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THERMOPLASTIC FILMS HAVING
ASYMMETRIC PROPERTIES

RELATED APPLICATIONS

[0001] This application claims priority from U.S. Provi-
sional Application Ser. No. 62/100,197, filed Jan. 6, 2015, the
entire disclosure of which is incorporated herein by this ref-
erence.

TECHNICAL FIELD

[0002] The presently-disclosed subject matter relates to
films having asymmetric properties and processes for produc-
ing the same. In particular, the presently-disclosed subject
matter relates to thermoplastic, biaxially-oriented polyethyl-
ene terephthalate films that have a tear force in the longitudi-
nal direction that is about 1.5 times as large as a tear force in
the transverse direction.

BACKGROUND

[0003] Thermoplastic films are known in the art and can be
manufactured from semicrystalline resins such as polyethyl-
ene terephthalate (PET), polyethylene, cycloolefin copoly-
mers, ethylene vinyl alcohol copolymers, nylons, polylactic
acids, polypropylene, polyphenylene sulphate, and other
materials. Moreover, it is appreciated that a number of thin
polymer films can be prepared commercially with processes
that involve sequential melting, extrusion, and solidification
of'the polymer material into a thin cross-section. Orientation
of such polymer films through blowing or mechanical meth-
ods in the longitudinal (machine) and transverse directions
can significantly increase the crystallinity of the films, which
can, in turn, affect tear, twist, optical, and other mechanical
properties of films.

[0004] Inthisregard, it is further appreciated that the amor-
phous content of any PET film is the weight fraction of
material that is not crystallized within the biaxial orientation
process, and that the densification of the amorphous phase
implies that the mass perunit volume of non-crystalline mate-
rial is increased (see, e.g., Polymer Bulletin, April 1988,
Volume 19, Issue 4, pp. 397-401, the entire contents of which
are incorporated herein by this reference). The semicrystal-
line nature of oriented polymer films implies a weight frac-
tion of such film is crystalline, whereas the remaining portion
of'the material is amorphous. The ratio of crystalline to amor-
phous domains is strongly influential for properties like gas
barrier properties, thermal resistance, density, optical clarity,
and other commercially-valuable properties.

[0005] With further respect to the structure of oriented
polymer films, including PET films, some have suggested that
the nodular structure and small isometric crystallites within
biaxially-oriented PET film may contribute to PET film duc-
tility at low temperatures (see Klement and Geil, Journal of
Macromolecular Science, Part B: Physics Volume 5, Issue 3,
1971, the entire contents of which are incorporated herein by
this reference). Such morphological attributes can be intro-
duced and controlled through process conditions including
stretching ratios, speed of stretching, temperature of stretch-
ing, crystallization temperatures, and the like.

[0006] U.S. Pat. Nos. 4,786,533; 4,842,187; 5,292,563,
5,451,455; and 5,573,723 as well as European Patent No.
0441027, which are incorporated herein by reference,
describe various formulations and attributes for polyolefin
twistable films, where, in general, the modulus of the film is
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lowered to allow deformation of the film under relatively low
stress conditions. More specifically, these patents describe
the use of additives to change the modulus properties of
biaxially-oriented polyolefin films, as a lower modulus
allows the films to twist with little recovery, as well as tear
more easily.

[0007] Despite the properties observed with those films,
however, the construction of films with low modulus proper-
ties presents many challenges in the commercial environ-
ment. Maintaining low modulus from the inclusion of low
molecular weight additives like oils, tackifiers, and plasticiz-
ers can result in problems of migration of the low molecular
weight additives, which can then result in additional issues
related to obtaining food contact approval status and to pro-
cessing troubles. Surface properties like coefficient of friction
(COF) and heat sealability can also be compromised as a
function of time in films that include such additives. Further-
more, it can be difficult or impossible to metalize low modu-
lus films of this type of construction due to problems associ-
ated with the relatively high vapor pressures of oils and other
small molecules under vacuum metalizing chamber condi-
tions.

[0008] Other known methods for providing thermoplastic
materials with good twist or tear properties have involved
making such films at relatively low orientation ratios. How-
ever, the construction of low stretch ratio films can be prob-
lematic due to the likelihood of high shrinkage during subse-
quent use of the films as well as poor commercial runability of
the films. Such shrinkage would be further exacerbated as
temperatures increased.

[0009] Accordingly, there remains a need in the art to pro-
duce a thermoplastic PET film with easy twist and tear prop-
erties without the requirement of using low molecular weight
additives or low stretch ratios to construct the material. Such
films and processes would be desirable and beneficial for a
range of commercial applications including, but not limited
to, the packaging of food, candy, novelties, and other com-
modities.

SUMMARY

[0010] The presently-disclosed subject matter meets some
or all of the above-identified needs, as will become evident to
those of ordinary skill in the art after a study of information
provided in this document.

