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[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 uséd 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
products (such as cable wrap, pipes, and conduits), and various other industrial and consumer

products.



products (such as cable wap, pipes, and conduits),
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during gponfacaiseli ng the fol |l owi ng detail ed description and

upon reference to the drawings in which: [0004] FIG 1
represents the chem cal structures of exenplary

nmet al | ocenes in accordance with enbodi ments of the
present techni ques; 0005] .FIG 2 represents the
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detaileé fiésriptidbmapd opordefacnerioitlsedrdessiipwhorh: of t hese
enbodi nents, not all features of an actual
i npl ementation are described in the specification. It
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such actual i ementation, as in any engineering or
accordetesivgth gmbgdamientsred itler prasent tasheiques; and on- speci fi c

deci sions nust be nmade to achi eve the devel opers'’

speci fic goals, such as conpliance with systemrel ated
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one inplenentation to another. Mreover, it should be

appreci ated that such a devel opment effort m ght be
conpl ex and tinme consum ng, but woul d neverthel ess be

' aki ng of design, fabrication, and
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[0006]benef idnedr rhbieSspetiSe leabdt@nent OSXARE pAseatiaentibn dl be described

facilitating the polynerization of the nononers

b
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the development of any such actual implementation, as in any engineering or design project,
numerous implementation-specific decisions must be made to achieve the developers’

specific goals, such as compliance with system-related and business-related constraints,
which may vary from one implementation to another. Moreover, it should be appreciated that
such a development effort might be complex and time consuming, but would nevertheless be
a routine undertaking of design, fabrication, and manufacture for those of ordinary skill

having the benefit of this disclosure.

[0007] A catalyst for facilitating the polymerization of the monomers may be added
to the reactor. For example, the catalyst may be a particle added via a reactor feed stream

and, once added, suspended in the fluid medium within the reactor. The catalyst may include



and, once added, suspended in the fluid nmediumwthin
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density, flexible polyethylene.

[0010] Effective copolymerization may often require that the comonomer be added to
the reactor in significantly higher concentrations than present in the final polymer. Thisis a
result of lower than desirable incorporation of the comonomer into the polymer chain. This

low incorporation lowers the efficiency of the process, increasing the costs for production.



result of |lower than desirable incorporation of the
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contact product, as understood by o
organoaluminum compound as an optional component in the contact product is intended to

producliii

reflect that the organoaluminum compound may be optional when it may not be necessary to
impart catalytic activity to the composition including the contact product, as understood by
one of ordinary skill in the art. To facilitate discussion of the current techniques, the

disclosures contained herein are presented in sections.

[0013] Section I presents catalyst compositions and components in accordance with

embodiments of the present techniques. The catalyst compositions and components include



one of ordinary skill in the art. To facilitate
di scussion of the current techni ques, the discl osures
w@omwwasized herein are presented in sections. [BOI/B$2008/011055
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I ous pfocesses that the catal yst conpositions of
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ol zat Particul ar roce e usse
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exeﬁglary products that may be made from pol yners
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yners prep using
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[001 6]t hat nRyBe e gl@élﬂg Hoh Qﬁmﬁﬁgxmﬁle?@ﬂﬁolyﬁhﬁ rEEPh Ry

catal yst conpoOsitions of present techni ques. The
catalyst esupaesstignsan acamydadnee ebthainmaglimhents nﬁt@wbsm isehryues. dihd

examptegﬁgg;h%cfe: @%ﬁl&lﬁé&i%ﬁé%@ﬁ%&‘%@b@%@ﬁﬁ% 0%5 er %tcg | ?attlon that may be
obtained for polymers made using exemplary catalyst compositions of the present techniques.
The results that may be obtained for molecular weights and catalyst activities using the

exemplary catalyst compositions are also discussed.

[0017] Section V presents experimental procedures that may be used to make and test
exemplary catalyst compositions in accordance with embodiments of the present techniques.
A method for the determination of pore size is discussed. Further, the section includes a
discussion of a technique that may be used for the measurement of comonomer incorporation.

Section V also discusses exemplary techniques for synthesis of the various polymer



[0017] Section V presents experinental procedures that
may be used to neke and test exenplary catal yst
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present techniques. A met ho?l for the deternination of
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al so i nclude techni ques for maki ng exenpl ary
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I RIS NE DD oSitioh H dCEMPBhedteChni ques. 1. Cat al yst
Conposition and Conponents A. The Metall ocene
4. dhapbuielderene Opsweredy [ 0018] I n one enbodi nent, the

Rresery, d 1g@nlques may i nclude a catal yst conp03|t|on
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section Z e term
compoﬁl’ﬂf [ AI geniérabdes&nptmﬁ afl the cesethetatlycanefcompliax ia presented in the
| ocene conpound in which the two
fbum”WSsE P8 iadlenyl-type ligands in the nolecule are
| inked by a bridging noiety. Useful -netall ocenes may
be "tightly-bridged,” neaning that the two
[0019]h5- cy &maemdbrie&gckl” py pernskimetaldiacene’ emey refectogdmptpllacene

compog tadch Fis SRy Dt TRF LT e Ean i R el linked by a

bridging BRPES Uil a%kﬁ%&alﬁk@ﬁ@s nﬂ(}%éﬁfgﬁ'tl&%%@& ” gﬁe%ﬁfrig*%ﬁﬁ the two
ﬁereln are therefore brid

-cycbalk@dnﬁny;lytgbo hgkahhaemg/cbrjnettyqb by edmplgingcsouf weemm thgishgrtest link
roup connecting the h5-cycl oal kadi enyl -t ype 9ands
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T e

The bnhgm@ oSolsEdrinbétath e nértyumntb&fehﬁ zﬁghgﬁdb Riaydhde thedformula

from4 to 6 carbon atons in w th each end
E(Cyc)cwherstt Eanayder casbomptom arsnlwgn @tommcat ger@aginet &pm, or a tin atom,

and E is % c{ed%o b081 ﬁsanf X@,ya(r:l e?élh %%'I r},%,yr{% a s%st)lfuted or an unsubstituted

carbon chain of from 4 to 6 carbon atoms in length with each end connected to E to form a

ring structure (herein referred to as ““a cyclic bridging moiety”).

[0020] In various embodiments, the bridging group, E(Cyc), may have the general
formula: >C(Cyc), >Si(Cyc), >Ge(Cyc), or >Sn(Cyc), wherein Cyc may be a substituted or
an unsubstituted carbon chain of from 4 to 6 carbon atoms in length with each end connected
to E to form a ring structure. Such bridging E(Cyc) groups may include, for example,
>C(CH,CH,CH,CH;), >C(CH,CH,CH,CH,CH,), >Si(CH,CH,CH,CH,),

-~ >8i(CH,CH,CH,CH,CH,), >Ge(CH,CH,CH,CHs), >Ge(CH,CH,CH,CH,CH,),
>Sn(CH,CH,CH,CH,), and >Sn(CH,CH,CH,CH;CH,), among others. In these examples,



[0020] In various enbodi nents, the bridging group,
E(Cyc), may have the general formula: >C(Cyc),
WO S00@y3Y)) >Ge(Cyc), or >Sn(Cyc), wherein Cyc PEHUREOS011055
substituted or an unsubstitiited carbon chain of from 4
to 6 carbon atons in length with each end connected to
each erfdl dfohd carborachaimiy ewnnegeditoethe Bug dortiodgiThg E&(cGyreyp may also be

mﬂmnnﬂ@fUps Eg nclu forjeﬁ g@leﬁﬁﬁ C}QC}QC}Q)

>S|(CHQCHQCHQCHQCHQ) >Ge(CHQCHQCHQCHQ)
>Ce( CH2CH2CH2CH2CH2) ,  >Sn( CH2CH2CH2), and >Sn( CH
[0021] 2CH2 CHRaRRICRIRY §ut§titmgt on Hens -cyclopeitedienyxtynp ligands gy be a
.end of the carb aln IS connected to t initial
substitiey g npibS Y80 GRS sl BB tsoth L Rsiar Bpras. In
embod?ﬁen@ﬁﬁh fe@érﬁ téarm?d@és Qhe LIRS S MRS gfoﬁbeﬁam SoHded to the 1>-
0021] Further, one substituent on"tRe
cyclopénbadigmil bgant a’ﬂneeﬂyh}bbghmnlts ageanekn 1rmlye pacaal strbstuiral drechlas
or . an $§ ubstltuted ak ﬁl’ of alke roup, having up
presented iy the dollyype shbsestion 4 Exgmai aﬁé‘ﬁ‘?@ ?e HETHY &S atcortance
with enﬁwdhme&y eethetd?eseﬁ{ Y Enifon AL KERVA irdthe YRl dWiXig RebRensies
h5- cycl opent adi enyl |igand. These enbodlnents
are seen in the general structural fornulas presented
I,N th- fglh o.sub,ectlon 3. Exenplary netal |l ocene
S accot datice Wi th enmbodi nents of the
[0022] pr ese'lﬁ ein'BM&Mén@sfbﬁh@ pERewiedhniduls thOhhsaWnB@llocene of the present
subsection 4. 2_. General Metallocene Fornula [0022]
techniques ma belexgsssd &y thegengra dempulgiechni ques, t he
-net al | ocene of the present techniques may be
expressed by the general formula: (X)(X2)(X3)(X4)M.
In this forme®)yxhw'be titani um zirconium or
haf nium X1 and X2 are i ndependently a substituted
cycl opent adi enyl, a substituted indenyl, or a
t
o s SIS L RO enc B BRI 80 X flcfEndsy o
substltutay cydomentadidnyt aaiubsntuadsndangb [or atswbntltlae@ ﬂumnylu rne

substit%?gn%ﬁ@ rawﬁé& Ié? a Eaé‘nnﬁ%gg‘}? alé(?%gg ?‘?'f‘ﬂ"ﬁaeEP c)a\%?f]feremch may be a

carbon Wby RS lidoAt 86 CRE AR nARR LIdNYTor bt RAMtEm! $hdE ¢ AR & Bt X'

|n I’ength with each end connected to E to forma ring
and X’ sanduhareia. C}Icnneywb@alsuimﬁtlgecbf)r arh@lspbsigetnd cabonishgjoes from 4 to 6

t__an e h5-¢ tadlen
carbon ARG IoaL) W ot b PR @ PG RO AR BB oThePRy 9 ky
embodendd &aRY bre@érﬂu@c}ﬁﬁ}ﬁe!ﬂ BréRubRitdeht 6AROK - MéPentadienyl-type
Substituents X3 and X4 nmay be independently: F, d,

ligandsBnay bg a subsanhgdjcprmmbybstltuted alkyl or alkenyl group havmg up to 12
carbon atoms. Substituents X° and X* may be independently: F, Cl, Br, or I; a hydrocarbyl

group having up to 20 carbon atoms, H, or BH,; a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which may have up to 20
carbon atoms; and/or OBR?; or SO;R*, wherein R* may be an alkyl group or an aryl group,
either of which may have up to 12 carbon atoms. Any additional substituent on the
substituted cyclopentadienyl, substituted indenyl, substituted fluorenyl, substituted alkyl or
alkenyl group, or on Cyc may be independently an aliphatic group, an aromatic group, a
cyclic group, a combination of aliphatic and cyclic groups, an oxygen group, a sulfur group, a

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



group having up to 20 carbon atons, H or BH4; a
hydr ocar byl oxi de group, a hydrocarbyl am no group, or a
W ehobpeR3ocar byl si |l yl group, I@ny of which may he@wBUSI08/611055
20 carbon atons; and/or 2 or SBRL, wherein RA
may be an al kyl group or an aryl group, either of
boron gueiip.lanyey whashemap have fromclatotfreaghamratompnh itgrativelgnadditional

d I di I,
subsie Sy BE BirsPame o iebt b rtor oyl

substituted al kyl or al kenyl group, or on Cyc may be
i ndependently an aliphatic group, aromati c group, a
[0023]cycl i cThygradkyd or all@ovrbgmam bodedifto ghe Et]h%lstf:il(lpeatfii@l1@@513}'1:1)11)@ ligands

rou roup a sulf u
may i G55 aot PR OBl Sy AmBoBimdhy e S Hpfeny
group MhPHK e @ D dboGOI &rBsiPatoRls, @PQ MHuds eatBon afmsObr ¥hidcdbout 6
may have from 1 to 20 carbon atoms. Alternatively

carbonauns. | @mplgrwtﬁékyltgn@mssnmpcbée pu@éemntyl,u heayly ijﬁgl or octyl,
d 0023 | k
amonsificit xSy HRSET erchBR ALK isaf! B SR o

hepten¥ia¥e7-6ptchl, aMoHg odferezar bon at ons. In an exerrpl ary
enbodi nent, the al kyl or al kenyl group may have up to
about 12 carbon atons, up to about 8 carbon atons, or

100201 AU ORI AL O G 1 B B AU g

|nclude ent exy ept

may bidabsituted edmhawew ﬁﬁra\nlyl OF @llt@ﬁyl@(yup mal Bg8ubstituted. Any
3- butenyl, 4- ente 5-hexen % 6- heptenyl, or

substlttrm@etemwma}abmwée% @penp%m ownm@phmp IPURy| angyromatic

goun S oL R e SLPR B §T b Bg 0sror
group, @mitéd deargydupy aphpsphvyusdgosp) laﬂtarsteutcegouﬁ\mwasbtbsgrbtlmarmlcon
present may be sel ected |ndependentl froma

BIoUp: éleEﬂ?a%fPEp g’rr Gubstted apaiag therentoty, ot} avhigh macﬂ@% figm L to about
20 cartfoRHRaRat Tﬁ’é"?d%fstlﬁlehl@ haly ﬁs@i‘i‘l@luﬂ¥ G IHafd 6 0MRBo g FFNEE This

group, a su group,” a nitrogen group,” a phosphorus
descripgjioo wf pthensuhsgarents artbe plkyhomikebmh gropupupyy Bickide isoloatituted,

unsubsffiged priteheh Megl Rufsehs-ShRB e ireloss R e o Gy

The substituents may al so include a halide or
hydrogen. Further, this description of other

[0025]subst iln@ddition do cmktelnm&q/bndgin&gmnwwggéhqumyla F¢lyghand an

tituted titut ranche
oyl of SRER PO 5 TSR T BTGPty Bhds may also
have ofh@PzmktituBndd @bi e)@amm@ thERsabAitihtamAy be ﬁle"sﬁlmgzr&iéﬁncal groups or
havi ng the fornmul ( ) and an al kyl or al ken

moietiggrthafranserye 9 th%%garabxqvbgmdh ef HB-anyeimsid ncadise us,tfwe
addltlonal%ugsc{fciug%%n%e 7°-cyclopentadienyl-type ligands, any substituent on the
substituted alkyl or alkenyl group, any substituent on the Cyc group, X? and X* may be
independently groups including an aliphatic group, an aromatic group, a cyclic group, a
combination of aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen
group, a phosphorus group, an arsenic group, a carbon group, a silicon group, a boron group,
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 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



have ot her substituents. For exanple, these
substituents nmay be the sane chem cal groups or
WOoRi0ensseo t hat can serve as the X3 and X4 | i gaPdBUS$008/011055
the -nmetall ocenes. Thus, ad% addi ti onal substituent on
t he h5-cycl opent adi enyl -type |igands, any substituent
includecubstiteteduhdanyt andeshbatitaydd fbworen wanygludggpaptialkyrppturated indenyls
subs ent .on the rQu X3, and X4 b
and fBiEARISSHEL AL (57 SPBHS oD SRS al B es Yot igasnybgroups.
and oc@hPIrBHLSrefyI0HBupsd Bx4flp1&s de@tDof escOduBbtitatnt@Ro@s are discussed
al1phatic and cyclic groups, an oxygen group, a sulfur
below.group, a nitrogen group, a phosphorus group, an
arseni c group, a carbon group, a silicon group, a
boron group, or a substituted anal og thereof, any of
[0026]Whi ch Aughiatig gfoupstHat btryateqistd dsubatiteits ahalite, famample an
substituents may al so include a halide or hydroq
alkyl gropiga gecledsyleronm @p@lllifQthpuP,ew wcml@nvh&roam ng lcxnyégrour),
0 F [
amadmﬁgc ugé%gﬁ%gf%ﬁﬂ@héél?%g$£hg§ H%pggfgﬁﬁég n nor e
unsubstituaéd, brmichéd, bhé lire ahealogs beﬁcn\&uodﬂs thsrebf mahekein each group may

Substi t uent s may al soi ncl ude substituted i ndeny
have frompnejtp ab@i 240 @BoBAPmSs.i RRYS, AlIPRPLS LF 4RSIy @a{'}&?a@éaxample

hydroc%n%?f%%kl? a@PQafﬂn‘é Qh& ARy R Y EFBr ??aﬁn e 10/thé€ Fﬁgﬁélng oups may include

rahydr ol ndenyl groups, tet o f gr oups,
such granpls axcthethyl ethyl, | puopydy-butyl, denpdbutybxmobued, 1sd‘>bwmlc hAmgf, i1soamyl,

hexyl, Syttt Bogwh GEoL adayt Re o dtedo SRRl PElishy’s butenyl, and

the likd. ncl ude, for exanple, an al kyl group, a cycl oal kyl
group, an al kenyl group, a cycloal kenyl group, an
al kynyl group, an alkadienyl group, a cyclic group,
d the lik I
[0027 3ﬂsub 5%: {n{jlltlg éro%lsZ}hqaﬁéaa/ bnecusu e? %%basptsuaeﬁtzsllgcluée %r example,

phenyl Sedphwdil,| anGFaddneT, and thenkles, ESdbst@taﬁ‘dd QO by oIRY tHaY eotpOIMds are
one to about 20 carbon atons. Thus, aliphatic grou

also ingluded; Mrerrie eaeﬁl(ﬂrog;(w |hgve ﬁ?@‘r%‘@aﬁbﬁw 25 gaahqapsa uch sgbstltuted
denvatg%g %a& 1%&/1@%} goxlaé)%e 1 le%ly g Jg éﬂégs? 'an tf‘l‘lrae fkd ﬁ{}]‘ﬁdlﬁg any

heteroqwmpybstitmedbdtxy-lratlvt:etﬁerdmﬁt yl, sec- but yI [ sobut yl,
anyl, isoanyl, hexyl, cyclohexyl, heptyl, octyl,
nonyl, decyl, dodecyl, 2-ethyl hexyl, pentenyl,

[0028]but en)@qych%fg%d hdt 'nlfzfi» bd {04 4l slfﬂsﬁﬂﬁhtsqn&ﬁ@él St éxlaﬁiplémy

be used as substituents include, for exanple, phenyl’,
cycloparaﬁhtsh%rclocmﬁm awécmletylmel, aréresisidteas hebgl, btcm:le@groups and the
like, aszFéI’ yal Ves gqﬁgmﬁtlvr?g;;h%gqumf 5 ogc%eng%bgfmg oni about 3 to

about Mamlsatorﬁycmhw bsistititt @ Hetd@atonbhbeitut oYy dlid Gr R sublPss
exa t ol xylyl, nmesityl, and the |ike
furanyli ey q;m@dgﬁilerem Such substituents may include, aliphatic and cyclic groups,
e.g., groups that have both an aliphatic portion and a cyclic portion. Examples of these
substituents may include groups such as: -(CH;)mCsHqRsq wherein m may be an integer
from 1 to about 10, and q may be an integer from 1 to 5, inclusive; -(CHz)mCsH¢R 114 Wherein
m may be an integer from 1 to about 10, and q may be an integer from 1 to 11, inclusive; or -
(CH2)mCsHqRo9.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



het er oat om substituted derivatives thereof. [0028]
Cyclic groups that nay be used as substituents

w0 p@bespo f or exanpl e, cycl gparaffins, cycl ool BET/H82008/011055
cycl oacetyl enes, arenes sud® as phenyl bi cyclic

groups and the like, as well as substi t ut ed
thereofdimcludang, betantﬂeme@if to, & haleteeancdloanide noentravidagubstiswied

tituted
derivatfyitppb i Stle n 0f LR D AT in ARUE20.RHBEA plolsny hyarogen.
In vari6BYerkddim&ltsidach BRpIRIQ -andeGEliSLBEH ﬁlhlﬁﬁicﬁldéaibrleﬂﬁﬁlﬁlée
al i phatic and cyclic gro roups that have
CH:CeBot R Hes U phlbl-oH 53 tquéz&aqar;a%w@gﬂd KHAGoBOMe; -
CHCTBER ERuC iR eC eI NMER L CiB AL LER, BlguRs. such

om1l

CH2CH2@63HOUCHEQI‘12@EH’4@1 m2%@H4Bﬂt-€H§CHE¢&mI 1'GPDzC~"HzC6H4OMe -
i ncl usi ve; - wherein mmm

CH:CHAgHgakL 1 H Iﬂz%{%wcw:ﬁé;@my 0 He Mg any
regIOIS%lg%%reBP ailla’angl tgc? I‘Natlvg(lgsz HgRg-q wherein m

an inte rom to about 10, and g may be an
integer from1l to 9, inclusive. As defi ned above, R
may be, i ndependently se|ected fro n aIJ hati c
[0029] gr gup’Sugﬁtltgglgﬁg}qyccoé}agbbeterga% PLC dgﬁ,}pxygen sulfur,

nltrogeﬁoféﬂﬂv PiRirb@d) of RRERRS Exﬁﬂ%le%%?%ﬁl‘ﬂéétlﬁ(qude ﬂuonde chlond% bromide,

at1vethereof, including, but not limted ,
and iodidd. | Alguseddierean, koxygba -groups aaq osygedeostapsng grougs, including, for
r'vative

exampfi Ay o Sy B QR e B Bt K fky B g Vetoaky,

aryl, axﬁn@p dipeRitited alkyE Bu@dtit@t@@bfy} Gt ﬁraﬂl'_&f! #ASinEHYom 1 to about
i ncl'ude, for exanpl e: CH2CBH5

20 carhomamm?enoh allopycsaadexy g@azs:&@ﬂ) gro@eIwBHacivge, for example,

methoxycﬁ[%%x_& %%%%@?&%@%@o@%@ﬁés As used

herein,- Qﬁ@gﬁﬁ@k{éﬁr sulﬁ%ﬁhﬂﬁiﬁg‘gﬂoups %ﬂ@lﬁgﬁbﬂﬁ‘ﬁqplc -SR and the like,
CH2CH2C6HACEL ; .- CH2CH2C6

wherein memdzmeaﬁyn%@ %}i%'@ ﬁiécrIO%lhﬂr @of% aradhﬂ &Hvtltuted alkyl,
SubStltl?Ttg@ 3%:10?%'&&&1&&%& \éiaatllb){ %a{u%g rfg u (ﬁ.l? PO g%%h'akdfﬁyt As used

teroatons oxygen,
herein,Snitrbgen groupy mgemt;rogz:lnemnmmmgsgro@s \alnshe nmiay.in&xderdbeskaaiple, -

NR, orlhpglal:dg]ggsro;ggsc lag g\-‘ M uor :]ilgr%bt}( Slg?{%?lbﬁ pﬁ@)ro%g]ggnets maydbe alkyl,

cycloal‘R?W 4B FARLE 'sﬁlﬁéﬁgutgdi QH@F ’suﬂ)é't‘i%tb‘&j Eug@,’or s%st@d@@ﬂ@}aﬁwl having from
koxXy or aryloxy groups (- an i ke, wherein R

1to abmg(yZOb@rlajnl@d)ms cg);gluggd ke;rbln @hya;phoars@m}ps arsgb@phpmse:@ntammg
bst K h
groupsgy §ith At toSheRiafe R Ry MR ikt TR B irio ! "9

embodiidHt Oy BE QKRS clycloRkyY @y PEralkgy, shBﬁitM@@ alkfyp rsuegtaﬂﬂaﬂ @ryl, or
met hoxy, et hoxy, Eropoxy but oxy, phenoxy,

substltlgtg@)gltailtyuh@\dng D ¥o abavb 2§ catbiee ra@msquQJgsgd herem arsenic groups

are arsenic-containing groups, which may include, for example, -AsR;, and the like, wherein
R in various embodiments may be alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl,

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

[0030] 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



herein, sulfur groups are sul fur-containing groups,
i ncluding, for exanple, -SR and the |ike, wherein Rin
wa 2000ess0enbodi ments may be al kyl, cycl oal kyl , PEr/y52008/011055
aral kyl , substituted alkylﬂlsubstituted aryl, or
substituted aral kyl having from 1l to about 20 carbon
with | tataboet 2Q0sarbmeatomerazalityl o dralbyklmlge guppsarith 1 to about 20 carbon

ni t r.ogen- cont ai ni ng,. ups. whi i ncl ude, for
atoms, éﬂéfﬂﬂg‘ e, zncﬂu@ﬂ%sru%@?e%nmwﬁ?ergﬁ% the Iike,

wherein R in various enbodi mrents may be al kyl,

cycl oal kyl, aryl, aralkyl, substituted al kyl,

[0031]s ubst i Atitsed hareyrln,,s11m0n$m@sxs|amsléeloraﬁcaitklwng@wmg“mrcdarmqy

ut . 20..carbon at.o ed her n has
includg PRI E AR AT AR LRGP AU L RSy
groups| ﬂlﬁxly@oup‘soﬁn@thaﬂm& Qlavn@%maﬂd abb& 10 dagborvdieme.l Foﬁ)dafhple
vari ous enbodi nents be al kyl, cycl oal kyl, aryl,
SIIICon@mplsynclu@mmqﬂmrslbd ag nwnyl@,qsblgtlyltgww aryl, or
substituted aral kyl having from1l to about 20 car bon
atons. As used herein, arsenic groups are
[0032]ar SenIA:s ﬁ@:ﬂt}ﬁtem ,Nigorgh @ueps avdibarbneaiytainied gdaps, fwdtich may
l e, and t he I|ke wherein R in various
mcludee ﬁgﬁaﬁ@}ﬁ sBRfayBB% g%’l w "(,rﬁ'@l)é Hay j]e a IRPYFANIQIHG BROVP | such as
t s e 53Bs:
halide, YR MRS sty iRl LB B o S s s
cycloalkyl, us;édarbknyh isnbstitaed elkyl sobgisutad eryt,arisobstiated aratkyl gaving from
r whi ch may include, for exanple, alkyl halide
11D£mgW6&d?ﬂx§U3W“§Ikyhallde groups may i ncl ude
hal i desubstituted al kyl groups with 1to about 20
carbon atons, alkenyl or al kenyl halide groupswith 1to
[0033]about TG remaining subshwentsroalthy metl center, R(ylanfluai i ey be

1t o about 20 b
indepeff i b Bersi o Tt e e e o BbPRTpa Fan 118ty Bup and a
cyclic g@ﬁﬁ Hesridd gr&ip, b pROsHHiIEDup & a&kﬁbﬁas g&ﬂl}m i Biylekide group,
roup whi ch i ncl ude, for exanp groups
an alkangsah ogpi;@yqngpqeyq:sué"p@qjg,sor aa{rl?]kgisp]y] ogpégtpsgltute derlvatlve thereof,
any of thh%e&ﬁggfﬁ#%ll {318 O (%BIL 191E o&&%ahﬂgdl\&&@ sgéclftfcally, X and

havi ng to a car bon atons. For

X* magbé indeperglentlysF (chBu,otﬁ It rai hydtduepttsil bydupdnding up to 20 carbon atoms,
henyl oct yl si |yl groupshy%pOS used herein

