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POLYMERIZATION CATALYSTS FOR PRODUCING POLYMERS WITH HIGH
COMONOMER INCORPORATION

POLYMERIZATION CATALYSTS FOR PRODUCING POLYMERS WITH HIGH COMONOMER
INCORPORATION  BACKGROUND OF THE INVENTION      The present techniques relate to the
field of organornetal I ic compositions, olefin polymerization catalyst compositions, and methods for
tiny-- polymerization and copolymerization of olefins using a catalyst composition.      This section is
intended to introduce the reader to aspects of art that may be related to aspects of the present
invention, which are described and/or claimed below. Accordingly, it shonld be nnderstood that these
statements are to be read in this light, and not as admissions of prior art.      Polyolefins can be made
using catalysts and various types of-polymerization reactors that cause  the combination of
monomers, such as alpha olefins, into chains of polymer. These alpha olefins are obtained From
processing hydrocarbons, such as oil, into various petrochernic al s. Different properties may be
obtained if two or more different alpha-olefin monomers are polymerized to Form a copolymer_ if the
same alpha-olefin is used for polymerization, the polymer can be referred to as a hornopolyincr. As
these polymer chains arc developed during polymerization, they can Form solid particles, such as min
or granules, which possess certain properties and impart various mechanical and physical properties
to end products comprising these polymers.      Products made From polyolefins h-ive become
increasingly prevalent in society as plastic products. One benefit of these polyolefins is that they are
generally non-reactive when put in contact with various goods or products. ln particular, plastic
products from polyoletin polymers (such as polyethylene, polypropylene, and their copolymers) are
used_ tor retail and pharmaceutical packaging (such as display bags, bottles, and medication
containers), food and beverage packaging (such asinice and soda bottles), household and industrial c
ontainers (such as pails, drums -Ind boxes), household items (such as appliances, furniture, carpeting,
and toys), automobile components, flia id, gas and electrical conduction products (suc h as cable
wrap, pipes, and conduits), and various other industrial and consumer products.      Many mc.--thods
are u sod for the manufacture of products from polyolefins. including but not limited to, blow-molding
injection-molding, rotational molding, various extrusion methods, thermoforming, sheet molding and
casting . The mechanical requirements of the end-product application, such as tensile strength and
density, and/or the chemical requirements, such as thermal stability, molecular weight, and chemical
reactivity, typically determine what type of polyolefin is suitable and provides the best processing
capabilities during manntiacture. BRIEF DESCRIPTION OF THE FIGURES      _Advantages of the
invention may become apparent upon reading the Following detailed description and upon reference
to the drawings in which:               1 represents the chemical structures or exemplary _meta llocenc--s
in accordance with embodiements of the present techniques; and      PIO. 2 represents the chemical
structures of reference meta Hoc ene s llETA.11_,E,13 0E-SC21-21P1101'4      One or more specific
embodiments of the present invention wUl he described below in an eft-on to provide a concise
description of these embodiments, not all features of actual implementation are described in the
specification. It should be appreciated that in the development of any such actual implementation, as
in any engineering or des ign project, numerous Mg plementat ion-spec i tic decisions niList he made
to achieve the developers' specific goals, such as compliance with system-related and
business-related constraints, which may vary from one implementation to another. Moreover, it should
he appreciated that such a development c_,ffort might be complex and time consuming, bin would
nevertheless be a routine tinder-taking o f design, fabrication, and nianufacture for those of ordinary
skill Having the benefit ofthis disclosure.        ak catalyst for facilitating the polymerization of the mono -
niers may be added to the reactor For example, the catalyst may be n particle added via a reactor reed
stream and, once added, suspended in the timid media. within the reactor 'T'be catalyst may include a
support as part of or separate from the catalyst particle. Further, a co-catalyst, such as an activator
may be added with the catalyst, or as part of the catalyst particle, to activate and/or increase the
activity o f the catalyst. VVithout these cocntalysts, the polymerization reaction may he very slow, or
not occur. Activity is a measure of the perthrmanc e of the catalyst, expressed as the mass of polymer
produced per the mass of-catalyst used. It should be noted that a polymerization catalyst is generally
not strictly consumed but typically remains as an inactive residual in the polytner. 
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C7ntalysts that may be used in the polymerization of olefin monomer to polyolatin, e.g., ethylene to
polyethylene, include organometa Inc complexes, Winch are organic compounds containing metal
atoms, such as titanium, zirconium, vanadium, chromium, and so on. In the polymerization, these
catalysts temporarily attach to the monomer to form an active center that Facilitates the sequential
addition of monomer units to form the longer polymer chains_ "Tlie catalysts are often combined with a
support or activator-support (e.g., a solid oxide). In addition, the metal catalyst and solid oxide may be
blended with a cocatalyst to further activate the catalyst for polyrn eri %LI ti 01-1 . 7ntalyst
compositions o f OrganOnICtallic complexes may be useful both ibr b rn Opt) iy ItIC11 zation of
ethylene and for copolymerization of ethylene with COinClnOinerS such_ as propylene, 1-butane,
1-hexane, or other higher cc-olefins.     "The incorporation of comonomers lowers the crystallinity,
melting point, and density of the polymers "Ibis results in a polyrner that is both less stilT and higher
impact than n hornopolymer of equivalent molecular weight More importantly, the ability to IntDdify the
amount and type of c OITICD/10 - liner allows the properties of the polymer to be tailored tor specific
applications. Examples of tailoring may include milk bottles, which may require a sti IT, high density
polyethylene, to stretch film resins, which may require a very low density, flexible- polyethylene.
Effective copolymerization may often require that the comonomer be added to the reactor in
significantly higher concentrations than present in the final polymer "Ibis is a result of lower than
desirable incorporation of the C CanCln0 - fluor into the polymer chain This low incorporation lowers
the efficiency of the process, increasing the costs for production_ Further, certain types of catalysts
may show poor cornotionac,r incorporation, liini Ling their use in the forrnntion of copolyMerS.     Many
types of catalyst systems for producing polyolefins do not efficiently incorporate co-monomers.
Accordingly, these catalysts systems may not be ideal for the produc-tion of  low density resins In
contrast to other catalyst systems. however, certain nnetallocene catalysts can be effective at
incorporating comonomers, and may be useful in the production of low density resins Further,
metallocene catalysts made in accordance with the present techniqttes may incorporate connonomer
at higher rates than current metallocene catalysts used to produce low-density resins g/ce) in slurry
procc-ssc-s. Accordingly, the metall CDC CI1C s of the present techniques may be useful for the
production of elastomers in a slurry process.     The present techniques include new catalyst corn
positions, methods for preparing catalyst compositions, and methods for using the catalyst
compositions to polymeri're olefins_ In some embodiments, the techniques encompass a catalyst
composition prepared by contacting a tightly-bridged ansametallocene compound including a cyclic
bridging group connecting two ns-cyclopentadienyl type lig-ands, an activator, and optionally an
organoa lii Mit111 /T1 compound. "The catalyst composition formed as the contact product may
include the contacted compounds, reaction products formed from the contacted compounds, or both.
Such a catalyst composition may have improved comonomer incorporation over other types of
metallocene systems In other embodnuents, the present techniques include methods for making the
catalyst composition presented herein, and in still other embodiments, the present techniques incl tide
-methods lin- polymeri:?ing olefins employing the catalyst composition presented herein. As described
above, the desi S-11.13 ti 011 0 F the 0 rg.111-10111 lArla C0111p01-111d as an optional
conaponeM in the contact product is intended to reflect that the orgarioaliarnirnim compound may be
optional when it may not be necessary to impart catalytic activity to the composition including the
contact product, as understood by one of ordinary skill in the art. "To facilitate discussion of the current
techniques, the disclosures contained herein are presented in sections.      Section I presents catalyst
compositions and components in accordance with embodiments of the present techniques. "the
catalyst compositi 017 s and components include eicernplary metallocene compounds, optional
organoatuminum compounds, activators/cocantlysts, nonlirniting examples of catalyst compositions,
and olefin monomers that may be employed in the present techniques.      Section II presents
techniques for the preparation of exem.- platy catalyst compositions using the components discussed
in Section I. These preparations include the precontacting of the catalyst comnposi tions with 0 I C firIS
, the LISC of multiple precontacting steps, the composition ratios that may be used in catalyst
compositions o rale present techniques, exemplary catalyst preparation processes, and the activities
of catalysts (in terms of polymer produced per weight catalyst per lion) that may be obtained from the
catalyst compositions of the present techniques.      Section III discusses various processes that the
catalyst compositions of the present techniques may be used in for polymerization_ Particular
processes discussed. included. loop slurry polymerizations, gas phase polymerizations, and solution
phase polymeri:-ations. Other information relevant to the implementation of the catalyst compositions
of the current techniques are also presented in this section, including plant systems for feed to and
polymer _removal from the reactors, particular poly-men xation conditions, and eicethruary pi-Oa-tiers
that may be made from polymers formed using the catalyst compositions of the present technignes.
Section IV presents non-limiting examples of polymers prepared lasing catalyst compositions in
accordance with embodiments of the present techniques. The examples include data indicating the
improverneriLs iii cornonorner  incorporation that may be obtained for polymers made using exemplary
catalyst compositions of the present techniques. "The results that may he obtained for -molecular
weights and catalyst activities using the exemplary catalyst compositions are also discussed.
Section -V presents experimental procedures that may be used to make arid test exemplary catalyst
compositions in ace ordanc-e with embodiments of the present tee-fling-1_1es. A_ method for the
determination of pore sixe is discussed_ Further, the section includes a discussion of a technique that
may he used for the measurement of conionorner incorporation _ Section -V also discusses exemplary
techniques for synthesis of the various polymer components_ ' rhese procedures include techniques
for making the fluorided silica-alumina and sal fated al .-mina activator-supports ' I 'he procedures also
include techniques for ni_aking exemplary meta lb c efle s and polymers, in accordance with
embodiments of the present techniques. I. Catalyst Composition and Components A. The" Metal lo
eerie Compounds 1. Overview 
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In one embodiment, the present techniques may include a catalyst composition having a
tightly-bridged ansa locene compound including an alkyl or alkenyl group bonded to a cy cl o pen tadi
enyl Ii sand, an activator, and, optionally, an organealunainurn compound. A general description of the
ansa-metallocene complex is presented in the lc/110W ing subsection 2.     "Ube term "bridged" or
"ansa-rnetallocene" may refer to a metalloc-ene compound in which the two ti 5-cycloallkadienyltype
ligands in the molecule are linked by a bridging moiety_ Useful ansa -meta llocerie s may be
``tightly-bridged," me-ining that the two ris-cycloalkadienyl-type 1 igands are connected by a bridging
group wherein the shortest link of the bridging moiety between the q.] s-cycloalkadienyl -type l igancls
is a single atom. The metallo cone s described herein are therefore bridged bts('n 5cycloa1kadienyl )-
type compounds. TI he                                                                                              e bridging group
connecting the if -cyc-loalkadienyl-type lig-ands may have the fonnula F.(( 7yc), wherein F may be a
carbon atom, a silicon atom, a germanium atom, or a tin atom" and is bonded to both and _X=, and
wherein Cyc may be a substituted or an unsubstituted carbon chain of fi-ona 4 to 6 carbon atoms in
length with each end connected to H to form a ring structure (herein referred to as "a cyclic bridging
meiety"),     In various embodiments, the bridging group, E(C7yc), may have the general form Lila:7(C
7yc ), >--Si(Cyc),iie(Cyc), or       (C 7-ye), wherein C 7ye may be a substituted or an unsubsti - tined
carbon chain of from 4 to 6 carbon atoms in length with each end connected to H to form a ring
structure. Such_ bridging H(Cyc) groups may include, for example, :=-C7(CI I-, Ca I, CI I-, Ca ),I-,
CII,CII, ), (CIL,CII,CIII,CII,) (CPI, CFI "CPI,), (Ca I"C7II"CII"C7II,),and), among others_ In these
examples, each end of the carbon c ha in is connected to the initial carbon. "The C ye group may also
be substituted at one of more points by any of the gro taps listed below.      Further, one s Lib s ti t nen
t on the i 3-cycl open tadienyl- type ligands may be a substituted or an unsub sunned. alkyl, or alkenyl
group, having up to 1 2 carbon atomn s In embodiments of the present techniques, the alkyl or a Ikenyl
group may be bonded to the ris-cyclopentadienyl ligand_ hese entbodiments are seen in the general
structural fornitilas presented in the following subsection 3. Fgxernplary metallocene corn-  plexes, in
accordance  with embodiments ofthe present invention are shown in the following subsection 4. 2.
Ciencral Metallocene Formula     In embodiments of the present techniques, the ansa-naet alteeet-te
of the present techniquies may be expressed by the general formula: ()(-,K-2)cc3 In this forum:11a,
1%.41 may be titanium, zirconium, or hafnium. X I and X r2 are independently a stab sti tuted
cyclopentadienyl,    substintted indenyl, or a substituted fluorenyl. One substituent on XI and X2 is a
bridging group having the formula E(Cyc), wherein E may be a carbon atom., a silicon atom, a
germanium atom, or a tin atom, and H is bonded to both X' and X-2., and wherein Cyc may be a
substituted or an unsubstituted carbon chain of from 4 to 6 carbon atoms in length with each end
connected to H to form a ring structure_ In embodiments of the present techniques, one s ribs ti t nen t
on the r5-cy cl 0 pen Inch en yl -type I igands may be a s tits i tuned or an tuasttbstituted alkyl or
alkenLy1 grottp having -up to 12 carbon atoms. Substiments X and )(-4 may be independently: F, 
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13r, or I; a hydrocarbyl group having up to 20 carbon atoms, IA, or 1-31-1,.; a hydrocarbyloxide group,
a hydrocarbylamitio group, or a trihydrocarbyl silyl group, any of which may have up to 20 carbon
atoms; and/or 013-12.--1, orSC-7,12--1, wherein 12:4 may be an alkyl group or an aryl group, either of
which may have up to 12 carbon atoms. Amy additional substintent on the substituted
cyclopentadienyl, substituted substituted finorenyl, substituted alkyl or alkenyl grO or on Cyc may be
independently an aliphatic group, an aromatic gro rip, 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,    silicon group, or a boron preup, any of may ha-ve from 1 to 20 carbon atoms
Alternatively, additional snbstitutents may be present, including halides or hydrogen.     The alkyl or
alkenyl group bonded to tne-u5-cyclopentadietayl-type ligands may have -up to about 20 carbon atoms
In an exemplary embodiment, the a lkyl or a lkenyl group ma y have tip to about 12 carbon atoms up to
about 8 carbon atoms or up to about 6 carbon atoms Exemplary alkyl groups may include butyl,
pc-ntyl, hexyl, lieptyl, or octyl, among others. Exemplary alkenyl groups may include 3-butenyl, 4-
petiteny 5-hexeny 6-heptenyl, or 7- oc terly I, among others     While the alkyl or alkenyl slubstituent on
the if -cyclopentadienyl- type ligands may be tins tits ti tuned, alternatively, the alkyl or alkenyl group
may be substituted. Any snbstitnent present in ay 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, carbon group, a silicon group, a
boron gronp, or a substituted analog thereof any of which may have fona 1 to about 20 carbon atoms. l
he stab sti tuen ts may also i tic nde a halide or hydrogen. Further, this description of other sub stitu
ents on the alkyl or alkenyl g-ro tip may inc:l ride substituted, tin stubs ti - tuned, branched, linear, or
heteroatorn-siabstittated analogs of these moieties.     In addition to containing a bridging group having
the for-intik. H((7.yc) and an alkyl or alkenyl group as described above, the -cyclopentadic-nyl-typc-,
ligand s may also have other s rib s ti t neta t s For example, these stubstime:ruts may be the same
chemical groups or moieties that can serve as the and X '4 ligands of the an sa etal locenes 11-11-ts
any additional substnnent on the if -cyclopentadienyl-type ligands, any sub - stitnent on the substituted
alkyl or alkenyl group, any sub-  stituent on the C.2ye group, K3 and r. may be independently groups
including an aliphatic group, an aromatic group, a cyclic group, a combination of-aliphatic and cyclic
groups, an oxygen group, a sunlit group, a nitrogen group, a phosphorus group, an arsenic group, a
carbon group, a silicon group, a boron group, or a substituted analog thereof, any of v./Inca, having
from_ 1 to about 20 carbon atoms 'The substituents may also include a halide or hydrogen, as long as
these groups do not terminate the activity of the catalyst composition_ Further, this list may include
substituents that may be characterized in more than one of these categories, such as benryl Sub Stittl
- eat s may also include substituted indenyl and substituted. fluorenyl, including partially saturated
indenyls and fluorenyls such as, for example, tetraltydroindenyl groups, tetralaydron LlOrenyl groups,
and OC:tabyarolluorenyl g IX) rips Fxamples of each of these subs ti trient groups are discussed
below.     _Aliphatic groups that may be used as substituents include, for example, an alkyl group, a
cycloalkyl group, an alkenyl group, a cycloalkenyl group, an alkynyl group, an alkadienyl group, a
cyclic group, and the like. This may include all substituted, unsubsti trued, branched, and linear
analogs or derivatives thereof, wherein each group may have ti-onn one to about 20 carbon atoms
Thus, aliphatic groups may include, for example, hydrocarbyls such as paraftins and alkenyls. For
example, the aliphatic groups may include such groups as methyl, ethyl, propyl, ii-butyl, tert-butyl, sec
-butyl, isobutyl, amyl, isoantyl, hexyl, cycloltexyl, heptyl, octyl, nonyl, decyl, dodecyl, 2-ethylhexyl, pen
tenyl, butenyl, and the like_     Aromatic groups that may be used as substituents include, for example,
phenyl, naplatlayl, anthracenyl, and the like. Substituted derivatives of these compounds are also
included, wherein each group may have from 6 to about 25 carbons. Such substituted derivatives may
include, for example, telly',           mesityl, and the like, including any heteroatom substituted
derivatives there() ft     Cyclic groups that may be used as substituents include, for example, cycl
opara mns, cycl oo 1 elm s, cycl oacet yl cries, are - 11eS such as phenyl, bicyclic groups and the like,
as well as substituted derivatives thereof, in each occurrence having from about 3 to about 20 carbon
atoms Thus, substituted. heteroatotia-substinited cyclic groups such as furanyl may be included
herein_ Such subs tituten ts may include, al i phati c and cyclic groups, e.g., groups that have both an
aliphatic portion and a cyclic portion I-:.xampi es of these s ribs ti t nen ts may include groups such as:
(CII-,),."(17-6II,JR_s wherein m may be an integer from 1 to about 10, and ci may be an integer from 1
to 5, inclusive; wherein na may be an integer from 1 to about 10, and Li_ may be an integer from 1 to 1
I inclusive; or (CTI-T-,)C,14,712- wherein rn may he an integer from 1 to about 10, and ci may be an
integer from 1 to 9, inclusive_ As defined above, tz may be 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 derivative or analog
thereof; any of which has fi-ont 1 to about 20 carbon atoms: or hydrogen. In various embodiments,
such aliphatic and cyclic groups may include, for example: -01 II1 C13r- -2 6 -4 CIII6C7611.4.
