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dlsclosed herein is a polyethylene filmconprising a
pol ymer conposition having the characteristics of a
total energy dart drop, neasured in accordance with
ASTM D4272, of greater than about 0.45 ft.|bf, a dart
drop i npact strength, nmeasuted in accordance with ASTM
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may be nul ti nodal or show n distinct peaks
corresponding to n polyner conponents of differing
nol ecul ar wei ght distributions. For exanple, a polyner
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skilled in the art. Exanples of additives include, but
are not limted to, antistatic agents, colorants,
stabilizers, nucleators, sufface nodifiers, pi gnment s,
slip agents, antiblocks, tackafiers, polyner
processi ng aids and conbi nati ons thereof In an

enbodi nent, the PE conposition conprises carbon bl ack.
Such additives may be used singularly or in

conbi nati on and may be included in the pol ynmer
conposition before, during or after preparation of the




conprise at |east one loop slurry reactor. Such

reactors are known in the art and may conpri se
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[ 0045] The or ganoal um num conpound used with the
present disclosure may have the fornmula: (R3)3Al; in
which (R3) is an aliphatic group having from2 t
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speci men i npacted by a falling dart under specified
test conditions. Typically, a 3.1 M (1.5 in)

di anet er hem spheri cal head4dart is dropped from 66 cm
(26 in) and inpacts a test specinmen. After passing
through the test specinen, the dart passes through a
speed trap nade of a pair of photoelectric sensors
that neasure the tine it takes for the dart to cover a
given distance. The tine it takes for the dart to pass
through the speed trap after passing through the



Table 1 Resin Description Corments FilmFilmDensity
Han M FILMY (ml) (mcron) (nicm (g/10 mn) (010
mn) Al athon L5005 0.8 20 0.9490 8.38 0.04 210
ExxonMobil HT 0.8 20 0.9524 8.75 0.06 146 Titanex
HP- 0961 0.8 20 0.9486 12.00 0.08 150 MTEO5-4-230X No
FE 0.8 20

may be multimodal or show » distinct peaks corresponding to » polymer components of
differing molecular weight distributions. For example, a polymer having a molecular weight
distribution curve showing a single peak may be referred to as a unimodal polymer, a polymer
having a curve showing two distinct peaks may be referred to as a bimodal polymer, a polymer
having a curve showing three distinct peaks may be referred to as a trimodal polymer, etc.
Polymers having molecular weight distribution curves showing more than one peak may be
collectively referred to as multimodal polymers or resins. Furthermore, the distinct peaks may
correspond to components exhibiting distinct characteristics. For example, a bimodal polymer
resin may show two distinct peaks corresponding to two individual components of differing
molecular weights. Said bimodal polymer resin may have a first component that may be
generally characterized as a higher molecular weight polymer component and a second
component that may be generally characterized as a lower molecular weight polymer
component. Alternatively, superimposition of the molecular weight distribution curves from the
individual components may show a single peak that is broadened in comparison with the curves
for the individual components corresponding to polymer fractions having different but
overlapping molecular weight distributions. In an embodiment, the multimodal PE composition
comprises a bimodal PE base resin. The remainder of the discussion will focus on bimodal PE
compositions with the understanding that other polymeric compositions, for example having
different modality, may be employed in various aspects and embodiments as would be apparent
to one skilled in the art.

[0017] The PE composition and/or individual components of the PE composition may
comprise a homopolymer, a copolymer, or blends thereof. In an embodiment, the components

of the PE composition may be a copolymer comprised of a polymer of ethylene with one or



0.9529 7.98 0.11 73 MIEO5-2-32X No FE 0.8 20 0.9574
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20 0.9535 8.42 0.10 84 MIEO5-2-30X 400 ppm FX9614 0.8
20 0.9537 7.01 0.10 70 D574 AUL336338 700 ppm FX9613
0.8 20 0.951 3.8 0.02

more comonomers such as alpha olefins. In an embodiment, the PE composition comprises a
higher molecular weight ethylene/l-olefin copolymer (HMW) component and a lower
molecular weight ethylene/1-olefin copolymer (LMW) component. The comonomer of the
HMW component of the PE composition may be the same as or different from the comonomer
of the LMW component. Examples of suitable comonomers include without limitation
unsaturated hydrocarbons having from 3 to 20 carbon atoms such as propylene, 1-butene, 1-
pentene, 1-hexene, 3-methyl-1-butene, 4-methyl-1-pentene, 1-heptene, 1-octene, 1-nonene, 1-
decene, and mixtures thereof. In an embodiment, the comonomer for the LMW component and
HMW component of the PE composition is 1-hexene.

[0018] The PE compositions of this disclosure and/or the base PE resin may include other
additives as known to those skilled in the art. Examples of additives include, but are not limited
to, antistatic agents, colorants, stabilizers, nucleators, surface modifiers, pigments, slip agents,
antiblocks, tackafiers, polymer procéssing aids and combinations thereof. In an embodiment,
the PE composition comprises carbon black. Such additives may be used singularly or in
combination and may be included in the polymer composition before, during or after
preparation of the PE composition as described herein. In an embodiment, the compositions
disclosed herein comprise less than about 1 weight percent of nonpolymeric additives. Such
additives may be added via known techniques, for example during an extrusion or compounding
step such as during pelletization or subsequent processing into an end use article.

[0019] The PE compositions disclosed herein fnay have a variety of properties and
parameters described below either singularly or in combination. Methods for determination of

these properties and parameters are known to one of ordinary skill in the art.
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[0020] The molecular weight distribution (MWD) of the PE composition may be
characterized by the ratio of the weight average molecular weight to the number average
molecular weight, which is also referred to as the polydispersity index (PDI) or more simply as
polydispersity. The number average molecular weight (M;) is the common average of the
molecular weights of the individual polymers calculated by measuring the molecular weight of
n polymer molecules, summing the weights, and dividing by n. The weight average molecular

weight (M) of a polymer composition is calculated according to equation 1:

D
= niMi2

w

ZnM,
1

where 7; is the number of molecules of molecular weight M. All molecular weight averages
are expressed in gram per mole (g/mol). Various moments of the MWD include My, My, M,,

and M,.

[0021] In an embodiment, the PE composition of this disclosure has a weight average
molecular weight of from about 180,000 g/mol to about 350,000 g/mol alternatively, from about
180,000 g/mol to about 300,000 g/mol alternatively, from about 200,000 g/mol to about
300,000 g/mol. In an embodiment, the HMW component may have a PDI of equal to or less
than about 5.5, alternatively equal to or less than about 5.0, alternatively equal to or less than
about 4.5, or alternatively equal to or less than about 4.0. In an embodiment, the LMW
component may have a PDI of equal to or less than about 10, alternatively equal to or less than
about 8, alternatively equal to or less than about 7, or alternatively equal to or less than about 6.

The resultant PE composition (i.e. including both the LMW and HMW components) may have
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a broad MWD of equal to or greater than about 8, alternatively equal to or greater than about 10,
or alternatively equal to or greater than about 12.

[0022] The high load melt index (HLMI) represents the rate of flow of a molten resin
through an orifice of 0.0825 inch diameter when subjected to a force of 21,600 grams at 190 °C
as determined in accordance with ASTM D1238. The PE compositions of this disclosure may
have a HLMI of from about 1 g/10min to about 30 g/10min, alternatively from about 2 g/10min
to about 25 g/10min, or alternatively from about 7 g/10min to about 15 g/10min.

