
I

METHODS OF PREPARING A POLYMERJZATION CATALYST

FIELD OF THE INVENTION

[000fì The present disclosure generally relates to catalyst compositions. More specifrcally,

the present disclosure relates to methods of preparing ch¡omium/alumina polymerization

catalyst compositions comprising boria.

BACKGROUND OF THE INVENTION

[00021 Polymerization catalysts are known, however met]rods of producing these catalysts

may suffer from a variety of drawbacks. Enhancements in preparation methods for

poll.rnerization catalysts can reduce the costs associated with catalyst production and improve

process economics. Thus, there is an ongoing need to develop new methods of preparing

polyrnerization catalysts.

SUMMARY OF THE INVENTION

[00031 Disclosed herein is a method comprising contacting a support with one or more

chromium-containing compounds and one or more boria precursors to provide a catålyst

precursor, and activating the catalyst precursor to provide a polymerization catalyst.

BRIEF DESCRIPTION OF THE DRAWINGS

t0004ì For a more complete understanding ofthis disclosure, reference is now made to the

following brief description, t¿ken in connection with the accompanying drawings and detailed

description, wherein like reference numerals represent like parts.

[0005ì Figure I is a graph of dWd(log M) as a fi¡nction of the log molecular weight for the

samples ftom Example 1.

[0006ì Figure 2 is an Arnett plot of the log of the zero shear melt viscosity as a function of

the log molecular weight for samples from Example 1.

1 METHODS OF PREPARING A POLYMERIZATION CATALYST FIELD
OF THE INVENTION [0001]The present disclosure generally relates to
catalyst compositions. More specifically, the present disclosure relates to
methods of preparing chromium/alumina polymerization catalyst
compositions comprising boria. BACKGROUND OF THE INVENTION
[0002]Polymerization catalysts are known, however methods of producing
these catalysts may suffer from a variety of drawbacks Enhancements in
preparation methods for polymerization catalysts can reduce the costs
associated with catalyst production and improve process economics.
Thus, there is an ongoing need to develop new methods of preparing
polymerization catalysts. SUMMARY OF THE INVENTION
[0003]Disclosed herein is a method comprising contacting a support with
one or more chromium-containing compounds and one or more boria
precursors to provide a catalyst precursor, and activating the catalyst
precursor to provide a polymerization catalyst. BRIEF DESCRIPTION OF
THE DRAWINGS [0004]For a more complete understanding of this
disclosure, reference is now made to the following brief description, taken
in connection with the accompanying drawings and detailed description,
wherein like reference numerals represent like parts. [0005]Figure 1 is a
graph of dW/d(log M) as a function of the log molecular weight for the
samples from Example I. [0006]Figure 2 is an Arnett plot of the log of the
zero shear melt viscosity as a function of the log molecular weight for
samples from Example 1.  2 [0007]Figure 3 is a graph of log molecular
weight against dW/d(log M) for the samples from Example 2. DETAILED
DESCRIPTION [0008]It should be understood at the outset that although
an illustrative implementation of one or more embodiments are provided
below, the disclosed systems and/or methods may be implemented using
any number of techniques, whether currently known or in existence. The
disclosure should in no way be limited to the illustrative implementations,
drawings, and techniques illustrated below, including the exemplary
designs and implementations illustrated and described herein, but may be
modified within the scope of the appended claims along with their full
scope of equivalents. 
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[00071 Figure 3 is a graph of log molecular weight against dWd(log M) for the samples

fiom Example 2.

DETAILED DESCzuPTION

[00081 It should be understood at the outset that although an illustrative implementation of

one or more embodiments are provided below, the disclosed systems and/or methods may be

implemented using any number of techniques, whether currently known o¡ in existence. The

disclosure should in no way be limited to the illustrative implementations, drawings, and

techniques illustrated below, including the exemplary designs and implementations illustrated

and described herein, but may be modified within the scope of the appended claims along with

their full scope of equivalents.

[00091 Disclosed herein are methods of preparing catalysts comprising a support,

chromium, and boria, which may function as pol¡.'rnerization catalysts. Hereinafter such

catalysts are termed boria-containing polymerization catalysts (BCPC). The BCPCs may

display an increased polymerization activity and produce poll,rneric compositions comprising a

rJuced amount of low molecular weight components when compared to an otherwise similar

catalyst lacking boria.

[00101 In an embodiment, the BCPC comprises a support, altematively an alumina support.

Alumina supports suitable for use in this disclosure may have a su¡face a¡ea and pore volume

effective to provide for an active BCPC. The surface area of the alumina support may range

from about 100 square meters per gram (m2lg) to about 1000 m2lg, or from about 200 m2lgto

about 600 m2lg, or from about 250 m2lg to about 450 m2lg. Furthermore, the pore volume of

the alumina support may range ftom about 0.5 cubic centimeters per gram (cclg) to about 4

cclg, or from about 1 cclg to about 3 cclg, or from about 1.2 cclg to about 2 cclg. In arr

embodimen! the support comprises equal to or greater than about 70Vo alumina. Examples of

suitable comme¡cially available alumina include without limitation VGL 250 which is a

[0009]Disclosed herein are methods of preparing catalysts comprising a
support, chromium, and boria, which may function as polymerization
catalysts. Hereinafter such catalysts are termed boria-containing
polymerization catalysts (BCPC). The BCPCs may display an increased
polymerization activity and produce polymeric compositions comprising a
reduced amount of low molecular weight components when compared to
an otherwise similar catalyst lacking boria. [0010]In an embodiment, the
BCPC comprises a support, alternatively an alumina support. Alumina
supports suitable for use in this disclosure may have a surface area and
pore volume effective to provide for an active BCPC. The surface area of
the alumina support may range from about 100 square meters per gram
(m2/g) to about 1000 m2/g, or from about 200 m2/g to about 600 m2/g, or
from about 250 m2/g to about 450 m2/g. Furthermore, the pore volume of
the alumina support may range from about 0.5 cubic centimeters per gram
(cc/g) to about 4 cc/g, or from about 1 cc/g to about 3 cc/g, or from about
1.2 cc/g to about 2 cc/g. In an embodiment, the support comprises equal
to or greater than about 70% alumina. Examples of suitable commercially
available alumina include without limitation VGL 250 which is a  3
commercial grade alumina available from UOP LLC and Alumina A
available from W.R. Grace and Company. [0011]In an embodiment, the
alumina support may be prepared by precipitating sodium aluminate with
or without a cation and aluminum to yield an aluminum oxide (also known
as boehmite) with a chemical formula of (A100H). Alternatively, the
alumina support may be prepared by the conversion of boehmite into
gamma alumina with a chemical formula of (Al203). The conversion may
be carried out by thermal treatment of boehmite in an oxidizing
environment (e.g., air) at a temperature in the range of from about 300 C
to about 1000 C, or from about 350 C to about 800 C, or from about 400 C
to about 600 C, for a time period of from about 1 hour to about 30 hours,
or from about 2 hours to about 20 hours, or from about 5 hours to about
12 hours. The alumina support may include additional components that do
not adversely affect the catalyst, such as zirconia, silica, thoria, magnesia,
fluoride, sulfate, phosphate, or mixtures thereof [0012)Alternatively, the
support may comprise alurninophosphate. In an embodiment, the surface
area of the aluminophosphate support may range from about 100 m2/g to
about 1000 m2/g, or from about 200 m2/g to about 600 m2/g, or from
about 250 m2/g to about 450 m2/g. Furthermore, the pore volume of the
aluminophosphate support may range from about 0.5 cc/g to about 5 cc/g,
or from about 1 cc/g to about 3 cc/g, or from about 1.2 cc/g to about 2
cc/g. The aluminophosphate support may be prepared using any suitable
technique. For example, the aluminophosphate support may be prepared
by hydrothermal crystallization at elevated temperatures of
aluminophosphate gels containing a molecular structure-forming template
as described in U.S. Patent No. 4,310,440, which is incorporated by
reference herein in its entirety. Alternatively, the aluminophosphate
support may be prepared by adding base to an acidic solution containing
Al+3 and PO4-3 ions. Alternatively, the aluminophosphate support  4 may
also be prepared by treating an alumina or aluminate support with a
phosphate source like phosphoric acid. [0013]Hereinafter, the disclosure
will focus on the use of an alumina support material although other
support materials of the type disclosed herein (e.g., aluminophosphates,
aluminosilicates) are also contemplated. [0014]The support (e.g., alumina)
may be present in the BCPC in amounts of from about 50 to about 99
percent (%) support by weight of the BCPC, alternatively from about 75%
to about 99%, alternatively from about 90% to about 99%. Herein the
percentage of support refers to the final percent of support associated
with the catalyst by total weight of the catalyst after all processing steps.
In an embodiment, the BCPC comprises equal to or greater than about
90% support by final weight of the catalyst and the support comprises
equal to or greater than about 70% alumina. [0015]In an embodiment, the
BCPC comprises chromium. Chromium may be introduced to the BCPC
via contacting one or more of the other components of the BCPC (e.g.,
the support such as alumina) with a chromium-containing compound. The
chromium-containing compound may comprise a water-soluble chromium
compound or a hydrocarbon-soluble chromium compound. Examples of
water-soluble chromium compounds include chromium trioxide, chromium
acetate, chromium nitrate, or combinations thereof Examples of
hydrocarbon-soluble chromium compounds include tertiary butyl
chromate, a diarene chromium (0) compound, biscyclopentadienyl
chromium(II), chromium (III) acetylacetonate, or combinations thereof.
The chromium-containing compound may be a chromium (II) compound,
chromium (III) compound, a chromium (VI) compound, or combinations
thereof Suitable chromium (III) compounds include, but are not limited to,
chromium carboxylates, chromium naphthenates, chromium halides,
chromium pyrrolides, chromium benzoates, chromium dionates, chromium
nitrates, chromium sulfates, or combinations thereof. Specific  5 chromium
(III) compounds include, but are not limited to, chromium (III)
isooctanoate, chromium (III) 2,2,6,6-tetramethylheptanedionate, chromium
(III) naphthenate, chromium (III) chloride, chromium (III)
tris(2-ethylhexanoate), chromium (III) oxy-2-ethylhexanoate, chromium
(III) dichloroethylhexanoate, chromium (III) acetylacetonate, chromium (III)
acetate, chromium (III) butyrate, chromium (III) neopentanoate, chromium
(III) laurate, chromium (III) sulfate, chromium (III) oxalate, chromium (III)
benzoate, chromium (III) pyrrolide(s), chromium (III) perchlorate,
chromium (III) chlorate, or combinations thereof Suitable chromium (II)
compounds include, but are not limited to, chromous fluoride, chromous
chloride, chromous bromide, chromous iodide, chromium (II)
bis(2-ethylhexanoate), chromium (II) acetate, chromium (II) butyrate,
chromium (II) neopentanoate, chromium (II) laurate, chromium (II)
stearate, chromium (II) oxalate, chromium (II) benzoate, chromium (II)
pyrrolide(s), chromous sulfate, or combinations thereof. Examples of other
suitable chromium-containing compounds include tertiary butyl chromate
in a hydrocarbon liquid; chromium trioxide in water or acetonitrile;
chromium acetate in water; chromium nitrate in alcohol; zerovalent
organochromium compounds such as pi bonded chromium complexes, for
example, dicumene chromium and dibenzene chromium in a hydrocarbon;
or combinations thereof Pi bonded chromium complexes are described in
U.S. Pat. No. 3,976,632, which is incorporated by reference herein in its
entirety. [0016]The amount of chromium present in the BCPC may range
from about 0.01% to about 10% chromium by weight of the BCPC,
alternatively from about 0.2% to about 5% chromium, alternatively from
about 0.5% to about 2% chromium, alternatively about 1% chromium.
Herein the percentage chromium refers to the final percent chromium
associated with the catalyst by total weight of the catalyst after all
processing steps. 
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commercial grade alumina available from UOP LLC and Alumina A available from W-R.

Grace and Company.

[00111 In an embodiment, the alumina support may be prepared by precipitating sodium

aluminate with or without a cation and aluminum to yield an aluminum oxide (also known as

boehmite) with a chemical formula of (AIOOH). Altematively, the alumina support may be

prepared by the conversion of boehmite into gamma alumina with a chemical formula of

(Al2O3). The conversion may be carried out by thermal treatment of boehmite in an oxidizing

environment (e.g., air) at a temperatu¡e in the range of from about 300 "C to about 1000 "C, or

from about 350 oC to about 800 "C, or from about 400 "C to about 600 "C, for a time period of

from about t hou¡ to about 30 hours, or from about 2 hours to about 20 hours, or from about 5

hours to about 12 hou¡s. The alumina support may include additional components that do not

adversely affect the catalyst, such as zirconia" silica, thoria, magnesia, fluoride, sulfate,

phosphate, or mixtures thereof.

100121 Altematively, the support may comprise aluminophosphate- In an embodiment, the

surface area of the aluminophosphate support may range ftom about 100 m2lg to about 1000

n?/g, or ftom about 200 m2lgto about 600 nÌ/g, or from about 250 nÊ/gto about 450 nflg.

Furthermore, the pore volume of the aluminophosphate support may range from about 0.5 cclg

to about 5 ccþ, or from about 1 cclg to about 3 cclg, or from about 1.2 cclg to about 2 cclg.