C7I-I,C7,1-1,4.01\4c;C FL,C;C FlFLNI; I.,C:I; -CI-12C1-1,C7,1-1,4F -C:1-12C:1-1,C7 (51-1,4C ;r ; 
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CPICPIC Me- =2_ t, C El C7,1-1,4C 3 Ft ;C(7.;     CCC 7,FL-1N NAC71-1,C71-1,C7,1-1.41,41-A,; any
regioiso- met- thereof, and any substituted derivative thereof.      Sub stituents may contain
lieteroatoms. including Halides, oxygen, sulfur, nitrogen, phosphorous, or arsenic- Examples of halides
include fluoride, chloride, bromide, and iodide. As used herein, oxygen groups are oxygen -C:C)
ntaining grit-) tips, inclnaing, for example, alkoxy or aryloxy groups ( 01-2) and the like, wherein R may
be alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl having from 1
to about 20 carbon atoms Such alkoxy or aryloxy g It) laps ( 01-2) groups may include, for example,
nictlioxy, ethoxy, propoxy, butoxy, phenoxy, or substituted phenoxy, among others_ As used herein,
sul fur groups are slit fur-containing, groups, including, tor example. SR and the wherein R in various
crubodiments may be alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or substituted
aralkyl baying from 1 to about 20 carbon atoms. As used herein, nitrogen groups are
nitrogen-containing groups, which may include, tor example, b1-147 or pyridyl groups, and the like,
wherein R in -various embodiments may be alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted
aryl, or substituted aralkyl having from I to about 20 carbon atoms As used herein, phosphorus groups
are phosphorus-contain- ing groups, which may include, For example,PR-" and the like, wherein A in
various embodiments may be alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or
substituted aralkyl having from I to about 20 carbon atoms As used Herein, arsenic groups are ars ciii
c-containing groups, which may include, for example. AsR.." and the like, wherein R in -various
embodiments may be alkyl, cycloalkyl, aryl, aralkyl, substituted substituted  aryl , or substituted  aralkyl
Having front 1 to about 20 carbon atoms      As used herein, carbon groups are carbon-containing
groups, which may include, for example, alkyl halide groups. Such alkylialide groups may include
hatiae-substituted alkyl groups with 1 to about 20 carbon atoms. alkenyl or alkenyl halide groups with 1
to about 20 carbon atoms_ aralkyl or aralkyl halide groups with 1 to about 20 carbon atoms and the
like, md mai ng s tabs ti tined derivatives there E      As used Herein, silicon groups are
silicon-containing groups, which may include, for example, silyl groups such_ alkylsilyl groups, arylsilyl
groups, aryl-alkylsily1 groups, siloxy groups, and the like, haying from I to about 20 carbon atoms. For
example, silicon group s md tide trirricthyl sil yl and phenyl ctyls Hy' grew r'-      As used herein, boron
groups are boron-containing groups, which may include, for example, HR-,, 1-3X ", HRX, wherein X
may be a 1710110 all i(311 C group such as -halide, hydride, alkoxide-, alkyl thiolate-, and the a
in-various embodiments may be alkyl, cycloalkyl , aryl, aral-kyl , substituted alkyl, substituted aryl, or
substituted aralkyl having From 1 to about 20 carbon atoms 



  ˚ 6

The remaining substituents on the metal center, X3 and X-4, may be independently an aliphatic group,
a cyclic group, a combination of an aliphatic group and a cycl ic group, an amid group, a pliosphido
group, an alkyloxide group, an aryloxide group, an alkanesulfonate, an arenesulfonate, or a trialkylsilyl,
or a substituted derivative thereof, any of which baying Horn 1 to about 20 carbon atoms; or a -halide_
More specifically, C3 and X-4 may be independently: F, Cl, Dr, or I;    hydrocar-byl group haying up to
20 carbon atoms, F1, or H1-1,4; a hydrocarbyloxide group, a hydrocarbylamino group, or a
trihydrocarbylsily1 group, any of which haying -up to 20 carbon atoms: OHR-4, or SO, RS4 wherein
RS4 may be an alkyl group or an aryl group, any of which having up to 12 carbon atoms.     3. Cieneral
Structural Formulas for Mc_nallocene Catalysts Emb odiment s of the c nrrent t echniques may include
an ansa-metallocenc_, having the formula: R.4.4R.4/S 123-4 Itaig wherein Mi may he zirconium or
hafnium and -X and X" may he independently F, Cl, Fir, or T. F. may be C or Si and n may be an
integer from I to 3 inclusive. and -R3n may be independently a hydrocarbyl groin-) or a
trihydrocarbylsily1 group, any of which may Have up to 20 carbon atoms_ or may he hydrogen_ "The
subscript 'in' may be an integer that may range from 0 to 10, inclusive_ R4 and R.' may be
independently a hydrocarbyl group that may have rip to 12 carbon atoms. or may be Hydrogen_ Bond
'a' may be a single or a double bond_      In other embodiments, the masa -naetalloc ette may include
a c ompound having the formula: P-3-4 H-31? In this formula, Mi may be zirconium or hafnium, and X'
and X" may be independently F. Cl,13r, or 1. H may be C or Si and 'n' may be an integer from 1 to 3,
inclusive. 14' and R.' may be independently 1-1, methyl, ethyl, propyl, allyl, bertyl, butyl, pentyl, hayl, or
trimethylsilyl, and 'in' may be an integer from 1 to 6, inclusive. R.' and a' may be independently a hydro
carbyl group having up to 6 carbon ato_m_s, or hydrogen. 13ond 'a' may be a single or a double bond.
In still other embodiments, the ansa-rnetalloc ene may include a compound haying the formula:   In
this formula, Mi may be zirconium or hafnium. -und X' and X" may be independently F. Cl, Br, or I. F
may be C or Si and 'n' may be 1 or 2. 123"4 and 1-231s may be independently H or methyl, and 'in'
may be 1 or 2. and 12:1-a may be ind.ependently 14 or t-butyl. Bond 'a' may be a single or a double
bond      In yet other embodiments, the ansa-rnetallocene of the present techniques may include a
compound having the formula:  
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In this fornmla,rnay be %it-C:01-1i urn or hafnium, and x7 and X" may be independently II, 13II.4,
methyl, phenyl, benzyl, neoperityl, trimethylsilylrric_nhyl, CH,CIVIe.,Ph; SiMe PirC171%.4ePlf-SiMe
CH Ph. U.. ,, may be C.12. or Si and n may be an integer from 1 to 3, inclusive. R:3 4 and 12_3n may
be independently a hydrocarbyl group or a trilaydrocarbylsilyl group, any of which having up to 20
carbon atoms, or hydrogen, and n may be an integer hona 0 to 10, inclnsive. anal-2'4n may be
independently a hydrocarbyl group having up to 12 carbon atoms, or hydrogen. Bond 'a' may be a
single or a double bona. 4. Non-limiting Examples of Metallocene Structures     In exemplary
embodiments, the ansa -nnetalloc e/Te may include either of compounds (I-1;) or (1-2), as shown in
FIC3.1, or any c combination thereof. 1N-miferous processes to prepare metalloc ene c onapounds
that may be employed in the present techniques have been reported. For example, Li. S. Pat. Nos.
4,939,217, 5,191,132, 5,210,352,5,347,026, 5,399,636, 5,401,817, 5,420,320, 5,436,305,5,451,649,
5,496,781, 5,498,581, 5,541,272, 5,554,795,5,563,284, 
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5,565,592, 5,571,880, 5,594,078, 5,631,203,5,631,335, 5,654,454, 5,668,230, 5,705,578, 5,705,579,
6,187,880, and 6,509,427 describe such methods, each of which is incorporated by reference in its
entirety herein. 13. -The- Optional Organoaluminum Compounds      In one embodiment, the present
techniques may include a catalyst composition including a tightly-bridged ansa-mc:tallocene
compound having a cyclic bridging moiety attached to both rls-cyclopentaclienyl-type ligands, a solid
oxide activator-support, and, optionally, an organchaltmainfina compound The designation of the
orgatioaluminum compound as "optional" is intended. to reflect that the organnaluminum compound
may be optional when it may not be necessary to impart catalytic activity to the composition including
the contact product, as understood by one of ordinary skill, as presented herein.
OrganoalumninLimn compounds that may be used in the present techniques include, for example,
compounds with the formula: Al 005  wherein X5 may be a hydrocarbyl having From 1 to about 20
carbon atoms; X' may be alkoxide or aryloxi de, any of which having from 1 to about 20 carbon atoms
halide, or hydride; and n may be a ri umber from 1 to 3, inclusive.  s may be an alkyl ha., ing from I to
about 10 carbon atom s_Moi eti es used for X srriay md1 ride, fC31- example, methyl, ethyl, propy 1 ,
butyl, sec --butyl, i so-butyl, 1 -hex yl , 2 -hex yl , 3 Thexyl, i solicxyl lacp - tyl, or octyl, and the like
Alternatively, X may be independently fluoride, chloride, bromide, metlioxi de, etlioxide, or hydride. In
yet another embodiment, xc may be chloride. In the formula Al (Xsn may be a number fi-ont 1 to 3
inclusive, and in on exemplary embodiment, n may be 3. rho -value of n is not restricted to an integer,
therefore tins corm ul a may in cl ride se sq riibal i de compounds , other C3 rgal - nealminitrum cluster
compounds, and the like. 
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(jeneral ly, organoultinnin rim comp() rinds that may be used in the present techn id nes may i ncl tide
trialkylal urn in urn c arm - pounds, din lkyl a luminfina halide compounds, dia lkyla - num_ a lkoxi de
compounds. dia lkyla luminum hydride compounds, and combinations thereof-. Examples of st, cli    s
a no a lu minutia c nip ound s include triniethylalnniinum. trie-thylatuminum (TEA), tripropylaluuninum,
tributylalumi - num, tri-n- butyl aluminum (-1-1113A) triisobutylalutninuni (EIBA), triliexylatominum, trii
soliexyl aluminum, trioa:AylaInn-1i num, diethylalumninrirn etlioxide, diisobutylalumninrimn hydride, or
di ethyla lumninu in chloride, or any c ombina tion thereof. If the particular alkyl isomer is not specified,
the compo mad rn :ay encompass all isomers that can arise frorn particular specified allcyl group.     In
some embodiments, the present techniques may include precontacting- the ansa -me tall occne with
an orgatioalurnintuaa c ompound and an olefin_ monomer to form a precontacted mixture, prior to
contacting this precontacted mixture with the solid oxide activator-support to form the active catalyst.
When the catalyst coin pos i Lion is prepared in Lb is manner, a portion of the org ano a luminuna
compound may be added- to the pre-e-ontacted mixture and another portion of the o rga - noal urn i
num coin pc) Lind may be added to the p c) stco tac Led in ix ture prepared when the prec onto Led in
ix tine is contacted with the solid oxide activator. I hrwever, a 11 of the orga tioa In - min urn compound
may be employed to prepare the catalyst in either the pi-CC-OilLac ti rig or pC)S CC:C31-1CLIC Ling-
step.  211ternanvely, the solid oxide may a lso be treated with a lutninuni alkyl be fore he; rig treated
with m et ollC3 CitrICr. or C3tbcr mi c t tires .1'1i es e precon tac ti rig- step s are not req aired, and all
of the catalyst components may be contacted in a single step.     F' art her, more than one org-arto al
main-min c nap o and may be used, in either the precontacting or the poste ont a cting step or in any
procedure in which the catalyst components are contacted. When on organo aluminum compound is
added in       t plc step s the aunt) tin Cs of Organnal urn i num con, pound presented herein include
the total a mount of organcla compound used in both the pre-canoe-tea and po steentac.--ted in ix
tures , and any additional CTrgall Oa] rim in run coin pc) rind added to the pc) lym eri :co Lic) xi
reactor_ ' I -here fore, total arno nuts of org a no a luminu in compounds are presented, regardless of
whether a single organo-thininium compound is -used, or more than one organ ()al lanai ri urn
comnporund Again, exemplary orlganoalumninumn compound s ti sed in embodiments of the present
techniques may ifle lu d e, for example, tri etliy 1 a lumi   urn (' Itri -n-britylal urn in urn, tri s of) uty lal
turri num, and so on, or any combination thereof.  C. The Activator/Cocatalyst . C )very iew
Embodiments of the present techniques encompass a cata -     st composition including a
tightly-bridged ans a -metal - lo cenc- e onapound as presented herein; optionally, an organoal
urninurn compound; and an activator "I be activator may be used to weaken the bonds between the
metal center and ligands Xa orrt, allowing c omplexation of the metal center with an olefin. Further, an
activator or co-catalyst may replace XB orwith a carbon group having a single-bond to the metal_ I be
activator may be an activator-support including a solid oxide treated with an electron-withdrawing
anion, as discussed in the following subsection 2; an ion-exchangeable or layered mineral ac tiva
tor-support, as discussed in the Vol - low ins subsection 3; an organoal urn inoxane compound, as
discussed in the following subsection 4; an organoboron or orga nob orate c onapound., as di self
ssed in the following subsection 5; or an ionizing compound, as discussed in the lowing subsection  6;
or any comb illation of any of these activators.      In some embodiments ofthe present techniques, al
intri 110 X - a /1e may not be required to form the catalyst composition as presented herein. &c
cordingly, in sonic. embodiments, A.IR.3 - type organoalunainuna compounds and one or more a ctiva
tor-supports may be used in the absence of alumitionnes. While not intending to be bound by theory, it
is believed that the organoaluminum c crap and s may not activate the metal - locerie catalysts in the
same manner as an orgarioal minim) x - a /1C.:.      Additionally, no borate corn pounds or MgC-212
may be required to form the catalyst composition_ of the present techniques, al though al mini no
'cane, borate compounds, rvigc 712, or any comb illation thereof, may optionally be used in the
catalyst composition of the present techniques. Further, in such c ompounds as alunainoxa nes ,
organoboron compounds, ionizing ionic compounds, or any combination thereof, may be used as
cocatalysts with the an sa -rnetall ocene, either in the presence or absence ofactivator support. Such
coca ta lyst s may be used with the arl S.11-1-11Ct a-1 1 OCC1-1 C, either in the presence or
absence of an orga 110.11 hi minima compound, as spec ified herein. Tlau s , the organoalurninurn
corripo und may be optional: when a ligand on the _meta llocerie is a hydrocarbyl group. II, or 1311.4;
when the activator includes an organoatuMAI1C1rIne compound.; or when both these conditions are
present. I Iowever, the catalyst compositions of the present techn iques may be active in the
substantial absence of cocatalysts such as a limainoxanes, organoboron c ompounds_ 
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ing ionic compounds, or any combination thereo 2. Chemically-Treated Solid Oxide Activator-Supports
Overview     The present techniques encompass catalyst compositions that include an acidic
activator-support, such as, for example, a chemically-treated solid oxide ccrsciii. A crso may be used
in combination with an organoaluminum compound. The activator-support may include a solid. oxide
treated with an electron-withdrawing anion. The solid oxide may include such c cmpounds as silica,
alum ma, s il ic a-alum ma, al urn in 0 - phosphate, aluminum phosphate, zinc aluminate, lieterop o ly -
tLlngstates, titania, :eircon in, magnesia, b ori , 'eine oxide, _mixed oxides thereof and the like, or any
mixture or combination thereof. The electron-withdrawing anion may inc hide fluoride, chloride,
bromide, iodide, phosphate, triflate, bisulfate, sill fate, n norob orate, 11 LLCM-) LL1 flute, tri
n1_1(31-021C:Cthte, phosphate, Iluoro phosphate, Iluoro i yet, um Le, tluoro silicate, fluorotitanate,
permanganate, substituted or misfit stituted  alkane sulfonate, substituted or unsubstituted
arenesulfOnate, substituted or au-Isiah sti tatted alkylsullate, or any combination thereof.     ' I be
activator-support may include the contact product of a solid oxide compound and an
electron-withdrawing anion source-, as presented in the Following subsection b. The- solid oxide
compound may include an inorganic oxide, and may be optionally calcined prior to contacting the
electron-withdrawing anion source. The contact product may also be cal-c ined either daring or alter
the solid oxide compOlArla is contacted with the electron-withdrawing anion source. In this
embodiment, the solid oxide compound may be calcined or mica Icined . In another embodiment, the
activator-support may include.- the contact product of a calcined solid oxidecona porind and an
electron-withdrawing anion sonrce.     The treated activator-support may exhibit enhanced activity as
compared to the corresponding untreated solid oxide compound.. while not intending to be bound by
theory, it is believed that the activator-support can function as a solid oxide supporting compoiand with
an additional ion ixing, polarizing, or bond weakening tillaCti011, collectively termed an "activating"
function, by weakening the metal -ligand bona between an anionic ligand and the metal in the
metallocene. Thus, the activator-support may be considered to exhibit an "activating" function.,
regardless of whether it ionizes the _meta llocene, abstracts an anionic ligand to form an ion pair,
weakens the metal-ligand bona in the metallocene, simply coordinates to an anionic ligand when it
contacts the activator-support, or any other mechanisms by which ionizing polari,,ting, or bona
weakening rnig-ht occur. In preparing the metaHoc ene-ba sed catalyst compo siti 0/1S Of the present
techniques, the activator-support is typically used along with a component that provides an activatable
I igand such as an alkyl or hydride ligand to the metallocene, including but not limited to an
organoalinnimarn compound, when the metal - locene compound does not already include such a
ligand . In one embodiment the treated solid oxide may he ciiiitacated with the alumna-um_ alkyl
bethre being exposed to the meta11 o erie     ' I be activator-support rnay Mc:lade a solid inorganic
oxide _material, a _mixed oxide material, or a c cantina ti on of inorganic oxide _materials that may be
chemically-treated with an electron-withdrawing component, and optionally treated with another metal
ion. Thus, the solid oxide of the present techniques encompasses oxide materials such as aliarnina,
"naixc.-d oxidc.-," compounds such as silica -alumina or silica - zirconia or silica-titania, and c
ombinations and mixtures thereof_ The MiXed metal oxide compounds such_ as sine a - alumina, with
more than one metal combined with oxygen to fo/-1-11 a solid oxide compound, may be made by
co-gellation, impregnation or claemic al deposition, and are enc crap ass ed by the present
techniques.     Further, the activator-support may inc hide an additional metal or _metal ion such as
zinc, nickel, vanadium., silver, cop per, gall i larn tin, ttra gs Len mnolyhdenLimn, or any c ornbi -
nation thereof_ Examples of activator- supports that further include a metal or metal ion include, For
example zinc -impregnated chlorided alumina, zinc -impregnated fin rid ed alumina, zinc -impregnated
chlorided. silica -alumina zinc - impregnated riniiriaea silica-al tam i,,itic -impregnated sulfated alumina,
or any combination thereof.     The activator- support of the present techniques may include a solid
oxide ofrelatively high porosity, which exhibits Lewis acidic or Bronsted acidic behavior. The solid
oxide may he ch em i cal y -treated u, i di an electron-with draw i rig component, typically an
electron-withdrawing anion, to form an activator-support. While not intending to be hound by  theory, it
is believed that treatment o Fthe inorganic oxide with an electron-withdrawing component augments or
enhances the ac ty of the ox ide_ "1 has, the activator-support exhib its Lewis or Hronsted acidity
which may be typically greater than the I ewis or Hronsted acidity of the untreated solid wade. --rhe
polymerization activity of chemically-treated solidc wade may be enhanced over the activity shown by
an untreated solid oxide.     The chemically-treated solid oxide may include a solid inorganic oxide,
including oxygen and an element selected from Cirroup 2, 3, 4, 5, 6, 7, 5, 9, 10, 11, 12, 13, 14, or 15 or
theperiodic table, or including oxygen_ and an element selected from the lanthanide or actinide
elements_ For example, the inorganic oxide may include oxygen_ and an element selected frorn A.1,
1-3, He, Hi, C 7d, Co, Cr, Cu, Fe, Ca, I u, Mn, Mo, SI", Si, Sn, Sr, 'Fla, "II,W, 13, -V, Z,n or Zr_
Suitable solid oxide materials or compounds that may bc used in the chemically-treated solid oxide of
the present techniques may include, for example. A-1,03, 13"03, HeCD, Hi"03, CdO, CCD,CD_T, ,
C7130, Fe-,CD,, 0;11,0,, La-,CD,, Mn,O,, MoCD,,Si0", SnC.D." Sr0, TLLO"            WO,,Th(-,CD", Zia.
