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end products comprising these polymers.

[0004] Products made from polyolefins have become increasingly prevalent in society
as plastic products. One benefit of these polyolefins is that they are generally non-reactive
when put in contact with various goods or products. In particular, plastic products from
polyolefin polymers (such as polyethylene, polypropylene, and their copolymers) are used for
retail and pharmaceutical packaging (such as display bags, bottles, and medication
containers), food and beverage packaging (such as juice and soda bottles), household and
industrial containers (such as pails, drums and boxes), household items (such as appliances,

furniture, carpeting, and toys), automobile components, fluid, gas and electrical conduction
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DETAILED DESCRIPTION

[0010] Catalysts that may be used in the polymerization of olefin monomer to
polyolefin, e.g., ethylene to polyethylene, include organometallic complexes, such asAorganic
compounds containing metal atoms, such as titanium, zirconium, vanadium, chromium, and
so on. During polymerization, these catalysts temporarily attach to the monomer to form an
active center that facilitates the sequential addition of monomer unitrs to form the longer
polymer chains. The catalysts can be combined with a support or activator-support (e.g., a

solid oxide). In addition, the metal catalyst and solid oxide may be blended with a cocatalyst
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pol ymer with high nelt elasticity which, as discussed
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metallocenes. One common type of metallocene system has a bridging group connecting two
five membered rings, which are attached to each side of a metal atom to form a sandwich
type of structure. These are termed bridging or ansa-metallocenes. While metallocene
systems may be more active than other types of catalysts, and ansa-metallocenes may form
desirable catalysts for some purposes, they may tend to produce polymer with high melt

elasticity which, as discussed above, may not provide the best film performance.

[0013] A further challenge in the development of metallocene systems for the
polymerization of ethylene is the production of high molecular weight resins. Some

metallocene systems may produce resins with lower molecular weights than produced using
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a routine undertaking of design, fabrication, and manufacture for those of ordinary skill

having the benefit of this disclosure.

[0016] The present techniques include new catalyst compositions, methods for
preparing catalyst compositions, and methods for using the catalyst compositions to
polymerize olefins. In some embodiments, the techniques encompass a catalyst composition

prepared by contacting a tightly-bridged ansa-metallocene compound including an alkyl
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Sec
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may be obtained fromthe cata
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.

[0019] Section III discusses various processes that the catalyst compositions of the
present techniques may be used in for polymerization. Particular processes discussed include
loop slurry polymerizations, gas phase polymerizations, and solution phase polymerizations.
Other information relevant to the implementation of the catalyst compositions of the current

techniques is also presented in this section, including plant systems for feed to and polymer
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[0021]2CCOT URRFiEn W ﬂr@s&fg@%bﬂﬁ@hﬁl Blfoc&ﬂﬁeﬁﬂhﬁﬁﬁﬁ be used to make and test
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present techniques.

I Catalyst Composition and Components
A The Metallocene Compounds

1. Overview

[0022] The catalyst compositions of the present techniques may include a tightly-
bridged ansa-metallocene compound that has an alkyl group of three to 20 carbons bonded to
a °-cyclopentadienyl-type ligand (such as, for example, a cyclopentadienyl, an indenyl, or a

fluorenyl). The catalyst compositions may also include an activator, and, optionally, an



|. Catal yst Conposition and Conponents A. The
Met al | ocene Conpounds 1. Overview [0022] The cat al yst
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1692 . 'lt 2 i- t .
SR i B T et PR MR God ol 39 moup. (cither of
which imag lhadeyp fol2 escborphtems); GPhgdrosSh. Phigsh briggi2ER hZps may

. tolyl)2 i (t | lyl)2 Snit 2
inotud, Gl B S RP s S 2B S @l Sty
>Sn(toﬁﬁg§U£’©MePMiwm >GeRRPNELS N¥PY, >CHRELCRIPH >CBUPh,
>Snive(tol yl ), >CHPh, and >CH(tolyl), anmong ot hers.
>CMe(tadoD5T SiMa(tadel),, >(@aide(¢elpbt T¥nMaftolyh, *GHPh, and >CH(tolyl), among

Mha&hS-cyclopentadienyl-type ligands is a

[0025] Further, one substituent on the n°-cyclopentadienyl-type ligands is a
substituted or an unsubstituted alkyl group, which may have up to 12 carbon atoms. The
complexes are discussed in the following,subsection 3, and shown in the general structural
formulas presented therein. Exemplary metallocene complexes, in accordance with
embodiments of the present techniques are discussed in the following subsection 4 and shown

in FIG. 1.



substituted or an unsubstituted al kyl group, which may
have up to 12 carbon atons. The conpl exes are

waele@enssed in the foll ow ng, subsection 3, and BEDU20081011056
t he general structural fornglas present ed therein.
Exenpl ary netal | ocene conpl exes, in accordance with
enbodi nents of the present techniques are discussed in
the followi ng subsection 4 and shown in FIG 1.2.

‘Gener ateMBl ALt9060R8e FefAMha [ 0026] I n enbodi nents of
the present techniques, the -netall ocene of the

[0026]pr eserdh embodimenies! thapresenterpimiguesdhpynidramctpdlaesng) of the present
.fornul a: 4 1 this fornula, MLmay be
techniduBf iy B Brebed AR bttt Xy b & Y

substituted cyclopentadlenyl a substituted indenyl,

or a substityt ? fluoyenyl. X2 may be a substituted

cycl opent ad®eX¥N@N(8 WMibstituted fl uorenyl. One

substituent on X1 and X2 is a bridging group having

the fornmula ERIR2. E nmay be a carbon aton] a silicon
In this &rafiila, M 'OR6 B kitamiah omcoﬁruna drlhlﬁﬁlhﬂm( miag be s sobstitedd

to both X1 and X2. i nd pegdently
cyclopsrrwﬁnsgr%wsetut%ﬂqmé?rwl ‘brraoi}‘ﬁsmé‘%/@@ 15834 WKI BRY P& SHQ%uted

Nond

exclopfdiBh or &L EL Miprendl, OBV aliR D FPRCand RE oo brideing group
havmgahd: forintija R 'R*h &€ may 4k pshrbon atdre, ssilicot atom, afgetrhanium atom, or a

tin atoB gl baPis 18 Boh AR et R Av0R® e Rissep ey group or
an arylf@&ep léﬁhér%f%laaﬁﬁ? Madd 9}9&) 1289595615 EtHﬁﬁt §r r}@%a@ﬂy&%&gé@yrhe

be i ndependent |y , ydrocar byl
bndgl@gmlppshaw hgsq]@ptubtozoﬂuca‘rclg@h\e a:ttrymtg of Hne @talmr th;a)stlalcture of the

polyme i iphe Sras et ST AP sun: <X CEReEH EnRE TR st e
which 2fdy chaw@m toatpémbomto%%usstanerﬁm%d Wﬁeﬂi?l B IR&eﬂmaerh@ DF,
an _al kyl group or an aryl group, either whi ch

Cl, Br.ipalie2)phstdeocrebyd gr pyrhaytngp tosf caghrsi atowpdil. B ont

I
hydrocgfbgé%?(?es éj lﬁﬂ{d?? a?%?l%.r% e%@"ﬁ}? %2%(1 tg}&%&?&[rb%lggﬁ%r%iﬂ any of
which g1a@ thvem;ytdm) tarb@paodsnt) @Baﬁ‘z at SQIRH, iwhegein RY, maylbe an alkyl
aromatj c grou cI|c a_conbi nati on of
group o) ARk SreuRy i %ery%ﬁ W CBP&X Ve HH %% ROy A, Angaditignal
substitBri? ¥R vthc?sd%ﬂﬁ%%cﬂ{p@h‘t@dleﬂylp E\%HHR&&&M&M Whbstitllted ﬂuorenyl or
arseni c group, ca group, a silicon group, or
substituted alkyl group may be mdependently 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, or a
boron group, any of which may have from 1 to 20 carbon atoms. Alternatively, additional
substituents may be present, including halides or hydrogen. The substituents on the -
cyclopentadienyl-type ligands may be used to control the activity of the catalyst or the
stereoéhemistry of the polymer produced.

[0027] The alkyl group bonded to the n’-cyclopentadienyl-type ligands may have up
to about 20 carbon atoms, up to about 12 carbon atoms, up to about 8 carbon atoms, or up to
about 6 carbon atoms. Such alkyl groups may include, for example, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, or octyl, among others.



boron group, any of which may have from1l to 20 carbon
atons. Alternatively, additional substituents nay be
WEe@se#3pl i ncl udi ng hal i des Qr hydr ogen. The PCT/US2008/011056

substituents on the h5- cycfopentadi enyl-type |igands

may be used to control the activity of the catal yst or

the stereochem stry of the polynmer produced. [0027]

The al kyl group bonded to the h5-cycl opent adi enyl -type

| i gands may have up to about 20 carbon atons, up to

about 12 carbon atoms, up to about 8 carbon atons, or

[0028]up t o Whideian enwsmwdaatlbmna}&ms@snmemgqmp@ wuylopentadlenyl-

e a0y TR Wb B e Wb B gpvever

this fur‘tﬂb’f’ Whsstinitiongda C?aiok\bélr tHEBELR Ry Bf BiéRatdlysie Rhy @fbsi@nt ﬁresent may
h5-cycl opent adi enyl type |igands, alternatively,

be seleatied yidegensigptly lfumrt fn glaphatimgyoupe an am%nc %mmcwln%group,
urt,her substitution

combingtfF VT ot ey B, g Y tlo P kbl migapen

group, Aphs§IhBaisadoip)daReRERErbip, far @M cingralp, Fhfk’ﬂllidoﬁ @6 )R, boddh group,
aromatic group, a cyclic group, a_conbination of

ora su@t]hﬁﬁ@gﬂq@o&ﬂ@r@f&qy@fgﬁg%glayéqarv«g)fgyg;ehtogqbguwo cargen atgms. The
substltt%n%"lpla% s i QG Al ’h&/ O%Qﬁ’ S ?M#Sthgsrd%g tﬁ‘)‘ﬁ of other

group, a car a silicon gr
substltbﬁﬁits)din the alkyl gfn’upaataubﬁzty 1tnuludd sabsalwed, tulnalhstlfu,techbyanoﬁed linear,
whi ch may have from 1l to about 20 arb?n at ons

or heteﬁ%&‘ﬂﬁ?‘?ﬁé‘rﬁ‘f@ Apalogy Alghessaneiaess Hshiadey 8¥°uﬁ§/a}aé’d’éaude for
exampE:r Etr{@féyl Cgﬁéi:l'}_CHV(Cﬂn)CS-i %E@[hy%&%‘l' [EHSOHSCAYCH{EH,),,

tomrmylnc tit
1,1 dlII]Iﬂhylbﬁﬂ.}’l [@(ﬁﬁ)zﬁi{zﬂﬂzﬁ‘éﬂ] drllnbdm;letbylpentyl [C(CH3)2CH2CH2CH2CH3]
het er oat om substi tuted anal ogs of these nvieties. Such
among AthErs. o oups may i ncl ude, for exanple, 3-methyl butyl
[ CH2CH2CH( CH3) CH3], 4- et hyl pentyl [ CH2CH2CH2CH( CH3) 2,
1, 1-di et hyl but yl [CXC}B 2CH2CH2CH3] , or 5
[0029]1 1- dilmeddifiop éacentaingy mg}@mﬂﬂg]the ﬁmiﬁbi ER'R? and an

alkyl gg(%ug%%ﬁéc{ﬂ%oé%%}ﬂ ”f@eﬁﬁ'ﬁu% el Con I ml%%}% ma %]g% ﬂgge other
substitdGRE rF&%QaﬁiBIEV ﬁ)esé ﬂ%shﬁreﬁﬁé%&pl%“ﬁl@qwg)éherﬁi&fﬁlegrbhﬂ@d}qﬁmetles

may al so % e ot er substituents. For exanple, these
that cag a@yc as et sorfligrads héths';amaﬁw&aﬂogam%g Hdmpsmm radditional

eties {4 ha ser a ﬁw ‘ﬁ% ands of 3he
substithgHL B S SRR Y B e R R0 B X e X'
may b@g’ld éﬁh&ﬁf‘;@tﬁﬁ §%Bﬂs aE)iH%hblheﬁﬁrﬁ&u tah%r&h';ﬁﬁ;t grbwis, %Chychc group, a

gr oup or X4 may be T ndependent|y such

combngatloupé alaxshaaln aafl |cm¢iat groups, 60 PXygem groupret sutfuygoup, a aitrogen
group, a p%osp%ogx gup, an arsenic group, a carbon group, a silicon group, a boron group,
or a substituted analog thereof, any of which having from 1 to about 20 carbon atoms. The
substituents may also include a halide or hydrogen, as long as these groups generally do not
terminate the activity of the catalyst composition. Further, this list may include substituents
that may be characterized in more than one of these categories, such as benzyl. Substituents
may also include substituted indenyl and substituted fluorenyl, including partially saturated
indenyls and fluorenyls such as, for example, tetrahydroindenyl groups, tetrahydrofluorenyl

groups, and octahydrofluorenyl groups. These various substituent groups are further

discussed in the paragraphs that follow.



conbi nation of aliphatic and cyclic groups, an oxygen
group, a sulfur group, a nitrogen group, a phosphorus
w@e@ap4s3an ar seni c group, a g)ar bon group, a siPCTUS008/011056

group, a boron group, or ubstituted anal og thereof,

any of which having from1l to about 20 carbon atons.

The substituents nmay al so include a halide or

hydrogen, as long as these groups generally do not

term t iayde fsBE af At G ' mple, an
[0030] thg?l q&}aﬁlp? &%glttwdrray yICH:‘IC | ude sﬁsﬁ?ﬁeﬁ?ﬁ@ﬁg&ﬁaﬁ :
alkyl gtmlpch aydealkyli greep,ian ahng! grioup, 2ensleikenybgroup aaneajloyriyd group, an

RIS I T T S A e

unsubstifEéd) B HehSBahi &hbat analods 8 @sHyialdentbRofRehekdin @h&N¥oSp may
such as, for exanpl e, t et rahydr oi ndenyl groups,

have fromt ongHy @bwtlwmaérwﬂ atefnauBBus, ahiphasictzipRsrmady insludayfor example,

hydroc%ﬁb%/gs u%lglégp e%%{ s :Oar g(fr% lgﬁtg {g)?atng}%l tﬁg Qﬁ]f}%glg cg]rcwptsqu(y include

such gupPiPdhtt greqwmsprb ;nmsawl hert beed, @8- tﬁmbbﬁtsommgalnhﬁlyl isoamyl,
i ncl ude ? exanpl e, an al kyl group, a cl oal k
hexyl, nygﬁegqyk@ﬁwl Wbﬁlecyg Qgﬂ@p)gslaﬂ i/cmﬁten& butenyl, and
thellkcalkynyl group, an al kadi enyl group, a cycllc group
nd the like. This may include all substituted,
unsubstltuted branched, and |inear anal ogs or

derivati ves, thereof mhereln ea H§9rou ve from
[0031]gne t ArIAC ernsdhd spaYaicotsed asapsht Sﬁﬂ%i’ o Sapwles
phenylnﬁé#)a'ft@ﬁ Ldgﬁgrﬁcaefn I[ ahd %H)llll?e JU6af QR RVt P GIT 1RS e compounds are

kenyls. For exanple, the aliphatic
also 1ngnd¢,qgsvhc'eqxn eahl grdep sy age omsd tosabost h§/ barbemsmﬂqch substituted
sec

derivat vrr?g Fngyl’ igglgﬁ?liltfgr ‘i‘?@%&%ﬁé tgvt&%}yéﬁpmgﬂ, e%'td)ﬂle Islg udmg heteroatom

substitite@brivAReY therdbpdecyl , 2- et hyl hexyl, pentenyl
but enyl, and the Ilke. [ 003 1] A«onatlc groups that

may be used as substituents include, for exanple,

[0032] gzgg%/: Q%cthcggrllct) ! thatarrrl]z; acsfeeﬁ%% ’subasrt]i%e'il&elrlc dﬁ%a or ex?m%Ie

rivati ese compoun

cyclophragfinsdegtloolbfiis b?cl@a’ct!étylg’fe@ Ldiemwuﬂﬁuﬁpﬁthmbﬁ:ybEc ghoaps and the
25 carbons. Such substituted derivatives may include,
like, asrwyll ascaupsti@ted; dsriyptivegyhereof, rﬁe%qqlwccume hrwng fieg about 3 to

B
includédiadreid e Sutlosutskarptsanaycipcludpaaiphbtinsnd Wh_b goduphxsg., groups that
have b@%m 0 1p§it%cl Qeqr%gcs)lp ,aa 'f? gg ic\%%ri]ornggadh%g% ?{f?llgc s%lblstg:tuents may
mcludggxggg@%dc}llgﬁ. L @81 5,96 H RD. SRR REMEY BB GR itayd: Hbnk 1 @bout 10,
and g may be an integer from 1 to 5, inclusive; -(CH;)mCsHgqR11q Wwherein m may be an
integer from 1 to about 10, and q may be an integer from 1 to 11, inclusive; or -
(CH,)mCsHqRo.q 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 amide-substituted
derivative or analog thereof; any of which has from 1 to about 20 carbon atoms; or hydrogen.
In various embodiments, such aliphatic and cyclic groups may include, for example: -

CH2C6H5; -CH2C6H4F; -CH2C6H4C1; -CH2C6H4BI'; -CH2C6H41; -CH2C6H4OM€; -



about 20 carbon atons. Thus, heteroatom substituted
cyclic groups such as furanyl may be included herein.
W@Gowb/osbst i t uents may i ncl 'rﬁ al i phati c and RGDUB2908/011056

groups, e.g., groups that ve both an aliphatic

portion and a cyclic portion. Exanples of these
substituents may include groups such as:

- (CH2) mC6HgqR5- q wherein mmay be an integer from1l to

CH2C6P{Q©E¥ éﬁzcmm n@mz@mmeptﬁagcéﬁ4ma 1CHICH,CoHs; -

i ncl usive; - wherein mmy be an

CHzcﬂzﬁlﬁgglér-Cﬁb@ﬁiz@aH{Clat@dl 6l - -G HGYbGeki; {GHAFECHOMe; -

croSREl SR AT R SRR GRS By

regioisbmeL@feof, MM ahy sbsticuted @érrsdtive thesofdef i ned above, R
may be independently selected from an aliphatic

group; an aromatic group; a cyclic group; any

[0033];: ggtrjle tb's?t?}lgétg 315 ﬁfgcfonbaﬂ? Xet%#&gf(ﬁﬁst k’rg ?}H%ngf rfbly %}a:nﬁ)ge hahdes
oxygen’n,l iigXi, fligroge®, rpmﬁp}ai’%ﬁeosmbahc t Bxsdpldeof Nzﬁtdey incbide ﬂuorlde

nal og t hereof; any of which has from1l to about 20
chloridg abIBBIde AB00 g5 Ay BIIJIHEN FXXEEPI GSRHDS b BN BFBrFORaiming groups,

oy PADELE SISV e Tt 1 gy b

cycloal-k@l—ﬁ@ﬂj—lﬁh];kyl ChBEBiH4OMy1, s Thi2iDBEd OFt,; orsObi Diteld M2k yl having from

1 to abg Nvggmsé%%% NE%ﬁzary_W;ﬁ%} groups may include, for

example%%gé'ﬂﬂ %pwmﬁ?ﬁ%@g@c@?gﬁﬁggy am ong others.

As used dagrem,smﬁlr gtdves eusf sulfandomaynwgrgtlp% m@cﬁlmgrfpw@tme SR and

the hkc? HV?‘ICS%{] g% ]alé()}/g %%{:llgglﬂeg afy&gaerIkgg o l?sltlQutlé]c? tFﬁ(PjP %Bl?sﬁﬂted aryl,

or subdtitite® Gﬁ[kyl BRASE HGNOUSe alkut 20 S8ibof atdﬁa@rmé Qéédeerd’i@ hi@®gen
i nclude fluoride, chloride, brom de, and iodide.

As
groups e EitINEPR ANt aBYRERURS: Bipeh mak inskydge for espmBaleni g2 or pyridyl

g r % r
o R 6 T B R i o
substitGtgd land) deysubstituyed ardk ylhaying feanh dtto tabidve @ Oadaktyoin, atoms. As used

. supstituted aryl, or substituted aral kyl  having from1
herein,t BhoiBBRRYS 2P UPS PEOMOSPRATHS Cafaing KeyRs: W!%Iy%wﬁu de, tor

exampgar Wz ahd RIIQ! Qﬁgﬁlm%dm 408, C}tc%all%)lgﬁgl t‘ﬁrall?ﬁt Q®¥dituted

hoxy, propoxy, t oxy, “phenoxy ut
alkyl, qmbemtuteyl aryinomglbeﬂlﬂumdsaralkgl haye ﬂnemell tn,abgufl Marlgrmatpms As

are sulfur-containin gr oy i ncl udi nBJ s 1
used hifgR, JHReni4GORPAEe SREIe o R e P b Y BT My BRI Ry example. -
AsR,, &d/the 1k akKtkin B Hﬁ?«tb'etamﬁ yaldantyl, aﬁylbéxtamyutsﬁdsmnw(i,alm

substituted aral k havi'ng from 1 to about 20 car bon
substitated aryl, qxgsubgguteﬁ@r@kyi hamn‘grftg@ﬁ to about 20 carbon atoms.

[0034] As used herein, carbon groups are carbon-containing groups, which may
include, for example, alkyl halide groups. Such alkyhalide groups may include halide-
substituted alkyl groups with 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 thereof.



groups are nitrogen-containing groups, which may
i nclude, for exanple, -NR2 or pyridyl groups, and the
wo doe/o438her ein R may be al kyl, cycl oal kyl, aryPCT/US2008/011056
aral kyl, substituted al kyl 12substituted aryl, or
substituted aral kyl having from 1l to about 20 carbon
atons. As used herein, phosphorus groups are
phosphor us-cont ai ni ng groups, which may include, for
[0035] exan‘pl@s usef Bgrenﬁ@ﬁldoh %ﬁédp’ﬁ Qre M&frﬁédhtﬁnﬂ%)’gr&ﬁ)sa{vmdh,may
cycl oal kyl', aryl, aral , Substituted a
includes frsxntmptes slll)drgyd)qpscsucls aﬂtkyts;lybgreumaaa{luwl grmmrsmylfa}ky&ﬁllyl
t o, about 20 c

sroupsy i Y SRS, b e QBN PR (BN GRIUTR For example

silicon ighGpd ifoludeqFinfRXAMA1YE and Fﬁéﬁ@octﬂ@@yﬂéﬂ@ﬂsl ke, Wher ein R
may be al kyl, cycl oal ky aryl, aral kyl, substituted

al kyl , substi t ut ed aryl , or substituted aral kyl having
fron11 {9 Qut r
[0036] herein ?E‘ rr?mgr ourélg gpo car o%njggn?ﬂnrﬁA%OHéseqvhwh may

1nc1ude\Mﬂ(brﬁi|?(a }é IBRJ, UBX,, MX e\xmmhe{ nlylgla hahdahéonie @kbnﬁ such as
i ncl ude hal i desubsti t ut

Such al yhallde roups
halide élwﬁyde . gHovsls wkvﬁt Bla;tea@tsﬁ/fbe 2B 3y prorkyk sYgEoal bylk@a{wralkyl
substiefed S “'t‘ﬁkd a1 SR ol DO v O4RAR 28 sapbon
momszo carbon atons, and the like, including substituted
derivatives thereof.[0035] As used herein, silicon
groups are silicon-containing groups, which my
[0037]1 NCI Ul rteﬂﬁlnﬁigaémkt@tueﬁ’ﬂs o)/llthé]fn@l‘éﬂ)@erﬁ&c b(3 ahé W Sthy be
groups, arylsilyl groups, arylalkylsilyl groups,
mdepesddndx;anghphq@s: grawpy atdyehi¢ ghoap, hamnhlgaﬁmmtﬁ dn alpphabogroup@nd a
I bon atg . _For xa ‘bf silic 1 ﬁ s includ i u
eyclic GRPRATN O R Pana ST BetbAs oGS B fidsEpidggroup.
an alkan8QAfoR8le CArNare AL EBN A&, WBHRSri lk?lsh?f QR 2 GEtFiAtBd BEH GV Bifereof,
whi ch may i ncl ude, for exanple, -BR2, -BX2, -BRX 3
any of whighdhaving frery lde ahowsirahanratemey esadhadide h Maose ppgcifirally, X and

X* may ?‘%frﬁd@}?%nd%{:t!}g Ci? Clgi?)l'(il%lr It " ﬁ%&ag%%&{bq?av?n%@ito% carbon

atoms SIrI.Jb‘BBHwB)Sﬁhﬁfrw:arbﬂbxﬁlldfgﬁdu;i athgdroatblylytinb gwiupgof 4 om 1
bout 20 carbon atoms. [0037] The remainin A A
tnhydr@feﬂséxlﬁlﬂsd EFRWP; apy phwh ’f?é‘thél"méé’rﬁ’tt@ r20 CREPORAEPTIGS 4)394%}1 per SO;RY,

n
s ROSEPERL My P PERLR ALy & L s LB caron
atoms.an am do group, a phosphido group, an al kyl oxi de
group, an aryl oxide group, an al kanesul fonate, an
arenesul fonate, or a trialkylsilyl, or a substituted

der i vatdnéeal SAeE&RH Formulas for Metallocene Catalysts

[0038] Embodiments of the current techniques may include an ansa-metallocene

having the general formula:




any of which having from1l to about 20 carbon atons;
or a halide. Mre specifically X3 and X4 may be

wo pabepessaently: |) F, d I; 2) a hydr oper/by1008/011056
group having up to 20 carbdﬁ atons H, or BH4; 3) a
hydr ocar byl oxi de group, a hydrocarbylanino group, or a
trihydrocarbyl silyl group, any of which having up to
20 carbon atons; 4) OBRA 2 or SOGBRA, wherein RA may be

whereif M @hky be eréﬁiﬁ’urﬁror %ﬁﬁﬁﬁﬂ'an@ OWRd X8NihaQbeWhddpindidiviy ™ Cl, Br, or
up to 12 carb on at 3 CGeneral Structural Formulas

L. E maypbe Qur A |am1;8nen mgydzesngmaeqntlezm@dkﬂeww @rfant 1l group,

e S5 S ORI SR €y B TP R o
matg'?efelrlh eAdéhti¥ a l?tgoéﬁrbﬂag\ioﬁfoﬂ ﬁtﬂﬂ@&ﬁd@ﬂbtyls)’lyl:gro@b,, anfof which

na be r Si and and may
may havagepeAd @nltbpy amm%|0kmay@edw§rqgenaﬁhaﬁwscgpb p magibetdrinteger

o L TG VA O B, o

group tAxCthe¢ Biveyilp @ 1Qufartssn @oins) d”tyﬁh’)d%}l)fﬂyd)gidnl yl group, any
of which nmay have up to 20 car bon atons, or may be
hydrogen. The subscript 'n' may be an integer that may
[0039]" ange 1h' %Qn’fbgdﬁ]’pe té i %ﬁetal'ﬁ)%nﬁﬁgi Rﬂcﬁuﬁ@é( c&fipound having
|ndepen ently a rocar group that "may have uB to
the forthdlacar bon at ons, or nay be hydrogen. [0039] In other
embodigent st he -netal | ocene may i nclude a conpound
[ H mula: In this formula, ML may be
IHALR arffium and X and X' nay be
i ndepgndent | ywF, C, Br, or I . E my be Cor S and
€ «be independently an al kyl group or an
aryl gr el ther of which having up to 10 carbon
at ons, ydrogen. R3A and R3B may be i ndependently
H nethyl .- benzyl, butyl, pentyl, hexyl, or
trinethyl%iﬁﬁ?, and 'n' may be an integer from1 to 6,
R4A and .R4B

In this hnc g Fly BF 5HﬁOIH'éW|%S;a§Bbe | pen nt] Mc inngendently F,

Cl, Br, h)}“ﬂf eaRLy be{ O &l ahdRS bhd R? atahee @d@@ﬂamvytaﬁ,am;l @rdup or an aryl
a-net al 'ocene may include a conpound haV|ngAthe 3B
group, £ishengf avhich having up to 10 carbon atoms, or hydrogen. R™" and R™ may be

independently H, methyl, allyl, benzyl, butyl, pentyl, hexyl, or trimethylsilyl, and ‘n’ may be
an integer from 1 to 6, inclusive. R* and R*® may be independently a hydrocarbyl group

having up to 6 carbon atoms, or hydrogen.

[0040] In still other embodiments, the ansa-metallocene may include a compound

having the formula:

In this formula, M' may be zirconium or hafnium, and X’ and X** may be independently F,

Cl, Br, or I. E may be C or Si and R' and R? may be independently methyl or phenyl. R



In this formula, ML may be zirconiumor hafnium and
X and X' may be independently F, d, Br, or I . E may
Wheoo@oer30Si and Rl and R2 rray be i ndependent | yPEEUB2M08/011056

or phenyl. R3Aand R3B may a i ndependently H or

methyl, and n may be 1 or 2. R4A and R4AB may be

i ndependently H or t-butyl. [0041] In yet other

enbodi ments, the ansa-net &Wcene of the present
and R’® ﬁﬁ?%!e%&%eﬁ@éﬁt]‘y'}? bHAR /1, GRAIRAHAEbS @t DY RMand RFFTIag be

hi this fornmula, ML may be zirconium or hafnium and
indepeddentimd o¢'t-brgyl- be i ndependently H, BH4, nethyl, phenyl,

benzyl, neopentyl, trinethylsilylnethyl, CH2CMe2Ph;

CH2Si Me2Ph; CH2CMe2CH2Ph; or CH2SIi Me2CH2Ph. E maybe C
[0041]0T Si [AREt Sherdifbddmenty, the ahidgpeidedte of tedpbdiit kechniques may

_ group or an aryl group, either of which having up to
lndudq@mnamb@ﬁIQV@wﬁhegnnhvﬁrogen. R3A and R3B may be

a hydrocarbyl group or a
silyl group, any of which having up to
6nsR*®or  hydrogen, and n may be an integer
froﬁ%OE' Ppxi ncl usive. R4A and R4B may be
i Tyxa hydrocarbyl group having up to 12
or hydrogen. 4. Non-limting Exanpl es of
ructures [0042] In exenplary
At a -netall ocene may include any of
conpounds (&'1) through (1-4), as shown in FIG 1, or
- i . . r D s :

I this A b e AR e ROty b,
BH,, ntles gtienyle byt uespéiay b tiraethys8plaretied, CHoCMexin i, SiMe,Ph;

U. S, Paten , 939,217, 5,191,132 b, 210, 352
CHzCI\é?ZQ’fZ}’SQ@, é@?@&ﬁzé@e?h-s, AP, X or §i %5’033%‘,]195{“&%%? 305,
indepeﬁde‘lﬁ%%’aﬁ‘]a%{yl &%%ﬂa%]arﬂ%ré%@, enfidn of@v}ﬁéﬂhg\zgg ug 1094 c4rB6n atoms,

5,563, 284," 5 565,592, ° 5,571, 880, 5,594,078, 5,631, 203, _
or hyd®g631R33Md & abdy BSihdepergigstlp 3bydwcatds] §p8p oba ity dsq@rbylsilyl

6,18 80, and 6,509, 427 describ uch net.hods, , each
group. ghy G ivBIRN TGP HR B B DA TPy R PO g g b A fheser
from 0NEN B RcBsivEP RO R RE ga 8alindshentientbp apgurdsrblyD ?{bab hlafing up to

one enbodi nent, the present techniques may include a
12 carbyomt a5omys;tor ydiegsit i on i ncl uding a tightly-bridged i

-nmet al | ocene conpound having an al kyl noiety bonded to

a hb5-cycl opent adi enyl -type |igand, a solid oxide

agpti vatet-lisipoEkamples of Metdllooald Strucare®r ganoal um num

conmpound. The designation of the or?anoaluwinwg
[0042]c npo JRExg@plary embodiments, the ansa-metallocene may inclu

e any of
compounds (I-1) through (I-4), as shown in FIG. 1, or any combination thereof. Numerous
processes to prepare metallocene compounds that may be employed in the present techniques
have been reported. For example, U.S. Patent Nos. 4,939,217, 5,191,132, 5,210,352,
5,347,026, 5,399,636, 5,401,817, 5,420,320, 5,436,305, 5,451,649, 5,496,781, 5,498,581,
5,541,272, 5,554,795, 5,563,284, 5,565,592, 5,571,880, 5,594,078, 5,631,203, 5,631,335,
5,654,454, 5,668,230, 5,705,578, 5,705,579, 6,187,880, and 6,509,427 describe such

methods, each of which is incorporated by reference in its entirety herein.



