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and (ii) at least one polypropylene (PP) containing ma-
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mopolymer, a PP-containing copolymer, and combina-
tions thereof. Labels comprising such oriented films
are also claimed.
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FILMS WITH ENHANCED SCUFF RESISTANCE, CLARITY, AND CONFORMABILITY

CROSS-REFERENCE TO RELATED APPLICATION
[0001] The present application claims the benefit of U.S. Provisional Patent Application No.

62/006,447 filed on June 2, 2014, which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] The present subject matter relates to machine direction orientation (MDO) films
and compositions for forming such. The present subject matter also relates to the use of MDO films in
decoration technology, labels, and labeling applications where an adhesive is or is not applied to the
film, as well as in cases where an adhesive is applied directly to a substrate and indirectly to a film. In
particular, the present subject matter relates to multilayer films having interior core layers having higher
levels of polyethylene while unexpectedly retaining clarity and enhancing scuff resistance of MDO films
having lower levels of polyethylene. Also contemplated are the effects of surface treatment of such films
resulting in enhanced ink curing performance and cutting such films using laser die cutting technology.

[0003] It is well known that stretching a polymeric film when the film is in an amorphous
state into an oriented state while heating, can impart a wide range of improved properties to the film.
Such resulting films, often referred to as MDO (machine direction orientation) films, may exhibit
improved stiffness, tensile strength, optics, gauge or thickness uniformity, and barrier properties. The

use of MDO films can result in significant cost savings because of reduced amounts of raw materials, and
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improved performance. MDO films can be the result of a cast film process with machine direction
orientation or a blown film process with subsequent machine direction orientation. The MDO process
can be in line or offline and the layers of the film can combine within a die or outside of a die.

[0004] One of the most common methods of film manufacture is blown film (which may
also be referred to as the tubular film) extrusion. The process involves extrusion of a plastic through a
circular die, followed by "bubble-like" expansion. Manufacturing film by this process permits the ability
to produce tubing (both flat and gusseted) in a single operation; regulation of film width and thickness
by control of the volume of air in the bubble, the output of the extruder and the speed of the haul-off;
elimination of end effects such as edge bead trim and non uniform temperature that can result from flat
die film extrusion; and biaxial orientation of the film (allowing increased uniformity of mechanical
properties). Blown film extrusion can be used for the manufacture of co-extruded, multi-layer films for
high barrier applications, including food packaging.

[0005] In one method of the process of blown film extrusion, plastic melt is extruded
through an annular slit die, usually vertically, to form a thin walled tube. Air is 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, a process known as internal bubble cooling.
The lay-flat film is then either kept as such, or the edges of the lay-flat film are slit off to produce two
flat film sheets and wound up onto reels. If kept as lay-flat film, the tube of film may be made into bags
by sealing across the width of film and cutting or perforating to make each bag. This may be done either

in line with the blown film process or at a later stage.
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[0006] Typically, the expansion ratio between the 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 may be controlled by changing the
volume of air inside the bubble and alternatively or additionally by altering the haul off speed. Such
processing may provide a blown film with more consistent properties in each direction as compared to a
traditional cast or extruded film which is drawn down along the extrusion direction only.

[0007] Alternatively, a double bubble process may be use for creating a film. In such a
process, the orientation line works by the so-called "double-bubble process”, i.e. the polymers are
extruded through a circular die and then water-quenched to form a thick primary tube which is then re-
heated up to a suitable temperature and blown to form the main bubble of thin film.

[0008] The non-contact simultaneous orientation is attributable to the air inflated during
the start up phase. This air allows the transversal orientation while the machine direction orientation is
taken simultaneously thanks to the speed difference between the stretching nip roll and the tower nip
roll. The bubble is cooled by air and then flattened; after the trimming of the edge, the two webs
obtained rolled up in two reels.

[0009] By annealing the product produced on bi-orientation equipment, it is possible to
obtain heat set film, including BOPP, BOPA, and BOPET. Full or partial annealing may be conducted as
part of the production process or may be carried out subsequently at a later time.

[0010] Many MDO films are multilayer films and include at least one skin layer that is
positioned adjacent to a core layer. Ethylene vinyl acetate (EVA) is commonly used in one or both layers
in view of its properties of "squeezability" and printability.

[0011] However, due to increasing demand and costs of EVA and EVA-based materials,

MDO films with EVA are expected to increase in price. Further, it may become difficult to obtain EVA or
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EVA-containing films due to increasing demand for such in fields such as the photovoltaic industry. This
presents another difficulty in selecting MDO films with EVA.

[0012] Accordingly, a need exists for a film material that can be readily formed into an
MDO film, which has a reduced EVA content, and yet which exhibits many if not all of the desirable
properties of EVA-containing MDO films. It is also desirable to increase the use of polyethylene and
avoid the trade offs of higher conformability, but lower clarity. When used in a skin layer, generally the

higher amount of polyethylene, the lower the scuff resistance in an MDO film.

SUMMARY

[0013] The difficulties and drawbacks associated with previously known films and their use
are addressed in the present films, label assemblies, labeled articles, and related methods.

[0014] In one aspect, the present subject matter provides an oriented film including a layer
comprising a first polymeric material selected from the group consisting of polyethylene (PE)
homopolymer, alpha olefin, PE copolymer, and combinations thereof, and a polypropylene (PP)
containing material selected from the group consisting of PP homopolymer, PP-containing copolymer,
and combinations thereof. The amount of the first polymeric material can be greater than, less than, or
equal to the amount of the PP containing material.

[0015] In another aspect, the present subject matter provides a label assembly comprising
an oriented film including a layer having a first polymeric material selected from the group consisting of
polyethylene (PE) homopolymer, alpha olefin, PE copolymer, and combinations thereof, and a
polypropylene (PP) containing material selected from the group consisting of PP homopolymer, PP-
containing copolymer, and combinations thereof. The amount of the first polymeric material can be
greater than, less than, or equal to the amount of the PP containing material. The label assembly also

comprises a layer of an adhesive.
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[0016] In yet another aspect, the present subject matter provides a labeled article
comprising an article defining a surface, and a label assembly including an oriented film having a layer
comprising a first polymeric material selected from the group consisting of polyethylene (PE)
homopolymer, alpha olefin, PE copolymer, and combinations thereof, and a polypropylene (PP)
containing material selected from the group consisting of PP homopolymer, PP-containing copolymer,
and combinations thereof. The amount of the first polymeric material can be greater than, less than, or
equal to the amount of the PP containing material. The label assembly also includes a layer of an
adhesive. The layer of the adhesive of the label assembly is in contact with the surface of the article and
the label assembly is adhered to the article.

[0017] In still another aspect, the present subject matter provides a method of producing a
labeled article. The method comprises providing an article having a surface to receive a label. The
method also comprises providing a label assembly that includes an oriented film having a layer which
include a first polymeric material selected from the group consisting of polyethylene (PE) homopolymer,
alpha olefin, PE copolymer, and combinations thereof, and a polypropylene (PP) containing material
selected from the group consisting of PP homopolymer, PP-containing copolymer, and combinations
thereof. The amount of the first polymeric material can be greater than, less than, or equal to the
amount of the PP containing material. The label assembly also includes a layer of an adhesive. The
method also comprises adhering the layer of the adhesive of the label assembly to the surface of the
article to thereby produce a labeled article.

