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PROCESSES FOR PREPARING SOLID
METALLOCENE-BASED CATALYST SYSTEMS
BACKGROUND OF THE INVENTION

There are various methods used to prepare metallocene catalyst systems
containing an activator-support. These catalyst systems can be used to polymerize
olefins to produce oletin-based polymers, such as ethylene/o-olefin copolymers. For
the same initial compounents of the catalyst system, it would be bencficial for these
catalyst systems to have higher catalyst activity as a result of the method used to
prepare the catalyst system. Accordingly, it is to this end that the present disclosure is
directed.

SUMMARY OF THE INVENTION

This summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the detailed description. This summary 1s not
intended to identify required or essential featurcs of the claimed subject matier. Nor is
this summary intended to be used to limit the scope of the claimed subject matter.

The present invention generally relates to new catalyst compositions, methods
tor preparing the catalyst compositions, methods for using the catalyst compositions to
polymerize olefins, the polymer resins produced using such catalyst compositions, and
articles produced using these polymer resins. In particular, the present invention relates
to methods of preparing metallocene-based catalyst compositions, and to the resultant
catalyst compositions, Catalyst compositions of the present invention can be used to
produce, for example, ethylene-based homopolymers and copolymers.

Various processes and methods related to the preparation of metallocene
catalyst compositions are disclosed herein. In one aspect, a process for producing a
catalyst composition is provided herein, and in this aspect, the process can comprise
contacting, in any order, {a) an activator-support, (b) a solid metallocene compound,
and {¢) an organoahiminum compound, to produce the catalyst composition. In another
aspect, a process for producing a catalyst composition is provided, and in this aspect,
the process can comprise (1) contacting an activator-support and a solid metallocene
compound for a first period of time to form a precontacted mixture, and (i1} contacting
the precontacted mixtare with an organoaluminum compound for a second period of

tirae to produce the catalyst composition. While not wishing to be bound by theory,
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Applicants believe that metallocene-based catalyst compaosttions, prepared as described
herein using a solid metallocene compound, can have unexpected ncreases in catalytic
activity.

Catalyst compositions also are encompassed by the present invention. In one
aspect, the catalyst composition can comprise (a) an activator-support, (b) a solid
metallocene compound, and (¢) an organcaluminum compound. In another aspect, the
catalyst composition can comprise (i) a precontacted mixture comprising an activator-
support and a solid metaliocene compound, and (i1) an organoaluminum compound.

The present invention also contemplates and encompasses olefin polymerization
processes.  Such processes can comprise contacting a catalyst composition with an
olefin monomer and optionally an olefin comonomer in a polymerization reactor
system under polymerization conditions to produce an olefin polymer. Generally, the
catalyst coraposition employed can comprise any of the metallocene-based catalyst
systems disclosed herein, for instance, any of the solid metaliocene compounds, any of
activator-supports, and any of the organoalaminum compounds disclosed herein.

Polymers prodaced from the polymenzation of olefins, resulting in
homopolymers, copolymers, terpolymers, etc., can be used to produce various articles
of manuafacture.

Both the foregoing swmmary and the following detailed description provide
examples and are explanatory only. Accordingly, the foregoing summary and the
following detatled description should not be considered to be restrictive.  Further,
features or variations may be provided in addition to those set forth herein. For
example, certain aspects and embodiments may be divected to various feature
combinations and sub-corabinations described in the detailed description.

DEFINITIONS

To define more clearly the terms used herein, the following definitions are
provided. Unless otherwise indicated, the following definitions are applicable to this
disclosure. If a term is used in this disclosure but is not specifically defined herein, the
definition from the TUPAC Compendium of Chemical Terminology, 2™ Ed (1997), can
be applied, as long as that definttion does not contlict with any other disclosure or
definition applied heremn, or render indefinite or non-enabled any claim to which that

definition is applied. To the extent that any definition or usage provided by any
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document incorporated herein by reference conflicts with the definition or usage
provided herein, the definition or usage provided herein controls.

While compositions and methods are often described in terms of “comprising”
various components or steps, the compositions and methods can also “consist
essentially of” or “consist of” the various components or steps, unless stated otherwise.

The terms “a,” “an,” and “the” arc mtended to include plural alternatives, c.g.,

29 o8,

at least one. For instance, the disclosure of “an activator-support,” “a solid metallocene
compound,” etc., is meant {0 encompass one, or mixtures or combinations of more than
one, activator-support, solid metallocene compound, ete., unless otherwise specified.

For any particular compound or group disclosed herein, any name or structure
{general or specific) presented is intended to encompass all conformational isomers,
regioisomers, stereoisomers, and mixtures thereof that can arise from a particular set of
substituents, unless otherwise specified. The name or structure (general or specific)
also encompasses all enantiomers, diastercomers, and other optical isomers (if there are
any) whether in enantiomeric or racemic forms, as well as mixtures of stercoisomers, as
would be rvecogmized by a skilled artisan, unless otherwise specified. A general
reference to pentane, for example, includes n-pentane, 2-methyl-butane, and 2,2-
dimethylpropane; and a general reference to 3 butyl group includes a n-butyl group, a
sec-butyl group, an iso-butyl group, and a t-butyl group.

Also, unless otherwise specified, any carbon-containing group or commpound for
which the number of carbon atoms is not specified can have 1,2, 3,4, 5,6, 7, 8,9, 10,
11,12, 13, 14, 15, 16, 17, 18§, 19, or 20 carbon atoms, or any range or combination of
ranges between these vahlues. For example, unless otherwise specified, any carbon-
containing group or compound can have from 1 to 20 carbon atoms, from | to 18
carbon atoms, from 1 to 12 carbon atoms, from 1 to § carbon atoms, from 2 to 20
carbon atoms, from 2 to 12 carbon atoms, from 2 to & carbon atoms, or from 2 10 6
carbon atoms, and the like. Moreover, other identifiers or qualifying terms can be
utilized to indicate the presence of, or absence of, a particular substituent, a particular
regiochemistry, and/or stereochemistry, or the presence or absence of a branched
pnderlying structure or backbone. Auny specific carbon-containing group is limited
according to the chemical and structural requirements for that specific group, as

understood by one of ordinary skill.
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Other numerical ranges are disclosed herein. When Applicants disclose or
claim a range of any type, Applicants’ intent is to disclose or claim individually each
possible mumber that such a range could reasonably encompass, including end points of
the range as well as any sub-ranges and combinations of sub-ranges encompassed
therein, unless otherwise specified.  As a representative example, Applicants disclose
that a weight ratio of a first metallocene compound to a second metaliocene compound
can be in a range from about 1:10 to about 10:1 in certain aspects. By a disclosure that
the weight ratio can be in 8 range from about 1:10 to about 10:1, Applicants intend to
recite that the weight ratio can be any weight ratio within the range and, for example,
can be equal to about 1:10, about 1:9, about 1:8, about 1:7, about 1:6, about 1:5, about
1:4, about 1:3, about 1:2, about I:1, about 2:1, about 3:1, about 4:1, about 5:1, about
6:1, about 7:1, about &:1, about 9:1, or about 10:1. Additionally, the weight ratic can
be within any range from about 1:10 to about 10:1 (for example, the weight ratio can be
in a range from about 1:2 to about 2:1), and this also includes any combination of
ranges between about 1:10 and 1(:1. Likewise, all other ranges disclosed herein should
be interpreted in a manner similar to these examples.

Applicants reserve the right to proviso out or exchide any individual members
of any such group, including any sub-ranges or combinations of sub-ranges within the
group, that can be claimed according to a range or in any similar manner, if for any
reason Applicants choose to claim less than the full measure of the disclosure, for
example, to account for a reference that Applicants may be unaware of at the time of
the filing of the application. Further, Applicants reserve the right to proviso out or
exchude any individual sabstituents, analogs, compounds, ligands, structures, or groups
thereof, or any members of a claimed group, if for any reason Applicants choose to
claim less than the full measure of the disclosure, for example, to account for a
reference that Applicants may be unaware of at the time of the filing of the application.

The term “polymer” is used herein generically to include olefin homopolyrmers,
copolymers, ferpolvmers, and so forth, A copolymer can be derived from an olefin
monomer and one olefin comonomer, while a terpolymer can be derived from an olefin
monomer and two olefin comonomers.  Accordingly, “polvmer” encompasses
copolymers, terpolymers, cic., derived from any olefin monomer and comonorner(s)

disclosed herein. Similarly, an ethyviene polymer would include ethylene
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homopolymers, ethylene copolymers, cthylene terpolymers, and the like. As an
example, an olefin copolymer, such as an ethylene copolymer, can be derived from
cthylene and a comonomer, such as 1-butene, 1-hexene, or 1-octene. If the monomer
and comonomer were cthylene and I-hexene, respectively, the resulting polymer can be
categorized an as ethylene/1-hexene copolymer. The term “polymer” also is meant to
include all molecular weight polymers, and 18 inclusive of lower molecular weight
polymers or oligomers. Applicants intend for the term “polymer” to encompass
oligomers derived from any olefin monomer disciosed herein (as well from an olefin
monomer and one olefin comonomer, an olefin monomer and two olefin comonomers,
and so forth),

33

In lke manner, the scope of the term “polymerization” inchides
homopolymernization, copolymerization, terpolymerization, eic., as well as processes
that might also be referred to as oligomerization processes.  Therefore, a
copolymerization process can involve contacting an olefin monomer {e.g., cthylene)
and an olefin comonomer (¢.2., 1-hexene) to produce an slefin copolymer.

52 a8 52 a8

The terms “catalyst composition,” “catalyst mixture,” “catalyst system,” and the

like, do not depend upon the actual product or composition resulting from the contact
or reaction of the initial components of the disclosed or claimed catalyst
composition/mixture/system, the nature of the active catalytic site, or the fate of the
organcaluminum compound, the metallocene compound, or the activator-support, after

o4 2% 4

combining these components. Therefore, the terms “catalyst composition,” “catalyst

mixture,” “catalyst system,” and the like, can encompass the initial starting components
of the composition, as well as whatever product(s) roay result from contacting these
initial  starting components, and this is inclusive of both heterogencous and
homogenous catalyst systems or compositions. The terms “catalyst composition,”

2

“catalyst mixture,” “catalyst system,” and the like, may be used interchangeably
o ‘y o B [ o

throughout this disclosure.

4% Lo

The terms “comtact product,” “contacting,” and the like, are used herein to
describe methods and compositions wherein the components are combined or contacted
together 1o any order, in any manner, and for any length of tirse, unless otherwise
specificd. For example, the components can be contacted by blending or mixing.

Further, unless otherwise specified, the contacting of any component can occur in the

PCT/US2015/055327



10

15

20

25

30

WO 2016/061100

presence or absence of any other component of the methods and compositions
described herein. Combining additional materials or components can be done by any
suitable method. These terms encompass mixtures, blends, solutions, shurries, reaction
products, and the like, as well as combinations thereof.

A “precontacted mixture” describes a muxture of catalyst components that are
combined or contacted for a period of fime prior to being contacted with other catalyst
components. According to this description, it is possible for the components of the
precontacted mixture, once contacted, to have reacted to form at least one chemmical
compound, formulation, specics, or structure different from the distinct initial
compounds or components used to prepare the precontacted mixture.

Although any methods and materials similar or equivalent to those described
heremn can be used in the practice or testing of the invention, the typical methods and
materials are hercin described.

All publications and patents mentioned herein are incorporated herein by
reference for the purpose of describing and disclosing, for example, the constructs and
methodologies that are described in the publications, which might be used in
connection with the presently described invention. The publications discussed
throughout the text are provided solely for their disclosure prior to the filing date of the
present application.  Nothing herein 18 to be construed as an admission that the
mventors are not entitled to antedate such disclosure by virtue of prior invention.