ZrCD-" and the like, including mixed OXiCieS thereof, and combinations thereof. Mixed oxides that
may he used in the activator- sum port of the present techniques may include, for example mixed
oxides of any combination fA.1, I-3, He, Hi, Cd, Co, Cr, Cu, Fe, Ca, I u, N/In,Ni, p, 
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sin Sr, -Fla, Ti, V W, Y Zn, Zr, and the like. Examples of            oxides that may be used in the
activator-support of the present techniques may also include silica-alumina, silica-ti tania, tes, many
clay minerals, pillared clays, alumina -titania, alumina-zirconia, aluminophosphate, and the like_
Procedines to form such solid...ides, and exemplary chemically treated solid oxides are presented in
the following subsections c and a, respectively. Concentrations of electron-withdrawing anions that
may be useful in forming chemically treated solid oxides are presented in the following subsection e.
CTiernical 'treatment of the sand oxide     A solid oxide _material that _may be used. in the present
techniques may be chemically-treated by contacting it with an electron-withdrawing component,
typically an electron-withdrawing anion source, to cause or enhance activation of the metallocene
complex_ Further, the solid oxide material may be chemically-treated with another metal ion, that may
he the same as or different tirom any metal element that constitutes the solid wade material, then
calcined to form a metal-containing or metal- impregnated chemically-treated solid oxide. Alternatively,
a solid oxide material and an electron-withdrawing anion source may be contacted and calc.--ined
simultaneously. The method by which the oxide- may be contacted. with an electron-withdrawing
componeat, typically a salt or an acid of an electron-withdrawing anion, may include, for example,
gelling, co-gelling, impregnation tone compound onto another, vaporization of one compound onto the
other, and the like_ In embodiments of the present techniques, following any contacting method, the
contncted mix- tare of wade catriponna, electron-withdrawing anion, and optionally the metal ion, may
be calcined.             electron-withdrawing component used to treat the wade may be any component
that increases the Lewis or Hreuasted acidity of the solid oxide upon treatment. In one embodiment,
the electron-withdrawing component is typically an electron-withdrawing anion derived from a salt, an
acid, or other compound such as a volatile cusanic compound that can serve as a SO nrce or
precursor for that anion. Examples of electron-withdrawing anions include, for example, fluoride,
chloride, -bromide, iodide, phosphate,  flnorometha 11e sulfonate (triflate), bisnlibte, snitate, flu o -
roborate, fluor sill tate, trifluoroa c elate, phosphate, tin oro - ph sphate, fluoroxire onate, fluor silicate,
fluorotitanate, perniarigariate, substituted  or tans tabs Li tutted alkanesul 1-0 Ila te, sub s t i Lulea or
tans tabs ti L1A Led arenesul fona Le, substituted or unsn bstinned a lkylsultate, and the like, including
any /TabCturcs and combinations thereof. In addition, other ionic or non-ionic compounds that serve
as sources for these electron-withdrawing anions may also be ii sed in the present tech-  ignes . The
chemically-treated solid oxide- may include a sulfated solid oxide- or a sulfated alumina.     'I he terms
alkm-lesLa lb nate and alkyl sulfate refer to anions having the general formula IRP'SCD.-,01- and
Ras(D)SCD.,01-, respectively, wherein aa. may be a linear or branched alkyl group having up to 20
carbon atoms that may be substituted with a group selected independently bioni F, Cl, flr, T, OFT,
I)Me, (I)Ft, OCE,, Ph, xylyl, mesityl, or (I)Ph. Thus, the a Ikarie su Inmate and alkyl sulfate may be
referred to as being either s Lib s ti trued or run snip st i t Lit ed 'I he alkyl group of the a lkanesu
lfonate or alkyl sulfbte may have up to 12 carbon atoms. up to 8 carbon atoms_ or up to 6 carbon
atoms Such alkanesnifonates may include, for example, methane-5 ul Rum Le, ethan es ul ant ate, I
-propa-nesILO feta te, 2 -pro p es Rum Le,3 -nietliylhutanesul fo nate,triro eth e- snl fimate,
trichloromethanesnlfenate, chlorornetha nesu 'Innate, 1 -hydroxyethanestilfonate, 2 -hydro xy -
2-propanes ul fornate, 1 - rn crib y - 2 -propanesul foliate, and the like In other embodiments,
examples of alkyl sulfates include, for example, methylsultate, ethylsultate, 1 -propyl - s Li] Date,
2-propylsul fate, 3 - rn ethy lbLit yl snl fate, tri fluo - romethane sn I fate, trichlorornethylsnlfate,
chloromethylsul - fa IA", 1 -hydro Nye thyl s ul fa le , 2-lay droxy -2-propyls ulfa le, 1 -methoxy
-2-propylsulfate, and the like.     'I he term arenesnl fo nate re fers to anions having the general forninla
wherein A.r" may be an aryl group having up to 1 4 carbon atoms, and which may be optionally
substituted with a group selected independently from F, Cl, It, I, Pr, Bn, 01-1, ON1e, ( )1-i; t, ()Pr, 01-1
( )C7 " Ph, ()Ph, or 12c, wherein 12c may be a linear or branched alkyl group having up to 20 carbon
atoms Thus, the arenesulforiate may be referred to as a su bstituted or an unsu bstituted
arenesulfbnate. Becanse the aryl group Ar-I may be substituted with an alkyl side chain. 12c, which
may include a long alkyl side chain, the term arene-sulfonate encompasses detergents. The aryl group
of the arenesulfenate may have up to 10 carbon atoms, or up to 6 carbon atoms_ xarnples of such
arctic-s ul lima Les include, ttir wen, plc, ben enes ul Ibnate, naph thalenesnlfonate, p-to Inoue
sulf4Dnate, in-to fuenesttlfonate, 3,5-   yl enesul fo nate , triUI uoron-ietlto xyb en ttenesul ball te,
trichloromethoxybenzenesttlfimate, trifluoromethyl- bonzeri es in ainate, tn eta] 01-01-al ethy lb xeri
ft-mate, fluoroben  esttlfbnate, chlorob enzene sulfbnate, 1 -hydroxyethane benzenesu lfenate, 3-flu
oro -4 -methoxybenzenesul fenate, and the like.     When the electron-withdrawing comnponent
includes a salt of an electron-withdrawing anion the coma-tea-ion or cation of that salt may be any
cation that allow s the sal t to revert or dec-ompo se back to the acid during calcining. Factors that
dictate the suitability of the particular salt to serve as a SO nme for the electron-withdrawing anion may
include, for example, the solubility of the salt in the desired solvent, the lack of adverse reactivity of the
cation, ion-pairing eflects between the cat ion and anion, -hygroscopic properties imparted to the salt
by the cation, and the like, and therni_a 1 stability of the anion pl es of s Lai table cations in the sal t of
the electron-  
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w itharawing an ion inc tide, tin- exam pie, arnrnon i nun, trialkyl ammonium, tetraalk-y1 ammonium,
tetra alkyl pliosplionium, Ft L )., _I -1-, and the like. c. Examples ofto Produce a Chemically 'Treated
Solid Oxide     Combinati 011S of one- or more different electron withdrawing anions, in varying
proportions, may be used to tailor the specific acidity of the activator-support to the desired level. Stich
comb Mations may be contacted with the oxide material sinonitaneou sly or individually, and in any
order that a fiords the desired ac tivator-snpport acidity. For example, the present techni qu es y empl
oy two or more el cc tron-withdraw anion source compounds in two or more separate contacting steps.
Thus, one e-xample of such a process by which an activator-support may be prepared is as follows.
_A_ selected solid oxide componnd, or c ombination of oxide c ompontids, may be contacted with a
first electron-withdrawing anion source c onnponnd to term a first mixture and this first mixture may
be.- calcined. The calcined first mixture _may be- contacted with a second electron-withdrawing anion
source c onnpound to Rum a second mixture. The second mixture may be cal - c Med to term a
treated solid oxide compound in such a process, the first and second clec:tron-withdrawing anion
source compounds may be different compounds or they may be the same c omponnd.     "Ific solid_
oxide activator-support may be produced by a process that incl tides contacting a solid oxide
compound with an electr4,m-witladrawing anion source compound to form a first mixture_ 'The first
mixture may be then calc ined to form the solid oxide- activator-support.     Alternatively, the solid
oxide activator-support may be produced. by a process that includes data Ling a solid oxide c
ompound with a first electron-withdrawing anion source compound to form a first mixture_ The first
mixture may be calcine-d, and then the calc.--ine-d first mixture may be contacted with a second
electron-withdrawing anion source c impound to form a second mixture. -The second mixture may be
calcined to fbrin the solid oxide activator-support 'The solid oxide activator-support may be referred to
as a chemically treated solid oxide (c 7I ' SC)) corn pci tun d.       In another alternative, the solid oxide
ac tivator-support may be produced by contacting a solid oxide with an electron-withdrawing anion
sow-cc compontid. In this procedure the solid oxide compound -may be calcined be fore, during or
after contacting with the electron-withdrawing anion source, and when there are altunitioxaneS or
organoborates present.     C7alcining of the treated solid oxides may be conducted in an ambient or
inert atmosphere, typically in a dry -untie/it atmosphere, at a temperature fi-orn about 2000 C. to about
900 C., and for a time of a bout 1 minute to -"bout 100 hours. C Talc in ing may al Sc) be conducted at
a temperature from about. 300 C. to about 800 C., or from about 400C. to about 700" C7. C7alcining
may be conducted from about 1 homy to about 50 Hours, or firona about 3 hours to about 20 hours_ In
embodiments, calcining may be carried out from about 1 to about 10 horns at a temperature From
about 350 C. to about 550 C.      Further, calcining may typically be conducted in an ambient
atmosphere, at an elevated temperature. Generally, calcining may be conducted in an 0 Xi CH:eying
atmosphere, such as air. Alternatively, calcining may be pe-rfernied in an inert atmosphere, such as
nitrogen or argon, or in a reducing atmosphere su Ci1 as hydrogen or carbon monoxide.     The solid
oxide component Li SeCi to prepare the chenticallytreated solid oxide may have a pore volittne greater
than about 0.1 cc/g, a pore volume greater than about 0.5 c c/g, or a pore volume greater than about
1.0 cc/g. "I he solid oxide compo-   ent may have a surface area from about 100 to about 1000  rinig-,
from about 200 to about S00 nn/g, or Worn about 250 to a bout 600 nr2/g. a. Examples of Chemically
"Treated Sol id oxides      The solid 0,Cide material may be treated with a source of halide ion or sail
fate ion, or a combination of anions, and optionally treated with a metal ion, then calcined to provide
the activator-support in the form of a particulate solid. In one embodiment, the solid oxide material may
be treated with a source of sal fate, termed a sal Eating agent, a source of chloride ion, termed a
chloriding agent, a source of fluoride ion, termed a fltiforiding agent, or a combination thereof; and
calcined to provide the solid oxide activator_ Fxarripl es of useful acidic activator- supports may
inelnde, for example: brcnanded alumina; clalorided alumina; fluonded alumina; sulfated alumina;
bromided silica -a lu _mina , c talon de d silica -a ha mina 7 Duo ri /Jed nria ri a; sui rated silica-al tin,
in ; bromnided silica -zirconia ; chi orided silica -zirconia ; fluorided silica -zirconia; sutatted
silica-rthrconia; clalorided zinc--ilunainn; frit-late treated sil le-a-1111AM hrn; 11 pillared clay, saw-II as
a pillared montmorillonite, optionally treated with fluoride, chloride, or sulfate; pho splaa ted alumina, or
other alamainophosplaates, optionally treated. with sulfate, fluoride, or chloride; or any conab inati on
thereo F. Further, any o f the activator-supports may optionally be treated. with another metal ion,
typically from a metal salt or compound, wherein the metal ion may be the same as or di fferent from
any metal that makes up the solid oxictc" material.      The treated oxide activator-support may include
a flu o_rided solid oxide in the Form of a particulate solid, thus source of fluoride ion may be added to
the oxide by treatment with a flatoriding agent. For example, fluoride ion may be added to the oxide by
forming a slurry of the oxide in a suitable solvent such as alcohol or water, including, for exanaple, ale
oho Is having one to three c arb on alcohols. Such alcohols may be selected due to their volatility and
low surface tension. Examples of flue:In-ding agents that may be used in the present techniques
include hydrofluoric acid (LW), ammonium ntioride (IV I-14_1Th ammonium biflnoride (N ), arrinamai
urn tetrafl nom-Bo te (N FLF3F,4), ammo-  ium_ silic (Alai ride (h_exa oro silic ate) (CIN-IL*),Sir 6),
anamorn urn lacx.afluo roplao s pla a tePE "), t etrafl uorobori c acid (111317_), ammonium he,C.11fIn
Orel titana te 
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ammonium hexaffuort-Dzirc (mate- (1"TI1,4),Zr1-7", analogs thereof, and combinations thereof A spec
ific flu on ding agent, -inaniamai ant billuoride N flFIF', may often be used due to its ease 0 f use and
ready avail arb il ity.      The solid oxide may be treated with a fluoriding agent during the calc in ing
step_ Any linoriding agent capable of thoroughly contacting the solid oxide during the calcining step
may be used For example, in addition to those tIuoriding agents described previonsly, volatile organic
flu on ding agents may be lased_ Such volatile organic flnoriding agents that may be used. in
aalbOditTle/rtS include, for example, We-o las , p cr1Inorohex ane, perflat oro b tax ene- , fin o rom
ethane , triflu methanol, and comb ilia tiel1S thereof Oa semis hydrogen fluoride or fluorine itself-may
also be u sed with the solid. oxide if it is fliaorided daring calcining_ one convenient method of
contacting the solid oxide with the tin riding agent may be to vapori:de a Ilnoriding agent into a gas
stream used to flaridi:ec the solid oxide during calcination.      Similarly, the chernic ally-treated solid
oxide may inc hide a chlorided solid oxide in the form of a particulate solid, thus a source o rchi OriaCt
i017 may be added to the oxide by treatment with a chloridi rig agent_ ' I be chloride ion may be added
to the oxide by forming a slurry of the oxide in a suitable solvent.  me solid oxide may also be treated
with a chloriding agent during the calcining step_ Any chloriding agent that may be capable of serving
as a source of chloride and thoroughly contacting the oxide during the calcining step may be used. For
example, -volatile organic chloriding agents may be used. Fxamples of :cacti volatile organic chloriding
agents include, for example, certain breons, perchlorobenzene, chloronac_nhane,
clic:Moron-lc:Thane, chloroform, carbon tc_nrachlo - ride, trichloroethanol, or any combination thereof_
C tatiCC) S hydrogen chloride or chlorine itself may also be nsed with the solid oxide during calcining_
One cCII1Veltielat method of contacting the oxide with the chloriding agent may be to -vaporize
chlori di rig agent into a gas stream used to fluidi:,:e the solid oxide during calcination_ c.
Cc,ncentration of bilec tr011-Withdrawing Anions      When the ac tivator-snpport i ncl lints a cbern
ically -treated solid oxide including a solid oxide treated with an electron-withdrawing anion, the
electron withdrawing anion may be added to the solid. oxide in an amount greater than about 194, by
weight of the solid Jae_ I he electron i th draw ing anion may be added to the solid oxide in an amount
greater than about 29v0 by weight of the solid_ mode, greater than about 394, by weight ofthe solid
oxide, greater than about 5cX, By weight of the solid oxide, or greater than about 79-to by weight of
the solid oxide.     The amount of electron-withdrawing ion, for example fluoride or chloride ion, present
-before calc in ing the solid oxide may be front a bent 2 to about 50%0 by weight, where the weight
percents are based on the weight of the solid oxide, 1-0 r example silica -alumina, before calcining_
The amount of electron-withdrawing ion, for example fluoride or chloride ion, present before calcining
the solid mode may be from about 3 to about 2594, by weight or from about 4 to about 209<, by
weight_ Alternatively, halide ion or may be used in an amount snflicient to deposit, after calcining, from
about 0.194) to about 50940, from about 0.5970 to about 409zo, or from about 194, to about 3094, by
weight halide ion relative to the weight of the solid OXiC1C.If the fluoride or chloride ion is added
during calcining, such as when calcined in the presence of CC.:1,, there may be typically no, or only
trace levels, of fluoride or chloride ion in the solid oxide before calcining_ Once impregnated with
halide, the halided oxide may be dried by any met-170a SLicli methods may incl flat, for example,
suction filtration followed by evaporation, drying under vacuum, spray drying, and the like. It may also
be possible to initiate the calcining step immedi-rtely without drying the impregnated solid oxide.     The
silica-alumina used to prepare the treated silica-alumina may have a pore volume greater than about
0.5 cc/g. Alternatively, the pore volume may be greater than about 0_8 cc/g, or greater than about 1.0
cc/g. Further, the silica-alumina may have a surface area greater than about 100 tri2./g, 250 na-2/g, or
350 ntn/g. Ci-enerally, the silica-alumina of the present techniques may have an alumina content front
about 5 to a bout 95941. _Alternatively, the alumina content of the silica-alumina may be from about 5
to about 5094,, or from about 8%0 to about 309zo alumina by weight_     The sulfated solid oxide may
include sulfate and a solid oxide component such as al urn ma or silica-alum lila, in the form of a
particulate solid. Optionally, the sulfated oxide may be further treated with a metal ion such that the
calcined snlfated. oxide _may include a metal. For example, the sulfated solid oxide may include
sulfate and alumina. The sulfated alumina may be formed by a process wherein the alumina may be
treated with a :nal rum source, including, for example, sul fitric acid or a sul fate salt such as ammon
hum still-ate, sulfate, aluminum sulfate, nickel sulfate or copper sulfate,  all110111g others_ 'This
process may be pet-Run-led by Forming a slurry of the alumina in a suitable solvent such as alcohol or
water, in which the desired concentration of the sal fining agent has been added. Suitable organic
solvents include, for example, the one to three carbon alcohols because of their volatility and low
surface tension.     The amount of sulfate ion present before calcining may be from about to about
5034. by weight, from about 234 to about 30A, by weight, or from about 5,0 to about 25,0 by weight,
where the weight percents are based on the weight of the solid oxide before calcining_ Once
impregnated with sulfate, the sulfated oxide may be dried by any method including-, hut riot limited to,
suction filtration followed by evaporation, drying under N/a_C! L1L1111, spray drying, and the like,
although it may also be possible to initiate the calcining step irnmn ediately.     In addition to being
treated with an electron-withdrawing component such as halide or sal rate ion, the solid inorganic
oxide of the present techniques may be treated with a metal source, including metal salts or
metal-containing conaponnds. These compounds may be added to or impregnated onto the solid
oxide in solution form, and subsequently converted into the supported metal upon calcining.
