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ABSTRACT OF THE DISCLOSURE

The present invention relates to a film material suitable for using in
packaging oxygen sensitive products which emit carbon dioxide gas, such as high
gassing cheeses. The multilayer film includes at least one layer containing a nylon
copolymer, preferably a nylon terpolymer, having at least one aromatic comonomer
comprising from about 10% to about 75% by weight of the copolymer. The
resultant film material is characterized by a relatively high CO,:0O, transmission

ratio; and a CO, transmission rate of at least 400 cc/m? -day-atmosphere.
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BREATHABLE FILM FOR CHEESE PACKAGING
FIELD OF THE INVENTION

This invention relates to packaging films, and more particularly to a
multilayer film having a combination of relatively low oxygen transmission, and

relatively high carbon dioxide transmission.
BACKGROUND OF THE INVENTION

Thermoplastic film, and in particular polyolefin materials, have been used
for some time in connection with packaging of various articles including food
products which require protection from the environment, an attractive
appearance, and resistance to abuse during the storage and distribution cycle.
Suitable optical properties are also desirable in order to provide for inspection of
the packaged product after packaging, in the distribution chain, and ultimately at
point of sale. Optical properties such as high gloss, high clarity, and low haze
characteristics contribute to an aesthetically attractive packag’ng material and
packaged product to enhance the consumer appeal of the product. Various
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the spoilage and extend the shelf life of products such as food items which are
sensitive to oxygen.

Some cheese products are produced in such a way that the final cheese
product emits a significant amount of carbon dioxide over time. In such cases, it
is often desirable to provide a packaging material which is characterized by a
relatively low oxygen transmission rate (i.e. good oxygen barrier), and a relatively
high carbon dioxide transmission rate. A preferred O, transmission rate is no
more than about 500 cc/m? -day-atmosphere (ASTM D 3985 at 73°F), more
preferably no more than about 250 cc/m? -day-atmosphere, and even more

preferably no more than about 175 cc/m? -day-atmosphere. A preferred CO:

transmission rate is at least about 750 cc/m? - day- atmosphere at 73°F, more
preferably at least about 1000 cc/m? -day-atmosphere, most preferably at least
about 1200 cc/m? -day-atmosphere. CO, transmission is measured using an
analytical technique analogous to ASTM D 3985. The ratio of CO, transmission
rate to O, transmission rate is preferably greater than 3:1, more preferably greater
than about 5:1, and most preferably at least about 7:1.

It is also often desirable to include in a packaging film a shrink feature, i.e.,
the propensity of the film upon exposure to heat to shrink or, if restrained, create
shrink tension within the packaging film. This property is imparted to the film by
orientation of the film during its manufacture. Typically, the manufactured film is
heated to an orientation temperature and then stretched in either a longitudinal
(machine) direction, a transverse direction, or both, in varying degrées to impart a
certain degree of shrinkability in the film upon subsequent heating. After being so
stretched, the film is rapidly cooled to provide this latent shrinkability to the
resulting film. One advantage of shrinkable film is the tight, smooth appearance
of the wrapped product that results, providing an aesthetic package as well as

42408 11/29/95 2
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protecting the packaged product from environmental ‘abuse. Various food and

non-food items may be and have been packaged in shrinkable films.
It is sometimes also desirable to orient a packaging film and thereafter heat

set the film by bringing the film to a temperature near its orientation temperature.

5 This produces a film with substantially less shrinkability, while retaining much of
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the advantages of orientation, including improved modulus and optical properties.

SUMMARY OF THE INVENTION

[n one aspect, a multilayer film comprises a layer comprising a nylon
copolymer comprising an aromatic comonomer, wherein the aromatic comonomer
comprises between 10% and 75% by weight of said copolymer; and a further
polymeric layer, wherein said film is characterized by a CO.:0, transmission ratio
higher than 3.0; and has a CO, transmission rate of at least 400 cc/m? -day-
atmosphere.

In a second aspect, a multilayer film comprises a sealant layer, a core
layer; and a layer comprising a nylon copolymer comprising an aromatic
comonomer, wherein the aromatic comonomer comprises between 10% and 75%
by weight of said copolymer; and wherein said film is characterized by a CO2:0-
transmission ratio higher than 3.0; and has a CO, transmission rate of at least
400 cc/m? -day-atmosphere. t

In a third aspect, an oriented, heat shrinkable multilayer film comprises a
first outer layer; a second outer layer; and an interior layer comprising a nylon
copolymer comprising an aromatic comonomer, wherein the aromatic comonomer
comprises between 10% and 75% by weight of said copolymer; and wherein said
film is characterized by a CO,:0, transmission ratio higher than 3.0; and has a

CO, transmission rate of at least 400 cc/m? -day-atmosphere.
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DEFINITIONS

As used herein, the term "comonomer" refers to a monomer which is
copolymerized with at least one different monomer in a copolymerization reaction,
the result of which is a copolymer.

As used herein, the term "copolymer" refers to polymers formed by the
polymerization reaction of at least two different monomers. Thus, “copolymer” as
used herein can mean terpolymer. The term "terpolymer” refers herein specifically
to the copolymerization reaction product of three monomers.

As used herein, the phrase "ethylene alpha-olefin copolymer’, and
"ethylene/a-olefin copolymer”, refer to such heterogeneous materials as linear low
density polyethylene (LLDPE), linear medium density polyethylene (LMDPE) and
very low and ultra low density polyethylene (VLDPE and ULDPE); and
homogeneous polymers such as metallocene catalyzed polymers such as EXACT
(TM) materials supplied by Exxon, and TAFMER (TM) materials supplied by Mitsul
Petrochemical Corporation. These materials generally include copolymers of
ethylene with one or more comonomers selected from Cs to Cio alpha-olefins such
as butene-1 (i.e., 1-butene), hexene-1, octene-1, etc. in which the molecules of the
copolymers comprise long chains with relatively few side chain branches or cross-
linked sﬁructures. This molecular structure is to be contrasted with conventional
low or medium density polyethylenes which are more highly branched than their
respective counterparts. Other ethylene/a-olefin copolymers, such as the long
chain branched homogeneous ethylene/a-olefin copolymers available from the
Dow Chemical Company, known as AFFINITY (TM) resins, are also included as

another type of ethylene alpha-olefin copolymer useful in the present invention.
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As used herein, the term "polyamide" refers to polymers having amide
linkages along the molecular chain, and preferably to synthetic polyamides such
as nylons. Furthermore, such term encompasses both polymers comprising
repeating units derived from monomers, such as caprolactam, which polymerize to
form a polyamide, as well as copolymers of two or more amide monomers,
including nylon terpolymers, also referred to generally as "copolyamides” herein.

