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An  oxygen and
moisture impermeable

multilayer  barrier  film

was provided including a 16
barrier layer comprising a /
homopolymer of vinylidene
chloride or a copolymer

/|2

of vinylidene chloride and T 7

vinyl chloride or methyl SN S
methacrylate.  The barrier :

layer may be coated onto

or coextruded with a water '8

soluble film layer comprising

a blend of a water soluble

polymer such as polyvinyl

g [/ [Z
S\

alcohol, polycaprolactone, or polyethyloxozaline and a thermoplastic polyurethane. The multilayer film may be used for reusable or
disposable ostomy bags and for heat sealable bags used in packaging agricultural chemicals, detergents, and other household chemicals.
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WO 95/08440 PCT/US94/09682

MULTILAYER BARRIER FILM FOR OSTOMY APPLICATIONS

The present invention relates to an oxygen and moisture impermeable
coextruded or coated multilayer barrier film, and to articles produced therefrom inciuding
ostomy bags and heat sealable bags for packaging a variety of materials.

Plastic film laminates having oxygen and moisture vapor barrier properties were
desirable for current packaging requirements, as well as for use in medical applications such as
the fabrication of ostomy bags. Such films have been provided through the use of multi-ply
film laminates where at least one of the plies was oxygen and moisture vapor impermeable.
Typicaily, the films comprise chlorinated polyethyiene films or piasticized polyvinyl chloride
films, polyvinylidene chloride copolymer films, or multilayered structures such as ethylene vinyl
acetate - polyvinylidene chioride/ethylene vinyl acetate combination films. Such constructions
adequately meet the needs of oxygen and moisture barrier properties, but in use were often
difficult to dispose of in @ manner convenient to the user, such as by flushing the bag down a
toilet.

Martini et al, U.S. Patent No. 4,906,495, relate to a laminated film used for ostomy
applications. The barrier and water soluble layers must be glued together using an additional
adhesive layer. Such additional layers not only add to materials and manufacturing costs, but
also result in a thicker film laminate having greater stiffness.

Both Brooks et al, U.S. Patent No. 4,772,279, and Coombes, U.S. Patent No.
4,917,689, relate to disposable ostomy bags having an outer water soluble layer of polyvinyl
alcohol and aninner relatively insoluble layer of polyvinylidene chloride. Likewise, United
Kingdom Patent Nos. 2,083,762 and 2,193,925 both show disposable ostomy bags which
include a water soluble layer and a barrier |layer.

However, many of the current prior art multilayer films do not have heat sealable
surfaces, and thus, require complex processes for the fabrication of bags, such as positioning
the barrier {ayer on only a portion of the film. Moreover, many require adhesives to laminate
the layers so that they hold together. Accordingly, the need still exists for multilayer barrier
films which may be produced by simpler and iess expensive conventional processes without the
need for additional adhesive layers and lamination steps and for fiims which were
impermeable to moisture and oxygen, provide odor barrier, and which have a heat sealable
surface for forming bags or the like.

The present invention meets that need by providing an oxygen and moisture
impermeable mutltilayer barrier film which may be produced by coextrusion or coating
techniques without the need for separate adhesive layers to secure the other layers together.
The film provides excellent adhesion between layers, odor barrier characteristics, and a heat

sealable surface for fabrication of bags.
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According to one aspect of the present invention, an oxygen and moisture
impermeable muitilayer barrier film having a heat seal strength of at least 1.0 Ib/inch of film
width, and preferably greater than 1.5 Ib/inch of film width was provided. By "oxygen
impermeable”, it was meant that the film has an oxygen transmission rate of equal to or less
than 90 cc/m2/day'atm. By "moisture impermeable"”, it was meant that the film has a water
vapor transmission rate of equal to or less than 5 gm/m2/day.

In one embodiment of the invention, for use in ostomy applications, the film
comprises a barrier iaver of a homopolymer or copolymer of vinylidene chioride which was
coextruded with or coated onto a water solubie film layer. The water soiuble layer preferably
comprises a blend of a water soluble polymer such as polyvinyl alcohol, polycaprolactone, or
polyethyloxozaline and a thermoplastic poiyurethane. Preferably, the water soluble layer was
thicker than the barrier layer and comprises from | to 50- by weight of the thermoplastic
polyurethane, and more preferably from 10 to 25~ by weight of the thermoplastic
polyurethane. The water soluble film may be a monolayer or may include two or more layers
with the first layer comprising the water soluble polymer and thermoplastic polyurethane
biend and the second layer comprising the same or different water soluble polymer to enhance
the water solubility of the film.

