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SUMMARY OF THE INVENTION

The present invention generally relates to new catalyst compositions, methods

for preparing catalyst compositions, methods for using the catalyst compositions to

20  polymerize olefins, the polymer resins produced using such catalyst compositions,

and articles produced using these polymer resins. In particular, the present invention

relates to nano-linked heterodinuclear metallocene compounds and catalyst

compositions employing such compounds. Catalyst compositions containing nano-

linked heterodinuclear metallocene compounds of the present invention can be used to

25 produce, for example, ethylene-based homopolymers, copolymers, terpolymers, and
the like.

The present invention discloses novel heterodinuclear metallocene compounds

having two metallocene moieties linked by an alkenyl group. According to one aspect

of the present invention, these heterodinuclear compounds can have one of the

30 following formulas:
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wherein:
5 each X', X2, X°, X%, X, and X" independently is hydrogen; BHa; a halide; a

hydrocarbyl ~ group, hydrocarbyloxide group, hydrocarbyloxylate  group,
hydrocarbylamino group, or hydrocarbylsilyl group, any of which having up to 20
carbon atoms; or OBR*; or SO;R*, wherein RA is an alky] group or aryl group having
up to 12 carbon atoms;

10 each X’ independently is a substituted or unsubstituted cyclopentadienyl,
indenyl, or fluorenyl group, any substituents on X3 independently are a hydrogen
atom or a substituted or unsubstituted alky!l or alkenyl group;

each X* independently is a substituted cyclopentadienyl, indenyl, or fluorenyl
group, any substituents on X* other than an alkenyl linking group independently are a

15  hydrogen atom or a substituted or unsubstituted alkyl or alkenyl group;
each X', X'!, and X'? independently is a substituted cyclopentadienyl, indenyl,
or fluorenyl group, any substituents on X7, X", and X' other than a bridging group
independently are a hydrogen atom or a substituted or unsubstituted alkyl or alkenyl

group,



(CH2)n-CRz=CRz -(C112)nx12x10 (C); wherein: 5each X1, )(2, )(5, -.6, ..

A X9, and Xl independently is hydrogen; BH4; a halide; a hydrocarbyl group,
hydr ocar bwbasiodsiggsoup, hydrocar byl oxyl at e group, hydr oearhysk@wionrogr oup,
or hydrocarbyl silyl group, any of whigh having up to 20 carbon atons; or
OBRA2 or SO3RA, wherein RA is an al kyl group or aryl group having up to 12

carbon atons; I1QeRolt X3 dubsaeAdoabpentddiendl, ShaYI, lodtfRdreal] bivSpDEdy t ut ed
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substityted of HPRURSGidlRn) 1ila bRl BlMfiuted bridgiff G’ XL1,
S d d ndenyl|

and X12 independently is a substituted cycl opentadi enyl, i , or
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or al kemyl thgteofjp; 5Seach Al i ndependently is a substituted or unsubstituted

bri dgi ng group conpri Si,n i ther a cli roup of 5 to 8.carbon atons, a
bri dgi ng chai n Geh 2t agepdons it a aipbeis @R Sr soPpoufie <08 it um
tin, boronsilidn biodpeip atom, phgsphtiamsbrivginggitog, atttirbridgiyg awhsta taleot s on Al
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each A2 i ng@penraniht YalkényR linkiagt drbug estiepériddatiy dredaOhlir6RAPAtoMm| Y £i t her a
silicon bridgi_ntg at om a,g‘ermani umbridging atom a tin bridging atom a
car bonlbri eystiytedtynsphstifites pliphatity aemtis> QF C¥ClCoB8URhd FOBRPHAYO™ any

substi t uenpgregf A2 other than the al kenyl 1inking group independently are a
hydrogen atom or a 15substituted or unsubstituted aliphatic, aromatic, or
cyclic group, ofachM oMbiandtM opdepeedeatly is ZZalh okfl; M2, and MB i ndependent!y

is Zr, H, or Tixhg independently is carbon or silicon;
each RX, RY, and R” independently is a hydrogen atom, or a substituted or
20  unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof; and

each n independently is an integer in a range from 0 to 12, inclusive.

Other novel heterodinuclear metallocene compounds are disclosed in the
present invention, and these dinuclear metallocene compounds can have one of the
following formulas:

25 (IA)=(IB);
(IIA)=(1IB); or
(ITIA)=(I1IB);

wherein:

30



each E independently is carbon or silicon; each Rx, Ry, and Rz

i ndependently is a hydrogen atom or a substituted or 20unsubstituted

al i phati cwoanomaiils, or cyclic group, or a conbination trhensedip/oarrds each n
i ndependently is an integer in a rangg fromO to 12, inclusive. Oher novel
het er odi nucl ear netal | ocene conpounds are disclosed in the present

i nvention, and pwe di nucl ear netallocene conpounds can have one of the
follow ng formuas: 21 A)=(1B); (I11A=(11B); or (I11A)=(111B); wherein: 30
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\ /x15 M4 5x14x16 _ CRXRY /\ (CH2)n -C4 (HA) is X5X7 \ / \ MAL \ /
X6X8- ERXRY \ (CH2)n-CRz= 10(HB) is xIzx19 / \ \ /A3 Ms x18x20 ___ ERXRy

( CH2) n- CRxD:20t151315 PCT/US2010/001795
5
(IIIB) is
x21 X23
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M® A“—CR*RY
/7 \\ ./ NG
X2 X2 (CH,),—CR?=¢=

5  wherein:

X!, X2, x5, X8, X%, X'°, xB, x" x' X8 x?! and X% independently are
hydrogen; BHs; a halide; a hydrocarbyl group, hydrocarbyloxide group,
hydrocarbyloxylate group, hydrocarbylamino group, or hydrocarbylsilyl group, any of
which having up to 20 carbon atoms; or OBR*; or SO:R*, wherein R* is an alkyl

10  group or aryl group having up to 12 carbon atoms;

X? and X"’ independently are a substituted or unsubstituted cyclopentadienyl,
indenyl, or fluorenyl group, any substituents X° and X'® independently are a hydrogen
atom or a substituted or unsubstituted alkyl or alkenyl group;

X* and X'® independently are a substituted cyclopentadienyl, indenyl, or

15  fluorenyl group, any substituents on X* and X'® other than an alkenyl linking group
independently are a hydrogen atom or a substituted or unsubstituted alkyl or alkenyl
group;

X7, X“, X'z, X19, X23, and X* independently are a substituted
cyclopentadienyl, indenyl, or fluorenyl group, any substituents on X’, X'!, X'?, X"

20 X?, and X** other than a bridging group independently are a hydrogen atom or a
substituted or unsubstituted alkyl or alkenyl group;

X% and X* independently are a substituted cyclopentadienyl, indenyl, or
fluorenyl group, any substituents on X® and X? other than a bridging group and an
alkenyl linking group independently are a hydrogen atom or a substituted or

25  unsubstituted alkyl or alkenyl group;

A' and A’ independently are a substituted or unsubstituted bridging group
comprising either a cyclic group of 5 to 8 carbon atoms, a bridging chain of 2 to 5
carbon atoms, or a carbon, silicon, germanium, tin, boron, nitrogen, or phosphorus

bridging atom, any substituents on A'and A® independently are a hydrogen atom, or a



(HA) is X9x11 \ / \ M8 \ /A2 cRxRc \ Oxiox12-CRz= _ 15 WO
2010/ 151315PCT/ US2010/ 001795 5 (111B) is x21x23 / M\ [/ A4- CRXRY
x22x24( CHEproORs18H3her ei n: x', x2, xs, x6, X9, x10, Xx13PCIA%2010DT179%18,

X21, and X22 i ndependently are 6
substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a combination
thereof;

A? and A* independently are a substituted bridging group comprising either a
silicon bridging atom, a germanium bridging atom, a tin bridging atom, a carbon

5  bridging atom, or a bridging chain of 2 to 5 carbon atoms, any substituents on A’ and
A* other than an alkenyl linking group independently are a hydrogen atom, or a
substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a combination
thereof;

M!, M2, M3, M*, M?, and M° independently are Zr, Hf, or Tj;

10 each E independently is carbon or silicon;

each R%, RY, and R? independently is a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof; and

each n independently is an integer in a range from 0 to 12, inclusive;

with the proviso that (IA) is not the same as (IB), (IIA) is not the same as

15 (IIB), and (ITTA) is not the same as (IIIB).

In formulas, (IA)=(IB), (IIA)=(IIB), and (IIIA)=(IIIB), the “=" symbol is
meant to indicate that the respective metallocene moieties are linked by a double
bond.

Catalyst compositions containing nano-linked heterodinuclear metallocene

20 compounds are also provided by the present invention. In one aspect, a catalyst
composition is disclosed which comprises a contact product of a heterodinuclear
metallocene compound and an aluminoxane compound, an organoboron or
otganoborate compound, an ionizing ionic compound, or any combination thereof.

In another aspect, a catalyst composition comprising a contact product of a

25  heterodinuclear metallocene compound and an activator-support is provided. This
catalyst composition can further comprise an organoaluminum compound, as well as
other co-catalysts.

The present invention also contemplates a process for polymerizing olefins in
the presence of a catalyst composition, the process comprising contacting the catalyst

30 composition with an olefin monomer and optionally a comonomer under
polymerization conditions to produce an olefin polymer. The catalyst composition,

for instance, can comprise a contact product of a heterodinuclear metallocene



hydrogen; BH4; a halide; a hydrocarbyl group, hydrocarbyl oxi de group,

hydr ocar byl oxyl ate group, hydrocarbyl am no group, or hydrocarbyl silyl
group, anyoabiwsizih having up to 20 carbon atomns; or OBRAZ/US20IBOBRIS
wherein RA is an al kyl 10 group or aryl group having up to 12 carbon atons;
X3 and X15 independently are a substituted or unsubstituted

cycl opent agéripbiind anddgA¥tivatsisuppdiQr Ot cGulysts,dinyludin Hrgantfltintued and X15
i ndependently are a hydrogen atqQqm or a substituted or unsubstituted al kyl
or al kenyl C‘QP%’B‘}S’X@’%/&%“ YA HAHRIACRSHt |y are a substituted

cycl opent adi enypolymbdeidducdd ficm f 1HeOHpBRWerigdtidu P of ABKfifid)bedsukidgnins on X4
and X16 ot her than an al kenyl 1inking grqup independently are a h%/drogen
atom or a BtemeRdlymgreopplyssupRd the dikecag beysed o prgRssyarigeirgeles of — x7 - x|
x12, x19, ¥Asufa@hd X24 independently are a substituted cycl opentadienyl,

i ndenyl, or fluorenyl group, any substituents on X7, x11, x12, x19, 20 X23,
and X24 other than a bridging group independently are a hydrogen atomor a

substituted or unsubsti tpggedt BEIORIPRIORIOETYE FESORES X8 and X2
i ndependently are a substituted cycl opentadi enyl, inden¥l or fluorenyl
group, any subsFIG.Jepresentsis HAMR gloxof estahvst fragiton Aobfxaayilnl, group and an

al kenyl |inking L )| a substituted or
Fﬂ]&.ﬁz;;f}egggggﬁﬁm&)i& ofLafalfht HXQ{KP%& BLAROT.

25unsubstituted a roup; and A3 I ndependently are a

substi it ed or EHS.AmresentstaddtNMR aript afcatplt factomss oExampdd L-her a cyclic
group of 5 to 8Ff(‘§.rcp seﬂ{s%rﬁ-’Nl\@RlBLdtggéa@E%s?ﬁg&%n% oizEﬁa%W'%e gar bon atons, or a

carbon, silicon, germanium tin, boron, nitrogen, or osphorus bridgi ng
atom any subst FiGienprssents ad41-NiviR ph8 of aliepedidesicar gpompeund basedramddiTat om or a
WO 2010/ 15%315PCT/ US2010/ 001795 6 substituted or unsubstituted aliphatic,
aromatic, Or cyclic group, or a conbination thereof; A2 and A4

i ndependent | y aFHEG.26 pratentsia Hi{NMRIplateja hgmgdiougleas ooppowidrbgsedianfETa si | i con
bridgiﬂ atom a germani um bridging atom a tin bridging atom a carbon 5
bri dgi 8 atom or a bridging chain of 2 to 5 carbon atons, any substituents
on A2 and A4 ot RBG. 7 prasenan rmisk epegtrumiphitiofifxgn@ep. | ndependently are a

hydr ogen at om substituted . or unsubstituyte | i tic, aromatic, or
cyclic group, o?{%‘a%gﬁffpﬁépieéﬁa"fiﬁcg?’éﬁfs})e 2{‘1150%3,‘%?‘25{,&@, M, and M
i ndependent |y aFBGA pretdnts adi-NMR plddefBkuniplé 07lependently is carbon or
:Iulblsf IC)[] ut 230?” Ri?(‘iG.RlYO p?er;gntﬁza h%ﬁﬁe&g? QI‘ layholmsodlahug%grr 8(9r§£]ou%5 Pated®on 2

20 MET-3.

FIG. 11 presents a mass spectrum plot of Example 18.

DEFINITIONS

To define more clearly the terms used herein, the following definitions are
25 vprovided. To the extent that any definition or usage provided by any document
incorporated herein by reference conflicts with the definition or usage provided

herein, the definition or usage provided herein controls.
The term “polymer” is used herein generically to include olefin
homopolymers, copolymers, terpolymers, and so forth. A copolymer is derived from
30 an olefin monomer and one olefin comonomer, while a terpolymer is derived from an
olefin monomer and two olefin comonomers. Accordingly, “polymer” encompasses

copolymers, terpolymers, etc., derived from any olefin monomer and comonomer(s)



unsubstituted aliphatic, aromatic, or cyclic group, or a comnbination
thereof; and each n independently is an integer in a range fromO to 12,
i ncl usi vewowntomsidie proviso that (1A is not the sane a®CCIBR10(0VEY5i S not
the sanme as 15(11B), and (II11A) is nog the sane as (I1IB). In formul as,
(1A=-(1B), (I1A=(11B), andthe "=" synbol is neant to indicate that the
respectivedigBibl| BeRite MTAHABS @k CethjiBieehboymet G@uld entlodd. ethiaeml yst
conposi tions cont ai ni ng nano- | i nked het er odi nucl ear I;ire%al |.ocene 20
conpounds BYTROROLERFTS r Sy leRsy coRPLIRES, i gy te A W e AS8ct, a
catal yst cCouhpH, bh @MefinScopoBflenSA6h Whhk BhGlenP tdppBner, EAteaddrived aemct of a
het er odi nucl ear netal | ocene conpound and, an al um _noxane_conpound, an

or ganobor offh PN FSIRANGMET: SBhAsUNRRtensn ! -Pesiens:; 9 d -qokme ¢ HeBFP0RemeT or any

conbi nag i ognd B&h&Riner werd iy AAPEGLxend ©&eBliveY, 16O TRANH FslyB@Pri sing a
contact product of a 25 heterodi nucl ear netall ocene conpound and an
act i vat or - ¥ape e categorjzed on aresthylans lshexgpegapeymebnposi ti on can furt her

conprise an or gaNqfleUrthdHAB, CHEPOUBSE &S el lerdS “PoIDMEri SRR at Akiadss. The
present invention also contenplates a process_for polynerizing olefins in
t he pr esenbemerolynerizationy s CORMYIRIFALGTH N terpahEmerizgtiens s etSonprihsiefie.cdnt act i ng

the catal yééﬁgg&&g% :p}(jcgé}), Wolld dfoRkelintacBRO MR oRAA MBhIRRALd Y, @

conmononer u p | zation conditions to produce an ol efin polyner. The
cat al y$@ cethplond)andane flefin fomenemee(e.L.anhaxerd)s to Prodice HPRREMSSr oduct of a

het er odi nucl ear g 06ee1s VG, A00LAA RECT HSRAIQ) WAIERufeamPoUd and

an activator-support. co-catalysts,  including organoal um num

conpounds, caapoubds ethpt mped constituté sonsr sompenent of a @lysheeenpasiignced from
e e T
DESCRI PTI OcdingHbut RbGiiRESl to, aluminoxanes, organoboron or organoborate compounds,
15 and ionizing ionic compounds, as disclosed herein. The term “co-catalyst” is used
regardless of the actual function of the compound or any chemical mechanism by
which the compound may operate. In one aspect of this invention, the term “co-
catalyst” is used to distinguish that component of the catalyst composition from the
dinuclear metallocene compound.
20 The term “fluoroorgano boron compound” is used herein with its ordinary
meaning to refer to neutral compounds of the form BY3;. The term “fluoroorgano
borate compound” also has its usual meaning to refer to the monoanionic salts of a
fluoroorgano boron compound of the form [cation] [BY,4],, where Y represents a
fluorinated organic group. Materials of these types are generally and collectively
25  referred to as “organoboron or organoborate compounds.”
The term “contact product” is used herein to describe compositions wherein
the components are contacted together in any order, in any manner, and for any length
of time. For example, the components can be contacted by blending or mixing.
Further, contacting of any component can occur in the presence or absence of any
30 other component of the compositions described herein. Combining additional
materials or components can be done by any suitable method. Further, the term

“contact product” includes mixtures, blends, solutions, slurries, reaction products, and



FIG 1 presents a HNWR plot of catalyst fraction A of Exanple 1. FIG 2
presents a HNVR pl ot of catalyst fraction B of Exanple 1. 10 FIG 3
present s woHoNMRIFIFot of catal yst fraction C of Exanpl e pCT/USR&G0/0417pF esent s
a HHNWR plot of catalyst fraction D ofh Exanple 1. FIG 5 presents a H NWR
pl ot of a honodi nucl ear conmpound based on MET- 2. FIG 6 presents a H NWR
pl ot of a thernikd srudndadationshereofl Bathewkhortohedt-prddikt” FnGnelddgreadat S a Mass

spectrumpl o f.Exanple.2. FIG 8 presents an expanded nmass _spectrum pl ot
o Bxanp! CP9tuch 13 GV F 1 TP e o BPOB S A itk e amother PG
10 presents a HrHINEmPprecdntaciedh aitidienis abaitlieréin i@ aesdtbda Fiesd ntRuROofVET- 3.

FIG 11 presents a mass spectrum pl ot  of anp| 8, DEFEI NI TI To define
more cl ear‘fa;;ﬁi’sltléoF‘B??Fé’t%é’@Harﬁe"r"Bfaﬁt,egtfﬂrea ftjt%;tl Qﬁﬂoﬁd’ dBRS RYieL Bndedig 25

provi degl. hixnirBebdind @REd tthaformNy ‘Gokttdtitddtddn 6F st Cmpin@¥i &edachn?stany
docunent incorporated herein bél reference conflicts wth the definition or
usage pr oVSURRINERS dh3, aten gonfastod,yifer gnsesPnd, sged plotimed hi@icelly E6ntrol s.

The term "petoniRted rhiktuds 86bcHBYsQ Mix@RO 8f MmeAllbdent QompPéilndqer QIn§olids), _
honopol yner copol ynmers, terpaqlyners, and so forth. A copolyner_is derived

S
from 30 anOIBﬁL“éf‘P%oWﬁ’r\é‘?Fe'Po"a‘ﬁ’befﬁnén%P@PWI‘EE‘I’?BWO?P@?RO“% (PTeCOMROERSY| yier i s

derived frgynRm@nhiengkiufe FUMQKBEd 3R zInV\EbtiQJltSf-édﬂ)pSQqﬂPE\erﬁftﬁmalp&ﬁﬁfo%ln9| Y,
"pol yner" encorrg&sjses copolynmers, terpolyners, etc., derived from any
a

ol ef i nlGronYawioalHnwD FRMBRRIY( shhus.\aescontaeied dassmbescepmpepetotheicary yssd

to contact each other, but prior to contacting the components in the second,
postcontacted mixture. Accordingly, this invention may occasionally distinguish
between a component used to prepare the precontacted mixture and that component
after the mixture has been prepared. For example, according to this description, it is
15 possible for the precontacted organoaluminum compound, once it is contacted with
the metallocene and the olefin monomer, to have reacted to form at least one different
chemical compound, formulation, or structure from the distinct organoaluminum
compound used to prepare the precontacted mixture. In this case, the precontacted
organoaluminum compound or component is described as comprising an

20  organoaluminum compound that was used to prepare the precontacted mixture.
Similarly, the term “postcontacted” mixture is used herein to describe a
second mixture of catalyst components that are contacted for a second period of time,
and one constituent of which is the “precontacted” or first mixture of catalyst
components that were contacted for a first period of time. Typically, the term
25  “postcontacted” mixture is used herein to describe the mixture of metallocene
compound(s), olefin monomer(s), organoaluminum compound(s), and activator-
support(s) formed from contacting the precontacted mixture of a portion of these
components with any additional components added to make up the postcontacted
mixture. Often, the activator support comprises a chemically-treated solid oxide
30 compound. For instance, the additional component added to make up the
postcontacted mixture can be a chemically-treated solid oxide compound (or

compounds), and optionally, can include an organoaluminum compound which is the



8 disclosed herein.Simlarly, an ethyl ene polyner would include ethylene
honmopol yners, ethyl ene copol yners, ethylene terpolyners, and the |like. As
an exanplwp 2ar/Biati n copol ynmer, such as an et hyl ene copolryuses10/0cems be
derived from et hyl ene and a conononerig such as 1-butene, 1-hexene, or
1-octene. If the nononer 5 and conononer were ethyl ene and 1-hexene,
rﬁspecti Vei;ay’rlae hwher rdiffedeht ﬁgrpgieyﬁigﬁndmmhidﬁbecdhﬁioﬁ@@;dsé’cﬁdo Phepate @ehyl ene/ 1
- hexene copol yner.. . In Like ner, the scope of .the.term

" pol yrer | 2 BEFEHACS RS 2 SFRSTIBT I, aAFHOInES, Y FRYETaR, maH also

t er pol yner baio@illy @btnguibheicble@nea camperRat MsaRl toZ pichd thE Potssntateddl d i nvol ve
contacting one olgfi n nononer (e.qg., 10 ethylene) and one ol efi n conononer
(e.g., 1- hEwprepnd that epmpenent afferthe mixfysghas been prepreds or m “ co- catal yst* i s

used gesieral |y NS @il ¢dindcRhaP mdtloféaN 2R LisHA A#EC asRALRAS dof@burfdan
constitute one, conponent of a catal yst conposition. Additionally,

" co- cat al ySImPrisEiedive mefalincars meisHesoliikae by grconecting prpup- dhaseieetingn

i ncl udi ng, glaup c4tPbe Ad &TkérAl glolp rédluiitl TRORAIMNE SnetARGRNORALABr B sAfugddyobor at e
conpounds, 15 and ionizing ionic conpounds, as disclosed herein. The term

" co- cat al y¥qrsion sregiding (fsoyar Bydsegengffon; 19p demvatigationnctibgn 8 dHwclEynpound or
any chemc hahi ot ok . 9,3&{- 3 aspect of
this i nven?llletgir;l?&t ﬁﬂbf@rﬁxﬁgﬁ? ca?a ﬁsff’ I'Ss lr}ged(?@%ég I é‘?{yﬁgg}a;}%&%}%&
conponéht whertinetheat X oy st -cydngdbaii¢nyb mdieten inbledd icpclopentadiamgk figdais.ene
conpound. 2QThe .term "f| uoroor 0 _boron.compound" is.used herein with its
ordi nary n%lgﬁrfyﬁghg(ag etiué’fen[yg?ﬁg%{;’r gpgélg%%&%%gfngt Pﬂéﬂ#i rﬁ?tg?%. The term
"f1 uor oor gamstithed adeeivatdmp @ ndilogd 6Damasf these. UPossiblersabitingnts on he@r to t he
nonoani oni ¢ salts qf a fl uoroorgano boron conpound, of . the form, .

ont+ on | e ipisfe irpegsy BORRHE B BRuhoh SLBa s i et CREEO TR o1 al 5 of
these typemishifegesie dhpyisaangartiglhy eafuta&l Yigdhisr sicar s dettabyddindeyganobor on
or organoborate c moouuﬂs." The ter "c,og;]act product” is used herein to
descri b® c[‘iﬁ%&?ﬂ USHEY WRERRY e ftuREeny L RFGALh tAuraied Indemtl R SBYEffer i n any
order, in ANdemBANREFstinAR phRfallRNandrRBYtiAd&Hy], t subBtitufe@l pAUARP |sBurdidae
conponents can be contacted by blending or m xing. Further, contacting of
any conpon8vreRdnansclariken IpifamsreserEeths dinnsican astadpceanyis sdewidior
conmponent  gfph i ROPRRR) kP G mube &' bR Wa)thelehn “CRERADEIN S Rddhtlpnal

materi al s or conponents” can be done by any suitabl e nethod. Further, the

t er m " cont #cefep fo dercaxamplee pn eirganapupinye somppundd dUnless jotherwisg spesifigdr i es,

reactigg p{hgqﬂl%wcing at¥leviations are used: Cp for cyclopentadienyl; Ind for indenyl; and

Flu for fluorenyl.

Y &¢ N1

The terms “catalyst composition,” “catalyst mixture,” “catalyst system,” and
the like, do not depend upon the actual product resulting from the contact or reaction
of the components of the mixtures, the nature of the active catalytic site, or the fate of

25  the co-catalyst, the dinuclear metallocene compound, any olefin monomer used to
prepare a precontacted mixture, or the activator-support, after combining these

” (13

components. Therefore, the terms “catalyst composition,” “catalyst mixture,”
“catalyst system,” and the like, can include both heterogeneous compositions and
homogenous compositions.

&

30 The terms ‘“chemically-treated solid oxide,” “solid oxide activator-support,”
“treated solid oxide compound,” and the like, are used herein to indicate a solid,

inorganic oxide of relatively high porosity, which exhibits Lewis acidic or Brensted



WO 2010/ 151315PCT/ US2010/ 001795 9 the li ke, or conbinations thereof.

Al t hough "contact product” can include reaction products, it is not

requi red wonotosiziespecti ve conponents to react w th onecarustéeno179s The
term "precontacted” mxture is used hgrein to describe a first m xture of
catal yst conmponents that are contacted for a first period of tinme prior to

the first Zidit ¥éHakRr,R8H RGidhIRE beed the@tcdvath AQKcaoMMvatiiacdingdonfpesand ni xt ure
of catal yst conponents that are contacted for a second geri od of .tine.

Typi cal | y, bpikalbhrrapapamdephinh it calaneeshy gladrop-withdrayine SPmpeRent iSocene

conpound ( QpictHRR W& dn-with@falving R BSuréc EoriPUMAaEBhus, i8Cbhemgangal um num
conpound (or cogl)igunds), before this mxture is contacted with a

act i vat or - Segisotolidoxiderrpmppiseoh aplciae PeRsh Rrodyef Srajdershrrmidid A ound.
Thus, p%eca,ma af tiesht ARS CLIE R A-WHIPARAED tafiioh NRurcRr Gomisoafd.t OTHRNIBC kheeach

other, but prior to contacting the conponents in the second, postcontacted
m xture. Aghsorienlligrepted tsolid axirlperamusitesal leae cusi igAiEINEy agifist 5ol 9% bet ween a
conponent uhg REERAE “SupBorfe! SROALARIGSuFB oM WrEndNFed RAIMpHPIRQNENt af ter
the m xture has been prepared. For exanple, according to this description,
it is 15 powspdveess fay inerfe apd seehrempagnisr Favd ol hentarsEEdpBuf NBce it is
cont act ed Xﬂr{lﬁbn\%ﬁ% . tc@lallggp Rftdn! Phe QhSitbAsPBH? BBhe pllet @KLntiGACt €d tO
format |east one different chem cal conpound, Tormul afi on, or structure
fromthe distherncthemicghynrtradteddalidoxisisnpound used to prepare the precontacted

mxture. 1n thi 2ufAR and MeaRlE AL AE HEAANCHIE QURAAMRON ol

conponent is descri S conprising an or ganoal um hum conpound t hat was
used to pr dgaribedt teeeiprcen batusst mdtheripracticeeor testing & the lizvehipon, tthretypein

"post cont act ed”, ﬁixture i S ‘f-f%s%r eerrelsli1 etgbe%escri be a second m xture of

cat al yst cH‘r‘?ﬁ’(?ﬂ% pUCesRO¢ materials s Merei Qs iRe%, " second period of tine, and one
constituent of ahimblicgionhand guneasnmnedioped hereirf aresinconpatatedehayéinctat al yst

conponept s t hat re contacted f.or a first .period of, tine. Tyni ly, the
term 2 5. pffsf‘?rﬁlbci’?\t,}grc'gﬁﬂurpﬂﬁeﬁ ﬁ?séng@gﬁgcialsﬂgsr‘&’ ﬁorte(’)(alaglsettlrh?e Es @L %nx?dxt ure of
met al | ocengmegoaplogise (that, are| dfstribedoinother pilicativngawbahumiight nbec osgdound(s), and
activatorsupport(s) .forned frqm ont.act.ing .t he ecoptacted .m xture of a
portion of CYHELIONC Bithothe nRreseRfly Hiey egd‘BY 18hal ?‘ﬁ%%ﬁlhc@ﬁ%s 5% 0 make up

the post copfragphest e ¥kt bR pré¥illsoldly) Sorahdit ¥isd1odurds pidgrad thecHilify dsesf a
chemcally-treated sglid oxide 30 conpound. For instancge, fhe additional

conponent ~ H¥dBesepoaRplRE D I‘f?‘?@“ﬁ%’ﬁ"&bﬁt%@?é’ﬂnwg drare ’i’i“sB‘Q“éhat.t €

chem capl yidveRdlak S0 khtedth e el alclbffe BPWRRL BESor idRdtiaNt i onal Iy, can
i ncl ude an organoal um num conpound whjch is the WD )

2010/ 151315PCT/ E820m0/RI0Trds ampoupd disslased diefeiter #t epResth phepecific

or ganoal umgium, ¢ %P%QMM 145 @fc dnfthable€ R BnfolRatRSCRAMES! Reiofoilety] 8nd as

descri bed herein. ccorélng.y, this invention nmay al so occasionally

di sti ngui shtetvotsomens thatcwasp engenfrom e partienlgsr s af sulishbiepss tsngeaeibar mi xt ur e
and that c § ! ' G R -and DiRr bt

"di nucl ear gé?egﬁgl %8@%&9&0 ;&i‘{s&gﬁl?aeﬁgﬁeg?%%ﬁ,ﬁmggg’g@bes a c’gﬁpou_n{:l @E) rising
two neRal | goewre niethier 68 bnankiemledy ax weemiscformg, gsowpll Fhenis®mseti ng group
can be an al kenyl qgroup resulf ] . t hesis reaction or the

sat ur at ed @tgfeglsé e'r%eassu‘f) ‘ﬁloﬁ%e?e?éﬁ%%ﬁégg%fgﬂg%%%&m derivatization. Thus, the
di nucl ear net al hpplenes didcldshissveiral wepesi ofmarges irathe fresgnt miventiop. These

i 5-cycl opent adj enyl -type..mi eti es 10, wher ei he 13 - oal kadi enyl
o1 ot e s MeRReoTys BBCHPRET b enecoah MR of sl # tabel AOmfRbis08

| i gands, amghgt s Wéile, raties; | dieingg opandlaratakiys, smtiusoafoetlh. oWenbsgrlicarted
derivatives or anal ogs of any _of these, io%ii,bl e gubt%ti.t‘léents ol t hese

| i gands0i ndiseieee RY Glafp enrangn Of &3 rtePs HAPPYSTES i IBIEnh I s HiSEPTe: O Ha™

deri vati vesydifigd9feach Potsitile numperihaOsuch NRiIngs esulpatdsbadbly esmirpasi ed

| i gands such as teétrahydroindenyl, 15 te%gh dr of

> ! y | yor enyl,
oct ahydr of linedrdinggnd peiity pithe yangs es st @y anyyRrinees 654’?9%?‘@10&&9&?% ed
fluorenyl, substituted partially saturated indenyl, substituted partially
saturated fluorenyl, and the like. In some contexts, the dinuclear
nmetallocene is referred to sinply as the "catalyst,” in nuch the sane way
the term"co-catalyst"” is used herein to refer to, for exanple, an
or ganoal um num conpound. Unl ess ot herw se specified, 20 the foll ow ng
abbrevi ations are used: Cp for cyclopentadienyl; Ind for indenyl; and Flu
for fluorenyl.



The terns "catal yst conposition,” "catal yst m xture," "catal yst system™
and the |i ke, do not depend upon the actual product resulting fromthe
contact owonresctsizin of the conponents of the m xtures, wrhe/usatnel79s the
active catalytic site, or the fate of1225 the co-catal yst, the dinuclear
nmet al | ocene conpound, any ol efin nonomer used to prepare a precontacted

m xture, Oxran% een@&ﬁﬁa‘é%%er%hipmtexarﬂﬁlé Qﬁhéﬁ%@%@bﬂ@nﬁs@ﬁﬁos@ (bmamm rat S.
Ther ef ore e terns "catal yst conmpositijon, ture," "catalyst

" m X
system " athemigel moigty hawing aj seepidRnbEE Af FAsbzy ?}@’é‘ﬁre‘% ‘cé’étﬁrp’c%q“f i%%s and

honbgenousy;eaiROs tiaffSind¥ilARky (SEFBpossBRThGMAbLrY thaf 8adied &b cooli de,
'solid oxide activator-support treated solid oxjde conpound and the

li ke, are ensenpasereampisient wikitheatislogusdiersn. Forggmplec thedigplospee P‘EI atively

high p exXNidhi & trsith&d Ay GkdupQ8r iBRERABR latfdage having
2010/ 1551 {gé /1U82C810/ 001795 11 aci dlg}b%ke gwrolr : and V\:hlls({% as been treated

with an el Gemriote W} earbiemniony. vhisd erein. refpsito 1“9le§/nthéhF%5h e siefhi ch i s
cal ci ned. -Bﬁﬁ)érﬁh&ﬁkr% %M &ﬂﬂrﬁmm&%ﬁpﬁnﬁm s5ig Tt B’Fy oah b ¥arBbn atoms,

el ectron-wt g ani on source compound. Thus, the chemi cal ly-treated
solid oxi d& wgunas|agnsa@gecbntwpmale%mawmww@etexmlplata|<‘eat§t% Yisol i d
oxi de 5 wi t Y h RE AR Ah R SR s gund.
Typi cal |y, gaﬂ@ idgaqm&clgﬁpgm ragg%e 3 #dse conpr | ges at | east one

ioni Zi gy, ecngcashito G4md@etocfmr¢ﬂ@hgrdle)The terns "support" and _
"activator - SUPPQI larlar gnorﬁ?eti' r%ﬁr%genb%vé e@g&g%l[a %ﬁgw§’ PGP RIRCRERhA LRI HET T, and

such conponent s>'§hould be"constru an inert conponent of the
cat al yst comnpamiunioun tdhaivaot-sympboiia g cpplysticompositien groeidechin anagensel on 10can

be a chem cally-treat S oxi.d Vi ces,
and materi it lsé?‘fﬁnﬁ%l}' ¥ g&fﬁlo\sl% i thtec‘)ﬁef%%?g%g %? %ﬂﬁn e%&?ﬂﬁcaﬂiebe used
in the pr aﬁidcﬁﬁatﬁh’-su’pﬁ&t isrify a@zingblﬁlem dbeentO: b, abbitd : 1090i applicantt intsdd to devi ces
and material s

ere descri J Fat S,.an n nti oned
her ei nlar ef@ﬁ%ﬁ?bﬁﬁﬁ’%@%@?%?% lfﬁ/ﬂ]fgd ab eaﬁgncggﬁfalgr qt%? a%t(}rl?fafl(})zeébo e
descri bi ngeansboilt 5:¢ muﬂag,l dtout El(aihsp\llte,l tabanaombmmatss abmxﬂlrtﬁt #todol ogi es
that are described in the publicatio ht S nnecti on
with the pleésephauy 1 P8sebqubdy 4 ﬁg%‘ﬁtll Clglf@; ?‘&é‘{qé@ e? l:isis\sgd
t hr oughout ;§due 11308 abBLE1:R5®\abeked :400) @Aoﬁtﬂqso tdpoit 1: 5005 ab@s Urxs0patont to t he

filing date of the present application, Nothi re onst rued
als :angadm éép%rﬁbPWafﬁ%éb%l b Qfln‘tbGPIEI 5§0eah%{tllggﬁp1at OE{:IP%)OSéh?‘Ega%O suchu

di scl oggre t Y1956 Ut aBbutPl:1000. 1AVARIBNAIGY the weight Ty canrbé widih bfytadge conpound
di scl osed ﬁereln ‘any general or sp ecific structure presented gl so

enconpasse&oal 4bogbhd:d rtﬁﬁbplﬁnbloqos@?@xémpke feovaghtapto isige snge onmers
that may a%i)(ﬁl? 3f1rt8ryb?utplaf(§ Céﬂd%ls%fsb 1HECIu(ﬁ:§' Qﬁ}t E& SR tfon of8ngde BEAkn OF

specific strucfure also en onpasses all enantioners, diastereoners, and
ot her opti ebdut 26:1i wcabent 1:1PEQ. hikewise calh athen ragescdistlosed dwran shayldre " as wel |

as mxtures of st.er ol S F;ﬁﬂar%th‘é@é”tw REmpiecogni zed by a skilled artisan.
Applicants FrRIf S dR & JEVEY A types of ranges in the present invention. These

i ncl udes but ar Appladanisiresetvecth¢ oghtao pmniye oot orreeibde alb’f indivisiygl membeihige of
| nt egers, r ) Of We g]lhcthnr grtly Qiberafhe’s %p&(?nﬂfl%tgﬂé &f suf)qgﬁg%§ wn‘flﬂldthéo forth.

