1 NANO LI NKED METALLOCENE CATALYST COWPCOSI TI ONS AND THEI R POLYMER PRODUCTS
BACKGROUND OF THE | NVENTI ON The present invention relates generally
to the field of olefin polynerization catalysis, catalyst conpositions,

met hods for the polynerization and copol yneri zation of ol efins, and

pol yol efins. Mre specifically, this invention relates to nano-Iinked
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metathesis is a catalytic reaction between compounds that contain olefinic (e.g.,
alkene) moieties. Catalysts that are often employed in an olefin metathesis reaction

include metals such as ruthenium, tungsten, molybdenum, or nickel.

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 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.

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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x/ N2\ C RXRYCRXRY X4X2 (CH2)11- CRZ=CRZ-(CF12)n 2 wherein: Xl and
X2 independently are a halide or a substituted or unsubstituted aliphatic,
aromatic, or cyclic group, or a conbi nat4 on °t her eof ; X3 and X4

i ndependently are a substituted cycl opentadi enyl, indenyl, or fluorenyl
group, any substituents on X3 and X4 other than a bridging group

I ndependently are a hydrogen atom or a substituted or unsubstituted al kyl
or al kenyl group; A2 is a substituted bridging group conprising
either a silicon bridging atom a germanium bridging atom a tin bridging
atom a carWBfeHEi dging atom or a bridging chain of 2 to 5 carbon atons,

any substituents %ﬁz}@tﬂﬁﬁé%ehﬁé’rﬂlgaﬁrflakﬁﬁme bi NKisBEktgied ri fslepandeat |y
a substitute

are a hydrogen atom or or unsubstituted aliphatic, aromatic,
or cyclic galiphatic,Giroraatiq wbydicigpout, bea eahpinbtiosthgreof;Hf , or Ti; RX,

unsubsti tut ed al Rorad o BHGHACTED B Ay STHoErbrh saIBTarho ey o,

t her eof ; anﬂuorenyl group, any substituents on X3 and X* other than a bridging group
independently are a hydrogen atom or a substituted or unsubstituted alkyl or alkenyl
group;

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

M 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.

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

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:



nis an integer in a range fromO to 12, inclusive. Cat al yst
conpositions containing these nano-1linked dinucl ear netall ocene conpounds
are al so provided by the present inventidn. °In one aspect, a catalyst
conposi tion is disclosed which conprises a contact product of at |east one
di nucl ear netal |l ocene conpound and at | east one conpound sel ected from at

| east one al um noxane conpound, at |east one organozinc conpound, at | east
one or ganoboron or organoborate conpound, at |east one ionizing ionic
conpound, or any conbination thereof. In this aspect, the dinuclear
conmpound is deflxéd aboVe in fornmula (1). In t her K%pect a
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group, or a conbination,thereof;
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aliphatic, aromatic, or cyclic group, or a combination thereof;

X3 and X* independently are a substituted cyclopentadienyl, indenyl, or
fluorenyl group, any substituents on X3 and X* other than a bridging group
independently are a hydrogen atom or a substituted or unsubstituted alkyl or alkenyl
group;

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

M 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.

The present invention also contemplates a process for polymerizing olefins in
the 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 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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DESCRI PTI ON. OF THE FI GURES FIG. 1 presents a nass spectrum pl ot of Exanple
2 the polymers of Examples 4-7.
FIG. 7 presents the molecular weight distribution curves for the polymers of
Examples 7 and 11.
FIG. 8 presents the molecular weight distribution curves for the polymers of
Examples 6 and 10.
FIG. 9 presents the molecular weight distribution curves for the polymers of
Examples 5 and 9.
FIG. 10 presents the molecular weight distribution curves for the polymers of

Examples 4 and 8.

DEFINITIONS

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

The term “polymer” is used herein to mean homopolymers comprising
ethylene and copolymers of ethyvlene and a comonomer. “Polymer” is also used
herein to mean homopolymers and copolymers of any olefin monomer disclosed
herein (e.g., propylene).

The term “co-catalyst” is used generally herein to refer to organoaluminum
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



FIG 2 presents an expanded mass spectrum pl ot of Exanple 2. FIG 3
presents an NVR plot of Exanple 3. FIG 4 presents an NVR plot of the
reactant netallocene of Exanple 3. SFIG 5 presents a dynamc nelt
viscosity versus frequency plot, neasured at 190 C, for the polyners of
Exanpl es 4-7. FIG 6 presents a Delta versus conpl ex nodul us plot,
nmeasured at 190 C, for the polyners of Exanples 4-7. FIG 7 presents
t he nol ecul ar wei ght distribution curves for the polyners of Exanples 7 and
11. FIG 8 presents the nolecular weight distributjon curyes for the
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The term “fluoroorgano boron compound” is used herein with its ordinary
meaning to refer to neutral compounds of the form BY3;. The term “fluoroorgano
borate compound” also has its usual meaning to refer to the monoanionic salts of a
fluoroorgano boron compound of the form [cation] [BY4], where Y represents a
fluorinated organic group. Materials of these types are generally and collectively
referred to as “organoboron or organoborate compounds.”

The term “contact product” is used herein to describe compositions wherein
the components are contacted together in any order, in any manner, and for any length
of time. For example, the components can be contacted by blending or mixing.
Further, contacting of any component can occur in the presence or absence of any
other component of the compositions described herein. Combining additional
materials or components can be done by any suitable method. Further, the term
“contact product” includes mixtures, blends, solutions, slurries, reaction products, and
the like, or combinations thereof. Although “contact product” can include reaction
products, it is not required for the respective components to react with one another.

The term “precontacted” mixture is used herein to describe a first mixture of
catalyst components that are contacted for a first period of time prior to the first
mixture being used to form a “postcontacted” or second mixture of catalyst
components that are contacted for a second period of time. Typically, the
precontacted mixture describes a mixture of metallocene compound (or compounds),
olefin monomer, and organoaluminum compound (or compounds), before this
mixture is contacted with an activator-support and optional additional
organoaluminum compound. Thus, precontacted describes components that are used
to contact each other, but prior to contacting the components in the second,
postcontacted mixture. Accordingly, this invention may occasionally distinguish
between a component used to prepare the precontacted mixture and that component

after the mixture has been prepared. For example, according to this description, it is
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wherein the n3 to m°-cycloalkadienyl moieties include cyclopentadienyl ligands,
indenyl ligands, fluorenyl ligands, and the like, including partially saturated or
substituted derivatives or analogs of any of these. Possible substituents on these
ligands include hydrogen, therefore the description “substituted derivatives thereof” in
this invention comprises partially saturated ligands such as tetrahydroindenyl,

tetrahydrofluorenyl, octahydrofluorenyl, partially saturated indenyl, partially saturated



Simlarly, the term"postcontacted" mxture is used herein to describe a
second m xture of catalyst conponents that are contacted for a second
period of tine, and one constituent of which is the "precontacted" or first
m xture of catal yst conponents that were contacted for a first period of
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whi ch exhibits Lewis acidic or Bronsted acidi ¢ behavior, and whi ch has been

treated witFyrealbl dut chomivilihdieaiod meliccoxideremprisesyqi least We apnignRoscidignd

whi ch i I d, Th hd ,
o1 et on- w 1T GaRTBR- S0 ERn oMbt A AR rbata RE R, el o

sol i d oxi dejngyRRYAEoBAGINISSRE irktriC A ChREEoaPOhaRs stwmmﬂ@ttbeatonatueueaaah one
solid oxide compound wth at | east one el ectron-w thdraw ng anion source

conpound. Tippitcesiippnenthel dkesaiadyit|opmposisivad B a@w@tardsep f ftleogresent| east
one ionizin cidic I he terns "support" and
"activator- gﬁ%%d?fmngg%‘mgpﬂ§hggﬁ%%HB8H@gX@'ese conponents are inert, and
such components shoul d not be construed as an inert conponent of the

catal yst conposition. The activator-support of the present invention can be
a chemcally-treated solid oxide. 8 Al t hough any net hods, devi ces,
and materials simlar or equivalent to those described herein can be used
in the practice or testing of the invention, the typical nethods, devices
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Al'l publications and patents nentioned herein are incorporated herein by
reference for the purpose of describing and disclosing, for exanple, the
constructs and net hodol ogi es that are de&cri‘bed in the publications, which
m ght be used in connection with the presently described invention. The
publ i cations di scussed throughout the text are provided solely for their

di sclosure prior to the filing date of the present application. Nothing
herein is to be construed as an admi ssion that the inventors are not
entitled to antedate such disclosure by vjirtue of prior |nveqt|on.

For any parti cul Aithenghaunimeghods %Véﬁsh@?dem%ter’éwlﬁlélﬁ%%?q‘gi’% frettartaose
presented al I S and
Dot SomCBR AT MRAT 6 o R TRl T e B SR B
gener al stru&ﬂuﬁac&h&msemtmmnamsesehmknmhﬁmﬂmdners dlastereoners and

ot her optical isoners whether in enantlonerlc or.racemc for

m xtures of ster &b SBpRGaEONS, and pateuty, mepfioned, heteits areFB’rco’@%?a"r‘rfr)EF @ereﬂ% r| zed
and hydr Ogepa&%ﬂ?effmrfe&frpése%f%&%ﬁig a?lﬁrdr's‘éldﬁr% fdrla&a&mtﬁfécbﬁstﬁfafmda (1)
are al so contenpl at ed Appl i cants di scl ose several types of ranges in
t he present niethodnlogs. thifthese dencfhedein tog pabkcations,| ermqhemlgb be ysgdgia of

nunber of atons,.a ra i nt a .range,. of ati os, qigkanoe of
mol ar rat i oSOMEHIOT 3 ‘ﬁ%&]ﬁfh prwgﬁgﬁé?ﬁ?rilbcegnf%"%ml%l \(I)\‘Eféeq ié?aé 1oh 4 ‘?%‘ﬁ%f of
any type, AppbidRit fhe tbﬂtﬁéﬂprdﬁdédosdl@l? %Ioaarczﬁsdrdsaterrpmmbvcha Gidthp agasth
possi bl e nunber” that such a range coul d reasonably enconpass, including end
poi nts of tHe praﬂregé apiglicatpi. aéoﬂamg hetein isinges consirued #bian Admassionpthat the

> d I
Sub. 1 20es GUERTRARS i GHRL Gt PR Bm e BB A ! ooc

Applicants' int eHbr arfy ;ﬁz@tldilaCddﬁﬁﬁ)uﬁd discRised hdteiny itk gdrieyal Gtt&dftyregjls&n’cdde
nunber that such a range coul d enconpass, consistent with the disclosure
herei n. For 3l #apArapaspefealyjicapiogaphiany Asomiess, rfﬁg‘@fs;‘?n}%g émélst?rﬁmﬁﬁﬂf@erﬁlﬁ ar or
branched al 1@58 i @URron?" o '&r@é&lﬁr &t 'oYesdb HRge régné(rﬁlogir&ctﬁ& 1f,car bon
atonms, as use ereln reflers 1o a noi et y that can be sel ected

i ndependent bmoh*rpasnearallaéﬂanhognemuphetswrem]gers arl, ofer Hptigl i6Qméats \Bhetl&r ior 10

carbon atons, as wel!l as an ran e bf%yeen t hese .t wo nunbers &ﬂ gﬁ
a Cl to Cs giapfipmeye @Fé%ﬁ&’jm PiePsars S e S N TN SRR Y ges

bet ween t he?e‘aufrt‘fp PW&%&)I& f 1R mEXARIPANR, hyRirégénhted Wrrdof R defefeB s@hdtie
group). Simlarly, another representative exanpl e follows for the
wei ght ratlﬂhmﬁwodgahuauhﬂilmnﬁbp@0a®ﬁmk@ﬂbr support |n a catal yst
conposition prOV|de aspect f th| i hvent . o] t hat
the wei ght rati OABP ﬁ‘SéPE%F?YSF% 8“%65 3 r{hQ AT OT - %Vg%%ﬁ’t ?}é{ésl%n
range from mbRide, 86k élretr@t PG tb; &Q@Qge &DﬁumB@tnéiSatbﬁiseadaﬁgé sfeimikdgerst hat t he
wei ght ratio can be sel ected from about 10:1, about 9:1, about 8:1, about
7:1, about Bnge ofpweishisratiosapdansy ol melpotAtios: and apdarthy: Wheab%HEIICfntf

about 1:5, a ol ut a 5

about 1: 150&@8_ % %Q?B gq%%%u?gﬁp%gg?’aﬁﬁﬂ?%T§3§ggha%J§tmfﬂggﬁgr% out

1: 400, abouindividzlly @bbtﬁoséxbl&ommb?dwouhht @cﬁwrmmﬂuldr@@mab@beMmﬂpaﬁﬁo
about 1:700, about 750, about 1:800, about 1:850, about .1:900, abqut

1: 950, or atvsliding Wm\egmq T8 7 Ve AR ane P ehEangs 41! “&&?Pl‘baél%?f’ P¥P-any
range from isin
L ange from B OibetRd MR, o bl e L e o Sl 2
conbi nat i oncleinicAngeistyobdvwiega @bient nuitbel dfcagiveusdtomhs,1 BPPlicanisk enkestes tal |

ot her range sclos d_her oul d be i reted . in a manner simlar to
t hese two ei‘é G 8t claim 1n<§51§||uia ArftvEr FOEY n}i’/l 8 HEoe gRE 60 ot §9R&0 QU or
excl ude anyedceﬁ!i MésdH&kﬁ&ﬁ‘%&@ﬂf&fdmasuwﬁé}ear OEG}, exa Pl ) dhed @i s@B¥rs it hanges
or conbi nations of sub-ranges wthin the group, that can be cl ai ned

accor di ng tmozty wrage: ©rCio rhnamyoréarmdhad akghgronp, @rfmfahf:rnahye lapguags bapsiei cant s
choose to ¢ | e an the full asure_of th di s S for npl e,
to account Banu?iéé?E PPt 29 %ﬁﬁEﬁﬂPS %é‘ﬂﬁé&éﬂé¥ @ibF eHCéglne of
the filing phepdhBe@BPrirbmadni ARy] drovig Redfing APRI3L 46151,'[('5, Wes@fdielotdaﬂ)olhlﬁdﬁhsto
proviso out or exclude any individual substltuents analo S ounds,

|i gands, stauwelirassanyorange depseanhibiesofyo GUMBRTS (Fefrssamplss aaCnrca kyjr oup,
if for any reason Applicants choose to claimless than the full neasure of
the disclosure, for exanple, to account for a reference that Applicants nmay
be unaware of at the tine of the filing of the application. Wi | e
conpositions and nethods are described in terns of "conprising" various

conponents or steps, the conpositions and nmethods can al so "consi st
essentially of' or "consist of' the various conponents or steps. 10



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is
directed generally to new catal yst conpositions, nethods for preparing
cat al yst conpositions, nethods for usindg thé catal yst conpositions to

pol ynmeri ze ol efins, the polymer resins produced using such catal yst
conpositions, and articles produced using these polyner resins. In
particular, the present invention relates to nano-linked di nucl ear

net al | ocene conpounds and cat al yst conpositions enpl oyi ng such conpounds.
Nano- | i nked netal | ocenes of the present |nvent|§p are di nucl ear ?cules

i n whi ch me@@rPbEBH alspicbiding amt eoreRiARRn ganges HRIACRARRSP TP ﬁmnharsgi Bup, or
i nk. y&agj d’ﬂ;ﬁj I d d th fi t
nano-1lin 5 1é| ;@ gckg§g§§%?g%%upgh esi gne mﬁ spepl ic angstrom

di stances b e two net ere the distance is determ ned
principally by tﬂmlm}ynemblhng répmd;eagmvereﬁampﬂ(d fiollgvodigr. thEhevelghhgaty of
stereochem str and flexihilit |d| of the. I|nk| ou be
used to des‘i’r@ﬁl){% FRINGRY 10 AgHY EAt- p@‘)@l”ﬂ é?ta&éb%\‘ﬂ’f’%osbtfon RIPVy %‘ég’p%fmpaép?)‘fq
i ntra- mol ecyt@fs ARt @’y@&@éloédﬁé ﬁfa@ﬁfe' \Qéléht rgﬁ’é of &%ﬁmﬁnlnﬂﬁﬂ&fmﬂdﬁd
restraint of the nano-link (e.g., an al kenyl |inking (%rou , hano-1inked

di nucl ear n@t@tlmtoemortamnrﬁ fapge ﬁnnml@ut:b(l m abaus il : 100D cappbicanghistend] tNUCL EAR

havi ng Lwo HETRIBARRETa SE0EoR IR Rahcisy A tibiyg P oF BB Lt b of

maki ng t hesgonew 1 abRR W sbodi R $ LaioRiNay BBt 3F E 2beWDN] aboued a1 asht t1e5,as
di nucl ear conpounds or bi nucl ear conp ounds, because theﬁécontain two net al

centers. A@@EW@&&QJ@XNIhzénﬁxﬁtbéetdﬁmiﬂﬁﬁsﬂKWVédQQUﬁmut 5Qiakoey 6390,
conmpounds haye: § B8of ATk 300X Rt4E:3302a8uY 1M00% Zhout 1XY0RASERERYSHT Bout4) (2

1:550, about 1:600, about 1:650, about 1:700, about 1:750, about 1:800, about 1:850,
about 1:900, about 1:950, or about 1:1000. Additionally, the weight ratio can be
within any range from about 10:1 to about 1:1000 (for example, the weight ratio is in
a range from about 3:1 to about 1:100), and this also includes any combination of
ranges between about 10:1 to about 1:1000. Likewise, all other ranges disclosed
herein should be interpreted in a manner similar to these two examples.

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. 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.

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.



(CHOC CRZ=CRZ - (CF12)n(1) wherein: XI and X2 independently are a
hal i de or a substituted or unsubstituted aliphatic, aromatic, or cyclic
group, or a conbination thereof; 11 10  °X3 and X4 independently are a

substituted cycl opentadi enyl, indenyl, or fluorenyl group, any substituents
on X3 and X4 other than a bridging group i ndependently are a hydrogen atom
or a substituted or unsubstituted al kyl or al kenyl group; A2 is a

substituted bridging group conprising either a silicon bridging atom a
germani um bri dging ato a tin bridging ato car .dging atom or a
bridging chain of 2 torﬂﬁ%}%Dﬁéﬁé?gwgﬂjggﬁi&@EQgﬁ A2 ot her than an
al kenyl 1inking g lndenendsntil aiRERd g 199N Of%kal nﬁib@ﬁioin ut ed
or unsubstituted a?iltgﬁégtﬂ?c, argﬁlnﬁ'%id(l:% o?a%éﬁ%ﬁi grgﬁ%, oar?% ég)onbi nat ig’on

t hereof; M hsthfids ffr, poaparing catalyst Bxmp&dttiorsndmBbodndepewsimntthy eatayst

hydrogen atom or .a substituted or unsubstituted aliphatic, arqgmati.c, or
cyclic groupomBYSIEONSIRRNONIRGHS Oclﬁf[éqseﬂ’fe; pcg}‘mernre?@s Rroqused yaibe sHehCaalie 't r om

0 to 12, inghiSidfons, and artfc@sThtbaudel) uspROntsé desihanesl daftichl@Wth
st ereochem stré Sor r}Sé(&)mrnsri C Sg%uiotliloeni%g of Eh?ogﬁefrer ent m)iptg?i1 es ’(e.eg.,

this fornul presentnotventinremeletdst © dasplinked idénusteat rmeigllpesoeresasnpayndR and S

di ' /
i ast er <0l SOMEK 8) ol RUOM SHS L SOIROMASRALS cont el ated and encompassed

Nano-linked metallocenes of the present invention are dinuclear molecules in
which metallocene moieties are connected by an alkenyl linking group, or nano-link.
Nano-linked metallocenes can be designed with specific angstrom distances between
the two metal centers, where the distance is determined principally by the connecting
linkage or linking group. The length, stereochemistry, and flexibility or rigidity of the
linking group can be used to design catalysts which are either capable of, or incapable
of, intra-molecular metal-to-metal interactions. For instance, under the restraint of the
nano-link (e.g., an alkenyl linking group), nano-linked dinuclear metallocenes can

offer unique co-catalyst interactions.

DINUCLEAR METALLOCENE COMPOUNDS

The present invention discloses novel compounds having two metallocene
moieties linked by an alkenyl group, and methods of making these new compounds.
These compounds are commonly referred to as dinuclear compounds, or binuclear
compounds, because they contain two metal centers. Accordingly, in one aspect of

this invention, the dinuclear compounds have the formula:

SN2 X
AN YaWaN
X2 X' GRXRY R’y X X2
(CHy)y—CRZ=CRE—(CHy), / M.
wherein:

X! and X* independently are a halide or a substituted or unsubstituted

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



In formula (1), halides include fluorine, chlorine, bromne, and iodine
atons. As used herein, an aliphatic group includes |linear or branched al kyl
and al kenyl groups. Generally, the aliphéti¢ group contains from1 to 20
carbon atons. Unless otherw se specified, alkyl and al kenyl groups
described herein are intended to include all structural isonmers, |inear or
branched, of a given noiety; for exanple, all enantioners and all

di astereoners are included within this definition. As an exanple, unless

ot herwi se specified, the termpropyl is ant to include.n-propyl .and
i sopropyl, whil eﬁh@d\/\ﬁﬁ @Q@RﬂndF@R’né%Fma § Sfl%qduﬁéaﬂp%m‘@?r{ i B%\é‘ﬂ)ﬂt VT,
t-butyl, seg: I d : Ofn | RSt.ARCEH4 = lthd9 tol ; of
octyl isone?lslp#h%ll 58@%2-&3’? h%‘?gshglfﬂg g%dﬁ ne%lgc?( yl Q@gruit%ééﬁblae'ﬁgg%ﬁ%rgﬂgﬁ gf

al kyl gr oupmdependbntiyaaretzehghpganyadmi or a hubstugsleort unisnbstintted alkyhot allenylbut

are not limted to, nmethyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonyP™®UBr decyl, and the |ike. Exanples of al kenyl groups within the
scope of the pregent, LpsaRkddOBidgnss %&%ﬁ cBibriging eﬂﬁérdéim&ﬂﬂridg%% abheay! ,
propenyl, butenyl, pentenyl, hexenyl, ﬂeptenyl, octenyl, nonenyl, decenyl,
and the |i keermapfim bridging Atoomet tirc bidging stoan @ cetheyi isdgingnaio oha Arifghat i ¢

groups i ncl ude aryl d aryl al kyl gro nd the i e, .ar.e not
Pimitod to, HAMRADE gl KIPOR Ry AT SHOPRISHE On r‘%p‘?i“ﬁ%ry‘?‘%l‘ 4 ka}lfe?‘g kel g
napht hyl, phenylinddpbsdentlyitatsa aldxken Baphiohylsabhittet bt edsitkkiyted Aiptatide

| i ke. Generally, such groups and conbi nations of groups contain |ess than
20 carbon atromaticHayelic gr@np,lqrrﬁqonﬁ)gnaélﬁaﬁlaﬂr@&; of such noieties that can be
used in the presgpt - Hon i nclude phenyl, tolyl, benzyl,

di et hyl phenyl , Wﬁs@émﬁp’%lﬁg’nw , phenyl ethyl, phenyl propyi, phenyl butyl,
propyl-2- phenyl REhRY, aaddr? HeddpehdentlGyati £ hydmigps dtomn] wden sylodtivabkydr and
cycl oal kenyl nvieties and such noieties can include, but are not |imted
to, cycl opetisybstituisd piphaticesfomatieyr Icéiﬂécx%fp‘,lp’é?é‘l%ﬁg’%@ﬁw ,theé?‘ﬂf’n"lﬁﬁie like. One
exanpl e of a conpinat: i e ug & c%abl fcBikRMP is a cycl ohexyl phenyl
group. Unl ess o?ﬁé%%%ggﬂpleg%?%édl?oany substci tsut ed aromatic or cyclic

moi ety used her eFornida Barbote is mot uidsigadd to ediowi soreeckemiisy @xmapledc t he

termtolyl is. meant i.nel ude an ossi bl e substituent itign, that is,
or t o, mut abositorp o the altferentndiilesP o ForaiehFendR Rt BisPgr s s an
al kenyl gr ogphst Redmdrb Nk RN GORNEfhsterbdiSorhiR), MafAbgAC 806h NBInGIduass £H%
illustrated in the above fornula, the al kenyl linking group is attached to
t he met al | ocevemploicd ahé sneompasipdibyghisdommbap. A2 represents the bridging
group in formula, (}). can,.have [_.nor St ts 4 Ltion to
the al kenyl [i nk*nn%)na'lurc%ﬁ%).’ Hatidés mﬁﬁ%%@og@%g@&%ﬁ, %Otéﬁiggeﬁslgnltg dil?lg\%gndtl?on, Xi
and X2 i ndepengdedtheieimr £ alighibist grouip ekladesUlivsaab st | Branabed ailly haidi dkeiydup
having from1 to 20 carbon atons. |In another aspect, Xl and X2

i ndependent gipups- eGraaraly. the eliphaticgrensy Fontaygs fom b de 20| carbop,aipms., Liless
octyl, nony rat 'ﬂ% ' : ; geludeXI and
X2 i ndepend@%‘f’%g%%pgc@teﬁ’e%k , g%@%@k%ﬁﬁ%ﬁsﬁﬂ} é?i %62%11? Z‘%ﬁ’%ﬁ%@gﬁw ,u ©

hept enyl , ogit enytturaloikenyts, limeardece emghcheXi ofired gi2ni mebggpen flenexample.e all

substituted or .unsubstituted aromatic grqup, .for.ex l e, having up.to 20
carbon at on%n,anp?tmﬁlﬁ&Pﬁéh diRsfraeqmess ateg Bg%‘g‘é’ 1 th%ﬁéﬁ??@&%?}l Asan eg‘Iaﬁfl)jfjf’
different f?lﬁrﬂgéét oth i?cns%e%?ﬁe‘af ehd Rl ﬁr%b?lr isnﬁleﬁﬁtoﬁfinc?ﬁlhe%pgroggl and iso-

i ndependently can be sel'ected from phenyl, naphthyl, tolyl enzyl ,

di met hyl pheprpbyl, whileeheniermpHemyllis nplaehipl isclngé p-pindnisb gy t-butph eesy bt yI |
propyl- 2- phenyl ef hyl , cl opentyl, ..cycl opent enyl cl ohexyl | ohexenyl ,
or cycl ohex*}ﬂ%éf?ew'i rﬁ%t“i’fg CS’S%%P@%W W??Syn?fe%ﬁ%olﬁc.’mv&l?d}lg}é,g'neo yﬁ]er
aspect, X1 jand] X1 h&WdeRen gLy eainghl8Rtikyl gkSuhetivh calPBnembloyed irethbal i de.

Further, XI and X2 indépendently can be nethyl, phenyl, benzyl, or a
chl ori ne atpwsinh inveotioremchsisebut as¢ nphbmijed éormethyly ethyl, gwopyl, butyl, pewykor nul a

(1), X3 and_X4. i ndependent|ly. are a.su Lt.ute n i .adenyl ,
or quoren&Fmﬁk&ﬁH?’éﬁgﬁ (gxhégg§ggr?%§£§hggtg¥%¥§%9%?€%%§ﬂ§$%%ﬁf%§ggroup,
A2, as indigateshd & thBrésentmilvantaomeludé,hianee aspirited o, tdienpl, eseminyl,
invention, X3 and X4 independently are either a substituted .

cycl opent advusenpil, pentsupl, bexenyk bisptenyluoeenyl) neneanly fleepplypnd 1hs likgot her aspect
either X3 or X4 is a substituted cycl opentadi enyl group, while the other is
a substituted fluorenyl group. Any substituents on X3 and X4 ot her
than the bridging group i ndependently are a hydrogen atomor a substituted
or unsubstituted al kyl or al kenyl group. Hydrogen is included, therefore
the notion of a substituted indenyl and substituted fluorenyl includes
partially saturated indenyls and fluorenyls including, but not limted to,
tetrahydroi ndenyl s, tetrahydrofluorenyls, and octahydrofl uorenyls.



