POLYMERIZATION CATALYSTS FOR PRODUCING POLYMERS WITH HIGH COMONOMER
INCORPORATION BACKGROUND OF THE INVENTION  The present techniques relate to the
field of organornetal | ic compositions, olefin polymerization catalyst compositions, and methods for
tiny-- polymerization and copolymerization of olefins using a catalyst composition.  This section is
intended to introduce the reader to aspects of art that may be related to aspects of the present
invention, whicpgre gesgrbed SRdrandlpimnadbeipprisisordinebdl RRINR RdRigieed that these

statements are 1o be read In this Tighlp sl aRaasEORAT IIQr art.  Polyolefins can be made
using catalysts and various types of-polymerization reactors that cause the combination of

monomers, such as alpha dlefiisKNidRshaiNs bf polyman T Hesa alpha diefins are obtained From
processing hydrocarpon régéﬁﬁe%%lﬂ@uéé ious.petraqhernic al s, Riffgrant prapgriigs may be
obtained if two eramoere-diffesent alpkazolghininenemessiare RElyMeERT m@aapolymer_ if the
same alpha- oleﬁﬁl%insﬁgg@ﬁgéycﬁﬁ ok Eégﬂﬁ?ﬁ%ﬁ?@@ﬁ@a‘f‘d”e@‘&ﬁ&ﬁpolymcr As
these polymer chams, atG developed wmgmwneﬂzamm,)emﬁemghg@awdes such as min

or granules, Wh%@lpﬁﬁgﬁegg‘sac pg’dﬁé?ﬁb djarﬂ??ﬁ eﬁ?r oas méehﬁﬁl“br 0} P’fﬂfsrcal properties
to end products SQBIPISING HESE-PANDE Shat RIOIUCES m&&ﬁ@wﬁyﬁ sdilve hecome
increasingly preﬂaieritlgt%@et? asplastreprochsdtsn®rd lpenefitoftthese polyolefins is that they are

generally non- r%ﬁﬁ&%ﬁﬁ@ﬁﬁ@iﬁﬁ@@ WATALS, AROUS S DARKICE T DA plastic

products from polye etumpo ﬁs (such as pobethylienenpolypreopens sandtkay sopolymers) are

used_ tor retail fRlcay O§1 O@ﬁ@&?ﬂsf&%@@gﬁgs %é@f@‘ﬁ%ﬂ‘ ication
contalners) fooetlamelbbﬁyegage:pals kagiegi(sna khasinice And-Sada: useholdand industrial ¢
ontainers (such S i @gilﬁib@(g? §é’h3l§§§tl§ i%ﬁé@ssah‘.@ﬁture carpeting,
and toys), autor sr@@mfapa%ngs fizid, 988 and electrieals gis.(Susd as cable
wrap, pipes, andieo’mla daﬁ@m@tm@ﬁmwdmtnabandle@mmer ld Adany mc.--thods

o 508 1o I ORDEAU AL L AL TS O AL AP blow-moldng

injection- moldlngo retatignalmetding ovatisisiexrusioremethodssthermoforming, sheet molding and

casting . The m E@@Qﬂg@ﬁiﬁéﬁﬁmﬁﬁﬂﬁﬁmﬁéﬁ@ﬁrength and

density, and/or elghﬂamabr&qtnfema&tﬁes&& asdhermahstabilitycmoleeulasmpighinand chemical

reactiviy, ypicalg SERINE WIREME A pEoIEessabe ool RedEstrocessing
capabilities durifg, MaNRaGIWe. BRM tDEiSQﬂE’Jy AN 66> T léaldl rewhdvabtages of the

invention may beém#@ap&aﬁéﬁ?& th%LFéﬂg\ﬁn Sdé@:ﬂé‘elacﬁﬂidﬂ r‘@f{g)on reference
to the drawings IR WIEH: aoa o amer?éfl siechemica ﬁiﬁ@%f@fﬂgm eta llocenc--s

in accordance witvemboedieniéntsioithespresent technigliesy sndoldBiE nm2s@presbris the chemical

structures of refgﬁgﬁﬁeﬁﬁﬁgﬁﬁmﬁmﬁ‘@ziggﬁiﬂi&s SQHg BE more specific

embodiments okthielpresemnb invantionadl beslascrie chbelow iicanseftenatagmkdeaaiconcise

description of th%gﬁfrﬁ mﬁiét‘ﬁé’jﬂﬁ‘éﬁ‘l%atu(ge§ of actual implgmentation are described in the
specification. It mﬂmrhelgmee@fageddhahumﬁg ﬂaveiaprmeﬁhfécaw suo;laxac}fuﬁhmpigmentatlon as

in any engmee(rj%y %g&mmgg@m]écﬁtgm ﬁ‘i‘ﬁ%&é‘é@m RiList he made
to achieve the aggaim ueh ascompliance With, L alated and:

business- relatedﬂeehst@lntgrwliﬁeh fromel ode impiEmentetion t@lan@memmﬁfbover it should
he appreciated fi{a St AT dég@l@@ﬁggfgzﬁlo@gﬁ ﬁblht X AP CoRsHiiag; bin would
nevertheless bersoputinrgitingestaiingle Haesignofatticationr, aﬁeltmam&ae&meéwéh@ee of ordinary
skill Having the BEHERDOAMS HSBSUIE 2t dR catalyst for facilitating the polymerization of the mono -
niers may be added to th&@aEibr Pdiakathpie! ffatafalst ity be & particle added via a reactor reed
stream and, once addrd:suspended inthetiriddaedias. ijthin-theracippdrbecatalyst may include a
support as part B‘F‘@iﬂye &Wﬁ%ﬁ@é&?&%@{%ﬁ&@@%%@@@@ﬂ&&ﬁemn activator

may be added with;thie:Cataly St Tt A8 Rart ak-tha.catelyst particlenoactivate andiphingrease the
activity o f the catedysill&4thestitheseccochtalystsy the polreetirationsy edction maphetvery slow, or

not occur. Activity T8 RATESSIE M the partbumang £.f the satalyst, sxniessed.as the.pass of polymer
produced per theimassefscatalyst used. It should be noted that a polymerization catalyst is generally
not strictly consumed but typically remains as-an inactive regrduatingthe polytner.

One or more specific embodiments of the present invention
will be described below. In an effort to provide a concise



C7ntalysts that may be used in the polymerization of olefin monomer to polyolatin, e.g., ethylene to
polyethylene, include organometa Inc complexes, Winch are organic compounds containing metal
atoms, such as titanium, zirconium, vanadium, chromium, and so on. In the polymerization, these
catalysts temporarily attach to the monomer to form an active center that Facilitates the sequential
addition of monomer units to form the longer polymer chains_ "Tlie catalysts are often combined with a
support or activateissuppaib (.0 asalid.oxide): i additiar, the metahcatalyst and-solid oxide may be
blended with a coertayst o fatitver activaesthie eathlyst forpulyrriéiosie 1 01 b hontkdy st
compositions o fﬁgﬁﬁ@ﬁéﬁfﬁé@eﬁsme dﬁéﬁ‘ﬁﬂfﬁé ﬁﬁf@'g@ﬁ’&;ﬂ;ﬁﬁ;aﬂon of
ethylene and form%neﬁzaﬁmlei@ﬂmgﬁ@)wi{*p@@iﬁ@n@iﬁ'er&s@chn&s prepydenss 1-butane,

- —

1-hexane, or otht? RTGNETXE DTS, < THE Th Rt ar e aniomersojere fecitystallinity,
melting point, anﬂﬁ@nmﬁfﬁfﬁ@lﬁobm&ﬁsﬂfhisﬂasuhﬁt%a polyknernthat iIsJetiedess stild and higher

impact than n hothepdiyherateteivalert fisieetiab wel ﬂﬂm@?ﬂpbﬂﬁmfgﬁ,llm:@miﬁ{? to IntDdify the
amount and type gt KIE GID  inRrallows e, MopatieS st dhe DalMeriabe.tilaréd tor specific
applications. Examipies-skteiloringimayintludemificotteshwhightmayhegdirecacstidis high density
polyethylene, to %rﬁﬁi?ﬁ?%ﬁ?g@?ﬂ?ﬁ?@%ﬁﬁ@%@%ﬁ%ﬁéﬁﬁgg@ rethylene.
Effective copolymenzataninav.oitan realie thal the camenonerbe.added fo.fhe teactor in
significantly higheddententratiens hibinnpraseftiinithaedihial polymbr tbisdg-a=resuit dftkewer than
desirable incorpGTAItY Bf {HE%, CGHID MIBTING 018 BRI ST A Ebtration lowers
the efficiency of thexpracessainereasingy tha<castsdoy production phurthar «eertaindypes of catalysts
may show poor QIATeE AXETEURE nf Lyt epee Lo epoiyiers. — Many
types of catalyst sy o REOASISNG PoROlfina dernat eHicientl. IRGerparate: ko manomers.
Accordingly, thegecatalysts systems-may not. bexideabferthesprbduoaticns cfflowdansity resins In
contrast to other BN E S EWAVAE, BRI THetansbeie AU A e alettive =
incorporating coman@nersaand raay-he useful:ini oducticiiakiDwdensioHesingFurther,
metallocene catalystsmdde in desondancéwitnsthe pneggnnethmq;ttésag?neﬁrpbfﬁte connonomer

at higher rates t@Wﬁ%@i@%g%ﬁﬁ?@oE§§£§§§%§ﬁ§? ISv- BB ERES Gice) in slurry

S
procc-ssc-s. Accprslighy, el Gs-ohthesprasent tachniquesmayohawseful for the

production of elastumetsirma shurypiigessad Themokefbreriyes fetiemelrstalyst com
positions, methogds,feEprepating.caialvel omposiligns. andimeinds ior Using dhe catalyst
compositions to pelymerirdelefinshdnlsomerembbdimentsthetechrigues: eroompass:a catalyst

e
composition prel3ifih oy EBHIIEAb bR Prgga et arRIRIR NS CBRBRlAT firhiling a cyclic

bridging group cenagctagtwm as-dyelopentadieayh type ig-andsan-activaier rard-aptionally an
organoa lii Mit1 1 Atifesmpdema crTrateaalyseeahpsd TOIEW 8 thE eontaee uct may
include the conti&gﬁﬁﬁﬁ%ﬁf@ﬁ?ﬁ eeﬁ%@%ﬁ?&? e E’é’?}f@? 3 Zgwgt%nds, or both.
Such a catalyst Gaynggsitiomma haveamprovedleomomhomersncorponatiomeverothbrctypes of
metaliocene sysHE I ¢feh stdnuents. the present techinigues fclude meffods, for making the
catalyst composhﬂ%uﬁ&egqmﬁ&)he&eja, asd instilh other erebedikantsthe pi&sam& tac%iques incl tide
methods - polimifay s rpitykyone At sentetiiren. A descriec
above, the desi Sahkil3 tHA 40 frdhad rgcddilnl Ghl AT Lo Tilpaild tdras-an optional
conaponeM in thex€e| o) isimended toréfldrt that e ergridadiaimitming ound may be
cptonal when it FEmA G A AL 1 SRR FLT e D e S cing the
contact product,a&emfde‘fsigl@édebgeleﬂélleﬁ G?tgtml skiltintthecary, YTroifaeiitatevdisgussion of the current
techniques, the &gﬁéﬁfggfﬁﬁ@%@ﬁgﬂ@%@gs%gd in feglions. i Seetian | presents catalyst
compositions andcoemponents inacoortanoe Wit-ermbodimenisobiherpresent technigues. "the
catalyst composUYT ¥ A KpORBSIFENE cibelhmaly ERIVEERE Colbihrids optional
organoatuminunmsee acti cocantlystsisNEARratingexamples obeataly sheompositions,
and olefin monofERSIRACMAYBE eMBRyEIin e e tichhigRies!Or I3l i pesents
techniques for thexprepasation-ef axamd platncatalyst cempasitions: using: tha carppagents discussed
in Section |. The¥ereparations include the precontacting of the catalyst comnposi tions with O | C firlS
the LISC of muliphs ¥ oRiEang Afem A CiD Sior TR A BE NSelE i aalyst
compositions o rethe:presenilteshnigues;rexemplanyeatahisigie paration processes;and the activities
of catalysts (in terms of polymer produced per weight catalyst per lion) that may be obtained from the
catalyst compositions of the present techniques.  Section Il discusses various processes that the
catalyst compositions of the present techniques m?%/ be used in for polymerization_ Particular
processes discussed. included. loop slurry polymerfzations, gas phase polymerizations, and solution
phase polymeri:-ations. Other information relevant to the implementation of the catalyst compositions
of the current techniques are also presented in this section, including plant systems for feed to and
polymer _removal from the reactors, particular poly-men xation conditions, and eicethruary pi-Oa-tiers

that may be made from polymers formed using the catalyst compositions of the present technignes.
Cactinn I/ nrecente non-limitinad examnlec of nolvvmeaere nrenared lacina catalvvet comno<citinne iN



In one embodiment, the present techniques may include a catalyst composition having a
tightly-bridged ansa locene compound including an alkyl or alkenyl group bonded to a cy cl o pen tadi
enyl li sand, an activator, and, optionally, an organealunainurn compound. A general description of the
ansa-metallocene complex is presented in the Ic/110W ing subsection 2.  "Ube term "bridged" or
"ansa-rnetallocene™” may refer to a metalloc-ene compound in which the two ti 5-cycloallkadienyltype

ligands in the melagule-are dipked: by abridging meiety. dseful.ansaqmstallogerie sway be
“tightly-bridged,éYnﬂef,tiMﬂglﬂiat m@mﬂéwiseeyellsakédiewl%bl?ig:t;ﬂﬁdslaveec@rlﬁreeted‘by a bridging
group wherein thE §RQHESHR LRSI donG LioeN BaMEel e .} STERDEKaGEL type | igancls
is a single atom aFiee metallc=conéls déseribedrareinerd tiereforedoidgedibistndoyctoalkadienyl )-
type Compoundiiﬁalomer at higher rates than current metallocene catal

o produce low-density resins (<<0.92 g/cc) in sl ging group

connecting the ibycdsatkadienybtypanligsands-may thatkedhe fenntiid & {répconwherbin F may be a
carbon atom, a SfGRITAKGIY A GErHaritihh &tont 6t & T BEM~antl s DBRAEE TS Both &hd _X=, and
wherein Cyc may belashlbstittitedor aniunstbstituied cakban-ehaily of fonasdtaBoasbon atoms in

length with eacfﬁ%ﬁﬂ?@ﬂ%ﬂ@ﬂéﬂﬁi@ﬁ@fﬁ@i&i@ﬁ@ %%Eﬁﬂmﬁ,@%ﬁaﬁcﬁc bridging
meiety”), In vakousembodinentsihe bnidginggroanpre(C érayomay-havesthe-genesal form Lila:7(C
7yc ), >--Si(CycKRICHRIO e TG TR Rl TaTie Hias, D& SURSIRE o A Titsubsti - tined

carbon chain of Hemdtaithearbon atoms indengthavib eachepd tonneated-to hﬁtﬂWm aring

structure. Such_ Bfidditd POV TebugS maydneigde e eianpe el ieah.§L - Ca ).l
CII,CIL, ), (CIL,CLGMGHILERI CirhiCRIJaCa UG E 7, and), amongrthersndn these
examples, each gnd st caiere Hadfris tomptied triheimaan tirbar "TRe Ciye roup may also
be substituted atppeo cmom@p@mi&‘byr&nysg?;ﬁﬁlggo tapsihﬁieﬁ’ wodirﬁuﬁtlher, ane s Lib stitnen

t on the i 3-cycl spertadien I‘ml% gahasinray Jve et sgiktitiredoprbrmmg asalkyl, or alkenyl
Group. hawing U £ Sk e T4 ALah Gl &AL A oI el or ey

group may be bé}?ﬂ%escd;’.l’(?gﬂi@r' 2 gk‘ip ﬁetaéws, i HPgDSﬁg @@?gl*b@;ﬂi@?@g‘are?ggﬁn the general
structural fornitila%ﬁﬂ%%%m{‘éﬁ%%e@%wﬁﬁl%ﬁ%@ﬁﬁt Egi%@ B maialocene.cam- plexes, in
accordance witﬁ@mbéd%é%ts%ﬂﬁ@pﬂe%ﬁbﬁnmﬁ@%@%ﬁémmlm threrfoliowird sab3ection 4. 2.

Ciencral MetalloZEpa ol e e Roanes, G HiEsat e Chiates 1hg angasbaet alteeet-te

of the present teehaiguigs arhybbe essed dirthegehetalforpsgaa (- 'Kozmlifmi% forum:11a,

discussion of the cuyrrent chinyi s. the, disSclosyres cono
1%.41 may be tiGaTEY, Arsaniim, SLAAthiimE Xl and T4 e Hdependenty 8 st88 '$h tuted
cyclopentadienyl, Sebstinitddrinden ,sopataligsﬁtgtednﬂuntmyhls)ﬁelgubsﬁtmb@mbﬂ and X2 is a
bridging group h@ﬂ@ﬁiﬁéﬁ@f‘éﬁ@ﬂ%@%iéﬁﬁﬁiaarﬁg%&ﬁﬂ@iﬁfgfﬁd*@“@msmom, a

germanium atonmlera timaterm canthd issbondechtodsothoX andN-2oandhwhereini Gyomay be a

substituted or arf SRR, LAt bR AT AL O o e s T i each end

connected to H tefasma<ingstrbetures skranubodimientsof the present techniques, one sribs tit nen t

S, 1da =
on the r5-cy cl Oggﬁjﬁ@%’fi | PR ORI e beel S it e o Hi A HERIERed alkyl or
alkenLyl grottp harg-tupda 12 baxbo p atpRica Substimenisde Yod-manytbe insependently: F,

the catalyst compositions with olefins, the use of multiple
precontacting steps, the composition ratios that may be used
in catalyst compositions ol the present techniques, exemplary
catalyst preparation processes, and the activities of catalysts
(in terms of polymer produced per weight catalyst per hour)
that may be obtained from the catalyst compositions of the
present techniques.

Section II1 discusses wvarious processes that the catalyst
compositions of the present techniques may be used in for
polymerization. Particular processes discussed included loop
slurry polymerizations, gas phase polymerizations, and solu-
tion phase polymerizations. Other information relevant to the
implementation of the catalyst compositions of the current
techniques are also presented in this section, including plant
systems for feed to and polymer removal from the reactors,
particular polymerization conditions., and exemplary prod-
ucts that may be made from polymers formed using the cata-
Iy st compositions of the present techniques.

Section IV presents non-limiting examples of polymers
prepared using catalyst compositions in accordance with
embodiments of the present techniques. The examples
include data indicating the improvements in comonomer



13r, or I; a hydrocarbyl group having up to 20 carbon atoms, IA, or 1-31-1,.; a hydrocarbyloxide group,
a hydrocarbylamitio group, or a trihydrocarbyl silyl group, any of which may have up to 20 carbon
atoms; and/or 013-12.--1, orSC-7,12--1, wherein 12:4 may be an alkyl group or an aryl group, either of
which may have up to 12 carbon atoms. Amy additional substintent on the substituted
cyclopentadienyl, substituted substituted finorenyl, substituted alkyl or alkenyl grO or on Cyc may be

independently anlqu@(ﬁpagﬁguptﬁatq;@gga@@%@{m&gyﬁm g@gpnrpepgrnbmﬁi%mgliphatic and
cyclic groups, asexygei: u?ﬂlaﬂscﬂifur«%gup%tlmw herdsrgraupsan arsenic

lhe resu t Tat may,

group, a carbon ity Sl an Bl 2r.3 PROE RIS Bﬁ%@“@ﬁqﬁﬂw&f{ﬁi‘ﬁiﬁ@ carbon atoms
Alternatively, addittont sribstituterssimay be present, |nclud|ng halides or hydrogen.  The alkyl or

alkeny! group bq@mﬁiﬁﬁﬁﬁ@ém&ﬁﬁa BRI W AR 20 carbon atoms

In an exemplarye@ﬁb@dmam theth keyhbroallicerylgroup the yhaverdip tocabouid@scarbon atoms up to

about 8 carbon GRS @i@ﬁﬁ?ﬁﬁ?@ﬁ@@ﬁﬁ@ﬁiﬁﬁ@%@MSE& ittlide butyl,

pc-ntyl, hexyl, Ile:Fﬁyh@scmctylc amngleﬂaﬁtwﬁmmpdﬁryv kenyl@noups mayrinoludecdabutenyl, 4-

petiteny 5-hexey5-HEMenyT: @Ejd’c?gf@f R ORIl s WHIRL R < EalkEmM slubstituent on

the if -cyclopentasianiketype-liganas-may betins tits:t duinedpaliernativelyithe-aliathosalkenyl group
may be substntu@ﬁﬁ&%&ﬂmf@m ma%ﬁé%é@mm REAEaE At phatic group,
an aromatic grogyg-cyshe, gmup,oasembm&mnﬁ Gy6licgrauRs ar-exygen group, a
sulfur group, a rittolEAYGEp, a phosphorus group, an arsenic group, carbon group, a silicon group, a
boron gronp, or & SubstitdtedaraiugnEiedt amPofWhkRR MRS have fona 1 to about 20 carbon atoms. |
he stab sti tuen %@E@I%?%W&ﬁeﬂ?di—?ﬁ?ﬁyﬂ?@@en Further, this description of other sub stitu
ents on the alkyl orialkenyl g:fﬁ:.tﬂhliﬂﬁ)éi{l@ krde-substituted;tinisjubs: thn dgned.branched, linear, or

heteroatorn- smt??ftf&téﬂtaﬁa’l’egﬂﬁ (;Hé‘ﬁi feties. @ F%%ﬁélﬁrdfﬂﬁ‘é@ﬂ ﬁgging group having
ﬁbe@féﬁéié ﬁ%

the for-intik. H(( éﬁkyiaiélﬁenﬁl@% ) a5 pﬁr@aﬂlc nyl-typc-,
ligand s may alserﬁa\}eo@the’f’slﬂb@ltl?%ta’f’yﬁér eﬁ*a @mt@fnﬁfbe the same
chemical groups 6t aleties that can serve as the an Ieganla ‘1? e an sa etal locenes 11-11-ts
any additional subs{ﬁ@ﬁ%h@@@éégeﬂmdmw aﬂé§r¥fn GIEFE)Y lsgﬁ?’entfor@the substituted
alkyl or alkenyl gggeuﬁl YOV ﬁ'ﬁ%mf. maY.he ffgg%pdently groups
including an allphﬁtﬁ;tqil Y 1 P laﬂmmg’ﬁﬂéhreﬁahphalc and cyclic
groups, an oxyggl} gr@iﬁdg%’@m@ - l'i‘? leﬁﬁ;@ﬁﬁﬁ@@ﬁﬁ@w S8l ARARsenic group, a
carbon group, assilioensgrbupyacsor mku@gﬂa;@edrwhbgathelegﬁraw obv.Anca, having

from_1to abouﬁ@ﬁﬁéﬁr@@ga@%@éﬁ@r@% SR dE IRATRS BT fydtDen, as long as

these groups domatitenminater-theractivityotthercataklyst confpesitiona Furthemhisdistenay include

substituents thatﬁaﬁﬁﬁmdi&fﬁaﬁﬁ iR, O, ot e SE 0 aEgBrbs, §eh, 85 fenryl Sub Sttt

- eat s may alsosnelude substittitetl indenyhand sulistittitee: tuerenyteiciugi rgrpastially saturated

indenyls and f'UQ%@Sﬁ'ﬁﬁﬁ@@@@@?@@?ﬁ@@?@Q@i@%ﬁﬁiﬁ%‘b@i@feny' groups,

and OC:tabyarofuaies W ghiéiips Examplesofgackl abthesessuhs-titrient geoups areidiscussed
below. _Aliph& lg)mgplsotggterpgg Dbg.used as §Hbsbtug1nts mclu%qﬁor&&g&mge an aIkyI group, a
cycloalkyl grouphamalkﬁeyggfﬁupnamyelﬁail&errytg(rmﬁ n;dxgnoupcar(ej ale,enyl group, a

cyclic group, a”ﬁ"éﬁ?kéiﬂﬁ’c?ﬂﬁ%@%%m%@@ 0 st thued lﬂaﬁf%‘;fﬁé ipd linear

analogs or derivativesdhereeipwheieia eaah grotip-may have Hconawohe isakoub20earbon atoms
Thus, alfphatic dtoups e Jplids, Aonpimplestdiopattyls duch apraiisena ghenyis, For
example, the aliphatic gnowjes lude suehigroupsasimethylcathyd- propyl, ii-butyk; tert-butyl, sec

-butyl, isobutyl, ycloItei(éEgﬁé{tﬁﬂz%%%%H&%@eg?—‘éthylhexyl pen

tenyl, butenyl, aggﬂaé KerheATomatia.grasins-dhat p1ay. De-usetl asdubstiuent.instide, for example,
phenyl, naplatla Fha Face laﬁelemg%k'é;gs 1Rlléda6bﬂvat'?éseoﬁﬁé§é%ﬁl@ﬁﬁﬂﬁs are also
included, whereignsea tggozﬂgfnay%%vg from g??a‘ﬁou&%‘ CaFbons. "Such sUbsHtiied derivatives may

include, for exampIEUteI fyer. one l?rﬁjtht@gkéhmonfmﬂ %mﬂ‘?g!ét?e‘a tony substruted
derivatives therejfos }ﬁg@@of@ hat hayde 2R Beltde Ton exaple, cycl
opara mns, cycltmﬁtllelmr?ﬁet bkoses, &P@alkes s-ucdnlﬁ (;Bhér%ﬁiom ehegrb@ps and the like,

as well as substiRad GeniAives ﬁﬂe{ﬁ SHESE SRR CE alia Hob abdu R Hhout 20 carbon
atoms Thus, sub@kﬁuféﬂlhetemtetr@%bstmneécy@hcegnm}mumqgfmaﬁyimaaobeﬂncluded

herein_ Such subs tituten ts may include, al i phati ¢c and cyclic groups, e.g., groups that have both an
aliphatic portion and a cyclic portion I-:.xampi es of these s ribs ti t nen ts may include groups such as:
(CllI-,),."(17-611,JR_s wherein m may be an integer from 1 to about 10, and ci may be an integer from 1
to 5, inclusive; wherein na may be an integer from #to about 10, and Li_ may be an integer from 1to 1
| inclusive; or (CTI-T-,)C,14,712- wherein rn may he an integer from 1 to about 10, and ci may be an
integer from 1 to 9, inclusive_ As defined above, tz may be independently selected from: an aliphatic
group; an aromatic group; a cyclic group; any combination thereof; any substituted derivative thereof,

including, but not limited to, a halide-, an alkoxide-, or an amide-substituted derivative or analog
theranf- anv of which hace fi—-ont 1 to abhoiit 20 carbon atome: or bvdrooen In varioric embodimente



CPICPIC Me-=2_t,CEIC7,1-1,4C 3Ft;C(7.; CCC7,FL-1N NAC71-1,C71-1,C7,1-1.41,41-A,; any
regioiso- met- thereof, and any substituted derivative thereof. = Sub stituents may contain
lieteroatoms. including Halides, oxygen, sulfur, nitrogen, phosphorous, or arsenic- Examples of halides
include fluoride, chloride, bromide, and iodide. As used herein, oxygen groups are oxygen -C:C)
ntaining grit-) tips, inclnaing, for example, alkoxy or aryloxy groups ( 01-2) and the like, wherein R may

be alkyl, cycloaligfland, araliodsubstitded:alkysubstituied and reh sybstifuied: akalkyl having from 1
to about 20 carboratenss Such allkoxyber &ry gl aI;af.’fss%-e@11-‘2)&19140ups may include, for example,

nictlioxy, ethoxy, p 196;@1 @&m%@{yﬁ res%fﬁgtﬁl phenexy. amang others_ As used herein,
sul fur groups ane>sktdid- eﬂmtalalﬁg-,e@r@ups,emﬁmmmg&;sto&wnmiee Rranddhe wdhanein R in various
crubodiments maybeakyl>eyetdakyl, aryl, aralkyl, substituted alkyl, substituted aryl, or substituted
aralkyl baying from 1 tg &bt 26<carbon‘atoms. As used herein, nitrogen groups are

nitrogen- contalnmgtgrﬁlmsrﬂﬂmm may inclyds ctortexampie Hiebdvd onpyddyb graspsaand the like,

wherein R in -va?fou%)‘éﬂ]p‘fgte@?{ﬂfmgka gq&@gygﬂzlﬁlgrlﬁrﬁw)%b tliteepdtkyl, substituted

aryl, or substitutecaralkykhaangifrsra lifo b@fbai saAﬁluged reiRpphosphorus groups

are phosphorus ]ééﬁ%a“rﬁ)=lggl{9?66;p§ Ve ffn clite Porsatpie PReahd ik, wherein A in
various embodlmﬂaima)bbﬁia*kyieeysc}o&mgy &ﬁylyafakylssumﬁ &diatkly aaubst&jted aryl, or

substituted aralkyiHa ‘Fﬁb?ﬁ 21 éitfr s b SatSetfic’gidups are ars ciii
c-containing groaasb?@ eﬁiu@éﬁpﬁ ; qua@dd thedi %Q;&\Ai&r}&lﬁh inrvarious
embodiments mey<he at VlaFéfI lsa;p@tfﬂ& Eiﬁlwl%abagﬂu‘@r%aﬁstltuted aralkyl

Having front 1 ta;aRout sl St Qm)a@m ate eﬁlﬁﬁ%ﬁﬁ o GroUIS Ate.carbon-containing
groups, whlchnﬁ |ﬂ@|{}de’rfdre?< O&IRXPhdIl Fgﬂxdg Sueh allkyll‘al’ld% (r)eca CFFFay include
a

hatiae-substituteg ﬁﬂﬁ/ig@ﬂpé&lﬁlﬁ ‘;ot}%yﬁigar lgrjbqigmgafﬁgﬂylgf’ halide groups with 1

to about 20 carbenﬁa’tdmyeam ot@ratky halléecgrw wyitet O BdUL Z&CEF@GMomS and the

like, md mai ng SaEST Hosd ﬂ%@\éﬁ\@?ﬁhﬁéﬁi" SsEd el SR unRipS A
silicon- containingtg?i'eaps cwhible malpsnolutes! foy ekampleasiiyimgydups iseciiv aidyilsitid groups, arylsilyl

groups, aryl-alkylsi S“bsnmt%wéjf’qmn Eﬁﬁﬁﬁlﬂi fpdgj' il t‘lggcfﬁ Mk‘a_ ut 2o sd&bon atoms. For

example, siliconrgratip smdtidesrirsicthyl sitylbandephemyltatyls Hyh gréva tiphafis ysed herein, boron

groups are boro@@ﬂ@@@ﬁ@ﬁé}@@iﬁ@ﬁjﬁ@ eﬁgi%ﬁ;ﬁ%ﬂﬂr&% , wherein X

may be a 171014 6ald(31 &£ giouprsutivasnhatidephydride fatkoxdematikyh ztamelatea;rand the a

in-various embogiHRrE Y BE AR EYRIgRRL L A1k SOt et RN 6B tuted ary,or

substituted aralkyl havingikkromol tarbagl 20-canhealams to the °-cyclopentadi-
enyl-type ligands may have up to about 20 carbon atoms. In
an exemplary embodiment, the alkyl or alkenyl group may
haveup to about 12 carbon atoms, up to about 8 carbon atoms.
or up to about 6 carbon atoms. Excmplary alkyl groups may
include butyl, pentyl, hexyl. heptyl. or octyl. among others.
Exemplary alkenyl groups may include 3-butenyl, d-pente-
nyl, S-hexenyl, 6-heptenyl, or 7-octenyl, among others.