When Appli @ ?ﬂys Pose 8 ci'arma range o I cant s'
intent is fgfouf) hel m&)em‘lalﬂiealamdrdldgwdmgd: yrmiysgosgnmrmenuﬁfwelan! hat such

a range coul d reasgonabl y enconpass cl udi e 0i 1 &H@ f,ange as
wel | as anW%ﬂb%ﬁhﬁ@? digheec th%?‘Wa{efsﬁ 3}}6 i Qa%\‘/% 9the abioblg, fo
2010/ 151315 %a1416)98 QddHuBOfbr 2eference that Applicants may be unaware of at the time of
30 the filing of the application. Further, Applicants reserve the right to proviso out or
exclude any individual substituents, analogs, compounds, ligands, structures, or

groups thereof, or any members of a claimed group, if for any reason Applicants



12 ranges enconpassed therein. For exanple, when the Applicants disclose or
claima chem cal noiety having a certain nunber of carbon atons,

Appl i cantwD 20mrBn315i s to di scl ose or cl ai mindivi dual | ypevarsgoiposspdl e
nunber that such a range could enconpass, consistent with the disclosure
herein. For exanple, the disclosure that a 5 noiety is a Cl1 to C O linear
or br ancheghoaiekyl clgidegs, thail the Fulbhicgsufadf the disalogirador bampld tb aeosudt to 10
carbon at ogs, afe use here:l.n, refers to a m%i ety that can Pe sgl ect ed

i ndependentof ¢ FREHRCa MR IARPICHIGTERY REVIRAYeTE of st te time of thefiling oftheg o 1
carbon at o4pplicanel | as any range between these two nunbers (for exanple,
a Cl to G al kyl, group).,,.and also |ncluding any conbi nation. of ranges

bet ween t hese t%qm)érsa(‘fgéf‘dl eé%aﬁﬁ?r@,egép leglu%%la FmeEeE§-88 al kyl
group) .5 at leaSi &Hel @#i1kds otlRRIsB SpecifRA FOEME@AdeY the@liMRLR Jfohh M aforr the

wei ght ratio of organogal um numto activator-support in a catalyst

conposi t i oRPPITEYPHed dithckar metatlaesne fromprpad”; i\ Bant B SNEYMBASHo8BI Fsur e t hat
the wei ghtm{xdlit® &f cOmMBARGHsUBT NWBeC MHACWAE oL RErisupidH -stURRRERarl S 1N a
range from about 10:1 to about 1;1000, applicants intend to 15 recite that
t he wei ghtmptallecsneeqmpoundyepectivslyl, about 9:1, about 8:1, about 7:1, about
6:1, about 5:1,waROWbmposktiordPHA! mdthdds #ROsscribed: indRAHE of “LomPRGNE” 1: S,
about 1:10, about 1:25, about 1:50, about 1:75, about 1:100, about 1:150,
about 10 20GirionH ¢QMPINEIEY o Hspst the: c@uposhilgptitand : mehodsasautalse: AQosistabout

1: 450, abo y » abe (W n@&g, . 6B, 1: 700,
about 1: 75%&%“;1%@}89 fl:@gogt?nsétbgﬁfmf:a‘%gg{ls zlﬁ)out eriéggbgt ep%’o g%o%)tém%?%go, or
about 1:10@@¢lyshdernpésisival afythe pigeenivinvepiiioncan comprse; blerpdtivalyncamngengisinge from
about 10:1 . . r .t.h i IO 1S range
from aboutesg&fgft?}gugb%m; Q%Qafé%? Cﬁ?r(lg&ﬁﬁfgf’ %I (g)cl)l\é‘:%{ng{bgagetg&a yél ?g}u |e%ati on of
ranges betmetelocabocimp@nd; (ilpamdstivatortsupp@®. Li kewi se, all ot her ranges

di scI0135ed herein should be interpreted in a manner simlar to these two
exanpl €s. 25Applicants reserve the right to proviso out or exclude any

i ndi vi dual nenbers of DEFAIIEIX DE§ERIRTIONRF THEAY VENTION - r anges or

conbi nati ons of,,sub-ranges within.the grou hat cap,be cl ai r.rted accordi ng
to a range or iﬂleaﬁrﬁseélf ‘fegf\%lhé%ﬁg?cfedi geq‘eﬁ Ya yn7%§§§}¥s§5%?lp%séh%n§’ choose to
cl ai m | essmethads tfve prepatingrecasdlyse @fmpoki€iont, smbthady dor fusingedmmphtlystt 0 account
for a reference. that A(‘{fplica[‘?ﬁ%”a be unaware of at, the tige o{ 30 the
filing of FOPOSHAPY LRI GRCIZ K G &y the EIEAS Prosuesd, psing,such byt o provi so
out  or2@EXCloagRdsivis, iandiayiiclsaprodusds tubing @Rdss poBiddr Gesns. CONpAHAdS:, thel gands,
structures, or groups thereof, or ang menbers of a_claimed group,, if for

any reasonPRispt Invgtioa relppes s ngnerlinked Beserplinadlearonespliossne qomrayadsend: o ¢l ai m

I ess than ¢dafyst Bbh dmﬁ,gggﬁpgyin%tggchdjoﬁﬁbmre, for exanple, to account for a
reference that Applicants nay be unaware of at the tine of the filing of

t he appl i cati orfNampHinked  pgtaligeenes of the jprgsent pigvendiop prer dpfgrodinugleptne| ude

plural al tgpRalLY &8 wifict differcht FhethIRRSle ABRGed RICESREQEHY 8F 2BRAMI i1 ed. For
i nstance, the disclosure of "an activator-support” or "a“di nucl ear

met al | 3T enkinkéngngroum @t narp-hak nNanodlinkad sreppdloeenenean ber degigred with spacific

conbi nati o sh@e{%pl el it gp‘%yrg raidh UG LnllBdg@l | ocene
compound, r gtgge%?%agfé %ﬂgh%ggrr%glélat ?@nsgan rrte}ft%hdcl) sﬂ}gréeg escrfitdbed in
ternms of "powppallgbpdghe ddnnoctingdinkageoorgmkingtezoupr Theelongtht ereasberptstiiyt i ons and
nmet hods can sSQ...-.consi st.. e | ' " i st. of! i ous
Componant g IS E Vs SRE bbbt tiolh cufbe wENS! RligB b iF oL 02

i nventi on aranities e@pabkaif, @l ih@paidé of; @lty;maeculay omesalad-nesd éuteractidng. Bér, or,
alterngtivel can, consi st .of cont roduct,, of . (.i). a di nuc| ear

et ol | Sty Bure- e Tt orang ro i Bty ks ikiaR ey 588 i ov o
THE | NVENTHARM heterodithelepr maalidcends \cambfifauniqae do-caalystdnigaoesm| |y t o new

catal yst conpositions, nethods for preparing catalyst conpositions, nethods
for using the catal yst conpositions to polynerize olefins, the pol yner
resins produced using such catal yst



20 conpositions, and articles produced using these polynmer resins. In
particul ar, the present invention relates to nano-linked heterodi nucl ear
nmet al | ocewe 20mmBo3Inds and cat al yst conposi ti ons enpl oyi RgTAISed0®0ITRHUNIS.
Nano-1i nked netal |l ocenes of the present invention are heterodinucl ear

nol ecul es in which different netall ocene noieties are connected by an

al kenyl 25HETBRODINUCLEAR ®IETALLOGENK CONBr@UINDSked net al | ocenes can be
designed with ecific angstrom di stances between . the two nmetal. centers,
where the dist 313& pf?"“&efrg’%ti‘%e&‘sﬁﬁ’ﬁ‘?’?ci“ﬁ‘éqlI ?'?RP“P?Feq’@ES‘HﬁeB”(‘i riﬁ“‘lnftnkage or
| i nki ng grme@llockhe nlottigs Minkesit 81 ROkl gioty, andnflethddd>ofmdkirigythede reivgi di ty of
the linkin roug n be used,to desi catal ysts which are either capable
of, or i nc‘gf’ﬂg&ﬂ“ﬁ Sof Thess gampoppgsare, Fopmanly seterred toas dinuclar-qompopngssor For

30i nst agCebintdléh lcompurldsShdeaisd ithedf contagth RN Belal Bdntdrs. BecordidgBl kesnd | i nki ng

group), nano- linked heterodinuclear nmetallocenes can offer unique
co- cat al ystSPeeiEhiripyentien, thefesterpdipyiclept samprnds ey foy isomyles 14
HETERODI NUCLEAR METALLOCENE COMPOUNDS The present invention discloses

novel compounds having two distinct netall ocene noieties |inked by an

al kenyl gr®up, awrd nethods of making these ne onpo¥hds. These conpounds

are commonl yN\referred to as di nucl ear corrpo%rgs, PI 5 bi nucl ear conpounds,
because they/%ﬂt ain two metal centers. Accordingly in one aspect of this
i nvention, xt‘he Neieregkmpucl ear conpoundseRmre—tde fokhula: X1\ /X3X7 X5 / \
/I MALnR2 /\ X2X4 -CRXRY /ERXRY - X8X{ \(CH2)n-CRz=CRz-(CH2)n (A); X1\

/ X3 MLx11x9 (CH2)—CR*=CR*—(CH>),
(A);
X! x3
M1/ X1 X9
Xz/ \X4 CR*RY CR*RY 2/ \Ms/
\ 12/ N 10
(CHz)n_CRz=CRz (CHz)n X X
(B); or
x5 X7
\Mz/ \A1 X11 X9
xe/ X8 ER*RY CRny A2 \Ma/
\ 12/ \ 10
(CH2),—CR*=CR*——(CHy), X X
19 ©);

wherein:

each X/, XZ, xX°, X5, X9, and X' independently is hydrogen; BHy; a halide; a
hydrocarbyl  group, hydrocarbyloxide group, hydrocarbyloxylate  group,
hydrocarbylamino group, or hydrocarbylsilyl group, any of which having up to 20

15  carbon atoms; or OBR*; or SO;R?, wherein R” is an alkyl group or aryl group having

up to 12 carbon atoms;

each X° independently is a substituted or unsubstituted cyclopentadienyl,
indenyl, or fluorenyl group, any substituents on X? independently are a hydrogen
atom or a substituted or unsubstituted alkyl or alkenyl group;



I\l \ | X2X4 -CRXRYCRXRY -A2M3 / \ / \ \(CH2)"-CRz=CRz-(Cl-12)nX12X1 (B);
or X6X7 \ / \ M2A1xx9 x6/\ /11 / \ |/ X8-ERXRY \/C RXRY -A2M3 \ [/ \

(CH2) n- GRe2BWIB2315CRz- (CH2) n 10(C); wherein: eac h PRITUSXR0/0X695 X6, X9,
and Xl independently is hydrogen; BH4i5a halide; a hydrocarbyl group,

hydr ocar byl oxi de group, hydrocarbyl oxyl ate group, hydrocarbyl am no group,
or hydrocar byl sdacly X* gidependentiyy isQf subktitesd bpolépegtadienilpindbnyl Sorcfiokdgl at ons; or

OBRA2 or SCBRA, wherein RA i n al kyl group.or aryl group having up to 12
carbon at offgVP, any su Egﬁnﬁgni)ﬁdﬁalﬂféﬁlfé‘ﬁf‘lag‘e Qqﬁ&%lﬂ%/‘m‘gfl?ﬁg%ﬁnaﬁﬁ%st i tuted
cycl opent aBydégeh atdnh oeubstitbted ok UuBstitlte DAIRVDr alkBYyl Eddp! | t uents on X3

I ndependently are g,hyqrogen,atomar a substituted or unsubstituted al kyl
or al kenyl groufeh W2@1@/&5%@@%@@ilth%ﬁf—‘?gzclopemadwnyh indenyl,

5  or fluorenyl group, any substituents on X', X'', and X' other than a bridging group
independently are a hydrogen atom or a substituted or unsubstituted alkyl or alkenyl
group;

each X® is a substituted cyclopentadienyl, indenyl, or fluorenyl group, any
substituents on X® other than a bridging group and an alkenyl linking group
10  independently are a hydrogen atom or a substituted or unsubstituted alkyl or alkenyl
group; |
each A' independently is a substituted or unsubstituted bridging group
comprising either a cyclic group of 5 to 8 carbon atoms, a bridging chain of 2 to 5
carbon atoms, or a carbon, silicon, germanium, tin, boron, nitrogen, or phosphorus
15  bridging atom, any substituents on A independently are a hydrogen atom, or a
substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a combination
thereof;
each A’ independently is a substituted bridging group comprising either a
silicon bridging atom, a germanium bridging atom, a tin bridging atom, a carbon
20  bridging atom, or a bridging chain of 2 to 5 carbon atoms, any substituents on A’
other than the alkenyl linking group independently are a hydrogen atom, or a
substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a combination
thereof;
each M/, M?, and M® independently is Zr, Hf, or Ti;
25 each E independently is carbon or silicon;
each R*, RY, and R? independently is a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof;, and
each n independently is an integer in a range from 0 to 12, inclusive.
Yet, in another aspect, the heterodinuclear compounds have the formula:
30 (IA)=(IB);
(ITA)=(IIB); or
(IITA)=(11IB);



15 each X4 independently is a substituted cycl opentadi enyl, indenyl,
or fluorenyl group, any substituents on X4 other than an al kenyl |inking
group i ndepentersidty are a hydrogen atom or a substit ut egCoruseoisobebs t ut ed
al kyl or al kenyl group; each X7, X', mnd X12 independently is a substituted

cycl opent adi enyl, indenyl, 5 or fluorenyl group, any substituents on X7,
X', and Xlgh&tiaer than a bridgi ng group i ndependently are a hydrogen atom
or a substituted or unsubstituted al kyl or al kenyl group; each X8 is

a substituted qygjmpentadienyl, indenyl, or fluorenyl group, any
substituents onX8 otger than a bridging group and an al kenyl [|inking group
10 i ndependent|yN\are“a hydrogen atom or a substituted or unsubstituted

al kyl or aIkenyI{gM up; each Al independently is a substituted or
unsubsti tut ed b{'dgi arq chonprising either a cyclic group of 5to 8
carbon atons, a bridglng CE@IH of 2 te 5 carbon atons, or a carbon,

silicon, germanium tin, bOf@HQﬁﬁFCRﬁéen, or phosphorus 15 bridgi ng atom
any substituents on Al independently are a hydrogen atom or a substituted
or unsubstituted aliphatic, aromatic, or;cyclic group, or a conbination

t her eof§ each A2 independently is a substituted bridgi ng group
conprising eith@B)@ silicon bridging atom a germanium bridging atom a tin
bridgi ng atom si3carbgr 20 bridging atom or a bridging chain of 2 to 5
carbon atons, an sgﬁstituents on A2 other than the al kenyl Iinking group

i ndependently are M\derogen atom or a substituted or unsubstituted
aliphatic, arongilc, gm_c¥eki group, or a conbination thereof; each M,

M2, and M3 independently is Xr, Hf, or di; 25each E i ndependently is carbon
or silicon; each Rx, RY, and ReHistde@Rfigently is a hydrogen atom or a
substituted or unsubstituted aliphatic, "asomatic, or cyclic group, or a
conbi nation thereof; and each n independently is an integer in a range from
0 to 12, includilA.isYet, in another aspect, the heterodinucl ear conpounds

have the formulee 30(Xx®) (I1E); (11A)=(11B);: or (I111A=(I11B); WO
2010/151315PCT/U§28 /bq%795 16
/
x6/ \XB——ER"RV
(CHz)n—CRZ:EI
10 >
(IIB) is
X17 x19
\MS/ \A3
/
X8 X% —ER*RY
\(CHz)n—CRz=§:
15 (ITIA) is
X9 X11
/
t>M3 :)V——cgﬁv
X10 \X12 (CHZ)n_CRzzgz



wherein: (1A) is X1\ /X3 KAL /\ X2X4- CRXRY \ (CH2)n-CRzl = (113) is X\ /x15
hA4  (HA) is X5X7 \ / \ x6/M / 2Al X9-ERXRY \ (CH2)n-CRz= _

WO 2010/151315 PCT/US2010/001795
17
(IIIB) is
x21\ X23
me AS—CRRY
/N / ~
X22 x24 (CH2)h——CR?=g=

5  wherein:

X!, XZ, X3, X6, X2, X'O, X, XM, x'7 X‘s, XZ', and X* independently are
hydrogen; BH,4; a halide; a hydrocarbyl group, hydrocarbyloxide group,
hydrocarbyloxylate group, hydrocarbylamino group, or hydrocarbylsilyl group, any of
which having up to 20 carbon atoms; or OBR*; or SO3R*, wherein R* is an alkyl

10  group or aryl group having up to 12 carbon atoms;

X* and X" independently are a substituted or unsubstituted cyclopentadienyl,
indenyl, or fluorenyl group, any substituents X° and X'’ independently are a hydrogen
atom or a substituted or unsubstituted alkyl or alkenyl group;

X* and X'® independently are a substituted cyclopentadienyl, indenyl, or

15  fluorenyl group, any substituents on X* and X'® other than an alkenyl linking group
independently are a hydrogen atom or a substituted or unsubstituted alkyl or alkenyl
group;

X, x" Xlz, X19, X®, and X2 independently are a substituted
cyclopentadienyl, indenyl, or fluorenyl group, any substituents on X7, X" x", X’9,

20 X%, and X** other than a bridging group independently are a hydrogen atom or a
substituted or unsubstituted alkyl or alkenyl group;

X® and X*° independently are a substituted cyclopentadienyl, indenyl, or
fluorenyl group, any substituents on X® and X% other than a bridging group and an
alkenyl linking group independently are a hydrogen atom or a substituted or

25  unsubstituted alkyl or alkenyl group;

A' and A’ independently are a substituted or unsubstituted bridging group
comprising either a cyclic group of 5 to 8 carbon atoms, a bridging chain of 2 to 5
carbon atoms, or a carbon, silicon, germanium, tin, boron, nitrogen, or phosphorus

bridging atom, any substituents on A' and A® independently are a hydrogen atom, or a



10, (11B)
x911\ / \

2010/ 151346RCIV1982610/ 001795 17 (RI B)

10

15

20

25

30

is X17X19 \ / \ MBA3 \ / X18X23- ERXRY (CH2)n-CRz4 15(H A)

MBA2- CRXRY \ [/ \ X19X12(CH2)n-CRzt WD

18

substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a combination
thereof;

A? and A* independently are a substituted bridging group comprising either a
silicon bridging atom, a germanium bridging atom, a tin bridging atom, a carbon
bridging atom, or a bridging chain of 2 to 5 carbon atoms, any substituents on A’ and
A* other than an alkenyl linking group independently are a hydrogen atom, or a
substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a combination
thereof;

M!, M2, M3, M*, M>, and M® independently are Zr, Hf, or Ti;

each E independently is carbon or silicon;

each RX, RY, and R? independently is a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof; and

each n independently is an integer in a range from 0 to 12, inclusive;

with the proviso that (IA) is not the same as (IB), (ITA) is not the same as
(IIB), and (ITIA) is not the same as (ITIB).

Formulas (A), (B), (C), (IA)=(IB), (IIA)=(IIB), and (IITA)=(IIIB) above, and
any metallocene or dinuclear metallocene species disclosed herein, are not designed to
show stereochemistry or isomeric positioning of the different moieties (e.g., these
formulas are not intended to display cis or trans isomers, or R or S diastereoisomers),
although such compounds are contemplated and encompassed by these formulas
and/or structures. In formulas, (IA)=(IB), (IIA)=(IIB), and (ITIA)=(IIIB), the “=”
symbol is meant to indicate that the respective metallocene moieties are linked by a
double bond.

In theses formulas, halides include fluorine, chlorine, bromine, and iodine
atoms. As used herein, an aliphatic group includes linear or branched alkyl and
alkenyl groups. Generally, the aliphatic group contains from 1 to 20 carbon atoms.
Unless otherwise specified, alkyl and alkenyl groups described herein are intended to
include all structural isomers, linear or branched, of a given moiety; for example, all
enantiomers and all diastereomers are included within this definition. As an example,
unless otherwise specified, the term propyl is meant to include n-propyl and iso-
propyl, while the term butyl is meant to include n-butyl, iso-butyl, t-butyl, sec-butyl,

and so forth. For instance, non-limiting examples of octyl isomers include 2-ethyl

is x21x23 / M\ [/ MPCRAIRY010/001795

S

X



x22x24(CH2)n-CRz | 5wherein: xi, x29 ,c55 3(6, )(9, x10, x13, x14, 177
X-.5 IR X1-, and X22 independently are hydrogen; Bli4; a halide; a

hydr ocar by 2gromsp31shydr o car byl oxi de group, hydrocar byl exyhst@ogooup,

hydr ocar byl ami no group, or hydrocarbyjgilyl group, any of which having up
to 20 carbon atons; or OBRA2 or SO3RA, wherein RA is an al kyl 10 group or
aryl gr ouphdx@Vvirichedpetylo Shitaislaelmiplést sTikkyl groups whicRdsh belemplogidaemdent |y are
a substituted or unsubstiyé’euged cycl orﬁen adi e%’l, irden Illr;}li'% fl uorenyl
group, anyPEHBEIVERHAR Bluds, DHtprpat | H@{)@nﬂ‘é iyl Propy, g2t om or a
subst it ut eRex91, heft§h Betyl, by Coralebyl] ar@rth@like MBian@ples P alkédlyl FEshpXHthin

i ndependent |y are a substituted cycl gpentadi enyl, indenyl, or 15 fluorenyl
group, anyh&ipe; of fa Preseh Imyantgiingduge, hup ate ”coﬁéﬁ‘“ﬁﬁiu twa@ﬁ% PI9PERng gr oup

i ndepengientkiynyRRn@nlyEHxe82 Mepleil, Séterdyl, SHehsyl, [det«adl, ahd mesMest i tuted al kyl
or al kenyl grc?‘tljij;é ,ﬁy x)%%ﬂ xe?l,wxlz_,ﬁxls,) >¥_l23, ,agd X24 independently are a
substi tuted cyc&m@ﬂﬁ apwsyand qampapasions withy 3lipBaticn g1oupst iglde Ayl &idost i t uent s
on X7, X', ﬁr&l]aﬂqyl ¥ioups, 20d Rede indhele)Bk 2E BET lithi@Nt02 phRédyd HIRG-ses@HRed

i ndependently are a hydrogen atom or a substituted or unsubstituted al kyl
or al keny| Phynighypraphthyl, algylsnbstiuted rmgplybyid eweny)-subssitdeds aliol.i papheyl-

cycl opent agj,gitled a!llgﬂl,,ecﬂlﬁlthe Bke.l GeREEIRY lsu@ Sefps MAYcortibhiENESuRN X8 and
X2 other than a bridging group and ar al kenyl |inking group i ndependently
are a Hydrempenn dessrthasy abous 2@seartont atemer Hepomsnapdimiting egaraplry of s¥chal keny!|
group;  moicfils ARH cAY b %@@Qﬂ%@g}e&erﬁriﬁv&ﬁw l?ﬁélﬁée“élﬁeﬁyﬂrtolgﬂsdéhﬁﬁ,' tuted
bridgi ng group conprising eilther cyclic group of to 8 Carbon atons, a
bri dgi ng céiaiethydphenylt rinethydphsonl, phenyiethydr phenglardpsh pheilbwyin progek-2rani um
tin, boron l h: RN 0 .ol i ts on Al
and A3 1 naRisRLRREfe a8 g EBEN st ' Do Rl s Sdoditdist b A

2010/ 1513 1&MACc)SAGIE YOG 7i9eludl tatilast natutinaitedoto, ypdormtyilt epclgpenttnybhat i c,
aromatig, or clic grau or cppbi Lon IR nd A4

i ndepe?l%enﬂc)]/&%)r(yel’ SyeiigE b uatngghebfr%li‘edg{}ﬁége)g F'S’t&%gégr%rél’rn})?fltﬁ%n léﬁ%ﬁfe%g%a silicon
bri dgi ng atyihy geougés aeyelahexyiphengl grgumat ndpss atherwisd spedified,angtsastitigedcar bon 5
bridging atom .or a hridgi. chain of .2 to 5 carbon gatons, any substituents
on A5 and A er Rl St e IR it gpoRE R AL pBRRERERY e a

hydr ogen aéample) theatefihl Byl ik uieaflt 1rincladeldns tpokgible duisstituehiepdsitionatheigt i ¢, or

cyclic group, or a conbination thereof; M, 1\42, N43, -42 M M5, and M
i ndependen®iRe. Bield, 9rpPargf o Ti:

20 Hydrocarbyl is used herein to specify a hydrocarbon radical group that

includes, but is not limited to, aryl, alkyl, cycloalkyl, alkenyl, cycloalkenyl,
cycloalkadienyl, alkynyl, aralkyl, aralkenyl, aralkynyl, and the like, and includes all
substituted, unsubstituted, branched, linear, and/or heteroatom substituted derivatives
thereof. Unless otherwise specified, the hydrocarbyl groups of this invention
25 typically comprise up to about 20 carbon atoms. In another aspect, hydrocarbyl
groups can have up to 12 carbon atoms, for instance, up to 8 carbon atoms, or up to 6
carbon atoms. A hydrocarbyloxide group, therefore, is used generically to include
both alkoxide and aryloxide groups, and these groups can comprise up to about 20
carbon atoms. Illustrative and non-limiting examples of alkoxide and aryloxide
30 groups (i.e., hydrocarbyloxide groups) include methoxy, ethoxy, propoxy, butoxy,
phenoxy, substituted phenoxy, and the like. Similarly, hydrocarbyloxylate groups

typically have up to about 20 carbon atoms and representative examples include, but



10each E independently is carbon or silicon; each Rx, RY, and Rz

i ndependently is a hydrogen atom or a substituted or unsubstituted

al i phati cwoanomaiils, or cyclic group, or a conbination trhensedip/oarrds each n
i ndependently is an integer in aranggfromO to 12, inclusive; with the
proviso that (IA) is not the sane as (IB), (1A is not the sane as 15(11B),
and (111 A) adeSnddQimited€tos BsHmates atdtdtt,Bp roplonate, ndﬁﬁérmﬂoa& Q/k)hyl (hHBxanoAtE)) ,
(rA=(1B), (I1A=(1IB), and (IlI1A)= alté)l;)ve d tbaiqlocene or

di nucl ear ﬁe%da%me%n%e%ec?l e’ol?e%‘? ®n Tléer @“H PEeY B 0 show

stereoc hemgl%hf; ¥s f2kd g&{éﬂ@éllycto%féﬂ Ml@éﬂv@@ t@%lk&rbﬁmdj bfy&nains, diilkﬁimﬁis (e.qg.,
| Soners ?]fgr Ror S

these formilas are not intended to display. ¢ r.tr

di ast er eoi 3whdiprylaminggrerps JEssotherviss Fﬁfﬁlﬂ”?ﬂs‘ﬁ%ﬁ%‘ir@cﬁ?yﬁwa%"%
enconpags e¢hibYnveHGsEe cbiprité! ﬁ’;? t@@ééarz(ﬁk&usﬁ léicﬂﬁs Iy dfcearylsagl golpy (1 B),
(rrA)=(1rB), and (I11TA)=(111B), the i S Mmeant to ndlcatethat
the respecircludenbutafieopesnkim; é‘t’l Qégylﬂl'yé grwméearywm SHYRH| %‘yBHWEfﬂy'I n theses

formul as, ?@u bdemdl Me! lﬁgze HidPhhweup GOl aB6utNED cBibBAT Adins. aMFhr | REHnPR, 25 at ons.
As used he an aliphatic group includes linear or branched al kyl and

al kenyl gr blﬂjscaf@éﬂbfi allollps canjaclyde; tHmgthylsilyrand phenylachilsly! groyps- 1Thedf 20 car bon
atons.  Unl fipdio &tﬂgﬁ& tez elhga),]%ea B&lgﬁiylat@l %r&%?'ﬁhllﬁﬁﬁylmcgr RyHRScae8 &Iy bed

herein are i nten structural i1soners, |1near “or branched,
of a gil0engrwpetan hafV@rUPewalrﬁaP@boraﬂqomé,n@rmlteml’@y’a%toag IcagppR StoBsedher s are

i ncl uded WI {hglilpwééftﬂgéfeﬁénﬁln‘%@nudﬁs an exanple, 30 unless otherw se

speci fi ed, erm I's meant to include n-propyl and isopropyl,
whi l e the term buthel above nfiesmmilag fori etdrodinucieap woypouridsoam gikenyl tinking yi |

sec-butyl, and.so fort For i nce f tyl

i somers i n&lOyRdS 31 3?‘1%9’? E0NB 5’6%75]%5%{3‘?% IB%% %E%&é%%?%ggh%xﬁ&and
neooctyl . Suistratbd ethennnarmlrlelmkn‘fg gbkybargb@up&hvmmtheoaspeb@eempthkquub in the
present inventjon inc not n t.ed Y. propyl,
butyl , B enmleneﬁgt)&lfnc{ ng%rwp or&?? c¥clop88 dllenyl 1nde 1 g%gyltgﬁgﬁ !FEr
_Exalrrp:jes gfexa{lﬂqenx‘l argy ;S[&Pp@anvhatva iofe toﬂmose: ennlﬁumbnus he apdlgemm tl?enalbfmyl on 5

i nclude, byt are not et he e uten ent eny
hexenyl , hé‘ﬁl“éﬁy?oufbct f ’nﬁiﬁgﬂ% gr?]%’éeﬁ anB IR A ken§é or bno? Ar omat i ¢
groups andg@&ﬁhﬂeﬂahh @?&gm Tt&l; thl dlipdhgt hﬁk@ gtblaﬁ dlAdﬂhtuﬂﬁllﬁrXﬁ andrnixf’ any| al kyl
groups, and these include, but are t.o en

al ky| - substpYe PR Ob FaE SubstifsRtsHp) ad %ORVPH%‘?JEE@?‘P& ‘&“%g’b%fl}‘?yzl‘ufenyl

phenyl » §Ub§1rnkxtng aI kyl, naphthyl substituted al kyl, and the |ike.

CGeneral Iy, such gr oups and combi nations of ar ou }0 cont ajn hegﬁ t han
about 20 car bonlmensmaspeqtehthe Pf?ﬁéhUPYerﬁ*P?il,rF@C*e%ar?gl’gs %6 Xu€h> ftoi 8t 1 es t hat
can be used,i7 R;18 ke n i (aleY. RSy la, haligé;Vd hydessagmt ,

di et hyl phg(nyp( ??I %%’?%gl E)rhdeé%%a{tyoen et}}ﬁg)%? en;I Srlo vl Y pheﬁag/yl butyl,
propyl-2- ey heirbgarbylenide gu@ep,lhylde)ca l@l’(}’léte@f@!]’pél)’ﬁlfﬁ%qf amEO AW kyl ~ and

cycl oal kenyl gq“ﬁ rf%a‘% fimted
to, cycl openpg?ogar@ﬁﬁhﬁg% Ehﬂf} cyclo y‘onﬂcf/é%h%’(ﬁesr]ﬁ@% 0t he |ike.
One exaspl SMR* avieneibiRias amalkvh&rbumowgylagrely?chavmggwdgd2|09rban@§¢msoﬁ%xyl phenyl

group. Unl ess. ot her n 9s bst 11 U,8d yar ogmt Qha Geel i c
noi ety used” ?\tg?eflsr?e?se?rcélan ?(fé |nc X Ixedlu%l sgéne?gm ?dér’ exarrpl e, the

termtol yI ihdepereiantly G metofl, uethylalpyoppbsmt}bl persylb$1bmluhcntylp@siyt,imyl that is,

ort ho, ara. Hﬁ'& ar b i s used herein,tQ,2SR8Cié 9aXhlydrocar bon
r adi cal byq ?fg "feﬂyi%léf ﬂ%ﬁ %'gt FOECT ARRef s 634 hrb( g?yP‘e %I %(kr
cycl oal kyl X'alkemyl, X@qu',@ﬁhﬂbéﬁﬁdcpendently is ethenyl, propenyl butenyl, pentenyl

30  hexenyl, heptenyl, octenyl, nonenyl, or decenyl. Each X! X2, X, X6, X, X'O, X8,

X" x" X8 X*', and X independently is a substituted or unsubstituted aromatic



cycl oal | cadi enyl, al kynyl, aral kyl, aral kenyl, aral kynyl, and the |ike, and
i ncludes all substituted, unsubstituted, branched, |inear, and/or

het er oat owo=0bgtsidiat ed derivatives thereof. Unl ess ot heparas2sipeei7hi ed, t he
hydr ocar byl groups of this invention 5 typically conprise up to about 20
carbon atons. In another aspect, hydrocarbyl groups can have up to 12

car bon at ogfsup, ffor exaitflledMaging wp tb Q0Gafbadh ReImsA 0 BRoth@rasptat bOthe peéemon at ons.
A hydrocarbéCOX|de group, therefore, is used generically to include both
al koxi de affi¥e™°P oxi de groups, and these groups can conprise up to about 20

carbon at ons. |Ih|aLtﬁffét@ﬁﬂdé§ec@rbdclﬂXh 9.¢l xFtx"nwex'ﬁnxpex"‘ok”akk*ox?‘dﬁdand

aryl oxi de 39 groups (i 1 0CAr Ryl pxiy ar pcl de, net h XY,
et hoxy, pr%pd&?ChIBﬁ‘F"o%?m rﬁﬁ"@% ’yxﬂg(gbgt’lxt u?(leodxp%uhg(no%y Xaér:a(glvﬁ’éd ?(lgke

Sim | ardy, inBepdn@may byéaxybat %h&{}@UpﬁaﬁXM\;}l ca{ohﬂ h%&yup difefyPHEny?0 carbon

at ons and repr esentati ve exan’g es | nc
thybo

2010/ 1513 15ptcthyipbsnvlo/ phenyly Phsnynteryly .nheméhutt/b prapy haphenyletisthat e,

pr opi onat egy cﬁ)%@rﬂ?lmcweﬁetnf‘en?']z c9é1bwéxyh %34@18&%? OfesRRABkAY] it &8&AL €,
ol eate, benzoate, and the : ermh rocqrbyl%nlgo grqy Ps used

gener i cal | 4FPecss ?fa‘lhésrm&wﬁloéct\i'e\f/sép?n?tbefaﬂspwIeé!ﬁli‘ﬁ‘o XarX/h &mi ¥o X di*al-kyl ani no,

and di aryl gm R0o7 groURB. ol Nkes §d6lA8Ently SR RARMI , beneyinyenogaRby! am no
groups of 5 this |nv¢nigog cgggrl%p yp to qpou car on atons.
Hydr ocH byFusthey leagh SUp%> PAcKude; XbuX are nbts XX e@th) ingepangently| y|

groups, ar I r 12 I i ch have
up to abou%lalngdoe %:llgtgl %Hatom; !f: le%)%gfr?%?{é aghpgpocg?egqf f {{hléﬁgugﬁs} can

i ncl ude trinmettiond si |yl and phenyl octylsilyl groups. These hydr ocar byl oxi de,
hydr ocar byl OXY'Iﬁt e aﬁa?J ?O%BBX' er nal?d‘ 'h}ﬁﬂé&ﬁﬂ J?lX,' 1§'a! Xv.})bs&gtegr&ur)s can

have up to 12 car on vel y ato in
ot her as pemtssbsmtutetd]eth:peabmenylnmdmylmr ﬂuorenyl Emuphwhdrbowh K‘bamm(é?s for

het er odi nucl,ear npoun a ken an al group
that 1| hics napepasiTRre \Rae R SreR it SR SRty B e 8 O\ e

al kenyl | |an;bedng ofr thisp im@ntide ath axhedd tX'*t inée;reaéepﬁlgt 1sve substithtedcane 15

noi eti es at idgin r ou at a cyclo entadl i ndenyl , qr

f1 uor enyl ‘{ﬂsgl?f‘f)‘ ‘Tég ng?g ‘Benyimgfam X178 &’ﬁ h%ﬁ?%c 8“& %ﬁfmaéé stibst it uent s
i n additi oipdépenddntlyad A(gimyﬂltuiedaydlmngamuﬂ.or&mthdl iiden®r gréhgp.ng gr oups A2 and

A4 can have one_ o $u uﬁ 5 in ition to the al k |i nki ng
group. Additi or%"lc{‘y 1 ’ %ﬁg BAeRsBinty s @i lsﬁ%:?ﬁfuée di n

addi tigm t@ct&@@nt@dxbﬂ&l 1ﬂﬂex§'l Qi#Fﬂu@féﬂylt %ﬁu@'alﬁ@ Ay netOdshiilyi sQBst@Ited With lan one
aspect of lgrt]degmpgrgercSn?pT tas :nr(IIchtI;]eElllr? {llle fgr?rfulas above. For 1nsfané(e36 eac)l(19X7 a);%l X & 13 x14,
be a substituted fluorenyl group, while in certain aspects of this invention, at least one
of X'! and X'? and at least one of X?> and X**is a substituted fluorenyl group.
Similarly, each X® and X*° independently is a substituted cyclopentadienyl,
25  indenyl, or fluorenyl group, and are necessarily substituted with a bridging group and
an alkenyl linking group, as indicated in the formulas above. In accordance with an
aspect of the present invention, each X® and X* is a substituted cyclopentadienyl
group.
Each A' and A® independently can be a substituted or unsubstituted bridging
30 group comprising either a cyclic group of 5 to 8 carbon atoms, a bridging chain of 2 to

5 carbon atoms, or a carbon, silicon, germanium, tin, boron, nitrogen, or phosphorus

bridging atom. Each A” and A* independently can be a substituted bridging group



X17, X18, X21, and X22 independently can be hydrogen; BH4; a halide; a
hydr ocar byl group, hydrocarbyl oxi de group, hydrocarbyl oxyl ate group,

hydr ocar bwbammsigsoup, or hydrocarbyl silyl group, any eCTws2ak/obevs ng up
to 20 carbon atons; or OBRA2 or 25 SCBRA, wherein RA is an al kyl group or
aryl group having up to 12 carbon atons. In another aspect, each X1, )(29

3(5, ) (6, dtistnkQith¥dasilidokbridgng atond& gormRdniumidgag atdhel epeetalpidey | s
met hyl , ethyl, propyl,. butyl, penté‘lti .hexyl, heptyl, octyl, nonyl, decyl,
or trimet hiPss pyRbeR Bdging Migatormbdeing chiaibef 2 t%ﬁc%rbkal,at%’(‘sz,l&%‘}e ) (6, 30,

x13, x14, Xbéet of ks intehtior2RECHRZ ANde paadeninbdpehdentll ReR¥hrboRAIRBAY | |
but enyl, pentenyl, 30hexenyl, heptenyl, octenyl, nonenyl, or decenyl. Each
X1, ){(2, 3germ@pigm, If gn brifgingatan; or alfernatively,m caghon brdging aom. Ytdink22

i ndepe“ﬂe”LA&fhér%gﬁsctS WBSE At UL2e 43 Ofn dUAYS hRSJehlidH§ds 2bpidBihk ChaiNOf 2 to 5
2010/ 151315PCT/ US2010/ 001795° 21" group, for exanple, having up to 20 carbon
atoms, in eaberhatemaspieh tas.ofor eample.cx Byr-carberebridging chagn thaycemmeete the aspect ,

each X1, ){(L2recle cvaldentadidnyvi il madts. X14, x17, x18, x21, and X22 is a
chlorine ato X ‘%1, é?’%% j 3'%%@ 10, x139 x14, x17. x18, X-21, and
X22 5i ndependenahy subatitubes phiy K, Maghit Kyl X & &'y X' Ben/! X gene XAyl phenyl
b Opy 1 2- piaiy e FHRUEGE gthop a5 Pl M, B0 Bt 9es) opexenyt
or cycl@heindepsndently area biydrogeraatpmoirs: sybstitited of wnsabstitwyed alipl or alkenginot her
??18 2gghdgg %illg(llngér?%%X 937{5‘&%@%% , tﬁ%%%)?i/ Iﬂ3e S?ﬁoél ﬂfalai d gsuuitg@g?‘%éﬁ%lr ?ndeach X1,
3(2, 3(5, 8stitudAuord] inchBles partiallx $atdrasedSindexgls, andnfluoxayls imdwgimedent | y can
gre egg;? y! hg%ﬁﬁ?%ihi_iteg ?(Q Zté/tlrahygrﬁ)in%er?yqsl, ?étliraﬂ)e'dr%hl?orperilyﬁ]s, Ry Eagﬂydm%fze%ylgf the
Exemplary alkyls that can be substituents include methyl, ethyl, propyl, butyl, pentyl,
15 hexyl, heptyl, octyl, nonyl, or decyl, and the like. Similarly, exemplary alkenyls that
can be substituents include ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl,
octenyl, nonenyl, or decenyl, and the like. Excluding any bridging or alkenyl linking
groups, as the context requires, each substituent on X3 , X4, X', Xs, X“, Xlz, xb, X'G,
Xlg, X*, X%, and X** independently can be a hydrogen atom, or a methyl, ethyl,
20  propyl, n-butyl, t-butyl, or hexyl group, in one aspect of this invention.
Any substituents on A', A%, A3, and A* (other than an alkenyl linking group, as
the context requires) independently are a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof. In one
aspect, for example, such substituents independently can be a methyl, ethyl, propyl,
25  butyl, pentyl, hexyl, ethenyl, propenyl, butenyl, pentenyl, hexenyl, phenyl, naphthyl,
tolyl, benzyl, cyclopentyl, cyclohexyl, or cyclohexylphenyl group, or a hydrogen
atom. Excluding any alkenyl linking group, as the context requires, each substituent
on A!, A%, A3, and A* independently can be a hydrogen atom, methyl group, phenyl
group, naphthyl group, or cyclohexylphenyl group, in other aspects of this invention.
30 In formulas (A), (B), (C), (IA=(IB), (IIA)=(1IB), and (IIIA)=(IIIB),
substituted aliphatic, aromatic, or cyclic groups, and combinations thereof, are

disclosed, as well as substituted alkyl or alkenyl groups. These groups and others



In the above fornulas, each X3 and X15 i ndependently is a substituted or
unsubstituted cycl opentadi enyl, indenyl, or fluorenyl group, while each X4
and X16 W6 2rndepasdent|ly is a substituted cycl opent adi eaylus20maerrys , or
fluorenyl group. In sonme aspects of t#g s invention, each X3 and X15

i ndependently is a substituted or unsubstituted cycl opentadi enyl group. In
oth Fr as peg§SSMbe{ﬂﬂfe?elﬁ(‘ﬂebQ.ﬂﬂy@f&&aﬂylﬁﬂ§B emeimaa Ity 1dc$u|c£la sswmattédxaﬁamgs 2w1th 939
cycl opent adi_ enyl. or substituted inden rou ac , X',

Aand x4 | SRISLH RSt 4P, Roskio s bere, v Bt P nfkcr ] Mfnefanyl | o
fluorenyl eHeatighl valBaked Mhus) @ERPS SubistibatedUigt drelbr @bravitiah ofe Ribsigém@regr Oup, as
indicated in the fornmul as above. For instance, each X7 and X19 can be a
substi t ut eﬁor’f‘?‘%i“t&%yl group, while in certain aspects of this invention, at
| east ope of X'g@RtubskrucARd whkn Eﬂa@&h 28 endRpenidil2sbcteddrérf aft cxyRst i t ut ed
fluorenyl group. Simlarly, each X8 and X2 independently is a substituted
cycl opent agioERy? sulﬁgwpmaqymogm goupof ERYIPhYMS SFOUPa Al 2EBIC Y  Sar i | y
substi t ut eghipbd Qoﬁ\p bar ditgt@h o Qg&lﬁmnagmgé kit grohp, AKEADErO Ubordds
indicated in the formul as above. In accordance with an aspect of the
present i NGOHP &h alaBEMXEroumdaIXINqrEanic SRt 2P LATerNoEFEllish EFURdICEfy|  gr oup.
Each Al an&ﬁmteadﬁﬂea%m&%fcgﬂ o%}echsm&yﬁdﬁ qf% %ou%'@@k’aﬂ%&ﬁ higfed bri dging
30 group conprising elther a cyClic group carbon atons, a

bri dgi ¢ chénhdq;for%ydr@g@n@aﬁma%@mgmms dp wrtmnnatg ithe aediyity g’érthﬁanl um

tin, boron 0, SR
mdependent?t{/w%:tacﬁglggméﬂs'u Q@?%t%%agﬁ){j&géﬁg% Broup gl\i%ﬁpné%dg’%tﬂ%

2010/ 151315 Aifite826, 1y HUWEE ghupsonpri sing either a silicon bridging atom
a germani um bri i atom or
a bridging chain £ pq?atff%gl}éd%gﬁdg%&gsf &%aag?c%hlggﬂg © Zhslglg%ep % h‘?lgr{agventl on,
each Al, ABromid, aadmbdi&é i ndependently is a carbon, silicon, germanium or

tin bridging at or alternativel carban Q inb
anot herlg] aspect , Blr%ﬁlﬁo%‘luml}fﬁ oxggen %‘ﬁ%"sﬂe PREED cg{ ‘gﬁﬁ%% gg %mFIEQ ng chain
of 2to 5 mrchoﬁclada)mat amumhhaﬁtpdftmrallemarqnlaeylow Ereopc @O [16))) -Bsm?g,mg chain

t hat conne th t| Ve C) ent.a i.es

subst it uen?)i&oh &élﬁﬁ t]§(1§( %‘fié’gpﬁls}‘bsgﬁ%ydeyiéf{@(%‘émo?{ i’gl,ere%gg, %23, and
x24 (other eidhad&c@réiké dgi B@amypupclaamyloaryamraab&mwntﬁmm kikpl sgbstitiped as t he
cont ext requires)

10 i nde dently a hydr o om ubstituted or
unsubst i t ufed caPRBpHtugd agg E’@R&?Y‘nélf%ﬂ‘p{ Q-@ qrgs aﬁ?@mgféd’? & ore the
not i ongf w@s%:bg;sbt EORPNGesuph iAd16keS Was atd HEEBmitbd! @6, eRythoky) Ctiustes

i

partially satura ndenyl's and fluorenyls including, but not limted to,

t et r ahydr oPregexyy bytoxy.ehengyy gubstitited abgposy, apdthedike-ahydr of | uor enyl s.