Accordingly, the solid inorganic oxide may huther include zinc, nickel, vanaditun, silver, copper,
gallium, tin, tungsten, molybdenum, or a combination there() 11 For example, zinc rnay be used to
impregnate the solid oxide because it provides good catalyst activity and low cost. The- solid oxide
may be treated with metal salts or metal-containing compounds -before, after, or at the same time that
the solid oxide may be treated with the electron-withdrawing anion.     Further, any method of
impregnating the solid oxide material with a _metal may be -used. --rite method by which the oxide
may be contacted with a metal source, typically a salt or metal-containing compound, may include, for
example, gelling, co-gelling, impregnation 01 one compound onto another compound, and similar
techniques. Following any contacting method, the contacted mixture of oxide compound,
electron-withdrawing anion, and the metal ion may be calcined. _Alternatively, a solid oxide material,
an electron-withdrawing anion source, and the metal salt or metal-containing corn - pou 11C1 may be
contacted. and calcined simultaneously_     'The ansa-metallocene compound may be contacted with
an olefin monomer and an organoalunainum cocatalyst for a first period of time prior to contacting this
mixture with an acidic act i yato sap port. Once the p recontac Led mn ix hire of metallocene,
monomer, and a component that provides an actiyatable ligand to the me tall o eerie, e.g., an
rot-gam-34A unainum cocatalyst, is contacted with the acidic activator-support, the compositi 0/1 may
be termed the "postcontacted" mixture. The postcontacted mixtine may be allowed to remain in further
contact for a second period of time prior to being charged into the reactor in which the polymerization
process will be carried out. 
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Various proc-cs sc-s to prepare solid oxide activator-supports that may be used in the present
techniques have been reported. For example, -U.S. Pat. -Nos. 6,107,230, 6,165,929, 6,294,494,
6,300,271, 6,316,553, 6,355,594, 6,376,415, 6,391,816, 6,395,666, 6,524,987, and 6,548,441,
describe such methods, each of which is incorporated by reference herein, in its entirety.     3.
Ion-Exchangeable and Layered. Mineral Activator-Supports     'Ube activator-support of the present
techniques may include clay minerals haying exchangeable cations and layers capable of expanding.
These activator supports include ion-exchangeable materials, such as, for example, silicate and
aluminosilicate compounds or minerals, either with layered or non-layered structures, and any
combination thereof -Typical clay mineral activator-supports include layered alanAl/10 - silicates s nch
as pillared clay s . Although the term "support" may he used, it is not meant to be construed as an inert
component of the catalyst composition, but rather may be considered an active part of the catalyst
composition, because   f its intimate association with the ansa-metall OCCUIC and the component that
provides an a ctivatable ligand to the metal-              snch as an org-arioaluminurn. While not intending
to he hound by theory, it is believed that the ion exchangeable activator-support may serve as an
insoluble reactant that reacts with the an sa-metallocene and organ.] ninin urn corn - p ommts to Form
a catalyst c-onaposition used to produce pt,Dly - men When the acidic activator-support i nd rides an
ion-exchangeable activator- support, it may optionally be treated with an electron-withdrawing anion
such as those discussed above, though typically the ion-exchangeable activator-support is not treated
%via, an elec tron-w i thdraw ins anion The clay materials of the present techniques may elle o
In-pass  materials either in their natural state or that have been treated with varit,Dtits ions by wetting,
ion exchange-, or pillaring-. "l he clay material activator-support r the present techniques may include
clays that have been ion exchanged with large cations, including polymaclear, highly charged metal
complex c ations. IIowever, the clay material activator-supports of the present techniques also
encompass clays that have been_ ion exchanged with simple salts, including, but not limited to, salts
of A.1( 0, Fe( 11), Fe( and n( 1I) with ligand.s such as halide, acetate, sulfate, nitrate, or nitrite.     "I he
clay activator-support of the present techniques may include pillared clays. The term pillared clays
may be used to refer to clay materials that have been ion exchanged with large, typic ally polynal
clear, highly charged metal c onapl ex cations_ of such ions include, rot- example, Keggin ions which
may have charges such as 7, various polyoxome tall ates , and other large ions. s, the term pillaring-
refers to a simple exchange reaction in which the exchangeable cations of n clay rnatcrial may be
replaced with large, highly charged ions, such as Kegg in ions_ 'These polymeric cations may then be
inamobilized within the interlayers of the clay and. when calcined are converted. to metal oxide
"pillars," effectively supporting the clay layers as column-like state - Ewes . Thus, once the clay is dried
and calcined to produce the supporting, pillars between clay layers, the expanded lattice structure may
be maintained, enhancing the porosity_ The resulting pores can vary in shape and sr, as a function of
the pillaring -material and the parent clay material used Examples of pillaring and pillared clays may be
Found in U.S. Pat. Nos. 4,452,910, 5,376,61 1, and 4,060,40, each of which is incorporated herein in
its entirety.     The pillaring process utilizes clay nainernls having exchangeable cations and layers
capable of expanding. Any pillared clay that can enhance the polymerization of-olefins in the catalyst c
nap s ition of the present techniques may be lased. Therefore, sada-Eric clay minerals rot- pillaring
may include, for example: allophanes; snaec-tites, including di oc - Lahedral (1%.1) and tri-octahedral
(ros-) sraccrites and derivatives thereof, such as montmorillonites (bentonite-s:), nontn,D - rifles,
liectorites, or laponites; halloysites; vermiculites; micas; fluorounicas; chlorites; mixed-layer clays; the
fiberous clays such as sepiolites and atuipulgites (palygorslci tcs); serpentine clays; illite; lapcnaite;
saponite; or any combination LtICT-00 fl In one emnhodimn Crlt, the pillared clay activator- sup - port
may include bentonite or montmorillonite, noting that the principal component of hal LOrl i Le is rn
ontunorill oni te      The ion-exchangeable activator- supports such as pillared clays 11 s ed to prepare
the catalyst c rap sitions of present techniques may he combined with other inorganic support
materials, including, for example, eoli les, inorganic oxides, plicr s pita Led inorganic ox ides, and the
like_ In embodiments, typical support materials that may be used in this regard                 cor example,
silica, silica-alumina, alumina, titan-La, ziret,Dnia, magnesia, bona, fltrorided alumina, s Hated
alumina, thori a, al urn i nopti spha tc , aluminum phosphate, dine alumni - nate, phosphated silica,
phospitated alumina silica -titania , c oprec ip itated silica/titan  ia, fin ri deals Elated alum Ma, and any
combination or mixture thereof. The amount of ansa - mnetallocemie corn pound in relation to the
ion-exchangahl e activator- support used to prepare the catalyst composition of the present techniques
may be from about 0.1 wt. V. to about 15 wt <EVD a las a -metaliceeine c omplex, based on the
weight of the activator-support component (not based on the final m eta Hoc erte-cla y mixture), or
front a bout 1 wt 94, to a bout 10 w t "Yo masa -me tall oc mac .     The mixture of a tts a -meta Ilocene
and clay activator- sup - port may be contacted and mixed for any length of time sufficient to allow
thorough interaction between the masa - metallo came- and activator-support. Sufficient deposition of
the metalloc ene component on the clay may be achieved without heating a mix tore of clay and met
L1110CCtrIC COmplcnc For example, the ansa-rn etall ()eerie corn po mad and the clay material may
be simply mixed_ at a temp erat tire range from about room tern pera titre to abort'. 200" F. in order to
achieve the deposition of the ansa-metallocene on the clay activators 'ippon_ Al tematively, the masa
-me talloc ene compound and the clay material may be mixed from about 100 F. to about 180 F. in
order to achieve the deposition of the masa -meta I - locette on the clay activator-support.     The
present techniques encompass catalyst compos it ion s including an acidic activator-support, which
may include a layered it, ineral "I be term "layeredmineral" is used herein to describe materials such as
clay minerals, pillared clays, ion-exchanged clay s, ex foliated clay s, exfoliated clay s gelled into
another oxide matrix, layered minerals mixed or diluted with other material s, and the like, or any
combination thereof. When the acidicactivator- support includes a layered miner-if it may optionally be
treated with an electron-withdrawing anion such as those presented herein, though typically the
layered mineral may not he treated with an electron-%v i -drawing anima_ For example, a clay
nainernl may be used as the activator- s Lapp() rt. 
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Clay nainernls generally include the large group of finely - crystal  lino, sheet layered in ineral s that
are found in nature in fin e-gra med sediments, sedimentary rock s, and the like, and which constitute
a class of hydrous silicate and aluminosilicate nainernls with sheet-like structures and. very high
surface areas This term may also be used to describe hydrous nia gnes hula silicates with a playllo
silicate structure. Examples of clay minerals that may be used in the present techniques include, tor
example, a lb o phanes snaectites, including diocta bedra I (Al) and tri -octahedral (Mg) snaecti - ti es
and derivatives thereof such as in mann orillon nes (bentonite s), nontn,Dnites, hectorites, or lap
(pintos ; Earley sites ; -vc-rrnic uli les; urn c as ; Il IA01-01-17 i ; ciii on te 1-1-1 i xed-layer clays;  the
fib emus clays, such as sop io lites and attapulgites (p a - lygorsk tes); a serpentine clay ; Mite;
limonite; sap on i te; or any combination thereof. Many C.C13/Tralt://1 clay minerals belong to the
kaolini te, montrnorillonite, or Mite groups clays.       When layered m inerals are used as ac
tivator-snpports or meta lbocene activators, the layered nainernls may be calcined prior to their use as
activators Typical calcination tempera-  tures may range from about 100 C. to about 700 C., from
about 150 C7_ to about 500 C., or from abont 200 C7_ to about 400 C. 4. Orgattoaltiminoxatte
A.ctivators/C7oc atalysts      The present technignes may include catalyst corn positions that nse
organoalmatinoxane c ompounds as activators and/or cocatalysts. The catalyst composition may not
require an acidic activator-support such as a chemically-treated solid oxide to weaken the bonds
between the metal and the x or X'1" 1 i gait ds, as the organoalurn in ox ane may perform this tune -
tion, or may replace the X.3or.X.4- ligands with more active species_ he catalyst composition may also
not require an org,anoa hi /Minim compound. Thus, any ansa -ntetallo cane compounds presented
herein may be combined NA/ ith any o the a hmainoxanes presented herein, or any combination of
alma-Mao XttrICS presented herein, to form catalyst c onapositi ons 0 r the present  techniques
Further, any an sa-met alio eerie compounds presented herein may be combined with any alit -
nitinomate or combination of aluntinoxatte s, and optionally an activator-support such as, for example,
a layered minernl, in ion-exchangeable activator-support, an organoboron compound or an
organoborate compomid, to r01-1-1-1 a catalyst composition of the present techniques.
_Alunaittoxanc--s may be referred to as poly(hydrocarbyl aluminum oxides) or organoalmatinoxanes.
Ilae other catalyst components may be contacted with the almininoxane in a saturated hydrocarbon
compound solvent, though any solvent wh lel, is substantially inert to the reactants, i ntennedi ales,
and products of the activation step may be used "The catalyst composition forrned in this manner may
be co lice tc,d by any method including, but not limited to filtration, or the catalyst composition may be
introduced into the polymerization reactor without being isolated.      The a lominoxane c ompound. of
the present teclmiqu es may be an oligorneric alma-Munn cornpound, wherein the al min - noxane
compound may include linear strucnires, cyclic, or cage structures, or mixtures of all three. Cyclic
alunainoxanie compounds having the roman la : -IF A. I -,wherein R_ R may be a linear or branched
alkyl having From 1 to 10 carbon atoms and n may be an integer from 3 to about 10 may be
encompassed by the present techniques. The (..41R_CD)" moiety shown here also constitutes the
repeating unit in a linear alum irIC) Xarla IMI a ti, linear al nnt 1110 X.al-leti havi rig the formula: It
A.1-0Al Ns. It whoroin R may be a linear or branched alkyl having II-mu 1 to 10 carbon atoms, and ml
may be an integer front 1 to about 50, are also encompassed by the present teclin iquies      Further,
useful ai arrli 1-10X211-1CS may also have cage structures ol the formula wherein in may be 3 or 4
and ec. is equal to n47,.,.)-noc-,)-Fnic--,,..4). In this structure rt," (B) is the number of three coordinate
alma-Arnim atoms, is the number o two coordinate oxygen_ atoms. and 
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is the number oF 4 coordinate oxygen atoms_ Fe represents a  terminal alkyl grottp and ab represents
a bridging alkyl group, either of which may have from 1 to 10 carbon atoms _      Tini s, alnminoxones
may be represented generally by Forninlas sitch as (a Al 0)," R,(R. Al 0),,,A1a,, and the        wherein
the a group may be a linear or branched C71- Cc, alkyl such as methyl, ethyl, propyl, butyl, pernyl, or
liexyl and n may represent an integer froni 1 to about 50. --rhe al unainoxane compounds of the
present techniques may inciade, Ii,r exam pie, methyl al nun i 110 >Call e, eth y 1 al tarn i nox - ane,
n-propylaturninoxane, iso-propylaltuninoxane, n- huty - lain minoxane, t-bu tyla in lfliII_O}C nne, sec
-butyl aluminoxa iSC3 - butyla lu minoic -me, 1 -p entyla Ittuninoxane, 2-p entyla limn - 111 0 X a 11 ,
3 - pen tyl al um inC),Calle, iso-pemitylalLimn inoxarie, neopentylaluminoxane, or c onnbinations
thereof_ While 0 rgatl 0211 Llrtl 1-10Xklrleti with di flerent types of gro Lips are encompassed by the
present techniques, methyl aluminoxane (MAO), ethyl atunninoxane, or isobtittyl altuni- noxane may
also be used as cocatalysts in the compositions of the present techniques. These a funninonnes may
be prepared From LT- imethy lal tam mum,  tri ethyl al um intim, or tri i sob it ty la - ltinninum,
respectively, and may be referred to as poly (methyl al lanai nrn oxide), poly (ethyl aluminurn oxide),
and poly    sobrutyl aharn intim ide), respectively_ It is also within the scope of the current techniques
to use an altunintoxane in combination with a trialkylaltuninum, such as disclosed in T_T.S. Pat. l?To.
4,794,096, which is Herein incorporated by reference in its entirety_ The present techniques
encompasses many -values of n in the al Linn 17 0 X LIrle a 31-1-17 1_11 LIS (1-2.AlCand Rcut 
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In exemplary aluminoxanes, n may be at lea st about 3 . How ever, depending upon how the
org-anoalurninox-tne may be prepared, stored, and used, the value of n may be variable within a
single sample of atunainoxante, and such combinati CMS of organoaltnai_inox'llfles are encompassed
by the methods and com_positions of the present techniques.     In emnhodi men ts o 1- the present
techniques that i vie] tide the optional afunainoxane, the molar ratio of almninum in the    nunitio >cane
to the metallocene in the composition may be tee /T1 about 1:10 to a bout 100,000:1, or from about
5:1 to about 15,000:1. The amount of optional altuninoxane added to a polymerization_ zone may be
an amount within a range of   bout 0.01 mg/I- to a bout 1000 mg/I-, from about 0.1 mg/I- to about 100
mg/1,, or from about 1 ing/1, to about 50 ing/I     Organoalttnainoxantes may be prepared by various
procedures which are available Fxaitio es 0 f1-2,- 2117 (:);_11 1_1171 i 110 Xarl preparations are
disclosed in U.S. Pat. I?To s. 3,242,099 and 4,808,561, each of which is incorporated by reference
herein, in its entirety. One example of How an a luminerrme may be prepared. is as Follows. Water
may be dissolved in an inert o tganic solvent and then reacted with an aluminum alkyl C I:Two-Lind
such as Ala-3 to fbrra the desired organoaltuninoxane compound. While not intending to be bound by
this statement, it is believed that this synthetic method can afford a mixture of both linear and cyclic
(a_ Al 0)" al unainox.- one species, both of which are encompassed by the present techniques.