DETAILED DESCRIPTION OF THE INVENTION

Disclosed herein are methods for preparing metallocene-based catalyst
compositions containing a solid metallocene compound and an activator-support.
Polymerization processes utilizing these catalyst compositions also are disclosed.
METHODS FOR PREPARING CATALYST COMPOSITIONS

Various processes for preparing a catalyst composition containing a metallocene
compound (one or more), an activator-support, and an organoaluminum compound are
disclosed and described. One such process for producing 2 catalyst composition can
comprise {or consist essentially of, or consist of):

(1) contacting an activator-support and a solid metallocene compound for a first

period of time to form a precontacted mixture; and
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(i) contacting the precontacted mixture with an organoahiminum compound for
a second period of time to produce the catalyst composition.

Generally, the features of any of the processes disclosed herein (e.g., the
activator-support, the organoaluminum compound, the solid metallocene compound,
the first period of time, the second period of time, among others) are independently
described herein, and these features can be combined in any combination to further
describe the disclosed processes. Moreover, other process steps can he conducted
betore, during, and/or after any of the steps listed in the disclosed processes, unless
stated otherwise. Additionally, catalyst compositions produced in accordance with the
disclosed processes are within the scope of this disclosure and are encompassed herein.

Step (i) of the process often can be referred to as the precontacting step, and in
the precontacting step, an activator-support can be combined with a solid metallocene
compound for a first period of time to form a precontacted mixture. The precontacting
step can be conducted at a variety of temperatures and time periods. For instance, the
precontacting step can be conducted at a precontacting temperature in a range from
about O °C to about 100 °C; alternatively, from about 0 °C to about 75 °C; alternatively,
from about 10 °C to about 75 °C; alternatively, from about 20 °C to about 60 °C;
alternatively, from about 20 °C to about 50 °C; alternatively, from about 15 °C to about
45 °C; or alternatively, from about 20 "C to about 40 °C. In these and other aspects,
these temperature ranges also are meant to encompass circumstances where the
precontacting step is conducted at a series of different temperatures, instead of at a
single fixed temperature, falling within the respective ranges.

The duration of the precontacting step (the first period of time) 1s not limited to
any particular period of time. Hence, the first period of time can be, for exanple, in a
time period ranging from as little as 1-10 seconds to as long as 24-48 howrs, or more,
The appropriate first period of time can depend upon, for example, the precontacting
temperature, the amounts of the activator-support and the solid metallocene compound
in the precontacted mixture, the presence of a diluent in the precontacting step, and the
degree of mixing, among other vartables. Generally, however, the first period of time
can be at least about 5 sec, at least about 10 sec, at least about 30 sec¢, at least about |
min, at lcast about 5 roin, at least about 10 min, and so forth. Typical ranges for the

first period of time can include, but are not limited to, from about 1 sec to about 48 hr,

PCT/US2015/055327



10

15

20

25

30

WO 2016/061100

from about 10 sec to about 48 hr, from about 30 sec to about 24 hr, from about 30 sec
to about 6 hy, from about | min to about 12 hr, from about 5 min to about 24 hr, or from
10 min to about § hr, and the like.

Often, one or both of the activator-support and the solid metaliocene compound
can be present as a shiry. In some aspects, the activator-support can be present as a
shurry of the activator-support in a first diluent.  Additionally or alternatively, the solid
metallocene compound can be present as a slurry of the solid metaliocene compound
a second diluent. Consistent with aspects of this invention, the first diluent and/or the
second dilaent can comprise a hydrocarbon that does not dissolve the solid metallocene
compound, and moreover, the first diluent and the second diluent can be the same or
different. For instance, the first diluent and/or the second diluent can comprise any
suitable non-polar hydrocarbon, and the first diluent and the second ditucut can be the
same or different. Tlhustrative and noun-limiting examples of diluents can include, but
are not limited to, propane, cyciohexane, isobutane, n-butane, n-pentane, isopentane,
neopentane, n-hexane, and the like, or combinations thereof; or alternatively, isobutane,
isopentane, neopentane, or cornbinations thereof.

Thus, in one aspect, the precontacting step can be conducted by combining a
slurry of the activator-support in a first diluent with a shurry of the solid metallocene
compound in the same or a different diluent (2 second diluent), and mixing to ensure
sufficient contacting of the activator-support and the solid metallocene compound. In
another aspect, the precontacting step can be conducted by combining the solid
metallocene compound {(dry) with a shurry of the activator-support in a diluent, and
mixing to ensure sufficient contacting of the activator-support and the sohd
metallocene compound. In yet another aspect, the precontacting step can be conducted
by combining the activator-support (dry) with a sharry of the solid metallocene
compound in a diluent, and mixing to ensure sufficicnt contacting of the activator-
support and the solid metallocene compound. In yet another aspect, the precontacting
step can be conducted by combining dry activator-support with dry solid metallocene
compound, and mixing to ensure sufficient contacting of the activator-support and the
solid metallocene compound.  Accordingly, any suitable procedure known to those of
skill in the art for contacting or combining the activator-support and the solid

metallocene compound can be emploved.
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In step (i1} of the process, the precontacted mixtare (often, a slurry) can be
contacted with an organoaluminum compound for a second period of time to form the
catalyst composition. Step (i1), likewise, can be conducted at a variety of temperatures
and time periods. For instance, step (i) can be conducted at a temperature in a range
from about 0 °C to about 100 °C; alternatively, from about 10 °C to about 75 °C;
alternatively, from about 20 °C to about 60 °C; alternatively, from about 15 °C to about
45 °C; or alternatively, from about 20 °C to about 40 °C. In these and other aspects,
these temperature ranges also are meant to encompass circumstances where step (i) is
conducted at a serics of different temperatures, instead of at a single fixed teraperature,
falling within the respective ranges. As an example, the precontacted mixture and the
organoaluminum compound can be contacted at an elevated temperature, following by
cooling to a lower temperature for longer term storage of the finished catalyst
COMpOsition.

The second period of time is not limited to any particular period of time.
Hence, the second period of time can range from as little as 1-10 seconds to as long as
24-48 hours, or more. The appropriate second period of time can depend upon, for
example, the temperature, the amounts of the precontacted mixture and the
organocaluminum compound, the presence of diluents in step (11}, the degree of mixing,
and considerations for long term storage, among other variables. Generally, however,
the second period of time can be at least about 5§ sec, at least about 10 sec, at least about
30 sec, at least about 1 min, at least about 5 min, at least about 10 min, and so forth.
Assuming the catalyst composition is not intended for long term storage, which could
extend for days or weeks, typical ranges for the second period of time can include, but
arc not Hmited to, from about 1 sec to about 48 hr, from about 10 sec to about 48 hr,
from about 30 sec to about 24 hr, from about 30 sec to about 6 hr, from about 1 min to
about 6 hr, from about § min to about 24 hr, or from about 10 min to about B hr,

Often, step (i) can be conducted by combining the precontacted mixture (e.g., a
dry mix, a sharry) with a solution of the organoaluminum compound in the same or a
different diluent present in the precontacted mixture, and mixing to ensure sufficient
contacting of the organoaluminum compound and the precontacted mixtare (e.g., the
activator-support previously combined with the solid metallocene compound).

However, as described herein, any suitable procedure known to those of skill in the art
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for thoroughly contacting or combining the organcaluminum compound with the other
catalyst systern components can be employed. In some aspects, the organoaluminum
compound can be present as a solution in any suitable hydrocarbon solvent, non-
limiting examples of which can inchude cyclohexane, isobutane, n-butane, n-pentane,
isopentane, neopentane, hexane, heptane, and the like, as well as combinations thereof.

In a particular aspect consistent with this inveuntion, the process for producing a
catalyst composition can comprise (or consist essentially of, or consist of) (i) contacting
an activator-support and a solid metallocene compound for a first period of time to
form a precontacted wmixture; and (1) contacting the precontacted mixture with an
organoaluminum compound for a second period of time to produce the catalyst
composition; and wherein the solid metallocene compound is not dissolved into
solution during the catalyst preparation process.

In a related aspect, a catalyst composition consistent with this invention can
comprise (i} a precontacted mixture comprising an activator-support and a solid
metallocene compound; and (i1) an organcaluminem compound.

Unexpectedly, these catalyst compositions and methods of their preparation can
result in improvements in catalyst activity. For instance, the activity of the catalyst
composition can be greater (e.g., by at least about 196, by at least about 5%, by at least
about 10%, by at least about 25%, by at least about 35%, etc.) than that of a catalyst
system obtained by using a sohution of the metaliocene compound (c.g., in an aromatic
hydrocarbon solvent, such as toluene) instead of the solid metallocene compound, when
compared under the same polymerization conditions. The same polymerization
counditions refer to slurry polymerization condifions, using 1sobutane as a diluent, and
with a polymerization temperature of 90 °C and a reactor pressure of 420 psig
Moreover, all components used to prepare the catalyst systems are held constant (e.g.,
same amount/type of metallocene compound, same amount/type of organoaluminum,
same amount/type of activator-support, such as fluorided silica-coated alumina or
sulfated alumina, ctc.} and all polymerization conditions are held constant (e.g., same
polymerization temperature, same pressure, etc.). Hence, the only difference is the use
of a solid metallocene compound instead of a sohution of the metallocene compound in
the preparation of the catalyst system, t.e., the metallocene compound as a solid

component versus a liquid phase component.

PCT/US2015/055327



10

15

20

25

30

WO 2016/061100

11

In another aspect, the activity of the catalyst composition can be from about 1%
to about 200% greater, from about 1% to about 100% greater, from about 5% to about
150% greater, from about 5% to about 75% greater, or from about 5% to about 50%
greater, etc., than that of a catalyst system obtained by using a solution of the
metallocene compound instead of the sohid metallocene compound.  Again, this
comparison is under the same polymerization conditions, such that the only difference
is the use of a solid metallocene compound instead of a solution of the metallocene
compound in the preparation of the catalyst system, i.e., the metallocene compound as a
solid component versus a liquid phase component.
{n other aspects of this invention, a process for preparing a catalyst composition
containing a metallocene compound, an activator-support, and an organocaluminum
compound can comprise {(or consist essentially of, or counsist of) confacting, in any
order:
{a) an activator-support;
{(b) a solid metallocene compound; and
(c) an organoalurinum compound;

to produce the catalyst composition.

Generally, the features of this process {e.g., the activator-support, the
organcaluminum compound, the sohid metallocene corapound, the order of contacting,
among others) are independently described herein, and these features can be corbined
in any combination to further describe this process. Moreover, other process steps can
be conducted before, during, and/or after any of the steps listed in this process, unless
stated otherwise. Additionally, catalyst compositions produced in accordance with the
this process are within the scope of this disclosure and are encompassed herein.

In this process, the activator-support, the solid metatlocene compound, and the
organocaluminum compound can be contacted or combined in any order, and under any
suitable conditions, to form the catalyst composition. Thus, a variety of temperatures
and time periods can be employed. For instance, the catalyst components can be
contacted a temperature in a range from about 0 °C to about 100 °C; alicrnatively, from
about § °C to about 75 °C; alternatively, from about 10 °C to about 75 °C; alternatively,
from about 20 °C to about 60 °C; alternatively, from about 20 °C 1o about 50 °C;

alternatively, from about 15 °C to about 45 °C; or alternatively, from about 20 °C to
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about 40 “C. In these and other aspects, these temperature ranges also are meant o
encompass circumstances where the components are contacted at a series of different
temperatures, instead of at a single fixed temperature, falling within the respective
ranges. As an example, the initial contacting of the components of the catalyst system
can be conducted at an elevated temperature, following by cooling to a lower
teraperature for longer term storage of the finished catalyst composition.