Exenplary al kyl g, ¢ ﬁtoc&ﬂ'ﬁnp@ sEHBSErbhpient %ul'ﬁﬁQJoHQﬁm?éﬂ%ﬁﬂ)s, R4 les oPropyl,
butyl, pentyl, 15 é heptyl, octyl, . ec | i ke.
Sinilarly, wichnischids, litk@,fﬁyfll% limigd (tfan'SBe @db@xpuhkfenv@udlﬂ&lsubséméf%enyl
propenyl : X Y ban BELAGY! oycRARTMky, OF

decenyl , %ﬁ‘%ﬂ%s thEI%BF Ei\%%eﬁ%:iﬁg&a%&hbdraﬁggl ng %nr ﬁ& oyc frl;tgl nglgygroups as
the coff exaraIIQ'Qwubwtecbdkﬂ sublsttuted peylt ombs(guted(malm ha‘ﬂ& ffﬂlllll toAR x15,

x1 6, x19, a?bnz)ftzn%s and X24 independently can be a hydrogen atom or a

met hyl , etﬁ

In each occurrence, nitrogen groups are nitrogen-containing groups, which
include, but are not limited to, -NRB, and the like, including substituted derivatives
thereof, wherein R® in each occurrence can be alkyl, cycloalkyl, aryl, aralkyl,

30 substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to 20 carbon

atoms.



20propyl, n-butyl, t-butyl, or hexyl group, in one aspect of this

i nventi on. Any substituents on A, A2, A3, and A4 (other than an
al kenyl |wokbngisgsisup, as the context requires) indepengemtusgoianel7as
hydrogen atom or a substituted or ungmubstituted aliphatic, aromatic, or
cyclic group, or a conbination thereof. In one aspect, for exanple, such

SUbSt: tuﬁnt S | nﬂeﬁeﬂdﬁeﬁﬁwcsaﬁhﬁ@@o&m@m d areebllib)ébhcirw ﬂmﬁmmi?%ﬂmﬁfsw |

penty ex et heny pr openy ut e sENy exeny eny

napht hyl , élcblm“lb%zliﬂt arg.\niof digeitedyto; '%%éi of@%,?z’ agfl t g éfiB &?yﬁﬂﬁenyl
group, or guEidi-a08&ivatin th%xé‘olfuwheﬂuﬂw a l@&ylocbﬁrfﬂﬁwgcagr Belalkas t he
context requires, each substi t uent on 3, .and A4 |ngu%§1 gfntly can

be a hydr og¥stoaliebnirybrearalbyl, éP‘E?&B‘tedpmlg/IS“Eﬂt‘Bﬁ a 5p‘Pft FRpstiye

cycl ohexyl HM{@/ﬁorHﬁ%lEo carBorP4tbmE. aspects of this invention. 30 In formlas
(A, (B) (O, (I1A=1IB), and (I11A)=(1HB), substituted aliphatic,
aromatic, or cy’@l pae g?‘i?ﬂﬁ@cear‘f&eélﬁnﬁpﬁ‘%ﬁ Frén%rsﬁ%?‘é’&mm&r%m&ﬂsséﬁlﬁ%d as
vel | as substiit e dretlok Vinid LK G -1@ 5-and h@aﬂcegﬁl@maﬁlg@n@hnamer s WO
2010/ 151315PCT/ 'US2010/ 001795 3% descrl lerein édr ocar byI ) are

i nt ended t derivativesdthersof stherqin @rﬁpbggcwepw §‘H‘b§? PlkiX’( iypoalkyl, 8. posi ti on
on these g r 1 B8R f8h V@ Bnce. Thus,
groups subgsut(:alﬂ(?is SL%%ht&ﬁagﬂem(;}%&un%rlagrﬁ gﬂﬁg%tfet&gﬁgrg?{yt uent  are contenpl at ed.
5Such $@bstarbereatoms. when present, are independently selected from an oxygen
group, a sul furygy Qc%poocﬁ‘lrﬂahnf ch%ng%rgﬁ’&’ aft PROGROMHSING' B5bs, B¥hi@f Seni ¢
group, a carbon group, a silfcon group, a gernanium group, a tin group, a
| ead gr oupinctudbobus rargynotulpmitedhtoalaliyl halide gronps, thaiwommciseghﬁide sapstitysed an

or ganonet al rou e f_which
havi ng froﬁ#k{ic%'g ‘Biﬂf ?ﬁ(ba%g%ggrﬁla% s gaﬁi?%ér X%a‘yﬁjie%eé@g{{b(g?g%gg as |ong
as these gC()NR%)I—IjeCOﬁ{ REra@aPORY endidtq Nliet wcwlngtmlbmf&ﬂ)ﬂsuvamaq)om tion.

Exanpl each of thesge. sub tituent ) t limted
to, iifomeb‘?fx’ng 8 B in”each oﬂ%%f?e g‘? ﬁ P)Qtj 2f"glén 59N n each
occur r encesuusﬁmkdddﬁkﬂl dubEtitdied agh) @r sutisitutbd amweha\mnmlfmmdi te20 itfﬁqu each

occurrence, oxygen groups are oxygen-containing groups, exanples of which
i ncl ude, b@°™r e not |inited to, al koxy or aryloxy groups (-ORB), -0Si RB3,

- OPRB2, -O0Al RBR eadnd obcflﬂrehé&esilidoﬂcmdﬁd’lgres Eﬁhﬁbﬂ-édﬂa&ﬁinglegrbmt iwtdeh t her eof ,

wherein RB in each occurrence can be alk |.oal k ar al kyl ,

subst i t ut edPciidgyut a%"dﬁ’éﬂ‘f”c“ﬁg ﬁﬂﬁoupéﬁu‘)s(’ﬁs’ﬁfvyfwgﬂ &?‘sa?rlgwl YHEOM Yy from 1

to 20 egrbapakAaR1 F%asﬁmh&? @buri ke Bke, 3BichlY bR cOIrRmpSh{ve@B) gr oups
e

i ncl ude, but” are not limt met hoxy, et hoxy, ropo but &x%, phenoxy,
substit ut ed pREsasbPn atoms- tHos el"i“Rl@e slicon s grqup substitiegisdnelpdin Eetylyolir gr oups

are sul f“raﬁ@%&fahtﬁ&xlglﬁm exanpl es of which include, but are not

limted to e ['tke, including substituted deriyvatives thereof,
wherein RB in ekthadicessurrennse SeBRrANBEN IQUPH  are BRIty Contaipipe e1oupsy g | cyl

SUbSLI LUt e iknad R akd HhPHmALY bo, (BmAUBSIsIibRds AfigldektyN@biufta Trom 1

to 20 carbon rrence, nitrogen groups are
ni t r ogesi- cantigamyngogrsoanyklkyenoyl groedsugremylony geaups,mod thei liket whichdn - NRB2

occur rence SRR e TR KA BRIl 2P LT *S0subst i tuted al Ryl e
substituted aryln esh c&dlhsémb uiregkoapsadtrkyin-dmammmqg gnoops, Which @oludartyon at ons.
are not limited to, stannyl groups such as alkylstannyl groups, arylstannyl groups,
arylalkylstannyl groups, stannoxy (or “stannyloxy”) groups, and the like, which in
30 each occurrence have from 1 to 20 carbon atoms. Thus, tin groups include, but are

not limited to, stannoxy groups.



WO 2010/ 151315PCT/ US2010/ 001795 24 I n each occurrence, phosphorus
groups are phosphorus-containi ng groups, which include, but are not limted
to, - PRB2vO-2P(00RB)12, and the like, including substituteaciarscuatdves

t hereof, wherein RB in each occurrencs can be al kyl, cycloal kyl, aryl,

aral l cyl, substituted al kyl, substituted aryl, or substituted aral kyl 5
having from 1 tiaeah mﬁﬂaane,aémrg\;\%ups rz]ne lezidﬁcﬁx&ﬁtﬁ]n@@thﬁd’Wh@cﬂnflﬁﬁ@e?BiatC gr oups
are arsenic-cont.ain r iC ude t e not |lim to

Mhorao. e i i RS by, cvlsas et b Gavesy &89 9s ¢ her eof
wher ei n RBikeNwBRf h €E BERRaE:, BaR fitn akdD0 carbonGterad. Kyl , aryl, aral kyl, -
substituted al kyl, substituted aryl, or substituted ar aI | cyl . havi ng from 1

to 20 10 car born§edRecurrence, h%orbaewsa&m%ﬁ@&aln@gmsgwalbgwgﬁi%

car bon-g ongidiafdi e 1iSHitedl RS -BRPY, qimq DRRBAQnd Hét1ikd] ®hdtein X idH mBkbahRnical Kyl
hal i de groups that corrprlse hal i de-substi t ut ed al ky Im%roups W|th 1to 20

car bon at o$fRUP gchag Aydiigey alkexigp.taliyl thiglategand the like, erein
- C( NRB) RB, occugdldRBIMDGR kAN cldafkyl, laks®, ard10] de@btiGhed uﬁ@t g&&hﬁ%d il cyrat ives 15

t hereof, wherein RB in each occurrence can be al kyl, cycloal kyl, aryl,
aral kyl , subsitvted pralkyhhang framide 29 carben Ws- or substituted aral kyl havi ng

from1l to 20 capReh GcfEnce, aluminuinEr&HS Qr@@%fnﬁﬁn&ﬁtanﬁhé bfotips, YhPsS ar e
si | i con-cont ai ni ng groups, which ipncl ude, byt are not |imt ted to, silyl

gr oups! & uchclade, dukgiesiot Jimitgd d@»pélerfz\Péa 4R & {hgEein X0is & pprganiopics | y|
groups, sidgxy«@hQu gdn&“%km@e 'dn&@ thi%ieCihd e FREMnAGHELEROG Raye from 1

to 20 carbon atons. For exarrE3| I'i' con’ group substituents include

trimet hyl sedeytrenge garplbreiiyl aliyl, yﬂtyl,gilr@lsbﬂssubstlmted alkpil, suhstitugedaayly @nce,

ger mani um gg auns ‘E%Eﬁ oups, which include, but are
not lim tesg&) %gaﬁ(nyﬁJ %{Hggggé @Atm[{]ﬁ rnger nyl groups, 25 aryl gernyl

groups, aryl aI l@dagmleﬁwf porgapis, grgepsnthab maygbeoupesl, asamebstitventsi ke gaokhi ch i n
each °F5°”%c%£&9eﬁ:€'% T{xd‘;rﬁmaﬂe Jo?ln%ﬂe&f%r Q?&ll)%‘h?{%1 QB ? 450 pgeurrence,

tin groups are CCoRt A arénot ¥l inted
t o, st annydndgheligs whnrbmax 1sah Iﬂydmmaumy Igrchpoanpls as hygtidet amidel, atkonidgs,

i ch i n S0 RtWeBe Rt e ke SREVESE by 1 BBt HEYE PRt

groups i ncdikdgesubstitiited by, tsubstifitédetalkgl, grédpadtaBtitgo oP these Miands has
2010/ 15131 PCIL/ Ug&Ol /001795 25 I n each occurrence, |ead groups are
| ead- cont afH nde g GHPL atqM-ch i ncl ude, but are not linmited to, allcyllead

groupszo aryl | eatkagipRd RF orgahyhethllic Yrdupa tha® by be uséd sk fulbetithérdée . in WAUhch i n each
occurrence, have from1l to 20 carbon atons. |In each occurrence, boron

groups ar eOBHFRecHAlde-nbPH Frg met, bgmem,c%gfmémaegrO@Sbafgaa?aéum@tlm| i mited
to, -BRB2, g2, orgﬁagmmﬁngmhﬁﬁ J)ﬂgm)sum&erg%ﬁbsx dréan@géfﬂx@ﬂﬁﬂi QRdups,gr oup such

as hydri de al koxT de, al ky olate, and th and wherein RB in each
0CCUT I enc eOTENeNR Erelpity PreaasieadosiPkgs or@n‘;rrran%tﬂoall méty"l groyph At the dide.al kyl |

substi t ut eghyfbom Plo SHERbdnddRd aral kyl having from1 to 20 carbon atons.

25 The dinuclear compounds of the present invention are heteronuclear, because
each metallocene moiety linked by the alkenyl linking group is different, and may
contain either the same or a different metal center. Accordingly, each M', M2, M,
M*, M°, and M® indepeﬁdently is Zr, Hf, or Ti in the present invention. Often, the
metal is either Zr or Hf. In the above formulas, each E independently is carbon or

30 silicon. Each E can be carbon in some aspects of this invention.

Each R*, RY, and R? in the alkenyl linking group independently is a hydrogen

atom, or a substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a



In each occurrence, al um num groups are al um num cont ai ni ng groups, which
10 include, but are not limted to, -AlRB, -Al1X2, -AlR8X, wherein Xis a
nonoani orwo 2grooispsisuch as hydri de, al koxi de, al kyl thiolparais2andot’be |i ke,
and wherein RB in each occurrence camgbe al kyl, cycloal kyl, aryl, arallcyl,
substituted al kyl, substituted aryl, or substituted aral kyl having from1
tob20_ car beymtaiaeios -thﬁ&ﬂ’rmn&ﬁlecﬁcspécﬂﬁf jﬂ&&%r@s(jeﬁf mgex&idnha&chnm’y, 0§ auged as
substituents, I n eac occurrence 1 nc e, Qut are not limted to,
- 0ALX2, - ('8fspsndentipye a subgiitutedyerynsubgiiuted aliphafip, grqup favi ilnm%oi s a
nDNoani ONi GarhnOAMPmS.UFBr 8fankplélrdacle R*ARY Ofhd RY kkfa¥peédentB/ davil bet Iydedgahe, and the
i ke, and wherein any al kyl, cycloal kyl, aryl, aral kyl, substituted al kyl,
subst it ut egetyly| ethyly * Rigpy; i Pusyle dPeatvhi ﬁ‘;“d‘ylgrlt?BB’LoPCQ’bbélPPXlué’r?Py]onort hese

|'i gandss haginfeitMiid1rhéhyd0 Iaamber Adpeérs eacRAEX A 1288 FH is U BRIGIERtAhI C gr oups
that may be used @s substituents, in each occurrence, include, but are not
linited toEachRjaRobaibR” gdspendentlyrig arrsbstiiechoninsrbiiigied sogano g@rPi um
groups, or garQshhle CREVIEY Qb RS 2006 SROLEMIBIRI YN 6 AP fspe & SRR HrEkeft OUPS,

or ganol ead groups, organo-transition netal groups, and the |ike, having
from 1l to P¥¥&@Rbon atons. 25The di nucl ear conpounds of the present

invention are hglgrongol gﬁ)({%{? DRfeALREnRAS R MELA LRGERS IR tab), penlfed Dy the

al kenyl linking group is different, and may contain either the same or a

di f f er Eht bexyhphemshi raphthpl delyld berpyls cyelapanty cycighexyipor oyglohpaylphenyd Ms

i ndependen i I f i Nt m, p¥he net al
is either %)X%r0§ ﬁfqydfdrggl% ﬁghé-tl)-%sfggﬁ‘ %Spﬁcﬁ%)g@%gg\é nlaé&i iriléepe’n e%l]t S/Ri ’s car bon
or 30 sili@drR” Edependentiareahde auatiydrphienyls benzylaspe dyydrogén athinsinjanetbert i on.

Each Rx, RY, _and.Rz |n th | kenyl |inking group independently is a
hydr ogen af%ﬁ?oggw “?ﬁté?g?ﬁléd or unsubstituted aliphatic, aromatic, or

cyclic group, dFheaintég® AOiHOhd 2b3vesRThilISASEONmEd RESleAgth cafnbe radkenyln t her eof .

In one, aspect _of the present . invention ch Rx,,RY, and i ndependent |y

5 o Shbat FHRRECHON S ERD SoM BT PRk T Qionp HAUTHG Frski Pty 20

car bon at osfsthisfWentiomg epdten indapdndély iR¥quahtod, Rz 2) 3)die pesrde Ninl aydiffedentoe

hydrogen, nethyl, ethyl, propyl, butyl, pentyl, ~hexyl, heptyl, octyl,

nonyl , dec???”8fﬁgpF?%H@P%?P@%F?WHEP%§FmﬁPﬂy§hb@hgf¥§spect, each Rx, RY

ang Rz is g hydmgﬁagn@_& @fMa ldEQ&bdiﬁiblqaR\éomﬁtﬁlﬁdR? dcademeld.eiﬁi {hhys présedt 20

substituted or unsubstituted aromatic group, fqr exanple, having up to

car bon at otgention 1y dhe fnllowing conappupd, %klgh ﬁ%afﬁhr%%tﬁf P%é‘?ﬁli 8H9us1;=§eth RX,

It.", #nd % diggeendently is a nethyl, ethyl, propyl, butyl, pentyl, 10

hexyl , phenyl, naphthyl, tolyl, benzyl, cyclopentyl, cyclohexyl, or

cycl ohexyl phenyl group, or a hydrogen atom in other aspects of this

i nvention. Further, each Rx, RY, and i nde dently can be nethyl,

phenyl, benzyl, or a hydrogen atomvyh a ect of the present

invention. The integer n in the above fornu eterm nes the length of the

al kenyl 15 |inking gr enf\l y anges fromO to 12,

i nclusive. In oge asp n i ndependently is equal

, 6 the present invention

each n independenfly i . axanpl e of a

het er odi nucl ear conpourfly n/accokdance w t l’.' ent i nvention is the
‘ oughout 20t hi s

di scl osure: PH



WO 2010/ 151315PCT/ US2010/ 001795 27 Applicants have used the

abbrevi ation Ph for phenyl. Another illustrative and non-limting exanple
of a het ewodnrwushzaar conpound of the present invention ipatiusdes/ ovires
fol |l owi ng conpound, which is abbreviajed "DVET-2" throughout this

di scl osure: 5 Met hods of nmaking a di nucl ear conpound of the present
invention are ahsfichhtenhwaded MRALBUGALGELREA pheryl S wAbthesillastgvaast nucl ear
nmet al | ocene compound is illustrated in the gene %gt%gactio .schene provi ded

bel ow. 10 Mrhmitpgepempliptof] 3 dickrdinuciiar fompe tRIpspat mvention

met al | oceng, £ABPRATHNAAE REmBBurdl Kafth is SUbEliated eMES-2b ithiseghouo thiot her

met al | ocene conpound having an afkenyl substituent via the olefin

met at hesi sdisgosusgicti on in the presence of a suitable catalyst. Generally,
each al kenyl substituenty can be of any |length, and can be, for exanple, a
substituent on a bridgi ng{group or a substituent on a cycl opentadi enyl -type
group (e.g., cyclop ag , indenyl, f e reaction
product, the met al | g€ noieties are ¢ d by an al kenyl [|inking

her olefins (e. opyl ene) may be 20produced in
Vari ous netal - based

this reaction. WO

catal ysts can be A \ &i's reaction. The netals
often used inclu Yol ybdeNam and nickel. In the
exanples that fo vy azfiubbs 1st Gener 3 kt at hesi s Cat al yst based on
rut heni um was enpl/oya® : by ' i limted to any particul ar
cr
5
Methods of making a dinuclear compound of the present invention are also
provided. One such method for synthesizing a dinuclear metallocene compound is
illustrated in the general reaction scheme provided below:
10
> Metallocene 1 Metallocene 1<~
Metallocene 2
Catalyst
+ +

e —————.
—~_—

/\ Metallocene 2 / T

A metallocene compound having an alkenyl substituent is linked to another

metallocene compound having an alkenyl substituent via the olefin metathesis

15 reaction in the presence of a suitable catalyst. Generally, each alkenyl substituent can
be of any length, and can be, for example, a substituent on a bridging group or a
substituent on a cyclopentadienyl-type group (e.g., cyclopentadienyl, indenyl,
fluorenyl). In the reaction product, the metallocene moieties are connected by an
alkenyl linking group. Ethylene gas or other olefins (e.g., propylene) may be

20  produced in this reaction.



5net at hesi s catal yst. Met at hesi s reactions can be conducted in the
presence of a solvent such as, for exanple, aliphatic, aromatic, or
sat ur at edwevarisszisvent s. Suitabl e sol vents useful in tReTpsodwodi7on of
het er odi nucl ear netal | ocene conmpounds2g ncl ude, but are not limted to,
benzene, toluene, heptane, isobutane, nethylene chloride, and the |ike.
Sol vent 10 sel evirida8 matal-BRpE nAtali3aN cammy draglbyds in fadr olefus tradiaBesid he
desired reaction h_gnper ture and SOngff)”it .of either of the nmetallocene
reactants BRHAe HBE SPGRIF Alter eispd daglude ), fupgsten, malybdgpup. ang yent .

Sui t abl e ohigkdln HBhalkkanpiss HRAAEIIONM) at GAPBY AétUGARrdtion Mehess TefaBsodi nucl ear
net al | ocene conpounds of the Present i.nyentjon are ,er&eral ly in a range

f r om about based gn ggheniyy was spwployse but this)inventionds pot lintiied tg apy parficylahmer at ur e
can be §n fBadesivgRallsiom about 0 C to about 100 C. The reaction tenperature
selected is often a conprom se between many vari abl es, such as the sol vent
enpl oyed, reactMsithspipEeaghions capbg endHcted 'r’i‘e‘,xe Bigsanes P2 soheent 5B adforat al yst |

product yi glathphd)A1isiehi8 CorbMatid) or AiklrakeAORIRE s61941it®), ShitabitesoiveRts. usBfl trher, the
nmet at hesi s reaction equilibriumcan _be 20 driven towards the .

het er odi nute@adusimef hstearinysiegrmetlipgene coppads Balide.dut rragelmidd vent ed
fromthe reagtiRRe SYRER heptane, i$5BMEAA byl S oride, A thk MikkatdoRnON t he

sel ection of the retal |l ocene Compounds that can be used to formthe

het er od® nuedlession eardspenttiepopmmantdaqieraJeninstanpgethe desired sragieen lemasraliFfe presence
of an al kepyd SiBiy {HERIMAN of HBET HGlaNiGelt ClRotarls 2t UC HRRARERRIGNY! group,
an indenyl group, and/or a fluorenyl group. Exanples of netallocene
conpounds metallogean irptbe paidularsobientiuce het er odi nucl ear conpounds of the
present inventi ja al. & d i i FAhR i ncl ude,
but are not Ii mgl{lgéiet (g?ﬁt?hose éé?s%?%%é&%héfﬁ?qéa{? gdnut%gz%gﬁ cat ?égrn Nos.

11/ 965, 848 methllb@BE c@BPoundndf the pEE61t @8Entidn dre densralipdn e minge fR81 alROO7, t he

di scl osures, of. .whj ch e~30i ncorpor.a i f i eir
ent i rety 50 °C b B0 Eco ) SRERRIr R TR bt cBh SBIE ATahIEL T e
conmpounds frbmt atwan 0RE s ebout ol 00AGN Thbetationliteropdraare stavpedundfteh & or mul a
(A) is the reaction of: 29 CH2CH=CH?2 and Antialslovse'%l{ati\{éa gn(}learc]ggﬂlimti ng
exanpl e of VHEONEF aPTIELH A ¥ EiARES thdt 22 ol pETaL FPOESy A52S

het er odi nuglegsake, GeaTHON ficheD fudnbity i datypB)of icstalybie prodactt yield anfl :sele¢thity) 2CH=CH2
and 5An illustrative, and non-limting exanpl e. of two netal.l ocene conpounds
that can b&wd,&emer &ty r‘ﬂfj‘éﬁ“ﬁgt e’%’&‘?ﬁ&h‘? ﬂ&%ﬁpﬁﬁﬂ‘d’noefquflﬁ’f‘ﬂﬁ‘l SNk is the

reacti op OfirivdBoWBrd} the heterodinuclear metallocene product if ethylene gas is removed or

vented from the reaction system.

Generally, there is no limitation on the ‘selection of the metallocene
compounds that can be used to form the heterodinuclear compounds of the present
invention, other than the presence of an alkenyl substituent on a bridging group, a

25  cyclopentadienyl group, an indenyl group, and/or a fluorenyl group. Examples of
metallocene compounds that can be used to produce heterodinuclear compounds of
the present invention via the olefin metathesis reaction scheme above include, but are
not limited to, those disclosed in U.S. Patent Application Nos. 11/965,848,
11/965,982, and 11/966,081, filed on December 28, 2007, the disclosures of which are

30 incorporated herein by reference in their entirety.

An illustrative and non-limiting example of two metallocene compounds that

can be used to form a heterodinuclear compound of formula (A) is the reaction of:



Si and An illustrative and non-limting exanple of two netall ocene
conpounds that 10 can be used to form a heterodi nucl ear conpound of fornula
(1A =(1 Bjwo=otoesi1zieacti on of : WO 2010/ 151315PCT/ US2010,00AR2E 0801795
CH2CH=CH2 and An illustrative2and non-limting exanple of two

nmet al | ocene conpounds that can be used to form a heterodi nucl ear conpound
of fornula (I1A)gd! Is the reaction of: t-Bu \ nd An
illustrative andH3n ' exanpl e of two +e ene conpounds that can
be used to forma h # (111A)=(MB) is the
reaction of: 10 Applicants have used the ations Ph for phenyl, M
for methyl, and €l tQ.I;\\(glert-butyl . Additio pr i g‘@d and unbri dged

nmet al | ocene conpoynd ycan be used

O

CH2CH=CH2

......

and
An illustrative and non-limiting example of two metallocene compounds that

can be used to form a heterodinuclear compound of formula (B) is the reaction of:

O

Cl\ I_I\fn\\\Cl

(CHz) 2CH=CH2 and

5 An illustrative and non-limiting example of two metallocene compounds that

can be used to form a heterodinuclear compound of formula (C) is the reaction of:

and

An illustrative and non-limiting example of two metallocene compounds that
10  can be used to form a heterodinuclear compound of formula (IA)=(IB) is the reaction

of:



to produce heterodi nucl ear conpounds of the present invention. Therefore,
the scope of the present invention is not limted to the starting

nmet al | ocewe 28pesias provi ded 15above, nor |imted to theseweeoloses in

U S. Patent Application Nos. 11/965,8#8, WD 2010/151315PCT/US2010/ 001795
31 11/965, 982, and 11/966, 081, which are incorporated herein by reference
intheir entirety. PALYST COVPCSI TI ON 5The present invention also rel ates
to catal yst conposi 3 i-ng heterodi nucl ear netal |l ocene conpounds.
Accordi ng to one aspes i
provi ded which conpri $es a contact product of a0
compound and an @bmwat.anclupport. This catal yst co
conprise an organgal ugi num conpound. These catal yst co
utilized to proght petyYQ! ef i ns - honopol yners, copoly s, and the |ike -
for a variety o appl i cations. The dinucl ear t al’t@cene conpound
in these cataly i tions can have™\ ) as (A, (B), (O,
(rA=(1B), (I1TA=(C11B), 9r (111A)=(111B) di scussed\§ I n accordance
with this and ot her asped@E:CH=CGthe ppgsent inventio is 15 contenpl at ed
that the catal yst conpositions disclosed herein can contain nopre than one
di nucl ear net al bdBHEREAN G- TENS FramRle ok emefallocsas FempyPdstipior t .

2

Addi ti onal b béRE& t&nP BeheRrBARMaH TbAPHIHRIOSP Rid1a ATR}=SABS QA P! at ed.
conpounds). 20 In pect of the present inveation, a catalyst
wherein this catal ygt ree of al unmi noxanes,
this aspect, the c&PMal yst-£onP6kition 25happeat

co- catal ysts.
enpl oyed. For exanpl e, 3 {ONMposi tion conprihsimwg a /di nucl ear
are not |intedAR#lusHptiye andnendindng example obiwpametnlecsne epmeaugdnBnbor at e

Further, one or nore netall ocene conpounds can be enployed in the catal yst
conposi t i offactiaR odddi ti on to the di nucl ear netal |l ocene compound (or
conposition is provi t of a dinuclear
nmet al | ocene conpB «.tiqmsuppgép Q! m num conpound,
t g Lon is su ant ral

or ganoboron or organébc at ¢if 8ﬁgounds, and Rhenj zi'ng #Qm@p conmpounds. In

st eQLjvity, to be
di scussed below, in the nce of these additiop
However, in other aspects—g is invention, t hel¥e) ysts can be
met al | ogene conpound and an” acti vat ogggupport .can furt hei AN pri se an
optional co-catalyst. 30Suitable co-catalysts in this aspect include, but
compounds, cdnOfi gidato! RithG FAEBAMALSr @Rfouo? BRLLEABUSPETBYSHO/ 001795

reaction of:

and

10
Applicants have used the abbreviations Ph for phenyl, Me for methyl, and t-Bu

for tert-butyl. Additional bridged and unbridged metallocene compounds can be used
to produce heterodinuclear compounds of the present invention. Therefore, the scope
of the present invention is not limited to the starting metallocene species provided

15 above, nor limited to those disclosed in U.S. Patent Application Nos. 11/965,848,



32 the like, or any conbination thereof. Mre than one co-catal yst can be
present in the catal yst conposition. In a different aspect, a
cat al yst wornpowisidion i s provi ded whi ch does not requirePam/UsS2010/001795
activator-support. Such a catal yst cogposition conprises the contact
product of a 5 dinuclear netall ocene conmpound and an ahuni noxane conpound,
an or ganobe{/95 0%2, Gind aNedEs! (Rl & whitKPAE Nkcorpdtate® Medim By | reference Gmheind, or
conbi nati ons_ thereof In this aspect, the dinuclear netall ocene conpound has
the fornul &y, (B), (O, (1A)=(113), (I1A=(11B), or (111A)----(111B). 10
ACTI VATOR- SUPPORT The present invention enconpasses various catal yst
conpositions containing an activator, which can be an activator-support. In
one aspect Q&W‘éfc]fﬂ?y&&mé“mort conprises a chenically-treated solid
oxi de. Alternat {¥elpfeschNGniintibn 3R TAMBP A6 L cAAPst COSRFIsERN thplyifg neral , a
pillared clay, an exfoliated clay, an exfoliated clay gelled 15 into
anot her ox heterogiamelear, mgtalleseae camppynds at Accrrding &0 ong aprsAt Phe, Esedt | j cat e
m neral, a; e i e 3: ; hiask #baudt posi | i cat e
m ner al , o?rlvg%@gnégﬁgt% 1i/gilt ‘Ifngﬁiotk llﬁgélﬁesg%r&lgggblglll ?3’?9???5%3 i var?or - support
cont ai ns Bdimsleardmesallacend epmapsund grdoanrstivateiaippert.y This satalystgomposiiegt ed sol i d
oxi des exhi i i o : @,glpg h$1g
unt r eat ed g% ?uﬁgg?%gﬁ%gnpogﬂﬁ%%a%g%ﬁg% g‘fﬁ-?&ég?gﬁggﬁi . gii%dg al so
functi dfs asn be wilized fosroduse ipolyplsfingrs horoensdmests, cepalyaers cind dhgtikedi fag
untreated solid oxide i o ' - SQYd I tivates
t he di nucl é‘a‘fanﬁ%'t A fg%délés\ré\géplpﬁc gs'alggl g1 n(ﬁclzdcchje%r té,%g@fg;g %Ieyégtnj’s&u?%( nig?leﬁ%t
necessary fkatalybti nompdsitions-aat bdvgsany df dlm tformnudast By IB).c e odA B, The
activation 1IctiQn 1€ ivator-support is evident in the enhanced
activity of(ﬁg‘g_t(ylﬁs?ro@&%‘g%%ﬁ?? gﬁéugsse%ﬁ% Yol e, as conpared to a cat al yst
conposi ti on conimiatdondantd avitho thie apd rdhien asprstsr efithed pesdnt dnesatios. it Bhwever , it
is believed that. the chem cally-treat.ed solid,oxide Unct | o S an
acti vatier, CBWEWpﬁaWHtth"éqg‘b%%ég Cc?f"pg#’?)l}sgdz{ﬁ%%sfe% mRun aglgérzr)ﬁgaﬁ{r} ,&ea ﬁr?ri noxanes,
or ganobor oRn@r difidkan Ot Rben€ CdoRPItts  and/oni momegthannoe actigatarssapport30and t he
like. The chemical ly-treated sql i d oxide can go ri Seff?‘}?ga(%ldi d oxide

n

treated wi tHldxionaltecmpesn i AR QURRACAWRIYT. CORPEInEBt 2PNt B %0 be bound

by the fol IRgWhéld on¥Rr2RdR kREHASRETIIIPIMMY Ohl 6O enditoyeti ainethendatalyst i S
believed that treatment of the soljd oxiﬁle with an el ectron-w.thdraw ng

conponent &oEResiEan, &y additioate the dinylearmefaligreps cqmpougd {qggom $)- either the
acti vatygr - Suppofd 1 &othiirRkfedt bk Hrelént BRRABSE A QAL Edmpdiioniis ployidedal | y
greater than the Lews or Bronsted acid strength of the untreated solid

oxi de, or twhiclaspmprsesr a2 sippfet Pradust of 5 gimuglear metaloesneoforERURds PR es t han
the unt r?ataﬁﬁva%&'-sh X dRd B HeLdbalRRuELAREbUnA, OMRRLih T Yhil heuagd di ty of
the chenically-treated and untré&ated solid oxide materials is by conparing
t he pol ymercomposition acsubstantislly diee t dfealumingranss.a AEaRAhoF@a Pk PTERPRBYE under
acid catal yzed reactj.ons. . ] -hir e 1.d L iign | nventi on
are formnmed 0851 er'a 1éddflp§1%ngg8%%%h¥u§g%i Zﬁ ggﬁ ?%Eégk%hgghgﬁyg% %n;(ﬁrﬁg%l??s Lew s
aci di c 25r Baorstilyst ativily,ctobehdisiussedstbvhds the aksendei ofethgserddditiopdressi ty. The
solid oxide js chemcally-treated with an el ectron-w t hdrawi ng conponent,
typically afﬁtai‘/lsgct ron-w t hdrawi ng anion, to forman activator-support.
Accordi ng to oneloaspeactinodththaspenssehthis nuwesmtiomn thesd eosatalydtsoginddeused t o
15 prepare the cge jcally-treated, solid.oxide has a 4)01{0?%\{946 B QL eat er

t han about €PPIo¥e '/én‘J.or %%%‘flﬁi%‘{ga Bt SAGP RN LOPREP MG TRE S ESENT “TRvent i on,
the solid QpifBulthand ak Qclvator-dupPorg camtferther ampeilowh dptibnat cogrataBstor di ng to
yet anot her asgect of the present inv?r}lti gn, t he solid ?xi e has a pore

vol ume ﬁ)r e ajuitable reorcaiabysts iny thys @épeﬁt_ include, but are not limited fo, aluminoxane

compounds, organoboron or organoborate compounds, ionizing ionic compounds, and



I n anot her aspect, the solid oxide has a surface area of from about 100 to
about 20 1000 n2/g. In yet another aspect, the solid oxide has a surface

area of fwormabsui15200 to about 800 n2/g. In still anotkrer/taspendi7of t he
present invention, the solid oxide hag a surface area of from about 250 to
about 600 n2/g. The chem cally-treated solid oxide can conprise a

solid inor ﬂférliké &Pdng oM BRI bShBGoN XYGRtha@iNche@d R atlysiEinthegiresRyih shesel ect ed
from Goup 2 3 4, 5 6, 7, 8 259, 10, 11, 12, 13, 14, or 15 of the

periodic tamléstcempe%?ﬁsh si ng oxygen and one or nore el enents selected from
the | anthani de Qra dffblen 4Bec®| ARNIsEcdnRBitioiadrévided matdam;edt @bﬂfe cal
Dictionary, 11th Ed., John WIley & Sons,, .1995; Cotton, i nson, G,
Mirillo; CanActivalgfrguRBGEh BdAha CRFPIYStMVIi’ﬁE‘E%f‘ PRSI celté?ﬁpé?%t : éth

Wl ey- | ot egaieRCRetall e corEﬁHun@&ﬁmh%lmﬁlh&(ahé‘&frﬁ&ﬂh& a%rgtﬁtom gonpri se 30
oxygen and an el enent, or elenents, selected fromAl, B, Cd, Co,

