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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 polymerize
olefins, the polymer resins produced using such catalyst compositions, and articles produced

20  using these polymer resins. In particular, the present invention relates to nano-linked
dinuclear metallocene compounds and catalyst compositions employing such compounds.
Catalyst compositions containing nano-linked dinuclear metallocene compounds of the
present invention can be used to produce, for example, ethylene-based homopolymers and
copolymers.

25 The present invention discloses novel dinuclear metallocene compounds having two
metallocene moieties linked by an alkenyl group. According to one aspect of the present

invention, these dinuclear compounds have the formula:
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CRXRY CRXRY \(CH2)n_CRZ=CRzZ-(CH2)n / (1) WD 2009/ 085126 PCT/ US2008/ 013679
2 wherein: X1 and X2 independently are a halide or a substituted or
unsubst i twoedosisshat i c, aromatic, or cyclic group, or PETASRWSHOEITDN
thereof, 5 X3 is a substituted or unsybstituted cycl opentadi enyl, indenyl,
or fluorenyl group, any substituents on X3 independently are a hydrogen
atomor a substituted or unsubstituted al kyl or al kenyl group; X4 is a
substituted cycl opentadi enyl, indenyl, or fluorenyl group, any substituents
on x 4 wihdnein: t han an al kenyl |inking group i ndependently are a hydrogen
atomor a suhgtituged or 0.unsubsti.tuted alkyl or al keny roup;.Mis Zr,
o T SR s EnRhendbBiaR: 7 peldeeon S Phitbed s cimartrtid QBRI ot eq
or unsubsbmitit, etcycle gidup, dtlaicombinhtion théreofat i ¢, or cyclic group, or a
conmbination thereof, .and n ig an integer in ran fromO to 12,
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provi ded. Thinsis gr‘?"l;n elzg%ﬂn a range from 0 to 12, inclusive;

15 with the proviso that the integer n is not equal to 0 when both X' and X? are chlorine
atoms, both X° and X* are cyclopentadienyl groups, R*, RY, and RZ are each hydrogen atoms,
and M is Ti.

Catalyst compositions containing these nano-linked dinuclear metallocene compounds
are also provided by the present invention. In one aspect, a catalyst composition is disclosed

20  which comprises a contact product of at least one dinuclear metallocene compound and at
least one compound selected from at least one aluminoxane compound, at least one organozinc
compound, at least one organoboron or organoborate compound, at least one ionizing ionic
compound, or any combination thereof. In this aspect, the dinuclear compound is as defined
aBove in formula (I).

25 In another aspect, a catalyst composition comprising a contact product of at least one
dinuclear metallocene compound and at least one activator-support is provided. This catalyst
composition can further comprise at least one organoaluminum compound, as well as other
co-catalysts. In these and other aspects, the at least one dinuclear metallocene compound is

selected from:

30



conposition can further conprise at |east one organoal um num conpound, as
well as other <co-catalysts. In these and other aspects, the at |east one
di nucl earwormb@ldssrzene conmpound is selected from 30 WOr2oASL@8H1569
PCT/ US2008/ 013679 3 X1 Xs x3 Xi \M 3 M X2/ \ X4/ \ X2 CRXRY CRXRY
(CH2)n-CRZ=CRZ- (CH2)r, / m wherein: Xi and X2 independently are a halide
or a substitt&pd or substituted aliphatic, 5 romat'g?, or cyclic group,
or a conbi natTogQ t eof; X3 is a substituted or*wgsybStituted
cycl opent adi enyl Mi ndenyl, or fluorenyl group, any MQJbSti tuents on X3

or

d upsubstituted al kyl

i ndependent | yaé e apydr ogen atom or a substitut
or al kenyl grdup; X4\is a substituted cycl open}f@i enyl),( i ndenyl, or

fluorenyl group, any L;p%tituents on 10 X4 otMHer than an al kenyl 1inking
group i ndependent|y &RERa hydrogen atom or £R\Rstituted or_ unsubstituted
al kyl or al kenyl group; (@H3,<4CRIHCRO-(GH,;),Rx, RY, and RZ(Dn_dependentIy
are a hydrogen atom or a substituted or unsubstituted ali phati c,
aromatic, or cyclic group, or a conbination thereof; and 15 n is an integer
in a ran‘?ﬁ f.g_omo to 12, inclusive; with the proviso that the integer nis
not equal 't8"0 when both X and X2 are chlorine atons, both X3 and X4 are

cycl opent adi edlydndgxbiizperidsntlyRdre amdliddZoRk &ubaithed e nagarti@tcanipha@)d Mis
Ti . nge EBresent i nyention al so contenpl ates a process for polynerizing
S

ol efi Ametits Or SYGHGETUR 0k & combination theredh  conmposition, the process

conpri si ng codtiag kitRGutddeoraadudksiitsied cyclopentadienyl, indenyl, or fluorenyl group, any
substituents on X3 independently are a hydrogen atom or a substituted or unsubstituted alkyl
or alkenyl group;
X* is a substituted cyclopentadienyl, indenyl, or fluorenyl group, any substituents on
10 X* other than an alkenyl linking group independently are a hydrogen atom or a substituted or
unsubstituted alkyl or alkenyl group;
M is Zr, Hf, or Ti;
R*, RY, and R? independently are a hydrogen atom, or a substituted or unsubstituted
aliphatic, aromatic, or cyclic group, or a combination thereof; and
15 n is an integer in a range from 0 to 12, inclusive;
with the proviso that the integer n is not equal to 0 when both X' and X? are chlorine
atoms, both X* and X* are cyclopentadienyl groups, R*, RY, and R* are each hydrogen atoms,
and M is Ti.
The present invention also contemplates a process for polymerizing olefins in the
20 presence of a catalyst composition, the process comprising contacting the catalyst
composition with at least one olefin monomer and optionally at least one olefin comonomer
under polymerization conditions to produce a polymer or copolymer. The catalyst
composition can comprise a contact product of at least one dinuclear metallocene compound
and at least one activator-support.  Other co-catalysts, including organoaluminum
25  compounds, can be employed in this process.
Polymers produced from the polymerization of olefins, resulting in either

homopolymers or copolymers, can be used to produce various articles of manufacture.
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Addi t'i on@biided nefcli chtloRl Yst” refers to other conponents of a catalyst
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compounds that can constitute one component of a catalyst composition. Additionally, “co-
catalyst” refers to other components of a catalyst composition including, but not limited to,
aluminoxanes, organozinc compounds, organoboron or organoborate compounds, ionizing
20  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.
The term “fluoroorgano boron compound” is used herein with its ordinary meaning to
25  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] [BY4], where Y represents a fluorinated organic group. Materials of these
types are generally and collectively referred to as “organoboron or organoborate
compounds.”
30 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 other component of the
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formulation, or structure from the distinct organoaluminum compound used to prepare the

20  precontacted mixture. In this case, the precontacted organoaluminum compound or

component is described as comprising an 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

25  constituent of which is the “precontacted” or first mixture of catalyst components that were

contacted for a first period of time. Typically, the term “postcontacted” mixture is used

herein to describe the mixture of metallocene compound, olefin monomer, organoaluminum

compound, and activator-support (e.g., chemically-treated solid oxide), formed from

contacting the precontacted mixture of a portion of these components with any additional

30 components added to make up the postcontacted mixture. Generally, the additional

component added to make up the postcontacted mixture is a chemically-treated solid oxide,

and, optionally, can include an organoaluminum compound which is the same as or different

from the organoaluminum compound used to prepare the precontacted mixture, as described
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20 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 the co-
catalyst, the dinuclear metallocene compound, any olefin monomer used to prepare a

precontacted mixture, or the activator-support, after combining these components. Therefore,

2 ¢ 3 &<

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

The term “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, heteroatom substituted derivatives thereof.

RN 1Y

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 acidic behavior, and which

has been treated with an electron-withdrawing component, typically an anion, and which is



tetrahydrof |l uorenyl, octahydrofluorenyl, partially saturated indenyl,
partially saturated fluorenyl, substituted partially saturated indenyl,
substi t utwo 2pavasseekl y saturated fluorenyl, and 15 the | PK&/USRIVSHIEE9
contexts, the dinuclear netallocene is referred to sinply as the
"catalyst,” in nmuch the sane way the term"co-catalyst” is used herein to
refer t g 1 ! ? i

Cpea i ol T o g e S ey
| nd for spurderymhpouadd TRh theorhefmiaaly-emated sofideoxider qpmpoged edryrrtses v rpeded i on,

“catal yst m xt e SIRY " he i Q- RetarAghend upon
the. act ST R PbeHhE of atdBhinkSyif SEE mpBlal il Ifonc Ao Aa-AGRE
conponenrt®naburtdhieormpoundr Fgpicallye theahemisalhf-trediesl sbit ionile camptisesatleaitore or t he
fate.of .the co-.catalyst., the di | ear tal l acene ) A efin
monorter UUERE5 Seogigroé“dae “p} 8‘(’:“0r'1tjgh§tet g Sm%% o e,%g@ra(%ﬁé%gc :B\%t gr)ré-ngtpport ,
af t-er condd wiimglytthas eopofeasandt wert, liné seheompondniseshbeld met Becainstiued tas an

conposi tion,” "catalyst mxture," ."catalysi. stem " d t l.ike.. can 25
i ncl ude* %{]ﬁ)“ﬂ’é’fl%’?tooéé R BTy SHBBRT Yo eaﬁ%hv%%rn%lggl?l%ﬁgﬁlgé)ﬁ%ggil YC%H(S)I.Q The

t er m " hydn b€ ackpicallysirdasddoli®odidd) t o specify a hydrocarbon radi cal group
that include byt is not. Iimted to, aryl, .alkyl, .cycl kyl, alkenyl,
cycl oal kenyl f*ﬁwléglf‘tﬂ'iy%ﬁb%lﬁy‘iey ‘ce%lIaRé/W}e,“a%tsg‘i“%r/P,yecg?‘ﬁyﬁ?éﬁogalt:h?%adregﬁrwgyl , and
t he floi Kehereaéhni bR Glsetiashé@practsod s tdsting @dhe inn&ifida] the tipid] methods) dbndeks ahd near ,
het er oat om substituted derivatives thereof. 30 The terns

"chem cdMdt§naly dehergingdspiriPedxi de, " "solid oxide activator-support,” "treated

solid oxide oarm®ubsions aFpdidies thédtRnedliceil 8RAnIMFRABd h&reinFireRtedcafosol i d,
i norgani c oxide of relatively high porosi t¥, whi ch exhibits Lewis acidic
or Br onshepuraesef dessahmngidpf disgleangrtrrampits seonstiuctsand dngfqdglogiss that

el ect r ongWigtREbAM theCABRNRAL,: whikRintight! e 88daRI QAnectidd WH @l preseily

2009/ 085126 PCT/ US2008/ 013679 7 cal cined. The el ectron-w t hdraw n
conpénerdesiribed yipientian. yThapublieation disglissqddtheanghryt A EKt are @Wf@dée‘ﬁ%%hd.
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a particular set of substituents. The general structure also encompasses all enantiomers,

diastereomers, and other optical isomers whether in enantiomeric or racemic forms, as well as

mixtures of stereoisomers, as the context requires. For example, isomerized and
hydrogenated forms of the general structure illustrated in formula (I) are also contemplated.

25 Applicants disclose several types of ranges in the present invention. These include,

but are not limited to, a range of number of atoms, a range of integers, a range of weight

ratios, a range of molar ratios, and so forth. When Applicants disclose or claim a range of

any type, Applicants’ intent is to disclose or claim individually each possible number that

such a range could reasonably encompass, including end points of the range as well as any

30  sub-ranges and combinations of sub-ranges encompassed therein. For example, when the

Applicants disclose or claim a chemical moiety having a certain number of carbon atoms,

Applicants’ intent is to disclose or claim individually every possible number that such a range

could encompass, consistent with the disclosure herein. For example, the disclosure that a
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20 Applicants reserve the right to proviso out or exclude any individual members of any
such group, including any sub-ranges or combinations of sub-ranges within the group, that
can be claimed according to a range or in any similar manner, if for any reason Applicants
choose to claim less than the full measure of the disclosure, for example, to account for a
reference that Applicants may be unaware of at the time of the filing of the application.

25  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 choose to claim less than the full measure of the
disclosure, for example, to account for a reference that Applicants may be unaware of at the
time of the filing of the application.

30 While compositions and methods are described in terms of “comprising” various
components or steps, the compositions and methods can also “consist essentially of” or

“consist of” the various components or steps.
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dinuclear compounds have the formula:

3 1
x1\ / X2 X\M/x
/
xz/ \x4 x* \xz
\
CRX{RY CRXRY
(CHa)y—CRE=CRE—~(CHa)o / ®

25  wherein:

X' and X? independently are a halide or a substituted or unsubstituted aliphatic,

aromatic, or cyclic group, or a combination thereof;
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The present invention is directed generally to new catal yst conpositions,
met hods fwo 20ve8pesi ng cat al yst conpositions, nethods fecTaseeng/ oliees

catal yst conpositions to polynerize @l efins, the polynmer resins produced
usi ng such catal yst conpositions, and articles produced 5 using these

pol ymer 1 esi g . J 0p8fideh O i AlutsthliEa BIESERbaibANSRLLAN of PholehR ddupnago-| | nked

di nucl ear ne ocene conpounds and catal yst ‘conpositions enpl oyi ng such
conpoundsbstitusat on| X rikdepemdsntly hrscehydeogsh atoreorr absiifiter oy apgubsiifuigt alkyl nucl ear
nmol ecul es afknn\'fhio%h- met al | ocene noi eties are connected by an al kenyl |inking
group, or n o0f%Rk. Nano-1inked metallocenes can be desi gned with

speci fi ¢ ang3t ioarsubisstuted ogslopattadiany], titdenywor fledrenyl giqipcamt sibstitugiteee t he

di st is d i ned principally by th ' ' i pKi
ar oup. PR ety Bt Yochéndedfy BEDRRHDR MG O, 0O

| i nki ng Weeptuednlkdyeor alisagl grougesi gn cat al ysts which are either capable of,
or incapabl e&gf, i}gl,ra-m)l ecular nmetal -to- metal interactions. For
instance, und&F4HBLPETEraint of the nano-link (e.g., an al kenyl |inking
group), nanoR¥ RKeshddiniuddpeadentptasd 4 hydrogs atan, ofdf mbstimtied ve ucwbgatted yst
interactions, 15 DI NUCLEAR METALLOCENE COVIﬁClJ S (il'he present invention

di scl osediPH IR SUHELC FRYPHY ARBOHREYT NEEehan

€ noieties |inked by an
al keniyl gr oup,is anwhtegBt il @dsngeffroimB k2, ieks®enew conpounds. These conpounds

are commonly referred to as di hucl ear conpounds r bihuc)ear c ounds, 20
because t hey “HEPaPIRVIsQhatEheantegerft §ngt qu{glctdbd‘f'lheéll%ﬂth na'bdng ggﬁﬁé’ "Bf this
i nvent i ofiemd, B6th XaREK! @AY cyeRPBRAAIIE Bravss, RRERY, andRF aie XBhydrdgen alidts, ~X4 X4
\ X2 CRXRY CRXRY \(CH2) n- =CRZ- (CH2)n / m 25 wherein: X1 and X2

[ ndepe_nd@ﬁtl\{lg'ﬁ Hr e a halide or a substituted or unsubstituted aliphatic,
aromatic, or poughih¢r)AbSHAs nbf dedighid sk isRFeok RKISBY or isomeric positioning of

15 the different moieties (e.g., this formula is not intended to display cis or trans isomers, or R or
S diastereoisomers), although such compounds are contemplated and encompassed by this
formula.

In formula (I), halides include fluorine, chlorine, bromine, and iodine atoms. As used
herein, an aliphatic group includes linear or branched alkyl and alkenyl groups. Generally,

20  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-

25  butyl, sec-butyl, and so forth. For instance, non-limiting examples of octyl isomers include
2-ethyl hexyl and neooctyl. Suitable examples of alkyl groups which can be employed in the
present invention include, but are not limited to, methyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, or decyl, and the like. Examples of alkenyl groups within the scope of
the present invention include, but are not limited to, ethenyl, propenyl, butenyl, pentenyl,

30  hexenyl, heptenyl, octenyl, nonenyl, decenyl, and the like.

Aromatic groups and combinations with aliphatic groups include aryl and arylalkyl
groups, and these include, but are not limited to, phenyl, alkyl-substituted phenyl, naphthyl,
alkyl-substituted naphthyl, phenyl-substituted alkyl, naphthyl-substituted alkyl, and the like.
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di ast er 6QUBLSa1f:Enel MGieHEedAs WubiMidd fnhths atet ifeintulQhe zﬁﬁe@m llﬁxlamghﬁlp isinl ess
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al kyls gr oups Imkne hspeetrofithe prestnsyention, thand gy dadependepteate; oS e QE, but
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octyl, nony anpl es of al kenyl groups w thin the
scope Ofmdependently are methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl octyl nonyl, decyl, or

trimethylsilylmethyl. In yet another aspect, X' and X? independently are ethenyl, propenyl,
butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, or decenyl. X' and X? independently

20  are a substituted or unsubstituted aromatic group, for example, having up to 20 carbon atoms,
in another aspect of the present invention.

In a different aspect, X' and X2 are both chlorine atoms. X'and X? independently can
be selected from phenyl, naphthyl, tolyl, benzyl, dimethylphenyl, trimethylphenyl,
phenylethyl, phenylpropyl, phenylbutyl, propyl-2-phenylethyl, cyclopentyl, cyclopentenyl,

25  cyclohexyl, cyclohexenyl or cyclohexylphenyl in other aspects of this invention. Yet, in
another aspect, X X'and X* independently are methyl, phenyl, benzyl, or a halide. Further, X!
and X? independently can be methyl, phenyl, benzyl, or a chlorine atom in another aspect of
the present invention.

In formula (I), X> is a substituted or unsubstituted cyclopentadienyl, indenyl, or

30  fluorenyl group, while X* is a substituted cyclopentadienyl, indenyl, or fluorenyl group. In
one aspect of the present invention, both X3 and X* are substituted cyclopentadieny! groups.

In another aspect, X is‘a substituted or unsubstituted cyclopentadienyl group, while X*is a



t he present invention include, but are not limted to, ethenyl, propenyl,
butenyl, pentenyl, 30 hexenyl, heptenyl, octenyl, nonenyl, decenyl, and
t he |i ke.wonroeeissregr oups and conbi nati ons with ali phat iPcTgrseans®13ene!| ude
aryl and arylal kyl groups, and thesg,include, but are not limted to,
phenyl , al kyl -substituted phenyl, naphthyl, alkyl-substituted naphthyl,

phenyl -substituted al kyl. naph - St 1ad ;¢ Reubdiiged VO
2009/ 08@%@%% 6%‘%6%%6)?9“&6%! @E‘gr JGF’Ly{F‘e“gﬁg’EMg@r"Sﬂbs énd gortrlbi %ati ons
of groupsdeagingr@ipn | ess than 20 carbon atons. Hence, non-limting exanples

of such noi etjes that can be us in.the nresent .jnyenti hacl _phenyl,
tolyl, benzyl &hethyApHeH t,'t"%‘gi FETPRAS 'é:ﬁ r,'{“S l-Q'X’yl%tét ﬂg?re BhényFpr opyl |,
pheny| butlymatipg1gpy] cad-tpke oyt ot fyte, substdudntse Anyjksibstilyeits on g dngependeatbude

cycl oal kyl and 5 cycl oal kenyl ietie d.Sic et} aRy. , but
are rot 9 m%t/fgrag%%&’%ﬂ Iao%’gﬁtlt%g? or 89%’58‘%%3? 3%{1?3@9@1&% exyl ,ri{};gg%egﬁgxenyl ,
and t he jhdik®d, Deff&X anPhetief ofl acabhititad iimfenyli ancl substitgted fupednyt inpludap i s a
cycl ohexyl phenyl group. Unl ess ot herw se specified bst. d

ar omat i PaBpRlg yepraiedigieyls @gefﬁoneélp' i‘HCIFCg“ éfﬁfmtt lgm%t%cfé‘f]oyaaeéég (1%'#1 Ee‘égh&o SONEr S;
for exagmingdrotifieesyds, Mnd GLithydrsfluteants. tBxemphiuskylathat paskd bibstitserison t uent
posi tion,, t hat ort ho,

_ S h 10 nmeta, or para, In formula,(l), an alkenyl
i nki ng §rioeids metl, siwk peryd ety e Her¥lichensyl otinBerivd qrides yid e
met ajg 00gRe HBhE LS, cAth dubdtisdnt 84 od iﬁd@Femm@bQ\fa_ehid@Sgwlamm,tdra mtthelny |
linking group is attached to the netallocene noieties at a. . 3
cycl operdtiadi prapyl, nibuidntbutylgor hexd rgaenp Oy arsheryaspect RIS AR %512 For e
substi t | bt bthbiynkir&iEngl, BRnyl1fentdhyDmexaaghect  of
the pr e;%%tgéfiﬁl{\}lg t?gﬁnd,}pf;(?rﬁgn}ybﬁg% %ﬁ@%endeﬂﬁ df;gzarge a syub}ii tl)jt ed o? .
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di met hy| phenkptyl bityetbyylpbedsell, and the like. In another aspect, excluding the alkenyl

20  linking group, any substituent on X* independently is selected from a hydrogen atom, or an
ethyl, propyl, n-butyl, t-butyl or hexyl group. In yet another aspect, substituents on X* are
selected independently from a hydrogen atom, ethenyl, propenyl, butenyl, pentenyl, hexenyl,
heptenyl, octenyl, nonenyl, or decenyl, exclusive of the aforementioned alkenyl linking
group.

25 In formula (I), substituted aliphatic, aromatic, or cyclic groups, and combinations
thereof, are disclosed, as well as substituted alkyl or alkenyl groups. Such groups described
herein are intended to include substituted analogs with substitutions at any position on these
groups that conform to the normal rules of chemical valence. Thus, groups substituted with
one or more than one substituent are contemplated.

30 Such substituents, when present, are independently selected from an oxygen group, a
sulfur group, a nitrogen group, a phosphorus group, an arsenic group, a carbon group, a
silicon group, a germanium group, a tin group, a lead group, a boron group, an aluminum

group, an inorganic group, an organometallic group, or a substituted derivative thereof, any
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t f t t ted
presen dfwdlﬁeny&qn% m P on}ﬂo"at é@%arPﬁ afoﬁls SHPR! b Hé\ﬁlg%ég;[ )a(i 'ﬂ)ﬁgbag thdsk/t €

cycl opent adl eny oreny group,
substi t ugreubsdpoioommimth tbnyd:t;vmynﬂeluwmtalmt céthpesrteomy | Exgmples .of kach afrtkesaspect

Of the PLERRG LAYSBLAN. LOPL-AA0d A foapstiput ed cycl opent adi enyl

gr oups. s a su unsubsti tuted
cyclopentadldnyhpgsoﬂphMMh|h$mX4mns ia Ch 200rG86,1 s IUdETWIBRAB08KI0ABH 79 12
substgtu%r (@ clogf t adi enyl or indenyl group. Yet, in another aspect, X4
is a sub¥Pi fienyl group. X3 can be an unsubstit uted

cycl ope nt adi dayhch dcaﬁiemté,,oxggexf grumseame/bxygemuqmtalmﬁgtgmupa,taxvmblps oX8hichn have
one or nts substituents o are a

bstitu i £n Ay
hydr ogen'™ lf‘gem%Btrar%“ ‘ﬁH’%‘fthtBt KPR3ror g %sgf?l{pﬁt? é)é@ 213K or - éh’)ﬂ‘é&r bup.
Hygl‘ Ogel’lanld&hefc Plﬁ‘el ud:ﬁ.dllmgt shhﬁlﬁtﬁgt@ﬂ Gelﬁﬂﬁvmhdl:redif, Q/ilelainsllfgﬁmt éaghlb&ﬁilrﬂeﬁkd:&ﬁy lbeand
substitute yorenyl includes  partia ur at ed .i nden orenyl s
i ncl udi ny qbﬁi""??&'fyl’l PRt @Ghj‘ﬁ'b, S“P%Fﬁ“ﬁ#}fh?y%i Wgétﬁk}tieé aryly o 1y vﬁ‘r‘t ‘ip E?&lfygnyl s,
andI qxgt allfawdfﬁ%wqrtﬁmlwl csarbcﬁxa&als gwa?blky bﬁal’kbbé}t orCﬁplolQﬁ gﬁdﬂps t(JaRﬁe) rgtrﬁeup@n X|3
i ncl ude met hyl, ethy utyl, pent octyl, nonyl,
or decylmcﬁﬁﬂlwﬁé“ieoqPW@egﬂﬁ @ﬁ@oﬁﬁﬁ@Eﬁy’é@ngkﬁ%gﬁy Eﬁ%xbn‘&g%“wd

|ndependﬁﬂﬁbﬁlh&ﬂﬁehmgrogen atom or a nmethyl, ethyl, propyl, n-butyl,
t-butyl, hexyl group. |n another aspect, substltuents on X3 are

sel ected | ndép@ﬁ@éﬁ?quyfeﬁ%ﬁ\ﬂé“rﬁf%%gaé‘ﬁ sfusrepnianengroupsy cxasaRlsy of whickny! |

pent enyl ;i R8X Y hre ndR ERLRANH, -SRELEA Yo lll&oﬂﬁ;mﬂling ﬁBstﬂ@t@@ Q%Jwat%és {hRrebPr mJl a
(1) is a substltuted cycl opentadi enyl, i nden uoreng grou is

15 slbst whereiadR Wil l§achnogguriense| can; bﬁkplﬁ;gl gwe)gﬁ}éyh ﬁW(hn@,faﬁfs’beS@ stigted Hﬁ%’l
I nvent i O&bﬁteﬁ:ﬁ&i %h E\gasﬁﬁtedfa%lf(}h%ﬁvﬁ%ﬁﬁﬁﬂ 1t {40 QBPon bnsan be further

substitute rogen atom or substituted or unsubstituted al kyl
or al kenyl ngowpcll nccarrdmfef oitegen grppe regfitregensontainggt gronps, Ndmchemalm e,

sui t alb' eyt 1Rk G ARDS of BRI S0 s Bk A8 S tHLor, EhOM.
propy Ut y nonyl ,
i ke. nRémot:dmhrocammxce cam)bclaikj'ﬂ rrg'cltohllky]alaWQ,rwhlkyl substltuted alkyl substltuted

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

In each occurrence, phosphorus groups are phosphorus-containing groups, which
include, but are not limited to, -PR%,, -P(ORA)Z, and the like, including substituted
derivatives thereof, wherein R* in each occurrence can be alkyl, cycloalkyl, aryl, aralkyl,
substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to 20 carbon atoms.