"optional" is intended to reflect that the
or ganoal um num conpound may be optional when it may
waoedvbesspeeded to inpart catalytic activity toP€TES2008/011056
cat al yst conposition. [0044F Or ganoal um num conpounds
that may be used in the present techniques include,
for exanple, conpounds with the fornula:
Al (X5) n(X6) 3-n, wherein X5 may be a hydrocarbyl having
B. fcbﬁmn;!ﬂw AR AAnEs OMB; X6 may be al koxide or
yIOX|de any of which having from1 to about 20 N
[0043]car borinanekmbotamdntighe preséntded elueamynncia@e peatalyst composition
: nunmber fro cl usive. Pn.various )
imelodifg &y PR R plalHR P Sipo i BV afRgr BRI ERoed 1o a
1 cycﬁﬁ)@ﬂﬁdxewl-tﬁf)é ﬁéaddsﬁgolfl@f)xﬁié abfAtd lpF!Qﬁ mnﬁ%ptﬁ%ﬁﬂ?'a%’
, propyl, butyl, sec-b , 1 sobutyl]
organoil-uhﬁngah coﬁ}pbemyl Thaddsgnytllqn ofstlmemxgquahltmpmm qormvomdtayl :
L i enbodi nent s, be : :
“optiongisgais byeifts at e STERICGHTHBUTSoGCHBY THAG b5 Serignal when it

may ndl bB LR to Pnphty dhth B al:f'wl/yelto tAO OAthISEt jtigant , X6
may be chlorlde [0045] In the forfula ( X5) n( X6) 3-n,

n may be a nunber from1 to 3 |nclu5|ve and in an

exenpl odi ment . S|
0044]r estr I(?{géaoa}qb 1num €Q ound§ t}haé Ple oreeus (#:mt I greseﬁt tec%nlques

includé, fiéd @%pw%qmpbmds%tmm@ms, ot her organoal um num
cl uster conmpounds, and the like. [0046] Cenerally,

organoalun1nun1conpounds that may be used in the
gq; echnlques may i nclude trial kyl al um num
ﬁ% ds,” di al kyl al um ni um hal i de conpounds,
dlalkylaluninun1alkoxide conmpounds, di al kyl al um num

h rlde conmpounds, and conbi nations_t hereof. Exgppl e
Wherela%& JUBhdOR BUdres Bl HRYHEC B dURARONRY] Gagon atoms; X nay be

alkoxidd 6rrg1='§/1|3¥id@| éim JTUMich flé\ﬁﬁ?fﬁjoﬁl P[H 6w 0 Eftbon atoms, halide, or
tripropyl al num tributylal um num

hydrid¢;randmouay bah nninbenir¢MNBA)3, inalwsien bntwptiaisiermbedimeMisBAj may be

an alk;%l ﬁ'ﬁl hexyl Y Ellr? nlgl'hrﬂt lh%é%bﬁglaiq%%n%}ﬁtlgf ﬁ%)e)gl faéXS may include, for
exampﬂ:' hﬁ:ﬂg‘#téﬂllﬂ M@bﬂuﬂht@ﬂ/ deé-B8tyl, QSobhiyAl f'-YlE)@}l'lUIUthW 3-hexyl, isohexyl,

or any conbination thereof

heptyl, pmomdmnérthghkgxl Inj @bwmmboshm@tts SPeBRY b@ mdepmienﬁyrﬂwln@p
chloridt® B’rolgag de, rr'Pe%ﬁomgé,:‘etﬂo%? e érs ﬁlyc{]rl%te ﬁﬁgetafnoﬁl%r e{n%n?h%ent X® may be

part ar speci
chlonde

[0045] In the formula Al(X>)n(X®%)s.n, n may be a number from 1 to 3 inclusive, and in
an exemplary embodiment, n is 3. The value of n is not restricted to an integer, therefore this

formula may include sesquihalide compounds, other organoaluminum cluster compounds,

and the like.

[0046] Generally, organoaluminum compounds that may be used in the present
techniques may include trialkylaluminum compounds, dialkylaluminium halide compounds,
dialkylaluminum alkoxide compounds, dialkylaluminum hydride compounds, and
combinations thereof. Examples of such organoaluminum compounds include

trimethylaluminum, triethylaluminum (TEA), tripropylaluminum, tributylaluminum, tri-n-



[0047] In sone enbodi nents, the present techni ques nmay
i ncl ude precontacting the -netall ocene with an
W@e@asngshum num conpound anc{ an ol efi n nononerP@DUSHOV11056
a precontacted m xture, prlér to contacting this '
precontacted m xture with the solid oxide
activator-support to formthe active catal yst. Wen
the catal yst conposition is prepared in this manner, a
butylalﬁf?ﬁﬁdrﬁmﬂm) N&ii SbARMaMiHIIND KNMBROMRRRMaRYink@, added to
precontacted m'xture and anot her portion of the
tmsoh@qygémomumntnmtyl@bmpoumddwﬁwl%@mmme@Fh@bldﬁhblsobutylalummum
hydrid os:dc l Ctmglgtﬂ*{rln gﬁtoglrg taﬁl %hgn 1\éa\'lft11%g tlflje)rrzl Pif fh[% fctu?aq alkyl
isomerhiPWEMPEcifiddl,| th® Eorhpurfall e &N eddoniPasd4tl i’é@ﬂi]éfsttﬁﬁi JdmYaribe from a
enpl oyed to prepare the catalyst in either the
particufar spemfiealklggrevp-post cont act i ng step. Alternatively,
the solid oxide may al so be treated with al um num
al kyl before being treated with netal |l ocene or other
[0047]m xt urlasomeEhetddphangnhapickdg tahaigacsiney nafludegsiaédneatting the
and all of the catal yst conmponents y be contacted_ in
ansa-metajoggnewith ap 0r$a@eals}mmamqa@aoou "é{m 1§ fronomer to form a
preconficBAMRR LA SHEPG 8 HRDrO®ntR & mixfurd Wilkethe 5618 oxide
precontacting or t e postcontacting step, or In any
activatpr-ouppdrtrte form thieiactive dealgsit aViat the @nQabasemrsp@itfmn is prepared in
cont act ed. (g}gn an_or.ganoal um num conp ded

d
this mapReR RO YHES ofECY CPOABR AP Ao GtRcted

mixturPhBS SRS JARfiGH OF the Qgéﬂgalhﬁﬁndrﬂt:@ﬂn%)@tm&&ﬁﬁy 8¢ added to the
or ganoal um num conpound used t he precont act ed

postcontactep ouk swnppared whentthe Iet@coraame@myxtawm comfaeied with the solid

oal.um num qund ad ed to the i.zation
oxide RUIAPET HoTREHop §PET hRarp i o BPoBR KGR SRR o
prepar€ HERQHIELS ird&ithep IRSABERhCcting @ﬂf)d&lt&ﬁﬁadﬁhg\é&@t bﬂterﬂanvely, the solid
si ngl e organoal um num co oun is used, or nore tha

oxide ypp alse @g trsated I ARBETb Ayl be,&grg, hq:lngetmtﬁﬂ \g]ftky metallocene or other
mlxturgg gﬁ?e%? p ecﬁ%&a%@&%gi ﬁotu]izgglréd’] f'iﬁ gf ﬁ%rlttatsal)gsft cl)llﬁﬁonents may

esen exanp
be contabteatlhyalsaigwmepjm (TEA), tri-n-butylal um num (TNBA) ,
triisobutylalum num (TEBA), and so on, or any
conbi nation thereof.C The Activator / Cocatalyst L
t co

(0048197 er Vi P43k tFﬂE&fH mo%h%mhﬂleco?f{p%%ﬁ@Enat}%mwliﬁ%lther the

enconpass a cat osition including:
precontdcghg by tlin:rpodgedtaetmg gitp, @c émenyconopadmelinawhigh elstemtdulst
comporr]lgrgtg Iarne con acte %Lgn ana grganoaluminum compound is added in multiple steps,
the amounts of organoaluminum compound presented herein include the total amount of
organoaluminum compound used in both the precontacted and postcontacted mixtures, and
any additional organoaluminum compound added to the polymerization reactor. Therefore,
total amounts of organoaluminum compounds are presented, regardless of whether a single
organoaluminum compound is used, or more than one organoaluminum compound. Again,
exemplary organoaluminum compounds used in embodiments of the present techniques méy
include, for example, triethylaluminum (TEA), tri-n-butylaluminum (TNBA),

triisobutylaluminum (TIBA), and so on, or any combination thereof.



or ganoal um num conpound, and an activator. The
activator nmay be required to weaken the bonds between
W@ b@etsal center and Iigang@ X3 or X4, di SCcusBE&rUS2008/011056
above, allow ng conpl exati of the netal center with
an olefin. Further, an activator or co-catal yst may
replace X3 or X4 with a carbon group having a
single-bond to the netal. The activator may be an
C Al M3 Qbr 2UBRALLysi Ncl uding: a solid oxide treated
with an el ectron-w thdraw ng anion, as discussed in
tlhe f dDYeswewg subsection 2; an ion-exchangeabl e or

TG T T e L

includiag: ditipatesadgddudshantalibese RgmpuiEEss progented Hfein, optionally, an
or ganoboron or organoborate conpound, as_discussed in
organophiginwh|compagnd @bd @B priovater. Tie agHvatonmay b reBrisd (o ieaken the
j | . n :
vonts B3R ARSIAA gk U SO UBBELLON G BoR
complexation b e insetalaletiter Bathameolafiy. Farthddeanr stjuatoedr ¢@cdtallyst may
the cagalﬁst conposition as presented herejn, .
replacq ¥apike ihaceHINGREUP BAERE poIBleroTh B dbmel, Lhgagivator may
be an a’éﬁe&tmg%h%m&wﬁ? ¥ B S:930 Rkt it Th CRERSHRth RAing anion,
one or re‘activator-supports may be used in the
as discaizsé mc theddllaving subectoe2; anNontexchaigeabie enbiyergdtnpinprl activator-
bougd b %?eﬁ%¥’ it.is EeILeVSQ that the. J
Supporh A3 ARG MTSEE THRSHHIN Aot BT1og Runeipge compound, as
discusdB iR kO RORinEAuBsALHbA 4t B bRENSRIGA JFRRSHAbbAEte@Bmpound, as
or ganoal um noxane. [ 005 1] Addi tional Ty, no borate
discussedmp thenfdBowinghy bz tipnys; e an epidingepmpeundramdisgassed in the

cat al yst. conmposition. of. th resent t.echni ques,
fonow’a{]lgtsllfh{f’ého%fo’u i ﬁ%’ﬁlgl,na{}%l} %fleaég@ gﬁnf%eu%cég ?tmf\?go 2, or any

conmbi nation thereof, may optionally be used in the

catal yst conposition of the present techniques.
[0050]Fur t heln somg egg@ﬁlmgﬁﬁ,@y%gmégnedpwmﬁ@g{ed to form the catalyst

: u [ - ar

compeSf R SHREN FRIRAL E15uyd eV A0 0L Ao ot
Accordihglfy, AIR-@pe bifaabdlosemean cempbeidsiand bhe opmeseantiyaor-supports

absence of the activator suppart. Such_.cocatal yst .
may beasedd hAPEHICEIRE ALHBRORANCR] MUREIS! niendiRg 16 e hqgd by theory, it is
believdd tﬁﬁtﬁ?? gaé%ﬁoﬂgﬁl‘ﬁﬂﬁﬁ cOfnpBih R HANRR L 1 MeGREARRSR e cABlysts in

spec erel n. Thus, the organoal um num conpound i$
the samptriaomexias anjoeganaaluingsercinen t he netal | ocene is a

hydr ocar byl group, H, or BH4; when the activator

i ncl udes an organoal um noxane compound; or when both
[0051]t hese &@&lﬁbﬁdl@? flo BbfatPESAFNINdSRWRIT], mah®e ¢&fudlcll 36 form the

co

nposi tions of the present techniques nmay be active
catalyst gompesigomef thapresent techniques, although aluminoxane, borate compounds,

MgC1,, or any combination thereof, may optionally be used in the catalyst composition of the
present techniques. Further, in such compounds as aluminoxanes, organoboron compounds,
ionizing ionic compounds, or any combination thereof, may be used as cocatalysts with the
ansa-metallocene, either in the presence or absence of the activator support. Such cocatalysts
may be used with the ansa-metallocene, either in the presence or absence of an
organoaluminum compound, as specified herein. Thus, the organoaluminum compound is
optional: when a ligand on the metallocene is a hydrocarbyl group, H, or BH4; when the

activator includes an organoaluminoxane compound; or when both these conditions are present.



absence of cocatal ysts such as al um noxanes,
or ganobor on conpounds, ionizing ionic conpounds, or
wW@eoooeshi nati on thereof. 2. Chem cal |l y- Tr eat ePICTB051008/011056

Oxi de Activat or - Supports aﬁgcwerviem1[0052] The

present techni ques enconpass catal yst conpositions

that include an acidic activator-support, such as, for

exanple, a chenmically-treated solid oxide (CTSO. A
However, 3¢ SRYyA& orR4itioRs 6 PTHRIpRaEhOBcIMidifes Rihy B LR B8 i iHeRURtantial

conpound. The "activator-support may include a solid
absencorf decatal gt ®¢has sluminoxdnes,targanohprondompiongds nooring Tinac

solid oxide .may.include such compounds as silica,
Compoﬁ?‘{?n‘f)ﬁ%ﬂy %ql?l?lﬁéloé’lqﬁ‘fzﬁeﬂg, al uni nophosphat e, al um num
phosphate, zinc alum nate, heteropol ytungstates,
titania, zirconia, nmagnesia, boria, zinc oxide, mxed
i de<LCheneicalbt-Treated Solid Oxide Activatgh§upgortsur e or
conbiqg%#gnwthereof. The el ectron-w t hdrawi ng ani on
fay i ncY0dE 1 uori de, chloride, bronide, iodide,
[0052]Phos phBegredent febiiGued¥nsuinbadseatabyst E@hposittorsithitéinclude an acidic
fiuoroborate, fluorosulfate, trifluoroacetate

activatpihpRE: Bichpp.oF e prathemical oressed wbidgpxide (CTSO). A CTSO
I ili . r i . . .

oL LUTSEBLETEn K A0y REEEIRA T vt upor
includesalbdlid dxidetleaned with aheldctrohedtiairamag uhioan dthe,solid oxide may
_ substituted or unsubstituted al| kyl sul fate, or any :
includ iR CABPP BRisH ot 159y alupess ST Rbinag AAmOPLOTRPART alhmjnum

' 1rhi% ates HitaRiaSAkdotliaO¥ &
phOSpHaa% Hz:\llg %eLf ect t‘reg%gt%‘ak)?}%?lg%g n ges’a\rl1tiao ’ Sour cé , aggesg?’emsa e ﬁ’tnzgglc
oxide, imxd¢dhexides theraof) gnd thed et oanymixTire os odmblinatiounléhereof. The

conpound. may. i ncl ude. an 4 nar,gani c. oxj de .and e
clecrof TG g TR ACRR S e IR, PiRgrigndodia phosphate,
triflate €hiSAT O RuWhib NAN & NGorB3PbRAR, SIAbFEElfatd NA NGOG hte PhIREDRte,

may al so be cal cined either during or after the solid

fluorophepphate dwpmzirdonate, dbiorestlicate, Wiuprptitsnate, permanganate, substituted or
unsubs?xku gc} LRy Véﬁuffgrg.artgvéﬁugsgitl?tg% ar ur?s%ggtﬁgte Ia?elfeg.h%on%pet,) g\%sgﬁﬂéd or
€ solTd”oxi de”conpound nay be cal cined or

unsubstfitéd glkiedlfatt,orangicbmbimibather®stl , the

activator-support may include the contact product of a

cal cined solid oxide conmpound and an
0053]€! ect riaf- il AdE. & 1Ay YEEEontdP Brstuct O, $1faxedk
! ]act i vator - slupporgl%(wrgr)ayrﬁg&ﬁ{%@tg en a{lrtlcceg acﬂ{;/fat yorlas
compoendrpad @&delecron-withdrawing anion source, as presented in the following

subsection b. The solid oxide compound may include an inorganic oxide and may be
optionally calcined prior to contacting the electron-withdrawing anion source. The contact
product may also be calcined either during or after the solid oxide compound is contacted
with the electron-withdrawing anion source. In this embodiment, the solid oxide compound
may be calcined or uncalcined. In another embodiment, the activator-support may include
the contact product of a calcined solid oxide compound and an electron-withdrawing anion

source.

[0054] The treated activator-support may exhibit enhanced activity as compared to
the corresponding untreated solid oxide compound. While not intending to be bound by

theory, it is believed that the activator-support can function as a solid oxide supporting



the correspondi ng untreated solid oxi de conpound.
While not intending to be bound by theory, it is
whedoveysso t hat the activator-support can functPORHUSE0&011056
solid oxide supportlngconp&ﬁhd with an additiona
I oni zi ng, polarizing, or bond weakening function,
collectively terned an "activating" function, by
weakeni ng the netal -1igand bond between an anionic
compobh@@nd aﬁ"é@dﬁﬂﬁaﬂ%h@tng‘ Eoiaﬂ@m@%@idn@‘i@éﬁﬁemﬁg BgnctibAollectively
activator-support e considered to exhrbit an
termed"aac acteatingq 'furfcmn,tbboweaheegmrtm otal diganh berkbetiveen an anionic
. i onj,zes .t he nmetal l.ocene, ts.an anionic
igand e SRl B Blal BESRe el abt AP FBRrD e o5 sHE ered o
exhibittdhe abB¥ adink© E&HEE on SleBRtdless OOWHERAL i€ fonliAes @k ABiallBédhe, abstracts an
ligand when it contacts the activator-support, or any

anionipligrad tetermasn Dby Wepkans theometal-Hganddendrin shagetaljpcene, simply
coordlna??sqf)l af ¢ Ir(u%rﬁ'l nlg%aélgq%ngetnglf <§c§'[tacti &e%{?{? 511 a%g%)p[e%r anB/ other

ene- conpositions esent
mechaﬁleﬁlh Biy Getesh iohivind) @blaviaing; or BeHawedkehimigtnyighCadchy, IhSgeparing the
g wth a conmponent that provides an actiyvatable

metallqcprgeawae%eﬂfﬂYSégowosavwof die BgAaRY tehnfqug e 3§ velgErsupport is

L,
pica S S et M e s Bell schnan iyt o
hydnde:lhmd wothe ahatalmdyne mcluddg b_wndst lenitedge ad organoalureinum compound,

ment the treated solid o e be caont act ed
when th @“ﬁtab%“%f‘?lﬁ?%ﬁwdﬁﬁ%t iyl saé‘i? 8 Jigedn pBe Frpediment the
treated SBRPOLACHAE be EQHIRRIA WHEHR Ghun¥ALA raﬂ@“%i@fetbeﬁ%yexb&‘éh Wlghe
a solid inorganic oxide material, a m xed oxid
metalloveneeri al , or a conbi nati on of inorganic oxide
naterials that is chemcally-treated wth an
el ectron-w t hdrawi ng conponent, and optionally treated

[0055]W t h art ek atbBE@iporOfay Helfle alJo8d $irkshi® wkide nddfterid1€a mixed
present techni ques enconpasses oxide materials such as

oxide mpigrlnar ccpﬁlklggtl@g(pﬁ]@mg@gmm@a@g@}s that 1s chemically-treated with
an elec?xlola ﬁlﬂﬁg&vymlgr&%m ngxll l Mc? p% ongl(f)( Lr@atg(i ﬁﬁl_ﬁlﬁﬁle} h%gﬂ I}r(& aThus, the

1 on ures ereo e m Xe

solid omdled)et}ceq;fewnntéﬁhmqﬁdss cﬁﬁ:oﬁilptheaﬁﬂﬂbl MiafsialsMduch agaluenihdatnixed
one netal conbined with oxygen to forma solid oxjde
oxide” compOURRF, surRHS HECHrabaipy %%E%a -FEGqEhOT Sihgs igRia; asheqapbinations

and mixREH tﬁ@rleofl He‘ar}nTtQ ?é' o Hpati?hlgﬂ si¥caldd€mina, with more

present techni ques
than OIIEOhBt‘ﬂhd}CGIIbIBClbWﬁhtOXI_Sngl‘l norfofm deohuh oaddicompnanhd, mHyabe oade by co-

i on.such,as ni ckel vanadi u i
gellati g i pee R glich Gr Hhamical AGasHists Bl b GPoHRRAEE D iie phggent
tednnqu@gblnatlon thereof . Exanples of activator-supports
hat further include an additional netal

[0056] Further, the activator-support may include an additional metal or metal ion
such as zinc, nickel, vanadium, silver, copper, gallium, tin, tungsten, molybdenum, or any
combination thereof. Examples of activator-supports that further include an additional metal
or metal ion include, for example, chlorided zinc-impregnated alumina, fluorided zinc-
impregnated alumina, chlorided vanadium-impregnated alumina, fluorided zinc-impregnated

silica-alumina, chlorided nickel-impregnated alumina, or any combination thereof.



or netal ion include, for exanple, chlorided

zi nc-inpregnated alum na, fluorided zinci npregnated
w@bkwmniosssp1 chl ori ded vanadi unxi npregnat ed al um PEE/US2008/011056

fluorided zinc-inpregnated29iIica-alunina, chl ori ded

ni ckel -i npregnated al um na, or any conbi nation

t hereof . [ 0057] The activator-support of the present

techni ques may include a solid oxide of relatively

[0057]Di 9h  PA{ORLL Mor-WHpoRt oPHY Bickent k@WhRuBEmdy SncMideBl b¥Hdskide of
aci di ¢ behavi or. Fhe solid oxide may be _ '
relativadi bighguirdsjtyt whacheeat hiiits Besis adidictor Bnensitedabidiobelgavior. The solid

ovide FTREIER e BL SR W30 R Db PR b o
electroRMHIr&YinkhaRMY to fotmias abE{dteiashpbhatwhileadtiRihdiak té B€bound
i norgani c oxide with an el ectron-wthdrawi ng conponent

by theaamgitrisrhedicved thatizeataentiof éheawpranic ofide Weh gnictpstrorryighdrawing
the activator-su t _exhi bi-t:s. Lew r. Brnst
compolyd fiEl L rPUBRThE ety By ot o, PR A% Efor suppor

exhibitBLBeALSE B@hsted Ycidity Whechus tyediBdersati tawtiedeewid BEBronsted
yneri zation activity of the chemcally-treate

| 2d

aciditygg thequriseated splg okidee ARa REbENGIZatoR AiVAYGT e SheaHeally-tsated
. | ' . . .

st oFR /RSBl B8 0] 0959 o Pt soid g

i norgani ¢ oxi de, including oxygen and an el enent
selected from@oup 2, 3, 4, 5 6, 7,8, 9,.10, 11, .
[0058]712, - 13Thq%,e%?a%éreafedt89§d ﬂérqedaf%me%'ﬂﬁé,sogﬁ INREIULPHGE:
includiﬂglﬁgﬁ%naﬁq ALIGhENRAEE % BFody 21 4hs 4,208 anbde,ap, 13, 14,
acti1nfde el ements.

For exanpl e, the inorganic oxlde '
or 15 ofithe pamodicdeblexyrgeciuding cangei ankant clsmemicekedtel fom Aie laBhanide

or actingﬁé e]gllﬁiené? ’Fo%%ka%lé, t&l Woﬁ%ini%kiﬂlﬁ %a,yl\l/%lucl}% %)@%11 a‘gg an element
selecte@idn@ Al EB, 38, IBd, OXiCle OraCe! F&lGa, 0k, MIANPRYNGSSY, SAtSHYBY, Th, Ti,
be used in the chemcally-treated soiid oxide of the
V, W, Brésémor £echni ques may i ncl ude, for exanple, Al 208,
B233, BeO, Bi 203, CdO Co3M4, Cr2G3, CuO Fe2(,
Ga2C3, La2@3, vn2G3, M3, NiO P20, Sh206, Si 2,
[0059]SNO2, SMHifablelJo0R oxibie @Ratdf2405 oWEBMpHRIdS thal Afdy bérused irethe

the like, including m xed oxides thereof, and
chemicajtifented;selid oxideoddie PresepbiechRiddesmEn iclufgy fop 6xgaRls: ARO,
Y r S .
B:0,, {6, BE0L(UOIORAR0E0, Tud:FesBh 1980, LERIMAIGE MRS, Nio,
P2059 SIfZOAI Sl(Ea SI‘EEI» SBD” va T@Z, \@5, W@L Y@:ﬁ: @Q’ mz:o Mld ﬂhbl,ike,

: N, P Sb, S, Sp, S, Th, Ti, V, Y, Zn,. .Zr.  and .
includipg é‘“i"?%_%’?‘d@%eﬁlﬁr’g§ngF°WP%‘é‘8°B§dh8éeg¥\{ wedﬁ‘aydﬁethﬁ@w Pfused in
the acthRBraappoteb Pthe PHRBRATECHM quUl enA RSB, HESRRIPII8ixBRYxides of

al so include silica-alumna, Silica-titania,
any combination of Al, B, Be, Bi, Cd, Co, Cr, Cu, Fe, Ga, La, Mn, Mo, Ni, P, Sb, Si, Sn, Sr,
Th, Ti, V, W, Y, Zn, Zr, and the like. Examples of mixed oxides that may be used in the
activator-support of the present techniques may also include silica-alumina, silica-titania,
silica-zirconia, zeolites, many clay minerals, pillared clays, alumina-titania, alumina-zirconia,
aluminophosphate, and the like. Procedures to form such solid oxides, and exemplary
chemically treated solid oxides are presented in the following subsections ¢ and d,

respectively. Concentrations of electron-withdrawing anions that may be useful in forming

chemically treated solid oxides are presented in the following subsection e.



silica-zirconia, zeolites, many clay mnerals,

pillared clays, alumna-titania, alum na-zirconia,
wa@buwsssphosphat e, and the |jke. Procedures torPE¢DU#2008/011056

such solid oxides, and exer?pll ary chemcally treated

solid oxides are presented in the foll ow ng

subsections ¢ and d, respectively. Concentrations of

el ectron-w thdrawi ng ani ons that may be useful in

for m r@h&b@&?‘ﬁ@&tbﬁéni&ﬁ%@ébé@xla@ oxi des are presented
in the foll ow ng subsection e.b. Chem cal Treatnent of

[0060]t he ScAselidxkide n[a@m@}haAmalhedlscd(mbe presentite¢hniques meenbe

chemlcélﬁ¥ ?ﬁsee%fi:byy C{’Péﬁﬁ Sten I}: iquhgesip{lrr%&i%)g]ecoemponent typically an

electroﬁjvﬁﬂid%&\ﬁm\gﬂahf&lrs@WdéQtocd&ﬁw&edhhandeYdéhGﬁidnyof&He metallocene
el ectron-w t hdrawi ng ani on source, to cause or enhance

compl@sctﬁuv&lﬂ,éhﬁ sflidrorédemeterinboay be ekamically-trrated wath anpther metal ion,
that ma§' € tﬁ WA 9 ?agpél?frere%k ﬁg&y%@ym%tgﬁ%@@%tl atﬁ% c%??tgt?%s Wle sQ)hd oxide

materidl] thé® c&16ined k@ fOraymeRl-abnt@ingiestmétbRimmogisited ¢Hedsicdllyetreated
solid oxide material, then calcined to forma

solid oxide 4 AlteHRtINEN; .'{1]@0151{ mﬁé@ maqugbg@bgm@lé@ron -withdrawing anion source

I
T
contacted withearmnelycthvm- wanwhfglccmmbmaﬂ oypieadl ysi saitlor aneoudsdfian electron-

The nmet hod by whjc the oxi de_may be contacted w th_an
withdraay g @pign. fey h'i}ﬁl‘é‘%ﬁ i;h &riling; %%ﬁ% ymar%aﬁfeorb?f HY

compo@&d 9nt9fan§@1er9 |v§f56r‘ié%ﬁ% blf Qﬁ@!\ﬁrﬂﬂolﬁ‘ﬂ' dMo tHERYher nzﬁld%ﬂ@ 1ikEOn

exanple, gel'ling, co-gelling, inpregnation of one
embodooenpoahidic @msentatﬂdmlrmres, f@apwmgzealyl wntagfing nethodpthemodtacted

the o l.ike. In enmbadi nent

mixturg OESgHE Eo Beniicy aBSrorn-Sngta iae g oo oRupryy et ion may be
calcinefhe cont act ed rrixture of oxi de compound,

el ectron-w t hdrawi ng ani on, and optionally the netal

ion may be cal ci ned. [0061] The el ectron-w t hdraw ng

100611200 U | hdeh S doaEh BT b A BOTRORE Uy

t hat i ncreases t rns éd aci

compofiéititieht GixdrelesiherLeivieai Bﬁﬂlisted lagidéxgef ﬂrémﬂiiﬂm&iﬁe, upoh@reatment. In
el ectron-w t hdrawi ng caonponent is typically an
one emppdigpenbiheelepdenawitigraxying Roreenapk i tffpleﬁhbaarsalre@trorawﬂhdrawmg

anion d&Fiv8d ﬁ‘ag) P %1 €bn ﬁaﬁp&%lﬂe 'ﬂg)oﬁﬁd SuotPdsA ¥ di&i10% g%a?“c?cé)rmpound

conpoun at can serve as da source or precur
that cath bave ana easurcEmampbwsomﬁ)r tlaeetipn. nEm'amphts aﬁ/blngrcanw&ihdrawing

anions ﬂr&szilllc%d ?orrﬂ%géla agggn%,,l H Elgr | de hl o(é Bﬂsg{hgte trleﬂuoromethane
sulfona(té (thiflh @Y, @1sulf3'teS whitaE, eﬂuo%ﬁcfrﬁ’{t:eﬂucfrbﬁﬂfa@@ @i MiGoacetate, phosphate,

luorosul fate, trifluoroacetate, phosphate,
ﬂuorophosphate ﬂuor021rconate fluorosilicate, ﬂuorotltanate permanganate substituted or
unsubstituted alkanesulfonate, substituted or unsubstituted arenesulfonate, substituted or
unsubstituted alkylsulfate, and the like, including any mixtures and combinations thereof. In
addition, other ionic or non-ionic compounds that serve as sources for these electron-

withdrawing anions may also be used in the present techniques. The chemically-treated solid

oxide may include a sulfated solid oxide or a sulfated alumina.

