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The present invention relates to flexible polymeric
film packéginq structures with impro&ed oxygen,
flavor/odor, grease/oil and moisture barrier
characteristics. More specifically, the invention
relates to a film structure which includes a polymeric
substrate, an oxygen barrier containing cross~linked
polyvinyl alcohol ("PVOH") and a moisture barrier
selected from cellulose material, polyvinylidene ("pvdc”)
coating and metallized polymeric composite.

Certain polymeric films employed for the packaging
of foods inherently permit the transmission of oxygen and
moisture from the outside of the film to the inside of a
food package wrapped with the film. Oxygen and/or
moisture permit rapid deterioration of foods packaged in
polymeric films. Exclusion of oxygen and moisture from
packaged foods retards product spoilage. In certain
applications, such as packaging of detergents, cleaners,
fertilizers and the like, it is important that the
packaging material prevents the odors from spreading
outside. In other applications, such as juices, wines,
pretzels and biscuits it is sought to protect the
contents against acquisition of undesirable flavors from
the outside. Therefore, -film structures which provide a
barrier to oxygen, flavor/odor, grease/oil and moisture
are'highly desirable food packaging materials.

Attempts have been made in the past to provide
polymeric films which have high oxygen, flavor/odpr,
grease/oil and moisture barrier. Some polymeric films
disclosed in the prior art include PVOH. Polyvinyl
alcohols are polymers containing (-CH, - CHOH-) groups.
They can be applied from water solution and are in many
respects attractive materials for use as barrier coatings
for thermoplastic polymer .substrates. When applied to
thermoplastic polymer surfaces which have been treated by
any of a number of means to render them receptive to
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5 solvents, such as esters, ethers, ketones, hydrocarbons
and chlorinated hydrocarbons.

The advantage of water solubility in the application
of PVOH as a barrier coating becomes its chief drawback,
however, when the bafrier_coating has been formed on a
10 thermoplastic pdlymer substrate. The poor water
resistance of PVOH restricts its use as a barrier coating
to those few applications where nearly anhydrous
conditions prevail. Moisture may act to cause staining
or wear due to friction, an unpleasant feel to the touch
15 and a dull appearance. It is also known that oxygen
permeability of PVOH increases in proportion to its
moisture content.
A number of methods have been known for increasing
the water resistance of PVOH, but none provides entirely
20 satisfactory results. In spite of various heretofore
practiced methods, such as cross-linking PVOH with
potassium dichromate, formaldehyde or phencl-formaldehyde
resins, the polyvinyl alcohol still tends to soften,
swell and lose adhering strength when exposed to water or
25 even moisture vapor. Hence, barrier coatings consisting
only of polyvinyl alcohol cannot be used where a o
substantial degree of water-resistance or moisture-
proofness is required.
Accordingly, there is still a need in the art of
30  packaging films to provide a film structure which has
excellent oxygen, flavor/odor, grease/oil and moisture
barrier characteristics.
The present invention, which addresses the needs of
the'prior art, provides packaging film structures which
35 have low oxygen, flavor/odor, grease/oil transmissive
charactristics and high moisture barrier properties.
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More specifically, it has now been found that by
securing a film combination which has low oxygen
transmissive properties to a moisture barrier including
(1) cellulose material, preferably box board; (2)

5 polyvinylidene chloride coating; or (3) metallized
polymeric composite, preferably metallized polypropylene,
film structures having enhanced oxygen, flavor/odor,
grease/éil transmissive characteristics, and high
moisture barrier are obtained.

10 The film structure of this invention includes a
polymeric substrate adapted to receive an oxygen barrier
layer by surface treating and priming of at least one
side thereof. Once treated and primed, the surface of
the polymeric substrate is provided with an oxygen

15 barrier layer which includes PVOH cross-linked with a
cross-linking agent in the presence of a catalytic amount
of inorganic acid, preferably sulfuric acid. If a
cellulose material is to be the moisture barrier of the
film, it is then laminated by adhesion onto the outer

20 surface of the oxygen barrier of the film structure. The
adhesive is preferably polyurethane or polyethylene. The
cellulose material is preferably paperboard or
fiberboard, and most preferably box board.

If the moisture barrier of the film is to be a PVAC

25 coating, the film structure polymeric core has both
surfaces treated to receive other coatings. The surface
treatment is accomplished by well known methods in the
art, corona or flame treatment being preferred. Both
"surfaces of the polymeric core may then be primed.

30 Poly(etyleneimine) is used for the PVOH receiving
surface, and epoxy is used for the PVAC receiving
surface. Once treated and primed, the polymeric core is
provided on one surface with a cross-linked PVOH layer,
as above, and on the othexr surface, the polymeric core is

35 coated with PVdcC.
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cqatlngs pol yvi nyl al cohol s adhere adequately, are flexible, clear and
t ransparent, provide an oxygen inperneable barrier, and_are resistant to
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dul | appearance. the imvidturebanridrt omagallized polymerlc film is
laminated by adhesion or extrusion onto the outer surface
of the oxygen barrier of the film structure. The
5 adhesive is preferably polyurethane or polyethylene for
extrusion lamination. The metallized polymeric film is
preferably metallized oriented polypropylene. The use of
metallized structures allows the packaging film structure
to be printed on the oxygen barrier layer and the
10 graphics remain well protected.
In all packaging film structures of the present
_invention the polymeric substrate may be oriented
polyethylene terephthalate, nylon, polypropylene and
polyethylene. The core may also include a coextruded
15 propylene-ethylene copolymer skin. The polymeric
substrate is usually surface treated by known processes,
preferably corona treatment, to a surface free energy of
35 dynes/cm or higher.
The present invention also provides a process for
20 preparing packaging film structures having improved
oxygen and moisture barrier properties. The process
includes coating at least one surface of a primed,
surface treated polymeric substrate with an aqueous
solution of PVOH, aldehyde-containing crosslinking agent
25 and a catalytic amount of inorganic acid, preferably
sulfuric acid, and allowing the polyvinyl alcohol to
cross-link thus forming an oxygen barrier. The aqueous
solution of PVOH includes a solid content comprising from
62.5% to 95% by weight of PVOH, from 5% to 30% by weight
30 of crosslinking agent and up to 7.5% by weight of acid
' catalyst. If a cellulose material is to be the moisture
- barrier of the film, it is then secured to an outer
surface of the oxygen barrier by adhesion lamination. If
the moisture barrier is to be a PVdC coating, PVdAC is
35 then applied and the resulting film is dried. 1If the
moisture barrier is to be a metallized polymeric layer,
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whi ch has barrier by adhesion or extru51on lamination. Packaging
film structures made by the above process are also
encompassed by the present invention. '

5 As a result of the present invention, packaging £ilm
structures are provided which have excellent oxygen,
flavor/odor, grease/oil, and moisture barrier properties.
The film structures of the present invention having a
moistﬁre barrier comprising a cellulose material have

10 been found to be especially useful in a packaging of
tomato sauces, condiments, wines, juices and detergents,
in which it is important that the flavor or odor of the
foodstuffs is contained within the package. These film
structufes are also useful in packaging of milk, creams

15 and the like in which preventing the acquisition of
outside odors is important to preserving the freshness of
the products. In addition, the layer of cross-linked
PVOH coating used in the present invention may be used at
thinner gauges than other oxygen barrier layers. For

20 example, less than 0.05 mils of cross-linked PVOH
provides an oxygen barrier which is as effective as 0.48
mils of EVOH coating. Thus, by using the packaging film
structures of the present invention, significant
manufacturing cost savings can be realized.

25 The film structure having a moisture barrier
comprising a PVdAC coating is also transparent and heat
sealable. These film structures have been found to be
especially useful in packaging condiments and various
suaces, such as tomato sauce and the like. The film is

30 quite sturdy. It may be used as a single, i.e., a mono
web to form larger packages to replace, for example, the
110 ocunce tin can, ordinarily used to package tomato
sauce for institutions. In most applications mono webs
cannot be used by themselves because they are not

35 sufficiently sturdy, rupture easily, and have

insufficient barrier properties. For many applications,



excel l ent oxygen, flavor/odor, grease/oil and noisture barrier
characteristics. The present invention, which addresses the needs of the
prior- art, provides packaging filmstructures which have | ow oxygen,
flkavor/odor, grease/oil transm ssive charactristics and high noisture
barrier properties. This is the replacenent sheet Date: 2 7 SEP 1996 - 3-
More specifically, it has now been found that by securing a fi.lm '
conbi nati on whi ch has | ow oxygen transnissivgsgroperties to a noisture
barrier including '

the film structure consists of at least two coextruded
mono webs. By using a mono web, the coextrusion
lamination step is eliminated and significant cost
savings can be realized. Moreover, because the package

5 is also transparent, the end used can x-ray scan it or
otherwise inspect its contents.

These structures having a moisture barrier
comprising a metallized polymeric layer have been found
to be especially advantageous in medical packaging and

10 wine bags. In the wine market, many wines are sold in
bag~-in-box packaging. Typically, such packaging requires
two metallized polyester films, a structure which is
twice as expensive as the cross-linked PVOH/metallized
OPP laminates of the present invention. Thus, by using

15 the packaging film structure of the present invention,
significant manufacturing costs can be realized.
Moreover, the metallized polyester film structure allows
the package to be surface printed only. 1In the
metallized/cross-linked PVOH film of the present

20 | invention, the PVOH surface is printed and then attached
to the metallized film, so that the graphics remain well
protected by the OPP substrate of the cross-linked PVOH
combination.

Fig. 1 shows a cross—-sectional view of one

25 embodiment of the present invention, wherein the
foodstuff is next to the sealant coated cellulose
material. )

Fig. 2 shows a cross-sectional view of another
embodiment of the present invention, wherein the

30 foodstuff is next to the sealant coated polymeric
substrate. .

_ Fig. 3 illustrates one embodiment of the present
invention, wherein primer coatings have been applied to
both surfaces of the polymeric core.

35 Fig. 4 shows a cross-sectional view of another

' embodiment of the present invention.. .
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(1) cellulose material, preferably box board; (2) polyvinylidene chloride

coating; or (3) netallrzed pol ynmeric conposite, preferably metallized—
pol ypropyl ene, film structures having enhanced oxygen, flavor/odor
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commercial applications the moisture barrier properties
of these films can be improved.

5 The present invention provides a (1) cellulose
bearing, (2) PVdAC coated, or (3) metallized polymeric
film structure including oxygen, flavor/odor, grease/oil,
and moisture barriers. The oxygen barrier includes
cross-linked PVOH and the moisture barrier is a (1)

10 ceilulose material, preferably box board, (2) PV4C layer,
or (3) metallized polymeric composite, preferably
metallized oriented polypropylene. The moisture barrier
may be applied to the outer surface of the ~oxygen
barrier.

15 The polymeric materials contemplated as the core or
substrate of the multilayer structure of the present
invention include any polymeric film oriented or
unoriented which inherently permits the transmission of
oxygen, flavor/odor, and grease/oil wherein the utility

20 of such film would call for a minimization of the
transmission of oxygen, flavor/odors, and grease oil. In
most cases, the source of the oxygen referred to herein
is atmospheric oxygen. The source of flavor is the
condiment flavor, and the source of odors is from the

25 environment. While nylon, polyethylene terephthalate
("PET"), polycarbonate films are contemplated herein, a
particularly preferred class of films is the polyolefins.
Within the polyolefin class, homopolymers and copolymers
of propylene, low density (“LDPE“), and linear low

30 density polyethylene ("LLDPE") are preferyed. High
density polyethylene ("HDPE") may also be used.
Particularly preferred are isotactic polypropylenes
containing at least 80% by weight of isotactic
polypropylene. The preferred core can be

35 homopolypropylene having a melting point range of from
161° to 169°C. A commercially available material of this



film it is then |am nated by adhesion onto the outer surface of the oxygen
barrier of the filmstructure. The adhesive is preferably pol yurethane or
pol yet hyl ene. The cellul ose material is preferably paperboard or
fiberboard, and nost preferably box board. If the noisture barrier of the
filmis to be a PvdC coating, the filmstructure polynmeric core has both
surfaces treated to receive other coatings. The surface treatment is
acconpl i shed by well known nethods in the art, corona or flane treatnent
bei ng preferred. Both surfaces of the polynerﬁc core may then be prlned
Poly(etyleneimne) is yused for the rece|V|ngHsurfac and ig

used for the. Pvd FﬁEEFQFﬁQ“sh?f%B%p ite t FRe BHeSAHred; noKe can
pol yneric core isapsoevbdedoextouded uwitheawthbnaskinsiayenkeambiwftihgyes, 2

to 12% of the total thickness, of a copolymer of
propylene and another olefin, e.g., ethylene, butene-1.

5 The other olefin which can be present in the copolymer is
in an amount of from 1 to 7 wt.%.

The polymeric substrate can be of any desired
thickness, although thickness will typically range from

. 0.5 to 2 mils (0.7 to 3 mils for PVdAC coated product) to

10 ensure good machinability on high-speed packaging
equipment. The OPP film should preferably have a
thickness of 1.0 mil (1.75 mils for PVAC coated product).

It has been found advantageous to treat the
substrate or base layer prior to receiving the oxygen and

15 moisture barrier layers. Such treatment enhances the
adhesion of other coatings.

A preferred treatment involves treating the surface
to a surface tension level of at least 35 and preferably
from 38 to 45 dynes/cm in accordance with ASTM Standard

20 D2578-84. The treatment can be flame treatment, plasma
treatment, cherical treatment or corona discharge
treatment. Flame treatment and corona discharge
treatment are preferred with corona discharge treatment
being particularly preferred. '

25 After this treatment, a suitable primer material is
coated onto the treated surface. Preferred primer
materials are those disclosed in U.S. Patent No.
4,564,559. These include a primer produced by condensing
a monoaldehyde with an interpolymer of acrylamide or

30 methacrylamide and at least one other unsaturated

' monomer. Further included is a primer material produced
by condensing aminoaldehyde with acrylamide or
methacrylamide and subsequently interpolymerizing the
condensation product with -at least one other unsaturated

35 : monomer in the presence of a C,~-C, alkanol.
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as above, and on the other surface, the polyneric core is coated wth PvdC.
This is the replacenent sheet Date: 2 7 SEP 1996 -4- |f a nmetallized
pol ynmeric conposite is to be used as the noisture barrier, a netallized
pelynmeric filmis |am nated by adhesion or extrusion onto the outer surface
of the oxygen barrier of the filmstructure. The adhesive is preferably

pol yur et hane or pol yethylene for extrusion |am nation. The netallized
polymeric filmis preferably netallized oHeﬂged pol ypr opyl ene. The use of

A particularly preferred primer material for the
structure contemplated herein has been found to be
poly(ethyleneimine). The imine primer provides an
overall adhesively active surface for thorough and secure

5 bonding with the subsequently applied cross-linked
polyvinyl alcohol and PVAC on the other surface of the
substrate when PVdC comprises the moisture barrier. It
has been found that an effective coating solution
concentration of the poly(ethyleneimine) applied from

10 either aqueous or organic solvent media, such as ethanol,

~ is a solution comprising from 0.1 to 0.6% by weight of
the poly(ethyleneimihe). A commercially available
material of this type is known as Polymin P, a product of
BASF-Wyandotte Corporation.

15 Another particularly preferred primer material is
the reaction product of an epoxy resin as a first
component with an acidified aminoethylated vinyl polymer

~ as the second component. The contemplated epoxy resins
are glycidyl ethers of polyhydroxy compounds, such as

20 resorcinol, hydroquinone, Novolac® resins, and the like.

Although the specific structure of the epoxy resin
is not critical to the primer employed in the present
invention, important considerations in the selection of
the epoxy resin revolve around its physical state. For

25 example, it must be liquid and capable of being readily

' dispersed or dissolved with the second component or '
curing agent as described hereinbelow. If the epoxy
resin is of low viscosity, it may be stirred directly
into.the second component, i.e., curing agent, however,

30 it is preferred to employ the epoxy resin in an aqueocus
emulsion. .

The second component in the epoxy primer composition
of the present invention is an amino modified acrylic
polymer which is water soluble. This polymer is a curing

35 agent for the epoxy compound. The preferred material is

described in U.S. Patent No. 3,719,629,
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netal lized structures allows the packaging filmstructure to be printed on
t he oxygen barrier layer and the graphics renmain well protected. In al
packaging filmstructures of the present invention the polyneric substrate
may be oriented pol yethyl ene terephthal ate, nylon, polypropyl ene and

pol yet hyl ene. The core may al so include a coextruded propyl ene-ethyl ene
copol yner skin. The polyneric substrate is usually surface treated by known
processes, "preferably corona treatnment, to a surface free energy of 35
dynes/cm or higher. The present invention al™3®provides a process for
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pri nmed, epoxy resin is emulsified in a solution of the curing
agent by rapid stirring, the resultant dispersion is
_ diluted with water to the desired concentration for
5 coating, usually from 2 to 20% solids. When mixing the
epoxy resin with the curing agent, it is generally
preferred to use a stoichiometric equivalent balance of
epoxy and amine groups. However, it has been found that
the stoichiometric ratio may be varied over a wide range,
10 from 1 epoxy to 3 ‘amine groups through 3 epoxy groups to
' 1 amine group. Any of the above described primers can be
employed in the range of 0.001 to 3.5 g/nﬁ.'
Polyvinyl alcohol ("PVOH") as used in the present
invention and claims refers to a normally solid polymeric
15 material, soluble in water, but insoluble in most organic
solvents and characterized by the presence of (-CH,~CHOH-)
units in the polymer chain. These polymers are
ordinarily prepared by the replacement of the acetate
groups of polyvinyl acetate with hydroxyl groups as by
20 hydrolysis or alcohdlysis. The percent of acetate groups
replaced by hydroxyl groups is the degree of hydrolysis
PVOH thus formed and indicates the percent of hydroxyl
groups present in PVOH out of the total possible hydroxyl
groups. As explained hereinbelow the crosslinking
25 reaction by which the superior barrierfcoatings of this
invention are obtained proceeds through the hydroxyl
groups of PVOH. Therefore, only substantially completely
hydrolyzed PVOH are useful in this invention. By the
term "substantially completely hydrolyzed" in the present
30 specification and claims is meant a degree of hydrolysis
of above 85%. We have found that PVOH having an hydroxyl
content above 88% and particularly above 95% provide
superior resistance, clarity and flexibility and adhering
strength. Hy&roxyl group -contents of 99% to 100% provide
35 the best barrier coatings and are particularly preferred
for use in this invention.
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syrface treated polyneric substrate with an aqueous sol ution of PVOH,

al dehyde- cont ai ni ng crosslinking agent and a catal ytic anount of inorganic
acid, preferably sulfuric acid, and allow ng the polyvinyl alcohol to
crwoss-link thus form ng an oxygen barrier. The aqueous sol ution of PVCOH

I ncludes a solid content -conprising from®62.5%to 95% by wei ght of PVCH,
from5%to 30% by wei ght of crosslinking agent and up to 7.5% by wei ght of
acid catalyst. If a cellulose material is tQ,he the noisture barrier of the
film it is then secured to an outer surface Of the oxygen barrier by

adhesi on | am nation. d HRoIP i eHpi iy dof He Xl in shy” Wt i %, PVAC
I's then applied and .trlgl resulting fdiirl m i sl?;ll e?.at'ftﬂétehey;oi sture Jbarl%er S

to be a netal | i z&Y3idahks material. THor jaxampd .o FHIYANAInt7 ki tor
ELVANOL 90-50 are E.I. duPont products.