[0011] This summary describes several embodiments of
the presently-disclosed subject matter, and in many cases lists
variations and permutations of these embodiments. This sum-
mary is merely exemplary of the numerous and varied
embodiments. Mention of one or more representative features
of a given embodiment is likewise exemplary. Such an
embodiment can typically exist with or without the feature(s)
mentioned; likewise, those features can be applied to other
embodiments of the presently-disclosed subject matter,
whether listed in this summary or not. To avoid excessive
repetition, this summary does not list or suggest all possible
combinations of such features.

[0012] The presently-disclosed subject matter includes
thermoplastic polyethylene terephthalate films and processes
for producing the same. In particular, the presently-disclosed
subject matter includes thermoplastic polyethylene tereph-
thalate films having a biaxially-oriented polyethylene tereph-
thalate layer, a tensile strength in the longitudinal direction of
about 2000 kg/cm? or more, a tensile strength in the trans-
verse direction of about 3000 kg/cm” or more, and a tear force
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in the longitudinal direction that is about 1.5 times as large as
a tear force in the transverse direction. With respect to the
polyethylene terephthalate, the polyethylene terephthalate
used for the films can be selected from a polyethylene tereph-
thalate homopolymer, a polyethylene terephthalate copoly-
mer, and a combination thereof.

[0013] Regardless of whether the PET layer includes PET
homopolymers or copolymers, the PET layer included in the
films of the presently-disclosed subject matter is generally
prepared by processes known to those of ordinary skill in the
art including the use of conventional sequential biaxial ori-
entation machines having a single screw mainline extrusion
train and a twin screw sub-extrusion process. In this regard, in
some embodiments, standard PET pellets having a desired
intrinsic viscosity can be fed into the main extrusion line,
while a blend of standard PET pellets and PET pellets having
a different composition (e.g., PET pellets including an inor-
ganic additive) can be fed in to the sub-extrusion process,
such that the materials can be melted separately and then
laminated together in a feed-block to produce a desired mol-
ten structure (e.g., an A/B/A molten structure) in an extrusion
die. The laminated PET material or layer emerging from the
extrusion die can then be quenched on a chilled casting drum
to produce a thick, amorphous film structure. The PET layer
is then preferably stretched about 2 to about 5 times in the
machine, or longitudinal, direction and, after the acrylic
primer coating process described below, about 2 to about 5
times in the transverse direction, followed by heat crystalli-
zation. In some embodiments, after stretching the PET layer
in the longitudinal and transverse direction and crystalliza-
tion, a layer of PET material is obtained having a tensile
strength of at least about 2000 kg/cm? or 3000 kg/cm? in both
the transverse and the longitudinal direction of the film, and
having dimensions that are about 2 to about 4.5 times those
originally found in the PET layer in both the longitudinal and
transverse direction. In some embodiments, the resulting PET
layer has a total thickness of about 6 pm to about 9 pm.

[0014] Someembodiments ofthe presently-described films
are multilayer films that comprise two or more layers, and in
some instances include three layers. Some embodiments of
the multilayer films comprise one or more layers that include
silica. In some embodiments, silica is added to a layer, such
that the resulting film has a dynamic coefficient of friction
(COF) to steel of less than about 0.45 or, in some embodi-
ments, of less than about 0.45 uD to steel when heated to 150°
C. In some embodiments, silica is added to one or more layers
comprised of polyethylene terephthalate to thereby form a
polyethylene terephthalate-silica layer, which can be formed,
for example, in the sub-extrusion process described herein. In
certain embodiments, the films have a three-layer “AB/A”
structure that includes, from top to bottom, a first polyethyl-
ene terephthalate layer, a polyethylene terephthalate-silica
layer, and a second polyethylene terephthalate layer. In some
embodiments, the films have a total thickness of about 50 um
or less. In some embodiments, the films have a total thickness
of'about 30 pum or less. In some embodiments, the films have
a total thickness of about 5 um to about 15 um.

[0015] Further provided by the presently-disclosed subject
matter are processes for producing a thermoplastic film with
asymmetric properties. In some embodiments, a process for
producing a thermoplastic film is provided wherein a biaxi-
ally-oriented polyethylene terephthalate layer is first pro-
duced by melting an amount of polyethylene terephthalate
pellets to form an initial polyethylene terephthalate layer.
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Next, a biaxially-oriented polyethylene terephthalate layer
that includes silica is produced by melting together an amount
of polyethylene terephthalate pellets and silica. The polyeth-
ylene terephthalate layer can then be laminated on to one or
both sides of the polyethylene terephthalate layer that
includes silica, the co-extruded layer, to thereby produce a
multilayer film.

[0016] Subsequently, in some embodiments, the multilayer
film is first stretched in a longitudinal direction, and then the
multilayer film is stretched in a transverse direction. The step
of stretching the multilayer film in the longitudinal direction
includes, in some embodiments, stretching the multilayer
film by a factor ofabout 2 to about 4. The step of stretching the
multilayer film in the transverse direction includes, in some
embodiments, stretching the multilayer film by a factor of
about 3 to about 4.5. In some embodiments, the step of
stretching the multilayer film in the transverse direction is
performed at a temperature of about 80° C. to about 140° C.
[0017] Optionally, after the step of stretching the multilayer
film in a longitudinal direction and prior to the step of stretch-
ing the multilayer film in the transverse direction, at least one
side of the multilayer film layer is coated, such as with a
cross-linked acrylic primer. In some embodiments, coating
the multilayer film comprises inline coating the multilayer
film.

