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IMPROVED BIAXIALLY ORIENTED METALLOCENE LINEAR LOW DENSITY
POLYETHYLENE FILM, METHOD AND RESIN COMPOSITION FOR SAME

REFERENCE TO RELATED APPLICATIONS

10601] The present application is a Patent Cooperation Treaty (PCT) application, which
claims priority to the United States patent application serial number 14,207,062 filed March

12, 2014, which is hereby incorporated by reference in its entirety.

FIELD

[0002] The disclosure relates to oriented polyethylene films.

BACKGROUND

[0003] Polyolefin films are used in applications such as, for example, packaging. Un-
oriented (cast or blown) polyethylene films generally have mediocre properties as packaging
materials. More desirable properties in packaging material have been obtained using
biaxially oriented films. Biaxially oriented polyethylene films have found much greater

success and use than biaxially oriented polypropylene films.

SUMMARY OF DISCLOSURE

[0004] Embodiments of the present disclosure provide improved oriented linear low
density, polyethylene (LLDPE) films, methods for making the same, and resin compositions
for the same. Embodiments provide improved biaxially oriented metallocene linear low
density polyethylene (mLLDPE) films, methods for making the same, and resin compositions
for the same. Embodiments provide LLDPE films having improved clarity, reduced film
thickness, and improved physical properties such as, for example, tensile modulus, stiffness

qualities, and tear strength.

BRIEF DESCRIPTION OF FIGURES

[0005] So that the manner in which the above-recited and other features, advantages and
objects of the present disclosure are attained and may be understood in detail, a more

particular description of the disclosure, briefly summarized above, may be had by reference
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to the embodiments thereof, which are described in ithe Figures. It is to be noted, however,
that the appended Figures illustrate only typical embodiments of this disclosure, and,
therefore, are not to be considered limiting of the scope of this disclosure, for the disclosure
may admit to other equally effective embodiments. The accompanying Figures, are

incorporated into and constitute part of this specification.

[0006] Figure 1 identifies resin compositions by weight percent that were used in

Experiment £1.

[0007] Figure 2 identifies exemplary resin compositions according te embodiments,

identified as Sample 1 and Sample 2, and their compositions and properties. These two

samples were used in Experiment 1.

[0003] Figure 3 identifies exemplary resin compositions for embodiments used in
Experiment #2, along with melt flow index, melting points in Celsius and Fahrenheit, and

density.

[0009] Figure 4 identifies exemplary resin compositions according to embodiments, film

gauge and film density, for exemplary compositions used in Experiment 2.

[0010] Figure 5 identifies haze and tensile properties of samples according to

embodiments and produced from resin compositions identified in Figure 4.

[0011] Figure 6 identifies seal and hot tack properiies of samples according to

embodiments and produced from resin compositions identified in Figure 4.

0012 Figure 7 identifies puncture properties of samples according to embodiments and
2 p prog p g

produced from resin compositions identified in Figure 4.

DETAILED DESCRIPTION OF EMBODIMENTS

[0013] The following is a detailed description of exemplary embodiments of the
disclosure depicted in the accompanying drawings. The embodiments are examples and are
described in such detail as to clearly communicate the disclosure. However, the amount of

detail offered is noi intended to limit the anticipated variations of embodimenis; on the



b b
R

b
=8

WO 2015/138096 PCT/US2015/016365

contrary, the intention is to cover all modifications, equivalents, and alternatives falling
within the spirit and scope of the disclosure and embodiments, as defined by the claims. The
detailed descriptions below are designed to make such embodiments obvious to a person of

ordinary skill in the art.

[0014] Embodiments provide oriented LLDPE films, methods for producing oriented
LLDPE films, and resin compositions for LLDPE films. Embodiments provide biaxially
oriented LLDPE films, methods for producing biaxially oriented LLDPE films, and resin
compositions for biaxially oriented LL.DPE films. Embodimenis provide biaxially oriented
metallocene LLDPE (m-LLDPE) films, methods for producing biaxially oriented m-LLDPE
films, and resin compositions for biaxially oriented m-LLDPE films. Embodiments provide
methods for producing improved biaxially oriented m-LLDPE films, for example, having
thicknesses of approximately 1 to 2 mil, reduced haze such as, for example, 1% haze,
improved tear strength, improved tensile modulus, improved stiffness qualities, improved
moisture barrier properties, and reduced film thicknesses. The m-LLDPE films produced
according to embodiments may provide films of reduced thickness having desirable physical
properties associated with films of greater thickness (“down-gauging”), enable reduced

manufacturing costs, and improved film products for end uses.