25 In each occurrence, arsenic groups are arsenic-containing groups, which include, but
ére not limited to, -AsRAz, -As(ORA)z, and the like, including substituted derivatives thereof,
wherein R* in each occurrence can be alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl,
substituted aryl, or substituted aralkyl having from 1 to 20 carbon atoms.

In each occurrence, carbon groups are carbon-containing groups, which include, but

30 are not limited to, alkyl halide groups that comprise halide-substituted alkyl groups with 1 to
20 carbon atoms, aralkyl groups with 1 to 20 carbon atoms, -C(NRA)H, -C(NRMRA, -
C(NRMOR?, and the like, including substituted derivatives thereof, wherein R” in each



20 linking group, any substituent on X4 independently is selected froma
hydr ogen atom or an ethyl, propyl, n-butyl, t-butyl or hexyl group. In
yet anot hwo 2088126 substituents on X4 are sel ected i n#eparsd@silizs7d rom a
hydrogen atom ethenyl, propenyl, butgpyl, pentenyl, hexenyl, heptenyl,
octenyl, nonenyl, or decenyl, exclusive of the aforenentioned al kenyl

I i nki ng n r ) S U I - al b i UIC »or OF
cyclic g()rcg{ijlgés{?e e{%g dgo#%?hgy %lg?ll(s&l’ £ her %g?(',yf’ ﬁl gggﬁg%%@d%bg@ﬁfﬁgﬁr&lég '

subst i t uubstitatkdkgralkgl haxyingemym 1 go Hugmbonuerns. gr oups descri bed herein are

i ntended to imnclud e d I i I sition
on these gr dngect FospHeRky WL iBRRRES IO Lorbithiat otddpy Ao Rl HRT
Thus, groupet siobstitousibd grips suohes ailkylstlyk gtovan opleilgdupretpst aedalkysityl

contenmpl ated. 30 Such substituents. when present e Lnhde

sel ect ed® PN aiY XY Yen aﬁitéhtfpf,ilkea WSHs'cuhl Pueracgrogﬁuﬁfemée n?‘fer %glgnpgé]gﬁ%%llbén -
phosphoraismgr Fap exaniplg rseon Erarpotubstiteentainbimde griroethylsidyl anid|phexylogylalyp, a
germani um group, a tin group, a |ead group, a boron group, an alum num
group, aH°YMorganic group, an organonetal lic group, or a substituted
derivative thar&eh ,ocauryendd) ZOOMiIOBSIB0psParE/ dvRami8mecbatniing kdoupt, whickh
having from 1 to about 20 carbon atons; .a hal jde; .or hydrogen: .as | ong as
these  gPEHES PHEATRBRT HRfedh ool HEOURE S o g RSEcTivg EPly LB BRUPY T o,
Exanp esar9hlkgmehn@fgrdupes@rm§lols giotpes Bidd Be GikESvHicCinledeh odeuirerar avofrothi mi t ed
to, the follow ng groups. Exanples of halide substituents, in each

occur r ent® 24 3E183® ™S uori de, chloride, 5 bronide, and iodide. In each
occurrence, qx%deNo@uRURE, Bh Grovwpy IR BHHuPE, Otich irRKABBue SredfiotWhi ch

i nclude, but are not limted to,_ alkoxy or aryl oxy groups A

(-OR A,
- OSi RA3, limitggoteastannybygrqus suchygsgalkyfgtannyk groups, rylspimy §£Pb‘§§’iat'ﬂf‘l§bjlseﬂ8'i‘>ilvat i ves

t her eof , ;& GihihoRA (b s@Afy1o olS &R BaMkEvhidH #)cheh 63¢aHORE HMYMVe fréhY!
ar al kyl , substitl?tﬁg raI Kk f}h )gﬁ g{i_ uted aryl, or substituted aral kyl 10

havi hYy f F sma0icagon2trnesa TR tiresenps imkidaphus aregrot BnRedtp. HRngKY BIOXDS-gr oups

(- ORA)  gr oupsy, ehfifdddtifencbYtad¥rEupdQte lbAdRdnhhih® groHEst, B inQERO¥Yt arPRAPOXY
but oxy, phenoxy, substituted ~phenoxy, and the like. In each occurrence,
sul fur gloigstoaalkylisad groups entlgadhgmupsgrrplakylcasheapyis canddhe ke, whichjimedchde, but

are not Lécmrgn%g #:9% fromio®0Laftdf atodse, - 1 ncl udi ng substituted derivatives
¢ , .

t her eof ,
In each occurrence, boron groups are boron-containing groups, which include, but are

20  not limited to, -BR%,, -BX,, -BR*X, and the like, wherein X is a monoanionic group such as
hydride, alkoxide, alkyl thiolate, and the like, and wherein R”* in each occurrence can be
alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl
having from 1 to 20 carbon atoms.

In each occurrence, aluminum groups are aluminum-containing groups, which

25 include, but are not limited to, -AIRA, -AlX,, -AIR*X, wherein X is a monoanionic group
sﬁch as hydride, alkoxide, alkyl thiolate, and the like, and wherein R” in each occurrence can
be alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl
having from 1 to 20 carbon atoms.

Examples of inorganic groups that may be used as substituents, in each occurrence

30 include, but are not limited to, -OAIX;,, -OSiXj, -OPX;, -SX, -AsX,, -PX,, and the like,
wherein X is a monoanionic group such as hydride, amide, alkoxide, alkyl thiolate, and the
like, and wherein any alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or

substituted aralkyl group or substituent on these ligands has from 1 to 20 carbon atoms.



15 wherein RA in each occurrence can be al kyl, cycloal kyl, aryl, aral kyl,
substituted al kyl, substituted aryl, or substituted aral kyl having from1l
to 20 carwono@amssrs | n each occurrence, nitrogen groupsParas2008/013679

ni trogen-contai ni ng groups, which inclgde, but are not limted to, -NR A2
and the like, including substituted derivatives thereof, wherein RA iInN

each ooourengengR0 S ofhitdherfY ShofKihy v Vhe il Acobubsiid Lhubed al kyl,

substituted ryl ara aving froml to 20 carbon
at ons. mcela@he,aocluder, émt:@re pétolapitest t9s ogamh@sonag@um @sgAnoR UBUIETN BEWUPS. ng

groups, which ...incl EE%?%» d the
i ke, |nc§m5?%8u% I” B%%Oéler|§%¥ gé&gﬁ%%g%?mﬁﬁﬁergiﬁf |n§gg@ﬂ
occurrenmgmﬁmnd@emakkygmweymhomhkyMJgamp&pnaﬂaﬂkwlhmnmmm@nﬂﬂgﬂéwaémkyl,
substgtu%ed aryl, or substituted aral kyl having from1 to 20 carbon atons.
25 1’ ealh™ Bccurrence arseni c groups are arsenic-containing groups, which
i ncl ude, but FoahelanDt depicted abovepillusthaédABat thé\sl(méarz;onmmdndm ﬂhi: Ipe:sent
including substituted deri atlves urrence
can be aﬁ’kfﬂ ion are pomgnpgiear F‘Sﬂuse Eﬁphl%‘i}ﬁgcgnﬁbs?le?'elf%aﬁﬁ Igﬂff a ubs fut ed
aryl, or gféul;bisttlhd dabreAnd etk thaauhe thefal coitet. Mbis 28lecred hom zat Hfmr Ti im amach

occurrence, rbon s are car n con roups, which include, but
30 are n@?aF°§WFQH”%B"1§PWW1%Hépw ‘@W%bb@“?h&?Hgonprise hal i de- substi t ut ed

al kyho gr OUps R, LY, |anH0RZ 2@ tB@htk@ﬂylaIlirﬂdﬁﬁg, giupl ikddpesiieathp aravistibetéd fon2@ car bon
atons, - RA)H, -C(N e like, includin

substit uwdogﬁérait%tqr\ﬂe%ubtswgfegoqr uwrlt&.ﬁt%‘ %&ﬂ?tw ATRIGPOOYYF gra

PCT/ US20084 338 herdet. Of ©HE ﬁ@asteofqa@p&@enahﬂwﬁnoncxél RY 4l RZ Mbdendantiag! Kyl ,
substituted al kyl, substituted ar substjtuted aralkyl having from 1

to 20 cafGnsuhetByed of H“%‘é?é‘}*f“%ﬁé@upaaéﬁoﬁoupshqvﬂ%ﬁorﬁrlo@p%o gp1gon atoms. For

si | i con-gontfd 'RXHQY muﬁé caVBi @éleét&plnaelﬁend&my frdHh eneagll éth;fﬂ bﬁgyﬁ oautysl Iyl
groups such as alk |l yl groups, yl silyl qgroups, kyl si |

groups, BéIOdxExHs b@mﬁ; oGflei neHd depkleor Weéwlsmrr@&tyh Bbwrheé ﬁw@cthgveR f’r om 1
to 20 CaF ol y?r& ‘Hg%o &qtorﬁg( aﬁpl Y, aﬁd RF %@p&@%ﬂl a?éjg’%ﬁsmﬁ?éat& unSbstidRd

trinmethy henyl octylsi’l'yl  groups. I'n each occurrence, germanium
gr oups an@n33¢gumpuﬁvc@wvabnhmgmgummpgocwwp@hwnmn@ludenwﬁmwaaw@tﬂ thel i mi t ed

to, ger e&%E%UB§ osuch as alylgernyl groups, arylgernyl groups, 10
aryl al kylg groups, gernyl oxy groups, and the like, which in each

occurr ence haRt’é Rf'r omh RZ mdependently are a methyl, ethyl, propyl, butyl, pentyl hexyl, phenyl,
20  naphthyl, tolyl, benzyl, cyclopentyl, cyclohexyl, or cyclohexylphenyl group, or a hydrogen
atom, in other aspects of this invention. Further, R*, RY, and R? independently can be

methyl, phenyl, benzyl, or a hydrogen atom in another aspect of the present invention.

The integer n in formula (I) determines the length of the alkenyl linking group and
ranges from 0 to 12, inclusive. In one aspect of this invention, n is equal t0 0, 1, 2, 3, 4, 5, 6,

25 7, or 8. In a different aspect of the present invention, nis 1, 2, 3,4, 5, or 6. The integer n can
be 1, 2, 3, or 4 in other aspects of this invention.

According to yet another aspect of the present invention, both X' and X? are methyl
groups, phenyl groups, or benzyl groups. In this aspect, X3 is a substituted or unsubstituted
cyclopentadieny] or indenyl group, and X*is a substituted cyclopentadienyl or indenyl group.

30 In these and other aspects, M is Zr or Hf; R*, RY, and R? are hydrogen atoms; and nis 0, 1, 2,

3, or 4. Further, X? can be substituted with one or more substituents, such as methyl, ethyl,

propyl, or butyl groups.



1 to 20 carbon atons. In each occurrence, tin groups are tin-containing
groups, which include, but are not Ilimted to, stannyl groups such as

al kyl st anwgl2ogrosszs, aryl stannyl groups, aryl al kyl st annpCT/use@sps$3676t annoxy
(or "stannyl oxy") groups, and the likg which in each occurrence have from
15 1 to 20 carbon atons. Thus, tin groups include, but are not limted to,
st annoxy gro r =1 g Aag- Nt -ad

gr oups, mhiCEPﬁﬁgkﬁags&Eﬁgﬁg%%aﬁggﬁﬁrbﬁﬁggﬂ{ﬁggﬁgﬁk&¥%g%gm§$oﬁﬂ??hg?ylIead
groups, (Bray¢ ehiléayrel aterds. ginabip espeatnul istih eanige Kiem el lOhine S@Q@md?\é@cﬁr Héwee, have
froml t ar bon.at I -
bor on- cot ACRGRS dasah Bt s iRE S GEHbLAREE oy ARSI IRER raums g
-BX2, - BRIAX camibd atsubstitutke cyslbrenaidienyl drsndenylogrowmiio this agpeotugf theipresens
hydrifgcle,i akloxide, al kyl thiolate, and the like, and wherein RA in each
occurrente €&l be alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl,
substitut ed amydxampie sfibdihidledr edmpowmkd Ky hecottaueengith therprdsenioinéhtionndiba at ons.

I n each currence | upd hum, gr oups, .. Ml N i groups, which
25 | nel AL BEEoTP ol e i e e PR BB ARG o R 1's
nonoani oni ¢ group such as hydride, al koxide, alkyl thiolate, and the |ike,
and wherein RA in each _goccurrence can be alkyl, cycloal kyl, aryl, aral kyl,
substituted al kyl, aryl, or substituted aral kyl having from!|
to 20 carbon atons. 0p i norgan ps t y be used as
substituents, in each ' [ , but are not limted to,

-QAI X2, -0Si X3, -0PX2, =S the like, wherein Xis a
nonoani oni ¢ group suchuq; am de, al k@i de, alkyl thiolate, and the
li ke, and wherein any gl aryk~,aralkyl, substituted al kyl,
substituted aryl,

| i gands has from 1 to 20 /eanrk T\ 2085126 PCT/ US2008/ 013679 15
Exanpl es of organouet al |t gups t hat
occurrence, in e/not limt
or ganoal um num groups, organogal | i um grolups; ganosi l i con groups,

or ganoger mani um gr oups, organotin groups, organol ead groups,
orgaHb-transition netal groups, and the like, having from1l to 20 carbon 5

atoms. Other illustrative and non-limiting examples of dinuclear metallocene compounds of

the present invention include:

15



Formula (1), depicted above, illustrates that the dinuclear conpounds of
the present invention are hononucl ear, because each netall ocene nvoiety

| i nked bywoheosiskensyl |inking group is the same and coRCaIUs00BHE3SANE
metal center. Mis selected fromZr, H, or Ti in one aspect of the
present invention. In another aspect, Mis Zr or H. 10 RX, R', and RZ in
the al kenyl linking group independently are selected froma hydrogen atom
or a substituted or @subsFra i or cyclic group, or
a conbination ther ‘a’- vention, RX, RY, and
froml to 20 carbon atons./ Fo

stituted aliphatic group having
' RY, and RZ can be sel ected

i ndependent |y from nét4y

octyl, nonyl, decyl, Qe tYi

utyf, 15 pentyl, hexyl, heptyl,
™\Ln another aspect, RX, RY,

and Rz are hydrogen atons ndependently are a substituted

or unsubstituted aromati

atons, in yetsanother

aving up to 20 carbon
i ndependently are a

ention. RX, RY, and Rz

, pentyl, hexyl, phenyl,
20 napht hyl, tolyl, benzyl, cyclopentyl;” cychehexyl, or ;cycl ohexyl phenyl
group, or a hydrogen atom in other aspects of this invention. Further,
Rx, RY, and RZ independently can be nethyl, phenyl, benzyl, or a hydrogen
atomin anot her aspec e present invention. The integer n in formula
(1) determ nes the | Noe al kenyl and ranges fromO
to 12, inclusive. In_one aspgegt of thi > is> equal to 0, 1, 2,
3, 4, 5, 6, 257, or spect of the present invention, n
is 1, 2, 3, 4, 5 or 6. e l, 2, 3, or 4 in other
aspects of this inveﬁi?sq” yetmaﬁﬁkher aspect of the present
i nvention, both Xl angwX2\are groups™wphenyl groups, or benzyl
groups. In this aspect, +§ a substityuted or unsubstituted
cycl opent adi enyl or inde oup, and i substituted cycl opent adi enyl
or indenyl gr . I Mis Zr or Hf; RX, RY, and
RzZ are hydrogen "at ons] and is 0, 1, ; . Further, X3 can be
substituted with one or nore substituents, ¢h as nmethyl, ethyl, propyl,
or butyl groups. WO 2009/085126 PCT/US2008/ 013679 16 In accordance with
anot her aspect of the present invention, both XI and X2 in formula




(1) are chlorine atons. In this aspect, nis in range from1 to 10,
inclusive, and Mis Zr, H, or Ti. Additionally, X3 can be a substituted
or unsubswotdsedsrgcl opent adi enyl or i ndenyl group, an@CXAISC@S/0s7R
substituted cycl opentadi enyl or indeny group, in this aspect of the
present 5 invention. An exanple of a dinuclear conpound in accordance wth
the present invention is the follow ng conpound, which is abbreviated
"DMVET 1" throughout ‘ Zr \ Zr ' 10 O her
illustrative and no tal | ocene conpounds
of the present inventie WD 2009/ 085126
PCT/ US2008/ 013679 17 OS5 . a” \\~~Cl .Hf H d~~~
a C ozZr a5 7 2™ 1 2¢ 00@(013679 18 C° \ .. Hf

Cl ~~~ Hf Y

o

Zr,



‘a a " ~~Ca zZr \ zZzr‘'t a4 ; . DOCd zZrad dszr C 5L W
2009/ 085126 PCT/ US2008/013679 19 /A Zr \cl «cl\ Zr AS-CA Zr \C
Zr cl  S-WD 208v085Ck PCT/US2008/013679

19

Cl

/\

Cl

s



a\ Zr CS 65~ W 2009/085126 PCT/US2008/ 013679 20 /cl zr \C

CsSCH3 Zr CH3 H3C', Zr IBC CH, Zr C ZzZIIlIlII1l, Zr CHR2 5 ; or WO
2009/ 08516 2MOI8EI32008/ 013679 21 Q =zrl__la cif zr ciPCT/US2008/013679
20

; or
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and the |ike. Methods of making a dinuclear conpound of the present
invention are also provided. One such nethod for synthesizing a dinuclear
nmet al | ocewe 20@mse1zad is illustrated in the general reaeCras2&shesseo

provi ded bel ow. 5 Metallocene Metallogene Metall ocene + Catayst +
Metal l ocene t A netall ocene catal yst having an al kenyl substituent is
linked to itself via the olefin netathe§L¢ reaction in the presence of a

suitabl e catal yst. Cenerally, the al ken Pstituent 10 can be of any

| engt h, and can be, for exanple, a subst on a cycl opent adi enyl -type
i uorenyl ). In the reaction

ected by an al kenyl |inking

group (e.g., cyclopentadi eny_i
product, the netall ocene noi‘eties are
group. Ethylene gas is also produced in is,reaction. Various netal-based
catal ysts can b | oyed in an ol efin met ‘hesis reaction. The netals
often used incl Ol ybdenum and nickel. In the
exanpl es 15 t hay rati on Metat hesis Catal yst based
on rut heni um wa ition is not limted to any
particular metatkb R126 PCT/ US2008/ 013679 22

Met at hesi s reétt,fons can be conducted e presence of a solvent such as,
for exanple, odl \phatic, aromatic, or saturated ester solvents. Suitable
sol vents usef ul the production of dinuclear netall ocene conpounds

i ncl ude, but aré 1 yed A0, benzene, toluene, heptane, isobutane,
met hyl ene chl he |ike. Solvent selection can depend 5 upon many
factors, for , the desired reaction tenperature and solubility of

ei ther the ocene reactant or the dinucl eapd met@t! ocene in the
particular solvent. Suitable olefin netathesis reaction tenperatures to
produce di nud¥lehedspmakingcediBucless spopriad obthetmresept iB¥@HON IR RBYided e
general | g,d Qicht hARAE£dr" YMBEAHE a- Rfucteat theBtine l3thpofind KOfiluS¥ M InEihe t hE
reaction tenperature can be in the range fromabout 0 C to about 100 10 T.
The r eacgenoml reagion seltemeepredilasidiedaiv:i s of ten a conproni se bet ween many

vari abl es, such

)

Metallocene Metallocene \/\

Catalyst
+ y +
—_—

/\ Metallocene | / T

Metallocene

A metallocene catalyst having an alkenyl substituent is linked to itself via the olefin
metathesis reaction in the presence of a suitable catalyst. Generally, the alkenyl substituent
10  can be of any length, and can be, for example, 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 is also produced in this reaction.
Various metal-based catalysts can be employed in an olefin metathesis reaction. The
metals often used include ruthenium, tungsten, molybdenum, and nickel. In the examples
15  that follow, a Grubbs 1st Generation Metathesis Catalyst based on ruthenium was employed,

but this invention is not limited to any particular metathesis catalyst.



as the solvent enployed, reaction pressure, reaction tinme, quantity and
type of catalyst, product yield and selectivity, and isoner ratio, if
desi red. Wonodvnssizehe mnet at hesi s reaction equilibrium eam/useoodniisen
towards the dinuclear nmetallocene proguct if ethylene gas is renoved or
vented fromthe reaction system 15 Generally, there is no limtation on

the sel ecti ofBfindsierefBioAl |2F B%echBRON Al lehfksent@Br HEsIRRL shéh hOIR ¢ he

di nucl ear conpounds e present iInvention, other than the presence of

an al keryimgeabaltphatiee mroraatica ot ywetumteshestati sohights. | Puitahlel solventst ysgBH dmythe gr oup.
Some | CXRMEES 8f (B! ACEMRAOURRKAAS, iftlacCB RE P thikd B BAUGR,

di nucl ear conpounds of the present 1nvention via the olefin netathesis

r eact i onolsatecheptaepisebutane| mdthylebeithlaride, aod thei liket dplveROselegtion gamddpend - | Cl

5 ol FSTPLRAES TSRO B S R F 0, 5
unbr i dgesktatetalel reveme octberpmucicks matadloaele, in hetpagticelansdlvdnt.ni t ed, to the
fol I ow ng: V\Qu%ﬁ)?egé%%glr%gaggsﬂ %Sa%tqgnwtegnlp%g 9res o4prCo|duce g’llnuclear metallocene
compounds of the present invention are generally in a range from about -50 °C to about 150
°C. For example, the reaction temperature can be in the range from about 0 °C to about 100

10  °C. The reaction temperature selected is often a compromise between many variables, such
as the solvent employed, reaction pressure, reaction time, quantity and type of catalyst,
product yield and selectivity, and isomer ratio, if desired. Further, the metathesis reaction
equilibrium can be driven towards the dinuclear metallocene product if ethylene gas is
removed or vented from the reaction system. '

15 Generally, there is no limitation on the selection of the metallocene compound that
can be used to form the dinuclear compounds of the present invention, other than the
presence of an alkenyl substituent on a cyclopentadienyl, indenyl, or fluorenyl group. Some
examples of metallocene compounds that can be used to produce dinuclear compounds of the

present invention via the olefin metathesis reaction scheme above include, but are not limited

20 to:

\A—‘q/a /\/\_@/
\/L.Q o M@ ~¢



Zr'"1Cl H O O CH2CH=CH2 CH2CH=CH2 Cimp'.'Zr ,~~~1Cl Cl&a., Hf,%6e1Cl O.
O (CH2)2CH=CHZ (CH2)2CH=CH2 H3C H3C 9?7 cCsS d ~Zr.,1"d H %l OO 5
CHZCH=CHAvOno@HESI3sCHZ and the |ike. Additional unbri dgea/usetalolsmcene
conpounds can be used to produce dinygl ear conpounds of the present
invention. Therefore, the scope of the present invention is not 10 limted
to the starting netal |l ocene speci es provi ded above. WQ 2009/ 085126

. vention al so

met al | ocene
conmpound yordi Ng to one aspect of nt invention, a catalyst
conposi ti ovi ded whi ch conpri ses_z act product of at |east one
di nucl ear ta| | ocgne conpound and at Iea

\ﬁne Qetivator-support. This
;a%t one organoal um num

it TTwa@ed to produce

for a variety of end- use
ocene conpound in these

XM XL X1 X2 X\ )(4)(2 C

cat al yst conp05|tbﬁh can further conprise at
conmpound. These raf?ﬁ@st conpositions can be

appl i cat}
cat al yst

; or

; and the like.