[0018] Further features and advantages of the presently-
disclosed subject matter will become evident to those of
ordinary skill in the art after a study ofthe description, figures,
and non-limiting examples in this document.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG.1 is a schematic diagram showing an initial 3.5
inch tear formed in a polyethylene terephthalate film made in
accordance with the presently-disclosed subject matter.

[0020] FIG. 2A is a schematic diagram showing the poly-
ethylene terephthalate film sample of FIG. 1 inserted in a
Tensile Tester.

[0021] FIG. 2B is another schematic diagram showing the
polyethylene terephthalate film of FIG. 1 inserted in a Tensile
Tester.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0022] The details of one or more embodiments of the
presently-disclosed subject matter are set forth in this docu-
ment. Modifications to embodiments described in this docu-
ment, and other embodiments, will be evident to those of
ordinary skill in the art after a study of the information pro-
vided in this document. The information provided in this
document, and particularly the specific details of the
described exemplary embodiments, is provided primarily for
clearness of understanding and no unnecessary limitations
are to be understood therefrom. In case of conflict, the speci-
fication of this document, including definitions, will control.
[0023] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the
presently-disclosed subject matter belongs. Although any
methods, devices, and materials similar or equivalent to those
described herein can be used in the practice or testing of the
presently-disclosed subject matter, representative methods,
devices, and materials are now described.
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[0024] Following long-standing patent law convention, the
terms “a,” “an,” and “the” refer to “one or more” when used in
this application, including the claims. Moreover, unless oth-
erwise indicated, all numbers expressing quantities of ingre-
dients, properties such as reaction conditions, and so forth
used in the specification and claims are to be understood as
being modified in all instances by the term “about.” Accord-
ingly, unless indicated to the contrary, the numerical param-
eters set forth in this specification and claims are approxima-
tions that can vary depending upon the desired properties
sought to be obtained by the presently-disclosed subject mat-
ter.

[0025] As used herein, the term “about,” when referring to
a value or to an amount of mass, weight, time, volume, con-
centration or percentage is meant to encompass variations of
in some embodiments +20%, in some embodiments +10%, in
some embodiments +5%, in some embodiments x1%, in
some embodiments +0.5%, and in some embodiments +0.1%
from the specified amount, as such variations are appropriate
to perform the disclosed method. Additionally, as used herein,
ranges can be expressed as from “about” one particular value,
and/or to “about” another particular value. It is also under-
stood that there are a number of values disclosed herein, and
that each value is also herein disclosed as “about” that par-
ticular value in addition to the value itself. For example, if the
value “10” is disclosed, then “about 107 is also disclosed. It is
also understood that each unit between two particular units
are also disclosed. For example, if 10 and 15 are disclosed,
then 11, 12, 13, and 14 are also disclosed.

[0026] The presently-disclosed subject matter includes
films having asymmetric properties as well as processes for
producing the same. In particular, the presently-disclosed
subject matter includes, in some embodiments, thermoplas-
tic, biaxially-oriented polyethylene terephthalate (PET) films
that have a tear force in the longitudinal (machine) direction
that is about 1.5 times as large as a tear force in the transverse
direction.

[0027] In some embodiments of the presently-disclosed
subject matter, a thermoplastic film is provided that com-
prises a biaxially-oriented polyethylene terephthalate layer
having asymmetric properties. The term “thermoplastic” is
used herein to refer to a material that generally is capable of
being repeatedly hardened when cooled and softened when
heated. In some embodiments, by virtue of the thermoplastic
films having asymmetric properties, the films are character-
ized in both a longitudinal direction, or the direction that the
film moves in during the manufacturing process, and in a
transverse direction, which is perpendicular to the longitudi-
nal direction. In this respect, in some embodiments, the ther-
moplastic films comprise a tensile strength in the longitudinal
direction of about 2000 kg/cm? or more, including about 2000
kg/cm?® to about 10,000 kg/cm®. In some embodiments, the
thermoplastic films further comprise a tensile strength in the
transverse direction of about 3000 kg/cm?® or more, including
about 3000 kg/cm? to about 10,000 kg/cm?.

[0028] In some embodiments, the polyethylene terephtha-
late layer included in the thermoplastic films comprises poly-
ethylene terephthalate homopolymers, where the polyethyl-
ene terephthalate layer consists of only polyethylene
terephthalate. Additionally or alternatively, other embodi-
ments of the present thermoplastic films include a polyethyl-
ene terephthalate layer that comprises polyethylene tereph-
thalate copolymers, wherein the polyethylene terephthalate
layer includes polyethylene terephthalate and one or more
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additional co-monomers. Additional co-monomers that can
be used in this regard include, but are not limited to, diethyl-
ene glycol, propylene glycol, neopentyl glycol and polyalky-
lene glycols, 1,4-butane diol, 1,3-propane diol, and dicar-
boxylic acids such as adipic acid, sebacic acid, malonic acid,
succinic acid, isophthalic acid, and 2,6-napthalenedicarboxy-
lic acid.