Cr, Cu, Fe orgggpbor_ag comoqu]ban przngbomspoms?pnd,s}r comﬁmatfpns tlg,ereqﬁl Ilpthlsy Zn, and
Zr. WO 203044543 haRETAURAAQEROdAFDuRd has the formilal(AR!(B), Q@rmt)e%m;f solid
oxi de material s or compounds that can be used to form th

chemi cal | y (AR, s STHA)<GIIBE i ncl ude, but are not |im ted to, Al 203,

B203, BeO, Bi 203, CdO, Co304, Cr203, CuO Fe203, (2203, La203, WM203, MO03,
Ni O P205, Sb205, Si02, Sn02, Sr0, Th02, Ti02, V205, W3, Y203, ZnO Zr02,
and t hé05 IAiQEIéVAITQBI -BdPPQR# xed oxi des thereof, and conbinations thereof.
ror exampl e, t s gloléhs Blefifort GomBIBES ioft bdififst BipBlifichs Bhtaliffy al UM na,
al um num phosphate, heteropolytungState, titania, coni a, magnesi a,

bori a, zi nen ectivdtor, whigkedarolé akeactivator-eupportoin ang/aspesthihe activatortshppasiof . The
solid oxi de of .Lhis, invent AMagse er.t: : 10

al um na, "X %rélses 2i C(l:?emlc o%%rgﬁ?taggoq ther eofgh%%ttg'glgvglkl alrclct:lg%tg %ﬁ%?&and

conbi nat i onempuisg amlagt oniresalf zhpﬂlemﬂ cla}'hm mfumﬂed)odhsden@@ftﬂie@ddkiysgﬁﬂdrﬂ as

silica-al um na e S e ar | e.ch mca rethan one
net al &grrbi“}t%an‘&ﬁetrt?x&?ﬁagﬁx’t a¥e(5? éca ol g OX n'la ere ouﬁc - %}lem? es
m xed oxi degleﬁebailuﬁl&wsﬂmatasmdletzm hhﬁaoraleyermatamrmmuqomtd mﬁemheorpamsent

i nvention incjude, not ted lica- .15 1 na .
silica-titSHpanatgn { ?"gl ??temﬁagy, tg]‘éélfti“fa °§'Su3"£ﬁ Eaing § lﬁeﬂe(? diegis
al um na-ti t&ni upal um na-zirconia, zinc-alumnate, and the i ke. The

el ectron-w t hdraw ng corrponent used to tre sol i de. can be any

t 0X
conponent that Ofegralls echemeally-izated opolidy (9?5@1?%0‘3 th“d.efﬂg}anstd YO d oxi de
upon tpgat gERparkdito %We@ﬂmﬁ&gtthﬁeﬁ@d s6lid¥1i8& cbipdunds TS chebfeiligd with at
| east one electron- 20 withdrawi ng anion). According to one aspect of the
present i niieated golidt oxddes |alsot FupRtianSt B PasitelystcestivaiaR s fampared fo the
el ectron- Wc&{?&%@r‘(&ﬁp w8 d66d &fliel T MRk 8R! EhenfifhiGGiedied Odolia! HGEe COMPouUNd,
such as a vo e organi ¢ conmpound, that serves as a source or precursor
for that anétbates @xeadnpu@ear@metzéloe@tenomhw\ahsms@ﬁmgatamtens is g neRgssanbut  ar e
not limte [ G hd 0di de,
fl uor osul fg(f élgm?étg {)g%t? tgrﬁg)tﬂ eﬁlggﬁglggt B{)gﬁnug?l %%E%%gog?gﬁ%lpﬁt
trifl udsoaaetivator-support isa¢vadent Iimdleoznhanmdaacevmf loficrialyst eerapasitioaras @ he | i ke,
including mxtures and conbination t nic or
non-i oni ¢ ¢ONPolhdd" rtaﬁedtctos? ecraggfl & @%ﬁ??ggg‘}%‘r" ln%ﬁgéjgejd&ﬁl lg&tdl nJﬁ\?/lr\n!éztt%tdér awi ng
ani ons al seolibxide. eﬂmmeedltlm bthmzethtb&tethe chemleaily-mntedl tolidsoxadmtcamypl at ed

that the el ectron-with anlo f| uaride,
chloride, 3WISFBRiagen ?fg‘agﬁﬁ &n 1p r‘F‘? 2 Eteé‘:e Bf s“ﬂl ‘t’%*t“é’a‘(‘)‘gp““s“tjl"PmP°““%and t he
l'ike, or a@mnﬁﬂéﬁahébabtg@ﬂoﬁdﬂ@f e0brganoboeENgRNAd $ondfing fuink ¢ompentdson. WO
2010/ 151315PCT/ US2010/ 001795
30 and the like.
The chemically-treated solid oxide can comprise a solid oxide treated with an

electron-withdrawing anion. While not intending to be bound by the following



35 Thus, for exanple, the chemcally-treated solid oxide used in the
catal yst conpositions of the present invention can be, or can conprise,
fl uori dedwel2ar/sazischl ori ded al um na, brom ded al um na, pswldSatiedoEbEIM na,
fluorided silica-alumna, chlorided s33ica-alum na, brom ded
silica-alumna, sulfated silica-alumna, fluorided 5 silica-zirconia,
chl ori ded shteinef; & iselisved, thabltl@m&ﬁtibf&hd doﬁdoiidé ®athiad clesttbi-aithdrawing
silicazirconi a, fl uori ded S|I|cat|t fl#‘\'ﬂ[‘? dsuh -clad al um na,

e

and the | i REPOgPRt AYEHERSPY mn%eﬁélfeea&f ltyof the e taPhe FSIARIt hdr aw ng

conmponent ﬁ.?ﬁ’@ﬂ't eRIgBitAL &k or Biordfed ALRARY QAN rswyplbdryag@eaa tBin e, Lelwiorcount eri on
or cation of that salt can be selected froma cation thah all ows the
ag

salt to rebemsted acietisgB he urtreated fpéldaf&qu &arﬂil%@ctwaﬁowmpﬁﬁ dctors that

di ct at es t hgresteh fuditber 'off)ic@fsnésl”'@lalpﬁ{etdlﬁ%t@d scldl dxide) 0B B6HE Ghe meth@toce for the
el ectron-w t hdraw ng_ani on include, but are not [imted to, the solubility

of the sal fuankfytheaqidisy ofdhe chsmieally-treptsd and pikregted sokdoxide matsrtls HikYy of t he
cation, iogy hh%ﬂﬁk&i Yiedrzat ReicHeRis bhfe fadiédOdantleAtd SHidesin@Er@sEOPI C
properties i ed to the salt by the 15 cation, and the |like, and

t her nal st‘é?é?lﬂeflye%ﬁﬂoﬁshe ani on. Exanpl es of sui table cations in the salt of
the el ectron-w @Ml@éﬂy%a%'sgﬂd bX18dsifehis QU&ntféh%ré%hnéd gonkafly 58m AMmoni um
trial kyl amonium tefraal kyl ammonium tetraalk hosphonl um H+,

[ H( OEt 2§ 2] inoggaaictsplid p¥ife thatgxhittits ﬁewmmlm@ztﬁr@nﬁe%@wgﬁ behgviogandehagiaf f er ent

el ectron- S, Thel [ sed to
tailor thyei%gél? gﬂgg éﬁfy ](;l%‘e %lli'(cai”%;éég’elr %a?%ﬁiaggg%%{tegpgﬁ ﬁg%(ljéeeglmlrﬂed | evel .
Conbi nat i owyh@ﬁweigeeommnem t troically rig elspipumeithdrawing ookt femecnwi t h t he
oxi de mat egétﬁkmﬁglﬁ%kﬁaneousl y or individually, and in any order that
affords the desir chemically-treated solid oxide acidity. For exanple,
one aspect of tAc®rding¢nbnonspest efrtheopresent invention, o eolisl exitle @sedwiot hdr awi ng
ani on urce 25 conpoun n e ar con s. Thus,
one exzfpwpl Bregye i eguc? ctreegtg&%&lwﬂ’flg%as acﬂeanV%L eﬁ?%tgra%léﬁgggl}ﬁﬁ oxi de is
pr epar ed [ Sc/gsAéezdrdhng\m amtlmehgmttaﬂtlmoﬁresénmvdmpnahe switoxidet hasa pofe sol i d
oxi des, clont act ed vmtl% {)I rs ectron-w hdrﬁ ‘9 an g n source
corrpound t?So PP §reater than abopt, 0., cg/e: t gegrding (o ye Lt LS MEE™and t hen
contact ed wivkition, he s6litoxedecltk b @ore x&ﬂmmgrbdérammom @ac/gour ce conpound to
forma second mxture t he ecql d [Lyé ture LS thenf al cj g {yo forma
treated solid oXjaatheygspest ‘Br"é S a gyhice prrept A @ %‘E g

2010/ 154 31 pfoThS2fx 14 &Qﬁﬂ&asp%ét fHeQ6kd @nde/mdsmnﬁmrweaa@fwm St 20® conpounds
can be either the sane di fferent con@oun Accor.di n o anot her

aspect of tq@obtr?é)@ém/g.wtameﬁher spect eh ﬁipﬁeé?‘}ty“‘iep’é%é‘lf solif Pal pRasde

conpri ses Qs&@cb%eh@?fr%@b@ut@%b@?aﬁ&gﬁfO‘rﬁq/ a mxed oxide material, or a5
conbi nation of inorganic oxide materials, %hat is chemcally- treated with

an el ect r on- wi t Fefr abimrigalbyotgatsdesnlid axide Spt icomarisey at sobidt Bareapie roxidenet al
Source, GW F&%ﬁ?@ﬂ arﬁialHe niBzé e ﬁ’c9§ele<9fd ﬂ&xﬁ@rog?ﬁad 409% al' gi ng

conpounds exanp es of the neta i'on I nél ude zi nc,
ni ckel 25vahatl, Ui 12,i 1t3arii4mn 1531>ﬂ hherppn@b@péle, oy edthpripmg oXygen andhgeg en,

Lo ybdenu”}no%ei El%glghty rglele@tg&i fl;ol;'l? tlllei Egthaﬂlae % qp{nﬂ@é 'e@ﬂl%mts k@EéOfHawley's
Condensed Chemical Dictionary, 11" Ed., John Wiley & Sons, 1995; Cotton, F.A,,
Wilkinson, G., Murillo; C. A., and Bochmann, M., Advanced Inorganic Chemistry,

6™ Ed., Wiley-Interscience, 1999). For example, the inorganic oxide can comprise
30 oxygen and an element, or elements, selected from Al, B, Be, Bi, Cd, Co, Cr, Cu, Fe,
Ga, La, Mn, Mo, Ni, Sb, Si, Sn, Sr, Th, Ti, V, W, P, Y, Zn, and Zr.



10 Exanpl es of chem cally-treated solid oxides that contain a netal or
nmetal ion include, but are not limted to, zinc-inpregnated chlorided

al um na, wotarwmmisnpr egnated fluorided al um na, zinc-i rpTage@adi7bd uori ded
alum na, zinc-inpregnated chlorided sidica-alum na, zinc-inpregnated
fluorided silica-alumna, zinc-inpregnated sulfated alum na, chlorided zinc

al um nate, fluciidse e&&rﬂﬁle@bﬂmhﬂaixme hatbriAd edcompoandy thad daatbe usdbwi | i ca- cl ad
alumna treated with hexafl ﬁ&. ni.c Cld silica-cl.ad glﬁmﬁﬁtreated
n & 1§

with zinc 0F8 theehenpeallyrtred F\é“cll eb“td"r‘e o mpifso er eof

Any et hodpeh, BIOY, Q%@t€6§®4 090§o¢ucd Fe504]6G4781, 94,01, Mhid, Mdmr mio,.can be
used. The net hod by which the oxide is contacted \?% %86 5(5 urce
% K8PudE2 B

typically BeQsaP020s¢ S‘r?ét §4‘Qh(§ﬁ@aWhJ‘9bﬁ%90nwo3c‘é ®s not

limtedst Ohkeg%dlﬁd?ﬂ%(nﬁﬁb'd S9d3ehbreH) and KPHBRARI NS ARersdf, OPG &@ﬂipléuﬂ{é onto
anot her, and the desired, the netal -contai n| ng conpound i s added

to or inprilidapEde | nocomIssofilich, Alimma; SilicaplpiRa FBmAIm, PR Sequent | y

converted pditg ctwﬁngs%@%iaﬁﬂ PRtcHia, URheSia! Bbril, NEnc Akie) diixal ¥xiddshe solid
i norgani c oxi de can further conprise a netal selected from zinc, titanium

ni ckel , vaﬁla@p&marm qophinatigpisesof. gal |ium tin, tungsten, nol ybdenum 25
and the Iike, Ofhe® r(’filfd'eo&s i i4RGEE @ﬁ&ﬁﬁ;ﬁsseg Qfxufexmrﬁls &chCasl s of ten

used to inpregnate t e solid oxide because 1't can provide inproved catal yst
activi 1§ atluminapinixed pxidgheompsiunds thateofesuglps silica-gluminagang combimstians salts or

met al - cont ﬂdnﬁl%rgg AP d Xe& ’oxﬁltz tc%{n’po&}{ds Eﬁlcﬁ Q? sﬁx@z{rgluﬁilﬁecaw&t the

solid oxide 1s treated wt e electron- drawi ng ani on. Fol | ow ng
any cont acsinglg onstultipde chemical @msaewetb mATR tth;mepngfmeézdm@bmm@mygen

el ectron I ed. WO
2010/ 15131 5P Gag0d 5B et VEPRARr pifd dads ¥l sl bY oA WP, VD
el ectron- \Aﬁdﬁvaluo&wppgrtamﬁ the wesmt:mveamml tnhbldn;eblal argatat lomitedetoalsilicant ai ni ng
conpound ar.e cont cal.ci ned taneo processes
are usig t?)luF‘@ﬂanf g%ﬂlgh?ﬂé SRR I Oh{nsJ 331 l%/]‘ienetrjaslsé l?arht?ﬁg present

i nvention. alfh@a%ﬁﬂhlﬁﬂilﬂlqlalhmﬁﬁtdadldsthé likee. OXI de can corrprl se the contact 5
product of one,ﬁ? re sol.id axi des vmthog r']_t&)? g gitron vmthdravmng
ani on sources. e §lectpWithdrayipg SOPRofent Y5& o'fr‘?a& xSOlid oFde @At B MY prior to
cont act i ngcdigonehtetiat ﬂﬁré&héshﬁéwg oBIBrébtedloavidiey. of iR audidt axdde ppemduct
typically is cal cined either duri n%ldor after the soli ol oxide.is contacted

with the eFé%]F‘F'éfr(aWOcnl'ﬂﬁ‘FeéivBPﬁlbe sofif! gRide Hiat tsdot treatledWIth 7 16ast A eV cal ci ned

or uncap Ci Rgfldra¥ity Mih) PIAREEATR S0 lofle REFRPEGEhd PreSélt lileftidr €he electron-
activator- su ports that can be enmployed in this jnvention have bgen

reported. FéhdaWiHgFOBPORS I aRelgchad-vathdrayinganiqaetgrived o a splbag agidng
6,107, 230, opotimgﬁco%?p%un@, A aét 8 YolafileIRantc! dompound, that serves as a source or

precursor for that anion. Examples of electron-withdrawing anions include, but are
not limited to, sulfate, bisulfate, fluoride, chloride, bromide, iodide, fluorosulfate,
25  fluoroborate, phosphate, fluorophosphate, trifluoroacetate, triflate, fluorozirconate,
fluorotitanate, and the like, including mixtures and combinations thereof. In addition,
other ionic or non-ionic compounds that serve as sources for these electron-
withdrawing anions also can be employed in the present invention. It is contemplated
that the electron-withdrawing anion can be, or can comprise, fluoride, chloride,
30 bromide, phosphate, triflate, bisulfate, or sulfate, and the like, or any combination

thereof, in some aspects of this invention.



6, 316, 553, 6, 355,594, 6, 376, 415, 6, 388,017, 6, 391, 816, 6, 395, 666,

6, 524, 987, 6,548,441, 6,548,442, 6,576,583, 6,613,712, 6, 632, 894,
6, 667, 274yoanth/B13450, 302, the discl osures of which are ipoTarspawabeds herein
15by reference in their entirety. 35 According to one aspect of the

present invention, the solid oxide material is chemcally-treated by
contacting it \WHub, f exb@plel Git- stietichiiptienigd GOlP @RIIBL ysed Vipithakdtylyan

el ectron-w t hdraw n 31 on source. Further, the solid Oﬁﬁgﬁ terial

opt i onal | yCAPOFREN 8% e;P‘FSFBta’c“éS&“Wt%“ Fenft g4n rgRPIsgy, fug g‘g‘l“B? '‘ned to

forma metaillorid2@ 4leAinaj Btdﬂgdaf amﬁﬁﬂ -sulfe® Qnahies ﬂﬁt&meaadllicyi-aumﬁai ed solid
.nvention, solid

oxi de. Accqrdi t,0 anot.her t of 1he presen

oxi de. mat SIS e RlEPG rop Rk U E,* ahl?gffiﬁl G SR Jukidedy and

cal ci negl sdifdal dirBRi@UShibrided silicd-BieconRy m&nméd Wilicalyidcbiia 0 xligheed Silie2nt act ed

with the el ectron- mnthdramnngﬁcoqﬁ@nent typically . a salt or_an acid of an
B i

el ect r on- viEcRBRadluggded spisa-ti ridefk silisa-cldy alpminggiand; thet Wke. t5, gel i ng,
co- gel i nggoniymitsaH@tiean of one conpound onto another, and the |ike. Thus,
fol l owi ng any contacting nethod, the contacted nlxture of the solid oxide,

el ect ron- wi t hdr'WiFthgheasiection-witidragiing epmapongl camnrises a jsalt of pp jelsston- The
sol i d oxi d\@ltﬁ&&\ivi\‘ngta%ons WRP&uhtetibn ®r 1%&(9'?3? ﬁﬁ{ bate E4r€B8 Se@d KrmOariyde) thus
can be roduced process conpri sing: 1)contact|ng a solid oxide (or
solid ceagipn \matt nll(a\ﬁs Bresalt toFRveRt on decompase Baskdn theorpid éu 182-( or

cormoundS)Fafcfbéé PyRhd R sullhotiy! 2 npAkidlIGLaR 9150t oafcdlrofTingt Ur € 0

formthe e act1vat or - Suppor
electron-w1thdraw1ng anion include, but are not limited to, the solubility of the salt in

the desired solvent, the lack of adverse reactivity of the cation, ion-pairing effects
between the cation and anion, hygroscopic properties imparted to the salt by the
15 cation, and the like, and thermal stability of the anion. Examples of suitable cations
in the salt of the electron-withdrawing anion include, but are not limited to,
ammonium, trialkyl ammonium, tetraalkyl ammonium, tetraalkyl phosphonium, H,
[H(OEt,),]", and the like.
Further, combinations of one or more different electron-withdrawing anions,
20  in varying proportions, can be used to tailor the specific acidity of the activator-
support to the desired level. Combinations of electron-withdrawing components can
be contacted with the oxide material simultaneously or individually, and in any order
that affords the desired chemically-treated solid oxide acidity. For example, one
aspect of this invention is employing two or more electron-withdrawing anion source
25  compounds in two or more separate contacting steps.

Thus, one example of such a process by which a chemically-treated solid
oxide is prepared is as follows: a selected solid oxide, or combination of solid oxides,
is contacted with a first electron-withdrawing anion source compound to form a first
mixture; this first mixture is calcined and then contacted with a second electron-

30 withdrawing anion source compound to form a second mixture; the second mixture is

then calcined to form a treated solid oxide. In such a process, the first and second



WO 2010/ 151315PCT/ US2010/ 001795 38 Accordi ng to anot her aspect of the
present invention, the solid oxide activator-support (chemcally-treated
solid OX|W9)2010$15||B16duced by a process conpri sing: PLYAISR018001708 a
solid oxide (or solid oxides) with a §¢grst el ectron- w thdraw ng ani on
source conmpound to forma first mxture; 52)calcining the first mxture to

produce a ggétednnRghdriwisf afiontdduRe compoundd)cafi Watehbd thg date aradifferamd fi r st
m xture with a second el ectron-w thdrawi ng ani on source conpound to form a
second ni xSYURROUNGSd 4) calcining the second mxture to formthe solid

oxi de activat or ASdRRRg to afdilteRfafhedtof the YRésedNialdieion,ahP @BEEmhllyt theatddr esent
i nvention, the chemcally- 10 treated solid oxide, |§ produced or forrred by

cont act i ngsalideoxidst sampawesresalid IRoreaRic oxide maksTiahia AWk BATHh Ydur ce
conpoung, mﬁat{olﬂ%f %rkﬁl&éﬂl&@m(&@ﬂﬂﬁ) URA id Shemdally iRt it &, eléﬂ:&bb-ﬂ g, or

after contacting the electron-wthdraw ng ani on source, .and where there is

a subst ant Waithdrawingrrompenens) andi b ealiy dreatsd b BeBh SQicey inseEsopee

conpounds, zﬂ'{gdmétgﬂ'oﬁé BEoth&th&ta IR mpbafdt. NoALIRGitAE ckdhplésataieed sol i d
oxi de generally I's conducted in an anbi ent atnosphere, typlcally inadry

anbi ent at m?ﬂ)hen@tal ian mcluderpiasaticked RpaiRLWERUDY Il YPRYoEAIGB0 C, and

for a timey nﬂg {1 3“05)913'3 fin.t Qir@RAk, R0 dhOUfiS, oFdoRiviafions aRerd. conduct ed
at a terrperatu m about 300 C’to about 800 C, or alternatively, at a

t enper a0 ur Exaofiplés ofnheiisally-regedsalid cxisiss thaygmtain a mgfak phingigl ieaipchlepe
conducted {0, a bt%lf' Uinth Qefdnlon lﬁn%simﬁ)gs §+' LhRfAdP Hfuﬁnnao it fm 3P EnatedrOUr 1O

about 15 hours. cining can bé carried out for about 1
to about 1ﬂubnmdﬂdsalvahma, zlemmpragmteé forided pluatias tZigSmpE gneted sblgridgs0 C. Any

suitable a atrms here ¢ I ( C rally,
calcining P IC%S H’uréat’ 55’ APaR" %‘;’(‘} ng%rl?drga Sﬁiégr%éuglﬂéé’e@?n cslglé) #ggg@gis?l.@%
Al t er nat i valuyhinzgohloriée¢d ziad atosyirace, ﬂuondndrzitwsalmﬁinatet subfpted zanc tdwgmnte or a

Accor dig FUoBRBTATREE el g bR TR D e L D P T

is treat ed withtzZihcaing ShéhTRiofilfled) athd tdehk@m ar&}wofnﬂaﬁl&tlbmmeraof a conbl nation of

anions, optionally treated. with l.on, . and t.hen.cal ci n d to provide
the cheni cal | y- APEapeEeds i"EPr%@aBQéné?? Yod giider Blﬁ?{‘@f gﬁﬁatpfl guﬁna e solid.

For exanpl @sedt NEheSRbthed 85 ivthechnht @kidalis e@imctua Witle atngethal Wotie, atygicallyce  of
sul fate (terned a "sul fating agen(#" , édoéce of ﬁﬂé‘HO”delﬁ terrreda
"chl ori di n§alagemetal-confaigg, OERREN I"ﬁBr‘?“d Bt et gt o5 giRs: §ong

agent” h gelling, impregnation of one compound onto another, and the like. If desired, the
metal-containing compound is added to or impregnated into the solid oxide in
solution form, and subsequently converted into the supported metal upon calcining.
Accordingly, the solid inorganic oxide can further comprise a metal selected from
zinc, titanium, nickel, vanadium, silver, copper, gallium, tin, tungsten, molybdenum,
25 and the like, or combinations of these metals. For example, zinc is often used to
impregnate the solid oxide because it can provide improved catalyst activity at a low

cost.
The solid oxide can be treated with metal salts or metal-containing compounds
before, after, or at the same time that the solid oxide is treated with the electron-
30 withdrawing anion. Following any contacting method, the contacted mixture of solid

compound, electron-withdrawing anion, and the metal ion is typically calcined.



WO 2010/ 151315PCT/ US2010/ 001795 39 or a conbi nation thereof, and cal ci ned
to provide the solid oxide activator. Useful acidic activator-supports

i ncl ude, wotomwsi1ziet |limted to, brom ded al um na, chl orcaas2@oom7os,
fluorided alum na, sulfated alum na, Hrom ded silica-alum na, chlorided
silica-alumna, fluorided silica-alumna, sulfated silica-alum na, brom ded
silica- 5SARbms@RIR.a solil Okiddafatérdidl, ﬁﬁelzduroﬁaﬂﬂﬂravﬁhgmlbﬂeau& Iahcahezu rconi a,

sul fated silica-zirconia, fluori ded silica- tltag % 9\% el\ated wth
hexaf | uor ofetahsalteor Mmefal-containing compapndAare pentasted and calfingd siu QI“I Yiorotitanic

acid, silica-al vghidig ptdceatesle Mhddho Pshnahé siRhRcally 3RReE sélfd kidd dsefil inded
boria-alumna, silica treated with tetrafl uoroboric acid, alum na treated

with tetrafegBesshoinyentigni dhe ghemicaly-reated salid gxide caproRpriss MGio8BRbs phor i ¢
aci d, aspi k)llo@ﬁ&ci)fcan@%r r§d’f€ RoB® oRidBN WitR'dRE o RRYréRIebirbRRith@&awgtdrdiial | Y
treated with fluoride, chloride, or sulfate; phosphated alum na or other
al uni nophosgessedt isprataneuireg thatethe sefidipxide beiicplsingd PP i Fomdactigg then| or i de:
or any COW‘QIL«:EI%L@&&EW&E%I%%\S&W Fetht Q@ﬁmctwdueﬂ‘ tybREHE isAGl diVeAl &iheS UPPOT 'S
optionally can be treat a netal ion. 15Thé chem cally-treated solid
oxi de can dwingr Prafter the yetifl qaifests ¢antasted duith the ﬁ@cvwmtbﬁra\amgawwm ate

sol id. Thesgl}r% r’f’lféesghc?gjn'dg cﬂf(ft)éj@al&ﬁé?l RenEAdingd @%&QB%&%&M Repapd 1 d oxi de
with a fluoriding agent | uoride ion can dded to the oxi de by
form ng0a sdlidr pxidofactivatoreupristsi thatacanybe ampbygdalm/éh@ igypaHomdags betiol or
pater | ncl iRt Pul a{mlé st SEmbdl ark MEsciBE LI PARNCREEANALBINOL S

because of Ir vol surtace tension. Exanples of
sui t abl e f bU65,P20,n6,284.4%M,s 6I3|Q@,I2&1:le 6,36155%r 6336159, H.376416.0,6. 388135 | uori c

acid (BF), F)e ni I anmoni um
tetrafl uorg'ggvgpéé ?ﬁ&ééﬁ% %%§M| 3£4§{Z|H‘?Cgf%%#?dﬁ#ﬁg§% %ﬁ@% i cate)
((NI - 14) 2861362 894 1611167120 4) ane 6:715D 302, aphdisqivsates of WhibRRE) incorpsrafedlierest i t ani ¢
acid (H E % anmoni.um hﬁrf%jl uorotitanic acid ((N-14)2Ti F6), 25

hexaf | 4dr o2¥ FLHReE MY © ¥F6), anal ogs thereof, and combi nations

t hereof. For exasmréing wmmaspmttuffthmpfeisaieid\IlsdeEZt}masoh&@stenIataial tihe
fluoriding agent due t&yl ts ease of use an% z%}/al I gﬁf I |t | f de%I red, the
sol i d oxi dehmucallyaizgaed Ryt fontaciingofti ¥ithg 2B oRRTroFY! &“Ylﬂ AR i g st ep.
Any fl uori ¢jpranpgandlectdnadtidrading Iambmsgmby Taithas thengolidhexido hiateriaki de 30
during the calc msO%@Steﬁ can be used. For exa{;%l e %FE’I addi tion tlo t hose
f1 uori di ng OBty icheryigaly drepfed with asmetal ippy and; then elciagd; te TP 3MMYRlhg agent s
can be ZUSe@ontﬁﬁﬁgpl)le%e@fl-lf{@}e%ﬁdté@ cﬁérﬁﬁ%‘l\%ﬁtrédté&)rsbﬁh RYiRIEMGordsRf W in this
aspect of the invention incl , 2010/ 151315PCT/ US2010/ 001795 40
are not |i ahetber pspectf ?feéwspfeﬁ@tflpmﬂ%ewan@lldp@?“ﬂq RASI3E AE ndectron-

fl uor omet h%nrfﬁ"idra'i’v'h?%f zln'r&lrs%@fcggfécgonta@t@d hitfcaldiked siRnERRBL Nati ons thereof.
Gaseous hydrogen uoride or fluorine itself also can'be used with the
solid oxide i f Theowethdddywnhick thepxideisngpntasied; wigh theetlecaong dBwiNSSi F4) and
conmpounds Jw yed. One
conveni ent %88@%10@{ 1&aﬂ%tagséfttl‘6g51?9ﬁfé%£§rélgf ngb)?l dﬂ d\?m&tllﬁg tgl ﬁgn?% ﬂgfr;q?{ljc?ng agent

i s to \2apobitis nat mmwmdgthgx@g@gellihg;ﬁmpag@a@ngf pregompound prfofahethefi ze t he

solid oxide i.on. \ of this
i nvention, Pﬁ ﬂ%m caﬂs ?]towm confam?'% 85 ctge c??tgéggs)& gl?%th ori géed solid
oxi de in tRelid exids, efectﬁorpaﬁhdrmingtamoﬁ,cﬂnﬂdptl&fabmetal ion, is calcined.

The solid oxide activator-support (i.e., chemically-treated solid oxide) thus
can be produced by a process comprising:
30 1) contacting a solid oxide (or solid oxides) with an electron-withdrawing
anion source compound (or compounds) to form a first mixture; and

2) calcining the first mixture to form the solid oxide activator-support.



10 chlorided solid oxide is formed by contacting a solid oxide with a
chloriding agent. The chloride ion can be added to the oxide by formng a
sl urry ofwohetoosizie i n a suitable solvent. The solid oxipde/usasobel7vs eat ed
with a chloriding agent during the calgci ning step. Any chloriding agent
capabl e of serving as a source of chloride and thoroughly contacting the
oxi de during theccondiny tdiangthel &pect afthb Preséitt thvehtivn, theatkd exidd sctivadoat i | e
organi c chlori d%ﬁ a &ts c(ﬂn lige L(Jise,d. anpl es of suitable volatile
organi ¢ chi"BPFTH\S g‘“&g freateq gqlig gxide) iy praduged hyia RTPGRSY CUPRIE & er t ai n f r eons,
perchl orobenzeng, chbenait Bagtid ehighler @Rt vanRs) &hithok Ofif Mecgai-bon
tetrachloride, trichloroethanol, and the |ike, or any conbination thereof.
Gaseous hyﬂ’rﬂb‘b%‘ﬁméHP’BF‘iSB‘gC‘t’)?O"E:pr?I“B‘?formei’f‘gésltfm’éﬂ"seé) can be used with the
solid oxide durdng calcfiiny thE firsORBxtER MY prdtedla dARIMadiramizfrgont acting the
oxide with the chloriding agent is to vaporize a chloriding agent into a
gas stream usedto FPUReHnge theeralayedy figsti xS Yl Gal €Fomsk iedsqtron- The

amount of §ltkiRaWHE afifon SEE EEpuBdtoX6RS & BécoRE IptBreCalaci ni ng the solid oxide
generally is fromabout 1 to about 50% by wei ght, where_ the wei ght percent
i's based on t heéYwei galcinng e gecer] mixtyg teiorm thsy Soid AP &CHVG[IriSERROBt umi na,
before cal cini %coaﬁnga‘?&?étdhﬂﬂhe&oasﬁé%?roh%e prR&f linRntbhl fhe| dMY@RRIRN, the
anount of fluoride or chloride ion present before calcining the solid oxide

i s froM abeeatedisalid exidruis Podydsy ancfogped, by sentactingribie glid oxiAoYiefheaspect  of
this i nvenéléﬁﬁn-\?i{ﬂﬁavﬂhg Yhiof s%grc@l%gfﬁgox%ﬁ%v@%re"\ﬁlh aBfia oRfte Voipdnd & Yet

anot her aspect of this Tnvention, the anount of fluoride or chloride ion
present befalgieedchdfereniluming, loe afien ¢ahtassinglthei eledtroprwitlisoaying apignasowige. 10% by
wei ght. 30 [ nat ed W -hal t he i 0XJ be dried by
any sui tab‘fncgn Sr&eheggﬁ(%%cﬁu i F\%ﬂs{agtﬁ{l ll%%sg gﬁei r??t aelg‘%%‘lé’?g%ﬁ’cﬁ‘ gjoﬁ(??[tl r(grti on

fol | owed byrgenchprateatompopunds; gridnigniging éonic s@OAdy 151315PCT/ US2010/ 001795 41
vacuu spray i.n t.he Lik al  hou jt. i I DOSS| to
initiate the cg‘?%?lﬂgﬁg&g?%puﬁatr%%saﬁ%toé(f&f %\enn?r%g%tls ﬁr&ffﬁlﬁ%gtlﬁeasnl !rlrrgirnglétnat ed

sol i d oxi detmosphere, typliallgiih acay ahbightreamospheref at ptemperatir fromt abeat 200

silica-alumna typjcally S a.pore vol une great.er about. 0.5 cc/g.
Accor di ng {%too “gé ec('lf’ aBTq?‘?rI"Fe“ FaLd tgn?lﬂ'ggltﬂ f‘l%ﬂlf,tw(ﬂgoﬁﬁrga]ﬁg‘lnﬁne i's
greater thap gDQeUidudtel £C4 gemﬁém%@C&pfréinnﬂmh@ 380008 absReRio &, e present

invention, greater than about 1.0 cc/g. Further, the silica-alum na
gener al | y #ltesnativelyy 4tactempereturgyeffatm abeut 400 86 dorbaud GOMPEC g Calkding einng t o

anot her , aspect .of i S, nt.i on, . the rface eg | r en n about
250 er;% e‘fo,nd}’ﬁe%ﬁoétah%‘&\égs%@%tf ; totatrt]u’gmzslt?r é’&séor:{oégb(jl’uz lglrogg{(’earb °§ §n about
350 nR/g. HéuFheTkis| fot @xahple]j dakinihg tdnectairiedtdue fqrrabewtrit toi abwenitO lemrst ypi cal |y
has an al um na cont ent om gbou L0 about %. by, wei gh According to
one aspect %ot t?’?ﬁ%at‘“r‘?v%tjrlfr?@n‘?bof‘hésgl éntf’ OBtoﬁgognq:‘ )(;“?‘mf ﬁgltatsbh f"@gl-eg um'gna i's
f r om about atokgheadentbeSdfiplod dukiggcabiy. 83ernenlibaldinidf % caludedm by

wei ght. I n another aspect, high alum na content silica-alum na, ,conpounds
can enpl oy®H XA EIRSRISES: SPCThihH AT c SHICTHEVEY. s effatmoshhere, sUch 3y na
conmpoupsls LiviBhdntdd fgd 388 TeducPiy) st Opherb Odich @s BRRUEenI%artdh rhéreRidapout 65%

to about 80% alum na by weight. According to yet another aspect of this
i nvention, canhe usesl-i d oxi de component conprises alunina w thout silica, and

accordi ng ! 0 ANRLARIinARPEd asplorloRiafe bl invBition! 1R Bk oflidehaétiat pOnent
conprises silica wthout alumna. 20The sulfated solid oxide conprises

sul f at e antieatedswith o serelef kabidp inmesiifatesignpr asombingtiomoioanians| ort@nallyuni na, in
the formo i.C sqQl i i I : | i i treated
further w %aq%doﬁ'gba H%%%]%snﬂgﬁdt eg?g %c?]rgaiglp}:l?vﬁ%eg&g%Fé%ggggégggg?npri ses a
met al . 3¢\ccaxidé ingthe oronef aarimiate folidh & op exagrmple, thenspdid tokisle matéreal sanl feat ed sol i d

oxi de conpyrise | f at e apd um n L ne.insta f.at ed

al um na i s&?ge‘f%ﬁﬁréﬁo%rﬁe gpf)urlgack:ee@sm\%%gr (%llll?la?lf’%ggeélfh’n%]%ogl??es&?cﬁlg)a{dé wWith a
sul fat e sogémeed af ‘@hlogidingigent™)s alsbureé of Mairide don @erseli fadtfimosding agant’h, as
anmoni um sul fate. This process is generally performed by formng a slurry
of the alumina in a suitable solvent, such as al cohol or water, in which
the desired concentration of the sulfating agent has been added. Suitable
organi ¢ solvents include, but are not limted to, the one to three carbon
30al cohol s because of their volatility and | ow surface tension.

According to one aspect of this invention, the anount of sulfate ion
present before calcining is fromabout 0.5 to about 100 parts by wei ght
sulfate ion to about




WO 2010/ 151315PCT/ US2010/ 001795 42 100 parts by weight solid oxide.
According to another aspect of this invention, the anmount of sulfate ion
present bwbaow/sadisi ning is fromabout 1 to about 50 parC3s/usgoreedgbi
sulfate ion to about 100 parts by weight solid oxide, and according to
still another aspect of this invention, fromabout 5 to about 30 parts by
wei ght sul §r24 eorhbiRationt ther@b dhd ¢410inpdtd robide \WRI @tid dxidel attioxtbeleUsefhiese wei ght
rati os are bhased.on the wei.ght., of the soli.d oxide bhefore.calcining. Once

| mpr ognat ot NHF ARSI SURROTS ifklide, bt arechpt SR1RA U AOBIEH B, GRARYER i ¢ abl
met hod i _nc;iluﬂ'giag_,ﬂubﬂaedgamrﬂiﬁar,ﬁsmﬁed Qlunﬂﬂ&dtli)r_@micfem §ilé@tair:ﬁkﬂ1inﬁa,l€<)khleﬂ@éﬂl hby o
evaporation, dryinp er vacuum spray drying, and t ike, although it
s also potlispAléming. itipried éﬁ‘ﬁ?féluﬁ‘é‘ra_ei%‘ﬂfi"@g SY3-alHEa: Breapiged stisecor ding to
anot hers aspfehia0thlbR&edOEiESLAtcohdY BbHdA, silidASziR6hih,Y AIftedSHRRAC{cotiaed i N
preparing the catalyst conpositions of this invention conprises an

i on- exchanﬂ\‘e‘ﬁlﬁl!eé $il¢3-tianigy -@%Bﬁr?ﬁatﬁdné‘ﬂ'ﬁ}di}?@ﬂﬁ&@“mc |apih tSléfarcdadsi | i cat e
and al um ngginlraC ak&uté® MRAHNdexMudd B! Scidel ihes-alntifa | A¥RE€d vAth _
non-| ayered structures, and conbi nations thereof. In another aspect of this
i nvent i on, hexgfuereiranigesish dluorided hoslpaaluning| sikifarfEratad; with &draluemberie pi | | ar ed
clays are y3£d ASmAal | ¥k - SHRPQEkaTuolB6Hic T R6idAC LinfinACkk)Bd Ofwifupport
conpri ses an ion-exchangeabl e activator-support, it can optionally be

t r eat et wi kgxafeorpphesphosiseacid.ea t pillaredyi daye rsuolt rig &urmildared paontmeriianiise

di scl osed Hefoghiy ubdtod Wit MRk Eiodidle of QBFRXCHRARPSAR SuAGll %ab@k: Suppor t
i's not tregi?é)d ith an el ectron-w ?h‘%_’ aw ng ani on. 20Ac<l:lo§r£?i ng {0 anot her
aspect of alhminopkesphates nptonally rtreatedewith t sulfateo flugniggy o9rt cllpridehiar amwent i on
conpri ses ' S [ I abl e of
expandi ng.g ypllldg?g %g?ljéeyab%'a%e?‘gfﬂ%g%g ' 33?‘%%%6‘%% ?L@?’f’ﬁ%??ﬁ %?{ﬁ%gatnclgefe not

i mted totreatiwidixz ingtahmabl e, | ayered al um nosilicates such as pillared
clays. Al thoughplh ertn?c%[Py-u?;HE Qi i AR Shnpride o Fucidba KA UxideOn G CONStr ued
as an Inert 25 conmponent” o e catal yst “comnposit1on, put” YAt neris to be
consi der edfoan of@tpanticujasy tolidf Thhdluordel sptid ogidapars bé farmed bg cantseingfa i t s
intimate assqciation with .the netallocene. conponent. According to

anot her as??i’gtox 46 ‘P’ﬁléa;ﬁ“é’gé'ﬁ? 3BHte r#l'f‘ gtﬁfonflﬁéonc?aﬁs’enaegfigq foufhg Oéfc{et i's

i nventi on pRaHFRaSEHNGL BE bride it sliRbleisblveitauch awdleohal oskateintladinpat have
been treated 30, wth various_ ions b tipng, ion exchange, o illaring.
Typi cal | y, bytmet ]d‘inﬁ?fi nghérqnaro thrsei c\?ﬁ’l"éPﬁ&‘ﬂbggﬁauﬁf‘?r}tﬂl‘ﬁ‘%"‘?j?fg%f‘?‘{me'corrpri ses
clays phat shavetcheem EfitplesTaiigdl MiokiBink ageies malutl€bst ark N61 lufitdddo,

pol ynucl ear, highly c_har%e?_d metal conpl ex cations. WO . . )

2010/ 1513 1Beafluggeo soidod iy s ammangig Bporiden INELE), ammopjugy  bifluoride

activat or - QupRaLy, S affmdlind  hd4ARSLEGIaR| SNHEBES TPaRRofibAY Ssifidd@lofi@ve been
ion excha&d W th mqrgjl e salts, including, but not limted to, salts of
)

A (111, xafluorgsdicate) ) (NkhSifia), 1 ammegiung  |hegaflvgropbosphatys (AWl«PHe, acetate,
sul fate, nj oL NjLEi : i: Aer: f\. pr esent

i nventi on, h%xhgﬁcgrg?tig@gt %cf'l& s(hlgglg?)?%%gﬁn%{ F@gei&gﬁgﬁ%ﬁlgd C(ngwﬁ%%ﬁ?’er m

"pil | a2®d bdxafltiorpziraggiscacid (M7E), sralags aherenft end sbmbinhtignshereofheBer i on

cationa. - enanie B/ ARSI a7t ERELERE A\ coih | ons

whi ch can ¢wawvef weandewilgbitity. as 7+, various pol yoxonetal | ates, and ot her

arge, Lons. 10 it e ALkl 54517 B R oA

reaction in whi atrons of "a ¢ repl aced
wi t h | ar gecaldihigh kt¢p.Cc Aay dirdridiag agens capabla of Kegaighlyl contactinghike eoljlodxydeer i ¢

cationg,are thep i bilized wthi he interl.ayers of the ¢lay.and when
cal ci ng%l a&@%&ﬁ%é%ﬂ‘&%ew e‘bgﬁ??'d or: f)’iampz‘?’él} Xg‘éfl?‘btﬁ ‘5’\9%9 u rting the
clay | ayer ggeas deribBd pleki68sI Vol brsnic fifdilingipests thebehsay. Egandfledri ed and
cal cined to_produce t.ﬁe supporting pillars between ¢lay. |ayers, the
expanded | of Yolatde erganie dlyprding agaptstssfuh wdhisdgpechefl e fysntop induds, Rifhced. The
resulting pores can vary in shape and size as a function of the pillaring
material and the parent clay material used. Exanples of pillaring and
pillared clays are found in: T.J. Pinnavaia, Science 220 (4595), 365-371
(1983); J.M Thonmas, Intercalation Chemstry, (S. 20 Wittington and A
Jacobson, eds.) Ch. 3, pp. 55-99, Academ c Press, Inc., (1972); U S. Patent
No. 4,452,910; U.S. Patent No. 5,376,611; and U.S. Patent No. 4,060, 480;

t he di scl osures of which are incorporated herein by reference in their
entirety.