Other suitable unbridged metallocene compounds include, but are not limited, to the

following:



\(CH2)n-CRZ=CRZ- (CH2)n / (1) wherein: XI and X2 independently are a halide
or a substituted or unsubstituted aliphatic, 15 aromatic, or cyclic group,
or a conbwoavewnssizher eof ; X3 is a substituted or unsubstctraiseas/ 013679
cycl opent adi enyl, indenyl, or fluorenyl group, any substituents on X3
i ndependently are a hydrogen atomor a substituted or unsubstituted al kyl
or al kenyl group; x 4 is a substituted cycleapentadi enyl, indenyl, or
fluorenyl gr substituents on 20 t han an aIkenyI | i nki ng
ahydrogen atom o ubstitutedor wunsubstituted
.~ RX, R', and RZ independently
suh&ﬁltuted al i phati c,
hereof; and 25 n is an i nteger
@-Qroviso that the integer nis
Nen both XI and X2 ar N atons, both X3 and X4 are
groups, Rx, Ry, and h hydrogen atons, and Mis
PCT/ US2008/ 013679 In akcordance with this and ot her
aspects of the pr&sep=cgjvention, it is contenphgtrEcH, hat the catal yst
conpositions disclosed herein can contain nore than one di nutl ear
nmet al | ocene conpound and/ or nore than one activator-support. Additionally,
nore than one .organoal um num conpound is also contenplated. 5 In another
aspect of thg gsert i nvention, a catal y#
conprises a ¢ ; of at |east
at | east one “—getivator-support, and at
wherein this c st conposition is ubstantlally free of al um noxanes,
or ganozin 'bbqpou s, organoboron or Cg At e conpounds, and i oni zi ng
ionic compsund§. In this aspect, the c'..I¥§L\10 conposi tion has catal yst

activit w N scussed bel oW, in of these additional

al kyl or al kegs®¥ group; Mis Zr, Ef, or
are a hy gem atom or a substltuted(gg_g
aromati c, ET‘ZyﬁP?b group, or a conblnatloﬁlt

-0 to 12, inclusive;

co-cat al

(CHz)ZCH':CHZ . (CHz)zCH=CH2
C]\Zru\\\cl Cl\Hf \\\\Cl
5 CH2CH=CH2 CH2CH—CH2 :

and the like.
Additional unbridged metallocene compounds can be used to produce dinuclear
compounds of the present invention. Therefore, the scope of the present invention is not

10 limited to the starting metallocene species provided above.



However, in other aspects of this invention, these co-catal ysts can be

enpl oyed. For exanple, a catal yst conposition conprising at |east one

di nucl earwomb@ldssrzene conmpound and at | east one acti varorAse@eOIic7Tan
further conprise at |east one optionals co-catalyst. Suitable 15
co-catalysts in this aspect include, but are not Iimted to, alum noxane
corrpoun?A Aﬁp@aegﬁ dﬁmounds, or ganoboron or organoborate conpounds,

i oni zi ng”Ionic compounds and the |like, or any conbination, thereof. Mre

t han one co- Tht presett masntve Psegeates jte catalyst cammsytsztnsmqi@)sng idiuclepn a

di fferent ect, a ca aIy Sbid Qe oPHRY bt W GRod0S S ARK: Fequire
an 20 éx&e[tﬁg 6 CLTRSBOTY . % %ﬂ{;pg)a?g% é},e cgﬁpl%srt ?on coerrpfnlqsesat e cont act
pr oduct c@ﬁqp@sﬁtxdnea;spro@nked whiahi cdogprisese adohtactep@ducmpf)ahdleaahdnetdml@&slt one
conmpqund s L)cted fro st, one m noxane. ¢o u one

or ganozi™ a S?ﬁgo‘i?ﬁﬁ’ou %35? 2 tn%neoarcaéﬁgrb oror Bn@o?rhlsoé%gﬁsqbori%’sel grg%‘rmound at
| east orfgrthed Iabxipm dt ddas CorzOsTpaoatimimim cantuundt delase ¢ahéyseo<bmpdsmon‘s hans

aspect, the at. least o uc | | ocen i s se from
25 X1 MbRatikzegsto prggpce Béy‘g{?tn%l’%g h&ﬁ%ﬂ% ﬁ\‘rg r?i o274 a(ﬂﬁ%’ ft(ﬁﬂg) n/ m
wher ei n:ys$\Q 8&@86&8531216 RCEALWSAR0 8n0dI34 7R ctaRdcee oaﬁﬁbou‘éﬂl imdependettst y are a

hal i de or a substitut ﬁ?eunsubsti tuted aliphatic, aromatic, or cyclic
group, FOMROEEIAS AP ?fmc“ reof; X3 is a substituted or unsubstituted

cycl gpent adi enyl, indenyl, or fluorenyl group, any substituents on X3
i ndependent |y are a hydrogen atom or a substi tutg uPsubsti tuted al kyl
5 or al kenyl )gr\u 4 is a substituted cycl opem d| en i ndenyl, or

fluorenyl group, pny substituents on X4 other thaerlan al kenyl 1inking
group i ndependent ) are a hydrogen atomor a sub i t ht)%zd or unsubstituted

al kyl or al kexgl grc)(@, /
CRXRY CRXRY

N(CHy), — CRZ=CREZ—(CHy)n / @

b

wherein:
X' and X? independently are a halide or a substituted or unsubstituted aliphatic,
15  aromatic, or cyclic group, or a combination thereof;

X? 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;

X*is a substituted cyclopentadienyl, indenyl, or fluorenyl group, any substituents on

20 X* other than an alkenyl linking group independently are a hydrogen atom or a substituted or
unsubstituted alkyl or alkenyl group;

M is Zr, Hf, or Ti;

R* RY, and R? independently are a hydrogen atom, or a substituted or unsubstituted
aliphatic, aromatic, or cyclic group, or a combination thereof; and

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

with the proviso that the integer n is not equal to 0 when both X' and X? are chlorine

atoms, both X° and X* are cyclopentadien’yl groups, R*, RY, and RZ are each hydrogen atoms,

and M is Ti.



Mis Zr, Hf, or Ti; 10 RXx, RY, and RZ independently are a hydrogen atom or
a substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a
conbi nat iwo 20évense2t; and n is an integer in a range fromc@/USe00%D13679
inclusive; with the proviso that the)g nteger n is not equal to 0 when both
X and X2 are chlorine atons, both Cg and X4 are cycl opent adi enyl groups,
Rx, RY, and FZ cCO edax?caec\pltm%% Q&G&hé% aﬁ@ts of 1'}% a@'@ﬁann'véntl-Un 1t%nmﬁuppm
The present hVERTToNn enconpasses varlious C yst conpositions which can

i ncl ude thaanthaodatalyst cnom:puppomst dlsbhosetdnherampem conthig mord \theno one (ApHSiear

conpri ses cheni cal | y-treated ter

acti vat g?e_tag'\?ﬁ%'n&cpmggw}ﬁ and?orrlrréoere a"nan Iog‘e acg}‘v%t)c()r-alf%poé‘l A%FP§E]%] cf o’re {hgﬁ one

exfoli abeginsdlay;numoﬁwbohd atabkd cohtaxylplgeﬂl ed | nto anot her oxi de mat r| X, a

| ayered silicate mner ed SI at e m ner a VA

al uniPnosi | i cJt & W%é?%ﬁogthﬁd’ﬁ“fe%ﬁ%@hon &1 Fﬁ‘%og?'r‘i’ ntoé' 'rsnpﬁ%rlcge]% \so?ﬁia ny
conbi natco@Pridel er aﬁfiact Ehﬂued'kﬂhatdadst ynd deatled wablldemxcaepanil 4iltsst enhanced
acidity as conpared tg th 4 25 correspo ndltalg untrea#ed sol | OXI gﬁzs
conmpound U YAHESEPRATS Y 9 {FShioB] YEFIOGTBUTEE QTERsT uRBEE &M ¥ht al yst

act i vat QompssiGsHRaubdadtally rf%e(?cﬂ'raﬂl&ﬁlﬁ@&desl’l@rgdﬁtbzﬁl&ﬁt:@ﬁb(ﬁlﬁﬂs Gbrg}mobt&on ohi |l e
the chemcally-treated solid oxjde activate “ﬁ‘b% tall ocene i na%he absence
at

of co- AEAPYARE cqnpopads, AndnORRENg, |G GOTRPY o @seshyBF 46 t he

cat ajgy Steom@BROS hdsatalykb8ctivit§t tovise difdusded betowgin e dbsénca@ifitiwat additioaport i s
evident in the enhanced activity of catalyst 30 conposition as a whole, as

conpar edotedtalystat al yst conposition contai ning the corresponding untreated

sol i d oxide. HdQWe¥ ey othdr dsﬁec@%ﬂ 18 8kl ehifGH, tﬁeE@c&EhQﬂ%ﬁﬁHm’beté’lﬂﬂbﬂ Fokid

oxide can function as an activator, even in the absence of an
or ganoal eanplgna ety aprIpOSi N AeMPERiAR aldeash preLHibtsirab e YA HE AeRRPOYGI IS | ng

Nl ¢ COERAUNAS acAtbilsNBpdr 4 MR 20ARAQER 126, FETHHSROOBLAIFE! Suitde The

chem cally-treated solid oxide can conprise at |east one solid oxide
t r eatded qmqatalysat i ghist asppet t!llcbléﬁ’r byt afet Relr iRiiteg tQniabHNINQRANE ecqiBRoUPHY: endi ng

to be b O q’lOE} }E{%ﬂhi QM AGborSh @J&%Eora{e%ohﬁomg'19?{1§ﬂgt1$}ﬁ$ cShifRhae Nt of

t he SO|I OXI an e ectron-w rawi ng component —augnments or
enhancesantihke alce chr tayy ebmbineti@x ihdeeof. TNMose then tOhe co-citelystceanvigt rresesumpide t

catalyst composition.
In a different aspect, a catalyst composition is provided which does not require an
20  activator-support. Such a catalyst composition comprises the contact product of at least one
dinuclear metallocene compound and at least one compound selected from at least one
aluminoxane compound, at least one organozinc compound, at least one organoboron or
organoborate compound, at least one ionizing ionic compound, or combinations thereof. In

this aspect, the at least one dinuclear metallocene compound is selected from:

25
3 1
X1\ e X X\ /X
20N 2N
X2 X4 x4 X2
N\
CRX{QY CR*RY
(CH,),—CRZ=CRZ—(CH), / @ ;

wherein:



5 exhibits Lews or Bronsted acidity that is typically greater than the
Lew s or Bronsted acid strength of the untreated solid oxide, or the

act i vat orweuppaissizhas a greater nunber of acid sites tiram/usb@sonicreat ed
solid oxide, or both. One nethod to qggantify the acidity of the
chemcally-treated and untreated solid oxide materials is by conparing the
pol ymeri zati Qf Jvitie f the treated . I | r acid
catal yzed reg(gtaing%. mff)p FhE! 1c\fhaerfzn' acielﬁllfa‘;- rraegplgsgug%{ ?ghg%bgtghgg Sﬁ%lﬁﬁgg’

i nvent i ammaAicf @rcyelit geurgoah bymbinationakeredfnor gani ¢ sol i d oxi de that exhibits
Lewi s acidic.gr Bronsted acidic.behavior and ha relativel '
porosity. Thé(Q oI Stbt}ﬁegé’r Pgsukﬁb%eggﬁlgﬁe?tra g‘ﬁ?ﬁdl%\‘}mgqyﬂf Ogr@ bleK§H grodb, &y

el ect r onuwdtitfads ani X’gindependeane ate, a hydpogealatom ana elbsttutedror wnsubdtitated atkyhni on,
to form an activator-support. According to one aspect of the present

i nvent i O 2KEME BEYPi d oxi de used to prepare the 15 chenically-treated solid
oxi de has a pdi€a vestifieddycapaitadidigh iadeayl; oNfldorenyl groupc awy slibstifu¢rss omnot her
aspect of, the present invention, the solid oxide has ore volu reater
o abatiothe dng e rie Sipin ORIty et LR ettt bR e of

i nvent i apsutsh@teaQiiytlooakéig frasp;a pore vol une greater than about 1.0 cc/g.
I n anot her aspect, the solid oxide has a surface area of fromabout 100 to
about 1000 N)‘SnZE/B.f’ 0ngl?yet anot her aspect, the solid oxide has a surface
areaf frompabUl A0 inReRRMHyBRDa hidb&n dtdin Sdrid dubaitoled @F uaspaititedf t he
present invention, the solid oxide has a surface area of from about 250 to
about 60diPhaticgarompic, Ohexflie rqup- arasambmation tharegh?Bd can conprise a solid

i norgani c_oxi,gde, ¢ Rkl MiatngeTNI8 T Bchehlsiveeast one el ement sel ected from
Goup 2, 3, 4, 5 6,7, 8, % 10, 11, 12, 13, 14, 25 or 15,0f the periodic
tabl e, or comythi the prpvisylps theaintsgern isagsequahie ey esnebath eprt KearerchioRNE he

| ant hani 1 i nj : : Y A §5nG@&dms,

Dicti onaag%lgfiﬁ%k Eaﬁ%l,g@agéo(%gfa%’ﬁg}é@?%gﬁ@?wig%gmg{t ??F@ghﬁ}%l ki nson,
G ; Miridndd isOi. A.; and Bochmann; M  Advanced I norganic Chem stry, 6th
Ed., WIley-Interscience, 1999.) For exanple, the inorganic oxide can
conpri se oxygen and at | east one elenent selected fromAl, B, Be, Bi, 30
Cd, Co, ACTIVATORSURB®ORTa, Mh, Mo, Ni, Sb, Si, Sn, Sr, Th, Ti, V, W P, Y,
Zn or Zr. Sui.tabl e exanmpl.es of | ' ' o at can
be used to formAHE™ lcr:ln%rtﬁorég ‘foﬁpt%?sggtv %@ugg tlgggtg(% §§1|t1§1{1: ﬁﬁ{gﬂ%gﬁ?{% }ﬁdg not
linmted froactAdRBSuppB2BIn BeQspBit208, acOd@r-sufpB04om@iee 3, clendallfe?e’d Ga20s,

IE’%'ZI'/CB%Z%%’I@%@ g?t’emlgl{i\pe’ly,l? é) a?dtivast%rz-(s)u%bm? Icgnzéomspr}losez’a clay rr21i(r)1e0r {, Ql%ﬁa%eGd clay,
an exfoliated clay, an exfoliated clay gelled into another oxide matrix, a layered silicate
mineral, a non-layered silicate mineral, a layered aluminosilicate mineral, a non-layered
aluminosilicate mineral, or any combination thereof.

The chemically-treated solid oxide exhibits enhanced acidity as compared to the

25  corresponding untreated solid oxide compound. The chemically-treated solid oxide also
functions as a catalyst activator as compared to the corresponding untreated solid oxide.
While the chemically-treated solid oxide activates the metallocene in the absence of co-
catalysts, it is not necessary to eliminate co-catalysts from the catalyst composition. The
activation function of the activator-support is evident in the enhanced activity of catalyst

30  composition as a whole, as compared to a catalyst composition containing the corresponding
untreated solid oxide. However, it is believed that the chemically-treated solid oxide can
function as an activator, even in the absence of an organoaluminum compound,

aluminoxanes, organoboron compounds, ionizing ionic compounds, and the like.



29 SrO ThO02, Ti02, V205, W3, Y203, ZnQ, Zr02, and the |ike, including

m xed oxi des thereof, and conbinations thereof. For exanple, the solid

oxi de carnwbeo®idssra, al umi na, silica- alum na, alum numpplmasplvaesc79

het er opol ytungstates, titania, zirconjga, nmagnesia, boria, zinc oxide,

m xed oxi des thereof, or any conbination thereof. 5 The solid oxide of this

I nvention engp Sgaslw%éa%% %ZSH& %&fd? can ng‘%g‘ﬁ% 1edsY mlé] Solid oxTdeX e e ifle”

conmpounds théreof suchH as silica-a nbi nati ons and m xt ures
t her eof .at Bag dmexbdtr@)ewdbdmwmmmds Wﬂld‘hnqsn@mﬂm@alm beindabycthe fglowinggl e or

LU Dl S Cheal LBSS Sl FIL NG BRTRNS R ok SOTBLARH MGy 0Cn 1O

forma soltln}f" npound. oxl des t can sed in
t he act |c\mb®xfensmgpmhts cmfenhd]mqaheaedltty df0thé nvidet Thus, githek teectizaior-wpporhot

limted t ica I i capzir S,

vari dus eéﬁlgﬁ}s t‘t‘?‘?‘n’ér"él 'stéﬁ%u%”ﬁ{g t%‘ ft lﬁﬁﬁmca erah%nahai1 ?tp%oﬁ\?g' ri‘?m%&% M(F ate,
and t he streiggh oflhe vdkresttd @dshd/\b)tnmjroa\mhmg:tmmpmppm has e @réager tnuedbr oihaand;ol id
oxide can b nent th [ ne es the lewis o ronst ed dity of
the sol iS&esoﬁ?’ }Y"ub nFel(‘)ie%?E‘ﬂeW € 8K 0O 5?85: o8 ttoh%uan%iiryl tged‘lﬂ fa[ﬁ i s not

treated c\hértli&aI@Ltréa@s’ﬂSindOﬁh&rea{eecsbﬁ@ xide hﬂmﬂerraw ﬂg)yact‘unqn)“mg ity Mgmexmhangn to one
aspect of the present entio e]SP'&B(H[actron W th W ng conponent is an

el ectrori’CW‘f‘??cﬂfé%rFF@teQr?i“ HnigRatsd §°’§8?ti’]yzeélﬁe§ '°® or ot her conpound,

suchas a tihéitch!erﬁlcﬁ)m)gareéted s oxidel of tthigtinGarivne s &&mad SeHeraky cﬁronpmecur sor
for that anion. nples of el ectron- thdéavm n s inclu but are

not |i milp¥ganig SO‘%P?"&? dhatpexhibits Jhewis @cidy Py r‘z’“st?ﬂl‘iﬂ igdehayigmg hasl Bdi de,

f1 uor osykhabely hizh Yeros@r #he solsRig tReomitdiyarapaosiphat ﬁect&ﬂ withdrawing
trifluoroacetate, trif ate fluorozirconate, fluorotitanate,

tri f | uorcoaPeneRl-aypieallyap glestrongwathdawing agion, tojfor) BRI AT 4PBPEs and

combi nati ons A R&uRBI o ohd agfdel &f (RE preSink Give At the Bb1id)BRIIE ARIdCo prépaROMAdS t hat
serve as sources for these el ectron-w thdraw ng ani ons al so can be enpl oyed

in the phewisatly-ireiehsaligroxidenips 2 Hooy velwmerpreater thaa abeittiA- beg/ey AcPEdgdo sol i d
oxi de US%QWF s}a%‘? 8? ?r{eﬂJré(s%Lt ingentiof 229%1 iR Wb a ?E% Mlﬁﬁ@@&at@fﬁﬁla}?@béult uori ded

al um na m na, brom um na, ul fated alum na, fluorided
silica-a ﬁlm/gaAc@mlog taledd asothcrcﬁap@slt afiihe aresént anvientéan, dielsobidouile asrapore
sulfated silica-alym zﬁ%ht bg?/rl ded silica-zirconia, chlorided

[

ume greater t .. . .
silica-zI%€8h a, bro ed'’'s Fca- zirconia, sulfated silica-zirconia, and

the like, or Iﬁemhhmaspdanshd fndideafde hah e surfive ah ot froonahiut hefr avebagt 1d6Bponent
Conp£d SeaY S IS E anofthe?'gsp%cte ?h 's311d oxide has a surface area of from about 200 to about 800
m?%/g. In still another aspect of the present invention, the solid oxide has a surface area of
from about 250 to about 600 m¥/g.
The chemically-treated solid oxide can comprise a solid inorganic oxide comprising
oxygen and at least one element selected from Group 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14,
25 or 15 of the periodic table, or comprising oxygen and at least one element selected from the
lanthanide or actinide elements. (See: Hawley'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 oxygen and at least one element selected from Al, B, Be, Bi,
30  Cd, Co, Cr, Cu, Fe, Ga, La, Mn, Mo, Ni, Sb, Si, Sn, Sr, Th, Ti, V, W, P, Y, Zn or Zr.
Suitable examples of solid oxide materials or compounds that can be used to form the
chemically-treated solid oxide include, but are not limited to, A1,O3, B,O;3, BeO, Bi,0;, CdO,
C030s4, Cr;03, CuO, Fe, 03, Ga,03, La;03, MnyO3, MoO3, NiO, P,0s, Sb;0s, Si0,, SnO,,



30 withdrawi ng anion, the counterion or cation of that salt can be sel ected
fromany cation that allows the salt to revert or deconpose back to the
aci d duriwgo@lssrzcng. Factors that dictate the suitabipcirtus2eB/olises
particular salt to serve as a source,gor the electron-w thdraw ng anion

i nclude, but are not limted to, the solubility of the salt in the desired

sol vent .hyd apl,00, HORIONOB5IB0,BETLLTRONE! ALAGED mils BENR RReor

reactivity of ‘thecati’on, Tonh-palring ects betweerm the cation and anion,
hygr oscepd sompmapenst thersof. m¥ar teaample, thaesobid| axidey carhke siliceoalumanig silise- | i ke,
and therpal. stabi.li e j .es. of . syt cations .in the
ol of T bl brblaC AR KAEE R0 kiRl Brlefe8 WoRECHG, |
anmoni uekidermakkytidathaeofiion any edomhmhtion themwoni um  t et raal kyl phosphoni um

5 Htg [ H( CEt %?12]s8’1’id anlt%ﬁt t}ethgike Furt her . conbi.pnat iaQns of [ nore

. 0X s _Inveéntion encompasses_oxide materials s%cgnaes zﬁumma,
différent el ectron-w raw ng anions, i varying proportions, can be used

to tail Omitedeoxidqedcofmpouraisi therkyf ich tabeilaa-hlundtayrand wombiratidis dndemixdesd r ed

| evel . nbi.n lilons f e(liect ron-\ﬁ/i t h°g'|r awi 1?9 clor’qi)onentrs) can, be co tfflCt ed
with t h&T 8 dEhG AT %iide CoOmPUntR St 95 SVCT- ARt P S5IFa%T FUEIF or der

t hat af fcherdisalt plasddesiti atbrd thadh@ia aethl sonitigsl eih 2al g wxfota asdldi dxide For
exanpl e, one agspect of this.,invention |s pl.oyi ng, two or e

oF oot r oORPRHT BTG S5 BHeL STACUIESHD BEHEE 1 R PR Hst st OTbschipsere
contjact iim@nsérepsludel Busare ABERXRIND) stlicafalfiniah sdlicRHERS Silioy-zibuntd) zéulites,
chemcally-treated solid oxide. is repared i.s as follows; sel ected solid
oxi de cOAPVEFEY HReRlSr Al HER RS RIUGRTATETCORE. HRGHAY TR av@hﬁgh‘f-act ed with a

first el ectrghe Widchoh-aMhBBwatE @BmPEHERC BsedO FP @reitd tHeOsdliar Bxide fcahi SHe Byt U €;
this first mxture is calcined and then contacted with a second el ectron-

wi t hdr akPHECAT BAt Bergisee thedmpoupidBresstidaciity of dhcoiedd pride ypen tregt@entdaond

M Xt ur e comphB@M the 315 HEEL 1At ik Aberétdd it AdeaPbietblQONoHSyiHAMMAShiod)N such a
process, tﬁe first and second electron-w thdraw r_ltg ani on sour ce conpounds
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solid inorganic oxide material, a mxed oxide material, or a conbination of
i nor ganivolatie @gammeampoahd, thatisatves ss & bpaindecar prscutspe fir doht\anion. &amples of
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source, I ncluding netal salts, netal 1ons, or other netal-containihg
conpoundsloriign-tromidej ngpdaleanmpfhessufate; hfuombaerhteor phesphdte,i offuarophlospdhete,
20 trifluoroacetate, triflate, fluorozirconate, fluorotitanate, trifluoroacetate, triflate, 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. .
Thus, for example, the chemically-treated solid oxide used in the catalyst
25  compositions of the present can be 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, and the like, or combinations thereof.
When the electron-withdrawing component comprises a salt of an electron-
30  withdrawing anion, the counterion or cation of that salt can be selected from any cation that
allows the salt to revert or decompose back to the acid during calcining. Factors that dictate

the suitability of the particular salt to serve as a source for the electron-withdrawing anion

include, but are not limited to, the solubility of the salt in the desired solvent, the lack of



25 zinc, nickel, vanadium titanium silver, copper, gallium tin,
tungsten, nolybdenum and the |ike, or conbinations thereof. Exanples of
chem cal Iwotzn@aisert6sol i d oxi des that contain a netal oPCEFaIS2008i003879 ncl ude,
but are not limted to, zinc-inpregnaped chlorided alum na,
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20 According to another aspect of the present invention, the chemically-treated solid
oxide comprises a solid inorganic oxide material, a mixed oxide material, or a combination of
inorganic oxide materials, that is chemically-treated with an electron-withdrawing
component, and optionally treated with a metal source, including metal salts, metal ions, or
other metal-containing compounds. Non-limiting examples of the metal or metal ion include

25  zinc, nickel, vanadium, titanium, silver, copper, gallium, tin, tungsten, molybdenum, and the
like, or combinations thereof. Examples of chemically-treated solid oxides that contain a
metal or metal ion include, but are not limited to, zinc-impregnated chlorided alumina,
titanjum-impregnated fluorided alumina, zinc-impregnated fluorided alumina, zinc-
impregnated chlorided silica-alumina, zinc-impregnated fluorided silica-alumina, zinc-

30 impregnated sulfated alumina, chlorided zinc aluminate, flucrided zinc aluminate, sulfated
zinc aluminate, and the like, or any combination thereof.