While the alkyl or alkenyl substituent on the n°-cyclopen-
tadienyl-type ligands may be unsubstituted, alternatively, the
alkyl or alkenyl group may be substituted. Any substitucnt
present may be selected independently from an aliphatic
group., an aromatic group, a cyclic group. a combination ot
aliphatic and cyclic groups,. an oxygen group. a sulfur group.
a nitrogen group., a phosphorus group., an arsenic group, a
carbon group, a silicon group, a boron group. or a substituted
analog thereof, any of which may have from 1 to about 20
carbon atoms. The substitucnts may also includc a halidc or
hydrogen. Further, this description of other substituents on
the alkyl or alkenyl group may include substituted, unsubsti-
tuted, branched, linear, or heteroatom-substituted analogs of
these moieties.

In addition to containing a bridging group having the for-
mula E(Cyc) and an alkyl or alkenwyl group as described
above. the m~-cyclopentadienyl-type ligands may also have
other substituents. For example, these substituents may be the
saume chemical groups or moieties that can serve as the X= and
X ligands of the ansa-metallocenes. Thus, any additional
substituent on the m° -cyclopentadienyl-type ligands. any sub-
stituent on the substituted alkyl or alkenyl group. any sub-




The remaining substituents on the metal center, X3 and X-4, may be independently an aliphatic group,
a cyclic group, a combination of an aliphatic group and a cycl ic group, an amid group, a pliosphido
group, an alkyloxide group, an aryloxide group, an alkanesulfonate, an arenesulfonate, or a trialkylsilyl,
or a substituted derivative thereof, any of which baying Horn 1 to about 20 carbon atoms; or a -halide_
More specifically, C3 and X-4 may be independently: F, CI, Dr, or I; hydrocar-byl group haying up to
20 carbon atomssitheoit bl Iud-achydracarbyloxide-graug-a.hydrocarbylasine graup,y or a
trihydrocarbylsilyE-grotn R@WWM@!@OH Ofb 2ocarbonatgnrsrOHR-£re®0,“RS4 wherein

RS4 may be an GGG TR SR OO0 B @40 MVCR BRGS0 15 alabaiais. 3. Cieneral
Structural Form@afsﬂ'@r Mea palccereLata %}st@ Ememmm@@fqh@bﬂ%ngreemlwes may include
q:

an ansa-metallogEnGa ANy thefatimasid 24 4TS S5 Tab et ML sl Zirconium or

hafnium and -X aheb)@hmmdwaﬁd@ Qtwdentlwar@I%En; @s'ﬂoﬁlgrfaytb@seaa&md Awenay be an

integer from 1 103 0TV A gt bR T A AT AT B
trihydrocarbylsilydgroupany obv\thf Plases 2&0&ﬂbmafbmgybr$mys %/drogen "The

subscript 'in’ maﬁﬁbfé'léﬁ@ﬁ’eé‘ﬁiﬁhﬁtﬁé?ﬁpéﬁ@@&;@“ el BT

independently arytreearbyh graup thatm. maweﬂaplt&&bmatgmlpsmaytbaﬁydrogen Bond
‘2’ may be a singlEHL AEuHN “psmﬂiéfig@@,ﬁﬁﬁﬂﬁﬂgﬁﬁﬁﬁﬁﬁ nagtaliotgite may include

a c ompound hewmgnthe formula: P-3-4 H-317? In this formula, Mi may be zirconium or hafnium, and X'
and X" may be ipde exam"t’rlzE;gPﬂﬁng;ﬁjgdfb@ﬁﬂﬁﬁﬁ‘pﬁsﬁ‘%ﬁ?ﬁg Bf{iHfeger from 1to 3,
inclusive. 14' ang:R::may be indepeadentlyrbdpmethylat ;pjﬂpybaf doerhdiibulyl, pentyl, hayl, or

rimethylsilyl, anfi"°Rray b Ittt iom e, 60 @Lt‘ﬁ's@eandanﬂ“ém 4y&'tfaepldndently a hydro
carbyl group hawagmpﬁ&@&a&h&a@fovﬁme&eahm h3aRd: A ay:heoaxslagleef a double bond.

In still other em@@g@ﬁé’ fﬁ?é‘%ﬁsg %ﬂgn@iﬁ%m Phayinl fie-formula: I
this formula, Mi asa;&ﬁ(gﬁ;lé’eﬂwml% atn &Jrgr p nakd Xndayibe siﬁef'ep ly BsCl, Br,or I. F
may be C or Si aﬂ 2 3’4‘C s é}yib’g gentt ‘P-P(‘ﬂ*?fiethyl and 'in'

may be 1 or 2. amg. §1ﬂ dependen ¥11§119 el 1Ban ahmay& a‘single or a double

bond Inyet otheﬁe%nﬂ@rt}?qhé ﬁh%&%hﬂ&@ﬁé"éf@tﬁéﬁ qeeh lrlﬂgﬂéls#ﬁay include a

enyl, naphthyl, anthracen
Compound haVl%lmlﬁmﬁvatlves of these compounds are also included,
wherein each group may have from 6 to about 25 carbomns.
Such substituted derivatives may include, for example, tolyl,
xyvlyl, mesityl, and the like, including any heteroatom substi-
tuted derivatives thereof.

Cvyclic groups that may bc used as substitucnts includc, for
example, cycloparallins, cycloolelins, cycloacelylenes, are-
nes such as phenyl, bicyclic groups and the like, as well as
substituted derivatives thereof, in each occurrence having
from about 3 to about 20 carbon atoms. Thus, substituted
heteroatom-substituted cyclic groups such as furanyl may be
included herein. Such substituents may include, aliphatic and
cyclic groups, e.g., groups that have both an aliphatic portion
and a cyclic portion. Examples of these substituents may
include groups such as: —(CH.),,CsH_Rs__, wherein m may
be an integer from 1 to about 10, and q may be an integer from
1 to 5, inclusive; —(CH.,),,.CsH_ R, ,_, wherein m may be an
integer from 1 to about 10, and q may be an integer from 1 to
11, inclusive; or —(CH),,, CsH R, , wherein m may be an
integer from 1 to about 10, and q may be an integer from 1 to
9. inclusive. As defined above, R may be independently
selected from: an aliphatic group; an aromatic group:; a cyclic
group; any combination thereof; any substituted derivative
thereof, including., but not limited to, a halide-, an alkoxide-,
or an amidec-substituted derivative or analog thercof; any of
which has from 1 to about 20 carbon atoms; or hydrogen. Tn
various embodiments, such aliphatic and cyclic groups may

include, for example: —CII.,C I1s; — CII,CI1,1°;

 CHLLC ., C1:  CHLLC 1, Br;  CHLCFI I
CH,CH_ OMe; CH,C;H_ OFEt; CH,C;H_INH,;

—  CH,.,C;H_ NMe,: — CH,C;H_ NEt,; —  CH,.,CH,C ;H.:

 CH,_,CH_CH_F;  CH,CH,C H_Cl; — CH,CH_C _I1_ Br;

—  CH,CH,C H_I: a

—  CH_.CH.C;H_ OFrt; —  CH.CH.C;H_ INH.:

— CH_ . CH.,. C;H NMe,; —CH_ _ CH._ . C,H_ NEt,; any regioiso-
mer thereof, and any substituted derivative thereof.



In this fornmla,rnay be %it-C:01-1i urn or hafnium, and x7 and X" may be independently Il, 13I11.4,
methyl, phenyl, benzyl, neoperityl, trimethylsilylrric_nhyl, CH,ClVIe.,Ph; SiMe PirC171%.4ePIf-SiMe
CH Ph. U.. ,, may be C.12. or Si and n may be an integer from 1 to 3, inclusive. R:3 4 and 12_3n may
be independently a hydrocarbyl group or a trilaydrocarbylsilyl group, any of which having up to 20
carbon atoms, or hydrogen, and n may be an integer hona 0 to 10, incInsive. anal-2'4n may be

independently a hyeyQcarbyh grauphavind el - carbon /igms, Arhydingen. Band ' may be a
single or a doubie-bogang sNbnkmitingExamples eb Netallocene Stryative = xdmraxmplary

embodiments, tlﬁtéﬁdﬁﬂg‘;@ﬁé@( Xﬁg&ﬁ%@ﬁé@?@%}@g@%ﬁ@%’g?@j&@ as shown in

FIC3.1, or any ci a{@,nt m&spmees&esi@@apaﬁssmetaiﬁapaaa onapounds

that may be emp iudshavtpeerrre [eIMY 1S, Pat. Nos.

4,939,217, 5,191, Zr’é‘zféi;%i% s At 05,5,451,649,

5,496,781, 5,49%,6805, 541,272 )5:5541P85:5: 563,268k de, for example methoxy.
ethoxy, propoxy. butoxy. phenoxy., or substituted phenoxy,
among others. As used herein, sulfur groups are sulfur-con-
taining groups, including., for example, —SR and the like.
wherein R in various embodiments may be alkyl, cycloallky1,
aryl, arallkyl, substituted alkyl, substituted aryl, or substituted
aralkyl having from 1 to about 20 carbon atoms. As used
herein, nitrogen groups are nitrogen-containing groups.
which may include, for example, — INR, or pyridyl groups.
and the like, wherein R in various embodiments may be allky1,
cycloalkyl, aryl, aralkyl., substituted alkyl, substituted aryl, or
substituted aralky]l having from 1 to about 20 carbon atoms.
As used herein, phosphorus groups are phosphorus-contain-
ing groups, which may include, for example. — PR, . and the
like, wherein R in wvarious embodiments may be allyl,
cvcloalkyl, arvl, aralkyl, substituted alkyl, substituted arvl, or
substituted arallkyl having from 1 to about 20 carbon atoms.
Asused herein, arsenic groups are arsenic-containing groups.
which may include, for example, —AsR.,, and the like,
wherein R in various embodiments may be alkyl, cycloalkyl,
aryl, arallky1l, substituted allkyl, substituted aryl, or substituted
aralkyl having from 1 to about 20 carbon atoms.

As used herein. carbon groups are carbon-containing
groups, which may include, for example, allkyl halide groups.
Such alkyvhalide groups may includc halide-substituted alkyl
groups withh 1 to about 20 carbon atoms., alkenyl or alkenyl
halide groups with 1 to about 20 carbon atoms. aralkyl or
aralkyl halide groups with 1 to about 20 carbon atoms, and the
like., including substituted derivatives thercof.

As used herein., silicon groups are silicon-containing
groups. which may include, for example. silyl groups such
alkylsilyl groups, arylsilyl groups., arvlalkylsilyl groups.
siloxy groups. and the like, having from 1 to about 20 carbon
atoms. For example, silicon groups include trimethylsilyl and
phenyloctylsilyl groups.

As used herein., boron groups are boron-containing groups,
which may include, for example, —BR.,., —BX,, — BRX,
wherein X may be a monoanionic group such as halide.
hydride, alkoxide, alkyl thiolate, and the R in various embodi-
ments may be alkyl, cycloalkyl, aryl, aralkyl., substituted
alkyl, substututed aryl. or substituted aralkyl having [rom 1 to
about 20 carbon atoms.

The remaining substituents on the metal center, X° and X7,
may be independently an aliphatic group, a cyclic group, a
combination of an aliphatic group and a cyclic group, an
amido group. a phosphido group. an alkyloxide group., an
arvloxidce group., an alkancsulfonate, an arcnesulfonate, or a
trialkyvlsilyl, or a subslituted derivalive thereol, any ol which
having from 1 to about 20 carbon atoms; or a halide. More
specifically, X° and X* may be independently: I', C1, Br, or 1;
ahydrocarbyl group having up to 20 carbon atoms., H, or BH _;
a hydrocarbyloxide group. a hydrocarbylamino group, or a
trihvyvdrocarbylsilyl group., any of which having up to 20 car-
bon atoms; OBRY, or SO, R“, wherein R may be an alkyl
group or an aryl group., any of which having up to 12 carbon
atoms.



5,565,592, 5,571,880, 5,594,078, 5,631,203,5,631,335, 5,654,454, 5,668,230, 5,705,578, 5,705,579,
6,187,880, and 6,509,427 describe such methods, each of which is incorporated by reference in its
entirety herein. 13. -The- Optional Organoaluminum Compounds  In one embodiment, the present
techniques may include a catalyst composition including a tightly-bridged ansa-mc:tallocene
compound having a cyclic bridging moiety attached to both rls-cyclopentaclienyl-type ligands, a solid
oxide activator-support;ands optienally. an.ereanchalmainfing compound, The designation of the
orgatioaluminum compoundias Sapsionaltissintended: todeHectihat thaorganaalidnainum compound
may be optional ﬂﬂﬁﬁrmﬁ&;‘ﬂmﬁ’é%mtmrﬁﬂﬁ‘ﬁl%?alytlc activity to the composition including
the contact product, as undersjgoe haary skill, as presented herein.

OrganoalumninLimn compo hie present techniques include, for example,
compounds with the formula; A be a h{ydrocarbyl having From 1 to about 20
carbon atoms; X' may be gtkox 3 am/"bf which having from 1 to about 20 carbon atoms
halide, or hydride; and n( er fpom Iete3, inclusive. s may be an alkyl ha., ing from | to
about 10 carbon atom s_Moi eti es u srriay md1 ride, fC31- example, methyl, ethyl, propy 1,
butyl, sec --butyl, i so-butyl, 1 -hex yl , l, i solicxyl lacp - tyl, or octyl, and the like
Alternatively, X may be independently fluoride; e, metlioxi de, etlioxide, or hydride. In
yet another embodlment X may be chloride. In’thé formula Al (Xsn SN May, be be a number fi-ont 1 to 3

ereln

inclusive, and inga EXaup g{ﬁ%ﬁﬂhﬁf Temay-he ; ;ﬁcﬁ;\l@ oL gslrﬁaegtrjﬁéﬁ to an integer,

therefore tins coitre ha inul riderse squribal rdelwmpt)um%‘i ethdr B37g ahaﬂehmlnltrum cluster
d Eén ently a hydrocarbyl group or a tr1hydrocarby151 vl
compounds, an ﬂ any of which may have up to 20 carbon atoms, or may
be hydrogen. The subscript “m” may be an integer that may
range from O to 10, inclusive. R* and R* may be indepen-
dently a hydrocarbyl group that may have up to 12 carbon
atoms, or may be hydrogen. Bond “a”> may be a single or a
double bond.
In other embodiments, the ansa-metallocene may include a
compound having the formula:

R3B

In this formula, M*' may be zirconium or hafnium, and X' and
X" may be independently F, C1, Br, or I. E may be C or Si and
‘n” may be an integer from 1 to 3, inclusive. R and R>“ may
be independently H., methyl, ethyl, propyvl, allyl, benzvl,
butyl, pentyl, hexyl, or trimcethylsilyl, and ‘m”> may bc an
integer from 1 to 6, inclusive. R* and R™* may be indepen-
dently a hydrocarbyl group having up to 6 carbon atoms, or
hydrogen. Bond “a” may be a single or a double bond.

In still othcer cmbodiments, the ansa-mctallocenc may
include a compound having the formula:

R3E



(jeneral ly, organoultinnin rim comp() rinds that may be used in the present techn id nes may i ncl tide
trialkylal urn in urn ¢ arm - pounds, din Ikyl a luminfina halide compounds, dia Ikyla - num_ a Ikoxi de
compounds. dia Ikyla luminum hydride compounds, and combinations thereof-. Examples of st, cli s
a no a lu minutia ¢ nip ound s include triniethylalnniinum. trie-thylatuminum (TEA), tripropylaluuninum,
tributylalumi - num, tri-n- butyl aluminum (-1-1113A) triisobutylalutninuni (EIBA), triliexylatominum, trii
soliexyl aluminufy, {figa:Aylalnn:1i nem,digthylalipaninsn.etliexida: disphutalumaingmn hydride, or
di ethyla lumningin eidorite, ortny<cwombiia tiorrthereofoif thé-particutar alkykisomerds not specified,
the compo mad ffi; ﬁ%@ﬁaﬁﬁi ﬁ@@s%ﬁ@]ﬁc%ﬁ@ﬁ@ﬁﬁm@ﬁ@? cyl group. In
some embodimeris;t kesentteghniguesimaythsiide-precaptipeting: theansar-metall occne with
an orgatloalurnlntua'a wmpvamaﬁwméeﬁmnﬁmnmm#ew dm*éemﬂaeﬂtefdﬁnimre prior to
contacting this geGertacted Mixture With the ' S5lid oxide GRtVEOF-Eapport t8 Torm the Hctive catalyst.
When the catalyst coin pos i Lion is prepared in Lb IS manner, a portion of the org ano a luminuna
compound may be added- to the-pte-e-ontacted=mai, xture and another portion of the o rga - noal urn i

num coin pc) Lind may be a din |x Jure prepared when the prec onto Led in

ix tine is contacted with the eactive Fvever, a /11 of the orga tioa In - min urn compound
may be employed to pre in et g4<~tﬁ"e pi-CC-QilLac ti rig or pC)S CC:C31-1CLIC Ling-

step. 211ternanvely, the a |]go bereated with a lutninuni alkyl be fore he; rig treated

with m et olIC3 CitrlCr. or C3tbcr mi A'lies e precon tac ti rig- step s are not req aired, and all
of the catalyst components may be ¢ ' e step. _ F' art her, more than one org-arto al
main-min ¢ nap o and may be used, in eithet« recoritacCting or the poste ont a cting step or in any
procedure in which the catalyst components aré¢ontacted. When on organo aluminum compound is
added in t plc step s the aunt) tin Cs of Organnal urn i num con, pound presented herein include
the total a mou@f%fg&ﬁ@aitﬂ@ébﬁen@géﬁ @m@%%@gﬁypﬁbe&mﬁc --ted in ix
tures , and any médmﬁaai ngﬂﬂ@%}ymuazmme&mmp 'l gﬁthihe pc) lym eri :co Lic) xi
reactor_ ' | -here-ferestfakairn :nutscof argsa:- no-arluminu 41 camposthstaare-presanted; regardless of
whether a singlet#gahi6 f@@@ﬁhﬁ&jﬁ@ |§:IL§%91 ’@?ﬁﬁ;;é‘ﬁ‘@c grﬁb %T’Fgéﬂé(ﬁal riurn
comnporund Agatih-exesplatsadgan numg} eempﬁue i 56500 o diments. of the present
techniques may erforda aretiyrtalgad> ha H?P‘i?%ﬁ aramYrtarh@tri s of) uty lal
turri num, and sgﬁj{ﬂlpsﬁaﬁy%wﬁgﬂ%ﬂ jhelﬁ}Ll oq}(;aﬁgf i @é&g@gﬁﬁy%a; iew
Embodiments Oflﬂﬁ’é’ﬂf’%érﬁlfegﬁﬂl&’lﬁe% encdmpdasackata - st com osmon including a
tightly-bridged ans 3 -higwr 1&9‘?‘?(:% : & fah, B’L]Jﬁﬁ g3 PYESEHISREBIT HPLbNANy, an organoal

-meta

urninurn compo 1&3 anashvater Mﬁ%ﬁmaﬁbem&g 40 wiea fﬁefbaﬂﬁli Dbetween the
metal center an&i g&?@gﬁ%@ﬁl%ﬂ@mﬁ@(g@ﬂat ayhebe ﬁ]@&@ﬁ@ﬁﬂnﬂ&ﬁﬁ@ﬁn Further, an

nt

activator or co- Qa;aiyﬁtmaasre ace &G@lﬁ)qn@r%a’\ﬁ)ﬂm &SIQQ > Bonditasthe metal_ | be
activator may bé" R/%@or sgjgi)gﬁ th@dlng g§9@§grde§:sé@t§mg1 a5 49§@ﬁrthdrawmg
anion, as dlscu3§edg Eg {ollowiisg 6l QCtI%\ salJO ke or layered g@aeral ac tiva
tor-support, as SEASSETIN-thE Vst 16 s SUBSELRNS; ah- 7é@é\lffé)%\lsurnfm‘é%t'nén‘éﬂmpound as

S7R, 5. 705 579, 6,15

discussed in theOlBWIDG SURSECIAL dacainr QRNQiQrga 39@%0@@ atnd., as di self
ssed in the follovstigrsubsedtrort 5;<ardarrionizirgeédmpound, as discussed in the lowing subsection 6;

or any comb illatiomohany pfibese amﬂgatw&uurﬂmxﬁmecemb@dﬂnaﬁts ofthe present techniques, al
intri 110 X - a /1e mayret Iseréqiied o forin< re§€ﬁ¥éélehereln &c
cordingly, in son@cgﬁ@gdfmﬁgﬁs’m vl R "fy‘éé‘émm}fs 03 Cathp i oUnlEahione,or more a ctiva

tor-supports mal %@usedwmeabs'eﬁe‘eteﬁalummmh@rwmledmﬂm?enehrfgttcibelbeund by theory, it

is believed that ﬁ@rﬁﬁg)@;{gm&;m CHenahd s 5inav. [ﬁzﬁléﬁﬁ'ygféliﬁegmgfeimﬁqgnedgatalysts in the
same manner a§<ant@rgamallm|mm§ﬂxdfai/1© refipddiibpallyihaoborateccdrmpounds or MgC-212

may be required-tg i RS RNt SoIRAHSITAL ol R glcpﬁlﬁﬁtﬁ ﬁlﬁf@ﬁi‘éﬁ@ﬁg&w mini no
‘cane, borate cocmpouﬂdsxvmgbﬂlz 201 amylcorioildtiby thereof, Mmayioptiomatyk bé.used in the
catalyst composﬁho&o’flfﬁe prlesen’f‘technlches Further, in such ¢ omgounds gs alunainoxa nes,
organoboron compguﬁds,demzmgjenlﬁmmpeumds egrcaﬁyamgmbmamﬁnihageaf; may.be used as
cocatalysts with'te"aH$4 -rnetall ocene, either in the presence or absence ofactivator support. Such
coca ta lyst s may be usedwitirtte-arl S.11-1-11Ct a-1 1 OCC1-1 C, either in the presence or
absence of an orga 110.11 hi minima compound, as spec ified herein. Tlau s, the organoalurninurn
corripo und may be optional: when a ligand on the _meta llocerie is a hydrocarbyl group. Il, or 1311.4;
when the activator includes an organoatuMAI1C1rine compound.; or when both these conditions are
present. | lowever, the catalyst compositions of thegpresent techn iques may be active in ‘the
substantial absence of cocatalysts such as a limainoxanes, organoboron ¢ ompounds_



ing ionic compounds, or any combination thereo 2. Chemically-Treated Solid Oxide Activator-Supports
Overview The present techniques encompass catalyst compositions that include an acidic
activator-support, such as, for example, a chemically-treated solid oxide ccrsciii. A crso may be used
in combination with an organoaluminum compound. The activator-support may include a solid. oxide
treated with an electron-withdrawing anion. The solid oxide may include such ¢ cmpounds as silica,

alum ma, s il ic gyalym; Mac al Yynin).- phasphate,.alyminyot Rogrhate; zinc.aluminats, lieterop o ly -
tLIngstates, titania;neircandn,magnasiaxbiarialrRive iakider ameck oxidestheseat-andithe like, or any

mixture or combBinstios tHerteaf 1T %%Eﬂﬁﬁﬁnfrfﬂf’awm g@j rtehiets faaditie! Thloride,

bromide, iodide; RROSARAE. HAE DS ULALE ik a6 T J.ldp@& S Qrate, AL SBEY LT e, tri

nl_1(31-021C.:CGihtx phosphate] Huerotphesphaiebuarc=tystl . unia,. tusre gilicatesfluorotitanate,

permanganate Sﬁﬂfﬁlﬂﬂ@é‘d oy %ﬂﬁl{éﬁ%&%é %&W%%ﬁ@ed
arenesulfOnate SHBRIUEQ Pl AL SRl SUdala0 SRVISUaie. Or ANy ;COMaatan WeTea!. ' | be
activator-suppospiaidiaclude the contactprodist ofansolid Md@@@mpewmﬂamm

electron- WlthdrawmféWsemrﬂ@-Adﬁfr&e@t’eédm -the Feliowirgsabsebtiontbe®hé-tsolid oxide

compound may;sidhid A ToPdhie b fes LAY B SERE @@ﬂfﬁ% St PRIRT 10" Cartacting the

electron-withdrawinganion-sgureecThacontagh pregecidnay cal-cdand eithes-daring or alter
the solid oxide E@mbemﬂmg’cehmwmm@ré&roﬁ%th’a%wm anion source. In this
embodiment, the 6XidE o g:heyy catingd ue

it technigue

trialkys u;tl:ﬁleggull (e:‘Ig?‘?ffoodlment the
activator-suppasLmAUNCH G %ﬁga{aﬁwfpi@ila@gahqgjzcgh xidesane.nornd and an
electron-withdrawing amws@iwceom"ﬁhedmleaatedﬂaamaft@ﬂsmppoum whtbibenhanced activity as

compared to th@‘é‘df‘?é’s"g?rﬁﬁﬁg uﬁﬁéﬁfé‘d’%lfd‘bzldé}’&ﬁﬁgéunf ’wmgly infehdMy T8 be bound by

COMmpouIlr rinc aluimniin

theory, itis bellgx{gdﬁg}ag Re.2GHIMAD-SUPROIT caRfuistiomasaSsalich OXIGe SHPRARAY Compoiand with
an additional ionximg thesdraibordiweake ninigrifasi01 1 roskdetivehatermedwamactivating”
function, by we%@@%hé@@@bﬁmﬁm@@‘a@%@w@pq‘%@@m the
metallocene. Thusgthaactivatersuppertupay-ha-considereddo exhibitarc aetivating'function.,
regardless of whktherit- |oﬁfz€sqheaqﬂ€t'almca%§ydb'sfraet§aﬂamb?ﬁc%igaﬁﬂiﬁcf@rﬁ%lsn ion pair,

weakens the mg@fﬂéamﬁﬁggggﬁfg @1@3%}51%% y cooré1 nates to an anlonlcl‘,l]L igand when it
contacts the activaterssupposi0s anyralbaimeskapismsbywhichignizing-palaihtingier bona
weakening rnlgmaFaﬁcfiﬁ?%?ﬁglﬁﬁ? F&HH@é‘ﬁélﬁa"S'éH ea’tazryaae b"gi't}’eﬂ‘g Of the present

I PO mer o ftormx & ont

techniques, therﬁc;&ya&r -SHPROFtIS t;,gp; @&Qmp@aeﬁ{ anpéowqeas an activatable
| igand such asth alixyrdrrydkdie md@ﬂwmetaﬂoeen@vmlmum butnotdititbdsto an
organoalinnima R GHEL e AR HCEh e L HERIR:bots BeE ARAHY Tefhe such a
ligand . In one ﬂi&@ﬂ&ﬂﬂh&&tmﬂteﬂ%&ex&dﬁn@hmmt@@ﬁe@mmmﬂﬁum@axum alkyl
bethre being e%p@%é‘dﬁb‘fﬁé‘?ﬁéﬁ?lb d myE3e H&l?&ﬁ??gﬁﬂ@i@ﬁﬁ@%@&@d inorganic

repare 1 the precontacte 15 conta

oxide _materiaksaHmix emjf.cmateg @I~ EGANTIRAHQR: Of m@rgamm@&ggar{aaiﬁmals that may be
chemically- treatedrvmﬂmmamawmaba%vmgmmﬁpmﬂhtoan Ston gl trea%édwmmanother metal
ion. Thus, the Solidh GxidaOP IS eé:c@%ﬁgjg, S SR ENCRRa<ERS Ste matenal tlvﬁg?jlas aliarnina,