Furthermore, the adhesion between the water solubie and barrier iayers may be
enhanced by a number of means. These include coating or coextruding a thermoplastic
polyurethane layer to the water soluble layer or blending an adhesion-enhancing amount of a
thermopiastic polyurethane with the barrier layer. The resulting film has an oxygen
transmission rate of less than 90 c¢/m2/dayatm. The barrier layer was formulated to heat seal
to itself to form a disposabie bag with the barrier film facing inward.

in an aiternative form of this embodiment of the invention, the barrier film may
further comprise an optional heat sealable skin layer of a suitable adhesive resin including such
as a thermoplastic polyurethane on the side opposite the water soluble layer. Such a iayer
provides enhanced heat seal properties to the film.

It has been found that the multilayer barrier films of the present invention have a
sufficient bond between the layers to permit coextrusion or coating without the use of
additional adhesive layers and without the need for a lamination of the layers. Further, the
resulting barrier film possesses properties which render the film suitable for use as disposable
or reusable ostomy pouches, as well as packages for agricultural chemicals, detergents, and
other household chemicals.

Accordingly, it was a feature of the present invention to provide an oxygen and
moisture permeable multilayer barrier film which may be produced using coextrusion or
coating processes. Further features of the invention include odor barrier characteristics and the

capability to form heat sealable bags and pouches from the fiim.
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Fig. 1 was a schematic cross-section of one embodiment of the multilayer barrier
film of the present invention useful as a disposabie ostomy pouch including a water solubie
layer; and

Fig. 2 was a front elevational view of an ostomy bag or pouch formed from the

multilayer barrier film of Fig. 1 of the present invention.

The multilayer barrier film of the present invention provides greater adhesion
between layers than prior art laminated films without the need for separate adhesive or glue
layers and the attendant cost associated with the extra manufacturing step involved with
lamination. This allows the films to be produced by a coating process in which the barrier film
materiai was coated onto a water soluble film layer. The resulting multilayer films possess low
oxygen and moisture vapor transmission rates, as well as having the odor barrier properties
needed for ostomy applications. The practice of the present invention makes it possible to
achieve these properties without the use of additional adhesive layers through the proper
selection and blending of the components of each layer of the film.

Referring now to Fig. 1, where the layer thicknesses were not to scale, one
embodiment of the invention for ostomy applications was illustrated in which muitilayer film
10-comprises a barrier layer 14 of a homopolymer or copolymer of vinylidene chioride with
vinyl chloride or methyl methacrylate which was coextruded with or coated onto a water
soluble film layer 12. The water soluble layer 12 preferably comprises a blend of a water
soluble polymer such as, for example, polyvinyl alcohol, polycaprolactone, or
polyethyioxozaline and a thermoplastic polyurethane. Typically, water soluble layer Il -
comprises from | to 50- by weight of the thermoplastic polyurethane, and more preferably from
10 to 25- by weight of the thermoplastic polyurethane. !f desired, additional thermoplastic
polyurethane may be added to the blend to enhance the adhesion of the coating to the barrier
layer. However, caution must be used as the water solubility of the film was adversely affected
as the amount of thermoplastic polyurethane was increased. While the water soluble film may
comprise a single monolayer of the biend, it was also possible to coextrude this biend with
another water soluble polymer resin to produce a bi-layer film having enhanced water
solubility.

An example of a suitable barrier material includes a copolymer of vinyl chloride
(15-20 percent by weight) and vinylidene chloride (80-85 percent by weight) commercially
available from The Dow Chemical Company under the trademark Saran® F279. As the water
soluble film layer, a water soluble polyvinyi alcohol resin such as Vinex® 5030 resin,
commercially available from Air Products and Chemicals, Inc. may be used. Where a bi-layer
film having enhanced water solubility was desired, other water soluble polyvinyi alcohol resins
such as Vinex® 2144 may be used. The two or more layers may be coextruded. If coextruded,
the relative thickness of the two layers may be controlléd, giving the advantage of being able

to controi the water solubility
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characteristics of the film. For example, the unmodified water soluble polymer resin layer may
comprise up to 75 percent or more of the bi-layer film to provide ennanced water solubility.

As previously discussed, from 1 to 50 percent of a thermopiastic polyurethane
may be blended with the polyvinyl alcohol or other water soluble poiymer layer. Suitabie
thermoplastic poiyurethanes include those based on the reaction of a polyisocyanate (aromatic
or aliphatic) with polyester, polyether, or polycaprolactone polyols. Chain extenders such as
diols and diamines may aiso be used in the reaction. Such thermoplastic polyurethanes were
commercially available from the B.F. Goodrich Co. under the trademark Estane® and from The
Dow Chemical Company under the trademark Pellethane®. A preferred thermopiastic
polyurethane composition was Pellethane® 2355-95AE.