The aluminophosphate support may be prepared using any suitable technique. For exampie,

the aluminophosphate support may be prepared by hydrothermal crystallization at elevated

temperatures of aluminophosphate gels containing a molecular structure-forming template as

described in U.S. Patent No. 4,310,440, which is incorporated by reference herein in its

entirety. Altematively, the aluminophosphate support may be prepared by adding base to an

acidic solution containing Af3 and POf3 ions. Altematively, the aluminophosphate support

6 [00171In an embodiment, the BCPC comprises boria. Boria, chemical
formula of B203 (CAS No. 1303-86-2) is also known as boron oxide,
diboron trioxide, boron sesquioxide, boric oxide, anhydric boric acid and is
typically found as a white or colorless solid. [0018]Boria may be
incorporated into the BCPC via contacting of the other components of the
BCPC (e.g., the support such as alumina) with one or more boria
precursors. Examples of boria precursors suitable for use in this
disclosure include without limitation boric acid, boron oxide, sodium
metaborate, potassium metaborate, metaboric acid, orthoboric acid,
tetraboric acid, boron alkoxide, borates, boric ethide, or combinations
thereof. Additionally, any organic boron compounds that can be converted
to boria may also serve as the boria precursor. In an embodiment, the
boria precursor comprises boric acid. [0019]The amount of boria present
in the BCPC may be equal to or less than about 30% boria by total weight
of the BCPC after all processing steps, alternatively from about 0.5% to
about 20% bona, alternatively from about 1% to about 10% boria,
alternatively from about 2% to about 6%. [00201In an embodiment, a
method of preparing a BCPC comprises sequentially contacting a support
(e.g., alumina), one or more chromium-containing compounds, and one or
more boria precursors. The sequential contacting may be carried out in
any order desired by the user and compatible with the process. For
example, the BCPC may be prepared by contacting a
chromium-containing compound with an alumina support to produce a
chromium/alumina mixture. The chromium/alumina mixture may
subsequently be contacted with a boria precursor. Alternatively, the boria
precursor may be contacted with the alumina support to form a
boria/alumina mixture which may subsequently be contacted with a
chromium-containing compound. [00211In an alternative embodiment, a
support (e.g., alumina), one or more chromium- containing compounds,
and one or more boria precursors may be contacted simultaneously to  7
form a chromium/alumina/boria mixture termed a precursor BCPC, which
may be further treated and activated as described herein. 100221In an
embodiment, a method of preparing a BCPC comprises contacting an
alumina support with one or more boria precursors to form an
alumina/boria mixture. The boria precursors may be of the type previously
described herein. The boria may be added to the alumina support by
contacting via impregnation, incipient wetness, co-gelling, or the like.
100231The boria/alumina mixture may subsequently be contacted with
one or more chromium-containing compounds. The chromium-containing
compounds may be of the type previously described herein. Chromium
may be added to the boria/alumina mixture via a variety of techniques. For
example, the chromium may be added by contacting the
chromium-containing compound with the boria/alumina mixture via
ion-exchange, incipient wetness, pore fill, aqueous impregnation, organic
solvent impregnation, melt coating, co-gelling, and the like. The resulting
composition is a precursor BCPC. [0024]In another embodiment, a
method of preparing a BCPC comprises contacting an alumina support
with one or more chromium-containing compounds to form a
chromium/alumina mixture. The chromium/alumina mixture may
subsequently be contacted with one or more boria precursors to form a
precursor BCPC. Contacting of the components to form the
chromium/alumina mixture or the precursor BCPC may be carried out
using any of the techniques previously described herein. [0025]In some
embodiments, the alumina support may be precalcined prior to use in the
preparation of a BCPC (e.g., prior to contact with a chromium containing
compound or a boria precursor). For example, the alumina may be heated
in the presence of air at a temperature in the range of from about 300 C to
about 1,000 C, or from about 400 C to about 800 C, or from about 500 C
to about 700 C for a time of from about 1 min to about 10 hours, or from
about 20 mm to about 5 hours, or from about 1 hour to about 3 hours. 
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may also be prepared by heating an alumina or aluminate support with a phosphate source like

phosphoric acid.

[00f31 Hereinafter, the disclosure will focus on the use of an alumina support material

although other support materials of the type disclosed herein (e.g., aluminophosphates,

aluminosilicates) are also contemplated.

[0014] The support (e.g., alumina) may be present in the BCPC in amounts of from about

50 to about 99 percent (%) suppof by weight of the BCPC, altematively ftom about 75%o to

about 99%;o, altematively from about 90% to about 99o/o. Hereir the percentage of support

refers to the fi¡al percent of support associated with the catalyst by total weight ofthe catalyst

a"fte¡ all processing steps. In an embodiment, the BCPC comprises equal to or greater than

about 90% support by final weight of the catalyst and the support comprises equal to or greater

than about 70Yo ahtmina.

[0015] In an embodiment, the BCPC comprises chromium. Ch¡omium may be introduced

to the BCPC via contacting one or more of the other components of the BCPC (e.g., the support

such as alumina) with a ch¡omium-containing compound. The chromium-containing

compound may comprise a water-soluble ch¡omium compound or a hydrocarbon-soluble

chromium compound. Examples of water-soluble chromium compounds include chromium

trioxide, ch¡omium acetatg chromium nitrate, or combinations thereof. Examples of

hydrocarbon-soluble chromium compounds include terliary butyl chromate, a diarene

ckomium (0) compound, biscyclopentadienyl chromium(Il), chromium (III) acetylacetonate,

or combinations thereof. The cbromium-containing compound may be a cbromium (II)

compound, chromium (III) compound, a cluomium (VI) compound, or combinations thereof.

Suitable ch¡omium (III) compounds include, but are not limited to, chromium carboxylates,

chromium naphthenates, chromium halides, chromium pyrrolides, chromium berzoates,

cluomium dionates, chromium nitrates, chromium sulfates, or combinations thereof. Specific

8 [0026]The resulting precursor BCPC may be activated to produce a
BCPC. In an embodiment, activation of the precursor BCPC comprises
heating the material at a temperature ranging from about 400 C to about
1,000 C, or from about 500 C to about 800 C, or from about 600 C to
about 700 C, and for a time period of from about 1 min to about 10 hours,
or from about 20 mm to about 5 hours, or from about 1 to about 3 hours.
The resulting material is a BCPC which may function as a polymerization
catalyst when employed in a polymerization reaction/system. [0027]The
catalysts and resins of the present invention (i.e. BCPCs) are intended for
any olefin polymerization method using various types of polymerization
reactors. As used herein, "polymerization reactor" includes any
polymerization reactor capable of polymerizing olefin monomers to
produce homopolymers or copolymers. Such homopolymers and
copolymers are referred to as resins or polymers. The various types of
reactors include those that may be referred to as batch, slurry, gas-phase,
solution, high pressure, tubular or autoclave reactors. Gas phase reactors
may comprise fluidized bed reactors or staged horizontal reactors. Slurry
reactors may comprise vertical or horizontal loops. High pressure reactors
may comprise autoclave or tubular reactors. Reactor types can include
batch or continuous processes. Continuous processes could use
intermittent or continuous product discharge. Processes may also include
partial or full direct recycle of in-reacted monomer, un-reacted
comonomer, and/or diluent. [0028]In an embodiment, the olefin
polymerization catalyst described herein is a component of a catalyst
system wherein the catalyst system comprises a BCPC and a cocatalyst.
Generally, the cocatalyst can be any organometallic compound capable of
activating the catalyst described herein (i.e., BCPC) to polymerize olefins
Suitable cocatalysts can include monomeric or oligomeric metal alkyls,
metal aryls, metal alkyl-aryls comprising at least one of the metals
selected from the group consisting of B, Al, Be, Mg, Ca, Sr, Ba, Li, Na,  9
K, Rb, Cs, Zn, Cd, and Sn. In an embodiment, the cocatalyst comprises a
metal alkyl such as for example an alkyl of B, Al, Zn, Li, Na, Mg, or
combinations thereof. Alternatively, the cocatalyst comprises a boron
alkyl. The metal alkyl can have any number of carbon atoms. However,
due to commercial availability and ease of use, the metal alkyl will usually
comprise less than about 70 carbon atoms per metal alkyl molecule and
alternatively less than about 20 carbon atoms per molecule. In an
embodiment, the cocatalyst comprises a boron alkyl comprising a
hydrocarbyl group having from about 1 to about 12 carbons. The
cocatalyst may be introduced directly to a reaction zone with BCPC or
may be contacted with the BCPC prior to form a catalyst mixture that is
subsequently introduced to a reaction zone. In an embodiment, the
cocatalyst may be present in an amount of from about 0.1 to about 50
ppm, alternatively of from about 1 to about 20 ppm, alternatively of from
about 2 to about 10 ppm.  [0029] Polymerization reactor systems of the
present invention may comprise one type of reactor in a system or
multiple reactors of the same or different type. Production of polymers in
multiple reactors may include several stages in at least two separate
polymerization reactors interconnected by a transfer device making it
possible to transfer the polymers resulting from the first polymerization
reactor into the second reactor. The desired polymerization conditions in
one of the reactors may be different from the operating conditions of the
other reactors. Alternatively, polymerization in multiple reactors may
include the manual transfer of polymer from one reactor to subsequent
reactors for continued polymerization. Multiple reactor systems may
include any combination including, but not limited to, multiple loop
reactors, multiple gas reactors, a combination of loop and gas reactors,
multiple high pressure reactors or a combination of high pressure with
loop and/or gas reactors. The multiple reactors may be operated in series
or in parallel. [0030]According to one aspect of the invention, the
polymerization reactor system may comprise at least one loop slurry
reactor comprising vertical or horizontal loops.  10 Monomer, diluent,
catalyst and optionally any comonomer may be continuously fed to a loop
reactor where polymerization occurs. Generally, continuous processes
may comprise the continuous introduction of a monomer, a catalyst, and a
diluent into a polymerization reactor and the continuous removal from this
reactor of a suspension comprising polymer particles and the diluent.
Reactor effluent may be flashed to remove the solid polymer from the
liquids that comprise the diluent, monomer and/or comonomer. Various
technologies may be used for this separation step including but not limited
to, flashing that may include any combination of heat addition and
pressure reduction; separation by cyclonic action in either a cyclone or
hydrocyclone; or separation by centrifugation. [0031]A typical slurry
polymerization process (also known as the particle form process), is
disclosed, for example, in U.S. Patent Nos. 3,248,179, 4,501,885,
5,565,175, 5,575,979, 6,239,235, 6,262,191 and 6,833,415, each of which
is incorporated by reference in its entirety herein. [0032]Suitable diluents
used in slurry polymerization include, but are not limited to, the monomer
being polymerized and hydrocarbons that are liquids under reaction
conditions. Examples of suitable diluents include, but are not limited to,
hydrocarbons such as propane, cyclohexane, isobutane, n-butane,
n-pentane, isopentane, neopentane, and n-hexane. Some loop
polymerization reactions can occur under bulk conditions where no diluent
is used. An example is polymerization of propylene monomer as disclosed
in U.S. Patent Nos. 5,455,314, which is incorporated by reference herein
in its entirety. [0033]According to yet another aspect of this invention, the
polymerization reactor may comprise at least one gas phase reactor.
Such systems may employ a continuous recycle stream containing one or
more monomers continuously cycled through a fluidized bed in the
presence of the catalyst under polymerization conditions. A recycle
stream may be withdrawn from the fluidized bed and recycled back into
the reactor. Simultaneously, polymer product  11 may be withdrawn from
the reactor and new or fresh monomer may be added to replace the
polymerized monomer. Such gas phase reactors may comprise a process
for multi-step gas-phase polymerization of olefins, in which olefins are
polymerized in the gaseous phase in at least two independent gas-phase
polymerization zones while feeding a catalyst-containing polymer formed
in a first polymerization zone to a second polymerization zone. One type
of gas phase reactor is disclosed in U.S. Patent Nos. 5,352,749,
4,588,790 and 5,436,304, each of which is incorporated by reference in its
entirety herein. 
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ch¡omium (ill) compounds include, but a¡e not limited to, chromium (III) isooctanoate,

chromium (lI! 2,2,6,6-teframethylheptanedionate, chromium (III) naphthenate, chromium (IIl)

chloride, ch¡omium (lII) tris(2-ethylhexanoate), ch¡omium (III) oxy-2-ethyihexanoate,

ch¡omium (III) dichioroethylhexanoate, ckomium (III) acetylacetonate, chromium (III)

acetate, chromium (III) butyrate, chromium (III) neopentanoate, ckomium (lII) laurate,

chromium (III) sulfate, chromium (III) oxalate, chromium (III) benzoate, chromium (III)

p;,rrolide(s), ch¡omium (III) perchlorate, ch¡omium (III) chlorate, or combinations thereof.