As used herein, the term "polypropylene” refers to any polymer
comprising propylene polymerization units, regardless of whether the polymer is a
homopolymer or a copolymer.

As used herein, the term "propylene random copolymer” or, less preferably,
"ethylene propylene copolymer” or "EPC" refers to polypropylene copolymerized
with small amounts of ethylene comonomer. The term "ethylene propylene butene
terpolymer” or "EPB" refers to a terpolymer incorporating these three comonomers
in various percentages.

As used herein, the term "propylene butene copolymer" refers to the
copolymerization reaction product of, at least, propylene and butene.

As used herein, the phrase "anhydride functionality” refers to any form of
anhydride functionality, such as the anhydride of maleic acid, fumaric acid, etc.,
whether blended with one or more polymers, grafted onto a polymer, or
copolymerized with a polymer, and, in general, is also inclusive of derivatives of
such functionalities, such as acids, esters, and metal salts derived therefrom.

As used herein, the phrase "modified polymer", as well as more specific
phrases such as "modified ethylene vinyl acetate copolymer”’, and "modified
polyolefin" refer to such polymers having an anhydride functionality, as defined
immediately above, grafted thereon and/or copolymerized therewith and/or

blended therewith. Preferably, such modified polymers have the anhydride
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functionality grafted on or polymerized therewith, as opposed to merely blended
therewith.

As used herein, the phrase "anhydride-containing polymer" refers to one or
more of the following: (1) polymers obtained by copolymerizing an anhydride-
containing monomer with a second, different monomer, and (2) anhydride grafted
copolymers, and (3) a mixture of a polymer and an anhydride-containing
compound.

As used herein, the phrase "aromatic comonomer” refers to a portion or
moiety of a polyamide which comprises, consists essentially of, or consists of an
aromatic material. Thus, the comonomer of a nylon copolymer which contains the
aromatic material can be entirely made up of the aromatic material, or can include
additional non-aromatic constituents. For example, in a 66/610/6l terpolymer,
the aromatic comonomer is 6l.

As used herein, the phrase "nylon copolymer comprising an aromatic
comonomer” refers to a copolyamide comprising at least one member from each of
the following two classes of monomers:

(1) substituted or unsubstituted aromatic dicarboxylic acid having 8 to 20
carbon atoms, and/or aromatic amine; and

(2) lactam having 6 to 12 carbon atoms, and/or aliphatic carboxylic acids
having 4 to 12 carbon atoms, and/or aliphatic diamines having 4 to 12 carbon
atoms. N

A preferred aromatic dicarboxylic acid is isophthalic acid, terephthalic acid,
or a mixture thereof. A preferred aromatic amine is m-xylylene diamine. Preferred
lactams include laurolactam and caprolactam. A preferred aliphatic carboxylic

acid is adipic acid. A preferred aliphatic diamine is hexamethylene diamine.

42408 11/29/95 6



10

15

20

25

2183834

More preferred copolyamides are terpolymers ‘incorporating the aromatic
comonomer. Preferred terpolymers include 66/69/61, 66/69/6T, 66/610/6l,
66/610/6T, 66/69/MXD6, and 66/610/MXD6, where I = isophthalic acid mer, T
= terephthalic acid mer, and MXD = meta xylylene diamine mer. A more preferred
terpolymer comprises a 66/69/61 terpolymer comprising 10 to 60% by weight
hexamethylene adipamide mer, 10 to 60% by weight polyamide 69 mer, and 10 to
60% by weight hexamethylene isophthalamide mer. Most preferred is a
terpolymer which comprises a 66/69/6l terpolymer comprising 20 to 50% by
weight hexamethylene adipamide mer, 20 to 50% by weight polyamide 69 mer,
and 10 to 40% by weight hexamethylene isophthalamide mer.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention relates to a film material which can be used to
package products which are sensitive to oxygen but which also emit carbon
dioxide for some period of time during packaging. The present film material is
preferably a multilayer film in which one of the layers is formed from a nylon
copolymer having at least one aromatic comonomer comprising from about 10% to
about 75% by weight of the copolymer. Thus, particular nylon copolymers which
can be incorporated into the film of the present invention are those which include
at least a minor portion of an aromatic nylon comonomer. That is, the nylon
copolymer has incorporated therein at least one aromatic acid or at least one
aromatic amine. Nylon copolymers such as those described herein have been
found to be advantageous in that they possess a desirable CO,:0; transmission
ratio at high relative humidities. '

Looking to the specific end use application, it is common in the packaging of
hjghv gassing cheeses to package the cheese product in a polymeric film, cure the
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cheese at a relatively high humidity of typically between 40 and 85% RH, more
typically 50 to 70% RH, and then store the cheese, prior to purchase by the
consumer, for months at a relatively low humidity of typically between 60 to 0%
RH. Prior art films such as those set forth in the comparative examples below,
and especially those which contain a layer of a vinylidene chloride copolymer as a
barrier layer, are relatively insensitive to changing relative humidity. Films made
in accordance with the present invention, however, have the advantage of carbon
dioxide transmission rates and CO,:O; transmission ratios which are sensitive to
changing relative humidity and which adjust in a manner which is especially
advantageous for use in the conventional processing of high gassing cheeses. That
is, during cure at high relative humidities the film materials of the present
invention exhibit exceptionally high carbon dioxide transmission rates. The
oxygen transmission rate also increases at high relative humidities but not enough
to adversely affect the product. One can cure the cheese product at high relative
humidities during curing followed by storage at low relative humidity (when
oxygen barrier is more critical). During storage low oxygen transmission rates
retard mold growth on the stored cheese.