Alternatively, organoaluminoxantes may be prepared by reacting an a Iuminu no_ a lkyl compound. sn
eh_ as with a hydrated salt, such as hydrated copper sulfate, in an inert organic solvent. 5. Organo
boron and Organo borate Ac.--tivators/C CDC atalyst s "lhe present techniques also encompass
catalyst composi - ti 0/1S that ti se org,a_no boron or orga no borate c ono_pottnds as activators
and/or cocatalysts. &ny ants a -metallocente com- pound presented Herein may be combined with any
of the organoboron or organoboritte cocatalysts presented herein, or any comb imiatiomi of
organoboron or organoborate cocatalysts presented herein This composition may include a
component  that provides an a ctivatable ligand such_ as an all.cyl or hydride ligand to the meta
llocene, when the _meta lb c eee C.,0110pC11111d c-10 es not already include sincit a 1 iganid, such
as an OTW-11110a11-1- M1111-1ITI c onap ound. Further, any ans a -meta hoc one componnds
presented herein may be combined with: any an 0 rga - 110 boron or organoborate cocatalyst; an
organoaluminurn c ompound; optionally, an altiuninommLe; and optionally, an activator-support; to
form a catalyst composition of the present techniques. The term "0 I-SZ-111101,01-01-1" conipound
may be used to refer to 
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neutral boron compounds, borate salts, or combinations tbeinor For example, the organoboron
comport-rids in N./al-ions embodiments may be a flu o ro org,a no boron comp on nd, flnoro org alio
borate compound, or a c onab ination thereof _Any oro organo boron or Hu oroorga no borate c
impound may be -utilized. The term fluoroorg,ano boron has its usual mcaning to refer to neutral co rn
pounds of the form WV-, The term ilnoroorgano borate compound also has its usual meaning to refer
to the monoarrionic salts of flutoroorgano boron o omponnd of the- form [cationr [13-Y-.41- , where MC
represents a fluorinated organic group. For convenience, 11 uoroorgarro boron and fluoroorg,ano
borate compounds may be referred to o ollectively by CD tgall0 boron c.--ompounds, or by either
name- as the c Men requ ire s     Fluoroorgano borate compounds that may be used as cocatalysts in
the present techir iq ties in.:1.de, for example, fluorinated aryl borates such as,
N.1'4-ditnetlaylanilinium tetraki s (pen ta 11 LIC) mph criy1)borate, triphenylrarberii urn tot raki s
(paella flu orophanyl) borate, lithium tetrakis(pentannorophenyl)borate, INT,IV-dimethylanilininna
tetrakis [3 5-bi s (tri flu oromethyl)phenyl ]borate, trip belay 1 c a rb enium tetn his [3, 5-hi s(tri
iluoronnethyl )plienyl] borate, and the like, including nil i xtLires thereof. flxamples OF Ilnoroorgairo
boron o omponnds that may be -used as c ocatalysts in the present techniques i nd nde, for example,
fri s (p era all norophenyl)bo - rem, t_ri sr3 ,5 -bis (Irian oromethyl)plienyll boron, and the like, including
in ix tunes thereof_     Although not intending to be bound by the following theory, these examples ol
111-101-001-gar10 borate and 11 noroorgano boron co rn pounds, and related corn p onn as, are
thought to form "weakly-coordinating" anions when combined with organornetal cornponrids, as
disclosed in t _I .S. Pat. No. 5,919, 983, which is herein included by reference in its entirety here i n
Genera Hy, any amount of o rga no boron c omp o rind may be utilized in the present techniql-leS In
some embodiments, the molar ratio of the organoboron compound to the meta Ho cene compound in
the composition may be from about 0.1:1 to about I 0:1, or from about 0.5 mole to about 10 moles
ofbeterl o omponnd per mole of nietalloc one c.orraponnd. In embodiments, the amount of flu
oroorgano boron or fluoroorgano borate compound u sed as a cocatalyst tor the metallocene may
range of from about 0.8 mole to about 5 moles of boron c oni-ponnd per mole of unetallo cane c onap
onnd - 6_ Ionizing Ionic Courporund Activators/C7ocatalysts     flmnhodinients o I- the present
techniques may include a catalyst composition as presented herein, including an optional ionizing ionic
c maw on rad as an activator and/or cocatalyst in addition to other components. Fxarriples of ionizing
ionic compound are disclosed in I I.S. Pat.-1%4os_ 5,576, 259 and 5,807,938 which are herein
incorporated by reference in their entirety.     An ionizing ionic comporand is an ion ic comporand
which can function to enhance activity of the catalyst composition. While not intending to be bound by
theory, it is believed that the ionizing ionic compound may be capable of reacting with the metallocene
coin pound and converting the rn etal lo cen  into a cationic metallocene compound. Again, while not
intending to be bound  by theory, hisbelieved that the ionizing ionic compound can function as an
ionizing compound by completely or partially extracting an anionic ligand, possibly a non--re -a l_ka
dienyl liganci, such as X3 or X", from the metallocene_ ow ever, the ionizing ionic compound is an
activator regardless of whether it is ionixes the meta llocene, abstracts an X' or X' lig-and in a _fashion
as to form an ion pair, weakens the metal-(X 3 ) or Ifletal - ( X-4) 1,011d in the metal - loc.-elle-, simply
coordinates to an Xs or X' Hamad, or follows any other mechanisms by which activation can occur_
Further, it is not necessary that the ionizing ionic compound activate the ineLallocene only "l 'he
activation function of the ionic compound may be evident in the enhanced activity of catalyst
composition as a whole, as compared to a catalyst composition containing catalyst composition that
does not include any ionizing ionic compound.     Exanaples of ionizing ionic conapounds may include,
for example, such compounds as: tri(n-butyl)anaracuaiuna tetrak-is (p-tolyl)borate,
Lri(n-butyl)anall11011i urn Letraki s(na-tOly1)borate, tri(n-butyl)ananacmitma
tetrakis(2,4-dimetlaylphenyl)borate, tri(ri-brutyl) ammonium tetrakis(3,5-clirnetlaylphenyl) borate,
tri(n-brityl )ammon num tetrak is [3, 5 is (trifittorometlayl)plaenyl]borate, triCia-butypanamonittna
tetrakis(pentattu orophenyl)borate, PS,NT-dinaetlaylatailiniama tetrakis(p-tolyl)borate,
1V,IN4-climethylatailiniuna tetrakis(mtolyl)borate, tetrakis(2,4-dimeth- ylphenyl)borate,tetrakis(3,5 e
thyenyl )1, o rate , NI , NI -dimealy1;311B irli utrn Letrak s L.3 5s (trifluorometlayl)plaetaylIborate,
INT,INT-dinaetlaylatailininna tetrakis(petatufluoroplactayl)boratc, triplactaylearbernurn
tctrakis(p-toly1)borate, triphenylcarbetaium tetrakis(na-toly1) borate, triplaenylcarbenium
tetrakis(2,4-dinaethylplaenyl)bo - rate, triplaenylcarbenium tetrakis(3,5-climetlaylphenyl) borate,
triplaenylc a rb end u /T1 t etraki s [3 ,5 - b i s (tri oromethyl ) phenyl] borate, triphenyl carben i tun
teLraki (p entafltitoroplactayl) borate, tropylittna td.:-.trak-is(p-toly1)borate, tropyli turn
tetrakis(rn-tolyl)borate, tropyliturn tetnakis(2,4- dimetlaylphenyl)borate, tropylium
tetrakis(3,5-dimethylphenyl)borate, tropylium tetrakis[3,5- bis(trifluonnnetlayl)plaenyl] borate, tropylium
tetrakis(pentatluoroplaenyl)borate, lithiiumn tetrakis(pentafluorophenyl)borate, lithium tetrak-is (phenyl
Thom Le, 1 itbi urn tetrak is(p-Lolyl)borate, Ii tb lain tetrakis(mn-tolyl)boratc. lithmmn
tetrak-is(2,4-dimetlaylplaenyl) borate, lithium tetrakis(3,5-dirriethylphenyl)borate, lithium
tetrafluoroborate, sodium tetrakis(penta flucuro -phenyl)bo - rate, sodium tetrakis(plaenyl) borate,
sodium tetrakis(p-toly1) borate, sodium tetrakis(na-toly1)borate, SC1 CHUM tetrakis(2,4-
dimetlaylphenyl)borate, sodium tetrakis(3,5 - dim ethyl phenyl )ho rate, sod inna tetralluorollorate,
potass ham tetrakis-(petatalltitorophetayeborate, potassium tetrakis(plaenyl)borate, po Las si urn
tetrakis(p -Lolyl)bora Le, no Lass-inn-1 LeL - rakis(na-tolyl)borato, potassium tetrakis(2,4
-dimetlayl-phenye-borate, potassium tetrakis (3 , 5 -climetlaylplacaayl)boratc_,, potassium tetrafluoro-
borate, triphenylearbetaittna tetrakis(ptolyealuuninate, triplaenylcarbenittna tetrakis(n-tolyl)altuninate,
triphenylcarbenimaa tetrakis(2,4-climethylphenyl)aluminatc.", triplaenyl-carlDertimaa tctrakis(3,5
daylplacrtyl) aliirnill:111C, Uri pheny lcarben iilmn tetrak i (pen La fl tioroph enyl ) altuninate, tropylitun
tetrakis(p-toly1)alunainate, tropylittna tc_nraki s(ria-toly1 )illutaa ri a te, tropyli urn te tralci s (2, 4 - cli rn
- ylplaetayl)alatrainate, tropylium tetrakis(3,5-clinnethylphetayl) altuninate, tropylium
tetrakis(pentallttoroplaenyl)alunainate, lithiiumn tetraki s (penta flu orophenyl)a ruminate, lithium_
tetrakis(plaenyl)alutninate, lithi run tetralcis(p-tolyl)alturninate, 1 ith nun Letraki s(nayl )al urn i um Le, 1
i Lla i 1A1111 te Lrak s ( 2 ,4 -- etlaylplacnyealtuninate, lithium tetrak-is(3,5-dimetlaylplaenyl)  
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almninate, lithium tetra flu oroa lu mina te , sodium tet raki s (pentaflulDroplienyl ) al unanaate,sodium
tetralki s(phenyl) al -urn in a Le, sodiumn tetrak s (p)al Laminate, socli urn te tra s (na-toly1 )alu mina
te , sodium tetra ki s (2,4 -dimetlaylp henyl )a maina te, sodium tetra kis (3, 5 -dimetlity 'phenyl ) al Lim
in a te, sodi rim tetra fl uoroal inn i nate, p ssi Lim tetra ki s (pen ta flu oroph enyl ) a bumin ate, potas
simaa tetral.: s(phenyl) a 'laminate, pota ss him renal< is (p -tolyl)a him Mate, po ta s sium tc_nnaki
s(rn -t yl )al urn i nate, po ta s si Lim tetraki s ( 2,4 -cli rn ea, - yl ph enyl)alimainate, pota SS il-11a1
tetrakis (3, 5 -dinaetlayl ph enyl) a ruminate, pota ssium tetra flu oro a ruminate, tri ph enylc arbe -
_Mum tris (2,2', 2" -nonafluoro biphenyl) fluoroalumitaate, silver tetrak i s( 1, 1, I ,3 -11e-xattuoro- i so
pro pan ol ato )aturn mate, or silver tetra kJ s(pertlii oro -t-butoxy)alimainate, or any c cun - _nation
thereof. ). on-I irniting Hicarnriles of the Catalyst CT:on-1p si Li on     U,xenaplary catalyst conapo s iti
ons of the present techniques may inch) de the compositions described below. In enab o di - metals,
for example, the catalyst composition may include, or the catalyst composition may include the contact
produ ct an masa -meta 11 oc ene, an organea h,ninutn compound, and an activator- support. " I be
an sa-mnetallt,cene may include corn - pound s having the general fornau la :  R_317 In this formula,
NI may be zirc onion) or hafnium and X' and )C" may be independently F, Cl. Fir, or I. E, may be (.17
or Si and    may be an integer from 1 to 3 incl Las i ve. RB and tz-3" may be independently a hydro c
ar byl group or a trilaydrocarbyl silyl group, any of wb jell may have Lip to 20 carbon atom 5, or may be
hydrogen. The subscript al:. may be an integer that may range from 0 to 1 0, i 1-1e1 IAS iN/e . tt and
m ay he i ncle p - d ently a laydroc arbyl group that may have tip to 12 carbon atoms, or may be
hydrogen_ 1-3cmcl 'a' may be a single or a double. bond. The org ano aluminum c o napomad may
be, for exam pie, tri methyl al urn in urn, tri e L1) yl al inn in urn, tripro pyl Inunitruna, tri
butylatunainuan, trii so batylalunainum, trilaexylalaal mnlImn, trim soh exyl al urn i man), trioctylaliitn
mnuni, 01 ethyl alumitruna etlaoxi de, dii so byttylaluminum hydride, diethyl al-urnin inn chloride, or
may combination thereo F. I la this embodiment, the activator-support may be a solid oxide treated
with an electron-withdrawing anion, wherein the solid oxide may be, for example, silica, aturnina, silica
-alamnina, a lamainoplao splaate, a lunainama phosphate. zinc a lunahaate, heteropolyrungstates,
titani a, zinc oni a, magnesia, boria zinc oxide, mixed oxides thereof, or any comb inatima thereof. The
electron-withdrawing anion may be, for example, fluoride, chloride, bromide, iodide, phosphate. trillate,
bisulfate, su 1 - fa Le, 11 no nib orate , 1-11-101-0 Sal rate, LriFl liere acetate, plios phate, flu oroplao
sphate, flu orozirconate, flu oro silicate, flu orotitana Le, permanganate, s nbs ti Oa Lea or imnsnt,stita
teci ark ant-  stiltonate, subst hated or unsubstituted arenestaltbnate, silbsti - t u tea or unsubsti tuted
alkyl sulfate, or any combination  thereof.     In the embodiments described above, the alma
-metallocene may be a coin pound having the general formula:  
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a3.8 In tins formula, IVI-L may be zirconium or hafnium and X' and X" may be independently F, Cl, 13r,
or I_ F may be (17 or Si and      may be an integer from 1 to 3, inclusive. as' and 12-3n may be
independently H, methyl, ethyl, propyl, ally1, berryl, butyl, pentyl, bexyl, or trimethylsilyl, and in' may be
an integer from 1 to 6, inclnsive. 12' and IR may be independently a hydrocarbyl gronp having -up to 6
carbon atoms, or hydrogen. -Rona 'a' may he a single or a double bond.     In the embodiments
described above, the an sa-ri et allocene may be a componnd having the general formula:    RS" In
this formula, PV11- may be zirconium or hafnium, and and K" may be independently F. Cl, Sr. or I. E.
may be C.S. or Si and 'n' may be 1 or 2. 12' and 12' may be independently TT or methyl, and 'rn' may
be 1 or 2. T2' and T2' may be independently H or t-butyl. fond 'a' may be a single or a double bond.
In the embodiments described above, the ansa-metalloc.:ene or the present techniques may be a
c.:orripound haying the formula :  leto  In this formula, N1' may be :zirconium or hafnium, and X' and X"
may be independently 11, 13114, methyl, phenyl, benzyl, neopentyl, trimethylsilylmethyl,
C71-1,C7N4e-,12b; C71-1, Si Mc:, Ph_ ; C. Me, C7 1-1., ; S CT I-1 H may be C or Si and nmay be an
integer from 1 to 3, inclusive. R.' and R.' may be independently a hydrocarbyl group or a
trillydrocarhylsily1 gronp, any of which having rip to 20 carbon atoms, or hydrogen, and n may he an
integer from 0 to 10, iric 1 a Si ve .12 and 1-2:4' may be independently a hydro c arb y 1 group hay
hag up to 12 carbon atoms or hydrogen. florid 'a' may be a single or a double bond. In other versions
of the embodiments described above, the ansa-metalloc one may include compounds (1-1) or (1-2), as
shown in F1C2r. 1, or any corn hi nation tliereofi     In other embodiments, the catalyst composition
may include, or the catalyst composition may include the contact product of, an an sa-metall ocene, an
organnabarninurn corn - pound, and an activator-support_ In this embodiment the an sametallocene
may include c.:oriapounds (1-1) or (1-2), as shown in FICi. 1, or any combination thereof. The
orgarmaluminum compound may include triethyla luminum, tri-n-butylalurniM1M, triisobutylaluminmn,
or any c in-hi/lotion thereof. Mc:, act ivator- sup port may inc lade a snlfated solid o-x ida      In still
other embodiments, the catalyst composition may include, or the catalyst composition may include the
contact 



  ˚ 21

product C, I, an ansa-mnetallocene, all 0 Vgala nal LITh inuni CO lin - ponna, and an activator-snpport.
In these embodiments the ansa-rnetalloc ene may inc luck" compo wads (1-1) or (1-2), as shown in 1,
or any combination thereof. The organouluminum compound may include triethylaluminum,
tri-n-butylaluminum, triisobutylalu/T11/111//1, or any combination thereof. thc.-, activator-support may
include sulfated alumina.      In still other embodiments, the catalyst composition may inc lade, or the
catalyst corn position may inc lude the contact prodnc t of, a precontacted ansa-metallocene, a
precontacted   VgallOalLUIll inLmni conipouncl, a prec ontac tea olefin, and a postcontacted
activator-support, wherein each of the an same tall oc one, the organoal ma-Mauna compound, the
olefin, and the activator-support may be as presented herein.     Further embodiments of the present
techniques provide a catalyst c omposition that inc In des the contact product of a tightly-bridged ans
a- rn etalloc en e corn pound containing cyclic bridging moiety attached to both 1-15-cyc lopentadienyl
- type I igands, and a reagent that can function to convert the metallocene into an active catalyst that
may be di lierent horn the conib ination 0 I- the sol id oxide activator-support and 0 Vga - noaluminurn
compound presented herein. Thus, in one embodiment, the active catalyst composition may be formed
by activating the metallo Cet1e, which may include converting the _meta llocene compound to its
cationic form, and by providing it with a hydrocarbyl ligand alkylation) before, after, or during its
conversion to a cation that can initiate olefin polymerization. The reagent that can convert the
metallocene into an active catalyst may include a component that provides an activatable ligand such
as an alkyl to the metalloc elle, when the meta llocene compound does not already include such a
ligand, and an activator component, as provided herein. In some instances, both functions may be
achieved with o /1e component, For example, a 11 organoalurninoxane. In other instances, these two
functions may be provided by two separate components, such as an organnalum imam compound that
can provide an activatab le alkyl I igand to the metallocene, and another component that can provide
the activator linaction.     The activator and/or alkylation agent for the ansa-metalloc elle compound
may be an org,anoalurainoxane, such_ as, for example, methylaluminoxane or isobuttylaluminoxarie.
Alter-  natively, the activator may be a I ..evy is acidic org-anoboron co/Tape:mm-1 capable or
abstracting an anionic liganci from the metallocene, such as, for ccample, tris(pentalluoroplaenyl)
boron or t_riplienylc a rhenium tetraki s (p enta flu oroplaanyl)borate, that may he lased in combination
with an alkylating agent sincla as an organnalurn imam compormd.     Further, a clialkylated
tightly-bridged ansa -_metallocene compound as presented herein may be reacted. with a 13ronstecl
acidic borate activator sucla as tri(ta-buty1)-triamonictria tetraki s(p- lyl)borat e or
IN-,INT-dirnetlaylanilinimaa te traki s-(pent all uoroplacny 1)borate to remove one alkyl ligancl to _form
an alkylated metallocene cation. Alternatively, the dialkyla red tightly-bridged ansa -metaHoCane C
ompou /Id may be reacted with a T ,ew is acid borate activator srich as triplienylc:arben i cum tet utak
is (pen ta fl noroph enyl )borate to remove one alkyl ligancl to _form an alkylated metallocene cation.
Thus, while not intending to be bound by theory, it is believed. that the active catalyst may include an a
lkylated metalloc etTe cation, and any number of alternate reactions may he lased to generate sncli a
catalyst     The present techniques may include a catalyst c drape siti on that contains a contact
product of a tightly-bridged ansa - meta Eocene which_ includes a laydrocarbyl ligand that can initiate
olefin polymerization_ and a solid oxide activator-support. witlao at the need for the addition_ of an
orgarioal manMi /TT c ompound . The a _us a -metalloc ene compound may include a pendant a lk-yl
group attached to one of the ns-cyclopentadienyl-typeligand, and a hydroc arhylligand that can initlate
olefin polymerinition. An organic-m-1nm inum conaporind may not be required to alkylate this type 0 I-
"prealkylated" masa -meta llocc.-he because it already includes a laydroca_rbyl ligand that can initiate
olefin polymerization. F. The Olefin Monomer     In the present techniques, various unsaturated
reactants may be useful in the polymerization processes with catalyst c:cumposi tions and proc:esses.
Such reactants include olefin compounds haying from about 2 to about 30 carbon ;atoms per molecule
and having an olefinic double bona. 'rho present techniques encompass honnopolymerization
processes using a single olefin such as ethylene or propylene, as well as copolymerization reactions
with two or -more different olefin ic compounds_ For example, in a copolymerization reaction with
ethylene, copolymers may include a _major amount of ethylene (2=-50 naole pe_rc ent) and a minor
amount of cornonorner c50 mole percent_ The cornonomers that may be copolymerized with ethylene
may have from three to about 20 carbon atoms in their molecular chain     C3letin s that may be used
as monomer or cornonorner in the present techniques include acyclic, cyclic, polycycl ic, terminal (a.),
internal, linear, branclaccl, substituted, ansubstitutecl, fmactionalizecl, and non- functionalizccl olefins
For example, compounds that may be polymerized with the catalysts of the present techniquaes inc
hide propylene, 1- butene, 2-butene, 3 -methyl -1 -buttene, isobutylene, 1-pentene, 2 -pentene, 3
-nnetlay 1-1 -peaatene, 4-methyl-I -p enteric, 1 -laextrie, 2 -laexerie, 3 -laextrie , 3-ethyl -1 -laextrie , 1
-la up tette, 2 -hep t caac,, 3 -laep - tene, the four normal octanes, the four normal het1eheS , the five
hermal dec etTes, or any combination thereof Fu_rtiaer, cyclic and bicyclic olefin s, i tic ILICh ng. for
example, cyc, lope ntette, cy c lolaexene, norbornylerie, norbornaclient, and the like may also be
polynaeriecl as described above.     The amount of conaorionaer introduced into a reactor none to
produce a copolymer may be from about 0.001 to about 99 weight p ere ern conaormuner based on
the total weight of the monomer and c monomer, generally from about 0.01 to a bent 50 weight
percent_ In other embodiments, the -mount  of comonorner introdriced into a reactor zone may he
from about 0.01 to about 10 weight pore nit comonorner or from about 0.1 to about 5 weight percent c
oniononier. Alternatively, an amount sufficient to give the above described con-o entrations, by weight,
or fiat:: copolyinor produced, may be. ii sod.     While not intending to be bound by theory, it is believed
that staro hindrance can impede or slow the polymerization process it branched, silbstinited, or
-functional ized olefins are -used as reactants_ FTowever, if the branched and/or cyclic portion(s) of
olefin are somewhat removed trom the carbon-carbon double bond they would not be c...-xpec led to
hinder the reaction as much as more proximate substituents.     In an exemplary embodiment, a
rc.-,ac-tant for thc catalyst compositions of tlic prosent tochiaiquos may bc ethylene, so the
polymerizations may be either hornopolymerizations or o opolynierizations with a different acyclic,
cyclic, terminal, internal, linear, branched, substituted, or 13/1S13 b stiturted olefin In addition, the
catalyst compositions of the present techniques may he used in polymerization of dioletin compounds,
including for example, such compounds as 1,3-butadiene, isoprene, 1,4-p entadiene, and
1,54aexadiene. 