[0023] The PE compositions of this disclosure may be further characterized by having a
density of equal to or greater than about 0.940 g/cc, alternatively equal to or greater than about
0.950 g/cc, alternatively equal to or greater than about 0.952 g/cc. The density refers to the
mass per unit volume of polymer and may be determined in accordance with ASTM D1505.
[0024] The PE compositions of this disclosure may be further characterized as having a
limited rheological breadth. Rheological breadth refers to the breadth of the transition region
between Newtonian and power-law type shear rate for a polymer or the frequency dependence
of the viscosity of the polymer. The rheological breadth is a function of the relaxation time
distribution of a polymer resin, which in turn is a function of the resin molecular structure or
architecture. Assuming the Cox-Merz rule, the rheological breadth may be calculated by fitting
flow curves generated in linear-viscoelastic dynamic oscillatory frequency sweep experiments

with a modified Carreau-Yasuda (CY) model, which is represented by the following equation:

B=B [+ (7 [

where

E = viscosity (Pa-s)

y = shear rate (1/s)

a = rheological breadth parameter

T = relaxation time (s) [describes the location in time of the transition region]

g °
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E, = zero shear viscosity (Pa-s) [defines the Newtonian plateau]
n = power law constant [defines the final slope of the high shear rate region]

[0025] To facilitate model fitting, the power law constant is held at a constant value.
Details of the significance and interpretation of the CY model and derived parameters may be
found in: C. A. Hieber and H. H. Chiang, Rheol. Acta, 28, 321 (1989); C.A. Hiebef and H.H.
Chiang, Polym. Eng. Sci., 32, 931 (1992); and R. B. Bird, R. C. Armstrong and O. Hasseger,
Dynamics of Polymeric Liquids, Volume 1, Fluid Mechanics, 2nd Edition, John Wiley & Sons
(1987), each of which is incorporated by reference herein in its entirety.

[0026] In an embodiment, the PE composition of this disclosure has an “eta zero” (Eo )
value of less than about 4x10° Pa.s, alternatively less than about 1x10° Pa.s, alternatively less
than about 9x10* Pa.s when the dynamic complex viscosity versus frequency scan are fitted to
the Carreau-Yasuda equation with an n=0.1818 value. In an embodiment, the PE composition
of this disclosure has an “a” value of greater than 0.30, alternatively greater than 0.40,
alternatively greater than 0.45 wherein the dynamic complex viscosity versus frequency scan
are fitted to the Carreau-Yasuda equation with an n=0.1818 value. In an embodiment, the PE
composition of this disclosure has an “tau eta” (Tx ) value of less than about 5 s, alternatively
less than about 1 s, alternatively less than about 0.55 s wherein the dynamic complex viscosity
versus frequency scan are fitted to the Carreau-Yasuda equation with an n=0.1818 value.

[0027] The PE composition of the present disclosure can be formed by any olefin
polymerization method known in the art, using various types of polymerization reactors. As
used herein, “polymerization reactor” includes any polymerization reactor capable of
polymerizing olefin monomers to produce homopolymers or copolymers. Such homopolymers

and copolymers are referred to as resins, polymers, polyolefins, or PE. These could include
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multiple reactors may include several stages in at least two separate polymerization reactors
interconnected by a transfer device making it possible to transfer the polymers resulting from
the first polymerization reactor into the second reactor. The desired polymerization conditions-
in one of the reactors may be different from the operating conditions of the other reactors.
Alternatively, polymerization in multiple reactors may include the manual transfer of polymer
from one reactor to subsequent reactors for continued polymerization. Multiple reactor systems
may include any combination including, but not limited to, multiple loop reactors, multiple gas
reactors, a combination of loop and gas reactors, multiple high-pressure reactors or a
combination of high pressure with loop and/or gas reactors. The multiple reactors may be
operated in series or in parallel.

[0029] According to one aspect of the disclosure, the polymerization reactor system may
Vcomprise at least one loop slurry reactor. Such reactors are known in the art and may comprise
vertical or horizontal loops. Monomer, diluent, catalyst and optionally any comonomer may be
continuously fed to a loop reactor where polymerization occurs. Generally, continuous

processes may comprise the continuous introduction of a monomer, a catalyst, and a diluent into
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to replace the polymerized monomer. Such gas phase reactors may comprise a process for
multi-step gas-phase polymerization of olefins, in which olefins are polymerized in the gaseous
phase in at least two independent gas-phase polymerization zones while feeding a catalyst-
containing polymer formed in a first polymerization zone to a second polymerization zone. One
type of gas phase reactor is‘disclosed in U.S. Patent Nos. 5,352,749, 4588,790 and 5,436,304,
each of which is incorporated by reference in its entirety herein.

[0033] According to still another aspect of the disclosure, a high-pressure polymerization
reactor may comprise a tubular reactor or an autoclave reactor, both of which are known in the
art. Tubular reactors may have several zones where fresh monomer, initiators, or catalysts are
added. Monomer may be entrained in an inert gaseous stream and introduced at one zone of the
reactor. Initiators, catalysts, and/or catalyst components may be entrained in a gaseous stream
and introduced at another zone of the reactor. The gas streams may be intermixed for
polymerization. Heat and pressure may be employed appropriately to obtain optimal
polymerization reaction conditions.

[0034] According to yet another aspect of the disclosure, the polymerization reactor may
comprise a solution polymerization reactor wherein the monomer is contacted with the catalyst
composition by suitable stirring or other means. A carrier comprising an inert organic diluent or
excess monomer may be employed. If desired, the monomer may be brought in the vapor phase
into contact with the catalytic reaction product, in the presence or absence of liquid material.
The polymerization zone is maintained at temperatures and pressures that will result in the
formation of a solution of the polymer in a reaction medium. Agitation may be employed to

obtain better temperature control and to maintain uniform polymerization mixtures throughout
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the polymerization zone. Adequate means are utilized for dissipating the exothermic heat of
polymerization. These reactors are known in the art.

[0035] Polymerization reactors suitable for use in the present disclosure may further
comprise any combination of at least one raw material feed system, at least one feed system for
catalyst or catalyst components, and/or at least one polymer recovery system. Suitable reactor
systems for use in the present disclosure may further comprise systems for feedstock
purification, catalyst storage and preparation, extrusion, reactor cooling, polymer recovery,
fractionation, recycle, storage, loadout, laboratory analysis, and process control.

[0036] Conditions that are controlled for polymerization efficiency and to provide resin
properties include temperature, pressure and the concentrations of various reactants.
Polymerization temperature can affect catalyst productivity, polymer molecular weight and
molecular weight distribution. Suitable polymerization temperatures may be any temperature
below the de-polymerization temperature according to the Gibbs Free energy equation.

Typically this includes from about 60 °C to about 280 °C, for example, and from about 70 °C to

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

[0037] Suitable pressures will also vary according to the reactor and polymerization type.
The pressure for liquid phase polymerizations in a loop reactor is typically less than 1000 psig.
Pressure for gas phase polymerization is usually at about 200 — 500 psig. High pressure
polymerization in tubular or autoclave reactors is generally run at about 20,000 to 75,000 psig.
Polymerization reactors can also be operated in a superctitical region occurring at generally
higher temperatures and pressures. Operation above the critical point of a pressure/temperature

diagram (supercritical phase) may offer advantages.
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[0038] The concentration of various reactants can be controlled to produce resins with
certain physical and mechanical properties. The proposed end-use product that will be formed
by the resin and the method of forming that product determines the properties. Mechanical
properties include tensile, flexural, impact, creep, fracture (impact and slow crack growth)
resistance, stress relaxation and hardness tests. Physical properties include density, molecular
weight, molecular weight distribution, melting temperature, glass transition temperature,
crystallization temperature, stereoregularity, long chain branching and melt rheology.

[0039] The concentrations of monomer, co-monomer, hydrogen, co-catalyst, modifiers, and
electron donors are important in producing these resin properties. Comonomer may be used to
control product density. Hydrogen can be used to control product molecular weight. Co-
catalysts can be used to alkylate, scavenge poisons and control molecular weight. Modifiers can
be used to control product properties and electron donors affect stereoregularity. In addition,
the concentration of poisons is minimized because poisons impact the reactions and product
propetties.

