
;;<=>?@e3eF@tFjjk,nns6sT@tJa1 ORGANOMETAL CATALYST COMPOSITIONS This
invention is related to the field of organometal catalyst compositions. 15
July 2004 The production of polymers is a multi-billion dollar business.
This business produces billions of pounds of polymers each year. Millions
of dollars have been spent on developing technologies that can add value to
this business. One of these technologies is called metallocene catalyst
technology. Metallocene catalysts have been known since about 1960.
However, their low productivity did not allow them to be commercialized.
About 1975, it was discovered 10 that contacting one part water with one
part trimethylaluminum to form methyl aluminoxane, and then contacting such
methyl aluminoxane with a metallocene compound, formed a metallocene
catalyst that had greater activity. However) it was soon realized that
large amounts of expensive methyl aluminoxane were needed to form an active
metallocene catalyst. This has been a significant impediment to the 15
commercialization of metallocene catalysts. Borate compounds have been used
in place of large amounts of methyl aluminoxane. However, this is not
satisfactory, since borate compounds are very sensitive to poisons and
decomposition, and can also be very expensive. It should also be noted that
having a heterogeneous catalyst is 20 important. This is because
heterogeneous catalysts are required for most modem commercial
polymerization processes. Furthermore, heterogeneous catalysts can lead to
the formation of substantially uniform polymer particles that have a high
bulk density. These types of substantially uniformed particles are
desirable because they improve the efficiency of polymer production and
transportation. Efforts have been 25 made to produce heterogeneous
metallocene catalysts; however, these catalysts have not been entirely
satisfactory. Therefore, the inventors provide this invention to help solve
these problems. This invention provides a process that produces a catalyst
composition 30 that can be used to polymerize at least one monomer to
produce a polymer. The invention also provides a catalyst composition.   -2
15 July 2004 The invention further provides a process comprising contacting
at least one monomer and the composition under polymerization conditions to
produce a polymer. The invention also provides an article that comprises
the polymer produced with the catalyst composition of this invention. In
accordance with one embodiment of this invention, a process to produce a
catalyst composition is provided. The process comprises (or optionally,
"consists essentially of', or "consists of') contacting an organometai
compound, an organoaluminum compound, and a treated solid oxide compound to
produce the 10 catalyst composition, wherein the organometal compound has
the following general formula: (Xi)(Xz)(Xs)(Xa)M~ 



wherein M~ is selected from the group consisting of titanium, zirconium,
and hafnium; 15 wherein (X~) is independently selected from the group
consisting of cyclopentadienyls, indenyls, fluorenyls, substituted
cyclopentadienyls, substituted indenyls) and substituted fiuorenyls;
wherein substituents on said substituted cyclopentadienyls, substituted
indenyls, and substituted fluorenyls of (X~) are selected from the group
consisting of 20 aliphatic groups, cyclic groups, combinations of aliphatic
and cyclic groups, silyl groups, alkyl halide groups, halides,
organometallic groups, phosphorus groups) nitrogen groups, silicon,
phosphorus, boron, germanium, and hydrogen; wherein at least one
substituent on (X ) can be a bridging group which connects (X~) and (Xz);
25 wherein (X3) and (X4) are independently selected from the group
consisting of halides, aliphatic groups, substituted aliphatic groups,
cyclic groups, substituted cyclic groups, combinations of aliphatic groups
and cyclic groups, combinations of substituted aliphatic groups and cyclic
groups, combinations of aliphatic groups and substituted cyclic goups,
combinations of substituted aliphatic 30 groups and substituted cyclic
groups, amido groups, substituted amido groups, phosphido groups,
substituted phosphido groups, allcyloxide groups, substituted   -3 15 3uly
2004 alkyloxide groups, aryloxide groups, substituted aryloxide groups,
organometallic groups, and substituted organometallic groups; wherein (Xz)
is selected from the group consisting of cyclopentadienyls, indenyls,
fluorenyls, substituted cyclopentadienyls, substituted indenyls,
substituted fluorenyls, halides, aliphatic goups, substituted aliphatic
groups, cyclic groups, substituted cyclic groups, combinations of aliphatic
groups and cyclic groups, combinations of substituted aliphatic groups and
c.:ic groups, combinations of aliphatic groups and substituted cyclic
groups, combinations of substituted aliphatic groups and substituted cyclic
groups, amido group:. ubstituted amido groups, 10 phosphido groups,
substituted phosphido groups, alkyloxide groups, substituted alkyloxide
groups, aryioxide groups, substituted ar- xide groups, organomctallic
groups, and substituted organometallic groups; wherein substituents on (Xz)
are selected from the group consisting of aliphatic groups, cyclic groups,
combinations of ali atic groups and cyclic groups, I S silyl groups, alkyl
halide groups, halides, organometallic groups, phosphorus groups, nitrogen
groups, silicon, phosphorus, boron, germanium, and hydrogen; wherein at
least one substituent on (Xz) can be a bridging group which connects (X )
and (X ); wherein the organoaluminum comps<. nd has the following general
20 formula: 5 6 f~l(X )n(X )3_n wherein (XS) is a hydrocarbyl having from I
to about 20 carbon atoms; wherein (X6) is a halide, hydride, or :,koxide;
and wherein "n" is a number from 1 to 3 inclusive; 25 wherein the treated
solid oxide comF and comprises fluorine, chromium, and a solid oxide
compound. By use of the term "consists essentially of ' it is intended that
the process does not include any step beyond the enumerated steps which
would have an adverse affect on the desired object of the invention. 



30 In accordance with another embodiment of this invention, a process is
provided comprising contacting at least one monomer and th'e catalyst
composition   - 4 - I 5 July 2004 under polymerization condition to produce
a polymer. In accordance with another embodiment of this invention, an
article is provided. The article comprises the polymer produced in
accordance with this mventron. DETAILED DESCRIPTION OF THE INVENTION
Organometal compounds used in this invention have tJ~e following general
formula: (X~)(Xz)(X3)(X4)M~ In this formula, M~ is selected from the group
consisting of titanium, 10 zirconium, and hafnium. Currently, it is most
preferred when M~.is zirconium. In this formula, (X~) is independently
selected from the group consisting of (hereafter "Group OMC-I")
cyclopentadienyls, indenyls, fluorenyls, substituted cyclopentadienyls,
substituted indenyls, such as, for example) tetrahydro indenyls, and
substituted fluorenyls, such as, for example, octahydrofluorenyls. 15
Substituents on the substituted cyclopentadienyls, substituted indenyls,
and substituted fluorenyls of (X~) can be selected independently from the
group consisting of aliphatic groups, cyclic groups, combinations of
aliphatic and cyclic groups, silyl groups, alkyl halide groups, halides,
organometallic groups, phosphorus groups, nitrogen groups, silicon,
phosphorus, boron, germanium, and hydrogen, as 20 long as these groups do
not substantially, and adversely, affect the polymerization activity of the
composition. Suitable examples of aliphatic groups are hydrocarbyls, such
as, for example, paraffins and olefins. Suitable examples of cyclic groups
are cycloparaffins, cycloolefins, cycloacetylenes, and arenes. Substituted
silyl groups include, but are not 25 limited to, alkylsilyl groups where
each alkyl group contains from 1 to about 12 carbon atoms, arylsilyl
groups, and arylalkylsilyl groups. Suitable alkyl halide groups have alkyl
groups with 1 to about 12 carbon atoms. Suitable organometallic groups
include, but are not limited to, substituted silyl derivatives, substituted
tin groups, substituted germanium groups, and substituted boron groups. 30
Suitable examples of such substituents are methyl, ethyl, propyl, butyl,
tert-butyl, isobutyl, amyl, isoamyl, hexyl) cyclohexyl, heptyl, octyl,
nonyl, decyl,   -5 15 July 2004 dodecyl, 2-ethylhexyl, pentenyl, butenyl,
phenyl, chloro, bromo, iodo, trimethylsilyl, and phenyloctylsilyl. In this
formula, (X3) and (XQ) are independently selected from the group consisting
of (hereafter "Group OMC-II") halides, aliphatic groups, substituted
aliphatic groups, cyclic groups, substituted cyclic goups, combinations of
aliphatic groups and cyclic groups, combinations of substituted aliphatic
groups and cyclic groups, combinations of aliphatic groups and substituted
cyclic groups, combinations of substituted aliphatic and substituted cyclic
groups, amido groups, substituted amido groups, phosphido groups,
substituted phosphido groups, alkyloxide groups, 10 substituted alkyloxide
groups, aryloxide groups, substituted aryloxide groups, organometallic
groups, and substituted organometallic groups, as long as these groups do
not substantially, and adversely, affect the polymerization activity of the