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TT. Preparation of the Catalyst Composition     The present techniques encompass a catalyst
composition and a method that includes contacting a tightly-bridged masametallocene compound, an
activator, and optionally an organo alunainum compound, as presented herein. the method prosontc.:d
heroin oncompassc.:s any series of contacting stops that allows contacting cacti of the components
including any order of contacting components or mixtures of corn ponents. While not intending to be
limiting, examples of contacting steps may he exempt i lied us irig a treated solid oxide
activator-support and an organoalvirn imam cocatalyst. "These steps may encompass any marnber of
precontacting and postcontacting steps. and may further encompass using an olefin rrionorner as a
contact component in any of these steps. Examples ofnietlaods to prepare the catalyst c omposition of
the present techniquc.:s arc discussed below-. Precontac ting the Catalyst Composition with an Olefin
Precontacting a catalyst composition, or a component of a catalyst composition, with an olefinic
monomer prior to adding the catalyst composition to a reactor may increase the productivity of fin::
polymer as compared to tlio same catalyst composition that may be prepared w ithont a precontacting
step. The enhanced activity catalyst composition of the present techniques may he used for
bornopolymerization nI an ti-oleuin 11110110 liner such as ethylene or c opolymeri flat ion of an
cx-olefin and a conionomer. HOW CV er, a precontac ting step is not required in the catalyst
compositions of the present techniques.     In some embodiments of present techniques, the
ansametallocene may be precontacted with an olefinic monomer, althorigh not necessarily the olefin
monomer to be polymerized, and an organoaharnimina cocatalyst for a first period of time. This
precontac led mixture may then be contac led with the solid es_ iae t ivator-s Lippon For example, the
first period of tune br contact, the precontact time, between the masametallocenc, the (-Actinic
monomer, and the organoalunainuna cocatalyst may range in time from about 1 minute to about 24
hours, from about 0.1 to about 1 hour, or from about 10 minutes to about 30 minutes     Once the
precontacted mixture of ansa-rnetallocene, olefin monomer, and organonharnitrum cocatalyst is
contacted with the solid oxide activator, this composition (further inc hiding the solid oxide activator)
rimy be termed the postcontacted in i xt Line The po stcontacted in ixtitre may be allowed to  remain in
contact for a second period of time, the pos. tcontact time, prior to being used in the polynac:rization
process. "11n5 may provide- incrc-,ases in activity in a similar fashion to pre-contacting the catalyst c
omposition. Postcontact times between the solid oxide activator-support and the precontacted mixture
may range in time from about 1 minute to about 24 hours, item 0.1 hours to about I hour, or from about
10 minutes to abont 30 minutes.     The various catalyst components (Tor example, ansa -metallocene,
activator-support, organoalunainum. cocatalyst, and optionally an itasaturatc:d hydrocarbon) may be
contacted in the polyrnerixation reactor sinnaltaneonsly while the polymerization reaction is
proceeding_ Alternatively, any two or more of these catalyst components may be precontactecl in a
vessel or tribe prior to their entering the reaction zone. 'This precontacting step may Be a continuous
process, in which the precontacted product may be led continuously to the reactor, or it may be a
stepwise or batclawise process in which a batch of precontacted product may be added to make a
catalyst composition. "fins precontacting, stc:p may be carried out over a time period that may range
from a few seconds to as -lunch as several days, or longer. For example, the contintions
pre-contacting step may last from about 1 second to about 1 hour, from about 10 seconds to about 45
minutes, or from about 1 minute to about 30 minutes. Multiple Preen', tac t ing Steps     Alternatively
the precontacting process may be carried out in multiple steps, rather than a single step, in which
multiple mixtures are prepared, each including a different set of catalyst components. For example, at
least two catalyst components may be contac led forming a first mixture, followed by contacting the
first mixture with another catalyst component forming a second mixture, and so forth.     Multiple
precontacting steps may he carried out in a single vessel or in nnaltiple vessels. Further, multiple
precontacting steps may be carried out in series (sequentially), in parallel, or a combination thereof.
For example, a first mixture of two catalyst components may be formed in a first vessel, a second
mixture Mc:hiding the first nainrc.: phis one additional catalyst component may be formed in the first
vessel or in a second -vessel, winch may be placed downstream of the first vessel.     One or more of
the catalyst components may be split and used in different prow/It-acting treatments. For example, part
of a catalyst component may be fed. into a first pre-contacting, vessel for precontacting with another
catalyst component, while the remainder of that same catalyst component may be rea into a second
precontacting vessel Ibr precontacting with another catalyst component, or may be led directly into the
reactor, or a combination thereof "The precontacting may 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. For example, a catalyst c omposition of the present techniques may be
prepared by contacting 1 -hexene, triisobritylahmaiimmor tri-nhurry la him imam, and an
ansa-metallocene for at least about 30 minutes, followed by contacting the precontac led mixture with
a stil fated alum i via activator-support for at least about 10 in buttes up to one hour to form the active
catalyst.     The postcontacted mixture may be heated at a temperature and for a time suffic lent to
allow adsorption, impregnation, or interac lion of prec oritac led mixture and the solid oxide ac
tivator-support, such that a portion of the components of the precontac ted 1-nixtitre may be
immobilized, adsorbed, or deposited thereon. For example, the postcontacted mixture may be heated
frcun be about 0 F. to about 1500 F., or  fi-ona between about 40 F. to about 95 F. Neither a preconta
chug, step nor a po stet:3/31a cting step may be required for the present techniques. C7. Composition
ktatios for Catalyst C7ornposi Lions      In embodiment s of the present techniques, the molar ratio of
the an sa-rnetal locene compound to the orgarioalurninurn compound may be from about 1:1 to about
1:10,000 (e.g., about 1:2, 1:5, 1:20, 1:50, 1:200, 1:500, 1:2000, 1:5000, 1:8000, etc.), from about 1:1
to about 1:1,000, or from about 1:1 to about 1:100. "These molar ratios reflect the ratio of ansa meta
llocene compound to the total amount of org,a - no aluminum c rapemad in both the precontacted
mixture and the postconta cted mixture, combined.. 
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When a precontacting step is used, the molar ratio of o letin monomer to ansa-metallocene compound
in the precontac ted mixture may be from about 1:10 to about 100,000:1 (e.g., 1:10, 1:5, 1:1, 5:1,
5000:1, 10,000:1, 50,000:1, etc.), or from about 10:1 to about 1,000:1. The weight ratio of the solid
oxide activator to the organtitatintintini coninti land. may range from a bout 1:5 to a bout 1,000:1, from
a bout 1:3 to a bout 100:1, or from about 1:1 to about 50:1. The weight ratio ofthe ansa -meta llocene
to solid oxide activator-support may be from about 1:1 to about 1:1,000,000 (e.g., 1:2, 1:10, 1:5,000,
1:100,000, etc .), horn. about 1:10 to about 1:100,000, or from about 1:20 to about 1:1000_ O.
Examples of a Process to Prepare a Catalyst Composition      1-'tinbodirrients of the present
techniques may inc:l ride processes to produce a catalyst composition_ For example, one suc:la
process may include contacting an ansa-metallocene, an olefin, -tad an organoaluminum comp ouncl
for a first period of time to form a pre-contacted mixture including a precontacted ansa -meta lloc elle,
a preconta ctecl orga non lu niinu ni c onapound, and a prec ontac.--ted o lean. The prc-c-entacted
mixture may then be contacted with an activator-support and optionally additional org,a tioa lu mitin
/T1 compound for a second period of time to form a postcontacted rn i-xture including a postcontactecl
ansa-metallocene, a postcontacteci organoaluin inuin C0111 pouncl, a postcontac ted olefin, and a
postcontactc-d activator-support. In embodiments, the masa-metallocene may include a compound
haying the forrn (x-1)(x2)(x<3)(x-4.)Ivr1; in wfricliNll may be titanium, :e-irconiurn, or ha finiurn. X I may
be a substituted cyclopentadienyl, a sub s Li ILIAtCCi indenyl, or a sub stittitted Iltitorenyl . 7C2 may be
a sub stituted cyc-lopetatadi - eny 1 or a substituted 11 norenyl      One sithstituent on 7(1 and X is a
bridging group having the formula H(Cyc), wherein E may be a carbon atom, a silicon atom, a
germanium atom, or a tin atom, and v. is bonded to both 7(1 and X.-", and wherein Cyc- may be a
substituted or an um substituted carbon chain of from 4 to 6 carbon atoms in length with each end
connected to E. to form a ring structure. One sub stitu ent on 7(--2. may be a substituted or an
71/1S13 bstito Yeti alkyl or a Ikenyl group having up to 12 carbon atoms.      7(a and X1 rimy be
independently: F, C171, I-3r, or 1; a hydrocarbyl group having up to 20 carbon atoms, II, or hydroc
arbylcocide group, a hydrocarbylamino group, or a trihydrocarbylsily1 group, any of which_ _having up
to 20 carbon a tC); or 01-312"4.,wherein I-2-4 may be an alkyl group or an aryl group, any of which
having up to 12 carbon atoms.      Any addi Li on al s ribs ti tnen t on the substituted cyclo pen tadienyl,
substituted indenyl, substituted flu ore/win or substituted alkyl group may Be independently an al
ipliatic group, an  aroma-it Ic group, cyclic gronp, a comb inatiori o lal iphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogc.-st 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_ TR,. Activity of the Catalyst Composition     The catalytic activity of Mc: catalyst of the
present techniques may be greater than or equal to about 1000 grams polyethylene per gram of
chemically treated solid oxide per honr (abbreviated gP/(g CTSC)-hr)), greater than or equal to abont
3000 gP/(g CTSC)--hr), greater than or a-11ml to abont 6000 gP/(g Cr_USO-lar), or greater than or
equal to about 9000 gP/(g CISO-hr). Activity may be mea stared undcyrr slurry polymerization
conditions rising isobutane as the di Inent, with a polymerization temperatnre Ito in about 500 C. to
about 100 C., and an ethylene pressure of about 340 psig to about 550 psig. "line reactor should have
substantially no indication or any wall scale, coating or other forms ofrouling when making these rn ea
sit re me nt s III. T_Tse of the Catalyst Composition in Polymerization Processes     "fire catalysts or
the present techniques are intended for any olefin polymerization method, using various types of poly-
eri zati on reactors_ As used herein, "pc) lyrneri zation reactor" includes any polymerization reactor
capable of polymerizing olefin monomers to produce Immopolymers or copolymers. Such
hornopolynaers and copolymers may be referred to as resins or polymers. The various types of
reactors include those that may be referred to as batch, slurry, gas-phase, sol Lit ion, high pressure,
tramlar or autoclave reactors_ Cias phase reactors may incl lade fluidized bed reactors or staged
horizontal reactors. Slurry reactors may include vertical or horizontal loops. Iligh pressure reactors may
include autoclave or tubular reactors. R_eactor types may include batch or continnons processes_
Continnons processes could rise intermittent or continnons product discharge_ Processes may also
include partial or hill dircrct recycle of ma-reacted 1110110111er, ii n-re a clod contonontcyrr, and/or
diluent.     Polymeri zat ion reactor sy sterns of the present techn i cptes may include one type of
reactor in a system or multiple reactors of the same or different type. Production of-polymers in
nualtiple reactors may inchade several stages in at least two separate polymerization reactors
interconnected by a transfer device making it possible to transfer the polymers resniting from the first
polymerization reactor into the second reactor. Thc,- desired polymerization conditions in one of the
reactors may be different From the operating conditions of the other reactors. Alternatively,
polymerization in multiple reactors may include the manual transfer of polymer from one reactor to
subsequent reactors for continued polymerization. Multiple reactor systems may include any
combination inc.:luding-, but not limited to, nrultiple loop reactors, multiple gas reactors, a combination
of loop and gas reactors, multiple high pressure reactors or a combination of high pressure with loop
and/or gas reactors. The multiple reactors may be operated in series or in parallel. 
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_A- Loop Slurry Polymerization Processes     In embodiments or the present techniques, the
pc_31yrnerization reactor system may include a loop slurry reactor_ Such reactors may inc hide
vertical or horizontal loops. Monomer, diluent, catalyst and optionally any comonorner may be
continuously fed to the loop reactor where polymerization occurs. Ceram-ally, continuous processes
may include the continuous introduction of a monomer, a catalyst, and a diluent into a polymerization
reactor and the continuous removal  _from this reactor of it suspension including- pc_ilynaer particles
and the diluent. _Ikea ctor effluent may be Hashed to remove the solid polymer From the liquids that
include the diluent, mono -_met and/or C. 01110110111Cr. 'Various technologies may be employed
for this separation step including but not limited to: Hashing that may include any c ontbination of heat
addition and pressnre rednction; separation By cyclonic action in either a cyclone or hydrocyclone; or
separation By centrifugation.      Loop slurry polymerization processes (also known as the particle
_form process) are disclosed, for example, in IJ . S. Pat. Nos. 3,248,179, 4,501,885, 5,565,175,
5,575,979, 6,239,235, 6,262,191 and 6,833,415, each of which is incorporated by reference in its
entirety herein_      L3iluents that may be used in slurry polymerization For example, the -monomer
being polymerized and hydrocarbons that are liquids tinder reaction conditions_ P:xamples of such
dilnents may include, for example, hydrocarbons srich as propane, cyclottexane, isobutanc, n-butane,
n-pentane, isopcnatanc, neopcnatanc, and n-lacnuatac". Some loop polymerization_ reactions can
occur under bulk conditions where no diluent may be used or where the mononter (e.g., propylene)
acts as the dilnent. An example is polymerization of propylene monomer as disc losed in I T.S _ Pat_
No_ 5,455,3 14, which is incorporated by reference herein in its entirety_ C-Eas Phase Polymerization
Procc-ssa-s      _Furth_c:_r, the polymerization reactor may include a gas phase reactor_ Such
systems may employ a continuous recycle stream containing one or more monomers continuously
cycled through a fluidized bed in the presence of the catalyst under polymerization conditions_ A
recycle stream may be withdrawn from the fluidized bed and recycled back into the reactor.
Simultaneously, polymer produc t may be withdrawn from_ the reactor and new or _fresh monomer
may be added to replace the polymerized _MAD /10/T1er. Such gas phase reactors may include a
process Form:urn-step gas-pha Sc po lymerizat ion ofolefins, in which olefins are polymerized in the
gaseous phase in at least two independent gas-phase poly-men zaticna zones while feeding a
catalyst-containing polymer formed in a first polymerization zone to a second polymerization zone_
One type of gas phase reactor is disclosed. in U.S. _Pat. Nos. 5,352,749, 4,588,790 and 5,436,304,
each of which is incorporated by reference in its entirety herein.      According to still another aspect of
the techniques, a high pressure polymerization reactor may inc hide a tubular reactor or an autoclave
reactor_ "Tribnlar reactors may have several zones where fresh monomer, initiators, or catalysts are
added_ Menem er may be entrained in an inert gaseons stream and introduced at one zone of the
reactor. Initiators, catalysts, unann catalyst components may be entrained in n gaseous stream and
introduced at another zone of the reactor. gas streams may be intermixed for polymerization. ficat and
pressure may be employed appropriately to obtain optimal polymerization reaction conditions. CT.
Solution _Polymerization Processes      According to yet another aspect of the techniques, the
polymerization reactor may include a solution polymerization_ reactor wherein the ntonotner may be
contacted with the catalyst composition_ by suitable stirring or other _means. A carrier including an
inert organic dilnent or excess monomer may be employed_ T-Fdesired, the monomer may be brought
in the vapor phase into contact witla the catalytic reaction product, in the presence or absence of liquid
material. The polymerization zone may be maintained at temperatures and pressures that will result in
the Formation of a solution of the polymer in a reaction medium. Agitation may be employed to obtain
'better temperature control and to maintain tin ifornt polynac_,rization mixtures throughout the
polymerization zone. Adequate means naziy be utilized for dissipating the exothermic heat of
polymerization. LX Reactor Support Systems     Polymerization reactors suitable for tlic- present
techniquc-s may Further include any combination of a raw material feed system, a feed system For
catalyst or catalyst c lupe/Tents, and/or a polymer recovery system_ Suitable reactor systems tor the
present techniques may further include systems tor feedstock purification, catalyst storage and
preparation, ex.trusion, reactor cooling, polymer recovery, fractionation, recycle, storage, loaclout,
laboratory analysis, and process control. H. Polymerization Conditions     Conditions that ntay be
controlled for polymerization eftic iency and to provide resin properties include temperature, pressure
and the concentrations of various reactants. Polymerization temperature can affect catalyst
productivity, polymer molecular weight and narriec nlar weight distribution. Suitable polymerization
temperature may be any temperature below the de-polymerization temperature according to the
(i+ibbs Free energy equation. Typically this includes From about 60 C. to about 280 C., For example,
or From about 70 C. to about I 10 C., depending upon the type of polymerization reactor_     Suitable
pressures will also vary according to the reactor and polymerization type,. Tlic- pressure For liquid
phase polymerizations in a loop reactor is typically less than 1000 psig. Pressure For gas phase
polymerization is usually at about 200-500 psig. Iligh pressure polymerization in tubular or autoclave
reactors is generally run at about 20,000 to 75,000 psig_ Polymerization reactors ntay also be
operated in a supercritical region occurring at generally higher temperatures and pressures. Operation
above the critical point of a pressure/ temperature diagram (supercritical phase) may oiler advantages.
The concentration of-various reactants may be controlled to produce resins with certain physical and
mechanical properties. The proposed end-use product that will be termed by the resin and the method
of forming that product determines the desired resin properties. Mechanical properties include tensile,
flcn'utral, inapac t, creep, stress relaxation and hardness tests. Play sical properties include density,
molec ular weight, molecular weight distribution, melting tc-uripc-,rature, glass transition temperanne,
temperature melt of crystallization, density, stereoregularity, crack growth, long chain branching and
rheo logical men surentents_ 
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The concentrations of -monomer, co-monomer, hydrogen, co-catalyst, modifiers, and electron donors
may be important in produc hag tlac_,se resin properties. Cc_maionorner may be used to control
product density. IIydrogen may be used to control product molecular weight. Co-catalysts may be used
to alkylate, scavenge poisons and control molecialar weight. MocLifiers may be used to control product
properties and electron donors affect stereoregularity_ In addition, the concentration o I-poisons must
he minimized since they impact the reactions and product properties. F. Final Products made horn
Polymers     The polymer or resin fluff From the reactor system may have additives and modifiers
added to provide better processing during manufacturing and for desired properties in the end
product_ Additives include surface modifiers site h as slip agents, antiblocks, tackitiers; antioxidants
such as primary and secondary antioxidants; pigments; processing aids such  as waxes/oils and
fluoroelastomers; and special additives such as fire retardants, antistats, scavengers, absorbers, odor
enhancers, and degradation agents. After the addition of the additives, the polymer or resin fluff may
be extruded and formed into pellets for distribution to customers and formation into final end-products.
To form end-products or components from the pellets, the pellets are generally subjected to further
processing, such as blow molding, injection molding, rotational molding, blown film, cast film, extrusion
(e.g., sheet extrusion, pipe and corrugated extrusion, coating-/lamination extrusion, etc.), and so on.
Blow molding is a process used for producing hollow plastic parts. The process typically employs blow
molding equipment, such as reciprocating screw machines, accumulator head machines, and so on.
