmdiThgratio dichdohiendcdily tiehedsylid it i s
believed that the organoal um num conpounds likely do not tivate the

met al | oceMIcRttat anf wﬁk o1 At el ghO stoéﬂ%ﬁP-gEmgmﬁi %ﬁ?ﬁ cene

Addi t i Onaédnibouﬂ&’rﬁfgl‘?@ﬁéan@O@P%%}{ﬁo SRRV FprPby MB{ghe bacd onaRslWeRMt bp form
the catalyst conposition of i's invention, although alum noxanes,

or ganobortbe ddeensoarrfaum abous i Izppmg to 56 ppmc oo anrdker agpaghitom Ad rponisolthds,
MyCl2, or_ any conbi nation thereof can optionally be used in the catalyst
corrpositi%’n ‘of this invention. Further, in one aspect, cocatalysts such as

al um noxanes, Alugansxandsciic aopquireddso foranthzicaglysocontpositionplingivdsd haeiganozi nc
conmpounds, _or any nbi nation thereof may be used.a ocatalysts. . with the
met al | oc&]@a%ﬁﬁlahﬁgzwsglpwwoqm% m@glfﬁ_ﬂegéﬂ%t_% Aoty dhe st WGRtioR he
chemi cal |déntds@@HRQty%Q|dr$hn9§lhﬂl%1un@@&nﬁéthﬂ§’ fnd B chBRicANEHeMEE sQlid bidd e

absence of the organoal um num conpounds. The catal ytic activity of the
cat al yst thespwste plorluminoxpies. Whilemot svieriding tppheckung bygheaiy eit i brlisvest equal

T L N ST e T
conposi t i sameafianhbi & anovgambalominoxynde characterized by an activity of
greater than ol Eoul AS Aot 090 SBICACTECH cand. b anoiier gipect. an
I S nMeasur@ehlysn 8shpssititnl of tRig lidyERtib, Alth&uikh A&k SorgalobonicoRPoimRe as the
di luent, and with a pol ynerization tenperature of )

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 thereof may be used as

cocatalysts with the metallocene compound, either in the presence or in the absence of

the chemically treated solid oxide, and either in the presence or in the absence of the

organoaluminum compounds.

The catalytic activity of the catalyst composition of this invention is typically

greater than or equal to about 100 grams polyethylene per gram of chemically-treated

solid oxide per hour (abbreviated gP/(gCTSOhr)). In another aspect, the catalyst

composition of this invention may be characterized by an activity of greater than or equal

to about 200 gP/(gCTSOhr), and in another aspect, an activity of greater than or equal to

about 300 gP/(gCTSOhr). This activity is measured under slurry polymerization

conditions, using isobutane as the diluent, and with a polymerization temperature of

about 90°C., and an ethylene pressure of about 550 psig. The reactor should have
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about 90C., and an ethyl ene pressure of about 550 psig. The reactor should
have 45 substantially no indication of any wall scale, coating or other
forms of fouling upon meking these nmeasurenents. Utility of the Catalyst
Conmposition in Polynerization Processes Pol ynerizations using the catal ysts
of this invention can be carried out in any manner known in the art. Such
processes that can polynerize nononers into polyners include, but are not
limted to slurry pol ynerizations, gas phase polynerizations, solution

pol ymer i Zﬁ%ﬁﬂﬁal%ﬁ&? it atibn F&%%r%an? Qb N@hdtif Or LIRF §9ims I ERingWpon

pol ymeri zation zdne known in the art to produce ol efin-containfng polyners
can be utingkingthesFmeasuxeamgitse, a stirred reactor can be utilized for a

bat ch process, or the reaction can be carried out continuously in a |oop
reactor Oy iifl; & the ChkdlR Conipdsk o?lqn.rl% & atﬂ;}m‘rs s.L»éé’ f[he . polymeri zatlons
di scl osed : rization process in

a | oop reacti oPolymerzatiGod tisihg e¢hedcdtalgsts ©f dlsie dnventied wan e gatricderut Z@manypn ar e

well known in .the art and jngclude hydrocarbans which are I.iquid under
Feact | on DR KPENE T YGRS PHRACTER et cas PO oy TOR B 1RE RSCEES does
not necesgakuldt,YoulBRaMmoBRmitBE@ ol IRy SolRkrizadnd, BhSphab€p SrizadAs, sbRtibmcl ude
compounds and conpositions that may contribute to polynerization process.
Exanpl es BAlymg@sabiens, sbéhsultirsracton sopbingens theyeefi Thesesy palymgeeationizgne ar e not
limted t I ' r = P oy
isopentaﬁ%?mﬁﬁggggﬁﬁgﬁ?ﬁxgﬁgQﬁ$§g§3ﬁgyg#gggggﬁf%?Q%gggﬁggﬁgg%gﬁﬁggﬁﬁas t he
di | uent i stireedsdeactorycanpld ytikzeadz for iaobatciEpempisesr die tdactsont emhbo kagigd ave f ound
in US. Pat, Nos, 4,424 341: 4,501,885; 4,613,6484: 4,737,280; an

5, 597, 892XCNHRRHSEF Ryl 46 <ok Ppdh at SGnuPour SFHEFl n@éctﬂrerﬁm?alﬁn% s
entirety. pdiah¥iRkibAedikdbset oA catticd Mt Bsih®h slt§ folyRe@YatibrHOBésk @ can
conprise at least. one raw material feed system at |east one feed system
for cat al §¥opdeactian Py tSuitaliedinens yseddn surspolpnerizabige @iy wel kpews it | east
one pol yIHgE oeSRVEENIS HSdBEHBnsADMich 31 AR Gn8A'TRAARI RRALBAY 9k terd t 81 €
reactors for the present invention can further conprise any one, oOfr

conbi nat i Bhluerdt; as usdal ial thistdiseusgdoes ywt eegeswnlyemean sn aersystesal, aathicool i ng

system di l uent recycling syste or contrql system Such reactors can
oorr T e eBh: Fodtsa i s Bite “Sripofhooand . EdtrsfiopS YFE dbay woR bR tone . -and
pol yner . pdbanerizakiby procesdt ERaaples Bf BRRSGESNS it CATPE uSs dshiRluelts ihdhuiRUS

i ntroduction of a nononer, . .
but are not limited to, cyclohexane, isobutane, n-butane, propane, n-pentane, isopentane,

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

Polymerization reactors suitable for the present invention can comprise at least
one raw material feed system, at least one feed system for catalyst or catalyst
components, at least one reactor system, at least one polymer recovery system or any
suitable combination thereof. Suitable reactors for the present invention can further
comprise any one, or combination of, a catalyst storage system, an extrusion system, a
cooling system, a diluent recycling system, or a control system. Such reactors can
comprise continuous take-off and direct recycling of catalyst, diluent, and polymer.
Generally, continuous processes can comprise the continuous introduction of a monomer,
a catalyst, and a diluent into a polymerization reactor and the continuous removal from

this reactor of a suspension comprising polymer particles and the diluent.
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a catalyst, and a diluent into a polynerization reactor and the conti nuous
renmoval from this reactor of a suspension conprising polyner particles and
the diluent. 46 In one aspect of the invention, the polynerization reactor
system can conprise at |east one |oop slurry reactor. Such reactors are
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 perfornmed in an organic solvent that can disperse the catal yst and
pol ynmer. Exanples of suitable solvents include butane, hexane,

cycl ohexalmegnesaspent ®f tlanuhventimb theaprdymdrtimatioe reacto Isystern cag gbmbyisst atdea$t any
conmononer _ar.e continuously fed to a | oo react gr ere pol.ynerij.zation
cocur o PR Rer S TR el a Sitns B 86 it nd S0 SRRl bt