Any method of impregnating the solid oxide material with a metal can be used. The

method by which the oxide is contacted with a metal source, typically a salt or metal-



20 solid oxide conmpound is contacted with the el ectron-w thdraw ng ani on
source. The solid oxide conpound can be cal ci ned or uncal ci ned. Various
processeswoaogrmpaese solid oxide activator-supports thacrasaooseianpl oyed
in this invention have been reported.;;For exanple, such nmethods are
described in U S. Patent Nos. 6, 107, 2331'»0 6, 165, 929, 6, 294, 494, 6, 300, 271,

o, 524, oforging yamagia. Saribud by B wifuliad o, Berigd PRy bl lRen of
6, 667, 264 campoutd 7609 36&hert laad dhesbkeos Uff desired, thevimetdl-canteiningcenmppound édl her ei n
DY el LRSS AR IO SRR ol RUF, SRPSEplbnlEollinsent

with at inteast suppmtedlrﬁahlrmnwatchnhi@mmrdimmolmsmgd mdn;gmncakidy cam further
el ectron- Wlthdl‘aV\{l E% ani f? source. .Furt teri
8

I
opt i SnalPYPAY 4 BeRhIRctes) M APPSRy Ry ?IEkeé\’ Vr%e? isdr‘{ b cﬂ%Petr %nﬂlugqalt%i ned to
forma mia{gaﬂen GAslyBdenlmg aod thﬁﬂtkaj er dombiragorat €fthashemitaal Fyr éxaepledinsos i d
oxi de. cordi.ng. to anot he S t, of the present inv i,on olid
Xl e A T S Pe e SR et S R S8 dpe Vel Bl 4
cal ci nedowsogtl t aneously. WO 2009/ 085126 PCT/ US2008/ 013679 32 The net hod by
which the oxide is co tacted wi ctron-wi thdrawi n
typically a <8¢ f°l’8r°x CABi| 8“8?&%\?(”% E‘ffagtﬁownfaﬁgn?% ﬂ'@gﬁﬂ’%B‘?’fmagg‘?{n'iencl ude,

but 1ios aRet of ht'thé &find @me @Rk kieNGlid 6L @) thdattd, withfbe @EBRSH-Githdbwingantmmpound
onto another, and the |jke. Thus, foll oy ng any_contacting pethod, the

cont act &allewins Ay emtacting gasthed: gy gentagled PIXHFE OF ofdeneAmRRPRY SRR and

opt i onalyif@tAlind Mon,| SndC HeChBBU ion TRy SiOdilydealorhede Atibind@ely,- S UIRObEIdE | -
chemical | y-treated solid oxide) thus can be produced by a process

conpr i simfderial) anc glecaen-Withdrawing] priow sPEes cHidpBgnettl SHt m%‘%’s‘f‘m&i‘h‘@“g

el ectroQow{thra@é/\édﬁgacmqryng@algﬂg& GRufipaund to forma first mxture; and 10
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required that the solid oxide compound be calcined prior to contacting the electron-
withdrawing anion source. The contact product typically is calcined either during or after the

20  solid oxide compound is contacted with the electron-withdrawing anion source. The solid
oxide compound can be calcined or uncalcined. Various processes to prepare solid oxide
activator-supports that can be employed in this invention have been reported. For example,
such methods are described in U.S. Patent Nos. 6,107,230, 6,165,929, 6,294,494, 6,300,271,
6,316,553, 6,355,594, 6,376,415, 6,388,017, 6,391,816, 6,395,666, 6,524,987, 6,548,441,

25 6,548,442, 6,576,583, 6,613,712, 6,632,894, 6,667,274, and 6,750,302, the disclosures of
which are incorporated herein by reference in their entirety.

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

30 is chemically treated with a metal ion, and then calcined to form a metal-containing or metal-
impregnated chemically-treated solid oxide. According to another aspect of the present
invention, the solid oxide material and electron-withdrawing anion source are contacted and

calcined simultaneously.



15 2) calcining the first mxture to produce a calcined first mxture; 3)
contacting the calcined first mxture with a second el ectron-w t hdraw ng
ani on sowmpcexssreund to forma second m xture; and 4) pcaiuskovsngscrhe
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opt i onal dnyontsbRE BSnP¥uhl téfor aMRét3hixu@), and then calcined to provide the
chemcally-treated solid oxide in the formof a particulate solid. For

exanf e, the 2ol i ealeringdhaarsemixiyre fosprodusg psalcined Arshmésiicce of sul fate
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al um na, br oMicdexding to yet another aspect of the present invention, the chemically-treated solid

20  oxide is produced or formed by contacting the solid oxide with the electron-withdrawing
anion source compound, where the solid oxide compound is calcined before, during, or after
contacting the electron-withdrawing anion source, and where there is a substantial absence of
aluminoxanes, organoboron or organoborate compounds, and ionizing ionic compounds.

Calcining of the treated solid oxide generally is conducted in an ambient atmosphere,

25  typically in a dry ambient atmosphere, at a temperature from about 200 °C to about 900 °C,
and for a time of about 1 minute to about 100 hours. Calcining can be conducted at a
temperature of from about 300 °C to about 800 °C, or alternatively, at a temperature of from
about 400 °C to about 700 °C. Calcining can be conducted for about 1 hour to about 50
hours, or for about 3 hours to about 20 hours. Thus, for example, calcining can be carried out

30 for about 1 to about 10 hours at a temperature of from about 350 °C to about 550 °C. Any
suitable ambient atmosphere can be employed during calcining. Generally, calcining is

conducted in an oxidizing atmosphere, such as air. Alternatively, an inert atmosphere, such



silica-alum na, chlorided silica-alum na, fluorided silica-alum na,
sulfated silica-alumna, bromded silica-zirconia, chlorided

sili ca-ziwoanészssf2kuori ded silica-zirconia, sulfated silccasS2@msnedn a;, a
pillared clay, such as a pillared nongnorillonite, optionally treated with
fluoride, chloride, or sulfate; phosphated alum na or other
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three carbon alcohols because of their volatility and low surface tension. Examples of

suitable fluoriding agents include, but are not limited to, hydrofluoric acid (HF), ammonium

fluoride (NH4F), ammonium bifluoride (NH4HF;), ammonium tetrafluoroborate (NHsBF,),

ammonium silicofluoride (hexafluorosilicate) (NHs),SiFs), ammonium hexafluorophosphate

25  (NH4PFg), analogs thereof, and combinations thereof. For example, ammonium bifluoride
NH4HF, can be used as the fluoriding agent, due to its ease of use and availability.

If desired, the solid oxide is treated with a fluoriding agent during the calcining step.

Any fluoriding agent capable of thoroughly contacting the solid oxide during the calcining

step can be used. For example, in addition to those fluoriding agents described previously,

30  volatile organic fluoriding agents can be used. Examples of volatile organic fluoriding agents

useful in this aspect of the invention include, but are not limited to, freons, perfluorohexane,

perfluorobenzene, fluoromethane, trifluoroethanol, an the like, and combinations thereof.

Gaseous hydrogen fluoride or fluorine itself also can be used with the solid oxide if fluorided



is formed by contacting a solid oxide wwth a chloriding agent. The chloride
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weight of the solid oxide, for example, silica-alumina, before calcining. According to

20  another aspect of this invention, the amount of fluoride or chloride ion present before
calcining the solid oxide is from about 3 to about 25% by weight, and according to another
aspect of this invention, from about 4 to about 20% by weight. 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 vacuum, spray drying, and the like,

25 although it is also possible to initiate the calcining step immediately without drying the
impregnated solid oxide.

The silica-alumina used to prepare the treated silica-alumina typically has a pore
volume greater than about 0.5 cc/g. According to one aspect of the present invention, the
pore volume is greater than about 0.8 cc/g, and according to another aspect of the present

30 invention, greater than about 1.0 cc/g. Further, the silica-alumina generally has a surface area
greater than about 100 mz/g. According to another aspect of this invention, the surface area is
greater than about 250 m?/g. Yet, in another aspect, the surface area is greater than about 350

m?/g.
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but not duififeti@ftot boti 100CHkE b@ﬁd&l@dt wolideddd, laﬁdihc&:ofﬂinﬂg)mwmﬂsanomer aspect of
this invention, from about 5 parts by weight to about 30 parts by weight sulfate ion to about
100 parts by weight solid oxide. These weight ratios are based on the weight of the solid
oxide before calcining. Once impregnated with sulfate, the sulfated oxide can be dried by
25  any suitable method including, but not limited to, suction filtration followed b); evaporation,
drying under vacuum, spray drying, and the like, although it is also possible to initiate the
calcining step immediately.
According to another aspect of the present invention, the activator-support used in
preparing the catalyst compositions of this invention comprises an ion-exchangeable
30 activator-support, including but not limited to silicate and aluminosilicate compounds or
minerals, either with layered or non-layered structures, and combinations thereof. In another
aspect of this invention, ion-exchangeable, layered aluminosilicates such as pillared clays are

used as activator-supports. When the acidic activator-support comprises an ion-exchangeable
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aspect of the present invention, activator-support conprises a 20 pillared
cl ayl5 THecledingrpdlpiuclear.dugldy aparged mgtab domplex sptegnsy Haweygr, thg eley anaferishat have

coml ex tFEERREL oFIT il BRRE oo bl Y BB B e o
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25 with | ar gecchridmlplty anh&elgm%ecttmfshe presdnt dm/emﬂa:ggiactiwﬁmnsuppﬁmawme%,/mgri c
cat iz%ns pallrlaef\e(} plgyp The term “pillared clay” is used to refer to clay materials that have been ion
exchanged with large, typically polynuclear, highly charged metal complex cations.
Examples of such ions include, but are not limited to, Keggin ions which can have charges
such as 7+, various polyoxometallates, and other large ions. Thus, the term pillaring refers to
a simple exchange reaction in which the exchangeable cations of a clay material are replaced
25  with large, highly charged ions, such as Keggin ions. These polymeric cations are then
immobilized within the interlayers of the clay and when calcined are converted to metal oxide
“pillars,” effectively supporting the clay layers as column-like structures. Thus, once the clay
is dried and calcined to produce the supporting pillars between clay layers, the expanded
lattice structure is maintained and the porosity is enhanced. The resulting pores can vary in
30  shape and size as a function of the pillaring material and the parent clay material used.
Examples of pillaring and pillared clays are found in: T.J. Pinnavaia, Science 220 (4595),
365-371 (1983); J.M. Thomas, Intercalation Chemistry, (S. Whittington and A. Jacobson,

eds.) Ch. 3, pp. 55-99, Academic Press, Inc., (1972); U.S. Patent No. 4,452,910; U.S. Patent
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act i vat o“rte-pél.?tp%’ P C&saé%le‘ic8m|8?ng y&fshlg e@é?%l yst conpositions of the present
20 invention Tmanacheatepm@lpaleduswttb pepee tha@aghRi comppgidorts ofatler pakant
I ncl 2u0dI nlg\’/en?lgrtl czpnolge com rT)Imed with other inorganic support materials, including, but not limited
to, zeolites, inorganic oxides, phosphated inorganic oxides, and the like. In one aspect,
typical support materials that are used include, but are not limited to, silica, silica-alumina,
alumina, titania, zirconia, magnesia, boria, thoria, aluminophosphate, aluminum phosphate,
silica-titania, coprecipitated silica/titania, mixtures thereof, or any combination thereof.

25 According to yet another aspect of the present invention, one or more of the dinuclear
metallocene compounds can be precontacted with an olefin monomer and an
organoaluminum compound for a first period of time prior to contacting this mixture with the
activator-support. Once the precontacted mixture of the metallocene compound(s), olefin
monomer, and organoaluminum compound is contacted with the activator-support, the

30  composition further comprising the activator-support is termed the “postcontacted” mixture.
The postcontacted mixture can be allowed to remain in further contact for a second period of

time prior to being charged into the reactor in which the polymerization process will be

carried out.
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According to one aspect of the present invention, X is an alkoxide or an aryloxide,
any one of which has from 1 to 20 carbon atoms, a halide, or a hydride. In another aspect of
the present invention, X8 is selected independently from fluorine or chlorine. Yet, in another

20  aspect, X is chlorine.

In the formula, Al(XS)m(X6)3.m, m is a number from 1 to 3, inclusive, and 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.

Examples of organoaluminum compounds suitable for use in accordance with the

25 present invention include, but are not limited to, trialkylaluminum compounds,
dialkylaluminium  halide = compounds, dialkylaluminum alkoxide = compounds,
dialkylaluminum hydride compounds, and combinations thereof. Specific non-limiting
examples of suitable organoaluminum compounds include trimethylaluminum (TMA),
triethylaluminum (TEA), tripropylaluminum, diethylaluminum ethoxide, tributylaluminum,

30 diisobutylaluminum hydride, triisobutylaluminum, diethylaluminum chloride, and the like, or
combinations thereof. _

The present invention contemplates precontacting at least one dinuclear metallocene

compound with at least one organoaluminum compound and an olefin monomer to form a
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The present invention further provides a catalyst composition which can comprise an

20  aluminoxane compound. As used herein, the term “aluminoxane” refers to aluminoxane
compounds, compositions, mixtures, or discrete species, regardless of how such
aluminoxanes are prepared, formed or otherwise provided. For example, a catalyst
composition comprising an aluminoxane compound can be prepared in which aluminoxane is
provided as the poly(hydrocarbyl aluminum oxide), or in which aluminoxane is provided as

25  the combination of an aluminum alkyl compound and a
source of active protons such as water.  Aluminoxanes are also referred to as
poly(hydrocarbyl aluminum oxides) or organoaluminoxanes.

The other catalyst components typically are contacted with the aluminoxane in a
saturated hydrocarbon compound solvent, though any solvent that is substantially inert to the

30 reactants, intermediates, and products of the activation step can be used. The catalyst
composition formed in this manner is collected by any suitable method, for example, by
filtration.  Alternatively, the catalyst composition is introduced into the polymerization

reactor without being isolated.
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pol ynmeri zation reactor w thout bheing isol ated. WO 2009/ 085126

PCT/ US2008/ 013679 40 The alu rrEO bund of this invention can be an
ol i gonmeric al um num conpound co tisi ear structures, cyclic
structures, or cage structures, orRmi xture of all three. Cyclic

al um noxane corrpounds havi ng t is a.linear or

br an@hed'isrsty R haliney of PBRfEd taﬂ(yiga"é%ﬁ%%‘ﬂ léf’éﬁﬁarb%ﬂtoﬁlsi WA GJs ARIUSESE £ om
3 to 20, € tE5E AP EoYastdli by thifiRRhficdN. The ALRO noi ety shown here al so

Further, aluminoxanes can have cage structures of the formula R‘5,+aRb,_(,Al4,O3,,

wherein R' is a terminal linear or branched alkyl group having from 1 to 10 carbon atoms; R®

is a bridging linear or branched alkyl group having from 1 to 10 carbon atoms;  r is 3 or 4;

15  and a is equal to nay3) - no@)+ Now), Wherein na3)is the number of three coordinate aluminum

atoms, ngg) is the number of two coordinate oxygen atoms, and nog) is the number of 4
coordinate oxygen atoms.

Thus, aluminoxanes which can be employed in the catalyst compositions of the

present invention are represented generally by formulas such as (R-Al-O),, R(R-Al-O),AIR,,

20 and the like. In these formulas, the R group is typically a linear or branched C;-Cs alkyl,

such as methyl, ethyl, propyl, butyl, pentyl, or hexyl. Examples of aluminoxane compounds

that can be used in accordance with the present invention include, but are not limited to,

methylaluminoxane, ethylaluminoxane, n-propylaluminoxane, iso-propylaluminoxane, n-

butylaluminoxane, t-butylaluminoxane, sec-butylaluminoxane, iso-butylaluminoxane, I-

25  pentylaluminoxane, 2-pentylaluminoxane, 3-pentylaluminoxane, isopentylaluminoxane,'

neopentylaluminoxane, and the like, or any combination thereof. Methyl aluminoxane, ethyl

aluminoxane, and isobutyl aluminoxane are prepared from trimethylaluminum,

triethylaluminum, or triisobutylaluminum, respectively, and sometimes are referred to as



constitutes the repeating unit in a linear alum noxane. Thus, |inear

al um noxanes having the formula: R i FRA -0 -Al R g R 10 wherein Ris a
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Organoaluminoxanes can be prepared by various procedures. Examples of
organoaluminoxane preparations are disclosed in U.S. Patent Noé. 3,242,099 and 4,808,561,
the disclosures of which are incorporated herein by reference in their entirety. For example,

20  water in an inert organic solvent can be reacted with an aluminum alkyl compound, such as
(R?)3Al, to form the desired organoaluminoxane compound. While not intending to be bound
by this statement, it is believed that this synthetic method can afford a mixture of both linear
and cyclic R-Al-O aluminoxane species, both of which are encompassed by this invention.
Alternatively, organoaluminoxanes are prepared by reacting an aluminum alkyl compound,

25 suchas (R2)3A1 with a hydrated salt, such as hydrated copper sulfate, in an inert organic

solvent.

ORGANOBORON/ORGANOBORATE COMPOUNDS
According to another aspect of the present invention, a catalyst composition
30  comprising organoboron or organoborate compounds is provided. Such compounds include
neutral boron compounds, borate salts, and the like, or combinations thereof. For example,

fluoroorgano boron compounds and fluoroorgano borate compounds are contemplated.



incorporated herein by reference in its entirety. 5 The present invention
contenpl ates many values of p and q in the alum noxane fornmulas (RAI-Op
and R(R- AvoQy@ABR2s respectively. |Is sone aspects, p anecy/se@saidcdieast 3.
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can be prepared by.yariou rocequr es. anpl es af . organqal um noxane
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or gapoalpHétyl|eXancand ARP AR Gr mi¥tuted tadofi AIBANNEDt iftekBndd@URGboubY b lities
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prepared by reacting an al um num al k conpound, 25 such as (R2)3Al with a
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sol vent 4; CIRGHANIBRY (RADFSERAT e TR BCROf bRttledy O ADPdAGE AgPect of

the present Invention, a catalyst conposition 30 conpiising organoboron or
or gdAobeeritreplesrthousadef dibononow bisHorosuesimponngsoernether hikneidhmal easppouads bor on

' i . . ' E
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exanpl e, roorgano boron conpounds an orate conpounds
are contGhapl §6ed2008D1200%. 018330264 BETheISR0@8Y GfLBBIEY is ARorporated herein by

reference in its entirety.

Generally, any amount of organoboron compound can be used. According to one

20  aspect of this invention, the molar ratio of the total moles of organoboron or organoborate
compound (or compounds) to the total moles of dinuclear metallocene compound (or
compounds) in the catalyst composition is in a range from about 0.1:1 to about 15:1.
Typically, the amount of the fluoroorgano boron or fluoroorgano borate compound used as a
co-catalyst for the dinuclear metallocene is from about 0.5 moles to about 10 moles of

25  boron/borate compound per mole of dinuclear metallocene compound. According to another
aspect of this invention, the amount of fluoroorgano boron or fluoroorgano borate compound

is from about 0.8 moles to about 5 moles of boron/borate compound per mole of dinuclear

metallocene compound.

30 IONIZING IONIC COMPOUNDS
The present invention further provides a catalyst composition comprising an ionizing
ionic compound. An ionizing ionic compound is an ionic compound that can function as a

co-catalyst to enhance the activity of the catalyst composition. While not intending to be



Any fl uoroorgano boron or fluoroorgano borate conpound can be utilized with
the present invention. Exanples of fluoroorgano borate conpounds that can
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t o about es of boron/bor nucl ear
met al | ocldseifonmetind)ph31]baate/ | thid-buON) B iUk S pentgftuesephtnyl bosu, | on
f urt&)er Ie,rl\f)-giim% Syla%ﬂﬁ]?i}rr?' | ystgtra ?s@?oﬁ}illsgo(r)art]e,com,rl\}-giirn%grly?a%ilgn%prirlzi r.%gtrakis(m-
tolyl)borate, N,N-dimethylanilinium tetrakis(2,4-dimethylphenyl)borate, N,N-
dimethylanilinium tetrakis(3,5-dimethylphenyl)borate, N,N-dimethylanilinium tetrakis[3,5-
bis(trifluoromethyl)phenyl]borate, N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate,
triphenylcarbenium  tetrakis(p-tolyl)borate, triphenylcarbenium  tetrakis(m-tolyl)borate,
25  triphenylcarbenium tetrakis(2,4-dimethylphenyl)borate, triphenylcarbenium tetrakis(3,5-
dimethylphenyl)borate, triphenylcarbenium tetrakis[3,5-bis(trifluoromethyl)phenyljborate,
triphenylcarbenium  tetrakis(pentafluorophenyl)borate, tropylium tetrakis(p-tolyl)borate,
tropylium tetrakis(m-tolyl)borate, tropylium tetrakis(2,4-dimethylphenyl)borate, tropylium
tetrakis(3,5-dimethylphenyl)borate, tropylium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate,
30 tropylium tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)borate,
lithium tetraphenylborate, lithium tetrakis(p-tolyl)borate, lithium tetrakis(m-tolyl)borate,
lithium tetrakis(2,4-dimethylphenyl)borate, lithium tetrakis(3,5-dimethylphenyl)borate,

lithium tetrafluoroborate, sodium tetrakis(pentafluorophenyl)borate, sodium



ionic conmpound. An ionizing ionic conmpound is an ionic conpound that can
function as a co-catalyst to enhance the activity of the catal yst
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OLEFIN MONOMERS
Unsaturated reactants that can be employed with catalyst compositions and
polymerization processes of this invention typically include olefin compounds having from
about 2 to 30 carbon atoms per molecule and having at least one olefinic double bond. This
25 invention encompasses homopolymerization processes using a single olefin such as ethylene
or propylene, as well as copolymerization reactions with at least one different olefinic
compound. The resulting copolymers generally contain a major amount of ethylene (>50
mole percent) and a minor amount of comonomer (<50 mole percent), though this is not a
requirement. The comonomers that can be copolymerized with ethylene often have from 3 to
30 20 carbon atoms in their molecular chain.
Acyclic, cyclic, polycyclic, terminal (), intemal, 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 the
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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 monomer and comonomer.