[0040] Any catalyst composition capable of producing a PE composition may be employed
in the production of the PE composition. Typical catalyst compositions that can be employed
include supported chromium catalysts, Ziegler-Natta catalysts, metallocene catalysts, or
combinations thereof. For example, a catalyst composition for the production of a PE
composition may include at least two metallocenes that are selected such that the polymers
prbduced therefrom have two disﬁnctly different molecular weights. The first metallocene may
be used to produce the HMW component, and may be a tightly bridged metallocene containing
a substituent that includes a terminal olefin. The second metallocene, that may be used to

produce the LMW component, is generally not bridged and is more responsive to chain
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termination reagents, such as hydrogen, than the first metallocene. The metallocenes may be
combined with an activator, an aluminum alkyl compound, an olefin monomer, and an olefin
comonomer to produce the desired bimodal polyolefin. The activity and the productivity of the
catalyst may be relatively high. As used herein, the activity refers to the grams of polymer
produced per gram of solid catalyst charged per hour, and the productivity refers to the grams of
polymer produced per gram of solid catalyst charged. Such catalysts are disclosed in U.S.
Patent Application Serial No. 11/209,006, filed August 22, 2005 and entitled “Polymerization
Catalysts And Process For Producing Bimodal Polymers In A Single Reactor,” and U.S. Patent
Application Serial No. 11/208,077, filed September 15, 2005 and entitled “Polymerization
Catalysts and Process for Producing Bimodal Polymers in a Single Reactor,” each of which is
incorporated herein by reference in its entirety.

[0041] In an embodiment, a catalyst composition comprises a first metallocene compound,
a second metallocene compound, an activator and optionally an organoaluminum compound.
The first metallocene compound has the formula:

X' RYXRX)XIM';

wherein (X') is cyclopentadienyl, indenyl, or fluorenyl, (X?) is fluorenyl, and (X') and (X?) are
connected by a disubstituted bridging group comprising one atom bonded to both (X') and (X3,
wherein the atom is carbon or silicon. A first substituent of the disubstituted bridging group is
an aromatic or aliphatic group having from 1 to 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 atoms, 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
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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 atoms, or a halide; and M!is Zr or Hf. The
first substituent of the disubstituted bridging group may be a phenyl group. The second
substituent of the disubstituted bridging group may be a phenyl group, an alkyl group, a butenyl
group, a pentenyl group, or a hexenyl group.
[0042] The second metallocene compound has the formula:
XXX IM;

wherein (X°) and (X% are 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 linear 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 atoms; (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.
[0043] In an embodiment of the present disclosure, the ratio of the first metallocene
compound to the second metallocene compound may be from about 1:10 to about 10:1.
According to other aspects of the present disclosure, the ratio of the first metallocene compound
to the second metallocene compound may be from about 1:5 to about 5:1. According to yet
other aspects of the present disclosure, the ratio of the first metallocene compound to the second
metallocene compound may be from about 1:2 to about 2:1.

[0044] In an embodiment of the present disclosure, the activator may be a solid oxide

activator-support, a chemically treated solid oxide, a clay mineral, a pillared clay, an exfoliated
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clay, an exfoliated clay gelled into another oxide matrix, a layered silicate mineral, a non-
layered silicate mineral, a layered aluminosilicate mineral, a non-layered aluminosilicate
mineral, an aluminoxane, a supported aluminoxane, an ionizing ionic compound, an
organoboron compound, or any combination thereof. The terms “chemically-treated solid
oxide”, “solid oxide activator-support”, “acidic activator-support”, “activator-support”, “treated
solid oxide compound”, and the like are used herein to indicate a solid, inorganic oxide of
relatively high porosity, which exhibits Lewis acidic or Brensted acidic behavior, and which has
been treated with an electron-withdrawing component, typically an anion, and which is
calcined. The electron-withdrawing component is typically an electron-withdrawing anion
source compound. Thus, the chemically-treated solid oxide compound comprises the calcined
contact product of at least one solid oxide compound with at least one electron-withdrawing
anion source compound. Typically, the chemically-treated solid oxide comprises at least one
jonizing, acidic solid oxide compound. The terms “support” and “activator-support” are not
used to imply these components are inert, and such components should not be construed as an
inert component of the catalyst composition.

[0045] The organoaluminum compound used with the present disclosure may have the
formula:

R)AL

in which (R?) is an aliphatic group having from 2 to about 6 carbon atoms. In some instances,
(R®) is ethyl, propyl, butyl, hexyl, or isobutyl.

[0046] In an embodiment, the catalysts are chosen from compounds like those represented
by the chemical structures A and B with sulfated alumina as the activator-support and with tri-

isobutylaluminum (TIBA) as the co-catalyst.
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[0047] In an embodiment, the PE composition of this disclosure is fabricated into a film.
The films of this disclosure may be produced by any method and under any conditions known
to one skilled in the art for the production of films. In an embodiment, the polymeric
compositions are formed into films through a blown film process. In a blown film process,
plastic melt is extruded through an annular slit die, usually vertically, to form a thin walled tube.
Air may then be introduced via a hole in the center of the die to blow up the tube like a balloon.
Mounted on top of the die, a high-speed air ring blows onto the hot film to cool it. The tube of
film then continues upwards, continually cooling, until it passes through nip rolls where the tube
is flattened to create what is known as a lay-flat tube of film. This lay-flat or collapsed tube is
then taken back down the extrusion tower via more rollers. On higher output lines, the air inside
the bubble is also exchanged. This is known as Internal Bubble Cooling (IBC).

[0048] The lay-flat film is then either kept as such or the edges of the lay-flat are slit off
to produce two flat film sheets and wound up onto reels. Typically, the expansion ratio
between die and blown tube of film would be 1.5 to 4 times the die diameter. The drawdown
between the melt wall thickness and the cooled film thickness occurs in both radial and
longitudinal directions and is easily controlled by changing the volume of air inside the

bubble and by altering the haul off speed. The films formed from PE compositions of this
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ft.Ibf, alternatively, equal to or greater than about 0.7 ft.Ibf, alternatively, equal to or greater
than about 1.0 fi.lbf as measured in accordance with ASTM DA4272 using a test specimen
having a 0.8 mil thickness.
[0051] In an embodiment the films formed from PE compositions of this disclosure may
display an increased impact strength as indicated by an increased dart drop strength. The dart
drop strength refers to the weight required to cause 50% of tested films to fail by impact from a
falling dart under specified test conditions. Specifically, one method employs the use of a dart
having a 38 mm (1.5 in) head diameter dropped from a height of 0.66 m (26.1 in). In an
embodiment, the films formed from the PE compositions of this disclosure have a dart drop of
equal to or greater than about 135 g, alternatively equal to or greater than about 165 g,
alternatively equal to or greater than about 200 g as measured in accordance with ASTM D1709
Method A using a test specimen having a 0.8 mil thickness.
[0052] In an embodiment the films formed from PE compositions of this disclosure may
display an increased impact strength as indicated by an increased Spencer impact. Spencer
impact measures the energy necessary to burst and penetrate the center of a specimen, mounted
between two rings with a 3.5 inch diameter. The following formula may be used to obtain an
impact value in joules:

E=RC/100
where E is the energy to rupture, Joules, C is the apparatus capacity and, R is the scale reading
on a 0 to 100 scale. In an embodiment, the films formed from the PE compositions of this
disclosure have a Spencer impact of equal to or greater than about 0.45 J, alternatively equal to
or greater than about 0.55 J, alternatively equal to or greater than about 0.60 J as measured in

accordance with ASTM D3420 using a test specimen having a 0.8 mil thickness.
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[0053] In an embodiment the films formed from PE compositions of this disclosure may
display an increased tear strength as indicated by an increased Elmendorf tear strength. The
Elmendorf tear strength refers to the average force required to propagate tearing through a
specified length of plastic film or nonrigid sheeting on an Elmendorf-type tear tester.
Specifically, test specimens having a pre-cut slit are contacted with a knife-tipped pendulum.
The average force required to propagate tearing is calculated from the pendulum energy lost
while tearing the test specimen. The tear may be propagated either in the machine direction
(MD) or transverse direction (TD). In an embodiment, the films formed from the PE
compositions of this disclosure have an Elmendorf tear strength in the TD of equal to or greater
than about 85 g, alternatively equal to or greater about 100 g, alternatively equal to or greater
about 120 g as measured in accordance with ASTM D1922 using a test specimen having a 0.8
mil thickness.