React or efidrizdgfal 100ps firhflb@shes domprieeavengdld toopadri dlsdrizsiofl.lodps. Maltipdaot her
aspect of this invention, the polynerization reactor can conprise at | east
one gas pRER &R Eacompise bathaterirgl andhherignigl logre dheistmaurolyaeszafien st r eam
cont ai ni ] FBLR j Ydi t i di zed
bed in tﬂ(gmo%fggg%r?%ﬁglp n{ﬁﬂg cat alg(g{s)%ﬂttr}ﬁﬁgcrﬁn p%llgge?r%ere?lzeaﬁ%%@?gﬁ itl}lflﬂcg%ys. The
recycl e sExamplescafi Hutablei sélderdswninélnden uitanef |hekatiez exyclobexaand ocwogchedl back

into the reactor,, Sinultanequs Lymer product can be w r from
the r eactSToua Mo B bATER Safisteb i FomeRoREs PRMBE e 00

pol yner i zeekteiowhére polybiegiRatdSoq@iRs BolyfrfikAion cafncOeTPlow eeniperftiesasd f or
mul ti-step gas-phase pol ynerization of olefins, in which olefins are

pol ymer i ZE$SW51$@C@5§%UG§tC§HQ§§a§Wd5? rquaoy&the %dir??&ép_endent gas-phase
pol ymeri zat i ony, \zpRRMmMLdE: SABRIIRGENROS FhEDN et ARbR GRS cRPEIHFIsePr med in
a first polyneri'zati on zone to a second pol ynerization zone. I'n still

anot her dsgéaomeagast phasé meastori Snch systempo lcgmempkat & onirRs glecyshh seewpr i se a
tubul ar reactor. Tubul ar reactors ke . i

it at § ooaRhg ol Bhidls HEAGHRS Tl PR TG B i REd B B i o
pol ynmer i zgtsdete of dlxkatalystemndep pdlyntdizatidy eomiiticers aThe ecwslevdienm Eanebd
nmononmer, inifiatogrs, or_catalysts are added. Monoper can_be entrajned in
an inert Vihdsp feom M‘&a@eﬁ ryﬁ’ﬁtj @Baéﬁ“d’c% ek “2t8rfg§ 6?a°f‘ﬁes1n%“a\@f‘?ﬂu.s Y

| ni ti at orgyhéd Jodiik San BOWiRtrawal BbMSthe UIRPARD hew GR TR nfiHohRt BAflhd N a

gaseous streamand introduced at another zone of the reactor. The gas
streans aadded he aenlioectie fpotymeyizkq magriomer. Durh $dsaphasgh teagiosss say eorapiisehe

enpl oyed B85S ot %&lltiystépo ggp-bﬁ‘ésg 8&%@£ation of olefins, in which olefins are

polymerized in the gaseous phase in at least two independent gas-phase polymerization

zones while feeding a catalyst-containing polymer formed in a first polymerization zone
to a second polymerization zone.

In still another aspect of the invention, the polymerization reactor can comprise a
tubular reactor. Tubular reactors can make polymers by free radical initiation, or by
employing the catalysts typically used for coordination polymerization. Tubular reactors
can have several zones where fresh monomer, initiators, or catalysts are added. Monomer
can be entrained in an inert gaseous stream and introduced at one zone of the reactor.
Initiators, catalysts, and/or catalyst components can be entrained in a gaseous stream and
introduced at another zone of the reactor. The gas streams are intermixed for
polymerization. Heat and pressure can be employed appropriately to obtain optimal

polymerization reaction conditions.
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pol ymeri zation reaction conditions. 47, In another aspect of the invention,
the polynerization reactor can conprise a solution polynerization reactor.
During solution polynerization, the nmononer is contacted with the catal yst
conposition by suitable stirring or other means. A carrier conprising an

I nert organic diluent or excess nononmer can be enployed. If desired, the
nononmer can be brought in the vapor phase into contact with the catalytic
reaction product, in the presence or absence of liquid material. The

pol ymer | zal | O ek SispdP o tAY HRMndn, EEREH AL ABICREDY E45 hBBdnat Wl |

result in the tormatio a solutron'o e polynmer 1n a reaction nmedi um
Agi t at i onsobwtionb@olymetiestiont deactong Dpwingneoliutiart | wlynaizagds, athe benomer is
tenperature control and to maintain yniform polynerization m Xtures

¢ hr oughol SRR SN, A PEaTst HRRs RO etiitable Sl on Pl Fiepns, oy Shigier

di ssi pat i qihpriRfhg @8t efdihic diRht G expek WidHo®AtarObe employ@D I d&ired,ahé on can
be effected in a batch manner, or in_ a continuous manner. The reactor can
conpri se BoRQmGreeanghe hroughiay theneapox ghascaintn comfagt Wit thsy satelylh ¢3¢ ur e and
| ow pressging,d OirS fRA deesk RQhi¥MBhteridin The | pUij A& zaf5R &Bhe 9§ T he

I nventi on, %ﬁ% gﬁﬁgngg%ﬁﬁ%Pgﬁﬁgég%t%ﬁ g@éten1€an g&%%%?sgathe co%bination
of two ormaptagredabtinpresaturs adlpressores dliat woll yessitdn the fomhatioplof a spktion of s can

i ncl ude several stages i.n at .least .t separat e, pol yneri zation r.eactors

e er conr 5% agmsS L7 prachih BleaE AnitlifR PO ST AFiob HTEe S SeliBh ¢ e

pol ymer s dbesibll Betted terhpepafuiel Coritiol Sdndpfl idthia adii fm! pelginefizdtioh Omixt@esecond
reactor. The desired Polynerization conditions in _gne of the reactors can

be di f f er@augheuhe melEREIatI gonso Mifleanan mesns Ak utibgadetor rdisgnagpg the
A L et NALI Uik ORI B @FzakiBn THhi | A FindrBAGSP ofin ARNMBALAIGL ol BACHTRN U]

transfer polymer fromone reactor tosubsequent reactors for continued
pol ymer i zagtinen.or iU fontimaeusomgnisanThardacide camgompndsi o a¢riesrofi atdeastiongy, but

not limted to | ti.ple.log reactors. nultiple gas react.r

combi nat i r Pt 1bsmeRy el Bhautry B4 B refisih Sred e BRI [ cactors
or sol ution rdaci qushem ispegast e Imveitioneahé Pobymerizhtiom reactn| ysicon can
reactors, or multiple autoclave reactors. Poly rjzatiogwﬁenperaiure for

this i nveempgise thepsaahingfiongfdwe arpore Jp#iersclyeductiop of polmergen multinlg ¢ h a

pol yneri zad @y daRambh@d stemeiaiddl § TPIdst Wb GEbdrate PRBArAfon Reicwpen about
70C. to about 110C. The polynerization reaction typicdlly occurs in an

i nert at rinpsioanested: hyaa triagsferi device making it possible to transfer the polymers resulting

from the first polymerization reactor into the second reactor. The desired polymerization

conditions in one of the reactors can be different from the operating conditions of the
other reactors. Alternatively, polymerization in multiple reactors can include the manual
transfer of polymer from one reactor to subsequent reactors for continued polymerization.
Such reactors can include any combination including, but not limited to, multiple loop
reactors, multiple gas reactors, a combination of loop and gas reactors, a combination of
autoclave reactors or solution reactors with gas or loop reactors, multiple solution
reactors, or multiple autoclave reactors.

Polymerization temperature for this invention typically ranges from about 60°C.
to about 280.°C., with a polymerization reaction temperature more typically operating
between about 70°C. to about 110°C.

The polymerization reaction typically occurs in an inert atmosphere, that is, in

atmosphere substantial free of oxygen and under substantially anhydrous conditions, thus,
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at nosphere substantial free of oxygen and under substantially anhydrous
conditions, thus, 48 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

pol ymeri zation reaction pressure can be any pressure that does not
adversely affect the polynerization reaction, and it typically conducted
at a pressure higher than the pretreatnment pressures. CGenerally,

POl YITer | 2t 10 bRES S fafer s Ghd LGP BLind THRRANE! & Oy, RGP tifRphcde Haput 1000
psig, nore typically fromabout 50 psig to about” 800 psig. Further,

hydr ogen example dgsstiogen dridey argby,rietypally employod axsthe pélymirizationvenstaron t o

control poly | ecul ar weight. After the palyner re produced, they
can be formed TESTylFThen KApol mstsure Gambe R proseivre st dPsiql adveresty
househol daféentheipoBiterizaticingidtion, dndlinypicaltyl cérRluctdd drBpressudd highertiem, th@i pes,
geonenbranes, and liners. Various processes can formthese articles.
Usual |y, BEWratmeiressuresdasneradlys Plymeteriion nressynse aﬁﬁf@fﬁ@ﬁ@ﬁ%@éﬁﬂ? 0

provi de ' i [ I YSgk ¢ eSS HdubPgsh hes §hupnerarticl es
can |i ke?@é%g%g?ggﬁ%ggég{)sgx?%}%mgﬁgca?gg({ﬂmi I g@?r%llgnt al ni ng Igrr\%ést or all of

t he uni quzydpegsperan be st inghe potpmerigatiod preagswfi this inesniibh éa eongrobpefsimet hr oni um
cat al ysts, 1%:0 av(/(i:is n of Metallocene, O ganochrom um and

