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HIGH PERFORMANCE MOISTURE BARRIER FILMS AT LOWER DENSITIES
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application is a non-provisional of and claims priority to U.S. Provisional
Application No. 61/989,858, filed on May 7, 2014 and entitled “High Performance Moisture Barrier
Films at Lower Densitics,” which is incorporated by reference herein in ifs entirety.

FIELD

[0002] The present disclosure relates to polymer compositions, more specifically polyethylene
compositions, and articles {¢.g., filrn) made from same.

BACKGROUND

[0003] Polyolcfins arc plastic materials useful for making a wide variety of valued products due to
their combination of stiffness, ductility, barrier propertics, temperatare resistance, optical properties,
availability, and low cost. In particular, polyethylene (PE) is the one of the largest volume polymers
cousumed n the world. It 15 a versatile polymer that offers high performance relative to other
polymers and alternative materials such as glass, metal or paper. One of the most valued polyolefin
products is plastic films. Plastic films such as PE films are wostly used in packaging applications but
they also find utility in the agricultural, medical, and engineering fields.

[0004] PE films arc manufactured in a varicty of grades that arc usually differentiated by the
polymer density such that PE films can be designated for example, low density polyethylene {LDPE},
lincar low density polycthylene (LLDPE), medium density polycthylene (MDPE), and high density
polyethylene (HDPE), wherein each density range has a unique combination of propertics making it
suitable for a particular application.

[0005] Despite the many positive attributes of PE, the film product remains permeable to gases
such as oxygen or carbon dioxide and/or moisture {e.g., water). Generally, PE films with low
permeability to gases and/or mwoisture are manufactured from relatively high density polymer.
However, these high densities limit other aspects of film performance such as tmpact and tear
properties. Thus, an ongoing need exists for a PE film product exhibiting improved barrier properties

as well as mechanical properties {¢.g., impact and tear propertics).
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SUMMARY
[0006] Disclosed herein 1s a metallocene-catalyzed polyethylene copolymer having & zero shear

viscosity (7,) of from about 1x10” Pa-s to about 5x10° Pa-s and a ratio of a z-average molecular
weight to a number average molecular weight (M,/My,) of from about 4 to about 15, and when tested
in accordance with ASTM F1249 displays a moisture vapor transmussion rate of less than or equal to
about 0.9 g-mil/100 in"/day.

[0007] Also disclosed herein is a metaliocene-catalyzed polyethylene copolymer which when
tested in accordance with ASTM F1249 has a moisture vapor transmission rate (MVTR) that is
decreased by at least 5% when compared to an MVTR determined in accordance with ASTM F1249
of an otherwise similar metallocene-catalyzed polyethylene homopolymer.

DETAILED DESCRIPTION

[0008] Disclosed herein are polyethylene (PE) copolymers, PE copolymer films, and methods of
roaking same. Such macthods can comprise preparing a PE copolymer and fornung the PE copolymer
into a film. In an aspect, the PE copolymer when formed into a film can display improved barrier
propertics when compared to a PE homopolymer prepared by using an otherwise similar catalyst
system, wherein the PE copolymer is characterized by a density lower than a density of the PE
homopolymer.

[0009] The PE copolymers of the present disclosure can be formed using any suitable olefin
polymerization method which can be carried out using various types of polymerization reactors. As
used heremn, “polymerization reactor” inclodes any polymerization reactor capable of polymerizing
olefin monomers to produce homopolymers or copolymers. Such homopolymers and copolymers are
referred to as resing or polymers.

[0010] The various types of reactors include those that can be referred to as batch, shurry, gas-
phase, solution, high pressure, tubular, or autoclave reactors. Gas phase reactors can comprise
fluidized bed reactors or staged horizontal reactors. Shurry reactors can comprise vertical or horizontal
loops. High pressure reactors can cornprise autoclave or tubular reactors. Reactor types can mclude
batch or continuous processes. Continuous processes could use intermittent or continuous product
discharge or transfer. Processes can also include partial or full direct recycle of un-reacted monomer,

un-reacted comonomer, catalyst, co-catalyst and/or diluent.
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[0011] Polymerization reactor systems of the present disclosure can comprise one type of reactor
in a system or multiple reactors of the same or different type. Production of polymers in multiple
reactors can include several stages in at least two separate polymerization reactors interconnected by a
transfer device making it possible to transfer the polymers resulting from a first polymerization reactor
into a second reactor. The desired polymerization conditions in one of the reactors can be different
from the operating conditions of the other reactors. Alternatively, polymerization in multiple reactors
can include the manual or autoroatic transfer of polymer from one reactor to subsequent reactors for
continued polymerization. Multiple reactor systems can include any combination including, but not
liraited to, multiple loop reactors, multiple gas reactors, a combination of loop and gas reactors,
multiple high pressure reactors, or a combination of high pressure with loop and/or gas reactors. The
rmultiple reactors can be operated in serics or in parallel

[0012] According to one aspect of the disclosure, the polymerization reactor system can comprise
at least one loop slurry reactor comprising vertical and/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 contimuous introduction of a monomer, a catalyst, comonomer
and a diluent into a polymerization reactor and the continuous removal froro this reactor of a
suspension comprising polymer particles and the diluent. Reactor effluent can be flashed to separate
the solid polymer from the liquids that comprise the diluent, monomer and co-monomer. Various
technologies can be used for this separation step including but not limited to, flashing that can include
any combination of heat addition and pressure reduction; separation by cyclonic action in cither a
cyclone or hydrocyclone; or separation by centrifugation.

[0013] A suitable slurry polymerization process (also known as the particle form process) 1s
disclosed, for example, in UK. 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 by reference herein in its entirety.

[0014] Suttable diluents used in slurry polymerization inclade, but are not limited to, the monomer
being polymerized and hydrocarbons that are liquids under reaction conditions. Examples of suitable
diluents include, but are not limited to, hydrocarbons such as propane, cyclohexane, isobutane, n-
butane, n-pentane, isopentane, neopentane, and n-hexane. Some loop polymerization reactions can

occur under bulk conditions where no diluent is used. An example 1s polymerization of propylenc
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monomer as disclosed in U.S. Patent No. 5,455,314, which 1s incorporated by reference herein in its
cutirety.

[0015] According to yet another aspect of this disclosure, the polymerization reactor can comprise
at least one gas phase reactor. Such systems can employ a continuous recycle stream containing one
or more monomers continuously cycled through a fluidized bed 1in the presence of the catalyst under
polymerization conditions. A recycle stream can be withdrawn from the fluidized bed and reeyeled
back into the reactor. Simultancously, polymer product can be withdrawn froro the reactor and new or
fresh monomer can be added to replace the polymerized monomer. Such gas phase reactors can
comprise a process for multi-step gas-phase polymernization of olefins, in which olefins are
polymerized in the gaseous phase in at least two independent gas-phase polymerization zones while
feeding a catalyst-containing polymer forraed i a first polymerization zone to a sccond
polymerization zone. (Gas phase reactors are disclosed in U.S. Patent Nos. 4,588,790; 5,352,749; and
5,436,304; cach of which is incorporated by reference hercin in its entirety.

[0016] According to still another aspect of the disclosure, a high pressure polymerization reactor
can comprise a tubular reactor or an autoclave reactor. Tubular reactors can have several zones where
fresh monomer, initiators, or catalysts are added. Monomer can be entrained in an inert gaseous
strearn and introduced at one zone of the reactor. Initiators, catalysts, and/or catalyst components can
be entrained in a gascous stream and 1otroduced at another zone of the reactor. The gas streams can be
intermixed for polymerization. Heat and pressure can be employed appropriately to obtain optimal
polymerization reaction conditions.

[0017] According to yet another aspect of the disclosure, the polymerization reactor can comprise
a solution polymerization reactor wherein the monomer is contacted with the catalyst composition by
suitable stirring or other means. A carrier comprising an inert organic diluent or excess monomer can
be employed. If desired, the monomer can be brought in the vapor phase into contact with the
catalytic reaction product, in the presence or absence of hiquid material. The polymerization zone is
maintained at temperatures and pressures that will result in the formation of a solution of the polymer
in a reaction mediurn. Agitation can be employed to obtain better termperature control and to maintain
uniform polymerization mixtures throughout the polymerization zone. Adequate means are utilized

for dissipating the exothermic heat of polymerization.
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[0018] Polymerization reactors suitable for the present disclosure can further comprise any
combination of at least one raw matenial foed system, at least one foed system for catalyst or catalyst
components, and/or at least one polymer recovery system. Suitable reactor systems for the present
disclosure can further comprise systems for feedstock purification, catalyst storage and preparation,
extrusion, reactor cooling, polymer recovery, fractionation, recycle, storage, loadowt, laboratory
analysis, and process control.

[0019] Conditions {e.g., polymerization conditions) that are controlied for polymerization
efficiency and to provide resin properties include temperature, pressure, time, and concentrations of
various reactants. Polymerization temperature can affect catalyst productivity, polymer molecular
weight and molecular weight distribution.  Suitable polymerization temperature can be any
temperature below the de-polymerization temperature according to the Gibbs free cnergy cquation.
Typically, this includes from about 60 °C to about 280 °C, for example, and from about 70 °C to about
110 °C, depending upon the type of polymerization reactor.

[0020] Suitable pressures will also vary according to the reactor and polymerization type. The
pressure for higuid phase polymerizations in a loop reactor 18 typically less than 1,000 psig. Pressure
for gas phase polymerization is usually at about 200 psig to about 300 psig. High pressure
polymerization in tubular or autoclave reactors 1s generally run at about 20,000 psig to about 75,000
psig.  Polymerization reactors can also be operated in a sopercritical region occurring at generally
higher temperatures and pressures. Operation above the critical point of a pressure/temperature
diagram {(supercritical phase) can offer advantages.

[0021] The concentration of various reactants can be controlled to produce resins with certain
physical and mechanical propertics. The proposed end-use product that will be forraed by the resin
and the method of forming that product determines the desired resin propertics. Mechanical propertics
meclude tenstle, flexural, impact, creep, stress relaxation, and hardness tests.  Physical propertics
include density, molecular weight, molecular weight distribution, melting termaperature, glass transition
temperature, temperature melt of crystallization, density, stercoregularity, crack growth, short chain
branching, long chain branching and rheological pararseters.

[0022] The concentrations of monomer, comonomer, hydrogen, co-catalyst, meodifiers, and
electron donors can be atilized in producing these resim propertics. Comonorner can be used to control

product density. Hydrogen can be used to conirol product molecular weight. Co-catalysts can be used
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to alkylate, scavenge poisons and/or control molecular weight. Modifiers can be used to control
product properties and electron donors affect stercoregularity. In addition, the concentration of
poisons can be mintmized because poisons can impact the reactions and product properties. In an
embodiment, hydrogen 1s added to the reactor during polymerization.  Alternatively, hydrogen is not
added to the reactor during polymerization.