Suitable chromium (II) compounds include, but are not limited to, ch¡omous fluoride,

ch¡omous chloride, chromous bromide, chromous iodide, chromium (II) bis(2-ethylhexanoate),

ch¡omium (II) acetate, chromium (I) butyrate, ch¡omium (II) neopentanoate, chromium (II)

laurate, chromium (II) stearate, chromium (II) oxalate, chromium (If) benzoate, chromium (II)

pynolide(s), ch¡omous sulfate, or combinations thereof. Examples of other suitable chromium-

containing compounds include tertiary butyl chromate in a hydrocarbon liquid; chromium

trioxide in water or acetonitrile; chromium acetate in water; chromium nitrate in alcohol;

zerovalent orgalochromium compounds such as pi bonded ch¡omium complexes, for example,

dicumene chromium and dibenzene chromium in a hydrocarbon; or combinations thereof. Pi

boided chromium complexes are described in U.S. Pat. No.3,976,632, which is incorporated

by reference herein in its entirety

t00161 The amount of chromium present in the BCPC may range from about 0.01% to

about l0% ch¡omium by weight of the BCPC, altematively from about 0.2% to about 5%

chromium, altematively from about 0-5%o to about 2Vo chromium, altematively about l%o

ch¡omium. Herein the percentage chromium refers to the final percent chromium associated

with the catalyst by total weight of the catalyst after all processing steps.

[0034]According to still another aspect of the invention, a high pressure
polymerization reactor may comprise a tubular reactor or an autoclave
reactor.Tubular reactors may have several zones where fresh monomer,
initiators, or catalysts are added. Monomer may be entrained in an inert
gaseous stream and introduced at one zone of the reactor. Initiators,
catalysts, and/or catalyst components may be entrained in a gaseous
stream and introduced at another zone of the reactor. The gas streams
may be intermixed for polymerization. Heat and pressure may be
employed appropriately to obtain optimal polymerization reaction
conditions. [0035]According to yet another aspect of the invention, the
polymerization reactor may comprise a solution polymerization reactor
wherein the monomer is contacted with the catalyst composition by
suitable stirring or other means. A carrier comprising an inert organic
diluent or excess monomer may be employed. If desired, the monomer
may be brought in the vapor phase into contact with the catalytic reaction
product, in the presence or absence of liquid material. The polymerization
zone is maintained at temperatures and pressures that will result in the
formation of a solution of the polymer in a reaction medium. Agitation may
be employed to obtain better temperature control and to maintain uniform
polymerization mixtures throughout the polymerization zone. Adequate
means are utilized for dissipating the exothermic heat of polymerization.
12 100361Polymerization reactors suitable for the present invention may
further comprise any combination of at least one raw material feed
system, at least one feed system for catalyst or catalyst components,
and/or at least one polymer recovery system. Suitable reactor systems for
the present invention may further comprise systems for feedstock
purification, catalyst storage and preparation, extrusion, reactor cooling,
polymer recovery, fractionation, recycle, storage, loadout, laboratory
analysis, and process control. [0037]Conditions that are controlled for
polymerization efficiency and to provide resin properties include
temperature, pressure and the concentrations of various reactants.
Polymerization temperature can affect catalyst productivity, polymer
molecular weight and molecular weight distribution. Suitable
polymerization temperature may be any temperature below the
de-polymerization temperature according to the Gibbs Free energy
equation. Typically this includes from about 60 C to about 280 C, for
example, and from about 70 C to about 110 C, depending upon the type
of polymerization reactor. [0038]Suitable pressures will also vary
according to the reactor and polymerization type. The pressure for liquid
phase polymerizations in a loop reactor is typically less than 1000 psig.
Pressure for gas phase polymerization is usually at about 200 - 500 psig.
High pressure polymerization in tubular or autoclave reactors is generally
run at about 20,000 to 75,000 psig. Polymerization reactors can also be
operated in a supercritical region occurring at generally higher
temperatures and pressures. Operation above the critical point of a
pressure/temperature diagram (supercritical phase) may offer
advantages. [0039]The concentration of various reactants can be
controlled to produce resins with certain physical and mechanical
properties. The proposed end-use product that will be formed by the resin
and the method of forming that product determines the desired resin
properties. Mechanical properties include tensile, flexural, impact, creep,
stress relaxation and hardness tests. Physical properties include density,
molecular weight, molecular weight distribution,  13 melting temperature,
glass transition temperature, temperature melt of crystallization, density,
stereoregularity, crack growth, long chain branching and rheological
measurements. [0040]The concentrations of monomer, co-monomer,
hydrogen, co-catalyst, modifiers, and electron donors are important in
producing these resin properties. Comonomer is used to control product
density. Hydrogen can be used to control product molecular weight.
Co-catalysts can be used to alkylate, scavenge poisons and control
molecular weight. Modifiers can be used to control product properties and
electron donors affect stereoregularity.In addition, the concentration of
poisons is minimized because poisons impact the reactions and product
properties. [00411The polymer or resin may be formed into various
articles, including, but not limited to, bottles, drums, toys, household
containers, utensils, film products, drums, fuel tanks, pipes,
geomembranes, and liners. Various processes may be used to form these
articles, including, but not limited to, blow molding, extrusion molding,
rotational molding, thermoforming, cast molding and the like. After
polymerization, additives and modifiers can be added to the polymer to
provide better processing during manufacturing and for desired properties
in the end product. Additives include surface modifiers such as slip
agents, antiblocks, tackifiers; antioxidants such as primary and secondary
antioxidants; pigments; processing aids such as waxes/oils and
fluoroelastomers; and special additives such as fire retardants, antistats,
scavengers, absorbers, odor enhancers, and degradation agents.
[0042]Catalysts prepared in accordance with the present disclosure may
be used for the 
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[00171 In an embodiment, the BCPC comprises boria. Bori4 chemical formula of BzOt

(CAS No. 1303-86-2) is also known as boron oxide, diboron trioxide, boron sesquioxide, boric

oxide, anhydric boric acid and is typically found as a white or colorless solid.

[00181 Boria may be incorporated into the BCPC via contacting ofthe other components of

the BCPC (e.g., the support such as alumina) with one or more boria precursors. Examples of

boria precursors suitable for use in this disclosure include without limitation boric acid, boron

oxide, sodium metaborate, potassium metaborate, metaboric acid, orthoboric acid, tetraboric

acid, boron alkoxide, bomtes, boric ethide, or combinations thereof. Additionally, any organic

boron compounds that can be converted to boria may also serve as the boria precwsor. In an

embodiment, the boria precursor comprises boric acid.

t00191 The amount of boria present in the BCPC may be equal to or less than about 30%

boria by total weight of the BCPC after all processing steps, altematively from about 0.50lo to

aboui.2Ù%o bori4 altematively from about 10% to about I0%o l:ona, altematively from abouf2%o

to about 60%.

[0020] In an embodiment, a method of preparing a BCPC comprises sequentially

contacting a support (e.g., alumina), one or more chromium-containing compounds, and one or

more boria precursors. The sequential contâcting may be carried out in any order desired by

the user and compatible with the process. For example, the BCPC may be prepared by

contacting a chromium-containing compound with an alumina support to produce a

chromium/alumina mixture. The chromium/alumina mixture may subsequently be contacted

with a boria precursor. Altematively, the boria precursor may be contacted with the alumina

support to form a boria/alumina mixtu¡e which may subsequently be contacted with a

chromium-containing compound.

[0021] In an altemative embodiment, a suppo¡t (e.g., alumina), one or more chromium-

containing compounds, and one or more boria precursors may be contacted simultaneously to

polymerization of olefins, for example, alpha-olefins. In an embodiment, a
BCPC is contacted with one or more olefins in a reaction zone under
suitable reaction conditions (e.g., temperature, pressure, etc.) to
polymerize the olefins. Linear or branched alpha-olefins having 2 to 30
carbon atoms can be used as the olefins raw material. Specific examples
of the alpha-  14 olefins may include ethylene, propylene, 1-butene,
1-hexene, 1-octene, 3-methyl-l-butene, 4- methyl-1 -pentene or the like.
[0043]In an embodiment, polyethylene homopolymers and copolymers of
ethylene with other mono-olefins are produced in the manner described
above using the catalyst (i.e., BCPC) prepared as described herein.
Polymer resins produced as disclosed herein may be formed into articles
of manufacture or end use articles using techniques such as extrusion,
blow molding, injection molding, fiber spinning, thermoforming, and
casting. The BCPCs disclosed herein may also be used to form polymers
such as polyolefins and PE-100 pipes having both small diameter (1 inch
to 12 inches in diameter) and large diameter (greater than 12 inches in
diameter). The PE100 pipe is described in U.S. Patent Application Pub.
No. 2003/0199648 Al published on October 23, 2003, which is
incorporated herein by reference in its entirety. [0044]In an embodiment,
the BCPC has a polymerization activity of equal to or greater than about
1000 grams of polymer per grams of catalyst per hour (g/g-h),
alternatively equal to or greater than about 2000 gig-h, alternatively equal
to or greater than about 3000 gig-h. The BCPC may show an activity
increase of greater than about 25%, alternatively greater than about 50%,
alternatively greater than about 100% when compared to an otherwise
similar catalyst lacking boria. [0045]A BCPC may allow for the production
of polymers with a reduced high load melt index (HLMI) when compared
to an otherwise similar polymerization catalyst lacking boria. The HLMI
represents the rate of flow of a molten resin through an orifice of 0.0825
inch diameter when subjected to a force of 21,600 grams at 190 C as
determined in accordance with ASTM D 1238. In an embodiment, a
polymeric composition (e.g., polyethylene) produced using a BCPC of the
type disclosed herein has an HLMI of equal to or less than about 1 gram
per 10 minutes (g/10mi), alternatively equal to or less than about 0.5
g/10min, alternatively equal to or less than about 0.1 g/10min.  15
[0046]Additionally, a BCPC may produce a polymeric composition having
an increased average molecular weight when compared to an otherwise
similar catalyst lacking boria. For example, a polymeric composition (e.g.,
polyethylene) produced using a BCPC may have an average molecular
weight of equal to or greater than about 500,000 Daltons, alternatively
equal to or greater than about 750,000 Daltons, alternatively equal to or
greater than about 1,000,000 Daltons. [0047]The overall increase in the
average molecular weight of polymeric compositions (e.g., polyethylene)
produced using a BCPC of the type described herein may be attributed to
a decrease in the amount of low molecular weight components (LMWC) in
the composition with a concomitant increase in the amount of high
molecular weight components (HMWC).  [0048] In an embodiment, a
polymeric composition (e.g., polyethylene) produced using a BCPC of the
type described herein has a reduction of from about 10% to about 100%,
or of from about 20% to about 90%, or of from about 40% to about 75% in
the amount of LMWCs having an average molecular weight of equal to or
less than about 1000 Daltons. In an embodiment, a polymeric composition
(e.g., polyethylene) produced using a BCPC of the type described herein
has a reduction of from about 5% to about 100 %, or of from about 10% to
about 50%, or of from about 15% to about 40% in the amount of LMWCs
having an average molecular weight of equal to or less than about 10,000
Daltons. [0049]Alternatively, the polymeric composition (e.g.,
polyethylene) produced using a BCPC of the type described herein may
have an increase of greater than about 50%, or greater than about 80%,
or greater than about 100% in the amount of HMWCs having an average
molecular weight of equal to or less than about 1,000,000 Daltons.
Alternatively, the polymeric composition (e.g., polyethylene) produced
using a BCPC of the type described herein may have an increase of
greater than about 30%, or greater than about 50%, or greater  16 than
about 100% in the amount of HMWCs having an average molecular
weight of equal to or less than about 10,000,000 Dalions. [0050]For
polyethylene, the presence of a significant amount (e.g., 5%) of low
molecular weight ethylene oligomers (e.g., C10-C32) in the resin creates
drawbacks to the use of these resins in certain applications (e.g., blow
molding). The relatively low boiling points of these LMWCs when
subjected to the elevated temperatures (e.g. 400 F) used during the
processing of the polyethylene resin may cause these LMWCs to
vaporize, and upon exposure to ambient air, condense into airborne
droplets, generating smoke. The smoke is considered objectionable by
processors and impairs the acceptability of the broad MWD polyethylene
resin product for certain applications. Additional drawbacks to the use of
resins comprising these LMWCs include the propensity of these LMWCs
to exude into mold vent holes causing plugging of the hole and thus poor
operation. Polyethylene produced in accordance with the present
disclosure, e.g., using BCPCs as disclosed herein, significantly improve
and/or eliminate drawbacks associated with LMWCs such as smoke
produced during blow molding, thereby providing for smokeless blow
molding and associated advantages. [0051]A polymeric composition (e.g.,
polyethylene) produced using a BCPC of the type described herein may
display an increased rheological breadth when compared to a polymeric
composition prepared with an otherwise similar catalyst lacking boria.
Rheological breadth refers to the breadth of the transition region between
Newtonian and power-law type shear rate for a polymer or the frequency
dependence of the viscosity of the polymer. The rheological breadth is a
function of the relaxation time distribution of a polymer resin, which in turn
is a function of the resin molecular structure or architecture. Assuming the
Cox-Merz rule, the rheological breadth may be calculated by fitting flow
curves generated in linear- 
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form a chromium/alumina,/boria mixture termed a precursor BCPC, which may be further

treated and activated as described herein.

f00221 In an embodiment, a method of preparing a BCPC comprises contacting an alumina

support with one or more boria precursors to form an alumina/boria mixtue. The boria

precursors may be of the type previously described herein. The boria may be added to the

alumina support by contacting via impregnation, incipient wetness, co-gelling' or the like'

t00231 The boria/alumina mixture may subsequently be contacted with one or more

chromium-containing compounds. The chromium-containing compounds may be of the type

previously described herein. chromium may be added to the boria/alumina mixture via a

variety of techniques. For example, the chromium may be added by contacting the chromium-

conøining compound with the boria/alumina mixture via ion-exchange, incipient wetness, pore

fill, aqueous impregnation, organic solvent impregnatior¡ melt coating, co-gelling, and the like.