.25 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 impede
and/or slow the polymerization process. Thus, branched and/or cyclic portion(s) of the olefin
removed somewhat from the carbon-carbon double bond would not be expected to hinder the
reaction in the way that the same olefin substituents situated more proximate to the carbon-

30  carbon double bond might. According to one aspect of the present invention, at least one
monomer/reactant is ethylene, so the polymerizations are either a homopolymerization

involving only ethylene, or copolymerizations with a different acyclic, cyclic, terminal,

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



Unsaturated reactants that can be enployed wth catal yst conpositions and

pol yneri zati on processes of this invention typically include olefin

conpoundswbaviwgsfzscom about 2 to 30 carbon atons per

at | east one ol efinic double bond. Thjgs 25 invention enconpasses
honmopol ynmeri zati on processes using a single olefin such as ethyl ene

propy! engmp asamyfgldf AR lﬁ%%w@ﬁ'b%a&s\e@ HRAGS BB 0bA Qf%oléﬁrﬁﬁ{w Rds

di fferent oIe inic conmpound he resulting ctopol yners genera

maj or artedvding butarohlimitad to $5€butaﬂnﬁlne, ipeprenent.§-pemtadiencirimbl, Sdmadieme of
conononer (<50 nol e percent), though this is not a requirenent. The

conononers that can be copol ynerized with ethylene often have from3 to

20 cardeEﬂAﬂﬁiKRﬂ@héiﬂiGﬁﬂébﬁﬁaﬂxﬁﬂaDSYHﬁ©yclic cyclic, polycyclic,
ter m5na| (a) y In br@t ?‘ the #ulege%ﬂrrvel% o%ne%herg as:?seg lgscgtaf lgt eocririposﬁllng lélcl)3 Slgrllétlrlljgtt%?

functionali zed, a

unctlona ns ¢

i nventi montaﬁowmd»carmﬁIaedmtlglpﬂraabtallma& m)rapcenid canrtmmuamlwatbh&lppoan $eh a
polynerk%ﬁloyﬁth tqmﬂ¥§Q%90§§Q%§}26 PCT/U82008/01

al
conposi tPaRSTEIT (R Urther GARPTIS A GrEngaEming Tt cOmPQURd; ‘Zgﬁhﬁ??a&i {hbs c>é‘gaﬁ)ﬁyl ene,
propyl ervempdsntld)waarfegthez doutpeiseat 18astehdryptidnalest- (Elmﬂyst i \shﬂwhyheeﬁteleasloﬁe nt ene,

3- hexene

2- pent t 4-pethyl - | -pent 1-h 2-h
Pexone PRyt TRalloRaS g alFuikens soEBRRIG, o SEHoRROREEHES f our

nor nigl
i ke,

meCeaisb@sansd7havi ng

or

S

contain a

30

aotnpoesl, attlhist Btwbrgaﬁdsbmdn orosrgaRBorateh@nipowsd, I’aOleB’Bd ordasEpag iomdd the 5

or

m xtures of t Qr o} se conmpounds. Cycljc and bicyclic
ol ef i ns, COT"HB‘I"'@ fe{?aPBt ded

aP'rfgY B “ﬁB?“ CIATRIH gt ECO‘ERPEF'BHé&Ié‘Hé' €

nor bor nW]ﬁcE‘rﬁconE}ﬁfs@lhél adm@d”t%rocﬁlﬂdoﬁd’ﬂ@eakﬂ R, difiRRar Mk&odBe ROMYSRMI a8 dt as
descri bed above. Styrene c also be enpl oyed as a npnoner. Wen a

copoly

ast Qneramppylyl sefesied Homy pidpast oy alningxage commrpIde at lgashyecrganggine

propyl engmpsidcht lbdt sﬁaoeﬁguﬁ&bfoaaq dﬁggnbbcaat@@&amﬂsrat 16asARE §SniAhg M I N
conbnoners 10 include, but are not limted to, 1-butene, 2-butene,

3- melthy 1o mpeRdesreany cewbineljoneiercot - pent ene, 2- pent ene, 3-met hyl - | - pent ene,

4-met hyl -1 - paRieRRntida REURPEncoApAREE RRthods & M¥ling T}{?:@@( @ﬁ?l?'%t %H@%‘B{l@rﬁe

2- heptene, 3-heptene, 1l-octene, and the |ike. Accordi ng

aspect of

the pr esg@ms fon ¢reample sontadting denerrsative datplystdoapoents ingwmy Drdsubesequente. pent ene,
1- hexene, 1-q¢¢ £ €ast orile djm&?me&ﬁloé&x '&&HFMn&%an%j&ﬁé@dn Qétedtvnﬁl q%%‘iékﬂ] of

conpnoner introduced 1nto a reactor zone

about 0.r@dnomer dbalasire80 neeinghessgpdy ctbeatolefin Uﬂwomgmmdwelpolyasededa narrdhen

20

25

30

organoaluminum compound for a first period of time prior to contacting this 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 about 0.1 hour to about 24

hours, for example, from about 0.1 to about 1 hour. Precontact times from about 10 minutes

_to about 30 minutes are also employed.

Alternatively, the precontacting process is carried out in multiple steps, rather than a
single step, in which multiple mixtures are prepared, each comprising a different set of
catalyst components. For example, at least two catalyst components are contacted forming a
first mixture, followed by contacting the first mixture with at least one other catalyst
component forming a second mixture, and so forth.

Multiple precontacting steps can be carried out in a single vessel or in multiple
vessels. Further, multiple precontacting steps can be carried out in series (sequentially), in

parallel, or a combination thereof. For example, a first mixture of two catalyst components

ner 1s from
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In this aspect, the continuous precontacting step generally lasts from about 1 second to about
1 hour. In another aspect, the continuous precontacting step lasts from about 10 seconds to
about 45 minutes, or from about 1 minute to about 30 minutes.
Once the precontacted mixture of the metallocene compound, olefin monomer, and
25  organoaluminum co-catalyst is contacted with the activator-support, this composition (with
the addition of the activator-support) is termed the “postcontacted mixture.”  The
postcontacted mixture optionally remains in contact for a second period of time, the
postcontact time, prior to initiating the polymerization process. Postcontact times between
the precontacted mixture and the activator-support generally range from about 0.1 hour to
30  about 24 hours. In a further aspect, the postcontact time is in a range from about 0.1 hour to
about 1 hour. The precontacting step, the postcontacting step, or both, can increase the

productivity of the polymer as compared to the same catalyst composition that is prepared
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cat al ystcoabinea/ieépriecamactiegl andidrpodtcoithdting stepeooBinplyedg vessel for
precontacting with at | east one .ot her catal yst ,cor;(ﬁgnent, while the

remai nder of 't Mf&t? PAFENEEHA JER T Ifo M MAE TREY o be (Yl BlHief olefin
pr econt agéioR@r ¥eB&Eofedlof dinuclear metallocene in the precontacted mixture is typically in a

20  range from about 1:10 to about 100,000:1. Total moles of each component are used in this
ratio to account for aspects of this invention where more than one olefin monomer and/or
more than dinuclear metallocene is employed. Further, this molar ratio can be in a range
from about 10:1 to about 1,000:1 in another aspect of the invention.

Generally, the weight ratio of organoaluminum compound to activator-support is in a

25  range from about 10:1 to about 1:1000. If more than one organoaluminum compound and/or
more than one activator-support is employed, this ratio is based on the total weight of each
respective component. In another aspect, the weight ratio of the organoaluminum compound
to the activator-support is in a range from about 3:1 to about 1:100, or from about 1:1 to
about 1:50.

30 In some aspects of this invention, the weight ratio of dinuclear metallocene to
activator-support is in a range from about 1:1 to about 1:1,000,000. If more than one

dinuclear metallocene and/or more than one activator-support is employed, this ratio is based
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20  absence of an organoaluminum compound.

Catalyst compositions of the present invention generally have a catalyst activity
greater than about 100 grams of polyethylene per gram of activator-support per hour
(abbreviated gP/(gAS-hr)). In another aspect, the catalyst activity is greater than about 150,
greater than about 200, or greater than about 250 gP/(gAS-hr). In still another aspect, catalyst

25  compositions of this invention are characterized by having a catalyst activity greater than
about 500, greater than about 1000, or greater than about 1500 gP/(gAS-hr). Yet, in another
aspect, the catalyst activity is greater than about 2000 gP/(gAS-hr). This activity is measured
under slurry polymerization conditions using isobutane as the diluent, at a polymerization
temperature of about 90°C and an ethylene pressure of about 550 psig.

30 Other aspects of the present invention do not require an activator-support. These
catalyst compositions comprise a contact product of at least one dinuclear metallocene

compound and at least one compound selected from at least one aluminoxane compound, at
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20  precontacting step for a first period of time, and this precontacted mixture then can be
contacted with the activator-support to form a postcontacted mixture that is contacted for a
second period of time prior to initiating the polymerization reaction. For example, the first
period of time for contact, the precontact time, between any combination of the metallocene
compound, the olefinic monomer, the activator-support, and the organoaluminum compound
25  can be from about 0.1 hour to about 24 hours, from about 0.1 to about 1 hour, or from about
10 minutes to about 30 minutes. The postcontacted mixture optionally is allowed to remain
in contact for a second period of time, the postcontact time, prior to initiating the
polymerization process. According to one aspéct of this invention, postcontact times between

the precontacted mixture and any remaining catalyst components is from about 0.1 hour to

30 about 24 hours, or from about 0.1 hour to about 1 hour.



49 on the total weight of each respective conponent. |In another aspect,
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fromabout 1:20 to about 1:1000. 5 According to sone aspects of this

i nventi i nds are not required to formthe catal yst
conposi9ﬂgﬁah#ﬁgg?ﬁ?ﬁgpgggﬁggrization proceeds in the absence of

al um noxanes Cafadysbratnpagitions tolfi ¢heppressehinvéntipe e ba usethtougdymdrine cdedmait e,

or ganoal ym num nds activ r- j e. 0,
aIuninof%ﬁ%gpnm§ﬁgﬁggn%ic%ﬁﬁén FndB%bg%ﬁ %%%%gq%ipygg%gérgiigﬁglgé%feved

t hat t hepreseg@ndal caralystcorspospoornd tHeOpresehtahyentior sompttisea contyaing thehaatalyst

et al 00enSoGAL AR b s e BTSN TRRNE L A5 AN PLIBRPBILEL ROXARS, Sogpound.
Addi t1 or&fPgSIIoTh W AL lead Qug cletin mondmsh and, Gptionafly at 1easb Bk AP LT CURMSIRGS ar e
not requiderepblymerization aomtiti@lsyts tpraduo @ giolynem odfcopdiymer, iwierdin ohe. catalyst

Nonet hel ess, .al um noxanes rganozi.nc ¢ ound or ganoboron or

or ganoboPRPES RYRRSGE; 4 IS PRYUT S Fdebslimirdeer etlipseag sEmpaind ond

t her eof g adastsheUsathtorsuppdier Thaheleyss bne MAPAEdr imaddlBecerendogipolad Bteleyteand
encorrpasfzed W t hin tge ﬁ@esent i nvention. Hence, co-catalysts such as

al uni noxaerathe follgwyng, “conpounds, organoboron or organoborate conpounds,
i oni gg ng ionic compounds, or conbinations thereof, can be enployed with

t he di nucl ear nretal | ocene conpound, either in the presence or in the
absence of arWaQtian%r-support, and either in the prefeénce or in the 20
absence of an orggnhoal um num conmpound. Catal yst conppsitions of the present
i nvention generdl I have a catal yst activity gr eaf er\t han about 100 gr ans
of pol yet hyl ené per fram of acti vat or - support 2?4 houer(abbr evi at ed

gP/ (gAShr)). In another aspect, the catalyst agtivity is greater than about
150, greater than aB®I{RY200, or greater th@R¥out 250 gP/ (gAShr). In

still another aspect, catalyst CORPOShLi oS of this invdbtion are
(oL CRESCRPOIEH

characterized by having Palyst acti "greater than about 500,
greater than about 1000, or greater than about 1500 gP/ (gAShr). Yet, in
anot her aspect, the catalyst activity is greater than about 2000

gP/ (gAShwhereiThi s activity is neasured under slurry polynerization

o S0l X SN, WIS Sh LD 3 Sy o TR arer oL
15  aromatic, or cyclic group, or a combination thereof;,

X3 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; '

X" is a substituted cyclopentadienyl, indenyl, or fluorenyl group, any substituents on

20  X* other than an alkenyl linking group independently are a hydrogen atom or a substituted or
unsubstituted alkyl or alkenyl group;

M is Zr, Hf, or Ti;

R*, RY, and R” independently are a hydrogen atom, or a substituted or unsubstituted
aliphatic, aromatic, or cyclic group, or a combination thereof; and

25 n is an integer in a range from 0 to 12, inclusive;
with the proviso that the integer n is not equal to 0 when both X' and X? are chlorine

atoms, both X° and X* are cyclopentadienyl groups, RX, RY, and R are each hydrogen atoms,

and M is Ti.



30 O her aspects of the present invention do not require an
activator-support. These catalyst conpositions conprise a contact product
of at | ea®D 2000s8i2aucl ear netal |l ocene conpound and at Ipeaats2asm1zonpound
sel ected fromat |east one al um noxang conpound, at WO 2009/ 085126

PCT/ US2008/ 013679 50 | east one organozi nc conpound, at |east one

or ganoboron gy, %&g@ng%ﬁ@&s‘?ﬁ&ﬁ”&omdpreg&t'iﬁ@e%{io QRE i1tOfHed! 139 n9Nb1Efn
conmpound, or "any c i'natron thereof. Such catalyst conpositiohs of the
pr esent pohweniziton gethed alsing vasives G@esilof polyaerizationi wactgiseaferusechherembout 100

grans of. Lvet.hyl ene .per u f I 119 ne
corrpound,p O@r%aéznatg?%{ nee rcﬁ%ggsn%],y%ggy&ggﬁ%&oﬁorﬁ&%% %?%"geﬁgﬁ%&r@?g’k C &gﬁﬁd,

i oni zi ngnéeremiers to e tipmopolgersion abpadymers.h Sndohorhepadymaerhend aspywdsaners t he
catal.yst _acti vi is.greater th about 25 [ ter 500
ar am” ot SRS e P R T o DRtk 6% ofdbacrs Bl WGP alBlhe
conpoundeferrad gedsdmidhe sloappasptasepsdaivabbigh pressurgrtgaiaboraatoelage nqactarsd,

i oni zing.ionic compound, or. ¢ i nati.on thereof. Yet, in _anoth aspect,
he. cat SRS aERTTE Ty soBpis Bt Sl doued Mtept s ahout
2000 gr asxtdé nfaglcpaiphyd esrdcyesr HodidontalABordi SKigh geeksad QesstoramyayCamiprisait i on of
the di nucleﬁr met al | ocene corr{&%und, the act iﬁgagor-sup ort, the

or ganoal WHCRYMOE fERCtlfd AR RPTSCaRoREHET PAIEh OF SENUPRS BIFEET2d i n
SONE) 0as Eitisuddk ptdtbssed EBuRNEde GMernitient oaBntiRGAB PR ACT difthaheC Ricedses May@n

ol efinic nmononmer, it is_not necessary that the ol efin nononqer used in the
pr econt %0 Rgluds eprtialonfull digect zrucly O iungreantest MANQMETy, BN EACIEHEOMPBIMEE  r t her
when a precediaati Ng step anmong any conbi nation of the catal yst conponents
is enployed for a first period of tinme, this precontacted m xture can be
used in a suBebEsEROISASIMIYAEHS R taY BIFSHE IRSBIOLARY SOmBFSe ersniyPR&E i on of

cat al yst,.£QimR RS ein bPhuRipREERMEs Bt Unddr difféent (Y. RIAIRbEof pdianés nuUC! ear
nmet al | ocene conpound, the organoal um num conmpound, and 1- hexene can be used

in al20 ipreeopeacedtely muepoluse severl siegqseln Holeatt Wiongepamicdpelymerization
precont agi &ds Theslolh Cttr?'lﬁx & %nﬁ@r RIS ﬂ'ﬁf(ﬁgti\é%t)%g%’l@g‘o %Béﬂlagﬁrﬁo?Wé}Qr t to

forma postcontacte ure that Is conta second period of tine
prior t oesulitg &oimnghet Hiest ppdlymenization ireastareimby itln seqood rexciomp| elhet Hesirgd r st

period of .tine for contact. e _prec i e C i-nation of
Phe et At BidRal L sHRIAR, m, h° sPfr RRARR, sbivee RLUECRoA MBS " D
t he or gatvaditivid bfithecathiroteactoR5 Afternbtively, qolysizoizatidh ih maltipld ccaaocuma@ 4

hourZSO’ figlgl%eatgg lr’lr;[am(l)a'l Jfra%s%eraot%%%}ym]ér o dneorcreac{orr?cgn Slﬁ)tggqlilltent reactors for continued
polymerization. Multiple reactor systems may include any combination including, but not
limited to, multiple loop reactors, multiple gas reactors, a combination of loop and gas
reactors, mﬁltiple high pressure reactors or a combination of high pressure with loop and/or
gas reactors. The multiple reactors may be operated in series or in parallel.

25 According to one aspect of the invention, the polymerization reactor system may
comprise at least one loop slurry reactor comprising vertical or horizontal loops. Monomer,
diluent, catalyst and optionally any comonomer may be continuously fed to a loop reactor
where polymerization occurs. Generally, continuous processes may comprise the continuous
introduction of a monomer, a catalyst, and a diluent into a polymerization reactor and the

30 continuous removal from this reactor of a suspension comprising polymer particles and the
diluent. Reactor effluent may be flashed to remove the solid polymer from the liquids that
comprise the diluent, monomer and/or comonomer. Various technologies may be used for

this separation step including but not limited to, flashing that may include any combination of



10 m nutes to about 30 mnutes. The postcontacted m xture optionally is
allowed to remain in contact for a second period of tine, the postcontact
time, priwo220@/as8i26i ating the polynmerization process. ACTarsdiosgiicas one
aspect of this invention, postcontactsstinmes between the precontacted

m xture and any remai ni ng catal yst conponents is fromabout 0.1 hour to 30

b . ‘ .
T/ sz i ey dhd T S E et e ionk B el fotich oM SRR the
pr esent hychmeyulormnorcsaparmwexdnm‘ifﬁugadbxyrreri ze olefins to form honopol yners
O Copol YITer 5 w8 FHE RV BERRe! BlocBHIPKAGHNS Bl BLER by bRSesspresence
c

of a catalys 03| rese | nven onprises con I ng the
cat al ystdislosaiyfos e)tanqﬂe V\th.SatPateeaNos 0312481 Bt |4|:60m$|86),né;56&ﬂ1i‘15 opsTaval |y at

| east. o r| zation i on ce a
pol yr?er%e?gggé* qn%ﬁ%glg? 83?’%p§ﬁ%°hp°ta gt MR Pr%éesobtyrgr?reélcc)gm 1?Ssé(%éRa’g’pcont act
product hefeimt | east one dinuclear netall ocene corrpound and at | east one
activat or - suppor, e at l.east one dinucl.ear I | ocene
sel ect ed gﬁﬂt‘ibﬁueed‘}- nisoticA dn £ °éym‘°ﬂ)za§¢’ ‘§ g nog K K/FWQ@)& i{' X4 X2
CRXRY ﬁﬁf@gme\c béin2 )polytdfizéRdnd GY#dEarbdns rthatvxdﬂ:ehqmﬂs uideramgttiXa condigmendent |y
are a halide, or ituted or unsubstitut c 15 aromatic, or
cyclic dgromplessf S‘Htaggrf%“ RUFRS s de iyt @gsy not §“t|e§ %6‘%5? PR gh 8§ propane,
unsufest i dybilbRskase GloBRANAE, atb R, n-peitdfd)dopeinef hetpesiayd, agd Qiliexa@ySome
substltuents on X3 mdependently are a h dr en atom or substl ed or

unsubst i 1P2R RAUYTEFTIZpTion EACANR S3R,PCCHE BT bul tipns \yfhets 7q didiggnt s use
cycl opentaghe nyﬁolmé}%ﬂyﬂ of [26pyf1drié GG dMler w&unbsemyu SubgbitNgRNS 8574, 20 X4

ot her than an al kenyl 1inking gr oup i ndependently are a hydrogen atom or a
subst i t u¥ldeh igfncorporated by reference herein in its entirety.