[0062] The terms alkanesulfonate and alkyl sulfate refer to anions having the general

formula [RBS0,0] and [(R®0)S0,07, respectively, wherein R® may be a linear or branched



fl uor ophosphate, fluorozirconate, fluorosilicate,
fluorotitanate, permanganate, substituted or

W a®asdt ut ed al kanesul fonat,e, substituted orPCT/US2008/011056
unsubstituted arenesul fonat®®, substituted or
unsubstituted al kyl sulfate, and the |like, including
any m xtures and conbi nations thereof. In addition,
ot her ionic or non-ionic conpounds that serve as

alkyl gmpnﬁeﬁlgf@totzbeﬁﬂ)oeﬂ #R6ihE QRN Ihéf}dl!i@é/ubﬁtﬁluﬁidl WIS a BRYpHefeRted
used in the present technlques

mdepemﬂv@mmy € Sat b @B IPMg, OFL décﬁnyh{ )@dyw@séylsm PRhedhus, the

00
atkanefohife 38 by Sl B preRell ) Pbein Qe ARl 64 OF
unsubstifitéd1dntdne egbodinadnt f the alklyd gfolapﬁimﬂ all&mﬂsdlfdﬂa@) &A@ sulfate
respectively, wherein RB may be a |i near

may haye 4¢P dASRIPPN 2ipnasy dnteaotheg erubo‘élalezta ﬂafa%lbﬂrgra%ﬁ%thet hat

alkane r Orr%?tgo? %F(?ri E%ltfhtt%f’?lagq%b%%g{ %E:"{Pr’b&&t‘é% ; g’iw‘%'ﬁgﬁ)g%}gg’% o¥ns.
Such alkeséstjfbnates m@Pimclideyi for exbmphd, ketiesedul fonate cethaesalféayate, 1-
. e DL KEC NI T .
tnchloﬁ‘;n&}{h%eﬁhMQ@S&HIBM‘(&&EUI?AMQ 1 %f&(@@tbﬁﬁ%un@ﬁﬁe UP—hSl@rony-

carbon atons. In anot her enbodi'nent, the al
propangsnxbﬁ@pat@f 1-nietheadyk2rpepah éwbfanate pandethk like. sin cfthtreenmlmdlmwe

exampggQgﬁgghgu?%%gglé tﬁ(ﬂeg?é- amy tn?eftl%{lg@fggon }glﬂs%rl]ate ?ypggpylsulfate,
2-prop BhIRAS ESlefHMA Psul@itd), &Hﬁﬁé‘ﬂofr&'ﬁlﬁn@sulﬂate trichloromethylsulfate,

propanesul f onat'e, 2- propanesul f onat e,
chloromethslsm,fatbut -hyidrewyathylauiéate 3-hydrowy-drasemdmd g, flomathexy-2-
thanesulfonate chl or onet hanesul f onat e,
mnpﬂ%ﬁ%ydr%iggﬁhanesulfonate 2- hydr oxy- 2-
propanesulfonate | - met hoxy- 2- pr opanesul f onat e, and
the like. In other enbodjnents, exanples of alkyl
[0063]sy] f atTé§ teme pigaesulfoppted s ispoaniqns RYINg the gngral formula

(A SOM IR P et pHEnb B it B PV S bR aBms, and which

may bd optohhlby MEWéMith atgfoupcidlmt@iﬁaﬂégehéeﬂtf}aﬂr@n F, Cl, Br, I, Me, Et,
1- |

Pr, B OHON G s ObF S ST Fia b ORReifee Weledh Rf e pfear or

branchtEAIRVPERNF ﬁh‘vﬁlg ﬂ?tt@ 20 %fn%'bﬁ atdn@NTIRASHE %Yén@&lfdﬁ@te may be

general fornul , Wherein ArA nay be an aryl
referredtaase fidbstitutedugy anoingubstititbd areacsufonatan Bevhise thenary! greup Ar’

may b R fARaoiT I Pl 1 Coath 15, Sty B eiTOngqiiopgige chain,

the ten%ne@fona@émo@ﬂssem&&geﬂé "I@é’lﬁlyl @om&oﬁth@ﬁ%ﬁ@étﬂfo@te may

may be a |inear or branched al kyl group having up t
have uptp thedsben atoB1¥sOr UFhigsO carben atpale Suipmples 0é swr@@sulfonates

include, for example, benzenesulfonate, naphthalenesulfonate, p-toluenesulfonate, m-
toluenesulfonate, 3,5-xylenesulfonate, trifluoromethoxybenzenesulfonate, trichloro-
methoxybenzenesulfonate, trifluoromethylbenzenesulfonate, trichloromethylbenzene-
sulfonate, fluorobenzenesulfonate, chlorobenzenesulfonate, 1-hydroxyethane-

benzenesulfonate, 3-fluoro-4-methoxybenzenesulfonate, and the like.

[0064] When the electron-withdrawing component includes a salt of an electron-

withdrawing anion, the counterion or cation of that salt may be any cation that allows the salt



referred to as a substituted or an unsubstituted
arenesul fonate. Because the aryl group ArA nay be
waemghisat ed with an al kyl ?I de chain, Rc , whPChUsHY8/011056
include a I ong al kyl side ﬁaln the term
arenesul f onat e enconpasses detergents. The aryl group
of the arenesul fonate nay have up to 10 carbon atons,
or up to 6 carbon atons. Exanples of such
to reveﬁro@ RBSIthP B BhESHI tAE hstdRlurihg caR¥ANP| Bactors that dictate the suitability
benzenesul f onat e, napht hal enesul fonat e,
of the parti¢udinselids sdrvo ARt eourm fﬂr m@]@lgqrqrbwah@rawmg anion may include, for

examp?’ %ﬁ¥k’$gﬁi H.B? éﬁl} Elllr%g%og}/eéltt ngX¥acEn %%5]\%%]@! 1fegcrhv1{3y of the

cation, ié-pAiHaE @ﬁ@&tb]blatb@a@ﬁ ﬂ[bﬁ&dﬂlbﬁ @fdtfion, hygroscopic properties imparted to
trlchloronethylbenzenesulfonate

the saliflyyiibe cwiéqns end thel liksnandetherml stabbiy 26 thesmiqns iaagples of suitable
d n
coions NN THHAPERRERATAETLE et o xsuple gmoniom.
trialky| PR¥@4hiuMY) eatratalkg] ainainiumn-teiriiklyl phbsithoanmm e (E(OEt,),]", and the
) includes a salt of an el ectronw thdraw ng anion, the
like. counterion or cation of that salt may be any cation
that allows the saltto revert or deconpose back to the
acid during calcining. Factors that dictate the
sui t abidantpyesalf Prbeespart iPeodiae asGhdmitdhsBreaeddolid Oxide

source_for. the electron Wi r awi ani o i ncl ude,
(006517 oy " eriaarmiiBs s T oot Rumord Gilgreny Rvisan b Aders o

varyinSPiop6hions gy B@ﬁé%dqg tAY HSHebiFRGbidviylof tlgaf actiVgtof. 8l to the

Ion-palring effects between the cation and ani on,
desmedﬂygﬂo&dpcmbmp@ﬁtme)sm opdadtetiwith tlndw@uéamatdmyl sitvailtaneously or
and t

individafiy AR iR B ordr (el S S et el B bR Spior By Pqrygamte,

the preSére édchAiu¥d B¢ e IYawd ir@horke REdcUdR-witHlravera BRlod, source
amoni um trial kyl ammoni um tetraal kyl amoni um

compopgdsrigAVR Pr MORRSIPAEIHE contaqling SEqﬂéoﬁbgs one exgnple o gugh kprocess

vy iy oNRTAG S o SRR I RGP R v
compothd,foe b&ﬂﬁbnﬁhe@ bf mdméhﬁ«smﬂsn@ canmtacted wiihna fiGt ylectgon-

proportions, may be used to tailor the sp e%IfIC
wnhdr%ma@pgpnospwtcr%éoa’@p}%tocﬁong permittereand this dirst yyxiusg is caleined.

The cal%'ﬁfela IXRaE HOOSh AR ?ﬁg?%@éﬁ@te@%tﬂgﬁ\g{tﬁ&ﬁw%‘ Aon source

materi a S|nultaneou Vi and i'n any
compoonditr fotthatseedrfdontsureh & he @siond dniatitre wadaboingipfomn a treated solid
aCIdItX For . exa

sent techni qu ma )
oxide Gnsioghd; s SAEreseitht PR R SEt RERe Sl ate puign source
compofGRdSRNES dl'ff%rén‘t\’@o&boﬁmfs%r SRR Be GRRbACCORPoSAEPS -
Thus, ‘one exanple of such a process by whi ch an

activator- support.nay be prepared is as follows. A
[0066]S el eCtﬁle SO 1|d Io()j<1dce):xalcg\(?ator-support may be produced by a process that includes

contacting a solid oxide compound with an electron-withdrawing anion source compound to
form a first mixture. The first mixture is then calcined to form the solid oxide activator-

support.

[0067] In other embodiments, the solid oxide activator-support may be produced by a
process that includes contacting a solid oxide compound with a first electron-withdrawing

anion source compound to form a first mixture. The first mixture is calcined, and then the



conpound, or conbi nati on of oxide conpounds, is

contacted with a first el ectronw t hdraw ng ani on
waempoes3eponpound to forma first mxture and tPCBHUS1008011056

mxture is calcined. The cdfcined first mxture is

contacted wth a second el ectron-w t hdrawi ng ani on

source conpound to forma second m xture. The second

m xture is calcined to forma treated solid oxide

calcine@ ATFRGHRGhure liflciiisdiePwih @GESohd dldt@rohiwisidranih g burce
el ectron-w t hdrawi ng ani on source conpounds may be

\ ! : y : :
compodid fosfoanta seepnsbmitderco The espngayixpuae tsralangdetodorm dinglid oxide
. 0066] .The sol.id gxide act|] r- .
sctivatgy ltgbrta s S51id PR el b bR S el g shergienty
treated ¥l @l 6xideMPTBOY cvinpburd el ect ron-wi t hdrawi ng ani on
source conmpound to forma first mxture. The first
m xture is then calcined to formthe solid oxide
activ r : 4 18 Iggpp ' t
[0068]sol [ da‘%l%!rg%m%&’itﬂ\’/ea{ogl(ra?og(]ﬁ%ép%rn? urzr)g)?u e p%‘%ggo%@clgg by
contactiige sslil did¢ wiithchuwitesonontialtiwing adisicloutte@ongpeund. In this
conpound with a first el ectron-wthdrawi.ng anjon . :
procedg@ﬁ?% é"qt‘b‘h’ﬁ% FMPYTIPRY Be ?41?@‘&3”%?553%_ BringRpalfqricoptacting with
the eleftrat-WitBdiaWit@hifibA 86hrc&8d Wi thd?e GR) MhM R xhhds¥r organoborates
m xture I's contacted wwth a second
presene| ect ron-w t hdrawi ng ani on source conpound to form a
second m xture. The second mixture is calcined to form
the solid oxide activator-support. The solid oxide
[0069]act i VatREmFRAARS rBRYd BT i@ Bl bOcRiudted e AR BRAbledt or inert
treated solid oxide (CTSO conpound. [0068]
atmosphietep typadallyah y dry hmbisot atthosphate, 2 ettémperatures frpmorbounz(0°C to

about FgRt FsHioas i Shabrie: smae otk ! 68 hganin ope wrpatiments,
caeini P ARSI Al Yl ERTPRURE 30Y: RELGRH SHPEDnd i yer

uring or after contacting w

other eg{beaini@its, bhlchiifi@ital e 2BhAIT &0 aGEmpaathraviiem bt 20EICEto about
al um noxanes or organobor ates Er esent. [0069]

700°C Chhlsimnggayfbetchadudtehifrent abont Hhaitdeboutedy) Hears onfaoy agut 3

i n, an ient. or inert atnmosphere, typical in ad
nours 3P A TR ey <BbPRRRRLEilpLRBRY b stfied sibiom
about @ ARat10 BOEECat aRchpepdtud fidriBb&ft 33b@Wiio aboilit FSG°E. t O

about 100 hours. In other enbodi nents, calcining nay

be conducted at a tenperature from about 300C to about

800C i . ' t L ci_ning:
00709C, 3 55 50 PN, by 8L DAY e,
the elevAledempeadtaicnigeraily, edciaingdhay Bslcdndanted bt odidiving atirsphere,
about 50 hours, or fromabout 3 )
such as air. Alternatively, calcining may be performed in an inert atmosphere, such as

nitrogen or argon, or in a reducing atmosphere such as hydrogen or carbon monoxide.

[0071] 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 component may have a

surface area from about 100 to about 1000 mz/g, from about 200 to about 800 mz/g, or from

about 250 to about 600 m /g.



hours to about 20 hours. In exenplary enbodi nents,
calcining may be carried out fromabout 1 to about 10
whowpe4501 a t enperature frogsabout 3500C t 0 abPCE/US2008/011056

5500C. [0070] Further, calcining may typically be

conducted in an anbi ent atnosphere, at the el evated

tenperature. Cenerally, calcining may be conducted in

an oxi di zi ng at nosphere, such as air. Aternatively,

cal ci rﬁmymyofmemduyrm&temoa@ Oxifzkt at mosphere,

such as nitrogen or argon, or in_a_reducing atnosphere
[0072]suc h akhersphid o ide r@@teearra@hb%%% with ajsooreejof fiplidesignjog sulfate
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greater than about 1,0 cc/g
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treatmmt mﬁlrmﬁh@ybhaag@t Eplt ¢xamyle, yluorléaucmjmw b a@dﬁdftaﬁlee oxide by
formmﬁ ?Lh rof’ tgﬁ gx%ip A sul?a le sol gr}{ suc(::h ds arf ho(l)gr %vgfae 1nclu111|n for

e acCtl vat or-suppor S may oOptl1 ona
examplgalcolslt Reving bhe ®tdeasarbBatadohioly, Suck ﬂld@)ﬁblsynzfyf ¥8etected due to

their vgrlgttlﬁltly aiglléwglrlrfgc%qgr?slilgr? Aﬂ@r%;t?{/egy,t tlﬂg_‘ ﬂggrt'lc?llng source may be dry-
mixed with the solid oxide prior to calcining. Examples of fluoriding agents that may be
used in the present techniques include hydrofluoric acid (HF), ammonium fluoride (NH4F),
ammonium bifluoride (NH4HF;), ammonium tetrafluoroborate (NH4BF,), ammonium
silicofluoride (hexafluorosilicate) ((NH,4),SiFs), ammonium hexafluorophosphate (NH4PF),
tetrafluoroboric acid (HBF,), ammonium hexafluorotitanate (NH,4),TiFs, ammonium
hexafluorozirconate (NH4),ZrFs, analogs thereof, and combinations thereof. A specific

fluoriding agent, ammonium bifluoride NH4HF,, is often used due to its ease of use and ready

availability.



ion may be the same as or different fromany netal
that nmakes up the solid oxide material. [0073] The
W0 e@aneionxi de activator-su%gort may i ncl ude aPCT/US2008/011056

fluorided solid oxide in t formof a particul ate

solid, thus a source of fluoride ion may be added to

the oxide by treatnent with a fiuoriding agent. For
exanpl e, fluoride ion nmay be added to the oxide by
formng a slurry of the oxide in a suitable solvent

such as al cohol or water, including, for exanp
[0074] aI c ohdhe selid |omgie<m@y botreatedowith arfhiondinscassnl féurlrzﬁ}bﬁ calcining

step. Arn T 1?0(%{ %ﬁ:n@/e %pségie o(‘fifc?r %’kﬁytc Dt?ﬂ% tﬁ\é%lﬁlg%lflg }ﬂuﬂﬂgthe

calciniSOStES ﬁlamb)é used. dFyraxsalepin bdditien Ewtlhbde ﬂ)lerdfngﬁgems de@cnbed
caIC|n|ng Exagg@es of fiuoriding agents that may
previoysds yolatilq prganic AMeRAINEACRRS FRAYSDS Yiet uéecfhWa%lmoagﬂmccﬂuondmg

e X e e e

perfluoyobeanenen fluotosidthanef triflmorat¢hanbk aad bombmtlbmmele))f Gaseous

hydrogbh Pty ngéwedtsaﬂj%w g usedBh PG Sxiueie RicAded during

calcmnh@ x@ht H&{\%ﬁlietnf"ﬂﬁﬁﬁ)d(dﬁ%ﬁt%a_ﬁ the @Hﬁ@@klﬁg‘wlth the fluoriding agent
hexaf | uorozirconate %: anal ogs t hereof é

may bectorviaporate @figoriding egemt lmo 9@@ stiéagn fisaddpiftliidige tbg@nhgi oxide during
. ammoni um bi fl uori de NHAHF2, is often used due to its
Cmc"mggge of use and ready availability.[0074] The solid
oxide may be treated with a fluoriding agent during

the cal cining step. Any fluoriding agent capabl e of
[0075]t hor ougmilariycthe sbeminglly-treatsd splid exidgaadunelnge @ pllorided solid

oxide i if ?hef 2'32 falpta?t?cuga'ﬂ% scg? gen‘fesda sggf)cre o?)éﬁgplld% jorl Hlaggg L5680 the

uor i scri be
oxide ByQkédkthbiet v@ﬂ@@ﬂhl@nﬁinlgclfgbﬁlﬂ Mtheadistide 1Hﬂyhaly€beuﬁ&€tl toSte bxide by
vol atile organic fluoriding agents th be used in

forming g¢tshamheithe opqqi@p@aéultql%qa sq_;]ygtﬁqp if ée scplllcg@ﬁge may also be treated with a

ot USRSt R L 90 pac o

servinghasclr sagece dfl chioridéend thdrbughly centattae) the oridealusiog ie tuﬂmnling step
W t he solid oxide is fluorided durin al ci ni

may b SRVETENE, VAR o ce g TR BY o Frcpmples of

such veﬁhm% Jrpid bhiBFiliRE e fMud¥Bior RRarthpley 8RAN B0,

luoriding agent into a gas streamused to flul dize
perchlctrhberseme, chloxordethaing; dr@laramcthaac,lwlorqoqurb@l tﬁtnaehlblgxde

emcally-treated. solid.Q
richlofog gy g Bt Qg e SIS IE SRerie it ey g Bt S, et
or any Sﬁhbﬁﬁatlbxh therédbfs Gaksms By d@akREhldadé @ﬂcmaﬁné)@seaﬂiﬁsgd als® be used
the
with the solid oxide during calcining. One convenient method of contacting the oxide with
the chloriding agent may be to vaporize a chloriding agent into a gas stream used to fluidize

the solid oxide during calcination.

e. Concentration of Electron-Withdrawing Anions
[0076] When the activator-support includes a chemically-treated solid oxide including
a solid oxide treated with an electron-withdrawing anion, the electron withdrawing anion may
be added to the solid oxide in an amount greater than about 1% by weight of the solid oxide.

The electron withdrawing anion may be added to the solid oxide in an amount greater than



oxide by treatment with a chloriding agent. The
chloride ion nmay be added to the oxide by formng a
W@ kapyssof the oxide in a S\L'%:7t abl e sol vent. TheCEHUB1008/011056
oxi de may al so be treated Ww'th a chloridi ng agent
during the calcining step. Any chloriding agent that
may be capable of serving as a source of chloride and
t horoughly contacting the oxide during the calcining

about B4 8P Wiight R ths@id dxite, gfeataa kiewn Abe1iE3% b vadi g fGhe solid oxide,
chl oriding agents nm used. Exanples of such

greater\zbanaahom&%rlgawmghbm ¢ iselidhexidgentgseaterdhangabout §o by weight of the
solid o ’ﬁarrpl e, certain freons, perchlorobenzene,
¢ Foromst hane, dichl oronet hane, chloroform carbon
tetrachloride, trichloroethanol, or volatile netal
chlorides like Sid 4, A d ,T|CI Zr d B 3,
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pesenlYARURRBAL O 80 B AT AR R Tl 5005 gt wher
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suffcieg G050 AR AP 007 Shp il 7B ARMER0 P P LS P% to
about 40%, QR fid LR TOHRY abduE0%B byt WeBhiaRaHE iok%eRYiveed Bitwa t of the
the solid oxide. The electfon w thdraw ng ani on may

solid oziddedf the ﬂuhed@@w ¢1dor@d@ i9a i$ added danpg selcgirgiseeh as when calcmed
in the Rrgs%ﬁgeg gp g? e e W& V\%I 1ca1llty{1rﬁ Ol IlPl or%oxfl:é elsggf‘r:“ tz&a({%de or chloride

ion in thB8slidELIUE béﬁfr@b’almir@htOrfb% utnbﬁagﬁ@ﬂed eviddiatide, tBe halidslt sXide may
t han about 7% ght of the solid oxide. [0Q77]

be dried by apy msthaed. e%{c%dﬁetmq%phwch@e* for exarpple csugHpn glltratlo-rrlhfollowed
f
oy s S5 L L ey B0 DGR LA B ki

initiatevthe gditiningseepeinirhedintel yglithq@e rdewng sheanprdpnaed sotid blele.

wei ght of the solid oxide, for exanple silica-al um na,
before cal ci ning. The anount of el ectron-w thdraw ng

[0078]I on, fffe s?ﬂ‘(?a'm{lﬁlrfal el 'tcsjﬁreﬁﬁre(iﬁ‘é REdt6lEsi1iO4LalublifS RIAY have a pore
before calcining the solid oxide may be from about 3

volumg¢ greatienthian 2666t)5 we'g g Htiteonativelynthelyount velune nadyohe gr2@@s than about
wei ght . t er.na e| i de. io may_be ysed in_.an

0.8 co/fpsitatar it B ahd Ui s UIeP e PlisF 2R A RTY poHyface area

greateraRibodt 186 hB/g2De0m’B0% 350 ﬂﬁﬂgﬁ@xﬁ‘éraﬂymkﬂica—alumina of the

present techniques may have an alumina content from about 5 to about 95%. Alternatively,

the alumina content of the silica-alumina may be from about 5 to about 50%, or from about

8% to about 30% alumina by weight.

[0079] The sulfated solid oxide may include sulfate and a solid oxide component such
as alumina or siliéa-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 be formed by a process wherein the alumina is treated with a sulfate source,



about 40% or from about 1% to about 30% by wei ght
halide ion relative to the weight of the solid oxide.
WO poovl€s3dl uori de or chlori de2§i on i s added duriPQr/Us2008/011056

cal ci ning, such as when cal“Cined in the presence of

Cd 4, there may be typically no, or only trace |evels,

of fluoride or chloride ion in the solid oxide before

cal cining. Once inpregnated with halide, the halided
includi@¥] 1@? efﬁ?ﬂ‘pl@ euftiuie dcidor any1faR IR duchSisCin B iRk fARY zinc sulfate,

i nclude, for exanple, suction filtration followed by
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Generally, the silica-alum na of the present

[0080]t €ChNiEHes, RY oP &Y B AR nBIrtiThGefERMa ki ing Bfé@;“tﬁ% agodtQ% to
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includiggt bus mat limpited e sg@lmdilédtlmml@m;by@éamwm drying andet
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step infifddigelypy i nclude sul fate and al um na. The sul fat ed
alum na may be forned by a process wherein the al um na
Is treated with a sul fate source,including, for
[0081]6)(arrpl 15 addfﬁl I’ll’f{; 'bging‘ffegteﬁr 1 zﬁpélgé?lfo% %ﬁhdra%’r%' cﬁmgponent such as
ammoni um sul tate, Zinc sultate, alum num sul¥T at
halide ni it fate o1 thaheli(bi’nocgqnﬁmmxidmbf tht @resalma@nﬁqdee sy Hertreated with a
-enbodj ts l ‘Eroces erfo lg% % form ng
metal sQuEge, jng B’fg‘Pﬁ‘é sAllS o mgtalieoy agHP% pnRowysy dREseoappoyds may
be add@d fLRQmpRIgnRE Dhto the s¥fld 6XidE Resdl8Sod ﬁy%n%’ﬁl?ﬁfb"s&ﬁfehﬁ{z‘ converted
of the suI ating agent has been added. Suitable
into the suppoited sEtal @pos cilpiming eﬁccbuhnglyatﬂnplsghd inpegammeoxide may further
1 dt hr ee.. %\eLbon | cohol s becaus Ehel r vol at |1 ‘tlxg%x and
includg 406, Aitkeh @ IURT; SHTAPRI A F‘\‘}‘é’l 0y HESLT PR EOLRP, or 2
combi$atioR tRe MR bmmﬁlsabsahé #Ha be o€ RENPrapnAteBe sitid bxilbBecause it
al um na before cal cining 0080]. The anobunt of sulfate
providgsogpogrcatabyst a@éfrlt«yraélddawpm er‘fﬁlld pEidemay befseatedwath gnetal salts

or metal-containing compounds before, after, or at the same time that the solid oxide may be

treated with the electron-withdrawing anion.

[0082] Further, any method of impregnating the solid oxide material with a metal
may be used. The method by which the oxide is contacted with a metal source, typically a
salt or metal-containing compound, may include, for example, gelling, co-gelling,
impregnation of one compound onto the other, and similar techniques. Following any

contacting method, the contacted mixture of oxide compound, electron-withdrawing anion,



about 50% by wei ght, from about 2% to about 30 % by
wei ght, or from about 5% to about 25% by wei ght, where
w0 b@omsdght percents are based on the wei ght oPCT/Hg82008/011056
solid oxide before calcinirfg. Once inpregnated with
sul fate, the sulfated oxide nmay be dried by any nethod
i ncluding, but not limted to, suction filtration
foll owed by evaporation, drying under vacuum spray
and théfniiaDthn radbé Bdcinbdk eAltaalitelgha $dlidEBid@maRribE af @Fe&lrbxh-e
to initiate the calcining step i mediately. [0081]
withdrawfigigtanism sosrasesntpthe maialsalt ar metagoslaining Wmltﬂﬁ‘dflw
contac&g%ggglg}nea%ﬁgul?a%]p |de or sulfate ! on, the solid
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it provides good catalyst activity and |'ow cost.
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polym&iz%ﬁbﬁ Brocskst iy swdangedaiton. [ 0082] Further, any nethod
of impregnating the solid oxide material with a netal
may be used. The nethod by which the oxide is
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e ca ci ne ternativ soI
1nnsemqunmahn an electronmnthdramnng ani on source, and the
nmetal salt or netal -containing conpound may be
contacted and cal ci ned sinultaneously. [0083] The a
-ret al hRgERRafRIPIR URE 1 BB R1iGeR ActietoMBlfpsd Ol efin
mononer and an or ganoal um num cocatalyst Tor a first
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havmgrﬁx)ﬁC ! g? %%Lcltn\g/?iﬁlg ieg/rsﬁ:gsp aﬁ%l%lg |g?glg)((:peamtcﬁ']neg heege(:) Qc;tlvagor %upports

include ion-exchangeable materials, such as, for example, silicate and aluminosilicate

compounds or minerals, either with layered or non-layered structures, and any combination
thereof. Typical clay mineral activator-supports include layered aluminosilicates such as
pillared clays. Although the term “support” may be used, it is not meant to be construed as

an inert component of the catalyst composition, but rather may be considered an active part of
the catalyst composition, because of its intimate association with the ansa-metallocene and
the component that provides an activatable ligand to the metallocene, such as an
organoaluminum. While not intending to be bound by theory, it is believed that the ion
exchangeable activator-support may serve as an insoluble reactant that reacts with the ansa-

metallocene and organoaluminum components to form a catalyst composition used to



and a conponent that provides an activatable ligand to
the netal |l ocene, e.g., an organoal um num cocat al yst,
W0 20000#3act ed with the aci di,c activat or - supporRCT/UR08/011056
conposition may be terned e "postcontacted" m xture.
The postcontacted m xture may be allowed to remain in
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conposition, but rather may be considered an active
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once the clay is dried and calcined to produce the supporting pillars between clay layers, the

[0 ¢

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.

[0088] The pillaring process utilizes clay minerals having exchangeable cations and
layers capable of expanding. Any pillared clay that can enhance the polymerization of
olefins in the catalyst composition of the present techniques may be used. Therefore, suitable

clay minerals for pillaring may include, for example: allophanes; smectites, including



[0086] The clay materials of the present techniques
may enconpass materials either in their natural state
wo@roovhetsohave been treated wi,th various ions bRCT/US2008/011056
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metallocene and activator-support. Sufficient deposition of the metallocene component on
the clay may be achieved without heating a mixture of clay and metallocene complex. For
example, the ansa-metallocene compound and the clay material may be simply mixed at a
temperature range from about room temperature to about 200°F in order to achieve the
deposition of the ansa-metallocene on the clay activator-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-metallocene on the clay activator-support.
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clay activator-support.[0091] The present techni ques

enconpass catal yst conpositions including an acidic
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activators, the layered minerals may be calcined prior to thelr use as activators. Typical

calcination temperatures may range from about 100°C to about 700°C, from about 150°C to

about 500°C, or from about 200°C to about 400°C.

4. Organoaluminoxane Activators / Cocatalysts

[0094] The present techniques may include catalyst compositions that use
organoaluminoxane compounds as activators and/or cocatalysts. In these embodiments, the

catalyst composition may not require an acidic activator-support such as a chemically-treated
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Or ganoal um noxane Activators / Cocatal ysts [0094] The
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the formula:

tro)
; wherein

R may be a linear or branched alkyl having from 1 to 10 carbon atoms, and n may be an
integer from 3 to about 10 may be encompassed by the present techniques. The (AIRO),
moiety shown here also constitutes the repeating unit in a linear aluminoxane. Thus, linear

aluminoxanes having the formula:
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[0099] While organoaluminoxanes with different types of R groups are encompassed
by the present techniques, methyl aluminoxane (MAO), ethyl aluminoxane, or isobuty!
aluminoxane may also be used as cocatalysts used in the compositions of the present
techniques. These aluminoxanes may be prepared from trimethylaluminum,
triethylaluminum, or triisobutylaluminum, respectively, and may be referred to as
poly(methyl aluminum oxide), poly(ethyl aluminum oxide), and poly(isobutyl aluminum
oxide), respectively. It is also within the scope of the current techniques to use an
aluminoxane in combination with a trialkylaluminum, such as disclosed in U.S. Patent No.

4,794,096, which is herein incorporated by reference in its entirety.
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cyclic (R-Al-O), aluminoxane species, both of which are encompassed by the present
techniques. Alternatively, organoaluminoxanes may be prepared by reacting an aluminum
alkyl compound such as AlR;3 with a hydrated salt, such as hydrated copper sulfate, in an inert

organic solvent.

5. Organoboron and Organoborate Activators / Cocatalysts

[00103] The present techniques may also include catalyst compositions that use
organoboron or organoborate compounds as activators and/or cocatalysts. Any ansa-
metallocene compound presented herein may be combined with any of the organoboron or

organoborate cocatalysts presented herein, or any combination of organoboron or organoborate



However, dependi ng upon how t he organoal um noxane is
prepared, stored, and used, the value of n may be
wa 20000k83e1 wi t hin a single sg | e of al um noxaneCT/HHH08/011056

such conbi nations of organoal unm noxanes are
enconpassed by the nmethods and conpositions of the
present techniques. [00 101] In enbodi nents of the
present techniques that include the optiona

cocatalgbtsl prasentad Bereth THID behipssitidromay idhelead ¢orhputehi that fi6vides an
al um noxane to the netall ocene in the conposition ma

activatahle ligagdseghastan plkybor kydage ligandde thygnetallocgpe, mhspiheypefallocene
f
comportcicEnébafidhayelipst a afinf SRutnls Al orBida iy compound.
Furtheraﬁii)jmﬁsawinbtlallnc@e rcaﬁ@euﬁxfs mbszutedthetin I’f’ga/yLbetdbnﬂhﬁ)&di witBQhy an
fromabout 0.1 ng/L to about 100 or. from
organobacg%fn qgﬁxﬁ)bgrag%c%BWst,% qz;gqrpalupggu@@glnpound optionally, an
n HANEScBYoR PR Rfmcara
i e e TP OB E ™ kel Poposition of the
presentdegjemn@ees.uni noxane preparations are disclosed in U S
Patent Nos. 3,242,099 and 4, 808,561, each of which is
incorporated by reference in its entirety herein. One
[001 04$X anpléeQbrmh ¥YgaRobdrdHT WFINA FRY HRusBd EPRT&o neut@f boron
l ows. Water nmay be dissolved in an inert organic
composmﬂsvmteaﬁahs,tdn@nmbm@peﬁthmepﬁ Beor exampilax tim erigkydboron compounds
formthe

i vark G RS SR Bl st VT EoRBRLTohe dharoems pgete

compo{il)tfﬁlJ €l a bYmbltiaios tiadr€ITE Mny fldorosrghed by dr Hh@ioof%ﬂn& borate
synthetic nethod can afford a mixture of both Tinear

compowifhmay &g utilized Arhedprn fugrdongpbarheraplasiisgisuglgneangg to refer to
neutral%ﬁ{n@%u seoﬁﬁé: 9&}%&‘@‘?3 dT y temq‘lu%gc?osfgmo l;c%gtg%'o&g)%ﬁnd a]bo has its

Ive org a um noxanes

usual nliffaﬁﬁtgl to gefaﬂtoathel mdmbmlahkwhlts@ﬁmﬂmO@uﬁ@ baﬁmAdoR&omd bf the
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lithium tetrakis(pentafluorophenyl)borate, N, N-dimethylanilinium tetrakis[3,5-bis(trifluoro-
methyl)phenyl]borate, triphenylcarbenium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, and
the like, including mixtures thereof. Examples of fluoroorgano boron compounds that may
be used as cocatalysts in the present techniques include, for example,
tris(pentafluorophenyl)boron, tris[3,5-bis(trifluoromethyl)phenyl]boron, and the like,

including mixtures thereof.