[0018] As will be realized, the subject matter described herein is capable of other and
different embodiments and its several details are capable of modifications in various respects, all
without departing from the claimed subject matter. Accordingly, the drawings and description are to be

regarded as illustrative and not restrictive.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Figure 1 is a schematic cross sectional view of an embodiment of a multilayer film in
accordance with the present subject matter.

[0020] Figure 2 is a schematic cross sectional view of another embodiment of a multilayer
film in accordance with the present subject matter.

[0021] Figure 3 is a schematic cross sectional view of another embodiment of a multilayer
film in accordance with the present subject matter.

[0022] Figure 4 is a schematic cross sectional view of another embodiment of a multilayer
film in accordance with the present subject matter.

[0023] Figure 5 is a schematic cross sectional view of a label assembly in accordance with
the present subject matter.

[0024] Figure 6 is a schematic cross sectional view of the label assembly of Figure 5 applied
to a polymeric substrate in accordance with the present subject matter.

[0025] Figure 7 is a schematic perspective view of a container having the label assembly of

Figures 5 and 6 applied thereto.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0026] The present subject matter relates to an oriented film and particularly an MDO film
having a core layer of a particular core composition. The MDO films generally include (i) at least one
skin layer, and (ii) a core layer. In many embodiments of the present subject matter, the MDO films
include two or more skin layers. Although many embodiments include a single core layer, the present
subject matter includes the use of multiple core layers in a multilayer film. Embodiments may also
include multiple layers of the same formula composition or alternatively may include a monolayer

construction. The skin layer(s) can include one or more materials described herein or which are typically
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used in the art. The core layer includes a blend of a first polymeric material selected from the group
consisting of polyethylene (PE), an alpha olefin, PE-copolymer and combinations thereof, as well as a
polypropylene containing material selected from the group consisting of a PP homopolymer, a PP-
containing copolymer, and combinations thereof. Alternatively or additionally, the PP containing
material may also be a PP terpolymer. The amount of the first polymeric material can be greater than,
less than, or equal to the amount of the PP-containing material. The core layer includes the blend or
mixture as described above and optionally with one or more other components as described herein.

[0027] The present subject matter also relates to the use of these films in a wide range of
applications such as pressure sensitive adhesive (PSA) labels and other packaging applications.

[0028] The polyethylene can be selected from linear low density polyethylene (LLDPE), low
density polyethylene (LDPE), very low density polyethylene (VLDPE) (metallocene PE), high density
polyethylene (HDPE), and combinations of these.

[0029] The PE-copolymer component can be in the form of various functionalized
polyethylenes that have polar functionality in the polymer chain. Nonlimiting examples of such PE-
containing components include: ethyl vinyl acetate (EVA), ethyl acrylic acid (EAA), ethyl methacrylic acid
(EMA), ethylene terpolymers, anhydride modified ethylenes, ethyl acrylate (EA), ethylene
copolymerized with carboxyl groups and a metal ion (Surlyn), and ethyl vinyl acetate with a acid or
acrylate modifier. Combinations of PE-containing components could also be used.

[0030] The polypropylene can be nearly any suitable PP homopolymer.

[0031] The PP-containing component can be in the form of copolymers or terpolymers of
polypropylene with another monomer or combination of monomers. It can also refer to heterophasic
polypropylene or impact copolymers. These impact copolymers can have ethylene contents from
ranges of 1% to 30%, or from 5% to 25% or from 10% to 18%. Such polypropylenes may be catalyzed by

zieglar natta and metallocene catalysts.
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[0032] For example, in certain embodiments, copolymers of PP and PE could be used
having a low ethylene content or a high ethylene content. The term "low ethylene content" refers to an
ethylene content of less than 3.5% and typically from 0.1% to 3.2%, based upon the PP-PE copolymer.
The term "high ethylene content” refers to an ethylene content of at least 3.5% and typically from 5.5%
to 7.5%, based upon the PP-PE copolymer. One can also contemplate ranges up to 10.5%. In certain
embodiments, block copolymers of PP with one or more other monomers could be used. The PP-
containing component could be in the form of PP with one or more functionalized polar groups such as
maleic anhydride. The PP-containing component can also be in the form of terpolymers of PP.
Combinations of PP-containing components could also be used.

[0033] For the alpha polyolefin component, this refers to the technologies of
polypropylene and polyethylene using a catalyst that yield a copolymer of butene, hexane, or octene.
Examples of the polyethylene type would be Dow Chemical Affinity EG 8200, Exxon Mobil Exact 4049,
Exxon Mobil Exceed 3515CB, Nova Chemicals FPs-417-A, and Mitsui Chemicals Tafmer A and P series of
products. The polypropylene type would be exemplified by Mitsui Chemicals Tafmer XM series and
LyondellBasell DP8220M. There are also copolymers of ethylene and alpha olefins and propylene with
alpha olefins. The film or core composition can also comprise additional components in addition to the
blend of at least one of polyethylene (PE), and or an alpha olefin, and a PE-copolymer and at least one of
polypropylene (PP) and a PP-containing copolymer. The amount of the at least one of the PE and the
PE-containing component can be greater or less than or equal to the amount of the at least one of the
PP and the PP-copolymer.

[0034] For example, the film or core composition can also comprise styrene -based
components, nylons, nucleating agents, and a wide array of fillers and other agents described in greater

detail herein.
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[0035] For many embodiments, in the core layer, the amount of PE and/or PE-containing
component is greater than or less than the amount of PP and/or PP-containing component. In particular
versions of the present subject matter the core layer contains at least 9% of the PE and/or PE-containing
component and up to about 89% of the PE and/or PE-containing component. In certain embodiments
the core layer contains about 25% of the PE and/or PE-containing component. All references herein to
amounts are weight amounts unless indicated otherwise. And, all references herein to percentages are
weight percentages unless indicated otherwise.

[0036] In certain embodiments of multilayer films having multiple skin layers and at least
one core layer, the skins can compositionally match the core {monolayer) or the skins can be
compositionally different from the core (multilayer).

[0037] In certain embodiments, the one or more skin layers comprise polypropylene (PP),
ethylene vinyl acetate (EVA), linear low density polyethylene (LLDPE), linear low density polypropylene
(PP), high density polyethylene (HDPE), high density polypropylene (HDPP), styrene diblock copolymer,
various ionomer resins such as those available from DuPont under the designation SURLYN®, linear low
density polyethylene (LLDPE), very low density polyethylene (VLDPE), ethylene acrylic acid (EAA)
copolymers, alpha olefins, and combinations thereof.