[0029] Regardless of whether the polyethylene terephtha-
late layer includes polyethylene terephthalate homopolymers
or copolymers, the polyethylene terephthalate layer included
in the films of the presently-disclosed subject matter is gen-
erally prepared by processes known to those of ordinary skill
in the art including the use of conventional sequential biaxial
orientation machines having a single screw mainline extru-
sion train and a twin screw sub-extrusion process. In this
regard, in some embodiments, standard polyethylene tereph-
thalate pellets having a desired intrinsic viscosity can be fed
into the main extrusion line, while pellets of another compo-
sition can be fed into a sub-extrusion process. For instance, a
blend of standard polyethylene terephthalate pellets and
silica-filled polyethylene terephthalate pellets can be fed in to
the sub-extrusion process. The materials can then be melted
separately and laminated together in a feed-block to produce
a desired multilayer molten structure (e.g., an A/B/A molten
structure) in an extrusion die.

[0030] Through laminating the various layers of materials
together, in some embodiments, the thermoplastic films
described herein can thus be comprised of a plurality of layers
orinother words can comprise a “multilayer film” having two
or more layers that can differ in composition and/or physical
properties. In certain embodiments, the thermoplastic films
comprise three layers (e.g., an A/B/A configuration). Addi-
tionally, in some embodiments at least one of the layers in an
exemplary multilayer film includes silica. In some embodi-
ments, exemplary multilayer films comprise a layer that
includes silica interposed between layers that do not include
silica. In some embodiments, the multilayer film comprises,
from top to bottom, a first polyethylene terephthalate layer, a
polyethylene terephthalate-silica layer, and a second polyeth-
ylene terephthalate layer.

[0031] Regardless of the particular multi-layer structure
included in a thermoplastic film of the present invention, once
the materials and/or various layers are melted and laminated
together, the laminated polyethylene terephthalate material or
layer emerging from the extrusion die is generally subse-
quently quenched on a chilled casting drum to produce a
thick, amorphous film structure. The thermoplastic film is
then stretched about 2 to about 5 times in the longitudinal
direction. In some embodiments, the step of stretching the
multilayer film in the longitudinal direction includes stretch-
ing the multilayer film by a factor of about 2 to about 4. After
stretching in the longitudinal direction, the film is then
stretched about 2 to about 5 times in the transverse direction.
In some embodiments, the step of stretching the multilayer
film in the transverse direction includes stretching the multi-
layer film by a factor of about 3 to about 4.5.

[0032] The thickness of the resulting films can depend on a
variety of factors, including, but not limited to, the number of
layers in the film, the thickness of the individual layers, the
stretching ratio, and the like. In some embodiments, by
stretching the resulting film in the above-described manner,
the film has a total thickness of about 100 pum or less, a total
thickness of about 70 um or less, a total thickness of about 50
um or less, a total thickness of about 30 pm or less, or a total
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thickness of about 10 pum or less. In some embodiments, the
film has a total thickness of about 5 um to about 50 pm,
including about 5 um, 10 pm, 15 pm, 20 pm, 25 pm, 30 um, 35
um, 40 pm, 45 um, and 50 pm.

[0033] Additionally, in some embodiments and to produce
a film having asymmetric properties, stretching in the trans-
verse direction is performed at a temperature of about 80° C.
to about 140° C., including, in some embodiments, about 70°
C., about 80° C., about 90° C., about 100° C., about 110° C.,
about 120° C., about 130° C., and about 140° C. In some
embodiments, and without being bound by theory or mecha-
nism, the presently-disclosed subject matter provides ther-
moplastic films and processes for producing the same that
utilize the orientation of the thermoplastic films as well as
other parameters to tune the tear properties of the films.
Specifically, and again without wishing to be bound by any
particular theory or mechanism, it is believed that by first
longitudinally stretching the films at higher temperatures,
such as those that would normally be used in the stretching of
PET films in the longitudinal direction, and then subsequently
stretching the films in a transverse direction at lower tempera-
tures than what would normally be used in the manufacture of
PET films, the films of the presently-disclosed subject matter
are allowed to anneal at a much lower temperature than what
would typically be observed. In turn, such annealing at lower
temperatures then leads to an absence of or a reduced amount
of crystallinity in the transverse direction of the film and,
consequently, leads to a thermoplastic film having different
properties in the longitudinal and the transverse directions of
the film or, in other words, a thermoplastic film having “asym-
metric” properties.