The PVOH coating solution is prepared by dissolving

5 the polymer in hot water, cooling and mixing both with a
suitable crosslinking agent and inorganic acid, |
preferably sulfuric acid, as the catalyst. The
crosslinking agent can be a melamine- or urea-
formaldehyde resin. Commercially available cross-linkers

10 " also would include PAREZ 613, a methylated melamine
formaldehyde; and CYMEL 373, a methylated melamine
formaldehyde; CYMEL 401, a trimethylol melamine urea
formaldehyde; glyoxal; and borax. Sulfuric acid as the
catalyst has been discovered to be far superior to nitric

15 acid, ammonium chloride and ammonium nitrate.

' Crosslinking is carried out to make the PVOH less
moisture sensitive but it is essential that this does not
substantially occur before the coating weight is applied
and evenly distributed. This is effected by making up

20 the aqueous solution so that the initial concentration is
too low for this to occur but, as drying occurs, the
concentration increases and the rate of crosslinking also
increases.

_ Suitable concentrations have been found to be from 1

25 to 35 wt.%, preferably from 4 to 8 wt.% of the solution,

' which are PVOH plus crosslinking agent plus inorganic
acid, e.g., sulfuric acid, in a catalytically active
amount. If the solids content is higher, the solution
becomes too viscous; if lower, good water resistance is

30 not obtained. From 5% to 30 wt.$, typically 15%
crosslinking agent is used with from 0.1% to 7.5%,
typically 2 wt.% of the sulfuric acid catalyst. A

preferred formulation cdmprises the following solids
content: 85.5 wt.% PVOH; .12.8 wt.% methylated melamine

35 formaldehyde; and 1.7 wt.% sulfuric acid. The acid,
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Dat e: It is then secured to an outer surface of the oxygen barrier by
“adhesi on or extrusion |anination. Packaging filmstructures nade by the
above process are al so enconpassed by the present invention. As a result of
the present invention, packaging filmstructures are provided which have
excel | ent oxygen, flavor/odor, grease/oil, and noisture barrier properties.
The filmstructures of the present invention having a noisture barrier
conprising a cellulose nmaterial have been found to be especially useful in
a packagi ng of tomato sauces, condinments, wi m&®=juices and detergents,

e.g., sulfuric acid, employed can have a strength ranging
from 0.1 to 20 wt.%.

Aqueous PVOH solutions were prepared by dissolving
sufficient ELVANOL 71-30 in hot water to form 8 wt.%

5 solution which were then cooled. To these solutions were
added a 20 wt.% agqueous melamine formaldehyde solution
and the appropriate amount of a solution of aqueous
ammonium chloride, sulfuric acid, ammonium sulphate,
ammonium nitrate or nitric acid to provide the

10 formulations shown in the Table 1 below. Cross-linked
PVOH can be present in an amount from 0.2 to 4.5 g/m?,
usually from 0.4 to 3 g/m?.

The cross-linked PVOH coated films described above

are intended, in one embodiment, to be adhered to

15 cellulose matefials such as paper, paperboard and
fiberboard by adhesion or extrusion lamination. The
adhesion or extrusion lamination of the cellulose
material is to the outer surface of the cross-linked PVOH
layer. The resulting structure is capable of holding

20 liquids and has a high oxygen and flavor/odor, grease/oil
barrier. For example, unlaminated box board material has
an average oxygen transmission rate ("TO,") in excess of
2300 cc/m?/24 hr at 23.8°C and 0% relative humidity
("RH"). When cross~linked PVOH coated film is laminated

25 to box board material the TO, rate was significantly
lower, namely 0.309 cc/m?/24 hr at 23.8°C and 0% RH and
1.55 cc/m?/24 hr at 23.8°C and 75% RH.

The lamination to box board material is accomplished

by using an adhesive such as polyurethane, acrylics or

30 PVdAC’s. The resulting structure is then extrusion coated
preferably with a sealant layer of SURLYN® or
polyethylene to prevent leaching of any cellulose
component into the liquid which comes in contact with the
sealant layer and to enhance the moisture barrier of the

35 resulting film structure. cOntalners formed from the
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in which it is inportant that the flavor or odor of the foodstuffs is
contai ned within the package. These film structures are al so useful in
packagi nhg of mlk, creans and the |like in which preventing the acquisition
of outside odors is i nportant to preserving the freshness of the products.
In addition, the |ayer of cross-linked PVOH coating used in the present

I nvention may be used at thinner gauges than other oxygen barrier |ayers.
For exanple, less than 0.05 m|s of cross-linked PVOH provi des an oxygen
barrier which is as effective as 0.48 mls ofl¥VCOH coating. Thus, by using
- the packaging filmstructures of the present invention, 5|gn|f|cant
manuf act uri ng cospackeging £iAmbpstrue uzedofThbefprssgntuénUﬁethanlngnabe

moi sture barrier ﬁQgﬁrES'Bﬂcﬁa8¥dﬁi§29tbﬂﬂn§é 3h$eet AARSREAENt and heat
It has also been found that by using a cross-linked
PVOH film combination laminated to box board an excellent
5 oxygen barrier is provided which requires considerably
less coating of cross-linked PVOH than a comparable EVOH
film. For example, a 48 gauge layer of EVOH film
provides an oxygen barrier of 0.62 cc/m?’/24 hr. at
23.8°C, 0% RH and WVIR of 1550 g/m?’/24 hr at 37.8°C, 90%
10 RH. The EVOH has no moisture barrier. The same oxygen
barrier value and a WVTR value of 5.42 g/m?*/24 hr at
37.8°C, 90% RH are cbtained when a substrate of 79 gauge
OPP is covered with only a 3 gauge layer of cross-linked
_ PVOH. Thus, significant cost savings can be realized as
15 a result of using a much thinner coating of PVOH.
Cellulose materials useful in the present invention
are generally paper products such as paper, paperboard
and fiberboard. Although there is no strict distinction
- between paper and paperboard, paper is considered to be a
20 product made from cellulose fibers which is less than
0.012 inch thick. Paper used in packaging may be course
and fine. Course packaging paper is_known as kraft paper
and is almost always made of unbleached kraft soft wood
pulps. Fine papers, generally made of bleached pulp, are
25 typically used in applications requiring printing,

' writing, and special functional properties such as
barriers to liquid and/or gaseous penetrants. Other
types of paper useful in the present invention are
parchment, grease proof, glassine, water, grease and oil

30 - resistant, waxed, specialty-treated, wet-strength papers,
all as defined in M. Bakker, The Wiley Encyclopedia of
Packaging Technology, 497-500 (1986).
A preferred cellulose fiber material useful in the
present invention is paperboard. Paperboard is a
35 relatively stiff paper product usually greater than 12

is Sheet Has Been Rerlaced
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sqal abl e. These filmstructures have been found to be especially useful in
packagi ng condi nents and vari ous suaces, such as tomato_sauce_and the |ike.

The filmis quite sturdy. . It may be used as a single, i.e., a nono web to
farm | arger packages to replace, for exanple, the 110 ouﬁbeshqerﬂasaeepRmced

ordinarily used to package tomato sauce for institutions wm HI
arrier

appl i cations nono webs cannot be used by thensel ves becaus
sufficiently sturdy, rupture easily, and have insufficient

properties. For many applications, This is tf#=epl acenent sheet 2 7 SEP
1996

mils. The term paperboard is used to distinguish the

product from paper which is thin and quite flexible.

Paperboard may have single-ply or multi-ply structure.

It can be formed on a Fourdrinier wire part, a single or
5 a series of modern formers.

The sinéle-ply paperboard useful for this invention
is made from 100% bleached-chemical wood pulp and can be
used for food packaging where purity and clean appearance
is required together with a degree of strength and a

10 surface of sufficient quality to accept good-quality
| print. Compared to single-ply structures, multi-ply
paperboard can be used over a much wider range of
applications because virgin-pulp outer layers with good
appearance, strength, and printing properties can be
15_' combined with lower-grade middle plies. The general term
for this range of paperboard is folding box board.

Another type of paperboard known as fiberboard, used
to produce large and strong cases is also useful in the
present invention. The materials used for the

20 construction of these containers are made from several
layers of paperboard. There are two main types: solid
board wherein two or more boards are laminated together
and corrugated board. In the production of corrugated
board, two facings are glued to both sides of the

25 corrugating medium to produce a single-wall corrugated

. board. Three facings and two media are used to obtain
double-wall corrugated board. Triple-wall corrugated
board uses four facings and three media. In the
structures of the present invention sinqle or multi-ply

30 paperboard hard-sized for water resistance according to
known techniques in the art is preferred. Types of
paperboard and fiberboard are as defined in M. Bakker,
The Wiley Encyclopedia of Packaging Technoloqy, 500-506
(1986) .

35 The cross-linked PVOH/cellulose material structure
of the present invention has excellent oxygen and



-G- the'filmstructure consists of at |east tw coextruded nono webs. By
using a nono web, the coextrusion |am nation step is elimnated and
significant cost savings can be realized. Moreover, because the package is
al.so transparent, the end used can x-ray scan it or otherw se inspect its
contents. These structures having a noisture barrier conprising a
netallized polyneric | ayer have been found to be especially advantageous in
medi cal packaging and wi ne bags. In the wine market, nmany wines are sold in
bag-i n-box packagi ng. Typically, such packagrh®~requires two netallized
pol yester fil ns, structure which is tw ce as expensive as the )
cross-linked-PVCH%%@YQF/P?@H'CﬂFePﬁﬁ{ﬁ&$L?aSFlFHeCBP€§SﬁFrFﬁFéﬁFiéﬁd FHus,

by using capable of holding liquids. Depending upon the
application, it is possible to employ the film structure
of the present invention to hold liquids, other
5 foodstuffs or detergent materials next to the sealant
coated cellulose material layer as illustrated in Figure
1 or next to the sealant coated polymeric substrate as
illustrated in Figure 2. |
Figure 1 shows a schematic cross-section of a film
10 ' structure prepared according to the present invention.
Layer 10 represents a surface treated polymeric substrate
which is coated with a primer layer 11 on at least one
surface to which a cross-linked PVOH layer 12 is adhered.
The cross-linked PVOH layer mayhbe printed and then
15 adhered to a cellulose material 1ayef 14 by using an
adhesive coating 13. Optionally, instead of printing the
cross-linked PVOH layer, the cellulose material may be
printed and then adhered to a cross-linked PVOH film
structure. When the cellulose material is next to a
20 - liquid, in order to prevent leaching of any cellulose
component into the liquid, the resulting structure is’
extrusion coated with a sealant 15 such as SURLYN® or
polyethylene on the outer surface of the cellulose
material. The resulting film structure also has enhanced’
25 moisture barrier characteristics.
Figure 2 illustrates another embodiment of the
present invention, wherein layer 20 represents a .
polymeric substrate surface treated on at least one side,
primed with a primer coating 21 surface treated and thus
30 ' adapted to receive a cross-linked PVOH layer 22 which can
then be adhered to a cellulose material 24 by using an
adhesive coating 23. The cellulose material may be
printed. When the polymeric substrate is on the inside,
then the cellulose containing resulting film structure is
35 - extrusion coated with a sealant 25, such as SURLYN® or

This Sheet Has Been Reﬂlaced




the packaging filmstructure of the present invention, significant
manuf acturing costs can be realized. Mreover, the neta+++z£%L¥xn4&ﬁuiﬂ;__

filmstructure allows the package to be surface printed onI In the
metal | i zed/ cross-1inked PVOH fil mof the present invent

surface is printed and then attached to the netallized fi

graphics remain wel l protected by the OPP substrate of t

PVOH conbi nation. Fig. 1 shows a cross-sectiQ vi ew of one enbodlnent of
the present invention, wherein the foodstuff next to the seal ant coated

Coho et "o okt Ee e RICHE, 6 SiSeschleplel i ¥l palhLEL
_ suhstrate to prov1de an enhanced moisture barrier.
The cross-linked PVOH coated films described above
are, in a second embodiment, intended to be adhesively
5 laminated to either orlented or unoriented commerc1a11y
available thermoplastlc films such as homopolymer
polypropylene film, polypropylene with coated layers,
polypropylene with slip additives, polypropylene with
coextruded layers, opaque polypropylene, polyethylene,

10 nylon, polyethylene terephthalate, polycarbonate,
polystyrene, etc. A preferred class of films are the
polyolefins. Most preferred is a polymeric substrate of
OPP having a thickness of 1.50 mil.

The cross-linked PVOH coated films described above

15 may be coated with other coatings to enhance other
desirable properties, such as moisture barrier
properties. PVAC is a particularly preferred coating
that could be applied to the above cross-linked PVOH film
combination. The resulting film has excellent oxygen,

20 flavor/odor, grease/oil and moisture barrier properties.
Additionally, the film is also heat sealable, and quite
sturdy. The PVAC coated film of the present invention
can be used as a mono web providing the user with
significant cost savings.

25 ' PVdC also more correctly referred to as copolymers
of vinylidene chloride ("PVAC" or "VdC copolymers") are
copolymers of 65 to 96% by weight of vinylidene chloride
and 4 to 35% of one or more comonomers such as vinyl
chloride, acrylonitrile, methacrylonitrile, methyl.

30 methacrylate, or methyl acrylate, hereafter referred to
as PVdC. A suitable grade contains 7 weight percent
methacrylonitrile, 3 weight petcent methyl methacrylate,
and 0.3 weight percent itaconinic acid comonomers. PVdC
customarily include formulation additives such as waxes,

35 fatty acids and derivatives thereof, particulate matter,

and polymeric species such as mixed polyesters. Such



foodstuff is next to the seal ant coated polyneric substrate. Fig. 3
iTlustrates one enbodi nent of the present invention, wherein prinmner
coatings have been applied to both surfaces of the polyneric core. Fig. 4
shows a cross-sectional view of another enbodi nent of the present

I nvention. This 1is the replacenent sheet Date: 27 SEP 1996 -7- Certain
barrier film conbinations have excellent oxygen barrier properties.
However, for certain

=17~
additives may be useful to reduce brittleness and
stiffness of the polymer or to improve its heat
sealability and handling properties. Commercially
available VdC copolymers useful for the present invention
5 are manufactured by Morton Co.

By adding another layer of PVAC on the other surface
of the polymeric substrate which is opposite the cross-
linked PVOH bearing surface, the moisture barrier of the
film combination is significantly improved. For example,

10 - an uncoated film had an oxygen transmission rate ("TO,")
in excess of 2324.9 cc/m?/24 hr. at 23.8°C, 0% relative
hunidity ("RH")/and a water vapor transmission rate
("WVTR") of 5.58 g/m?/24 hr at 37.8°C. 90% RH. A film
combination according to this embodiment of the present

15 invention coated with both cross-linked PVOH and PVdC had

" a To, of 0.31 cc/m?/24hr at 23.8°C 75% pH. The WVTR was
2.325 g/m?/24 hr at 37.8°C.

Fig. 3 shows a schematic cross section of a film
prepared by the present invention. Layer 30 represents

20 the treated polymeric core which is coated with a
poly(ethyleneimine) layer 31 on one surface and dry epoxy

" primer 32 on the other surface. The cross-linked PVOH
layer 33 is adhered to the surface bearing
poly(ethyleneimine) primer and the PVAC layer 34 is

25 adhered to the other epoxy coated surface.

The PVOH/PVAC film-structure described above is used
as a mono web and thus provides more cost effective
packaging than other films which require more than one
web. A mono web is a term adapted by plastic resin

30 processors to denote a single plastic film, not as a
final discrete article but as a long film somewhere in
the processing stage, frequently being drawn off a large
roll of printed film. When used as
a mono web where PVAC is the sealant layer coming in

35 - contact with the food product, the cross-linked PVOH

" layer can also be printed.

This Sheet Has Been Rep laced




~cqmmerci al applications the noisture barrier properties of these filns can
be i nproved. The present invention provides a (1) cellul ose bearing, (2)
PvdC coated, or (3) netallized polyneric filmstructure including oxygen,
fleavor/odor, grease/oil, and noisture barriers. The oxygen barrier includes
cross-linked PVOH and the noisture barrier is a (1) cellulose materi al,
preferably box board, ¢2) PvdC | ayer, or (3) netallized polyneric
conposite, preferably nmetallized oriented pq%%Propylene. The noi sture
barrier may be applied to the outer surface 0¥ The oxygen barrier. The

polynmeric materials coptenplated, as the core or substrate of the nultilayer
structure of the prese gﬁ@iﬁ??ﬁﬁ°?ﬁcyﬁﬁﬁeaﬁ9epg? ¢4ng; Packagedt ed or

requires a light barrier, a white film may be applied to.

the cross-linked PVOH or the PVAC layer. Commercially

available opaque polypropylene from Mobil Chemical, Films
5 Division, is a preferred white film.

When higher barrier or a stronger packaging film is
required, the cross-linked PVOH layer may be laminated to
another film that provides improved strength and barrier.
Such films include, PET, nylon and polyolefins. For

10 improved sealability either surface may be further
laminated with a layer of polyethylene.

The PVOH/PVAC film structures of the present
invention are transparent so that packaged condiments and
sauces can be freely inspected and scanned for

15 contaminants.