composition. Suitable examples of aliphatic groups are hydrocarbyls, such
as, for 15 example, paraffins and olefins. Suitable examples of cyclic
groups are cycloparaffins, cycloolefins, cycloacetylenes, and arenes.
Currently, it is preferred when (X~) and (X4) are selected from the group
consisting of halides and hydrocarbyls, where such hydrocarbyls have from I
to about 10 carbon atoms. However, it is most preferred when (X3) and (X4)
are selected from the group consisting of fluoro, chloro, and 20 methyl. In
this formula, (X2) can be selected from either Group OMC-I or Group OMC-II.
At least one substituent on (X~) or (X2) can be a bridging group that
connects (X~) and (Xz), as long as the bridging group does not
substantially, and 25 adversely, affect the activity of the composition.
Suitable bridging groups include, but are not limited to, aliphatic groups,
cyclic groups, combinations of aliphatic groups and cyclic groups,
phosphorous groups, nitrogen groups, organometallic groups, silicon,
phosphorus, boron, and germanium. Suitable examples of aliphatic groups are
hydrocarbyls, such as, for 30 example, paraffins and olefins. Suitable
examples of cyclic groups are cycloparaffins, cycloolefins,
cycloacetylenes, and arenes. Suitable organometallic groups include, but
-6 15 Ju1y2004 are not limited to, substituted silyl derivatives,
substituted tin groups, substituted germanium groups, and substituted boron
groups. Various processes are known to make these organometal compounds.
See, for example, U.S. Patents 4,939,217; 5,210,352; 5,436,305; 5,401,8l7;
5,631,335, 5,57l,880; 5,191,132; 5,480,848; 5,399,636; 5,565,592;
5,347,026; 5,594,078; 5,498,58l; 5,496,781; 5,563,284; 5,554,795;
5,420,320; 5,451,649; 5,541,272; 5,705,478; 5,631,203; 5,654,454;
5,705,579; and 5,668,230. Specific examples of such organometal compounds
are as follows: bis(cyclopentadienyl)hafnium dichloride; 10 ,,~~CI Hf ~`CI
bis(cyclopentadienyl)zirconium dichloride; ,~~~CI - Zr ~`CI   7_
1,2-ethanediylbis( r~-1-indenyl)di-n-butoxyhafnium; 1,2-ethanediylbis(
r/S-I-indenyl)dimethylzirconium; pC H3 ~CH3 15 July 2004 



15 July 2004 -g_
3,3-pentanediylbis(rJ~-4,`,s,7-tetrahydro-1-indenyl)hafnium dichloride; ~Ce
/Hf\ methylphenylsilylbis(r~-' ,6,7-tetrahydro-1-indenyl)zirconium
dichloride;     9_ bis(n-butylcyclopentadienyl)bis(di-t-butylamido)hafnium;
`NHC(CH3)a bis(n-butylcyclopentadienyl)zirconium dichloride; ~~,,~~~CI Zf
CI 7 5 July 2004   -10 dimethylsilylbis(1-indenyl)zirconium dichloride;
~'Si ~ vCl FisC SCI octylphenylsilylbis(1-indenyl)hafnium dichloride; -~yCl
Si HL `C D 15 July 2004   -11 dimethylsilylbis(
r/5-4,5,6,7-tetrahydro-1-indenyl)zirconium dichloride;
dimethylsilylbis(2-methyl-1-indenyl)zirconium dichloride; H3C HaCi~n.,, ~
:.Si i wCl HaC~ Zip ~~CHa C 



1,2-ethanediylbis(9-fluorenyl)zirconium dichloride; vCl 'CI I S July 2004
-12 indenyl diethoxy titanium(IV) chloride; CI~ ~4ppf-i~CH3 15 July 2004
(isopropylamidodimethylsilyl)cyclopentadienyltitanium dichloride; / ~Q -Si
\ /Ti~~~~Cl H3C~ N ~CI bis(pentamethylcyclopentadienyl)zirconium
dichloride; ~%-~~~~C I Zr `CI bis(indenyl) zirconium dichloride; -~~~CI Zr
_13_ methyloctylsilyl bis (9-fluorenyl) zirconium dichloride; / w Q Z~ ~wCl
~~\ SCI and 15 July 2004 bis-[
I-(N,N-diisopropylamino)boratabenzene)hydridozirconium
trifluoromethvlsulfonate / N(i-Pr)z ,.wN `OSOyCF3 Preferably, the
organometal compound is selected from the group consisting of   -14
bis(n-butylcyclopentadienyl)zirconium dichloride; 



~~;vCl Zf CI bis(indenyl)zirconium dichloride; -~~~CI SCI 5
dimethylsilylbis(1-indenyl) zirconium dichloride; Fi3Ciiii., ~Si ~-wCl
Fi3C/ ~~Zi SCI and 15 July 2004   -15
methyloctylsIlylbis(9-fluorenyl)zirconium dichloride ~_ Z ('`v\C ~ `.~ Si
HjC 15 July 2004 Organoaluminum compounds have the following general
formula: s s A1(X )~(X )3. In this formula, (XS) is a hydrocarbyl having
from I to about 20 carbon atoms. Currently, it is preferred when (XS) is an
alkyl having from 1 to about 10 carbon atoms. However, it is most preferred
when (XS) is selected from the group consisting of methyl, ethyl, propyl,
butyl) and isobutyl. In this formula, (X6) is a halide, hydride, or
alkoxide. Currently, it is 10 preferred when (Xb) is independently selected
from the group consisting of fluoro and chloro. However, it is most
preferred when (X6) is chloro. In this formula, "n" is a number from 1 to 3
inclusive. However, it is preferred when "n" is 3. Examples of such
compounds are as follows: 15 trimethylaluminum; triethylaluminum (TEA);
tripropylaluminum; diethylaluminum ethoxide; tributylaluminum; 20
diisobutylaluminum hydride; triisobutylaluminum hydride;
triisobutylaluminum; and   - 16 - 15 J my 2004 diethylaluminum chloride.
Currently, TEA is preferred. The treated solid oxide compound comprises
fluorine, chromium, and a solid oxide compound. The solid oxide compound
can be any oxide compound known in the art capable of being impregnated
with chromium and fluorine. Exemplary solid oxide compounds, include, but
are not limited to, inorganic oxides, either alone or in combination,
phosphated uiorganic oxides, and mixtures thereof. Preferably, the solid
oxide compound is selected from the group consisting of alumina,
silica-titanic, aluminophosphate, silica-alumina, and mixtures thereof. 10
When a silica-titanic is used, the content of titanic can be about 1 to
about 15% by weight titanium based on the total weight of the
silica-titanic, preferably, about 2.5 to about 12% by weight, and most
preferably, 4 to 10% by weight, with the remainder being primarily silica.
The silica-titanic can be produced by any method known in the art. Such
processes are disclosed in U.S. Patents 3,887,494; 3,119,569; 15 4,405,501;
4,436,882; 4,436,883; 4,392,990; 4,081,407; 4,152,503; 4,98l,831;
2,825,72l; 3,225,023; 3,226,205; 3,622,521; and 3,625,864. The
silica-titanic can be made by cogellation of aqueous materials, or by
cogellation in an organic or anhydrous solution, or by coating the surface
of silica with a layer of titanic such as, for example, by reaction of
silanol groups with titanium isopropoxide followed by calcining. 