"naixc.-d oxidc beﬁ@mpowhdsgsu@h:a&ah@aﬂaiunﬁmamsmeae ziseoriahetrsilicatitanis, and
ombinations anﬁﬁﬁﬁfﬂ@?fﬁ&’ébﬁ‘dfﬂéﬂ\ﬂﬁ@bsn%‘fﬁl q&(@%@ﬁfﬁdsaﬁfbkf‘lhfﬁnﬁ’ﬁ alumina, with

con ac

more than one m%mmblnﬁ@gmﬁw%@ fo/zls1L asald Qxde QQJHDBB%QE&“MA%Q made by
co-gellation, mp&egnatnbnmb@ta@wcwal depositions eimd:are gne srapassettbirthe present

techniques.  FtHRriRE &INERTSndot Wiy jit Hide ﬁﬁtﬁﬂﬂﬁfoﬁzﬂ?ﬁé’ﬁf’ﬁrﬂtm@ﬁ?lon such as
zinc, nickel, vanad.lwn;;lény&sp@rmer albulamR ttnftaagﬁﬂcmmﬁeiyhﬁer&ﬁnﬂpanﬁny c ornbi -

nation thereof FEgarmp @dﬁ%ﬁﬂ@?@?%ﬂ@g@@?tﬁ‘ﬁhﬂﬁé?mﬁmé%rﬁ%mﬂlrﬁ'@tﬂ% include, For
example zinc -IpLagnated ghfg_engg@,alfg & Zile ?@ﬁ@%ﬁﬁﬂ@f@? "3 On@%ﬁqg -impregnated
chlorided. silicaa<ddusrine zmepm %eadrmnmeﬂncéﬁ&ﬂaﬁgyﬁemm pregratedhstllfated alumina,
or any combindfh( smzvggpgxwm@rﬂmgggﬁmméﬁude a solid
oxide ofrelativeiy highpoarositypwhich exhibite hewis>-acigic ot Broastedaci ﬁ@ﬁhamgr The solid
oxide may he cﬁlgg;i@gggcq?éa%ge%ciqgaﬁg@gﬁwm dravy e %N’%’i féatty an
electron-withdr& WIRY aniens, 10 n@laglag. LQr=SURRPAKT. “Whiesa grfélsg d by theory, it
is believed thatstreatment efthe inorganicoxidehwitiraf electron-withdrawing component augments or
enhances the ac ty of the ox ide_ "1 has, the activator-support exhib its Lewis or Hronsted acidity
which may be typically greater than the | ewis or Hronsted acidity of the untreated solid wade. --rhe
polymerization activity of chemically-treated solidc wade may be enhanced over the actiyity shown by
an untreated solid oxide.  The chemically- -treated'olid oxide may include a solid inorganic oxide,
including oxygen and an element selected from Cirroup 2, 3, 4,5, 6, 7, 5, 9, 10, 11, 12, 13, 14, or 15 or
theperiodic table, or including oxygen_ and an element selected from the lanthanide or actinide
elements_ For example, the inorganic oxide may include oxygen_ and an element selected frorn A.1,
1-3, He, Hi, C 7d, Co, Cr, Cu, Fe, Ca, | u, Mn, Mo, SI", Si, Sn, Sr, 'Fla, "ll,W, 13, -V, Z,n or Zr_

intahle enlid ovide materiale or comnniinde that mav he 1iced in the chemicallvv-treated <eolid ovide nf




sin Sr, -Fla, Ti, VW, Y Zn, Zr, and the like. Examples of oxides that may be used in the
activator-support of the present techniques may also include silica-alumina, silica-ti tania, tes, many
clay minerals, pillared clays, alumina -titania, alumina-zirconia, aluminophosphate, and the like
Procedines to form such solid...ides, and exemplary chemically treated solid oxides are presented in
the following subsections ¢ and a, respectively. Concentrations of electron-withdrawing anions that
may be useful indarming shamically-ireated saliskoxides are presented in the following subsection e.
CTiernical 'treatment.cfxthesaraoxide A solid oxide _material that _may be used. in the present
techniques may be Ehehmfaillylﬂeafedfb?lem{ itvithran efectromayitdrasin %@mponent

typically an eIectﬁ@éﬂiﬁ’@ﬁ%@?@nﬁ@w&ﬁ@@wﬁﬁéﬁha@g@%@fﬁ@?}% f’%aeg@etallocene
complex_ Furtheticthassolichexide sraiesakbimaybe chepkoalydreatethwitle eirather metal ion, that may

he the same as &dﬁﬁ&%ﬁr%@ﬁﬁ% : @@WSR@@&;@?%H‘GW@& Hatterial, then
calcined to form a:m&taheo&t&mmg&&ﬁ@t, mpieghrated-chemicallyreaind seligaxide. Alternatively,
a solid oxide ma?érlaPan?FanVellebtrerPWﬂaéra\mn‘gbaﬂ|é5rf13’oe%:eﬂn$a bbechrtacted attelcalc.--ined

simultancousy. THR eMOH L3NNG EROG AR SOPAEIRR A At EREEERcraung

componeat, typictky-asatkorramacihticanielectnohswithdravwinganion; incluge Hok example,
gelling, co-geling, ECTRIBILATE LT ARG QR At el VT E AP bpound onto the
other, and the likeistruembodiments ﬂfmeu@rﬁgatﬁeehmquewfowowm@mbmfﬁa@tmg method, the
contncted mix- taEEGYARR CARIORTA, Bt T ahiigth: 6 HpThaf g metal ion, may
be calcined. 1owelegtroﬁwamdﬁawlng cempanaentusetbia eatthe wads may becany component
that increases the &S Y Hreuasted aC|d|t¥ of the SO|Id oxide upon treatment. In_.one embodiment,
the electron wﬂhgl;@mgﬁ?nq?;@%l,ggqﬂ;r@ DI tfﬁ?’m uéén)\;e(ﬁrom a salt, an
acid, or other commmeksdch%avof&ﬂ@wbambeommmthaeb&r@ww% a3Brce or

precursor for thal ARfoBr EXA RIS, B Ry AR R R AN BiShS MEIRR oL SXIRpNE. fluoride,
chloride, -bromidesiodide pphiospheatd; <fl hkorometive 1de=sulfonate {titftdiedy bisniisie, Wnitate, flu o -
roborate, fluor sifSEELHtEIGY & e B ESHNALE, 1T 8t0. P SENGPE QTS T, fluor silicate,
fluorotitanate, perniarigariate, substltuted or tans tabs Li tutted alkanesul 1-0 Ila te, sub s ti Lulea or
tans tabs ti L1A Led sfenest @It‘edcdrrm%ﬁlﬁsﬂﬁ ed akgiSultaterarid e like, including

preserit

any /TabCturcs aﬁagleﬁ nt}a{@ﬂmﬂ]e[eoiat S SdditON Bl E 0nIE Ol MORdaNI CampoWnds that serve

as sources for tHe2E & liysed tekh- ignes . The
chemically-treatedsqidoxie Siﬁﬁlm eﬁn S0 %&-@E%ﬁuﬁﬁa ' he terms
alkm-lesLa Ib na{@mmkglosatf’a‘tm'ef@%%momlh’av : lﬁﬂ‘fﬁﬁ’lﬁ IRP*S@B ,01- and
Ras(D)SCD. ,01-iespeively WhiSit a3 fal e 4 incat GEbGACHE Gl dling up to 20
carbon atoms thmmyb@sammdwwmwmmmm mﬁée@bfﬁr T, OFT,
Me, (I)Ft, OCE ; BEL Sy Iediy Bt d Ads e a ke S, Jale,ahd G Sifate may be
referred to as bemgteqmel Sswibstidrtiedhoryynstne it tatled-$he atkyl g efatﬂeva Ilkanesu

Ifonate or alky! sHfR{eEnayave insth, cagi%lr‘iéitﬁiﬁ’mr Ao A0 aﬁri’ugifg 6 carbon
atoms Such alkamesrifonatds may mluﬂe: fonedaspleo meathaie oo Rm‘mli_re ethanres ul ant ate, |

-propa-nesILO fé&@“ﬂbﬁﬁa@%ﬁ{ RURTERS @‘éﬁ&ﬁg&hﬁﬁﬁ@éﬁ%@ﬁé&%ﬁﬂ@me
trichloromethanesnifenats; chiongrnethasnesu dnsats; hihydioxyethaasstiifonate, 2 -hydro xy -
2-propanes ul fornate, T ereriis i 2 Lproparesaliolistec v et likat it other erfidediments,
examples of alkyl s@@?‘é IhENIaR, for rexample, methylsultate, ethylsultate, 1 porop¥I s Li] Date,
2-propylsul fate, &am@ﬁwm_&y aafnlcia‘teamlﬂmofmn@tﬁame Sﬁhb ate; tiehl eﬂe{ﬁeﬁl)élsnlfate
chloromethylsul af&%ﬁr%cl@@r‘g SAIDENE]) ‘Pe“?o labf did Egtﬂf‘ranll’éal’ -hfethoxy
-2-propylsulfate, ‘ARG the iR o L e ok aenesnlinnale.r e{cs mgensga\é)agiﬁergeneral forninla
wherein A.r" may-Becénca % toti4earbba stoltd CB}EU-‘W e dptionally
substituted with g GEAPSRIECIE G BdeReR = VO e o P B O T ORI T 1+i; t, (OPr, 01-1
()C7 " Ph, (Ph, gﬂgﬁ%ﬁeremt?ggﬁn ¥%G?\4H@@§§’?E§F§Fﬁ?}%d‘a lxmlogl%@amwg%to 20 carbon
atoms Thus, the,AgHesudtiTe May.bepfEied i asa sl hatididd o dntnsu Beitited
crenesulfbnate. Besarise heryictoubyartivey be substiie vkt g9 sige ot 126, which
may include a lofig Sty 8itl8 Fiaid:. tpiaine- AUTHEE CRLmIasaES ABRTEENS: The aryl group
of the arenesuIfethatermayahmﬁe:umgdﬁmmammlbsupqm@cwbmgmsgmamples of such
arctic-s ul lima Les include, ttir wen, plc, ben enes ul Ibnate, naph thalenesnlfonate, p-to Inoue
sulf4Dnate, in-to fuenesttlfonate, 3,5- yl enesul fo nate , triUl uoron-ietlto xyb en ttenesul ball te,
trichloromethoxybenzenesttlfimate, trifluoromethyl- bonzerl es in ainate, tn eta] 01-01-al ethy Ib xeri
ft-mate, fluoroben esttlfonate, chlorob enzene sulfﬂ)ﬁate 1 -hydroxyethane benzenesu Ifenate, 3-flu
oro -4 -methoxybenzenesul fenate, and the like. ~ When the electron-withdrawing comnponent
includes a salt of an electron-withdrawing anion the coma-tea-ion or cation of that salt may be any
cation that allow s the sal t to revert or dec-ompo se back to the acid during calcining. Factors that

dictate the suitability of the particular salt to serve as a SO nme for the electron-withdrawing anion may
inchide for evamnle the <colithilitvy of the ealt in the decired ecolvvent the lack of adverce reactivvityvy of the




w itharawing an ion inc tide, tin- exam pie, arnrnon i nun, trialkyl ammonium, tetraalk-yl ammonium,
tetra alkyl pliosplionium, FtL )., I -1-, and the like. c. Examples ofto Produce a Chemically 'Treated
Solid Oxide  Combinati 011S of one- or more different electron withdrawing anions, in varying
proportions, may be used to tailor the specific acidity of the activator-support to the desired level. Stich
comb Mations may be contacted with the oxide material sinonitaneou sly or individually, and in any
order that a fiordsithe desiresh-ac dyatersnppartacidity. fas example theqaresentiealni qu es y empl
oy two or more ettft‘ﬂis’ftéptﬁﬁ%h‘dfawléh‘ibﬁtsﬂa‘i%é Edpbiids if-thb BPPhererséparate-tontacting steps.
Thus, one e- xamp%ﬂ%%@heapmces@gymmeaﬁnﬁetue@hsepp%&aaﬁheatepamdds as follows.

_A_selected sdrelle%deeetﬂ gggglzm i t| O@gﬂa@@o@ct s % lS‘FFtaCted with a
first electron-wihdeaaiag, 1626 QMaR0 R0.1Q teldT, Xiue al frsianixture may

be.- calcined. Th@@&t@tﬁéﬁfﬁr@tﬁmm eocemaetﬁeﬁm alsfecetmbeteetroﬁlmthdrawmg anion

11101

source ¢ onnpolRAia R a.SesantaiXire. Ahe SECoNG MR HaY Ré talot.Med o term a
treated solid oxrelereem na‘lrrhstleh @emeese%heﬁ#s?w@meemreleewmmdtﬂewmg anion

source compoun@‘iwﬁéﬁ el O ETRCURNS B RV HIAY e e Xaia CORBFGT  ific solid_

oxide activator-supporimayde u:@edtle 1a progéss that incktidescontacting a>saktoxide

compound with %ﬂ%ﬁ@tﬁ@ﬁ%@ﬁx@ﬁﬁf@ﬁ@ﬁﬂ%@@ﬁ@@ﬁ&ﬁjﬁm@ mixtyre_ 'The first

mixture may beithem sateinaskio=torne thiesalidroxides adtivatonsupportd sAlieinatvely, the solid

oxide activator-§IHPEI I AR A ARQHTGET: Y, 4 BEHSs A inetEs dAta LG B sdlid Pxide c

ompound with afikstielestrppuiihdrawing:aniomsourcecompounttoforma firstimixture  The first

mixture may belb‘éth?lﬁ’ezﬁl%[nd’thﬁl‘ﬂ‘fe‘é’éfé’k‘ﬁ’ie“a%@’ﬁﬁﬂﬁt‘%rﬁ rjﬁé}d@’ ACiTT Wiifa second

acnwv. Stior, by weakRening t

electron- W|thdray\&ﬂgzeet@mﬁoafﬁe)mmpnyﬂdctoetﬁmaéemmdlmtxtuﬁe: -hhe-sesonedaixture may be

calcined to forin fiie Sollck B)drte AcHv2or Seppot T Sofiqroxie Hfeivat lg StppYrt iy be referred to
as a ChemIC3.||yﬁﬁ%&ﬁﬁd@@4&ﬁ@xms(ﬁ-z&tssg eﬁrﬂa)aebtmigdmd ttn Item@taae the solid oxide
ac tivator-support i Hﬁ‘d SWFt’{ﬂt—’éWlng anion

T a esqo anrn sw~hen con acts <
SOW-CC COMPONntid o] %mcequrert Eﬁ&oxﬁe&emﬂeuﬁét eﬁeﬂf:me batare, during or
after contactlnglvﬂﬂtlfheleléemfn‘:\mmél e&ﬁteﬁseu%]et m%@egf RPavd Al xaneS or

organoborates Mﬁeggoie anu;wtgtg ttge ﬁﬁiﬁ%ﬁns fﬁﬁﬁ&t&;ﬁm an ambient or

inert atmosphereO lm aldny H’ﬁti’e/tt(ht ﬁhﬂ@\aﬂtl&‘e@ i ezrtind ﬁﬂeﬂilabeutdmoo C. to about

900 C., and for &, gfaDB’ li,e TiviLoR: LOTHoNRS Tl ing HaY Al Sefibe conducted at
a temperature fiiemeabemosﬁﬁ@ﬂteiabeets%@t@lw#@nlabeuﬂ&o@@bte@bmﬁﬁ@@ 1g7. C7alcining

may be conduc LRt Rolel 16, AEqULBh H S BUNErR Aeltt3 HRUIEIEEOut 20 hours_ In
embodiments, d&lemmg may be carried out from about 1 to about 10 horns at a temperature From
about 350 C. to,apAtk A0 1 EHNRE AT Y iR N L BAD Y 3 Sl bient
atmosphere, at aaxeievatedl&e rature: Geneonadly, belethmgmn@beotmdactedtﬂm@ Xi CH:eying

atmosphere, sughs Eﬁﬁ‘ﬁﬁﬁ%ﬂ@éﬁﬁ%@ﬁﬁﬁéﬁé Re i nigdi e Affisphere, such as

nitrogen or argor;cofincareducing-aimespheresuidil asshydiegensoictardsnanonoxide. The solid
oxide componelt R et 16 PEpar M Cteatitraet st RnaE ME haVe 3 ke volitne greater
than about 0.1 eelgracnortrmiwﬁ@gfeatabﬂaancah@i& Q:b162¢/g 101 pore MokuMe: greater than about
1.0 colg. | e sfTLONTECHAbE T Sharyaus SiEb ot o bl Lopsg oLt 1000 rinig-
from about 200 ta.gheuwSA00/g et VR about2R0:t6ia h pu.trﬁi) {Gh o les of Chemically
"Treated Sol id BRides” Prﬂﬁgﬁgﬁggﬁﬁg@ﬁ%&enm may be t treatepll\glth a sourge, of halide ion or sail
fate ion, or a com.laafwatloﬁoﬁa&uemstcamdswtmratlyztfeatedlmﬂtkea, amuthensﬁm;ed to provide
the activator-suggereint Wé}?&ftﬁﬁﬁ@?ﬂ@éﬁ@oﬁﬁﬁd@gma&h@ Fd’(‘?xrde material may
be treated with agawiae of sadate Jermed eﬁ’&aﬂe@@g@%&%&e@&ﬁ udlé o, termed a
chloriding agentpeegetﬁl!i:ect)f fidrrdeion, tet aﬂtlfervd re?%jmg mbiratistethereof; and
calcined to prov;deéﬁegs@twﬁﬁclﬁée&&ef@el Al 65 alasei fﬁgmeﬁyéf‘%dsyapﬂrts may
inelnde, for exaﬁﬁsteﬂmbnarvdeﬂ &mrﬁm.'a <latohdedtatmitesfhyonded alumlna sulfated alumina;

bromided silica -3 i e 5 FAI0A 8- 0IR SAiba ind A EIoH LIEd RS stk Tted silica-al tin,
in ; bromnided Siticd-<irderieritiy ondedsiiceeircodiee; flabrdedssiliEhezirebalar sutatted

silica-rthrconia; BEARdRAL ARG I RAINN HETER bt s B A LT TAM BALEAPNGRR clay, saw-1l as
a pillared montmaerilisniteaoptionatiytreated with=flugridénchiolides orsuifate; phodplem ted alumina, or
other alamainophosplaates, optionally treated. with sulfate, fluoride, or chloride; or any conab inati on
thereo F. Further, any o f the activator-supports may optionally be treated. with another metal ion,
typically from a metal salt or compound, wherein the metal ion may be the same as or di fferent from
any metal that makes up the solid oxictc” material.12 The treated oxide activator-support may include
a flu o_rided solid oxide in the Form of a particulate solid, thus source of fluoride ion may be added to
the oxide by treatment with a flatoriding agent. For example, fluoride ion may be added to the oxide by
forming a slurry of the oxide in a suitable solvent such as alcohol or water, including, for exanaple, ale

oho Is having one to three c arb on alcohols. Such alcohols may be selected due to their volatility and
low <i1irface tencinn Fyamnlec of fliie'ln-dinAa anente that mav he 1iced in the nrecant techniAariec



ammonium hexaffuort-Dzirc (mate- (1"TI1,4),Zr1-7", analogs thereof, and combinations thereof A spec
ific flu on ding agent, -inaniamai ant billuoride N fIFIF', may often be used due to its ease O f use and
ready avail arb il ity.  The solid oxide may be treated with a fluoriding agent during the calc in ing
step_ Any linoriding agent capable of thoroughly contacting the solid oxide during the calcining step
may be used For example, in addition to those tluoriding agents described previonsly, volatile organic
flu on ding agents may be lased; Such velatieLrgania finetdingagents that-may besused. in
aalbOditTle/rtS ineludlefore % evm&sc‘gimmmeamlmrﬁa?or@ﬂmm- fin o rom
ia

ethane , triflu mqfhg,oﬁldl ﬁ%ﬁ%gr@%éﬁﬁ@’ﬁu@ﬁﬁﬁﬁgg@ﬁéﬁéﬁgme itself-may

also be u sed wrth%he Mdlmégif(iﬁslﬂmﬁi@didaﬁ mlcnﬁntjleowewwﬂeﬁﬁhethod of

contacting the s ioKids WL e iR Hd it HERHTHAY 4 Ta.Bher i 4 TRoRINE348Ht into a gas
stream used to ﬂamdle@cﬂqbssdldiond@léunng calcination.. ~ Similarly, the chernic aIIy -treated solid

oxide may inc higl.a SBIGTIERSGRY Sxidg Tivite TRLY Al X triictifte SAUE R aZallite o rehi Oriact
i017 may be addedia thewoxide by treatmentAvigh a.chioriditrig agem 1 #bechisrdetion may be added

to the oxide by f?ﬁiﬁiﬁéﬂ?@t@iﬁe@?ﬁé@fﬁ@%ﬁ@%ﬁ@ﬁﬁﬁﬂﬁﬁﬁﬁﬁ%ﬁlso be treated
with a chloridingiagestauring h@ecalamn%a ing agesitthad <gapbble of serving

as a source of chifite gl indretigfit o ‘?;@fg&@%%‘ﬁér Ao e oG e Yy be used. For

example, -volatile orgaric-chleriding agentsmaydbe-used: xamples:oficant velaiie veganic chloriding

agents include, @Tﬁg@ﬁg}ﬁé}fgﬁgﬁé@j} rgm@@?@qufgﬁﬁmwch_

clic:Moron-Ic: Thanecehtoroform,, casben ic araohie: <tide, .tichiormethanotg) anyrg@nﬁglnatlon thereof _

C tatiCC) S hyd%‘%ﬁeh{@@@qﬁcﬁ&l@n@é’@@ afso PeisSed W m(blérgd?dvo?d?d(ynng calcining_

One cCII1Ve|t|elakméb&ﬁefeeﬂfaﬁﬁag,thﬁlwﬂetmmahﬁam;fdmg]asgﬂmﬁaayéetu@a—waponze

chiri i ig sgenicty BRSSP SMER IR T S eI TR
Cc,ncentration Qf;l‘)}%l; ég\/% X mﬁns:u e ac mgmappmﬁlpnéﬁ}]ts a chern
ically -treated so‘ﬁd F oXlgte cliding & s‘cﬂld*’égﬁe%é tgﬁ“ thchiEtdetron-Wwitidravting afhion, the
electron wﬂhdrawu&g;aﬁtoeemmﬁ ed-to thesso%i axide algla{banlaulm{fg?@at@ltha&about 194, by
weight of the solitf3ad=- I M& efectronc tr Ghioh Py vy the- Jolldeoxide in an amount
croster than abal K OV AR IORE AEiL S TaOe ISaiey Thai AR T B Rt ofhe aoll
oxide, greater thalraljogbSeXi W%l %Pfhessdhé (mﬁe“ffﬁ @’e?teﬁ‘ﬁ?&mafb@tut?%by weight of
the solid oxide. e aABUBtG: SEres tAaANDGHaR Aot eramnle fuTide oherlgtide ion, present
-before calc in irgrrersehdloxidearray %elfrbn?a@eﬂpﬁooabea%@%@ﬁbynwérgﬂpwhe& the weight

tion e

percents are based[br{jﬁeewgmt o the salid oxiden d-Q L exampleRilica -alumina, before calcining_
The amount of eIecﬂomwﬂnﬁdmm%?Qaf@peﬂa e ﬂu@méerehmmllmhqareseﬁﬁbefore calcining

the solid mode &y Be-fRT 55‘9@?3@ lbtreat igﬁ{corﬁﬁﬂrﬁ ralbii200<, by

weight_ Alternatiweéhrdhalidenenormaystemsed ir amarount sniliskenttodépesitaftef calcining, from

about 0.194) to ébﬁg?%‘@’g”‘é&mgwm@@@mgﬁﬁﬁﬁﬂﬁéﬁﬁmﬁﬁébout 3094, by

weight halide ionrrelative tathe weighirofiinegelid OXiGhCdhtherfluoritd et olidoridelieon is added

during calcining SSUEN S8 e ARINER M RrRSEITAE i G St by ety no, or only

trace levels, of flueridiecotchtorida aminithelsolid exide befere caloiaingl Qmeum@re nated with

halide, the halid&5f8Re: iﬁﬁ?ﬁ@@%@%ﬁﬁﬁﬁ@?@’%ﬁ@ﬁ@ﬁ%@ﬁ?& J example,

suction filtration éelieweddy evaporation; ckyingmsieruacikim, sprayrdiyingeand iike. It may also
be possible to irfifdte tHegal rexﬁg’rsj‘é}i‘?rﬁiﬁg;rlggff) itV megngg%ﬁtg‘ﬂlgé’hd oxide. The
silica-alumina ussshig-prepar Siicarplumm mm&y @a poiapolume gieater than about
0.5 cc/g. Alterna‘t%lgf;!h‘gfg@’égg@gnhﬁa (b Hreater i abgaf, 008 derg G éater than about 1.0
cc/g. Further, thewst aralumnraﬁemayrh@v-_a;alaurta&a.reag.&aat&uﬁhma@;oa&ﬁa@lmzﬂgi 250 na-2/g, or
350 ntn/g. Ci-enerily el Ijﬁgiaﬂp@ﬁ ’gfl‘héi@gs@@t Ifgtllg s may;have an alumina content front
about5to a bouo%ﬁélmfgx Bacontental ﬁ&s@gatﬁ nma:am;&ae from about 5
to about 5094,, <§F1f cﬁ”ﬂéb 69?369?61 fifa aghﬁatmrmtsmmt@algond oxide may
include sulfate aaﬁll i Gride Iéé&mﬁééﬁr%&wwgl rawr’ﬁgfv&ihﬁ E&lllllasahi the.form of a
particulate solid a@gﬁoﬂalwﬂtﬁe Saﬁmeﬁ‘e}x@élh@%#mﬁi@‘ﬂé&EéWa:mHH@éuch that the
calcined snlfateds RXidamady Ncludeathatalebe Hersulfaled: sohd.aide #ay include
sulfate and alunmrmhéesuﬁa{edidlﬂnﬂﬂfawa?%eﬁmmediby aﬁsmbessmmeré?mﬁeiahxmma may be
treated with a :nal rum source, including, for example, sul fitric acid or a sul fate salt such as ammon
hum still-ate, sulfate, aluminum sulfate, nickel sulfate or copper sulfate, all110111g others_'This
process may be pet-Run-led by Forming a slurry of the alumina in a suitable solvent such) as alcohol or
water, in which the desired concentration of the saﬂﬁnlng agent has been added. Suitable organic
solvents include, for example, the one to three carbon alcohols because of their volatility and low
surface tension.  The amount of sulfate ion present before calcining may be from about to about
5034. by weight, from about 234 to about 30A, by weight, or from about 5,0 to about 25,0 by weight,

where the weight percents are based on the weight of the solid oxide before calcining_ Once
imnreanated with <iilfate the <cirilfated ovide mav be dried by anyv method incliidina- hiit riot limited to



Various proc-cs sc-s to prepare solid oxide activator-supports that may be used in the present
techniques have been reported. For example, -U.S. Pat. -Nos. 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. 3.
lon-Exchangeable and Layered. Mineral Activator-Supports  'Ube activator-support of the present
techniques mayringlude, clay minergls haying.exchangeable.catieps.andilayveracapahle of expanding.
These activatorsuppeonts-indluderiondxghangedhbleomateriats, sucthasifbrexaniphe; siicate and

aluminosilicate §@ﬁ$€@@§?§{ﬂm§£%§tl ERerii [AYETaL ol bt ayat B SRS, and any

combination thereefsthypical ﬁ\lﬂﬁi& kantiviatar- sueﬁastﬁmﬁ de-layeredalanAli1o - silicates s nch
as pl"arEd Clay gi%ﬁhﬁf@fﬁélltl 111at1 1§Ff1miétt§1 a Islﬂslfi ot 1e£61§?n€ar?§trUEd as an Inert
component of the Gatalst.c Uhiat pgggps, qaiatthe catalyst

composition, bemmbelremsmmatecasswauowwmh e aﬁsal-metaﬂl@m@d@ranﬁﬂefomponent that

provides an a cti/tahR JidA AR reated g il rdiltamdatintiui Wile not intending
to he hound by thegfiy-itis-helieyed thatdheianexshangaablesagiialor-supportnay.serve as an
insoluble reactantthatscdetssvthcte dirsermetdliBCEre aftl orgad nﬁiﬁrﬁ@m;@a@]p ommts to Form

a catalyst c-onaPESN USEd, Qﬂ@@@p‘@%oﬁgﬁm&mﬂy Betivaitstinhdit i nd rides an

ion- exchangeab&elﬂﬁtwa@bﬁuppe[&&awy@p&@ma{lgdaeﬂseaﬁeﬂmnm arnr elesion-withdrawing anion
such as those oﬁ@fs‘:‘se&%ﬁon S ol jﬁ‘}gﬁﬁg&ﬁe |6ﬂ°‘é’§b @q@i&ﬁtwﬁiﬁk‘%@ﬁé‘rt is not treated
%via, an elec oAU N F AW IS RO a)sma_tﬁ{éﬁ phieseNides %@qaestﬂ;@y elle o
In-pass materiai$terthesidtharpatoralkdtaid mqhﬁltlcraveet)eémnfemed withharitDfitsions by wetting,

jon exchange-, Gt BIEHCG e S8 ToateTial Ativalor SubRoT S B RS R{ BEhigiiEs may include

clays that have been:t-@atexchangﬁdwlhrdarg@caneﬁSQmawdmgpmlwnacleabI}mgmyleharged metal
complex ¢ atmn%ﬂlfﬁ%&\‘féf“ the iy rifatharaetivatol-Sipphits of efpresent Chitfiftres also
encompass C|aﬁﬂ&t&ﬁi@ﬂ&ﬁ&bmm&xgk@ﬁg@ﬁﬂﬂtﬁk&lﬂtﬂlﬁﬁﬁlﬁ%gﬂ@wiﬁgebubnﬁymIted to, salts
of A.1( 0, Fe( 1Er aﬁdm(om)iWﬁh‘hgfa?m%%ucH wﬁmm%twsa#&teuﬁwm@“or nitrite. "l he

clay activator-sqppgt et the preaeil R eaMHres. Sy iienide ﬁl@gﬁlﬁlkﬁ‘pq fiRillared clays
may be used to#eie"ate,clayamteﬂaisih-aﬁhme b@emn@m‘res(tiha ngedwWwithdarg etrtyich&IIy polynal

clear, highly chARRIF LT O AT SR e BB, Kiliin fons which
may have chargesﬁa@h@sﬂ—ﬂaﬁousmyoxmeéaibate@ 1zrd-other large ions. s, the term pillaring-
refers to a simple. ;efF( %?F lﬁmmf@egﬁmw@%gmwagﬁmem may be
replaced with larga,hi¢ yl:ctaar PR SUCH SR EGG N ions ciThese palyajercaigns may then be
inamobilized Wlmn?ﬁﬁe;}f[ﬂéﬁ fitl&‘é‘é}aiv_lﬁﬁéeﬂﬂﬁ’éh v@rféé‘il to rﬁgtsal oxide
"pillars," effectl\@libﬁumoﬁng a&hygrs a§59 éﬁie&]i)eo WESH khu;@ Qngglthe clay is dried
and calcined to r@dmélﬁ’?els rtfn Oitkry botweemelay hayershthe sy Ewrdle@m&ee structure may
be malntalned gﬁ%ﬁ@ﬁe re %s_ﬁ]gs;féa%d oyan unsubstithted

SanveyJnisbapeabd.staas a function of
the pillaring -meateriallant $h'é &ﬂeﬂtlel ﬁia*t’ehm:l}serdammm@fo?‘ Ha?mglaﬂdlmﬂdred clays may be

