
WO 98/04411
PCT/US97/12469 1 IMPROVED BARRIER FILM STRUCTURES The present invention
relates to barrier film structures and, more particularly, to polymeric
films having PVOH-based coatings adhered thereto for improved barrier
properties. 5          Polymeric film structures are used in many
commercial applications. One particularly important application is the food
packaging industry. Film structures employed in the food packaging industry
are chosen and/or designed to provide characteristics necessary for proper
food containment. Such characteristics include water vapor barrier
properties, oxygen and gas barrier properties and flavor and aroma barrier
properties. One commonly 10   employed structure includes a flexible and
durable polymeric film substrate that provides the film structure with
structural integrity and water vapor barrier properties, and at least one
coating adhered thereto that provides the film structure with oxygen, gas
barrier and flavor aroma barrier properties. For example, coatings of
polyvinyl alcohol ("PVOH") are known to provide a barrier 15   to the
transmission of oxygen, and have been applied to various polymeric
substrates in the past. PVOH, however, is soluble in water and is therefore
susceptible to attack by moisture. In this regard, various attempts have
been made to decrease the sensitivity of PVOH to attack by moisture. One
known method of decreasing the sensitivity of a PVOH-based coating to
attack 20    by moisture involves the crosslinking of the PVOH. That is, a
crosslinking agent and catalyst may be applied along with the PVOH such
that the agent interconnects and thereby crosslinks the PVOH molecules as
such coating is dried. The crosslinked coating thereafter exhibits
increased resistance to attack by moisture as compared to non-crosslinked
coatings. As mentioned, a catalyst is typically added to the coating
solution to facilitate the 25    crosslinking process. To ensure adequate
bonding between a PVOH-based coating and the underlying substrate, the
prior art typically employs a primer. More particularly, a primer, e.g.,
polyethyleneimine, is applied to the substrate prior to the application of
the PVOH-based coating. The use of primers, however, is not without its
disadvantages. For example, the 



30   use of a primer increases the number of manufacturing steps and also
increases the manufacturing cost of producing the film structure. Moreover,
applications may exist in    WO 98/04411
PCT/US97/12469 2 which the presence of a primer in the film structure may
negatively impact or limit the use of such structure. The prior art has
attempted to apply PVOH-based coatings to polymeric substrates in the
absence of a primer. These attempts have included efforts to modify the
surface of the 5   underlying substrate by, for example, the blending of
various components such as maleic acid anhydride therein. Commonly-owned
U.S. Patent No. 4,650,721 discloses a film structure in which a coating of
PVOH is applied to a maleic acid anhydride-modified polypropylene substrate
and thereafter oriented to affect adhesion therebetween. However, the use
of modified polymeric substrates is again not without its disadvantages.
The modification of 10   the substrate increases the number of
manufacturing steps and/or increases the manufacturing cost of producing
the film structure. Moreover, the modification of the polymeric substrate
may negatively impact other film characteristics such as machinability,
processsability and clarity. There is therefore a need in the art for a
barrier film structure which is formed by the 15   application of a
PVOH-based coating to a surface of a polymeric substrate in the absence of
a primer and/or use of a modified substrate. In this regard, the PVOH-based
coating should adhere firmly to the surface of the underlying substrate,
while exhibiting improved barrier properties and improved rubbing
resistance. The present invention, which addresses the need in the art,
relates to a polymeric film 20   structure having improved barrier
characteristics. The film structure is produced by the process of coating
at least one side of a polymeric substrate with a solution of a polyvinyl
alcohol-vinyl amine copolymer, an aldehyde-containing crosslinking agent in
an amount sufficient to effect crosslinking throughout said copolymer and a
catalytically-effective amount of a crosslinking-promoting acid catalyst. 



25          In one preferred embodiment, the copolymer includes from 2% to
20% of vinyl amine, and preferably 6% to 12% of vinyl amine. The
aldehyde-containing crosslinking agent is preferably selected from the
group consisting of melamine formaldehyde, urea formaldehyde and glyoxal.
The crosslinking-promoting acid catalyst is preferably selected from the
group consisting of hydrochloric acid, sulfuric acid, phosphoric acid and
acetic acid. 30   Finally, the coating solution is preferably coated on the
surface of an unmodified polymeric substrate in the absence of a primer
layer therebetween.    WO 98/04411
PCT/US97/12469 3 As a result, the present invention provides a barrier film
structure which is formed by the application of a PVOH-based coating to a
surface of a polymeric substrate in the absence of a primer layer
therebetween and in the absence of the use of a modified polymeric
substrate. The PVOH-based coating firmly adheres to the surface of the
underlying 5   substrate, even in the absence of the primer and/or resin
modifier. The PVOH-based coating exhibits a high degree of crosslinking
upon drying. Moreover, the crosslinked coating exhibits excellent barrier
properties and resistance to rubbing. The films of the present invention
are produced by coating at least one side of a polymeric substrate with a
solution of a polyvinyl alcohol-vinyl amine copolymer, an 10
aldehyde-containing crosslinking agent in an amount sufficient to effect
crosslinking throughout the polyvinyl alcohol-vinyl amine and a
catalytically-effective amount of a crosslinking-promoting acid catalyst.
The polyvinyl alcohol-vinyl amine copolymer is thereafter crosslinked to
provide an oxygen barrier, i.e., a polymeric layer which resists the
transmission of oxygen. The improved oxygen barrier layer may be adhered to
any number of 15   polymeric substrates. The oxygen barrier layer is
preferably adhered to polymeric films formed from polyolefins. One
particularly preferred polyolefin is polypropylene. It has been discovered
that a coating solution of polyvinyl alcohol-vinyl amine copolymer and an
aldehyde-containing crosslinking agent in the presence of a catalytically-
effective amount of a crosslinking-promoting acid catalyst will adhere to
an underlying 