In formula (1), A2 is a substituted bridging group conprising either a
silicon bridging atom a germanium bridging atom a tin bridging atom a
carbon bridging atom or a bridging chaild of 2 to 5 carbon atons, which
connects X3 and X4. In one aspect of this invention, A2 is a silicon
bridging atom a getinaniumbridging atom a tin bridging atom or a carbon
bridging atom Yet, in another aspect, A2 is a bridging chain of 2 to 5
carbon atons, such as, for exanple, a two-carbon bridging chain that

connects X3 and X4. O her. than the al ken | i nking g YFP any
substituents on AZOmRC gEQupstand ‘F%@b@ﬁ@én‘ﬂt@ IPB%HCagWH?'d’@‘g Geohagr a

substi tut edalgrg]é\fr(j}g 0#91? 4! bHA Sebs@lih AL b al%rmﬁh?ed % ﬁé’rﬁJl' AkAL BBl 2

conbi nati on n’one aspect, for exanple, a sl stltuen on A2 can be
a nmethyl, ephatlyl, paghiyl, dﬂqtliﬁhbstpﬁldi yxha,phﬁmk,y h)herg/ﬂ-lsehisylltuted)radhdnyiaphtbul-eny| :

tenyl, h heny! thyl , “tolyl, b |opentyl . 14
vl ahexy! | Skt SREombing ke-o gy ish igaf e SrREY O ot her
aspect , eacl, skt Sﬁ‘tzo l:}og}eatgr'hb dg{e‘ﬁge Q{o%ulﬂmtf?ltgr@(%m&)t@rbﬁsﬂ@h ?Adi&i&é'

| i nki ng group, 1s se ecte ependently from a hydrogen atom met hyl
group, phenthat gcauphe napdt by| thgr qqusentorlnm;mﬂoohemlu@emehylgr [511)) 8 benzyl, I n

cori nat | ondinefanebnyL dranRaiaeb e haeRy pnadinfiel i PUB MR Rl

al kenyl gr opps,yleaa Mardl 1R RRe. deSETd H86pIBEREA cplSalkIt2a8dge odIReAyI PhdIE RS
substituted anal 0ogs With substitutions at any position on these groups that

conform to &tk sudr mefetiescas infludhdnit gag notlishied. toTBydopegtdu prclepiéanyt.ut ed
with one or ret an .one supst i ar

subst it uent §° ‘?/Wéx ﬁ?"élgg?ﬁeny ragd'tﬁdg%eenéje%ﬁﬁ?(%lgqu %%ng 1rn(gltrlnorzlal#lrﬁotll&xd);n n
group, a sutjdiic g6 a o@cl@héxﬂgwﬁygg@up Uale@boﬁxlaﬁ@w@egrf&dpanyasmbwta&dl c
group, a carbon group, |conﬂg]roup a germanium 8ro p, a.tin ?Pup a

| ead group, AQMGHE oW qublapmomﬁy aseribstem ds augant 4o inply ECSHE RS
or ganornet al l)IT%? go‘gou"t‘ﬂ’zté’%ﬁy bhd @3t ngluggréﬁ% ?Béc?e ets%'ﬁﬁ% @sntYorPfthé’é’@é ch

havi ng from car bon ato en l'orig as
t hese groupsrtlelq na4, ok @airl nate the activity of the cat aI yst corrp05| tion.
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occurrence, cérﬁ‘l%!:@ dfe flvdObABocdB! Bbiefles. HOMB8ate@Nd thedibde formula, the each

occurrence, o0xygen groups are oxygen-containing groups, exarrpl es of \éym ch
i ncl ude, buslkemd liméingl gro scttachedatoktba yetloaenel mwyttlgﬁféwd@l QUIGRAPUD- B

- OPRA2, -0ALRA2, and the.lik ¢l udi bstituted de f,
ahorei h RA TSSSEA - 6 e AR A S bRy T SR

substi t ut eda&ilmtotgyg&gﬁ}qqmgl t¥hp. OF substl tuted ar aI kyI haV| ng from 1
to 20 carbon atons. Exanples of al koxy or aryl oxy g gr oups

i nclude, but arelmonelaspeeteef ths preserioxiyenierhoXy,an rXpd%ereBG?IEl;Yyafepﬁenoxy,
subst i tut ed%@ﬁﬁ{(,;l?ef@/ %r fallr? dbgtﬂgte ghat %rouP }ﬁvﬁl%q?oﬂcf’ 26 rk(bé?oonséﬂnfn's” Igroups

are sul fur g groups, h 1nc ut are not
limted to, ancBi®r apect! e dnidkaE? 1hdl't£pbhl@bnﬂg aubaéthyluteﬂd/mpmpyatbmﬁs pbhlt@'t eof ,

wherein RA in each occurrence can be al k k aral k

subst i t ut edhexykyheptduesdyl pomdddegy) or tgme ﬁu%%ﬁ ggd %’r‘éﬂt gtlhﬁ’é?ﬁpﬁ&t om |

to 20 carb Oghdagigrﬁdependently are ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl,
octenyl, nonenyl, or decenyl. X' and X independently 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 X? 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, cyclohexyl, cyclohexenyl, or cyclohexylphenyl in other

aspects of this invention. Yet, in another aspect, X" and X? independently are methyl,



15 I n each occurrence, nitrogen groups are nitrogen-containing
groups, which include, but are not limted to, -NRA2 and the I|i ke,

i ncl udi ng substituted derivatives theredB, Wherein RA in each occurrence
can be al kyl, cycloal kyl, aryl, aral kyl, substituted al kyl, substituted
aryl, or substituted aral kyl having from1 to 20 carbon atons. In
each occurrence, phosphorus groups are phosphorus-contai ning groups, which
i nclude, but are not limted to, -PRA2 -P(ORA) 2, and the |ike, including
substituted derivatives thereof

rein RA in each occurrence can b
al kyl, cycl pbgriy bengylypr a aaledekﬁuﬂ@wét@fiei elad%emnt%ﬁassb@ﬂ??}ﬁié‘dgg?fvﬁ, or
substi t ut ed 5 i&( Ia cﬂﬁ)\ﬁn@ gtofnli ﬂmn]otﬁe? a%g:cf:@f’ tHQ ﬁre@érﬁ Fvention. I n each

occurrence, ar €nl C groups are arseni c-contal hing groups, which include,

but are not |inmi Iletﬂoﬁrmla %s}?i\zmd s (HaBpIr@entindret & subsitikered k:ynibpmhltadgenyl
substituted, derivatives thereof, wherein eac nce can

al kyl, cycl B¥leryh or Hpqrenylgroyn gpd a@UE?Fﬁ?@@éﬂgﬁﬁﬂVE gUbéTﬁ?ﬁﬁgﬁmar ' or
substi t ut eda@fr@%&i@d ifaHd AfnfulLMBobe! On e %gﬁl' 08 Ak P/ent inventionN XEARA X4

occurrence, car roups are carbon-containing groups, which include, but
are not |i mrtdeplertdtantlyaldfgll eithat | al substuted chentmdmnyh @rougl iogea sybstitutedt ed

2t o, 1 L RebiFi) Srelieek) Aot CTRA) CRST Torkh X is 4 TaRB I H D hphiadicosi™ 27

substltuted Q%EIMﬁﬂéﬁ@ﬁnﬁgegggﬁmuﬁﬁgyﬁﬂ&kﬂ?ﬁ gtdupeach occurrence can be
al kyl, cycl oal éﬂ ar al , supstituted al kyl, substituted aryl, or
ly shigsyit

substituted ar aI Ay lltﬁgltSfcrIDX] and X" otherthap dre kit group independgathare’

but ar e not @ ioEanePpr o R P fyRa s SRREARE Sl ARl BakpG 7P,

groups, aryimideelsileydfor eiepsotic lofxy sabsditpsd iadwhyt had | substitutetii filoremyleach
occurrence have from| to 20 carbon atonms. For exanpl.e, silicon q(?up
subst i t uent diciudes paeiallyi satrpted sindenyly gad ﬁh@ﬁ%y&ﬂﬂh@%ﬂ by pgmited 10, |
each occurr n |ch
e[f'r%ﬁ%dr ﬁ]td%né Lf%@rég{y(ai'br}ﬁlo%nﬁ'yﬁg GhABOLIR G R BAIL. gy?rhg}éﬂs alkYf3

i ncl ude, bu groups” such as al rryl groups,

aryl ger nyl gmoumsbeamyhahaydgeﬂm?hmgmﬁup&ud@emﬂwnomyygmmmpé butpld pehiyll i ke,
whi ch in each occurrence_ have fro each

It 0 b
occur r ence, ey BeRSVlpocllen@nyt- 86 E]?%}il p cggf}gnl o ﬁSHeﬁ%leﬁfﬁléldmﬁu{hear e
not |imtedyf ?’%(1 ???&ﬁmy badl QUBSSMCIH RS aﬁd Wlﬁde%@ﬁ%ntlg ri@h!ﬂh?dro%éﬁf lagdn@ gy |
groups, ary nyl

groups, stannoxy (or "stannyloxy") groups, @nd t he
|'i ke, whi chan ﬁhg]a@toptyhaubmglncbuityh\ne thX)drgrQUpt dnmotbalrmmtaﬁubﬁ%tuemhes t| n

groups |nclu but d.to, nnox

oceur r ence, AEXg %ﬁaﬁgeddfl eHegg%‘J“@ Reias 60?5}10%%"3 H ydrpmpnenlyl cP deéh Ut are
not |imted érﬁenﬁl Koeh R dloREQUPSctedyly hbRAGH, B GBSyl a5 liaivedl tRabrig s
and the Ilke which in each occurrence, have from| to 20 carbon atons.

group.
In formula (I), A is a substituted bridging group comprising either a silicon

bridging atom, a germanium bridging atom, a tin bridging atom, a carbon bridging
atom, or a bridging chain of 2 to 5 carbon atoms, which connects X and X*. In one
aspect of this invention, A? is a silicon bridging atom, a germanium bridging atom, a
tin bridging atom, or a carbon bridging atom. Yet, in another aspect, A? is a bridging
chain of 2 to 5 carbon atoms, such as, for example, a two-carbon bridging chain that
connects X° and X*.

Other than the alkenyl linking group, any substituents on A? are selected
independently from a hydrogen atom, or a substituted or unsubstituted aliphatic,
aromatic, or cyclic group, or a combination thereof. In one aspect, for example, a
substituent on A% can be a methyl, ethyl, propyl, butyl, pentyl, hexyl, ethenyl,
propenyl, butenyl, pentenyl, hexenyl, phenyl, naphthyl, tolyl, benzyl, cyclopentyl,



I n each occurrence, boron groups are boron-containing groups, which
include, but are not limted to, -BRA2, -BX2, -BRAX, and the like, wherein
X is a nonoani oni ¢ group such as hydrid& alkoxide, alkyl thiolate, and the
| i ke, and wherein RA in each occurrence can be al kyl, cycloal kyl, aryl,

aral kyl, substituted al kyl, substituted aryl, or substituted aral kyl having
froml to 20 carbon atons. I n each occurrence, alum num groups are

al um num cont ai ni ng groups, which include, but are not limted to, -AlIRA,
-A1X2, -AIRAX, wherein X is a_nonoanionic group such hydri de, al koxi de,
al kyl t hi ol @clohesror peslpherulphamyl Spun: o @ HRATqesn @i Séédﬁraéﬂ I 8395%he

al kyl, cycl . I Wi oS (et | kol St , or
substi t ut edéglgir1 gs?ﬁ Ljiltftﬁ Igv?nngﬁéfalrbgé%l?gt %Q% %%%ﬁgl}lﬁat%n%u(m ﬁdﬁ%gﬁ)‘%?g of

i norgani ¢ gietieprd ihtetendentlybfeom seldydasgesddenj mathyt groupnpleaghgroop,urapbtiyé

i nclude, but are not Li m'iléjed to, -0A1X2, -0Si X3, -0OPX2, LX, -AsX2, -PX2,
and the | i KEOURWPECEFIARSKYIRMERY L BAWANI oni ¢ group such as hydride, anide,

al koxi de, al kyl fhhifghalig, @ndubdigutbd KQiplafd Wash&id) QInYCy@ﬁKYQmu?é{Chﬁ&' kyl',
aryl, aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl
group or subpsthinations thareefhemedisclgsaddss vesdl 4y substitutesl 2bylcer dlésendtgromps.

Exanpl es of, organonetal | i.c .groups t hat e.used as,_substituents,.in each
occur r encezsqchcg’i?éfg? ﬁ‘fnb§pefl?{8&‘ !afemlqtgg%%éo?o 6?%%%08‘_2?%%‘9& Oalr}%lg),gg with

or ganoal um JuYeRtEiEHEPS: ar Fe¥IEER bh | tHEReIFIOURS thadlcgARBSI fol ¢ Mogmalipsles of

or ganoger mani um gr oups, organotin groups, organol ead tgr oups,

or gano- t r arsbiemiiesh valenes. Hrsugrevpaslpstitated wike Ongermarg thampeaesubstitientase hon
at ons. nﬁg@mkdﬁ (I'), depicted above, illustrates that the dinucl ear
conpounds or present invention are honmonucl ear, because each

met al | ocene noi eSuehl subkiirderty, Wikeh prkdend| dceriydependentlpGelgred frams ahhexygeme and
contains the sane netal center. Mis sel ec%ed fromZr, Hf, or. Ti in the
present i nV&EARR:ghsulfur groupya nEYOZCANGFORD: # PhOSRRORISKERYP: ¥ AIERY GPBRip?

i ndependen téa%bogllr %Eigﬁlg ltalesglfi&glr %r&'gﬂ ag%é?%QBﬂgﬁgﬁoﬁf),oamin %Fou%? £ Rt dr bW, @hRbn

unsubstitute or cycric grou a conbi‘nation
t her eof | n gow,a@pabimiafimt geoupr ese torgamike Eroupy , anRRrgaRYme@ly Broup, or a

i ndependently are substifuted or unsubstituted aliphat] roup havi ng
oo bRl Aetaive thifeet Rk b B hrgavindy o oRRhl fo HABED pai |

i ndependenty ¥a)fdeO B} MRURYER; £ YL asRh&RYdrouUdY hot REMINAte tHReYivity RERRY!
octyl, nonyl, decyl, or trinmethylsilylnethyl. In another aspect, Rx, RY

and Rz ar e datalirsbgempesitens. ERknpRY of sach ¢ thesrisbetidenit groupsr inckudsstare ut ed
or unsubsti tut.ed aronpatj Lou f or exanple, having up to 20 carbon atons,
in yet anotqﬁ’gimﬁtggé%gﬁeo#o‘ﬁtoﬁm%&gg Yt i nvention. Rx, RY, and Rz

i ndependent | y argxatpi@tdhtalidesibgtituemts Opach betuyrence) @tlude, fludeidy, chigideny| |,
napht hyl, tolyl, benzyl, cyclopentyl, cyclohexyl, or cycl ohexyl phenyl
group, or Premiflcotjehiodidsm “in other aspects of this invention. Further, RX,

m
RY, and Rz i nde t _ atom
i n anot her as pe@ﬁ%g?pé%éngﬁ%é Q%{é’é:ﬁ r%géédrﬁsiag%wglen claﬁ%ﬁgh% %1;338%&%1‘}1{)%9? gr mul a

(1) det er miwigsh tidudecrtgt roohot limitad kenylkoky bkiandoxy gumparelDRANGESIRom 0 to

L2 eSO 2Bk Pl g S SR B B 3
3, or 4 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 alkoxy or
aryloxy groups (-OR?) groups include, but are not limited to, methoxy, ethoxy,
propoxy, butoxy, phenoxy, substituted phenoxy, and the like.
In each occurrence, sulfur groups are sulfur-containing groups, examples of
which include, but are not limited to, -SR” 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.



According to yet another aspect of the present invention, both XI and X2
are net hyl groups, phenyl groups, or chlorine atons. In this aspect, either
X3 or X4 is a substituted cycl opentadi ed§l dgroup, and the other is a
substituted fluorenyl group. The substituted cycl opentadi enyl group is
substituted with the bridging group A2, and optionally can be further
substituted. In one aspect, the substituted fluorenyl group is substituted
with two butyl substituents, for exanple, two tert-butyl substituents. In

t hese and other aspects, Mis Zr. or H ; Rx, RY, and Rz, are hydrogen. atons;
nis 0, 1, 2, 3, ®rach oggHrense.; g LIRS O MTFREFN TGN He BT ﬁhg’gl‘%‘r

phenyl ~as ap, apfel BRRAre SHAP St D! -NR?, and thl IRECHL aﬂ%egd%&tﬂteﬁrk%i%ﬁve%smﬁ

of the present 1 hvention, both X1 and X2 in fornu are chlorine atons.
I n this aspéetgofn vikerdim RAarigeeaﬁ:hoamchtrenc‘EOpari bel alkyly ecycloatkyl, aryl, #walkokanpl e

of a dinucl egr .conpound in accordance with the present jnventi g the
ol |'oi ng. cOSEUNER AliHe SHPYETED By s wisteeralky Beg fRBLL 1q AP garbon
di scl osure: zioms. Qher illustrative and non-limting exanpl es of

di nucl ear conpounds of the present invention include the follow ng: 19
In each occurrence, phosphorus groups are phosphorus-containing groups,

which include, but are not limited to, -PRAZ, 'P(ORA)Q, 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, arsenic groups are arsenic-containing groups, which
include, but are 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 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(NRMH, -C(NRMRA, -C(NR™OR?, 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, silicon groups are silicon-containing groups, which
include, but are not limited to, silyl groups such as alkylsilyl groups, arylsilyl groups,
arylalkylsilyl groups, siloxy groups, and the like, which in each occurrence have from
1 to 20 carbon atoms. For example, silicon group substituents include trimethylsilyl
and phenyloctylsilyl groups.

In each occurrence, germanium groups are germanium-containing groups,
which include, but are not limited to, germyl groups such as alkylgermyl groups,
arylgermyl groups, arylalkylgermyl groups, germyloxy groups, and the like, which in

each occurrence have from 1 to 20 carbon atoms.



20 and the like. Applicants have used the abbreviation Ph for phenyl.

Met hods of maki ng a di nucl ear conpound of the present invention are al so
provi ded. One such net hod for synthesizilbg a di nucl ear netal |l ocene conpound
is illustrated in the general reaction schene provided bel ow

In each occurrence, tin groups are tin-containing groups, which include, but
are not limited to, stannyl groups such as alkylstannyl groups, arylstannyl groups,
arylalkylstannyl groups, stannoxy (or “stannyloxy”) groups, and the like, which in
each occurrence have from 1 to 20 carbon atoms. Thus, tin groups include, but are
not limited to, stannoxy groups.

In each occurrence, lead groups are lead-containing groups, which include, but
are not limited to, alkyllead groups, aryllead groups, arylalkyllead groups, and the
like, which in each occurrence, have from 1 to 20 carbon atoms.

In each occurrence, boron groups are boron-containing groups, which include,
but are not limited to, -BRAZ, -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
include, but are not limited to, -AIR?, -AIX,, -AIR*X, 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.

Examples of inorganic groups that may be used as substituents, in each
occurrence include, but are not limited to, -OAIXj,, -OSiXs, -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.

Examples of organometallic groups that may be used as substituents, in each
occurrence, include, but are not limited to, organoboron groups, organoaluminum
groups, organogallium groups, organosilicon groups, organogermanium groups,
organotin groups, organolead groups, organo-transition metal groups, and the like,
having from 1 to 20 carbon atoms.

Formula (I), depicted above, illustrates that the dinuclear compounds of the

present invention are homonuclear, because each metallocene moiety linked by the



A netal |l ocene catal yst having an al kenyl substituent is linked to itself
via the olefin netathesis reaction in the presence of a suitable catalyst.
Generally, the al kenyl substituent can B& of° any length, and can be, for
exanpl e, a substituent on a bridging group. In the reaction product, the
met al | ocene noi eties are connected by an al kenyl |inking group. Ethylene
gas is also produced in this reaction. Various netal -based catal ysts
can be enployed in an olefin nmetathesis reaction. The netals often used

i ncl ude rutheni um _tungsten, nolybdenum and nickel. In the a es that
fol l ow, a Celspmd lmkinecaruEp iy thesamead reaiadsche é?‘?%?lef?é%’&e’bn%ﬁtn%%lﬁﬂqgm was

enpl oyed, bHBmt%é?If{cﬂvﬁ%itl%gt)rés%npf?lkfeﬁtidﬂ.ted to any particul ar netathesis
a r

catal yst. esi s actions can be conducted in the presence of a
sol vent sutch as, RFpRY eandriftfl i, thahikphgtlinkingagrompindeperalengp trer testbddstrara
solvents. Suitable solvents useful in the production of dinuclear

net al | ocepeﬁﬂgﬁ%ﬁﬁa@’ Phé ISHBSél,tutSEPr 3?%‘%%?"?% aﬂ{pﬁgt.bc,tag)qnggn 2k ﬁ%‘ﬁlct YPtRne,
heptane, isgbutRn®indBhh¥tehe EhbAE ladfoct 3Pdhd PRstdtkgvensdhY R RIELLER”ON can
depend upon many factors, for instance, the desired reaction tenperature
and sol ubi | indypaidersiyt irera substimtadadr wesbsitated aliphaticagrowm baing dwnearto 20

netal l ocene in the particul ar .sol.xenty. Sui t abl L, efi t at hesi
reaction te?ﬁgﬁ?l}ﬂa s 8 ngekdi %Jc Iaggﬁzn%ql%{af"?gslg‘ﬁtgd ?:18(?7%85”?16 Ziyotgglltnﬁe
present i nveRiHyON cBye GReSNAl Butyll NpéntylanBéxyl,r arpeboWctyl, 5dnd,t de@bboudr 150

C. For exanple, the reaction tenperatureg cgnh be in the range 21 .from
about 0 C ttinadshylsilylmethgl Ihanothesespesh R elpernd Br arcsidsegeaditens.oRt €R -a

conprom se he G rj . I . tion
rossure, - ragoR; SRePRRkn g RAP iR RbFl BRubiRuER e PR Beah B! ]
sel ecti vi t yhavaiighup ®0I®BEarba@t 4toms, ih ydesiotied asgest dhthe prdste inednsibhesi s reacti on

equi libriumcan be dy¢iven towards the dinuc]ear tal |l ocen roduct | f
ethyl ene gas is P\gﬂ%fﬁeadld&i ipdepeadertyoHe laﬁ’éetLlélaEtpg]g ﬁr@)’g&&‘bﬁ’ Pentyl, hexyl,

General ly, i L i3 tatl.gn S QN |
compound t hE LB T B e e R A o e R 808
i nvention, at hdrydtdgen dibre, pr eienespats af this KeveptiosubSiriheneRt, BN, afb R

or 140110 01 Glp, SOE SEAIBLER, 1 1513 Lorene, COmmounds, ! o Gan be sed (o
met at hesi s ﬂh@%%sgﬁqnm;{p above include, but are not limted to:
The integer n in formula (I) determines the length of the alkeny! linking group
and ranges from 0 to 12, inclusive. In one aspect of this invention, n is equal to 0, 1,
2,3,4,5,6,or 7. Ina different aspect of the present invention, nis 1, 2, 3, or 4.
According to yet another aspect of the present invention, both X' and X* are
methyl groups, phenyl groups, or chlorine atoms. In this aspect, either X>or X'is a
substituted cyclopentadienyl group, and the other is a substituted fluorenyl group.
The substituted cyclopentadienyl group is substituted with the bridging group A? and
optionally can be further substituted. In one aspect, the substituted fluorenyl group is
substituted with two butyl substituents, for example, two tert-butyl substituents. In
these and other aspects, M is Zr or Hf; R* RY, and R” are hydrogen atoms; nis 0, 1,
2, 3, or 4; and A? is a carbon atom having either methyl or phenyl as an optional
substituent.
In accordance with another aspect of the present invention, both X' and X? in

formula (I) are chlorine atoms. In this aspect, n is in range from 1 to 10, inclusive.



22 and the like. Applicants have used the abbreviation Ph for phenyl.
Addi ti onal exanples of netall ocene conpounds that are suitable for use to
produce di nucl ear conpounds of the presdfit i‘nvention are contenpl at ed.
These include, but are not limted to:

An example of a dinuclear compound in accordance with the present invention
is the following compound, which is abbréviated “DMET 1” throughout this

disclosure:

Other illustrative and non-limiting examples of dinuclear compounds of the

present invention include the following:
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and the like. Applicants have used the abbreviation Ph for phenyl, and M
for nethyl. Bri dged netal | ocene conpounds havi ng, for exanple,

t wo- car bon bridgi ng chains al so can be @8ed’to produce di nucl ear conpounds
of the present invention. Representative two-carbon bridged netall ocene
conpounds include, but are not limted to: 25

and the like. Applicants have used the abbreviation Ph for phenyl.
Methods of making a dinuclear compound of the present invention are also
provided. One such method for synthesizing a dinuclear metallocene compound is

illustrated in the general reaction scheme provided below:

)

Metallocene Metallocene\/\
Metallocene

Catalyst

+ +
—_—

/\ Metallocene / T

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 can be of any length, and can be, for example, a substituent on a bridging
group. 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 that follow, a Grubbs 1st Generation Metathesis Catalyst
based on ruthenium was employed, but this invention is not limited to any particular
metathesis catalyst.

Metathesis reactions can be conducted in the presence of a solvent such as, for
example, aliphatic, aromatic, or saturated ester solvents. Suitable solvents useful in
the production of dinuclear metallocene compounds include, but are not limited to,
benzene, toluene, heptane, isobutane, methylene chloride, and the like. Solvent
selection can depend upon many factors, for instance, the desired reaction temperature
and solubility of either the metallocene reactant or the dinuclear metallocene in the
particular solvent.

Suitable olefin metathesis reaction temperatures to produce dinuclear
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



26

and the |ike. Applicants have used the

21 °

from about 0 °C to about 100 °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.

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 the bridging 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 to:




abbrevi ations Ph for phenyl, Me for nethyl, and t-Bu for tert-butyl. The
integer n' in these netall ocene conpounds generally ranges fromO to about
10, inclusive. For exanple, n' can be 1222,°3, 4, 5, 6, 7, or 8.