20 Aluminophosphate can be made by any method known in the art, such as,
for example, those methods disclosed in U.S. Patents 4,364,842, 4,444,965;
4,364,855; 4,504,638; 4,364,854; 4,444,964; 4,444,962; 4,444,966; and
4,397,765. Silica-alumina can be made by any method known in the art. The
amount of alumina in the silica-alumina can range from about 2 to about 50%
by 25 weight based on the total weight of the silica-alumina, preferably,
from about 5 to about 30% by weight, and most preferably, 8 to 20% by
weight. Commercial grade silica-alumina is available as MS13-110 from W.R.
Grace and commercial grade alumina as Ketjen Grade B from Akzo Nobel. The
solid oxide compound should have a pore volume greater than 30 about 0.5
cc/g, preferably greater than about 0.8 cc/g, and most preferably, greater
than 1.0 cc/g.   -17 15 duly 2004 The solid oxide compound should have a :
=face area in a range of about I00 to about 1000 m~/g, preferably from
about 200 to about 800 mZ/g, and most preferably, from 250 to 600 m2/g. To
prepare the treated solid oxide compou::u, the solid oxide compound S must
be impregnated with a chromium-containing compound to produce a
chromiumcontaitung solid oxide ci..npound. The chromium-containing compound
can be incorporas.-d during manufac. ring of the solid oxide compounds such
as, for example, during a gellation or spray drying process. For example,
in a first method, chromium can b:added to the solid oxide compound by
cogellation aqueous materials, as 10 represented in U.S. Patents 3,887,494;
3,119,569; 4,405,501; 4,436,882; 4,436,883; 4,392.990; 4,081,407; 4.
81,831; and 4,152,503. In a sec nd method, the chromium can be added to the
soli~ oxide compound by cogellation an organic or anhydrous solution as
represented 1,) U.S. Patents 4,301,034; 4,547,-`7; and 4,339,559. Alternati
ly, the chromium-containing compound can be applied after 15 the solid
oxide compound is produced in a post-impregnation step, in which the
chromium-containing compound is dissolved in an aqueous or organic solvent
and used to impregnate the solid oxide compound. Exemplary methods of
impregnating the solid oxide compouf:~i with the chromium-containing
impound can be found, but are not limited to, U.S. Patents 3,976,632;
4,2248,735; 4,297,460; and 4,397,766. 20 The chromium-containing compound
can be any compound capable of being converted to chror - inn oxide during
calcining. Ca` ping is discussed subsequently in this disclosure. Examples
of chromium-cvvtaining compounds include, but are not limie vl to, chromium
trioxide (Cr03), .nmonium chromate ((NHq)2Cr04), ammonimif dichromate
((NH,)zCrZO,), chromic acetate (Cr(C2H30i)3), 25 chromic nitrate,
(Cr(NO:'~.), chromous chloride (CrCl2), bi benzene chromium(0) ((C6H6)iCr),
chromocene {(CSHS)ZCr), and mixtures theree The amount of chromium present
is in the rmge of about 0.01 to about 10% by weight, preferably about 0.5
to about 5% by weight and most preferably, from 0.8% to 3% by weight, where
the weight percents are based on the weight of the 30 chromium-containing
solid oxide compound before calcining. Before, ding, or after contacting
the solid oxide compound with the   -18 15 ,Tiny 2004 chromium-containing
compound, the solid oxide compound is contacted with a fluorine-containing
compound. The order of contacting the solid oxide compound with the
chromium-containing compound and the fluorine-containing compound is not
important to the production of the treated solid oxide compound. Any method
known in the art for contacting the solid oxide compound with the
fluorine-containing compound can be used in this invention. One common
method is to impregnate the solid oxide compound with an aqueous solution
of a fluoride-containing salt, such as, for example, ammonium fluoride
(NHQF)) ammonium bifluoride (NHQHFZ), hydrofluoric acid (HF), ammonium
silicofluoride ((NH,)ZSiFb), ammonium 10 fluoroborate (NH4BF4), ammonium
fluorophosphate (NH4PF6), fluoroboric acid (HBF4), and mixtures thereof.
Alternatively, the fluorine-containing compound can be dissolved into an
organic solvent, such as an alcohol, and used to impregnate the solid oxide
compound to minimize shrinkage of pores during drying. Drying can be
accomplished by any method known in the art such as vacuum drying, spray
drying, 15 flash drying, and the like. The fluorine-containing compound can
also be incorporated into a gel by adding it to one of the aqueous
materials before gellation. These aqueous materials 



were disclosed in the first and second methods for preparing the
chromium-containing solid oxide compound discussed previously in this
disclosure. 20 The fluorine-containing compound can also be added to a
slurry containing a gel before drying. Formation of a gel was disclosed in
the first and second methods for preparing the chromium-containing solid
oxide compound discussed previously in this disclosure. The
fluorine-containing compound can also be added during calcining. 25 ht this
technique, the fluorine-containing compound is vaporized into a gas stream
used to fluidize the solid oxide compound so that it is fluorided from the
gas stream. In addition to some of the fluorine-containing compounds
described above, volatile organic fluorides may be used at temperatures
above their decomposition points, or at temperatures high enough to cause
reaction. For example, perfluorohexane) 30 perfluorobenzene)
trifluoroacetic acid, trifluoroacetic anhydride, hexafluoroacetyl
acetonate, and mixtures thereof can be vaporized and contacted with the
solid oxide   -19 15 ,Tuly 2004 compound or the chromium-containing solid
oxide compound at about 300 to about 600C in air or nitrogen. Inorganic
fluorine containing vapors may also be used, such as, for example, hydrogen
fluoride or even elemental fluorine gas. The solid oxide compound or
chromium-containing solid oxide compound can also be calcined at a
temperature in a range of about 100 to 900C before being fluorided. The
amount of fluorine present is about 1 to about 50% by weight fluorine based
on the weight of the solid oxide compound before calcining. Preferably, it
is about 3 to about 25% by weight, and most preferably, it is 4 to 20% by
weight 10 fluorine based on the weight of the solid oxide compound before
calcining. Generally, calcining is conducted for about I minute to about
100 hours, preferably for about 1 hour to about 50 hours, and most
preferably, from 3 hours to 20 hours. The calcining is conducted at a
temperature in a range of about 200 to about 900C, preferably, in a range
of about 300 to about 700C, and most preferably, 15 in a range of 350 to
600C. Calcining must be conducted in an oxidizing atmosphere, such as, for
example, oxygen or air, where at least a portion of the chromium is
converted into a hexavalent state. Optionally, a reducing atmosphere such
as, for example, hydrogen or carbon monoxide, can be used during calcining
as is known in the art. A final calcining step in carbon monoxide at about
350C can be used to 20 convert the chromium to a divalent state, which
produces a catalyst that can be used to produce hexene during
polymerization thus allowing in-situ production of comonomer and thus the
production of copolymer from an ethylene feed. This process is described in
U.S. Patents 4,735,931, 4,820,785, and 4,988,657. The calcining can also be
accomplished in a reducing atmosphere at a temperature in the range of
about 250 to 25 700C) preferably from 300 to 500C followed by calcining in
an oxidizing atmosphere, which produces a catalyst that will yield a
polymer with an increased melt index. This process is described in U.S.
Patents 4,1S1,122; 4,177,162; 4,247,421; 4,248,735; 4,297,460; 4,397,769;
and 4,460,756. The compositions of this invention can be produced by
contacting the 30 organometal compound, the treated solid oxide compound,
and the organoaluminum compound, together. This contacting can occur in a
variety of ways, such as, for  



