10 POLYMERI ZATI ON CATALYSTS FOR PRODUCI NG POLYMERS
W TH LOW LEVELS OF LONG CHAI N BRANCHI NG TECHNI CAL

FI ELD OF THE | NVENTION This invkfition relates to the
field of organonetal conpositions, olefin

pol yneri zation catal yst conpositions, nmethods for the
pol yneri zati on and copol ynerization of ol efins using
a catal yst conposition, and polyol efins. BACKGROUND
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Tff)"r:lgl &Mﬁl\%k%ing (LCB) is desired to improve bubble stability during film
blowing or to enhance the processibility of resins prepared with metallocene catalysts.
However for many uses, the presence of LCB is considered undesirable due to the
increased elasticity that it typically imparts to the resins. Therefore the ability to
control the LCB level in polyethylene using metallocene-based catalysts is a desirable
goal.

One example of this need is seen in the use of bridged or ansa-metallocene
catalysts, which are desirable catalysts for some purposes, but which may tend to
produce polymer with LCB levels that are detrimental to film performance.
Therefore, new catalyst compositions and methods that allow better control of LCB

levels within a desired specification range is a desirable goal.



This invention enconpasses catal yst conpositions,

nmet hods for preparing catalyst cgnpositions, nmet hods
for polynerizing olefins, and &t hyl ene pol yners and
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another aspect, this invention comprises the contact product of at least one ansa-
metallocene compound having a pendant olefin-containing (or alkenyl) group
attached to the bridge of the bridging ligand; optionally, at least one organoaluminum
compound; and at least one activator. In this aspect, this invention encompasses a
composition of matter, a catalyst composition for polymerizing olefins, a method of

preparing a catalyst composition, a method of polymerizing olefins, new polymers



and copol ymers of ethylene, and the like, in each case
enconpassi ng at |east one ansa-netallocene conpound
conprising a pendant ol efin-cortaining (or al kenyl)

group attached to the bridge of the bridging |igand;
optionally, at |east one organoal um num conpound; and
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hydrocar byl group having up to 20 carbon atons, H, or
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carbon atoms; or 4) OBR*; or SO3R*, wherein R* is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and

any substituent on the bridging group, any additional substituent on the
substituted fluorenyl, and any additional substituent on the substituted indenyl is
independently an aliphatic groﬁp, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron

group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen;
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the activator component, for example, an organoaluminoxane. In other cases, these two
functions can be provided by two separate components, such as an organoaluminum
compound that can provide an activatable alkyl ligand to the metallocene, and a solid
oxide treated with an electron-withdrawing anion that can provide the activator
function. Further, in some instances, the metallocene compound can already comprise
an activatable ligand such as an alkyl ligand, therefore, a component that provides an
activatable ligand is not required, but can be an optional component of the contact

product. Therefore, by designating the at least one organoaluminum compound as



conmpound can be optional when it is not necessary to
inpart catalytic activity to the, conposition

conprising the contact product? as understood by one

of ordinary skill. In another aspect of the present
invention, this invention provides a catalyst
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R!, RE R® RY R’ R®, and R7 are independently an alkyl group or an
aryl group, any of which having up to 10 carbon atoms, or hydrogen; and
n, in each occurrence, is an integer from 0 to 7, inclusive;

b) the at least one organoaluminum compound comprises
trimethylaluminum, triethylaluminum, tripropylaluminum, tributylaluminum,
triisobutylaluminum, trihexylaluminum, triisohexylaluminum, trioctylaluminum,
diethylaluminum ethoxide, diisobutylaluminum hydride, diethylaluminum chloride, or
any combination thereof; and

c) the at least one activator comprises a solid oxide treated with an
clectron-withdrawing anion, wherein

the solid oxide is silica, alumina, silica-alumina, aluminophosphate,
aluminum phosphate, zinc aluminate, heteropolytungstates, titania, zirconia,

magnesia, boria, zinc oxide, mixed oxides thereof, or any combination thereof; and



phosphate, triflate, bisulfate, sulfate, fluoroborate,
fluorosulfate, trifluoroacetate, ,phosphate,

fl uor ophosphat e, quorozirconaﬂ%, fluorosilicate,
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hydrocarbyl group having up to 20 carbon atoms, H, or BH,; and

any substituent on the bridging group, any additional substituent on the
substituted fluorenyl, and any additional substituent on the substituted indenyl is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron

group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen; and



support, or any conbination thereof; ii) an

or ganoboron conpound or an organoborate conpound; or
iii) any conbination thereof. Yet®another aspect of
the present invention provides a catal yst conposition
conprising the contact product of: 1) at |east one
ansa-netal | ocene; and 2) at |east one activator,
wherein: a) the at Ieast one ansa- net al | ocene
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(1A-1), R? (IIA-1), or a
combination thereof, wherein

M! and M? are independently zirconium or hafnium;

X7, X% X°, and X' are independently F, Cl, Br, I, H, BHs, methyl,
phenyl, or benzyl; wherein at least one of X" and X® is H, BHs, methyl,
phenyl, or benzyl; and wherein at least one of X° and X" is H, BH,, méthyl,
phenyl, or benzyl;

R., R% R3, R*, R R® and R’ are independently an alkyl group or an
aryl group, any of which having up to 10 carbon atoms, or hydrogen; and

n, in each occurrence, is an integer from 0 to 7, inclusive; and
b)  the at least one activator comprises a solid oxide treated with an

electron-withdrawing anion, wherein

the solid oxide is silica, alumina, silica-alumina, aluminophosphate,

aluminum phosphate, zinc aluminate, heteropolytungstates, titania, zirconia,
magnesia, boria, zinc oxide, mixed oxides thereof, or any combination thereof; and
the electron-withdrawing anion is fluoride, chloride, bromide, iodide,

phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate,



phosphat e, fl uorophosphate, fluorozirconate,
fluorosilicate, fluorotitanate, sabstituted or
unsubstituted al kanesul fonate, &ubstituted or
unsubstituted arenesul fonate, or any conbination
thereof In a further aspect of this invention, the
activator-support can conprise a solid oxide treated
with an el ectron-w thdrawi ng ani on, wherein the solid

oxi de, conpri ses .or erei.n the solid.oxi iS. .
Bt Tsheop e, TErGRALALE ferbafig Helanate, subtiued
abUiRs0PReRS bt esor e NBsEResPOalSubaitied aksnbul Adnate, or any
het er opol ytungstates, titania, zirconia, nagnesia,
bermkinatxinfberesi. de, mi xed oxi des thereof, or m xtures

t her eo t hi S 1 I i ' . lid
ani on %‘aa 1{%&1)1 ﬁ%?sijgéé I %% ;rl rll‘} g’ﬁo@rﬁ%%tgjeﬁfo‘fﬂgpﬁﬁrgﬁn%mpnse a soft

| @6l acatph osphat @ectton-fitadrewiny siibif, attereis dhd silid, oxide comprises
fluoroborate, fluorosulfate, trifluoropacetate

pvosyhaeie, the welidppuidphist ecleptetio Yy iifdar gumina,  silica-alumina,
F U5 RShbdsh e alum | i Lt lytungstates, titania,
LBREARPL A eyt Lt e RS By, i
t Hiedoatd, magnesial dioriaprinc toilea otikedavxidessthprsof,torgmixtures thereof. In

further conprise a netal. or nmetal ion. such.as zin .

ribisaspecty bR srciiAp-iLKERYIBR e B FamBRse Jipyds ohlofige bromide,

OfodfHaY ﬁ@ﬁ?g%lﬁ?é' ofiflatdIer Bioifatdl SGulkdhe,t hiGoRBHRES , fhii@osulfate,
-W

el ectro draw ng ani on can be fluoride, chloride,
btrifliottecetaedi dghospiuts ph fuerophesphhtgt e, flusirezirdoaste, fluorosilicate,

syl fate, fluqr rate.. fluorosul fate, . e
+Hrarp e SEPBRed s Gupat e v RalsS sufmates or any combination
f ihdRHPZ I SRNAGE thé botPagiidupp@t ean fifrthep cohbtienabmtal or metal ion
substituted or unsubstituted al kanesul f gnat g,

suishas zincenickel, vanadiyns tengsteagmahddenm.rsaivet 0, gy cpgbination
ke, ~i n¢l uding _an Lnati of. . . .

. A0 SR ol o e, e
aBilohidd, Olodflep paddphar) thiflateebisuifew, sbifate) dlubeoperate) fluorosulfate,

m neral, an ion-exchangeabl e activatof-su Port, org any..
clifiviorrecetaly,  thosRlEe,| nﬂvﬁwha%vﬁsléf&  “Ryprobitconate, ' fluordsilicate,
aﬁH)r% agﬁté,sumrﬁht&?n fofo_'mfs{l%@in?te&l ki fffoRhte, @ substituted or
pilfTare oliated c

cl ay, an ex ay, an exfo]laied cl ay
gehdubstititet arcanoil foantepariddbe e, rinodpdiag lhay evrebinatién thererd

Tt S B B e B v s
afHfR Q@@&édcﬁﬁr%réﬁ B E - ex Han SAB1C AR b IdAS b0 for tah @ S@mbination
al’s.

mat er | I n anot her aspect, this invention farther ]
pthersotle dn shipaseet she astivekooguppartycan cqropraees Flagmmigeral, a pillared

cleY g R T B R SR 2o R B oRfacrifiEh. o tayered
OffcAE GRNGAl WhdByeeanawath mingdalah layeeed bluaiigosilicate mineral, a
activator; to produce the conposition, wherein the at

| perstayoned abmsinosikiesteminsselner anyombingtioaf these materials.

or ganoal um. num t )
6P PSR HBRID B fueBith W b S B, o producing o
t?&l?mieﬂiz’a&fdiﬂ eatalghtl @oipodtioretdoamprising paityetingt ziatdeast one ansa-
ol efins,

conpri sing contacting ethylene and an
ometa&lﬁgepneézogﬁ@pp@ gptionally, at legst one %rganoalurmnum compound; and at

least one activator; to produce the composition, wherein the at least one ansa-
metallocene, the at least one organoaluminum compound, and the at least one
activator are defined herein. In still another aspect, this invention affords a method of

polymerizing olefins, comprising contacting ethylene and an optional o-olefin



9 0 conmononer with a catal yst conposition under

pol yneri zation conditions to forma polynmer or

copol yrmer; wherein the catalysﬂ’c%nposition i's

provi ded as disclosed herein. In yet a further
aspect, the present invention provides ethylene

pol ynmers and copolyners, and articles nade therefrom
produced by contacting ethylene and an optiona

Py oAbl PefsB0h Sl pBRAk BpEL o fom o
¥R ; copbB it whiRif Ahed lciialysE @OMPSifidO s povided as disclosed

provided as disclosed herein. I'n one aspect of this
i areint o pet @ Auther asnect, heopresans ipentiey grovidansduilenegipdymers and

of this _invention n act
b BB RE A30: RESRIRTFRGH B SGRILEIiflenc wn an
f Stiondl Tol-618Fin Nborhdtomaer f With 3a fdatafist R@ipositioh trdee, polymerization
before this mxture is then contacted with the L
r enditions gopfsirpne riokaneronr cepelymer whersiontist satalysl eampgpsition is
a_second.mxtufe. . for a second period of tine. For
e?ggﬁﬁlﬂg?sql%osgﬁé%@%t al | ocene conpound can be
pr econfasieapait bt O R etidis thepatiyite ot drtdatalyst eampogitions of this
conponents, including, but not Iinitg& o, for . . .
eloappsion, cahba-cohaiced By pEsvantaghing seme g%ﬁ PQlYmsTizgHpn reaction
C | t i 0 i . . t éﬁ . N tu N
SRS o St acREEmRRbleh et st BEAQF LT Blibre this mixture i
piblely redhiazt@tli with rted edniaining grymenitasion | eadtiodi cugnpopentsnfarming a
limted to, a solid oxide actjvataqr-support., The
f5ecend mixtule, T & epRE RETOH CEAME (1B SXOBPISe iy iyeetallocene
. € PRIk R¥GE QY A6th &?ﬁl@ﬁﬂﬁﬁh& i chii®onents,
ggﬁ%ﬁ%ﬁdﬁﬁgpu?% iséﬁégigally terﬁg% he “ i
" moRidirgnt bt ewbt Hinktedir to, afist caapples esn pesiefint moneder and an
conponents. For exanple, the mxture of  .at l.east one
aPFEANIANIBINIBL eratalyst topsaeme prd of e e Gt PUX RS gontacted
! PR A POFHILRL AR LG R EREAANAGIng PRt Ao Llimited to,
tﬁﬁgkhn1x€§?ggps coﬁ?gcted mﬂtho¥ﬁgnactivatopg§u por#?n
i 8 ooiid toxpie cktivpoesppodct efhe nfisst umixtureThe typieelly etegied the
apsa- net al [,ocene, nopomer .. organoal ym num cocat a
i O aD] SSTBHSTL PROTH (OISt atld fip second
t R@xtBfesis i eilyaerathd F Bostbdladtie’ MidteteGnd comprises postcontacted
activator-support, is thus terned the "postcontacted"

neonpmentsTHiog _eﬁ@np]pn@pg‘giyimrg of gkledstrangaar-astallgrengs at least one
186 oot sy g oo ARG SRR G RANBIRS, Sore i

de$aitedt coMacttd with tRossiviloe-slipfort, feoneype of traedomthcted” mixture.
organqal um num conmpound, once it is adm xed with the 5
mhe migeenel @rso-meteleqesecHEBOTRFT OTREOY PRI FBrkHEL, and acidic

! QY. sBouftie, [GERAH ERCOA R ink AhE W Aoh R Wixture with the acidic

structur romthe distinct ofganoal um num conpound _

us@idatod-spppapRrie thiseterred dentmsteontanted? mrigture. This terminology is
used regardless of what type of reaction, if any, occurs between components of the
mixtures. For example, according to this description, it is possible for the
precontacted organoaluminum compound, once it is admixed with the metallocene or
metallocenes and the olefin monomer, to have a different chemical formulation and
structure from the distinct organoaluminum compound used to prepare the

precontacted mixture.



O 10 This invention also conprises nethods of making
catal yst conpositions that utilige at |east one
ansa-netal | ocene catal yst, opti®nally at |east one

or ganoal um num conpound, and at | east one activator.
The methods of this invention include precontacting
any sel ected catal yst conponents, for exanple, the

met al | ocene catal yst and an organoaluninun1cocatalyst

Vr\rnotn 2 me fo lgl%%lgp % Ia%}ﬁ,&o esbﬁltegg)g% Pg ?%a%s TR Oatal%st c%mpo sitions that

GRIM8 %} 188t dnbichsiREDdba @thlydt) oftionsllyatIBastdiie organoaluminum
remai ni ng catal yst conponents, in this exanmple, the

S@mmu@*%l 9!@ aaclﬁiilﬂv NSt A NIpBT t Thpnnm)e@pd%mf 1@@&3@1@ include

6§9pdglgqcf 80 b A séf&{'%d %Qal&&rcgﬂ'i eg%@%f %&?1&{19 W‘[{l&ﬂl‘é@ll}fé&ne catalyst

GRATPAS bigafdumaiigh BEIgS \ﬁfﬂh anp@ibﬁmewpmahg tat @bt mecessarily, a
that can result in |nproved productivity. In.o

sy ifedelmetidds ‘EPQH bplerizet i SoniiP s piggontacted
N&E&Huk Qieh' hi Jerh %H\Er & hede é}flplet t}% sohd oxide

expensi ve organoal u nox ne c cat al yst suc as net hyl
alctimtopsuppert( MAO), or the catal yst conp05|t|on can be
substantlally free ofdglun1noxanes su

= e vehianbipet SR JBF EGT BT CRUGIE IR SOMBHsEapey catalyst
oQi?iloH%TE klefiRlds OPoraGldpatihy tatalybthRofipbSitidAY, | @hd methods for

nce of al um noxanés. However, this invention also
mo@anctmnmoleﬁas dhatsian (I@smlibm mumnveﬁom@rlu@m@ alm one aspect, these

ansg(é#ret alg ?ﬁ%%’?‘]?ﬂ §otn‘glgfb0&1? 6( lﬁeéi {a Ing{Sr}n% a(l)'xe Qxcggsl i:oncentratlons of

nRe eiﬁe%% Rtk dnBaleAHidaBe ctAtA19dt sath ad®iethyl aluminoxane (MAO), or
acti vator-support wherein the actlvator support

dbmmiab@s c@mpwemlc s persubsteatinllysbipe a f glyngraoxangs) sugheas MAO.
"E‘bsy g}g mg(lr)ﬁrjll (S)S(r:]%dnl‘% Oo?lt%g L{A%étlér? Foa ] al%g pbﬂg&%&?&tlwty n

ltﬁé! Siibstaitiab AbRAPA 9 afunginpxARe.s SHeweiet, thisniventivraalso pgovides a
at | east one nononer and the catal yst conposition
(aEYSt GINPRIOT, eRIISIRH LIRS epenp poRRnRtNnd 4nd an aluminoxane.

p@*e}(é}ﬁlre 1nTlﬂ}§Sasg%J@' ffie LAWY do‘ﬂﬂ:ﬁ)gﬁﬂﬂ ﬁ&%eﬁ(ﬁieﬁqg SofBfise either an

yneri zi ng fins u e catal yst conpositions
prcﬁna aivags-sdpsat wheekih ﬂremcnvataihwg@mmmpnsm/e ghémigally treated

308N g%ggndj;s & pbyeb clsiionnis alie pis TereNoce@Berise en
%ﬁotaﬁ?mﬁ?:h bu&pn'pom tion of thi.s invention. These

aspects, enbodi nents, and
adv antm@hsorm‘llyt ﬁ:as pn@sbm en¢omEASSSNPYNCEYs deEmsising contacting at

3&%@%%%%1}0%}1%? and ‘e’ Eaﬁﬂygtf cotmpeosftl%nI N erngol%e% t10% conditions to
produce the polymer. Thus, this invention comprises methods for polymerizing
olefins using the catalyst compositions prepared as described herein.

The present invention also encompasses new polyolefins.

This invention also encompasses an article comprising the polymer produced
with the catalyst composition of this invention.

These and other features, aspects, embodiments, and advantages of the present
invention will become apparent after a review of the following detailed description of

the disclosed features.



the disclosed features. 0 11 BRI EF DESCRI PTI ON OF THE
FIGURES FIGURE 1 illustrates the structures of

speci fic ansa-metal | ocenes usedllin the Exanpl es.
FIGURE 2 provides a plot of zero shear viscosity
versus nol ecul ar weight, specifically, |log(770)
versus log (Mwv,) for polynmers prepared according to
inventive Exanples 1-2. FIGURE 3 illustrates data

bt aj - ' f th | ubl
TSR REs RO e R0 Lo exanpl o5 Cplot of Rg
ver SUSTMURE 1 DETAtAERhDESERLRT 0PN &t T rsd-MvENGE4aRE Tk in the

present invention provides new catal yst conpositions,
néxtampdes. f or  preparing catal yst conpositions, nethods

f ' t al yst it] 10 . : .
e
tﬁ@éiﬁ&%lwloéﬁopn&s@s%cww) £l golyriune rested ACOAGIAS 36 Snventive

a catal yst composition conprising at |east one bridged
dixamgesal-Bet al | ocene conpound havi ng a pendant

o =1 AR 47 B e PAZS U 0 f ¥
;ﬁg?o@hﬁ:@ PRANLE MUBmpaetve Bxdnpii3dpRt of Rasérsasiel,).

ivator. I n another aspect, this invention conprises
nmet hods for neking the catal yst conposition discl osed

L}gﬁ%ﬂ}é%]g%%%@?ﬁ SFHIBINVERRSGR, this invention

or polynerizing ol efins enpl oyi ng
the cHilpysentc dngeaton | mrovides alevs edtahst eiomposigions, methods for

descri bed above, the, designatjon of .the, at @h«g st one.,.
GHERATIS| CATRINEInFIBRYIATY: égetﬁ?fisogqfi Y hicopfpositions to
:%M%eaﬁkﬁmo .ro?éhﬁ:%%l ferd #nd AERE $redafed Bbtcio. t iRbne aspect,

€ or ganoal ui num ound can be optional when it
i thisrintention easanyasbes 4 cgpalyst coatmbkijiohcomprisingtay least erecbridged or

conposi tjon conpri si the contact, product, a
ErRlasens, Comowd Brvin, 4 RFadart lefiainind fpr alkenyl) group
Chddb (RO bRAgd d¥ahe ﬁﬁﬂﬁiﬁgﬂigﬁﬁ&, bn4lBTRORE e organoaluminum
follows. Catalyst Conpositfion and Conponents The, .
Memgionndearsl @olepsiuorbsadtivaionie Insgnother aspret,pthissimyention comprises

i nvention pr.avides cat al yst ..c L1 .0 E.Si

AR RO 5 B GRRD M h 7 08 v
CAAPRIL] §ii$ GndenHEA ddfiprised estyddsOfod Ul phériuihe dldfmst dmploying the
bridge of the bridging |igand; optionally, tﬁlt | east.

otatalyst composition disclosed heremn. As described above, the designation of the at
least one organoaluminum compound as an optional component in the contact
product, it is intended to reflect that the organoaluminum compound can be optional
when it is not necessary to impart catalytic activity to the composition comprising the
contact product, as understood by one of ordinary skill. A detailed description of the

contact product components follows.

Catalyst Composition and Components
The Metallocene Compounds

In one aspect, the present invention provides a catalyst composition
comprising at least one bridged or ansa-metallocene compound comprising a pendant
alkenyl group attached to the bridge of the bridging ligand; optionally, at least one

organoaluminum compound; and at least one activator, as further disclosed herein.



or ganoal um num conpound; and at | east one activator,
as further disclosed herein. 0 12 As used herein, the
term bridged or ansa-netalloceh2 refers sinply to a
nmet al | ocene conpound in which the two

115- cycl oal kadi enyl -type ligands in the nolecule are
i nked by a bridging noiety. One class of useful
ansa-netal |l ocenes contain two-carbon bridges, that

conneched Y B W61 RAmGR B PAATE HIOGE LGt simply (0 &
rrTgéllQé nk hﬁngsddlﬂg' 1?19 wiRiheiie tP&tegRIda@dien ltype ligands in the

cyc lenyl-type ligands’'is two carbon” at omns,
ambleoulg hart Nitked biydg bridginpinatiptyi s Onabdass toftuseiful Tnea-metallocenes
met al | ocenes of this invention are §here

b¢0§§41p @Oﬁ@h’%lbﬁga?se ihat) 15 yhe tWenPGEYRe ng;ﬁglryg t)ﬁ)egﬁgands are
s uﬂoﬂ?lf&fY g/g!i bﬁ?gﬁg g,foup Of hé ﬁls tHePEh T REP [ths & ft 1R brldgln% moiety

i gands, two substituted inden

| begRBES the fnsa:yebﬁﬂdaﬂﬁhylcnypafh@ném bs ttwbu tatlo |along nyllthough the
ligand and a substituted | ndeny] gd wher ej n one

shidging meaietyols yubsiited; g&"hﬁ@?féﬂ%f?eﬁﬁﬁ abithis 1&?’?}1}5"1 are therefore

h%biﬁn ﬁt EI[SC Cgﬁ ng{élg eﬁ'ﬁ% ( Q&E‘lé?%cﬁgﬁegelg;tﬁl -cgcloalkadlenyl

f pHtibds toh omiphisd ltﬁrbVﬁxbstMilea"de floonyl $ighgs ttwe rdubkttuted indenyl
provi ded herein. Thus, in this aspect,

an
skigaads.tareheommbingtien a g@lps,q&ltecb ,'ﬂél(nfqnyl ligand and a substituted indenyl

By SRR Bl Coh R TIER 3, PIUGRL oo Mine the
| fog@asCH, OHIIOM ) OiE=G18 ot a sob@ikfeCH@loeCHRieof, wherein n is an
S %g ﬁ%%we é@%@{l@é}:ﬁ A ]a]s ‘provided herein. Thus, in

o
BB BISIERBh S REHEGR) SRRl liswd

Tihle Sbridiined )gm@d llt@élﬁ rﬂna];eoisthmﬂea et n?]cas Tasncycwa?aﬂ;hdnyl-type ligands,
roup, regar ess of the regi ochem str of t
nte fuhor, oty IGHGHIE TReBBFt o R RCH:)/CH=CH),
r by to
U PR Y LR, aaeRY, | CREIEHIRCH-CH,),
t OBL,QHAUM)CHarH, ]| CHICH[ECHS)FO-CHe], HEHg(QH[r(@HalgGihkCHZ], or a

and _therefore can _be_ descri bed ndant al ke
RSN el BB TR BEISBOS el REdORBgh 25 B Fea group.”
%gﬁﬁd?e%g bf {HeG8ai 8?1 ?t Sf ‘h‘é Uiiete fudc@ionBNG MR this &P¥ct, the olefin-
stituent on’t ‘enyl group, when pfesent, can be
sedreaihiag hydroberbyb ganipl iy bbnded @ntha lbridgabetovegn @hmcycétvpentadlenyl—

DPBRISTAS SHATiEyE 14 Ol B S onars s BETREF dlp, ibing pigms. and
OfiRtfore @an BE HERBBED & epﬁeﬂ)daﬁ‘t ARGSPBRYYS group, an

arsenit c group, a car bon group, a Si licon L%I‘OU
bor on Br gilpanasheraaspedtsthictalitanyl @mmpmmhﬁes stitgted or “unsubstituted.

grsgrlgatnypt]g dana)lzn?tlb% tuerr;te(r)f %16 aﬁlcré}{yl group, when present, can be selected

independently from an aliphatic group, an aromatic group, a cyclic group, a
combination of aliphatic and cyclic groups, an oxygen group, a sulfur group, a
nitrogen group, a phosphorus group, an arsenic group, a carbon group, a silicon group,
or a boron group, or a substituted derivative or a substituted analog thereof, any of
which having from 1 to about 20 carbon atoms; a halide; or hydrogen. While

hydrogen is listed as a possible substituent on the alkenyl group, it is to be understood



whi ch having from1 to about 20 carbon atons; a
hal i de; or hydrogen. Wile hydrogen is listed as a
possi bl e substituent on the al kknyl group, it is to be
understood 13 that hydrogen can add to an unsaturated
substituent that is a substituent on the al kenyl

group, and not to the carbon-carbon doubl e bond of the
al kenyl group itself Thus, hydrogen is a possible

substituent on.,any unsat urate ety W thi h
ARahtoh sah o8B oy et SofleR fatthy irhige pp e atkeny!
VEHYp, AU TroR 1 BhEEbELERBSR AYBIO bohd oS tIY Alkenyl @rdlg itself. Thus,
consi dered an al kenyl group. Further, this description

diydoegeeris 8 phssibile gehstitiepton ey unsaiesod mgiesy: pithitothe alienyl group
i ncl ude subst i tut.ed i : i
o B A o YRR o P ARER, 8 troup o be

| sondideictii ddNalkenyd Girigp. S BaBhér} etiie devdriplionrf other substituents on the

al kenil(- cont ai nlqrg%l ?I%ggl% g\gws%rggg‘ﬁe]‘l%a I’st?tgwtgf]%rén%hg&fl lamea:, or
t adi ls- ' al so have ot her

scﬁ/u?%?ﬁﬁﬁéﬁtgéﬁﬂ%gr&é@gsngtg,g&gﬁ?/ﬁagsddi tional substituent

can benssddiéretd iboitgpsbstitntedywith cam slkenyd aontaptiegribcidging group

DU 1 B e Tl D A5 L0° UL, o
C | Sl lofHleR - subdtSent@NYF le,
%ﬂﬂ%&tﬁ%ﬂ%ﬁéu 4 hndll &l A58 habe beled - subfiitdent@NFor example, any

uent on the cyclopentadienyl-type
| ddglétivthal substitnent crbetreseliented indepindentlsd fomoie same chemical groups

al i phat.ic _group, an onat i. ou cycli r.o

oRBPIStET Bt SR SPVRRa T Substitepts ik the; yfdeing grovb $fithe ormula
OEALSH(EES CHYCIY) Ailosad MeteiR g amhug)l £iiPadditi@ho sphitutst on the
group, an arsenic group, a carbon group, .a si licon

geyslapentedienyldypo Hgands wan beindependsstly seleeied dwm gmphighatic group,
| th f.. f whiseh.havine .

BB B S A PR B AART L o, an

a8k yigb® ERoud! Hfur Geoudo b nittigeh R, b phosphbiusigryury bin kitsenic group,

catal yst conposition. Further, this I|i

) t .ingludes.
SUBDON HOHP.s? S1HEAN FAWP:I9E A IRERTHETOBP; OZé‘osuf’ﬂltl'}Wﬁ detipgfjye or analog
o i ; i $hhlict or hydrogen;
P o) BEABANEILASS ISR BRO R oL Sl o hdrogen
sasblhigtdst these pdapy ldoand temtiastet the ewtiity of iy catelys! oefaposition.