[0023] The polymer or resin {e.g., PE copolymer) can be formed into various articles, including,
but not hmited to pipes, bottles, toys, containers, utensils, film products, drums, tanks, membranes,
and liners. Various processes can be used to form these articles, including, but not limited to, film
blowing and cast film, blow molding, extrusion molding, rotational molding, injection molding, fiber
spinning, thermoforming, cast molding, and the like. After polymerization, additives and modificrs
can be added to the polymer to provide better processing during manufacturing and for desired
properties in the end product. Additives include surface modifiers such as slip agents, antiblocks,
tackificrs; antioxidants such as primary and sccondary antioxidants; pigments; processing aids such as
waxes/oils and fluoroelastomers; and special additives such as fire retardants, antistats, scavengers,
absorbers, odor enhancers, and degradation agents.

[0024] The PE copolymer can include other suitable additives. Such additives can be used
singularly or in combination and can be included in the copolymer composition before, during or after
preparation of the PE copolyroer as described herein.  Such additives can be added via known
techniques, for example during an extrusion or compounding step such as during pelletization or
subscquent processing into an end use article. Herein the disclosure will refer to a PE copolymer
although a copolymer compeosition comprising the PE copolymer and one or more additives is also
conterplated.

-

[0025] Any catalyst composition capable of producing a PE copolymer of the type disclosed
herein can be employed in the production of the copolymer. In an embodiment, a method of preparing
a PE copolymer comprises coutacting an cthylene monomer and an olefin and/or alpha-oletin
comonomer with a catalyst system in a polymerization reactor system under polymerization conditions
to produce a polyethylene copolymer.

[0026] In an embodiment, the catalyst system comprises a single metallocene compound. Herein,

) ) . .. 3 3 . )
the term “metallocene” describes a compound comprising at least one 1~ to v-cycloalkadienyl-type

moicty, wherein 1 to 1 -cycloalkadienyl moictics include cyclopentadienyl ligands, indenyl ligands,
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fluorenyl ligands, and the like, including partially saturated or substitited derivatives or analogs of any
of these.  Possible substituents on these higands inchude hydrogen, thercfore the description
“substituted derivatives thereot” in this disclosure comprises partially saturated ligands such as
tetrahydroindenyl, tetrahydrofluorenyl, octahydrofluorcnyl, partially saturated indenyl, partially
saturated fluorenyl, substituted partially saturated indenyl, substituted partially saturated fluorenyl, and
the like.

[0027] In an erobodiment, a catalyst composition for the production of a PE copolyrmer of the type
disclosed herein can comprise a single metallocene compound; an activator-support, and an
organoalursinum compound. In some aspects of the present disclosure, the single metallocene
compound comprises a tightly-bridged ansa-metallocene compound {c.g., a bridged metallocene
compound). In other aspects of the present disclosure, the single metallocene compound comprises an
unbridged metallocene compound.

[0028] In an embodiment, the metallocene comprises an unbridged metallocene compound,
designated MTE-A. In an embodiment, the unbridged metallocenes can comprise bis(n’-
cycloalkadienyD-type compounds, wherein the n'-cycloalkadienyl portions include substituted
cyclopentadienyl ligands, substituted indenyl! ligands, substituted fluorenyl ligands, and the like. As
will be appreciated by onc of skill in the art, and with the help of this disclosure, unbridged
roctatlocenes have structures sivatlar to the ansa-metallocenes, but lack the bridging group.

[0029] In onc aspect of the present disclosure, the unbridged metallocene compound can be
characterized by general forroula:

(OEHEOXIM';

wherein (X'} and (30 arc independently a cyclopentadienyl, indenyl, substituted cyclopentadienyl or a
substituted indenyl, each substituent on (X') and (X% is independently selected from a linear or
branched alkyl group, or a hinear or branched alkenyl group, wherein the alkyl group or alkenyl group
is unsubstituted or substituted, any substituent on (X'} and (X%) having from 1 to about 20 carbon
ators; (X} and (X"} are independently an aliphatic group, an aromatic group, a cyclic group, a
combination of aliphatic and cyclic groups, or a substituted derivative thereof, having from 1 to about
20 carbon atoms: or a halide, and M' is Zr or HF.

[0030] In an cmbodiment, MTE-A is a nonbridged metallocene.  MNonlimiting examples of

compounds suitable for use in this disclosure as MTE-A are represented by structures (1)-(13):
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[0031] In an embodiment, the metallocene comprises a tightly-bridged ansa-metallocene

compound, designated MTE-B, comprising an olefin-containing moiety bonded to a cyclopentadienyl-

type ligand and at least one aryl group bonded to the bridging atom of the bridging ligand. As used
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herein, the term bridged or ansa-metallocene refers simply to a metallocene compound in which the
two 1°-cycloalkadienyl-type ligands in the molecule are linked by a bridging moiety. Useful ansa-
metallocenes are typically “tightly-bridged,” meaning that the two 1/ -cycloalkadienyl-type ligands are
connected by a bridging group wherein the shortest link of the bridging moiety between the 1~
cycloalkadienyl-type ligands is a single atora. Thus, the length of the bridge or the chain between the
two 1 -cycloalkadienyl-type ligands is onc atom, although this bridging atom is substituted. The ansa-
metallocenes of this disclosure are therefore bridged bis(n’-cycloalkadienyl)-type compounds,
wherein the 1 -cycloalkadieny! portions include substituted cyclopentadieny! ligands, substituted
indenyl ligands, substituted fluorenyl ligands, and the like, wherein one substituent on these
cyclopentadienyl-type ligands is a bridging group having the formula ER'R?, wherein E is a carbon
atom, a silicon atom, a germanium atom, or a tin atom, and wherein E is bonded to both
cyclopentadienyl-type lgands. In this aspect, R' and R? can be independently selected from an alkyl
group or an aryl group, etther of which having up to 12 carbon ators, or hydrogen.

[0032] In one aspect of the present disclosure, the ansa-mactallocene compound can be
characterized by general formula:
CCRYX RGN XM

wherein (X} is cyclopentadienyl, indenyl, or flusrenyl, (X%} is fluorenyl, and (X’} and (X°) are
connected by a disubstituted bridging group comprising one atom bonded to both () and (X%,
wherein the atom is carbon or silicon. A first substituent of the disubstituted bridging group is an
arornatic or aliphatic group having from 1 fo about 20 carbon atoms. A second substituent of the
disubstituted bridging group can be an aromatic or aliphatic group having from 1 to about 20 carbon
atorns, or the second substituent of the disubstituted bridging group is an unsaturated aliphatic group
having from 3 to about 10 carbon atoms. R’ is H, or an unsaturated aliphatic group having from 3 to
about 10 carbon atoms. R is H, an alkyl group having from 1 to about 12 carbon atoms, or an aryl
group; (X) and (X%) are independently an aliphatic group, an aromatic group, a cyclic group, a
combination of aliphatic and cyclic groups, or a substituted derivative thereof, having from 1 to about
20 carbon atorus, ot a halide; and M is Zr or Hf. The first substituent of the disubstituted bridging
group can be a phenyl group. The second substituent of the disubstituted bridging group can be a

phenyl group, an alkyl group, a butenyl group, a pentenyl group, or 4 hexenyl group.
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[0033] In an embodiment, MTE-B is a bridged metallocene compound. Nonlimiting examples of

compounds suitable for use n this disclosure as MTE-B are represented by structures (14)-(29):
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[0034] A metallocene compound suitable for use in the present disclosure can display a positive
hydrogen response. Herein, a positive hydrogen response refers to a lowering of the molecular weight.
Examples of metallocene compounds suitable for use in the present disclosure are described in more
detail in U.S. Patent Nos. 7,064,225, 7,226,886; 7,312,283, and 7.517.939; each of which 18
incorporated herein by reference in its entirety.

[0035] In an embodiment, the metallocene compound can be chosen from compounds hike those

represented by structures (5) and (16):

>C Zr—Cl ~
2 \CI C{ Cl
> Q/\/
(16) (5)
[0036] In one aspect, the activator-support comprises a chemically-treated solid oxide support.

Alternatively, the activator-support can comprise a clay mineral, a pillared clay, an exfoliated clay, an
exfoliated clay gelled into another oxide matrix, a layered silicate roineral, a non-layered silicate
mineral, a layered aluminosilicate mineral, a non-layered aluminosilicate mineral, or any combination
thereof. The term “support” 18 not meant to be construed as an inert component of the catalyst
composition, but rather is to be considered an active part of the catalyst composition, because of ifts
mtimate association with the metallocene component.

[0037] Generally, chemically-treated solid oxides exhibit enhanced acidity as compared to the
corresponding untreated solid oxide compounds. The chemically-treated solid oxide can also function
as a catalyst activator as compared to the corresponding untreated solid oxide. While the chemically-
treated solid oxide activates the metallocene(s) in the absence of co-catalysts, it is not necessary to
ehminate co-catalysts froro the catalyst composition. The activation function of the activator-support
is evident in the enhanced activity of catalyst composition as a whole, as compared to a catalyst
composition containing the correspounding untreated solid oxide. However, it is believed that the

chemically-treated solid oxide can function as an activator, even in the absence of an organocaluminum
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compound, aluminoxanes, organoboron or organcborate compounds, tonizing ionic compounds, and
the fike.

[0038] The chemically-treated solid oxide can comprise a solid oxide treated with an electron-
withdrawing anion. Without wishing to be limited by theory, it 15 believed that treatment of the solid
oxide with an clectron-withdrawing component augments or eshances the acidity of the oxide. Thus,
cither the activator-support exhibits Lewis or Bronsted acidity that is typically greater than the Lewis
or Bronsted acid strength of the untreated solid oxide, or the activator-support has a greater nurober of
acid sites than the untreated solid oxide, or both. One method to quantify the acidity of the
chervically-treated and untreated solid oxide materials is by comparing the polymerization activitics of
the treated and untreated oxides under acid catalyzed reactions.

[0039] Cherically-treated solid oxides of this disclosure are formed generally from an inorganic
solid oxide that exhibits Lewis acidic or Bronsted acidic behavior and has a relatively high porosity.
The solid oxide 1s chemically-treated with an clectron-withdrawing component, typically an clectron-
withdrawing anion, to form an activator-suppott.

[0040] In an embodiment, the solid oxide suitable for use in the present disclosure to prepare the
chemically-treated solid oxide can be characterized by a pore volurne of greater than about 0.1 co/g,
alternatively greater than about 0.5 ce/g, or alternatively greater than about 1.0 cc/g.