Addi ti onal bridged netall ocene conpounds can be used to produce dinucl ear
conmpounds of the present invention. Therefore, the scope of the present
invention is not limted to the starting netall ocene species provided
above. CATALYST COWPGCSI Tl ON The present invention also relates to
catal yst conpositions enploying dinuclear netall ocene conpounds. According
to one aspect of the present invention, a catalyst conposition is provided
whi ch conprises a contact product of at |east one dginuclear netall ocene
conpound and at | eas Yl 2 t conposition can

further conprise at |g or ganoal um num conp ‘ese catalyst
conpositions can be ut|I| oduce polyoleflns Rpol yners and
copol yners, for @ N se applica 3 ‘; one

di nucl ear netall g t he

f or mul a. 27)GK?“
; or /

and the like. Applicants have used the abbreviation Ph for phenyl.
Additional examples of metallocene compounds that are suitable for use to
produce dinuclear compounds of the present invention are contemplated. These

include, but are not limited to:

Hf“‘\\CH2

CH,




(CH2) 11- CRZ=CRZ wher ei n: Xi and X2 independently are a halide or a
substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a
conbi nati on t hereof; X3 and X4 in@8peridently are a substituted

cycl opent adi enyl, indenyl, or fluorenyl group, any substituents on X3 and
X4 other than a bridging group independently are a hydrogen atom or a
substituted or unsubstituted al kyl or al kenyl group; A2 is a
substituted bridging group conprising either a silicon bridging atom a
germani um bridging atom a tin bridging atom a carbon bridging atom or a
bridging chain of 2,to 5 carbon atons, any substituents on A2 other than an
al kenyl 1inking grayp iRdependently are a hydrogen atom or a substituted
or unsubstituted alA pt aronatlc or cyclijc group, or a conbination
thereof; Mis Zr, 2 Rx, A& 2 dependently are a
‘ \ i ha

hydr ogen at om uns , aromatic, or
cyclic group, s of L er in a range from
0to 12, incl ). dance wit aspects of the

present invention, T S\eQ ated that ;Nﬁg’«ositions

di scl osed herein canf co /:S ¢® than one di ny Rt al/l ocene conpound
and/ or nore than gne act ¥ ¥e¢, t han one

or ganoal um num co : n anot her aspect of
the present invention, a catalyst conpositipn is provided which conprises a
contact product of at |east one dinuclear netallocene conpound, at |east
one activator-support, and at |east one or ganoal umi num conpound; wherein
this catal yst compositigr—s substantially free of aluyminoxanes, organozinc
conpounds, or ganobor o Q 7organoborate conpounds, Vs ni zi ng ionic
conmpounds. In this azma i C?dhe catal yst conpositio

f Gatal yst activity,
to be discussed |nbfhe absence of thesem;o-|t|oaéblco-catalysts.




28 However, in other aspects of this invention, these co-catalysts
can be enpl oyed. For exanple, a catal yst conposition conprising at |east
one di nucl ear netall ocene conpound and &4 | €ast one activator-support can
further conprise at |east one optional co-catalyst. Suitable co-catalysts
in this aspect include, but are not limted to, alum noxane conpounds,

or ganozi nc conpounds, organoboron or organoborate conpounds, ionizing ionic
conpounds, and the |ike, or any conbination thereof Mre than one
co-catal yst can be present _in the catalyst conpositio In a

di fferent aspect, a catka 2‘@5’6h does not require
an activator-support. a¥ese

product of at | ggast
conmpound sel ecte
or ganozi nc conp®
| east one ionizing i

| east one
e conpound, at
ereof In this aspect,

}ne or ganobo
€
77

zx compound, or conbi nation
the at | east one din net al | ocene conpound is
*N'-. W NR 17 MA2A2 / \/ \ 71"\ CRXRYCRXRY X4X2
(CF12) n- CR2=CRzZ- (CH2) n(I).

; Or 5

and the like. Applicants have used the abbreviation Ph for phenyl, and Me for methyl.
Bridged metallocene compounds having, for example, two-carbon bridging
chains also can be used to produce dinuclear compounds of the present invention.

Representative two-carbon bridged metallocene compounds include, but are not

limited to:



wher ei n: X1 and X2 independently are a halide or a substituted or
unsubstituted aliphatic, aromatic, or cyclic group, or a conbination

t her eof ; X3 and X4 independently afe a substituted cycl opentadienyl,
i ndenyl, or fluorenyl group, any substituents on X3 and X4 other than a
bridgi ng group i ndependently are a hydrogen atom or a substituted or
unsubstituted al kyl or al kenyl group; A2 is a substituted bridging
group conprising either a silicon bridging atom a gernanium bridging atom
a tin bridging atom_a carbon bridging atom or a bridging chain of 2 to 5
carbon atons, any ¢ ;

|ndependently are 3 ¥ atom or a substituke gubstituted -

al i phatic, araonmstic clic group, or a conbinati thereof; 29 Mis
Zr, Hf, or ' Y,w&d Rz i ndegendanly are 3 hyd¥legen atom or
a substltuted or Fewagl i phatic, aromati'c, '
{S an integer in a range mO to 12,
i ncl usi ve. ACTI VAT@ The present
various catalyst c whi ch can include ;
one aspect, the actlvator support conprises a chem cal l'y- treated solid
oxide. Alternatively, the activator-support can conprise a clay mneral, a
pillared clay, an exfoliated clay, an exfoliated clLa ed into anot her
oxide matrix, a |l 4| icate mneral, s icate mneral, a
| ayer ed alunlnosil yeral , a non- Iayered a ' ate mneral, or

Z \\\\C Hzph
F~CH,Ph ¢




The chem cally-treated solid oxide exhibits enhanced acidity as conpared to
the correspondi ng untreated solid oxide conpound. The chem cally-treated
solid oxide also functions as a catal ysté6act’i vator as conpared to the
correspondi ng untreated solid oxide. While the chemcally-treated solid

oxi de activates the netallocene in the absence of co-catalysts, it is not
necessary to elimnate co-catal ysts fromthe catal yst conposition. The
activation function of the activator-support is evident in the enhanced
activity of catalyst conposition as a whole, as conpared to a catal yst
conposition contai ON-1 e COrrespondi ng untrea sof<=g oxi de. However, it
i's believed tpagy,thg '@‘D‘ ATy j %don as an
activator, even Int aisence of an organodl \ ., al um noxanes,
or ganobor on =Conpoyngds; Lziwgli oni ¢ cerpoynds, ~and \_he, CHsSiMe, The
chenmical | y-t reat ed"sol\ ;T‘d'a(gan conprise atM| east | ki de
treated with at |ea o _el ectron-w t hdrawi ng ani gy ile fiot |3ntending
to be bound bt-Buk st tBeinent , i t-Bius 60 ¢ at-Bur eat nent  of
the solid oxide w 2 ecl ron-w t hdrawi ng coaponent=augnents or .gphances
the acidity of the oxide. Thus, eithér the activator-support exhibits Lew s
or Bronsted acidity that is typically greater than the Lewis or Bronsted
acid strength of the untreated solid oxide, or the activator-support has a
greater nunber of ag¢ sites than the untreated solid oxide, or both. One
met hod to quantify &% ity of the chemcally-treated and untreated
solid 30 oxide p=n s\ s by conparing the polynerization activities of
the treated r €at€d O ide‘\§\¢|{1der acid catal yzed reactions. The
chemical | y-treated B0l ild oxir¢ of this invention is forned generally from
an inorganic solid oxide gjbits Lew s acidic or Bronsted acidic

behavi or and has a rel af i gh porosity. The solid oxide is

chemcally-treated with\z tron-w t hdrawi ng conponent, typically an

el ectron-w t hdrawi ng ani on f or m anargictthev diker - SApplicants have usddcthedi ng
to one aspect of the present invention, the solid oxide used to prepare the
cheni cal | y-%lfbé‘*a‘tlétéf)r@ by far Bhryd Madoramedyk a(}‘é)F'g;h’Etg.fﬂeétal?‘g?’l' ts—ﬁé?dn%giﬂ_lﬁ. 1
cc/g. Accorﬁ%%@nfe&ll%@&fehﬁmlﬁﬁlﬂgg%e@ral?%r&@?%%m 0l BVARLI 90, inkheiveol kgt oxi de
has a pore volune greater than about 0.5 cc/g. According to yet another
aspect of tb&enpleséran baiveht3i én3, & Aeorsl i d oxi de has a pore vol une greater
t han about 1.0 cg¢/g.. .. In anagt her aspect,. the,solid oxide has surface
area of from abo%figlfﬁﬁalttgld&ﬁ%ﬁ?e@ EOsHE9TRPOYs GaY bE Iisg Eorprgg%ceec%?u(ﬁﬁaer solid
oxi de has acsbdiaas offiRGr&ent [IVBMEROUTh?0rd, SherQOPE 0BG PTedeat invenidd Il

anot her aspect’ of the present invention, the solid oxide has a surface area
of from abouat lizsicedtto thehsarting oeetaticgne species prmyededtibayeal | y-treated solid

oxi de can conprise a solid inorganic oxide conprising oxygen and at | east
one el ement selected fromGoup 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
or 15 of theapaTi ST cOMPOSITION conpri sing oxygen and at | east one el enent

sel ected fromthe | anthanide or actinide elenents. (See: Hawl ey's Condensed
Cheni cal Di cti onkhs Present hingeption] ge WWipley © Saibyst 1epgmpositigns ofmpleyIRe.

W | ki nson, : rj : : : [Ja

Chem stry, %PHCIE%’.%&W?C&% F%@?@gﬁe%@?%g ?ﬂeF%ﬁX%&g?r% @Q{I%%e%g?%ani C
oxi de can coomalysecanygiionaspratidédeahichanepeisene nontsel reodwt of mbleadti gneB, Be,
Bi, C, Co, Cr, Cu, Fe, Ga, La, l\/g yb Ni, Sb, Si, Sn, Sr, ]Eg Ti IV’ w
P. v, zn ordigpclear metallagane gampoynd Asred! 167st O] HHIROHS IR ter it iSscaglyst
conpounds t bg,u - ' hBRRLEoEAbIR, OXhee

i ncl ude, oSt Ey WS%Q?%?EI% %%ge? Qg(gﬁgs{,%%gﬂé%a?& Bi 203,°cg&q 0304,

Cr 203, CuO, cadrdpa3ompBagiidns ta2@3ytiled 0@ prdduds polplefinRA0sh h@hopdymsisgd 5n02,
Sr0, ThO02, Ti V205,. W3, Y203, anio Zroﬁi and thﬁlgli{(ﬁ 'tnclu ing_m xed
oxi des_t her €BP Y% E‘Hnﬁi‘f?&’ﬁyor?g ¢ é‘lﬁsgof’f_’ SPURA A, 8 ASE OPF (BYTEE can
be silica, Aklbide ShipbGft @l HEE 1l HothPOLTI RRABD Rt Brmula:



31 heteropol ytungstates, titania, zirconia, magnesia, boria, zinc oxide,

m xed oxi des thereof, or any conbi nation thereof The solid oxide of
this invention enconpasses oxide materi &7s such as alum na, "m xed oxide"
conmpounds thereof such as silica-alum na, and conbinations and m xtures

t hereof The m xed oxi de conpounds such as silica-alum na can be single or
mul tiple chem cal phases with nore than one netal conbined with oxygen to
forma solid oxide conpound. Exanpl es of nm xed oxides that can be used in

t he activator-support of the present invention include, but are not limted
to, sili ca-a(ﬁ{n' na,Xsilica-titania, silica-zirconia, 29013 tes/X\1/ari ous clay
nmnerals, alumpg titagea, alum na-zirconia, zinc-alpf nat and the |ike.
The el ectron-w1 rawi’ng\conponent used to treat th §QI i & ox{ de can be any
conponent thge incrx‘aseéé Lew s or Bronsted iy off the xdlid oxide
upon treatnent (as conp to the solid oxide ?’f(ﬁat IS not treated with at

| east one el ectron-wi t hdr ayiglg,)ani ORF=CRZe(CH;)g 't 0 one aspect oﬂ)t,he

present invention, the el ectron-w thdrawi ng conmponent is an
el ectron-w tvhdfetim Nng ani on derived froma salt, an acid, or other conpound,

such as a vol atil e orgapi ¢ conpound, that serves as a source Or _ precursor
for that anion. gaﬁ?ﬁl 32 Brlerandentio Bt héllfcngoﬁga SHbed Ry H’&%‘Pgtbtﬂe are
not limted, : ' f [ : icde, brom de, iodide,

fl uorosul fa?lté&aﬁ’u%é{)%%tgcr’ é)? Efaiﬁ@%ié’%g?%f’ﬁ%?%‘gﬂlgg%ﬁat e, trifluoroacetate,
triflate, fluoroX racini'eindépendenlyi henat sybstititdd wpelopawadiery], indehylate, and
the |ike, iﬂcl udi n% m xt ures .and combi nggi %QS her eof , I n ag)didtj on, ot her

i oni ¢ or noHUPEAYc BEBRp AN dSUISHIENSe P X asi o dfr c8LCF Jhant (e SEidging Eroup

el ectron-w {adb g, A3 LRRIr8ESCatsA oL suRRlutest RubdiutBd R§Nbr AIRYEIL i on.
Thus, for exanple, tthhe chemcally-treated solid oxide used in the catal yst
conposi ti ongroop; t he present can be fluorided alum na, chlorided al um na,
brom ded al um na,2sul f at alum na, fluorided silijca-al-um . i ded
silica-al unina, Br&ht ﬁ%’&ggﬁtﬁ l():rgﬂ-gél?g;l%ng,corsnafl?lggé:gh%iaq Sﬁiégéﬂalﬁ}gdrﬁng%‘@h’ gori ded
silica-zircadthanivehbRddidedtost | wabdddiagaiom, alvaeiondattiosid atoay; ot & Goldzidg
sulfated silica-zirconia, and the |like, or conbinations thereof When
the el ect r otham phartawl AyLeD R BNy SERTITEES 0B A gtherpthan qn alkenyl linking

el ectron-w ' ' ' ' be

cel oct od 1 rBRUBADRRRNS Bre b R BRHTLERL O 2R fRb R e Bhol RASTUIPLERS, ack
to the aci dardmatiogpregtitd griong,.or a3dmbhatioaniseredfat di ctate the suitability of
the particular salt to serye as a source for the el ectron-w thdraw ng ani on
i ncl ude, but ar eV ihi%fdé to, the solubility of the salt in the desired
sol vent, the |ackxoRYadygrr® ihkpehdeptlyYarefa thhardz@hi A, 109 RabdtinRed &if ect's
bet ween the cation and ani on, hygroscopic properties inparted to the salt
by the cat i amsubsiitatet hbphaticegrosmatic tdreyeled grotalr lajcoynbifatioh éhegenfomd Exanpl es
of suitable cations i.n the salt oft ttbe l,ect ron-w t hdrawi ng ani on i ncl ude,
but are not Iimit &% BCEEASHRLE O aﬁoﬁ% SHRDN um tetraal kyl ammoni um
tetraal kyl phosphopédsidantt wilthi(thkt Add bR hshdrss bf kBe present iehtiB€r it is

conbi nati ons of one or nore different electron-w thdraw ng anions, in

varyi ng propuienpaed thairthp eaigbist coppesiiionsrdistiesed disegin ican gentgin yogt thape
activator-su rt to th sired |level. i i .

el ectron-w ?rgeg(r?ié%c g crgrg}tp?gﬁ%er? sg%rgﬁo %éi ﬁ@c@g% \?\F%h%%ﬁea%%at & SHRRSY i al

si mul t aneouglyitionaliyneiové thaalohy organealinfirmy camnp@imdtihalko abitom@ktddhe desired
chemcally-treated solid oxide acidity, For exanple, one aspect of this
invention is enplnodfioisr @aRechbp!l Herresnb BveBkiemiat (FA BhicABP A ion IS Bgvided
conpounds | -onr.e C i !i:hdb%m xanpl e
of such a p‘?%%ﬁggg‘@?%\%ﬁ %Oﬁlﬁ’gﬁﬁ %ﬁg%%tt Fe%ﬂtdr?lgacﬁ% séme(tja H(%%Fne isp Og@g’pﬁr ed is
as fol | ows: least 9at actietbrssabpalt,axidde lasnmewrgancaluntiontai cvatpoond ovhavaindhbis

conpounds, is contacted with a?tfi ra?t Igl ecriron-,wi t hdrawi ng ani on source
conpound t c“aa¥¥h @IERoBION s \spbtantiafly; feeer ot alumingxanes, qraanozing; CREPONRAS t hen

contact ed %r%ghd%o?cﬁﬁ89%%588&5{%“6%41;5&91@?,%ic%@iiﬁg' iSAHGaeaRRouUnd h form
a second m xture; the sectond mxture is then calcined to forma treated
sol i d oxi deaspestpthenchtalyst couphsitioprias eswlyst hetivifyy $¢ bariscwessdrigtlow, in the

el ectron-w t hdraw anic?n sour ce conpounds are either the sane or
di ff er ent rpégl?ese additional co-catalysts.



Accordi ng to anot her aspect of the present invention, the
chemcally-treated solid oxide conprises a solid inorganic oxide material,
a m xed oxide material, or a conbinati orR8of ‘i norganic oxide naterials, that
is chemcally-treated with an el ectron-w t hdrawi ng conponent, and
optionally treated with a netal source, including netal salts, netal ions,
or other netal -containing conpounds. Non-limting exanples of the netal or
metal ion include zinc, nickel, vanadium titanium silver, copper,
gallium tin, tungsten, nolybdenum and the |ike, or conbinations thereof
Exanpl es of chenil’g&‘{el"%tmeé’fh?ﬂ aPESLY Wx itbie sinyerione dhessi AO-S2APEHI CHt Bfet al
ion include r 0 mte [ ACs r &HNF i deds; 1. na,
titaniumi nﬁrrnggbfyg 'e?(g}l %(g}rdlp:l;eé(f %§9§I ‘Izjdr?lriﬁr?g%t@i nc-l %rsp e%g:tggtd(qﬁ %lglrl?{gaeﬂ(]

al um na, zi aetdlivperegroaipeind Ahdri lded oaé hetbatatsupporacarziunther cmue e at kst
fluorided silica-alumna, zinc-inpregnated sul fated al um na, chlorided zinc
al uni nate, PPREIGPHARY Ci’i"f?éaliéqtun'?‘t‘fg’iﬁ g%’l‘if“@ Sz} a%eﬁtrﬁr}‘fg'{ad@’, %ahafet R 1 ke,
or any conbi: wpon, t t Hnel i i &k oxide
mator al i PRl AREERbane comfRnd® Rinciing ToPARRE (tglithoRitl &

cont act ed wotdanaebarete abmpoundsejonizimg aid gonzposiadly, and thediksl ocamy aintingfion
conpound, cgn include, but is not limted to,.qgelli co-gelling,

i mpr egnat i oH8i°%o r?:g}‘?ﬁd’ﬁ?ﬁﬁoﬁﬁ?b'séml??eﬂrfseghﬂlgﬁﬁ8at?]i%"§te(fonf S§08i red, the
net al - cont ai ni NY1,CHAFRYEM abjfecRddathlse cOhpodiidFid pededed Whieh db&s sRkédhixi de
in solution form and subsequently converted into the supported netal upon
cal ci ni ng. Aeedhalareglupport. hSughod catalysicogmesition gpaerisesrihe opntad Predwpef ae a
netal sel ec

ol Hium 1 iRl el bR Fa e RS BB REoBIRRR o,

met al s. For [cgxasi elundhdxénd SoRbb@id, Us dehst @nt NrgRYRAL econlppusd)| atdleasti cle
because it can provide inproved catalyst activity at. a | ow cost. The
sol i d oxi deOwEARCHIEOT PE QTBHORAIER REPANNG At t18ash rONFEIORIZINE IS SPRGOMhpYunds
before, aft . 1.1 t '8 ' j it h the
el ectron-w ? ‘?118?%\%&1% tfé%?%%i%% F‘%"{ﬁg@ agﬁé&ggﬁga%g ?ﬁéﬁrqnlgettﬁzog%ﬁ%ﬁéerﬁg%drﬁdact ed
m xture of eekketeddrogpound, el ectron-w thdraw ng anion, and the netal ion is
typically calcined. Alternatively, a solid oxide material, an

el ectron-w t hdrawi ng ani on source, and the netal salt or netal -containing
conpound ar g?1conta £d and cal ci ned sinul taneously. 3 Vari xus processes
are used to“faun ~chemi cal ly-treated solid oxide u§élxu‘i\ i the present

i nvention. The enm c y-treated solid oxide can ¢ ri se lfpe cont act
product of atz/l/ea ne solid oxide conmpound and at/ |l e oneN,,

el ectron-wi tXdrawi n§ ancRfRYource. It is not re@R¥RM that theXSolid oxide
conpound be cal ci ned prior\ ont fi:EgaZ‘—hf%ﬁ' et ron-wi t hdr awi g} ani on
source. The contact product pcafly 1's'ca i?)éd ei ther during Ot);after
the solid oxide.conpound is contacted with the el ectron-w thdraw ng ani on
source. The™88"™8 oxi de conpound can be cal ci ned or uncal ci ned. Various
processes to prerarfds®Pigdepdndentclatey at BAlidUPPAr tsebdiit@td canulibstiptedyed in
this invention have been reported. For exanple, such nmethods are descri bed
in U S PatdinhaNpgromatiqpr ogdic soussT agombgiationthersof; 6, 300, 271, 6, 316, 553,

6, 355, 594, 6, 3764415 . 64388, O 1.8 : ¢) : :

6,548, 441, 34 6%4?31,‘14%2,&%?@%?’%@”3%%6 %6 ,59%5% 2@?‘2"’“@4&%@ g@%’,"fm‘fr and
6, 750, 302, fihaehylsgtupyras sibstitieats ain eX? nadr por ather thar ei bridgingefaugnce in
their entirety. According to one aspect. of the present_ invention,
the solid owderendgathy arg1a hydregranaten arya %Wbé'g‘t“é?& %WIEBW%@?ﬁ? ﬁ@(ﬂ pr Gﬁf‘lﬁylat

| east one e%r%ﬁgon-w' t hdrawi ng conponent, typically an el ectron-w t hdraw ng
ani on sourc®. Further, the solid oxide material optionally is chemcally
treated with a nmaf & a substitusscbrideing gralipicomgritiog fithen sasitiedrabridging atoni,@g or

nmet al -i npregnat ed cheni.cally-treated .solid oxide. According to anqgther
aspect of p%@%?@%gﬁlgélﬂ%ém’@rﬂn rﬁ&l%Pﬁoala&ﬁag@ndﬁt%mga?wghar a Bidging
:‘! ﬁﬁf { gg-e\(l)muéskpg{ by PRABON AL P IsBHSRAMRC b A >8R HerCbf ialeikeny! linking

group independently are a hydrogen atom, or a substituted or unsubstituted aliphatic,

aromatic, or cyclic group, or a combination thereof;



The met hod by which the oxide is contacted with the el ectron-w thdraw ng
conponent, typically a salt or an acid of an el ectron-w thdraw ng ani on,
can include, but is not limted to, gell20ng,” co-gelling, inpregnation of
one conpound onto another, and the like. Thus, follow ng any contacting
met hod, the contacted m xture of the solid oxide, electron-w thdraw ng

anion, and optional netal ion, is calcined. The solid oxide
activator-support (i.e., chemcally-treated solid oxide) thus can be
produced by a process caonpri sing: 1) contacting a solid oxide

conpound with at M gt Hors Td) ect ron-w thdraw ng ani on source conpound to
forma first mxgarey apd R inddochiliynhia0a RrddehShioffl Ui Subihi@ R he
D AC nothe Foth

sol i d oxi de activator-support. cordrng to r aspect o e present
i nvention, uhaibstituied abyhale, avhiatiat @rcyslipgoup, drahembdedtion-thereaft e sol i d

oxide) is produced by a process c rising. . 1) contacting at | east
one solid oxide eaﬁﬁ%@m@mw&gﬁ* gg&d 9 ’%fr}cé)"r?l‘(ﬁrthdz awi ng ani og sour ce
conmpound to fouii a first mxture; 2) calcining the first mxture to
produce a calcined first m xture; 3) contacting the calcined first

m xture w t ACTI¥AdEORISEIPFPARON- wi t hdr awi ng ani on source conmpound to forma
second m xture;

solid oxide acti @H‘?(B’F‘?Sglﬂ}piﬁéﬁériﬁ.(’%aén%io%ipggs%p%iiqslrgcq%gﬁvgc)%ﬁégﬁé% fgg{?g]c(%aggf t he
Er esent i nvaRhideNan ta'@ﬁvﬁbleéﬂgﬁa@ﬁ! Y-1h' &t asheel t‘h@_ Sotive®ristpRiroduapesey af or med
y contacting the solid oxide with the electron-w thdraw ng ani on source
conpound, whleaneicalhetreastd dolsk pyidec omponativelys the et vaée - wWEPOT €an ¢OMPAHES aor
after cont a&%_i/ 0 nérgﬁ'\ a%li a?rtéé 81%&,‘"5& Q}g{)ﬁ%&p gla%nzino&fgl%fgf S"lay ggﬁed 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 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 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.
The chemically-treated solid oxide can comprise at least one solid oxide
treated with at least one electron-withdrawing anion. While not intending to be bound
by the following statement, it is believed that treatment of the solid oxide with an
electron-withdrawing component augments or enhances the acidity of the oxide.
Thus, either the activator-support exhibits Lewis or Bronsted acidity that is typically
greater than the Lewis or Brensted acid strength of the untreated solid oxide, or the

activator-support has a greater number of acid sites than the untreated solid oxide, or

both. One method to quantify the acidity of the chemically-treated and untreated solid



and where there is a substantial absence of al um noxanes, organoboron or

or ganobor at e conpounds, and ionizing ionic conpounds. Cal ci ni ng of
the treated solid oxide generally is coldfuct’ed in an anbi ent at nosphere,
typically in a dry anbient atnosphere, at a tenperature from about 200 Cto
about 900 C, and for a tine of about 1 minute to about 100 hours. Calcining
can be conducted at a tenperature of from about 300 C to about 800 C, or
alternatively, at a tenperature of from about 400 C to about 700 C

Cal ci ni ng can, be conducted for about. 1 hour to, about .50 hours, or  for, about
3 hours to SBiEgtmoEIAEUEsDY PRIBAING thee RalYBICEIZAROD BTG egghaoge%tﬁﬁi Add out

for about 1 0. &dés%nﬁ%&d@étalgﬁé@ﬂ@&fo%.ure of from about 350 C to about

550 C. Any suitabl e anbient at nosphere can be enpl oyed during cal cining.
General |y, cal ci Thaghémicelbyrtaatte dolidhozide oXithls mivegtiat sofophet ggnesallynfram ai r .