[0054] In an embodiment, the films formed from PE compositions of this disclosure may
display improved barrier properties such as a reduced oxygen transmission rate (OTR) and/or
moisture vapor transmission rate (MVTR). OTR is the measurement of the amount of oxygen
gas that passes through a film over a given period. Testing may be conducted under a range of
relative humidity conditions at a range of temperatures. Typically, one side of the film is
exposed to the oxygen permeant. As it solubilizes into the film and permeates through the
sample material, nitrogen sweeps the opposite side of the film and transports the transmitted
oxygen molecules to a coulometric sensor. This value is reported as a transmission rate. When
this rate is multiplied by the average thickness of the material, the results are considered a
permeability rate. In an embodiment, the films formed from the PE compositions of this

disclosure have an OTR of equal to or less than about 400 cm’-mil/100 sq.in/day, alternatively,
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equal to or less than about 370 cm’-mil/100 sq.in/day, alternatively equal to or less than about
350 cm>-mil/100 sq.in/day as measured in accordance with ASTM D3985.

[0055] The MVTR measures passage of gaseous H,O through a barrier. The MVTR may
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. A dry
atmosphere is in one chamber, and a moist 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. In an embodiment, the films formed from the PE
compositions of this disclosure have an MVTR of equal to or less than about 0.85 g-mil/100
sq.in/day, alternatively equal to or less than about 0.75 g-mil/100 sq.in/day, alternatively equal
to or less than about 0.70 g-mil/100 sq.in/day as measured in accordance with ASTM F 1249 at
100 °F and 90% relative humidity (RH).

[0056] In an embodiment, the films formed from PE compositions of this disclosure may
display improved stiffness as evinced by an increased secant modulus. The secant modulus is a
measure of the rigidity or stiffness of a material. It is basically the applied tensile stress, based
on the force and cross-sectional area, divided by the observed strain at that stress level. It is
generally constant before the material approaches the point at which permanent deformation
will begin to occur. In an embodiment, the films formed from PE compositions of this
disclosure Ihay display a 1% secant modﬁlus in the TD of equal to or greater than about 170
kpsi, alternatively equal to or greater than about 180 kpsi, alternatively equal to or greater than
about 190 kpsi as determined in accordance with ASTM D882. In an embodiment, the films

formed from PE compositions of this disclosure may display a 1% secant modulus in the MD of
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equal to or greater than about 130 kpsi, alternatively equal to or greater than about 140 kpsi,
alternatively equal to or greater than about 145 kpsi as determined in accordance with ASTM
D882, using a test specimen having a 0.8 mil thickness.
[0057] In an embodiment, the films produced by the compositions and methods of this
disclosure may display a unique combination of increased toughness, increased stiffness and
improved barrier properties at the disclosed densities. The films of this disclosure may be used
in the formation of any variety of end-use articles such as for example merchandise bags, t-shirt
bags, trash can liners, grocery sacks, produce bags, food packaging for contents such as cereals,
crackers, cheese, meat, etc., shrink wrap and, other items as known to one of ordinary skill in
the art.

EXAMPLES
[0058] The invention having been generally described, the following examples are given as
particular embodiments of the invention and to demonstrate the practice and advantages thereof.
It is understood that the examples are given by way of illustration and are not intended to limit
the specification of the claims in any manner.
[0059] Five experimental resins, designated MTE05-230X, MTE05-32X, MTE03-33X,
MTEO05-31X and, MTE05-30X, were prepared using a dual metallocene catalyst. The resin

density, HLMI and MI are presented in Table 1.

Table 1
Resin Description Comments Film Film Density HLMI MI HLMYI/
(mil) (micron) (g/em’) (g/10 min) (/10 min)
Alathon L5005 0.8 20 0.9490 8.38 0.04 210
ExxonMobil HT 0.8 20 0.9524 8.75 0.06 146
Titanex HF-0961 0.8 20 0.9486 12.00 0.08 150
MTE054-230X No FE 0.8 20 0.9529 798 0.11 73
MTEO05-2-32X No FE 0.8 20 09574 23.13 0.16 145
MTE05-2-33X 400 ppm FX9614 0.8 20 0.9578 19.50 0.15 130
MTEO05-2-31X 400 ppm FX9614 0.8 20 0.9535 842 0.10 84
MTEOQ5-2-30X 400 ppm FX9614 0.8 20 0.9537 7.01 0.10 70
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D574 AUL336338 700 ppm FX9613 08 20 0.951 38 002 191
D574 AUL336274 700 ppm FX9613 038 20 0.950 43 003 143
D574 AUL336280 700 ppm FX9613 08 20 0.950 28 001 283
Alathon L5005 08 20 0.949 83 0.04 207
Alathon L5005 0.5 13 0.9490 838 0.04 210
ExxonMobil HT 05 13 09524 875 005 146
Titanex HF-0961 0.5 13 0.9486 12.00 008 150
MTE05-2-230X No FE 05 13- 09529 798 0.11 73
MTED5-2-33X 400 ppm FX9614 05 13 09578 19.50 0.15 130
MTE05-2-31X 400 ppm FX9614 05 13 09535 842 0.10 g4
MTE05-2-30X 400 ppm FX9614 05 13 09537 701 0.10 70
D574 AUL336338 700 ppm FX9613 05 13 0.951 38 002 191
D574 AUL336274 700 ppm FX9613 05 13 0.950 43 0.03 143
Alathon L5005 05 13 0.949 83 0.04 207
Alathon L5005 03 8 0.9490 838 0.04 210
ExxonMobil HT 03 8 09524 875 0.06 146
Titanex HF-0961 03 8 09486 12.00 0.08 150
MTE05-2-230X No FE 03 8 09529 798 011 73
MTE5-2-33X 400 ppm FX9614 03 8 09578 195 0.15 130
MTE05-2-31X 400 ppm FX9614 03 8 09535 842 0.10 84
MTE05-2-30X 400 ppm FX9614 03 8 09537 701 0.10 70
[0060] In some instances, as indicated in Table 1, the resins contained either Dyneon™

FX9613 or Dyneon™ FX9614 fluoropolymer which is a processing aid commercially available
from Dyneon LLC, Oakdale, Minnesota. The experimental resins are compared, where
indicated, to the HMW-HDPE film resins HTAOOIHD commercially available from
ExxonMobil, TITANEX HF-0961 available from Titan Group and Alathon (Oxy) L5005
available from Equistar which will may be collectively referred to as the comparative resins.
The five experimental resins along with three comparative resins were formed into blown film
using a PTC BGE blown film with internal bubble cooling. Specifically, the conditions were as
follows; a 6-inch die, 0.040 inch die gap, 250 Ib.hr/rate, ~ 80 RPM, 4.0:1 blow up ratio (BUR),
| 42 inch frost-line height, 210 °C barrel and die set temperatures and 0.8, 0.5 and 0.3 mil thick

films. The thickness of the film may also be referred to as the film gage.