[0041] In an embodiment, the sohd oxide suitable for use in the present disclosure to prepare the
chemically-treated solid oxide can be characterized by a surface arca of from about 100 m”/g to about
1000 m’/g, alternatively from about 200 m”/g to about 800 m’/g, or alternatively from about 250 m’/g
to about 600 m’/g.

[0042] In an cmbodiment, the chemically-treated solid oxide can coraprise a solid inorganic oxide
comprising oxygen and one or more elements selected from Group 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13,
14, or 15 of the periodic table, or comprising oxygen and one or more elements selected from the
lanthanide or actinide elernents (See: Hawley's Condensed Chemical Dictionary, 11th Ed., John Wiley
& Sons, 1995; Cotton, F.A., Wilkinson, G., Murillp, C. A., and Bochmann, M., Advanced Inorganic
Chemustry, 6th Ed., Wiley-lnterscicuce, 1999). For example, the norganic oxide can comprise
oxygen and an element, or elements, selected from Al, B, Be, Bi, Cd, Co, Cr, Cu, Fe, (Ga, La, Mn, Mo,

Ni, 8b, Si, 8n, Sr, Th, T, V, W, P, Y, Zn, and Zr.
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[0043] Nonlimiting examples of solid oxide materials or compounds that can be used to form the
chemically-treated solid oxide suitable for use in the present disclosure inchude ALG;, B,O;, BeQ,
Biz()g, (1(’}”, CO}()4, jrz()_z,, (:U(), F‘c‘:z(h, (Eﬁz()g. {432()3, Mi‘iz(h, ]\40()3, Nl{). Pj”s, sz@5, f'si(}z. Sﬂ()z,
SrO, ThQ,, TiO,, V20s, WOs, Y203, Zn0, Zr0,, and the like, meluding rmixed oxides thereof, or
combinations thereof. For example, the solid oxide can comprise silica, alumina, silica-alumina,
silica-coated alumina, aluminum phosphate, aluminophosphate, heteropolytungstate, titania, zirconia,
magnesia, boria, zinc oxide, mixed oxides thereof, or any combinations thereof.

[0044] The solid oxide of this disclosure encompasses oxide materials such as alumina, “mixed
oxide” compounds thercot such as silica-alumina, and combinations and roixtures thereof. The mixed
oxide compounds such as silica-alumina can be single or multiple chemical phases with more than one
metal cornbined with oxygen to form a solid oxide compound. Nonlimiting examples of mixed oxides
suitable for use in the activator-support of the present disclosure include silica-alumina, silica-titania,
stlica-zirconia, zeolites, various clay minerals, alumina-titania, alumina-zirconia, zinc-asluminate,
alumina-boria, silica-boria, aluminophosphate-silica, titania-zirconia, and the like, or combinations
thereof. The solid oxide of this disclosure also encompasses oxide materials such as silica-coated
alumina, as described in U.S. Patent No. 7,884,163, which 1s incorporated herein by reference n its
entirety.

[0045] In an embodiment, the silica-alumina suitable for use in the present disclosure to preparc a
chemically-treated silica-alumina can be characterized by a pore volume of greater than about 0.5 co/g,
alternatively greater than about 0.8 cc/g, or alternatively greater than about 1.0 co/g.

[0046] In an embodiment, the silica-alumina suitable for use in the present disclosure to prepare
the chemically-treated silica-aluming can be characterized by a surface arca of greater than about 100
m’/g to about 1000 m?/g, alternatively greater than about 250 m’/g, or alternatively greater than about
350 mY/g.

[0047] In an crobodiment, the silica-alumina suitable for use in the present disclosure to prepare
the chemically-treated silica-alumina can be characterized by an alumina content of from about 5 wt.%
to about 95 wt.%, based on the total weight of the silica-alumina. In some embodiments, the silica-
alumina suitable for use in the present disclosure to prepare the chemically-treated silica-alumina can
be characterized by an alumina content of from about 5 wt.% to about 50 wt.%, alternatively from

about 8 wt.% to about 30 wt.%, based on the total weight of the silica-alumina. In other embodiments,
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the silica-alumina suitable for use in the present disclosure to prepare the chemically-treated silica-
alumina can be characterized by an alumina content of from about 60 wt.% to about 90 wi.%,
alternatively from about 65 wt.% to about 80 wt.%, based on the total weight of the silica-alumina. In
yet other embodiments, the solid oxide component can coraprise alurmina without sihica. In still yet
other embodiments, the solid oxide component can comprise silica without alumina.

[0048] The clectron-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 cornpared to the
solid oxide that is not treated with at least one electron-withdrawing anion). According to one aspect
of the present disclosure, the electron-withdrawing component is an electron-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. Nonlimiting examples of clectron-withdrawing anions suitable for
use in the present disclosure include sulfate, bisulfate, fluoride, chloride, bromide, iodide,
fluorosultate, fluoroborate, phosphate, fluorophosphate, trifluoroacetate, triflate, fluorozirconate,
fluorotitanate, phospho-tungstate, and the like, mixtures thercof, or combinations thereof. In addition,
other ionic or non-ionic compounds that serve as sources for these clectron-withdrawing anions can
also be employed in the present disclosure. It is conternplated that the electron-withdrawing anion can
be, or can comprise, fluoride, chloride, bromide, phosphate, triflate, bisulfate, or sulfate, and the like,
or any combination thercof, in some aspects of this disclosure. In other aspects, the electron-
withdrawing anion can comprise sulfate, bisulfate, fluoride, chloride, bromide, iodide, fluorosulfate,
fluoroborate, phosphate, fluorophosphate, trifluorcacetate, triflate, fluorozirconate, fluorotitanate, and
the like, or any combination thereof.

[0049] Thus, for example, the activator-support (e.g., chemically-treated solid oxide) suitable for
use in the catalyst compositions of the present disclosure can be, or can comprise, fluorided alumina,
chlorided alumina, bromided alumina, sulfated alumina, fluorided silica-alumina, chlorided silica-
alumina, bromided silica-alurning, sulfated silica-alumina, fluorided silica-zirconia, chlorided silica-
zirconia, bromided silica-zirconia, sulfated silica-zirconia, fluorided silica-titania, fluorided silica-
coated alurnina, sulfated silica-coated alurmina, phosphated silica-coated alumina, and the hke, or
combinations thereof. In one aspect, the activator-support can be, or can comprise, fluorided alumina,
sulfated alumina, fluorided silica-alumina, sulfated silica-alumina, fluonded silica-coated alumina,

sulfated silica-coated alumina, phosphated silica-coated alumina, and the like, or any combination
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thereof. In another aspect, the activator-support comprises fluorided alumina; alternatively, comprises
chlorided alamina; alternatively, comprises sulfated alumina; alternatively, comprises fluorided silica-
alumina; alternatively, comprises sulfated silica-ahumina; alternatively, comprises fluorided silica-
zirconia; alternatively, comprises chlorided silica-zirconia; or alternatively, comprises fluorided silica-
coated alumina. In yet another aspect of the present disclosure, the activator-support suitable for use
i the catalyst compositions of the present disclosure can be, or can comprise, alumina treated with
hexafluorotitanic acid, silica-coated alumina treated with hexafluorotitanic acid, silica-alumina treated
with hexafluorozirconic acid, silica-alumina treated with trifluorcacetic acid, fluorided boria-alumina,
stlica treated with tetrafluoreboric acid, alumina treated with tetrafluoroboric acid, alumina treated
with hexafluorophosphoric acid; or any combination of the above. Further, any of these activator-
supports optionally can be treated with a metal on.

[0050] When the electron-withdrawing component comprises a salt of an clectron-withdrawing
anion, the counterion or cation of that salt can be sclected from any cation that allows the salt to revert
or decompose back to the acid during calcining. Factors that dictate the suitability of a particular salt
to serve as a source for the electron-withdrawing anion include, but are not limited to, the solubility of
the salt in a desired solvent, the lack of adverse reactivity of the cation, ion-pairing effects between the
cation and anion, hygroscopic properties imparted to the salt by the cation, and the like, and thermal
stability of the anion. Nonlimiting examples of cations suttable for use in the present disclosure in the
salt of the electron-withdrawing anion include ammonium, triatkyl ammonium, tetraalkyl ammonium,
tetraalkyl phosphonium, H', [H(OEt )], and the like, or combinations thereof,

[0051] Further, combinations of one or more different electron-withdrawing anions, in varying
proportions, can be used to tailor the specific acidity of the activator-support to a desired level
Combinations of electron-withdrawing components can be contacted with the oxide material
stmultaneously or individually, and in any order that affords the desired chemically-treated solid oxide
acidity. For example, one aspect of thus disclosure i3 employing two or more electron-withdrawing
anion source compounds in two or more separate contacting steps.

[0052] In one aspect of this disclosure, one example of a process by which a chemically-treated
solid oxide is prepared is as follows: a selected solid oxide, or combination of solid oxides, can be
contacted with a first electron-withdrawing anion source compound to forra a first mixture; such first

mixture can be calcined and then contacted with a second electron-withdrawing anion source
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compound to form a second mixture; the second mixture can then be calcined to form a treated solid
oxide. In such a process, the first and second electron-withdrawing anion source compounds can be
gither the same or different compounds.

[0053] According to another aspect of the present disclosure, the chemically-treated solid oxide
comprises a solid inorganic oxide material, a mixed oxide material, or a combination of inorganic
oxide materials, that is chemically-treated with an clectron-withdrawing component, and optionally
treated with a metal source, including metal salts, metal ions, or other metal-containing compounds.
Nonlimiting examples of the metal or metal ion suitable for use in the present disclosure include zine,
nickel, vanadiurn, titanium, sibver, copper, galliom, tin, tungsten, molybdenum, zirconium, and the
like, or combinations thereof. Nonlimiting examples of chemically-treated solid oxides that contain a
metal or metal ion suitable for use in the present disclosure include chlonided zinc-impregnated
alumina, fluorided titanium-impregnated alumina, fluorided zinc-impregnated alumina, chlorided zinc-
impregnated silica-alumina, fluorided zinc-impregnated silica-alumina, sulfated zinc-impregnated
alumina, chlorided zinc aluminate, fluorided zince aluminate, sulfated zinc ahwminate, silica-coated
alumina treated with hexafluorotitanic acid, silica-coated alumina treated with zinc and then fluorided,
and the like, or any combination thercof.

[0054] Any suitable method of impregnating the solid oxide material with a metal can be used.
The method by which the oxide is contacted with a roctal source, typically a salt or metal-countaining
compound, can include, but is not Himited to, gelling, co-gelling, impregnation of one compound onto
another, and the like, or combinations thercof. If desired, the metal-containing compound is added to
or impregnated into the solid oxide 1n solution form, and subsequently converted into the supported
metal upon calcining.  Accordingly, the solid inorganic oxide can further comprise a metal selected
from zinc, titanium, nickel, vanadium, silver, copper, gallium, tin, tungsten, molybdenum, and the like,
or combinations thereof. For example, zinc is often used to impregnate the solid oxide because it can
provide mmproved catalyst activity at a low cost.

