
POLYMERIZATION CATALYSTS FOR 
PRODUCING POLYMERS WITH LOW MELT 

ELASTICITY 

BACKGROUND OF THE INVENTION 

The present techniques relate to the field of organonl.etallic 
compositions, olefin polymerization catalyst compositions, 
and methods for the 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 techniques, 
which are described and/or claimed below. Accordingly, it 
should be understood 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 vari­
ous monomers, such as alpha olefins, into chains of polymer. 
These alpha olefins are obtained from processing hydrocar­
bons, such as oil, into various petrochemicals. Different prop­
erties may be obtained if two or more different alpha-olefin 
monomers are polymerized to form a copolymer. Ifthe same 
alpha-olefin is used for polymerization, the polymer can be 
referred to as a homopolymer. As these polymer chains are 
developed during polymerization, they can form solid par­
ticles, such as fluff or granules, which possess certain prop­
erties and impart various mechanical and physical properties 
to end products comprising these polymers. 

Products made from polyolefins have 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. In particular, plastic 
products from polyolefin polymers (such as polyethylene, 
polypropylene, and their copolymers) are used for retail and 
pharmaceutical packaging (such as display bags, bottles, and 
medication containers), food and beverage packaging (such 
as juice and soda bottles), household and industrial containers 
(such as pails, drums and boxes), household items (such as 
appliances, furniture, carpeting, and toys), autornobile com­
ponents, fluid, gas and electrical conduction products (such as 
cable wrap, pipes, and conduits), and various other industrial 
and consumer products. 

Many methods are used for the manufacture of- products 
from polyolefins, including but not limited to, blow-nl.olding 
injection-molding, rotational molding, various extrusion 
methods, thermoforming, sheet molding and casting. The 
nl.echanical requirements of the end-product application, 
such as tensile strength and density, and/or the chemical 
requirements, such as thermal stability, molecular weight, 
and chernical reactivity, typically determine what type of 
polyolefin is suitable and provides the best processing capa­
bilities during manufacture. 

BRIEF DESCRIPTION OF THE FIGURES 

Advantages of the techniques may become apparent upon 
reading the following detailed description and upon reference 
to the drawings in which: 

FIG. 1 represents the chemical structures of exemplary 
rnetallocenes in accordance with e1nbodin1.ents of the present 
techniques; 

FIG. 2 represents the che1nical structures of reference nl.et­
allocenes; and 

FIG. 3 represents a log-log graph of tan o vs. nl.olecular 
weight, as obtained from rheological n1.easure1nents inade on 
the exe1nplary ethylene homopolymers described in 
Exan1.ples 3-24. 

1 0 



DETAILED DESCRIPTION 

Catalysts that rnay be used in the polymerization o:f olefin 
monomer to polyolefin, e.g., ethylene to polyethylene, 
include organo1netallic complexes, such as organic com­
pounds containing metal atoms, such as titaniu1n, zirconium, 
vanadium, chromium, and so on. During polyn1.erization, 
these catalysts temporarily attach to the monomer to :form an 
active center that facilitates the sequential addition o:f n1.ono­
mer units to :form the longer polymer chains. The catalysts can 
be combined vvith a support or activator-support (e.g., a solid 
oxide). In addition, the inetal catalyst and solid oxide inay be 
blended vvith a cocatalyst to further activate the catalyst :for 
polymerization. Catalyst co1npositions o:f organometallic 
complexes may be use:ful both :for homopolymerization o:f 
ethylene and :for copolymerization o:f ethylene vvith comono­
mers such as propylene, I -butene, 1-hexene, or other higher 
a.-olefins. 

Polyethylene (PE) produced by any nun1.ber o:fthese orga­
nometallic catalyst compositions generally has low melt elas­
ticity. Melt elasticity may be considered as the tendency o:f a 
molten polymer to flex or distort. While in some circum­
stances, melt elasticity may be useful, such as :for improving 
bubble stability during the :formation o:fblovvn film, in some 
cases melt elasticity causes less than ideal processing capa­
bilities. For example, melt elasticity may be associated vvith 
film orientation, melt :fracture, and haze. A polymer that has 
high melt elasticity may develop significant orien.tation dur­
ing blovvn film processing, leading to anisotropic properties. 
In such a film, the tear strength inay be too lovv in one direc­
tion. In other cases, a polymer vvith high melt elasticity may 
exhibit severe melt :fracturing, in vvhich the polymer has a 
very irregular or distorted flovv during extrusion :from a die 
:face, leading to uneven shapes or sur:face irregularities. In 
certain cases, the polymer flovv may even be intem1pted, as 
the polymer extrudate breaks vvhen it is stretched :from the 
:face o:fthe die. Even in less severe cases, melt elasticity may 
contribute to irregular flovv during processing, giving a high 
sur:face haze to the finished article. 

One o:f the organometallic complex catalyst syste1ns to be 
developed in recent years has a inetal center attached to a 
5-member carbon ring. These systen1.s are called metal­
locenes. One common type o:f metallocene system has a 
bridging group connecting tvvo five me1nbered rings, vvhich 
are attached to each side o:f a inetal aton1. to :for1n a sandvvich 
type o:f structure. These are tenned bridging or ansa-metal­
locenes. While metallocene syste1ns inay be inore active than 
other types o:f catalysts, and ansa-n1.etallocenes n1.ay :fonn 
desirable catalysts :for son1.e purposes, they n1.ay tend to pro­
duce polymer vvith high inelt elasticity vvhich, as discussed 
above, may not provide the best filn1. per.formance. 

A :further challenge in the development o:f metallocene 
systems :for the polyn1.erization o:f ethylene is the production 
o:fhigh molecular vveight resins. So1ne inetallocene systems 
may produce resins vvith lovver n1.olecular vveights than pro­
duced using other types o:f polyolefin poly1nerization cata­
lysts. Hovvever, the high molecular vveight resins produced 
vvith some o:f these other types o:f poly1nerization catalysts 
may display high inelt elasticity, vvhich inay lead to undesir­
able film properties in certain product applications. Further, 
some o:f these other catalysts n1.ay be less eflicient at incor­
porating co1nono1ners. In contrast, tightly bridged 11.1.etal­
locenes o:f:fer excellent co1nonon1.er incorporation, but inay 
still generate resins having too high of- a inelt elasticity :for the 
desired product application. What is desirable :for certain 
product applications is a catalyst systen1. that vvill yield high 
molecular vveight resins having lovv rnelt elasticity. 
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Metallocene catalyst syste1ns offer a significant ability to 
tailor resins by combining multiple metallocene catalysts in a 
blended system. This ability to tailor resins n'.lay be useful in 
the production o:f1nulti-modal resins. For exainple, the physi­
cal properties o:f such resin blends may be enhanced by higher 
incorporation o:f co1nonomer in the high molecular weight 
chains versus the lower molecular weight chains. When used 
in a inixed inetallocene catalyst system, the single aton'.l 
bridged n'.letallocene catalysts o:fthe present techniques inay 
yield high molecular vveight resins having low n'.lelt elasticity. 

One or more specific embodiments o:f the present tech­
niques will be described belovv. In an effort to provide a 
concise description of-these embodiments, not all :features o:f 
an actual implementation are described in the specification. It 
should be appreciated that in the development o:f any such 
actual implementation, as in any engineering or design 
project, numerous in'.lplementation-specific decisions nTust be 
made to achieve the developers' specific goals, such as co1n­
pliance vvith system-related and business-related constraints, 
vvhich may vary :fro1n one implementation to another. More­
over, it should be appreciated that such a development e:ffort 
might be complex and tiine consuming, but vvould neverthe­
less be a routine undertaking of design, :fabrication, and 
manufacture :for those o:f ordinary skill having the benefit o:f 
this disclosure. 

The present techniques include nevv catalyst compositions, 
methods :for preparing catalyst compositions, and methods 
:for using the catalyst compositions to polymerize olefins. In 
some embodiments, the techniques encon'.lpass a catalyst 
composition prepared by contacting a tightly-bridged ansa­
metallocene co1npound including an alkyl group substituent 
on one o:fthe cyclopentadienyl-type ligai'.lds, a support and/or 
an activator-support, and optionally an organoalUininum 
compound. The catalyst composition :formed as the contact 
product n'.lay include the contacted compounds, reaction 
products formed :from the contacted compounds, or both. In 
other embodiments, the present techniques include inethods 
:for n'.laking the catalyst composition presented herein, and in 
yet other e1nbodi1nents, the present techniques include n'.leth­
ods :for poly1nerizing olefins employing the catalyst co1npo­
sition presented herein. As described above, the designation 
o:fthe organoah1n'.linum compound as an optional con'.lponent 
in the contact product is intended to reflect that the organoalu-
1ninum con'.lpo-Lu'.ld inay be optional i:fit is not needed to i1npart 
catalytic activity to the catalyst composition, for exmnple, 
vvhen the n'.letal center already has a single-bonded carbon 
group as a ligand. To :facilitate discussion o:fthe current tech­
niques, the discussion contained herein is presented in sec­
tions. 

Section I presents catalyst compositions m'.ld co1nponents 
in accordance with embodiments o:f the present techniques. 
The catalyst con'.lpositions and co1nponents include exen'.l­
plary inetallocene co1npounds, optional orgm'.loah.unint.un 
co1npounds, activators/cocatalysts, nonli1niting exan'.lples o:f 
catalyst co1npositions, and olefin monomers that rnay be 
employed in the present techniques. 

Section II presents techniques :for the preparation o:f exen'.l­
plary catalyst co1npositions using the co1nponents discussed 
in Section I. These preparations include the precontacting of­
the catalyst co1npositions with olefins, the use o:f nTultiple 
precontacting steps, the con'.lposition ratios that inay be used 
in catalyst con'.lpositions o:fthe present techniques, exe1nplary 
catalyst preparation processes, and the activities o:f catalysts 
(in tenns of- poly1ner produced per vveight catalyst per hour) 
that inay be obtained :fro1n the catalyst co1npositions o:f the 
present techniques. 
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Section III discusses various processes that the catalyst 
con"1positions of the present techniques rnay be used in for 
polymerization. Particular processes discussed include loop 
slurry poly1nerizations, gas phase poly1nerizations, and solu­
tion phase poly1nerizations. Other inforination relevant to the 
i1nplementation of the catalyst co1npositions of the current 
techniques is also presented in this section, including plant 
syste1ns for feed to and poly1ner ren"1oval fron"1 the reactors, 
particular polymerization conditions, and exen"1plary prod­
ucts that may be inade from poly1ners forn"1ed using the cata­
lyst compositions of the present techniques. 

Section IV discloses non-lin"1iting exa1nples of- poly1ners 
prepared using catalyst compositions in accordance with 
embodiments of the present techniques. The exa1nples 
include data indicating the in"1provements in inelt elasticity 
that may be obtained for polymers made using exe1nplary 
catalyst compositions of the present techniques. The results 
that may be obtained for inolecular weights and catalyst 
activities using the exemplary catalyst co1npositions are also 
discussed. 

Section V presents experi1nental procedures that inay be 
used to inake and test exemplary catalyst co1npositions in 
accordance with embodi1nents of the present techniques. The 
techniques include a method that may be used for the deter­
mination of relative molecular weight using a standard gen­
erated from an absolute deter1nination of- rnolecular weight 
and a technique for the absolute determination of inolecular 
weight using SEC-MALS. A n"1ethod for the detennination of 
pore size is discussed. Further, the section includes a discus­
sion of a technique that may be used for the ineasurement of 
Tan o, which was used to determine the inelt elasticity. Sec­
tion V also discusses exemplary techniques for synthesis of 
the various polymer components. These procedures include 
techniques for making the fluorided silica-ahunina and sul­
fated alumina activator-supports. The procedures also include 
techniques for making exen1plary inetallocenes and poly­
mers, in accordance with embodinTents o:f the present tech­
niques. 
I. Catalyst Composition and Components 
A. The Metallocene Co1npounds 

1. Overview 
The catalyst compositions of the present techniques inay 

include a tightly-bridged ansa-n"1etallocene co1npound that 
has an alkyl group of three to 20 carbons bonded to a 11 5 -cy­
clopentadienyl-type ligand (such as, :forexa1nple, a cyclopen­
tadienyl, an indenyl, or a fluorenyl). The catalyst co1nposi­
tions inay also include an activator, and, optionally, an 
organoaluminum con"1pound as fbrther described below. A 
general description of the ansa-1netallocene co1nplex is pre­
sented in the following subsection 2. 

The term "bridged" or "ansa-n"1etallocene" re:fers to a n"1et­
allocene compound in which the two 11 5 -cycloalkadienyl­
type ligands in the inolecule are linked by a bridging inoiety. 
Useful ansa-1netallocenes inay be "tightly-bridged," ineaning 
that the two TJ 5 -cycloalkadienyl-type ligands are connected 
by a bridging group wherein the shortest link o:f the bridging 
n"1oiety between the 11 5 -cycloalkadienyl-type ligands is a 
single ato1n. The inetallocenes described herein are therefore 
bridged bis(TJ 5 -cycloalkadienyl)-type co1npounds. The 
bridging group n"1ay have the :fornTula >ER 1 R 2

, wherein E 
may be a carbon ato1n, a silicon ato1n, a gennanium atom, or 
a tin atom, and wherein Eis bonded to both 11 5 -cyclopenta­
dienyl-type ligands. In this embodirnent, R 1 and R 2 inay be 
independently an alk-yl group or an aryl group, either o:fwhich 
having up to 12 carbon ato1ns, or hydrogen.. 

The bridging group, ER1 R 2
, 1nay be: >CR1 R 2

, >SiR1 R 2
, 

>GeR1 R 2
, or >SnR1 R 2

, wherein R 1 and R 2 rnay b.e indepen-
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dently an alkyl group or an aryl group, (either ofvvhich 1nay 
have up to 1 2 carbon atonl.s ), or hydrogen. Such bridging 
ER1 R 2 groups 1nay include, for exanl.ple, >CPh2 , >SiPh2 , 

>GePh2 , >SnPh2 , >C(tolyl)2 , >Si(tolyl)2 , >Ge(tolyl)2 , >Sn 
(tolyl) 2 , >CMePh, >SiMePh, >GeMePh, >SnMePh, >CEtPh, 
>CPrPh, >CBuPh, >CMe(tolyl), >SiMe(tolyl), >GeMe 
(tolyl), >SnMe(tolyl), >CHPh, and >CH(tolyl), among oth­
ers. 

Further, one substituent on the 11 5 -cyclopentadienyl-type 
ligands is a substituted or an unsubstituted alkyl group, vvhich 
may have up to 12 carbon atoms. The complexes are dis­
cussed in the follovving subsection 3, and shovvn in the general 
structural fonnulas presented therein. Exemplary metal­
locene co1nplexes, in accordance vvith embodiments of the 
present techniques are discussed in the follovving subsection 
4 and shovvn in FIG. 1. 

2. General Metallocene Fonnula 
In embodiments ofthe present techniques, the ansa-metal­

locene of the present techniques may be expressed by the 
general fonnula: 

(Xi )(X2) (X 3) (X4)M i. 

In this fonnula, M 1 nl.ay be titanium, zirconium, or hafnium, 
X 1 may be a substituted cyclopentadienyl, a substituted inde­
nyl, or a substituted fluorenyl. X 2 nl.ay be a substituted cyclo­
pentadienyl or a substituted fluorenyl. One substituent on X 1 

and X 2 is a bridging group having the formula ER1R 2
. E may 

be a carbon atonl., a silicon ato1n, a germanium atom, or a tin 
atom, and is bonded to both X 1 and X 2

. R 1 and R 2 may be 
independently an alkyl group or an aryl group, either ofvvhich 
may have up to 12 carbon ato1ns, or may be hydrogen. The 
bridging groups 1nay be selected to influence the activity of 
the catalyst or the struct"Lrre of the polymer produced. One 
substituent on X 2 is a substituted or an unsubstituted alkyl 
group, vvhich nl.ay have up to 12 carbon atoms. Substituents 
X 3 and X 4 may be independently: 1) F, Cl, Br, or I; 2) a 
hydrocarbyl group having up to 20 carbon atoms, I-I, or BH4 ; 

3) a hydrocarbyloxide group, a hydrocarbylamino group, or a 
trihydrocarbylsilyl group, any of vvhich may have up to 20 
carbon ato1ns; 4) OBRA 2 or S03 RA, vvherein RA may be an 
alkyl group or an aryl group, either of vvhich may have up to 
12 carbon atorns. Any additional substituent on the substi­
tuted cyclopentadienyl, substituted indenyl, substituted fluo­
renyl, or substituted alk--yl group 1nay be independently an 
aliphatic group, an aro1natic group, a cyclic group, a combi­
nation of- aliphatic and cyclic groups, an oxygen group, a 
sulfur group, a nitrogen group, a phosphorus group, an 
arsenic group, a carbon group, a silicon group, or a boron 
group, any of vvhich nl.ay have fronl. 1 to 20 carbon atoms. 
Altenl.atively, additional substituents 1nay be present, includ­
ing halides or hydrogen. The substituents on the 11 5 -cyclopen­
tadienyl-type ligands inay be used to control the activity of 
the catalyst or the stereoche1nistry of the poly1ner produced. 

The alkyl group bonded to the 11 5 -cyclopentadienyl-type 
ligands 1nay have up to about 20 carbon ato1ns, up to about 12 
carbon atonl.s, up to about 8 carbon ato1ns, or up to about 6 
carbon ato1ns. Such alkyl groups may include, for example, 
ethyl, propyl, butyl, pentyl, hexyl, heptyl, or octyl, among 
others. 

"While an unsubstituted alkyl may be a substituent on the 
Y] 5 -cyclopentadienyl-type ligands, alternatively, the alkyl 
group substituent nl.ay be fl1rther substituted. Hovvever, this 
further substitution inay lovverthe activity of the catalyst. Any 
substituent present inay be selected independently fro1n an 
aliphatic group, an aro1natic group, a cyclic group, a combi­
nation of- aliphatic and cyclic groups, an oxygen group, a 
sulfur group, a nitrogen group, a phosphorus group, an 
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arsenic group, a carbon group, a silicon group, a boron group, 
or a substituted analog thereof, any of which n1ay have fron1 
1 to about 20 carbon ato1ns. The substituen.ts may also include 
a halide or hydrogen. Further, this description. of other sub­
stituents on the alkyl group atom may include substituted, 
unsubstituted, branched, linear, or heteroatom-substituted 
analogs of these inoieties. Such alkyl groups may in.elude, for 
exmnple, 3-inethyl butyl [CI-I2 CH2 CH(CH3 )CH3 ], 4-methyl­
pentyl [CH 2 CH2 CH2 CH(CH3 ) 2 , 1,1-dimethylbutyl [C 
(CH3 ) 2 CH 2 CH2 CH3 ], or 1,1-dimethylpentyl [C(CH3 ) 2 

CH2 CH2 CH 2 CI-I3 ], among others. 
In addition to containing a bridging group having the for­

n1ula ER 1 R 2 and an alkyl group as described above, the 11 5 -cy­
clopen.tadien.yl-type ligands may also have other substituents. 
For exmnple, these substituents may be the same chemical 
groups or inoieties that can serve as the X 3 or X 4 ligands of the 
ansa-1netallocen.es. Thus, any additional substituent on the 
11 5 -cyclopen.tadien.yl-type ligands, the substituted alkyl 
group, X 3

' or X 4 inay be independently such groups as an 
aliphatic group, an aromatic group, a cyclic group, a combi­
nation of aliphatic and cyclic groups, an oxygen group, a 
sulfi1r 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 which having from 1 to 
about 20 carbon atoms. The substituents may also include a 
halide or hydrogen, as long as these groups generally do not 
terminate the activity of the catalyst composition. Further, 
this list may in.elude substituents that may be characterized in 
n1ore than one of these categories, such as benzyl. Substitu­
ents may also include substituted indenyl and substituted 
fluorenyl, including partially saturated indenyls and fluore­
nyls such as, for example, tetrahydroindenyl groups, tetrahy­
drofluoren.yl groups, and octahydrofluorenyl groups. These 
various substituent groups are further discussed in the para­
graphs that follow. 

Aliphatic groups that may be used as substituents include, 
for exmnple, 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, unsubstituted, branched, and linear analogs or 
derivatives thereof, wherein each group may have from one to 
about 20 carbon atoms. Thus, aliphatic groups may include, 
for exa1nple, hydrocarbyls such as paraffins and alkenyls. For 
exa1nple, the aliphatic groups may include such groups as 
n.1ethyl, ethyl, propyl, n.-butyl, tert-butyl, sec-butyl, isobutyl, 
an1yl, isoa1nyl, hexyl, cyclohexyl, heptyl, octyl, nonyl, decyl, 
dodecyl, 2-ethylhexyl, pentenyl, butenyl, and the like. 

Aron1atic groups that n1ay be used as substituents in.elude, 
for exmnple, phenyl, naphthyl, anthracenyl, and the like. Sub­
stituted derivatives of these compounds are also included, 
wherein each group may have from 6 to about 25 carbons. 
Such substituted derivatives may include, for exan.1ple, tolyl, 
xylyl, n1esityl, m1d the like, including heteroatom substituted 
derivatives thereof'. 