Alternatively, an inert. atnmosphere, .suych.as nitrogen or, argo or a
reduci ng at ﬁ%é‘ﬁﬂ’f@%? slit Hx’gg tﬁi}o‘?‘g&’éﬁLtcf’rWI%é?‘gﬁ:norrrgm?ﬁﬁeé&Cldg%ﬁé}k?é”%saélg.
Accor di ng tﬁasoa{‘?elﬁﬁz@ﬁﬁﬁigf?ﬁ)lgfdﬁg Praseatd @)ﬂ&@@%h@ﬂﬁca‘llbﬁre%@divditpﬁ giecte@i-er i al

is treated with a source 0 ide ion, sulfate ion, or a conbination of
ani ons, opt athdtawing remmedent, t typigaiiet il dlestronawithdramsingc ahiohnde fampragvi de
the chem cal | -%reated solid oxide in the formof a particulate solid. For
exanpl e, t h&EEITEB e material is treated with a source of sulfate

(termed a "sul f aAcP@dRGERE ohe adheeOWF e Pleseitl RIvestN, ARe Gbled MRIleaused to
"chloriding agent"), a source of fluoride ion (ternmed a "fluoriding

agent"), or peepawsitbe shemisally-tepted solid auide dias ianrage veluprcogicater thae 298K & loxi de

o brom dett B oAk asBL KHP GeHPBRALT ShARHHR e Blld 868 iy b t o

al um na, br oglughedzredter than aboi MA,celghl Actadéiig b lyiet andthermspect df Itho preded
silica-alum na, sulfated si)Jica-alum na, brom c{_;ad %i | icazirconia, chlorided
si | i ca- zi r cBiFRon thegiofid yidsihas 8 gors YL wRe greaksy gt Bms]i' F¢&- zi r coni a: a

Pl uori de, chl or i oroRr BgfpL (8 QR TRRIIPE § i e OPROMABLUM AIERER v LT
al uni nophos pbe(t @&'gojfit yetrmbther tapeett G saiid loxislelhas s eurfidewnea efdfororbe26Pi de:

or any conbi nati op of ,t he abgve. . Further,. any of these activator- orts
oplt | gnal I )d/ anaraPOBEQQQ ’é‘_a}tgegn\ﬁgf ﬁn%f‘_hﬁzgwg’ég; r_esdem mi"ﬁtgt:b‘h??ﬁ ot lfi}%f-qseﬁgagt ed
SOl 10 OXI 4€y g@iface AR dfFfdonRabdd 250 ouP 60 Lde 1n e rormotl a

parti cul at easol id. The fl ugri ded solid oxi de)gcan be fornmed by contacting a
sol i d oxide withThe fdhemidablyrirgatedesnlid Thidef ¢anoeomiprifeon Wi BOTZ@ifedxids t he
oxide by 36 _formng a slur f the oxi .0 ug | £ ~s0l h as
al cohol or %rllsni’%g’%' inr?ﬁal a@lﬁeﬁgn"&e e%i rﬁntt gge?tgc,l ?rto ﬁ)ebéoﬁg ng fghgr/’ggatg’r on

al cohol s bec@use 19f 13, h&i 6r Y9 bathel peiipdrnableovy Soigriztigy 6:8128h @nd aFlastpines of

suitabl e fluoridi ng‘l\eagents include, but are not limted to hygéofi uoric
acid (HF), olemeni srkesRdokpre thanlaphanidsnasnpeiinids feleiiiite (Y984HPIYIENSroni um
tetrafluoro = : h Sj bl i A hl.i cate)
((NI -14)2S ?ﬁ%@%‘ﬁ%ﬁ%ﬁﬁ?ﬁ%’?ﬁﬁa?Ep@s’pjﬁgﬁf"?k}%ﬁ% ,1@2?(]2{?!3%&2{, thaFeof ,
and conbi nawitkissohh@r: &dfrilld=@. AexanipBeshnempM. UdvbindedUoorgdeic KHehiang &l be

used as the_fluoriding agent, to its ease_of. use and .gvailability.

I'f desi red,E@-he\%élﬁ‘f'ihﬁeré%le’_&“é’ji@gg;geaf%dem 2| BFePaingrds arp %ﬂmrf% the
cal ci ni ng S&%%en%ﬁ&' af 1497 dndicNha98AEE@PRA] 81,3, BB 0Ughty, GOTLAEE, the
sol i d oxide ring the calcining step can be used. For exanple, in addition
to those flLaVdjMg, Ngdbt Si, Sessy, iThetl, P, VikRDSIAn ondgl ati |l e organic

fluoriding agentg . be used. l.es of vplatile organic fluoriding
agents usef ul ing't“%l%ze £s %ﬁ%ﬁ%“ﬁ?/’éﬁ{qlg qrncgmé’g?&oﬁ‘?{:%@eben'ﬁegltlon‘i t ed
to, freons, pgrhtuasakenneatclbfill YRIRIsAZEN B Ut bt amBldhRRE ALO;, B0,
trifluoroethanol, an the |ike, and conbi nations thereof Gaseous hydrogen

fluori de orBéPuBriO1eCidOs €lotOal SOsafuBeFeatbd Ga®h Lanes.sMnies. dpde NiO,
fl uori ded ile cini.n ohveni-ept h of n i t lid
oxi de wit hv?zréé’ 18&%? isg(:) ﬁ%nzgtd)oneﬁf&i Eh(?%j ﬁgﬁo@%%gof’l %%(;(% ?‘% Zggé’n{h%‘l %1? 0 a

gas stream jigednél@dihk Uhited @xidte tBokbl] aadi dbentibitiong tkabefl NBbi exemple, the
Simlarly, in another aspect of this invention, the chem cally-treated

solid oxi desadignpeyides can cheorsilited sloming orgilica-alpminge pRYHIYR PhosPRAGU| at e
solid. The chlorided solid oxide is formed by contacting a solid oxide with
a chloriding agent. The chloride ion can be added to the oxide by formng a
slurry of the oxide in a suitable solvent. The solid oxide can be treated
with a chloriding agent during the calcining step. Any chloridi ng agent
capabl e of serving as a source of chloride and thoroughly contacting the
oxi de during the calcining step can be used. For exanple, volatile organic
chloriding agents can be used. Exanples of suitable volatile organic



contacting the oxide with the chloriding agent is to vaporize a chloriding
agent into a gas streamused to fluidize the solid oxide while calcination.
The anpbunt of fluoride or chloride ion Plesent before calcining the solid
oxi de generally is fromabout 2 to about 50% by wei ght, where wei ght
percent is based on the weight of the solid oxide, for exanple,
silica-alum na, before calcining. According to another aspect of this

i nvention, the anount of fluoride or chloride ion present before calcining
the solid oxide is fromabout 3 to about 25% by wei ght, and accqrdi.ng to
anot her asp&lerPRHEstalHy dHEBNZIr¢anEm BEIEEa4 PPE2a B0t O0¢R BYhe?ddE. once
i npr egnat ed 4\ &aal”b' 3 i oxi de can be dried by any suitable
met hod i ncl ﬁlﬁri‘g bu q:(r?l){)ntbli ;%r?lﬁt?llééégtﬁg, suction filtration foll owed by

evapor ation, dryilihg soideoxiacofliniis siprentiodr ynavgpassed ¢tide |miterialal sublowagh it

is also possjble to.injtiate the calgini tep .. diatel y,wi thout drying
the inpr egn&l"é‘b‘n%’olr?lﬁe %la‘fe. Compoun%ﬁ' rgq?%p@hg§§1h$ﬁ-ﬁg%axq BOIBF]@%‘F? t he
treated sil L@@kt etdbPl CRle! %ilaSH:AdPERpHRIdY TRcIY RO RHIRE-al HAiNa 8BAWe 0. 5
cc/g. According to one aspect of the present invention, the pore volune is

gr eat er t hasinglzoert moltiplecehemnical phases odthdinets then anemiesel cambarad with ph¥gepr esent

invention, greater than .about 1.0, cc/q. Further, . th | 1.i ca-al um na

general Ly it se i ade Smpount dExvml Shaied fsghey REESFH HE o

anot her aspeaedva@dr-suppsit 10TvViBBt pregent tilentibh fiagladarea s otclahfed tibasiliabout
250 n2/g. Yet, in another aspect, the surface area is greater than about
350 n2/g. alumingsdicsititpnia- Blicangirrgnias pedlisesd vanoustrdaypnisens. alypiattitana,
typically h i 1 Ng. ¢o t.f t 5 to about 95% by wei ght.

Accor di ng t%ﬁlgﬁga g%sr%gegé%ﬁgfb a?%ﬂ%{shalteﬁ\%lgn hl%gl(r?fg t he alum na content of the

si lica-al um na i $ht erabpouthdraviing @bmpdnend Usedoto tidao theadolid tox8ho dan byt 30%
al um na by weight. According to yet another agpea, of .this idgveglti on, the
sol i d oxi deCRBRPRSHEHRALCBRISATES 8e s 1A Ronpstitacklii el theaftlida eXWF dieg t o
anot her as pﬁeﬁmfefﬂ ﬁ?'cémb!ﬁ‘é& B8 bRl fag-&%a&qs A {HB LR BEREst GRIPIESGE
silica w thout alum na. The su %ate sol 1 d oxi dle conprises sulfate
and a sol i dwithilchevicg apionenAccadinlg tasnalagpichaf dre wiesdnt mvahuoen, ribg elecirathe f orm
of a particulate solid. t i onal the sul fated oxide js treated further
o b et aMOR SRR Ren eClphot et Ak B8 CrHEed A St ol
Accor di ng t gr 8iher 88REGIndOsudihg PLERER! orbfNME RbinPBund, MBat Setvied a8 d Batdehroxi de
conprises sulfate and alum na. In sone Instances, the sulfated alumna is
formed by aptscewsesfriharasion. t Bsamplgsiofglacton-watilewing enioas snglyde dusagr ce,
o (XA o, By G oh Pl RS ARk LBl BRI 2 e

sui tabl e sofueberatd) Gihosshadd, COIbpIIspha¢,etrifluofodsbiateh ttiflgted €libf@ttconate,
concentratign of the sulfating agent has been added. Suitable organic

sol vent s i nErer@8tangig; @lorpsectrieni Fidigie, oand ndieohiker dnelHfisg kBB @Mdohol s
because of %g}gbiﬂ‘lat‘f(%sa[flér%bﬁ yﬁlamitli&lwoﬁfégficﬂ'ﬁ? I 8625 compound§ GERTsHhAGst O one
aspect of this invention, the anmount of su Pate ion present before

cal ci ni ng i sourceanfoalisse elecropawitielrdyingenghk d® ednobd ethpDdypdirin shdpreasitght
sulfate ion to about 100 parts by weight solid oxide. According to another
aspect of _t’rﬁ"%nti‘q{\-/enti on, the amount of sulfate ion present before
calcining is froghgsl?%; ekaflel (Y cNBHiIMy-1CatBP AT RRiRALIRA BY tHACE MY st
sulfate ion to about 100 parts by wei ght” solid oxide, and according to
still anot hexmpsspentss offthe presentragritel Bugrided crlvabeutchlériged alanfiya, iepmhiedt o

about 30 parts.b i.gh ulfate jon.tp apout, 100 parts .b ight solid
oxi de. Thesf@luWé’? h\té\ﬁfag‘?#o ug?léa’bgé‘gﬂfl%ﬁ ﬁlﬁ‘éa'%f”é?ﬁ’ SE‘loflﬁ%&/smﬁF%a%ﬂ"aae
before cal chRhiged MELaluRFLIALRE WidatuigMidaatiRoriddiesifitd-ERé e, BhidRIcgan be
dried by any suitable nmethod incl udi ng, but not [imted to, suction

filtration $ib¢d-owenthidoybremagrer atlicenircemsi pgfawi stlicogigomp. end dhe dilsgi g, and
the Iike, altqgu%h ié is&also possible to initiate the calcining step
irmediately?omlnlon ]53()Ing to anot her aspect of the present invention,
the activat or - SUpRRAtthel $RGtrbA-VAIRIRATIhS Golpeneat @imfiises @MANSIft drodisctedn-t hi s

i nvention congéises an ion-exchangeabl e activator-support, including but
not |i nitedwitbdewing apienathg counieriansirl atian ofcbaipsalinean be spicefed £fam a8yt her
wth layer e%tfahtﬂa%'to%%@galﬂé }"e(i/%Hro e @990 CONRL NP5 tdﬂﬁﬁg%mc[rfﬁq anot her
aspect of thi's invention, [on-exc angeaB e, ﬁayered al um nosificates such
as pillared clays are used as activator-supports. Wien the acidic
activator-support conprises an ion-exchangeabl e activator-support, it can
optionally be treated with at | east one el ectron-w thdrawi ng ani on such as
t hose di scl osed herein, though typically the ion-exchangeabl e
activator-support is not treated wth an el ectron-w thdraw ng ani on.



39 conponent of the catal yst conmposition, but rather is to be considered an
active part of the catal yst conposition, because of its intimte
association with the dinuclear netall océde conponent. According to
anot her aspect of the present invention, the clay materials of this

i nvention enconpass materials either in their natural state or that have
been treated with various ions by wetting, ion exchange, or pillaring.
Typically, the clay material activator-support of this invention conprises

cl ays that ave been ion exchan th |ar ions, includin

pol ynucl ear, a‘ﬁ?ﬁﬁgﬁt @ﬁt&Feggla &ltyc\é\%& ‘gﬁ‘?ro??i HoTWeR & 2 S?Wégcf?rag‘e

mat eri al aCE!eM@&rQWnﬁHﬂR%é Sni6h iddM®R, bﬁ%@@hb@l’”&nﬁé@fb SRCOMRABS oFltRy Salt fat
have been ion exchanged with sinple salts, including, but not limted to,
salts of  the desfFed Isplventraid lack cdrdivane |r¢a)ct1wty lof | they saitis, sorchaisisg ledfecie,
acetate, sulfate rate r nitr a ect of
e pr osent Pfsah et prdapl: BibBasopic arpRESCmiriled Tatl i dy

term " pi |l | aggpbnChmythe like Us@dhdrthal SEBilityt 6f tBé aNioNBERAMPleS ofmbmmomgn ion
exchanged with [arge, typ| cally polynucl ear, highly charged netal conpl ex
cations. Extheprbofgie dediton-wit riawmgmmon inatudgy lut gest nqtilimifasfor emmRBEELN | ons

whi ch have ch 5
o o can et SRR s i ALP o TR o e

in which thaldamemlaegeabl e cations of a clay material are repl aced with

I arge, highly charged ions, such as Keggin ions. These p meric cations
are then i nmobi | Fe@eryearmbinations erﬂf@rqra{}}@‘iesdlgﬁrephéleé‘lr%lywath ayfesh 28NS ned
are convert €. P f Ig ay

| ayers as c Vgrlwrﬁ ﬁgeé@bgﬁéhgt%apegé lu%?to taglr??:gﬁé %&hf?a?/a?g |tgg agﬁ ggl ci ned
to produce Sdp@oﬂupplw tesirgd pevel. a(karrﬂmtat\reamoﬁblaytrcbrayvﬁhér,avxmtgcmmmedeobahat tice
structure | mai nta g and the Sjﬂ%}ﬁ is e hancg.d. Tﬂe resul ti ngqfﬁores
can vary in ﬁ(ﬁﬁ%"t 1thjtheoxide ‘?5 tapgoYsheOpnfiviua BATROTHAD t he
parent claypaptapi@! thy%ﬁﬁreﬁémcﬂ QEatE’dl lsh@d | e RddiRy. ! Im%qaﬁlbﬁy%nar e
found in: T.J. Pinnavaia, Science Z20 (4595), 365-371 (1983); J.M Thonas,

I ntercal ati @pe@h’.rfrthlstm\gpntl()&s prvlmgwgmraMeAlecnamévdmmeggm)on@hurcs pp.

55-99, Academ c Press, Inc. tent No. 4,452,910; U S. Patent
No. 5. 376, 6LI"PARGs 1 two %é?%rﬁ%e%g%ﬁo’g%‘gln&%epst he di sclosures of which are
i ncor por at ed her ghik, Py leREBPRNELsIA 4 PRICEsELDY WBEY an chemicallpreRiell | @liting
process utilizes clay mnerals having exchangeabl e cations and | ayers

capabl e of esigairdpapAredisaspliollpared sleaipdisnlid oxids ompared artempwnaliermtzat i on
40 of ol ef i tal RS t an be
used. There )gge Cr&ﬁtﬁgtﬁg(%ﬁa 1@ %@tacﬁngnergl} d?ﬂ e}e% (gr? %ﬁalled%?%?ﬁ?%ﬁtgﬂracr%e not
limted to,compouplanesim anﬁnst intietsire; bibis Hirdt rmttafeeﬂ I’calcn(eﬂl dndatheén contacted
tri-oct ahedral (l\/g)%‘%‘nd derivatives thereof such as nmontnorillonites

(bent oni tes§Vlt ey glestronradthgdravyipg  anggn Is%rGﬁl §@YPOUR |ﬁ°o§%rm & second

verm cul i t gy H.CAS; seédda%&%@ theﬁ%remeh% forMh é%qaﬂeaxgsﬁd ekﬁmmba@ncf i brous

clays inclu |ng but not I'imted to sepiolites, attapulgites,

pal ygor ski tlassucla apesqeeny thenBrst hiad/ secohd elteetroﬂ &@@dralvxeng SEPONOUres canﬂolaldy
conbi nati on thereao I n on ect p| |l ared clay activator-support
conpri ses baéﬁF’élﬁ‘?rttée r‘iﬁﬁ%reﬁwod?ﬁo[u& SThe principal conponent of

bentonite is mnAE@&alth@lahsther aspect dNhePpreicat el ealidy, HarhbRicANEikgRlied i f
desired. For exanple, a pillared bentonite is pretreat ed by drying at about

300 C undersolid dxader conppprires prretid inergpiie akide matgrial, g moiged oxfdgrmatbualt oBahour s,

bef ore bein dd t he pol rization,reac n_exe ary
et cat mereritibodt ihagene pER h BRI EhShicall LRSS N Rl R AR
preheating \cﬁﬁurb@ufgaddm@ﬂe@tuan@bpﬁaMyqiela% WERIReh&hlusoRsced MEIUdife fetal

i ncludi ng any conbi nation of tenperature and tinme steps, all of which are

enconpassedab§ metlsions e athep metal-containing compounds. Non-limiting examples of the

metal or metal ion include 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, titanium-impregnated fluorided



The activator-support used to prepare the catal yst conpositions of the
present invention can be conbined with other inorganic support materials,
including, but not limted to, zeolites,33inorgani c oxides, phosphated

i norgani c oxides, and the like. In one aspect, typical support materials
that are used include, but are not limted to, silica, silica-alumna,
alumna, titania, zirconia, nmagnesia, boria, thoria, alum nophosphate,

al um num phosphate, silica-titania, coprecipitated silica/titania, m xtures
t hereof, or any conpination thereof .Accordi.ng to yet another. aspect
of the preséhW“F%véW@ﬂ@ﬁF%BWEdoﬁwﬁﬁk@ gming, @Pﬁﬁ@%@ng%gt ‘ﬁB%gn lica"

conpounds cgpnh a,prz?r?ch%;ﬂ'g%ﬁged""i ﬂ&'brf'%l@d,0'sﬁfch-’&ldmiﬂg,”eiin@gﬁ&tﬁgna(?&gaéiﬁ’?a'téam num

conmpound for a first peri of time prior to contactin hi's m xture with
t he acti vat annsogphidrideOrire dlhmimte dontided gidc muninate, sflfatdlezine tlahliogene

conpound(s), olefjn nononer, .and organoal um num conpound is contacted with
the activat G?‘fgﬁﬂ%r?r,an‘é’%n@m%%ﬁ%ﬁ# further conprising the

activat or - suppor ianl St @baRS ihlifegrROfnt GRNEART 8%ide ThitkHalewit hemRagtcaRNeact ed
m xture can be allowed to remain in further contact for a second period of

time prior usedoelTmymetimddudwhithghe lesidedaconiacted Wil & metdl sopiskytrerdalista on
process will .pbe carried out. 41 NOAL UM, NUM. COVPOLIND: dn one
Pepect . or oMHOAT dHEAEDHY SAibo PHs AR HAS RS ot P (8, sclipe &8
i nvention i pglidgle; na@bg ofUnel dofpoRdd todto eastREUAAS thaukd g If Besifear Mmel a:
(R2) 3A1; v\,hgre1 %anlﬂgéléar? al i phartltGi o Iirogup _haovi ng from2 to 6 carbon_atons.

For exanpl emeRg-centninies eanmdund iy asiprl to puimpregriatsd,into e selicheiiglgin solution
Cher, orsengl i SATREARSRLAL, A, OF; 3Ry SHEBLSaRHE e
formul a: Al AXBordin¥6), Ine svleisorgmit DxRlehyadr faethedydbmprke 4 snedal wldcmedi flemor an
aryl oxi de, Eziing,atlitiagi%’m, %Eck%l, r%ggciu?l%, si?\?e?, Qgpipgr, fggﬁlrl?m]; tltn(,) tlfn’gstieg,cllngglib\cllgﬁum,

and the like, or combinations of these metals. For example, zinc is often used to

impregnate the solid oxide because it can provide improved catalyst activity at a low

cost.

The solid oxide can be treated with metal salts or metal-containing compounds
before, after, or at the same time that the solid oxide is treated with the electron-
withdrawing anion. Following any contacting method, the contacted mixture of oxide
compound, electron-withdrawing anion, and the metal ion is typically calcined.
Alternatively, a solid oxide material, an electron-withdrawing anion source, and the
metal salt or metal-containing compound are contacted and calcined simultaneously.

Various processes are used to form the chemically-treated solid oxide useful in
the present invention. The chemically-treated solid oxide can comprise the contact
product of at least one solid oxide compound and at least one electron-withdrawing
anion source. It is not 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 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,



In one aspect, X5 is a hydrocarbyl having from1 to about 20 carbon atons.

I n anot her aspect of the present invention, X5 is an alkyl having from1l to
10 carbon atons. For exanple, X5 can be3dthyl, propyl, n-butyl, sec-butyl,

i sobutyl, or hexyl, and the like, in yet another aspect of the present

i nvention. According to one aspect of the present invention, X6 is an
al koxi de or an aryl oxi de, any one of which has from1l to 20 carbon atons, a
hal i de, or a hydride. In another aspect of the present invention, X6 is

sel ected independentgygfron1fluorin or chlorin i n_anot her aspect,

I . Yet )
X6 is chl or Pré8,442, 6,574,p8% ﬁélﬁﬂrl?ru@g?zaﬁ?‘t»ﬁﬁé)%&g) @fl_d,e@%,o»}ﬁ%éhead‘?ﬁﬁ?ﬁblé‘fﬁ from
1to 3, i nchi"%}éﬁ’a{%ﬁgo Ri: ‘Jﬁ?%‘ @réﬁr 'ce}_rhglle}é%lnﬁ%t}pf mis not restricted

to be an integer; erefore, ormula in es sesqui hal i de conpounds
or ot her organoalAtoonding w0l et Bpecarfitbepesent inventiohy drepdodid cdideomgniahisum num
conmpounds suj e in accaorda i.nvention

table for ce.with the present
i ncl ude, bufﬁ"é?léalrkfre‘?t?‘ggi’ eentpging it W&F@l%?t&??ﬁ%ﬁl}éﬁ'ﬁ‘ﬁﬁ@%?g GPRPOREN | g
umi num hal bﬁ)‘f’ca@lg'%pylggéon-q}itﬁh}%Wiﬁé ‘dﬁfgﬂuggu?éekoﬁhgﬁeﬁ%g)%ﬂﬂ§xide material

um hydr | m an

di al kyl al um e conpounds, conbi nations thereof Specific
non- | i m ti ngptémitplieshamfically tredsbd wothgametl iomi, Audtiongdeungistol fooh dmetal-

trinmethylal um TMA), trj et hyl al um EA),. tri | al um .
i et byl Al PRI Gk el ER U ORI APO0UA, SUR nwHOUPE 8,
triisobutyl ghdiRdNEdPectdioftthy | Sbddit NEVRNEBH O iked Boli@Nkiddhendtdrie®, ar@r electron-

conbi nations thereof 42 The present invention contenplates
precont act i withdtawiegationsrirel ara che@aetedandralopeheinudigpewsty- with at | east one

| um d l.ef i . :
mxture, prior ¢ OREgied Py P o beERy BiFag R U e AR ATARELShe

acti vat or - sggigdrent, @ypicdlIN Asqlabary adid 00 aP efictroowithdfweving beioaataal iislude,
conposition is prepared in this manner, typically, though not necessarily,
a portion obuttihackhyiedig geilingnscasingimpreenaiionel s WRPoIRS eBioaRothes

T Xt ur e andyanaLhAt. Pehid M linbNGy IARRARL WDUIMEOTRANA iixAdetuko Lhe

post cont act m xt'ure prépare contaéted mxture Is contacted
wi th the sodlid exide]eleatdn-wathdraveug paioth, andepeves], méthldorns caleined.ganoal um num

conmpound can be ysed to prepare the catalyst conposition in either the
pr econt act i ng orﬁ%%‘i@o‘?ﬁﬁ‘i%g‘it‘t’{@toé’ts%@o Ifef %{P’icg@f 'yFatSEPOIf‘ﬂ‘@“@%?ttg'ﬁ/‘?P
conponents Béﬁgoﬁﬁé@dacﬁlé;&o'bébs%oﬁﬁoﬁgih@; st ep. Further, nore than one

or ganoal um num conpound can be used in either the precontacting or the
post contacti ng sikep. wWntacting or gelitbalxide rompoombownill its laadidedei plepwdn-i pl e

steps, the aqg nts of .organoal um nug1 c%r%gu rOIS diistcl oge herein include the
total anmount B8 RHBAN T FLMRTRMBO NP Uiss fﬂ”ﬁBfeh? e precontacted and
post contacted m xj ur egalciaiig tAd¥irsd ek futOidabre fgasonial oxidenidfiva pd. added to
the pol ynerization reactor. Therefore, total anmounts of organoal um num

conpounds are di Seswdiag to enether aspectof trrressat inyertionyithe soligantiste aghy#ain
compound or SH%BE)& (éﬁ%@rﬂcﬁﬂf@trgart&ﬁ%?ﬁl o%ﬂe’? %r%&%ﬁlﬁr}]/da ﬁrﬁcé‘g ggnprising:

1) contacting at least one solid oxide compound with a first electron-
withdrawing anion source compound to form a first mixture;

2) calcining the first mixture to produce a calcined first mixture;

3) contacting the calcined first mixture with a second electron-
withdrawing anion source compound to form a second mixture; and

4) calcining the second mixture to form the solid oxide activator-support.

According to yet another aspect of the present invention, the chemically-
treated solid 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,



ALUM NOXANE COVPOUNDS The present invention further provides a
cat al yst conposition which can conprise an al um noxane conpound. As used
herein, the term "al um noxane" refers t@5al im noxane conpounds,
conpositions, mxtures, or discrete species, regardless of how such

al um noxanes are prepared, forned or otherw se provided. For exanple, a
cat al yst conposition conprising an al um noxane conpound can be prepared in
whi ch al um noxane is provided as the poly(hydrocarbyl alum num oxide), or

i n which alum noxane is provided as tgg conbigation of an al um num al kyl

conpound andh WHRIEcHeE lchi SEPSHnGR SEWEN© salﬁﬁﬂ@x?‘neﬁt LFEARRPRRYS Oy e
al so referrg ah@bcﬁétefe&ln}ﬂg)\}ﬂﬁf %H&kngﬁbﬂi@caﬂﬁb%@es) or
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t hough any sol vent that is.substantiall 43 inert to the reactant
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atmosphere can be employed during calcining. Generally, calcining is conducted in
an oxidizing atmosphere, such as air. Alternatively, an inert atmosphere, such as
nitrogen or argon, or a reducing atmosphere, such as hydrogen or carbon monoxide,
can be used.

According to one aspect of the present invention, the solid oxide material is
treated with a source of halide ion, sulfate ion, or a combination of anions, optionally
treated with a metal ion, and then calcined to provide the chemically-treated solid
oxide in the form of a particulate solid. For example, the solid oxide material is
treated with a source of sulfate (termed a “sulfating agent™), a source of chloride ion
(termed a “chloriding agent”), a source of fluoride ion (termed a “fluoriding agent”),
or a combination thereof, and calcined to provide the solid oxide activator. Useful
acidic activator-supports include, but are not limited to, bromided alumina, chlorided
alumina, fluorided alumina, sulfated alumina, bromided silica-alumina, chlorided
silica-alumina, fluorided silica-alumina, sulfated silica-alumina, bromided silica-
zirconia, chlorided silica-zirconia, fluorided silica-zirconia, sulfated silica-zirconia; a -
pillared clay, such as a pillared montmorillonite, optionally treated with fluoride,
chloride, or sulfate; phosphated alumina or other aluminophosphates optionally
treated with sulfate, fluoride, or chloride; or any combination of the above. Further,
any of these activator-supports optionally can be treated with a metal ion.