[0055] The solid oxide can be treated with metal salts or metal-containing compounds prior to,
concurrent with, and/or subsequent to the solid oxide being freated with the electron-withdrawing
anion. Following any contacting method, the contacted mixture of sohid compound, electron-

withdrawing anion, and the metal 1on s typically calcined. Alernatively, a solid oxide material, an
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electron-withdrawing anion source, and the metal salt or metal-containing compound are contacted
and calcmed simultancously.

[0056] Various processes can be used to form the chemically-treated solid oxide suitable for use in
the present disclosure. The chemically-treated solid oxide can comprise the contact product of one or
more solid oxides with one or more electron-withdrawing anion sources. As will be appreciated by
one of skill in the art, and with the help of this disclosure, it 1s not required that the sohd oxide be
calcmed prior to contacting the clectron-withdrawing anion source. The contact product can be
typically calcined either concurrent with or subsequent to the solid oxide being contacted with the
electron-withdrawing anion source. The solid oxide can be caleined or uncalcined. Various processes
to prepare solid oxide activator-supports suitable for use in the present disclosure are described in
more detail in U.S. Patent Nos. 6,107,230; 6,165,929; 6,294,494, 6,300,271; 6,316,553; 6,355,594;
6,376,415, 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; and 6,750,302; cach of which is incorporated herein by reference in its entirety.
[0057] According to one aspect of the present disclosure, the solid oxide material can be
chemically-treated by contacting it with an electron-withdrawing component, typically an electron-
withdrawing anion source. Further, the solid oxide material optionally can be chernically treated with
a metal ion, and then calcined to form a metal-containing or metal-impregnated chemically-treated
solid oxide. According to another aspect of the present disclosure, the sohid oxide material and
clectron-withdrawing anion source can be contacted and calcined simulitaneously.

[0058] The method by which the oxide s contacted with the electron-withdrawing component,
typically a salt or an acid of an electron-withdrawing anion, can include, but is not limited to, gelling,
co-gelling, impregnation of one compound onto another, and the like, or combinations thercof. Thus,
following any contacting method, the contacted mixture of the solid oxide, electron-withdrawing
anton, and optional metal ion, can be calcined.

[0059] According to one aspect of the present disclosure, the solid oxide activator-support (ie.,
chemically-treated solid oxide} can be produced by a process comprising: (i) contacting a solid oxide
{or solid oxides) with an electron~withdrawing anion source corpound {(or compounds) to form a first
mixture; and (it} calcining the first mixture to form the solid oxide activator-support.

[0060] According to another aspect of the present disclosure, the solid oxide activator-support

(i.c., chemically-treated solid oxide)} can be produced by a process comprising: (i) contacting a solid
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oxide {or solid oxides) with a first electron-withdrawing anion source compound to form a first
roixture; (i1) calcining the first mixture to produce a calcined first mixture; (1) contacting the calcined
first mixture with a second electron-withdrawing anion source compound to form a second mixture;
and (1v) calcining the second mixture to form the solid oxide activator-support.

[0061] According to vet another aspect of the present disclosure, the solid oxide activator-support
(1.e., chemically-treated solid oxide) can be produced or formed by contacting the sohid oxide with the
clectron~withdrawing anion source compound, wherein the solid oxide compound can be calcined
prior to, concurrent with, and/or subsequent to contacting the electron-withdrawing anion source, and
wherein there 1s a substantial absence of aluroinoxanes, organoboron or organoborate compounds, and
ionizing ignic compounds.

[0062] Generally, calcining of the chermically-treated solid oxide can be conducted in an ambicnt
atmosphere, typically in a dry ambient atmosphere, at a temperature from about 200 °C to about
900 °C, and for a time of from about 1 minute to about 100 hours. Calcining can be conducted at a
temperature of from about 300 °C to about 800 °C, or alternatively, at a temperature of from about
400 °C to about 700 °C. Calcining can be conducted for about 30 minutes to about 50 hours, or for
about 1 hour to about 15 hours. According to one aspect of this disclosure, calcining can be carried
out for about 1 hour to about 10 hours at a temperature of from about 350 °C to about 550 °C. Any
suitable arobient atmosphere can be employed duoring caleining.  Generally, calcining can be
conducted in an oxidizing atmosphere, such as air.  Alternatively, an inert atmosphere, such as
nitrogen or argon, or a reducing atmosphere, such as hydrogen or carbon monoxide, can be used.
[0063] According to one aspect of the present disclosure, the sohid oxide material can be treated
with a source of halide ion, sulfate 1on, or a combination of anions, optionally treated with a metal ion,
and then caleined to provide the chemically-treated solid oxide in the form of a particulate solid. For
example, the solid oxide material can be treated with a source of sulfate (termed a “sulfating agent™), a
source of chloride 1on (termed a “chioriding agent™), a source of fluoride 1on {termed a “fluoniding
agent”), or a combination thereof, and calcined to provide the solid oxide activator-support.

[0064] According to ouc aspect of the present disclosure, the chemically-treated solid oxide can
comprise a fluorided solid oxide in the form of a particulate solid. The fluorided solid oxide can be
formed by contacting a solid oxide with a fluoriding agent. Fluoride ions can be added to the oxide by

forming a slurry of the oxide in a suitable solvent such as alcohol or water including, but not Himited
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to, the one to three carbon alcohols because of their volatility and low surface tension. Nonlimiting
examples of fluoriding agents suitable for use 1 the present disclosure include hydrofluoric acid (HF),
ammonium  fluoride  (NH4F), ammonium  bifluoride  (NH4HE), ammonium  tetrafluoroborate
(NH;BF;), ammoniumm  silicofluoride  (hexafluorosilicate)  ((NHapSiFg),  ammonium
hexafluorophosphate (NH4PFs), hexafluorotitanic acid (H;TiFs), ammonium hexafluorotitanic acid
{((NH4»TiFq), hexafluorozirconic acid (HyZrFe), AlF;, NHiAIF,, analogs thereof, and the like, or
combinations thereof. Triflic acid and ammonium triflate also can be employed. For example,
anmnonium bifluoride (NH4HF;) can be used as the fluoriding agent, due to its case of use and
availability.

[0065] If desired, the solid oxide can be treated with a fluoriding agent during the calcining step.
Any fluoriding agent capable of thoroughly contacting the solid oxide during the calcining step can be
employed. For example, in addition to those fluoriding agents described previcusly, velatile organic
fluoriding agents can be used. Nonlimiting examples of volatile organic fluoriding agents suitable for
use in the present disclosure include freons, perfluorohexane, perfluorobenzene, fluoromethane,
trifluorocthanol, and the like, or combinations thereof. Calcining temperatures generally must be high
cuough to decompose the compound and release fluoride. Gaseous hydrogen fluoride (HF) or fluorine
(F.) itself also can be used with the solid oxide if fluoriding while calcining. Silicon tetrafhuoride
{SiF4) and coropounds containing tetrafluoroborate (BF4) can also be employed. One couvenient
method of contacting the solid oxide with the fluoriding agent is to vaporize a fluoriding agent into a
gas stream used to fluidize the solid oxide during calcining.

[0066] Similarly, according to another aspect of the present disclosure, the chemically-treated
solid oxide can comprise a chiorided solid oxide in the form of a particulate solid. The chlorided solid
oxide can be formed by contacting a solid oxide with a chioriding agent. Chloride ions can be added
to the oxide by forming a shury of the oxide in a suitable solvent. The solid oxide can be treated with
a chloriding agent during the calcining step. Any chloriding ageut capable of serving as a source of
chloride and thoroughly contacting the oxide during the calcining step can be used, such as SiCly,
SiMe,Cly, TiCly, BClL;, and the like, or combmations thercof. Volatile organic chloriding agents can
also be employed. Examples of suitable volatile organic chloriding agents include, but are not limited
to, certain freons (e.g, chlorine-containing freons), perchlorobenzene, chloromcthane,

dichloromethane, chioroform, carbon tetrachloride, trichloroethanol, and the like, or combinations
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thereof. (Gaseous hydrogen chloride or chlorine itself can also be used with the solid oxide during
calcming. One convenient method of contacting the oxide with the chloriding agent 1s to vaporize a
chloriding agent into a gas stream used to fluidize the solid oxide during calcining.

[0067] According to onc aspect of this disclosure, the amount of halide ions (e.g., fluoride,
chloride, etc.) present prior to caleining the solid oxide can generally be from about 1 wt.% to about 50
wt.%, alternatively from about 1 wt.% to about 25 wt.%, alternatively from about 2 wt.% to about 20
wt.%, alternatively from about 4 wt.% to about 10 wt.%, by weight of the sohd oxide (e.g., silica-
alumina) prior to calcining. Once impregnated with halide, the halided solid oxide can be dried by any
suitable method including, but vot limited to, suction filiration followed by evaporation, drying under
vacuum, spray drying, and the like, although it is also possible to initiate the calcining step
immediately without drying the impregnated solid oxide (e.g., fluorided solid oxide, chiorided solid
oxide, etc.).

[0068] Similarly, according to yet another aspect of the present disclosure, the chemically-treated
solid oxide can comprise a sulfated solid oxide n the form of a particulate solid. The sulfated solid
oxide can comprise a sulfate and a solid oxide component, such as alumina or silica-alumina, in the
form of a particulate solid. Optionally, the sulfated solid oxide can be freated further with a metal ion
such that the calcined sulfated oxide comprises a metal. According to one aspect of the present
disclosure, the sulfated solid oxide coraprises sulfate and alumina. In some mstances, the sulfated
alumina is formed by a process wherein the alumina is treated with a sulfate source, for example,
sulfuric acid or a sulfate salt such as ammonium sulfate. This process is gencrally perforraed by
forming a shurry of the alumina in a suitable solvent, such as alcohol or water, 1n which the desired
concentration of the sulfating agent has been added. Suitable organic solvents include, but arc not
limited to, the one to three carbon alcohols because of their volatility and low surface tension.

[0069] According to one aspect of this disclosure, the amount of sulfate ions present prior to
calcming the solid oxide can be from about 1 to about 25 parts by weight of sulfate 1on to about 100
parts by weight of solid oxide. According to another aspect of this disclosure, the amount of sulfate
ions present prior to calcining can be from about 2 to about 20 parts by weight of salfate ion to about
100 parts by weight of solid oxide. According to yet another aspect of this disclosure, the amount of
sulfate 1ons present prior to caleining can be from about 4 to about 10 parts by weight of sulfate ion to

about 100 parts by weight of solid oxide. These weight ratios are based on the weight of the solid
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oxide prior to calcining. Once impregnated with sulfate, the sulfated solid oxide can be dried by any
suitable method including, but not limited to, suction filtration followed by evaporation, drying under
vacuum, spray drying, and the like, although it is also possible to initiate the calcining step
imrnediately.