Films of the present invention have a C0O,:0, transmission ratio greater than
3.0, and preferably greater than 4.0, more preferably greater than 5.0, and most
preferably greater than 6.0. Especially preferred are ratios greater than 7.0, 8.0,
and 9.0.

A partially aromatic nylon used as a core layer in a film enables the film to
be sealed more easily than similar films having more conventional nylons such as
nylon 6,66.

The layer comprising the partially aromatic nylon has a thickness of
preferably .05 mil to 5 mil, more preferably .07 to 0.5 mil, and most preferably 0.1
to .3 mil.

42408 11/29/95 8
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If desired, the nylon copolymer used in the film of the present invention may
be blended with another resin. For example, the nylon copolymer may be blended
with another oxygen barrier resin such as ethylene vinyl alcohol copolymer (EVOH]
in order to achieve a desired set of properties. Because EVOH loses much of its
oxygen barrier properties with increasing relative humidity, the overall CO,:0;
transmission ratio during cure would not be greatly affected; but, the oxygen
barrier during storage, when oxygen barrier properties become important, would
be increased. That is, the addition of at least a minor portion of EVOH to a nylon
copolymer-containing layer of the film of the present invention would serve to
lower the oxygen transmission rate of the total film structure at low relative
humidities.

Alternatively, the nylon copolymer of the present inventive film may be
blended with or positioned directly adjacent to a hydrophilic material such as, for
example, a polyether polyamide block copolymer. Such a material absorbs, at
standard temperature and pressure, and at 100% RH, at least 2% by weight of the
material of water, preferably at least 5%, more preferably 10%, even more
preferably at least 15%, most preferably at least 20%, especially at least 25%. The
presence of at least a minor amount of such a hydrophilic material could serve to
attract moisture to the nylon copolymer and therefore, increase the CO.:0:
transmission ratio. The presence of a moisture attracting material, either mixed In
with or immediately adjacent to the nylon copolymer of the present invention
appears to allow the nylon copolymer to experience a higher relative humidity
environment than if it were not present. Other examples of suitable hydrophilic
materials are polyvinyl alcohol, and polyethylene oxide.

Similarly, the nylon copolymer of the film material of the present invention
may be blended with other polymeric materials in order to achieve or optimize one

or more desired film properties. For example, the partially aromatic nylon can be
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blended with another nylon which itself can be a partially aromatic nylon, or a
conventional nylon such as nylon 6,66.

In the case of blends, the blend can range from 1-99% of the partially
aromatic nylon and 99 - 1% of the second material, more preferably 25 - 75% of
the partially aromatic nylon and 75% to 25% of the second material.

The film of the present invention may have any desired number of layers.
Preferably, the various layers of the film are coextruded. However, lamination,
extrusion coating and other techniques can also be employed in forming the
multilayer film of the present invention. The nylon copolymer employed in the
inventive film may be present either in an outer layer or an inner layer of the film.
If desired, the film may contain more than one nylon copolymer-containing layer.
If present as an exterior layer the nylon copolymer-containing layer may serve as a
sealant layer or an abuse layer.

The multilayer film structure is preferably oriented and has been found to
orient more easily than other more crystalline polyamides such as nylon 6, 66,
and 6,66. Orientation is most preferably performed by a blown bubble technique
out of either hot water, hot air, or infrared heating, although other orientation
techniques such as, for example, tenter framing, may alternatively be employed. A
film made from the present invention when oriented will have a free shrink at
185°F of between 5 and 70%, and preferably 10 to 60%, more preferably 15 to
50%, even more preferably 20 to 40%, in either or both of the LD (longitudinal
direction) or TD (transverse direction). |

Orientation ratios are preferably between 2:1 and 7:1, more preferably
between 3:1 and 5:1 in either or both of the LD (longitudinal direction) or TD
(transverse direction). '

The film of the present invention is optionally partially or completely

crosslinked, preferably by electron beam irradiation, and most preferably prior to

42408 11/29/95 10
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orientation although irradiation following orientation is also within the scope of the
present invention. In the irradiation process, the film is subjected to an energetic
radiation treatment, such as X-ray, gamma ray, beta ray, and high energy electron
treatment, which induce cross-linking between molecules of the irradiated
material. A preferred radiation dosage of high energy electrons is between 20 and
200 kGy (kilograys), more preferably between 25 and 150 kGy, most preferably
between 50 and 100 kGy. Preferably, irradiation is carried out by an electron
accelerator and the dosage level is determined by standard dosimetry methods.

Other structural layers which may be included in the multilayer film
of the present invention include seal, core, abuse, and tie (adhesive) layers.

In addition to the nylon copolymer of the present invention or other
polyamides, preferred resins for use in the seal layer of the present film include
polyolefins. Specific materials which can be employed include polyolefins such as
ethylene, propylene and butene homopolymers and copolymers, both
heterogeneously and homogeneously catalyzed. Especially preferred are
copolymers of ethylene and a comonomer such as an alpha-olefin, a vinyl acetate,
an acrylate, or an acrylic acid. The seal layer is preferably between 0.05 and 5,
more preferably between 0.3 and 2, and most preferably between 0.4 and 0.8 miis
thick. ‘

[In addition to the nylon copolymer of the present invention or other
polyamides, preferred resins for use in the core layer of the present film include .
polyolefins. Specific resins which may be employed include ethylene, propylene
and butene homopolymers and copolymers, both heterogeneously and
homogeneously catalyzed. Especially preferred are copolymers of ethylene and a
comonomer such as an alpha-olefin, a vinyl acetate, an acrylate, or an acrylic acid.
Preferred resins are those which have a melting point less than 140°C and a

crystallinity less than 60%; more preferably, those which have a melting point less