The pillaring process utilizes clay m nerals having exchangeabl e cati ons
and | ayers capable of expanding. Any pillared clay that can enhance the
pol yrer i 2a0i20m/25316f ol efins in the catal yst conpositi orcofustoie/opriesent

i nvention can be used. Therefore, sui4mble clay mnerals for pillaring

i nclude, but are not limted to, allophanes; snectites, both dioctahedral
(Al) an.olI It fife - @6 aﬁgdaako,_( hﬁ()l;sar&rﬂiﬁﬁ(bhéﬁiﬂey egerflivestntens ) ciuodsnethane,
nontmorillonpjtes entonites), nontronites, hectorites, or ]aponites;

hal | oysi teg‘{h“{?@i’a ek 3 t@%,a‘ﬁﬁiae%?m ‘PW&?HCE‘%?E'; @yt \%fdé ,enrd‘ﬂ?g > Payer
clays; thenfiddteOise1Cd1Ry 8an3Bé M6ddUith Ghd wblid1kidé iifMfTueeed OwBiBP talihings ,
attapul gites, and Bal ygorskites; a serpentine cl a%é ill ite;g%l:%p nite;
saponi te; amgom taraluersien(®ik«hand remeeynd; qopipmmg teigiuorqbgrate {f¥ia ) also

2010/ 154 315RCH LiRRHEH. 0Ohé Yanthidat nledioathCdorlachRd theadolid -SadRPRIth teONpPr i ses
bentonite or montnorillonite. The principal conponent of ggn,t pnite is

mont ror i | | Bperiding agent is toryapopze 3 Hpqriling ageniante ages siream useddey tipdizgdhs ( og. For

exanpl e, asc;;jdldxqa({eeﬂritq?g;lgﬂw(ﬁ'is pretreated by drying at about 300 C under
an inert atnosphere, tTypically 5 dry nitrogen, for _about 3 hours, before

bei ng added to %irdlagil inendtheataserst o8 dbis drvenipRnbE fheRira bk ERPPG s9Hd
pretreat meptigl SoABSES LEMoR&Eidld dxidss P Hedfdpa dindpnsired ddkal the

preheating can be carried out at many other tenperatures and tines,
i ncl udil®ig elrgridadrdolid axideris Hirmee by spaipeting aspdidiaxife witlep shlogidingggerthi ch are

enconpassegy by e icjnné’a?\ncééh%ed 1O Hheoasd by abdfing 4RRRH ot/EdxidR iRrL£pare the

catal yst conpositions o € present invention can be conbined with other

i nor gani ¢ suifsplersolvent: eFheasadid axidsl eani begireatndt wiloe chlomidingcrgew, duriag|the es

i norganic i.des, hoggh ted. ' ' ; h&eldekfiton e aspect,
t ypi cal sug%%lgﬁ%% eri Igﬂ(ﬁd&%&]%egﬁgd g%llgl)&lrflgﬁﬁglg%%ugto a?eOI not ??nﬁatqed to,
silica, si thocaghlyuwwntactingatheokida duting thaicalciningr stepnéan, bernserheEBoreexaplei a,

thori a, . 15al.um nophosphat al um nu hgs Flca-t [ .

copr ecipi t 3?18@3 soffai“bca‘%?ﬂdgﬂrﬁ agentz;oen EQ% '255?8’[ %%@FS 3%%&1’%%1? U@%ﬁ& ogginllcon

t hereof .  chloridiAg @gérds irghide, utadréi@nt Hmjted to, alertdihefrqong gendhlorohedmgnieon, one or

nore of the dinuclear,nmetall gcene, conpounds can, b recontacted with an
ol ef i n mon&HEPmMEgng i ‘@rgﬁ’ﬁ&ﬁaﬁ‘?ﬁchﬁ’ﬁ?r@%pc a??&a‘F%?C%&’D Fr g CB%reoreﬁgaovvbf time
prior to ced @eliké®r by Sontiindtion theredfWGhdtohdigydespeh ¢hlofide Stugheine itsélhice t he
precontacted m xture of the netall

. ocene conpound(s), olefin n r, and
or ganoal uniie st Beyerdnyith theciphf oxidefufing ﬁalgﬁ'é“%c{)f‘%/é?rﬁ’lemg gig?‘?gfhe

CoOMPOShY i OBorthlitink We GGIIWIS tHREhIJAGINGGbMas &Y vapbiRAS éhlbridifLid¥Rdintd a _
"postcontacted” m xture. The postcontacted m xture can be allowed to renain
in further seoweamusdde hidizethnsplidoridsdugne ¢3leEat9n or to bei ng charged into

the reactor in 2R Y of AsorRiRloY BRbfdAbh BResit BEREScaldinihg R s6Rd &iligsl out .
According to yet another aspect of the present invention, one or nore of

the di nucl eeneratitiafiopcabent bnphountss by iveisbt prhesnihe Atoiaht porcens inbrset ef i n
mononer and, af. a¢d; h\fat;toﬁlé%bﬁﬁoc#idet Gbr RxdrhpIS! siRE-4188ifT bEiofE cREinRg. t O
contacting thi's mxture with the or ganoal um num conpound. Once the

pr econact edcordingue enahertdspectref this ipvention, the amount of fluoride or chloride ion

present before calcining the solid oxide is from about 1 to about 25% by weight, and
according to another aspect of this invention, from about 2 to about 20% by weight.
According to yet another aspect of this invention, the amount of fluoride or chloride
ion present before calcining the solid oxide is from about 4 to about 10% by weight.
30  Once impregnated with halide, the halided oxide can be dried by any suitable method

including, but not limited to, suction filtration followed by evaporation, drying under



30 conmpound(s), olefin nononer, and activator-support is contacted with the
or ganoal um num conpound, the conposition further conprising the

or ganoal uworrarwiss3iser ned a " post contact ed” m xture. ThePpodtscanarrved

m xture can be allowed to WO 2010/ 1541315PCT/ US2010/ 001795 45 remain in
further contact for a second period of tine prior to being introduced into
the pol ynevicash| hay dfing0ind thRGENEHJMA Ni1SIPISEBNES irfitidle heeaRBRRC! |,

cat al yst co 0sSi t s qf th sent invepntiqn can conprise organoal um num
conpounds. § "c‘id ﬁﬁﬁﬁ‘é’“ﬁ‘ﬁ@gﬁﬁlﬁmﬂﬁg"%ﬁ S%‘gt"x\‘ ®mited to, conpounds having

the formula: (Rﬁ)eBAﬁca alummwri@é&to'?&ep&eamb aéatahatmar:algmmapyﬂﬂaauyn@sfar om2 to
10 carbon atoms. For exanp RC 10can be prog%ahoggl hexyl , or

i sobutyl . Pore volunge,greatgy &aﬂ@épw ﬁlfmgcoﬁﬁ a% tww%ﬁ CUEE n

cat al ys§ coRBffon tl@%r@b&ﬁﬂn@ﬁ@%iebféf EHah a6Gt 0.816¢/p0fhd LYbrdipGo Abthbd M ted to,
conpounds havi g%the f or mul a: X25) m( x26) 34n, 15where X25 is a

hydr ocar byPsPeto® the migsent ReRptiss. @fea%fﬁ ﬂaa*ww dé cofgharyrher, the silicaydr i de:

and mis framich ferily HAE laUsikiiBe atdd A5rOAG! IRYA absut UDBUNNIEr EAdtotdingRECI fy a
hydrocarbon radi cal group and includes, but is not limted to, aryl, alkyl,

cycl oal | cypnother Renegt of this anvsations el surfasecaresais greates tan abalrtl&iﬂw /. ¥4l kyl

ar al kenyl, 1ﬁn@{h€y&¥éot HOEhrfalE areh k%egrea@é}%dnrhﬁbﬁ’c@gﬁ n#d substituted,
unsubstituted, branched, |inear, and/or heteroatom substituted

20der i V&t i ves tHer slbiga-alumina utifigedyiethe Persent invention &ypically drvemalypiinavi ng
from1l to ag.fze@& ffsth 9@5@05“ ALOSE 951>/ bFRRdide @&Bﬁﬁﬁgogﬁn owssr?gaeaeﬁﬁs

I nventi on, IS an avi ng rom1°to 10 car atorrs. For exanpl e,
X25 can beingeition, thprabp}dhq contdnt of the sdise-abumind is fraawblauy b, to abouh 8%l or and t he
like, iny h S t2n® Lg to one

aspect of ?r hmaa%;gétsg{lttglaﬁg%n%o%nﬁ@ﬂg%ﬁ%%l%ht gﬁ(lgt 8”angcg'r°]tﬁ§l9 léﬁom de, any

one of whi cdmtdmasllfcammnilma oorifounds loam empbly@d in vﬁa¢h the, algninag doytstnu de. In

oo NS SBRgS b AP AL o oA % g goRn g LY from
formul a, AlrOKZ2Dpue6326{odbout 304, slusnindbybesiglitr @\m:drdtn«g t@yetiancthersispet ofand
this invention, the solid oxide component comprises alumina without silica, and
according to another aspect of this invention, the solid oxide component comprises
silica without alumina.
20 The sulfated solid oxide comprises sulfate and a solid oxide component, such
as alumina or silica-alumina, in the form of a particulate solid. Optionally, the
sulfated oxide is treated further with a metal ion such that the calcined sulfated oxide
comprises a metal. According to one aspect of the present invention, the sulfated
solid oxide comprises sulfate and alumina. In some instances, the sulfated alumina is
25 formed by a process wherein the alumina is treated with a sulfate source, for example,
sulfuric acid or a sulfate salt such as ammonium sulfate. This process is generally
performed by forming a slurry of the alumina in a suitable solvent, such as.alcohol or
water, in which the desired concentration of the sulfating agent has been added.
Suitable organic solvents include, but are not limited to, the one to three carbon
30 alcohols because of their volatility and low surface tension.
According to one aspect of this invention, the amount of sulfate ion present

before calcining is from about 0.5 to about 100 parts by weight sulfate ion to about



30 typically, mis 3. The value of mis not restricted to be an integer;
therefore, this formula includes sesqui halide conpounds or other

or ganoal wwonomvishaist er conpounds. WO 2010/ 151315PCT/ USPQ1Ia/S0@1/00859816
Exanpl es of organoal um num conpounds guitable for use in accordance with
t he present invention include, but are not limted to, trialkylalum num
conpounds, 16 gHris byl vdight soUdoRRle] JecEMROdNEIStheaspbdt G ik trivieition, ek oxi de
conmpounds, di al kyl'al um num hydri de compounds, anpd conbi natjons thereof.

Speci fi c ndRouns of syHatg 1 REGSEALPefare spleaiing 1srrom aPe HotQ) A PESAYounds

i ncl ude t riavgi%fnhéﬂlﬁ{eui% Y Aot MAD, pakts Ib§t adibiR! dolil btille( I \dccording to still
tri-n-propylal um num (TNPA), tri -n-bute/l al um num (

NPA) , TNBA) ,. :
triisobut yhnetherpsngeh Qf higAgvention, fomhabop! A fQFRONLIR Partsi bY- weeRHsulIfi Fum
di i sobus yl @l B0 paNSHY FeightiofiiR¥ida! thHas8 Whigh PRt 8. bastidedniié wbighd num
chloride, and the I'i ke,” or "conbinati ons thereof. 10The present I nvention
cont enpl at ekthe sotisiaxids bsforp eeleiinga Sirengmrregnatrdeyidusulfnie: BF SEETC S pound
with an or aﬁm_a&m B CQRRON Mk RRCindR 4Rk ShithoMARER fo, IRl fMriion
precontacted m xture, prior to contacting this precontacted m xture with an
act i vat or - folloped by epppwtian.arring andes vauymp srpy fyime. ydethe like althqughyist
conposi tiop i - LS00 : h&Rl |y, though not necessarily,
a portion {(%fahst%ﬁggsﬁgg)ﬁgg{ﬁ%a*ﬂ%lﬁcﬁun?g% l%ﬁ%ﬁhtig_g’ added to the precontacted
m xt ur & and anoA¢rerdipg ta poethest aspers ofrtha Rtsaeni YRR OhD GOHERIrSUBRNled to t he
post cont ac m Ps.ER he p. e hSiokont act ed
with the s%%?dwoﬁ’}%%rﬁlﬁc@?v%%g}% \gégl gérl{l](.ﬁls ﬁg‘\?ﬁ&%{uﬁ% gar{? I?%ggr ggnoal um num
conpound cexchigesised attvapreppproat, t lireludingal just nobnpoited | &n $ilcass t sk t he
precontacti,ng.or..pgstcontacting.s o i VorenE & tal yst
conponent salﬁg'énoé%'gg%g?rgﬁoqnﬁg 8 Igllmr?%afef% eét@é%a&q%ér¥£+fur}op ﬁé#e,r ¢ nor (%8 fe%’an one
or ganoal unimltombingtivns dharest. b eiselcbri aspest tofighis tilmeenpiog ciomeachiangegbley t he

post confacti ng,step. en _an_.or ganoal um num ¢ ound i s added {n multiple
st eps, 1% heiaéfﬁ‘gﬁ ﬁt“gﬁ%‘?s}ﬁ}raﬁéﬁ‘bcé’l ﬁ%%?‘d @8’%“3‘5 H&e% Ssag{}‘éast%r YRR S nwﬁ%lcl ude the
total anougie Rfdioi@vanRakupPortlbonpeisgEoiNdneseithngdableadchvitbesyppacantact ed 25
and postcontacted m xtures, and any additiona] ,organoal um num ¢conpound
added to tARNGEaILY bertrepted; wHh AL deastpne ?E?&'F%lrmt (}ra‘f’%‘lga"fm%ﬂrﬁ\fﬁli‘t%s ﬁ'f’&p

or ganoal unRsBIaonReHN difouah etyficslf) @se ton-E@RiELasS aofivarbrasuppurt as sbngl e

or ganoal um num conpound or nore fthan one organoal um num conpound i s used.
30 ALUM Noxm@mmn-w“hdmméawe&sem invention further provides a
catal ysp COMPOShtiRBindt SdbifeR Aspee1BN the Bredéht FveidiO RRNR A pétt ofAs used
herein, the term "al um noxane" refers WO 2010/ 151315PCT/ US2010/ 001795 47
to al um noﬂemem@ohwo@ﬁ@gpsmﬁ@ogm@lﬁsbﬂm&théggeablﬁ eationy epg léiﬁ?é%i es,
regardl ess gf oW eapaﬁlaiﬂ U0 A St RERREEppokS a0 buLiBebw se
provi ded. r exanple, & catialyst “conposition conprising an al um noxane
conpound climitbé tor epmerchangeablei dayestdurrluroinesilicaes pichy peierillersd teys.

pol y(hy dr oahfudn @b e USB¥HAIH nsddl it 8 A inilind1Pbe RLARKENGs i iRGPVi ded as
t he combi nAY 10 of “ah &l U num a T<yl conpound and a source .ofa active

pr ot ongs5 sucémpmentifehe catdlysticompasites, buteathérse to f eonsidered an agfive part of

|l y(hyd byl. al um id . ' th
Cat al ot cOmpomard coPpRERr Sreps o i REFRA IR ANG e meglloclAP © "

satur at ed bydp&ear bon conpound sol vent, though any solvent that is
substantially 1 inert to the reactants, jnternediates nd, pr.qduct s of
the activation gf%‘%&%ﬁ’ ‘E)‘E’ﬂlfééfl’.e"t'l‘&éhec%ff%ﬂ‘ @yergl(gpr&hgflgy 8’ﬁ§efn31rsr?l§ ¥nthis

manner i s g¢Rleh®sit &fdoRpassiatéritild siftee imteltatdturdlasateyathat Ravelbeed iedtedat i on.
Al ternati vel_%‘, t he catal yst. conposition is._int ro,fluceﬂ i rﬁt 9 the . 1
pol yeRPzatyitirvapeuscions b WeElBE: 0B &XHgngss 8T Biflagne. Typically, the clay materia

activator-support of this invention comprises clays that have been ion exchanged with

large cations, including polynuclear, highly charged metal complex cations.



The al um noxane conmpound of this invention can be an oligoneric alum num
15conmpound conprising linear structures, cyclic structures, or cage

struct ur e’p 20r0/1F1MsUres of all three. Cyclic al um noxanecraspawndshavi ng
the fornmula: wherein Ris a linear org®pranched al kyl having from1 to 10
carbon atons, and p is an integer from3 to 20, are enconpassed by this

i nvention. HJ\h@eAltﬁﬁlaphﬁmﬁasMozﬁnﬂpeﬁeoﬂm&qnmmﬁ alsteAconipass ¢lgpeat i ng
unit in a linear alunln ane us, |n Iunlgoxan?s havi n e formul a:

t
q wher ei n H3§have bpqnqgn ex n%ﬁda"ﬁ‘ yprk {ingy Dt Rt tfidg‘&*a bon at ons,
and q i s aRi(iin! B4EY), He(101) aihdtlh(ﬁpwuﬂlhgarﬂls s&hedam@nmssaae RyifatB] mtratelvent i on.
25Further, al um noxanes can have cage structures of the fornula 1V5, 4-aRbr-
aAl 4r03r, W¥%in le is a termnal linear or branched al kyl group having

from1 4o 10 CaARerid & Bnotiel laspdcs oatm bfigén@gn\}ehﬂ@ﬁrth@ﬁcthfa&iﬂféﬁﬁﬂrtm kyl
group having from1 to 10 carbon ato or 4, and a is equal to

nn(3) - notomprisesppillaggdetay; nTherfers IPIHaquHélaYV\B%@1@/@6@1@%‘9@8@2@10/ 001795
48 number @t KaE BerCiBR cReHARER LG pREMY Bolyl}e?, Highl Bigrgudhas of two

coordi nate oxygen atons, and nom.is the nunber of 4 coordi nate oxygen

at ons. compiex eptions. uRFamples i sucthionn melyde.duit arepiopimted fp, ieagindens| yst

conposi ti OQﬁwf-Pfcaﬁ ﬂ@ve%@%@@&uch%@m b&l&u@b@ly&?o%e@a‘iﬁf&% %dgﬁlﬂlﬁrlﬁké ¥onBy formulas
such as (R-Al-0)p, R(R- 0),,AlR2, and the like. In these fornul as,

the R @ﬁouthSs wf:@amlglaralgl irqferar topia Bimple: Iesehagae Gsaoalpkym whichh thes et hyl |
ethyl, progyhan gewle/tanom%wlcl g%até}ﬁ¥¥11ﬁ re%?%ﬂ%ﬂfsla% mwﬂgegéalﬁongormounds

t hat can be us I n accordanc sent | nvenfion i nclude, but are

not |imtesichas IﬁmghyIlQﬂSuWﬁmmmhmhwmenwﬁmnmﬁﬁﬂ@bwltﬂmFhenoxane
| so-propyl ﬁum ) BO%R e cﬁgb‘-{gm&iy\!v]ilegxl MR 2R con&er@dt%' et%poﬁilié‘ i”lg?éa’”e

sec- butyl a oxane, um noxane entyl al um nox
pentyl al umﬂﬁnhmﬁew;@oﬁm&tﬂyﬂ da)uluaryerrmsméqmn hbqas;nltcyal@l s orenrthe clay ls

neope nlﬁl ergl an8 ca cmﬁl~| (1 prpttiuh:% tllleI s%ﬁ%?r&g%gnlﬁg %?%%:15 fi\g* 8&&16115 qﬁé nygianded

Met hyl ThoxXané: um noxa noxane are prepared
fromtri rrelahgch atrmmna umnaimalm&dnddahup@mmm is@nhanced. SOleuteybltihgiporesican
respective| orreti mes. are r rr to a th um num

oxi de) , Y%{' et ﬁ peaaf n Ut 83\‘ gﬁﬁe ﬁlldwg % eﬁ{ggfix‘gr‘%ﬂ%‘fﬂ% i i de),
respecti Vefn}(tenéltusbdi Bk&fpled M’lplnaﬁrfgﬁnﬂqﬂwmﬂaism% founé h:i DN Rimausie, an

al um noxane in conbi nat| on _wit al um num such_as .t hat_di scl osed

in U S Patdetceng! #79s 3(9@6”““?@5[)33\3{( ﬂi"‘ﬂ%ﬁ’ Snisreplatipn A hemistys (% ¢ s

entireby. RTRRgEA GRENAL ThdO¥EM, bam) CRM @gpsﬁwsmmamcvmleuemcof(lwzgmd qin
the al um noxane fornulas (R Al-0)p and R-Al respectively. In

sone aspecVs: Pptentp. Cf"é?é’(lﬁ’tU ISe%aéﬁntﬁ‘Io okl an%ﬂﬁeﬁaﬁemj‘lw&éoﬁéw t he

or ganoal U@ Q¥aiSurkSoRNRPRAE theoffoPli&herd By H¥Gencelinhei@htiRyof p and g can
vary within a single sanple of alum noxane, and such conbinations of

or ganoal um nox a'ﬁ@splli@@lgcwnﬁ@?rﬁﬂh%eé&lab{éF’@FlﬁiS having exchangeable cations and
layers capable of expanding. Any pillared clay that can enhance the polymerization

25  of olefins in the catalyst composition of the present invention can be used. Therefore,
suitable clay minerals for pillaring include, but are not limited to, allophanes;
smectites, both dioctahedral (Al) and tri-octahedral (Mg) and derivatives thereof such
as montmorillonites (bentonites), nontronites, hectorites, or laponites; halloysites;

~ vermiculites; micas; fluoromicas; chlorites; mixed-layer clays; the fibrous clays

30 including but not limited to sepiolites, attapulgites, and palygorskites; a serpentine

clay; illite; laponite; saponite; and any combination thereof. In one aspect, the



25 In preparing a catal yst conposition containing an al um noxane, the
nolar ratio of the total noles of alum numin the al um noxane (or

al um noxawmepinisiiike total nol es of dinucl ear netall ocereTasa@OOOTIR Or
conpounds, including netall ocene conppunds) in the conposition is generally
bet ween about 1:10 and about 100, 000: 1. In another aspect, the nolar ratio
i's in a rapigsred cRMacDdAWr-sbpport dniices behfonfi®) O rhont{drihite0 MEHelpyinciphlum noxane
can be added to a | ymeri.zati on zone in ranges from about 0.01 ng/L to
about 1000°WE?“‘1°?8?#€%EB&J§“@PT‘Q’?@PE“%o about 100 ngy/L, or from about 1

mg/ L to about SthenPiilered M 2@ HelprkRdddClf Wsa@d.0/ B&lHBmphs) a pillared

Or ganoal um noxanes can be prepared by various procedures., Exanples of

or ganoal unbeiéneitnds prragriadd dnnnsat ebout 30 Yswrder an ged atmesphsie. BREAIY3, 242, 099
and 4, 808, a6l G, HrSHbRSY hBErsObefbidl &Fhegasﬁea NG WP PEIFHELBH §LatoRY

reference I1n thelr entirety. For exanple, water in an inert organic sol vent
can be reabliteanghianigxemplary-irefrdaient 2 degeribed hprgin i, shauld e yaderseoydthat to form
the desire | L j LAt is . bound by
hi s ot at oo AR A LD P o Ry P s s R 5

m xt ur e of camjtimation fdemperatutey and mR-steps,0alh pfimhishxarn enequengissed  byobish of whi ch
are encorrpfmaﬁgnby this invention. Alternatively, organoal um noxanes are
prepared by reacting an al um num al kyl conpound, such as 10(RC)3Al1 with a
hydr at €@l sal t, Bhecdvtinsgtomsugpert estddoprpareshe Eaalpst compesitiansof theqresanti ¢

sol vent . G?GAI\IGBG?C%VG?G@\ RAT QOVP D rdi.ng : not aspect of
t he preseninv?nr%l\?tlalr1c TER OO gﬁ@sotﬁl eccl)nr%%%{?: tS?Bé&ﬁg‘a%gﬁlg’rllhglluﬁlgg’oﬁr&gé%toboron or
or ganobor alimitedbtep aeslilss, ivrganavoxddd, plsphataioinpgandoxides |andehanbke rlal  bor on

conpounds, bor at al t and the.l.i ke, or conbinations thereof. .For

exanpl e, f?%?SBS‘%g@Hb“EB‘f%’ﬂgc’B%ﬁ%ﬂ%ﬁ?* ﬁrr?duﬁeﬁd%‘fj%%r Sﬁ{r}%reb%’?é elIegc}ﬂ’pounds are
cont enpl at giica, Anjlichlaliphifg)r gaoinapr Gaaniar  Lircomia ormgpnesihorimira, cdwpeund can be
utilized 20 with th resent inyention.. .Exanples of .fluoroargana borate
conpoutds ?IHQIHOBEWPEQQU%]BH“’}“H’ PRESPAFES 8}1?“'?%8‘811??%?1“?‘%%ﬁ'gfgtgtﬂ?la’ar e not
limted tomifthid®heRat, @€amy ymbiwitioh @krebch as N, N-di met hyl ani | i ni um

t et raki s(pent af | uor gphenyl ) borate, triphenyl carbeni um

tetral ci s( pent dAFQHHPBH AR APPNEFIREY, of| the resRyt nvention, one or more of the

tetraki s pgRhafdr YRSARREMY tonsuAdLeanbe\stbdbRta0MH aitH Ablefth monomer and

tetral ds[3,5-bis(trifluoronet hylgyphenyl ] borate, triphenyl carbeni um 25

t et r al ds[ 3215 ofgasealymmuEoFAMRAURYG | TPH A1 Pestndaeletimg rior He qoptegtingothisyi xt ur es
thereoﬁ? Emmle%awq e hAtHRIPQUHRR0 CARE AR prQORAMEd mithRlor 8 mbRIdeRd as
co-catalysts In the present invention include, but are not limted to,

t ri s( pent atdmpuogisk ejdfinboenemer,tand ofRnealiingmy ¢ofpeurdirernipetp wethyie bor on,
and the |ike. M Xtu . . | ] und by
the for1 oviyBhaliesh HE SohPEIEM bl coRipting Bhe M EBEHRGoN T, BFn e

f | uor oor gaa¢pdstrontactedirpoxmuets , Thenpbsteehtatted mixtmpeoands, allawed thoamgpint it 0 f or m

"weakl y- coprdi nat i ngt ani ons, whe in .t.h or onet tal |l ocene
conpounds, R’é'g‘erdfoélacggoéc? sieﬁor@. g °€>§? g‘ﬁ't pgl%gi%\f)@%&a?%g 15?:65%% (r)egétro gﬁlof whi ch
is  WO22016Ghith telioRariérdaanl fho 084 wabbdémicdomt.por at ed herein by reference in
its entirety. Aﬁgl i%ant s al so, cont enpl %e t he use tof di bor on, o?rh bi s- boron,
conpounds or ot AETHNE M¥stiaBAmET %SBF,GB%{, SPIESAE IVRITRY PU5C 3PS &% or on
atoms in t hguabamhaallocsihd tothpougds Sdncie pecottaseldogidtlan blefin nivilomehend  Soc. ,
2005, 127, pp.. 14756-14768, .the content of which i.s incor oratﬁdh herei n by
5r ef er encedl ppqvg@r-émppytéf)rﬁ first period of time prior to contacting this mixture with the

organoaluminum compound. Once the precontacted mixture of the metallocene

30 compound(s), olefin monomer, and activator-support is contacted with the
organoaluminum compound, the composition further comprising the organoaluminum

is termed a “postcontacted” mixture. The postcontacted mixture can be allowed to



General |l y, any anount of organoboron conmpound can be used. According to one
aspect of this invention, the nolar ratio of the total noles of organoboron
or organoworatogsexigapound (or compounds) to the total nolpes/uskoidionres ear

nmet al | ocene conpound (or conpounds, i#4gluding netall ocene conpounds) in the
catalyst 10 conposition is in a range fromabout 0.1:1 to about 15:1.

Typi cal | y, renfatn rfouiidr coiitadtifer f debidridqREigabOLtiMe phidr t6 beihf iifodadeddito theor at e
conmpound useld is fromabout 0.5 noles to about 10 nol es of boron/borate
conpound pBYYRETRUGR 'RECHI | ocene conpound or conpounds (di nucl ear

net al | ocene and any other netallocene, if applicable). According to another
aspect of this invention ':(Fg)emggount of 15 fluoroorgano boron or

fl uoroorgaQ&%ﬂ%‘c\EUW PNBP about 0.8 noles to about 5 noles of

boron/ bor at e compeienshppl cdillyf RmpBBtiens! SICHO PréseitPiavilion )can lcoMpANG | ONI C
COMPOUNDS The present invention further provides a catalyst conposition

conpri si NngOBANCHPIIBET ZGMPOBS ¢ SeetsemReLndAnsinds, Auhgre SRt imisdpgund i s an
ioni c conpedhsbuh8aftavi@ithd fahlaON as a co-catalyst to enhance the activity
of the catalyst conposition. Wile nqgt intending to be bound by theory, it
i s believed that the ionizing ioni c®dfHound is capable of reacting with a
met al | ocengh&RIEOWRM aBprhtic Yo Habidg id¥e 21181 8lchB6£ BB msN IFer @RHEngHE, RFOT €
cationic netall ocene conpounds, or 'incipient cationic netallocene 25
conmpouh@s. candhs sthyl genyd bysil, hexylerdsohytitlo be bound by theory, it is believed
that the ionizi §ei OBlebn&AIAAMAT c6RAPolHdICWHRA a3naBe! AR 1iAY sRJROUNd by
conpletely or partially extracting an anionic |igand, possibly a

non- al kadi eenypositioga digcloseddiereith eanmpelufle, bubare noHomgedkto, cqmnouméhgazvmg i onic
conmpound i §.a30nLAg)1 vator regardl ess of whether it is ionizes the dinuclear
nmet al | ocene, abstracts a ligand in a fashion as to 30 forman ion pair,
weakens the netal -ligand bond i nAlE&)dCHDekhear netal | ocene, si npl y

coordi nates,to Li d r.aetivates the netall ocene b 0 t.her
rechant 2m Wit 8o PRl Al ripl i PR ORGSR el BARRET] |
necessary hithin i§ fremi ot 3 iimdusiveniHydewaibgLisdisathidrsia tesdebify abydrbéaviemne
conmpound(s) .only. The .activation.functi of the ianizing, i.onjc conmpound
can be evi %félﬁ‘lal éW“PrPé‘de‘Hﬁlé{ﬁ??eb“'al?t ?‘??ﬁf‘?ge@f *oe AP ?/%?l (%ﬂﬁ%?(]t iai&(ﬁnyg’s a whol e,
as conpar edydl&ll?n(}l@&y&il()b&]tadibﬁmlpﬁ)l&'yﬁ};l,()i’llalkﬁairant@ﬁaﬂ, amkym,runaiﬂg; like, mfﬂngzi ng
ionic 5 compound. ) anpl es of ionizing ionjc conpounds i.nclude, but
are not |1 FERGE Hibsubputeimaen A BB AT B g Sumo st

t et r akbg ( pdérdladiloshmeradre, tri (n-butyl) anmmoniumtetral ds(mtolyl)borate,
tri(n-butyl)ampnium tetrakis(2, 4- dinethyl phenill ) bor at e,

tri (n-but ypat mBrnGASPEHakis Bydsoeartyd haying ery | yhahoyt @0 carbon atoms.

10t ri (- bulydnoBERREYe 8RR fresehBinkehtion, X? is an alkyl having from 1 to 10 carbon
, 5-bis(trifluoronmethyl)phenyl Thorate,tri(n-

but yI ) anunaiemaniFer pxamle (e Arabe efbylopiopnly piyivatsec-Ruidl dsobatyhyor #8%3li ni um
o oyl anfT O e TGy AR bRRR OLHERSL NN ol et byl ani i i um
tetral 25 s(3, 5- dAewrdipg pheng kipsch eft the preskhtdinnentiog,| %1%i is jani allexide” or an
tetral ds] 3ar§lio%dse£ gnryI (Inle%?%ich has from 1 to 20 carbon atoms, a halide, or a hydride. In
another aspect of the present invention, X?8 is selected independently from fluorine or
chlorine. Yet, in another aspect, X2 is chlorine.
In the formula, Al(XZS)m(X26)3.m, m is a number from 1 to 3, inclusive, and
30 typically, m is 3. The value of m is not restricted to be an integer; therefore, this
formula includes sesquihalide compounds or other organoaluminum cluster

compounds.



15nmet hyl ) phenyl ] borate, N, N-di net hyl ani | ini um

t et raki s( pent af | uor ophenyl ) bor at e,

tri phenylweanrbenisisiset r aki s(p-tol yl ) borate, tri phenyl car beorast@abvoad7ds ( m
tolyl)borate, triphenyl carbeni untetral gg(2, 4-di net hyl phenyl ) bor at e,

tri phenyl carbeni unt etral ci s(3, 5-di net hyl phenyl ) borate, triphenyl carbeni um
tetralds [3, 5- bEgdniplés dfupgmpaumtuhpPERipouh&Osudide foriugh anydecrdamerwithm 20

tetral ds(pent afl uorophenyl )borate, tropyliymtetral cis(p-tolyl)borate,
tropylium f@tnraqeafsm&ttﬂwﬂ%iaﬁ?%tb@f a’?r%%‘?‘[‘f&to’ ma{kylaf“m‘g‘?m °°m¥’°2‘“ds’
t et r aki s( 2 qAndiaRhiddmpP Ngmde ) Rempbghds,! I @K lalifinum  alkoxide compounds,

tetral ci s(3, 5-di net hyl phenypborate, tropyliumtetrakis [3 ,5_-bi
s(trifluor dialkylaluminum hydride compounds, and combinations thereof. = Specific non-

net hyl ) phe mifor adx@mblePY b UnhiitlabRKi rRbA1adhindY OPdsRiRolhdROr ah&ludd t hi um
tetral ds(pentafl uorop en_lyl )borate, lithtumtetraphenyl borate, |ithium
tetral ds( pmmethylalumlnum (TMA), triethylaluminum (TEA), tri-n-propylaluminum (TNPA),

25t ol yl') bog@h SulyidiithiStiNe ) &iBohANRRRALALCIBAY, bi-HIHeRARIIRML A
di net hyl phenyl ) borate, I'ithi unt etraki's(3, 5-di met hyl phenyl )borate,lithium
t et r af | uor sivePialemisam undispberiplimam of hydsidephdisty)duniue s sHogides

tetr aphenyhm{y?ﬁ&igmﬁamg,%a el & ofloiRRHsAh&eorSOdi UM
tetrakis( y

mto orate, ) )
sodi untl@t r aki s( Zhetpreisenstinyangpe sonteinplates @ medod of arecgpiagting a glinugigar

di t hyl ph i i
I met hyl p g{%tyag;,{aeg% ?:%%Rgﬁrwglg?ﬁ %}gaﬂézlw&gfnqmoa&&rp%unmcﬁt&?bum, monomer

tetrakis(p _ ate; potassiumtetraphenylborate, potassium
t et r aki s( ptofoym)aprecontacted aniatisd, privt otaoateptingrthis pirgcohlastad auixtpst wdsarum

tetrakis(2 ?‘é} VS%’E?%%@ Jm t%gc%gé})ﬁg %ﬁqgggﬁu%ﬁ)&p(hggﬂﬁ,% %ﬁgﬁgx ;g bor at e,

pot assi um I e orate, potassi tetrafl uoroborate,
| i t hi um t eprephred sinpéinis ahhnrer, opypealipathoninatot, ndcessimilymat eortigphehythal uni nat e,

lithiumtetralcis(p-tolypal umn oL thium t et.r aki t ol vyl ] nat e,
1 thi it cerarrps o BRh sAaho de peeleb Bh R ARl Bt 22 €5
di met hyl phenyle) adgaritahaiigym |cotripburid iseddded kol dreqmisteohtactéd mistot prapared

t et raki s( pent af | uor ophenypal um nat e,, sodi et raphenyl al um nat e, sodi um
t et r aki s( phgt %P‘i‘}ﬂ‘?nﬁ%ﬁt%l, mEie dﬁ]cP‘g?‘il%ngiﬂg](tﬁ% ts‘gﬁl%{ij% ﬁ?atW&{géﬂsu@SHi um

t et r aki s( 2 HhwabéretheyenahResrginoaludiinid cbmp&adi ddfibe used to prepare the catalyst

tetraki s(3, 5-di net hyl phenyl )al um nate, sodi um.tetraf Iégtor oal um nat e,

pot assi um COPPeNis(ip&Hher e, BIEEPIHRAWPE PR POHTATHACHNE FER o SSFTAIVELY: allthe

t et r aphgny b5 BaHpBnentOROtGRsttddth h@ingRkstep( P- t ol yl ) al unmi nate, pot assi um
tetrakis(mtolyl)alum nate, potassium

tetral ci s(2, 4- dFirdhenympredhgnencrresiee minis sapaynd can paksed ipgither the
di met hyl Phﬁﬂ%h%tgétfﬁg] H2h€ poRtOS iR Ehy MepCt WRkd YR AN céfishunligs | 1 ke, or
conbi nations thereof. lonizing ionic conpounds useful in this invention are
not |init eddded inmediple oteps theesragpiseaf csganpylminuaycanenened dispipedrieseinmr e
di scl osed 'ixﬂ:lutd'e %ﬂe total amount of organoaluminum compound used in both the precontacted
25  and postcontacted mixtures, and any additional organoaluminum compound added to
the polymerization reactor. Therefore, total amounts of organoaluminum compounds
are disclosed regardless of whether a single organoaluminum compound or more than

one organoaluminum compound is used.