Found in U.S. P@W@O%%Zﬁgﬁeﬁ@@ %ﬁ&f@éﬁwass Sqﬁwhprﬁ%n@pmg{ated herein in

its entirety. Theqmlia pmess Wilizescclay aamern|sthayimgréxechatgeable eatiors and layers

capable of expa@i@@iﬁﬁ? DRI fgy@g@ﬁﬂﬁeﬁéﬁ@‘ﬁ&mﬁﬂeﬁ@ in the catalyst ¢
nap s ition of thecptesentigthnigues may be IaséﬂJJmmosadasEmenI@wﬁﬁwatsmt- pillaring

may include, fofmﬁﬁﬁﬁﬁéﬁgoﬁ@iﬁﬁbmﬁmﬁ% SFRTRHR BN AR tri-octahedral
(ros-) sraccnte&&r@d@matwesdhmoﬂasma@mﬂmtmm&onute&:éb&mt_emé&lsa)nﬁbmn@ - rifles,
liectorites, or lagilfed: HalroPsttes; VBHmiEUtes, FicaS uBRTMREE; LhIotkS, IMsed fayer clays; the
fiberous clays suchvas,sepinlites apd-atuipuigitas 4paingorsicliiss)a sarpantineclays silite; lapcnaite;
saponite; or anyf%F P OO rone ﬁ“ﬁﬁﬁ CrittHepiftared clayiagtivdtor- sup - port
may include berc\:tgm?ptsj‘Eiit mat‘gl% 50 e&ﬁf@?ﬁ%ﬂﬁ@ﬁéﬁg&%&ﬁmﬁ&iﬁﬁn i Le is rn
ontunorill oni tedl<>1r4fﬂ§=1361111@(?(1"«5l s &m(gggv mtmrggﬁieﬂ§euc‘wa%eﬁmg!§€‘la glaazgﬁes ed to prepare
the catalyst ¢ ra,SitlaBA AJ:pIESEnt tBcONiGHeS iay be caminedovta i eriBorgaticssupport
materials, |nclud1ﬁgef{ﬁtex&m‘pteveo1l 'teiéﬂin@rganrele,xnfes-qaﬁ@rlyaltaiﬁ"eétmd? anicer ides, and the
like_ In emboditiEolyBiaal Snnt B Al R el P s e R IR R L2 e cor example,
silica, silica- alummanahmmanmmlssf ﬂrelalbmqiacmagnesa thenexfitrorided alewinans Hated
alumina, thori a, al urn i nopti spha tc , aluminum phosphate, dine alumni - nate, phosphated silica,
phospitated alumina silica -titania , ¢ oprec ip itated silica/titan ia, fin ri deals Elated alum Ma, and any
combination or mixture thereof. The amount of ansa - mnetallocemie corn pound in relation to the
ion-exchangahl e activator- support used to prepar% the catalyst composition of the present techniques
may be from about 0.1 wt. V. to about 15 wt <EVD a las a -metaliceeine c omplex, based on the
weight of the activator-support component (not based on the final m eta Hoc erte-cla y mixture), or
front a bout 1 wt 94, to a bout 10 wt"Yo masa -me tall oc mac . The mixture of a tts a -meta llocene

and clay activator- sup - port may be contacted and mixed for any length of time sufficient to allow
thorotiah interactinn between the maca - metallo came- and activvator-<cirinnort <suifficient denocitinn of



Clay nainernls generally include the large group of finely - crystal lino, sheet layered in ineral s that
are found in nature in fin e-gra med sediments, sedimentary rock s, and the like, and which constitute
a class of hydrous silicate and aluminosilicate nainernls with sheet-like structures and. very high
surface areas This term may also be used to describe hydrous nia gnes hula silicates with a playllo
silicate structure. Examples of clay minerals that may be used in the present techniques include, tor

example, a Ib o phanes shagctitas: dciiding diogtahedrad LAY, and tHsoctahedraki\g) snaecti - ti es
and derivatives thorewfsuehrastitnatndrilon e {emonite sihoritm Daited e etorites, or lap

(pintos ; Earley Site3 G IS AU IS U ¢ A5 IARLAIAL . el onieLaksl ixedidayer clays; the
fib emus clays, suehigsepie lites and attapulgites (p a - lygorsk tes); a serpentine clay ; Mite;
imonite; sap onj t& G ARy CEAMITEOAT INSROrMARY CIETSI TR T ERY, NHEAS etong to the
kaolini te, montrspétieniieaciddite groups Claysvato Mhenpdayered mineralsara useedns ac

tivator-snpports B NOEENEACVAIIY 1HE BFEYEIEHEhSS iy DR MRSt POt to their use as
activators Typicahsalcinatian dempakarftres-inaySanga-$rand abaul-hed £ do-ghatt 400 C., from

about 150 C7_ {5;absutisuy crey frmraltbnt 200 C7_Ryabott 200 ¢ 2~ Oeditoaltittinoxatte

Source'compoun S 11 TWW separa

A.ctivators/C7o§§§§stshuér,he;a@s&tasiaqhmgaesgﬁayﬁingll;de,sataiysi}eowmasmams that nse
organoalmatinoxaie e bhiptunes 85 arivatusrsedimdior edchtalyss. Thevcataly steemigosition may not
require an aCidiQ1ﬁ§$ﬁ/ﬂQr&BpQHt§Hﬁlh\%1a @ﬁﬁan&-ﬁaaﬁﬁsghﬁmgmﬁegﬁé&ﬁhe bonds

between the metah g e Xaor LF ?%Eﬁﬁéi@ﬁm%@ﬁ%@i&gﬁﬂﬁm this tune -

tion, or may repfélt;aeﬁf}ee 124. 44 digands wit Wﬁﬁgeasﬁ%gﬁhl eampesition may also
not require an o@fmpﬁlﬁmg@@@gﬁiﬂﬁ%o ?fg%gémt%mﬁorgﬁg%HQE presented
herein may be corifainedNA/ihafy OIRE hiNBIHAXARES RrESeatEd Ao RN, AL afeaibination of
alma-Mao Xttrl(%@gg@semedlhmm@ﬁolfmgl batalyStaenapositiens 0dtherplesenttechniques
F‘u'rther, any an Sa'ﬁﬁi aj&%“&@ﬁpggGQSdP£§§§HL$SJlQr§1@d@%@%98[@9@&9 with any alit -
nitinomate or cqnbma‘sen@aiuﬁlm@@itewmnpg@na&yimdﬂ@t@;ﬁpomsu@h%, for example,

a layered miner 2T |G EXEHAN R HDIE ACVADR PO, Al ORADRTIR LMo ¢f an

organoborate campemidito riid deligagatalysiwpmposition of the present techniques.

—A'U“a‘ttoxa“C‘&”ﬁ%@%}%@?@ﬁ&i@@ﬁﬁﬁ%@ﬁﬁ@@ﬁ%@?iﬁﬁ garigzimatinoxanes.
LS .

llae other catalysbeappanentssiiay hecontasied mib i ROXARE AR R-SAtHEALR! iydrocarbon
compound solveritraisagh Artypshivent wiikel, issubstantialirerttonhietedetansyi hgnnedi ales,
and products of dhaiaclivation.sten Mayhe Usat ithe.catalystcomposiian forred i dhis manner may
be co lice tc,d bi© @@g@@ﬁqﬁg@wtﬁet [irdpedsto-filtrdtioni o the catyy ﬁﬁg@o’rp%osition may be

1. 1

introduced into i ygaﬁ@augp_gﬁmso@ﬁh{agfom éegm' agfiéé’ 16, o Cégtaigiglﬁg&@ﬁgc ompound. of
the present teclmizgggma}ﬁ'éecaﬁ@ﬁgﬁ“éﬁ@m@mmnpound, wherein the al min - noxane

compound may jj {gﬁﬁfﬁ_m@@?@iﬁﬁ%ﬁ@iﬁéﬂ%@fﬁeﬁﬁm&ﬁﬂﬁee- Cyclic

alunainoxanie cem hay cmanda cdhipd ywherbin RisRomaydeadingar or branched

alkyl having Fropy :thR0, (4 GRS e P, B R R et 8 R e R iy e

encompassed by therpressant techaiguesntheap4d RrChganomtyrshowmheteadso constitutes the

repeating unitin a @%&L‘ﬂg@gﬂ@ﬂx@é aggmeitﬁmggapaqiﬁ@gg}%@@% ' Fﬂg;t?l”t'formula: It

A.1-0AI Ns. It whorathdRmay: De.a ingan g Braiched Al hasing Ibso-1 &6 10,caihonatoms, and ml

may be an inted@PfPort 1: @%é&r%&% Bcha@é@dlﬁ ‘tize‘;@u@%n't(?ébﬁwi ties  Further,
3]

useful ai arrli 1- Qe - LB R A0 SV Cagh sbucEes ol 1B formula Ahera sumay be 3 or 4

and ec. is equal¢o ﬁlﬁl,?,i.)ii]g@g iRt cdndmittisdtetore v is<tive femberafIfree coordinate

. hours, ot fr about 3’hpurs to about 20 Hours. ITn embodi-

alma-Arnim atorfe /5 1€ DHERES § THa-c QU UIRAIR LXYISH : BI0ME- 804 1 (o abont 10
hours at a temperature [rom about 350° C. Lo about 550° C.

T'urther, calcining may typically be conducted in an ambi-

ent atmosphere, at an elevated temperature. Generally, cal-

cining may be conducted in an oxidizing atmosphere, such as

air. Alternatively, calcining may be performed in an inert

atmosphere, such as nitrogen or argon, or in a reducing atmo-

sphere such as hydrogen or carbon monoxide.

The solid oxide component used to prepare the chemically -

treated solid oxide may have a pore volume greater than about

0.1 cc/g, a pore volume greater than about 0.5 cc/g, or a pore

volume greater than about 1.0 cc/g. The solid oxide compo-



Is the number oF 4 coordinate oxygen atoms_ Fe represents a terminal alkyl grottp and ab represents
a bridging alkyl group, either of which may have from 1 to 10 carbon atoms _  Tini s, alnminoxones
may be represented generally by Forninlas sitch as (a Al 0)," R,(R. Al 0),,,Ala,, and the wherein
the a group may be a linear or branched C71- Cc, alkyl such as methyl, ethyl, propyl, butyl, pernyl, or
liexyl and n may represent an integer froni 1 to about 50. --rhe al unainoxane compounds of the
present techniques,nay-ipciadec i exam fie amathplahhwh LLLO rieall e, a1k yid Bbtasn i nox - ane,

n- propylaturnlne%ahéa g2 %ﬁﬂﬁﬁ&(ﬁﬂéﬁﬁlmﬁpqgm rrnoxahe ety tiR it O}C nne, sec

-butyl aluminoxa T§§§E1) gﬁm@%lglg,lgap§nﬁggalgté@%ge(g{pcgggyla limn-1110Xa1ll,
3 - pen tyl al um in@)Calle1iso-penitylalLinap; inoxae, B%oa%@iydsaiummﬁxaneoﬁf&:eomblnatlons

thereof _ While (1J‘ afﬂfOZS[TLﬁﬂ B Ok t‘P\WitH’a‘l ﬁ'e @ §‘a’f‘é‘eﬁc@mﬁassed by the
eate Wl C1ri

present techniqus, ety SLinoX EM awgwm&ggqhﬁ@rﬂtgmenoxane may
also be used aseevmg}g}ssﬁ{h?c il rg%gro’ﬁsﬂ@f he| ntlt@@hﬂﬂqngs:riFhéswatmmmonnes may
be prepared FrafibinimetBy At i, ey st gt n@ TSoREhnas fighinum,
respectively, ant: ’éearéiewem eth Iablmimwmlex;dé?ep@wf etmyl glaminurn oxide),
and poly sobrgﬁ:‘?ﬁ%ﬁmﬁ’ SaTaspact S Al IRSINRE S At e it techniques
to use an altuniatoxanein Gémbmelmammralmal uvriggyhaisychas:disdlésedimInT.S. Pat. 1?To.

4,794,096, whicHis Berelh TRHISE Ea@ﬁil?ﬂ?fléfﬁ?fﬁéiﬁ Rt ThE prege it fRthifiaues

encompasses nsahycavaiue@@fla,wtﬁ@aidmn i ¥i 0K £idrlecandd s Jﬁixbiuield.hﬁléié Al€and Rcut

conia; sulfated silica-zirconia; chlorided zinc-alumina; tri-
flate treated silica-alumina:; a pillared clay, such as a pillared
montmorillonite, optionally trcatcecd with fluoride, chloride, or
sulfate:; phosphated alumina, or other aluminophosphates,
optionally treated with sulfate, fluoride., or chloride; or any
combination thereof. Further, any of the activator-supports
may optionally be treated with another metal ion, typically
from a metal salt or compound, wherein the metal ion may be
the same as or different from any metal that makes up the solid
oxide material.

The treated oxide activator-support may include a fluo-
rided solid oxide in the form of a particulate solid., thus a
source of fluoride 1on may be added to the oxide by treatment
with a fluoriding agent. For example, fluoride ion may be
added to the oxide by forming a slurry of the oxide in a
suitable solvent such as alcohol or water, including., f[or
example, alcohols having one to three carbon alcohols. Such
alcohols may be selected due to their volatility and low sur-
face tension. Examples of fluoriding agents that may be used
in the present techniques include hydrofluoric acid (HLE),

ammonium fluoride (NH_, ). ammonium bifluoride
(WNH_HF.), ammonium tetrafluoroborate (INH_BF_)., ammo-
niuvum silicofluoride (hexafluorosilicate) ((NH_)->SiF o),

ammonium hexafluorophosphate (INH_, PF ). tetrafluoroboric
acid (HBF_). ammonium hexafluorotitanate (INH_ ) TiF 4,
ammonium hexafluorozirconate (NH_ ). ZrF .. analogs
thereof, and combinations thereof. A specific fluoriding
agent, ammonium bifluoride NH_HULI,, may often be used due
to its ease of use and ready availability.

The solid oxide may be treated with a fluoriding agent
during the calcining step. Any [luoriding agent capable ol
thoroughly contacting the solid oxide during the calcining
step may be used. I'or example, in addition to those fluoriding
agents described previously, wvolatile organic fluoriding
agents may be used. Such wvolatile organic fluoriding agents
that may be used in embodiments include., for example, fre-
ons, perfluorohexane, perfluorobenzene, fluoromethane, trif-
luoroethanol, and combinations thereof. Gaseous hydrogen
fluoride or fluorine itself may also be used with the solid oxide
if it is fluorided during calcining. One convenient method of
contacting the solid oxide with the fluoriding agent may be to
vaporize a fluoriding agent into a gas stream used to fluidize
the solid oxide during calcination.

Similarly, the chemically-treated solid oxide may include a
chlorided solid oxide in the form of a particulate solid, thus a
source of chloride ion may be added to the oxide by treatment
with a chloriding agent. The chloride ion may be added to the
oxide by forming a slurry of the oxide in a suitable solvent.



In exemplary aluminoxanes, n may be at lea st about 3 . How ever, depending upon how the
org-anoalurninox-tne may be prepared, stored, and used, the value of n may be variable within a
single sample of atunainoxante, and such combinati CMS of organoaltnai_inox'llfles are encompassed
by the methods and com_positions of the present techniques. In emnhodi men ts o 1- the present
techniques that i vie] tide the optional afunainoxane, the molar ratio of almninum in the nunitio >cane
to the metallocenens therLeRAEsition A betasy tlahout k:iahte a-hodt Ll 800:l.0f from about
5:1 to about 15, Gl)@fln$ﬁélan?eﬂﬁtlef tithat- a%‘tufrﬁrhskdﬁe‘l&?e}@d afpo ?fﬂ erizatof<zone may be
an amount Wlthl@@ﬁagggég qer&ﬁﬁ%@gﬁg@t@ﬁﬂﬁr < &;ﬁﬂﬁgﬁy to about 100

mg/1,, or from abiet @fﬁtlgﬂ ple: abelﬂ@@mng&anevr g@(ﬁﬂr@ b Ilefp%fﬂed by various

procedures which aré WallaileFXaito. e N2 Z1L7 (. iﬂiﬁﬁﬁiﬂﬁ@@l’ Cpl;%wiatlons are

dlsclosed in U.SrPatePikgs. 324D RSP aneh 8GE; mle%ﬁnﬁwhrehqquc@m%oby reference

nerein, i its entf&;, P BB ALt A AT VIERR Y Be RiEite. 5328 Hllows. Water
may be dissolveddmignaneésteo oh/mmnéﬂ@neea@teﬂewﬂhxamalgrhmdmﬁﬂwm l: Two-Lind

such as Ala-3 tOﬁ%ﬁﬁ@é@@@ﬁﬁaﬁ@?@%ﬁ%@ﬁﬁ@iﬁmﬁgﬁrﬁé‘ﬁ@ﬁﬁ@ be bound by

this statement, |tq3hehawed1tt@tcthl$ athetic method can afford a mixture of both linear and cyclic

(& Al O)" a unaino T, R SPEMES B WHTEA e, AT N By e stmiaues.

Alternatively, organ@&lmmmaamte&m&y@epwr@pareddayweaetmgzamaltmhumacadky# compound. sn

eh_ as with a hyffstedsar. s gs &‘Eéocéﬁgﬁé?%u‘ﬁéf?qgragﬁﬁﬁ&@jm%@ﬁ@f 5. Organo
boron and Organmg/berate KCo+t m&t&r atalysis dhe-presentitechniguasalsaiercompass

catalyst compost2H0/2S, ﬁﬁ‘%ffr“éet %ﬁ t@ggﬁmgﬁgﬁg@ga@‘éﬁg?ﬁa frts'a8 activators
and/or cocatalysts, &y g;miscat-meta cante: coa -deurdpraseniad-derem maywbeigambined with any

of the organobordh BtofgaidueTitdcocatalystéprésenmetrretein” erany corb irmiatibmi of
organoboron or orgm@o&aﬁ&mt&ys&a&&s&a&dhﬁwﬁ&hﬁgmmsm nge a

component that'provides arr g SeelF P ibthe meta
? ide #ﬁ?%?ﬁ) gjto a@'o %Wghﬁé (iyjln al ret@g

llocene, when the, omata Jhc.eae: REET Y (o} alacita 1 iganid, such
as an OTW- 111%!?—111% ﬂlﬂ%mlenéﬁaﬁ OMOFartﬁeﬂca}y?s Ehﬁe@fﬁé&l}@ﬁeétﬁmponnds

O -—"A"1 1011 Or O30 uoride or, ch
presented hereirnay He-ComDIBEd NN Sany AN L 0de L1Jihar ok o Organoboiatereacatalyst; an
organoalumlnurﬁ'éfempbaﬁcb tiorrfly e drvatigaidonm Lecand bptionally, ahactivesupport; to

form a catalyst cGMPASIANOf: Eﬁ’@?&h‘@ﬁbmwe&ﬁaﬁ@m@%ﬁ TIAT61.06:932." conipound

may be used to Fga‘ttgut 50925, from about 0.5%2% to about 40%%, or from about
126 to about 30% by weight halide ion relative to the weight
ol the solid oxide. Il the [MTuoride or chloride ion is added
during calcining, such as when calcined in the presence of
CCl,, there may be typically no, or only trace levels, of
fluoride or chloride ion in the solid oxide before calcining.
Once impregnated with halide, the halided oxide may be
dried by any method. Such methods may include., for
example, suction filtration followed by evaporation, drying
under vacuum,., spray dryving., and the like. It may also be
possible Lo initiate the calcining step immediately without
drying the impregnated solid oxide.

The silica-alumina used to prepare the treated silica-alu-
mina may have a pore volume greater than about 0.5 cc/g.
Aldternatively, the pore volume may be greater than about O.8
cc/g. or greater than about 1.0 cc/g. Further, the silica-alu-
mina may have a surface area greater than about 100 m-=/g,
250 m>3/g, or 350 m>*/g. Generally, the silica-alumina of the
present techniques may have an alumina content from about
5 to about 95%6. Alternatively, the alumina content of the
silica-alumina may bc from about 5 to about 5026, or from
about 826 to about 30%6 alumina by weight.

The sulfated solid oxide may include sultate and a solid
oxide component such as alumina or silica-alumina, in the
form of a particulate solid. Optionally, the sulfated oxide may
be further treated with a metal ion such that the calcined
sulfated oxide may include a metal. For example, the sulfated
solid oxide may include sulfate and alumina. The sulfated
alumina may bc formoed by a process whercin the alumina
may be treated with a sulfate source, including. for example,
sulfuric acid or a sulfate salt such as ammonium sulfate, zinc
sulfate, aluminum sulfate, nickel sulfate or copper sulfate,



neutral boron compounds, borate salts, or combinations tbeinor For example, the organoboron
comport-rids in N./al-ions embodiments may be a flu o ro org,a no boron comp on nd, flnoro org alio
borate compound, or a ¢ onab ination thereof _Any oro organo boron or Hu oroorga no borate ¢
impound may be -utilized. The term fluoroorg,ano boron has its usual mcaning to refer to neutral co rn
pounds of the form WV-, The term ilnoroorgano borate compound also has its usual meaning to refer
to the monoarricaie.salis ofifldterovigang derorsoamponad-ef-thenfarmigationihidsy »41- , where MC
represents a flugitsfed YA F o EavERRLe “Ph e iAo RaTiR g broorg ano
borate compoundgsnayrhe reteried tnie alledtively y &l igalOharanb.s-ompodndsror by either
name- as the ¢ @%ﬁ“iﬁéﬁf@%ﬁi ‘PrFolobIgare botaRecomlsstit sttt iayrtetUsét ds cocatalysts in

< Tension.

the present techir igrias mﬁbda,tl%?examlaeaﬁupﬂpa&dlawéb@fatea&ﬁhﬁg,may be

N.1'4-ditnetlaylafilirame s fpén rrr e er| '5%g Hriphenpinat gg’?gﬁ/v tot raki s
(paella flu orom@gﬁﬁ&éﬁ&%@m&@iﬁf@@%w@m@% géé@nﬁui{&?i@/ém{anilininna

tetrakis [3 5-bi sﬁfﬁgﬂ@@%ﬁ%@i@@%%@@ﬂg@ﬁﬂﬁ%@@%}%ﬁi s(tri
iluoronnethyl )plighyl] Hatate, ait o INGIANG IR KU e Rt Damples OFdinoroorgairo
boron o omponndisﬁth& m?’begusegda@cmat&rygtis Fritfeprésentteclhmiguebentide, for example,
fri s (p era all nofaphahho e, £33 (Fian' SrometRyh plieny i borah i TRe like, including
in iX tunes thereof In Ajtkbughhnet ihtemding ¢ebedbeund bythéef@tmwﬁgmwmw examples ol
111-101-001-gaf 0 BBRIS Al T LAGRAGRLG i CaH T pisting S AdE Tl AR B pnn as, are
thought to form "weakly-coordinating? anisnis:Whefncombined vwith-erganamatal cormponrids, as
disclosed in t_I 8,120 Nd AR08 it B R tdin ete e aE e britrety here in
Genera Hy, any amoeuntiofto ngecnoiperontcompeo-rindanay bd chilined - imibecpreésenttechnigl-leS In
some embodimefis, I iflotat Fagierof e detianBhtolt oMo ligiig e feta f360e compound in
the composition may:be-kroin abou thbiddo abettdOrl Fos frem-abeu). Simoletaabbut 10 moles
ofbeterl 0 omportif ey g RE R0 Mg L Lot anghitd B, e amuk of flu
oroorgano boron-erdflusreniganocbonata compaundthsegd-as-agecatalystHordhe . metallocene may
range of from a@gﬁﬁ@ﬁ%}g@g@ﬁ%ﬁ@fbﬁﬂé%F‘b@ﬁﬁdeptéteﬁfﬁé Bftiketafio cane ¢ onap

ClrOon—w

onnd - 6_ lonizing lehiecGeurporind AciivatoisiGvieeatalysis o divnhadinierisie inthe-present
techniques may SAEE R eatalyst composient e prasertenesblny maighatamopisdnal onizing ionic
¢ maw on rad a&ﬁ@ﬁ@t%aﬁ@fﬁﬂiﬂ% waigusma,aéaﬁpﬁﬂeﬂl e, aompeadianls Exauriples of ionizing
onic compound Srediselosedling Grpar aowosn 9570 p50rmme 980938 whictave herein
incorporated by EIFANCE thINEh SN m AIONIZIIGIQNIC-COMPITANG IS, aN ok s0omporand
which can functisntbéritarnoeaatifiy otttk dataly stebmipositor. bWk aotaderdifgto be bound by
theory, it is belie§EH AL therioBiZinadORic-Cormpatngd, may D Sapabie.of Feaciind With:the metallocene
coin pound and esnvertimgdelra etahieeerdintohcatfomednetalotenescomspound. Again, while not
intending to be howrid b, HEGH HRLETCRE Tat B e RE R ERMiRURE H Ritktion as an
ionizing compoune:fy domplatedy oripartiallycextractiing ahianomic igend; i possibicadion--re -a |_ka
dienyl liganci, sURTEES&30R Kttt (RnEATCEIE S BRAT e iy Fnk:€0/ipound is an
activator regardles»s«aflﬂ@emyibismﬁim@memﬂ@cmgfabet(a@tgan&mr)ﬁihgs}?md in a _fashion
as to form an iorf B WEAReS SR AROC L o HREF AU X AL LU S T HRATE I R foc.-elle-, simply
coordinates to apxstobXtidaradaosfalewsany elberimsckanismsdnsmichactivaetieon can occur_
Further, it is not fJ8e4SSA g e oA 65l ConBoun i At aRe e IMBCAGCEHE Bnly "1 he

activation functian<af thadonic compound may be evident in the enhanced activity of catalyst

composition as %Mf‘il?ﬁ%@@é@%ﬁ?%‘%@ec %ﬁ@mﬁﬁ@@%ﬁ@ position that

does not includerasydamiziig donic. sompouRths . cExanaples oblarizng-ionic conapownds may include,

for example, such-g8pprids; %ﬁ@%ﬁﬁﬁ@ﬁ%ﬁ@@%@@%@% oda.

Lri(n-butyl)anall1XQ410 bin Latkak s(padtd ateqtriiR-bibyblananacmitMan, in its

tetrakis(2,4-dimeta 'Wéhony borate, tri g-brut I moniue akg 3,5-(21irnea'gla rIp en /) borate,
tri(n-brityl )amm%%ign tetr%%f:s 5 |és tﬁ'ﬁtfzol)rlgn%ﬂgﬁfp%égr%l or%l{é?x tritCTa-BCL}:ty%aﬁgmonittna

tetrakis(pentattu,orC ohre Q@P@Y&t@l@%‘?—g‘@?alﬁg)@ailiﬂﬁaﬂ?@r&ﬂ%gﬂgm%g{gy

1V, IN4-climethy@lgilinhiba Etakisltahiborates et kRl s dnih PRy bdi s ftrakis(3,5 e
thyenyl )1, o rateexNhaNEchinbalyr 3+ B utrmcletrek $e13 Sse(trffleromdtiaytiplaetayliborate,
INT,INT-dinaetlaylatailininna tetrakis(petatufluoroplactayl)boratc, triplactaylearbernurn
tctrakis(p-tolyl)borate, triphenylcarbetaium tetrakis(na-tolyl) borate, triplaenylcarbenium
tetrakis(2,4-dinaethylplaenyl)bo - rate, triplaenylcarbenium tetrakis(3,5-climetlaylphenyl) borate,
triplaenylc arb end u /T1 tetraki s [3,5-b i s (tri o?@methyl ) phenyl] borate, triphenyl carben i tun
teLraki (p entafltitoroplactayl) borate, tropylittna td.:-.trak-is(p-tolyl)borate, tropyli turn
tetrakis(rn-tolyl)borate, tropyliturn tetnakis(2,4- dimetlaylphenyl)borate, tropylium
tetrakis(3,5-dimethylphenyl)borate, tropylium tetrakis[3,5- bis(trifluonnnetlayl)plaenyl] borate, tropylium

tetrakis(pentatluoroplaenyl)borate, lithilumn tetrakis(pentafluorophenyl)borate, lithium tetrak-is (phenyl
Thom |l e 1 ithi 1irn tetrak icl(n-1 olvvlNbhorate LT th |1ain tetrakice(mn-tolv/\DNborate lithmmn



almninate, lithium tetra flu oroa lu mina te , sodium tet raki s (pentaflulDroplienyl ) al unanaate,sodium
tetralki s(phenyl) al -urn in a Le, sodiumn tetrak s (p)al Laminate, socli urn te tra s (na-tolyl )alu mina
te , sodium tetra ki s (2,4 -dimetlaylp henyl )a maina te, sodium tetra kis (3, 5 -dimetlity 'phenyl ) al Lim
in a te, sodi rim tetra fl uoroal inn i nate, p ssi Lim tetra ki s (pen ta flu oroph enyl ) a bumin ate, potas
simaa tetral.: s(phenyl) a 'laminate, pota ss him renal< is (p -tolyl)a him Mate, po ta s sium tc_nnaki

s(r -t yl )al urn LAate, Q- ta s shidntathakh s.h 44 s¢lidll araid pPhieRybalimainaie pata SS il-11al
tetrakis (3, 5 dlrtr&e'ti Phepybbsumminate; petadsinm teimﬁunmoamu@um&teftmgnylc arbe -

_Mum tris (2,2', 2% I@j@‘@@e@&l} ML) Sgﬁh@ﬁ%h@g@ggﬁf e Lie-xattuoro- i so

pro pan ol ato )atuay mate orsilyan telr adkdes (priilihore>-tibdt@xyalimaiates orany=eun - _nation

thereof. ). on-l irfitifgFigite tiled dhtheccataks ’éi‘EF’enbu‘Uri’é I%@%tél st conapo s iti
ons of the presepitAchnk qi%&%ﬁé@ﬁkﬁ%ﬁm%ﬁpﬁsﬁ@ﬁg Cééﬁﬁﬁﬁl@iig& “é‘n‘ébgo di - metals,
for example, theccanaiystrwmg@gmgnrma ﬁéllﬂdea(ﬁtth’e*@ﬁfbé Stlgemcpamtldmﬂagﬂmrude the contact

produ ct an masg TSR 13 On elt ah Braa Rt @iﬁ@a EomBotits At AR el pport. * 1 be
an sa-mnetallt,cereimay nshade cornmpoundes-having hhtdmacekact=Rat31RE4n this formula,

NI may be zirc @@ﬁ@%ﬁ@ﬁmﬁﬁﬁiﬁgﬁ qﬁﬁiﬂ‘éﬁ@%’ﬂﬁﬁ B E may be (.17

or Siand mayibe-annteger fiom dctclB-inettiasive- Rpandtz3¢maybeindependently a hydro c

ar byl group or %ﬁm@é@fﬁwﬁ@l@dﬁﬁ@gﬁgﬁ%ﬁ%‘lﬁ 20 Fpriga.tm 5, or may be

hydrogen. The subscript akomay be @i integenthab maysange e 0te:Lly hiskeddAS iN/e . tt and
m ay he i ncle pE"dIé fa 8&%@@%@@135?%%&% 12 &8 Atoms, or may be

1 a_t f= -

hydrogen_ 1- 30@5&@ hay, BgE.ar s0aubld. Bond.ihe ore t%m@gapomad may
be, for exam pletlm Hmm‘m%m tﬂlesmzy?‘mﬂwa uﬁptﬂgﬂilﬁ;ﬂ% U 14yi-

butylatunainuan, i1 . ﬁt,sﬁgﬁi’ﬁé?niﬁfi tilaekyiaRar mollRR. fir Sofed{ SLutH wan), trioctylaliitn
mnuni, 01 ethyl Mﬁrmleﬂ&oxvdeldmmmwummwrhymﬂelﬁdlm kakgrningmalchloride, or

may comblnanog,ﬁiﬁﬁ\(gff—‘le thﬁ@.,ﬁl I%Q,aﬁpﬁev £ the Ay, égigfllater‘aﬁmg%aCt he A sald Bxide treated

with an electronlmthelramn bﬁnﬂ%iemtﬁe soldekide ezabenibuéxam [eugiligataturnina, silica

-alamnina, a lanj&iHARD Xp lts fihabamhabhdstlale. 2nt alidhdatesy g}%éopofnrungstates
titani a, zinc oni a, nraghesia, Wﬁvamsﬂxﬂﬁﬁabtedﬂﬂfkeqaﬂweﬁ{ oranyicpnel inatigna thereof. The

electron-withdraffig sifionia m;f@'ryébiéﬁmgﬁ{lﬂg{ﬁéé@lﬁﬁb@@@éi‘jﬁd@é@jﬂt@sphme trillate,
bisulfate, su 1 - fal€s 1Lnaai Brage,1:knhlc101:0 Salrate, diinl diste acetaiecahﬁgap@ﬁte flu oroplao

sphate, flu orozﬁﬁ‘fﬁﬁfésflﬁgﬂ}’%m tee fluropdtitarizeLe: ater S i ig or imnsnt,stita

teci ark ant- St”;@{&t@}l&‘ﬂb§! ﬁéﬁm&n&ﬁg@ﬁ%& 34 %a%@@é%iﬁ“ E@eaf%gnsubstl tuted
alkyl sulfate, or & %O?ﬂ%?ﬂiéﬁbﬁ’iﬁé@@ge neafte |méﬁf§gé§énﬁéﬂcme alma

Ltions ol a ¢ malerial m re wilh large, hi

-metallocene M3 b6 Acom-paund.aa g tHe ?{yn% o polymenic cations
may then be llllllloblllzed W1t1n11 the interlayers of the clay
and when calcined are converted to metal oxide ““pillars.””
effectively supporting the clay lavers as column-like struc-
tures. Thus, once the clay is dried and calcined to produce the
supporting pillars between clay lavers, the expanded lattice
structure may be maintained., enhancing the porosity. The
resulting pores can vary in shape and size as a function of the
pillaring material and the parent clay material used. Examples
of pillaring and pillared clays may be found in U.S. Pat. Nos.
4,452,910, 5.376.611, and 4,060,480, each of which is incor-
porated herein in its entirety.