The resulting composition is a precursor BCPC.

t00241 In another embodiment, a method of preparing a BCPC comprises contacting an

alumina support with one or more chromium-containing compounds to form a

ch¡omium,/alumina mixture. The ch¡omium/alumina mixture may subsequently be contacted

with one or more boria precursors to form a precursor BCPC. Contacting of the components to

form the chromium/alumina mixture or the precursor BCPC may be c¿¡ried out using any of

the techniques previously described herein.

t00251 In some embodiments, the alumina support may be precalcined prior to use in the

preparation of a BCPC (e.g., prior to contact with a chromium containing compound or a boria

precursor). For example, the alumina may be heated in the presence of air at a temperature in

the range of from about 300 "C to about 1,000 "C, or from about 400 "C to about 800 "C' or

from about 500 oc to about 700 "c for a time of from about I min to about l0 hours, or from

about 20 min to about 5 hours, or from about t hour to about 3 hours.

17 viscoelastic dynamic oscillatory frequency sweep experiments with a
modified CarreauYasuda (CY) model, which is represented by the
following equation- E = E, [1+ (Te)la where E = viscosity (Pas) = shear
rate (1/s) a = rheological breadth parameter    = relaxation time (s)
[describes the location in time of the transition region] Eo = zero shear
viscosity (Pa-s) [defines the Newtonian plateau] n = power law constant
[defines the final slope of the high shear rate region] To facilitate model
fitting, the power law constant is held at a constant value. Details of the
significance and interpretation of the CY model and derived parameters
may be found in: C. A. Hieber and H. H. Chiang, Rhea Acta, 28, 321
(1989); C.A. Hieber and H.H. Chiang, Polym. Eng. Sci., 32, 931 (1992);
and R. B. Bird, R. C. Armstrong and 0. Hasseger, Dynamics of Polymeric
Liquids, Volume I, Fluid Mechanics, 2nd Edition, John Wiley & Sons
(1987), each of which is incorporated by reference herein in its entirety. In
an embodiment, the BCPC has a rheological breath (the "a" parameter in
the CY model, also referred to as a CY-a) of equal to or greater than
about 0.2, alternatively equal to or greater than about 0.4, alternatively
equal to or greater than about 0.6. EXAMPLES [0052]The embodiments
having been generally described, the following examples are given as
particular embodiments of the disclosure and to demonstrate the practice
and advantages thereof. It is understood that the examples are given by
way of illustration and are not intended to limit the specification or the
claims in any manner. [0053]Polymerization runs were made in a 2.2 liter
steel reactor equipped with a marine stirrer rotating at 400 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
18 controlled by varying nitrogen pressure applied to the condenser and
jacket, which permitted precise temperature control to within half a degree
centigrade, with the help of electronic control instruments. Unless
otherwise stated, a small amount (0.01 to 0.10 grams normally) of the
solid catalyst was first charged under nitrogen to the dry reactor. Next 1.2
liter of isobutane liquid was charged and the reactor heated up to the
specified temperature. Hydrogen may be added if desired Finally 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 the specified time, usually around one hour, and the activity
was noted by recording the flow of ethylene into the reactor to maintain
the set pressure. After the allotted time, the ethylene flow was stopped
and the reactor slowly depressurized and opened to recover a granular
polymer powder. In all cases the reactor was clean with no indication of
any wall scale, coating or other forms of fouling. The polymer powder was
then removed and weighed. Activity was specified as grams of polymer
produced per gram of solid catalyst charged per hour. [0054]A
"Quantachrome Autosorb-6 Nitrogen Pore Size Distribution Instrument"
was used to determine the surface area and pore volume of the supports.
This instrument was acquired from the Quantachrome Corporation of
Syosset, N.Y. [0055]Molecular weight and molecular weight distributions
were obtained using a PL- GPC 220 (Polymer Labs, UK) system equipped
with a differential refractive index detector and three 7 5 mm x 300 mm 20
um Mixed A-LS columns (Polymer Labs) running at 145 C. The flow rate
of the mobile phase, 1,2,4-trichlorobenzene (TCB) containing 0.5 g/L
2,6-di-tbuty1-4-methylphenol (BHT), was set at 1 mL/min and the
concentration of polymer solutions was generally kept in the range of
1.0-1.5 mg/mL, depending on the molecular weights. Sample preparation
was conducted at 150 C for 4 h with occasional and gentle agitation
before the solutions being transferred to sample vials for injection. In order
to  19 
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[0026ì The resulting precursor BCPC may be activated to produce a BCPC. In an

embodiment, activation of the precursor BCPC comprises heating the material at a temperature

ranging from about 400 "C to about 1,000 'C, or from about 500.C to about 800 .C, or Íìom

about 600 "c to about 700 "c, and for a time period of from about i min to about l0 hours, or

from about 20 min to about 5 hours, or from about 1 to about 3 hours. The resulting material is

a BCPC which may function as a polynerization catalyst when employed in a polymerization

reaction/system.

100271 rhe catalysts and resins of the present invention (i.e. BCPCs) are intended for any

olefin polymerization method using various þpes of polymerization reactors. As used herein,

'þolynerization reactor" i¡cludes any polymerization reactor capable of polymerizing olefin

monomers to produce homopolymers or copolymers. Such homopolymers and copolymers are

referred to as resins or polymers. The various types of reactors include those that may be

referred to as batch, sluny, gas-phase, solutior¡ high pressure, tubular o¡ autoclave reactors.

Gas phase reactors may comprise fluidized bed reactors or staged horizont¿l reactors. Slurry

reactors may comprise vertical o¡ horizontal loops. High pressure reactors may comprise

autociave or tubular reactors. Reactor types can include batch or continuous processes.

Continuous processes could use intermittent or continuous product discharge. Processes may

also include partial or frrll direct recycle of un-reacted monomer, un-reacted comonomer,

and/or diluent.

[0028ì In an embodiment, the olefin poll'rnerization catalyst described herein is a

component of a catalyst system wherein the catalyst system comprises a BCpC and a

cocatalyst. Generally, the cocatalyst can be any organometallic compound capable of

activating the catalyst described herein (i.e., BCPC) to polymerize olefins. Suitable cocatalysts

can include monomeric or oligomeric metal alkyls, metal aryls, metal alþl-aryls comprising at

least one of the metals selected fiom the group consisting of B, Al, Be, Mg, Ca, Sr, Ba, Li, N4

minimize unbalanced solvent peak, solvent with the same composition as
the mobile phase was used for solution preparation. The integral
calibration method was employed to deduce molecular weights and
molecular weight distributions using a Chevron Phillips Chemicals
Company's broad linear polyethylene, Marlex BHB5003, as the broad
standard. The integral table of the broad standard was pre-determined in
a separate experiment with SEC-MALS. EXAMPLE 1 [0056]Cr/alumina
catalysts were prepared by contacting Grace alumina grade A with 1% Cr.
In some experiments, the Grace alumina grade A was precalcined at 600
C prior to contact with the I% Cr, which converts the boehmite structure
(A100H) into gamma alumina (Al203). The Cr/alumina with and without
precalcination were impregnated with various metals as indicated in Table
1 in amounts ranging from 1.0 to 3 0 mmol/g as an aqueous solution to
incipient wetness. Then the Cr/alumina catalysts were dried and activated
by calcination in dry air. Boric acid was used to impregnate boria onto the
catalyst. Zinc nitrate was used to provide zinc. Likewise titanium
isopropoxide, manganese nitrate, magnesium nitrate, potassium nitrate
and chromium acetate were used. All the samples were then activated at
either 400 C or 600 C and the polymerization activity tested in a bench
reactor at 95 C using 150 psi F12, and 550 psi ethylene. A cocatalyst of
triethyl borane was added to the reactor to equal 8 ppm of the isobutane
diluent. Polymerization was allowed to continue for 30-60 minutes. Table
1 summarizes the surface area, pore volume, activity, HLMI, CY-a, and
molecular weight of the polymers produced for each catalyst tested. Table
1 Sample Metal Added Amount Added mmoVg Alumina Precalcined Final
Activation Surface Area m2/g Pore Volume Cc/g Activity gig-h  CY-a 
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K Rb, Cs, Z¡, Cd, arÁ Sn. In an embodiment, the cocatalyst comprises a metal alkyl such as

for example an alkyt of B, Al, Zn, Li, Na" Mg, or combinations thereof. Altematively, the

cocatalyst comprises a boron alkyl. The metal alþl can have any number of carbon atoms.

However, due to commercial availability and ease of use, the metal alkyl will usually comprise

less than about 70 carbon atoms per metal alkyl molecule and altematively less than about 20

carbon atoms per molecule. In an embodiment, the cocatalyst comprises a boron alkyl

comprising a hydrocarbyl group having from about 1 to about 12 carbons. The cocatalyst may

be introduced directly to a reaction zone with BCPC or may be contacted with the BCPC prior

to form a catalyst mixture that is subsequently introduced to a reaction zone. In an

embodiment, the cocatalyst may be present in an amount of from about 0.1 to about 50 ppm,

altematively of from about I to about 20 ppm, altematively of from about 2 to about 10 ppm.

[00291 Polymerization reactor systems of the present invention may comprise one type of

reactor in a system or multiple reactors of the same or different type. Production of polymers

in multiple reactors may include several stages in at least two separate polymerization reactors

interconnected by a transfer device making it possible to transfer the polymers resulting from

the fust polymerization reactor into the second reactor. The desired polymerization conditions

in one of the reactors may be different from the operating conditions of the other reactors.

Alternatively, polymerization in multiple reactors may include the manual transfer of polymer

from one reactor to subsequent reactors for continued polymerization. Multiple reactor systems

may include any combination including, but not limited to, multiple loop reactors, multþle gas

reactors, a combination of loop and gas reactors, multþle high pressure reactors or a

combination of high pressure with loop and/or gas reactors. The multiple reactors may be

operated in series or in parallel.

[00301 According to one aspect of the invention, the polymerization reactor system

may comprise at least one loop slurry reactor comprising vertical or horizontal loops.

Molecular Weight Mw/I000 Dalions  None  Yes 600C 328 1.36 1309 8.6
0.2148 364 2 Cr 3.0 No 600C 283 0.94 138 2.7 0.2665 514 3 Zn 
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Monomer, diluen! catalyst and optionally any comonomer may be continuously fed to a loop

reactor where polymerization occurs. Generally, continuous processes may comprise the

continuous introduction of a monomer, a cataiys! and a diluent into a polymerization reactor

and the continuous removal from this reactor of a suspension comprising polymer parlicles and

the diluent. Reactor effluent may be flashed to remove the solid polymer from the liquids that

comprise the diluent, monomer and./or comonomer. various technologies may be used for this

separation step including but not limited to, flashing that may include any combination of heat

addition and pressure reduction; separation by cyclonic action in either a cyclone or

hydrocyclone; or separation by centrifugation.

[003u A typical slurry polymerization process (also known as the particle form

process), is disclosed, for example, in U.S. Patent Nos. 3,248,i79, 4,50i,885, 5,565,175,

5,575,979, 6,239,235, 6,262,191 and 6,833,415, each of which is incorporated by reference in

its entirety herein.

[0032ì suitable diluents used in slurry polymerization include, but are not limited to,

the monomer being polymerized and hydrocarbons that are liquids under reaction conditions.

Examples of suitable diluents include, but are not limited to, hydrocarbons such as propane,

cyclohexane, isobutane, n-butane, n-pentane, isopentane, neopentane, and n-hexane. Some

loop polymerization reactions can occur under bulk conditions where no diluent is used. An

example is polymerization of propylene monomer as disclosed in U.S. patent Nos. 5,455,314,

which is incorporated by reference herei¡ in its entirety.

[00331 According to yet another aspect of this invention, the polymerization reactor

may comprise at least one gas phase reactor. such systems may employ a continuous recycle

stream containing one or more monomers continuously cycled tlrough a fluidized bed in the

presence of the catalyst under polymerization conditions. A recycle stream may be withdrawn

ûom the fluidized bed and recycled back into the reactor. Simultaneously, polymer product

3.0 No 600C 150 1.13 277 104 0.1995 277  Zn 1.0 No 600C 297 1.14 645
6.0 0.2271 442  20 Sample Metal Added 
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may be withdrawn from the reactor and new or fresh monomer may be added to replace the

polymerized monomer. Such gas phase reactors may comprise a process for multi-step gas-

phase polymerization of olefins, in which olefins are polyrnerized in the gaseous phase in at

least two independent gas-phase polymerization zones while feeding a catalyst-containing

polymer formed in a first polymerization zone to a second polymerization zone. One type of

gas phase reactor is disclosed in U.S. Patent Nos. 5,352,749,4,588,'190 and 5,436,304, each of

which is incorporated by reference in its entirety herein.