[0034] For example, in some embodiments of the pres-
ently-disclosed subject matter, by stretching a film of the
presently-disclosed subject matter in the longitudinal direc-
tion at standard temperatures and subsequently stretching the
film in the transverse direction at lower temperatures than
what is commonly observed in the manufacturing of PET
films, the resulting thermoplastic film includes a tear force in
the longitudinal direction that differs from the tear force in the
transverse direction. The term “tear force” as used herein
refers to the force required to move a tear through a material
in a particular direction, but that excludes the force required to
initiate a tear in a material, or to completely separate a mate-
rial into two respective pieces. In certain embodiments of the
presently-disclosed thermoplastic films, the thermoplastic
films comprise a tear force in the longitudinal direction that is
about 1.1, about 1.2, about 1.3, about 1.4, about 1.5, about 1.6,
about 1.7, about 1.8, about 1.9, about 2.0, about 2.1, about 2.3,
about 2.4, or about 2.5 times as large as a tear force in the
longitudinal direction. In certain embodiments of the pres-
ently-disclosed thermoplastic films, the thermoplastic films
comprise a tear force in the longitudinal direction that is about
1.5 times as large as a tear force in the longitudinal direction.

[0035] In addition to producing thermoplastic films having
asymmetric tear properties, in some embodiments, one or
more materials can also be added to one or more of the layers
of the thermoplastic film to produce a thermoplastic film or
layer thereof having a desired dynamic coefficient of friction.
As used herein, dynamic coefficient of friction refers to the
coefficient of friction which persists during a sliding motion
at a given speed. The coefficient of friction is determined as
the ratio of the frictional force to the normal force, acting
perpendicular to the two surfaces in contact. Methods for
determining coefficients of friction can be found, for
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example, in International Organization for Standardization
Standard ISO 8295 for Plastics Film and Sheeting, Determi-
nation of the Coefficients of Friction. For instance, in some
embodiments, silica is added to a polyethylene terephthalate
layer to achieve a desired dynamic coefficient of friction
(COF) for a resulting film. In certain embodiments, a PET
film is provided that includes a dynamic COF of about 0.45
puDorless, 0.35 uD or less, 0.25 puD or less, or 0.15 uD or less.
Additionally, in certain embodiments, a film is provided that
is configured to include a particular dynamic COF to steel
when heated to 150° C., including, in some embodiments, a
dynamic COF of about 0.45 uD or less, 0.35 uD or less, 0.25
uD or less, or 0.15 uD or less.

[0036] In some embodiments of the presently-described
films and associated thermoplastic properties, and in addition
to or as an alternative to including silica in one or more layers
of'the thermoplastic film, a coating is also applied to the film
to impart one or more additional properties onto the film. For
instance, in some embodiments, a coating can be applied to
the film after the step of stretching the multilayer film in a
longitudinal direction, but prior to the step of stretching the
multilayer film in the transverse direction. In some embodi-
ments, the step of coating the film comprises coating at least
one side of the film with a coating selected from the group
consisting of an acrylic coating, a polyurethane coating, a
polysulphonester coating, and a quaternary ammonium-
based coating.

[0037] In some embodiments, the step of coating the film
comprises coating the film with an acrylic primer, which, in
certain embodiments, can then form a cross-linked acrylic
primer layer on the film. Such an acrylic primer layer is
typically highly cross-linked and capable of providing a rela-
tively low dynamic COF to metal to increase the contact of
film to metal. In some embodiments, the dynamic COF ofthe
acrylic layer of the film to the metal is about 0.15 to about 0.45
uD when heated to 150° C. In some embodiments, the
dynamic COF of the acrylic layer of the film to the metal is
about 0.15 uD, about 0.20 uD, about 0.25 uD, about 0.30 uD,
about 0.35 uD, about 0.40 uD, or about 0.45 uD. In some
embodiments, the dynamic COF of the acrylic layer of the
film to the metal is less than about 0.45 uD when heated to
150° C. In some embodiments, the dynamic COF of the
acrylic layer of the film to the metal is less than about 0.20 uD
when heated to 150° C.

[0038] Insome embodiments, to produce an acrylic primer
layer having such properties, the acrylic primer layer can be
comprised of an acrylic resin that adheres well to a polyeth-
ylene terephthalate layer. Such acrylic resins can be selected
from resins having a monomer component such as, for
example, an alkyl acrylate, an alkyl methacrylate, (examples
of such alkyl groups include a methyl group, an ethyl group,
an n-propyl group, an isopropyl group, an n-butyl group, an
isobutyl group, a t-butyl group, a 2-ethylhexyl group, a lauryl
group, a stearyl group, a cyclohexyl group, a phenyl group, a
benzyl group, a phenylethyl group and the like), a monomer
having a hydroxyl group such as 2-hydroxyethyl acrylate,
2-hydroxyethyl methacrylate, 2-hydroxypropyl acrylate,
2-hydroxypropyl methacrylate or the like, a monomer having
an amide group such as acrylamide, methacrylamide, N-me-
thyl acrylamide, N-methyl methacrylamide, N-methylol
acrylamide, N-methylol methacrylamide, N,N-dimethylol
acrylamide, N-methoxymethyl acrylamide, N-methoxym-
ethylmethacrylamide, N-phenyl acrylamide or the like, a
monomer having an amino group such as N,N-diethylamino
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ethyl acrylate, N,N-diethylamino ethyl methacrylate or the
like, a monomer having an epoxy group such as glycidyl
acrylate, glycidyl methacrylate or the like, a monomer having
a carboxylic acid or a salt thereof such as acrylic acid, meth-
acrylic acid or a salt thereof (an alkali metal salt, an alkali
earth metal salt, an ammonium salt or the like) and the like
whereupon one or more types of such monomer components
are copolymerized. In some embodiments, the acrylic primer
is comprised of a copolymer of methyl methacrylate that
further includes methacrylic acid and methacrylonitrile. In
some embodiments, the acrylic primer is comprised of a
co-polymer of methylmethacrylate, butylacrylate, meth-
acrylic acid, methyl acrylate, acrylic acid, and hydroxyethyl-
methacrylate, alone or in combination with other monomers,
as such a combination of monomers has been observed to
produce an acrylic primer layer having sufficient hardness
and COF values as well as a sufficient ability to adhere to
down-stream sealants including, but not limited to, polyeth-
ylene, ethylene vinyl acetate, ethylene methyl acrylate, and
copolymers and terpolymers thereof.