H, or Bl iy dse@ripdetfe Zonpat @caﬁﬂa&m FIRHBAPT Relih Vﬁreﬁ%fgélsﬂyl
I
B, 2 a T o o SRy REA R may be an
alkyl gedupydr anhairgl gnowep, aandf wheh Rving upapildusrtomizeinsent s may
be al kyl, cycloal kyl, aryl, aral kyl, substituted
al kyl, substituted aryl, or substituted aral kyl having
f3 om IG4Rral3entudd] FoahlRs fél MekllotdRIHalyéie remai ni ng

substituents on the netal center, X3 and X4' may be
[0034] Embodiments of the current techniques may include an ansa-metallocene

having the formula:




i ndependently an aliphatic group, a cyclic group, a
conbi nation of an aliphatic group and a cyclic group,
W@p00a/#300 gr oup, a phosphi dq group, an al kyl oxP@BEUS2008/011055
group, an aryl oxi de group, 2n al kanesul f onate, an
arenesul fonate, or a trialk silyl, or a substituted
wherein$ may boaieaTavnar hfmiymond Shioon Niatrengenndpendently ¥, Cl, Br, or

b
IL E m%ég%gl aor%dr%ﬁéng n%ne fnte ?F\af g? n&!\@[v F ¥ %{i IRGaHa%(/ 'be
1ndepeﬁdei’1!tl@Qi&{)dedcaﬂ:f}Q Lgpodwl anﬁhyarot:ab?@nylagrbﬁm aay o ihidh m@y have up

H4; a hydrocarbyl oxi de group, a hydrocarbyl am no
to 20 cgrrb@n Btongs; oantawm}fwﬁtﬁgﬁnb he F‘I’RFP“Efr ‘Bupnabg/anmieger diat may range

from OE&YPT,Q%C]%BIVE ORZ’o E&fﬁ h oung ?ﬁ%i’g arRﬁlga gdé@r‘g?l gf@ps el I?nay

have upko Chcdrbyn ﬂt@nu;pot ma)“t Be bigdogen. aB@rit’B‘a’ alay%nﬁinﬂgle or a double bond.
Structural Fornulas for Metall ocene Catal ysts [0034]
Enbodi nents of the current techni ques may include an
met al | LITH B NEE BlaY itudBY cBfipound h
[0035], zir conlkg)?nl%g%"ﬁ%}dr{ﬁ %hrtng gﬁedé ?% a@'l " cotpound having
the forimntiependently F, C, Br, or I. E may be C or Si and n

may b ger fron11 to 3 inclusive. R3A and R3B
may dently a hydrocarbyl group or a

t galu hyySirhkel group, any of which may have up to
20 ¢ tons or may be hydrogen. The subscript 'mni

&§er that nay range fromO to 10,
AC'and R4B may be i ndependently a
group that may have up to 12 carbon atons,
or may b gen. Bond 'a' nay be a single or a
doubl e bo 5] I'n other enbodi nents, the
-netallocena“hay i ncl ude a conpound haV|ng t he
formula:, In this farmula, M may be rconi um or
In this forppia Ml WAY bRZITgpriume orrlpa@l% Mﬁid?ép ntn3y e indgpengdently F,
ClL, Br %ﬁftll E: m%{ hay (}P%l gn(‘i’I€ $h n 1ﬁter%gpff01}ﬁel B, L EG6L. R¥OMg RB

I ncl usive. be indépendently H

may bmﬂbgdndemt}hlgﬂ memy@mymyl labwll allﬁdvmm bityd, Wentyrhérwl or

trimethyR5N anflomg may e BuRis e o 4R 4 e, Bea hnd R B

1ndepehd’l§1@ll9%'}%?(§da¥bﬁ gﬁﬁﬁf AW to¥ Qo A¥InE ortydidkel. Bond ‘a’ may
carbon at ons, hydrogen. Bond 'a'" may be a single or
beaﬂ%gldgubldeulﬂ@hdnd [ 0036] In still other enbodinents, the
-nmetal | ocene may include a conpound having the
for mul a:

[0036] In still other embodiments, the ansa-metallocene may include a compound

having the formula:

R3B

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

Cl, Br, or I. E may be C or Si and ‘n’ may be 1 or 2. R** and R*® may be independently H or



In this formula, ML may be zirconiumor hafnium and
X and X' may be independently F, d, Br, or I . E may
wheoooes306i and 'n' may be :1 or 2. R3A and R3BrPOEHYS1968/011055
i ndependently H ornethyl, Ad ‘ m may be 1 or 2. R4A
and R4B mag be indgpendeq%ly Hor t-butyl. Bond 'a'
methylpand e magbagoe2oR aanbRbT wap badndepeniily Fhoxtebutyk Bend ‘a’
benboaineng% k@g -nmetal |l ocene of the present
may be 3 3pgle qLALORRYS PORY| ude a conpound having the fornul a:
In this formula, ML may be zirconiumor hafnium and
X and X' may be independently H BH4, nethyl, phenyl,
[0037]benzy|In yaeeipermbodimentsethp ghsd-mefatiec¢ngl of tigHpreagse feehniques may
. CH2SI Me2Ph: Ph; or CH2Si Me2CH2Ph. E may be C
lndud%ﬁC%yagﬁgqﬁvﬁgﬁﬁ%ggéﬁETnteger from1l to 3, inclugive.
R3A arith R3B~may be i ndependently a hydrocar byl group
Ay ar byl silyl group, any of which having up
43&' atdﬁ%, or hydrogen, and n may be an
m.&to 10, inclusive. R4A and RAB may be
M}hithydrocarbyl group having up to 12
or hydrogen. Bond 'a' may be a single or
.4 Non-limting Exanpl es of Metallocene
Structures, hrRxenpl ary enbodi nents, the -metall ocene
may i ncl Ude g/ ther of compounds (1-1) or (1-2), as
shown in FI & 1, or any conbination thereof. Numerous
In this RITRGES $4'Smb P b EREA Em HR halni @A S4R1 XX OSRIONN G8ayt hidindBFendBRly H,
enpl oyed in the present techniques have been reported.
BH,, negryLepbanpl, benayl, SeopentWntrimggbylsdylggthy? 1GH.GMegdhh; C3DSiMe,Ph;

52 , , 399,.6 40 3

CH e3P e CRis]ME: CrigPh. 28 g o3 or 3t i B3] be dndfledpm 1 o
3, inchBive5 R 7 3hd RE® ©fa$ b28ddepond@bly2HRidréualbiil 88, or thif4di@édbylsilyl

5,631, 203, 5,631, 335, 5, 654, 454, 5, 668, 230, 5, 705, 578,
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techni ques may include a catal yst conposition

including a tightly-bridged -netall ocene conpound

havi NQyGh-EMsidLELIM G SOVERIIBE A thRAREI tO both

h5-cycl opent adi enyl-type I gands, a solid oxide
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0-) of B i owe W ESE; by P Pielioitidrets NineEuE Wheeessie
prepar©meRNeedne Foipdurd RAUALY PRYMPRYSPiH B8 ykesehiaBctiniquBBhave been

not be necessar¥ to inpart catalytic activity to the
reported o Fpbesample, 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..

B. The Optional Organoaluminum Compounds
[0038] In one embodiment, the present techniques may include a catalyst composition
including a tightly-bridged ansa-metallocene compound having a cyclic bridging moiety

attached to both n5 -cyclopentadienyl-type ligands, a solid oxide activator-support, and,



i ncludi ng the contact product, as understood by one of
ordinary skill, as presented herein. [0039]
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propyl, butyl, sec-butyl, isobutyl, 1-hexyl, 2-hexyl,
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include, &9 exABIPHe COBRPERSISHEH thetemly: be chloride. [0040] In
the formul a AI(X5)n(X6)3 n, n may be a nunber froml
to 3 inclusive, and in an exenplary enbodi nent, n may
bﬁ(&)“}ﬁbnyalue of nis not restricted to an |nteger
therefore this forrmula may i nclude sesqui halide _
conmpounds, ot her organoal um num cl uster conpounds, and
wherelh b&é rﬁé}kl?e a hf@addrb{ansiml from 1%%8&@()L%Mt6ﬁ§m@ﬁg§ be
nay be used 1n the present techniques may incl ude
alkoxnderqra!lr}dyklallemnymfmludnb@ungi§r0md1 o aqwammrholm atohst halle, or

hydri AR ARG ve £ n i B TR, 9587 BE Byt haying from 1 10

about [ONRERRN atoda¥ AVRi@ifes Qe it IX “ah gaimerRidy Non uxangsIePasmes ethyl,
i nclude trinmethylalum num triethylalum num (TEA),

propyl,tl}qtﬂr geyruy L o], 1thaxyli2yhenylidrifxy, isohexyl, heptyl, or octyl, and the
like. ﬁl{e a"t‘l%"yy%(ﬁlnﬁ&‘u l‘lmtlélpl-g{'\x@éhlg f‘i{dqdﬁO&Wéxé{&eabiﬁﬂu'a&%étﬁbﬁﬁl,

exy 1'SO
ethoxidet bokydtidel Wiyetamotitt emlbyﬂlahammxﬂmhyabdﬂ ohlorlde.
di i sobutyl al um num hydri de, or diethylal um num
chloride, or any conbination thereof. If the

[0040]Par ti QIR fonld Al (RKOTBLO). S nrh‘i’éy l%oﬁﬁdxﬁb‘?rq}orﬁ &0 8QRARYYE and in

may enconpass al | 1sOnefs that can arise from a
an exempplaty embedingpt @irhaybe 3l kit valuenpn ﬁ@ﬁ)ﬁZﬁastmcte@mwm integer,
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conmo@&gaﬁgﬁﬁ@qmgun1conpound and an ol efin nononer to form
a precontacted mixture, prior to contacting this
precontacted m xture with the solid oxide

[0041] 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-
butylaluminum (TNBA), triisobutylaluminum (TIBA), trihexylaluminum,
triisohexylaluminum, trioctylaluminum, diethylaluminum ethoxide, diisobutylaluminum
hydride, or diethylaluminum chloride, or any combination thereof. If the particular alkyl
1somer is not specified, the compound may encompass all isomers that can arise from a

particular specified alkyl group.



activator-support to formthe active catal yst. Wen
the catal yst conposition is prepared in this manner, a
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and so on, or any combination thereof.

C. The Activator / Cocatalyst

1. Qverview

[0044] Embodiments of the present techniques encompass a catalyst composition
including a tightly-bridged ansa-metallocene compound as presented herein; optionally, an
organoaluminum compound; and an activator. The activator may be used to weaken the
bonds between the metal center and ligands X or X*, allowing complexation of the metal

center with an olefin. Further, an activator or co-catalyst may replace X? or X* with a carbon



a solid oxide treated with an el ectron-w t hdraw ng
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Chemical | y-Treated Sol id Oxi de Activator-Supports a.
organo@papipiimgompound, as specified herein. Thus, the organoaluminum compound may
be optional: when a ligand on the metallocene is a hydrocarbyl group, H, or BHs4; when the
activator includes an organoaluminoxane compound; or when both these conditions are present.
However, the catalyst compositions of the present techniques may be active in the substantial
absence of cocatalysts such as aluminoxanes, organoboron compounds, ionizing ionic

compounds, or any combination thereof.

2. Chemically-Treated Solid Oxide Activator-Supports
a. Overview
[0047] The present techniques encompass catalyst compositions that include an acidic

activator-support, such as, for example, a chemically-treated solid oxide (CTSO). A CTSO



[0047] The present techni ques enconpass catal yst
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contact product of a solid oxide conmpound and an
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foll omi ng subseciion.b. The solid oxid onpo nma
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activator-support may exhibit enhanced activity as
source.conpared to the correspondi ng untreated solid oxide
conpound. Wiile not intending to be bound by theory,
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ligand and the metal in the metallocene. Thus, the activator-support may be considered to
exhibit an “activating” function, regardless of whether it ionizes the metallocene, abstracts an
anionic ligand to form an ion pair, weakens the metal-ligand bond in the metallocene, simply
coordinates to an anionic ligand when it contacts the activator-support, or any other
mechanisms by which ionizing, polarizing, or bond weakening might occur. In preparing the
metallocene-based catalyst compositions of the present techniques, the activator-support is

typically used along with a component that provides an activatable ligand such as an alkyl or



anionic ligand to forman ion pair, weakens the
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. and, conbi nations. and m xtures thereof.. . The n xed net al
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forman activator-support. Wile not 1ntending to be
electropyyjirawing anion, to form an activator-support. While not intending to be bound
by theory, it is believed that treatment of the inorganic oxide with an electron-withdrawing
component augments or enhances the acidity of the oxide. Thus, the activator-support
exhibits Lewis or Brensted acidity which may be typically greater than the Lewis or Bronsted
acidity of the untreated solid oxide. The polymerization activity of the chemically-treated

solide oxide may be enhanced over the activity shown by an untreated solid oxide.



by theory, it is believed that treatnent of the
i norganic oxide with an el ectron- w thdraw ng
W@ ivpossm augnents or enhar@es the acidity ofPE€HES2008/011055
oxi de. Thus, the activator-support exhibits Lewis or
Brnsted acidity which may be typically greater than
[0053]t he Leltieschemiilysreagedssoilidioxydegnay meludatarsehid eprgasii¢ gxide,
: oxi de. Th ol [ ' chivity -0f
nelud G of Feon 10 FRATEY sEBhe BB bR Tl i e Oobler 2 1314
or 15 of e peiotidl thleshronelubing@x ybidt dribdreelemont sdleoted deonh Aebidhthanide
_The chem cally-treated solid oxide may include a solid
or actijifeelgments. &'er gxamplacthe inaiganis 9xiea maydnelydeperaspand an element
selectef 3R 47 B BE BT B G, e G 1 Wiy Mb NS 4, Sy . T
V, W, PXygemoedt an el enent sel ected fromthe | anthanide or
actinide elenents. For exanple, the inorganic oxide
may i ncl ude oxygen and an el enent selected fromAl, B,

Be, Bigu: . , 1
(005417 il e offoe rhgor i Wy vl sl e
chemicSllyitehted sebid bslidexif tle prateat teahsiqoes maypolindsior kaimpley Al,O;,

e ed i heni cal -treate oljd oxjde of the_.
B:0s, BeQuBi0s gt DacChEs Chol KDS GatoulSeh oy bagds Nio,
P ,SiBe @nB B8, THELOTI 3,00900, 7888nd the like,
2Os, %ga%es,lag’azn " Mh208, gg%&%%? Eh2 0B, s%rzl, the tike
includigg @i xedSpxidesTtherRof, Andronb@BtivEthe@O3MiZedy xideshat mapdbe used in

the like, i | udi ng .m,xed oxi des .thereof, and . .
the actiy3{arisHRRITL D RESRa SN Gs MsY; AT ok SXamp g anied gridgs of
any coinBfhafi6h b¥ Al, 3, -B)BROCY, ©F, Arh€uF&€ TRNLaf MahMod M@ SP, 8y Si, Sn, Sr,

‘include, for exanple, mxed oxides of any conbination

Th, Ti,of, W Y, Bn, Be angthe 1, Hzgmplys of mpixeqexidepthal may b useghin the
. i P i . i Y...-Zn . he .

sctivat-supbort I hebresnf gl geo eftay o flog, Ao
silica-ZAebhidptcolitesppny tlagmih&ralsppiassdicligc dlnhmuestany alahiga-zirconia,

.include silica-alumna, silica-titania, .
alumingphqsphate; anddhe ke Bgreduaes torfamy seetspligiarides and exemplary
chemicﬂrlk hankd sGllidiﬁ)?ide@n% Brfgndel F@Eieafollé\lv BscElibRaNA d,

al um nophosphat e, and tﬂe I ke. Procedures to form

respectswetn  €ohdedtratiordarf elahdn-oxidmipdeing actvasitlea may terusefud ch forming

.sqlid oxides are presented.ip t foll own

chemichfls e B SHIET e Xife i Prevgui it fhodPfon B BBieige Fons of
el ectron-w thdrawi ng ani ons that may be useful in
form ch chemcally treated solid oxides are presented
iln t heChemtitad\liraemenbefdbe Sold Oxids. Cheni cal Tr eat nent

[0055]Of theA §c(>)l|'cl 9xi ei d er[a 5a a'}AI‘bSeOI mladj inoﬁgie %?esre];ﬁtteecrhin?ciueg %E/ be
& {15 pr es ’8ch na

may be UsS | ni ques y beé
chemicall¢MicartIby-doneatiegittyiticanélasttdnigithirawiidicaiiiponent, typically an

electroﬁ-lv\?i%ﬁdrra(l)vgih\gatnihoglrs%\lllwrcr;9tocc%ggeogreeghhnéeya%|ti(\:/z?tlic!nyofat}rl]e metallocene
complex. Further, the solid oxide material may be chemically-treated with another metal ion,
that may be the same as or different from any metal element that constitutes the solid oxide
material, then calcined to form a metal-containing or metal-impregnated chemically-treated
solid oxide. Alternatively, a solid oxide material and an electron-withdrawing anion source
may be contacted and calcined simultaneously. The method by which the oxide may be

contacted with an electron-withdrawing component, typically a salt or an acid of an electron-

withdrawing anion, may include, for example, gelling, co-gelling, impregnation of one



el ectron-w t hdrawi ng ani on source, to cause or enhance
activation of the netall ocene conplex. Further, the
waee4s80 de material nmay be . chem cal |l y-treat eBCTHUS1008/011055
anot her netal ion, that na?obe the sane as or
di fferent fron1any nmetal elenent that constitutes the
compogwy} prjo @nonh@r, Yap@r4atipn of pehcaap@indeatq Befogien apd the like. In

embod%%ﬁﬁ %tc tﬁ %sgljétg?e}%r%&? fghgé)yﬂ%re a?@%%[ﬁﬁa?tﬁn met od the conﬁactgd

mixtur®¥f &ﬂdé’@drﬁpdnﬁid aRtrém wathaeiwing aioh Mﬂ&i{o‘tlﬂgalﬁﬂlhe Mnetal ion, may
source nmay be contacted and cal ci ned si nul t aneously.

be calcigd. net hod by which the oxide may be contacted with an
el ectron-w t hdrawi ng conponent, typically a salt or an
acid of an el ectronw thdraw ng ani on, may include, for

[0056] exanpl|he ektdonngithdraw gl donr;@nemtrme@gntmalt die @fide may be any
oneconpound ontQ anot her, vapor.ization of one conp

nd
compopYt 1 HeeTeothe Lt PHraSted oKk kol kilegipopesatment. In
one enﬂf)mt tﬁ@@l@@t’r&ﬂ‘@?ﬁld&%lh@%tﬂ&&ﬂ%&?ﬂ‘:ﬁ?}l AR PRAhdrawing
the contacted m xture of~ oxi de conpo
anion defiged from-asaithdn agwdngr ethérarompandd eyxthi asraatdlgtlle begamet @mpound
ion, nay be cal cined 0Q5 he_el ect rop-w t hdr
that caf, e REY soUe & SO b PRE i GEXavg o OF bt o efine
anions 'iﬂ'&‘ﬁde' ﬂﬁ'reﬁﬁ'ﬁﬁﬁz hherid€ ehRriat, BBomedeL thdddd, Bhésphare, frffﬁloromethane
sol i d oxi de upon treatnent. In one enbodlnent th

sulfonat¢ Goflaigh-biiud fatiy swlifate fbtm«pim@nx fluagosulfsies auﬂhyoraatpetate phosphate,

ﬂuorop§|8§epémta[eo ?ﬁugﬂ%ggo@ag 11écaEeh %ggroglganaf ap?f?%asfl%?}l a?i sgbstltuted or
unsubsti QNRPAIR&h b iBdnate) rsutsselrm/ted 3suiubaiiiee athefUl RGHIeS @Libsflﬁfted or
that ani on. Exanpl es of el ectron-w thdraw ng ani o

unsubsnw&%%lléylswléa{e,eapér%fr Bke, inqlegingany ewrtares gad cambmaaens thereof. In
addltlo%{)éjtlh | a e;E)?%EH %Iﬁf {n'hbf) rtf?e{[%%%%? S&Hhor a?{}fese electron-

I su ['uoro
withdrdvwiug anoub frﬂatye\,lsotbel tsled ot ﬁﬂq&éﬁh‘et,eclphqu@h dthe chemically-treated solid
fluorophos ?kéuor02|rco? gﬁ’ fluorosilicate,
oxide mﬁlw%@wa g ahaswfated HJumingyt ed or
unsubstltuted alkanesulfonate substituted or
unsubstituted arenesul fonate, substituted or
[0057]uns ubskhetternescalksdrieghi$erat caanal, allayl dutfhte réfiek b, ariicmsl hadtinggthe general

a ' ure B inations,thereof .gln
tormul g F B RO e bl M & i §ice it or branched
alkyl gﬁﬁ%ﬁ@ﬁgﬂ@&ob@%ﬁao@ﬂ £6th§ QHMA&M@Mbﬁﬂuﬂsﬂlvﬁﬂﬁa gﬁiﬁp%bliz@ted
used in the present t’echni gues.

lndepemﬂb'cf@lm Y. ¢k @axb@%cﬂ)M@ @EF &Cfmyh; XﬁdyluG@Sléylsm ©Bhedhus, the
alkanes%?i{( hgte%{i gﬁ(ﬁ/a ulfite g‘ll &%E??fe #ga%%eug 09 517% sJﬁé‘ﬁnhSJ F

anesu e an O ani ons

unsubstifitéd) dT ek Jepaumpdf the Iamahesuﬂfﬁnﬁ%ﬂilkghdllfa(d:in@)f HZGhp to 12
respectively, wherein RB ma i near or branched

carbon g{qms, Up iR § S2IPRY BRI 0T B t%ce@%awnz& orsh allsppesylopatss may
include> ?&Setxh&ﬁfe?%e‘fﬂa%@s@fo%ﬁ@?&h&?ésﬁﬁ'&%%, 1-propanesulfonate, 2-propane-

sulfonate, 3-methylbutanesulfonate, trifluoromethanesulfonate, trichloromethanesulfonate,
chloromethanesulfonate, 1-hydroxyethanesulfonate, 2-hydroxy-2-propanesulfonate, 1-
methoxy-2-propanesulfonate, and the like. In other embodiments, examples of alkyl sulfates
include, for example, methylsulfate, ethylsulfate, 1-propylsulfate, 2-propylsulfate, 3-
methylbutylsulfate, trifluoromethanesulfate, trichloromethylsulfate, chloromethylsulfate, 1-

hydroxyethylsulfate, 2-hydroxy-2-propylsulfate, 1-methoxy-2-propyisulfate, and the like.



i ndependently fromF, d, Br, I, OH Ow, Oet, OCF3,
Ph, xylyl, nmesityl, or OPh. Thus, the al kanesul fonate
war@oalisyd sul fate may be rgferred to as bei ngPET/URBNS/011055

substituted or unsubstitut The al kyl group of the

al kanesul fonate or al kyl sulfate may have up to 12

carbon atons, up to 8 carbon atonB or up to 6 carbon

[0058)3% 08 - T1R4E Y M@aﬁfmh{e%f%} 'hagllngqﬁe §ia1§
met hanesul f onat e anes onate nesul onate

[ArASCZZer oyinas Wrf anat e, andarpiegrbyp haniages t 1 oaben atoms, and which
trifluoronethanesul f onate, tr|chIoronethanesul{(gngr?MeEt

may beeptigmnalie sypsHEdeH WHA ét%ouplsqlﬁféﬁdo‘%%ﬁeﬁgﬁé%fr?@rfa
Pr, Bu QOﬁyéW?E% BPLRIBE f o?ﬁt @Phgj) Rh wherein R~ ma ?16 a linear or
p thé Ti ﬂ g

met hoxy- 2- pr opanesul T onat €,
branchedrblgll grenp havieg appd 26 ca:rﬂ)oalat(y:hs sThlfsamearemsdl&dme thay be

referre )t(cg%%bggﬁlft n (lérsa%lgfnah]gs[nﬂypcg%%s ul p%lt[:ehegause }llesayrly{ grtoSp Ar?

may bd sfdbédlﬂd%%ﬂ Q@Qﬁ%yilﬁéélﬁm tI(q WHia 8 H@:Yﬂd%tﬂ foRk Gikyl side chain,
chloronet hyl sul fate, 1- hydroxyethylsul fate,

the terp-ahgngswfgna- gncomphsses feteegents- E@te latyst g@mfdpy hrenkgudfopate may

and. the. like.[ 0058 T e term arenesul fonate refers
nave ul i 1, 85h5% FRgts Revien e rabSi B Rir B IAR et SRPupfpes
mcludeAlfA dxapple b@ﬂzeﬂéé{ilfoﬂﬁt‘éuﬁhﬂhﬂwmﬁsxuﬂ)ntafb pAokBh&RoRdte) -
d whi ch é be optionally substituted with a group
toluen@elf@@qt@& 3-nd p@&\l&fén@tpytnﬂmemrmh@ybewnewlfqvete tEchlopp-,

metho%lé:rrlges‘%g%ateq’%ﬂuo eth ?nzo %e\’g?fgrl]lg te%1(&?12’11{01?1eth§ﬁ)enzene-

sulfondia\ﬂtf(bgoheﬁzér@sﬂ@orm bﬁhbr(ﬂieﬁmesﬂlﬁuﬁte uh@d&sm&&uéi onat e
be referred to as a substltuted or an
benzen@ﬁét?@éﬁ gftuero-4rrepthexytenrancer i fosatea gubthedkear yi - group
ArA may be substituted with an al kyl. side chain, R
whi ch may include a |long al kyl side chain, the term
[0059]ar enesWhéwtirteeatroaomplaisemgdehgpogenttiscludésa sattydf agretegfron-
esul fanate ma to,10 car

w1thdr%\y1nt§g%{ogxr %e&gpa@ﬂogpb ﬁ%tlo}ﬁ Velsg]g may bgl%lp{ cap orp th% acl]l'lTBvx’/s the salt

to reveRI R A8Sthp QL M8 td ﬂh@'ab‘&ﬁedurﬁlg lcaRYAAP! Bactors that dictate the suitability
benzenesul f onat e, napht hal enesul fonat e,

of the pastiqudan ralide s¢repan eourm &ruhfnels@rdrbwahérawmg anion may include, for

exampf ﬁngﬁ?é!ﬂ%nl SU| E)l}?ysrgjetdg é}h e%{r? Yent %X){acﬁr}) a \e/esrls’lcl, If‘e%{:]tlw%’ of the

cation, lién-phidiag Qﬁe&tb %bﬁ&!&ﬁ&h@&dﬁoﬁ&ﬁdfaﬁxon hygroscopic properties imparted to
trlchloronethylbenzenesulfonat

the salf by ibe Gl éﬁ@§lﬂ Iiksh anctheamal sabilisy 26 thesaniom nBxamples of suitable
catlon% F%{éjgawztﬁ ?&?%ﬁgxgaﬁxgééﬁp% ?nclude fo é ﬁmp]e ﬁmmomum

oxyben onat e,
trialky[ £0nBhiul) wrdal‘l@l ehﬁm‘mmﬂ mmdikiquamsmaomnn diig rﬁH(OEtz)z] and the

includes a salt of an electronMAthdraMAng ani on, the

like. counterion or cation of that salt may be any cation
that allows the salt to revert or deconpose back to
the acid during calcining. Factors that dictate the
sui t abfidampyes of Processes to Produce a Chemically Treated Solid Oxide

[0060] Combinations of one or more different electron withdrawing anions, in

varying proportions, may be used to tailor the specific acidity of the activator-support to the
desired level. Such combinations may be contacted with the oxide material simultaneously or
individually, and in any order that affords the desired activator-support acidity. For example,

the present techniques may employ two or more electron-withdrawing anion source



of the particular salt to serve as a source for the
el ectron-w t hdrawi ng ani on may i nclude, for exanple,
wo b@osedsobi ity of the salt j n the desired sol RENUS20081€11055
| ack of adverse reactivity c}f the cation, ion-pairing
effects between the cation and ani on, hygroscopic
compogRsHIBIIVP OF MAtp seRaEe contasiingssigns. iusmecxampls of sHeh @ peocess
e ¢ tahil] ¢ i _ _
by whigh i 2o Aty BT na i s A RBelcEEA TN £l
compo@hdair combdatibul pAvkidg campoimndsnmay de cofitacted xatipd st electron-
.. .amonium trial kyl apmopi um _tetraal kyl ni u,
mthdr@\@tﬂ&a’l&}%%ﬁ&&ﬁ%&ﬁ% 1 fogm, fs @E%t%e’zﬂ"‘d,tg‘%mtrﬂ’QW Ry be
lcindgl: TREIRIMRR Mt FELAFRIIHS0d QnElcRAUGHRD § sERBRIefR oY -withdrawi
ca cmeSEljr eated Solid Oxide [o%éo 80r$b| nait%lloﬁs oFeone orermrmci:\Wlng
anion shufdecospourd tcformr secoimbimatinreg Theisocrmd mixtwramydyrig calcined to
propqrtijons,, may be used to tailor the specific
form aijeplaf sg i P iR CORPPRY . Bruhip BB e et ECTeFel Fesien:
withdraWilg RNk cBRHoIRYs A8y 66 BifREd R ‘éom[pbﬂmisnf‘r Ry K8y be the same
mat eri al sinultaneously or individually, and i'n any
compogndler that affords the desired activator-support
acidity. For exanple, the present techni ques nay
enpl oy two or nore el ectron-w thdraw ng ani on
[0061]SOUr Cen gt RelEdel detit ¥or-Slippdet iBa P BPpfoadli€edCN polced’hat includes
steps. Thus, one exanple of such _a process by which an
contactipg # gelibexideppapeundayithan pleetsen-wdthrisnwiag peipn §rrce pompound to
ol i - _ : . . _
form a?%%‘rtp%g%ﬁg%, ﬂrlréagrsg é&lgglﬁ% gg?%g Ql\?ﬁnt %ﬁc&&%sf?% lﬂPenSO‘i')lE ogﬁeda%tlvator-
suppor€l ect ronwi t hdrawi ng ani on source conpound to form a
first mxture and this first mxture may be cal ci ned.
The calcined first mxture may be contacted with a
6215 6CONA RLASIVCA L LI RSERHLRSH 8y SOBRAUIEE b
100 ]form a secon(f%?ﬁ xtur e.&é'lige secgngu xt ur% y be Pa process
that indadlasi coeticting 4 evlid axitle earhpoursiolitld a dixsteéectronprathuidawing anion
such a process,.the. first_ and second .
source ZPRPIF % DHOF P G 0T e T GEN BB B RS lfigpdpgnd then the
calcined f{rkEhBitlre HATRUNASacBId WHRY sEeMdREcHBA-wiiRawiRBRAWAGource
[0061! The solid oxide activator-support nmay be )
compognd apgeendomderss Thesecandghixtiss neoritezneldingy ta fermn the solid
oxide G\ 8 SGERBo tihs *PhC pERERS BTG Sl I H I8! R By a chemically
treatedfo Kl Bk RleMEBYSOS cbmpbudl ci ned to formthe solid oxide
activatorsupport. [0062] Alternatively, the solid
oxi de activator-support may be produced by a process
that i t] i [.de |
10063]; 175, EPuHBEEaRARHRR, LooRd SRlds o e AR b hucka by
contacfing asaid oxidé withxhuwletromheitidrawingranidnsoaraeapnipeund. In this
calﬁined agd t hen t he

procedure the solid oxide compound may be calcined before, during or after contacting with
the electron-withdrawing anion source, and when there are aluminoxanes or organoborates

present.