The cross-linked PVOH coated films described above
are intended, in a third embodiment, to be adhesively
laminated to either oriented or unoriented commercially
available thermoplastic films such as homopolymer

20 polypropylene film, polypropylene with coated layers,
polypropylene with slip additives, polypropylene with
coextruded layers, opaque polypropylene, polyethylene,
nylon, polyethylene terephthalate, polycarbonate,

_ - polystyrene, etc. A preferred class of films are the

25 polyolefins. Most preferred is a polymefic substrate of
OPP having a thickness of 1.00 mil. '

Other particularly preferred substrates to which the
above cross-linked PVOH film combination is adhesively
laminated are moisture barrier materials such as

30 metallized films, preferably metallized OPP. _

The metallized films useful in the present invention
provide excellent moisture barrier, but inherently permit
the transmission of oxygen. By laminating a cross-linked
PVOH film combination to metallized film, a multi-layer

35 film structure is obtained which has significantly

enhanced oxygen and moisture barrier.
~ This Sheet Has Been Replaced




unoriented which inherently permts the transm ssion of oxygen,
fl'avor/odor, and grease/oil wherein the utility of such filmwould call for
a mnimzation of the transm ssion of oxygen, flavor/odors, and grease oil.

I nost cases, the source of the oxygen referred to heflij$hest i c
oxygen. The source of flavor is the condinent flavor, a u _ tf -
odors is fromthe environment. \Wile nylon, polyethylen

("PET"), polycarbonate filnms are contenplated herein, a particularly
preferred class of filnms - is the polyol efi ns.=28 hin the pol yolefin class,.
honopol ynmers and copol yners of propyl ene, |ow density ("LDPE"), -and |inear

| ow density pol yet hyl dhktiin |t netall ized ofilns d¢iags demetallizmedet hyl ene

I(o OﬁggrEOI)Oy FZ‘%;;" SCoPfentsd pSRFPLepY Pene 14 GlSdt Sk dfriad! 2%¢dfmercially

available metallized OPP is available from Mobil
Chemical, Films Division (Bicor 70MB-HB). Many

5 | commercially available metallized OPP films are
composites consisting of a polypropylene core having, on
at least one of its surfaces, a relatively thin layer of
a propylene-ethylene copolymer. The copolymer layer is
subjected to a corona discharge treatment and the coating

10 metal is then deposited by such methods as
electroplating, sputtering, or vacuum metallizing. The
metal may be aluminum, copper, silver, or chromium.

A preferred metallized OPP and method of manufacture
is disclosed in U.S. Patent No. 4,345,005.

15 Commercially available metallized OPP has excellent
moisture barrier properties as shown by a very low water
vapor transmission rate ("WVTR"), typically 0.775 g/m?/
24 hr at 37.8°C, 90% relative humidity ("RH"). However,
with an average oxygen transmission rate ("TO,") of 31 to

20 77.5 cc/m*/24 hr, metallized OPP does not provide adequate
oxygen barrier for many applications. Thus, the
combination of metallized OPP with cross-linked PVOH
coated film creates a structure that provides both,

excellent moisture and oxygen barrier.

25 Metallized films known in the art can be laminated
to the cross-linked PVOH film combinations by applying an
adhesive coating onto the cross-linked PVOH layer. In
the present invention the adhesive bonds the metallized
film onto the PVOH bearing surface of the polymeric

30 | substrate. Prior to applying the adhesive, the cross-
linked PVOH layer can be ink printed. The adhesive can
be any adhesive used with metallized films, polyurethane
being preferred. The metallized film can also be
attached to the cross-linked PVOH film combination by

35 polymounting, i.e., extrusion lamination. Extrusion
lamination is a known process for joining two webs by




containing at |east 80% by wei ght of isotactic polypropylene. The preferred
core can be honopol ypropyl ene having a nelting point range of from[err]. A
comercially available material of this This is the replacenment sheet Date:
2«7 SEP 1996 description is ARCO WI72. The preferred core |ayer can al so
be coextruded with a thin skin layer, anounting to 2 to 12% of the total

t hi ckness, of a copol yner of propyl ene and another olefin, e.g., ethylene,
but ene-1. The other olefin which can be presgga_in the copolyner is in an
amount of froml to 7 w.% '

feeding them through a machine that extrudes a thin layer
of plastic between them to act as an adhesive.
Figure 4 illustrates this latter embodiment of the
present invention. Layer 40 represents a surface treated
5 polymeric substrate which is coated with a primer layer
41 on at least one surface thereof. A cross-linked PVOH
layer 42 is adhered to the surface treated substrate.
The cross-linked PVOH film combination is adhesively
laminated to a metallized film layer 44 by applying an
10 adhesive coating 43 onto the cross-linked PVOH bearing
surface.

EXAMPIE 1
A homopolymer polypropylene core layer was

coextruded with skin layers of an ethylene-propyiene

15 random copolymer. The random copolymer contained 3 to 5%
by weight of ethylene. The extruded film was biaxially
oriented to 4 to 5 times machine direction and 7 to 10
times transverse direction to yield a film having a
thickness of 1 mil. The thickness of the skin layers was

20 8% of the film and they were of equal thickness. This
£film combination was corona discharge treated in
accordance with commonly employed prior art techniques to
produce a surface with a wetting tension of 42 dynes/cm.
The treated film was precoated on both sides with 0.1

25 wt.% poly(ethyleneimine), as manufactured by BASF-
Wyandotte Corporation Polyamin P product. The film was
air-dried at 100°C. This coating weight was too low to
be measured, but was calculated to be in the range of
0.002g/m* by means of optical density. One treated and

30 primed surface of this film structure was then coated
with the appropriate solution of PVOH, cross-linking
‘agent and catalyst. The solutions were applied utilizing
a reverse direct gravure coater and the coated film was
passed through a dry-air oven at from 100 to 125°C. This -

35 produced a coating weight of 0.5 g/m?.
:  This Sheet Has Been Reraced '
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The polyneric substrate can be of any desired thickness, although thickness
will typically range from0.5 to 2 mls (0.7 to 3 mls for PVdC coated
product) to ensure good machinability on high-speed packaging equi pment.
Tke OPP filmshould preferably have a thickness of 1.0 m| (1.75 mls for
PVdC coated product). It has been found advantageous to treat the substrate
or base layer prior to receiving the oxygen and noisture barrier |ayers.
Such treatment enhances the adhesi on of otheingatlngs. A preferred
treatment involves treating the surface to a surface tension level of at

east 35 and pref er abl yrie aRidd 1145 4" EhEARBLRAAC 2 @f ASTM
St andard D2578-84. The atnent an ane treat nent, treat nent,
cheni cal treat nenPegm én w hich a stream o dry oxygen was

passed through an aqueous salt solution-permeated pad to
control the gas moisture content and then through the

5 film, disposed at right angles to the stream with the
crbss-linked PVOH coating upstream. The oxygen
transmitted was determined and the amount of oxygen
passed per unit area of film per time period was
calculated.

10 Samples bearing cross-linked PVOH layer obtained by
using sulfuric acid catalyzed systems were superior to .
any other catalyzed system for inhibiting the
transmission of oxygen through a packéging film. The
rubbing resistance of the sulfuric acid catalyzed film

15 combinations was also outstanding. Oxygen transmission
and rubbing resistance'rates for several samples bearing
PVOH cross-linked in the presence of methylated melamine
formaldehyde, ammonium chloride and sulfuric acid are set
forth in Table 1 below.

This Sheet Has Been R
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treat:ment. Flame treatnent and corona di scharge treatnent are preferred
with corona discharge treatnent being particularly preferred. After this
treatment, a suitable primer material is coated onto the treated surface.
Preferred prinmer materials are those disclosed in U S. Patent No.

4,564,559. These include a priner produced by condensi ng @ nonoal dehyde
with an interpolyner of acrylam de or nmethacryl am de and afyil §R8Ha O8N RIS
unsat urated nononer. Further included is a primer materi al ' '
condensi ng am noal dehyde with acryl am de or nethacryl am de gmu&um%mﬂ Iy
I nterpol yneri zing the condensation-product with at | east on

unsat urated nononer in the presence of'a [err] alkanol. This is the
repl acenent sheet ﬂ
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Date: 2 7 SEP 1996 A particularly preferred priner material for the
structure contenpl ated herein has been found to be poly(ethyleneimne). The
i mne prinmer provides an overall adhesively active surface for thorough and
secure bonding with the subsequently applied cross-Iinked polyvinyl alcohol
and PVdC on the other surface of the substrate when PVdC conprises the
moi sture barrier. It has been found that an effective coating solution
concentration of the poly(ethyleneimne) applied fromeither aqueous or
organi ¢ sol vent nedia,  such as ethanol, is &&¥Tution conprising fromoO.1

o :
to 0.6% by melght of Table 1 illustrates that samples bearing PVOH cross-
linked with sulfuric acid have oxygen transmission rate
and rubbing resistance values far superior to those

cross-linked with ammonium chloride.

5 : EXAMPIE 2
A cross-linked PVOH coating was applied to a 1.00
mil OPP film, surface treated and primed as in Example 1
above. The resulting film combination was laminated on
the cross-linked PVOH bearing surface with a box board by
10 using a polyurethane adhesive coated onto the box board.
The above procedure protects the éross-linked PVOH
coating and prevents liquids such as tomato sauce, ﬁilk,
wines, juices and the like from leaching any components
from the coating. The resulting film was then extrusion
15 coated with a sealant layer of SURLYN® or polyethylene.
Table 2 below summarizes the oxygen and moisture barrier
properties of the film structure obtained in this
example. The WVTR values obtained for the films set
forth in Table 2 have been measured as described in ASTM
20 F-372. Comparative TO, and WVTR results to EVOH are also
included. |
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the poly(ethyleneimne). A conmercially available material of this type is
known as Polymin P. a product of BASF-Wandotte Corporation. Another
particularly preferred primer material is the reaction product of an epoxy
resin as a first conmponent with an acidified am noethylated vinyl pol'ymer
as the second conponent. The contenpl ated epoXxy resins fissntth s B RBELEAT S
of pol yhydroxy conpounds, such as resorcinol, thydroquino gins,
and the like. Although the specific structureilof the epomm}gmmmm '{!
critical to the priner enployed in the present invention,

considerations in the selection of the epoxy qesin revolve around its

physi cal state. For ex»@pl e it nust _be |ml' qui({I and capabl e of being readily

di spersed orf dissol ved g thgt he %ecogd cefponent  or
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curing agent as described hereinbelow If the epoxy resin is of |ow
viscosity, it nmay be stirred directly into the second Eﬁﬁﬁﬁﬁéhr““r—fr———-—

curing agent, however, it is preferred to enploy the epoish&sidd pbd) riac?
aqueous emul sion. The second conponent in the epoxy prlne 5
the present invention is an anino nodified acrylic polyne ’
sol uble. This polymer is a curing agent for the epoxy co

preferred material is described in U S. Pategg_No. 3,719, 629. This is t he|
repl acenent sheet Date: 2 7 SEP 1996

In Table 2, plain box board material shows poor
oxygen barrier characteristics. After the box board
material is laminated onto the outer face of a cross-
linked PVOH bearing OPP substrate the oxygen transmission

5 rate decreases substantially. In addition, Table 2 also
indicates that in the film structure of the present
invention, a much thinner coating of cross-linked PVOH
film combination is required than EVOH to provide a
structure with comparable oxygen and moisture barrier

10 properties. As a result, by using the box board film
structure of the present invention significant cost
reductions are obtained.

EXAMPLE 3
A homopolymér polypropylene core layer was
15 coextruded with skin layers of an ethylene-propylene
| random copolymer. The random copolymer contained 3 to 5%
by weight of ethylene. The extruded film was biaxially
oriented to 4 to 5 times machine direction and 7 to 10
times transverse direction to yield a film having a
20 thickness of 1 mil. The thickness of the skin layers was
8% of the film and they were of equal thickness. This
film combination was corona discharge treated in
accordance with commonly employed prior art techniques to
produce a surface with a wetting tension of 42 dynes/cm.
25 The treated film was precoated on one side with 0.1 wt%
poly(ethyleneimine), as manufactured by BASF-Wyandotte
Corporation Polyamin P product and on the other with
epoxy of 0.075g/m?. The film was air-dried at 100°C.
This coating weight was too low to be measured, but was
‘30 calculated to be in the range of 0.002g/m?> by optical
~ density. The primer coated treated substrate was then
coated on one surface with a PVAC coating weight of 4.5
g/m*. The PVAC coating was a 50 wt % aqueous latex
_ solution resulting from the pélymerization of VdC with
35 methyl acrylic acid. The opposite surface of this film



-%0- In one enbodi ment of the present invention, a liquid epoxy resin is
emul sified in a solution of the curing agent by rapid stirring, the
resultant dispersion is diluted with water to the desired concentration for
coating, usually from2 to 20% solids. Wen m xing the epoxy resin with the
curing agent, it is generally preferred to use a stoichionetric equival ent
bal ance of epoxy and am ne groups. However, it has been found that the
stoichionetric ratio nay be vari-ed over a wﬁgfklange, from1l epoxy to 3

am ne groups through 3 epoxy groups to 1 ami ne group. Any of the above

descri bed pri”ErSsﬁfﬂcéﬁz§”9$9y€93ﬁpc&gﬁg&aQQEhOEhQ-Qgé¥§§r§aéggéggpﬁ%on

Pol yvi nyl al cohol ("PVOH{") as used int present 1 nventron an
refers to a nor neP¥yP¥eH; dcFes§neinking agent and catalyst. The solutions

were applied utilizing a reverse direct gravure coater
and the coated film was passed through a dry-air oven at
5 from 100 to 125°C. This produced a coating weight of 0.5
g/m*. The thickness of the polymeric film structure of
the present example including both PVOH and PVdC was 1.7
mil. |
The dried films were then tested in an oxygen-

10 permeability.device in which a stream of dry oxygen was
passed through an aqueous salt solution-permeated pad to
control the gas moisture content and then through the
film, disposed at right angles to the stream with the
cross-linked PVOH coating upstream. The oxygen

15 transmitted was determined and the amount of oxygen
passed per unit area of film per time period was
calculated.

Samples bearing cross-linked PVOH layer obtained by
using sulfuric acid catalyzed systems were superior to

20 any other catalyzed system for inhibiting the
transmission of oxygen through packaging films. The
rubbing resistance of the sulfuric acid catalyzed film
combinations was also outstanding. Oxygen transmission

_ and rubbing resistance rates for several samples bearing

25  PVOH cross-linked in the presence of methylated melamine
formaldehyde, ammonium chloride and sulfuric acid are set
forth in Table 3 below. '
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material, soluble in water, but insoluble in nost organic solvents and
characterized by the presence of (-CH2-CHOH) units in_the polyner chain.

These polyners are ordinarily prepared by the replacenent of the acetate
groups of polyvinyl acetate with hydroxyl groups as by IEhiShée HassBearReplaced
al cohol ysis. The percent of acetate groups repl aced by hy IS
the degree of hydrolysis PVOH thus forned and i ndicates t
hydr oxyl groups present in PVOH out of the total possible roxy groups.
As expl ai ned herei nbel ow the crosslinking reaction by which the superi or
barrier coatings of t& s invention are obtained proceeds through the

hydr oxyl groups of PV(H Therefore, only substantially conpletely

hydrol yzed PVOH are usgeful in this invention. By the term"substantially
conpl etely hydrol yzedej i n the present
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specification and clains is neant a degree of hydrolysis of above 85% W
have found that PVOH havi ng an hydroxyl content above 88% and particularly
above 95% provi de superior resistance, clarity and flexibility and adhering
st rength. Hydroxyl group contents of 99%to 100% provi de the best barrier
coatings and are particularly preferred for use in this invention. This is
the repl acenent sheet Date: 2 7 SEP 1996 The PVOH enpl oyed herein can
be any conmercially available material. For;agumﬂe, ELVANOL 71-30 or
ELVANCL 90-50 are E.I. duPont products.

Table 3 illustrates that samples bearing PVOH cross-
linked with sulfuric acid have oxygen transmission rate
and rubbing resistance values far superior to those
cross-linked with ammonium chloride.

5 After testing for oxygen permeability was completed,
the films were tested for moisture barrier by measuring
the water vapor transmission rate ("WVTR").

TO, and WVTR values for an uncoated OPP film, an OPP
film coated only with cross-linked PVOH and an OPP film

10 coated with both cross~linked PVOH and PVdC are set forth
in Table 4 below. The WVTR was measured as described in
ASTM F372.
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The PVOH coating solution is prepared by dissolving the polynmer in hot

wat er, cooling and m xing both with a suitable crosslinking agent and

i norganic acid, preferably sulfuric acid, as the catal yst. The crosslinking
agent can be a nelam ne- or urea- formal dehyde resin. Conmmercially

avail abl e cross-linkers also would inclyde PAREZ 613, a nethyl ated nel am ne
f or mal dehyde; and CYMEL 373; -a net hyl at ¢d nel ami ne fornal dehyde; CYMEL 401,
a trinmethylol nelamne urea fornal dehyd¢; glyoxal; and borax. Sulfuric acid
as the catal yst has bpenadi acoveged t,0 he far superior to nitric acid,
anmmoni um chl ori de andgpnRonflum M trake. JCrosslinking is carried out to nake
the PVOH | ess noi stur® s@nsitivelbutitlis essential that this does not

substantially occur before the coating Weight is applied
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and evenly distributed. This is effected by nmaking up the agueous sol ution

so that the initial concentration is too low for this to occur but, as
dryi ng occurs, the concentration increases and the rate. of cﬂhﬁSMxmkmBngmew

al~so increases. Suitable concentrations have been found to. be

w.% preferably from4 to 8 wt.% of the solution, which are | _ _
crosslinking agent plus inorganic acid, e.g., sulfuric acid, ina )
catalytically active anmount. If the solids content is higher, the solution

becomes too viscous; if |ower, good water reSB8rance is not obtained. From

5%to 30 wt.% typical 15% crossli.nkin ent is used with from0.1%to
7.5% typically 2 wt.% 13# S§EP§EPi&na%Pg Bafal 8t Ungopitede QPP film
formul ati on conpr shewst hehfighl oxyggnsairafismission rate as a result of poor

oxygen barrier properties. The oxygen transmission rate
is significantly decreased by the addition of a layer of
5 cross-linked PVOH. 1In addition, when a core layer of OPP

is sandwiched between a layer of cross-linked PVOH and a
layer of PVdC, in accordance with the method provided by
the present invention, both the oxygen barrier and the
moisture barrier properties of the resulting film

10 structure are considerably enhanced. Also, the oxygen
barrier properties of the PVAC are largely insensitive to
moisture, i.e., relative humidity independent.
Therefore, even under very extreme conditions, where the

_ barrier properties of the PVOH have been degraded, the

15 : PVdAC maintains the oxygen transmission rate at less than
15.34 cc/m?*/24 hr.