The pillaring process utilizes clay minerals having
exchangeable cations and layers capable of expanding. Any
pillared clay that can enhance the polymerization ol olelins in
the catalyst composition of the present techniques may be
used. Therefore, suitable clay minerals for pillaring may
include, for example: allophanes; smectites, including dioc-
tahedral (Al) and tri-octahedral (Mg) smectites and deriva-
tives thereof, such as montmorillonites (bentonites), nontro-
nites, hectorites, or laponites; halloysites; wvermiculites;
micas; fluoromicas; chlorites: mixed-layer clays; the fiberous
clays such as sepiolites and attapulgites (palygorskites): ser-
pentine clays; illite; laponite; saponite; or any combination
thereof. In one embodiment. the pillared clay activator-sup-
port may include bentonite or montmorillonite, noting that
the principal component of bentonite is montmorillonite.



a3.8 In tins formula, IVI-L may be zirconium or hafnium and X' and X" may be independently F, CI, 13r,
orl_F maybe (17 or Siand may be an integer from 1 to 3, inclusive. as' and 12-3n may be
independently H, methyl, ethyl, propyl, allyl, berryl, butyl, pentyl, bexyl, or trimethylsilyl, and in' may be
an integer from 1 to 6, inclnsive. 12" and IR may be independently a hydrocarbyl gronp having -up to 6
carbon atoms, or hydrogen. -Rona 'a’ may he a single or a double bond. In the embodiments

described above, the ansa-rbetallogene miay hea cempannddaving tha,ggneralforayla: - RS" In
this formula, P¥1aymay e pircormer Hafnmars land arddParayibesndEperndenty<E=LCl, Sr. or |. E.

may be C.S. ore S ASHH Faybie a8l 2 R i 2, Tl e Wid SRUSRIV T 81 RBEE!, and 'm' may
belor2 T2 wﬁ&@b%wb%ﬁn@e&endmﬁyﬁﬁ@st-bmﬂ.tl@ﬁdieﬁqfna%b@a‘tsmgie@r&double bond.

In the embodingiRiiiis P B e AliSaMelalBe aueiniliE Didie b ISHIRNES may be a

c.:orripound hayimg the fammulandeto. bﬁﬁg,fﬁamﬂagNﬂ'wa%;@ﬁgzim@am athnafniwm, and X' and X"

may be indepef8A: 1 13 LA, ARengl HaHA HeR ey ife IS IHEHY,

C71-1,C7N4e- 12brClipliBiMCcyiPilea] @avien CTildrdSCHildk Himayhe iGar Sicamd nmay be an

integer from 1 ('3 IfGISNE R ARAR, aYbE TBSEitenyy A DyIREaby Blodhat 2

trillydrocarhylsilydtgvenp ranyrabathichs havingrip-1822C carbonatoms, oshydregen;anrgdm may he an
integer from 0 QDTS TR SEVEI2IANE 1222 gy, Bemdependenty hydds Ay 1 group hay

hag up to 12 caiber atomaof-hydsegen. dortpamray i asingle-aradanbleibandxlacother versions
of the embodinfEnty reserivett afole! the lansa-ietaot 'onk mby iclitie ompoinds €1-1) or (1-2), as

ansa

shown in F1C2r. Irofanycank natianilieienfiallkhother ambodiments;dke catalyshcomposition

may include, offiEicatystRBnfosHitT MayinelutR tredmact prodife ot aran ' sametall ocene, an

organnabarninuﬁéegimcpﬁwcimaaa’:&ﬂa&tm&amﬁspppaﬁt_ m%ﬁgoﬁeﬁgﬁﬁgﬁ sametallocene

may include c.:Brapouds (21 op ‘S“fgg‘?wﬁmnqﬁﬁeﬁ J5 brany,combinatieh HErdf. The
. wilhoul ALl . & Xliur slay and melallocen = e . .
orgarmaluminum GompouRE maytiachide:itietbyla fuainum -toi-ahutialcniMiM tHisabutylaluminmn,
or any c |n-h|/I0'ﬂmt‘€I’¥e1ﬁéolfl.lM‘€:,b&ctﬂvawﬂéswglmgtin@a dntcladesashifatetsolid doeidm In still
. about roo temperature to aboyt 200° F. in order to achieve .
other embodimARES AtbE Satalst g&ng@sg@&mﬁé@ué@ﬁgtﬁelqa{aﬁata@a@g%@aﬂnay include the
contact support. Alternatively, the ansa-metallocene compound and
the clay material may be mixed from about 100° F. to about
180° F. in order to achieve the deposition of the ansa-metal-
locene on the clay activator-support.
The present techniques encompass catalyst compositions
including an acidic activator-support, which may include a
lavered mineral. The term ““lavered mineral’” is used herein to
describe materials such as clay minerals, pillared clays, ion-
cxchangcd clays, ecxfoliated clays, ecxfoliated clays gelled into
another oxide matrix., layered minerals mixed or diluted with
other materials, and the like., or any combination thereof.
When the acidic activator-support includes a layered mineral,
it may optionally be treated with an electron-withdrawing,
anion such as those presented herein., though typically the
layered mineral may not be treated with an electron-with-
drawing anion. For example, a clay mincral may bc uscd as
the activator-support.
Clay minerals generally include the large group of finely-
crystalline, sheet-like lavered minerals that are lfound in
nature 1n fine-grained sediments. sedimentary rocks, and the
like. and which constitute a class of hydrous silicate and
aluminosilicate minerals with sheet-like structures and very
high surface areas. This term may also be used to describe
hy drous magnesium silicates with a phyllosilicate structure.
Examples of clay minerals that may be used in the present
techniques include, l[or example. allophanes: smecliles,
including dioctahedral (Al) and tri-octahedral (Mg) smecti-
ties and derivatives thereof such as montmorillonites (bento-
nites), nontronites, hectorites, or laponites:; halloysites; ver-
miculites; micas; fluoromicas; chlorites; mixed-layer clavs;
the fiberous clays, such as sepiolites and attapulgites (pa-
lyygorskites):; a serpentine clay: illite; laponite; saponite: or
any combination thereof. Many common clay minerals
belong to the kaolinite, montmorillonite, or illite groups ot
clays.
When layered minerals are used as activator-supports or
metallocene activators, the layvered minerals may be calcined
prior to their use as activators. Typical calcination tempera-



product C, I, an ansa-mnetallocene, all 0 Vgala nal LITh inuni CO lin - ponna, and an activator-snpport.
In these embodiments the ansa-rnetalloc ene may inc luck" compo wads (1-1) or (1-2), as shown in 1,
or any combination thereof. The organouluminum compound may include triethylaluminum,
tri-n-butylaluminum, triisobutylalu/T11/111//1, or any combination thereof. thc.-, activator-support may
include sulfated alumina.  In still other embodiments, the catalyst composition may inc lade, or the
catalyst corn positiessneayinedude-thegontact priodoet of; apreaantactadansa-metallocene, a
precontacted ﬂ@&ﬂ.@ﬂl’lﬁf_mﬂl@d@mﬁoﬁﬁﬁf &pree éntae raofRanid-a posteemtacted

activator-support, %e&g&ggg;gjmmgeﬁg@{%%ps /e, arganoalma-Mauna compound, the
olefin, and the activatos-supgperimayiheiagpreseatedhigisil: cakuiherembpdimenisof the present
techniques prov@ﬁg‘@@@g@@b@@?ﬁﬁ@g@gﬁ@j@ﬂ@&ﬁ%&ﬁﬁf DFEYAy-bridged ans
a- rn etalloc en e.comdeunchecaatainingtyelichkadging mmﬂiy:ﬁitaﬁheg ﬁ@&)@ﬁ%&[ -463eyc lopentadienyl
- type | igands, efﬁéllﬁ‘fgﬁggs 1 %cﬁ&ﬁﬁ@%@ﬁ?@%ﬁfé?ﬁﬂﬁ‘é‘?ﬁ@fﬁﬂb?éﬂéﬁ@ n%&?ve catalyst that
may be di Ilerent]hmm the conbdeationd ihthexsoldd oxit elgatﬁka&ﬁsunpa{baeda%{ga noaluminurn
compound preséﬁi‘éﬂﬁérqﬁh?hﬁ%tﬂi%ﬁe rth’é’&étl\fé%atéﬁgt EorphusitioR may be formed

11Iinu COoImp

by activating theJBak shfaayﬁ ﬁgmyeﬂmg binela @&n&ﬁgmppund to its
cationic form, arfqlﬁ}@é il ?\W/res Eﬁgﬁﬁt@g}@ -giRylanon m@z@wfbﬁunng its
conversion to a €atien ﬁf&lﬁaﬁ pifiate RQlEReiZation] g:e@g@ﬁﬁﬁat&ﬁe,ggﬁ\éert the
metallocene intccamraethvercht %mﬁrﬁéﬁn‘ewe%gdmnﬁhabw&ﬁdes'&n%mlable ligand such

e or mbinatio T alu inoxanes, anc 1
as an alkyl to thémelalioe el pBENIhEMata Tofehe.cABROL . dABe0hARAAN inkiude such a
ligand, and an actvatorcompeanehlcasprovided-hereine t-seme snstancds; poth fumctions may be

achieved with o@E@%ﬁ@pmﬁ?@@%ﬁﬁﬂéﬂmggnoalurnlnoxane lNE! Fetinces, these two
functions may be previdedhytwoseparata-compenenissasibas athergannaky irmam compound that

can provice an ALY ERSIGRNGISH MERIOCO T2 af e SADAERER RN can provide

the activator linaciianatcdineattivaiomand/as alpdation agentfor theapsa-ngtadloe«alie compound

may be an org, NGt RAHE: SURHE o o ke L%Wmagﬂm&@egﬂﬁﬁrﬁ?@ﬁﬂ&'a'ummoxa“e
Alter- natively, theagiivatoranagohe-a-H. ayyis eidic: akg-analo m‘eeﬂapeﬁmmﬂaeapable or

abstracting an aﬁi’(ﬁﬂéﬁaﬁgn GHiWe ¢ MEtaIgte, Stith %ﬂﬁiﬁﬁg@m §@é‘ﬁfﬁﬁ{f6roplaenyl)
boron or t rlp'lem@ﬁlﬁ&fh@ﬂm@l@hs&p&a@ﬂU oroplaanyl)borate that may he lased in combination
with an alkylatln% adért smrlggzgﬁpggna%mgmgm tomp eﬁws‘;lgl]l;lt ;j;ahltha%%:lmlkylated
tightly-bridged aR$ac. v tAYRCRRE. ROMPBIY dE i SeRist RS tel by bt "85 ekt With a 13ronstec!
acidic borate activater suciatas ¢s(tebutytriamoertictiiattetraki S(pcly@bﬂnatrelopxane
IN-,INT-dirnetlayTaAtiRRIEA e Rﬁk’llél Fpent i iBtpTkcny 1)borate to remove one alkyl ligancl to _form
an alkylated metallocene cation. Alternatively, the dialkyla red tightly-bridged ansa -metaHoCane C
ompou /Id may be reacted‘?vlth a7 ew is’acid BOFATE activator srich as triplienylc:arben i cum tet utak
is (pen ta fl noroph enyl )bdrate to remove one alkyl ligancl to _form an alkylated metallocene cation.
Thus, while not intending to be bound by theory, it is belleved that the active catalyst may include an a

Ikylated metallo¢ etT& @atiph, add R/ namberoraleinalerda rl?)tfgﬁg' a&‘ﬁ@“lg%qﬁﬂo ag‘;}-:‘nerate sncli a
catalyst The pﬁ%&&ﬂ&&ﬁ(ﬂﬁuﬂ&%ﬁmﬁﬁl{&ﬁﬁﬁs&ﬁﬂ@yﬁ%ﬁ nihat contamsia contact

product of a tigh‘ﬁy)’b dged ahs? @gra g@rﬁ%wmﬁh&gm@%aﬂ@g%?y %&rﬁd‘{hat can initiate
olefin polymerization_ and a sollar oxide activator-support. witlao at the Tieed e aadltlon of an
orgarioal manMi /TT ¢ ompound . The a _us a -metalloc ene compound may include a pendant a lk-yl
group attached to one of the ns- CngpenLqmenyl typeligand, and a hydroc arhylligand that can initlate
olefin polymerinition. An orgehnlc -m-1nin inuly, cogaporind may not be required to alkylate this type O I-
"prealkylated” masa -meta lloce.-he because it already includes a laydroca_rbyl ligand that can initiate
olefin polymerization. F. 'I;De Oqum Monomer In the prﬁ:c,epthechnl ues, varllous unsaturated

car Oor K DI

reactants may be. zal tpéasﬂssﬁ& @qmma%tboa&and proc:esses.
Such reactants mbﬂl‘ﬁ’défﬁ’r‘@frﬁl ngFRﬂﬁtaWIm @‘J&Eout 30 carbon ;atoms per molecule
and having an olgfifit B¢Hte 1% “‘nﬁé% REFRRRRIGHER enkohPask Tt RShoNiifization

processes usingkeesingle<olefitl suth aswetihy n&%pmpytamena&weﬂlaslmmﬂymmanon reactions
with two or -morg} d*m@%@ﬁm@@qfiﬁgifﬁaﬂiﬁﬁﬁjg@?&ﬁmﬂﬁzﬁﬁﬁﬁéacuon with
ethylene, copolmet&:mayrmﬁkudeﬂét maprcamauetceifﬁwﬂeaec(ﬁ;%@zﬁa@ﬁr@edi@terﬁ) and a minor
amount of cornonorner c50 mole percent_ The cornonomers that may be copolymerized with ethylene
may have from three to about 20 carbon atoms in their molecular chain  C3letin s that may be used
as monomer or cornonorner in the present technigues include acyclic, cyclic, polycycl ic, terminal (a.),
internal, linear, branclaccl, substituted, ansubstitutéd], fmactionalizecl, and non- functionalizccl olefins
For example, compounds that may be polymerized with the catalysts of the present techniquaes inc
hide propylene, 1- butene, 2-butene, 3 -methyl -1 -buttene, isobutylene, 1-pentene, 2 -pentene, 3
-nnetlay 1-1 -peaatene, 4-methyl-I -p enteric, 1 -laextrie, 2 -laexerie, 3 -laextrie , 3-ethyl -1 -laextrie , 1
-la up tette, 2 -hep t caac,, 3 -laep - tene, the four normal octanes, the four normal hetleheS , the five
hermal deec etTecec or anv comhbinatinn therenf Eir rtiaer eovelic and hievelie olefin < 1 tic 1 1Ch na for



TT. Preparation of the Catalyst Composition  The present techniques encompass a catalyst
composition and a method that includes contacting a tightly-bridged masametallocene compound, an
activator, and optionally an organo alunainum compound, as presented herein. the method prosontc.:d
heroin oncompassc.:s any series of contacting stops that allows contacting cacti of the components
including any order of contacting components or mixtures of corn ponents. While not intending to be
limiting, examples.of.cantacling steps-nay haexenmptidigads iig agreﬁt&@gsglg QXide1

activator- suppo%mﬂm%%@ﬁmﬁeya@ﬁ fichasd §Ee 11 any marnber of
precontacting aqg@@égﬂ%&?@éng‘ﬁé{p%f%% ur&@ﬁmge%ﬁ&nﬁgﬁl nt&;@norner as a
contact componbﬂﬂem erycoftretessidps rEB(EmIE;Fes binietlandsutoopr areqihectét?alyéiec omposition of

the present techgq@'clngﬁécfh Scliase ethyg@ggﬁyl ek 1@5@‘&&;“ J5SHRE with an Olefin
Precontacting afemaalysttwmp@smgmnpwe@m enrfenb@f E@smgwswwhem olefinic

monomer prior tgréfﬁﬁde e cafa e ETndst aﬁéﬁé@?ﬁﬁéﬁm (fﬁlqﬂnpﬁ?ﬁ.fptlvny of fin::
polymer as commmmsmme cafbalysl osmmmw;tt prepawed iwdtkemtsa precontacting

step. The enhariffé’siE@@%@J@T?ﬁﬁlﬁﬁ@ﬁﬁi@@ﬁ%@ﬁﬁmﬁﬁﬁﬁﬁ%d for

bornopolymerizationtmilantroletin=iid 161 kd-linerisuaihcasseth 1Or ¢ opolymeri flat ion of an

cx-olefin and a ¢g, Q[f@'h o t alyst
compositions oféh%wﬂggbqgm&?@%dm o%fpii@n%zi}a{%ﬁ the
ansametalIocenﬁﬁ%ﬁ@jﬁﬁ%ﬁ@ﬁ@i@&ﬁ@i@@@ﬁéﬂ i?"r?ﬁéfﬁé’éé%? rily the olefin
monomer to be pabsmatized; ergarcabamniminacocatalystfor adikst H))dthl:Hme This
precontac led nﬂ}qtﬁ?é‘]’ﬁéynﬁ‘éﬁﬂfg:&)b‘fﬁéﬁl ﬁﬁ?ﬁéﬁﬁﬁ%@&‘e@ﬂ@@‘%ﬁ@@ﬁ@dr example, the

umin poly et NIt O

first period of tume;b.rbeﬁ@tae.uﬂhﬁlpfeﬁara?;aa emm@msamab&flaeeﬂﬁﬁﬂl Actinic

monomer, and tﬁ'é‘ti?g‘a JUHRI AT mmﬁge‘ﬂfﬁ L1Jr6§l‘&§ﬁtffl§ guﬂé‘to about 24

hours, from about 851 to.ahoNEd. h@ufser o, aboutd0 mindtes-t;a cmuu&SbyOnce the
precontacted mi %flaﬁgg}ergé’t&ﬂfe @,:lcggf@nrggrglqmer and or anonf arnltru Qcatalyst is
contacted with theSalidoXae AGATRS ﬁla@mp@sm ffﬁ@yerégaﬁqﬁd xlde activator)
rimy be termed tﬁé @sﬁ}em’aﬂ@d’mtﬂﬁﬂﬁggé%&%mam@mh%@ﬁé% Padlibwed to remain in

contact for a seqaii, REHRALT TERE. e Po% OBIRCHIENG SpHDI 10 BEIG $5ed (hihgpRlynac:rization
process. "11n5 mayiprovideitedre-sasesir actividypimasimfardashion o pre mgthe catalyst c

omposition. Posiﬁ’@ﬁ S Himespele umiﬁ‘é’:s(an (Coxite achvator fﬁ;gp@j; a?{d ke Pretontacted mixture

may range in time ﬁfemla}jwtiimwmﬁe% alblgmrzishemrse%mf@%ehmhsttora@bw¢ howgr, or from about
10 minutes to ARG AN O T Vad Ol Sataiist R0 bt BRARHTIE, 4B8a -metallocene,

activator- supporfrorgan@aimamum cocatalyst, andgptionallyan fiasaturdtodthygdiocarbon) may be
contacted in the;bgherkatBR mhac m@m@im%ﬁﬁ&m&@bﬁéﬁﬁn is
proceeding_ AltefmativalOannind ormarewf thege catalyst Fecontactecl in a

vessel or tribe pﬁB@EﬁPﬁﬁﬁgﬂEﬁé@@ﬁﬁh - g@_f@@@%&?@ﬁﬁg@ ‘Be a continuous

process, in whichdlhepretortacied pragiuetna dedeBaiiruDushytodheueaioremniemay be a

sepuise or ba BAFESEESS AN LA Aol R B A0 to make o

catalyst compositions"fig presontacting;sta:p reayhacarries aus ovaia-time @dmat may range
from a few secoﬁﬂ%lfé“éﬁdlﬁﬁcﬁ“aggé@@ld‘éygjea I@?@%rﬁﬁéﬁ%ﬂm‘édtﬁé' (ﬁ')ﬂtﬂﬁ{y

pre-contacting s&eﬂlﬁtaydaﬂ ﬁBlﬂb@uUkS_,EﬁQﬂﬂfﬁﬁ ch(}gb&bﬂMﬁﬂl seeands to about 45
minutes, or fronPApUt LI ) aBolit 80 frifufes Mt ét%‘eﬁﬂféﬁﬁpﬁ‘ gAlternatively
the precontacting ﬁﬁ@ﬁeasmay ’eeaarﬂeldaabltanmuwpie&@awat N asikg s,t:ep in which
multiple mmtureé‘%@éﬁ ‘qaghnfg’tﬁlggi};gla ﬂ%n%@lﬁ moxaﬂéﬂfo?ﬁ@oﬁéﬁf?‘lﬂor example, at

least two catalygt&&sapleg} arcﬂnshﬁn ixdice, followed Ry J&yﬁgntactlng the
first mixture wutmﬁ@trﬁﬁea@a@ @@bnéﬂ?%rﬁﬂﬂ@%@é@ﬁdwﬂm antsbforth.2n Multiple
precontacting step%rr@@g&a i@umca@jpgken%g%% IR pealtiple-vasseals.kupther, multiple
precontacting stepstia %‘amefdzebﬂmsafeﬂse afp aﬂb‘}’SGrcaDe‘embmatlon thereof.

For example, a firSiqixiure oftwo taans Eéﬁﬁeﬁeoféﬁlaﬁbgﬁrqm@éate [ AT VeZsal a second
mixture Mc: hldlngqheﬂrstmﬁmc'ghlscumraddm@'n&lccat b oomponerit may be forhed in the first

vessel or in a SE¢EY eSS WikCR Y anﬁ%ﬁ’qfé‘gg&ﬁﬁ isoean p’f@p;ﬁ here 1y «tdne or more of
the catalyst componentsevialyhe gplitdnd Gsedmpduffepentrpmmmﬁhtcaohrvgetr‘eatmemseﬁor example, part
of a catalyst component may be fed. into a first pre-contacting, vessel for precontacting with another
catalyst component, while the remainder of that same catalyst component may be rea into a second
precontacting vessel Ibr precontacting with another catalyst component, or may be led directly into the
reactor, or a combination thereof "The precontactirfg may be carried out in any suitable equipment,
such as tanks, stirred mix tanks various static mixing devices, a tube, a flask, a vessel of any type, or
any combination thereof. For example, a catalyst c omposition of the present techniques may be
prepared by contacting 1 -hexene, triisobritylahmaiimmor tri-nhurry la him imam, and an

ansa-metallocene for at least about 30 minutes, followed by contacting the precontac led mixture with
A ctil fated aliim 1 via activvatar-<ci1innort for at leact ahotit 10 in hiittec 110 t0 one hotir to form the active



When a precontacting step is used, the molar ratio of o letin monomer to ansa-metallocene compound
in the precontac ted mixture may be from about 1:10 to about 100,000:1 (e.g., 1:10, 1:5, 1:1, 5:1,
5000:1, 10,000:1, 50,000:1, etc.), or from about 10:1 to about 1,000:1. The weight ratio of the solid
oxide activator to the organtitatintintini coninti land. may range from a bout 1:5 to a bout 1,000:1, from
a bout 1:3 to a bout 100:1, or from about 1:1 to about 50:1. The weight ratio ofthe ansa -meta llocene

to solid oxide aGiya Y sHRRRIL MaY:beiframahovil. 1 tpahgut.1 1.000:000 L8 8y di2al:10, 1:5,000,
1:100,000, etc }lgemi&bomlé Mtrdbout 0<:00,0002 Ghﬁromeatbémqez@atgabegpllﬂ}goo 0.

Examples of a BIGEEsRTO BIEHIEA Cata St Lo dlion o 1 ihadiRatsing Hissent
techniques maypnmlrr'rd@mreeessesitbemeduce@ca@ mbmp@s ionh Fanexamplezone suc:la

process may eI KElading i RS et oSl b antin’ el AR RGAICAM NN comp ouncl

for a first period=oftimetto-fermp agpre-contagiedmixture intiudingaprecentaoted-ansaemeta lloc elle,

a preconta ctecFSigE L EITHE opaneynd. and g reeantas sted o.1san. The pre-c-entacted
mixture may thendiecantactedwit @:ﬁl@ctwam supcpﬁﬁtan@lﬂpaonaluly additlenahorgrastioa lu mitin

/T1 compound T} & @i&gﬁ%@n@@@e 6}{1‘%(3’31;’@)% GHtaC RS R BitiY g postcontactecl
ansa-metalloceme, arpostepiiactociranga iﬂdﬂﬁiﬁl,C 113 peunchiapesicontacdedolefin, and a

postcontactc-d Z&iatirstisRIE 3 eniiotients, ive iusEmetiltententay feftie 4 compound
haying the forrnrﬁxeﬁ(ﬁz)@(éﬁ)(&%aIuﬁ]nwau:l&\dﬁﬁmymed&amﬂme g-kcaniam ornhadfiniurn. X | may

be a substltutedtg Cﬁbﬁgaaigg%fla%ﬁt%aﬂﬁEjmeePﬁgéhgﬂssrg@p;%;%? f eyl . 7C2 may be

a sub stituted ¢ -oemyl @b asylstitited -Yimorenyl wnOnesithshiuenrtan 4(1 and Xis a
bridging group I’@W@Eﬁ&tﬁﬂ’ efEHd h‘é?eu@:_gg B@%P%agma a@ﬁ*ﬁgﬁ rgtom, a
germanium atorg ot agmm, 4 SRARH s o andhakemoye may be a

substituted or aﬁhmpsutfﬁmtéﬂ%arb%ﬁ chain of from 4 to 6 carbon atoms in Iengﬁh with each end

connected to E. 4@@{a@gﬁwg§;ruﬁgr§,r©§@1ﬁucb&fu&mugg 2005y 6.2 subsbpied or an
71/1S13 bstito Yepiat aﬂu I'quﬁg @gpﬁolfzrdafbmﬁﬂemmh?ﬁaland% rimy be

independently: IELELAdH ORakT Gt AN G IR 8 ECEANBN STORRL, or hydroc
arbylcocide grompfla‘#@dmgarb m‘rﬁé\@@u?lqsbaftﬁ rirocarbylsily 1 group<iany Gf'\k‘hﬂ)h _having up
to 20 carbon a t@g@%ﬁ%jﬁ@ﬁﬁﬁﬁﬁr@ﬂgﬁﬁggr@%ikﬁ@’rlé@qﬂ@fﬁhuﬁl)g GrOie&ny of which
having up to 12 earlverdatenmsixtukay addreirdn Bhsbe tether thrthecsubstitutedeyalo pen tadienyl,
substituted indefiSAuRHRRA T i, BEsHSEY SR TR AT B Rddpaisiknty an al
ipliatic group, arrcaiomasatﬂsc Yrowss >ansaprhirakioliceoklabiphabciandecyoke groups, an
oxygen group, & Stltjfg Sﬁ@f@é APRASPROIYS 8T, ADATSERIC.IQUP. @ carbon
group, a silicon gfediyorta. lan ol hich-kaving s romrb to 2tgarbonratoms; a halide; or
nycogen.. TR, RN P AR o pSoTE Tk A A, ML Eelyst of he
present techniquesmay:be-gieatentpanocequal tiabptdO68 gramsipalyethylene per gram of
chemically treat@d SolitGiide gér Renr (BbbreviatéayPirg CTSCIHY), Yredter HEA 6 ¥qual to abont
3000 gP/(g CTSC)ehe) graater than snha-liddmldie abaaibi00:gR (6-Ln AMSOa, 8y greater than or
equal to about %quPﬁg‘g@@ﬁﬁ‘@ﬁ%%%?ﬁeé%ﬁ?éﬁ@ﬁd@ﬁf@n@gﬁﬁg%ﬁzanon
conditions nsmg»s&bytaﬁacasth&ﬂblmﬁn&ﬂwakalalpeiymaﬂzafolemianp%&mm lt®. in: abawit 500 C. to
about 100 C., afdanelYidne pressine bty SUC3an ps e@“ﬁ'ﬁ‘bﬁt’f}g sl e feagtor should have

substantially nolhnén atlOR1Qk alquauonsca?e fﬁiﬁaﬂ%ﬁé (TRIFAS0 erdnaking these rn ea
sitre ments IIIBF’nglemqlfCtﬁe f%ﬁlt@ﬁm@ ?loztﬁmsﬁfﬁrd?gggﬁéoceﬁ?é catalysts or
the present techm@ @ryrgjgi@lno iZalion me ethed, using various types of poly-
eri zati on reactorsGA%Oas'edmems % WWE@@H@&C@F&@Mﬁ oot 1rperlzatlon reactor
capable of polymg{m@;gloféimrﬁpegm%% e ImiRgp .07 Capelyiners. Shch
hornopolynaers%;ntie ymersamey b@mferredrtuo&&méms%rapel Isathe \famdﬁ@rtypes of
reactors include;iie5s ‘ih‘/ - E B Yele et A Hatti "ﬁ‘f%%—%eﬁéf 110k, Bigh pressure,

tramlar or autock%e reaetoﬁs8@7a§@ﬁa9eh@&eta¥s:rﬂ|a?yrmei |adethndized-getrseacttrs-or staged

in thelr entire

horizontal reactofS7SI{ty fEACIOR tha YIQSMQ@M@%OMQMQ@%Q%%MQ pressiyye reactors may
include autoclaverer fubutarFeastors1iRueactortypésmdytineludedateh opgontisiionsprocesses_