[0038] In many embodiments of multilayer films of the present subject matter, the weight
proportion of the core layer is greater than the weight proportion of the skin layer or if multiple skin
layers are used, greater than the total weight proportion of the skin layers. The weight proportions are
based upon the total weight of the multilayer film. For example, in certain embodiments, the weight
proportion of the core layer is 60% to 90% of the weight of the multilayer film. And the weight
proportion of the one or more skin layers, e.g., two skin layers, is 10% to 40% of the weight of the
multilayer film. In particular embodiments, the weight proportion of the core layer is about 70% and

that of the skin layer(s) is about 30%.
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[0039] In particular embodiments of multilayer films in which the PE content in the core is
greater than currently available MDO films (some are 15% and others use 30%), the films of the present
subject matter can achieve a better result without utilizing 80% PE in the core. Thus, in particular
embodiments, the PE content in the core is from about 30% to 80% and in certain versions from 35% to
75%.

§0040] The core compositions comprise blends of the two components, {a} Le., the PE
and/or PE-containing component and (b} the PP and/or PP-containing component, which can be
combined into a uniform mixture by melt blending in conventional equipment such as a Bandbury mill,
extruder, or the like. Alternatively, the blends may be made by solution blending or by dry mixing the
two components followed by melt fabrication of the dry mixture by extrusion.

[0041] The core and skin compositions of the present subject matter films may contain
other additives to modify the properties of the respective composition. For example, colorants and
mineral fillers may be included in the composition such as Ti02, CaC03, tale, silica, mica, etc. The
presence of small amounts of TiO2, for example, results in an opague or white composition. Mineral
fillers can be included in the compositions. Generally, the amounts of other additives range from about
1 to about 40% by weight, and more often from about 1% to about 20% by weight. Organic fillers are
contemplated. Other additives which may be included in the compositions of the present subject
matter include nucleation agents, clarifying agents, optical brighteners, metal particles, fibers, flame
retardants, antioxidants, heat stabilizers, light stabilizers, ultraviclet light stabilizers, antiblocking agents,
processing aids, et

[0042] Since two or more contacting layers of some of the films of the present subject
matter may have a tendency to stick together or “block” {e.g., when the film is wound into a roll),
antiblocking agents may be added to the compositions. Antiblocking agents are generally inorganic

mineral fillers that reduce “sticking” by reducing the intimate contact between film layers. Antiblocking
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agents which may be included in the compositions of the present subject matter include mineral fillers
such as diatomaceous earth, tale, calcium carbonate, crosslinked PMMA, silica and synthetic silica.
Crosslinked PMMA and synthetic silica are the two most commonly used antiblocking agents.

[0043] In some embodiments of the present subject matter, the core composition may also
contain one or more compatibilizers. In one embodiment, a compatibilizer may comprise a polyolefin
copolymerized with or grafied to a polar reactant. For example, the compatibilizer may be an acrylic acid
modified polypropylene graft copolymer {e.g., Polybond® 1003, BP chemicals), or a maleated
polypropylens  graft copolymer {e.g., Polybond® 3001 from BP Chemicals). iIn general, these
compatibilizers may be referred to as carboxylated or maleated polyolefins.

§0044] The compositions of the present subject matter are thermoplastic compositions and
are suitable for extrusion, blow molding, and in the preparation of various articles such as molded parts,
extruded shapes, tubing, films, sheets, laminates, etc. Foams can be made from the compositions of the
present subject matter by incorporating a blowing agent and other well known additives such as
particulate nucleating agents, and thereafter extruding the composition.

{0045] The compositions of the present subject matter are particularly useful in preparing
continuous films which have desirable characteristics, particularly for label applications. The films are
prepared by extrusion technigues known to those skilled in the art, and the films may range in thickness
from about 0.5 to about 5, 7 or 10 mils. More often, the films will have a thickness of from about 1.2 to
about 4 mils, and most often from about 2.0 to about 3.5 mils.

{0046] In many embodiments, it is preferred that the films prepared from the compaositions
are oriented in the machine direction. For example, the films may be hot-stretched in the machine
direction at a ratio of at least 2:1. More often, the film will be hot stretched at a stretch ratio of between
2:1 and 9:1. Stretching may be performed by numerous technigues known in the art such as by a blown,

cast, or tenter process. After the film has been hot stretched, it is generally passed over annealing rolls

11
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where the film is annealed or heat-set at temperaturss in the range of from about 50°, and more often
100° C to about 150° C, followed by cooling. Such orientation provides the films with improved
properties such as an increase in the stiffness of the film and in some instances, improved printability.
Although not wishing to be bound by any theory, it is belisved that the stretching causes changes in the
surface polymer distribution and effective surface area resulting in enhanced printability. 1t is also
believed that stretching temperature also has an effect on printability. Lower stretching temperatures
generally produce a film having enhanced printability. The machine direction tensile modulus of the film
also is increased by stretching, contributing to dimensional stability and good print registration. In
certain embodiments the orientation in machine direction improves the die-cuttability of the films, and
the dispensability of {abels formed from the films. In some embodiments, abrasion or scuff resistance
also is improved. As described in greater detail herein, MDO films of the present subject matter exhibit
excellent printability and squeezability characteristics. Printability is typically measured by how much
ink adheres to the film surface. As known in the industry, a label having properties enabling its use on
squeezable containers such as certain shampoc or cosmetic containers, is often referred to as a
"squeezable label.” Generally, an indicator of a squeezable iabel is the conformability characteristics of
the label. Label squeezability can be quantified by the modulus of the film. Generally, the lower the
modulus of the film, the greater the squeezability of the film. In certain embodiments, the present
subject matter films also exhibit excellent scratch resistance. Scraich resistance can be guantified by a
Sutherland rub test as known in the art, and also by a hardness test. Generally, the harder the film, the
more scratch resistant the film. These and other properties and characteristics of the present subject
matter films are described in greater detail herein.

{0047] Although in many embodiments of the present subject matter, the films are
oriented in one or more directions, it will be understood that in other embodiments, the films may not

be oriented.

12
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{0048] The films of the present subject matter may be monolayer films of the compositions
of the present subject matter as describad. Alternatively, the films of the present subject matter may be
multilayer films wherein at least one of the layers such as a core layer inchudes the compositions of the
present subject matter. Functional layers of polymeric films may be on one or both sides of the film. A
functional layer or film s defined as one which is included to provide certain properties such as
weatherability, printability, barrier layer, antistatic, etc. Such multifayer films may be prepared by
coextrusion of two or mare layers; by extrusion of a continuous film of the compositions of the present
subject matter followed by the application of one or more additional layers on the extruded film by
extrusion of one or more additional layers; by lamination of a preformed film of the subject matter to a
preformed functional film; or by deposition of additional lavers on the film from an emulsion or solution
of a polymeric film forming material.

§0043] A functional film or layer can be included in the multilayer constructions of the
subject matter to provide the film with additional and/or improved properties such as printability,
squeezability, die-cuttability, weatherability, stiffness, abrasion resistance, etc. For example a
transparent coating or film can be extruded on or laminated over printed indicia on the film to protect
the print from damage caused by physical contact with adjacent objects, and damage caused by
exposure to moisture, water or weather. The transparent coating can also enhance the optical gualities
of the underlying printed indicia to provide a glossier and richer image. A functional film also can be
included to improve the adhesion of the film to a substrate.