[00341 According to still another aspect of the invention, a high pressr¡re

polymerization reactor may comprise a tubular reactor or an autoclave reactor. Tubular

reactors may have several zones where fresh monomer, initiators, or catalysts are added.

Monomer may be entrained in an inert gaseous stream and introduced at one zone of the

reactor. Initiators, catalysts, and/or catalyst components may be entrained in a gaseous stream

and introduced at another zone of the reactor. The gas streams may be intermixed for

polymerization. Heat and pressure may be employed appropriately to obtain optimal

polymerization reaction conditions.

t0035ì According to yet another aspect of the invention, the pol¡'rnerization reactor

may comprise a solution polymerization reactor wherein the monomer is contacted with the

catalyst composition by suitable stirring or other means. A car¡ier comprising an inert organic

diluent or excess monomer may be employed. If desi¡ed, the monomer may be brought in the

vapor phase into contact with the catal¡ic reaction product, in the presence or absence of liquid

material. The poll.rnerization zone is maintained at temperatures and pressures that will result

in the formation of a solution of the polymer in a reaction medium. Agitation may be

employed to obtain better temperature control and to maintain uniform polymerization mixtures

throughout the polymerization zone. Adequate means ate utilized for dissipating the

exothermic heat of polymerization.

Amount Added mmol/g Alumina Precalcined Final Activation Surface Area
m2/g Pore Volume Cc/g Activity gig-h FILMI CY-a Molecular Weight
Mw/1000 Da!tons 5 Zn 1.0 No 600C   
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[0036ì Polymerization reactors suitable for the present invention may further comprise

any combination of at least one raw material feed system, at least one feed system for catalyst

or catalyst components, and./or at least one polymer recovery system. suitable reactor systems

for the present invention may fuither comprise systems for feedstock purification, catalyst

storage and preparation, extrusion, reactor cooling, pol¡rmer recovery, fractionation, recycle,

storage, loadout, Iaboratory analysis, and process control.

[00371 Conditions that are controlled for polymerization effrciency and to provide resin

properties include temperature, pressure and the concentrations of various reactants.

Pol)'¡nerization temperature can affect catalyst productivity, poll'rner molecula¡ weight and

molecular weight distribution. suitable polymerization temperature may be any temperature

below the de-polymerization temperature according to the Gibbs Free energy equation.

Typically this includes from about 60 "C to about 280 .C, for example, and lÌom about 70 "C

to about 110 "C, depending upon the type of polymerization reactor.

[0038ì Suitable pressures will also vary according to the reactor and polymerization type.

The pressure for liquid phase polymerizations in a loop reactor is typically less than 1000 psig.

Pressure for gas phase polyrnerization is usually at about 200 - 500 psig. High pressue

poll,rnerization in tubular or autoclave reactors is generally run at about 20,000 to 75,000 psig.

Polymerization reactors can also be operated in a supercritical region occurring at generally

higher temperatures and pressures. Operation above the critical point of a pressure/temperature

diagram (supercritical phase) may offer advantages.

[00391 The concentration of various reactants can be controlled to produce resins with

certain physical and mechanical properties. The proposed end-use product that will be formed

by the resin and the method of forming that product dete¡mines the desired resin properties.

Mechanical properties include tensile, flexural, impac! creep, stoess relaxation and hardness

tests. Physical properties include density, molecular weigh! molecular weight distribution,

960 10.3 02050 368 6 Zn 1.0 No 600C   141 67 0.1722 227 7 Fe 3.0 Yes
600C 271 1.18 145 26.3 0.1959 
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melting temperature, glass transition temperature, temperature melt of crystallization, density,

stereoregularity, crack growth, long chain branching and rheological measurements.

[00401 The concentrations of monomer, co-monomer, hydrogen, co-catâlyst, modifiers,

and electron donors a¡e important in producing these resin properties. Comonomer is used to

control product density. Hydrogen can be used to control product molecular weight. Co-

catalysts can be used to alkylate, scavenge poisons and control molecula¡ weight. Modifiers

can be used to control product properties and electron donors affect stereoregularity. In

addition, the concentration of poisons is minimized because poisons impact the reactions and

product properties.

[00411 The polymer or resin may be formed into various articles, including, but not limited

to, bottles, drums, toys, household containers, utensils, film products, drums, fuel tanks, pipes,

geomembranes, and liners. Various processes may be used to form these articles, including,

but not limited to, blow molding, extrusion molding, rotational molding, thermoforming, cast

molding and the like. After polymerization, additives and modifiers can be added to the

polymer to provide better processing during manufacturing and for desired properties in the end

product. Additives include surface modifiers such as slip agents, antiblocks, tackifiers;

antioxidants such as primary and secondary antioxidants; pigments; processing aids such as

waxes/oils and fluoroelastomers; and special additives such as fire retardants, antistats,

scavengers, absorbers, odor enhancers, arrd degradation agents.

[00421 Catalysts prepared in accordance with the present disclosure may be used for the

polymerization of olefins, for examplg alpha-olefins. In an embodimen! a BCPC is cont¿cted

with one or more olefins in a reaction zone under suitable reaction conditiors (e.g.,

temperature, pressure, etc.) to polymerize the olehns. Linear or branched alpha-olefins having

2 to 30 carbon atoms can be used as the olefins raw material. Specific examples of the alpha-

353  Fe 1.0 Yes 600C 267 1.14 591 8.6 0.1982 399 9 Mg 3.0 Yes 600C
158 0.94 338 23.6 0.1946 302 10 Mg 
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olefins may include ethylene, propylene, l -butene, l-hexene, l-octene, 3-methyl-l-butene, 4-

methyl- 1 -pentene or the like.

[0043ì In an embodiment, polyethylene homopolymers and copolymers of etþlene with

other mono-olefins are produced in the manner described above using the catalyst (i.e., BCpc)

prepared as described herein. Polymer resins produced as disclosed herein may be formed into

articles of manufacture o¡ end use articles using techniques such as ext¡usior¡ blow molding,

injection molding, fiber spinning, thermoforming, and casting. The BCpcs disclosed herein

may also be used to form polyners such as polyolefins and PE-100 pipes having both small

diameter (1 inch to 12 inches in diameter) and large diamete¡ (greater than 12 inches in

diarneter). The PEl00 pipe is described in u.s. Patent Application Pub. No. 2003/0199648 A1

published on October 23 , 2003 , wbtch is incorporated herein by reference in its entirety.

[0044ì In an embodiment, the BCPC has a pol;nnerization activity of equal to or greater

than about 1000 grams of poil,rner per grams of cataiyst per hour (g/g-h), altematively equal to

or greater than about 2000 glg-h, altematively equal to or greater than about 3000 g/g-h. The

BCPC may show an activþ increase of greater than about 25vo, artematively greater than

about 50%, altematively greater thaa about 100% when compared to an otherwise similar

catalyst lacking boria.

[00451 A BCPC may allow for the production of polymers with a reduced high load melt

index (HLMI) when compared to an otherwise similar polymerization catalyst lacking boria.

The HLMi represents the rate of flow of a molten resin through an orifice of 0.0825 inch

diameter when subjected to a force of 21,600 grams at 190 "c as dete¡mined in accordance

with ASTM D 1238. In an embodiment, a polymeric composition (e.g., polyethylene)

produced using a BCPC of the type disclosed herein has an HLMI of equal to or less than about

1 gram per 10 rninutes (g/l0rnin), altematively equal to or less than about 0.5 g/lOmin,

altematively equal to or less than about 0.1 g/lOmin.

3.0 Yes 600C 158 0.94 >224 21.0  279 11 Mg 3.0 Yes 600C 155 0.96 416
15.1 0.1968 333 12 Ti 1.0 Yes 400 C 
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t00461 Additionatly, a BCPC may produce a polymeric composition having an increased

average molecular weight when compared to an otherwise similar catalyst lacking boria. For

example, a polymeric composition (e.g., polyethylene) produced using a BCPC may have an

average molecular weight of equal to or greater than about 500,000 Daltons, altematively equal

to or g¡eater than about 750,000 Daltons, altematively equai to or greater than about 1,000,000

Daltons.

[00471 The overall increase in the average molecular weight of polymeric compositions

(e.g., polyethylene) produced using a BCPC of the type described herein may be attributed to

a decrease in the amount of low molecular weight components (LMWC) in the composition

with a concomitant increase in the amount of high molecular weight components (HMWC).

t00481 In an embodiment, a polymeric composition (e.g., polyetþlene) produced using a

BCPC of the type described herein has a reduction of from about l0olo to about 100%, or of

from about 20o% to about 90o%, or of from al:/out 40%o fo abowt 7 5%o in the amount of LMWCs

having an average molecular weight of equal to or less than about 1000 Daltons. In an

embodiment, a polymeric composition (e.g., polyethylene) produced using a BCPC of the

type described herein has a reduction of from about 57o to about 100 %, or of from about

100/o to about 50%, or of from about 15% to about 40%o in the amount of LMWCs having an

average molecular weight of equal to or less than about 10,000 Daltons.

100491 Altematively, the polymeric composition (e.g., polyetþlene) produced using a

BCPC of the type described herein may have an increase of greater than about 50%;o, or

greater than about 80o%, or greater than about 100% in the amount of HMWCs having an

average molecular weight of equal to or less than about 1,000,000 Daltons. Altematively,

the polymeric composition (e.g., polyethylene) produced using a BCPC of the q?e described

herein may have an increase of greater than ab o:ut 30%o, or greater than about 5 0%, or greater

321 1.38 1035 8.2 0.2157 320 13 Ti 1.0 Yes 400C 321 1.38 1078 10.0
0.2049 297 14 Ti 1.0 Yes 600C 290 1.27 1379 
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than about 100% in the amount of HMWCs having an average molecular weight of equal to

or less than about 10,000,000 Daltons.

[00501 For polyethylene, the presence ofa significant amount (e.g., 5%) oflow molecular

weight ethylene oligomers (e.g., cle-c32) in the resin creates drawbacks to the use of these

¡esins in certain applications (e.g., blow molding). The relatively low boiling points of these

LMWCs when subjected to the elevated temperatures (e.g. 400 "F) used during the

processing of the polyethylene resin may cause these LMWCs to vaporize, and upon

exposure to ambient air, condense into airbome droplets, generating smoke. The smoke is

considered objectionable by processors and impairs the acceptability of the broad MWD

polyethylene resin product for certain applications. Additional drawbacks to the use of resins

comprising these LMWCs include the propensity of these LMWCs to exude into mold vent

holes causing plugging of the hole and thus poor operation. polyetþlene produced in

accordance with the present disclosure, e.g., using BCpcs as disclosed herein, significantly

improve and/or eliminate drawbacks associated with LMWCs such as smoke produced

during blow molding, thereby providing for smokeless blow molding and associated

advantages.

[005u A polymeric composition (e.g., polyethylene) produced using a BCpc of the type

described herein may display an increased rheological breadth when compared ro a polymeric

composition prepared with an otherwise similar catalyst lacking boria. Rheological b¡eadth

refers to the breadth of the transition region between Newtonian and power-law type shear

rate for a pollT ner or the frequency dependence of the viscosity of the polymer. The

rheological b¡eadth is a function of the ¡elaxation time distribution of a polymer resin, which

in tum is a function of the resin molecular struchre or a¡chitecture. Assuming the cox-Merz

rule, the rheological breadth may be calculated by fitting flow curves generated in linear-

6.2 0.2382 397 15 Ti 1.0 Yes 600C 289 1.30 1292 5.7 0.2270 399 16 Mn
3.0 Yes 600C   788 3.6 0.2125 376 
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viscoelastic dynamic oscillatory frequency sweep experiments with a modifred Carreau-

Yasuda (CY) model, which is represented by the following equation:

Í . r"l
e=e.lr+g,il I,

where
E : viscosity (Pa's)

,, : shear rate (1/s)

a : rheological breadth parameter

TË: relaxation time (s) [describes the location in time of the transition region]

Eo : zero shear viscosity (Pa's) [defines the Newtonian plateau]

n : power law constant [defines the final slope of the high shear rate region]

To facilitate model fitting, the power law constant is held at a constant value. Details ofthe

significance and interpretation of the CY model and derived parameters may be found in: C.

A. Hieber and H. H. Chiang, Rheol, Acta,28,321 (19S9); C.A' Hieber and H'H- Chiang,

Polym. Eng. Sci., 32, 931 (1992); and R. B. Bird' R. C. Armstrong and O' Hasseger,

þnamics of Polymeric Liquids, Volume l, Fluid Mechanics,2nd Edition, John Wiley &

sons (1987), each of which is incorporated by reference herein in its entirety. In an

embodiment, the BCPC has a rheological breath (the "a" parameter in the CY model, also

referred to as a cY-a) of equal to or greater than about 0.2, altematively equal to or greater

than about 0.4, altematively equal to or greater than about 0.6.