The duration of the contacting of the components to form the catalyst
composition is not limited to any particular period of time. Hence, this period of time
can be, for example, from as Httle as 1-10 seconds to as long as 24-48 hours, or more.
The appropriate period of time can depend upon, for example, the contacting
temperature, the respective amounts of the activator-support, solid metallocene, and
organoaluminum compound to be contacted or combined, the presence of diluents, the
degree of mixing, and considerations for long term storage, among other variables.
Generally, however, the period of time for contacting can be at least about 5 sec, at
least about 10 sec, at least about 30 sec, at least about 1 min, at least about 5 min, at
jeast about 10 min, and so forth. Assuming the catalyst cornposition is not intended for
long term storage, which could cxtend for days or weeks, typical ranges for the
contacting time can include, but are not limited to, from about 1 sec to about 48 hr,
from about 10 sec to about 48 hr, from about 3¢ sec to about 24 hr, from about 30 sec
to about 6 hr, from about 1 min to about 6 hr, from about § min to about 24 hr, or from
about 10 min to about & hr.

Often, one or both of the activator-support and the solid metaliocene compound
can be present as a slurry, In some aspects, the activator-support can be present as a
shurry of the activator-support in a first diluent. Additionally or alternatively, the solid
metallocene compound can be present as a slurry of the solid metaliocene compound in
a second diluent. Consistent with aspects of this invention, the first diluent and/or the
second diluent can comprise a hydrocarbon that does not dissolve the solid metallocene
compound, and moreover, the first diluent and the second diluent can be the same or
different. For instance, the first diluent and/or the second diluent can comprise any
suitable non-polar hydrocarbon, and the first diluent and the second diluent can be the
samne or different. Ihustrative and non-limiting examples of diluents can include, but

are not limited to, propane, cyclohexane, isobutane, n-buiane, n-pentane, isopentane,
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neopentane, n-hexans, and the like, or combinations thereof Often, the
organoaluminum compound can be present as a solution in any suitable hydrocarbon
solvent, non-limiting examples of which can include cyclohexane, isobutane, n-butane,
n-pentane, isopentane, neopentane, hexane, heptane, and the like, as well as
combinations thereof; or alternatively, isobutane, isopentane, neopentane, or
combinations thercof.

In one aspect, the catalyst composition can be prepared by first contacting the
organoalumimum compound and the activator-support, and then combining the solid
metallocene compound, and mixing to ensure sufficient contacting of all coraponents.
In another aspect, the catalyst composition can be prepared by first contacting the
organcaluminum compound and the solid metallocene compound, and then combining
the activator-support, and mixing to ensure sufficient contacting of all components. In
vet another aspect, the catalyst composition can be prepared by combining the
organcaluminum compound, the activator-support, and the solid metallocene
compound substantially contemporaneously, and mixing to ensure sufficient contacting
of all components. For each of these orders of addition, the activator-support can be
present as a shurry in a first diluent or, alternatively, the activator-support can he present
as a dry solid. Likewise, the solid metallocene compound can be present as a shurry in
a second diluent (same as or different from the first difuent) or, alternatively, the solid
metallocene compound can be present as a dry solid. In these and other aspects, the
organcaluminum compound can be present as a solution in a suitable hydrocarbon
solvent.

Thus, in one aspect, the catalyst composition can be prepared by combining a
shurry of the activator-support in a first diluent, a slurry of the solid metallocene
compound in a second diluent, and a solution of the organcaluminum compound, and
mixing to ensure sufficient contacting of all components. In another aspect, the catalyst
composition can be prepared by combining the solid metaliocene compound (dry), a
shurry of the activator-support in a first diluent, and a solution of the organcaluminum
compound, and mixing to ensure sufficient contacting of all components. In yet
another aspect, the catalyst composition can be prepared by combining the activator-
support {dry), a shurry of the solid metallocene compound in a second diluent, and a

solution of the organoalumimum compound, and mixing to ensure sufficient contacting
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of all components. In yet another aspect, the catalyst composition can be prepared by
combining dry activator-support, dry solid metallocene compound, and a solation of the
organoaluminum  compound, and mixing to eonsure sufficient contacting of all
components.  As discussed herein, the activator-support, the organoalaminom
compound, and the solid metaliocene compound can be contacted or combined in any
order.

In a particular aspect consistent with this invention, the process for producing a
catalyst composition can comprise (or consist essentially of, or consist of) contacting,
i any order, (a) an activator-support, (b) a solid metallocene coropound, and (¢) an
organoaluminum compound, to produce the catalyst corposition; and wherein the solid
metallocene compound is not dissolved into solution during the catalyst preparation
process.

In a related aspect, a catalyst composition consistent with this invention can
comprise (a) an activator-support, {b) a solid metallocene compound, and (¢) an
organocaluminum compound.

Unexpectedly, these catalyst compositions and methods of their preparation can
result in improvements in catalyst activity. For instance, the activity of the catalyst
composition can be greater (e.g., by at least about 196, by at least about 5%, by at least
about 10%, by at least about 25%, by at least about 35%, etc.) than that of a catalyst
system obtained by using a sohution of the metaliocene compound (c.g., in an aromatic
hydrocarbon solvent, such as toluene) instead of the solid metallocene compound, when
compared under the same polymerization conditions. The same polymerization
counditions refer to slurry polymerization condifions, using 1sobutane as a diluent, and
with a polymerization temperature of 90 °C and a reactor pressure of 420 psig.
Moreover, all components used to prepare the catalyst systems are held constant (e.g.,
same amount/type of metallocene compound, same amount/type of organoaluminum,
same amount/type of activator-support, such as fluorided silica-coated alumina or
sulfated alumina, ctc.} and all polymerization conditions are held constant (e.g., same
polymerization temperature, same pressure, etc.). Hence, the only difference is the use
of a solid metallocene compound instead of a sohution of the metallocene compound in
the preparation of the catalyst system, it.c., the metallocene compound as a solid

component versus a liquid phase component.
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In another aspect, the activity of the catalyst composition can be from about 1%
to about 200% greater, from about 1% to about 100% greater, from about 5% to about
150% greater, from about 5% to about 75% greater, or from about 5% to about 50%
greater, etc., than that of a catalyst system obtained by using a solution of the
metallocene compound instead of the sohid metallocene compound.  Again, this
comparison is under the same polymerization conditions, such that the only difference
is the use of a solid metallocene compound instead of a solution of the metallocene
compound in the preparation of the catalyst system, i.e., the metallocene compound as a
solid component versus a liquid phase component.

Consistent with certain aspects of this invention, the catalyst composition and
the method of preparing the catalyst composition can comprise more than one
metallocene compound. In soch instance, the weight ratio of the first metallocene
compound to the second metallocene compound can be in a range of from about 1:100
to about 100:1, from about 1:50 to about 50:1, from about 1:25 to about 25:1, from
about 1:10 1o about 16:1, or from about 1:5 to about 5:1. Accordingly, suitable ranges
for the weight ratio of the first metallocene compound to the second metalloceune
compound can inchude, but are not limited to, from about 1:15 to about 15:1, from
about 1:10 to about 10:1, from about 1:8 to about &:1, from about 1:5 to about 5:1, from
about 1:4 to about 4:1, from about 1:3 to about 3:1, from about 1:2 to about 2:1, from
about 1:1.8 to about 1.5:1, from about 1:1.5 to about 1.5:1, from about 1:1.3 to about
1.3:1, from about 1:1.25 to about 1.25:1, from about 1:1.2 to about 1.2:1, from about
1:1.15 to about 1.15:1, from about 1:1.1 to about 1.1:1, or from about 1:1.05 to about
1.05:1, and the like.

Generally, in the catalyst compositions and methods of their preparation
disclosed herein, the weight ratioc of activator-support(s) to organcaluminum
compound(s) can be in a range from about 1:18 to about 1000:1, or from about 1:5 to
about 1000:1. If more than one organoaluminum compound and/or more than one
activator-support are employed, this ratio is based on the total weight of each respective
component. In an aspect, the weight ratio of the activator-support to the
organoalumimim compound can be in a range from about 111 to about 500:1, from

about 1:3 to about 200:1, or from about 1:1 to gbout 100:1.
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Likewise, the weight ratio of metallocene compound(s) to activator-support(s)
can be tn a range from about 111 to about 1:1,000,000, or from asbout 1:5 to about
1:250,000. If more than one metallocene corapound and/or more than one activator-
support are employed, this ratio is based on the total weight of cach respective
component. In an aspect, the weight ratio of metallocene compound to activator-
support can be in a range from about 1:10 to about 1:10,000, or from about 1:20 to
about 1:1000.

In some aspects, the catalyst compositions and methods of their preparation are
substantially free of aluminoxane compounds, organcboron or organoborate
compounds, ionizing ionic compounds, and/or other similar materials; alternatively,
substantially free of alominoxanes; alternatively, substantially free or organoboron or
organoborate compounds; or alternatively, substantially free of ionmizing iomic
compounds., In these aspects, the catalyst composition has catalyst activity, as
discussed herein, in the absence of these additional materials. For example, a catalyst
composition of the present imvention can consist essentially of a solid metaliocene
compound, an activator-support, and an organoaluminum compound, wherein no other
materials arc present in the catalyst composition which would increase/decrease the
activity of the catalyst composition by more than about 10% from the catalyst activity
of the catalyst composition in the absence of said materials.

METALLOCENE COMPOUNDS

Metallocene-based catalyst compositions consistent with this invention can
contain a bridged metallocene compound or an unbridged metallocene compound. The
metallocene compound can coraprise, for example, a transition metal (one or more than
one) from Groups THB-VUIB of the Periodic Table of the Flements. In one aspect, the
metallocene compound can comprise a Group [, IV, V, or VI transition metal, or a
combination of two or more transition metals, The metallocene compound can
comprise chromium, titanivm, zirconium, hafnium, vanadium, or a combination
thereof, or can comprise titanium, zirconium, hafnium, or a combination thercof, in
other aspects. Accordingly, the metallocene compound can comprise titanium, or
zircomium, or hafnium, either singly or 1o combination,

In some aspects of this invention, the metallocene compound can comprise a

bridged metaliocene compound, ¢.g., with titanium, zirconium, or hafnium, such as a
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bridged zirconinm or hafniom based metallocene compound with a fluorenyl group,
and with no aryl groups on the bridging group, or a bridged zirconium or hafnium
based metallocene compound with a cyclopentadienyl group and a fluoreny! group, and
with no aryl groups on the bridging group. Such bridged metallocenes, in some
aspects, can contain an alkenyl substituent {e.g., a terminal alkenyl) on the bridging
group and/or on a cyclopentadienyl-type group (e.g., a cyclopentadienyl group, a
fluorenyl group, etc.). In another aspect, the metallocene compound can comprise g
bridged zirconinm or hafniom based metallocene compound with a fluorenyl group,
and an aryl group on the bridging group; alternatively, a bridged zirconium or hafnium
hased metallocene compound with a cyclopentadienyl group and fluorenyl group, and
an aryl group on the bridging group; alternatively, a bridged zirconium based
metallocene compound with a fluorenyl group, and an aryl group on the bridging
group; or alternatively, a bridged hafnium based metallocene compound with a
fluorenyl group, and an aryl group on the bridging group. In these and other aspects,
the aryl group on the bridging group can be a phenyl group. Optionally, these bridged
metatlocenes can contain an alkenyl substituent (e.g., a terminal alkenyl) on the
bridging group and/or on a cyclopentadienyl-type group.

In some aspects, the metallocene compound can comprise a bridged zirconium
or hafnium based metallocene compound with two indenyl groups (e.g., a bis-indenyl
metallocene compound). Hence, the metallocene compound can comprise a bridged
zirconium based metallocene compound with two indenyl groups, or alternatively, a
bridged hafnium based metallocene compound with two indenyl groups. In some
aspects, an aryl group can be present on the bridging groap, while in other aspects,
there are no aryl groups present on the bridging group. Optionally, these bridged
mdeny! metaliocenes can contain an alkenyl! substituent {(¢.g., a terminal alkenyl) on the
bridging group and/or on the indenyl group (one or both indenyl groups). The bridging
atom of the bridging group can be, for instance, a carbon atom or a silicon atom;
alternatively, the bridge can contain a chain of two carbon atoms, a chain of two silicon
atoms, and so forth.