30 ALUMINOXANE COMPOUNDS
The present invention further provides a catalyst composition which can

comprise an aluminoxane compound. As used herein, the term “aluminoxane” refers



15Patent Nos. 5,576,259 and 5, 807,938, the disclosures of which are

i ncorporated herein by reference in their entirety. OLEFI N MONOVERS

Unsat ur atwo 20maictast s t hat can be enpl oyed wit h cat al ystrcrarspmsiovizens and -
20 polynerization processes of this igvention typically include olefin
conpounds having from2 to 30 carbon atons per nolecule and having at |east

one ol ef i nicagiainbkseReAgountl] ConipdviBBis, AiixteRS OTEREBRSpAAED psghidiass o at i on
processes using a single olefin such as ethyl ene or Q{ggp}%%ene, as well as

copol yner i Bew isee} aleringyangsarc preparedn formed or othenwise; RIo CAFRIPc i n

mononer W tha19ét cbRPsditi e ontPrsinrag Alunfth@fah& b Smpond 0AHT6L prEgired ASviRAN! €, t he
resul tant ethyl ene copolyners, terpolyners, etc., gener .cont.ain a maj or

K
amount of alumyraaee (s>BrEVifsH easpiie oMby diprarty! eSSt oF 1R mer (<50
mol e pesce%}mn&xaﬁélgfbﬁs\paéd ésSthQQBmﬁinEﬁ&l%Fﬁ@ﬂhinum%ﬁibSuﬁmﬁﬂ £an be

copol ynerized wth ethylene often have from3 to 20 carbon atons in their
nol ecul ar edwsen of Jotiyey pratens sugh| ascwatgp| Adyminoxanes cqre ks refeqyed fonger nal |
linear, br Hoh b RthxiddapsiRsdahbitb@hoxdndnict i onal i zed, and

non- functi gﬁgpﬁgrgﬁ%ﬁ@?ns car’n‘l bg)Sdgm%ao ed i ﬁxt his invention. For exanple,
typi cal unsat ur Zheethermatadishermpangnts ppicallvais spytagied with the alymingygne in

2010/ 151313RGH 9 1 &15at ah H9BREA ths s@bstdnihidy | Nvention
i ncl ude, bgtS ar ge%zn%?&ﬁq?no]ozle%nﬁgu eﬁfﬁ%e’neé,@%r ogyl ene, 1- bust esne, 1?:butene,
3- et hyD-  ineutbahereactanhinigimaediates] apdprodurss oDthg @ptivatien s&p wam iy used. pent ene,
4-nmet hyl -1 -pent epe,  1-h - - 7 iablB SEERA:

1- hept ene, 9%% %tncé)fnpggﬁglg?dgr?éfl“Fﬁlgﬂ?(%nr%r%g%&%&ﬁedo%{gﬁﬁ};ﬁlat he fpu’r normal 5
nonenes, t lie dxameplenby filtratidec exiematinglyl thé eathlyitecomppsitipix isuintredugéd inf®d or nore
of these c ounds. clic and bicycli Lefins, including but not Iimted
to, cycl opgl{%)%’ ne t(%/’brﬁﬁé%rn‘@ﬂwﬁg?%%lrsl‘g/lfltg%'e, nor bor nadi ene, and the |ike,

al so can be pol Theshitbxase eagoundefithliowatioStan e digematis eluenuanpl oyed as

a nmononer in the present invention. 10Wen copol yner_ (or rnatively, a
t er pol yer FOMEOWYs FOmRRyISIRE, “?ﬂreﬁ‘tf“ﬁtuﬁeﬁh(‘i#élrc %E‘r‘flo“g%s‘l’rporri %ag;g %*%‘?Meeg’a% e,
et hyl ene OmiRiuRRYF &N threeMTyelic hRmiRahe/IoRIpodaid havihg thetfomedst one cononomer .

According to one aspect of this inyentiop, the olefin nononmer in the

pol ymeri zati on process conprises A% -I-gzg.— In this aspect, exanples of

sui tabl e ol efin conononers include |put @re not limted to, propylene,
1-butene, 2- 15 butene, 3-nethyl-Igoutene, .isobutylene, 1-pentene,
2-pentene, 3-nethyl-1 -pentene, 4- nethyl-I|-pentene, 1-hexene, 2-hexene,

3- et hyl - | - heeaseR id a liggir enbranched @y hwving3frothé o @0 earbdn atomeend plis decene,
styrene, and the like, .or conbinatiqns fhereof.. or,dli t.0 0 spect of
the presentMPERydIM §i{0 h%‘ec?BWa}ycthﬁﬁ?Yeé‘ °".‘L-AE'§? @g%{,aqﬂ?lﬁ nsp gwnrg,
1-hexen®, IeRChBAGOnitEIES QRE rephtiigeAit 18T a diYarCaluiimoabncon THuer Hodar 20
General ly, the anount of copononer introduced into a reactor zone to
produce t heluwipeiapsshaving the GemuBout 0. 01 to about 50 wei ght percent of the
conononer based on the total weight of the mpnoner and conononer. According
to anot her aspect of the present ynvention,/the anmount of conononer

i ntroduced into a reactor zone R%Nﬁ@%ﬁo@\t 0.01 to about 40 wei ght
percent conononer based on the 25 tlot al i ght of the nonomer and
conmononer. |In still another aspect,Rthe anount; of conononer introduced into

a reactor zqne.is .fromabout 0O Q.about i t, &0 mer based
on the total %?Bfﬁaglpe%rﬁég%%#éﬁkyéﬁa l%frrr%ﬁol\rﬁrl.a%fgp I?Efaﬁ{gh%{gtﬂgggaspect ,

t he amount ipfegédronNDEES0, hiktalsocbucanpassed by ahis @medton. zone is from about 0.5 to
about 20 wei ght percent conononmer based on _the total i gh f the 30
nonomer23and comfﬁ&ﬁ’ﬁr .aiummoxanW]F‘frb%ﬁ%ﬁ c385t BHEMES ?fgﬂ}f\év?qﬁ%ﬂ%dﬁlﬁ?“ hi s
theory, wheng, O a0Eh6A R s8ehhinkl kar & brinched alkyladrorekhvigefromd tarleé used as

reactants, it is beligved that a steric hindrance can .
carbon atoms; R® is a bridging linear or branched alkyl group having from 1 to 10

carbon atoms; 7 is 3 or 4; and o. is equal to nais) - no@) + now), wherein nai) is the



WO 2010/ 151315PCT/ US2010/ 001795 54 i npede and/or slow the polynerization
process. Thus, branched and/or cyclic portion(s) of the olefin renoved
somewhat woamowiiesisar bon- car bon doubl e bond woul d not becesseemadi7?d® hi nder
the reaction in the way that the samegl efin substituents situated nore
proxi mate to the carbon-carbon double bond mght. 5 According to one
aspect of hligbeploESIRBE costdidbtei iminain St@ASnopyle the humber/ ofaaotcanididag et hyl ene,
so the polynerizations are ei therb athom) ol ymeri zation involving only

ethyl ene, BEERHOMAinwy s Bisumbetrls QPR egEde™ e, cyclic, term nal,

[ gé ernal, | ihnearhus,lbmaﬂ@J&dneswba{ bdme?&n%@ye@iﬁsmbmatyuﬁ &sinpkigibhgiof | n )
addition, the catal yst. conpositions o S_inventiqn can u in the
pol ymer i zathedeseht 1By A rf%&??ffébﬁ?ﬂ%‘a]itl%bi' s s ﬁ}a%@t'ApﬁPﬁ ?{glg’ to,

1, 3- but adi Rﬂ@gﬂﬁlﬁ?mnﬁrlﬁe like 4-TRERs8 HoBMRas, AR lgrBu @xggicang a IRRRPARATI ON OF
THE CATALYST OSI TION I'n one aspect, the present inyention enconpasses a
catal yst cbipdhed Gi alkyl,suchssirastiy, ethyl geryd ¢ bub Renbl Bhexyly EXamn ear

met al | ocengr ARHRBKAR RBRPoRlsARAt ic¥PbOised UPRRbIdancaUsith fhe HRITBAShehGEh can
further conprise an organoal um num conpound. Additiopally, this catalyst

conposi ti oimclide fhyft prer nobnpRTEd fn Fthybluninganggt ethylalpmingeanca; f ¢ he

optional cocabRlMedxahs anisdlpiHyRdiARexne POyl ABmHLARODOI QAL
or ganobor at e conpound, ‘an 1oni zing ionic conpound, or any conbi nation

ther eofl0 | aluminoaxams; Isea-buiglebitinoxang dsubytylalupvnayans. tirFAtldupg¥INded whi ch
conpri ses é&%l&l%ﬁr?o&&ne?md“ﬁ 9-%erﬁylgiuﬂiﬁ?dx§ﬁ’€, met al | peeneIneaReKAd, and an

al um noxane conpound, an organoboron or organoborate corpound, an ionizing
i oni ¢ conpoenpentyblundngxapenbiandt | the t Hkeeofor any  combigatiqny erfhsretf f urt her

B e L

exanpl e, contac yst ‘conponents in any order or
sequence. Theethijlaumimeay, reltsidlavanm, conpusehdtydawmipgmpr wepeativedy,eandni t h an

ol efiniic nononer if desir not . necessar.i |l .0l efi n . to be
pol ymsrlg z e EPEMYS e 6?%5‘5%2? 351-13(?{;&11 tg' lsglb“r? 0:3 Qggi’igroé{letgglr iglggﬁnél tine
prior to coxidésindypli(ivobutyDalphmamixide),aespadtivelyr dt isiatsh vathireibe saope of - support .

The first period.of time for contact, the . precont ime. between the
net al | ocen&eBYFBEOMHEP ¥ 28 Tfrefge m ‘It‘f’énbd'ilaélgp Pﬁltg' %ﬁﬁﬁ%@‘t‘“‘%‘h‘a’ % V\gas
or ganoal uniyat disE1esaaokiNd.St PReftelNb.y4, TRINIPBS irkcbxpbratedt he®in by rrefeebnod in its

entirety.

20 The present invention contemplates many values of p and q in the
aluminoxane formulas (R-Al-O), and R(R-Al-O)4AIR;, respectively. In some aspects,
p and q are at least 3. However, depending upon how the organoaluminoxane is
prepared, stored, and used, the value of p and q can vary within a single sample of
aluminoxane, and such combinations of organoaluminoxanes are contemplated herein.

25 In preparing a catalyst composition containing an aluminoxane, the molar ratio
of the total moles of aluminum in the aluminoxane (or aluminoxanes) to the total
moles of dinuclear metallocene compound (or compounds, including metallocene
compounds) in the composition is generally between about 1:10 and about 100,000:1.
In another aspect, the molar ratio is in a range from about 5:1 to about 15,000:1.

30 Optionally, aluminoxane can be added to a polymerization zone in ranges from about
0.01 mg/L to about 1000 mg/L, from about 0.1 mg/L to about 100 mg/L, or from
about 1 mg/L to about 50 mg/L.



WO 2010/ 151315PCT/ US2010/ 001795 55 about 0. 05 hour to about 24 hours, for
exanpl e, from about 0.05 hours to about 1 hour. Precontact tines from about
10 m nut ewot2e10e830315 30 m nutes are al so enpl oyed. Acrasp@vioveby, the
precontacting process is carried out 49 nultiple steps, rather than a
single step, in which multiple mxtures are prepared, each conprising a 5
di fferent set O(Drghﬁtbaﬂ\llmglb?{aﬁﬁmﬁmeatp?epaﬁﬁI’byemmlk @rofca(ﬂuréseaﬂkarhm eft al yst
conmponents are contacted formng a first m r ol]o cont acti ng
The ot MR S P ATE dreARens aite B Bl JHENE DS oRe ISR ng. o
second m XK|80$5618,-rtﬁe fisclogiired) .of which Mel ttdtp6ratet aeevit 1t defegenst @psheian be
carried out |(n a %gpgssel or in multiple vessels. Furtgqe1 mul tiple

%‘ i

precont act FHYRt e VRIGT Ingan BigFt 9rﬁarg%ﬁ?lé§m opp besteagieh il #1) , i n

paral l eb, @laminua® BIRYNE&nind, RAEIE S (RFAN, ©X8RP R, de§irefd| drgdnoluxtintx@nedf two
catal yst conponents can be formed in a first vessel, a.second m xture

conpri si ngcemReund; dYhileinot iptending je be heunddhy; Q’lséﬁé‘fm@ét"‘a‘ls?@ﬂevééﬁ‘ﬁ‘éﬂ’é%t can be
formed in thneic midthodesan Ao a ik tdre 98 GOMUiné&SHalcyc IR A1-0 slubifixed | Y pl aced
downstreamof  the first vessel. In another aspect, one or nore of the

catal yst conshedet ©fnwhichs are enearppasssdy ks, TayfieR.entAlFRadispiyact i ng

treat mentsqr Qdahﬁfﬁﬁmn@s alerdpafld b3 reRkiRk Xﬁtaluﬁﬂﬂiﬁﬁ)@ﬁcpt cdrtpdufid subk & @ first
vessel for precont acting wth at one ot her cat al yst

precont act i

cormponéht (Rr/ﬁ%mleth%@ hydpatecherdt sueh anhydratadnsopner shlfale, BAHBEEMIZAN fed into
a second pggept acting vessel for precontacting with at |east one other
catal yst conponent, or is fed directly into the reactor, or a conbination
thereof. The precontacting can be 20carried out in any suitable equipnent,
such as t apigANGBOREA/BR: ﬁmﬂﬁél“*ﬁr?%ﬁ’ ¢c mxing devices, a flask, a
vessel of any type, or conbinations ese appar at us. I n anot her
aspect of this Aesceding émandthes agpect ofithe paesantyisventionporasalyss compesigomanpl e,

di nucl taL | 0c t n st, and
opti ongﬁ yc U (?rng%otbglc 3’ aélgr(grg cogl;pggr{congg%tk@ %ﬂ%}hg r%‘gqtu%!rl%“ zation
react or 251ch1dermbmtm1lbommlcpmphuﬂds lidnste pa:ltsymtﬁnhzaxke cnncomhmaum the3eqfr oceedi ng.
Al ternativel an wo or nore of thes t st co ents ca

b econt act EGF ATt DSaprest typor tortatuas 5 ‘CRioor i PPa SBle rar

precont act téigeipleed.can be contl nuous, in which the pr econtacted product is
fed conti nuousl%nt the reactor, or, it can g a ste e or “r?él‘ chw se
process in whi ch™ (Hgioorea8e horon:on fluroergany Berate <q QPR A 16 YNEE 30

catal ysd CQMRARd prest inVBhtfonD IEXaMPIed 6F AGosigRib Bethte REmpairids @eht QM beover a
time period that can range froma few seconds to as nuch as several days,

or | onger. “§ed ip ﬁbesprageaé&ventmemeb% PRUYE Sohlimiterh toa duprinpted 1y Rpusey al |y
| asts frorfh&mblNﬁ d%ﬁ&ﬁﬂgmhﬁluﬂnewkls(yé@ta%ﬁ&%ﬂé&%é%g &fﬂﬁ&@i&é&%m5 56 1

hour. In another aspect, the continuous precontacti n%step asts from about
10 seconds tetrakis(penta Oﬁhenﬂ?‘é’sate,oﬂlﬂﬁ#f@rﬁ%’é‘é@eqtaﬂﬁ% nylpoggieuN.180 i nut es.

Once the p I d, olefin
monomer . A apLa i T Es SRRl R TR SRFRS GRRAHNT
act i valdr - mpbe[ﬂt5-b15(trliﬂlmr@nc1b)'ﬁnhsmﬂ]bomt€( wirtdn thehdike.d @ t mixtures  theyeof.
activator- j d e tur J cont act ed
i xt ure. opEXBHER 3¢ Dlorbialiehdrb coBRhe BhEELEh Mok f B:cqrubd AL P

post cont acbretsenmnvqnmionrinbhldé nbati atei not fiheteg ooy rtns(pmﬂwompﬂlequ)bemn,

et vat or - EisbhoPEEREP Ry PRy R ARG B o SEHBT 0P Altea nour s

I n a furthast iatpdiag to be bound by the following theory, these examples of fluoroorgano

30 borate and fluoroorgano boron compounds, and related compounds, are thought to
form “weakly-coordinating” anions when combined with organometal or metallocene

compounds, as disclosed in U.S. Patent 5,919,983, the disclosure of which is



10 the postcontact tine is in a range from about 0.05 hours to about 1
hour. The precontacting step, the postcontacting step, or both, can

i ncrease wbheomrddiisti vity of the polymer as conpared toPChaSs@omoras al yst
conposition that is prepared without pgecontacting or postcontacting.
However, neither a precontacting step nor a postcontacting step is
required. ilﬁmﬁramlsmemm)@cétédnm mtltsr@nfmy] hAgplivasts atboaion@mipRueghe atseur e and

for atime riod s cient to | ow, adsqr pt.i on, i regnati.an
it er act | ofit GPoRPe i AP B FomPR e A AL bAPBPrGU BB ERE Bth ¢ hat a
portion of ot kre bopn l’z\&ﬁhﬁsimCﬁle Tchﬁmbz[ledﬁﬁmﬁlfb(; sauh 48 ditdlésed iis Ji ARDIOhkinz ed,

oSt cont hcSEEr AN UG ferldr S 176 D ceopigal b VAichJBieAERE! bitcn b 20

bet \Aeensabeéﬁreﬁ)ceﬁntt@eﬁbayt 150 F, or from about 40 F to about 95 F.
According to one aspect of this_invention, the polar ratio of the noles of

di nucl ear et al PEREHE aBHHBOIHY of BTepRRPOR "é’é“p@f‘n%?a@alﬁd&F‘ﬁnﬁﬁ‘iﬂﬁﬁhB%FPpound in a
catal yst coppasiett MthgemO&miohy theSmblar fitibWTARe idtANMBIROVF olgahobdRordBOUL
1:10,000. In another aspect, the nolar ratio is in _a range fromabout 1:1
to about 19mapeRYrats/gempuRdfer cmproNRds) 4 thetptal mRles 9f dinucleat mefaligeente npl es

of di nucl eggmpdina! t&Ce&ﬁp&ﬁﬂpoﬂﬁﬁldh@ H&?all@@én@sc&ﬁpd%gﬁnﬁfﬂthk{“d&&WsPOWpOUnd
isin arange fromabout 1:1 to about 1:1 hese nolar ratios reflect the

rati o af t 6PTHPOSHIPNGS ihp rmgﬁmreabouﬁretlall t%@@nblizbnﬂmﬁdlx&rewme ds,

| ncl udi ng gldfdrafeknTBirah |G foRlant HHAL CBpSTRIALRGE Rl bibuk s L Ot 8l
anount of organoal tm num conpound {or conpounds) in both the &l;:cont act ed
30 m xture toh ebgyh st srplesc pE dorrintiomte comppindeder infolgrof cvetalleceng and/ or
post cont ac e fap! 3;1§P 1795 57
When a pr e%%lﬂ?o@?lﬁzchég% I'S (ggsﬁg ear %anﬁrgﬁ]egé la?%l.tl g&/ C%J%eq%lg{cg]% rzrgl es of
ol ef i n nonepmicalle). t oAatording e® @flothcrmaspeearof nthisalihgotere the ameurgr eEont act ed
M XLUr 1S of) 1%59%‘1'14 Yool & fiRNSG froobmr%QOUt gsun]ao st BoA0R4L &8 1m0y Total
nol es ? eac onent are used rg B YE B0t VP o aspects of

t hi s i nventban Sumhafseyf isoroa/boratdamponed pdrefidleofhmetalieenadcidpoond(®) e t han

net al | ocene and/ or di nucl ear netal |l ocene is enployed. Further, this nolar
ratio can be in a range fromabout 10:1 to about 1,000:1 in another aspect
of the i nvVEDNIZING IONIC CORPOUNDY, the weight ratio of organoal um num
conpound to actjyvator su ort |s.in a range from about. 10:1 to about
1:1000. 1 ror e TROBRSGHENS GP%E&P%WW%% BRI STROSIHA? GPMPRYE ¥han one

acti vabor - sdARARRY fonicToRBFRIRAY ch iohRing i6mé EémpounBasRdoRib cbMpodnatiddt civei ght  of
each respective conponent. In another aspect, the weight ratio of the

or ganoal unfHGHIE B Eensatalyst torfahance itheadivity ab fhsreatalyst FempositigngeVhilom about
3:1 to aboyl idieddfg tPbe 6&9&%9%9& & 1§-bélf3vé%p£h&tthé-toﬁgmg iBnis @RpARAGSL S Of
this invention, thé weight ratio of dinuclear netallocene to 15

act i vat or - Sansplsrof rqagting wish p megrtlogang epmpeind and gonverting sk metaHoqgpoingD0. | f
more than gpe 3?'&6{%' &ﬁbmﬁ%@thh&%ﬁé‘%o géuxﬂgdbﬁ '&F}ﬁém”&h@hlk% flocepdTPound or

conpounds) nmore than one activator-support Is enployed, this ratio
is baséd onombmmtis)tégalwlglﬂm@int@m tpé)SFbem!d bsethemmblrﬁebﬁlleveldrth@atrtbﬁ her

or 17 om ab A Bl bdnb Soh Rybf0Gu TR Whbadieuh SalRBMly bt 00,00 g

rati o of t lpartiaiy akﬂrmagemcmmmmg@m'l) possittlh e amt—alkwmyl digpppd rfrom she n a range

fromabout 1:20 to out } Accordi.n ] %-F f this

i nvent i on, "&PAIRFAEx an®” E6hp %ﬁ%i‘éz% OHG FOPRAH ! d‘“ a8 Y"g&rﬁeﬁ § €afal yst
clorrposi ti om/heﬂibluﬁ is ?ﬂ&ef)ﬂieydiﬁfcﬂe'éﬁiﬂeMO&’rﬁCﬂﬁd&ts A lighel ﬂ.bes&;smen a$ to |

al um ngxan Accordin , the present inyentiqn can or .ex np e, 25
or ganoép u n?%’rﬁnc‘&)?rﬁ%‘&ﬁ’g‘?ié%fﬁdgea‘i’?gtéﬁfg%tb%‘y EU%?) BF’PCIF‘H "E“?@l‘léﬁ‘éee FI‘EE’ Yof

al um noxangsordiikied & 4 10and, b BEYlaRRE tHeOndll s ) oMhelofRPMbchdnisni. S bel i eved
that the organoal um num conpound |ikely does not activate the netallocene
catalyst in the sane manner as an organoal um noxane conpound. Additionally,
in sone aspects, organoboron and organoborate conmpounds are 30 not required
to forma catal yst conposition of this invention. Nonethel ess,

al um noxanes, organoboron or organoborate conpounds, ionizing ionic
conpounds, or conbinations thereof can be used in other catalyst
conpositions contenpl ated by



WO 2010/ 151315PCT/ US2010/ 001795 58 and enconpassed within the present
i nvention. Hence, alum noxanes, organoboron or organoborate conpounds,
i oni zi ng wonhn/isesrpounds, or conbi nati ons thereof, can peTaspdiopedoni t h t he
di nucl ear netal |l ocene conpound, eithesiin the presence or in the absence of
an activator-support, and either in the presence or in the absence of an 5

or ganoal um num E@tReUIRds not necesfadyi @ay Fhe CRAMRS idnic0BSmPJunt hetipdte IRt
i nvention generally have cat al yst actj V|.t%ﬁ9reater Ehgan about 100 grans

of pol yet hiICEHECTROTATRILYHEL oMo pol ifnafiivalirt finchgn tHetheolnERE 1WMfui res) per
gram of actéMpduat caMBP&VidenP & thh ehlantRGiAY FHcalydPidngdSHioN s a WhoRNOt her
aspect, the catalyst activity is greater than about 150, greater 10 than

about 200, 2bCogPEat &P 2 15aRIYah SOMPHPng AL does, AP contain &N [ANZREHLIMG aspect ,
cat al ys§ cesmpsinlii ons of this invention are characterized by having a
catal yst activity greater than about 500, greater than about 1000, or
greater than abBampiesoef [pIzingaionie: jomppupds inglude, i ere Aatolmited fhdhe at al yst
activity i g1@wef @ompbaitsabatin- BRI Hieh SeRikis(p oy Sbast] \idnybukyd) Measur ed
under slurry polynerization conditions using isobutane as the 15 dil uent,

at a pol ymsmmeaiimhn t tskgkisar-tald)horatehouttrigoltdipmmenienhy | daEkiy@dsure of

about 550 Hﬁliléi’hylphen¥l)bogt9,ertri@§- DamRAbnibie BHASRS-diMUBNPhaR)EIGaROt require
an acti vat or -support. '_I'hese cat a.yst conposi tions co rrse a COI_']t act
pr oductlOof tndupidemmenivgpt al |tetmakisd3 . e-opotineromathybpheayliibaratex ane tédnpound, an

or ganobor o nopor -Q(Pprgym% Lani zi Lani - d, or any
conbi nat i oﬁuﬁh%@@g@g&gucﬁ{egg%a yst co?%’g%)ﬂgio%%g of I}gﬁe&%%@gféﬁ?mﬁl%enti on
general |y Iedrakis@atobi)petateact INNtdimethyjamitiniom t hgmakigfondtolyDboraty; andV,Nf

pol yet hyl ene [ [ _per f..1h ve ahug und,

or ganobor oﬁ"%e?ﬁyclﬁng@t nobor attegglg%&n% 0‘3}%‘8&"’{"5‘%@?#6% oniwdwcdgﬁé@lgﬁa,ﬁﬂgﬁgp

conbi nat i oretiakis3gBdimethylpheoyljberatg SAedimetiytandmiumh yettakisfd, f-bisttyiflusrogr eat er

t han ahput 250 r eat er .ha bout 50Q gra fy.pol yet hyl ene per hour
orgr an ometnor iy FhERlre SR AR EyBRAho dr R BB pF S e

or ganobor atrpheyebsnibm i 0neRakigp-tclyl)sorarenpottiptienydrartaivn natteteakis(ther eof Yet,
i n anot her aspect, the catalyst activity is gre r..th bo 1000, or

gr eat er th&ﬁylﬁ’é’éﬂ?’ 2000 &?‘gﬁéﬁ‘éﬁ‘rg%‘f’?et hyl etﬁgal%SZ%’QMFtﬁglﬂge'be%ragesed above,
any conbi natgheflyledrbdnivin di NuetrAas(3, Faliradthydpingl)oeae,0 UN diripBenyldagbenium

acti vat or-supgg[r;%bthe or ganoal um num conpound, and the ol efin pononer, can

gL

be precont & isdriguoremethyliphspyligorate.i nyent i on. WhEiRh aheadht act i ng
0CeUT S i 1 RerARisQlebRGpIERANNLe, | lrob AP BEASTSAY oA, { Beppluaf i n
nononer used i.rsl@tehe Vr\ig)pZOl /15_53158 }_U82010/0 179%1)59 gr ecolr)facti ng step
be the samietakistmreolp)lorate, t Gomydivgo| hekisG 4dlimethylphayDbomien  HopylB@bnt act i ng
step anong 1B R cata WP PONg a&id £ 5 Bikiousd- for a
first peri (t)egméltsf:ﬁ@ne, tﬂhl?{sgngibeot(r:%ﬁt act e{(jrxl?rlﬁl)?tﬁﬁre cgflH bleé[dsezjgﬁiy-ln a subsequent
post cont ac methylphenyllberetge en trapylivm he tetrakistpentafliraphehyldbarate.y st lithdwponent s

for a 5 se . J i Ory:.£: L .AUCH: |acene
compound, - (A ks{bEhefthSonchl MRora T HEAAT R iblh 8 R TREAAG O

pr econt2act itelg)mra@ f or lithivm r st tpeakis-tolyl)borate, anditilrhs pritetrang(2dt ed

m xture then be contacted.with the.actl [ - SU rt to f

post cont act%gﬂ&ﬁxqg’gfeﬂ?@b?ﬁtg’t i gthclzuonrl\t act eagl > dgr'\(lhgﬁegheyé r?ﬁplgbeorr ?%’d oﬁ&mn?re prior
to initi atiteigflubrebgatey mer i sodhunon r etatikigpentdFlooropkenypbexatet he fsaddim peri od of

10 time for contagt, the precontact tj et ween any .conbi ion of the
met al | ocenéet@BEW&’ﬁfﬁte’t ﬁ%ﬁwe?ﬁﬁﬁﬁé&%hﬁﬁ%‘f@’ t 7€ bt F%%?Sgwftg[@é%tra ® and the
or ganoal umisgdifitnC ONpo whdkis@y-Bitnetiylhedbdtatd). 05 heudivint 0 abetthkigd,shour s,
from about 0.05 hours to about . 1 hour, qr from about 10 m nutes.to about 30
mi nut es? THEN§BEPReaNbbRrRiEd nisEilme oﬁ?qagﬁﬁrlo oFates ol RORREN™: o ARHRKISH i n
contact for,:3R6RPAeDbo@R, Obotabdiin ttéteaphénylHdeAd,C OpptASumt | fBrakifpl OF t O

initiati ng(]% he pol yneri'zati on process. According to one aspect of this
i nvent i on, tgipkhasdnt mefassipme JetrkisgadalyDbarate, crotassiney detrakist2.trdimethd- any

remai ni ng catal yst conmponents is from about 0.05 hours to about 24 hours,
or fromabout 0.1 hour to about 1 hour. 20 POLYMERI ZATI ON PROCESS




Cat al yst conpositions of the present invention can be used to pol ynerize
ol efins to form honopol yners, copolyners, terpolyners, and the |Iike. One
such procwe0foorsizasl ymeri zing olefins in the presence ofca/usatialoysps
conposition of the present invention gonprises contacting the catalyst
conposition with an olefin 25 nononer and optionally an ol efin conononer

under pol yplsiyPsdrateNpetassiling nmsms-arnwdmeaﬂ)&mé | potRSh REraflidier €i N t he
catal yst c ri ses._a c roduct . of a djnuclear netall ocene

osition co c
conpound aﬁ‘?fg HIQBTTV%F%BS(QWO E!‘Fﬁ%ﬂf?’e]éq““ﬁbtt‘?ﬂaPB%Péurﬂ'ﬁ?ﬁﬁound in
t he cat al yEihiug® "p&sakis( fb‘il navee ﬁﬂf{ulﬁ)f tbtidkid(RLON)@mifte, (1Bhium( O
(rA=(1B), §‘i)Z(IIB (l | A)=(111B) discussed above. 300ften, a
cat al yst c@ﬁfﬁlﬁ frgme FYBhEEEAE | nvent | oRhWBhp| oyed i rietEkisé}-§mrer i zat i on

processs \Auxkdetﬁywhteaﬁmmml mmm&am&&b&me%am&ﬂ(pmﬁuﬂﬁ&m e
or ganoal um num corrpounds include, but are not limted, to

2010/ 15131Bmahalapmets; Godivgs teggphanylHbiigata) sadum ﬁ?t(akm-tolxlkqhémﬁwm um num
(TEA), trisdai Oﬁbﬂlléé H'm ?Jmlfrﬂ_ ihiRéY) 730(11{'11':1 'fb'tltﬁk'fs&l AbiEHY Ryl inate,

triisobutylal um num ( tri- xyl al um num trin-octylal um num

di i sobut yi $1dilR nurﬁﬁﬁlyla@r%@me&w&hﬁwwwvﬁam sofiy detetr@rﬂt@wqramerm num
chloride, gigkstule felrii8s(p Q{mmmhgﬂd)a%ﬁnattgerp%%gsmrﬁT@r gﬁérﬁe Shing@TPOSI i ons
of the present invention are intended for anﬁ/ olefin p ri zation net hod
usi ng Vari wgsswpt@galm(pﬁ@lv%lﬁm@m PotAssiuan tetrakig(m- Myllaélemmwermmsmm

 pol yirer 2@t hEAREAYiphbdAlaHitfRanY POLYHRGIAA! ! OnidhaRt or cppabl e of

pol yneri zing olefin no Smers and  cgnono one or nore than on
cononorer ) dimsthyirbeud plireingipol W@m ct@p@ﬂlwwgmnater paidy nthes likendort he | i ke.
e harL ouSorkbifiitns Ml "BAGLY Snlo W ngﬁﬁn(}shﬁ)s%ﬁll (i 3his R en@*sn Tl ghred Lo as
bat ch, slurry, gas- phase, u ar, or autocl ave
react ors. ldagedrivatheser ethet exainptwofcmmpmgsemf: lcomgoundsl abaedhsafle@dtm sS.or staged
hor i zop, r rr i.se,vertical hori zont al

| oops. %—1 %thn?éfsogusﬁse%r’%eslaécat"x 8%@ I?m%g osgregﬁfw%cg\?ge 18?°T?f5ﬁ93?reWeact ors.
React or t ypesfaane imhbindatilegt ch or conti nuous processes. 15 Conti nuous
processes could use intermttent or continuous product discharge. Processes
may al so include partial or full direct recycle of unreacted nononer,

unr eact ed ODBPMNDMEINOMERSOr di | uent. Pol yneri zati on reactor systens of

the present invention ne type of reactor in g system or

mul tiple react résa?)‘fat"?‘ﬂgg/agtﬁﬂté tﬁ?rt aan %Féfl"@%‘g’eii)fﬁg‘ casglyshrcoupesitions axd pol ymers
in mlgg pl wyxﬁacztaﬁdslspmsésrufltmglﬂwémr@;hcaityagﬁﬁdd dlefdt cdrfifpvhdd MRingepar at e
pol yrrerl zation reactors interconnected by a transfer device making it

possi bl e t Bom2d4A 3P sarbematopsipghiplecyle and hqving #t legsh ang olafinicsdouplsibpper i zat i on
reactor ings H%@nt&ﬁ%@&n%a%@é&th%mpai%eﬁﬁﬁbﬁ ?ﬂ)c&@wﬁﬁ{gl L AOBIARBRRL T ONS 11
one of the reactors may ferent from the operating congl tions of the
ot her reacasoethylepg tasr prapylors, yas wsll pasl genohymenizhting, i terpelyieripdtiony ¢tect or s may

i nclude t I sgquent
reactors ng?&%gﬁt&%m%%g&%ﬁ {;lr?g{)?lg}gﬁﬁgﬁ leﬁwcﬂﬁ?eeéﬁﬁe&%ﬂg{coﬁ&ﬁ gﬁsﬁﬁay i ncl ude
any codbi nexiaimple, ithrec tegultant) ethylene reopoliyinenist Mbqiymersm&tcl gérerdllyogontamat or s,

guu: E : B: g %ﬁ%ﬁp h@l%l?nt o?ae%ﬁér% %(510 %?oqplpgr%gntﬁ% a mmc())lp am and Q{i:sc hr?c?rrelerr eactors,

ressure react a conoination Q3¢UTe with
| oop and/ o(KSGngs gaiwme, theaglt cﬂns is férea mequireipks. I’éambm)’rﬁerﬁmlyatb.ﬁndﬁer ated in
series or of. the invention, the

ordi n spec
pol yner i zat? PBWBQ%%W §'§)¥]F8 ac‘f%%’inl sté’r}(gtcaf 85§E°“b§rfﬁ theyIpoles il y react or
conpri singchdx tical or horizontal |oops. WD 2010/151315PCT/ US2010/ 001795
61

30 Acyclic, cyclic, polycyclic, terminal (o), internal, linear, branched, substituted,
unsubstituted, functionalized, and non-functionalized olefins can be employed in this

invention. For example, typical unsaturated compounds that can be polymerized with



Mononer, diluent, catalyst, and conononer nmay be continuously fed to a | oop
reactor where polynerization occurs. Cenerally, continuous processes nay
conpri se wbeomosidinuous i ntroduction of nonomer/ conononmecT/is@atal7yst, and
a diluent into a polynerization reactsy and the continuous renoval from
this reactor of a suspension 5 conprising polyner particles and the

di | uent. Rmhachalyseédmhpeitionsiay thieinkémivhankliide, benare dot limitedkd, dtigtdnyer from

the |iquids that rise, the diluent, nonomer and/ Qr conononer. Various

t ochnol'og: BEPHaY. §urasas PP Aiee Sl oo RO AT g B ot 1 L t ed
to, flashi Rgnetydll-pehigné, ety ]-Apentesy]hi-Rakhd) 2-Rdxeh€ a3-hadde,t 3-ethyrnd pressure
reducti on; separgﬁi on b¥ C$/C| onic action _in either a cyclaone or

hydr ocycl off¥ene JoRePedfaf-ReRten HyhertsRe-rthe dopsimognal octenes, sthe foirngrmal

pol ymer§ z ahdrefesp HROBESndrhS&ckito\Mhdate 1ikE o MikiutdsfftRb Br PAdRE 86 thbsd S
di scl osed, for exanpl in US. Patent Nos. 3,248,179, 4,501, 885,

e.! > " H s
5, 565, 175, cRepads 7gyclig and dioyshic olgfing mcjushing by o ligted 1oy myclapeatenes whi ch i s
i ncor por at ggidhekeédk Mdorh kRS, @BARmabicht, an8ikd 1S, ¥ilso kambt pdlnfriddd sents used
in slurry polynerization include, but are not limted to, 'the nonomer being
pol yner i ze¥FseiRedn3hIVec aPBERTE t@Ratlsabe quinkeied sasumdBPnAmesCifj e RISHKEG ti ons.
Exanpl es of,v&itichabl e diluents include, but are not |limted to, hydrocarbons
such as propane, cycl ohexane, isobutane, n-butane, n-pentane, isopentane,

neopent@ne, andVhemhexegrolynssnter |abemmativsly e terpelymen s edssirednibe cdfinoccur 20
under bul kRt thPRSMPAE! ?orQQa%,%leﬂg?or?%ﬁ%len@ﬂvﬁéﬁﬁg)éo olyfherized
I 0 isclosed 1n U S Pa

pol yneri zation of propylene nononer ds 1 U S ent Nos.

5, 455, 314, withiat leastone somopernert edlccoydingfoeoneraspechef tiininventions thereléfinet y.
Accordi ng . t .S | Lon, .t I | zation
eactor ey Suiids AR M ARRRSLpBlest Db Y BRUEAT o' Aol WRIAR! 00
enpl oy a cdinuitshle gkfi Somenymdre irgtudedmit ewnios limited) tog pepgleneydrauterendner s

continyous]y cyel ed through a fluidized bed,in the.presence of the catalyst
cncer bl Py ST o, Baiolide, EF0nPR arbaleh? BB Britreedi rom ¢ ne

fluidi zed hmetlyhhgentaey d-ledelrg Hkhdéxahe) 3-Ethylr Bhaxend,. 1-beptere! 2Aepteat,y3- pol yner
roduct e w.thdra fromthe reactor,and new or fresh noner may be

P idod t o rleptRee. 1HoteEe) LTS o B bR RS e, ol ambinatc TR or o iy

conpri se aApdoadifg o drelaspadt bff the pRpend ifeitivashe porhyithidrg edmptte afbutdnef i ns, in

which olefins are_polynerized | n the gaseous phase.in a Ief'glst t wo

i ndependen{‘pﬁ‘};{%‘leph'g‘é’éeynﬁoll'Wf"e‘Fq’ 2 A bl S%S?fl?sowglcgm papeHigergol-

cat al yg¢ - cont ai (déraghllyVVehe? Q0SB L6ROHINP 2404 Red iR HZeitRbry BoHe foormed in a

first polynerization zone to a second pole/rreri zation zone. One type of gas
o}

phase reackgfudesthgj eqpolyansg is nfrap gbopis P Ot tongout H03ypight gercgnts g thegg  and

ﬁ 436, 304, ctmBnRf ba¥Bd 68 tHeSota NG AERNVT RleGRotdnet BREEMMTOmeR AbSrdifid to €Y
ereiln.
another aspect of the present invention, the amount of comonomer introduced into a

reactor zone is from about 0.01 to about 40 weight percent comonomer based on the
25  total weight of the monomer and comonomer. In still another aspect, the amount of
comonomer introduced into a reactor zone is from about 0.1 to about 35 weight
percent comonomer based on the total weight of the monomer and comonomer. Yet,
in another aspect, the amount of comonomer introduced into a reactor zone is from
about 0.5 to about 20 weight percent comonomer based on the total weight of the

30 monomer and comonomer.
While not intending to be bound by this theory, where branched, substituted,

or functionalized olefins are used as reactants, it is believed that a steric hindrance can



According to still another aspect of the invention, a high pressure 5

pol yneri zation reactor may conprise a tubular reactor or an autocl ave
react or. wohkwloarsizieact ors nmay have several zones where Preais20mnoormes ,
initiators, or catalysts are added. Msponer may be entrained in an inert
gaseous stream and introduced at one zone of the reactor. Initiators,

cat al yst's, irapude oandtat slbw Sthe Cilfaneiizafich Feicesse dhus, abrafched nand/ogaseds st ream

and introduced not her. zone of the reactor. Th as, 10 .streans, nay be
"t er i xed PPBPRGLE] 8% PRR GOV SAmE (R8b G EThR BE TR ABIH Bgnd

appr ogr i at eloyldt Aotobd &iﬁﬁbc&:ﬂt ioﬁﬁind&?{h)éhnﬁﬁétﬁﬁt inOther @aﬁtﬁm nth|6 Quafhet d1OMS .
According t /et _anqQt her aspect of the jnvention, t nmeyri zation
react or m&éémtf sytugted gp iawxmteyﬁ%rth FaTtA-oRtoaR Bl P TiEHe
NDNOMET 4 COMRBSHRE t8loBe GOpHcA6E 81 piskht fnléhtioa! /| ¥t of® M¥ASIEIRRctANY is Ui t abl e

stirring or ot her means. A 15 carrier_conprising an inert aorganic diluent
or excess FABMGAErsSEs PRUBERARHGISHare | sithefe & hogpPoly METFA OB BY Y BEUWSer may be

brought i nethhRny,adt06opBRARLIZAIYNS Wil h Afifferdht yERE &Rl t¥inhifiall GR&hAION _
product, in the presence or absence of Ii quu%/ material . The pol ynerization
zone is nmafiRtai Regchad, sebssisied reunshyityed lefines Inhaddiggn, |the catdlist i n the
formation @émposiRinyt df0mhid findeRBorP RhY NBY ubdd & "R FolyrIRInUBE dGLfHAL T on may
be 20 enpl oyed to obtain better tenperature contrdl and to maintain uniform
pol yrrel? zatPmpeunixingludme: bitaghlimited toh b3 pwladiene.iiseprensnl.4paetadippreditht e means
are utilized fQkgidiessi pating the exotherm c heat of polynerization.