Pﬁ(rgrtﬂ{?g! t:’qé; l%%&gglﬁ{&ﬂ%dquiagﬁdtgéﬁsl ﬁ@t %‘Qrgp{a Lr‘rﬁé)rr&stg 'lﬁ%leiﬁwore than one of
%Qééﬁéaae 0{1% LAl ﬁ)@ﬁiyl‘.o TRIMIst G150 ¥RIudcd Mdro gen, therefore the notion
of l'u I of

oct ahy orenyl groups. Exanples of each t hese
sefbssubstitated igdenyband subistitiéed Huareryl dneludes| fartiallycsatugated indenyls

the fallow.ng .groups. [n each gx l e pr . W,
uﬂF%sgu@?ﬂﬂFmﬂE@uE%@tiLF%d?DEQﬁFﬁggnggpeﬁ%éﬁ%ﬁguﬁshﬁ Eroups;
selragydeskddraiyl ghdhps) dnﬁ%idh?dﬁ&l@ﬂﬁhﬁlagoﬂ?@ mati c group;

a cyclic group, any conbination thereof, any ..
subst i Exerenlesief ¢achtdfitbeserrubstiipent; greynsdinplyde, fut g not limited to,

T O S RS ogine
is independently selected from: an aliphatic group; an aromatic group; a cyclic group;
any combination thereof; any substituted derivative thereof, including but not limited
to, a halide-, an alkoxide-, or an amide-substituted analog or derivative thereof; any of
which has from 1 to about 20 carbon atoms; or hydrogen. Also included in these

groups are any unsubstituted, branched, or linear analogs thereot.



whi ch has from1l to about 20 carbon atons; or
hydrogen. Also included in these ,groups are any
unsubstituted, branched, or Ilh%ar anal ogs thereof 14
Exanpl es of aliphatic groups, in each occurrence,

i nclude, but are not limted to, an alkyl group, a
cycl oal kyl group, an al kenyl group, a cycl oal kenyl
group, an aIkynyI group, an al kadi enyl group, a

cycli e like,. n
subst Fl@)gingﬂgd ?ﬁeﬂ {}? tgﬁ)tuga 1n anc%%lg,%g - dxﬂilh!lde but are not limited
%ahﬂ&& Igr6\§Y, 1avedlonBisyl tdheurs Qin, alkényd gedup, acwcraamgl group, an
hav romone to about 20 carbon atons, Thus,

tareung rapuglkadipmd | arened, B ayelier groppt and fhet ke, agd includes all

h%@r Q684 P%l?s?ﬂﬁ%}fﬁt%d A5 aRAeA Jﬂdrlﬁlegpgfha%éé%‘?ﬁleﬁvatﬁ%ﬁ thereof, in each

¢’ groups’ as used in include
Wcﬁbfhnceeh:iwhg fn@ te, ton abtt y20 chxébn attrus.y| Thus, aliphatic groups

Fioglid, Dusc mot A 1o, fulscartaiyicpl 5 Barafti, Higkents. For
pgah%ﬁ]é/lah ffé{fc {1 s leﬁiseﬁrh%rélh lﬁﬁ:luc@‘zﬂgﬂﬁ&?%ﬂﬂfl I%B?ﬁahl‘tﬁltyl tert-
Fou R eac currence, include, buf are

| butil, edc-big], xshmtyl, ,anmap llﬁohmbd, lmwhra@mh;xyl dwptyl,hectyl, nonyl,
l'i ke, .incluydin t|t derlvat thereof, in
edsenls ée@wf Eylﬁ “1%J bgtenyl, %ﬁ{ﬁ% car bons.
Subst ijﬁk’atngﬂes g@ﬁrbﬂﬁﬁb Qfm%éﬁlﬁédl&reﬁéﬁ'@lwlﬁuﬁ but are not limited
U

inclu t are not |n1ted to, toly xyly
anIpﬂiyhyl anphthyle dntheeceniyhcandd Ih¢g hbﬁylmbldé?goaﬂwuted derivatives

Bk ] S orou Ry SRR 2 SRS subiven

|c’iéHvtaﬁdest 8f arsi&ico I@@Ih@&ﬁﬁﬂdlsmcﬁlﬁ6| bl efd Bst limited to, tolyl, xylyl,
cycl oacetyl enes, arenes such as phenyl

gmesifyd, andtlee ltlkm inglyding mhlqy@*pﬁtgms%qgg@m egtdlgavatlve thereof.
deri vagl Ve F {y%glg gEAéI.BB gigiceg{:ﬁggébﬁf; GOC Endi@de, Bt 4rE AB1 Limited to,

about
h@}&:ﬁipiﬂifﬂﬁ@ S‘Jyaﬁble’ﬁm &fj/cm;lcétybnm QLenss smcdlhasalﬂlenyl,l mmyyhc groups

g6 the Tigpdngladie g{lgmﬁg TR SSRGS cadl SPOALAS 1Bk from
pf%q'il't grt]o ng%t QO%ohCat ’%’ﬁl& he?@i’émnes%bﬁ’tﬁm%'cﬁbhc groups such as

t "are not to, groups such
ftﬂ:@) afcGhigRBedhankiar ei n mis an integer from Ito about

(CH2) %&@q%&%whm nc:ijlﬁ:yf:lh(i g&o&{p@?z{;&g%&ﬁ%ﬁs comprising an

E:téé:lgorh%ﬁdanﬂ o (,SycﬁE‘ pbRicRgetantgledlwhieh tdoludd) Gutise @t limited
wher ei n mis anlnteger fromlt

a*mo gtoups suchres: q((EHz)aGquRsagfeher@n ohrisian igteger fram) Lo ab@ut 10, and

|I a Eé %ﬁ}%&e@ﬁ{ &ur rgpeg,tlggluw%, n'féfél??m%?[{%ﬁ Ia L hegnj} gnuls an 1nteger from

af eVRSdut 10 RMR; isAnGieEdrCrddh QUP ll,aiﬁyluéﬁﬁ’mm&fiHQ)ﬁCsH Rg g wherein
thereof; any substituted derivatjve thereof,

i mcis @d umtggemftonm dtto jabortt1og ambq isamhiteege romgh 9 dpdlpsige. In cach
grgp%chn% ?&L ﬁ l%‘te& %}?9?, ﬁ{iép%%dél{t bﬁé&&i & eqf aliphatic

rom
group; an aromatic group; a cyclic group, any combination thereof; any substituted

derivative thereof, including but not limited to, a halide-, an alkoxide-, or an amide-
substituted derivative or analog thereof; any of which has from 1 to about 20 carbon
atoms; or hydrogen. In one aspect, aliphatic and cyclic groups include, but are not
limited to: -CH>Ce¢Hs; -CHoCgHuF; -CH>CgH4Cl; -CH,CsHyBr; -CHRCgHaly -
CH,C¢H,OMe; -CH,CgH4OEt; -CH,CsHsNH,; -CH,CgHsNMey; -CH,CsHaNEL; -



atons; or hydrogen. In one aspect, aliphatic and

cyclic groups include, but are no# Ilimted to:
- CH2CBH5; - CH2CBHAF; - CH2CBHACK? - CH2CBH4Br ;
-CH2C6H41 ; - CH2C6H4AOMWe; - CH2C6HACEt ; - CH2CEHANHZ;

- CH2CoHANMe2; - CH2CoHANEt2;, 0 15 CH2CH2GCG6HS;
- CH2CH2CoH4AF; - CH2CH2CoHACL; - CH2CH2C6H4Br
-CH2CH2C6H41 ;- CH2CH2CE6HAOMWE; - CH2CH2CoHA Ot

GG MR R RTINS o, SROAEIE ty e

t izgy,e9f zc?ml eSHCHY@H,O8E;, -G 1, IR HONH ¥W2C5H4NM62, -

i ncl ud

| uori de chloride, bromde, and.i a
G b NE s a1y toginiomas tsupnf, @}dear%@yb%ﬁuteg YAV giereof
gr OuDSqua?rgﬁgg)%)fﬁalﬂf 1%'&1 oéc!ﬁ%leﬂgee ’m&l?’r] cﬁ;&d&okhionde bromide,

limte oxy groups
| dniddodidé.ncl udi ng subst [ t ut ed derivatives thereof,
wherein Ris al kyl, cycloal , aral

subst | PeREROHURIFRCE, QY BT &rﬁ‘[llé&f%% gencﬁonga}gﬁg Broyps gxamples of
é&ﬁ’i K hctidy | 'bﬂ? &lfer 2501 mik& Fvbg}ktox§%r a?ﬁb?%%@b@ 'ER)R) and the like,

I'es of oxy or aryloxy gfoups gro
|1nc1|udnhg substitutad derivasives thaeoé,dwherglmﬁumdkyl, cmlwd ;, aryl, aralkyl,

SR bS5 B PTRR, Y o sbow 20

Sééhgdﬁr at&RAB! TxAnips PrAURXy &@ﬁﬁkf%rdﬁ}ps (R L froupsinetide, but are

but are not limted to, -SR and |nclud|2%
srufoéirmtedttedmeﬂtexy,\mmmyeprophéy,émroxyv\/hb@r@m srbptifuied phenoxy, and

qﬁ ﬁgrence is alkyl, cycloal kyl, aryl, aralkyl,
BUKFt uted al kyl, substituted aryl, or substituted

ar al kyfn éa@wdaeu&ér@m dulfi® @bt aré Quifeeedaediniak qabups| Bxamples of
each occurr ence, ni t rogen roups are

Whlpbgl@ﬁ]llé@,nb‘aﬁ BFh gogyrl  tonvh i anidn@heu like, mgludipg substituted
ncﬁeé]lva% tﬁ%esg g'{he?gﬁ Blin QXJh' g%él ves Salk é’yc%bﬂ%%,: %r?flR aralkyl,

ed deriv

ldﬂlbﬁﬂﬁﬁbdcmqﬂf siebstiftddsargl, kot subslytated&lrkl}(y], hzamyg from 1 to about 20
aral kyl , substituted al kyl, substituted aryl, or
SEERaT Atemed ar al kyI havi ng from 1to about 20 carbon

atons.y,l 0, & Q&h&i&ogérpbtﬂﬁmﬁﬁlg groups which
phosphorus contalnlng g ou s mhlch i ncl ude, but

niatlutié,nbitegret mot HRRE] tan elNRh er| pycialyl ignedpsd |an@ the llke 1ncludmg
el n R Iy

SR RO Lt e R o8 Hbai, .
SA%Q& 1, tsﬂﬁﬁﬁu@hl@ﬂk 1, SuREhitddhBA G Vibstiftiteds bRy thatied from 1 to

aral Kyl havi ng from 1 to about 20 carbon atons.
about 20 carbon atoms.

In each occurrence, phosphorus groups are phosphorus-containing groups,
which include, but are not limited to, -PRy, and the like, including substituted
derivatives thereof, wherein R in each occurrence is alkyl, cycloalkyl, aryl, aralkyl,
substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to about 20
carbon atoms.

In each occurrence, arsenic groups are arsenic-containing groups, which
include, but are not limited to, ~AsR,, and the like, including substituted derivatives
thereof, wherein R in each occurrence is alkyl, cycloalkyl, aryl, aralkyl, substituted
alkyl, substituted aryl, or substituted aratkyl having from 1 to about 20 carbon atoms.



In each occurrence, arsenic groups are

arseni c-contai ni ng groups, which, include, but are not
limted to, -AsR2, and the |i Kkl |ncluding substituted
derivatives thereof, wherein R in each occurrence is
al kyl , cycl oal kyl, aryl, aral kyl, substituted alkyl,
substituted aryl, or substituted aral kyl having from1l
to about 20 carbon atons. In each occurrence,

carbon_groups_are carbaon cont n|ng

el e e Secitnte” ot 2t "0 cHbBKBGmalHe droups, which
tifdtids Yup uesaomuts@ tc Wilis{l iHalitle @ro@ls ket @r@me haillﬁct}sﬂbstltuted
to about 20 carbon atons, al kenyl or _al keny

gﬂl@d geougs tithil toraboab earben ef&msoﬁl g 198 2 k&iﬂ&h I@de groups with 1

e u
35 B8 2 GBS, SRR 190 s 20 con
tattﬁﬁ@ ahd tHeikeaipiludi substitard dsn{fatman t}@rmfps are
silican- cont ai ni ng graups, which ﬁl ude, but are no

limtdA gash eequprengs, o%}’é‘é‘ms FEPPRS| Rf;‘r‘l Sicom-CoONERRg gfoudS which
R AL ot a%r R(ﬁqﬁpnicﬁ{cy mﬂ#lk%lloﬁhé ¥hchOA1RYR Y] ﬁbﬁ;%xﬁrylsﬂyl groups,
an

groups, each occurrence
fatylaikylhilylogratbyy sil@6 grauiros ancatmrtdce Wwhichdn sagh @cugemqed@ﬁe from

arm I Eﬁl a gﬁtaga}g%: Pélh Pﬂ%r%ﬁ”&r%ﬂb@ | oc@l\él %rlmy;hylsﬂyl and

SORIIA SRk, 9r oups, V\/nl ch include, but are not
kb% 09 ﬂé} -BX2, -BRX, wherein Xis a

~ mon oadn @m}cog:uwpces botlenzmougtsare beronw,oataina@g SRS Wheh include,

ol LGRS, 2 55, S AL BaffreGup e

H4088,1 hydrRié, alikordide, Sallgt tﬂldﬂhtéﬁ aihﬂythe tike, ﬁmtbS)tfhdremeH in each
ar al Kyl haV|n? from 1 to about 20 carbon q

mcwcasp@ék eyrdoalleyl] amdt arghkeyl abatitisd {‘lﬁlc éﬁ*ématted aryl, or

nye shaving the

S SR BP0 o U e 2o CARBRUd T 1O O
Zi r conrhmm inosndhadpettythe §0{cas ke (%2Y-nseta lacanke pk thde mviegtion can
a substituted f]uoren I or substituted indenyl; one

sopprise aspmpend bavingthe fogmul® 3 pri dgi ng group bonded

to both (X) and (X23(?§gx gg a1 Lkerbiar mul a
CH2CH[ (CH2) " CH=CH2] a ‘subst’i tuted anal og t hereof,

wherein n |M1s1ntanmnegm:orﬁmmnoﬂhafmum, i ncl usive; (X3)

d (X4 i nd dently: d..B | : _
i T8 BTG el B o
BhMen a hydrocar byl oxi de group, a hydrocarbyl ani no

grou ’ or a trihydrocarb IS|IyI group, any of which
havi ng up tameZ@bstituent on XY and (X°) is a bridging group bonded to both

(X" and (X?) and having the formula CH,CH[(CH),CH=CH;], or a substituted
analog thereof, wherein n is an integer from 1 to 8, inclusive;

(X% and (X* are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl
group having up to 20 carbon atoms, H, or BHy; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR?; or SOsR”, wherein R* is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and

any substituent on the bridging group, any additional substituent on the
substituted fluorenyl, and any additional substituent on the substituted indenyl is

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



carbon atons; or 4) OBRA2 or SO3RA, wherein RA is an
al kyl group or an aryl group, _any, of which having up
to 12 carbon atons; and any suBdtituent on the

bri dgi ng group, any additional substituent on the
substituted fluorenyl, and any additional substituent
on the substituted indenyl is independently an

al i phatic group, an aromatic group, a cyclic group, a

@?%g 2 g Bl e GRokn BURy EEr DS nifBen group, o

PIRsPhGY Sreli) W, ardéhid g, @ gArdOD . gréups ar hhﬁorglgmq‘[) oa a boron
SI I i con group, or a boron zg)r oyp, any of |ch h Vi $
f giohp1anySf oichhaying fewrsto 20 qaghancpiome; @

anot he [ e f

f or nmul gl aﬁ?@aﬁi %p("’%)"?xﬁ‘ (ﬁ:ﬁzyﬁﬁ o %%3 pzaﬁge?@b) Oq thd formula
sEUROCRBCHKOIM aan dei 1phq1enderglyos£ﬂnctm1 fryml arc alighegogrowp, a cyclic
conblnatlon of. an aI| ti.c grou cli rou

aBO4R 860 B'@B‘ma? aahfgwgﬁ%&g %&a a &P{gléﬁ é&ﬂ“Bx 15 group, a
9 l%é hld@n%r%ﬁ%,l %%kanegiﬁe p,S P ShIbkidedgrelip.an substltuted or an

stit sulfonate a substitut e%’ or an
ummbsﬁtuitedtaékanaméfwau@l f snbstisytedor Zn unsibgtityted |ateplesulf§mate, or a

BB T i nE SR Beh R V% bEof BHLP o bou
amt:at}%n a@aﬁc br a hX3de. amdyel ¥dothar Rpéddersase (X 1)ire 1nli):pendently

Br, I; 2) a hydrocarbyl group having up t
2D) B&¢lbBn @tloﬁasa h rowbﬂmeuml}aw% By tr Hheatbyn %Bam@eH or BHy; 3)

carb m
% FiarBeubai R GNhRa g o of aysibydrscarbyipiyt erove.
26hyCaf Whithaia0img; upo TBRABo® atofs3 BAOBRTS @i smm mslemm R* is an
aIkyI group or an aryl group,.any of which_having

t gkybeenp Wéranﬁrwhgroupna@t of WhichRaving %éfbé%tcaﬂioxeﬂ)"gfgﬁd In still
g SpL ST Ry Al I SR dgt i
| ﬁo@nbtm elnomslpeaairbor( atsmsamda (xde. afreandthetepsperd oGt *)ynd (X*) are
|31§1| g}gqtned [p{%g%: ‘L"ﬁgﬁ? uo%é]ég;)c de e( gr %nlgg,gbrcmd eiogb'l yi:tnanother
S&%ﬁ)@%}r gg(g)tr %ﬁi @8Pekt chiofRlk. anf {Hhnéthér akﬁé@?péﬁgiedﬂlw ¥x*Y are

group having up to 20 carbon atons, H,
omdamdeml}f ahydvecarbdpeoup lfvingep iwﬁMbth&ﬁM§H4

|t E\%n: gg | e%f)étggn t %Sﬁ%%%rtr}g}lﬁlg{?oﬁfg Q tetﬁlgtf ftltbhl least F&le ansa-
\ m&taBbcdié of ﬁﬁs in$enfith éontbrisefd cohpPdund i the formula.

M! is zirconium or hafnium;

X" and X% are independently F, Cl, Br, I, H, BHs4, methyl, phenyl, or benzyl;

R! R? R and R* are independently an alkyl group or an aryl group, any of
which having up to 10 carbon atoms, or hydrogen; and

n is an integer from 0 to 7, inclusive.



M is zirconiumor hafnium X7 and X8 are

i ndependently F, A, Br, |, H BH4, nethyl, phenyl, or
benzyl; R, R2, R3, and R4 arbglndependently an aIkyI
group or an aryl group, any of which having up to 10
carbon atons, or hydrogen; and n is an integer fromO
to 7, inclusive. 18 In yet another aspect, the at

| east one ansa-netall ocene of this invention

conpri 5 San%%% Oa@éjc( ) ﬁ}s') )9 %&eoﬁeo E%ﬁétaﬁgce\le Qf 8P invention

n M2-1 Zi rconi um or
ft%hiﬂrisblsm coffipdind W¥#figahefrmdrpendent |y F, O, Br, 1,
H, BH4, nethyl, phenyl, or henzyl; R5, R6, and R7 are
i ndependent|y an al kyl : ar an aryl group, any of
which having up t& Aoy atons, or hydrogen; and
n is an integer J.AGeusi ve. Anot her aspect
of this invention proVides g N ggst one

ansa-net al | ocene conpri $f3tg—g %onpound havi ng t he
formula: R1 2~/ /| R2 R6 @5’ X7 n \M.,,,nx9 M X6
X10 R R4\ R7 - or a Rtonbinati qEA)eherin wherein
M and M are independently zirconium or hafnl um X7,
xs XM wrrdrosnignpetdhdtiiBhendent |y F, O, Br ,

o o R R R Mpenbnd A B, %;@@, ﬁﬁa{yl Wanzyl;

wher e|R15 &6, drdatare neiepéndxﬂﬂmdan@ngmap bk aIBaizgd grmpmxiy, of which
phenyl, or benzyl; R , R5, R6, and R7 are
,}}@a@‘géyp&gﬁp|c§rbgﬁagrm§,|or§2‘ggge15,an n aryl group, any of

V\,hl ch m\ﬁh %&ﬁ&anoqaﬁlgﬁgw@tons or hydrogen; and

n, in eac urrence, Is an integer fromO to 7,

i ncl usﬁmﬁher aspect of this invention provides at least one ansa-metallocene

comprising a compound having the formula:

(I1IA-1), or a
combination thereof, wherein

M!' and M? are independently zirconium or hafnium;

X' X% X°, and X1 are independently F, Cl, Br, I, H, BHy4, methyl, phenyl, or
benzyl; wherein at least one of X’ and X® is H, BH,, methyl, phenyl, or benzyl; and
wherein at least one of X” and X'® is H, BH,, methyl, phenyl, or benzyl;

R! R% R R* R’ RS, and R’ are independently an alkyl group or an aryl
group, any of which having up to 10 carbon atoms, or hydrogen; and

n, in each occurrence, is an integer from 0 to 7, inclusive.



19 0 Still another aspect of this invention provides

at | east one ansa-netall ocene congrising a conmpound

having the fornula: RL\ Q/ RASRSQR6 n MX7 n ° X9

-X$ XIOR3/ d\ R4 1173\ (IB), R (1IB), or a

conmbi nation thereof, wherein ML and M2 are

i ndependently zirconiumor hafnium X , X8, X9, and

X10 are independently C, Br, nethyl, or benzyl; R,

R2, R3_.R4 5, .and are i ndependent. | - |l or

i oS ahoghes et qlotRy B PRV ol 14308 anFmetatlocene
gc&hﬁﬂéing 2bsnpourldha®Rghthotshtiulence, is an integer from

to 5, inclusive. In a further_aspect, the at |east

one ans ahocene of this 51 conprises, or

is ge Pmpza conpouRd Mavilph Rformula: 1\

Q/ a .., M =t \Zx2Cl Me In

Z X Q/ \ Q/ i\ MG Mz onozrt

n C A CH2Ph Q/ \ B\ Q/ t-Bu C

\ ‘ R "A n Zr~-C }E 20\ Q/ t-Bu \

Q/ t- a am, R7 (IIB), or a combination

thereof, wherein
M' and M? are independently zirconium or hafnium;
X7, X8 X°, and X' are independently Cl, Br, methyl, or benzyl,
RLR% R® R R®, and RS are independently t-butyl or hydrogen;
R’ is H, methyl, ethyl, n-propyl, or n-butyl, and
n, in each occurrence, is an integer from 1 to 5, inclusive.
In a further aspect, the at least one ansa-metallocene of this invention

comprises, or is selected from, a compound having the formula:




nzZr_ C r-~Cd t-Budt.But-Bu, dt-Bu, or any
conbi nation thereof, wherein n i each occurrence is
an integer from1 to 5, inclus?®e.. Numerous processes
to prepare netal |l ocene conpounds that can be enpl oyed
in this invention have been reported. For exanple,

U S. Patent Nos. 4,939,217, 5,191,132, 5,210, 352,
5,347,026, 5,399,636, 5,401,817, 5,420,320, 5,436, 305,
5,541, 272, 5,554, 795,
2eR94, 078

5 B%s, 230, 5, 705, 578,
,4%3 descri be such
a‘?'e met al | ocene

» KSppiy, combinhtion thereof,
aeshi, S.;

H. G J I\/bI Catal A. 2001 : % ﬁa g
RaRSGiAH n cgch oqQuUEFRNGEAS anintegey Ogak °5§n° ﬁ*hzé Cheni cal
Soci etNurﬁérou cfﬂ)%@sseslﬁﬁﬁ 28 metdilocBhd eorfipouds thht Bsh bé\/%mployed

Kehr, nomet em 1998, 562,7 153-181
Hin s mjfamtgqn Mva]be@r rpndedt Faghenammpl@ 9, S. Fagent gyosy ¥939,217,

P satlest: Bt BRer s abh8ds. Y, 430320, s.436.305,

Bogd 1064, BiyosgRt ats 493,589 ¥8USDYY, @‘sﬁawsguts Bﬁ3 284 5,565,592,
Bayr éut h, Ger many "1995; "and Zenk, R., Docto

3, 58c¥80at 55R4, 0%:1 Vet X203, 0b,68hy38 ButHOS R e@,ﬁﬁs 230 5,705,578,
e
GEAqEk, (LB%sgTiig SHH BRI Gieqbag G PREoses

\Zfﬁbwé thetdlockie E¥rgpHae tthit! ¢& teh eniplyey mfthﬁuh@ammumhave been
rconi um and Hafniu Ac em c; New York

agpasfed, inpefegences ssheast Koppl, A Alprdd RadiYpl C‘@falLA 001, 165, 23;
f
RS s K ARRE . SRR L, RN iy of

ganoal um num
Cappausds) 59, e Adis pe Q.; JunigeMpr KskenG. inGegdrioart. friwwi. d898, 562,

I3aieTs Bk Lo S et dPebrane apotidh a0, Al 18 Fine, M.
391 DRs&RRh, Wl@ldfﬂgiﬁguthoBﬁﬁ%uthr GeBRar, 1008 Piefer, B.,

bridging I'1rgand: optionally,” at ' |east one
@mewwanc bimpeesity; ofabayreuth) Bageutbn Seapany 4085 and Zenk,

o eslara P R p by oo pRasuf Peylfe Gramapy 1p4. The

rfsﬁb@ﬁltg ﬁmfrsest B@o Qie@@ﬁmbwm ﬁiéfﬁoﬂ@n’pwaﬂds cRnCheCoutts, R. S. P.;
ég’tl onal when it is not necessar¥ i npart cat al yt| C

eigeld yH.t in Ongeneoepdli¢ Ghemitonp |Tsﬁanglrrt, heireosiim,cand Hafnium,
p/&ca%%r%gd, Kew York, 1974. ; Cardin, D. J.; Lappert, M. F.; and Raston, C. L,

Chemistry of Organo-Zirconium and -Hafnium Compounds; Halstead Press; New

York, 1986.

The Organoaluminum Compound

In one aspect, the present invention provides a catalyst composition
comprising the contact product of at least one ansa-metallocene compound having a
pendant alkenyl group attached to the bridge of the bridging ligand; optionally, at
least one organoaluminum compound; and at least one activator. Thus, the

designation of the at least one organoaluminum compound as optional is intended to



under st ood by one of ordinary skill, for exanple, when
the ansa-netal | ocene conprises a hydrocarbyl H, or
B1-14 |igand. O ganoal umi num c8hpounds that can be
used in this invention include, but are not limted
to, conmpounds with the fornula: Al (XS)n(X6)3-n

wherein (X5) is a hydrocarbyl having from1l to about
20 carbon atons; (X6) is al koxide or aryl oxide, any

P B B o B SR g recosary o
'1'?@&&3 eMBlytik NacBiRBy a@Pefet corapSuitid:s campaising| theheotitag product as
from1l to about 10 carbon_atons. Exanpl es of (X5)

niyidststaos |bﬁcpxmj @f eudinagy eskilh o{or| EXARle tv@en n@phwsa-metallocene
é r%prlsra?é Bg %zﬁreylt Y or EEIX¥1§anJ1ept yl, octyl, and the

aspec xanpl es of (X5) noi eti es
l ncI UO®rgafbdlugirfmd @bmbmmdse‘.ﬁatt@n eetidedl in thistinyéntion include, but

i sopropyl,  n-propyl,. n-bu yI c-butyl, isobutyl,
1arﬁ@sz§/1|1m1t9d 19 $grpounds 8¢ xyl, heptyl, octyl,
and the like. In another { ;Xﬁ) can be
|ndependently sel ect ed fro uori de, chloride,

br omi dwheraiat (X5 xisdehydesdadxil deying rfrdmydalrtm deout 2f cgmblon atoms; (X°) is

lRs o g, hay bt SRtk iatok R b tq ot P shDefl pltns, hatide,

agichydiidiPl SR Yo a RuinBerSromNetoVl iHeusive n Ir|1 oné @dpect, (X ) is an alkyl
restrlcted to be an integer, t'herefore this fornul

| lmyungjﬁemsle@cghonau 0 qabomwmsno&xanmlcﬁe@f @ Y meirtics snchide, but are

glt e!g?fggqnpdﬁ%ﬁgﬁne igg{?tﬁ’gg ult])é te &x nnﬁéﬁk 8tﬁ X%ﬁih‘ﬁashke In
'éﬁb@rf&'a@ﬁedt N&davifiies BULXYrAoReEs Irclidep®ut @re not limited to, methyl,

trial kylal um num conpounds, dial kyl al um nj um hal i d
c@hﬂo (SRPE0PYdi BIPKSDYA DriuBdmSes-Rex] dEoRuHp Jabyl, 2-hexyl, 3-hexyl,

t]ﬁ% g/#, %e%ngﬁlh %gé Itl‘flee ik nﬁglﬁﬂgﬁmr % cP %Eﬁj gﬁ{ bﬁ fifdependently

organoal um num
adefectgiefroin ﬂlﬁbﬁd&g gshiondeNbroatidd, rmd:thd:ade bethmade; Grohlydrlde In yet

I|mtedtotrgmethyl num triethylal um num
o8es psaest ( r?@ﬂqbe df‘iDF‘glﬁr tyl al uni num

t ri-n-puipl If'ﬂh a%}éﬁ?&‘ﬁm hrisi £ QRiHodt St N3 inclusive, and

(TI BA), tr ‘triitsohexylal um num
typizally,| mhs @i n’tl]ha; vd]uetdfyrh 1salrlutrre$mntecbtm briageinteger, therefore this
num chl,or,id

ofo' Al b eamnck Ramenind SeY o 2R P rapounds,

|égﬂﬁgﬁk§ not specified, the compound is intended to
enconpass all isomers that can arise froma particular
speci f Geaerallyk \ekamplsapf ofganealumimgn cpmpounds that can be used in this

invention include, but are not limited to, trialkylaluminum compounds,
dialkylaluminium halide compounds, dialkylaluminum alkoxide compounds,
dialkylaluminum hydride compounds, and combinations thereof. Examples of
organoaluminum compounds that are useful in this invention include, but are not
limited to trimethylaluminum, triethylaluminum, tripropylaluminum,
tributylaluminum, tri-n-butylaluminum (TNBA), triisobutylaluminum (TIBA),
trihexylaluminum,  triisochexylaluminum, trioctylaluminum, diethylaluminum
ethoxide, diisobutylaluminum hydride, diethylaluminum chloride, or any combination
thereof. If the particular alkyl isomer is not specified, the compound is intended to

encompass all isomers that can arise from a particular specified alkyl group. Thus, in



anot her aspect, exanples of organoal um num conpounds

that can be used in this inventicon include, but are

not limted to, trimethylalum4m triethylal um num

tripropylalum num tributyl al um num

triisobutylalum num trihexylal um num

triisohexylalum num trioctylalum num diethyl

al um num et hoxi de, dii sobutyl al um num hydri de,

di et;hyl al um num chl ofi de r_an . naf i he f.oq: .

gt el RS 5 bine i EGTRONRE, R LBTHE Whea in hi

Phe&Rdhakiciude, e st Kaltad [teg et etiytalunfinung asitth9laduminum,

or ganoal um num conpound and an ol efin nonomer to form,

driprapytaluaiaped niributladumppimy,  frsebpblalemingn,s  tribexylaluminum,
: 1 Xt ur e_.w olid i . :

HHRPOBhBIbER YL 't S IEnEE, | e B Rminuy, - cthoxide,

tdiBob@yRIwSihuedivdade,dicthylakimipure hlogide) or dnlgicomibsiration thereof.

typically, thoucgh not necessarily, a portion of the

or gano#l OR¢ AT oﬁ%ﬁo@ﬁ?ﬁe{‘% IERHEN t CORIECS) rzgemag&l?%dthe ansa-
%ét%ﬂ&&g@ QﬁthazggE%? bn® Bfgahgﬂumﬂ{unﬁ E@m@&ﬁﬂﬁé}ﬂ A RHEMmonomer to
conpound i's added to the postcontacted m xture

pioepareecontdvend mhixtuney mowTto gontad thisxirecomtidctedomintare tvath the solid

with the solid oxjide activator. r, ,all of the .. .
R BT AUROCo TR Bl Fohes b talSpt omposition i
GRERY S tinl i€l hBSler! lepiceﬂfy? COBLAE [AdIOnlessarily, a portion of the
post contacti ng step. ternatively, all the catal yst ]
cogpeabmisumaemposnd tdded ¢l therprecontastfidembgterg and another portion
F her, noye.than one organqal um puUM C u e
R SR W B8 B AR DR SRR prepared
PRISNCEB padbhiabted BRtur® s dohtRd Witk aetislid dxideMutivhtot.nBlowever,
catal yst conponents are contacted. Wen an o
mllg@frfgamgwwnm@m@ eempoyng cagdedispt tnpreparg|the caiglygdn either the
t f [y n n '

RGPy bR RNRE 1 AT ARITRN ) G 56 dpponcts

dipatsettdus edingte fei.h t he precontacted and

post cont acted m xtures, and,any additiongl .

or gandAIr T, MFE CBATHORSSrERRRAAT DB RTDARBR AR DP Ried i cither the
r i f i 4 HERPA L PhMthe catalyst
R R e
siontpoeents ganoatactadn Whenapangaubalwninsedconground isadde ammultiple
one organoal um num conpound. | n anat her, aspect., .

oL rgRoa SRR UL TR s Ip AL include the tota
I YRAL T 8 bBEAdAURninE @hfHotAd Libdd tiRd both the precontacted and
triethylalum num (TEA), tri-n-butylalum num

tpoisicontpeted nzikmésnand any additionsd wogaraelvoringm eoayppund pdded to the

S}%’ 5 i vat o E Ilé ?%?%@g-t g@g‘%&t’r@oﬁt‘fgﬂi Sﬁ.{oﬁﬁﬁ N é,'ag%l‘?)?]é;:mﬁrgm{l ggmpounds are

CReael, iegAatlesd oPWhéther £564lc @RAgnaaANMEh 2bmPE@TE]s used, or more
conpound as disclosed herein; optionally, at |east

dhan ong ergsabaltmiam compound; Iaranother |aspest, PRivalperganoaluminum
compounds used in this invention include, but are not limited to, triethylaluminum

(TEA), tri-n-butylaluminum, triisobutylaluminum, or any combination thereof.