[00106] Although not intending to be bound by the following theory, these examples
of fluoroorgano borate and fluoroorgano boron compounds, and related compounds, are

thought to form weakly-coordinating anions when combined with organometal compounds,
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| uoro no _boron co nds t hat may b sed as .
(00109 oy % EPLAP o QSPRBS utofis spiBow avlieficdtyfypotion o
enhanc@%aAtEof the tataReNdorpIsRIoAD rWHMé ﬁ&qméﬁdmg to be bound by theory, it is
tris[3,5-bis(trifluoronethyl) hen%/1 ] boron, and the
F

believed; thet,the ipnizirg iegingorerruad m¥ydretspablpof 16 |ingwithshemeidpcene
compoléﬁc;jl %gféedglgexttfﬁgl?& E%&nlgcg}/e 1}1{36 éa‘ﬂohﬂ:%&gllé&gg me&!ﬁ?ds. eAgam,

while not intending to be bound by theory, it is believed that the ionizing ionic compound can

function as an ionizing compound by completely or partially extracting an anionic ligand,
such as one of the non-n’-alkadienyl ligands, X or X*, from the metallocene. However, the
10nizing ionic compound is an activator regardless of whether it is ionizes the metallocene,
abstracts an X or X* ligand in a fashion as to form an ion pair, weakens the metal-(X*) or
metal-(X*) bond in the metallocene, simply coordinates to an X° or X* ligand, or any other
mechanisms by which activation can occur. Further, it is not necessary that the ionizing ionic
compound activate the metallocene only. The activation function of the ionizing ionic

compound may be evident in the enhanced activity of catalyst composition as a whole, as



of fluoroorgano borate and fl uoroorgano boron
conpounds, and rel ated conpounds, are thought to form
woe@kioys3eoor di nat i ng anions3 en conbi ned w t hPCT/US2008/011056
organonet al conpounds, as di"Sclosed in U S. Patent
5,919,983, which is herein included by reference in
its entirety herein. [001 07] Generally, any anount of
or ganoboron conpound may be utilized in the present
compafcd@h BicataBst cdriip&sitich envaningeatabyst ¢dirpositiaar thawdded nof include any
t he .organoboron conpound to the netall ocene conpound
ionizing joRie EOTEBEYIK| t i on may be from about 0.1:1 to about 10
:1, or fromabout 0.5 nole to about 10 nol es of boron
conmpound per nole of netall ocene conmpound. In
[001 10¢ nbodibBrantpdes dfieniamguoitic cbmpburaisamaygianmdb.oioo Bxamliple, such

t t f
compopl AL BN ey K- TS ORI (o DB DEERarikm
tetrakls‘ilpl%tylﬁoﬁﬂé Qﬁgﬁﬁu@gﬁﬂﬁl&m@&ﬁﬂls@ﬂ d'f?ﬁlsl‘ﬁ&o%enyl)borate tri(n-

|'ocene conpodnd . lonizing lonic npound
butyl)aﬁmnommndctsalqis(@;jeratrwltlwépls:nwbmee] tritnibottyjremneniom tetrakis|3,5-

vt P b N en P B ek Sar AR e Boorate

N,N- dlhﬁmﬂérﬂﬁlmhmleﬁalﬁ%p@mmo?&e NINaGitr VBl ili AieH @fraklsﬁm-
cocatalyst in addition to ot her conponents. Exanpl es

tolyl)b@fatesbbhi dlmﬂﬁhzflamghm@mut@trai@ﬂ%étmn@ﬂwﬂ@ledvlémre@eﬂ Nn U.S.
dlmethH gnl 1n1um 'Iba‘ibsg3 gt I gx)y?p%eggl?%osratgoN I\?ghmgmyl%mth% nt1 tetrakis(3,5-

rern cor ence’ err

bls(trlﬁiﬁfcﬁhéthyl[)&fkiag)ﬂﬂ)orﬁfk NQNLcﬁmaglyla@nirﬁuxﬁQmﬂﬂemsﬂmopmygborate
npound whi ch can function to enhance act|V|té of th e

tnphendbc@aaeyw t@éfﬁb@@? talgpborts; iriphemtlcarbrrivmiteiiakigmy
wipheng ol Y ek A YR Bl Db (it ot 6 s
dimethyiphahyhoedte, tciplmmmaibmm aamkes[l sngs(trifhmmhaﬂhbfbpml]borate
: intqQ a. catiopj ound Aga
tnphenwﬂ@&%a%tefraﬂﬁéeaa&ﬁa %ﬁlele m oPigmyg| riglseéﬁ;wl SHprate
tropyhﬁxlﬂ%tkaq{'?é(ﬁﬂ ﬁgylbtﬁ)%t@ &Wﬁﬁﬂ‘étr&lﬁﬁ@f@@i‘fﬁétﬁﬁ ﬁ‘e?lyﬂﬂorate tropylium
oni zi ng corpound b onpletely o partla

tetrak1$§3(15f(hmpthyg)hanylabpr@m tropylgmntetrakng[:315—a§(t@|fblonﬁn¢thyd)phenyl]borate
the

wopyifig ter s b BEORE: e Bistiokisshi oo bezate,

11thlunﬂetrﬂﬁ§(!pMé{yl’)bofﬁgaftﬂﬂuﬁﬁ@trﬁlﬁsgﬂﬁlﬁﬁbrm& utﬁmhptrétraﬁg(rﬁiﬁﬁyl)borate
net al | ocene, abstracts an X4 I%g in a fashion

lithiumglstrakis@ g dirmathylphenyAbprateuitiiemsetrakés (Adt dimehyiyheayDborate,
llthlun}mg&%u%%l%?tgﬁ%l“?tg é%?&x%?én?%@u%%?%%}lymm ) ey sét?fth %t&%s%?henyl)
borate, sodium tetrakis(p-tolyl)borate, sodium tetrakis(m-tolyl)borate, sodium tetrakis(2,4-
dimethylphenyl)borate, sodium tetrakis(3,5-dimethylphenyl)borate, sodium tetrafluoroborate,
potassium tetrakis(pentafluorophenyl)borate, potassium tetrakis(phenyl)borate, potassium
tetrakis(p-tolyl)borate, potassium tetrakis(m-tolyl)borate, potassium tetrakis(2,4-dimethyl-
phenyl)borate, potassium tetrakis(3,5-dimethylphenyl)borate, potassium tetrafluoroborate,
triphenylcarbenium tetrakis(p-tolyl)aluminate, triphenylcarbenium tetrakis(m-tolyl)-
aluminate, triphenylcarbenium tetrakis(2,4-dimethylphenyl)aluminate, triphenylcarbenium
tetrakis(3,5-dimethylphenyl)aluminate, triphenylcarbenium tetrakis-
(pentafluorophenyl)aluminate, tropylium tetrakis(p-tolyl)aluminate, tropylium tetrakis(m-
tolyl)aluminate, tropylium tetrakis(2,4-dimethylphenyl)aluminate, tropylium tetrakis(3,5-



mechani snms by whi ch activation can
IS not necessary that the ionizing
wacetweasel t he metal | ocene onlgy. The

occur. Further, it
i oni ¢ conpound

acti vat i onPETIT81009011056

of the ionizing ionic conmpound may be evident in the
enhanced activity of catal yst conposition as a whol e,
asJ O conpared to a catal yst conposition containing
catal yst conposition that does not include any
dimethiytphieay Jejurnomie tropyipo teirakj s(()@ahtalfﬁjor@&mnpl)dsnmiatd: dithipinng
tetrakli(g%ﬁﬁqc !HP&C o@%ﬁgg?@gﬁ%&%ﬂpbﬁ%ﬁ%ﬁ%@% alummate nthlum tetrakis(p-
tolyl)afuilih&K] 1fhRnt RkdkksRANekBalublih4t8 1RHIuM JeAARR(Y 4m
tetrakls(n}tolyl) orafé, tri(n-butyl) anmni um
dlmeﬂwmhﬁwdi)aélémlmtad ﬂlﬁnumybtpﬁeﬂglJS)Cbm&ty@hmvl)élnbumzyd: Yithium
tetraﬂttomm u e;% E#%?ﬁs({) t?@t r}éf BX }mnate sodium
tetrakistpBdnlyDafufate Ngidiyh R RY- ]dPﬂDzﬁﬁﬁmate sodium tetrakis(m-

tri(n-butyl)amoni um
tolyl)akumm@tm sg@plghteéqak@(ﬁ wngﬁyylpbm}é)a@mmate sodium tetrakis(3,5-

cimetr Mo A T Bl S e B RGY 2t o

tetrakld&)é‘ﬁtﬁiﬂlﬁﬁi’bﬁl}dnm)alhmﬂnalmpotassmm tetrakis(phenyl)alummate potassium
tetraki s(2, 4-di net hy IPhenI
tetraqu(pﬁgliy}}é]luﬁypaéﬁ,l notassiyR tetrakis(m- tolyl)alummate potassium tetrakis(2,4-

dlmethkﬁ)h%g%%&ﬂ Iﬁ %Ppﬁﬁ%}%ﬁrﬁ?ﬁ%}r{% %(3 Fgﬁ@hylphenyl)alumlnate potassium

tetraﬂtblr&(lmmlrfatel,l mpmfnylhyﬂb):mluentyisﬂ?bl‘!;?é(trmnaﬂuoroblphenyl)ﬂuoroalumlnate

I
sitver glsghish s, Séaf‘ﬁ' %a@gb%‘w@may%mlémww PR SHYFdeFdids{peruoro-t-
butoxyﬁaﬁﬁﬁlﬁ‘i&'tes 6P aﬁyﬂ:&hﬁﬂ%@ﬁ @erdoki Phenyl car beni um

etraki s(mtolyl)borate, triphenyl carbenium
tetrakls(z 4- dlnethylphenyl)borate

D. t Cf"p 31(1%55 %rgﬁ es, ﬁ,? »)é C%taelgyt %)pro%ztzeon
[oo11tgetr al@)?eﬁmi’p ﬂrl'gkélaﬁlq}tsﬁ tdhpeNiQeRioTYhe 1?&@%1]‘1’ kdcﬂﬁfq@&@may include the

tri phenyl c eni um tetraki s(pent ) bor at e,

| uor ophen
composlntl@pgfdtrseﬁb%bq’la‘m 4 pmb@dlweptsofcmeéampkoﬁw qaﬁst composition may

a’?’a{lg’t %8116%%21 ﬁrﬁ ?} ﬁ’él}]c)}ﬁlcfe@or a{i‘ﬁ?acttprrg%uﬁt of, an ansa- -metallocene,

an orgdr@hfu&ﬁh%&oﬁrpdhﬂ@,talﬁyﬂaﬂ hetydtibaippbr, The apyd- md:mllocene may include
t et raki s[ 3, 5- bls(trlfluoronethyl)phenyl]borate
Compotl?‘bﬁ%"i‘l&fh? gensanl fepwiat af | uor ophenyl )borate, 1ithium
st-af | uor ophenyl ) borate, |ithium

tri phenyl car beni um

1nclud

tet, horate, lithium
tBtr ak 5borate l'ithium
t et Rk tekyl ) borate, Iithium
t et RAKI 562, 4~ gi net hyl phenyl )borate, |ithium
t et r aki 5-di met hyl phenyl )borate, |ithium
tetrafl uor te, sodium
t et r aki s(gp&ntaht"uor ophenyl ) borate, sodi um
tetrakls(phghyl) borate, sodi um
In this F&HAK N ( Ilﬂa%' 8L !lré fifatd? hafiRdth WA X° and X may | be independently F,
tetrakis(m orate, sodlmntetrakls(z

ClL, Br dxrrImEhya)plbteﬁyjr)Sb anthé ,andg,Bd mapnbe independently an alkyl group or an aryl
group, Fg%‘?rzﬂl} %&b@b gxéﬁnlgs pal (? cangA gtgt%rsa(t)r yd%(g)gdenFI 'R and R® may be
independently a hydrocarbyl group or a trihydrocarbylsilyl group, any of which having up to

20 carbon atoms, or hydrogen. The subscript ‘n’ may be an integer from 0 to 10, inclusive.



pot assi um tetraki s(pentafl uorophenyl ) borate, potassium
tetraki s(phenyl)borate, potassium

WO 2a00aki38] p-t ol yl ) bor at e, pg&asm um PCT/US2008/011056
tetraki s(mtolyl)borate, potiassium
tetraki s(2, 4-di net hyl phenyl ) borate, potassium
tetraki s(3, 5-di net hyl phenyl)borate, potassium
tetrafl uoroborate, triphenyl carbeni um

" andl ®F'Y algly Hefindepleydentllyurt yadasdarbyll rqupdiayingarperii2uwarbon atoms, or
tetrakis(mtolyl)- alum nate, trjphenylcarbenium

hydrog@@t Fh‘l’(P%’(ﬂQO%lu@ilW RYMBPIEKY NSk PEfPTEaEIPle, trimethylaluminum,

y
tnethyﬁgdnpgﬁrﬂéj(rgﬂéﬁg er tﬁlglﬁt%lzslulrunum trusobutylalummum

trihexytalumpinamy Itnmolhreayla]mntrelm aﬁociylalummum dlethylalummum ethoxide,
.. af l ugr m.nate, tropylium
aiisob i awgpgwﬁﬁa #%{f*ﬁﬁf%wn chieis o amvicembiRation hgpgh )In this
embodFhéHTl E L& vatSrARBhbH may be a solid ox1de treated with an electron withdrawing
t et raki s(2, 4-di net hyl phenyl ) al um nate, tropylium
anion, wdatneakuhs (s@thomdnmaty;bep Frerexhinaley milnata@mmaoqswal alpmina,

. tetrakis(pent af | oro um na | ithium ..
atuminp SRS BEHIRrT HSTBBErorS T RGr g ARy aces, itania
zucombezhagﬂiesﬁmth n)caichm Rk & odilldsthendbt, of hidKésthBinglion thereof. The

alum nate, lithi umtetraklsﬁmtol yI)aI um nate, lithium

electrone*flﬂaikavsl@g aglondnabhyiorxemple, dlugnilpchloride; biemige, iodide,
phosphtaf’c‘at rﬁt 1Su age gx’ﬂ"fqg lfRz% cg}yorgtgl uorgéatlﬁte knftl rgtj{@etate phosphate,

UOF e’ SO

fluorophebphate, ﬁhbﬁilr&éﬁdﬂ@ﬂl@h&lﬂ)ﬂa)e@&]ﬂﬁidﬁlﬁlﬁte pedhdh@anate, substituted or
tetraki s(phenyl)al uninate, so

unsub%léﬁ%ﬁ!ék@(eﬁulf@}aw )S'ah’%%ﬁ'tﬁ%P’éun%‘BﬁitHWﬂta&nﬁﬂQf@@Pﬁ sibptisuted or
unsubsﬁ lHéH Egl?%lfﬁggfir%q}'ﬁowg neahl?/ theIreuor% nate, sodi um

tet rakl s(3, 5- d| rret hyl phenyl )aluminate, sodium
etraf ] uor oal

ot assi
[00112) g LTS I SrGIHBRT P HHicHAPLebYS e gnigmetaliocene may

be conip%ﬁﬁ&ﬁia%fx@hﬁ@%&ﬂé‘&l%hﬁﬁﬁe pot assi um
tetrakis(p-tolyl)alum nate, potassium

yI )al um nate, potassiumtetrakis(2,4-

O Y gdsum nate, potassiumtetrakis

(3, gy di Qhenyl )al um nate, potassium

t et paFEQorwallm nate, triphenyl carbeniumtris(2,2 ',2

" obf(phenyl )fluoroal um nate, silver

I 1,3,3,3-hexaf | uoroi sopropanol at o) al um nat
e, or silv aki s(perfluoro-tbutoxy) alumnate, or
any conbi®4wreoh thereof. D. Non-Liniting Exanpl es of
the Catal yst Conposition [001 11] Exenplary catalyst

In this gsmpdss M | DAY be Eiredrsupras daimium aoh X’ gp gy ibgandependandy F,

Cl, Br, %9 WE%&)’ k?é:]é og %? gﬁid ﬁe gncp ﬁb 81\9{ hean?e:ﬁgr%jénﬂg Za’lk}rl %{’Ol.{p or an aryl

group, ealﬁcaloywhlaom@% fip @nl m@ybcbmabmdeoﬁﬁyardgem &t apd R&'?Jﬁiay be
n -netal |l ocene anoal um num conpound, and

mdepem?n&bfﬁ vagthyl. etiyhbalyl, bqr%& lamn@éelaf‘éyw tiimgthylsdlyl. The

subscript ‘n’ may be an integer from 1 to 6, inclusive. R** and R*? may be independently a

‘hydrocarbyl group having up to 6 carbon atoms, or hydrogen.

[00113] Further, in the embodiments described above, the ansa-metallocene may be

compounds having the general formula:



conmpounds havi ng the general fornula: hi this fornula,
ML may be zirconi um or hafniun1and X and X' may be
wo pabepessdent |y F, C, Br or, I . E may be C orP&/Us20d8/011056
R1 and R2 may be |ndependenﬁly an al kyl group or an
aryl group, either of which having up to 10 carbon
atons, or hydrogen. R3A and R3B may be i ndependently a
hydrocarbyl group or a trihydrocarbylsilyl group, any
of ; g up to 20 carbon atons, or hydrogen.
;s My be an integer fron10 to 10,
2XRIA and R4AB may be i ndependently a
byl tfoup having up to 12 carbon atons, or
TheXor ganoal um num conmpound may be, for
exanpl e, i met hyl al um num triethylal um num
tripropyla u tributylal um num
triisobutgdakam num trihexyl al um num
triisohexylalum num trioctylal um num diethylal um num
In this &riad, de', may bs gidednyhal o i frivim hyd X’ dad X0t eiamueahdupsbmamly F,
chloride, or any conbi nation thereof. In th

CL, Br.g¥ibho BimdHee CoRS ard Ry AROR. §@p5|?6r‘¥deﬁ’ﬁ'9/d%‘é1yén"é]6¥1|°d phgide R

k) t ani | B3A 4B
and Ry PR LRl ity GF il Ml 16 LD, ARy bPTRER, Ry and R
may besmﬂemdattlyrﬂroat batylinF oloptaosbd) an ehe catallyst numnpphnsrpthestabed

zi nc al um nate, heteropol n t|t
sbove, Jhq GATEEA G 81Y DB RS U D) EPUGRi 7). AR il d. or any
combitdti®h¢@feofor any conbi nation thereof. The

el ectron-w t hdrawi ng ani on may be, for exanple,

fluoride, chloride, brom de, iodide, phosphate,
orobor.at e

rifl qu

(001141} oy dogeRPE FRPHTERsa s et SHBET G rEmay inciude, or the
catalyst b&ﬁﬁ@éﬂtﬁ&ﬁxﬁbﬁhﬁlud@tﬂ@&&ﬁh& estRiceof, bh URsPfletdlioadiR, an

fluorotitanate, permanganate, substituted or
organog i pemicompenndsaré ae 6 Yaseratuepos U Bhe pesdmgtagpcene may be any of
(I-1) tﬂ&?ﬁlﬁ@% ,tagisggwrg rﬁﬁﬁgﬂ f F%g g%llr‘lﬁlggt;&% tt(l)lﬁ‘{)l na?fle organoaluminum
compohh@frﬁg’ﬁmlﬁ%eﬂ;@]ahﬁhhﬂm attiinvidtylalunmintune tré sdbacklalniisum, or any

descrlbed above, the n -netal | ocene n& ﬁ%e conpgunds
combinakipn Herreafe Theelivator BippaTtmatincludr & spibtadpalid Ridray be

zirconiumor hafniumand X and X' may be

i ndependently F, d, Br, or I. Enmay be Cor Si and Rl
[001154nd RAnroghyer lembbdidemen) dendatalysticomipkyitiog neypndnd@or gheydatalyst

compogxglgﬁsr&ﬁ,ygbt hg 4 of&oﬁ%étcpgg a%ga&gcprpﬁ&% glhcg:gﬁ%) %n) qa_léanoalummum
compollBd, Pl ,an%Etl"\th@r-@[?hWt I 8RZY Embdtinéhts tREM ML metaR¥dhe nf¥y be any

trinmeth e subscript 'n" may be an integer
of (I-1¥ thomngh (Ié) @& Shcrmrh usFice.1, paanseumirn@igrethetsef. The organoaluminum

compoun<§j HB?/rl]I(ljc u&e t¥1e{%ylalummum tri-n-butylaluminum, triisobutylaluminum, or any

|ncF95|
hyd
hde%Se

combination thereof. The activator-support may include sulfated alumina.

[00116] In yet 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.



hydr ocar byl group having up to 6 carbon atons, or
hydrogen. [001 13] Further, in the enbodi nents
wale®eniised above, the a-net gllzl ocene may be conPCUHOsz08/011056
havi ng the general formula:tn this fornmula, M.may be
zirconiumor hafniumand X and X' may be
i ndependently F, d, Br, or | . Emy be Cor S and
R1 and R2 may be independently nethyl or phenyl. R3A
and RBB may be independently H or nmethyl, and the
‘n' or 2. R4AA and R4AB may be
[001 l7|] n d e pé:r‘i’tﬂ@ﬁ’f @becpqhmen{s qfdh@,presqné fecg;gaﬁgg Rovidg atqqéalyst composition

that 1ncqﬁc§eglt9r[re;<% nl?%ggpo%uu ﬁ{/l') Lfg(ézi?}ﬂ%/ ﬁ} Jrl%‘éa ec(oin%und containing

an alkyd lgoonp attackddGo the nSGCycﬂaspen(zdrﬂnyh@ﬁ)le Cbigaﬁch emcEmfeagélﬁlGIiatibﬁh function
I n exenpl ary enbodi nent s, i)’ e catal yst conposition
to conye{the, metallgpenaiatoag atiyscatabishbas i efﬁ’étyf“i’rﬁé\‘%%“?lﬁéﬂon of the

solid 0521‘319taé’t?\tatcﬂI H&tt aRd or%ﬂoélunﬂﬁfn@unﬁgﬁﬂ? al%r@%nted herem ThHs in one

or ganoal um hum conpound, and an a or -'support
embodimait,aghé edereatalyst bemansitiof n(ay-bt)fomm’ﬂd(hbgztctl(vit-nzﬂg theasetallocene
.. showmn.,in FIG .. or a conbi nati on ther eof
which B S comi R S B RIORY CoREPHTba 1S GURYicdP U Hiky
prov1df§1§'1r\01tlb HWB@C&H@WH nd (e 'ISLI d. SPBHANO b Wier, O dBAMg its conversion

onbi nati on thereo e act’i vat or - support may i ncl ude
toa cataprstthhtf @menhtlgtﬂ dlefio P lyeerizam. 1’5]6 reagent thet camdsodernght s,

metalggi 8 1§ PR d R4 SRRt el b ea oy kibre gand

such asamyRid tBE ARG loedhe@ngan @aiuamr Do SRAN Q! Pdvided He@h. In some
activator-support. In these enbodi nents the n

instancesyot fupetions meyboachigredayitly aneigompanghig for example, s
organof?lnr?lmx th ghe}lns%cé%e&m.fﬁgﬁlh%%f ?ﬁ?‘vpea Bﬁ] Vo srﬁparate

ganoal iUm num co may i
compoﬁd’nts— suchak yh afgumaimtmnuhr ¢ongpoiid sHabdanprondde arictiaayble alkyl ligand

nation thereof. The activator por t i ncl ude
to the %ﬁ%&?@d and ipthes coppgnrentgat can 9@%%@%@% PREHSs,
the catal yst conposition may include, or the catalyst
conmposition may include the contact product of a
[00118pr ecorfilecctdatonaididt Ak @aton agept for dine @ctadetallocene compound may

oal.um num ¢ oun rec ct.ed ol efin
be an o HBRRRIETBE WERAodob s DR REH By e Gk trobr Sifwinoxane.
Altematwetﬁme%ﬁo&or A9 beraaAg b Bl BB BRAWhpouhE capBid oF
d the activator-support may bé as presented

abstracheg ai nmpomhglanqi ﬁ!@m theaneteldrsue.rruoh s, d6r exampie.esent
I‘ oVi

trls(pentaf(f or%}geﬁ’l nﬂqeoron o Cpt)ahenlyfcarl%{sntug? PR @?P%%ugropge%)borate that

con
may be?u{sbﬁ ar trhRhh@GEWRh Qﬁmll@lllzndlgc‘a(geﬁt@uﬁh Bgan organoaluminum compound.

[00119] Further, a dialkylated tightly-bridged ansa-metallocene compound as
presented herein may be reacted with a Brensted acidic borate activator such as tri(n-
butyl)ammonium tetrakis(p-tolyl)borate or N,N-dimethylanilinium tetrakis-
(pentafluorophenyl)borate to remove one alkyl ligand to form an alkylated metallocene
cation. Alternatively, the dialkylated tightly-bridged ansa-metallocene compound may be
reacted with a Lewis acid borate activator such as triphenylcarbenium
tetrakis(pentafluorophenyl)borate to remove one alkyl ligand to form an alkylated

metallocene cation. Thus, while not intending to be bound by theory, it is believed that the



an al kyl group attached to the i
5-cycl opent adi enyl -type |igand and a reagent that can
wo venssm t o convert the netall ocene into an apCT/Us2008/011056
catalyst that is different Tromthe conbination of the
solid oxide activator-support and organoal um num
conpound presented herein. Thus, in one enbodi nent,
the active catal yst conposition nmay be fornmed by
active egtiliystahaynigchude amalkaidiad eeallovdtiedtatiomand Aak wdiber of alternate
_converting the netal |l ocene conpound to its cationic
reactioppgy bgHecdip genefatediush aicatalysth a hydrocar byl |igand
(e.g., alkylation) before, after, or during its
conversion to a cation that can initiate olefin
[0012000! ynETHezmtienntecHiiquesaage iticludeatcatayst compedition that contains a
netal | ocene into an, active catal yst nay include a )
contactyrri ofe tighdy-bpAaed geg-mptalessng yrueh Bcludgsafydigeabykligand
o e S R g1 @ 0| R Aot ity fh peed
for thefadditibn ofi sn neganbaumdhine cenipwiridy Trearnsempaaléotene E@mpound may
exa an organoaLum noxane, |p other ipstance

. npJ e, S,

includg 3 perdaptafkyl geyn afachad ip epe ofithe ngeyciopeniadicnydpmedigand, and a
rocro PRS0 SHSRGAR AP PO T U SRR b borponne
may natbeatquicdne alkyiuate tiotype of Cpedingated’t dvat:-moetallpeene ibdeause it

the actiyator ctiqn. [001.18] The activator and/or
alread LnggH # AR st STREHGHE QR CORPSAE my be

an or ganoal um noxane, such as, for exanple,

nmet hyl al um noxane or isobutyl al um noxane.
E. Alhedvlpfar Moaloynert he activator may be a Lewis acidic

rganghqQr on conpound capabl e of abstracting an .ani oni.c

(00121} ¢ 21 R Ahe prebid tespigues danels WreRraled Rpglans piuseitin the
polymérizda& o proicadses Mt ANkt ):&ﬁ'f)@sﬂti&{s aAndlipPbRBI6s C 3uBlefdabitnts include

t et raki s(pent af | uor ophenyl ) borate, that may be used in

olefin eqmmpsiunds hanngfrom shouh kg hkaut AQ caen atogpcperarolgenle and having an
. ' . = .
et SRR PR OBl OBl NS s proesss

using quiggleblefid sheli a3 ethyleye bepropaiehe,ths wrdllasaoBolyaictidatadi @actions

.. borate activator _such as tri(nbutyl) amonium | i
with tyqergpieditierent 9lefipigcamponpdsy HQr gx#raplgy M ¢qpoRmgHZation reaction
. 1 - k t
it A R AR LARIARNIY AU TR e and
minor #&hb@rtwdcomehgmert 1) miokl pey¢eat.eThe caghdiomdys ttodexhy/be

coptELELMEEIG LSRRI T et SR SR ol S

molecdi&tdhafs. s( pent af [ uor ophenyl ) borate to renove one al kyl
ligand to forman al kyl at ed

[00122] Olefins that may be used as monomer or comonomer include acyclic, cyclic,
polycyclic, terminal (o), internal, linear, branched, substituted, unsubstituted, functionalized,
and non-functionalized olefins. For example, compounds that may be polymerized with the
catalysts of the present techniques include propylene, 1-butene, 2-butene, 3-methyl-1-butene,
isobutylene, 1-pentene, 2-pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene, 2-
hexene, 3-hexene, 3-ethyl-1-hexene, 1-heptene, 2-heptene, 3-heptene, the four normal

octenes, the four normal nonenes, the five normal decenes, or any combination thereof.



net al | ocene cation. Thus, while not intending to be
bound by theory, it is believed that theactive
W@ 2009/0y5301 may i ncl ude an al IMI at ed net al | ocenePCHUB290§/011056
and any nunber of alternaté€ reactions may be used to
generate such a catalyst. [00120] The present
techni ques may include a catal yst conposition that
contains a contact product of a tightly-bridged
Further; B3| dnd&eaie livhledihs] includiigs for eRyreples eyddypentdngadydidheaéne,
can initiate olefin polynerization and a solid oxide
norborpdeney aphomadisngy and the dikgunay peo he selymsrizedias desaribgdpapove.
of an organoal um num conpound. The -netall ocene
conmpound may i nclude a pendant al kyl group attached to
[00123pne ofTHehendunt ofycdm@emiaditesduced e a réagaordonatdpraduce a
hydrocar byl |igand that can initiate olefin

copolypyist i be Sion ahput AD04 e ARei It Felth REErFBbERTRCRATYC PaEedyn the
total w%i%gt;"('é flr tﬁg n{oﬁoﬁigl‘ Xﬁ@&cﬁn&?ﬂngeir; %é?l%ra‘?lfy frdth §b&htkY0 Bicebout 50 weight

ocene because | ady i'ncludes a hydrocar byl
percent. i [gaititbr ehdbbd maents, the araoent off edinongoernyineoduat iatn.a réactdihane

efin M r . [00121].1ln the present techni ques
may befggin gle M hGRRAPREO 10 FEiRH RHES RajBaTSE of PmfopH ! to about s
weight PRIKIEEInfHONRR. RNRERSSES, M AloG@isaticidnt ¢@ BREThd AWNE described
and processes. Such reacCtants include ol efin conpounds

concentraiipmsg by merghdtadiihe copadymerquod®@gdcmppbausadons per
nol ecul e and having an ol efinic doubl e bond. The
present techni ques enconpass honopol yneri zati on

[00124pr oCceSwhHe H6t iAEndingitd Bk BohEDyY thesHE It 18 Belgdvayl [t €teit hindrance -
~ propylene, as well as copolynerization reactions wth,
can impegs a5 slayothe peilymerization grosessif branehgse sssituted or Snghpnaized
olefins'afe l?ﬁeﬁ%g %a\émﬂ 54, r,ri?ﬁl%tﬂr%h% Eutl]d/glt %}?cjli%?)%n'onlgsg 0 tlée olefin
copol'yners may i nclude a nmaj or anpunt € hyfe {> 0
are sonfaWlait pneedtffom it @romearbanmbalbie bdndcthay wokl nothe erpeoted to
) ercent. The(ﬁonnnoners,that y be copolynerized with
hinder EWH??‘%W@ AERPR D EGTP BFH’%‘WP@@“E%‘“&‘BBM 20 carbon atons
in their nolecular chain. [00122] Adefins that may be
used as nonomer or conononer include acyclic, cyclic,
[00125pol ycyolekemplaey ermbadimeals, a raatanhfalr thd ¢atalpst compasitbesiof the

suhstitute unsubstituted,. functionalized, and o
presentYeeliyapsscs hUPSan 1o RelyRerizaine ek o Lhe horBiniggerizations or
copolyfieAbat[BRY vAeh P@IfSEARI heRrUicWyiclic! tBBnital altv$hE lidkar! Binched,

present techniques include propyl ene, 1-butene,
substit@tedh ar ameubstuied ¢lpfin. In tdditoers the epglyst gpmmesitionpefthe peesent
techniq%%:ﬁ&%& E)g: euSez_? fn@&l%éﬁzlzﬁigg r(])tfgﬂ)?eﬁnéléo%ﬁcﬂ%ldé,l iﬁ&ﬁ@i‘nﬁ 1§t example,
such compounds as 1,3-butadiene, isoprene, 1,4-pentadiene, and 1,5-hexadiene.

IL Preparation of the Catalyst Composition

[00126] The present techniques encompass a catalyst composition and a method that
includes contacting a tightly-bridged ansa-metallocene compound, an activator, and
optionally an organoaluminum 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 components or mixtures of components. While not
intending to be limiting, examples of contacting steps may be exemplified using a treated

solid oxide activator-support and an organoaluminum cocatalyst. These steps may



hexene, 3-hexene, 3-ethyl- 1-hexene, 1-heptene,
2- heptene, 3-heptene, the four nornal octenes, the
w0 oup/os30al nonenes, the f i4\§e nor mal decenes, POT/US20Y8/011056

conbi nation thereof. Further,” cyclic and bicyclic

ol efins, including, for exanple, cyclopentene,

cycl ohexene, norbornyl ene, norbornadi ene, and the

i ke, may al so be pol ynerized as descri bed above.
encomp#30 22Bhumhber afiprevontaeting and pestesntacting Gtbps,eahdimayofudther

reactor zone to produce a copolynmer nmay be from about
encomppsg §4ing g Qi MR agmcoa&cgwp%ﬁbwwfmé dtepp Examples
of methidt 1 BfBorepit Sal S compRAITER BREFURARIRY are diccussed below.