[0015] It is disadvaniageous that biaxially oriented LLDPE films are unsuitable for heat
sealing, and have relatively high crystallization and orientation of film surfaces that may
contribute to such unsuitability for heat sealing. Embodiments disclosed herein provide
oriented LLDPE films having improved capability, properties and suitability for heat sealing,
reduced crystallization and improved film surfaces orientation. Embodiments provide resin
compositions that may be selected, for example, to minimize or avoid problems such as, for
example, melt disturbance. Embodiments provide, for example, improved resin compositions
(“blends”) and methods for producing oriented LLDPE films with reduced melt disturbances
associated with the use of LDPE and LLDPE resin compositions, whergin for example

LDPE, LLDPE, or both are eliminated or substaniially eliminated from resin compositions.

[0016] Experiment 1
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[0017] Embodiments will be further described with reference to the following non-
limiting examples. When possible, standard ASTM tests were used to determine physical

properties of the film.

[0018] Referring to Figure 1, embodiments provide improved extruded LLDPE films,
improved LLDPE and very low density polyethylene (VLDPE) resin compositions, and
improved methods for making extruded LLDPE films. Embodiments provide, for example,
improved extruded LLDPE films, and improved LLDPE resin compositions, having an
average melt index (MI) of approximately 1. Embodiments provide improved LLDPE resin
compositions, and film extruded therefrom, having an average melt index (MI) of
approximately 1, and which may be blended with high and low molecular weight minor
fractions to broaden the molecular weight distribution. In some embodiments, the high

molecular weight fraction may have MI of less than 0.5.

[0019]  The experiment was performed on a tenter orientation line with an orientation
ratio set up for MDX of 3.5 and a TDX of 8 to 9. The die gap was set to 50-60 mil and
produced a single layer film. The caster was set to 50-60 Celsius (“C) or 122-140 Fahrenheit
(°F), an installed air cap, and a caster speed of 35 feet per minute (FPM). The machine
direction orientation (MDQ) was set at 85-88°C or 185-190°F. The transverse direction
orientation (TDO) starting condition was set to 244/237/230°F with temperature in the pre-
heat zone not to exceed 260°F. The line speed was targeted for 100 FPM. The film gauge
was set at 1.5 mil. The produced films were tested for haze, water vapor transmission rate

(WVTR), oxygen transmission rate (OTR), tensile, gauge, stiffness, and tear qualities.

[0020] The first sample (Sample 1) was a single layer film with resin blend as 75%
Exceed-1012 + 20% Exceed-3512 + 5% Enable-2703. The second sample (Sample 2) was
produced as a single layer film with resin blend of 80% Exceed-2018 -+ 20% Exceed 3512.
(In this disclosure, Exceed 3812 may be used in any embodiment insiead of or in addition to
Exceed 3512.) These two samples were tested for the above-lisied qualities, the results of
which are reported in Figure 2. It will be understood that Enable™ and Exceed™ products
are metallocene ethylene-hexene copolymer resins and are commercially available from
ExxonMobil Chemical Company, Houston, Texas, and that in embodiments where Enable™

or Exceed™ products may be used, any other suitable metallocene ethylene-hexene,
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ethylene-butene or ethylene-octene copolymer resins having comparable properties may be

used.

[0821] Both samples (i.e., Samples 1 and 2) produced by the first experiment did not
seem to be readily heat-sealable.  Without limiting any of the subject matter and
embodiments disclosed herein, it may be theorized that the two samples were not readily heat
sealable because of high orientation and crystallization on the film surfaces. Without limiting
any of the subject matter and embodiments disclosed herein, in other embodiments, an
LLDPE resin composition may include a plasticizer or blend thereof, such as, for example,
hydrocarbon (HC) resins, Exact™ ethylene a-olefin copolymer resins, or another plasticizer
or mixture thereof, It will be understood that Exact™ products are ethylene-based hexene
plastomer resins and are commercially available from ExxonMobil Chemical Company,
Houston, Texas, and that in embodiments where Exact™ products may be used, any other
suitable ethylene-based hexane, butane, or octene plastomer resins having comparable

properties may be used.

[6022] A second experimental production run, described in Experiment 2, was executed

with a water bath basesheet quenching.