THustrative and non-limiting examples of bridged metallocene compounds {e.g.,
with zirconium or hafnium) that can be employed in catalyst systems consistent with

aspects of the present invention are described in U.S. Patent Nos. 7,026,494, 7,041,617,
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7,226,886, 7,312,283, 7,517,939, and 7,619,047, the disclosures of which are
imcorporated herein by reference in their entirety.

{n some aspects of this invention, the metallocene compound can comprise an
unbridged metallocene; alternatively, an unbridged zirconium or hafniim based
metallocene compound and/or an unbridged zirconium and/or hafnium based dinuclear
metallocene compound; alternatively, an unbridged zirconiumn or hafnium based
metallocene compound containing two cyclopentadienyt groups, two indenyl groups, or
a cyclopentadienyl and an indenyl group; alternatively, an unbridged zirconium based
metallocene compound containing two cyclopentadicuyt groups, two indenyl groups, or
a cyclopentadienyl and an indeny! group. [Hustrative and non-limiting cxamples of
unbridged metallocene compounds (e.g., with zircopmm or hafnium) that can be
employed in catalyst systems counsistent with aspects of the present invention are
described in U.S. Patent Nos. 7,199,073, 7,226,886, 7,312,283, and 7,619,047, the
disclosures of which are incorporated herein by reference in their entirety.

Moreover, the metallocene compound can comprise an unbridged dinuclear
metaliocene such as those described in U.S. Patent Nos. 7,919,639 and 8,080,681, the
disclosures of which are incorporated herein by reference in their entirety. The
metallocene compound can comprise an unbridged zirconium and/or hafntum based

dinuclear metallocene compound.  For example, the metallocene compound can

comprise an unbridged zirconium based homodinuclear metallocene compound, or an
unbridged hafnium based homodinuclear metallocene compound, or an unbridged
zirconium and/or hafnium based heterodinucicar metallocene compound (ie., a
dinuclear compound with two hafhiums, or two zirconiums, or one zirconium and one
hatoium).

Aspects of this invention also are directed to catalyst compositions and methods
of preparing catalyst compositions m which two or more metallocene compounds are
employed, e.g., a dual metallocene catalyst composition.  Independently, cach
respective metallocene compound can be any bridged metaliocene compound disclogsed
herein or any unbridged metallocene compound disclosed herein.
ACTIVATOR-SUPPORTS

The present invention encompasses various catalyst compositions containing an

activator-support, and various methods of preparing catalyst compositions using an
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activator-support. In one aspect, the activator-support can comprise a solid oxide
treated with an electron-withdrawing anion.  Alternatively, in another aspect, the
activator-support can comprise a solid oxide treated with an electron-withdrawing
anion, the solid oxide containing a Lewis-acidic metal ion. Non-limiting examples of
suitable activator-supports are disclosed in, for instance, U.S. Patent Nos. 7,294,599,
7,601,665, 7,884,163, and 8,309,485, which arc incorporated herein by reference in
their entirety.

The solid oxide can encompass oxide materials such as alumina, “mixed
oxides” thercof such as silica-alumina, coatings of one oxide on another, and
combinations and mixtures thercof. The mixed oxides such as silica-alumina can be
single or multiple chemical phases with more than one metal combined with oxygen to
form the solid oxide. Examples of mixed oxides that can be used to form an activator-
support, either singly or in combination, can include, but arc not Hmited to, silica-
alumina, silica-titania, silica-zirconia, alumina-titania, alumina-zirconia, zinc-
aluminate, alumina-boria, silica-boria, aluminophosphate-silica, titania-zirconia, and
the like. The solid oxide used herein also can encompass oxide materials such as silica-
coated alumina, as described in U.S. Patent No. 7,384,163,

Accordingly, in one aspect, the solid oxide can comprise silica, alumina, silica-
alumina,  silica-coated  alumina, aluminum  phosphate,  aluminophosphate,
heteropolytungstate, titania, silica-titania, zirconia, silica-zirconia, magnesia, boria, zing
oxide, any mixed oxide thereof, or any combination thercof. In another aspect, the
solid oxide can comprise alumina, silica-alomina, silica-coated alumina, aluminum
phosphate, alominophosphate, heteropolytungstate, titania, silica-titania, zirconia,
silica-zirconia, magnesia, boria, or zine oxide, as well as any mixed oxide thereof, or
any mixture thereof. In another aspect, the solid oxide can comprise silica, alumina,
titania, zirconia, magnesia, boria, zinc oxide, any mixed oxide thercof, or any
combination thereof  In yet another aspect, the solid oxide can comprise silica-
alumina, silica-coated alumina, silica-titania, silica-zirconia, alumina-boria, or any
combination thereof. In still another aspect, the solid oxide can comprise alumina,
silica-ahumina, silica-coated alumina, or any mixtare thereof; alternatively, alumina;

alternatively

J e

stlica-alurnina; or alternatively, silica-coated alurnina.
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The silica-alumina or silica-coated alumina solid oxide materials which can be
psed can have an silica content from about 5 to about 95% by weight. Tn one aspect,
the silica content of these solid oxides can be from about 10 to about 80%, or from
about 2% to about 70%, silica by weight. In another aspect, such materials can have
silica contents ranging from about 15% to about 60%, or from about 25% to about
50%, silica by weight. The solid oxides contemplated herein can have any suitable
surface area, pore volume, and particle size, as would be recognized by those of skill in
the art.

The electron-withdrawing component used to treat the solid oxide can be any
component that increases the Lewis or Brensted acidity of the solid oxide upon
treatment (as compared to the solid oxide that is not treated with at least one electron-
withdrawing anion). According to one aspect, the electron-withdrawing component
can be an clectron-withdrawing anion derived from a salt, an acid, or other compound,
such as a volatile organic compound, that serves as a source or precursor for that anion.
Examples of electron-withdrawing anions can include, but are not limited to, sulfate,
bisulfate, fluoride, chloride, bromide, iodide, fluorosuifate, thuoroborate, phosphate,
fluorophosphate, trifluoroacetate, triflate, fluorozirconate, fluorotitanate, phospho-
tungstate, tungstate, molybdate, and the like, including mixtures and combinations
thereof. In addition, other lonic or non-ionic compounds that serve as sources for these
clectron-withdrawing anions also can be employed. It 18 contemplated that the
clectron-withdrawing anion can be, or can comprise, fluoride, chioride, bromide,
phosphate, triflate, bisulfate, or sulfate, and the like, or any combination thereof, in
some aspects provided herein.  In other aspects, the electron-withdrawing anion can
comprise sulfate, bisulfate, fluoride, chloride, bromide, iodide, fluorosulfate,
fluoroborate, phosphate, fluorophosphate, trifluoroacetate, triflate, fluorozirconate,
fluorotitanate, and the hike, or combinations thereof. Yet, in other aspects, the electron-
withdrawing anion can comprise fluoride and/or sulfate.

The activator-support generally can contain from about 1 to about 25 wt. % of
the electron-withdrawing anion, based on the weight of the activator-support. In
particular aspects provided herein, the activator-support can contain from about 1 to
about 20 wt. %, from about 2 to about 20 wt. 96, from about 3 to about 20 wt. %, from

about 2 to about 15 wt. %, from about 3 to about 15 wt. %, from about 3 to asbout 12
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wt. %, or from aboui 4 {0 about 10 wt. %, of the electron-withdrawing anion, based on
the total weight of the activator-support.

{n an aspect, the activator-support can coroprise fluorided alumina, chlorided
alumina, bromided alumina, suifated alumina, phosphated alumina, fluorided silica-
alumina, chlorided silica-alumina, bromided silica-alumina, sulfated silica-alumina,
phosphated silica-alumina, fluorided silica-zirconia, chlorided silica-zircomia, bromided
silica-zirconia, sulfated silica-zirconia, fluorided silica-titania, fluorided silica-coated
alumina, sulfated silica-coated alumina, phosphated silica-coated alumina, and the like,
as well as any mixture or combination thereof. In another aspect, the activator-support
employed in the processes and catalyst systems described hercin can be, or can
comprise, & fluorided solid oxide and/or a sulfated solid oxide and/or a phosphated
solid oxide, non-limiting examples of which can include fluorided alumina, sulfated
alumina, phosphated alumina, fluorided silica-alumina, sulfated silica-alumina,
phosphated silica-alumina, fluorided silica-zirconia, fluorided silica-coated alumina,
sulfated silica-coated alumina, phosphated silica-coated alumina, and the like, as well
as combinations thereof. In yet another aspect, the activator-support can comprise
fluorided alumina; alternatively, chlorided alumina; altematively, sulfated alumina;
alternatively, phosphated alumina; alternatively, tluorided silica-alumina; alterpatively,
sulfated silica-alumina; alternatively, phosphated silica-alumina;  alternatively,
fluorided silica-zirconia; alternatively, chlorided silica-zirconia; aliernatively, sulfated
silica-coated alumina; alternatively, phosphated silica-coated alumina; or alternatively,
fluorided silica-coated alumina.

Vartous processes can be used to form activator-sapports uscful in the present
invention. Methods of contacting the solid oxide with the electron-withdrawing
component, suitable electron withdrawing components and addition amounts,
tmpregnation with metals or roetal ions (e.g., zinc, nickel, vanadium, titanium, silver,
copper, gallium, tin, tungsten, molybdenum, zirconium, and the like, or combinations
thereot), and various calcining procedures and conditions are disclosed in, for exanple,
U.S. Patent Nos. 6,107,230, 6,165,929, 6,294,494, 6,300,271, 6,316,553, 6,355,594,

6,415, 6,388,017, 6,391,816, 6,395,666, 6,524,987, 6,548,441, 6,548,442,
6,576,583, 6,613,712, 6,632,894, 6,667,274, 6,750,302, 7,294,599, 7,601,665,
4

7,884,163, and 8,309,485, which arc incorporated herein by reference in their entirety.
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Other suitable processes and procedures for preparing activator-supports {e.g.,
fluorided solid oxides, sulfated solid oxides, phosphated solid oxides, etc.) are well
known to those of skill in the art.
ORGANOALUMINUM COMPOUNDS

The present invention encompasses various catalyst compositions containing an
organcaluminum compound, and various raethods of preparing catalyst compositions
using an organoaluminum compound. More than one organcaluminum compound can
be used. For instance, a mixture or combination of two suitable organoaluminum
compounds can be used n the processes and catalyst systems disclosed herein

{n some aspects, suitable organoaluminum compounds can have the formula,
(R71:Al, wherein each R” independently can be an aliphatic group having from 1 to 10
carbon atoms. For example, each R” independently can be methyl, ethyl, propyl, butyl,
hexyl, or isobutyl. In other aspects, suitable organoaluminurn compounds can have the
formula, Al(X7)m(X3)3_m, wherein each X’ independently can be a hydrocarbyl; each x®
mdependently can be an alkoxide or an aryloxide, a halide, or a hydride; and m can be
from 1 to 3, inclusive. Hydrocarbyl is used herein to specify a hydrocarbon radical
group and includes, for imstance, aryl, alkyl, cycloalkyl, alkenyl, cycloalkenyl,
cycloalkadienyl, alkynyl, aralkyl, aralkenyl, and aralkynyl groups. In one aspect, each
X’ independently can be any hydrocarbyl having from | to 18 carbon atoms, or from |
to & carbon atorns, or an alkyl having from 1 to 10 carbon atoms. For example, cach X'
independently can be methyl, ethyl, propyl, n-butyl, sec-butyl, isobutyl, or hexyl, and
the like, in certain aspects of the present invention. According to another aspect of the
present invention, each X° independently can be an alkoxide or an aryloxide, any one
of which has from 1 to 18 carbon atoms, a halide, or a hydride. Tn yet another aspect of
the present invention, each X® can be selected independently from fluorine and
chlorine. Tn the formula, AKX (X )am, m can be a number from 1 to 3 (inclusive)
and typically, m can be 3. The value of m s not restricted o be an integer; therefore,
this formula can include sesquihalide compounds or other organcaluminum cluster
compounds.