As shown, an optional thermoplastic polyurethane skin 16 may be coextruded
with or coated on the surface of water soluble layer 12. Skin layer 16, and/or the thermoplastic
polyurethane blended into water soiuble layer 12, acts as to enhance the adhesion of barrier
layer 14 to water solublie layer 12. The resulting film should have an oxygen transmission rate
of less than 90 ct/m2/day-atm (6 ¢¢/100 in2/day-atm). This higher oxygen transmission rate was

acceptable for a barrier film which was designed to be disposable. As shown, the multilayer

~ film may include an optional skin layer 18 of a heat sealable material such as, for example, a

thermoplastic polyurethane or other suitable adhesive resin on the side of the film opposite
water soluble layer 12 to provide enhanced heat seal properties for the film when folded to
form a bag or pouch.

Fig. 2illustrates a typical disposable ostomy bag 20 including an opening 22
formed from the muitilayer barrier film of Fig. 1. The bag may be formed by folding and heat
sealing the edges of muitilayer film 10. The film was preferably folded and sealed such that the
barrier and heat sealable skin layers provide the inner surfaces of the bag or pouch 20. The
barrier film of the present invention provides an easily disposable ostomy pouch with the
moisture resistance and odor and oxygen barrier properties needed. As will be appreciated by
those skilled in the art, the barrier films of the present invention may also find use in other
packaging applications where moisture and oxygen barrier properties were required.

The multilayer film of the present invention may be produced using conventional
extrusion or coating techniques. When using a coextrusion device, the configuration of the
extrusion die can be varied and can be such as to reduce the thickness and dimensions of each
individual layer. Thus, the thickness of the multilayer film may be controlled. Suitable coating
devices include rotogravure coaters.

When coextruding a preferred embodiment of the water soluble film, advantages
were obtained when the adhesion-enhancing properties of the thermoplastic polyurethane
were combined with the superior water solubility properties of the polyvinyl alcohol resin. In
such a coextrusion, it was preferable to make the water soluble polyvinyl alcohol layer the
thicker layer, comprising 75 percent or more of the ovérall film thickness. Typically, the water

soluble
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layer wiil be between 1to 3 mils thick, while the barrier iayer wiil have a thickness of between
0.1 to 0.2 miis.

However, it should be appreciated that many different layer combinations were
possible. For exampie, the film may comprise a first iayer of the water soluble
polymer/thermonpiastic poiyurethane blend, a second layer of a thermoplastic poiyurethane,
and a barrier iayer comprising a vinylidene chloride homopolymer or copoiymer. Another
possible combination comprises the water soluble polymer/thermoplastic polyurethane blend
and a barrier layer comprising a vinylidene chioride/ thermopiastic polyurethane biend. Still
another combination was a coextruded three layer film comprising the water soluble
poiymer/thermonpiastic polyurethane biend and a layer of thermaplastic polyurethane, and a
third layer comprising the polyvinylidene chloride/thermoplastic poiyurethane blend. Still
another possible combination includes a first layer comprising the water soluble
polymer/thermoplastic polyurethane blend, a second layer comprising thermoplastic
polyurethane, a third layer of a vinylidene chloride homopolymer or copolymer, and a fourth
layer of the thermopiastic polyurethane.

In order that the invention may be more readily understood, reference was made
to the following examples, which were intended to be illustrative of the invention, but were
not intended to be limiting in scope.

Example 1

A muitiiayer film was produced in accordance with the present invention by first
dissolving 5- by weight of a thermoplastic polyurethane (Pellethane® 2354-80A5) in
tetrahydrofuran at 45-50°C. The coating was applied to the surface of an extruded 2.0 mil thick
polyvinyl alcohol film (Vinex® 5030 from Air Products and Chemicals, Inc.) containing 10
percent by weight thermoplastic polyurethane (Pellethane® 2355-95AE) at a coating weight of
2 gm/m2, to yield a thickness of 0.05 mil. The coated film was then placed in an oven to dry for
1 1/2 minutes at 120°C.