Cyclic groups that inay be used as substituents include, for 
exan1ple, cycloparaffins, cycloolefins, cycloacetylenes, are­
nes such as phenyl, bicyclic groups and the like, as well as 
substituted derivatives thereof, in each occurrence having 
fro1n about 3 to about 20 carbon atoms. Thus, heteroatom­
substituted cyclic groups such as furanyl may be included 
herein. Such substituents may include, aliphatic and cyclic 
groups, e.g., groups that have both an aliphatic portion and a 
cyclic portion. Exan1ples of these substituents inay include 
groups such as: --(CI-I 2 )mC 6 HqR5 _q wherein. m inay be an 
integer fro1n 1 to a bout 10, and q inay be an integer fron1. 1 to 
5, inclusive; -(CH2 ),,,C 6 I-IqR 1 i-q wherein m may be an inte­
ger fro1n 1 to about 10, and q inay be a:q_ integer fro1n 1 to 11, 
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inclusive; or --(CH2 ),.,,,C5 HqR9 _q -wherein in inay be an inte­
ger from 1 to about 10, and q may be an integer fro1n 1 to 9, 
inclusive. As defined above, R inay be independently selected 
from: an aliphatic group; an aro1natic group; a cyclic group; 
any co1nbination thereof; any substituted derivative thereof, 
including, but not limited to, a halide-, an alkoxide-, or an 
amide-substituted derivative or analog thereof; any of -which 
has from 1 to about 20 carbon atoms; or hydrogen. In various 
embodiments, such aliphatic and cyclic groups inay include, 
for example: --CH2 C 6 H 5 ; --CH2 C 6 H 4 F; -CH2 C 6 H 4 Cl; 
-CH2 C 6 H 4 Br; -CH2 C 6 H 4 1; --CH2 C 6 l-I4 0Me; 
-CH2 C 6 H 4 0Et; --CH2 C 6 H 4 NH2 ; -CH2 C 6 H 4 NMe2 ; 

-CH2 C 6 H 4 NEt2 ; -CH2 CH2 C 6 H 5 ; -CH2 CH2 C 6 H 5 ; 

-CH2 C 6 H 4 F; --CH2 CI-I2 C 6 H 4 Cl; --CH2 CH2 C 6 H 4 Br; 
-CH2 CH2 C 6 H 4 1; -CH2 CH2 C 6 H 4 0Me; 
-CH2 CH2 C 6 H 4 0Et; --CH2 CH2 C 6 H 4 NH2 ; 

--CH2 CH2 C 6 H 4 NMe2 ; --CH2 CH2 C 6 H 4 NEt2 ; any regioiso-
mer thereof, and any substituted derivative thereof. 

Substituents may contain heteroatoms, including, for 
example, halides, oxygen, sulfur, nitrogen, phosphorous, or 
arsenic. Examples ofhalides include fluoride, chloride, bro­
mide, and iodide. As used herein, oxygen groups are oxygen­
containing groups, including, for example, alkoxy or aryloxy 
groups (-OR) 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 ato1ns. 
Such alkoxy or aryloxy groups (--OR) groups may include, 
for example, methoxy, ethoxy, propoxy, butoxy, phenoxy, or 
substituted phenoxy, among others. As used herein, sulfur 
groups are sulfur-containing groups, including, for exainple, 
-SR 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. As used 
herein, nitrogen groups are nitrogen-containing groups, 
-which may include, for example, --NR2 or pyridyl groups, 
and the like, -wherein R may be alkyl, cycloalkyl, aryl, aralkyl, 
substituted alkyl, substituted aryl, or substituted aralkyl hav­
ing from 1 to about 20 carbon atoms. As used herein, phos­
phorus groups are phosphorus-containing groups, -which n'"lay 
include, for example, --PR2 , and the like, -wherein R n'"lay be 
alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted 
aryl, or substituted aralkyl having fron'"l 1 to about 20 carbon 
atoms. As used herein, arsenic groups are arsenic-containing 
groups, -which may include, for example, --AsR2 , and the 
like, -wherein R may be alkyl, cycloalkyl, aryl, aralkyl, sub­
stituted alkyl, substituted aryl, or substituted aralkyl having 
from 1 to about 20 carbon atoms. 

As used herein, carbon groups are carbon-containing 
groups, -which may include, for example, alkyl halide groups. 
Such alkyhalide groups may include halide:-substituted alkyl 
groups -with 1 to about 20 carbon atoms, alkenyl or alkenyl 
halide groups -with 1 to about 20 carbon aton'"ls, aralkyl or 
aralkyl halide groups -with 1 to about 20 carbon atoms, and the 
like, including substituted derivatives thereof. 

As used herein, silicon groups are silicon-containing 
groups, -which inay include, for example, silyl groups such 
alkylsilyl groups, arylsilyl groups, arylalkylsilyl groups, 
siloxy groups, and the like, having from 1 to about 20 carbon 
atoms. For example, silicon groups include trin'"lethylsilyl and 
phenyloctylsilyl groups. 

As used herein, boron groups are boron-containing groups, 
-which inay include, for exan'"lple, --BR2 , -BX2 , -BRX, 
-wherein X may be a monoanionic group such as halide, 
hydride, alkoxide, alkyl thiolate, and the. R n'"lay be alkyl, 
cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or 
substituted aralkyl having fron'"l 1 to about 20 carbon aton'"ls. 
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The ren1.aining substituents on the n1.etal center, X 3 and X 4
, 

may be independently an aliphatic group, a cyclic group, a 
combination of an aliphatic group and a cyclic group, an 
amido group, a phosphido group, an alkyloxide group, an 
aryloxide group, an alkanesulfonate, an arenesulfonate, or a 
trialkylsilyl, or a substituted derivative thereof, any of which 
having from 1 to about 20 carbon ato1ns; or a halide. More 
specifically, X 3 and X 4 may be independently: l) F, Cl, Br, or 
I; 2) a hydrocarbyl group having up to 20 carbon atoms, H, or 
BH4 ; 3) a hydrocarbyloxide group, a hydrocarbylainino 
group, or a trihydrocarbylsilyl group, any of which having up 
to 20 carbon atoms; 4) OBRA 2 or S03 RA, wherein RA may be 
an alkyl group or an aryl group, any of which having up to 12 
carbon atoms. 

3. General Structural Formulas for Metallocene Catalysts 
Embodiments of the ci..rrrent techniques inay include an 

ansa-metallocene having the general formula: 

wherein M 1 may be zirconium or hafnium and X' and X" may 
be independently F, Cl, Br, or I. E may be C or Si and R 1 and 
R 2 may be independently ail. alkyl group or an aryl group, 
either of which may have up to 10 carbon atoms, or R 1 at1.d R 2 

may be hydrogen. R 3
A and R 3

B may be independently a 
hydrocarbyl group or a trihydrocarbylsilyl group, any of 
which inay have up to 20 carbon ato1ns, or n1.ay be hydrogen. 
The subscript 'n' may be an integer that may range fro1n 0 to 
10, inclusive. R 4

A and R 4
B n1.ay be independently a hydrocar­

byl group that may have up to 12 carbon atoms, or inay be 
hydrogen. 

In other embodi1nents, the ansa-1netallocene n1.ay include a 
compound having the fornTtlla: 

In this formula, M 1 inay be zirconium or hafnhun, and X' and 
X" may be independently F, Cl, Br, or I. E inay be C or Si and 
R 1 and R 2 may be independently an alkyl group or an aryl 
group, either of which having up to 10 carbon ato1ns, or 
hydrogen. R 3

A and R 3
B rn.ay be independently H, inethyl, 
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allyl, benzyl, butyl, pentyl, hexyl, or trhnethylsilyl, and 'n' 
rnay be an integer :fron1 1 to 6, inclusive. R 4

A and R 48 rnay be 
independently a hydrocarbyl group having up to 6 carbon 
atoms, or hydrogen. 

In still other ernbodiments, the ansa-1netallocene nl.ay 
include a compound having the :forn1ula: 

R3A R3B 

In this :formula, M 1 may be zirconium or ha:fnium, and X' and 
X" inay be independently F, Cl, Br, or I. E may be C or Si and 
R 1 and R 2 n1ay be independently methyl or phenyl. R 3

A and 
R 3 B may be independently Hor methyl, and n may be 1 or 2. 
R 4

A and R 4
B may be independently I-I or t-butyl. 

In yet other embodin1ents, the ansa-metallocene o:f the 
present techniques may include a compound having the :for­
mula: 

R3A R3B 

In this fonnula, M 1 n1ay be zirconiUln or ha:fnium, and X' and 
X" n1ay be independently H, BH4 , inethyl, phenyl, benzyl, 
neopentyl, trimethylsilylmethyl, CH2 CMe2 Ph; 
CH 2 SiMe2 Ph; CI-I2 CMe2 CH2 Ph; or CH2 SiMe2 CI-I 2 Ph. E 
1nay be C or Si and R 1 and R 2 1nay be independently an alkyl 
group or an aryl group, either o:fvvhich having up to I 0 carbon 
atoms, or hydrogen. R 3

A and R 3 .s may be independently a 
hydrocarbyl group or a trihydrocarbylsilyl group, any of 
which having up to 20 carbon ato1ns, or hydrogen, and n inay 
be an integer :from 0 to 10, inclusive. R 4

A and R 4
B inay be 

independently a hydrocarbyl group having up to 12 carbon 
ato1ns, or hydrogen. 

4. Non-Li1niting Exarnples o:f Metallocene Stn.Jctures 
In exen1plary en1bodi1nents, the ansa-1netallocene nl.ay 

include any o:f con1pounds (I-1) through (I-4), as shown in 
FIG. 1, or any co1nbination thereof". N"Lm1erous processes to 
prepare n1etallocene co1npounds that may be ernployed in the 
present techniques have been reported. For exan1ple, U.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, 5,565,592, 
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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. 
B. Optional Organoalun1inun1 Corn.pounds 

In one embodiment, the present techniques rnay include a 
catalyst composition including a tightly-bridged ansa-rnetal­
locene compound having an alkyl rnoiety bonded to a 11 5 -cy­
clopentadienyl-type ligand, a solid oxide activator-support, 
and, optionally, an organoalurninurn compound. The desig­
nation of' the organoaluminun1 conl.pound as .. optional" is 
intended to reflect that the organoalunl.inu1n conl.pound inay 
be optional when it inay not be needed to i1npart catalytic 
activity to the catalyst conl.position. 

OrganoalunJ.inl.UTI compounds that nl.ay be used in the 
present techniques include, f'or exainple, co1npounds with the 
f'ormula: 

Al(X5)n0<6 )3_n, 

wherein X 5 inay be a hydrocarbyl having f'ronl. 1 to about 20 
carbon atoms; X 6 may be alkoxide or aryloxide, any of' which 
having f'rom 1 to about 20 carbon ato1ns, halide, or hydride; 
and n may be a number f'ro1n 1 to 3, inclusive. In various 
embodiments, X 5 may be an alkyl having f'ro1n 1 to about 10 
carbon atoms. Moieties used for X 5 nJ.ay include, f'or example, 
methyl, ethyl, propyl, butyl, sec-butyl, isobutyl, 1-hexyl, 
2-hexyl, 3-hexyl, isohexyl, heptyl, or octyl, and the like. In 
other embodiments, X 6 may be independently fluoride, chlo­
ride, bromide, methoxide, ethoxide, or hydride. In yet another 
embodiment, X 6 may be chloride. 

In the f'ormula Al(X5 ),,,(X6
) 3 _,,,, n inay be a nl.unber f'rom 1 

to 3 inclusive, ail.din an exe1nplary e1nbodiment, n is 3. The 
value of'n is not restricted to an integer, therefore this f'onnula 
may include sesquihalide conl.pounds, other organoalumi­
nl.un cluster compol.mds, and the like. 

Generally, organoaluminun1 co1npo1.nl.ds that nl.ay be used 
in the present techniques nJ.ay include trialkylaluminum co1n­
pounds, dialkylaluminiu1n halide conl.pounds, dialkylahuni­
num alkoxide compounds, dialkylalu1ninu1n hydride com­
pounds, and combinations thereor. Examples of' such 
organoaluminunl. co1npounds include trinl.ethylalu1ninum, 
triethylalu1ninunl. (TEA), tripropylalurninunl., tributylahnl.l.i­
nl.un, tri-n-butylaluminu1n (TNBA), triisobutylah11ninu1n 
(TIBA), trihexylall.lll.l.inu1n, triisohexylall.uninu1n, trioctyla­
luminum, diethylalun1inun1 ethoxide, diisobutylalu1ninum 
hydride, or diethylalu1ninunl. chloride, or any combination 
thereof'. If' the particular alkyl isorner is not specified, the 
compound may enco1npass all isorners that can arise f'ro1n a 
particular specified alkyl group. 

In so1ne e1nbodiments, the present techniques nl.ay include 
precontacting the ansa-1netallocene with an organoalu1ninu1n 
conl.pound and an olefin inonon1er to :fonl.l. a precontacted 
inixture, prior to contacting this precontacted inixture with 
the solid oxide activator-support to f'onn the active catalyst. 
When the catalyst co1nposition is prepared in this manner, a 
portion of' the orgail.oah11ninun1 corn pound rnay be added to 
the precontacted inixture and another portion of' the orga­
noalunl.inum co1n.po1.md inay be added to the postcontacted 
in.ixture prepared when the precontacted inixture is contacted 
with the solid oxide activator. I-Jowever, all of' the organoalu­
nl.inunl. co1npound nJ.ay be ernployed to prepare the catalyst in 
either the precontacting or postcontacting step. Altenl.atively, 
the solid oxide inay also be treated with alu1ninunl. alkyl 
bef'ore being treated with inetallocene or other mixtures. 
These precontacting steps are not required, and all of' the 
catalyst conl.ponents nl.ay be contacted in a single step. 
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Further, i-:r1ore than one organoalurninu1n compound n1ay 
be used, in. either the precon.tactin.g or the postcontactin.g step, 
or in. any procedure in. which the catalyst components are 
contacted. When an. organ.oahu:nin.u1:n con1pound is added in 
n1ultiple steps, the an.1ounts o:f organoalun1inum compound 
presented herein include the total amount of organoalumin.um 
con1poun.d used in. both the precon.tacted and postcontacted 
n:1ixtures, and any addition.al organ.oaluminum compound 
added to the polymerization. reactor. Therefore, total amounts 
of organoalumin.urn cornpo1.u1ds are presented, regardless of 
whether a single organ.oahun.in.u1n compound is used, or more 
than. one organoah11ninu1n co1npo1.u1d. Again, exemplary 
organ.oalu1nin.u1n cornpo1.u1ds used in embodiments of the 
present techniques IT1ay in.elude, for example, triethylahuni­
n.u1n (TEA), tri-n.-butylah11n.inl.U11. (TNBA), triisobutylalumi­
n.um (TIBA), and so on., or any con1.bination thereof. 
C. The Activator/Cocatalyst 

1. Overview 
En1.bodi1nen.ts of the present techniques encompass a cata­

lyst con1.position in.eluding: a tightly-bridged ansa-metal­
locene compound as presented herein, optionally, an orga­
noahu:ninum co1npound, and an activator. The activator may 
be required to weaken the bonds between the metal center and 
ligands X 3 or X 4

, discussed above, allowing complexation of 
the metal center with an olefin. Further, an activator or co­
catalyst inay replace X 3 or X 4 with a carbon group having a 
single-bond to the n1.etaL The activator inay 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 activator-support, 
as discussed in the following subsection 3; an organoalumi­
noxane compound, as discussed in the following subsection 
4; an organoboron or organ.oborate compound, as discussed 
in the following subsection 5; or an ionizing compound, as 
discussed in the following subsection 6; or any combination 
of any of these activators. 

In. son1e embodin1en.ts, ahuninoxane may not be required to 
form the catalyst composition as presented herein, a feature 
that allows lower polyn1.er production costs. Accordingly, 
AlR3 -type organoalu1ninl.un compounds and one or more 
activator-supports ll.1.ay be used in the absence of aluminox­
an.es. While not in.ten.ding to be bol.ll1.d by theory, it is believed 
that the organoahunin.1.U1.1. con1.pounds n1.ay not activate the 
inetallocene catalysts in the san1e inanner as an organoall.u:ni­
n.oxane. 

Additionally, no borate co1npounds or MgC12 may be 
required to :tonn the catalyst corn.position of the present tech­
niques, although ahuninoxane,. borate con1.po1.mds, MgC1 2 , or 
any con1.bination thereof, inay optionally be used in the cata­
lyst con1.position of the present techniques. Further, in such 
compounds as alun1inoxanes, organoboron compounds, ion­
izing ionic con1po1.111.ds, or any con1.bination thereof, may be 
used as cocatalysts with the ansa-1netallocene, either in the 
presence or absence of the activator support. Such cocatalysts 
rnay be used with the ansa-n1.etallocene, either in the presence 
or absence of an organoahuninun1. co1npound, as specified 
herein. Thus, the organoalun1.inun1 con1.poun.d is optional: 
when a ligand on the n1.etallocene is a hydrocarbyl group, I-I, 
or BH4 ; when the activator includes an organoaluminoxane 
compound; or when both these conditions are present. How­
ever, the catalyst co1npositions of the present techniques inay 
be active in the substantial absence of cocatalysts such as 
ah1n1.inoxanes, organoboron con1.pounds, ionizing ionic com­
po1.u1.ds, or any co1nbinatio11 thereo:t-. 
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2. Che1nically-Treated Solid Oxide Activator-Supports 
a. Overview 
The present techniques encompass catalyst compositions 

that include an acidic activator-support, such as, for example, 
a chen1.ically-treated solid oxide (CTSO). A CTSO inay be 
used in co1nbination with an organoaluminum compound. 
The activator-support may include a solid oxide treated with 
an electron-withdrawing anion. The solid oxide may include 
such co1npounds as silica, alumina, silica-alumina, alumino­
phosphate, aluminun1. phosphate, zinc aluminate, heteropoly­
tungstates, titania, zirconia, magnesia, boria, zinc oxide, 
mixed oxides thereof, and the like, or any mixture or combi­
nation thereat-. The electron-withdrawing anion may include 
fluoride, chloride, bromide, iodide, phosphate, triflate, bisul­
fate, sulfate, sulfite, fluoroborate, fluorosulfate, trifluoroac­
etate, phosphate, fluorophosphate, fluorozirconate, fluoro­
silicate, fluorotitanate, permanganate, substituted or 
unsubstituted alkanesulfonate, substituted or unsubstituted 
arenesulfonate, substituted or unsubstituted alkylsulfate, or 
any combination thereof. 

The 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 compol.md may include an inorganic oxide and may be 
optionally calcined prior to contacting the electron-with­
drawing anion source. The contact product may also be cal­
cined either during or after the solid oxide compound is 
contacted with the electron-withdrawing anion source. In this 
ern.bodiment, the solid oxide compound may be calcined or 
uncalcined. In another embodiment, the activator-support 
may include the contact product of a calcined solid oxide 
co1npound and an electron-withdrawing anion source. 

The treated activator-support may exhibit enhanced activ­
ity 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 compound with an additional ionizing, 
polarizing, or bond weakening :function, collectively termed 
an «activating" :function, by weakening the metal-ligand bond 
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 
n1.etallocene, abstracts an anionic ligand to fonn an ion pair, 
weakens the inetal-ligand bond in the metallocene, simply 
coordinates to an anionic ligand when it contacts the activa­
tor-support, or any other mechanis1ns by which ionizing, 
polarizing, or bond weakening might occur. In preparing the 
inetallocene-based catalyst compositions ofthe present tech­
niques, the activator-support is typically used along with a 
co1nponent that provides an activatable ligand such as an 
alkyl or hydride ligand to the metallocene, including but not 
li1nited to an organoalu1ninum compound, when the inetal­
locene con1.pound does not already include such a ligand. In 
one embodin1.ent the treated solid oxide may be contacted 
with the ah11ninu1n alkyl before being exposed to the metal­
locene. 

The activator-support may include a solid inorganic oxide 
inaterial, a mixed oxide material, or a combination of inor­
ganic oxide inaterials that is chemically-treated with an elec­
tron-withdrawing con1.ponent, and optionally treated with 
another inetal ion. Thus, the solid oxide of the present tech­
niques enco1npasses oxide materials such as alumina, .. mixed 
oxide" con1.pounds such as silica-alun1.ina or silica-zirconia or 
silica-titania, and co1nbinations and n1.ixtures thereof. The 
n1.ixed inetal oxide co1npounds such as silica-alumina, with 
n1.ore than one n1.etal combined with oxygen to form a solid 
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oxide compound, may be inade by co-gellation, impregnation 
or chemical deposition, and are enco1npassed by the present 
techniques. 

Further, the activator-support n1ay include an additional 
inetal or metal ion such as zinc, nickel, vanadiun1, silver, 
copper, gallium, tin, tungsten, molybdenum, or any combi­
nation thereof. Examples of activator-supports that :further 
include an additional metal or metal ion include, for exan1ple, 
chlorided zinc-impregnated almnina, fluorided zinc-impreg­
nated alumina, chlorided vanadium-in1pregnated alumina, 
fluorided zinc-impregnated silica-alumina, chlorided nickel­
impregnated alumina, or any co1nbination thereof. 

The activator-support of the present techniques may 
include a solid oxide of relatively high porosity, which exhib­
its Lewis acidic or Br0nsted acidic behavior. The solid oxide 
may be chemically-treated with an electron-withdrawing 
component, typically an electron-withdrawing anion, to form 
an activator-support. While not intending to be bound by 
theory, it is believed that treatment of the inorganic oxide with 
an electron-withdrawing component augments or enhances 
the acidity of the oxide. Thus, the activator-support exhibits 
Lewis or Br0nsted acidity which is typically greater than the 
Lewis or Br0nsted acidity of the l.mtreated solid oxide. The 
polymerization activity of the chemically-treated solid oxide 
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 Group 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15 ofthe 
periodic table, or including oxygen and an element selected 
from the lanthanide or actinide elements. For example, the 
inorganic oxide may include oxygen and an elen1ent selected 
from Al, B, Be, Bi, Cd, Co, Cr, Cu, Fe, Ga, La, Mn, Mo, Ni, 
Sb, Si, Sn, Sr, Th, Ti, V, W, P, Y, Zn or Zr. 