The Activator
In one aspect, the present invention encompasses a catalyst composition
comprising the contact product of at least one ansa-metallocene compound as

disclosed herein; optionally, at least one organoaluminum compound; and at least one



23 activator. In another aspect, the at |east one
activator can be a solid oxide trgated with an

el ectron-wi t hdrawi ng anion; a RPayered mineral; an

i on- exchangeabl e activator- support; an

or ganoal um noxane conpound; an organoboron conpound;
an organoborate conpound; or any conbination of any
of these activators, each of which is provided

her]?f'@tg{ o]%hem apf}ie f ’ eat ZdaggS%becalcu%(tﬂgc%% aeﬁ{hd oxide treated with

| Y RO wRE ANRAS %ﬁ)ne 3t Rly¥el ®REPAS ahiiBA®xchangeable activator-
conpri sing an actTvator-support, whi ch can be a

chippottzan ofgancakuminioxssk icompsindean erganobarancdempaund; an organoborate
ically use
S B PR A PR OBBR T o

q@daelﬁorrpn se at | east one soI id oxide treated with at
| east one el ectron-w t hdrawi ng ani on; wherein the
sol id oxide can be silica, alum na silica-al um na,

' | um nat e,
R R e A

bor| a, Inzione aspécde thenpresénbxmtaﬁontﬂemmﬁsseamataﬂm compositions
i ke, or any m xture or cqnbi nation_ther

d .. .
BRSNS HL AR SURROTh WHER 590 P 2 Rl ftepfid solid oxide, and
f
el i bt RO B b conpoun. 1
t aniotHen aspeat; ﬁteﬂtcavatbt-snmportlms stuapyss atfleasd Omz solidonadestreated with

H{g Ebgts ﬁ!)ll%elut%%atrgtp Wa‘l LG ia%ra?gfoé‘le xg@ggl‘?llt tl%:;’l tg 1d 8F1de can be silica,

UNSMRst sttt 8tuRina @hishihepiRtshat@ NSluiifurh | #Rspltite, 8Yic aluminate,

conbi nation t her eof . The chem cally treated solid
ohetefepalpipgitates titaniac girceis, pmm@t, tsfriag tzince gxide, gHged oxides

Sﬁ%'grlggg, %ﬁc‘i %}e lﬂﬁ O gmg( drg %tr $ m 1snt'é1t1(())1{l1 ﬁneaer?g anélswléeé' in ﬂ%%electrom
SWithdtawitieeni6:0 R0 b dluoeidpr ¢}ﬁ@$dea brérhidey pHosphate) dﬁlaté[ thésulfate,
solid oxide can_be optionally calcined prigr to

coeise flnergbenate, ﬂp@@@vl&tesmﬂﬁ@rpmtﬁ@ farephosplipiese fluqmqgirconate,

C I

AR BL UK, B AL Dot Sl Qs

ecbrlﬁmg\lihmﬁmd Srdnadvifogata ralnd thesliiter oeanyi cmnnlhnzmoasba'eoﬂ t h e

solid oxi ound, can, be caIC|ned uncal ci

I n an o% ﬁé@?&e%t% ‘glﬁ PYide (S‘PmQUB‘ﬁo CGHW“ B@H‘B& oft least
$fe HRALAE celg@%gi arff at%as{ SRS ARG RAGhWELE ai%ﬂ dburce. In one

OXI e conpoun | east one el ectron-w thdraw ng

zmpem the solidoxidly pomabmd, carhyriseh emimaginjc pxidat dtie solid gxide can

de e bi.t.s enhanced activ ared to. the

B R mRef PRan can@eias g HEon SR Re ok Burce. The
tdb?i?ac ?&)Hﬂé%tcﬁﬁ 2158 R RAlcined lefiRerl difial 08 Bfterfthe 8olébb:alY 8émpound is
activator as conpared to the correspondi ggﬁ unt r eat ed

smntaﬁtedwldethemqn@nﬂwhdrw@gm sogrgse I dSPREL, the solid oxide
t I?:)%)pro)(]hd i)e calicme(? oF gnctap led. In another aspect, the activator-support can

comprise the contact product of at least one calcined solid oxide compound and at
least one electron-withdrawing anion source.

Typically, the chemically treated solid oxide exhibits enhanced activity as
compared to the corresponding untreated solid oxide compound. This type activator-
support also functions as a catalyst activator as compared to the corresponding

untreated solid oxide. While not intending to be bound by theory, it is believed that



24 the chemcally treated solid oxide can function as
solid oxide supporting conpoun ith an additional

i oni zing, polarizing, or bond %aé\ﬂeni ng function,
collectively termed an "activating” function, by
weakeni ng the netal -1igand bond between an anionic

ligand and the netal in the netall ocene. Thus, the
chemically treated solid oxide activator support is
t?l@%h%ﬁfc%ﬂy at%é h, thoxﬁf% cat Fhh Rl f%oli E%&Je’ ortm compound
regar di'ess I's 1 onlzes Poce

a\bﬁh raﬁcbﬁdlﬁcbhaanb@uzing, Ipogmzdlgt @r f lamih waakeﬂmgpﬁmlctlon collectively
weakens the netal -1igand bond in th Ilocg
Sterped, ar o gFtEatagE e SURGHIORN w@ﬂwﬂgﬁﬁa

%anl %aﬁc{%nc?% E&\an &%Qﬁ&ﬁfloceﬁé Sii¥s, QEQ %ﬁemlgallya treated solid

loni zi ng, polarizing, or
\r@a&@autwgto:mghioms cunsiddred p:r eqinablt ay“gohigating” dhhdwentegardless of

b cat al tion t hi nvent . .
VbR It R Rl s, i i pRTEIERR0 (8 B an fon pair,
al ORGnMHemataRRERANEIHA thNBE nREMGCERS sAipIPCbbiRladda! t8 an anionic
| i gand such as an alkyl or hydride ligand to the

rigaaﬂl\@hemé cantasksu thienagtivator-support, mrta@or etheramerkagismso g Which

anoal ym.num co nd,, when_t tallo 0
doBERE pOPIR §° MR Moo ML AT JERYE i BRI YP tihiocenc
aﬁl@éch QitalgStP&hpositiof S Gvbihtion] Iﬂib’ibl@éinﬁﬁlﬂy dre@@édd@hdf oxide is
this invention conprises a solid inorganic oxid

rispisally usedaal ang adthok corapenent fiah provisies an agiistabla 11%%1‘1 sy¢eh as an
Wﬂl?%go@rﬂ 8 Il%on s tﬁL dﬁllet'calloéeﬁét mcﬁldﬁ‘l et{ﬁl anéﬁ‘mfeﬁec@tzﬁqeast one

ond between an

an el ect raw n
appareakhliyunh caapamdywhén e nie%lﬁten@ mempbllmlrdcme hat alieady. comprise
Thus, the solid oxide of this invention enconpasses
owrlialiganderi al s such as al uni na, "m xed oxide"
conpoundgip Hﬁ&h&sas?'e‘l:t' Elge BB, BEated IshG@-c&id<CONtAs Yvention
silica-titania, an I nations and m xtures
tdoaipeses a $oied moxgmaicetidé notdrah acmiksd wxitls matcﬁalagr a combination

S e B B R By 5 BB witaraving
oR¥ntC %@Sf)ﬁtﬁltaﬂ?@reateﬂmlﬁg Belch R e rotl‘féi‘@ﬂét@l&bn Thus, the solid
deposi tion, and are enconpassed by this invention. In

y@ﬂdﬂinf)ﬁliﬁelmVaﬁmwlC@mpaﬂﬁﬁ%Oxldv aratdrists suchas alumina, “mixed oxide”
?C%Ei[llp\éﬁ%%r H%’ 1 1<:a-|;ql>J ! tllglfl? br s(i rcSo%?a Q ?ﬁﬂn& t%m?irarﬁectoﬂ{bmatmns

un1 sitver, coppe
Ckdld | rhistfired thBreof. t ”Dlﬁ\ﬂﬁlb&ﬁ,méf@ﬂ M@@@éﬁmﬁ@ouﬁds anH as s111ca—a1umina, with
conbi nation thereof. Exanples of activator-sup ts

tthere thayr erfemcteb Apmbied avife@sgen fo st Selishoride P%Emmd can be
glﬁ%drﬁa‘[gr?g ccp géllétfoﬂ] @r a’noé ?%heilnp% g ?ﬁl%ﬂ & %'eﬂ@&npassed by

I'ne-rhpr l"uor umha, zin
ithriggmibad chlori ded silica-alum na, zinc-i rrpregnat ed

fluorided siljca-alum.na,. zinc-inpregnated sulttuth
al umi r{a’yebancghe;; asperd pﬁgp Hyyentis), gt activator-support further comprises

a metal or metal ion such as zinc, nickel, vanadium, silver, copper, gallium, tin,
tungsten, molybdenum, or any combination thereof. Examples of activator-supports
that further comprise a metal or metal ion include, but are not limited to, zinc-
impregnated chlorided alumina, zinc-impregnated fluorided alumina, zine-
impregnated chlorided silica-alumina, zinc-impregnated fluorided silica-alumina,

zinc-impregnated sulfated alumina, or any combination thereof.



25 0 In anot her aspect, the chemcally treated solid
oxi de activator-support of this_ é¢nvention conprises a
solid oxide of relatively highzéorosity, whi ch
exhibits Lewis acidic or Brensted acidic behavior.
The solid oxide is chemcally treated with an

el ectron-w t hdrawi ng conponent, typically an

el ectron-w t hdrawi ng anion, to form an

activ Ofriothd? %g;{ec% erren%&m@@iy h@étgﬁl ?615190%18% E&tw%?&%pﬂyrt of this

the fol'low ng

tlheattfmrﬁoannsébe soli@fogidel ¢f ekdtidelywhigh parosity, which exhibits Lewis
el ectron-w t hdrawi n corrponent ’%ﬁ nts or e ances
g g

t#sadia oF Brepsted af:lﬁg: THigssol & dhFhemically treated with an
Vég?‘g{?‘ﬁ%ﬁﬁdﬁ\%n oﬁéﬂ' %PIcﬁlhir We&cﬁfm—gflﬂiﬁl%ﬁﬁ%%ﬁbg Ith ¥orm an

is typical Iy gr eat Lew s or Brensted
aactisthtby:-swfpotth eWhile meaimehdiig fodbeokoutel. byOhe fallowing stasement, it is

nti the acidit f the chem cally, treat
PR St Boniesh ofs ther preahie. ey Wit i a oo fithdrawing
EZ AlgnRhiA6E 'eiﬂlatrﬂcgss 110f adifi@y toE'QHé RFidRNATHEY, tB& (cRéically

oxi des under acid catalyzed reactions. In one aspect
umtedmﬂndmudq/exhalnm leawis of Bdenpieddesidisnyhichds typiesdllyi geater than

anlc oxi r X and l-east _.on
PRI GpBIET SRR (ARG Ly Gl 5E%heRBB o quanity
1fle akidityl 8f tﬁé’hchéﬂncaﬂ& #&ut&f ahbeurdRhicddidtidt akide, materials is by
conprising oxygen and at |east one elenent selected

feosmaring theapnl asiizntiop actidtipheidhe icaige ard untregset oxides under acid
ensed Chem cal Dictionary, 11tli Ed.,

J}_%ﬁgr%y%@lsf%%/ﬁiﬂgons; 1995; Cotton, F. A ; WIkinson, G;

Muri | 1718; orfe. aspect, @B chBaddaltpareatell soRd \vaideeghniprisegarnsblid inorganic
Chemistry, . 6th Ed., WJ/ey-Interscience, 1999,)

508 FOPPTSIRG RYEFR AR &t 1836¥ gae glgmgnt s e§>f§1F§% %T%%la?t’ 45,6, 7,

e 16l t ,

§ @sgjolnl 18! gﬁa oP F%/ﬁﬂh%g)eﬁﬁﬂ’l@tﬁgg coﬁ’ﬁmsi% ox’?g@lphiﬁﬁi at least
Tone Mm@t R;lecYed anrm theZ tantlBmideabt eactandamlmnta‘ €8¢a- d Hawley's

e Gl B SO ST oo SR S350 1085 Cln, .

'W‘{lﬁﬁfs PG 1 Walritde C, Rutan@ o iffanh; M' Iﬁl@%nc&@fnoﬁ%@@ Chemistry, 6®
B2C3, BeO, Bi 203, CdO® O34, G208, CuO, Fe2

B ileydpescicnt2 0999.) NEwally, NhOnopDs:; om@nprgemxygen and at

JREFE one elomedt Secesd BPm AR B G GEeCHGf & Feil 1. Mn, Mo,

CoiTBb St BRI, TReTieVt w,Bxanpnes &»f m xed oxi des that
can be used in the activator- support of the present

i nventSwisblerexamaptes af selia oxidegnateripls 08 gompounds,thgt can be used in
G S PR SO R0 B e gl g by 300t
Ttb, AMO;,\B, 0¥, Be@Bi, 35, CEMACd;31R, €06, ChtxdiepDe G O; Maseg Mn,0;,
oxi des_that can be used in the actlvator- s&z g&é Q‘t

tMeOpr N nP2Qsn eBf?3, 11 Oal 3805 n¥Pu ddO2p (102 NaVhotV O3, Y203, Zn0O,
1740,! edat @e fid ﬁi@l’uﬁldén}ﬂli’ed oxides thereof, and combinations thereof.
Examples of mixed oxides that can be used in the activator-support of the present
invention include, but are not limited to, mixed oxides of any combination of Al, B,
Be, Bi, Cd, Co, Cr, Cu, Fe, Ga, La, Mn, Mo, Ni, P, Sb, Si, Sn, Sr, Th, Ti, V, W, Y,
Zn, Zr, and the like. Examples of mixed oxides that can be used in the activator-

support of the present invention also include, but are not limited to, silica-alumina,



26 o silica-titania, silica-zirconia, zeolites, many

clay mnerals, pillared clays, alumna- titania,

al um na-zirconi a, alun1nophospﬂét% and the like. In a
further aspect of this invention, the solid oxide

material is chemcally treated by contacting it with

at | east one el ectron-w thdraw ng conponent, typically

an el ectron- mﬁthdramﬁng ani on source. Further, the

Sol.i i d ti icalhy-tr e .
o D gt G Bl o e PRy RS fated SN, “Humina-

S it aqSlutina- i dond, aﬁ&nlﬁdi;ﬁmlﬂ{h}!e aBd de Ideenent t hat
constitutes the solid oxide materjal, then calc¢inin

to forkn a frehen asperitef hinivertioneths solithpyignapaerial is ¢ Hemically
so?él&c? gkicéntraf: ?I?%ﬁq’v]]ﬁp %ast% o A ctrOnbriRa \’vi\ﬁ lcY) é%nent Wplcally

an electron-wt
saneleetromivithdantisg hrddn andce aFortisrdtheisolid barde onmbzyal iFbptionally

th d whi ch .th d tacted w
e rteds Pl o R s ST DEGH 1o (A i3 dpy ths, same as or
a@ﬂfféréﬁft Fin ﬁigeﬁ{eia‘? a1 AICBERRAEO e 5354 WSS ntial, then

isnot limte l'ing, co-gelling, inpregnation
oéalanmgctor'rﬁounrajrrmml@ontamm@ or metal-imipecghaticd . chm}amaﬂmtﬂeyted solid

fol.l.ow a con od,, th ont a

st SRR e Bt BT Jh NG P AUy ing anfon source
alteOfbnt AR @R |c§féﬂiddYs1hﬁﬁaﬁ%h§l|y | el etholl By dhichT B oxide is
el ectron-w t hdraw ng conponent used to treat the oxide

cemntasgedawith apoierbiearvi dﬁwmlgr@nmge@ typically i sltogr an acid of an
elec%(}ng\gntﬁ‘&rl Gt aqufont ns& 131 €S, do I dgotu Hf%lntedt{obar‘g‘é“ﬁ&f co-gelling,

| hi~ohe asp eet g FE98 éCYTon: wi raw n
tmregialtmn M on€lcORbO G Witd iadﬁmt ragd and Hike. dwypmaty ffdslmwlng any
a salt, an acid, or other conpound such as vol ati |

ofaparting avathsliibe contected mixtrs of gxidg ceBppERd, slectron-withdrawing
p{ﬁ&’{”aﬁ& gﬁ%aél&riﬂé B R is cERSRER! es of
el ec

ron- aw ng anions 1 nclude, but are not
i mtethd electrbnravithdeawing fdompodent bsedniod éreati dubi d:eide can be any

phosphate, triflate, bisulfat fluor r.ate
P CRRBABen fhat GIOrERReY [t SHEL DE R SERiy O e ST oride upon

f {r&ipfmeRh OSIHh@ﬁ@’asf)édt'oﬁ%z ueeeaﬁwthdm%ﬂgr&wdn&ﬁt & typically an
fluorotitanate, substituted or unsubstituted

atlketreswitidmaing, ammbéetmtedtfenh agalt, mmsaspbimr pthee dompound such as a
ar sul f onat e ! i ncl udi | ng m xt u

IR dirpthG e SRE Tk BB 57 SRl ¢ PO B REp el foP Bpat amion.
NeXarhlBd 6f CRERONNGSAENAhg SBI0KE 1A8ndS Wik GRS nbPlindikES6, fluoride,
el ectron-w t hdrawi ng ani ons can al so be enpl oyed in

t¢1é01’|éﬁeesbmmd¢,n\1@¢iﬂ¢,o phospiaten etriflate c bisulie, chiéfties aflpgroborate,
Oo%g?e]u(iifatc’ RISk Sace er,T rhlg o%ﬁhaaesmtil%tr Iﬁw§ agﬁqox?lgél%%irconate,

anOther aspec emcal

cmmmlﬁme Sﬂiiofr@ﬁt@ﬁhtéﬂ summated/bs umsﬁﬁnhnéce hllkandshl&'oﬁ@é rsubstituted
al kanesul fonate refers to ani ons havi ng .t he general,

Q5 rpsebstinpesbpaenesyHanae:n aud jthe alikenaagludipg paay cpaxfures  and
Al dolindlRY Rndidbs NG ddﬁﬂfoﬁ, 6ffer ionic or non-ionic compounds that serve as

sources for these electron-withdrawing anions can also be employed in the present
invention. In one aspect, the chemically treated solid oxide comprises a sulfated solid
oxide, and in another aspect, the chemically treated oxide comprises sulfated alumina.

As used herein, the term alkanesulfonate refers to anions having the general
formula [RBSO,07, wherein R is a linear or branched alkyl group having up to 20

carbon atoms, that is optionally substituted with at least one group selected



carbon atons, that is optionally substituted with at

| east one group selected 27 0 independently fromF,

d, Br, |, OH OWe, OEt, OCF3, 2@h, xylyl, mesityl, or

OPh. Thus, the al kanesul fonate may be referred to as

a substituted or an unsubstituted al kanesul fonate. In

one aspect, the al kyl group of the al kanesul fonate can
have up to 12 carbon atonms. In another aspect, the

a h haye .
bR 6B L Bl OORE O8Oy OOy ROy b, or 0P
athes; tthe akangutfonstt may banefenlell anadses substituteld or nt vesubstituted

Bﬁ%ﬁ%&éﬂ%’%aﬁ @?%g$§t§§ !é}ﬁtg'ﬂgéogliq é)t%t ,ea ari]llecgryelsxfﬂ?'gn%tteeéanjﬁave up to
31?@%#381'1 Bishan eﬁ%folﬁﬂz?tagqegt, kind {ﬂk%%gtﬁﬁ Lraneakidenfite can have
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ARl 5188 Binits e Bitied B nebmepul i BipShgonate. 1-
hevébitkshifshatgener al  fRpphreshfeARRA -, WhRLRIHYVIVtdhesSifonate,

an aryl group having up to 14 carbon atons, that is

oisiffvornmhdthanssi famateut tichidromethan¢salfonatenshiprompthanesulfonate, 1-
| ected independently froamFE.,C _  Br .J. M, Et, Pr

o e TREN Oy o Propspifongin iy ol Hlethony-2-

t fropafesi@siatd, endtie Y be referred to as a substituted

or an unsubstituted arenesul fonate. |In one aspect,
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salt to revert or deconpose back to the acid during
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el“ect ron-w anion inc are n
l'i m t e@hew thd blecteat-withbiawing toinpena|comiphis¢shae sale Sif ramdelectron-
soJvent, the |lack of adverse rggﬁ‘tqi vity of the

CHIBRVINEGIQTa RS FRYNETIOB Y Salen ReRPt tleCanRts W cgfign that allows
f}ﬁ% 9%15 '%olh%gér@ gir:] g%oﬁne&%? Egc:rktﬂgﬁge hARAHRY hRididle Pihdrs Wat dictate
the suitability of the particular salt to serve as a source for the electron-withdrawing
anion include, but are not limited to, the solubility of the salt in the desired solvent,
the lack of adverse reactivity of the cation, ion-pairing effects between the cation and
anion, hygroscopic properties imparted to the salt by the cation, and the like, and

thermal stability of the anion. Examples of suitable cations in the salt of the electron-



thermal stability of the anion. Exanples of suitable
cations in the salt of the electren O 28 w thdraw ng
ani on include, but are not |in?Bed to, ammoni um

trial kyl ammonium tetraal kyl amoni um tetraal kyl
phosphonium H+, [H(OEt2)2]', and the |ike. Further,
conbi nati ons of one or nore different electron

wi t hdrawi ng anions, in varying proportions, can be
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ioh I s enploying two or nore
eloetiter desired tladd awCombamstions 6 eletronowjtbdmdsng nompewents can be
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conpound, or conbination of oxi'de conpounds, is _
ciomertonds empldying fwa enmetestectrion-withdiewiagiantpnaniesg compounds in
source conpound to forma fikst mxture, this first .
A G R BRHRR chieeielhits IS heiidie ot ufh PlRbpsy which
| 4 hARALERAPvE BRlprépdrbd & seRlotsel 2 etleand wbliddxidsicdpound, or
ani on source conpound to forma second n xture,

f ey ogtionnf oxidectompeyndaiscoatactrdavitihg Kirsl eleciren-athdraying anion
t e ' X . t .

HEBRLGapbid 6106, RO T MRAAE S5 Sl Binc, e
ceudgined st aniniry [k ahdd yordadtéd mdtht a secorocinctson-withdrawidy anion

they can be the same conpound. In aspect of the |
| 10VERS PPNt BT 203708 JBRTWSt SHLSHFpBY tcalaning said second

i na: <1 )
?%?{illgr‘ég)g(i %Ym A1rBAte§ géf\?\ﬁi t%g{%{é nd 1) InCARh AL hideBss@ the first and

e compoun ast one _ '
edeeatid oslectionkwlitadvawing sanicon ssowec eompopadsndire otypizally adifferent

first m xtuyre; d 2) calcining the first mxture to
rsiaouEs: elfign ey e g S0 SURBER. 1 n Aot ner
aspectnQfnetalpett bR Mvedfion, thE s8R 6:8d@¥dtHAtor-support is produced by
activator-support is produced by a process

copiocess icompprisipgcont act i ng at | east one solid oxide

compound wi.th.a finrst electron- wt.hdraw ion . .
sour ceDcaishelind 4 IR pAIEERPTd AT i B MRBn-withdrawing

CatlidH §thuh@ dofigpolihd & foin’d fisEmiquief @sllice a cal ci ned
first mxture; 3) contacting the calcined first

m xt ur® gileining the Behmizueiorienn {owld afidegetiwiponpport.
SOouUr ce,CofRRyn gsﬁegt fo?r G 11’?\%‘1‘18819, MeXtotie ;ox’ﬁ{éd activator-support is

produced by a process comprising:

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

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.
Thus, the solid oxide activator-support is sometimes referred to simply as a treated

solid oxide compound.



4) calcining the second mxture to formthe solid

oxi de activator-support. Thus, the solid oxide
activator-support is soneti mes29eterred to si nply as a
treated solid oxide conmpound. 29 Another aspect of
this invention producing or formng the solid oxide
activator-support by contacting at |east one solid
oxide with at | east one el ectron- wthdraw ng anion
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be .. .
demperatire fiont poent AN t@ abgulaBHITC. 160 Hefanethier agpect, calcining is
t emper.at ure f.rom.about. 3 0 3 M alcinimg i
HRRRLIGR SRPICRR R ST beRC e Iy Uphi b clening i
Cadhahdted) GronCarit 3lHoyrs to @Bbwtid0i Hegrs. Inctilldnsthechspectaealcining can
oxi di zi ng at nosphere, such as air. Alternatively, _ an .

i beerarriechowiofspm abaut ki AbQI 1R housyaly tspgrages, fresp agout 350°C to
r 'gg)gcat nosphere such as hydrogen or carbon
r?%ﬁg% e, can be used. In another aspect of the
i nventButher, tahe tyel dfduiabld embimp carelnt used ddring calcipeg. eGenerally,

t he chemi cal | reated _solid oxi.de has a pore. volu .
deledniag 1% GRS i Ao R EIE AP cstn JULpe SE pRTeY i, an inert
S@%bgbh% SEHCRRRDE or B0 0P Ar8INHLAE0SFIRAS Sichtd3dHYdrogen or
about” 0.5 cc/g, and in yet another aspect, greater
tdaghonabongxide, Garcled gsedl n still anot her aspect, the 2

sol i d oxi de conpone has surface, ar.ea from abo
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another aspect, the golid oxide component has a pore volume greater than about 0.5

cc/g, and in yet another aspect, greater than about 1.0 cc/g. In still another aspect, the

2
solid oxide component has a surface area from about 100 to about 1000 m /g. In

another aspect, solid oxide component has a surface area from about 200 to about 800

mzl g, and in still another aspect, from about 250 to about 600 mZ/ g.

The solid oxide material can be treated with a source of halide ion or sulfate
ion, or a combination of anions, and optionally treated with at least one metal ion,
then calcined to provide the activator-support in the form of a particulate solid. In one

aspect, the solid oxide material is treated with a source of sulfate, termed a sulfating



, and in still another aspect, from about 250 to about

600 m 2/g 2 The solid oxide matgrial can be treated

with a source of halide ion or38ulfate ion, or a

conbi nati on of anions, and optionally treated with at

| east one nmetal ion, then calcined to provide the
activator-support in the formof a particulate solid.

In one aspect, the solid oxi de material is treated

Wit h a sourc t r 1
s e SRS QlaBe |t S Bflofuiply Bl Bpube o fnoride fon,
a@enbd a dusAding&geit, b 4l obmbmation therdofy al‘Eleaiaclﬁdsto rprdvldg the solid
agent, or a conbination thereqf, and calcined to
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formng a slurry of the oxide in a suitable solvent
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agin HF Niy
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hexaf | uor ophosphat e HAPFG) tetrafl yorohoric a
(Merfyorogitraste ﬁNHeQxéﬂﬂsu 6?@?8% sheaged, @Nﬁmf) ORRIREIoNs “héreot.  For
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ease of use and ready availability.

In another aspect of the present invention, the solid oxide can be 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



exanpl e, amoni um bi fl uori de NH4HF2 can be used as the
fluoriding agent, due to its easg of use and ready
availability. In another aspecBlof the present
invention, the solid oxide can be 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
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ednéit pasnbmdded e iongplid oxide in an amount greater than about 2% by weight

of the solid oxide, greater than about 3% by weight of the solid oxide, greater than

about 5% by weight of the solid oxide, or greater than about 7% by weight of the solid
oxide.

In one aspect, the amount of electron-withdrawing ion, for example fluoride or
chloride ion, present before calcining the solid oxide is generally from about 2 to
about 50% by weight, where the weight percents are based on the weight of the solid

oxide, for example silica-alumina, before calcining. In another aspect, the amount of



anion can be added to the solid oxide in an anount
greater than about 2% by wei ght of the solid oxide,
greater than about 3% by meighﬁzof the solid oxide,
greater than about 5% by wei ght of the solid oxide,
or greater than about 7% by weight of the solid
oxide. In one aspect, the anmount of

el ectron-wi thdrawi ng ion, for exanple fluoride or
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as alumina or silica-alumina, in the form of a particulate solid. Optionally, the

sulfated oxide is further treated with a metal ion such that the calcined sulfated oxide
comprises a metal. In one aspect, the sulfated solid oxide comprises sulfate and
alumina. In one aspect of this invention, the sulfated alumina is formed by a process
wherein the alumina is treated with a sulfate source, including for example, but not

limited to, sulfuric acid or a sulfate salt such as ammonium sulfate, zinc sulfate,



and i n another aspect, the alum na content of the
silica-alumna can be from about 8% to about 30%

al um na by wei ght. The sul fated3solid oxide conprises
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to about 50% by weight, "from about 2% to about 30 % by
i, sition dfitratfandirllawediby Svapomtmbodiyineswmdsy vaqunghk spray drying, and

et i ght . d ,on..t wej
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CORVRNil efkiddbQahfieit SHEPRES 86bd BAtalyst ARy GRCloW &@t. The solid
Accorc}l ngly, the solid inorganic oxide can further

caripe caebatresedvithguételcsalid of neatal contginipg eqmapounds before, after, or

vanadi um .silver.. copper, .galli I N . -

GBI Re G e O DrdeiB e P rhe ot delfdtawing anion.

zi nC CpilRR, diyaflethed bﬂﬁﬁdﬁﬁgﬂﬁﬁg thdeliladxide @uieeie]l with a metal can
00 C

because it provides g atalyst actjvity and | ow i
cbsusedTHRegnitheil by which the oxide is contacted with a metal source, typically a

salt or metal-containing compound, includes, but is not limited to, gelling, co-gelling,
impregnation of one compound onto another, and the like. 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 simultancously.



oxi de can be treated with netal salts or

nmet al - cont ai ni ng conpounds before,eafter, or at the

sane tine that the solid oxide¥s treated with the

el ectron-w t hdrawi ng ani on. Further, any nethod of

I mpregnating the solid oxide material wth a netal can

be used. The nethod by which the oxide is contacted

with a nmetal source, typically a salt or

met al - ¢ont ai ni n ogpoun .hcl ude [ t .
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pol ynmeri zation process will be carried out. Various
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anion.