Met al | ocen%-ﬁgano fomum Catalyst Resins FIG 1 illustrates the

pol ydi sper si t i &Rerother pslimersodre aprodsbelly diayacdn B¢ formed into various articles,

but yl cycl opent adi enyl ).zi.r coni um di chl ori.de catal yst, (EX le. 4), i cunene
chr oni um infludige neEie_%tsﬁ éo,s*_)oyseglﬁ_ﬁpgprﬁ%mﬁ,nm% 51_m produtts, drufns, foef

bi s( n- butyliey %i&@?%&@}ﬂérﬁ%és,z iah& el VRGB! RotddgdsdiamUmme tHetd QRidE
catalyst (Exanple 5). As seen in FIG 1, the netallocene- produced resin

( Exanpl e Ugualyhaddlitives and anodifigss arephdsled|tarthevpplyimer dn order buprayide desired t he

or ganoch re‘%%%%{%g@&gg gl}%gfl{)eglflioﬁl d&%ﬁﬁéﬂeréiﬁxa?ﬁa'eseca?x)ﬁiek%i&metﬂrﬁucw & Logafest

nol ecul ar ron. I'n"conpari son,

met al | ocamest, ahila meadhaining iogirap dilicefcthe asiqne ptdpeetivp lof pblynmexdplodtcedanith

i nt er medi ate_nol ecul ar wei ght distribution. The netal |l ocene-

or ganoc hrBArIRRERTBEEFRdTS ¥t har act eri zed by a high-1oad melt index
(HLM) of about 0.275 g/10 min and a pol ydi spersity of about 64.5. FIG |

shows t hatodiprison 050 Miailioebnde@ah 6T bmihh J an® eI éeWe D gdhdtFirork it ai NS
el enents of both parents. The metall ocene-organochrom umresin shows a

central HreebpRaems om t he netal | ocene
FIG. 1 illustrates the polydispersitiecs of resins obtained from a bis(n-

butylcyclopentadienyl)zirconium dichloride catalyst (Example 4), a dicumene chromium
catalyst (Example 3), and a combination bis(n-butylcyclopentadienyl)zirconium
dichloride/dicumene chromium catalyst (Example 5). As seen in FIG. 1, the metallocene-
produced resin (Example 4) exhibits a narrower molecular weight distribution, while the
organochromium-produced resin control (Example 3) exhibits the broadest molecular
weight distribution. In comparison, the metallocene-organochromium-produced resin
(Example 5) exhibits an intermediate molecular weight distribution. The metallocene-
organochromium-produced resin was characterized by a high-load melt index (HLMI) of
about 0.275 g/10 min and a polydispersity of about 64.5. FIG. 1 shows that the
combination metallocene-organochromium catalyst contains elements of both parents.
The 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.
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conponent, and broad tails on both high and | ow MNsides fromthe chrom um
conponent. 49, FIG 2 illustrates the polydispersities of resins obtained
froma bis(n- butyl cycl opentadi enyl)zirconiumdichloride catal yst (Exanple
4), a chronocene catalyst (Exanple 7), and a conbination

bi s(n-butyl cycl opent adi enyl ) zi rconi um di chl ori de/ chronocene cat al yst
(Exanple 8). FIG 2 shows that the conbination netallocene-organochrom um
catal yst contains elenents of both parents. The chronpcene catal yst

contributes thagd)i ghimRiracy! @e }g\lﬁl[y iBferlifitd A rdsHR WBlaflelOGRRE-a bis(n-
or ganochr om um produced resin. hough any net hods, devices, and materials

simlar obutﬂqmlmn@dtenybmcmmm dldlelgodq: b@dyﬁe(‘ﬁéamplgaﬂa, pehromeeenereatalyst

practice ting of the i Jven the and
mat eri al s&rér fter eg) descrl Bed. ?Qanqn ica %{)oﬁ@lcﬁ‘gg %ﬂ?@gﬂ?}@ fﬁgnned

her ei n ardichlotidy/¢iosmdetle heatady (E«anrp&‘ &) ef@. forshohe thaxr fies eombinde&cr | bi ng
and di scl osi

g, for exanple, the constructs nd nmet ogies that are
descri beantﬁﬂ’BC}‘?Ee -BLEINOLELTIYAY | CHHYEN CH{‘TQH’LS fﬂ %4% g&teptﬁn ﬁt\ith t he
present | YordGaGdehd @dtatyRY @BAtBltes hE h@%}plrﬂcﬁ&hla? r\ﬁelgmsgam@qmah@wo@éa@
throughout the text "are provided ely for therr disclosure prior to the

filing dargansfhromsumpmeednqed resigpl i cation. Nothing herein is to be construed
as an adm ss! OBl hopLAENRLRCR S Blic B0 LLIECo! SuaDliEgateuaeh
‘e Sroany par t1 ¢o

di scl osure by ‘vir rior’inven ar co
di scl os eokiebmtﬁdrheramy:agetmenaki int tha giragtiee poressigedt thel 'maemmnprttpeag@ﬁ:al al |
I,SQOners | Soner.s, Cﬁgggt ereoi soners that may arise

conformati o
from a pdf“ftﬁ?:(iﬁ 3?"1%3@13“@)?11 taf‘t]ﬁféﬁfléles general structure al so

enconpasses alAl RibHBitiASEARL pHieAS! BleRUIRE Sherdind akt ht%rpwtte@qterélﬁoaser S
whether in enantioneric or racemc fornms, as well as m xtures of

st er eoi sowference fer tha@uemese ek descebierand discinsings &yeqrempley dit $apstracis angt ¢ her
| | ustrat h -yed |
i1lustra ﬁ&h@é’ot@?& tB?t ;A%{élﬂgﬁd;&ﬂﬁ% ﬁﬁtglhc‘éﬁb& whid hmilgﬁt l?é Bs&t%‘?? %gﬁ&g% In

any way as | e scope ntrary,
it is to vith dieqmesslexytlwdﬂiemb&dandembat Thee[arbxhbatnmy dzeudsediataye \aad itlousghotither

cspects. STROdISILE T callonc,  and cquiual ente, Ligr el MLk, et ter
skill in dppBcatioh. Nbthi@Uierdd® Rafot B nbth@d astah @idfiddsidnt the thé ReeRloRSAB ot
invention or the scope of the appended cl ai ns.

entitled to antedate such disclosure by virtue of prior invention.

For any particular compound disclosed herein, any general structure presented
also encompasses all conformational isomers, regioisomers, and stereoisomers that may
arise from a particular set of substituents. The general structure also encompasses all
enantiomers, diastereomers, and other optical isomers whether in enantiomeric or racemic
forms, as well as mixtures of stereoisomers, as the context requires.

The present invention is further illustrated by the following examples, which are
not to be construed in any way as imposing limitations upon the scope thereof. On the
contrary, it is to be clearly understood that resort may be had to various other aspects,
embodiments, modifications, and equivalents thereof which, after reading the description
herein, may suggest themselves to one of ordinary skill in the art without departing from
the spirit of the present invention or the scope of the appended claims.

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
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In the foll ow ng exanpl es, unless otherw se specified, the syntheses and
preparations described therein were carried out under an inert atnosphere
such as nitrogen and/or argon. Solvents were purchased from comrerci al
sources and were 50 typically dried prior to use. Unless otherw se
specified, reagents were obtained from comercial sources. General Test
Met hods Density Density (g/cc) was neasured on a conpression nol ded
sanple cool ed at about 15C. per hour, and conditioned for about 40 hours

oom LGERANPUHES r‘.’b‘g& L %Qg%ex%me%?wg@d 120996188 WA oBihbh oD 28

procedur was neasured according
t o ASTM Deob@B88cialamdiesi on 190/ 2. 16(190C, 2. 16 kg) Hi gh Load Melt | ndex
Hi gh | oad nelt index (HLM g/ 10 mn) was determ ned in accordance with
ASTM D- 12 oraPRS 90/2 16 (190C, 2.16 kg). Mol ecul ar Wi ght and

Mol ecul ar 6 %x juti on Mol ecul ar wei ght (Ma) and nol ecul ar wei ght
distrimﬂluwmwata was obtalned using a Waters 150 CV gel perneation

chronatograph th trichl orobenzene (TCB) as the oIve fIOM/rate
of 1 ML/ n atDErSHE (EDay e Bosrei e compresiion mde ﬂmcocﬁ“éh Henol

(BHT) at ?5°@0B&eﬁ'5uﬁ' a&dd%n@ftloﬂecpf(ﬂ/ a'eoﬂ’laéﬁ) H&R¢ ataﬁ)oﬁl 132 ahlr@% aéd&rdaﬁ@e TCB. An
i njection vol ume of L was used with a nom nal pofymer concentration of

0.3 g/L (W@M@WW@@Q%@TMD -89S progedured?. t he sanple in stabilized TCB
was carried out by heating at 160 to 170C for 20 hours w th occasi onal
gentle agjtption. Two Waters HT- 6E colums (7.8.tines.300 mm wgpe used.
The columms were calibrated wwth a broad |inear polyethylene standard
(Marl ex(r). BHBelbOix (M3, gi)0 from) wdsi oéastiied apwirdiog taASTEY Bht238hGdndiean

determ ne eparation of the Fluorided Silica Al um na Support
Silica-alﬁWFﬁgﬁﬁgt %%g? d from Grace Davison, a division of WR G ace
and

High Load Melt Index

High load melt index (HLMI, g/10 min) was determined in accordance with
ASTM D-1238, Condition 190/2.16 (190°C, 2.16 kg).