EXAMPLE 1
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[0061] The gel permeation chromatography and rheology characteristics of the
experimental and comparison resins were evaluated. Figure 1 shows the GPC overlays of the
five experimental resins. Resins MTE05-30X, MTE05-31X, MTE05-32X and MTE05-33X all
maintain relatively the same high and low M,, component peak positions but vary in the relative
ratio of the two components. The high-M,, faction increases in the order MTE05-32X <
MTE05-33X < MTE05-31X < MTE05-30X. Referring to Table 1, this increase in the high-
M,, weight fraction is consistent with a lowering of the HLMI from ~23 to ~7. Resin MTEQ5-
230X has a slightly different GPC profile compared to the other experimental resins and is most
similar to resin MTE05-31X. Figure 2 shows the GPC of both the experimental and
comparative resins. Figure 2 shows that experimental resins while distinctly bimodal in
character show relatively narrow distributions of the low and high My components. In
particular, the differences in the GPC overlays at the high M,, end show that none of the
experimental resins have the high M,, “tails” seen with the comparative resins. Without
wishing to be limited by theory, this may be the consequence of the narrow MWD typically
observed with PE produced by metallocene catalysts. The broad and bimodal MWD of the
1.5005 resin which is produced using a Ziegler-Natta catalyst in a dual reactor is also evident
from Figure 2.

[0062] Figure 3 displays the dynamic viscosity behavior of both the experimental and
comparative resins. Specifically, Figure 3 is a plot of the complex viscosity as a function of
frequency at 190 °C. The rheology data in Figure 3 shows behavior largely as expécted from
and in agreement with the GPC data. All the experimental resins while showing similar
viscosity profiles at the higher frequency (shear rate) end around 100 rad/s show distinctly

different rheological behavior at the low frequency end as is evident in Figure 3. Without
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Table 2

Film | Dort | n-Dort | Spenter | a-Spencer
Resin Destription Comments Goge | Impoct | Impoct | Impact |  Impact TEOD | n-TEDD | MD Teor | 70 Tem

m) | @ | W) | (il | (1) | (el | @) @

Alathon L5005 08 162 203 G5t 06 0479 08 23 1387
EoonMobil HTAODIHD 0.8 i 5 042 05 0495 L] 8g KI5
Titenex HF-0961 0.8 <50 <63 023 03 .22 03 EEY] 1739
MTEDS-4-230X no FE 0.8 64 & 6.31 0.4 6.2 0.3 76 &35
MTEDD-2-32X no FE 0.8 140 175 0.39 0.5 0467 0.6 1.5 155.8
MTEDS-2-33X 400 ppm FX9614 | 08 148 185 0.43 05 0.644 0.8 8.3 164.5
MTEQS-2-31X 400 pom FX0634 | 0.8 | 208 258 0.58 0.7 1.05 13 9.8 2248
NTECS-2-30X 0 pmFX0614 | 08 | 248 310 0.68 0.9 1.394 17 11.4 85.1
D574 AUE336338 | 700ppmPXONI2 | OB 78 98 036 05 04543 08 78 859
D574 AUE336274 | 70OppmPXOHI3 | 08 Ho 138 043 05 6703 08 ma 870
D574 ALR336280 | 700ppmPXBHI3 | 08 e 173 838 a5 481 oe 6 261
Alathon L5005 0.8 164 205 054 07 1070 13 B3 1281
Alathon L5005 05 16 252 036 o7 0582 14 45 Lrg
Boanhobil HTAODTHD 05 64 128 &2l 04 0276 46 34 649
Titenex HF-0961 05 &G <100 Gi5 03 0147 03 30 6.2
MTEDS-2-230X no FE 0.5 <50 « 100 6.21 0.4 0.181 0.4 6.5 1053
MTECS-2-33X 400 pom FXO614 | 05 134 268 0.46 0.9 Q.64 13 5.1 1531
MTEDS-2-31X 400 pom FXO584 | 0.5 198 306 0.61 12 0.908 ig 5.8 13240
TEE5-2-30X 40 pom FX96E4 | 05 | 208 416 0.73 15 1173 23 66 56.9
0574 AE336338 | W0pmFXRER | 05 60 i) 0.2 05 8510 g 43 308
- D574 AUEB36274 | T00pem FXB61E | 0.5 g < IO 09 04 0245 05 33 586
Alathen L5003 0.5 00 200 035 87 0828 17 57 i
Alathen LE002 0.3 4 380 0.30 19 0463 15 21 245
Exxanilobil HTAODIHD 0.3 64 3 iy bl 0276 {8 19 185
Titanex HF-0961 03 50 <J67 135 05 0148 05 23 Bl
MIES5-2-230X no FE 03 <50 < 167 0.18 65 0.150 05 27 1054
NTES-2-33X 400 rom FX0684 | 0.3 94 313 0.25 0.8 0.465 1.6 25 1108
MTE0-2-31X 400 7om FX0684 | 0.3 130 433 G.51 17 0.850 Z8 21 486
MTEDS-2-30X 400 om FX0624 | 0.3 15 520 0.63 2.1 6876 29 [y 348

[0064] The data in Table 2 shows that for all three gages, the experimental resins produced
films exhibiting very good toughness properties and show a systematic trend of increasing
toughness with increasing My, The data also indicate the films formed from experimental
resins exhibit increasing toughness with decreasing HLMI. These trends are true for all gages
tested. For example as the HLMI decreases from ~23 for the experimental resin MTE05-32X to
~7 for experimental resin MTE05-30X the dart impact increases from 140 g to 248 g

respectively for the 0.8 mil film data set. Likewise, the TEDD for the same resins increases
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from 0.5 ft-Ibfto 1.4 fi-Ibf. These results are unexpected when considering the high toughness
values of the film formed from these experimental resins are achieved despite the resin’s
relatively high densities, see Table 1.

[0065] The results demonstrate that the films formed from the experimental resins display a
higher degree of impact toughness than the films formed from the comparative resins.
Specifically, if we consider comparative resin L5005 (~8 HLMI, 0949 g/lem® density) in
~ comparison to the experimental resin MTE05-31X (~8 HLMI, 0.954 g/cm’® density) the films
formed from the experimental resin exhibited much higher impact properties at all gages. The
increased impact toughness of the films formed from the experimental resins is also evident
when the impact properties are gage-normalized. These values are also presented in Table 2 as
n-Dart Impact, n-Spencer Impact, and n-TEDD. The gage normalized values specifically refer
to the as measured impact properties for each film at each (as made) gage, normalized on a per
_unit (one mil) basis. Evaluating the impact properties using the gage normalized values
demonstrates the increased impact toughness of the films formed from the experimental resins
and further shows an increase in the impact performance with decreasing film thickness. For
example, films formed from MTE05-31X increases in n-Dart impact from 258 g/mil to 396
g/mil to 433 g/mil for the 0.8, 0.5 and 0.3 mil films respectively. Thus in effect, the impact
toughness of the film is increasing with decreasing film thickness.

[0066] Table 2 also indicates the films formed from the experimental resins exhibit good
tear strengths in both the MD and TD. In particular, the films formed from the experimental
resins TD tear strengths are generally equal to or better than the films formed from the
comparative resins as shown in Table 2. For example, the TD tear of the film formed from

experimental resin MTE05-31X is 164.5 g compared to 138.7 g for the film formed from
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comparative resin L5005 at 0.3 mll gage. '1%6 lléb ct’ea? stAfe6ri2g§h 612 the MTEO05-31X film is

significantly higher than that of L5005 film at all gages.
EXAMPLE 3
-[0067] The barrier properties of the films formed from experimental resins at 0.8, 0.5 and

0.3 mil thickness was evaluated and the results of these measurements are shown in Table 3.