In one aspect, the activator-support of this invention can comprise clay
minerals having exchangeable cations and layers capable of expanding. Typical clay
mineral activator-supports include, but are not limited to, ion-exchangeable, layered
aluminosilicates such as pillared clays. Although the term “support” is used, it is not
meant to be construed as an inert component of the catalyst composition, but rather is

to be considered an active part of the catalyst composition, because of its intimate



pillared clays can be used as activator-supports. Wen

the acidic activator-support confrises an

i on- exchangeabl e activator-suppert, it can optionally

be treated with at |east one el ectron-w thdraw ng

ani on such as those disclosed herein, though typically

t he i on-exchangeabl e activator-support is not treated

with an el ectron-withdrawing anion. In one aspect,
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to a_sinple exchange reaction .in which the
eandhihe osesity is shhaeed.of [hg 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; each of which is incorporated

herein in its entirety.



clay material are replaced with large, highly charged

i ons, such as Keggin ions. Theseopolynerlc cations

are then i nmobilized within th6 interlayers of the

clay and when calcined are converted to netal oxide
"pillars," effectively supporting the clay I|ayers as
colum-1|like structures. Thus, once the clay is dried

and calcined to produce the supporting pillars
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alummophosphate aluminum phosphate, zinc aluminate, phosphated silica,
phosphated alumina, silica-titania, coprecipitated silica/titania, fluorided/silated
alumina, and any combination or mixture thereof.

The amount of ansa-metallocene compound in relation to the ion-
exchangeable activator-support used to prepare the catalyst composition of this
invention is typically from about 0.1 wt% to about 15 wi% ansa-metallocene

complex, based on the weight of the activator-support component (not based on the

final metallocene-clay mixture). It was also found that from about 1 wt% to about 10



The i on-exchangeabl e activator-supports such as

pillared clays used to prepare _the catal yst

conmpositions of this invention 3%an be conbined with

ot her inorganic support materials, including, but are

not limted to, zeolites, inorganic oxides,

phosphat ed i norgani c oxides, and the like. In one
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met al | ocene cofrponent” on the clay can be achi eved

wednmorisinghemacidiy activetor-suppost, vdiiely cancomprisead layersdemineral. The

A N
tr %‘Hﬁi‘eﬁ AR, ﬁb%ﬁcﬁaﬁﬁ&p Ruys2eRfblihied (ISR dkliad@NtRYE gelled into
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clay activator-support. |In another aspect, the present .
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c C oy - dl . o o _
SO S AR AP0 #EE B e 8 oy minere
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uted wth other materials, and B
rocks, and the like, and which constitute a class of hydrous silicate and

aluminosilicate minerals with sheet-like structures and very high surface areas. This
term is also used to describe hydrous magnesium silicates with a phyllosilicate
structure. Examples of clay minerals that can be used in this invention include, but
are not limited to, allophanes; smectites, both dioctahedral (Al) and tri-octahedral
(Mg) and derivatives thereof such as montmorillonites (bentonites), nontronites,
hectorites, or laponites; halloysites; vermiculites; micas; fluoromicas; chlorites;

mixed-layer clays; the fibrous clays including but not limited to sepiolites,



i ke, or any conbination thereof. When the acidic
activator-support conprises a _|ayered mneral, it can
optionally be treated with at 38ast one

el ectron-w thdrawing anion such as those di scl osed
herein, though typically the |layered mneral is not
treated with an el ectron-w t hdrawi ng ani on. For

exarrpl e, at least one clay mneral can be used as the

ST AR OGRS SRR ol GBS o o

Wbdiﬁblﬁhﬁori hbéreaf € Mungd commvat lay ininéralRe bgloagnid the kaolinite,
sedi nents, . sedinmentary raqcks, and the |ike, gpd whi ¢
cowstmarionits, ef dite grouRy @f flayssi Pillaradeclayijcan also be used as the

k
SHAT Q0SSR DAL, RSP SIS o oy
t mm:k&ais Jtiypieally off the ©f tl‘wgmmntmgmu]b rodibvther phyllosidicates in addition to

[losilica ruct l es of cla er.al
P febtoliai o RaCEaMMHoD HPa PAvRS HEPbroR RSP BAIERd DU 1658, typically
Rixad pRARG s, bot h
d &gh%d%ag?ggﬁl? ?Iggﬁd tr |%§ycr)lct aheEJlltrng\SIe (M) and
der i val omsaspeeireothissinventios), mhen fayerdd winerals are used as activator-
(bent nltes nontrﬁnltes hect rite

FSPPOYE Pt BeteloBilr b S the R Tiiefs ok GRTY bifed prior to

CiheRMist 88 activitor® ATy RSN caldifdtion t&lhﬁelfaml?ésodéﬁ rﬁthgiaYﬁfom about 100°C
including but not Timted to seplolltes

atot alpwt JOPYs, frtanoabpat VooiCs ke eleant R0y ‘Efeﬁf)mn@?%llf 2¢0°C to about
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t of . Many common clay mnerals belong to the

kaolinite, nontnorillonite, or illite groups of

clays. Pillared clays can al so be used as th
alrgargebnegperictivftorsing Orfingnt pﬁ?ﬂnoﬁ@"ﬂﬂ@@l"‘ﬁ L@patalysts
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| ayered mnerals are used as activator- supports or
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Ong A A GaRR §h%lgpﬂ§1tlo(§lr@nmnspgé§@ cQyiact product of, at least ansa-

metallocene; optionally, at least one organoaluminum compound; at least one
activator; and optionally, at least one organoaluminoxane co-catalyst; wherein the
activator can be selected independently from the activators provided immediately
above. Thus, in this aspect, this invention provides a catalyst composition comprising
the contact product of at least one anse-metallocene; at least one organoaluminum
compound; at least one activator-support comprising a solid oxide treated with an

electron-withdrawing anion; and optionally, an aluminoxane cocatalyst. However, in



activator, wherein the activator can be sel ected

i ndependently from i) an activat Qr - support sel ect ed

froma solid oxide treated w tR7an

el ectron-w t hdrawi ng anion, a |ayered mneral, an

i on- exchangeabl e acti vator-support, or any

conbi nation thereof; iii) at |east one organoboron or

or ganoborate conmpound; or iii) any conbination

LOS 58%er, e BAGHICLASAREI of B RAGSABN R LI hntially free of
provides”a catal’yst conposition “conprising, or a
caluminoxhnes) apd i ahathercasppet] sHencatilpg @aiposdition pfatiscitivention has
of ,, at | east ansa- petall ocene; optionally, at |east
oPRIYBEHZANSR IAGHYIR R the sHASIsAHAl sbsence of alugHBOXaRES. | vat o ;

and opti,an . ' .

co-cata L)%é ta ;{é%gﬁlt&ldr? thﬁ ecgg ?lgl\r(/ig? (QJI? @%ﬂggag gé%%%rg’t %lauer alone or
i ind emabhohetion ywith coth¢rh ectacikors adisclesqolr heiette daridregterataling or in
above. Thus,..in,this aspect, this invention provide
cCaPiLione Mifbaht | Bn 1LShes CHEmOPHEUER ¢ SRIFPOHGRuctWhen the

Obrg@oal BRDbx AR cARSAMAB AL WREENR: allval R8StheP@n be used in the
or ganoal um num conpound; at | east one

aasencgtadrthe apipenal organpalumimuyn sompdundsoWhien the eagangaluminoxane

with an, electron-w thdraw ng.ani gn; and opti.onally .
e, et o ity Sl e oRRu08' B herein, the
aGpafdalunbiRExdhdt ale§picAB REGHI t63s 6FgahbAISMINVKENE P OatEIFEs.

be substantially free of alum noxanes, and_in another
aspectAlumiaoxsaes pipsalse sipreed ta ahpoly(fudrecartyl ehmisumpeigdes) or
PR MIERL AL RHES ATL Y ol kDSBS @ Ry ANS BRGE0H with the
a‘f OIm noxanes. hUS, organog um noxane colrpoundas can
sattinithoasneinta saairated hydrotdibon abpeurel solvent, tlodtighraat isoWent which
w th ot h_e{ activators disclosed herein, and either

4 splstaptially, megtdahsEsactants. intermediates and gueductspf the activation step
Qlaf ALOR Hmﬁw'a&agao sitORCrhbE in %Q%E%EP BadB& Afected by
conpounds are used as activators, they can be used In
tthethodddsmmagodhoseoé slafitin dreadrt, dndediog butmat limited np filtredion, or the
Wh t he organoal um noxgne , .co oun?s are.used in . .
AT 2mBRsTip Ret P EFTOdHeec R 1HE FAGRSTIBHEN Fréplof vithout being
t;68ate@r ganoal um noxanes are typically referred to as

or ganoal um noxane co-catal ysts. Al um noxanes are al so

r ef er rlacbneaspert,pibk yalunyisoxarer ¢yhpaaind raf ribis ioxdnties )is en oligomeric
ol anoal um noxacges The .ot hgr cat alé/st co nents are I

t ‘%F‘é‘gﬂ OB REeTRy 1S REmIRORHe, SYgRRud, cqp comprise linear
Siubiuedse Gybii] r A€ addROGinfQiFeg) Und tyt g NinixthRQUsiNa@Niree.  Cyclic
sol vent V\,gi ch is substantially inert to the

rebigaingmans compogndrdeviiedbe frawldr oduct s of the

activation step can be, used. ,The catal yst conposition

formed in this manner AL | ected by nethods
known to those of skill iJ; t r%rt, i ncl udi ng but not

limted to filtration, of the )
; wherein

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

aluminoxanes having the formula:



catal yst conposition can be introduced into the

pol yneri zati on reactor w thout beijng isolated. In one
aspect, the al um noxane conpoudfl of this invention is
an oligoneric alum num conmpound, wherein the

al um noxane conpound can conprise |inear structures,
cyclic, or cage structures, or typically m xtures of
all three. Cyclic alum noxane conpounds having the
formula: ~I1 _OIn R ; wherein Rii% a linear or

branched al kyl having from | \to carbon atons, and n
is an integer fromR Ia -Al0 are encorrpassed by
this invention. The (A e‘:ﬁ shovvn here al so

constitutes the repeati IR] unlt
al um noxane. Thus, linear alum noxanes aV| ng t he

| R ey G tsneteh ok DR fomy! £ U308 R ag Bis an nteger

afr OBl toaBButB0, Sredilsd dHcbMBhssed bpidirventaiout 50, are
al so enconpassed by this invention. Further

al umi nBwEvesalEmmoRRngs cAR@lso é@g@caﬁeraﬁ@tDW%@sof’dhe formula R's+oR%

f
a(%lgn J”’hﬁ%ﬁ%ﬂ% %—?ﬂr’ﬁ 50 4 \/\E‘rgfe 2) + ?(@) %he%?lﬁr}lm(g,) is the

Muihiser offthiieb rceerdiate aluntiem aaltams ey db cﬂrsnumbérmf tm coordmate
t he number of two coordjnate ‘):/f?en atons, no(4
t SRR FERS, Gfowt 1% s aﬁlrﬁh%re%ﬁy@@ 1BA1E, P Y2SER 240875 e*ﬁl?rgsents a

SPUFETUER PO bW B SRS SR AR
hanbragehed a]ﬂrytlhawng.ﬂomdrﬂodlﬁ) attemmtomifhius, al um noxanes
O L e S IS LBl SLIMIESL P B2 o g0 (o

FOfIr ®YR- AlSO?],,WTRE alddy iR likd) e\@i‘ieré’i'h th@rﬁr@-ﬁ g 1§:|ty1§§a1ﬂ1 léyllmear or
such as met ethyl, propyl, butyl, ,

vitrenabied Ch-C qlbiflcﬂabh 3 n@ﬂr}és%hﬂspmyl ﬂvu@gl;,epenf)riom hexpbwherein n

b 50, h
SRS, deptbront o TGS TR by adte "Byt OB Hig pgmbodiment, the

|dlﬁihhﬁ>ﬁaﬁ63 confPRluldd adfUrhil OXaratioet MludbUrBulO¥@Newot limited to,
I al um noxane, i so propyl - al um noxane,

ﬁngthvg wrneK S anesthylalsmingxangmi n@xpiapylaluminoxane,  iso-propyl-
Z‘S&mﬁlld&XILe?lﬂlﬂh&PMHﬁDXéﬁ? “t-butylaluminoxane, sec-butylaluminoxane, iso-

butylaluminoxane, 1-pentylaluminoxane, 2-pentylaluminoxane, 3-pentylaluminoxane,
iso-pentylaluminoxane, neopentylaluminoxane, or combinations thereof.

While organcaluminoxanes with different types of R groups are encompassed
by the present invention, methyl aluminoxane (MAQ), ethyl aluminoxane, or isobutyl
aluminoxane are typical optional cocatalysts used in the catalyst compositions of this
invention. These aluminoxanes are prepared from trimethylaluminum,
triethylaluminum, or triisobutylaluminum, respectively, and are sometimes referred to
as poly(methyl aluminum oxide), poly{ethyl aluminum oxide), and poly(isobutyl
aluminum oxide), respectively. It is also within the scope of the invention to use an
aluminoxane in combination with a trialkylaluminum, such as disclosed in U.S. Patent
No. 4,794,096.

The present invention contemplates many values of n in the aluminoxane
formulas (R-Al-O), and R(R-Al-O),AlR,, and typically n is at least about 3.



but yl al um noxane, 1-pentyl al um noxane,

2- pentyl al um noxane, 3-pentyl al us noxane,

i so- pent yl al umi noxane, neopent $#ial um noxane, or
conbi nati ons thereof. While organoal um noxanes wth
different types of R groups are enconpassed by the
present invention, nethyl alum noxane (MAO), ethyl
al um noxane, or isobutyl alum noxane are typica

POVRE aRGEEIBR) Pl BEE PR s SAPRE Skt U used

fthe Mahiel dfei it dleUiriabIA withihi £5iglcadaniplé bfMal@iinoxane, and such a
triisobutylalum num_ respectively, and are soneti nmes .
reomdipatipniof organoghiminesangs prexgogtisedritbthiedagthods and compositions
P . 1. num oxi de), and pol y(isobutyl
a&l}ﬂréﬁ%?néﬂéi@g}e@%&r espectively. It is also within the

scope Inf ptdparingvéaet caalyéto cum@osition adfu thimonaaeidnn comprising an
conbination with a trialéglalﬁninun1 suchjgs di scl osed.
 upnexans, peRyatogr op-gaalygodhe yRalahraie it ey afmighm in the

GABREELA 65 PR Sy Chy oy UGB, s 110
rabost 400,0@x$t hbome aBother aspcticheewerlar tdipeoftithegalupdnum in the

RS o B30 R R o S DR v 5t BNl 1o ot
sphgoer . o h AhMBIR Bt PEond M6 Rar® adde R NpblyRRri@dtion zone is an

or ganoal um noxanes are conprised in the nmethods and

corpws wmithims range of laboys Oe®lemi/Li tovaheut 5000 mg/Ip fegymebery 0.1 mg/L

t.he, cat St,r CONPOSI 11 of ~thig i ntj.on conpri sing

A oGy R0 EE BOE rhafla R Sabelt I e ol ar

rati o Ofgahdiurdindfhivd Bah rbet fieparad BRI vagisas prdcedirde which are well

metal I ocene in the conposition is usually from about .

fknewntip theyys uExaroplep ghorganeahupinexaneairrpgr atiensege disglqged in U.S.
ti | i M (=T ¢ alo

R S e e R T

Yrdparal Bl dbllowsd, Bher] whikhes dissobved af aw pfertosrghnic solvent, can be

al um poxane added to ol yneri zation zo is an )

d HPn%Hme&H’@ st sdiBprung gacheg? ARy tondom hpesired

BildnoaluRR-AAL LbmBodnd Wihile ht ARRMIngldbeTBahd bk SBBment, it

about | ng/L to about 50 ng/L. O ganoal um noxahes can

be bpliepdtiea thip syathetic snegthovlcenuattsd whintdturerad’ haght linear and cyclic

SROAEOb slbindinhe shRrDLER T B e SIEBHPaRRL By this iavention,
NEAHatRN, dRchndalBBneRkes CHELEPAPRIR B r&RWh@RAn aluminum alkyl

al um noxane can be prepared is as follows. ter, ]
weinphund suphsasohRedwithh adrydratest sallo sgenachybited woppas anlible, in an
reacted w th an al um num al kyl conpound such as Al R3

T BERRE RRVES 1 ed

Organoboron and Organoborate Activators

As provided herein, in one aspect, the present invention provides a catalyst
composition comprising, or a catalyst composition comprising the contact product of,
at least one ansa-metallocene; optionally, at least one organoaluminum compound;
and at least one activator. The activator can be selected independently from: at least
one activator-support as provided herein; at least one organoaluminoxane compound;
at least one organoboron or organoborate compound; or any combination thereof.

Accordingly, in one aspect of the present invention the at least one activator can be



or ganoal um noxane conpound. Wi le not intending to be
bound by this statenent, it is beglieved that this
synthetic nethod can afford a @2xture of both |inear
and cyclic (R A-0O" alum noxane species, both of
whi ch are enconpassed by this invention.
Al ternatively, organoal um noxanes can be prepared by
reacting an al um num al kyl conmpound such as ALR3 with
a c u n
sOIGHEEIGA ik ordiuBRordH K hihes ARRE ot brbloBorald bompound,
Copncvafitonaion theddfvat ors As provi ded herein, in one
aspect, th resent invention provides a_ catalyst .
conposit iaoﬁlr@shemegt: ge pspsent dneRtign (Prevfssod; qatabyst composition
C%ﬁﬁﬁﬁ%qré 'L%n&gp ducP rc??dHtCtleagf one a&ns'a-%ﬁétﬁll%ﬁe; at least one
ansa- netal l ocene; optionally, at |east one
ooganadimimunucompoyndy adleastantd @ativhteasipportecomqirisirgy oisolid oxide
The aé:ti.vator fan be.sel ected i.ndependently from at
| wepted Vg g elegensvi g apion A BHOMRIe 4y, oxganoboron or
| S3atoreRfe S5ARMARl WLRGKaNRpeQTRRUS et HvehB@Shro¥itRs a catalyst
or ganoboron or ‘organobor at e conpound; or any
cemmpasitanoermprising the contash paddugt i iah leask ong pust-metallocene; an
theatg)rbesent i nvent.i on t he gﬂg It_east one agti.vator can 4 d
b EFPOOWD Lt SERARYRIA G SYRELYSLo ! oPEHIOBHEERT  compound;  an
CORALINg, atactiRRSTUPPBItOr GRNBROLPLE, CGRIRAUNEt cofpodition is not
conbi nation thereof. In a further aspect, the present
i fequied da  peBDTite $Ng AplAATYIPPRIbNp OARY | Bna-edlalpceRs rrpmpound
t t . P t . I sa- | O :
51, RGP ogE 88 eiifld, vR e f A ARG B G dfeancborate
acicatabistyr disdlpopal hei)ir singombantioa cfXogenoboramabe drganoborate
with an el ectron-w t hdrawi ng_ani on; and optional]ly, an
ofQgatabists: disclesed Berginn bngaéthcd campopent that,p @ activatable
t r [ wvsant ' t
ERRE sl 40 o B, INOHAP gR S M RBIGech®, hifEhe metallocene
| eagioundse dansd - atebdy |comprie; sach aoligmmdplsuchoms o organoaluminum
or anobg_r atg_ cocat al yst; an ar.ganoal um num corr%ound,
ATPPPOFBL EhaPiy @ SpfelEt cORPeILeyy er) 4y (PebiageR of ansa-
t H6tanédeal ¥sinp SR Acldsedhésin\@h berc%ﬁﬂbﬁr{eﬁ%ﬂparﬁpdﬁlfrgﬁﬁ)bomn or
an activator-support. Any ansa-netall ocene corpoun
dirgziobswtt hesagilystcan drganmimiineth womipowny eftionaly, at least one

CAPRTRRRL2 o B0 883 TRLALNSH B AR Simposivion o
ahianedtional Howaeatialongtaspabt, Stht @aaR/shemBhd3itiohl $MlisVinbéhtion is
a conponent that provides an activatable |igand such
Substantiallyyfrecopl prgargberon ergeraanaberaitheompouads, gad ie angfhen aspect,
t I ... conposnd .ot r LS8, -

0 B QAR TR S R0 By RORMCIBIRR, Bvip i e
faabsmatiat abshyssf araanpbsichion brgafwbidrite compoidg onbi nat i on

of ansa- . .
In one aspect, as provided herein, the term “organoboron” compound can be

used to refer to neutral boron compounds, borate salts, or combinations thereof. For
example, the organoboron compounds of this invention can be selected from, or can
comprise, a fluoroorgano boron compound, a fluoroorgano borate compound, or a
combination thereof. Any fluoroorgano boron or fluoroorgano borate compound
known in the art can be utilized. The term fluoroorgano boron compounds has its
usual meaning to refer to neutral compounds of the form BY3. The term fluorcorgano

borate compound also has its usual meaning to refer to the monoanionic salts of a



nmet al | ocene conpounds di scl osed herein can be conbi ned
wi th any an organoboron or organeborate cocatal yst;
an organoal um num conpound; opfﬁonally, at | east one
al um noxane; and optionally, an activator-support; to
forma catal yst conposition of this invention.
However, in one aspect, the catal yst conposition of
this invention is substantially free of organoboron
0 S )
o BBy AR B PRBRAE 97 tn€ o JoRR OB /B WAL Aefescnts o
pauytikitéd afdait goupViRor donvédiences dinstoandanal boadas and €luofoorgano
or ganoboron or organohorate conpounds. |In one aspect,
§orﬁﬁeo grmRennds r ap rincluded R Ay BSEGEREL Y GrEanearpR (RoFpounds, or
nlffigualgﬁtﬁpexfhgr ﬁﬁlflée s the Bk RLuiRQr on conpounds,
borate S , Or co |nat|ons t hereof. For exanple
t he or Gaaaples ofifloanopandbomafe ¢dmn1mund3/ﬂ1at ¢amrbeompd Becocatalysts in
| ected from or n. co ri a, f 1 wor qor gano. bor on
et oo S R D ARk B G i SRR A1 DOt such as,
c WJdﬁﬁéthﬁﬁmthﬁﬁﬁl? of . teﬁ%s@hﬁ@ﬂ%ﬂﬁé?@l)ggfa@q or trlphenyicarbemum
fl uoroorgano borate conpound known in the art can be

utqtﬂaklz@ntaﬂnewpherml}bbm,oéutlganao tbmbﬂp@ﬁaﬂiww@nﬂA@rate, N,N-

oA IR s b P BB b ivioasbenium

ateﬁ@kiapgss-btsgrnﬂwﬂﬁndﬂaawheﬂylwbrﬁsf &indt Qhd hEkd)O MRMIAR| Mixtures
salts of 43 fl uoroorgi)@no bor on conpound of the

f &emo[f c Bxponles [ogﬂmproorm ron eappawdnthat gan be used as cocatalysts
l te p ggségﬂlgg% llﬁclggé),'ﬁqla c#o%?tggﬁl\c{)&ptg ?%entaﬂuorod)hgnyl)boron

afry[3, mmﬂmordananyl)p‘rﬁﬁﬁqmog and tloy lile) Mdixﬁg mlxtures thereof,
conpounds, or individually by either name

cont exfltheegh wsmteasba&ﬁp &g kornd |bydhe &pltpariae gf,éhese examples
Cgﬁﬁﬁéi‘ggﬁ;n 2h§ Bbrat@And ﬁ}lb%éfigagé b%ﬁﬁﬁ&(ﬂ‘h% ﬁs 'e{t‘ld dr%ﬁ?ed compounds,

present vention inc ut are no
f drechought éxl faamytwénkihat@sdmatitg amions when combmed with organometal
N, N- di

t E41R ; E’él anH Efg’rnoulg]#em‘leﬁ“b%?laﬁ 3.t ri phenyl car beni um

tetr akG%ﬁ&?lW afd U ameRiesy ok fRbBsen J:drﬁléHuﬁm can be utilized in this
t et r aki s( pent af I"'uor ophenyl ) bor at e,

dinventiopl. adi | angi espect, the molar ratio of the organoboron compound to the
:%t E'ﬁs 2%5 oL t“ fheu%ro?nrf)%tsg ll) ﬁhleTQXll ]agoutab‘i 1 to about 10:1.

twhslaéqus [t 5&115111&( éﬂﬂh&'fhﬁ&&dfg&ib%&@h&ﬁﬂdob&frg&rﬁ» b@ﬁté compound

i Ke, including mxtures_ thereof. Examples of
fwéraé@rcgamlmoﬁoes thecpetpeneas it inag range OBﬁO@sfé?@U‘a@ 5 mole to about

ORI gL bRl 50 50 NGO DAL B, e

t drh6drd o$-fhbﬁ:(0tganf)|bmmﬂieﬂﬂ)fbb)lﬁghﬁ@}bbﬂab&)dﬁdﬁipomddlsémﬁ a cocatalyst
I | ke i ncl udi ng m xtures thereof. Althou

for &b Pﬁbﬂlpeerﬁem%@rrangfyﬁ fremy houp ow(ﬁbyut § meales of boron
d fl
%{ﬁg@ ‘gﬁlﬁg&q%%%‘%ﬁ &gﬁ%npgﬂnds uor oor gano

Non-Limiting Examples of the Catalyst Composition

Examples of the catalyst composition of this invention include, but are not
limited to the following, In one aspect or non-limiting example, the catalyst

composition can comprise, or the catalyst composition can comprise the contact



are thought to form "weakl y-coordi nati ng" ani ons when
conbi ned wi th organonetal conmpoupds, as disclosed in
U.S. Patent 5,919, 983. General ¥, ‘any anount of

or ganoboron conpound can be utilized in this

i nvention. In one aspect, the nolar ratio of the

or ganoboron conpound to the netall ocene conpound in

the conposition is fromabout 0.1:1 to about 10:1.

Typi,cal | h mount of the fI r .
PRGRE ot a5 P aflRind L d5RE 6HE s BRoRim egmpounc,
t e} adéast bvcRM€atos suppoi, wWaa@m: of from about 0.5 nole

to about 10 noles of boron conpound per nole of .

met al | Bcenetheghisashrae apse-mistallasenecomprises a earppayind daving the
kogﬁﬁprgano boron or fluoroorgano borate conpound

used as a cocatalyst for the netallocene is in a

range of fro 0.8 nole to a Bl es of boron
compound : tal | oceRe RS
Non- Li m {1 ng “EXgapte f the_Gatalys 0Shtion
Exanpl & d & cafah¥5t conposi‘tinonl of M3I'S i nvention
i ncl ude, oi~X®!imted to the kaflow®g. In one

aspect orR? dexanpl e, the

conposi tion risen 9r the cahafy co I\t
can conprise the cont act(%j’ O product of, at Ig%%)fbrgae

ansa- neinibihaierthereaf, whesst one or ganoal um num
conpound, and at Jeast one activator-support,
wher ei n: a)M ABd M are Hdepgsifenti 2isconam o Bulaigt;

oD 552 X R g o b L
(11A) ,plenykor bamyl;nati on thereof, wherein ML and M2
o SoPerP R e i B Bl Fy B By oo
phenyl aryPEroBs Y lof which 12ing® to4. cafbon dnéins, 3 Uy &F6gai; @nd
i ndependent |y an al kyl group or an aryl group; any of
whi ch havi my impachoct@rrennebisan antogs framm Oty dr ingesiveand
|nn c: 3 Sl‘i%s gh RS UL CNESa | Sné" é)rrg]gneo%ﬁlrmifmrir%m Ocotm%ozlnd comprises
trimethylaluminum,  triethylaluminum, tripropylaluminum, tributylaluminum,
triisobutylaluminum, trihexylaluminum, triisohexylaluminum, trioctylaluminum,
diethylaluminum ethoxide, diisobutylaluminum hydride, diethylaluminum chloride, or
any combination thereof; and
c) the at least one activator comprises a solid oxide treated with an

electron-withdrawing anion, wherein

the solid oxide is silica, alumina, silica-alumina, aluminophosphate,
aluminum phosphate, zinc aluminate, heteropolytungstates, titania, zirconia,
magnesia, boria, zinc oxide, mixed oxides thereof, or any combination thereof; and

the electron-withdrawing anion is fluoride, chloride, bromide, iodide,
phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate,
phosphate, fluorophosphate, fluorozirconate, fluorosilicate, fluorotitanate, substituted

or unsubstituted alkanesulfonate, substituted or unsubstituted arenesulfonate, or any

combination thereof.



b) the at | east one organoal um num conpound conpri ses
trinmethylalum num trietylalum nug tripropylal um num
tributylal uminum triisobutyl &uni num

tri hexylal um num triisohexyl al um num

trioctylalum num diethylal um num et hoxi de,

di i sobut yl al um num hydri de, diethylal um num chl ori de,

or any conbination thereof; and c) the at |east one

activagor ?, d%ﬁ?ﬁeﬁ goraﬁ?n- 11%1 %%ar 1plgaal% cV\f'af St %0%180511:1011 can

el ectr Wi P8 he s6fd oxi
Stdhprise, 61} t%ﬁ‘cﬁl@lysﬁdzdmﬁdhtﬁinm Rampakdiic lﬂ:@ﬂﬂﬁ@ﬁiﬁb@l@ of, at least one
al um num phosphat e, zinc al um nate,
h@!sérrﬁﬁtéu%eﬂﬁgﬁ depsbenc erepngalumingmy cogroxnd, and g kegstone activator-
rPE) %’ oxi de, m xed oxi des thereof, or any

nati o nthereof and the el ectron- V\Athdravvi ng
anl on ap fl therat tkast cﬂielcmﬁdz-d&atalln)bmd @enprisedi dempound having the
phosphate, triflate, bisulfate, sulfate, fluoroborate,
ff@eBsul fate, trifluoroacetate, phosphate,
fl uorophosphate, fluorozirconate, s | cat e,
fluorotitans

sl imting exanpl tﬁexmat al yst
prise, or the catf conposi tion
act product of /at\Jl<£ast one

| eadBlone or gafloal umi numd1B), ora

anot her aspé€tt
conposi ti ga g
can conpri S€ (
ansa nmet al | ocehe,

Hé}ﬂm ol plHepast one activator- support,
erel n: t@ ReYat Teast one ansa-netal | ocene

conpri ses mehampergienﬁpmémmloahamm Q/ Rz

\;RA: engl nx>l\§: Sgnﬁgﬁ( Né(Ba?“él éé%‘@ﬂ%’f??‘?g’n&’ % %BFB‘S“%];I

haf ni um X7g! %8, RXQ{" Rﬁ C!anéfl@ a8d ﬁdiﬂ%ﬁ%@@%t%o@ydr@én

nmet hyl , or benz [
i ndependentRylStH,bnclilyl cﬂlyhyldm)gsdn@r n-BEtyl,andi, net hyl ,

hyl but d
Eicﬁrreﬂcﬁmq eatfontiaghoe prapn el 1FRE nghoive

b) at least one organoaluminum compound comprises
trimethylaluminum,  triethylaluminum, tripropylaluminum, tributylaluminum,
triisobutylaluminum, trihexylaluminum, triisohexylaluminum, trioctylaluminum,
diethylaluminum ethoxide, diisobutylaluminum hydride, diethylaluminum chloride, or
any combination thereof; and

c) the at least one activator comprises a solid oxide treated with an
electron-withdrawing anion, wherein

the solid oxide is silica, alumina, silica-alumina, aluminophosphate,
aluminum phosphate, zinc aluminate, heteropolytungstates, titania, zirconia,
magnesia, boria, zinc oxide, mixed oxides thereof, or any combination thereof; and

the electron-withdrawing anion is fluoride, chloride, bromide, iodide,
phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate, triflucroacetate,
phosphate, fluorophosphate, fluorozirconate, fluorosilicate, fluorotitanate, substituted
or unsubstituted alkanesulfonate, substituted or unsubstituted arenesulfonate, or any

combination thereof.



b) the at | east one organoal um num conpound conpri ses
trimethyl alum num triethylalum num

tripropylal um num tributyl al uforfum

triisobutylalum num trihexylal um num

triisohexylalum num trioctylal um num

di et hyl al um num et hoxi de, dii sobutyl al um num hydri de,

di et hyl al um num chl ori de, or any conbi nation thereof;

and c) «l:he le one. act:| r rj | .
oxi de § Irdclj\a ?H% at%ﬁécén& Ié%(‘a'g:l%n\r{%grg ﬁx%ﬁ@gaéﬁ ﬁgs g%‘?eglh%)g provides a
weslgstnconti@sitioh] dhepctrtthel ity st icompositioiicad comprise, or the catalyst
silica-alum na, alum nophosphate, al um num phosphat g,
ZFQTBPQHtAR palk eomprisedhe soMpcuprgdust: ofs at {gaptappeaansa-metallocene, at
z , Y .