Suitable solid oxide materials or compounds that may be 
used in the chemically-treated solid oxide of the present tech­
niques may include, for exan1ple, Al2 0 3 , B 2 0 3 , BeO, Bi2 0 3 , 

CdO, Co3 0 4 , Cr2 0 3 , CuO, Fe2 0 3 , Ga2 0 3 , La2 0 3 , Mn2 0 3 , 

Mo03 , NiO, P 2 0 5 , Sb2 0 5 , Si02 , Sn02 , SrO, Th02 , Ti02 , 

V 2 0 5 , W03 , Y 2 0 3 , ZnO, Zr02 , and the like, including mixed 
oxides thereof, and combinations thereof. Mixed oxides that 
may be used in the activator-support of the present techniques 
may include, for exan1ple, mixed oxides of any co1nbination 
of Al, B, Be, Bi, Cd, Co, Cr, Cu, Fe, Ga, La, Mn, Mo, Ni, P, Sb, 
Si, Sn, Sr, Th, Ti, V, W, Y, Zn, Zr, and the like. Examples of-
1nixed oxides that may be used in the activator-support of the 
present techniques may also include silica-alu1nina, silica­
titania, silica-zirconia, zeolites, many clay rninerals, pillared 
clays, alumina-titania, alumina-zirconia, alu1ninophosphate, 
and the like. Procedures to fom'l. such solid oxides, and exem­
plary chemically treated solid oxides are presented in the 
following subsections c and d, respectively. Concentrations 
of electron-withdrawing anions that may be useful in fom'l.ing 
chen'l.ically treated solid oxides are presented in the following 
subsection e. 

b. Chemical Treatment of the Solid Oxide 
A solid oxide material that may be used in the present 

techniques inay 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 co1nplex. Further, the solid oxide n'l.aterial 
inay be che1nically-treated with another inetal ion, that n'l.ay 
be the san1e as or different from any rnetal element that 
constitutes the solid oxide material, then calcined to form a 
inetal-containing or inetal-impregnated che1nically-treated 
solid oxide. Alternatively, a solid oxide inaterial and an elec­
tron-withdrawing anion source inay be contacted and cal-
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cined simultaneously. The 1nethod by which the oxide may be 
contacted with an electron-withdrawing co1nponent, typi­
cally a salt or an. acid of an electron-withdrawing anion, niay 
include, for example, gelling, co-gelling, in1.pregnation of-one 
compound onto another, vaporization of one co1npound onto 
the other, and the like. In einbodin1.ents of the present tech­
niques, following any contacting 1nethod, the contacted 1nix­
ture of oxide compound, electron-withdrawing anion, and 
optionally the 1netal ion 1nay be calcined. 

The electron-withdrawing component used to treat the 
oxide may be any component that increases the Lewis or 
Bn'Jnsted acidity of the solid oxide upon treatment. In one 
embodiment, the electron-withdrawing component is typi­
cally an electron-withdrawing anion derived from a salt, an 
acid, or other compound such as a volatile organic compound 
that can serve as a source or precursor for that anion. 
Examples of electron-withdrawing anions include, for 
example, fluoride, chloride, bromide, iodide, phosphate, tri­
fluoromethane sulfonate (triflate ), bi sulfate, sulfate, fluo­
ro borate, fluorosulfate, trifluoroacetate, phosphate, fluoro­
phosphate, fluorozirconate, fluorosilicate, fluorotitanate, 
permanganate, substituted or unsubstituted alkanesulfonate, 
substituted or unsubstituted arenesulfonate, substituted or 
unsubstituted alkylsulfate, and the like, including any mix­
tures and combinations thereof. In addition, other ionic or 
non-ionic compounds that serve as sources for these electron­
vvithdravving anions may also be used in the present tech­
niques. The chemically-treated solid oxide may include a 
sulfated solid oxide or a sulfated alumina. 

The terms alkanesulfonate and alkyl sulfate refer to anions 
having the general formula [RBso2 or and [(R:80)S02 or, 
respectively, wherein RB n1.ay be a linear or branched alkyl 
group having up to 20 carbon atoms, that 1nay be substituted 
with a group selected independently from F, Cl, Br, I, Of-I, 
OMe, OEt, OCF 3 , Ph, xylyl, mesityl, or OPh. Thus, the 
alkanesulfonate and alkyl sulfate may be referred to as being 
either substituted or unsubstituted. In one en1.bodiment, the 
alkyl group of the alkanesulfonate or alkyl sulfate may have 
up to 12 carbon aton1.s. In another einbodi1nent, the alkyl 
group of the alkanesulfonate or alkyl sulfate may have up to 8 
carbon atoms, or up to 6 carbon atoms. Such alkanesulfonates 
may include, for example, 1nethanesulfonate, ethane­
sulfonate, 1-propanesulfonate, 2-propanesulfonate, 3-meth-
ylbutanesulfonate, trifluoromethanesulfonate, trichlo-
romethanesulfonate, chloromethanesulfonate, 
1-hydroxyethanesulfonate, 2-hydroxy-2-propanesulfonate, 
1-methoxy-2-propanesulfonate, and the like. In other 
einbodiments, exan1.ples of alkyl sulfates include, :tor 
example, methylsulfate, ethylsulfate, 1-propylsulfate, 2-pro­
pylsulfate, 3-inethylbutylsulfate, trifluoron1.ethanesulfate, 
trichloromethylsulfate, chloro1nethylsulfate, 1-hydroxyeth­
ylsulfate, 2-hydroxy-2-propylsulfate, l-inethoxy-2-propyl­
sulfate, and the like. 

The ter1n arenesulfonate refers to anions having the general 
formula [Ar4S02 0]-, wherein Ar4 n1.ay be an aryl group 
having up to 14 carbon atorns, and which inay be optionally 
substituted with a group selected independently :tro1n F, Cl, 
Br, I, Me, Et, Pr, Bu, OH, OMe, OEt, OPr, OBu, OCF 3 , Ph, 
OPh, or R c, wherein R c 1nay be a linear or branched alkyl 
group having up to 20 carbon ato1ns. Thus, the arenesulfonate 
inay be referred to as a substituted or an unsubstituted arene­
sulfonate. Because the aryl groupAr4 inay be substituted with 
an alkyl side chain, R c, which inay include a long alkyl side 
chain, the term arenesul:tonate enco1npasses detergents. The 
aryl group o:t- the arenesul:tonate inay have up to 10 carbon 
ato1ns, or up to 6 carbon ato1ns. Exan1.ples of such arene­
sulfonates include, for exarnple, benzenesulfonate, naphtha-
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lenesulfonate, p-toluenesultonate, ni.-toluenesulfonate, 3 ,5-
xylenesultonate, trifluoro11:1ethoxybenzenesultonate, 
trichloro.n1ethoxy benzenesulf onate, trifl uoro1nethyl-benze­
.nesulf onate, trichloro1nethy lbenzenesulfonate, fluoro benze­
nesulfonate, chlorobenzenesulfonate, 1-hydroxyethaneben­
zenesulfonate, 3-fluoro-4-ni.ethoxybenzenesulfonate, and the 
like. 

When the electron-withdravving coni.ponent includes a salt 
of an electron-withdrawing anion, the counterion or cation ot' 
that salt ni.ay be any cation that allows the salt to revert or 
deco1npose back to the acid during calcining. Factors that 
dictate the suitability of the particular salt to serve as a source 
for the electron-withdrawing anion may include, for exani.ple, 
the solubility of the salt in the desired solvent, the lack of 
adverse reactivity of the cation, ion-pairing effects between 
the cation and anion, hygroscopic properties in1parted to the 
salt by the cation, and the like, and thermal stability of the 
anion. Examples of suitable cations in the salt of the electron­
withdrawing anion include, for example, am.nionium, trialkyl 
armi.i.011.il..un, tetraalkyl ammoniu1n, tetraalkyl phosphoniu1n, 
H ..... , [H(OEt2 ) 2 ]+, and the like. 

c. Exa1nples of Processes to Produce a Che1nically Treated 
Solid Oxide 

Combinations of one or more different electron withdraw­
ing anions, in varying proportions, may be used to tailor the 
specific acidity of the activator-support to the desired level. 
Such combinations may be contacted with the oxide material 
simultaneously or individually, and in any order that a:ftords 
the desired activator-support acidity. For exa.niple, the present 
techniques may employ two or more electron-withdrawing 
anion source compounds in two or ni.ore separate contacting 
steps. Thus, one exa.niple of such a process by wluch an 
activator-support may be prepared is as follows. A selected 
solid oxide co1npound, or combination of oxide co1npounds, 
is contacted with a first electron-,vithdrawing anion source 
compound to form a first mixture and this first inixture is 
calcined. The calcined first mixture is contacted with a second 
electron-withdrawing anion source compound to torm a sec­
ond inixture. The second mixture is calcined to fonn a treated 
solid oxide con1pound. In such a process, the first and second 
electron-withdrawing anion source compounds inay be dif­
ferent compounds or they ni.ay be the same cornpound. 

The solid oxide activator-support inay be produced by a 
process that includes contacting a solid oxide cornpound with 
an electron-withdrawing anion source cornpol.u1d to iorni. a 
first inixture. The first mixture is then calcined to torm the 
solid oxide activator-support. 

In other eni.bodi1nents, the solid oxide activator-support 
inay be produced by a process that includes contacting a solid 
oxide compound with a first electron-withdrawing anion 
source coni.pound to forni. a first inixture. The first inixture is 
calcined, and then the calcined first mixture is contacted with 
a second electron-withdrawing anion source corn.pound to 
fonn a second mixture. The second mixture is calcined to 
fonn the solid oxide activator-support. The solid oxide acti­
vator-support may be referred to as a chemically treated solid 
oxide (CTSO) compound. 

Alternatively, the solid oxide activator-support 1nay be pro­
duced by contacting a solid oxide with an electron-withdraw­
ing anion source compound. In this procedure the solid oxide 
coin pound inay be calcined before, during or after contacting 
with the electron-withdrawing anion source, and when there 
are alurninoxanes or organoborates present. 

Calcining of the treated solid oxides ni.ay be conducted in 
an ani.bient or inert atmosphere, typically in a dry a1nbient 
atn1osphere, at a temperature fro1n about 200° C. to about 
900° C., and for a ti1ne of about 1 ininute to about 100 hours. 
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In other e1nbodiments, calcining n:1ay be conducted at a tem­
perature :fro1n about 300° C. to about 800° C. and in yet other 
embodin1ents, calcining rnay be conducted at a ternperature 
:fron1 about 400° C. to about 700° C. Calcining inay be con­
ducted :from about 1 hour to about 50 hours, or :fron:1 about 3 
hours to about 20 hours. In exe1nplary ernbodin1.ents, calcin­
ing inay be carried out fron1. about 1 to about 10 hours at a 
temperature :fro1n about 350° C. to about 550° C. 

Further, calcining may typically be conducted in an ambi­
ent atmosphere, at the elevated te1nperature. Generally, cal­
cining may be conducted in an oxidizing atmosphere, such as 
air. Alternatively, calcining n1.ay be perfonned in an inert 
atmosphere, such as nitrogen or argon, or in a reducing atmo­
sphere such as hydrogen or carbon 1nonoxide. 

The solid oxide co1nponent used to prepare the che1nically­
treated solid oxide may have a pore voh.1n1.e greaterthan about 
0.1 cc/g, a pore volume greater than about 0.5 cc/g, or a pore 
volu1ne greater than about 1 .0 cc/g. The solid oxide co1npo­
nent may have a surface area :fro1n about 100 to about 1000 
m 2 /g, :fro1n about 200 to about 800 in2 /g, or :from about 250 to 
about 600 m 2 /g. 

d. Examples o:f Che1nically Treated Solid Oxides 
The solid oxide material may be treated with a source o:f 

halide ion or sulfate ion, or a con1.bination o:f anions, and 
optionally treated with a inetal ion, then calcined to provide 
the activator-support in the :fon1.1. o:f a particulate solid. For 
example, the solid oxide inaterial inay be treated with a source 
o:f sulfate, termed a sulfating agent, a source o:f chloride ion, 
termed a chloriding agent, a source of fluoride ion, termed a 
fluoriding agent, or a con1.bination thereof, and calcined to 
provide the solid oxide activator. Exan1.ples o:f useful acidic 
activator-supports may include, :for exan1.ple: bro1nided alu­
mina; chlorided alumina; fluorided ahunina; sulfated alu­
mina; bromided silica-alu1nina, chlorided silica-alumina; 
fluorided silica-alumina; sulfated silica-ahnnina; bromided 
silica-zirconia; chlorided silica-zirconia; fluorided silica-zir­
conia; sulfated silica-zirconia; chlorided zinc-ah.unina; tri­
flate treated silica-alun1.ina; fluorided silica-titania, silica 
treated with fluoroborate, a pillared clay, such as a pillared 
n1.ont1norillonite, optionally treated with fluoride, chloride, or 
sulfate; phosphated alumina, or other aluminophosphates, 
optionally treated with sulfate, fluoride, or chloride; or any 
combination thereof-. Further, any o:f the activator-supports 
may optionally be treated with another inetal ion, typically 
:from a metal salt or con1.pound, wherein the inetal ion 1nay be 
the san1.e as or different :fro1n any n1.etal that n1.akes up the solid 
oxide n1.aterial. 

The treated oxide activator-support 1nay include a fluo­
rided solid oxide in the :fonn of- a particulate solid, thus a 
source of fluoride ion n1.ay be added to the oxide by treatinent 
with a fluoriding agent. For exa111ple, fluoride ion 111ay be 
added to the oxide by fanning a slurry o:f the oxide in a 
suitable solvent such as alcohol or water, including, :for 
exan1.ple, alcohols having one to three carbon alcohols. Such 
alcohols inay be selected due to their volatility and low sur­
face tension. Alten1.atively, the fluoriding source nl.ay be dry-
1nixed with the solid oxide prior to calcining. Exa111ples o:f 
fluoriding agents that n1ay be used in the present techniques 
include hydrofluoric acid (HF), anunoniu111 fluoride (NH4 F), 
anunonil.U1.1. bi fluoride (NI-1 4 1-Il-;-2 ), anu11oniun1 tetrafluorobo­
rate (NH4 BF 4 ), anunoniun1. silicofluoride (hexafluorosili­
cate) ((NH4 ) 2 SiF 6 ), an1111011iun1 hexafluorophosphate 
(NI-I4 PF 6 ), tetrafluoroboric acid (HBF 4 ), anunoniun1. 
hexafluorotitanate (NI-14 ) 2 TiF 6 , an1111oniu1n hexafluorozir­
conate (NI-I4 ) 2 ZrF 6 , analogs thereof~ and con1binations 
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thereof-. A specific fluoriding agent, a1nmonium bifluoride 
Nl-I4 HF2 , is o:ften used due to its ease of use and ready avail­
ability. 

Th,e solid oxide n'lay be treated with a fluoriding agent 
during the calcining step. Any fluoriding agent capable of 
thoroughly contact:lng the solid oxide during the calcining 
step inay be used. For exa1nple, in addition to those fluoriding 
agents described previously, volatile organic fluoriding 
agents rnay be used. Such volatile organic fluoriding agents 
that inay be used in embodiments include, for example, fre­
ons, perfluorohexane, perfluoro benzene, fluoromethane, trif­
luoroethanol, and combinations thereof. Gaseous hydrogen 
fluoride or fluorine itseli-1nay also be used with the solid oxide 
is fluorided during calcining. One convenient method of con­
tacting the solid oxide with the fluoriding agent may be to 
vaporize a fluoriding agent into a gas stream used to fluidize 
the solid oxide during calcination. 

Similarly, the chen'lically-treated solid oxide may include a 
chlorided solid oxide in the fonn of a particulate solid, thus a 
source of chloride ion may be added to the oxide by treatment 
with a chloriding agent. The chloride ion may be added to the 
oxide by fanning a slurry of the oxide in a suitable solvent. 
The solid oxide inay 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 exa1nple, volatile organic chloriding agents may be used. 
Exan'lples of such volatile organic chloriding agents include, 
for exan'lple, certain freons, perchloro benzene, chlo­
ron'lethane, dichloro1nethane, chloroform, carbon tetrachlo­
ride, trichloroethanol, or volatile metal chlorides like SiC14 , 

A1Cl 3 , TiC14 , ZrC14 , BC13 , SnC14 , etc. or any combination 
thereof. Gaseous hydrogen chloride or chlorine itself may 
also be used with the solid oxide during calcining. One con­
venient inethod of contacting the oxide with the chloriding 
agent may be to vaporize a chloriding agent into a gas stream 
used to fluidize the solid oxide during calcination. 

e. Concentration of Electron-'Withdrawing Anions 
When the activator-support includes a chemically-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 a1no"Lu'lt greater than about 1 o/o 
by weight of the solid oxide. The electron withdrawing anion 
may be added to the solid oxide in an amount greater than 
about 2o/o by weight of the solid oxide, greater than about 3% 
by weight of the solid oxide, greater than about 5% by weight 
of the solid oxide, or greater than about 7% by weight of the 
solid oxide. 

The arno"Lnlt of electron-withdrawing ion, for example 
fluoride or chloride ion, present before calcining the solid 
oxide rnay be fron-:i about 1 to about 50% by weight, where the 
weight percents are based on the weight of the solid oxide, for 
exan-:iple silica-ahunina, before calcining. The amount of 
electron-withdrawing ion, for example fluoride or chloride 
ion, present before calcining the solid oxide may be fro1n 
about 3 to about 25% by weight or fro1n about 4 to about 20% 
by weight. Alternatively, halide ion or may be used in an 
a1no'lu"lt sufficient to deposit, after calcining, from about 0.1 o/o 
to about 50%, fro1n about 0.5% to about 40%, or from about 
1 o/o to about 30% by weight halide ion relative to the weight 
of the solid oxide. If the fluoride or chloride ion is added 
during calcining, such as when calcined in the presence of 
CC14 , there may be typically no, or only trace levels, of 
fluoride or chloride ion in the solid oxide before calcining. 
Once i1npregnated with halide, the halided oxide n'lay be 
dried by any 1nethod. Such inethods may include, for 
exan'lple, suction filtration followed by evaporation, drying 
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under vacuum, spray drying, and the like. It may also be 
possible to initiate the calcining step inunediately vvithout 
drying the irnpregnated solid oxide. 

The silica-alumina used to prepare the treated silica-alu­
rnina may have a pore volume greater than about 0.5 cc/g. 
Alternatively, the pore vohrme may be greater than about 0.8 
cc/g, or greater than about 1.0 cc/g. Further, the silica-alu­
rr1ina rnay have a surface area greater than about 100 m 2 /g, 
250 n1

2 /g, or 350 m 2 /g. Generally, the silica-alumina o:f the 
present techniques may have an alumina content :from about 
5 to about 95%. Alternatively, the alumina content o:f the 
silica-alumina .inay be :from about 5 to about 50o/o, or :from 
about 8% to about 30% alumina by vveight. 

The sul:fated solid oxide may include sulfate and a solid 
oxide co.inponent such as alumina or silica-alumina, in the 
:form o:fa particulate solid. Optionally, the sul:fated oxide may 
be :further treated vvith a metal ion such that the calcined 
sulfated oxide may include a metal. For example, the sul:fated 
solid oxide may include sulfate and alumina. The sulfated 
alumina may be :formed by a process vvherein the alumina is 
treated vvith a sulfate source, including, :for example, sulfuric 
acid or a sulfate salt such as ammonium sulfate, zinc sulfate, 
aluminum sulfate, nickel sulfate or copper sulfate, among 
others. In embodiments, this process may be per:fonned by 
:forn:1ing a slurry o:f the alumina in a suitable solvent such as 
alcohol or vvater, in vvhich the desired concentration o:f the 
sulfating agent has been added. Suitable organic solvents 
include, :for exa1nple, the one to three carbon alcohols because 
o:f their volatility and lovv surface tension. Alternatively the 
sul:fate salt, such as anunonium bisul:fate, can be dry mixed 
vvith the alumina before calcining. 

The amount o:f sulfate ion present before calcining may be 
:from about 1 o/o to about 50% by vveight, :from about 2% to 
about 30% by vveight, or :from about 5o/o to about 25% by 
vveight, vvhere the vveight percents are based on the vveight o:f 
the solid oxide before calcining. Once impregnated vvith sul­
fate, the sulfated oxide may be dried by any method includ­
ing, but not limited to, suction filtration :follovved by evapo­
ration, drying under vacuum, spray drying, and the like, 
although it n-:iay also be possible to initiate the calcining step 
inunediately. 

In addition to being treated vvith an electron-vvithdravving 
con1ponent such as halide or sulfate ion, the solid inorganic 
oxide o:f the present techniques may be treated vvith a n-:ietal 
source, including .inetal salts or metal-containing com­
pounds. These compounds may be added to or impregnated 
onto the solid oxide in solution :form, and subsequently con­
verted into the supported metal upon calcining. Accordingly, 
the solid inorganic oxide may further include zinc, nickel, 
vanadit.m1, silver, copper, gallium, tin, tungsten, .inolybde­
nl.un, or a con1bination thereo:f. For example, zinc may be 
used to in1pregnate the solid oxide because it provides good 
catalyst activity and lovv cost. The solid oxide may be treated 
vvith n-:ietal salts or inetal-containing compounds before, a:fter, 
or at the saine ti.ine that the solid oxide may be treated vvith the 
electron-vvithdravving anion. 

Further, any .inethod o:f impregnating the solid oxide inate­
rial vvith a n1etal n1ay be used. The method by vvhich the oxide 
is contacted vvith a metal source, typically a salt or n-:ietal­
containing con1pound, may include, tor example, gelling, 
co-gelling, i1npregnation o:f one con1pound onto the other, 
and sin1ilar techniques. Follovving any contacting .inethod, the 
contacted rnixture o:f oxide co1npound, electron-vvithdravving 
anion, and the metal ion may be calcined. Alternatively, a 
solid oxide tnaterial, an electron-vvithdravving anion source, 
and the .inetal salt or n-:ietal-containing compound n-:iay be 
contacted and calcined simultaneously. 
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'The ansa-rnetallocene co1npo-..md 1nay be contacted with an 
olefin monon1er and an organoalu1nin-..un cocatalyst tor a first 
period of time prior to contacting this n1ixture with an acidic 
activator-support. Once the precontacted rnixture of n:1etal­
locene, monomer, and a component that provides an activat­
able ligand to the metallocene, e.g., an organoalu1ninun-i 
cocatalyst, is contacted with the acidic activator-support, the 
composition may be termed the .. postcontacted" n-iixture. The 
postcontacted 1nixture 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 car­
ried out. 

Various processes to prepare solid oxide activator-supports 
that may be used in the present techniques have been reported. 
Forexample, 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 in its entirety 
herein. 

3. Ion-Exchangeable and Layered Mineral Activator-Sup­
ports 

The activator-support of the present techniques may 
include clay minerals having exchangeable cations and layers 
capable of expanding. These activator supports include ion­
exchangeable materials, such as, for exan-iple, silicate and 
aluminosilicate compounds or minerals, either with layered 
or non-layered structures, and any combination thereof-. Typi­
cal clay mineral activator-supports include layered alu1nino­
silicates sl.1ch as pillared clays. Although the term "support" 
may be 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 
of its intimate association with the ansa-1netallocene and the 
component that provides an activatable ligand to the metal­
locene, such as an organoaluminun-i. 'While not intending to 
be bound by theory, it is believed that the ion exchangeable 
activator-support may serve as an insoluble reactant that 
reacts with the ansa-metallocene and organoaluminum con-i­
ponents to form a catalyst composition used to produce poly­
mer. When the acidic activator-support includes an ion-ex­
changeable activator-support, it 1nay optionally be treated 
with an electron-withdrawing anion such as those discussed 
above, though typically the ion-exchangeable activator-sup­
port is not treated with an electron-withdrawing anion. 