The chemically-treated solid oxide can comprise a fluorided solid oxide in the
form of a particulate solid. The fluorided solid oxide can be formed by contacting a

solid oxide with a fluoriding agent. The fluoride ion can be added to the oxide by



RA-0O A I\ q RRwherein Ris a linear or branched al kyl having from1
to 10 carbon atons, and q is an integer from1 to 50, are al so enconpassed
by this invention. Furt her, al um A6xaries can have cage structures of
the formula | e5riaRbr _ cAl4,03,, wherein 12." is a termnal linear or
branched al kyl group having from1l to 10 carbon atons; Rb is a bridging

| i near or branched al kyl group having from21 to 10 carbon atons; r is 3 or
4h and a i; equal to nAl(3) - 120(2) nom wherein 12A1(3) is the nunber of
t hree coordinate al um num at ons 2) is the nunber of two coordj.nate
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NH4HF2 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, 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 while calcining. One
convenient method of contacting the solid oxide with the fluoriding agent is to
vaporize a fluoriding agent into a gas stream used to fluidize the solid oxide during
calcination.

Similarly, in another aspect of this invention, the chemically-treated solid
oxide comprises a chlorided solid oxide in the form of a particulate solid. The
chlorided solid oxide is formed by contacting a solid oxide with a chloriding agent.
The chloride ion can be added to the oxide by forming a slurry of the oxide in a
suitable solvent. The solid oxide can be treated with a chloriding agent during the
calcining step. Any chloriding agent capable of serving as a source of chloride and
thoroughly contacting the oxide during the calcining step can be used. For example,
volatile organic chloriding agents can be used. Examples of suitable volatile organic
chloriding agents include, but are not limited to, certain freons, perchlorobenzene,
chloromethane, dichloromethane, chloroform, carbon tetrachloride, trichloroethanol,
and the like, or any combination thereof. Gaseous hydrogen chloride or chlorine itself

also can be used with the solid oxide during calcining. One convenient method of



neopent yl al um noxane, and the |ike, or any conbination thereof Methyl

al um noxane, ethyl alum noxane, and isobutyl alum noxane are prepared from
trinmethylalum num triethylalumnum or3%riisobutylalum num respectively,
and sonetinmes are referred to as poly(nethyl alum num oxide), poly(ethyl

al um num oxi de), and pol y(i sobutyl alum num oxide), respectively. It is
also within the scope of the invention to use an al um noxane in conbi nation
with a trialkylalum num such as that disclosed in U S. Patent No.

4,794,096, incorporated herein ‘l% reference in its entirety. . . The
present i nveracipg dneedprahdhe silaydipglagert isto paneRde ¢ niprding aeahitid Rane
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al um noxane (o um noxanes) to the total noles of dinuclear netallocene
conpound ( cAcaodipgundsthemaspbe of dhisdsvention, the agwenat eff flyorislstaneshtprilsogr 1: 10
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used. According to one aspect of this invention, the nolar ratio of the
total noles of organoboron or organoborate conpound (or conmpounds) to the
total noles of dinuclear netall ocene conpound (or conpounds) in the

catal yst conposition is in a range fromabout 0.1:1
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fl uoroorgano borate conpound used as a co-catal yst for the dinuclear

met al | ocene is fromabout 0.5 noles to dBout” 10 nol es of boron/borate
conmpound per nole of dinuclear netall ocene conpound. According to another
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According to another aspect of the present invention, the activator-support

used in preparing the catalyst compositions of this invention comprises an ion-
exchangeable 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 activator-support, it can
optionally be treated with at least one electron-withdrawing anion such as those
disclosed herein, though typically the ion-exchangeable activator-support is not
treated with an electron-withdrawing anion.

According to another aspect of the present invention, the activator-support of
this invention comprises clay minerals having exchangeable cations and layers
capable of expanding. Typical clay mineral activator-supports include, but are not
limited to, iom-exchangeable, layered aluminosilicates such as pillared clays.

Although the term “support” is used, it is not meant to be construed as an inert
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tetrakis(p-tolyl)borate, N, N-di nethylaniliniuntetrakis(mtolyl)borate, N, N

di met hyl ani l i ni um tetral cis(2, 4-di net hyl3%henyl ) bor at e,

N, N-di met hyl ani I i ni um t et raki s(3, 5-di met hyl phenyl ) bor at e,

N, N-di methyl aniliniumtetral ci s[3,5-bis(trifluoronmethypphenyll borate,

N, N- di net hyl ani | i ni um tetraki s(pent af | uorophenyeborate, triphenyl carbeniurn
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met hyl) phenylh96@tRodigaBY matdridlE GtHedlis ksiPRatal bRl APMENNARBRA Grdateddhi um
with various ions by wetting, ion exchange, or pillaring. Typically, the clay material
activator-support of this in{fention comprises clays that have been ion exchanged with
large cations, including polynuclear, highly charged metal complex cations.
However, the clay material activator-supports of this invention also encompass clays
that have been ion exchanged with simple salts, including, but not limited to, salts of
Al(II), Fe(Il), Fe(Ill) and Zn(II) with ligands such as halide, acetate, sulfate, nitrate,
or nitrite.

According to another aspect of the present invention, activator-support
comprises a pillared clay. 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 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 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 No. 5,376,611; and U.S. Patent No. 4,060,480,
the disclosures of which are incorporated herein by reference in their entirety.

The pillaring process utilizes clay minerals having exchangeable cations and

layers capable of expanding. Any pillared clay that can enhance the polymerization
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di met hyl phe R Plebas i e cgfafy E%m@srtm %d%%ﬁeﬂ HVeRipT e ltﬁﬁsed Therefore,

t et raki S(peg.P @{b% QP EANEROEAL Billaf? h&%“ bt %@P@n}im@a%&aue ARs! um

tetrakis(pt te pOtaSSI te rals(’mto orate, potassium
tetrakis( 2 4md¢tltm, fbyﬂpthectyﬂlc)dbzdr(i%ﬂ)eandput-m&edml (Mg) and derivatives thereof such

tetrakls(35d|rreth en a otassiumtetraflu ob.rae | i.t hi um
tetraki s(peft é?‘?rﬁﬁpébﬁ%‘ y b)ﬁ{l‘i_? ?F‘it é‘gntfc?nc“l‘?ﬁu cﬁ%rft?%p‘?feﬁ?? ' ﬂﬁﬁ?gl e85 t hi um
tetrakis(p- E@n&ib&lﬁbé‘%‘i@&eﬂubf&rﬁlbw dfdriad; Cin%(e@[tlﬁ ryab?d Uﬂl‘ilenﬁ&%us ldl&Ri um

t et raki s(2, 4-di met hyl phenyl)alum nate, lithiumtetrakis

di net hyl phemetidangibiinactelimited o mcploletlexs,aattapohgdas,mﬂrmds@orwm LaTserpentine
tetraki s(pent af L.uoraphenyl ) al um nat sodi um tetraphenyl al um nat e aodi um
tetral ci s(pS ]{331 )}g‘gq 3%? tXté sapopifey &eat“?’a‘kqn% Y E i ﬁéloge BBE uﬁ\
tetralcis( Zgﬂlaﬁiédr@ﬁ)hydtﬁ/ﬁﬁ)@é@ﬁidi%dﬁér@ses $6xetbife or montmorlllomte The principal

t etraki s(3, 5-di net hyl phenyl )al um nate, sodiumtetrafluoroal um nate,

pot assihum ltéTmamegt plebrnicmitg oy @pﬁ@mfﬂ aalitani nat e, pot assi um
tetraphenyl al um 'T‘ﬁ%: 11188{1 acsi@p% n be E}?ei%{eﬁt%:ﬁ tfoc!iéé%%@.l uﬂp@ﬁwgoﬁﬁéﬁh&ﬁ‘

tetralcis(mtolypa mna nypal um

nate, pot asbémbhiteels Wteﬁteﬁ%y@rrlr@&t dbomtzoylophemyeal inettnadhesphefd, afsdally
tetrafluoroalum nate, and the |like, or conbinations thereof lonizing ionic

conpounds udef ulltmgmtﬂ@r abeutve holisn bafose heing|addid del they pelmesizatinnhreactexanpl es

o ", 590 EPIETHNED 1P b0 b, BN DB AT o0

their entir gi)preddatrd dhrMINGMERSout at many other temperatures and times, including any
combination of temperature and time steps, all of which are encompassed by this
invention.

The activator-support used to prepare the catalyst compositions of the present
invention can be combined 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.

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 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.



Unsaturated reactants that can be enployed wth catal yst conpositions and
pol yneri zati on processes of this invention typically include olefin
conpounds having fromabout 2 to 30 carbidn atons per nol ecul e and havi ng at
| east one ol efinic double bond. This invention enconpasses
honopol ynmeri zati on processes using a single olefin such as ethyl ene or
propyl ene, as well as copolynerization reactions with at | east one

di fferent ol efinic conpound. The resulting copolyners generally contain a
maj or anount of ethylene (>50 nole percent) and a m nor anount of conononer
(<50 nol e percent), though this is not a requirenment. The conononers that
can be copolmAN@&WmW%ﬁppﬁﬁgn have from 3 to 20 carbon atons in
t heir nol ecul’ar chai n. cyclic, cyclic, polycyclic, termnal (a),
internal, |inear Inbnhangeed orgambslntiniredpomposndssthatt aahde, uskdivath thagpréserd, and
non-functionalized olefins can be enployed in_this invention. For exanple,
typi cal uns&VFPUPRHC Rt ARt ‘t%gﬁ %’@H?BPM"F%‘E‘C%W??:M cat al yst
conpositions of this invention includgr?jui. are not limted to, ethylene,
propyl ene, 1-butene, 2-butene, 3-nethyl-"1"-butene, isobutylene, 1-pentene,
2- pent ene, Svheet Ryis-ab-apiphdtangoup haeng from12 prehtahen atbntsefon exazplhdkeer,

3- hexene, 3-et i-lhe ne, &'-hgpte%ﬁ - hept ene, 3-heptene, the four normnal
octenes, t h8SFENh PRI HoRRAEST 19988 ve normal decenes, and the |ike, or
m xtures of two @hhdfrLarRhlunlIfS8 OHPRAHMTShick)ah bE usdibinticed@hhde Witlethiens,
including but not limted to, cyclopentene, cyclohexene, norbonylene,

nor bonadi eneresentdniengon incdudechuf aa¢ 8ef lpitgsbiioyermporads havieethedpedaabove.
Styrene can al so be enpl oyed as a m r(X6 When a copolyner is
desired, the nononer can be, for exaﬂ%{’g’: e)f"ﬁ‘yl ene or propylene, which is
copol yner i zegew Xhisa Bpdroeabir X°Exampliesidefl orainefriyloxiie/m holidy, 9r iansidtide, but
are not limted to, 1-butene, 2-butene, 3-nethyl-I|-butene, isobutylene,

1- pent ene, 20¢BYS&igel | & Jt¢ly$iva. pent ene, 4-methyl -1 -pentene, 1- 49
hexene, 2-hexene - -5 he ,

1- octene, and th(ian ??{éesw%&t%orﬁd%%}glﬁ?%a5ngﬁgglggé%nggpgtgﬁ(gﬂgpégﬁg%ﬁ%nItnl on,

t he conpnonenothe sebeaifetle fpramtlinbeitame X lis mardleylchavinghfmenk to 10 aatteme, |
-decene, or styrene. sGeneral |y, the anmpunt of comangner, i njroduced
intoar eac?‘BP‘Szo]{r:lfé' PRI dt cB Nt eetkﬁpé?f%rn' 'étyi FBWB%%?‘%‘%&OE “Xtrout 50
wei ght per C%‘Mth@flikfs,hi%_y‘épémﬂl‘i’éf%péé%ﬁﬁe%Pesteﬁt‘%n{/é?fti%h. wei ght of the nonomer
and conononer. Accordi'ng to another aspect of the present invention, t he
amount of cononodecordingr daeedspient of she preserdrinyentionj X fis o alloxitde @rom t o

and. comonon@ OV €6y Pre ShBRREPeagaeT © Ehetar bRt o TR0 Aty Bduced

into a reachgyth&Rpedt Hf tHeOFFReRO tveRtidn, DO i8RE16Eted Mdepériieht] P GlosELAtora@@NOMer
based on the total weight of the npnomer and conononer. Yet, in another

aspect, theckippunt Yo inconedies genect. pt ndellesse.i nto a reactor zone is from
about 0.5 to aboyt ;.20 i ght 1, C co oner 0 . iight of
t he nononer and gnoﬁ%ng)\?nﬁllrug’ AIER mmﬁ*@ rﬁgﬁ? %Tﬁ?rgn%isﬁglntgtgg? 6%%%%%;§{dhi S
theory, whefgidatighghedi. Jhbstaideudfesh, isafot fresudéted nalbe zadintdgef, ithacfre thized as
reactants, it is believed that a steric hindrance can inpede and/ or sl ow
the pol ymer fBaoninpludeesiesquhglide fommayads ada/ %Percwgm?aﬁwlﬂl@n(@t}stﬁf t he
olefin rem)&%g ﬂﬁqg‘vmm fromthe carbon-carbon doubl e bond woul d not be
expected to nder the reaction in the way that the sane olefin
substituents sit Haimplesof ergancetimitum tanpdumds aniade tandsem davbdapch ot

m ght. According to.one aspect,  of the present,invention, at |east one
m)gomer/ r ealE NSt ”é"teHE}‘PIéﬁ?é’?u%eo héep ?VH@P?%&%tb‘ﬁé‘yﬁ‘@mé‘ﬂnh%‘?m%oun S

honopol yner jzat i pfininthP! Yhiid OBbYp&iday! BRIk MIuGARR Y BRIKZRL | @SpdMnkl 2
different acyclic, cyclic, termnal, internal, l|inear, branched,
subst i t ut eddiatkylalwrsingst ihydtidel cohgounds, | andaddinbingtipnst ieerecdt alSpseific non-

conpositions of this inyenti on can E used i nlt he pol yneri zat.i on. oi

di ol efin coﬁrﬁ‘btmgds ?Wg}%ﬁ ng® but"# ]t('ee | i PR %nu‘% 3- fRRoERdhe, ICLlS ene,

1, 4- pent adi @ﬂﬁethﬁﬁl@nﬁmﬁn hexagigpe. (RRENARMLEN ORTEAE, CATH:YTalGaMRES! TI ON

In one aspect, the present invention enconpasses a catal yst conposition

conpri sing @e wmupr odiieexidd, a tubuivielusnnumet adiisopeii@lwaIp®UNdYARES.an
dicthyrad oxidd, atahuiviel adiisobetiikal dydrid

activator- Sﬁﬁ%‘%@@&;g’ﬁﬁgﬂﬁ FRRLLELN KRk WANGL 180 R EBin@ons thereof.

or ganoal um



50 Additionally, this catalyst conmposition can further conprise at | east
one optional co-catalyst, wherein the at |east one optional co-catalyst is
at | east one al um noxane conpound, at |d&adst ‘one organozi nc conpound, at

| east one organoboron or organoborate conpound, at |east one ionizing ionic
conpound, or any conbination thereof. In another aspect, a catal yst
conposition is provided which conprises the contact product of at |east one
di nucl ear netal |l ocene conpound and at | east one conpound sel ected from at

| east one al um ngxane conpound, at | east one organozi nc,conmpound, at |east
one or ganoboron %ﬁe &TS%BBBY%F@HCBQ%@BWGFGSaPreF‘@g%Cttmgn%t ) ?Pﬁq‘gfl‘é‘ﬁf’%

compound,  OfBMBcGRMRYMH M@ WDl ®25t one organddMmidufy 8sthp&Uhdl 4t ALblefin
enconpasses met hods of ‘making these catal yst conpositions, such as, for
exanpl e, compoacmiendo tfenregpewntactedc atistuys t prownivo newtaelinign than yrenodtactedr

sequence. . Th t |east one dinuyclear tal | ocene coppaund c e
precont act eH‘Ierhwﬁﬁ?}lﬂ W HOE'SWM&%F? a&&g‘?ﬁg&f’mﬂ%ﬁ"tl?{bcg@fgﬁﬁ ffi%lﬂﬁ%

ol ef i n NDNOERAPERiIE s PAPAFRY ihZBE maREr, AyhieFatRaLh AbNETeGRAROH Pertidarofa
first period o? time prior to contacting this precontacted mxture with an
act i vat or - sthepergenoaiyreinfiiny gempeynidois Qﬂdegitﬂéhﬁ drecoptictedt mixtee gndeannibeict
time, betwegnhe mpLall Qr?o%i‘uemf’ﬁ”p%{ﬂg Ma 2R Sthet,goes{c%h%‘é{ea' Hid{IOTET
and the org%%oa un1nun1§onpoun3 ?&p|c ?9y ranges Trom inme period of
about 0.1 hpiparkd vatauhe deddatacsd hixturexaopliasted ot baulid Oxilletaptiodiont 1
hour. Precontact times fromabout 10 mnutes to about 30 m nutes are al so
enpl oyed.  supportalHQwyeystithe pytireionganeplupumimg compguist erels used te Frenagdthgut i n
mul tiple st r o i . i 0] e are
b epar ed, - capyHSAEREbR M el AP Re o ing J P GlafHic B PARH(CES
exanpl e, atall teshtalywocampaleystare companahins dnge sept acted form ng a first

m xt ure, follomeﬁ q¥ contacting the first mxture wth gt I%ast.gne ot her
catal yst conponehttfes: BPHythan OB SRErnARlLRYN comgowy! ¢4y bused In eithgy the; by o
precont act i fYcsisRhe CE MR dsRbhia8iind Yep] NWhed | MIbBa¥EIERINUGY cofipdBHd isP| €
vessels. Further, multiple precontacting steps can be carried out in series
(sequent i al 4dded i mybtaplalstepk,, the ammuse rafionganoaluntimen eomppond digelagdhereinf i r st
m xture of 1 catal yst co ents can be formed.in a first vesse

second m xt iF GO Bediotd gt b b RnRG EHPhe b n el s RO Rl o1
conponent  Ca{y RBidoftabRd hiknire ahil bf} a¥EBSLAl RFaroBluif@HE WREhPSERSE 8ddedwbi Ch 1S
typically placed downstream of the first vessel. 51 ~I'n anot her
aspect, onethepolinesization traciont dhgrsore.drisd Aantats ©A Argsaoalpminuny gepwsi n
different p | EFor.e part

conponent ié%?@ﬁkgﬁ§%ﬁg“ﬁéggﬁg%@§§aﬁﬁa§Fiﬁggggﬁg%@ 6¥)d$%%g§%g%%?%6mmﬁth
at | east ongneirpgtoatimtialyisonponpdisanstd. while the renmai nder of that sane
catal yst conmponent is fed into a second precontacting vessel for
precontacting with at | east one other catalyst conponent, or is fed
directly iUAEL%JNN@X?§@?@@h@ﬁD@}@ﬁﬁbi”ation t hereof The precontacting can
be carried out in any suitable equi pnment, such as tanks, stirred m x tanks,
various static nihd peeseetyimestiom fhitiaskprosides ss ehtalykt anmpbsipen wdrich can
combi nati ons of.thes ar at us. | n,anot her aspect of this

vent | on.  SREPr AN G BaR G SRR ASHSE BFGIn. Sieih AN RUPE areers

met al | ocengo RGhindRAR copHPRRAIS, coRpESHOR, UTk kY 60diS@ERIsp8dies, BpardBsignal |y
an unsaturated hydrocarbon) are contacted in the pol ymeri zati on reactor

si mul t aneousiw sudhi dlemirteasangs| aperpreiparedi tommeé ac oihsnvise ppradede diqigxample, a

Al ternativel ny two.or nore.of these catalyst copponents can. be, .

or econt act ceRART SOPRETHP TErSiEe L ARBRPEGE sitpeli TP Rt ey hich
precont act i M@mFloRBne A phs/i@RINhE NTHO WS y(hydrvbirbyl A0SR COAdaC bedn pwRdHCt S
fed continuously to the reactor, or it can be a stepwi se or batchw se

process i n alnbiexandiaPedvidad gstbe eornbinaien pfrapdleminue giiplepmnoupared a

cat al yst . CO%EOC%I Bf %Qt’iveTEbS[m?sr g&&ntag %étglg SA@]B‘llg(%&ane a earaﬂoe%f&petd Wes @
time per|o§ hat “c&R ' Ta ge fronma fTew Séconds to as nuch ‘as severa 5ays,
or | onger. golyhhidcadpedtimirtuneocides)ionvaiasofued@xbaat i ng step general |y

| asts fromabout 1 second to about 1 hour. In another aspect, the .
conti nuous pr ecohtertherfgtalyss gompepants ypigalp aipcontrcied sy hepningane4s

m nutes, or 'nH§? N .
precontactéhgﬁﬁgkﬂﬁgH%3&¥§§? nmeta gggﬁg%%gggg%hﬁéﬁ%ﬂg?yﬁhﬁﬁggﬁgﬁ%ﬂgﬂﬁ

or ganoal um num co-catal yst is contacted wth the activator-support, this
conposition (wth the addition of the activator-support) is ternmed the
"postcontacted m xture." The postcontacted m xture optionally remains in

contact for a second period of time, the postcontact tinme, prior to
initiating the polymerization process. Postcontact tinmes between the



52 postcontacting. However, neither a precontacting step nor a
postcontacting step is required. The postcontacted m xture can be
heated at a tenperature and for a tinme @8riod sufficient to allow
adsorption, inpregnation, or interaction of precontacted m xture and the
activator-support, such that a portion of the conponents of the
precontacted m xture is inmmobilized, adsorbed, or deposited thereon. Were
heating is enployed, the postcontacted m xture generally is heated to a

tenperature.of from between about 0 F out 150 F, aqr fromabhout 40 F to
about 95 F.inerttot %‘E?GF&F%W?‘B“%%%%@@% acljl(;Ftst% ge AetEHER SIEP BRSPSy

ratio of th?h@‘ééﬁﬁrs%onﬁ;&d@ﬂ?&n%hn@@Erﬁiﬂx@&%ﬁ?erfié’ PRRind Eﬁaﬁﬁﬁn%ie%etﬁ&d
or ganoal um num corpound in a catal yst conposition generally i's in a range
from about ﬁquemmpwbbutﬁltraticm 080emiativepothh ertasp ecmpoditen rsoinarpducatiiotoi s i n

a range fromabout 1:1 to about, 1: Yet, in another aspect, the nolar
ratio of th rﬁ?%ggergfl%ﬂ‘?Fﬁﬁlﬁﬁoéé{"rlthﬂﬁttlbﬁ“?%]é%ﬁ@dconpound to the nol es of

or ganoal um num CoRP akRind:Eank RoRpb@RDES thiOiRv@iRMlcal b ah@lidbRdtic dlukBumThese
nolar ratios reflect the ratio of total noles of dinuclear netall ocene
conpound or C@ommdnd@np@sm&éme@tt afruetnresnicydic @ﬁg@tﬂ@&l Qi 9agen EBEPSn AP or
conmpounds) thbpeth thﬁp @Oﬂtaa t ed n‘ixetcureo%pl sha %stfcontlact ed m xture
conbi ned, i " P 58?\? ana/ Wm&%% r%)trl};Pctl egzs are errpl oyed.

When a precontactlng step is used, t e nmo| ratlo of the total noles of

ol efin nmononmer to total noles of dl‘f &t rret all ocene in the precontacted
mxture is typically in a range fro bout /10 to about 100, 000:1. Total
nmol es of each conponent are used in tRi s ratl g to account for aspects of
this invention where nore than one ol efin nonomer and/or nore than

di nucl ear n¥heeinoR éhe linear xbrangbefl alkylrhayiig from; Istonkd) GaFbanatoms.cad s apn a
range from a tion
General |y, @E‘%‘%‘ﬂ’gﬁ tIr) 2’9 i %%(L#" or 8%%8%|b3%h§3ﬁ%§npbun %ﬁléﬁ@%ﬁts’g}r‘%upport
is in a rangeefadamcahoitited Ghd repeagingutinif id 00Qinekif alvbtigoxdnan dihes, linear

or ganoal um rlum co ogﬁd ang & re t han one activator-support is enployed,
this ratio #EIHEEE ViRRdn¢ r@Wanei ght of each respective conponent. In
anot her aspect, the weight ratio of the orga FI um num conpound to the
activator-support is in a range fragm abou to about 1:100, or from
about 1:1 to about 1:50. 53 R%/NI‘S d)slpects of this invention, the
wei ght ratio of dinuclear netalloc né to thei tor-support is in a range
fromabout 1:1 to about 1:1, 000, 000.RIf nor an one dinucl ear netallocene
and/ or nore than one activator-support is enployed, this ratio is based on
the total wehghin Bis @hodar uoebmclndd/@kyidmpmémm litn lé)marbwrat@m@emd qishns

wei ght rati.o |s% 81 asr&g ram about dg t 1: 100, 000, or from about
1:10 to abo(icef m a86. sior?nﬁ%{’?'ﬁé? %B@%’tﬂve THE wei ght ratio of the

di nucl ear net al | pgeRe §1@ﬂ@ﬁ&d&de§ Qah NRvaCdaby ak@EtSsP PP the ifSrninlla R'EaRJIE from
about 1:20 to about 1 1000. According to sone aspects of this

i nventi on, oeﬂlu@m@ﬁhaw Roisprolgraisiabliecan of branghgd dlyk groupm paving sroanl 40 y9t
conposi ti on, hge po ce of

a1 uni moxanaes B Rarly R ROt PREREAA oPHRGERAF ! o3RRI ol 1o 10

or ganoal umdawnncwsmgund;s3 and; and adt ieqadlab-ByuHPobh, +ﬁzol;4h®v}&|ﬁéiﬁm§;@) Q;fthe
al uni noxanes. Wil e not intendi ng to be bound by the it is believed
that the orrgm|0£ﬁhrﬁ9r?pe@m%%ﬁwnrlmk@| a}ome@m&thgdﬁm%@ ttHe Q?chamt@cene

catalyst in,L0e, SAMR, MRNES istfe AmBLIA O MIThAL Y PenGRIROUNd.