¢ 58538 BragnBRGAERI porRBbiet, afd MIeREbRGsct TR Sufftrt Sherein:

el ectron-wi thdrawi ng anion is fluoride, chloride,
brom de, iodide, phosphate, triflate, bisulfate
sul fate, fluoroborate, fluorosulfate, -
trifluoroacetate, phosphate, fluorophosphate,

fluor 0%)I r copat ?{t l&{sy O&%Sitaht% % g.[ega}ul?%ﬂéo rC?#l_l'gﬁa at e,

substit'uted "or unsubsti anesu e,

subst i or unsubstituted arenesul fonate, or any
conbi ne @ thereof. 46 0 Still another aspect or
non- i BgExanpl e of this invention provides a

pGSition, wherein the catal yst conposition

can o@-—@ or_the cat ﬁl fﬁ rf.on'positi on can

conprise the coff A6P™HHE BIX Of°L at | east one

ansa- ngy al | pgengs aeast! €dfé OBRaRGHARARALLM diPound  comprises
conpound, and at | east one activator-support, wherein:

Qriethylalpmingpyg| tri-g-bajylaliminum, ddisebusylaluaisemanr apyo cerdination
C [cr%nr'k_sa%a QP/" 2r~d - , or a conbination thereof;
b‘;ﬁ Re %At 1 east one or ganoal um num conpound conpri ses

triethyl al uiieatiiBastioht abtisérydoatptizenalfluorided solid oxide.
trii sobutyil al um num or any, conbination thereof, and .
c) t helnattil] anpdhergigped o inpatlgnpiting Axamples the ¢atelysti @ayposition can

S&Hrﬁ 'sg,xérd[ﬁe catalyst composition can comprise the contact product of, at least one
y p p:

precontacted ansa-metallocene, at least one precontacted organoaluminum compound,

at least one precontacted olefin, and at least one postcontacted activator-support,

wherein each of the ansa-metallocene, the organocaluminum compound, the olefin,

and the activator-support are provided herein.

The Optional Ionizing lonic Compound Cocatalyst

In one aspect, the present invention provides a catalyst composition
comprising, or a catalyst composition comprising the contact product of: 1) at least
one ansa-metallocene; 2) optionally, at least one organoaluminum compound; and 3)
at least one activator, as disclosed herein. In another aspect, the present invention
provides a catalyst composition as disclosed herein, comprising an optional ionizing
ionic compound cocatalyst in addition to these other components. However, in one
aspect, the catalyst composition of this invention is substantially free of ionizing ionic

compounds, and in another aspect, the catalyst composition of this invention have



In still another aspect or non-limting exanple, the
catal yst conposition can conprise or the catalyst
conposition can conprise the céAtact product of, at
| east one precontacted ansa-netall ocene, at Ieast one
precont act ed organoal um num conpound, at | east one
precontacted olefin, and at |east one postcontacted
activator support wherei n each of the
e I y nd, .t
PR HERREy AR, SRRER RO CRIPA Buif Snpounds. 1n

h@ﬂEﬂtﬂbtheTh@pﬁﬁth@ﬁfﬂseﬂt Qiiventiog ptoides £englostrdmposition comprising
Cocatal yst In one aspect, the present jnvention

prOved Edeprsamtgiacers ﬁ?mwndoaﬁ disslosed Bergl abdeagt one ionizing
Cighﬁ‘; cg()ﬁ‘gnt &98&&41 YA o AQRRAY 5 IQ%t bhe a&mg?fshglgdrp %Hﬁ *o\ynonauy at

east one ansa-‘netall ocene;
a]hadt east orgm&)ahnmanmabampmmm cBryaples of donizidp ioaic te@msdund are

e gt RSt hers £ S AR 0 D0 Compost 11 on

aS di sgh %ﬁgmgefoﬁid”cmﬁﬁd’{ﬂfd' B M0 idHic @B ;peﬁ}ﬁi whthl &r@umnction to

i oni c compound cocatalyst in addition to these other o
O@ﬂnpmeemtsatyl—bﬁ\@ﬁe catalyst omposmcpmctwmlh encg drz(mhslsby theory, it 1s

n of. this invention | tant e
GIRI b g dong G BANT ¢ SRR AlabL b spactig it the
clﬁétaiw&ahe Cofpeahd afd c@ﬁvérﬁh% thdlmétmoeéhmn/@ acbanéh?lc metallocene
pol ymerization activity in the substantial absence of

| eompound iAgaine vdsleet intending to be bpyndabiotheery, atslpé@heved that the
BPESRAY AR08 REOYESE o SRRl e BSEOR o tety o

Cﬂéﬂlgﬁédrd&ﬁﬁglaﬁ,arﬁémb eRahd, OpRsibBN a Zididn -41RaMi6ny] ligand such as
co ound cocatal yst, optionally at |east one

&) 0ufo) -ﬁ@upﬁn@rqnsaamalbp@mm rﬁpwwm no pspgettofghepresent invention

e-g% AT IO oEXATRL 88 P ZENGidsABhE compound
5051255 B8 Sneddltbcond} ABsti . mﬁuéy eﬂoz"o Migandii acfaﬁlﬁfﬁi) ey fdfoir® an ion
an_ioni c conpound which function tq

ety Wyaakenst attlpest oae an%lr%mﬁé@r e (X/\h |bp1@d hfb?t ksgsinepe ansa-
q}{etgﬁ(?é%gé( Canbb} éogg&ﬁ%l{e? V& ?t hat tnE Rﬁz’j H{HA&J (2@) hgzﬂ{&: ot any other

oun reac
rmécﬂxlahx@me oe cmnhmatmdoﬁndclmﬁmmrhy m]gch hetiviibakhwoeane Further, it
into a cationic_netall ocene co nd. Agai n,

ile
ri® 0% BREEHANNYat e RNEHE AN FOTRE actwﬁte ¢ Bistallogens only. The
tRabatiodSrundtd #thd dn% &g@gﬁ%@qy etna@[&tlh% @hafied activity

ioni zi ng conpoun y co partially
eftcatatytst ngmpositam ama whb]eg anchmpared idoh gatalyst composmon contalnmg

non- 115- aIk dle d such as
R Bhcarmpetar Gekines RfRaaiee oy igtibicHs o
pr eserﬁxakﬂb\f&néf ﬂﬁnzﬂﬁ E’&ﬁg%oﬁﬁ)oﬁﬁﬁé fd&ﬁﬂ%}’ berf ax@cﬁdtQE}mted to, the
ardl ess of whether the ionizing ionic conPoun
fol owing compounds: trl(n-butyl)ammomum 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
tetrakis(p-tolyl)borate, = N,N-dimethylanilinium  tetrakis(m-tolyl)borate, = N,N-
dimethylanilinium  tetrakis(2,4-dimethylphenyl)borate, = N,N-dimethylanilinium
tetrakis(3,5-dimethylphenyl)borate, N,N-dimethylanilinium tetrakis[3,5-bis(trifluoro-



ionizes the netal |l ocene; abstracts an (X3) or (X4)
ligand in a fashion as to form an®ion pair; weakens
at | east one netal -(X3) and/or48etal -(X4) bond in at
| east one ansa- netallocene; sinply coordinates to at
| east one (X3) and/or (X4) ligand; or any other
mechani snms or conbi nati on of mechani sns by which
actlvatlon can occur Further, it is not necessary

Rl D IRUAIL AARLEaSRIBHRS RSl fppaotenspor

?h@d}ﬂ@ﬂbéiﬁlhﬁ com@m@- loBylpokalent  itripHeh wﬁ c@ﬂbbﬂﬁﬁﬁd tetrakis(m-
ivity of catalyst conposition as a

cf@lﬁmpwet o a catipliepylcagsppsi ti on @Hﬁk@(% ﬁgnethylphenyl)borate,
&%ﬁér}ﬁéarge%r{&qy ti @Haﬁlg@tSEgﬁ)&'?]ilﬁgﬁ g&ﬁﬂp{aiec‘e arﬁﬁgh?nerlcarbenlum

IZI’ng [ oni ¢ conmpoln roni zing 1

Ct@ﬁ‘ﬂds{ﬁﬁsbmﬁﬂﬂtﬂtﬁiemebﬂl)phﬁﬁﬂ]bofaté imted to, theriphenylcarbenium
foll ow ng conmpounds; tri(n-buty uBLammm

t@%‘?lﬁﬁ(ip§1§tﬁﬂ’t“gpl}]11%9p%ﬁa@= tmw tyﬁeyaklgﬁqtewlmmate tropylium

b t .
X tg%rélgéqnf Ed?lzwr%tle Zre %ﬁlgﬁ% rtia%%%gr(g %gdﬂ&fﬂ%ﬂeﬂmborate tropylium
t tefrglas(B 1 it-diljethpiphenybhborate, tropyhum tetrakisf3,5-bis(trifluoro-

:rstp%alkll,ﬁé;} %rglﬁ-;gﬁlt %p%e”y' ) b Epentaﬂuorophenyl)borate lithium
t@&ﬂa&béﬁtéﬂ&wb ?I)bf)ﬂaiéo RGED YtDaRIREIHS :ys&ra&e litHifith (Rtrakis(p-

butyl ) anmoni um t ef raki s( pent af | uoropheny bor at e,
NoNd)borate,hy| alithiimi um tetrekis@ixitalybberatey | ) bdithiven tetrakis(2,4-

TR AR, S48 Sk SRR, oo

NehbMidiBhdite 2Bbditifli féffhkis(pentafluorophenyl)borate, sodium tetrakis(phenyl)
t etraki s(3, 5-di met hyl phenyl ) bor at e

NpcKkRtgi ety aaetrakis(ertely Dbora bsE@il@nbl@*(r@lflﬁ(m tedylipagstes gsodium
h N- diggmi by !
TR B ABAA Sy CSERLRY Rkt

t vk @(rpﬂmo}bwr)lteprla;tt&slm i qahﬂnyﬂpeﬂaﬂeasmpmnyl)borate potassium
tetrakls(m tolyl)borate, tri hnlc[rbenlum

tt@irqllgﬂpgf(rg )APQW%tWSEHEhy e}qgg\s&%ﬂy orate, potassium tetrakis(m-
Ll Sfbx%,cg&tggmlﬂ Mot 2ikik @K -Gy HlhdFE BRI E5bthss R AbRakis(3,5-

tri"phenyl’car beni um
tditaetilyipsheByIJbdvats( potaksimar treflhgiopplatn yiripberdeashenium tetrakis(p-

t rb&?ﬁ%hﬁ@;gﬁ I untcartqeg{u%k;tgtg&{ttglafoh)ﬁ%gvg {.%%/ lt}-Lbﬁenytlcafbemum

t ( opyl i 4ighenylcarb tetrakis(3,5-
ttg’{rélgi%?gi (!lzlh{f aﬂﬁﬂeﬁﬁl}){ﬁﬁﬁma&é WiBhenylcarbenium etrakis(

henyl’) bor at e, tropyl i um

il sl ainivat<h i phvae itsoian &étrakisgpsptafinprophenyDatuminate,

PN AN AR IO oo

tt@i!ril@i@ﬂ(—diﬁ{éﬁaﬂ Heay0Ab@MAd, bor at e, dpsvhmmn tetrakis(3,5-
t et r aki s(phenyl borate |i thi um, t etraki s(

tctmﬁthyhﬁneayléalumirtam, LIRS ketgaémmt@ﬂqog@m@p@)alqu, nlithium
!
e

tt@ﬁrﬂﬂé(b#t@]@t)bﬁhﬁh&e $ﬁﬁutmmtetrak1s(m-tolyl)alummate lithium tetrakis(2,4-
:&2&;&;@%&%&%;@% oﬁgﬁ%l )te%aaclasa 5- dlmethyphenyl)alummate lithium
tetrafluoroaluminate,  sodium tetrakis(pentafluorophenyl)aluminate,  sodium
tetrakis(phenyl)aluminate, sodium tetrakis(p-tolyl)aluminate, sodium tetrakis(m-
tolyl)aluminate, sodium tetrakis(2,4-dimethylphenyl)aluminate, sodium tetrakis(3,5-

dimethylphenyl)aluminate, sodium tetrafluoroaluminate, potassium



borate, sodiumtetrakis(p-tolyl)borate, sodium
tetrakis(mtolyl)borate, sodium o

t et raki s( 2, 4- di met hyl phenyl ) bof8t e, sodi um

t et raki s(3, 5-di net hyl phenyl ) borate, sodi um
tetrafl uoroborate, potassium

t et raki s(pent af | uor ophenyl ) borate, potassium

t et raki s(phenyl )borate, potassium

i%pg,ﬁ%@g&gpt (?Jogggng@gft R O AR ek 8k o8 i uminate, potassium

ti%ﬁﬁﬁk{pstbgd)ﬁhﬂﬁiﬁ%bw poeRsthmbor ahakisgaltelyalifinate,  potassium
tetraki s(3,5- dinmethylphenyl)borate, potassium
t eirplis(AfodimmsthdplenybpluphesGl car bedtassiet r aki &tgkis (3,5-

t i . ip r i . . .
SRR D0yt ISR, S Mpstumipa. sensioenim
t sk 28 (dndflubrokiphstybifleosdajmhinatenat e, silver  tetrakis(1,1,1,3,3,3-
triphenyl carbeniumtetyrakis(3,5- . .
ﬁ%ﬁﬁ%&ﬁwmﬁﬁ@?ﬂ&%{“@?@ (o SYEh Jeteakishestiypro-t-butoxy)aluminate,
t%ﬁ r gkloss p- ?lg)?ﬁ%‘lg(ffm nat g,} ’%#%B%%ﬁrgnmﬁl& eBiipbtii aro exemplary,
t stdrthi icgfzimg ®inyd Jomhpervind ag ot linmitgdythératerin the present invention.
tetraki s(2, 4-di net hyl phenyl )al um nate, tropylium

tetraki s(3,5- dinethyl phenyl)alum nate, tropylium

t B4 Olelin Wasoka4 | uor ophenyl ) al umi nate, |ithium

tetraki s(pent af |l uorophenyl )al um nate, 1ithium )

t et r akins¢qshaspet?) of tis fameation,i ursptyrated reactants that are useful in the

Bt R AR o e i R ot apg aupeepgs af tis nvention
dinbRiti6 ¥iefil @BipbahdsHaRRigefrorh lab#it 2o about 30 carbon atoms per molecule
tetrakis(3, 5- gi nmet hyl Phenyl alum nate, lithium,

tandr Aayvigsr atalleast mnce olefigi lpuble bond.  This invention encompasses

:%é%ﬁl)g%%% nl?/lltl gagﬁ%g%]ga g%l}e{,é )agér%i@u{)}?ﬁﬁ sudPsl &lene or propylene, as

twéll ak cetdbyrhedizakipa lrettioad @ith a0 thastnoteedifferens plafinic compound. In
tolyl)al um_ nate, .sodi.um )

tQter afesi of A aPPRIYRSTIEHIORy rersiiomiof atthyleag gpamplymers of ethylene
" s I | ; . )
S50 e B 0 BB, PSRRI i o o
t @i g6 0 tmadle perapt)etiviplathisiinasteg rqyuirassintunThe comonomers

:tgifﬁ %15: liﬂg %%Wrgga mmﬁﬁétﬁgleggtaﬁojéi ﬁg‘m from three to about 20 carbon
tRbhak Sbimidboladhyinl nat e, potassi um _
tetraki s(2, 4-di net hyl phenyl ) al um nate, potassi um

t et r akhsydli8, dyclidi pobydyglip hemyinglgb iteenak linpat hewichad, substituted,
tetraf)] uoroal um nate, tri phenyl.carbeni ey
cmsubssinuted, Janclipnalired pud POREHIH RIS QletisicAn be employed in this

Sikl&ffon! Fof Bkdrsfld, thpibaRundatdrated compounds that can be polymerized with
hexaf | uor oi sopropahnol at o) al um nate, or silver

tthe catklysispdrthis uovention becladey bat ansinealimitedde, propylene, 1-butene, 2-

onbi nat i thereof .. However, these 4 oni.zing i i.C
s Ran P TRERS AraPOivIcacy L metleRs 4 Brtighe Grn eyt -pentenc, 4-
GABMRYLNPenténd)Of -hbkdie! Ochdxbs, €3 Dekdhel IBeethylebBBiene, 1-heptene, 2-
i nvention. The O efin Mnonmer In one aspect of this
i heptenei heptenss thefonr eermad getengss theifpwt nogmal perengs, thefive normal

t&%wé%%é@%ikﬁé%& gf aH% WHSaE ?no}%.] ttlji]er&ﬁ{ a¥afic and bicyclic olefins,
COﬁpOS1 Ions and processes o I'S 1 nventl on
including but not limited to, cyclopentene, cyclohexene, norbornylene, norbornadiene,

and the like, can also be polymerized as described above.



i ncl ude ol efin compounds having from about 2 to about
30 carbon atoms per nol ecule and,having at |east one
ol efinic doubl e bond. This invéRtion enconpasses
honopol yneri zati on processes using a single olefin
such as ethylene or propylene, as well as

copol yneri zation reactions with at | east one different
ol efinic conpound In one aspect of a

CopO! LS S0 A By el YL PRI B o o

nedpelpediized twittan ¢oﬁaoﬁbmef mmhmoispeapemapm oﬁﬂﬁe comonomer
nol e percent), though this is not_a requirenent.

@ﬁbﬁ@nbwtsaret 1Rkt lua&?fl ko RepBeyerel-buisae, v@‘bﬁfeéf’sh%n@#@d l-butene=
1%81%91:3 vq dfiRel s ﬁ@ntkﬁ’ %orﬂtethglol %@ﬁt@f?@ 4%9@;?1 | %entene -
err ar chal cy ycEl gol ycy

t keexehe) - h@&)‘ie, Ts~hbzeamaB etlhylnem,en@rhhe;hexté, 2shﬂpsan|e1 Blicheﬂtene the
upsubsti uted functional i zed, and ﬁ functi g |zegl
o108F PoEnal 2B, BiFIOBY BRI ApRnss, 4 (U YT Bemakgpoenes. n another

as?gal the Jo}iﬁinﬁf%ler BOPEE Yikad, CORReHE AShdRAL, LaReRE 1-decene, or
polynerized wth the catalysts of this invention
i siypdenele, but are not I|n1ted to, propyl ene, 1-butene,

2- but ne, 3-mnet I sobut.y] ene, ,1-pente

2- pent %d asprehy E%/ﬁ ﬁ(gnorg)mql;ﬁlﬁwcpucid ﬂ]étﬁtaeﬁc@cteo&' zone to

IpB8u@NBe BpBR¥RAESs g%n&ﬁﬂ From 3bBENY 061 tHWBBHEN9 weight percent
5.

1- hept ene, hept ene, eptene, the four norma

oRmRgne et thaeedf ou rthﬂ detﬁhlweaﬁﬁ eafetbe mpromeryandheemeomer. In one

ot s Fage 81 HGn ool "R RabP RERE o produce the

| dopoly@ebr ﬁ@gexﬁbﬁlﬂyﬁﬁﬁﬂ Taﬁ&ﬁi 0.6y aﬂiﬁﬁt(ﬁllﬁfclghop&@érﬂwbﬁmﬁomer based
nor bor nadi ene, and the like, can also be polynerized
2 e setpl waightnfghe mosomer 1l eamongnissc In angiess agpect, the amount of

Cc%%?({n\sﬂﬁi: 11'1t§ éﬁ‘éé(% Etﬁg cléér%gtr?g%ggﬁ{ L ano%(ﬁ.g rq) &P kﬁﬁou‘t 10 weight

copolyneri ze aspect
epemqnt esmofiorhée andnnrmﬂeanothencﬂsp@lm,, frbomt atsme Onloto about 5 weight
limted to, pr - but ene,

opy! 2}3%%ene,
g’eﬁﬁlhmelonB‘E}F‘"e gsed o1 § il eight Qi cthe dRanomer,an gponomer.
3a fighhtWety, -RERLERR: mﬁﬁﬂ@ﬁth%l Fiveptﬁ@tagﬂﬁe ddscrid8X @BBcentrations by

2- hexene,” 3- hexene, 3-ethyl hexene hept ene,
2wéightt Bﬁh@ c@pdiyapelepreducteki@anbousedwor mal oct enes, the

four onengs, . 0 he five, n enes.. Ln

ot hed e L AERERa 1 BroRonb Py du Hhty. B ent it branches
luBgithRACor ﬁm@ﬁ?ﬁﬁﬂ‘ﬁed b1k GRE usekt SeFRB@NtsOFt is E’Dteldl%ﬁilethat steric
In one aspect the anount of cononomer introduced into

alnn@amecranzmnedet and/qyrshn e nolEmenisatipy peacesss Jusepranghpd and/or
gg% %gﬁyqngsg c?fofngl (ﬂel%?ogrtﬁ‘xog?d WS S PRLG AL ARG double

e nononer an
Q@ﬁﬁﬁmﬂﬂd not Be @RPect@bRehinder the r@amisnt inahe eIyOhante same olefin

introduced into a reactor zone to produce the

substituents situated more proximate to the carbon-carbon double bond might. In one
aspect, at least one reactant for the catalyst compositions of this invention is ethylene,
so the polymerizations are either homopolymerizations or copolymerizations with a
different acyclic, cyclic, terminal, internal, linear, branched, substituted, or
unsubstitted olefin. In addition, the catalyst compositions of this invention can be
used in polymerization of diolefin compounds, including but are not limited to, 1,3-

butadiene, isoprene, 1,4-pentadiene, and 1,5-hexadiene.



copolynmer is generally fromabout 0.01 to about 50

wei ght percent conononer based og the total weight of
t he mononmer and cononomer. | n &hother aspect, the
amount of conononer introduced into a reactor zone is
fromabout 0.01 to about 10 wei ght percent conononer,
and in still another aspect, fromabout 0.1 to about 5
wei ght percent conononer based on the total weight of

the Qe[ AN npnener. ...Alternatively, an anmount
sﬁ’feﬂg'g‘:&é%ofttgegjla\%%yfﬁrgorg%wéwﬁescri bed concentrations

by  welingine aspett, tthie ih@atibty BidoniPacsts @ @gtaBaNcditpdsiiith. and a method
While not intending to be bound _by this theor in the.
eSpERTIsingRONECHRAE Alclgast one Bat-mgtellacens comppeid, ghlepstoug activator,
ol.&af | r Pt i Qv t :

S ffonffF o 168 B3 cAR0AMhnuh fookboPR, £ BSIbA hercin. The
pattioe rdiscddsed rhepein cesempddsus ,anprenedhed anthcting steps| that allows

porti onés% of t%‘he ol efin renpyved sonewhai fromthe

ECOPRSHRS 530t 1 GBMRONESH B NHlsdamoPrdgk Ok sqkaqtiag copponents or
hh@gEs bh&orhfiehisOWhile hgﬁn%ﬁiﬂg%tbetlﬁﬁitiﬁﬁ,”&aﬁ{p@és' dF contacting
substituents situated nore proxinate to the

chepsare tyarchiby exioupli feedidwnein msigp & trebted soled oxidp ectivatertsupport and
| east onge r.eactant for T&I%e cat allﬁt conposi tions of ber of
A LB LATTYR cPsatlyply ThEe XempleTy step FIhEITTRETHY number o
Hrécodtdcifg aR@ PoRRbNEEHoZ Abh<O iHid Uan CRARBEY ERGIpAt @ing an olefin
with a rfferent acyclic, cyclic, termnal, ‘internal, )
|theragrer d5raGetiaet, comppaent int anp, ob thesestopbs tExamples of preparative
(%Illa é) s‘toI e %f'je . teicgtgl s{ Q}%l Coalttaolnyo% i§ HRR ui)rf. % of this
iAVENTT Of ean De uQ’e(ferSoﬁyrrerizamno ol efin
conpouA®sae aspet tiihtxdnbetition Sied@ka-hicklloeéhet @n bk.plecontacted with
but adi ene, isoprene, 1, 4-pentadiene,and 1, 5- hexadi ene.

1 qefipe gippeer.oiet srcesiailpdhaplpin renamssite ibspolymeized, and an
RERksplith LNENG P SN ARIPRBRET & ERADHEE o oqutacting this
Ipeecdhtaoted raixtare neeitia theosdideoxdderpetivachr-sappdrea$or erample, the first
actiyator, .and optionally at |east one organoal um num
d}&ﬂﬁ% (Phdime Tt BE HRetefast ﬂmtbewéeteﬁ_&ﬁg FsETEEligeene, the
RS5O nfoRGRER ARd SRe HRUnCAGh R EoGRNsR e ic%ll?i?&cge*‘ﬁﬁm time
allows contacting each of the conponents "provl ded,

abyutot deinuief tocabouh ¢ i hegrss ang dinentabouot 0.1nfoxahowed lofur is typical.

LS. i i nt [ tq.be I jmti .
ERERARECHSps PemeRort oy ufas Mol Binblaf s 1% typical.
exenpladdeetlc He@infacksll RExtard b Weslne@lloder®Xidi6fin monomer, and
activator-support and an organoal um num cocat al yst.

Priganealarempn aegcataleshs isc annteniednpads theysobidnipgideofactivator,  this
[ nt. ' an Qst con in C
RS a0 R SPRSEAS! LA LB e posconace
eSRtRE t TR et pdsttontayted imikhes CansSheibwedtarghasa i@ tontact for

preparative nethods to prepare the catalyst = . .
GoReResft pPerpdofolt HMS, i the ePRSIGORIACH| firpgy, prior “to being initiating the

polymerization process. In one aspect, postcontact times between the solid oxide

activator-support and the precontacted mixture typically range from time about 1
minute to about 24 hours, and from 0.1 to about 1 hour is typical. Postcontact times
from about 10 minutes to about 30 mimtes are also typical.

In another aspect of this invention, the various catalyst components (for
example, ansa-metallocene, activator-support, organoaluminum cocatalyst, and

optionally an unsaturated hydrocarbon) can be contacted in the polymerization reactor



In one aspect of this invention, the ansa-netall ocene

can be precontacted with an ol efijnic nononer, not
necessarily the olefin nonomer *o be pol ynmeri zed, and

an organoal um num cocatal yst for a first period of

time prior to contacting this precontacted m xture

with the solid oxide activator-support. For exanpl e,

the first period of time for contact, the precontact

t e ansa.- | o ] finj .
R E e R e B Bt Alonieadn b dfguag, "Afiematively, any
t ypd oflhlore badgse tatalyst tordponghl Wan berfipaetoatatRdalbo dtvedstl or tube
hours, and fraom about 0.1 to about 1 hour is typical.
pPEeithel chierag therisastionoene dhin piaeantactine stse sn b a continuous

) ‘. ) . _
LSRR Ll 6 8 BUBRMIAR U oo i o
obegarstapiwist orumatcniad atogsds inswidain b datchdofipredontdutedspbdakt can be
oXi activator. this conpqsi.tion (further conprisij

t ﬁ‘L‘PeE&? F‘H’h‘SQica@lyasE?‘W%‘ing)n' i Su§ Prerragt _ shpLep ﬁtcﬁﬂea%“t over
g}i ?‘igﬂér;%ﬁoa- YiRit 68 Fahge Hom # R §QBEACHSE nillchld rs@ve?ﬁﬁia%? or longer.

we to remaln 'I n contact for a second peri o
t Inrhis takgech othe conmtinuoust preeontastingr step coeilag typicallntfiamy about 1

h | i i . | .
L%eg:{n&(gﬁ{ %35?1{ i d ﬁérls 0@@5 \5}}2 es%’sggctgtgg irclzgntggsj.ﬁ%g%fecontactmg step can last
agpicdBY FonS&HON D séddldé Realidue a9 RiiAatL @r Mokt ABoRt 1 minute to about

t%(gl cally range fromtinme about 1 mnute to about 24
hemnutesad from 0.1 to about 1 hour is typical. .

Post co 1 r u m._nutes t. t :

i nut e G T, pldBARE broncss Toh Y Cehrhpt BPmilfiote stens,
| ravien thadna sihfie sk irowhidhahaltipkt mixoumee BRirépdréd)feach comprising a
exappl e, ansa-netal |l ocene, activator-support,

FrohPer AT campeyants.  Hordexagpls, G AFast tvi catalyst components

of
u r . i . .
PSRN ALREN800, e REBLPELALAR hE Sy st i
patllgaseonzatheromntal yah componens fgrmies sicnod miktnes, aad sofoirth,

any t or nore of.these catal conponents ca

al yst be .
"prec &&I%Bf%?wag{%%%w%ﬁ)e _F%“B‘Ed Opt-ingk Sipge ¥FiSFyor in multiple
ePds6d1d. N9 HultGer, CARIGAE FRBShtactiilS si\%ﬁ;? COmt de! chdied! BB in series
can be a continuous process, I'n ich the
plsequsntialtydeth parallkicer a sombiation themeadu oy exampleea first mixture of
reactor, .or it can e stepw se, or tchwi se process . .
e S e Ramr I LB Phuet e e nB g G prsins
t e TRkEmakt6Rt hy dhe GOMBOAAILda@ilyst EBinpoRéR CARtRCEIMBd in the first
step can be carried out over a tinme period that can

r'easeRd of iopegondvesselcwhish is typissllplased dowasiesnm ofdhg Hrst vessel.
or lo ee[r{o.thelr r}is;%&'t SoieSH e% e %)P the® aﬁ%l& U ogg%ta <% be split and

precontacting Steg can ypica fTo

siged il differald pricodtabiiny treabinstsi Foi Binpls,Ret of 4 da€alyst component
conti nuqQus precontacting step can last typically from
#A38e ted 18tech A reportssting xesseh fouheeconieting Fthatdeast ene other

néa%s@ cbﬁpé}?&lﬂt whitO Y (Bithfer of that same catalyst component can be fed

into a second precontacting vessel for precontacting with at least one other catalyst

component, or can be fed directly into the reactor, or a combination thereof. The
precontacting can be carried out in any suitable equipment, such as tanks, stirred mix
tanks, various static mixing devices, a tube, a flask, a vessel of any type, or any

combination thereof,



Alternatively the precontacting process can be carried

out in nmultiple steps, rather than a single step, in
which multiple nixtures are prépared, each conpri sing

a different set of catal yst conponents. For exanple,

at |l east two catal yst conponents can be contacted

formng a first mxture, followed by contacting the

first mxture with at |east one other catalyst

conmpongnt form a second m.xture, and so.forth.. .