The clay materials of the present techniques n-iay encon-i­
pass 1naterials either in their natural state or that have been 
treated with various ions by wetting, ion exchange, or pillar­
ing. The clay material activator-support of the present tech­
niques 1nay include clays that have been ion exchanged with 
large cations, including polynuclear, highly charged rnetal 
complex cations. However, the clay rnaterial activator-sup­
ports of the present techniques also encon-ipass clays that have 
been ion exchanged with sirnple salts, including, but not 
limited to, salts of Al(III), Fe(II), Fe(III) and Zn(II) with 
ligands such as halide, acetate, sulfate, nitrate, or nitrite. 

The clay activator-support of the present techniques may 
include pillared clays. The tenn pillared clays n-iay be used to 
refer to clay 1naterials that have been ion exchanged with 
large, typically polynuclear, highly charged 1netal co1nplex 
cations. Exan-iples of such ions include, tor exan-iple, Keggin 
ions which n-iay have charges such as 7 +, various polyoxo­
metallates, and other large ions. Thus, the tenn pillaring refers 
to a shnple exchange reaction in which the exchangeable 
cations of a clay 1naterial may be replaced with large, highly 
charged ions, such as Keggin ions. These poly1neric cations 
may then be inuno bilized within the interlayers of the clay 
and when calcined are converted to n-ietal oxide .. pillars," 
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effectively supporting the clay layers as colurrin-like struc­
tures. Thus, once the clay is dried and calcined to produce the 
supporting pillars between. clay layers, the expanded lattice 
structure n.-iay be maintained, enhancing the porosity. The 
resulting pores can vary in shape and size as a fl.u-iction o:fthe 
pillaring n:iaterial and the parent clay n1aterial used. 

The pillaring process utilizes clay minerals having 
exchangeable cations and layers capable o:f expanding. Any 
pillared clay that can enhance the polymerization. of-olefin.s in 
the catalyst co1nposition. o:f the present techniques may be 
used. There:fore, suitable clay minerals for pillaring may 
in.elude, for example: allophanes; s1nectites, including dioc­
tahedral (Al) and tri-octahedral (Mg) smectites and deriva­
tives thereo:f, such as, 1nontmorillonites (ben.ton.ites), n.ontro­
nites, hectorites, or laponites; halloysites; vermiculites; 
micas; :ftuoromicas; chlorites; 1nixed-layer clays; the fibrous 
clays such as sepiolites and attapulgites (palygorskites ); ser­
pentine clays; illite; lapon.ite; sapon.ite; or any combination 
thereo:f. In one en-ibodimen.t, the pillared clay activator-sup­
port may include benton.ite or montmorillonite, noting that 
the principal component ofbentonite is monunorillonite. 

The ion-exchangeable activator-supports such as pillared 
clays used to prepare the catalyst compositions o:fthe present 
techniques may be combined vvith other inorganic support 
materials, including, :for example, zeolites, inorganic oxides, 
phosphated inorganic oxides, and the like. In embodiments, 
typical support materials that may be used in this regard 
include, :for example, silica, silica-alumina, alumina, titania, 
zirconia, magnesia, boria, :ftuorided alumina, silated alumina, 
thoria, aluminophosphate, aluminum phosphate, zinc alumi­
nate, phosphated silica, phosphated alumina, silica-titania, 
coprecipitated silica/titania, :ftuorided/silated alumina, and 
any combination or mixture thereo:f. The amount o:f ansa­
metallocene con-ipound in relation to the ion-exchangeable 
activator-support used to prepare the catalyst composition o:f 
the present techniques may be from about 0.1 vvt o/o to about 
15 vvt o/o ansa-metallocene complex, based on the vveight of' 
the activator-support component (not based on the final 1net­
allocene-clay 1nixture), or :fron-i about 1 vvt o/o to about 10 vvt 
o/o ansa-metallocene. 

The mixture o:f an.sa-1netallocene and clay activator-sup­
port may be contacted and mixed :for any length o:f tin-ie 
su:fficient to allovv thorough interaction betvveen the ansa­
metallocene and activator-support. Su:fficien.t deposition. of' 
the metallocene co1nponent on the clay may be achieved 
without heating a rnixture of clay and metallocene complex. 
For example, the ansa-1netallocene compound and the clay 
material 1nay be sirnply 1nixed at a temperature range :fro1n 
about roon-i ternperature to about 200° F. in order to achieve 
the deposition o:f the ansa-n1etallocene on the clay activator­
support. Alten1atively, the ansa-metallocene con1pound and 
the clay n-iaterial 1nay be 1nixed :from about 1 00° F. to about 
1 80° F. in order to achieve the deposition. of the ansa-1netal­
locene on the clay activator-support. 

The present techniques enco1npass catalyst con-ipositions 
including an acidic activator-support, vvhich may include a 
layered 1nineral. The tenn "layered 1nineral" is used herein to 
describe n-iaterials such as clay 1ninerals, pillared clays, ion­
exchanged clays, exfoliated clays, exfoliated clays gelled into 
another oxide rnatrix, layered 1ninerals mixed or diluted vvith 
other materials, and the like, or any combination thereo:f. 
When the acidic activator-support includes a layered n.-iineral, 
it may optionally be treated vvith an electron-vvithdravving 
anion such as those presented herein, though typically the 
layered mineral is not treated vvith an electron.-vvithdravving 
anion. For exa1nple, a clay n.-iin.eral may be used as the acti­
vator-support. 
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Clay nl.inerals generally include the large group o:f finely­
crystalline, sheet-like layered ininerals that are found in 
nature in fine-grained sediments, sedi1nentary rocks, and the 
like, and which constitute a class o:f hydrous silicate and 
ah1n1.inosilicate ininerals with sheet-like structures and very 
high sur:face areas. This term may also be used to describe 
hydrous magnesiu1n silicates "With a phyllosilicate structure. 
Examples o:f clay minerals that may be used in the present 
techniques include, :for example, allophanes; smectites, 
including dioctahedral (Al) and tri-octahedral (Mg) s1nectites 
and derivatives thereof" such as montmorillonites (bento­
nites ), nontronites, hectorites, or laponites; halloysites; ver­
miculites; micas; fluoromicas; chlorites; nl.ixed-layer clays; 
the fibrous clays, such as sepiolites and attapulgites (palygor­
skites ); a serpentine clay; illite; laponite; saponite; or any 
co1nbination thereo:f. Many common clay ininerals belong to 
the kaolinite, montmorillonite, or illite groups o:f clays. 

When layered minerals are used as activator-supports or 
Tnetallocene activators, the layered minerals may be calcined 
prior to their use as activators. Typical calcination te1npera­
tures may range :from about 100° C. to about 700° C., :fro1n 
about 150° C. to about 500° C., or :fro1n about 200° C. to about 
400° c. 

4. Organoaluminoxane Activators/Cocatalysts 
The present techniques may include catalyst conl.positions 

that use organoaluminoxane compounds as activators and/or 
cocatalysts. In these embodiments, the catalyst co1nposition 
may not require an acidic activator-support such as a chemi­
cally-treated solid oxide to weaken the bonds between the 
inetal and the X 3 or X 4 ligands, as the organoah1n1.inoxane 
may per:form this function, or may replace the X 3 or X 4 

ligands with more active species. The catalyst composition 
may also not require an organoaluminum conl.pound. Thus, 
any ansa-metallocene compounds presented herein nl.ay be 
combined with any o:fthe alumirtoxanes presented herein, or 
any combination o:f ahuninoxanes presented herein, to :form 
catalyst co1npositions o:fthe present techniques. Further, any 
ansa-metallocene co1npounds presented herein inay be conl.­
bined with any aluminoxane or co1nbination o:f ahuninox­
anes, and optionally an activator-support such as, for 
example, a layered mineral, an ion-exchangeable activator­
support, an organoboron compound or an organoborate con-i­
pound, to :form a catalyst composition o:f the present tech­
niques. 

Ahnl.1.inoxanes n-iay be re:ferred to as poly(hydrocarbyl alu­
nl.intHl.1. oxides) or organoalu1ninoxanes. The other catalyst 
components may be contacted with the ahuninoxane in a 
saturated hydrocarbon co1npound solvent, though any solvent 
which may be substantially inert to the reactants, intennedi­
ates, and products o:f the activation step inay be used. 'The 
catalyst co1nposition :formed in this inanner inay be collected 
by any inethods, including but not li1nited to filtration, or the 
catalyst composition inay be introduced into the poly1neriza­
tion reactor without being isolated. 

'The alu1ninoxane con-ipound o:fthe present techniques nl.ay 
be an oligo1neric ah.1n1.inu1n compound, wherein the ah.uni­
noxane compol.md may include linear structl.1res, cyclic, or 
cage structures, or mixtures o:f all three. Cyclic alunl.inoxane 
conl.pounds having the :formula: 

---4- Al --0-"-- · vvherein ' I ; n , 

R 

R nl.ay be a linear or branched alkyl having fronl. 1 to 1 0 
carbon ato1ns, and n inay be an integer from 3 to a bout 10 n-iay 
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be encon:1passed by the present tech_niques. The (AlRO),, inoi­
ety shown here also constitutes the repeating unit in a linear 
aluminoxane. Thus, linear alurninoxanes having the for1nula: 

R 
/ 

R -C-AI--0-T,:- Al 

I " ' R R; wherein 

R may be a linear or branched alkyl having fron1 1 to 10 
carbon atoms, and n n-iay be an integer from 1 to about 50, are 
also encompassed by the present techniques. 

Further, ah.rrninoxanes rnay also have cage structures ofthe 
formula R"5 ,,,,_,_=Rb m-cx.A14 m03 ,.,.,, wherein Ill n-iay be 3 or 4 and 
a. is equal to nAz(3 )-no(z)+n0 c4 ). In this structure nAz(3 ) is the 
nuinber of three coordinate alun-iinl.rrn ato1ns, no(z) is the 
nuinber of two coordinate oxygen ato1ns, and n 0 ( 4 ) is the 
nl.rrnber of 4 coordinate oxygen atoms. R" represents a termi­
nal alkyl group and Rb represents a bridging alkyl group, 
either of which inay have from 1 to 10 carbon ato1ns. 

Thus, alUITiinoxanes n1ay be represented generally by for­
mulas such as (R-Al-0),,, R(R-Al-O),,,AlR2 , and the 
like,, wherein the R group n-iay be a linear or branched C 1 -C6 

alkyl such as n-iethyl, ethyl, propyl, butyl, pentyl, or hexyl, 
and n may represent an integer from 1 to about 50. The 
aluminoxane compol.u-ids of the present techniques may 
include, for example, inethylalu1ninoxane, ethylaluminox­
ane, n-propylalu1ninoxane, iso-propylalUITiinoxane, n-buty­
laluminoxane, t-butylaluminoxane, sec-butylall.rrninoxane, 
iso-butylaluminoxane, l-pentylalu1ninoxane, 2-pentylalUITii­
noxane, 3-pentylalLrrninoxane, iso-pentylalun-iinoxane, neo­
pentylalUITiinoxane, or con-ibinations thereof. 

While organoahuninoxanes with different types of R 
groups are enco1npassed by the present techniques, in.ethyl 
aluminoxane (MAO), ethyl alu1ninoxane, or isobutyl alumi­
noxane may also be used as cocatalysts used in the coin.posi­
tions of the present techniques. These aluminoxanes may be 
prepared from tri1nethylalu1ninui-i-i, triethylalun-iinu1n, or tri­
isobutylaluminl.un, respectively, and inay be referred to as 
poly(methyl alun-iinu1n oxide), poly(ethyl ahrrni1uun oxide), 
and poly(isobutyl ahuni1nun oxide), respectively. It is also 
within the scope of- the current techniques to use an alumi­
noxane in co1nbination with a trialkylaluminu1n, such as dis­
closed in U.S. Pat. No. 4,794,096, which is herein incorpo­
rated by reference in its entirety. 

The present techniques encornpass inany values of-n in the 
aluminoxane fonnulas (R---Al-0),., and R(R-Al-0),,, 
AlR2 • In typical alu1ninoxanes, n is at least about 3. However, 
depending upon how the organoahuninoxane is prepared, 
stored, and used, the value of"n inay be variable within a single 
srunple of" aluminoxane, and such co1nbinations of- organoa­
luminoxru-ies are encon1passed by the n-iethods and coin.posi­
tions of" the present techniques. 

In embodin-ients of- the present techniques that include the 
optional aluminoxane, the inolar ratio of"the ahu-i-iinu1n in the 
ahuninoxane to the n-ietallocene in the coin.position inay be 
from about 1:10 to about 100,000:1, or fro1n about 5:1 to 
about 15,000: 1. The an1ount of- optional ah1n1inoxane added 
to a polyn-ierization zone inay be an runount within a range of" 
about 0.01 ing/L to about 1000 ing/L, fron1 about 0.1 ing/L to 
about 100 mg/L, or frorn about 1 ing/L to about 50 ing/L. 

Organoall.uninoxanes n1ay be prepared by various proce­
dures which are available. Exa1nples of organoahuninoxane 
preparations are disclosed in U.S. Pat. Nos. 3,242,099 and 
4,808,561, each of"which is incorporated by reference in its 
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entirety herein. One exmnple o:fhow an alu1ninoxane may be 
prepared is as :tallows. Water may be dissolved in an inert 
organic solvent and then reacted with an aluminum alkyl 
con'.lpound such as AlR3 to :tor1n the desired organoaluminox­
ane co1npound. While not intending to be bound by this 
state1nent, it is believed that this synthetic method can a:f:ford 
a inixture o:f both linear and cyclic (R--Al-0),,, aluminox­
ane species, both o:f which are encompassed by the present 
techniques. Alternatively, organoahuninoxanes may be pre­
pared by reacting an aluminum alkyl compound such as AlR3 

with a hydrated salt, such as hydrated copper sul:fate, in an 
inert organic solvent. 

5. Organoboron and Orgm'.loborate Activators/Cocatalysts 
The present techniques inay also include catalyst compo­

sitions that use organoboron or organoborate compounds as 
activators and/or cocatalysts. Any ansa-metallocene com­
pound presented herein inay be combined with any o:f the 
organo boron or organo borate cocatalysts presented herein, or 
any co1nbination o:forganoboron or organoborate cocatalysts 
presented herein. This co1nposition may include a component 
that provides an activatable ligand such as an alkyl or hydride 
ligand to the n'.letallocene, when the metallocene compound 
does not already include such a ligand, such as an organoalu-
1ninun'.l con'.lpound. Further, any ansa-metallocene com­
pounds presented herein 1nay be combined with: any an orga­
noboron or organoborate cocatalyst; an organoaluminum 
co1npound; optionally, an aluminoxane; and optionally, an 
activator-support; to :fonn a catalyst composition o:f the 
present techniques. 

The tenn ••organoboron" compound may be used to re:fer to 
neutral boron compounds, borate salts, or combinations 
thereo:t-. For example, the organoboron compounds in various 
e1nbodin'1ents inay be a fluoroorgano boron compound, a 
fluoroorgm'.lo borate compound, or a combination thereof". 
Any fluoroorgm'.lo boron or fluoroorgano borate compound 
inay be utilized. The term fluoroorgano boron has its usual 
ineaning to refer to neutral coin.pounds o:fthe :form BYy The 
tern'.l fluoroorgano borate compound also has its usual mean­
ing to re:fer to the inonoanionic salts o:f a fluoroorgano boron 
co1npound o:t-the :forn'.l [cation]+[BY4 ]-, whereY represents a 
fluorinated organic group. For convenience, fluoroorgano 
boron m'.ld fluoroorgano borate compoi..mds may be re:ferred to 
collectively by organo boron compounds, or by either nmne as 
the context requires. 

Fluoroorgano borate co1npoun.ds that inay be used as 
cocatalysts in. the present techniques in.elude, :for exmnple, 
fluorinated aryl borates such as, N,N-dimethylan.ilin.ium tet­
rakis(pentafluorophen.yl)borate, triphenylcarben.ii..m'.l tetrakis 
(pentafluorophen.yl)borate, lithiu1n tetrakis(pen.tafluorophe­
nyl)borate, N,N-di1nethylan.ilin.ium tetrakis[3,5-bis 
( trifluoron'.lethy l)pheny 1 ]borate, tripheny lcarben.ium tetrak:i s 
[3,5-bis(trifluoro1nethyl)phenyl]borate, and the like, 
including inixtures thereof". Examples o:ffluoroorgano boron. 
cornpounds that n'.lay be used as cocatalysts in. the present 
teclu-iiques in.elude, :tor exa1nple, tris(pen.tafluorophen.yl)bo­
ron., tris[3,5-bis(trifluoro1nethyl)phen.yl]boron, and the like, 
including inixtures thereo:t-. 

Although not in.tending to be bound by the :following 
theory, these exm'.1-iples o:t- fluoroorgan.o borate and fluoroor­
gano boron con.'.lpounds, and related compounds, are thought 
to :fonn weakly-coordinating anions when con.'.lbined with 
organon-ietal co1npounds, as disclosed in. U.S. Pat. No. 5,919, 
983, which is herein. included by re:feren.ce in. its entirety 
herein. 

Generally, any a1nount o:t- organ.oboron. con'.lpound inay be 
utilized in the present techniques. In. some e1nbodiinen.ts, the 
inolar ratio o:fthe organoboron con'.lpound to the inetallocen.e 
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corn.pound in the con:l.position may be from about 0.1: 1 to 
about 10:1, or from about0.5 mole to about lOmoles of~boron 
con:l.pound per n:l.ole of metallocene con:l.pound. In enl.bodi~ 
men.ts, the a1nount of fluoroorgano boron or fluoroorgano 
borate compound used as a cocatalyst for the inetallocene 
may range of from about 0.8 mole to about 5 inoles ofboron 
compound per mole of metallocene co1npound. 

6. Ionizing Ionic Compound Activators/Cocatalysts 
Embodi1nents of the present techniques may include a 

catalyst composition as presented herein, that also includes an 
optional ionizing ionic compound as an activator and/or 
cocatalyst in addition to other components. Examples of such 
ionizing ionic compounds are disclosed in U.S. Pat. Nos. 
5,576,259 and 5,807,938 which are herein incorporated by 
reference in their entirety herein. 

An ionizing ionic compound is an ionic compound 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 ofreacting with 
the metallocene compound and converting the metallocene 
into a cationic metallocene compound. Again, while not 
intending to be bound by theory, it is believed that the ionizing 
ionic compound can function as an ionizing compound by 
completely or partially extracting an anionic ligand, such as 
one of the non-11 5 -alkadienyl ligands, X 3 or X 4

, from the 
n1etallocene. However, the ionizing ionic compound is an 
activator regardless of whether it is ionizes the metallocene, 
abstracts an X 3 or X 4 ligand in a fashion as to form an ion pair, 
vveakens the metal-(X3

) or metal-(X4
) bond in the metal­

locene, simply coordinates to an X 3 or X 4 ligand, or any other 
mechanisms by which activation can occur. Further, it is not 
necessary that the ionizing ionic compound activate the inet­
allocene only. The activation function of the ionizing ionic 
compound may be evident in the enhanced activity of catalyst 
conl.position as a whole, as compared to a catalyst co1nposi­
tion containing catalyst composition that does not include any 
ionizing ionic compound. 