-20 15 July 2004 example, blending. Furthermore, each of these compounds
can be fed into the reactor separately, or various combinations of these
compounds can be contacted together before being further contacted in a
reactor zone, or all three compounds can be contacted together before being
introduced into the reactor zone. Currently, one method is to first contact
the organometal compound and the treated solid oxide compound together, for
about 1 minute to about 24 hours, preferably, 1 minute to 1 hour, at a
temperature from about 10C to about l00C, preferably 15C to 50C, to form a
first mixtwe, and then contact this first mixture with an organoaluminum
compound to form the catalyst composition. 10 Another method is to
precontact the organometal compound, the organoaluminum compound, and the
treated solid oxide compound before injection into a polymerization reactor
for about 1 minute to about 24 hours, preferably, 1 minute to I hour, at a
temperature from about 10C to about 200C, preferably 20C to 80C to produce
the catalyst composition. 15 The weight ratio of the organoaluminum
compound to the treated solid oxide compound in the catalyst composition
ranges from about 5:1 to about I :1000, preferably, from about 3: I to
about 1:100, and most preferably, from 1:1 to 1:50. The weight ratio of the
treated solid oxide compound to the organometal compound in the composition
ranges from about 10,000:1 to about 1:1, 20 preferably, from about 1000:1
to about 10:1, and most preferably, from 250:1 to 20:1. These ratios are
based on the amount of the components combined to give the catalyst
composition. After contacting, the catalyst composition comprises a
post-contacted organometal compound, a post-contacted organoaluminum
compound, and a post25 contacted treated solid oxide compound. Preferably,
the post-contacted treated solid oxide compound is the majority, by weight,
of the composition. Often times, specific components of a catalyst are not
known, therefore, for this invention, the catalyst composition is described
as comprising post-contacted compounds. The weight ratio of the
post-contacted organoaluminum compound to 30 the post-contacted treated
solid oxide compound in the catalyst composition ranges from about 5:1 to
about 1:1000, preferably, from about 3:1 to about 1:100) and most   21
preferably, from I:1 to.1:50. 15 July 2004 The weight ratio of the
post-contacted treated solid oxide compound to the post-contacted
organometal compound in the catalyst composition ranges from about I0,000:1
to about 1:1, preferably, from about 1000:1 to about 10:1, and most
preferably, from 250:1 to 20:l. The catalyst composition of this invention
has an activity greater than a catalyst composition that uses the same
organometal compound, and the same organoaluminum compound, but uses
silica, fluorided silica, silica-titania, alumina, or silica alumina, as an
activator for the organometal compound as shown in comparative 10 Examples
1-3, 5 and 7. The activity is measured under slurry polymerization
conditions, using isobutane as the diluent, and with a polymerization
temperature of about 50 to about 110C, and an ethylene pressure of about
400 to about 800 psig. When comparing activities, the polymerization runs
should occur at the same poly merization conditions. The reactor should
have substantially no indication of any wall 15 scale, coating or other
forms of fouling. However, it is preferred if the activity is greater than
about 500 grams of polymer per gram of treated solid oxide compound per
hour, more preferably greater 



than about 1000, and most preferably greater than 2000. This activity is
measured under slurry polymerization conditions, using isobutane as the
diluent, and with a 20 polymerization temperature of 90C, and an ethylene
pressure of 550 psig. The reactor should have substantially no indication
of any wall scale, coating or other forms of fouling. One of the important
aspects of this invention is that no aluminoxane needs to be used in order
to form the catalyst composition. Aluminoxane is an 25 expensive compound
that greatly increases polymer production costs. This also means that no
water is needed to help form such aluminoxanes. This is beneficial because
water can sometimes kill a polymerization process. Additionally, it should
be noted that no borate compounds need to be used in order to form the
catalyst composition. In summary, this means that the catalyst composition,
which is heterogenous, and which 30 can be used for polymerizing monomers,
can be easily and inexpensively produced because of the substantial absence
of any aluminoxane compounds or borate   -22 I S July 2004 comi~~unds.
Additionally, no organochromium compounds or MgCl2 need to be addeu to form
the invention. Although aluminoxane, borate compounds, organo chromium
compounds, or MgClz are not needed in the preferred embodiments, these
coml:ounds can be used in other embodiments of this invention. 5 In another
embodiment of this invention, a process comprising contacting at least one
monomer and the catalyst composition to produce at least one pot; ~r is
provided. The term "polymer" as used in this disclosure includes
homopolyruers and copolymers. The catalyst composition can be used to
polymerize at least one onomer to produce a homopolymer or a copolymer.
Usually, homopolymers are 10 comprised of monomer residues, having 2 to
about 20 carbon atoms per molecule, prel . zbly 2 to about 10 carbon atoms
per molecule. Currently, it is preferred when at leasi :;ne monomer is
selected from the group consisting of ethylene, propylene, 1bute:~:v,
3-methyl-1-butene, 1-pentene, 3-methyl-I-pentene, 4-methyl-I-pentene,
1hexe:~e, 3-ethyl-1-hexene, I-heptene, 1-octene, 1-nonene) 1-decene, and
mixtures 15 thereof. When a homopolymer is desired, it is most preferred to
polymerize ethylene or propylene. When a copolymer is desired, the
copolymer comprises mon::mer residues and one or more comonomer residues,
each having from about 2 to abon.~ 20 carbon atoms per molecule. Suitable
comonomers include, but are not 20 limited to, aliphatic 1-olefins having
from 3 to 20 carbon atoms per molecule, such as, for :unple, propylene,
1-butene, I-pentene, 4-methyl-1-pentene, I-hexene, 1-octene, and : :her
olefins and conjugated or nonconjugated diolefins such as 1,3-butadiene,
isoF ;ze, piperylene, 2,3-dimethyl-1,3-butadiene, 1,4-pentadiene,
1,7-hexadiene, and other such diolefins and mixtures thereof. When a
copolymer is desired, it is preferred 25 to pr pol ethylene and at least
one comonomer selected from the group consisting of 1-butene, 1-pentene,
I-hexene, 1-octene, and 1-decene. The amount of comonomer introduced into a
reactor zone to produce a copolymer is generally from about 0.01 to about
10 weight percent comonomer based on the total weight of the monomer and
comonomer preferably, about 0.01 to about 5, and most preferably, 0.1 to 4.
30 Alternatively, an amount sufficient to give the above described
concentrations, by weight in the copolymer produced can be used.   -23 15
July 2004 Processes that can polymerize at least one monomer to produce a
polymer are known in the art, such as, for example, slurry polymerization,
gas phase polymerization, and solution polymerization. It is preferred to
perform a slurry polymerization in a loop reaction zone. Suitable diluents
used in slurry polymerization are well known in the art and include
hydrocarbons which are liquid under reaction conditions. The term "diluent"
as used in this disclosure does not necessarily mean an inert material; it
is possible that a diluent can contribute to polymerization. Suitable
hydrocarbons include, but are not limited to, cyclohexane, isobutane,
n-butane, propane, n-pentane, isopentane, neopentane, and n-hexane.
Furthermore, it is most 10 preferred to use isobutane as the diluent in a
slurry polymerization. Examples of such technology can be found in U.S.
Patents 4,424,341; 4,501,885; 4,613,484; 4,737,280; and 5,597,892. 