42408 11/20/95 11
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than 120°C and a crystallinity less than 40%. The core layer is preferably between
0.1 and 5, more preferably between 0.2 and 2, and most preferably between 0.4
and 1 mils thick. ‘

In addition to the nylon copolymer of the present invention or other
polyamides, preferred resins for use in the abuse layer of the present film include
polyolefins. Specific resins which may be employed include ethylene, propylene
and butene homopolymers and copolymers, both heterogeneously and
homogeneously catalyzed. Especially preferred are copolymers of ethylene and a
comonomer such as an alpha-olefin, a vinyl acetate, an acrylate, or an acrylic acid.
Preferred resins are those which have a melting point greater than 80°C and less
than 140°C and a crystallinity less than 60%; more preferably, those which have
a melting point greater than 90°C and less than 130°C and a crystallinity less than
40%. The abuse layer is preferably between 0.1 and 5, more preferably between
0.2 and 2, even more preferably between 0.3 and 1, and most preferably between
0.4 and 0.7 mils thick.

Resins for use in tie layers'of the present inventive film include modified
polyamides and modified polyolefins such as anhydride grafted polyolefins. The
preferred tie layer composition will depend on the composition of the core, sealant
or abuse layer to which a nylon copolymer-containing layer is being adhered. Each
tie layer is preferably between 0.05 and 0.5, more preferably between 0.1 and 0.3
mils thick.

The total film thickness of films made in accordance with the invention is
preferably between 0.1 and 20 mils, more preferably between 0.3 and 10 mils,
even more preferably between 0.5 and 5 mils, and most preferably between 1 and
3 mils. The film layer comprising the nylon copolymer comprising an aromatic
comonomer preferably forms between 2 and 40%, more preferably between 5 and
30%, even more preferably between 8 and 20% of the total film thickne_ss.

42108 11/29/95 | 12
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Preferred film structures employing the nylon of the present invention are:
Seal/Nylon/Seal
Seal/Tie/Nylon/Tie/Seal
Seal/Nylon as Abuse
Seal/Core/Nylon as Abuse
Seal/Nylon as Core/Abuse
Seal /Core/Nylon as Core/Abuse
Nylon as Seal/Core/Abuse
Seal /Core/ /Nylon as Core/Abuse
wherein double slashes (//) indicate extrusion coating of the layers on the right
onto the layers on the left and wherein tie layers may be employed throughout as
IS appropriate.

The following examples are representative of preferred embodiments of the
multilayer film of the present invention. The following resins were used in the
production of films in accordance with the present invention:

CPA-1: FE 4470 from Emser, a nylon 6,6/6,9/6l terpolymer wherein the
aromatic nylon comonomer comprises approximately 15% by weight of the total
terpolymer.

CPA-2 FE 4492 from Emser, a nylon 6,6/610/MXD-6 terpolymer wherein

the aromatic nylon comonomer comprises between 10% and 75% by weight of the

total terpolymer.
CPA-3: XE3480 from Emser, a nylon 6,6/6,9/6] terpolymer wherein the

aromatic nylon comonomer comprises approximately 15% by weight of the total

terpolymer [this terpolymer is believed to be the same as CPA-1|.
CPA-4 FE 4480 from Emser, a nylon 6,6/6,9/6] terpolymer wherein the

aromatic nylon comonomer comprises between 10% and 75% by weight of the

total terpolymer.

42108 11/29/95 13
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EO1L: Dowlex 2045 from Dow, a heterogeneous ethylene octene copolymer
having a density of 0.920 g/cc.
EQ2: Dowlex 2037 from Dow, a heterogeneous ethylene octene

copolymer having a density of 0.935 g/cc.

EQJ: a homogeneous ethylene alpha-olefin copolymer.

EVA-1: PE 1335 from Rexene, an ethylene vinyl acetate copolymer having
3.3% by weight of vinyl acetate.

EVA-2. PE 1651 CS 28 from Rexene, an ethylene vinyl acetate copolymer
having 6.5% by weight of vinyl acetate.

EVA-3: Elvax 3128 from DuPont, an ethylene vinyl acetate copolymer having
9% by weight of vinyl acetate.

ADH-1: Bynel CXA 4104 from DuPont, an anhydride grafted polyolefin in an
ethylene butene copolymer.

ADH-2: Tymor 1203 from Morton International, an anhydride grafted, rubber
modified linear low density polyethylene based adhesive.

PBC-1: SRD-4-140, a propylene butene random copolymer with 12% by
weight of butene, supplied by Shell. .

PBC-2: SRD-4-141, a propylene "butene random copolymer with 14% by
weight of butene, supplied by Shell.

ION: Surlyn 1650, a zinc salt of an ethylene methacrylic acid commonly
referred to as an ionomer, supplied by DuPont.

HDPE.: Fortiflex J60-800C-147, a high density polyethylene supplied by
Soltex.

MB: a polypropylene homopolymer-based masterbatch containing slip and
antiblock additives. ._

EVOH: Eval LC E 105A from Evalca, an ethylene vinyl alcohol copolymer

having 44 mole percent ethylene.

42408 11/29/95 | 14
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PEA.: PEBAX 4011, a polyamide polyether block copolymer comprised of

50% of a nylon 6 and 50% of an ethylene glycol, supplied by Atochem.