[0023] Experiment 2

[0024] Referring io Figure 3, a second series of trials were prepared to produce a
biaxially oriented LLDPE film that is readily heat sealed and useful for packaging
applications. Particular process conditions were as follows: the film was a two-layer A/B co-
extrusion film structure with skin layer at 5%, 10%, 15% on one side; the caster iemperature
was set at 90°F with water bath at 80°F. The initial orientation ratio was set to MDX = 3.5
and TDX = 8. A reduced skin die was used with a die gap of 50-60 mil. The MDO was set to
85-88C or 187°F. The TDO oven temperature was set at 246/240/230"F. The caster speed
was set to 32-45 FPM, depending on the output of the resin. The semiworks line speed was

targeted for 105 FPM.

[0025] Illustrated in Figure 3 are resin compositions according to embodiments including

LLDPE and which were particularly used in Experiment 2. Figure 3 also identifies the melt
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flow index in dg/s, melting points in Celsius and Fahrenheit, and density of the resin

compositions in g/cm?® according to embodiments and used in Experiment 2.

10026) Sample 1 of the production in Experiment 2 used 75% Exceed-1012 as the main
resin in the core layer as shown in Figure 4. The remaining samples produced in Experiment
2 used 75% Enable-2010 as the main resin in the core layer as shown in Figure 4. Exceed-
1012 may be interchangeable with Enable-2010 in this experiment, although they may have
slight molecular structural differences. Enable™ and Exceed™ products are metallocene
ethylene-hexene copolymer resins and are commercially available from ExxonMobil
Chemical Company, Houston, Texas. In embodiments where Enable™ or Exceed™ products
may be used, any other suitable metallocene ethylene-hexene, ethylene-butene, or ethylene-

octene copolymer resins having comparable properties may be used.

[0027] Experiment 2 began the first run with the main extruder at 510°F and the die at
500°F: the MDO was set to 187°F: the TDO started at 246/238/230°F; the caster was set to
140°F and the water bath at 90°F,

[0028] The second run in Experiment 2 began with a skin blend 50/50 ratio of VMX-
3980 and VMX-6102. The VMX™ (Vistamaxx™ VMX™) family of products is suitable
commercially available propylene-based elastomer products, and is available tfrom
ExxonMobil Chemical Company (Houston, Texas). It will be understood in embodiments
where Vistamaxx™ VMX™ producis may be used, any suitable propylene-based elastomer
having comparable properties may be used in this run or other runs of Experiment 2. The
core layer comprised Enable-2010, Exceed-3512, and Enable-2305 in a 75/20/5 blend ratio,
as described in the Figures 4-7 as sample 2. Instead of Enable-2305, Enable-2703 or Enable-
2705 may be used. Samples 2 and 3 were collected with different skin layer thickness as
listed in Figure 4-7, wherein the skin thickness is measured as a percentage of the tctal

thickness of the film.

{0029] The third run in Experiment 2 began with a 100% VMX-6102 for the skin.

Sample 4 was collected, as indicated in Figures 4-7.
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[0030] The next run of Experiment 2 used a 50/50 ratio blend of Exaci-3131 and Exact-
3132 with 1% slip/antiblock-masterbatch (5% slip, 35% talc in VMX-3980 carrier resin)

added to the composition.

[0931] For samples 3, 6, 7, the caster and water bath temperatures were reset e 90°F and
80“F, respectively. The skin extruder revolutions per minute was set to 3 different speeds to
control the skin layer thickness, and samples 5, 6, 7 were collected. Each sample and its

tested properties are indicated in Figures 4-7.

[0032 Set forth in Figure 4 are the core resin compositions contemplated for production
in Example 2. The production run of Experiment 2 produced sample numbers 1-7 as
identified in Figure 4. Embodiments provide extruded multilayer film structures as
described. Although tesis were performed for two-layer A/B coextruded multilayer film
structures, other example embodiments may include a three-layer A/C/B film structure, a
four-layer A/C/B/D film structures, and so forth without departing from this disclosure and its
claims. Furthermore, although layers thereof may have different compositions and functions,
in some embodiments layer A may be a sealant skin or sealable skin; layer C may include
filler material; layer B may include a core material, or main component, including LLDPE
blends as further described below; and layer [ may be another skin layer. For example, layer
C’s filler material may include recycled material. Additionally and alternatively to layer D
being another skin layer, layer D may also be or include material to further enhance the film’s

properties, such as, for example, material for improved coating or metal adhesion.