Molecular Weight and Molecular Weight Distribution

Molecular weight (My,) and molecular weight distribution data was obtained using
a Waters 150 CV gel permeation chromatograph with trichlorobenzene (TCB) as the
solvent, with a flow rate of 1 mL/min at a temperature of 140°C. 2,6-di-tert-butyl-4-
methylphenol (BHT) at a concentration of 1.0 g/L was used as a stabilizer in the TCB. An
injection volume of 220 L was used with a nominal polymer concentration of 0.3 g/L (at
room temperature). Dissolution of the sample in stabilized TCB was carried out by
heating at 160 to 170°C for 20 hours with occasional gentle agitation. Two Waters HT-
6E columns (7.8.times.300 mm) were used. The columns were calibrated with a broad
linear polyethylene standard (Marlex®. BHB 5003 resin) for which the molecular weight

had been determined.

EXAMPLE 1
Preparation of the Fluorided Silica-Alumina Support
Silica-alumina was obtained from Grace Davison, a division of W.R. Grace and

Company, as MS 13-110 containing about 13% alumina and about 87% silica. The silica-
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Conmpany, as M5 13-110 contai ni ng about 13% al um na and about 87%sili ca.
The silica- 51 alum na had a pore volune of about 1.2 cc/g and a surface
area of about 450 nR2/g. The silica-alumna was inpregnated with about 0.1
g anmmoni um bi fl uori de per gramof the support. The ammoni um bifl uori de was
applied in the formof an aqueous solution. The resulting danp powder was
dried for about 16 hours at about 1 I1OC. Ten grans of the fluorided
silica-alum na was placed in a 1.75 inch quartz tube fitted with a sintered

quartz d&lﬁljﬁ?ﬁthafl REROVbRMe labof'1.2EL/E @Q’suﬂ'ﬁéeeéil%éjéff ARECLSPEABr PRGN 2

13.tinmes. nolecular sieve colum, was bl own upward through the disk at a
| i near r atikcaeflumivauvaslinfpregnatat owith dbo8t 04t gamimodivpubifluofideperggamivdibe  An

electric furn around the,quartz tub s,then turned on d t

Cenper at (PP e roBirh B s apried Bt S AT g o RBm oc 1or
3 hours. rEhgtigaishppewliruois ded Bt bbaR-18| Hotsd dbas CIOPCETEgaaRdbfshor ed
under dry_ nitrogen. EXAMPLE 2 Preparation of the D_cunene Chrom um

Cat al yst ~fauiged alige-aiumieavay RitreAdn ads/ Sprepaiaga tubs fifed srithgetnteivd ghanl e 1.
T 4B G AR G R Eppiaon 50
i mpr egnatedunomtwast blown fupwerd theahghi the disk il ailinean raeppeboutfl:ot abdwedt&ne

solution in an ampunt equal to % chrom u ased t he i of the
suppor ¢ SeGRARE b S8 WPl k% decllc BRI {RGHr Rl

at nosphergh &id tht sthpegatitel waganied whabott 406 (gt tal 4561C.wab haold atraisbut d56gout 50C.
EXAMPLE 3. Pol ynerization Run Using. the D cunene Chrom um Catal yst, To a dry
2.2 L st der rhovey dhegalcinsd fuagiged -agwalflgér@swﬁscmdo @“‘gﬁt"ﬁ%gt‘éﬂ g dry

pr epar ed n’:}§oéetﬁ. Exanpl e 2. The reactor was equi pped with a marine stirrer
runni ng at “about 400 rpm and was surrounded by a steel jacket containing

boiling nmethanol with a connection to a steel condenser. The boiling point
of the nethanol was control |l ed by EXAMPLEL nitrogen pressure applied to the

condenser égp%ﬁ;ilgrgamtgﬁg e%@%n?ﬁ%@&t&lzﬂ tenperature control to within

about O. e ran was a 0 proceed at an ethylene pressure of
about 550 psi Fluaridedsjienatuniea efas phepatedH esaribied gn Esabpledndhadluaridéd uent .

Qf es :\L? gl_s(lalgl]el%@ lgﬁlpgg{]a??gl?n%’ to rﬂg‘rlee a g&r? cle%]e%l c]; a%‘é‘ﬁt%oionmi/ g(;) anrﬁiil Bgr%i Vrz)l&nrl]f? of
about 1.1 cc/g. Dicumene chromium (0) was impregnated onto this 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 to about 50°C.

EXAMPLE 3

Polymerization Run Using the Dicumene Chromium Catalyst

To a dry 2.2 L steel reactor at about 90°C. was charged 0.5827 g of catalyst
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 within about 0.5°C. The run was allowed to proceed at an 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.
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was noted by recording the flow of ethylene into the reactor to maintain
the set pressure. 52 After the allotted tine, the ethylene fl ow was
stopped and the reactor slowy depressurized and opened to recover a
granul ar polynmer powder. In all cases the reactor was clean with no

i ndi cation of any wall scale, coating or other forns of fouling. The

pol ymer powder was then renoved and wei ghed. After depressurizing the
reactor, 83 granms of polyner were recovered. This polyner had a nelt index

of zero a 3 j a0 ' (Mw)
vas” 04, i i iofeq tin Sthe ERPIch HES Ja MihoB Sl P Woklor SOREY, B
Usi ng t heddptesfurizbditiyd opyenied pe rdcavkrengrhiuan pdyrenmposideh o all geseCsheategetor The

fluorided sil,ica-alum.na used s pr.epared as described in le 1. T
oD 5° IvEY et Eh dpgP o ot oBAIE SIS Soffind §° i oltnt PrifHE! fad TO @
si|'i ca-al pggmié pshdepWre thyn reindVled Aind Gvéighdd. %fteddupriessirigihg the reactor, 83

bi s(n-butyl cycl opent adi enyl ) zi rconi um di chl oride .1 n tal uene gﬁdﬁfi ht. A
600 ni angams obpolymenyergieconaied abie Rolymse hada melindsx of zeraapd p Alm (1M

in heptanggy spdied w@b.bxzuﬁ&git slgc‘ggﬂﬁég%mgtm I SQRUSANR0 g6l P&Raisisity

tenperaturée was Talsed to 90 n hyl ene was added a 0 psig.
After 1 hwas2483he reaction was stopped as above and 271 grans pol yet hyl ene
was recovered. The polymer had a 0.21 nelt index and a high | oad nelt

i ndex of 3.48. The density was O. m%{m The nol ecul ar wei ght (My) was
184,000 g/ nol, and the pol ydi spersity ) was 2.7. EXAMPLE 5

Pol yrer i zeslymeridddon Rah Wliniglike Bisibunds)iclopentadienyl)zirconium dichloride Catalyst
bi s(n-butyl cycl opent adi enyl ) zi r.coni ym di chl ori de/ di.cymene ¢ i Um
Catal yst In thit§ t?‘lﬂ*i‘,%e@) ?‘é‘éﬁglzuﬁP%egqustPéeRaé‘?‘gﬁéeﬁc% %%’F?‘?lgl:‘folp%paar ed in
Exanpl e 9 L SRar @5Gor Wastohdfokd %:1%85 gg/a&&edf hRgatPsilinihamadovwa B of a
. 0

t ol uene solution containing about _ o ) o

bi s( n- but3méyafl0cpehteesdiusion of bistrelutylayslepentadisnyharqopivpedighloridemgolyene f

i sobut an . e e . ri Lalm [ , and
finally qﬁ&@?ﬁgggkgﬁ’%@'0‘9P§8§§9§%%k 6Q¥%§8#§¥ﬂggﬁ%é?%%ﬂpgﬁ%ggﬁggised to
90C and t{¥nin kdphanky nad dmally dekehierad00 50 of $sohutaid. the réactariterap@atutchwas eact i on

was stopped and 58 f dry.polyet hyl ene_powder emyved fromthe
reactor. rla’cse‘ﬂ&tig(i qr%‘?‘f“’?ﬁ&&_le&f’ V&éérag?{e‘gat ?ﬂ%gWW'd% ?ﬂef“f&}%%lﬁes?"tb@ %23, and a
density 0fiope@48 dboRUadd BANSrain¥ poBRtHY1eA8 Iv 4/ 1e€oveddOThe 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