The catalyst compositions used in this process produce good quality polymer
particles without substantially fouling the reactor. When the catalyst 15
composition is to be used in a loop reactor zone under slurry
polymerization conditions, it is preferred when the particle size of the
solid oxide compound is in the range of about 10 to about 1000 microns,
preferably about 25 to about 500 microns, and most preferably, 50 to 200
microns, for best control during polymerization. In a more specific
embodiment of this invention, a process is provided 20 to produce a
catalyst composition, the process comprising (optionally, "consisting
essentially of', or "consisting of'): (1) contacting a solid oxide compound
selected from the group consisting of alumina, silica-alumina, and
silica-titania with an aqueous solution containing chromic acetate and
ammonium bifluoride to-produce a fluorided) 25 chromium-containing solid
oxide compound having from 0.8% to 3% by weight chromium per gram of
fluorided, chromium-containing solid oxide compound before caicining and 4
to 20 % by weight fluorine based on the weight of the fluorided,
chromium-containing solid oxide compound before calcining; (2) calcining
the fluorided, chromium-containing solid oxide 30 compound at a temperature
within a range of 350 to 600C for 3 to 20 hours to produce a calcined
composition;   -2415 July 2004 (3) combining the calcined composition and
bis(n-butylcyclopenta dienyl) zirconium dichloride at a temperature within
the range of 15C to 50C to produce a mixture; and (4) after between 1
minute and 1 hour, combining the mixture and 5 triethylaluminum to produce
the catalyst composition. Hydrogen can be used with this invention in a
polymerization process to control polymer molecular weight. The main
feature of this invention is that the treated solid oxide compound is an
active catalyst, and it also activates the organometal compound. Thus, 10
the polymer produced can be considered a dual component or bimodal polymer.
The treated solid oxide compound provides a high molecular weight component
onto an otherwise symmetrical molecular weight distribution of the polymer
produced by the organometal compound. This high molecular weight component,
or skewed molecular weight distribution, imparts higher melt strength and
shear response to the polymer 15 than could be obtained from typical
organometal compounds. One special feature of this invention, therefore, is
that polydispersities of about 2.5 to about 4.0 and HLMI/MI values from
about 25 to about 50 can be produced from organometal compounds that would
otherwise give polydispersities of about 2.1 to about 2.~ and HLMI/MI
values less than about 20. 20 After the polymers are produced, they can be
formed into various articles, such as, for example, household containers
and utensils, film products, dorms, fuel tanks, pipes, geomembranes, and
liners. Various processes can form these articles. Usually, additives and
modifiers are added to the polymer in order to provide desired effects. It
is believed that by using the invention described herein, articles can 25
be produced at a lower cost, while maintaining most, if not a11, of the
unique properties of polymers produced with organometal compounds. EXAMPLES
Standard Tests and Procedures A "Quantachrome Autosorb-6 Nitrogen Pore Size
Distribution 30 Instnunent" was used to determined surface area and pore
volume. This instrument was acquired from the Quantachrome Corporation,
Syosset, hl,Y.   -2515 July 2004 



Polymer density was determined in grams per cubic centimeter (g/cc) on a
compression molded sample, cooled at about 15C per hour, and conditioned
for about 40 hours at room temperature in accordance with ASTM D 1505 and
ASTM D1928, procedure C. High load melt index (HLMI, g/10 rains) was
determined in accordance with ASTM D1238 at 190C with a 21,600 gram weight.
Melt index (MI, g/10 rains) was determined in accordance with ASTM D1238 at
190C with a 2,160 gram weight. Description of Polymerizations Runs 10
Polymerization runs were made in a 2.2 liter steel reactor equipped with a
marine stirrer running at 400 revolutions per minute (rpm). The reactor was
surrounded by a steel jacket containing boiling methanol with a connection
to a steel condenser. The boiling point of the methanol was controlled by
varying nitrogen pressure applied to the condenser and jacket, which
permitted precise temperature 15 control to within half a degree
centigrade, with the help of electronic control instruments. Unless
otherwise stated, first, a small amount (0.01 to 0.10 grams normally) of an
oxide compound or the inventive treated solid oxide compound was charged
under nitrogen to the dry reactor. Next, two milliliters of an organometal
20 compound solution containing 0.5 grams of organometal metal compound
(usually bis(n-butlycyclopentadienyl) zirconium dichloride) per 100
milliliters of toluene were added by syringe. Then, 1.2 liters of isobutane
liquid were charged, and the reactor heated up to 90C. One milliliter of
organoaluminum compound (I molar triethylaluminum in heptane) was added
midway during the isobutane addition. Finally, 25 ethylene was added to the
reactor to equal a fixed pressure, normally 550 psig, which was maintained
during the experiment. The stirring was allowed to continue for a specified
time, usually about one hour, and the activity was noted by recording the
flow of ethylene into the reactor to maintain pressure. After the allotted
time, the ethylene flow was stopped, and the reactor 30 slowly
depressurized and opened to recover a granular polymer. In a11 cases, the
reactor was clean with no indication of any wall scale, coating. or other
forms of   -26 fouling. The polymer was then removed and weighed. Examples
Without Chromium 15 July 2004 These examples were performed to determine
suitability of a particular 5 oxide compound for use as a component in the
catalyst composition of this invention. EXAMPLE 1 Control (Silica) This
experiment shows that silica, which is commonly used in chromium oxide
catalysts, does not serve as an activator for an organometal compound when
used with an organoaluminum compound. 10 A grade 952 silica was obtained
from W.R.Grace having a pore volume of about 1.6 cc/g and a surface area of
about 300 mz/g. About 10 grams of the silica were placed in a 1.75 inch
quartz tube fitted with a sintered quartz disk at the bottom. While the
silica was supported on the disk, dry air was blown up through the disk at
the linear rate of about 1.6 to about 1.8 standard cubic feet per hour. An
electric 15 furnace around the quartz tube was then turned on, and the
temperature was raised at the rate of about 400C per hour to a temperature
of about 600C. At this temperature, the silica was allowed to fluidize for
three hours in the dry air. Afterward, it was collected and stored under
dry nitrogen having no exposure to the atmosphere. The silica was then
added to the reactor, followed by an organometal 20 solution and a
triethylaluminum (TEA) solution as described previously. These runs are
shown in Table 1. The silica produced almost no polymer. EXAMPLE 2 Control
(Fluorided Silica) Similarly to Example 1, this example shows that
contacting the silica 25 with a fluorine-containing compound still does not
make it suffice as an activator for 



