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MULTILAYER MICROPOROUS FILMS AND METHODS OF MAKING

Gregory K. Jones
Larry H. McAmish
Pai-Chuan Wu
Kenneth L. Lilly
Christopher A. Shelley
Mark Wendorf

FIELD OF THE INVENTION

The present invention relates to microporous films, and, more particularly, the
present invention relates to multilayer microporous films comprising at least two
microporous film layers, and to methods for producing multilayer microporous films.
The film layers of the multilayer films according to the invention may be provided
with controlled pore sizes to customize or optimize various properties of the

multilayer films.

BACKGROUND OF THE INVENTION

Various materials and processes have been described for use in the production
of microporous films. For example, the Elton et al U.S. Patent No. 3,870,593,
incorporated herein by reference, describes a process wherein a microporous film is
produced by dispersing finely divided particles of a non-hygroscopic inorganic salt
such as calcium carbonate into a suitable polymer, e.g., by milling, forming a ﬁ]m of
the filled polymer, and stretching the film to provide good porosity and water
absorptive or transmissive characteristics. Microporous films are well known for use
in various applicationg, typically where air and moisture permeabilities are desired

together with liquid barrier properties.

Various technologies have attempted to improve the performance of

microporous films and composite materials in which such films are employed by
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controlling the film pore size. For example, the Allegrezza, Jr. et al U.S. Patent No.
4,824,568 discloses the formation of & microporous ultrafiltration membrane by
precipitating & polymer from a solution of the polymer in a suitable solvent. Pore size
is controlled through processing techniques and temperature. However, the materials
employed in the disclosed techniques are costly and the processes of solvent
extraction and drying require very low throughput. In addition, the membranes are
prepared on the surface of a previously manufactured microporous support layer, and

such a multistep process is inefficient.

Attempts to control pore formation in microporous films have also employed
additives to film compositions. For example, the Yen et al U.S. Patent No. 5,531,899
describes pore size control in microporous ion exchange films via the use of a
porogen, an additional agent that is mixed into a polymer and subsequently removed
to create pores. The solvent processing steps required to remove the porogen are
expensive and inefficient The Weimer et al U.S. Patent No. 5,690,949 discloses a
microporous film composition having viral barrier properties. “Weimer et al disclose
the use of a fluorinated compound to increase the wetting resistance of the
microporous film and provide the barrier properties. The fluorinated compound is a
costly additive and does not control the actual film pore size.

The Oke et al U.S. Patent No. 5,830,603 discloses a porous battery separator
film that may have varied porosity or pore sizes through the film thickness. The
disclosed films comprise a fluororesin matrix made porous by a relatively
complicated process of biaxially stretching and annealing a sintered, solvent-extracted
paste extrusion of a fluoropolymer powder/lliquid lubricant system, followed by
hydrophilization of at least a portion of the film. The films typically have a porosity
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of at least 70% and pore sizes of up to 50 microns, much larger than is useful for
applications where a liquid barrier is required, such as in disposable healthcare and

hygienic products.

The Branham et al U.S. Patent No. 6,261,674 discloses a breathable
microlayer polymer film having 8 to 17,000 microlayers. The layers are alternately
formed of first and second polymers, some of which may be rendered microporous.
The first polymer is disclosed as more breathable than the second polymer. Branham
et al disclose the use of non-standard extrusion equipment such as cutting and

spreading layer multiplying die elements to form their films.

Many of the conventional processes for controlling pore size in microporous
films involve the use of expensive additives and/or employ cumbersome processing
techniques which are not suitable for large scale production. Accordingly, there is a
continuing need for providing improvements in the performance of microporous
polymer films and composite materials employing such ﬂ!ms, for example by
customizing or optimizing multiple properties of the microporous films, particularly
while maintaining high production efficiency of such films using standard extrusion

equipment and readily available raw materials.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide improved
microporous films, and particularly to provide microporous films in which desirable
combinations of properties may be obtained. It is a related object of the invention to

provide methods for producing such microporous films.

G
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These and additional objects are provided by the present invention. In one
embodiment, the invention is directed to a multilayer microporous film comprising
first and second microporous film layers. The first film layer has a first maximum
pore size and the second film layer has a second maximum pore size different from
the first maximum pore size. In a more specific embodiment, the invention is directed
to a multilayer microporous film comprising first, second and third microporous film
layers. One of the first, second and third film layers has a maximum pore size smaller
than the respective maximum pore sizes of the remaining layers of the multilayer film
or larger than the respective maximum pore sizes of the remaining layers of the
multilayer film, and the one layer does not have an unconstrained surface in the
multilayer film, In a further embodiment, the invention is directed to a multilayer
microporous film comprising at least two microporous film layers, wherein the two
film layers have different maximum pore sizes and wherein one of the film layers is

arranged so as to not have an unconstrained surface in the multilayer film.

In yet a further embodiment, the invention is directed to methods for
producing a multilayer microporous film. A first method comprises coextruding at
least first and second film layers and stretching the film layers to render them
microporous, wherein the first film layer has at least one component which differs
from that of the second film layer, which component is adapted to cause the first film
layer to have a maximum pore size upon stretching which is different from that of the

second film layer upon stretching.

A second method comprises extruding at least first and second film layers,

stretching the film layers to render them microporous, wherein the first film layer has
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a maximum pore size upon stretching which is different from that of the second film

layer upon streiching, and laminating the layers together.

In a third method, 2 first film layer is formed, for example by extrusion, a
second film layer is then extrusion coated on the first film layer, and the resulting
multilayer film is stretched. The first film layer may optionally be stretched before
the second film layer is extrusion coated thereon. The first film layer has a maximum
pore size upon stretching which is different from that of the second film layer upon

stretching.

The multilayer microporous films and methods according to the inver.ntion
allow one to control the maximum pore size of the multilayer films while customizing
or optimizing multiple properties of the microporous films and composites in which
such films are included. Additionally, these improvements may be obtained by

methods employing standard extrusion equipment and readily available raw materials.

These and additional objects and advantages will be more fully apparent in
view of the detailed description which illustrates various modes contemplated for
carrying out the invention. As will be realized, the invention is capable of other
different obvious aspects without departing from the invention. Accordingly, the

drawings and specification are illustrative in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims particularly pointing out and

distinctly claiming the present invention, it is believed that the invention will be
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further understood from the following detailed description taken in conjunction with
the accompanying drawings in which:
Fig. 1 is a schematic diagram of a multilayer microporous film according to

the present invention comprising two microporous film layers;

Fig. 2 is a schematic diagram of a multilayer microporous film according to

the present invention comprising three microporous film layers;

Fig. 3 is a schematic diagram of a multilayer microporous film according to
the present invention comprising two microporous film layers and a nonwoven web

layer;

Fig. 4 is a schematic diagram of a multilayer microporous film according to
the present invention comprising three microporous film layers and a nonwoven web

layer;

Fig. 5 is an electron photomicrograph showing a multilayer microporous film
according to the present invention comprising two microporous film layers as
described in Example 4,

Fig. 6 is an electron photomicrograph showing a conventional one layer

microporous film as described in Example 4;

Fig. 7 is an electron photomicrograph showing a multilayer microporous film
according to the present invention comprising three microporous film layer.s as
described in Example 4; and
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Fig. 8 is an electron photomicrograph showing & multilayer microporous film
according to the present invention comprising three microporous film layers as

described in Exampie 4.

DETAILED DESCRIPTION

Within the context of the present specification, the term “microporous film
layer” is intended to refer to a polymer film layer which comprises one or more filler
materials and is stretched after film formation to provide the microporosity therein.
“Microporous” is used herein to refer to a porous material in which the pores are not
readily visible to the naked eye, and typically have a maximum pore size not greater
than about several microns. In specific embodiments, the pores are sufficiently small
so that the multilayer microporous films are liquid impervious at atmospheric
pressure. Additionally, within the context of the present specification, the term
“multilayer microporous film” refers to films comprising two or more microporous
film layers. The present invention is directed 1o multilayer microporous films and
methods for producing multilayer microporous films. The maximum pore sizes of the
respective microporous film layers included in the multilayer microporous ﬁlms are
controlled in order to customize or optimize the overall properties of the multilayer

microporous films.

In a first embodiment, the multilayer microporous film comprises first and
second microporous film layers, wherein the first film layer bas a first maximum pore
size and the second film layer has & second maximum pore size different from the first
maximum pore size. A schematic diagram of a multilayer microporous film
according to this embodiment is set forth in Fig. 1. More specifically, the multilayer

@]
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microporous film 10 comprises a first microporous film layer 12 adjacent to a second
microporous film layer 14. As will be discussed in further detail below, the
microporous film layers are joined with one another at an interface 16, for example by
coextrusion of the film layers, by extrusion coating, or by other lamination technique
subsequent to film formation. While the schematic diagrams show the film interfaces
as a clearly defined line, one of ordinary skill in the art will recognize that the actual
film interface between film layers does not typically comprise a clear line
demarcation. Additionally, in the schematic diagrams, differences in pore size
between the film layers are represented by grids of varying sizes. The grids provide
no representation of the actual pore size, configuration or count, or of the composition

of any individual layer.

In a more specific embodiment, the multilayer microporous films according to
the invention may comprise a third microporous film layer having a third maximum
pore size. This embodiment is illustrated schematically in Fig. 2 wherein a multilayer
microporous film 20 comprises first, second and third micmpofous film layers 12, 14
and 18, respectively. The film layers 12 and 14 are adjacent to each other at interface
16a while the films 14 and 18 are adjacent one another at the interface 16b. In the
embodiment of Fig. 2, the second film layer 14 is schematically disclosed as having a
smaller maximum pore size relative to the first and third film layers 12 and 18,
respectively. However, the multilayer films according to the invention may comprise
any arrangement of the layers of relative maximum pore size, whereby the film layer
or layershavingthelargestmnximumporesizemaybearmngedasanoﬁer.sm'face
film layer or layers or as an inner film layer wherein both surfaces of the film layer
are constrained by adjacent film layers or other layers of a composite product.

Similarly, the film layer or layers having the smallest maximum pore size may be
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arranged as an outer surface film layer or layers or as an inner film layer wherein both
surfaces of the film layer are constrained by adjacent film layers or other layers of a
composite product. In a more specific embodiment, the microporous film layer
having the smallest maximum pore size is positioned between the first and third film
layers, as shown by the second film layer 14 positioned between the first film layer 12
and the third film layer 18 in Fig. 2. In another more specific embodiment, the
microporous film laym; with the largest maximum pore size is positioned between film
layers having relatively smaller maximum pore sizes. The maximum pore sizes of the
outermost layers may be the same, substantially the same, or different from one

another.