[0039] In addition to the acrylic components of the acrylic
primer layer, one or more cross-linking agents can also be
included in the acrylic primer layer to harden the acrylic
primer layer, to reinforce the bonding between the various
layers of the thermoplastic film, and to also provide a highly
cross-linked layer capable of providing increased thermal
resistance. Exemplary cross-linking agents that can be used
with the acrylic components include, but are not limited to,
melamine-based cross-linkers, epoxy-based cross-linkers,
aziridine-based cross-linkers, epoxyamide compounds, titan-
ate-based coupling agents (e.g., titanium chelate), oxazoline-
based cross-linkers, isocyanate-based cross-linkers, methy-
lolurea or alkylolurea-based cross-linkers, aldehyde-based
cross-linkers, and acrylamide-based cross-linkers. In some
embodiments, the cross-linking agent is selected from
melamine, epoxy-based cross-linkers, and aldehyde-based
cross-linkers.

[0040] In some embodiments, the cross-linking agents are
included in the acrylic primer layer to produce a cross-linked
acrylic primer layer having a cross-linking density of about
10%, about 15%, about 20%, about 25%, about 30%, or about
40%. In some embodiments, the cross-linking agents are
included in the acrylic primer layer to produce a cross-linked
acrylic primer layer having a cross-linking density of greater
than about 10%.

[0041] Theacrylic primer layer canbe applied to the film by
a number of methods, including application of the acrylic
primer in a dispersion or solution of water, and by an appli-
cation method such as gravure coating, meyer rod coating,
slot die, knife over roll, or any variation of roll coating. In
some embodiments, the acrylic primer layer is applied by
inline coating, whereby the acrylic primer layer is applied to
the film as it is being produced. More specifically, and as
described above, the acrylic primer layer can be applied to
both sides of the film by inline coating immediately after
stretching the film in the longitudinal direction. In some
embodiments, the thickness of the acrylic primer layer that is
applied to at least one side of the film is about 0.3 um, about
0.25 pum, about 0.2 pm, about 0.15 pm, about 0.10 um, or
about 0.05 um.

[0042] The presently-disclosed subject matter is further
illustrated by the following specific but non-limiting
examples.
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EXAMPLES
Example 1

Thermoplastic Polyethylene Terephthalate (PET)
Film

[0043] A polyethylene terephthalate film was prepared in a
conventional sequential biaxial orientation machine. The
machine consisted of a single screw mainline extrusion train
and a twin screw sub extrusion process. Briefly, polyethylene
terephthalate pellets of an intrinsic viscosity (IV) of 0.62 were
fed into the main extrusion train at a rate of 650 Kg/hr. Into the
sub-extrusion process, a blend of 0.62 IV polyethylene
terephthalate pellets (75%) and silica filled polyethylene
terephthalate pellets (25%) were fed into the system. The
amount of silica used was optimized to produce a COF ofless
than 0.45 pD at the end of the film making process. These
materials were then separately melted and laminated together
in a feed-block to produce an A/B/A molten structure in the
extrusion die.

[0044] The molten laminated polyethylene terephthalate
material that emerged from the extrusion die was subse-
quently quenched on a chilled casting drum to produce a
thick, amorphous film structure. Subsequently, this film was
stretched in the longitudinal, or machine or lengthwise, direc-
tion through a heated roller assembly. The ratio of this stretch-
ing was varied. After longitudinal stretching, the film was
then stretched in the transverse direction.

[0045] More specifically, the film was stretched in the lon-
gitudinal direction by a factor of 3.5. The film was then
attached to a chain rail and entered a tenter for transverse
orientation by a factor of about 4.1. The temperature at which
the transverse orientation was performed varied from stan-
dard procedures, and Table 1 shows the temperatures of the
transverse orientation at different locations.

TABLE 1

Transverse Orientation Temperatures at Various Locations

Location Temp. (° C.)
Pre-Heat Zone

PH1 85-100
PH2 85-100
PH3 85-100
Stretch Zone

ST1 90-100
ST2 90-100
ST3 90-100
ST4 90-100
STS 90-100
Crystallization Zone

CX1 80-90
CX2 80-90
CX3 80-90
CX4 80-90
CX5 80-90
Anneal Zone

AZ 80-90
Cooling Zone

C-1 70-90
C-2 40-60
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[0046] The resulting film had a thickness of about 12 pm.
Additionally, the films included a tensile strength in the lon-
gitudinal and transverse directions of about 2000 kg/cm?® and
3000 kg/cm?, respectively and, in some instances, higher
tensile strength values.