Moreover, the use of two oxygen barrier layers

minimizes_the chances of two pin holes from occurring in
the lining up of the coating. This reduces the oxygen

20 transmission rate by an amount greater than ordinarily
expected.
EXAMPIE 4

A homopolymer polypropylene core layer was

coextruded with skin layers of an ethylene-propylene

25 random copolymer. The random copolymer contained 3 to 5%
by weight of ethylene. The extruded film was biaxially
oriented to 4 to 5 times machine direction and 7 to 10
times transverse direction to yield a film having a
thickness of 1 mil. The thickness of the skin layers was

30 12% of the film and they were of equal thickness. This

' film combination was corona discharge treated in

accordance with commonly employed prior art techniques to
produce a surface with a wetting tension of 42 dynes/cnm.
The treated film was precoated on both sides with 0.1 wt%

35 polf(ethyleneimine), as manufactured by BASF-Wyandotte



content: 85.5 w.%PVOH, .12.8 wt. % net hyl ated nel am ne fornal dehyde; and
1.7 wt. % sulfuric acid. The acid, This is the replacenent sheet Date: 2 7
SEP 1996 -12- e.g., sulfuric acid, enployed can have a strength rangi ng
fromO0.1.to 20 wt.% Aqueous PVOH sol utions were prepared by dissol ving
sufficient ELVANOL 71-30 in hot water to form8 wt. % sol ution which were
then cool ed. To these solutions were added a 20 wt. % aqueous nel am ne

f or mal dehyde sol uti on and the appropriate amyynt of a solution of aqueous

Corporation Polyamine P product. The film was air-dried
at 100°C. This coating weight was too low to be
measured, but was calculated to be in the range of
0.002 g/m’. One treated and primed surface of this film
5 structure was then coated with the appropriate solution
of PVOH, cross-lihking agent and catalyst. The solutions
were applied utilizing a reverse direct gravure coater
and the coated film was passed through a dry-air oven at
from 100 to 125°C. This produced a coating weight of 0.5

10 g/m*. '

The dried films were then tested in an oxygen-
permeability device in which a stream of dry oxygen is
passed through an aqueous salt solution-permeated pad to
control the gas moisture content and then through the

15 films, disposed at right angles to the stream with the
cross—-linked PVOH coating upstream. The oxygen
transmitted was determined and the amount of oxygen
passed per unit area of film per time period was
calculated.

20 Samples bearing cross-linked PVOH layer obtained by
using sulfuric acid catalyzed systems were superior to
any other catalyzed system for inhibiting the
transmission of oxygen through the packaging films. The
rubbing resistance of the sulfuric acid catalyzed film

25 combinations was also outstanding. Oxygen transmission
and rubbing resistance rates for several samples bearing
PVOH cross-linked in the presence of methylated melamine
formaldehyde, ammonium chloride and sulfuric acid are set
forth in Table 5 below.
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anmoni um chl oride, sulfuric acid, amoni um sul phate, ammoniumnitrate or
nitric acid to provide the fornul ati ons shyshéeiHdsBenReplaeed1l bel ow.
Cross-1inked PVOH can be present in an anou 4.5 g/ n2, usually
fromO0.4 to 3 [err]. The cross-1linked PVCH ¥Bum _ scri bed above are
I nt ended, in one enbodinent, to be adhered {: materials such as
paper, paperboard and fiberboard by adhesion or extrusion | am nation. The
adhesion or extrusion lamnation of the cellulose material is {o the outer
surface of the cross-gi nked PVOH | ayer. The resulting structurg is capable
of holding liquids and has a hi gh oxygen and fl avor/odor, greake/oil
barrier. For-exanple, Junl am nated box Board material has an avgrage oxygen

transm ssion rate ("T&R") in excess of
O
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2300 [err] hr at [err] and 0% relative humdity ("RH'). Wen cross-1inked
PVCOH coated filmis lamnated to box board material the [err] rate was
significantly |ower, nanely 0.309 [err] hr at [err] and 0% RH and 1.55
[err] hr at 23.8 C and 75% RH. The | am nation to box board material is
acconpl i shed by using an adhesi ve such as pol yurethane, acrylics or PVdC s.
The resulting structure'is then extrusion coated preferably with a seal ant
layer of [err] or polyethylene to prevent |eaching of any cellul ose
conponent into the liquid which comes in conte with the seal ant | ayer and

to enhance the noisturep rs
Cont ai ners for med from t%?i%'hsl?slﬁu%i@aéﬁé%%%%\%ﬁé%etéﬁ%%ﬁgzp VOR X999
linked with sulfuric acld have oxygen transmission rate
and rubbing resistance values far superior to those
cross-linked with ammonium chloride.

5 _ . EXAMPLE S
A cross-linked PVOH coating was applied to a 1.00

mil OPP film, surface treated and primed as in Example 4
above. The resulting film combination was laminated onto
the cross-linked PVOH bearing surface with a layer of

10 metallized OPP. The lamination was carried out by using
a coating of polyurethane adhesive over the vacuum
deposited aluminum surface of the metallized OPP. The
resulting structure had excellent oxygen and moisture
barrier properties as illustrated in Table 6 below.

- This Sheet Has Been Re;I aced
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- 13- packaging filmstructure of the present invention can be used to
package m |k, orange juice and wine. It has also been found that by using a
cross-linked PVOH film conbination |am nated to box board an excel |l ent
oxygen barrier is provided which requires considerably | ess coating of
cross-linked PVOH than a conparable EVOH film For exanple, a 48 gauge

| ayer of EVOH film provides an oxygen barrier of 0.62 [err] hr. at 23.8 C,
0% RH and W/TR of 1550 [err] hr at [err] 90% RH. The EVOH has no noisture
barrier. The sanme oxygan ﬁaréi er ﬁ/al UE and @ WTR val ue of 5.42 [err] hr at
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[err] .90% RH are obtai ned when a substrate of 79 gauge OPP is covered with
only a 3 gauge | ayer of cross-linked PVOH. Thus, significant cost savings
can be realized as a result of using a rmuch thinner coating of PVOH.

Cel lul ose materials useful in the present invention are generally paper
products such as -paper, paperboard and fi berboard. Although there is no
strict distinction between paper and paperboard, paper is considered to be
a product nmade fromcellul ose fibers which is less than 0.012 inch thick

. Paper” used in packaging nay be course and fi me35<€ourse packagi ng paper is
known as kraft paper and is al nost always nade of unbl eached kraft soft
wood pul ps. Fine papers, generally made of bl eached pulp, are typically

used in applications re%uiring.printing, writing, and special functiona
properties such as In Table 6, uncdated OPP shows poor oxygdgen barrler

and moisture properties. By coating OPP with cross-
linked PVOH the oxygen barrier properties of the
resulting film structure increase dramatically. However,
5 the moisture barrier properties are not enhanced.
Table 6 further illustrates that a typical metallized OPP
provides an excellent moisture barrier; however, with TO,
values from 30 to 77 cc/m?/24 hr the oxygen barrier
properties of metallized OPP are inadequate for many
10 applications. Consequently, when a metallized OPP layer
is laminated or polymounted onto a film combination
including cross-linked PVOH, the resulting structure has
both excellent oxygen and moisture barrier properties.

: This Sheet Has Been Reﬂla
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barriers to liquid and/ or gaseous penetrants. O her types r_useful
in the present invention are parchnment, grease proof, glassine, mater

grease and oil resistant, waxed, specialty-treated, wet-str elmmd
atl as defined in M Bakker, [err] [err], 497-500 (1986). A

cellulose fiber material useful in the present invention is

Paper board is a relatively stiff paper product usually greater than

is the replacement sheet Date: 2 7 SEP 1996 _agliils. The tern1paperboard |s
used to distinguish the

CLAIMS:
1. A polymeric film structure which comprises:
(I) a polymeric substrate having a first and second
surface, at least the first surface having been
treated:;

5 (ITI) an oxygen barrier comprising polyvinyl alcohol
cross-linked with an aldehyde containing cross-
linking agent in the presence of a catalytic
amount of an inorganic acid on said treated
surface of said polymeric substrate; and

10 (III) a moisture barrier comprising (1) a cellulose
material laminated to an outer surface of said
oxygen barrier, (2) a metallized polymeric
composite comprising an oriented polyolefin
layer having at least one treated surface and a

15 metal coating thereon, or (3) a layer of
polyvinylidene chloride adhered to said second
surface.

2. The film structure of Claim 1, wherein said
cellulose material is paper, paperboard or fiberboard,
said oriented polyolefin layer is oriented polypropylene,
or poiypropylene and polyethylene, and said metal coating

S is aluminum, copper, silver, or chromium.

3. The film structure of Claim 1, further
comprising an adhesive between said oxygen barrier and
said cellulose material or said metallized polymeric
composite.

4. The film structure of Claim 3, wherein said
adhesive is polyurethane or polyethylene.

[T



ptoduct fr.om paper which is thin and quite flexible. Paperhoard may have
single-ply or multi-ply structure. It can be fornmed on a Fourdrinier wre
part, a single or a series of nodern forners. The single-pl¥hi Edkﬂdkm
useful for this invention is made from 100% bl eached- chen1ca

can be used for food packagi ng where purity and cl ean appear

required together with a degree of strength and a surface of suff|C|ent
gquality to accept good-quality print. Cbnparggnto single-ply structures,
mul ti-ply paperboard can be used over a nuch®M der range of applications

rinting propertice cdn bEhE: EhIReEAuERors SR Shdoehe Hr Sldths 1'%p, ¢,
gener al tern1forthrelnasgedopopxperbsaﬁ@hﬁsrﬂahdnﬁgﬂb@ed&gﬂwfrom the
group consisting of oriented polypropylene, polyethylene,
polyethylene terephthalate, nylon, cast polyolefins, and
5 mixtures thereof.

6. The film structure of any one of Claims 1 to 5,
wherein said aldehyde containing cross-linking agent is
selected from the group consisting of urea formaldehyde,
melamine formaldehyde, methylated melamine formaldehyde,

5 trimethylol melamine urea formaldehyde, and mixtures
thereof. '

7. The film structure of any one of Claims 1 to s,
wherein said oxygen barrier includes from 62.5% to 95% by
weight of said polyvinyl alcohol and from 5% to 30% by
weight of said cross-linking agent.

8. The film structure of any one of Claims 1 to 7,
wherein said oxygen barrier includes from 0.1% to 7.5% by
weight of said inorganic acid.

9. The film structure of any one of Claims 1 to 8,
wherein said polymeric substrate further comprises a
coextruded propylene-~ethylene copolymer skin on at least
one surface thereof.

* c L M S *



Apot her type of paperboard known as fiberboard, used to pffﬁhﬂﬁ?4ﬁﬁ%¥%ﬁﬂ%¥———
strong cases is also useful in the present invention. The ﬁl S use
for the construction of these containers are nade fron1sever “ '“md
paperboard. There are two main types: solid board wherein t I"
boards are | am nated together and corrugated board. In the

corrugated board, two facings are glued to both sides of the corrugating

medi umto produce a single-wall corrugated bog d. Three facings and two
medi a are used to obtain doubl e-wall corrugat board Tripl e-wal |

corrugat ed board uses ggur &ﬁglggi??gquQEGEGHEgoar Ehgfskigib

the present invention Si'figl & or aper Si ze
resi stance accor dwhgrednkssid pe&ﬁmeqmsssuhstnetarfurghpreﬁemp@dsexypes of

primer on at least one surface thereof, said primer
selected from the group consisting of a primer produced

5 by condensing a monoaldehyde with an interpolymer of
acrylamide or methacrylamide and at least one other
unsaturated monémer; a primer produced by condensing
aminocaldehyde with acrylamide or methacrylamide and
interpolymerizing the condensation product with another

10 unsaturated monomer in the presence of a C,-C, alkanol;
poly(ethyleneimine); and the reaction product of an epoxy
resin and an acidified aminoethylated vinyl polymer.

11. The film structure of any one of Claims 1 to
10, wherein said polymeric substrate further comprises a
heat sealllayer on a surface of said polymeric substrate.

12. The film structure of any one of Claims 1 to
10, wherein said cellulose material further comprises a
heat seal layer on an outef surface of said cellulose
material.

* c L M S *



paperboard and fi berboard are as defined in M Bakker,

(1986). The cross-linked PVOH cel |l ul ose nateri al structu

i nvention has excell ent oxygen and This is the replacene q”“?’?
SEP 1996 -15- flavor/odor, grease/oil barrier character] u

capabl e of hol ding |iquids. Dependlng upon the applicatio

to enploy the filmstructure of the present invention to hold I|qU|ds
ot her -39-

13. A polymeric filﬁ structure having improved
oxygen and moisture barrier characteristics, produced by
the following steps: .
(i) coating one surface of a polymeric substrate
5 adapted to receive an oxygen barrier with an agqueous
' solution of polyvinyl alcohol, an aldehyde-containing
cross—linking agent and a catalytic amount of sulfuric
acid and allowing said polyvinyl alcohol to cross-llnk
thereby forming said oxygen barrier; and
10 (ii) providing a moisture barrier to an outer
surface of said oxygen barrier by (1) adhesion laminating
box board material onto said outer surface of said oxygen
barrier layer, or by (2) adhesion or extrusion laminating
of metallized oriented polypropylene onto said outer
15 surface of said oxygen barrier layer.

14. The £film structure of Claim 13, wherein said
aqueous solution includes a solid content comprising from
62.5% to 95% by weight of said polyvinyl alcohol, from 5%
to 30% by weight of said'cross-linking agent and up to
5 7.5% by weight of said sulfuric acid.

15. The film structure of Claim 13, wherein said
polymeric substrate has been treated to a surface free
energy of at least 35 dynes/cm.

16. The film structure of Claim 1, further
comprising an opaque layer on said oxygen barrier or on
said moisture barrier layer, said opaque layer being a
_ cavitated polyolefin or a mixture of cavitated
5 polyolefins.

AR



" f.oodstuffs or detergent materials next to the seal ant coated cellul ose

material layer as illustrated in Figure 1 or next to the sealant coated

pol ymeric substrate as illustrated in Figure 2. Figure 1 sh
cross-section of a filmstructure prepared according to the
i nvention. Layer 10 represents a surface treated polyneric s

Is coated with a primer layer 11 on at |east one surface to whic
cross-linked PVOH | ayer 12 is adhered. The _gigss-1inked PVOH Iayer may be
printed and then adhered to a cellulose material |ayer 14 by using an

adhesi ve coating 13. f;HI(ﬁﬁ%|ﬁ&lﬁr§¥fﬁ5¥d¥e[Hff&iémhtfe £iP85sy | Nked PVOH
| ayer, the cellulose materia e ﬁrlnted and t hen adhered to a

cross-linked PVEPURYISING AR (R ‘E‘Flel%'ﬂﬁﬁ%ep’?ﬁ? F3id PXYIRRt to a

barrier.

18. The film structure of Claim 17, wherein said
outer layer is polyethylene terephthalate, oriented
polyvinylidene, nylon, low density polyethylene, linear
low density polyethylene, or high density polyethylene.

19. The film structure of Claim 17, wherein said
outer polymeric layer is paper, paperboard, or
fiberboard.

* c L ] § *



liquid, in.order to prevent |eaching of any cellul ose conponent into the

liquid, the resulting structure is extrusion coated with a sealant 15 such
as SURLYN or polyethylene on the outer surface of the ceIWMkﬂ&a}ﬁgﬁgﬁ

The resulting filmstructure al so has enhanced noi sture barr}i
characteristics. Figure 2 illustrates another enbodi nent of
i nvention, wherein |ayer 20 represents a polyneric substrate

ked PVOH | ayer 22 which can

treated on at |east one side, primed with a. F %ner coating 21 surface
treated and thus adapted to receive a cross- Iy
t hen be adhered to a cellul ose maten( 4 % esive coating 23.
The cellulose nmaterial nmay be prin . substrate is on
the inside, then the cellulose containing ABBERACTg film structure is
A polymeric film structure having improved oxygen,
flavor/odor, grease/oil and moisture barrier

5 characteristics is disclosed. The structure. includes a
polymeric substrate adapted to receive an oxygen barrier
on one side thereof and a moisture barrier on the other
side of the oxygen barrier, or a polymeric core
sandwiched between an oxygen barrier on one side thereof .

10 and a moisture barrier on the other side of the polymeric
core. The oxygen barrier includes polyvinyl alcohol
cross-linked with aldehyde containing cross-~linking
agents in the presence of a catalytic amount of inorganic
acid, e.g., sulfuric acid. The moisture barrier is

15 cellulosic material, preferably box board; metallized
polymeric cdmposite, preferably metallized oriented
polypropylene; or a coating of polyvinylidene chloride.

FIGURE GO
rIGURE | IS SUGCESTED FOR PUSLICATION
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extrusion coated with a seal ant 25, such as SURLYN@or This is the

replacenent sheet Date: 2 7 SEP 1996 pol yet hyl ene on t he outer surface
of the polyneric substrate to provide an_ enhanced nolsture'ﬁ@ﬁmaﬁgmfg

cross-linked PVOH coated filns describéd above are, in a sec
I ntended to be adhesively lamnated to either oriented or un Iur
commer.cially avail able thernoplastic filnms such as honopoly

pol ypropyl ene film polypropylene with coated | ayers, polypropylene W th
slip additives, polypropylene wth coextruded |ayers, opaque pol ypropyl ene,

pol yet hyl ene, \ \\\ \\ \\ o
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nyl on, pol yethyl ene terephthal ate, polycarbonate, polystyrene, etc.