an organometal compound, and this excludes it from use in the catalyst
composition of this invention. A 50 gram sample of the grade 952 silica
described previously was impregnated with 100 milliliters of an aqueous
solution containing 5 grams of 30 dissolved ammonium bifluoride to produce
a fluorided silica. This gave the sample a wet sand consistency which was
then dried under half an atmosphere of vacuum at   -2715 July 2004 110C
overnight. Then,.the fluorided silica was calcined in dry air at 600C by
the procedures described previously. This gave a fluorided silica having a
surface area of about 192 mr/g and a pore volume of about 1.29 cc/g. A
small sample of the fluorided silica was then tested for polymerization
activity with an organometal compound. As shown in Table 1, it provided no
activity. EXAMPLE 3 Control (Silica-Titanial A silica-titanic was prepared
by cogellation as described in Deitz (U.S. 10 3,887,494). Titanyl sulfate
was dissolved in concentrated sulfuric acid, to which a sodium silicate
solution was added slowly with vigorous stirring. When the pH reached about
6, the mixture gelled into a homogenous clear mass. This was then aged at
80C at pH 7 for three hours, then washed nine times with water and two
times in 1 % by weight ammonium nitrate. This gel was then azeotropically
dried in ethyl 15 acetate to produce a silica-titanic. The silica-titarua
contained 8% titanium and had a surface area of about 450 mz/g and a pore
volume of about 2.0 cc/g. A 10 gram sample was then calcined at 600C for
three hours in fluidizing dry air. Afterward, a small sample of the
silica-titanic was tested for polymerization activity with an organometal
compound solution. As shown in Table 1, it exhibited no appreciable
activity. 20 EXAMPLE 4 Invention Component Control (Fluorided
Silica-Titanic) The following example demonstrates that fluorided
silica-titanic is an efficient activator for organometal compounds and is
thus useful as a component in the inventive catalyst composition. 25 A
sample of 8.51 grams of the silica-titanic from Example 5 was calcined by
fluidizing in dry air at 600C for three hours to produce a calcined
silicatitania. Then, the calcined silica-titanic was impregnated with 35
milliliters of a solution made by dissolving 2.50 grams of ammonium
bifluoride in 100 milliliters of methanol. This brought the calcined
silica-titanic to incipient wetness and constituted 30 the equivalent of
about 3.9 millimoles fluorine per gram of calcined silica-titanic to
produce a fluorided silica-titanic. The methanol was then evaporated off,
and the   _28_ 15 ,Tuly 2004 fluorided silica-titania was again calcined in
air at 600C for three hours as described previously. 0.1166 grams of the
fluorided silica-titania were first charged under nitrogen to the dry
reactor. Next, two milliliters of an organometal compound solution were
added by syringe containing 0.5 grams of bis(n-butlycyclopentadienyl)
zirconium dichloride per 100 milliliters of toluene. Then, 1.2 liters of
isobutane liquid were charged, and the reactor brought up to 90C. One
milliliter of 15% by weight triethylaluminum was added midway during the
isobutane addition. Finally, ethylene was added to the reactor to equal 550
psig pressure which was maintained during the I 0 experiment. The stirring
was allowed to continue for one hour, and the activity was noted by
recording the flow of ethylene into the reactor to maintain pressure. 



After the allotted time, the ethylene flow was stopped, and the reactor
slowly depressurized and opened to recover a granular polymer. The reactor
was clean with no indication of any wall scale, coating or other forms of
fouling. As shown in 15 Table l, the polymer was removed and weighed,
yielding 137.5 grams. Thus, the activity was found to be 1164 grams of
polymer produced per gram of fluorided silica titania charged per hour. The
polymer had a melt index of 0.04 g/10 min and a high load melt index of
1.72 g/ 10 min giving a shear ratio of 42.5, which is higher than the usual
16 to 20 17 ratio obtained for metallocenes. The number average molecular
weight was found to be 66,000, and the weight average molecular weight was
178,000, giving a polydispersity Mw/Mn of 2.7. EXAMPLE 5 Control~Alumina~
25 Alumina samples were also activated by the procedure described
previously. A commercial alumina sold as Ketjen grade B alumina was
obtained, having a pore volume of about 1.78 cc/g and a surface area of
about 340 mz/g. The samples were calcined by the procedure discussed
previously at 600C to produce a calcined alumina. A sample ofthe calcined
alumina was then tested with an organo 30 metal compound and
triethylaluminum for polymerization activity. Alumina, which is regarded as
more acidic than silica, produced a little more polymer, but still the
activity   -2915 July 2004 was very low. Thus, the calcined alumina as
shown here would not be suitable for use in the catalyst composition of
this invention. EXAMPLE 6 Invention Component Control (Fluorided Alumina) A
10 gram sample of Ketjen B alumina, which had been previously calcined at
600C, was impregnated with 20 milliliters of an aqueous solution containing
1.0 gram of ammonium bifluoride to produce a fluorided alumina. The sample
was then dried under vacuum overnight and again calcined under flowing dry
nitrogen at 600C for three hours. The fluorided alumina was then tested for
poly 10 merization activity with an organometal compound solution. It
yielded an activity of 1250 grams of polymer per gram of fluorided alumina
per hour: This example shows that fluorided alumina is an efficient
activator for organometal compounds and is thus useful as a component in
the inventive catalyst composition. EXAMPLE 7 15 Control (Silica-Alumina~
Silica-atumina was obtained from W.R.Grace as MS 13-1l0 containing 13% by
weight alumina and 87% by weight silica. The silica-alumina had a pore
volume of about 1.2 ec/g and a surface area of about 350 mz/g. A sample of
the silica alumina was calcined as described previously in dry air at 600C
for three hours. It 20 was then tested for polymerization activity in
combination with an organometal compound and triethylaluminum. As can be
seen in Table 1, the activity was poor, making silica-alumina unsuitable
for use in the catalyst composition of this invention. EXAMPLE 8 Invention
Component Control (Fluorided Silica-Aluminal 25 Fifty grams of the
silica-alumina discussed previously, sold as MS 13 110 by W.R. Grace
Company) was impregnated with 100 milliliters of an aqueous solution
containing 5 grams of ammonium bifluoride for a 10% by weight loading to
produce a fluorided silica-alumina. This resulted in a wet sand
consistency. The fluorided silica-alumina was then placed in a vacuum oven
and dried overnight at 



30 110C under half an atmosphere of vacuum. Then, 10 grams of the fluorided
silica alumina was calcined in dry fluidizing air at a required temperature
for three hours   -30 15 July 2004 The fluorided silica-alumina was then
stored under nitrogen until a small quantity was charged to the reactor
with an organometal compound and triethylaluminum as described previously.
The fluorided silica-alumina yielded 5537 grams of polymer per gram of
fluorided silica-alumina per hour, making it an excellent choice for use as
a component in this invention.   10 -31 15 July 2004 Table
1ExampleOxideCalciningOxideOrgano-PolymerRunActivityTypeTemp.ChargedAluminu
m(g)Time(g/g/h)(C)(g)Compound(min)1-ControlSilica6000.568620.6563.012-Contr
olFluorided6000.43501024.50Silica3-ControlSilica-6000.139220600Titania4-Com
ponentFluorided600011661135.760.01164Silica-Titania5-ControlAlumina6000.236
126.960.9296-ComponentFluorided6D00.22532281.660.01250Alumina7-ControlSilic
a-6000.391218.340.032Alumina8-ComponentFluorided6000.0897114918.05537Silica
-AlununaPolymerization at 90C, 550 psig, 1.2 liters of isobutane;
Organometal Compound = 25 micromoles bis(n=butyl cyclopentadienyl)
zirconium dichloride, or 2.3mg Zr;Organoaluminum Compound = 1 or 2 m1 of 1
molar triethylaluminum (TEA)  1$   -32 EXAMPLE 9 fInventivel 15 July 2004
This example shows the use of fluorided silica-titanic as an activator for
two catalysts, a chromium oxide and an organometal compound,
bis(n-butylcyclopentadienyl) zirconium dichloride. The amount of
organoaluminum compound is kept high enough to activate the organometal
compound and low enough not to poison the treated solid oxide compound. The
organometal compound and treated solid oxide compound are capable of
simultaneously producing what becomes a unique composite polymer. 10 The
same silica-titanic described previously in Examples 3 and 4 was
impregnated with 1 % by weight chromium from an alcoholic solution of
chromic acetate and also 10% by weight ammonium bifluoride in methanol to
produced a treated solid oxide compound. The treated solid oxide compound
was then calcined in dry air at 600C for three hours. The treated solid
oxide compound was tested with tri 15 isobutyl aluminum (TIBA) only in
Example 9A, then it was retested with the organo metal compound added in
Example 9C. In both cases, a small amount of hydrogen was also added,
specifically 46 psig from a 0.12 liter steel vessel. This was done to
separate the molecular weights of the two catalysts, since organometal
compounds are known to be more sensitive to hydrogen as a molecular weight
regulating agent. In 20 Example 9B, a polymerization run was conducted
using a fluorided silica-titanic without chromium and an organometal
compound for comparison purposes. The results are shown in Table 2. Use of
the treated solid oxide compound alone in Example 9A gave a very high
molecular weight polymer. When both the treated solid oxide compound and an
organometal compound were present 25 (Example 9C), a good activity was
observed, and a polymer having a broader molecular weight distribution than
expected from an organometal compound alone was produced but not as broad
as the treated solid oxide compound. This is useful in producing film
polymers possessing the preferred attributes of both a chromium oxide
catalyst and a metallocene catalyst.   -33 5 10 15 20 