VLI 1 pITEoiA8R e e Er P e sl L oo lion PR hyeltign fs propared
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t R I £ 117 . I
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addi ti gnal catal yst conponent, can be forned. in the

first Thepweentartingstep SpesHy nesases theprogpctjvity of the polymer as
Ly Gadd &6 e 86Rd 8 %gﬁgi‘tﬁ tﬁ{g?s féljef)ﬁ%d Vo this econtacting
anot’her aspect, one”or re of the tatalyst conponents
csiep. b&'he mhhancad dictivise datalystdedomrséivn @f ehésoimventiomean be used for
treatnments, For exanple, part of a catal yst co nent .
ipmepolyragrizatipn ohag pralefinMosemensuch 4y € iﬂglswr Fgﬁ)oqﬁneﬂzaﬂon of
PLEGO t] W ea 0 .
BoRiERE, bl s p Bt o BBy wiher E3pRbRlting pp nor

Cr¥RonRRkiingaep be re@dredi fof higins@gidad precontacting
vessel for precontacting with at | east one other

cat al yEhe pestinptactadt mixdyrecan bsdhopted afjartempesatyrg ead dprea duration
r . , i t i of .. - . i .
LG orlcS SRR L Arop RN or irBRouBl BF IREBAELAH mixture
tadkehe selid roxeit avtivatot-amimort, wach thas agicatiorc ofrthd cmponents of the
devices, a tube,. a flask, .a yessel of an e, or_an
é&ﬁ‘Eﬂq‘P&ﬁdo'ﬂl’%%r‘éé?’P‘%lh@é 1“_3'%031_?3, %Bj@@ﬁ?{# Hierdoga Bt ekample,
A€ Hodloyther EQTRRRLL o8 1R ey flaSrbR VG AN ab ot RI-FPR' fut 150°F.
by contacting 1-hexene, and triethylalumnum

tTdrhsc@ditutcy batvibeh RboUt 40°F té kbaut 9B wealpioal ifithe naircira i heated at
ansa-netal |l ocene for at |east about 30 m nutes,

fal | oned by contacting this precontacted m xture with

a sul fat ] j - o) f

about Totie el e fibiat ofE (AR el sRbrgficans BBfpound 1o the
aapalopRimindiecopipondtaat benfroni aput Vipl ¢alabyuti hd0,088.edn another
t he prg}%uct'vity of the polyner as conpared (o the X
Sapectchieanger relmpbiha prie-mRRR{losae oaponag tthe, gpganoaluminum

t&@&ﬁ@ e @ Gbh Shoud §t APro abBEt £ADBOCER iﬁ%bg—lé X%pegt, from about

cat al yst conposition of this Invention can be used for
Hohoteoklyorer 1:266.i oThefe amla- odteki refleon dreratsucif assa-metallocene

g%? hyl g Hg Fof)t'h P&o ol &Fn:‘ﬁlg S%ﬁgaég%@ggﬁ%é&q%ﬁaﬂ gg@gth%&:ecgntacted

mixture and the postcontacted mixture combined.

When a precontacting step is used, generally, the molar ratio of olefin
monomer to ansa-metallocene compound in the precontacted mixture can be from
about 1:10 to about 100,000:1, or from about 10:1 to about 1,000:1.

In another aspect of this invention, the weight ratio of the solid oxide activator
to the organoaluminum compound can range from about 1:5 to about 1,000:1. In

another aspect, the weight ratio of the solid oxide activator to the organoaluminum



postcontacting step are required for this invention.
The postcontacted m xture can be heated at a
tenperature and for a duration34sufficient to allow
adsorption, inpregnation, or interaction of
precontacted m xture and the solid oxide
activator-support, such that a portion of the
conmponents of the precontacted m xture is

i mobi |l i,zed,, adsorhed, .o . deposi d t her.eon, F

SRR "SR 658, A5 2 LSRR (B0 O Pl pmsgty from
bgoween talbstit 50H.t o about 150F. Tenperat ures between
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Aeomennds Melh:, on 3y epeibirationghergoiganiapsionaly by wser dethe catalyst
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aspect of this invention, the weight ratio of the
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product.ion costs. Accordingly, in one aspect, the

FPBPINHOM OB can use ALR3-type

contacting at least one ansa-metallocene, at least one olefin, and at
least one organoaluminum compound for a first period of time to form a precontacted
mixture comprising at least one precontacted anmsa-metallocene, at least one
precontacted organoaluminum compound, and at least one precontacted olefin; and

contacting the precontacted mixture with at least one activator-support
and optionally additional organoaluminum compound for a second period of time to
form a postcontacted mixture comprising at least one postcontacted ansa-metallocene,

at least one postcontacted organoaluminum compound, at least one postcontacted



or ganoal um num conpounds and an acti vator-support in

t he absence of al um noxanes. Addi®tionally, no
expensi ve borate conmpounds or M§C 2 are required to
formthe catal yst conposition of this invention,

al t hough al um noxane, borate conpounds, MO 2, or any
conbi nation thereof can optionally be used in the
catal yst conposi ti on of this invention. Further, in
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one ansa- net al | ocene, | east one ol efin, "and

I (é§a)s tandn@&p ragd ri‘wingﬂhw fnrnmtqa WH[GEHﬂn(fHF@HﬂQ ari @dubstituted
tqgr{ﬁtof rma recogeigg dlmgx econ‘pnsmg at
gieok Sl&lﬂ% LI, L0 S Ve, | east one
pr econt act qk*p AR R AETiiepARREPUNY F, @dBAtor 225k }gﬂﬁ)carbyl
precontacted ol efin; and cont aCtIBig t he precont acte
rgrRepuhaving tp ot 20 sathonortemacH; watRile si) Wdrocahmﬂomde group, a
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cartivn Sy @i4) IOBRY, GrsOPds %@M@Rﬁeﬂan alkyl group or an aryl group,
ansa-netal | ocene, at |east one postcontacted
Qhﬁﬂﬂ?ﬂ‘ﬂbﬁ?ﬂ&mﬂmnaﬁmméﬁﬁ one postcontacted 0
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In one aspect, the catalytic activity of the catalyst of this invention is typically
greater than or equal to about 100 grams polyethylene per gram of chemically treated
solid oxide per hour (abbreviated gP/(gCTSO-hr)). In another aspect, the catalyst of
this invention can be characterized by an activity of greater than or equal to about 250
gP/(gCTSO hr), and in another aspect, an activity of greater than or equal to about
500 gP/(gCTSO-hr). In still another aspect, the catalyst of this invention can be
characterized by an activity of greater than or equal to about 1000 gP/(gCTSO-hr),
and in another aspect, an activity of greater than or equal to about 2000
gP/(gCTSOhr). In another aspect, this activity is measured under slurry
polymerization conditions using isobutane as the diluent, with a polymerization

temperature from about 80 °C to about 105 °C, and a total pressure from about 450



(X3) and (X4) are independently: 1) F, d, Br, or |
2) a hydrocarbyl group having updo 20 carbon atonmns,
H, or BH4; 3) a hydrocarbyloxiéé group, a
hydr ocar byl am no group, or a trihydrocarbylsilyl
group, any of which having up to 20 carbon atons; or
4) OBRA2 or SOGBRA, wherein RA is an al kyl group or an
aryl group, any of which having up to 12 carbon
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HERA the EAEHCE bip iR POQREYARn PrBlRses? sul fur
group, a nitrogen group, a phosphorus group, an
ar seni Thagratgysta chrthonpgsenip invension i en igeodgal, for any olefin
boron . qr.oup, nX of whic havin%.fronll to 20 ar?on .
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odyrac e N THe taryn &CbHf YdabtorOinclidRathese tHaa M bé& @fatred
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i n another aspect, an activity of greater than or .
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105 C, and a total %{Essgé@ f(&. m about 450 O 56 psig
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subst gRflyaéri24t0R rbRMCAlstety 6f tRNYres! hv&fidh&nay comprise one
coating or other forns "of fouling upon nmaking these
s of anranters in Bt systany aof muliplCaeantars tofChepsnd joordifferent type.

Pol rization Processes The catalys of the, present
ROLIEPh A bR BfRTBR s HRLEEhRe Sy SRS RS Bifeast two
rse;}&dmé Bo19MRrikAtidnh eeadfols ib@dEndREd BYS at HR@TFerOlevice making it
pol ymeri zation reactors. As used herein,

'Dosiihladp itiasten ther rdpmens reswliding fom theyfigopglimerizationgractor into
1528505 FABAP. 1B LIRS M8 By EROTRLE s e
deddi¢lopmk yinwnh sthar gpetffngr c@dliticnsast tes iolifer aeactors,  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.

According to one aspect of the invention, the polymerization reactor system

may comprise at least one loop slurry reactor. Such reactors are known in the art and



pol yners. The various types of reactors include those

that may be referred to as batchg slurry, gas-phase,

sol ution, high pressure, tubul & or autocl ave

reactors. Gas phase reactors may conprise fl uidized

bed reactors or staged horizontal reactors. Slurry
reactors nmay conprise vertical or horizontal | oops.

H gh pressure reactors may conprise autocl ave or
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RoDEREHAGONRY pEeNéieSRohfiBec AN HisolesedS il ULS. ORHsEti 106, B 455,314,
a nononer, a catalyst, and a diluent into a

potighisingaaperated by gefesmeg herethid itssmtiriYious  r enpval

par 11 s GiRH Rl gnftrIHRERELET (FRIRGA, ThE BoRctizhton reactor
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that conprise the diluent, nmononer and/ or conononer.
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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 olefins, in which olefins are polymerized in the

gaseous phase in at least two independent gas-phase polymerization zones while



any conbi nati on of heat addition and pressure
reduction; separation by cyclonice action in either a
cycl one or hydrocycl one; or sep8ration by
centrifugation. A typical slurry polynerization
process (also known as the particle form process),
which is well known in the art is disclosed, for
exanple, in U S. Patent Nos. 3,248,179, 4,501, 885,

5,565,175 75,979, 2 6,262 o
o1, duabisb et Poifrid BimeduC R et bpBirzation agpe 1o 2
| fecbhd pElRitetigitionhel One Btiel cfliae phise wedttd isI8iclosed in U.S. Patent
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poloyoneet, Zeitiators, of cptabysisl @aaddeah oMemows: daydheoedrhined in an inert

U. S. Patent s.. 5,455 314 whi is incor.pqgrated.b
P R0, TS HeRs ot g 1oy TheeRgoh s FERRS, SftalPits, and/or
aps1&r copfpeREdts alayttdl dhtlatheanh ia0hiseduldQtresth YAiB lihtéstucad at another
reactor rmy conpfise at |east one gas phase reactor

Szmn_ of ylat reagton r Bhekgrs\stredms may bgrimtpmigped fmpoémr@}tigl. Heat and
e B3 S ERloSed mbSRPRSY B Phth e b Gizagion reaction

i oriditengr esence of the catal yst under polynerization
conditions. A recgcle stream may be withdrawn_ fromthe
f1 ui di Aeeprdisgdo a1l apetbsicractrcie iipyegtionethe dobmagrization reactor
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refthathe thaystpobyipediiiare bynenicabde . stifueh ogasthphaseans. A carrier
reactors nmay corrpri,s,aProcess for multi-_ ste .
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e MGG ha§ e Prol P AREQMorPRASE 1t éHntzlc@l Pty M catalytic

i ndependent gas-phasé pol ynerization zones whi

f reechiangpraduay &l fhstpresenteapnalsgngrobliguid froatenial. i Thegpolymerization

I TP T
WUcRitidRad faRE polater i? a 30aktibA edhnB 8 A3tidN thay, Hbémplffed to obtain

each of which’'is incorporated by reterence inits )
ebrtier etepipematerien comed opdd ntp toaistain | urifismh ol ysgsiationf mixtures

B 5 e B S0 P06 B
r &8iehic Rt bf ®flymerization. These reactors are known in the art.
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.



whi ch are known in the art. Tubular reactors nmay have
several zones where fresh nononeg, initiators, or
catal ysts are added. Monomer m@y be entrained in an
inert gaseous stream and introduced at one zone of
the reactor. Initiators, catalysts, and/or catalyst
conponents may be entrained in a gaseous stream and

i ntroduced at another zone of the reactor. The gas
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to yet another aspect of the invention, the .
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e present rnvention nmay onpri se any
caopdpateditin an suferaitidak asgiom wecuraing natt gmicallyf kigherstestperatures and
at | east one feed S{gstﬁjem for. catal yst or ca{;al st &
BNt OPetignotboye the fLiticgh, B°%|<§y>’snae Presgrgapperature diagram

Sééﬁﬁ&@i?itic%%ﬁé&@}fﬁa BfEt flvagngtens for the present
i nvention may Turther conprise systens for feedstock

pur i f i The ¢aneenteatioalof yarisusoragantaean i expénoted torproduce resins with

ext r usi,on eactor, cooling,,. polyner recqver. .
£ veufait paIseh AT plesaiat PIOIBiSe. VIOROBORC SOdRise Rodut that wil
apefoysieS by dicreBin G S8 £iethot O forpHng tHab Bebiduttaivterinh@ls the desired
are controlled for polynerjzation effjiciency and to
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SRR o s R PR BB el (R o3RRI g,
pmolboalai Wdight geiribieon, U tanparsie)t gladsdtrameitbay témperature,
wei ght distribution, Suitable polynerization

tmperasire msltrtyeryeal Brnpiopedensity tireonsgylansy, Frack growth, long chain
g&hﬁé}ﬁﬁﬁ{dﬁ%lbgﬁaﬁrﬁ% GAlddi€e according to the G bbs

ree ertergy equdation. Typically this includes from

about BIXC 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 is 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 must be

minimized since they impact the reactions and product properties.



to about 280C, for exanple, and from about 70C to
about 110C, dependi ng upon the type of polynerization
reactor. Suitable pressures wil80 al so vary according
to the reactor and polynerization type. The pressure
for liquid phase polynerizations in a |oop reactor is
typically less than 1000 psig. Pressure for gas phase
pol ymeri zation is usually at about 200 to about 500

psi g. h pressur [}
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nol ecul ar wei ght distribution, nelting tenperature
ghbsetbers; afe anhatteerse apbdegradasion agentper at ure el t of
crystallization, density, stereoregularity, crack
growt h, | ong chain branchi ng and rheol ogi cal
nEﬂﬁmnﬁmﬂymersTheapaeémsEédramgqn&hmflnmmmr
co-mononer, hydrogen, co-catalyst, nodifiers, and
el ect r BrOMfoRfHPS, ﬁ’(eeethﬂﬁ'@ﬂ pelpme] Arqduees Bsing theneatalyst composition

t C

CRPRR bivERion SATRRRIF oS0, SPIRR 1ERe B BllClbain braoching
n(lﬂCB:)uhaﬂ ametygihhlly Cbsetardalyesit wsigpna singilarssu-tetallocene compound
al kyl at e, avenge .poi sons and. control @FHDJ ecul ar

weithent anysleiinrcontaining meielysBERdeRt & ihe digand.  FIGURE 1

{
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nol di ng and the |ike, After merization addi ti ves

aﬁFGClﬁﬁ%bf, ileg(gn) sersue lagdtédd fos n%:en@rélpmwe& 8cqerdivg de inventive
bgt 5§ ieso 1< %Sf | ald further illustrate how reduced LCB levels are manifested.
Linear polyethylene polymers are observed to follow a power law relationship
between their zero shear viscosity, 770, and their weight average molecular weight,
M,,, with a power very close to 3.4. This relationship is shown by a straight line with
a slope of 3.4 when the logarithm of 7, is plotted versus the logarithm of M,,.
Deviations from this linear polymer line are generally accepted as being caused by the

presence of long-chain branching (LCB). Janzen and Colby presented a model that



during manufacturing and for desired properties in the
end product. Additives include sueface nodifiers such
as slip agents, antiblocks, taékifiers; antioxidants
such as primary and secondary anti oxi dants; pignments;
processi ng aids such as waxes/oils and

fluoroel astoners; and special additives such as fire
ret ardants, antistats scavengers absor bers, odor

SRS B SRR ol GOERR .P&??q'}ﬁ' 5050 SRR tor v

t heqRhbist %Ti@laﬁr@ﬁrﬁlgg el Updipit %‘Eaﬁlaieﬁﬁtar weight of the
COlTpOSltlon of thISInventlonIStylca

chelyaet. e See éingnosmgadong-ehaih rafchingnip pdipét lbmﬁﬁ’oﬁlMgl Struct.

Chsd B0 L0 KROS5 Lty

ol ef i NTRANFAGURIY2 RbiS e REAHEM otfor( o D&ty ﬂﬁ%g&ﬂm of M, for
ligand. FITGURE 1 illustrates the structures o

smidmﬁrscprap@ad rateccartiingctertéﬁ nveatiang ifwstppting thehdependence of zero
and

! | GURE 2 .i | ) ust _
SSHEReT cueperTy 2P BERNGE R e e Vit @lor g gonsiating
phecieRtbokERekE Akd\ghlY Qeiﬂ"ﬁli%hﬂﬂ\d@ﬂhﬂe@ rifroni:ﬂﬁuﬁ@ Bnow 3.4 power law

illustrates a property e sol uble portion of the

etAyre Hae” whishyientedes @@llgdm&th@rqf@dmar pipoen(/nBhyso Chiya. 1980,

c tiv Y,

t?g%b? AT %ﬁiﬁ% dt%%: 1n€ 1¥/gg) )éﬁ%ér 21906)?(21% rt8e ggﬂﬁl gll ﬁléd 2 are
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rate OW reduce
LeoBtdimadedtoun 88s wé findodudi el whjd:h zeanr impldayieh lofl £nen-linear polymer.
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drexera copolyamer pgrduc gl ggqnp g’a’gg)emomaéq]omesaspect of the invention’s

AR Al DERF e GhE P ki R] £ ppwn tiner

lcogaol (HiDO640 M/vt}ﬁm tase) indicates branching. Thus, the data from FIGURE 3

demonstrate that the comparative polymers prepared using an ansa-metallocene
without an olefin-containing moiety bonded to the bridging ligand (FIGURE 1,
Example 3) are significantly deviated from the linear standard, HiD9640, at high
molecular weight end of the Rg vs. M, plot. Therefore, in contrast to the inventive
polymers, the control or comparative polymers examined showed substantial LCB as

M, increased.



pol ymers prepared according to this invention,
illustrating the dependence of zepo shear nelt
viscosity on weight average mol®cul ar wei ght (M), and
denonstrating that these polyners are only very
slightly deviated fromthe well-know 3.4 power |aw
“"Arnett line" which is used as an indication of a
| i near polyner (J. Phys. Chem 1980, 84, 649).
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Therefore, in contrast to tthe inventive
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BRtEhPRY s In order to nore clearly define the terns

used hpficeiehn “pRRoh@ble@MniiGuee]si Wed heRen tRd@cRbOY ifE@0nixture of
To the extent that any definition or usage provided b

aanjalys mempoenents fadrgse reantagtet dorianfitsy peded oéiigee prior to ¥he first
S e 4 R s o oy
CodipoBbifts that are contacted for a second period of time. Typically, the
precontacted mixture describes a mixture of metallocene, olefin monomer, and
organoaluminum compound, before this mixture is contacted with the acidic
activator-support and optionally an 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 possible for the precontacted



The term "polynmer" is used herein to nmean honopol yners
conprising ethylene and/or copol ygers of ethyl ene and
anot her ol efinic conononer. "P&Bymer" is also used
herein to nmean honopol yners and copol yners of any
ot her polynerizabl e nononer disclosed herein. The
term"cocatal yst"” is generally used herein to refer to
t he organoal um num conpounds that can constitute one
c n he cat.a
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cycloalkadienyl-type ligands in the molecule are linked by a bridging moiety, wherein

the shortest link between the two 1°-cycloalkadienyl-type ligands comprises two
carbon atoms. Thus, the length of the bridge or the chain between the two
cyclopentadienyl-type ligands is two atoms, although this bridging moiety is
substituted.  Thus, the metallocenes of this invention are bridged bis(ry’-
cycloalkadienyl)-type compounds, wherein the n’-cycloalkadienyl portions include

indenyl ligands, fluorenyl ligands, or a combination of an indenyl ligand and a



or conponent is described as conprising an

or ganoal um num conpound that was gused to prepare the
precontacted m xture. S|n1larlﬁ the term
"postcontacted” mxture is used herein to describe a
second m xture of catalyst conponents that are
contacted for a second period of tinme, and one
constituent of which is the "precontacted" or first
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ap dr.of | rl X part] al Y,
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atoms, or up to 6 carbon atoms.

The term “hydrocarbylamino” group is used generically to refer collectively to
alkylamino (NHR), arylamino (NHAr), dialkylamino (NR5), and diarylamino (NAt)
groups. Unless otherwise specified, the hydrocarbyl amino groups of this invention

typically comprise up to about 20 carbon atoms. In one aspect, hydrocarbylamino



saturated indenyl, partially saturated fluorenyl,
substi tuted partlally saturated ipdenyl, substituted
partially saturated fluorenyl, 6&nd the like. In some
contexts, the netallocene is referred to sinply as
the "catalyst", in nuch the same way the term
"cocatal yst" is used herein to refer to the

or ganoal um num conpound. The terns "catal yst
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al ken@I’he term “activator,” as used herein, refers generally to a substance that is
capable of converting the contact product of: 1) a metallocene component; and 2) a
component that provides an activatable ligand such as an alkyl or hydride ligand to the
metallocene, when the metallocene compound does not already comprise such a ligand;
into a catalyst that can polymerize olefins. This term is used regardless of whether an
activator ionizes the metallocene, abstracts an anionic ligand to form an ion pair,
weakens a metal-ligand bond in the metallocene, simply coordinates to an anionic

ligand, or any other mechanism. As disclosed herein, the contact product comprises



noi ety and enconpassi ng all stereochem cal isoners.
Thus, for exanple, the term alkenyl is intended to

i ncl ude any CH=CH2- substitut ed66r CH=CMe2- substi tut ed
al kyl group, regardl ess of where the substitution
occurs within the al kyl group. Terns such as
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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.



i1) an organoal um noxane conpound; iii) an organoboron
or an organoborate conpound; or iyv) any conbination
of these conponents. The term® lay" is used herein to
refer to that conponent of the catalyst conposition,
a substantial portion of which constitutes a clay
mneral or a mxture of <clay mnerals that have been
pretreated by either exchanging cations, pillaring or
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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.
In the following examples, unless otherwise specified, the syntheses and

preparations described herein were carried out under an inert atmosphere such as

nitrogen and/or argon. Solvents were purchased from commercial sources and were



| ayers as columm-1like structures. Exanples of
pillaring and pillared clays arecdound in: T.J.

Pi nnavai a, Science 220 (4595), 6865-371 (1983); J.M
Thomas, Intercalation Chemstry, (S. Wittington and
A. Jacobson, eds.) Ch. 3, pp. 55-99, Academ c Press,
Inc., (1972); U S. Patent No. 4,452,910; U. S. Patent
No. 5,376,611; and U. S. Patent No. 4,060, 480; each of
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oscillatory rheometer using parallel-plate gecometry (TA Instruments, formerly
Rheometrics Inc.). Data were typically obtained over an angular frequency range of
0.03 to 100 rad/s at a temperature of 190 °C.

Fluff samples were stabilized with 0.1 wt% BHT dispersed in acetone and
then vacuum dried before molding. Samples were compression molded at 184 °C for
a total of three minutes. The samples were allowed to melt at a relatively low

pressure for one minute and then subjected to a high molding pressure for an

additional two minutes. The molded samples were then quenched in a cold (room



typically dried over activated alumna prior to use.
Unl ess otherw se specified, reaggnts were obtained
from comercial sources. Gener&P testing procedures,
characterization, and synthetic procedures are

provi ded herein. Synthetic nmethods to prepare the
nmet al | ocenes, treated solid oxides, and other
reagents of this invention are also provided herein.
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T, = viscous relaxation time in s
a = breadth parameter

n = power law parameter, fixed at 0.1818.

Long Chain Branching as Determined by SEC-MALS
A combination of size exclusion chromatography (SEC) with multi-angle light
scattering (MALS) (SEC-MLS) was used for long-chain branching (LCB)



out of the nolded slabs for rheol ogi cal
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SEC-MALS A conbi nati on of size exclusion

cHsokravoyasaptips cSEDRtion (Ry) mere pbtaingd &roni gPebye plot’s intercept and

terln E
O FERE bR Mo it R et R Pt Cim
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anﬂnbdrsa\cbreigee rreiédudedr Welght (M,), z-average molecular weight (M;) and

molecular weight distribution (M,/M,) were computed from this data, and are

presented in various Tables.

The Zimm-Stockmayer approach was used to determine the amount of LCB in
ethylene polymers. Since SEC-MALS measures M and R, at each slice of a
chromatogram simultaneously, the branching indices, gy, as a function of M could be
determined at each slice directly by determining the ratio of the mean square R, of
branched molecules to that of linear ones, at the same M, as shown in equation 1:

(Rs ),

gy =1t )

<Rg > lin

where the subscripts b# and /in represent branched and linear polymers, respectively.
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(AR F R, bR AR e B RO T UEAIE s wg Hiofloea by
nfphématon to incipient wetness with a solution containing ammonium bifluoride in
an amount sufficient to equal 10 wt % of the weight of the silica-alumina. This
impregnated material was then dried in a vacuum oven for 8 hours at 100°C. The
thus-fluorided silica-alumina samples were then calcined as follows. About 10 grams
of the alumina were placed in a 1.75-inch quartz tube fitted with a sintered quartz disk
at the bottom. While the silica was supported on the disk, dry air was blown up
through the disk at the linear rate of about 1.6 to 1.8 standard cubic feet per hour. An
electric furnace around the quartz tube was used to increase the temperature of the
tube at the rate of about 400°C per hour to a final temperature of about 500°C. At this

temperature, the silica-alumina was allowed to fluidize for about three hours in the
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E%ﬁepg 180 tf'nawi?ls%egufz %gdfg, eg'glg;cto?%eﬁgss UF ﬁ'le reactor were stirred, the
reactor was heated to 80°C, and ethylene was then introduced into the reactor along
with 25 g of hexene. Ethylene was fed on demand to maintain the reactor pressure at
450 psi for a reaction time of 60 min. The reactor was maintained at 80°C through the
run by an automated heating-cooling system. Polymerization conditions and polymer

characterization data (molecular weight) are provided in Table 1.