One skilled in the art will appreciate that the multilayer microporous films
according to the present invention may comprise two microporous film layers as
shown in Fig. 1, three microporous film layers as shown in Fig. 2, four microporous
film layers, or five or more microporous film layers. In many embodiments, less than

eight microporous film layers are contemplated. ’ '

Importantly, by varying the maximnm pore size between the microporous film
layers of the multilayer microporous film, it is possible to control the maximum pore
size of the multilayer film together with additional properties of the multilayer film to
provide customized or optimized combinations of properties. It has surprisingly been
discovered that a combination of microporous film layers having different maximum
pore gizes will provide a multilayer microporous film which exhibits 2 maximum pore
size substantially characteristic of the one or more layers of the multilayer film which
are arranged so as to have no fiee, unconstrained surfaces. That is, the multilayer

microporous films typically exhibit a maximum pore size characteristic of film layers
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which do not have an exposed surface in the multilayer film or in a composite product
in which the muitilayer film is employed. For example, with reference to Fig. 2, the
multilayer microporous film 20 will exhibit a8 maximum pore size characteristic of the
inner second film layer 14 arranged between the outer first and third flm layers 12
and 18, respectively, regardless of whether the film layer 14 has the largest maximum
pore size of the three layers or the smallest maximum pore size of the three layers.
The surfaces of the film layer 14 are constrained at interface 16a by the first film layer

12 and at 16b by the third film layer 18.

Similarly, with reference to Fig. 1, when the multilayer film 10 is formed as a
composite material, with one of microporous film layers 12 and 14 arranged adjacent
another Iayer of the composite. and the other of microporous film layers 12 and 14
exposed as an outer surface, the one of layers 12 and 14 which is constrained at both
surfaces will characterize the maximum pore size of the multilayer microporous film
as employed in the composite. More particularly, with reference to Fig. 3, a
multilayer microporous film composite material 40 comprises a multilayer
microporous film 42 in combination with a nonwoven layer 44. The multilayer
microporous film 42 comprises a first microporous film layer 52 having a first
maximum pore size and a second microporous film layer 54 having a second
maximum pore size different from the first maximum pore size. The layers 52 and 54
are adjacent one another at interface 56. Thus, one surface of the second microporous
film layer 54 is adjacent the first microporous film layer 52 at interface 56 while the
other surface of the microporous film layer 54 is constrained at interface 58 by the
nonwoven layer 44 of the composite material. As a result, the multilayer microporous

film 42 will exhibit a maximum pore size more characteristic of the constrained film

10
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layer 54, regardless of whether the film layer 54 has a larger or smaller maximum

pore size as compared with the microporous film layer 52.

The multilayer microporous ﬁln:.ns according to the present invention may
comprise additional layers to form composite materials as described, for example, in
Fig. 4. Fig. 4 sets forth an additional embodiment of a multilayer microporous film
composite containing a non-microporous film layer. More specifically, with reference
to Fig. 4, the muiltilayer microporous film composite material 60 comprises a
multilayer microporous film 62 and a nonwoven layer 64. The multilayer
mi;:roporous film 62 comprises first, second and third microporous film layers 72, 74
and 78, respectively, wherein layers 72 and 74 are joined at interface 76a and layers
74 and 78 are joined at interface 76b. Although not shown in the figures, the
nonwoven layer may be arranged between two of the film layers, if desired.
Additional multilayer microporous films including non-microporous layers to form
composites will be apparent to those of ordinary skill in the art and are included

L

within the scope of the invention.

In the three layer embodiments of the microporous film layers shown in Figs.
2 and 4, the first and third film layers, 12 and 18 in Fig. 2 and 72 and 78 in Fig. 4, are
arranged as outer layers and are schematically indicated as having similar maximum
pore sizes different from that of the second, inner film Iayer 14 and 74, respectively.
In accordance with the three film layer embodiment of the multilayer microporous
films according to the invention, the first, second and third maximum pore sizes of the
first, second and third layers may be of any relative maximum pore size with respect
to one another, as long as at least two of the layers have differing maximum pore

sizes. Thus, the first and third layers as shown in Figs. 2 and 4 may have maximum

11
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pore sizes which are the same, substantially the same, or different from one another.
Additionally, the film layer or layers with the largest or smallest maximum pore size
may be provided in any layer order as desired in order to obtain a desired multilayer

microporous film maximum pore size.

The microporous film layers of the multilayer films according to the present
invention may be provided with differing pore sizes by a variety of techniques. In one
embodiment, the first and second film layers having differing maximum pore sizes are
formed of different polymer compositions which, upon stretching, provide different
maximum pore sizes in the respective films. For example, when the first and second
film layers are formed of first and second polymer compositions, respectively, the
polymer compositions can be selected such that one of the compositions provides a
film layer having a smaller or larger maximum pore size as compared with the other

composition(s).

While suitable polymer compositions for use in Mmmpm film layers of the
multilayer films according to the present invention are discussed in further detail
below, polymers which are suitabie for use in providing microporous film layers
having relatively smaller maximum pore sizes include, but are not limited to,
polypropylene homopolymers and copolymers, nylon polyamides, and the like, while
polymers suitable for use in film layers having relatively larger maximum pore sizes
include, but are not limited to, ultra low density polyethylene (ULDPE), low density
polyethylene (LDPE), linear low density polyethylene (LLDPE), medium density
polyethylene (MDPE), and high density polyethylene (HDPE). Additional
combinations of polymers for use as the first and second film layers of the multilayer
films will be apparent to those of ordinary skill in the art, depending on relative pore

12
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sizes of selected polymers. While not wishing to be bound by theory, it is belié:ved
that a polymer's modulus (the slope of its stress-strain curve) and/or natural draw may
influence the pore size thereof. It is also believed that the number of pores in a layer

may be varied by polymer composition.

In a more specific embodiment, wherein the multilayer microporous film
comprises three microporous film layers as set forth in Fig. 2, the second film layer is
positioned between the first and third film layers and is formed of a second polymer
composition which is different from the first and third polymer compositions from
which the first and third layers are formed, respectively. In one embodiment, the
second polymer composition is selected such that the second film layer has a larger
maximum pore size as compared with the maximum pore size of the first and third
layers. In an alternate embodiment, the second polymer composition is selected such
that the second film layer has a smaller maximum pore size as compared with the first
and third film layers. In yet further embodiments, the first and third layers have

substantially the same or the same maximum pore sizes.

In further embodiments, the first polymer composition may comprise
polypropylene or high density polyethylene, while the second polymer composition
may comprise ultra low, low, linear low or medium density polyethylene. In fu.rthcr
embodiments, the first polymer composition may comprise polypropylene, while the
second polymer composition may comprise ultra low, low, linear low, medium or
high density polyethylene. In yet further embodiments, the first polymer composition
may comprise ultra low, low, linear low or medium density polyethylene and the
second polymer composition may comprise polypropylene or high density

polyethylene, or, altematively, the first polymer composition may comprise ultra low,
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low, linear low, medium or high density polyethylene and the second polymer

composition may comprise polypropylene.

More specifically, in one embodiment of the multilayer microporous film, a
first composition of (a) from about 35% to about 45% by weight of linear medium
density polyethylene, (b) from about 3% to about 10% by weight of low density
polyethylene, (c) from about 40% to about 55% by weight calcium carbonate filler
particles, and (d) from about 1% to about 6% by weight of one or more components
from a group consisting of the following: pigments, opacifiers, processing aids,
antioxidants, stabilizers (light, UV, heat, etc.), tackifiers, and polymeric modifiers is
prepared, and a second composition of (a) from about 35% to about 50% by weight of
polypropylene homopolymer, (b) from about 2% to about 15% of one or more of low
density polyethylene and polypropylene copolymers, (c) from about 40% to about
60% by weight of calcium carbonate particles, and (d) from about 0.1% to about llO%
by weight of one or more components from a group consisting of the following:
surfactants, pigments, opacifiers, processing aids, antioxidants, stabilizers (light, UV,
heat, efc.) and polymeric modifiers is prepared. The first and second compositions are
individually melt blended in conventional extrusion apparatus and are then passed
through an ;:xtrusion combining block such that a three layer structure is produced
with one layer of the second composition between two layers of the first composition.
The layers are coextruded either into a nip of rollers, onto a chill cast roll, or into a
blown film tube, to form a solid film at a speed on the order of about 250 fpm to about
1200 fpm without draw resonance, and an incremental stretching force is applied to
the multilayer film in a substantially uniform manner across the film and throughout

its depth to provide a multilayer microporous film.
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The multilayer film of this embodiment facilitates high speed production as
the polyethylene outer layers exhibit improved melt stability as compared with the
polypropylene core layer and surprisingly allow production of an extrusion laminated
multilayer film at higher speeds as compared with extrusion of a polypropylene film

alone.

Another specific embodiment of the multilayer microporous film may be
obtained by providing a first composition of (a) from about 35% to about 45% by
weight of linear medium density polyethylene, (b) from about 3% to about 10% by
weight of Jow density polyethylene, (c) from about 40% to about 55% by weight
calcium carbonate filler particles, and (d) from about 1% to about 6% by weight of
one or more components from a group consisting of the following: pigments,
opacifiers, processing aids, antioxidants, stabilizers (light, UV, heat, etc.), tackifiers,
and polymeric modifiers; and providing a second composition of (a) about 35% to
about 50% by weight of high density polyethylene, (b) from about 3% to about. 10%
of low density polyethylene, (c) from about 40% to about 60% by weight of calcium
carbonate particles, and (d) about 0.1% to about 10% by weight of one or more
components from a group consisting of the following: surfactants, pigments,
opacifiers, processing aids, antioxidants, stabilizers (light, UV, heat, etc.) and
polymeric modifiers. The first and second compositions are individually melt blended
in conventional extrusion apparatus and are then passed through an extrusion
combining block such that a three layer structure is produced with one layer of the
second composition between two layers of the first composition. The film is extruded
and stretched as described above.
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In another embodiment, the first and second film layers are provided with
different maximum pore sizes by employing different fillers in the respective layers.
The fillers may differ by composition, size, shape, surface coating, and/or any other
property which will vary the pore size of the resulting stretched microporous film
layer. For example, the first film layer may comprise a first filler having a first
average particle size, while the second film layer comprises a second filler having a
second average particle size different from the first average particle size. The first
and second fillers may have the same or different chemical composition and the first
and second ﬁlml layers may have the same or different polymer compositions.
Without intending to be bound by theory, a film layer having a smaller average
particle size filler will, with all other variables constant, provide a microporous film
layer having a smaller maximum pore size while a larger average particle size filler
will, with all other variables constant, provide a microporous film layer having larger

maximum pore Sizes.

In a more specific embodiment, the microporous film layers of the multilayer
microporous film are formed of the same polymer composition and comprise filler of
the same chemical composition, with the average particle size of the filler being
varied in at least two adjacent layers. In a more specific embodiment, the ijller
employed in the respective film layers comprises calcium carbonate. Calcium
carbonate is typically available in average particle sizes ranging from about 0.1
micron to about 2.5 microns. Calcium carbonate in the lower average particle size
ranges is typically formed by precipitation while calcium carbonate in the higher
average particle size ranges is typically formed by grinding. In a further embodiment
of the three Iayer muitilayer microporous film as described in Fig. 3, the second film

layer comprises a second filler having an average particle size smaller than the
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average particle sizes of the first and third fillers employed in the first and third film
layers, and the second film layer is arranged between the first and third film layers
whereby the second film layer has a smaller maximum pore size as compared with the
first and third film layers. In an alternate embodiment, the second film layer
comprises a second filler having a larger average particle size as compared with the
first and third fillers employed in the first and third film layers, respectively, and the
second layer is arranged between the first and third film layers, whereby the second

film layer has a larger maximum pore size as compared with the first and third layers.