[0064] Calcining of the treated solid oxides may be conducted in an ambient or inert
atmosphere, typically in a dry ambient atmosphere, at a temperature from about 200°C to
about 900°C, and for a time of about 1 minute to about 100 hours. Calcining may also be

conducted at a temperature from about 300°C to about 800°C, or from about 400°C to about



calcined first mxture may be contacted with a second
el ectron-w t hdrawi ng ani on source conpound to.forma
W@ 2womnes3ng xt ure. The secondggi xture may be cal RCTES2008011055
formthe solid oxide activator-support. The solid
oxi de activator-support may be referred to as a
700°C cQelvirceg mpy beeandurtabirom abﬂuwtht@TS@omdﬁﬂmlrﬁd or frome®put 3
ative, sol i

|t :
hours (3P S0P UL B GPIOHY 5t BESHOE BV ABifeAut fiag: dhovt 1 to about

10 houfiCt ade@pédRravrbih Adued RPENSAbIMIIIAF@W Ng ani on source
conpound. In this procedure the solid oxide conpound

may be cal ci ned before, during or after contactlng
with the el ectron-wthdr.aw ani.o Qurce whe
10065 her o ATESaEOISHOR HE e BT Apied BEATFua@R e OSFhere, atan
elevate Q8igdratudd. cGBhdrdlI Y calching Magbedoadlctdd i@ahdRedinBY aiBosphere,
conducted in an anbient or 1nert atnosphere, typically
such ag gir. aAuma@vﬁiy,eaatmranmmb@rp@rfoam@nt anpert atmespheicoshch as
mtroge%%g ﬁ{ gon, orc%gtaore?&gﬁ% ﬁgoggherg%a?t{:%; h@r&%ﬁ%r {arb%R %nogzlde
conducted at a tenperature fron1about 3OOC to about
8000C, or from about 400C to about 7000 Cal ci ni ng
[0066]pe ¢ onthecokit KIS FORPONENt HSFbIN PTERATS Hisik ew%&r%atedoﬁohd oxide

t I
may hayE Aol Qflme SRRHEAPIRRP Ul < ARCLD Lol e R BE ey 0
cc/g, ohopos valunae geaee tlahubeutf @ ne/gb diit s8hd0xide oombommn may have a
5500C. [0065] Further, calgining may typically be,
surfacecayeai fromeapoiin] Ahtozabbiel{i00an Mp e rbout20040 abdus BAP el /g, or from
tenperature. Generally, calcining may be conducted in
about 25 torbeltH0Adn &-nosphere, such as air. Alternatively,
calcining may be perforned in an inert atnosphere,
such as nitrogen or argon, or in a reducing atnosphere
SaUCh IxampldsQf ShedlicatipriredredSolick Odgles [ 0066] The solid

i de conponent used .to prepare the chem cally-treated
[0067)50l | o Hheisaka REideradtenal mrke Wentehwith aequiee of halidegp of sulfate

10n, or g c%m%ﬁ{agon 3f Fﬁ%ﬁs,\éﬂh %Pgorglﬁ]ﬁq{e%[edt\bﬁpa Mtl?lp tﬁe%&a/l(gned to

a pore volune ‘grea an about 1.0 cc
prov1dsﬁie|adt1mtmdmpqnorqjm tenformey alpateudats solidade oae embbdmmnt the solid
about, 100, to abput 1000 m / f.raom about .200 t o abou
oxide 1BigHThTEY, bOFeRFO SaBOiGE 584G BURL BIGURE peEnich Source of
chlondgmérﬁ%d%fchg}ﬁfﬂlg dnY, aldofinletst Rk g idiged [aQﬁ@,%]dmywéem, or

soli'd oxide nmatertal nmay be treated with a source o
a combiydtiog géhdroef, and eal¢ified to provide the solid oxide activator. Examples of useful
acidic activator-supports may include, for example: bromided alumina; chlorided alumina;
fluorided alumina; sulfated alumina; bromided silica-alumina, chlorided silica-alumina;
fluorided silica-alumina; sulfated silica-alumina; bromided silica-zirconia; chlorided silica-
zirconia; fluorided silica-zirconia; sulfated silica-zirconia; chlorided zinc-alumina; triflate
treated silica-alumina; a pillared clay, such as a pillared montmorillonite, optionally treated
with fluoride, chloride, or sulfate; phosphated alumina, or other aluminophosphates,
optionally treated with sulfate, fluoride, or chloride; or any combination thereof. Further, any
of the activator-supports may optionally be treated with another metal ion, typically from a
metal salt or compound, wherein the metal ion may be the same as or different from any

metal that makes up the solid oxide material.



ion, or a conbination of anions, and optionally

treated with a netal ion, then calcined to provide the
W@eHpeat300 - support in the f%m of a parti cul atBCHUK1008/011055

In one enbodi nent, the soli“d oxide material may be

treated with a source of sulfate, terned a sulfating
[0068]agent , The teaatadcaxidd aqtmamﬁsu@qrbmay tnefudsch %uqrmedﬁpbd ﬁglde in the
e r,C [
form oigl 9 %}ihbul%te s%ﬁgbt ulgn {)ur%g ﬁgcrnjé onibn El%ém%dzld%eé écyd

treatmeﬁﬂ Wlhdf-‘ﬂlﬁd}ﬁilﬁ@hgdilt OKbtlexaaplé, fRibfitle idnxaspbe adddd tUSl&B‘ (obhde by
acidic activator-supports may include, for exanple
formingasHrgeef the oXidean ashitahle sRlyend suh asalcoholier vakss ihcluding, for

I b
exampfly WM hAh BAERD I Balltn A1 ot cbfighs e ected due to
their valutilitgtagd low lsindaceatensiom aExabﬁpiHs cfefthaidingagents thatay be used in
chlorided siljcazircaonia; quorbded silica-zi conla

the presgpt f%?h@aug% wekide hydrodpsc agid|(HF). qamoning. dyqride(RH

f
ammoriftt: 36t de! (A £tk plabefi i Bikdtfiorchobltt ((RESE F@a?ém“?ﬂ
silicoflfibmide ﬁhdeaﬂudnbtnhwde) ((SH 4 B5iF; p tmmaonnos hetfbobrephospheds (MH4PFs),

reratitpgic g LD qemgroE NS s p R b TR manppium

hexaﬂdo*ﬂ@m%ate %Nﬁmzm aiafo & théR6f, akd byRAbRAISAPRBDE ARPecific
optionally be treated Wi th another netal ion,

ﬂuondtrsgmgcaﬂ, pprrfongum &1 fiwarigle NBUHFomay offpobe dsedhusrteiits easpeof use and
read qph{on may be the same as or different from any
yzh%?% Yhat nakes up the solid oxide material.[0068]
The treated oxide activator-support may include a
fluorided solid oxide in the formof a particul ate

[0069]s0l i d, Therfgdd exidsupeeboireated with adlyosdingeagenedyingdhe calcining
sp- AREARTLAR, Rt ESNIE 0 P RomasRL cfhe

calmmﬁ@ﬂtﬂp nthydeaisad.r Forodxattpde, aix hdtBtiomtoathsss ﬂlﬁbi(ﬂng @éan@ﬂdescnbed

.S s..al cohol or, water, includin
previod SRBTS PRI UGG BRI SRAYCDEr U560 ShdbnIRaLe caginic fluoriding

agents ﬁ{a? Hﬁ@b% WiEyY np&n@&ilﬁl%ﬁﬁ qlnéjh‘(fe & etxgﬁbfe Yr@b@st 'plallﬂu\brﬁ{&ane
|'ow surface tension. Exanples of fluoriding agents
perfluardlzenzersy ﬂberommbhnentrtmerqnﬂwehtand emhhmqtz@zs thersbfideaseous

hydroggﬁ%ﬁ%h%g{) ﬁqrﬁ%r ?s&éf‘_llgmgﬁ egﬁw&h%g ldc? ogujge 1F I)t is fluorided
during Eﬁﬁ:fn@xﬁ% UOhO B vAhRf H%E%Xcoﬁﬁ&ﬁ@ tHESid 6:68¢ WithrthélBuoriding

(hexafluorosilicate) ((NH4)2Si F6), ammoni um
agent mhasbe louaPORTRS FHeriding REAPHED 2 gas Siregm usndgpdhiidiza degolid oxide
amoni um hexaf | uorotitanate (NH4) 2Ti F6,
dunnggﬁgfﬁhgﬁlhexafluor02|rconate (NH4) 2Zr F6, anal ogs
thereof and conbi nations thereof. A speC|f|c

fluori dlng agent, ammni um bi f| uoride NH H
[0070]of t en S@ilgducthe ﬁhem@allrﬁreétag golig 0>a§%nﬁﬁdnqle%§/chlonded solid

oxide i YR foRh Af'at;%rtlculate solid, thus a source of chloride ion may be added to the

oxide by treatment with a chloriding agent. The chloride ion may be added to the oxide by
forming a slurry of the oxide in a suitable solvent. The solid oxide may also be treated with a
chloriding agent during the calcining step. Any chloriding agent that may be capable of
serving as a source of chloride and thoroughly contacting the oxide during the calcining step
may be used. For example, volatile organic chloriding agents may be used. Examples of

such volatile organic chloriding agents include, for example, certain freons,



[0069] The solid oxide may be treated with a
fluoriding agent during the calcining step. Any

wo basonidong agent capabl e of thoroughl y cont acP€TyS100€011055
SO|Id OXIde during the calglnlng step may be used For

in addition to those fluoriding éh
perchqu@l@,wp%ehlsf@wtbw flichiespmethpee, Ghipspfiosmy saseem @rrﬁ@hlonde

tHCthl%gﬁ‘lgElél ?ﬁ%{)b %lo&?&%}%log odg%blésehrgi;] é'eml (%u ng_c‘ﬂ;cQ'gle itself

may al@)(bemdee withr the lSG],ld peidt ldunng b xiaire, (Dmer édnvenieieanzhoe of contacting
uor onet n%s trifl uoroethanol lg conbi nati.ons

the oxiipBABARS CHGS &SRR ARBERIOR BT R CIPrIfNg GEPHdNtoragas tream

used to di@laﬁ%d&gd%§ﬁféd’l\ﬂ gctaﬁ%a‘ﬁgh' d oxide if it is

or| uring ca ining. One conveni ent nethod of
contactlng the solid oxide with the fluoriding agent

may be.to vaporize a flu agent into a gas
G carkarSen tpn e Dibdeiinadotae dur i ng
[0071]0‘5‘I C' rWBérPﬁ'le akQPAO1- s@p@]’tl 1@61{13'35 Jﬁﬁnﬁm&&ké&’sﬁlﬁQﬁK&anludmg
oxide may include a chlorided sol'id oxide in

a solid fomdentwhteel Vpsbr an Jedtearewstbiliag/ing amgn,aths ol@cta:@ withdlhlwtmg @mon may

be’ add%cﬁ o) tHa%ql 0 gﬁ‘? ant a%é$ Ig?e)él qcri %),?uﬁ@‘%’ %V\%t ngf tﬁ% s?lHj oxide.
The el&¥of vaﬂl\drefvﬂﬁghﬂﬂn&néi}} by ddde@lto theeoRd loﬂﬁiehﬂ afl afeuh©gt&er than
solvent. The solid oxide nay al so be treated with a

about 2&h|b(gme¢|g}ﬁ §f theevolid pxiden groptse thagl abpwt 319G bg/tvgpght/quhe solid oxide,
S

greater(imm %beo‘{ilo%(:bﬁlg\g? %g{ Sﬁha g?l%do&glgggw%p%ageﬁﬁg% a%ro\{l{ ?‘% b%ﬁwgi &ht of the
sohdoﬂmbjng the calcining step may be used. For exanple

vol atile organic chloriding agents may be used.

Exanpl es of such volatile organic chlorldlng agents
[0072)! 16! Udfhe ohitfunPURLTBL Fon- GARBAL ] fof0 B RigPRE 87 EBride ion,

chl or onet dic oronet ane, ch oro orm carb
presenltlmfmlacch]cﬂnngime sblid okldemst brafiom, about :arwab@unm%am leght where

t her eof hydr ogen | or 0 Ior|n Ltse
the weighPSPeis 58 SASELPTAPE TR oL A1S TGP Ie: SR gPLe Silicicalumina,
before €ALMiAY. Mehe dARin® ep&%alr&ntmﬁ&tam&g an Rk &apleMdr a8 or chloride
oxide with the chloriding agent may be to vaporize a

ion, preshhidrefetic ro:glcagwthel sotid oaldgasaﬁlner fsomm abgeld3 tagabiont? iu%ioev weight or

from a%c}u% éstg 8#?%% /d ﬁ% g/%g%t t%\%}i% ty,'[ }%Elfii]?owqolﬁgf ﬁt% {Jsaetd i87n amount
sufficiéhe td ¥eposit,-sReP PAEining) @ﬂoﬂﬂﬁ%u@OQ%fB Aot ye%r fainebosod.b% to
oxi de including a solid oxide treated wt

about o o ORI AT R FGUBHIYGTY NOIEDGIRLGE FBHTeIEL R BRI of the
solid ogirrdg.g?f et?@?lﬁglﬁdegglg%?or&& %H % ac‘(ﬁfe Qiuﬂéé gﬁlcinﬁ‘n(ﬁagléﬂg%%ﬂen calcined

in the presened eCCChthedet thaly Bwyj]@caﬂmrmnomyy hecatédeld dfdfluidniele or chloride

id oxide in an anount greater tha
ion in tﬁe sol?d o;(lde betjore calcining. Onc(E::l impregnated W1th halide, the halided oxide may

be dried by any method . Such methods may include, for example, suction filtration followed
by evaporation, drying under vacuum, spray drying, and the like. It may also be possible to

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

[0073] The silica-alumina used to prepare the treated silica-alumina may have a pore
volume greater than about 0.5 cc/g. Alternatively, the pore volume may be greater than about

0.8 cc/g, or greater than about 1.0 cc/g. Further, the silica-alumina may have a surface area



about 2% by wei ght of the solid oxide, greater than
about 3% by wei ght of the solid oxide, greater than
W@bwman4B06 by wei ght of the §gﬁl i d oxide, or greRCBUSI00&011055
about 7% by wei ght of the i d oxide. [0072] The
amount of el gctron-wi thdrawi ng ion, for exanp
greaterfthamatiaue 109 My, 859 ae/s, en35hmege Srensetlyy @eé&;cerq%ﬁlrﬁglatqf dhe

presen%#l@qﬁp?e)é vrﬁa‘él IRY ageahfrﬁﬁ)lg]c@}?t%fﬂt fr taBo@tho ab%gt/ %ﬁﬁ%t F;\eltematlvely,

the wel ercents are base

the aluiﬂﬁﬂxa@&&nt@ﬁ of tie s$l¢dal-atlum)<t1adﬁay bofromxabopt £tceabauc 0%, onfrom,about
. ore cal cining. The amunt of electron-w thdraw ng
8At°ﬂ%wt396ﬁm€?5ﬁﬁbew@gﬁbr|de or chloride ion, present

before cal cining the solid oxide nmay be from about 3

to about 25% by weight or from about 4 to about 20% by
[0074]wei ghtTheAlulfetedablid ekide niey i'ndladé snﬂfaw amhg/ stlel argdel comparent such

amount. sufficient to dep?5|t ter cal cinin

as alurgg gf SHCTIPERTED e BO%O! FP3HHRTOLS: 538 SRR ighf Sk g oxide
may béjﬁmfhéxommtth 1% i8R @h’éh t%QP/fh@}faMﬁl'eg Qﬁlfﬁ@él bﬁii%e 'n?dil include a

relative to the weight of the solid oxid | f
metal. fHop @mrdeleotme shlfged delid ondé maadmké@ﬂecmuﬂﬁategamiaﬂlmnman d'he sulfated

as when, cal ¢ ned esence . ther
aluming A B IS f 2 RS whlei Be RLEREE iy D Selsf wit S biigue
source Oincl&bing! fdi‘%xiuﬁﬁlel SulfilR 21 drch SWifactesaRfie s &amhehRinigulfate, zinc
Once inp %at ed with halide, the halided oxide may be

sulfatedfr‘lu@mmy SIel e.miekieh sl fatepieppret whate, ampng adica el his process may

a I
be perfgﬁggcp ig)f ﬂ;é 5 Qlﬂﬂﬁ/mfttlgep;rlglslrh 12 glansglme ggltvgfftaﬂ?lgﬁ at lal?{i'hol or
water, n‘ﬁ\yhﬁhfﬂﬁb mlrp@ssmd@h&aﬁcm ofithé bafainghgentdlas batmgldztie Suitable
i medi ately without drying the inpr egnat ed solid

organigsqlyents {DGWS] forgxanaple; g OBF thihree G35k alepholehpspeserqidheir

volatllf‘t %ﬁ)q,sgjrfaggge ){m na may have a pore volune greater
han about g. Alternatively, the pore volune

may be greater t han about 0.8 cc/g, or greater than

about cc/g. .Further, the silica:al.um na hayve
[0075Taun t o e oP G TP e L RSO CE0M B H S gpaut1% to

about 0% B9 WeldH:t FrorfsaB66 1% Yo abb i 381i% | b? Weddt e ForRfabbit& % to about
present techni ques may have an al um na content from

25% byeight,5vhese Higovei gigurcents ase hated\oal ttxe wetght af theisahd ox1de before

caleinif O ORE ishrelited With SR Bh SR e R atife b9iPs i by gl Tncthod

including] Whhot i@Géd o, Thaicnuiltrati@tfoliolied b§evaisoraBon, idigihg deder
stlfate and a soljd oxide conmponent such as alum na or

vacuurg; spraydryingninhtheilike; fehopgh threay dsqpbg possiplatosiniists e calcining
ol Iy, the sulfated oxide may be further treated
Steplm%%¢£a§mt al ion such that the cal cined sul fated oxi de
may include a

[0076] In addition to being treated with an electron-withdrawing component such as
halide or sulfate ion, the solid inorganic oxide of the present techniques may be treated with a
metal source, including metal salts or metal-containing compounds. These compounds may
be added to or impregnated onto the solid oxide in solution form, and subsequently converted
into the supported metal upon calcining. Accordingly, the solid inorganic oxide may further
include zinc, nickel, vanadium, silver, copper, gallium, tin, tungsten, molybdenum, or a
combination thereof. For example, zinc may be used to impregnate the solid oxide because it

provides good catalyst activity and low cost. The solid oxide may be treated with metal salts



metal . For exanple, the sulfated solid oxide may
i nclude sul fate and alum na. The sul fated al um na may
wheoobosszedd by a process wherei n the al um na naRCDES2008/011055
treated with a sulfate soufde, includi ng, for exanple,
sul furic acid or a sulfate salt such as ammonium
or metagontaiing germpounds bafose, aflenor alithe same s thag thr éplid oxide may be
f f anong others. This process
treated%Hh@E%Ie%{r?’?%&g;abﬁ%gﬁhgng a slurry of the alumna in
a suitabl e solvent such as al cohol or water, in which

the desired concentration of the sulfating agent has
[0077]been ddddar asymetdeotdppianatiaghgentid oxidemaienal pyth a metal

may beRBAP e e Y BR0C AR0 98 cPHRORE NPEREUT Syt
typicalanmsamtoroﬂetslutdnmlmng@nnpbelsds mhayneflode, foatamplagettag, b@gelling,

from about 1%to about %O%b wei ght, from apout 2%
ImpreghaRRn olxmeRPEPOyRY @WP angthef ¢IRPRHIGuENGHEIET Lo ﬂ“%(ﬁ
any coﬂ@étﬂ%tmet%@ lthe E&ﬁa Mtu%ﬁﬁmécoﬁﬁp%uﬁésﬁgct% \H?ﬁdrawmg

I ght t’he sol 1 d oxide before calcining
anion, amjothe greadlecdn mayrbesalcirwtie Altementalyf atseldd oxudd manmal [z electron-
... dried b ing, but not limted

withdr§{jog P PREP oA Pt SHL ByaBySpBing SPeng iy be
contacted dRd cMéi%H&lmm@ﬁhéd’usW.yl ng, and the like, although it

may al so be possible to initiate the cal cining step

i medi ately. [0076] In additi on to being treated with

an el ectron-w ravv|
[0078]sul f a?lgh S9N nﬁ%% Ocslilef or ganzilygb X gaCtedeW?ﬁzem %feefg’ engromer

and an bAROAGHRTunTBYCR ydt Ifead ﬁﬁkt peiidd &f tivat priosWoRecting this mixture
including netal salts or netal -contal ning conpounds.

with anaridie aelbfabIuEROTra B theauerpniasiadimixiye o mefalwcens; gronomer,
u
and a c{)rlﬂ (\)/rr;te?t gt %’lggs Jﬁrehclglgalt%%% ?gad'rdﬁré{fﬁgl rﬁlﬁg%ozcglge;%% %H'bg@fmoalummum
cocatal!m ascditaged with ke sdidic dctivaogsupiportpthe demmagmbm nalgéde termed the
ncl uge zi nc, Fll ckel , vanadium silver

postcc@%w% TR, The RGeQract eI bisplloyecRisFihain i further
contactt fti?' h @&:fond lf)@flo@ SBARL Priof td Gei ABYh R Ee iR RFthE QedciRif Wil he
he solid oxide because it provides good catalyst
polymmatlmplgoceﬂsdvulldwoaumd ourhe solid oxide may be treated
with netal saltsor netal -containing conpounds before,
after, or at the sane tinme that the solid oxide may be

[0079]t r eat ehritiuk Brddesses ltcepﬁepsaesmla Bﬁfd@%ﬂi‘@ht@%t@?oﬂi Qv dhy be used
Furt her, any method of E;Pregnatl ng the solid oxide

in the preseat feglnignasthaxe hesnaiep Héor gxampleTHeS. hatand &osyo. Wi, 3,

6,165,9{2%9,2&,964 'Baé’oqb{ﬁlc%tlé %g’!lgé g9zﬁ 6:,“]?7‘6%101 3;8,3,58,%16 6.395,666,

6,524, 987¢chnde 548,041 Qi)é@dﬁble%uclgﬁiethoﬂg,, eaClOoQ@hiclhngmcorporated by reference

wing

herein, in its entirety.