[0070] According to another aspect of the present disclosure, the activator-support suitable for use
in preparing the catalyst compositions of this disclosure comprises an ion-cxchangeable activator-
sapport, including but not himited to silicate and aluminosilicate compounds or minerals, either with
layered or non-layered structures, and combinations thereof. In another aspect of this disclosure, ion-
exchangeable, layered aluminosilicates such as pillared clays can be used as activator-supports. When
the acidic activator-support comprises an ion-cxchangeable activator-support, it can optionally be
treated with at least one clectron-withdrawing anion such as those disclosed previously herein, though
typically the ion-exchangeable activator-support is not treated with an electron-withdrawing anion.
[0071] According to another aspect of the present disclosure, the activator-support suitable for use
in the catalyst compositions of the present disclosure can be, or can comprise, a pillared clay, such as a
pillared montmorillonite, optionally treated with fluoride, chloride, or sulfate; phosphated alumina or
other alurmnophosphates optionally treated with sulfate, fluoride, or chloride; or any combination of
the above. Further, any of these activator-supports optionally can be treated with a metal ion, as
previously disclosed herein for the sohd oxide activator-support.

[0072] According to another aspect of the present disclosure, the activator-support of this
disclosure comprises clay minerals having exchangeable cations and layers capable of expanding.
Typical clay mineral activator-supports include, but are not limited to, ton-exchangeable, layered
alurminosilicates such as pillared clays.

[0073] According to yet another aspect of the present disclosure, the clay materials of this
disclosure encompass materials either in their natural state or that have been treated with various ions
by wetting, ion exchange, or pillaring. Typically, the clay material activator-support of this disclosure
comprises clays that have been ion exchanged with large cations, including polynuclear, highly
charged metal complex cations. However, the clay material activator-supports of this disclosure also
encompass clays that have been ion exchanged with simple salts, inchuding, but not limited to, salts of

AT, Fe(1l), Fe(Ill), and Zn(Ily with ligands such as halide, acetate, sulfate, nitrate, or nitrite.
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[0074] According to one aspect of the present disclosure, the activator-support comprises a
pillared clay. The term “pillared clay” s used to refer to clay materials that have been ion exchanged
with large, typically polynuclear, highly charged metal complex cations. Nonhlimiting examples of
such ions include Keggin ions which can have charges such as 7+, various polyoxometaliates, and
other large ions. Thus, the term “pillaring” refers to a simple exchange reaction in which the
exchangeable cations of a clay material are replaced with large, highly charged ions, such as Keggin
ions. These polymeric cations are then immobilized within the interlayers of the clay and when
calcined are converted to metal oxide “pillars,” effectively supporting the clay layers as column-like
structures. Thus, once the clay s dried and calcined to produce the supporting pillars between clay
layers, the expanded lattice structure is maintained and the porosity is enhanced. The resulting pores
can vary in shape and size as a function of the pillaring material and the parent clay material used.
Pillaring and pillared clays are described in more detail in: T.J. Pinnavaia, Science 220 (4595), 365-
371 (1983); M. Thomas, Intercalation Chermstry, (5. Whittington and A. Jacobson, Eds.) Ch. 3, pp.
55-99, Academic Press, Inc., (1972}, U.S. Patent Nos. 4,452,910, 5,376,611, and 4,060,480; cach of
which is incorporated herein by reference in its entirety.

[0075] The pillaring process utilizes clay minerals having exchangeable cations and layers capable
of expanding. Any pillared clay that can enhance the polymerization of olefins in the catalyst
composition of the present disclosure can be used. Therefore, suitable clay minerals for pillaring
include, but are not limited to, allophanes; smectites, both dioctahedral (Al) and tri-octahedral (Mg}
and derivatives thercof such as montmorillonites (bentonites), nontronites, hectorites, or laponites;
halloysites; vermiculites; micas; fluoromicas; chlorites; mixed-layer clays; fibrous clays including but
not limited to sepiolites, attapulgites, and palygorskites; a serpentine clay; illite; laponite; saponite; and
any combination thereof. In one aspect, the pillared clay activator-support comprises bentonite or
montmorillonite. The principal component of bentonite is montmorilionite.

[0076] In some aspects of this disclosure, the pillared clay can be pretreated. For example, a
pillared bentonite can be pretreated by drying at about 300 °C under an inert atmosphere, typically dry
nitrogen, for about 3 hours, before being added to the polymerization reactor. Although an exemplary
pretreatment is described herein, it should be understood that the pretreating can be carried out at
many other temperatures and times, including any cornbination of temperaturc and time steps, all of

which are encompassed by this disclosure.



WO 2015/171588 PCT/US2015/029205

23

[0077] The activator-support used to prepare the catalyst compositions of the present disclosure
can be combined with other norganic support materials, including, but not himited to, zeolites,
ingrganic oxides, phosphated inorganic oxides, and the like. In one aspect, typical support materials
that can be used include, but are not limited to, silica, silica-aluming, alumina, titamia, zirconia,
magnesia, boria, thoria, aluminophosphate, aluminum phosphate, silica-titania, coprecipitated
stlica/titania, mixtures thereof, or any combination thercof,
[0078] In an embodiment, a process of making activator-supports comprising inorganic support
materials can include precipitation, co-precipitation, mmpregnation, gelation, pore-gelation, calcining
{at up to 900 °C), spray-drying, flash-drying, rotary drying and calciming, milling, steving, and the
like, or combinations thercof.
[0079] In an embodiment, an organoaluminum compound suitable for use in the present disclosure
comprises an alkylahiminum compound. For example, the organocaluminum compound can comprise
a trialkylaluminum compound, having the general formula AIR;.  Nonlimiting exaroples of
trialkvialuminmam compounds suitable for use in the present disclosure include triisobutylaluminum
{TiBA or TiBAl}), tri-n-butylaluminum (TNBA); tri-octly-butylaluminum (TOBA); triethylaluminum
(TEA}; and/or other appropriate alkyl-aluminum coroplexes, or combinations thercof. Additionally,
partially hydrolyzed alkylaluminum compounds and/or aluminoxanes can be used. In an embodiment,
the organoalurninum compound comprises a compound represented by the geveral formula:
Gy a0

AlX )p(x )q
wherein X’ is a halide, hydrocarbyloxide group, hydrocarbylamino group or combinations thereof; X
is a hydrocarbyl group having up to 18 carbon atoms; p ranges from 0to 2; and g s 3 —p).
[0080] In an embodiment, a catalyst system suitable for use in the present disclosure comprises an
ansa-metallocene compound {e.g., metallocene compound characterized by structure (16)), an
activator-support {e.g., sulfated alunmina); and an organoaluminum corapound (c.g., TIBA).
[0081] In an alternative embodiment, a catalyst system suitable for use in the present disclosure
compriscs an unbridged metallocene compound (e.g., metallocene compound characterized by

structure (3)), an activator-support (¢.g., sulfated alumina); and an organcaluminum compound (e.g.,

TiBA).
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[0082] In an embodiment, a monomer (e.g., ethylene) and comonomer can be polymerized using
the methodologics disclosed herein to produce a copolymer of the type disclosed herein (e.g.,
metatlocene~catalyzed polyethylene copolymer). In an embodiment, the comonomer can comprise
unsaturated hydrocarbons having from 3 to 20 carbon atoms. In an embodiment, the PE copolymer 1s
a polymer of ethylene with one or more comonomers such as alpha olefins. Nonlimiting examples of
alpha olcfins suitable for use as comonomers in the present disclosure include propylene, 1-butene, 1-
pentene, I-hexene, 3-methyl-1-butene, 4-methyl-1-pentene, I-heptene, -octene, 1-nonene, 1-decene,
and the like, and combinations thereof. In an embodiment, the comonomer comprises I-butene, 1-
hexene, 1-octene, or combinations thereof. In an embodiment, the comonomer comprises 1-hexene.
[0083] In an embodiment, a metallocene-catalyzed polyethylene copolymer of the type described
hercin can comprise a comonomer in an amount of cqual to or greater than about 0.6 wt.%,
alternatively greater than about 0.7 wt.%, or alternatively greater than about 1 wit.%, based on the total
weight of the copolymer.

[0084] In an embodiment, a metallocene-catalyzed polyethylene copolymer of the type described
herein can be characterized by a density of less than about 0.965 g/cc, alternatively less than about
0.962 g/ce, or alternatively less than about 0.958 g/ce, as determined in accordance with ASTM
D1505.

[0085] In an embodiment, a metallocene-catalyzed polyethylene copolymer of the type described
herein is an unimodal resin. Herein, the “modality” of a polymer resin refers to the form of its
molecular weight distribution curve, 1.¢., the appearance of the graph of the polymer weight fraction as
a function of its molecular weight. The polymer weight fraction refers to the weight fraction of
melecules of a given size. A polymer having a molecular weight distribution curve showing a single
peak can be referred to as a unimodal polymer, a polymer having curve showing two distinct peaks
can be referred to as bimodal polymer, a polymer having a curve showing three distinet peaks can be
referred to as trimodal polymer, etc.  Polymer modality can be deterroined using any suitable
methodology, such as for example as described in ASTM D6474 and/or as described in the Examples
section of this disclosure later herein. Polymer modality could be determined by using size exclusion
chromatography (SEC) and/or gel permeation chromatography (GPC).

[0086] In an cmbodiment, a metallocene-catalyzed polyethylene copolymer of the type described

herein can be characterized by a weight average molecular weight (M) of from about 10 kg/mol to
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about 135 kg/mol; alternatively of from about 30 kg/mol to about 130 kg/mol; or alternatively of from
about 50 kg/mol to about 125 kg/mol; a number average molecular weight (M,) of from about 2
kg/mol to about 60 kg/mol, alternatively from about 6 kg/mol to about 50 kg/mol; or alternatively
from about 10 kg/mol to about 45 kg/mol; and a z-average molecular weight (M) of from about 25
kg/mol to about 260 kg/mol, alternatively from about 75 kg/mol to about 250 kg/mol; or alternatively
from about 125 kg/mol to about 245 kg/mol. The weight average molecular weight describes the size
average {e.g., molecular weight distribution) of a polymer composttion and can be calculated

according to equation 1:

N.M?
M, = L 0
Zz’NiMi

wherein N 1s the number of roolecules of molecular weight M. All molecular weight averages are
expressed in gram per mole (g/mol) or Daltons (Da), or in kg/mol or kDDa. The number average
molecular weight is the common average of the molecular weights of the individual polymers and can
be calculated by measuring the molecular weight M; of N, polymer molecules, summing the weights,

and dividing by the total nuraber of polymer molecules, according to equation 2:

_Zl-NiMi

D ®

wherein N; s the number of molecules of molecular weight Af. The z-average molecular weight is a

higher order molecular weight average which is calculated according to equation 3:

Zz‘NiMl?