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 2.2 L 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 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 was 0.393 g/cc, about

twice the usual value obtained without addition of chromium. This material was found to
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twi ce the usual val ue obtained w thout addition of chromum This materi al
was found to 53 have a weight average nol ecul ar wei ght of 1,164, 000

g/ nmol, and a pol ydispersity - (Mwv M) of 70.3. EXAMPLE 6 Preparation of the
Chr onocene Catal yst The fluorided silica-alumna used was prepared as
described in Exanple 1. Chronpocene was inpregnated onto this fluorided
silica-alumna froma heptane solution in an anount equal to |l W %

chrom um based on the weight of the support. The heptane was then

evapor at f S t : S f oW I whi |l e
The cat e vaehio REgE mEaty Shid T RIS o Hnd s ObHERERY. Ui ng
t he Chr on(Mdedn)Ct7813yst To a dry 2.2 L steel reactor was charged 0.3200
grans of the catalyst prepared in Exanple 6. The reactor tenperature was
raised to 90C and then ethyl ene vvaéx%gﬂft%éo 550 psig. After 48 mnutes 10
g of PE was taken fromthe reactor. I's pol ynmer had zero nelt index and

zer 0 hi ghPtepachtionr bf the Chexmocthe Cdrihst t y of the pol ymer was 0.9411 g/cc. The
pol ymer was faoynd _to, have a | ecul ar, wei ght equal to 117, 0Q0 g/ nol
and a polydis fipe %W‘%?%P?@owg%ﬁpaw%@%cggﬁ%ll?/?Fé‘laf“?};f‘t Son Run
Usi ng bi sCRroRtebdtcCw 4! inRpRsHnal @Rt thi flvepiabalStie-glthid Séh GMHepRE Shetiod—at al yst

In this run, 0.0819 grans of the catalyst conposition prepared in Exanple 6
was charigea amougt efugl 1o Dwi %seheerhivmebaseden thel waighti e spppart. dhedeptangiene

sol ution I nj 0..5% Dbi - i LheQ um

i chl or | Ao At agss indapgbehBAg R bpEL AR RN et R

tri et hyl atataiysowas (whivhedtohbpited®e, and finally another 600 nL of isobutane.
The reactor tenperature was raised to 90C and then ethyl ene was added at
550 psig. After 61 mnutes the rew stopped and 66 g. of dry

pol yet hyl ene powder was renoved fr eactor. The polymer had a nelt

i ndex of Pgeherizatioh RGA Uspadhé€hitondoexCakilys. 16, and a density of 0.9482
gnm cc. The polynmer was_ 54 .
o0 a dry 2.2 L steel reactor was charged 0.3200 grams of the catalyst prepared 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.

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 was
charged to a dry 2.2 L 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 and 66 g. of
dry polyethylene powder was removed from the reactor. The polymer had a melt index of
zero, a high load melt index of 1.16, and a density of 0.9482 gm/cc. The polymer was
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found to have a nol ecul ar weight (Mvy) equal to 412,000 g/nmol and a

pol ydi spersity (Mwm M) equal to 8.4. 55 CLAIMS W claim 1. A catalyst
conposition conprising the contact product of at |east one netall ocene
conpound, at |east one organochrom um conpound, at |east one
chemcally-treated solid oxide, and at |east one organoal um num conpound,
wherein: a) the at |east one netal |l ocene conpound has the follow ng
formula: (XI)(X2)(X3)(X4)ML, wherein M is titanium zirconium or

haf ni um i j y&l: [ I ' I f a
cubst |  ut A & ek ey GLRELURT oA 1o 2,000 4R o bOALBRNY G

f I uor enyl (MwiMn)dqualstul8st.i t uents on (X) are aliphatic groups, cyclic groups,
conbi nations 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 hydrogen; wherein at |east one substituent on (X) can be a bridging
group which connects (X ) and (X2); wherein (X3) and (X4) are

i ndependently a halide, an aliphatic group, a substituted aliphatic group,
a cyclic group, a substituted 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 conbination of a substituted aliphatic group and a
substituted cyclic group, an am do group, a substituted am do group, a
phosphi do group, 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 oxide
group, an organonetallic group, or a substituted organonetal |ic group;
wherein (X2) is a cycl opentadienyl, an indenyl, a fluorenyl, a substituted
cycl opent adi enyl, a substituted indenyl, a substituted fluorenyl, a halide,
an aliphatic group, a substituted aliphatic group, a cyclic group, a
substituted cyclic group, a conbination of an aliphatic group and a cyclic
group, a conbination of a substituted
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al i phatic group and a cyclic group, a conbination of an aliphatic 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 phosphi do group, a substituted 56 phosphido group, an al kyl oxi de group,
a substituted al kyl oxi de group, an aryl oxide group, a substituted

aryl oxi de group, an organonetallic group, or a substituted organonetallic
group; wherein substituents on (X2) are aliphatic groups, cyclic groups,
conbi nati ons of aliphatic groups a@gfﬁxﬁﬁic groups, silyl groups, alkyl
hal i de groups, halides, organonetallic groups, phosphorus groups, nitrogen
groups, s?%%&%g.groups, boron groups, germani um groups, or hydrogen; and
wherei n at least one substituent on (X2) can be a bridging group which

connect s 4 (98Ul il bR EohudiF78k HREOFARRPEIY MU SRENRUBL 15 2

conpound havi ng OW ng R ,, wherein Ri1s a

hydr ocar bydmpoaud,rag lehsteme brgasochivauiun?nyzound,at leastoms chemigalhtreatédsahidi s an

i nt eger froﬁqn 2 io 4 %ncl usi ve: ar iill)n é)r‘fn(cdrfg-CGR' 6) 2, wherein R

i ndependeifS; 2p atGast SRFeFrEEoalayR ORI, IR ng” from 1 to 6 carbon
at ons; a_wgtﬁéattlé&t@Heﬂqaalﬁce@él&mﬁtﬁﬂﬁﬁaddhyfélkﬁah@ﬂmlmaid oxi de conprises a
solid oxide treated with at |east o% el gctron-w thdrawi ng ani on source

e

conpound; wherein the nolar rat i X 9ﬁ3é()%1?Ml’east one netal | ocene conpound

to the at 'eas&m%89$49&QﬁBﬁﬁQEBE3¥Hh98ﬁH@MPQfiS from about 100:1 to about
e

1:100; wherein the weight ratio of the at [east one metallocene conpound to
the at |east wieeeishEf)cial byeychopattediesy) iad mdiendd, ias fiaprsnylatzosubstiouted t o
about 0.0001: 1

ohout O S8 bua B DSBS, A {0 o a3t 3L Tree
cat al yst conpoghdréifRulttinngidh (K') wheelliphatid frous cydia growpseeditgraiont ofi num

aliphatic and cyclic groups, silyl groups, alkyl halide groups, halides, 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 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 (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
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conpound has the follow ng formula: Al (XS)n(X6)3-1; 57 wherein (X5) is a
hydr ocar byl having from1l to about 20 carbon atons; (X6) is an al koxi de or
aryl oxi de having from1 to about 20 carbon atons, a halide, or a hydride;
and n is a nunber from1l to 3, inclusive. 3. The catal yst conposition of
claim1l, wherein the solid oxide is silica, alumna, silica-alum na,

al um num phosphat e, heteropol ytungstates, titania, zirconia, nagnesia,
boria, zinc oxide, any m xed oxide thereof, or any m xture thereof; and the

at |east pﬂBﬁ;hﬁioeg{ohﬁ,”aW ARAG:a0¢ BEbupNiaOsubsMutedealkglopide ngous @ dylooidede, a
chloride, a bromde, a phosphate, a triflate, a bisulfate, a ]i)uHthe, any
salt thergenip, arspbsttited anjloxidsr Zrawp, ARy CERARBIEIEICO FTUPer Wof, SYPSUER

cat al yst cor’rgos{ ﬂco ‘gj claim1l1, wherein the at |east one netall ocene
conmpound &" ‘rrﬁes,a{ c;ﬁr:}? Pent adi enyl ) haf ni um di chl ori de; o