The MVTR and OTR were evaluated in accordance with ASTM F 1249 and D 3985

respectively.
Table 3
Film Recoverchie
Resin Gescrigtion £ Goge | MVIR € 100 *F ond 90 % RH O ©73°F Er0{0) Tou a Shear
(i) (g-mil/100 sy. in./day} {m3-mil/ 100 sg. in/day} (Po-s} &}
Alathon 15005 @8 102 5i4 B5.35E«00 48350 8202 448
Sxxoniobil HYADOIHD 0.8 0.88 421 2.72E:06 137100 0.160 560
Titanex HF-0961 .8 0.92 501 6.06E:00 22,9900 0159 587
MTENS-4-230X a0 FE 0.8 .65 333 6.93E+04 0.4830 0.511 131
MTEO5-2-32X no FE o8 0.62 367 5.54E+04 0.5020 0.470 156
MTECS-2-33X K00 ppm FXD614 | 0.8 0.64 330 5.75E+04 0.4858 0.468 155
MTECS5-2-31X 400 pom FXQ614 | 0.8 0.68 3 6.89E+04 0.4681 0.492 139
MTESD-2-30X 400 ppm FX9614 a8 0.70 310 7.23E+04 0.4273 0.478 141
DE7] AULI3E3I38 70O pprm FX0613 .8 - - 3.99E:05 268400 0.194 588
D574 AVL336274 700 gom FXS613 a8 2 O7E:08 281200 0192 591
D574 AL336280 700 pom FX9613 a8 6.93E:06 56.3000 0.3194 625
Alathon 15005 a8 B5.66E:08 £ 7850 0.298 45
Alathon £5009 [ Q.61 434 5.35E:00 48350 0202 449
Exxonobit HTADOIHD o5 109 502 2.72E406 137100 0.169 560
Titanex HF-0%61 05 0.96 486 [ X3 ] 239900 0339 34
MTEOS-2-230X no F& a5 0.62 306 6.93E204 O.4830 0.511 131
MTEO5-2-33X 400 ppm FX9614 | 05 0.62 359 5.75€+04 0.4858 0.468 155
MTEC5-2-31X 400 ppm FX0614 | 05 £.68 309 6.89E+04 04681 0.452 139
MTE05-2-30X 400 ppm FX0614 | €5 0.63 361 7.23E:04 0.4273 0.478 141
D574 AUL336338 700 pom FX0613 &5 - - 3.99E:08 26.8400 0.39¢ SBE
bE74 ARLI362TA 700 porm FXQ613 a5 3.O7ELGS 281200 092 591
Alathon £5005 [:Z: % 6OE+05 47890 0288 445
Alathon 15005 0.3 10% 485 £.35E505 48350 8282 448
Exxonobdl HYAORHD 63 0.95 610 272E08 137100 0160 850
Titanex HF-0961 .3 106 G464 &OOE4DG 23.5900 0139 587
MTEQS-2-230X o FE 0.3 073 376 6.93E408 O.4830 0.511 131
ATEDS-2-33X 400 ppm FX9514 | 6.3 0.62 351 5.756204 0.4858 0.458 155
MTEO5-2-31X 400 ppm FX0614 63 .51 301 £.89E+0% 0.4681 0.492 139
RTEO5-2-30X 400 ppm EX0614 a3 0.62 351 7.23E+04 04273 0.478 141
[0068] The results demonstrate the films formed from experimental resins at all gages

exhibited significantly better (i.e. lower) MVTR and OTR than the films formed from

comparative resins. Specifically the MVTR and OTR properties of the films formed from
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12.28 7.549.41 19741 4.952,95 4.80 6.099. 76 401. 29
148.954. 76 227.77998 0574 NMA 444438 700 ppnd4FX9613 0.8
6, 09320 17.49 699023 12216 4, 55571 6,45 442137 117512
143. 75092 15314959 0574 819336274 700 pan FX9613 0.8
5927114 1157 5, 81952 14727 4,370.51 6,99 4439. 48 39846
13795171 15199875 13574 8111236280 700 ppfa F119511
0.8 650528 1950 722157 302.01 427328 516 5, 02524

experimental resins are reduced by approximately 30% to 40% when compared to films formed
from resins such as L5005. Without wishing to be limited by theory, while the higher density of
the experimental resins may be partly responsible for the improved barrier properties, the
density does not appear to be the primary factor as a comparative resin HTA0OO1 and
experimental resin MTE05-31X having similar HLMIs and densities exhibit markedly differing
barrier properties.

[0069] To elucidate the rheological differences among the resins in a more quantitative
manner, an estimation of the recoverable shear strain parameter was undertaken. Formally, the

recoverable shear strain, v, for a rubberlike (Lodge) liquid can be stated to be equal to

M
2T

where N is the first normal stress difference and zis the shear stress as discussed in the book by

Yoo Eqn. (2)

J. M. Dealy, K. F. Wissbrun, “Melt Rheology and its Role in Plastics Processing: Theory and
Applications”,Van Nostrand Reinhold, New York, (1990) which is incorporated by reference
herein in its entirety. At low frequencies, the recoverable shear can be estimated to be equal to

o | n*|

Yoo Eqn. (3)

where G’ represents the elastic part of the dynamic shear modulus while |77*| and @ represent
the magnitudes of the corresponding complex viscosity (using the Cox-Merz rule) and
frequency, respectivély. Applying this approximation in the low frequency range (o = 0.03 )
the values for recoverable shear strain parameter were obtained for each resin. The choice of
the low frequency at which Y. was estimated rests in the fact that differences in the elastic

character of various melts are magnified at low frequencies (or shear rates) since they probe the

longest relaxation time behavior at these conditions. Furthermore, the approximation in
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534.19 164, 36467 36193053 Al an= 0026 0.8 4,704.93

35.67 7295.87 25167 4,463.12 5.35 546320 34435

126432223 14641239
6, 75421 1320 10280.12 10183 4, 34150 608 537016 41291
134. 98554 15745028 Ecool gobi |

H18001193 0.5

Al et honl1.9305 0.5

equation (2) above is only valid at very low frequencies or shear rates. The values of the

recoverable shear reported in Table 3 were obtained as described above using equation 3, and

were multiplied by a constant factor of 1000.

[0070]

EXAMPLE 4

The tensile properties of the films formed from experimental resins at 0.8, 0.5 and

0.3 mil thickness was evaluated and the results of these measurements are shown in Table 4.

Specifically, the film stiffness was measured by determining the 1% Secant Modulus in the MD

and TD accordance with ASTM D882.

Table 4

1 %MD % TO

Film D Yield MD Yield MD Break | MD Break TD Yield TD Yield TO Breok TD Breck Secany Secant

Resin Description Comments Gage | Strength Steain Strength Strain Strength Strain Strength Strain Modidus | Modulus