According to yet another aspect of this invention, the polymerization reactor may

15  comprise at least one gas phase reactor. Such systems may employ a continuous 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

20  added to replace the polymerized monomer. Such gas 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 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, 4588,790 and

25 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 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,

30  catalysts, and/or catalyst components may be entrained in a gaseous stream and introduced at
another zone of the reactor. The gas streams may be intermixed for polymerization. Heat
and pressure may be employed appropriately to obtain optimal polymerization reaction

conditions.



unsubstituted al kyl or al kenyl group; Mis Zr, H, or Ti; Rx, RY, and Rz

i ndependently are a hydrogen atom or a substituted or unsubstituted

al i phat i cwoanevmsi2zé, or cyclic group, or a conbinati on Poenseds/0assds 25 n i s
an integer in a range fromO to 12, iqaclusive; with the proviso that the
integer nis not equal to O when both X1 and X2 are chlorine atons, both

atom. and O LorEIE N bR BET T S Trieaih By By Taktr WY Cen

conposi tcbmpsseof soheiop redendrizative ndacton wheeein theempaaménis eanjactdetvith the

pol ymeri zation nethod usin ari ol i j . t: . As
used hercglaI ,St cqnﬁ%qsglr(r’grl?yzzsi I?‘Bir{? %tgzpi}(’:l S P()&:%ﬁcﬁ?%ags %g‘[“'ﬁg%@@f’?‘g? ﬁo‘ﬂér?eact or
capabl e cofanpodijierr bz Exugsohehomer may dberenpldyed prib desmwdh dreomohome rmsayobe
copol yners

.. Such honmopol yners and ¢ I r.s re referre resins or
pol yrter s.m“]g%m\}ger V??BEB}?V%&O 5" Cgé”é@g}?esyal%ﬁgfcu%aec oﬁ(%oéj u? At t%re’rg%s%%e 0rFef erred
to as babedice 9F Ui, mgeEalphdke pobaletitation, zdnk gh nmiessud @f témpvmtaes end
aut ocl ave reactors, S. phase reactors. ma nprise fluidized bed reactors
o1 ot agteHURT DeP L eraniEngs Brma o ShERY e MR ndrrs i mefiel o or
hori zontgditatie®piay vd @hplpyeis®ustRaih atéroempeapre osrpiol agd tauiaddiawaiform t ubul ar
reactors. Reactor types can (nclude batch or continuous processes. 10
Cont | nu GGl e beltih BPRPER RN 6P OO TR ABUEeHs S pieed
di sclar ger diEReias §Rex6MYrmiahed of pslimeezafigi.t i al or full direct recycle of
un-reacted nononer, un-reacted, Cb?ﬁ/ nomer, and/or diluent. Polynerization

reactor syst EREMSFZ3t0d 1ErQE fpitg theoResRa, NVERHon By Bt 5f 2% eact or

in a sysbabiftiont itiifdsCocaa®t4iSridd fect RPst&AIER 1646t shiel tb&T §lent fpPeatali¥t@EUCt i ON
of polymers 15 in nmultiple reactors may include several stages in at |east

two sepaietst pRIMRARERI. ARdiopAt jeay One PRIYMAL BFRGINBEStEY BYitaRle reafiaf 3B vi ce

meki ng ify RRSEERhEINVEIhARSS BlirthtNEorRRsY Wdisms FrSteddsiol® phfifatohecaldlysst

pol ynmeri zation reactor into the second reactor. The desired  pol ynerization
condi i ovteragenandrnsepsfationcextiagion.oeactorespoling, @PMSE EseVeRrY.octinratispeieaicieng
conditiq f q 5%% S ngkdyel y, polynerization in nultiple
r eact orsg?%%%’ &Otélg(ﬁlr%c%gl})geto hegﬁgl%’uafl%%&rcgsﬁs er(M'of pol ynmer from one reactor to
subsequent r dxmtitioss thot acocontrlled for polymerization efficiency and to provide resin

properties include temperature, pressure and the concentrations of various reactants.
Polymerization temperature can affect catalyst productivity, polymer molecular weight and
20  molecular weight distribution. Suitéble 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, and from about 70 °C
to about 110 °C, depending upon the type of polymerization reactor.
Suitable pressures will also vary according to the reactor and polymerization type.
25  The pressure for liquid phase polymerizations in a loop reactor is typically less than 1000
psig. Pressure for gas phase polymerization is usually at about 200 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
30 pressure/temperature diagram (supercritical phase) may offer advantages.
The concentration of various reactants can be controlled to produce resins with

certain physical and mechanical properties. The proposed end-use product that will be formed



pol ymerization. Miltiple reactor systems may include any conbination
including, but not limted to, nmultiple |loop reactors, nmultiple gas

react or s,we 20@nissnat i on of | oop and gas reactors, nultipprasheoghiressur e
reactors or a conbination of high pressure with | oop and/or gas reactors.
The nultiple reactors may be operated in series or in parallel. 25

Accor di i hOre Gt RO nSS fﬁ%mu%vmtar%a SRS R HHEHIsER] QM FBASHQr System

my co se at [east one urry reactor comprising vertical or
hori zo ntl\aéchhm@ﬂ) $)r0pMJr¢® irestyde tdlSil@Ldiﬂxurab ampaoysireepn irespralaber yncibardesstrononer

may be Cont I ﬂwts J}/ ; cties 1%clﬁd4 qat %%&E&Jﬁar whal emQQl:Mm&lgﬁtt 4iBbREUT S

Gbnerally processes conpri se e conti nuo i ntroduction
of a nonmieg te@peratusad, gms, traaiion tahpetrure, tcmpﬂamrwlymszaihia@ﬁn,rcba%b'or and

h 0
pol yrior A EIRLRED: SRAF Erry PR g Rk 3be e PeSHORERIMAEEP O, L5 T

renove the sdahédomehtyatidhs bf aondiner, Icoqwndmext, h&drogmnpmtabstt h@dtﬁelra,lemi,
nonomer and/ or, conononer. Various technal ogi es r’rgy for. i

separ at i BTFEE élﬁnqrﬁé’feu‘&mﬁ’&a’btdp %@Cﬂg TEIY0 P ESHi n O%f Al ey né(?ude any
combi natdoafiolafrodiler dEHRY. 08@112@e1?@ﬂ US 26481 1bB6AIprodiR:t heﬂ&cuad duenghon Cand
pressure reduction; sepa ion by cyclonic ac Lon in either al\%/achone or

hydr ocy c325hsts cap be urdrig@ kd % FCVEMST RGBS 55} 'Pylﬁf | W thers

pol YET | %atde AePiPERHS] prUsa ]Jfﬂlsb\fﬁbsaa%dteibetr&aﬁbmaé efféanrstéremre:gnms)) iIs

di scl osed, for exanple, in US. Patent, l\gg 3,248,179,

5, 565, 178\ditEnghecgpontratign gf pajsons jsminimizgd bacgyse f10iFops %‘3-}2?"‘4‘%% réa&%\?fﬁ a8¢ whi ch
is i ncorlggm;&q yeg eference in its entirety herein. Sui tabl e diluents
used in slurr poI ynerization include, but are not limted t Hhe nononer
bei ng pol ynerlihz@dlyase ohyrsioway be famef Ato yprousiagifliers inghdame. P\éta‘l?tt igpited

condi tiQ Sbottlgsx"?i[}t]m‘kéaSto§§c Hotichaf! &n@ylﬂeﬁ"senlrte?lsﬂé“%lhid odi, dMifs,"RE! tahke,t ed to,
hydrocarbbns stich as propane, 10 cycl ohexane, isobutane, n-butane,

n- peht an@ipesi geqresmtames, Fnsolieans. arYAIiowh BropespRs xR be Ggfkto f%’@pthﬁ%ﬂ %}H@Fﬁ’zat i on
reacti Onsncl%éllg O%Sturnoyri%gedbku kblgglnq{otldl SeMhSioR RSIdMd, Ul%'i]attloh@ﬁ HR®fAng, AN

exanpl e 1S poPynerization o I ene noner as disclosed in U S Patent
Nos. 5, 4ﬁi5m3)I¢hmngg\/ms¢h10ild§ng m@dhpbkatéﬂerbylméaméddh@%@nd medifiess @Rt i rety.

pocord g 0B IGMIGE GIRTAL Rl BB BOAPRenl B AR ST
enpl oy aprepdtti¢sninoths dndetOditEt Addltlves include surface modifiers such as slip agents,
20 antiblocks, tackifiers; antioxidants such as primary and secondary antioxidants; pigments;
processing aids such as waxes/oils and fluoroelastomers; and special additives such as fire
retardants, antistats, scavengers, absorbers, odor enhancers, and degradation agents.
Homopolymers and copolymers of ethylene produced in accordance with this
invention generally have a melt index from about 0.01 to about 100 g/10 min. For example, a
25  melt index 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 of the present invention typically falls within the range from about
0.88 to about 0.97 g/cc. In one aspect of this invention, the polymer density is in a range
30  from about 0.90 to about 0.95 g/cc. Yet, in another aspect, the density is generally in a range
from about 0.91 to about 0.94 g/cc.
If the resultant polymer produced in accordance with the present invention is, for

example, a polymer or copolymer of ethylene, it can be formed into various articles of



stream contai ning one or nore nononers continuously cycled through a
fluidized bed in the presence of the catalyst under polynerization

condi t i ons0 200w08681261 e stream may be withdrawn from t hepChraisdéosedebed and
recycled back into the reactor. Sinuldganeously, polymer product may be

w thdrawn fromthe reactor and new or fresh nononer may be 20 added to
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hi gh pregsad© tRet poEmeddh oaRr to @adtobenafigialqoiydr peocassingourlead-useprodust or an
aut ocl ave reactor. Tubul ar reactors nay have several zones where fresh
nmonomer 2R at ors, or catal ysts are added. Monomer may be entrained in
an inert gaseous stream and introduced at one zone of the reactor.
Initiators, 30 catalysts, and/or C@{@{Aﬁﬁ}g conponents may be entrained in a
gaseous stream and introduced at _ _Szone of the reactor. The gas
Stregs My bgeiiNeafion Xefirther iIRtHEED) #rtfoldwinglRaimplas)dviitiesles torhy be
enpl oyed appropriately to obtain optiml polynerization ,rea\?t I.on

condi t i cisstrupbiPemoreBE1 FBPIE WISSBOBT (91188 FerPepf TS LbieRlioy eSS MEhot her
aspect af;,dhe dneaRMdn®): mbBcRBhY, MBI d@divalinty @RedIT whRY, afQTRalBE e

sol ution F)o! ynerization reactor wherein the nonomer is contacted with the
cat al ystdesaintiositeram wyy sutgesbtemselves fongneoof GrgBRry nikalhdn the @gly withut

conpri si R LOANhEpdlehHBNEntBh oEHE SSohe BPHRMBhendBY clREnse NPl oyed. | f
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t he that al yt i NuckeacMagretjsrRedornce (NMRhevegirasern obtained oggsésias Mgreyry §lysd

mat eri al ;T o] rization. & MY, pd RUCRIPELREM BFer@Rdd
pressure3soot ﬂg{ﬁ\ﬁf%éﬁgrpgéﬁlopgﬁﬂggﬁngr mat ?%rn H(; a s((giutl on of t h% polymer in
a react i gainsettie peak ofAgsita iGHCraty7. eppmpindykdMbs fobt QiINMBLLDEN: sadvapbr at ur e
control apd to,maintain unifar I rization m xtures throughout the

pol ymer i TETSRE %H}g%ce %fébnaetogdrgeca{ ‘3‘27?“6 8%’?1 ized 10 for dissipating the
exot her mi ¢ haat addftiogpotoy NNIR 7z at themmal desorption mass spectrometry procedure (direct

20  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 method was developed using a Finnigan™

25  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™ Excalibur™ software for peak integration and instrument control. Other
instruments having comparable mass range and probe capabilities could be utilized.

In the DIPMS procedure, the sample is placed on the probe tip using a micro syringe.

30 In practice, the smallest drop of sample which can be transferred to the probe 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



Pol ynmeri zation reactors suitable for the present invention may further
conprise any conbination of at |east one raw naterial feed system at

| east onewbee@/wyebem for catal yst or catal yst conponemrC3jusand/ooss7at | east
one polynmer recovery system Suitablegheactor systens for the present
invention may further conprise systems for feedstock purification, catalyst
15 stor agemifith R PARGH Gfer (IR U8 FARLT atGRO IR0l PRIDFPr HEGRY T Y.
fractionation, recycle,” storage, |oadout, laboratory analysis, and process
cont r ol . d@medthe iipagiontraeceat: e Adtoninsating thef rpbg dhe trammeretur progedrhiand eavy and
Lo provideusfRhilyciB! BRAT U HiiehBELACHOGIREIES Wal 50 PEBRAN Guidf 30%BFnin
concentrations of various reactants, ol ynmeri zafi on ‘tenperat’ure can affect
cat al yst teppexdtict ranig, $0 PO lfpatemperhtecuthald Sweingh Thsmulog@m rtaies 6 Ineinutesetiog ht

di stribufgi Su | e I ri;zatjon.te rature may be te rature
bel owgt hé&geétﬁ'o#b%rg%mzegfg%% grdrﬁgrdaflomnemﬁ)@grm Sikars lfegy?rh%n%q%%cso r%‘é’nener gy
equat i onof thygnpaathse frbgrami nafterdesoupleooh rminotes t6 1Sy ttle plobeltip28Qod, tHeor
exanpl e, and fromabout 70 C to ab 110 C dependin pon the type of
or wher | BEPF uht PRERE0Hm & itpl Bl PRls publi o PERRE SO OR e cor di ng to the
react or and pDieyRnigaa®™ ontririge. had 2bmdbuble i selumed; Gthedel et (chphged eand
polynmeri zatiqgns in a |l oop reactor .is . typically.less than 1000 si g.
Pressur e“FBF GLET pYFRL LY ?)E‘f‘?r'}gr’?'fﬁ?l?%ﬁu'%(@p Jﬁ%?‘i? B\ t}b?gl(%st arfgﬁthfrgsoggﬁ psi g.
Hi gh10 pr esspohentpo I TheREdultflateOypichlly obiphtedd Brplatdtshewingaotat amt Qirent serggner al |y
run at about 20,000 to 75,000 psig. Polynerization reactors can al so be
oper at ed"Mf a supercritical region occurring at generally higher

t enperat ures Mo ifleR FHUS G50 nfDEsAlde@im RO ViEadcBRlabd Witk AISTRODNR3IDEt 30 30
pressure/tenperature diagram (supercritical phase) may of fer advantages.
The concéjnf"!‘? taizdﬁoggfa"?/ﬂPigB‘us reactants can be controlled to produce resins
with certai nHgR)sddcmblt Hfddx f(HENﬁ,”%?@lmi WREddidrRned N AcRIr @RS Q/theAsiFMS e
product that will be formed WO 2009/ 085126 PCT/ US2008/ 013679 55 by the
resi b an@ 12t A8 Howitbr 2 SPPrers veight: product deternines the desired resin
properties. phehaniqedlicy PLAPReldnRfmed Nl Yfhst gOSichBic EdnBitidfeR! og/deRAC:
creep, stress relaxation and hardness ests. Physical properties include
densi ty, conepressisnamolded gfmple, ropled at ahouind$ b pedharr angucandrionedrisir abery 40
tenperat Yo atgljo@*r% ertnégrgtﬂet fnga'&cérﬂiﬂ%@ %UAﬁMtﬁf%graﬂﬁ Wr %leQ,fprocedure .
crystallizatron, density, stereoregularity, crack growth, ’l'ong chain
branchi n§. and rheol ogi cal neasurenents. The concentrations of nononer,

co- mypormer,  hydro EHogiedl LR S htionTPHLE! §iSimiGRd by suitable methods. For
example, small-strain (10%) oscillatory shear measurements were performed on a
Rheometrics Scientific, Inc. ARES rheometer using parallel-plate geometry. All rheological

tests were performed at 190 °C.
Molecular weights and molecular weight distributions were obtained using a PL 220
25  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 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
30 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 Marlex® BHB 5003) for which the molecular weight had been determined.



el ectron donors are inportant in producing these resin properties.
Comononer is used to control product density. Hydrogen can be used to
control pwodo@tosskecul ar wei ght. Co- catal ysts can be wmsedscasaliicyd at e,
scavenge poi sons and control nol ecul aggwei ght. Mdifiers 10 can be used to
control product properties and el ectron donors affect stereoregularity. In
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Branching content was determined as follows. Narrow molecular weight (weight-
20  average molecular weight to number-average molecular weight ratio (M,,/M,) of about 1.1 to
1.3), solvent gradient fractions of ethylene 1-butene, ethylene 1-hexene, polyethylene
homopolymers, and low molecular weight alkanes were used in calibration and verification
studies. The total methyl content of these samples ranged from 1.4 to 82.7 methyls per 1000
total carbons. Methyl content of samples was calculated from M, or measured using C-13
25  NMR spectroscopy. C-13 NMR spectra were obtained on 15 weight percent samples in TCB
using a 500 MHz Varian Unity Spectometer run at 125 °C as previous described [see Randall
JC, Hsieh ET, NMR and Macromolecules; Sequence, Dynamic, and Domain Structure, ACS
Symposium Series 247, J. C. Randall, Ed., American Chemical Society, Washington DC,
1984.]. Methyl content per 1000 carbons by NMR was obtained by multiplying (times 1000)

30 the ratio of total methyl signals to total signal intensity.
A partial least squares (PLS) calibration curve was generated using Pirouette
chemometric software (Infometrix) to correlate changes in the FTIR absorption spectra with

calculated or NMR measured values for methyls/1000 total carbons for 25 samples. The



containers, utensils, filmor sheet products, druns, fuel tanks, pipes,
geonenbranes, liners, and the |ike. Various processes can be enployed to
form t heswoanewmssres. Non-limting exanples of these precedsessionsiude

i njection nolding, blow nolding, filnextrusion, sheet 5 extrusion, profile
extrusion, and the like. Additionally, additives and nodifiers are often
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Conp?dmdprgledure, 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 H,SO4. 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 alumina was collected and stored under dry

nitrogen, and was used without exposure to the atmosphere.

25
EXAMPLE 1
Synthesis of ClyZr{eta-5-CsHy-[(CH;)3CHjj (eta-5-CoHy-1-(CH,CH=CHCH,) (1-eta-5-
CoHy)eta-5-CsHy-[(CH3)sCH3}ZrCly, CyoHsZr;Cly (DMET 1), using olefin metathesis
30 DMET 1 is a nano-linked, dinuclear compound of the presented invention. It is

produced using a single metallocene reactant and is, therefore, a homonuclear compound.
The reactant metallocene used to produce DMET 1 is n-butylcyclopentadieny!)(1-
allylindenyl)  zirconium dichloride, or {eta-5-CsH4- [(CH,);CH3] (eta-5-CoHg-1-



interest. Allowi ng the diluent/solvent to evaporate before inserting the
probe into the WD 2009/ 085126 PCT/ US2008/ 013679 57 instrunent wll, anong
ot her thiwgoodmsseen t he chance that the drop will fall pofffusedosioinss7e i p
during the insertion process. After iggerting the probe, the tenperature
program and data acquisition cycles begin. The tenperature program used
was 50 tyer [ eyIpT f rature
(hol d SQSFE)QMC# TS}”ZF@%, ?%h%%?dgzs(a%ggﬁlﬁﬁgt es té 5 cl(])eﬁrr%?cettQ g éc!l]'ﬁjge ;f(?qgﬁent was
turned olﬁv@tlsematmnlmlsollltslffétedlbnloafnd kept on until the conpletion of the
tenperature program After a couple of mnutes to allow the probe tip to
cool, the probe was renoved fromthe instrunent and the anal ysis cycle was
conpl ete. The Finnigan TMinstrunent had renovabl e ion vol unes; these were
changed and cleaned after every two funs to mnimze buil dup of residue on
the I ens and other source 10 conponénts. The results are typically
outputted as plots show ng total ionN\current versus tinme. Mt index (M,
g/ 10 mn) was determ ned in accordan with ASTM D1238 at 190 Cwth a
2,160 gram wei ght™=\Hi gh load nelt infdex (HLM, g/10 min) was determned in
accordance wth AS 15~D1238 at 190 Cwith a 21,600 gram wei ght. Pol yner
density was determ nev bic centinmeter (g/cc) on a

conpr essi on nol ded sa boug, HloL,Z per hour, and conditioned
for about 40 hours at e re |$¥aca1ﬂmﬁ3él@3nce wi th ASTM D1505 and
ASTM D1928, procedure r heol ogg' ggri ;@%l ons were
determ ned by suitabl e\ne For exanpl e sma] -strain (10%
oscillatory shear neasurenents were perforned on a Rheonetrics Scientific,
Inc. ARES rheoneter using parall @l -pbeiecgessietry. Al rheological tests
were perfornmed at 190 C. Mol ecul ar wei ghts and nol ecul ar wei ght

di stributions were obtained usiny a PL 220 25 SEC hi gh tenperature

chromat ography unit (Pol yner Laboratories) with trichl orobenzene (TCB) as
the solvent, with a flowrateg of 1 nL/mnute at a tenBerature of 145 C. BHT

(2,6-di-tert-butylq4-eth RenoltgdZm concentrati®ffbhf 0.5 g/L was used
as a stabilizer_in \he EAXSC‘V‘;’:?5;4§4:4°3

C,56.59; H, 5.22; Cl, 16.70; Zr, 21.49

CI/ \CI
5
The MET | metallocene starting material can be prepared in accordance with suitable
methods. One such technique is described in U.S. Patent 7,226,886, the disclosure of which
is incorporated herein by reference in its entirety.
10 Approximately |1 mg of bis(tricyclohexylphosphine)benzylidine ruthenium (IV)

dichloride (Grubbs first generation metathesis catalyst) was charged to a reactor under an
inert nitrogen atmosphere. After about 108 mg of MET 1 were charged to the reactor,
approximately 1.5 mL of benzene-d6 were added via syringe. The reaction was allowed to

proceed at ambient temperature. Initially, an amber solution resulted and ethylene was



TCB. An injection volunme of 200 L was used with a nom nal polyner
concentration of 1.5 ng/nL. Dissolution of the sanple in stabilized TCB
was carriwao oaosbyecheati ng at 150C for 30 5 hours wth ecrascasalicrgent| e
agitation. The colums used were threg;PLgel Mxed A LS colums
(7.8x300m) and were calibrated with a broad |inear polyethylene standard
(Phi 111 pgd8dal sfod thk r8IBom Bd3hrel Al ¢ W}’e%ﬁoh gﬁocgweﬁct% act‘ﬂﬁl‘ lglahr@@&am@%n
determ ned. WO 2009/ 085126 PCT/ U82008 013679 58 ecul ar wei ght

distri butturlzmsel@n‘dcmrarfefwrpb@ﬂ|5|d@ss wpprexiswtely Aad- effheozayh-dgivese thex addedi on

chr omat ogr gphy, &éE.Q xtte! NORA™Y ﬂde Qﬁuﬁ;ﬁé‘f%ﬂhe rQLUtBHanS’cHI f&@é Penﬁ)Q'Q(g a(tslhons are
t hose descrlbe ove. However, "the sanple Injectl vol unme was
Sanpl es wdized in ﬁmmnﬂgc?edAtddltrphdlyFﬂﬁndét efcthoreagtion grdvoctt wab temmved.eand| i ne

and 1§ oG by G KRGO SRRl PRE, | 09 6, 1Ry ol Ume).

Theterrper tures tr PR and fTow cel I “Wer e 3+1C
and 140 pre$eng; ofrthsgmsutd dlebgleaerrﬁamdnlanElEﬁbr THRE NRIR opMHT bphbo\mmthlG (PE
2000) equi-ppe t.h.a narro rcu C umtel i.d det ect or
vas used i e Rl Byt ho8 PPOEIT Rk & ST Al S5 S PR e e

Ti mebaseretatifvt walnetionBEahege cpmtoh re];ﬁhaﬁpaeaiemangfatdshlee Eﬁesmhmdhetﬂhansaﬁt ai ned
prior to | R spectra were neasured at 8 cm1 resolution (16
scans). onlgtl%kaﬁg were generated using the root nean square absorbance
over1@ he 3000a2ef0Q duys, lappraihately (Eghgof (lith@uum kcdthistsiar v@$. dbedzene-d6

concentratio d ctor). | ecul ar, wei ght cal cul ati ons re de as
SR e s A S T e L S At Tt
st andar dteh@aat@@tsﬂaasnmo W) thesold-readtaMzBdubt WROdrhdved fidm ke, reXbic ha VB,
Pol ymer 2000; 41: 7175!5%8 pectra fromindividual tine slices of the

chr omat o | Yethis reagtianseriadyst ps dissalyedd Dreitlorefnmiie Aum dsolution fpeanalysisusi ng

chenonet gy ¢H-NMRD mmaﬁd.ca%d th@g;lrés@frc@tdfm FRRE difudhRk BothpkAa, BMESIAIs©
concentrations ,vvh excee that needed for good signal to noise

(i.el5 >illgstggedi /Iﬁ'L at the detector). Branching content was determ ned as
foll ows. Narrow nol ecul ar wei ght (wei ght- 20 average nol ecul ar weight to
nunber - aver age nol ecul ar weight ratio (MWM') of about 1.1 to 1.3),

sol vent gradient fractions of etWAMi’é» 2 put ene, ethyl ene 1-hexene,

Cal ! br at VERCu S O RPRTEE P PR, e TR SR CAIR T o1 “Sontent of these.
sar‘rp&@ ST ange/glttfougmh% c%n\ge?sné?t Dl@ﬁt'[hwvgs 5% u‘?'g%%lmle 1, mass spectrometry also
indicated the presence of the desired dinuclear compound, DMET 1. A portion of the
reaction product after 7 days from Example 1 was used as the starting material for Example
2.
A sample of the reaction product of Example 1 was placed in a vial and hydrolyzed
25  using about 10 microliters of water in about 0.5 mL of toluene. The metal was hydrolyzed to
the free ligand (1,4-diindenylbutene-2; Cy;Hao) and the ligands having the following structure

were subsequently characterized:



total carbons. Methyl content of sanples was cal cul ated from Vh or neasured
using C13 25 NMR spectroscopy. C 13 NWR spectra were obtai ned on 15 wei ght
per cent swopb@8sr6 TCB using a 500 MHz Varian Unity Spectarseasniisan at 125
C as previous described [see Randall 4JC, Hsieh ET, NVR and Macronol ecul es;
Sequence, Dynam c, and Domain Structure, ACS Synposium Series 247, J. C.
Randal | , Ed., Anerican Cheniﬁﬂ%g&%%y ety, Washington DC, 1984.]. Methyl
content per 1000 carbons by was obtained by rmultiplying (times 1000)

30 the ratio of total nethyl signals to total signal intensity. A partial

| east squares (P calibration curve was generated using Pirouette
chenmonetric sgftware\(Infonetrix) to corregfare changes in the FTIR
absorption spactra with cal culated or NMR neasured val ues for nethyl s/ 1000
total carbons f PS]/ US2008/ 013679 59 FTIR
absorption spec
spectra collected

‘ e made from co-added
Only a pprtion of the spectral
region (2996 and 28 C 1) was used in the ocaljbrdtion step in order to
m nimze the effects of residual solvent absorptTon. Preprocessing of
spectral data included area nornalization, taking the first 5 derivative
of the spectra and nean centerinpng, all data. A four conponent calibration
nodel was cal cul ated and optim zed using the process of cross validation
(RSQ=0.999, S The calibration nodel was verified using 23
addi ti onal sag The predicted versus f#
data showed
square error
total carbon nolee

5 t he whol e sanpl e.

yl groups per 1000

] § were cal cul ated by
subtracting out ne ghain end contributid 8 anount of met hyl chain
ends were cal cul ated=using the equati on Mecekg /Ce)/ M5, where Mece is
t he nunber of methyl chain ends per 1000 total carbon nolecules, Cis a
constant equal to 14000, VCe is the nunber of vinyl term nated chain ends
15 (e.g., | for chronium catdxyHed resjins), and M5 is the nol ecul ar wei ght
calculated for a particular Iy : gz & ol ecul ar wei ght distribution
Sul fated al um na was forned o r % wher ei n al um na was
chemcally-treated wth a sui’flate’ or 'Di sul fate source. Such a sulfate or
bi sul fate source may include, for