M, = —ZlNi IVE 3)

wherein N, i3 the number of molecules of molecular weight A4,
[0087] In an embodiment, a metallocene-catalyzed polyethylene copelymer of the type described
herein can be characterized by a molecular weight distribution (MWD) of from about 2 to about 6,

alternatively from about 2.5 to about 5.5, or alternatively from about 2.7 to about 5. The MWD is the
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ratio of the My, to the M, (Mw/M,), which can also be referred to as the polydispersity index (PDI) or
roore simply as polydispersity.

[0088] In an embodiment, a metallocene-catalyzed polyethylene copolymer of the type described
herein can be further characterized by a ratio of the M, to the My, (M,/My) of from about 1.7 to about
2.7, alternatively from about 1.8 to about 2.5, or alternatively from about 1.9 to about 2.3, The ratio
M,/ M, is another indication of the breadth of the MWD of a polymer.

[0089] In an embodiment, a metallocene-~catalyzed polyethylene copolymer of the type described
herein can be further characterized by a ratio of the M, to the M, (M,/M,,) of from about 4 to about 15,
alternatively from about 4.5 to about 11, or alternatively from about 3 to about 9. The ratio My/M; is
yet another indication of the breadth of the MWD of a polymer.

[0090] In an cmbodiment, a metallocene-catalyzed polyethylene copolymer of the type described
herein can be further characterized by a melt index (M) under a force of 2.16 kg (1216} of greater than
about 0.8 gram per 10 minutes (g/10 nun), alternatively greater than about 0.9 g/10 min, alternatively
greater than about 1 g/10 min, or alternatively greater than about 2 g/10 min. The melt index (M1}
refers to the amount of a polymer which can be forced through a melt indexer orifice of 0.0825 inch
diameter when subiected to a force of 2160 grams i ten wminutes at 190 °C, as determined in
accordance with ASTM D1238.

[0091] In an embodiment, a metallocene-catalyzed polyethylene copolymer of the type described
herein can be further characterized by the degree and nature of branching present in the individual
components of the polymer composition and/or in the polymer composition as a whole. Short chain
branching (SCB) is known for its effects on polymer properties such as stiffness, tensile properties,
heat resistance, hardness, permeation resistance, shrinkage, creep resistance, transparency, stress crack
resistance, flexibility, impact strength, and the solid state properties of semi-crystalline polymers such
as polyethylene. For purposes of the disclosure herein, SCB 1s defined as comprising chains that have
a number of carbon atoms ranging from about 1 carbon atom to about 18 carbon atoms, alternatively
from about 3 carbon atoms to about 10 carbon atoms, or alternatively from about 4 carbon atoms to
about 6 carbou atoms. In an embodirent, SCB comprises butyl branches.

[0092] SCB content can be determined as the number of short chain branches per 1,000 carbon
atoms (SCB/1,000 carbons). In an embodiment, a metallocene-catalyzed polyethylene copolymer of

the type described herein can be characterized by a short chain branching content (for the composition
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as a whole} of greater than about 0.6 SCB/1,000 carbons, alternatively greater than about 0.8
SCB/1,000 carbons, or alternatively greater than about 1 SCB/1,000 carbons.

[0093] In an embodiment, a metallocene-catalyzed polyethylene copolymer of the type described
herein can be characterized by a Cs to Cig (2.2, propyl, butyl, pentyl, hexyl, to octadecyl) branching
content (for the composition as a whole} of greater than about 0.1 s to Cix branches per 1,000
carbons, alternatively greater than about 0.5 C; to Cys branches per 1,000 carbons, or alternatively
greater than about 0.9 C; to Cig branches per 1,000 carbouns. Generally, propyl branching can be used
as an indication of comonomer {e.g., 1-pentene) incorporation in the copolymer (¢.g., PE copolymer);
butyl branching can be used as an indication of comonomer (c.g. 1-hexene) incorporation in the
copolymer {¢.g., PE copolymer}; hexyl branching can be used as an indication of comonomer (e.g., 1-
octene) incorporation in the copolymer {¢.g., PE copolymer); cte.

[0094] In an embodiment, a metallocene-catalyzed polyethylene copolymer of the type described
herein can be characterized by a butyl branching content (for the composition as a whole) of greater
than about 0.1 butyl branches per 1,000 carbons, alternatively greater than about 0.5 butyl branches
per 1,000 carbons, or alternatively greater than about 0.9 butyl branches per 1,000 carbons. Generally,
butyl branching can be used as an indication of comonomer {e.g., 1-hexene) ncorporation in the
copolymer (e.g., PE copolymer).

[0095] Branching countent (C; to Ciz) can be measured i copolymers by using classical 13C
nuclear magnetic resonance (NMR) spectroscopy techniques on NMR spectrometers, such as for
examiple on a Varian Inova-500 spectrorncter. Mcthods for the determination of type and number of
short chain branching are described in more detail in Randall, J. C., Hsieh, E. T., NMR and
Macromolecules; Sequence, Dynamic, and Domain Structure, ACS Symposium Series 247, J. C.
Randall, Hd., American Chemical Society, Washington D.C., 1984, which is incorporated by reference
herein in its entirety.

[0096] In an embodiment, a metallocene-~catalyzed polyethylene copolymer of the type described
herein can be characterized by a Carreau-Yasuda “a’ parameter of greater than about 0.4, alternatively
greater than about (.45, or alternatively greater than about 0.5. The Carrcan~-Yasuda ‘a’ parameter
{CY-a) is defined as a rheological breadth parameter. Rheological breadth refers to the breadth of the
transition region between Newtonian and power-law type shear rate for a polymer or the frequency

dependence of the viscosity of the polymer. The rheological breadth is a function of the relaxation
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time distribution of a polymer, which in turn is a function of the polymer molecular structure or
architecture. The CY-a parameter can be obtained by assaming the Cox~-Merz rule and calculated by
fitting flow curves generated in linear-viscoelastic dynamic oscillatory frequency sweep experiments
with a modified Carrcau-Yasuda {CY) model, which is represented by equation 4:

n—1

@ =n,1+(,0f ]« @

wherein

| 7" (w) | = magnitude of the complex shear viscosity (Pa-s);

n, = zero shear viscosity (Pa-s) [defines the Newtonian platcau];

o = angular frequency of oscillatory shear deformation (i.e., shear rate (1/s8));
a =rheological breadth pararoeter;

7, = viscous relaxation time {s) [describes the location in time of the transition region};

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

[0097] To facilitatc model fitting, the power law constant n is held at a constant value (e,
0.1818). The dynamic shear viscosities can be measured experimentally, and the data can be fit to the
CY equation 4 to determine 77, values and other rheological parameters. Details of the significance
and interpretation of the CY model and derived parameters can be found in: C. A. Hieber and H. H.
Chiang, Rheol. Acta, 28, 321 (1989); C.A. Hicber and HH. Chiang, Polym. Eng. Sci., 32, 931 {1992);
and R. B. Bird, R. C. Armstrong and O. Hasseger, Dynamics of Polvmeric Liquids, Volume [, Fhad
Mechanics, 2nd Edition, John Wiley & Souns (1987), cach of which is incorporated by reference herein
in tis entirety.

[0098] The zero shear viscosity (77, ) refers to the viscosity of the polymer at a zero shear rate and
is indicative of the molecular structure of materials. Further, for polymer melts, the zero shear
viscosity is often a useful indicator of processing attributes such as melt strength in blow-molding and
foam technologics and bubble stability in film blowing. For example, the higher the zero shear
viscosity, the better the melt strength or bubble stability. To an erabodiment, a metallocene-catalyzed
polyethylene copolymer of the type described herein can be characterized by a zero shear viscosity
{(n, ), defined by equation 4, 1o the range of from about 1x107 Pa-s to about 5x10° Pa-s, alternatively
from about 5x10” Pa-s to about 4.5x10° Pa-s, or altcrnatively from about 1x10° Pa-s to about 4x10°

Pa-s.
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[0099] In an embodiment, a metallocene-catalyzed polyethylene copolymer of the type described
heretn can be characterized by a viscous relaxation tiroe (7)), defined by equation 4, of less than about
1.3x107 seconds, alternatively less than about 1.2x107 seconds, or alternatively less than about
1.1x107 seconds. The relaxation rate refers to the viscous relaxation times of the polymer and is
mndicative of a distribution of relaxation times associated with the wide distribution of molecular
weights,

[00100] Polymers of the type disclosed herein (c.g., metallocene-catalyzed polyethylene
copolymers} can be formed mto articles of manufacture or end-use articles using any suitable
technique such as blown and cast film extrusion, blow molding, injection molding, fiber spinning,
thermoforming,

[00101] In an embodiment, copolymers of the type described herein (e.g., metallocene-catalyzed
polyethylene copolymers) can be fabricated nto a film. The filvos of this disclosure can be produced
by any suttable method and under any suitable condition for the production of films. In an
cmbodiment, the copolymers arc formed nto films through a cast film process. In a cast film process,
plastic melt is extruded through a slit die, usually horizontally to form a thin film. The thin film comes
into contact with a chill roll. Good contact between the moklten polymer and the roll is done by use of
an air knife that holds the contact by applying a wide jet of air across the width of the roller. In cast
film, the film is oriented uniaxially in the machine direction. The films formed from copolymer resing
of this disclosure {¢.g., metallocene-catalyzed polyethylene copolymersy can be of any thickness
desired by the user. Alternatively, the copolymers this disclosure can be formed into films having a
thickness of from about 0.1 millimeters (mils) to about 5 mils, alternatively from about 0.2 mils to
about 2 mils, or alternatively from about 0.3 mils to about 1.65 mils.

[00102] In an cmbodiment, films formed from copolymers of this disclosure (c.g., metallocene-
catalyzed polyethylene copolymers) can display enhanced barrier properties. For example, said films
can display a reduced moisture vapor transmission rate (MVTR) when compared to films formed from
homopolymers produced with otherwise similar catalysts systems (e.g., metallocenc-catalyzed
polyethylene homopolymers). As will be appreciated by one of skill in the art, and with the help of
this disclosure, a homopolymer can comprise an incounsequential amount of comonomer and still be
considered a homopolymer. Herein, an inconsequential amount of a comonomer refers to an amount

that does not substantively atfect the properties of the homopolyraer. For example, a comonomer can
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bie present in an amount of less than about 0.5 wt.%, 0.3 wt.%, or 0.1 wt.% based on the total weight
of homopolymer.