{0050] The added functional films are generally thin relative to the thickness of the core
fitm, but thicker functional layers are also useful in some applications. The functional films are often
referred to as skin layers, particularly when they are thinner than the core film. Alternatively, the films
of the present subject matter can be used as s skin layer over a thicker base film {may be a multilayer

film). The skin layer can be coextruded with the base film or laminated onto a preformed base film.
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[0051] A wide variety of thermoplastic polymers can be utilized to form the functional
fitms, and the particular thermoplastic polymer chosen is one which will provide the desired properties
to the structure. Examples of useful materials include polystyrenss, polysthylene, polyamides,
polyesters, polycarbonates, polyurethanes, polyacrylates, polyvinyl alcohol, poly{ethylene vinyl alcohol},
polyvinyl acetates, ionomers, and mixtures thersof. Ethylene vinyl acetate copolymers are particularly
useful for printable cover layers.

[0052] The films which can be prepared from the compositions of the present subject
matter are useful, particularly, in the preparation of facestock and subsequently iabelstock for use in
preparing adhesive labels. Labelstock generally comprises the film facestock {which may be monolayer
or multifayer) and an adhesive laver. The adheasive laver generally is in contact with and adhesively
joined to one surface of the films of the present subject matter.

§0053] The adhesive layer utilized in the labelstocks of the present subject matter may be
directly coated on the lower surface of the indicated layers, or the adhesive may be transferred from a
liner with which the facestock is combined. Typically, the adhesive layer has a thickness of from about
0.4 to about 1.6 mils {10 to about 40 microns). Adhesives suitable for use in labelstocks of the present
subject matter are commuonly available in the art. Generally, these adhesives include pressure sensitive
adhesives, heat-activated adhesives, hot melt adhesives, etc. Pressure sensitive adhesives {PSAs) are
particularly useful. These include acrylic based adhesives as well as other elastomers such as natural
rubber or synthetic rubber containing polymers or copolymers of styrene, butadiene, acrylonitrile,
isoprene and isobutylene. PSAs are also well known in the art and any of the known adhesives can be
used with the facestocks of the present subject matter. In one embodiment, the P53As are based on
copolymers of acrylic acid esters, such as, for example, 2-ethyl hexyl acrylate, with polar comonomers
such as acrylic acid. Such adhesives may be emulsion based, hot melt based, or solvent based. The

adheasives may be permanent, removable, or recyclable via water, caustic wash, or other solvents.
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{0054] The other skin layer may also be printed onto the labelstock directly with inks, or a
primer or topcoat may be applied to the labelstock and an ink printed on the topceat. This print or
topeoat layer can be the same or different in composition to the adhasive skin layer. Exemplary topcoats
may be polyurethane, acrylic, or polyester based. Additionaily, the adhesive or skin layer may be corona
treated or flame treated. Alternatively or additionally, the skin layer may be metalized via vacuum
metallization process.

{0055] As previously noted, the properties of the films and facestocks described herein can
be improved in some instances, by laminating a film layer over the film of the present subject matter.
The overlaminate layer can provide additional properties such stiffness and weatherability to the
adhesive construction. The overlaminate layer can also provide a transparent coating or film over
printed indicia to protect the print from damage caused by physical contact with adjacent objects, and
damage caused by exposure to maoisture, water, or weather. The transparent coating can also enhance
the optical quantities of the underlying printed indicia to provide a glossier and richer image. The
overlaminated constructions of the present subject matter are uniguely suited for use as labels on
substrates subjected to subsequent liquid processing such as botthe washingfrinsing, filling and
pasteurization, or ligquid immersion {e.g., ice bath} without displaying adverse consequences such as
label lifting or hazing.

[0056] The overlaminated film layer can be laminated to the film of the present subject
matter by pressure when in the form of a continuous film having a laver of adhesive material interposed
between the continuous polymer film of the adhesive structure and the overlaminate film layers. The
overiaminated film fayer can be laminated to the film by heat and pressure when either the film or the
overlaminate film is formed from a material that when heat activated forms its own adhesive surface for
famination. Printing indicia can be disposed on the polypropylens film surface and/or on a backside

surface of the overlaminate film layer.
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[0057] Figure 1 is a schematic cross sectional view of an embodiment of a multilayer film 10
in accordance with the present subject matter. The film 10 comprises a first skin layer 20, a second skin
layer 30, and a core layer 40 disposed between the skin layers 20 and 30. In certain embodiments, the
core layer 40 is disposed between and immediately adjacent to the skin layers 20 and 30, such as shown
in Figure 1. However, the present subject matter includes embodiments in which the core layer is not
immediately adjacent to one or both skin layers, for example, if additional layer(s) are disposed
therebetween.

[0058] Figure 2 is a schematic cross sectional view of another embodiment of a multilayer
film 110 in accordance with the present subject matter. The film 110 comprises a first collection of skin
layers 122 and 124 collectively designated as skin 120. The film 110 also comprises a second collection
of skin layers 132 and 134 collectively designated as skin 130. The film 110 also comprises a core layer
140 disposed between the collections of skin layers 120 and 130.

[0059] Figure 3 is a schematic cross sectional view of another embodiment of a multilayer
film 210 in accordance with the present subject matter. The film 210 comprises a first skin layer 220, a
second skin layer 230, and a collection of core layers 242 and 244 collectively shown as 240, disposed
between the skin layers 220 and 230.

[0060] Figure 4 is a schematic cross sectional view of another embodiment of a multilayer
film 310 in accordance with the present subject matter. The film 310 comprises a first skin layer 320, a
second skin layer 330, and a core layer 340 immediately adjacent to only one of the skin layers, i.e., the
layer 330.

[0061] Figure 5 is a schematic cross sectional view of a label assembly 410 in accordance
with the present subject matter. The label assembly 410 comprises a multilayer film which although
shown as film 10 of Figure 1, could be any of the films 110, 210, 310, or other film(s) described herein.

The label assembly 410 also comprises an adhesive layer 450 adjacent to one of the layers of the film.
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Typically, the adhesive is a pressure sensitive adhesive but the present subject matter includes a wide
array of other adhesives.

[0062] Figure 6 is a schematic cross sectional view of the label assembly 410 of Figure 5
applied to a polymeric substrate 560 to thereby form a labeled system 510 in accordance with the
present subject matter.

[0063] Figure 7 is a schematic perspective view of a labeled container 610 in accordance
with the present subject matter. The labeled container 610 includes the label assembly 410 of Figures 5
and 6 applied to an outer surface of the substrate 560 which could for example be a sidewall of the
container.