[0023] It is noted that the skin layer resins should have a melt index that is higher than
the main component in the core resin blend. According to example embodiments, multilayer
film structures may include layer A that may be a co-extruded sealant skin (or “sealable
skin™) that includes a suitable low melting material and a melt viscosity that is slightly lower
than the viscosity of core material of layer B under the production process condition and
temperature, comprising one or more components, e.g., LLDPE(s). Suitable low melting
materials may include, for example, substantially single component or blends of PE
plastomers, such as, Exact™ resin (ExxonMobil Chemical, Houston, Texas) or PP
plastomers, such as, Vistamaxx™ resin (ExxonMobil Chemical, Houston, Texas). Other
suitable Laver A heat sealing material may include ethylene vinyl acetaie (EVA), DuPont™

Surlyn®, ethylene methyl acrylate (EMA), very low density PE, other ethylene-based



+a 93 [

10

o — -
L N (VS I S ]

o

WO 2015/138096 PCT/US2015/016365

polymers, other ethylene-based polymers copolymers, and blends of the foregoing. Layer B's
single or blend of component(s) may provide desired rheology control properties, such as,
avoiding melt disturbance and/or uneven layer distribution. In some embodiments, layer A
may include a single plastomer or a blend of plastomers selected from the group consisting of
PP, PE or combinations thereof. The blending ratio of components of blends may be in any
suitable proportions summing 100%. Furthermore, depending on the melt viscosity of the
core layer (or, if different blends are included as described, then, different viscosities), the
skin may include a single component plastomer or a blend of plastomers. In other
embodiments, layer A may include a blend of components selected from the foregoing group,
which may have different respective melt viscosities, wherein the blended components may
have a resulting, i.e., blended, melt viscosity that is less than the melt viscosity of the core
material of layer B. In some embodimenis as described, layer A may be a sealant skin
including a suitable blend of a plurality of components, wherein a first component thereof has
desirable properties, such as, desired heat sealing properties. In such embodiments, the same
first component may have a melting point that is too low for the first component to be used
alone, i.e., as the single component of a sealant skin, because, for example, such a sealant
skin would stick to hot MDO roll surfaces during processing. Layer A may include at least
one other component (e.g., a second component) having a melting point higher than the MDO
roll temperature, such that the resulting blend will not stick to the hot MDO roll surfaces. In
an exemplary embodiment, layer A may include a first component that is Vistamaxx'™ 3980
(ExxonMobil Chemical Company, Houston, Texas), which may provide desirable heat
sealing properties, but also has a low melting point that, if used alone as the single component
of a sealant skin, might stick to hot MDO rolls. In the same exemplary embodiment, layer A
may include a second component that is Vistamaxx™ 6102 (ExxonMobil Chemical
Company, Houston, Texas), which has a higher melting point, and, thus, will not stick to hot
MDO roll surfaces. In such an exemplary embodiment, laver A may include a suitable blend
ratio of Vistamaxx'™ 3980 and Vistamaxx™ 6102 that will not stick to the hot MDO roll

surfaces during processing.

[0034] Embodiments may provide multilayer film structures with layer B that may have a
core material, or a main component, that may include LLDPE blends. These LLDPE blends
may have a broad molecular weight distribution for improved melt elasticity at elevated
temperature during TD stretching. In one example, a three component LLDPE blends may be

selected with one low, one medium, and one high molecular weight materials. The low
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molecular weight component may be present in a ratio of about 5-30% of the blend. The
medium molecular weight component may be present in a ratio of about 40-90% of the blend.
The high molecular weight component may be present in a ratio of about 5-30% of the blend.
For example, a suitable three-component blend may have a blend ratio of about 5/90/5 of
low/medium/high molecular weight components. In other example, suitable three-component

blends may have blend ratios of about 10/85/5, about 15/80/5, or about 20/75/5.

[0035] Example embodiments may further include film additives, such as, but not limited
1o, slip additives, antiblock additives, pigments, processing aids. and/or other additives.
Additives may be added to conirol surface coefficient of friction, treatment, printing, and
other properties. Example slip additives may include erucamide, stearamide, silicone oil, eic.
Example antiblock additives may include polymethyl methacrylate, talc, silica, eic. Example
pigments may include titanium dioxide or calcium carbonate. Example processing aids may
include fluoropolymers, etc.  Other additives may include polyethylene-based or
polypropylene-based resins grafted with maleic anhydride, antistatic additives, antifog
additives, etc. In example embodiments, additives may be present in amounts from about

0.01% to about 5 % of the resin blends for a multilayer film structure.

[0036] Figure 5 identifies the haze and tensile properties of samples 1-7 produced from

the compositions identified in Figure 4.