20   polymeric substrate in the absence of a primer layer therebetween and
without the use of a modified polymeric substrate. Stated differently, the
need for precoating the surface of the underlying substrate with any of the
various known primers (e.g., polyethyleneimine (PEI)) has been eliminated.
Moreover, this may be accomplished with an unmodified polymeric substrate,
i.e., a substrate formed from a polymer which has not been modified by the
25   blending of various components therein in an effort to improve the
surface bonding characteristics of the resultant extruded film. Thus, the
aforementioned PVOH-based coating solution may be applied directly to a
surface of an unmodified polymeric substrate. This then eliminates the
additional manufacturing steps required in the prior art, thus reducing the
manufacturing cost of the 30   film structure. Moreover, the removal of the
primer and/or modifier components from the film structure allows such
structure to be used in a greater variety of applications, while also
permitting greater manufacturing flexibility.    WO 98/04411
PCT/US97/12469 4 The polyvinyl alcohol-vinyl amine copolymer includes from
2% to 20% of vinyl amine, and preferably includes 6% to 12% of vinyl amine.
Polyvinyl alcohol-binyl amine, including at least one preferred method of
manufacture, is discussed in U.S. Patent No. 5,300,566, assigned to Air
Products and Chemical Company. 5          Although PVOH-based coatings
provide a barrier to the transmission of oxygen, PVOH itself is soluble in
water and therefore susceptible to attack by moisture. As a result, PVOH
layers which will be exposed to moisture are typically crosslinked. The
crosslinking of the PVOH layer substantially reduces its susceptibility to
attack by moisture. In the present invention, an aldehyde-containing
crosslinking agent in an amount 10   sufficient to effect crosslinking
throughout the polyvinyl alcohol-vinyl amine copolymer is added to the
coating solution. The crosslinking agent is preferably selected from the
following agents: melamine formaldehyde, urea formaldehyde, glyoxal and
agents derived therefrom. The melamine formaldehydes are particularly
preferred crosslinking agents. 



Commercially available melamine formaldehyde crosslinking agents include
Cymel 303, 15   Cymel 350, Cymel 373, Parez 613, Parez 617 and Parez 707,
available from American Cyanamid Co. To promote and facilitate the
crosslinking of the polyvinyl alcohol-vinyl amine copolymer, a
catalytically-effective amount of a crosslinking-promoting acid catalyst is
added to the coating solution. The acid catalyst is preferably selected
from the following acids: 20   hydrochloric acid (HCL), sulfuric acid
(H[err]SO[err]), phosphoric acid (H[err]PO[err]) and acetic acid
(CH[err]COOH). The pH of the coating solution is preferably maintained
within the range of from 1 to 6, and more preferably at a pH of 2 to 4. The
coating solution includes from 60% to 95% of the polyvinyl alcohol-vinyl
amine copolymer, and more preferably from 70% to 80% of the polyvinyl
alcohol-vinyl amine 25   copolymer. The coating solution further includes
from 2% to 40% of the aldehyde- containing crosslinking agent, and more
preferably from 15% to 30% of the aldehyde- containing crosslinking agent.
Finally, the coating solution includes from 0.1% to 10% of the
crosslinking-promoting acid catalyst, and more particularly from 0.5% to 5%
of the crosslinking-promoting acid catalyst.    WO 98/04411
PCT/US97/12469 5 The solution, which is preferably aqueous, is prepared by
mixing the polyvinyl alcohol-vinyl amine ("PVOH-VAm") copolymer with the
aldehyde-containing crosslinking agent in a water solution. Thereafter, the
acid catalyst is added in an amount sufficient to adjust the pH tol-6, and
preferably to 24. 5          In one preferred embodiment, the aqueous
solution includes from 3% to 20% by weight of solid and, more preferably,
from 5% to 10% by weight of solid. The side of the substrate to be coated
is preferably surface treated in a conventional manner, e.g., by flame
treatment, corona treatment, or other similar treatment. In one particular
preferred embodiment, the surface of the substrate to be coated is corona
treated 10   such that the surface exhibits a surface tension of from 35
dynes to 45 dynes and, more 