Examples of organcalumimimn compounds suitable for use in accordance with
the present invention can include, but are not limited to, trialkylaluminum compounds,

dialiylaluminum  halide  compounds, dialkylaluminum  alkoxide compounds,
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diatkyistumimum hydride compounds, and combinations thereof. Specific non-limiting
examples of svitable organcaluminom compounds can inchude trimethylaluminum
(TMA)}, tricthylaluminum (TEA), tri-n-propylaluminum (TNPA), tri-n-butylaluminum
(TNBA), triisobutyvlalominum (TIBA), tri-n-hexyvialuminum, tri-n-octylaluminum,
diisobutylaluminum hydride, diethylalhumimurn ethoxide, diethylahumimim chloride,
and the like, or combinations thereof. In one aspect, an organoaluminum compound
used in the processes and catalyst systems disclosed herein can comprise (or congist
essentially of, or consist of) triethylalumimum (TEA), while in another aspect, an
organoalumimum compound used in the processes and catalyst systems disclosed herein
can comprise (or consist cssentially of, or consist of) tritsobutylaluminum (TIBA).
Yet, in another aspect, a mixture of TEA and TIBA can be used as the organoaluminum
component n the processes disclosed herein (or as the organoaluminum component in
the catalyst systems disclosed hercin).
OLEFIN MONOMERS AND OLEFIN POLYMERS

Olefin monomers contemplated herein typically include olefin compounds
having from 2 to 30 carbon atoms per molecule and having at least one olefinic double
bond. Homopolymerization processes using a single olefin, such as cthylene,
propyiene, bulene, hexene, octene, and the like, are encompassed, as well as
copolymerization, terpolymerization, etc., reactions using an olefin monomer with at
least one different olefinic compound. For cxample, resultant ethylene copolymers,
terpolymers, etc., generally can contain a major amount of ethylene (>50 mole percent)
and a minor amount of comonomer (<50 mole percent), though this is not a
requirernent.  Comonomers that can be copolymerized with ethylene often can have
from 3 to 20 carbon atoms, or from 3 to 10 carbon atoms, in their molecular chain.

Acyclic, cyclic, polycyclic, terminal (), internal, linear, branched, substituted,
unsubstituted, functionalized, and non-functionalized olefins can be emploved. For
example, typical unsaturated compounds that can be polymerized to produce olefin
polymers can inchude, but are not limited to, ethylene, propylene, I-butene, 2-butene, 3-
methyi-1-butene, isobutylene, I-pentene, 2-pentene, 3-methyl-1-pentene, 4-methyl-1-
pentene, 1-hexene, 2-hexene, 3-hexene, 3-ethyl-1-hexene, I-heptene, 2-heptene, 3-
heptene, the four normal octenes (e.g., l-octene), the four normal nonenes, the five

normal decenes, and the like, or mixtures of two or more of these compounds. Cyclic
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and bicyclic olefins, including but not limited to, cyclopentene, cyeclohexene,
norbomylene, norbomadiene, and the like, also can be polymerized as deseribed herein.
Styrene also can be emploved as a monomer or as a comonomer. In an aspect, the
olefin monomer can comprise a Cp-Cyy olefin; alternatively, a Cp-Ch w-olefing
alternatively, a C,-Cy; olefing alternatively, a Co-Cyp a-olefin; alternatively, cthylene,
propylene, 1-butene, 1-hexene, or l-octene; alternatively, ethylene or propylene;
alternatively, ethylene; or alternatively, propylene.

When a copolymer {or alternatively, a terpolymer) is desired, the olefin
monomer can be, for example, ethylene or propylene, which is copolymerized with at
least one comonomer (e.g., a Cp-Cyy a-olefin, a C5-Cyy a-olefin, eic.). According to one
aspect, the olefin monomer in the polymerization process can be ethylene. In this
aspect, examples of suitable olefin comonomers can include, but are not Hmited to,
propylene, I-butene, 2-butene, 3-methyl-1-butene, isobutylene, 1-pentene, 2-pentene,
3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene, 2-hexene, 3-ethyl-1-hexene, 1-
heptene, 2-heptene, 3-heptene, l-octene, l1-decene, styrene, and the like, or
combinations thereof. According to another aspect, the comonomer can comprise an -
olefin (e.g., a C3-Cyy c-olefin), while in yet another aspect, the comonomer can
comprise I-butene, i-peniene, I-hexene, I-octene, i-decene, styrene, or any
combination thereof. For example, the comonomer can comprise |-butene, 1-hexene,
1-octene, or a combination thereof,

Generally, the amount of comonomer introduced into a polymerization reactor
to produce the copolymer can be from about 0.01 to about 50 weight percent of the
comonomer based on the total weight of the monomer and comonomer. According to
another aspect, the amount of comonormer introduced into a polymerization reactor can
be tfrom about (.01 to about 40 weight percent comonomer based on the total weight of
the monomer and comonomer. In stil another aspect, the amount of comonomer
introduced into a polymerization reactor can be from about 0.1 to about 35 weight
percent comonomer based on the total weight of the monomer and comonomer. Yet, in
another aspect, the amount of comonomer introduced into a polymerization reactor can
be from about 0.5 to about 20 weight percent comonomer based on the total weight of

the monomer and comonomer.
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While not intending to be bound by this theory, where branched, substituted, or
functionalized olefing are used as reactants, it is believed that a steric hindrance can
impede and/or slow the polymerization reaction. Thus, branched and/or cyclic
portion(s) of the olefin removed somewhat from the carbon-carbon double bond would
not be expected to hinder the reaction in the way that the same olefin substituents
situated more proximate to the carbon-carbon double bond might.

According to one aspect, at least one monomer/reactant can be ethylene (or
propylene), so the polymerization reaction can be a homopolymerization involving
only ethylene (or propylene), or a copolymerization with a different acyclic, cyclic,
ternuinal, internal, linear, branched, substituted, or unsubstituted olefin. In addition, the
methods disclosed herein intend for olefin to also encompass diolefin compounds that
include, but are not limited to, 1,3-butadiene, soprene, 1,4-pentadiene, 1,5-hexadiene,
and the like.

Olefin polymers encompassed herein can include any polymer (or oligomer)
produced from any olefin monomer (and optional comonomer(s)) described herein.
For example, the olefin polymer can comprise an ethylene homopolymer, a propylene
homopolymer, an ethylenc copolymer {e.g., cthylenc/a-olefin, ethylene/1-butene,
sthylene/1-hexene, cthylene/l-octene, eic.), a propylene copolymer, an ethylene
terpolymer, a propylene terpolymer, and the like, including combinations thereof. In
one aspect, the olefin polymer can be (or can comprise) an cthylene homopolymer, an
ethylene/1-butene copolymer, an ethylene/1-hexene copolymer, or an ethylene/1-octene
copolymer; or alternatively, an ethylene/I-hexene copolymer. In another aspect, the
olefin polymer can be (or can comprise) a polypropylene homopolymer or a propylene-
hased copolymer. In some aspects, the olefin polvmer can have a bimodal molecular
weight distribution, while in other aspects, the olefin polymer can have a multimodal
molecular weight distribution. Yet, in still other aspects, the olefin polymer can have a
unimodal molecular weight distribution.

POLYMERIZATION REACTOR SYSTEMS AND PROCESSES

The disclosed catalyst systems and methods of their preparation are intended for
any olefin polymerization process using various types of polyrmerization reactors,
polymerization reactor systems, and polyrmerization reaction conditions.  As used

heremn, “polymerization reactor” includes any polymerization reactor capable of

PCT/US2015/055327



10

15

20

25

30

WO 2016/061100

26

polymerizing olefin monomers and comonomers (one or more than one comonomer) to
produce homopolymers, copolymers, terpolymers, and the like. The various types of
polymerization reactors include those that can be referred to as a batch reactor, slurry
reactor, gas-phase reactor, solution reactor, high pressure reactor, tubular reactor,
autoclave reactor, and the hke, or combinations thereof. Suitable polymerization
conditions are used for the various reactor types. Gas phase reactors can comprise
fluidized bed reactors or staged horizontal reactors, Slurry reactors can comprise
vertical or horizontal loops. High pressure reactors can comprise autoclave or tubular
reactors.  Reactor types can include batch or continuous processes.  Continuous
Processes can use intermittent or continuous product discharge. Polymerization reactor
systems and processes also can inchide partial or full direct recycle of unreacted
monomer, unreacted comonomer, and/or diluent.

A polymerization reactor system can comprise a single reactor or multiple
reactors (2 reactors, more than 2 reactors, eic.) of the same or different type. For
mstance, the polymerization reactor system can comprise a slurry reactor, a gas-phase
reactor, a solution reactor, or a combination of two or more of these reactors.
Production of polymers in multiple reactors can include several stages in at least two
separate polymerization reactors mterconnected by a transfer device making it possible
to transter the polymers resulting from the first polymerization reactor into the second
reactor. The desired polymerization conditions in one of the reactors can be different
from the operating conditions of the other reactor(s). Alternatively, polymerization in
multiple reactors can include the manual transfer of polymer from one reactor to
subsequent reactors for continued polymerization. Maultiple reactor systems can
inchide any combination including, but not limited to, multiple loop reactors, mmltiple
gas phase reactors, a combination of loop and gas phase reactors, mulbtiple high
pressure reactors, or a combination of high pressure with loop and/or gas phase
reactors. The multiple reactors can be operated in series, in parallel, or both.

According to onc aspect, the polymerization reactor system can comprise at
least one loop slurry reactor comprising vertical or horizontal loops. Monomer,
diluent, catalyst, and comonomer can be continuously fed to a loop reactor where
polymerization occurs. Generally, continuous processes can comprise the continuous

mtroduction of monomer/comonomer, 3 catalyst, and a diluent into a polymerization
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reactor and the continuous removal from this reactor of a suspension comprising
polymer particles and the diluent. Reactor effluent can be flashed to remove the sohid
polymer from the liquids that comprise the diluent, monomer and/or comonomer,
Various technologies can be used for this separation step including, but not limited to,
flashing that can nclude any combination of heat addition and pressure reduction,
separation by cyclonic action in either a cyclone or hydrocyclone, or separation by
centrifugation.

A typical shurry polymerization process (also known as the particle form
process) s 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, cach of which is
incorporated herein by reference in its entirety.

Suitable diluents used in shury polymerization include, bat 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-peniane, 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
is entirety.

According to yet another aspect, the polymerization reactor system can
comprise at least one gas phase reactor {(e.g., a fluidized bed reactor). Such reactor
systems can employ a continwous recycle stream containing one or mMOre MONOMELS
continuously cycled through a fluidized bed n the presence of the catalyst under
polymerization conditions. A recycle stream can be withdrawn from the fluidized bed
and recycled back into the reactor. Simultaneously, polymer product can be withdrawn
from the reactor and new or fresh monomer can be added to replace the polymerized
monomer. Such gas phase reactors can coraprise a process for mulii-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-
countaining polymer formed in a first polymerization zone to a second polymerization

zone. Ounc type of gas phase reactor is disclosed in U.S. Patent Nos. 5,352,749,
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4,588,790, and 5,436,304, cach of which is incorporated by reference in its entirety
herein.

According to still another aspect, the polymoerization reactor system can
comprise a high pressure polymerization reactor, €.g., can comprise a tubular reactor or
an autoclave reactor. Tubular reactors can have several zones where fresh monomer,
initiators, or catalysts arc added. Monomer can be entrained in an inert gaseous stream
and introduced at one zone of the reactor. Initiators, catalysts, and/or catalyst
components can be entrained in a gaseous stream and introduced at another zone of the
reactor. The gas streams can be intermixed tor polymerization. Heat and pressure can
be employed appropriately to obtain optimal polyraerization reaction conditions.