Example 1
S
A symmetrical five layer structure was coextruded, irradiated, and oriented
out of hot air at 245°F, at 4.54 x 4.68 in the machine and transverse directions,
respectively. The resultant film had an average thickness of 0.967 mil with the
following structure and relative thicknesses:
10 50% EO1 / ADH-1 / CPA-1 [/ ADH-1 / 50% EO1
+ 25% EO2 + 25% EO2
+ 25% EVA-1 + 25% EVA-1
25% / 15% / 20% / 15% / 25%
15

The outer skin layers also included minor amounts of an antiblock and an antifog
agent. The film of Example 1 was tested for a variety of physical properties
including strength, impact, shrink, optics, and oxygen and carbon dioxide
transmission rates at varying relative humidities. The results are set forth in Table
20 I below.
- Table 1

P e

Tensile @ Break (psi}
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The film of Example 1 exhibited excellent tensile, modulus, free shrink at
260°F, and clarity values. There was a significant reduction In oxygen
transmission rate from 0% to 32% relative humidity with an twofold increase in
oxygen transmission from 32% and 80% relative humidity. Similarly, there was a
significant decrease in the carbon dioxide transmission rate from 0% to 32%
relative humidity but a nearly threefold increase in carbon dioxide transmission

from 32% to 80% relative humidity.

Example 2

A symmetrical five layer structure was coextruded, irradiated, and oriented
out of hot air at 240°F, at an orientation ratio of approximately 4 x 4 in the
machine and transverse directions, respectively. The resultant film had an

average thickness of approximately 1 mil with the following structure and relative

thicknesses:
50% EO1 / ADH-1 / CPA-1/ ADH-1 / 50% EO1
+ 50% EQO3 + 50% EO3
32.5% / 10% / 15% / 10% / 32.5%

The outer layers included minor amounts of slip and antiblock additives.
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Example 3

A symmetrical five layer structure was coextruded, irradiated, and oriented
out of hot air at 248°F, at an orientation ratio of approximately 4 x 4 in the
machine and transverse directions, respectively. The resultant film had an

average thickness of approximately 1 mil with the following structure and relative

thicknesses:
PBC-1 / ADH-1 / CPA-1 / ADH-1 / PBC-1

- A it e I A SNy SEs A GEm any anr wny sab e e S il PUD WU SE Gun amn anp s @iy wlie ekl iy G b ol vdam dub mby WD I GEk GED GNP PUP U WD AN dun ane ol clin nib abiy wih ol GED NP AN GED GNP S AUR AP A GEb U gk apiy anb day ahe ofim S GEF TN kR SRR EpE S ape e Gl AT T R Ny

325% / 10% / 15% / 10% / 32.5%
The outer layers included minor amounts of slip and antiblock additives.

Example 4

A symmetrical five layer structure was coextruded, irradiated, and oriented
out of hot air at 254°F, at an orientation ratio of approximately 4 x 4 in the
machine and transverse directions, respectively. The resultant film had an

average thickness of approximately 1 mil with the following structure and relative

thicknesses:
90% PBC-2 / ADH-1 / CPA-1/ ADH-1 / 90% PBC-2
+ 10% MB | + 10% MB

R ———————— e e S A e e e et e e W R R R R FTge——————segeep N SR e P e B X R T L e

325% /  10% / 15% / 10% / 32.5%

Slip and antiblock additives were supplied in the masterbatch, MB, of the outer

layers.

42408 11/29/95 18
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Example 5

A symmetrical five layer structure was coextruded, irradiated, and oriented
out of hot air at 240°F, at an orientation ratio of approximately 4 x 4 in the
machine and transverse directions, respectively. The resultant film had an

average thickness of approximately 1 mil with the following structure and relative

thicknesses:
50% EO1 / ADH-1 / CPA-2/ ADH-1 / 50% EO1
+ 50% EQO3 + 50% EO3
32.5% / 10% / 15% / 10% / 32.5%

The outer layers included minor amounts of slip and antiblock additives.
The films of Examples 2 to 5 were tested for a variety of physical properties
including tensile strength, impact, shrink, optics, and oxygen and carbon dioxide

transmission rates at varying relative humidities. The results are set forth in Table
2 below.

Table 2

sl

T gk —-
Elongation (@ Break (%) --
--
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* taken at 50% RH.
** taken at 80% RH
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Example 6 .

A six layer structure was coextruded, irradiated, and oriented out of hot
water at 209°F, at 2.6 x 3.3 in the machine and transverse directions, respectively.
The resultant film had an average thickness of approximately 2.3 mils with the

following structure and relative thicknesses:

ION/ 80% EVA-2 / ADH-2 / CPA-3 / ADH-2 / 90% EVA-2
+ 20% EO1 + 10% HDPE

--“-m------“ﬂ—------------------—-—--------.-0---------‘--H-l-------‘“-ﬁﬂ.---------ﬂ----ﬂ

22% /  26% |/ 7% | 12% | 8% |/ 25%

Example 7

A six layer structure was coextruded, irradiated, and oriented out of hot
water at 209¢°F, at 2.6 x 3.3 in the machine and transverse directions, respectively.
The resultant film had an average thickness of approximately 2.3 mils with the

following structure and relative thicknesses:
ION / 80% EVA-2 / ADH-2 / CPA-3 / ADH-2 / 90% EVA-2
+ 20% EO1 + 10% HDPE

o any dui il diih Al oy WY I S Ey Sup iy iy b ol Y S GNP WP WP aun enl amp ebie win ol wmkd G sy i Sp b Sk S D T WSS JED WS GIE S app apie e Ly s r:r Yy *yr ™ > >"Y r» r >y xyx x 2 K § &L _ R & & & L d ol e e e g

23% / 29% / 8% / 6% / 8%/ 26%

Films made in accordance with Examples 6 and 7 were tested for oxygen
and carbon dioxide transmission rates at a variety of relative humidities. The

results are set forth below in Table 3.
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Table 3

Physical Property Example 6 Example 7

TG o e B [
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—— T ewmw %

CO, Trans.(73°F cc/24hrs.m?.atm)
@ 0% RH 2011 3090
@ 32% RH 560 829
@ 50% RH 1223 1997
@ 80% RH 1353 2076
@ 100% RH | 3146 4379
CO./0O; Trans. ratio (@ 73°F
@ 0% RH
@ 32% RH
@ 50% RH
@ 80% RH
@ 100% RH
O, Trans.@ 45°F (cc/24hrs.m2.atm]
@ 0% RH 156 248
@ 32% RH
@ 50% RH
@ 80% RH
@ 100% RH
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CO, Trans.@ 45°F cc/24hrs.m?.atm