I n other enbodi nents, the amount of conononer

introduced |nto react or. zone may from about 0.01
4. tae%%ﬁflngd}%éﬁ@@ﬁt %gweeﬁfwwﬁféﬂ&@@ﬁar from about 0.1
[00127210 abqittconta¥ihg AlcafdBst EQthp SHIBH) OFE ComPbhéit Egg il an

mount sufficient to give the above descri N
compositing,emith an plsfisic hgname¢rgirior toaddihg theaptil ysteempoestiert g reactor

. may be used...[.00124 ile not intendjng to be, bound ..
may infisetfi PirviRCTIEF pElins® ehomb et Rt Salhd sALRE e position
that is prEPRLE Wathobl PptebHiRadiRlyBY. | Bt drfand¥dAR 86y tdtalyseddetiRMdition of

substituted, or functionalized olefins are used as
the presenttchniques 1Howbe esed fof homepdlymevhatbnaafdhox-otefiml menomer such as
rgortioqggk.of.th ol ef | arﬁ sonmewhat renoved fromthe.
ethylene4r iSRRIy IICHEH I BRIBRS-BIEHE A S\FOMARPRICRHOWEVEix p BEGCaRtacting

step s BOShAELof IR BB LRpBRUGT BepRR LBHANKPE °,

reactant for the catal yst conpositions of the present

echni ques is . ethylene, so the | ymeri zations be

(001284 IR HaRE SEIYHERTISC] BRETSFNBBIgirer Pe 4T GTE APEgenay be
preconficteli®¥iN4n SeHficifondnY§! dlthouk® hbl MkssatiiVt BE BRfin thoMRErto be

branched, substituted, or unsubstituted olefin. In
polymexiggils dndran arpancebuminymicosatafysisior adinst psfiod é timee ddir precontacted
mixturt SO e Q] e s BRI AR R £ Pl e firs
period &f 8m YbBebin®ite, th FRP&IRA tinde, befrdthakl ea-matalocene, the olefinic

1,5-hexadiene. Il. Preparation of the Catalyst )
mononesrandshe PrEanPABTIBIM Forataly s SAvtrapgRiTeR B meaboyrh auButy to
about ﬁq{o%lré/ ?xton’f’ HRED! lttb%gogtnld Ghr G ﬁ]&g aBQ t1g Iﬂﬁlu'tjélqg aboutd’>0

contacéting a tightly-bridged n -netall ocene conpoun
minutedn activator, and optionally an organoal um num

conpound, as presented herein. The nethod presented

herei n enconpasses any series of contacting steps that

[001299! | OWSO £ QML AF Tt Na&BE thifurd SESQTRANERESe, olefin monomer, and

organoaluminum 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 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 precontacting the catalyst composition.
Postcontact times between the solid oxide activator-support and the precontacted 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.



i ncluding any order of contacting conponents or
m xtures of conponents. Wiile not intending to be
WO 209P04#3301 exanpl es of cont gl%t ing steps may bePCT/US2008/011056

exenplified using a treated solid oxide

activator-support and an organoal um num cocat al yst.

These steps mayenconpass any nunber of precontacting

and postcontacting steps, and may further enconpass
[00130Usi ng e vatiehs catalpR@BRIpoAsnta (6 Bk Anple cixpanetliodene, aidyivator-

of these steps. Exanples of nethods to prepare the
support; ggangAlumaim 68¢atalyst. d emienallvar pesapusalsdhydiosathon) may be

contacih SEHETSHRE AMon feacltr SERANAEH I {LE LRk Bhzation reaciion i
proceediag aAytstnatealypai vt twanor moreafelorsp omelyst @fimponeatsahyysive
congosition with an olﬁfinic.nnggner prior t? addin% )
precontagied inyp pspel o BeP Pofeit EPEr PR HerEret RO B dEeceRlcting
step m& RAHESAtbYs HoctREinRAi¥Rle ;ﬁ&&%&%&ﬁgd&& mdYbeSRARontinuously

atal yst conposition that is prepared W thout a
to the rpact@p ot dactayriy sstepyvisd hebanlmase prbcasstinwitigh g hatgh pé precontacted

0 sition of .the present technigues may, be used for
produch B B8 PARET o uaheck B a ROmPBREPn TR RHEP e link G ma be
carriedVub ¥l @N&iRE p&IRPINMIRGY Zaice FonPh fé s@oflieidasantktfas several days,

conononer. wever, a pr econt act | ng st ep 1s not

or longew giidrreaamplsy therpentinveys\psecontasp g Piep oray lagt fiome abeuidesgeond to
techni ques. 128] . 1.n enmbodi ment s t he present
about | EERTIH Bout WEseEes P BT S etk dn dhe ML mf i fhfbout 30
minutegn ol efi ni ¢ nononer, al though not necessarily the
ol efin nononmer to be pol ynerized, and an
or ganoal um num cocatal yst for a first period of tine.
Thi s pr ixture may then be contacted with
B t %ﬁggﬁﬁggg§%gé%§g ﬁéator-support. For exanpl e, the
[00131fi r st Aerhaitiebf theippecohtacting ptoaeds, mayhise garaedottaatmiliipke,steps,
etween the -netall ocene, the olefinic nqner, .and .
rather g3 SIgHEROR i (FTEBIRISP)dtreh & TreEd SR R g fiferent
set of cAROKE cImPdii€ HR efBHfe, 2ALPULS cathly A BoRARRMENR rdayl R contacted
about 1 hour, or from about 10 m nufes to about 30
formingria drstesix tyre ooy edhy sonthetiny the dimst awk bule wilthtapothepfatalyst
- al l.ocene | efin nmono and or ganoal um num
compop§E JAHGE & g o UEE eI TR Ene. sol T oxi de
activator, this conposition (further including the
solid oxide activator) may be terned the postcontacted
(001324 xt urMultipleprgesttactime $6aps dnayi betagrreedray b a skgleovgser! pin

. R . for erl 1 -t
e, O SRR APy s
(sequetllyeh pZallep or peombiation tHeseofRFopE&awiple a first mixture of two

catalyst components may be formed in a first vessel, a second mixture including the first
mixture plus one additional catalyst component may be formed in the first vessel or in a

second vessel, which may be placed downstream of the first vessel.

[00133] 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 m.ay be fed into a second precontacting vessel for

precontacting with another catalyst component, or may be fed directly into the reactor, or a



increases in activity in a simlar fashion to
precontacting the catal yst conposition. Postcontact
W@ 209e9433et ween the solid oxi acti vat or - suppoPCT/HSIH08/011056
the precontacted m xture may range in tinme from about
1 mnute to about 24 hours, fromO0.1 hours to about 1
hour, or from about 10 m nutes to about 30
m nut es. [ 00130] The various catal yst conponents (for
combi@Xidfiphe&cofl The®redohieiNE magMel caRiddr it RP& suitable equipment, such
anoal um num cocat al yst, ,and optional ly_ an
as tankéi{ﬁg’élt Wé@kﬁymrs@@ﬁ)mw dsyiced it tibe @oﬂqSH 3 yessel of any type,
[
or any BSMIIREULE il FEPGRlpIE {oud R SBBOH UL o phBent pshniques
may beprgpired bo momctmgor-hé)kmetmaﬂ)at}yzﬂhmmmmonenh sburmgduimnum and an
reconta ted in a vesse| &Hgg’ prior to thei

ansa- n&ﬁ% llocpngytor geleat aboytol? %Wées e by CoRteging Wg pé%ceatacted
mixtur@ Byt C}ijaesﬂfaf‘egryidrﬂi?lg gétlwtefﬁ%gon'fer WELPaBRE 10BERRS aﬁ E@s}ne hour

product may cont i to the reactor, or

to formmig abeveacadlggw se or bat chwi se process i n whi ch a
bat ch of precontacted product may be added to nake a
catal yst conposition. This precontacting step may be

[00134§| arri erheQdtstcBN@Eted nhikiRe BRK RhehRatht MnPRNER B} Atime
ew seconds to as nmuch as Several days, or |onger. For

sufficient acrrplllcev adweptmmmman@nq@x er:tm@ra@tqnng’ psctceptanml higgire and the

sold o 4B TLGA bR dil aTRBLEn G P e DR SRS brefnuaqtpd

mixturd By tbe3MniBbilide@ SadsBrbelilibit dgpositddr thE@ b1 2B i éi@nﬁdl@lﬂ‘ie pdiecbntacted
31] Alternatively the precontactlngégrocess

mixture arayibgchesigt fiom betveep BbotgtOébéo aboait B2y H, pafrom @T\Mgﬁneabout 40°F
ch nultiple m xtures are prepared,

to aboy 931Ky NEHE acpteqBlasnE Sis mor earics es eIk bS edmiged for the

presen€té8iiRyfos. at | east two catal yst conponents nay be
contacted formng a first mxture, followed by
contacting the first mxture with another catal yst

onen aor m nd m.xture, and so forth.
C oo G RaBEEEALPPUIPE eps mmy be carri ed
[001359ut | NMn&nfHodFhénty 86Ge pré¥ent tochiidtes the ms2&Seli of the ansa-
urther, multiple precontacting steps nmay be carried

metallesgne pompeyridde tiasergaronliainug comppysdmaay ke fromgrabgut 1:1 to about
1:10 o@&mgbgc”%a}lf’{‘tzt f1er£9h. 1.66"1. %@’Wé(@b}%ogb 8504y ’fts‘dbﬁ &), from

cohponents’ ma in"a Ti
about Méssahout a: lsmmnﬂfrmn)@tb@nm 1116 labislit gl 0 eTHeb ¢ ﬁiolamracttasrreﬂect the

| us one, additional catalyst conponent nmay be forned
ratio of gusgipetatlocepe gerapayndyio the total amount of organoaluminum compound in

both the precontacted mixture and the postcontacted mixture, combined.

[00136] When a precontacting step is used, the molar ratio of olefin monomer to ansa-
metallocene compound in the precontacted 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 organoaluminum
compound may range from 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 of the ansa-metallocene to solid oxide
activator-support may be from about 1:1 to about 1:1,000,000 (e.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.



second vessel, which may be placed downstream of the

first vessel. [00133] One or nore of the catal yst
wa@opossnt s may be split an’g_l used in differentPCT/US2008/011056

precontacting treatnents. §r exanpl e, part of a

cat al yst conponent may be fed into a first

precontacting vessel for precontacting wth another

cat al yst conponent, while the remai nder of that sane

D.  BhaYslof aPHene s Prapyirde Jatdlydt Wompssaond
recontacting vessel for & econtacting wth anot her

[001375 at al yEnbedimgnis @b the presaphipchriqpesdnelude pracgssentaprofuce a catalyst
compoglﬁgﬁ t ?Br ex%p‘i‘?cj %'XQ tsﬁ]&l nﬂrggesg |ﬁ!taz{y“a'lﬂ 1 dd. pc?nt%tﬁlgoagta%& Ir%‘iallocene an
ou Me® &qui P

olefin, hﬂlmorg&hoﬂﬁm‘mm Kompmhﬁl fovalﬁm peried af tikend Xorfiga precontacted
devi ces, a tube, a flask, a vessel of any type, or any
mixturg geHiding 2 BircoMaried rrsametallshSs) éprea%ta?t55 Eganoaluminum
compofiTREE 31 @0 N, PR AL AR T PhopbeRgfee i
an activator-supputt \aha loptiomaliy addnnbnaknrgmmlumﬂnahi angpuainti dor asecond
. ,least ahout 30 mnute follo $ by contactin % t he
period BF Bogte {Postsqnipcte pﬁurg 1g<¥]e P58 @ posicapiarigd ansa-metallocene, a

postcoRaltbd BERhoAWRRAIN chBpo@id, h $BSitorRRAEd okGinMaddy ﬁ&téb‘?ltéc@bd
one hour to formthe active catal yst. [00134]

activatgresiipporit &ic embodiments; thenmya-pectd kategmay lraslm@ﬁmqnné having
the fo for atime sufficient to all ow adsorption,
I?*&%egnatlon or interaction of precontacted m xture
and the solid oxide activator-support, such that a
ortion of the conponents of the precontacted m xture
ﬁﬁ@(&éCXﬁﬁ%Bhiﬂzed adsorbed, or deposited thereon.
For exanple, the postcontacted m xture may be heated
from bet ween about OOF to about 1500F, or from between

in whicdUimadRRithrtuab eiucori, oﬂ‘ilaifmhmr X! magbe ltsamlitungd step
a postcontactlng step may . be required_f

cyclop%%té@@w L 3 gtbshtpsiadenyl, ‘E&rﬁb‘é%titﬂeéﬁhﬁé‘ﬁyés?(oma@ah%ﬂ fpbptituted
cydopgﬁ géﬁkkggﬁb%ggégﬁgﬁhﬁgpnbodlnents of the present

ues tio of the ansanetall ocene
conpound to the organoal um num conpound may be from

[00138] 750" Grcxsbifiogn X SuhR. - Igisine S8g8 having dofrinula ER'RY,
in whléhtE: rr)a, tfera%mbmla llh'i:@n alabth ghrtalOf) atéh, & £fih RAUL E is

bout 1: hese nol'ar ratios refiect the
bonded tatbo@h & an aRl @u@ Rée mayrhsondrpendenthyeant edk}ell gr@um@nﬁn gyl group,

civer P IMTAOR R RTRB o, B AR ROREGRAGhgn x

substituted or an unsubstituted alkyl group having up to 12 carbon atoms.

[00139] X? and X* may be independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl group

having up to 20 carbon atoms, H, or BH,; 3) a hydrocarbyloxide group, a hydrocarbylamino
group, or a trihydrocarbylsilyl group, any of which having up to 20 carbon atoms; 4) OBR*,
or SO;R*, wherein R* may be an alkyl group or an aryl group, any of which having up to 12

carbon atoms.

[00140] Any additional substituent on the substituted cyclopentadienyl, substituted
indenyl, substituted fluorenyl, or substituted alkyl group may be independently an aliphatic



[00136] When a precontacting step is used, the nolar
rati o of olefin nononmer to ansanetal | ocene conpound in
w0 b@opsseont acted m xture By be from about 1:ROI/U82008/011056
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 wei ght ratio of the solid oxide activator
to the organoal um num conpound may range from about
group, hh Grdnvatilgrutp, b, O Froupy »combmutionloBaliphatdand cylid:gtoups, an
or fromapout 1:1 to about 50:1. The weight ratio of
OXYgen HOUP ikt SEWRe 2 PHTOZSN ZFOURx A RBOSPRATUS £ eHP- & BPEPIC ghayp, a
carbon%?cil%{ alfﬁlgc%g ooﬁ'p J)rﬁg %i&lé}% aﬁygggﬂr ch élé/ﬁr olmil Otg 20 carbon
atoms; athalitle;lor lY0rd@en., or from about 1:20 to about 1:1000.D.
Exanpl es of a Process to Prepare a Catal yst
Conposition [00137] Enbodi ments o f the present
E.  URGHYY 8p8R dhehHdumpRERHSES to produce a catal yst
conposi‘tion. For exanple, one such process may include
[00141¢ ont ac’fhen@taéytlc_ antivtly lod theratal yst ob thefpresentitgdhrgues may be greater

than oA MO TP SRSl S e Pl i oS PamAuS glepte BRiA fride

per houﬂ(%&%{qﬁt%ﬁrg@/(g@m@%’)‘)‘t Brdaffl (IINARRGBAIUT P00 ROHBETSO hr),
and a precontacted ol’€fi'n. The precontacted m xfure

greatenthan éthexpuabtoeaboonG OOt g/ LT BOdm), ac greater thransuegoaltto abeut 9000
’E‘%gonal |y additi onal or ganoal um num conpound for .a

gP/(g G vy r@ax ft linﬁ@wr@ﬂ ¥nslers arrpf@%emzat% gonditionsrysing

1sobutanre]%|§ lﬂ{j'(P flt Svo ?u zglonr{g era&r g%m a%ogts §0 ontt a(l:)f)g leO°C

con m num C nmpoun

and an @trfyﬂena pr@dﬁdre%f@ﬁ&ﬁtmtp%l—‘% ©hbaat 4503305 - BhEPRAEbr sHould have
enbodi nents, the a-netall ocene may include a conpound

substafﬁﬁlblb’ﬁlg ltl‘liﬂéathS’r(?ﬁﬂné( W%b@mmm@f Otheir forpsiof Kowing \ﬁh@n yaking
thesen?ea% Iﬁ{g&gm zirconium or hafnium X 1 may b e a

ed ccyyccl | ooppeennttaaddii eennyyll,, a
ssuubbssttiittuutteedd iinnddeennyyll,, oorr a
substltuted fluore my b e a substituted

L. Ko of sha Cata! @ﬁﬁ‘"ﬂ?o%\t'gﬂl E)‘SP p{ymegbzaﬂog(}’rr@ﬁwes [ 00138]
[00142¥1€ S Uﬂ?etdaiéf%?st offle éréker?trlgc}ﬁ(ucﬁ.!eb %rc"ﬁn{%‘hhgrgfd? Qn9 5%

aving the tornul a
polymgamabom netlenl, uging wammnymsmﬁpowng@rrmanm m:m@ts; nﬁxs osredeherein
“ltinato t. adedt 2blﬁjl lefi
polyrigrgalnt eactpr R TRADIRP ROARS T b5 "B 1aAl Eymenzing olefin
monon%r@tbopro%éenﬁfmdi)oiyrﬂ\é}‘s eh coprimersu Bu&l@hé{%oﬁrﬂw%ﬁ #AdVIPolymers
hydrogen. One 'substituent on X 2 is
may be referred to as resins or polymers. The various types of reactors include those that
may be referred to as batch, slurry, gas-phase, solution, high pressure, tubular or autoclave
reactors. as phase reactors may include fluidized bed reactors or staged horizontal reactors.
Slurry reactors may include vertical or horizontal loops. High pressure reactors may include
autoclave or tubular reactors. Reactor types may include batch or continuous processes.
Continuous processes could use intermittent or continuous product discharge. Processes may

also include partial or full direct recycle of un-reacted monomer, un-reacted comonomer,

and/or diluent.

[00143] 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



substituted or an unsubstituted al kyl group having up
to 12 carbon atons. [00139] X 3 and X4 may b e

wo pabepessaent | y: 1) F Er I ; 2) a hydpODH§199$/011056
group having up to 2 O car 8n atons H, or BH4 ; 3) a
hydr ocar byl oxi de group, a hydrocarbylan1no group, or a
trihydrocarbylsilyl group, any o f which having up to
2 0 carbon atons; 4) OBRA 2 or SBR A, wherein RA

ol éﬁ% RuRi reabtbvs!m fHéPude seveérhl sMigds 19 htOeist tvad Yerardte
potym whi ch hé@?ng up tgy12 car bon até%é [00140] Aﬁ?

polymestzation tﬂaauor%mtﬁgcqrmgetﬁd bya transfes dpwies makiag it possible to transfer the
polym?rg ﬁeosﬁglﬁlglt d ﬁl@ﬁﬁ&@?ﬁl&lég q'ﬁéﬁ%lr 1m/o the %&%ﬁg réa%{or The desired

polymdri¥depe b6irNtidns iadnabf ﬂiea&adt@ﬁm@ beacnftafeafrﬁbmqhg bpetpting
cyclic group, a conbination of aliphatic and cyclic

conditighbefifhe OHIT BRg9En Altenptivady.elyraerizgiion in myltinle Feagiors may
mcludegt'hQ &Pd;nugl t Jﬁ%i%? ROpY '?g%* %g} oﬁe"rga&ﬁ%' s%b%g%gnre&'ct{;x@ vtﬁro&ﬁltmued

Icon’ g or on grou

polymeh&utlm) Mudtipld rdéaoto? Oystanbanyancods arey doatbigkeiondncluding, but not
hydr oge E. Activity of the Catal yst Conposition

hmlted[teoqm&ﬂp eriogp é%apgqrw%ltla{?taaé Feariass, atq?@hz%&t@r%ﬁom andegas

reactork rrﬁﬁ‘lﬁBfe Hi gl? gfé'sghl@ PealBYs H€a SRBh&ior HAHIgR ?re@gﬁé‘ lWlﬂlQOO and/or

about "~ 100 ranms pol yet hyl ene per gran1o chem cal |

gas reattoesat Bk moltiptk ©aitdes may bdoperated b sarics at evpagillglg CTSO
hr)),. greater than or equal to about 3000 gP/ (g
CTSO - hr), greater than or equal to about 6000 gP/ (g

A. @ngsmr)yPan&h%@ﬁ&{Pﬁd%@ﬁeﬁr equal to about 9000 gP/ (g
Activity may be neasured under slurry

[00144p0l y ndnleﬁﬁ)pdunﬁré®@ﬂhp ipoasentusehmidues.obe pakymeaigatidrereactor system

sy g on P68 YOREIAROL BB LAES) bGP ABR oor.
Monon3OdiPseng] cb&lﬁ;b@xh)d oﬁlﬁﬂnaﬂ? lafly cchhsncsrﬁaCIh@y b&bstindotialy €ed to the
substantially no indication of any wall scale, coating

loop reg¢topwhelic POHFR1Z310R 8E4UIH @qm@ﬁlymtwgogwggesses may include the
continIEHROEA et B2 3416 RLShy PR s
and themoaﬂﬁm(bustrembmﬁlm theis ecactor efidsdspension mclaling pdiiymer particles and
the dlllffglf: zﬁga}rc:toirgfhgerpt ggté(g{%g‘llaéﬁe grﬁ\g/géé %lgsgﬁlﬁ pofymer from the liquids

that incli® HERIIh&RAL ﬂneﬂox{l&aa%%r ohRRbHIE SV%@&usQQ&%GFnge?s%éﬁ‘e
reactor capable of polymerizing o

employed for this separation step including but not llmlted to ﬂashmg that may include any
combination of heat addition and pressure reduction; separation by cyclonic action in either a

cyclone or hydrocyclone; or separation by centrifugation.

[00145] Loop slurry polymerization processes (also known as the particle form
process) are are disclosed, for example, in U.S. Patent Nos. 3,248,179, 4,501,885, 5,565,175,
5,575,979, 6,239,235, 6,262,191 and 6,833,415, each of which is incorporated by reference in

its entirety herein.

[00146] Diluents that may be used in slurry polymerization include, 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,



nononers to produce honopol ymers or copol yners. Such
honmopol yners and copol yners may be referred to as
WO 2®9M$30r pol ynmers. The various types of reacPOr/ES2008/011056
i nclude those that may be dferred to as batch,
slurry, gas-phase, solution, high pressure, tubular or
autocl ave reactors. Gas phase reactors may i ncl ude
fluidized bed reactors or staged horizontal reactors.
cyclohélaﬂ% M¥oluff! AlbatdiBYn plfitahd§so ?%ﬁttahg Heo nt;i}f}r hﬂcpﬁlth@kane Some
oops. H gh’pressure reactor i ncl ude aut ocl ave or
loop pmlumahmtlonaramtmns carRe@at ondetr)bpﬂscqndqunn evhettenddi wemt oray be used
ont i nuous ocesse Cont i oul d. use.

c r r0Gesses
or e B o B £ P R o B AR g R Sason of
propy lgrfe%&}':o?ﬁe? ATRYscR)s8@id DH. peRnPROS. 1845507140 Whllchdih hif@tporated by

recycle of un-reacted nononer, un- réact ed comononer,
referengeifY 1oy erdiretyehstein.[ 00143] Polynerlzatlon react or systens

of the present techniques may include one type of

reactor in a systemor nmultiple reactors of the sane

B. qsasdpffafs@mtj»nar&aﬁon}am@y@m on of polymers in nultiple
reactors may include several stages in at |east two

[00147d epar divethgothmpalymatizasionrearieronay ingude ages pbessaeagjora Such
system g@%&rﬁpﬁo gé{aj u%ﬁb gcle shr%ﬁ%r gétaﬁ%ﬁ ?‘irfc; %ér?srné%&%ers

contmwcﬂakyto@ybled mlﬁmugﬂn e ﬂa&hmﬂberdea chopresehide ofighei cadlyst under
merization conditions in one of the reactors ma

polymwaéw padationst “SFRCYHIE SHBRP MRS Wil Sieen Bre flyjdized bed and
recycléatlﬁgﬁ 16 M RhSor. 15%@9@611\5? d ollyﬁ'f%h' éf;ﬂg&;gﬁz{ﬁtﬁ* gﬂs ﬂglgrao fn from the

tiple reactors nay Inc
reactorpankiylnwrorfﬁeshmmrrree aclydre added ublsephpueﬁte pod?ymdnmed rh@romer. Such

conti nued pal rizatio Multiple reactor st ens
gas phisRarasis Sy SR Harichs TPt FRg Bl ER SpLTAGHalan phdlefins,
in wmmlem &e be%&ﬁé& 1Pthe galdub bQJis% i9asleh® @«% ‘i’ﬁ(ﬁ:peﬁ’dent gas-phase
onbi nati on | oop and gas reactors, nultipl

polqumesgm renes e‘dnhdc@h@g a aat@bﬁbcmmlnm miyrhfprgfhrrmcbmg@t
otymdlighllod 998, BNCLE A85 1 ea0K O Sond NEnI oS HEAELON:Ror is
P Ym%ﬁ? B o‘B PECEL NP SEPFRE SR 2R pal't spgiof g PREBSp
disclos&ll # U)S. Pateyi®ios. m}s’m?ne&&sm&d 9a361404, leactesb@richeat s
of the present technlques t he polynerlzatlon react or

incorperpted binrekgrenicnd UtentyelYd$EeiB! urry reactor. Such
reactors may include vertical or horizontal | oops.
Mononer, diluent, catalyst and optionally any

(001483 onpnaxeEordiny tdeilcantharaspret yf the dechaiqubs altogippregsact or

wher e poI meri zation Gener al | conti nuoys
polym%@%%&f@g OFEAYi! Aidrie e cEstan R G0 @uOR IV B Rt or UBKIag

reactorgprﬁi?/'}ﬁ(le sévefALBh¥% W herd AsRnfdhbMeR initiHof, Br catalysts are added.
pol yneri zation reactor

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 gaseous
stream and introduced at another zone of the reactor. The gas streams may be intermixed for
polymerization. Heat and pressure may be employed appropriately to obtain optimal

polymerization reaction conditions.

C. Solution Polymerization Processes
[00149] According to yet another aspect of the techniques, the polymerization reactor

may include a solution polymerization reactor wherein the monomer is contacted with the



and the continuous renoval fromthis reactor of a
suspensi on includi ng pol yner particles and the
walptogest301 React or ef fluent nmay be flashed to rReUS20081€11056
solid polynmer fromthe Ilqé@ds that include the
di l uent, nonomer and/ or conononer. Various
technologies may be enployed for this separation step
including but not linmted to, flashing that may
catalyst Bsthpékgt Gy ﬁmle&@lﬂl@%mo&hma&ar@dm ¢drBr laemdmgeamllére organic
reducti on; ‘'separation cyclonic action in either a
diluentey ckogse nemomer m&;bmemmoyadr Iéémneé,ttha magpmer may be brought in the

rifugation Loo nerizatio
vapor B i 894 Pl R SARK R0 aRiduty BF SisPER bbibence of
liquid Iﬂﬁl%nar eTKB p‘tﬂ%ﬁé@ﬂmoﬁ ebn€Ma E‘ihanhtﬁmbkl 2 telPplepitiredNa®d pressures
248, 179, 501, 885, 5,565,175, 5,575,979, 6,239, 2%5,' )
that W1H et inghe ma@orsfsfsa spigtionsefcthe pelywier iha reaciior meémnat Agitation
may bet %rré?lgf & t% %?adl Baﬂtérstelgpérja{u% Xo.ﬁleorl gh(ﬁ] {rxggl#ﬁlg ]Hg en]E S or
polyméﬁ(zatmﬂl ﬁnxthfts tliiﬁﬁgﬂﬁjt tl’ﬂf;bdlgmﬁﬂiaﬁdiﬁrzbﬂe dAdeguate means may be
drocarbons that are |iquids under, reaction
utlllze%élﬁalmpaﬂgg theexpieanicdieasf el nei@tes: may i ncl ude, for
exanpl e, hydrocarbons such as propane,5 cycl ohexane,
i sobut ane, n-butane, n-pentane, isopentane,
D. ReapeniSappgrt Aysdemns hexane. Sone | oop pol yneri zati on

100150l | o1 O SEATER SRRt H THETSOhSF iy ey furher include

any colbRiaVbf BE) rAF lnsatéi‘ﬁl tha s?&tlax'ﬁeg FeedAYstBNABPLAalySt or catalyst
pol ynmeri zation of propylene nononér as di sclosed

compohkis, aRdioe atpolNuer r&co468, Jsem. Wuck Isuystsns maw mmbm@t sezdtebss for

i t
feedstoh pUHEFTPm PP Tabs dl IerBTﬁL?Tn SFIrpTIaR, re0gla! cooling, polymer

recoveRR bBsratioh, refydl& afdrade, TBMokt) !Hbﬁﬂi@or@ afalysiRh@R&process control,
reactor. Such systens may enploy a continuous recycle

amonggthesam cont ai ni ng one or nore nmononers conti nuously
cycled through a fluidized bed in the presence of the
catal yst under polynerization conditions. A recycle

E. sl?orlﬁammynb:@nmmohglr awn fromthe fluidized bed and
cycl ed. back into the reactor. Sinultaneously
[00151ﬂ)ol y feondisiona that meypeisenirpHeskfion pal TR HEC giRt HAndiorovide

resin pfbi)léhférs uﬁd’h? Hlﬁgﬁﬂﬁé ﬂ;@%ﬁps nﬂqgﬁgoﬂcgn{rﬁmrﬂcb? VEuh@us reactants.
pol'ymerized nohoner uch gas phase reactors may
Polymd:rhz(atiunl eenapepatorasna affect catdlyst psdchlptlgmys pohase molecular weight and
moleCLH \ngﬁt dz15tr1 gtTonOfSulta%Iel g]oﬁ}’/merization temperature may be any temperature
below the de-polymerization temperature according to the Gibbs Free energy equation.
Typically this includes from about 60°C to about 280°C, for example, and from about 70°C

to about 110°C, depending upon the type of polymerization reactor.

[00152] Suitable pressures will also vary according to the reactor and polymerization
type. The pressure for liquid phase polymerizations 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 supercritical region occurring



in which olefins are polynerized in the gaseous phase
in at |east two independent gas-phase pol ynerization
wQowen43shi | e feedi ng a catalyst-containi ng pol BEEDS2008/011056
formed in a first polynerization zone to a second
pol ymeri zati on zone. One type of gas phase reactor is
di sclosed in U S. Patent Nos. 5,352,749, 4588, 790 and
5,436, 304, each of which is incorporated by reference
at generilly high@ntmpedayurésedre presshf 1 Pperation abavertetepitisili pdint of a
anot her aspect of the techni ques, a_high pressure
pressurﬁépryﬁ%r@r%fhagfﬁm ésgemﬂtlﬁ%lyh?fﬁa mayeoter agyantagess eact or
or an autoclave reactor. Tubul ar reactors nay have
several zones where fresh nonomer, initiators, or
[00153¢at al ym@coacmtaﬂda af vitioereactaay mag be mbniaolieebtoi produte resins
i nert ou streanﬁand i ntroduced at one zone of

t he
with cGr@LBRYSICa) RAq Pathgnica REAPATtFS Khe PIARGsGH epdige praduct that il be
formeCMRRRENR SndBY MEhSNLT RIS tth Fo@iR? B6Him ek BRMAARNE resin
I itroduced at another zone of the reactor. The gas
properti¢sr ddechaniyl prepéntice meludederfse, fhaiuyalamipaat, icorep, $teeas rdadition

and GBS BRI  ThBRR SRL Bt b BAE Wbtecutar v
distribSiRIn i eMih gRehypBRiré 2d1h RN ans 06 8 $6ASerdtdbl AhhpAses Menaft o

et anot her aspect of the techniques, the
crystalg@atgmedway,u stareoregelenty, meepk grvthdleng chain branshing and rheological
rization reactor wherein the nononer is

measm%%e%['ggt ed with thecatalyst conposition by suitable

stirring or other neans. A carrier including an inert

organic diluent or excess nmonomer may be enployed. |f
[00154)esi r ebhe qomecTHstOREPT IMaYOHET, B?W@rﬂlxdﬁ%e@aﬁbﬁatah@%e

t t

modlﬁlﬂ@ ﬁld?égégetﬁ)gledo\g{FISQBL eﬁ% gﬁ'}g@a}ﬂ In rf)&l?rc(falﬁ rl afl.reggﬁﬁeBpeﬁlgs.
Comor[mxhqmmyl lzealsledmo zamm] quubedemaltylt Hb/dm@emtnztydnmeditmccamol

and ssur ghat Wi | | e%ult | n tl formati on of a
product g1o clu t‘n p‘i?lt%hﬁﬁ may Sulsgiaté’tai l@ﬁatﬁeﬁa&?ﬂge poisons and
contro ﬁﬁbfe@ﬁlh@ﬂ'e@i’ PRARTERY RY§Be h@e@t@tc@hﬁolq%%aﬁcrt pr&IBPEEsAnd efectron

contr ol to maintain” uniform pol ymerization
donorsrsiffer Ustersotegnieuitph dutadﬂtt@npthe;mmqnzratwmnf P@ANS Nk e anigimized
. ans be uti for dissipating the exothermc
SIce tﬁe‘é’dfnpgfnp%&r%‘fgf’?szaéﬂ %ﬂdu%pnﬁgg et%or Support Systens

[ 001 50] Polynerization reactors suitable for the

present techni ques maé further include any conbination

F. dflndl?r@dumﬂ\@dedronﬂ Belymeyst em a feed systemfor

[00155“} at al Yoie }S)orlwﬁalgrlrggih fluff from the reactor system may have additives and

modifiers added to provide better processing 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 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 fluff may be extruded and formed into pellets for

distribution to customers and formation into final end-products.