This isomeric compound (Cy;Hyo) was analyzed using the thermal desorption mass
spectrometry procedure, DIPMS, outlined above. As illustrated in FIG. 3, the prominent
5 molecular ion observed was consistent with the expected molecular mass of about 284

Daltons of the free ligand.



exanple, sulfuric acid, ammonium sul fate, or ammoni um bi sulfate. In an
exenpl ary 20 procedure, a commercial alumna sold as WR G ace Alumna A
was sul f avedodyossizapr egnati on with an aqueous sol ution eamiuszevsogeabout
15-20% (NH4) 2S04 or H2SO4. This sulfgied al um na was calcined at 550 C in
air (240 C/ hr ranp rate), with a 3 hr hold period at this tenperature.
Afterward, the sulfated alum na pgs\g@lgecisd and stored under dry
nitrogen, and was used w thout exposure to the atnosphere. 25 EXAMPLE 1
Synt hesi Rolyperanogy lévaﬂslgmyé[t (sevy3 ey (oat diniBlaay Meeiallocend DMEZHCIARY

(1- et a- GueidinqgyeMEl3- CSHA- [ (CH2) 3CHB} Zr C12, CAQHA44Zr2C14 (DVET 1), using
olefin nmetathesis 30 DMET | is a nano- Ilnked di nucl ear conpound of the
present ed i nJintdlesn mdtallocene gnmappyvdsdofuthe mgesantsiinwtien rvmraluls@cammrt efiet ant

and is, E Ee toap(h9 {%Célg Ope%&g& tl;lt;l('n§we aci%tn? cte tal l Oc?lne used

to produce yl cyc Z%% Coni um
di chl or |S¢mnle$;rstf{eésan5ba@81—k¢act{>( CH2p (@8 Jof Qaebataﬁe ﬁﬁi—lﬂkﬁl maﬂﬁewmg@

PCT/ US20 2 | 2, a b eVI a ed "MET 1").
The r eac\?%gljsés%gz all %gﬁgg%%%%en r%\S/‘e efa e | s b rﬁ Bel'dh: c21
H24 C1 2 ZrcorAducedaas tfolldvess alkstB@uiuniyitie, acWator-sﬁﬁﬁorﬁdnd\ thé n@tal]/oce’ﬁle v(é,re &deB1; H,

. 2l Cp oy Wi Ry OOl AR e O e e S can
be pr epazmédabbﬁt Aticoy dfiisobutind Wereuddded| @he contents of the reactor were stirred and
heated to the desired run temperature, and ethylene was then introduced along with the
desired amount of hexene. Ethylene was fed on demand to maintain the specified pressure
for the specified length of the polymerization run. The reactor was maintained and controlled
15 at the desired run temperature throughout the polymerization. Upon completion, the ethylene
flow was stopped and the reactor pressure slowly vented off. The reactor was opened and the
polymer product was collected and dried under vacuum at approximately 50 °C for at least
two hours.
Table I summarizes the catalyst system formulations employed for Examples 3-13. In
20  Examples 3-13, the dinuclear metallocene product of lExample 1 (DMET 1) and the reactant
metallocene of Example 1 (MET 1) were corppared. Ethylene/1-hexene copolymers were
produced using the dinuclear metallocene product of Example 1, DMET 1, and the .
metallocene starting material, MET 1. The specific polymerization conditions employed
were a 30 minute run time, reaction temperature of 80 °C, 450 psig ethylene feed, and 45
25  grams of 1-hexene with 0.5 mmol of triisobutylaluminum (TIBA) per 100 mg of sulfated
alumina. The loading of the metallocene (MET 1 or DMET 1) was varied from about 7
micromoles Zr per gram of sulfated alumina to about 56 micromoles Zr per gram of sulfated
alumina.
The dinuclear metallocene compound, DMET 1, was supplied from a solution
30  containing about 14 mg of DMET 1 in about 14 mL of toluene. Thus, for instance, Example
3 was conducted using a 2.5 mg loading of DMET 1 on 100 mg of sulfated alumina (2.5 mL
of DMET 1 in toluene solution), plus 0.5 mL of 1.0 M TIBA in hexanes.



met hods. One such technique is described in U S Patent 7,226, 886, the

di scl osure of which 1is incorporated herein by reference in its entirety.
10 Appr oxwoab@/ogsizeng of bis(tricycl ohexyl phosphi ne) benpgiriusezevs/onzstheni um
(I'V) dichloride (Gubbs first generagjon netathesis catal yst) was charged
to a reactor under an inert nitrogen atnosphere. After about 108 ng of MET
| ere CRMIBEICha b6 AR Eonta ARRTVETRuRd My p ML of benzene- d6 vere
added vi a syringe e reaction was al proceed at anbi ent
tenperature. Initially, an anber solution resulted and ethyl ene was WO
2009/ 085 FX8MBLT/1382008/ 0136879 MBP! | whedZs pehofA-BHm t#meol g eaction m xture. As
the readtion ptoceededC3PHE [rRY% bn nmi xfure becafd®a turbid yell ow col or.
After about3 5 daDMET 1appr oxisneta@kys P nbs®f bangenesslé|were then added to

t he reaqti oh_m XaMmATel |Af t1e25 [h.@ays|, a2sanpl éodf theoneacti on product was
renoved,| arfd utDMETzled i ro.@3xjangoloes P. Adkl| ti doal | yi4.a|sanpl e of the reaction
product |wasb r epMET, 1 and &32anedop3ed vo.25 | HABVR.  Ar.6hough the conversion to
DVET 1 was &l ow.DMEVR shovier$ [tde14p) eszee of108 he de8ired di nucl ear

compoun BVET] 1METHhe [NVR2¢f| OMB%740 | | s5.83hpwn 101 FI 628 1. The term nal
vinylic |prdtons BETIVET 1 a5 0.6928F pd 583 weerl0%bour6.8/0 to 5.5 ppm The
relative réflucti BETHf |t heds® |[{FeMéh| r eséhancd86 denddtr at es t he conversi on
and net dthddis| oMETNET 1 G32 [MIO073]| 107After04] day8) approximately 3.75 ny
of ruthaniud cat MEY4t |in 2.5mi0.867henzaA®t d6 10%wr eS5¢-Ben added to the product
remai ni ng_i'd t heMEBActiar 1.28f11®30285 t ot 485 bf 4M0 dayd581 a tenperature of
around 30 C, the solid reaction product was renoved fromthe reactor. A
sanpl e of thig,keaPtdp@y. Product was di ssolved in D-chloroformto forma

sol ut? on for 3p k}%s_l_ﬁ_lmi. nls%f%te inRdifated, ﬁ#aﬁ presence of the desired

di nucl ear com glja ME tE@ilﬁﬁ’nd G 2. EXAMPLE 2

Hydrol ysis of_ ‘ﬁwa EeRe bidand of %l—l%) 20 Al t hough
t he conversion to t ggwadd@d gpfja rot it ipas‘%@% try al so
e

i ndi cated the pre"g‘\%{f? esired di nuclear conpoun T 1. A portion
of t reaction product after 7 days from Exanple 1 was used as the
starting material for Exanple 2.

Generally, the results in Table II indicate a similar effect of varied Zr loadings on the

Mw and polydispersity of copolymers produced using DMET 1 and MET 1. That is, the
dinuclear metallocene compound, DMET 1, produced copolymers with properties similar to
that produced using the MET 1 metallocene compound, across a broad range of Zr loadings.

15  Both catalysts produced higher Mw polymers as the Zr loading was decreased.
FIG. 4 provides rheology curves for the polymers of Examples 3-7 produced using a
catalyst system including the dinuclear metallocene, DMET 1, or in the case of Example 8,

the MET 1 metallocene.



A sanpl e of the reaction product of Exanple 1 was placed in a vial and
hydrol yzed 25 using about 10 microliters of water in about 0.5 nmL of

t ol uene. Wwbeosaissi2ewas hydrol yzed to the free |ligand PCT/US2008/013679

(1, 4-diindenyl butene-2; C22H20) and tge |igands having the follow ng
structure were subsequently characterized: WO 2009/ 085126

PCT/ US2 f i Mass: 284.16 MIl. W.:
284. 39 ogégl{,ggls 8‘71";?“‘15?@?%49‘5‘%4??? 19150%? ilg%%ﬂgggﬁh‘ﬁﬁ?%mo) was anal yzed
using the thermal desorption nmass spectronetry procedure, DIPMS, outlined
above. A&xampleistGatgivsd (i nH@PIGMB1000he p?@ri nent 5 nol ecul ar i on observed
was condistent|with the e&f¥dct ed mol ecul r mass of about 284 Daltons of
the freg | igand.oMmi 2()09/58851262PCT/ US2808/ 013679 63 EXAWPLES 3-13

Pol yrer ijzat4 on| rOMES US| nes@at al 2zt [syneens based on di nucl ear netal | ocene
DVET 1 dand 5 net dMEIcene MET |1 25BOnucli3e@ar] net al | ocene conpounds of the
present |i nvent | dMB¥r e us@&d |as 38a8t] ofd.2da | catal yst systemto pol ynerize

ol efins.| Al1 polDMBESTi Zat i2313s| werdg9donduétied in a one-gallon stainless
steel sam -®at chME&4Act or 52 |321 érs @i71ijsobut ane and al kyl al um num
co-catallyst? wer®Efded | P62|] pRIBYITeri2A8Qt/i on experinents. The typical

pol yneri|zat!® on| pMeEédur e Mg cIAAuUct €$8as fol | ows: al kyl al um num the
activat ar-duppor MEAM [t he 7196t al 3588ene 288rle added 10 in order through a
charge parfi2whi| MEVé&ntli n4i3gohi1d?ade vAPErl. The charge port was closed and
about 2 [Lifl&érsl oMET dobut 2868 wer23ddded-27The contents of the reactor were
stirred and heated to the desired run tenperature, and ethylene was then
i ntroduced all@&&yﬂfeﬁléﬁ? desired anount of hexene. Ethylene was fed on

demangd to ”a'-%?dl 'Zr/% N&nRASRES ﬁ%epéﬁﬁ%uffﬁed alumina.

- Mw — weight-average molecular weight.
- Mn — number-average molecular weight.
- PDI - polydispersity index, Mw/Mn.

10



for the specified I ength of the polynerization run. The reactor was
mai ntai ned and controlled 15 at the desired run tenperature throughout the
pol yrer i 280i2009/088026n conpl eti on, the ethylene flow wasPpsraspedoassds t he
reactor pressure slowy vented off. The reactor was opened and the pol yner
product was coll ected and dried under vacuum at approxinmately 50 C for at
| east two hours. Table I summari ze%m catal yst system fornul ati ons
enpl oyed for Exanples 3-13. In 20 rrp?es 3-13, the dinuclear netall ocene
product of Exanple 1 (DVET 1) and the reactant netallocene of Exanple |
(MET 1) yere commatednabh 808l 4;5.hexene copol yners were produced using
t he di nucl ear metgcful ocgnegpreo uct of Exanple 1, DVET 1, and the
netal | ocene starting material, MET 1. The specific polynerization
condi tions engl, oyed ¥\ere a 30 mnute run tine, ggacti tenperature of 80
C, 450 psig e hxlepex eed, and 45 25 grans of 1-’65\@@9 ith 0.5 muol of
triisobutylalum Ml\/lq:]ﬂ'( TIBA) per 100 ng of sulfated JMwunina. The | oading of
the netal |l oce /( 4 or DMET 1) was varied fr 4bo { .7 mcronoles Zr
per gram of sutfat eoP(\QI um na to about 56 micro es Zr xper gram of sul fated
al um na. The dinucl ear yefall ocene conpound, ) 1, was supplied froma
sol ution 30 contai niGR Rbout 14 ny of DVET QRTR' about 14 of tol uene.
Thus,sfor i nst ance, Exaanz)ns-m?,:cgaﬁdqct-g);l, /usi ng a 2.5 oadi ng of DMET
1 on 100 ng of sulfated alumna (2.5 nL of DMET 1 in toluene’ solution),
plus 0.5 nL of 1.0 MTIBA in hexanes. WD 2009/ 085126 PCT/ US2008/ 013679 64
Tabl e I.W%glal yst formul ations containing DVET 1 and MET 1. Exanple
Cat al yst "ng ol prmol Zr nmg A-S pnol Catalyst Catalyst Zr/g 3 DVET 1 2.5
0. 00295 5. 89 X0mnd X’ Gndepehdvhily hrel a 2alife 0 b4subatitdkd 1Q5undBbstitut@ BIRAtd, 0. 63
0. 00074 1.48t.105 14.1 6 DVET %.0..32 0.00038 0.75 101 7.5 7 DMET 1 1.25
0. 00147 ¥°@AlG gEeysHc group, quEfombinagonthgisslo 5 70 108 52. 8
10 X? 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;
X*is a substituted cyclopentadienyl, indenyl, or fluorenyl group, any substituents on
X* other than an alkenyl linking group independently are a hydrogen atom or a substituted or
15  unsubstituted alkyl or alkenyl group;
M is Zr, Hf, or Ti;
R*, RY, and R? independently are a hydrogen atom, or a substituted or unsubstituted
aliphatic, aromatic, or cyclic group, or a combination thereof; and
n is an integer in a range from 0 to 12, inclusive;
20 with the proviso that the integer n is not equal to O when both X' and X are chlorine
atoms, both X’ and X* are cyclopentadienyl groups, R*, RY, and R” are each hydrogen atoms,

and M is Ti.

2. The compound of claim 1, wherein X' and X’ independently are a methyl group, a

25  phenyl group, a benzyl group, or a halide.



9 MET 1 1.25 0.00285 2.85 109 26.2 10 MET 1 0.63 0.00144 1.44 106 13.6 11
MET 1 0.32 0.00073 0.73 104 7.0 12 MET 1 2.5 0.00570 5.70 105 54.3 13 MET
1 1.25 0.W02809/@Bs586 110 25.9 Notes on Table I: 5 - ng RCcHUS2008l0l36% ans of
sul fated al um na activator-support -¢gnol Zr/g - mcronoles Zr per gram
sulfated alum na. - Exanple 7 - the polynerization was conducted in the

pr esencey of id hi-gr . r 3t 0 at 1

initially, a?ﬁgg%'é’?ﬁ]““ﬁe%f 41*55‘ %\%ﬁ%’.‘ Qéfg S%%ﬁ@lfgf’???* 't éidr?'g’éuﬁ?‘tﬂg’lt?{h“ oie 11

i ndi cat ealkeny] iing grofip.cie tselofted; mdepandntlyl formliarhydrogen ates, avhethyldgroup, an

pol ydi sp [ 0 Si T 1. That is, the
di nucl ea%ﬁ}rﬁré%%{fﬁ %%rgﬁg%é%%gﬁﬂﬁn&%ﬁgquoblggg%dmiao}%ggﬁé‘ S with properties
simlar to that produced using the MET | netall ocene conpound, across a
br Oad5 rajge OIf Zlé:orl\?\gc?uqli nQ%- clai]ﬁ;x3 ?Ot e(f:ea% akysgss aPg dsvlﬁ.ﬁgd h(;rgblggubstl {%Ql yners
as the Zr Ioachﬁng S 8ecreased. FI provides“rneol ogy curves tor the
pol yner scysfopentatigiybgro8p IndKbid asebbtiiséduyclapentatiayy ot indaryt gioup.ncl udi ng t he
di nucl ear netall ocene, DMET 1, or in the case of Exanple 8, the MET 1
met al | ocene. WD 2009/ 085126 PCT/ US2008/ 013679 65 Table I1. Conparison of
DVET 1 afid MHhe tompowalrifethizir], Wwhadimtys integex aigedqaalGatoal yxt3, pniyl6, Mri&)00 PDI
Zrlg 3 W]%%Eﬁ 227.7 2.76 4 DMET 1 28.0 229.1 2.62 5 DMVET 1 14.1
259.9 3. & 1 7.5 286.8 3.24 7 DMET 1 27.3 32.9 6.15

10

6. The compound of claim 1, wherein the compound is selected from:

15



8 MET 1 52.8 221.6 2.71 9 MET 1 26.2 233.4 2.60 10 MET 1 13.6 275.6 2.68
11 MET 1 7.0 352.0 2.61 12 MET 1 54.3 223.3 2.59 13 MET 1 25.9 242.7 2.27
Not es on wabkbh@/isst265 - nmol Zr/g - mcronol es Zr per gramrcIuist@s@ead um na.
- Mwv - weight-average nol ecul ar wei ghgg - M - nunber-average nol ecul ar

weight. - PDI - polydispersity index, M~ Mi. 10 WO 2009/ 085126
PCT/ US2008/ 013679 66 CLAIMS_ 1. A conpound having the formula: X \M Xs X
RXR CRZ -(CH2)n / m wherein: X-

\M X1 X2 X4 X4 \ X2 /C
and X2 i ndependently]a
aliphatic, aromatic,XxQr conmbi nation thereof; 10 X3 is a

substituted or unsubstitutyg |, indenyl, or fluorenyl group,
any substituents on ¥ etrete hy¥t ogen at om or a substituted
or unsubstituted al kylwo 2 ; ”4\%§ a substituted

cycl opent adi enyl , indenyl any substituents on X4

ot her than an al kenyl [|i are a hydrogen atomor a
substituted o group; Mis Zr, H, or
Ti;




RX, RY, and RZ independently are a hydrogen atom or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a conbination

t her eof ; woa@oe/issi2an integer in a range fromO to 12, i rcirusees/ 01309 with
the proviso that the integer n is notggqual to O when both X and X2 are
chlorine atons, both X3 and X4 are cycl opentadi enyl groups, RX, RY, and RZ
are each hydrogen at opp Mis Ti. 2. The conpound of claim1, wherein
X and X2 independe r‘*‘nethyl group, a 25 phenyl group, a benzyl
group, or a halide. 008/ 013679 . 67 3. The compound of
claim1l, wherein eact A-ot her than the al kenyl
l'inking group, is selgcted i a hydrogen atom a nethyl
group, an ethyl grouﬁ?sm propyl -bytyl group, a t-butyl group,
or a hexyl group. 5 4T 4 wherein X3 is a substituted
or unsubstituted cyclop 1is a substituted

cycl opent adi enyl or ind . 5. The ¢onpgund of claim11, wherein the
integer nis € , 8, and Mis Zr or Hf. 10
6. The conpound of cIa|n11 wherein thé is selected from C Zr
Zr" Cl00 " d \~~~Cl H H C\\\~, 70 2009/ 085126

PCT/ US2008/ 013679 68 CI "~~~CI " Zr \ zr ’

S

Zr



cl\~~""" "'a d~,, I H H d~"C d zZr A0 ZzZr'* "C 5 W
2009/ 085126 PCT/ US2008/ 013679 69 d*, Hf | H C C° pCd 2zr \ zZr "C
SCl  Zr GNO209/686126C1 5 WO 2009/ 085126 PCT/ US2008/ 01367 @CTAB260810136Z9

70

Cl

/\

Cl



", cl cl Zr dASsS/d Zr \C as zZr cl~ - d Zr \C Cli1 P Zr QS5 ;
WD 2009/ 085126 PCT/ US2008/013679 71 /ci Zr l--,ci CGf Zr cif cb""x CH3
Zr CH3 HBG2009/085126 PCT/US2008/013679

71

CH3

; \CH3

©
i

H3C
Zr
H3C

; Or



Zr H3CCHZ O Zr cH2 \ Zr cH2 or 5/ WD 2009/085126 PCT/ US2008/ 013679
72 zrl _~ci  Zr cif 7. A catalyst conposition conprising a contact product
of at | eawD 200@ssizaucl ear netal |l ocene conpound and at IlpeaaiS2a08813679
activator-support, 5 wherein the at lgﬁft one di nucl ear netall ocene
conpound has the formula: X N /X3 X3 M X2 X4 X4 ~X2 CRXRY CRXRY
\(CH2)---CRZ=CRZ- (CH2)n / (I) wherein: 10
hal i de or a substituted or unsubstituted
group, or a conbination thereof, X3 is a
cycl opent adi enyl , indenyl, or Nenyl JgrQup; any substituents on X3

i ndependently are a hydrogen”atom or a\§ titut ed or unsubstituted al kyl
or al kenyl group; 15 X4 is a substituted=gyclopentadienyl, indenyl, or

f 1 uorenyl group, <

and X2 independently are a
‘atic, aromatic, or cyclic
[ituted or unsubstituted

N

7. A catalyst composition comprising a contact product of at least one dinuclear

metallocene compound and at least one activator-support,

5 wherein the at least one dinuclear metallocene compound has the formula:
x1 3 X3 x1
N M/X \M/
RN 7N\
X2 X4 x* X2
\
CRX{QY CRXRY
(CHyIn—CRE=CRE—(CHzln | ®
wherein:
10 X' and X? independently are a halide or a substituted or unsubstituted aliphatic,

aromatic, or cyclic group, or a combination thereof;

X3 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;

15 X* is a substituted cyclopentadienyl, indenyl, or fluorenyl group, any substituents on
X* other than an alkeny! linking group independently are a hydrogen atom or a substituted or

unsubstituted alkyl or alkenyl group;



X4 other than an al kenyl |inking group independently are a hydrogen atom or
a substituted or wunsubstituted al kyl or al kenyl group; W 2009/085126

PCT/ US20080Qa®@8912673 M is Zr, Hf, or Ti; Rx, RY, and REZTiusde@semndent|y are
a hydrogen atom or a substituted or ygsubstituted aliphatic, aromatic, or
cyclic group, or a conbination thereof; and n is an integer in a range from
0 to 12, inclysiyeusrpMhth the proviso that the integer n is not equal to O
when both X and X2 are chlorine atoms, both X3 and X4 are

cycl opent adi eRiysIR geresdiBS inderendRvly arnd h@rogereatemc hr fyehstigead catuosubstitugedd M i s

Ti. 8. T . C iflon Wpe reibn X' and X2 independently
are a me'lt‘;‘l m’%ﬁé’?%E%uog@%&p#%%’/Pp%?oﬁjbg{lawgzﬁ}gﬁéz@la%group, or a halide. 9. The
cat al yst conposiatiint¢geoin claagadirdim Ovhé2.endlusech substituent on X3, and on X4

others than thg, ﬁ.'ekf@{'o thiHd 183l 94Puot bfuaf & ¢ ShEMLRIERERIENE difd™m 2
hydr ogen atom a mg%yﬁ group, “an et yF group, a propyl gfoup, an n-butyl
group, aatomis o Xtpmd ) arocyciopestayiknyd goups, 1@‘5R§,(hnd'ﬂ‘?are:eetchlhyd;tbgﬂmmsi tion
of clai n%‘], V}/Shflelrei n X3 is a substituted or unsubstituted cyclopentadienyl
group an d)M I S'a substituted cycl opentadi enyl or indenyl group. 11. The
catal yst conposition of claim7, wherein the integer nis equal to 0, 1, 2,

3, 4,5, . 20.8, 7 8: andM W, 12T L yst it f clai
7' wher ebn-t hiee Bl i SR M B D RoRbhs. VRRIBORY 162 DG G
“Cl 105 WouRQGMEOBEIRP, PET-ISRO08h04RA[@E. 74 cl~ ,,.~cl Hf Hf

9. The catalyst composition of claim 7, wherein each substituent on X°, and on X* other
than the alkenyl linking group, is selected independently from a hydrogen atom, a methyl
group, an ethyl group, a propyl group, an n-butyl group, a t-butyl group, or a hexyl group.

15
10.  The catalyst composition of claim 7, wherein X> is a substituted or unsubstituted

cyclopentadienyl group and X*is a substituted cyclopentadienyl or indenyl group.

11. The catalyst composition of claim 7, wherein the integer n is equal to 0, 1, 2, 3, 4, 5,
20 6,7,0r8;and M is Zr or Hf.