3. Ion-Exchangeable and Layered Mineral Activator-Supports

[0080] The activator-support of the present techniques may include clay minerals
having exchangeable cations and layers capable of expanding. These activator supports
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



I mpregnati on of one conmpound onto anot her conpound,
and simlar techniques. Follow ng any contacting
WOoreaobo¢30¢ he cont acted m xt Uyee of oxi de conmpouP@r/US2008/011055
el ectron-w t hdrawi ng ani on, and the nmetal ion may be
calcined. Alternatively, a solid oxide material, an
pillare¢flays: rféhb@ltghdhawrﬁlg SHPPQOSH 188Y) P Bsedali ds Ratangast kgl besggnetrued as

an inerf &frﬂll%n%ht §1iot% ?%tgi %ﬁéﬂﬁgb I}B?%LH%F m%g rl% %gﬁﬁﬁer@@ Qn active part of

the catdl@stROMpIsitiay, Bteamrdfatstlmmetabsoamtnoh aﬁththaanmrﬁretaamdene and
anoal um num c¢ocat aJ. yst._ f a first period of

the comm%ntgh@t@rowsea REBEAgligaRd Lo mqﬁl@cwet $Heh3s agi di ¢
organo@ﬁl}ﬂlff mebolp&ﬁﬁrené?ﬂg g% g@ﬁo cﬁ%ﬁlﬂt&@r&t 65 He1EVE fhaPlhe ion

ocene, nbnoner, a co that provides an
exchangeablevaxttaziatai slupgﬁndlalycsetvhels e ol ubdereactant. that, rea‘ats with the ansa-
| um nym cocat al is contacted with t

metallo&;& ed? &AM BIISY qnen{shtg RGhp Bg?ltyf‘to‘i?%m&él used to
produck §b Rkt When@&c? tglﬁlgw REVEGr-siPperUhSluddh: BRIk ERMRRS18 ctivator-

m xt'ure nmay owed to remain in further contact
supporf, ormay spiomnatly be ticatgdofith amelegranowithdray@gapioth wa@exs those

discus | faﬁo‘%egﬁt;lgﬁ?t Or%b’t th‘é“?%gg’@’?’g%e?ﬂgyﬁngﬁ?@? tgl'g)g)ggt 15 Bot treated with

anekmﬁbﬁgﬂﬂﬁh§@hg@ngm1de activator-supports that may be
used in the present techni qgues have been reported. For

exanple, U S. Patent Nos. 6,107,230, 6, 165, 929,

[0081 g ggi’ '@Télaygfnéggaéé%f’th%pr%%%’t g%gmqge dl%gy griwiﬁg’ gl%te%?s either

in theudﬁj&ﬁﬁl fte DU et ARddinds treardwiel varous horisdyl wettihgdoaerchange, or
reference herein, inits entlrety 3 . .
plllann|go M&Ydﬁ@@ﬁb‘l %’tlﬁﬁt&rﬁm gt techmques may include clays

that ha@é:f)éemtnq 'éxéﬁﬂ & &0 §Qlt1 mem@ﬁ&l X ner laéﬁp %a%hl?fch{ujggd metal

resent t ques nmay | nc ude ¢
compleecmahemg cdbwever athe olay raaitdrlhlaiysavaon anu@bi’te obthe @xmndﬂenlguques

also engxgtfelggsisg até/ls \t/}ia:ﬁ gﬁvezgep C}rS{I %égbgﬁlﬁ?cgwng isn|ni_1 gg tasnﬁlg?u%lir?g, but not
limited@b WHit5 88 AhdIHjitF%(HP reauydad thli‘)‘ Wt Bbshds 8hdha hatidk Macetate,
| ayered or non-layered structures, and any combi nation

sulfatet hitspigoér. niytpi cal clay mineral activator-supports
i ncl ude | ayered alum nosilicates such aso pillared
clays. Although the term "support” may be used, it is

[0082]NOt  MERHRc14 Padbie aRREPFIHESH RS padaemtn@d}hcpxémpeﬂélu@é pillaged
cat al yst _conposition, but rather nmay be considered an

clays. The teym pilaned lays maydstusey & redsip slvimaserialp thag have kyen ion
exchanb P with1hZB §pREF 5 Rhb QP Miefliy! HGrged HEAR LI E Eat RS

Examples of such ions include, for example, Keggin ions which may have charges such as
7+, various polyoxometallates, and other large ions. Thus, the term pillaring refers to a
simple exchange reaction in which the exchangeable cations of a clay material may be
replaced with large, highly charged ions, such as Keggin ions. These polymeric cations may
then be immobilized within the interlayers of the clay and when calcined are converted to
metal oxide “pillars,” effectively supporting the clay layers as column-like structures. Thus,
once the clay is dried and calcined to produce the supporting pillars between clay layers, the
expanded lattice structure may be maintained, enhancing the porosity. The resulting pores

can vary in shape and size as a function of the pillaring material and the parent clay material



the conponent that provides an activatable Iigand to
the netal |l ocene, such as an organoal um num Wil e not
WO pioeneidmg to be bound by theory, it is believed/ubans/o11055
the i on exchangeabl e activator- support nay serve as an
I nsol ubl e reactant that reacts with t

used. Exasenles of nibeérsandmillged ahdarr@mhwﬁv%mﬂé% Reatent og. ds492,910,
5576 ) HEL Y 46 TRAELEL AR US B ALREHUES A ARy Vo
i on- exchangeabl e activatorsupport, it may optionally

be treated with an eIectron W t hdrawi ng ani.on such as
[0083]t hose Tdiequllaseprassss yti 1%q§w]mtrybql% gqt\{lgg gxchangeable cations and

layers %%QB %ég??;%%%ﬁ'% Mémﬂlﬁghg%}itﬁﬁ’ﬁ?% g&fhc%%e %&flg@féﬁgatmnt&

olefins imtherdaail st obmpbstipn eSthn lpretsemhmlqmqmes 11152Y/4 lm’u‘sedrp &herefore, suitable
Eﬁg als ejther | qathe nat yr al ate or that . h?v

clay mige eiliaga FainclapPdos oY BHe pylqRbARFsh gmes s, including

dioctatedfl @Qg &@nd Bi-oPlahbdhl M% ) shitRtifdsA¥d @Bt $4t{vRS thereof, such as

activator- sup ort of e present technlques nay
montmprillbuiths (bd:rmy:stdsh aninenites blegstorites; oeJaphaitese ual\mtSHed azclgmculiteS;

mices: S PHIS. PRk R0 B A B0 Bl nd
attapul@iéds! (B @l LErsRIRP Vetpentthe élﬁ?s pNies Qéﬁonﬁt@cﬁﬁbﬂt@%r aﬁ)‘B@ombmatlon
encomnpass clays that have been ion exchanged

thereofs |Imgne ewhpdigment, rila¢ pidliared, clmctlwofprﬂpﬁmay mchéi@megtoofte or
111 d Zn
montmgg lﬂm}e) BOF né\!ha{ t&e g%gwlglag aoter‘ngponen{ t%eantlte 14 mt%?}ﬂrgénlrc'on?te

[0082] The clay activator-support of the present
echnp&@es may include pillared clays. The te

[0084]pi | | ar levﬁy@aﬁa?abé%aqﬁwéwrtsm%@d@ as E‘Illa’gﬁdrﬁéﬂyé risg( t prepare
the cat&lg?[t F}% gtlgﬁse I?@Jhgl? eWaPI lJeacro nédy\pftl(f B{He}’ inorganic
I"ear, arge met al conpl ex cati ons.

supporEmawpbBSmofudmgc forl axamplel;l e¢aliles, irfopganixanyes phé@ygied inorganic

ave charges such as 7+, vario
oxides, 5% Dhiet 11 ERoBE Mo TDIE RSHPPAIF GBI GHAL bE pagd in this

regard h{%ilmepfdr ei‘&thE §BELRich Adndh MBI GRANY Gk &AL trhégheéxﬂ boria,
h the exchangeabl e cations of a clay material nay

ﬂuondbcbalmepmaa@éded\nhlmmart@ma hlughhgphoisphaje dliromym phesphaie, zinc

ahuming PR e R PRI BTy U SU B HeP e By gl icatiania,

fluorid¥d) it ERA1G QY aﬂd 8n EENBINARSh $rOnRira lthe?¥d fl Thepimlduat 6f ansa-
effectively supportln the clay |ayers as colum-1.i ke

metallogepgearup@sd ifkelationiedBe tanecxechangable agtivalgr-senpogtayses fprepare
the cat lﬁstQ &%Bgl?eé '8? h?b%’s%ﬁ{ ftegl%lguésl rf\gb@ﬁo%%guf&) ?thlya%qb%ut 15

t'ihce struc
wt% amsahaaallo@nt bemplexpbasey on 'inHi‘wélghud)ﬁthél gctp@lc&&upport component (not
based on the final metallocene-clay mixture), or from about 1 wt% to about 10 wt% ansa-

metallocene.

[0085] The mixture of ansa-metallocene and clay activator-support may be contacted
and mixed for any length of time sufficient to allow thorough interaction between the ansa-
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



can vary in shape and size as a function of the
pillaring material and the parent clay material used.
wEx@aoss80 of pillaring and gi [ lared clays nay PEI/1/820081011055
in US. Patent Nos. 4,452,920, 5, 376,61 1, and
4, 060, 480, each of which is incorporated hereininits
temperatitg raggs fromods] ropnetepiperaivierig apew 209%  gridertogichiesy the

.m nefal s havi exchangeapl e cations and | ayers

deposi TSR St MR nER g Uy e eo PRy AN sh tneansa-
metall RBAGEGEp NG RAliNeTEIR Akdri nffy Rl Bikbd $rohiNaBdue 1064 \Bbut 180°F

conposition of the present téchniques nmay be used.
in ordeMfregabiayedhe deriosiiohef theagnsrimenlddesnt on thei dlayaadtivgtarssypport.

i nclude, for exanple: allophanes; snectites, including

di octahedral (Al') and tri-octahedral (My) snectites
[00g86]and derte\édeeRchii§h@UncomPER catl¥PEsmpysitioRNhél@ding an acidic

(bentonltesh, nontronites, hectorites, or |aponites;
activateragupp9si which meyrintlode pdasredmugsl. Thetremlegesed mineral” is used

. chlorites; mxed-|ayer clays: the fihero I h
nerein X0t R pieBers e Y iy iR i S e B VRS,
exfoliafe@IMBR] ¢xTOliEAYRYS '%élld'dtiﬁﬁo dnefienbkide ntdiONhyeded Aiindhly mixed or
) conbi nation thereof. In one enbodinent, the pillared, .

dilutedgyigly othet Molgrials. ashipe dikernyany sembaatipe Heseatt &Vhgn the acidic

activat%?%ggﬁ iiﬁéh?(ms.taqa%égg hﬂlger%lp ﬁtrnzi)h(?pt{&é%@z&)@ ?haetgﬁj W@ Yectron-

ntonite I's nor i oni t'e.
withdravoing exohandge abithesapiesemddliersinpthongistypivally alse jalybiled ma@deral may

clays used to prepare the catalyst conpositions of th
not be (el ith AB AIFFIGLSE A8 DRI TRETUPEIR, SERY inera] may'Be used
asﬂwgcﬂg?ggghﬁxﬁypport materials, including, for exanple,
zeolites, i1 norganic oxides, phosphated inorganic

oxi des, and the like. In enbodi nents, typical support

00871227 B Py Tk S P A b S Gind, e e
layerediirePdl$ hat ARUDES  naBRE i finélokondddRBinMnksédimentarptRMls, and
~alumna, thoria, alum nophosphate, alum num phosphate,
the likez pnd whidbrdonaiitate pelasspHardmus silicalg, and abuphasibieataminerals, with
sheet—h?(:e ls{rﬁa' L baRLA I?Ql?rl?r%c@as'@ats.e jh?s' tL:ﬁr? ﬂ{r%g!atls%rueaused to describe
dor T dearst Mared®arunsid, an any comi nation or

hydroufméigdésturh Réfcatk .wittheplayltusilicar sais@ret Eidngsliensf doymoneials that
inrelation to the ion-exchangable activator-support i
may be ised in thepressat Echmausdnards dorcsnppis ellephages;spectites, including

diocta BT ER) A 8L Fral T P Co e ARQ s th b Pty
montmofillohiesdbértomtes), mouirpuitds, banqpdes ot lapnoitesh hsldaysoes; tvemmiculites;
. ftinal .metall acene-cl m xture),..or fromabout 1 wt %
micas; (O E: SUoR P, TSR aIoEeE TOPSS T Py and
attapulg R BhIY LGSR s s cEh Yind elalyY AliRY ra?é’ﬂ&@ kipoFR¥; H€any combination
contacféd and mxed for any length of time sufficient
thereofy Maryt eommpo clay ghingraisdredertg torthgkaohage, mertmorillonite, or illite

ousazs%petallocene and activator-support. Sufficient
SIOUPS 98564t i on of the netal | ocene conponent on

[0088] When layered minerals are used as activator-supports or metallocene
activators, the layered minerals may be calcined prior to their 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.
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R may be a linear or branched alkyl having from 1 to 10 carbon atoms, and n may be an

; wherein

integer from 3 to about 10 may be encompassed by the present techniques. The (AIRO),
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[0094] While organoaluminoxanes with different types of R groups are encompassed
by the present techniques, methyl aluminoxane (MAQ), ethyl aluminoxane, or isobutyl
aluminoxane may also be used as cocatalysts 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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5. Organoboron and Organoborate Activators / Cocatalysts

[0098] The present techniques also encompass 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

cocatalysts presented herein. This composition may include a component that provides an
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including mixtures thereof.

[00101] 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,
as disclosed in U.S. Patent 5,919,983, which is herein included by reference in its entirety

herein.
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compound may be evident in the enhanced activity of catalyst composition as a whole, as
compared to a catalyst composition containing catalyst composition that does not include any

ionizing ionic compound.
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triphenylcarbenium tetrakis(p-tolyl)aluminate, triphenylcarbenium tetrakis(m-tolyl)-
aluminate, triphenylcarbenium tetrakis(2,4-dimethylphenyl)aluminate, triphenylcarbenium
tetrakis(3,g-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-
dimethylphenyl)aluminate, tropylium tetrakis(pentafluorophenyl)aluminate, lithium
tetrakis(pentafluorophenyl)aluminate, lithium tetrakis(phenyl)aluminate, lithium tetrakis(p-
tolyl)aluminate, lithium tetrakis(m-tolyl)aluminate, lithium tetrakis(2,4-

dimethylphenyl)aluminate, lithium tetrakis(3,5-dimethylphenyl)aluminate, lithium



metal - (X 4) bond in the netall ocene, sinply
coordinates to an X3 or X4 ligand, or follows any
w@ehensssechani snms by which tivati on can occuPCT/US2008/011055
Further, it is not necessary that the ionizing ionic
conpound activate the netallocene only. The activation
tetrafluprpadurisatepsodipe tetorkistpengafiupmorheaphplyumenterggdiye evi dent
0t AR SYPe, L i s a
errakigFhsp o GRARE MaRG! ek RoLfiPA fhifle, SRIRRRLAAANA
tolyl)ala@iniaa¢, Sod@nt @trakig@ 4-d m@bgbhdmat)atunsina@dpsslin tetiakesd(31de
_ any ioni zing ionjc conmpound.[00105] Exanpl es of
dlmethyl@ﬁml}?@m@mees%wdﬁmomumwereua@tﬁsaﬂw exanpl e,

o AR AT TR s
tetrakis(;&tdlgl&i}lﬂ(rﬁmata|p_pka)shionalb&akit(m-(oiylbalummammssjmn tetrakis(2,4-
T T T L T T
tetraﬂu%fda(tﬁﬁiggl}e}’{%%ﬁe&ﬁgﬂi{n%ttﬁ | Bb3.enafluorobiphenyl)fluoroaluminate,

Is(trifluo t hyl') phenyi ] bor at e,
silver tetrakgs(1 duit, 3,B Balmexafiuonmsopropanolato)aluminate, or silver tetrakis(perfluoro-t-

oo KRS RE SR B 2L, 11 ) por e

N, N-di net hyl anil i nium tetrakis(ntolyl) borate,
N, N-di met hyl ani |'i ni um -
D.  tNenrbikiig2Exardpleeofie Slaeryst Xoawaséion
, Ndi et hyl ani | ni um o . :
[00106 ot r aﬁxse(%)’lzgy &a%ap sﬁc}:ﬁnﬁ%%shtiﬂn)sgg Fhaetper’esent techniques may include the
compoditidhgdd¥eribad telow | M eibdditneats] flr 8xAmple, the catalyst composition may

i bi s(trifluoronethyl)phenyl]borate,
includeyonthgicatal ¥sy pgﬁpq)s,l%wumay include the contact product of, an ansa-metallocene,

o ra SR EORSTEEL I SHRBRSEN ARG K BAEIHLERGASR Y ncuc
compotugisrtaking(the gateydl)fbondbe, tri phenyl car beni um
tetrakis(2, 4-di net hyl phenyl ) borate, triphenyl carbeni um

@ di met hyl phenyl ) bor at e,
0ar be PeAsEN

5-bi s(trifluoromethyl)phenyl]borate,

tetr

tri Bhi um t et raki s( pent af | uor ophenyl ) bor at e,
tréo et N8ki s(p-tolyl)borate, tropylium

tetraki § tolyl)borate, tropylium

t et r aki st2x\4{dj net hyl phenyl ) borate, tropylium

t et r aki s(@+§

fret hyl phenyl ) borate, tropylium
tetrakis[3, ®*%is(trifluoronethyl)phenyl]borate,
. tropyliumtetraki s(pentaf] uorophenyl )hgrate, lithiu
In this fospiufa M (PRNPEFITERIHYPI0E hy*n)% pad & apfl thi may be independenty .
gk ' ihh] 1 to 3 inclusive. R* and R*®
Cl, Br, E)g?r gﬁ@{%ﬁjt@g%‘ ﬂ ?xgc{) ?gtﬁg’ﬂel a:ilphttég}rﬁ from 1 to 3 inclusive and
may betiatemhie(tin ¢ nydrbgdrbylagreyp o1 ¢ tiihydrocarbylsilyl group, any of which may

tetrakis(2,4-dineth enyl )baorate, lithi ym .
have up G SERIrER TR, FERY PP RGHYEY Dol o oSt Ay be an integer that
may rah&d fr8l 04Q" 190 fichisBre. FOUMAR*® may be independently a hydrocarbyl group
tetraki s(pentafl uorophenyl)borate, sodi um _
that maydtavakip $¢ pheapbh alsmpsapemay bddihydrogen. Bond ‘a’ may be a single or a

etrakis(p-tolyl)borate, sodiu . .
double pEhI SEE bREp GBI BoBrod8irtibe dor snemple, wimethytatuminum,
triethyldiufEhiin! ﬂgﬁ 11084k, tris @G dlhithinum, triisobutylaluminum,

) tetraki s(3, 5-di net hyl phenyl ) borate, sodium i
trihex ylabyrpipumy i isplgxaladumpwing $8oqtyfaluminum, diethylaluminum ethoxide,

diisobl{t)g%lﬁlg’ml@%%ﬁﬁh&%,;%%pg?gﬁﬂ%%%ggfso?ltg% orpa(.?ltyac%ﬁ{bli'r'fgtion thereof. In this

eny



tetraki s(p-tolyl)borate, potassium
tetraki s(mtolyl)borate, potassium
WO 2a00aki3sq 2, 4- di net hyl phenyl};8 borat e, potassi uPCT/US2008/011055
t et raki s(3, 5-di net hyl phenyl-Ybor at e, potassi um
tetrafl uoroborate, triphenyl carbenium
embodiragniakE ¢tivatestspppalt mdyrhet asolidoxpslecirsatedavisle ap glectron-withdrawing

anion, %va {ea !Ihé%gf: %8%“ né?ﬂ pﬁgﬁs;%%%g}et 51!11@5‘%”&’141&@51‘1’& %i'lmrmna

um nate
aluminbphqspRity) dladh i pmsphate zmc aluminate, heteropolytungstates titania,
tetrakis(3, 5-di nethyl phe I)alumnat

zucom@,rrpﬁgf@ﬁw E@?a@ EHICURI 4 Hxgd aXides thereof, or any combination thereof. The
electroﬁ%ﬂkﬁ{ ‘Z‘xg R*Eetf%y F@lfﬂm ﬂ{p e, ffu%ﬁ?¥ | iR de, bromide 10?1d

tetra um nate,” Uropyl’umtettakis(nt F’)
phosphatey m fiwaé @swﬂ’a&pyhllfalm ﬂuoroborate fluorosulfate, trifluoroacetate, phosphate,

ﬂuoro;{hggélgiﬁql éro?rlrgéqmt et %ilg%lye? %Hum rt]%%{e% p‘é{n?agnrgwqt&rﬁubstltuted or
unsubshﬁh&%‘lk&(e@@l%&fté %%Qm@@}ﬂ ﬁﬁuHmtﬂéﬁ%redekﬁlhin‘df@ substituted or

t et raki s( pent af i'uor ophenyl ) al um nat e,
unsubstiditedaklk gléylifia eydr)anly wonbatadion kherénfum t et r ak| s( pt ol yl)
alumnate, lithiumtetrakis(mtolyl)alumnate, lithium
tetrakis(2,4- dinethylphenyl)alumnate, |ithium
[00107) et I akih $hSerRbsHiRhRYed1RRM labévd) M\ Bis8-metallocene may be a
['ithiuntetrafluoroal um nate, sodi um
compotied h@mns(lwmnafal fromolhienyl ) al umi nate, sodi um
; ayl ) al um nate, sodi um
I)aI um nate, sodiumtetrakis(ntolyl)

mst hyl phenyl ) al um nat e, sodium

tet i i

tek@t} (S,NEQ i met hyl phenyl ) al um nate, sodi um
t et Faf’| ugral UM nate, potassi um

t et r aki nt af | uor ophenyl ) al um nate, potassi um

um nate, potassium
t et raki s(®*tlol yf)’al um nate, potassi um
tetraki s(m 3yl )al.um nate, potassi umtetrakis(2,4-

In this ?wﬁ%%ﬁgglﬁg?és%g{%ﬂpyg% Ot aS ng%rgﬁgr’ maysbe independently F,

Cl, Br,lo21r BirhAob8lod S BAd & rhdyl m{e«g&r hemi U 3, m&&szvez R¥*2nd R’®
- nonaf | uor obi phenyl ) f uor oal um nate, silv

may bq ‘@Wmﬁ@(ﬂy H, Ilne@lys eﬁlm@(apylud%,u beagylo ba%lpsmy} diewvth ﬁat
wimet 0L sl oo PR 6P TR PRI Bl by

mdepeﬁmtlgalt}@ldy(ﬁfar@ gm@l Haivong JpQd B0fabdnxatomb aorhydadgehy Bond ‘a’ may
nposi tigons of the present techniques may include the

beas"?fé‘ﬁﬁ’b%ﬂ?‘i‘%ﬁgo%scrl bed bel ow. In enbodinents, for

exanpl e, the catal yst conposition may incl ude or the

catal yst conposition may include the contact product
[00108pf , arinaheaembdrcﬁtdentsehsc;rﬂnd abo g fizadnsaimerall aenp oy de a

and an activato or The s -netal | ocene nay
CompoP?ng%Vd’ég ﬁ’ﬁrgﬁB?fﬁ[ig)rWﬁ& ng the general formula: In this

|y be zirconiumor hafniumand X and X'




A, Br, or 1 . Emy be Cor S and n may be an
integer from1l to 3 inclusive. R3A and R3B may be
w0 pabepessoent |y a hydrocar byI3 group or a PCT/US2008/011055
tri hydrocarbyl silyl group, gny of which may have up to
20 carbon atons, or may be hydrogen The subscript 'm
In this fRigpulfe l\érﬂnahb%léeomwatorrba@m gX ¥ 'taytlpe independently F,

I 4 7Bt
Cl, Br, opg Esfﬁ%ﬁbﬁ r?)) %1;{2:3/ ﬁgrv ienggpiﬁ‘mjl? 5 r%%;; Olﬁnde}gendentlyH or

rocarbyl gr oup hat Ly
methylo:lindﬁitry they by tiboge R BodR*" alay bayndeperdentingl er whutgl. Bond ‘a

doubl e bond.. The organoal um num conpound may be, for
may bea ${pgleor athPWﬁtbﬁW?-al umi num triethyl al um num
tripropylalum num tributyl al um num
triisobutylalum num trihexylal um num
[00109]ri i sdheheyé¢rabadimentmdesaribed tahdred, the ansmymataldident af teipnesent
techmq(%tm g})é;y gacg}:x{pzﬁg}g%l .al ﬁ}jﬁﬁ% hydrl de, diethylal um num
hereof. In
a8, the activator-support nmay be a solid
=¥ ith an el ectron-w t hdraw ng ani on,
Wki‘ér_ ke—s0| iRt°oxi de may be, for exanple, silica,
i N -al um na, al um nophosphate, al um num

a
ph@gggﬁ e Nhhgﬁ,alun1nate het er opol yt ungst at es,
titani a rcohi a, magnesia, boria, zinc oxide, mxed
or any conbination thereof. The
ng ani on may be, for exanple,
f1uori de,R°¢ LoFlde brom de, iodide, phosphate,
triflate, bFsquate sul fate, fluoroborate,
In this-ﬂrHRl'iao I 1&19}&6@ 2t drfihid Vr ARG AL Frd )@h@ﬁpﬁatrﬁ?y be 1ndependent1y H,
uor ophosphat e, uor ozi rconat e, orosi I'i cat
BH4, nfethydrpltenylabedzy], rlpepennyﬂgHnad:thylsﬂjdbwth}ﬂ,tEHgCMlezPh CstlMezph

n itu .2l k ul fonat.e, sufstituted
CH:ONFE R, e e Rleer o 1 B ADE G 8BSt F14A B BF an integer from 1 to
3, inchi4RRU LS iah g REE nRk okl SaH kA Gitly A hyARYCafTBE AR dr@Nrihydrocarbylsilyl
e t her eof . y 001077] i 1t he enbodl rreyﬁts descr?}b%eé aboy YR
group, tameOﬁwhls;h inglupde @Aearhen atems ot blifroged ahdvimay bhan lnteger
en lua st his, for rcon
fom OFF O fitff K K st Risendtha BRbhadiiop| 688 bihe up o
12 cartiBh,atdihs, lor hizdridByn. Bdr@ ‘@r mal baAdingle or®doudee Bohd. I 6GEF versions
from1l to 3, iInclusive. R3L and R3B may  be
of the qfpsiiapits desoyibed abasienthe, ané@mqtallw%epwy inglydg conﬁ@ﬁﬂ% (I-1) or
: peet ! hylsilyl, and 'm may
(1-2). ggﬁcéir'lml nt eg}érdr?ngéwfbm%gml?enc usi ve. R4A and R4B may
be |ndependently a hydrocarbyl group having up to 6

at.ons, rogen. Bond 'a' be i ngl.e or
[001 103 doutin@tiss ﬁlalboﬁlab%@b@s}hq a1 ¥Rl CRRBERIfFR My uds Op g catalyst
compo&R8Y fha ay lﬂﬁudemﬁ% %bﬁ@&%@dﬁ@%f Qﬁ s MRAYEnd) AN IoRghnbBRiminum

general formula:In this formula, ML may be zirconi um
compownd, had Al astivagaresupporanth thls erayodimentrttie prrmatallpcdhe may include

compounds (I-1) or (I-2), as shown in FIG.1, or any combination thereof. The

organoaluminum compound may include triethylaluminum, tri-n-butylaluminum,
triisobutylaluminum, or any combination thereof. The activator-support may include a

sulfated solid oxide.

[00111] In still other embodiments, the catalyst composition may include, or the

catalyst composition may include the contact product of, an ansa-metallocene, an



a, Br, or Il . Emay be Cor Si and 'n' may be 1 or 2.
R3A and R3B may be independently H or nethyl, and 'm
W(rmy)messao or 2. R4A and R4B gay be i ndependent PGI/HS2908/011055
-butyl. Bond '"a' may be a ngl e or a doubl e bond.
[00109] hi the enbodi nents descri bed above, the
organoalyptipY sempeunst, anghan petbedeitsuppetn iythese %W%@e&ts the ansa-

metallcgcggjetz)ll% %cﬁ‘tﬁf’e‘ J&%}{ﬁ)ﬁﬁdé @rlrjlbl SI Zi;(as glmaﬁkfn cér zM]y dSbination

oni um or
thereofl rithe peguhe fliuinin cBhl@puiﬁhhylxnclﬁﬂbeumythyldiﬁﬁmlm, tri-n-
neopentyl, trimethylsilylneth ,_%B%CNBZPh; )
butylalggpymadspbutyialusmene. o panY %ﬂm%mtg stepb phhe getiyalerisaprort may
185led amy be an integer from1 to 3, inclusive.
lnClud%Aﬁgngﬂ%% may be independently a hydrocarbyl group
or a trihydrocarbylsilyl group any of which having up

O G A SOMUT A

catalysl Mﬁ;ﬁ&ﬂﬂﬁ%ﬁ 1&1&@6‘%@8&&5&@&&99&" Q%Yéc@ﬁta@f%dtagsc;%etallocene a
rbon atorrB or hydrogen. Bond ' may be a single or

precontawtstd @bgmoblonﬂnum comphend, \ztemscrocmmtqdfolciﬁm apagpdsteentasted

activatgr?%rgéﬁgvghe?r%nf)ab%%P ?’f a%?ctz %};\ éaclgene ni%aey or'gfu@a]ﬁjumlglu %));npound the
olefin, ﬁ@dmiefé@twa%k suppbRGhay hdiIpréddhiddhepdiner embodi ments,
the catal yst conposition may include, or the catalyst

conposition may include the contact product of, an

[001 I%m:"t alFlu%?lgln emb@d}?l%h%%?%lsﬁmréw ?cﬁ&ﬁpgstuxﬁ‘gwd%qq:g st composmon

ct1 vator-suppor ocen

that indledes iticdonttet prydnoLstdstighttylhridyed @hs@ZnetA®cetesnmponnd containing
FIG I, or any conmbination thereof. The ortrzjanoal um num

a cych%gtfﬁgmg]alogﬁw aqt:ppé\pg (g(éb?thlnetqyﬂoapxgﬁqhﬁ%type igands, and a reagent that
can furfcflb 1) %ﬁt\'&l'tzﬁll ?1: nt% lihioSARIEYL Blik %ﬂﬂﬁ@ m&Y b&iffer nltJ é)m the

I nation t he "activator-support ‘nmay Inc
combmaltlenl bf titeadlid okldd aouvader -syppot aild]orgunosllutﬂlﬂlumk:hmpound presented
the catal yst co osi tion. .m

. enbodi nent s, a cl
herein. ¢ T8 iy SR b QM LR S A e TS G My Hedprmed B
activatRg Wmbtalbeen@whithiAdy RERIE coRPtARe FhdANldEAR compound to its
conmpound, and an acti'vator-support. In these

cationie fdsouland:hy sraviding fiswities Ay drocenbsl ligandi(nel, abelationpbefiots after, or
hown

during i 0o iR Tnd T e hsim s iR g aches A that can

convert the @idillodbnrHnedIAA adtiviecallisy indl, ielutlés component that provides an
trii sobut%l al umi num or any conbi nation thereof. The

activatablq igpad sechas gp alkyl tedle metalloerae.sviandhemetsilogang gompound does not

already include such a ligand, and an activator component, as provided herein. In some
instances, both functions may be achieved with one component, for example, an
organoaluminoxane. In other instances, these two functions may be provided by two separate
components, such as an organoaluminum compound that can provide an activatable alkyl ligand

to the metallocene, and another component that can provide the activator function.