Example 2

Comparative Control Polyethylene Terephthalate
(PET) Film

[0047] A control film was prepared for comparison to the
film described in Example 1. Using the procedures described
in Example 1, a polyethylene terephthalate layer was lami-
nated on both sides of a polyethylene terephthalate-silica
layer to produce an A/B/A molten structure in the extrusion
die.

[0048] The molten laminated polyethylene terephthalate
material was subsequently quenched on a chilled casting
drum, and then the control film was stretched in longitudinal
direction through a heated roller assembly by a factor of 3.4.
Next, without coating the film, the film was side-ways drawn
at a stretch ratio of approximately 4.0 in the transverse direc-
tion. The temperature at which the transverse orientation was
performed varied, and Table 2 shows the temperatures of the
transverse orientation at different locations. The resulting
film was about 12 um thick.

TABLE 2

Transverse Orientation Temperatures at Various Locations

Location Temperature
Pre-Heat Zone

PH1 98
PH2 100
PH3 101
Stretch zone

S1 102
S2 106
S3 107
sS4 109
Neutral Zone - N1

Crystallization Zone

CX1 180
CcX2 226
CX3 226
cX4 226
Neutral Zone - N2

Anneal Zone

AZ1 180
Neutral Zone - N3

Cooling Zone

C-1 66
C-2 38

Example 3

Comparison of Films

[0049] This Example describes a process for analyzing the
longitudinal and transverse tear properties of the films pro-
duced in Examples 1 and 2. First, both sets of films were
provided, and 2 inchx5 inch samples of the films were cut in
both the longitudinal direction and the transverse directions.
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Five samples were cut in each direction and for each film,
which produced a total of 20 samples. As shown in FIG. 1,
each of the samples were then cut 3.5 inches from the center
of'one of the 2 inch sides, leaving a 1.5 inch tail from the other
end of the sample that was still attached.

[0050] Next, an Instron Tensile Tester (Instron, Norwood,
Mass.) was provided, and was configured such that it would
record and report total work and displacement for each trial.
The Tensile Tester was also configured such that it registered
a “break” and stopped recording once the tear reached the
edge of the respective samples.

[0051] AsshowninFIG.2A, the samples were inserted into
the Tensile Tester so that the tear was oriented vertically.
Specifically, one free end of the sample where the tear had
initiated was attached to the top clamp, then, while applying
light tension, the other free end of the sample where the tear
had initiated was attached to the bottom clamp. As shown in
FIG. 2B, the remaining 1.5" long tail portion of the sample
was kept straight and perpendicular to the direction of the tear.
Without being bound by theory or mechanism, keeping the
tail portion straight and horizontal avoided force magnifica-
tion, and the sample was also held so as to avoid pulling on the
upper “leg” when inserting the sample into the Tensile Tester.

[0052] The tear properties were then evaluated by record-
ing the total work (Nmm) and displacement (mm) required to
tear the 1.5" tail portions. Table 3 shows the displacement,
work, and average force values calculated for the five longi-
tudinal direction (D) and the five transverse direction (TD)
samples of the asymmetric film. The results show that the film
was more resistant to tearing in the longitudinal direction in
comparison to the transverse direction.

TABLE 3
Average force
Displacement Work (Newton)
LD1 62.164 2.743 0.044
LD2 60.571 2911 0.048
LD3 61.019 2.237 0.037
LD4 59.391 2.346 0.039
LDS 60.508 2.241 0.037
LD Avg 60.731 2.496 0.041
Sigma 0.895 0.278 0.004
TD1 60.938 1.656 0.027
TD2 64.247 2.823 0.044
TD 3 60.701 1.646 0.027
TD 4 61.274 1.800 0.029
D5 62.735 1.492 0.024
TD Avg 61.979 1.883 0.030
Sigma 1.336 0.480 0.007
[0053] On the other hand, the control film exhibited tear

properties in the transverse direction that were similar to the
tear properties in the longitudinal direction. The tear proper-
ties of the control film in both the transverse direction and
longitudinal direction were also found to be similar to a
similar commercially-obtained biaxially-oriented PET film
that, like the control film, exhibited significantly different
properties when compared to the PET film of the present
invention having asymmetric tear properties (Table 4).
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TABLE 4

Tear Tear Average
Sample Orientation Tear Force 1 Force2 Force3 (Newton)
Control 1 LD 0.079 0.066 0.063 0.069
Control 1 D 0.084 0.080 0.054 0.062
Competitive LD 0.065 0.070 0.061 0.065
Sample
Competitive D 0.078 0.055 0.054 0.062
Sample
[0054] Throughout this document, various references are

mentioned. All such references are incorporated herein by
reference, including the references set forth in the following
list:

REFERENCES

[0055] 1. “The Effect of Stretching Conditions on Proper-
ties of Amorphous Polyethylene Terephthalate Film” S. K.
Sharma and A. Misra J. Applied Polymer Science Vol. 34
2231-2247 1987.