1, 2- et hanedi yWhegdg Subistifuants wl()(gj arp aliphatioxgydupsnéyehis groups, combinations of

1, 2- et hanedj y] bi s(g5-1-j ndepyl ) di net hyl.zi r coni -~ :

pent anedidiPBAts( (gb‘gl%ﬁ gnc%e‘yc[}%t %TQH%r 51¥3fl- eraery| 5?%313%1 BEOURP o P e

met hyl phepyindidealiRi $td@ps,4 pRophdruk efroahyy diiofen ety piticorc Euoups) dioodwl or i de;
bi s(n- butyl cycl opent adi enyl ) bi s(di -t-butyl am do) haf ni um bi s(n-

but y| cyclgnpest gadnariym)roensorh RYFrAEeRAYr i de;

di net hyl si |yl bis(1: | L EaRhI aiidgg hich
oct yl phenyl 51 TYRETS LT EnE SR B S Skieaideing group which connects

di met hy!l gixi'ydndi(Xé)g5- 4, 5, 6, 7- tetrahydro-1-indenyl)zirconi um di chl ori de;

di methyl silyl bis(2-methyl- | - i 1).zi (08 1avs
T De et hanedy yi; &6 oAt e anf, pieph Pt PERP i a" O, haying e
titani umghidwinbtoudute;

(i sopropyl am dodi net hyl si | yl ) cycl opent adi enyl titani um di chl ori de;
bi s(pent anet hyl cyclibpent@Bi-enyl ) zi r coni um di chl ori de; bi s(indenyl)zirconi um

dichloride; bis(ind i, £ i i I it 120l
i chloride is(in eny%ﬁﬁﬁgywwgﬁm Eﬂﬁvmgq‘gdiﬂ 1064 ¥beiit 120 carbon

bi s(9-fl uorenyl ) zirconium ori de; i S-
1- (N, N-di i sopropyl ani noplmsasmbenzene] hydri dozi r coni um

trifluoronethyl sul fonat %@eﬁ’r@p%n%ﬁﬁf%g?j1?&5%945&%5?‘%‘(5?1 5. The catal yst

conposition of claim1, east one ne ocene conpound is:
11) CI'(I]6-C6R'6)2,
wherein R' independently is hydrogen or an alky radical having
from 1 to 6 carbon atoms; and

c) the at least one chemically-treated solid oxide comprises a solid oxide

treated with at least one electron-withdrawing anion source compound;

wherein the molar ratio of the at least one metallocene compound to the at least
one organochromium compound is from about 100:1 to about 1:100;

wherein the weight ratio of the at least one metallocene compound to the at least
one chemically-treated solid oxide is from about 10:1 to about 0.0001:1; and

wherein the catalyst composition is substantially free of aluminoxanes,

organoborons, and ionizing ionic compounds.

2. The catalyst composition of claim 1, wherein the at least one organoaluminum

compound has the following formula:
ALK (X 3n;
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58 H"Aa ""ICl HNCf ~' NHC((CH)3 ..SCl S\ nO }If~Cl ~{~~~1) ZrL4
IC, H Il, CH CH3 C "~~OCHsCH, OCFIZCH} /N04,)Z LI ~a |l Aso cf, N
Pr)a or any conbination thereof. 6. The catal yst conposition of claima1,
wherein the at | east one organochrom um conpound is: 59 bisbenzene
chrom um(0); dicunmene chromum O ; bis(nmesitylene chromunmO;
bi scycl opent adi enyl chr om un{ chr onocene) ;
Ei s(met hyl cycl opent adi enyl ) chromi un(11);

is(1,3-bis l. S, | ] ) ; G
bi s(trimet hy é}.:e {)ﬁéei%ﬁ%&é&o??#&t%%)gbhﬁ”{ kd hbout 20 carbon atoms; (X°) is an
bi s( 2, 5- di nelkbyide ensrgbtbixeteyHaymigriomm Uing hbdut 20 carbon ateetshy halids| epehydadeeny! ) (t -

butylamno)dl t hyl si.| tr | silyl- methyl)chromun(ll); diallyl
chrom un(! | im‘{m rf%?’l’f’g’r%%')é‘i]c{?ggﬁi H&di enyl ) bi s(benzyl ) chromi un(11)
pyri di ne adducthe datalyat kytpositisrosT g 1) )Vhereln the solid oxide is silica, alumina,
tris(bis(trinmethylsil yI)rrethyI ).chr om uny

( pent anmetsiiAacaleniape pluadiuy yphpshate; ﬂlPﬁ?ﬁtPﬁW‘é’}gﬁVF%flm}a) CHEGHR UBRgICiR,

tetraal | f&ﬁ'a“etthélﬂe éﬂfm&hﬁ%m £ and

tetrakis( enzgﬂﬁ%&g& %ﬁﬁ%ﬁe\k}) tetra eopent ylere(?hracr)lm unt| \t{?
tetrakis(tri m.{hehyt habtybnaeelhptmrcwftbchawn(gl afjign source compound is a fluoride, a
t et r aki s(

t et r aki s( %/)]}/m%‘ %ef‘ nb?%’ﬁ‘%tﬁy;f friflate, ADisHIERtG, 2 sulfate, any salf thereof, any s 354 her eof .

thereof or any combination thereof.

4. The catalyst composition of claim 1, wherein the at least one metallocene
compound is:

bis(cyclopentadienyl)hafnium dichloride; 1,2-ethanediylbis(n’-1-indenyl)di-#-
butoxyhafnium; 1,2-ethanediylbis(n’-1-indenyl)dimethylzirconium; 3,3-
pentanediylbis((lj5 -4,5,6,7-tetrahydro-1-indenyl)hafhium dichloride;
methylphenylsilylbis(n’-4,5,6,7-tetrahydro-1-indenyl)zirconium  dichloride; bis(n-
butylcyclopentadienyl)bis(di-t-butylamido)hafnium; bis(n-
butylcyclopentadienyl)zirconium  dichloride;  dimethylsilylbis(1-indenyl)zirconium

dichloride; octylphenylsilylbis(1-indenyl)hafnium dichloride; dimethylsilylbis(y’-4,5,6,7-

tetrahydro-1-indenyl)zirconium dichloride; dimethylsilylbis(2-methyl-1-
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-fluorenyl)zirconium dichloride;
bis-[1-(NV,N-diisopropylamino)boratebenzenehydridozirconium trifluoromethylsulfonate;

or any combination thereof.

5. The catalyst composition of claim 1, wherein the at least one metallocene compound

is:
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7. The catal yst conposition of claim1l, wherein the at | east one
organochrom um conpound is: (1j6-C6HE)Cr(CO 3; [(g5-C5HS) Cr (CO 31 2;
Cr(t-butyl)4; C(CH2CPh3)4; C (MeCBHS)2; Cr(M2C6H4)2; CR(Me3C6H3) 2;

Cr (C6Me6) 2; Cr(g6-napht hal ene)2; regioisoners thereof; stereoisoners

t hereof; or any conbination thereof. 8. The catal yst conposition of claim
1, wherein: a) the at |east one netall ocene conpound is bis(n-

but yl cycl opent adi enyl ) zi r coni um di chl ori de; bi s(indenyl)zirconium
dichloride; di methylstlylbis(l-indenyl)zirconi-umdichlorfde;” or

met hyl octyl silyl bis fl uorenyl)zirconiu hl oride; b e at | east one
or ganochr onuum conﬁd is dic ne chro ); bisb chrom um(0) ;
or chronocene; at,ql eas e &hem cal ,;,.M’Eé?ed sl e%l de is
fluorided silica-al umfea or flugfided al uRophesphat e; ™) the at

| east one organoal um corrpoél S triet al um num or

triisobutylal um num 9: The catal yst conposi tion of claim 1, wherein the

at | east one chemcally-treated solid oxide is fl4orided alum na,

chlorided alum na, brom ded al um na, sulfated aluména, fluorided
silica-alum na, chlorided silica-alumn brom ded i ca-al um na, sulfated
silica-alumna, flu d silica-zirc — chl ori ilica-zirconia,

bromni ded silica: z fa, sulfatgd cd-zirconi a, ‘é‘f&& brbi nati on
t hereof. 10. They Y8t conposj Lo saimil, \%I n the at |east one
chem cally-treate ‘Ohad oxi de c‘ocnrprl ses a al or netal ion
m copper, gél lium tin, tungsten,
11.; The cat

which is zinc, ni
nol ybdenum or any i pation thereoM™ | yst conposition of

claim1l1, wherein the at |east one electron- w thdraw ng ani on source
corrpound is an electron-wi thdrawi ng anion, a salt of an

I’t

el ectron-w t hdr ng anl on, an acid of an el ectron-w thdraw ng anion, a
conbi nati on of nore el ectron-w thdraw ng anions, a combination of

two or nore sa ngmcan el ec wi t hdraw ng_ani on, a co natl on of two
or nore acids qi~dn €l ectron draw mg_an or ar;‘)éh ation
t her eof . /@’ _g\j“’ g e

gr\cx

E Zr\c

\
CH; / \ / <)

_NG-Pr),
)4 - 2
wH
% ! @ /@» c “N0S0,CF,
Zrs e & ia

\Cl sy, st U \

S ST TS S
; &'s— 3 \‘D ; N(i-Pf)z ; or

any combination thereof.