[0037] Figure 6 identifies the seal and hot tack properties of samples 1-7 produced from
the compositions identified in Figure 4. Samples showed excellent low seal initiation

temperature and strong seals.

[0038] Figure 7 identifies the puncture properties of samples 1-7 produced from the

compositions identified in Figure 4.

[0039] Experiment 2 produced 1.5-2 mil biaxially oriented coextruded m-LLDPE films

with an A/B structure with a sealant on the water bath side.

[0040] The core resin blends created and discussed in this disclosure surprisingly show
that core resin blends based on selecied combinations of more than one mLLDPE or mLDPE

resins having particular melt indices result in a blend of polymers having a broad molecular
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weight distribution, including the possibility of bimodal and trimodal distributions. By
comparison to the blends herein, single site metallocene catalysis generally produce polymers
with a narrow molecular weight disiribution, i.e., Mw/Mn to be around 2 (weight-average
molecular weight divided by number-average molecular weight, wherein Mw and Mn both
can be measured by gel permeation chromatography (GPC)). Narrow molecular weight
distributions deliver limited molecular chain entanglements in order to provide needed melt
elasticity. The enhanced melt elasticity may be desired during film orientation or stretching
at elevaied temperature in order to assist in maintaining film integrity without breakage.
When Mw/Mn reaches around 4 or >4, i.e, a broad molecular weight distribution, the
polymer melt or blend may have enhanced polymer chain entanglement, and, thus, improved
melt elasticity at elevated temperatures. This improved melt elasticity enables improved TD
stretch at high temperatures, as well as reduced melt fracture during extrusion. As shown in
the experiments, when molecular weight distribution >4 by blending together three m-

LLDPE resins, the three-component blends showed greatly improved melt elasticity and film

orientation through tenter orientation as compared to narrow molecular weight distribution

components and blends.

[0041] While certain exemplary embodiments, compositions, and methods have been
described in detail and shown in the figures, it is to be understood that such emboediments,
compositions, and methods are merely illustrative of the claims set forth below and do not

limit the scope of the following claims.

10
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What is claimed is:

()

An extruded, oriented, multilayer, film structure comprising:

a core layer formed of a core resin composition comprising, by weight, a blend
comprising about 30-90% of a first metallocene linear low density polyethylene
(mLLDPE) resin having a melt index from about 0.8 dg/s to about 2 dg/s, about 5-
25% of a second mLLDPE resin having melt index from about 0.1 dg/s to about 0.8
dg/s, and about 5-253% of a third mLLDPE resin having a melt index from about 2
dg/s to about 10 dgfs; and

a skin layer having a skin resin composition comprising cne or more
polyolefin plastomers, wherein the skin layer has a thickness of approximately 3% to
20% as compared to a toial thickness of the extruded, oriented, multilayer, film

structure.

The extruded, oriented, multilayer, film struciure of claim 1, wherein the first
mLLDPE resin comprises Enable™ 2010, the second mLLDPE resin comprises
Enable™ 2305, Enable™ 2703 or Enable 2705, and the third mLLDPE resin

comprises Exceed™ 3512 or Exceed™ 3812,

The exiruded, oriented, multilayer, film structure of claim 1, wherein the one or more
polyoletin piastomers comprise one or more metallocene propylene-based elastomer
resins, ethylene vinyl acetate, DuPont™ Surlyn®, ethylene methyl acrylate,
polyethylene-based polymer elastomer resins, polyethylene-based copolymer

clastomer resins, and blends thereof.

The extruded, oriented, multilayer, film structure of claim 1, wherein the one or more
polyolefin plastomers comprise one or more-metallocene propylene-based elastomer
resins selected from a group consisting of Vistamaxx™ VMX™ 3980, Vistamaxx'™

VMX™ 6102, and combinations thereof.

11
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10.

The extruded, oriented, multilayer, film structure of claim 1, where the one or more
polyolefin plastomers have a melting index higher than the first mLLDPE resin in ihe

core layer.

The extruded, oriented, multilayer, film structure of claim 1, wherein the one or more

polyolefin plastomers comprises at least one polyethylene-based plastomer.

The exiruded, oriented, multilayer, film structure of claim 1, wherein the skin resin
comprises about 0-100% by weight of a first metallocene propylene-based elastomer
resin and about 100-0% by weight of a second metallocene propylene-based

elastomer resin.