The blow molding process may be tailored to meet the customer's needs, and to manufacture products
ranging from the plastic milk bottles to the automotive fuel tanks mentioned above. Similarly, in
injection molding, products and components may be molded for a wide range of applications, including
containers, food and chemical packaging, toys, automotive, crates, caps and closures, to name a few.
Profile extrusion processes may also be used. Polyethylene pipe, for example, may be extruded from
polyethylene pellet resins and used in an assortment of applications due to its chemical resistance,
relative ease of installation, durability and cost advantages, and the like. Indeed, plastic polyethylene
piping has achieved significant use for water mains, gas distribution, storm and sanitary sewers,
interior plumbing, electrical conduits, power and communications ducts, chilled water piping, well
casing, to name a few applications. In particular, high-density polyethylene (T-TDPF,), which generally
constitutes the largest volume of the polyoletin group of plastics used for pipe, may be tough,
abrasion-resistant and flexible (even at subfreezing temperatures). Furthermore, HDPF, pipe may be
used in small diameter tubing and in pipe up to more than 8 feet in diameter. In general, polyethylene
pellets (resins) may be supplied for the pressure piping markets, such as in natural gas distribution,
and for the non-pressure piping markets, such as for conduit and corrugated piping.    Rotational
molding is a high-temperature, low-pressure process used to form hollow parts through the application
of heat to biaxially-rotated molds. Polyethylene pellet resins generally applicable in this process are
those resins that flow together in the absence of pressure when melted to form a bubble-free part.
Resins, such as those produced by the catalyst compositions of the present techniques, may offer
such flow characteristics, as well as a wide processing window. Furthermore, these polyethylene
resins suitable for rotational molding may exhibit desirable low-temperature impact strength, good
load-bearing properties, and good ultraviolet (UV) stability. Accordingly, applications for rotationally-
molded polyoletin resins include a gricu it ural tanks, industrial chemical tanks, potable water storage
tanks, industrial waste containers, recreational equipment, marine products, plus many nun re _
Sheet extrusion is a technique for making flat plastic sheets from a variety of resins_ "Ilue relatively
thin gauge sheets are generally therrnoti-)rtned into packaging applications such as du-liteups, deli
containers, produce trays, baby wipe containers and margarine rubs. Other markets For sheet
extrusion of polyolelha include those that utilize relatively thicker sheets for industrial and recreational
applications, such as truck bed liners, pallets, automotive dnnnage, playground eqnipment, and boats.
A third -use for extruded sheet, for example, is in geo membranes, where flat-sheet polyethylene in
ateria I may bc wc.-Aded into large containment systems For mining applications and _municipal
waste disposal_    The blown film process is a relatively diverse conversion system used for
polyethylene. The American Society for Testing and Materials (.As-rm) defines films as less than 0.254
millimeter (10 mils) in thickness. flow-ever, the blown film process can produce in as thick as 0_5 in
(20 mils), and higher_ luirtherran-we, blow molding in conjunction with tnonolayer and/or multi layer
coextrusion technologies lay the groundwork fur several applications. Advantageous properties of the
blow molding products may include clarity, strength, tearability, optical properties, and toughness, to
name a few_ Applications may include food and retail packaging, industrial packaging, and
non-packaging applications, such as agricultural films, hygiene film, and so lin-th_    "flue cast film
process may differ from the blown film process through the Fast quench and virtual unidirectional
orientation capabilities. These characteristics allow a cast film line, for example, to operate at higher
production rates while producing beneficial optic s. Applications in food and retail packaging take
advantage of these strengths. Finally, polyolefin pellets may also be supplied for the extrusion coating
and lamina lion_ industry.     Ultimately, the products and components Formed from polyolelha (e.g.,
polyethylene) pellets may be further processed and assembled fly distribution and sale to the
consumer. For example, a polyethylene milk bottle may be filled with milk for distribution to the
consumer, or the fuel tank may be as Sarn b led into an auto tuo bile for distribuition and sale to the
consumer. IV. F,x;_maples ofPolynaers Prepared 15 sing the Catalysts of the Present Techniqnes
Without intending to be limiting, ethylene polymers prodLuiced -using catalyst compositions of the
present techniques may be characteri:ced by higher conionomer incorporation than may be observed
when using tightly-bridged masa-metallocene catalysts without a cyclic bridging moiety connecting the
two 115-cyclopentadienyl-type ligands. This may be demonstrated by the polymerization 251_113.5
shown in Table 1. TARTT I Fixem )1ary Poly hen ration Runs 
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Activity   A feral ocene  1-  Activity 
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1 ddexene 1-1dosene (2. Ptg Run  (0111101 x Time T-Texcnc Solid PR (shirsholt hugyl) (butyl) CTS0/
No.* Metallocene 10 3) (min) (5) 
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(5) hr)  (sit 33) hr) 1 1-1 0.94 30 10.0 130.0 4255 0.69 2.03 2600 2 1-2 0.95 
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45 10.0 123.0 2807 0.66 1.97 1707 3 C-1 0.94 240 10.0 116.0 532 0.37 1.11 290 4 
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C-2 0.94 37 10.0 132.0 3450 0.64 1.39 2141      TAF31- 1 -camtinned   
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1.8618)31,wx PWITE881-wation Runs   115161 8/10.. NIetallocene 8461.1116466 (684(4.1 x 10 3)
wc (min) TTo,to,nSoIidIPF (8)(g) p./naniol, 18) 1-H ow: 64 (1411,1) (31011318) 
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-Hcxent (151/WI ) (wt "to)   0T95 47 10.0 12 40 2688 (T56 1.66  T-1 0_04 21 2110 125_0 6079 2.05 
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5.00  1-2 0.05 25 20.0 116.0 5053 1.02 5.54    250 20.0 98.0 511 0.91 
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2.68   0.04  3220.0 137.0 3089 1.43 4.17    17 20.0 139.0 2688 1.26 
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3.69 II I-1 0_94 19 30.0 128(0 6719 3128 9.13 12 1-2 0.05 22 30.0 124.0 5742 3.02 
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8.53 13  0094 130 30.0 11810 982 2.33 6.69 14  0_94 19 3110 12441 6719 1442 
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6094 15  0.05 30 30.0 121.0 4211 1.06 5.67   -An 11618(ntrWmi1055 w0x c.48141x(1645w SO' CT;
615:618:6418 34C) pti pro556te(4,1wIttu illwx8/104 IC/1) 61x.5611mic.151661154 ancl 0.5 1131110i
MBA.    Runs 1, 2, 6, 7, 11, and 12 in Table 1 show results that may be obtained for polymers made
using exemplary catalysts in accordance with the present techniques. The specific metallocene
structures used, 1-1 and 1-2, are shown in PIC:L-1, which correspond to the identification given in the
column labeled "Meta nacelle," in Table 1. In comparison, Runs 3-5, 8-10, and 13-15 in "Fable 1 show
comparative results that may be obtained for polymers made from a catalysts that do not have a cyclic
bridging moiety connecting the ri 5-cyclopentadienyltype ligands. The metallocene structure used for
these runs is shown in FTC:. 2 as structures C-1, C-2, and C.-3. Comonomer Incorporation    The
catalyst compositions of the present techniques may have better comonomer incorporation than
ansa-metallocene catalyst systems that do not have a cyclic bridging moiety connecting the two
ns-cyclopentadienyl-type ligands. This may be shown by the comparison of Runs 1 and 2, in Table 1,
with I-tuns 3, 4, and 5.    In Runs 1-5, 10 grams of 1-hcxene were added to the reactor as a
comonomer. The amounts of comancaner incorporated into the final polymer are shown as ml 'A and
wt rito of 1-hexene in Table 1. In all cases, the amount of 1-hexene incorporated. into polymers made
13 sing the exemplary catalysts, shown in Runs 1 and 2, was higher than for comparative
ansa-metallocenes, shown in Runs 3-5.    Further comparisons are shown in Runs 6-10. In these runs,
20 grams of 1-11exene comonomer were added to the reactor. As shown by Runs 6 and 7,
c01110110111Cr inc orporation for the exemplary catalysts of the present techniques was also
improved over the comparative naetallocenes shown in Runs 8-10. 
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Another comparison is shown by Runs 11-15. In these runs, 30 grams of 1-hexerie corramorner were
added to the reactor. Again, the exemplary polymers of the current techniques showed. higher
conacammer incorporation than the comparative metallocenes listed in Runs 13-15. Thus, at al levels
of co-monomer tested, exemplary catalyst compositions of the present techniques were more effective
at incorporating comonomer. NC Procedures A. Pore Size F3etermination       Quantachrome Auto
sorb -6 Nitrogen Pore Size Oistribution Instrument was 135 ed to determine specific surface area
("surface area") and specific pore volume ("pore volume"). This instrument was acquired from the
Quantachrome Corporation, Syosset, N.Y.  B. Men surement of Comonomer Incorporation by C-13
NMR   Hexene incorporation was obtained from measuring butyl branch content in the copolymers on
a Varian Inova-500 spectrometer using classical '3C NMR spectroscopy techniques as previously
described [see Randall, J. C., Hsieh, E. T., NMI? and Macromolecules; Sequence, Dynamic, and
Domain Structure, ACS Symposium Series 247, J. C. Randall, Ed., American Chemical Society,
Washington D.C., 19841. The samples were prepared at 135C. at 10 wt % in a 1.6 mixture of
1,4-dichlorobenzene-d4 (DCB-d4) and 1,2,4-trichlorobenzene (TCB). The spectra were acquired at
125 C. using a 900 pulse width, a 10 second pulse delay and full nuclear Overhauser effect.
Decoupling was accomplished using a Waltz-16 pulse sequence.  C. Preparation of a Fluorided
Silica-Alumina Activator-Support   The silica-alumina used to prepare the fluorided silica-alumina
acidic activator-support in this Example was typically Davison silica-alumina obtained from W.R. Grace
as Grade MS 13-110, containing 13% alumina, having a pore volume of about 1.2 cc/g and a surface
area of about 400 m2/g. This material was fluorided by impregnation 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. Calcination was performed by placing about
10 grams of the alumina in a 1.75- inch quartz tube fitted with a sintered quartz disk at the bottom.
While the silica was supported on the disk, dry air was blown up through the disk at the linear rate of
about 1.6 to 1.8 standard cubic feet per hour. An electric furnace around the quartz tube was
employed to increase the temperature of the tube at the rate of about 400 C. per hour to a final
temperature of about 500 C. At this temperature, the silica-alumina was allowed to fluidize for about
three hours in the dry air. Afterward, the silica-alumina was collected and stored under dry nitrogen,
and was used without exposure to the atmosphere. D. Preparation of a Sulfated Alumina
Activator-Support Sulfated alumina was formed by a process wherein alumina was chemically-treated
with a sulfate or bisulfate  source. Such a sullate or bisullate source may include, for example, sulfuric
acid, ammonium sulfate, or ammonium b istal fate. In an exemplary procedure, a cornmerc.:ial alumina
sold as         Cra cc Alumina A was SU Eal ted by impregnation with an aqueous solution containing
about 15-20(X) (N11.4.),SO4. or             "rhis sitlfated alumina was calcined at 550 C. in air (240 C'../h
ramp rate), with a 3 b bold period at this temperature. _Afterward, the alumina was collected and
stored under dry nitrogen, and was used without exposure to the atmosphere. E. Preparation
Procedures for Exemplary Metallocenes and Polymers Compomads F-3,and C-1 (shown in FICI. 2)
were 
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prepared using the procedure disclosed in TJ.S . Pat. 14o. 7,064, 225, herein inctuded by reference in
its entirety. Preparation procedures for the other fuhrenes whose chemical structures are shown
below, are presented in the following subsections: I (,-1), 2 (U-2), 3 (F-4), and 4 (U-5).  2-( buten- 3-y1
)- 6 ,6- p cntanctlay lencp cntafiatvc.nc F-2  2 - (i3-utcia-3 -y1) 6 ,6 - I el mine' hylerleperll afi, I verte
6,6- ( b la Len- 3 -ylniethyl ) ftiFvcnc F-4  2-( biatcn- 3-y1)- 6 ,6 - diphe rty I peril 1-1,1-v erie
-continued F-5 
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2-(5e en-4-y )-6,6- dip he rly I perti Itch I ve lie    _A.1-ter preparation, these fulvenes were used to
prc--pare the ligands whose chemical structures are listed below, as presented in the fi-illowing
subsections: 5 (I --1), 6 (1,-2), 7 (I ,-4), and 8 (L-5).  -con tinned  T,-5 t-13Lt   Mixture of isomers
Procedures using ligands L-1, L-2, L-4, and L-5 to prepare the exemplary metallocenes are presented
in subsections 9 (1-1) and 10 (1-2), and procedures for preparing comparative metallocenes are
presented in subsections 11 (C-2) and 12 (C-3). Subsection I 3 presents exemplary procedures for
preparing polymers using the catalyst compositions of the present techniques.     1 in less specified
otherwise, reagents were obtained from Aldrich Chemical Company and were used as received. 2,7-
Oi-tert-butylfluorene W a s purchased. from L)egussa. The Crignard reagent CpMgC21(1DA in 'El-1F)
was purchased front Houlder Scientific Company. Zircortinut(IV) chloride was purchased front Strem.
"the solvent tetrahydrofuran rfnE was distilled from potassium, while anhydrous diethyl ether,
dichloromethane, n-pentane, and toluene were purchased from Fisher Scientific Company and stored
over activated alumina. All solvents were degassed and stored under nitrogen. Reported preparations
were not optimized. 1. Synthesis of 2-(bu t en-3 -yl )- 6,6-p ent amellaylenepenta Iii lvene (F-1)     "lb
2-(buten-3-yl)cyclopentadiene (0.127 mol) dissolved in methanol (50 ml-) was added cyclohexamnie
(12 g) followed by pyrrolidine (17 ml,) at 00C The mixture was kept at 00C for an additional 30
minutes, then warmed up to room temperature and stirred overnight. 'the reaction was quenched With
a mixture of ice and acetic acid. The mixture was extracted with pentane. The organic layer -was
washed. with water and dried over nalaydrous sodium saltine. Removal of the so lventunder va ctl urn
gave a brown oil. The crude product 
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was purified_ thnnigb silica .1 rirrin with lleptane. The desired product (13 g, 54-4, yield) was obtained
as a yellow liquid.                                2. Synthesis of
2-(birtc-u-3-y1)-6,6-tetrangc."-thylenc.-,pc.,-ntafulvene     'To 2-(buten-3-y1)cyclopentainiene (75
mmol) dissolved in methanol (25 nil,) was added cyclopentanone (7.6 g) Followed by pyrrolidine (12.8
nth) at 0 C. The mixture was kept at 0 C. for an additional 5 minutes, then warmed. -up to room
temperature and stirred. overnight. 'F he reaction was quenched with a mixture of ice and acetic acid_
The mixture was extracted with pentane. 'The organic layer was washed with water and dried over
-nalaydrous sodium sulfate. R_ernoval of the solvent under vacuum gave a brown oil. The c_ru de
product was purified throu ph silica column with beptanc.-,. The desired product (7.9 g, 56.6(Yo yield)
was obtained as a yellow liquid.                          3. Synthesis of 2 - ( binten -3-y1)-6,6-di p Igeny I p nt
atutivene (F -4)          4-bromo-1-butenc.: (100 g of 97 wt 'Yu, 0.719 _mei) was added.
cyclopentadienyl magnesium_ chloride: (800 mL, of 1 TA solution in_ .111_1, 0.8 unol) at 00C. in 50
minutes After stirring for an additional 15 rn inntes at 0 C., the mixture was warmed to room
temperature_ "Niter stirring overnight, the reaction was quenched with a _mixture or ice and water.
The mixture was extracted with pentane. The organic layer was washed with water and dried over
anhydrous sodium_ sulfate. R_e_moval of the solvent under vacuum at room temperature gave a
brown liquid (94.2 g, crude buten-3-ylcyclopentadiene). To the crude bnten-3-ylcyclopentadiene (94_2
g) dissolved in TT-TF (500 was added n-F3u.T (70 int of 10 T,4 in laexanes, 0.7 rnol) at -78 C. Tile-
mixture was warmed up to room temperature and stirred overnight. The anion solution was added to
be_n_ophenorte (133.8 g, 0.735 rnol) dissolved in TTIF (400 _nth) it 0 C. in 35 minutes. 'The mixture
was warmed to room temperature and stirred. overnight. -The reac - tion was quenched with a mixture
of ice and 100/014C1 aqneons solution. The mixture was extracted with pentane_ The organic layer
was washed with water and dried over anhydrous sodium sulfate. _Removal or the solvent under
vacuum at 40 C. gave a dark_ red viscous oil. The oil was dissolved in heptane and filtered through
silica gel. The product was collected. by washing the silica gel with 5-1094, CIT,C1-, in heptane_
Removal of the solvent gave the desired pro duct (152 g, 74_4A, yield -based on 4-1grorno- I -lmtene)
as a dark red viscous oil.                           4. Synthesis of 2 -(p ent en-4 -y1)-6,6 - plaerty lp ta Lit I
vent,- (1-.' -5)     'To 5-hrorno-l-pentene (-100 g of 95 wtIDA,, 0.637 mop was added cyclopentadienyl
magnesium chloride (700 ml, of 1 T4 solution in 44-11-', 0.7 mot) at 0 C. in an hour. After stirring for an
additional 30 minutes at 0 C., the mixture was warmed to room temperature. After stirring overnight,
the reac lion was quenched with a mixture of ice and water. -The mixture was extracted with pentane.
-The organic layer was washed with water and dried over anhydrons so dim sultate_ Removal of the
solvent under vacunrn at room temperature gave a yellow-brown liquid (98 g, crude
penten-4-ylcyclopentadiene). "lb the crude penten-4-yl-cyclopentadiene (89 g, cu. 0.579 rnol,
theoretical rituaaber-(89/98)*0.637) dissolved in 44-11-' (500 nth) was added n-fluT__,i (60 mE, of 10
DA in hexanes, 0_6 _mei) at -78 C_ The mixture was warmed up to room temperature  and stirred
overnight. The anion solution was added_ to benzophenone (110 g, 0_604 mol) dissolved in TT IF
(500 nal-) at 0 C. in 25 I-inmates_ The mixture was warmed to room temperatiare and stirred
overnight_ The reaction was quenched with a mixture of ice and 1094) 11C71 aqueous solution. The
mixture was extracted with pentane_ The organic layer was washed with water and dried over
nalaydro us sodium sulfate. 12_emoval of the solvent under vacuuna at 40 C. gave a dark_ red
viscons oil. The oil was dissolved in heptane and filtered throngh silica gel_ The precinct was collected
by washing the silica gel with 5-10970 C1-1.,C1., in laepturie. R_ernoval of the solvent gave the
desired product (145 g, 8494) yield based on 5-bronno-1-pentene) as a dark red viscous oil_ 5.