Continnons procR b Ca NeE AL B eI IEOTR DR BT CHSHes may aiso
include partial orthd| dikergtrecycle cfsnaseanted 14 30L1@d e inizntre-arclodcontenoatcyrr, and/or
diluent.  Polymeri zat ion reactor sy sterns of the present techn i cptes may include one type of
reactor in a system or multiple reactors of the same or different type. Production of-polymers in
nualtiple reactors may inchade several stages in at least two separate polymerization regctors
interconnected by a transfer device making it possﬂﬁe to transfer the polymers resniting from the first
polymerization reactor into the second reactor. Thc,- desired polymerization conditions in one of the
reactors may be different From the operating conditions of the other reactors. Alternatively,
polymerization in multiple reactors may include the manual transfer of polymer from one reactor to

subsequent reactors for continued polymerization. Multiple reactor systems may include any
combination ine ‘hhidino- biit not limited to nriiltinle loon reactaore miiltinle Aaac reactore a combinatinn



_A- Loop Slurry Polymerization Processes In embodiments or the present techniques, the
pc_31lyrnerization reactor system may include a loop slurry reactor_ Such reactors may inc hide
vertical or horizontal loops. Monomer, diluent, catalyst and optionally any comonorner may be
continuously fed to the loop reactor where polymerization occurs. Ceram-ally, continuous processes
may include the continuous introduction of a monomer, a catalyst, and a diluent into a polymerization
reactor and the gaptinuous.ieBIoNal miromithisteactas of iisuspensignincludingrpcadlynaer particles
and the diluent. ke eiareffiuent hﬁa‘glb“e‘#él'a&?feﬁl% reprdvelthe sdlidrpd Pﬁﬁ?ﬂﬁe liquids that
include the diluedf.mpidcihehapaier S LIOIBLRECE Natcls hehnldGies haype employed

for this separatloan lstera-méhﬂhgwlm kreitettos Blekhirrg>tharmay méhﬂd@&hy:e’eﬁtblnatlon of heat

addition and pre&siire Z8dneHON . SepAralita ALY SIoNIC Slig B STEr 8 eYElohead Rydrocyclone; or

separation By C@m?ﬁierg&tqeﬁn g ftﬂfr Nmeaz@tﬁin esseﬁaéats@hnwmlthe particle
"form procest) S ARTPSEH ol SUEC LT SR NGY, APAFLT S SE, B &.565 175,

5,575,979, 6, 23@@353@%2&@4@@@33&43&@@@%@@ incorporatedthyreference in its

entirety herein_ 11, T A1IRE YRR IR, B UsbtriA A B MR ZAREN R BFatgfs Hie -monomer

being polymerlz@dlahd dydngcanbehsiilat &re hquidisiiindertteaction-oenditicrstixAsamples of such

dilnents may incliié, 17 eRRTPIE, HYH A A ahe st tas Prapdid: St exdnellsdfidianc, n-butane,

n-pentane, |sop0m:aiama¢n@epmaﬁaamgnd>nalaemat@©uSame loop polymerization_ reactions can

occur under bulk ¢TI THETE. g‘@n‘ﬂg@g’@ ggﬁl’gtﬁ’ﬂﬁﬁlﬁmmomgrlfaﬁ@fg{gr propylene)
acts as the dllne(ﬁ-ﬁdsugxamp{eﬂs,p mﬁmpy menemes as disajasedin | T.S _ Pat

No_ 5,455,3 14 Rﬁfﬁcﬁ@f@gﬁ&é‘fm refereNde Herehiin: @@gmgﬁﬁe Bhase Polymerization

Procc-ssa-s H-_dﬂfﬂiec , the pﬁlymeﬁzatjondﬁaﬁiaﬁmawnc ude a gaspbag ersash@r Such

systems may enj m uorg%@éégﬂé%@‘%ntammgq%élﬁme t@ﬁgﬂ?ﬁiﬁ%ntmuously

cycled through &ﬂ e@fasencmoﬁhalea S e eﬁza,«tmmsqaadmons A

recycle stream rl‘%ggen rate }%ﬁ%@%ﬁgﬁ% |gg‘?efr"éactor

Slmultaneously, g&m&;s therasiotandiRAW0k _sesh monomer
may be added td"r@ip? i%édlB’MRBrH@’Her Suiep’ il eﬂ@ae]tmﬂﬁay include a

process Form: umaﬂggig? ( Bha uraéjfmeﬁéf@g@ﬁéﬂéglmlw ?'Q]é: emarféltgﬁ merlzed in the
gaseous phase mcatde&sﬁ{mﬁé@ﬂeﬁdbmawh%@ po-én @aﬂm&zbﬂ’egwﬁllﬂofeedmg a

catalyst- contaln|ggpg¥mgrr’ﬁg@g§ilga@1ﬁ’§fmﬁfmgm;ﬁ§ﬁ§o§3 oy dlme A tion zone_

One type of gasiphase té¢betorus-disclosed. |rriﬂ>ISenPa¢aNbsn§L8®2 749 4 588‘379@1‘3ﬁd 5,436,304,

each of which is cntai?ﬁﬁﬁﬁtfgigeﬁlﬁﬁiﬁﬁfﬁ RS A o B S AT other aspect of
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The concentrations of -monomer, co-monomer, hydrogen, co-catalyst, modifiers, and electron donors
may be important in produc hag tlac_,se resin properties. Cc_maionorner may be used to control
product density. llydrogen may be used to control product molecular weight. Co-catalysts may be used
to alkylate, scavenge poisons and control molecialar weight. MocLifiers may be used to control product
properties and electron donors affect stereoregularity _ In addition, the concentration o I-poisons must
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casing, to name a few w&. icujd #@Q -density polyethylene (T-TDPF,), which generally
constitutes the largest volurtie of the g group of plastics used for pipe, may be tough,
[ eratures) Furthermore, HDPF, pipe may be
an-8feetn diameter. In general, polyethylene
pellets (resins) may be supplied for the pressurelpi‘ﬁlng markets such as in natural gas distribution,
and for the non-pressure piping markets, such as for conduit and corrugated piping. Rotational
molding is a high-iempenatureniew-pressitis process usedito form-nollowpansithroughithe application
of heat to biaxiaffy-i¢ rd%ﬁ%dﬁﬁg@gﬁepglyé}ﬁgé‘ﬁﬁeﬁégﬁ$@ derféraifrablitabre i }ﬁ‘qa‘é;orocess are
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Sheet extrusion | H’Wuelfgrtmm cHat p |a§(§'?§mgt§:}ﬂ'glbll‘7%?§* 0 [eér‘sggsqdﬁue relatively
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A third -use for SQUINEY BAEST, B SXahDk éf,iﬁﬁggpa@ r{grﬂélslﬁytﬁﬁf tf@? Methylene in
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millimeter (10 mils) in thickness. flow-ever, the blown film process can produce in as thick as 0_5 in
(20 mils), and higher__ luirtherran-we, blow molding in conjunction with tnonolayer and/or multi layer
coextrusion technologies lay the groundwork fur several applications. Advantageous properties of the
blow molding products may include clarity, strengtﬁ tearability, optical properties, and toughness, to
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process may differ from the blown film process through the Fast quench and virtual unidirectional

orientation capabilities. These characteristics allow a cast film line, for example, to operate at higher
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sulfonate, substituted or unsubstituted arenesulfonate. substi-
tuted or unsubstituted alkylsulfate, or any combination
thereof.

In the embodiments described above., the ansa-metallocene
may be a compound having the general formula:

R?R

Tn this formula, M* may be zirconium or hafnium, and X" and
X" may be independently F, Cl1, Br, or I. E may be C or Si and
‘n” may be an integer from 1 to 3, inclusive. R> and R>“ may
be independently H, methyl, ethwvl, propyl, allyl, ben=z=yl,
butyl, pentyl, hexyl. or trimethylsilyl, and ‘m’> may be an
integer from 1 to 6, inclusive. R* and R™*® may be indepen-
dently a hydrocarbyl group having up Lo 6 carbon atoms, or
hydrogen. Bond “a” may be a single or a double bond.

In the embodiments described above, the ansa-metallocene
may be a compound having the general formula:

R3B

In this formula, M may be sirconium or halfmium, and X" and
X" may be independently F, C1, Br, or 1. E may be C or Si and
‘n” may be 1 or 2. R and R*% may be independently I1 or
methyl, and ‘m”> may be 1 or 2. R** and R™* may be indepen-
dently H or t-butyl. Bond “a> may be a single or a double bond.

In the embodiments described above, the ansa-metallocene
of the present techniques may be a compound having the
Tormulas:
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In this formula, M may be zirconium or hafnium., and X' and
X" may be independently H., BH._,, methyl, phenyl., benzyl,
neopentyl. trimethylsilylmethyl, CH,.CMe,Ph;
CII.SiMe,.Ph;: CII.CMe,CII.Ph;: or CII.SiMe,CII,Ph. I&
may be C or Siand n may be an integer from 1 to 3, inclusive.
R and R*® may be independently a hydrocarbyl group or a
trihydrocarbylsilyl group., any of which having up to 20 car-
bon atoms. or hydrogen, and n may be an integer from O to 10,
inclusive. R* and R*® may be independently a hydrocarbyl
group having up to 12 carbon atoms, or hydrogen. Bond “a”’
may be a single or a double bond. In other versions of the
embodiments described above, the ansa-metallocene may
includec compounds (I-1) or (I-2), as shown in FIG. 1, or any
combination thereoft.

In other embodiments, the catalyst composition may
include. or the catalyst composition may include the contact
product of, an ansa-metallocene, an organcaluminum com-
pound, and an activator-support. In this embodiment the ansa-
metallocene may include compounds (I-1) or (I-2), as shown
in FIG. 1, or any combination thereof. The organcaluminum
compound may include triethylaluminum, tri-n-butylalumi-
num, triisobutylaluminum, or any combination thereof. The
activator-support may include a sulfated solid oxide.

In still other ecmbodiments, the catalyst composition may
include. or the catalyst composition may include the contact
product of, an ansa-metallocene, an organcaluminum com-
pound, and an activator-support. In these embodiments the
ansa-metallocene may include compounds (I-1) or (I-2), as
shovwn in FIG. 1, or any combination thereof. The organocalu-
minum compound may include triethylaluminum, tri-n-buty-
laluminum, triisobutylaluminum, or any combination
thereotf. The activator-support may include sultated alumina.

In still other embodiments, the catalyst composition may
include, or the catalyst composition may include the contact
product of, a precontacted ansa-metallocene, a precontacted
organoaluminum compound. a precontacted olefin., and a
postcontacted activator-support, wherein each of the ansa-
metallocene, the organoaluminum compound, the olefin, and
the activator-support may be as presented herein.

Further embodiments of the present techniques provide a
catalyst composition that includes the contact product of a
tightly-bridged ansa-metallocene compound containing a
cvclic bridging moiety attached to both m°-cyvclopentadienyl-
typc ligands, and a rcagcent that can function to convert the
metallocene into an active catalyst that may be different trom
the combination of the solid oxide activator-support and orga-
noaluminum compound presented herein. Thus, in one
embodiment, the active catalyst composition may be formed
by activating the metallocene, which may include converting
the metallocene compound to its cationic form., and by pro-
viding it with a hydrocarbyl ligand (e.g., alkylation) before,
after, or during its conversion to a cation that can initiate
olefin polymerization. The reagent that can convert the met-
allocene into an active catalyst may include a component that
provides an activatable ligand such as an alkyl to the metal-
locene. when the metallocene compound does not already
include such a ligand, and an activator component, as pro-
vided herein. In some instances, both functions may be
achieved wilth one component, [or example, an organoalumi-
noxane. In other instances, these two functions may be pro-
vided by two separate components, such as an organoalumi-
num compound that can provide an activatable alkyl ligand to
the metallocene, and another component that can provide the
activator function.

The activator and/or alkylation agent for the ansa-metal-
locene compound may be an organcaluminoxane, such as, for
example, methylaluminoxane or isobutylaluminoxane. Alter-
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natively, the activator may be a Lewis acidic organoboron
compound capable of abstracting an anionic ligand from the
metallocene, such as, for example, tris(pentafluorophenyl)
boron or triphenylcarbenium tetrakis(pentafluorophenyl)bo-
rate, that may be used in combination with an alkylating agent
such as an organoaluminum compound.

Further, a dialkylated tightly-bridged ansa-metallocene
compound as presented herein may be reacted with a Bren-
sted acidic borate activator such as tri(n-butyDammonium
tetrakis(p-tolylDborate or N, N-dimethylanilinium tetrakis-
(pentafluorophenyl)borate to remove one alkvyl ligand to form
an alkylated metallocene cation. Alternatively, the dialky-
lated tightly-bridged ansa-metallocene compound may be
reacted with a T .ewis acid borate activator such as triphenyl-
carbenium tetrakis(pentafluorophenyl)borate to remove one
alky1l ligand to form an alkylated metallocene cation. Thus,
while not intending to be bound by theory, it is believed that
the active catalyst may include an alkylated metallocene cat-
ion, and any number of alternate reactions may be used to
generate such a catalyst.

The present techniques may include a catalyst composition
that contains a contact product of a tightly-bridged ansa-
metallocene which includes a hydrocarbyl ligand that can
initiate olecfin polymerization and a solid oxidce activator-
support, without the need for the addition of an organoalumi-
num compound. The ansa-metallocene compound may
include a pendant alkyl group attached to one of the n~-cy-
clopentadienyl-type ligand, and a hydrocarbyl ligand that can
initiate olefin polymerization. An organoaluminum com-
ppound may not be required to alkylate this type of ““pre-
alkylated” ansa-metallocene because it already includes a
hyvdrocarbyl ligand that can initiate olefin polymerization.

E. The Olefin Monomer

In the present techniques, various unsaturated reactants
may be usefull in the polymerization processes with catalyst
compositions and processes. Such reactants include olefin
compounds having from about 2 to about 30 carbon atoms per
molecule and having an olefinic double bond. The present
techniques encompass homopolymerization processes using
a single olefin such as ethylene or propvlene, as well as
copolymerization reactions with two or more different ole-
finic compounds. For example, in a copolymerization reac-
tion with ethylene, copolymers may include a major amount
ot ethylene (=50 mole percent) and a minor amount ot
comonomer <50 mole percent. The comonomers that may be
copolymerized with ethyvlene may have from three to about 20
carbon atoms in their molecular chain.

Olefins that may be used as monomer or comonomer in the
present techniques include acyclic, cyclic, polycyclic, termi-
nal (<), internal, linear, branched, substituted, unsubstituted,
Tunctionalized, and non-functionalized olefins. For example,
compounds that may be polymerized with the catalysts of the
present techniques include propyvlene., 1-butene, 2-butene,
3-methyl-1-butene. isobutylene, 1-pentene, 2-pentene, 3-me-
thyl-1-pentene, 4-methyl-1-pentene, 1-hexene, 2-hexene,
3-hexene, 3-ethyl-1-hexene, 1-heptene, 2-heptene, 3-hep-
tene, the four normal octenes, the four normal nonenes, the
five normal decenes, or any combination thereof. Further,
cyclic and bicyclic olefins, including, for example, cyclopen-
tene, cyvclohexene., norbornyvlene, norbornadiene, and the
like, may also be polymerized as described above.

The amount of comonomer introduced into a reactor zone
to produce a copolymer may be from about 0.001 to about 99
weight percent comonomer based on the total weight of the
monomer and comonomer, generally from about 0.01 to
about 50 weight percent. In other embodiments, the amount
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of comonomer introduced into a reactor zone may be from
about 0.01 to about 10 weight percent comonomer or from
about 0.1 to about S5 weight percent comonomer. Alterna-
tively, an amount sufficient to give the above described con-
centrations, by weight, ot the copolymer produced. may be
used.

While not intending to be bound by theory, it is believed
that steric hindrance can impede or slow the polymerization
process it branched, substituted, or functionalized olefins are
used as reactants. However, if the branched and/or cyclic
portion(s) of the olefin are somewhat removed from the car-
bon-carbon double bond they would not be expected to hinder
the reaction as much as more proximate substituents.

In an exemplary embodiment, a reactant for the catalvst
compositions of the prescent techniques may be cthylenc, so
the polymerizations may be either homopolymerizations or
copolymerizations with a different acyclic, cyclic, terminal,
internal, linear, branched, substituted, or unsubstituted olefin.
In addition, the catalyst compositions of the present tech-
niques may be used in polymerization of diolefin compounds,
including for example, such compounds as 1.3-butadiene,
isoprene, 1,4-pentadiene., and 1.5-hexadiene.

1I. Preparation of the Catalyst Composition

The present techniques encompass a catalyst composition
and a method that includes contacting a tightly-bridged ansa-
metallocene compound, an activator, and optionally an orga-
noaluminum compound. as presented herein. The method
presented herein encompasses any series of contacting steps
that allows contacting each of the components including any
order of contacting componcnts or mixturcs of componcnts.
While not intending to be limiting. examples of contacting
steps may be exemplified using a treated solid oxide activator-
support and an organocoaluminum cocatalyst. These steps may
encompass any number ol precontacting and postcontactling
steps, and may further encompass using an olefin monomer as
a contact component in any ofthese steps. Examples of meth-
ods to prepare the catalyst composition of the present tech-
niques are discussed below.

A Precontacting the Catalyst Composition with an Olefin

Precontacting a catalyst composition, or a component of a
catalyst composition, with an olefinic monomer prior to add-
ing the catalyst composition to a reactor may increase the
productivity of the polymer as compared to the same catalyst
composition that may be prepared without a precontacting
step. The enhanced activity catalyst composition of the
present techniques may be used tfor homopolymerization of
an ac-olefin monomer such as ethylene or copolymerization of
an cac-olefin and a comonomer. However, a precontacting step
is not required in the catalyst compositions ol the present
techniques.

In some embodiments of the present techniques, the ansa-
metallocene may be precontacted with an olefinic monomer,
although not necessarily the olefin monomer to be polymer-
ized, and an organcaluminum cocatalyst for a first period of
time. This precontacted mixture may then be contacted with
the solid oxide activator-support. For example, the first period
of time for contact, the precontact time, between the ansa-
metallocene, the olefinic monomer, and the organcaluminum
cocatalyst may range in time from about 1 minute to about 24
hours, [rom about 0.1 Lo about 1 hour, or [rom about 10
minutes to about 30 minutes.

Once the precontacted mixture of ansa-metallocene, olefin
monomer, and organcaluminum cocatalyst is contacted with
the solid oxide activator, this composition (further including
the solid oxide activator) may be termed the postcontacted
mixture. The postcontacted mixture may be allowed to
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remain in contact for a second period of time, the postcontact
time, prior to being used in the polymerization process. This
may provide increases in activity in a similar fashion to pre-
contacting the catalyst composition. Postcontact times
between the solid oxide activator-support and the precon-
tacted mixture may range in time from about 1 minute to
about 24 hours, from 0.1 hours to about 1 hour, or from about
10 minutes to about 30 minutes.

The various catalyst components (for example, ansa-met-
allocene, activator-support, organoaluminum cocatalyst, and
optionally an unsaturated hydrocarbon) may be contacted in
the polymerization reactor simultaneously while the poly-
merization reaction is proceeding. Alternatively, any two or
more of these catalyvst components may be precontacted in a
vessel or tube prior to their entering the reaction zone. This
precontacting step may be a continuous process, in which the
precontacted product may be fed continuocusly to the reactor,
or it may be a stepwise or batchwise process in which a batch
of precontacted product may be added to make a catalyst
composition. This precontacting step may be carried out over
a time period that may range from a few seconds to as much
as scveral days, or longer. For example, the continuous pro-
contacting step may last tfrom about 1 second to about 1 hour,
from about 10 seconds to about 45 minutes, or from about 1
minute to about 30 minutes.

B. Multiple Precontacting Steps

Adternatively the precontacting process may be carried out
in multiple steps, rather than a single step, in which multiple
mixtures are prepared, each including a different set of cata-
Iyvst components. For example, at least two catalyst compo-
nents may be contacted forming a first mixture, followed by
contacting the first mixture with another catalyst component
forming a second mixture, and so forth.

Multiple precontacting steps may be carried out in a single
vessel or in multiple vessels. Further, multiple precontacting
steps may be carried out in series (sequentially), in parallel, or
a combination thereof. For example, a first mixture of two
catalyst components may be formed in a first vessel, a second
mixture including the first mixture plus one additional cata-
lyst componcnt may be formed in the first vesscel or in a
second vessel, which may be placed downstream of the first
vessel.

One or more of the catalyst components may be split and
used in different precontacting treatments. For example, part
of a catalyst component may be fed into a first precontacting
vessel for precontacting with another catalyst component.
while the remainder of that same catalyst component may be
fed into a second precontacting vessel for precontacting with
another catalyst component., or may be fed directly into the
reactor, or a combination thereof. The precontacting may be
carried oul in any suiltable equipment, such as tanks, stirred
mix tanks, various static mixing devices, a tube, a flask, a
vessel of any type. or any combination thereof. For example,
a catalyst composition of the present techniques may be pre-
pared by contacting 1-hexene, triisobutylaluminum or tri-n-
butylaluminum, and an ansa-metallocene for at least about 30
minutes, followed by contacting the precontacted mixture
with a sulfated alumina activator-support for at least about 10
minutes up to one hour to form the active catalyst.

The postcontacted mixture may be heated at a temperature
and for a time sufficient to allow adsorption. impregnation, or
interaction of precontacted mixture and the solid oxide acti-
vator-support, such that a portion of the components of the
precontacted mixture may be immobilized, adsorbed. or
deposited thereon. For example, the postcontacted mixture
may be heated from between about 0O° F. to about 150° F., or
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from between about 40° F. to about 95° F. Neither a precon-
Lacling slep nor a postcontacluing step may be required lor the
present techniques.

C. Composition Ratios for Catalyst Compositions

In embodiments of the present techniques, the molar ratio
of the ansa-metallocene compound to the organocaluminum
compound may bec from about 1:1 to about 1:10,000 (c.g..
about 1:2, 1:5, 1:20, 1:50, 1:200, 1:500, 1:2000, 1:5000,
1:8000, etc.), trom about 1:1 to about 1:1,000, or from about
1:1 to about 1:100. These molar ratios reflect the ratio of
ansa-metallocene compound to the total amount of orga-
noaluminum compound in both the precontacted mixture and
the postcontacted mixture, combined.

When a precontacting step is used. the molar ratio of olefin
monomer to ansa-metallocene compound in the precontacted
mixturc may bc from about 1:10 to about 100.000:1 (c.g..
1:10,1:5,1:1, 5:1, 5000:1, 10,000:1_, 50,000:1, etc.), or from
about 10:1 to about 1, 000:1. The weight ratio of the solid
oxide acuivalor Lo the organoaluminum compound may range
trom about 1:5 to about 1.,000:1., from about 1:3 to about
100:1, or from about 1:1 to about 50:1. The weight ratio ofthe
ansa-metallocene to solid oxide activator-support may be
from about 1:1 to about 1:1.,000,000 (c.g., 1:2, 1:10, 1:5,000,
1:100,000, etc.), from about 1:10 to about 1:100,000, or from
about 1:20 to about 1:1000.

2. Examples of a Process to Prepare a Catalyst Composition

Fmbodiments of the present techniques may include pro-
cesses to produce a catalyst composition. For example, one
such process may include contacting an ansa-metallocene, an
olefin, and an organcaluminum compound for a first period of
time to form a precontacted mixture including a precontacted
ansa-metallocene, a precontacted organocaluminum com-
pound. and a prccontacted olcetfin. The preccontacted mixturc
may then be contacted with an activator-support and option-
ally additional organcaluminum compound for a second
period of time to form a postcontacted mixture including a
postcontacted ansa-metallocene, a postcontacted organoalu-
minum compound, a postcontacted olefin, and a postcon-
tacted activator-support. In embodiments, the ansa-metal-
locene may include a compound having the formula:

(XHEEHEH DO

in which M' may be titanium, zirconium, or hafium. X" may
be a substituted cyclopentadienyl, a substituted indenyl, or a
substituted fluorenyl. XZ may be a substituted cyclopentadi-
enyl or a substituted fluoreny1.

One substituent on X' and X? is a bridging group having
the formula E(Cyc), wherein E may be a carbon atom. a
silicon atom., a germanium atom, or a tin atom. and E is
bonded to both X' and XZ, and wherein Cyc may be a substi-
tuted or an unsubstituted carbon chain of from 4 to 6 carbon
atoms in length with each end connected to E to form a ring
structure. One substituent on X~ may be a substituted or an
unsubstituted alkyl or alkenyl group having up to 12 carbon
atoms.

X3 and X* may be independently: F, C1, Br, or I; a hydro-
carbyl group having up to 20 carbon atoms, H, or BH_: a
hyvdrocarbyloxide group, a hyvdrocarbylamino group., or a tri-
hydrocarbylsilyl group., any of which having up to 20 carbon
atoms; or OBRY, or SO R, wherein R may be an alkyl
group or an aryl group., any of which having up to 12 carbon
atoms.

Any additional substituent on the substituted cyclopenta-
dienyl, substituted indenyl. substituted fluorenyl, or substi-
tuted alkyl group may be independently an aliphatic group., an
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aromatic group, a cyclic group, a combination of aliphatic and
cyvclic groups, an oxygen group, a sulfur group., a nitrogen
group, a phosphorus group, an arsenic group, a carbon group,
a silicon group. or a boron group, any of which having from 1
to 20 carbon atoms:; a halide; or hydrogen.

E. Activity of the Catalyst Composition

The catalytic activity of the catalyst of the present tech-
niques may be greater than or equal to about 1000 grams
polyvethylene per gram of chemically treated solid oxide per
hour (abbreviated gP/(g CTSO-hr)), greater than or equal to
about 3000 P/ (g CTSO-Ihr), greater than or equal to about
6000 gP/(g CTSO-hr)., or greater than or equal to about 9000
g/ (g CTSO-hr). Activity may be measured under slurry poly-
merization conditions using isobutane as the diluent, with a
polymerization temperature from about 80° C. to about 100°
C., and an ethylene pressure of about 340 psig to about 550
psig. The reactor should have substantially no indication of
any wall scale, coating or other forms of fouling when making,
these measurements.

I1I. Use of the Catalyst Composition in Polymerization Pro-
cesses

The catalysts of the present techniques are intended for any
olefin polymerization method, using various types of poly-
merization reactors. As used herein, ““polymerization reactor’’
includes any polymerization reactor capable of polymerizing
olefin monomers to produce homopolymers or copolymers.
Such homopolymers and copolymers may be referred to as
resins or polymers. The wvarious types of reactors include
those that may be referred to as batch, slurry, gas-phase,
solution, high pressure, tubular or autoclave reactors. Gas
phase reactors may include fluidized bed reactors or staged
horizontal rcactors. Slurry rcactors may includce vertical or
horizontal loops. High pressure reactors may include auto-
clave or tubular reactors. Reactor types may include batch or
continuous processes. Continuous processes could use inter-
mittent or continuous product discharge. Processes may also
include partial or full direct recycle of un-reacted monomer,
un-reacted comonomer, and/or diluent.

Polymerization reactor systems of the present techniques
may include one type of reactor in a system or multiple
reactors of the same or different type. Production of polymers
in multiple reactors may include several stages in at least two
separate polymerization reactors interconnected by a transfer
device making it possible to transfer the polymers resulting
Tfrom the first polymerization reactor into the second reactor.
The desired polymerization conditions in one of the reactors
may be different from the operating conditions ot the other
reactors. Alternatively, polymerization in multiple reactors
may include the manual transfer of polymer from one reactor
to subsequent reactors for continued polymerization. Mul-
tiple reactor systems may include any combination including,
but not limited to. multiple loop reactors, multiple gas reac-
tors, a combination of loop and gas reactors, multiple high
pressure reactors or a combination of high pressure with loop
and/or gas reactors. The multiple reactors may be operated in
series or in parallel.

. Loop Slurry Polymerization Processes

In embodiments of the present techniques, the polymeriza-
tion reactor system may include a loop slurry reactor. Such
reactors may include vertical or horizontal loops. Monomer,
diluent, catalyst and optionally any comonomer may be con-
tinuously fed to the loop reactor where polymerization
occurs. Generally, continuous processes may include the con-
tinuous introduction of a monomer, a catalyst, and a diluent
into a polymerization reactor and the continuous removal
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from this reactor of a suspension including polymer particles
and the diluent. Reactor effluent may be flashed to remove the
solid polymer from the liquids that include the diluent, mono-
mer and/or comonomer. Various technologies may be
emploved for this separation step including but notlimited to:
flashing that may include any combination of heat addition
and pressure reduction; separation by cyclonic action in
either a cyclone or hydrocyclone; or separation by centrifu-
gation.

TL.oop slurry polymerization processes (also known as the
particle form process) are disclosed, for example, in U.S. Pat.
Nos. 3,248,179, 4,501,885, 5,565,175, 5,575,979, 6,239,235,
6,262,191 and 6,833,415, cach of which is incorporated by
reterence in its entirety herein.

Diluents that may be used in slurry polymerization for
example, the monomer being polymerized and hydrocarbons
that are liquids under reaction conditions. Examples of such
diluents may include, for example, hydrocarbons such as
propane, cyclohexane, isobutane, n-butane, n-pentane, iso-
pentane, neopentane, and n-hexane. Some loop polymeriza-
tion reactions can occur under bulk conditions where no
diluent may be used or where the monomer (e.g., propylene)
acts as the diluent. An example is polymerization of propv-
lence monomer as disclosed in U.S. Pat. No. 5,455,314, which
is incorporated by reference herein in its entirety.