[00103] In an embodiment, I-mil monolayer films produced from copolymers of this disclosure
(e.g., metallocene-catalyzed polycthylenc copolymer) can have an MVTR of less than about 0.90
grams mil per 100 square inch per day (g-mil/100 in’/day), alternatively less than about 0.75 g-mil/100
in*/day, alternatively less than about 0.60 g-mil/100 in*/day, or alternatively less than about 0.50 g-
mil/100 in’/day, as measured in accordance with ASTM F1249 at 100 °F and 100% relative humidity
(RH). The MVTR measures passage of gaseous water (H,(O) through a barrier {(e.g., a film barrier).
The MVTR can also be referred to as the water vapor transmission rate (WVTR). Typically, the
MVTR is measured in a special chamber, divided vertically by the substrate/barrier material {e.g.,
film). A dry atrmospherce is in onc charaber, and a rooist atmosphere is in the other. A 24-hour test is
run to see how much moisture passes through the substrate/barrier from the “wet” chamber to the
“dry” chamber under conditions which can specify any one of five combinations of temperature and
humidity in the “wet” chamber. The lower the transmission rate (MVTR}, the better is the film at
blocking moisture {¢.g., the better the barrier properties of the film).

[00104] In an embodiment, a metallocenc-catalyzed polyethylene copolymer when tesied in
accordance with ASTM F1249 can have an MVTR that is about the same, alternatively decreased by
at least 5%, alternatively decreased by at least 10%, or alternatively decreased by at least 15% when
compared to an MVTR determined in accordance with ASTM F1249 of an otherwise similar
metallocenc-catalyzed polyethylene homopolymer. In such embodiment, the homopolymer can have
a density that is equal to or greater than a density of the copolymer.

[00105] In an embodiment, a mctallocene-catalyzed polycthylene copolymer having a density of
less than about .96 g/cc, when tested in accordance with ASTM F 1249 can have an MVTR that is
about the same, alternatively decreased by at lcast 5%, alternatively decreased by at least 10%, or
alternatively decreased by at least 15% when corapared to an MVTR deterrained 1o accordance with
ASTM F1249 of an otherwise similar metallocene-catalyzed polyethylene homopolymer having a
density of equal to or greater than about .96 g/cc.

[00106] in an cmbodiment, the films produced from copolymers of this disclosure (eg,
metallocenc-catalyzed polyethylene copolymer) can be used in the formation of any variety of end-use

articles. These end-use articles can include without limitation merchandise bags, t-shirt bags, trash can
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liners, grocery sacks, produce bags, food packaging containers, food packaging for contents such as
cereals, crackers, cheese, meat, etc., shrink wrap and other tierns. Other nonlimnting examples of end-
use articles include containers {e.g., food packaging countainer), cups, trays, pallets, toys, or a
component of another product. In an embodiment, the copolymers disclosed herein (e.g., metallocene-
catalyzed polyethylene copolymers) can be formed into films which can be useful in food packaging.
[00107] In an cmbodiment, the films produced from copolymers of this disclosure (c.g.,
roetallocene-catalyzed polyethylene copolymers) can advantageously displays iroproved mechanical
properties {e.g., impact and tear properties), as compared to films produced from homopolymers of
equal or higher densities than the density of the copolymers of this disclosure (e.g., metallocene-
catalyzed polyethylene copolymers).  Generally, resin manufacturers target high density
homopolymer resins for mamufacturing films for food packaging. However, these high densities
limit other aspects of film performance, such as for example fmpact and tear properties. The films
produced from copolymers of this disclosure (e.g., metallocenc-catalyzed polycthylene copolymers)
can advantageously provide good barrier performance at lower densities, thereby combining good
barrier performance with good impact and tear properties.

[00108] In an embodiment, the negative impact that a lower density can have on barter
properties can be advantageously overcome by lower M, and 7, values for the copolymers of this
disclosure (c.g., metallocene-catalyzed polyethylene copolymer). Adjusting the molecular weight
and rheology pararacters of the copolymers can produce a product {c.g., film) with good MVTR
performance when compared to homopolymers. The copolymers of this disclosure {(e.g.,
metallocenc-catalyzed polycthylene copolymers) can be expected to have better strength (tcar and
impact) than higher density resins. Such and additional advantages of the copolymers of this
disclosure {e.g., metallocenc-catalyzed polyethylene copolymer) can be apparent to one of skill in
the art viewing this disclosure.

EXAMPLES

[00109] The subject matter having been generally described, the following examples are given as
particular embodiments of the disclosure and to demonstrate the practice and advantages thercof. Itis
understood that the examples are given by way of illustration and are not mtended to hmit the
specification of the claums to follow 1 any manner. The following testing procedures were used to

evaluate the various polymers and compositions.
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[00110] Copolymer density was determined in grams per cubic centimeter {g/cc} on a compression
roolded sample, cooled at about 15°C per hour, and conditioned for about 40 hours at room
temperature tn accordance with ASTM D1505 and ASTM D928, procedure C.
[00111] Molecular weight (M, and M, ) values were obtained according to ASTM D6474.
[00112] Rheology measurements were made as follows: Strains were generally maintained at a
single value throughout a frequency sweep, but larger straim values were used for low viscosity
samples to maintain a measurable torque. Smaller strain valoes were used for high viscosity samples
to avoid overloading the torque transducer and to keep within the linear viscoelasitc limits of the
sample. The instruroent automatically reduces the stram at high frequencies if necessary to keep from
overloading the torque transducer. These data were fit to the Carreau-Yasuda equation to determine
zero shear viscosity (77, }, viscous relaxation time (7;,), and a measure of the breadth of the relaxation
time distribution (CY-a). The Carrcau-Yasuda (CY) model is represented by Equation (4}, as
described previously herein. To facilitate model fitting, the power law constant n was held at a
constant value of 0.1818.
[00113] MVYTR was measured in accordance with ASTM F1249.

EXAMPLE 1

[00114] Copolymers of the type described heremm {e.g., metallocene-catalyzed polyethylene
copolymers) were prepared using 1-hexene as a comonomer and a catalyst system comprising a single
metallocene complex (c.g., metallocene characterized by structure (16) or structure (5)), a solid oxide
activator-support {¢.g., sulfated alumina or S-SSA) and an organcaluminum compound {e.g.,
triusobutylaluminum (TiBA or TiBAl). The metallocene characterized by structure (5) 18 an
unbridged Zr metallocene, and the metallocene characterized by structure (16) is a bridged Zr
metatlocene. PE homopolymers were used for comparison and were prepared without a comonomer
while using similar catalyst systems comprising a single metallocene complex {(¢.g., metallocene
characterized by structure (16} or structure (5)), a solid oxide activator-support (e.g., sulfated alumina)
and an organoaluminurg corapound (e.g., trisobutylalummum (TiBA or TIBAD).

[00115] The metaliocene characterized by structure (5) was used for preparing samples 1, 2, 3, and
4, out of which sample 1 was a PE homopolymer, and samples 2, 3, and 4 were PE copolymers (e.g.,
metallocene-catalyzed polyethylene copolymers). Table 1 displays the reaction conditions used for

preparing samples 1, 2, 3, and 4. The metallocene characterized by structure (16) was used for
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preparing samples 5, 6, 7, & and 9, out of which samples 5 and 8 were PE homopolymers, and samples

6, 7, and 9 were PE copolymers (e.g., metallocenc-catalyzed polyethylene copolymers). Table 2
displays the reaction conditions used for preparing samples 5, 6, 7, 8 and 9.
Table 1
Sample D # i 2 3 4
Reactor Conditions
Catalyst iD structure structure structure structure
(5) ) &) (5)
Catalyst weight {mg] 3 3 3 3
Thne {min] 40 40 44 37
Temperature {°C] 90 90 50 90
Pressure {psig| 390 390 390 390
HyC, {ppm wi. ratio} 125 100 83 125
i-hexene i} 0 6 15 10
Support weight {mg} 300 300 300 300
TiBAL {mbs 1M} 0.6 0.6 0.6 0.6
Solid PE {g] 381 393 391 400
Table 2
Sample 1D # 5 6 7 8 9
Reactor Conditions
Catalyst ID structure | structure | structure | structure | structure
(16) {16) (16} (16) (16}
Catalyst weight [mg] 3 3 3 3 3
Time iminj 40 40 40 40 37
Temperature 1°Cl 95 95 95 35 95
Pressure Ipsig] 420 420 420 420 420
Hy/Cy Ippm wt. ratio] 350 325 350 350 275
i-hexene [ef { 4 4 0 16
Support weight img} 300 360 360 300 300
TiBAL Pmbs 1M 0.6 0.6 0.6 0.6 0.6
Solid PE ig} 275 359 297 319 364
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Various polymer (e.g., resin, homopolymer, copolymer, etc.) propertics were assessed and
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the results are presented in Table 3 for saraples 1, 2, 3, and 4, and in Table 4 for samples 5, 6, 7, &, and

9 in Table 4. Each polymer sample was formed into a film by cast film obtained with a Randcastle

cast film, model RC-0625-CF and the film MVTR values are also presented in Tables 3 and 4.

Table 3
Sample ID # 1 2 3 4

Resin Properties

M, [kg/mol] 15 21 25 28

M., [ke/mol] 98 100 96 114

M, [kg/mol] 233 208 207 236

™ [Pa-s] 383107 | 3.6¢10° | 2.8x10° | 5.8%10°

CY-a 0.53 0.56 0.58 0.57

% Is] 12307 | Li<10™ | 8.5x107 | 1.4x107

Density Ig/ec) 0.9634 0.9551 | 09496 | 0.9495

Butyl branches [#/1,000 carbons| (.00 0.58 1.03 1.01

Short chain branches [#/1,000 carbons] 0.07 (.67 1.07 1.05

MVTR [g-mil/ 100 in’/day] 0.63 0.53 0.41 0.84

Table 4
Sample 1D # ) 6 7 8 b

Resin Properties
M, [kg/mol] 32 36 33 39 32
M fkg/mol] 100 99 G4 114 Q4
M, [ke/mol] 232 208 199 309 204
7 [Pa-s] 324100 | 2.9xi0° | 2.5x10° | 5.0710° | 3.5x10
CY-a 0.46 0.46 0.48 0.37 0.44
% [s] 592107 | 3.9x107 | 3.8x107 | 722107 | 5.9x10°
Density [g/ce] 0.9564 0.9425 0.9457 | 0.9556 0.9385
Buivl branches [#/1,000 carbons] 0.00 1.55 1.20 0.00 3.33
short chain [#/1,060 carbons] 0.58 1.94 1.64 0.51 3.74
branches
MVTR [g-mil/ 108 in"/day] 0.67 0.64 0.65 0.96 0.70
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[00117] While a general consensus seems to be that the higher the density of a polymer film, the
lower the MVTR (i.¢., the better the barrier properties of such film), the data in Tables 3 and 4 1ndicate
that there are other polymer properties that could be better indicators for the MVTR values. For
example, the data from Table 3 suggests that a lower M, value and/or a lower 7 value for a particular
type of polymer could be a better indicator for a lower MVTR as opposed to the density. Samples 3
and 4 have very similar densities. However, sample 3 has an MVTR that is less than half the MVTR
for sample 4, and this appears to correlate with a lower M, and also a lower 7, for sample 3 when
compared to sample 4. Further, while sample | has the highest density among the samples in Table 3,
it does not display the lowest MVTR. Samples 2 and 3 both have lower MVTR values when
compared to sample 1, and this correlates further with a lower M, and also a lower 7, for samples 2
and 3 when compared to saraple 1.