According to yet another aspect, the polymerization reactor system can
comptise a solotion polymerization reactor wherein the monomer/comonomer are
contacted with the catalyst composition by suitable stirring or other means. A carrier
comprising an inert organic diluent or excess monomer can be emploved. If desired,
the monomer/comonomer can be brought in the vapor phase into contact with the
catalytic reaction product, in the presence or absence of lquid material.  The
polymerization zone can be maintained at temperatares and pressures that will result in
the formation of a sohition of the polymer in a reaction medium. Agitation can be
employed to obtain better temperatare control and to maintain uvniform polymenization
mixtures throughout the polymerization zone. Adequate means are utilized for
dissipating the exothermic heat of polymerization.

The polymerization reactor system can further comprise any combination of at
jeast one raw material feed system, at least one feed system for catalyst or catalyst
components, and/or at least one polymer recovery systern. Suitable reactor systems can
further comprise systems for feedstock purification, catalyst storage and preparation,
extrusion, reactor cooling, polymer recovery, fractionation, recycle, storage, loadout,
laboratory analysis, and process control. Depending upon the desired properties of the
olefin polymer, hydrogen can be added to the polymerization reactor as needed {(e.g.,
continuously, pulsed, sic.).

Polymerization conditions that can be controlled for efficiency and to provide
desired polvmer properties can meclude teraperature, pressure, and the concentrations of

various reactants. Polymerization temperature can affect catalyst productivity, polymer
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molecular weight, and molecular weight distribution. A suitable polymerization
temperature can be any temperature below the de-polymerization temperature
according to the Gibbs Free energy equation. Typically, this includes from about 60 °C
to about 283 °C, for example, or from about 60 °C to about 120 °C, depending upon the
type of polymerization reactor. In some reactor systems, the polymerization
temperature generally can be within a range from about 70 °C to about 110 °C, or from
about 75 °C to about 95 °C.

Suitable pressures will also vary according to the reactor and polymerization
type. The pressure for liquid phase polymerizations in a loop reactor typically can be
less than 1000 psig. The pressure for gas phase polymerization can be in the 200 to
500 psig range. High pressure polymerization in tabular or avtoclave reactors generally
can be conducted at about 20,000 to 75,000 psig. Polymerization reactors also can 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) can offer advantages.

Also encompassed herein are olefin polymerization processes utilizing any of
the catalyst compositions described herein. One such process can comprise contacting
a catalyst composition with an olefin monomer and optionally an olefin comonorer in
a polymerization reactor system under polymerization conditions to produce an olefin
polymer. Generally, the polymerization process can utilize any olefin monomer and
optional comonomer disclosed herein, and the catalyst composition employed can be a
single (or dual) metallocene catalyst system utilizing, for instance, any of the solid
metallocene compounds, any of activator-supports, and any of the organcaluminum
compounds disclosed herein, and the catalyst system can be prepared by any of the
progesses disclosed herein.

A metallocene-based catalyst composition, in one aspect, can be produced by a
process comprising (i) contacting an activator-support and a solid metallocene
compound for a first period of time to form a precontacted mixture, and (it) contacting
the precontacted mixture with an organcaluminum compound for a second period of
tirne to produce the catalyst composition. A metallocene-based catalyst composition,

in another aspect, can be produced by a process comprising contacting, in any order (a)
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an activator-support, (b} a solid metallocene compound, and {¢) an organcaluminum
compound, to produce the catalyst composition.

Polymerization processes consistent with this invention can comprise contacting
such catalyst compositions (i.e., prepared using a solid metallocene compound) with an
olefin monomer and optionally an olefin comonomer in a polymerization reactor
system under polymerization conditions to produce an olefin polymer. In an aspect,
and unexpectedly, the catalyst activities of these catalyst compositions are greater (by
any amount disclosed herein, e.g., at least about 1%, at least about 10%, at least about
25%, etc.) than that of a catalyst systems obtained by using a solution of the
metallocene compound instead of the solid metallocene compound, under the same
polymerization conditions.  The same polymerization conditions refer to shury
polymerization conditions, using isobutane as a diluent, and with a polymerization
terperature of 90 °C and a reactor pressure of 420 psig. Moreover, all components
used to prepare the catalyst systems are held constant {(e.g., same amount/type of
metallocene compound, same amount/type of organoahuminum, same amount/type of
activator-support, such as fluorided silica-coated alamina or sulfated alumina, etc.) and
all polymerization conditions arc held constant {(¢.g., same polymerization temperature,
same pressure, etc.). Hence, the only difference is the use of a solid metallocene
compound instead of a solution of the metallocene compound n the preparation of the
catalyst system, i.c., the metallocene compound as a solid component versus a lquid
phase component.

This imvention is also directed to, and encompasses, the polymers produced by
any of the polymerization processes disclosed herein.  Articles of manufacture can be
formed from, and/or can comprise, the polymers (e.g., ethylene copolymers) of this
mvention and, accordingly, are encompassed herein. For example, articles which can
comprise polymers of this invention can include, but are not limited to, an agricultural
film, an automobile part, a bottle, a drum, a fiber or fabric, a food packaging film or
comtainer, a food service article, a fuel tank, a geomembrane, a household container, a
liner, a molded product, a medical device or material, a pipe, a sheet or tape, a toy, and
the like. Various processes can be employed to form these articles. Now-limiting
examples of these processes include injection molding, blow molding, rotational

molding, film extrusion, sheet extrusion, profile extrusion, thermoforming, and the like.
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Additionally, additives and modifiers are often added to these polymers in order to
provide beneficial polymer processing or end-use product attributes. Such processes
and materials are described in Modern Plastics Encyclopedia, Mid-November 1995
issue, Vol. 72, No. 12; and Film FExtrusion Manual — Process, Materials, Froperties,
TAPPI Press, 1992; the disclosures of which are incorporated herein by reference in
their entirety.

Applicants also contemplate a method for forming or preparing an article of
manufacture comprising a polymer produced by any of the polymerization processes
disclosed herein. For instance, a method can comprise (i) contacting any catalyst
composition disclosed herein with an olefin monomer and an optional olefin
comonomer under polymerization conditions in a polymerization reactor system to
produce an olefin polymer (the catalyst composition can be prepared in accordance
with any process disclosed herein); and (i) forming an article of manufacture
comprising the olefin polymer. The forming step can comprise blending, melt
processing, extruding, molding, or thermoforming, and the like, including combinations
thereof.

EXAMPLES

Aspects and embodiments of the imvention are further illustrated by the
tollowing examples, which are not to be construed in any way as umposing limitations
to the scope of this invention described hercin. Various other aspects, ernbodirnents,

maodifications, and equivalents thereof which, after reading the description herein, can

)

suggest themselves to one of ordinary skill in the art without departing from the spirit

of the present invention or the scope of the appended claims,

Sulfated alumina activator-supports were prepared as follows. Bohemite was
obtained from W.R. Grace & Company under the designation “Alumina A” and having
a surface area of about 300 m’/g and a pore volume of about 1.3 mL/g. This material
was obtained as a powder baving an average particle size of about 100 microns. This
material was impregnated to incipient wetness with an aqueous solution of ammonium
sulfate to equal about 15% sulfate. This mixture was then placed in a flat pan and
allowed to dry under vacuum at approximately 110 °C for about 16 hours. To calcine

the resultant powdered mixture, the material was fluidized in a stream of dry air at
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about 550 °C for about 6 hours. Afterward, the sulfated alumina (“SA”) was collected
and stored under dry nitrogen, and was used without exposure to the atmosphere.

Fluorided silica-coated alumina activator-supports were prepared as follows,
Bohemite was obtained from W.R. Grace & Company under the designation “Alumina
A” and having a surface area of about 300 m'/g, a pore volume of about 1.3 mL/g, and
an average particle size of about 100 microns. The alumina was first calcined in dry air
at about 600 °C for approximately 6 hours, cooled to ambient temperature, and then
contacted with tetracthylorthosilicate in isopropanol to equal 25 wt. % Si0,.  After
drying, the silica-coated alumina was calcined at 600 °C for 3 hours. Fluorided silica-
coated alumina (7 wt. % F) was prepared by imprognating the calcined silica-coated
alumina with an ammonium biffeoride solution in methanol, drving, and then calcining
for 3 hours at 600 "C in dry air. Afterward, the fluorided silica-coated alumina
{“FSCA”) was collected and stored under dry nttrogen, and was used without exposure
to the atmosphere.

EXAMPLES 1-8

Catalytic activity improvement resulting from the use of a solid metallocene compound,
instead of a solution of the metallocene compound, during catalyst preparation.

The polymerization experiments of Examples 1-8 were conducted in a one-
gallon (3.8-L) stainless steel reactor with 1.8 L of isobutane. Metallocene solutions
with nominal 2 mg/mL of MET-A, MET-B, and MET-C were prepared by dissolving

the respective metallocene in toluene. The metallocene compounds had the following

siructures:
MET-A: MET-B: MET-C:
t-Bu CQ By UBY iqi q
Me._ >C Hf/CI _Cl

C Zr<((3:|I Ph” ({ C{Z r\CI
N\ Cg C1/\/

The polymerization experiments were performed as tollows. In the “solution”

catalyst preparation procedure, 0.6 mmol of tritsobutylaluminum (TIBA, .6 mL of a
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iM sohution in heptane) was added to the reactor, followed by 100 mg of the activator-
support {SA or FSCA), then a metalloceune solution countaining 2 mg of the respective
metallocene compound, while venting isobutanc vapor. The charge port was closed
and 1.8 L of isobutane were added. The contents of the reactor were stirred and heated
to the desired polymerization reaction temperature of 90 "C, and ethylene was then
introduced into the reactor. Fthylene was fed on demand to maintain the target
pressure of 420 psig pressure for the 30 minute length of each polymerization
experiment. The reactor was maintained at the desired reaction temperature throughout
the experiment by an automated heating-cooling system.

{n the “solid” catalyst preparation procedure, 100 mg of the activator-support
(SA or FSCA) and 2 mg (dry solid) of the respective metallocene compound were
mixed for a fow minutes and then charged to the reactor while venting iscbutane vapor.
Then, 0.6 mmol of trissobutylaluminum (TIBA, 0.6 ml of a IM solution in heptane)
was added to the reactor. The charge port was closed and 1.8 L of isobutane were
added. The contents of the reactor were stired and heated to the desired
polymerization reaction temperature of 90 °C, and ethylene was then introduced into
the reactor. Ethylene was fed on demand to maintain the target pressure of 420 psig
pressure for the 30 minute length of each polymerization experiment. The reactor was
maintained at the desired reaction temperature throughout the experimeut by aun
automated heating-cooling system.

Table I summarizes certain catalyst components, the metallocene phase during
catalyst preparation, and the amount of polymer prodaced for Examples 1-8. The last
colamn in Table I lists the percentage improvement in catalyst activity achieved via the
use of the solid metallocene during catalyst preparation instead of a solution of the
metallocene compound. Unexpectedly, the use of the solid metaliocene compound
resulted in significant imaprovements in catalyst activity for all of the metallocene
compounds: MET-A, MET-B, and MET-C. Furthermore, and quite surprisingly, the
solid metaliocene catalyst preparation resulted in remarkable increases in catalyst
activity for the catalyst systems containing a bridged metallocene compound and
sulfated alumina (SA): the increase in activity was 30-40% (see Examples 1-2 and

Examples 5-6).
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The mvention is described above with reference to numerous aspects and
embodiments, and specific examples. Many variations will suggest themselves to those
skilled in the art in light of the above detailed description. All such obvious variations
are within the fitll intended scope of the appended claims. Other embodiments of the
invention can include, but are not limited to, the following {embodiments are described
as “comprising” but, alternatively, can “consist essentially of” or “consist of ")
Embodiment 1. A process to produce a catalyst composition, the process
comprising contacting, in any order:
{a}) an activator-support;
(b} a solid metallocene compound; and
(c) an organoaluminum compound;

to produce the catalyst composition.