Examples of ionizing ionic compounds may include, for 
exmnple, such compounds as: tri(n-butyl)mnmonium tetrakis 
(p-tolyl)borate, tri(n-butyl)mnmonium tetrakis(m-tolyl)bo­
rate, tri(n-butyl)ammonium tetrakis(2,4-dimethylphenyl)bo­
rate, tri(n-butyl)ammonium tetrakis(3,5-dimethylphenyl) 
borate, tri(n-butyl)ammonium tetrakis[3,5-bis 
(trifluoro1nethyl)phenyl]borate, tri(11-butyl)mnmoniun:1 
tetrakis(pentafluorophenyl)borate, N,N-dimethylaniliniu1n 
tetrak:is(p-tolyl)borate, N,N-dimethylaniliniunl. tetrakis(1n­
tolyl)borate, N ,N-dimethylanilinium tetraki s(2,4-di1neth­
ylphenyl)borate, N,N-dimethylanilinium tetrakis(3,5-din1.­
ethylphenyl)borate, N,N-di1nethylm1.ilinium tetrakis[3,5-bis 
(trifluoro1nethyl )phenyl]borate, N ,N -dimethylaniliniu1n 
tetraki s(pentafluoropheny l)borate, triphenylcarbeniunl. tet­
rakis(p-tolyl)borate, triphenylcarbenium tetrakis(nl.-tolyl) 
borate, triphenylcarbeni-um tetrakis(2,4-dimethylphenyl)bo­
rate, triphenylcarbenium tetrakis(3,5-dimethylphenyl) 
borate, triphenylcarbenium tetrakis [3 ,5-bis(trifluoroinethyl) 
phenyl]borate, triphenylcarbenium tetrakis 
(pentafluorophenyl)borate, tropyli1.1m tetrakis(p-tolyl)borate, 
tropylium tetrakis(1n-tolyl)borate, tropylium tetrakis(2,4-
din1.ethylphenyl)borate, tropylium tetrakis(3,5-din1.ethylphe­
nyl)borate, tropylium tetrakis[3,5-bis(trifluoro1nethyl)phe-
11yl]borate, tropylium tetrakis(pentafluorophenyl)borate, 
lithiunl. tetrakis(pentafluorophenyl)borate, lithium tetrakis 
(phenyl)borate, lithium tetrakis(p-tolyl)borate, lithhun tet­
rakis(nl.-tolyl)borate, lithiurn tetrakis(2,4-din1.ethylphenyl) 
borate, lithiu1n tetrakis(3,5-di1nethylphenyl)borate, lithiu1n 
tetrafluoroborate, sodiunl. tetrakis(pentafluoro-phenyl)bo­
rate, sodiu1n tetrakis(phenyl) borate, sodium tetrakis(p-tolyl) 
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borate, sodium tetrakis(n1-tolyl)borate, sodiuni. tetrakis(2,4-
dhnethylphenyl)borate, sodium tetrakis(3,5-
dimethylphenyl)borate, sodiurn tetrafluoroborate, potassiun1 
tetrakis-(pentafluorophenyl)borate, potassiu1n tetrakis(phe­
nyl)borate, potassium tetrakis(p-tolyl)borate, potassiun1 tet­
rakis(m-tolyl)borate, potassium tetrakis(2,4-dimethyl-phe­
nyl)borate, potassium tetrakis(3,5-dimethylphenyl)borate, 
potassium tetrafluoro-borate, triphenylcarbenium tetrakis(p­
tolyl)aluminate, triphenylcarbenium tetrakis(m-tolyl)alumi­
nate, triphenylcarbenium tetrakis(2,4-dimethylphenyl)alu­
minate, triphenyl-carbenium tetrakis(3, 5-dimethylphenyl) 
aluminate, triphenylcarbeniuni. tetrakis-(pentafluorophenyl) 
aluminate, tropylium tetrakis(p-tolyl)aluminate, tropylium 
tetrakis(m-tolyl)aluminate, tropylium tetrakis(2,4-dimeth- · 
ylphenyl)aluminate, tropylium tetrakis(3,5-dimethylphenyl) 
aluminate, tropylium tetrakis(pentafluorophenyl)aluminate, 
lithium tetrakis(pentafluorophenyl)aluminate, lithium tetrak­
is(phenyl)aluminate, lithiuni. tetrakis(p-tolyl)aluminate, 
lithium tetrakis(m-tolyl)all.rminate, lithium tetrakis(2,4-dim­
ethylphenyl)aluminate, lithium tetrakis(3,5-dimethylphenyl) 
aluminate, lithium tetrafluoroaluminate, sodium tetrakis 
(pentafluoropheny 1 )al l.rminate, sodium tetraki s(pheny 1) 
aluminate, sodium tetrakis(p-tolyl)aluni.inate, sodium 
tetrakis(m-tolyl)aluminate, sodiurn tetrakis(2,4-dimeth­
ylphenyl)aluminate, sodium tetrak:is(3,5-dimethylphenyl) 
aluminate, sodium tetrafluoroalun1inate, potassium tetrakis 
(pentafluorophenyl)aluminate, potassium tetrakis(phenyl) 
aluminate, potassium tetrakis(p-tolyl)alu1ninate, potassium 
tetrakis(m-tolyl)aluminate, potassiuni. tetrakis(2,4-dimeth­
ylphenyl)aluminate, potassium tetrakis(3,5-dimethylphenyl) 
aluminate, potassium tetrafluoroahuninate, triphenylcarbe­
nium tris(2,2' ,2 "-nonafluoro biphenyl)fluoroaluminate, silver 
tetrakis(l, 1, 1,3,3,3-hexafluoro-isopropanolato)aluminate, or 
silver tetrakis(perfluoro-t-butoxy)aluminate, or any combi­
nation thereof. 
D. Non-Limiting Examples of the Catalyst Co1nposition 

Exemplary catalyst compositions of the present techniques 
may include the compositions described below. In embodi­
ments, for example, the catalyst co1nposition may include, or 
the catalyst composition may include the contact product of, 
an ansa-metallocene, an organoalu1ninu1n co1npol.u1.d, and an 
activator-support. The ansa-1netallocene may include co1n­
pol.mds having the general forni.ula: 

R3A R3B 

In this formula, M 1 may be zirconiu1n or hafnil.U1.1. and X' and 
X" may be independently F, Cl, Br, or I. E inay be C or Si and 
R 1 and R 2 inay be independently an alkyl group or an aryl 
group, either of which having up to 1 0 carbon ato1ns, or 
hydrogen. R 3

A and R 3 s may be in.dependently a hydrocarbyl 
group or a trihydrocarbylsilyl group, any of which having up 
to 20 carbon atoms, or hydrogen. The subscript 'n' may be an 
integer irom 0 to 10, inclusive. R 4

A and R 4 s ni.ay be in.depen-
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dently a hydrocarbyl group having up to 12 carbon ato1ns, or 
hydrogen. 'The organoah.u:nin:un-i compound inay be, :for 
exainple, trin-iethylalun-iin1.nn, triethylalun-iinu1n, tripropyla­
lu1ninum, tributy lah..uninun-i, trii so buty }aluminum, trihexy }a­
luminum, triisohexylaluminum, trioctylaluminu1n, diethyla­
luminum ethoxide, diisobutylaluminum hydride, 
diethylaluminu1n chloride, or any combination thereof-. In 
this embodiinent, the activator-support may be a solid oxide 
treated vvith an electron-vvithdravving anion, vvherein the solid 
oxide may be, :for exa1nple, silica, alumina, silica-alumina, 
aluminophosphate, aluminum phosphate, zinc alu1ninate, 
heteropolytungstates, titania, zirconia, inagnesia, boria, zinc 
oxide, mixed oxides thereo:f, or any combination thereo:f. The 
electron-vvithdravving anion may be, :for example, fluoride, 
chloride, bromide, iodide, phosphate, tri:flate, bisul:fate, sul­
:fate, :fluoroborate, fluorosul:fate, trifluoroacetate, phosphate, 
fluorophosphate, fluorozirconate, fluorosilicate, fluorotitan­
ate, permanganate, substituted or unsubstituted alkai-ie­
sul:fonate, substituted or unsubstituted arenesul:fonate, substi­
tuted or unsubstituted alkylsul:fate, or any combination 
thereof. 

Alternatively, in the embodiments described above, the 
ansa-metallocene inay be compounds having the general :for­
mula: 

R4A 

In this :fonnula, M 1 n:iay be zirconiUin or ha:fniu1n and X' and 
X" may be independently F, Cl, Br, or I. E may be C or Si and 
R 1 and R 2 n-iay be independently an alkyl group or an aryl 
group, either oi- vvhich having up to 10 carbon ato1ns, or 
hydrogen. R 3

A and R 39 may be independently H, inethyl, 
ethyl, allyl, benzyl, butyl, pentyl, hexyl, ortrimethylsilyl. The 
subscript 'n' 1nay be an integer :fro1n 1 to 6, inclusive. R 4

A and 
R 49 may be independently a hydrocarbyl group having up to 
6 carbon atoms, or hydrogen. 

Further, in the en-ibodi1nents described above, the ansa­
metallocene inay be con-ipounds having the general :fonnula: 

R4A 
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In this fonn.ula, M 1 may be zirconiu.in or hafi:1il.un and X' and 
X" i-nay be independently F, Cl, Br, or I. E inay be C or Si and 
R 1 and R 2 may be independently rnethyl or phenyl. R 3

A and 
R 3

.B may be independently Hor in.ethyl, and the subscript •n• 
inay be 1or2. R 4

A and R 4
.B n1ay be independently Hort-butyl. 

For exa.inple, in the catalyst composition described above, the 
ansa-1netallocene may be any o:f(I-1) through (I-4), as shown 
in FIG. 1, or any co1nbination thereol. 

In exemplary e1nbodiments, the catalyst composition n1ay 
include, or the catalyst composition may include the contact 
product o:f, an ansa-metallocene, an organoahuninum com­
pol.md, and an activator-support. The ansa-1netallocene inay 
be any o:f (I-1) through (I-4), as shown in FIG. 1, or any 
combination thereof. The organoahu11i1uun co1npol.u1d n1ay 
include triethylaluminmn, tri-n-butylalmninu1n, triisobutyla­
luminum, or any combination thereof. The activator-support 
may include a sulfated solid oxide. 

In other en1bodiments, the catalyst con1position n1ay 
include, or the catalyst composition may include the contact 
product o:f, an ansa-metallocene, an organoall.uninl.un coin.­
pound, and an activator-support. In these e1nbodi1nents the 
ansa-metallocene maybe any o:f(I-1) through (I-4), as shown 
in FIG. 1, or any combination thereof. The organoalmninum 
compound may include triethylaluminu1n, tri-n-butylalm11i­
num, triisobutylaluminum, or any con1bination thereof-. The 
activator-support may include sulfated alu1nina. 

In yet other embodiments, the catalyst composition may 
include, or the catalyst composition n1ay include the contact 
product o:f a precontacted ansa-metallocene, a precontacted 
organoaluminum compound, a precontacted olefin, and a 
postcontacted activator-support, wherein each o:f the ansa­
metallocene, the organoaluminum compol.u1d, the olefin, and 
the activator-support may be as presented herein. 

Further embodiments o:f the present techniques provide a 
catalyst composition that includes the contact product o:f a 
tightly-bridged ansa-metallocene con1pol.u1d containing an 
alkyl group attached to the 11 5 -cyclopentadienyl-type ligand 
and a reagent that can :function to convert the inetallocene into 
an active catalyst that is di:f:ferent fron1 the con1bination of-the 
solid oxide activator-support and organoalu1ninu1n con1-
pol.u1d presented herein. Thus, in one en1 bodin1ent, the active 
catalyst composition may be :fon11ed by activating the metal­
locene, which inay include converting the inetallocene con1-
pom1d to its cationic :forn1, and by providing it with a hydro­
carbyl ligand (e.g., alkylation) before, a:fter, or during its 
conversion to a cation that can initiate olefin poly1nerization. 
The reagent that can convert the n1etallocene into an active 
catalyst inay include a co1nponent that provides an activatable 
ligand such as an alkyl to the metallocene and an activator 
co1nponent, as provided herein. In so111e instances, both :func­
tions n1ay be achieved with one co1nponent, :for example, an 
organoalu1ninoxane. In other instances, these two fi.1nctions 
inay be provided by two separate con1ponents, such as an 
organoahuninun1 compound that can provide an activatable 
alk.Jfl ligand to the inetallocene, and another co1nponent that 
can provide the activator fi.1nction. 

The activator and/or alkylation agent f"L"'>r the ansa-1netal­
locene con1pol.md n1ay be an organoalu111inoxane, such as, :for 
exa.inple, n1ethylahuninoxane or isobutylahuninoxane. Alter­
natively, the activator n1ay be a Lewis acidic organoboron 
coin pound capable o:f abstracting an anionic ligand :from the 
inetallocene, such as, :for exa111ple, tris(pentafluorophenyl) 
boron or triphenylcarbeniun1 tetrakis(pentafluorophenyl)bo­
rate, that may be used in co111bination with an alkylating agent 
such as an organoalu111inun1 co111pound. 

Further, a dialkylated tightly-bridged ansa-1netallocene 
co111pound as presented herein n1ay be reacted with a Br011-
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sted acidic borate activator such as tri(n-butyl)anunoniu1n 
tetrak:is(p-tolyl)borate or N,N-din'lethylan.ilinitu:r1 tetrak:is­
(penta:fluorophenyl)borate to rernove one alkyl ligand to fonn 
an alkylated n'letallocene cation. Alten1atively, the dialky­
lated tightly-bridged ansa-1netallocene co1npound may be 
reacted "With a Le"'W'is acid borate activator such as triphenyl­
carbeniun'! tetrakis(penta:fluorophenyl)borate to re1nove one 
alkyl ligand to forn'l an alkylated inetallocene cation. Thus, 
"While not intending to be bound by theory, it is believed that 
the active catalyst n'lay include an alkylated n'letallocene cat­
ion, and any nun1ber of alternate reactions n1ay be used to 
generate such a catalyst. 

The present techniques inay include a catalyst coin position 
that contains a contact product of a tightly-bridged ansa-
1netallocene vvhich includes a hydrocarbyl ligand that can 
initiate olefin poly1nerization and a solid oxide activator­
support, "Without the need for the addition of an organoalumi­
num co1npound. The ansa-1netallocene co1npound may 
include a pendant alkyl group attached to one of the 11 5 -cy­
clopentadienyl-type ligand, and a hydrocarbyl ligand that can 
initiate olefin polyn'lerization. An organoaluminum com­
pound may not be required to alkylate this type of .. pre­
alkylated" ansa-metallocene because it already includes a 
hydrocarbyl ligand that can initiate olefin polymerization. 
E. The Olefin Monorner 

In the present tecluliques, various unsaturated reactants 
may be useful in the polyn'lerization processes "With catalyst 
compositions and processes. Such reactants include olefin 
compounds having from about 2 to a bout 30 carbon atoms per 
molecule and having an olefinic double bond. The present 
techniques encon'Ipass homopoly1nerization processes using 
a single olefin such as ethylene or propylene, as "Well as 
copolymerization reactions "With tvvo or inore different ole­
finic compounds. For exan'lple, in a copoly1nerization reac­
tion "With ethylene, copoly1ners inay include a major amount 
of ethylene (>50 inole percent) and a ininor amount of 
comonomer <50 inole percent. The co1nonomers that may be 
copolymerized vvith ethylene may have fron'l three to about 20 
carbon ato1ns in their n'!olecular chain. 

Olefins that inay be used as n'lono1ner or comonomer 
include acyclic, cyclic, polycyclic, tenninal (a.), internal, lin­
ear, branched, substituted, unsubstituted, :functionalized, and 
non-functionalized olefins. For exan'lple, co1npounds that 
may be polymerized vvith the catalysts of the present tech­
niques include propylene, I -butene, 2-butene, 3-methyl-1-
butene, isobutylene, 1-pentene, 2-pentene, 3-methyl-1-pen­
tene, 4-n'lethyl-1-pentene, 1-hexene, 2-hexene, 3-hexene, 
3-ethyl-1-hexene, 1-heptene, 2-heptene, 3-heptene, the four 
nor1nal octenes, the tour non1'!al nonenes, the five normal 
decenes, or any co1nbination thereat-. Further, cyclic and bicy­
clic olefins, including, tor exa1nple, cyclopentene, cyclohex­
ene, norbornylene, norbornadiene, and the like, may also be 
polymerized as described above. 

The a1nount of co1nonorner introduced into a reactor zone 
to produce a copoly1ner may be fro1n about 0.001 to about 99 
vveight percent cornonomer based on the total vveight of the 
monon'!er and con1ono1ner, generally iron'! about 0.01 to 
about 50 vveight percent. In other embodi1nents, the ainount 
of comono1ner introduced into a reactor zone may be from 
about 0.01 to about 10 vveight percent co1nono1ner or from 
about 0.1 to about 5 "Weight percent co1nono1ner. Alterna­
tively, an an'!ount sufficient to give the above described con­
centrations, by vveight, of- the copolyn'ler produced, may be 
used. 

While not intending to be bound by theory, it is believed 
that steric hindrance can irnpede or slovv the polymerization 
process it-branched, substituted, or fl.u1ctionalized olefins are 
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used as reactants. However, i:f the branched and/or cyclic 
portion(s) o:f the olefin are somewhat removed :from the car­
bon-carbon double bond they would not be expected to h.:inder 
the reaction as inuch as rnore proximate substituents. 

In exe1nplary ern.bodin1.ents, a reactant :for the catalyst con1.­
positions o:f the present techniques is ethylene, so the poly-
1nerizations may be either homopolymerizations or copoly-
1nerizations with a di:f:ferent acyclic, cyclic, terminal, internal, 
linear, branched, substituted, or unsubstituted olefin. In addi­
tion, the catalyst co1npositions o:fthe present techniques may 
be used in poly1nerization o:f diolefin compounds, including 
:for exan1.ple, such compounds as 1,3-butadiene, isoprene, 
1,4-pentadiene, and 1,5-hexadiene. 
II. Preparation o:fthe Catalyst Composition 

"The present techniques encompass a catalyst composition 
and a inethod that includes contacting a tightly-bridged ansa-
1netallocene co1npound, an activator, and optionally an orga­
noah.uninum co1npound, as presented herein. The method 
presented herein enco1npasses any series of contacting steps 
that allows contacting each ofthe components including any 
order o:f contacting components or mixtures o:f components. 
While not intending to be limiting, examples of contacting 
steps inay be exemplified using a treated solid oxide activator­
support and an organoalun1.inum cocatalyst. These steps may 
encon1.pass any nu1nber o:f precontacting and postcontacting 
steps, and n1.ay further encompass using an olefin monomer as 
a contact con1.ponent in any o:fthese steps. Examples o:fmeth­
ods to prepare the catalyst composition of the present tech­
niques are discussed below. 
A. Precontacting the Catalyst Composition with an Olefin 

Precontacting a catalyst composition, or a component of a 
catalyst co1nposition, with an olefinic monomer prior to add­
ing the catalyst composition to a reactor may increase the 
productivity of the polymer as compared to the same catalyst 
co1nposition that is prepared without a precontacting step. 
The enhanced activity catalyst composition of the present 
techniques may be used :for homopolymerization of an cx.-ole­
fin inonomer such as ethylene or copolymerization of an 
cx.-olefin and a con1.ono1ner. However, a precontacting step is 
not required :for the catalyst compositions of the present tech­
niques. 

In son1.e e1nbodin1.ents of the present techniques, the ansa­
rnetallocene inay be precontacted with an olefinic monomer, 
although not necessarily the olefin monomer to be polymer­
ized, and an organoahuninum cocatalyst for a first period of 
ti1ne. This precontacted inixture may then be contacted with 
the solid oxide activator-support. For example, the first period 
o:f ti1ne :for contact, the precontact time, between the ansa-
1netallocene, tl1.e olefinic monomer, and the organoaluminum 
cocatalyst n1.ay range in ti1ne from about 1 minute to about 24 
hours, :fron1 about 0.1 to about 1 hour, or :from about 10 
n1.inutes to about 30 n1.inutes. 

Once the precontacted mixture of ansa-metallocene, olefin 
n1ono1ner, and organoalu1ninu1n cocatalyst is contacted with 
the solid oxide activator, this coin.position (:further including 
the solid oxide activator) may be termed the postcontacted 
inixture. The postcontacted mixture may be allowed to 
re1nain in contact :for a second period o:ftin1.e, the postcontact 
ti1ne, prior to being used in the poly1nerization process. This 
n1.ay provide increases in activity in a similar :fashion to pre­
contacting the catalyst composition. Postcontact times 
between the solid oxide activator-support and the precon­
tacted inixture n1.ay range in tin1.e fro1n about 1 minute to 
a bout 24 hours, :fro1n 0 .1 ho1.,rrs to a bout 1 hour, or from a bout 
10 ininutes to about 30 1ninutes. 

'1.11e various catalyst co1nponents (:for exa1nple, ansa-met­
allocene, activator-support, organoah.unintm1. cocatalyst, and 
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optionally an unsaturated hydrocarbon) n-iay be contacted in 
the polyn-ierization reactor simultaneously while the poly­
merization reaction is proceeding. Alternatively, any two or 
n-iore of these catalyst components inay be precontacted in a 
vessel or tube prior to their entering the reaction zone. 'I1-iis 
precontacting step may be a continuous process, in which the 
precontacted product may be fed continuously to the reactor, 
or it n-:iay be a stepwise or batchwise process in which a batch 
of precontacted product may be added to make a catalyst 
corn.position. This precontacting step may be carried out over 
a time period that may range from a few seconds to as n-iuch 
as several days, or longer. For example, the continuous 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 
ininute to about 30 minutes. 
B. Multiple Precontacting 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 cata­
lyst co1nponents. For example, at least two catalyst co1npo­
nents may be contacted 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 be carried out in a single 
vessel or in multiple 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 including the first mixture plus one additional cata­
lyst component may be formed in the first vessel or in a 
second vessel, which may be placed downstream of the first 
vessel. 

One or more of the catalyst components may be split and 
used in different precontacting treatments. For example, part 
of a catalyst component may be fed into a first precontacting 
vessel for precontacting with another catalyst component, 
while the remainder ofthat same catalyst co1nponent may be 
fed into a second precontacting vessel for precontacting with 
another catalyst component, or may be fed directly into the 
reactor, or a combination thereof. The precontacting may be 
carried out in any suitable equipment, such as tanks, stirred 
inix tanks, various static mixing devices, a tube, a flask, a 
vessel of any type, or any combination thereof. For example, 
a catalyst composition of the present techniques may be pre­
pared by contacting 1-hexene, triisobutylaluminun-:i or tri-n­
butylaluminum, and an ansa-metallocene for at least about 30 
rninutes, followed by contacting the precontacted n-iixture 
with a sulfated alu1nina activator-support for at least about 10 
minutes up to one hour to form the active catalyst. 

The postcontacted mixture may be heated at a temperature 
and for a time sufficient to allow adsorption, in-ipregnation, or 
interaction of precontacted mixture and the solid oxide acti­
vator-support, such that a portion of the con-iponents of the 
precontacted inixture may be immobilized, adsorbed, or 
deposited thereon. For example, the postcontacted mixture 
inay be heated from between about 0° F. to about I 50° F., or 
fro1n between about 40° F. to about 95° F. Neither a precon­
tacting step nor a postcontacting step may be required for the 
present techniques. 
C. Composition Ratios for Catalyst Compositions 

In e1nbodiments of the present techniques, the inolar ratio 
of the ansa-metallocene compound to the organoah11ninu1n 
co1npound may be fro1n 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, 
I :8000, etc.), from about I: I to about I: 1,000, or fron-i about 
1:1 to about 1:100. These molar ratios reflect the ratio of 
ansa-n1etallocene co1npound to the total an-iount of orga-
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noalurninurn. con:ipound in both the precontacted IT1ixture and 
the postcontacted n1.ixture, con1.bined. 

When a precontacting step is used, the molar ratio o:folefin 
mono1ner to ansa-n1.etallocene compound in the precontacted 
inixture n:iay 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.), oriro1n 
about 10: 1 to about 1,000: 1. The weight ratio o:f the solid 
oxide activator to the organoaluminu1n compound may range 
:from about 1:5 to about 1,000:1, :fro1n about 1:3 to about 
100: 1, or:from about 1: 1 to about 50: 1. The weight ratio o:fthe 
ansa-metallocene 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.), :from about 1: 10 to about 1 :100,000, or:from 
about 1:20 to about 1:1000. 
D. Examples o:f a Process to Prepare a Catalyst Composition 

Embodiments o:f the present techniques include processes 
to produce a catalyst composition. For exa1nple, one such 
process may include contacting an ansa-metallocene, an ole­
fin, and an organoaluminum compound for a first period o:f 
time to :form a precontacted mixture including a precontacted 
ansa-metallocene, a precontacted organoaluminum com­
pound, and a precontacted olefin. The precontacted mixture 
may then be contacted with an activator-support and option­
ally additional organoalu1ninu1n compound :for a second 
period o:f time to :form a postcontacted mixture including a 
postcontacted ansa-metallocene, a postcontacted organoalu­
minum compound, a postcontacted olefin, and a postcon­
tacted activator-support. In embodiments, the ansa-metal­
locene may include a co1npound having the :formula: 

(X 1 )(X2 )(X3 )(X4 )M 1 , 

in whichM1 may be titanium, zirconium, orha:fnium. X 1 may 
be a substituted cyclopentadienyl, a substituted indenyl, or a 
substituted fluorenyl. X 2 inay be a substituted cyclopentadi­
enyl or a substituted fluorenyl. 