(i} s} %) psi} %} ol &) &si) & {psi} [

Alathon LBO0S o8 408000 1336 794160 25352 £ 44706 .80 BAG7AT 488.30 12760804 | 13897240
it HTADDIHD [1X:3 485503 1474 680057 12074 429371 58! 606885 45015 119.35G:19 | 15650397
Titenex HF-0961 08 478084 1375 F42043 21202 461655 585 4 68507 40384 109 86217 | 182,27204
MTEDS-§-230X no FE 0.8 5,030.74 9.48 $,782.53 225.98 4,851.38 £.49 4,031.90 305.15 144 03000 | 190 037 .82
MTEDS-2-32X no FE 0.8 5,330.44 13.72 9,301.60 195.38 4.651.82 4.56 6,430.53 399.55 144 897.72 | 181,776.85
RIES-2-33% 400 ppm FX9614 0.8 5,462.50 11.51 T7.727.9% 225.51 5,180.68 £.30 4.921.05 340.30 157,101 .92 | 2012,936.33
MTEG5-2-31X 400 ppm FX9614 0.8 5.793.13 12.56 8.435.26 204 .39 §,098.94 4.22 6,184.51 427.65 156,672.35 | 193,123.32
MTECS-2-30X 400 pom FXD614 08 5,626.62 12.28 7,549.41 197.61 4,952,950 4 8 6,059.76 £0%1.2¢ 148 954 76 | 227, 77998
D574 AUL336338 700 ppm FX9613 0.8 6093.20 1749 899023 12816 455871 645 542837 375.12 M375092 | 153140589
D574 AUL33E2TA 700 ppm FX9813 0.8 502704 1657 581952 #7087 4370.51 &0 543548 30865 137028971 | 15199875
D574 ALLIZ6Z80 700 pp FX9613 0.8 850528 1550 722157 10200 £273.28 &34 502524 33449 16436067 | 15198050
Alathon LGOS a8 £704.93 1587 729567 25167 446312 &35 556320 84435 12602213 | 146612.39
Alathon L5005 X3 6.704.81 182¢ 108,260.12 18883 4,345 50 608 587016 41851 13408554 | 15706028
Exxoniobit HTAQQTHE 05 6,381.38 1272 Q126,31 12958 4 57053 584 5RE5.2: 43182 055883 | 16636708
Titanex HF-0961 05 543011 11.87 821438 13537 421357 576 505227 47493 13338344 | 14883168
RTENS-2-230X o FE 085 5.833.20 12.53 7.858 .59 14803 4,636.57 4.67 4,142 59 281.05 154 532 87 | 166,902.85
MTECS-2-33X 400 pom FX9614 05 6.470.28 11.28 8,280.77 168.11 4.506.42 452 4,368 97 328.35 145,7490.97 | 189,268.00
MTEQS-2-31X 400 pom FX9614 a5 6,350.5% 11.5% 310,035.84 176.83 4.862.57 3.81 $,670.88 397.64 153 D60 .42 | 192,878.42
FETEQD-2-30X 400 pom FA9614 05 6,7T74.3% 1211 0,306 28 1IT5.61 4,678.05 4£.88 5.672.22 389 2% 172 040 .19 | 213 587 24
D574 AL336338 760 ppm FX9612 05 678952 1806 T.74396 H223 452658 &857 5506.23 32720 16157017 | 15068825
D574 ALL336278 750 ppm FX9613 0.5 T27695 1529 851585 100.46 403511 &7 4.55E90 41550 15736236 | 164624568
Alathon £5005 [X3 5147.49 1538 820695 226.51 438967 637 550328 234 20 12528624 | 16742241
Alathon L5005 0.3 750049 1851 D717 9418 400172 BO4 566872 33704 14239650 | 13047215
Exxonhobit HTA0DIHD 03 735738 1308 483068 7052 248361 758 417979 36801 15680058 | 165 Go835
Titanex HF-0961 0.3 723475 1345 980120 0261 353820 847 266885 34428 13551638 | 5331122
MTEDS-2-230X ro FE 03 $,385.17 10.73 8,693.84 126.40 4.481.36 463 3,735.908 248.78 173.757.64| 173,081.33
WTES~-2-33X% 400 poem FX9614 0.3 6,304.61 9.866 8.720.24 135.32 5,057 .91 497 4.760.55 25297 180,441 541 174,.399.03
MTEO5-2-35X 400 ppm FX9614 0.3 7.028.08 12.93 11,13854 104.60 4,436,631 £.29 5,338.61. 288.29 191,160,041 189,284 2%
STEQS-2-30X 400 pom FX9614 0.3 7.,324.27 11.57 11,7i18.85 124 .41 5,254 51 475 7.341.28 36570 257,517.78 | 205,959 65

[0071]

The yield strength refers to the stress a material can withstand without permanent

deformation of the material while the yield strain refers to amount of deformation elongation

that occurs without permanent deformation of the material. The break strength refers to the
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6,323.38 12.72 9.126.31 12956 4.475.53 5. 64 525521
43123 1EO, 66823 166, 36728 Titans 19.0961 0.5 5, 43911
11. 87 8214.38 145.37 4.21047 5.74 5,05227 474.93
13318344 348.93145 417535-2-230X no FE 0.5 5.833. 20
12,53 7.858.59 148.03 4,636,57 4.67 4.142.49 211. 00
154, 532. 87 166902. 85 MLEO5-2-335 403 ppm F119614 0.5
6_47928 11.28 8.200.77 168.11 4.506, 42 4.52

tensile stress corresponding to the point of rupture while the break strain refers to the tensile
elongation corresponding to the point of rupture. The yield strength, yield strain, break strength
and break strain both in the MD and TD of the experimental resins are similar to those observed
for the comparative resins as shown in Table 4.

[0072] The results demonstrate that all three gages, the films formed from the experimental
resins exhibit significantly higher MD and TD moduli values than the films formed from
comparative resins. For example, at 0.3 mil gage, films formed from L5005, TITANEX and
HTAO001 resins exhibit MD modulus values in the range of 130 Kpsi to 160 Kpsi while the
films formed from experimental resins exhibit MD modulus values in the range of 170 Kpsi to
217 Kpsi. Similarly, the TD modulus values for the comparative films range from 130 Kpsi to
165 Kpsi while those of the experimental films range from 206 Kpsi to 270 Kpsi.

[0073] Without further elaboration, it is believed that one skilled in the art can, using the
description herein, utilize the present invention to its fullest extent. While inventive aspects
have been shown and described, modifications thereof can be made by one skilled in the art
without departing from the spirit and teachings of the invention. The embodiments and
examples described herein are exemplary only, and are not intended to be limiting. Many
variations and modifications of the invention disclosed herein are possible and are within the
scope of the invention. Where numerical ranges or limitations are expressly stated, such
express ranges or limitations should be understood to include iterative ranges or limitations of
like mégnitude falling within the expressly stated ranges or limitations (e.g., from about 1 to
about 10 includes, 2, 3, 4, etc.; greater than 0.10 includes 0.11, 0.12, 0.13, etc.). Use of the
term "optionally" with respect to any element of a claim is intended to mean that the subject

element is required, or alternatively, is not required. Both alternatives are intended to be within
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4.368.97 328.35 146. 74997 199268. 00 4r605-2-311( 493
pea F119614 0.5 6,350.51 11.51 10, 035.84 176, 83
4,362.57 3.131 4670.88 397.64 153)60.42 192, 853. 42
401305-2-3011 400 ppm 51: 9614 05 6, 774.31 12.11
14396. 28 17524 4.678.05 4.88 5.672.22 28921 172, 040. 19
213,587.24 0574 803. 336328 730 pp, F119513 45 678952
1846 7743.96 112.23 452651 157 540623 32750 161, 57017

ncosta 4574 APl 436674 MO 911
the scope of the claim. Use of broader terms ugl!;nas corr?p?l%gs, includes, having, etc. should be

understood to provide support for narrower terms such as consisting of, consisting essentially
of, comprised substantially of, etc.

[0074] Accordingly, the scope of protection is not limited by the description set out above
but is only limited by the claims which follow, that scope including all equivalents of the
subject matter of the claims. Each and every claim is incorporated into the specification as an
embodiment of the present invention. Thus, the claims are a further description and are an
addition to the embodiments of the present invention. The disclosures of all patents, patent
applications, and publications cited herein are hereby incorporated by reference, to the extent

that they provide exemplary, procedural or other details supplementary to those set forth herein.
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0.5 7276.95 1629 8.51585 100. 46 4113511 547 4,55176
41550 15740236 564, 62453 Al ci thenl15005 0.5 5.147.49
1518 820695 22651 4659. 67 6,57 5,50123 42420 125. 22424
167. 42243 Nat han L.5005 0.3 7.59449 3453
9.67727 94.18 4.00172

CLAIMS

1. A polyethylene film comprising a polymer composition, the film having the
following characteristics:

a total energy dart drop, measured in accordance with ASTM D4272, of greater than

about 0.45 ft.1bf;

a dart drop impact strength, measured in accordance with ASTM D1709 Method A, of

greater than about 135 g; and

a moisture vapor transmission rate, measured in accordance with ASTM F1249 at 100°

F and 90% relative humidity, of less than about 0.85 g-mil/100 square inch/24 hr,

wherein said ASTM tests are performed on a test specimen having a 0.8 mil thickness,

wherein the polymer composition has a density of equal to or greater than 0.940 g/cc,
and

wherein the polymer composition has a Carreau-Yasuda equation "a" parameter value of

greater than 0.3 when the dynamic complex viscosity versus frequency scan data

obtained at 190°C. are fitted to the Carreau-Yasuda equation with an n value of 0.1818.