EXAMPLE 2
Catalytic Run Using Metallocene I-2

A metallocene solution (0.66 mg/mL) was prepared by dissolving 15.5 mg of
metallocene I-2 in a mixture of 4 mL of TEA (1M in hexanes), 4 mL of hexene, and
15.5 mL of toluene. The polymerization run was conducted in a two-liter stainless

steel reactor, using the following procedure. A sample of fluorided silica alumina



Met al | ocene CG-1 was purchased from Boul der Scientific
Conpany. Metallocene I-1 and 1-2 yere prepared
according to the nethods report7e°’d in Alt, H G,
et.al. J. Organonet. Chem 1999, 580, 1; and Ri eger
B., Organonetal lics 1997, 16, 544. The structures of
specific netall ocenes used in the inventive and
conparative Exanples are illustrated in FI GURE 1.
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was fed on demand to maintain the reactor pressure at
450 psi for a reaction tinme of 30 mn. The reactor
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pol ymer characterization data (nolecular weight) are
provided in Table 1. EXAMPLE 3 Catal ytic Run Usi ng
Met al | ocene CG-1 A netal |l ocene solution (0.67 ng/nL)
was prepared by dissolving 10 fig of the netall ocene
C1in amxture of 2.5 nL % TEA (IMin hexanes), 2.5
m. of hexene, and 10 nL of toluene. The

pol ynmeri zation run was conducted in a one-gallon
(3.785 literystajniesg steghreactor, using the
fol l owi ng pro&dure. Afsanplle gf | fluorided silica

al um na (200 Eg), anfd sanyl egof| the C-1 netall ocene
solution (4 L 2.7 ) thdt incl uded TEA (0.67

nmol ), and|add tipnal TEA (Q.1_.nmf of 1M solution in
hexanes) werezadded& nftHat |or@er| through a reactor
charge port, ﬁbile venti ng |i sObut ane vapor. The
chargg por{ ®as_c|osed|ang ¥.3 tifters of isobutane
were zadded.3 coit ent s of| the freactor were stirred,
the rgactof was heated|to 8JC, and ethylene was then
i nt rafuced imget hél feacBdr |akghg with 25 g of hexene.
Et hyl ene Wag#d Eed hTderfald [t T Tgi ntain the reactor
pr esstir e arz4pg psi for a reactign time of 60 min.
The r8act of Svigs @Ri gt af nel at S0C t hrough the run by
an aqﬁbnatggiﬁﬁéating-:odTirg Yystem Pol yneri zati on
condi'Ei ons ard pol-yrerecharqctertzati on data
(ol eBul ar | wej ght)gar g gn@gigeg jin Table 1. 0 74 O 0
NA® O p Do fFoEf ngH'E.,m'é v 00
8 - 5% |2BE|8BE|3% 2
—S Ujd: =] < | R [
]
s 2
= 7]
@ ¥ ‘b s
G
= O —
S 5% ¥ | ¥ | ¥ 2
=9 & o 23
< =
g 8~ e
2 8¢ | 8 | 8 | = £
2 E
.:.g o —~ ‘_.;3
= | E e s || %
e 8 E
£ 5 g 2
g G o o ~ Eg
! =5 8 o o o E
& S5~ &=
g = =%
S = o 5
o o 8.2
- § - « \n = .
o = = - ) S <
= g < £
<
= 2 -«
=
gg — ™ e
jad]




do Chi .y N~,~ ~N Q3vbbbNb yp QNNNN
NNOOOOas ~" w t OO0 El uob N codvp
NOOp OAMI N~F MNNi Csyspy _~ aoi a~i r.j UOH
N~ '".. ;gyW F+ . N75 0 CLAIMS W Cdaim 1. A

catal yst conposition conprising a contact product of.
1) at | east one ansa-netallocene; 2) optionally, at
| east one organoal um num conpound; and 3) at | east
one activator; wherein:

CLAIMS

We Claim:

1. A catalyst composition comprising a contact product of: 1) at least one
ansa-metallocene; 2) optionally, at least one organoaluminum compound; and 3) at
least one activator; wherein:

a) the at least one ansa-metallocene comprises a compound having
the formula:

XHXHEAKHM, wherein

M is titanium, zirconium, or hafnium;

(X") and (X?) are independently a substituted fluorenyl or a
substituted indenyl;

one substituent on (X') and (X?) is a bridging group bonded to both

(X") and (X*) and having the formula CH,CH[(CH,),CH=CH,], or a

substituted analog thereof, wherein n is an integer from 1 to 8, inclusive;

(X?) and (X*) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl group

having up to 20 carbon atoms, H, or BHy; 3) a hydrocarbyloxide group, a

hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which

having up to 20 carbon atoms; or 4) OBR?, or SO;R”, wherein R* is an
alkyl group or an aryl group, any of which having up to 12 carbon atoms;
and

any substituent on the bridging group, any additional substituent on
the substituted fluorenyl, and any additional substituent on the substituted
indenyl is independently an aliphatic group, an aromatic group, a cyclic

group, a combination of aliphatic and cyclic groups, an oxygen group, a

sulfur group, a nitrogen group, a phosphorus group, an arsenic group, a

carbon group, a silicon group, or a boron group, any of which having from

1 to 20 carbon atoms; a halide; or hydrogen;

b) the at least one organoaluminum compound comprises a
compound having the formula:
AX )X )30



a) the at |east one ansa-netall ocene conprises a

conpound having the formula: (X )(X2)()3)(X4)M

wherein Mis titanium zirconiggm %r hafnium (X ) and

(X2) are independently a substituted fluorenyl or a
substituted indenyl; one substituent on (X) and (X2)

is a bridging group bonded to both (X) and (X2) and
having the formula CH2CH[ (CH2) 1CH=CH2], or a

substituted anal og thereof, wherein n is an integer

from1 to Swhemd (XT)vie;a hykdrarthgl haviag faorm 1 to 20 carbon atoms;

i ndependently: 1) F, d, Br, or |; 2) hydr ocar byl
gr oup (?%’S\}F @gkqmiq er Wle@ﬂﬁoﬁ%pérvéhlcm%asmg m g)to 20 carbon

hydr oc l oxide ) ] r: -ar

2t i ST R, B DYCK BGRBRYLBH I 81L8si8Y and

to 20 car bog) tht @fsasOont hctNBRAZ ohipriveB RBAsolidhedidd freft@d with an
is an alkyl group or an aryl group, any of which

havi neelegrarowithdeawingAn®nons; and any substituent on

ot 1 uPeo e e, AP YRE k) SARhoRIGFI LSRR Sprionat

on t heyRePst lehdtloRd of OSENT lanil XIS REA HBEICHTHID group having up
al i phatic group, an aronatic group, a cyclic “group, a
conbi rntatA0orarydn @bimshHt oxBlad cyclic groups, an oxygen

000 S e S SIS S5 588n rRFTELE 42 s
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carbon “at ons; gen; b) the at
| east one organoal um num conpound conprises a
compound having the fornmula: Al (XS)n(X6)3,, 0 76
wherein (X5) is a hydrocarbyl having®rom1 to 20
car bon at onsg X6) 4i<s==al koxi de or aryl oxi de, any of
" whi ch havi ng g X0 carbon atons, halide, or
hydri de; R&N0 ’ pgherrfrom 1 to 3, inclusive; and
c) the a activator conprises a solid oxide
Wi th an 1+Kbn- wi t hdr awi ng ani on;
wxe

M! is zirconium or hafnium;

X7 and X8 arc independently F, Cl, Br, I, H, BH4, methyl, phenyl,
or benzyl;

R!, R%, R’ and R? are independently an alkyl group or an aryl group,
any of which having up to 10 carbon atoms, or hydrogen; and

n is an integer from (0 to 7, inclusive.
3. The catalyst composition of claim 1, wherein the at least one ansa-

metallocene comprises a compound having the formula:



wherein the at | east one organoal um num conpound is
optional when at |east one of X sup.3 and X sup.4 is
a hydrocarbyl group having up 740 20 carbon atons, H,
or BH4. 2. The catal yst conposition of claim1,
wherein the at | east one ansa- netal |l ocene conprises a
conpound having the formula: (I1AA R 1 1 R XxT M~Xs
R3 / Ra, wherein M is zirconiumor hafnium X7 and X8
are independently F, d, Br, |, H BH4, nethyl,
phenyl, or benzyl; R, R2, R3, and R4 are
i ndependently an al kyl group or an aryHAgroup, any of
whi ch having up=tQ 10 garbon atons, or hydrogen; and n
i nclusive. 3. The catal yst
perel itdae at | east one ansa-
net al | oceneg co -r| = a cormpound having the fornula:

A f #K7/~~ R M2 is zirconiumor
haf ni um X9 and X10 ar wqmdependently F, d, Br, I, H
BH4, nethyl, pheny or benzyl R5, R, and R7 are

independently an g up or an aryl group, any of

whi ch having up to on atons, or hydrogen; and n

is an integer fromoO inclusive. 4. The catal yst

conposi tion of cl®&i m 1 vvherel n the at | east one ansa-

net al | ocene corrprl ses a conpound having the fornul a:
M? is zirconium or hafnium;

X? and X! are independently F, Cl, Br, I, H, BH,, methyl, phenyl,

or benzyl;

R, R®, and R’ are independently an alkyl group or an aryl group,
any of which having up to 10 carbon atoms, or hydrogen; and

n is an integer from 0 to 7, inclusive.
4. The catalyst composition of claim 1, wherein the at least one ansa-

metallocene comprises a compound having the formula:

{IB}

(IB)




(1B RI1 1 1R / x. RBR (IIB) R6, T-~- RO 78
or a conbi nation thereof, wherein M and M are

i ndependent |y zirconiumor hafnp Furﬂ X7, X8, X9, and
are independently d, Br, nethy benzyl; R, R2, R3,
R4, R5, and R6 are independently t-butyl or hydrogen;
R7 is H nethyl, ethyl, n-propyl, or n-butyl, and n,
in each occurrence, is an integer from1l to 5,

i nclusive. 5. The catal yst conposition of claiml,
wher ei n theomcdrﬂhmmiamdlemﬁawhmiml | ocene is selected
from79 0\ Q/ \ O/ [/ ~I.Cfir Ph, pCIZ
**CH, Ph ' ¥ agdM’ ave indaprpdently zircopiu or hafpiym;

, CH. Ph. '_5(7,%8, x° 7§f&e%§&nﬁenﬂ]§/ €1, Br, methyl, benzyl;
R!, R?, R3, R?, R®, and R® are independently t-butyl or hydrogen;
R’ is H, methyl, ethyl, n-propyl, or n-butyl, and
n, in each occurrence, is an integer from 1 to 5, inclusive.
5. The catalyst composifion of claim 1, wherein the at least one ansa-

metallocene is selected from



r- 1t-Bu\ {1/ t-13u, e\ r,..C SCA 1CG r ~ \
IMOSCl wZl° MeT-Bu\ tHu. 80 0 t_Bt t-Bu
Kn\.""Cl OP, t-Bu r-Bu. or any-go®bination thereof,
wherein n, in each occurrence, is an integer from1l
to 5, inclusive. 6. The catal yst conposition of claim
1, wherein the at | east one organoal um num conpound
conprises trimethylal um num triethylal um num
tripropylalum num tri-n-butylal um num

triisobutyl al uniny hexyl al um num '
]' Jm num
SH-etheta”um num
at

triisohexylalu @®
27
Sviid oxide treated>wy/th an

chl oride, or.an
conposi ti of
activator conpri

et hoxi de, di
conr .
vo\Wherein the

el ectron-wi t hdr awi ngyanion, wherein: the " Oxi de
is silica, alupg 8- al um na, al um nopH at e,
al um num phosptf Al um nat e,

het er opol yt ungstat e, ania, zirconia, nmgnesia,
boria, zinc oxi '
conbi nation t}
anion is fluor
phosphat e, [
fl uor osul féat e}
fl uor ophosphat e,
fluorotitanate,
al kanesul f onat g

the el ectron
de, brom de [

fll uorYfoZm¢ conat e, quorosibA;
ub2t] tut ed or unsubst i# 1:’




8. The catal yst conposition of claim1, wherein the
solid oxide treated with an electron-w thdraw ng
anion further conprises a netalggoro netal ion sel ected
from zinc, nickel, vanadium tungsten, nolybdenum
silver, tin, or any conbination thereof. 0 81 9. The
catal yst conposition of claim1, wherein the at |east
one activator conprises chorided alumna, fluorided
alum na, fluorided al um nophosphate, sulfated

al um na, fl uor =€t silyC&al um na, or any conbination

t hereof. 10. gonposition of claim1,
wherei n: &F¢ st _#ne HMsa- net al | ocene

conpri ses 2 ¥ MNaving the formula: JA) R-1 1
/ R= o Mfx (ILAY"™Rs O/ R6, L\ \X M. IXia
N 1 RT or a conbilgati6®n“ihereof, wherein M and M

um or hafnium X7, X8, X9,

RHA. 80t hyl , phenyl, or

benzyl; R1, R 6, R6, and R7 are

i ndependent |y &fr=é Foup or an aryl group, any of

whi ch having up to 10 carbon atons, or hydrogen; and

n, in eachopagyrobaibigationsthereofniwdgadin fr; am dch wcéurrence, is an
inclusive; b) the at |east one organoal um num conpound
conpr i Béeger fiomb eyl EWelwsiveum tri et hyl al uni num

tripr og.ylﬂeurgapawgt composition of claim 1, wherein the at least one

are i ndependent |
and are Fus{

~ organoaluminum compound comprises trimethylaluminum, triethylalominum,
tripropylaluminum, tri-n-butylaluminum, triisobutylaluminum, trihexylaluminum,
triisochexylaluminum, trioctylaluminum, diethylaluminum ethoxide,
diisobutylaluminum hydride, diethylaluminum chloride, or any combination
thereof,
7. The catalyst composition of claim 1, wherein the at least one activator
comprises a solid oxide treated with an electron-withdrawing anion, wherein:
the solid oxide is silica, alumina, silica-alumina, aluminophosphate,
aluminum phosphate, zinc aluminate, heteropolytungstate, titania, zirconia,
magnesia, boria, zinc oxide, mixed oxides thereof, or any combination
thereof; and
the electron-withdrawing anion is fluoride, chloride, bromide,
iodide, phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate,
trifluoroacetate, phosphate, fluorophosphate, fluorozirconate, fluorosilicate,
fluorotitanate, substituted or unsubstituted alkanesulfonate, substituted or
unsubstituted arenesulfonate, or any combination thereof.
8. The catalyst composition of claim 1, wherein the solid oxide treated with
an electron-withdrawing anion further comprises a metal or metal ion selected
from zinc, nickel, vanadium, tungsten, molybdenum, silver, tin, or any

combination thereof.



tributylalumnum trii sobutyl al um num

trihexylalum num triisohexylal um num

trioctylalum num diethylalum ym 2t hoxi de, 82 0

di i sobutyl al um num hydri de, diethyl al um num chl ori de,

or any conbination thereof; and c) the at | east one
activator conprises a solid oxide treated with an

el ectron-w t hdrawi ng ani on, wherein the solid oxide is
silica, alumna, silica-alumna, alum nophosphat e,

al um n@niThbcafahyt eonypiositioal afndlaia é, wherein the at least one activator
het er qpol yi un ate, .titgnia irconia, esi a,,
b&?mang% Falopited calufpisgd oBsde ai%méofﬂu%%%an%umlnophosphate,
an| orﬁ&?&]ﬁ ﬂl?r&ﬁh 3 lgéraldaéﬁllﬁﬁb I"?Q‘%?&%ﬁ%wré&
phospha0eThd diatﬁlbfﬂtc&)mﬂvsﬂidnf(ﬁtcﬂalnsllJ Wwhérein: f | uor obor at e,
fluorosul fate, trifluoroacetate, phosphate,

fl uor ophos pRhthe, atflegw e ansematellodene soBRTISeE acempound having
fluoro tt?)nat . Substituted or unsubstituted

al kane Oh¥t%, substituted or unsubstituted

arenesul fonate, or any conbination thereof. 11. The

catal yst conpositiosof claim 1, furtherm"conprly ng an

or ganoal um noxane erein the

or ganoal um noxgne pi?i ses: a cyclic

al um noxane hayi ng fdrnmola: -f i -O - ; ahereia
RRis aline&dr e d.\aﬂkyl having from1l to 10

car bon at ons, eger from3 to about 10;

a |linear alum noxane g the formula: R RR

whrscin Ris 3Ii : Chﬁg al kyl having from1

to 10 carbona Integer from1l to

LU 8 aving the fornul a
R5m+aRbmaAI4nme whereiln mis 3 or 4 and a is
=nM 3) - no(2) +no(4); wherein nAl(3) is tHS; nunber 83

or a combination thereof, wherein

M’ and M? are independently zirconium or hafnium;

X" X3 X° and are F, Cl, Br, I, H, BH,, methyl, phenyl, or benzyl;

R, R% R}, R* R, R®, and R’ are independently an alkyl group or an
aryl group, any of which having up to 10 carbon atoms, or hydrogen; and n,
in each occurrence, is an integer from 0 to 7, inclusive;

b) the at least one organocaluminum compound comprises
trimethylaluminum, triethylaluminum, tripropylaluminum,
tributylaluminum, triisobutylaluminum, trihexylaluminum,

triisohexylaluminum, trioctylaluminum, diethylaluminum ethoxide,



of three coordinate alum num atons, no(2) is the
nunber of two coordi nate oxygen atons, no(4) is the
nunber of 4 coordinate oxygen ghoms, R represents a
term nal al kyl group, and Rb represents a bridging
al kyl group; wherein Ris a linear or branched al kyl
having from1l to 10 carbon atons; or any conbination
thereof. 12. The catal yst conposition of claim1,
further conprising an ionizing ionic conmpound
sel ect dithobuiylaltmifum buhydiidemodietiglaluminum  chloride, or any
tetraki s(p-tolyl)borate, tri(n- butyl)anmoni um
t et r aksosbiatipthesafaand i (n- butyi ) ammoni um
tetrakis(2, 4-.di 0 : . . .
tri(n-butyl aﬂnl‘%t#?%aﬁ? B&y E&}%}& éo%ﬁ‘lses a solid oxide treated with an
t et r akdledtronowithGRiwing RRRRAY Wheimt e,
tri(n-butyl)amoniumtetrakis . ] )
[ 3, 5- bi s(t rthe Isabd ewideniyIsilae Al ibarsiliea-alupiiga-aluminophosphate,
butyl ) anmoni um t et,r aki s nt af | ugr ophe borate, . . 3
NN TR Rl A Pt (LeEaPOP Y ieSieEs Fhanis, zirconis,
N, N- dlrﬂﬁéﬁh‘éia?%dﬂaplﬁm bRideakhixeard:qde6 IHREAL @r alyNeombination
di met hylani [T nium tetraki s(2, 4-di net hyl phenyl) borat e,
N, N- dithrestebf;laadi | i ni um
¢ : iyt

etrakis(s, pdi et byl RRenyl JOLatS: is fluoride, chloride, bromide,
N, N- di et hytP@nflertipRnwiihdrdings paion
E’ SNS t(*hé{d%g Pgﬁﬁqﬂn%,hﬁiﬁ?éﬁl %igl‘.?l[fﬁte,e sulfate, fluoroborate, fluorosulfate,
t et r akiislopeiatehte, gh@s@ﬂﬁfby flubesphiosphate, ifhfoessitcoanies flutivsilicate,
tetrakis(p-tolyl)borate, triphenylcarbeniu

m .
t et r akiugratitepatip) pelstitated arrynshbwifitiedr dkanagaifonate, substituted or
tetrakis - di_nmet hvil.ohenyl ) bor at .
tr1 phettyresie e U S sPE Brhination o) bor ac e,
triphenyl %Eb%_ﬁta%@t_ composition of claim 1, further comprising an
tetrakis[3,5-bis(trifluoronethyl)phenyl]borate,
targphahyhinaxieni compaindak wdepant did uorgapoainpindyenat eompound
tro%_‘léi um tetrakis(p- tolyl)borate, tropylium
t F§(mtolyl)borate, tropyliumtetrakis(2,4-

di nmet hyl ph : - .

t et r aki s(S?yé%lrgr%t[]%{/xﬁlgﬁé%y tl)% {aHteef,Ol‘?lrﬂgbyl ium
tetrakis [3,5-bis(trifluoronethyl)phenyl]borate,
tropylium te't'f’?kl_é’(’ﬁht“ﬁﬁmuor ophenyl )borate, 1ithium
t et r aki s( pent af kuor ophenyl ) borate, 1ithium

t et raki s(phenyl)borate, lithium

t et r aki -tolyl)borate, I|jthi tr akj
t g| ;?) Ib2$ gtfg?s gil’znﬁ%l??? %ranched Izat r)r;l th?mrn% %rgrg{q to 10 carbon atoms,

t et rak; . 4= dj te, lithium
tet ra@gﬁs?%%é@%@%ﬁﬂ%ﬁgr ate, lithium
tetrafl uor gllireat elunsia@xan®having the formula:

t et raki s( pent af | uor ophenyl ) borate, sodi um

t etraki s(phenyl)borate, godium

tetraki s(p-tolyl)borate,/ sodi um
tetrakis(mtofyr{'poPat e sodi um tetrakis(2, 4-
di met hyl phenyl ) bprate, s&drbme

t et raki s(3, 5-di net hyl phenyl ) borate, sodi um
tetrafl uorqgborate, potassium .

t et r aki s( pdhtsat At pherapchesd alkyb hapggEemyhie4 0 carbon atoms,

and n is an integer from 1 to about 50;
a cage aluminoxane having the formula R oR%n 0ALmOsms

wherein m is 3 or 4 and « 1S =nys)-Noe) o) Wherein nyys, is the number



t et raki s(phenyl ) borate, potassium

tetraki s(p-tolyl)borate, potassiumtetrakis(m

tolyl)borate, potassium g3 °

tetraki s(2, 4-di net hyl - phenyl ) borate, potassium

t et raki s(3, 5-di net hyl phenyl ) borat e, potassium

tetrafl uoroborate, triphenylcarbenium
tetrakis(p-tolyl)alum nate, triphenyl carbeni um

tetrakis(m tolyl)alum nate, triphenyl carbeni um

t et r akofthPecdeatirdinhiteydlpinémuch Jagdmsyimal & the number of two coordinate
tri phenyl carbeni um ) . .
t et r akPSEINSteMSetiop phRS | YRR Ahtde coordinate oxygen atoms, R

triphe L Um b s .
et F aReDrSa StFiBinal i, eup L RL Eopresesis,A biiging alkot group
t et r akiwhéreid Rl iy la)[@cdfbn Bidiched BIXRY havifiy from 1 to 10 carbon atoms;
tetrakis(mtolyl)alumnate, tropyliumtetrakis(2,4-

di met hetl aayeaopibindtion thexeef. tropyl i um

tetrakj 5-di hyl ph | 1 nat t li.
t ot 1 akI (P FAAPRb FRERY PR A AR e, ottt FeRPHSIRE an ionizing
ti%hfcaéﬁﬁ;%da%atselfe!)ctepr ﬂ&BecH)(ﬁ%laWﬁun{ fetk#4p-tolyl)borate, tri(n-

tetraki s( phenyl ) al um nat e,
tmityRdhmppito| ytefraktis(m-oalyBbotaid, hi tuifn-butyl)ammonium  tetrakis(2,4-

e AT hbP Rk T au @D e tetrakisti,s-dubiethyiphenyDborate,
ttﬁkﬁ-ghbﬁufg%rg?ﬂhﬁpt qgtjrzﬁéﬁ3%’G%ﬁbﬂmﬂ@ﬁb?ométhgfﬁf)ﬁgﬂyl]borate, tri(n-

tetr um nate, soO

tisitydchmopRm af |té@ﬁlﬁ%@ﬁtﬁﬂhﬁf€$ﬂﬁkﬂﬁ9]ﬁ)m’@pdi INYN-dimethylanilinium
tetraki s(phenyl)al um nate, sodjium )
ttétfﬁlﬂﬁﬁps@!%dihﬂr@tﬁ:) aNuM-dizmcthylepdiniipm etetrakisgpriplyl)borate, N,N-

t | upinat e, di . . e
B DA e PR Gy At Py dimetiytanilinium
tteﬁma&]iﬁs(-ain@eﬁ&lﬁm&ﬁwm%yl ) alNN-dah&thyRadintiin tetrakis[3,5-
tetrafl uoroal um nat'e, potassi um

thes(taftaeropetitydiphenyldphretey| ) al umi nat e, pot adsNedimethylanilinium

:tgﬁélggdpgétgﬂﬁg{%?@mﬂr%%g é, W&)ﬁ%@g%ium tetrakis(p-tolyl)borate,
N G e e

tditnetiiyilishen$1)borath, metipdmyienyégiainu nietrakis (3, pdimsthiytphenyl)borate,
tetrafl uoroal um nate, triphenyl carbenju
tmpﬁ%rzcl@rb@ﬂu%naf | uor obi prf‘éwﬁﬁ,ﬁ%$Mmei)phenyllb0ratea

f}tléib%ﬁyléa%érﬁﬁﬁls( ert%aéﬁls %rf'[g Tiorophenylborate, . tropylium tetrakis(p-

uor ol sopr opa

ttekylyplstaé,per frbpsaiian t - tOwdlam-edlylbo@tes, afopdlivim  tetrakis(2,4-
conbi nation thereof. 13. The catal yst conposition of )
slimethylphensibbetate, ypylhun atetrakis6l,Sdimethyiphenpbbotates effiepylium

\ . g o

Gorakis S€° 85 8,§-bi§ friffl:i'(-)rometha 1) hensyliboraég tropylium
ylp

tetrakis(pentafluorophenyl)borate, lithium  tetrakis(pentafluorophenyl)borate,

lithium tetrakis(phenyl}borate, lithium tetrakis(p-tolyl)borate, lithium tetrakis(m-
tolyl)borate, lithium tetrakis(2,4-dimethylphenyl)borate, lithium tetrakis(3,5-
dimethylphenyl)borate, lithium tetrafluoroborate, sodium
tetrakis(pentafluorophenyl)borate, sodium tetrakis(phenyl)borate, sodium
tetrakis(p-tolyl)borate, sodium tetrakis(m-tolyl)borate, sodium tetrakis(2,4-
dimethylphenyl)borate, sodium tetrakis(3,5-dimethylphenyl)borate, sodium

tetrafluoroborate, potassium tetrakis(pentafluorophenyl)borate, potassium



** '\ or a conbination thereof, b) the at |east one

or ganoal um num conpound conprises triethylal um num
tri-n-butylalumnum triisobutyaleum num or any

combi nation thereof; and c) the at | east one activator
conprises a fluori ded solid oxide. 14. A catalyst
conposition conprising a contact product of: 1) at

| east one ansa-netallocene; and 2) at |east one

activator; wherein: a) the at |east one

apseekisgpladrlytberige, C pokdises térakis(pavlyt)bosate, ngotatsham tetrakis(m-
formula: (X )(X2)(X)(X4)M wherein Mis titaniu

qulEBh@T@tﬁa orpﬁﬁﬁﬁﬁﬂl@m totrakiygAd- @m@}hﬂrlﬂleﬁﬁﬂb‘b@%ent pytassium

ei*é??%é«iﬁ% SRS, % o o ety or oup bafERborae
lcafb?énhn@n Qet(‘z?ﬂé(p&ﬁﬁd)ﬁﬁﬂhlﬁﬁtet heripiehfldatbenium  tetrakis(m-
CH2], or a substituted anal og

t miyléaiﬁmmmé,r ei mphmslcarmegertetrablﬁ(214ﬁunahylphenyl)alummate

%%%'ﬂ%%f 3 oSy e sBRAR I e, LeiBherShearbenium
gr oup @%Orbbhé?@l)%mé% a 61%?&125 byl @ihERRBIyl)aluminate,

ocar byl"am no gr oup,
t tropylduracar byl teﬂrﬂg&h(ng-ltcdybaluanyatef vvh i topylaawnng up tetoakis(2,4-

Elw{eﬁfn’»”@%éi’%”fm}n% a.tw;{ﬁz Fiup, tegﬁlys@f S%Tpéth?}pﬁém}mmmme
anabw car bon n”‘ ‘Qﬂﬁﬁﬁb #@ﬁﬁbﬂ?{i@ of (X) lithium

is a hydrocar group 0 20 carbon

ateﬁlﬁls(ﬁéntﬁtuo%iﬂw@ndluﬁﬁﬁat& u Dﬁhlh.lhﬂ &Bﬁralﬁé(phb@yl}ﬁluﬁﬁlaw lithium
grou any additional substituent on the substituted

f fetrs, @ﬁgrtolyléﬂanm@teauf@mm defmakigontelybalyminge, litheom tetrakis(2,4-

sybst hylgh el}yrl eg lhéﬁﬁ %?@ggffstdlée%ﬁ& eﬁaltummate lithium

C%ﬁﬁéﬁdaﬁﬂniﬁﬁt@' | fldirhC ?éﬂﬁék?@(ﬁéﬂt&ﬂl%@ﬁl@émyl)%ﬁnﬂ?ﬁﬁ&en sodium
group, a sulfur group, a nitrogen group, a phosphorus

gretrapis(henyl)aleniisatgy etn:humatetmmﬁp-molgl)ahmmaies isbdipon tetrakis(m-
g{o?ﬁ?alur%gna?e,bor (s)nggr oUP: tetra@[ S(S 4- X\'h metﬁylp enyl lunrn%ate sodium

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

tetrakis(pentafluorophenyl)aluminate, = potassium  tetrakis(phenyl)aluminate,
potassium tetrakis(p-tolyl)aluminate, potassium tetrakis(m-tolyl)-aluminate,
potassium tetrakis(2,4-dimethylphenyl)aluminate, potassium tetrakis (3,5-
dimethylphenyl)aluminate, potassium tetrafluoroaluminate, triphenylcarbenium
tris(2,2',2"-nonafluorobiphenyl)fluoroaluminate, silver tetrakis(1,1,1,3,3,3-
hexafluoroisopropanolato)-aluminate, or silver tetrakis(perfluoro-t-
butoxy)aluminate, or any combination thereof.
13. The catalyst composition of claim 1, wherein:

a}) the at least one ansa-metallocene comprises



1 to 20 carbon atons; a halide; or hydrogen; and b)

the at | east one activator conprises a solid oxide

treated with an el ectron-vvith? taw ng anion. 15. The
Z,

catal yst conmposition of claim

| east

wherein: a) the at
one ansa- netal |l ocene conprises a conpound

having the formula: f1Al R K R 14PO X, R3 R-0,

(HA)

TRS' , R, ,.ate MxIQ R 0 87 or a

conbi nati on thereof, wherein ML and M2 are
I ndependent |y zirconi up haf pi X7, X8, X9, and

X10 are independently
phenyl ,
H, BH4, nethyl, phenyl

| east

benzyl ;
i ndependently an al kyl

whi ch
n, in

i nclusive; and b) the

a soli

ani on,
silica-alumna, alum
zinc alum nat e,

H BH4, nethyl,
e of X7 and X8 is
{ and wherein at
one of X9 a0 K& nethyl, phenyl, or
Rl, R2, R3, R4, Rj ~0 R7 are

‘ aryl group, any of

having up to 10 ale $, or hydr ogen; and
each occurrence; 5\ ger fromO to 7,
¢ activator conprises
ect ron-w t hdraw ng
silica, alumna,
al um num phosphat e,

titania,

benzyl ; wher ei™g

d oxide treated wi
wherein the sol

zirconia, mnaghesfa, tih 2 [ g\\Cbm de, m xed oxi des

thereof, or any conbinati
el ectron-w t hdrawi ng ani on™
brom de,

of ; and the
/ fluoride, chloride,

or a combination thereof;,

b) the at least one organoaluminum compound comprises
triethylaluminum, tri-n-butylaluminum, triisobutylaluminum, or any
combination thereof, and

c) the at least one activator comprises a fluorided solid oxide.

14. A catalyst composition comprising a contact product of: 1) at least one

ansa-metallocene; and 2) at least one activator; wherein:

a) the at least one ansa-metallocene comprises a compound having
the formula:

XHEHE)(XHM, wherein

M is titanium, zirconium, or hatnium;

(X") and (X® are independently a substituted fluorenyl or a
substituted indenyl;

one substituent on (X') and (X?) is a bridging group bonded to both
(X" and (X*) and having the formula CH,CH[(CH,),CH=CH,], or a
substituted analog thereof, wherein n is an integer from 1 to 8, inclusive;

(X*) and (X*) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl
group having up to 20 carbon atoms, H, or BH,; 3) a hydrocarbyloxide



I odi de, phosphate, triflate, bisulfate, sulfate,
fluoroborate, fluorosulfate, trifluoroacetate,

phosphate, fluorophosphate, fl garoairconate,

fluorosilicate, fluorotitanate, substituted or
unsubstituted al kanesul fonate, substituted or

unsubstituted arenesul fonate, or any conbi nation

thereof. 16. The catal yst conposition of claim 14,

wherein: a) the at | east one ansa-netall ocene

conpr i gﬁmpa achydromﬂyllaﬁnn@ @roug) a)rfaaltﬁhjjrc&oca&bylgﬂylogl)oup, any of
RLf 1 Ni | " * X9 e Ri, (IIB RS/ R 1*XW T 4.
R or afh&imﬂvm mtp?-%ea@@ﬂ ateip®sid) QR zrer 3D:Ber évhcremR is

are | nAbaondeplh & B Byt f et et 18812 carbon
R4, RSatoaitd wRerdlh @t 1dageaaneent’) ¥ind (mtm P wdr&@bﬁ%&aup having
R7 is H, net hyl, ethyl, n-propyl, or n-butyl, and n,

in eachp bx2@cadanefoms; eroruﬂﬂeged from1l to 5,
i ncl usive; and

t t t [
chori ded al &M M StlheﬁBPfld{%%l %Qg%?ﬁegﬁggp’lfq\ﬁg'@ﬁdg gl subsfituent on

al um nﬁfé%%@t'i‘t%%e% ﬂﬁé&’eﬁ?lt afd %‘nﬁrﬁdﬁﬁlonfai k&%s'tlﬁ%ﬁt dhlthé @ubstztuted
al um na, or any conbi nati on t her eof . A process

pr oducimignygl ;soinylalmndzaﬂymm aiqﬂmhysgrou:mnqmardmalm group, a cyclic

conpri sing contacting: g}gﬂ eas q
ansa- N8P} 8 OMDINaHOTHY ab ticyand, eyqlicagiouphean oxygen group, a

act i var b @i T TRRLEE: ofE, 4 pifkphRS arBllf an arsenic group, o
ansa- medrBbh QERIDE 2 BONGONI geap,a)rcw!mn @olH \AnR®f which having from

1 to 20 carbon atoms; a halide; or hydrogen; and

b) the at least one activator comprises a solid oxide treated with an
electron-withdrawing anion.
15. The catalyst composition of claim 14, wherein: a) the at least one ansa-

metallocene comprises a compound having the formula:

(1A}

(1A}




the formula: (X )(X2)(X)(X4)M wherein 89 Mis
titanium zirconium or hafnium (X) and (X2) are

i ndependently a substituted fl eyl or a
substituted indenyl; one substituent on (X) and (X2)
is a bridging group bonded to both (X ) and (X) and
having the fornmula CH2CH (CH2)" CH=CH2], or a
substituted anal og thereof, wherein n is an integer
from1l to 8, inclusive; (X3) and (X4) are

I ndependent loy a cbinbimatioh, th&eof, avhedrein2) a hydr ocar byl
group havin 20 carbon atons, H, or BH4; 3) a

pto [ B, K ]
hydr ocar byl g&#@@ M esindependgaily eaconibarerhafiusup, or

a trihydrocapbyksiby Qup,. : i C Vi

to 20 carbon”a oh%(;’%'rdg%) &@%gﬁ&?&ﬁl} 61\1\%? g}% %%" methyl,
i s anpabiil bEABHP wilerdn A MehstsRURE XNYn®TXWN ) BH,, methyl,
having up to 12 carbon atons; and any substituent on

the br iphgiylg ogrteopyl; amy whdiein ahd¢ast wetoft ¥erandoX ° ih&l, BH,,
substituted fl uoi'emqeh@and any additional substituent

on the { PRl pr nyl is independently an

al i phatic gROUR? FENRAIRTES £n JROHR indefehBbhtly alARYPgrdd
conbi nation of aliphatié and cycli cmgrlgégps,t%n o%g% p oran

gr oup, asyl gsaulf, any of ednich aving up ¢re b0 garbonp atemy loo hptmges; and
group, an arsenic,group, a . carbon group, a silicon

group, or aBbBY@RhQEBUEICEnis aBriniEEPCHOMAY IonG 1p¢lgpve;and
0,20 car bos) it bR acfiBarcP Lo HLR0P 1P hxBSredled with an
| east one organoal um num conpound Conpri ses a
COYTDOUBlécﬁaﬂi\ﬂmdrminfﬁ@nmﬁ,a&he%iﬁX5) u(X6) 3-n, wherein

(X5) is a hydrocarbyl having from1 to 20 carbon |

atoms;  ( X6}he solig) aeaste thesibea, alymingi silica-ahymiss, glmérophosphate,
having_from 1 t.0 car.bon, atons, .hal.i or_hydride;. .
and n°PLESR st ine fyrghaE nordinobonglar e E rirconia,
at | eaglaoQBga a6y 3R HQIN' ISR 8xides itRerdf, dft AdyE@bBbination
with an el ectron-wi thdraw ng ani on; wherein the "at

| east theeeadt grchoal umi num conpound is optional when at

Iugats g gge oghex%leacrt]r%nxvéitﬂira\?vir?g dar.n?gﬂa rlksJ;y lﬂu%xr'igg,p cﬂﬁ)ﬂd&? bromide,
iodide, phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate,
trifluoroacetate, phosphate, fluorophosphate, fluorozirconate, fluorosilicate,
fluorotitanate, substituted or unsubstituted alkanesulfonate, substituted or
unsubstituted arenesulfonate, or any combination thereof.