A coating of the barrier material was then prepared by dissolving Saran® F279
resin in @ mixture comprising 65 percent by weight tetrahydrofuran and 35 percent by weight
toluene. The finai lacquer contained approximately 18 percent by weight Saran®. The coating
was applied to the surface of the coated water soluble film at a coating weight of 4 gm/m2
(approximately 0.1 mil thick) and dried at 110°C for two minutes to drive off the solvents and to
crystalize the coating. The resulting multilayer barrier film had a heat seal strength of 7.7 N
(1.73 Ib) at 300°F, 30 psi, 1 sec dwell, and an oxygen transmission rate of 13.9 c¢m2/day-atm.
Example 2

A multilayer film was prepared as in Example 1 except that the water soluble fiim
comprised 85 percent Vinex® 5030 and 15 percent Pellethane® 2355-95AE. The resuiting film
had a heat seal strength of 9.9 N (2.22 {b) at 300°F, 30 psi., 1 sec dwell, and an oxygen

transmission rate of 8.4 c¢/m2 dayatm.
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Example 3

A multilayer film was produced in accordance with the present invention by first
dissolving 5 percent by weight thermoplastic poiyurethane (Pellethane® 2354-80Al) in
tetrahydrofuran at 45-50°C. The lacquer was applied to the surface of an extruded 2.0 mit thick
polyvinyl alcohol resin (Vinex® 5030 from Air Products and Chemicals, inc.) containing 15
percent by weight Pellethane® 2355-95AE resin at a coating weight of 2gm/m2, to yield a
thickness of 0.05 mil. The coated film was placed in an oven to dry for 1 1/2 minutes at 120°C.

A coating of the barrier material was prepared by dissolving Saran® F279 resin
and Pellethane? 2354-80Al in a mixture comprising 65 percent by weight tetrahydrofuran and
35 percent by weight toluene so that the final lacquer contained approximately 18 percent by
weight Saran® and 5 percent Pellethane®. The coating was applied to the surface of the coated
water soluble film at a coating weight of 4 gm/m2 (approximately 0.1 mil thick) and dried at
110°C for two minutes to drive off the solvents and crystalize the coating. The resulting film
had a heat seal strength of 96.3 N (1.41 Ib) at 300°F, 30 psi, 1 sec dweil, and an oxygen
transmission rate of 13.1 c¢/m2/day-atm.

While certain representative embodiments and details have been shown for
purposes of illustrating the invention, it will be apparent to those skilled in the art that various
changes in the methods and apparatus disclosed herein may be made without departing from

the scope of the invention, which was defined in the appended Claims.
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1. A multilayer barrier film having a heat seal strength of 3t least 1.0 Ib/inch
width of said film, said film Comprising a barrier iayer of a homopolymer of vinyiidene chloride
or a copolymer ot vinyiidene chloride with vinyl chloride or methyl methacryiate, said barrier
layer being coextruded with or coated onto a water soluble film layer, said water soluble layer
comprising a biend of a water soluble polymer and a thermoplastic poiyurethane.

2. The muitilayer barrier film of Claim 1 in which said water soluble polymer
was polyvinyl alcohoi, polycaproiactone, or polyethyloxozaline.

3. Themuitilayer barrier film of Claim 1 in which said barrier layer includes
blended therein or coated on the surface thereof in contact with said water soluble film layer in
adhesion enhancing amount of a thermoplastic polyurethane.

4. The muitilayer barrier film of Claim 1 wherein said film has an oxygen
transmission rate of less than 90 c¢/m2/day-atm.

5. The muitilayer barrier film of Claim 1 wherein said barrier layer further
comprises a layer of an adhesive polymer resin on the side opposite said water soluble layer.

6. The multilayer barrier film of Claim 5 in which said adhesive polymer resin
was a thermoplastic polyurethane.

7. The multilayer barrier film of Claim 1 wherein said water soluble film layer
comprises from 10-15 percent by weight of said thermoplastic polyurethane.

8.  The multilayer barrier film of Claim 1 wherein said water soluble film layer
comprises from 10-15 percent by weight of said thermoplastic polyurethane.

9.  The multilayer barrier film of Claim 1 wherein said water soluble film layer
comprises two layers, the first layer comprising said biend of a water soluble polymer and a
thermoplastic polyurethane and said second layer comprising a water solubte poiymer.

10.  The multilayer barrier film of Claim 1 wherein said water soluble layer was
thicker than said barrier layer.

11, The multilayer barrier film of Claim 1 wherein said moisture barrier layer
and said thermoplastic poiyurethane were heat sealed along their edges to form a bag or
pouch.

12. A multilayer water soluble film comprising an inner layer of a
thermoplastic polyurethane and outer ayers of a water soiuble film comprising a biend of a

polyvinyl alcohol and a thermoplastic polyurethane.
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