Pol ymeri zation reactors suitable for the present invention may further
conprise any conbination of at |east one raw naterial feed system at |east
one feed 25RppXRUATONGE SREXAPALOET ERIMbYSITIERTPONENt S, and/or at | east
one polyner recovery system Suitable reactor systenms for the present

i nvention may fbr ohersprohpthe qeessyts invemiohoenchmpalseso @ keatalyst fdogwbsibon cat al yst
st orage.an reparation, .extrusio eact coolin ol yner. _r.ecovery,
Froct: Shat P APRLEL R pfebhd it s PanclBE o Rhof 8 offomrBnt Fach ARE LY oo
control. 36Gpndi tSusha d¢dnglositive caw fiirthet tadpriseranpargynvalundmin @omebdidndci ency and
to provide ir al r proper.t.ies ipnclude tenperature ressure, and

t e’ concenagBHg. B i ForPatfion i UBLF, e oL AR RTEhpBFSE T can

af fect cat ahyein theoshtiohdl VdotaatalysWM3 210 Amifck3nd Cémpddnd) AR bokdhdtbrob dr pol yner

nol ecul ar weglﬁg t, and nol ecul.ar, wei ght di stré buti on. Sui t abl e pal yneri zation
t enper at ur & ‘Ii}’off’ée &Wp"cuéﬁ"ﬁ’é’r‘%‘m‘%‘ CRIAROHRI, 95 amy soppkipatiog thesppts i"hper ature
accor dp0g hmvthdtCaspbdiDa dakadRt RBRIPOIAL i pkdvitied TWRICE domprisdshitie Eddgdctides from
about 60 C to about 280 C, for exanple, or fromabout 60 C to about 110 C
5 dependi ngrodpgrett ddinuglsar sretahlgpspseromparnd and @a Alyninoyape sompoundaeh or
systens, 1t Be RAbWAEL: @%dn@ﬁbr&t@n&ﬁ{p%tuﬂ Car §B&Liak | ¥nicS ang&ida, 8" aRyge from
about 70 C to about 90 C, or fromabout 75 C to about 85 C Sui t abl e
pressures pmbinztionghereefy according to the reactor and pol yrmeri zation type.
The pressure f L i guld: ph j.zat i L t I

typically | essog-lblgt g%&fgo%ﬁg‘gfgnxgﬁ%dssiﬁr ggpﬁgé }a@“%ﬁg‘ eh%g?y%éa})%sgati on is
usual | 95 at cerhpnsitioagGuelnas GO gxgingle, ¢dntasting thesespectiys| optabrst eenpamants i t ubul ar
or aut ocl a%{]%,&ggrcotrg% ehée generally run at about 20,000 to 75, 000 psig.

Pol yrmeri zati’on reactors ¢an al so be operated in a supercritical region
occurring at geT dinhgledri mbtelodererpempiundesinaredppe@sRtadewith @Gpaslefinion above

the criti C%longlgr)lé:rnlif d%gire%, H(gtense%gsrsae}/ilgl P51 Itllflr{o%or%iera & gempcgl%ggzre ,r Iartld & |
organoaluminum compound for a first period of time prior to contacting this
30 precontacted mixture with an activator-support. The first period of time for contact,
the precontact time, between the metallocene compound or compounds, the olefinic

monomer, and the organoaluminum compound typically ranges from a time period of



15 phase) may offer advantages. According to one aspect of this
invention, the ratio of hydrogen to the olefin nmononmer in the

pol yrer i 280i20m/131516ess is controlled. This weight rati oPcaruse@ogel7ds om 0
ppmto about 10,000 ppm of hydrogen, psmsed on the weight of the olefin
nmononer. For instance, the reactant or feed ratio of hydrogen to olefin
nmonomer caaba® Ols lnnts abdue @4 douss, Yeti exbinpleafiom adoucD.0f Aol taidbbitnl a r ange

from about | 25 m t o about. 75Q0 .from about 50 m tq about 5000 ppm
or from abBoi" g’gecﬁ’btﬁ‘ftttg“eélﬁ?m ﬁTﬁgﬁ{n‘BHers to about {’91‘“8{ Iaé%ags"p?myﬂ%ﬁ%i zati ons,
the feed rati o afterfaytiVedg @it précontabiimSPproces® daBied dut iiemORiPld stepsOfather

conononer ( enpl oyed, g.ene{:l.a%% i.s controlled at a wei Bht ratjo 25 within
a range fr ORPahSeteostERm R Bhigh JAYURISOBIXINRT 2F5uPrePHEDs PSR OMPTfBEht rati o
target sandiRRANdetbIRBtalySCcdigionésl Pol daRiploTal REdHItR6 cH@iyEhdontonde t 1 Nndex
(M). For ethyl ene pol yrrerﬁ ghormpol mers, copolyners, etc.) having a M
around 1 gPFECORRAFed gfiest mixtws, iotlowsd by, epmtacting therfirstaRxtyre With gt cal |y i n
a range fr @a@hedtheP&tdicbRpaRAYbmeaR a REIShd Si#Ltiredsnd odbrigxanpl e, from
about 50 ppmto_about 225 me or from 30 about 75 Ppmto about . 200 ppm
Yet, in anot her Mykipleprecopfactipgiepsiaan b cyred pytdnp smgleysssgherip 28It react ors
di scl osed hegaln FRRARER! h¥iEpRS ﬁathﬂ%egteﬁso c8h €hd NalRAOBES ifDdefiks Fati o of
|l ess than WD 2010/ 151315P /Ug2010/ 001795 64 about 0.01, although this
ratio ¢@n Gepmtiallipom nallel @5 acembimgtignheraed| Eeneamplgeadhst mpure 8 c. 1 n an
et hyl ene p%dé‘&%&l&&%hﬁ&enﬁs*&‘é‘n BY P88 SRRY V&R, IMlcand mBkhe cbyplighR | Y can be
| ess than about 0.01, and often, |ess than about 0.005. The concentration
of the reatheafirssmitierermlysgonenaddpvngineatalyshicomponeahearobe éumepdn B Gwht rol | ed
to produce i i (I ¢] g EVE{ Mo :{T%cﬁ%%. i.8s. The

pr oposed eﬁé-agg%p%egggatcﬁsﬁg’t%\}m %@g&#%?%ge y tﬁ%&gg{@%%?&ée%?n and the
met hod of f or i higartother agpeotiwoe ogimdrenaf dheycatalyst dempenentsecanhe sphisandd pol ymer
propertkes ; i i r thes. in nsi fl exural,
pact 15 or 48T irehort BeE g WANERl. REPRGHIAS Bt BEA R RORpb, | 2012

i ncl ude deissfed into anfirse preceamtaotiag gextsel fod freomitaeting with weleggt bnelotherdatalytst on,
nmelting tenperature,.gl.ass transition te rature, t erature nelt of
Crystall i zSomeseraRLP i oupiaf e S e TS pamRonsPE IR M<Uh g ah n

3r anchi gg, pﬁﬂ?tﬂidﬁiﬂlg vegelcfat prﬁgﬂaﬁdg?ﬁh &t leasft onehothafhibﬁl)isﬂc_ktﬁ[ﬁohém, args al so
irected tq the pol.yners produce any of t ynmeri zati on pyocesses

di scl osed e SRy AN, F SBOBF. Prah GPREIERRN BEFFObe G/ RFRINPETHE 64 Pand can
conpri g@, tdifledOutyiiRNG sEitadlUERPmt, BGEHPAsARNEGE stitddmixthisks] ParRit ktafls POLYMERS
AND ARTI CLES . . If the resultant polymer produced in accordance with the
present i nVBHPE deviges; 2 Hiask. a¥esseh PRANY YRS PY AR IRAOBLYINSSREPPABANRE hy| ene, its

properties can heafdiRdraghdt| dredhis? hivBMionaihed Ysricid adarlly st FonfpBRdHl GES Kknown
and used in the polyolefin industry. Articles of manufacture can be forned
from and exampierdinciear mefaloeanpyaciitonyipperbr argyfoaluplinum §osptelystk andvhose

typical prg ntcﬂ-lfﬁn %gatﬁ%fgﬂihg%c%l) Vare contacts:cP A 5 &yﬂénzﬁﬁ&y L2086,

(honopol yners, copol yners, térpolyners, etc.) produced In accordance with
t hi s i A¥ensimylfanpondy avtile thepelymerigdtionirpattion fiy pieresdingt AR@ngively, eny about 100

Prom about G & R BE el (BABEncEO o bec ol dnri el BhoBAL O o1
t hi s i nventatering the reactidin eorste rilli¢ preodntating Istepeah s edntpwbysyenr syhphabeiced usi ng
]9 glel gr WHPLSWQ(I?IE%&% aﬁrrggg%:ig‘ lrt;?lcggog{}ngugu%{yp%utrﬁgsrea%%osf (l)roﬁei\:gn %%raeistgpv%ixg Io? ally
batchwise process in which a batch of precontacted product is added to make a
30 catalyst composition. This precontacting step can be carried out over a time period

that can range from a few seconds to as much as several days, or longer. In this

aspect, the continuous precontacting step generally lasts from about 1 second to about



30 0.88 to about 0.97 g/cnB. In one aspect of this invention, the density

of an ethylene polynmer is in a range from about 0.90 to about 0.95 g/cnB.
Yet, in awothevisampect, the density is in a range from aboas200801799 about
0.94 g/cnB. WD 2010/ 151315PCT/ US2010€01795 65 Pol ymers of et hyl ene,
whet her honopol yners, copolyners, terpolynmers, and so forth, can be forned

i nto vari oushoat.t iiflagsthed agpestltRCéontiBuoudNprécdh@stinghéted 138Nfre@MdouSE pol yners
of this invention jnclude, but are pot limted to n,agricultural film an
aut onobi | e S§FaPistog P minutes. o e ahovt 1 geiputs fo et PEMiniTso o g packagi ng film
or 5 container Onée thePebcsRhteC RNk o€ LR, dimiclddLinelaBlddene dogpaFaNGIERANE, a
househol d container, a liner, a nolded product, a. pedical device or

material, HPPHEL agd SrReapalypInLEnLeR-caaly By C%'ﬁéft?dpé’_itpi @ AR SHPOPr ocesses
can be enphiyegnigsitioh Mwie ke addditohess theNadtiviot-buppoR)X abPleffedfthd hese
processes include injectign nolding, blow nolding, rotational nolding, film

” g
extrusi on, “Bifkentagted pixpesn, The pastqortagied MG OPLORLY THPYPHTTEMAGHET t he
10l'i ke. Adgistiadadetivd opdtlie! ihéGosRBfladiithd, ipfibS tPinRiafhf e poipaehzfod hese
polymers in order to provide beneficial pol %rrer processi ng or end-use
product at PRACRt e BostErmyPtimmss Thesveeny BatArenoniasted ypixhae and | e @FAYE- by t he
fol I'ow ng gWR'gﬁﬁeraleaﬁEe B6:8 B8t 0165 HoarS abONISUHER. 1R a HRMPApedtS | MPOSI NG
limtations to the scope of this invention. Various other aspects,
enbodi fent ¢he pasthontagiatimeris in anynge) fiova hequt §.AShkeusp o ahewthl heyr efhg eadi ng
the descriptd kb tHIER H'g‘g‘ﬁﬁ’ e €Sinti I3 skill in
the art w égglpa‘g@ glﬁ ihg fF%mt e%sspeita’r?ifg%y’ %ﬁéﬁcﬁ%ggé%m?ﬁg&gnﬁg% or the
scope of t lthe ppypeerdasconipaiedgo tiROMmE etalyst/mgmpesittonRbatols puepargdNNR)ous pect r a

wer e obtained qn vari cury Rl 00 . gﬂe perating at
300 Mz fof reﬂ@a(i@ﬁ %Cﬁ%é%ﬁ%nt §°%§¥62T g‘ﬁlyl(\aég a;%gﬂ%%ét? el‘;tﬁgargorg# resi dual
CHC13 at 7 pastcqumryingistep iéTeduitedf or 13c NMR (CDCl3 sol vent, referenced

agai nst _central . ]ine of 13.at 77.Q0 .In,addition to. N a thernal
desor ptifon mass ?)88??‘5%%%’“ &SB0rs %Epfle%ta %‘peﬁaéuerﬁalngnfobra obe’ mass
spect r onet pyrial suPfiElbid) tondlbwi sésdrpition apregiadon, ze iareactioe pff ipkgcohtaetedi nucl ear

met al | ocene .conpounds in. the exanpl es.  The Ss spectroneter, h t he

fol | owi ng CHPHYIS F‘?‘{]i%'@s?cuﬁtoé'\s/“p@f)’ét:f‘fc nthptd lqnoﬂf)g}bﬁ FORPOnFYS soz%?tg?'lge from
35 to 1200 paitbatadled @ltuie iOREMbBIBAK] 4d3Brbag, Gt HepdsiteditiefeolB W Bz hdadifiper at ur e
to at least 650 C, and software capable of integrating broad peaks typical
of probe rinEMPleYRS, His RastcAYacthBHEG deBgRlY Isdeatd 40 Fit?fHPed%FH“Fl\ﬂpf‘I%@ 7000TM

i NSt rupgnt Q6N bRPECF &f abagt 159 F4800rdnd aiRRE AN RCABButlds™e) . convent i onal
thin wire z)vmth Foop at tip) probe tips, source tenperature of 180 C, 2 x
10-6 mani fol d vaccardingdadnFiaspict ofi s inentian oltel Rt 3RETPUER0mold01 795 66
Excal i bur T SlL L ENLAhe REAKo BHREMAR BGtbRRIHARR cofBbiPly 2 O her

i nstrunment s havi ng conpar a nmass range and 5ro e capabilrties could be
utilized. -catalyst ¢ampositioDgehdBalfy sciedurange fiom stwoplld fosabohtat:dd,00h e probe

tip using %g&%:r::agaes ,:)ti)%n %glab I}'agigglg ?ncé Ira%gé frtorrllleab%lqtaf:i ?(;5 ‘Iabo%g ?H ,O%B %{T@rll e which

can be tra
25  another aspect, the molar ratio of the moles of dinuclear metallocene compound to the

moles of organoaluminum compound is in a range from about 1:1 to about 1:100.
These molar ratios reflect the ratio of total moles of dinuclear metallocene compound
(or compounds, including additional metallocene or dinuclear metallocene) to the
total amount of organoaluminum compound (or compounds) in both the precontacted
30 mixture and the postcontacted mixture combined, if precontacting and/or

postcontacting steps are employed.



5 wusually gives the best results. After placing the sanple on the probe,
it is allowed to stand for about 5-10 mn to allow for evaporation of the
bul k of twe 2did1se315/ sol vent contai ni ng the conmpound of Potrarsesn/00¥bs owi ng
the diluent/solvent to evaporate befose inserting the probe into the

instrunment will, anong other things, |essen the chance that the drop wll

fall off of themwa@wcbﬂ@cﬁdgestdprisaéddl 8 niS1AGEES of AE &l holeest olekh t he
probe, 10 the tenperature pr 3{31?”1 and data acqui sition ctyéfcil es begin. The

t enper at ur S'BPBER Bialad efolks of shinueleap gretpllpcepenin the ppregonfag Qture ranp,

650 C fi na%yp @ANMPah 3t wnBe (fisth hbButM MY - toTJEbﬁt POEREI0AM tﬁi&ﬂsm&@s B ngles to
conpl ete he filament was turned on O. mn into the run and kept on until

the conpl efPBRPISRt are useddiyihis F3tp e a5t ﬁmaswtsaf this iyGRiQn WhergMemR es t o

al | ow t he paARRe blehn broRiRt and/iEndte ARG NS JERLMRDr (diRBledPmbtfodeRSt I UMENt
and the analysis cycle was conplete. The Fi nniganTM i nstrunment had

renpvabl e isofmRleyedneldurthe dhis rwé?reratamh@éa iy p Jangecliera @baytt 1 tvahopt t wo runs
to mnim Z@Obé“l'n%%t&fraﬁﬁéddﬂﬁeﬁvenfnbﬁ | ens and ot her source conponents. The

results are pi cal I?;’Lout putted as plots showing total ion current versus
time. 20Melt m@erxm(l thegyeight gatip)of waganerl v MM RONPOHNBIOAS HERIPTCWPRITt h ASTM
D1238 at 190 g@ﬁ%mzat;o@plgrlqma%ﬁtglhiooo If moré*"ﬂ% drida e{ﬁ%hlhnﬁrmﬁx (HL'V'
g/ 10 min) vvas rmned I n accordance wth ASTM D1238 a%

21, 600 1gr ammmugﬁtand/%mymetham enpsactiyatgrsipgent & ¢plexed; thwgliaams lyﬁévpd @ubu c
centi et er I ut 15 C
per hour . eqoBEkefR & oh (BRIES SrhibE R dng e 1R BN G BE

accor dance thei Qrg\anASﬁMnimrS @tEIn]amuid ASTHY 4o 8@ -suppart ssdin ragraige from abdus|3t 1

r heol ogi caI a{{a%(]e i.gns e oab &tlesrom ned by suitable nmethods. For
exanpl e, s&? rarn % 09§ 0sCl Ia ory Shear neasurenents were perforned
on a 30 Rheonet l omeSsper offthis invention, AlkB&eighteaiedfadinucdsan epdioaink ¢d - pl at e
geonetry. All theol ogi.cal tests were perfornmed O

J0507 18 31 AtSrlotestrn i ony g e o ol o RRCH 2 ot Btk ot el hhgn g ar

wei ght  di sinublvir peklloene (abidditiael msiangceae RbmpaithdShCedn@indsy rpébat ur e
chromat ography unit mer Laboratorie wi.th trichl orobenzene (TCB) as
the sol venforghpmone ?qtlaev%’f ~SHPROTfiS AMRIPY ey féﬂ%{s D384y B¢ RlPE N ofas ¢ BHT

(2, 6-di -teeichblugaehn«b o }ﬂalﬁhGIﬂQJn))th@lt as%e&oth(is?ﬂéll’gﬁtttaﬁﬂ lgin B rkhgb fnl was used

as a stabilizer in the An injection volune of 200 1.iL was used with a
noni nal poRYaHA:Scterrdewt i H{QQS}Q Bﬁﬁcim@bﬂ‘ﬁllnll_o torgbeuto} - 19-0Uh Yet. t“rﬂé“’g’ﬁﬁpl ein
st abi | hged B WRSweéidt rhtRFofaHE nﬁ%llb@e"i\& cBEpétind&k @ fae fablivatorty iid h

occasional, gentle agitation. The columms used were three P gel M xed A LS
col ums  ( 7283@ediemabanil 3R foeabent i 108t ed with a broad |inear pol yet hyl ene
standard (Phill nRQ 5@ a1t Sihnk REMPRULAS Wedlor Vi ght
had been determlo‘tr?le(ﬁcilgg %@gd%#%%ﬁ;ﬁr gmegf%“ |st I’?,Ehlljltl ongmalnd er a)nch
profiles wesgirebtoaforredhe tatdysiicompesitiax cThrsi tha polymemagatingrrapdepd( BR®) usi ng an
FTI R det ect mat hi ondi.ti - s [ ve.
However , ge)seg‘ag}f%urflﬁljggant%?or‘?‘%w %@ \%\hfggﬁ g%hﬁg&&ﬁ@ﬁ °g?§§‘"r \{Q(ra%al ﬂjt%f oduced to
the FTRR det@ndsahlmmum acdngmunds tmﬂnsa‘nerachwter-mpdortl ow flis cabbdncé KBf wi ndows,

1 mmoptica Thete f the

t ransfer ia{‘l'gp %%‘aﬁerSr oW ¢ 8I‘1°Z\}\%?‘1I§ kt 3, thyorg, At rr%fzif)ve taé? ©

respecti vebpgandhlﬂﬁmkmmoﬁiﬂmnd AkéIR cﬁﬁﬁﬁ&trmphﬂé ateinetall¢debe 20813t @ahe pped with
a narrow band mercurgl cadm um t.el | uri de detector was used in these

studi es. ASPOSHAREF 85 rgned ‘?‘B‘Gn%%‘?r?ﬂj’ k| n El mer Tinmebase software. 20

Background spechiditiGhallylth soaR £pEME @tgan@d&omm@mrgad)bpfatwomp@u@@cdae run. All
| R spectra were neasured at 8 cm 1 reso|lutiop (.16, scans) t%mat ogr ans

wer e géfer APledequiies gior Iy Gofatakisin CABRRSHION A 8K dRis JXeNtgler NIREthslste- 2700

cm 1 spect b if&ghQNo gan&bomﬁﬂ E%gaedwa& SSnpouRidy) SRR idn® e HRPRRADT ) -
Mol ecul ar wei ght cal cul ati ons were nmade as Prew ous|y described using a

broad nol eoukembingtionh thesesifican g usgdein(qthey catalyst compositions contemplated by



25 standard [see Jordens K, WIlkes G, Janzen J, Rohlfing DC, Welch Mg,
Pol ymer 2000; 41: 7175]. Spectra fromindividual time slices of the

chr omat ogvermwersesisubsequent |y anal yzed for conononer biramals2éiewei’ss usi ng
chenonetric techniques. Al calibratisgyn spectra were taken at sanple
concentrations whi ch far exceeded that needed for good signal to noise
(i.e., > Oa&&na@nﬁmedahtmhale(iﬁéseﬁttlﬁWehnorBOSeﬂcE,adlmdmakmm agandlsordrosed by a

process vvhereln alumna treated with .a bi sul fate
ot co. SuTHIIbOTNY bRy U R PRSP e SORBHTRERS PEPle e o

sul furic aehployaWihithenditwdldad infetallOEend ORPOWHH, bitl’ielml lih EHeGpredeficeddt mwa

2010/ 151315PCT/ US2010/.001795 68 eré | ary procedure,. a com"rerC|fa al um na
sol d as W EPseRse U AnCiNatALSURP QR s2nd, 1ghey E‘d‘hﬁfrqsﬁ’ﬂﬁce‘grfatq’%ﬁ Wih®'att aqueous
sol uti of cs,gh,ajamnﬂgmala@mbo&ﬂ 20% (NR4) 2SO4 or H2SO4. This sulfated al um na
was calcined at_ 550 Cin ajr (240 C hr ranp rate), with a 3 hr hold period
at this tenperatHpl¥st pgmRasitions of ithe FE‘?J“F’Ftat“é(EmBmagWaHé( haye 2 6PRWEL ed and

stored undgds ctet HAH GBout 206! gMAS 0¥ pEIPethy 1ERAUbmMS & €0 di&t@t nosphere.
EXAMPLE 1 Vﬁf%rs. s of DVET-1 using O §I gft}ﬂ\ﬁl,ﬂ met at hiédsl?fg of ol

di phenyl rre?ﬁh}\“i d:@ﬁt@xt( 3ec{ulg§$}t @¢f- gram pf activator-support per hour (abbreviated

y1 eycl oneph gk el MhShand: bt 84 oty Aot bl ot gk de wi L

(nbutyl cyc I eny ylin eny coniumdic or| DVET- 1
i s a naho- than kismht ZO(EtoegmdienumhebnutéﬁhpW(g?ksm hkﬁgllpne&am:sp@t icatabystt i on. |t

was produced usnn rent .0C react a

t herefore, COmposiie g%ﬂﬂ@l“e‘é‘?’en%g raClFﬁ%ecf?}f lééfv“}ge r{a]%ft 4 l}"éi gr e%t%rne used to
produce DMmin 1bMﬁSO(ﬂlgﬂ4&eaﬂyl{aﬂabJsmlmdﬁ®egn(e8tef hemaissut 4500 gREgaISapRtadi enyl )
(9-2,7-di -tertbutyl fl uoren I ) hafniumdichloride (abbreviated "MET-1"). The
second r eabt ARtheRatParY Secittalys achiviiygs greater than about 2000 gP/(gAS-hr). This

but yl
{ Corororp) Ss 1 REafi b St Rt Lo T B 0 ovi at e

20 " METS 2" jlilueThat ammmamm&@meﬂame philkput 40%nand/en ethaleps prepsyrd ¢f ust r at ed
bel ow (Ph = | Pgs"%slg WO 2010/ 151315PCT/ US2010/ 001795 69

Other aspects of the present invention do not require an activator-support.

These catalyst compositions comprise a contact product of a dinuclear metallocene

compound and an aluminoxane compound, an organoboron or organoborate compound,

20  an ionizing ionic compound, or any combination thereof. Such catalyst compositions

of the present invention generally have catalyst activities greater than about 100

grams of polyethylene per hour per gram of the respective aluminoxane compound,

organoboron or organoborate compound, ionizing ionic compound, or combination

thereof. In another aspect, the catalyst activity is greater than about 250, or greater

25 than about 500 grams of polyethylene per hour per gram of the respective

aluminoxane compound, organoboron or organoborate compound, ionizing ionic

compound, or combination thereof. Yet, in another aspect, the catalyst activity is
greater than about 1000, or greater than about 2000 grams of polyethylene per hour.

As discussed above, any combination of the dinuclear metallocene compound,

30 the activator-support, the organoaluminum compound, and the olefin monomer, can

be precontacted in some aspects of this invention. When any precontacting occurs

with an olefinic monomer, it is not necessary that the olefin monomer used in the



1met at hesi s The MET-1 and MET-2 netal |l ocene starting materials can
be prepared in accordance with suitable nethods. Illustrative techni ques
are descrwbedirs1issS. Patent 5Nos. 7,517,939 and 7, 226, 88®&/Uusté1e/00i73E| osur es
of which are incorporated herein by regference in their entirety.
Approximately 3.3 g (4 mmol, 824.23 g/nol) of MET-1 and 1.75 g (4 mol,
438.54 g/ Wﬁie):orﬁictlwg-ﬁte% Vet ainergetle lefia eRCpsIymenadr Riither)ertiiennd t rogen

at nosphere. About. 100 nL of toluepe were.added to the reactor, formng a
ark- 10 br BIEROGHHIIE SR e 8 SaHPRAToT 6f T GiF Neh SRR GHePHEU:  oacs or
cont ai ni ng fappries ipeeibe loy i) vy padcoltacied miktifd edreyy hgdomphistaphRazy! i di ne
rut heni um gl V% WD 2010/ 151315PCT/ hJSZOlO/ 001795 70 dichloride %Gr ubbs first
gener at i onPHE{ORaGERg Step hefysraany qtfier cmbipation Qfgalalyst cpmpanedfs fr ey for 14

days ungler s@Bnd pefibd ¥f MsNNerR examble! iR ainikANRRNSEHE REmpBsndy e ed. The
resultant reaction mxture was subsequently al]owed to settle. The sol ution

fromthe r8®RaReAYHNIRIRGoMPOYRs apd d AigkeNg AR SfupthinsdPresIYAcEBg S8R fo a3ng t hen

stripped URgepeAod of Biméaakld! Bis pRBSMtGPmitednhéPtidbd estsbi (iRl product
denoted as catalyst fraction B). The brown solid residue was treated with a

mi xt ure coAtHPIRISEPPEY taforpra paskpaideedmixture that icoptarigd i 2 syepmd pesed t ant

m xture wags %@Fﬁoﬂsmﬁatﬁg tﬁagolm&zaawfea&udﬁas:opalahﬁﬁé et frsQletifa B oduct
denoted as catalyst fraction A). The soluble fraction was stripped and then
t r eat ed0 sutimeder gentactjhe wrecentﬁtt tgne, heyegn any Gomhimationypf B mefpllgsaee (sol i d
product depghghnaSt }%%l@hﬁﬁé%&ﬂoﬂfé}'fﬂ@ aglvatMuﬁ% e'dﬁG' kt&f AaaeimpPar ation

process was repeated a total of three tines solid oduct of fraction
B was aboutompa®d cgn bé framinbowirD-@phduds tordbeutsid lilQ!llrSprﬁ@dthUbQ 0% hewrs fcon A was

about 0. 8lgbc91tqf cﬁlry&”:r &b%u (QMm\pt Watd I3 'm ﬂgsthﬁxesﬁ%lsf.c &ijCt of
Gt O hinls o PR

fraction C was ou’t oW SO he final e fraction
was concennnmedontlonailylis a;}'leWbabw mnwmlrsmmastt @Qiensm:emﬂ periodaifaings tthef r act i on

D) weighin bout The t re e

pol yrre??za Por nﬁ‘eac?%bﬁnor @eé%éﬁ%%é‘)lg%%%&& B%C AgCO?AIH%# g%ch

cat al yst f aspetticddnhisdsediias pbsxemtacnnﬂes:bﬁtwemfthe metcmt&mdmnamselaud agn for

anal ysis by 1H.NMR FI GS. ta for .c st fr ctlons A- D,
apbct | volgEN e BRSBTSt G O PR SRR LI 2 FBhpounds. 20
based on MeHou20amduMo bbdut Irt@apecti vel y. The di stinct NVR resonances present

in FIGS. 1-4 - that are not related to either honodi nucl ear conpounds
(i.e., as in FIGS. 5-6), netallocene reactants, or to solvents - indicate

t he pregenpeL¥MERZAGON ERDOESSr 0di nucl ear conpound, DVET- 1.

Catalyst compositions of the present invention can be used to polymerize

olefins to form homopolymers, copolymers, terpolymers, and the like. One such
process for polymerizing olefins in the presence of a catalyst composition of the
present invention comprises contacting the catalyst composition with an olefin

25 monomer and optionally an olefin comonomer under polymerization conditions to
produce an olefin polymer, wherein the catalyst composition comprises a contact
product of a dinuclear metallocene compound and an activator-support. The dinuclear
metallocene compound in the catalyst compositions can have any of the formulas (A),
(B), (C), (IA)=(IB), (IIA)=(IIB), or (ITIA)=(IIIB) discussed above.

30 Often, a catalyst composition of the present invention, employed in a
polymerization process, will further comprise an organoaluminum compound.

Suitable organoaluminum compounds include, but are not limited, to



25EXAMPLE 2 Synthesis of DMET-1 and subsequent hydrolysis of DVET-1 to the
free |igand, C541156 Approximately 76 ng of MET-1, 40 ng of MET-2, and 2 ng
of bi s(trwoyolmwisexygl phosphi ne) benzyl i di ne rut heni um (1 Vpcaiuskéionoes (G ubbs
first 30 generation netathesis catal ygd) were charged to a vial and
dissolved in 2 nL of benzene-d6. After 3 days, a sanple of the reaction

m xture Wagrirh@dﬁy’lﬁiumlﬁﬂn ‘f(ﬂ'MlA),atriHihyIaufnﬁmﬁﬂ I’QTBA)]iﬂ‘igx-ﬁbﬂuilul;ﬁQmum Glrri)IfA)t ers of
water in about 0.5 nL o ene. (As VO 201 1315PCT/ US2Q10/ 001795 71
shown in tlﬁ‘é'“fbd'ﬂilagv\ﬁ“ﬁ’é‘mr @ﬁ*@é&ﬂll&?ﬁ@ﬂ@mm@ HIE) Thshery R rEIIRAT o t he
free |i gand-deffititafmhimanddiisaButylagiifurid@s hpdHas £ o updthyMumiinACthddRd. 5

The free lig nﬁi (C54-156)  sanmpl e was anal yzed using the thermal desorption
mass spect tdlfﬁﬁ' glymigupchigride, angytha\like, o gombiationsBredt As il lustrated in FI GS.

7-8, the pronm ngnd cmlaCehPbsitil of RESIYRA WashtioR AR inleBBdd Mok hiky §1bgn eXpect ed
nol ecul ar mass of 704 Daltons of the free |igand (C54H56), indicating that
t he DVET- 1PRlmengationsethed) usinggyapigup typsy 91 pobymeraatiproregeiersos A used

EXAVPLES 3+1dRinl0!pyiRetiZalonORaétbfrS indRld8Y afy tpdlynsdrizstiont fXBtof Qapabldlong DVET- 1
D nucl ear netal l.ocene conpounds of the present invention were used as part
5 of a cat &PYymerizgipg olefintmonegesnind; comoppraers fane gr morp shan AIeiCOMONYRY) wer e

conduct ed kdpRdeeeoRfpbRtherd @bplRets, HBElymeRMndME GiRe.” TR AHous bpebut ane and
al kyl al umi num co-catal yst were used in all polynerization experi nents. The

t ypi callOpolof raetomsanelude hpesclbetmay harstarisd duet batchaslurmy) gaswdiaseapdytional uni num
the acti Vam{%ﬂé&lﬂ&t Lo, LPSuitRladd FOCRRE WSt edclols Haf SontpRkOUgh 2

charge port e venting’ isobutane vapor.
fluidized bed reactors or staged horizontal reactors. Slurry reactors may comprise

vertical or horizontal loops. High pressure reactors may comprise autoclave or
tubular reactors. Reactor types can include batch or continuous processes.
15 Continuous processes could use intermittent or continuous product discharge.
Processes may also include partial or full direct recycle of unreacted monomer,
unreacted comonomer, and/or diluent.
Polymerization reactor systems of the present invention may comprise one
type of reactor in a system or multiple reactors of the same or different type.
20  Production of polymers in multiple reactors may include several stages in at least two
separate polymerization reactors interconnected by a transfer device making it
possible to transfer the polymers resulting from the first polymerization reactor into
the second reactor. The desired polymerization conditions in one of the reactors may
be different from the operating conditions of the other reactors. Alternatively,
25  polymerization in multiple reactors may include the manual transfer of polymer from
one reactor to subsequent reactors for continued polymerization. Multiple reactor
systems may include any combination including, but not limited to, multiple loop
reactors, multiple gas phase reactors, a combination of loop and gas phase reactors,
multiple high pressure reactors, or a combination of high pressure with loop and/or
30  gas phase reactors. The multiple reactors may be operated in series or in parallel.
According to one aspect of the invention, the polymerization reactor system

may comprise at least one loop slurry reactor comprising vertical or horizontal loops.
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procdss) is disclosed, for example, in U.S. Patent Nos. 3,248,179, 4,501,885,
5,565,175, 5,575,979, 6,239,235, 6,262,191, and 6,833,415, each of which is
incorporated herein by reference in its entirety.

15 Suitable diluents used in slurry polymerization include, but are not limited to,
the monomer being polymerized and hydrocarbons that are liquids under reaction
conditions. Examples of suitable diluents include, but are not limited to,
hydrocarbons such as propane, cyclohexane, isobutane, n-butane, n-pentane,
isopentane, neopentane, and n-hexane. Some loop polymerization reactions can occur

20  under bulk conditions where no diluent is used. An example is polymerization of
propylene monomer as disclosed in U.S. Patent Nos. 5,455,314, which is incorporated
by reference herein in its entirety.

According to yet another aspect of this invention, the polymerization reactor
may comprise at least one gas phase reactor. Such systems may employ a continuous

25 recycle stream containing one or more monomers continuously cycled through a
fluidized bed in the presence of the catalyst under polymerization conditions. A
recycle stream may be withdrawn from the fluidized bed and recycled back into the
reactor. Simultaneously, polymer product may be withdrawn from the reactor and
new or fresh monomer may be added to replace the polymerized monomer. Such gas

30 phase reactors may comprise a process for multi-step gas-phase polymerization of
olefins, in which olefins are polymerized in the gaseous phase in at least two

independent gas-phase polymerization zones while feeding a catalyst-containing
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polymer formed in a first polymerization zone to a second polymerization zone. One
type of gas phase reactor is disclosed in U.S. Patent Nos. 5,352,749, 4,588,790, and
5,436,304, each of which is incorporated by reference in its entirety herein.
According to still another aspect of the invention, a high pressure
5 polymerization reactor may comprise 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 stream and introduced at another zone of the reactor. The gas
10  streams may be intermixed for polymerization. Heat and pressure may be employed
appropriately to obtain optimal polymerization reaction conditions.
According to yet another aspect of the invention, the polymerization reactor
may comprise a solution polymerization reactor wherein the monomer/comonomer
are contacted with the catalyst composition by suitable stirring or other means. A
15  carrier comprising an inert organic diluent or excess monomer may be employed. If
desired, the monomer/comonomer may be brought in the vapor phase into contact
with the catalytic reaction product, in the presence or absence of liquid material. The
polymerization zone is maintained at temperatures and pressures that will result in the
formation of a solution of the polymer in a reaction medium. Agitation may be
20 employed to obtain better temperature control and to maintain uniform
polymerization mixtures throughout the polymerization zone. Adequate means are
utilized for dissipating the exothermic heat of polymerization.
Polymerization reactors suitable for the present invention may further
comprise any combination of at least one raw material feed system, at least one feed
25 system for catalyst or catalyst components, and/or at least one polymer recovery
system. Suitable reactor systems for the present invention may further comprise
systems for feedstock purification, catalyst storage and preparation, extrusion, reactor
cooling, polymer recovery, fractionation, recycle, storage, loadout, laboratory
analysis, and process control.
30 Conditions that are controlled for polymerization efficiency and to provide
desired polymer properties include temperature, pressure, and the concentrations of

various reactants.  Polymerization temperature can affect catalyst productivity,
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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 60 °C to about 110 °C,
5 depending upon the type of polymerization reactor. In some reactor systems, the
polymerization temperature generally is within a range from about 70 °C to about 90

°C, or from about 75 °C to about 85 °C.
Suitable pressures will also vary according to the reactor and polymerization
type. The pressure for liquid phase polymerizations in a loop reactor is typically less
10  than 1000 psig. Pressure for gas phase polymerization is usually at about 200 to 500
psig. High pressure polymerization in tubular or autoclave reactors is generally run at
about 20,000 to 75,000 psig. Polymerization reactors can also be operated in a
supercritical region occurring at generally higher temperatures and pressures.
Operation above the critical point of a pressure/temperature diagram (supercritical

15 phase) may offer advantages.

According to one aspect of this invention, the ratio of hydrogen to the olefin
monomer in the polymerization process is controlled. This weight ratio can range
from 0 ppm to about 10,000 ppm of hydrogen, based on the weight of the olefin
monomer. For instance, the reactant or feed ratio of hydrogen to olefin monomer can

20  be controlled at a weight ratio which falls within a range from about 25 ppm to about
7500 ppm, from about 50 ppm to about 5000 ppm, or from about 50 ppm to about
1000 ppm.

In ethylene polymerizations, the feed ratio of hydrogen to ethylene monomer,

irrespective of comonomer(s) employed, generally is controlled at a weight ratio
25  within a range from about 0 ppm to 'about 1000 ppm, but the specific weight ratio
target can depend upon the desired polymer molecular weight or melt index (MI). For
ethylene polymers (homopolymers, copolymers, etc.) having a MI around 1 g/10 min,
the weight ratio of hydrogen to ethylene is typically in a range from about 25 ppm to
about 250 ppm, such as, for example, from about 50 ppm to about 225 ppm, or from

30 about 75 ppm to about 200 ppm.
Yet, in another aspect, effluent flush gas from the polymerization reactors

~ disclosed herein generally has a hydrogen to olefin monomer molar ratio of less than
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about 0.01, although this ratio can depend upon the desired polymer molecular
weight, MI, etc. In an ethylene polymerization, the hydrogen:ethylene molar ratio
typically can be less than about 0.01, and often, less than about 0.005.
The concentration of the reactants entering the polymerization reactor can be
5  controlled to produce resins with certain physical and mechanical properties. The
proposed end-use product that will be formed by the polymer resin and the method of
forming that product ultimately can determine the desired polymer properties and
attributes. Mechanical properties include tensile, flexural, impact, creep, stress
relaxation, and hardness tests. Physical properties include density, molecular weight,
10  molecular weight distribution, melting temperature, glass transition temperature,
temperature melt of crystallization, density, stereoregularity, crack growth, long chain
branching, and rheological measurements.
This invention is also directed to the polymers produced by any of the
polymerization processes disclosed herein. Articles of manufacture can be formed

15  from, and can comprise, the polymers produced in accordance with this invention.