16. The catalyst composition of claim 14, wherein:
a) the at least one ansa-metallocene comprises a compound having

the formula:



carbon atons, H, or BH4. 90 18. The process for
produci ng a polynerlzatlon catalyst conposition
according to claim17, where|n88a) the at | east one
ansa- net al | ocene conprises a conmpound having the
formula: (I A R Q/ s Nt ~.Ax x8 ([IA RS/ R6, T
1 N R or a conbination thereof, wherein ML and M
are i ndependently zirconium or hafnium X7, X8,
X.sup. 9, and X sup.10 are independently F, d, Br, I,
H, BH.sub.4, nethyl, phenyl, or benzyl; Rl R2 R3,
R4, R5, R, and R7 are independently an aIkyI group or
an aryl group, any i aving up td™0 carbon
atons, or hydrogen; aach occurrence, is an
integer fromO tro k2t he at | east one
organoalun1nun1conpo- . ses trinmethylal um num
triethylalum n opyl.luﬂlnum

tributylal um num triisg y ;um num
trihexylalumnum trii -h~xy|a|un1num
trioctylalum num, dige AfyeHRQUM et hoxi de, 91

di i sobut yl al um nur 'ﬁlalun1nun1chloride,
or any conbi nation , ] 1 c) the at |east one
activator conprises a solid oxide treated with an

el ectron-w t hdrawi ng ani on, wherein the solid oxide is
silica, alumna, silica-alum na, alunino%ﬁ@sphate,

or a combination thereof, wherein

M' and M? are independently zirconium or hafnium;

X', X8, X°, and X'° are independently Cl, Br, methyl, benzyl;
R', R% R%, RY, R®, and R® are independently t-butyl or hydrogen;
R’ is H, methyl, ethyl, n-propyl, or n-butyl, and

n, in each occurrence, is an integer from 1 to 5, inclusive; and

b) the at least one activator comprises chlorided alumina, fluorided
alumina, fluorided aluminophosphate, sulfated alumina, fluorided silica-
alumina, or any combination thereof.

17. A process for producing a polymerization catalyst composition

comprising confacting: 1) at least one ansa-metallocene; 2) optionally, at least one

organoaluminum compound; and 3) at least one activator, wherein:

a) the at least one ansa-metallocene comprises a compound having
the formula:
CHEHECHXHM, wherein



al um num phosphat e, zinc al um nate,

het eropol ytungstate, titania, zirconia, nagnesi a,
boria, zinc oxide, mxed oxi de%] ot her eof or any

conbi nation thereof; and the electron-w thdraw ng
anion is fluoride, chloride, brom de, iodide,
phosphate, triflate, bisulfate, sulfate, fluoroborate,
fluorosul fate, trifluoroacetate, phosphate,

fl uor ophosphate, fluorozirconate, fluorosilicate,

fl uorotitana e titandusd, iAinebathngror hagiimt i t ut ed
al kanesul fona¥ , subs} ituted or unsubstituted

ar enesul fonéXd apd GRy ewnindencndentbher eubstitupd Auorenyl or a
process g a polynerization catal yst

con‘posF“ft? g‘ﬁ”tgélm% Y8ing contacting: 1) at |east one

ansa- net al | @ﬁ@ BEbstidigt oh (X heREX?)a9E brﬁfg‘iﬂglgioﬂb bonded to both
wherein: a) th e at | east one ansa-netall ocene

conpr i $X§) an«bo( duandl bavinggthet fiernfuda idHaCH[(CH,),CH=CH,], or a
or et At % el texsTaPatreida R imBli e o 116 8, Metusive;
substituted% %Wzgfézm epe?f&gﬁttl%t yieds pegyt; 2 g drocarbyl

substltuent 0 I's a Dbri'ddi ng gtoup

to bot Qrou@(havm\gl aip( 86220 a:afbdmaanong, theorf BH;[;J Bra hydrocarbyloxzde
CH2CH[ (CH2) " CH=CH2] ., or .a substi tut edwg]0 g ther eof ,
wher ei BfQ¥D; & bxdrpeﬁrblglémm@ SHOUP, 1y B trihydogarbylsilyl gepup, any of

ﬁ;gr gcm@{ﬁavgg%ﬁg?cﬂgﬁ E%ﬂlg pa{’%mé:ﬁq(g fgltr %(I) R )wl‘?ereln R*is
BH4;  3)n Al dsr@GHTdtYAD sl egrogh Oy of dam@hqcaaeﬁﬂy monpz carbon

group, or a trihydrocarbylsilyl group, any of ich
havi ngatems; end®0 car bon atons; or 4) OBRA2 or SOBRA,

wherein RAis an or_an ary

wht ch hav ngtuRes endhe HRg8ieaRy anyebliopa Moshent on
| east  gaes@ktifgR) ﬂﬁ&‘én{dxﬁld'a%yaada}’t%lﬁl: aiudH WMPthe substituted
having up to 20 carbon atonms, H, or BH4i and any

subst i indenyl mmrﬂhperinienﬂglamgalgﬂmtlp granp, awl dromainalgroup, a cyclic

substituent on. the subg tuted uoren |, and any
addi t | SFoNP. autssnbipgtion obaliphancsams Cyelig uPanﬁ‘ér% ggr;group, a

PSR B bl L PREEARA R B, o
gr oupscarbtn @A siflicampgrod@p, or a boron group, any of Wthh having from
1 to 20 carbon atoms; a halide; or hydrogen;
b) the at least one organoaluminum compound comprises a
compound having the formula:
AI)X 305
wherein (X°) is a hydrocarbyl having from 1 to 20 carbon atoms;
(X®) is alkoxide or aryloxide, any of which having from 1 to 20 carbon
atoms, halide, or hydride; and n is a number from 1 to 3, inclusive; and
¢) the at Ieast one activator comprises a solid oxide treated with an
electron-withdrawing anion;
wherein the at least one organoaluminum compound is optional
when at least one of X® and X* is a hydrocarbyl group having up to 20

carbon atoms, H, or BH,.



sul fur group, a nitrogen group, a phosphorus group, an
arsenic group, a carbon group, a silicon group, or a
boron group, any of which havi érom 1 to 20 carbon
atons; a halide; or hydrogen; and b) the at |east one
activator conprises a solid oxide treated with an

el ectron-w t hdrawi ng anion. 20. The process for
produci ng a pol ynerization catal yst conposition
according to claim 19, wherein: a) the at |east one
ansa- mgg alThecpfigesO oy ipgedudng anpolintemaviongcathlyst composition
formul a: (L41 Rl R X M.a'*X$ RFR (lILk-1) RS
i accopding @ claim) 7, MEWINR  or a conbi nation t hereof,

ther 11 . iR 242 SRR LGB ppund hvig

G, BrihelfordiulaBH4, nethyl, phenyl, or benzyl; wherein
at | east one of X7 and X8 is H BH4, nmethyl, phenyl,
or benzyl; and wherein at |east one of X9 and X10 is
H, BH4, nethyl, > benzyl; R, %, R3, R4,
R5, R6, and RC ar¢g D6 Iy an al kyl group or an
aryl group, angp-o fig~kp to 10 carbon atons,
or hydrogen; and n,I 5 occurrence, is an integer
fromO to 7, #Fntfsiwe; akd . 8) the at |east one
activator conprises a soliﬂkgxide treated with an

(HEA}

or a combination thereof, wherein

M' and M? are independently zirconium or hafnium;

X", X8, X.sup.9, and X.sup.10 are independently F, Cl, Br, I, H,
BH.sub.4, methyl, phenyl, or benzyl;

R R%, R% R* R’ RS and R’ are independently an alkyl group or an
aryl group, any of which having up to 10 carbon atoms, or hydrogen; and

n, in each occurrence, is an integer from 0 to 7, inclusive;

b) the at least one organcaluminum compound comprises
trimethylaluminum, triethylaluminum, tripropylaluminum,
tributylaluminum, triisobutylaluminum, trihexylaluminum,

triisohexylaluminum, trioctylaluminum, diethylaluminum  ethoxide,



el ectron-w t hdrawi ng anion, wherein the solid oxide is
silica, alumna, silica-alumna, alum nophosphate,

al um num phosphat e, zinc al um pate,

het eropol ytungstate, titania, zirconia, nmagnesia,

boria, zinc oxide, m xed oxides thereof, or any

conbi nation thereof, and the el ectron-w thdraw ng

anion is fluoride, chloride, brom de, iodide,

phosphate, triflate, bisulfate, sulfate, fluoroborate,

f 1 uor ogiddbatBalundifinrh! UBKaAEE! aldesthybRedhame, chloride, or any
fl uorophosphate, fluorozirconate, fluorosilicate,

f | uor ocombinatien thegeaftandut ed or unsubsti t ut ed

al kanesul fonate, substituted or unsubstitued .
ar enesul f ong)t &‘,e aéﬁe ﬁ)‘?nﬁ GHOYHSE FY i"t‘?Férae%qh.& Aide freated with an
et hodg RE i HR W REAwHn Anfire fHBein COMPI i Si ng: contacting

et hyl ene and an optional a-olefin conononer with a

cat al yst cothecsiitlicdeiisdelicy aluminn] sitici-eluntoadiltmdmphosphate,
to forma polyner or c¢opo] yner; wherein the catglyst . .
c omos?@%ﬂu@dﬁﬁp@é"s Zn Bﬂq@g@teppgwgp%r}gsg%e, tgf”\{la’ zircona,
| east : 1. 0c ; ' I topl ot
one. or BAERETEDATEE PHLCNEAE:, AhxF bR thiteof or B3 Combination
acti vaitefeof\iry ei n: a) the at |east one

ansa- net al | ocene conprises a conpound having the, )
formul a: ( xthe( xbectreywiadrywing cidot W flgoride.qchlpride, bromide,

zi rconj aoh. haf ni.u X )..a ( I €.l d

21 SOl poBpUb A, i Pl Sl PR Ao
0 one giffirirbdceand, %h@slﬁﬁﬁté, ﬁmo;sﬁsﬁphat_é, Rudrokilehrage, dluodkilicate,
bonded to both ( and (X2) and having the formula
CH2CH] {lavpyitediateCipbstitotedaor godibsiitutace alkanesubignatee selestituted or
wherein n is an inte from1l to 8. inclusive; (X3)

and (& S@F@F%ﬁ%ggﬁ?ﬂﬁz orﬂnyr_gon%n’latg;n’ tﬂslfeoi; 2) a

hydr ocgg by P | t yaREBSHoRt QffEystH, iti
BH4; 3 'a%y‘ggggégr géhaéjg?g"é&ﬁ%rguég a hydrocar by %mcggibom fon
geamnprising antactihgdrigcar babts iohy | anga-ongiallaepe,ofind )i eh least one
havi ng up_to. 20 carbon atons; or 4) OBRn2 or SO3RA,
widvalas, where:: an al kyl group or an aryl group, any of

whi ch havi g HR dt et ofi RO metatlocene comprises a compound having
the formula:

EHEAEHEKHM, wherein

M is titanium, zirconium, or hafnium;

(X") and (X?) are independently a substituted fluorenyl or a
substituted indenyl;

one substituent on (X'} and (X?) is a bridging group bonded to both
(X') and (X?) and having the formula CH,CH[(CH,),CH=CH;], or a
substituted analog thereof, wherein n is an integer from 1 to 8, inclusive;

(X% and (X*) are independently: 1) F, CL, Br, or L; 2) a hydrocarbyl
group having up to 20 carbon atoms, H, or BHy; 3) a hydrocarbyloxide
group, a hydrocarbylamino group, or a trihydrocarbylsilyl group, any of
which having up to 20 carbon atoms; or 4) OBR*; or SO;R*, wherein R* is

an alkyl group or an aryl group, any of which having up to 12 carbon



atons; and any substituent on the bridging group, any
addi tional substituent on the substituted fluorenyl,
and any additional substituent on ¢ he substituted

i ndenyl is independently an al?phatic group, an
aromatic group, a cyclic group, a conbination of

al i phatic and cyclic groups, an oxygen group, a

sul fur group, a nitrogen group, a phosphorus group, an
arsenic group, a carbon group, a silicon group, or a
bor on ghRuPwhaRin o eddtignl qummld (%pis & Hydr@Rrisardbeup having
atons; a halide; or hydrogen; b) the at |east one

or ganog) wr2thcarbematposn B, comdli sed a  conmpound havi ng

the f la: Al (X5 X6) 3-n, . [ X5) 1.S- .
hyar ocar by | SHAHTRBERGRY 4 brid6 e araigh a3y aHRiDnphypsiipent on
al koxi glg s%stﬁﬁééld%}]dgﬁggfiﬁﬂd %ﬁ??ﬁi&n_ﬁpé&mﬁﬁeﬁp%%& Qubstituted

20 carbon at ons, e, or e; and n I's a _
nunberinflewyh it indepdndemtty asialphatiogroyp, taneamimdticagtoupne cyclic
activator conprises, a sol i_cil oxi de trcﬁ,at ed with an

el ect r&RUR  FEPEIRAIGNAT BpPhafigeand ey iGeStuDs. s PX YRR group, a

of 35 BAT O, "6 TR b2uBPh RBbhortb o, diPERERR o, o
car bo%@bﬁf@mﬂ# a @llicBhrow, - or BioroR igh@sh, @hy of which having from

pol yneri zing olefins according to claim 21, wherein:
a) thel tt 20 earbon etpensadwlider el hyskeegas; abdpri ses a

ESH}J ;);1{1 dr hg)l tlljlglat &5@% fol%l; g%li‘?aj&?rggqép 's!e’fA)af soé'éi) oyga%gr)?ated with an
electron-withdrawing anion. |
20. The process for producing a polymerization catalyst composition
according to claim 19, wherein:
a) the at least one ansa-metallocene comprises a compound having

the formula:

(1A-1}

(ILA-13

or a combination thereof, wherein

M! and M? are independently zirconium or hafnium;



I*xw dN R or a conbination thereof wherein ML and M

are independently zirconiumor hafnium X7, X8, X9,

and X1 are independently F, d 9 B, |, H BH4, nethyl,
phenyl, or benzyl; R, R2, R3, "R4, R5, R6, and R7 are
|ndependently an aIkyI group or an aryl group, any of

whi ch having up to 10 carbon atons, or hydrogen; and

n, in each occurrence, is an integer fromO to 7,

i nclusive; b) the at |east one organoal unmi num conmpound
conpri ses K7 REtXYlaali 50 ks indepbidaity &, L0, Bup, H, BH,, methyl,
tripropylalumnum ~ tributylal um num .

trii sopluttrgyll adrubenzyn whmenewyleastu@nmgfnx and X° is H, BH,, methyl,

tr 0 n t tylal d yl
ot o SRS A ol R 0 U
chlori ﬂl%th 1. of B8R pati on thereof; and c) the at

| east onea tor conpri ses a solid oxide treated
with an el R&,tRbRﬂ/\Rf IRfy Rl angl Rharerindepleaderitly athalkylogrioup or an

d li I I ,
a1 um reh R, o B AL RSO G 003 AR LY e and
net et opol ! iMiesheh Scaldr?l; @mm&g réy (ho Bnclusive; and

magnesi a, boria,  zI hc M xe es t Rereo
any conbi nabj the attibgk eaé actvdot &anphgastar slidnbtide tevatedgwith an

anion is fluoride, chloride, bromde, iodide,

phos pheleetron-miithdsaveing gninm, Mleéemsul fate, fluoroborate,
fluorosul fate, ..trifluor cet p .

f 1 uor ophosp tsé’hdqub it 5 %aoﬁ na $H§$g a%lumm()p hosphate,

fluor Oﬁlbhﬁﬁ‘tﬁhﬁ)how& I Ak Snfihate nﬁétg%gxblwﬁrﬁgitate titania, zirconia,

al kanesul fonate, substituted or stituted

ar enesniagmma eborta, ziny axidei mixedooxitipe testof, 28, any combination

met hod of rizing olefins, conprising: contacting

et hyl eﬂ’@r‘%ﬂ%om}/ n optional a-ol efin conononer with a

fgt ?l())r/St C O[OS dtBR-WiREEAwRY YIRS 23t FBri@8NEhidrRRS bromide,
iodide, phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate,

triflucroacetate, phosphate, fluorophosphate, fluorozirconate, fluorosilicate,
fluorotitanate, substituted or unsubstituted alkanesulfonate, substituted or
unsubstituted arenesulfonate, or any combination thereof.
21. A method of polymerizing olefins, comprising:

contacting ethylene and an optional a-olefin comonomer with a
catalyst composition under polymerization conditions to form a polymer or
copolymer;

wherein the catalyst composition comprises a contact product of: 1)
at least one ansa-metallocene; 2) optionally, at least one organoaluminum
compound; and 3) at least one activator, wherein:

a) the at least one ansa-metallocene comprises a compound having
the formula:

XHEAEK)(XHM, wherein

M is titanium, zirconium, or hafnium;

(X" and (X® are independently a substituted fluorenyl or a
substituted indenyl;



a polymer or copolyner; wherein the catalyst
conposition conprises a contact product of. 1) at

| east one ansa-netal |l ocene; angs2)° at | east one
activator, wherein: a) the at least one
ansa- net al | ocene conprises a conpound having the
formula: (X)(X)()O(X4)M wherein Mis titanium
zirconium or hafnium (X) and (X2) are independently
a substituted fluorenyl or a substituted indenyl; one

substi t uent opR sbklinand o X&)) asd @tis 8 iridgirgs gropp bonded to both
bonded to both (ZX') and (X2) and havLé}ﬂ the formul a

Cr2CH (XDrynd Py, having Gebfrmuln doH AR dIH,]. or a

wre ) GyRihded Rt GG, PO Pl B Y% (b
hydr ocar by| (Xgrﬁlﬁﬂb)@?&feﬁﬂdbﬁbnﬁé‘nt%g 19, @NBa! & 2) B hydfocarbyl
BH4; 3) a hydrocarbyl oxi de " group, a hydrocarbyl am no

gr oup, grmpahaving ygrtoc2( lepiten| atbmgy dlymr BHy; 3 a hydredarbyloxide
having up to 20, carpon atons; or 4 0 R

wher ei BTORR; Ashydipcaspylaming gropn, rora% t‘%%%bﬁ%%aﬁ?ugf any of
whi ch ' : . ) Rt el A fein R i
one of Wd&%% %19(53@9 gg‘rggﬂ;ﬁtd"r@%%% ar OZS%J%(Z%/I} ﬁgﬂéu%n .

to 20 gmrlon @boptor 44 atid gbidp, amd ofinyhishlimvirtguepttool? carbon
the bridging group, any additional substituent on the

subst i at¢msdant yorenyl , and any additional substituent

on the substituted. O 7 ] 1S ] .
al i phatic g?%ﬁ?bsglﬂleg;g gﬁ&%‘?gggg%ﬁés‘ Oaﬁga;i/"? F%H(glﬁf%rlraga@%%txguent on
conbi nafel Yds@iuted IBHRhVE 288 hng yiditondl eutisitucn odxiiggubstituted
group, a sulfur group, a nitrogen group, a phosphorus

gr oup, inglenylr iseinidepepdsutly aa alighabergrovipugn asematiq gewp, a cyclic
G 0UB: o S B R LB, [F b ch,grour, o
R e
pol ymecarbom graips fisilscomcgronp, org barool growp, 28y aftwhich having from
22”&,25}]3}) ’h’lg\?zgfbt@n%?()emg;nas}?élﬂl%g (a)‘Il' Ill)(/)dcr(e)ggn;conpri ses a
b) the at least one organoaluminum compound comprises a
compound having the formula:
AKX 30
wherein (X°) is a hydrocarbyl having from 1 to 20 carbon atoms;
(X%) is alkoxide or aryloxide, any of which having from 1 to 20 carbon
atoms, halide, or hydride; and n is a number from 1 to 3, inclusive; and
c) the at least one activator comprises a solid oxide treated with an
electron-withdrawing anion;
wherein the at least one organcaluminum compound is optional
when at least one of X° and X* is a hydrocarbyl group having up to 20
carbon atoms, H, or BH,.
22. The method of polymerizing olefins according to claim 21, wherein:
a) the at least one ansa-metallocene comprises a compound having

the formula:



the formula: (1i) R QR2ZM, "*x8 ~ ~~JJr (IAl)
RF, T~ Ror a conbination thereof, wherein M and M
are i ndependently zirconiun1or9§a6niun1 X7, X8, X9,
and X1 are independently F, d;"Br, |, H BH4, nethyl,
phenyl, benzyl; wherein at |east one of X7 and X8 is
BH4, nethyl, phenyl, or benzyl; and wherein at

| east one of X9 and X1 is H, BH4, nethyl, phenyl, or
benzyl; 98 0 R, R2, R3, R4, R5, R6, and R7 are

i ndependently an al kyl group or an aryl [,oup, any of

whi ch having up to
in each occurren
i nclusive; and b3-TR
a solid oxide treg

silica-al um na,

$ons, or hydrogen; and
eger fromO to 7,

an el ectron-w thdraw ng
d oxhdeXis silica, alumna,
ra{se, al um num phosphate,

wher ei n

zinc alum nate, heteropo ungstate, titania,

zZirconia, magneg
thereof, or any co
el ectron-wi t hdraw n
brom de, iodide, phosphate,
sul fate, fluorobora
trifluoroacetat%s
fl uorozirconat e,
substituted or
substituted or
conbi nati on thereof. 25
claim1, wherein:

i de, m xed oxi des
&T eof and t he

s—£/l uori de, chl ori de,
triflate, bi®alfate,

O==ll21 ON

@phosphat e,

: ‘luorotitanate,
Ny N abkanesul f onat e,

unstbst|i t ut &g arenesul fonate, or any

The C8tal yst conposition of

R’r‘

or a combination thereof wherein

M! and M? are independently zirconium or hafnium;

X', X8 X°, and X" are independently F, Cl, Br, 1, H, BH,, methyl,
phenyl, or benzyl;

R', R R?, R*, R’, R®, and R7 are independently an alkyl group or an
aryl group, any of which having up to 10 carbon atoms, or hydrogen; and

n, in each occurrence, is an integer from 0 to 7, inclusive;

b) the at least one organoaluminum compound comprises
trimethylaluminum, triethylaluminum, tripropylaluminum,
tributylaluminum, tritsobutylaluminum, trihexylaluminum,
triisohexylaluminum,  trioctylaluminum, diethylaluminum ethoxide,
diisobutylaluminum hydride, diethylaluminum chloride, or any
combination thereof; and

c) the at least one activator comprises a solid oxide treated with an
electron-withdrawing anion, wherein

the solid oxide is silica, alumina, silica-alumina, aluminophosphate,

aluminum phosphate, zinc aluminate, heteropolytungstate, titania, zirconia,



a) the at |east one ansa-netall ocene conprises a
conpound having the fornmula: ti? Re Rx X bS~
wherein 3 R4 M zirconium or friium X7 and X8 are
i ndependently d, Br, nethyl, o6r benzyl; R, R2, R3,
and R4 are independently t-butyl hydrogen; and n is
an integer froml to 5 inclusive; 99 0 b) the at

| east one organoal um num conpound conpri ses
triethylalumnum triisobutylalumnum or a

conbi naabAesid, MBS0 T zin@kide, mbedabdxideasiierest crCiryy abMbination
conprises chlori ded alunina, fluorided alumna,

sul f at 8redfiandha, fluorided silica-alunina, or any

gf’g?:m” it4| o\r,]\ﬂ:lgr gqu%og)wma\g?r?g gagéc‘?ﬂ glﬁéﬂuon e S'chio% eOfbromide

ansa- j%ﬁﬁgu&e ”H‘iﬂa?t@s bik %{@%lﬂteh FicRSborkie fluorosulfate,
formul a %‘ wkm h M sup. 1

zir contnﬂncmade&ftmlp]lmpbﬂe a‘hﬁ)rog&lcmpbate,rﬁiwemd@)mtq; flmprosilicate,
d phenyl_, o

at | eaﬂtw@ﬁéan@fe )%?bﬁﬁateﬁiﬁli anrlleTB‘HEe benZYfIOBﬂQnWbStltmed or
b |
or  bepzylstited fl_?)gnesﬁffonﬁ@ %&%@%ﬂé@&%ﬁggﬁk y an

al kyl group or an ar havi ng up
to 10 Q@U‘)Qﬁbtﬁé@ﬂﬁpol@fnebﬁtﬁfgogeﬁns,a;bdlpﬂisi@: aontacfiggethylene and

fromO to 7, inclusive; and
an optional a-olefin comonomer

with a catalyst composition under polymerization conditions to form
a polymer or copolymer;, wherein the catalyst composition comprises a
contact product of: 1) at least one ansa-metallocene; and 2) at least one
activator, wherein:

a) the at least one ansa-metallocene comprises a compound having
the formula:

XX XM, wherein

M is titanium, zirconium, or hafnium;

(X" and (X*) are independently a substituted fluorenyl or a
substituted indenyl; one substituent on (X'} and (X?) is a bridging group
bonded to both (X') and (X) and having the formula
CH,CH[(CH,),CH=CH,], or a substituted analog thereof, wherein n is an
integer from 1 to 8, inclusive;

(X% and (X*) are independently: 1) F, Cl, Br, or [; 2) a hydrocarbyl
group having up to 20 carbon atoms, H, or BH,; 3) a hydrocarbyloxide
group, a hydrocarbylamino group, or a trihydrocarbylsilyl group, any of
which having up to 20 carbon atoms; or 4) OBR*, or SO;R*, wherein R” is
an alkyl group or an aryl group, any of which having up to 12 carbon
atoms; wherein at least one of (X°) and (X*) is a hydrocarbyl group having
up to 20 carbon atoms, H, or BH,; and

any substituent on the bridging group, any additional substituent on
the substituted fluorenyl, and any additional substituent on the substituted



b) the at |east one activator conprises chlorided
al um na, fluorided alum na, sulfated al um na,
fluorided silica-alumna, or agy €onbi nati on thereof.

indenyl is independently an aliphatic group, an aromatic group, a cyclic
group, a combination of aliphatic and cyclic groups, an oxygen group, a
sulfur group, a nitrogen group, a phosphorus group, an arsenic group, a
carbon group, a silicon group, or a boron group, any of which having from
1 to 20 carbon atoms; a halide; or hydrogen; and

b) the at least one activator comprises a solid oxide treated with an
electron-withdrawing anion.
24. The method of polymerizing olefins according to claim 23, wherein:

a) the at least one ansa-metallocene comprises a compound having

the formula:

{ia-1)

(A1}

or a
combination thereof, wherein

M' and M? are independently zirconium or hafnium;

X', X8, X°, and X" are independently F, Cl, Br, I, H, BH,, methyl,
phenyl, benzyl; whercin at least one of X’ and X° is H, BH,, methyl,
phenyl, or benzyl; and wherein at least one of X° and X" is H, BH,,
methyl, phenyl, or benzyl;



R!, R%, R® R* R® R® and R’ are independently an alkyl group or an
aryl group, any of which having up to 10 carbon atoms, or hydrogen; and

n, in each occurrence, is an integer from 0 to 7, inclusive; and

b) the at least one activator comprises a solid oxide treated with an
electron-withdrawing anion, wherein

the solid oxide is silica, alumina, silica-alumina, aluminophosphate,
aluminum phosphate, zinc aluminate, heteropolytungstate, titania, zirconia,
magnesia, boria, zinc oxide, mixed oxides thereof, or any combination
thereof and

the electron-withdrawing anion is fluoride, chloride, bromide,
iodide, phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate,
trifluoroacetate, phosphate, fluorophosphate, fluorozirconate, fluorosilicate,
fluorotitanate, substituted or unsubstituted alkanesulfonate, substituted or
unsubstituted arenesulfonate, or any combination thereof.
25. The catalyst composition of claim 1, wherein:

a) the at least one ansa-metallocene comprises a compound having

the formula:

{8}

, wherein

M! zirconium or hafnium;
X" and X® are independently Cl, Br, methyl, or benzyl;
R!, R?, R?, and R* are independently t-butyl hydrogen; and

n is an integer from 1 to 5, inclusive;
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b) the at least one organoaluminum compound comprises
triethylaluminum, triisobutylaluminum, or a combination thereof; and

¢) the at least one activator comprises chiorided alumina, fluorided
alumina, sulfated alumina, fluorided silica-alumina, or any combination
thereof.
26. The catalyst composition of claim 14, wherein:

a) the at least one ansa-metallocene comprises a compound having

the formula:

(1A)

. wherein

M.sup.1 zirconium or hafhium;

X" and X® are independently F, Cl, Br, I, H, BH,, methyl, phenyl, or
benzyl; wherein at least one of X" and X® is H, BH,, methyl, phenyl, or
benzyl;

R!, R%, R® and R* are independently an alkyl group or an aryl group,
any of which having up to 10 carbon atoms, or hydrogen; and

n is an integer from 0 to 7, inclusive; and

b) the at least one activator comprises chlorided alumina, fluorided
alumina, sulfated alumina, fluorided silica-alumina, or any combination

thereof.