One substituent on X 1 and X 2 is a bridging group having 
the :formula ER 1 R 2

, in which E may be a carbon atom, a 
silicon atom, a germanium ato1n, or a tin atom. E is bonded to 
both X 1 and X 2

• R 1 and R 2 inay be independently an alkyl 
group or an aryl group, either o:fwhich having up to 12 carbon 
atoms, or hydrogen. One substituent on X 2 is a substituted or 
an unsubstituted alkyl group having up to 12 carbon atoms. 

X 3 and X 4 may be independently: 1) F, Cl, Br, or I; 2) a 
hydrocarbyl group having up to 20 carbon ato1ns, I-I, or BH4 ; 

3) a hydrocarbyloxide group, a hydrocarbylmnino group, or a 
trihydrocarbylsilyl group, any of- which having up to 20 car­
bon atoms; 4) OBRA 2 or S03 RA, wherein RA may be an alkyl 
group or an aryl group, any o:f which having up to 12 carbon 
atoms. 

Any additional substituent on the substituted cyclopenta­
dienyl, substituted indenyl, substituted fluorenyl, or substi­
tuted alkyl group may be independently an aliphatic group, an 
aron:iatic group, a cyclic group, a con1.binationof-aliphatic and 
cyclic groups, an oxygen group, a sulfbr group, a nitrogen 
group, a phosphorus group, an arsenic group, a carbon group, 
a silicon group, or a boron group, any o:fwhich having :from 1 
to 20 carbon aton:is; a halide; or hydrogen. 
E. Activity o:f the Catalyst Con1.position 

The catalytic activity o:f the catalyst o:f the present tech­
niques may be greater than or equal to about 1000 grams 
polyethylene per grain o:f che1nically treated solid oxide per 
hour (abbreviated gP/(g CTSO·hr)), greater than or equal to 
about 3000 gP/(g CTSO·hr), greater than or equal to about 
6000 gP/(g CTSO·hr), or greater than or equal to about 9000 
gP/(g CTSO·hr).Activity inay be ineasured under slurry poly-
1nerization conditions using isobutml.e as the diluent, with a 
polyn1.erization temperature :fron:i about 80° C. to about 100° 
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c., and an ethylene pressure or about 340 psig to about 450 
psig. The reactor should have substantially no indication or 
any wall scale, coating or other ronns orrouling when 1naking 
these measurenl.ents. 
III. Use or the Catalyst Coin.position in Poly1nerization Pro­
cesses 

The catalysts or the present techniques are intended ror any 
olefin polymerization method, using various types or poly­
merization reactors. As used herein, '"polynl.erization reactor" 
includes any polymerization reactor capable orpolynl.erizing 
olefin monomers to produce homopolymers or copolymers. 
Such homopoly1ners and copolymers may be rererred to as 
resins or polymers. The various types or reactors include 
those that nJ.ay be rererred to as batch, slurry, gas-phase, 
solution, high pressure, tubular or autoclave reactors. Gas 
phase reactors may include fluidized bed reactors or staged 
horizontal reactors. Slurry reactors may include vertical or 
horizontal loops. High pressure reactors may include auto­
clave or tubular reactors. Reactor types may include batch or 
continuous processes. Continuous processes could use inter­
mittent or continuous product discharge. Processes nl.ay also 
include partial or full direct recycle or un-reacted mono1ner, 
un-reacted comonomer, and/or diluent. 

Polymerization reactor systems or the present techniques 
may include one type or reactor in a system or inultiple 
reactors orthe same or dirrerent type. Production or polymers 
in inultiple reactors may include several stages in at least two 
separate poly1nerization reactors interconnected by a transrer 
device making it possible to transrer the polynJ.ers resulting 
rrom the first polymerization reactor into the second reactor. 
The desired polymerization conditions in one orthe reactors 
may be dirrerent rrom the operating conditions or the other 
reactors. Alternatively, polymerization in multiple reactors 
may include the manual transrer or polymer rro1n one reactor 
to subsequent reactors ror continued polymerization. Mul­
tiple reactor systems may include any combination including, 
but not linJ.ited to, multiple loop reactors, multiple gas reac­
tors, a combination or loop and gas reactors, multiple high 
pressure reactors or a co1nbination orhigh pressure with loop 
and/or gas reactors. The multiple reactors may be operated in 
series or in parallel. 
A. Loop Slurry Polymerization Processes 

In e1nbodi1nents or the present techniques, the polynl.eriza­
tion reactor syste1n may include a loop slurry reactor. Such 
reactors may include vertical or horizontal loops. Mono1ner, 
diluent, catalyst and optionally any comono1ner may be con­
tinuously red to the loop reactor where poly1nerization 
occurs. Generally, continuous processes may include the con­
tinuous introduction or a mono1ner, a catalyst, and a diluent 
into a polymerization reactor and the continuous re1noval 
rro1n this reactor or a suspension including poly1ner particles 
and the diluent. Reactor effluent inay be flashed to re1nove the 
solid polyrner rrom the liquids that include the diluent, Ul.OHO­
lUer and/or co1nonon1.er. Various technologies inay be 
en1.ployed for this separation step including but not linJ.ited to, 
flashing that inay include any combination or heat addition 
and pressure reduction; separation by cyclonic action in 
either a cyclone or hydrocyclone; or separation by centrifl.1-
gation. 

Loop slurry polymerization processes (also known as. the 
particle fonn process) are are disclosed, ror exa1nple, in U.S. 
Pat. Nos. 3,248, 179, 4,501,885, 5,565, 175, 5,575,979, 6,239, 
235, 6,262,191and6,833,415, each orwhich is incorporated 
by reference in its entirety herein. 

Diluents that inay be used in slurry polynl.erization include, 
ror example, the inono1ner being polynl.erized and hydrocar­
bons that are liquids under reaction conditions. Exanl.ples or 
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such diluents inay include, for exarn.ple, hydrocarbons such 
as propane, cyclohexane, isobutane, n-butane, n-pentane, iso­
pentane, neopentane, an.d n-hexane. Son-ie loop polyn-ieriza­
tion reactions can occ1.1r under bulk conditions where no 
diluent inay be used or where the inono1ner (e.g., propylene) 
acts as the diluent. An example is poly1nerization of propy­
lene mono1ner as disclosed in U.S. Pat. No. 5,455,314, which 
is incorporated by reference in its entirety herein. 
B. Gas Phase Polymerization Processes 

Further, the polymerization reactor n-iay include a gas 
phase reactor. Such systems n-iay e1nploy a continuous 
recycle stream containing one or n-iore inonon-iers continu­
ously cycled through a :fluidized bed in the presence of the 
catalyst under polymerization conditions. A recycle streain 
may be withdrawn from the :fluidized bed and recycled back 
into the reactor. Simultai-ieously, poly1ner product inay be 
withdrawn from the reactor and new or fresh n-iono1ner inay 
be added to replace the polymerized n-ionon1er. Such gas 
phase reactors may include a process for inulti-step gas-phase 
polymerization ofolefins, in which olefins are polyn-ierized in 
the gaseous phase in at least two independent gas-phase poly­
merization zones while feeding a catalyst-containing poly­
mer formed in a first polymerization .zone to a second poly­
merization 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 include a tubular reactor 
or an autoclave reactor. Tubular reactors inay have several 
zones where fresh monomer, initiators, or catalysts are added. 
Monomer may be entrained in an inert gaseous streain and 
introduced at one zone of the reactor. Initiators, catalysts, 
and/or catalyst components may be entrained in a gaseous 
stream and introduced at another zone of the reactor. The gas 
streams inay be intermixed for polyn-ierization. Heat and 
pressure n-iay be employed appropriately to obtain opti1nal 
polymerization reaction conditions. 
C. Solution Polymerization Processes 

According to yet another aspect of the techniques, the 
polymerization reactor n-iay include a solution poly1neriza­
tion reactor wherein the mono1ner is contacted with the cata­
lyst con-iposition by suitable stirring or other ineai-is. A carrier 
including an inert organic diluent or excess n-ionomer n-iay be 
e1nployed. If desired, the mono1ner nl.ay be brought in the 
vapor phase into contact with the catalytic reaction product, 
in the presence or absence of liquid inaterial. The poly1ner­
ization zone inay be maintained at te1nperatures and pressures 
that will result in the formation of a solution o:fthe polyn-ier in 
a reaction inedium. Agitation nl.ay be e1nployed to obtain 
better te1nperature control and to nl.aintain uniionn poly1ner­
ization inixtures throughout the poly1nerization zone. 
Adequate nl.eans inay be utilized i<._~r dissipating the exother­
n-iic heat of poly1nerization. 
D. Reactor Support Systems 

Poly1nerization reactors suitable i()r the present techniques 
n-iay further include any co1nbination of a raw inaterial ieed 
syste1n, a ieed system for catalyst or catalyst co1nponents, 
and/or a polymer recovery syste1n. Such systen1s n-iay include 
syste1ns for feedstock purification, catalyst storage and 
preparation, extrusion, reactor cooling, poly1ner recovery, 
fractionation, recycle, storage, loadout, laboratory analysis, 
and process control, among others. 
E. Poly1nerization Conditions 

Conditions that may be controlled for poly1nerization effi­
ciency and to provide resin properties include te1nperature, 
pressure and the concentrations of various reactants. Poly­
n-ierization ten-iperature can affect catalyst productivity, poly-
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rner inolecular vveigl1t and inolecular vveight distribution. 
Suitable poly1nerization ternperature n-iay be any temperature 
belovv the de-poly1nerization temperature according to the 
Gibbs Free energy equation. Typically this includes from 
about 60° C. to about 280° C., for exainple, and from about 
70° C. to about 110° C., depending upon the type of polymer­
ization reactor. 

Suitable pressures vvill also vary according to the reactor 
and polymerization type. The pressure for liquid phase poly­
merizations in a loop reactor is. typically less than 1000 psig. 
Pressure for gas phase polyn1erization is usually at about 
200-500 psig. High pressure polymerization in tubular or 
autoclave reactors is generally run at about 20,000 to 75,000 
psig. Poly1nerization reactors n-iay also be operated in a super­
critical region occurring at generally higher temperatures and 
pressures. Operation above the critical point of a pressure/ 
temperature diagra1n (supercritical phase) may offer advan­
tages. 

The concentration of various reactants inay be controlled to 
produce resins vvith certain physical and inechanical proper­
ties. The proposed end-use product that vvill be formed by the 
resin and the inethod of fanning that product determines the 
desired resin properties. Mechanical properties include ten­
sile, flexural, i1npact, creep, stress relaxation and hardness 
tests. Physical properties include density, molecular vveight, 
molecular vveight distribution, melting te1nperature, glass 
transition te1nperature, temperature melt of crystallization, 
density, stereoregularity, crack grovvth, long chain branching 
and rheological n-ieasurements. 

The concentrations of n-ionomer, co-monomer, hydrogen, 
co-catalyst, modifiers, and electron donors may be important 
in producing these resin properties. Como no mer may be used 
to control product density. Hydrogen may be used to control 
product molecular vveight. Co-catalysts may be used to alky­
late, scavenge poisons and control n-iolecular vveight. Modi­
fiers may be used to control product properties and electron 
donors affect stereoregularity. In addition, the concentration 
of poisons inust be n-iinin1ized since they impact the reactions 
and product properties. 
F. Final Products Made fron1 Poly1ners 

The polymer or resin fluff fron1 the reactor system may 
have additives and inodifiers added to provide better process­
ing during nJ.anufacturing and for desired properties in the end 
product. Additives include surface inodifiers such as slip 
agents, antiblocks, tackifiers; antioxidants such as primary 
and secondary ai1tioxidants; pign1ents; processing aids such 
as vvaxes/oils and fluoroelasto1ners; and special additives 
such as fire retardants, antistats, scavengers, absorbers, odor 
enhancers, and degradation agents. After the addition of the 
additives, the poly1ner or resin flu:f.f inay be extruded and 
fonned into pellets for distribution to customers and forma­
tion into final end-products. 

To fonn end-products or con1ponents fro1n the pellets, the 
pellets are generally subjected to f'urther processing, such as 
blovv inolding, injection inolding, rotational molding, blovvn 
fihn, cast fihn, extrusion (e.g., sheet extrusion, pipe and cor­
rugated extrusion, coating/lan1ination extrusion, etc.), and so 
on. Blovv n-iolding is a process used for producing hollovv 
plastic parts. The process typically e1nploys blovv inolding 
equip1nent, such as reciprocating screvv inachines, accumu­
lator head rnachines, and so on. The blovv inolding process 
may be tailored to ineet the custo1ner's needs, and to 1nai1u­
facture products ranging fronJ. the plastic 1nilk bot1:les to the 
auton1otive :fL1el tanks 1nentioned above. Sin1ilarly, in injec­
tion 1nolding, products and con1ponents inay be inolded for a 
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vvide range o:f applications, including containers, :food and 
chen:1ical packaging, toys, automotive, crates, caps and clo­
sures, to nanl.e a fevv. 

Profile extrusion processes i:nay also be used. Polyethylene 
pipe, for exanl.ple, may be extruded :from polyethylene pellet 
resins and used in an assortment of applications due to its 
che1nical resistance, relative ease of installation, durability 
and cost advantages, and the like. Indeed, plastic polyethyl­
ene piping has achieved significant use for vvater mains, gas 
distribution, storm and sanitary sevvers, interior plumbing, 
electrical conduits, povver and comml.mications ducts, chilled 
vvater piping, and vvell casings, among others. In particular, 
high-density polyethylene (HDPE), vvhich generally consti­
tutes the largest volume of the polyolefin group o:f plastics 
used :for pipe, is tough, abrasion-resistant and flexible (even at 
sub:freezing te1nperatures). Furthermore, HDPE pipe may be 
used in Sill.all diameter tubing and in pipe up to more than 8 
feet in dianJ.eter. 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 i:nolding is a high-temperature, lovv-pressure 
process used to :form hollovv parts through the application of 
heat to biaxially-rotated molds. Polyethylene pellet resins 
generally applicable in this process are those resins that flovv 
together in the absence of pressure vvhen melted to form a 
bubble-free part. Resins, such as those produced by the cata­
lyst compositions of the present techniques, may of:fer such 
flovv characteristics, as vvell as a vvide processing vvindovv. 
Furthen:nore, these polyethylene resins suitable :for rotational 
molding may exhibit desirable lovv-temperature impact 
strength, good load-bearing properties, and good ultraviolet 
(UV) stability. Accordingly, applications for rotationally-
1:nolded polyolefin resins include agricultural tanks, industrial 
chen'l.ical tanks, potable vvater storage tanks, industrial vvaste 
containers, recreational equipment, marine products, plus 
Ill.any inore. 

Sheet extrusion is a technique for making flat plastic sheets 
:from a variety o:f resins. The relatively thin gauge sheets are 
generally thennofon:ned into packaging applications such as 
drink cups, deli containers, produce trays, baby vvipe contain­
ers and i:nargarine tubs. Other markets :for sheet extrusion o:f 
polyolefin include those that utilize relatively thicker sheets 
for industrial and recreational applications, such as truck bed 
liners, pallets, automotive dunnage, playground equipment, 
and boats. A third use for extruded sheet, for example, is in 
geon'l.en'l.branes, vvhere flat-sheet polyethylene material may 
be vvelded into large contairn:nent syste1:ns :for i:nining appli­
cations and nl.unicipal vvaste disposal. 

The blovvn fih:n process is a relatively diverse conversion 
systern used for polyethylene. The American Society for Test­
ing and Materials (ASTM) defines films as less than 0.254 
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rnillimeter (10 inils) in. thickness. However, the blown fihn 
process can. produce materials as thick as 0.5 n1illimeter (20 
mils), and higher. Furthermore, blow n1olding in. conjunction. 
vvith inon.olayer and/or multilayer coextrusion technologies 
lays the groundwork for several applications. Advantageous 
properties of the blow molding products n.~ay include clarity, 
strength, tearability, optical properties, and toughness, to 
naine a fevv. Applications may in.elude food ai~d retail pack­
aging, industrial packaging, and non-packaging applications, 
such as agricultural films, hygiene film, and so forth. 

The cast film process may differ fro1n the blown. film pro­
cess through the fast quench and virtual unidirectional orien­
tation. capabilities. These characteristics allow a cast fihn lin.e, 
for example, to operate at higher production. rates while pro­
ducing beneficial optics. Applications in. food and retail pack­
aging take advantage of these strengths. Fin.ally, polyolefin. 
pellets may also be supplied for the extrusion coating and 
lamination industry. 

Ultimately, the products and components formed from 
polyolefin. (e.g., polyethylene) pellets may be further pro­
cessed and assembled for distribution and sale to the con­
su.mer. For example, a polyethylene milk bottle may be filled 
vvith milk for distribution to the consumer, or the fuel tank 
may be assembled into an auto mo bile for distribution and sale 
to the consumer. 
IV. Examples of Polymers Prepared Using the Catalysts of the 
Present Techniques 

Without intending to be limiting, ethylene polyn~ers pro­
duced using catalyst compositions of the present techniques 
may be characterized by lower melt elasticity than may be 
observed when using tightly-bridged ansa-1netallocene cata­
lysts without an alkyl group bonded to a 11 5 -cyclopentadien.yl­
type ligand. This may be demonstrated by the polymerization 
runs shown in Tables 1 and 2. Further, as shown in. Table 1, the 
low steric hindrance from the linear alkyl substituent on the 
11 5 -cyclopentadienyl-type rings may in.crease both activity 
and comonomer incorporation in. some circumstances. 

Specifically, metallocene R-1, which has an unsubstituted 
alkan.e substituent on. a 11 5 -inden.yl ring, as shown in. FIG. 2, 
shows higher activity, 437 g PE/mg metallocene, and higher 
comonomer incorporation, 0. 94 mol %, than. a catalyst having 
a bulky tri1nethyl silyl in the same position on the 11 5 -indenyl. 
This metallocene, shown as R-2 in FIG. 2, only has an. activity 
of 1 71 g PE/mg metallocene, and a co1nonon~er in.corporation 
of 0.5 mol %. Thus, although the catalysts of the current 
techniques may be used with any of the substituen.ts presented 
herein, the exainples discussed below with respect to Table 2 
focus on the use ofun.substituted alk::yl groups as substituen.ts. 

TABLE 1 

Comparison of hexene incmporation by catalysts having bulky substituents vs. 
linear substituents. 

Metallocene Activator- Activator· TIBAL Solid Butyl 
Weight Time Temp. p Rexene Support Suppo11 (IM) PE Branch 

Exam. Metallocene (mg) (min) (C.) (psig) (g) Type (mg) (mL) (g) (mo!%) 

R·I 30 80 450 25.0 Fluorided 100 0.5 437 0.94 
Silica 
Altunina 

2 R-2 30 80 450 25.0 Fluorided JOO 0.5 171 0.50 
Silica 
Alumina 

Examples 3-15 in. Table 2 show results that n~ay be 
obtained :tor poly1ners inade using the catalysts of the present 
techniques. The specific metallocene structures used are 
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shovvn in FIG. 1, corresponding to the identification given in 
the colunin labeled .. Metallocene," in Table 2. In comparison, 
Examples 16-18 in Table 2 shovv results that n"l.ay be obtained 
for poly1ners n1ade fro1n a catalyst having no substituents on 
the cyclopentadienyl rings. The n"l.etallocene structure used 
for these runs is shovvn in FIG. 2 as structure .. C-1 ."A :further 
comparison may be made to commercially available poly­
mers used in similar applications. Analysis results for a selec­
tion of these types of poly1ners are shovvn in Table 3. 
A. Melt Elasticity 

Melt elasticity may be 1neasured by any number of rheo­
logical procedures. In one technique, as discussed belovv, a 
highly reproducible measurement of melt viscosity may be 
obtained from dynamic rheological n"l.easurements. The data 
obtained fron"l. these n"l.easi.rre1nents may used to calculate a 
value for Tan o, vvhich is the ratio of the viscous n"l.odulus, G", 
divided by the elastic modulus, G'. As the melt elasticity 
decreases, G" increases and G' decreases, increasing the value 
ofTan o. 

Comparing the melt elasticity of different polymers may be 
most meaningful vvhen the melt elasticity is correlated to the 
molecular vveight. Hovvever, the unsubstituted metallocene 
catalyst, the structure of vvhich is shovvn as C-1 in FIG. 2, 
generated a significant ainount of insoluble material, prevent­
ing measurement of the molecular vveights. This is indicated 
by the term "insolubles," in Examples 16-18. Thus, compari­
sons ofTan o vs. Molecular vveight, as discussed belovv, vvere 
impossible. As shovvn in Table 2, polymers made using exem­
plary catalysts of the present techniques, shovvn as I-1-I-4 in 
FIG. 1, all have higher values for Tan o than the value obtained 
for Example 18, vvhich vvas made using the unsubstituted.No 

TABLE2 

Polvmerization examples. 