[0056] 2. U.S. Patent Application No. 2011/0028677, to
Mohanti, et al., filed Dec. 17, 2008, and entitled “Biaxial
Oriented Polyester Film and a Process for Preparing
Same.”

[0057] 3. U.S. Pat. No. 3,579,609, to Sevenich, issued May
18, 1971, and entitled “Flex-Resistant Polyester film Con-
taining Olefin or Polytetramethylene Oxide Additive Poly-
mer.”

[0058] 4.U.S.Pat. No. 3,944,699, to Mathews, et al., issued
Mar. 16, 1976, and entitled “Opaque Molecularly Oriented
and Heat Set Linear Polyester Film and Process for Making
Same.”

[0059] 5. U.S. Pat. No. 3,640,944, to Benz, et al., issued
Feb. 8, 1972, and entitled “Modified Polyester Film for
Punched Tapes.”

[0060] 6. U.S. Pat. No. 6,984,322, to Suh, et al., issued Jan.
10, 2006, and entitled “Voided Polyester Film.”

[0061] 7. U.S. Pat. No. 8,236,399, to Chicarella, et al.,
issued Aug. 7, 2012, and entitled “Lighter than Air Balloon
Made from Biaxially-oriented Polyester Film.”

[0062] 8. U.S. Pat. No. 8,399,080, to Chicarella, et al.,
issued Mar. 19, 2013, and entitled “Lighter than Air Bal-
loon Made from Biaxially-oriented Polyester Film.”

[0063] Itwill be understood that various details of the pres-

ently disclosed subject matter can be changed without depart-

ing from the scope of the subject matter disclosed herein.

Furthermore, the foregoing description is for the purpose of

illustration only, and not for the purpose of limitation.

What is claimed is:
1. A thermoplastic film, comprising:
a biaxially-oriented polyethylene terephthalate (PET)
layer;
a tensile strength in the longitudinal direction of about
2000 kg/cm?® or more;
a tensile strength in the transverse direction of about 3000
kg/cm? or more; and
a tear force in the longitudinal direction that is about 1.5
times as large as a tear force in the transverse direction.
2. The film of claim 1, wherein the polyethylene terephtha-
late layer comprises a polyethylene terephthalate homopoly-
mer, a polyethylene terephthalate copolymer, or a combina-
tion thereof.
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3. The film of claim 1, further comprising a coating on at
least one side of the film, the coating selected from the group
consisting of an acrylic coating, a polyurethane coating, a
polysulphonester coating, and a quaternary ammonium-
based coating.

4. The film of claim 1, wherein the film comprises two or
more layers.

5. The film of claim 4, wherein the film consists essentially
of three layers.

6. The film of claim 4, wherein one or more of the layers
includes silica.

7. The film of claim 6, wherein the one or more layers that
include silica have a dynamic coefficient of friction to steel of
about 0.45 uD or less.

8. The film of claim 1, wherein the one or more layers that
include silica have a dynamic coefficient of friction to steel of
about 0.45 uD or less when heated to 150° C.

9. The film of claim 6, wherein the layer that includes silica
is comprised of polyethylene terephthalate.

10. The film of claim 6, wherein the layer that includes
silica is interposed between layers that do not include silica.

11. The film of claim 6, wherein the film comprises, from
top to bottom, a first polyethylene terephthalate layer, a poly-
ethylene terephthalate-silica layer, and a second polyethylene
terephthalate layer.

12. The film of claim 1, wherein the film has a total thick-
ness of about 50 um or less.

13. The film of claim 1, wherein the film has a total thick-
ness of about 30 um or less.

14. The film of claim 1, wherein the film has a total thick-
ness of about 5 um to about 15 pum.

15. A process for producing a thermoplastic film, compris-
ing:

producing a biaxially-oriented polyethylene terephthalate

(PET) layer;

producing a biaxially-oriented polyethylene terephthalate

layer that includes silica (PET-silica);

laminating the polyethylene terephthalate layer on one or

both sides of the polyethylene terephthalate-silica layer
to produce a multilayer film;

stretching the multilayer film in a longitudinal direction;

and

stretching the multilayer film in a transverse direction.

16. The process of claim 15, wherein the step of stretching
the multilayer film in the longitudinal direction includes
stretching the multilayer film by a factor ofabout 2 to about 4.

17. The process of claim 15, wherein the step of stretching
the multilayer film in the transverse direction includes
stretching the multilayer film by a factor of about 3 to about
4.5.

18. The process of claim 15, wherein the step of stretching
the multilayer film in the transverse direction is performed at
a temperature of about 80° C. to about 140° C.

19. The process of claim 15, further comprising coating at
least one side of the multilayer film after the step of stretching
the multilayer film in a longitudinal direction and prior to the
step of stretching the multilayer film in the transverse direc-
tion.

20. The process of claim 19, wherein coating the multilayer
film comprises inline coating the multilayer film.

21. A thermoplastic film produced by the process accord-
ing to claim 15.