[00156] 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,



conmponents, and/or a polyner recovery system Such
systens nmay include systens for feedstock
w@ooedissat i on, catal yst st orgge and prepar at i oPCT/US2008/011056
extrusi on, reactor cooling,” polyner recovery,
fractionation, recycle, storage, |oadout, |aboratory
anal ysis, and process control, anong others. E
Pol yneri zati on Conditions [00 151] Conditions that my
blown BEm @Rt filh, leRbufion (g yiet extaisicn) pifefandicenayatedekthion,
_ provide resin properties include tenperature, pressure .
coating{lgmipswncsHeEAR.rie-),gind spony Bowmoldiagds antosess used for producing

Pol Ver i ' ) S
N
reciproogtirghdcrelv gfathibed, iaocumdaior Abddmpctiyese and & 6ronThe blow molding

tenperature may be any tenperature bel ow the )
procesygay F JHF s totmes thetHsime iy eedd @B & ANHIgciuFePredRys ranging
fom o IR A G S b SupRebdeSe! Sl i
injectiotOi@otding pondiicth BAC cotpprerds npy eomoldékbfar ppadetange of applications,

) pol ymeri zat.i on r,eact or 01. 52] Suitable pressures
inclad g phgineg: dpnd SREP o B RaE Ry S LLGRO R Gerates caps and
closurdgpﬂox{;g{eiaz@w_on type. The pressure for liquid phase

pol yneri zations in a |l oop reactor is typically |ess

than 1000 psig. Pressure for gas phase pol ynerization

oot 513, B8 Bl B0 800 SRR s ORI, or e

may b&&iRidad snt pilyéthyleROPElle? GesiindQusd @i 0asitiflent of applications
Pol yrmeri zation reactors nag,also.be operated in a
due to g péqr@rcaltrﬁsz%tanqeegqlﬁweoq?éw inaigHetioye derahility apd gprépdvantages, and

. te LeS. . . :
e ik STEEE U O SERE FHEREIOLA Sl ROUSLIS watcrmains, g
distribitiosp stoerhiahd ealitaphesdrs, Aayeriof plambathy alecaigabeonddd, pdwer and

The concentratjon of various reactants may b .

commyyeationt fluds. 61 sHorrierPIPEs: R WRK Aaseesst apAtppersc dn Parigular
— eS1: .
i ABEA 0 B RAEIE) iP5 SR 98  gfhe or
polyoléfar grionp of plastigsrusedifir piiied, &5 tougig sabtdsendresistastiandefféxnble (even at

subﬁe%@%{lﬁie%%qrﬁgg?{jl%ﬂ%&%%ﬁ,%@?ﬁéééﬁ? Il%éi/ gg !H%J‘? i tse nili (Jiz?ﬂleter tubing
and in PRe@BaS tndrE&laf 8 LEVIRI dtathetef. ORQIché:aR poiettithe RNl (3sins) may
nol ecul ar wei ght, nol ecul ar wel ght di stribution,
be supplidd: fon thetpeesgereatiping magkets,ssuch anmi natwal gasrdpsiributione and for the
non-priEIRGPY [FukFiv.o0h Sl R 7 cBg BB anchi ng
and rheol ogi cal nmeasurenents.
[00158] 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
catalyst 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-

molded polyolefin resins include agricultural tanks, industrial chemical tanks, potable water



[ 00154] The concentrations of nonomer, co-nononer,
hydr ogen, co-catalyst, nodifiers, and el ectron donors
woreapoloes3dnportant i n producicag these resin proper/US®e8/011056
Conmononer may be used to cg trol product density.
Hydrogen may be used to control product nol ecul ar
wei ght. Co-catal ysts may be used to al kyl ate, scavenge
poi sons and control nolecular weight. Mdifiers nmay be
storagettatic, irolustoinl wadte portainets, fpcoqadohal eguipnetng Inegineqrodies) phus
affect stereoregularity. In addition, the
many Ff{cent rati on of poi sons nust be mnin zed since they
i npact the reactions and product properties. F. Fina
Products Madefrom Pol yners [001 55] The pol yner or
[001591 esi n Shieetf dxtrfusiomis heecheigoe for rsalsne fintEystivashecta fidint a vasety of

. d difiers added to provide, better. progcessi ng .
resins. fieirRgiveniRiRRtET Ssei e sgtertlbe e pipinig ea¥eging e
applica@iBfls RICAAY Akink 2GRN, UL BSnthidelsUFR IR fARE bABAN fpe@bftafésdand

as slip agents, antiblocks, tackifiers; antioxidants

margarggdhbsasOfher marketsafiod sluast extosion efitalydéfaamcebidethepeghataitilize

. pracessi al ds such. as., waxes/oi.l s an .
retativdy f5FRE B ety A5 B GR O aPo P Bions, sush sy g tiners,
pallets,/ Rttt dinnadl, bRlygicund SEMPETREE 26d bakks OMbBITE us® effextruded

enhancers, and degradation agents. After the addition

sheet, fof exdmepladgin gepasemurprespyhyiedfatsheqt el ysthylanermatgrjaleay be
wetdedS R R O O AR Lo o5 U B ipose

56] To form end-products or conponents fromthe
the pellets are general]ly subjected to

ellets,
[00160f 1 ¢ hetheprowe Sidmpgocessisih raSuNely ! HREPLF IRy Tt oty etemotsed for
| idd |
polyet xétnrgug?l o rf[r? Ee%ab%gké@r?f??n u%% on, af)e:rﬂsg‘ (aAn c)oa}érdugd%tﬁ (leras as less
than 0.25¢ mulsineer (t@atiishgy theeknesat Howeeott thebilom fikh processacut goduce

.on. Bl ow di. i s rocess,.used for, producin .
materigloy iekedet g 420 BBS Ghd clder, bdmele BleP ppsing in
conjun@ AW ITR hfinB hy SO dPSFERE 111 SME Bo A SrubiBh it RMhAE R 8 Say3 Gh& ¥oundwork

machi nes, accunul at or head nmachi nes, and so on. The

for sevgriabspphshigénsg Agtveniegeousmyonrstiesat ] the blow moldieg products may include
.. custoper's eds,. and to.manufacture products. rangi Rg_..
clarity, sprgngf-{garspiliy opting Rrongtivy 0 oefhas o o’ pipiations
may inéla8K foodBimtirern (ﬂ)aé!&%%?-, indluirlaBpackaging, arid Iﬁfhtfbé@ﬁa%ing applications,
nol di ng, products and conponents nay be nolded for a
such awga@uk@rﬁbglr@ﬁ% hygigne Bk, adsso PRk udi ng cont ai ners, food
and chem cal packagi ng, toys, autonotive, crates, caps
and cl osures, to name a few
[00161] The cast film 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 production rates while producing beneficial optics.
Applications in food and retail packaging take advantage of these strengths. Finally,

polyolefin pellets may also be supplied for the extrusion coating and lamination industry.

[00162] Ultimately, the products and components formed from polyolefin (e.g.,
polyethylene) pellets may be further processed and assembled for distribution and sale to the

consumer. For example, a polyethylene milk bottle may be filled with milk for distribution to



[00157] Profile extrusion processes may al so be used.
Pol yet hyl ene pi pe, for exanple, may be extruded from
w@eiogetdsyl ene pel l et resins 5gnd used in an assPCT/IBIVD8/011056
of applications due to its-Chem cal resistance,
rel ati ve ease of installation, durability and cost
advant ages, and the |ike. Indeed, plastic polyethylene
pi pi ng has achi eved significant use for water nains,
the cong@ded ios tHei fQelt talimag berasseaitle ik drdiytomobid for digttiBiticd and sale
pl unmbi ng, electrical conduits, power and
to the coBSHGT cati ons ducts, chilled water piping, and well
casi ngs, anong others. In particul ar, high-density
pol yet hyl ene (HDPE), which generally constitutes the
IV. Iwagqﬂbs Ubl’(hly'ﬁlebsf Pfé}&rm U il gethie IC3alyss offth@ Pessenc Fechniques
abrasi on-resi stant and

00163ﬂ | eX| b\]V gh?lg\pétﬁncgpg §QIB‘F ”lg’étililg’a ﬁthtyéq‘i‘ﬁé’to Sy g§oduced using catalyst
compo 1B o CRERARE S S e o
may bel obsgte'né waden usiogyiehtiylberdgedebdaemsta{loesic watal ystsywitisout an alkyl

plied for the pressure plpln mar ket s, such as
group ipRded ig @ aagyﬂpgfwar Aoape ligrads dhishey h%ﬁ%?l@é@tﬁﬂé)y the

r t
pOIYmGSfIngllﬁg 6%%% ?{ot gst ?glrl]éa ? Fﬁﬁgtlgﬁ%st slhg%il i Aab IR thllow steric

hindrarfte font ereateat Mky‘:l substitupritasisttie §°oycopasadiand-tipe fiogsmay
hol | ow parts_through the application of heat to

increasp bathy agtivify ppd 6RTBENGRETIECOTPRIaier HY SRERRCIFAIMSANCER S| ns
general ly applicable in this process are those resins
that flow together in the absence of pressure when

[001 64ﬂns | t edBpeoificallynnactilideiehe RF 1 e:dnidahﬁs anResubsitutsd alkaae; substituent

onan F}Pg h glggatsl% ng)é%%?%aé zfr}%?z’st%\t/éﬁng Pg mg metallocene

and hlg@éeflé&ﬁ&ﬁfnhétm&&pm«aﬁom dq 1%1 &, maqea ARG ViR avuumgommethyl
urthernore, these_polyethylene resins suita

silyl in gt mmhthrmrdtihng -medengk Ktos meﬂébpcrwb lown as R- 2 m FIG 2, only

w-te at stren ood |.0ad- be 0
nas an OGS & P G BREeicadier S0P O bGHP LR CP0.5 mol %,
Thus, 2f&6@sHlhe ghwlysm th€ k& &chmquesaﬁqay bongdd syma hegdf the

yolefin resins include agricultural tank

po
substityengi resantid hereipg the examapies dispussebbdowayid @smcagﬂ@ldﬁ Rfocus on
I t.ai creational equipnent,
the use ori}gﬁgﬁb 1ﬁlJt éfl\ﬁ?él 8\?}% £ sﬂggtﬁtrl%lrtsg [00159] Sheet
extru3|on is a technlque for making flat plastic
heet s fron1a variety of resins. The relatlvely thin
Table baG@glp@ﬂé@t Q W@@@ﬁ@mratvntwéamsa haveng brlky ﬁl&&&l&gﬁnﬁgvs
linear saBRIth&RL 1 ons such as drink cups, deli containers,
Droé ce trays, baby w pe containers and margarine

Meld- | Ot her| marklets fpr sheet extrjusion of pol yol efi|n
iormk utle t holse thiat ut| | i ze |Activator-| Activator-| TIBAL | Solid | Butyl
Metall-| Weight [ Time | Temp. P Hexene | Support | Support (1IM) PE | Branch

Exam. | ocene | (mg) (min) | (C) | (psig) | (8) Type (mg) (mL) (g) | (mol%)

Fluorided

1 R-1 1 30 80 450 25.0 Silica 100 0.5 437 0.94
Alumina
Fluorided

2 R-2 1 30 80 450 25.0 Silica 100 0.5 171 0.50
Alumina

[00165] Examples 3-15 in Table 2 show results that may be obtained for polymers

made using the catalysts of the present techniques. The specific metallocene structures used



relatively thicker sheets for industrial and
recreational applications, such as truck bed |iners,
w@adobes¥s01 aut onot i ve dunnage5 pl ayground equi pP@HUSZO&?IOillO%
boats. A third use for extruded sheet, for exanple, is
i n geonenbranes, where flat-sheet pol yet hyl ene
material nmay be wel ded into | arge contai nnment systens
for mning applications and nunici pal waste disposal.
are showOGA[. Theoridspomdifg lorthpidendfisatioh givereinahé vabmndatwdeds e
. nveysi on system used for pol yethyl ene. The Aneri
Metallgsener i Taple Ie¥e FORGPAHENMEX EPPI5$ iﬁ% %ﬁbla@r%hﬁ@vsreflﬁ}srfeat may
be obta‘?ﬁedI i%?? fyhﬁ?sxgnagg’ﬂ‘omdédt §tq1ravfn%Q10rE‘ul)§ tgérﬁs bhlgkness.
However, "t fil ocess can produce materials
cyclopaﬁadlhmyikh@s. thm&l]onﬁmsﬁmc(lﬁé)umdl foy theamdmhiigﬁmwvn inFIG. 2 as .
Furt heymmre, blow nmolding, in gonjunction wt
structufgo o oo i CBIMPAITE TTE B MER SISBP A BAAls g patymers used
in mmﬂa@)ﬁﬁpl‘i&i‘ﬁoﬂi ONRAVQE KeshiR¢ fo? @\%eTedlioRPPthb&AYhQNSE polymers are shown
Advant ageous properties of the blow nolding products
in Tablg’dy i nclude clarity, strength, tearability, optical
properties, and toughness, to nanme a few. Applications
may include food and retail packaging, industrial
A. gqgkggjsnguy and non-packagi ng applications, such as
gricultural films, hygiene film and so forth
00166ﬂ 001611}461rﬁ@st¢<a§t may bermsagEed by arynanberad rheadpgicalgrocedures. In
one tec%%g@,reIs %Egﬁ% ?cb%irsol ‘s r?{]‘é\ gﬁeégggiﬁﬁg?e%%ﬂa&!%ﬂﬁ%gﬁ (’}Sg(%lty may
be obtaiflr facrh @yhahicahesibiion Iﬁezcsaﬁdméntsl MThd duga olitarneemﬂpﬂese

to operate at hi gher production rates [ pr oduci. ng
measurgEgars; pRRYsed 5 P@gulaﬁﬂpwh@afor dia 9 whwadathsrraﬂ? gt dye|viscous

modull%g?;g?l'gﬁén tbggtﬁ: @1‘3%%3@@}19 ek! hﬁssl@le%? Qsttit&ﬁy dE&QQAeE ¥G”

ets may al So be su for
increasex andu6T decremsat,iimgreasnt thaviliatof dian |6ndust ry. [ 00162]
Utimately, the products and conponents formed from
pol yol efin (e.g., polyethylene) pellets may be further

[00167" ocesS&Hp A BS sRIM AR APbE &Tﬁs}érit FHFyhfé'Fs A9 bs ARt hfRaningful

he consuner.” For exanple, a po lene m |k bot
when thenelelgstitityers opirelatad tokhe mplqﬁulsar wemlmt i Bawevehthe unsubstltuted

merall GRSy Bt R o1 T 6470 BT o seBb@ishh iemifican

amount 8 inkxaplenegerddl, frev et nddsaieaieatlo fihk Rtb1édutar Gadi gty SThis is
of the Present Techni ques 00163] Wthout intending to

indicatedby fhe termp ginseluhlep. i Exemplest & 1{r Shus eempaiisegs e4ian § 6.
Molec@%rgipg%bf 'a9 B¢ sg& P&o&r &/@leelrl['nptogﬁg ' %%%O%Xn l?"?1ble 8olymers

éri zed owet e asticity an may
made wsingeixemplatf eatalysts g the Igbielnytebhmdgesd sliovaraagiel alldaadie. 1, all
catal ysts w_t hout
have hlgﬁer values for Tan g L1’1an the valug obtained for Example 18, which was made using
the unsubstituted. No such comparisons were available for Examples 16 and 17, as the melt

elasticity for these samples was too high to allow for a meaningful measurement of Tan 6.

[00168] Accordingly, to obtain meaningful control samples for comparisons of the
melt elasticity, a variety of commercial resins were analyzed using the rheological techniques
discussed above, with the results as shown in Table 3. The results obtained were plotted
against molecular weight, as shown in FIG. 3. As can be seen in this log-log plot polymers

produced using exemplary catalysts of the present techniques have higher values for Tan 6 at



group bonded to a h5-cycl opent adi enyl -type |igand.
This may be denonstrated by the polynerization runs
WG haoio433m1 Tables 1 and 2. F her, as shown i nPQHEDE®OL011056

the I ow steric hindrance fromthe |inear alkyl

substituent on the h5-cycl opentadi enyl -type rings may

i ncrease both activity and conononer incorporation in

some circunstances. [00164] Specifically, metall ocene
compafible mutecalar aizhestouhs cdistol sathplds.al kia iedisatéssthiat the mieltoglasticity

a 5- |nden I r|n , as .shown in FIG 2, shows her
1s lowex dor, eo:le{rga ar)43? yggqgglpa%g ﬁ@tsﬁmedﬁ@ﬁ@ﬂara‘ﬁﬂ ght; agﬁgq: g ntrol polymers.

conmonomer incorporation, 0.94 nol % than a catal yst

having a bulky trinmethyl silyl in the same position on
B. tReaults fon démiydularTieghnerdtoagene, shown as R-2 in FI G

100165845 T aHAR oD EFHEUH TSR TEN (BfL e TR Ov5" P lamicity and no

1nsolulﬂ13 thapaientd) 8ataBER oY BeSprefent ReNAYLESRAY 5186 ABV OMERer Y vities than
be used wi fh any of the substituents presented herein,

unsubstihgedmataploesnesli 8¢ @s@em Toblaody thé adiivity i exemploryTedsalpstg of the

present (8o P G35 Pl PSEERI PLEE TSP Hsullil WivdRyene per

grams tIGOEHOF édt@nsdid Badep etenfoar) thraglelastlawumdm@tg PMUEQTSO hr. By
vs. linear substituents. 65 nmples 3-15 in

compariggy], andershpilarcoaditions tth%\tht%ty é%@ﬁl&ﬁﬁ%ﬂ Betafesspgethown as
echni ques.

C41n$ﬁ§%%g§§¥?#%ﬂg ﬁ?éZ%gbstégggurgs useggre shown in
FIG 1, correspondlng to the identification given in
the columm | abeled "Metall ocene,” in Table 2. In
conpari son, Exanples 16-18 in Table 2 show results
that may be obtained for polynmers made from a catal yst
havi ng no substituents on the cycl opentadi enyl rings.
The netal |l ocene structure used for these runs i s shown
in FIG 2 as structure "C1." A further conparison nay
be made to commercially avail abl e polynmers used in
simlar applications. Analysis results for a selection
of these types of polynmers are shown in Table 3. A
Melt Elasticity [00166] Melt elasticity may be
measured by any nunber of rheol ogical procedures. In
one techni que, as discussed below, a highly
reproduci bl e neasurenent of nelt viscosity may be
obt ai ned from dynam c rheol ogi cal neasurenents. The
dat a obtai ned fromthese '
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Table 2: Polymerization examples.

nmeasurenents may used to cal culate a value for Tan d,
which is the ratio of the viscous nodulus, G',

decr eases,

GI
t he val ue of Tan d.

whyooblessel asti ¢ nodul us,

elasticity of different polymers may be nost

di vi ded

i ncreasi ng

-

G . As the nelt el astPCi/U§2008/011056
i ncreases and9G decr eases,
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Cl in FIG 2, ranged from about 300 to about 600 g P/
g CTSO hr.210843PCT Table 2 : Pol ynerization exanpl es.
wok(§0045310] The activity of the catal ysts nay BCBUS1H8/011056

affected by the type of subStituents on the bridging
substituent between the two cycl opentadi enyl rings. As
shown by the conparison of the activities seen for

Exanpl es 5-1 1, nmade using catalyst 1-2, wth Exanples

[00170}2- 14 T R@vRAbatiESatalyst mByeRY be affdged 89 thdigpobt ddsti@ients on

substituent may decrease the activity. Table
the brigging suhistturatbativeer die twp sirelppepdipryl raghnds ﬁh@@n by dhs o

. V.. P :
comafBh AR S LR RO SPLIFUAGNAMn 12, i prampcs
12-14 weingdutalgstdt3, iphert i oings VR e idgingnabstisiciigmay H’écréi%@tlib?&tlwty.
(Pol ymer Labs, UK) system equi pped with a differenti al
refractive index detector and three 7.5 nm x 300 mm 20
Table 3jfAnvil yeeoR gsuits ferdP emmsrciaddB iesins mags fromiQnratalyats. 145 C.
The flowrate of the nobile phase,
1,2,4-trichl qrobenzene [( TCB) contg@ini ng 0.5| g/ LTané
Exampid)- Wn!1000t Y| -MwrEs00y | |PheRei000BHT) MwAansel @k 0li/sec)
19L/ ™ ™ @Agl THe CagapntT|atiBR & PP YME3 Sol [T Qg 3pas

zogfllt‘l d]8]Y7 KE[..E AIAVQLS:—}E I Iolll%;fﬂs h = J.cj) ng/ IT

N h ATy 2N anAa 1
—21\/_\@5 c ﬁif eg 13%"55"1 f nr75£1 4 U\A' h r\éﬂ‘r asiohal a4 gb
200t | e244di t atl] or?léé‘flor t R986d| ut | ondOBAi ng|  1.1980
23t r ansfE%62d tlo Saddi%e Wi al3é36eﬂr nj éd2don hi drA¥dP to
24m ni m 2e03nbdl ar®ad3sol venpcnpsak, | sokvedt w t h 110380
sanme conposition as the nobil e phase was used for
solution preparation. The integral calibration nethod
V. vﬁr@cm@sto deduce nol ecul ar wei ghts and nol ecul ar

ions .using a Chevron Phillips
4. errful%l\ S e@f’t%‘i N ear pol yet hyl ene, Marl ex

00171$H850Q\3016@ﬁlaf h@lglht eedimstcanldpvdighl BRtributiegs akrd @hiifediising a
e broad standard was pre-determned in a _separate

th
PL-GPE 28y (Prlymerljabs Lﬁétsmseqtepp%%h adeffoyenteal nefpactivie index
7
detecm@%n@ﬁﬁg%g]tsgﬁ 1\?\@’%00?51 Lerm nel\gg%é |‘%JQIIS§E§R%@ [%ﬁgh%gimmmg at

145 °Cc dnielﬂwmatdﬂef thie tninebdlle phbsesil zze4-aichllcursbmeméwfmm agtaping 0.5 g/L

2.6-di-yBrgb sty Rb s e 4 E%tflg aht B bt pain %}qeﬂgaﬂon of polymer
solutloH?QtanS{e%ll}(ﬁ%@H thé® QJ'f QQ¥1.598 %@ﬁaﬂﬁ orp&)e rﬂ‘@%cular

attached to a PL-21 O C system { Pol'yner
weights. Sample preparation was conducted at 150 °C for 4 h with occaswnal and gentle

agitation before the solutions being transferred to sample vials for injection. In order to
minimize unbalanced solvent peak, solvent with the same composition as the mobile phase
was used for solution preparation. The integral calibration method was used to deduce
molecular weights and molecular weight distributions using a Chevron Phillips Chemicals
Company’s linear polyethylene, Marlex BHB5003, as the broad standard. The integral table

of the broad standard was pre-determined in a separate experiment with SEC-MALS.

B. Absolute Molecular Weight as Determined by SEC-MALS
[00172] Absolute molecular weight data were determined using SEC-MALS, which
combines the methods of size exclusion chromatography (SEC) with multi-angle light



or a Waters 150 CV Plus system (MIford, MA) through a
hot transfer line, thermally controlled at the sane
WO 20vpessdure as the SEC col s and its differket/Usd008/011056

refractive index (DRI) detector (145 0C). At a flow

rate setting of 0.7 nL/mn, the nobile phase, 1,2, 4-

trichl orobenzene (TCB), was eluted through three, 7.5

nm x 300 nm 20 mm M xed A-LS colums (Pol ymer Labs).
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Wyatt rrB Ue cmlaalr Chom gltictale2 72, ni §88930,0 whhiche ks hietbgbimeerpofated herein by
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area") and specific pore’volune ("pore vol une'
The weight auenept melsciauicrghtl (M0mumbeQaverage hma:lcmllar welght M), z-

o RPN e U B Sl BB Pl
from tHERSEE MR Svéﬂ@rlﬁecPQ()ftQﬁmeﬂn Qhitegfal AFI® as a control for the relative

molecular weight determination discussed above.

C. Pore Size Determination
[00173] A Quantachrome Autosorb-6 Nitrogen Pore Size Distribution Instrument was
used to determine specific surface area (“surface area”) and specific pore volume (“pore

volume”). This instrument was acquired from the Quantachrome Corporation, Syosset, N.Y.

D. Measurement of Tan 6 by Rheology
[00174] Small-strain oscillatory shear measurements were performed on an ARES

oscillatory rheometer using parallel-plate geometry (TA Instruments, formerly Rheometrics



oscillatory rheoneter using parallel-plate geonetry
(TA Instrunents, fornmerly RheonetricsO Inc.). Data
wowee0e/043spi cal | y obt ai ned ov%g an angul ar fr equBCIDYS2008/011056

range of 0.03 to 100 rad/s™a a tenperature of 190 C

[00175] Fluff sanples were stabilized with 0.1 wt % BHT

di spersed in acetone and then vacuumdri ed before

nol di ng. Sanpl es were conpression nolded at 184 0C for
Inc.). PataGlciré typlicallfrobeimgdomeesn adfidaseqieasy wageofd 03wed0o td/s at a

melt at a relatively |ow pressure for one mnute and
temperpiyeholif9 Cet ed to a high nol ding pressure for an

addi tional two mnutes. The nol ded sanpl es were then

guenched in a cold (roomtenperature) press. Disks
[00175havi nFlaficarsplee wrantabili2&d Wit ldwe B HET dispersed ireavptathe and

out of. the_nol ded sl abs for rheol ogi cal o
then vachup seied pefose mﬁfﬂng-o AMplss WeRRCQBRIFsHoagkled gf 184,eC for a total
of threé REATEL efhe\BpM Ak e LBGwED tdinklt 0L Pe1tiV B B preSsure for one

m ni mze pol yrrer degradation. The rheongter was
minutepand hlgat sutlj ectedtth e high mokling preperafaras adfitioha tstoudinutes. The

| e | oadi d th I . .
molded, hI PP B it R B Pish GRS BB HALED G e Rigisaving the
size 2 Bt 25 4tmAidmSeWeleRtAHNATHt 3N thelIEldBX 6188 foM@Seological

trimred. [00177] Strains were generally maintained at

charactgrigatiogl e val ue thr oughout a frequency sweep but |arger
strain values were used for |ow viscosity sanples to
mai ntai n a neasurabl e torque. Smaller strain val ues

[001769€r € URRdedt @hafibgtof\thSaREinkier SaRBlf%efe@ i@Midlogen in order to
~_ overloading the torque transducer and to keep Wit hin
minimigp golyimse degraflaiione | istrheometss vas picheaied to-thp iatialtemperature of the

i r t L gal - ' - hi

study. R R o AL O LR o R B A Rl e

squeeztdbeueei thendaecera 1.6 afmdhicksess ahd tHeatxeeks fwasnriininged.
rheol ogi cal nmeasurenments as the ratio of the viscous

nmodul us, G', divided by the elastic nodulus, G. E
[001770" ePardtd gt gr@rtlé%ﬂg)gﬁiaﬁginéh hi £8n Ak Ya1uR&hroughout a f{eguency

ctivator- Supp 178] The silica-al um na used
sweep putdpegeesttaue vilueowetaged fdri low-vasaesitnseneesliognaintain a measurable

acti yator-support in this anpl e. was typicall )
torque SRl G i TBSa <ik Pt o MBS R SR loGfgtd orloading the
torque tPaRdRcdhd 1d kddh wRRRIAE NheE vist¥eladtliiiAs o R¥ishbpR. Adke

vol ume of about 1.2 cc/g and a surface area of about

instrumpno awipmgticatlyi redwags drd draimathigh frequeteiss binacaisasiedicep from
overlogd(i)ng the torque transducer. Tan 6 was calculated from the rheological measurements

as the ratio of the viscous modulus, G”, divided by the elastic modulus, G’.

E. Preparation of a Fluorided Silica-Alumina Activator-Support

[00178] The silica-alumina used to prepare the fluorided silica-alumina acidic
activator-support in this Example was typically Davison silica-alumina obtained from W.R.
Grace as Grade MS13-110, containing 13% alumina, having a pore volume of about 1.2 cc/g
and a surface area of about 400 m%/g. This material was fluorided by impregnation to
incipient wetness with a solution containing ammonium bifluoride in an amount sufficient to
equal 10 wt % of the weight of the silica-alumina. This impregnated material was then dried

in a vacuum oven for 8 hours at 100°C. The fluorided silica-alumina samples were then



I nci pient wetness with a solution containing amoni um
bi fluoride in an anount sufficient to equal 10 wt % of
W@ b@omesdght of. the silica- al6§m na. Thi s i npregPEE/E62008/011056

material was then dried in vacuum oven for 8 hours

at 100C. The fluorided silica-alum na sanples were

t hencal ci ned. Cal ci nati on was perforned by pl aci ng

about 10 grans of the alumina in a 1.75-inch quartz
calcinddul@aldihdtiondyasi geffomed by lathgtibant 1) ghiakls oflthd dl@mixedih@M.75-inch

Wiile the silica was sﬁ&orted on the disk, dry a

ir
quartz {ibe fitedwrithsintsralgereriiskatdhe brttonhe Whiledhe sifigs wagpsupported on
b
e s ERRY iy ol AR RN G ) pREEL IR ) ¢ stamrd
cubic ftae:t penhowasen ¢lberit énmecaironsd tie qubez tubeey atenipieyeddab en@éase the
400C per, hour to a fin nper at ure of about

bout
tempergiyercor the il ﬂteerﬁt%rfa?ﬂaewe‘loot ﬁepeg hoyrdg adffnahismpegpigre of about
500°C alAt W%n&%rzﬂh ﬁil'e%ﬁlcfaq{lurﬁﬁﬁ%astamlb%dtﬂ@ﬂﬁﬁl%enfo} S 'Eﬁfee hours
I ca-al um na was coll ected and

in the <ky(arredkﬁﬂmkerd d'reysﬂnna-zlogma, wasneblieeted use dtovéd tralet dry nitrogen, and

%ﬁﬁpgure to the tm)sg%‘]{?l F. Preparation of a
was used, PihoW $XRPTHEE FAtNARITOSBRGR: suppor t [001 79] Sul fated

alum na was fornmed by a process wherein alum na was

chem cal lytreated with a sulfate or bisulfate source.
F.  Jreparatisubf ael/@ed diwuint atcgvaiorrSupparay i ncl ude, for

xanpl | furic aci amoni um sul f at e,
00179Ei sul f %1? Lcji[admg)&]wa[sr{d gHeJeTED ﬁ,BfocF§; \Bﬁ%glgaaulﬂxgma was clhemlcally-
treatedaﬂrmglgfaaé obibiTFN@ssiftel SischW filfafd rafsuNatdRodeceAnipinclude, for
fated by inpregnation with an a ueous sol ution

exampbfoﬁtl‘mrm@ , aFaniue spifole( HMRSTIMONSHGDA.  Thi s

sul fated al um na was cal cined at 550 OCin air (240

Chranp rate), with a 3 h hold period at this
[001809 enperatauleemplatepivaediire t hevnahetiah alundiaa S@Ikilaetw Bd Gaa

stored under dry nitrogen, and was used w tho
Alumiga, 4 a3 sulfpigd PM@%af%agmweth SEAARROY BRHHIa8 pptaining about 15-20%

(NH4)2W4 %k h—l?ﬁ@g eTﬁl@ gul’?ﬁled’ Qﬁ?ml%/ Wa@ @zﬁblﬁe& Q041 QOJFP@MG 4S/h ramp

R-2 were prepared
rate), w"ldi i awmgi petrmdmt cﬂme (thmpaeratumclfbﬁ@rWarda the ﬂumﬁm wag cdllected and

7, 494, which is in or at ed ferenc |n its
stored (e Ay inePiniand was ae athon Sxperisis Bt Srafohre
ful venes whose chem cal structures are shown beIOM/are

presented in the follown g{ subsections: 1 (F-1), 2
G (Frogydurs forMyallogene and PolgyiepSynshasyd ) - 6, 6-

(but (pent yl
oors; Aok 189 BRALYLA 100 S PR LB i e
procedure disclosed in U.S. Patent No. 7,026,494, which is incorporated by reference in its

entirety herein. Preparation procedures for the fulvenes whose chemical structures are shown

below are presented in the following subsections: 1 (F-1), 2 (F-2), 3 (F-3), and 4 (F-4).