[00114] The activator and/or alkylation agent for the ansa-metallocene compound may
be an organoaluminoxane, such as, for example, methylaluminoxane or isobutylaluminoxane.
Alternatively, the activator may be a Lewis acidic organoboron compound capable of

abstracting an anionic ligand from the metallocene, such as, for example,



[001 12] In still other enbodi nents, the catalyst
conposition may include, or the catal yst conposition
woreapoiossbude t he contact pr 3uct of , a precont BCT/E/2008/011055
-netal | ocene, a precontacte or ganoal um num conpound,
a precontacted olefin, and a postcontacted
tns(pera@ uqrgp}mnybb@qg@mr tnpm@y]@pfbegal@hte@pk@(p@ntaﬂuoropheny])borate that
| ocene th 0
may be qs%? mn'?on‘?blaattx%iewglé A \(‘?1{1jl aQI% %S%It:‘%ugﬁlgg %ﬁg%rnélg@%% %(anound.
here|n [001 13] Further enbodi nents of the present
ques provi de a cat al yst conp03|t|on t hat

[001 15ﬂ ncI ud:é’§t eha dakylatd tighdubeideed asarmghall Pymsrqoa@eand as
present\éﬁ ﬁEreHF{n?% E&g?edwgﬁ ?#?gns‘t"yc 3 Bg h?% dﬁ.a% ny? olr gu@f' ésdtgb{]g
butyl)atnnganm tetddkis(p-to B erite dritaN- dmmetnydmhnmm tanrakmnver t

he netal |l ocene into an active yst
@entafhaor?rgwenk) Qi1 EHBO Gt AR AN O cﬂllfﬁatas% rreﬁéallocene

a
i S I SRR s
reactedoaitiah ¥ sticamipbeiatd aptivatwy siwh dsonpiegyloprteatunvat i ng t he

.pet al , i ch | ud th
tetrakisN R O RTS10 BT S QeI fe i alaglgted
metalldééx@é’éa‘i'ioﬂg Thius, While foth¥ehAGREPYE bourddYthésyTit is believed that the

al kyl ation) before, after, or during’its conversion to
active @taimt |rmﬁy inplatle emalkiyhited mﬁ@llo‘tf@ﬁwﬁtlm lapdeny pamperref aftgmate

reactions g gt (ﬁ% caQ o%x rt gg@ netal | ocene into an ’
% M ﬁ§P Nt conponent that provides
an activatabl e I|gand such as an al kyl to the
net al | ocene, when the netal| ocene conpound does not
[001164] r eadiheinrescnieckrigresanay Gahue aga@lyshcempesiaepthat contains a
comacfiRRRSEL g BEOL PR L AL ASLETR G BB Nigand
that caxexﬁmmb elef arpobyrgerivation ahd axali®oxide activassr-suppdranerisgut the need

for theteh Shaht %E#‘gﬂaﬁt'l?%inﬁ%@?lg OV' dedﬁmgﬁ%e& orhpgund may
V,
P e o

hydrochribgl Rgdnidvhitaan finifiate ad¢fin ][)(ﬂ@lineﬂiﬁdtlo]ih A raaighv@i ahinandéampound
al kyl ati on age for the < - cene conpound nay

may ngpge affﬂuefre@ & @gw&fﬁ thetype of srue%‘ﬁa ateqq sy wa?fﬁnﬁ%cene becatse it

alreadmélmﬁsae{ Mrg% igdhd 'tl%a@ B Mides! meﬁﬁzﬁfﬁnenzanon

Al'ternatively, the activator may be Lew s acidic
organoboron conmpound capabl e of abstracting an aniponic
such as, for

n1the net al | ocene,
E. J?gﬁgﬁé’ "8¥'6fent af | uor ophenyl ) boron or
[00117) I | phaRYRCREQR tdeRhiq@td, ki SusPRRhtafddOicaRnBRg Yhya @bl in the
that nmay be used in conbination with an al kyl ati ng

polymegigatien BigepssesWith cetalishenpesitinihand ppsesigs. Podireagpnts include
olefin coLIJ'nr toﬁﬁds havngg ﬁ 1‘1(1y ab%h? 9 tc; 5&)% E‘)y car'i)oﬁi gt%gns pn?gl‘?olec%‘fee i having an
oleﬁmc double bond The present techniques encompass homopolymerization processes
using a single olefin such as ethylene or propylene, as well as copolymerization reactions
with two or more different olefinic compounds. For example, in a copolymerization reaction
with ethylene, copolymers may include a major amount of ethylene (>50 mole percent) and a

minor amount of comonomer <50 mole percent. The comonomers that may be



presented herein nmay be reacted with a Brnsted acidic
borate activator such as tri(nbutyl) ammoni um
WO 2a00aki38( p-t ol yl ) borat e or N, N-di net hyl ani | i nPCIFUS2008/011055

tetrakis- (pentafluor opheny4l)bor ate to renove one

al kyl ligand to forman_ al kyl ated netal | ocene cati on.
copolypmjefigechwith gHwencapgy v frgm direeita abgnt 29 caypprigiems in their
mehal) ocene conpound may be reacted with a Lewis acid
orate activator such as triphenyl carbeni um

t et raki s(pent afl uorophenyl ) borate to renove one al kyl

Ligand. tqg form an_ al ky| ated netal | ocene cation. Thus, . .
[00118}hi| e %gw ﬁ*@éwawﬁﬁ Used BeMBRRIAET By OMmeBERET 11y the present techniques

ntaa R SehL IR 10 i TNl DELAAR Bt
unsubsahited, faictionslaret] aftbnomfunbeonatieed blefigs NBsdxample; Bompounds that
catal yst. [001 161 The fresent t echni ques may i ncl ude

may be;plwngnge Wikl Hissetalysnok tha presetashnaquss enshidediropylerfy d tbutene,
' i - et n ' [

el ab L GG, S50 L AEOE AL S BEHUP e, -

methylpbpyntend, 2 dteik eme, 2rtbxans GHhak e i3deth glet-heedney -aeptpine, 2-heptene, 3-

w [ hout the need fo he addi.ti on of _an organoal um num
hepteneaﬁfpgwﬁ gorm| @ctenes. e Uz narmaa) BoBeRss: Wﬁ?wp ﬂgmﬁﬁeaene& or any
combiRi0H AtredH HXikth6Y, @Wicaa{rfda&lt‘fc@cto@efﬁﬁ,einefud{ﬂé? for example,

h5-cycl opent adi enyl -type |1 gand, and a hydrocar byl
cyclopéntepam dy¢lblexengmorbirnylahe nottefradignsl gmbthieddke may also be

or ganogl um n conmpound may not be required to
po}W?fzgélaéagscghchgl%VEe of "pre-al kyl ated" -metallocene

because it already includes a hydrocarbyl |igand that

can initiate olefin polynerization. ( E. The Adefin
[00119YbnonmeFhe]apeouny of cmondrecrinisedised itde Brgapterzong ko prodyce a
copolyHllg:F gltrgrlgrh%tﬁ%(iin 51?0611%3651% %Xut% vyglgflt;r}erée{ﬂt %}gonom r.based on the

pol ynmerizati on processes with ¢ VS conp03|?|ons
total waigtt of the @pmemer Sud borhersth@NgénerdIB) fuska abb@f0.01 waHPALHBIS eight
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percentypinathr smbedinpenfs. dbe amowyitef camenempehinEodssd intpgeactor zone

. . i

may bEGRABbu POLY BGE 1GNP BT HRSBRARHAECL fRh @Buc ) o sbout
weightpeojeyt emeonoaser walllerrasivelypah ymeuntzatficent te gokitimabosretdascribed

two or nore different ol efinic gonpounds.. For exanpl e,
concenfriigfg B ot eyahtr 415 EORPTBEIRTPORF <4 TR BE Hyickne,

copolynmers may include a najor anount of ethylene (>50

mol e percent) and a m nor anmpunt of conmononmer <50 nole
[00120per cendhilghet intemdingrte bs bohad byrtheotys diop belered ithas dtewic thindrance

can imSeL&HgEFoSV {B%%)oli])farh/eerizfaliigrrp p‘fohc%s(?self EPan% e?&f tsubzs%tlﬁgci, %(r) rf‘un%ttiglqglized

olefins are used as reactants. However, if the branched and/or cyclic portion(s) of the olefin

molem%

are somewhat removed from the carbon-carbon double bond they would not be expected to

hinder the reaction as much as more proximate substituents.

[00121] In an exemplary embodiment, a reactant for the catalyst compositions of the
present techniques may be ethylene, so the polymerizations may be either
homopolymerizations or copolymerizations with a different acyclic, cyclic, terminal, internal,

linear, branched, substituted, or unsubstituted olefin. In addition, the catalyst compositions of



nol ecul ar chain. [001 18] Aefins that may be used as
nmonomer or conpnomer in the present techniques include
w@eapel#spo cyclic, polycyclic,, termnal (a), i nPE&F/N81008/011055
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conmonomer introduced into a reactor zone may be from

encompgsg gay oumlnelt of pagrontactios wed gmthslé%%@gtste@@rmdon@r fugther
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of metlEtRIS ¢d ptt@dreqﬁa estalysedangpusitionyo\ied prletent efchhigeecap aiseossed below.
produced, may be used. [00120] Wiile not intending to
be bound by theory, it is believed that steric
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process | ranc stitute unctional i zed
[00123¢] ef i rEreamEacusgd walyseamhmmson Idowrevmppnén‘t of h(eatalyst

br.anched angd/.or cI|c @é & %&; olefin.ar
compogifjan. With an g é?dn I?(Bﬂ?rt é%? R 8’&% S&S%‘P%SIB%H) a reactor
may inbf283% B BEAuBRYitPSE B ?6%%9' al GopAYe& ko tHRQame %ﬁtalﬁnc@ﬁposmon

much as nore proximate substituents. [00121] In an
that mayxerptearyd enthoeli aprecontactingataparithefephanded actavisy gatalyst

c osj,tions of the present ues
compogfif PLie PrEgnt KGR DHiFG S PR ARGen of an o-olefin
nf? SRALIYARNLFAS RBSIyMerGAMRN IE] bZMiCR Mdfofdbmer. H
mono E?er ene{m}éc% B c)l‘)%e I C, tefrpglr:;nlr nal, 1 nternal, Irrllerﬁearowewer 2
precontmcamg stepl s nnﬂlne;untedhm the (ratalyﬂtl sulh)pbsltmns&tf the plfesent téahniques.
addi tion, the catal yst conpositions ofthe present
techni ques may be used in polynerization of diolefin

[0012430MPOYRH Q§meieﬂﬁ)|oblﬂ1i1aﬁls &Othe present techniques, the ansa-metallocene may be
precontacted with an olefinic monomer, although not necessarily the olefin monomer to be
polymerized, and an organoaluminum cocatalyst for a first period of time. This precontacted
mixture may then be contacted with the solid oxide activator-support. For example, the first
period of time for contact, the precontact time, between the ansa-metallocene, the olefinic
monomer, and the organoaluminum cocatalyst may range in time from about 1 minute to
about 24 hours, from about 0.1 to about 1 hour, or from about 10 minutes to about 30

minutes.



exanpl e, such conpounds as 1, 3-but adi ene, i soprene,
1, 4- pent adi ene, and 1, 5- hexadiene. |1. Preparation of
W@ b@9Qa3ad yst Conposition [00122] The present PCT/US2008/011055
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ﬁmnabaﬂdpyemuwsﬁpdsnwB@mnoﬁwshe present techniques are
di scussed bel ow. A Precontacting the Catal yst
Conposition with an Aefin [00123] Precontacting a
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procee@ilhgc Ateacitively, siyefvo Jhﬁoﬁzrﬂfanésedaﬁl}.tst sorhyoreatsahyysbe
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preconﬁsrﬁéﬁmayfﬁéﬁel 9iupe ﬁ“@\‘ tofhels eptepng Hlerfe%ﬁswerzogac fyhiggrecontacting
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conononer ver, a prec acting step 1s
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bet ween the -netall ocene, the ol efinic nononer, and
t he organoal um num cocatal yst nmay range in tine from

B bl R A BT 00t 10 m nut es o about 30

[00127] Alternatively the precontacting process may be carried out in multiple steps,
rather than a single step, in which multiple mixtures are prepared, each including a different
set of catalyst components. For example, at least two catalyst components may be contacted
forming a first mixture, followed by contacting the first mixture with another catalyst

component forming a second mixture, and so forth.

[00128] Multiple precontacting steps may be carried out in a single vessel or in
multiple vessels. Further, multiple precontacting steps may be carried out in series

(sequentially), in parallel, or a combination thereof. For example, a first mixture of two



m nut es. [ 00125] Once the precontacted m xture of .s
-nmetal |l ocene, ol efin nononer, and organoal um num
weomanadyst is contacted with the solid oxide PCT/US2008/011055

activator, this conposition (further including the

solid OXIde activator) nmay be terned the postcontacted
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combmalrtlgg é}téea%] ngl"t‘cfl/g\l)f){ecroﬁ g?}légﬁae%ey re:;\lDO%O ?nory :sglﬂgélle?eﬁufgment such

as tanke€,astiaded Shix GHKRONE{IUS stiey nlnemgr&@maﬁ aateg] aiflusk, aessélofany type,
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h
(001303 0 he'oHeppERTRRRNS may rR HERER 2t Brtbedif i Ad fara time

sufficiddt tdVilidw RIRHIRS AprREhAIRG, S BRFadtidRbf precdhiablc dhixMeé ¥nd the
t he precontacting ﬁrocess may be carried out in

solid oxd epfivatorsuppert, sugh Heat amrirnofshagerapencals, ofithe pigreHacted
mlxturgl’ﬁa&'bel bxlgiéﬁefdsg{b%flpgrecpe os%d tﬁ&%gn 'E_&J elf(q{nﬁ %he pos%contacted

ere of “Catalyst nponen

mixturé BR§bethented FHonl Yérlvec® BFKUI OPF 50 a0t DSOFOBE ﬂQﬁlﬂﬁt\fv@dﬂﬁbBGt 40°F
a first mxture, followed by contacting the first

to abouti9Rthr Mewhearla mmm@tmg atenlngs & posingroacsimg steprmaybe eequired for the

present tecchnrllézI ersn xture, and so forth.

C. Composition Ratios for Catalyst Compositions

[00131] In embodiments of the present techniques, the molar ratio of the ansa-
metallocene compound to the organoaluminum compound may be from about 1:1 to about
1:10,000 (e.g., about 1:2, 1:5, 1:20, 1:50; 1:200, 1:500, 1:2000, 1:5000, 1:8000, etc.), from
about 1:1 to about 1:1,000, or from about 1:1 to about 1:100. These molar ratios reflect the
ratio of ansa-metallocene compound to the total amount of organoaluminum compound in

both the precontacted mixture and the postcontacted mixture, combined.



[00128] Multiple precontacting steps nmay be carried
out in a single vessel or in nultiple vessels.
Wo-200vl€3300 mul tipl e preconta é ng steps nmay be PEI/USMAS/011055
out in series (sequentlallf§ |n parallel, or a
conmbi nation thereof. For exanp a first mxture of
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100,0000 (te@ F:10,5t5,Messel, 500011 16,09€20H800® $ sett.), omfromh ab@y 10:1 to
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about bPO(ﬁﬁf dhepveighd ratier of the folidhpdnasitatoniy tfﬁeorgwqalur@ﬁam
compoﬂﬁ&E gla:y'?arg%)ffi(ﬁﬁ I)utplr & ?@?ﬁo"ﬁ?tl 1008 1t RGAt 4501 $:3 tg?[)out 100: 1 or
a catal yst conponent nmay be fed
from ahmftl Ir bto ghoet i adthe N\gmg&ﬂsrstm offtbe apscemotallacdriertg solid bXIde

h | der of
sctivappoE et K ybonbimponabstry SUORET o8 Elackongo.
1:100, 0902 6RN! A6k dBdu £36% abAlt 1PIERAMO! ckoMUbBAE N2GRPEREE 1:1000.

catal ySt conmponent, or may be fed directly into the
reactor, or a conbination thereof. The precontacting

. RS R S GBS "

[00133]eVi CeEmbadibiéh, of dhd ﬂn@%t t&hMRBELMaP Incitle Pr®@sesab pedidice a
conmbi nation thereof. For exanple, a catalyst

catalyst gorppesi o, nF fexempley pae syph nre@qsﬁmqme@clmgﬁ@éacyné gRasE-
metall?%ép?,ﬁaﬂtoﬁgﬁr} Qﬁd gin %f%%nglu%}nﬂl#lgﬁrgﬁgﬂ(ﬂ’o? f%{ e?iPd of tlfne to form a

preconk&%ltmﬁ{hﬁﬂ tinchfding B pm@ntafzakilafamdlelwloeam; acptetd@gtatchﬁ
precontacted m xture with a sulfated al um na
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ve o M RALPLL AR PELL R oy AL componnc
for a s@vodd perodiof time ts fdrn £pestdontasteal mm\arammng alppstcontacted ansa-
regnatlon r interaction of Eégcontacted

metall%ﬁ‘f SAROsSIcgPtagted OrgARoaMmIpUR SoMPQ ratposgcﬁEﬁché‘ﬂe g and a

postcomaa%a QB Hort ?p@;@ MROEEBbGnRhtst (he MERGRMIRCERIMEY KW a
may be i mobilized, adsorbed, or deposited thereon.

compopnd hawagtiiedormule: postcontacted m xture may be heated
from bet ween about OOF to about 1500F, or from between
about 40F to about 95F. Neither a precontacting step

& (®E)prYixyst'acting step may be required for the
present techniques. C. Conposition Ratiosfor Catalyst

Conpositions [00131] In enbodi nents of the present

in whidtol %aﬁéb%stitalﬁiﬁlql OBt Hiut@bd B ind N ﬁQi gg‘itsﬁ‘ﬁéb?&tgﬁ‘ ©
conpou to anoal’ um num Cco
cyclopaitadienyl; d.sﬁhstiainmjmdenyl or a substituted ﬂuorenyl. X” may be a substituted

cyclopentadienyl or a substituted fluorenyl.

[00134] One substituent on X' and X is a bridging group having the formula E(Cyc),
wherein E may be a carbon atom, a silicon atom, a germanium atom, or a tin atom, and E is
bonded to both X' and X?, and wherein Cyc may be a substituted or an unsubstituted carbon
chain of from 4 to 6 carbon atoms in length with each end connected to E to form a ring
structure. One substituent on X° may be a substituted or an unsubstituted alkyl or alkenyl

group having up to 12 carbon atoms.



1: 10,000 (e.g., about 1:2, 1:5, 1:20, 1:50, 1:200,
1: 500, 1:2000, 1:5000, 1:8000, etc.), fromabout 1:1
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or fromabout 1:1 to about 50:1. The weight ratio of
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having the forrmula E(
these measurements.

III.  Use of the Catalyst Composition in Polymerization Processes

[00138] The catalysts of the present techniques are intended for any olefin
polymerization method, using various tyiaes of polymerization reactors. As used herein,
“polymerization reactor” includes any polymerization reactor capable of polymerizing olefin
monomers to produce homopolymers or copolymers. Such homopolymers and copolymers
may be referred to as resins or polymers. The various types of reactors include those that
may be referred to as batch, slurry, gas-phase, solution, high pressure, tubular or autoclave

reactors. Gas phase reactors may include fluidized bed reactors or staged horizontal reactors.
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11m1tedttB alﬂuﬁfpleeﬁklﬁlrearc&)rétiﬂﬁ‘lh RA9Q rgiR {&9 aQE§ﬁ3nliHu)on HANEH &ld gas

han or equal to about 6 0 gP/ (g CTSO hr), or greater
reactors Imamitipte e glu atessure adzotors 909 CorgBihagorGIT3ae pyessuie tith togp and/or

oo resl 8 En T ot b B P BT | o

tenperature from about 80Q0C to about 100C, and an
et hyl ene pressure of about 340 psig to about 550 psig.
Troer Séaex BolyvsievatidormBrasessgbst anti al |y no i ndi cation of

L e e
may 1nﬂ®ﬂ®@$¢dp Shiirry Feablry 8ach Zatio mby eksis&srtical or horizontal loops.
Monomer, diluent, catalyst and optionally any comonomer may be continuously fed to the
loop reactor where polymerization occurs. Generally, continuous processes may include the
continuous introduction of a monomer, a catalyst, and a diluent into a polymerization reactor
and the continuous removal from this reactor of a suspension including polymer particles and
the diluent. Reactor effluent may be flashed to remove the solid polymer from the liquids
that include the diluent, monomer and/or comonomer. Various technologies may be
employed for this separation step including but not limited to: flashing that may include any
combination of heat addition and pressure reduction; separation by cyclonic action in either a

cyclone or hydrocyclone; or separation by centrifugation.



[00138] The catal ysts of the present techni ques are
i ntended for any ol efin polynerization nethod, using
W(W&)O'D/MEQOQ ypes of polynerizatjon reactors. As BSEUS2008/011055
herein “pol ymerization reactor" includes any
| ymeri zation reactor capable of polynerizing olefin
[00141r}ononelr@lf’t5éur@f PRIVBETIRHRIPGesEess(alsp kapyyalay therparticde &m
proces{}%@@ﬁk%@ fcrrangmg%oﬁ}LW@rP%tJﬁ?N ?63 Eﬁ F’fd Q%Oﬁ%8§85 565,175,
ns or e vari ous ‘réacto
5,575,9719¢ 6)24€,28h Q’S%Z et andey, 8Bk 41 Bfeach eﬁwhmh :’i@mb&ﬁaﬁfh.ted by reference in
slurry, gas-phase, solution, high pressure, tubular or
its entirghy Bg®Hyve reactors. Gas phase reactors may include
fluidized bed reactors or staged horizontal
reactors. Slurry reactors may include vertical or
[00142hor i zdpilwwintd thetpeay bk géedanabsty goly@adtadios fomgxantpdd, whkemonomer
ubul ar react

t ocl. ave React or pes
being R#Wﬂa@d@agé%éwaréaﬂi thaties 1%#%@3%@%&%@%}89% Examples of
such dll?ﬁe‘ﬁ?seﬁ§§ fhchRid] réREmpRt ﬁ§d}b$atr§@ﬁs s%Eh GOBOh IO H?cl@ﬁé%&H&t

di sch ar ge. PI‘OCGSSGS may al so 1 ncl ude partla or ful
1sobutaat|errebutanacyp¢réan§=f lscmemm neopemtame nad, n-bexaneadomd loop

co omer .. and/or dil 00 nmerj.zat i on
polym R0 Feecjafdin 36 Tmde bullsRR gty e 8 RSN REY biused or
where @@enémeerqé gl gﬁgtyw ne) Act@aSheld@meRr ARl €isRAFhEAtion of

of the sane or different type. Production of polyners
propyl¢ne memamesas dr%h@@@rrsUrSayatthgaeﬁ 4vEldawhidhdgencorperated by

Separate polynerization reactors

rek“mFgF%FgHﬁﬁ%csgg:%y a transfer device nmaking it possible

to transfer the polymers resulting fromthe first

pol yneri zation reactor into the second reactor. The
B dewiRhage febynesiergent Porreedhdi tions in one of the

eact t
1001432 PRy G PO re AP o IRET et Bl reactor. Such
systemp alayremplayas k:ommunumﬁcyclpls&eam&ohtarrﬁnm;e mmnbnedmoﬁdmeers
manual sfer ner. f om one reactor

Contm‘éoﬂu‘ﬁ%%{é‘rﬂ gl e g]u"é‘P ?‘?9? ‘if‘o‘ﬁtt MLV ogd Vs Pg r‘ﬁa?éﬁsf gpder
polymédthatib® k@ncﬁt@(ﬂﬁt % re%¥§lte §fFear By Mﬂﬁcﬁa@ﬂﬁo@@fm'ﬂ?ﬁ&béﬁ‘bed and

including, but not"limted to, nultiple | oop reactors,
recyclemhat:k pite tfgasaqterao‘howétan@wbnbolyater prodaf:t thap e withidga from the

o G s B BET B g e orome St
gas phds@ 2€dc@irs mahcliad 4 FMcéssrfBﬁﬁium-‘éteP%‘d s-pRasepelydeiZatifn of olefins,
series or in paral A. Loo rry Polymerization

in whiqhy Jefiussase PplyoTLigEd imthe gperpuprphess ippt leps tysp dxdependent gas-phase
polymc%nﬁz%fl&'l Abifes whﬁl’%%%%ﬂh@’ g‘éﬂa { !:&Rméﬁ%ﬁ)to%n&yfg}rﬁéﬁ Y first

ude a |l oo reactors nay

polymértmhond goneablai seaindmolhﬁemmhabné oopse tprmT(gBEphase reactor is
uent, catalyst and optionally ani(6 cononaomer K be
1

dlsclosgq)ﬁ)( Urﬁj gagepS/Np%cﬁ 33149 4588, 790 and 5,436,304, each of whic

incorporated by reference in its entirety herein.