Synthesis of 1 -(3 -( b ut en-3 -yl )cyc loperitacli caa-1- y1)- l -(2,7 -d i -tett- bit ty 1ft-tic-wen -9-yl)cyc 1
o e-xane (T I)     To 2,7-di-tert-butyltbaorene (18 g, 65 min 1) dissolved in Et-,O (100 nal-) was added
n-aul-i (6.8 nal- of 10 PA in hex-one s, 68 namol) at 0 C. The mixture was warmed to room
temperature and stirred overnight_ The anion so hati on was added to 2 -(b itt en-3 -y1)- 6, 6-p entarne
dayl enepent a ful vette (F- 1 ) (13 g, 65 nanaol) dissolved in Ft,C3 (100 nil-) at -78 C. in 5 minutes The
mixture was warmed to room temperature and stirred for four clays. The reaction was quenched with a
mixture of saturated 141-1,4(21 aqueous solution. "flac mixture was extracted with Ft-,0_ The organic
layer was washed with water and dried over anhydrous sod ham sialtine. -Removal of the solvent
-under vacuum gave a red-brown oil. The crude product was purified through silica column with 5-10X)
04-,C1-, in heptane_ A mixture of isomers for the desired product (24.1 g, 77.6943 yield) was obtained
as a viscous oil. 6_ Synthesis of 1 -(3 -(buten-3 -yl)cyc I opentadi en-1 - y1)-1 -(2,7 -di -tert- buty I Mao
ren -9-y I )cyclopentane (1--2)     To 2,7-di-tert-butyllluorene (11.8 g, 42 4 namol) dissolved in Ft-,C)
(100 nal-) was added n-13ail-i (4 5 nal- of 10 DA in hexanes, 45 1111710 I) at 0 C. The mixture was
warmed to room temperature and stirred overnight. Ihe anion solution was added to 2- (bn ten-3 -yl)
-6,6 -tetra methyl eneperata fulverae (F-2) (7.9 g, 42.4 numb dissolved in Ft,C) (20 nal-) at -78 C. The
mixture was warmed to room temperature and stirred over-taiga at. Ihe reaction was quenched with a
mixture of saturated TVTLI,C1 aqueous so Inn on_ The in was extracted with Ft-,0. The organic layer
was washed with water and dried over anhydrous sodinin sulfate. aemoval of the solvent under
vacniam gave a viscon s The crude product was purified through silica column with heptane_ A
mixture of isomers for the desired product (5.4 g, 27.79z yield) was obtained as a viscous 
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7_ Synthesis of 1 -(3 -(buten-3 -yl)cyc I opentacLi en-1 - y1)-1 -(2.7-di -t ert-b u t yl fl u oren-9-y1)-1.1
_methane (1--4)     Th 2,7-di-tert-butylfluorene (91.7 g, 0.33 nuol) dissolved in Ft-,0 (500 ml ,) was
added n-TliaT i (35 rid , of 101\4 in hexanes, 0.35 mo 1 ) at 0 C. Ihe nil xt arc was warmed to roona
tempera - I Ure. and stirred overnight. The anion solution was added to
2-(Enten-3-y1)-6,6-diplienylpentafialvene (104 g, 0.366 mei) (F-4) dissolved in Ea20 (200 nal-) --tt 0 C.
in 35 minutes. After stirring for an additional 30 minutes at 0 C., the naixture was warmed to room
temperature and stirred overnight_ The reac - tion was quenched with a in ixture of ice and 100,4,
T-TCH agate-  ens solirtion_ The mixture was extracted with CT-T.,C.1.,_ The organic layer was
washed with water and dried over anhydrous sodium sail fate. Removal o 1- the solvent under vacuum
gave a pale brown solid.. The solid was washed with 'reptant:: and dried under vacuum. A. mixture of
isomers for the desired product (142 g, 76.5"4., yield) was obtained as a white solid. S. Synthesis of
1-(3-(pentert-4-yl)cyclopentadien- I - y1)-1-(2,7-di-tert-butylfluo ren-9-y1)-1,1-cliplaerryl- methane
(1_,-5)      "To 2,7-di-tert-butylthrorene ( I 25.1 g, 0_45 -mop dissolved in Et.,0 (700 nab) was added
n-.13u1_,i (47 nab of 10 NA_ in h_exa ties, 0.47 _mop at 0 C. -che mixture was warmed to room_
temperature and stirred overnight. The anion solution was added to
2-(penten-4-y1)-6,6-diphenylpentafulvene (145 g, 0.487 mol) (F-5) dissolved in Et.-,0 (300 nab) at -78
C. in 10 m invites_ The mixture was warmed to room temperature and stirred overnight. The reaction
',vas quenched with a mixture of ice and 10% IIC1 MILIeC3T1S solution. The _mixture was extracted
with E.t,C). The organic layer was washed with water and dried over anhydrous sodium sulfate.
Removal of the solvent tinder vacuum gave a pale brown solid_ The solid was washed with heptane
and dried tinder vactuurn_ A mixture of isomers for the desired product (191.7 g, 749-6 yield) was
obtained as a white solid. 9_ Synthesis of cyc lohexyl icleneeti 5 - (3 -(briten -3 -yl )
cyclopentadien-1-ylidern.,-)eris-2,7-di-tert-brityllluo- ren-9-ylideneirconinrn dichloride (1- I in F10. 1)
1-(3-(buten-3-yl)cyclopentadien-l-y1)- I -(2,7-di-tertbutylfluoren-9-yl)cyclohexane (1_,-1) (14.8 g, 31
ruarrol) dissolved in FtC) (I 50 ml) was slowly added. a-nrir A (6.8 ml, of 10 _NA in hexanes, 68 ininol)
at 0 C. The mixt tire was warmed to roorn temperature, stirred overnight, and then added via cannula
toZrCT.14_ (8.2 g, 35 runnol) suspended in a mixture of pentane (140 ml,) and Ft:20 (20 ml.) at 0 C. in
10 minutes. The mixture was warmed to room temperature, stirred overnight, and evacuated to
dryness_ The residue was stirred in pentane (150 nab) and centrifuged. Tlae supernatant was
discarded. The remaining solid was washed a second time with pentane (50 na1_,I), then extracted
with methylene chloride and centrifirged_ The solution was taken to dryness -under vacuum to give an
orange-red solid (7.8 g, 39.49-6 yield). 10. Synthesis of cyclopentylickaac_tris -(3 -( b ut en-3 -yl )
cyclopentacli e/1- 1 -y1idene)(-r(-2,7-di-tert-butylfluo- ren-9-ylidene)xirconharn dichloride (1-2 in FICI_
1)      To 1 -( 3 -(hu ten-3 -yl)cyclopentadien-l-y1)-1-(2,7-di-tertbutyllitioren-9-y1 )cyc lopentane (1_,-2)
(5.4 g, 11.6 murrol) dissolved in Ft.,0 (60 ml,) was slowly added n-ThrT (2.4 ml, of 10 NA in liexames,
24 in inn 1) at 00 C. The mixture was warmed to roorn temperature, stirred overnight, and Gaeta
added via cannufr to Zr(21,_ (3 g, 12.9 runnol) suspended in a mixture of pentane (60 mr__,) and
Ft-,C) (10 nal__,) at 0 C. The mixture was warmed to room temperature, stirred overnight, and evac
uated to dryness. The residue was stirred in pentane (50 nab) and centrifuged. 'The supernatant was
discarded. The Tema in-tug solid was washed a second time with pentane (50 no_1_,). then extracted
with methylene chloride and centrifuged_ 'The solution was taken to drync,-ss under vac Ltrun to give
an orange-red solid (4.3 g, 59.4%0 yield).  
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1 1 Syntlies is of dip limy 'methyl icleneeri )cyc lopentadien- 1 -y) fin - 2, 7-di -tert- but - tylltutoren-
9-yliclene izi min-limn dichloride (C-2 in IT2 ) -1131 -(3 -(bliten -3 -y 1 icy c/lopentadien- 1 -y1)- I -(2,7
-cli -tert- bitty 1 11 norm -9-y 1,)- 1,1 -clip lieny 1 methane (40_5 g, 72.1 nantol) ( 1 -4 ) snspended
(400 ml ,) was slowly added n - EMI ( 1 5 .2 nal-, of 10 N/f in hex/tries, 152 trim/A ) at 0 C. The
rni,ctrire was warmed to rocan temp era In re, stirred overnight, and then added via canna Lila to
7,-r-CT. Li_ (1 5.5 g. 79_4 nirtiol) slispended in    na i ?<Tare oF pentane (400 ml,) and ,C (30 m T ) at
0 (C in 1 5 mi inates ixtiare was warmed to room tempera-a-me, stirred fin- one clay, and e.t.a...tea to
dryness_ The residue was stirred in pentane (300 nil-) ancl cent/nal god The supernatant was
discarded. The remaining solid was washed a second time Tif it la pentane (1 00 nil ,), then extracted
with metlay lene chloride and dentrittigea l lie solution was taken to dryness macler- N/LIC LILila-I to
give an orange-red solid (-3 8. I g, 73 .324) 12_ Synthesis of diplienylnietlayliclatiefirt s -(3 -(pecitem
4-yl)c,y-clop etita clien- 1 -yliclem)(qs - 2, 7- di -tert-lin - ty Ill liciren- 9-y 1 ideitel)..1--con i Inn
dichloride (C-3 in EICIT. 2)     To 1 -(3 - (p ancti-4 -yecyclo penta dicta- 1 -yl)- 1 - (2, 7 -di -ta-tlan tylfin
oren-9-y1)- 1 ,1 -cliplienylnietharte (34_7 g, 60 2 unit (T -5) dissolved in -Rt_o (loo ,) was slowly added
n-1=3 LIT ,i (52 ml, of 2.5 N4 in hex/nes, 130 namol) at 0 C. fhe mix/Mtn was warmed to room
temperatme, stirred overnight, and then added via cainin la to rCl (14.7 g, 63 _1 minol) sri spaidcd in a
/Tincture of pentane (250 _nth) and 1LE-,0 (20 nif,) at 0 C. in 30 rim barites . The in ix Mtn was
wariated to room tempera titre, stirred for one day, and eyaditated to dryness_ The re si anc was
stirred in pentane (200 In 1 .) and centritiaged. stapernatant was discarded. The remaining solid was
washed a second time with pentane (50 nil-) then extracted with methylene chloride and centri Raged_
The solution was taken to dryness int vac lama to give an orange-red sol id (33.5 g, 75 1 3 Po ly meta
-cat ion T'rcicediares br bxturtip les 1 -1 5     fixamples 1-15 in Table 1 illustrate ethylene
polymerization runs perinatica in a one-gallon (3 .755 liter)  stainless steel auto cI me reactor at
variOlati tempera-Mins, using two liters of isobittaine dil nen t and an aim-it-intim alkyl coc nal ys t and
scavenger NI hydrogen -was added. TYlet alio cone so In - Mins (2 nagaTif,) were typically prepared
by dissolving 30 _mg of the nicaal Nicene in 1 5 naT of tol iene A typical polynterization procedure is
as follows_ -me a limaintaii alkyl comp/mad, treated solid OXiC1C, and the ibetanocene sointion were
added through a charge port, typically in that order, while -venting isobittatie apor.The appropriate
amount of coniono - ma-, as shown in Tab lc- 1, was acid --rbe charge port was closed and-two liters
of iso bittane were added_ -riae contents of the reactor were stirred and heated to the desired rrin
tempera-tare. bday lene was tea on demand to maintain the spec if led pressme for the specified
length of the polymerization run. The reactor was maintained at the desired I'll la lcnmperal Lire throin
gh the riai by an antonia Ted heating and. cooling system.     After the allotted polymerization time,the
ethylene how was stopped, and the reactor slowly depressLiraand opened to recover a granular
-polymer In all ca ses, the reactor was c lean with no indication of any wall scale, coating or other
limns of InLIling_ mbe polymer was then renamed and weighed, giving the results listed in Tables 1
above_ While the invention may be snsc eptible to vanici its modifi- cations and a ft man five forms,
specific embodiment s have 
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been shown by way of example in the drawings and arc described in detail hem in lowever, it should
be understood that the invention is not intended to be limited to the -particular fins presented. Rather
the invention is to cover all midi ti - cat ions, eimivalents and alternatives fall ing within the spirit and
scope of the invention as defined by the following appended claims_  What is claimed is     1. A
catalyst composition comprising the contact product of an ansa -meta llocene and an activator,
wherein: the ansa-metallocene comprises a compound having the formula: (X )(X7)(X3)(X4)M1 ,
wherein: T?.41 comprises titanium, zirconium, or hafnium; Xl and X2 independently comprise a
substituted cyclo- pentadienyl, a substituted indenyl, or a substituted fluorenyl; one substituent on XI
and X2 comprises a bridging group having the formula E(Cyc), wherein E is a carbon atom, a silicon
atom, a germanium atom, or a tin atom, and E is bonded to both X' and X2, and wherein Cyc is a
substituted or an unsubstituted carbon chain of from 4 to 6 carbon atoms in length with each end
connected to E to form a ring structure; one sub stituent on X' or X2 comprises a substituted or an
unsubstituted alkenyl group; 
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X3 and X4 independently comprise: F, Cl, Br, or I; a hydrocarbyl group, H, or BFla; a hydrocarbyloxide
group, a hydrocarbylamino group, or a trihydrocarbyIsily1 group; OBR:42 or S0312:4, wherein R:4 is
an alkyl group or an aryl group; and the activator comprises: an activator-support comprising a solid
oxide treated with an electron-withdrawing anion, a layered mineral, an ion-exchangeable
activator-support, or any combination thereof; an organoaluminoxane compound; an organoboron
compound or an organoborate compound; or any combination thereof     2. The catalyst composition of
claim 1, wherein any additional subs tituent on the substituted cyclopentadienyl, substituted indenyl,
substituted fluorenyl, or substituted alkyl group is independently an aliphatic group, an aromatic group,
a cyclic group, a combination of aliphatic and cyclic groups, an oxygen group, a sulfur group, a
nitrogen group, a phosphorus group, an arsenic group, a carbon group, a silicon group, a boron group,
a halide, or hydrogen.     3. The catalyst composition of claim 1, wherein if neither X3 nor X4- is a
hydrocarbyl group, H, or BH,, and the activator does not comprise an organoaluminoxane compound,
then the catalyst composition comprises the contact product of the ansa-metallocene, the activator,
and an organoaluminum compound having the formula: A1(X5)"(X6)3_", wherein: X5 is a hydrocarbyl;
X6 is a halide, a hydride, an alkoxide or an aryloxide; and n is a number from 1 to 3, inclusive.  4. The
catalyst c of/1LpOs ition of claim 1, wherein: the ansa-nnetallocene comprises a corn pound having
the -1-brnml    
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1\41 is zircon rum or liatn; X' and r are independently F, Cl, Hy, or I; F. is C-7. or Si; n is an integer
from I to 3, inclusive; le' and le" are independently a lay dr carby I group, a trilaydroca-trbylsily1 group,
or hydrogen; bond 'a' is a single or a double bond; in is an integer from 0 to 10, inclusive; and R.' and
12a" are independently a hydrocarbyl group, or hydrogen; and the activator is an activator-support
comprising a solid oxide treated with an electron-withdrawing anion, wherein: the solid o-xide is silica,
altirn Ina, sil ica-altirn Ina, abum - nop hosp hate, alum imam phosphate, zinc a harn i nate,
beteropolytungstates, titarria, zirconia, rnag-nesiI, horia, zinc ox ide, in ixed o-x i des thereof, or any
coin - h inati on thereof; and the electron-withdrawing anion is fluoride, chloride, bromide, iodide,
phosphate, triIlate, hisulIhte, sul IThuoroborate, fittoro stilt-ate, trifinoroacetate, plao s - plaate,
fluorophosphate, fluor zirc onatc_,, fluorosilic ate, fluorotitanate, permanganate, substituted or   nsu b
stitutecl alk-anc.:snlfbnate, sub stiflitcd or ti nsu b - stit-utea arenesttlfbnate, substituted or
unsttbstituted a lIcyl sulfate, or any COM biriati on thereof     5. The catalyst composition of claim 1,
wherein the atisa - rnetallocene corn prises a compel:ma having the forninla:    R_3:8 1\ 41 is
zirconimn or hafn ham; 
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X-B and r are independently F, Cl, F3r, or I; U. is (17 or Si; n is an integer -from 1 to 3, incInsive; bona
-a- is a single or a double hood;  R 3-4 and P,3n are independently 1-1, methyl, ethyl, propyl,     allyl,
benzyl, butyl, pentyl, hayl, or trimethylsilyl, in is an integer from 1 to 6, inclusive; and R-1---/ and RS'
are independently a hydrocarhyl group Or hydrogen.      6_ The catalyst composition of claim 1,
wherein the ansametallocene comprises a compound having the formula:    1\41 is zirconium or
hafnium: X' and r4 are independently Cl, Fir, or 1; Li, is C7 or Si; -R3-4 and Ten are independently 11
or methyl; la is 1 or 2; bond 'a' is a single bond or a double bond; in is 1 or 2; and 
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12' and 12-1-n are independently 11 or t-butyl.      7_ The catalyst composition of claim 1, wherein the
ansameta llocene is or any combination thereof.      8. The catalyst composition of claimII, wherein the
organoalumainox-ine compound comprises: a cyclic alituainox.ane having the formula:   wherein R is a
linear or branc lied alkyl and n is an integer from 3 to about 10; a linear alum 1110 Xarl e 1mv ing the
Formula: R_1.1)  12 wherein 14 is a linear or branched alkyl and n is an integer From 1 to about 50; or
a cage alum inoxane having the -formula cx-4n in, wherein: na is 3 or 4; ex is equal to
n,4/(3)-n0(2)-1-n"(.4), wherein: n,,c,) is the number of three coordinate a lominum atoms:      is the
number of two coordinate oxygen atoms; and noeir, is the number of 4 coordinate oxygen_ atoms: 
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R.t represents a linear or branched terminal alkyl group; and HP represents a linear or branched
bridging alkyl group; or any combination thereof 9_ The catalyst composition of3, wherein: the alma
-metal lo CCITC: comprises     c orn b inati on thereof; the activator comprises a sulfated solid oxide;
and the organualmninum compound comprises trietlaylalumiiyurn, tri-n-hutylaharn i num, tri i sobutyl
&tun i num , or any combination thereof.  JO. "the catalyst comp si tion of claim 3, wherein: the an
so-metal locene corn p ri ses   combination thereof; the actir c:o trip ri set; sul Fated alumina; and the
orga noa lntnitnini compound comprises triethyla lnuni - taunt, tri-n-butylalurtainum, trii sob u ty
lalunainum, or any combination thereof. 



  ˚ 50

1111. "lhe catalyst composition according to claim 1, wherein: the alas a-noet allocene c onapris es a
compound having the rna    a3n P.41 is :zirconium or laallni urn; X' and X" are independently 11,
1311,4, methyl, phenyl, benzyl, neopentyl, trimethylsilylmethyl, CI I C'Me ,Ph; C'I I, SiMe,Ph; CI I
-,C'Pvle, CI I -,Ph; or CI L, SiMe,C7I ',Ph;  E is C or Si; n is an integer from 1 to 3, inclusive; a3'I and
R3-s are independently a hydro carbyl group, a trihydrocarbylsilyl group, or hydrogen; bond 'a' is a
single or a double bond; in is an integer from 0 to 10, inclusive; and    and 122 are independently a
hydrocarbyl group or hydrogen; and the activator comprises an activator-support comprising a solid
oxide treated with an electron-withdrawing anion, wherein: the solid oxide is silica, alumina,
silica-alumina, aluminophosplaate, alum inum phosphate, zinc alnminate, heteropolytungstates, titania,
:circonia, 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,
flu oroborate, fluorosulfate, trifluoroacetate, phosphate, fruorophosphate, flu orozirconate,
fluorosilicate, fluorotitanate, permanganate, substituted or unsubstituted alk.-9nesulIbnate, substituted
or unsubstituted arenesulfbnate, substituted or unsubstituted alkylsulfate, or any combination thereof 
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-1 2_ _Ao-1 ansa-a-lotal loc000 having a general foonfala of 