POLYMERS AND ARTICLES
If the resultant polymer produced in accordance with the present invention is,
for example, a polymer or copolymer of ethylene, its properties can be characterized
20 by various analytical techniques known and used in the polyolefin industry. Articles
of manufacture can be formed from, and can comprise, the ethylene polymers of this
invention, whose typical properties are provided below.
Polymers of ethylene (homopolymers, copolymers, terpolymers, etc.)
produced in accordance with this invention generally have a melt index from about
25 0.01 to about 100 g/10 min. Melt indices in the range from about 0.1 to about 50 g/10
min, or from about 0.5 to about 25 g/10 min, are contemplated in some aspects of this
invention.
| The density of ethylene-based polymers produced using one or more dinuclear
metallocene compounds disclosed herein typically falls within the range from about
30  0.88 to about 0.97 g/cm’. In one aspect of this invention, the density of an ethylene
polymer is in a range from about 0.90 to about 0.95 g/cm’. Yet, in another aspect, the
density is in a range from about 0.91 to about 0.94 g/cm’.
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Polymers of ethylene, whether homopolymers, copolymers, terpolymers, and
so forth, can be formed into various articles of manufacture. Articles which can
comprise polymers of this invention include, but are not limited to, an agricultural
film, an automobile part, a bottle, a drum, a fiber or fabric, a food packaging film or
5  container, a food service article, a fuel tank, a gecomembrane, a household container, a
liner, a molded product, a medical device or material, a pipe, a sheet or tape, a toy,
and the like. Various processes can be employed to form these articles. Non-limiting
examples of these processes include injection molding, blow molding, rotational
molding, film extrusion, sheet extrusion, profile extrusion, thermoforming, and the
10  like. Additionally, additives and modifiers are often added to these polymers in order

to provide beneficial polymer processing or end-use product attributes.

EXAMPLES
The invention is further illustrated by the following examples, which are not to
15 be construed in any way as imposing limitations to the scope of this invention.
Various other aspects, embodiments, modifications, and equivalents thereof which,
after reading the description herein, may suggest themselves to one of ordinary skill in
the art without departing from the spirit of the present invention or the scope of the
appended claims.

20 Nuclear Magnetic Resonance (NMR) spectra were obtained on a Varian
Mercury Plus 300 NMR spectrometer operating at 300 MHz for 'H NMR (CDCl;
solvent, referenced against the peak of residual CHCl; at 7.24 ppm) and 75 MHz for
3C NMR (CDCl; solvent, referenced against central line of CHCI; at 77.00 ppm).

In addition to NMR, a thermal desorption mass spectrometry procedure (direct

25  insertion probe mass spectrometry or DIPMS) was used to characterize and identify
the dinuclear metallocene compounds in the examples. The mass spectrometer had
the following capabilities: 70 ev electron impact ionization, mass range from 35 to
1200 amu, direct probe insertion accessory with maximum temperature to at least 650
°C, and software capable of integrating broad peaks typical of probe runs. The

30 method was developed using a Finnigan™ TSQ 7000™ instrument, scan range of 35
to 1400 (1 second scan time), conventional thin wire (with loop at tip) probe tips,

source temperature of 180 °C, 2 x 10-6 manifold vacuum, and Finnigan™
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In the DIPMS procedure, the sample is placed on the probe tip using a micro
syringe. In practice, the smallest drop of sample which can be transferred to the probe

5 usually gives the best results. After placing the sample on the probe, it is allowed to
stand for about 5-10 min to allow for evaporation of the bulk of the diluent/solvent
containing the compound of interest. Allowing the diluent/solvent to evaporate before
inserting the probe into the instrument will, among other things, lessen the chance that
the drop will fall off of the tip during the insertion process. After inserting the probe,
10  the temperature program and data acquisition cycles begin. The temperature program
used was 50 °C (hold 1 min), 30 °C/min temperature ramp, 650 °C final temperature
(hold 5 min). This program takes 26 minutes to complete. The filament was turned
on 0.5 min into the run and kept on until the completion of the temperature program.
After a couple of minutes to allow the probe tip to cool, the probe was removed from

15 the instrument and the analysis cycle was complete.

The Finnigan™ instrument had removable ion volumes; these were changed
and cleaned after every two runs to minimize buildup of residue on the lens and other
source components. The results are typically outputted as plots showing total ion
current versus time.

20 Melt index (M1, g/10 min) was determined in accordance with ASTM D1238
at 190 °C with a 2,160 gram weight.

High load melt index (HLMI, g/10 min) was determined in accordance with
ASTM D1238 at 190 °C with a 21,600 gram weight.

Polymer density was determined in grams per cubic centimeter (g/cc) on a

25  compression molded sample, cooled at about 15 °C per hour, and conditioned for
about 40 hours at room temperature in accordance with ASTM D1505 and ASTM
D1928, procedure C.

Melt rheological characterizations were determined by suitable methods. For

example, small-strain (10%) oscillatory shear measurements were performed on a
30 Rheometrics Scientific, Inc. ARES rheometer using parallel-plate geometry. All
rheological tests were performed at 190 °C.
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Molecular weights and molecular weight distributions were obtained using a
PL 220 SEC high temperature chromatography unit (Polymer Laboratories) with
trichlorobenzene (TCB) as the solvent, with a flow rate of 1 mL/minute at a
temperature of 145 °C. BHT (2,6-di-tert-butyl-4-methylphenol) at a concentration of

5 0.5 g/L was used as a stabilizer in the TCB. An injection volume of 200 pL was used
with a nominal polymer concentration of 1.5 mg/mL. Dissolution of the sample in
stabilized TCB was carried out by heating at 150 °C for 5 hours with occasional,
gentle agitation. The columns used were three PLgel Mixed A LS columns
(7.8x300mm) and were calibrated with a broad linear polyethylene standard (Phillips

10  Marlex® BHB 5003) for which the molecular weight had been determined.

Molecular weight distributions and branch profiles were obtained through size
exclusion chromatography (SEC) using an FTIR detector. Chromatographic
conditions are those described above. However, the sample injection volume was 500
pL. Samples were introduced to the FTIR detector via a heated transfer line and flow

15  cell (KBr windows, 1 mm optical path, and ca. 70 pL cell volume). The temperatures
of the transfer line and flow cell were kept at 143 + 1 °C and 140 + 1 °C, respectively.
A Perkin Elmer FTIR spectrophotometer (PE 2000) equipped with a narrow band
mercury cadmium telluride (MCT) detector was used in these studies.

All spectra were acquired using Perkin Elmer Timebase software.

20 Background spectra of the TCB solvent were obtained prior to each run. All IR
spectra were measured at 8 cm’ resolution (16 scans). Chromatograms were
generated using the root mean square absorbance over the 3000-2700 cm’ spectral
region (i.e., FTIR serves as a concentration detector). Molecular weight calculations
were made as previously described using a broad molecular weight polyethylene (PE)

25 standard [see Jordens K, Wilkes GL, Janzen J, Rohlfing DC, Welch MB, Polymer
2000;41:7175). Spectra from individual time slices of the chromatogram were
subsequently analyzed for comonomer branch levels using chemometric techniques.
All calibration spectra were taken at sample concentrations which far exceeded that
needed for good signal to noise (i.e., > 0.08 mg /mL at the detector).

30 Sulfated alumina was formed by a process wherein alumina was chemically-
treated with a sulfate or bisulfate source. Such a sulfate or bisulfate source may

include, for example, sulfuric acid, ammonium sulfate, or ammonium bisulfate. In an



6 56.2 410 2114 7.3 7 43.8 356 1652 8.1 8 97.4 466 2267 4.8 9 92.7 602 2669
6.5 10
WO 2010/151315 PCT/US2010/001795

68
exemplary procedure, a commercial alumina sold as W.R. Grace Alumina A was
sulfated by impregnation with an aqueous solution containing about 15-20%
(NH4),SO4 or H2SO4. This sulfated alumina was calcined at 550 °C in air (240 °C/hr
ramp rate), with a 3 hr hold period at this temperature. Afterward, the sulfated
5 alumina was collected and stored under dry nitrogen, and was used without exposure

to the atmosphere.

EXAMPLE 1

Synthesis of DMET-1 using olefin metathesis of diphenylmethylidene (3-(penten-4-
10 ylcyclopentadienyl)(9-2,7-di-tert-butylfluorenyl)  hafnium dichloride with (n-

butylcyclopentadienyl)(1-allylindenyl) zirconium dichloride
DMET-1 is a nano-linked, heterodinuclear compound of the presented
invention. It was produced using two different metallocene reactants and is,
15  therefore, a heteronuclear compound. The first reactant metallocene used to produce
DMET-1 was diphenylmethylidene (3-(penten-4-yl)cyclopentadienyl) (9-2,7-di-tert-
butylfluorenyl) hafnium dichloride (abbreviated “MET-1"). The second reactant
metallocene used was (n-butylcyclopentadienyl)(1-allylindenyl) zirconium dichloride,
or {CsH4-[(CH,);CH3] (CoHg-1-(CH,CH=CH,)}ZrCl,, C; H24ZrCl, (abbreviated
20 “MET-2”). The reaction scheme for this inventive example is illustrated below (Ph =

Phenyl):
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MET-1 / MET-2

metathesis

The MET-1 and MET-2 metallocene starting materials can be prepared in

accordance with suitable methods. Illustrative techniques are described in U.S. Patent

5 Nos. 7,517,939 and 7,226,886, the disclosures of which are incorporated herein by
reference in their entirety.

Approximately 3.3 g (4 mmol, 824.23 g/mol) of MET-1 and 1.75 g (4 mmol,

438.54 g/mol) of MET-2 were charged to a reactor under an inert nitrogen

atmosphere. About 100 mL of toluene were added to the reactor, forming a dark

10  brown solution. The resultant solution was decanted into a reactor containing

approximately 100 mg of bis(tricyclohexylphosphine)benzylidine ruthenium (IV)
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decanted and the solvent was collected (solid product denoted as catalyst fraction A).
The soluble fraction was stripped and then treated successively with 40 mL of pentane
and 4 mL of toluene (solid product denoted as catalyst fraction C). This solubility-
based separation process was repeated a total of three times. The solid product of
fraction B was about 1.033 g of a brown solid, the solid product of fraction A was
about 0.812 g of a yellow to light brown solid, and the solid product of fraction C was
about 1.286 g of a yellow solid. The final soluble fraction was concentrated to a
yellow-brown solid (denoted as catalyst fraction D) weighing about 1.9 g. These
catalyst fractions were evaluated in polymerization reactions, see Examples 3-16.

A sample of each catalyst fraction was dissolved in D-chloroform to form a
solution for analysis by 1H-NMR. FIGS. 1-4 present NMR data for catalyst fractions
A-D, respectively. FIGS. 5-6 present NMR data for the homodinuclear compounds
based on MET-2 and MET-1, respectively. The distinct NMR resonances present in
FIGS. 1-4 — that are not related to either homodinuclear compounds (i.e., as in FIGS.
5-6), metallocene reactants, or to solvents — indicate the presence of the desired.

heterodinuclear compound, DMET-1.

EXAMPLE 2
Synthesis of DMET-1 and subsequent hydrolysis of DMET-1 to the free ligand, Cs4Hss

Approximately 76 mg of MET-1, 40 mg of MET-2, and 2 mg of
bis(tricyclohexylphosphine)benzylidine ruthenium (IV) dichloride (Grubbs first
generation metathesis catalyst) were charged to a vial and dissolved in 2 mL of
benzene-d6. After 3 days, a sample of the reaction mixture was hydrolyzed with a

mixture containing about 30 microliters of water in about 0.5 mL of toluene. As
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Exact Mass: 704.44
Mol. Wt.: 705.02
C, 91.99; H, 8.01

The free ligand (Cs4Hss) sample was analyzed using the thermal desorption
mass spectrometry procedure, DIPMS, outlined above. As illustrated in FIGS. 7-8,
the prominent molecular ion observed was consistent with the expected molecular
mass of 704 Daltons of the free ligand (Cs4Hse), indicating that the DMET-1 was
10 produced.
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reacti on pthewluetrody¢edExlang vath the vgesiresy athount exf . heXéries  Bthytbme twasofet ainned
DMVET-2, th i o] - t 0 i hucl ear
compound Bemaitof \HEhGR GEBEHAR JASRRe R B tpedhlh BN ECS)
The speci f paympeizatier rpat Tbe reaoted iwas omsntamed agd 86ntrvlladitae theudesiredrain r eact i on

t enper g%ur e Ofra%?e '%k “éﬁo tgﬁei g(ﬂ \D. 2910/ 5013105P tlousg.gle / g%l 5 78 ethyl ene
f eed, oPARE TRER ST PG EB Phints PO R P Lo MG VP EPE MOWUYRS( T1 BA) per
100 ng of dtbppedahnd vt ict@ypeitk.slobg vemedlofig The rédorr &ak apstt ahélkiat i ve to
the activatqr-su rt was varied in Ex |l es 19-26. 5 Taple H . Exanples
1026 us rRPTTE IR YT SoHFOHRER HedmmRarohen Sy P PESOBRD Sy CER 3 yar A S g
PE least two hours.
Table I summarizes the catalyst system formulations employed for Examples
20  3-16. In Examples 3-16, the catalyst fractions of Example 1 were evaluated. These
catalyst fractions contained DMET-1, the homodinuclear compound based on MET-1,
and the homodinuclear compound based on MET-2 (and small amounts of unreacted
metallocenes MET-1 and MET-2). The specific polymerization conditions were a 30
minute run time, reaction temperature of 80 °C or 95 °C, 450 psig ethylene feed, 45
25 grams of 1-hexene, and 0.5 mmol of triisobutylaluminum (TIBA) per 100 mg of

sulfated alumina. The loading of the catalyst fraction was varied in Examples 3-16.
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Table 1. Examples 3-16 using catalyst fractions from Example 1.

Catalyst m Tem

Example Fracti):)n Cata?yst (°C)p mgA-S | gPE HLMI
3 C 1 80 108 25.2 0.22
4 Cc 25 80 120 19.3 0.01
5 A 1 80 107 394 0.97
6 A 1 95 141 33.7 15
7 A 25 95 95 42.5 25
8 A 25 80 109 44.7 0.74
9 B 1 80 81 16.9 0.31
10 B 25 80 106 37.2 0.75
11 B 1 95 103 22.6 0.79
12 B 2.5 95 105 37.6 1.96
13 D 1 80 98 37.5 1.73
14 D 25 80 74 60.9 0.5
15 D 1 95 92 35.8 1.1
16 D 25 95 113 51.7 1.92

5
Notes on Table I:
- mg A-S — milligrams of sulfated alumina activator-support.
- g PE — grams ethylene/hexene copolymer produced.
- MI was too low to measure; HLMI in units of g/10 min.
10

Table II summarizes molecular weight distribution data for each of Examples
3-16. This data was generated using size exclusion chromatography, in accordance
with the procedure discussed above.

15
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Table II. Molecular weight distribution data for Examples 3-16

Example | Mn/1000 | Mw/1000 | Mz/1000 | Mw/Mn
3 108.9 707 2876 6.5
4 130.0 761 2657 5.8
5 102.6 472 2451 4.6
6 56.2 410 2114 7.3
7 43.8 356 1652 8.1
8 97.4 466 2267 4.8
9 92.7 602 2669 6.5
10 99.6 531 2553 5.3
11 74.1 424 1719 5.7
12 63.7 387 1674 6.1
13 115.8 684 2825 59
14 99.4 651 2803 6.6
15 63.6 430 1589 6.8
16 59.6 433 1566 7.3
5 Notes on Table II:

- Mn — number-average molecular weight.

- Mw — weight-average molecular weight.

- Mz — z-average molecular weight.

- Mw/Mn - PDI or polydispersity index.
10

EXAMPLE 17

Synthesis of DMET-2 using olefin metathesis of 1-(methyl)-1-(3-butenyl)-1-

15 (cyclopentadienyl)-1-(2, 7-di-tert-butylfluoren-1-yl)methane zirconium dichloride with
(n-butylcyclopentadienyl)(1-allylindenyl) zirconium dichloride

DMET-2 is a nano-linked, heterodinuclear compound of the presented

invention. It was produced using two different metallocene reactants and is,

20 therefore, a heteronuclear compound. The first reactant metallocene used to produce

DMET-2 was 1-(methyl)-1-(3-butenyl)-1-(cyclopentadienyl)-1-(2,7-di-tert-

butylfluoren-1-yl) methane zirconium dichloride (abbreviated “MET-3"). The second

reactant metallocene used was (n-butylcyclopentadienyl)(1-allylindenyl) zirconium

dichloride, or {CsH4-[(CH,);CH3] (CoHs-1-(CH,CH=CH;)}ZrCl,,  C3H24Z1Cl,

25  (abbreviated “MET-2"). The reaction scheme for this inventive example is illustrated

below:
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The MET-3 metallocene starting material can be prepared in accordance with
suitable methods. One such technique is described in U.S. Patent 7,064,225, the
5  disclosure of which is incorporated herein by reference in its entirety.

Approximately 1.28 g (2.2 mmol, 584.77 g/mol) of MET-3 were dissolved in

40 mL of toluene and 0.98 (2.2 mmol, 438.54 g/mol) of MET-2 were dissolved in 60

mL of toluene, and these solutions were charged to a reactor under an inert nitrogen
atmosphere. The resultant solution had a burnt orange color. While stirring, a

10  solution of 0.057 g of bis(tricyclohexylphosphine)benzylidine ruthenium (IV)
dichloride (Grubbs first generation metathesis catalyst) in 10 mL of toluene was
added to the reactor. The reactor contents were stirred at room temperature under an

inert atmosphere, and the ethylene produced was vented. After about 28 hours,
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approximately 0.052 g of additional metathesis catalyst in 5 mL of toluene were

added. After 6 total days of reaction, the heterogeneous turbid-reddish reaction

mixture was concentrated under vacuum. The residue was successively washed with

three 20-mL portions of pentane. The resultant product was then vacuum dried to a

5 salmon-orange colored solid, which was used in Examples 18-26 without further
purification.

A sample of this product was dissolved in D-chloroform to form a solution for

analysis by IH-NMR. FIG. 9 presents NMR data for this product mixture. FIG. 10

presents NMR data for the homodinuclear compound based on MET-3. The distinct

10 NMR resonances present in FIG. 9 — that are not related to either homodinuclear

compounds (i.e., as in FIGS. § and 10), metallocene reactants, or to solvents —

indicate the presence of the desired heterodinuclear compound, DMET-2.

EXAMPLE 18
15 Hydrolysis of DMET-2 to the free ligand

A sample of the reaction product of Example 17 (containing DMET-2) was
charged to a vial and treated with about 0.5 mL of D-chloroform and 5 microliters of
water. This mixture was allowed to hydrolyze for 2 days at ambient temperature. As

20  shown in the following reaction scheme, the metal was hydrolyzed to the free ligand

and the ligand was subsequently characterized.



MLx"x9 [/ \/ \ | x2X4 -C WCRXRY -A RY/MB\ /2 )(12)(10 \ \ (CH2)n-CRz=CRz -
(CH2), (B); or X5X7 \ [/ \ MA1)(11)(9 / \ /]l \ | X6X8 -ERXRYCRXRY -A2MB \I
( CH2) n- CRxeCGRa/15{30Nx12x10 (C); 1O0wherei n: each XCT/U820108179%6, X9,
and Xl independently is hydrogen; BH47 a halide; a hydrocarbyl group,

hydr ocar byl oxi de group, hydrocarbyl oxyl ate group, hydrocarbyl am no group,
or hydrocarbylsilyl grnoyp, any of which having up to 20 carbon atons; or
OBRA2 or SO3RA, wherei ARA is an al aryl group having 15 up to
12 carbon at ors; a substituted or
unsubstituted cycl , or fluorenyl group, any

substituents on X3 \ hydrogen atomas a substituted or

unsubstituted al} Exact Mass: 990.14
Mol. Wt.: 995.27

C, 61.55; H, 5.87; Cl, 14.25; Zr,
18.33

CazHyg

Exact Mass: 552.38
Mol. Wt.: 552.83
C,91.25; H, 8.75

CoHyy

Exact Mass: 122.11
Mol. Wt.: 122.21
C,88.45;H, 1155

The free ligand sample was analyzed using the thermal desorption mass
5  spectrometry procedure, DIPMS, outlined above. As illustrated in FIG. 11, the
prominent molecular ion observed was consistent with the expected molecular mass

of 552 Daltons of the free ligand, indicating that the DMET-2 was produced.

10 EXAMPLES 19-26

Polymerization runs using catalyst systems containing DMET-2

Polymerization runs for Examples 19-26 used substantially the same

procedure as that of Examples 3-16. Table III summarizes the catalyst system

15 formulations employed for Examples 19-26. In Examples 19-26, the reaction product
of Example 17 was evaluated. This product contained DMET-2, the homodinuclear
compound based on MET-3, and the homodinuclear compound based on MET-2 (and
small amounts of unreacted MET-2 and MET-3). The specific polymerization

conditions were a 30 minute run time, reaction temperature of 80 °C, 420 psig
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WO 2010/ 151315PCT/ US2010/ 001795 81 3. The conpound of claim 1, wherein

each substituent on X3, each substituent on X4 other than an al kenyl

| i nki ng gwoupio/sexal substituent on X7, X', and X12 ot hercrhmsroia/obrvsigi ng

group, and each substituent on X8 othgs than a bridging group and an

al kenyl 1inking group, independently is a hydrogen atom a nethyl group, an

ethyl 5 group, a propyl group, an n-bgrLamMgroup, a t-butyl group, or a

hexyl group. 4. The conpound of claim 1, wherein: each X3 independently is

a substituted or unsubstituted cycl opentadi enyl group; 10each X4

independen%&y i.S a substituted cycl opentadi enyl or substituted indenyl

group; X7 MR pstituted fluorenyl group; X8 is a substituted

cycl opent adi enyl group; and at | east one of X' and X12 is a substituted

quorenﬁl ?roup. 15 5. Thﬁ conpound of c¢laim 1, wherein each Al and A2
ent

i ndepen |y cofprrlearametaliogengermpponpd havanedhe fAr@rlag pri dging chain of 2 to
5 carbon atons. 6. The conmpound of claim 1, wherein each substituent on
Al and each 20 substituent on A2 other than an al kenyl 1inking group

i ndependenxly i sxad hydrogen atom a methyl groX), a phenyl group, a

cycl ohexyl phan group, or a naphthyl group. i 7. e conmpound of claim1,
wher ei n each M2, and MB independently isXr gr\df, and each n

i ndependenity i Sx&—LEr@, 3, 4, 5, or 6. ERRY—8X8The &bnpound of claiml1,

wherein the conpound is; WO 2010/ 151315PCT/ US2010/ 001795 82
(CH)—CR*=CR*—(CH)n

(A);
X! X3
\M1 X11 X9
/ 7 N\
X2 X4——CR*RY CR®RY—A M
— Z— Z \X12/ \X10
(CH,),—CR?=CR (CH)n
(B); or
x5 X7
\MZ/ \A1 x11 X9
/N 7\
X8 X8—ER*RY CR*RY A2 /M3
_ 2 2 \X12 \X10
(CHp)s—CR?*=CR (CH2)n
©);

10  wherein:
each X!, X2, X°, X5, X°, and X"° independently is hydrogen; BH,; a halide; a
hydrocarbyl group, hydrocarbyloxide group, hydrocarbyloxylate groilp,
hydrocarbylamino group, or hydrocarbylsilyl group, any of which having up to 20
carbon atoms; or OBR*; or SO;R*, wherein R” is an alkyl group or aryl group having
15  up to 12 carbon atoms;
each X® independently is a substituted or unsubstituted cyclopentadienyl,
indenyl, or fluorenyl group, any substituents on X° independently are a hydrogen

atom or a substituted or unsubstituted alkyl or alkenyl group;



; or 5 wherein Ph is an abbreviation for phenyl. 9. A catal yst conposition
conprising a contact product of the dinuclear netall ocene conpound of claim
1 and an wbunmomexase conpound, an organoboron or or ganolporatsecioeoesind, an

i oni zi ng ionic compound, or any conbiggati on thereof. 10 10. A catal yst
conposition conprising a contact product of the dinuclear netall ocene
conmpound of cl @h¢n X* maebeaaerﬁ@tl'syamﬁmwm@eropentadlanyl Théenghbaflyatnyionposi tion

of claim 10, vvhere n.the ac Ol - Su ri ses.a, 15sol.id oxide
treated wiEPPPaANe &'?tl"%‘ﬁs o %‘?18&‘5%51 'gﬁ? "]fr}%@ group in ependentﬁy are a

2010/ 1513 h@@@éﬁﬁa&l&/&eﬂs}&ﬁecﬁ& uLZubEh@teaall@l iﬁ&ilk&@nm&ptl on of claim 11,
wher ei n: |1d oxide corrprlsesg |ccg C;(;umna SI|ICE alumna
al um num phospl‘?é‘{hex R%Péf‘%ﬁol'?@i?ﬁ@‘?ﬂ’ﬁl’@asf‘ ftipd cyclopepigienyl, indgNEs|

boria, «ing frms_te@lgm dg‘l@uﬁ" 2R Gubbkiniats dntXfe e Qfand X'2 Gy tah lbhﬂglh@?fcﬁﬁf and

t he el ectron-w t hdraw ngxdrnl on conprises sulfate, hisulfate | uari de,

chl ori de, iBdepRRdsatly prscp Brudrogen atnm ST Fulsituted qrdmsyhstinsd allrl 95 gikapd

f 1 uor opho g\;%;.e, trifluoroacetate triflate, fluorozirconate,
fluorotitanate, gny conbination thereof. 1013.The catal yst conposition
of claim 10, \Aﬁé“rbe?(n 1§ ReSubEitnted cyslonsnadisnyl, indepyli e dupteny E1QWR 2Wuni na,

chlorided Ghymeam: oR RMARE @bt Bﬁdglﬁgﬂgratpedn@launm&lylflllmrg Qefp
silica-alumna, chlorided silica-alumna, brom ded silica-alum na, sulfated

si |i calfal umlqpandemln 8¥ei aibyiiregen; aam 2F p GWhiBLtedcar| wpRhstimtest allod #r Alkerni a,
brom ded sjli La zirconia, sulfated silica-zirconia, fluorided
silica-titanra, fl uorlded silica-clad alum na, or any 15 conbi nation
thereof. 14. Fheh et aldgpendenslyp dss iat Sl@)ﬁtltufedcwalumubﬁlltu‘fedrbmngc@mylpl sing an

T e M e U
tri - n- but ydagdonmterasyor tar carbmblsﬂlyblalgﬁm'lmml tin, boron, nitrogen, or phosphorus
15  bridging atom, any substituents on A' independently are a hydrogen atom, or a
substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a combination
thereof;
each A’ independently is a substituted bridging group comprising either a
silicon bridging atom, a germanium bridging atom, a tin bridging atom, a carbon
20  bridging atom, or a bridging chain of 2 to 5 carbon atoms, any substituents on A’
other than the alkenyl linking group independently are a hydrogen atom, or a
substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a combination
thereof;,
each M/, Mz, and M* independently is Zr, Hf, or Ti;
25 each E independently is carbon or silicon;
each RX, RY, and R? independently is a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof; and

each n independently is an integer in a range from 0 to 12, inclusive.

30 2. The compound of claim 1, wherein each X', X3, xX°, X8 X°, and X'°
independently is a methyl group, a phenyl group, a benzyl group, or a halide.



20 tri-n-hexylalum numtri-n-octylal um num dii sobutyl al um nunmhydri de,

di et hyl al um num et hoxi de, di et hyl al um num chl ori de, or any conbi nati on

t her eof . wo 20B/1581pr ocess for pol yneri zi ng ol efins, thepPprasess/ocepri si ng
contacting the catal yst conposition of; claim10 with an ol efin nononer and
optionally an olefin 25 conmononer under polynerization conditions to
produce an3.ol efThe qaﬁip)éﬁiﬂfofclalﬁl Whereﬁraelea&s@tfuemloaixﬂ d&h subreieRhiont he ol efin

nononer co Ien nd the ol conbno Qo ri;ses propyl ene,
1- but ene, gp‘btb‘fré *B‘ NG STOY, £ Wﬁ?@/g ] B%ln?t@?féhanz pent ene,

3-methyl -1a }bﬁﬂglﬁg\%rodb' rma Rydir sabsmnant&nxg oftrer BAREX eﬂ@gmggmeaﬁ an
3- ethyI-I- 1- hept ene, hept ene, 3-heptene, 1l-octene, 1- decene,
styrene, Q?‘Eﬂ“@% ey é"tﬁjtepen yol§ ohyeagsn sy L mstwd gropr s eyl 17, An

ol efin 5po| W Al S gRAlp ik ,{_mylp%,gpp%gb@tfy] %‘ba‘b r&ﬂexyl%zl di nucl ear

nmet al | ocene conpound having the tormula: (TA)=(I13) A =(11B); or
(1t1TA)=(111B); wherein: (1A is XI\ /X3 ML /\ X2X4-CRxRY \ 10,

4. The compound of claim 1, wherein:
each X° independently is a substituted or unsubstituted cyclopentadienyl
group;
10 each X* independently is a substituted cyclopentadienyl or substituted indenyl
group;
X is a substituted fluorenyl group;
X?® is a substituted cyclopentadienyl group; and
at least one of X'' and X'? is a substituted fluorenyl group.
15
5. The compound of claim 1, wherein each A' and A? independently comprises a

carbon bridging atom or a bridging chain of 2 to 5 carbon atoms.

6. The compound of claim 1, wherein each substituent on A' and each
20  substituent on A other than an alkenyl linking group independently is a hydrogen
atom, a methyl group, a phenyl group, a cyclohexylphenyl group, or a naphthy! group.

7. The compound of claim 1, wherein each M', M?, and M? independently is Zr
or Hf, and each n independently is 0, 1, 2, 3, 4, 5, or 6.
25

8. The compound of claim 1, wherein the compound is:



15(HA) is X5X7 \ / \ /nA /Al 2 X6X8-ERXRY \ WO
2010/ 151315PCT/ US2010/ 001795 85 (UB) is X17X19 \ / \ MbA3 / \ / x18x20
_ERXRy (GOMD)20100Rz4315(111A) is PCT/US2010/001795

82

5  wherein Ph is an abbreviation for phenyl.

9. A catalyst composition comprising a contact product of the dinuclear
metallocene compound of claim 1 and an aluminoxane compound, an organoboron or
organoborate compound, an ionizing ionic compound, or any combination thereof.

10
10. A catalyst composition comprising a contact product of the dinuclear

metallocene compound of claim 1 and an activator-support.

11. The catalyst composition of claim 10, wherein the activator-support comprises a

15  solid oxide treated with an electron-withdrawing anion.



X9X11 \ / \ MBA2 -CRxRY / \ /[ \ X113X12(CH2)n-CRzt 5 (MB) is x21X23 \ / \
[ MB\ [ Ad--CRXRY x22x24(CF12)n-CRz4: , 10 wherein: x|, x2, x5, x6, x9, x10,
x13, x14,wedkéB/sifs X21, PCT/US2010/001798nd  X22
i ndependent|ly are hydrogen; Bl14; a hgdide; a hydrocarbyl group, hydro

car byl oxi de group, hydrocarbyl oxyl ate group, hydrocarbyl am no group, or
hydr ocar byl si | yl group any of 15 which having up to 20 carbon atons; or

OBRA2 or RA, i n RAl roup or aryl group having up to 12
carbon at o% Theca Sb?ﬂi“B?f °PH&§6@KLE%‘{}F re a substituted or

unsubstit ut ed ce belidesxidetoaipyises snlrbdemyﬁunaOsﬁhd‘alalmﬁmmwlmﬂmammho@mte, _
subst | tuenFl X3 .and X15 i.ndependent are hy rog tom or a substituted
§ r’%ﬂ%ﬁ d afd >€E‘(’>‘i

unsubst M'EFPRYYHPEALe. olitanpy, a2, esia (pex Bpedaenifa y are a

substlt_ut edwﬁaysgIoemmrew}mflamdenyl or fluorenyl group, any substituents
on X4 and X16 o al kenyl I|nk| ng | ndependent|y are a

4] t han a &l?roup
hydr ogen at om df€ gleeisyith ?‘@’&g&Ploﬂr‘fg’E?B’éiqsts ate bayuidpte, Boridescigridegr oup:;

bromide, iodide, fluorosulfate, fluoroborate, phosphate, fluorophosphate,

trifluoroacetate, triflate, fluorozirconate, fluorotitanate, or any combination thereof.

10 13. The catalyst composition of claim 10, wherein the activator-support comprises
fluorided alumina, chlorided alumina, bromided alumina, sulfated alumina, fluorided
silica-alumina, chlorided silica-alumina, bromided silica-alumina, sulfated silica-
alumina, fluorided silica-zirconia, chlorided silica-zirconia, bromided silica-zirconia,
sulfated silica-zirconia, fluorided silica-titania, fluorided silica-clad alumina, or any

15 combination thereof.

14.  The catalyst composition of claim 10, further comprising an organoaluminum
compound, wherein the organoaluminum compound comprises trimethylaluminum,
triethylaluminum, tri-n-propylaluminum, tri-n-butylaluminum, triisobutylaluminum,
20  tri-n-hexylaluminum, tri-n-octylaluminum, diisobutylaluminum hydride,

diethylaluminum ethoxide, diethylaluminum chloride, or any combination thereof.

15. A process for polymerizing olefins, the process comprising contacting the
catalyst composition of claim 10 with an olefin monomer and optionally an olefin

25  comonomer under polymerization conditions to produce an olefin polymer.

16.  The process of claim 15, wherein the olefin monomer comprises ethylene and
the olefin comonomer comprises propylene, 1-butene, 2-butene, 3-methyl-1-butene,
isobutylene, 1-pentene, 2-pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-
30 hexene, 2-hexene, 3-ethyl-1-hexene, 1-heptene, 2-heptene, 3-heptene, 1-octene, 1-

decene, styrene, or mixtures thereof.
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i ndependently are a substituted cycl opentadi enyl, indenyl, or fluorenyl
group, anyoobeisizigaents on X7, x11, x12, x19, X23, and Xed/ustéenot’bain a
bridgi ng group i ndependently are a hygtogen atom or a substituted or
unsubstituted al kyl or al kenyl group; 5X8 and X2 independently are a

subst i t ut ed7.cycAnprfih piyRidy prodided &g \he proces§ bftuddimrysl group, any substituents
on X8 and X2 other than a bridging group and an al kenyl |inking group

i ndependently are a hydrogen atom or a substituted or unsubstituted al kyl

or al kenyl 1gr oup dindtleandetdfodendiepdedilfdhdvingdthe faamalabst i t ut ed or
unsubstituted bridgin rqup 10 conprising either a cyclic group of 5 to 8
carbon atons, a bridbgﬁgnghain of 2 to 5 carbon atons, or a carbon

silicons gernmani um diA)=(1pBy;en, nitrogen, or phosphorus bridging atom any
substituents on Al and A |ndependently are a hydrogen atom or a
substituted or unsudygﬁfdfgg’allphatlc aromatic, br cyclic group, or a
conbi nat i oghidbgr eof ; 15A2 and A4 i ndependently are a substituted bridging
group conprising either a silicon bridging atom a gernmanium bridging atom
a tin bridging ghppy a carbon bridging atom or a bridging chain of 2 to 5
carbon atonms, apy subgiituents on A2 and A4 other than an al kenyl i nking
group independentNy Are a hydrogen atom or a substituted or unsubstituted
al i phati c, aronatlm‘ or cyclic group, or a conbination 20t hereof; M, n2,
n8, m4, nb, and Q@g_g%:ﬂtly are Zr, Hf, or Ti; each E independently is
carbon or S|I|cén , and Rz i ndependently is a hydrogen
atom or a substituted or &wQﬁLFbRE e aliphatic, aromatic, or cyclic
group, or a conbination thereof; and 5each n i ndependently is an integer
inarapge fromO to 12, |ncIu5|ve, : With the proviso that (IA) is not
the sanme as (TB), (1A is not the sanme as (11B), and (II11A) is not the sane
as (MB). 19.A ch?gyst conposition conprising a contact product of the

di nucl ear 30 netal | ocgme conpound of claim 18 and an al umi noxane conpound,
an or ganoboron or\organoborate conmpound, an ionizing ionic conpound, or any
conbi nati on ther;:)A WO 2010/ 151315PCT/ US2010/ 001795 87

X14 X16__CRny
\(CHz)n—CRzzg:
15 (IIA) is
X8 X7
\MZ/ \A1
/7 N\

X8 X8—ER*RY
(CHZ),,—CRZ‘%‘



20. A catal yst conposition conprising a contact product of the dinuclear
net al | ocene conpound of claim 18 and an acti vator-support.
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(IIB) is
X17 X19
/
\MS \A3

/
X8 X#—ERRY
N
(CHz)——CR*=g=

(lIIA) is
X11
/
\ \ \/\ 2—CR*RY
x12 (CHz),—C Z-g-
5 ;
(I1IB) is
X21 X23
/
e
X22 x4 \(CHz)n—CRzzgz
10 ’
wherein:

X‘, Xz, XS, X6, Xg,b Xlo, X”, XM, X”, Xls, X2', and X% independently are
hydrogen; BHs; a halide; a hydrocarbyl group, hydrocarbyloxide group,
hydrocarbyloxylate group, hydrocarbylamino group, or hydrocarbylsilyl group, any of

15  which having up to 20 carbon atoms; or OBR”; or SO:R”, wherein R* is an alkyl
group or aryl group having up to 12 carbon atoms;

X? and X" independently are a substituted or unsubstituted cyclopentadienyl,
indenyl, or fluorenyl group, any substituents X> and X'° independently are a hydrogen
atom or a substituted or unsubstituted alkyl or alkenyl group;

20 X* and X' independently are a substituted cyclopentadienyl, indenyl, or
fluorenyl group, any substituents on X* and X'® other than an alkenyl linking group
independently are a hydrogen atom or a substituted or unsubstituted alkyl or alkenyl

group,



10

15

20

25

30

WO 2010/151315

86

X7, X”, Xlz, Xlg, x3 , and x4 independently are a substituted
cyclopentadienyl, indenyl, or fluorenyl group, any substituents on X’, X'!, X'?, X"
X3, and X** other than a bridging group independently are a hydrogen atom or a
substituted or unsubstituted alkyl or alkenyl group;

X® and X% independently are a substituted cyclopentadienyl, indenyl, or
fluorenyl group, any substituents on X® and X% other than a bridging group and an
alkenyl linking group independently are a hydrogen atom or a substituted or
unsubstituted alkyl or alkenyl group;

A' and A’ independently are a substituted or unsubstituted bridging group
comprising either a cyclic group of 5 to 8 carbon atoms, a bridging chain of 2 to §
carbon atoms, or a carbon, silicon, germanium, tin, boron, nitrogen, or phosphorus
bridging atom, any substituents on A'and A® independently are a hydrogen atom, or a
substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a combination
thereof;

A? and A’ independently are a substituted bridging group comprising either a
silicon bridging atom, a germanium bridging atom, a tin bridging atom, a carbon
bridging atom, or a bridging chain of 2 to 5 carbon atoms, any substituents on A?and
A* other than an alkenyl linking group independently are a hydrogen atom, or a
substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a combination
thereof;

M, Mz, M3 , M, Ms, and M® independently are Zr, Hf, or Tij;

each E independently is carbon or silicon;

each RX, RY, and R? independently is a hydrogen atom, or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a combination thereof; and

each n independently is an integer in a range from 0 to 12, inclusive;

with the proviso that (IA) is not the same as (IB), (IIA) is not the same as
(IIB), and (ITTA) is not the same as (IIIB).

19. A catalyst composition comprising a contact product of the dinuclear
metallocene compound of claim 18 and an aluminoxane compound, an organoboron or

organoborate compound, an ionizing ionic compound, or any combination thereof.
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20. A catalyst composition comprising a contact product of the dinuclear

metallocene compound of claim 18 and an activator-support.