Suitable fillers for use in the respective film layers include, but are not limited
to, various inorganic and organic materials, including, but not limited to, metal
oxides, metal hydroxides, metal carbonates, organic polymers, derivatives thereof,
and the like. Preferred fillers include, but are not limited to, calcium carbonate,
diatomaceous earth, titanium dioxide, and mixtures thereof. Thus, the composition of
the filler may be varied from film layer to adjacent film layer in order to provide
different maximum pore sizes to the respective layers after stretching. One typical
film layer composition for this embodiment comprises a combination of (a) from
about 35% to about 45% by weight of linear low density polyethylene, (b) from about
3% to about 10% by weight of low density polyethylene, (c) from about 40% to about
55% by weight calcium carbonate filler particles, and (d) from about 1% to about 6%
by weight of one or more components of a group consisting of the following:
pigments, processing aids, antioxidants and polymeric modifiers, with the average
particle size of the calcium carbonate filler particles being varied from layer to layer.

Alternately, the shape of the filler, i.e., plates, rods, spears, flakes, spheres,

chunks, bricks, may be varied from film layer to adjacent film layer in order to vary
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the pore size of the respective film layers. In view of the present disclosure, one
skilled in the art will be able to easily determine appropriate combinations of various

fillers for providing adjacent film layers of varying maximum pore size.

Similarly, the fillers of the respective film layers can be provided with
different surface coatings or differing amounts of surface coatings in order to vary the
pore size of the respective microporous film layers. Suitable filler coatings are known
in the art and include, but are not limited to, silicone glycol copolymers, ethylene
glycol oligomers, acrylic acid, hydrogen-bonded complexes, carboxylated alcohols,
ethoxylates, various ethoxylated alcohols, ethoxylated alkyl phenols, ethoxylated fatty
esters, carboxylic acids or salts thereof, for example, stearic acid or behenic acid,

esters, fluorinated coatings, or the like, as well as combinations thereof.

Further, the amount of filler which is employed in the respective film layers
may be varied in order to vary the pore size of the respective layers. For examplel, for
a given constant permeability rate, higher concentrations of filler will, with most other
variables constant, provide smaller maximum pore sizes, as the film is stretched less.
Conversely, for a given constant permeability rate, a lower concentration of particles
will provide a microporous film having a larger maximum pore size, as the film must
be stretched more to achieve the target permeability rate. One skilled in the art will,
in view of the present disclosure, be able to determine suitable variations in the

amount of filler employed in respective layers.

The ebove embodiments allow the variation in pore size between adjacent
microporous film layers to be obtained in coextruded films, in extrusion coated films,
or in films which are individually extruded and subsequently laminated. However,

additional techniques may be employed for varying the pore size of microporous thin
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films which are not coextruded, but which are formed by extrusion coating a second
film Iayer on a stretched first film layer, or which are laminated together to form a
multilayer microporous film subsequent to extrusion and stretching. For example,
variations in the stretching temperature, rate, method and/or gear configuration can
provide microporous film layers of identical composition with different maximum
pore sizes. Without being limited by theory, it is believed that the stretching process
variables will effect various properties, for example, the modulus and/or the natural
draw, of a film layer polymer composition and thereby effect the maximum pore size
resulting from the stretching process. Thus, stretching at bigher temperatures may
reduce the modulus and/or the natural draw and therefore alter the maximum pore

The individual microporous film layers employed in the multilayer films of
the invention may be of any suitable thickness which provides desired properties,
particularly breathability. Suitably, the microporous ilm layers will individually have
a thickness of from about 0.1 mil to about 10 mils, more specifically from about 0.25
mil to about § mils. Additionally, the pores are of a size sufficiently small as to nt_:t be
readily visible to the naked eye. Preferably, the pores are sufficiently small as to
render the multilayer microporous film liquid impervious at atmospheric pressure
conditions. In one embodiment, the multilayer microporous films have a maximum
pore size in the range of about 0.01 to about 0.25 micron. In another emboediment, the
multilayer microporous films exhibit a maximum pore size sufficiently small for the
films to act as viral barriers, i.c., not greater than about 0.10 to about 0.12 micron.
One skilled in the art will recognize of course that other factors, including, but not
limited to, pore count and configuration and film layer thicknesses, will effect these

properties. Advantageously, the multilayer microporous films will also exhibit good
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air and water vapor transmission. Typically, the films will exhibit a moisture vapor
transmission rate (MVTR) of greater than about 500 g/m?*day. In more specific
embodiments, the microporous multilayer films will exhibit MVTRS of greater than
about 1500 g/m%day, greater than about 2500 g/m*/day, greater then about 3000
g/m%day, or greater than about 4000 g/m’/day, as measured according to ASTM

E96E.

The polymers from which the microporous film layers may be formed
comprise thermoplastic polymers that are processable into & film and stretchable to
form micropores therein. Suitable polymers for the films include, but are not limited
to, polyolefins, for example, polyethylene homopolymers and copolymers, and
polypropylene homopolymers and copolymers, functionalized polyolefins,
poly(styrene-butadiene-styrene),  poly(styrene-isoprene-styrene),  poly(styrene-
ethylene-butylene-styrene), polyesters, poly(ester-ether), polyamides, including
nylons, poly(ether-amide), polyether sulfones, fluoropolymers, polyurethane and the
like. Polyethylene homopolymers include those of low, medium or high density
and/or those formed by high pressure or low pressure polymerization. Polyethylene
and polypropylene copolymers include, but are not limited to, copolymers with. C4 -
C8 alpha-olefin monomers, including 1-octene, 1-butene, 1-hexene and 4-methyl
pentene. The polyethylene may be substantially linear or branched, and may be
formed by various processes known in the art using catalysts such as Ziegler-Natta
catalysts, metallocene catalysts or others widely known in the art. Examples of
suitable copolymers include, but are not limited to, copolymers such as poly(ethylene-
butene), poly(ethylene-hexene), poly(ethylene-octene), and poly(ethylene-propylene),
poly(ethylene-vinylacetate), poly(ethylenc-methylacrylate), poly(ethylene-acrylic

acid), poly(ethylene-butylacrylate), poly(ethylene-propylenediene), and ethylene-
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propylene rubber, and/or polyolefin terpolymers thereof. Additionally, thermoplastic
polymers suitable for use herein include those which may be biodegradable or
environmentally degradable. A number of biodegradable thermoplastic polyx-ners
suitable in the practice of the invention are of the normally-solid oxyalkanoyl
polymers or dialkanoyl polymers represented by poly(caprolactone) or poly(ethylene
adipate); polysaccharides or modified polysaccharides such as starch-resin

compositions that may be film-formed.

Suitable nonwoven fibrous layers or webs may comprise, but are not limited
to, fibers of polyethylene, polypropylene, polyesters, rayon, cellulose, nylon, and
blends of such fibers. A number of definitions have been proposed for nonwoven
fibrous webs. The fibers are usually staple fibers or continuous filaments. As used
herein "nonwoven fibrous web" is used in its generic sense to define a generaily
planar structure that is relatively flat, flexible and porous, and is composed of staple
fibers or continuous filaments. Typically, such webs are spun bonded, carded, wet
laid, air laid or melt blown. For a detailed description of nonwovens, see "Nonwoven
Fabric Primer and Reference Sampler” by E. A. Vaughn, Association of the
Nonwoven Febrics Industry, 3d Edition (1992). Such nonwoven fibrous webs
typically have a weight of about 5 grams per square meter to 75 grams per square
meter, more specifically about 10 to about 40 grams per square meter, and may be
included in the films of the invention by extrusion lamination, adhesive lamination or

other lamination techniques known in the art.

The multilayer microporous films may be produced according to various
methods. In one embodiment, at least two film layers are coextruded and stretched to

render them microporous, wherein the first film layer has at least one component
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which differs froni that of the second film layer, which component is adapted to cause
the one film to have a maximum pore size upon stretching which is different from that
of the second film layer upon stretching. In this embodiment, the film layers may be
combined with one or more layer materials, for example, a nonwoven fiber layer,
before or after stretching. Alternatively, the microporous film layers may be forred
individually, after which the film layers are laminated together and stretched. One
skilled in the art will appreciate that the individual layers may be stretched either
before lamination or after lamination with each other or with one or more layer

materials, for example, a nonwoven fiber layer.

A number of different stretchers and techniques may be employed to stretch
the microporous-formable film layers. For example, the film layers may be stretched
by cross direction (CD) intermeshing, and/or machine direction (MD) intermeshing.
In addition, CD intermeshing, and/or MD intermeshing, may be employed with
machine direction orientation (MDO) stretching and/or CD tentering stretchers, in any
desired order. Th;Js, in one embodiment CD intermesh stretching and/or MD
intermesh stretching is performed first and followed by MDO streiching. In an
alternate embodiment, MDO stretching is performed first and followed by CD
intermesh stretching, and/or MD intermesh stretching. Additional variations thereof
may also be used. While various specific techniques for these and other stretching
techniques are known in the art and may be employed, the following descriptions for

suitable stretching techniques and equipment suitable for use herein are described.
Cross Direction (CD) Intermeshing Stretching:

A CD intermeshing stretcher typically comprises of a pair of left hand and
right hand helical gear-like elements on parallel shafts. The shafts are disposed
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between two machine side plates, the lower shaft being located in fixed bearings and
the upper shaft being located in bearings in vertically slidable members. The slidable
members are adjustable in the vertical direction by wedge shaped elements operable
by adjusting screws. Screwing the wedges out or in will move the vertically slidable
member respectively down or up to further engage or disengage the gear-like teeth of
the upper intermeshing roll with the lower intermeshing roll. Micrometers mounted to
the side frames are operable to indicate the depth of engagement of the teeth of the
intermeshing roll. Air cylinders are typically employed to hold the slidable members
in their lower engaged p'osition firmly against the adjusting wedges to oppose the
upward force exerted by the material being stretched. These cylinders may also be
retracted to disengage the upper and lower intermeshing rolls from each other for
purposes of threading material through the intermeshing equipment or in conjunction
with a safety circuit which would open all the machine nip points when activated.

The CD intermeshing elements are typically machined from solid material but
can best be described as an alternating stack of two different diameter disks. In one
embodiment, the intermeshing disks are about 6" in diameter, about 0.031" thick, and
have a full radius on their edge. The spacer disks separating the intermeshing disks
are about 5.5" in diameter and about 0.069" in thickness. Two rolls of this
configuration would be able to be intermeshed up to 0.231" leaving 0.019" clearance
for material on all sides. This CD intermeshing element configuration would have a
0.100" pitch.