The extruded, oriented, multilaver, film structure of claim 1, wherein the skin resin
comprises about 0-100% by weight of VMX™ 3980 and about 100-0% by weight of
VMX™ 6102,

The extruded, oriented, multilayer, film siructure of claim 1, wherein the blend
comprises about 60-90% of the first mLLDPE resin, about 5-20% of the second

mLLDPE resin, and about 3-20 % of the third mLLDPE resin.

The extruded, oriented, multilayer, film structure of claimn 1, wherein the blend has a

broad molecular weight distribution.

An exiruded, oriented, multilayer, film structure comprising:

a core layer formed of a core resin composition comprising, by weight, a blend
comprising about 30-90% of a first metallocene low density polyethylene (mLDPE)
resin, about 5-25% of a second mLDPE resin, and about 5-25% of a third mLDPE
resin; and

a skin layer having a skin resin composition comprising one or more
polyolefins comprising one or more polymers, copolymers, or combinations thereof
that are plastomers having a melting index higher than the first mLDPE, wherein the
skin layer has a thickness of approximately 3% to 20% as compared to a total

thickness of the extruded, oriented, multilayer, film structure.

12



-

Lo

o ] < thn

WGl

WO 2015/138096 PCT/US2015/016365

bodd

14,

—
A

16.

17.

19.

The extruded, oriented, multilayer, film structure of claim 11, wherein the blend
comprises about 60-90% of the first mLDPE resin, about 5-20% of the second

mLDPE resin, and about 5-20% of the third mLDPE resin.

The extruded, oriented, multilayer, film structure of claim 11, wherein the first
mL.LDPE resin comprises Enable™ 2010, the second mLLDPE resin comprises
Enable'™ 2305, Enable™ 2703 or Enable 2705, and the third mLLDPE resin

comprises Exceed™ 3512 or Exceed™ 3812.

The extruded, oriented, multilayer, film structure of claim 11, wherein the one or
more polyolefins are ethylene-based hexane plastomer resins, ethylene-based hexene

plastomer resins, or combinations thereof.

The extruded, oriented, multilayer, film structure of claim 11, wherein the one or

more polyolefins are Exact™ 3131, Exact™ 3132, or combinations thereof.

An extruded, oriented, multilayer, film structure comprising:
a core layer having a core resin composition comprising, by weight, at least

about 75% of a first metallocene LDPE (mL.DPE) resin.

The extruded, orienied, multilayer, film structure of claim 16, wherein the core resin

further comprises about 20% of a second mLDPE resin.

The extruded, oriented, multilayer, film structure of claim 17, wherein the core resin

further comprises about 5% of a third mLDPE resin.

The extruded, oriented, multilaver, film structure of claim 16, further comprising the
core layer comprising a second mL.DPE resin comprising Exceed™ 3512 or Exceed-
3812, a third mLDPE resin comprising Enable™ 2305 or 2705, and wherein the first

mLDPE resin comprises Enable™ 2010.
The extruded, oriented, multilayer, film structure of claim 16, further comprising a

skin layer having a skin resin composition of at least cne member of a group

consisting of a meiallocene propylene-based elastomer resin, an ethylene-butene

13
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plastomer resin, a metallocene ethylene-hexene copolymer resin and combinations

thereof.

The extruded, oriented, multilayer, film structure of claim 16, further comprising a
skin layer having a skin resin composition, by weight, comprising about 0-100% of a
first metallocene propylene-based elastomer resin and about 100-0% of a second

metallocene propylene-based elastomer resin.

14
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AMENDED CLAIMS
received by the International Bureau on 27 July 2015 (27.07.15)

An extruded, oriented, multilayer, film structure comprising:

a core layer formed of a core resin composition comprising, by weight, a blend
comprising about 50-90% of a first metallocene linear low density polyethylene
(mLLDPE) resin having a melt index from about 0.8 dg/s to about 2 dg/s, about 5-
25% of a second mLLDPE resin having melt index from about 0.1 dg/s to about 0.8
dg/s, and about 5-25% of a third mLLDPE resin having a melt index from about 2
dg/s to about 10 dg/s; and

a skin layer having a skin resin composition comprising one or more
polyolefin plastomers, wherein the skin layer has a thickness of approximately 3% to
20% as compared to a total thickness of the extruded, oriented, multilayer, film

structure.

The extruded, oriented, multilayer, film structure of claim 1, wherein the first
mLLDPE resin comprises ENABLE®™ 2010, the second mLLDPE resin comprises
ENABLE® 2305, ENABLE® 2703 or ENABLE™ 2705, and the third mLLDPE resin
comprises EXCEED® 3512 or EXCEED®™ 3812, each resin made available by Exxon

Corporation.