[00118] The data from Table 4 also suggests that a lower M, value and/or a lower 7, value for a
particular type of polyroer could be a better indicator for a lower MVTR as opposed to the density.
Sample ¥ has a higher density when compared to samples 6, 7, and 9. However, sample 8 has an
MVTR that 15 much higher than the MVTR value for saraples 6, 7, and 9, and this appears to corrclate
with a lower M, and also a lower 7, for samiples 6, 7, and 9 when compared to sample 8.

ADDITIONAL EMBODIMENTS
[00119] The following arc cnurnerated ermbodiments which are provided as non-limiting exaraples:

[00120] A first embodiment, which is a metallocene-catalyzed polyethylene copolyrmer having a
zero shear viscosity (77, ) of from about 1%10" Pa-s to about 5x10° Pa-s and a ratio of a z-average
molecular weight to a number average molecular weight (M,/M,} of from about 4 to about 15, and
when tested in accordance with ASTM F1249 displays a moisture vapor transmission rate of less than
or equal to about 0.9 g-mil/100 in*/day.

[00121] A sccond embodiment, which 18 the copolymer of the first embodiment comprising an
alpha olefin comonomer.

[00122] A third embodiment, which is the copolymer of any of the first through second
cmbodiments having a short chain branching content of greater thav about 0.6 short chain branches per

1,000 carbon atoms.
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[00123] A fourth embodiment, which is the copolymer of any of the first through third
embodiments having a C; to €3 branching content of greater than about (.1 C; to Cyg branches per
1,000 carbon atoms.

[00124] A fifth cmbodiment, which is the copolymer of any of the first through fourth
embodiments wherein the alpha olefin comonomer comprises 1-hexene, l-octene, or combinations
thereof.

[00125] A sixth embodiment, which is the copolymer of any of the first through fifth erabodiments
wherein the alpha olefin comonomer comprises 1-hexene.

[00126] A seventh ermbodiment, which is the copolymer of any of the first through sixth
embodiments having a butyl branching content of greater than about 0.1 butyl branches per 1,000
carbon atoms.

[00127] An eighth embodiment, which is the copolymer of any of the first through seventh
embodiments having a density of less than about 0.965 g/cc.

[00128] A ninth embodiment, which is the copolymer of any of the first through ecighth
embodiments having a molecular weight distribution (M/M,) of from about 2 to about 6.

[00129] A tenth cwobodiment, which is the copolymer of any of the first through winth
embodiments having a ratio of the z-average molecular weight to a weight average molecular weight
{(M,/ M) of froma about 1.7 to about 2.7.

[00130] An cleventh embodiment, which is the copolymer of any of the first through tenth
cmbodiments having a weight average molecular weight (M) of from about 10 kg/mol to about 135
kg/mol.

[00131] A twelfth embodiment, which s the copolymer of any of the first through eleventh
embodiments having a z-average molecular weight (M,) of from about 25 kg/mol to about 260 kg/mol.
[00132] A thirteenth embodiment, which is the copolymer of any of the first through the twelfth

embodiments having a viscous relaxation time (7, } of less than about 1.3 107 seconds.

[00133] A fourtcenth embodiment, which is the copolymer of any of the first through thirteenth
cmbodiments having a number average molecular weight (M,) of from about 2 kg/meol to about 60
kg/mol.

[00134] A fifteenth cmbodiment, which is the copolymer of any of the first through fourtcenth

. A . . . - ) .~ 3
embodiments having a zero shear viscosity of from about 3x10° Pa-s about 4.5x10" Pa-s.
E ¥,
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[00135] A sixteenth embodiment, which is the copolymer of any of the first through fifteenth
cmbodiments having a deunsity of less than about 0.962 g/cce.

[00136] A seventeenth embodiment, which is the copolymer of any of the first through sixteenth
embodiments having a melt mdex (I46) of greater than about 0.8 g/10 min as determined
accordance with ASTM DI1238.

[00137] An cighteenth embodiment, which is the copolymer of any of the first through scventeenth
cmbodiments having a CY-a parameter of greater than about 0.4,

[00138] A nincteenth embodiment, which is a film made from the copolymer of any of the first
through eightcenth embodiments.

[00139] A twenticth embodiment, which is a food packaging container comprising the film of the

nineteenth embodiment.

[00140] A twenty-first embodiment, which is the copolymer of any of the first through cighteenth
embodiments wherein the metallocene catalyst comprises a bridged metaliocene compound.

[00141] A twenty-second embodiment, which 1s the copolymer of any of the first through the
twenty-first embodiments wheretn the metallocene catalyst comprises an unbridged metallocene
compound.

[00142] A twenty-third embodiment, which is the copolymer of any of the first through the twenty-
second embodiments wherein the metallocene catalyst comprises a single metallocene corapound and
an activator-support further comprising a chemically-treated solid oxide support.

[00143] A twenty-fourth embodiment, which is a metaliocene-catalyzed polyethylene copolymer
which when tested in accordance with ASTM F1249 has a moisture vapor transtoission rate (MVTR)
that is decreased by at least 5% when compared to an MVTR determined in accordance with ASTM

F1249 of an otherwise stmilar metallocene-catalyzed polyethylene homopolymer.

[00144] While embodiments of the invention have been shown and described, modifications
thereof can be made without departing from the spirit and teachings of the invention. The
cmbodiments and examples described herein are exeraplary only, and are not itended to be hmiting.
Many variations and modifications of the invention disclosed herein are possible and are within the
scope of the invention. Where numerical ranges or limitations are expressly stated, such express
ranges or himitations should be understood to include iterative ranges or limitations of like magnitude

falling within the cxpressly stated ranges or hmitations {¢.g., frorn about 1 to about 10 includes, 2, 3, 4,
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ete.; greater than 0.10 inchudes 0.11, 0.12, 0.13, etc.}). Use of the term “optionally” with respect to any
clement of a claim is intended to mean that the subject element is required, or alterpatively, is not
required. Both alternatives are intended to be within the scope of the claim. Use of broader terms
such as comprises, includes, having, cte. should be understood to provide support for narrower terms
such as consisting of, consisting essentially of, comprised substantially of, efc.

[00145] Accordingly, the scope of protection is not limited by the description sct out above but is
only limited by the claims which follow, that scope including all equivalents of the subject matter of
the claims. FEach and every claim is incorporated into the specification as an embodiment of the
present invention.  Thus, the claims are a further description and are an addition to the detailed
description of the present invention. The disclosures of all patents, patent applications, and
publications cited herein arc hercby incorporated by reference, to the extent that they provide

exemplary, procedural or other details supplementary to those set forth herein.
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CLAIMS

A metallocene-catalyzed polyethylene copolymer having a zero shear viscosity (77, ) of from
about 1x10” Pa-s to about 5X10° Pa-s and a ratio of a z-average molecular weight to a number
average molecular weight (M,/M,) of from about 4 to about 15, and when tested in accordance
with ASTM F1249 displays a moisture vapor transmission rate of less than or cqual to about
0.9 g-mil/ 100 in*/day.

The copolymer of claim 1 comprising an alpha olefin comonomer.

The copolymer of clairn 2 having a short chain branching content of greater than about 0.6
short chain branches per 1,000 carbon atoms.

The copolymer of claim 2 having a Cs to Cyg branching content of greater than about 0.1 Cs to
{15 branches per 1,000 carbon atoms.

The copolymer of claim 2 wherein the alpha olefin comonomer comprises f-hexene, 1-octene,
or combinations thereof.

The copolymer of claim 2 wherein the alpha olefin comonomer comprises 1-hexene.

The copolymer of claim 1 having a butyl branching content of greater than about 0.1 butyl
branches per 1,000 carbon atoms.

The copolymer of claim 1 having a density of less than about 0.965 g/cc.

The copolymer of claim 1 having a molecnlar weight distribution (M/M,) of from about 2
to about 6.

The copolymer of claim 1 having a ratio of the z-average molecular weight to a weight
average molecular weight (M,/My) of froma about 1.7 to about 2.7.

The copolymer of claim 1 having a weight average molecular weight (M) of from about 10
kg/mol to about 135 kg/mol.

The copolymer of claim 1 having a z-average molecular weight (M) of from about 25 kg/mol
to about 260 kg/mol.

The copolymer of claim | having a viscous relaxation time (7, ) of less than about 1.3%107
seconds.

The copolymer of claim 1 having a number average molecular weight (M) of from about 2

kg/mol to about 60 kg/mol.
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15. The copolymer of claim 1 having a zero shear viscosity of from about 5%10" Pa-s about
4.5%10 Pa-s.
16, The copolymer of claim 1 having a density of less than about 8.962 g/ce.
17. The copolymer of claim 1 having a melt index (I,.16) of greater than about 0.8 2/10 min as

determined in accordance with ASTM D123&,

18.  The copolymer of claim 1 having a CY-a parameter of greater than about 0.4,

19, A film made from the copolymer of claira 1.

20. A food packaging container comprising the film of claim 19,

2% The copolymer of claim 1 wherein the metalocene catalyst comprises a bridged metallocene
compound.

22, The copolymer of claim 1 wherein the metallocene catalyst comprises an unbridged

metallocene compound.

23. The copolymer of claim 1 wherein the metallocene catalyst comprises a single metallocene
corapound and an activator-support further comprising a cheroically-treated solid oxide
support.

24, A metallocene-catalyzed polycthylene copolymer which when tested in accordance with
ASTM F1249 has a moisture vapor transmission rate (MVTR)} that is decreased by at least
5% when compared to an MVTR determined in accordance with ASTM F1249 of an

otherwise similar metallocene-catalyzed polyethylene homopolymer.