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)4AIR,, 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 Ilimited to, methylaluminoxane, ethylaluminoxane, n-

propylaluminoxane, iso-propylaluminoxane, n-butylaluminoxane, t-butyl-



Additionally, in sone aspects, organoboron and organoborate conmpounds are
not required to forma catal yst conposition of this invention. Nonetheless,
al um noxanes, organozi nc conpounds, orgdAobdron or organoborate conpounds,
i oni zi ng ionic compounds, or conbinations thereof can be used in other
catal yst conpositions contenpl ated by and enconpassed within the present

i nvention. Hence, co-catal ysts such as al um noxanes, organozi nc conpounds,
or ganoboron or organoborate conpounds, ionizing ionic conpounds, or

conbi nati ons  t hereof, can be enployed with the dinuclear netall ocene
conpound, erlIABRO%ARE : 156-DyFdalumiroxahe.  ipo-PHylalpamRzaco f -REFARIINARERS: Sippor t |
-and either j ce or | f an or ; 1, ound.
Cat al yst co aggggwgﬁgégg’the prgégﬁﬁﬂgﬁéggﬁggﬁ’genera%ig Ekvgthg%%gggst
activity greadpentyldhaninabanet 400 theaiikeoforpainy etchpbantopethegrodm oMethyl

activator-s ort per hour (abbreviated.gP/ (gAS-hr)). I n another ect,
t he cat al ys%‘llgg’élﬂ‘?’\?g?’y eﬁhé’ijgﬁl‘é'ﬁ’cn@?aIf%aWdab%EPt(”?Sg?m S8 it rP&ﬁpaéﬁ%ﬁgrﬁoo, or
great er t hap;RORULIuARRUA P/ HiGAFalininuh &t I&iispanglfag%ﬁ@%p%gpecﬁaé@,l >é§1§1

conpositions of this invention are characterize ' having a catalys
activity gremetimeshem miamed $08s pglyéatiby! ehvarinabootidd)0@oly(ehylgprkatisemt han

about 1500 gP/L(0AS; hr).. Ye | n.anot her .aspect, .the.catalyst activity is
greater thal lg oﬁ?d %‘8_&5@50 Bf}/(l Gl&glﬂ?“)“ox P’sre%c?ﬁ“{ﬁbf'yﬁilssglf‘r%gétﬁfnetge drFE ™ s urry
pol ymer i zat iheinefieh té OSan Admikfixafe insMmBiafnasith AerislkyRMinud! sih as

pol yneri zati on tenperature of about 90C and an et hyl ene gressure of about

550 psig. that disclgsgsein Hspdetant dfo. thid4g198s arvornansten hiptsin 8p Iplstencediiise an
activator-s t. These catal yst conpositions conprise a contact product
of at |east oné-’dinucl ear netall ocene conpound and at | east one conpound
sel ected from at Theastsean eEin@éntivnN esRBAPAEP Gnkng, value eaStp cng qr ganbzi nc
conpound, at | east one organoboron or or/ganoborate conpound, at | east one

i oni zi ng | PRI ARRD ERrulas (R Obere RiBt A bR Br-detrecttyfin saemepspects,

conpositio r i c v act i Viities
areater o L ST ars o RRE} WOpHRHEE Bt HOR: BeCBL ARG b
respecti ve mepmredicstand, adnmednide vahgarfoz and qocanpaeun ovithor gangho sample rof

or ganobor at e conpound, .ioni zi i oni c.conmpound, or conbinatiqgn étﬁereof. I'n
anot her - as BRI, aid SHPOMBMALOR: §F SeampAlpiBe IS AsBREIEEd BEETyr cat or

than about 500 gmag¥BpRfngRUakE)0YbBPSEsIREH cdHRhinBdh allnfikb@dne! e ni@gnaabi ve
al t uni noxane conpound, organozi nc conpound, organoboron or organoborate

conpound, idnihgitaigl iméscol elwpunm, inghe abmbinpsanecior ahuniaokangey to the tetedt her
aspect, the catalyst activity is greater .than about, 1000, or greater. than
Zbout 2000 BPanPT iRtk Harde Noffiefhg | P LoRaBiastiil e ool HHE s any
conbi nati Of%eﬂérallblfbeﬂi/d&ﬂ@bmrl ek e ne0 000 o dnothfieaspedt] tha heslarSaeor t

t he organoal um num conpound, and the ol efin nmpnoner, can be precontacted in
sone aspecti§ itbf range drophkait Pdrio apeinl S000: br eebenallyt alnginsxane eandpe addsd
olefinic g t fi ed. |.n the
pr econt act 1hg B gpezt P dthe JEREEEC el b VR AR e PR, mliAE el
when a preciotalt ngl $é efpoua ot ehgdinyordomt k@it ilang/bfto abeutSdtmagNst conponent s

i s enpl oyed for first period of time, this precontacted m xtyre can be
used i n a subsedd@AROPYBIOSHACER h@p@p@ﬁd@atweﬂs arﬁge%&r?fe EXSBIRFSRL | on of

catal yst coypanaisinbof %%Pa%’%ﬂ r4iQehsaf irf U Pafelf NEX&MRIootdyg di nucl ear
nmet al | ocencea}r%onpoung, tnﬁgr rgano?a?%m’lnur% C(l)rrpounél,e and 1-hexene can be used
in a precontR¢lgtistdpldsaresaffwhict arp érdogebraied hemes byarefertidesn phedc ont act ed
m xture then.can he cont cteg with.the activ tor-suggort to &]?rma

post cont acjteéIHrW'x Ur e etmee AT CHAR H’c?fteogfg?%?s VR S8BT Frafted 3V t4% i me prior
to initiatigminie ARICRIPLEAL, sBE AE@CT;AQNo 6N RXREPEEorghMRldthindkaer i od of
time for contact, the précontact tinme, between any conbination of the

met al | oceneocopepodinthilemet pitending to bedrond by thihstatgoteni attio belsaysg dhrat thiand t he

cbout 0. 1 0" BGueer o0gat AR b bt 0 sl 2EAPY) adilips O

m nut es. Theed€s be@rifaati @ardiexédthPassddt byohdd inYertonalAl@nedivel, remain in
contact for a second period of time, the postcontact time, prior to

i nitiating crgrnopyneYanese drensresdussactingcsradimpguroalbnecommesnd. sveh i s

i nvention, postcontact tines between the precontacted m xture and any
remai ni ng catal yst conponents is fromabout 0.1 hour to about 24 hours, or
fromabout 0.1 hour to about 1 hour. POLYMERI ZATI ON PROCESS



Cat al yst co
olefins to
pol ymeri zin

npositions of the present invention can be used to polynerize

foiiit honmopol yners or copolyners. One such process for
g olefins in the presence of 44 cdtal yst conposition of the

present invention conprises contacting the catal yst conposition with at

| east one o
pol yneri zat
catal yst co
met al | ocene cp

di nucl ear nQ%éll

| efin nonomer and optionally at |east one ol efin conononer

under

I on conditions to produce a polymer or copolyner, wherein the
nposi tion conprises a contact product of at |east one dinuclear

ound Ieast one activator-sypport.. The at .| east
%ﬁx% APl TS SePEREAICoRrGR RS, i BRFHRGEHT nul a.

XI' X3X3X1 NR{, 16442 /"N X2X4 CRXRYCRXRY X4X2 (CH2)n-CRZ=CRZ-(CH2)n ;

wher ei n:

ORGANOBORON/ORGANOBORATE COMPOUNDS

According to another aspect of the present invention, a catalyst composition
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.

Any fluoroorgano boron or fluoroorgano borate compound can be utilized
with the present invention. Examples of fluoroorgano borate compounds that can be
used in the present invention include, but are not limited to, fluorinated aryl borates
such as N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate, triphenylcarbenium
tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)borate, N,N-
dimethylanilinium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, triphenylcarbenium
tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, and the like, or mixtures thereof.
Examples of fluoroorgano boron compounds that can be used as co-catalysts in the
present invention include, but are not limited to, tris(pentafluorophenyl)boron,
tris[3,5-bis(trifluoromethyl)phenyl]boron, and the like, or mixtures thereof. Although
not intending to be bound by the following theory, these examples of fluoroorgano
borate and fluoroorgano boron compounds, and related compounds, are thought to
form “weakly-coordinating” anions when combined with organometal or metallocene
compounds, as disclosed in U.S. Patent 5,919,983, the disclosure of which is
incorporated herein by reference in its entirety. Applicants also contemplate the use
of diboron, or bis-boron, compounds or other bifunctional compounds containing two
or more boron atoms in the chemical structure, such as disclosed in J. Am. Chem.
Soc., 2005, 127, pp. 14756-14768, the content of which is incorporated herein by
reference in its entirety.

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

one



Xi and X2 independently are a halide or a substituted or unsubstituted
aliphatic, aromatic, or cyclic group, or a conbination thereof; X3
and X4 independently are a substituted dgcl Spentadi enyl, indenyl, or
fluorenyl group, any substituents on X3 and X4 other than a bridgi ng group
i ndependently are a hydrogen atom or a substituted or unsubstituted al kyl
or al kenyl group; A2 is a substituted bridging group conprising
either a silicon bridging atom a germanium bridging atom a tin bridging
atom a carbon bridging atom or a bridging chain of 2 to 5 carbon atons,
any substi t tfeABat ol A2 lyt thenampuny| fethgl flpqraRugarpe bgepngpr flyoroorgano

| ndependent ol Gubol 8% HollBtalOl (5 AUREHE I ShaRbcARSLRS dohedls

al i phatic, aronatl or cy or ‘a conbl nhation ereo

Hf , or Ti; molestoabdut 10enolesnsl Hdzon/baarandgotihd parmola ofidthogenmataiogener a
substituted or unsubstituted aliphatic, aromati¢, or cyclic_group, or a
conbi nat i oncAARAWEEF Acspiding fongihey %&ps@té}f%ﬁ inyeptpRy dhe pBoN of Jugrsoigano

I ncl usi ve. poron or HiGrdo@AAbYRkaté RORPSkd @%n?gwm.@me%% abBYNoRA AT €

i ntended for any o efin pol yneri zation nmethod using various types of

pol yner i zat bamnibesatt amspoudd pesmdlchafrdinur]eat pekaliveenezamponnd.eact or" i ncl udes
any polynerization reactor capable of polynerizing olefin nononers to
produce honopol yners or copol yners. Such honopol yners and copol yners are
referred to@SIZING INET COMYOERNDS The various types of reactors include
those that may be referred to as batch, slurry, gas-phase, solution, high
pressure, tubul afhepresentdoventionrfodberaprovidens cplatist compesivens comprivioggni se
fluidized bed.reactors or staged horizontal react.ors. g ors may
compr | se vePHi7 bR Fefouhe AR ougpe o SR REUS Rl o bt R R e

aut ocl ave ofunttikiihal cheatlyRt $o efde@cé te ANRES Fahe caglysidensdsitionOr While
conti nuous processes. Continuous processes could use .intermttent or

cont i nuous tdeigedingiabnbeud byrheeyst ésbatigyedihabtiedeniziag ippis compowd iy |
direct recygl gblgfoﬂ’%gﬁﬁg%tﬁ% IH&Qﬁ&!t%he cbﬁﬂg&ﬁfdt £3 SRVONATRe m89HbRhe fHib uent -

Pol yrmeri zation reac ens 0 e present 1 nvention nmay conprise one
type of reaateobrimora &®hzmetallvotded pbpowais) or sinapichheatanre metaldodeher ent

type. Production of polyne in multjple reactors may i.ncl ude seyeral
stages in aqonl%@g&tﬁga@ew el InEAng gt P4t OB P Aokt }Srheg%e&n%@@sd by a

transfer deyhos TRt GorhpoRRSSINPRBCLiGh tal 3RSHAIZidch SorRRHIESS co8pktdy g from
the first polynerization reactor into the second reactor. "The desiTed

pol yrer i zat pastialioerdiatiiomsn aniooivdigahds prssibbae non-slkadignpligiinfifseelens Xf oom t he

operating cgnditions of the other reactors.. Alternativel .pol ynerization
in nultipl gr’eflé%rflo § %@lﬁqcﬁﬁ?'uﬁo‘?’eﬁlgrﬁéﬁdgliuzﬁga’l‘?glfce??r%?o'%gIlgr?é’ra P8 one
reactor to gyhaRgyeNivheBRE [10fSohiREs BRNihANES RahNetRhE Zasirads aly't bpiké
reactor systens may include any comnbination incl udi  but not limted to,

nul ti pl e | digendémetfahion sitotfoph@nger prisaveakess the r@@%ﬁn&t metlofF hosdpnand
g 1 €20t . LB RGP RIAY RS0 S0P, B SOTIARRY) S0pRlse
oper at ed | nmé&@Nb&Be 8 sbie pPefedideehanism.

Further, it is not necessary that the ionizing ionic compound activate the
metallocene compounds only. The activation function of the ionizing ionic compound
can be evident in the enhanced activity of catalyst composition as a whole, as
compared to a catalyst composition that does not contain an ionizing ionic compound.

Examples of ionizing ionic compounds include, but are not limited to, the
following compounds: tri(n-butyl)ammonium tetrakis(p-tolyl)borate, tri(n-butyl)
ammonium tetrakis(m-tolyl)borate, tri(n-butyl)ammonium tetrakis(2,4-
dimethylphenyl)borate, tri(n-butyl)ammonium tetrakis(3,5-dimethylphenyl)borate,
tri(n-butyl)ammonium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, tri(n-

butyl)ammonium tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium



57 According to one aspect of the invention, the polynerization
reactor systemnay conprise at |east one |l oop slurry reactor conprising
vertical or horizontal |oops. Mnoner, di7luént, catal yst and optionally any
conononer may be continuously fed to a | oop reactor where pol ynerization
occurs. Cenerally, continuous processes may conprise the continuous

i ntroduction of a nononer, a catalyst, and a diluent into a polynerization
reactor and the continuous renoval fromthis reactor of a suspension

conprising polymer particles and the diluent. Reactor effluent may
flashed to FEHEEE-tRE)BHEd pdbepethylgplingen | | dﬁf%(‘i”ﬁﬁ[ﬂg@%"rai seNs&eﬂe

di luent, no co Bh 4 MNA ogi I or
this separ atH ?’gﬁﬁ%l?@gﬁﬁlﬁlcl ug?( ng ! g%’# %@F ﬂ&ﬁ%ﬁ‘@ﬁ%}%’ fl g\glﬁir[ﬁglet é#ﬁ%%

i ncl ude anytetaki(Hadirnethpiphéredborats) i IWjNodinastily lpmiissmr éctrakt{i b-ibomdirifsepar at i on

by cyclonic action in either cycl on r .hydrocycl one; .or separation b
cgnt ?/i f ugat mﬁgyl)pﬂenyq]bﬂrqt?fpi @%m&yﬁa"aﬁl?}ﬁer fgss nﬁﬁBE’é’gEgr(yéﬁé’@t%nogm
as the partj h%n{rl@élﬁblﬂﬁ&ces %étrakis‘ép—%l?l%&%d’ ftHﬁheC%rﬁ:ﬁmeﬁiuni N Yetpaki§ad-ent
Nos. 3,248,179, 4,501, 885, 5,565,175, 5,575, 979, 6, 239, 235, 6,262,191 and
ﬁ’ 833, 415, &dyigqutey\,ri cg_ :tsiphmmapbﬂnat' tned Iby reeftekff%@d_imethylphml)br)aég )
erein. . .Suitable diluents, u in urr ol ymeri zation.include, but
are not |i nfrirbgnylgar ?’?'}gmnonof’?éﬁakﬁﬁﬁ'gl %ﬁ?ﬁ@?%&’g’ar%%d hy' &P ?:r&'tl%a&ﬁes}mfrﬂat are
l'i qui ds undgfirakBps:4-bRrERbHISNphefBRItes of suitable ﬂiﬁ)hb&@m&ﬁbéﬂﬂ&hUdE,

but are not limted to, hydrocarbons such as propane, C}/C ohexane,

i sobut ane, tetiekistnsatallnoppheraibordtes op&rpeien  nistglistoaielyDbarae.n- eR#ien Sone
| oop pol ymeypj zat j or j.on cc [ hE 1 ons 0

i aent 1o GOBRURRSGRTReE TR RIS RAThRRS  HaBl

di scl osed i fetriekiS(3,Raireahylplsny)borhty, 314, topylidini s | nexraRB[RS-dib(difluosf-er ence

herein inits entirety. According to, yet gnother aspect of this
i nvention, Mstypeh P5i% i onIPRYAS O W@éﬁﬁ‘ﬁ%@r e‘l@&?ﬁa‘%’ne jdiuphase

reactor. Su 2 nu stikeam ¢ i.i_ng one
or mor ¢ monouar Sk ARE IR IR AR S BT [ RRRLD
presence of tdyighoratal ystlithimter podtspkistmzalyl)boracondi tlitbhen A rtegslab@.4st r eam
may be withdrawn fro he fluidjzed bed an ecycled back into the.reactor.
Si mul taneougwww?%f’orﬂWOduéftf’% bée%%fsg%igﬁ}#}e‘b’?/ hf"?ﬁﬁ’ofaé%ct oFﬁ’é‘HH new
or fresh nopaARLoBYaRe addedhitf T epldesidpétaRlordRichgsbaRNOMEr sodiuah gas

phase reactors may conprise a process for nulti-step gas-phase
pol ymer i zat fetaplshylbogatal ebding, temakis(pdolybbetatan s satiemp ddtspstmzelyDbarathe

aseous phase.in at |east. in de s- phase _polymneri zat | nes

ST o T coa s ot ot SRRk AR RO he e o roa SRR T r o822

pol yner i zat giglet@ptent Dbérage CONshdpgh y Nekdtm@ub@boAtd)e. EoRsdiviBe Ofietgkés-phase
reactor is disclosed in U S Patent Nos. 5,352,749, 4588, 790 and 5, 436, 304,
each of whi@sniaguprepbenybbaraial Bptessiugr efteaphenylbeyatent Ppssume  frakis(p-
According t i a aspect. [.pyent ion: Wolyt

pol yneri gat tI%I ni Hr0 %a%%’t g’g’t‘%%‘mc ot‘r%gg]%lggﬁ—éél?@%dﬁ%’r %tg%%ug? (lE)g rt &gﬁ%ﬁﬁzfgﬁgvé
react or. Tufhenghbsrare tpotaSsinmy telrakie(3sPdinahylplngs)bufae, eotaseisin mradioero-

e Tl e S o o RS, BB e
catalysts, ARALOT €ALALYILHPARRARAB! S ffiinb CrcRIKIsAH AT il i8S CR AL r eam

.
and i ntroduced at anot the reactor. Trsle gaS'streans nmay b
i ntern xed teoakip@l4yrdierdtindphcoyl)albednatand pr essurdihimay be enpl dyeakis(3,5-

appropriately to qbtain optimal, .polynmerization reaction conditions.

Accor di ng t éy&yl&wa%@pmﬁ%nﬁghlgp %ﬁ@ﬁ?‘?ﬂ}%lﬁlfnil%?’ e ‘8%6&9@6{362 HBI-
react or may,A0RALSERe, SQYdHih OR BN IRIUnfiBkte ORodiBAC t@Ffak RIS Nal tuhafDNONMET
is contacted with the catal yst conpoSition by suitable Stll‘l‘ln% or ot her

means. A cavodiven ttekis(nsitely)anminee.t sodiganitetrakid(2érdimgthylpbepslsalvmimaier may

be enpl oyed. .If desired e n r be, brought in the.vapar phase into
contact w tst‘?_df% c ett%?%ﬁﬁ %%ﬂ@%y@gﬁnydﬁ%ﬁl&te i n®He pr etgtcg%lueo rgaﬁmgﬁ?gence of
l'iquid nmat ggdtalsiunt DR tRRIsKEBIaFalopBEN E RNENihste MBpdthGiuRe d tedfaph&iyRatAidatEes and
pressures that wll result in the formation of a solution of the polyner in

a reacti on paseisium tengkisariobil)akyingte, patpssiye detrakisitialhabarinate, pepsermat ur e
contr ol anSF%%(ig@%géi%&gﬁgﬁgf)%%ﬁﬁgger| Zatq'o%}si tur esteBQf;@UQhOUt(%feshe

pol yneri za z S dre utilTzed Tor dissipating t
exot herm ¢ heat of polynerization.



Pol ynmeri zation reactors suitable for the present invention may further
conprise any conbination of at |east one raw material feed system at | east
one feed system for catalyst or catal ys#8conponents, and/or at |east one
pol ymer recovery system Suitable reactor systens for the present invention
may further conprise systens for feedstock purification, catalyst storage
and preparation, extrusion, reactor cooling, polyner recovery,
fractionation, recycle, storage, |oadout, Iaboratory anal ysi s, and process
control . Condj ti.ons that are control | ed for pol rization
efficiency QHHaPﬂpbﬁﬁgph@nPﬂganpﬁ?ﬁﬁg?tlggﬁf “?@np@?i?@?e ?% res¥ure
and the Cone&ﬂﬁfnﬁﬁbﬂ(}nﬁlefgof Valrohm {dPRC T(:@i'ﬂ}ﬁurfc)ﬁl WERY 1ﬁathisoﬁhvéﬁm?1951%t H4te can
affect catalyst productivity, polyner nolecul ar wei ght and nol ecul ar wei ght
di stributi ohn&gdttabh@epoﬂhyrrexamdts ohi lcmgzm@mn@ cempeynds eradisclosedar Btur e

bel ow t he d nmer r e ordin 0.t he. G bbs ener gy
equat i on. ?ﬁﬁp@aﬁ%f’%/ tﬁ%ﬁ?ﬁeﬁggﬁg’? 93%0{{?1 g urgéo%w%%;h(% Wfo?gff“@'hefr%l
exanmpl e, angy téeRrhadRUheis Entfeety0 about 110 C, depending upon the type of

pol yneri zat i on reactor. Sui tabl e pressures will also vary according

to the reactor and pol yrreri zation type. The pressure for |iquid phase

pol yneri zat | l eactor is typically less than 1000 psig.
Pressure foﬁ%‘i@%@ge po nmerization is usually at about 200 to 500 psig.

H gh pressure polUnsRidazadtl tc@ftantd thathenae emphiybdciidy eatblgactamisositiongerndr al |y
ran at about 20,000 to 75,000 psig. Palynerizatioqn reactors can al so be
oper at ed i nPAlyBpERtian Rrpecssesial ghis anvsaton ipigyindudreslsiin gompenss having

tenper at ur eg and, B £35 56 EiborRRhA e?%oq%\ﬁiear{dhasggg' dt1&R1 ed;l@ﬁ @fdofible

pressure/tenperature diagram (supercritica may o vant ages.
The concent berd. orThiy 1mn11M$ncmamSmt soraapolrecdzatipn girbedsdsoupng dusiegleesi ns

wth certain si cal mechani cal pro ties. The rooposed end-
product t hafl e\ﬁPISIUdBéSfe YHREG BPyPre e‘?eeéﬁﬁ’f')‘gLEIS ERolyRESHOB FeacHPR Wd}tll!’t%at

product det Fe%ff' dﬁ%%lff&%ng&éﬁﬁ@Qoﬁ%hﬂd PTRPe&hitB: co%@ﬂﬁ:‘f’é S&lerdMyORRkh 85

i ncl ude tensi flexural, 1 npact, creep, stress relaxation and hardness
tests. Physmamlr qmncmnerof |e&sfl¢mcﬂ>§ﬁendlermr¢eylt) arsl ecuinar ameiughef, corndreoudrar

wei ght di st ut i ti.n erature ass transition te r at

t enper at ur e I ’i“o‘%fpe&es’/‘ g}q%sﬁ Sl?n@d% not i "?‘ﬁmegtt ei@o?%a?ﬁoé?ﬁ Sifl)a? %%ﬁ
growt h, | ongofoiiahdridet anthétRgleRd sftéRAle Feirg 3lto TBRGHOA I Sin their molddufar
concent rati ons of nononer, co-nononer, hydrogen, co-catalyst, nodifiers,

and el ectro¢hddonors are i nportant in produ0| ng these resin properties.

Comnomer 1o USCAlice A:Ohol PLARNGL RN Y cUATIRBSN bEABHEE siaB ke

control product rm ecu cdan be’use

scavenge poisssabsitaed, ﬁmaﬁidmhzdsﬁ) lagd wbasfuneioghlized Mbetisi can de cempldm&dusehhst o}
control product praoperties and eLectron onors %ffect S ereore? ul F I n
addi tion, tRECRIRRCdifE CEAPPIS, BPicabghEated compeyRds dipt Gt BriRRYRISTI mpact

the reactiogg cﬁﬂﬁiysl? 89158&‘[1&{ OPefhid ention include, but are not limited to, ethylene,

propylene, 1-butene, 2-butene, 3-methyl-1-butene, isobutylene, 1-pentene, 2-pentene,
3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene, 2-hexene, 3-hexene, 3-ethyl-1-
hexene, 1-heptene, 2-heptene, 3-heptene, the four normal octenes, the four normal
nonenes, the five normal decenes, and the like, or mixtures of two or more of these
compounds. Cyclic and bicyclic olefins, including but not limited to, cyclopentene,
cyclohexene, norbornylene, norbornadiene, and the like, can also be polymerized as
described above. Styrene can also be employed as a monomer.

When a copolymer is desired, the monomer can be, for example, ethylene or
propylene, which is copolymerized with a comonomer. Examples of olefin
comonomers include, but are not limited to, 1-butene, 2-butene, 3-methyl-1-butene,

isobutylene, 1-pentene, 2-pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-



60 The polyner or resin may be fornmed into various articles,
including, but not limted to, bottles, druns, toys, household containers,
utensils, filmproducts, druns, fuel tarfs, ‘pi pes, geonenbranes, and

| iners. Various processes nmay be used to formthese articles, including,
but not limted to, blow nolding, extrusion nolding, rotational nolding,

t hernof orm ng, cast nolding and the |like. After polynerization, additives
and nodifiers can be added to the polyner to provide better processing

during manutact ur]j and for desired operties in t end product.
Addi tives i E?E%Wﬁebgg?‘?%é*%@drlrﬁ@iﬂgé’sﬁ%ﬁ&%@ & ?Pt%fﬁegt PIChf {‘BFWE%S?M
tackifiers; janiieoxAdamdife fHGHE APed o TR Mre@RF i RRARH MY eVt 4o ied
pi gnents; processing ai ds such as waxes/oils and fiuoroel astoners; and
speci al addiftovebunehl -pentérie; &-herersr taatess, ladedese,ar styr@eavenger s,

absorbers, odor hanger and degr.adati on agents. . Honmopol yners and
copol ynmers of et P‘érﬁgy’p%dﬁ@é?ﬂnﬁ fac@mg’ﬁﬁgn&ﬁx?%eg Hpto ianffé"ﬁt?’f o%nﬁetr?er ally
have a melt piJadex the Qspaigaiet 9 Rdmt BRRMD1 1B0artul G0MReidiRl pXdiRifethea Mel t

index in the range fromabout 0.1 to about 50 g/10 nm or fromabout 0.5 to
about 25 g/ tomghamerdragedcomtberipiahweight of the mongsise end caponomas. Apeerdingoie.