The extruded, oriented, multilayer, film structure of claim 1, wherein the one or more
polyolefin plastomers comprise one or more metallocene propylene-based elastomer
resins, ethylene vinyl acetate, DUPONT™ SURLYN® ionomer resin, ethylene methyl
acrylate, polyethylene-based polymer elastomer resins, polyethylene-based copolymer

elastomer resins, and blends thereof.

The extruded, oriented, multilayer, film structure of claim 1, wherein the one or more
polyolefin plastomers comprise one or more-metallocene propylene-based elastomer
resins selected from a group consisting of VISTAMAXX® VMX™ 3980,
VISTAMAXX® VMX™ 6102, and combinations thereof, each resin made available

by Exxon Corporation.

15
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The extruded, oriented, multilayer, film structure of claim 1, wherein the one or more
polyolefin plastomers have a melting index higher than the first mLLDPE resin in the

core layer.

The extruded, oriented, multilayer, film structure of claim 1, wherein the one or more

polyolefin plastomers comprises at least one polyethylene-based plastomer.

The extruded, oriented, multilayer, film structure of claim 1, wherein the skin resin
comprises about 0-100% by weight of a first metallocene propylene-based elastomer
resin and about 100-0% by weight of a second metallocene propylene-based

elastomer resin.

The extruded, oriented, multilayer, film structure of claim 1, wherein the skin resin
comprises about 0-100% by weight of VISTAMAXX® VMX™ 3980 and about 100-
0% by weight of VISTAMAXX® VMX™ 6102, each resin made available by Exxon
Corporation.

The extruded, oriented, multilayer, film structure of claim 1, wherein the blend
comprises about 60-90% of the first mLLDPE resin, about 5-20% of the second

mLLDPE resin, and about 5-20 % of the third mLLDPE resin.

The extruded, oriented, multilayer, film structure of claim 1, wherein the blend has a

broad molecular weight distribution.

Cancelled.

Cancelled.

Cancelled.

Cancelled.

Cancelled.
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Cancelled.

Cancelled.

Cancelled.

Cancelled.

Cancelled.

Cancelled.

The extruded, oriented, multilayer, film structure of claim 1, wherein the blend has a

molecular weight distribution of at least 4.

The extruded, oriented, multilayer, film structure of claim 1, wherein the skin layer is

heat-sealable.

The extruded, oriented, multilayer, film structure of claim 1, wherein a melt viscosity

of the core layer exceeds that of the skin layer.

The extruded, oriented, multilayer, film structure of claim 1, wherein at least one
component of the core layer comprises a melting point with a temperature higher than

a machine direction orientation (MDO) roll.

The extruded, oriented, multilayer, film structure of claim 1, further comprising one
or more additional layers proximate to the core layer, the skin layer, and combinations
thereof, and, optionally further comprising one or more additives to the one or more

additional layers.

The extruded, oriented, multilayer, film structure of claim 1, wherein the skin layer

has a higher melt index than a main component of the blend in the core layer.
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The extruded, oriented, multilayer, film structure of claim 1, wherein a haze of less

than 10%.

The extruded, oriented, multilayer, film structure of claim 1, wherein a tensile
strength at break is at least 8 kpsi in a machine direction, at least 18 kpsi in a

transverse direction, and combinations thereof.

The extruded, oriented, multilayer, film structure of claim 1 having a water vapor

transmission rate of less than 9 g/m?/day at 100°F and 90% relative humidity.

The extruded, oriented, multilayer, film structure of claim 1 having a seal of at least

650 g/in at 60 psi and 0.75 sec dwell time at 160 °F.

The extruded, oriented, multilayer, film structure of claim 1 having a hot tack of at

least 65 g/in at 60 psi and 0.75 sec dwell time at 140 °F.

The extruded, oriented, multilayer, film structure of claim 1 having a break load or a

puncture force of at least 20 N.

A method comprising extruding and orienting a film having a structure according to

claim 1.

Use of the extruded, oriented, multilayer, film structure of claim 1 in a packaging

application.