6. The catalyst composition of claim 1, wherein the at least one organochromium

compound is:



12. The catal yst conposition of claim 11, wherein the at |east one

el ectron- withdrawing anion is fluoride, chloride, brom de, phosphate,
triflate, bisulfate, sulfate, or any conbination thereof. 13. The catal yst
conposition of claiml, wherein the weight ratio of the at |east one
chemcally-treated solid oxide to the at |east one organoal um num conpound
is from about 1:10 to about 100:1. 14. The catal yst conposition of claim
1, wherein the at |east one organoal um num conpound is trimethylal um num

triethylalum L-.=- 0l alstm s l i ey
tri-n-butylal %mﬁﬁ%% g ﬁ@%gﬁg@f gl um gﬂ]rcnhﬁ?%?ll{l@ gis?ﬁeisﬁglg}ll)ﬁ%%?gill%rﬁn(o%um

di et hyl albhisdyclopentidieryldiegmiom(chvymocanb); n dis(methylepelopdntadicayl)dhremivam @)y st
conposi tian. qf. .cl ai Lfurther co ising.at .| t..Qne, o nozi )
conpound .blﬁig 1%?(uﬁn?rﬂé§1ﬁ8'd)ahyﬂﬁ5%1ﬁg&;ﬁ cat g‘r‘%m??@ﬂ%%‘/gﬁnﬁ tihgﬁg%% rrpizurnlg@i)’n g

cont act i ngs@fs-digealipenadieniajchtdmiegill); conpound, (tefrarhéthftyddspenfadigagip@hr om um
conpound, at |east one chemcally- treated solid oxide, naﬁat,le?sﬁ one
organoaldﬁﬁﬂ@ﬁﬂ@BW@@@MHﬂﬂWﬁ@P@hhéﬂﬁb Fﬁ@WH@F@Wﬂﬁﬁgae‘Eﬂhio g e

foll ow n éﬁgk : 4 : ei HaS 14 I UmeaRLT Cconi um
or haf ni 8(31&9 er lec%d%é%n )ﬁﬁig%g‘)%%@ﬁ%%ﬁ“gé’%‘%ﬁgp, arbr?M:dlnddee nydld,Haé;’ f'Irrtt?cE;l%Zl Zrnyl , a
subst i t utehomiopgIlIBpent adi enyl , a subst iris(Hig(tiimetbidsilyl)measiryeheomsum({)t ed

fl uorenyl erein substituent.s,. on are alkiphat| .oups, cyclic groups,
conbi nat i‘BﬁﬁQIBthylﬁY‘iﬁ%?? adieny S@’S}‘&‘F‘é@%’/ S‘L?E)hil)"@ﬁ"ﬁﬁ‘l“ﬁgrﬁ ops. al kyl hal'ide.
groups, h_@tlréaﬂ@&hrdi&iiﬁﬁ([m)? L atduaﬁ]'h ettgroam'umplrvobsphcunumsgxemmhrommﬁc@ﬂ
groups, silicon groups, phosphorus groups,. baron roups er nani groups,
or hydr odetrkisneopentyl at chré’ﬁlu‘@ﬂé()ssubsfqt’iali’éﬁ{lmﬁwyts%’l“ﬁgwbﬁgmg“ﬁﬂr&g% ng P
group whi D . X2kn ehel oy 4. wdegendent |
" Pl 1 do. e e B A o e

group, a swlembinatiethexeof.i ¢ group, a conbi nation of an aliphatic group and
a cyclic group, a conmbination of a substituted aliphatic group and a cyclic

group, a.£onbipat cia?a'?ys? fcor?lBos@t!i(!‘)rP 0kl 97 QMBref theat SUREbhd BiggRochYdthiufm 9T OUP,

a conbi nat'i on
compound is:

(0°-CeHe)Cr(CO)s;  [(0°-CsHs)Cr(CO)sly;  Cr(t-butyl)s;  Cr(CH,CPhs)s;
Cr(MeCgHs);  Cr(Me;CeHa)2; CR(MesCsHs)o;  Cr(CeMes)q; Cr(136-naphthalene)2;

regioisomers thereof; stereoisomers thereof; or any combination thereof.

8. The catalyst composition of claim 1, wherein:

a) the at least one  metallocene compound is  bis(n-
butylcyclopentadienyl)zirconium  dichloride; ~ bis(indenyl)zirconium  dichloride;
dimethylsilylbis(1-indenyl)zirconium  dichloride; or  methyloctylsilyl  bis(9-
fluorenyl)zirconium dichloride;

b) the at least one organochromium compound is dicumene chromium (0);
bisbenzene chromium(0); or chromocene;

c) the at least one chemically-treated solid oxide is fluorided silica-alumina
or fluorided aluminophosphate; and

d) the at least one organoaluminum compound is triethylaluminum or

triisobutylaluminum.
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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 substituted aryloxide group, an organonetallic group,
or a substituted organonetal lic group; wherein (X2) is a cyclopentadienyl,
an indenyl, a fluorenyl, a substituted cyclopentadienyl, a substituted

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

subst | t ut gd a'*nwa&zpfst Bitiéh &yaml%ﬁ& tle SR ol LREn N Irfarly OUP, 2

conbi nation of ‘an a c group and a cyclic group, a conbination of
subst i t ut sdid oxidegh ﬁtwmudeg radmmna,mihkmdcgl' @lunun:g mwpl,de‘é alumm selfateshalothinan

al i phatic,gro and substitute cI| u nblnatlon f

Subbt 1t ut BEPriel e Sty shied sishcoefipte S Bpiahs S ARHH0 1l
group, a §h&silumidagdhmdd® @licdHrcodiap fkﬂﬁ(liﬁtledo smb@uﬁconaa Sbﬂbﬁhdédﬂsﬂd:a—
phosphi do group, an aIkyIOX|de group, a substituted al kyl oxi de group, an
aryIOX|deﬂK82wfﬁﬂ@ﬁﬁSI§&§HQ§F%KE?@ﬂ“ﬁvaﬁ%mdémﬁﬁ%up, an organonetal lic
group, or a substituted organonetallic group; wherein substituents on (X2)

are aliphgic PHO At yst %Mﬁbbs(}tx&{ StRgim ¢ONRErBRAtthe BSleadt oné'ch&ﬁﬁhlﬂ;ﬂtrgdtédlps and
cyclic groups, silyl” groups, alkyl hal i de groups, halide organonetalllc

gr oups, péotid phistefurthpr omprisasiatmesejen mptad igrs whish i zins ng}kghygna e GHvergr oups,
ger”an'UW%%Pﬁbgﬁhmﬁtnb¥ﬂ&§QEQno &ﬁm‘ egp%Qw%hmh%@?ﬁg% peesubstituent on (X2)

can be a tou I'ch connec b) the at |east one
or ganochrom um conpound is a conpound having the followng formula: i)
O R,,, whErei TR icatalysthycdmposititry | ofhelaimmgl,f rv\dmein ttbe aaiolmstzon@aﬁlmnn- at ons;

and whereln]ilcﬁ_ls an.integer from to4L{: t}'@' . éCrR R'6)2
wher ei n RVRHEEPSHEM IS?)%F% “AYEPEYel Bt © eﬁrgxr\—lgvg, £ I(‘:gafimﬁ ving $r8m 1 to 6
carbon atQéionaithdedwih @nidh, &Lasd oPae clebed-®ahdriwingedidg a2ombihation of
conprises a solid oxide

two or more electron-withdrawing anions, a combination of two or more salts of an

electron withdrawing anion, a combination of two or more acids of an electron

withdrawing anion, or any combination thereof.