B. Gas Phase Polymerization Processes

Further. the polyvmerization reactor may include a gas
phasc rcactor. Such systems may cmploy a continuous
recycle stream containing one Oor more monomers continu-
ously cycled through a fluidized bed in the presence of the
catalyst under polymerization conditions. A recycle stream
may be withdrawn from the fluidized bed and recycled back
into the reactor. Simultaneously, polymer product may be
withdrawn from the reactor and new or fresh monomer may
be added to replace the polymerized monomer. Such gas
phase reactors may include a process for multi-step gas-phase
polymerization of olefins, in which olefins are polymerized in
the gaseous phase in at least two independent gas-phase poly-
merization zoncs while feeding a catalyst-containing poly-
mer formed in a first polymerization zone to a second poly-
merization zone. One type of gas phase reactor is disclosed in
1I.S. Pat. Nos. 5,352,749, 4,588,790 and 5.436.304, each of
which is incorporated by relerence in ils entiretly herein.

According to still another aspect of the techniques, a high
pressure polymerization reactor may include a tubular reactor
or an autoclave reactor. Tubular reactors may have several
zones where fresh monomer, initiators., or catalysts are added.
Monomer may be entrained in an inert gaseous stream and
introduced at one zone of the reactor. Initiators, catalysts,
and/or catalyst components may be entrained in a gasecous
stream and introduced at another zone of the reactor. The gas
streams may be intermixed for polymerization. Heat and
pressure may be employved appropriately to obtain optimal
polymerization reaction conditions.

C. Solution Polymerization Processes

According to yet another aspect of the techniques., the
polymerization reactor may include a solution polymeriza-
tion reaclor wherein the monomer may be contacted with the
catalyst composition by suitable stirring or other means. A
carrier including an inert organic diluent or excess monomer
may be employved. If desired, the monomer may be broughtin
the vapor phase into contact with the catalytic reaction prod-
uct, in the presence or absence of liquid material. The poly-
merization zone may be maintained at temperatures and pres-
sures that will result in the formation of a solution of the
polymerin a reaction medium. Agitation may be employed to
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obtain better temperature control and to maintain uniform
polymerization mixtures throughout the polymerization
zone. Adequate means may be utilized for dissipating the
cxothermic heat of polymerization.

ID. Reactor Support Systems

Polymerization rcactors suitable for the present techniques
may turther include any combination ot a raw material teed
system, a feed system for catalyst or catalyst components,
and/or a polymer recovery system. Suitable reactor systems
for the present techniques may further include systems for
feedstock purification, catalyst storage and preparation.
extrusion, reactor cooling, polymer recovery, fractionation,
recycle, storage, loadout, laboratory analysis, and process
control.

E. Polymerization Conditions

Conditions that may be controlled for polymerization effi-
ciency and to provide resin properties include temperature,
pressure and the concentrations of various reactants. Poly-
merization temperature can affect catalyst productivity, poly-
mer molecular weight and molecular weight distribution.
Suitable polymerization temperature may be any temperature
below the de-polymerization temperature according to the
Gibbs Free energy equation. Typically this includes [rom
about 60° C. to about 280° C., for example, or from about 70°
C. to about 110° C., depending upon the type of polymeriza-
tion reactor.

Suitable pressures will also vary according to the reactor
and polymerization type. The pressure for liquid phase poly-
merizations in a loop reactor is typically less than 1000 psig.
Pressure for gas phase polymerization is usually at about
200-500 psig. High pressure polymerization in tubular or
autoclave reactors is generally run at about 20,000 to 75,000
psig. Polymerization reactors may also be operated in a super-
critical region occurring at generally higher temperatures and
pressures. Operation above the critical point of a pressure/
temperature diagram (supercritical phase) may offer advan-
tagcs.

The concentration of various reactants may be controlled to
produce resins with certain physical and mechanical proper-
ties. The proposed end-use product that will be formed by the
resin and the method of forming that product determines the
desired resin properties. Mechanical properties include ten-
sile, flexural., impact, creep, stress relaxation and hardness
tests. Physical properties include density, molecular sweight,
molecular weight distribution., melting temperature., glass
transition temperature, temperature melt of crystallization,
density, stereoregularity, crack growth, long chain branching
and rheological measurements.

The concentrations of monomer, co-monomer, hyvdrogen.
co-catalyst, modifiers, and electron donors may be important
in producing these resin properties. Comonomer may be used
to control product density. Hydrogen may be used to control
product molecular weight. Co-catalysts may be used to alky-
late, scavenge poisons and control molecular weight. Modi-
fiers may be used to control product properties and electron
donors affect stereoregularity. In addition, the concentration
of poisons must be minimized since they impact the reactions
and product properties.

I. I'inal Products Made from Polymers

The polymer or resin fluff from the reactor system may
have additives and modifiers added to provide better process-
ing during manufacturing and for desired properties in the end
product. Additives include surface modifiers such as slip
agents, antiblocks, tackifiers; antioxidants such as primary
and secondary antioxidants; pigments; processing aids such
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as waxes/oils and fluoroelastomers; and special additives
such as fire retardants, antistats, scavengers, absorbers, odor
enhancers, and degradation agents. After the addition of the
additives, the polymer or resin flutt may be extruded and
formed into pellets for distribution to customers and forma-
tion into final end-products.

To form end-products or components from the pellets, the
pellets are generally subjected to further processing, such as
blow molding, injection molding, rotational molding, blown
film, cast film, extrusion (e.g., sheet extrusion, pipe and cor-
rugated extrusion, coating/lamination extrusion, etc.). and so
on. Blow molding is a process used for producing hollow
plastic parts. The process typically employs blow molding
equipment, such as reciprocating screw machines, accumu-
lator head machines, and so on. The blow molding process
may be tailored to meet the customer’s needs., and to manu-
facture products ranging from the plastic milk bottles to the
automotive fuel tanks mentioned above. Similarly, in injec-
tion molding, products and components may be molded for a
wide range of applications, including containers, food and
chemical packaging, toys, automotive, crates, caps and clo-
sures. to name a few.

Profile extrusion processes may also be used. Polyethylene
pipe. for example, may be extruded from polyethylene pellet
resins and used in an assortment of applications due to its
chemical resistance, relative ease of installation, durability
and cost advantages, and the like. Indeed, plastic polyethyl-
ene piping has achieved significant use for water mains, gas
distribution, storm and sanitary sewers, interior plumbing,
electrical conduits, power and communications ducts, chilled
water piping, well casing, to name a few applications. In
particular, high-density polyvethyvlene (HDPE), which gener-
ally constitutes the largest volume of the polyolefin group of
plastics used for pipe, may be tough, abrasion-resistant and
flexible (even at subfreezing temperatures). Furthermore,
HDPE pipe may be used in small diameter tubing and in pipe
up to more than 8 feet in diameter. In general, polyethylene
pellets (resins) may be supplied for the pressure piping mar-
kets, such as in natural gas distribution, and for the non-
pressure piping markets. such as for conduit and corrugated
piping.

Rotational molding is a high-temperature, low-pressure
process used to form hollow parts through the application of
heat to biaxially-rotated molds. Polyethylene pellet resins
generally applicable in this process are those resins that flow
together in the absence of pressure when melted to form a
bubble-free part. Resins, such as those produced by the cata-
lyst compositions of the present techniques, may offer such
flow characteristics, as well as a wide processing window.
Furthermore, these polyethylene resins suitable for rotational
molding may exhibit desirable low-temperature impact
strength, good load-bearing properties, and good ultraviolet
(UV) stability. Accordingly, applications for rotationally-
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molded polyolefin resins include agricultural tanks, industrial
chemical tanks, potable water storage tanks, industrial waste
containers, recreational equipment, marine products, plus
many more.

Sheet extrusion is a technique for making flat plastic sheets
from a variety of resins. The relatively thin gauge sheets are
generally thermoformed into packaging applications such as
drink cups, deli containers, produce trays, baby wipe contain-
ers and margarine tubs. Other markets for sheet extrusion of
polyvolefin include those that utilize relatively thicker sheets
for industrial and recreational applications, such as truck bed
liners, pallets, automotive dunnage., playground equipment,
and boats. A third use for extruded sheet, for example, is in
gcomcembrancs, where flat-sheet polycthylene matcerial may
be welded into large containment systems for mining appli-
cations and municipal waste disposal.

The blown film process is a relatively diverse conversion
system used for polyethylene. The American Society for Test-
ing and Materials (ASTM) defines films as less than 0.254
millimeter (10 mils) in thickness. However, the blown film
process can produce materials as thick as 0.5 millimeter (20
mils), and higher. Furthermore, blow molding in conjunction
with monolayer and/or multilayer coextrusion technologies
lay the groundwork for several applications. Advantageous
properties of the blow molding products may include clarity,
strength, tearability, optical properties, and toughness, to
name a few. Applications may include food and retail pack-
aging., industrial packaging., and non-packaging applications,
such as agricultural films, hygiene film, and so forth.

The cast film process may differ from the blown film pro-
cess through the fast quench and virtual unidirectional orien-
tation capabilities. These characteristics allow a cast film line.
for example., to operate at higher production rates while pro-
ducing beneficial optics. Applications in food and retail pack-
aging take advantage of these strengths. Finally, polyolefin
pellets may also be supplied for the extrusion coating and
lamination industry.

TTJltimately, the products and components formed from
polyvolefin (e.g., polyethylene) pellets may be further pro-
cessed and assembled for distribution and sale to the con-
sumer. For example, a polyethylene milk bottle may be filled
with milk for distribution to the consumer, or the fuel tank
may be assembled into an automobile for distribution and sale
to the consumer.

IV. Examples of Polymers Prepared Using the Catalysts of the
Present Techniques

Without intending to be limiting, ethylene polymers pro-
duced using catalyst compositions of the present techniques
may be characterized by higher comonomer incorporation
than may be observed when using tightly-bridged ansa-met-
allocene catalysts without a cyclic bridging moiety connect-
ing the two M~ -cvclopentadienyl-type ligands. This may be
demonstrated by the polymerization runs shown in Table 1.

TABLE 1

Exemplary Polymerization Runs

Activity
Metallocene 1- Activity 1-Hexene 1-Hexene (g P/g
Run (mmol x Time Hexene Solid PE (g/mmol/ (butyl) (butyl) CTSO/

No.* Metallocene IOAS) (min) (g) (2) hr) (mol %) (wt %0) hr)

1-1 0.94 30 10.0 130.0 4255 0.69 2.03 2600
1-2 0.95 45 10.0 128.0 2807 0.66 1.97 1707
C-1 0.94 240 10.0 116.0 532 0.37 1.11 290
C-2 0.94 37 10.0 132.0 3450 0.64 1.89 2141

LW

36



6094 15 0.05 30 30.0 121.0 4211 1.06 5.67 -An 11618(ntrWmil055 wOx c.48141x(1645w SO' CT;
615:618:6418 34C) pti pro556te(4,1wilttu illwx8/104 IC/1) 61x.5611mic.151661154 ancl 0.5 1131110i
MBA. Runs 1, 2,6,7, 11, and 12 in Table 1 show results that may be obtained for polymers made
using exemplary catalysts in accordance with the present techniques. The specific metallocene
structures used, 1-1 and 1-2, are shown in PIC:L-1, which correspond to the identification given in the
column Iabeled "Meta nacelle," in Table 1. In companson Runs 3-5, 8-10, and 13-15 in "Fable 1 show
e | Sontihe ot have a cyclic
bridging moiety connecting the ri 5- cyclopentadlenyltype Ilgands The metallocene,sfricture used for
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11 comparison, and
13-15 in Table 1 show comparative results that may be
obtained for polymers made from a catalysts that do not have
a cyclic bridging moiety connecting the n°-cyclopentadienyl-
type ligands. The metallocene structure used for these runs is
shown in FIG. 2 as structures C-1, C-2, and C-3.

1 the Teactdr; 10 ifvas

Comonomer Incorporation

The catalyst compositions of the present techniques may
have better comonomer incorporation than ansa-metallocene
catalyst systems that do not have a cyclic bridging moiety
connecting the two m°-cyclopentadienyl-type ligands. This
may be shown by the comparison of Runs 1 and 2, in Table 1,
with Runs 3, 4, and 5.

In Runs 1-5, 10 grams of 1-hexene were added to the
reactor as a comonomer. The amounts of comonomer incor-
porated into the final polymer are shown as mol 26 and wt %o
of 1-hexene in Table 1. In all cases, the amount of 1-hexene
incorporated into polymers made using the exemplary cata-
lysts, shown in Runs 1 and 2, was higher than for comparative
ansa-metallocenes, shown in Runs 3-5.

Further comparisons are shown in Runs 6-10. In these runs,
20 grams of 1-hexene comonomer were added to the reactor.
As shown by Runs 6 and 7, comonomer incorporation for the
exemplary catalysts of the present techniques was also
improved over the comparative metallocenes shown in Runs
8-10.

Another comparison is shown by Runs 11-15. In these
runs, 30 grams of 1-hexene comonomer were added to the
reactor. Again., the exemplary polymers of the current tech-
niques showed higher comonomer incorporation than the
comparative metallocenes listed in Runs 13-15. Thus, at al
levels of co-monomer tested., exemplary catalyst composi-
tions of the present techniques were more effective at incor-
porating comonomer.

. Procedures

AL Pore Size Determination

A Quantachrome Autosorb-6 Nitrogen Pore Size Distribu-
tion Instrument was used to determine specific surface area
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were bottom. While the silica was supported on the disk, dry air

was blown up through the disk at the linear rate of about 1.6

to 1.8 standard cubic feet per hour. An electric furnace around

the quartz tube was employed to increase the temperature of

the tube at the rate of about 400° C. per hour to a final

temperature of about 500° C. At this temperature, the silica-

alumina was allowed to fluidize for about three hours in the

dry air. Afterward, the silica-alumina was collected and stored

under dry nitrogen, and was used without exposure to the

atmosphere.

D. Preparation of a Sulfated Alumina Activator-Support
Sulfated alumina was formed by a process wherein alu-
mina was chemically-treated with a sulfate or bisulfate
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prepared using the procedure disclosed in TJ.S . Pat. 140. 7,064, 225, herein inctuded by reference in
its entirety. Preparation procedures for the other fuhrenes whose chemical structures are shown
below, are presented in the following subsections: | (,-1), 2 (U-2), 3 (F-4), and 4 (U-5). 2-( buten- 3-y1
)- 6 ,6- p cntanctlay lencp cntafiatvc.nc F-2 2 - (i3-utcia-3 -y1) 6 ,6 - | el mine' hylerleperll afi, | verte
6,6- ( b la Len- 3 -ylniethyl ) ftiFvenc F-4 2-( biatcn- 3-y1)- 6 ,6 - diphe rty | peril 1-1,1-v erie
-continued F-5 source. Such a sulfate or bisulfate source may include, for

example, sulfuric acid, ammonium sulfate, or ammonium

bisulfate.

In an exemplary procedure, a commercial alumina sold as

W.R. Grace Alumina A was sulfated by impregnation with an

aqueous solution containing about 15-20% (NH_),SO_, or

H,.SO_, . This sulfated alumina was calcined at 550° C. in air

(240° C./h ramp rate), with a 3 h hold period at this tempera-

ture. Afterward, the alumina was collected and stored under

dry nitrogen, and was used withoutl exposure L0 the altmo-
sphere.

E. Preparation Procedures for Exemplary Metallocenes and
Polymers

Compounds F-3, T.-3, and C-1 (shown in FIG. 2) were
prepared using the procedure disclosed in U.S. Pat. No. 7,064,
225, herein included by reference in its entirety. Preparation
procedures for the other fulvenes whose chemical structures
are shown below, are presented in the following subsections:

1 (F-1)., 2 (F-2), 3 (F-4), and 4 (FF-5).

"

2-(buten-3-¥1)-6.6-
pentamethylenepentafulvene

&

2-(buten-3-31)-6.6-
tetramethylenepentafulvene

s

6.6-(buten-3-vlmethyl)

fulvene

2-(buten-3-¥1)-6,6-
diphenylpentalulvens



2-(5e en-4-y )-6,6- dip he rly | perti ltch | ve lie _A.1-ter preparation, these fulvenes were used to
prc--pare the ligands whose chemical structures are listed below, as presented in the fi-illowing
subsections: 5 (I --1), 6 (1,-2), 7 (I ,-4), and 8 (L-5). -continned T,-51t-13Lt Mixture of isomers
Procedures using ligands L-1, L-2, L-4, and L-5 to prepare the exemplary metallocenes are presented
in subsections 9 (1-1) and 10 (1-2), and procedures for preparing comparative metallocenes are
presented in subsections 11 (C-2) and 12 (C-gl.osnuttl)secetign | 3 presents exemplary procedures for
preparing polymers using the catalyst compositions ot the present techniques. 1 indess specified
otherwise, reagents were 3 Addrich&hemical Company and were used as received. 2,7-
Oi-tert-butylfluorene ’ ssa. The Crignard reagent CoMgC21(1DA in 'EI-1F)
was purchased front Houlder Scienlc Company. Zircortinut(lV) chloride was purchased front Strem.
"the solvent tetrahydrofuran rfnE :! distilled from potassium, while anhydrous diethyl ether,

dichloromethane, n-pentane, ariy effe were purchased from Fisher Scientific Company and stored
over activated alumina. All solvents were-deg d.a tered under nitrogen. Reported preparations
were not optimized. 1. Synthesis of 2-(bu t en-3 -yl )- 6,6-p ent amellaylenepenta lii lvene (F-1) "Ib
2-(buten-3-yl)cyclopentadiene (0.127Zmbl): dissolveddi-methanol (50 ml-) was added cyclohexamnie
(12 g) followed by pyrrolidine (17 ml,) at 00C The mixture was kept at 00C for an additional 30
minutes, then warmediup fo-rgomtamperatuie-and-stiked everadightc dhareaction-wasguenched With
a mixture of ice drshackticdels T v miraselwaswextracte dvith partdries Iche-ongamicslayer -was
washed. with Wﬁ@%&@@@’ié&%\f@’%ﬁfﬁ%%ﬁ's‘?ﬁﬂﬁ;fﬁ??ﬁtir?e?%é]rﬁc)\?a%fﬁ% doefttmder va ctl urn

gave a brown oil. The crude product

-1
t-Bu C.é t-Bu
Mixture of isomers
-2
t-Bu C.j -Bu
/
Mixture of isomers
I.-3

Me,,“
oC

<

N\

Mixture of isomers
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was purified_ thnnigb silica .1 rirrin with lleptane. The desired product (13 g, 54-4, yield) was obtained
as a yellow liquid. 2. Synthesis of
2-(birtc-u-3-y1)-6,6-tetrangc."-thylenc.-,pc.,-ntafulvene  'To 2-(buten-3-yl)cyclopentainiene (75
mmol) dissolved in methanol (25 nil,) was added cyclopentanone (7.6 g) Followed by pyrrolidine (12.8
nth) at 0 C. The mixture was kept at O C. for an additional 5 minutes, then warmed. -up to room
temperature and stirred. overnight. 'F he reaction was quenched with a mixture of ice and acetic acid_
The mixture was extracted with pentane. 'The Big&HES~ér was washed with water and dried over
-nalaydrous sodium sulfate. R_efr Fomder vacuum gave a brown oil. The ¢_ru de
product was purified throy ph-sifs Zem
was obtained as a yellow liquid. 3. Synthesis of 2 - ( binten -3-y1)-6,6-di p Igeny | p nt
atutivene (F -4) 4-bromo-1-buterft:: 100 g of 97 wt 'Yu, 0.719 _mei) was added.
cyclopentadienyl magnesium_ chlofiie: (808mL, of 1 TA solution in_ .111_1, 0.8 unol) at 00C. in 50

. \ at 0 C., the mixture was warmed to room
temperature_ "Niter stirring overnight, the Teacti asuenesed with a _mixture or ice and water.
The mixture was extracted with pentane..Jhe-arganjc layer was washed with water and dried over
anhydrous sodium__ sulfate. R_e_moval of the solvent under vacuum at room temperature gave a
brown liquid (94.2 g, crude buten-3-ylcyclopentadiene). To the crude bnten-3-ylcyclopentadiene (94_2
g) dissolved in TT-TF (500 was added n-F3u.T (70 int of 10 T,4 in laexanes, 0.7 rnol)-at -78 C. Tile-

was warmed to room temperature agg’stir et overnight. -The reac - tion was quenched with a mixture
of ice and 100/014C1 agneons solutiop=T{e mixture was extracted with pentane_ The organic layer
was washed with water and dried oVer anhyel
vacuum at 40 C. gave a dark_ red viscob e oil was dissolved in heptane and filtered through
silica gel. The product was collected. by washing-the-silicagelwith§-1094, CIT,C1-, in heptane_
Removal of the solvent gave the desired pre.guct (152.9..£4 4A, yield -based on 4-1grorno- | -Imtene)
as a dark red viscous oil. 4. Synthesis of 2 -(p ent en-4 -y1)-6,6 - plaerty Ip ta Lit |
vent,- (1-.'-5)  'To bslyemnsl-pentans. (110019195 WiDA, 1 0.634.500p Wwas,godgsheyclopentadienyl
magnesium chloride:(#3@miy Bir}y Tdhsolltioreinadd ik’ fiFsmatgat G Gub awrcheurs After stirring for an
additional 30 min&feeéi%lf‘f}‘t.l,‘Pn@n%%ﬂﬂ%%§1@@€§jgfﬂfoﬁ¥ ?%%ﬁ&%ng overnight,

the reac lion was e 86 TAd BIEA TIRC, ot (a0 L REHE 1 Ho5 TR uiR #aS REacted with pentarie
-The organic layepuas washedwithsvater-andwked-averainhydianssadinmsulbatecnkemoval of the
solvent under vadamﬁe:ﬂtré%ﬂliltémgéﬁature gave a yellow-brown liquid (98 g, cruge
penten-4-ylcyclop Sy tH ﬂ%‘m@ﬁ% = Bntagiene 1869 ?E#. 2579 rnol,
theoretical rituaatﬁ%?— ] )8 ﬁ?@gﬁiﬂﬁ%eﬁjﬁl Zgﬁ?@% r@i%ss 3 eﬂ]iu%]z (60 mE, of 10
DA in hexanes, 0carigneiyadir<£8Entckhe NMixtule Was iaimeed Up i6 iponstemparature and stirred
overrigh. The anidrisbictof yas adtfed oturmvpHENom(B10G0, s muizsoned In TT IF
(500 nal-) at 0 C. T 25 [ AARRIES. Tihe: Tkl Was Wamaf fg riom Jetaiaiare i stired
overnight_ The reactiRRwas.que dovitle acmidura:of iae anehl094):-14 Ghlragueeus solution. The
mixture was extratedwithspemtdpreicThdiorGaniciagrer wasdvashed ity evatertaneltdrled over
nalaydro us sodiﬁm Cﬁig@i\’@labj Jﬁgﬁ@@ﬁlﬁéﬁﬁl@&&g@nﬁlﬁﬁme@%rg dark_ red
viscons oil. The oif was dissolved in heptane and filtered throngh silica gel_ The precinct was collected
by washing the silica gel with 5-10970 C1-11,C$y#riaepturi€. R_ernoval of the solvent gave the
desired product (145 g, S49k}Yyied Hased o 26t ig—eitlb‘é]rﬁ{%ﬁé’}sﬁaafﬂb\‘ﬁ?é’d viscous oil_ 5.
Synthesis of 1 -(3 -( b ut en-3 -yl )cyc loperitacli caa-1-'y1)- | -(2,7 -d i -tett- bit ty 1ft-tic-wen -9-yl)cyc 1
oe-xane (T1) To Zub-ditstbutybaoene (ig.Laidie: kbdissoMedindt-01(1Q0iral-) was added
n-aul-i (6.8 nal- of6tRAnr héxconels), 68 naridly At S chyemixture Wasavaimbeerfoom
temperature and SRrEY AN C TRERhibNS fa DRSSt 2 MM 8h%F ). 6, 6-p entame
dayl enepent a fubvetiedfes L) 4l3@-RR1na0aehidinsolved:in&i G300 nil-hakaf8{edn 5 minutes The
mixture was warnvedto roomitemperatirecane stirregfordoar clhyd. Hhereattion wassguenched with a
mixture of saturat8HF41:1A( HaPEAIRSoB TECHIRTE WaSi B @B W FLD_ The organic
layer was washedwétharatert iedhevaianhydeaussed-ham sisline rokepoyahafthe solvent
-under vacuum gave a red-brown oil. The crude product was purified through silica column with 5-10X)
04-,C1-, in heptane_ A mixture of isomers for the desired product (24.1 g, 77.6943 yield) was obtained
as a viscous oil. 6 Synthesis of 1 -(3 -(buten-3 -ylfeyc | opentadi en-1 - y1)-1 -(2,7 -di -tert- buty | Mao
ren -9-y | )cyclopentane (1--2) To 2,7-di-tert-butyllluorene (11.8 g, 42 4 namol) dissolved in Ft-,C)
(100 nal-) was added n-13ail-i (4 5 nal- of 10 DA in hexanes, 45 1111710 1) at O C. The mixture was
warmed to room temperature and stirred overnight. Ihe anion solution was added to 2- (bn ten-3 -yl)
-6,6 -tetra methyl eneperata fulverae (F-2) (7.9 g, 42.4 numb dissolved in Ft,C) (20 nal-) at -78 C. The

mivtiire wac warmed t0o room tembperatiire and <tirred over-taiaa at lhe reactinn wae adirienched with a



7_ Synthesis of 1 -(3 -(buten-3 -yl)cyc | opentacLi en-1 - y1)-1 -(2.7-di -t ert-b u t yl fl u oren-9-y1)-1.1
_methane (1--4) Th 2,7-di-tert-butylfluorene (91.7 g, 0.33 nuol) dissolved in Ft-,0 (500 ml ,) was
added n-TliaT i (35 rid , of 101\ in hexanes, 0.35 mo 1) at 0 C. Ihe nil xt arc was warmed to roona
tempera - | Ure. and stirred overnight. The anion solution was added to
2-(Enten-3-y1)-6,6-diplienylpentafialvene (104 g, 0.366 mei) (F-4) dissolved in Ea20 (200 nal-) --tt 0 C.

in 35 minutes. After sfirring foq a2, 29cl00g!;30 minyigs ALA G 1{0e Nabdursyiag warmed to room
temperature angstikied-overnights Ahe yaatd tionwas-guenchiedswith-ain-ixiureyefitce and 100,4,

T-TCH agate- ens solirtion_ The mixture V\@sgxtrqﬁted with-CT-T.,C.1.,_ The organic layer was
washed with water and(dﬂﬁde@vsnﬁmqyﬂmu&ﬁ@dﬂmm tep&mwa&;eﬂe the- sglvent under vacuum

gave a pale brown%olg 'Lhe sol_ v a}§ wa t%:éiew%?r%pta%g nd drle% der\{ m. A. mixture of

isomers for the dgsie e;sgy Sl -Synthesis of
1-(3-(pentert-4- )llf)f:‘é tadvermli ?—11(2 &dﬁliem%uﬁﬂﬂuo Fere it hriechigladrapt methane
AR

(15 "To2if SRR (125 1, O o t}t‘fn%aéan pik@i?pﬁo@é@ was added

n-.13ul_,i (47 nalpchtbNAwiith exaiies) 47 m@platcOe(?;onheamxiuﬁélwamrmed to room_

temperature anQSfEHIRTHTSHTHE AT ST R BN S s washed
2-(penten-4- yl)aﬁ;&dtph&nydp&nﬁfsmemaﬁéﬁgeﬁ 48%@&&{)1 (gssaedassﬂwdnndit ;014300 nab) at -78

C in 10 m mwt%@je gg‘glrmo fed: d\‘?ér IRt The reaction

wWas alne

1
‘,vas quenched w%lmwtwqﬁdce and 10% IIC1 ﬁ]LIeC3T1 'S %tlon The _mixture was extracted
with E.t,C). The organic layer was washed )_Qlltgwat%r and dried over anhydrous sodium sulfate.

eSlS O

Removal of the solvent tinGeruaglungave, apéig Warhesalidavas yvashed with heptane
and dried tinder vactuurn_ A mixture of isomers for the deswed roduct 191 70, 749 6 yield) was

obtained as a whjig; Sofidy U, PTG LT EV e 1B IRIaEeliS. 43 Lalieis W~
cyclopentadien-geylidern, )erisk2r-di-tert:blitydiue: enid-y @m&f@@ﬂmmﬂem@ﬂd@(ﬂg lin F10. 1)

1-(3-(buten-3- ylfgkrﬁgggﬂ%@gﬁffm ﬁ%ﬁf@ﬂggy@grgﬁ; 2 BRERANE Wil (14.8 g, 31

ruarrol) dlSSO|V€deBEﬁG)3€L5ﬁéH|)\WB&SAOWi¥)&dd%dO&F&EI&MﬁI 1 of T0hdAnindiexanes, 68 ininol)

at 0 C. The mixCHRSWAS Wi H a&F%ﬁ@gﬁﬁF&;ﬁ@%%}ﬁm Wh’é?ﬁ?&lﬁ‘éd via cannula
toZrCT.14_ (8.219e384UANQY)rsHsp edeimtamaay&abpﬁnharwt (;Aaml Vb ELLQRO ml.) at 0 C. in

10 minutes. Theemmuﬁelvxrcgsvwar A @Hem‘qﬁebstwm%ve% ogrhévdeuated to
dryness_ The réSiiuwas Sifrad g @rﬁﬁmg)n(' Cnabii (igiesio Tlas SyPdBatant was

discarded. The ienzring sgll@WaStwaywd—W?étéﬁdmnmmgmawe {50 naths t}lmen extracted

with methylene (BIERAE R RBTMTIER e SOTRAS WAE VK8 b R RS AR aBuum to give an

orange-red SO|Idl(F187g(@Q(491=ﬁ]yl)3|d) 16. synthesisofreyelopentylickaaening «=(3=-(vbak en-3 -yl )
cyclopentacli e/ 33154e Lm?ifjfﬂé’ﬁiﬁﬂﬂ ﬁﬁg&eﬁtg’gﬁﬂe‘ﬁ‘éﬁfﬂﬁﬁﬁﬁf&ﬁﬁﬁe (1-2in FICI_
1) Tol-(3 &ud@bﬁxyqﬁ)ﬁycrmﬁntﬁdlﬁ &d%ﬁbaty”ﬂmep&y&ﬁeycﬂmpentane (a_, 2)
(5.4 g, 11.6 murfgk aissplved i %?SWZ ovaW@smﬁt fl(n& LHEOF2TONA in Ilexames