EXAMPLES

10052ì The embodiments having been generally described, the following examples are

given as particular embodiments of the disclosure and to demonstrate the practice and

advantages thereof. It is understood that the examples are given by way of illustration and

are not intended to limit the specification or the claims in any manner.

t0053ì Polymerization nùts were made in a 2.2liter steel reactor equipped with a ma¡ine

stirrer rotating at 400 rpm. The reactor was surrounded by a steel jacket containing boiling

methanol with a connection to a steel condense¡. The boiling point of the methanol was

17 K 3.0 Yes 600C 309 1.36 281 29.5 0.1662 262 18 B 1.0 No 600C 348
1.26 1681 0.65 0.3225 655 19 B 1.0 
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controlled by varying nitrogen pressure applied to the condenser and jacket, which permitted

precise temperature control to within half a degree centigrade, with the help of electronic

cont¡ol instruments. unless otherwise stated, a smali amount (0.01 to 0.10 grams normally)

of the solid catalyst was first charged under nitrogen to the dry reactor. Next 1.2 iiter ol

isobutane ìiquid was charged and the reactor heated up to the specified temperature.

Hydrogen may be added if desired. Finally ethylene was added to the teactor to equal a fixed

pressure, normally 550 psig, which was maintained during the experiment. The stirring was

allowed to continue for the specified time, usually around one hour, and the activity was

noted by recording the fiow of ethylene into the reactor to maintain the set pressure. After

the allotted time, the ethylene flow was stopped and the reactor slowly depressurized and

opened to recover a granular polymer powder. In all cases the reactor was clean with no

indication of any wall scale, coating or other forrns of fouling. The polymer powder was then

removed and weighed. Activity was specified as grams of polymer produced per gram of

solid catalyst charged per hour.

[0054ì A "Quantachrome Autosorb-6 Nitrogen Pore size Distribution Instrument" was

used to determine the surface area and pore volume of the supports. This instrument was

acquired fiom the Quantachrome Corporation of Syosset, N.y.

[0055] Molecuiar weight and molecular weight distributions were obtained using a pL-

GPC 220 (Polymer Labs, UK) system equipped with a differential refractive index detector

and three 7.5 mm x 300 mm 20 um Mixed A-LS columns (polymer Labs) running at 145 "C.

The flow rate of the mobile phase, I ,2,4-trichlorobenzene (TCB) containing 0.5 glL 2,6-di-t-

butyl-4-methylphenol (BHT), was set at I ml/min and the concentration of polymer

solutions was generally kept in the range of 1.0-1.5 mg/ml, depending on the molecular

weights. sample preparation was conducted at 150 oc fo¡ 4 h with occasional and gentle

agitation before tre solutions being transferred to sample vials for iqjection. In order to

No 600C 348 1.26 1758 0.15 0.3331 644 20 B 1.0 No 600C 348 1.26
1745 0.53 0.3466 664 21 B 3.0 No 600C 327 
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minimize unbalanced solvent peak, solvent with the same composition as the mobile pha-se

was used for solution preparation. The integral calibration method was employed to deduce

molecular weights and molecular weight distributions using a Chevron Phillips Chemicals

Company's broad linear polyethylene, Marlex 8HB5003, as the broad standard. The integral

table of the broad standard was pre-determined in a separate experiment with SEC-MALS.

EXAMPLE 1

t00561 Crlalumina catalysts were prepared by contacting Grace alumina grade A with 1%

Cr. In some experiments, the Grace alumina grade A was precalcined at 600 oC prior to

contact with the i% cr, which converts the boehmite structufe (AlooH) into gamma alumina

(Al2O3). The Cr/alumina with and without precalcination were impregnated with various

metals as indicated in Table I in amounts ranging from 1-0 to 3.0 mmol/g as an aqueous

solution to incipient wetness. Then the Crlalumina catalysts were dried and activated by

calcination in dry air. Boric acid was used to impregnate boria onto the catalyst. Zitc niltate

was used to provide zinc. Likewise titanium isopropoxide, manganese nitrate, magnesium

nitrate, potassium nitrate and chromium acetate were used. Ail the samples were then activated

at either 400 "C or 600 "C and the polymerization activity tested in a bench reactor at 95 "C

using 150 psi Hz, and 550 psi ethylene. A cocatalyst of triethyl borane was added to the reactor

to equal 8 ppm of the isobutane diluent. Polymerization was allowed to continue for 30-60

minutes. Table I summarizes the surface area, pore volume, activity, HLMI, CY-a' and

molecular weight ofthe polymers produced for each catalyst tested-

Table 1

Sample Metaì
Added

Amount
Added
mmoVg

Alumlna
Precalcined

Flnal
Activation

Su¡face
A.rea

m2E

Pore
Volume

Cc/g

ActrvÛy

Ùe-h

HLMI CY-a Molecular
Weight

MW1000
l)âhons

I None Yes 600 .c 328 t.36 r 309 8.6 o.2148 364

2 Cr 3.0 No 600 "c 283 o94 r38 0.2665 514

3 Zn No 600 "c t50 l.l 277 104 0.1995 277

4 7n 1.0 No 600'c 29't t.l4 645 6.0 0.2271 442

1.13 1245 0.45 02879 625 22 B 1.0 Yes 600C 301 1.37 2191 0.00 0.5332
838 23 B 1.0 Yes 600C 299 1.34 2526 0.00 
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Sample Metal
Added

Amount
Added
mmoUg

Alumina
Precalcined

Final
Activation

Su¡face

A¡ea
m/g

Po¡e
Volume

Cc/g

Activity
e/e-h

HLMI CY-a Molecular
Weight

Múl000
Daltons

5 7.n .0 No 600 .c 960 10.3 0.2050 368
6 Zn l_0 No 600 .c t4l 67 0. 722 z2'1
1 Fe Yes 600 .c 271 t.t8 t4s 26.3
8 Fe t.0 600 "c 26't l. l4 591 8.6 0. 982 399
9 Me 3.0 Yes 600 .c 158 o.94 338 23.6 0. 946 302
t0 Mp 3.0 Yes 600 "c 158 0.94 >224 21.0 279
I Ms .0 Yes 600 .c 155 0.96 4l l5.l 0.1968

t2 Ti 0 Yes 400 .c 32l 38 1035 8.2 0.215'7 320
Ti .0 Yes 400 .c 321 1078 10.0 4.2049 29't

t4 Ti ,0 Yes 600 .c 290 .27 1379 6.2 0.2382 i97
l5 Ti .0 Yes 600 "c 289 .30 1292 57 0.2270 399
l6 Mn .0 600 "c 788 3.6 0.212s 376
r'7 K 3.0 Yes 600 "c 309 .36 281 29.s o.166?, 262
l8 B .0 No 600 "c 348 .26 t68l 0_65 0.3225 655
t9 B t.0 No 600 "c 348 1758 0.1 0.3331 644
20 B t.0 No 600 .c 348 .26 1745 0.53 0.3466 664
21 B 3.0 No 600 "c 327 l3 1745 0.45 o.2879 62s
22 B .0 600 "c 301 31 l9l 0.00 o-5332 838
25 B .0 Yes 600 .c 299 34 2526 0.00 o.4739 808
24 B .0 Yes 600 .c 299 1.34 3870 0.00
25 B .0 Yes ó00 .c 2629 0.00
26 B 3.0 Yes 600 .c 288 t.23 175l 0.03 0.4634 855
)-'7 B 3.0 Yes 600 "c 287 1.26 't677 0.06 o.4209 781

[0057] As shown in Table 1, the addition of boria (samples lg to 27) increased the

pol)'rne¡ization activity of the cr/alumina catalyst in some cases by up to three fold when

compared to the activity of the crlalumina catalyst alone (Sample 1). In contrast, the addition

of other metals (samples 2 fo 17) to the crlalumina catalyst tended to decrease the

pol),merization activity when compared to the polymerization activity of the crlalumina

catalyst alone (Sample 1).

[00581 Table I also shows that the addition of boria to the Cr/aiumina catalyst results in a

decrease in the rheological breadth ofthe polymeric composition as evidenced by an increase in

the cY-a parameter. The increase in the cY-a parameter fo¡ the crlalumina-boria catalyst

suggests a decrease in elasticity, perhaps in part from decreased long chain branching, despite

the higher molecular weight. The higher cy-a value also suggests a naûower distribution of

0A739 808 24 B 1.0 Yes 600C 299 1.34 3870 0.00 - - 25 B 1.0 Yes 600C
- - 2629 0.00 -  26 
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relaxation times for the polymeric composition which may result in a [ower elasticity attributed

in part to a lower level of long chain branching.

[00591 Table I also shows that the molecular weight of the polymer produced by the

Crlalumina-boria catalyst is increased in contrast to the other catalyst compositions

investigated. The polymeric composition was observed to have a reduced amount of LMWCs

that can generate smoke during processing of the resin as described previously. This reduction

in LMWCs can be observed in a gel permeation chromatography (GPC) curve where the

dWd(LogM) was plotted against the log molecular weight distribution for polymer samples

produced using Crlalumin4 Cr/Zn-alumîn4 or Crlboria-alumina catalyst, as shown Figure 1.

Referring to Figure 1, the lower molecular weight side of the distribution has been reformed by

the presence ofboria in the Cr/boria-alumina curve.

[00601 As can also be seen in Figure 1, the Cr/alumina-boria curve intercepted the

Crlalumina curve at a molecular weight of about 70,000 Daltons. The interception point

suggests that the Crlalumina-boria may decrease polymers with molecular weight of less than

about 70,000 Daltons and may increase polymers with molecular weight of greater than about

70,000 Daltons. Furthermore, analysis of the plot in Figure 1 demonstrated the average

molecular weight of polymers produced with the Crlalumina-boria catalysts was higher when

compared to the average molecular weight of polymers produced with Crlalumina or CrlZn-

alumina catalysts. The percentage change in the amounts of polymers at the indicated

molecular weight (i.e., at 1,000 Daltons; 10,000 Daltons; 100,000 Daltons; etc) were calculated

and the results a¡e tabulated in Table 2.

B 3.0 Yes 600C 288 1.23 1751 0.03 0.4634 855 27 B 3.0 Yes 600C 287
1.26 1677 0.06 0.4209 781  [0057]As shown in Table 1, the addition of
boria (Samples 18 to 27) increased the polymerization activity of the
Cr/alumina catalyst in some cases by up to three fold when compared to
the activity of the Cr/alumina catalyst alone (Sample 1). In contrast, the
addition of other metals (Samples 2 to 17) to the Cr/alumina catalyst
tended to decrease the polymerization activity when compared to the
polymerization activity of the Cr/alumina catalyst alone (Sample 1).
[0058]Table 1 also shows that the addition of boria to the Cr/alumina
catalyst results in a 
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Table2

[00611 Another indication of the effect of boria in decreasing elasticity ñom long chain

branching can be seen in Figure 2, which is an Amett plot. Descriptions of the use of Amett

plots in analyzing long chain branching in pol¡..rneric compositions can be found in l, ong Chain

Branching in Polyethylene from the Phillips Chromium Catalys! M. P. McDaniel, D. C.

Rohlfing, and E. A. Benham, Polryer Reaction Engineering Vol. I l, No. 2, pp. 105-135,

2003, which is incorporated by reference herein in its entirety. Figure 2 is an Amett plot of the

log of the zero shea¡ melt viscosity as a function of the log molecular weight linear and shows

that linear polymers fall on the Amett reference line i00. Thus, the further off this line a point

falls, the greater the extent of long chain branching in the polymeric composition. The two

curved lines represent 1 branch in 106 and 105 carbons, lines 110 and 120 respectively. Thus,

one can see that the Crlalumina-boria catalysts produced polymeric compositions, indicated by

reference arrow 140, whose extent of long chain branching more closely resembled the extent

of long chain branching depicted by reference line 1 00 .

EXAMPLE 2

[00621 The polymerization actvþ of a Crlalumina catalyst prepared by precalcining the

alumina support prior to impregnation with boria was investigated and compared to the activity

of catalysts prepared without the precalcining step. Crlalumina catalysts (with and without

precalcining stÐ were impregnated with boria and were prepared as desc¡ibed in Example 1.