Since the CD intermeshing elements are typically capeble of large engagement
depths, it is advantageous that the equipment incorporate a means of causing the
shafts of the two intermeshing rolls to remain paraliel when the top shaft is raising or

23

L



10

15

20

WO 03/016042 PCT/USO2/25706

lowering. This is helpful to assure that the teeth of one intermeshing roll always fall
between the teeth of the other intermeshing roll and potentially damaging physical
contact between intermeshing teeth is avoided. This parallel motion may be assured
by a rack and gear arrangement wherein a stationary gear rack is attached to each side
frame in juxtaposition to the vertically slidable members. A shaft traverses the side
frames and operates in a bearing in each of the vertically slidable members. A gear
resides on each end of this shaft and operates in engagement with the racks to produce
the desired paralle]l motion.

Machine Direction (MD) Intermeshing Stretching:

The MD intermeshing stretching equipment is typically identical to the CD
intermeshing stretching equipment except for the design of the intermeshing rolls. The
MD intermeshing rolls closely resemble fine pitch spur gears. In one embodiment, the
rolls have a 5.933" diameter, 0.100" pitch, 30 diametral pitch, 141/2.degree. pressure
angle, and are basically a long addendum, topped gear. A seoqnd pass may be taken
on these rolls with the gear hn;b offset 0.010" to provide a narrowed tooth with more
clearance. With about 0.090" of engagement, this configuration will have about
0.010" clearance on the sides for material thickness.

The above described CD and MD intermeshing stretchers may be employed to
produce incrementally stretched microporous films used in the multilayer films of the
invention. The stretching operation is usually employed with at least two coextruded
films, optionally including one or more nonmicroporous layer materials such 8s a

nonwoven layer to form a composite material.

Machipe Direction Orientation (MDO) Stretching:
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Typical MDO streiching equipment can be rather complicated but the
principles are very simple. Film or film-containing composites, for example film-
fabric composites, are passed between roller assembly nipping stations. At least one
roller assembly is required; however, three or more roller assemblies can be used. In
one embodiment, at least two roller assemblies are used. In many but not all
applications, the rolls are heated to assist in the stretching process. The first roller
assembly typically contains at least three rolls. The first roll (R1) is an internally
heated roll to warm the film or composite prior to presentation to the nip. The second
roll (R2) is coated with a resilient material such as rubber to allow nipping (i.e.
physical contact) with a metal third roll (R3) without damage. The second roller
assembly is a mirror image of the first with a heated roll (R4), a rubber coated roll
(R5) and a metal roll (R6). During operation, both nips are closed. The film is nipped
between rolls R2 and R3, and rolls RS and R6. The film is stretched in the air. gap
between the metal rolls R3 and R6. A typical air gap dimension is from about 0.005”
to about 0.550”, more specifically from about 0.005” to about 0.050". For example,
rolls R1, R2 and R3 are set to run at a slower speed, for example, 100 meters per
minute, and rolls R4, R5 and R6 are set to run at a higher speed, for example, 200
meters per minute. The MDO stretch ratio is defined as the velocity ratio of roll R6 to
roll R3. For this example, the MDOQ stretch ratio is 2:1. The film exits the MDO
operation longer and thinner than its initial dimensions. This examples uses two nip
stations and is provided merely to show one skilled in the art how'to apply the
principles of this invention. Further multiple-stage MDO is also known in the art and

may be employed.

The above described CD and MD intermeshing and MDO stretchers may be

employed to produce the multilayer microporous films or composites of nonwoven

25

PCT/USO2/25T06 ‘ q-



10

15

20

WO 013016042 PCT/USI2/258706

fibrous web and multilayer microporous films of this invention. The results of this
novel stretching produces composites that have excellent breathability and liquid-

barrier properties, yet provide soft, cloth-like textures.

In one embodiment, the multilayer microporous films according to the
invention may be embossed to produce 2 pattern of varying thickness across or along
the film. Embossing may be conducted either before or after stretching which rel:l.dms
the films microporous. In a more specific embodiment, embossing of the films is
conducted prior to any stretching to render the films microporous. Any of the
stretching techniques discussed above may be employed on embossed films according
to this embodiment. In a more specific embodiment, a multilayer microporous film is
formed by embossing a multilayer film and stretching the embossed film by machine
direction orientation, using, for example, a stretch ratio of about 4, of about 3, or of
about 2 or less. Any embossing techniques suitable for use with polymer films may
be employed. In one embodiment, embossing may be conducted using a square
embossing pattern such as Velvaflex® (150 emboss lines per inch, 1.8 mil embossing
depth) or Taff-a-flex® (60 emboss lines per inch, 4 mil embossing depth), both of
which are registered trademarks of Clopay Plastic Products Company, Inc. of

Cincinnati, Ohio.

The following examples demonstrate specific embodiments of the multilayer
microporous films according to the invention, In the examples, and throughout the
specification, parts and percentages are by weight unless otherwise specified.
Additiopally, reference to measured maximum pore size herein refers to maximum
pore size (MPS) as measured using a capillary flow porometer manufactured by
Porous Materials, Inc. of Ithaca, N.Y. This method measures the MPS (in microns)
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for microporous films and nonwoven composites by displacement of a wetting liquid
from the pores of a sample by a non-reacting gas. Celgard 2400, available from
Celgard Inc. of Charlotte, NC, was used as a control and has an MPS value of 0.037
micron in this test. Additionally, reference to measured air permeability refers to air
permeability as measured by a procedure wherein the volumetric flow rate of air
passing through the sample is measured when a supply of air at 90 psig is presented to
one side of a test film. Celgard 2400 was used as a control and has an airflow value

of 48 in this test.

Example 1
In this example, multilayer microporous films having three microporous film

layers and of structure ABA or BAB are prepered using the following melt blended

polymer-filler compositions A and B:

Composition A: 53% calcium carbonate, 41% medium density polyethylene,

4% titanium dioxide, 1% CaO masterbatch, and 1% processing aid.

Composition B: 55% calcium carbonate, 37% homopolymer polypropylene
resin, 5% low density polyethylene resin, 3% titanium dioxide masterbatch and 1%

CaO masterbatch.

The film layers as described in Table 1 are coextruded using standard cast film
equipment and process conditions to form multilayer films having a basis weight of
53-60 grams per square meter (gsm) prior to stretching. The coextruded film layers
are subsequently stretched via the CD and MD intermeshing processes. The CD
engagement is 0.120” and the MD engagement is 0.040”. CD stretching is
accomplished by passing the film at 200 fpm over a roll heated to 180°F immediately

before streiching, but the film temperature is not controlled during MD streiching.
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The maximum pore size and the air flow of each multilayer microporous film are
measured and are set forth i_n Table 1, For comparison purposes, a single layer
microporous film of each of compositions A and B is also prepared using similar
extrusion and stretching conditions. The maximum pore size and the air flow of these

single layer microporous films are also measured and are set forth in Table 1.

Table 1
Sample Cbl;.]'.:yﬂ' MPS ABA Sample Core Layer NS BAB
No. iflow | No. | Basis Weight i
? Weight | (micron) | A ° . (micron) | _Aiflow
1A 40 gam 0.112 3 iE 40 gsm 0.157 >100
1B 30 gsm 0.118 62 IF 30 gsm_ 0.164 >100
| IC 20 gsm 0.119 60 1G 20 gzm 0.136 92
1D 10 gam 0.127 a8 IH 10 gam 0.135 63 .
Single | 35 gsm 0.119 44 Single | 35 gsm 0.180 >100
Layer B Layer A

The results set forth in Table 1 demonstrate that while the single layer A
exhibits a high air flow, it also has a relatively large maximum pore size, which is
undesirable for applications requiring high barrier properties. On the other hand, the
single layer B exhibits a smaller maximum pore size suitable for various barrier
applications, but this single layer microporous film exhibits relatively low air flow.
Samples 1A - 1H according to the present invention demonstrate the benefits of the
multilayer microporous films of the invention. In samples 1A ~ 1D, the inner layer is
formed of a microporous film layer having a smaller maximum pore size as compared
with the maximum pore size of the outer layers, Surprisingly, the multilayer
microporous film exhibits a maximum pore size characteristic of the inner film layer
and, as the inner core layer basis weight is reduced, increased air flow. These samples
demonstrate the ability to cusiomize or optimize various properties of the multilayer
microporous film. For example, air flow, an indication of breathability, of the

multilayer microporous film may be increased without sacrificing barrier properties.
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In samples 1E - 1H, wherein the layer having the largest maximum pore size is

.arranged as the inner core layer and the layers having the smaller maximum pore size

are arranged as the outer layers, the multilayer microporous film surprisingly exhibits
high air flow as compared with the single microporous layer B and, as the basis

weight of the inner core layer is decreased, a decreasing maximum pore size.

A comparison of samples 1A - 1D with samples IE - 1H shows the
unexpected influence of the arrangement of the individual film layers on the overall

properties of the multilayer microporous film. Particularly, the inner core layer

. having no free, unconstrained surfaces, appears to dominate the properties of the

multilayer microporous film.

Example 2

This example demonstrates multilayer microporous film composites according
to the invention. A 30 gsm three layer “ABA” film is extrusion laminated to a 1.9
ounce per square yard (osy) spun bonded polypropylene (SBPP) Pdﬁwoven web layer.
Each "A" layer comprises a 7 gsm layer formed from a composition i:omprising 45%
polypropylene, 50% calcium caibonate, and 5% low density polyethylene (LDPE).
The core “B” layer is 15 gsm and comprises 53% calcium carbonate, 41% medium
density polyethylene, 4% titenium dioxide, 1% CaO masterbatch, and 1% processing
aid. The laminate is intermeshed immediately after passing over a metal roll heated to
215°F at 200 fpm. The CD intermeshing engagement is 0.055”. The sample is not

MD intermeshed. Airflow is measured as 28.

For comparison purposes, a single layer microporous film composgite is
prepared by extrusion lamipating a 30 gsm layer of the above described "A"

composition comprising 45% polypropylene, 50% calcium carbonate, and 5% low

29
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density polyethylene (LDPE) to a 1.9 osy spun bonded polypropylene (SBPP)
nonwoven web layer. The laminate is intermeshed after passing over a metal roll
heated to 215°F at 200 fpm. The CD intermeshing engagement is 0.055”. The

sample is not MD intermesbed. Airflow is measured as below 5.

Thus, the multilayer microporous ABA film-nonwoven composite exh'ibitS
significantly improved air flow as compared with the single film A-nonwoven

composite.