preferably, 38 dynes. Finally, the PVOH-based coating of the present
invention allows the application of a top coating thereover. For example,
an acrylic heat seal coating may be applied to the exposed surface of the
PVOH-based coating. 15          The following examples illustrate the
enhanced barrier characteristics of films produced in accordance with the
present invention. EXAMPLE Samples 1 a to 1e were produced as described
below and measured for % crosslinking (after 1 hr. off line) and TO[err]
(cc/100in[err]/24 hr. @ 100[err]F and 90% RH) and set forth below. 20
The polymeric substrate used in each of Samples 1a-1e was an oriented
polypropy- lene film having a thickness of 1 mil. The polypropylene
substrate was corona treated whereby the treated surface exhibited a
surface energy of 38 dynes. Samples 1a-1c employed a polyethyleneimine
primer, while Samples 1d-1e were produced in the absence of a primer in
accordance with the present invention. 25          The coating solutions
were aqueous solutions of PVOH (ELVANOL 7130) or PVOH/VAm (6% VAm) as
identified below, melamine formaldehyde (Parez 707) in the amount
identified below and a phosphoric acid catalyst (H3P04) in an amount
effective to adjust the pH of the coating solution to approximately 2.5.
The coating solutions were applied at a coating weight of 0.4 g/msi.    WO
98/04411
PCT/US97/12469 6 Sample         Primer         Coating
X-linking      TO[err] (% after       (cc/100in[err]/24 hr. 1 hour)       @
100[err]F and 90% RH) 5     1a             PEI            PVOH + 22 pis
X-linker           90           0.018 lb             PEI
PVOH/VAm + 22 pts X-linker*     98           0.022 1c             PEI
PVOH/VAm + 30 pts X-linker      99           0.019 



Id             None           PVOH/VAm + 22 pts X-linker      90
0.079 le             None           PVOH/VAm + 30 pts X-linker      98
0.021 10    * "pts X-linker" = parts crosslinking agent As is readily
apparent from the data set forth in the table, Sample I e formed in
accordance with the present invention exhibits excellent oxygen barrier
properties. These properties are comparable to the barrier properties
achieved in the prior art film structures (e.g., Sample la), but are
achieved in a film structure which does not employ a primer layer 15
between the surface of the substrate and the PVOH-based coating and does
not require the use of modified polymeric substrate. The PVOH-based coating
of Sample 1 e adheres firmly to the underlying substrate as measured by wet
rubbing of the coated film structures. Moreover, the film structure of
Sample 1 e exhibits a high degree of crosslinking (98% after I hr.), thus
reducing the drying and/or storage time required to achieve maximum
crosslinking.    WO 98/04411
PCT/US97/12469 CLAIMS: 1.    A polymeric film structure having improved
barrier characteristics produced by the process comprising: coating at
least one side of a polymeric substrate with a solution of a polyvinyl
alcohol-vinyl amine copolymer, an aldehyde-containing crosslinking agent in
an 5      amount sufficient to effect crosslinking throughout said
copolymer and a catalytically- effective amount of a crosslinking-promoting
acid catalyst. 2.    The film structure according to Claim 1, wherein said
copolymer includes from 2% to 20% of vinyl amine. 3.    The film structure
according to Claim 2, wherein said copolymer includes 6% to 12% of vinyl
amine. 4.    The film structure according to Claim 1, 2 or 3, wherein said
aldehyde- containing crosslinking agent is selected from the group
consisting of melamine formaldehyde, urea formaldehyde and glyoxal. 5.
The film structure according to Claim 1, 2 or 3 wherein said crosslinking- 



promoting acid catalyst is selected from the group consisting of
hydrochloric acid, sulfuric acid, phosphoric acid and acetic acid. 6.
The film structure according to Claim 1, 2 or 3 wherein said solution has a
pH level of from 2 to 4. 7.    The film structure according to Claim 1, 2
or 3wherein said solution is coated on said substrate in the absence of a
primer. 8.    The film structure according to Claim 1, 2 or 3 wherein said
solution is aqueous.    WO 98/04411
PCT/US97/12469 8 9.    The film structure according to Claim 1, 2 or 3
wherein said solution includes from 70% to 80% of said copolymer, from 15%
to 30% of said crosslinking agent and from 0.5% to 5% of said acid
catalyst. 10.   The film structure according to Claim 1, 2 or 3 wherein
said at least one side of said polymeric substrate is subjected to a
surface treating process selected from the group consisting of corona
discharge and flame treatment. 11.   The film structure according to Claim
10, wherein said surface treated side exhibits a surface energy of from 3 5
to 45 dynes.    