CO.,/0, Trans. ratio @ 45°F

2691
687
1020
1328

2331

I

T
[ awm
I . L
T [ewwm [ we |

Example 8

A six layer structure was coextruded, irradiated, and oriented out of hot
water at 209°F, at 2.4 x 3.2 in the machine and transverse directions, respectively.
The resultant film had an average thickness of approximately 3.0 mils with the

following structure and relative thicknesses:
ION / 70% EVA-2 / ADH-2 / CPA-3 / ADH-2 / 90% EVA-2
. + 30% EO1 + 10% HDPE

A G e b ckile P G0 AEp BEn ann b il Akl SR - " rzrrxrr. x X X ¥ X X I ¥ ¥ R 2 T L X B & & K& & e LY r-“r rr " “ " »“@™“ » » > r v 2 2 2 2 F T % % % L L & B A & A Yy xx  r X4 X E 2

23%/ 24% | 5% /[ 19% / 6% | 23%
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Example 9

A six layer structure was coextruded, irradiated, and oriented out of hot
water at 209°F, at 2.4 x 3.2 in the machine and transverse directions, respectively.
The resultant film had an average thickness of approximately 3.0 mils with the
following structure and relative thicknesses:

[ON / 70% EVA-2 / ADH-2 / 80% CPA-3 / ADH-2 / 90% EVA-2

+ 30% EO1 + 20% EVOH + 10% HDPE

AL I Gy GED IR AN AN EED NS SED ANF DY GEF GEP WS ank umn man P il v AP GER SN AN SEL SND GNP JEF S TRy ol AN b ok wiy st Jub ol G i b ol Ay SR Gl i) il el i WD AR RS VD VR dul oED Wb JED GER GRS IR ADD VD AN GED WD AN AR NS U Ay ahn ale wiih e wiie Gl I G ol 4ED b WD AN AED SUD VI G ey i s

24% / 25% [/ % / 16% / 6% / 24%

Comparative Example 1

The film of the present comparative example is a multilayer film of,
primarily, olefinic materials and including a barrier layer of a vinylidene chloride
copolymer, sold as B190 by the Cryovac Division of W. R. Grace & Co.-Conn. for
cheese packaging applications. This material has a CO,/0, of about 5:1, 1.e. a
CO, transmission rate of about 1000 cc/m? -day-atmosphere and an O,
transmission rate of about 200 cc/m? -day-atmosphere. However, it is difficult to
maintain consistent and stable transmission rates because of the effect of

plasticizer migration, and gauge variation, on the transmission characteristics of
this film.

Comparative Example 2

The film of the present comparative example is a multilayer film of,

primarily, olefinic materials and including a barrier layer of a vinylidene chloride

42408 11/29/95 25
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copolymer, sold as B140 by the Cryovac Division of W. R. Grace & Co.-Conn.
Because of a relatively low CO, transmission rate, this material has experienced
gassing problems or mold growth when used in gassing cheese packaging
applications. This material also has a CO;/0O. of about 5:1. However, the CO,
transmission rate is typically less than about 150 cc/m:? -day-atmosphere, and the
O, transmission rate about 30 cc/m? -day-atmosphere. Thus, the CO;

transmission rate is insufficient for most gassing cheese packaging applications.

Comparative Example 3

The film of the present comparative example is a multilayer film of,
primarily, olefinic materials, sold as E140 by the Cryovac Division of W. R. Grace
& Co.-Conn. This material has a relatively high CO. transmission rate, and an O,
transmission rate of greater than 750 cc/ m? -day-atmosphere.

The films of Examples 6, 7, 8, and 9 and Comparative Examples 1 - 3 were
fabricated into bags and were used in packaging uncured Swiss Cheese. Three
sealed bags for each formulation were placed in a SO°F refrigerator at 41% relative
humidity and evaluated over a period of eight weeks, on a weekly basis, for gassing

and mold production. The results were evaluated using the rating scale given
below.

Gas Evaluation Scale: Mold Development Scale:
1 - no ballooning 1 - none

2 - slight ballooning 2 - slight

3 - moderate ballooning 3 - moderate

4 - substantial ballooning 4 - substantial

S5 - excessive ballooning O - excessive

42408 11/29/95 26
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The results are summarized in Table 4 below, where “B” means degree of
ballooning, and “M” indicates degree of mold development according to the rating

scale given above.

Table 4

| B|/M|B|M|B|M|B|M|B|M
6 | tp i) 1} 1) 1} 1p 1} 1) 3} 1
8 | otp a] 1p ] 1f a} 1) 1p 2] 1
9 [ ot 1] 1] af uf 1} 1} 1] 2] 1

10 The asterisk at the last entry for Example 7 indicates that there was some slight
mold growth at level 2 on one of the three replicate packages evaluated. The other
two packages showed no signs of mold growth. It can be seen from this test that

the film materials of the present invention perform very favorably when compared

to conventional film materials.
15

Example 10

A six layer structure was coextruded, irradiated, and .oriented out of hot
water at 209¢°F, at 2.6 x 3.3 in the machine and transverse directions, respectively.
20 The resultant film had an average thickness of approximately 2.3 mils with the

following structure and relative thicknesses:
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80% EO1 / 80% EVA-3 / 80% EVA-3/ 80% EVA-3/ ADH-2 / CPA-4
+20% ION +20% EO1 +20% EO1 +20% EOI

u-n---ﬂ—-a----n---------————--------------—‘-----.-—----..-----------ﬂb------—--ﬁ---h‘ﬂ---ﬂﬂ--ﬂﬂ--

Example 11

A six layer structure was coextruded, irradiated, and oriented out of hot
water at 209°F, at 2.6 x 3.3 in the machine and transverse directions, respectively.
The resultant film had an average thickness of approximately 2.3 mils with the
following structure and relative thicknesses:

80% EO1 / 80% EVA-3 / 80% EVA-3 / 80% EVA-3/ ADH-2 / 90% CPA-3

+ 20% ION + 20% EO1 + 20% EO1 + 20% EOl + 10% EVOH

anks JENR AN Wy wm ek qlis AED JEn Anr - amy i anlh wid Y ----**-ﬂ---—------“ﬂ-------ﬂ----ﬂ-*---———------“ﬂ------ﬂ----—-u.-----ﬁ-----**---—ﬂﬂ--- A W e

Example 12

A six layer structure was coextruded, irradiated, and- oriented out of hot
water at 209°F, at 2.6 x 3.3 in the machine and transverse directions, respectively.
The resultant film had an average thickness of approximately 2.3 mils with the
following structure and relative thicknesses:

80% EOQ1 / 80% EVA-3/ 80% EVA-3/ 80% EVA-3/ ADH-2 / 95% CPA-3
+20% ION + 20% EO1 +20% EO1 +20% EO1 + 5% EVOH

r— --ﬂ------*----ﬁ---—-ﬂ-w--------&----w---'-ﬂ----*------ﬂﬂ--- - ey enp oye wil) wit GEY SED NS WP Yk el SR ol e G any e il SR SNy emn ekl dil -l aER Aip eup -any wis D D S app ank wiD ol .
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Example 13

A six layer structure was coextruded, irradiated, and oriented out of hot
water at 209°F, at 2.6 x 3.3 in the machine and transverse directions, respectively.
S The resultant film had an average thickness of approximately 2.3 mils with the

following structure and relative thicknesses:
80% EO1 / 80% EVA-3/ 80% EVA-3 / 80% EVA-3/ ADH-2 / 85% CPA-3

+ 20% ION + 20% EO1 +20% EO1 + 20% EO1 + 10% EVOH
+ 5% PEA
0 T e
28% / 19% / 20% / 19% /[ 7% /] 7%
Example 14
15 A six layer structure was coextruded, irradiated, and oriented out ot hot
water at 209°F, at 2.6 x 3.3 in the machine and transverse directions, respectively.
The resultant film had an average thickness of approximately 2.3 mils with the
following structure and relative thicknesses:
80% EO1 / 80% EVA-3/ 80% EVA-3/ 80% EVA-3/ ADH-2 / 95% CPA-3
20 +20% ION + 20% EO1 +20% EO1 + 20% EO1 + 5% PEA
28% / 19% [/ 20% /  19% [ 7% [ T%
Example 15
25

A six layer structure was coextruded, irradiated, and oriented out of hot

water at 209°F, at 2.6 x 3.3 in the machine and transverse directions, respectively.
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The resultant film had an average thickness of approximately 2.3 mils with the

following structure and relative thicknesses:
80% EO1 / 80% EVA-3 / 80% EVA-3/ 80% EVA-3/ ADH-2 / 85% CPA-3

+20% ION +20% EO1 +20% EO1 + 20% EO1 + 15% PEA
o LI SRR SPR SIS e e e e
20% / 20% / 19% [/ 20% [/ T% [ 3%
Example 16
10 A six layer structure was coextruded, irradiated, and oriented out of hot
water at 209°F, at 2.6 x 3.3 in the machine and transverse directions, respectively.
The resultant film had an average thickness of approximately 2.3 mils with the
following structure and relative thicknesses:
80% EO1 / 80% EVA-3 / 80% EVA-3 / 80% EVA-3/ ADH-2 / 95% CPA-4
15 +20%ION +20%EO1 +20%EO1 +20% EOI + 5% PEA
28% [/ 19% / 20% / 19% / 7% /| 7%
Example 17
20

A six layer structure was coextruded, irradiated, and oriented out of hot
water at 209°F, at 2.6 x 3.3 in the machine and transverse directions, respectively.
The resultant film had an average thickness of approximately 2.3 mils with the
following structure and relative thicknesses:
25  80%EO1/ 80%EVA-3 / 80% EVA-3 / 80% EVA-3 / ADH-2 / CPA-3
+ 20% ION +20% EO1 + 20% EO1 + 20% EO1

ol enis kb GES A opp amp Phe W ol S Sl ol A GNP SER W gl ahb W GED AN EEP SED WD e ol el b wily Gl wlD b D AN Al WD - amb dnkt ik GEF NP WP e cght dis AND MED ol AMD GNP SEP AN Ay ouh il b ol el W GED Al D U AED AN TR A YRR A aEpr ane mnh b sl D A GED D GNP W A aEy wh i ully A D W e ey SR dhiv D
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28% / 19% / 18% / 19% ) % /] 9%

Example 18

A six layer structure was coextruded, irradiated, and oriented out of hot
water at 209°F, at 2.6 x 3.3 in the machine and transverse directions, respectively.
The resultant film had an average thickness of approximately 2.3 mils with the
following structure and relative thicknesses:

80% EO1 / 80% EVA-3 / 80% EVA-3 / 80% EVA-3/ ADH-2 / CPA-3
+ 20% ION +20% EO1 + 20% EO1 + 20% EO1

-----ﬁ----—--~~------~-----*-ﬁ---—-------ﬁ“_-------—-----&---*-------““--—------*-*ﬂ------*‘-h-*‘--'

28% /| 18% [/ 19% | 18% /7% / 11%

The films of Examples 7, 10-13, 15-18 and Comparative Example 1 were
fabricated into bags and were used in packaging uncured Swiss Cheese and Baby
Swiss Cheese. The present study employed seven replicates for the Swiss Cheese
(with the exception of Example 17 wherein only five replicates were available) and
three replicates for the Baby Swiss Cheese. The sealed bags were placed in a 50°F
refrigerator at 55% relative humidity and evaluated over a period of fifteen weeks
for gassing and mold production. In the present study, mold growth was not
found on any of the samples evaluated. Furthermore, in the Baby Swiss Cheese
test, all samples evaluated performed acceptably with no ballooning. The results
with respect to gassing for the Swiss Cheese test are reported in accordance with

the rating scale given below in Table 5.
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Gas Evaluation Scale:
N = No ballooning
S = Slight ballooning
5 M = Medium ballooning
E = Excessive Ballooning
Table 5