The density_of, et hyl ene-based pal rs produce sing one.or re.dinucl ear
et al | ocene CRFGIRES (Gt R uror BEATIRE of Sty e LR ilb A e
range from gt zOnS8 fiemabowt0.01 & alge a0 WeigltiRraapeshomedrvased stv et i on,

t he pol yner densLtg is in a range fromabout 0.90 to about 0.95 g/cc._ Yet,
in anot her tXgerqight ofcheamnomer pad gemenemety nstil anomige apResnBHaueLl. g1 t o
about 0.94 gérﬁgnonger intmh&cepﬁ‘ﬁuf gsrlég%t@p&orpeoksf/ﬁ%ﬁl %&H%Fqﬁ)'aﬁoé‘%?w& e wth
the present invention'1's, tor exanpl e, a polynmer or copolyner of ethylene,
it can be fpermad conioaomar basdd oarthé titdsvaghtrnefnid avhomer afduamma@iohiet] &st,
include, but are not limted to | ded prqduc%s, househol d contahgers,
utensils, i %ﬁ%bérs%%@%w%f SEpuRs of gerpRomeryafrofugsd dntors fraetor gaRgisHENes,
liners, andaidie o9 kP abdRMoOWSicRl BERERCSHnSHOnRE 1A% QY Bt LRl REiBhd Heae
articles. Non-limting exanpl es of these processes include injection
mol di ng, bl ovnomEdindgronfdnomeext r usi on, sheet extrusion, profile extrusion,

and the |ike. Additional.l .addi tives d.odifiers are ofte dd. o]
Chese pol yrer s | VIBledsr P bt SEERERT R thopbly st Brachelsigtiiedn. use
product att g RHE@shaliz&ilolEXNIME BSed as reactdfi€ ii 3W8AEVeANNAtS stdtictifdrande dagt r at ed
by the foll owi ng exanples, which are not to be construed in any way as

i mposi ng | i minedei andbort slowh éhes pejyanesization regesent Tows, branchedsandidiesyddispect s,
embodi msnj[ S orﬁgﬁi('ﬁj 'o?’.q}lé Nihn %}go@e%uk Vxﬁév@lﬁtt Sfrcgrﬁet{hgogar%'- Ca?bonahgl?tgle rb%k%ﬂl ng.
t he descri p]?l on herein, may suggest Theleesl Ves 16 ohe of ordi nary skirll in

the art w thould depde taxpectéd aon hihdersther idactidn tifheh@ rvese fat i thy esatriecotlefin t he
scope of the appended cl ai ns. . Nucl ear Magnetjc Resopance (N,I\/R%
spectra wer Bbglughts eHtugiedampss | EAXINRE P yihpl ¢rEbaperrRivR doykier Pendtmaieht.

operating a r t i the peak
of residual A%ﬁ%%gﬁ"gté Jflgzajb %pt)wgé]% é% I\/ﬁgé%{?r?l ?&(@%ﬁ%&%@%ﬁ@%ﬁt 1?

ref erenced aebgemstsocédnrt palymetingiont HEIBeat Hom@dlppenization involving awldi ti on
to NVR, a thernmal desorption nmass spectr. try procedure (di.rect insertion
br b s SEUERS et BROBEPRE) et (BAetD FEIAEaCtdie ZUTHHE FHERELTy ¢ ne
di nucl ear neial| geARGICAMBAHELR, 9 ih@banaRB! s8fin.Then RRRIPeE rQmRy4r had
the followi ng Capabilifies: 70 ev el ectron inpact ionization, nass frange

from 35 to dRO®sdions of tstinperdlve cars dret jused d cis spelymgiizdtiomarl riehefin

tenperature to at .l east,.650 C and software capable of infeqgrating broad
poaks. typi st SRR ou Ao MR sy R OR: sfef el koAt T
TSQ 7000TM | psfekai@it , scan range of 35 to 1400 (1 second scan tine),

conventional thin wire (wth loop at tip) probe tips, source tenperature of
180 C, 2 x 10-6 manifold vacuum and Fi nni ganTM Excal i bur TM sof tware for

peak int egrﬁﬁﬁﬁ&ﬁ%‘fo&”@%%ﬁ?g%ﬂ‘t"%%?hqﬁﬁ%hﬂ truments having

conpar abl e mass range and probe capabi I'escoul’d be utilized.
In one aspect, the present invention encompasses a catalyst composition

comprising a contact product of a dinuclear metallocene compound and an activator-

support. Such a composition can further comprise an organoaluminum compound.



In the DIPMS procedure, the sanple is placed on the probe tip using a mcro
syringe. In practice, the smallest drop of sanple which can be transferred
to the probe usually gives the best restDts.” After placing the sanple on
the probe, it is allowed to stand for about 5-10 mn to allow for
evaporation of the bulk of the diluent/solvent containing the conmpound of
interest. Allowing the diluent/solvent to evaporate before inserting the
probe into the instrument will, anmong other things, |essen the chance that

the drop will fall off of e tip durin i nsertion ocess.. After
i nserting tAddisionslly, thisgata ﬁb%ﬁ’%?‘l?ﬂtéonp?ag‘gé‘&ﬁ? a?ﬂﬂ‘lﬂbsFé‘té%ﬁ 91 FRUSHASRE | es
begi n. The tgp&r %\Ih‘éfe@n 91;1@9{ Fﬁfé][sll@ﬁéj gﬁﬂaa'@(}oga({b%lt ds lag 1 n%a@’a one3 Alushifb¥hne

tenperature ra I nal tenper . This programtakes
26 m nut es d:mnpmmpil eetteleaﬂth@néi b@mmmwa@)mmxuné,d at G}Za:ﬂnom: 50rg11m>b|0mno arhe run

and kept on unt the co f the.t.enper.ature ram Af a coupl e
o ot oo o ogtiE CBPRPih e drast bt AGurng TS spmellR D Al sout i he

instrument @ggokhen %H@ﬂh)ﬁs hspesty @l Sataligs opBLiabe is provided \;ﬁh@h Ebﬁ?ﬁhg@snfﬁM

i nstrunent had renovabl e ion vol unes; these were changed and cl eaned after
every two remgact predust il 2 lb@nt|qmapd1mﬁcl¢aesmdtaléometq¢emoen@ aaﬁcﬁtdﬁiﬁéronﬁour ce

conponents. The r u e typica out utted as I |on
current ver${ap CfuingreS ec"sedafrroml\%ﬁ)?asﬁ?ﬂfy%! /T(I}1 J”u[])(])l aﬁeagdoer{ % %
accordance ¥nipbuAd TdvV1E2 3% ailgadHorda v 61@ar&>b3raieﬁ&n‘@15cﬁ1ﬁdv‘ﬁllgi’s't one 1on121ngll gh

|l oad nelt index (HLM, g¢g/10 mn) was determ ned in accordance with ASTM

D1238 at 1%@%WO&HQPTGODCQWHWWQWECO Pol yner density was
determned 'n of #fg &%nqegpéﬁnﬁsmeh Blssds O/l oF BARRECHRIONAMIFed

sanpl e, cool ed a about hour, conditione out

at roomt enmmaisuro@sl Juch @s,ofod amrﬁplm ¢dntdkﬁiﬁg/ltm&@§ewinel cASIHM QifRMenisriocedur e
C. Mel t geol ogi cal characterizations were determ ned by suitable

met hods. FORWYSIatFATECAERES-| -strain (10% oscillatory shear nmeasurenents

wer e perforned Wh@atﬁ@%@g‘% anﬁ@le%@ﬁhbéén@ colpSund\Bahed HeQimRiedd \Hﬁh @H

paral |l el -pl ate geonetry heol ogi cal tests were perforned at
Mol ecul ar wadiefyhit snemnercf dca]teelr nmemegmsad]ysﬂhmdbtﬁn mwsomelr@ bfbp@lb’m@dmdsl ng a

PL 220 SEC high tenperature chromat.o uni t abor at.ori W th
[T1 o0 or obemSETRE Sttt ERGTUEr AR o e PO TR RE AR e
t enper at ur epRéontdtaedCmi:BtE With @n@bﬁ&d@éﬁm@%bﬂ “TrefthydriddesTalnie &r dntact,

concentration of 0.5 g/L was used as a stabilizer in the TCB. An |nj ection
vol ume of 2e p[r¢qonmgtlm§ebetwe@m th;: m@wlﬁ@ﬁnewmm@nd osweapowndsi B¢ Qefinics

/ |
Egam_ ngD|atS Sr%g;g&'{;%[‘ 3fd E—lfe an%rrR‘ ' ur(r:)lcca gérl\%ﬁ%gca?-%@?@ggﬁ@g% :“%% &#ﬁ’e col umms

used were tdboae OHLg&llr 11 mﬂnﬁMLﬁom@I fmM&atmpl§xBenatouand vweeakowal ihbuat ed
with a broad |inear. polyethyl ene st andar d (Phillips Mar ex(ri BHB 5003) for
whi ch the nrEeRNRHhE lrrwéﬁ@m atpoa 1 %é@aweét%a\hwtq%%mmutes are fisp &BRloyedwei ght

G si11 w1 one endbpane ARcliusnae, oL enalthmamalne Elunan
t hose descrthlxed sihgleestepjoinewérich mhdtiglanmpbx@utenjaee tureparady | aanke cwmprisﬁfg 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 can be formed in a first vessel, a second mixture comprising

the first mixture plus one additional catalyst component can be formed in the first

vessel or in a second vessel, which is typically placed downstream of the first vessel.



63 4. Sanples were introduced to the FTIR detector via a heated transfer
line and flow cell (KBr windows, 1 mmoptical path, and ca. 70 uL cell

vol une). The tenperatures of the transfexl |li'he and flow cell were kept at
143 + 1 C and 140 + 1 C, respectively. A Perkin Elmer FTIR

spectrophot oneter (PE 2000) equi pped with a narrow band nercury cadm um
telluride (M) detector was used in these studies. Al spectra were
acquired using Perkin El mer Tinebase software. Background spectra of the
TCB sol vent were _obtained prior to each run. Al IR spectra were neasured
at 8 cnil resol ut IBANPther 3WAls jone K IBRRRt Yotha ratalest cogaprsit e b Ay Ak r oot

mean square r - C I | TIR
Serves s o an AR e s e TR BRT oL RS dmmenl s
made as prevs fedshty ad@scprebedaating vgssal for pastontatdouwih ankerglohe pdiey edthlyktene
(PE) standard [see Jordens K, WI(I;Q%]S a, Janéfn J, Rohlfigfg DC, Wélcté VB,
Pol ymer 2006°BPORep:5yi @s'gse?mamf‘?r thatcrate $alaly st Porplent R fnip geecon
chromat ogra ﬁ&gbv%% i f R0 RBcaRIRDEIMP &S], Br tSi NY
chenonet ri c%%ée@g%ﬁfques. %?ﬁ%g?ﬁg%gﬁﬁmsage?g%&gr e c?ak%n atll)sarrﬁl é
concent r at i detk diskitiyhint@the xeae®dedr & tambmestide dhémsol. gddd megmédcting cavibwe
(i.e., >0.08 ng / at the detector). ranchi,ng. cont ent .was_ .

Get o i med STFRIPb TG RBIE SOAIG-Cer S TErg ST B e gD, S ar
wei ght to nuRRb-deviesRadlaP | Srdicdbf W) GPE, drabmBidatibAs éfvhesk a?f)araﬁ@.ut 1.1to
1.3), solvent gradient fractions of ethylene 1-butene, ethylene 1- hexene,
pol yet hyl ene honmbpaingther eispeshdl| dis icaten. athevigriphs catakysh ccompenentss@er i n

calibration_and ek fj,cation ies. TIh ot.al . t t hese
sanples r anﬁ)éaan?l ’o@ﬁnﬁ‘.&lgart %8%95‘%%%@%???@%%@13 O&%é’ﬁé% %Flélmglgl? bcglrjlctsaFa t%@ I
content of spfigHally aeensafratbd diyeebchibon) Me, codtaciriafuthe holghairatiod Jeddidr

spectroscopy. C-13 NVWR spectra were obtained on 15 wej ght gercent sanpl es
in TCB usi ngmplspepushi, Whae ithen pelmeyizatipacicadiing: rprpersdme. 158epataelp vy ous

descri bed [ Randal | : q ,
Dynami c, angﬁ‘ggrral ngél'tfrtg%%e uﬁdl?ﬁé@yhﬁ%ﬂ&?%b%%@?@ 5%9%\?9 v@&%ﬁ(ﬂgﬁ ,
Ed., Ameri camefihe theciahctBmcionkey , ThplucoghaimgDEp t884e Fontiabhy lin odntletite per
1000 car bons bf\)/ NVR. was. obt ai r&ed by nush\p% I&ﬁlﬁll ng {)ti nes 10%(2) the ratio of
total met hyPreSPRAPS PFtuChisafedssaphapoy & fpactor, or it Lap Bt d FICPPVESYT
squares (PLE)ckisk rdds®in GVEVE AVBStcl &ITSiralRithcis! PRdREY AUEIde8 ©heEREBLri C
software (Infonetri'x) to correlate changes in the FTIR absorption spectra
Wi t h cal cul eatelgstoronidRitipnasiirie grecahtaeéng siep wen hy cayriedOMHt ouend tiowr trsred f or
64 25 sanples, The FTIefR absgr ption sgectra glsed in Llae cal ilbr aeti glqt del
vere nmade f PBHCEIETSR oITT SSRBAT &2 £ U0 BsEVFRE Yo %8 124 ly a

portion of ésﬁb@ct?ﬂﬁ%h@hudt@@iréﬁ@n(a?ﬁ&@st@@%eﬁe@ﬁ@ 168t Jfron@abdus @ deddndtib @bout
calibration step in order to mnimze the effects of residual solvent

absor pt i on. ! Froepr deeansihey aspecspidiet goafingepsaprepiltafdiag wiere tastsolemy aboxt i16n,
taking the {ir ' i r d [cofgm Lng all data.
A four corrp%éﬁgir%] St@%ﬁ?%ﬁ%ﬁ%ﬁ?g%ﬁmﬁgg%éﬁ& 3 {éga%gﬁ op |ulrt1éig'zed using the
process of crossOvad ihdgirécontaclB@ERHR0 9f thSméstillotkne ddrepmml] dlefih nemomeeel was
verified using 23 additional sanples, The pr;di cted versus actual val ues

F

for the val Mfatqr&oghiiNRoRaaEkst] 1Se SONBHRT eV &I ERSIEO-9BPPiarfd!s

exhi bited a : : r '8 .Gl Sy hyl
groups per cl(; S’%tomtprl a lt(c:}gfrﬁ%gﬁdﬁlgflg{:fl}ﬁéegaf&wr%% 15)({S}Rgrgt cegiq][rlle brﬁoas%gﬁ}a%lal evel s
wer e cal cul mxadrey Fhibipostcontaged ubixtret loptiondihi reneaits ¢ rbntatiufaronsecofide ,
amount of nethyl chain ends were cal cul.ated.usin he uation

Me" =C( 2- V') P %ﬁam& - POLCRIRGt o @Fob Ao IRLHYTE ﬁwaﬁﬂaﬁra@%aarpfm@ total
carbon ol epli&iact fifed BePR&AMe §F@NtdcRdl 48Rk e Vand $hd NRtiPMBRQIppBE Vi Ny
term nated chain ends (e.g., 1 for chrom um catal yzed resins), ané) Ms is

t he nol ecul ganevadiygtange dtonu labved0flohow toaatiout GHalrouss.i de ofurthes aspdcscthiear

wei ght di st II;(:I)s c%gl{a%p fime 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 without precontacting or



Sul fated alum na was formed by a process wherein alum na was
chemcally-treated with a sulfate or bisulfate source. Such a sulfate or
bi sul fate source may include, for exanplbg, sulfuric acid, ammonium sulfate,
or amoni um bi sulfate. In an exenplary procedure, a comrercial alumna sold
as WR Gace Alumna A was sul fated by inpregnation with an agueous
sol ution containi ng about 15-20% (NH4) 2SO4 or H2SO4. This sul fated al um na
was calcined at 550 Cin air (240 C/ hr ranp rate), with a 3 hr hold period
at this tenperature. Afterward, .the sulfated alum na was coll ected and
stored undePOsisantaeting.odpveveRaNGiAST AJBErORfAcHBR SIEBXIE UPSIIBACHBE StFoSpher e.
65 EXAMPLE %eﬁg%ﬁﬁ hesi s of 3-hexenyl-1

t

, 6-bis-1-1- yl)-1-(cycl opent adi enyl)-1-(2, 7-di -tertbutyl fl uoren-1- yOnet

hane zi r coni um dThélpostcoehcte CORIKTRZ rcAChe 4T atl ) tampegtuot ehd fonet titeesi s
DVET 1 is a nano-lj.nked, djnuclear . ound of the.presente inveg%%gn. |t

|
i s producedP&&h 8‘fJ§C’§P‘hEﬂ éh%t aé]ISP‘iﬁ’Egﬁ’e RIISZRANRP ShPFECih 8t FFHPB
honmonucl ear ¢AROMAH thel B&iVaERLBPort, TRiIcA! IhAE BNSortes bt e RicAtPéaentPNETthe 1S

1-(nmethyl)-1-(3- butenyl)- 1 -(cyclopentadienyl)- 1 -(2,7-di-tert-buty 1

fluoren- | prgbQmimatéchmextareris amimoiilivied adseibgd, orCRRpEBZtTIROY. aMtees/ heatiog " VET

:\/E% ét -fll_ggi ;e%;e};rééig%etsd? t eCGNEOS];c%Ihta}cgidsm{xrt]ﬁ/rg rgeingrglb? X altéad %.osa itelnllp%%tﬁr%to (?I%l ow.
between about 0 °F to about 150 °F, or from about 40 °F to about 95 °F.

According to one aspect of this invention, the molar ratio of the moles of
dinuclear metallocene compound to the moles of organoaluminum compound in a
catalyst composition generally is in a range from about 1:1 to about 1:10,000. In
another aspect, the molar ratio is in a range from about 1:1 to about 1:1,000. Yet, in
another aspect, the molar ratio of the moles of dinuclear metallocene compound to the
moles of organoaluminum compound is in a range from about 1:1 to about 1:100.
These molar ratios reflect the ratio of total moles of dinuclear metallocene compound
or compounds to the total amount of organoaluminum compound (or compounds) in
both the precontacted mixture and the postcontacted mixture combined, if
precontacting and/or postcontacting steps are employed.

When a precontacting step is used, the molar ratio of the total moles of olefin
monomer to total moles of dinuclear metallocene in the precontacted mixture is
typically in a 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 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.



The MET 1 netallocene starting nmaterial can be prepared in accordance with
sui tabl e net hods. One such technique is described in U S Patent 7,064,225,
t he disclosure of which is incorporated5Ber€in by reference inits
entirety. Approximately 1 ng of

bi s(tricycl ohexyl phosphi ne) benzyl i di ne ruthenium (1V) dichloride (G ubbs
first generation netathesis catal yst) was charged to a reactor under an
inert nitrogen atnosphere. After about 118 ng of MET | were added to the

reactor, approxipately 2 nL of benzene-d6 were added via syringe. The
reaction was al | Hheemg %Fpﬁ?té@gé*éls Hventig dhg WelehbErtigrqidanuciear meéaqﬁoy?neaﬁ?

orange sol Uééttﬁ)atdr%ﬁfé';%&?% iﬂ'&%ﬁéeegﬂggﬁrht%ﬁﬁ‘{aﬁl & LEAR 9%, 6 RH00- E!?n{&@‘%ﬁdnodhe ,

m Xture. As e reaction proce e reaction mxture becane a turbid
orange col odinudesremetmbocene Gintounsre dor anci avavatoy-s@pott isfenipbnzdnthidtiner e

added to the reaction mxture, After 4 days, an oran suspensi on resul t ed.
Ao 19 uniREr baahe Tt B ob biih espadit comgoRaTy dn e e SrgRtuERe

renoved f ro%fglﬂﬁraftf%ai‘%tiﬁra rand ErohPAIuk A5 Ry Lsbiet - \wdD0dI 8SRbMELNN1:10 to
D-chloroformto forma dilute sanple and was subsequent|y anal yzed by

1H NVR. Al t alswg i 110490 aigs) i amethey espectlithaiveighNiRocadrthe dimadleahmefatlosansce of
t he desired dinucl,ear, conpound T.1. EXAMPLE .2 Hy | visi s, of T 1,
B2 21 2R theraah PP SR s s pemee trom sgppl 9D S #1900V s o
solid DVET 1 reagtésBinprtodust agpeckxahlsanientiohalih@tiénd BorBpotindk afngbt

hydrol yzed using about 10 microliters of water in about 0.5 nL of tol uene.
As shown i nregnieed i1 fosm the crielist fonpesiteme T hysy ghenpal imerigasion yapesedy dtheo t he

free |ligand | ) S teri 67
The frea s darnre Leayffshds MANIGS RS ENGE O] ASL P61 S8ote 0T,
mass spect r oigeidayurpinage desrepoundPMand oul | avtigtatdbewsortASini | thestabadred iof FI GS.
1-2, the praom nent nol ecul ar i.on qQbserved was consistent with the expected
mol ecul ar n#luguRpxapesy Pyl igtendmg tor ks bpyhRy theesp iy as Wehfé@d that”the

organoaluminum compound likely does not activate the metallocene catalyst in the
same manner as an organoaluminoxane compound.

Additionally, in some aspects, organoboron and organoborate compounds are
not required to form a catalyst composition of this invention. Nonetheless,
aluminoxanes, organozinc compounds, organoboron or organoborate compounds,
ionizing ionic compounds, or combinations thereof can be used in other catalyst
compositions contemplated by and encompassed within the present invention. Hence,
co-catalysts such as aluminoxanes, organozinc compounds, organoboron or
organoborate compounds, ionizing ionic compounds, or combinations thereof, can be
employed with the dinuclear metallocene compound, either in the presence or in the
absence of an activator-support, and either in the presence or in the 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 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



EXAMPLE 3 Larger scale synthesis of DVET |, C62H72Zr 2Cl14, using ol efin

met at hesi s This olefin nmetathesis reaction used the sane netal |l ocene
MET 1 reactant enployed in Exanple 1. AdgroxXi mately 2.4 g (approximately 5
mmol) of MET 1 were charged to a reactor under an inert atnosphere. About
100 nL of toluene were added to the reactor, creating a clear bright
red-orange solution. A rutheniumcatalyst m xture was prepared in a vial by
m Xi ng approximtely 6 ng of bis(tricycl ohexyl phosphi ne)benzyli dine
ruthenium (1V) dichloride ((xubbs first generation netathesis talyst) and
about 6 m - dfing otoburEe s &?HF@F ﬁ@)@@ﬁﬂ%ﬂ%ﬁ%ﬁ%%@@& P%%Ogécﬂnét%n vas
added to themehe br3@ibr bt B5H B§igr eactor in small- portions over about 1
hour. After about 2.5 hours, the reaction m xture becane cloudy. After 24
hours, another 10ty aspedthefrthe¢ pegsentmnoeantainyde netrequarddead atctovatdresuppartt i on
m xture, which subsequently.becane very turbid. After. 44 hours at anbi ent
emper at ur o 18 FHOGT BEPRIERE Gpneee o botbpsiotie: & et 8 FhnFBact or
wal I's and t hRtarkete eAmBEERIMANY NitC i@kt oA Addafioufd NBEIQkedt MR W higatk Ushe

catal yst were added to the reaction mxture. After stirring for 5 nore days
(a total of algmiespreneacorapeiindat leasigneraiganoeine compoynds efl leash gna ewgarnbaragpeor

m xture was ca (F;:Deda angl al | %vvgggtgt sr%t tol e, Fo(;nl.mé\,i rrﬁg 19dsetrt| i n(%npoerit%% of 11
days, the su R rlnp%ﬁﬂd S IEEAINET S (I CREPLGIS & paﬁlgse. ATEN 3
nore days, tHeeeof.eSubhahtalyisttbripovatons TaNE Prevéra ihvdntioa tgbAdtallhawgdutalysour se
frit over about 8 hours. The remaining solids were washed with four 15-nL
portions of a@iiiesnereatat drangabaut d 00 srarmpnof projyatleylencdper hews uiein gre8 e B i n

about 2.4 g . ed- . i i ion
roduct waa aRuSF oDyttt AATAR Enerine compBuREbi Aol & M GnbEREE! i
(see FIG 3gompdviRd ainaiziig ®nicosvimponrd, éhaimbvaiich taeof o etidtker dspta, theoneri c
di nucl ear net all | ocene conpound T 1. é oners are deriyed f{)é)\g both the

st er eochem SARYSIORCIVIE 18 REAVT TBULBPRUILAMY, Oc BEAlT PRt R80uL VMR OfR or S
chirality ofolllifyRhi 86! REGRY BRfl Bt R Rlpddife ARAALARCSNIREA! doanozine  FI G
4 shows the NVWR Spectra for the MET 1 reactant in D-chloroform “Term nal

vi nyl pr ot oesnpnued) orgatadwrde tonemgarmbonate 6o1@paund5 iGhippgn iofilcecatnpamdearrance

of these protaon resonances.,in.FIG. 3 als enonst rat.es the conyersjon and
et o hesi & BITREHIOR BEeByEYel it SRheeRn e R oy et Satrbieh AhEuo! ng
catal yst sysio@er Bagefthan abbut obe arantedflol RE8MhePdERodr. and netal | ocene MET
1 Di nucl ear netal | ocene conpounds of the present invention were used
as part of a catAabyiscusspd plegiier anspeybiaationeoighe flimysleamptae¢apgspmparidns
wer e conduc I - gal;l o inl. el sem t r

liters of iéhggdﬁtlgaﬁ%'gﬁgo% Lh;? I &5%%1%@3%0?&5& ar ?f’s%ﬂ%glr%eoqétgl{egl%%&g’lcgw

pol ymer i zat bopreexestedremntome Bgectsydff thd inpehtyoTer Wighi 019 peadesting osasrs
conducted as,follqows:, al kyl alum num the activator-support and the
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X X CRX\RY CRXRY
(CH,),—CR%*=CR?—(CHy), / (I);
wherein:

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

X* and X* independently are a substituted cyclopentadienyl, indenyl, or
fluorenyl group, any substituents on X3 and X* other than a bridging group
independently are a hydrogen atom or a substituted or unsubstituted alkyl or alkenyl
group;

A? is a substituted bridging group comprising either a silicon bridging atom, a
germanium bridging atom, a tin bridging atom, a carbon bridging atom, or a bridging

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

M is Zr, Hf, or Ti;

RX, RY, and RZ 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.

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

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

The multiple reactors may be operated in series or in parallel.
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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 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 heat addition and
pressure reduction; separation by cyclonic action in either a cyclone or hydrocyclone;
or separation by centrifugation.

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

Suitable diluents used in slurry polymerization include, but are not limited to,
the monomer being polymerized and hydrocarbons that are liquids under reaction
conditions.  Examples of suitable diluents include, but are not limited to,
hydrocarbons such as propane, cyclohexane, isobutane, n-butane, n-pentane,
isopentane, neopentane, and n-hexane. Some loop polymerization reactions can occur
under bulk conditions where no diluent is used. An example is polymerization of
propylene monomer as disclosed in U.S. Patent Nos. 5,455,314, which is incorporated
by reference herein in its entirety.

According to yet another aspect of this invention, the polymerization reactor
may comprise at least one gas phase reactor. Such systems may employ a continuous
recycle stream containing one or more monomers continuously cycled through a
fluidized bed in the presence of the catalyst under polymerization conditions. A
recycle stream may be withdrawn from the fluidized bed and recycled back into the
reactor. Simultaneously, polymer product may be withdrawn from the reactor and
new or fresh monomer may be added to replace the polymerized monomer. Such gas

phase reactors may comprise a process for multi-step gas-phase polymerization of
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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
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, 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.

According to yet another aspect of the invention, the polymerization reactor
may comprise a solution polymerization reactor wherein the monomer is contacted
with the catalyst composition by suitable stirring or other means. A carrier
comprising an inert organic diluent or excess monomer may be employed. If desired,
the monomer may be brought in the vapor phase into contact with the catalytic
reaction product, in the presence or absence of liquid material. The polymerization
zone is maintained at temperatures and pressures that will result in the formation of a
solution of the polymer in a reaction medium. Agitation may be employed to obtain
better temperature control and to maintain uniform polymerization mixtures
throughout the polymerization zone. Adequate means are utilized for dissipating the
exothermic heat of polymerization.

Polymerization reactors suitable for the present invention may further
comprise any combination of at least one raw material feed system, at least one feed
system for catalyst or catalyst components, and/or at least one polymer recovery
system. Suitable reactor systems for the present invention may further comprise
systems for feedstock purification, catalyst storage and preparation, extrusion, reactor
cooling, polymer recovery, fractionation, recycle, storage, loadout, laboratory

analysis, and process control.
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Conditions that are controlled for polymerization efficiency and to provide
resin properties include temperature, pressure and the concentrations of various
reactants.  Polymerization temperature can affect catalyst productivity, polymer
molecular weight and molecular weight distribution.  Suitable polymerization
temperature may be any temperature below the de-polymerization temperature
according to the Gibbs Free energy equation. Typically this includes from about 60
°C to about 280 °C, for example, 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. 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 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 by the resin and the method of forming that product determines the desired
resin properties. Mechanical properties include tensile, flexural, impact, creep, stress
relaxation and hardness tests. Physical properties include density, molecular weight,
molecular weight distribution, melting temperature, glass transition temperature,
temperature melt of crystallization, density, stereoregularity, crack growth, long chain
branching and rheological measurements.