Examples

[0064] Various multilayer films in accordance with the present subject matter were
prepared. Each multilayer film included a single core layer disposed between two skin layers. In some
examples, the skin layers have the same composition, while in other examples the skin layers have
differing composition. The weight proportion of the core was 70% and that of each skin layer was 15%.
Table 1 summarizes the multilayer films having a skin-core-skin arrangement, and the composition of

each layer.
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Table 1 - Multilayer Films of Examples 1-14

Example

Layer

Composition

Skin 1

25%
25%
25%

Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene
Dow Affinity EG 8200G 5.0 MI metallocene polyethylene
Dow Dowlex 2517 25 MI LLDPE (zieglar natta)

25% Celanese 1821A 3.0 MI EVA 18% VA content

Core

70%
30%

Flint Hills 43S2A 3.2% ethylene random copolymer 2.0 MFR
Dow Dowlex 2517 25 MI LLDPE (zieglar natta)

Skin 2

25%
25%
25%

Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene
Dow Affinity EG 8200G 5.0 MI metallocene polyethylene
Dow Dowlex 2517 25 MI LLDPE (zieglar natta)

25% Celanese 1821A 3.0 MI EVA 18% VA content

Skin 1

50%

Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene

50% Celanese 1821A 3.0 MI EVA 18% VA content

Core

30%
70%

Flint Hills 43S2A 3.2% ethylene random copolymer 2.0 MFR
Dow Dowlex 2517 25 MI LLDPE (zieglar natta)

Skin 2

50%

Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene

50% Celanese 1821A 3.0 MI EVA 18% VA content

Skin 1

34%
33%
33%

Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene
Dow Amplify EA 101 6.0 MI Ethyl Acrylate (18% EA content)
Dow Dowlex 2517 25 MI LLDPE (zieglar natta)

Core

40%
15%
15%
30%

Flint Hills 43S2A 3.2% ethylene random copolymer 2.0 MFR
Exxon Mobil LL3003.32 LLDPE 3.2 MI

Lyondell Basell Petrothene NA324009 3.0 M|

Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene

Skin 2

34%
33%
33%

Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene
Dow Amplify EA 101 6.0 MI Ethyl Acrylate (18% EA content)
Dow Dowlex 2517 25 MI LLDPE (zieglar natta)

Skin 1

30%
34%
33%

Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene
Westlake DA 528 Ethyl vinyl acetate (18.5% VA content). 2.5 Ml
Dow Dowlex 2517 25 MI LLDPE (zieglar natta)

Core

70%
30%

Braskem DS6D81 5.7% ethylene random copolymer polypropylene 5.0MFR
Dow Dowlex 2517 25 MI LLDPE (zieglar natta)

Skin 2

30%
34%
33%

Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene
Westlake DA 528 Ethyl vinyl acetate (18.5% VA content). 2.5 Ml
Dow Dowlex 2517 25 MI LLDPE (zieglar natta)

Skin 1

50%
10%
40%

Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene
Celanese 1821A 3.0 MI EVA 18% VA content
Kraton D114PX SIS 10 Ml

Core

25%
75%

Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene
Lyondell Basell Petrothene NA324009 3.0 M|

Skin 2

50%
10%
40%

Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene
Celanese 1821A 3.0 MI EVA 18% VA content
Kraton D114PX SIS 10 Ml
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Skin 1

30% Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene
50% Celanese 1821A 3.0 MI EVA 18% VA content
20% DuPont Surlyn 1802 4.3 Ml

Core

25% Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene
75% Lyondell Basell Petrothene NA324009 3.0 Ml

Skin 2

30% Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene
50% Celanese 1821A 3.0 MI EVA 18% VA content
20% DuPont Surlyn 1802 4.3 Ml

Skin 1

40% Flint Hills 43S2A 3.2% ethylene random copolymer 2.0 MFR
15% Exxon Mobil LL3003.32 LLDPE 3.2 Ml

15% Lyondell Basell Petrothene NA324009 3.0 Ml

30% Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene

Core

40% Flint Hills 43S2A 3.2% ethylene random copolymer 2.0 MFR
15% Exxon Mobil LL3003.32 LLDPE 3.2 Ml

15% Lyondell Basell Petrothene NA324009 3.0 Ml

30% Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene

Skin 2

40% Flint Hills 43S2A 3.2% ethylene random copolymer 2.0 MFR
15% Exxon Mobil LL3003.32 LLDPE 3.2 Ml

15% Lyondell Basell Petrothene NA324009 3.0 Ml

30% Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene

Skin 1

70% Braskem DS6D81 5.7% ethylene random copolymer 5.0 MFR
30% Exxon Mobil 3518CB metallocene polyethylene 3.5 MFR

Core

80% Braskem DS6D81 5.7% ethylene random copolymer 5.0 MFR
20% Exxon Mobil 3518CB metallocene polyethylene 3.5 MFR

Skin 2

70% Braskem DS6D81 5.7% ethylene random copolymer 5.0 MFR
30% Exxon Mobil 3518CB metallocene polyethylene 3.5 MFR

Skin 1

85% Braskem DS6D81 5.7% ethylene random copolymer 5.0 MFR
15% Exxon Mobil 3518CB metallocene polyethylene 3.5 MFR

Core

33% Braskem DS6D81 5.7% ethylene random copolymer 5.0 MFR
34% Exxon Mobil 3518CB metallocene polyethylene 3.5 MFR
33%Flint Hills 4352A 3.2% ethylene random copolymer 2.0 MFR

Skin 2

50% Braskem DS6D81 5.7% ethylene random copolymer 5.0 MFR
50% Exxon Mobil 3518CB metallocene polyethylene 3.5 MFR

10

Skin 1

85% Braskem DS6D81 5.7% ethylene random copolymer 5.0 MFR
20% Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene
15% Exxon Mobil 3518CB metallocene polyethylene 3.5 MFR

Core

33% Braskem DS6D81 5.7% ethylene random copolymer 5.0 MFR
34% Exxon Mobil 3518CB metallocene polyethylene 3.5 MFR
33%Flint Hills 43S2A 3.2% ethylene random copolymer 2.0 MFR

Skin 2

50% Braskem DS6D81 5.7% ethylene random copolymer 5.0 MFR
50% Exxon Mobil 3518CB metallocene polyethylene 3.5 MFR
20%Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene
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11

Skin 1

50% Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene
50% NovaChem RMs-341-U(UG) octene copolymer sHDPE

Core

33% Braskem DS6D81 5.7% ethylene random copolymer 5.0 MFR
34% Exxon Mobil 3518CB metallocene polyethylene 3.5 MFR
33%Flint Hills 43S2A 3.2% ethylene random copolymer 2.0 MFR

Skin 2

50% Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene
50% NovaChem RMs-341-U(UG) octene copolymer sHDPE

12

Skin 1

50% Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene
50% NovaChem RMs-341-U(UG) octene copolymer sHDPE

Core

33% Braskem DS6D81 5.7% ethylene random copolymer 5.0 MFR
34% Exxon Mobil 3518CB metallocene polyethylene 3.5 MFR
33%Flint Hills 43S2A 3.2% ethylene random copolymer 2.0 MFR

Skin 2

50% Flint Hills P4-050F 4.0 MFR Homopolymer polypropylene
50% NovaChem RMs-341-U(UG) octene copolymer sHDPE

13

Skin 1

95% Exxon Mobil PP7032KN Impact Copolymer
5% A Schulman ABVT22SC Antiblock

Core

33% Braskem DS6D81 5.7% ethylene random copolymer 5.0 MFR
34% Exxon Mobil 3518CB metallocene polyethylene 3.5 MFR
33%Flint Hills 4352A 3.2% ethylene random copolymer 2.0 MFR

Skin 2

95% Exxon Mobil PP7032KN Impact Copolymer
5% Ampacet 401960 Seablock 4 Antiblock

14

Skin 1

45% Exxon Mobil PP7032KN Impact Copolymer

35% Total Petrochemicals 8473 4.0% ethylene random copolymer 4.6 MFR
15% Exxon Mobil 3518CB metallocene polyethylene 3.5 MFR