Similar inventive and comparative composites are prepared and subjected to
measurement of maximum pore size. The inventive composite exhibits a maximum
pore size of 0.09 mm, while the comparative compositive exhibits a8 maximum pore
size of 0.03 mm. Thus, this further comparison shows that to obtain a given
maximum pore size (and therefore a given breathability) in the multilayer films of the
invention, a smaller amount of intermesh stretching will be required as compared with
the comparative films described herein. Smaller amounts of incremental stretching

allow increased production speeds and/or quality

Example 3
In this example, a multilayer microporous film having three microporous film

layers is prepared. The film is of an ABA structure wherein each “A” layer comprises
51% calcium carbonate, 45% lineer low density polyethylene, 3% titanium dioxide,
and 1% calcium oxide, and the “B” layer comprises 54% calcium carbonate, 37%
homopolymer polypropylene resin, 5% low density polyethylene resin, 3% titanium
dioxide masterbatch and 1% calcium oxide masterbatch. The multilayer film is
extruded at a basis weight of 86 gsm, with each “A” layer weighing 28 gem and the
core weighing 30 gsm. The film is oriented in the machine direction to three times
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the original length at a line speed of 300 fpm. Airflow of the resulting multilayer
microporous film is measured at 42 and the MPS is 0.114 micron. No liquid leakage

is detected.

For comparison purposes, a single layer microporous film is prepared from a
formulation comprising 45% polyethylene, 51% calcium carbonate, 3% titanium
dioxide, and 1% calcium oxide and stretched using the MDO described above.
Airflow of the resulting single layer microporous film is measured at 27 and the MPS

is 0.129 micron.

The inventive multilayer film and the comparative single layer film are
subjected to a liquid leakage test. The test is designed to simulate leakage
performance of a breathable napkin film in a feminine hygiene pad, as disclosed in
European Patent EP 710 472 Bl. The test is qualitative and uses a visual comparison
to a standard. Specifically, a breathable film sample to be tested is placed on a sheet
of filter paper (Whatman No. 4 filter paper, 110 mm diameter), and an absorbent pad
is placed on the breathable film. Using a syringe, 10 ml of solution are added to the
pad. The solution comprises 100 ml distilled water, 2 grams urea, 0.9 gram sodium
chloride, 0.06 gram calcium chloride, and 0.11 gram hydrated magnesium sulphate.
This solution is adjusted with a surfactant (such as ammonium lauryl sulphate) to
obtain a surface tension of 29 dyne/cm. After 30 seconds, a clear polypropylene film
is applied over the pad, and a 4 kg weight is applied to the polypropylene film. After
15 minutes, the weight is removed. The filter paper is compared to a standard to
determine a pass or fail ranking for the breathable film. The multilayer film of the
invention receives a pass ranking, as no leakage is detected. The comparative single

layer film receives a fail ranking as leakage is detected.
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Thus, the multilayer microporous film of the ABA structure exhibits
significant improvement in breathability and barrier capabilities as compered with the

single layer microporous film.

Additional inventive films as described are prepared while varying the amount
of machine direction orientation. Multilayer films of good breathability and

exhibiting liquid impermeability are obtained using a stretch ratio as low at about 2:1.

Example 4

In this example, additional multilayer microporous films according to the
invention are prepared. In this example, each film layer comprises 45% calcium
carbopate, 50% linear low density polyethylene and 5% of additional compo:its
comprising pigments, antioxidants and processing aids. Each calcium carbonate filler
is surface coated with approximately 1% stearic acid and the difference in pore size
between the various layers is obtained by varying the average particle size of the
calcium carbonate from layer to layer. A first multilayer film sample 4A comprises
two layers and is therefore of the structure AB. Layer A comprises calcium carbonate
baving an average particle size of about 1.2 microns while layer B comprises calcium
carbonate having an average particle size of about 2.5 microns. An electron
photomicrograph (2000x) of the multilayer microporous film of sample 4A is set forth
in Fig. 5. For comparison purposes, a single layer microporous film is prepared
comprising layer B only. An electron photomicrograph (2000x) of the resulting film

is set forth in Fig. 6.

Additional multilayer films are prepared comprising three film layers in which
the average particle size of the calcium carbonate filler varied from layer to layer.

Sample 4B comprises an ABA structure wherein each A layer comprises calcium
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carbonate having an average particle size of 0.7 micron and the B layer comprises
calcium carbonate having an average particle size of 1.2 microns. Sample 4C
comprises a multilayer microporous film of the BAB structure wherein each B layer
comprises calcium carbonate having an average particle size of 1.2 microns and the A
layer comprises calcium carbonate having an average particle size of 0.7 micron.
Electron photomicrographs (2000x) of samples 4B and 4C are set forth in Figs. 7 and

8, respectively.

The Examples and specific embodiments described herein are for illustrative
purposes only and are not intended to be limiting of the invention defined by the
following claims. Additional embodiments and examples within the scope of the

claimed invention will be apparent to one of ordinary skill in the art.
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What is claimed is:
1. A multilayer microporous film, comprising first and second
microporous film layers, wherein the first film layer has a first maximum pore size
and the second film layer has a second maximum pore size different from the first

maximum pore size.

2. The multilayer microporous film according to claim 1, wherein the

first and second film layers are coextruded.

3. The multilayer microporous film according to claim 1, wherein the
first film layer is formed of a first polymer composition and the second film layer is
formed of a second polymer composition different from the first polymer

composition.

4. The multilayer microporous film according to claim 3, wherein the
first polymer composition comprises polypropylene or high density polyethylene and
the second polymer composition comprises ultra low, low, linear low, or medium

density polyethylene.

5. The multilayer microporous film according to claim 3, wherein the
first polymer composition comprises polypropylene and the second polymer
composition comprises ultra low, low, linear low, medium or high density

polyethylene.
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6. The multilayer microporous film sccording to claim 1, wherein the
first film layer comprises a first filler and the second film layer comprises a second
filler different from the first filler.

7. The multilayer microporous film according to claim 6, wherein the
first filler has a first average particle size and the second filler has a second average

particle size different from the first average particle size.

8. The multilayer microporous film according to claim 7, wherein the

first film layer and the second film layer comprise the same polymer composition.

9. The multilayer microporous film according to claim 8, wherein the
first filler and the second filler have the same chemical composition.

10. The multilayer microporous film according to claim 6, wherein the
first filler and the second filler have chemical compositions which differ from' one

another.

11.  The multilayer microporous film according to claim 10, wherein the
first filler has a first average particle size and the second filler has a second average

' particle size different from the first average particle size.
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12.  The multilayer microporous film according to claim 6, wherein the

first film layer and the second film layer comprise the same polymer composition.'

13. The multilayer microporous film according to claim 1, wherein the
first film layer comprises a first amount of filler and the second film layer comprises a

second amount filler different from the first amount.

14.  The multilayer microporous film according to claim 1, wherein one of

the first and second film layers is laminated to a nonwoven layer.

15. The multilayer microporous film according to claim 1, wherein the

multilayer film is stretched by cross direction (CD) and machine direction (MD)
intermeshing.

16. The multilayer microporous film according to claim 1, wherein the
multilayer film is stretched by cross direction (CD) and machine direction (MD)
intermeshing only.

17. The multilayer microporous film according to claim 1, wherein the
multilayer film is stretched by cross-direction (CD) intermeshing or machine direction
(MD) intermeshing.
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18. The multilayer microporous film according to claim 1, wherein the
multilayer film is stretched by cross direction (CD) intermeshing and machine

direction orientation (MDO).

19. The multilayer microporous film according to claim 1, wherein the
multilayer film is stretched by cross direction (CD) and machine direction (MD)

intermeshing and machine direction orientation (MDO).

20. The multilayer microporous film according to claim 1, wherein the

multilayer film is stretched by machine direction orientation (MDO).

21. The multilayer microporous film according to claim 1, further

comprising a third microporous film layer having a third maximum pore size.

L4

22.  The multilayer microporous film according to claim 21, wherein the
second maximum pore size is the smallest of the first, second and third maximum
pore sizes and further wherein the second film layer is positioned between the first

and third film layers.

23.  The multilayer microporous film according to claim 22, wherein the
second film layer is formed of a second polymer composition and the first and third
film layers are respectively formed of first and third polymer compositions différent

from the second polymer composition.
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24.  The multilayer microporous film according to claim 23, wherein the
second polymer composition comprises polypropylene and the first and third polymer
compositions comprise ultra low, low, linear low, medium or high density

polyethylene.

25. The multilayer microporous film according to claim 23, wherein the
second polymer composition comprises ultra low, low, linear low or medium density
polyethylene and the first and third polymer compositions comprise high density

polyethylene.

26. The multilayer microporous film according to claim 22, wherein the
second film layer comprises a second filler and the first and third film [ayers
respectively comprise first and third fillers having average particle sizes larger than

the average particle size of the second filler.

27.  The multilayer microporous film according to claim 21, wherein the
second maximum pore size is the largest of the first, second and third maximum pore
sizes and further wherein the second film layer is positioned between the first and

third film layers.

28.  The multilayer microporous film according to claim 27, wherein the

second film layer is formed of a second polymer composition and the first and third
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film layers are respectively formed of first and third polymer compositions different

from the second polymer composition

29. The multilayer microporous film according to claim 28, wherein the
second polymer composition comprises ultra low, low, linear low, medium or high
density polyethylene and the first and third polymer compositions comprise

polypropylene.

30.  The multilayer microporous film according to claim 28, wherein the
second polymer composition comprises high density polyethylene and the first and

third polymer compositions comprise ultra low, low, linear low or medium density

polyethylene.

31.  The multilayer microporous film according to claim 27, wherein the
second film layer comprises a second filler and the first and third film layers
respectively comprise first and third fillers having average particle sizes smaller than

the average particle size of the second filler.

32.  The multilayer microporous film according to claim 21, wherein one of
the first, second and third film layers is laminated to a nonwoven layer.

33. A multilayer microporous film, comprising first, second and third
microporous film layers, wherein one of the first, second and third film layers has a
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maximum pore size smaller than the respective maximum pore sizes of the remaining
layers of the multilayer film or larger than the respective maximum pore sizes of the
remaining layers of the multilayer film, and wherein the one layer does not have an

unconstrained surface in the multilayer film.

34, The multilayer microporous film according to claim 33, wherein the
one layer has a maximum pore size smaller than the respective maximum pore sizes
of the remaining layers of the multilayer film and comprises polypropylene and

calcium carbonate.

35. The muitilayer microporous film according to claim 33, w]u:rein_ the
one layer has a maximum pore size larger than the respective maximum pore sizes of
the remaining layers of the multilayer film and comprises ultra low, low, linear low,
medium or high density polyethylene and calcium carbonate, and wherein the other of

the first, second and third films comprise polypropylene and calcium carbonate.

36. The multilayer microporous film according to claim 33, wherein the

first, second and third microporous film layers are coextruded.

37. A multilayer microporous film, comprising at least two microporous
film layers, wherein the two film layers have different maximum pore sizes and
wherein one of the film layers is arranged so as to not have an unconstrained surface

in the multilayer film.
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38. A method for producing a multilayer microporous film, comprising
coextruding at least first and second film layers and stretching the film layers to
render them microporous, wherein the first film layer bas at least one component
which differs from thet of the second film layer, which component is adapted to cause
the first film layer to have a maximum pore size upon stretching which is different

from that of the second film layer upon stretching.