Polymerization conditions were similar to those described in Example 1 with the exception that

the H2 concentrations were varied as indicated in Table 3. The polymerization activþ with

varying boria amount and the HLMI values for the poll,rners produced were determined and are

Sample Molecutar Weight Incre¿selDecrease Percentase Difference
28
29
31
32

1,000
t0,000

1,000,000
10.000.000

Decrease
Decrease

lncrease
Increase

740/o

330/0

850/o

4So/"

decrease in the rheological breadth of the polymeric composition as
evidenced by an increase in the CY-a parameter. The increase in the
CY-a parameter for the Cr/alumina-boria catalyst suggests a decrease in
elasticity, perhaps in part from decreased long chain branching, despite
the higher molecular weight. The higher CY-a value also suggests a
narrower distribution of  21 relaxation times for the polymeric composition
which may result in a lower elasticity attributed in part to a lower level of
long chain branching. [0059]Table 1 also shows that the molecular weight
of the polymer produced by the Cr/alumina-boria catalyst is increased in
contrast to the other catalyst compositions investigated. The polymeric
composition was observed to have a reduced amount of LMWCs that can
generate smoke during processing of the resin as described previously.
This reduction in LMWCs can be observed in a gel permeation
chromatography (GPC) curve where the dW/d(LogM) was plotted against
the log molecular weight distribution for polymer samples produced using
Cr/alumina, Cr/Zn-alumina, or Cr/boria-alumina catalyst, as shown Figure
1. Referring to Figure 1, the lower molecular weight side of the distribution
has been reformed by the presence of boria in the Cr/boria-alumina curve.
[0060]As can also be seen in Figure 1, the Cr/alumina-boria curve
intercepted the Cr/alumina curve at a molecular weight of about 70,000
Daltons. The interception point suggests that the Cr/alumina-boria may
decrease polymers with molecular weight of less than about 70,000
Daltons and may increase polymers with molecular weight of greater than
about 70,000 Daltons. Furthermore, analysis of the plot in Figure 1
demonstrated the average molecular weight of polymers produced with
the Cr/alumina-boria catalysts was higher when compared to the average
molecular weight of polymers produced with Cr/alumina or Cr/Znalumina
catalysts. The percentage change in the amounts of polymers at the
indicated molecular weight (i.e., at 1,000 Daltons; 10,000 Daltons;
100,000 Daltons; etc) were calculated and the results are tabulated in
Table 2.  22 Table 2 Sample Molecular Weight Increase/Decrease
Percentage Difference 28 1,000 Decrease - 74% 29 10,000 Decrease
-33% 31 1,000,000 
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given in Table 3. As shown in Table 3, the polymerization activities of cr/alumina-boria

catalyst prepared with precalcined alumina increased when compared to catalyst samples

prepared without a precalcination step. Additionally, the results demonstrate that the HI-MI

decreased suggesting a reduction in the LMWCs of the polymeric composition that contribute

to the formation of smoke.

Table 3

t0063ì The molecular weight distibution of the polymeric composition was again observed

to vary between polymer samples prepared using the catalysts described' Figure 3 is a plot of

the dwd(Log M) against the log molecular weight of the polymer samples. The boria amounts

and the presence or absence of a precalcination step ale as indicated. The results demonsüate

again that the cr/alumina-boria caøiyst generated polymeric compositions with an increased

amount of HMWCS.

t00641 The effect of the boria concentration in the crlalumina-boria catalyst on the MWD

of the polymers was also investigated. Referring to Figure 3, the 0 mmovg curve intercepted

the I mmovg curve at a molecular weight of about 200,000 Daltons. The interception point

suggests that a Crlalumina catalyst comprising I mmoVg boria may generate polymers with a

¡educed number of components having molecular weights of less than about 200,000 Daltons

and may increase the number of components with molecular weights of greater than about

Sample Precalcined Boria.A.dded
mmol/s

Hz Totat Acl HLMI

33 NA 0 50 1309 8.63

34 No I 50 168 t 0.6s

35 No I 50 t758 0.t5

36 No I 50 1745 0.53

37 No 3 150 t245 0.45

Yes I 50 2t9 | 0.00

39 Yes 50 2526 0.00

40 Yes 50 t75l 0.03

41 Yes 3 50 t6'17 0.06

42 NA 0 0 1500 0.00

43 Yes 0 3870 0.00

Increase - 85% 32 10,000,000 Increase -45%  [0061]Another indication of
the effect of boria in decreasing elasticity from long chain branching can
be seen in Figure 2, which is an Arnett plot. Descriptions of the use of
Arnett plots in analyzing long chain branching in polymeric compositions
can be found in Long Chain Branching in Polyethylene from the Phillips
Chromium Catalyst, M. P. McDaniel, D. C. Rohlfing, and E. A. Benham,
Polymer Reaction Engineering Vol. 11, No. 2, pp. 105-135, 2003, which is
incorporated by reference herein in its entirety. Figure 2 is an Arnett plot
of the log of the zero shear melt viscosity as a function of the log
molecular weight linear and shows that linear polymers fall on the Arnett
reference line 100. Thus, the further off this line a point falls, the greater
the extent of long chain branching in the polymeric composition. The two
curved lines represent 1 branch in 106 and 105 carbons, lines 110 and
120 respectively. Thus, one can see that the Cr/alumina-boria catalysts
produced polymeric compositions, indicated by reference arrow 140,
whose extent of long chain branching more closely resembled the extent
of long chain branching depicted by reference line 100. EXAMPLE 2
[0062]The polymerization activity of a Cr/alumina catalyst prepared by
precalcining the alumina support prior to impregnation with boria was
investigated and compared to the activity of catalysts prepared without the
precakining step. Cr/alumina catalysts (with and without precalcining step)
were impregnated with boria and were prepared as described in Example
1. Polymerization conditions were similar to those described in Example 1
with the exception that the H2 concentrations were varied as indicated in
Table 3. The polymerization activity with varying boria amount and the
HLMI values for the polymers produced were determined and are  23
given in Table 3. As shown in Table 3, the polymerization activities of
Cr/alumina-boria catalyst prepared with precalcined alumina increased
when compared to catalyst samples prepared without a precalcination
step. Additionally, the results demonstrate that the HLMI decreased
suggesting a reduction in the LMWCs of the polymeric composition that
contribute to the formation of smoke. Table 3 Sample Precalcined Boria
Added mmol/g Hz Total Act HLM1 33 NA 



24

200,000 Daltons. similarly, the 0 mmovg curve intercepted the 3 mmovg curve at a molecuiar

weight of about 35,000. The interception point suggests that a crlalumina-boria catalyst

comprising 3 mmoug boria may generate a polymeric composition having a reduced number of

components having molecular weights of less than about 35,000 Daltons and may increase the

number of components having a molecular weight ofgreater than about 35,000 Daltons.

[00651 rhis loss of LMWCs and increase in HMWCs was enhanced by precalcination of

the alumina support. Referring again to Figure 3, the I mmovg curve intercepted the I mmovg

precalcined curve at a molecular weight of about 250,000 Daltons. The interception point

suggests that a crlalumina-boria catalyst containing 1 mmovg boria that was precalcined may

generate a polymeric composition having a reduced number of components with molecular

weights of less than about 250,000 Daltons when compared to an otherwise similar catalyst that

was not precalcined.

[0066ì similarly, the 3 mmol/g c'rve intercepted the 3 mmovg precalcined curve at a

molecular weight of about 250,000 Daltons. The interception point suggests that 3 mmovg

precalcined may decrease polyrnen with molecula¡ weight of less than about 575,000 Daitons

and may increase polymers with molecular weight of greater than about 575,000 Daltons

compared to 3 mmol/g.

[00671 rhe molecula¡ weight of poll.rners produced with a precalcined crlalumina-boria

catalyst may be compared to those produced with a c¡lalumina-boria catalyst that was not

precalcined to estimate the percentage increase or decrease for specific molecular weights (i.e.,

at i,000 Daltons; 10,000 Daltons; 1,000,000 Daltons; etc), and the results are tabulated in Table

4.

0 150 1309 8.63 34 No 1 150 1681 0.65 35 No 1 150 1758 0.15 36 No 1
150 1745 0.53 37 No 3 



Sample
Molecular
Weights
DaltoIls

Observat¡oo
0 vs. f

Observation
0vs.3

Obs€rvation
I vs. I

Observation
3vs.3

44 1.000 - 58%o lower nla nJa nla

45 r0,000 l2Yo lower - I Ool" lrìwer - ZOV" lower - 59lo lower

47 t.000.000 - 47o/" hiøher - 65% hieher - )5o/" hiçher - l37o hiehet

48 10.000.000 - t50% hisher - I 009/" hisher rla nJa
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Table 4

t006Sì While embodiments ofthe invention have been shown and described, modifications

thereof can be made without departing from the spidt and teachings of the invention. The

embodiments described herein are exemplary only, and are not intended to be limiting. Many

variations and modifications of the invention disclosed herein are possible and are within the

scope of the invention. Where numerical ranges or limitations are expressly stated, such

express ranges or limit¿tions should be understood to include iterative ranges or limitâtions of

like magnitude falling within the expressly stated ranges or limitations (e.g., lrom about i to

about 10 includes, 2,3,4,etc.; greater than 0.10 includes 0.11,0.12,0.13, etc'). For example,

whenever a numerical range with a lower limit, R¡, and an upper limit, Ru, is disclosed, any

number falling within the range is specifìcally disclosed. In particular, the following

m¡mbers within the range are specifically disclosed: R:RL +k* (Ru-R'), wherein k is a

variable ranging from 1 percent to 100 percent with a I percent increment, i.e., k is 1 percent,

2 percent,3 percent,4 percent, 5 percent, ..... 50 percent, 51 percent, 52 percent, '..'., 95

percent, 96 percent, 97 percenf,98 percent, 99 percent, or 100 percent. Moreover, any

numerical range defined by two R numbers as dehned in the above is also specifically

disclosed. use of the term "optionally" with respect to any element ofa claim is intended to

me¿n that the subject element is required, or altematively, is not required. Both alternatives are

intended to be within the scope of the claim. Use of broader teÍns such as comprises, inciudes,

having, etc. should be understood to provide support for narrower terms such as consisting of,

consisting essentially of, comprised substantially of, etc.

150 1245 0.45 38 Yes 1 150 2191 0.00 39 Yes 1 150 2526 0.00 40 Yes 3
150 1751 0.03 41 Yes 3 150 
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[0069] Accordingly, the scope of protection is not limited by the description set out above

but is only limited by the claims which follow, that scope including all equivalents of the

subject matter of the claims. Each and every claim is incorporated into the specification as an

embodiment of the present invention. Thus, the claims are a further description and a¡e an

addition to the embodiments of the present invention. The discussion of a reference in 1he

Descripion of Related Art is not an admission that it is prior art to the present invention,

especially any reference that may have a publication date after the priority date of this

application. The disclosures of all patents, patent applications, and publications cited herein are

hereby incorporated by reference, to the extent that they provide exemplary, procedural or other

deøils supplementary to those set forth herein.

1677 0.06 42 NA 0 0 1500 0.00 43 Yes 1 0 3870 0.00  [0063]The
molecular weight distribution of the polymeric composition was again
observed to vary between polymer samples prepared using the catalysts
described. Figure 3 is a plot of the dW/d(Log M) against the log molecular
weight of the polymer samples. The boria amounts and the presence or
absence of a precalcination step are as indicated. The results
demonstrate again that the Cr/alumina-boria catalyst generated polymeric
compositions with an increased amount of HMWCs. [0064]The effect of
the boria concentration in the Cr/alumina-boria catalyst on the MWD of the
polymers was also investigated. Referring to Figure 3, the 0 mmol/g curve
intercepted the 1 mmol/g curve at a molecular weight of about 200,000
Daltons. The interception point suggests that a Cr/alumina catalyst
comprising 1 mmolfg boria may generate polymers with a reduced
number of components having molecular weights of less than about
200,000 Daltons and may increase the number of components with
molecular weights of greater than about  24 
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t.

2.

3.

4.

7.

CLAIMS

A method comprising:

(a) contacting a support with one or more ch¡omium-containing compounds and one

or more boria precursors to provide a catalyst precursol, wherein the support is pre-

calcined prior to contacfing the support with one or more chromium-containing

compounds and one or more boria precursors; and

(b) activating the catalyst precursor to provide a polymerization catalyst'

The method ofclaim I wherein the supporl is fi¡st contacted with the boria precursor

and subsequently contacted with the chromium-containing compound'

The method of claim 1 wherein the support is first contacted with the chnomium-

containing compound and subsequently contacted with the boria precursor'

The method ofclaim I wherein the support is contacted simultaneously with the boria

precursor and the ch¡omium-containing compound'

The method of claim 1 wherein the suppof comprises alumina, boehmite' gamma

alumina, or combinations thereof.