Erobodiment 2. The process defined in embodiment 1, wherein the activator-
support, the solid metallocene compound, and the organcaluminum compound are
contacted for any time period sufficient to form the catalyst composition, e.g., from
about 1 sec to about 48 hr, from about 30 sec to about 6 hr, at least about 5 sec, at least
about I min, etc.

Embodiment 3. The process defined in embodiment 1 or 2, wherein the
activator-support is present as a slurry of the activator-support in a first diluent.

Erobodiment 4. The process defined in any one of embodiments 1-3, wherein
the solid metallocene compound is present as a shurry of the solid metaliocene
compound in a second diluent.

Embodiment 5. The process defined 1 embodiment 3 or 4, wherein the first
diluent and/or the second diluent comprise(s) a hydrocarbon that does not dissolve the
solid metallocene compound.

Ersbodiment 6. The process defined in any one of embodiments 3-5, wherein
the first diluent and/or the sccond diluent comprise(s) any suitable nown-polar
hydrocarbon, and the first diluent and the second diluent are the same or different.

Embodiment 7. The process defined in any one of embodiments 3-6, wherein
the first diloent and/or the second diluent comprise(s) propane, cyclohexane, isobutane,

n-butane, n-pentane, isopentane, ncopentane, n-hexane, or combinations thercof,
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Embodiment & The process defined in any one of embodiments 1-7, wherein
the solid metallocene compound is not dissolved into solution during the process.

Embodiment 9. The process defined in any one of embodiments 1-8, wherein
the organcaluminum compound is present as a solution in any suitable hydrocarbon
solvent.

Erobodiment 10. The process defined in cmbodiment 9, wherein the
hydrocarbon solvent comprises cyclohexane, isobutane, n-butane, n-pentane,
isopentane, neopentane, hexane, heptane, or combinations thereof.

Embodiment 11. The process defined i any one of embodiments 1-10, wherein
the activator-support and/or the solid metaliocene compound is/are present as a dry
solid.

Ersbodiment 12. A catalyst composition produced by the process defined n any
one of embodiments 1-11.

Embodiment 13. A catalyst composition comprising:

{4} an activator-support;
(b) a solid metallocene compound; and
(¢) an organoalurainum compound.

Embodiment 14. The process or composition defined i any one of
embodiments 1-13, wherein an activity of the catalyst composition is greater {(by any
amount disclosed herein, e.g., at least about 1%, at least about 10%, at least about 25%,
ctc.) than that of a catalyst system obtained by using a solution of the metallocene
compound instead of the solid metallocene compound, under the same polymerization
conditions.

Embodiment 15, The process or composition defined in any one of
embodiments 1-14, wherein an activity of the catalyst composition is from about 1% to
about 1080% greater, or from about 5% to about 50% greater, etc., than that of a catalyst
system obtained by using a solution of the metaliocene compound instead of the solid
metallocene compound, under the same polymerization conditions.

Embodiment 16. A process to produce a catalyst composition, the process
comprising:

(1) contacting an activator-support and a solid merallocene compound for a first

period of time to form a precontacted mixture; and
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(i1} contacting the precontacted mixture with an organoaluminum compound for
a second period of time to produce the catalyst composition.

Embodiment 17. The process defined in embodiment 16, wherein the first
period of time s any time period sufficient to form the precontacted mixture, ¢.g., from
about 10 sec to about 438 hr, {rom about 30 sec to about 6 hr, at least about 5 sec, at least
about 1 min, eic.

Embodiment 18. The process defined in embodiment 16 or 17, wherein the
second period of time 18 any time period sufficient to form the catalyst composition,
e.g., from sbout 1 sec to about 48 hr, from about 1 min to about 6 hr, at least about 5
min, at {east about 10 min, etc.

Embodiment 19. The process defined in any one of embodiments 16-18,
wherein the activator-support is present as a slurry of the activator-support in a first
diluent.

Embodiment 20. The process defined in any one of embodiments 16-19,
wherein the solid metallocene compound is present as a shurry of the solid metaliocene
compound in a second diluent.

Embodiment 21. The process defined in embodiment 19 or 20, wherein the first
diluent and/or the second diluent comprise(s) a hydrocarbon that does not dissolve the
solid metallocene compound.

Erobodiment 22. The process defined in any one of crbodiments 19-21,
wherein the first diluent and/or the second diluent comprise(s) any suitable non-polar
hydrocarbon, and the first diluent and the second diluent are the same or different.

Embodiment 23. The process defined in any one of embodiments 19-22,
wherein the first diluent and/or the second diluent comprise(s) propane, cyclohexane,
isobutane, n-butane, n-pentane, isopentane, neopentaneg, n-hexane, or combinations
thereof.

Erobodiment 24. The process defined in any one of crbodiments 16-23,
wherein the solid metallocene compound is not dissolved into solution during the
Process.

Embodiment 25. The process defined in any one of embodiments 16-24,
wherein the organoaluminum compound is present as a solution in any suitable

hydrocarbon solvent.
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Embodiment 26. The process defined in embodiment 25, wherein the
hydrocarbon  solvent comprises  cyclohexane, i1sobutane, wv-butane, n-pentane,
isopentane, neopentane, hexane, heptane, or combinations thereof.

Embodiment 27. The process defined in any one of embodiments 16-26,
wherein the activator-support and/or the solid metallocene compound 1s/are present as a
dry solid.

Embodiment 28. A catalyst composition produced by the process defined in any
one of embodiments 16-27.

Embodiment 29. A catalyst composition comprising:

(1) a precontacted mixture comprising:

an activator-suppori, and
a solid metallocene compound; and

(i1} an organoaluminum compound.

Embodiment 30. The process or composition defined in any one of
embodiments 16-29, wherein an activity of the catalyst composition is greater (by any
amount disclosed herein, e.g., at feast about 19, at least about 10%, at least about 25%,
etc.) than that of a catalyst system obtained by using a solution of the metallocene
compound instead of the solid metaliocene compound, under the same polymerization
conditions.

Erobodiment 31. The process or composition defined i any onme of
embodiments 16-3(, wherein an activity of the catalyst composition is from about 1%
to about 100% greater, or from aboui 3% to about 50% greaier, etc., than that of a
catalyst systemn obtained by using a solution of the metallocene compound instead of
the solid metallocene compound, under the same polymerization conditions.

Embodiment 32. The process or composition defined in any one of
embodiments 1-31, wherein the activator-sapport comprises a solid oxide treated with
an electron-withdrawing anion, for example, comprising any solid oxide treated with
any clectron-withdrawing anion disclosed herein.

Embodiment 33. The process or composition defined in embodiment 32,
wherein the sohd oxide comprises silica, alumina, silica-ahumina, silica-coated
aluming, aluminum phosphate, aluminophosphate, heteropolytungstate,  titania,

zirconia, magnesia, boria, zinc oxide, a mixed oxide thereof, or any mixture thereotf]
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and the electron-withdrawing anion comprises sulfate, bisulfate, fluoride, chloride,
bromide, todide, fluorosulfate, fluoroborate, phosphate, fluorophosphate,
trifluoroacetate, triflate, fluorozirconate, fluorotitanate, phospho-tungstate, or any
combination thereof.

Ermsbodiment 34. The process or composition defined i any one of
embodiments 1-32, wherein the activator-support comprises a fluorided solid oxide,
sulfated solid oxide, a phosphated solid oxide, or 2 combination thereof,

Embodiment 35. The process or composition defined in any one of
embodiments 1-32, wherein the activator-support comprises fluorided ahumina,
chlorided alumina, bromided alumina, sulfated alumina, phosphated alumina, fluorided
silica-alumina, chlorided silica-alumina, bromided silica-alumina, sulfated silica-
ahumina, phosphated silica-alumina, fluorided silica-zirconia, chlorided silica-zirconia,
bromided silica-zirconia, sulfated silica-zirconia, fluonded silica-titania, fluorided
silica-coated alumina, sulfated silica-coated alumina, phosphated silica-coated alumina,
or any combination thereof.

Embodiment 36. The process or composition defined i any one of
embodiments 1-32, wherein the activator-support coroprises fluorided alumina,
fluorided silica-alurming, fluorided silica-zirconia, fluorided silica-coated alumina, or
any combination thercot {(e.g., fluorided silica-alumina or fluorided silica-coated
alumina).

Embodiment 37. The process or composition defined in any one of
embodiments 1-32, wherein the activator-support comprises sulfated alumina, sulfated
silica-alumina, sulfated silica-coated ahumina, or any combination thereof {e.g., sulfated
alumina}.

Embodiment 3%, The process or composition defined in any one of
embodiments 1-37, wherein the activator-support further comprises any metal or metal
ion disclosed herein, e.g., zing, nickel, vanadium, titanium, silver, copper, gallium, tin,
tungsten, molybdenum, zirconium, or any combination thereof,

Embodiment 39. The process or composition defined in any one of
embodiments  1-38, wherein  the organcaluminum compound comprises  any

organoaluminum compound disclosed herein.

PCT/US2015/055327



10

15

20

25

30

WO 2016/061100

40

Embodiment 40. The process or composition defined in any one of
embodiments  1-39,  wherein  the  organoaluminum  compound  comprises
trimethylalumimurn,  tricthylalominum,  tri-n-propylaluminum, tri-n-butylaluminum,
triisobutylaluminum, tri-n-hexylaluminom, tri-n-octylaluminum, ditsobutylaluminom
bydride, dicthylahumimum ethoxide, diethylalhuminum chlovide, or any combination
thereof.

Embodiment 41. The process or composition defined in embodiment 39 or 40,
wherein the organoaluminum compound comprises tricthylahminum.

Embodiment 42. The process or composition defined in embodiment 39 or 40,
wherein the organoaluminurn compound comprises tritssobutylaluminurm.

Embodiment 43. The process or composition defined in any one of
embodiments 1-42, wherein the catalyst composition i1s substantially free of
aluminoxane compounds, organoboron or organoborate compounds, ionizing ionic
compounds, or combinations thereof,

Embodiment 44. The process or composition defined in any one of
embodiments  1-43, wherein the metallocene compound comprises a  bridged
metallocene compound, ¢.g., any bridged metallocene compound disclosed herein.

Embodiment 45. The process or composition defined i any one of
embodiments 1-44, wherein the metallocene compound comprises a bridged zircontom
based metaliocene compound with a fluoreny] group, and with no aryl groups on the
bridging group.

Embodiment 46. The process or composition defined in any one of
embodiments 1-44, wherein the metallocene compound comprises a bridged zirconium
hased mctallocene compound with a cyclopentadieny! group and a fluorenyl group, and
with no aryl groups on the bridging group.

Ermsbodiment 47. The process or composition defined i any one of
embodiments 1-44, wherein the metallocene compound comprises a bridged zirconiurm
or hafnium based metallocene compound with a fluorenyl group, and an aryl group on
the bridging group.

Embodiment 48. The process or composition defined in any one of

embodiments 1-44, wherein the metallocene compound comprises a bridged zirconium
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or hafnium based metallocene compound with a cyclopentadienyl group and fluorenyl
group, and an aryl group on the bridging group.

Embodiment 49 The process or composition defined in any one of
embodiments 1-44, wherein the metallocene compound comprises a bridged zirconium
based metallocene compound with a fluorenyl group, and an aryl group on the bridging
group.

Embodiment 50. The process or composition defined in any one of
embodiments 1-44, wherein the metallocene compound comprises a bridged hatnium
based metallocene compound with a fluorenyl group, and an aryl group oun the bridging
group.

Embodiment 31. The process or composition defined i any one of
embodiments 47-50, wherein the aryl group is a phenyl group.