5% A Schulman ABVT22SC Antiblock

Core

33% Total Petrochemicals 8473 4.0% ethylene random copolymer 4.6 MFR
34% Exxon Mobil 3518CB metallocene polyethylene 3.5 MFR
33%Flint Hills 43S2A 3.2% ethylene random copolymer 2.0 MFR

Skin 2

45% Exxon Mobil PP7032KN Impact Copolymer

35% Total Petrochemicals 8473 4.0% ethylene random copolymer 4.6 MFR
15% Exxon Mobil 3518CB metallocene polyethylene 3.5 MFR

5% Ampacet 401960 Seablock 4 Antiblock

15

Skin

80% Lydondell Basell 5C30F terpolymer 5.5 MFR
15% Exxon Mobil 3518CB metallocene polyethylene 3.5 MFR
5% Ampacet 401960 Seablock 4 Antiblock

Core

95% Braskem DS6D81 5.7% ethylene random copolymer 5.0 MFR
5% Exxon Mobil 3518CB metallocene polyethylene 3.5 MFR

Skin 2

45% Lydondell Basell 5C30F terpolymer 5.5 MFR
50% Exxon Mobil 3518CB metallocene polyethylene 3.5 MFR
Ampacet 401960 Seablock 4 Antiblock
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16

Skinl | 80% Lydondell Basell 5C30F terpolymer 5.5 MFR
15% Exxon Mobil 3518CB metallocene polyethylene 3.5 MFR
5% Ampacet 401960 Seablock 4 Antiblock

Core 95% Lydondell Basell 5C30F terpolymer 5.5 MFR
5% Exxon Mobil 3518CB metallocene polyethylene 3.5 MFR

Skin 2 | 45% Lydondell Basell 5C30F terpolymer 5.5 MFR
50% Exxon Mobil 3518CB metallocene polyethylene 3.5 MFR
5% Ampacet 401960 Seablock 4 Antiblock

[0065] Given that labeled articles, including labeled bottles, may be conveyed on high
speed lines with metal rails or metal rails lined with HDPE, an enhanced scuff resistance is desirable. The
friction of the walls encountered by the labeled article may cause surface defects, including scratches or
scuff marks, which are aesthetically displeasing and undesirable in a labeled article. In certain
applications, clear labels with low haze may be desired for aesthetic reasons, e.g. a “no- label look” in
which the label is hard to detect visually by the human eye when attached to a bottle. In the past, HDPE
and LDPE containers with a certain level of haze were used. Current trends are favoring PET bottles,
which are clear, and accordingly, a clearer label may be required to arrive at the same “no-label look”.
The below table denotes several films for comparison along with the scratching results as obtained from
the Sutherland rub test, where the number of scratches are inversely proportional to the scratch
resistance.

Table 2 — Haze and Scratch Resistance Measurement

Product Haze Number of Scratches:
Modified Sutherland Rub

Avery Global Coex (MDO film) 40 24

Avery Global MDO (MDO film) 22 27

Avery Fasclear 250 (MDO film) 55 38

Example 8 (MDO film) 11 15

Example 9 (MDO film) 18 10

Example 15 4 12

Example 16 4 8

Avery PE 85 22 18

Avery 2.0 mil BOPP 4 8

Raflatac Raflex Plus 5 9
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The above data shows that the films of Examples 8 and 9 have achieved a relatively higher level
of scuff resistance and a relatively lower level of haze as compared to the previous MDO films (i.e. —
Global Coex (GCX), Global MDO, Fasclear 250). Additionally, the films of Examples 8 and 9 demonstrate
a more desirable combination of scuff resistance and scratch resistance than a blown PE film (Avery PE
85). Examples 8 and 9 utilize higher levels of polyethylene relative to (GCX and Global MDO) yet still
demonstrate increased scuff resistance. Previous experimentation has demonstrated an inverse
relationship between polyethylene levels and scuff resistance; accordingly, the performance of
Examples 8 and 9 are unexpected results.

[0066] Another aspect of the films is in regards to MD stiffness vs. CD stiffness ratio.
Normally, an MDO film is stretched in one direction (the machine direction) and results in a film having a
high MD stiffness and a lower CD stiffness. Without stretching in the CD, one would normally be
confined to whatever was obtained as an output for the CD stiffness. In the new formulas above,
including Examples 8 and 9, the CD stiffness may be manipulated by varying the composition of the film.
Such formulation enables a film that has more balanced properties for an MDO film without the use of
mechanical means to stretch the film in the CD. Accordingly, it is possible to create a label that is
conformable yet does not “fold” in the CD; again an unexpected result. A MD/CD stiffness ratio of 1.0
describes an ideally balanced sheet. These new formulas approach that ideality and solve a unique
problem of the inherent tradeoff between stiffness, conformability, and clarity in an MDO film and may
result in desirable end use benefits including enhanced decoration technology convertibility, use in
health and personal care applications, to enable better, recyclability, barrier properties, steam
sterilization, durable labels, pharmaceuticals, blood bags, fresh bottle labeling, and tube applications, as

well as improved aesthetics attributable to metallization or printing with metallic inks. As shown in
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Table 3, the ratio of MD stiffness to CD stiffness for the disclosed labels may range from 1.2 — 1.9. More

specifically, the ratio may range from 1.24 to 1.89.

Table 3 — Stiffness Measurement

Material MD L&W (mN) CD L&W (mN) MD/CD Ratio
Avery Global Coex (GCX) 44 19 2.32
Avery Global MDO 28 11 2.55
Avery Fasclear 250 29 14 2.07
Example 1 23 16 1.43
Example 7 53 28 1.89
Example 8 30 24 1.25
Example 9 28 22 1.27
Example 14 28 23 1.24
Example 15 48 35 1.38
Example 16 20 23 0.87
Avery PE 85 38 53 0.72
Avery 2.0 mil BOPP 29 51 0.57
Raflatac Raflex Plus 42 37 1.13

[0067] Another physical attribute of labels is referred to as conformability, which dictates
the amount of “squeeze” a user can apply to a bottle before the label wrinkles and darts and other such
defects are formed. During application to a bottle, a more conformable film also allows for fewer
defects attributable to adhesive wet out, bottle movements, and other such real life phenomena when a
bottle is labeled and contents are applied (expanding the bottle expand entry/filling of material into the
empty bottle and subsequent emptying).