[00144] According to still another aspect of the techniques, a high pressure
polymerization reactor may include a tubular reactor or an autoclave reactor. Tubular
reactors may have several zones where fresh monomer, initiators, or catalysts are added.
Monomer may be entrained in an inert gaseous stream and introduced at one zone of the

reactor. Initiators, catalysts, and/or catalyst components may be entrained in a gaseous



| oop reactor where polynerization occurs. Generally,
conti nuous processes may include the continuous
WO niopoeR3ed i on of a nononer, a catal yst, and a BPCT/US29D8/011055
into a pol ynerization react8r and the continuous
renoval fromthis reactor of a suspension including
stream podl yntexduped atiapbther zome dfiee dhiattoenThe Fesatteams axfifyl heaintermixed for

may .be flashed to remove the solid pol rr fromthe
polymq PSRN B SR SPRRIAEY 2 AbiRg) Sptimal
polym&RARAP FREioVasdtsnst echnol ogi es may be enpl oyed for

this separation step including but not limted to:

flashing that may include any conbi nati on of heat

it and .pressjre reduction; separation by
c zsgglf"(?ﬁio%obé'ﬁ?ri’%ﬁwf’?‘é‘iﬁefﬁe@r a cyclone or hydrocycl one;
[001450r Sepaédtdifg tddyet @BothEl dspe@tof et tefihiduds, Heqdlghétaion reactor
_polynerization processes (also known as the particle )

may in¢lyderp splytien pplyatcsizaiaeicagietwhersin thg apgiioaer impay pegcontacted with

. 5 75. . .
55 Dhgh gty i iy B e 5t R g o e
organichilnt bSexcassanpasratradaplye eraployed CH desiréd, sheembndr@érymay be
herein. [00142] Diluents that may be used in slurry ,
brough'gg} FVAPT R a%lnfq)?oné%%]het’he cHalyHp peAsEPn pEQdyst, In the'presence or

absencP8F M{flﬁﬁinﬁﬁ% n hgﬁgfﬁ%{zgﬁ zsc;ﬂg?ﬁzgﬁ%ﬁmﬁ%xﬂé{h&?atqgﬁﬁératures and

reaction conditio Exanpl e luents may
pressuries tHatigel] rdsolt i ferfpineatidnyafracoartivand tisepdlymsr pr oractegn medium.
.. ..cycl ohexane, isobuytan n- but ane, n-pentane, . . .
Acitarip s Io YR AR et R Gl e o SaRL G pgfgtain uniform
polymd? a5 hliZtds Rroli SR HIRSo1 GrRABr A H ZoHA dRUedttkmeans may be
~ conditions where no diluent may be used or where the
utilizechfom dissipating the expthgpyicdieal ofaptlgmerszatige. di | uent. An
exanple is polynerization of propyl ene nononer as
disclosed in U S. Patent Nos. 5,455,314, which is

D. | Rvaolop Supp el Shvenef erence herein in its entirety. B.

Gas Phase Pol ynerization Processes [00143]. Furt her, .
(001460 he pdiojyraerization sercias suitabladey thenrpssabteghigiguesynay further include
any comBRalih of ?W niaYetaf fRd rgpélter%”p ké&ﬁ sgstgﬁ%f Qé{gl% d'rec%?é sF

stream contal ning one or nofe nmononers conti nuous
compongits, eddioh b polyimer rédovedi fetdnbeShitablet reaectpr esencefoo fhetpgresent

. catal yst under, pol ynerizatiqn conditions. A recycle
techniques gl&ahf%@er%clb\aﬁ)ﬁt St for ?66 tPﬂ%ﬂffiﬁﬁﬁ&P&&%ﬁ slogge and
i ' b 1T A8 | réeycl
P O e Pt P 77 e R teycle, stormee,
loadouhdabopatofyr aslysispamhenocesagohigoladded to repl ace the

pol ynmeri zed nmononer. Such gas phase reactors my
i nclude a process for nulti-step gas-phase

E.  Mymsiidtsh iCondaion®! ef i ns,

[00147] Conditions that may be controlled for polymerization efficiency and to provide
resin properties include temperature, pressure and the concentrations of various reactants.
Polymerization temperature can affect catalyst productivity, polymer molecular weight and
molecular weight distribution. Suitable polymerization temperature may be any temperature
below the de-polymerization temperature according to the Gibbs Free energy equation.

Typically this includes from about 60°C to about 280°C, for example, or from about 70°C to

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



in which olefins are polynerized in the gaseous phase
in at |east two independent gas-phase pol ynerization
waewes43shi | e feedi ng a catal yst-contai ni ng pol BeEDS2008/011055
formed in a first pol ynerizsdtion zone to a second
pol ymeri zati on zone. One type of gas phase reactor is
[0014&]i sc| dse@bicrpréss@es Patlatso MdosaccBrd3n@iorthe reat&8and 90l yaretization

436, 304 ach of which i.s . incorpprated by reference
type. Thf WESTPr FRTY PRarer S meGEAIPRY Tl BSPrtion s LGy 168 than
1000 pSigOPR&kuRTOEEDs phsd PiflyinehRAlioAUS Ssuafly At bR 266 SW0O psig. High

pol ynmeri zation reactor may include a tubular reactor
pressuigrpozymerinetien Hvebulaner artockrvmisaelorsrie genasplly mmpat ahow 20,000 to
75 oonS e PG ORBRaLE - B3R B d  b AR oscuring
at gendrdlBf ighas@ap&anikdsedid ppraduted! Opatitiod aBbverhe czdes pointiolia

reactor. Initiators, catalysts, and/or catalyst
pressurefigppea s digERAnhSUBSICHEFH ddase) maypites adsat28&m and

i ntroduced at another zone of the reactor. The gas

streans may be interm xed for polynerization. Heat and
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.. optinal. pol rizati on reactiqQn conditions. C. )
with casigin physica bl mesepice BWPP’F‘GEeﬁ?_ég"IE??Gé&B?‘UA%ETSPH?HB&H“G“ be
formed/f thERQEN SN @S B?&ﬁoc?& ﬁﬁiﬁgﬁﬁa{ﬁrgm dettef}ﬁitnes the desired resin

pol yneri zation reactor y 1ncl'ude a solution .
properipesl. \Wieshianiatli wnpertes inotudetiersde,flaxiveal norpane cregpystisss relaxation

contacted with the catalys onposi t.i on by .suitable .
and hagfRRstERs B siah b dnolide. GRTRE Pt arcsighafrfisdlar weight
distrib@{B2 RleRird tbpaatRE, AXELHHsIBA WIBperatte, BenprRuAYa6! of f

desired, the nonomer may be brought in the vapor phase
crystallizgtioncésmsiy tstarparngulpatye eregk gravehy leag chan bpanshinetand irheological
Inwsurteheen%resence or absence of liquid material. The

p31ynérization zone nmay be nmaintained at tenperatures

and pressures that will result in the formation of a

sol ution of the polyper in a reaction nedium
[001504g t atThsrForegntistions:Hi BoBIMEle COHITPAChEMAER S eShet alysly e

modifi&g ne{r{dcglec@l%ﬂ dtoflm%’?liﬁgI ﬁﬂn .aftlpfnrﬁrg@ﬁc){ﬂgme@ltegﬁ%é%perties.

m Xt ures throughout e polynerizati oh zone. quat e
Comonvaam snayehe Used td ¢dntod grddoct dbnssy. pHydrogen heydieatsédktondontrol
ort st ens

heat o ol ynerization. D. Reactor Supp
produci gy e&siar ggr%wfmw Paxoe yp _@Lﬁl%yg%rfes% gf gisons and
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of araw material feed system a feed systemfor

donors@éfiea spereoregulertyal Ipsildidionpiba epnesntratel of paisqns|nyyst be minimized

since urbefygl&‘gﬁ%%hé}/e%%&&s and pr8RUE pfchRateyr systems for the

F. Final Products Made from Polymers

[00151] The polymer or resin 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



techni ques may further include systens for feedstock
purification, catalyst storage and preparation,
W@210904330Nn, reactor cooling,_ .polyner recovery,PCT/US2008/011055
fractionation, recycle, st élzage | oadout, | aboratory
anal ysis, and process control. E. Polynerization
the addfoved) tlhﬁ @nM@@Mﬁ‘ﬁ}n faffanay benextrudad anchiorined et tpebéts der

' nmeri zat.i ffi.ci a rovi de resin
aistribyRigB P Ber R Ao BloSPH P ERrBef o and e
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enperature can affect catal yst productivit pol y
[00152ﬂml ec ﬂ%fonm@ngmro@w@s Profomnengnts sy Hie pellstsy B@?ﬂ@ﬁ are generally
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blown &, 0da6l figh, te@trhigien @. Qbshe'éf eansiey, gipeadd abirogated yhGedn, y
this includes from about 60C to about 280C, for
coatingdlgmmiAtion catrusiparitabend syon Blowmalding iprprasessatsed fey producing
t f
hotlow3fRfic bifts 1R ulleBUHPRN FRLOTOLRARb g AfligHitnt uch o
rec1probﬁ&1gt snrevanﬂacpmhs; edurzdbion hethﬁpechlﬂ'dmearm @s@ur Ehd Blbw molding
qui d {}ase E%gmarl zati opns IQ a Ioo&é}rjegctor i
prOCGS% w b failpredotogmed) dhe qusinaNgs s npedipapd & manyigpiugRrogets panging
from t}féﬂJl% ST mhifieh bABs fosthl':I auBhloYivatudd Pt n?eggonecﬁzﬁﬂ)vgs Sgnllarly, in
Hi pressure polynerization in tubular or autoclave
inj ectiq*rgaotdmg prcxlugtsraad abi‘rlponﬂzms iy &b outld&D{od @OVItl@ ra?@g ©0@pplications,
ldg Pol y r|z bon [e ors ¥ 3 ate ind
includiBE shiaingiss KUt bgRisa BAARREn S pEae Tten GHeeh
closurefseﬂgpﬁfr@tdjfeq;s and pressures. QOperation above the
critical point of a pressure/tenperature diagram
(supercritical phase) may of fer advantages. [00149] ,
he c tion of various,reactan
oo1s3ge, F APRR' G FupPRafes PR bR GRIEE: Pal R ping, g gyamte

may bo@eided Gam ;wlsmﬁyltanepelleTP&nmramQ@admamohss@ﬁnanQﬁupphcanons
that will be fornmed by the resin and the nethod of

due to ftpehangalrasistangeo R verasep inFedatione duabilite ang east advantages, and
the llkﬁ%orlgegé’dt Fﬁétllcn%@g?tﬁmeﬁ@g ﬁ z%ralchﬁ%e ﬁ’iqgnttlﬁgg&l Water mains, gas

ura cre tress re ation an
distribitaingstess ahde sirstarPhepsirs, ahtepooplentbires e]enﬁicaﬁ@rﬂehsimwer and

nol ecul nol ecul ar ht distrihutio
Comm‘l‘?é‘falnpﬂi; bg[:@pmzaéer F@Plé‘gsWF]:{\g?é‘Pg i'HRAPE ARV @&?@tlons In
particulf 'TAEH-BEMIE Metthngnécﬂ/ﬁlt@) lvdlﬁéht %éi’l@rall?%eﬁétftﬁt’es the largest volume

steréoregularity,” crack growt h ong chai n branching
of the poiyblefme gto@guxf @llasm@gdémsmpg m{)olm_@ggh Hbeasion-resistant and flexible

ntrations ong
(even § gD g e o S Qi UGL P eBRL P iy sl diameter
tubing bAPRY gigdhp kdmRFOMEE BTBetlih @Rendt@S ITH gbiMEpblyedylene pellets
(resins) may be supplied for the pressure piping markets, such as in natural gas distribution,

and for the non-pressure piping markets, such as for conduit and corrugated piping.

[00154] 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



Conmononer may be used to control product density.
Hydr ogen nmay be used to control product nol ecul ar
woei0gl¥330Co- cat al ysts may be5 used to al kyl at e, PEGVHY®Ng/@11055
poi sons and control mol ecuPar wei ght. Modifiers may be
used to control product properties and el ectron donors
as a widg pr@g@ssgxgeylgdp‘@gg llﬂughmtngore; themlyqtl@ﬁenq Iﬁgms suitable for rotational
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moldinf SRl dP 0t 18R RGYE bl Tl EPee Bl SRl
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processi ng aids such as waxes/oils and
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[ 00152] To form end-products or conmponents fromthe
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ext rusi on, coatlng/Ian1nat|on extrusion, etc.), and so

weldedgnto lg[gg\gomg}rmmqmg syséeras i deiase applientions apqi gHRdipR) Waste disposal.
hol | ow plastic parts. The process typically enploys
bl ow nol di ng equi pnent, such as reciprocating screw
[00156frachi Mg blaweg A padceks Beaadlatmelidivesse cndespnaYstethsed for
bl ow nol di ng. proces be tailored to ne

polyethylggieorkbe: Aén%éa§001§ﬁafqr§eﬁt§mwme§abr(ééaé\tl)séerﬁalﬁg; filgs as less
than 0. ff@[@lhﬂﬁte‘?l(ﬂ? | thitkhQdst ﬂ{ﬁ?rfe‘? fhb 1AM ﬁffi‘??ﬂdé:@ssf &&lproduce

wentlone a ove. SIm In inject
matenalmiwhng as prﬁomiuhtr@ten 1§20 oolspané htglerralifurﬁe:nnoted bbbw molding in

de ran a i cat. i ncl udi ntai ners, foo
conjuncln e 008 PR YRy o Tt BR P oL Es Lodbe ersigawork
for sev@AfapplieSRS Advantd 888s prépfities OB wihOfdid Epr8dhidts fa9include

processes nmay al so be used. Polyethylene pipe, for
clarlty,@mmgih,etearﬁ’a@at)b eptsal rpmrmtl(sz amd t@@glymswo apae @efBWetAppllcatlons
S0 cat |
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such asl afgSiE@lhdraI i ki, hplgielaé)ﬁlm,taﬁdaadoﬁmst advant ages, and

[00157] 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.
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"All polymerizations were conducted using: 80°C; maintaining a 340psi pressure of ethylene
in the reactor; 100mg sulfated alumina; and 0.5mmol TnBA.

[00160]

Runs 1, 2,6, 7, 11, and 12 in Table 1 show results that may be obtained for

polymers made using exemplary catalysts in accordance with the present techniques. The

specific metallocene structures used, I-1 and I-2, are shown in FIG. 1, which correspond to

the identification given in the column labeled ‘“Metallocene,”

in Table 1. In comparison,




[00156] The blown film process is a relatively diverse
conversi on systemused for polyethyl ene. The American
W@Ew0e43306 or Testing and Materials (ASTM def i PEBUSI0081811055
as | ess than 0.254 nillimeter (10 mls) in thickness.
However, the blown film process can produce materials
Runs 3&% 8t H, @kd 43-16.16 Tablel §i stmmeq:or(n@@atmel rggultsam;t ma)glb@cpbtamed for
er.nore n co

polymert € HERY S o il (P E Ve Lt B RE ik sopgresive the n°-

cyclopérﬁé/dlérﬁq O ORAMOT Khé RlctaiR¥&Ietrusipd isedtfoPthese runs is shown in
Advant’ageous properties of the bl ow nol ding products

FIG. 2 pustruotwesdel . £1-arandyC-3st rengt h, tearability, optica
properties, and toughness, to nane a few. Applications
may include food and retail packaging, industria

ComonPafeK dfoRgbraBdsl non- packagi ng applications, such as

agricultural filns, hygiene film and so forth.
[00161] 001 57iheTatal yshsempesitonsefdbaprepany teghniques may aysietter
comongllngrv\ﬂc&lgomtleﬁ st % Hﬂ&eﬁp @at%@?tt s gtléﬁﬂct%]t%dno\( 'hﬁ\tfé"?!:yclic
onal orienta |on capa

bridginghasiast@nheadtingshatwaoy - aycﬂq&bhtafdldnm tyipedigahdy. Ehianplyde shown by
to operate at higher_ production rates |Ie produci ng

the contAPR ef Bpnphend s, mAEa% 15 bayibRens 5 4 geiSand retai |
packagi ng take advantage of these strengths. Finally,
pol yol efin pellets may al so be supplied for the

[00162¢xt r udn duns d&ft, ilAgramsiof hiltexeriei voare rddhdstothe {ed00E83 a comonomer.

Ut roducts an ent s rmed fro
The amgynls it pming BGnBORH a1 i 5 RO r Shp e P} hdnd Wt %
of 1-heREQCRSEAE ANth APSRBD HRIarhSiint @mtﬁek@f&ame&pafh@ecsﬁk 61?1ners
the consuner. For exanpl e, a polyethylene mlk
made Lﬁmg tb@exarmpl@ror qmadwwhqan or Runsst ImeZLtW@rhlghﬁrtth@ for comparative
ansa-nSPASUIeL, Lo n1n un tank may be assenbled into an
adigﬁ%b 1e P %utlon and sale to the consunmer.
I V. Exanpl es of Polyners Prepared Using the Catalysts
of the Present Techniques [00159] Wthout intending
[00163pe | i rﬁmhﬁgcor@mwp@weﬁbwm Rupg ¢d (c &oythess AEsca aqay@tof 1-
hexene%%%%%ln% Q4 dﬁ{gie& LEREH AsescfllaWn unl Sy aIpF7 co onomer
aracteri ze er cononomer i ncorporatiaon t
incorporatyorbfor dtrse«engﬂhry&ﬁceﬂalyssi afghd pighdnt yechniqdgedas also 1mproved over
-nmet al | ocepe cat sts MAIE% t a cyclic bridging
the comparahi\e RefAlRRENFh InRENSEEIQy I opent adi enyl -t ype
ligands. This may be denonstrated by the
pol ymeri zation runs shown in Table 1. Table 1:
[00164fx enpl Zamathd@aloynperisareisisbow Rbp R uak 11961 >In”elneisz awnisp B graerseof 1-

onduct ed usin I nt ai ni a 34 ressu
nexencGPRERRELNEN HOERL PEAETr A et e ol A a8 AR A) e current
techniq@B$lsidbwaidRthel RBonomer incorporation than the comparative metallocenes listed

in Runs 13-15. Thus, at al levels of co-monomer tested, exemplary catalyst compositions of

the present techniques were more effective at incorporating comonomer.



[00160] Runs 1, 2, 6, 7, 11, and 12 in Table 1 show
results that may be obtained for polyners nade using
We@2@aossny catal ysts in accaordance with the preGEOS2008/011055
techni ques. The specific meXal | ocene structures used,
1-1 and 1-2, are shown in FIG 1, which correspond to
V. tRrecédivnas i fi cati on given in the coI um | abel ed

" |n Table 1. In conparison, Runs 3-5,

A. él\/%%”ggfae “n Table 1 show conparative results

[001654 hat rmplﬁﬁta@mwﬁdtofs&rb & NitoBISP B &zl DRMWiBution Instrument was
catal ysts that do not have a cyclic bridging noiety

used tg datsEBiNengpeEtie wéayel%iﬁeﬁfsasfa@mea )t g5k specifam aere w]l@me (“pore
t runs. i s _sh
volumcg‘?.c_:?‘h qgsgﬂlg%eﬁlh cv:\{igﬁae u“:fléldsi?orgﬂf Q gac'c%_r%n.)e F%)ﬁ%}?gl\lf\@y%)&et, N.Y.
I ncorporation [00161] The catal yst conpositions of the
present techni ques may have better conponomer
B, iMeasuisotent poonpuging InpenparatsndiyeCdat st syst ens
hat
[00166§| he t q@ex%ﬂé “E{,bc cggtéﬁ%’ g\lc?seny{lh%pe ﬁi‘g&gﬁ%ﬁfxgﬁﬁfﬁ&%&g content in
the cqimd)ymexby onhea cvapai i imvacfOORWpsctiometdr 2using Thkiieall, ‘3C NMR

with Rupns. 3, 4, and 5, [001 In Runs 1- gr.
spectragtopy. FERBIRERAS B HRIBlY IS RE AT O kol G RGN dnbr NMR and
Macroﬂr—zbﬁcmu er(z)cfe WB&Wnd'B&meﬂ%%b nhest @ﬁm@és‘ﬂﬁh Series 247,

mer are shown as nol % and wt % of TI-hexene in
J.C. RmatallleEd Alnpergiah Cd,)amecsl,l SobietyaMashingtdn D(hel@84¢ The samples were

preparid iy ot Tantige L RTE Fe B b AR o ERER: (HLR Signd 124

trichloBBRRANSTICE). - TRE et WDS acliRiantins R@”@Sl]’% 2 90° 911,@ Jidth, a 10
Further conparisons are shown in Runs . hese
secondrpies, defry apdil npelear Overhewser elderin &mumgevaaca@e@mphshed using a
“Mkzﬁa usesgtoam:As shown by Runs 6 and 7, conononer
Borpor I'on for the exenplary catalysts of the
present techni ques was al so inproved over the

nparative netall ocenes shown in Runs 8-10. [00164]

C Aff’(é?‘rféflo’ééﬁ%ﬂlf@tﬂff iSéicand vy Argivedort§uppsTt | n t hese
00167§| Egsr e’[il%t gflﬁﬁ%hﬂ{unja E&i( §g3¢e W({H@rﬂw&dagﬁfzggi&mna acidic

e exe pol ymers o
activatomisupott ih eleih rEyqngﬂ;e shswgtlcdllygbeyisaositinpaiimina obtained from W.R.

Grace %ngr pg\dgg Tg t(}gﬁg}éﬁlﬂgt g%ﬂﬁar at) gggggg)lo:rlcg%eﬂgfe clfI a%out 1.2 cc/g

and a rsfi’r""fzic:eédare§ %3t Y06 %&Fy SThig oﬁm@ﬁhlt WA RkIEN B YPIESBhation to
t echni gques were nore e fective at incor por ati ng

incipiepowetnessevitlva sPlution daneming aRproni®h befludeide imian atriognt 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 thus-fluorided silica-alumina samples were then
calcined. Calcination was performed by placing about 10 grams of the alumina in a 1.75-inch
quartz tube fitted with a sintered quartz disk at the bottom. While the silica was supported on
the disk, dry air was blown up through the disk at the linear rate of about 1.6 to 1.8 standard
cubic feet per hour. An electric furnace around the quartz tube was employed to increase the
temperature of the tube at the rate of about 400°C per hour to a final temperature of about
500°C. At this temperature, the silica-alumina was allowed to fluidize for about three hours
in the dry air. Afterward, the silica-alumina was collected and stored under dry nitrogen, and

was used without exposure to the atmosphere.



[00165] A Quantachrone Autosorb-6 Nitrogen Pore Size

Di stribution Instrument was used to determ ne specific
waebaecsoar ea ("surface areal) and specific poPET/UsSi008rE11055

("pore volune"). This inst dment was acquired fromthe

Quant achrone Cor poration, Syosset, N. Y. B. Measurenent

of Conononer Incorporation by G13 NMVMR [00166] Hexene

t t butyl b h
D Eaeuhtor i R B AT AR | ovasho

[001683 PECt ISuMRteAralMBinaGval fagaéCsy a pfcedWrh & pIRGHIIAEHE A chemically-
technlques as previously described [see Randall, J.C
treated mgthehsul fateror biswRtasaIram cYushs itialeey bissdgtresouece may include, for

C ium Series
examp 5 AR oo AR i dbino e RNTRRS, S et
washlngton D.C, 1984]. The sanples wer e prepared at
Cat 10 Ww%in a 1:6 mxture of
001691 4 dlleﬁp@ﬁ%@lﬁ%wecwr% [BcgengmgTeiahglumina gold as W.R. Grace
T, 0
i S RHERSE 5 EERon i S MDA RESHAT B g 15.20%
(NH,),864 of HIZSOn ut’llue aulfz(mdaallumilsaewaséa‘leintd at[ﬁﬂd’@plhlanqzmgcm ramp

rate), "g&’;ggﬁ ?(&1]6 %g}vl\%aééreé% Ql:lrlgzsé%} E}?ﬁ ﬁﬁr?l?nea was collected and
stored didet YA} ﬂErog&p lAQd R’vaE g@éﬁﬁ@ithJﬁ%x?bﬂu‘r&ﬁ) Ak diFhaphaeed to

prepare thé fluorided silica-alumna acidic
activator-support in thls Exanpl e was typlcally
I son s - al ym pa ed. fro
E Bt 5o R IG Bt NS i IR R PRE0RRG 2% por e
[00170on un&?&ﬁp(ﬂ#ﬁaykﬂ, 123 C;ﬁ{dmélﬂ(dh@zvﬁ H FEG @) W cp@pRparB @¥ing the
n/ This material was fluorided by inpregnation

procedur@ dlw@w et Svdtatras Bowy 04,328 d1eein diledsatby 1efangpice in its entirety.
f £
Prepara%%b%?g?éstf#ét%\%\g %ﬁ;ﬁﬂ %ﬂ:t h%ﬁ@ﬂl%ﬁlcg s‘fllu%{h'ie a‘%ﬁlglg&{glln below,

are presefipgdei@gnhé Gdlomadesubatctivas: 1 (1), dr(Fe2), B quat),vamme-syen
for 8 hours at 100C. The thus-fluorided silica-alum na
sanpl es were then cal ci ned. Calcination was perforned
by pl aci about 10 grans of t alumna in a
1.75-inc uartz tube fitted a sintered quartz
di sk at tfie bottom While the sflica was supported on
t he di sk ry air was bl own up rough the disk at the
linear r of about 1.6 to 1. t ndard cubi c feet
per hour. ectric furnac; ar oun ghe quartz tube
was_erfd %? edtéd i ncrease tf ﬁﬁ&gﬁ'ﬁ%g of the tube
at Repanghy éepfi‘l‘a “é‘%eut 400C per to a final
tenperature of about 5000C At t |s tenperature t he
silica-alum na v [ about three

—

hour s
7
|
6,6-(buten-3-ylmethyl) 2-(buten-3-y1)-6,6- 2-(penten-4-yl)-6,6-
fulvene diphenylpentafulvene diphenylpentafulvene
F-3 F-4 F-5
[00171] After preparation, these fulvenes were used to prepare the ligands whose

chemical structures are listed below, as presented in the following subsections: 5 (L-1), 6 (L-

2), 7 (L-4), and 8 (L-5).



in the dry air. Afterward, the silica-alum na was

coll ected and stored under dry nitrogen, and was used
woRbou3oexposure to the at rggspher e. D. Prepar ap€DHSWNS/611055

Sul fated Al um na Activator-Support [00168] Sulfated

alum na was formed by a process wherein al um na was

Such a&B ” grtBe sul f at-Bu"svukce—ayBe ncl ude, for
exanpl e, furic acid, amofiiwh sul fate, or ammoni um
bi sul f ate— |8 1 procedure, a
commercial alum na sold as WR &I ace Al um na A was
sul f at ed by i mpfee A
cont ai ni R, AReMImed5- 20% ( NHA) 254 Q). H2SO4. Thi s

sul fated al upina was cal cined at, 550 0C in air (240
Chranmp rate), with a 3 h hold period at this
tenperature. Afterward, the alum na mas coIIected and

d\ under dry n
Q& 8-Buo t he-Bg @ ¢
Me~procedur esf or Exeﬁmﬂ(ry N@talloceneé*a d Polyners
70] Conpounds™-3xL-3, and C1 Sh in FIG 2)
prepared using t procedure discl din US.
Patent No. 7,064, 225, hefevn included by r ce in
Midukedr SR T €LY . PreRanatdrRmheRr ocedures fiar. fhe ot her
fu] yenes whose chem cal structures are shqwn bel ow,
aré presented in the fdl|owing subsections: 1 (F-1), 2
[00172] F- 2) ,Procedhredusingiifaddd E-15)L- 2,2[:-(4bhlricED=§t0)ﬁrépeﬁe the exemplary
2-(buten-3-y 6- pent anet hyl enepent af ul ve
metallch@smpw@@péwmpg%ﬁél -} ind=10x(1-2), and procedures for preparing
conpaE ERAERSTAH Ttk FABMEGIRSTIA 2B 12 (G, Subsstion 13
presentdiepéraphhyppotafuntsvien preEaBng:pdlyﬁ}eﬁs tﬁsﬁkﬁgl.fh&]catAf)tse«:ompositions of the
reparation, these fulvenes were used to prepare the
p“”emﬁF #€Swhose chemical structures are |isted bel ow, as
presented in the follow ng subsections: 5 (L-1), 6 (L-
2), 7 (L-4), and 8 (L-5).Mxture of isonmers M xture of
[00173] sonerldnlgss spe¢ified mherwise rgagemomrc sbwined fram d¥ldiidohemical

Compall}llly)%lclll Werd 1flse|d as recelveld % +D1 tert- gutylﬂuorene was purchased from Degussa.