. preferred class of filnms are the polyolefins. Mst preferred is a polynerlc
substrate of OPP having a thickness of 1.50 m|. The CrO$ESMk&KﬁdB£h’ lmxd
coated filns described above nay be coated with other coat

other desirable properties, such as.goisture barrier prop

particularly preferred coating that could be applied to th

cross-linked PVOH fil mconbination. The resulting film has excellent
oxygen, flavor/odor, grease/oil and noisture barrier properties.
Additionally, the filmis also heat seal able, and quite sturdy. The PVvdC
coated filmof the present invention can be used as a nono web providing
the user wrth significant cost savings.
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PV malso nore correctly referred to as copolynmers of vinylidene chloride
VdC' or "VdC copol yners") are copolynmers of 65 to 96% by wei ght of
V|nyI|dene chloride and 4 to 35% of one or nore conobnoners such as vinyl.

chloride, acrylonitrile, nmethacrylopifcile, nethyl nethadhyshtﬂﬁwe&n
acrylate, hereafter referred to as PVdC. A suitable grade amg mght

percent nethacrylonitrile, 3 weight percent nethyl net hacr

wei ght percent itaconinic aci.d conononers. PVdC customarily 1 nc
formul ati on additives such as waxes, fatty acids and derivatives thereof,
particulate matter, and polyneric species such as m xed pol yesters. Such
This is the replacenent sheet 2 7 SEP 1996 Dat e:
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qiot44o0
-17-- additives may be useful EPD% NTJ% gﬁTS dﬁst ffness 8F the
poj yrerg or to inprove its hdga %g'P E E;Eggaﬁﬁ'p operti es.
Commercially avail able VdC d x & %o Q%‘ ent i nvention are
manuf act ured by Morton Co. Eg g%% oPPRS pagsd C on the other
surface of the pol ymeric suls i ch %?dopp Pﬁ?dthe cross- | inked PVOH
bearing surface, the noisturije barrier of the film conbination is
significantly inproved. For |eDAPE&F RECHEPTat.&¥il.m had] an oxygen
transm ssion rate [err] in excess of 23249 cc/nm2/24 hr. at 23.8 C, 0%
relative :

BARRIER FILM STRUCTURES
The present invention relates to flexible polymeric

£film packaging structures with improved oxygen,
flavor/odor, grease/oil and moisture barrier
Ccharacteristics. More specifically, the invention
relates to a film structure which includes a polymeric
substrate, an oxygen barrier containing cross-linked
polyvinyl alcohol ("PVOH") and a moisture barrier
Selected from cellulose material, polyvinylidene ("pvdc")
coating and metallized polymeric composite.

Certain polymeric films employed for the packaging
of foods inherently permit the transmission of oxygen and
_moisture from the outside of the f£film to the inside of a
food package wrapped with the film. Oxygen and/or
moisture permit rapid deterioration of foods packaged in
polymeric films. Exclusion of oxygen and moisture from
packaged foods retards product spoilage. 1In certain
applications, such as packaging of detergents, cleaners,
fertilizers and the like, it is important that the
pPackaging material prevents the odors from spreading
outside. In other applications, such as juices, wines,
pretzels and biscuits it is sought to protect the
contents against acquisition of undesirable flavors from
the outside. Therefore, film structures which provide a
barrier to oxygen, flavor/odor, grease/oil and moisture
are highly desirable food packaging materials.

Attempts have been made in the past to provide
polyﬁeric films which have high oxygen, flavor/odor,
grease/oil and moisture barrier. Some polymeric films
disclosed in the prior art include PVOH. Polyvinyl
alcohols are polymers containing (-CH, - CHOH-) groups.
They can be applied from water solution and are in many
respects attractive materials for use as barrier coatings
for thermoplastic polymer .substrates. When applied to
thermoplastic polymer surfaces which have been treated by
any of a number of means to render them receptive to

This is the replacement sheet
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hum dity ("RH")/and a water vapor transm ssion rate ("WTR') of 5.58 [err]
hr at~37.8 C. 90% RH. A fil m conbi nation according to this enbodi nent of
the present invention coated with both cross-linked PVOH and PvVdC had a
[err] of 0.31 cc/nR/24hr at [err] 75% pH The WTR was 2.325 [err] hr at
[err] Fig. 3 shows a schematic cross section of a filmprepared by the
present invention. Layer 30 represents the treated polyneric core which is
coated with a poly(ethyleneimne) |ayer 31 on one surface and dry epoxy
primer 32 on the other surface. The crossS*finked PVOH | ayer 33 i's adhered

adhered to ¢ hEoRREs S, SR L TEP LS 28R R AP RUREE LIy e Y uct ure
descri bed abovdexiblegsdclear and transparent, provide an oxygen
impermeable barrier, and are resistant to permeation by
greases, oils and a wide variety of common organic
solvents, such as esters; ethers, ketones, hydrocarbons
and chlorinated hydrocarbons.

The advantage of water solubility in the application
of PVOH as a barrier coating becomes its chief drawback,
however, when the barrier coating has been formed on a
thermoplastic polymer substrate. The poor water
resistance of PVOH restricts its use as a barrier coating
to those few applications where nearly anhydrous
conditions prevail. Moisture may act to cause staining
or wear due to friction, an unpleasant feel to the touch
and a dull appearance. It is also known that oxygen
permeability of PVOH increases in proportion to its
moisture content.

A number of methods have been known for increasing
the water resistance of PVOH, but none provides entirely
satisfactory results. In spite of various heretofore
practiced methods, such as cross-linking PVOH with
potassium'dichromate, formaldehyde or phenol-formaldehyde
resins, the polyvinyl alcohol still tends to soften,
swell and lose adhering strength when exposed to water or
even moisture vapor. Hence, barrier coatings consisting
only of polyvinyl alcochol cannot be used where a
substantial degree of water-resistance or moisture-
proofness is required.

Accordingly, there is still a need in the art of
packaging films to provide a film structure which has
excellent oxygen, flavor/odor, grease/oil and moisture
barrier characteristics.

The present invention, which addresses the needs of
the prior art, provides packaging film structures which
have low oxygen, flavor/odor, grease/oil transmissive
charactristics and high moisture barrier properties.

This is the replacement sheet
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as a nono web and thus provides nore cost effective packagi ng than ot her
films which require nore than one web. A nono web is a term adapted by
pl astic resin processors to denote a single plastic film not as a final
discrete article but as a long fil msonewhere in the processing stage,
frequently being drawn off a large roll of printed film Wen used as a
nono web where PVdC is the sealant |ayer comng in contact wwth the food
product, the cross-linked PVOH | ayer can_also be printed. This is the
repl acement sheet Date: 2 7 SEP 1996  ~3=

More specifically, it has now been found that by
securing a film combination which has low oxygen
transmissive properties to a moisture barrier including
(1) cellulose material, preferably box board:; (2)
polyvinylidene chloride coating; or (3) metallized
polymeric composite, preferably metallized polypropylene,
film structures having enhanced oxygen, flavor/odor,
grease/oil transmissive characteristics, and high
moisture barrier are obtained.

The film structure of this invention includes a
polymeric substrate adapted to receive an oxygen barrier
layer by surface treating and priming of at least one
side thereof. Once treated and primed, the surface of
the polymeric substrate is provided with an oxygen
barrier layer which includes PVOH cross-linked with a
cross-linking agent in the presence of a catalytic amount
of inorganic acid, preferably sulfuric acid. If a _
cellulose material is to be the moisture barrier of the
£ilm, it is then laminated by adhesion onto the outer
surface of the oxygen barrier of the film structure. The
adhesive is preferably polyurethane or polyethylene. The
cellulose material.is preferably paperboard or
fiberboard, and most preferably box board.

If the moisture barrier of the film is to be a PVAC
coating, the film structure polymeric core has both
surfaces treated to receive other coatings. The surface
treatment is accomplished by well known methods in the
art, corona or flame treatment being preferred. Both
surfaces of the polymeric core may then be primed.
Poly(etyleneimine) is used for the PVOH receiving
surface, and epoxy is used for the PVdC receiving
surface. Once treated and primed, the polymeric core is
provided on one surface with a cross-linked PVOH layer,
as above, and on the other surface, the polymeric core is
coated with PvdC. :

This is the replacement shoét
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I n applications where the food being packaged requires a light barrier, a
white fiil mmay be applied to the cross-1inked PVOH or the PVdC | ayer.
Commerci al |y avai |l abl e opaque pol ypropyl ene from Mobi|l Chem cal, Filns
Division, is a preferred white film Wen higher barrier or a stronger
packaging filmis required, the cross-linked PVOH | ayer may be | am nated to
another filmthat provides inproved strength and barrier. Such filns

i nclude, PET, nylon and pol yol efins. For ,i nproved seal ability either
surface may be further |aminated with a~fayer of pol yethyl ene. The

o nen S h BEEaL LA EEPROLLL AP F16 Lapan) 20 11
cont anm nant sthe moisture barrier, a metallized polymeric film is
laminated by adhesion or extrusion onto the outer surface
of the oxygen barrier of the film structure. The
adhesive is preferably polyurethane or polyethylene for
extrusion lamination. The metallized polymeric film is
preferably metallized oriented polypropylene. The use of
metallized structures allows the packaging film structure
to be printed on the oxygen barrier layer and the
graphics remain well protected.

In all packaging film structures of the present
invention the polymeric substrate may be oriented
polyethylene terephthalate, nylon, polypropylene and
polyethylene. The core may also include a coextruded
propylene-ethylene copolymer skin. The polymeric
substrate is usually surface treated by known processes,
preferably corona treatment, to a surface free energy of
35 dynes/cm or higher.

The present invention alsc provides a process for
preparing packaging film structures having improved .
oxygen and moisture barrier properties. The process
includes coating at least one surface of a primed,
surface treated polymeric substrate with an aqueous
solution of PVOH, aldehyde~containing crosslinking agent
and a catalytic amount of inorganic acid, preferably
sulfuric acid, and allowing the polyvinyl alcohoi to
cross-link thus forming an oxygen barrier. The aqueous
solution of PVOH includes a solid content comprising from
62.5% to 95% by weight of PVOH, from 5% to 30% by weight
of crosslinking agent and up to 7.5% by weight of acid
catalyst. If a cellulose material is to be the moisture
barrier of the film, it is then secured to an outer
surface of the oxygen barrier by adhesion lamination. If
the moisture barrier is to be a PVAC coating, PVAC is
then applied and the resulting film is dried. If the
méisture barrier is to be a metallized polymeric layer,

This is the replacement sheet
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The cross-1linked PVOH coated fil s descri bed above are intended, in a third
enbodi nent, to be adhesively lamnated to either oriented or unoriented
comercially avail abl e thernoplastic filns such as honopol yner

pol ypropyl ene film polypropylene with coated | ayers, polypropylene with
slip additives, polypropylene with coextruded |ayers, opaque pol ypropyl ene,
pol yet hyl ene, nyl on, polyethyl ene terephthal ate, polycarbonate,

pol ystyrene, etc. A preferred class of fidus are the polyol efins. Mst
preferred is a polyneric substrate of OPP having a thickness of 1.00 m|.

Qher parti culrly difd Ydclt e b3l bl Barke WHr2ackNRARAKE oy | 1 nked

PVCH f|In1co Ination 1s a |y | am nated_are noisture b rrier
material s sudiprriemity |adhesion e exteusigh Jamingtiocned Sackaging

film structures made by the above process are also
encompassed by the present invention.

As a result of the'present invention, packaging £ilm
structures are provided which have excellent oxygen,
flavor/odor, grease/oil, and moisture barrier properties.
The film structures of the present invention having a
moisture barrier comprising a cellulose material have
been found to be especially useful in a packaging of
tomato sauces, condiments, wines, juices and detergents,
in which it is important that the flavor or odor of the
foodstuffs is contained within the package. These film
structures are also useful in packaging of milk, creams
and the like in which preventing the acquisition of
ocutside odors is important to preserving the freshness of
the products. In addition, the layer of cross-linked
PVOH coating used in the present invention may be used at
thinner gauges than other oxygen barrier layers. For
example, less than 0.05 mils of cross-linked PVOH
provides an oxygen barrier which is as effective as 0.48
mils of EVOH coating. Thus; by using the packaging film
structures of the present invention, significant
mahufacturing cost savings can be realized.

The film structure having a moisture barrier
comprising a PVAC coating is also transparent and heat
sealable. These film structures have been found to be
especially useful in packaging condiments and various
suaces, such as tomato sauce and the like. The film is
quite sturdy. It may be used as a single, i.e., a mono
web to form larger packages to replace, for example, the
110 ounce tin can, ordinarily used to package tomato
sauce for institutions. In most applications mono webs
cannot be used by themselves because they are not
sufficiently sturdy, rupture easily, and have
insufficient barrier properties. For many applications,

This is the repigcement sheet
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The netallized filnms useful in the present invention provide excellent
nojsturg barrier, but inherently permt the transm ssion of oxygen. By

| am nating a cross-linked PVOH fil mconbination to netallized film a

mul ti-layer filmstructure is obtained which has significantly enhanced
oxygen and noi sture barrier. This is the replacenent sheet Date: 2 7 SEP
1996 -19- Wthin the netallized filns class, netallized oriented

pol ypropyl ene is nost preferred. Commercially available netallized OPP is
avai |l abl e from Mbi | -6-

the film structure consists of at least two coextruded
mono webs. By using a mono web, the coextrusion
lamination step is eliminated and significant cost
savings can be realized. Moreover, because the package
is also transparent, the end used can x-ray scan it or
otherwise inspect its contents. '

These structures having a moisture barrier
comprising a metallized polymeric layer have been found
to be especially advantageous in medical packaging and
wine bags. In the wine market, many wines are sold in
bag-in-box packaging. Typically, such packaging requires
two metallized polyester films, a structure which is
twice as expensive as the cross-linked PVOH/metallized
OPP laminates of the present invention. Thus, by using
the packaging film structure of the present invention,
significant manufacturing costs can be realized.
Moreover, the metallized polyester film structure allows
the package to be surface printed only. In the
metallized/cross-linked PVOH f£ilm of the present
invention, the PVOH surface is printed and then attached
to the metallized film, so that the graphics remain well
protected by the OPP substrate of the cross-linked PVOH
combination.

Fig. 1 shows a cross-sectional view of one
embodiment of the present invention, wherein the
foodstuff is next to the sealant coated cellulose

 material. '

Fig. 2 shows a cross-sectional view of another
embodiment of the present invention, wherein the
foodstuff is next to the sealant coated polymeric
substrate.

Fig. 3 illustrates one embodiment of the present
invention, wherein primer coatings have been applied to
both surfaces of the polymeric core.
| Fig. 4 shows a cross-sectional view of another
embodiment of the present invention.

This.is the replacement sheet
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Chem cal, Filnms Division (Bicor 70MB-HB). Many commercially avail abl e
metallized OPP filnms are conposites consisting of a pol ypropyl ene core
having, on at |east one of its surfaces, a relatively thin |ayer of a
propyl ene-et hyl ene copol yner. The copol ynmer |ayer is subjected to a corona
di scharge treatnent and the coating netal is then deposited by such nethods
as electroplating, sputtering, or vacuumnetallizing. The netal nay be

al um num copper, silver, or chromum A preferred netallized OPP and

met hod of manufacture is disclosed in U S~ Patent No. 4, 345, 005.

oroper t1 65 35 showiobhe R VETE T, Thin SRR S A SRRt e
typical ly 0. 79%Ygenrbarriéexr propertiess IeveEntifar mextdin ("RH').
However, commercial applications the moisture barrier properties

of these films can be improved.

The present invention provides a (1) cellulose
bearing, (2) PVdC coated, or (3) metallized polymeric
film structure including oxygen, flavor/odor, grease/oil,
and moisture barriers. The oxygen barrier includes
cross-linked PVOH and the moisture barrier is a (1)
cellulose material, preferably box board, (2) PVdC layer,
or (3) metallized polymeric composite, preferably
metallized oriented polypropylene. The moisture barrier
may be applied to the outer surface of the oxygen
barrier.

The polymeric materials contemplated as the core or
substrate of the multilayer structure of the present
invention include any polymeric film oriented or
unoriented which inherently permits the transmission of
oxygen, flavor/odor, and grease/oil wherein the utility
of such film would call for a minimization of the
transmission of oxygen, flavor/odors, and grease oil. In
most cases, the source of the oxygen referred to herein
is atmospheric oxygen. The source of flavor is the
condiment flavor, and the source of odors is from the
environment. While nylon, polyethylene terephthalate
("PET"), polycarbonate films are contemplated herein, a
particularly preferred class of films is the polyolefins.
Within the polyolefin class, homopolymers and copolymers
of propylene, low density ("LDPE"), and linear low
density polyethylene ("LLDPE") are preferged. High
density polyethylene ("HDPE“)'may also be used.
Particularly preferred are isotactic polypropylenes
containing at least 80% by weight of isotactic
polypropylene. The preferred core can be
homopolypropylene having a melting point range of from
161° to 169°C. A commercially available material of this
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W th an average oxygen transm ssion rate [err] of 31 to 77.5 cc/n2/24 hr,
nmetal lized OPP does not provide adequate oxygen barrier for many
applications. Thus, the conbination of netallized OPP with cross-1|inked
PVOH coated filmcreates a structure that provides both, excellent noisture
and oxygen barrier. Metallized filns knowm in the art can be lamnated to
the cross-linked PVOH film conbi nati ons by applying an adhesi ve coati ng
onto the cross-linked PVOH | ayer. In the present invention the adhesive
bonds the nmetallized filmonto the PVO+&wearing surface of the polyneric
substrate. Prior to applying the adhesive, the cross- |linked PVOH | ayer can
be ink pri nt@escrirtiomes ARGUN4TR .anFhed RESERE Tese oK B ay@Talcanzed

films, polyuspidape dsdnaruled Fitad-a Hanmia 1agerd, lsRcudt it ede
to 12% of the total thickness, of a copolymer of
propylene and another olefin, e.g., ethylene, butene-l.
The other olefin which can be present in the copolymer is
in an amount of from 1 to 7 wt.%.

The polymerid substrate can be of any desired
thickness, although thickness will typically range from
0.5 to 2 mils (0.7 to 3 mils for PVAC coated product) to
ensure good machinability on high-speed packaging
equipment. The OPP film should preferably have a
thickness of 1.0 mil (1.75 nils for PVAC coated product).