Tern· Metal-
Ex- per- Reactor Support locene Solid Tanb 
am- Metal- Time amre pre.sure Support weight PE Mwi (at 
pie Jocene (min) (C) (psi) Type 

weight R3AI 
(mg) (mmol) (mg) (g) Mn:lOOO Mw!JOOO Mzi!OOO Mn 0.1/sec) 

Activity 
(g Pl 

(_gCTSO· 
hr) 

1-1 

4 1-J 

1-2 

1-2 

1-2 

1-2 

1-2 

10 1-2 

II 1-2 

J2 1-3 

13 1-3 

14 1-3 

15 1-4 

60 95 450 S-SSA1 JOO 0.25 3.0 J59.0 431.96 1124.28 2486.16 2.6 0.8J73 J590 
TIR-\L 

60 95 450 S-SSA 200 0.25 3.0 405.0 256.57 
TIBAL 

25 90 450 S-SSA 100 0.5 1.0 295.0 230.42 
TNBAL 

30 90 450 S-SSA JOO 0.5 0.5 245.0 293.73 
TNBAL 

30 80 450 S-SSA JOO 0.25 1.0 150.0 409.16 
TN BAL 

30 90 390 S-SSA J 00 0.5 0.5 130.0 314.42 
TNBAL 

30 95 420 S-SSA 100 0.5 0.5 161.0 270.4 
TNBAL 

30 100 450 S-SSA 100 0.5 1.0 454.0 182.47 
TN BAL 

30 90 420 S-SSA 1(10 0.5 0.5 176.0 292.79 
TNBAL 

30 90 450 S-SSA 100 0.5 0.5 335.0 76.08 
TNBAL 

30 90 390 S-SSA ](N) 0.5 0.5 224.0 85.56 
TNBAL 

60 80 340 S-SSA 100 0.5 0.5 225.0 94.38 
TN BAL 

30 90 450 S-SSA JOO 0.5 1.0 228 306.72 
TNBAL 

725.57 1634.92 2.83 J.3400 2025 

547.01 1103.58 2.37 2.1430 7080 

677.J7 1288.15 2.31 1.5440 4900 

999.82 2078.94 2.44 0.8280 3000 

759.98 1526.1 2.42 1.5320 2600 

635.42 1226.16 2.35 1.9470 3220 

4J7.94 792.18 2.29 3.5290 9080 

635.38 1128.92 2.17 1.6670 3520 

179.1 357.66 2.35 JJ.8800 6700 

188.11 352.04 2.2 I 0.041)0 4480 

291.56 603.02 3.09 4.9050 225(1 

732.5 1320.63 2.39 1.3710 4560 

16 C-1 60 90 450 S-SSA 100 0.25 2.0 42 insolubles insolubles insolubles insol- 420 
TIBAL ubles 

17 C-1 60 J05 450 S-SSA 100 0.25 2.0 63 insolubles insolubles insolubles insol- 630 
TIBAL ubles 

J8 C-J 60 90 450 S-SSA 2(Ki.O 0.5 2.0 57 insolubles insolubles insolubles insol- 0.3982 285 
TNB.~L ubles 
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such con1parisons were available :for Examples 16 and 17, as 

the 1nelt elasticity for these sa1nples was too. high to allow :for 

a n-ieaningfi.11 1neasure1nent o:f Tan o. 
Accordingly, to obtain 1neaningfbl control samples :for 

comparisons of- the melt elasticity, a variety o:f con.u:nercial 

resins were analyzed using the rheological techniques dis­

cussed a hove, with the results as shown in Table 3. The results 

obtained were plotted against molecular weight, as shown in 

FIG. 3. As can be seen in this log-log plot poly1ners produced 

using exemplary catalysts o:f the present techniques have 
higher values :for Tan o at comparable molecular weights to 

the control samples. This indicates that the n-ielt elasticity is 

lower :for exe1nplary poly1ners having the same 1nolecular 
weight as the control polymers. 
B. Results :for Molecular Weight and Activity 

In addition to generating polymers that 1nay have lower 
melt elasticity and no insoluble components, catalysts o:fthe 

present techniques may also have higher activities than 

unsubstituted metallocenes. As seen in Table 2, the activity o:f 
exemplary catalysts o:fthe present techniques may range :fro1n 

about 1500 g P/g CTSO·hr (grams polyethylene per grams 

chemically treated solid oxide per hour) up to at least about 
9000 g Pig CTSO·hr. By comparison, under similar condi­

tions, the activity o:f an unsubstituted metallocene, shown as 
C-1 in FIG. 2, ranged :from about 300 to about 600 g P/g 
CTSO·hr. 

The activity o:f the catalysts may also be a:f:fected by the 
type o:f substituents on the bridging substituent between the 
two cyclopentadienyl rings. As shown by the comparison of­
the activities seen :for Examples 5-11, made using catalyst I-2, 
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with Exan1ples 12-14 using catalyst I-3, phenyl rings on the 
bridging substituent n-:iay decrease the activity. 

TABLE3 

Analysis Results :for Commercial PE resins made :from Cr catalysts. 

Tan<'> 
Example Mn/1000 M""/1000 Mz/1000 M""/Mn (at 0.1 /sec) 

19 19.18 134.92 775.76 7.03 1.6130 
20 18.17 140.57 927.05 7.74 1.5840 
21 21.65 133.61 75] .41 6.17 1.4890 
22 21.2 216.41 2086.1 10.21 1.1980 
23 14.62 354.38 3536.4 24.24 1.2740 
24 14.03 303.53 2261.36 21.63 1.0330 

V. Procedures 
A. Molecular Weight Detern-:iination 

Molecular weight and n-:iolecular weight distributions were 
obtained using a PL-GPC 220 (Poly1ner Labs, UK) system 
equipped with a differential refractive index detector and 
three 7 .5 mmx300 mm 20 1.lln Mixed A-LS colunms (Poly1ner 
Labs) running at 145° C. The flow rate of the 1nobile phase, 
1,2,4-trichlorobenzene (TCB) containing 0.5 g/L 2,6-di-t­
butyl-4-methylphenol (BHT), was set at 1 1nL/min and the 
concentration of polymer solutions was generally kept in the 
range of 1.0-1.5 mg/inL, depending on the inolecular 
weights. Sample preparation was conducted at 150° C. for 4 
h with occasional and gentle agitation before the solutions 
being transferred to sa1nple vials for injection. In order to 
minimize unbalanced solvent peak, solvent with the same 
composition as the 1nobile phase was used for solution prepa­
ration. The integral calibration inethod was used to deduce 
molecular weights and inolecular vveight distributions using a 
Chevron Phillips Chemicals Con-:ipany's linear polyethylene, 
Marlex BHB5003, as the broad standard. The integral table of 
the broad standard was pre-determined in a separate experi­
ment with SEC-MALS. 
B. Absolute Molecular Weight as Determined by SEC-MALS 

Absolute molecular weight data were detern-:iined using 
SEC-MALS, which combines the inethods of size exclusion 
chromatography (SEC) with n-:iulti-angle light scattering 
(MALS) detection. A DAWN EOS 18-angle light scattering 
photo1neter (Wyatt Technology, Santa Barbara, Calif.) was 
attached to a PL-210 SEC syste1n (Poly1ner Labs, UK) or a 
Waters 150 CV Plus syste1n (Milford, Mass.) through a hot 
transfer line, thennally controlled at the sa1ne ten-:iperature as 
the SEC colu1nns and its difierential refractive index (DRI) 
detector (145° C.). At a flow rate setting of- 0. 7 inL/inin, the 
n-:iobile phase, 1,2,4-trichlorobenzene (TCB), was eluted 
through three, 7.5 nunx300 nun, 201-un Mixed A-LS colun-:ins 
(Polymer Labs). Polyethylene (PE) solutions with concentra­
tions of-1.2 mg/mL, depending on sarnples, were prepared at 
150° C. for 4 h before being transferred to the SEC injection 
vials sitting in a carousel heated at 145° C. For polyrners of­
higher molecular weight, longer heating ti1nes were neces­
sary in order to obtain true ho1nogeneous solutions. In addi­
tion to acquiring a concentration chron-:iatogrmn, seventeen 
light-scattering chron-:iatograrns at different angles were also 
acquired for each injection using Wyatt's Astra® software. At 
each chro1natographic slice, both the absolute inolecular 
weight (M) and root inean square (RMS) radius, also known 
as radius of gyration (Rg) were obtained frorn a De bye plot's 
intercept m-:id slope, respectively. Methods for this process are 
detailed in Wyatt, P. J ., Anal. Chim. Acta, 272, 1 ( 1993), which 
is hereby incorporated herein by reference in its entirety. The 
linear PE control en-:iployed was a linear, high-density broad 
inolecular weight distribution (MWD) polyethylene smnple 
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(Chevron Phillips Che11:1ical Co.). The weight average 
n1olecular weight (M""), nunl.ber average inolecular weight 
(M,.,), z-average nl.olecular weight (M2 ) and inolecular weight 
distribution (M"/M,.,) were conl.puted from these data, and 
were used to build an integral table as a control for the relative 
molecular weight deternl.ination discussed above. 
C. Pore Size Detennination 

A Quantachronl.e Autosorb-6 Nitrogen Pore Size Distribu­
tion Instru1nent was used to deternl.ine specific surface area 
( .. surface area") and specific pore volu1ne ("pore volume"). 
This instn1nl.ent was acquired fronl. the Quantachrome Cor­
poration, Syosset, N.Y. 
D. Meas1irement of Tan o by Rheology 

Small-strain oscillatory shear ineasurements were per­
formed on an ARES oscillatory rheometer using parallel­
plate geonl.etry (TA Instru1nents, fonnerly Rheometrics Inc.). 
Data were typically obtained over an angular frequency range 
of 0.03 to 100 rad/s at a te1nperature of 190° C. 

Fluffsainples were stabilized with 0.1 wt% BHT dispersed 
in acetone ail.d then vacuu1n dried before molding. Samples 
were compression inolded at 184° C. for a total of three 
minutes. The sa1nples were allowed to inelt at a relatively low 
pressure for one minute and then subjected to a high molding 
pressure for an additional two ininutes. The molded samples 
were then quenched in a cold (roo1n temperature) press. Disks 
having the size 2 nl.mx2 5 .4 rmn diameter were stamped out of 
the molded slabs for rheological characterization. 

The test chanl.ber of the rheonl.eter was blaitl<:eted in nitro­
gen in order to nl.ininl.ize polymer degradation. The rheometer 
was preheated to the initial te1nperature of the study. Upon 
sainple loading and after oven thermal equilibration, the 
speci1nens were squeezed between the plates to a 1 .6 mm 
thickness and the excess was trinuned. 

Strains were generally inaintained at a single value 
throughout a frequency sweep but larger strain values were 
used for low viscosity sanl.ples to inaintain a measurable 
torque. S1naller strain values were used for high viscosity 
sainples to avoid overloading the torque transducer and to 
keep within the linear viscoelastic liinits of the sainple. The 
instnul.l.ent auto1natically reduces the strain at high frequen­
cies if necessary to keep fronl. overloading the torque trans­
ducer. Tan o was calculated fro1n the Theological ineasure-
1nents as the ratio ofthe viscous nl.odulus, G", divided by the 
elastic nl.odulus, G'. 
E. Preparation of- a Fluorided Silica-Alumina Activator-Sup­
port 

The silica-ahml.ina used to prepare the fluorided silica­
ahnnina acidic activator-support in this Example was typi­
cally Davison silica-ahul.l.ina obtained fro1n W.R. Grace as 
Grade MS 13-110, containing 13% ahunina, having a pore 
voh111l.e of about 1 .2 cc/g and a surface area of about 400 m 2 /g. 
This inaterial was fluorided by i1npregnation to incipient wet­
ness with a solution containing anunonium bifluoride in an 
anl.ount sufficient to equal 1 0 wt o/o of the weight of- the 
silica-ahnnina. This i1npregnated nl.aterial was then dried in a 
vacul.UTI oven for 8 hours at 100° C. The fluorided silica­
ahunina sanl.ples were then calcined. Calcination was per­
fornl.ed by placing about 10 grains of the alumina in a 1.75-
inch quartz tube fitted with a sintered quartz disk at the 
bottonl.. 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 funl.ace around 
the quartz tube was e1nployed to increase the temperature of 
the tube at the rate of about 400° C. per hour to a final 
te1nperature of about 500° C. At this temperature, the silica­
alunl.ina was allowed to fluidize for about three hours in the 
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dry air. Aftervvard, the silica-alumina vvas collected and stored 
under dry nitrogen, and vvas used vvithout exposure to the 
atn1osphere. 

F. Preparation oi- a Sulfated Alumina Activator-Support 

Suliated alumina vvas formed by a process vvherein alu-
1nina vvas chemically-treated vvith a sulfate or bisulfate 
source. Such a sulfate or bisulfate source may include, for 
exrunple, sulfuric acid, runmonium sulfate, or runmoniun1 
bisulfate. 

In ruJ. exemplary procedure, a commercial alumina sold as 
W.R. Grace Alun1ina A vvas sulfated by impregnation vvith an 
aqueous solution containing about 15-20% (NH4 .)2 S04 or 
I--f 2 S04 • This sulfated alumina vvas calcined at 550° C. in air 
(240° C./h ran1p rate), vvith a 3 h hold period at this tempera­
ture. Aftervvard, the alumina vvas collected and stored under 
dry nitrogen, and vvas used vvithout exposure to the atmo­
sphere. 

G. Procedures for Metallocene and Polymer Synthesis 

Co1npounds In-1, In-2, L-5, L-6, R-1 and R-2 vvere pre­
pared iollovving the procedure disclosed in U.S. Pat. No. 
7 ,026,494, vvhich is incorporated by reference in its entirety 
herein. Preparation procedures for the fulvenes vvhose chemi­
cal structures are shovvn belovv are presented in the follovving 
subsections: 1 (F-1), 2 (F-2), 3 (F-3), and 4 (F-4). 

"'--.f--')2 

2-(butyl)-6,6-
diphenylpentafulvene 

~-+-')2 

2-(but-yl)-6,6-
dimeth y 1pentafh1 vene 

"'--.f--')3 

2-(pentyl)-6,6-
diphenylpentafulvene 

41 

F-1 

F-2 

F-3 

0 



-continued 
F-4 

6,6-diphenylpentafulvene 

In-1 

3-propyl- l H-indene 

In-2 

""-./ _-
Si 

O:> 
3-(trimethylsilyl)-l H-indene 

After preparation, these fulve.nes were used to prepare the 
ligands whose chemical structures are listed below, as pre­
sented in the following subsections: 5 (L-1 ), 6 (L-2), 7 (L-3), 
and 8 (L-4). 

Mixture of isome1-s L-1 

t-Bu 

Mixture of iso1ne1-s L-2 

t-Bu t-Bu 

Me.,.,, .,:;:c 
Me 
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-continued 
Mixnu-e o:f isomers L-3 

t-Bu 

Mixtuse o:f isomers L-4 

t-Bu 

Mixture o:f isome1-s L-5 

Mixnu-e o:f isome1-s L-6 

Procedures using ligan.ds L-1, L-2, L-3, and L-4 to prepare 
the exemplary n::ietallocenes are presented in the following 
subsections: 9 (I-1 ), 10 (I-2), 11 (I-3), and 12 (I-4). A proce­
dure for preparing the comparative n:ietallocene, C-1 , is pre­
sented in subsection 13. Subsection 14 discloses the source of 
the comparative con:in:iercial polyethylene san1ples. Subsec­
tion 15 discloses exerr1plary procedures :for preparing poly­
mers using the catalyst corn.positions oi~ the present tech­
niques. 

Unless specified otherwise, reagents were obtained :fron:i 
Aldrich Chemical Con"lpany and vvere used as received. 2,7-
Di-tert-butylfluorene was purchased iron"l Degussa. The 
Grignard reagent CpMgCl ( 1 M in TI-IF) was purchased :frrn.n 
Boulder Scientific Co1npany. HafnitU"l"l(IV) chloride and zir­
conium(IV) chloride were purchased :from Strem. The sol­
vent tetrahydro:furan (TI-IF) was distilled from potassiu1n, 
while anl"lydrous diethyl ether, dichloro1nethane, n-pentane, 
and toluene were purchased fro1n Fisher Scientific Company 
and stored over activated ahunina. All solvents were degassed 
and stored l..mder nitrogen. Reported preparations were not 
optirnized. 
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1. Synthesis o:f2-buty1-6,6-diphenylpenta:fulvene 
(F-1) 

To 1-bromobutane (34.2 g o:f 99 wt o/o, 0.247 n1ol) was 
added cyclopentadienyl 1nagnesium chloride (260 n1L 0±-1 M 
solution in TI-IF, 0.26 1nol) at 0° C. in 25 minutes. A:fter 
stirring :for an additional 15 minutes at 0° C., the 1nixture was 
warn1ed to room temperature. After stirring overnight, the 
reaction was quenched with a n1ixture o:f ice and water. The 
mixture was extracted with pentane. The organic layer was 
washed with water and dried over anhydrous sodi1.u11 sul:fate. 
Removal of the solvent under vacuum at room te1nperature 
gave a yellow liquid (30.5 g, crude butylcyclopentadiene). To 
the crude butylcyclopentadiene (20.5 g) dissolved in THF 
(1501nL) was addedn-BuLi (15 mL oflOM inhexanes, 0.15 
1nol) at -78° C. The mixture was warmed up to roon1 ten1-
perature and stirred :for 5 hours. The anion solution was added 
to benzophenone (28 g, 0.154 mol) dissolved in THF ( 100 
mL) at 0° C. in 13 1ninutes. The mixture was warmed to roon1 
temperature and stirred overnight. The reaction was 
quenched with a mixture of ice and 10% I-IC] aqueous solu­
tion. The mixture was extracted with pentane. The organic 
layer was washed with water and dried over anhydrous 
sodium su]:fate. Removal o:fthe 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 col­
lected by washing the silica gel with 5-10% CH2 C12 in hep­
tane. Removal o:fthe solvent gave the desired product (22.3 g, 
47%yield basedon 1-bromobutane) as a darkred viscous oil. 

2. Synthesis o:f 2-butyl-6,6-dimethylpenta:fulvene 
(F-2) 

To 1-bromobutane (105 g, 0.766 mol) was added cyclopen­
tadienyl magnesium chloride (800 mL o:f 1 M solution in 
THF, 0.8 mol) at 0° C. in 20 minutes. After stirring ±or an 
additional 2 hours at 0° C., the mixture was warmed to roo1n 
temperature. After stirring overnight, the reaction was 
quenched with a mixture of ice and water. The 1nixture was 
extracted with pentane. The organic layer was washed with 
water and dried over anhydrous sodium sulfate. Re1noval of 
the solvent under vacuum at room te1nperature gave a brown 
liquid (85 g, crude butylcyclopentadiene). To the crude butyl­
cyclopentadiene (75 g) dissolved in methanol (500 inL) was 
added acetone (54 inL) followed by pyrrolidine (63 mL) at 0° 
C. The 1nixture was warmed up to roon1 te1nperature and 
stirred for 24 hours. The reaction was quenched with a n1ix­
ture of- ice and acetic acid. The mixture was extracted with 
pentane. The organic layer was washed with water and dried 
over anhydrous sodiu1n sulfate. Removal o:fthe solvent under 
vacuum gave the desired product (89 g) as a brown liquid. 

3. Synthesis of- 2-pentyl-6,6-diphenylpenta:fulvene 
(F-3) 

To l-bron1opentane (109.8 g, 0.727 n1ol) was added cyclo­
pentadienyl inagnesium chloride (800 1nL of 1 M solution in 
TI-IF, 0.8 1nol) at 0° C. in 15 minutes. After stirring for an 
additional 2 hours at 0° C., the n1ixture was wanned to roon1 
te1nperature. After stirring oven1ight, the reaction was 
quenched with a n1ixture of ice and water. The inixture was 
extracted with pentane. The organic layer was washed with 
water and dried over anhydrous sodiu1n sulfate. Removal o:f 
the solvent under vacuu1n at room temperature gave a brown 
liquid (101.4 g, crude pentylcyclopentadiene). To the crude 
pentylcyclopentadiene (50 g) dissolved in THF (200 rnL) was 
added n-BuLi (35 inL of 10 Min hexanes, 0.35 mol) at 0° C. 
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The mixture 'W'as '\Vanned up to roon1. te1nperature and stirred 
overnight. The anion solution '\Vas added to benzophenone 
(60.7 g, 0.334 inol) dissolved in THF (280 n1.L) at 0° C. in 25 
minutes. The mixture 'W'as '\Vanned to roo1n te1nperature and 
stirred overnight. The reaction 'W'as quenched 'W'ith a inixture 
of ice and 10% HCl aqueous solution. The inixture 'W'as 
extracted 'W'ith pentane. The organic layer 'W'as '\Vashed 'W'ith 
'W'ater and dried over anhydrous sodiu1n sulfate. RenJ.oval of 
the solventundervacuu1n at 50° C. gave a dark red viscous oil. 
The oil 'W'as dissolved in heptane and :filtered through silica 
gel. The product '\Vas collected by 'W'ashing the silica gel 'W'ith 
5-lOo/o CH2 Cl2 in heptane. RenJ.oval oi-the solvent gave the 
desired product (74.3 g) as a dark red viscous oil. 

4. Synthesis of 6,6-diphenylpenta:fulvene (F-4) 

Benzophenone (63.8 g, 350 nunol) 'W'as dissolved in anhy­
drous 1,2-dimethoxyethane (DME) ( 150 mL) Lmder nitrogen. 
In a one-liter flask, ground potassiu1n hydroxide (30 g, 535 
inmol) '\Vas slurried in DME (200 n1.L). The slurry 'W'as cooled 
in an ice bath and freshly cracked cyclopentadiene (35 mL, 
430 mmol) '\Vas added. After 30 minutes, the solution of 
benzophenone 'W'as added over 1 5 ininutes. The flask '\Vas 
stirred in a refrigerator for 90 hours and then, 'W'hile cooling in 
ice, 3M HCl (450 inL) '\Vas added. The 1nixture '\Vas diluted 
'W'ith pentane (500 mL) and separated. The organic layer '\Vas 
'W'ashed 'W'ith water (2x200 inL) and dried over sodium sul­
fate. The solution was :filtered and taken to dryness under 
vacuum. The solid was dissolved in boiling pentane (600 mL) 
and then concentrated to 400 mL. Cooling to -15° C. for 40 
hours gave a red solid (69.5 g, 86.3% yield). (F-4 may also be 
commercially available fron1. SignJ.a-Aldrich). 