25 15 July 2004 Table 2Example9A9B9CCr Content (wt %)1 %CrNone1
%CrOrganometalNone21Com ound (ml)Organoaluminum10 ml (5 wt%1 ml (I Molar10
ml (5 wt%Compound (ml)TIBATEA)TIBA)Hydrogen Added ( si)46046Activity
(g/g/hr)l40116415I2Melt Index (g/10 min)00.040.22HLMI (g/10
min)0.121.725.3Mw74l,000178,000172,000Mn73,90066005I,400Mw/Mn10.02.73.3Poly
merization at 90C, 5S0 psig, 1.2 liters of isobutane;Organometal Compound =
bis(n-butyl cyclopentadienyl) zirconium dichloride;Organoaluminum Compound:
TEA = triethylaluminum; TIBA=triisobutylaluminum;Activity = grams of
polymer per gram of fluorided silica-titanic (Example 9B)or treated solid
oxide compound (Examples 9A & 9C) per hour (g/g/hr);Mw = weight average
molecular weight;Mn = number averaee molecular wei t. EXAMPLE 10
(Inventive) Fifty grams of the silica-alumina described above, MS 13-110,
was impregnated with 100 milliliters of an aqueous solution containing 7.5
grams of zinc chloride, 5 grams of ammonium bifluoride, and enough chromium
nitrate to equal 1 30 by weight chromium on the silica-alumina. The zinc
chloride was added to enhance activity. After being dried in a vacuum oven
overnight at 110C, the catalyst was calcined in dry air at 600C for three
hours. It was then tested for polymerization activity in three runs, which
are shown in Table 2. Run 10A shows the result of polymerization without an
organometal 35 compound. The polymer produced by the treated solid oxide
compound had a very high molecular weight and a broad molecular weight
distribution. Run 10B shows the effect of adding a small amount of
organometal compound, and Run 1 OC shows the addition of more organometal
compound. The activity and the high load melt index both increased as the
contribution of the organometal compound became larger.   -34 10 15 20 25
15 July 2004 Finally, Run 10D shows the use of only the organometal
compound for comparison. Table 3Ex le10AIOB10C10DCr Content1I1none(wT
%)Organometal CompoundNone0.522(rte)Organoaluminum4 m14 m11 m1f mlCo ound
(ml)(0.5 wt% TEA)(0_5 wt% TEA)(15 wt% TEA)(15 wt% TEA)Treated
Solid0.09840.14480.11480.0897Oxide Co ound ( )Polymer762I3134149Yield
(g)Run Time (min)75801018Activity (g/ )618110370035536Melt Index ( 10
min)00.1 I0.220.18HLMI ( 10 min)0.204.954.123.44HLMI/MI45.819.
I19.0Mw37G,000177,000I26,000Mn670029,90050,200Mw/Mn54.75.92.5Polymerization
at 90C, 550 psig, 1.2 liters of isobutane;Organometal Compound= 0.5 wt%
bis(n-butyl cyclopentadienyl) zirconium dichloride;Organoaluminum Compound:
TEA = triethylaluminum; TIBA = triisobutylaluminum;Activity = grams of
polymer per gram of fluorided silica-titania (Example 10B) or treated
solidoxide compound (Examples 10A & 10C) per hour (g/g/hr);Mw = weight
average molecular weight;Mn = number average molecular weight.  30 While
this invention has been described in detail for the purpose of
illustration, it is not intended to be limited thereby but is intended to
cover all changes and modifications within the spirit and scope thereof.
35 CLAIMS: 15 July 2004 A process to produce a catalyst composition, said
process comprising contacting at least one organometal compound, and at
least one organoaluminum compound, and at least one treated solid oxide
compound to produce said catalyst composition, wherein said organometal
compound has the following general formula: (Xl )(X2)(X3)(X4)Ml wherein M~
is selected from titanium, zirconium, or hafnium; wherein (X~) is
independently selected from cyclopentadienyls, indenyls, fluorenyls, 



substituted cyclopentadienyls, substituted indenyls, or substituted
fluorenyls; wherein substituents on said substituted cyclopentadienyls,
substituted indenyls, and substituted fluorenyls of (XI) are selected from
aliphatic groups, cyclic groups, combinations of aliphatic and cyclic
groups, silyl groups, alkyl halide groups) halides, organometallic groups,
phosphorus groups, nitrogen groups, silicon, phosphorus, boron, and
germanium; wherein at least one substituent on (X') can be a bridging group
which connects (X' ) and (Xz); wherein (X3) and (X4) are independently
selected from the group consisting of halides, aliphatic groups,
substituted aliphatic groups, cyclic groups, substituted cyclic groups,
combinations of aliphatic groups and cyclic groups, combinations of
substituted aliphatic groups and cyclic groups, combinations of aliphatic
groups and substituted cyclic groups, combinations of substituted aliphatic
groups and substituted cyclic groups, amido groups, substituted amido
groups, phosphido groups, substituted phosphido groups, alkyloxide groups,
substituted alkyloxide groups, aryloxide groups, substituted aryloxide
groups, organometallic groups, and substituted organometallic groups;
wherein (XZ) is selected from the group consisting of cyclopentadienyls,
indenyls, fluorenyls, substituted cyclopentadienyls, substituted indenyls,
substituted fluorenyls, halides, aliphatic groups, substituted aliphatic
groups, cyclic groups, substituted cyclic groups, combinations of aliphatic
groups and cyclic groups, combinations of substituted aliphatic groups and
cyclic groups, combinations of aliphatic groups and substituted cyclic   36
1 ~ July 2004 groups, combinations of substituted aliphatic groups and
substituted cyclic groups, amido groups, substituted amido groups,
phosphido groups, substituted phosphido groups, alkyloxide groups,
substituted alkyloxide groups, aryloxide groups, substituted aryloxide
groups, organometallic groups, and substituted organometallic groups;
wherein substituents on (Xz) are selected from the group consisting of
aliphatic groups, cyclic groups, combinations of aliphatic groups and
cyclic groups, silyl groups, alkyl halide groups, halides, organometallic
groups, phosphorus groups, nitrogen groups, silicon, phosphorus, boron, and
germanium; wherein at least one substituent on (XZ) can be a bridging group
which connects (X') and (X"); wherein said organoaluminum compound has the
general formula: Al(XS)n (X~3-n wherein (XS) is a hydrocarbyl having from 1
to about 20 carbon atoms; wherein (X6) is a halide, hydride, or alkoxide;
and wherein "n" is a number from 1 to 3 inclusive; and wherein said treated
solid oxide compound comprises fluorine chromium, and at least one solid
oxide compound; wherein there is a substantial absence of
fluoro-organoborates; and wherein there is a substantial absence of
organoborates and aluminoxanes. 2. A process to produce a catalyst
composition comprising: 1) contacting a solid oxide compound selected from
the group consisting of alumina, silica-alumina, and silica-titania with an
aqueous solution containing chromic acetate and amtmonium bifluoride to
produce fluorided, chromium-containing solid oxide compound having from 4
to 20% by weight fluorine based on the weight of the fluorided,
chromium-containing solid oxide compound before calcining, and having 0.8
to 3% by weight chromium based on the weight of the fluorided,
chromium-containing solid oxide compound before calcining; 2) calcining
said fluorided, chromium-containing solid oxide compound at a temperature
within a range of 350 to 600C for 3 to 20 hours to produce a calcined
composition;   37 15 July 2004 3) combining said calcined composition and
bis(n-butylcyclopentadienyl) zirconium dichloride at a temperature within
the range of 15C to 50C to produce a mixture; and 4) after between 1 minute
and I hour, combining the mixture and triethylaluminum to produce said
catalyst composition. A process according to claim 2 wherein said process
consists essentially of steps (1), (2), (3), and (4). 4. A catalyst
composition produced by the process of claim 1. A catalyst composition
according to claim 4 wherein said catalyst composition has an activity
greater than 500 grams of polymer per gram of treated solid oxide compound
per hour under slurry polymerization conditions, using isobutane as a
diluent, with a polymerization temperature of 90C, and an ethylene pressure
of 550 psig. 6. A catalyst composition according to claim 5 wherein said
catalyst composition has an activity greater than 2000 grams of polymer per
gram of treated solid oxide compound per hour under slurry polymerization
conditions, using isobutane as a diluent, with a polymerization temperature
of 90C, and an ethylene pressure of 5S0 psig. A catalyst composition
according to claim 5 wherein a weight ratio of said organoaluminum compound
to said treated solid oxide compound in said catalyst composition ranges
from about 3:1 to about 1:100. A catalyst composition according to claim 7
wherein said weight ratio of said organoaluminum compound to said treated
solid oxide compound in sad catalyst composition ranges from l:l to 1:50.
9. A catalyst composition according to claim 5 wherein a weight ratio of
said treated solid oxide compound to said organometal compound in said
catalyst composition 