18
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Experiment 1
Exceed- | Exceed- | Enable- | Enable- | Exceed- | Exceed- | Exceed-

sample #3512 | 1012 | 2703 | 3505 | 1018 | 3518 | 2018

1 20 75 5

2 20 80

3 20 60 20

4 12.5 75 12.5

5 20 60 20

6 12.5 75 12.3

7 20 60 20

Experiment 1

property | unit sample- 1 [ sample-2
water vapor barrier at standard |
barrier  [conditions (100F, 90% RH) 9100 in*iday| 0.876 | 0.785
optical  [haze % 12 | 20
physical |thickness mil 1.02 1.04
Elmendorf tear MD g/mil 614 | 272
Elmendort tear TD g/mil 86.3 117
Gurley stiffness MD mg 0.76 | 0.84
Guﬂey stitfhess TD | mg 1.13 1.27
Young's modulus MD kpsi 28 42
Young's modulus TD kpsi 127 130
puncture Ibs 2.5 1.4
Seal [crimp seal at 60 psi, 0.75 sec dwelll g/ig 4t 220°F | 21 75
time, vertical jaws gnat230°F[ 112 | 268
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Experiment 2

Resins Ml | MP, °C| MP, °F | density
Enable-2010 1 114 237 0.92
Enable-2305 0.5 116 241 0.923
Exceed-3512 3.5 113 235 0.912
Exceed-1012 i 115 239 0.912
LD-306 (5.5% VA) 2 102 216 0.925
LD-313NF (3% VA)| 2.5 107 225 0.925
Exact-3131 3.5 94 201 0.9
Exact-3132 1.2 9 | 205 0.9
VMX-3980FL 3.2 79 174 0.879
VMX-6102FL 1.5 102 216 0.863
*MI at 190C, 2.16 kg
FIGURE 3
Experiment 2
skin
saniple # core resm blend skm resm thickness
Erable- {Exceed- {Exceed- | Enable- | Exact- | Exact- | VMX- | VMX-
2010 | 1012 | 3512 | 2305 | 3131 | 3132 | 3980 | 6102

i 75 12 | 5 | | 0

2 75 20 5 50 | 50 | 5%

N EE IEE 50 | 50 | 10%

4 | 75 20 | 5 100 | 5%

5 75 20 5 50 | 50 5%

6 75 20 5 50 | 50 10%

7 75 20 5 50 | 50 15%

FIiGURE 4
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Experiment 2

tensile WVTR
blockin
g, 50C,
sample 100 psi, tensile at 100F/
# |gauge | 24-hr | haze | modulus, kpsi | % elongation | break, kpsi | 90%RH
ml | gin | % |MD| T |MD | TD | MD | TD |g/m'/day
| 151 23 [ 1.1 ] 26 | 8 |37 77 | 11 |272] 87
2 2 11 | 68 | 54 | 96 | 438 | 55 | 92 | 194 8.1
3 2 20 | 45 [ 55 [ 96 | 445 | 45 | 9.1 | 189 ] 8.1
4 | 17 1202 | 52 ] 58 [ 106 [ 410 64 | 86 [ 221 8.1
5 | 1.6 4 6.1 | 58 [ 108 [ 445 | a5 | 85 | 20 3
6 |15 | 45 | 47 | 62 | 118 | 446 | 64 | 101 | 237 | 8.1
7 117 4 48 | 58 | 97 | 456 | 59 | 83 [ 209 &.1

FIGURE 5

sample/ Lako Seal, 60 psi, 0.75 sec dwell, 20 sec cool, | Lako Hot Tack, 60 psi, 0.75 sec dwell, 0 sec
# gfin cool, gfin

140F | 160F | 180F | 200F | 220F | 240F | 140F | 180F | 180F | 200F | 220F | 240F
16 | 16 | 145 | 665 ERER R
2 1140 | 960 [ 1073 | 954 | 1038 | 712 | 68 | 149 | 328 | 269 | 189 | 100
220 | 1487 | 1900 | 1676 | 1636 | 925 | 101 | 262 | 330 | 340 | 170 | 109
1051 | To7 | 1 219 | 248 | 238 | 158 | 100

1402 60 | 155 | 3%4 | 131

A

o
I
—
d

I~

<
bS]
PR N
o
S
b7

6 285 | 1128 | 1601 | 1327 73 | 143 ) 467 | 120
7 N3 | 1132 | 1528 | 1317 81 | 174 | 349 | 11

FIGURE 6
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Experiment 2 5 ;
sample # 7 puncture force )
peak load, | peak load, | eclongationat | break load, | energy to break,
g 1b. break, mm N J
1
2 2726 6.0 18.2 26.7 0.10
3 3073 6.7 8.8 30.1 0.12
& 4 2996 6.0 18.9 294 0.12
6

! with 2-mm test probe

FIGURE 7
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