The concentrations of monomer, co-monomer, hydrogen, co-catalyst,
modifiers, and electron donors are important in producing these resin properties.
Comonomer is used to control product density. Hydrogen can be used to control
product molecular weight. Co-catalysts can be used to alkylate, scavenge poisons and
control molecular weight. Modifiers can be used to control product properties and
electron donors affect stereoregularity. In addition, the concentration of poisons is

minimized because poisons impact the reactions and product properties.
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The polymer or resin may be formed into various articles, including, but not
limited to, bottles, drums, toys, household containers, utensils, film products, drums,
fuel tanks, pipes, geomembranes, and liners. Various processes may be used to form
these articles, including, but not limited to, blow molding, extrusion molding,
rotational molding, thermoforming, cast molding and the like. After polymerization,
additives and modifiers can be added to the polymer to provide better processing
during manufacturing and for desired properties in the end product. Additives include
surface modifiers such as slip agents, antiblocks, tackifiers; antioxidants such as
primary and seconda_ry 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 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 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 manufacture. Such articles include, but are not limited to, molded
products, household containers, utensils, film or sheet products, drums, fuel tanks,
pipes, geomembranes, liners, and the like. Various processes can be employed to
form these articles. Non-limiting examples of these processes include injection
molding, blow molding, film extrusion, sheet extrusion, profile extrusion, and the
like. Additionally, additives and modifiers are often added to these polymers in order

to provide beneficial polymer processing or end-use product attributes.
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EXAMPLES

The invention is further illustrated by the following examples, which are not to
be construed in any way as imposing limitations to the scope of this invention.
Various other aspects, embodiments, modifications, and equivalents thereof which,
after reading the description herein, may suggest themselves to one of ordinary skill in
the art without departing from the spirit of the present invention or the scope of the
appended claims.

Nuclear Magnetic Resonance (NMR) spectra were obtained on a Varian
Mercury Plus 300 NMR spectrometer operating at 300 MHz for '"H NMR (CDCl;
solvent, referenced against the peak of residual CHCIl; at 7.24 ppm) and 75 MHz for
BBC NMR (CDCl; solvent, referenced against central line of CHCI; at 77.00 ppm).

In addition to NMR, a thermal desorption mass spectrometry procedure (direct
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™ 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. 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 instrument will, among other things, lessen the chance that
the drop will fall off of the tip during the insertion process. After inserting the probe,
the temperature program and data acquisition cycles begin. The temperature program
used was 50 °C (hold 1 min), 30 °C/min temperature ramp, 650 °C final temperature

(hold 5 min). This program takes 26 minutes to complete. The filament was turned



6.1 137.0 331.5 2.42 0 0.30 10 MET 1 10 27 7.6
62

on 0.5 min into the run and kept on until the completion of the temperature program.
After a couple of minutes to allow the probe tip to cool, the probe was removed from
the instrument and the analysis cycle was complete.

The Finnigan™ instrument had removable ion volumes; these were changed
and cleaned after every two runs to minimize buildup of residue on the lens and other
source components. The results are typically outputted as plots showing total ion
current versus time.

Melt index (M1, g/10 min) was determined in accordance with ASTM D1238
at 190 °C with a 2,160 gram weight.

High load melt index (HLMI, g/10 min) was determined in accordance with
ASTM D1238 at 190 °C with a 21,600 gram weight.

Polymer density was determined in grams per cubic centimeter (g/cc) on a
compression molded sample, cooled at about 15 °C per hour, and conditioned for
about 40 hours at room temperature in accordance with ASTM D1505 and ASTM
D1928, procedure C.

Melt rheological characterizations were determined by suitable methods. For
example, small-strain (10%) oscillatory shear measurements were performed on a
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 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 uL was used
with a nominal polymer concentration of 1.5 mg/mL. Dissolution of the sample in
stabilized TCB was carried out by heating at 150 °C for 5 hours with occasional,
gentle agitation. The columns used were three PLgel Mixed A LS columns
(7.8x300mm) and were calibrated with a broad linear polyethylene standard (Phillips
Marlex® BHB 5003) for which the molecular weight had been determined.

Molecular weight distributions and branch profiles were obtained through size
exclusion chromatography (SEC) using an FTIR detector.  Chromatographic

conditions are those described above. However, the sample injection volume was 500
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pL. Samples were introduced to the FTIR detector via a heated transfer line and flow
cell (KBr windows, 1 mm optical path, and ca. 70 pL cell volume). The temperatures
of the transfer line and flow cell were kept at 143 + 1 °C and 140 + 1 °C, respectively.
A Perkin Elmer FTIR spectrophotometer (PE 2000) equipped with a narrow band
mercury cadmium telluride (MCT) detector was used in these studies.

All spectra were acquired using Perkin Elmer Timebase software.
Background spectra of the TCB solvent were obtained prior to each run. All IR

! resolution (16 scans). Chromatograms were

spectra were measured at 8§ cm’
generated using the root mean square absorbance over the 3000-2700 cm’ spectral
region (i.e., FTIR serves as a concentration detector). Molecular weight calculations
were made as previously described using a broad molecular weight polyethylene (PE)
standard [see Jordens K, Wilkes GL, Janzen J, Rohlfing DC, Welch MB, Polymer
2000;41:7175]. Spectra from individual time slices of the chromatogram were
subsequently analyzed for comonomer branch levels using chemometric techniques.
All calibration spectra were taken at sample concentrations which far exceeded that
needed for good signal to noise (i.e., > 0.08 mg /mL at the detector).

Branching content was determined as follows. Narrow molecular weight
(weight-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 NMR spectroscopy. C-13 NMR spectra
were obtained on 15 weight percent samples in TCB using a 500 MHz Varian Unity
Spectrometer 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)
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



471.1 3.28 --- Notes on Table I: - gnol Zr/g - mcronoles Zr per gram

sul fated alumna. g PE - grans ethyl ene/ hexene copol yner produced. - SCB -
nunber of short chain branches per 10006d4arbon atons. - M - nunber-average
nmol ecul ar weight. - Mw - weight-average nol ecul ar weight. - PD -

pol ydi spersity index, MVWMW. M and HLM - units of g/10 m n.

25 samples. The FTIR absorption spectra used in the calibration model were made
from co-added spectra collected across the whole sample. Only a portion of the
spectral region (2996 and 2836 cm™) was used in the calibration step in order to
minimize the effects of residual solvent absorption. Preprocessing of spectral data
included area normalization, taking the first derivative of the spectra and mean
centering all data.

A four component calibration model was calculated and optimized using the
process of cross validation (RSQ=0.999, SEV=0.7). The calibration model was
verified using 23 additional samples. The predicted versus actual values for the
validation data showed excellent correlation (RSQ=0.987) and exhibited a root mean
square error of prediction equal to +/- 0.4 methyl groups per 1000 total carbon
molecules.

Short chain branching levels were calculated by subtracting out methyl chain
end contributions. The amount of methyl chain ends were calculated using the
equation Me.=C(2-V.)/M,, where Me is the number of methyl chain ends per 1000
total carbon molecules, C is a constant equal to 14000, V. is the number of vinyl
terminated chain ends (e.g., 1 for chromium catalyzed resins), and M; is the molecular
weight calculated for a particular slice of the molecular weight distribution.

Sulfated alumina was formed by a process wherein alumina was chemically-
treated with a sulfate or bisulfate source. Such a sulfate or bisulfate source may
include, for example, sulfuric acid, ammonium sulfate, or ammonium bisulfate. In an
exemplary procedure, a commercial alumina sold as W.R. Grace Alumina A was
sulfated by impregnation with an aqueous solution containing about 15-20%
(NH4)2SO04 or HSO4. 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.
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EXAMPLE 1

Synthesis of 3-hexenyl-1,6-bis-[1-(methyl)-1-(cyclopentadienyl)-1-(2, 7-di-tert-
butylfluoren-1-yl)methane zirconium dichloride], Cs;H7:2rCly (DMET 1) using olefin
metathesis

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 1-(methyl)-1-(3-
butenyl)-1-(cyclopentadienyl)-1-(2,7-di-tert-butylfluoren-1-yl)methane zirconium
dichloride, C3H33ZrCl, (abbreviated “MET 1”). The reaction scheme for this

inventive example is illustrated below:

Metathesis Catalyst
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(IV) dichloride (Grubbs first generation metathesis catalyst) was charged to a reactor
under an inert nitrogen atmosphere. After about 118 mg of MET 1 were added to the
reactor, approximately 2 mL of benzene-d6 were added via syringe. The reaction was
allowed to proceed at ambient temperature. Initially, an orange solution resulted and
ethylene was released from the reaction mixture. As the reaction proceeded, the
reaction mixture became a turbid orange color. After about 5 hours, approximately 2
mL of benzene-d6 were added to the reaction mixture. After 4 days, an orange
suspension resulted. After 14 days, a few milligrams of the resulting solid suspension
were removed from the reactor. This reaction product was dissolved in D-chloroform
to form a dilute sample and was subsequently analyzed by 1H-NMR. Although the
sample was very dilute, NMR confirmed the presence of the desired dinuclear

compound, DMET 1.

EXAMPLE 2
Hydrolysis of DMET 1, Cs,H72Zr>Cly, to the free ligand, CesxHys

Approximately 25 mg of the solid DMET 1 reaction product of Example 1
were placed in a vial and hydrolyzed using about 10 microliters of water in about 0.5
mL of toluene. As shown in the following reaction scheme, the metal was hydrolyzed

to the free ligand (Cg2H76) and the ligand was subsequently characterized.



3. The compound of claim 1, wherein each substituent on X3 and X4 ot her
than the bridging group independently is a hydrogen atom an ethyl group, a
propyl group, an n-butyl group, a t-butg¢¥ group, or a hexyl group. 4. The
compound of claim1l, wherein either X3 or X4 is a substituted fluorenyl
group. 5. The conpound of claim1, wherein each substituent on A2 ot her
than the al kenyl |inking group independently is a hydrogen atom a nethyl
group, a phenyl group, a cycl ohexyl phenyl group, or a naphthyl group. 6.
The conpound of claim1, wherein XI and X2 independently are a halide, a
met hyl group, an ethyl group, a propyl group, a butyl group, a pentyl

group, a hexyl group, a hepysl_group, an octyl group, a nonyl group, a
decyl group, an ethenyl g+gup, a propenyl group, a butenyl grqup, a
pent enyl group, a hexef ¢ oup, a heptenyl group octeenyl wroup, a

nonenyl group, a decen oup, a phenyl group, a pht hyl ,groyp, “a tolyl
group, a benzyl group, /&a<di net hyl phenyl group, a t "rb-;=‘l group, a
phenyl et hyl group, 8 s@ propyl_.group, a phenyl but oup

propyl- 2- phenyl et h oip, acycl opeatyR greup, a _c DRt group, a
cycl ohexyl group, L okRexenyl group, a cycl ohexy phenf’:>'-up, or a
trinmet hyl silymet hyl ygroup,.z. 7. e conpound of cldkm 1, hhefein Xi and X2
i ndependently are a/nmeffyl g(égil an ethyl group, a prof or oup, a butyl
group, a phenyl grgup, acben gr oup, or a halide. 8. gonpound of
cliam1l, wherein X/and X2 are chlorine atons. 9. The compdund of claim1l,
wherein XI and X2 independently are a substituted

CeaHys

Exact Mass: 820.59

Mol. Wt.: 821.27
Cp = Cyclopentadienyl C,90.67; H, 9.33

The free ligand (Cg;H76) sample was analyzed using the thermal desorption
mass spectrometry procedure, DIPMS, outlined above. As illustrated in FIGS. 1-2,
the prominent molecular ion observed was consistent with the expected molecular

mass of 820 Daltons of the free ligand (Cg:H7p).



cycl opent adi enyl group or a substituted fluorenyl group. 74 10. The
conpound of claim1, wherein each substituent on X3 and X4 other than the
bridgi ng group independently is a hydrog8n atom a nethyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, a hexyl group, a
heptyl group, an octyl group, a nonyl group, or a decyl group. 11. The
conpound of claim1, wherein each substituent on X3 and X4 other than the
bridgi ng group i ndependently is a hydrogen atom an ethenyl group, a
propenyl group, a butenyl group, a pentenvl_group, a hexenyl group, a

hept enyl group, an octenyl group, a EB%QﬂéLEéroup, or a decenyl group. 12.
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Zr . ruthenium catalyst solution was added to the MET 1 solution in the reactor in small
portions over about 1 hour. After about 2.5 hours, the reaction mixture became
cloudy. After 24 hours, another 10 mg of the ruthenium catalyst were added to the
reaction mixture, which subsequently became very turbid. After 44 hours at ambient
temperature, an insoluble red complex was observed sticking to the reactor walls and
the solution became thicker. Another 8 mg of the ruthenium catalyst were added to
the reaction mixture. After stirring for 5 more days (a total of 8 days at ambient
temperature), the resulting red-orange mixture was capped and allowed to settle.
Following a settling period of 11 days, the supernatant liquid was decanted from the
solid phase. After 3 more days, the residual liquid was removed via filtration through
a course frit over about 8 hours. The remaining solids were washed with four 15-mL
portions of pentane under a mild vacuum. Drying under vacuum resulted in about 2.4
grams of a red-orange powder.

A portion of this reaction product was dissolved in D-chloroform and
subsequently analyzed by 1H-NMR (see FIG. 3). NMR analysis confirmed that MET
1 was converted into isomeric dinuclear metallocene compound DMET 1. Isomers
are derived from both the stereochemistry of the alkenyl double bond, cis or trans, as
well as R or S chirality of the bridging carbon atom of the metallocene moiety.
FIG. 4 shows the NMR spectra for the MET 1 reactant in D-chloroform.

Terminal vinyl protons are located between about 5.0 to 5.5 ppm. The disappearance

of these proton resonances in FIG. 3 also demonstrates the conversion and metathesis

of MET 1 to DMET 1.



75 18. The conpound of claim1l1, wehein Mis H . 19. The conmpound of claim
1, wherein Mis Ti. 20. The conpound of cliam1l wherein re, RY, and Rz

i ndependently are a hydrogen atom a nethyl “group, an ethyl group, a propyl
group, a butyl group, a pentyl group, a hexyl group, a phenyl group, a
napht hyl group, a tolyl group, a benzyl group, a cyclopentyl group, a

cycl ohexyl group, or a cycl ohexyl phenyl group. 21. The conpounf of claim
1, wherein 1r, RY, and 122 independently are a hydrogen atom or a nethyl
group. 22. The conpound of claiml, wherein nis equal to O, 1, 2, 3, 4,
5 6, or 7. 23. The conpound of claim1l1, wherein nis equal to 1, 2, 3,

or4. 24. The conpound of claim1l, B 243 and X2 are nethyl groups

phenyl groups, or chlorine atons, IS a substituted cycl opent adi enyl

group and XBolymegiz@ivastint using chilabor enydmsgbaed pn dinuclear metallocene DMET 1
and metallocene MET 1

Dinuclear metallocene compounds of the present invention were used as part
of a catalyst system to polymerize olefins. All polymerizations were conducted in a
one-gallon stainless steel semi-batch reactor. Two liters of isobutane and alkyl
aluminum co-catalyst were used in all polymerization experiments. The typical
polymerization procedure was conducted as follows: alkyl aluminum, the activator-
support and the metallocene were added in order through a charge port while venting
isobutane vapor. The charge port was closed and about 2 liters of isobutane were
added. The 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 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 1 summarizes the catalyst system employed- and resultant polymer
properties of Examples 4-11. In Examples 4-11, the dinuclear metallocene product of
Example 1 (DMET 1) and the reactant metallocene of Example 1 (MET 1) were
compared. The specific polymerization conditions employed were a 30 minute run
time, reaction temperature of 80 °C, 450 psig ethylene feed, and 45 grams of 1-hexene
with 0.5 mmol of triisobutylaluminum (TIBA) per 100 mg of sulfated alumina. The
loading of the metallocene or dinuclear metallocene (MET 1 or DMET 1) was varied
from about 5 micromoles Zr per gram of sulfated alumina to about 40 micromoles Zr
per gram of sulfated alumina.

The dinuclear metallocene compound, DMET 1, was supplied from a solution
containing 10 mg of DMET 1 in 20 mL of toluene. Thus, for instance, Example 4
was conducted using a 2.5 mg loading of DMET 1 on 100 mg of sulfated alumina (5
mL of DMET 1 in toluene solution), plus 0.5 mL of 1.0 M TIBA in hexanes.



A2 conprises a carbon bridging atom Mis Zr or Hf; RY, and re are hydrogen
atons; and Nis 0,1,2,3,or 4. 25. A conpound represented by any of the
foll owi ng structures: 76 77 70

The results in Table I indicate that polyolefin copolymer production (g PE
produced) was similar between catalyst systems using both DMET 1 and MET 1.
However, the results at low Zr loadings infer that DMET 1 has superior productivity
to that of MET 1.

As shown by the short chain branch content in Table I, DMET 1 incorporated
higher levels of 1-hexene than did MET 1 throughout the whole range of zirconium
loadings. DMET 1 also enhanced incorporation of the comonomer as Zr loading is
decreased, while MET 1 had a relatively flat response to Zr loadings.

MET 1 produced higher molecular weight copolymers than did DMET 1,
whether compared using Mw or Mn in Table I. As Zr loadings decreased, Mw
decreased for both catalysts, but the response was less for DMET 1. The enhanced
incorporation of the DMET 1 dication, it appears, enhances chain transfer.
Consequently, with DMET 1, molecular weight decreases less significantly as Zr
loading is decreased.

FIGS. 5-6 illustrate rheology curves for the polymers of Examples 4-7
produced using a catalyst system including the dinuclear metallocene, DMET 1. The
higher viscosity at low shear rates in FIG. 5 follows a pattern of increasing
rheological breadth as the metallocene loading is decreased. Such polymers could be
used in applications requiring a better shear response, such as a easier processing
metallocene linear low density polyethylene.

FIGS. 7-10 show the molecular weight distributions of the polymers of
Examples 4-11, plotted for comparison at the same Zr loadings. This data was
generated using size exclusion chromatography, in accordance with the procedure
discussed above. The broader molecular weight distributions for the polymers

produced at high Zr loadings using DMET 1 are illustrated in FIGS. 9-10.



78 wherein Ph is an abbreviation for phenyl.

formula: X N 7x3x3X1 M NN A2A2 N V x2/\y

71~

26. A conmpound having the

Table I. Comparison of DMET 1 with MET 1 at varied Zr loadings.
Example | Catalyst | pmol g SCB | Mn/1000 | Mw/1000 PDI Mi HLMI
Zrlg | PE
4 DMET 1 40 | 151 8.4 95.9 241.3 2.52 | 0.02 0.95
5 DMET 1 20| 82 8.9 107.8 289.7 2.69 0 0.44
6 DMET 1 10| 47 10.2 103.0 303.0 2.94 0 0.41
7 DMET 1 51 17 10.9 91.2 309.2 3.39 === --
8 MET 1 40 | 181 6.7 116.4 253.7 2.18 0 0.72
9 MET 1 20| 94 6.1 137.0 331.5 2.42 0 0.30
10 MET 1 10| 27 7.6 111.2 413.8 3.72 0 0.12
11 MET 1 5] 10 7.1 143.7 4711 3.28 - -
Notes on Table I:

- umol Zr/g — micromoles Zr per gram sulfated alumina.

- g PE — grams ethylene/hexene copolymer produced.

- SCB — number of short chain branches per 1000 carbon atoms.

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

- MI and HLMI — units of g/10 min.




X4x CRXRYCRXRY -4-2 (CF12)n-CRz=CRz-(CH2n (I); wherein: XI and X2

i ndependently are a nethyl group, a phenyl group, a benzyl group, or a

hal i de; X3 and X4 independently af7@ a’substituted cycl opentadienyl,
i ndenyl, or fluorenyl group, any substituents on X3 and X4 other than a
bridgi ng group i ndependently are a hydrogen atom a nethyl group, an ethyl
group, a propyl group, a n-butyl group, a t-butyl group, or a hexyl group;
A2 is a substituted bridging group connecting X3 and X4, the substituted
bridgi ng group conprising either a siljcon bridging atom a carbon bridging
atom or a bridging chain of 2 to 5 CQL%§¥§ atons, any substituents on A2
ot her-than an al kenyl |inking group independently are a hydrogen atom a
met hyl group, a phenyl group, or a benzyl group; Mis Zr, Hf, or Ti;

Rx, RY, andWecleindependently are a hydrogen atom a nethyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, a hexyl group, a
phenyl group, a tolyl group, or a benzyl group; and

1. A compound having the formula:
x1 3 X3

NS X\ YN /

M A2 A N\

S NN\ / N

X X' cRRY CRXRY xt
(CH,),—CR%=CR?—(CHy), / @M,

wherein:

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

X3 and X* independently are a substituted cyclopentadienyl, indenyl, or
fluorenyl group, any substituents on X3 and X* other than a bridging group
independently are a hydrogen atom or a substituted or unsubstituted alkyl or alkenyl
group;

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

M 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.

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

group, a phenyl group, or a halide.



nis an integer in a range fromO to 7, inclusive. 27. The conpound of
claim 26, wherein Mis Zr. 28. The conpound of claim 26, wherein Mis Hf.
27. The conpound of claim 26, wherein Mi78 Zr’. 79 29.The conpound of claim
26, wherein Mis Ti.

3. The compound of claim 1, wherein each substituent on X? and X* other than
the bridging group independently is a hydrogen atom, an ethyl group, a propyl group,
an n-butyl group, a t-butyl group, or a hexyl group.

4. The compound of claim 1, wherein either X3 or X* is a substituted fluorenyl
group.
5. The compound of claim 1, wherein each substituent on A? other than the

alkenyl linking group independently is a hydrogen atom, a methyl group, a phenyl
group, a cyclohexylphenyl group, or a naphthyl group.

6. The compound of claim 1, wherein X' and X? independently are a halide, a
methyl group, an ethyl group, a propyl group, a butyl group, a pentyl group, a hexyl
group, a heptyl group, an octyl group, a nonyl group, a decyl group, an ethenyl group,
a propenyl group, a butenyl group, a pentenyl group, a hexenyl group, a heptenyl
group, an octenyl group, a nonenyl group, a decenyl group, a phenyl group, a
naphthyl group, a tolyl group, a benzyl group, a dimethylphenyl group, a
trimethylphenyl group, a phenylethyl group, a phenylpropyl group, a phenylbutyl
group, a propyl-2-phenylethyl group, a cyclopentyl group, a cyclopentenyl group, a
cyclohexyl group, a cyclohexenyl group, a cyclohexylphenyl group, or a
trimethylsilymethyl group.

7. The compound of claim 1, wherein X! and X? independently are a methyl

group, an ethyl group, a propyl group, a butyl group, a phenyl group, a benzyl group,

or a halide.
8. The compound of cliam 1, wherein X' and X? are chlorine atoms.
9. The compound of claim 1, wherein X' and X? independently are a substituted

cyclopentadienyl group or a substituted fluorenyl group.



10.  The compound of claim 1, wherein each substituent on X3 and X* other than
the bridging group independently is a hydrogen atom, a methyl group, an ethyl group,
a propyl group, a butyl group, a pentyl group, a hexyl group, a heptyl group, an octyl

group, a nonyl group, or a decyl group.

11.  The compound of claim 1, wherein each substituent on X3 and X* other than
the bridging group independently is a hydrogen atom, an ethenyl group, a propenyl
group, a butenyl group, a pentenyl group, a hexenyl group, a heptenyl group, an

octenyl group, a nonenyl group, or a decenyl group.

12.  The compound of claim 1, wherein each substituent on X3 and X* other than

the bridging group independently is a hydrogen aton or a t-butyl group.

13.  The compound of claim 1, wherein A? comprises a silicon bridging atom or a

carbon bridging atom.

14.  The compound of claim 1, wherein A? comprises a bridging chain of 2 to 5

carbon atoms.

15.  The compound of claim 1, wherein each substituent on A? other than the
alkenyl linking group is independently is a hydrogen atom, a methyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, a hexyl group, an ethenyl group,
a propenyl group, a butenyl group, a pentenyl group, a hexenyl group, a phenyl group,
a naphthyl group, a tolyl group, a benzyl group, a cyclopentyl group, a cyclohexyl
group, or a cyclohexylphenyl group.

16.  The compound of claim 1, wherein each substituent on A? other than the
alkenyl linking group independently is a hydrogen atom, a methyl group, a phenyl

group, or a benzyl group.

17.  The compound of claim 1, wherein M is Zr.



75

18.  The compound of claim 1, wehein M is Hf.
19.  The compound of claim 1, wherein M is Ti.

20.  The compound of cliam 1 wherein R*, R, and R* independently are a
hydrogen atom, a methyl group, an ethyl group, a propyl group, a butyl group, a
pentyl group, a hexyl group, a phenyl group, a naphthyl group, a tolyl group, a benzyl
group, a cyclopentyl group, a cyclohexyl group, or a cyclohexylphenyl group.

21.  The compounf of claim 1, wherein R*, R’, and R* independently are a

hydrogen atom or a methyl group.
22. The compound of claim 1, whereinnisequalto 0,1, 2,3,4,5,6,0r7.
23. The compound of claim 1, wherein n is equal to 1, 2, 3, or4.

24.  The compound of claim 1, wherein:
X' and X? are methyl groups, phenyl groups, or chlorine atoms;
X3 is a substituted cyclopentadienyl group and X4 is a substituted fluorenyl
group;
A? comprises a carbon bridging atom;
M is Zr or Hf;
R* R’ and R” are hydrogen atoms; and

Nis0,1,2,3,or4.

25. A compound represented by any of the following structures:
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wherein Ph is an abbreviation for phenyl.

26. A compound having the formula:

1 3 3 1
X\M/X\A2 Az/x\ A
N0 7\ / /
X2 x4 XpY Xpy X? X2
CR*R CR”"R
\
(CH,),,—CR?=CR?—(CH_), / @M.
wherein:

X" and X* independently are a methyl group, a phenyl group, a benzyl group,
or a halide;

X3 and X* independently are a substituted cyclopentadienyl, indenyl, or
fluorenyl group, any substituents on X and X* other than a bridging group
independently are a hydrogen atom, a methyl group, an ethyl group, a propyl group, a
n-butyl group, a t-butyl group, or a hexyl group;

A’ is a substituted bridging group connecting X* and X', the substituted
bridging group comprising either a silicon bridging atom, a carbon bridging atom, or a
bridging chain of 2 to 5 carbgon atoms, any substituents on A? other than an alkenyl
linking group independently are a hydrogen atom, a methyl group, a phenyl group, or
a benzyl group;

M is Zr, Hf, or Ti;

R*, RY, and R? independently are a hydrogen atom, a methyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, a hexyl group, a phenyl group, a
tolyl group, or a benzyl group; and

n is an integer in a range from 0 to 7, inclusive.
27.  The compound of claim 26, wherein M is Zr.
28. The compound of claim 26, wherein M is Hf.

27.  The compound of claim 26, wherein M is Zr.
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29.  The compound of claim 26, wherein M is Ti.