The Grignard reagent CpMgCl (1M in THF) was purchased from Boulder Scientific
Company. Zirconium(IV) chloride was purchased from Strem. The solvent tetrahydofuran
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.

1. Synthesis of 2-( buten-3-yl)-6.6-pentamethylenepentafulvene (F-1)

[00174] To 2-( buten-3-yl)cyclopentadiene (0.127 mol) dissolved in methanol (50 mL)
was added cyclohexanone (12 g) followed by pyrrolidine (17 mL) at 0 °C. The mixture was
kept at 0 °C for an additional 30 minutes, then warmed up to room temperature and stirred
overnight. The reaction was quenched with a mixture of ice and acetic acid. The mixture

was extracted with pentane. The organic layer was washed with water and dried over



[00172] Procedures using ligands L-1, L-2, L-4, and
L-5 to prepare the exenplary netal |l ocenes are
w@e@sessed i n subsections 9 (1-1) and 10 (1-2)pPCHOR008/011055
procedures for preparing c arative netal |l ocenes are
presented in subsections 11 (G 2) and 12 (C 3).
anhydrSumSEId:um@nlfms Beesealte tb«mimmmydpr\@cetdu rgexe & brown oil. The

e B S e RBB NSO 1
54% yield) S adlobfiinddeR A8 ISWIRuEd.0bt ai ned fr om Al drich

Chem cal Conpany and were used as received.
2,7-Di-tert-butyl fluorene was purchased from Degussa.

chl ori de_ was purchased froantrenr The soIvent

[00175] et r anRi GRiA- TR XRRPeatagiene ((Gy mmael iliseplvedkingpsthapal (&5 mL)
was adé‘&i" )g:'i taﬂbﬁé {’7)/(% 6}3 . Cﬁ(v'ed %'y?phom'ilg%ﬁlpfggal enwnﬁhe mixture

ene we ase tific

was kef;orm)aqrry forafl 2880684 OMeTut&S tHev at#ahed i1 Rsbm Alnhperature and stirred
sol vents were degassed and stored under ni t rogen.

overnighbpdhe seicppiepras aesnshed wethe moture i iqei andeetic ac.nThesigture

vl TS B SeRRTE LPERA BrE f
anhydrdil§§@]|mtﬁ Qulifate "REMBNS of (BOsoHgnt Waderaddatn @yed o beywaneimeThe
foll owed by pyrrolidine (17 nL

) at 0 C. The
crude pfw%cg Mes Rag ik prough ssligaesolypn sitheheptane o e degredimeduss (7.9 g,
0 erature and stirred
566/6gn%pn|gﬁgﬁg$%g ﬁggﬂﬁﬁg%&agg guenched with a m xture of

ice and acetic acrd The m xture was extracted w th

er and
: , St . F the
sol vent under vacuum gave bromn oil. The crude
[001 76&; r oducko $vsomer ituteng (8 09 g@é A7 a1th4, O/ 18anelivagadded

evelon AR el GRS o Pyttt D o o in
50 mmmgs eAfRr ydlamg 6r deddaditial Y5 angpenheds o MBS elhﬁre&xas warmed to

00175] To 2-( buten-3-yl)cycl opentadiene (75 nmol)
room tctng&r@tluwe dAftcr smtm@m:ﬂml(ghs tlnﬂ_r)eavml watatnchel witk atnanbmeof ice

and walgts @i Rire RAS SRt BN pyftolles HidorEafiidayeh was aptied Svitn

water dnfl Ql&e%&&ﬁﬁhﬁ@roh@ s6AEM subfRe Rdnval 8Mle SbiveAtshder vacuum at
over ni ght e reaction was quenched wth a m xture of

room teraperalyee gavets) rowa iliguidr(9é.2ng. erudedbuigns 3 aiavckoperigdighe ) To the
crude tiglr?eifilté%'“ygc\yglrl')%nt%]%é@ 991.2 By &soléa IW%OWM) WAl £4ae37%uLi (70

mL of 10 M in hexanes, 0.7 mol) at —78 °C. The mixture was warmed up to room
temperature and stirred overnight. The anion solution was added to benzophenone (133.8 g,
0.735 mol) dissolved in THF (400 mL) at 0 °C in 35 minutes. The mixture was warmed to
room temperature and stirred overnight. The reaction was quenched with a mixture of ice
and 10% HCI aqueous solution. 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 40 °C gave a dark red viscous oil. The oil was dissolved in heptane and

filtered through silica gel. The product was collected by washing the silica gel with 5-10%



anhydrous sodium sul fate. Renoval of the sol vent under
vacuum gave a brown oil. The crude product was
W@eopo#sa t hr ough silica colum wi th heptane. A¢EBUS2008/011055
desired product (7.9 g, 5669%>y|eld) was obtained as a
yellow liquid. 3 Synthesis of
CHzCIz’Zhl(ltnptwn Re;dO)vaﬁ?thd belhentydape theafesiradepredid(492d, 08176 }ield

To, 4- bro 10 of 97 wt% 0.719 nol) was

based Qi BipTRG ATTR) ASH TR Bn S A ehi or e (800 WL of
1M solutlon in THF, 0.8 nol) at 0 OC in 50 m nutes.

Adter stlrrlno for an aqd%tlonal 15 m nutes at 0 OC,

stlrrlng overnlght the reacti on was quenched with a
[0017701 Xt urko Hbrome- 1 gpetitenat( @00 g Shes mitdl 01687 wasl) wxs adietded
W th pentane. The orEanlc | ayer was washed with water

cyclopgitepienyl dpgpeepm 4g0 MP%%WIW&@H ﬂéﬁ&&m@r at 0 °Cin
an hou{jr.gggros%t\égﬂé Sol%%%ﬁg%{%%gf%@glurtgso eerr%}x IEI% as%&arr%ed to room

temperRinke& nAﬁeﬁ’étﬁMﬁ% e hicA |tl$@fé)aet16‘fpwh eﬁl‘:lﬁ’éﬂﬁwnh a mixture of ice and
but en- 3-yl cyc opentadlene (94.2 g) dissolved in THF

water. (h@aniiure Was cxlderses! thB@Enta(lez 0Thg orgnig dayer was heaghgiewith water
and drigd ovg{pan%] (%Ious Z th&))ﬁ sul Iﬂe)ﬁ{o%f%mg ﬁ.{}l]}gém%dgxpvac? 1%1039 Bom

era re an rre overni ani on so

temperd@se g@l@&dydla“bmmnt@ﬁw(% g lzﬁﬁlefbegtenm ?ﬁ§clﬁpér)tadlene) To the
di ssol ved in THF (400 in 35 mnu
crude peptened-¥l M@R&aﬁme@ Bo‘é‘n’pt éﬁﬁala%?r@tlﬁﬂdmmef ré%9/98)*0 637)

dlssolv% gr{ gﬁgrtig(g jﬂ%&a‘%%ﬁé&’ﬂ B;é@ﬁ 6?6‘ J}‘?‘é) M ih e Rars X6 8 b 1Pt ~78

aqueous he m xture was

°C. T}exmlxaﬁé s Wakied ap t@rdm ﬂéhq)e@rt@:amnd stiftg@ bvavaizhnaTheshion
with water and dried over anhydrous sodi um sul fate.

solutlomm\addedotp beneophsneantl 10 808. |60<’1 aallL sl veslon gy 6308 ml) at 0 °C

in 25 rréﬂléte§ rﬁ%l errné %uéasow:ﬁrmedr{o éoom efmpef:%tl rsesa?nld %Eeld%vre]r%)gh%n%he

hroug St

reactiofi §lak q&étﬁiﬁe@yvlﬂﬁﬁﬂm)ﬂ@retd‘fecéaddl 108, gl ah}hédhs@oﬂﬁ%ﬂ‘@ﬂz niifture
hept ane. Renoval of the sol vent gave the desired

was exga@@mmlt (PeBtage. Fhe Q%391CéP¥PrkY!é?§é’!ﬁPSb‘?fi with vertes-and shed pagr
anhydr S SulfE, KepeRHT it saifent Ml 1R8N &) 40 5¢ gaye g dapk red

viscousl6i1. 5The 6ivak dRSHilved th lﬁékﬁ)zﬂlegm@fﬁlﬁlﬁad\/m%ugﬂ sfizd gﬁm Théﬁﬁﬁduct was
added cyclopentadlenyl magnesi um chl ori de (700 niL

collectadvpys wrehing Hejsilicprge] wath - hto)CHaClpincheptangn Reggwal 9iftb@ polvent
t 3t
gave tHR! de%&écg@rozh%t \XE{B r@gg 0 ?fg?r%s%gormﬂjse r%gc%rﬁc? ela};eR eng? ad Q&e}r}ﬂrﬁ%
viscouowier ni ght, the reacti on was quenched with a m xture of
ice and water. The m xture was extracted w th pentane.
The organic | ayer was washed wi th water

5. Synthesis of 1-(3-(buten-3-yl)cyclopentadien-1-vy1)-1-(2.7-di-tert-butylfluoren-
9-yD)cyclohexane (L-1)
[00178] To 2,7-di-tert-butylfluorene (18 g, 65 mmol) dissolved in Et,O (100 mL) was

added n-BuLi (6.8 mL of 10 M in hexanes, 68 mmol) at 0 °C. The mixture was warmed to
room temperature and stirred overnight. The anion solution was added to 2-(buten-3-yl)-6,6-
pentamethylenepentafulvene (F-1) (13 g, 65 mmol) dissolved in Et;O (100 mL) at -78 °C in 5
minutes. The mixture was warmed to room temperature and stirred for four days. The

reaction was quenched with a mixture of saturated NH4Cl aqueous solution. The mixture was



and dried over anhydrous sodium sul fate. Renoval of
the sol vent under vacuum at room tenperature gave a
W@ 200004330 own |iquid (98 g, & ude PCT/US2008/011055
pent en- 4-yl cycl opent adi ene)*" To the crude
pent en-4-yl - cyclopentadlenesg , ca. 0.579 nol,
extractedh wathdity@ allhe grasaic layqragsogyshed B@fh)waiﬁrsasldldy@é over anfydrous
0 a
SOdlUlTE) %ﬁeg}‘%eﬁ@@?al ggﬂ%dsogbegyllln‘%&d)?% ggce% give]a e é)r(pwggg ?21% r%rude
product @applidfied @iréupdh silidaldofen®wethrs- g, CHJE, amspmn@olmmhﬁnre of
was added to benzophenone 0. 604 nol) dissol ved
isomerp forthirdesiigd preducht24ol & 1707 mﬂghw%@btamﬁ@ ahi XIS6PW Qihs
warnmed to roomtenperature and stirred overnight. The
reacti on was quenched with a m xture of ice and 10%
HC  addyethesissefl L3 -utenf g ovolbpereadias 1 aX)- 1-82.7 eli-tevt-botylfluoren-
pent ane. The organic |ayer was washed with water and
dkl%ﬂLéﬁﬁﬂ—éﬁz%ngus sodi um sul fate. Renoval of the
[001793_0' venty Eﬁ%fteft’ Bt dEnd 18 a8y Anffl KisdoPkdihFERY$100 mL)
il. The oil ssolve i n~heptane and filtered
was addéd oByiLi §4.5incla oged) M ithigexanes) 48 tmmal ac® F’Ced‘he thlbt;ure was warmed

washing the silica gel with 5-10% CH2A 2 i n_hept a
to roonpisrpReaftuLst andrRtined oy sha f 8¢ enign Jaliitips avas padrsce 2(@5'@1 -3-yD)-

6,6-tetfifid 1é°rleg xpaﬁl%%ne F%%g’f 9?2&? 4RERbLBEIsoRed th HADK20%EL) at -78

VI S C
°C. THe—rﬁB{-tl(rb tKtal Nva'ﬁm}tﬂ )@wbhomieaaimeranﬂ stitrpd bvdrRight. dThd miattidn was
ylfluoren- 9-yl)cycl ohexane (L-1) [00178].To
quenchzd m&h a m&tvr%ﬁsywqt%k%hél RQEFOYs S@Btlmee HPdeEs WasExtgeted

with E q}kjoggaé'xné n%%aigg%féggw%hteﬁ BnBaiidd Ker }&Mr&)@s sodlum

exanes m xture was warime
sulfater (R&mdvemifetheltmlWmtamdelswta'cnumdgawarvmcgilﬂ oil. Thiee emde product was
.. Solution was .added to 2-(but
purifie rpustetiticd cHupBY It heRjuire 4 Ry a%S@neré £orHyp gsired product
(5.4g, @'787@9&1%&13 vhdd dptarfed as00vislous @il - 78 Cin 5 minutes. The
m xture was warnmed to roomtenperature and stirred for
four days. The reaction was quenched with a n1xture of

Vgpm]Maﬂﬁme@ﬂﬂwqhh@@meer anhydrous sodlun1sulfate

Renoval of the sol vent under vacuun18ave a red-bro

[00180di | . Thre2 ardadmﬁﬂ%ﬂmrem@lphg,m?e@o Hhesalyd 4n EFzQa(5OO mL)

R T e

to roorﬂ/@eﬁnpﬁastafdmﬂ stifred ovEmEgHdS TAE lanloﬁ solBYioh s agdeaf to 2- (buten-3-yl)-
-(3-(buten-3-yl)cvcl opent adi en-1 -v

6,6- dlnhenylpglwﬁlwenﬁ €104 £ @306 00D (Erd) dpsqivpe incEoPAOAME) L 03¢ in 35

minutes. After stirring for an additional 30 minutes at 0 °C, the mixture was warmed to room

temperature and stirred overnight. The reaction was quenched with a mixture of ice and 10%
HCI aqueous solution. The mixture was extracted with CH,Cl,. The organic layer was
washed with water and dried over anhydrous sodium sulfate. Removal of the solvent under
vacuum gave a pale brown solid. The solid was washed with heptane and dried under
vacuum. A mixture of isomers for the desired product (142 g, 76.5% yield) was obtained as a

white solid.



[00179] To 2,7-di-tert-butylfluorene ( 11.8 g, 42.4
mmol ) di ssolved in Et20 (100 nm.) was added n-BuLi (4.5
wWor000/043800 M i n hexanes, ggol) at 0 0C. The PERUS20608/011055
was warnmed to roomtenpera re and stirred overnight.
The anion sol ution was added to 2-(buten-3-yl)
@,__G_t_@m&le ertfpent af-(3-(penten(4=yDyyqlgpentag enAD-VlD 1-(2,7-di-tert-
at -78 OC. The nixture
and stirred overnight.

OOlSthe fel&ﬁl V@t&ﬂ&‘éu@ﬂﬁﬂﬁ&ﬁﬁ% b, 8.43 niby dRssOved B BthO(200 mL)
HACI aqueous sol ution e mxture was extracted with

was ad@eEBuTh &4 omgaati 1O May bexangs, Osmed aniOt’k. Walteanixdirg was warmed

to roong et AR RE QLS (b | B SISt StIBtigh as faeddp geidnten-4-y)-
6,6-di Hé@iﬂy&&amnp (lrdsfg @dtsbhﬁ&y Gﬁswsb&aed:m 450 (300 BAL) at —78 °C in

heptane. A m xture of isonmers for the desired product
10 mm(ltés 4The nﬁ)?t.u'v'e%vys whldx)edmas*om’nttanp@dtuas and stirsoysroght, The

nt hesi but n3 ntadien-J-yl)=]-(2
reaction; Ve SEEIPER SN T FISHE ST 15 HVLL B EAOTHEERHEn | Lhaiixture
was ex{r%éd &Q}l EHO 2THe Ql* hkhyd? Wak WdsHET GB waddr and dBied @véranhydrous
di ssolved in Et 20 (500 nm.) was added n-BuLi (35
SOdlumrﬁl_ll fe. Remaviahohtbiz spkvent undgsvasyim %ave@ m@ browa seligt he solid
was wasl eed \\gﬁfl (ll}ﬁgtat (? ulﬁ) %rhedt \A%ngl?:g r&g | g{nte d 2;9( Egmgfs)ef{)rn {hd IzieSHed

producb(161 di g1any ligr)tak bbieemna o5 L0shig: so®1d366 mol ) (F-4)
di ssolved in Et20 (200 nL) at 0 Cin 35 mnutes. After

stirring for an additional 30 mnutes at 0 C, the

IZQFdlaté& &ﬁmrdaenamﬁ@aﬁm@bﬂmnomchmﬂe Ifi- l(ﬁrUFH} was

tracted wwth CH2A 2. The organic | ayer was washed

[00182Cm th v kef3 mera%y@ey@oeqmt%ﬁyér%h& (Bddiiustdut Beqren-9-
ey SRRAE L) (o2 NERY SRR AR P BB B

BuLi (6I1B G off BE MU heRaldsx 68 hEndlf ai G 0DEThe ik tutdwagiwamicitto room
product (142 g 76 5% vyi eld) was obtained as a white
temperafgrd, gtige swmbé jagd 8¥en1ddég1 Vigearata o ZrCly (8.2 g, 35 mmol)

7 oyl f |
suspen%é_d) 13%%}8(%?}’& en%l]e rré 4? e)]?ﬂ@z%tfog%%%gﬂf]apg Hih 1 hiGiles. The
mixtur@wds diarrhed to-lbutnytkembdmnﬁa,etl('r]za Dvérngght C)an@Eevﬁnla)ed to dryness The
residuc IR e ';egrﬁgéezgégm% ﬁﬁn%fyerﬁgfc'%e%d Tor Somt e apiscarded. The
remaini3ORE wal WA0E0 4 SIBRE ﬁhiérv@lt@g&tpen({sb%)o‘ﬁ%@x%&ed Wit

ani on sol ution was added en-4-yl)
methylene chloride and centrifuged. The solution was taken to dryness under vacuum to give

an orange-red solid (7.8 g, 39.4% yield).

10. Svynthesis of cyclopentylidene(n’-(3-(buten-3-yl)cyclopentadien-1-

ylidene)(n’-2.7-di-tert-butylfluoren-9-ylidene)zirconium dichloride (I-2 in FIG. 1)
[00183] To 1-(3-(buten-3-yl)cyclopentadien-1-yl)-1-(2,7-di-tert-butylfluoren-9-
yl)cyclopentane (L-2) (5.4 g, 11.6 mmol) dissolved in Et,O (60 mL) was slowly added n-

BuLi (2.4 mL of 10 M in hexanes, 24 mmol) at 0 °C. The mixture was warmed to room
temperature, stirred overnight, and then added via cannula to ZrCl, (3 g, 12.9 mmol)

suspended in a mixture of pentane (60 mL) and Et;O (10 mL) at 0 °C. The mixture was



6, 6- di phenyl pent af ul vene (145 g, 0.487 nol) (F-5)
di ssolved in Et20 (300 nL) at -78 Cin 10 m nutes. The
WOorRoov480mas warned to room t}errper ature and stPCT/E82008/011055
overni ght. The reaction wa$ quenched with a m xture of
ice and 10% HCl aqueous solution. The m xture was
warmee k¢ TRt wehpefatiwreEstirdd ohMeenightgand evacaated tm@rynwas Héwg rwuqhh? was

ed, ov anhydr ous so fat e,
surred bR TRp RN T AT G e YRS o8 Yy e SRR Beining
solid whE @ aStRdi HseE:sd Mne h\ﬂﬂl Méntdheli8@hANEStHRA @xﬁ*édt&ﬂwktﬂdﬁé’thylene -
vacuum A m xture of isoners for the desired product

chloridg 20d centgfuged ogTe splyiomass ttkenith 8eyngss undgnyacauBlgojgive @ orange-
red soh%y)@t?’he%b 4‘931:

dene) ( h5-

2, 7-di-tert-butyl fluoren-9-ylidene)zirconi um
il sis pf dighgn Pethylidene(n £>1(buten-3- yl)cvclooentadlen 1-

ele)(h5 (3-(buten-3-vP)cycl opent adi en-1 -yl i

0 Min héxanes
diphenyfimethane (481§ gnd2 hmamob (EgOsnsrenped i@ (4@(1 iy escps slowly added

. h ' a4 .2
n-BuL S P e 080 b 122 e B L0 o pBaeaEng b ihedto room
temperafafk, Eﬁl%@i 698niphi, a8l tnGadubd Ha Ahiuh ez AR el 375 b ! W @ mAs)

warned to roomten‘perature stirred overni

suspengediauramedure ®f geytars 6100 Thie) frrelsEtdQeBOvasL)sit Df%eld 1|5rm1nutes The

mlxturgwg% gﬁggécil ?&ﬁgg)}}t&ﬁ% C n rsélf&uegg'd S%gde év%%é%g%ﬁo ryness The

residud wiEstitdeliiin pemthid@ 0015@,) ﬁhd centfi@ibe@X ThachRinMhritivas discarded. The
met higl ene chloride and centrifuged. The sol ution was

remainingleehd teps draphed a seeaaé Hmearithy pentane108 mip, earsgtagted with
methylg‘r?é hqorq eg}dgcgnﬁ%tlée{i’ yfl?el s%)utlo:l'l%as%ﬁgénhtgsdr?ne%g under vacuum to give

oen

an oraﬂ@%—ré&sc(limmm-g -ML3% yidldpent adi en- 1 yl i deneX
h5-2,7-di -tert-butyl fluoren-9-ylidene)zirconium
dichloride (1-2 in FIG 1) [00183] To

I1'2( 3| -f (I %‘lﬁ@{séﬁ[lk#h%}{glkr%!fd@géi@n]% '(%%n}e#-il (ylg)’ CZ/CQ)IDeﬁt%Hl{en
rgdbne) 0SB oldvesht-baey Eluded- 66/hﬂbﬂe)mamsdrﬂwicwcadréqd: ®in FIG. 2)

BuLi (2.4 nL of 10 Min hexanes, 24 mml% at 0 C. The
[001850i xt urko Inéd-(memtarett YDeydlorsntadiery byl Lrfd7-ditert-paylfluoren-9-yl)-

ARl S RER L ) 0 SO0 GOy 3o

added amBuIG(BONI10f 6)M @t hékaa€s, 13D enmbytatio eCWa?ﬂWﬁhﬁlﬂﬁde tvas warmed to
roomtenperature, stir red over ni ght, and evacuated to

room teppayatyise, stped pearnighk ang shenraddee yiaj canpap taAECk 6 2 @hd mmol)
suspen&&f”nr rLH(qgr% ‘of Egﬁaﬁy&%b%ﬂ?&}d 66 (gd) lsh(iﬁ %dc 13'?5% minutes. The

mixture was warmed to room temperature, stirred for one day, and evacuated to dryness. The

]
[00184?'6550|’1‘63ﬂf(3 gblﬁérx?@}(l)w@oﬁ%atadi@m%lp\l\i(y 7ad310l€1€i! bﬁl:tlylﬁuéﬂen -9-y1)-1,1-

residue was stirred in pentane (200mL) and centrifuged. The supernatant was discarded. The
remaining solid was washed a second time with pentane (50 mL), then extracted with
methylene chloride and centrifuged. The solution was taken to dryness under vacuum to give

an orange-red solid (33.5 g, 75.6%).



solid was washed a second tinme with .pentane (50 niL),
then extracted with nethyl ene chloride and
w@eownif3oged. The sol ution was taken to drynesBRCT/OS®NS/011055
vacuumto give an orangeretﬁ“sol id (4.3 g, 59.4%
y| el d) 11 Synt heS| s of d| phenyl rret hyI i dene(ri
o).3( 3- : o £ 1dene) (

ene I rco

OOISOEI ChI o];)iagg) %rdt k ﬂrhéfgt?l&liogygfag%%tgxl?mq—g enzgnon runs performed in

a one- gaﬂ(n?r(ﬁ b4 Birr)staih)esy StbOIRRIRSRe §Backorydt )vmhodsae&pehantr@sr Lsiflg two
yl fluoren-9-yl)-1,1di phenyl net hane (40.5 ¢

liter ofifaobytane dikyens sasbemakeinem atky@c@o@wympd megé&ﬁw hydrogen
Bul oM
was adBe e st Cragnelh Yo IO R ar S S e o me of

the melllotérRdn 0§ @iNbPidluenan A typsal polea@rivationGRbdduse is@s Z51(9ws. The
, 79.4 mmol) suspended I1n a m xture of pentane

alummglzo@km@mﬁan@tt@@e@ss@hﬂr@yﬂd@t argl the metalpcgpggaletion werg added
o KA DS IR 0, RO GIRER Al EouShl LA, FRE approprae

amounsbf ¢dneshonter,pehawe if Jakkell) wasdddwintThefdhgad. pofth.eas closed and two
i uper nat ant s._discarded. The remai ning solid
liters oi&ghgt@n%wgr@ gd-t Fﬁl“e CORERS Béﬂ‘leéﬁ%’t?rl‘ﬁ@e 5red fnpﬂa}heated to the
desnecﬂ’ﬁ rtéﬁf)@rgtu}‘\é tﬁ‘thgﬁ: QWagggd GRLOh AR RSN GEN e s gé@ﬁéﬁ pr-gg’s%re for
ution was taken to dryness under vacuumt Ive an
the speorfwdgmgtledf the Iplodfnéé}&amog rurd 3Ti80teyétet wis rrmmtalﬁgdqathbsdslred run
temperg{%(]g %‘E&f&?‘éb‘? Bl )! éndglﬂgﬁlagg_hggﬁééa an tc(:?‘)r(])hng )éys)tem
ylidene) (h5-2,7-di-tert-butyl fI uor en- 9- yI i dene) zi r coni
umdichloride (G3in FIG 2) 00185}1
[00187] - ( 3- (fp@mtbmalmtgﬂd)mym@p@ﬁmadmmtheqt ))Iemeﬂwwadustopepd -and the
uor en: hen | met ane
reactor iy e REsHERq dnd oudli 16 RO SR AS SrikDes /i e the
reactoragigieslean-viatH-ho {felzcafion ®ff aRy Wal¥stdle saRE6r otheOfodd® by foaling. The
0 C The m xture was warnmed to room tenperature,
polymertwasithen winaved grd Wepsheds sivmedbriteguiis bistedmnlablestlo abevg 4
(14.7 g, 63.1 mmol ) suspended in a m xture of pentane
(250 nm.) and Et20 (20 nL) at 0 Cin 30 mnutes. The
(0018811 xt urWhilatheviavereidntmay osustaptipér tatvarieus sibdificatdordsand

alternaquze Fqgg]é s,pﬁmgg%g}% ?r%cggaﬁoxje yneé%‘ﬁ? gg%g%leggigglve\qn the drawings
and arSHREADRL iR MEtBRrh S ERWISEr, thlﬂsuIH%nﬁbﬁgao%lelétQhé’\ﬁ%entlon is not

washed a second tine with’ pentane (50 ni),
intendesixtorbedingitbdup the particylhefoems prasentdé Ratdher el mwémtgmds toTénver all

modifighige i3t e et eV RIRRw an BEH A Robk $5E vention
as defil¥dOSEGe FSIfowWiaE afaiiiel Rfairhs 15