6, 6- di phenyl pent af ul vene 3-propyl -1 //-indene
3-(trimethylsilyl)-1//- indene InJ. In-2 [001 82]
WORG0R04330Epar at i on, these f%l venes were used tPCPUSAS/E11056

the |igands whose chemi cal “Structures are |listed

bel ow, as presented in the foll ow ng subsections: 5

(L-1), 6 (L- 2), 7 (L-3), and 8 (L-4).Mxture of

i somers M xture of isonmers Mxture of isomers Mxture
soners M xture of isomers M re of _isoners [001

edures using |ligands L-I and L-4 to
: t he exenpl net al | ocenes~a cgented in
2 following subsegtions: 9 (1-1), 1p (1-2), 11
and 12 (I- A procedure fo reparing the
par ative ne, GIl, is pr ted in
pubsection 13.\Susection 14 di scl oges the source of

the conparative c
Q(thSubsectlon 15§ I S I%ses exenpl ary procedures for
-Lbuty ri ng pol ; L he cat &@getyhédnpositions of
mmmwgﬁﬁguwg%ent tec nlﬁhégm' 001 84] freler Al Yues £ i ed
gggherMAse reagentg were obtai ned fromzAl drich
Chem cal Conpany and were used as received.
2,7-Di -tert-butyl fluorene was purchased from Degussa.
Mard reagent CpMyCl (IM in THF) was purchased

xoni un(1V) chloride fere pur chased\from Strem
bolvent t et r aby ffan (THF) wa dlssrrled from
ssium while yarious di et hyl ‘

, 5 re purchased
from Fisher Scientific Cbnpany and stobred over
activated alumna. Al solvents were degassed and

6,6-dipheayiRbtuneer ni Bregen.y-Report ed ppepacridilgnss wer e not
optim zed. OO 1. Synt hesis of indene
2- bilitdy| - 6, 6- di phenyllpdnt af ul vene (F-1) [@21 85] To
1- bronobutane (34.2 g of 99 W% 0.247 nol) was added

[00182¢Y C| opEfdrafémtionB@EE filvenes ey usda té gﬁa@aﬁuh@hgms whose
solution in THF, 0.26 nol) at 0 OC in 25 m nute

chemica} ftt@’fCtUgPS aelistpdfbglovares amsraipd ﬁathefsllwwats%sea&m@ &,(L-1), 6 (L-

2)7@?f @\msvmnmdtoromntamaaune After

rrln o} ernlght, the reaction was quenched with a
m xture of ice and water. The



m xture was extracted with pentane. The organic | ayer
was washed with water and dried over anhydrous sodi um
waiobassol Renoval of the sol6\§ent under vacuum BCT/DSINS/011056
tenperature gave a yellow lIT'quid (30.5 g, crude
but yl cycl opent adi ene). To the crude
but yl cycl opent adi ene (20.5 g) dissolved in THF (150
nm.) was added n-BuLi (15 nL of 10 Min hexanes, 0.15

l
) at 0 Cin 18w

in THF (60
om t enper at ur eanc\stirred

re was war medetTo

ext ractéd Th ~

w th water and dried over anhydrous sqglium sulfate.
MPBISUEP™8T the sol VEREE UA8BF™ vacuum at%i'ﬁtﬁe §gave a

dar¥tred viscous oil. ¥ie oil was dissol velin heptane

and filtered through silica gel. The product was

coll ected by washing the silica gel with 5-10% CH2O 2

't h pent ane.

i n heptane. Renoval the~solvent gave the deg|fed

FosluC x2.3g, 479 pl-¢” baSed on 1-brog Ut ahe) as a
B @“@ COUS O nt hesi s of

2-bu -6, 6-dr net hy) pepraf ul vene (F-2) [C To

Ppromobut ane (105 g¢cQ. 766 ol ) was addgd
P@ﬁ:l opent adi enyl nmagne m chl ori de (8(5(5 mL 1M
gn in THF, 0.8 at 0 0Cin 20 mn . After
stirHNg for an additional 2 hours at 0 C, the m xture
was warmed to roomtenperature. After stirring
Mb@WEsMikghts, the reamkiviorw@seguenched Wi fifi e ifiisthbis € Of
icqg.and water. The m xtuy e was extracted w §ly pentane.
The organic | ayer was washed with water and dried over
anhydrous sodium sul fate. Renoval of the sol vent under
[00183§raﬁgg g% ug%?}s%%e ez{gg% E,EIS)LQ?,\]/%%? ﬁlg(i ?F/\{]H)Lﬁrggzlirg tl$e8e5xeg1plary
metalldtehdd ¥ phRBRed adineTelldwing @hbRtesHt 9%111%norrr;tzb1,a1ncﬂ1-3(),5£ﬁ 12 (1-
m.) was added acetone (5%(71_) foll owed by pyrrolidine )
4). A pregedwrg fogtprepapag thheomparativeangtalocgae.fed , ispressniagddmsubsection
- t r I '
13. SubERER 3 R AR L E e U comtbalt e Son R RGPt Samples.
SubsedtioK t1grdiscless exdniiplatygdosddubys ot progaring o g isihg thy edtalyst
was washed with water and dried over anhydrous sodi um
°°mp0§‘LtJ‘P¥‘%1?€t.heRé??6‘&tatF°bé’f’q‘teﬁe sol vent under vacuum gave the
desi red product (89g) as a brown |iquid.

[00184] Unless specified otherwise, reagents were obtained from Aldrich Chemical
Company and were used as received. 2,7-Di-tert-butylfluorene was purchased from Degussa.
The Grignard reagent CpMgCl (1M in THF) was purchased from Boulder Scientific
Company. Hafnium(IV) chloride and zirconium(IV) chloride were purchased from Strem.
The solvent tetrahydrofuran (THF) was distilled from potassium, while anhydrous diethyl
ether, dichloromethane, n-pentane, and toluene were purchased from Fisher Scientific
Company and stored over activated alumina. All solvents were degassed and stored under

nitrogen. Reported preparations were not optimized.



3. Synthesis of 2-pentyl -6, 6-di phenyl pent af urvene
(F-3) [00187] To 1-bronopentane (109.8 g, 0.727 nol)
woer®atikied cycl opent adi enyl éﬁggnesi um chl or i deP¢B0S2008/011056

of 1M solution in THF, 0.8 ) at 0 OCin 15 mnutes.
After stirring for an additional 2 hours at 0 OC, the
m xture was warned to roomtenperature. After stirring
overni ght, the reaction was quenched with a mxture of
Ilce argimigkrof 2TheylRe, thﬂmle:nwﬂﬁnemlva@t(ﬁdl)w th pentane.

he organic | ayer was wash wat er and dri ed over

[00185én hy drisuk-bsesaeRiins B 2t gof %Wa@ 26t mohevasdded cy¢lpprntadienyl
magneéﬁﬂ&t%ﬁu Jgit (58 ﬂ 8 & gglt!‘t;jl c§1 o FBQI_?(')f &W@ th q’gf ﬁjl 2(5]19&111{165. After

g, pen open | ene
stirring®®P b hEH GbRN QBtrﬁ‘ﬂh&B at (50, Bk nsix6gO WS thatried fdﬁo(ﬁﬂ@nﬂ’eﬁature
was added n-BuLi (35 nL of 10 Min hexanes, 0.35 nol
After satm@ @erniglt, thexmm@nme quanched wigh 2 mlxtgmfum maf@r eThe
rre The ani.on sol

mixturf s SH B BHA), Ty SuAI ae SRR A Sfged over

anhydrots sodiurf) s&lfatb. Rénmaltttfaﬁe soliént iindéruaeuA 3t WRIMTREhPeature gave a
roon1teg¥§rature and stirred overnight. The reaction

yellow\liggid3e et sandg hrylaydpiantadacnsy. e éheaqx"adqbfn}@/mploaame@eee (205
B%?? t np
&) dlSSg‘](?/laéijandl gﬁ ygfm%g?a%s ed W (%{ﬂer an d\bl dl? ?g{dﬁ%\/e r'lfbﬁm) at=

78 °C. aIl’féYrﬂfx@t!d‘é v i atiied ubft@teom Renparatiredindtskifred @dvERdursNTBE anion
vacuum at 50 C gave a dark red viscous oil. The oi

solutionaas @'dé@bﬂml@dmpheherm @8ez, Qrid4fmol) éisedwdnimdﬂgﬁ (L‘QQ Iinbén at0°Cin

oduct was oIIected b t e s
13 min: AP FriBToEt yRRet R By EIRE e Al e htThe
reactiofi Y 2% @ EncdhRY Sitheme arer STdc AR, HOl4qRedis s@ﬁm@n d %B mixture
red viscous oil. 4. Synthesis of

was exgaged wthawepiape. n{flb¢ ergﬂéwéayqr v:aas ‘E@bq@mtﬁ B@ﬁczroa@ﬁeiwﬁ@ver
63. 8.
anhy s s S B U s S SO ETY PLAERC bk g darkred

v1scou§’81¢ irhé 60 waks Askolved g zﬁﬁtai‘xﬂqlltéﬂémwu‘gh'sﬂﬁ:a(g%p Bhe Pdduct was
was slurried in (200 mL). The slurry was

collect@(bby %gv@shmg the sileca gedithahd0%or(@d1{Tly inchepéane d Removal of the solvent

C nt 3 ) d
s o PREPARL S Pt R L OB g 0 G cons
oil. 15 mnutes. The flask was stirred in a refrlgerator

for 90 hours and then, while cooling in ice, 3M HCO

(450 m) was added. The mixture was diluted wth
pelialia (AR JFoltndds BERAEAY GfintahlIfefy @24) C | ayer was

[00186] To 1-bromobutane (105 g, 0.766 mol) was added cyclopentadienyl magnesium
chloride (800 mL of 1 M solution in THF, 0.8 mol) at 0 °C in 20 minutes. After stirring for

an additional 2 hours at 0 °C, the mixture was warmed to 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. Removal of the solvent under vacuum at room temperature gave a brown
liquid (85 g, crude butylcyclopentadiene). To the crude butylcyclopentadiene (75 g)
dissolved in methanol (500 mL) was added acetone (54mL) followed by pyrrolidine (63 mL)
at 0 °C. The mixture was warmed up to room temperature and stirred for 24 hours. The

reaction was quenched with a mixture of ice and acetic acid. The mixture was extracted with



with water (2 X 200 nL) and dried over sodium sulfate.
The solution was filtered and takenQOO to dryness under
wo amanea3oiThe solid was di sscgt./ved in boiling pePCHNB2008/011056
(600 nL.) and then concentrated to 400 nL. Cooling to
-15 C for 40 hours gave a red solid (69.5 g, 86.3%
yield). (F-4 may al so be commercially avail able from
Sigma-Aldrich). 5. Synthesis of
pentank - ([Be brgapicdyyer oys Mastiédawith -wdtdr-dnd (dRied -odter drdytirdmg sydifinusulfate.

orepn-9-y])- 1,1 -di Irrethane L-1) 01 8

Removal of @F.S9E%%t-%ﬂ/Yafcw B & the qesirgd, g@éﬂ%@@@ (ol %@fawéalwd
in Et20 (100 nL) was added n-BuLi (5.8 nL of 10 Min
hexanes, 58 mml) at 0 0C. The mi xture was warned to
rmn_&mwgimn\d -G 6-diphedylpestafulyine (FIe ani on

ol uti S add t
100187 pher bUTeERS LS & DY25 7D wes seist pveioaeen
magnehﬂnﬁlﬁ@degf@% HD ot M {8ufén i TRFN 8 EFat OT9EiMM 9(1tnﬂ{u$es After
was warmed to roomtenperature and stirred for days.
Stll’rlnngd)e ah @aditibrd) 2wesirgaténulahle it threaw a8 wirniied tofroom eera;m‘ature
10% HO aquequs sol ution. The m xture was extracted

After sijming grepmghty the reaciion; was| aupashegaithn sayreplipe dpd watennghe
mixtur8 Wa@ Ay Q¥&Ed \Qﬁﬂégﬁtgﬁ@ fﬁ’éjbxlég?lé %}te?'ix%s @ﬁ@l\’@lth W‘atért&ﬁd dried over

sol vent under vacuum gave “a Vi Scous Ol he oi |
anhydmetis sadiainisnlfite pRame valoo fghe soleenthintier \@olird at irdmn mipeohture gave a

s.f'l red, washe thh pt an d dried upde .
brown JRic P& e e PEMG ey B ARIAGRE TiyfBe gt Peat fyclpmentagicne
(50 g) awﬁsoﬁv&i 1n613H132@()0' B a¥add - BuDEB 538L 3F WOV 6 BahEs, 085 mol)

hesi s of
at 0 °G 1(}133 rhlxtqtb ws Iwaprand apliterodm {en)perat@2, and dtm’eé ovGrbxghyI Thaianion
20[ rrethlrrethane(L 2) 1{5 .
soluth Wﬁsd‘idd?cb beemghep e, (h3P4gmgl) diss Vﬁ%‘! FHEi($8omidat 0°C
2
in25 ol The Gy WG dodlp Mberptul e Bleclbblih. The
reactionamduenthed atithr emtdresdfiice ﬁﬂﬂ m% H(Elgak;heou'ﬁcsotdniena fihe mixture
i on was adggd to 2-buty

| u
was exzvgﬁtsé RythdeAtersu il he REapie. 12yer(% ‘tﬁaShifééﬂwt‘jf agd drigg oper
anhydtjo{]s L & 5ms0Rke Oﬁgm'(pvgl%fethe I&l@aﬂpuﬁhw \%hﬁ\@'}ﬁ _Iaﬁ@@ BB %alOa dark red

oom tenperature and stirred overni ction
vxscousrvas Quenit ed dvnsdslhemmhegtarreemdfﬁltecm tamilgha;iltm@ee dTIHGHuct was

collectSIBY iaging e84 Srechas Mt WO TG minobePiea b et W ¢ vent
gave tHIUNAEPHDIRAHTT Ul f Abk reﬁ@f@w@é oil.

4. - Synthesis of 6,6-diphenylpentafulvene (F-4)
[00188] Benzophenone (63.8 g, 350 mmol) was dissolved in anhydrous 1,2-

dimethoxyethane (DME) (150 mL) under nitrogen. In a one-liter flask, ground potassium
hydroxide (30 g, 535 mmol) was slurried in DME (200 mL). The slurry was cooled in an ice
bath and freshly cracked cyclopentadiene (35 mL, 430 mmol) was added. After 30 minutes,
the solution of benzophenone was added over 15 minutes. The flask was stirred in a
refrigerator for 90 hours and then, while cooling in ice, 3M HCl (450 mL) was added. The
mixture was diluted with pentane (500 mL) and separated. The organic layer was washed

with water (2 X 200 mL) and dried over sodium sulfate. The solution was filtered and taken



of the solvent under vacuum gave a viscous oil. The
oil was dissolved in heptane and purified through
w@ 000039l col um with 5- 1%0 CH2Cd 2 i n hept ankCT/BS2008/011056

m xture of isoners for the desired product (33.8 g,

76. 8% yi el d) was obtained as a viscous oil.7

Synt hesi s of

| - (3-pentyl cvcl opentadien-I-yl)-1-(2,7-di-tert-butylfl
to drynHer @idePvatuhim. |Thed§o|hh®msld’ﬁsb1vaﬂ®1 ()cbﬂiﬁg p[aﬁl@ﬂQ@OOTﬂL) and then

7-di-tert- butylfluorene 8 64.7 di ssol ved
concenrrﬁteéttqéi)?me FR9lingete -4 d gk 0h4@>> pyrs @evesaﬁa_d %9111%69 RIg ﬁﬁ 3%
, myar med to

vield). (ESFRET a1 belBinlerBlyng abitapH ol S A M o o

sol ution was added to 2-pentyl -6, 6-

%phegé ient af {H vgrbe (F-3) (209 GY EQE d| s%ol Yﬁd ren-0-v1)-

\A@bm@érﬂﬂl_m&enperature and stirred for 2 days.
00189Ihe Feaes b of. téﬁ%u r% Bg %hd%l biss&ved id E‘Sof('iléb mL) was

% HCA  dqueous s Iutlon mxtu e was extracted
added miBulii B5.2 L dhE0 bt @atmanésay&mmmxawm%emhmhumm warited to
dried over anhydrous sodium sul fate. Renpval of. the

room tergperatiEe YTl RV 6TIS ale anipnseBIon 373 adgethtog-puty§,o-
apnenfibhafihunR (BIHAE, SPpAF R B o Joracab € m s

minute¥.aThel Mixthra W a4 wignedf to Irﬁﬁtﬁ'&érﬁpér@ﬂhrd &el diessdrier2 dapd UkHe reaction

(22.7 g, 60.7%vyield) was obtained as,a white solid.
was qugnch39 mlﬂ’e@s%’(tkwe of ice and 10% HCI aqueous solution. The mixture was

I I
L e R T
sodiunPsuffath. -Remdvabof ghlefsblyenenﬁie( 2&uBmggave @A isnoos pili Mheoyl was stirred

i et N e 2t SRR sSSP b P 5 Y85 under
vacuurATTRI thixt B & f R@hierd'Rs tHeed@,ifS(@pﬁiaqctt@§ 79206k 330k 1dd QJF‘asV%%amed as
stirred for 2 hours. This solution was then”ad
a whitechobigwi se to a sol uti on of 6, 6-di phenyl pent af ul vene
(F-4) (26.0 g, 113 nmol) in THF (100 nL), while
cooling in ice. The reaction mxture was stirred at
oM tBmpRERt of € -BHutBeyilepdmadad 1 tnen(2.galiaertbatyilGeoren-9-yl)-

I1M hg]etﬁghi&ﬁag@ (13P0 mL) was added. The m xture was
w th chlforoform (100 nlL) and separ at ed.

ted The
[00190&h| or ofot. mdidgreputidiiuagerdidd- 8¢, t1R0 wrmeb d(ssolXCQUthQ)(ZOO mL)

was adfffy FhiLE L o SO Th ke8! ip B &P b s, Hhe i ture was warmed

to roon$ Rinbrivae AdSEeled 8¢ernlphROTh itibariét SI1@EEH Whs added to 2-butyl-6,6-

dimethylpentafulvene (F-2) (20 g, 123 mmol) at -78 °C in less than one minute. The mixture
was warmed to room temperature and stirred overnight. The reaction was quenched with a
mixture of ice and saturated NH4Cl aqueous solution. The mixture was extracted with Et,0O.
The organic layer was washed with water and dried over anhydrous sodium sulfate. Removal
of the solvent under vacuum gave a viscous oil. The oil was dissolved in héptane and
purified through silica gel column with 5-10% CH,Cl; in heptane. A mixture of isomers for

the desired product (33.8 g, 76.8% yield) was obtained as a viscous oil.



(150 nL) and nethanol (150 nL) was slowy added. After
cooling for two days to -15 C, the solid was filtered
w@edog/ogr3ound, and dried und 9 vacuum The desiPEEIUS2008/011056

product (25.49, 46. 7% yi e|§’; was obtai ned as an off
white solid. 9. Synthesis of [I-(
t 5- 3- butyl cvcl opent adi en-1 -vD-1 - (
t?5-2,7-di-tertbutyl fluoren- 9-yl)-I
J2 di plemyliesidt dfahn€3-padtpicyotopertidien-il dd)-1 (2, 7idi-tett Gutylfluoren-9-yl)-
[10ﬂdﬂ;91%iwlmt}ﬂané3ﬂbw yl cycl opent adi enyl ) -

-di-tert-butyl fluorenyl) - - di.phenyl net hane

00191@ L | ) qu2 7~ teri-putylivpseye (i éNeamPH dsspbyet do Bt (1f4anL)
was adﬁlx? W I_?(egg%ﬂp %ﬁi‘(’) }\ni E{l@exq}lesor% ?19}1% é&g g@;( 2‘§§n ?mxt%@e was warmed

ure Was
to roorh de’rahwz&d s$itrietl lo® et rrhg bﬁlon 36kktibh &as addetho\d-gentyl-6,6-
cannula to HHC 4 (4.2 ¢ suspended in a

dlphenbﬂpﬁnﬁaﬁévw (Feht(@n &, @'60111}1&1) dléﬁdv pditg GIQﬁLI)lL&fﬂ (80€ in 2

m xture was war dtoroom e t|rr
m‘““tGSV EPF] YRS W™ AR tr88mt‘8m8?r§){\‘é§§ Jﬁa“n é‘ﬁ%s ig‘“e reaction
was quéhdHet & tH @nﬁﬂﬁieﬂffﬁcé BAML0% aTTH ae@Bdsi sﬁuﬂﬁﬂ T'Bhemxture was
supernat ant was di scarded. The remaining solid was

extract%%@a“-tap s &b AtganiclayeL s vp@h%wethmerr&n)i driedgryer anhydrous
sodlun?gﬂ{lfa?eCtlggnWatl rc]f El%tsgtdeﬁpﬁncfep k/%duq{a%zﬁ)gqa &G 'ohu%g oﬂWfs stirred
solution was ness under vacuum to
in heptyed loqyivsowihite 6lid. The ﬁﬂldWasyﬁileérdd wakBed ﬁyththbp&ns ami dned under
vacuur% lr;;gs @ngl?ral%f E%}rqe%é%/ofy :tlpoqp%ﬁrgg Ipso&u;‘q_w 7 g,%O 7% yield) was obtained as
a whitedsafigeheny! net hane] zi rconi um di chl oride (1-2 in FIG
3 [ 00194] To 1-(3-butyl cycl opent adi enyl ) -
1-(2,7-di-tert-butyl fluorenyl)- 1,1- di phenyl net hane

(1) (g 3 TR s B2 A T s

auucu

Jmhenmhﬂnethf}pg(k;- ure was warmed to room tenperature,

00192?t irregh QM(ﬁﬁf;d)rng 2 741"%&13@!31@1&19@& (2R %351'0'7 Whidof) @n &/l 4

suspen in a mxture of pent ane
tetrahy@mcfumxmm (K300} bookeyn oy me,@aﬂadéedmﬂulrlé%\,@sﬂ of 2.5 Miin

hexane\gag Y a{nélao Oﬂaerlgﬂigg%rs %%;ﬁé ee’ld eailt | a'thd 82\111\% Solg %101? s stur:]re&j for 2 hours.

This sd}@rmra\n@s théReided @Bswizeld b tsélug&dof d,palishEpgipeatadilvenyF-4) (26.0
scarded. The remaining solid was washed a second

g, 113 mrml) i THE § 601 mhe. Wisie ¢ROlingtimins. dbhererction myk e was stirred at

I f. t
o QAN 01004 500 SIS AL 0 o
added. (’Fhegrmﬁ@reB%s}dlmkdﬂl)wnH. ﬂ:hlo&fnltnlﬂ (EEOOSnDj and sefparated. The chloroform

r 75- 3- but y] cycl o n di )1 -(
layer wag V@jhe(ﬂlJW{ y t(ép/&f M and Xrled over sodium sulfate. The solution was

filtered and evaporated to a light orange solid. The solid was dissolved in boiling chloroform

(150 mL) and methanol (150 mL) was slowly added. After cooling for two days to —15 °C,
the solid was filtered off, ground, and dried under vacuum. The desired product (25.4g,
46.7% yield) was obtained as an off white solid.

9. Synthesis of [1-( 7°-3-butylcyclopentadien-1-y1)-1-( n°-2.7-di-tert-
butylfluoren-9-v1)-1,1-diphenylmethanelhafhium dichloride(I-1 in FIG. 1).
[00193] To 1-(3-butylcyclopentadienyl)-1-(2,7-di-tert-butylfluorenyl)-1,1-

diphenylmethane (L-1) (6.7 g, 11.9 mmol) dissolved in Et,0 (60 mL) was slowly added n-



9-yl)-1,1-di nethyl met hane] zi rconiumdichloride (1-3 in
FIG 1). [001 95] To 1-(3-butylcycl opentadi enyl)-
wa2q02/0¥530 -t ert-butylfluore )- 1, 1- di net hyl P&Lt/lis2ves/011056

(L-2) (12 g, 27.3 mmol) dissolved in Et20 (150 nL) was
slowy added n- BuLi (6 nL of 10 Min hexanes, 60
mol) at 0 C. The m xture was warnmed to room
tenperature, stirred overnight, and then added via

BuLi (2.8l b# 10 M 4t Kdxdnés! 26 mm6l) anOPT. Jhs mnd@@lvdam warie& folhoém
of pentane (150 m_) and Et20 (10 nL) at O C._ The

tempergiuxe, sHE e aLcEghfead then asldad v rgrapgede gfcbt(ﬂr2r$d3 mmol)

suspenff%/c{3 fnnel %;mwre ﬁt\éﬁlg @mgxr?d ﬂ{' ﬁ?l}l%):% g)e‘{gfs Siilﬂéﬁl%@l% was

warme8 lﬂ@ﬁfdﬁr&te&mieralbﬁﬁ @tumm‘cémighahm émaated ttgd@ﬂbssd Tvla3es1due was
washed a second tinme with Eent ane

stirred @mné%rtee(éomlt) Andeemigiuesd dhe évnea@t% avaééiﬂﬁcmdﬁeg éfale rqrRgning
d
solid w38 LWHkh dy%&].& ﬁ@%&l‘l{?&%té’ﬂ%%?é i) ﬁlreg;/ég &9& @v?th%?’tﬁyl?ne

red so oyl eld). 12 esi s of
chloride @ng eaﬂnyllfugedl dibe soladbr mvak takleWltb dryness under vacuum to give a yellow
butyl fl uoren- 9-yl)-1I,I-di phenyl met hane
solid (‘?Szlgr %%g/‘u Pohloride (1-4 in FIG 1). [00196] To
I 3- p&'ﬁ’ﬁlttli/ésfsyd?l[P-W%m3ﬂgit€l@%l)>bentadlen-l -y1)-1-( n°-2.7-di-tert-
gbuhﬁ hoidh: & Lircophurh di Ol BREIML mm.

[001943] owl chaMé@unch{s;Lqpe(x@drmybfl -7 Wi -tent- e xHivesgnyBel, ﬂmol )

diphengmethaty QLR ot ST oA o] Q0T TREe PylYftdeq nBuL

(3 mL 6@1 #Min HekaresTB® h‘)mo?}lﬁm‘s@le@hé Hnﬁ'tuf@ WhiNvemPdd 10905 RNEmperature,
(70 mL) and Ef O (10°nmL) at 0 C. The mxture was

stirred m«:rmglht tandrtbonaddedper ainoule to ZtCh (243 gy &4. ﬁ ingrhol) sespegnded in a
) t ed j . di
mixeurg SF et G5 i) AR S D GEREC AHE Tarkist i wifingghto room

temperdiu$&; atiFted ovdridfshk, ANBIeRhdI@tAIAb ideyvas msmdu@“&@ S@REU in pentane
time wth pentane (50 nlL), then extracted with

(100mbpansdentrefuged. oFheiwipamatase wes disogyded. Theremiining seliduygs washed

a secon(ogtkrgn VJ1R17;% éa{;}%;?()e ﬁag‘? etjhi% g?tga%@*\ggigsvegl?ﬁ&eoé’(h%% a%%l ciegtrifuged.
The sotufion Gy:e | talEnt deyress hndék yaduum to?give an orange solid (7 g, 69.3% yield).

-2.7-di-tert-butylfluoren-9-ylV 1, 1-di phenyl net hanel
zirconiumdichloride (CG1 in FIG 2). [00197] Under

nl' tr O%eﬁl’théglscéﬁh ?%@Btﬂﬂ I'EOé’Ikméntadlen-l -vD)-1- ( n 5.2 7-dj-tert-
vajﬂugﬂpptf{dﬁ 1%”8%’1&{11%1%e )}%?zucd‘n itm J:IH tlrge}nnﬁ%sl)

wds Susperiaeud 11 ury BtzZu

[00195] 250 rﬂl() 1 (%Illt}é(:)&hlﬂenmgldnm)dr—@,7—dEtemblByllﬂu0_(€214’l)Ol i of
dimethglln?eth/zllrien(th)x geg? 27 g mrrrTl]gBld)lss\gﬁ/reg i g%d(l(% ?‘IPLV\)A Wat slowly added n-

BuLi (6 mL of 10 M in hexanes, 60 mmol) at 0 °C. The mixture was warmed to room

AG"

temperature, stirred overnight, and then added via cannula to ZrCl, (7 g, 30 mmol) suspended
in a mixture of pentane (150 mL) and Et,O (10 mL) at 0 °C. The mixture was warmed to
room temperature, stirred overnight, and evacuated to dryness. The residue was stirred in
pentane (100mL) and centrifuged. The supernatant was discarded. The remaining solid was
washed a second time with pentane (100 mL), then extracted with methylene chloride and
centrifuged. The solution was taken to dryness under vacuum to give a red solid (11.8 g,
72% yield).



The bath was then renoved and the mi xture was stirred

for 24 hours. The solution was gradually added to
wQReoeo#30m t et rachl oride (7.38 g, 31.7 muol) secpEsNesi011056

in pentane (50 nL) and cool’ed in ice. The orange

slurry was stirred for 90 hours and allowed to warmto

roomtenperature. The resulting slurry was centrifuged

and the solid was m xed with dry nethyl ene chloride

(120 mL). The m xture was centrlfuged and the sol ution

2 SRR 5 S SRRt EE T el
huiGeorh 9— ' I@EIG L.

1 019811 i1t Qxllt)i@'éﬁ 0@, 7-88leRSut ﬁéﬁ:ﬁ in
[m)9%£< ()E?gggngﬁv%gb l e l,ygeﬂg anaeyzedﬁtg de?grn1ne

dlphenyhmetUamr(!L dBeg UiB Srmmel)ghssopred pre EtACe/ Ofrok.) wmﬁavw‘l)smided n-BuLi

t | es iV ip.Tabl e .2. These resjns wer
@ . pf R b ianseg E ol 8 AFCo RS MG NPRFgetoii dpBmmemperature,
stirred &émight the tlﬁé?ﬁdd&l%d ‘izﬁiséa%ﬁuﬁfts 72egidal) ?4f7fr&%§lﬂ¥;§éﬂﬁed in a

s Chem cal Conpany under the Product
mixturg bﬁw:ntarre B enlo)dndrBit, @41 0 lgat 0 Confibe aniaturéees mathdd to room

ner at on,Procedures for, Exa es 1-18 [00199].
tempergzd Sred SverRbnt A3 B ETed 1 iRl T DA regia® s sfigibin pentane
(50 mIB‘h'nM @Eﬁth?\?éeklo The léﬂ?erﬁﬁﬁﬁt%Msdaﬂde@ ‘T"lfé-r%hin%g £Q3id7\§é5s washed a

l'iter) stainless s aut ocl ave reactor at various

secondttenpwntatmn@ge (Afsinhgy thewextiactadswigh meﬁmmh@rﬂielanémﬁmrifuged-

The soffgp sk @ dRisiominef SEhEa- TaF oFRBY SRRl Broms vield
(2ng/nL) were typically prepared by dlssoIV|ng 30 ny

of the netallocene in 15 ni of tolueng A typlca
. S ht u '-A‘."_- "Q'J,L .IALz- 51O y1H

memwt he
(001975 2 | ORERTIREH! | 8B AA] I BLER Ry iAALAS AN L

diphenyhupahane (hed)qha2g¢, PO.Otminal) »@dscqu:ndadﬂ 1rt (‘my Eti(D 6251) ml). While
i sobut ane wer.e added. The contents of th react r were

cooling iy gry dee, BrRplHd 3¢ Adnk of 2ReMdB diexanssr Qhmmeluersadded dropwise.
The bafl B%! 81§ réf’igo'r:\récdeﬂdQHe £ Fédwfisostmd%laiéf‘ﬁ&d}?. gRecoLtisdwas

pressure t he speci engt h of
graduafly Iagidmitiomt:omnnr tlatracth)reder @8 o3 Wammud) sutspf'vmﬂed imtpentage (50

d run rature through run an
mL) s B LR PSR Eb B A ) B SR PO SGRgBfloe gp warm to
room t&rﬂﬁexﬁ{u'r@t Tl@re@ﬂhﬁ?ﬁfuﬁﬁé%mfﬁfﬁ&d dfiahe o KBEmfixeMWvith dry
was sto
methylene chloncrlJep(IZO mL). The mixture was centrifuged and the solution was removed
and taken to dryness under vacuum. The desired product (9.63 g, 48% yield) was obtained as

an orange solid.