The method of claim 1 wherein the polymerization catalyst comprises from about

50%o 1o aboul ggo/o support by final weight of the polymerization catalyst' and

the support comprises equal to or greater than about 7070 alumina'

The method of claim 1 wherein the ch¡omium-containing compound comprises a water-

soluble compound, a hydrocarbon-soluble compound, chromium fioxide' chromium

acetate, chromium nitrate, tertiary butyl chromate, a diarene chromium (0) compound'

biscyclopentadienyl chromium(Il), chromium (IlI) acetylacetonate' chromous fluoride'

ch¡omous chloride, chromous b¡omide, ch¡omous iodide, chromium (lI) bis(2-

erhylhexanoate), ch¡omium (II) acetate, chromium (IÐ butyrate' chromium (II)

neopentanoate, chromium (IÐ lauraæ, ch¡omium (II) stearate, ch¡omium (II) oxalate'

200,000 Daltons. Similarly, the 0 mmol/g curve intercepted the 3 mmol/g
curve at a molecular weight of about 35,000. The interception point
suggests that a Cr/alumina-boria catalyst comprising 3 mmol/g boria may
generate a polymeric composition having a reduced number of
components having molecular weights of less than about 35,000 Dalions
and may increase the number of components having a molecular weight
of greater than about 35,000 Daltons.  [0065] This loss of LMWCs and
increase in HMWCs was enhanced by precalcination of the alumina
support. Referring again to Figure 3, the 1 mmol/g curve intercepted the 1
mmol/g precalcined curve at a molecular weight of about 250,000 Daltons.
The interception point suggests that a Cr/alumina-boria catalyst containing
1 mmol/g boria that was precalcined may generate a polymeric
composition having a reduced number of components with molecular
weights of less than about 250,000 Daltons when compared to an
otherwise similar catalyst that was not precalcined. [0066]Similarly, the 3
mmol/g curve intercepted the 3 mmol/g precalcined curve at a molecular
weight of about 250,000 Daltons. The interception point suggests that 3
mmollg precalcined may decrease polymers with molecular weight of less
than about 575,000 Daltons and may increase polymers with molecular
weight of greater than about 575,000 Daltons compared to 3 mmol/g.
[0067]The molecular weight of polymers produced with a precalcined
Cr/alumina-boria catalyst may be compared to those produced with a
Cr/alumina-boria catalyst that was not precaRined to estimate the
percentage increase or decrease for specific molecular weights (i.e., at
1,000 Daltons; 10,000 Daltons; 1,000,000 Daltons; etc), and the results
are tabulated in Table 4.  25 Table 4 Sample Molecular Weights Daltons
Observation 0 vs. 1 Observation 0 vs. 3 Observation I vs. I precalcined
Observation 3 vs. 3 precalcined 44 
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ch¡omium (ll) beruoate, ch¡omium (II) pynolideþ), chromous sulfate, chromium (IIf
compound, chromium carboxylates, chromium naphthenates, chromium halides,

chromium pyrrolides, chromium benzoates, chromium dionates, chromium nih-ates,

ch¡omium sulfates, chromiurn (IlD isooctanoate, chromium (III) 2,2,6,6_

tetramethylheptanedionate, chromium (III) naphthenate, clnomium (lII) chloride,

chromium (IlI) tris(2-ethylhexanoate), chromium (II) oxy_2_ethylhexanoate, chromium

(III) dichloroethylhexanoâte, ch¡omium (IU) acetylacetonate, chromium (IrI) acetate,

ch¡omium (iII) butyrate, ch¡omium (lII) neopentanoate, cbromium (iil) laurate,

chromium (IIl) sulfate, chromium (III) oxatate, ch¡omium (II) benzoate, ch¡omium

(lII) pynolide(s), chromium QII) perchlorate, ch¡omìum (III) chlorate, teúiary buryl

chrornate in a hydrocarbon liquict, chromium trioxide in water, chromium trioxide in

acetonil¡ile, chromium acetate in water, cbromium nitrate in alcohol, zerovalent

organochromium compor:nds, pi bonded chromium complexes, dic¡"rmene chromium,

dibenzene chromium in hydrocarbon, or combinations thereof.

The method of claim 1 wherein the poryrnerization cataryst comprises from about

0.01% to about 10 o/o chromium by final weight of the polymerizarion catalyst.

The method ofclaim I wherein the boria precursor comprises boric acid, boron oxide"

sodium metaborate, potassium metaborate, metaboric acid, orthoboric acid, tetraboric

acid, boron alkoxide, boratg boric ethidg or combinations thereof.

The method of claim I wherein the boria precursor is boric acid and the support is

alumina-

The method of claim 1 whe¡ein the poll'rnerization catalyst comprises equal to or less

than about 1% boria by final weight of the polymerization catalyst.

1,000 -58% lower n/a n/a n/a 45 10,000 - 12% lower - 10% lower - 20%
lower -5% lower 47 1,000,000 -47% higher -65% higher - 25% higher -
13% higher 48 10,000,000 - 150% higher - 100% higher n/a n/a
[0068]While embodiments of the invention have been shown and
described, modifications 
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12. The method of claim 1 wherein the contacting occurs via ion-exchange, incipient

wetness, pore fiI1, aqueous impregnation, organic solvent impregnation, melt coating,

dry mixing, or combinations thereof.

13. The method of claim I wherein the precalcìning comprises heating the suppoft in a

range of from about 400 'C to about 600 'C'

14. The method of claim 2 further comprising calcining the support after contact witlÌ the

boria precursor and before contact with the chromium-containing compound'

i 5. The methotl of claim 3 further comprising calcining the support after contact with the

chromium-containing compound and before contact with the boria precursor'

16. The method of claim l wherein the catalyst precutsor is activated by healing at a

temperature offrom about 450 "c to about 700 oc lor a period offrom about I minute

to about 10lus.

17 . The method of claim 1 wherein the polymerization catâlyst has a polymerizatíon

activity of equal to or greater than about 1000 g/g-h.

I 8. The method of claim l further comprising contacting the polymerization catalyst 'rr'ith

one or more olefrn monomers in a reaction zone under suit¿ble leaction conditions to

form a polymer and recovering the polymer from the reaction zone'

19. The method of claim 18 wherein the olefin monomers comprise ethylene and the

polymer complises an ethylene homopolymer; the olefin monomers comprise

ethylene and anofhel'alpha olehn monomer and the polyrner comprises an ethylene

copolymer.

20. The method of claim 18 wherein the polymer has an HLMÌ of equal to or less than

about 1 g/10 minutes.

21. The method of claim 18 wherein the poìymer has Car¡eau-Yasada-a value ofequal to

or greater than about 0.2.

thereof can be made without departing from the spirit and teachings of the
invention. The embodiments described herein are exemplary only, and
are not intended to be limiting. Many variations and modifications of the
invention disclosed herein are possible and are within the scope of the
invention. Where numerical ranges or limitations are expressly stated,
such express ranges or limitations should be understood to include
iterative ranges or limitations of like magnitude falling within the expressly
stated ranges or limitations (e.g., from about 1 to about 10 includes, 2, 3,
4, etc.; greater than 0.10 includes 0.11, 0.12, 0.13, etc.). For example,
whenever a numerical range with a lower limit, RL, and an upper limit, Ru,
is disclosed, any number falling within the range is specifically disclosed.
In particular, the following numbers within the range are specifically
disclosed: R=RL +k* (R-R3, wherein k is a variable ranging from 1 percent
to 100 percent with a 1 percent increment, i.e., k is 1 percent, 2 percent, 3
percent, 4 percent, 5 percent,   50 percent, 51 percent, 52 percent......, 95
percent, 96 percent, 97 percent, 98 percent, 99 percent, or 100 percent.
Moreover, any numerical range defined by two R numbers as defined in
the above is also specifically disclosed. Use of the term "optionally" with
respect to any element of a claim is intended to mean that the subject
element is required, or alternatively, is not required. Both alternatives are
intended to be within the scope of the claim. Use of broader terms such as
comprises, includes, having, etc. should be understood to provide support
for narrower terms such as consisting of, consisting essentially of,
comprised substantially of, etc.  26 [0069]Accordingly, the scope of
protection is not limited by the description set out above but is only limited
by the claims which follow, that scope including all equivalents of the
subject matter of the claims. Each and every claim is incorporated into the
specification as an embodiment of the present invention. Thus, the claims
are a further description and are an addition to the embodiments of the
present invention. The discussion of a reference in the Description of
Related Art is not an admission that it is prior art to the present invention,
especially any reference that may have a publication date after the priority
date of this application. The disclosures of all patents, patent applications,
and publications cited herein are hereby incorporated by reference, to the
extent that they provide exemplary, procedural or other details
supplementary to those set forth herein.  27 CLAEVIS I.A method
comprising:  (a) contacting a support with one or more
chromium-containing compounds and one or more boria precursors to
provide a catalyst precursor, wherein the support is pre-calcined prior to
contacting the support with one or more chromium-containing compounds
and one or more boria precursors; and  (b) activating the catalyst
precursor to provide a polymerization catalyst. 2. - . The method of claim I
wherein the support is first contacted with the boria precursor and
subsequently contacted with the chromium-containing compound. 3. The
method of claim 1 wherein the support is first contacted with the
chromium-containing compound and subsequently contacted with the
boria precursor. 4. The method of claim 1 wherein the support is
contacted simultaneously with the boria precursor and the
chromium-containing compound. 5. The method of claim I wherein the
support comprises alumina, boehmite, gamma alumina, or combinations
thereof. 6The method of claim I wherein the polymerization catalyst
comprises from about 50% to about 99% support by fmal weight of the
polymerization catalyst, and the support comprises equal to or greater
than about 70% alumina. 7.The method of claim 1 wherein the
chromium-containing compound comprises a water- soluble compound, a
hydrocarbon-soluble compound, chromium trioxide, chromium acetate,
chromium nitrate, tertiary butyl chromate, a diarene chromium (0)
compound, biscyclopentadienyl chromium(II), chromium (HI)
acetylacetonate, chromous fluoride, chromous chloride, chromous
bromide, chromous iodide, chromium (H) bis(2- ethylhexanoate),
chromium (II) acetate, chromium (II) butyrate, chromium (II)
neopentanoate, chromium (II) laurate, chromium (II) stearate, chromium
oxalate,  '78 chromium (II) benzoate, chromium (II) pyrrolide(s), chromous
sulfate, chromium (III) compound, chromium carboxylates, chromium
naphthenates, chromium halides, chromium pyrrolides, chromium
benzoates, chromium dionates, chromium nitrates, chromium sulfates,
chromium (III) isooctanoate, chromium (III) 2,2,6,6-
tetramethylheptanedionate, chromium (III) naphthenate, chromium (III)
chloride, chromium (III) tris(2-ethylhexanoate), chromium (III)
oxy-2-ethylhexanoate, chromium (III) dichloroethylhexanoate, chromium
(III) acetylacetonate, chromium (III) acetate, chromium (III) butyrate,
chromium (III) neopentanoate, chromium (III) laurate, chromium (III)
sulfate, chromium (III) oxalate, chromium (III) benzoate, chromium (III)
pyrrolide(s), chromium (III) perchlorate, chromium (III) chlorate, tertiary
butyl chromate in a hydrocarbon liquid, chromium trioxide in water,
chromium trioxide in acetonitrile, chromium acetate in water, chromium
nitrate in alcohol, zerovalent organochromium compounds, pi bonded
chromium complexes, dicumene chromium, dibenzene chromium in
hydrocarbon, or combinations thereof 8. The method of claim I wherein
the polymerization catalyst comprises from about 0.01% to about 1 0 %
chromium by final weight of the polymerization catalyst. 9. The method of
claim 1 wherein the boria precursor comprises boric acid, boron oxide, 
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22- The method of claim 1 I wherein the polymer has a molecura¡ weight of equal to or

greater than about 500,000 Daltons.

23. The method of claim 18 wherein the polymer has a reduction of fi-om about l0% to

about 100% in the amount of low molecular weight components having an average

molecular weight ofequal to or less than about I000 Daltons.

24- The method of claim l8 wherein the porymer has an ìncrease of greater than about

50% in the arnounr of high molecular weight components having an average

molecular weight of equal to or greater than about 1,000,000 Daltons.

25- The method of ctaim 1 wherein the support comprises alumina a'd the alumina is

precalcined in air at a temperature in the range of from about 300 "c to about 1000 "c
for a time of frorn about 1 minute to about 10 hours.

sodium metaborate, potassium metaborate, metaboric acid, orthoboric
acid, tetraboric acid, boron alkoxide, borate, boric ethide, or combinations
thereof 10. The method of claim I wherein the boria precursor is boric acid
and the support is alumina. 11. The method of claim I wherein the
polymerization catalyst comprises equal to or less than about 1% boria by
final weight of the polymerization catalyst.  29 12. The method of claim 1
wherein the contacting occurs via ion-exchange, incipient wetness, pore
fill, aqueous impregnation, organic solvent impregnation, melt coating, dry
mixing, or combinations thereof 13. The method of claim 1 wherein the
precalcining comprises heating the support in a range of from about 400 C
to about 600 C. 14. The method of claim 2 further comprising calcining the
support after contact with the boria precursor and before contact with the
chromium-containing compound. 15. The method of claim 3 further
comprising calcining the support after contact with the
chromium-containing compound and before contact with the boria
precursor. 16. The method of claim 1 wherein the catalyst precursor is
activated by heating at a temperature of from about 450C to about 700C
for a period of from about 1 minute to about 10 hrs. 17. The method of
claim 1 wherein the polymerization catalyst has a polymerization activity
of equal to or greater than about 1000 g/g-h. 18. The method of claim 1
further comprising contacting the polymerization catalyst with one or more
olefin monomers in a reaction zone under suitable reaction conditions to
form a polymer and recovering the polymer from the reaction zone. 19.
The method of claim 18 wherein the olefin monomers comprise ethylene
and the polymer comprises an ethylene homopolymer; the olefin
monomers comprise ethylene and another alpha olefin monomer and the
polymer comprises an ethylene copolymer. 20. The method of claim 18
wherein the polymer has an HLMI of equal to or less than about 1 g/10
minutes. 21. The method of claim 18 wherein the polymer has
Carreau-Yasada-a value of equal to or greater than about 0.2.  30 22. The
method of claim 18 wherein the polymer has a molecular weight of equal
to or greater than about 500,000 Daltons. 23. The method of claim 18
wherein the polymer has a reduction of from about 10% to about 100% in
the amount of low molecular weight components having an average
molecular weight of equal to or less than about 1000 Daltons. 24. The
method of claim 18 wherein the polymer has an increase of greater than
about 50% in the amount of high molecular weight components having an
average molecular weight of equal to or greater than about 1,000,000
Daltons. 25. The method of claim 1 wherein the support comprises
alumina and the alumina is precalcined in air at a temperature in the
range of from about 300 C to about 1000 C for a time of from about 1
minute to about 10 hours. 