[0068] A paradigm that has existed is the more conformable labels (PE films or MDO films),
tend to have a low modulus in MD and CD (conformable), but also have a high haze. The BOPP films are
clear, but have a high modulus (are rigid and therefore not conformable). As such, a film that is both
conformable and exhibits low haze is desirable. In these tables, PE 85, Fasclear 250, and Example 8 and 9
are considered fully conformable. Global Coex and Global MDO are considered semi conformable, and

BOPP is considered rigid (i.e. not conformable).
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Table 4 — Conformability and Haze Measurement

. 2% Secant Modulus MD | 2% Secant Modulus CD | MD/CD
Material . . . Haze
(psi) (psi) Ratio
Avery Global Coex (GCX) 191,000 84,000 2.27 40
Avery Global MDO 243,000 114,000 2.14 22
Avery Fasclear 250 144,000 75,000 1.92 55
Example 8 115,000 66,000 1.74 11
Example 9 124,000 61,000 2.03 18
Example 15 120,623 79,086 1.52 4
Example 16 103,657 74,509 1.39 4
Avery PE 85 83,000 106,000 0.78 22
Avery 2.0 mil BOPP 226,000 339,000 0.67 4
Raflatac Raflex Plus 275,000 256,000 1.07 5
[0069] As label converting technology continues to evolve, an additional method for

converting labels, in addition to the traditional methods of metal anvil and mag die cutting, is use of
lasers for conversion. Typical lasers utilized in label converting operate at wavelengths of 10.2 and 10.6
micrometers (near infrared wavelengths), although other wavelengths may also be used. Lasers with
these wavelengths may be used for cutting labels with layers including one or more materials such as
BOPP (both clear and white), PE (both clear and white), paper, PET (both clear and white), and MDO
films, again both clear and white. Of note, each of these materials (and/or additives contained therein)
absorb light in the wavelengths emitted by the conventional lasers described previously. In general, the
white films and paper are properly die cutting, i.e., such materials absorb light of at least one of 10.2
and 10.6 micrometer wavelength and result in a label cut from a matrix; for purposes of this application,
such materials are referred to “laser die cuttable”. However, PE films do not currently laser die cut well
and present a problem to the label industry for those wishing to have a conformable film that also die
cuts given its ability to absorb laser light. One would naturally anticipate a laser to die cut well on films
that fit the criteria of 1) low melting point and 2) being of a construction in which the laser will be

absorbed by the material. In regards to laser die cutting of MDO films, commercially available Fasclear
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films from Avery Dennison fit the criteria one would anticipate for laser die cutting, but these films are
not optically clear, further restricting the selection of labels.

Contrary to what would be expected by one of ordinary skill in the art, it has been found that
clear MDO labels that were conformable could be laser die cut. Such performance is unexpected
because the melting points of the polymers are actually higher than those previously demonstrated to

be laser cuttable, and the materials are not in the absorption band on the laser.

Table 5 — Laser Cutting Performance of Selected Films

Film IR Absorption | Melting Point | Haze (%) Result
micrometers Average (C)

Avery BOPP 10.3 142 4 Cut

Avery PE 85 8 100 25 Not Cut
Avery Global MDO 12 132 22 Not Cut
Avery Fasclear 10.6 92 55 Cut

Example 8 7.2 112 11 Cut

Example 9 7.4 128 18 Cut

[0070] In addition to the enhanced durability and laser cuttability of the subject films are

enhancements to ink adhesion and ink cure time on the disclosed films. The speed at which an ink will
cure on a film substrate determines quality (faster is better) and determines press time. In other words,
the faster an ink cures on a given substrate (e.g. label), the faster the press can run, thereby increasing
efficiency and productivity of the printing asset. In many instances, a converter is required to balance ink
adhesion performance with press speed, as there is a demonstrated inverse relationship between ink
adhesion performance and press speed. As a means for avoiding the tradeoff between ink adhesion and
press speed, inherently printable films (i.e., films without a coating, whether a topcoat or a print primer)
have been developed; alternatively, a print primer or a topcoat may be deposited on the surface of the
labelstock to be printed. Naturally, deposition of a topcoat or primer increases ink adhesion

performance, but additional of this material to the labelstock also increases the cost of the label
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construction. In view of ever-increasing food contact regulations, industrial drive toward sustainability,
and cost reasons, it is desired to obtain enhanced ink adhesion performance without the additional cost
and time attributable to top-coating a labelstock.

[0071] It is recognized in the art that a combination of resin formula and surface treatment
can achieve a desired print/ink adhesion result, whether the treatment be corona, plasma, or flame
treatment or flame plasma treatment. In one instance, the film may be flame or flame plasma treated
from 1800-2500 btu/in using a ratio of fuel to oxygen between 40:60 and 60:40. As a technology,
surface treatment results in an increase in dyne level of the surface of the labelstock, and a
corresponding increase in ink adhesion is the result. However, what is unexpected and found through
print testing is that the cure rate of the ink is increased. With this unexpected result, the benefit is that a
printer converter can run faster and still obtain the same ink adhesion by application of the enhanced
surface treatment. Such increase in curing rate results in an ability to run a printing asset at a higher
rate, thereby increasing productivity and efficiency and in turn decreasing cost per unit area.

[0072] The data in Table 6 are taken following tests on a Mark Andy 4150 Printing Press
running standard Flint 4 color process inkset (CMYK). The control film (Avery Fasclear) after corona
treatment could run up to 325 fpm until the ink started to fail, while at 500 fpm the same film after
flame treatment failed. In contrast, both Example 8 and Example 9, both achieved 100% ink adhesion

after both corona treatment with press speed of 325 fpm and with flame treatment at 500 fpm.

Table 6: Ink Adhesion Performance of Selected Films

Film Treatment Type Max Press Speed Ink Adhesion
Avery Fasclear Corona 325 100%

Avery Fasclear Flame 500 25%
Example 8 Corona 325 100%
Example 8 Flame 500 100%
Example 9 Corona 325 100%
Example 9 Flame 500 100%
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In order to produce a film which is amenable to corona treatment, a higher number of
functional polymers need to be used relative to forming a film amenable to flame or flame plasma
treatment. The functional polymers which render a film amenable to corona treatment result in an
overall softer, and therefore less scuff resistant, film relative to a film formulated to flame or flame
plasma treatment, which contains fewer functional polymers and is therefore relatively harder and
more scuff-resistant than a film prepared for subsequent corona treatment.

[0073] The films and multilayer assemblies of the present subject matter are expected to
have wide application and use in numerous industries. Prime applications of the films are as filmic
labels or as a decoration medium for labeling and packaging materials.

[0074] It will be appreciated that all of the illustrated multilayer films and label assemblies
could include additional layers or materials. In no way is the present subject matter limited to the
particular embodiments depicted.

[0075] Many other benefits will no doubt become apparent from future application and
development of this technology.

[0076] All patents, published applications, and articles noted herein are hereby
incorporated by reference in their entirety.

[0077] As described hereinabove, the present subject matter solves many problems
associated with previous strategies, systems and/or devices. However, it will be appreciated that
various changes in the details, materials and arrangements of components, which have been herein
described and illustrated in order to explain the nature of the present subject matter, may be made by
those skilled in the art without departing from the principle and scope of the claimed subject matter, as

expressed in the appended claims.
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Claims
What is claimed is:
1. An oriented film including a layer comprising:
(i) a first polymeric material selected from the group consisting of a polyethylene (PE)

homopolymer, an alpha polyolefin, a PE-containing copolymer, and combinations thereof; and
(ii) at least one polypropylene (PP) containing material selected from the group consisting

of a PP homopolymer, a PP-containing copolymer, and combinations thereof.

2. The oriented film of claim 1 wherein the first polymeric material is a PE selected from

the group consisting of linear low density polyethylene (LLDPE), low density polyethylene (LDPE), very

low density polyethylene (VLDPE), high density polyethylene (HDPE), and combinations thereof.