38 15 July 2004 ranges from about 1000:1 to about 10:1. 10. A catalyst
composition according to claim 9 wherein said weight ratio of said treated
solid oxide compound to said organometal compound in said catalyst
composition ranges from 250:1 to 20:l. 11. A catalyst composition according
to claim 10 wherein said treated solid oxide compound comprises a
silica-titanic, from 4 to 20% by weight fluorine based on the weight of
said treated solid oxide compound before calcining, 0.8% to 3% by weight
chromium based on the weight of said treated solid oxide compound before
calcining, and is calcined for 3 to 20 hours at a temperature from 350 to
600C. 12. A catalyst composition comprising a post-contacted organometal
compound, a post contacted organoaluminium compound, and a post-contacted
treated solid oxide compound comprising flourine, chromium, and a solid
oxide compound. 13. A polymerization process comprising contacting at least
one monomer and said catalyst composition of claim 4 under polymerization
conditions to produce a polymer. 14. A process according to claim 13
wherein said polymerization conditions comprise slung polymerization
conditions. 15. A process according to claim 14 wherein said contacting is
conducted in a loop reaction zone. 16. A process according to claim 15
wherein said contacting is conducted in the presence of a diluent that
comprises, in major part, isobutane. 17. A process according to claim 13
wherein at least one monomer is ethylene.   39 15 July 2004 18. A process
according to claim 1 wherein said treated solid oxide compound is calcined
at a temperature in a range of about 300C to about 700C. and a time in a
range of about 1 hour to about 50 hours in an oxidizing atmosphere where at
least a portion of said chromium is converted to a hexavalent state. 19. A
process according to claim 18 wherein said treated solid oxide compound is
calcined at a temperature in a range of 350C to 600C and a time in a range
of 3 hours to 20 hours in an oxidizing atmosphere where at least a portion
of said chromium is converted to a hexavalent state. 20. A process
according to claim 19 wherein said treated solid oxide compound is further
calcined in a reducing atmosphere. 21. A process according to claim 20
wherein said treated solid oxide compound is calcined in a carbon monoxide
atmosphere at about 350C to convert a portion of said chromium to a
divalent state. 22. A process according to claim 1 wherein said organometal
compound, said treated solid oxide compound, and said organoaluminum are
combined by 1) contacting said organometal compound and said treated solid
oxide compound for about 1 minute to about 24 hours at a temperature from
about 10C to about l00C to form a first mixture; and 2) contacting said
first mixture with said organoaluminum compound to form said catalyst
composition. 23. A process according to claim 22 wherein said organometal
compound, said treated solid oxide compound, and said organoaluminum are
combined by 1) contacting said organometal compound and said treated solid
oxide compound for 1 minute to 1 hour at a temperature fiom 15C to 50C to
form a first mixture; and 2) contacting said first mixture with said
organoaluminum compound to produce said catalyst composition.   40 7 5 July
2004 24. A process according to claim I wherein said organometal compound,
said organoaluminum compound, and said treated solid oxide compound are
precontacted for 1 minute to 1 hour at a temperature in a range of 20C to
80C to produce said catalyst composition. 25. A process according to claim
1 consisting essentially of contacting said organometal compound, said
treated solid oxide compound, and said organoaluminum compound to produce
said catalyst composition. 26. A process according to claim 25 wherein said
treated solid oxide compound 



is calcined at a temperature in a range of 350C to 600C and a time in a
range of 3 hours to 20 hours in an oxidizing atmosphere where at least a
portion of said chromium is converted to a hexavalent state. 27. A process
according to claim 26 wherein said organometal compound, said treated solid
oxide compound, and said organoaluminum are combined by I) contacting said
organometal compound and said treated solid oxide compound for 1 minute to
1 hour at a temperature from 15C to 50C to form a first mixture; and 2)
contacting said first mixture with said organoaluminum compound to form
said catalyst composition. 28. A process according to claim 25 wherein said
organometal compound, said organoaluminum compound, and said treated solid
oxide compound are precontacted for I minute to 1 hour at a temperature in
a range of 20C to 80C to produce said catalyst composition. 29. A catalyst
composition according to claim 4 wherein said treated solid oxide compound
is calcined at a temperature in a range of 350C to 600C and a time in a
range of 3 hours to 20 hours in an oxidizing atmosphere where at least a
portion of said chromium is converted to a hexavalent state.   41 l5 July
2004 30. A catalyst composition according to claim 4 wherein the amount of
fluorine present ranges from about 3% to about 25% by weight based on the
weight of said treated solid oxide compound before calcining. 31. A
catalyst composition according to claim 30 wherein the amount of fluorine
present ranges from 4% to 20% by weight based on the weight of said treated
solid oxide compound before calcining. 32. A catalyst composition according
to claim 4 wherein said organometal compound is selected from the group
consisting of bis(cyclopentadienyl)hafnium dichloride,
bis(cyclopentadienyl)zirconium dichloride, 1,2-ethanediylbis(r~5
-1-indenyl)di-nbutoxyhafnium, 1,2-ethanediylbis(r~s
-1-indenyl)dimethylzirconium, 3,3-pentanediylbis(r~'
4,5,6,7-tetrahydro-1-indenyl)hafnium dichloride, methylphenylsilylbis(r~5
-4,5,6,7tetrahydro-1-indenyl)zirconium dichloride,
bis(n-butylcyclopentadienyl)di-t-butylamido hafnium,
bis(n-butylcyclopentadienyl) zirconium dichloride;
dimethylsilylbis(1-indenyl) zirconium dichloride,
nonyl(phenyl)silylbis(1-indenyl) hafnium dichloride, dimethylsilylbis(ris
-4,5,6,7-tetrahydro-1-indenyl)zirconium dichloride,
dimethylsilylbis(2methyl-1-indenyl)zirconium dichloride,
1,2-ethanediylbis(9-fluorenyl)zirconium dichloride, indenyl diethoxy
titanium(I~ chloride, (isopropylamidodimethylsilyl)cyclopentadienyltitanium
dichloride, bis(pentamethylcyclopentadienyl)zirconium dichloride,
bis(indenyl)zirconium dichloride, methyloctylsilyl bis (9-fluorenyl)
zirconium dichloride, bis-[1-(N,N
diisopropylamino)boratabenzene]hydridozirconium trifluoromethylsulfonate.
33. A catalyst composition produced by the process of claim 2. 34. A
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