2. The film of claim 1 wherein the polymer composition comprises a copolymer of
ethylene and an alpha olefin comonomer.

3. The film of claim 2 wherein the alpha olefin comonomer comprises 1-butene, 1-
pentene, 1-hexene, 3-methyl-1-butene, 4-methyl-1-pentene, 1-heptene, 1-octene, 1-nonene, 1-
decene or combinations thereof. |

4. The film of claim 1 further comprising a Spencer impact of greater than about

0.35 J as determined in accordance with ASTM D3420.
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1104 5.66971 33704 142,39650 13047215 Ectordl abg
51144041140 0.3 735738 15.09 9439.68 7092 3.48361
7.58 417979 368.91 151809. 58 165434063 Tanen HE-0961
0.3 723479 13.45 980120 14261 343820 6. 17 3,66125
34422 135.51618 153, 31122 no FE 0.3 6, 329.17 1073
8.693.84 126.40 4,481.36 4.61 373998 248.78 173757. 64
173. 081. 35 4571406- 2- 3311

5. The film of claim 1 further comprising an oxygen transmission rate of equal to
or less than about 400 cm>-mil/100 sq. in./day as determined in accordance with ASTM D3985.

6. The film of claim 1 further comprising a 1% transverse direction secant modulus
of greater than about 170,000 psi as determined in accordance with ASTM D882.

7. The film of claim 1 further comprising a 1% machine direction secant modulus
of greater than about 130,000 psi as determined in accordance with ASTM D882.

8. The film of claim 1 wherein the polymeric composition has a weight average
molecular weight of from about 180,000 g/mol to about 350,000 g/mol.

9. The film of claim 1 wherein the polymeric composition is multimodal.

10.  The film of claim 1 wherein the polymeric composition is bimodal.

11.  The film of claim 1 further comprising an Elmendorf tear strength in the
transverse direction of equal to or greater than about 85 g as determined in accordance with
ASTM D1922.

12.  The film of claim 1 wherein the polymeric composition has an "eta zero" value
of less than about 4x10° Pa.s when the dynamic complex viscosity versus frequency scan data
are fitted to the Carreau-Yasuda equation with an n=0.1818 value.

13.  The film of claim 1 wherein the polymeric composition has a "tau eta" value of
less than about 5 s when the dynamic complex viscosity versus frequency scan data are fitted to
the Carreau-Yasuda equation with an n=0.1818 value.

14.  The film of claim 1 further compﬁsing a dart drop impact of greater than about
200 g as determined in accordance with ASTM D1709, Method A.

15. A polyethylene film comprising a polymer composition, the film having the

following characteristics:
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400 ppm EX9614 0.3 6.304.61 9.66 8.720.24 135, 32
5,097.91 4.97 426045 252 97 189.441.54 174, 399. 03
NET1335-2- 31X 403 ppn 6)49614 0.9 7028.08 12.93

11, 138. 54 104. 10 4,436.61 4.29 5232.61 25829

191. 160. 04 189284. 21 027205-2-3011 CO ppm F119614 0.3
7,324,27 11.57 31.718.85 124.41 5.254.51 4.71 7.341. 28
365.70 217.51778 215.959.65 [0071] The yield strength

refers to the stress a terial, can wt i t hout
D i ErE A s FRASBTC {1 EeorEete i ATNG LR ot dicper than

strain refers to anmount of deformation el ongation that
ocbgui0.4f fHdut per manent defornation of the material.

The break strength refers to the tensile stress

c or dastdrop dinpast steengthe msasured infaceardange avithivd $EMt /08 Method A, of
strain refers to the tensile elongation correspondi ng

t cgredier thai abbutdf3Srgyimidur e. The yield strength, yield

strain, break strength and break strain both in the M

angh gef trhdigissionahte MaBdsated i@ atdosdante with I TM 113985 BDP3F. and
observed for the conparative resins as shown in Table

kPR RO L8 SR8 Ll 0okl itsaho=>
wherein said ASTM tests are performed on a test specimen having a 0.8 mil thickness,
wherein the polymer composition has a density of equal to or greater than 0.940 g/cc,
and
wherein the polymer composition has a Carreau-Yasuda equation "a" parmeter value of
greater than 0.3 when the dynamic complex viscosity versus frequency scan data
obtained at 190°C. are fitted to the Carreau-Yasuda equation with an n value of 0.1818.
16. A polyethylene film comprising a polymer composition, the film having the
following characteristics:
a total energy dart drop, measured in accordance with ASTM D4272, of greater than
about 0.45 ft.1bf;
a dart drop impact strength, measured in accordance with ASTM D1709 Method A, of
greater than about 135 g; and
a 1% machine direction secant modulus, measured in accordance with ASTM D882 at
10.2 mm/min, of equal to or greater than about 130,000 psi,
wherein said ASTM tests are performed on a test specimen having a 0.8 mil thickness,

"ot

and wherein the polymer composition has a Carreau-Yasuda equation "a" parameter

value of greater than 0.3 when the dynamic complex viscosity versus frequency scan
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values than the filns formed from conparative resins.
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the range of 130 Kpsi to 160 Kpsi while the filns
formed from experinental resins exhibit MD nodul us
values in the range of 170 Kpsi to 217 Kpsi.
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17. A polyethylene filmconprising a polymer
conposition, the filmhaving the foll ow ng
characteristics: a total energy dart drop, neasured in
accordance wi th ASTM D4272, of greater than about O0.45
ft.Ibf a dart drop inpact strength, nmeasured in
accordance with ASTM D1709 Method A, of greater than
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conpl ex viscosity versus frequency dat a obt ai ned

ethylg]?e?lcf,leﬁn Lé&obg%%gmb&\%ﬂpar reau- Yasuda equation wt h an

erein the polyethyl ene f| I m

y or.transm ssion rat

or esﬁpﬂzﬁﬁ Reogiptging e PO SAtsS CApot o gayine
determ 'neci accor dan e vg h ASTM F 1249 and a total

@yadémlea#%ﬁat?r ‘iﬁsqual to or greater than
about 1.0 ft.|bf as determ ned in accordance with ASTM
DAbYan (gkeeaerqybyalen ofdess diinabews dix K¥Rasinen having a 0. 8
m | thickness. 19. The pol yet hyl ene fil m of
cl (@) aithu eth & vaieof lhss tha apoetrS sengosi tion conprises a
hi gher nol ecul ar wei ght et hyl ene/ 1-ol efi n copol ymer
cqapodanity afedual tb ongreateith@cp40 g/eei ght
et hyl ene/ 1-ol efin copol ymer conponent. 20. A

PokhERtthy HAkehié bélﬂﬂ)l@)@ rmédsﬁy Rérsds REJuEH®B defLBMBIBED hOIV0°C is fitted
haV| ng: (a) an " val ue of greater than about O.45;

L f out 4 x
b[ég{%rbsan%%@%%dgegyﬁw%ﬁ\?gnﬁéﬁlggolﬁlagggpt han about 5 s;
to or greater than 0.940

/‘g]}eg?/\%thﬁpo g nam e cgnfﬁ ex viscosity versus
guency .dat a obt ained at 190C is fitt t .

CAPr e oS veB e R B7oiah e e uekss B ool g e-mil100 o
wherein the polyethylene filmdispla (i) a noisture
vapor ti/dmsiataringd in agcardapesavith 4S gM]%/é?é@ t han about
0.85 g-m1/100 sq. in/day determ ned in accordance
wi(tih AsTxggapugsmission rate eguglgionort lessniban aliud 400 gms-mil/100 sq.
equal to or |ess than about 400 cnB-m 1/ 100 sq. in/day
det er mimday determoedidaccoriandetwitiD398%andnd (iii) a
total energy dart drop inpact of equal to or greater
t @) akoutal Gheddy fdrt HiRh iBPadlIfRhRING Gr igfeaRe GRIAOAE0.45 fL.Ibf as
with ASTM D4272, when perforned on a test specinen

havi ng garefniBedlinl ackiSHERIR-ASTM D4272,

when performed on a test specimen having a 0.8 mil thickness.
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