3. The oriented film of any one of claims 1-2 wherein the first polymeric material is a PE

including at least one functionalized polyethylene that has polar functionality in the polymer chain.

4. The oriented film of any one of claims 1-3 wherein the film contains an alpha polyolefin.

5. The oriented film of any one of claims 1-4 wherein the PP containing material is a PP

homopolymer.
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6. The oriented film of any one of claims 1-5 wherein the PP containing material is selected
from the group consisting of (i) copolymers of PP and PE having a low ethylene content, (ii) copolymers
of PP and PE having a high ethylene content, (iii) block copolymers of PP with one or more other
monomers, (iv) PP with one or more functionalized polar groups, (v) terpolymers of PP, and

combinations thereof.

7. The oriented film of any one of claims 1-6 wherein the film is oriented by hot stretching

at a stretch ratio within a range of from 2:1 to 9:1.

8. The oriented film of any one of claims 1-7 wherein the film is oriented in a machine
direction.

9. The oriented film of any one of claims 1-8 wherein the film also comprises at least one
skin layer.

10. The oriented film of any one of claims 1-10 wherein the film includes a core layer

disposed between the first skin layer and a second skin layer.

11. The oriented film of claim 10 wherein the composition of the core layer is the same as

the composition of at least one of the first skin layer and the second skin layer.

12. The oriented film of claim 10 wherein the composition of the core layer is different than

the composition of the first skin layer.

29



WO 2015/187646 PCT/US2015/033707

13. The oriented film of claim 10 wherein the composition of the core layer is different than

the composition of the second skin layer.

14. The oriented film of any one of claims 1-13 wherein the PE content of the layer

comprising the first polymeric material and the PP containing material is from 25% to 95%.

15. The oriented film of claim 14 wherein the PE content is from 30% to 80%.

16. The oriented film of claim 14 wherein the PE content is from 35% to 75%.

17. The oriented film of any one of claims 1-16 wherein the layer comprising the first
polymeric material and the PP containing material further comprises at least one of EVA and EVA-based

components.

18. The oriented film of any one of claims 9-17 wherein the skin layer includes at least one
component selected from the group consisting of polypropylene (PP), ethylene vinyl acetate (EVA),
linear low density polyethylene (LLDPE), linear low density polypropylene (PP), high density
polyethylene (HDPE), high density polypropylene (HDPP), styrene diblock copolymer, ionomer resins,
linear low density polyethylene (LLDPE), very low density polyethylene (VLDPE), ethylene acrylic acid

(EAA) copolymers, and combinations thereof.

19. The oriented film of any one of claims 1-18 wherein the ratio of stiffness in the machine

direction to the cross direction is between 0.87:1 and 1.9:1
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20. The oriented film any one of claims 1-19 wherein the film is laser die cuttable.
21. The oriented film of any one of claims 1-20 wherein the film is flame treated.
22. A label assembly comprising:

an oriented film including a layer having (i) a first polymeric material selected from the group
consisting of a polyethylene (PE) homopolymer, an alpha olefin, a PE containing copolymer, and
combinations thereof and (ii) a polypropylene (PP) containing material selected from the group
consisting of a PP homopolymer, a PP containing copolymer, and combinations thereof; and

a layer of an adhesive.

23. The label assembly of claim 22 wherein the adhesive is a pressure sensitive adhesive.

24. The label assembly of any one of claims 22-23 wherein the first polymeric material is a

PE selected from the group consisting of linear low density polyethylene (LLDPE), low density

polyethylene (LDPE), very low density polyethylene (VLDPE), high density polyethylene (HDPE), and

combinations thereof.

25. The label assembly of any one of claims 22-24 wherein the first polymeric material

includes at least one functionalized polyethylene that has polar functionality in the polymer chain.

26. The label assembly of any one of claims 22-25 wherein the PP containing material is a PP

homopolymer.
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27. The label assembly of any one of claims 22-26 wherein the PP containing material is
selected from the group consisting of (i) copolymers of PP and PE having a low ethylene content, (ii)
copolymers of PP and PE having a high ethylene content, (iii) block copolymers of PP with one or more
other monomers, (iv) PP with one or more functionalized polar groups, (v) terpolymers of PP, and

combinations thereof.

28. The label assembly of any one of claims 22-27 wherein the film is oriented by hot

stretching at a stretch ratio within a range of from 2:1 to 9:1.

29. The label assembly of any one of claims 22-28 wherein the film is oriented in a machine
direction.
30. The label assembly of any one of claims any one of claims 22-29 wherein the film also

comprises at least one skin layer.

31. The label assembly of claim 30 wherein the film comprises a first skin layer and a second

skin layer, where the layer comprising a first polymeric material and a PP containing material is a core

layer disposed between the first skin layer and the second skin layer.

32. The label assembly of claim 31 wherein the composition of the core layer is the same as

the composition of at least one of the first skin layer and the second skin layer.
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33. The label assembly of claim 31 wherein the composition of the core layer is different

than the composition of the first skin layer.

34. The label assembly of claim 31 wherein the composition of the core layer is different

than the composition of the second skin layer.

35. The label assembly of any one of claims 22-34 wherein the PE content of the layer

comprising a first polymeric material and a PP containing material is from 25% to 95%.

36. The label assembly of claim 35 wherein the PE content is from 30% to 80%.

37. The label assembly of claim 35 wherein the PE content is from 35% to 75%.

38. The label assembly of any one of claims 22-37 wherein the layer comprising a first
polymeric material and a PP containing material comprises at least one of EVA and EVA-based

components.

39. The label assembly of any one of claims 30-38 wherein the skin layer includes at least
one component selected from the group consisting of polypropylene (PP), ethylene vinyl acetate (EVA),
linear low density polyethylene (LLDPE), linear low density polypropylene (PP), high density
polyethylene (HDPE), high density polypropylene (HDPP), styrene diblock copolymer, ionomer resins,
linear low density polyethylene (LLDPE), very low density polyethylene (VLDPE), ethylene acrylic acid

(EAA) copolymers, and combinations thereof.
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40. The label assembly of any one of claims 22-39 wherein the oriented film layer has a ratio

of stiffness in the machine direction to the cross direction between 0.87:1 and 1.9:1.

41. The label assembly of any one of claims 22-40 wherein the label assembly is laser die
cuttable.

42. The label assembly of any one of claims 22-41 wherein the label assembly is flame
treated.

43. The label assembly of any one of claims 22-42 wherein the amount of the first polymeric

material is greater than the amount of the PP containing material

44, A method of producing a labeled article, the method comprising:

providing an article having a surface to receive a label;

providing a label assembly including an oriented film having a layer including (i) a first polymeric
material selected from the group consisting of a polyethylene (PE) homopolymer, an alpha olefin, a PE
containing copolymer, and combinations thereof and (ii) a polypropylene (PP) containing material
selected from the group consisting of a PP homopolymer, a PP containing copolymer, and combinations
thereof, and an adhesive;

adhering the layer of the adhesive of the label assembly to the surface of the article to thereby

produce a labeled article.
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