39. The method according to claim 38, wherein the maximum pore size of
the multilayer film is controlled by arranging one of the first and second film layers
having the desired maximum pore size so es 1o not have an unconstrained surface in

the multilayer film.

40. The method according to claim 38, wherein at least three film layers

are coextruded and stretched.

41.  The method according to claim 40, wherein one of the three film layers
has a maximum pore size smaller than the respective maximum pore sizes of the
remaining layers of the multilayer film or larger than the respective maximum pore
sizes of the remaining layers of the multilayer film, and wherein the multilayer
microporous film is provided with a desired maximum pore size by arranging the one

layer so as to not have an unconstrained surface in the multilayer film.
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42,  The method according to claim 38, further comprising laminating the

multilayer microporous film to a nonwoven layer.

43. The method according to claim 38, further comprising lamipating the
coextruded first and second film layers to a nonwoven layer prior to stretching the

film layers to render them microporous.

44, ' A method for producing a multilayer microporous film, comprising
extruding at least first and second film layers, stretching the layers to render them
microporous, wherein the first film layer has a maximum pore size upon stretching

which is different from that of the second film layer upon stretching, and laminating

the layers together.

45. The method according to claim 44, further comprising laminating the

multilayer microporous film to a nonwoven layer.

46. A method for producing a multilayer microporous film, comprising
extruding a first film layer, optionally stretching the first film layer, extrusion coating
a second film layer on the first film layer, and stretching the resulting extrusion coated
multilayer film, wherein the first film layer has a maximum pore size upon stretching
which is different from that of the second layer upon stretching.

47.  The method according to claim 46, further comprising laminating the

multilayer microporous film to a nonwoven layer.
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La invencién se refiere a peliculas multicapa
microporosas que comprenden una primera y una Ssecunda
capas de peliculas microporosas. La primera capa tiene
un primer tamafio de poro mdximo y la segunda capa tiene
un segundo tamaflo de poro miximo diferente del primer
tamafio de poro maximo. En una modalidad mé&s especifica,
las peliculas multicapa microporosa comprenden la
extrusién de 1la primera, segunda y tercera capas
microporosas. Una de la primera, segqunda y tercera capas
tiene un tamaflo de poro maximo mas pequefic que el tamafio
de poro respectivo de las demds capas de la pelicula
multicapa o més grande que el tamafio de poro maximo
respectivo de las otras capas de la pelicula multicapa,
y una de las capas no tiene una superficie libre en la
pelicula multicapa. Los métodos para producir peliculas
multicapa microporosas proveen una primera pelicula que
tiene un tamafio de poro mdximo por estiramiento que es

diferente del de la segunda capa por estiramiento.
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PELICULAS MULTICAPA MICROPOROSAS Y METODOS PARA
FABRICARLAS .

Gregory K. Jones
Larry H. McAmish
Pai-Chuan Wu
Kenneth L. Lilly
Christopher A. Shelley
Mark Wendorf

CAMPO DE LA INVENCION

La presente invencién se relacicna con peliculas
microporosas, y, mas particularmente, 1la presente
invencién se relaciona con peliculas multicapa
microporosas que comprenden al menos dos capas
microporosas, y métodos para producir las peliculas
multicapa microporosas. De acuerdo a la presente
invencién, 1las <capas de la multicapa pueden ser
provistas con tamafio de poro controlado para adecuar u

optimizar varias propiedades de la pelicula multicapa.

ANTECEDENTES DE LA INVENCION

Se han descrito varios materiales y procesos para
usarse en la produccién de peliculas microporosas. Por
ejemplo la patente de Estados Unidos de Elton numero
3.870.593, incorporada aqui como referencia, describe un
proceso donde una pelicula microporosa se produce
dispersando particulas finamente divididas de una sal
inorganica no igroscédpica comec el carbonato de calcioc en

un polimero adecuado, por ejemplo por molienda, formando
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una pelicula del polimero llenado, y estirando 1la
pelicula para dar una buena porosidad y absorcién de
agua o caracteristicas de transmisién. Las peliculas
microporosas son bien conocidas para el uso en varias
aplicaciones, tipicamente donde se desea permeabilidad

de aire y humedad junto con propiedades de barrera para
liquidos.

Se han intentado varias tecnologias para mejorar el
desempeflo de 1las peliculas microporosas y componer
materiales en los cuales dichas peliculas se empleen por
control del tamafio de poro. Por ejemplo la patente de
EE.UU. de Allegrezza, Jr et al No. 4.824.568 revela la
formacién de una membrana microporosa de ultrafiltracién
por la precipitacién de un polimero desde una solucién
del polimero en un solvente adecuado. El1 tamaflo de poro
se controla a través de técnicas de proceso vy
temperatura. Sin embargo, los materiales empleados en
las técnicas reveladas son costosas y el proceso de la
extraccién del solvente y secado requiere un muy bajo
rendimiento. Adicionalmente, las membranas se preparan
en la superficie de una capa de soporte microporosa
previamente fabricada, y ese proceso de miltiples etapas

es ineficiente.

En intentos por controlar la formacién de poros en
peliculas microporosas, también se han empleado aditivos
para composiciones de pelicula. Por ejemplo, la patente
de Estados Unidos de Yen No. 5.531.899 describe el
control de tamaflo de poro en peliculas microporosas de
intercambio de iones por el uso de un porégeno, un

agente adicional que se mezcla en un polimero y se
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remueve posteriormente para crear los poros. El proceso
con solventes requerido para remover el porégeno es caro
e ineficiente. La patente de EE.UU. de Weimer et al No.
5.690.949 revela una composicién de pelicula microporosa
que tiene propiedades de barrera contra virus. Weimer et
al revela el uso de un compuesto fluorado para
incrementar la resistencia a la humedad de la pelicula
microporosa y obtener las propiedades de barrera. El
compuesto fluorado es un aditivo costose y no controla

el verdaderoc tamafio de poro de la pelicula.

La patente de Estados Unidos de Oka No. 5.830.603
revela una bateria separadora de peliculas porosas que
puede tener una porosidad variada o tamafilo de poro a
través del espesor de la pelicula. La pelicula revelada
comprende una matriz de fluororesina con poros hechos
por un proceso relativamente complicado o por
estiramiento biaxial y templado, extrusién de la pasta
extraida por solvente de un sistema lubricante de
fluoropolimero polvo/liquido, seguido por la
hidrofilizacién de al menos una porcién de la pelicula.
Las peliculas tienen tipicamente una porosidad de al
menos 70% y tamafios de poro de hasta 50 micras, mucheo
mis grandes de los que son idtiles para aplicaciones
donde se requiere una barrera para liquidos, como en

productos desechables sanitarios y para higiene.

La patente de EE.UU. de Branham et al No. 6.261.674
revela un polimerc de microcapa respirable que tiene de
8 a 17.000 microcapas. Las capas se forman
alternadamente del primer y segundo polimeros, algunos

de los cuales pueden ser convertidos en microporosos. El
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primer polimero se revela como mas respirable que el
segundo polimero. Branham et al revela el uso de un
equipo de extrusién no esténdar como los de cortado y
extendido de capas de maltiples troqueles para formar
sus peliculas.

Muchos de los procesos convencionales para controlar
el tamaflo de poro en peliculas microporosas, involucran
el uso de aditivos costosos y/o emplean técnicas de
proceso engorrosos que no son adecuadas para la

produccién a gran escala.

De acuerdo al anterior, hay una necesidad continua
de proveer mejoras en el desempefioc de peliculas de
polimero microporosas y materiales compuestos dque
empleen dichas peliculas, por ejemplo por optimizacién y
adecuacién de maltiples propledades de las peliculas
microporosas, particularmente mientras se mantiene una
alta eficiencia de produccién de tales peliculas usando
equipos estdndares de extrusién y materias primas

fadcilmente disponibles.

RESUMEN DE LA INVENCION

De acuerdo al anterior, es objeto de la presente
invencién el proveer peliculas microporosas mejoradas, y
particularmente proveer peliculas microporosas en las
que se puedan obtener las combinaciones de propiedades
deseadas. Un objeto relacionado de la presente invencién
es el proveer métodos de produccién de dichas peliculas

microporosas.
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Esos y objetos adicionales son provistos por 1la
presente invencién. En una modalidad, la invencién se
dirige a peliculas multicapa microporosas que comprenden
una primera y una sequnda capa microporosa. La primera
capa tiene un primer tamafio de poro mdximo y la segqunda
capa tiene un segundo tamafic de poro maximo diferente
del primer tamafio de poro maximo. En una modalidad mas
especifica, la invencién se dirige a peliculas multicapa
microporosas que comprenden una primera, segunda Yy
tercera capas microporosas. Una de la primera, segunda y
tercera capas tienen un tamaflo de poro madximo mas
pequefio que el tamafio de poro maximo respectivo de las
otras capas de la pelicula multicapa © mayor que el
tamafio de poro maximo respectivo de las otras capas de
la pelicula multicapa, y una de las capas no tiene una
superficie 1libre en 1la pelicula multicapa. En una
modalidad adicional, la invencién se dirige a peliculas
multicapa microporosas que comprenden al menos dos capas
microporosas, donde las dos capas tienen tamafios de poro
diferentes y donde una de las capas se diséone de tal
manera que no tenga una superficie libre en la pelicula

multicapa.

Aun en otra modalidad adicional, 1la invencién se
dirige a métodos para producir la pelicula multicapa
microporosa. Un primer método comprende la coextrusidén
de al menos la primera y la segunda capa y el estirado
de las capas para volverlas microporosas, donde la
primera capa tiene al menos un componente diferente de
la segunda capa, dicho componente se adapta para causar

que la primera capa tenga un tamafilo de poro mdximo por
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estiramiento, que es diferente del de la segunda capa

por estiramiento.

Un segundo método comprende la extrusién de al menos
la primera y la segunda capa, estirando las capas para
volverlas microporosas, donde la primera capa tiene un
tamafio de poro maximo por estiramiento que es diferente
del de la segunda capa por estiramiento, y el laminado

de las capas juntas.

En un tercer método, la primera capa se forma, por
ejemplo por extrusidén, la segunda capa es lueqo extruida
en cubrimiento sobre la primera capa, y la multicapa
resultante es estirada. La primera capa puede
opcionalmente estirase antes de que la segunda capa sea
extruida y dispuesta encima. La primera capa tiene un
tamafio de poro maximo por estiramiento que es diferente

del de la sequnda capa por estiramiento.

La pelicula multicapa microporosa y los métodos de
acuerdo a la invenciédn permiten controlar el tamaiflco de
poro maximo de las peliculas mnmulticapa mientras se
adecuan y optimizan mdltiples propiedades de las
peliculas microporosas y componentes en los que se
incluyen dichas peliculas. Adicionalmente, estas mejoras
se pueden obtener por métodos emplean equipos estandares

de extrusién y materias primas facilmente disponibles.