12. The catalyst composition of claim 11, wherein the at least one electron-
withdrawing anion is fluoride, chloride, bromide, phosphate, triflate, bisulfate, sulfate, or

any combination thereof.

13.  The catalyst composition of claim 1, wherein the weight ratio of the at least one
chemically-treated solid oxide to the at least one organoaluminum compound is from

about 1:10 to about 100:1.

14.  The catalyst composition of claim 1, wherein the at least one organoaluminum
compound 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 at least one organozinc

compound.
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treated with at | east one el ectron-w thdraw ng ani on source conpound;
wherein the nolar ratio of the at |east one netall ocene conpound to the at
| east one organochrom um conpound is from about 100:1 to about 1:100;
wherein the weight ratio of the at |east one netal |l ocene conpound to the at
| east one chemically-treated solid oxide is fromabout 10:1 to about
0.0001: 1; and wherein the catal yst conposition is substantially free of

al um noxanes, organoborons, and ionizing ionic corrpounds 17. A method of

pol ymeri zjng A%é[tﬂfdySPHden ia“@atﬁgﬁtc% bQﬂo@Eoﬂn Q&ﬁaét geat(?éast ghefin

nmononer wth a ca st conposition under poly rlztloncndltlons
wher ei n tinetallateaé ympmmdpajéeast or agaprchreasuh kempoundaattlegst ontdemigallgt | east
one netall cen | east one or anochro%lﬁvgjm conmpound, at | east

one cheni® OFfi ’gg §B}efiﬁ°8§f’ffé"‘n° gt SOBREE e 6 Yanoal uni num

conmpound, Wﬂergl n: tﬁém%ﬁﬁoé&é@bxh@&ﬁﬂ%a@ﬂﬁﬁ@ﬂﬁb@in@&&tﬁuﬂtﬁ fol l owi ng fornula:
63 (XI)(X2) (X3)(X4)M, where njum zirconium or hafnium

wherein (X) is a cycl opent adi en)@( )()éﬁ(x M%WI’ a fluorenyl, a substituted

cycl opent adi erWl'xermﬁl\E‘“iQ%}a%lhﬁ "zﬂcbrfl%”éﬁjhaﬁﬁﬁma substituted fl uor enyl ;
wherein substituents on are al i phatic groups, cyclic groups,

conbi nat i ons o#heraihi @hatnsca anydlopyutadienydy @opindenyl] yl flgersuys ,a auqututﬂhl i de
groups, haljdes anore l.i.C ou Qr us,. groups, nitrogen
groups, S FIOBSWQ‘BF‘&g’p%w J§SI‘R)¢ b agﬂ%gt?m%§gpﬁren§1|"’oups ger mani um gr oups,
or hydrogen; Wiigdréih @u@dhtdeﬁ&&in (oﬁye aeUiiphdticuglipsp ey diX)greums, duntandtivhslof ng

group whi ch connects . and_(X2); wherein X3) and 4) are independent|y
a hal i de, 2liphatig pnsh y6l J@ gpmaﬁa sily giones Al duli %ugrcméet lilé %&Iganoaw@a

group, %H@n%t phdtpfcku ﬁ%{tpgoﬁﬁgg&a %grgmceﬁl JrQipsOph ?h&ﬂlg pRAbs, bordH oup and

a cyclic a co tituted Ilpha ic group and a cyclic
group, a grougsi gamaomlrogroaps,altln)pimenc group and a substituted cyclic group,

¢, Sombinatt on RS LA TS A RS 1
subst i t ut@ed) alaephpi do gr oup, an al kyl oxi de group, a substituted al kyl oxi de
group, an af ylve Xelrgg g )Oalrjl(Fi) 0.9 a?eu El%igll)e}ngén%g 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 (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
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aryl oxi de group, an organonetallic group, or a substituted organonetallic
group; wherein (X2) 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 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 gr@@&éy%l %@gﬁ{h{gﬁt i‘u!g,[bxﬁ{iea%rﬂg,?;&d tdx'éa%gm%{agl&hi dutp, 96:0'4P s@flnfed

substi t ut group,” an roup, a substituted am do group, a
phosphi dorgmometallic gatyst | t ut ed phosphi do group, an al kyl oxi de group, a
substituted al kyl oxi de..gr oup, aryl.oxi de roup,. a substi tut | oxi de
group, an or gantHet §¢ Sflgwﬂt}s&}p(?@ l)?regllg%aﬁ‘&gr?‘g‘fge clig BROMRS; RO rfal%lgns(’(}lr;tyoup;
wherei n siBRdtict Yesips and (XR)ic ag@upsd,i Bidt igfouds,0uls] Kalidei growpqu phalides,

conbi nati ons of aliphatic groups and cyclic groups, silyl groups, alkyl
hal i de grosgasemetdliG @aeups, EROSPHPIENSREPS| MITeEEr SIPDS: SHEAH HBPYRS: S’P s,
nitrogen p. sl I GUBR I groups, germani um groups, or
hydrogenfgéﬁﬁ’%%%@%#gﬁggmgéast g)eﬂéu stituent on (X) can be a bridging
group whi ch covheedt st lefs€)onasubstii®nt o) X1)iven &t al bridgingogreup whiohsohnests um
conpound /i adcggfound having the following forrmula: i) CR wherein Ris
a hydrocékgvp'ﬁ ng from1l to about 20 carbon atons; and wherein n is an

integer from %)to 4hd Bcledsti 6tR; or@inochiomitiih (@potii &9 2,comtpeted havg the
i ndependently is hydrogen or an al ky radical having froml to 6 carbon
atons; ad@lleyingfemya:| east one chemically-treated solid oxide conprises a
solid oxide treat mﬁtﬂRgt | east one el ectron-w thdraw ng ani on source
conpound; wherein the nolar ratio of the at least one netallocene conpound
to the at |east one orgdweithRois arhydmepdyhbavisg ffropm latsoatout @9: garkan about
1: 100; )
atoms; and
wherein n is an integer from 2 to 4 inclusive; or
ii) Cr(n6-CsR's)2,
wherein R' independently is hydrogen or an alky radical having
from 1 to 6 carbon atoms; and
c) the at least one chemically-treated solid oxide comprises a solid oxide
treated with at least one electron-withdrawing anion source compound;
wherein the molar ratio of the at least one metallocene compound to the at least
one organochromium compound is from about 100:1 to about 1:100;
wherein the weight ratio of the at least one metallocene compound to the at least
one chemically-treated solid oxide is from about 10:1 to about 0.0001:1; and
wherein the catalyst composition is substantially free of aluminoxanes,

organoborons, and ionizing ionic compounds.

17. A method of polymerizing olefins comprising contacting at least one type of
olefin monomer with a catalyst composition under polymerization conditions,

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:
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wherein the weight ratio of the at | east one netal |l ocene conpound to the at
| east one chemcally-treated solid oxide is fromabout 10:1 to about
0.0001:1; and wherein the catal yst conposition is substantially free of

al um noxanes, organoborons, and ionizing ionic conpounds. 18. The net hod
of claim 17, wherein the catalyst conposition is contacted with ethylene
and at | east one other olefin which is 1-butene, 2-butene,
3-nmethyl -1 -butene, isobutylene, 1-pentene, 2-pentene, 3-nethyl-I-pentene,

4- et hyl -1 - pent ene, 1-hexene, 24 xiyvw2y(xHxhnm!
hexene33-ethyl-I-hexene,l-hepteﬁé)ggﬁgggg%gg’or 3-heptene. 19. The net hod
of claim17, whisreinM'ikéitanamalzyrsonivmpposiftiion i s contacted with ethyl ene

and 1-h . . ] I, i . iti
i s cont S)C(? 23 Vﬁvoqgel-rll-géﬂl p%ﬂgjcy(é p%rllt%clhgﬁy ,7 ’anWPn%E:r%lll,n at %or%gitll?ly SS{le%%HQ(P sition

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, 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 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 (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,
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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 connects
(X') and (X*);
b) the at least one 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(ne-C6R's)2,
wherein R' independently is hydrogen or an alky radical having
from 1 to 6 carbon atoms; and
c) the at least one chemically-treated solid oxide comprises a solid oxide
treated with at least one electron-withdrawing anion source compound;
wherein the molar ratio of the at least one metallocene compound to the at least
one organochromium compound is from about 100:1 to about 1:100;
wherein the weight ratio of the at least one metallocene compound to the at least
one chemically-treated solid oxide is from about 10:1 to about 0.0001:1; and
wherein the catalyst composition is substantially free of aluminoxanes,

organoborons, and ionizing ionic compounds.

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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