It has been found advantageous to treat the
substrate or base layer prior to receiving the oxygen and
moisture barrier layers. Such treatment enhances the
adhesion of other coatings.

A preferred treatment involves treating the surface
to a surface tension level of at least 35 and preferably
from 38 to 45 dynes/cm in accordance with ASTM Standard
D2578-84. The treatment can be flame treatment, élasma
treatment, chemical treatment or corona discharge
treatment. Flame treatment and corona discharge
treatment are preferred with corona discharge treatment
being particularly preferred.

After this treatment, a suitable primer material is
coated onto the treated surface. Preferred primer
materials are those disclosed in U.S. Patent No.
4,564,559. These include a primer produced by condensing
a monoaldehyde with an interpolymer of acrylamide or
methacrylamide and at least one other unsaturated
monomer. Further included is a primer material produced
by condensing aminoaldehyde with acrylamide or
methacrylamide and subsequently interpolymerizing the
condensation product with -at least one other unsaturated
monomer in the presence of a C,~C; alkanol.

This is tha replscement sheet
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attached to the cross-linked PVOH fil m conbi nati on by pol ynounting, i.e.,
extrusien | am nation. Extrusion lamnation is a known process for joining
two webs by This is the replacenent sheet 2 7 SEP 1996 -20- feeding them
t hrough a nachine that extrudes a thin |ayer of plastic between themto act
as an adhesive. Figure 4 illustrates this |latter enbodi mrent of the present
I nvention. Layer 40 represents a surface treated pol yneric substrate which
is coated with a priner |ayer 41 on at | east one surface thereof. A
cross-1inked PVOH -9=

A particularly preferred primer material for the
structure contemplated herein has been found to be
poly(ethyleneimine). The imine primer provides an
overall adhesively active surface for thorough and secure
bonding with the subsequently applied cross-linked
pelyvinyl alcohol and PVdAC on the other surface of the
substrate when PVAdC comprises the moisture barrier. It
has been found that an effective coating solution
concentration of the poly{ethyleneimine) appiied from
either aqueous or organic solvent media, such as ethanol,
is a solution comprising from 0.1 to 0.6% by weight of
the poly(ethyléneimine). A commercially available
material of this type is known as Polymin P, a product of
BASF-Wyandotte Corporation.

Another particularly preferred primer material is
the reaction product of an epoxy resin as a first
component with an acidified aminoethylated vinyl polymer
as the second component. The contemplated epoxy resins
are glycidyl ethers of polyhydroxy compounds, such as
resorcinol, hydroquinone, Novolac® resins, and the like.

Although the specific structure of the epoxy resin
is not critical to the primer employed in the present
invention, important considerations in the selection of
the epoxy resin revolve around its physical state. For
example, it must be liquid and capable of being readily
dispersed or dissolved with the second component or
curing agent as described hereinbelow. If the epoxy
resin is of low viscosity, it may be stirred directly
into the second component, i.e., curing agent, however,
it is preferred to employ the epoxy resin in an aqueous
emulsion.

The second component'in the epoxy primer composition
of the present invention is an amino modified acrylic
polymer which is water socluble. This polymer is a curing
agent for the epoxy compound. The preferred material is
described in U.S. Patent No. 3,719,629.
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| ayer 42 is adhered to the surface treated substrate. The cross-Iinked PVOH
filmconbination is adhesively lamnated to a netallized filmlayer 44 by
appl yi ng an adhesi ve coating 43 onto the cross-linked PVOH bearing surface.
[err] A honopol ymer pol ypropyl ene core | ayer was coextruded with skin

| ayers of an ethyl ene-propyl ene random copol yner. The random copol yner
contained 3 to 5% by wei ght of ethylene. The extruded filmwas biaxially
oriented to 4 to 5 times machine direction and 7 to 10 tines transverse
direction to yield a filmhaving a thicki®®3 of 1 nil. The thickness of the

skin layers was 8%.of the filmand._ they were of egual thickness._  This film
conbi nati on was co §n8“8i§8h8558ePFe3 eﬁh?npreseng inventlion, a liquid
epoxy resin is emulsified in a solution of the curing

agent by rapid stirring, the resultant dispersion is
diluted with water to the desired concentration for
coating, usually from 2 to 20% solids. When mixing the
epoxy resin with the curing agent, it is generally
preferred to use a stoichiometric equivalent balance of
epoxy and amine groups. However, it has been found that
the stoichiometric ratio may be varied over a wide range,
from 1 epoxy to 3 amine groups through 3 epoxy groups to
1 amine group. Any of the above described primers can be
employed in the range of 0.001 to 3.5 g/m?.

Polyvinyl alcohol ("PVOH") as used in the present
invention and claims refers to a normally solid polymeric
material, soluble in water, but insoluble in most organic
solvents and characterized by the presence of (-CH,-CHOH~)
units in the polymer chain. These polymers are
ordinarily prepared by the replacement of the acetate
groups of polyvinyl acetate with hydroxyl groups as by
hydrolysis or alcoholysis. The percent of acetate groups
replaced by hydroxyl groups is the degree of hydrolysis
PVOH thus formed and indicates the percent of hydroxyl
groups present in PVOH out of the total possible hydroxyl
groups. As explained hereinbelow the crosslinking
reaction by which the superior barrier coatings of this
invention are obtained proceeds through the hydroxyl
groups of PVOH. Therefore, only substantially completely
hydrolyzed PVOH are useful in this invention. By the
term "substantially completely hydrolyzed" in the present
specification and claims is meant a degree of hydrolysis
of above 85%. We have found that PVOH having an hydroxyl
content above 88% and particularly above 95% provide |
‘superior resistance, clarity and flexibility and adhering
strength. Hydroxyl group.contents of 99% to 100% provide
the best barrier coatings and are particularly preferred
for use in this invention.
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accordance wth commonly enployed prior art techniques to produce a surface
w tth a wetting tension of 42 dynes/cm The treated fil mwas precoated on
both sides with 0.1 wt. % pol y(et hyl enei mi ne), as nmanufactured by BASF-
Wandotte Corporation Polyamn P product. The filmwas air-dried at [err].
This coating weight was too |low to be neasured, but was calculated to be in
the range of [err] by neans of optical density. One treated and prinmed
surface of this filmstructure was then coated with the appropriate

sol ution of PVOH, cross-1inking agent eﬁ&FEaIalyst. The sol utions were

oD Lo, 1 L2 0y’ 0k Ead LFED, LAYUE SRS a0 ST E | TV
wei ght of 0. B8vpdlableThaterialhe Fepl examphe, SELGANOL 71-30 or
ELVANOL 90-50 are E.I. duPont products.

'~ The PVOH coating solution is prepared by dissolving
the polymer in hot water, cooling and mixing both with a
suitable crosslinking agent and inorganic acid, '
preferably sulfuric acid, as the catalyst. The
crossiinking agent can be a melamine- or urea-
formaldehyde resin. Commercially available cross-linkers
also would include PAREZ 613, a methylated melamine
formaldehyde:; and CYMEL 373, a methylated melamine
formaldehyde; CYMEL 401, a trimethylol melamine urea
formaldehyde: glyoxal; and borax. Sulfuric acid as the
catalyst has been discovered to be far superior to nitric
acid, ammonium chloride and ammonium nitrate.

Crosslinking is carried out to make the PVOH less
moisture sensitive but it is essential that this does not
substantially occur before the coating weight is applied
and evenly distributed. This is effected by making up
the aqueous solution so that the initial concentration is
too low for this to occur but, as drying occurs, the |
concentration increases and the rate of crosslinking also
increases. '

Suitable concentrations have been found to be from 1
to 35 wt.%, preferably from 4 to 8 wt.% of the solution,
which are PVOH plus crosslinking agent plus inorganic
acid, e.g., sulfuric acid, in a catalytically active
amount. If the solids content is higher, the solution
becomes too viscous; if lower, good water resistance is
not obtained. From 5% to 30 wt.%, typically 15%
crosslinking agent is used with from 0.1% to 7.5%,
typically 2 wt.% of the sulfuric acid catalyst. A
preferred formulation comprises the following solids
content: 85.5 wt.% PVOH; .12.8 wt.% methylated melamine
formaldehyde; and 1.7 wt.% sulfuric acid. The acid,
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Dat e: 2 7 SEP 1996 -21- The dried filmwas then tested in an oxygen-
perimreabisl ity device in which a stream of dry oxygen was passed through an
aqueous salt solution-perneated pad to control the gas noisture content and
then through the film disposed at right angles to the streamw th the
cross-1linked PVOH coating upstream The oxygen transmtted was determ ned
and the anount of oxygen passed per unit area of filmper tinme period was
cal cul ated. Sanpl es bearing cross-|inked PVOH | ayer obtai ned by

-12=-
e.g., sulfuric acid, employed can have a strength ranging
from 0.1 to 20 wt.%.

Aqueous PVOH solutions were prepared by dissolving
sufficient ELVANOL 71-30 in hot water to form 8 wt.%
solution which were then cooled. To these solutions were
added a 20 wt.$% aqueous melamine formaldehyde solution
and the appropriate amount of a solution of aqueous
ammonium chloride, sulfuric acid, ammonium sulphate,
ammonium nitrate or nitric acid to provide the
formulations shown in the Table 1 below. Cross-linked
PVOH can be present in an amount from 0.2 to 4.5 g/m?,
usually from 0.4 to 3 g/m?.

The cross—-linked PVOH coated films described above
are intended, in one embodiment, to be adhered to
cellulose materials such as paper, paperboard and
fiberboard by adhesion or extrusion lamination. The
adhesion or extrusion lamination of the cellulose
material is to the outer surface of the cross-linked PVOH
layer. The resulting structure is capable of holding
liquids and has a high oxygen and flavor/odor, grease/oil
barrier. For example, unlaminated box board material has
an average oxygen transmission rate ("TO,") in excess of
2300 cc/m?/24 hr at 23.8°C and 0% relative humidity
("RH"). When cross-linked PVOH coated film is laminated
to box board material the TO, rate was significantly
lower, namely 0.309 cc/m’/24 hr at 23.8°C and 0% RH and
1.55 cc/m?/24 hr at 23.8°C and 75% RH.

The lamination to box board material is accomplished
by using an adhesive such as polyurethane, acrylics or
PVAC’s. The resulting structure is then extrusion coated
preferably with a sealant layer of SURLYN® or '
polyethylene to prevent leaching of any cellulose
componenﬁ into the liquid which comes in contact with the
sealant layer and to enhance the moisture barrier of the
resulting film structure. Containers formed from the

This is the replacement sheet
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using sulfuric acid catal yzed systens were superior to any other catal yzed
systemfor inhibiting the transm ssion of oxygen through a packaging film
The rubbi ng resistance of the sulfuric acid catalyzed fil m conbinati ons was
al so out standi ng. Oxygen transm ssion and rubbing resistance rates for
several sanples bearing PVOH cross-linked in the presence of nethylated _
mel am ne fornmal dehyde, anmmoni um chl oride and sulfuric acid are set forth in
Table 1 below. This is the replacenent sheet 2 7 SEP 1996 Dat e:
¢ =13-
packaging film structure of the present invention can be
used to package milk, orange juice and wine.
It has also been found that by using a cross-linked
PVOH film combination laminated to box board an excellent
oxygen barrier is provided which requires considerably
less coating of cross-linked PVOH than a comparable EVOH
£ilm. For example, a 48 gauge layer of EVOH film
provides an oxygen barrier of 0.62 cc/m?/24 hr. at
23.8°C, 0% RH and WVTR of 1550 g/m%®/24 hr at 37.8°C, 90%
RH. The EVOH has no moisture barrier. The same oxygen
barrier value and a WVIR value of 5.42 g/m’/24 hr at
37.8°C, 90% RH are obtained when a substrate of 79 gauge
OPP is covered with only a 3 gauge layer of cross-linked
PVOH. Thus, significant cost savings can be realized as
a result of using a much thinner coating of PVOH.
Cellulose materials useful in the present invention
are generally paper products such as paper, paperboard
and fiberboard. Although there is no strict distinction
between paper and paperboard, paper is considered to be a
product made from cellulose fibers which is less than
0.012 inch thick. Paper used in packaging may be course
and fine. Course packaging paper is known as kraft paper
and is almost always made of unbleached kraft soft wood
pulps. Fine papers, generally made of bleached pulp, are
typically used in applications requiring printing,
writing, and special funqtional properties such as
barriers to liquid and/or gaseous penetrants. Other
types of paper useful in the present invention are
parchment, grease proof, glassine, water, grease and oil
resistant, waxed, specialty-treated, wet-strength papers,
all as defined in M. Bakker, The Wiley Encyclopedia of
Packaging Technoloqy, 497-500 (1986).
A preferred cellulose fiber material useful in the
present invention is paperboard. Paperboard is a
relatively stiff paper product usually greater than 12
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- 22 - [err] This is the repl acenent sheet Date: 2 7 SEP 1996 -23-
Tabke 1 illustrates that sanples bearing PVOH cross- linked with sulfuric
aci d have oxygen transm ssion rate and rubbi ng resi stance val ues far
superior to those cross-linked with amoni um chloride. EXAVPLE 2 A
cross-1linked PVOH coating was applied to a 1.00 m| OPP film surface
treated and prined as in Exanple 1

mils. The term paperboard is used to distinguish the
product from paper which is thin and quite flexible.
Paperboard may have single-ply or multi-ply structure.
It can be formed on a Fourdrinier wire part, a single or
a series of modern formers.

The single-ply paperboard useful for this invention
is made from 100% bleached-chemical wood pulp and can be
used for food packaging where purity and clean appearance
is required together with a degree of strength and a
surface of sufficient quality to accept good-quality
print. Compared to single-ply structures, multi-ply
paperboard can be used over a much wider range of
applications because virgin-pulp outer layers with good
appearance, strength, and printing properties can be
combined with lower-grade middle plies. The general term
for this range of paperboard is folding box board.

Another type of paperboard known as fiberboard, used
to produce large and strong cases is also useful in the
present invention. The materials used for the
constructioh of these containers are made from several
layers of paperboard. There are two main types: solid
board wherein two or more boards are laminated together
and corrugated board. In the production of corrugated
board, two facings are glued to both sides of the
corrugating medium to produce a single-wall corrugated
board. Three facings and two media are used to obtain
double-wall corrugated board. Triple-wall corrugated
board uses four facings and three media. In the
structures of the present invention single or multi-ply
paperboard hard-sized for water resistance according to
known techniques in the art is preferred. Types of
paperboard and fiberboard are as defined in M. Bakker,
The Wiley Encyclopedia of Packaging Technology, 500-506
(1986).

The cross-linked PVOH/cellulose material structure
of the present invention has excellent oxygen and
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above. The resulting filmconbination was | am nated on the cross-1|inked
PV®OH bearing surface with a box board by using a pol yurethane adhesive
coated onto the box board. The above procedure protects the cross-Iinked
PVOH coating and prevents |iquids such as tomato sauce, mlk, w nes, juices
and the |like fromleaching any conponents fromthe coating. The resulting
filmwas then extrusion coated wwth a sealant |ayer of [err] or

pol yet hyl ene. Table 2 bel ow summari zes the oxygen and noi sture barrier
properties of the filmstructure obt ai n&&5n thi s exanpl e. The WTR val ues

obtained for the filns set forth i, abl e 2 have been ,neasured as, descri bed
in ASTM F- 372‘%1%%&%4'\/@1[9@%/ I%erre§g'|atr§ct EBEGGH and &85
i ncl uded. Thicapabld®f eplaiereiiqlidid. Depending upon the

application,. it is possible to employ the film structure
of the pfesent invention to hold liquids, other
foodstuffs or detergent materials next to the sealant
coated cellulose material layer as illustrated in Figure
1 or next to the sealant coated polymeric substrate as
illustrated in Figure 2.

Figure 1 shows a schematic cross-section of a film
structure prepared according to the present invention.
Layer 10 represents a surface treated polymeric substrate
which is coated with a primer layer 11 on at least one
surface to which a cross-linked PVOH layer 12 is adhered.
The cross~linked PVOH layer may be printed and then
adhered to a cellulose material layer 14 by using an
adhesive coating 13. Optionally, instead of printing the
cross-linked PVOH layer, the cellulose material may be
printed and then adhered to a cross-linked PVOH film
structure. When the cellulose material is next to a
liquid, in order to prevent leaching of any cellulose
component into the liquid, the resulting structure is
extrusion coated with a sealant 15 such as SURLYN® or
polyethylene on the outer surface of the cellulose
material. The resulting film structure also has enhanced
moisture barrier characteristics.

Figure 2 illustrates another embodiment of the
present invention, wherein layer 20 represents a
polymeric substrate surface treated on at least one side,
primed with a primer coating 21 surface treated and thus
adapted to receive a cross-linked PVOH layer 22 which can
then be adhered to a cellulose material 24 by using an

" adhesive coating 23. The cellulose material may be
printed. When the polymeric substrate is on the inside,
then the cellulose containing resulting film structure is
extrusion coated with a sealant 25, such as SURLYN® or
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Dat e: 2 7 SEP 1996 . -24- [err] [err] This is the replacenent sheet
Dat:e: ‘ 2 7. SEP 1996 -25- In Table 2, plain box board materi al
shows poor oxygen barrier characteristics. After the box board

polyethylene on the outer surface of the polymeric
substrate to provide an enhanced moisture barrier.

The cross-linked PVOH coated films described above
are, in a second embodiment, intended to be adhesively
laminated to either oriented or unoriented commercially
available thermoplastic films such as homopolymer
polypropylené £ilm, polypropylene with coated layers,
polypropylene with slip additives, polypropylene with
coextruded layers, opaque polypropylene, polyethylene,
nylon, polyethylene terephthalate, polycarbonate,
polystyrene, etc. A preferred class of films are the
polyolefins. Most preferred is a polymeric substrate of
OPP having a thickness of 1.50 mil.

The cross-linked PVOH coated films described above
may be coated with other coatings to enhance other
desirable properties, such as moisture barrier
properties. PVAC is a particularly preferred coating
that could be applied to the above cross-linked PVOH film
combination. The resulting film has excellent oxygen,
flavor/odor, grease/oil and moisture barrier properties.
Additionally, the film is also heat sealable, and quite
sturdy. The PVAC coated film of the present invention
can be used as a mono web providing the user with
significant cost savings.