Estos y objetos adicionales y sus ventajas van a ser
mis evidentes en vista de la descripcién detallada que
ilustra varias maneras para llevar a cabo la invencién.

Como se notari, la invenclén es competente para otros
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aspectos obvios diferentes sin apartarse de 1la
invencién. De acuerdo a lo anterior, los dibujos y la
descripcién tienen una naturaleza ilustrativa pero no

restrictiva.
BREVE DESCRIPCION DE 1.0S DIBUJOS

Mientras que la descripcién se concluye con las
reivindicaciones, seflalando particular y claramente lo
que reclama la presente invencidén, se cree que 1la
invencién va a ser mAs entendida a partir de 1la
siguiente descripcién detallada tomada en conjuncién con

los dibujos acompaflantes;

La figura 1 es un diagrama esquemdtico de una
pelicula multicapa microporosa de acuerdo a la presente

invencién que comprende dos capas microporosas;

la figura 2 es un diagrama esquemdtico de una
pelicula multicapa microporosa de acuerdo a la presente

invencién que comprende tres capas microporosas;

la figura 3 es un diagrama esquematico de una
pelicula multicapa microporosa de acuerdo a la presente
invencién que comprende dos capas microporosas y una

capa de red no tejida;

la figura 4 es un diagrama esquemdtico de una
pelicula multicapa microporosa de acuerdo a la presente
invencién que comprende tres capas microporosas y una

capa de red no tejida:;
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la figura 5 es una micro fotografia electrénica que
muestra una pelicula multicapa microporosa de acuerdo a
la presente invencién que comprende dos capas

microporosas como se describen en el ejemplo 4;

la figura 6 es una micro fotografia electrénica que
muestra una pelicula microporosa convencional de una

capa como la descrita en el ejemplo 4;

la figura 7 es una micro fotografia electrénica que
muestra una pelicula multicapa microporosa de acuerdo a
la presente invencién que comprende tres capas

microporosas como se describe en el ejemplo 4; y

la figura 8 es una micro fotografia electrénica que
muestra una pelicula multicapa microporosa de acuerdo a
la presente invencién que comprende tres capas

microporosas comoc se describe en el ejemplo 4.

DESCRIPCYION DETALLADA

Dentro del contexto de 1la presente descripcién, el
término "capa microporosa" se refiere a una pelicula de
polimero que comprende uno o mis materiales de relleno y
que se estira luego de la formacién de la pelicula para
proveer alli una microporosidad. "Microporoso" es usado
aqui para referirse a un material poroso en el cual los
poros no son facilmente visibles a simple vista, vy
tipicamente tiene un tamafio de poro méximo no mayor gue
aproximadamente varios micrones. En modalidades
especificas, los poros son suficientemente pequefios de

tal manera que las peliculas multicapa microporosas son
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impermeables al liquido a presién atmosférica.
Adicionalmente, dentro del contexto de 1la presente
descripcién, el término "pelicula multicapa microporosa"
se refiere a peliculas que comprenden dos o méAs capas
microporosas. La presente invencién se dirige a
peliculas multicapa microporosas y a métodos para
producir las peliculas multicapa microporosas. El1 tamafio
de poro maximo de las capas microporosas respectivas
incluidas en la pelicula multicapa microporosa se
controla de tal manera que se puedan adecuar y optimizar
en general las propiedades de la pelicula multicapa

microporosa.

En una primera modalidad, 1la pelicula multicapa
microporosa comprende una primera y una segqgunda capas
microporosas, donde la primera capa tiene un primer
tamafio de poro méximo y la sequnda capa tiene un segundo
tamafio de poro maximo diferente del primer tamafio de
poro maximoc. Un diagrama esquemidtico de la pelicula
multicapa microporosa de acuerdo a esta modalidad se
propone en la figura 1. Mis especificamente, la pelicula
multicapa microporosa 10 comprende una primera capa
microporosa 12 adyacente a la segunda capa microporosa
14. Como se discutird con mas detalle a continuacién,
las capas microporosas estdn unidas entre si en una
interfase 16, por ejemplo por coextrusidén de las capas,
por extrusién de cubrimiento, o por otra técnica de
laminacién subsecuente a la formacién de la pelicula.
Tal como 1los dilagramas esquemdticos muestran las
interfases de la pelicula como una linea claramente
definida, una persona ordinarliamente versada en el arte

reconocerd que la interfase real entre las capas no

10
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comprende tipicamente una demarcacién por una linea
clara. Adicionalmente, en los diagramas esquemAticos,
las diferencias en el tamafio de poro entre las capas se
representan por cuadriculas de varios tamafios. Las
cuadriculas no provén una representacién del tamafio de
poro real, configuracién o cantidad, o la composicién de

alguna capa individual.

En una modalidad mds especifica, la pelicula
multicapa microporosa de acuerdo a la presente invencién
puede contener una tercera capa microporosa teniendo un
tercer tamafio de poro méximo. Esta modalidad se ilustra
esquemdticamente en la figqura 2 donde una pelicula
multicapa microporosa 20 comprende una primera, segunda
y tercera capas microporosas 12, 14 y 18
respectivamente. Las capas 12 y 14 son adyacentes entre
si en interfase 16a mientras que las capas 14 y 18 son
adyacentes entre si en la interfase 16b. En la modalidad
de 1la figura 2, la segunda capa 14 es revelada
esquemdticamente como la que tiene el mas pequefio tamaifio
de poro maximo relativo a la primera y la tercera capas
12 y 18, respectivamente. Sin embargo, las peliculas
multicapa de acuerdo a la presente invencién pueden
comprender la disposicién de las capas de tamaflo de poro
maximo relativo, donde la capa o las capas que tengan el
tamaflo de poro miximo se puedan colocar como la
superficie exterior de la pelicula o peliculas o como
una capa interna en la que ambas superficies de 1la

pelicula estén limitadas por las capas adyacentes o

otras capas de un producto compuesto. Similarmente, la-

capa 0 capas que tienen el tamafio de poro miximo mas

pequefic pueden estar dispuestas como una superficie

11
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externa de la pelicula o peliculas o como una capa
interna en donde ambas superficies de 1la capa estan
limitadas por capas adyacentes u otras capas de un
producto compuesto. En una modalidad méas especifica, las
capas microporosas que tienen el tamafio de poro maximo
mds pequeflo se posicionan entre la primera y la tercera
capa, como es mostrado por la segunda capa 14
posicionada entre la primera capa 12 y la tercera capa
18 en la figura 2. En otra modalidad mas especifica, la
capa microporosa con el mayor tamafio de poro mAximo se
posicionan entre las capas que tienen los tamafios del
poro maximos mAs pequefios relativamente. El1 tamafio de
poro miximo de las capas mAs exteriores puede ser el
mismo, sustancialmente el mismo, o diferente entre una y

otra.

Una persona versada en el arte apreciard que las
peliculas nmulticapa microporosas de 1la presente
invencién pueden comprender dos capas microporosas como
se muestra en la figura 1, tres capas microporosas como
se muestra en la figura 2, cuatro capas microporosas, o
cinco o mis capas microporosas. En muchas modalidades,

se contemplan menos de ocho capas microporosas.

Es muy importante que, variando el tamafio de poro
miximo entre las capas microporosas de una pelicula
multicapa microporosa, es posible controlar el tamafio de
poro midximo de la pelicula multicapa en conjunto con las
propiedades adicionales de la pelicula multicapa para
proveer combinacién de propiedades adecuadas u
optimizadas. Se ha descubierto sorpresivamente gque una

combinacién de capas microporosas que tienen diferentes

12
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tamafios de poro miximo proveeran una pelicula multicapa
microporosa que exhibe un tamafio de poro maximo
substancialmente caracteristico de una o m&s capas de la
pelicula multicapa, que se ha configurado de tal forma
que no tenga superficies libres, no limitadas. Esto es,
las peliculas multicapa microporosas exhiben tipicamente
un tamafio de poro miaximo caracteristico de las capas que
no tienen una superficie expuesta en la pelicula
multicapa o en un producto compuesto en el que se emplee
la pelicula multicapa. Por ejemplo, con referencia a la
figura 2, la pelicula multicapa microporosa 20 exhibiréa
un tamaflo de poro méximo caracteristico de la segunda
capa interna 14 dispuesta entre las capas externas
primera y tercera 12 y 18, respectivamente, sin importar
ai la capa 14 tiene el tamaflo de poro maximo mas grande
de las tres capas o el tamafio de poro maximo mas pequeifio
de las tres capas. La 'superficie de la capa 14 esté
limitada en interfase 16a por la primera capa 12 y en

16b por la tercera capa 18.

Similarmente, con referencia a la figura 1, cuando
la pelicula multicapa 10 se forma como un material
compuesto, con una de las capas mlicroporosas 12 y 14
dispuestas a adyacentemente a otra capa del compuesto, y
la otra de las capas microporosas 12 y 14 se expone como
una superficie externa, una de las capas 12 o 14 que
estd limitada en ambas superficies caracterizara el
tamafio de poro maximo de 1la pelicula multicapa
microporosa empleada en el material compuesto. Mds
particularmente, con referencia a la figura 3, wuna
pelicula multicapa microporosa de un material compuesto

40 comprende una multicapa microporosa 42 en combinacién

13
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con una capa no tejida 44. La multicapa microporosa 42
comprende una primera capa microporosa 52 que tiene un
primer tamafio de poro maximo y wuna segunda capa
microporosa 54 que tiene un segundo tamafio de poro
maximo diferente del primer tamafio de poro mAximo. Las
capas 52 y 54 esté&n adyacentes entre si en la interfase
56. Asi, una superficie de la segunda capa microporosa
54 estd adyacente a la primera capa microporosa 52 en la
interfase 56, mientras que la otra superficie de la capa

microporosa 54 estd limitada en la interfase 58 por la

‘capa no tejida 44 del material compuesto. Como

resultado, la pelicula multicapa microporosa 42 exhibiré
un tamafio de poro mAximo mas caracteristico del de la
capa limitada 54, sin importar si la capa 54 tiene un
tamafio de poro maximo mayor © menor comparado con la

capa microporosa 52.

La pelicula multicapa microporosa de acuerdo a la
presente invencié4n puede comprender ademAs capas
adicionales para formar materiales compuestos como los
descritos, por ejemplo, en la figura 4. La figura 4
propone modalidades adicionales de peliculas multicapa
microporosas compuestas gque contienen una capa no
microporosa. Mas especificamente, con referencia a la
figura 4, el material compuestoc con la pelicula
multicapa microporosa 60 comprende una pelicula
multicapa microporosa 62 y una capa no tejida 64. La
pelicula multicapa microporosa 62 comprende una primera,
segunda y tercera capas microporosas 72, 74 y 178,
respectivamente, donde las capas 72 y 74 estan unidas en
la interfase 76a y las capas 74 y 78 estdn unidas en la

interfase 76b. Aunque no se muestran las figuras, la

14
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capa no tejida puede estar dispuesta entre dos de las
capas, sSi se desea. Peliculas multicapa microporosas
adicionales que incluyen capas no microporosas para
formar compuestos, ~resultaridn aparentes para aquéllas
personas versadas en la materia y estédn incluidas dentro

del alcance de la invencién.