12 The catalyst composition of claim 7, wherein the at least one dinuclear metallocene

compound is:

25




Cl~~, "Cl Zr \ Zr cI\\ "G A \ .~~C H H '**Cd 5 WD 2009/ 085126
PCT/ US2008/ 013679 75 C* Zr' ~cl cl H cC10"'. H "C zZr \ zZr'' AS "'
"Cl 5 WweQoe@d8Ba26 PCT/ US2008/ 013679 76 OE) /C  ZeclrAassaig/io136m9 CI' S - Cl

Zr 74




a daszr adas-ad zr '-1CA dASZr A ~ 5 W 2009/ 085126
PCT/ US2008/ 013679 77 /cl Zr ~cl cl~ 2r cif /cl Zr \Q CdS Zr Cl1 5
~-CH3 ZrwGl4809/483136 PCT/US2008/013679

75




Zr H3CI WO 2009/085126 PCT/US2008/013679 78 cH Zr CH Z1l11'1CH Z ~Zr CHZ

S Zr \Cl CAS Zr CISor aconbination thereof. 13. The catal yst
conposi t iwo 2069/856m 7, wherein the at | east one acti vaPorAS@EOIIcTd S
fluorided alumna, chlorided alum na, yprom ded al um na, sulfated al um na,
fluorided silica- alum na, chlorided silica-alumna, brom ded
silica-alumna, sulfated silica-alum na, uorided silica-zirconia,
chlorided silica-zirconia, brom ded sil{<a-zhrconia, sulfated
silica-zirconia, or 10 any conbination|thergof. 14. The catal yst
conposition of claim7, wherein the at teasf-one activator-support
conprises a solid oxide treated with s®- ron-w t hdrawi ng ani on,
wherein: WD 2009/ 085126 PCT/ US2008/ 01384/ 79 the solid oxide is silica,
al um na, silica-alum na, alum num phosphate,® heteropol ytungstates,
titania, zirconi : oxide, any m xed oxides thereof,
or any mxture t % w thdrawi ng anion is fluoride,
chloride, brogid 3 bisulfate, sulfate, or any
conbi nati on theéreof .

O




15. The catal yst conposition of claim?7, wherein the at |east one
activator-support further conprises a netal or netal ion, and wherein the
met al or wetadyisereei s zi nc, nickel, vanadium silver, eopaseeos®aders um
tin, tungsten, nolybdenum or any conbynation thereof. 10 16. The catal yst
conposition of claim7, wherein the at | east one activator-support
conprises a clay mneral, a pillared clay, an exfoliated clay, an
exfoliated clay gelled into another oxide matrix, a layered silicate
m neral, a non-layered silicaten I, red alumnosilicate
m neral, a non-layered al um nosi |l ™Mat e M or any conbi nation thereof.
15 17. The catal yst conposition of claim?7, her conprising at | east one
or ganoal um num conpound having the formul a: (X%) m(X6) 3-m 20 wherein:

- X6 is an al koxide or an aryloxide, a halide, or a

hydride; and mi/g
of claim17, wheksg
trinethyl al ungnum
et hoxi de, tri- b
triisobutyl al gmnum
t hereof. 30 19.

| east one option

or gap
' 3 '-'<L | al um num di et hyl al um num
tylal um num diisobutyl alNudum hydri de,
di et hyl al um num chl oride, or any conbination
at al yst conposition of Caim?7, further conprising at
catal yst, wherein the at | east one optional
co-catalyst is a i noxane conpound, at |east one organozinc
conpound, at |east ¥ne orgarioboron or organoborate conpound, at |east one
i oni zing ionic conpound, or any conbination thereof. W 2009/085126
PCT/ US2008/ 013679 80 20. A catal yst conposition conprising a contact
product of at |east one dinucl ear._ neral | ocepeconpound and at | east one
conpound sel ected fromat | east oneval um conpound, at |east one
organozi nc conpound, at |east one organobora I/ organoborate 5 conpound,
at | east,one ionizing ionic conpound, or any copbigation thereof;

N\

H3C
Zr

\/

H3C



wherein the at | east one dinuclear netall ocene conpound has the formula: M
XL M/ X3 X3 X~ \ / X2 X4 X4 ~X2 C RXRY CRXRY ~(CH2)n-CRZ=CRZ-(CH2)n /

(1) 10 wwenedwnsstde and X2 i ndependently are a hal i de orca/usadsiiicas ed or
unsubstituted aliphatic, aromatic, osgcyclic group, or a conbination
thereof; X3 is a substituted or unsubstituted cycl opentadi enyl, indenyl, or
fluorenyl group, any substituents on X3 independently are a hydrogen atom
or a substituted or unsubstituted alkyl 15 or alkenyl group; x 4 is a

substituted cycl opentadi enyl, indenylsg | gregdapyany substituents
on X 4 other than an al kenyl |inking group i nden are a hydrogen
atomor a substituted or unsubstituted al kyl | keayh. group; Mis Zr,

Ha

&rogen atom or a

ic group, or a
to 12,

Hf, or Ti; 20 Rx, RY, and Rz independently are a
substituted or unsubstituted aliphatic, aromatj¢
conbi nati on tD& eof ; ang is an integer i p
i t ha JNkeger g/ not to 0 when both
ay0nms, both X3 and X4 are cycl opént adi enyl groups,
hydrogen atons, 25 and Mis Ti. 21. The catal yst
wherein the at | east one al um noxane conpound
PCT/ US2008/ 013679 81 (a) a cyclic alum noxane

conposi tion of clairm,
conpri ses: WO-2089 085
having the fo q: |

o
0
SOV
O
Jo

Cl

; or a combination thereof.

13.  The catalyst composition of claim 7, wherein the at least one activator-support is
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, or

10 any combination thereof.

14.  The catalyst composition of claim 7, wherein the at least one activator-support

comprises a solid oxide treated with an electron-withdrawing anion, wherein:



wherein: Ris a linear or branched al kyl having froml to 10 carbon atons;
and 5 pis an integer from3 to 20; (b) a |inear alum noxane having the
formul a: WO 209085126~Ai/ | R g R wherein: Ris a |linear pom/useesonsds al kyl
having from1 to 10 carbon atons; and4910 q is an integer from1l to 50; (c)
a cage al um noxane having the formula Rt5r+aRbr_aAl 4rQ3r, wherein: Rt is a
term nal linege ghidramabed; abiy, o A NG Lafhirkh CBhAPR AL OT;
Rb is a bridging {)Il near ralnc%eg{'%l@y grloup lﬁaw n% frlom 1§t 0810 car bon
at ons; h@erpmlxtuegsweS4t1taalﬁdzuac0m§, @qmlila,th@nnﬁal(l@xtde oy Mixed qm(e&)here\nﬁer ein
nAi (3) r 4 ree coordinate alumnumatons, no(2) is the
nunber ? t\?gngtlgorgl&ﬁg%aeﬁd;xygen atons, and no(4) is the nunber of 4

coordi nate oxtyg@ﬂtcaommthdlemmymomrrbﬂuatm’ieorchldnda,ebfomidfzQ)llzﬁphat’éheriﬂeae,al yst

conposi t | lE‘fa?e s&lka?‘é rglr g&coﬁ&e@%g%}%pﬁ% cat | east one or ganoboron or

or ganobor a anilinium

t et raki s(pent afl uorophenyl )borat e, lithi um

tetraki s(pent.afl u hen bor hen ben

t et r aki s}%ent Icﬁoar phomr}}/ Sg léime N a?ﬁ‘yﬁagn(inlela {i3sgr-support further

t et r aki sf@niuiskd s fnetal 61 membnrmtdmyllmplwnghb]rmm metal idngh einy,| idékeh @anadion? 5

tetrakls% bi s fluoranet %1 bor at e
tris(pent'aFh ﬁ%?pgéjl%h B’r%?gsp%r g{lgg%'d“ a("?’rcf"fnpmﬂg?rbﬁl?ﬁ‘ieﬂgll ) pheny! ] bor on,
or amy conbi nation t her eof . WD 2009/ 085126 PCT/ U82008/ 013679 82 23. The
cat al yst sitiqn of clai LP(r)h wherein the at ast one jonizin |onic
compound o LT IR TOPSARRT i ST ABEB Gy Py Baa s sctvator suppt
tri(n- butmﬁ@rammlay%mehr akpiB4red clay, an exfoliated clay, an exfoliated clay gelled into
another oxide matrix, a layered silicate mineral, a non-layered silicate mineral, a layered
aluminosilicate mineral, a non-layered aluminosilicate mineral, or any combination thereof.
15
17. The catalyst composition of claim 7, further comprising at least one organoaluminum

compound having the formula:

AIX)m(X)3.m;
20  wherein:
X? is a hydrocarbyl;
X® is an alkoxide or an aryloxide, a halide, or a hydride; and

m is from 1 to 3, inclusive.

25 18.  The catalyst composition of claim 17, wherein the at least one organoaluminum
compound is trimethylaluminum, triethylaluminum, tri-n-propylaluminum, diethylaluminum
ethoxide, tri-n-butylaluminum, diisobutylaluminum  hydride, triisobutylaluminum,

diethylaluminum chloride, or any combination thereof.

30 19. The catalyst composition of Claim 7, further comprising at least one optional co-
catalyst, wherein the at least one optional co-catalyst is at least one aluminoxane compound,
at least one organozinc compound, at least one organoboron or organoborate compound, at

least one ionizing ionic compound, or any combination thereof.



tolyl)borate, tri(n-butyl)amoni umtetrakis(2,4-dinethyl)borate,
tri(n-butyl)amonium tetrakis(3,5-dinethyl phenyl)borate,

tri (n-butwb)asmssizam t et raki s[3,5-bis(trifluoro 5 nethylprphmsegspissrat e,
tri(n-butyl)ammoni umtetrakis(pentafl gorophenyl)borate, N, N

di met hyl aniliniumtetrakis(p-tolyl)borate, N, N-dinethylanilinium
tetrakis(mtolyl)borate, N, N-dinethylanilinium

tetraki s(2, 4-di net hyl phenyl )borate, N, N-di methyl anilinium

t et r aki s2®, 5-Ali qatalysy Icohensitigh sprpasing\,aNcefitapt tiigdughiaf| ati lgast one dinuclear
tetrakis o) ' i linium
tetraki %\g%ﬁ?% g%rﬁggﬁgna;?ﬁ)%or PXIIIG)? léénge&%dafromby_lgdusﬂ:gﬁé%h%nmkén@

t et r aki s¢qmpoundy|ay Heasttoss mganpilmybmmubé,natumat eine akggPberbo| or| Jrgmobdrate

tri phenyl( m ki S |rreth | phenyl at i phenyl car beni um
tetra i %%r?pgpr?d“atq ng mzm% ncl)cl; ac%népoupé/ o %yqr%bgll? eﬁ%ljereof

t et raki s[ 3, 5-vihesdin thefalt lﬁast@meﬂimybl):qlrhmylo]:d:)mrcampundthﬂas fecfasshudar beni um

t etraki s(pent af |l uorophenyl )borate, tropyliumtetrakis(p-tolyl)borate,
tropyliumtetraki s(mtolyl)borate, tropylium

tetrakis(2, 4-gt met hykphenyl ) borate, tropylium 15(3 X1

tetrakis(3,5- dﬁﬂﬁﬁfyl phenyl ) borate, tropylium

t et raki s[ 3, 5- bi i f1 uoronet hyl) phenyl ] borate, t/r/Ms{Ilum

tetraki s(pent 6)(2 uor qphenyl )borate, lithium

t et raki s(pent af | uoropRenyl )borate, [lithium tet/aphenyl bor ate, lithium
tetrakis(p-tolyl)bor g \hthlumtetrakls(mé,@kw})borate l'ithium
tetrakls(24d|methylp& | )borate, |Lthium

t et raki s(3, 5-di net hyl phe H;)bor%e—c F't(ﬁ!"a)vm/tet raf | uor obor%)t e, sodi um
tetraki s(pentafl uorophenyl)borate, sodium 20 tetraphenyl borate, sodium
tetraki s(p-tolyl)borate, sodiumtetrakis(mtolyl)borate, sodium

t et r aii s@Rerdindi net hyl phenyl ) borate, sodi um

t et raki s(3, 5-dj met hyl phenyl )borate, sodium tetrafl uoroborate pot assi um

t et r aki s( pent%f P%Xoﬁﬁ‘?ﬁ’ﬂ‘qeﬁﬁ}‘ drea halifle 9§ |au§1‘|b§t§t“ie§pﬂﬁéﬂ’5ﬂ“k§8?“é?dea iPhgbt-assi um

t et r aki sgrgmtagg ¥t 3RAE 3ldap, RAURRHidddbh Blefeai S(m tol yl ) borate, potassium
tetrakis(2 "di et hyl pﬁenyl ) borate, potassium

tetrakis(3, 5 i imatshbstistiechyt unisehstifuged Qelongdadianyt éndeayl) eroflepram! Brouptasy
l'ithium R I m nat e,
[t um PP EEOPRMRbHAEARMEEE DBl ik or o S-SR SRR BT o
lithilgim Dleﬁlk@eakl 5@@,,4 di et hyl phenyl )al um nate, lithium

R
sodi um t &f pthki thimpart adkc;dy) ahkmg palup ;n®pd1dmﬂytaé¢ aakdrsgmatmhy)k)iahbsmmtc& 30
sodi um tetsrﬁ t%&f&ilﬁ){l Qlenyl )al um nate, sodiumtetrakis(3,5-

di met hyl pRERYY 0° i t et raf | uor oal umi nate, potassium tetrakis-

(pent af | uor opManyt, ] curﬂhnat e, potassiumtetraphenyl al um nate, potassium
tetr %& Is(p- RX, RY, and R? independently are a hydrogen atom, or a substituted or unsubstituted
aliphatic, aromatic, or cyclic group, or a combination thereof; and

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

with the proviso that the integer n is not equal to 0 when both X' and X? are chlorine
atoms, both X> and X* are cyclopentadienyl groups, R*, RY, and R? are each hydrogen atoms,

25 and Mis Ti.

21.  The catalyst composition of claim 20, wherein the at least one aluminoxane compound

comprises:



tolyl)alum nate, potassiumtetrakis(mtolyl)alumnate, potassium
tetrakis(2,4 WO 2009/ 085126 PCT/ US2008/ 013679 83 di net hyl phenyl)al um nate,
pot assi urwoeabewiss e ( 3, 5- di met hyl phenyl ) al um nat e, pot as®CwmsS2008/013679
tetrafl uoroal um nate, or any conbinatigpn thereof. 24. A process for
polymerizing olefins in the presence of a catalyst conposition, 5

conpr|5|@gag9 Ak aBQﬁmﬁﬂiﬂEﬁﬁ&u&Q”pos't'On with at | east one olefin

nononer optlona ast one ol efin comononer under pol ymeri zation
conditions to produce a polyner _gep mer, wherein the catalyst
conposition conprises a contact pr f at |east one dinucl ear

met al | ocene conmpound and at |east oge actiPvator-support, wherein the at

| east one di nucl ear netall ocene co und has the fornmula: 10 XM X3 X3MX1
X2 X4 X4 \ X2 widRARY CRXRY \ (CH2) n- CRZ=CRZ- (CH2)n / m wherein: X and X2
|ndependently are_a halide or a substituted or unsubstituted aliphatic, 15
aromatic, or R lincargriugnched alkylbaying fram; o 10Kkabepptomezands g substitut ed or

unsub§t|tuteq,ggﬁhgagphﬁgyﬁ@»b i ndenyl, or fluorenyl group, any
substituents on X3 indep endent ¥ are a hydrogen atomor a substituted or

unsubstu(h)n@élaeaalakwmwehwww @m8l3p: x 4 is a substituted

cycl opent adi enyl, indenyl, or quorenyI gr ogp, any substituents on 20 X4
ot her than an aIkenyI Iinklng p ind endently are a hydrogen atomor a
substituted or unsubstituted ﬂg 00 %Hnyl group; Mis Zr, Hf, or Ti;
RX, RY, and Rz independently are hydr n tom or a substituted or
unsubstituted aliphatic, aromati cR or cycl ;group, or a conbination
thereof, and 25 n is an integer in a range fromO to 12, inclusive; with
the proviso t¥2°'Phe integer n is not equal to O when both X and X2 are

chlorine R is a linear or branched alkyl having from 1 to 10 carbon atoms; and
10 q is an integer from 1 to 50;
(c) a cage aluminoxane having the formula Rt5,+uRb,_aAl4,O3r,
wherein:
R'is a terminal linear or branched alkyl group having from 1 to 10 carbon atoms;
R®is a bridging linear or branched alkyl group having from 1 to 10 carbon atoms;
15 ris 3 or 4; and
a is equal to nays) - no@) + now), Wherein nai3) is the number of three coordinate
aluminum atoms, no() is the number of two coordinate oxygen atoms, and ng4) is the number
of 4 coordinate oxygen atoms; or
any combination thereof.
20
22.  The catalyst composition of claim 20, wherein the at least one organoboron or
organoborate compound is N, N-dimethylanilinium tetrakis(pentafluorophenyl)borate, lithium
tetrakis(pentafluorophenyl)borate, triphenylcarbenium tetrakis(pentafluorophenyl)borate,
N,N-dimethylanilinium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, triphenylcarbenium
25  tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, tris(pentafluorophenyl)boron, tris[3,5-

bis(trifluoromethyl)phenyljboron, or any combination thereof.



atons, both X3 and X4 are cycl opentadi enyl groups, RX, RY, and RZ are each
hydr ogen atons, and Mis Ti. WO 2009/ 085126 PCT/ US2008/ 013679 84 25. The
process oVoch@iass24, wherein the at | east one activat or PETASRU0S/013579
fluorided alum na, chlorided al um nagybrom ded al um na, sulfated al um na,
fluorided silica-alumna, chlorided silica-alumna, brom ded

si lica-abym npy §H$l§'§}t @cﬁnﬁdstoﬁaofal: {R% WHelas 1iHed %elsi %? Qo@&fnﬁoﬁhﬁ

chlorided silica-zifconia, bromd [T ca-zirconia,
si | i ca- zEorerswndiis ton- lanyl)ar@rownuma@tracm(n todyl bofate, zﬂn-biibé)apmmmte@fakle(lnau m 24,

wherein I t

organoalh r?gﬁﬁﬁe?oxrrlg unqu%%&h&g fg%%]st%r4%9Hﬁfwlﬁ%ﬁaﬁgnu%‘]6?§&t?’%¥ﬂﬁ?aVum' num
tri-n- 1@tupkie@ytdmethyiphenyipetdy| aki(nibnyheenivoiinde, tetrakisBubiytraflusn-num
o any oSSRV RSBy bt ouby I AR bk oAl L RS o O
cat al yst dwﬁp'd;mﬂtnum mtrdkrsdpemM)bbmastthémwltle'ﬂannimnmnmkxsam«blylbimmgt i onal
at | eastqne. ol efi conmonone ted j gas r. 15 a
| oop r eagﬁ\(l)r%' S lanilinium "o (?e etﬁclp%ﬁlyi.)ﬁl‘ﬁ% “pr chﬁs}\i‘ t@fa}%rflﬁﬁ"ﬁ,

wher ei n mraltxe(a§td1mathylphefy1)bommorreN I‘Cdmblthyﬂsﬂshreﬁd‘iyl em&akls[prsem(heﬂlmxo O][
styrene. ro aj.m 28 erei the at .| east on efin
conononef" &gﬁ%eﬂﬂ‘ﬁhoﬁ g‘aﬁé h’@am IR (57 IF(P%’H ypLophe %h’t‘f@? etr'i’Bﬁe“yl

1- pend enearbérypent enerakdxpradlyiordte,pent wipenyteartehin -  1tdpakis@neolyljboraxene,

(2);, h g;( ; pgﬁg)%érgécg}/bleﬁiu% trcl,(tara els(s 4 cilimet%B p%enyl)borah P mp%enylcar{)]&%n(? n ?etra 1583(,: ene.

dimethylphenyl)borate, triphenylcarbenium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate,
triphenylcarbenium  tetrakis(pentafluorophenyl)borate, tropylium tetrakis(p-tolyl)borate,
tropylium tetrakis(m-tolyl)borate, tropylium tetrakis(2,4-dimethylphenyl)borate, tropylium
15 tetrakis(3,5-dimethylphenyl)borate, tropylium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate,
tropylium tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)borate,
lithium tetraphenylborate, lithium tetrakis(p-tolyl)borate, lithium tetrakis(m-tolyl)borate,
lithium  tetrakis(2,4-dimethylphenyl)borate, lithium tetrakis(3,5-dimethylphenyl)borate,
lithium tetrafluoroborate, sodium tetrakis(pentafluorophenyl)borate, sodium
20  tetraphenylborate, sodium tetrakis(p-tolyl)borate, sodium tetrakis(m-tolyl)borate, sodium
tetrakis(2,4-dimethylphenyl)borate, sodium tetrakis(3,5-dimethylphenyl)borate, sodium
tetrafluoroborate, potassium tetrakis(pentafluorophenyl)borate, potassium tetraphenylborate,
potassium tetrakis(p-tolyl)borate, potassium tetrakis(m-tolyl)borate, potassium tetrakis(2,4-
dimethylphenyl)borate, potassium tetrakis(3,5-dimethylphenyl)borate, potassium tetrafluoro-
25  borate, lithium tetrakis(pentafluorophenyl)aluminate, lithium tetraphenylaluminate, lithium
tetrakis(p-tolyl)aluminate,  lithium tetrakis(m-tolyl)aluminate, lithium tetrakis(2,4-
dimethylphenyl)aluminate, lithium  tetrakis(3,5-dimethylphenyl)aluminate, lithium
tetrafluoroaluminate, sodium tetrakis(pentafluorophenyl)aluminate, sodium
tetraphenylaluminate, sodium tetrakis(p-tolyl)aluminate, sodium tetrakis(m-tolyl)aluminate,
30  sodium tetrakis(2,4-dimethylphenyl)aluminate, sodium tetrakis(3,5-
dimethylphenyl)aluminate, sodium tetrafluoroaluminate, potassium tetrakis-
(pentafluorophenyl)aluminate, potassium tetraphenylaluminate, potassium tetrakis(p-

tolyl)aluminate, potassium tetrakis(m-tolyl)aluminate, potassium tetrakis(2,4-



10

15

20

25

WO 2009/085126 PCT/US2008/013679
83

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

tetrafluoroaluminate, or any combination thereof.

24. A process for polymerizing olefins in the presence of a catalyst composition,
comprising contacting the catalyst composition with at least one olefin monomer and
optionally at least one olefin comonomer under polymerization conditions to produce a
polymer or copolymer, wherein the catalyst composition comprises a contact product of at
least one dinuclear metallocene compound and at least one activator-support,

wherein the at least one dinuclear metallocene compound has the formula:

1 3 3 1
x\w| X X\M X
/7 \\ /

X2 X4 x4 \xz

\ /

CRX{QY CRXRY

(CHy)— CRZ=CRZ—(CHy)n / o
wherein:

X' and X? independently are a halide or a substituted or unsubstituted aliphatic,
aromatic, or cyclic group, or a combination thereof;

X? 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;

X* is a substituted cyclopentadienyl, indenyl, or fluorenyl group, any substituents on
X* other than an alkenyl linking group independently are a hydrogen atom or a substituted or
unsubstituted alkyl or alkenyl group;

M is Zr, Hf, or Ti;

R*, RY, and R” independently are a hydrogen atom, or a substituted or unsubstituted
aliphatic, aromatic, or cyclic group, or a combination thereof;, and

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

with the proviso that the integer n is not equal to 0 when both X' and X? are chlorine
atoms, both X’ and X* are cyclopentadienyl groups, R*, RY, and R are each hydrogen atoms,
and M is Ti.
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25. The process of claim 24, wherein the at least one activator-support is 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, or any

combination thereof.

26.  The process of claim 24, wherein the catalyst composition further comprises at least
one organoaluminum compound selected from trimethylaluminum, triethylaluminum, tri-n-
propylaluminum, diethylaluminum ethoxide, tri-n-butylalaminum, diisobutylaluminum

hydride, triisobutylaluminum, diethylaluminum chloride, or any combination thereof.

27.  The process of claim 24, wherein the catalyst composition and the at least one olefin
monomer and the optional at least one olefin comonomer are contacted in a gas phase reactor,

a loop reactor, or a stirred tank reactor.

28.  The process of claim 24, wherein at least one olefin monomer comprises ethylene,

propylene, or styrene.

29. The process of claim 28, wherein the at least one olefin comonomer is 1-butene, 2-
butene, 3-methyl-1-butene, isobutylene, 1-pentene, 2-pentene, 3-methyl-1-pentene, 4-methyl-
1-pentene, 1-hexene, 2-hexene, 3-ethyl-1-hexene, 1-heptene, 2-heptene, 3-heptene, 1-octene,

or styrene.