14. Commercial Polyethylene Samples

[00198] Commercial polyethylene resins, as shown in Examples 19-24 in Table 3,
were analyzed to determine Tan 6 and molecular weight properties for comparison to
Examples 3-15 given in Table 2. These resins were prepared using commercial chromium
catalyst systems. All of the resins tested are available from Chevron Phillips Chemical

Company under the product numbers shown in the column entitled “Commercial Resin.”



reactor slowly depressurized and opened to recover a
granul ar polyner. In all cases, the reactor was cl ean
Wowaob/0#30i ndi cati on of any |1 scal e, coati ngP@r/US100&011056

forms of fouling. The pol yneér was then renpoved and

wei ghed, giving the results listed in Tables 1 and 2,
above. [00201] While the techni ques presented herein

may be susceptible to various nodifications and

dist er rPaiynuerifadvnProcepees fforcExcmydel @Bt s have been

orss100 B Ele TR, LU S0 108, £00 M been
perfonil‘fémi%rasérféggallbﬂ .788 ﬁtérﬁ%ﬁgf?ﬁéfsg’ BrebSauiQlavettaRcied vhfole

Imted to the particu forns presented. Rather, the
temperatovesnusingtwelites afdvahutaled dilveui drideatalemsyuneaiyMeaicatatyst and

M Iy
typicalB prepRre b MINGIWABI3 0/ fig 6 B etailScend in 5 AAL & thRfene. A typical

conposi tion conprising the contact product of an _
polymerizgtion procediae iras falowst Thealyminyihatkeil pompeund, treated solid oxide,

o 0 R S 5P A5 RN DB Gy [, it

ventingZisbG@ihdWapoRr THadHar g porkiyac e1oeéd sRbtwd [fteBSifiidobut@le were added.
Céd opent adi enyl, a substituted indenyl, or a
The cogtgptstaf the wacter wenestiyied argd heatfdfq heslegited iya tempgraiyre. Ethylene

I ' (- 1 [ li;
was e L UBREH At Sl 0 ep B BURBICL L B (b R ton 08¢ e
polyméifdtio rin €l Heae mtdraw &sRhbixtaindiatehdddsired ran earpeciturattiaangh the
a silicon atom a germaniumatom or a tin atom and E
run by pg agigpisd hegtingand SeolRgFYSIOM- and wherein RL and R2 are
i ndependently an al kyl group, an aryl group, or
hydr ogen; one substituent on X2 conprises a
[002003 ubst i Afierabe altotmd pohsudrstatipntiet, tekeghylereoflpy WdS stpped4ind the

reactoré?cgﬁgedgd %Q%{xégign@éé%:ga II(E Eeé:gﬁéfl %@H@Ergﬂm%g%ep gﬂra?lcc%ggs),/ Ithe
reactor WA &AM AFARa86R 8P anPivall scale, coating or other forms of fouling. The

polymer was then removed and weighed, giving the results listed in Tables 1 and 2, above.

[00201] While the techniques presented herein may be susceptible to various
modifications and alternative forms, specific embodiments have been shown by way of
‘example in the drawings and have been described in detail herein. However, it should be
understood that the invention is not intended to be limited to the particular forms presented.
Rather, the invention is to cover all modifications, equivalents and alternatives falling within

the spirit and scope of the invention as defined by the following appended claims.



tri hydrocarbyl silyl group; OBRA 2 or SO3RA, wherein RA
is an al kyl group or an aryl group; and the activator
WO pabefoessdent | y conpri ses: aq3activator-supportPCTnmzmmm1u56

conprising a solid oxide tréated with an

el ectronwi t hdrawi ng anion, a layered mneral, an

i on- exchangeabl e acti vator-support, or any conbi nation

t hereof ; an organoal um noxane conpound; an organoboron
CLAIM®npound or an organoborate conpound; or any

conbi nation thereof. 2. The catal yst conposition of

claim1, wherein any additional substituent on the

\thi§g%§£&;g;ed cycl opent adi enyl, substituted indenyl,
substituted fluorenyl, or substituted al kylgroup is

i ndependently an aliphatic group, an aronmatic group, a

yclic, group, a conbination.of aliphatic,and.cyclic

df oupsh TRDBYSATRP IR GEmERSiNE e oClpEOA B H gpgrmetaliocene
and an QE@&HRer, ¥hBRASPNOr us group, an arsenic group, a carbon

group, a silicon group, a boron group, a halide, or

hipelerngemetaBocenh somptisgsyastonanwnd diaving theoformka: m 1,
wher ei Qi {2\nei 1X3.nor X4 is a hydrocarbyl group
H, or (gﬁ&;{ )ggat)?ﬁ@a‘?': ¢4t or does not conpri se an
or ganoal um MO¥&nri&s Mg, zitdoaiunk e haatiahy st
conposi tion conprises the contact product of the

ansanet al | ot efREIPTiSeR 2 sehstied eyclenratadienyt ganbeatituted dndanyl, or a
. ; 1aving the fornmula: Al (X5)n(X6)3-n, wherein:
Smeuﬁgg?gggﬂKgdrocarbyl; X6 is a halide, a hydride, an
al koxi de orXasonaprigesx salsstinaad cyclogenaadivnyher afsubstitdted dluorenyl;
3, inclusive. 4, The catglyst _,conposition of claim]l,
wher ei n:  t HPCSHREHYING B Ae BErprGoatisss & BRPFNR Sropphanys the

formulh %ﬂlf{@,r\’&ﬁgrﬁh Eis ‘ﬁ"l%fb%h%om, a silicon atom, a germanium atom, or a tin atom,
and E is bonded to both X' and X?, and wherein R' and R? are independently an alkyl group,
an aryl group, or hydrogen;
one substituent on X* comprises a substituted or an unsubstituted alkyl
group;
X and X* independently comprise: F, Cl, Br, or I; a hydrocarbyl
group, H, or BHy; a hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group; OBR*; or SOsR*, wherein R” is an alkyl group or an aryl group;
and
the activator independently 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 organoborate compound; or

any combination thereof.

2. The catalyst composition of claim 1, wherein any additional substituent on the

substituted cyclopentadienyl, substituted indenyl, substituted fluorenyl, or substituted alkyl



ML is zirconiumor hafnium X and X' are
i ndependently F, d, Br, or I; Enmay be Cor Si; Rl
Wap@oBEssar e i ndependently an,al kyl group or anP@r/yb2008/011056

group; R3A and R3B are independently a hydrocar byl

group, a trihydrocarbylsilyl group, or hydrogen; nis

an integer fromO0O to 10, inclusive; and R4AA and R4B

are i ndependently a hydrocarbyl group or hydrogen; and
group it nelepetdendy an aliphait @otp,watacomatupgronp, Lok igiiupga @ombination

sol i d, oxi de treated with an el egéironwi t hdr awi ng ani on,

of alipkpic 28l GY¢i=8OBPS: @ GXY &R §TQURA YT S1URng Rigrogen Eroup, a
[ I , :

PO el st o GO ARG RS, 2 halice,
or hydwgerconi a, magnesi a, boria, zinc oxide, a mxed oxide

t hereof, or any conbination thereof; and the

el ectron-wi thdrawi ng anion is fluoride, chloride,

by oM dithe caRfsHBomPEISHNSE Qaind 1,1 heréia if RditHel kath6r X*is a

sul fate, fluoroborate, fluorosulfate,
hydrocabiy} g1osp.odcert Bie, anshibs petanator doesineioemensish an erganoaluminoxane
compoxbrédu ﬁ)gﬂ I rc?ﬂgsttgggli)lg%)i r]?élaljnl gs%tgﬁl’éeu% a?(‘{t o%cle {] gft t?xé ansa-
metall@lek@mleeswtﬂ‘v@mtael,d anlhgdricaliingdurcotipouls hating @ formula:

ar. enesul fonate, substituted or unsubstituted

al kyl s%clﬂ(a?b@( )i WHBREIG onvbi nat i on t hereof . 5. The

cat al yst co}@pgsdll_b}dp& el 1cI aim1, wherein the

ansa- net aWwbcene conpri Jes a conpound havi ng the

formul a: , Xhieradiatide,Mhydside] m:anmmm or artharfyhixide; axd and

X' are |ndependently F, d I; E may be C or

Si; RL and ‘R?Wheﬁé@ﬁéhé%ﬁtlpﬁﬂuﬁﬁeal kyl group, an

aryl group, or hydrogen; R3L and R3B are independently

H nmethyl, allyl, ethyl, propyl benzyl, butyl, pentyl,

Hexyl Tlmrcatal}'slrebmpb:ﬂtld)lybf claim 1, wherein:

the ansa-metallocene comprises a compound having the formula:

oA LGE M

M D &
~ X"

R gas " , wherein:
M! is zirconium or hafnium;
X' and X" are independently F, Cl, Br, or I,
E may be C or Si;
R' and R? are independently an alkyl group or an aryl group;
R** and R® are independently a hydrocarbyl group, a trihydrocarbylsilyl
group, or hydrogen;
n is an integer from 0 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:



nis an integer from1l to 6, inclusive; and R4L and
R4B are i ndependently a hydrocarbyl group or
whyweogsm 6. The catal yst conposition of clai nPdT/US2008/011056

wherei n the ansa- met aWbcendJconpri ses a conpound

having the fornula: , wherein ML is zirconium or

hafniunm X and X' are independently F, d, Br, or |

E may be Cor Si; RL and R2 are i ndependently nethyl

or phepylslidRAueRdi1R3BaMEnd, BIRRANAGAS) a\lurhﬁrfé?h&%‘hﬁﬁé', aluminum

nis 1 or 2; and R4A and R4AB are i ndependentfy H or
phosphatepzing laluminatEheeterapalypogste tespidteninj Drcoofa, vlagnesial boria, zinc

.. Wherejn.the -netallocene.is 8.. The catal yst
oxide, § KON fetspr o A0 oM DyEPB IR e Y ganoal ui noxane
COMPOYRElcleQFaH-WitRErawdnE¥fibh 6 AhdHEeNOMBAE:, Badthidg, folRle,
formula:, wherein Ris a linear or branched al kyl and
phosphate; triflate, bisublgies sulfagenfBioraboatseufiucrosul gty frifdugroacetate, phosphate,
| um_noxane havi he forpula: .. wherein R | :
AuoroforiefE BABEALAE ApfolRal o i RrdyDesdd sty o

unsubséiu@ed alkities@iforate; agstialtedbnosanaithed afget i onbel sadstnikd or
5%82{) m Al4nD 3 , wherein: mis 3 or 4; a i's equal
unsubstipytedpgligyulfate, or any egyphatiop ghessaf: A (3) is the nunber
of three coordinate alum num atons; "o(2) is the
nunber of two coordi nate oxygen atons; and
S. The catalyst composition of claim 1, wherein the ansa-metallocene comprises

a compound having the formula:

, Wherein:

M is zirconium or hafnium,;

X' and X" are independently F, CL, Br, or I

E may be C or Si;

R' and R? are independently an alkyl group, an aryl group, or hydrogen;

R* and R*® are independently H, methyl, allyl, ethyl, propyl benzyl, butyl,
pentyl, hexyl, or trimethylsilyl;

n is an integer from 1 to 6, inclusive; and

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



"0(4) is the nunber of 4 coordinate oxygen atons; R
represents a linear or branched term nal al kyl group;

W@ eeBgs3pepr esents a |inear or branched bri dgi Pgr/as209$/011056
group; or any conbination t/Rer eof . 9. The cat al yst
conposition of claim3, wherein: the a-netall ocene
conprises or any conbination thereof;the activator
conprises a sulfated solid oxide; and the
Q. ganogelat SRAPOANOE o FABRA 1| SORerbinl tBE D) A IBERe comprises
tri-n-butylalum num triisobutylalumnum or any

a comppond haning the formeukeof . 10. The catal yst conposition of
claim 3, whereini the~a a-netall ocene has the formnul a:
t he activator [conpH sul fated alum na; and the
or ganoal um R¥mYeon d cBffpri ses triethylal um num
tri-n-butylaluﬁLE Mymkisobutylaluninunl or any
conbi nati on tR&Te T#x- The catal yst conposition of
claim1, wherein: ansa- net al | ocene conprises a
compound havi ng t 0 la: , wherein: ML is
zi rconi um or haf ni umgAX ‘nahd X' are i ndependently H,

BH4, nethyl, phenyl, Bhzyl ,, wheopentyl

trimethyl si.l yl met hyl .. .CH2CMVe2Ph; CH2Si Me2Ph;
&Q@é@dﬁf#ﬁ%’?gn‘é‘%ﬂmw’zwm; Eis Cor S Rl and R
ar e i ngependent indepéndehy F, g1 Bipor BN aryl group, or

hydrogen; R3A and R3B are I ndependently a hydrocar byl
gr oup,E may bekyel Vear byl silyl group, or hydrogen; n is

an i nteggl g7 Q0% RichhdbRtry bkt 3k ¥henyRNY

R** and R® are independently H or methyl;

nis 1 or2; and

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

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

t-But—Bu t-But—Bu t-Bu C tBu
Phuw, /7 N\ wCl Phow, 7 % L Toi} Mewa, N \Cl
c f C K c_. ZF
P Qjc\,/ P ~a Me™ )
, or

3 b

, Or any combination thereof.

8. The catalyst composition of claim 1, wherein the organoaluminoxane compound
comprises:

a cyclic aluminoxane having the formula:



R4AA and R4B are independently a hydrocarbyl group or
hydr ogen; and the activator conprises an
W@LeH0004830r - support conprising a solid oxide trPReE/Es2008/011056
with an el ectron-withdrawi dd ani on, wherein: the solid
oxide is silica, alumna, silica-alum na,
al um nophosphat e, al um num phosphate, zinc alum nate,
het er opol ytungstates, titania, zirconia, nagnesia,
boria, zync oxide, m xed oxides thereof, or any
conbi natfi on therqof; and the el ectron-w thdraw ng
ani on Ayer hl ori de, brom de, i odide,
phosphatie, [trif e, bisulfate, sulfate, fluoroborate,
fl uoros f%ﬁe, tyifluoroacetate, phosphate,
f 1 uor ophosphat e,” !l uovlkareindbisat lineaf brinraoshddiatiati @nd n is an
. fluorotitan he, per manganate, substituted or
mtegerlff?é‘ﬂll[ﬁ? f‘?‘fﬂtz > al kanesul fonate, substituted or

UNHeRsihbtioxdn@hBnes e oRAtIg, substituted or
unsubstituted al kylsul fate, or any conbination

thereof. ¥2. A method oR pol ynerizing ol efins,

conprising: contacyi ng/an a-olefmwith a catal yst

conposR naefOpolAdneri zation conditions to forma

pol ymer; Wwhefein the cat al yst conposition conprises

the contaqt Rrodugi, of Rn ansametal | ocene and an )

activator, whereih: the /. wheseinR sadmeacenyypnaed afkyl and nis
an inte%ﬂ)l: o?Hli'qo Q@é’dt%@ Brh.e form.'” a. .(X XX CX X Ml’ wher ei n:

conprises titanium zirconium or hafnium X1

QARE hivafinékasb hating theravRIRDpa IR BiARRY)s,, &herein:

substituted indenyl, or a substituted fluorenyl; X2

conpr "853 & Subst i tut ed cycl opentadi enyl, or a

substit renyl . ione spbstituent on X1 and X2

conpr i&s&egs&gla{){roﬁg\é?)néo@ﬁo’puo havi %lg&gl the fornmul a ERLR2,

wher ei n E ims@iscthe hombert afithrea cootdiraddalatmimm atoms;

germani umatom, or a tin fatom Rg({]d E is bonded tq both

X1 and X2, " $HHEMEMRCRAL tHoFORNBHE OF et R Ay an

al kyl group,, 42{% tBE HhmBED co%fdiﬁé/tgbgggéﬁi A58s;

substi t uent 6h X2 conprises a substituted or an

unsubR'irepresedtsa laydar or branched terminal alkyl group; and

R® represents a linear or branched bridging alkyl group; or

any combination thereof.

9. The catalyst composition of claim 3, wherein:

the ansa-metallocene comprises

% t+Bu t-But—Bu t-Bu CO
Ph My, SN vCl P hllm,.,, ......... 'Cl Me I, e |
C f C r- C r.
" Q%\ Ter el
2 2

tBu
, or

, Or any combination thereof;



group; X3 and X4 independently conprise: F, O, Br, or
I ; a hydrocarbyl group, H, or BH4; a hydrocarbyl oxi de

w@e@af4s3a1 hydr ocar byl am no group, or a PCT/US2008/011056
trihydrocarbyl silyl group; /8BRA 2 or SCBRA, wherein RA
is an al kyl group or an aryl group; and the activator
i ndependently conprises: an activator-support
conpri si ng a solid oxide treated with an
%@8&{‘8 gE?éMM1QWd%ild%xid%y§ﬁ@d mneral, an
I On- exc ange e activator support or any conbi nat i on
tthe oxahoalamimingesopd wnl comxmises wripydalmoinuem tormgautghdmoinum,
coprpound or an or anobor%te i;orrpound or any

triisobyly IR, AT F1H, natyon thegeal. npt hod of claim 12,

wherein if neither X3 nor X4 is a hydrocarbyl group,
H, or BH4, and the activator does not conprise an
difganditieunaiahps ammpeotipooficaint Bewherbm: cat al yst

ositio S th contact product of the
éﬁgg Sﬂe‘flgﬁaﬂ?) nEl ﬁ'ﬁ iavat or, and an organoal uni num
conmpound Aavi ng=the for mul a X5) n( X6) 3-n X

X5 |s % h

al koxide OF 2 é/ltoBk‘l g%” an s at'%u H

3, incl : 14 The met Heeof ze8i m 12,

ansa- mstg e ‘é‘orrprl sed a otind haw“ﬁg t

formul a: ein: ML is zir iumor hafniu

X' are |ndepen H BH4, net phenyl, , or

neopentyl, trimethyl si | yl met hyl , CH2CMe2Ph;
p2Ph; CH2CMe2CH2Ph; or

, or any combination thereof;
the activator comprises sulfated alumina; and
the organoaluminum compound comprises triethylaluminum, tri-n-butylaluminum,

triissobutylaluminum, or any combination thereof.

11. The catalyst composition of claim 1, wherein:

the ansa-metallocene comprises a compound having the formula:

.

R 1’11 1_..-|| \x
Rz E

3A n .
R™ R3s , wherein:

M' is zirconium or hafnium;

X' and X" are independently H, BH,4, methyl, phenyl, benzyl,
neopentyl, trimethylsilylmethyl, CH,CMe,Ph; CH,SiMe,Ph; CH,CMe,CH,Ph; or
CH,SiMe,CH,Ph;

E is C or Si;



CH2Si Me2CH2Ph; E may be Cor Si; RL and R2 are

i ndependently an al kyl group, an aryl group, or
woisapogen R3A and R3B are i_ndependently a hydPGIEHR19Y$/011056

group, a trihydrocarbylsilyp group, or hydrogen; n is

an integer fromO to 10, inclusive; and R4AA and R4B

are independently a hydrocarbyl group or hydrogen; and

the activator is an activator-support conprising a

solid oxi dg'ty@at’ede YHd%Bexﬁf&nﬁ& ﬁﬁbﬂ&[‘yohbds[rﬁéﬁ’yﬁgoﬁﬁ'&n
wherein: the solid oxide is silica, al
hydrogen;l i ca- al um na, al umi nophosphat e, al um num phosphat e,

zi nc al um nahe Qgero t yngst at e titania

zi rconi a, ﬁgg% a{?o' g?‘ﬂﬁ}’ ag‘;tl(yr%g’:ar LE 2 des
tnhydr&dh%ﬁgiyl g%upaayhﬁgaggmatl on thereof; and the

el ect ron- V\Atﬁravvlng an|on|sfluor|de chl ori de,

brom de, i gdisda mtpmﬁpmaﬂéo 19rintluaive; ani sul f at e,
sul f at e, 48t e uoro
trifluor oackeh? aaflg ¥ e’mﬂ%&ende S[I‘Jyuao r%dsrﬂcar%ﬂ gtroup or hydrogen; and

fthd It aior eomptises aﬁﬂ aUﬂ{/éISﬂ-ku;ﬁ)aftQ;onfﬂridﬁfg(H Jolidaide, treated with an
per manganate, substituted or unsubstituted
electropWiHidEAINE SARNeWheEs L i t ut ed or unsubst it ut ed

ar enesil Lapahaa. RUNRL! AEGH, OFicHARMARL!bihGlohosphate, aluminum

al kyl sul fate, or any conbi nation er €o
phosphaet hiad ahfmmhta; lnetérdpolyhuaisthtes t titenia; toehianmagnesin) badt, edinc

o With the catalyst conposition in a reactor system
oxide, phiadraxdqssghereefapriny wmhiptiond %qeaﬁﬁygr eactor, a

gas- phﬁé@leétﬁﬁﬁ%ﬁdra@nﬁg’&%ﬁ Ridrife! Hloride, 'Bk&ﬁd@rl%aﬁllér e

react or ular reattor, an autoclave reactor, or
phosphatey triftatd; ibirel faten sul fate, dbibrobbate, Therosd fated trdiuombzmetmtél, Hhosphate,

ﬂuorop:('\n,gg&a nﬂtugf?&lsrlfﬁgﬁ% eﬁ%}l&{agg ﬁ’B rrolt aesggpﬁlerﬁ%gg e, szbstltuted or
" unsubsfi RARYARadE @A HRE sHIRARIE or Mub&hﬁteﬁﬁ?éﬁ@%lﬁfna&' aivdtited or
wherein the a-olefin conpri ses a nononer, or a nonomner

unsubstifwtedsalkyawlfeserear ang comhinatien fseecdt clai m 17, wherein
t he nononer conprises ethyl ene, propyl ene,

12. A method of polymerizing olefins, comprising:
contacting an o-olefin with a catalyst composition under polymerization conditions to
form a polymer;
wherein the catalyst composition comprises the contact product of an ansa-
metallocene and an activator, wherein:
the ansa-metallocene comprises a compound having the formula:
XHXAHX) XM, wherein:
- M comprises titanium, zirconium, or hafnium;
X' comprises a substituted cyclopentadienyl, a substituted indenyl, or a
substituted fluorenyl;
X? comprises a substituted cyclopentadienyl, or a substituted fluorenyl;
one substituent on X' and X? comprises a bridging group having the
formula ER‘RZ, wherein E is a carbon atom, a silicon atom, a germanium atom, or a tin atom,
and E is bonded to both X' and X?, and wherein R' and R? are independently an alkyl group,
an aryl group, or hydrogen;



or any conbi nation thereof. 19. The nethod of claim
17, wherein the conononer conprises propyl ene, 1-
wWheienes301- pent ene, 1- hexene, 1-heptene, or 1-PCT/EMWOS/011056

or any conbination t her eof .3%20. A process for

manuf acturing a product conprising a polyolefn, the

process conprising the acts of: manufacturing a

product at |east a portion of which conprises a

pol yol ef n,onahap&itierdt o8 XPdoneribs DsibstiRit@AsCAPulRMb ituted alkyl

nmet hod conprising the act of: contacting an a-olefin
group;wi th a catal yst conposition under polynerization

condi ti ons $0_form o] r ei catal ys
conpositio n* cmgg%i g@%&%‘éﬁ%ﬁ?‘%\aﬁ&p ng l!l(ti? L8 tI’glanp{ydtm%“byl
group, BN SAREL, 24 hpteeabARdidRErads, la\dicarbyheiiab Rrodp)er a

) -met al | ocene conprises a,conmpound, having the formul a;
trihydrooarylsabyl @xayp; B2, oniifesRei whengm Rooman aleyl groemes amgryl group;
and Zirconium or hafnium X1 conprises a substituted

cycl opent adi enyl, a substituted indenyl, or a

shbsdtivator éellepbndzheapybmpizesconpri ses a substituted

cycl opent adi enyl, or a substitvled, | uoreny| : one

subst AN FERYAIBHSUPPORfMPRSHS IAId Xide thatesivih 2 elsgpon-
withdrzhz@i‘ﬂ?'&ﬂiohb?lé‘ fedtth R efR R on MRS 8L Bablie é&iv%to‘f-%ﬁpﬁéh,%tr%}

a sil om and E

Icon atom a gernmaniumatom or a tin a
combiriasiobthedexd; t 0 both X1 and X2, and wherein RL and R2 are

i ndependent | y. an_al kyl group, an aryl group, or
hydroé@ﬁ?gﬁﬁéugﬁﬁg?Pgﬁ@%?mﬁﬁ’X2 conprises a

subst igh ¥ &foBdroR BorPSiaSdriah bf oY it bofipOMR; 0X3 and X4
i ndependently conprise: F, A, Br, or I; a hydr ocar byl
gr oup,anpcombinpien tharepfsdr ocar byl oxi de group, a
hydr ocar byl am no group, or a
13. The method of claim 12, wherein if neither X* nor X* is a hydrocarbyl group,
H, or BH,4, and the activator does not comprise an organoaluminoxane compound, then the
catalyst composition comprises the contact product of the ansa-metallocene, the activator,
and an organoaluminum compound having the formula:
AIX)n(X%)3.0, 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.

14, The method of claim 12, wherein

the ansa-metallocene comprises a compound having the formula:

3A n .
R¥ R3s , wherein:

1- . . .
M is zirconium or hafnium;



trihydrocarbylsilyl group; OBRL 2 or SC>3RA, wherein
RL is an al kyl group or an aryl group; and the
W@ea00e430r conpri ses: an acti vator-support conpPCHEUZP0$011056
solid oxide treated with a@lelectron-mﬁthdramﬁng
anion, a layered mneral, an ion-exchangeable
activator-support, or any conbination thereof; an
or ganoal um noxane conpound; an organoboron conpound or
an or ganobog Brl X 0RO erEn®NH, B%@ﬁ@l,%eﬁﬁ%&@%ﬁ,
and formng the polyolefin into a final product. 2 1.
neopenfyletrimeasiedsidylmiethyll, T QM e, R € S iMePhneHp Gdte, RBL Pl ror X4
CH S'Ig% @{ drocar byl group, H, or BH4, and the activator
WLY6e conpri se an organoal um noxane conpound, then
the catal yst nfaQme@sét $i9n conpri ses the contact product
of the ansa-netallocene, the activator, and an
or ganoal unkundddrgse infgpendenty an alkyl grown) an aryl group, or
Al (X5)n(X6)3-n, wherein: X5 is a hydrocarbyl; X6 is a
A ide, a hydri de, an al koxi de or an aryl oxide; and n
i's a numberR¥radRE® bfe iBdependbntbi ¥ Bydraddarbylngows,acess of
) claim 20, wherein form ng conprises at |east one of
trihydrasarbylsilyd group, enhY#P&hg, i nj ection nol di ng, rotati onal
nol di ng, s ' r ] , filmblow ng,
filn1casting§%%?&%é%?# eoéépﬁu§¥gﬁﬁga . The net hod of
cl ai m 20, #i@raaid R*E hee indepentientlcohypdrbsabylarommonieydrogen; and
a nononer ~and a conononer, and . wherein the non nea
dBnpivates A RAtLALT-SHPRAS) FmRITsiRg a 50 @6l rFIPS BHh an electron-
withdr&xb‘lfln%%ﬁfon, éfertite method of claim 23, wherein the
conbnoner conprises propyl ene, 1- butene, 1-pentene,
1- hexehesolit- dxiqht Brséjca) alontien eilicaalvanya ciwiinoghosphate, aluminum

t her eof . 25. -netal | ocene havi.ng .a general fornula.
phosphate, zinc alumlnatépheteropgl ungstates, t%ama,gzlrcogla, magnesia, I:borla, zZinc

oxide, mixed oxides thereof, or any combination thereof; and

hydro

the electron-withdrawing anion is fluoride, chloride, bromide, iodide,
phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate, phosphate,
fluorophosphate, fluorozirconate, fluorosilicate, fluorotitanate, permanganate, substituted or
unsubstituted alkanesulfonate, substituted or unsubstituted arenesulfonate, substituted or

unsubstituted alkylsulfate, or any combination thereof.

15. The method of claim 12, wherein the a-olefin is contacted with the catalyst
composition in a reactor system comprising a batch reactor, a slurry reactor, a gas-phase
reactor, a solution reactor, a high pressure reactor, a tubular reactor, an autoclave reactor, or

any combination thereof.

16. The method of claim 15, wherein the slurry reactor comprises a loop slurry

reactor, and the polymer formed is continuously removed from the reactor.

17. The method of claim 12, wherein the a-olefin comprises a monomer, or a

monomer and a comonomer.
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18.  The method of claim 17, wherein the monomer comprises ethylene, propylene,
or any combination thereof.
19.  The method of claim 17, wherein the comonomer comprises propylene, 1-

butene, 1-pentene, 1-hexene, 1-heptene, or 1-octene, or any combination thereof.

20. A process for manufacturing a product comprising a polyolefin, the process
comprising the acts of:
manufacturing a product at least a portion of which comprises a polyoieﬂn, wherein
the polyolefin is produced by a method comprising the act of:
contacting an a-olefin with a catalyst composition under polymerization
conditions to form a polymer;
wherein the catalyst composition comprises the contact product of an ansa-
metallocene and an activator, wherein:
the ansa-metallocene comprises a compound having the formula:

(X])(X2 )(X3)(X4)M', wherein:

M! comprises titanium, zirconium, or hafnium;

X' comprises a substituted cyclopentadienyl, a substituted
indenyl, or a substituted fluorenyl;

X2 comprises a substituted cyclopentadiehyl, or a substituted
fluorenyl;

one substituent on X' and X? comprises a bridging group
having the formula ER'R?, wherein E is a carbon atom, a silicon atom, a germanium atom, or
a tin atom, and E is bonded to both X' and X?, and wherein R' and R? are independently an
alkyl group, an aryl group, or hydrogen;

one substituent on X* comprises a substituted or an
unsubstituted alkyl group;

X3 and X* independently comprise: F, Cl, Br,orI; a
hydrocarbyl group, H, or BH,; a hydrocarbyloxide group, a hydrocarbylamino group, or a
trthydrocarbylsilyl group; OBR*, or SO;R*, wherein R” is an alkyl group or an aryl group;
and

the activator comprises:
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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 organoborate compound; or

any combination thereof; and

forming the polyolefin into a final product.

21. The process of claim 20, wherein if neither X’norX*isa hydrocarbyl group,
H, or BHy4, and the activator does not comprise an organoaluminoxane compound, then the
catalyst composition comprises the contact product of the ansa-metallocene, the activator,
and an organoaluminum compound having the formula:
AI(X%)n(X%)3.0, 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.

22. The process of claim 20, wherein forming comprises at least one of extrusion,
blow molding, injection molding, rotational molding, sheet extrusion, thermoforming, film

blowing, film casting, or profile extrusion.

23. The method of claim 20, wherein the a-olefin comprises a monomer, or a
monomer and a comonomer, and wherein the monomer comprises ethylene, propylene, or

any combination thereof.

24 The method of claim 23, wherein the comonomer comprises propylene, 1-

butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, or any combination thereof.
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25.  An ansa-metallocene having a general formula of

, Or