[00186] Exanples 1-15 in Table 1 illustrate ethyl ene
pol yneri zation runs performed in a one-gallon (3.785
WO 2400403538 ai nl ess steel autqclave reactor at vBCT/O8208/011055
tenperatures, using two |iters of isobutane dil uent
and an al um num al kyl cocatal yst and scavenger. No
CLAIM§dr ogen was added. Metall ocene sol utions (2ng/-n)
were typically prepared by dissolving 30 ng of the
nmetal  ocene-in 15 nL of toluene. A typical
What ipelap@l iszat i on procedure is as follows. The al um num
al kyl conpound, treated solid oxide, and the
net al | ocene sol uti on were added through a charge port,
Lyp! C%l taiﬁt éol?%;osﬂfo%ecrom mirlgethg @Mth&%r&ﬁgp ok ﬁpgtﬁa-metallocene
vapor. e “appr opri ate arount® of “conmononer, as sShown
and aniattivead ehdgeivas added. The charge port was cl osed and
two liters _of isobutane were added. The contents of
tthearseaBegHoGREE CoOmpPrisestcotrRP e devnstle far@uliesi red run
t enper, s.fed on demand to maintain
t he 362@8%5%%??4@3@%%%?% the specified I ength of the
pol yrer i zatMbnomprises Fhaninmazit@nivmsoriafmuai ned at t he
desired run,te sature through the run. by an )
aut omat ed MSatThg THAPSYET IR EPRIpE e bF ¢ ed Ay clepprpdienyl, a

substithte® ifdeh Pt bLA sRRLWIES Ngstkh@n tinme, the ethylene flow
was stopped, and the reactor s|owy depressurized and

opened to raesubstitaengioan| aad Xotoympaises & hridging gamwshaving the
formult Ez r&actor. was céesn 'Oth @ici nd'ocati on %f. any, wal | tin
8 ELFYO), WBSEITG 103 CBPHL PO AL IOP AUt 3 $15™ WB’%WV%?
atom, MAE {sRAdEEIDE xARdd Ve siedhertin\l yids kREbdtRSEH oS an unsubstituted
listed in Tables 1, above. [00188] Wile the invention

carbonghginted feons 4 ép b icprbentatpnysin; length with dack aud eernegied to E to form a
fin sn%l ttu%_native fornms, specific enbodi nents have been
& SUSROW by way of exanple in the drawi ngs and are

descri bed idhedabaitherhene{'ror Xamemerses 4 butshiautdlot unsubstituted
understood that the invention is not intended to be
alkyl of plkeny £t he particul ar forns presented. Rather, the

| nvention i L LONALoaldbndPLlhbEAL 11009, BEBHLYAL Gy

and alternatives f ng wthint spirit and scope
group, &f, ot Bélsj alpdrbcahylasiddegroupe d hiydrdchibylaphihograup, appended

: cl aj ms., CLAI N5 i ainmed is: Al. A catal yst )
iy eI SEERRE SR iR R B ORIR T AR B Sy ary! group
and -hetallocene and an activator, wherein: the

-net al | ocene conprises a conpound having the fornula:

(the aqtixator XgnpKagsM , wher ei n:
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

group is independently an aliphatic group, an aromatic group, a cyclic group, a combination



ML conprises titanium zirconium or hafnium X1 and
X2 independently conprise a substituted
weywbopsm adi enyl , a substituted indenyl, or apPCT/US2008/011055
substituted fluorenyl; one bstituent on X1 and X2
conpri ses a bridging group having the formula E(Cyc),
of aliphtsranid gy€lid groups anloapgert goup,.a ssulﬁur gomipag diifogan group, a
um at o E is bon
phosprFI R I ARl fapd o oty b, ico Safg ok frotd. Ahatide,
orhydmggybstltuted carbon chain of from4 to 6 carbon atons
in length with each end connected to Eto forma ring
structure; one substituent on X1 or X2 conprises a
bst i ut I Al 4.
oF oup: TS TS SAMpRTRNEREURM - Bingi g B SERet X is o,
hydrochibyhgtong) HCar BM), gidthp activat®r doBHﬁot c&)nhpfdsl’e(maﬁ@yibﬂuhﬂlﬁ)xane
group, a hydrocarbylan1no gr.oup

compoghd, Hgﬁalﬂefc%taiywpmm@%agmpm/:\h%%}ta%@emct ofE ense- RL
meta]léc%n@ Qh(?!iéﬁ(flatog raﬁﬁ'lpa Qr[baﬁﬁ]}(llnuglrc%ﬁgyouﬁ@ ﬂa\tflhg t}?ecitor'ﬁ’ngao I
onprises; an act vabor ~support ¢ a so
OXI de Al(X%')L(é@hVM, Wihemm el ectronw t hdr awi ng ani on,
| ayer ed nlgg qg/exchangeable
acti vat or (ﬁ%yr fy conbi nation thereof; an
organoalunrﬁﬁ%%n%haempﬁwﬁﬂm ﬁﬁmﬁ&ﬂé@gpﬁ{ﬁ@kﬁﬂﬂng@d or
an organoborate compound; or any conbination thereof.
2. The cataiyguumdnwésmlﬂ@m30m0bmaﬁn11, wher ei n any
addi ti onal substituent on the substituted
cycl opent adi enyl, substituted indenyl, substituted
f4 uor eméoatawystwb@bslhuﬁ 8flclainky) wBéremp i s i ndependently
an aliphatic group, an aronati c group, a cyclic group,
ghe mrrnaﬂallmf:@ﬁ campplh%ﬁa eompringdyaving the upala: an oxygen
Qup, a nitrogen group, a phosphorus

g oup, a carbon group, a silicon
gr oup, R4 DordfNgrodpir@ hal i de, or hydrogen

M1 “X'
C{ X"

R38 , wherein:

M! is zirconium or hafnium;

X' and X" are independently F, CI, Br, or I;

Eis C or Si;

n is an integer from 1 to 3, inclusive;

R* and R’® are independently a hydrocarbyl group, a

trihydrocarbylsilyl group, or hydrogen,;

bond ‘@’ is a single or a double bond;

m 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:



3. The catalyst conposition of claim1, wherein if

nei ther X3 nor X4 is a hydrocarbyl group, H or BH4,
w@paInkso@ct i vat or does not c7orrpr ise an PCT/US2008/011055

or ganoal um noxane conpound6 then the catal yst

conposi tion conprises the contact product of the

ansamghebelsbende istsHcaaaluiniag, @ﬂlcaathdman, aju@mhpmhﬂmmlummum

phosp}&gan.g%légﬂﬁrw avtgglg?t%rggolf gstafaeg ﬁﬁflg 1ad i X16 :r)’nc#gne 1m%n§ zinc
oxide, mlmﬂ@esqhera@f af miw@mﬂﬁnamﬂtherebﬁ aadnun‘oer from 1 to
3, inclusive. 4, The catal yst conposition of claim1l1,
wher eithe elepEomivithdiasting pred pefl s fllegde, b@@mﬂ@uwélde
v ,
prosp il W B e bR, ol REARRAL posphac

ﬂuoro;ﬂiois;ihafé fluofBzirconats fmnrosnicﬁgae Iﬂubfcﬁﬂﬁnhtd, peﬁnaﬂgﬁﬁdtb{&lubﬂituted or
R3B are i ndependently dr ocar byl

unsubsppqt@%kgggp]@nagq sybstigied;pr u@ubﬂya%ggéqﬁ}esgéq@% g#b%rigﬁlgi or
t f 0 to 10,
unsubsfilfif SOkt EH AT OBt WRrllt 0 B0 o O

hydrocarbyl group, or hydrogen; and the activator is
actj.vat or - support. .conpr.i Si sol jd OXIde reat ed
b e SRR g7 by wherSHbF e PRel b Gomprises
acom&lﬁh@'ﬁa\hﬁ%%ie' fofAuladl UM na, silica-al um na, ,
al um nophosphat e, al um num phosphate, zinc alun nate,
gstates, titania, zirconia, nagnesia,
3 [ m xed oxi des t hereof, or any
conbi of ; and the el ectron-w t hdraw ng
[ - erX'de, chloride, brom de, iodide,
phé tT™1 ate, bisulfate, sulfate, fluoroborate
te, trifluoroacetate, phosphate,
fluorozirconate, fluorosilicate,
er manganat e, substituted or

R38 , wherein:

M! is zirconium or hafnium;

X' and X" are independently F, Cl, Br, or I;

Eis C or Si;

n is an integer from 1 to 3, inclusive;

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

3% and R® are independently H, methyl, ethyl, propyl, allyl, benzyl, butyl,

pentyl, hexyl, or tnmethylsilyl;

m is an integer from 1 to 6, inclusive; and

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



unsubstituted al kanesul fonate, substituted or
unsubstituted arenesul fonate, substituted or
wa@e®absdd ut ed al kyl sul fate, or any conbi nati oPCT/US2008/011055

thereof. 5. The catal yst c&gpositi on of claim1,

wherein the / -nmetall ocene conprises a conpound havi ng

tthe f orhagatalyst compessiion ofdilains 1,.2vhareini theora-mgfatpeane crmprises

independently F, d, Br, or I; Eis Cor

acomp%lﬂgdﬁa‘flgéghﬁ flg%flglﬁ‘er fro)r/n 1to 3, inclusive; bond 'a'

[ 3 M, a doubl e bond; R3L and R3B are
i ndep > met hyl , ethyl, propyl, allyl, benzyl,

kﬁi‘f\yl, g H’é‘%l, or trimethylsilyl; mis an

i nt g9 L'to 6, inclusive; and R4A and R4B are

i ng Aden “hsg?. hydr ocar byl group or hydrogen.6. The
catal ys nposition of claiml, wherein the

ansa- net cene conprises a conpound having the

fornmul a: &\ M | is zirconiumor hafnium X and

X' are in%g g‘gwaeﬁtl\éld,. Br, or I; Eis Cor Si; R3A
and R3B are ' ndepend®ftdy H or methyl: nis 1 or 2:

bond 'V! isiSrcaninbl @ afi@Rd or a double bond; mis 1 or
2; and R4A and R4B are independently H or t-butyl. 7.

The caf'angst’ avmdependeoly 61, B ailnh 1, wherein the s
- net al aGepe i.s or , or any conbination thereof. 8.

The cat al y(s)E SlCorrposi tion of claim1, wherein the
or gangel* it BOX aranéeyepaenity H or methyl;

nis 1 or2;

bond ‘a’ is a single bond or a double bond,

mis 1 or2;and

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

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

, Or any combination thereof.

8. The catalyst composition of claim 1, wherein the organoaluminoxane compound
comprises:

a cyclic aluminoxane having the formula:

AI\I—O

R n

, Wherein R is a linear or branched alkyl and n is an
integer from 3 to about 10;

a linear aluminoxane having the formula:



conprises: a cyclic alum noxane having the fornmul a:
wherein Ris a linear or branched alkyl and n is an
WO pioeges3od rom 3 to about 10; a |inear al um noxBEEUS2008/011055
havi ng the fornul a:, wherei® Ris a linear or branched
alkyl and n is an |nteger from1l to about 50; or a
cage al um/noxane aV|ngF§he formula R 5,,,+ Rom
AI4nCB/n mhereln €3o0r 4 ais equal to nAi (3>-
"o(2) R eMM "Ai (3) is the nunmber of three
coordlnate a un1nu at o nB "0(2) is the nunmber of two
coordi nat§ quygen ﬁ;ons and "o(4) is the nunmber of 4 )
coor di nate oxygen’ at ons; -RvhergpReisadinsagor braeched@ikyl and nis
r%#?%) (ﬁggﬁq&_alkyl group; and Rb represents a
ear or ranched bri dgi ng al kyl group; or any
@eapt dlatiittkahbaEag thedforrhiR K'af.aRY,SALGOTNOSIHeiedmn Of
claim 3, wherein: the s -netallocene conprises
conbi atsioM 4hereof: the activator conprises a
sul fatg %f5? id OXIdﬁ qqg thﬁuggganoalun1nun1conpound
conprises triet % tri-n-butylal um num
triisobut ylnal(#mthemumber @frtyree(mbndnﬂﬂte alontifen emfrnslo
The catal yst conposition of claim3, wherein: %

- met al | ocerféer SriBf PRRYCL ot o foorpprate ﬁéy%e&fatomﬁea
acti vator %ggnfr Itﬁ@ﬁurﬁy&fcﬁu%o?alﬂﬁe BRygfiohbe

or ganoal um n compound conpri ses trlethylalunlnum
t ri - n- RO uepyesehisra lmeat or branched terminal alkyl group; and

an 1nte$er

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

combination thereof;
the activator comprises a sulfated solid oxide; and
the organoaluminum compound comprises triethylaluminum, tri-n-butylaluminum,

triisobutylaluminum, or any combination thereof.



triisobutylalum num or any conbi nation thereof. 11.
The catal yst conposition according to claiml,
wob@pei#3300 t he - et al | ocene c@rrpri ses a conpouneCTHY1008/011055
the formula: wherein: Mis ‘Zirconiumor hafnium X
and X' are independently H BH4, nethyl, phenyl,
Hénzy!T heW@@EﬁPWPOSIKOme ﬂynmsBJ \yhmmhyl CH2CMe2Ph;

gﬁzan VE et e e , or CH2Si I\/EZCH_ZPh; Eis Cor
K8 §H ?HF@&@P ??om 1 to 3, inclusive; R3A and
R3B are i ngep a hydrocarb ) 3
trihydroca gLoup, or hyd g.a is a
si ngl et-Bu Hond:Bun i st-BH i N ZomtBé o 10,

R4B are i
ydrogen; an Nwat or
conprises an a |J support conprigixg a solid
oxi de treated an el ectron-w t hdrawng ani on,
wher ei n: t he SO|Id oxiNdgzi s silica, alum e\~
silica-al um na, al um nophosphate, al um num phospha(f e,
combirztiog tledreof] nat e, het eropol ytungstates, titania,

coni a, magnesi a,. bqria,. zi nc oxi de m xed oxi des
tt#ee?%kyﬁtor staﬁwéal%ﬁeﬁa%%ﬁam@r eof : and the

Qh@&tgﬁﬁ&‘l%frﬁg{ &%h}%&n%@o%ns& t’i‘leﬂﬁﬁdlﬁ’rﬁmuﬁhltﬁ—rﬂ B\&ylaluminum,
brom~de, 1 odi de osphate, triflate, bisulfate,
triisobtsulaflamaumf bumryatmmtanzﬁ;onfther@obs ul f at e,
trifluoroacetate, phosphate, fluorophosphate,
fluorozirconate, fluorosilicate, fluorotitanate,
ngr mangRiatPyst Sopbditish SoRTing SRSt 1 wh&6in:
al kanesul fonate, substituted or unsubstituted
éh@wesgunetéﬂme@e cembsséstacsepaynd basingdhd formaly:

y conbi nation thereof. 12. A nethod
ins, conprising: contacting an
polynerl I QW
( E

i ncl usi ve; pt Ly a

cafaty8t conposition under
cktl ons to forma pol yner;
M1

\x"

R38 , 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;

n is an integer from 1 to 3, inclusive;

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

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

m is an integer from 0 to 10, inclusive; and

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

the activator comprises an activator-support comprising a solid oxide treated with an

electron-withdrawing anion, wherein:



wherein the catal yst conposition conprises the contact
product of an ansanetal |l ocene and an acti vator,
wob@pei300 t he - et al | ocene %adrjrprl ses a corrpounl!k?TmsaongOlloss

the formula: (X XX X X M, erein: ML conprises

titanium zirconium or hafnium X1 and X2

i ndepethdeelid wid@mlﬁ@ealaném;ﬁlicwﬂtminaydumpmbamf@tw Bluminum
phosphguegg{r)%: l}élﬁu{ng%nh%rogégft taiEl ﬁ;tbjtggltgs%lgéogn?a %:Jgﬁés?g%gna Nic
oxide, havddekiddranéres gt anﬁé&mhandﬂ@e@bﬂ andi s a carbon atom

a silicon atom a germaniumatom or a tin atom and E

i s borfleglecgomdtithdsaving anigp 1s Buendgnehleride,dyemide, ppdide,
b t
phospl}%{éé, glgﬂatté' bGI‘QulB glﬁ‘lfé{%%%l%cﬁytteeﬁ%&g ﬁa‘? k¢ ﬁ‘u&ogéete{té g)'ntogphate,

car’bon a Orrs connec

fluorophobghat® mmbﬁ)zﬁnca@ts,tﬂummni@xe dher@isihtitd, puﬂmng@ﬁatég]subﬂtituted or
ri ses a substjtuted or an unsubst ituted al k

X2 co
unsubsgjputed glgmﬂsulé?wp subgityfad oxunsubsfiy el dEmepylf %ﬁﬁpﬁvlss@¥ut¢4 or
unsubsﬁku&ecﬁ&ky@ﬁ fite g@B&%ﬂ{amﬂh Q4P, H or BHA, a
ydroca OXI e grou ydrocar byl ami no group, or a
trihydrocarbylsilyl gr oup OBRA or Sqg 3RA, wherein RA

[ rou or. an roup, and the activator
n’prl‘gé%éﬁg’ﬁi W‘&P‘g %‘é’r‘i% 5HPei sing a solid
%haen e £ %@eqﬂ With araa&lﬁ%(ﬁﬂgwé (Efjﬁrﬁl\@& P8IyRIEH S iorfeonditions to

'ayered” m nera an i on-"exc
form a@otynvator support or any conbl nation ther eof an
or ganoa oxane conpound; .an organobor ound or

eé?‘ﬁé "off’éi‘ XHEORPRPBAMELTIIgIsCS Iy OBIRE! HQ P‘G 13 arEbf |

metallck'éne g’ﬁ@aﬁrggtp,gg)ro&,hgrgﬁq m 12, wherein if neither X3 nor
I's a hydrocarbyl group, H or BH4, and the

act i vaheorngomstabotercamopiprises facproptgmddawum the faneila:
contact pr ol o ROV RBY A T ocene, the o
activator, M' comprises titanium, zirconium, or hafnium;
X' and X? independently comprise a substituted
cyclopentadienyl, a substituted indenyl, or a substituted fluorenyl;
one substituent on X' and X* comprises a bridging group
having the formula E(Cyc), wherein E is a carbon atom, a silicon atom, a germanium atom, or
a tin atom, and E is bonded to both X' and X?, and wherein Cyc is a substituted or an
unsubstituted carbon chain of from 4 to 6 carbon atoms in length with each end connected to
E to form a ring structure;
one substituent on X' or X* comprises a substituted or an
unsubstituted alkyl or alkenyl group;
X3 and X* independently comprise: F, Cl, Br, or; a
hydrocarbyl group, H, or BH,; a hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group; OBR*; or SO;R*, wherein R* is an alkyl group or an aryl group;
and

the activator comprises:



and an organoal um num conpound havi ng the fornul a:
Al (X5)n(X6)3-n, wherein: X5 is a hydrocarbyl; X6 is a
whad0vges30@ hydri de, an al kory?i de or an aryl oxi deCT/ES1081011055

is a nunber from1l to 3, i @ usive. 14. The method of

claim 12, wherein the -netallocene conprises a

conpound hawh agfivater-supperticamprisiwg@rselid oxide tregted with an electron-
withdrgy iAo} lyertd gt s iaf 2 eingPitie 1AM FR oL oy
combinatioh figdrelsti ve; R3A and R3B are independently a

hydr ocar byl group, a trihydrocarbylsilyl group, or

hydr ogen; ~bénergapoalpmingxansepepeida doubl e bond; mis

an integer fr Lnelusive; 4 @gg 4

are indepenalé%gagogé’?%@ggr%é:%@gw%&gﬁ%&%ﬁ%ér geﬁtﬁ(ﬁ

andt he act i yay esmbisativn theedfvat or - support conprising a

solid oxide treated with an el ectronw t hdrawi ng ani on,

wherein: the solid oxide is silica, alumna,

ial i C | i : '

The A e gor da SIS0 1P i P AL OGB! group,

H, or BH 4 canditla aatisgtoe 0@s, ndd oomarise amerganxdatieninok aedcompioted then the

t hereof, or any cqnbi nation thereof; and.the )
catalysh P RBOSHRN T TRITCERA ORI BRFOLLCHA TR ‘i“ﬁé‘,m%ﬂF%FP% ghe activator,
and an%??aﬁ%gl%miﬁlﬁgicgﬁ oﬁmm?% e fhfdlhate, bisulfate,

sulffate, fluqgroborate, fluorosulfate,

trifl ubk¥3e@Bt-ewhpistsphat e, f1 uor ophosphat e,
fluorozircaopate, fluorosilicate, fluorotitanate,

per manganat-e, SEBILIEd or unsubsti t ut ed

al kanesul f ox®is@, hafid®st hydvide darPalkoige!Bsan roxilde; and
arenesul fonate, substituted or unsubstituted

al kyl sul f atrets agrumhey fiosnbithatinelysivher eof . 15. The

met hod of claim 12, wherein the a-olefin is contacted
with the catal yst

14. The method of claim 12, wherein

the ansa-metallocene comprises a compound having the formula:

Vecol

1...\\\\X'
A

R38 , wherein:
M! is zirconium or hafnium;
X' and X" are independently F, Cl, Br, or i;
Eis Cor Si;
n is an integer from 1 to 3, inclusive,
R** and R® are independently a hydrocarbyl group, a
trihydrocarbylsilyl group, or hydrogen;
bond ‘a’ is a single or a double bond;
m is an integer from O to 10, inclusive; and

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



conposition in a reactor system conprising a batch
reactor, a slurry reactor, a gas-phase reactor, a
W@ 0a0#3m0 reactor, a high pressure reactor, a PCHUSZNS/011055

reactor, an autoclave react’dr, or any conbination

thereof. 16. The nethod of claim 15, wherein the

sheuacrtiyvatoe ac4roactivetvpisupest conmpigngss selidoxidageaed wathdn electron-
wherein th olymer formed is continuously renoved

withdrawigg,apiog, nggybr 17. The method of claim 12, wherein

the a-pd &flid oG @MRIsHRGSalBmR R L-alMind JIRARIFBhosphdtealuminum
comononer. 18. The nethod of claim 17, wherein the

phOSphM@meraltmnptm b@@romlmngﬂtetes,ltgamﬁmrqmtah owgoésia lbaria zinc

. conDno conpris ropyl ene, 1-
oxide, el 80 erkole aE SRR B BeicBE Bafle "™ oct ene. or
any CQH@éIB&?érﬂﬁqthBﬁﬁ@l@é aniéRis ﬂu&f&cﬁﬂﬁmﬁ@'bromlde iodide,

manuf acturing a product conprising a polyolefln t he
phosphgieg tritftate, @mwbﬁgﬂtes P fpte, r?awmmate,rﬁlmowliﬁ}f%m&qoraaceraé@@boa)hate

ﬂuoropglglgé/hi('slf A Pﬁgro\%}c&nﬁ& 91'58%5 glsc%ga, rf}@?{j}%lgﬁl alc ﬁg?rlngﬁgéﬂt& shg&tuted or

I'nT's produce
unsubsﬁﬁiﬁécﬁﬂkﬁﬂt@ulﬁiha&a eltatituiedbt nsabstatiel ysdneQuifgmats, butBtituted or
under ynerization conditions to forma pol ymer;
unSUbS%‘é‘?deﬁlﬁylﬁ‘Héat%a’tr &y spmbuRpeR there: conpri ses the cont act
product of an ansanetal |l ocene and an acti vator,
wherei n: the ansa-netal |l ocene conpri ses a conpound
havi ngrhicheetficar oflelim 1QXwhérkia)thed@)dlef Mcontatred eiith thd\ilatalyst
conprises titanium zirconium or hafnium X1 and X2

compositRIEIH BRG] syst@aﬁampggnaaéawétr?%cmre@j slatry|regsdqts agaeplase
reactor,aa %&Qﬁéﬂ ;etzll:t%g lﬁgﬁgﬁ{%s&g Fealtor Uapﬁﬁ)hfay }%gtoﬁ'l a{ﬁod'u%uéwe r@Qﬁor, or
5u ridging group

tituent dn nprises a
any coiphinatign tHeeeofor mul a E( Cyc), mhereln E is a carbon atom
a silicon atom a germaniumatom or a tin atom and E
is bonded to both X1 and X2, and wherein Cyc is a

3805t M HelRANGS o RILiMNSURRECktheE e FALRr E81AbLe0h 1d0pANlrAy

to 6 carbon atons in feng wi th each end connected to
reactor,Fantl ovHeommthg polymgr $ermed tisigamtinuously removed from the reactor.

17. The method of claim 12, wherein the a-olefin comprises a monomer, or a

monomer and a comonomer.
18. The method of claim 17, wherein the monomer comprises ethylene.

19.  The method of claim 17, wherein the comonomer comprises propylene, 1-

butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, or any combination thereof.

20. A process for manufacturing a product comprising a polyolefin, the process
comprising:
manufacturing a product at least a portion of which comprises a polyolefin, wherein
the polyolefin is produced by a method comprising:
contacting an o-olefin with a catalyst composition under polymerization

conditions to form a polymer;



one substituent on X1 or X2 conprises a substituted or
an unsubstituted al kyl or al kenyl group; X3 and X4
w0 pabepessoent |y conmprise: F, G, Br, or |; a hyPeDUs2008011055
group, H, or BH4; a hydrocafbyl oxi de group, a
hydr ocar byl am no group, or a trihydrocarbylsilyl
gr oup;wHaBERA ti2e catal gOBApostien edmpriRés the cantaat prpHugrodap ansa-
and the activator conprises: an

or an aryl group;
metallogeng %‘Hf%{@‘é‘gﬁﬁ%r‘f’h?f%ri sing a solid oxide treated

with an el et RN WeldNBEHM ddchRRECHcorRp e a0 the The &8 ula:
an i on-exchangeabl e ctivafor-support, or any

conbi nat i on t her@XX &K )EXoMowherminnoxane conpound; an
or ganoboron conpound ©n an or obor at.e conpound;. .or
any conbi nation therelg# ;COQ’HE‘S%@WHIE’ ?’ﬁ%onb‘%ﬁy%rlr}éatfﬁuﬁm’
into a final product.xX2add XThrlepéRiersy cthphised fibdhiuted
wherein if neither X3 nor X4 is a hydrocarbyl group,

cyclop¢atadienyHusubghaitadiadersili arax ibstifted fhivrenybnpri se an
or ganoal um noxane conpound... tdue A . —
conposition conpri se22%%6]1%1%(S:t(IJtL1 Kgc%{])gr%] ?gté%ﬁélﬁ%abndgmg

group &R the fadh0g B(Cyc) ! WRerdfil E Yod edrboraatdman siticgA atmh, g ditiahium
conpound having the fornula; AI%EZXS) n(X6) 3-n, wherein:
atom, ox3 tinsatgmigift B dmbanded i@ bpth % #d X d@nd wheigdn (e is aspbstituted or an
. DS . 5
ot PSR B0 R DR el e
E to fofmaminggtmonpe;i ses at | east one of extrusion, blow

nol di ng, injection nolding, .sheet )9xtr ion, . .
rotati onal nol ding, tMESYSFYRARLRG X 19N FNERESSE 2 SEigtitted or

an unsfRANQLa Ikl orRiRhl] Sro8t rusi on. 23. The method of claim
20, wherein the a-olefin conprises a nononer, or a

nonomer and a cononon¥t andWKé fresiepertdent yrooropmse: dorGly Bses [; 2
hydrocgrtbr)]/ylgr%ﬂg,' H, or BH,4; a hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsilyl group; OBR"; or SO;R”, wherein R” is an alkyl group or an aryl group;
and

the activator comprises:
an activator-support comprising a solid oxide treated with an
electron-withdrawing anion, a layered 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° nor X* is a 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:
AIX%)n(X%)s.n, wherein:
X° is a hydrocarbyl;



24. The nmethod of claim 23, wherein the conononer

conpri ses propyl ene, 1- butene, 1-pentene, 1-hexene,
wazdepssme, 1-octene, or any conbi nation ther eRET/UZH08/011055

An ansa- netal | ocene having /@ general fornula of or

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, sheet extrusion, rotational molding, 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, wherein the monomer comprises ethylene.

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.

25. An ansa-metallocene having a general formula of