Erobodiment 52. The process or composition defined in any one of
embodiments 1-44, wherein the metallocene compound comprises a bridged zirconium
or hafhium based metallocene compound with a cyclopentadienyl group and a fluorenyl
group, and with an alkenyl substituent.

Embodiment 53, The process or composition defined in any one of
embodiments 1-44, wherein the metallocene compound comprises a bridged zirconium
or hathium based roetallocene compound with two indenyl groups.

Erobodiment 54. The process or composition defined in any one of
embodiments 1-44, wherein the metallocene compound comprises a bridged zirconium
based metallocene compound with two indenyl groups.

Embodiment 55, The process or composition defined in any one of
embodiments 53-54, wherein the bridging group contains a silicon atom,

Embodiment 56. The process or composition defined in any one of
embodiments 1-43, wherein the metallocene compound comprises an unbridged
metallocene compound, ¢.g., any unbridged mctallocene compound disclosed herein.

Embodiment 57. The process or composition defined in any one of
embodiments 1-43, whercin the metallocene compound comprises an unbridged
zirconium or hafnium based metallocene compound containing two cyclopentadienyl

groups, two indenyl groups, or a cyclopentadienyl and an indenyl group.
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Embodiment S8, The process or composition defined in any one of
embodiments 1-43, wherein the metallocene compound comprises an unbridged
zirconium based metallocene compound containing two cyclopentadienyl groups, two
indenyl groups, or a cyclopentadienyl and an indeny! group.

Embodiment 59. The process or composition defined in any one of
embodiments 1-43, wherein the metallocene compound comprises an unbridged
zirconium based homodinuclear metallocene compound.

Embodiment 60. The process or composition defined in any one of
embodiments 1-43, wherein the metallocene compound comprises an unbridged
hafntum based homodinuclear metallocene compound.

Embodiment 61. The process or composition defined m any one of
embodiments 1-43, wherein the metallocene compound comprises an unbridged
heterodinuclear metallocene compound.

Embodiment 62. The process or composition defined i any ome of
embodiments 1-61, wherein the weight ratio of the metallocene compound to the
activator-support is in any range of weight ratios disclosed herein, e.g., from about 1:1
to about 1:1,000,000, from about 1:10 to about 1:10,000, from about 1:20 to about
1:1600, eic.

Ersbodiment 63. The process or composition defined m any ome of
embodiments 1-62, wherein the weight ratio of the activator-support to the
organcaluminum compound is in any range of weight ratios disclosed herein, e.g., from
about 1:5 to about 1000:1, from about 1:3 to about 200:1, from about 1:1 to about
100:1, etc.

Embodiment 64. An olefin polymerization process, the process comprising
contacting the catalyst composition defined in any one of embodiments 1-63 with an
olefin monomer and an optional oletin comonomer in a polymerization reactor system
under polymerization conditions to produce an olefin polymer.

Embodiment 65. The process defined in embodiment 64, wherein the olefin
monomer comprises any olefin monomer disclosed herein, e.g., any Cy-Cyp olefin.

Embodiment 66. The process defined in embodiment 64, wherein the olefin
monomer and the optional olefin comonomer independently comprise a C,-Cyy alpha-

olefin.
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Embodiment 67. The process defined in any one of embodiments 64-66,
wherein the olefin monomer comprises ethylene.

Embodiment 68. The process defined in any one of embodiments 64-67,
wherein the catalyst composition is contacted with ethylene and an olefin comonomer
comprising a C3-Cyg alpha-olefin.

Erobodiment 69. The process defined in any one of erobodiments 64-68,
wherein the catalyst composition is contacted with ethylene and an olefin comonomer
comprising -butene, I-hexene, 1-octene, or a mixture thereof.

Embodiment 70. The process defined in any one of embodiments 64-66,
wherein the olefin monomer comprises propylene.

Embodiment 71. The process defined in any one of embodiments 64-70,
wherein the polymerization reactor system comprises a batch reactor, a slurry reactor, a
gas-phase reactor, 4 solution reactor, a high pressure reactor, a tubular reactor, an
autoclave reactor, or a combination thereof,

Embodiment 72. The process defined in any one of embodiments 64-71,
wherein the polymenzation reactor system comprises a shury reactor, a gas-phase
reactor, a solution reactor, or a combination thereof,

Embodiment 73. The process defined in any one of embodiments 64-72,
wherein the polymerization reactor system comprises a loop slurry reactor.

Erobodiment 74. The process defined in any one of erobodiments 64-73,
wherein the polymerization reactor system comprises a single reactor.

Embodiment 75. The process defined in any one of embodiments 64-73,
wherein the polymerization reactor systern comprises 2 reactors,

Embodiment 76. The process defined in any one of embodiments 64-73,
wherein the polymerization reactor system comprises more than 2 reactors.

Ermsbodiment 77. The process defined in any one of embodiments 64-76,
wherein the olefin polymer comprises any oletin polymer disclosed herein.

Embodiment 78. The process defined in any one of embodiments 64-77,
wherein the olefin polymer is an ethylene homopolymer, an ecthylene/1-butene
copolymer, an ethylene/1-hexene copolymer, or an ethylene/1-octene copolymer.

Embodiment 79. The process defined in any onc of embodiments 64-77,

wherein the olefin polymer is an cthylene/1-hexene copolymer.
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Embodiment 83. The process defined in any one of embodiments 64-77,
wherein the olefin polymer 18 a polypropylene homopolymer or a propylene-based
copolymer.

Embodiment 81. An olefin polymer produced by the olefin polymerization

S process defined 1 any one of embodiments 64-80.

Embodimment 82. An article comprising the olefin polymer defined in
embodiment 81.

Embodiment &3. A method or forming or preparing an article of manufacture
comprising an olefin polymer, the method comprising (i) performing the olefin

10  polymerization process defined in any one of embodiments 64-80 to produce the olefin
polymer, and (i) forming the article of manufacture comprising the olefin polymer,
e.g., via any technique disclosed herein.

Fmobodimeni 84. The article defined in embodument 82 or 83, wherein the

article 15 an agricultural film, an automohile part, a boitle, a drum, 3 fiber or fabric, a
15  food packaging film or container, a food service article, a fuel tank, a geomembrane, a
household container, a liner, a molded produet, a medical device or material, a pipe, a

sheet or tape, or a toy.
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CLAIMS
1. A process to produce a catalyst composition, the process comprising:

(1) contacting an activator-support and a solid metallocene compound for a first
period of time to form a precontacted mixture; and

(1) contacting the precontacted mixture with an organcaluminum compound for
a second period of time to produce the catalyst composition.
2. The process of claim 1, wherein in step (i), a slurry of the activator-support in a
first difuent is contacted with a shurry of the solid metallocene compound in a second
diluent.
3. The process of claim 1, whercin in step (i), at least one of the activator-support
and the solid metallocene compound is a dry solid.
4, The process of claim 1, wherein:

the activator-support comprises a fluorided solid oxide, a sulfated solid oxide, a
phosphated solid oxide, or a combination thereof], and

the solid metallocene compound comprises a bridged zirconium or hathium
based metallocene compound with a cyclopentadieny! group and a fluoreny! group.
5. The process of claim 1, wherein:

the first period of time is at least about 15 seconds; and

an activity of the catalyst composition is from about 5% to about 100% greater
than that of a catalyst system obtained by using a solution of the metallocene compound
instead of the solid metallocene compound, under the same polymerization conditions.
6. The process of claim 1, wherein:

the organoalurninum compound comprises trimethylaluminum,
triethylaluminum, fri-n-propylaluminum, tri-n-butylaluminum, trissobutylaluminum,
tri-n-hexylaluminum, tri-n-octylaluminum, ditsobutylaluminum hydride,
diethylaluminam ethoxide, dicthylaluminum chloride, or any combination thereof; and

the activator-support comprises fluorided silica-alumina, fluorided silica-coated
alumina, sulfated alumina, or a combination thereof.
7. The process of claim 1, wherein:

a weight ratio of the solid metallocene compound to the activator-support is ina

range from about 1:10 1o about 1:10,000;
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a weight ratio of the activator-support to the organcaluminum compound is in a
range from about 1:5 to about 1000:1; and
an activity of the catalyst corposition is greater than that of a catalyst system
obtained by using a sohution of the metallocene compound instead of the solid
metallocene compound, ander the same polymerization conditions.
8. An olefin polymerization process, the olefin polymerization process comprising
contacting a catalyst composition with an olefin monomer and an optional olefin
comonomer in a polymerization reactor system under polymerization conditions to
produce an olefin polymer, wherein the catalyst composition 1s produced by the process
of claim 1.
g. The olefin polymerization process of claim 8, wherein:
the activator-support comprises fluorided silica-alumina, fluorided silica-coated
alumina, sulfated alumnina, phosphated alumina, or a combination thereof;
the polymerization reactor system comprises a shurry reactor, a gas-phase
reactor, a solution reactor, or a combination thereof, and
the olefin monomer comprises ethylene and the olefin comonomer comprises a
Cs3-Cyy alpha-olefin,
0. A process to produce a catalyst composition, the process comprising contacting,
i any order:
(a) an activator-support;
{b) a solid metallocene compound; and
(¢} an organoaluminum compound;
to produce the catalyst composition.
11. The process of claim 10, wherein the process comprises comprising contacting a
shurry of the activator-support in a first diluent, a shurry of the solid metallocene
compound 1o a second diluent, and the organoaluminam compound.
12. The process of claim 10, wherein the process comprises comprising contacting a
shurry of the activator-support in a first diluent, a slurry of the solid metallocene
compound in a second diluent, and a solution of the organcalumimim compound.
13 The process of claim 10, wherein at least one of the activator-support and the

solid mctallocene compound is a dry solid.
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14, The process of claim 10, wherein:

the solid metatlocene compound comprises a bridged metallocene compounnd;

the activator-support comprises sulfated alumina; and

an activity of the catalyst composition is greater than that of a catalyst system
obtained by using a sohution of the metallocene compound instead of the solid
metallocene compound, under the same polymerization conditions.
15. The process of claim 10, wherein:

the activator-support comprises a fluorided solid oxide, a sulfated solid oxide,
or a combination thereof;

the organoahuroinur compound comprises trimethylaluminum,
triethylabuminum, tri-n-propylalominum, tri-n-butylaluminum, triisobutylaluminum, or
any combination thercof; and

the sohid metallocene compound comprises an unbridged zirconiurn or hafiium
based metallocene compound containing two cyclopentadieny! groups, two indenyl
groups, or a cyclopentadienyl and an indenyi group.
i6. The process of claim 10, wherein an activity of the catalyst composition 1s from
about 5% to about 100% greater than that of a catalyst system obtained by using a
solution of the metallocene compound instead of the solid metaliocene compound,
under the same polymerization conditions.
17.  An olefin polymerization process, the olefin polymerization process comprising
contacting a catalyst composition with an olefin monomer and an optional olefin
comonomer in a polymerization reactor system under polymerization conditions to
produce an olefin polymer, wherein the catalyst composition is produced by the process
of claim 10.
18. The olefin polymerization process of claim 17, wherein:

the polymerization reactor system comprises a shurry reactor, a gas-phase
reactor, a solution reactor, or a combination thereof; and

the catalyst composition is contacted with ethylene and an olefin comonomer
comprising -butene, I-hexene, 1-octene, or a mixture thereof.
19, A catalyst composition comprising:

(1) a precontacted mixture comprising:

an activator-support, and
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a solid metallocene compound; and

(11) an organocaluminum compound.
20 The composition of claim 19, wherein:

the activator-support comprises a fluorided solid oxide, a sulfated solid oxide, a
phosphated alumina, ov a combination thereof;

the organosluminum compound comprises trimethylaluminum,
tricthylaluminum, tri-n-propylaluminum, tri-n-butylaluminum, triisobutylaluminum, or
any combination thereot; and

the solid metallocene compound comprises a bridged zivconium ov hatniam

hased mctallocene compound with a cyclopentadienyl group and a fluorenyl group.
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