24 in inn 1) at 00Ca She MIXHLFS was WatBad b LoAin tamPetalse Shiedaernght and Gaeta
added via canndfert 1¢p8lr o) shspéteredzirl Tmlﬁtu?ecmhpehtam? £ 60Imr__ ) and

wvashin he silica gel with, 5-109%¢
Ft-,C) (10 nal tﬁﬁ@dﬁeihgwx MAS Sk RO SbharAl e ST Ed Oveight, and evac
uated to drynesS.4FHe tesidtiel \tassstitredid pentane (30 mab)and senirfugad YJhevsapernatant was

discarded. The T6M& Mtlug solid was washed a second time with pentane (50 no_1_,). then extracted

with methylene chloride and centrifuged  "Fheseolutionswastaken to drync,-ss under vac Ltrun to give
an orange-red solid (4.2§BAGD ek - -dirhenylpentafulvene -5

To 5-bromo-1-pentene (100 g of 95 wt 26, 0.637 mol) was
added cyclopentadienyl magnesium ch_loride (700mlI.olfl1 M
solution in THF, 0.7 mol) at O° C. in an hour. After stirring for
an additional 30 minutes alt O° C., the mixlure was warmed Lo
room temperature. After stirring overnight, the reaction was
quenched with a mixture of ice and water. The mixture was
extracted with pentane. The organic layer was washed with
water and dried over anhydrous sodium sulfate. Remowval of
the solvent under vacuum at room temperature gave a yellow-
brown liquid (98 g, crude penten-4-ylcyclopentadiene). To
the crude penten-4-yl-cyclopentadiene (89 g, ca. 0.579 mol,
theoretical number—(89/98)*0.637) dissolved in THF (500
mlTl.) was added n-Bul .i (60 mI. of 10 M in hexanes, 0.6 mol)
at —78° C. The mixture was warimed up to room temperature
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1 1 Syntlies is of dip limy 'methyl icleneeri )cyc lopentadien- 1 -y) fin - 2, 7-di -tert- but - tylltutoren-
9-yliclene izi min-limn dichloride (C-2 in 1T2) -1131 -(3 -(bliten -3 -y 1 icy c/lopentadien- 1 -y1)- | -(2,7
-cli -tert- bitty 1 11 norm -9-y 1,)- 1,1 -clip lieny 1 methane (40_5 g, 72.1 nantol) ( 1 -4 ) snspended
(400 ml ,) was slowly added n - EMI (15 .2 nal-, of 10 N/f in hex/tries, 152 trim/A ) at 0 C. The
rni,ctrire was warmed to rocan temp era In re, stirred overnight, and then added via canna Lila to
7,-r-CT. Li_ (1 55g. #9-A-nirtialy:slisperdadis o had?sbaraiodmpentaneadoa mb)wand ,.C (30 m T) at
0(Cin15mii REre s Warndd mﬂ%ﬁgf:g)-é‘!ﬂé,iﬁiﬁ KirfsHe ) &td e.t.a...teato
Cryness. The 1 A B s (D et o S T it
discarded. The refthiring solitwvas faskedasecond ﬁﬁfélT#@&tpEHta;ﬁf{léllig@lniE}}ihen extracted
with metlay lend Ao IE &ntHEROEAT I SORRRIPES ik et BrVHESS HIAGARNLIC LiLila-l to
give an orange-Redrsaiick(+3>8. E&l@%@? h2n Synthesiscobdiplianytnietlaydiclatiefirh sl=(3 -(pecitem
4-yloy-clop el G AIRRIGES 2.7 AN WICIEESY S DG, 00 | on
dichloride (C-3 i ElGI T @) w it 15(3 o4 aNcti-4 -yeGye| 6 ppRimdiCRlmyl)d (2, thedi -ta-tlan tylfin

oren-9-y1)- 1 ,15-@?!112 igthdiie (38 rglen> gMe(TC 15) HigsEd ir iR dEoE ) was slowly added
n-1=3 LIT ,i (52l of 2.5 N4 In ﬁlééfﬁ?s, 30 r?an?gf%go . fhe mix/Mtn was warmed to room

temperatme, stirred o@eﬁﬁ)’ t?gﬁg%@ﬁ dded g H’rrﬁniélg@y?gme? B319Iminol) sri spaidcd in a
[Tincture of pentane (250’ Ath) andclté‘?ﬁ‘&‘dlﬁi, AtPTin 3 ¥ Barites - “Tiie in ix Mtn was
wariated to room tempera titre, stirred for one day, and eyaditated to drgness_ The re si anc was

stirred in pentaqgt@%%mﬁgﬁggﬁﬁgﬂgﬁlg@% PP YEdiRing solid was

washed a seconrcht#ne adthpantane(50Nit). theme xtiactedaih lene-ahtoride and centri Raged

The solution waS{aR 0 drynesyint Vacqdnaito give'ah ordiyéndd SoPfdl 133879 ~7351 3 Po ly meta
-cat ion T'rciceci?@reﬁ) 1&@{&%&?%&&&%&%&%@5%&5% yffeﬁe
polymerization rgm$ pepnaties intldreneat F554iter sthinfessstoelameermereactor at
vanOlat empe ARG 010 o A R BT LTA O A E A T Ao el ys t and
scavenger NI hydreger twags<adoded bl ¥lei@lioldonesgdnidMns<2 wagawh swerk typibally prepared

by dissolving 3Q3, FhG ORI, G IRERS LS HAT DRI IR A NNt S; poiviiterzatiad procedure is

as follows_ -mega-dimaintai~alkyl somplaradiiieatechsolidiOXiClTnand theibetanagene sointion were
added through & diglqent, Yritayyin Nat DIGEy Whlk. Fenimd isalmall apdr T dppropriate

. s 4 ous O1l. .
amount of coniono - ma-, as shown in Tab I¢- 1, was acid --rbe charge port was closed and-two liters

of iso bittane were ad@ef>? yprehtd ofth PwEtecstipledrgidardisted Yo the desired rrin
= ge;cf@ —tert—a:outy @Wg @ %ﬁﬂ

tempera-tare. bday lerté 3\7&15_ &4 on demand to mﬁmﬁqlfr? ‘the é% cit led Bree%tsarﬁlé3 for the specified
length of the polymerization run. The reactor was maintained at the desired I'll la Icnmperal Lire throin

gh the riai by aqg@@%ﬁ@ﬂ{@?@@‘#@f@@ﬁ@%éﬁu%ﬁ@@ﬁﬁi@%ﬁ%ﬂiﬁﬁS@’@rﬂzaﬂon time,the

ethylene how was stoppect anchthe 1eactorstowiydepiesshiraand openachiairesavesa granular

-polymer In all G& SRBIHY reaCty Yiat & Teah WA Ty Fitticalibie it Aty wald 3Gae 10%fidg or other
limns of InLllingcrmbe polyaeuwas then senamad andweighed g yrasultsdisted in Tables 1
above_ While tﬁ’éhﬁxéﬁikéﬂ%@fb@%n’w@ﬁbk‘t@ \r&fﬁe@g?ﬁe%ﬁr%msam tfr@&h five forms,

Lo overnit e reaction was quenched wi a mixture of satu-

SpeC|f|C embOdlMeglﬁé SC1 agqueous solution. The mixture was extracted
with Et,O. The organic layer was washed with water and
dried over anhvdrous sodium sulfate. Remowval of the solvent
under vacuum gave a viscous oil. The crude product was
purified through silica column with heptane. A mixture of
isomers l[or the desired product (5.4 g, 27.7206 yield) was
obtained as a viscous oil.

7. Synthesis of 1-(3-(buten-3-vl)cyclopentadien-1-
vyD-1-(2.7-di-tert-butylfluoren-9-y1)-1.1-diphenyl-
methane (I.-4)

To 2.7-di-tert-butylfluorene (91.7 g, 0.33 mol) dissolved in
Et, O (500 ml.)) was added n-Bul.i (35 ml. of 10 M in hexanes.
0.35 mol) at O° C. The mixture was warmed to room tempera-
ture and stirred overnight. The anion solution was added to
2-(buten-3-y¥1)-6,6-diphenylpentafulvene (104 g, 0.366 mol)
(I'-4)y dissolved in LEt, O (200 mI.) at O° C. in 35 minutes. After
stirring for an additional 30 minutes at O° C ., the mixture was
warmed to room temperature and stirred overnight. The reac-
tion was quenched with a mixture of ice and 1026 HC1 aque-
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been shown by way of example in the drawings and arc described in detail hem in lowever, it should
be understood that the invention is not intended to be limited to the -particular fins presented. Rather
the invention is to cover all midi ti - cat ions, eimivalents and alternatives fall ing within the spirit and
scope of the invention as defined by the following appended claims_ What is claimedis 1. A
catalyst composition comprising the contact product of an ansa -meta llocene and an activator,

wherein: the ansa:ggtailegene comprisasacempeaidndbavingthedaimuta {XIX7)PEB(X4HM1
wherein: T?.41 e@gmseslammmayremaﬂmdommmrmltxtamdd(zlméépewdfenaymompnse a

substituted cycIgr@&ﬁéﬁgﬁ‘yﬁjg(?g@@{eﬁwb@§%V’t§os§@g’sg:‘ﬂg8f€rfﬂ e Stktituent on XI

and X2 compnsgﬁa.h paavighthesferidlan &L ya)swhﬁr&mﬁﬂma&a&mamm a silicon
atom, a germanitndterh (driZtia- afont, end Eksibondedtb sothext andeXe tditd whkbrkin Cyc is a

substituted or an unsubstityfgd cabon ghg})n fram 4 19 § ¢arbon Mg in jenath with each end
connected to E to form-m ring struchire zona-subistituent.0roXy 05 A2 Camprsas,a-substituted or an

unsubstituted alkenyl group; methdne (T.-5)

To 2,7-di-tert-butylfluorene (125.1 g, 0.45 mol) dissolved
in Et,O (700 ml.)) was added n-Bul.i (47 ml. of 10 M in
hexanes, 0.47 mol) at O° C. The mixture was warmed Lo room
temperature and stirred overnight. The anion solution was
added to Z-(penten-4-y1)-6.6-diphenylpentatulvene (145 g,
0.487 mol) (F-5) dissolved in Et,O (300 mlL.) at —78° C.in 10
minutes. The mixture was warmed to room temperature and
stirred overnight. The reaction was quenched with a mixture
of ice and 1026 HC1 aqueous solution. The mixture was
extracted with EL,O. The organic layer was washed wilth
water and dried over anhydrous sodium sulfate. Remowval of
the solvent under vacuum gave a pale brown solid. The solid
was washed with heptane and dried under vacuum. A mixture
of isomers for the desired product (191.7 g, 7426 yvield) was
obtained as a white solid.

9. Synthesis of cyclohexylidene(m -(3-(buten-3-v1)
cyclopentadien-1-ylidene)(M’-2,7-di-tert-butylfluo-
ren-9-ylidene)zirconium dichloride (I-1 in FIG. 1)

To 1-(3-(buten-3-yl)cyclopentadien-1-yv1)-1-(2.,7-di-tert-
butylfluoren-9-vlcyclohexane (I.-1) (14.8 g, 31 mmol) dis-
solved in Et,O (150 ml.) was slowly added n-Bul.i (6.8 mL. of
10 M in hexanes, 68 mmol) at O° C. The mixture was warmed
to room tempceraturce, stirrcd overnight, and then added via
cannula to ZrCl, (8.2 g, 35 mmol) suspended in a mixture of
prentane (140 ml.) and Et, O (20 mlI.) at O° C. in 10 minutes.
The mixture was warmed to room temperature, stirred over-
night, and evacuated to dryness. The residue was stirred in
pentane (150 ml.)) and centrifuged. The supernatant was dis-
carded. The remaining solid was washed a second time with
pentane (50 ml.)), then extracted with methylene chloride and
centrifuged. 1'he solution was taken to dryness under vacuum
to give an orange-red solid (7.8 g, 39.426 yvield).

10. Synthesis of cyclopentylidene(n”-(3-(buten-3-v1)
cyclopentadien-1-yvlidene)(1~-2,7-di-tert-butylfluo-
ren-9-yvlidene)zirconium dichloride (I-2 in FIG. 1)

To 1-(3-(buten-3-yvl)cyclopentadien-1-yv1)-1-(2.7-di-tert-
butylfluoren-9-yvlcyclopentane (L-2) (5.4 g, 11.6 mmol) dis-
solved in Et,O (60 ml.) was slowly added n-Bul.i (2.4 mI. ol
10 M in hexanes, 24 mmol) at O° C. The mixture was warmed
to room temperature, stirred overnight, and then added wvia
cannula to ZrCl, (3 g, 12.9 mmol) suspended in a mixture of
pentane (60 mT.) and Ft,.O (10 mT.) at O° C.. The mixture was
warmed to room temperature, stirred overnight, and evacu-
ated to dryness. The residue was stirred in pentane (50 ml1.)
and centrifuged. The supernatant was discarded. The remain-
ing solid was washed a second time with pentane (50 ml.),
then extracted with methyvlene chloride and centrituged. The
solution was taken to dryness under vacuum to give an
orange-red solid (4.3 g, 59.4%6 wvield).
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X3 and X4 independently comprise: F, ClI, Br, or |; a hydrocarbyl group, H, or BFla; a hydrocarbyloxide
group, a hydrocarbylamino group, or a trinydrocarbylsilyl group; OBR:42 or S0312:4, wherein R:4 is
an alkyl group or an aryl group; and the activator comprises: an activator-support comprising a solid
oxide treated with an electron-withdrawing anion, a layered mineral, an ion-exchangeable
activator-support, or any combination thereof; an organoaluminoxane compound; an organoboron

compound or an organghorate,Gempaund; anLauLcombinatina thereqf - 2.bheLatalyst composition of

claim 1, wherein any ad%@ﬁg@@@ﬁfgﬁﬁ%gﬁﬁﬁﬁ?%&ﬁ@e@?@@%ubstituted indenyl,
substituted fluorenyl, or substituted aIkyI group isandepemdently an aliphatic group, an aromatic group,

a cyclic group, a coml&u;athrlQQW§@19¥%WQ&W%GQVWﬁéﬂHQwFOUp,
nitrogen group, a *HEPC?QV anars %@&%Eﬁé@?@@ﬁi@ 2 SiRegnBptp; a boron group,

a halide, or hydrogers.2 31T ke cai imdpwherenT If nedhenXs$nor X4- is a

mp@s&
hydrocarbyl groupﬁ@&ﬁnﬁﬁmﬁéﬁ@@m@@%ﬁ%mﬁﬁmﬁﬁ@e compound,
then the catalyst cgnmgsition Wﬂmlmé%tae¥pmdécﬁéifhé%ﬁsa%f&|I@éeﬁgrlthe activator,

minutes. e mixture was warimed to rQoin temperatu

and an organoalumimtiaconpevacdihayingthe fermulai Al E)H(Xe)3T 3T WhETB IS 46 a hydrocarbyl;

X6 is a halide, a hfﬁﬂﬁ%@ﬁiﬂ@t@%@ﬁa@b&ﬁﬁ&ﬁﬂﬁ%ﬁﬁ ﬁ&ﬂf‘rﬁﬁ@iﬁﬁluswe 4. The
catalyst ¢ of/1LpO$:fion myravherdiRheapsabmmetativeerte €omphs ggegryn pound having

ori e '111 dentri uged. he solution was Tt
the -1-brnml under vacuum to give an orange-red solid (38.1 g, 73. '%%
sield).

12. Synthesis of diphenyvlmethylidene(n”-(3-(penten-
d-yDceyclopentadien-1-ylidene)(m~-2,7-di-tert-bu-
tylfluoren-9-ylidene)zirconium dichloride (C-3 in

FI1G. 2)

To 1-(3-(penten-4-ylcyclopentadien-1-yv1)-1-(2.7-di-tert-
butyltluoren-9-31)-1_1-diphenylmethane (34.7 g, 60.2 mmol)
(IL.-5) dissolved in Et,O (300 mlI.)) was slowly added n-Bul.i
(52 mlI. of 2.5 M in hexanes, 130 mxunol) at O° C. The mixture
was warmed to room temperature, stirred overnight, and then
added via cannmula to Z1rC1, (14.7 g, 63.1 mmol) suspended in
a mixture ot pentane (250 ml.) and 1it,C(>» (20 ml. ) at O° C. in
30 minutes. The mixture was warmed to room temperature,
stirred for one day, and evacuated to dryness. The residue was
stirred in pentane (200 mI.) and centrifuged. The supernatant
was discarded. The remaining solid was washed a second
time with pentane (50 ml.), then extracted with methylene
chloride and centrifuged. The solution was taken to dryness
under vacuum to give an orange-red solid (33.5 g, 75.620).

13. Polymerization Procedurces for Examples 1-15

Examples 1-15 in Table 1 illustrate cthylene polymeoeriza-
tion runs performed in a one-gallon (3.785 liter) stainless
steel autoclave reactor at various temperatures, using two
liters ot isobutane diluent and an aluminum alkyl cocatalyst
and scavenger. No hydrogen was added. Metallocene solu-
vons (2 myeg/ml )y were typilically prepared by dissolving 30 myg
of the metallocene in 15 mI. of toluene. A typical polymer-
ization procedure is as follows. The aluminum alkyl com-
pound, treated solid oxide, and the metallocene solution were
added through a charge port, typically in that order, while
venling isobutanc vapor. The appropriate amount ol comono-
mer, as shown in Table 1, was added. The charge port was
closed and two liters ofisobutane were added. The contents of
the reactor were stirred and heated to the desired run tempera-—
ture. FEthyvlene was fed on demand to maintain the specified
pressure lor the speciliced length ol the polymeoerization rurn.
The reactor was maintained at the desired run temperature
through the run by an auvtomated heating and cooling system.

After the allotted polymerization time, the ethvlene flow
was stopped., and the reactor slowly depressurized and
aopened to recover a granular polymer. In all cases, the reactor
was clean with no indication ol any wall scale., coating or
other f[orms ol [ouling. The polymer was then removed and
welighed, giving the results listed in Tables 1, above.

While the invention may be susceptlible to various modifli-
cations and alternative forms., specific embodiments have
been shown by way of example in the drawings and are
described in detail herein. However, it should be understood
that the invention is not intended to be limited to the particular
forms prescented. Rather, the invention is to cover all modifi-
cations, equivalents and altermatives [alling within the spirit
and scope of the invention as defined by the following,
appended claims.
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1\41 is zircon rum or liatn; X' and r are independently F, Cl, Hy, or |; F. is C-7. or Si; n is an integer
from | to 3, inclusive; le' and le" are independently a lay dr carby | group, a trilaydroca-trbylsilyl group,
or hydrogen; bond 'a' is a single or a double bond; in is an integer from 0 to 10, inclusive; and R." and
12a" are independently a hydrocarbyl group, or hydrogen; and the activator is an activator-support
comprising a solid oxide treated with an electron-withdrawing anion, wherein: the solid o-xide is silica,
altirn Ina, sil ica-altirn Ina abum - nop, hosp hate, alum imam phosphate, zinc a harn i nate,
beteropolytungstate\éf {3 Jrdpnes! l’l’?a -nesil, horia, zinc ox ide, in ixed o-x i des thereof, or any

coin - h inati on tggrg%g agggﬁ;%’eqﬁaelgﬁg@’%%@(i{o Corf%llf@jﬂél 95 gioﬁfon&ep 1E)romlde iodide,

phosphate, trillate, igullfjie sy, i hyRsoberate ﬁ&?ﬁ”ﬁé@ a6 SHNQORREIHE RIAP fyplaate,
fluorophosphate, fluor zife@a@ic_,, fluorosilic ate, fluorotitanate, permanganate, substituted or nsu b

stitutecl alk-anc.: snlfbn%;g.5 (s}g_t %g, ‘?\41' nsu.b b stlt utea arenesttlfbnate, substituted or

unsttbstituted a licyl sulfate, orany M biriati on thereof 5. The catalyst composition of claim 1,

wherein the atisa - rnewoe&ﬁ*éqa&ﬁeﬁr'gé%l%ﬁq@rﬁa‘a%vmg HBIHEY: R 3:81\41is

zirconimn or hafn ham}( and X~ independently comprise a substituted cyclo-
pentadienyl, a substituted indenyl, or a substituted
fluorenyl;

one substituent on X! and XZ comprises a bridging group
having the formula E(Cyc), wherein E is a carbon
atom, a silicon atom, a germanium atom, or a tin atom,
and E is bonded to both X' and XZ, and wherein Cyc
is a substituted or an unsubstituted carbon chain of
from 4 to 6 carbon atoms in length with each end
connected to E to form a ring structure;

one substituent on X' or X~ comprises a substituted or an
unsubstituted alkenyl group:

X? and X* independently comprise: F, Cl, Br, or I; a
hydrocarbyl group, H. or BH,:; a hydrocarbyloxide
group, a hydrocarbylamino group, or a trihydrocarby-
1silyl group: OBR“, or SO, R, wherein R is an alkyl
group or an aryl group:; and

the activator comprises:

an activator-support comprising a solid oxide treated
with an electron-withdrawing anion, a layered min-
eral, an ion-exchangeable activator-support, or any
combination thereof;

an organcaluminoxane compound;

an organoboron compound or an organoborate com-
pound; or

any combination thereof.

2. The catalyst composition of claim 1, wherein any addi-
tional substituent on the substituted cyclopentadienyl, substi-
tuted indenyl, substituted fluorenyl, or substituted alkyl group
is independently an aliphatic group, an aromatic group. a
cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus
group, an arsenic group, a carbon group, a silicon group, a
boron group. a halide, or hydrogen.

3. The catalyst composition of claim 1, wherein if neither
X7 nor X*%is ahydrocarbyl group, H, or BH,,, and the activator
does not comprise an organocaluminoxane compound, then
the catalyst composition comprises the contact product of the
ansa-metallocene, the activator, and an organoaluminum
compound having the formula:

AL(X®),,(X%); ,,, wherein:

X~ is a hydrocarbyl;
X° is a halide, a hydride, an alkoxide or an aryloxide: and
n is a number from 1 to 3, inclusive.
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X-B and r are independently F, CI, F3r, or I; U. is (17 or Si; n is an integer -from 1 to 3, incinsive; bona
-a- is a single or a double hood; R 3-4 and P,3n are independently 1-1, methyl, ethyl, propyl, allyl,
benzyl, butyl, pentyl, hayl, or trimethylsilyl, in is an integer from 1 to 6, inclusive; and R-1---/ and RS’
are independently a hydrocarhyl group Or hydrogen.  6_ The catalyst composition of claim 1,
wherein the ansametallocene comprises a compound having the formula: 1\41 is zirconium or
hafnium: X" and r4 gre-indenendently. Gl £, o & Lids G4.LSE -R3:4.a0d, Ten are independently 11
or methyl; la is 1 on: bomneh'anis-aasingiedontdona deublebordninds: bar Rasnds the

formmula:

M is zirconium or hafnium:

X2 and X are independently F, C1, Br, or I;

F is CC or S1;

n is an integer [rom 1 to 3, inclusives

R and R*“ are independently a hydrocarbyl group., a
trihyvdrocarbylsilyl group. or hydrogen:

bond ‘a’is a single or a double bond;

m is an integer from O to 10, inclusive; and

R* and R** are independently a hydrocarbyl group. or
hydrogen; and

the activator is an activator-support comprising a solid

oxide treated with an electron-withdrawing anion,

wherein:

the solid oxide is silica. alumina, silica-alumina, alumi-
nophosphate, aluminum phosphate, zinc aluminate,
heteropolytungstates., titania, =zirconia, magnesia,
boria, zinc oxide, mixed oxides therecof, or any com-
bination thereof; and

the electron-withdrawing anion is fluoride, chloride,
bromidc, iodide, phosphatc, triflate, bisulfate, sulfatc,
fluoroborate, fluorosulfate, trifluoroacetate, phos-
phate, [Muorophosphate, [luorozirconale, [luorosili-
cate, fluorotitanate, permanganate, substituted or
unsubstituted alkanesulfonate, substituted or unsub-
stituted arenesulfonate, substituted or unsubstituted
alkylsulfate, or any combination thereof.

5. The catalyst composition of claim 1., wherein the ansa-
metallocene comprises a compound having the formula:

R3E

M is zirconium or hafnium;

X and X are independently F, C1, Br, or 1;
E is C or Si;

n is an integer from 1 to 3, inclusive;

bond “a’ is a single or a double bond:
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12'and 12-1-n are independently 11 or t-butyl. ~ 7_ The catalyst composition of claim 1, wherein the
ansameta llocene is or any combination thereof. 8. The catalyst composition of claimll, wherein the
organoalumainox-ine compound comprises: a cyclic alituainox.ane having the formula: wherein R is a
linear or branc lied alkyl and n is an integer from 3 to about 10; a linear alum 1110 Xarl e 1mv ing the
Formula: R_1.1) 12 wherein 14 is a linear or branched alkyl and n is an integer From 1 to about 50; or
a cage alum inoxang having the=fornula 40N Whereing N 8. 3.01 48xJ5 egvabion.
n,4/(3)-n0(2)-1-n"(.4), whereimdn ey)lisHhesnumber of thiieewoosdinateadogisiignatoms:  is the
number of two coor{inite’XYBKTERITS nd sod, i e ifiberl 4 goordinate oxygen_atoms:

hydrogen.
6. The catalyst composition of claim 1, wherein the ansa-
metallocene comprises a compound having the formula:

wherein:

rR37

M?' is zirconium or hafnium;

X° and X are independently Cl1, Br, or I;

E i1s C or Si;

R>* and R>” are independently H or methyl;

nis 1 or 2;

bond “a’is a single bond or a double bond;

m is 1 or 2; and

R** and R** are independently H or t-butyl.

7. The catalyst composition of claim 1, wherein the ansa-
metallocene is

or

t-Bu

or any combination thereof.

8. The catalyst composition of claim 1, whercin the orga-
noaluminoxane compound comprises:

a cyclic aluminoxane having the formula:

ITl ON
()




R.t represents a linear or branched terminal alkyl group; and HP represents a linear or branched
bridging alkyl group; or any combination thereof 9_ The catalyst composition of3, wherein: the alma
-metal lo CCITC: comprises ¢ orn b inati on thereof; the activator comprises a sulfated solid oxide;
and the organualmninum compound comprises trietlaylalumiiyurn, tri-n-hutylaharn i num, tri i sobutyl
&tun i num , or any combination thereof. JO. "the catalyst comp si tion of claim 3, wherein: the an
so-metal locene cQin.p i 568 ; COMQINation thereof; he.aclin :Qdrpsd sgtisul Fajed glymina; and the
orga noa Intnitnins cempednd comprises triethyla Inuni - taunt, tri-n-butylalurtainum, trii sob u ty
|a|unainum' or any cambipatiernithelieefxane having the formula:

R,

R £ Al O Al
R ) R

e

wherein R is a linear or branched alkyl andn is an integer from
1 to about 50; or

a cage aluminoxane having the formula R, R%_,_
i, D5, Wwherein:
m is 3 or 4;
o is equal to N ;5N oy oeay, Wherein:
N3, 1s the number of three coordinate aluminum
atoms;

N ey 1s the number of two coordinate oxygen atoms;
and

N5eqy 18 the number of 4 coordinate oxygen atoms;

R’ represents a linear or branched terminal alkyl group;
and

R” represents a linear or branched bridging alkyl group:
or any combination thercof.

9. The catalyst composition of claim 3, wherein:

the ansa-metallocene comprises

o1

t-Bu

combination thereof;
the activator comprises a sulfated solid oxide:; and

the organcaluminum compound comprises triethylalumi-
num, tri-n-butylaluminum, triisobutylaluminum, or any
combination thercof.



1111. "Ihe catalyst composition according to claim 1, wherein: the alas a-noet allocene ¢ onapris es a
compound having the rna  a3n P.41 is :zirconium or laallni urn; X' and X" are independently 11,
1311,4, methyl, phenyl, benzyl, neopentyl, trimethylsilylmethyl, CI | C'Me ,Ph; C'l I, SiMe,Ph; CI |
-,C'Pvle, CI I -,Ph; or CI L, SiMe,C71 ',Ph; E is C or Si; nis an integer from 1 to 3, inclusive; a3'l and
R3-s are independently a hydro carbyl group, a trinydrocarbylsilyl group, or hydrogen; bond 'a’ is a
single or a double hond; jn s an.integer from 0 19,19, inglusive; and., and 122 are independently a
hydrocarbyl group grhiydrogen; and the aetivator,comprises an activator-support comprising a solid
oxide treated with an electron-withdrawing anion, wherein: the solid oxide is silica, alumina,
silica-alumina, aluminophosplaate, alum inum phosphate, zinc alnminate, heteropolytungstates, titania,

:circonia, magnesia, boria, zing/Oxide, Tjxed qxid &(eof or any combination thereof; and the
electron-withdrawing amonTsTidgUide, Q lodidezphosphate, triflate, bisulfate, sulfate,

>-PResphate, fruorophosphate, flu orozirconate,
ganate, su stitut.ed or unsubstituted alk.-9nesullbnate, substituted

combination thereof;
the activator comprises sulfated alumina; and
the organoaluminum compound comprises triethylalumi-
num, tri-n-butylaluminum,. triisobutylaluminum, or any
combination thereof.
11. The catalyst composition according to claim 1,
wherecin:
the ansa-metallocene comprises a compound having the
formmula:

wherein:

M!?! is zirconium or hafnium;

X' and X" are independently H., BH.,,. methyl, phenyl,

benzvl, neopentyl, trimethvylsilylmethwvyl,
CH,CMe-.Ph: CH,.SiMe,Ph: CH,.CMe, CH,Ph: or
CH-_.SiMe,CH,Ph;



-12_ _Ao-1 ansa-a-lotal locO00 having a general foonfala of

E is C or Si1;

n is an integer from 1 to 3, inclusive;

R>** and R>*Z are independently a hydrocarbyl group, a
trihydrocarbylsilyl group, or hydrogen;

bond “a’is a single or a double bond;

m is an integer from O to 10, inclusive; and

R** and R*” are independently a hydrocarbyl group or
hyvdrogen: and
the activator comprises an activator-support comprising a
solid oxide treated with an electron-withdrawing anion,
wherein:

the solid oxide is silica, alumina, silica-alumina, alumai-
nophosphate, aluminum phosphate, zinc aluminate,
heteropolytungstates, titania, zirconia, magnesia,
boria. zinc oxide, mixed oxides thereof, or any com-
bination thereof; and

the electron-withdrawing anion is fluoride, chloride,
bromide, iodide, phosphate, triflate, bisulfate, sulfate,
fluoroborate, fluorosulfate, trifluoroacetate, phos-
phate, fluorophosphate., fluorozirconate, fluorosili-
cate, fuorotitanate., permanganate. substituted or
unsubstituted alkanesulfonate, substituted or unsub-
stituted arenesulfonate, substituted or unsubstituted
alkylsulfate, or any combination thereof.

12. An ansa-metallocene having a general formula of

o1
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