5. Synthesis of l-(3-butylcyclopentadien-1-yl)-1-(2, 
7-di-tert-butylfluoren-9-yl)-1, 1-diphenyhnethane 

(L-1) 

To 2,7-di-tert-butyl:fluorene (15 g, 54 nunol) dissolved in 
Et2 0 (100 mL) 'W'as added n-BuLi (5.8 nJ.L of 10 Min hex­
anes, 58 mmol) at 0° C. The inixture was '\Vanned to room 
ten1.perature and stirred overnight. The anion solution '\Vas 
added to 2-butyl-6,6-diphenylpentafulvene (F-1) (16 g, 56 
mmol) dissolved in Et2 0 (100 inL) at -78° C. in 5 ininutes. 
The 1nixture '\Vas wanned to roo1n ten1.perature and stirred for 
2 days. The reaction 'W'as quenched 'W'ith a nJ.ixture of ice and 
1 0% HCl aqueous solution. The inixture '\Vas extracted 'W'ith 
Et2 0. The organic layer 'W'as '\Vashed 'W'ith 'W'ater and dried 
over anhydrous sodiu1n sulfate. Re1noval of the solvent under 
vacuum gave a viscous oil. The oil '\Vas stirred in heptane to 
give a white solid. The solid 'W'as :filtered, '\Vashed 'W'ith hep­
tane and dried under vacuun1.. A inixture of isomers for the 
desired product (18.7 g, 61 .3°/o yield) 'W'as obtained as a 'W'hite 
solid. 

6. Synthesis of l -(3-butylcyclopentadien-1-yl)-1-(2, 
7-di-tert-butylfluoren-9-yl)-1,1-di1nethyhnethane 

(L-2) 

To 2, 7-di-tert-butyl:fluorene (27 .8 g, 100 nunol) dissolved 
in Et2 0 (200 mL) was added n-BuLi (11 1nL 01- 10 M in 
hexanes, 110 nunol) at 0° C. The inixture '\Vas '\Vanned to 
roo1n ten1.perat·ure and stirred overnight. To the anion solution 
'\Vas added to 2-butyl-6,6-diinethylpenta:fulvene (F-2) (20 g, 
123 IUHJ.ol) at - 78 ° C. in less than one ininute. The nJ.ixture 
'W'as 'W'armed to roo1n te1nperature and stirred ovenJ.ight. The 
reaction was quenched 'W'ith a inixture of ice and saturated 
NH4 Cl aqueous solution. The nJ.ixture 'W'as extracted 'W'ith 
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Et2 0. The organic layer was washed with water and dried 
over anhydrous sodiurn sulfate. RenJ.oval o:fthe solvent under 
vacuun1. gave a viscous oil. The oil was dissolved in heptane 
and purified through silica gel colu1nn with 5-1 Oo/o CH2 Cl2 in 
heptane. A n1ixture o:f iso1ners :for the desired product (33. 8 g, 
76.8% yield) was obtained as a viscous oil. 

7. Synthesis o:f l-(3-pentylcyclopentadien-1-yl)-1-(2, 
7-di-tert-butylftuoren-9-yl)-1, 1-diphenylmethane 

(L-3) 

To 2,7-di-tert-butylftuorene (18 g, 64.7 mniol) dissolved in 
Et2 0 (100 mL) was added n-BuLi (6.8 mL o:f 10 Min hex­
anes, 68 nunol) at 0° C. The inixture was warmed to room 
ten1perature and stirred overnight. The anion solution was 
added to 2-pentyl-6,6-diphenylpentafulvene (F-3) (20 g, 67 
11.1.lnol) dissolved in Et2 0 (100 inL) at -78° C. in 2 minutes. 
The nJ.ixture was war1ned to room temperature and stirred :for 
2 days. The reaction was quenched with a mixture o:fice and 
1 Oo/o HCl aqueous solution. The inixture was extracted with 
Et2 0. The organic layer was washed with water and dried 
over anhydrous sodiun1. sulfate. Removal o:fthe solvent under 
vacuum gave a viscous oil. The oil was stirred in heptane to 
give a white solid. The solid was filtered, washed with hep­
tane and dried l..UJ.der vacuum. A mixture o:f isomers :for the 
desired product (22.7 g, 60.7% yield) was obtained as a white 
solid. 

8. Synthesis o:f l-(cyclopentadien-1-yl)-1-(2,7-di­
tert-butylftuoren-9-yl)-1, 1-diphenylmethane (L-4) 

To a solution of 2,7-di-tert-butylftuorene (29.8 g, 107 
rmnol) in dry tetrahydrofuran (THF) (100 mL), cooled in dry 
ice, was added n-BuLi (43.0 mL o:f2.5 Min hexanes, 107.5 
nunol). The bath was re1noved and the dark solution was 
stirred :for 2 hours. This solution was then added dropwise to 
a solution of- 6,6-diphenylpenta:fulvene (F-4) (26.0 g, 113 
nunol) in THF (100 inL), while cooling in ice. The reaction 
n1ixture was stirred at roo1n temperature :for 86 hours and then 
cooled in ice. 1 M I-ICl solution, (100 inL) was added. The 
n1ixture was diluted with chloro:forn1. (100 mL) and separated. 
The chloroforrn layer was washed with water (3x100mL) and 
dried over sodiun1. sulfate. The solution was filtered and 
evaporated to a light orange solid. The solid was dissolved in 
boiling chloro:fonn (150 inL) and methanol (150 mL) was 
slowly added. After cooling :for two days to -15° C., the solid 
was filtered o:f:f, ground, and dried under vacuu1n. The desired 
product (25.4 g, 46.7o/o yield) was obtained as an of:fwhite 
solid. 

9. Synthesis o:f [l-('11 5 -3-butylcyclopentadien-1-yl)­
l-('115-2, 7-di-tert-butylftuoren-9-yl)-l ,1-diphenyl-

1nethane]ha:fniu1n dichloride (I-1 in FIG. 1) 

To l -(3-butylcyclopentadienyl)-1-(2, 7-di-tert-butylftuore­
nyl)-l, l -diphenyhnethane (L-1) (6.7 g, 11.9 nunol) dissolved 
inEt2 0 (601nL) was slowly added n-BuLi (2.6 nJ.L oflOM in 
hexanes, 26 nunol) at 0° C. The nJ.ixture was warnJ.ed to roo1n 
ter:nperature, stirred overnight, and then added via cannula to 
HfC.'.1 4 (4.2 g, 13 nll1.1.0l) suspended in a inixture o:fpentane (60 
inL) and Et2 0 (10 inL) at 0° C. The mixture was wanned to 
roo1n te1nperature, stirred overnight, and evacuated to dry­
ness. The residue was stirred in pentane (50 inL) and centri-
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tlJged. The supernatant was discarded. The remaining solid 
was washed a second time with pentane (30 ni.L), then 
extracted with methylene chloride and centrifuged. The solu­
tion was taken to dryness under vacuu1n to give a yellow solid 
(6.7 g, 69.4% yield). 

10. Synthesis of [l-(115 -3-butylcyclopentadien-l -yl)­
l -(115 -2, 7-di-tert-butylfluoren-9-yl)-1, l -diphenyl-

1nethane] zirconiu1n dichloride (I:...2 in FIG. 1) 

To l -(3-butylcyclopentadienyl)-1-(2,7-di-tert-butylfluore­
ny 1 )-1 , 1 -di pheny Im ethane (L-1) (7. 9 g, 1 4 minO 1) dissolved 
in Et2 0 (70 mL) was slowly added n-BuLi (3 mL of 10 M in 
hexanes, 30 nunol) at 0° C. The mixture was war1ned to rooni. 
te1nperature, stirred overnight, and then added via cannula to 
ZrC14 (3.43 g, 14.7 minol) suspended in a mixture ofpentane 
(70 inL) and Et2 0 (10 mL) at 0° C. The mixture was warmed 
to roo1n temperature, stirred overnight, and evacuated to dry­
ness. The residue was stirred in pentane (100 mL) and cen­
trif"'uged. The supernatant was discarded. The remaining solid 
was washed a second time with pentane (50 mL), then 
extracted with methylene chloride and centrifuged. The solu­
tion was taken to dryness under vacuum to give an orange 
solid (7 g, 69.3% yield). 

11. Synthesis of [l -(11 5 -3-butylcyclopentadien-l -yl)-
1-(115-2, 7-di-tert-butylfluoren-9-yl)-1,l -dimethyl­

ni.ethane]zirconium dichloride (I-3 in FIG. 1) 

To l-(3-butylcyclopentadienyl)-1-(2,7-di-tert-butylfluore­
nyl)-l ,l-dini.ethylmethane (L-2) (12 g, 27 .3 minol) dissolved 
in Et2 0 (150 mL) was slowly addedn-BuLi (6 mL of 10 Min 
hexanes, 60 inmol) at 0° C. The mixture was warmed to room 
teni.perature, stirred overnight, and then added via cannula to 
ZrC14 (7 g, 30 minol) suspended in a mixture ofpentane (150 
ni.L) and Et2 0 (10 mL) at 0° C. The mixture was wanned to 
roo1n temperature, stirred overnight, and evacuated to dry­
ness. The residue was stirred in pentane (100 mL) and cen­
trif"'uged. The supernatant was discarded. The remaining solid 
was washed a second time with pentane (100 ni.L), then 
extracted with methylene chloride and centrifuged. The solu­
tion was taken to dryness l.mder vacuum to give a red so'Iid 
( 1 1 .8 g, 72% yield). 

12. Synthesis of [l-(11 5-3-pentylcyclopentadien-l­
yl)-1-(115-2,7-di-tert-butylfluoren-9-yl)-1, l -diphenyl­

ni.ethane]zirconiu1n dichloride (I-4 in FIG. 1) 

To l -(3-pentylcyclopentadienyl)-1-(2,7-di-tert-butylfluo­
renyl)-l, l -diphenyhnethane (L-3) (8 g, 13.8 rmnol) dissolved 
in Et2 0 (70 n1L) was slowly added n-BuLi (3 mL of 10 M in 
hexanes, 30 inmol) at 0° C. The 1nixture was war1ned to roo1n 
te1nperature, stirred oveni.ight, and then added via cannula to 
ZrC14 (3 .4 g, 14. 7 nunol) suspended in a 1nixture of- pentane 
(70 inL) and Et2 0 (10 ni.L) at 0° C. The mixture was warmed 
to room temperature, stirred overnight, and evacuated to dry­
ness. The residue was stirred in pentane (50 mL) and centri­
fuged. The supeni.atant was discarded. The re1naining solid 
was washed a second tilne with pentane (50 ni.L), then 
extracted with ni.ethylene chloride and centrifi.1ged. The solu­
tion was taken to dryness under vacuuni. to give an orange 
solid (6.9 g, 73.5% yield). 

47 0 



13. Synthesis of [1-('tl 5 -cyclopentadien-1-yl)-1-(11 5
-

2,7-di-tert-butylfluoren-9-yl)-1,1-diphenyhr1ethan.e] 
zirconium dichloride (C-1 in FIG. 2) 

Under nitrogen, 1-cyclopentadienyl-1-(2,7-di-tert-bu­
tylfluorenyl)-1,1-diphenylmethane (L-4) (15.26 g, 30.0 
mmol) was suspended in dry Et2 0 (250 inL). While cooling in 
dry ice, n-BuLi (24.0 mL of2.5 Min hexai-.ies, 60 mmol) were 
added dropwise. The bath was then removed and the mixture 
was stirred for 24 hours. The solution was gradually added to 
zirconium tetrachloride (7.38 g, 31.7 mmol) suspended in 
pentane (50 mL) and cooled in ice. The orange slurry was 
stirred for 90 hours and allowed to warm to roo1n temperature. 
The resulting slurry was centrifuged and the solid was mixed 
with dry methylene chloride (120 mL). The n-.iixture was 
centrifuged and the solution was removed and taken to dry­
ness under vacuum. The desired product (9.63 g, 48% yield) 
was obtained as an orange solid. 

14. Commercial Polyethylene Sa1nples 

Commercial polyethylene resins, as shown in Examples 
19-24 in Table 3, were analyzed to determine Tan o and 
molecular weight properties for comparison to Examples 
3-15 given in Table 2. These resins were prepared using 
commercial chromium catalyst systems. All of the resins 
tested are available from Chevron Phillips Chemical Co1n­
pany under the product numbers shown in the colurr1n entitled 
'"Commercial Resin." 

15. Polymerization Procedures for Examples 1-18 

Examples 1-18 in Tables 1 and 2 illustrate ethylene poly­
merization runs performed in a one-gallon (3 .785 liter) stain­
less steel autoclave reactor at various temperatures, using two 
liters of isobutane diluent and an alun-.iinum alkyl cocatalyst 
and scavenger. No hydrogen or comono1ner was added. Met­
allocene solutions (2 mg/mL) were typically prepared by 
dissolving 30 mg of the metallocene in 15 mL of toluene. A 
typical poly1nerization procedure is as follows. The alu1ni­
num alkyl compound, treated solid oxide, and the metal­
locene solution were added through a charge port, typically in 
that order, while venting isobutane vapor. The charge port was 
closed and two liters ofisobutai-.ie were added. The contents of 
the reactor were stirred and heated to the desired n.m te1npera­
ture. Ethylene was fed on de1nand to inaintain the specified 
pressure for the specified length of the polymerization n.1n. 
The reactor was maintained at the desired run te1nperature 
through the n.m by an automated heating and cooling syste1n. 

After the allotted polymerization ti1ne, the ethylene flow 
was stopped, and the reactor slowly depressurized and 
opened to recover a granular poly1ner. In all cases, the reactor 
was clean with no indication of any wall scale, coating or 
other forms of fouling. The poly1ner was then ren-.ioved and 
weighed, giving the results listed in Tables 1 and 2, above. 

While the techniques presented herein inay be susceptible 
to various modifications and alternative fonns, specific 
embodiinents have been shown by way of example in the 
drawings ai-.id have been described in detail herein. However, 
it should be 1.mderstood that the invention is not intended to be 
li1nited to the particular fonns presented. Rather, the inven­
tion is to cover all modifications, equivalents and alternatives 
falling within the spirit and scope of the invention as defined 
by the following appended clai1ns. 
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What is clairned is: 
1. A catalyst con-iposition con-iprising the contact product 

o:f an ansa-1netallocene and an activator, wherein: 
the ansa-1netallocene comprises a compound having the 

:for1nula: 

R 4 B, vvherein: 

M 1 is zirconium or ha:fniu1n; 
X' and X" are independently F, Cl, Br, or I; 
Eis C or Si; 
R 1 and R 2 are independently an alkyl group, an aryl 

group, or hydrogen; 
R 3

A and R 3 .s are independently a hydrocarbyl group, a 
trihydrocarbylsilyl group, or hydrogen; 

n is an integer :from 0 to 10, inclusive; 
R 4

A and R 4 .s are independently a hydrocarbyl group; 
and 

the activator comprises: 
an activator-support comprising a solid oxide treated 

with an electron-withdrawing anion. 
2. The catalyst composition o:f claim 1, wherein the acti­

vator coin.prises an organoaluminum compound having the 
:formula: 

Al(X5 )n(X6
) 3 _m vvherein: 

X 5 is a hydrocarbyl; 
X 6 is a halide, a hydride, an alkoxide or an aryloxide; and 
n is a nun-iber :fron-i 1 to 3, inclusive. 
3. The catalyst coin.position o:f clain-i 1, wherein the solid 

oxide o:f the activator-support is silica, alumina, silica-alu­
mina, alun.-iinophosphate, alu1ninun-i phosphate, zinc ahuni­
nate, heteropolytungstates, titania, zirconia, n-iagnesia, boria, 
zinc oxide, a inixed oxide thereof, or any combination thereof 
and 

the electron-withdrawing anion used to treat the solid 
oxide is fluoride, chloride, bron-iide, iodide, phosphate, 
triftate, bisulfate, sulfate, ftuoroborate, ftuorosul:fate, tri­
ftuoroacetate, phosphate, ftuorophosphate, ftuorozir­
conate, ftuorosilicate, ftuorotitanate, permanganate, 
substituted or unsubstituted alkanesul:fonate, substituted 
or unsubstituted arenesulfonate, substituted or unsubsti­
tuted alkylsul:fate, or any con-ibination thereof. 

4. The catalyst composition o:f clain-i 1, wherein R 3
A and 

R 3 .s are independently H, n-iethyl, allyl, ethyl, propyl, benzyl, 
butyl, pentyl, hexyl, or trin-iethylsilyl. 

5. The catalyst co1nposition of- claim 1, wherein: 
R 1 and R 2 are independently n-iethyl or phenyl; 
R 3 A and R 3 .s are independently Hor methyl; 
n is 1 or 2; and 
R 4

A and R 4 .s are t-butyl. 
6. The catalyst coin.position o:f clai1n 1, wherein the acti­

vator con-iprises an organoboron con-ipound, an organoborate 
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compound, an organoahnT1inoxane con1pound, or any con1-
bination thereof~ vvherein the organoalun1inoxane con1pound 
con1prises: 

a cyclic alu1ninoxane having the forn1ula: 

vvherein Risa linear or branched alkyl andn is an integer fron1 
3 to about 1 O; 

a linear ahuninoxane having the forn1ula: 

R 
/ 

R-c11--0rA~ 
R R, . n 

vv herein R is a linear or branched alky 1 and n is an integer fro1n 
1 to about 50; or 

a cage aluminoxane having the for1nula R 5 ,,,,_,_ot ~"'-ot 
Al4 ,,.,03 ,,.,, vvherein: 

mis 3 or 4; 

ex. is equal to nA1 ( 3 )-noc2 >+n0 <4 )' vvherein: 
nA 1 ( 3 ) is the number of three coordinate alun1inu1n 

aton1s; 

n 0 ( 2 ) is the number oftvvo coordinate oxygen aton1s; 
and 

n 0 ( 4 ) is the number of 4 coordinate oxygen atoms; 

R" represents a linear or branched tenninal alkyl group; 
and 

Rb represents a linear or branched bridging alkyl group; 
or 

any con1bination thereof. 

7. The catalyst composition of clain1 2, vvherein: 

the ansa-1netallocene comprises 

t-Bu 

t-Bu 
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-continued 
-= 

t-Bu t-Bu, or 

t-Bu 

or any combination thereof; 

the activator co1nprises a sulfated solid oxide; and 

the organoalun1inu1n compound corn.prises triethylahuni­
num, tri-n-butylaluininum, triisobutylalun:1inum, or any 
combination thereof. 

8. The catalyst co1nposition of clai1n 2, vvherein: 

the ansa-metallocene has the forn~ula: 

t-Bu 

t-Bu 

t-Bu or 
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-continued 

t-Bu 

or any corn.bination thereof; 

the activator corn.prises sulfated alumina; and 

the organoah.1n1.inun1 co1npound comprises triethylalumi­
nu1n, tri-n-butylalu1ninum, triisobutylaluminum, or any 
combination thereof. 

9. A catalyst co1nposition comprising the contact product 
of an ansa-metallocene and an activator, wherein: 

the ansa-metallocene comprises a compound having the 
fonp.ula: 

t-Bu 

t-Bu 

t-Bu t-Bu, or 
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-continued 
-= 

t-Bu 

or any co1nbination thereof and 
the activator comprises: 

t-Bu 

an activator-support comprising a solid oxide treated 
vvith an electron-vvithdravving anion. 

10. The catalyst composition of claim 9, vvherein the acti­
vator-support is vvherein the solid oxide of the activator­
support is silica, alumina, silica-alumina, aluminophosphate, 
aluminum phosphate, zinc aluminate, heteropolytungstates, 
titania, zirconia, magnesia, boria, zinc oxide, mixed oxides 
thereof, or any combination thereof. 

11. The catalyst composition of claim 9, vvherein the elec­
tron-vvithdravving anion is :fluoride, chloride, bromide, iodide, 
phosphate, tri:flate, bisulfate, sulfate, :fluoroborate, :fluorosul­
fate, tri:fluoroacetate, phosphate, :fluorophosphate, :fluorozir­
conate, :fluorosilicate, :fluorotitanate, permanganate, substi­
tuted or unsubstituted alkanesulfonate, substituted or 
unsubstituted arenesulfonate, substituted or unsubstituted 
alkylsulfate, or any combination thereof. 

12. The catalyst composition of claim 9, vvherein the acti­
vator is substantially free of an organoaluminum compound. 

13. The catalyst composition of claim 9, vvherein the acti­
vator comprises an organoaluminum compound. 

14. The catalyst composition of claim 13, vvherein the 
organoaluminum compound comprises trialkylaluininum 
compounds, dialkylaluminium halide compounds, dialkyla­
h1n1.inun1 alkoxide co1npounds, dialkylaluminu1n hydride 
co1npounds, or any combination thereof. 

15. A catalyst composition comprising the contact product 
of an ansa-1netallocene and an activator, vvherein: 

the ansa-n1.etallocene comprises a compound having the 
forn1.ula: 
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R 4 B, ~herein: 

M 1 is zirconium or hafniuin; 
X' and X" are independently H, 

benzyl, neopentyl, 
CH2 CMe2 Ph, CH2 SiMe2 Ph, 
CH2 SiMe2 CH2 Ph; 

Eis C or Si; 

BH4 , n1ethyl, phenyl, 
trimethy 1 sil y hnethy 1, 

CH2 CMe2 CH2 Ph, or 

R 1 and R 2 are independently an alkyl group, an aryl 
group, or hydrogen; 

R 3
A and R 3 .s are independently a hydrocarbyl group, a 
trihydrocarbylsilyl group, or hydrogen; 

n is an integer from 0 to 10, inclusive; 
R 4

A and R 40 are independently a hydrocarbyl group; 
and 

the activator comprises an activator-support comprising a 
solid oxide treated vvith an electron-vvithdravving anion. 

16. The catalyst composition of claim 15, vvherein the solid 
oxide of the activator-support is silica, alumina, silica-alu­
mina, aluminophosphate, aluminum phosphate, zinc alumi­
nate, heteropolytungstates, titania, zirconia, magnesia, boria, 
zinc oxide, mixed oxides thereof, or any combination thereof 
and 

the electron-vvithdravving anion used to treat the solid 
oxide is fluoride, chloride, bromide, iodide, phosphate, 
triftate, bisulfate, sulfate, ftuoroborate, ftuorosulfate, tri­
ftuoroacetate, phosphate, ftuorophosphate, fluorozir­
conate, ftuorosilicate, ftuorotitanate, permanganate, 
substituted or unsubstituted alkanesulfonate, substituted 
or unsubstituted arenesulfonate, substituted or unsubsti­
tuted alkylsulfate, or any combination thereof. 

* * * * * 
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