 Example |  Week8 | |  Week15
 |IN|S|MJE]|[N|S[M|E_
 Comp.l | - {7 | -] -[1-12]12]3
7 -t 7i-1-11-16117-
0 |22 ]3| -1 |-]11]1214
11 {1 |s|1{-1[-]14}2]1
-ﬂ-_l----
13 [ s|2|-[-113]3|1]-
15 (6| 1| -]-1]s[2]-1-"
16 | 5|2 -]-114]1]|-12
17 |2 l3{-1-11-14]-11
18 - (3|41 -[1l-11}13]3

10 Although the results indicate that all films tested performed as well or better
than the film of Comparative Example 1, the films of Examples 13 and 15
outperformed the others. Generally, those films which included a moisture
absorbing resin blended into a nylon terpolymer outer layer demonstrated less
gassing than comparable films without such blend. It is believed that the presence

15 of a moisture absorbing resin saturates the blend layer with moisture and,
because nylon terpolymers in accordance with the presence invention exhibit an
increase in CO; transmission rate with increasing relative humidity, CO. emission
from the package is facilitated.
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In general, the greater the percentage of the aromatic component in the
nylon copolymer of the invention, the stiffer the material and the more difficult it
would be to orient to make a heat shrinkable film. Also, if the percentage of the
aromatic component in the nylon is too high, the CO./O: transmission ratio
and/or values may be less than desirable and the resulting film may be
excessively stiff or rigid, and/or have physical properties unsuitable for some
packaging applications.

Another advantage of a film made from the present invention is that with
decreasing temperature, the O, transmission rate decreases faster than the rate at
which the CO, transmission decreases. This has the net effect, desirable in
packaging applications such as gassing cheese, of increasing the CO,/0.
transmission ratio.

The foregoing description of preferred embodiments of the invention has
been presented for illustration, and is not intended to be exhaustive. Modifications
are possible in light of the above teachings or may be acquired from practice of the

invention.
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CLAIMS:

1. A multilayer film, comprising:

a layer comprising a copolyamide comprising at least one
member from each of the following two classes of monomers:
(1) a substituted or an unsubstituted aromatic dicarboxylic
acid having 8 to 20 carbon atoms, an aromatic amine or a
mixture thereof, and (2) a lactam having 6 to 12 carbon
atoms, an aliphatic carboxylic acid having 4 to 12 carbon
atoms, an aliphatic diamine having 4 to 12 carbon atoms or a
mixture thereof, wherein (1) comprises between 10% and 75%

by weight of said copolyamide; and
a further polymeric layer,

wherein said film has a C0,:0; transmission ratio higher than
3.0, and has a CO, transmission rate of at least 400 cc/m?-

day-atmosphere.

2. The film of claim 1, wherein said film 1is
oriented.
3. The film of claim 1 or 2, wherein said film

comprises a first outer layer comprising salid copolyamide; a

second outer layer; and an interior layer.

4 . The film of claim 1 or 2, wherein said film

comprises a first outer layer; a second outer layer; and an

interior layer comprising said copolyamide.

5. The film of any one of claims 1 to 4, wherein said
copolyamide layer comprises a blend of the copolyamide and

another polymeric resin.
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6. The film of claim 5, wherein said copolyamide
layer comprises a blend of the copolyamide and an oxygen

barrier resin.

7. The film of claim 6, wherein said oxygen barrier

resin comprises an ethylene vinyl alcohol copolymer.

8. The film of c¢laim 5, wherein said copolyamide
layer comprises a blend of the copolyamide and a moisture

absorbing resin.

9. The film of claim 8, whereiln said moisture

absorbing resin comprises a polyamide polyether block

copolymer.

10. The film of any one of claims 1 to 9, wherein said
CO,:0, transmission ratio 1s greater than 5.0 at relative

humidities above about 32%.

11. The film of any one of claims 1 to 10, wherein

salid further polymeric layer comprises a sealant layer.

12. The film of claim 11, wherein said sealant layer
comprises a polyolefin selected from the group consisting of
ethylene, propylene, butene and methylpentene homopolymers

and copolymers.

13. The film of any one of claims 1 to 12, wherein

sald copolyamide layer is heat sealable.

14 . The film of any one of claims 1 to 13, wherein an
adhesive layer is provided between said copolyamide layer
and said further polymeric layer, said adhesive layer
comprising a modified polyolefin capable of adhering to each

of said copolyamide layer and said further polymeric laver.

15. A multilayer film, comprising:
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a sealant layer;
a core layer; and

a layer comprising a copolyamide as defined in claim 1,

wherein said film has a C0;:0, transmission ratio higher than
3.0, and has a CO, transmission rate of at least 400 cc/m’-

day-atmosphere.

16. The film of claim 15, wherein said core layer
comprises a polyolefin selected from the group consisting of

ethylene, propylene, butene and methylpentene homopolymers

and copolymers.

17. The film of claim 16, wherein saild core layer
comprises a copolymer of ethylene and a comonomer selected
from the group consisting of alpha olefin, vinyl acetate,

acrylate, acrylic acid and methacrylic acid.

18. An oriented, heat shrinkable multilayer film,

comprising:
a first outer layer;

a second outer layer; and

an interior layer comprising a copolyamide as defined in

claim 1,

wherein said film has a C0,:0, transmission ratio higher than

3.0, and has a CO, transmission rate of at least 400 cc/m*-

day-atmosphere.

19. The multilayer film of claim 18, further

comprising an adhesive layer disposed between the interior

layer and each of the outer layers.
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20 . The multilayer film of claim 18 or 19, wherein

sald outer layers comprise a material selected from the

group consisting of amide, ester and olefin polymer and

copolymer.

SMART & BIGGAR
OTTAWA, CANADA
PATENT AGENTS
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