PVAC also more correctly referred to as copolymers
of vinylidene chloride ("PVAC" or "VdC copolymers") are
copolymers of 65 to 96% by weight of vinylidene chloride
and 4 to 35% of one or more comonomers such as vinyl
chloride, acrylonitrile, methacrylonitrile, methyl
methacrylate, or methyl acrylate, hereafter referred to
as PVdC. A suitable grade contains 7 weight percent
methacrylonitrile, 3 weight percent methyl methacrylate,
and 0.3 weight percent itaconinic acid comonomers. PVAC
customarily include formulation additives such as waxes,
fatty acids and derivatives thereof, particulate matter,
and polymeric species such as mixed polyesters. Such

This is the replacement sheet
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material is |am nated onto the outer face of a cross- |inked PVOH bearing
OPP substrate the oxygen transm ssion rate decreases substantially. In
addition, Table 2 also indicates that in the filmstructure of the present
i nvention, a nmuch thinner coating of cross-linked PVOH filmconbination is
required than EVOH to provide a structure with conparabl e oxygen and

noi sture barrier properties. As a result, by using the box board film
structure of the present invention significant cost reductions are
obt ai ned. EXAMPLE 3 A honopol yner pol yp=a?yd ene core | ayer was coextruded
with skin layers of an ethyl ene-propyl ene random copol'yner. The random
copol ymer coradditeilreds tmayb Bhebusefigihttofrastune dneittileness rantkd il m was

bi axi al I'y stiffness of the polymer or to improve its heat
sealability and handling properties. Commercially
available VdC copolymers useful for the present invention
are manufactured by Morton Co.

By adding another layer of PVdC on the other surface
of the polymeric substrate which is opposite the cross-
linked PVOH bearing surface, the moisture barrier of the
film combination is significantly improved. For example,
an uncoated film had an -oxygen transmission rate ("TO,")
in excess of 2324.9 cc/m?’/24 hr. at 23.8°C, 0% relative
humidity ("RH")/and a water vapor transmission rate
("WVTR") of 5.58 g/m?’/24 hr at 37.8°C. 90% RH. A film
combination according to this embodiment of the present
invention coated with both cross-linked PVOH and PVAC had
a TO, of 0.31 cc/m?/24hr at 23.8°C 75% pH. The WVTR was
2.325 g/m*/24 hr at 37.8°C.

Fig. 3 shows a schematic cross section of a film
prepared by the present invention. Layer 30 represents
the treated polymeric core which is coated with a
poly(ethyleneimine) layer 31 on one surface and dry epoxy
primer 32 on the other surface. The cross-linked PVOH
layer 33 is adhered to the surface bearing
poly(ethyleneimine) primer and the PVAC layer 34 is
adhered to the other epoxy coated surface.

The PVOH/PVAC film-structure described above is used
as a mono web and thus prdvides more cost effective

‘packaging than other films which require more than one
web. A mono web is a term adapted by plastic resin
processors to denote a single plastic film, not as a
final discrete article but as a long film somewhere in
the processing stage, frequently being drawn off a large
roll of printed film. When used as '
a mono web where PVdC is the sealant layer coming in
contact with the food product, the cross-linked PVOH

layer can also be printed. .
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oriented to 4 to 5 tinmes machine direction and 7 to 10 tines transverse
direection to yield a filmhaving a thickness of 1 ml|. The thickness of the
skin layers was 8% of the filmand they were of equal thickness. This film
conbi nation was corona discharge treated in accordance with comonly

enpl oyed prior art techniques to produce a surface with a wetting tension
of 42 dynes/cm The treated filmwas precoated on one side with 0.1 wt%

pol y(et hyl enei m ne), as manufactured by BASF-Wandotte Corporation Pol yam n
P product and on the other with epoxy ofiBerr]. The filmwas air-dried at
[err]. This coating weight was too | ow to be neasured, but was_cal cul ated
to be in the rangérbfaRP.gmwlr@%ymﬁﬁq dhe foes beinghPagkasad coat ed

treated substyeahfimas 4 NEMyeo V6 it 01 wiidea e M infhyd HRVdpoald 1 wei ght

of 4.5 the cross-linked PVOH or the PVAC layer. Commercially
available opaque polypropylene from Mobil Chemical, Films
Division, is a preferred white film.

When higher barrier or a stronger packaging film is
required, the cross-linked PVOH layer may be laminated to
ancther film that provides improved strength and barrier.
Such films include, PET, nylon and polybiefins. For
improved sealability either surface may be further
laminated with a layer of polyethylene. '

The PVOH/PVAC film structures of the present
invention are transparent so that packaged condiments and
sauces can be freely inspected and scanned for
contaminants.

The cross-linked PVOH coated films described above
are intended, in a third embodiment, to be adhesively
laminated to either oriented or unoriented commercially
available thermoplastic films such as homopolymer
polypropylene film, polypropylene with coated layers,
polypropylene with slip additives, polypropylene with
coextruded layers, opaque polypropylene, polyethylene,
nylon, polyethylene terephthalate, polycarbonate,
polystyrene, etc. A preferred class of films are the
polyolefins. Most preferred is a polymeric substrate of
OPP having a thickness of 1.00 mil.

Other particularly preferred substrates to which the
above cross-linked PVOH film combination is adhesively
laminated are moisture barrier materials such as
metallized films, preferably metallized OPP.

The metallized films useful in the present invention
provide excellent moisture barrier, but inherently permit
the transmission of oxygen. By laminating a cross-linked
PVOH film combination to metallized film, a multi-layer
film structure is obtained which has significantly
enhanced oxygen and moisture barrier.
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[err]. The PVAC coating was a 50 wt % aqueous | atex solution resulting from
t he: pol yneri zation of VdAC with nethyl acrylic acid. The opposite surface of
this filmThis is the replacenent sheet 2 7 SEP 1996 Dat e: - 26-
structure was then coated with the appropriate solution of PVOH,
cross-linking agent and catal yst. The solutions were applied utilizing a
reverse direct gravure coater and the coated fil mwas passed through a
dry-air oven at from 100 to [err]. This produced a coating weight of 0.5
-1Q=

Within the metallized films class, metallized
oriented polypropylene is most preferred. Commercially
available metallized OPP is available from Mobil
Chemical, Films Division (Bicor 70MB-HB). Many
commercially available metallized OPP films are
composites consisting of a polypropylene core having, on
at least one of its surfaces, a relatively thin layer of
a propylene-ethylene copolymer. The copolymer layer is
subjected to a corona discharge treatment and the coating
metal is then deposited by such methods as
electroplating, sputtering, or vacuum metallizing. The
metal may be aluminum, copper, silver, or chromium.

A preferred metallized OPP and method of manufacture
is disclosed in U.S. Patent No. 4,345,005. '

Commercially available metallized OPP has excellent
moisture barrier properties as shown by a very low water
vapor transmission rate ("WVTR"), typically 0.775 g/m*/

24 hr at 37.8°C, 90% relative humidity ("RH"). However,
with an average oxygen transmission rate ("TO,") of 31 to
77.5 cc/m?/24 hr, metallized OPP does not provide adequate
oxygen barrier for many applications. Thus, the
combination of metallized OPP with cross-linked PVOH
coated film creates a structure that provides both,
excellent moisture and oxygen barrier.

Metallized films known in the art can be laminated
to the cross-linked PVOH film combinations by applying an
adhesive coating onto the cross-linked PVOH layer. In
the present invention the adhesive bonds the metallized
film onto the PVOH bearing surface of the polymeric
substrate. Prior to applying the adhesive, the cross-
linked PVOH layer can be ink printed. The adhesive can
be any adhesive used with metallized films, polyurethane
being preferred. The metallized film can also be
attached to the cross-linked PVOH film combination by
polymounting, i.e., extrusion lamination. Extrusion
lamination is a known process for joining two webs by
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[err] The thickness of the polyneric filmstructure of the present exanple
I ncl udi ng both PVOH and PvdC was 1.7 ml. The dried filns were then tested
i n an oxygen- perneability device in which a streamof dry oxygen was
passed t hrough an aqueous salt solution-perneated pad to control the gas
noi sture content and then through the film disposed at right angles to the
streamw th the cross-Ilinked PVOH coati ng upstream The oxygen transmtted
was determ ned and the anobunt of oxygen passed per unit area of film per
time period was cal cul ated. Sanples beard®my cross-1inked PVCH | ayer

obt ai ned by using sulfuric acid catal yzed systens were superior to any
ot her cat al y#889aDgt Ehemokhronohi 2 i pachire that extrudes a thin layer

of plastic between them to act as an adhesive.

Figure 4 illustrates this latter embodiment of the
present invention. Layer 40 represents a surface treated
polymeric substrate which is coated with a primer layer
41 on at least one surface thereof. A cross-linked PVOH
layer 42 is adhered to the surface treated substrate.

The cross-linked PVOH film combination is adhesively
laminated to a metallized film layer 44 by applying an
adhesive coating 43 onto the cross-linked PVOH bearing
surface.

EXAMPLE 1

A homopolymer polypropylene core layer was
coextruded with skin layers of an ethylene-propylene
random copolymer. The random copolymer contained 3 to 5%
by weight of ethylene. The extruded film was biaxially
oriented to 4 to 5 times machine direction and 7 to 10
times transverse direction to yield a £ilm having a
thickness of 1 mil. The thickness of the skin layers was
8% of the film and they were of equal thickness. This
film combination was corona discharge treated in
accordance with commonly employed prior art techniques to
produce a surface with a wetting tension of 42 dynes/cm.
The treated film was precoated on both sides with 0.1
wt.% poly(ethyleneimine), as manufactured by BASF-
Wyandotte Corporation Polyamin P product. The film was
air-dried at 100°C. This coating weight was too low to
be measured, but was calculated to be in the range of
0.002g/m’ by means of optical density. One treated and
primed surface of this film structure was then coated
with the appropriate solution of PVOH, cross-linking
agent and catalyst. The solutions were applied utilizing
a reverse direct gravure coater and the coated film was
passed through a dry-air oven at from 100 to 125°C. This

produced a coating weight of 0.5 g/m’.
This is the replacement sheet
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transm ssi on of oxygen through packaging filnms. The rubbing resistance of
thes sul furic acid catalyzed fil mconbinations was al so outstandi ng. Oxygen
transm ssion and rubbing resistance rates for several sanples bearing PVCH
cross-linked in the presence of nethylated nel am ne fornmal dehyde, anmoni um
chloride and sulfuric acid are set forth in Table 3 below. This is the

repl acenent sheet Date: 2 7 SEP 1996 - 27 - [err]

The dried film was then tested in an oxygen-
permeability device in which a stream of dry oxygen was
passed through an aqueous salt solution-permeated pad to
control the gas moisture content and then through the
film, disposed at right angles to the stream with the
cross~-linked PVOH coating upstream. The oxygen
transmitted was determined and the amount of oxygen
passed per unit area of film per time period was
calculated. '

Samples bearing cross~linked PVOH layer obtained by
using sulfuric acid catalyzed systems were superior to
any other catalyzed system for inhibiting the
transmission of oxygen through a packaging film. The
rubbing resistance of the sulfuric acid catalyzed film
combinations was also outétanding. Oxygen transmission
and rubbing resistance rates for several samples bearing
PVOH cross-linked in the presence of methylated melamine
formaldehyde, ammonium chloride and sulfuric acid are set
forth in Table 1 below.
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-28- Table 3 illustrates that sanples bearing PVOH cross- linked with

sul furic'acid have oxygen transm ssion rate and rubbing resistance val ues
far superior to those cross-linked with anmonium chl oride. After testing
for oxygen perneability was conpleted, the filnms were tested for noisture
barrier by measuring the water vapor transm ssion rate ("WTR'). TO2 and
W/TR val ues for an uncoated OPP film an 2PP filmcoated only with
cross-linked PVOH amgl an OPP filmcoated with both cross-1inked PVCH and

PVdC are set forth ih Table 4 bel ow The WTR was neasured as described in
ASTM-F372.
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This is the replacenent sheet Date: 2 7 SEP 1996 29 [err] -30- As
illdstrated in Table 4, an uncoated OPP film shows a hi gh oxygen

transm ssion rate as a result of poor oxygen barrier properties. The oxygen
transm ssion rate is significantly decreased by the addition of a |ayer of

Table 1 iilustrates that samples bearing PVOH cross-
linked with sulfuric acid have oxygen transmission rate
and rubbing resistance values far superior to those
cross-linked with ammonium chloride.

EXAMPLE 2

A cross-linked PVOH coating was applied to a 1.00
mil oPP film, surface treated and primed as in Example 1
above. The resulting film combination was laminated on
the cross-linked PVOH bearing surface with a box board by
using a polyurethane adhesive coated onto the box board.

The above procedure protects the cross-linked PVOH
coating and prevehts liquids such as tomato sauce, milk,
wines, juices and the like from leaching any components
from the coating. The resulting film was then extrusion
coated with a sealant layer of SURLYN® or polyethylene.
Table 2 below summarizes the oxygen and moisture barrier
properties of the film structure obtained in this
example. The WVTR values obtained for the films set
forth in Table 2 have been measured as described in ASTM
F-372. Comparative TO, and WVTR results to EVOH are also
included.
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cross-linked PVOH |In addition, when a core |ayer of OPP is sandw ched
between a | ayer of cross-linked PVOH and a | ayer of PVdC, in accordance
wi th the nmethod provided by the present invention, both the oxygen barrier
and the noisture barrier properties of the resulting filmstructure are
consi derably enhanced. Al so, the oxygeh Harrier properties of the PvdC are
| argely insensitive to noisture, i.e., relative humdity independent.
Therefore, even under very extrene conditions, where the barrier properties
of the PVOH have been degraded, the PVdC naidtains t he oxygen transm ssion
rate at less than 15.34 cc/nR/24 hr. Mreover,, the use of two oxygen
barrier layers mnimzes the chances of two gin holes fromoccurring in the
lining up of the coating. Thi®s reducEF tgp oxygen
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transm ssion rate by an amount greater than ordinarily expected. EXAMPLE 4
A honopolyner pol ypropyl ene core | ayer was coextruded with skin |ayers of
an et hyl ene- propyl ene random copol ymer. The random copol ynmer contained 3 to
5% by wei ght of ethylene. The extruded filmwas biaxially oriented to 4 to
5 times machine direction and 7 to 10 tines transverse direction to yield a
filmhaving a thickness of 1 ml. The thickness of the skin layers was 12%
of the filmand they were of equal thickness. This film conbination was
corona di scharge treated in accordance PR commonl y enpl oyed prior art

ooh ques, L0, BT 0GR 145! 65t B, IShFT B U3g o8t iligess om The
oxygen barrier characteristics. After the box board
material is laminated onto the outer face of a cross-
linked PVOH bearing OPP substrate the oxygen transmission
rate decreases substantially. In addition, Table 2 also
indicates that in the film structure of the present
invention, a much thinner coating of cross-linked PVOH
film combination is required than EVOH to provide a
structure with comparable oxygen and moisture barrier
properties. As a result, by using the box board film
structure of the present invention significant cost
reductions are obtained.

EXAMPLE 3

A homopolymer polypropylene core layer was
coextruded with skin layers of an ethylene-propylene
random copolymer. The random copolymer contained 3 to 5%
by weight of ethylene. The extruded film was biaxially
oriented to 4 to 5 times machine direction and 7 to 10
times transverse direction to yield a f£ilm having a
thickness of 1 mil. The thickness of the skin layers was
8% of the film and they were of equal thickness. This
film combination was corona discharge treated in
accordance with commonly employed prior art techniques to
produce a surface with a wetting tension of 42 dynes/cm.
The treated film was precoated on one side with 0.1 wt%
poly(ethyleneimine), as manufactured by BASF-Wyandotte
Corporation Polyamin P product and on the other with
epoxy of 0.075g/m*. The film was air-dried at 100°C.
This coating weight was too low to be measured, but was
calculated to be in the range of 0.002g/m?> by optical
density. The primer coated treated substrate was then
coated on one surface with a PVdC coating weight of 4.5
g/m’. The PVAC coating was a 50 wt % aqueous latex :
solution resulting from the polymerization of vdC with
methyl acrylic acid. The opposite surface of this film

This is the replacement sheet
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pol y(et hyl enei m ne), as manufactured by BASF-Wandotte This is the
repltacenent sheet Date: 2 7 SEP 1996 -31- Corporation Polyamne P
product. The filmwas air-dried at [err]. This coating weight was too | ow
to be neasured, but was calculated to be in the range of 0.002 g/n2. One
treated and prined surface of this filmstructure was then coated with the
appropriate solution of PVOH, cross-linking agent and catal yst. The
solutions were applied utilizing a reverse direct gravure coater and the
coated fil mwas passed .through a dry- ai r&dfen at

structure was then coated with the appropriate solution
of PVOH, cross-linking agent and catalyst. The solutions
were applied utilizing a reverse direct gravure coater
and the coated film was passed through a dry-air oven at
from 100 to 125°C. This produced a coating weight of 0.5
g/m?’. The thickness of the polymeric film structure of
the present example including both PVOH and PVdC was 1.7
mil. |

The dried films were then tested in an oxygen-
permeability'device in which a stream of dry oxygen was
passed through an agqueous salt solution-permeated pad to
control the gas moisture content and then through the
film, disposed at right angles to the stream with the
cross-linked PVOH coating upstream. The oxygen
transmitted was determined and the amount of oxygen
passed per unit area of film per time period was
calculated.

Samples bearing cross-linked PVOH layer obtained by
using sulfuric acid catalyzed systems were superior to
any other catalyzed system for inhibiting the
transmission of oxygen through packaging films. The
rubbing resistance of the sulfuric acid catalyzed film
combinations was also butstanding. Oxygen transmission
and rubbing resistance rates for several samples bearing
PVOH cross-linked in the presence of methylated melamine
formaldehyde, ammonium chloride and sulfuric acid are set
forth in Table 3 below.

This is the replacement sheet
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from100 to [err]. This produced a coating weight of 0.5 [err] The dried
fil'mre were then tested in an oxygen- perneability device in which a stream
of dry oxygen is passed through an aqueous salt solution-perneated pad to
control the gas noisture content and then through the filns, disposed at
right angles to the streamw th the cresgr i nked PVOH coating upstream The
oxygen transmtted was determ ned and the anpunt of oxygen passed per unit
area of filmper ti period was cal cul ated. Sanpl es bearing cross-1inked
PVOH | ayer " obt ai ned|{by using sulfuric acid catal yzed systens were superi or
to any other catalyged systemfor inhibiting the transm ssion of oxygen

t hrough the packaguyg films. The
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rubbi ng resistance of the sulfuric acid catalyzed fil m conbinati ons was

al so’ out st andi ng. Oxygen transm ssion and rubbing resistance rates for
several sanples bearing PVOH cross-linked in the presence of nethylated
mel am ne formal dehyde, anmmoni um chloride and sulfuric acid are set forth in
Table 5 below. This is the replacenment sheet Date: 2 7 SEP 1996 - 32 -
[err] This is the replacenent sheet Date: 2 7 SEP 1996

Table 3 illustrates that samples bearing PVOH cross-
linked with sulfuric acid have oxygen transmission rate
‘and rubbing resistance values far superior to those
cross-linked with ammonium chloride.

After testing for oxygen permeability was completed,
the films were tested for moisture barrier by measuring
the water vapor transmission rate ("WVTR").

TO, and WVIR values for an uncoated OPP film, an OPP
film coated only with cross-linked PVOH and an OPP film
coated with both cross-linked PVOH and PVdC are set forth
in Table 4 below. The WVTR was measured as described in
ASTM F372.

is the replacement sheet
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sul furic-acid have oxygen transm ssion rate and rubbi ng resi stance val ues

far superior to those tross-linked with anmoni um chl ori de.

cross-1linked PVOH coating was applied to a 1.00 m |
treated and prined as in Exanple 4 above.z9lhe resulting film conbination

was | am nated onto the cross-1linked PVOH bearing surface with a | ayer of

metallized OPP. The | am nation was carried ou

-33- Table 5 illustrates that sanples bearing PVOH cross-
pol yur et hane adhesi ve over the vacuum
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deposited al um num surface of the netallized OPP. The resulting structure

had excel | ent oxygen and noi sture barrier properties as illustrated in
Table 6-below. This is the replacenent sheet Date: 2 7 SEP 1996 34
[err] This is the replacenent sheet Date: 2 7 SEP 1996

«30=

As illustrated in Table 4, an uncoated OPP film
shows a high oxygen transmission rate as a result of poor
oxygen barrier properties. The oxygen transmission rate
is significantly decreased by the addition of a layer of
cross-linked PVOH. In addition, when a core layer of OPP
is sandwiched between a layer of cross-linked PVOH and a
layer of PVAC, in accordance with the method provided by
the present invention, both the oxygen barrier and the
moisture barrier properties of the resulting film
structure are considerably enhanced. Also, the oxygen
barrier properties of the PVAC are largely insensitive to
meisture, i.e., relative humidity independent.

Therefore, even under very extreme conditions, where the
barrier properties of the PVOH have been degraded, the
PV4C maintains the oxygen transmission rate at less than
15.34 cc/m*/24 hr.

Moreover, the use of two oxygen barrier layers
minimizes the chances of two pin holes from occurring in
the lining up of the cocating. This reduces the oxygen
transmission rate by an amount greater than ordinarily
expected. '

EXAMPLE 4

A homopolymer polypropylene core layer was
coextruded with skin layers of an ethylene-propylene
random copolymer. The random copolymer contained 3 to 5%
by weight of ethylene. The extruded film was biaxially
oriented to 4 to 5 times machine direction and 7 to 10
times transverse direction to yield a film having a
thickness of 1 mil. The thickness of the skin layers was
12% of the film and they were of equal thickness. This
film combination was corona discharge treated in |
accordance with commonly employed prior art techniques to
produce a surface with a wetting tension of 42 dynes/cm.
The treated film was precoated on both sides with 0.1 wt%
poly(ethyleneimine), as manufactured by BASF-Wyandotte

This is the replacement sheet
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-35- In Table 6, uncoated OPP shows poor -oxygen barrier and noisture
properties. By coating OPP with cross- |inked PVOH the oxygen barrier
properties of the resulting filmstructure increase dranmatically. However,
the noisture barrier properties are not enhanced. Table 6 further
illustrates that a typical netallized OPP provides an excellent noisture
barrier; however, with TO2 values from30 to 77 cc/nR/ 24 hr the oxygen
barrier properties of netallized OPP are inadequate for many applications.
Consequently, when a netallized OPP | ayer33s | anmi nated or pol ynounted onto
a filmconbination ing¢luding cross-1inked PVOH, _the resulting, structure has
bot h excel | enFOERPERELIGRIPABYRLNS BaPFPRNCHr opERei E41mTHRAS ggrrﬁgzed

repl acenment sheetoo*c. This coating weight was too low to be
measured, but was calculated to be in the range of
0.002 g/m’. One treated and primed surface of this film
structure was then coated with the appropriate solution
of PVOH, cross-linking agent and catalyst. The solutions
were applied utilizing a reverse direct gravure coater
and the coated film was passed through a dry-air oven at
from 100 to 125°C. This produced a coating weight of 0.5
g/m?.

The dried films were then tested in an oxygen-
permeability device in which a stream of dry oxygen is
passed through an agueous salt soldtioﬁ-permeated pad to
control the gas moisture content and then through the
films, disposed at right angles to the stream with the
cross-linked PVOH_coating upstream. The oxygen
transmitted was determined and the amocunt of oxygen
passed per unit area of film per time period was
calculated.

Samples bearing cross-linked PVOH layer obtained by
using sulfuric acid catalyzed systems were superior to
any other catalyzed system for inhibiting the
transmission of oxygen through the packaging films. The
rubbing resistance of the sulfuric acid catalyzéd film
combinations was also outstanding. Oxygen transmission
and rubbing resistance rates for several samples bearing
PVOH cross-linked in the presence of methylated melamine
formaldehyde, ammonium chloride and sulfuric acid are set.
forth in Table 5 below. |
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at

and

(I'l) an oxygen barrier

cross-linked with an al dehyde cont ai ni ng

CLAIMS: 1. A polyneric filmstructure which
- 32 -

- 36-
(I') a polyneric substrate having a first and second surface,

In the presence of a catalytic anmount of an inorganic

al cohol

2 7 SEP 1996

| i nki ng agent
acid on said treated surface of said polyneric substrate;

| east the first surface having been treated;

conpri si ng pol yvi nyl

conpri ses:
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(I'1'l) a noisture barrier conprising (1) a cellulose material |lamnated to

an outer *surface of said oxygen barrier, (2) a netallized polyneric
conposite conprising an oriented polyolefin |ayer having at |east one
treated surface and a netal coating thereon, or (3) a |layer of

pol yvi nyl i dene chl ori de adhered to said second surface. 2. The film
structure of Claiml, wherein said cellulose material is paper, paperboard
or fiberboard, said oriented polyolefin |ayer is oriented pol ypropyl ene, or -
pol ypropyl ene and pol yet hyl ene, and sai d3@etal coating is alum num copper,

silver, or chromum 3. The filmstructure of Claim1, fur&QFr coqprising
an adhesi ve bet wedbd@ & dAlpstoGes shaf,gamples bearing PVOH cross-

linked with sulfuric acid have oxygen transmission rate
and rubbing resistance values far superior to those
cross-linked with ammonium chloride.

EXAMPLE 5

A cross-linked PVOH coating was applied to a 1.00
mil OPP film, surface treated and primed as in Example 4
above. The resulting film combination was laminated onto
the cross-linked PVOH bearing surface with a layer of
metallized OPP. The lamination was carried out by using
a coating of polyurethane adhesive over the vacuum
deposited aluminum surface of the metallized OPP. The
resulting structure had excellent oxygen and moisture
barrier properties as illustrated in Table 6 below.

This is the replacement sheet
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4. The film
nyl on,

pol yet hyl ene terepht hal at e,

pol yet hyl ene,
and m xtures thereof.—- 84 JIhe filmstructure of any one of

or said netallized polyneric conposite.

wherei n said adhesi ve i s pol yuret hane or
-37- 5. The filmstructure of any one of Clains 1 to

[err]

wherein said polyneric substrate is selected fromthe group consisting

of oriented pol ypropyl ene,

cast pol yol efins,

said cellul ose materi al
Clains 1 to 5,

structure of Claim3,

pol yet hyl ene.

4,
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wherein said al dehyde containing cross-linking agent is selected fromthe
group consi sting of urea fornal dehyde, nel am ne fornmal dehyde, nethyl ated
mel am ne- f or mal dehyde, trinethylol nelam ne urea formal dehyde, and m xtures
thereof. 7. The filmstructure of any one of Clains 1 to 6, wherein said
oxygen barrier includes from62.5%to 95% by wei ght of said pol yvinyl

al cohol and from5%to 30% by wei ght of said cross-linking agent. 8. The
filmstructure of any one of Clainms 1 to 7, wherein said oxygen barrier
includes fromO0.1%to 7.5% by weight of sggd inorganic acid. 9. The film
structure of any one of Clainms 1 to 8 wherein said polyneric substrate
further conprises a coextruded propyl ene-ethyl ene copol yner skin on at

| east :

In Table 6, uncoated OPP shows poor oxygen barrier
and moisture properties. By coating OPP with cross-
linked PVOH the oxygen barrier properties of the
resulting film structure increase dramatically. However,
the moisture barrier properties are not enhanced.

Table 6 further illustrates that a typical metallized OPP
provides an excellent moisture barrier; however, with TO,
values from 30 to 77 cc/m?*/24 hr the oxygen barrier
properties of metallized OPP are inadequate for many
applications. Consequently, when a metallized OPP layer
is laminated or polymounted onto a film combination
including cross-linked PVOH, the resulting structure has
both excellent oxygen and moisture barrier properties.
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one surface thereof. [err] This is the
repl-acenent sheet Date: 2 7 SEP 1996 -38- 10. The filmstructure of
any one of claims 1 to 9, wherein said polyneric substrate further
conprises a prinmer on at |east one surface thereof, said priner selected
fromthe group consisting of a priner produced .by condensing a nonoal dehyde
with an interpolynmer of acrylam de or nethacrylam de and at | east one ot her
unsat urated nononer; a primer produced by condensi ng am noal dehyde with
acryl ami de or nethacryl am de and -36-

CLAIMS:

1. A polymeric film structure which comprises:

(I) a polymeric substrate having a first and second
surface, at least the first surface having been
treated;

(II) an oxygen barrier comprising polyvinyl alcohol
cross-linked with an aldehyde containing cross-
linking agent in the presence of a catalytic
amount of an inorganic acid on said treated
surface of said polymeric substrate; and

(III) a moisture barrier comprising (1) a cellulose
material laminated to an outer surface of said
oxygen barrier, (2) a metallized polymeric
composite comprising an oriented polyolefin
layer having at least one treated surface and a
metal coating thereon, or (3) a layer of
polyvinylidene chloride ‘adhered to said second
surface.

2. The film structure of Claim 1, wherein said
cellulose material is papér, paperboard or fiberboard,
said oriented polyolefin layer is oriented polypropylene,
or polypropylene and polyethylene, and said metal coating
is aluminum, copper, silver, or chromium.

3. The film structure of Claim 1, further
comprising an adhesive between said oxygen barrier and
said cellulose material or said metallized polymeric
composite. '

4. The film structure of Claim 3, wherein said
adhesive is polyurethane or polyethylene.

%

R O T A This is the roplacemort shest
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I nt erpol yneri zing the condensation product w th another unsaturated nononer
I n tthe presence of a [err] al kanol; poly(ethyleneimne); and the reaction
product of an epoxy resin and an acidified am noethylated vinyl polynmner.

11. The filmstructure of any one of Clainms 1 to 10, wherein said polyneric
substrate further conprises a heat seal |ayer on a surface of said

pol yneric substrate. 12. The film structure of any one of Clains 1 to 10,
wherein said cellulose material further conprises a heat seal |ayer on an
outer surface of said cellulose materiat37ferr] This is the replacenent

sheet Dat e: 2 7 SEP 1996 .
S. The film structure of any one of Claims 1 to 4,

wherein said polymeric substrate is selected from the
group consisting of oriented polypropylene, polyethylene,
polyethylene terephthalate, nylon, cast polyolefins, and
mixtures thereof.

6. The film structure of any one of Claims 1 to 5,
wherein said aldehyde containing cross-linking agent is
selected from the group consisting of urea formaldehyde,
melamine formaldehyde, methylated melamine formaldehyde,
trimethylol melamine urea formaldehyde, and mixtures
thereof.

7. The film structure of any one of Claims 1 to 6,
wherein said oxygen barrier includes from 62.5% to 95% by
weight of said polyvinyl alcchol and from 5% to 30% by
weight of said cross-linking agent.

8. The film structure of any one of Claims 1 to 7,
wherein said oxygen barrier includes from 0.1% to 7.5% by
weight of said inorganic acid.

9. The film structure of any one of Claims 1 to's,
wherein said polymeric substrate further comprises a
coextruded propylene-ethylene copolymer skin on at least
one surface thereof.

A DB

This is the replacement 3keet’
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-39- 13. A polyneric filmstructure having inproved oxygen and noi sture
barrier characteristics, produced by the follow ng steps: (i) coating one
surface of a polyneric substrate adapted to receive an oxygen barrier with
an aqueous sol ution of polyvinyl alcohol, an al dehyde-contai ni ng _
cross-1inking agent and a catalytic amount of sulfuric acid and allow ng
sai d polyvinyl alcohol to cross-link thereby formng said oxygen barrier;
and (ii) providing a noisture barrier to an outer surface of said oxygen
barrier by (1) adhesion | am nating box bd=d material onto said outer

surface of said oxygen )
. The film structure of any one of claims 1 to 9,

wherein said polymeric substrate further comprises a
primer on at least one surface thereof, said primer
selected from the group consisting of a primer produced
by condensing a monoaldéhyde with an interpolymer of
acrylamide or methacrylamide and at least one other
unsaturated monomer; a primer produced by condensing
aminocaldehyde with acrylamide or methacrylamide and
interpolymerizing the condensation product with another
unsaturated monomer in the presence of a C,-C, alkanol:;
poly(ethyleneimine); and the reaction product of an epoxy
resin and an acidified aminoethylated vinyl polymer.

11. The film structure of any one of Claims 1 to
10, wherein said polymeric substrate further comprises a
heat seal layer on a surface of said polymeric substrate.

12. The film structure of any one of Claims 1 to
10, wherein said cellulose material further comprises a
heat seal layer on an outer surface of said cellulose
material.

AR

This is the replacement sheet
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barrier layer, or by (2) adhesion or extrusion |lamnating of netallized

ori ented’ pol ypropyl ene onto said outer surface of said oxygen barrier

| ayer. 14. The filmstructure of Claim 13, wherein said aqueous sol ution

i ncludes a solid content conprising from62.5%to 95% by wei ght of said

pol yvinyl alcohol, from5%to 30% by weight of said cross-linking agent and
up to 7.5% by weight of said sulfuric acid. 15. The filmstructure of Caim
13, wherein said polyneric substrate has been treated to a surface free
energy of at |least 35 dynes/cm 16. The=@i9=m structure of Claim1, further

conprising an opaque |ayer on said oxygen barrier or on said noisture
barrier |ayer, sai¥P opdyRCIMRTLIG HP Faaatunedaioind|amreweda i xture

of cavitated oxygen and moisture barrier characteristics, produced by
the following steps:

(i) coating one surface of a polymeric substrate
adapted to receive an oxygen barrier with an aqueous
solution of polyvinyl alcohol, an aldehyde-containing
cross-linking agent and a catalytic amount of sulfuric
acid and allowing said polyvinyl alcohol to cross-link
thereby forming said oxygen barrier; and

(ii) providing a moisture barrier to an outer
surface of said oxygen barrier by (1) adhesion laminating
box board material onto said outer surface of said oxygen
barrier layer, or by (2) adhesion or extrusion laminating
of metallized oriented polypropylene onto said outer
surface of said oxygen barrier layer.

14. The film structure of Claim 13, wherein said
aqueous solution includes a solid content comprising from
62.5% to 95% by weight of said polyvinyl alcohol, from 5%
to 30% by weight of said cross-linking agent and up to
7.5% by weight of said sulfuric acid. |

15. The film structure of Claim 13, wherein said
polymeric substrate has been treated to a surface free
energy of at least 35 dynes/cm.

16. The film structure of Claim 1, further
comprising an opaque layer on said oxygen barrier or on -
said moisture barrier layer, said opaque layer being a
cavitated polyolefin or a mixture of cavitated
polyclefins.
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17. *The filmstructure of Aaim1l1, further conprising an outer |ayer

| am nat ed onto said oxygen barrier. 18. The filmstructure of Caim 17
wherein said outer layer is polyethylene terephthalate, oriented

pol yvi nyl i dene, nylon, |ow density pol yethylene, linear |ow density

pol yet hyl ene, or high density polyethylene. 19. The filmstructure of O aim
17, wherein said
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17. The film structure of élaim 1, further

comprising an outer layer laminated onto said oxygen
barrier.

18. The film structure of Claim 17, wherein said
outer layer is polyethylene terephthalate, oriented
polyvinylidene, nylon, low density polyethylene, linear
low density polYethylene, or high density polyethylene.

19. The film structure of Claim 17, wherein said
outer polymeric layer is paper, paperboard, or
fiberboard.
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outer polyneric |ayer is paper, pape_r"b.oaj"rd;,_:d'g)r fi berboard. This is the
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BARRIER FPILM STRUCTURES
STRACT
A polymeric film structure having improved oxygen,

flavor/odor, grease/oil and moisture barrier
characteristics is disclosed. The structure includes a
polymeric substrate adapted to receive an oxygen barrier
‘on one side thereof and a moisture barrier on the other
side of the oxygen barrier, or a polymeric core
sandwiched between an oxygen barrier on one side thereof
and a moisture barrier on the other side of the polymeric
core. The oxygen barrier includes polyvinyl alcohol
cross-linked with aldehyde containing cross-linking
agents in the presence of a catalytic amount of inorganic
acid, e.g., sulfuric acid. The moisture barrier is
cellulosic material, preferably box board; metallized
polymeric composite, preferably metallized oriented
polypropylene; or a coating of poiyvinylidene chloride.

(FIGURE 1 IS SUGGESTED FOR PUBLYCATION)
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