En las modalidades de tres capas de peliculas
microporosas mostradas en las figuras 2 y 4, la primera
y la tercera capas, 12 y 18 en la figura 2 y 72 y 78 en
la figqura 4, se disponen como capas externas y se
indican esquemdticamente como las que tienen tamafios de
poro maximos similares, diferentes del de la segunda,
capa interna 14 y 74, respectivamente. De acuerdo con la
modalidad de las tres capas de las peliculas multicapa
microporosas segin la invencién, el primer, segundo y el
tercer tamafio de poro miximo de la primera, sequnda y
tercera capa puede ser de cualquier tamafio de poro
maximo relativo con respecto al otro, siempre que al
menos dos de las capas tengan diferente tamafio de poro
maximo. Asi, la primera y la tercera capas de las
figuras 2 y 4 pueden tener un tamaflo de poro maximo que
sea el mismo, sustancialmente el mismo, o diferente de
los otros. Adicionalmente, la capa o capas con el tamafio
de poro méximo mis grande o mAs pequefio pueden proveerse
en cualquier orden de las capas como se desee, con el
fin de obtener la pelicula multicapa microporosa con el
miaximo tamafio de poro deseado.

Aunque las composiciones de polimeros adecuados para

usarse en las capas microporosas de las peliculas

multicapa de la presente invencién se discuten con mayor
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detalle mAs adelante, los polimeros que son adecuados
para usarse en la obtencién de las capas microporosas
que tienen un tamafioco de poro maximo relativamente
pequefio incluyen, pero no se limitan a homopolimeros vy
copolimeros de polipropileno, poliamidas de nylon, vy
similares, aunque los polimeros adecuados para el uso en
capas que tienen el tamaflo de poro maximo relativamente
mayor incluyen, pero no se limitan a polietilenos de
densidad ultra baja (ULDPE), polietilenos de baja
densidad (LDPE), polietilenos lineales de baja densidad
(LLDPE), polietilenos de densidad media (MDPE),
polietilenos de alta densidad (HDPE). Combinaciones
adicionales de polimeros para usarse como la primera o
segunda capa de las peliculas multicapa resultaran
aparentes para aquéllas personas versadas en la materia,
dependiendo del tamafio de poro relativo de los polimeros
seleccionados. Aunque no se desea estar atado a 1la
teoria, se quede que el modulus (Ver nota al pie 1)! del
polimero (la pendiente de su curva de tensién- presién)
y/o su drenaje natural puede influir el tamafio de poro
del mismo. También se cree que el nimero de poros en una

capa puede variar por la composicién polimérica.

En una modalidad més especifica, donde la pelicula
multicapa microporosa comprende tres capas microporosas
como S8Se propone en la figura 2, la segunda capa es
posicionada entre la primera y la tercera capas y es
formada de una segunda composicién polimérica que es
diferente de la primera y tercera composicién polimérica

de las que se forman la primera y tercera capas,

! Nota del traductor: Modu/us en fisica s entiende como la medida de 1a fuerza eléstica de una
sustancia expresada por la relacién de la tensidn en una unidad dada de I sustancia a la distorsién
producida o presién,

16
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respectivamente. En una modalidad, la segunda
composicién polimérica se selecciona de tal forma que la
segunda capa tenga el tamafic de poro mAximo mas grande
comparado con el tamafioc de poro maximo de la primera y
tercera capas. AGn en modalidades adicionales, la
primera y tercera capas tienen sustancialmente el mismo

o el mismo tamafioc de poro maximo.

En modalidades adicionales, la primera composicién
polimérica puede comprender polipropileno o
polipropilenc de alta densidad, mientras que la segunda
composicién polimérica puede comprender polietileno de
densidad ultra baja, lineal baja o media. En modalidades
adicionales, la primera composicién polimérica puede
comprender polipropileno, mientras que 1la segqunda
composicién polimérica puede comprender polietileno de
densidad ultra baja, baja, lineal baja, media, o alta.
Aln en modalidades adicionales, la primera composicién
polimérica puede comprender polietileno de densidad
ultra baja, baja, linealr baja o media, y la segunda
composicién polimérica puede comprender polipropileno o
polipropileno de alta densidad, o, alternativamente, la
primera composicién polimérica puede comprender
polietileno de densidad ultra baja, baja, lineal baja,
media o alta y la sequnda composicién polimérica puede
comprender polipropileno.

MAs especificamente, en una modalidad de la pelicula
multicapa microporosa, una primera composicién se
prepara de {a) de aproximadamente 35% a aproximadamente
45% en peso de polietileno lineal de densidad media, (b)

de aproximadamente 3% a aproximadamente 10% en peso de

17



10

15

20

25

30

polietileno de baja densidad, (c) de aproximadamente 40%
a aproximadamente 55% en peso de particulas de relleno
de carbonato de calcio, y (d) de aproximadamente 1% a
aproximadamente 6% en peso de uno o mis compuestos de un
grupo gque consisten en los siguientes: pigmentos,
opacificadores, adyuvantes de proceso, antioxidantes,
estabilizadores (luz,UV, calor, etc.), aglutinantes y
modificadores poliméricos, en la sequnda composicién se
prepara de (a) de aproximadamente 35% a aproximadamente
50% en peso de homopolimero de polipropileno, (b) de
aproximadamente 2% a aproximadamente 15% de uno o mas
polietilenos de baja densidad y comopolimeros de
polipropileno, (c) de aproximadamente 40% a
aproximadamente 60% en peso de particulas de carbonato
de calcio, y (d) de aproximadamente 0,1% a
aproximadamente 10% en peso de uno o mids componentes del
grupo que consiste en los siquientes: surfactantes,
pigmentos, opacificadores, adyuvantes de proceso,
antioxidantes, estabilizadores (luz,UV, calor, etc.) y
modificadores poliméricos. La primera Yy segunda
composicién se funden y mezclan individualmente en
aparatos convencionales de extrusién y luego se pasan a
través de un bloque de extrusién combinante de tal
manera que una estructura de tres capas se produce con
una capa de la segunda composicién entre dos capas de la
primera composicién. Las capas son coextruidas ya sea
dentro de una prensa de rodillos, dentro de un molde
frio en rodillo, © dentro de tubo de pelicula soplado,
para formar una pelicula s6lida a la velocidad del orden
de 250 fpm a aproximadamente 1200 fpm sin la resonancia
de drenaje, y se aplica una fuerza de estirado

incremental a la pelicula multicapa de una manera
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sustancialmente uniforme a través de la pelicula y en
toda su profundidad para proveer la pelicula multicapa

microporosa.

La pelicula multicapa de esta modalidad facilita la
produccién a alta velocidad, asi mismo la capa externa
de polietileno exhibe una mejor estabilidad al fundido
comparada con el ndacleo de polipropileno y
sorpresivamente permite la producciédn por extrusién de
una pelicula multicapa laminada a velocidades mds altas
gue las comparadas con la extrusién de una pelicula

solamente de polipropileno.

Otra modalidad especifica de la pelicula multicapa
microporosa puede obtenerse proveyendo una primera
composicién de {a) de aproximadamente 35% a
aproximadamente 45% en peso de polietileno lineal de
densidad media, (b} de aproximadamente 3% a
aproximadamente 10% en peso de polietileno de baja
densidad, (c) de aproximadamente 40% a aproximadamente
55% en peso de particulas de relleno de carbonato de
calcio, y (d) de aproximadamente 1% a aproximadamente 6%
en peso de unco ¢ més compuestos de un grupo que
consisten en los siguientes: pigmentos, opacificadores,
adyuvantes de proceso, antioxidantes, estabillizadores
(luz, UV, calor, etc.), aglutinantes y modificadores
poliméricos; y proveyendo una segunda composicién de (a)
de aproximadamente 35% a aproximadamente 50% en peso de
polietileno de alta densidad, (b) de aproximadamente 3%
a aproximadamente 10% de polietileno de baja densidad,
(c) de aproximadamente 40% a aproximadamente 60% en peso

de particulas de carbonato de <calcio, y (d) de
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aproximadamente 0,1% a aproximadamente 10% en peso de
uno o mAs componentes del grupo que consiste en los
siguientes: surfactantes, pigmentos, opacificadores,
adyuvantes de proceso, antioxidantes, estabilizadores

(luz, UV, calor, etc.) y modificadores poliméricos.

La primera y segunda composicién se gunden y mezaclan
individualmente en aparatos convencionales de extrusién
y luegp se pasan a través de un bloque de extrusidn
combinante de tal manera que una estructura de tres
capas se produce con una capa de la segunda composicién
entre dos capas de la primera composicién. La pelicula

es extrulda y estirada como se describié anteriormente.

En otra modalidad, la primera y la segunda capas se
proveen con diferentes tamafios de poro miaximos mediante
el empleo de diferentes rellenos en las capas
respectivas. Los rellenos pueden diferir en composicién,
tamafio, forma, cobertura de superficie, y/o cualquier
otra propiedad que variaria el tamafio de poro de la capa
microporosa estirada resultante. Por ejemplo, la primera
capa puede comprender un primer relleno que tiene un
primer tamafilo de particula promedio, mientras que 1la
segunda capa comprende un segundo relleno que tiene un
segundo tamaflo de particula promedio diferente del
primer tamafio de particula promedio. El primer y segqundo
rellenos puede tener la misma o diferente composicién
quimica y la primera y segunda capas pueden la misma o
diferente composicién polimérica. Sin intencién de
atarse a la teoria, una capa que tenga un relleno de
tamafio de particula promedio mas pequeflo, con todas las

otras variables constantes, proveeré una capa
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microporosa que tiene un tamafio de poro méximo mas
pequefio, mientras que un relleno de tamafilo de particula
promedio mas grande, con todas 1las otras variables
constantes, proveera una capa microporosa que tiene un

tamafio de poro mi&ximo mis grande.

En una modalidad mis especifica, las capas
microporosas de la pelicula multicapa microporosa se
forman de la misma composicién polimérica y comprende un
relleno de la misma composicién quimica, con el tamafio
de particula promedio del relleno variado en al menos
dos capas adyacentes. En una modalidad mids especifica,
el relleno empleado en las capas respectivas comprende
carbonato de calcio. El1 carbonato de calcio esta
tipicamente en tamaflos de particula promedio que van
desde aproximadamente 0,1 micras a aproximadamente 2,5
micraa. El carbonato de calcio en su promedio mas bajo
el tamaflo de particula es tipicamente formado por
precipitacién, mientras que el carbonato de calcio en su
promedio mas alto de tamafilo de particula es tipicamente
formado por medio de mallas. En una modalidad adicional
de la pelicula multicapa microporosa de tres capas como
la descrita en la figura 3, la segunda capa comprende un
segundo rellenc que tiene un tamafio de particula
promedio mds pequefio que el tamafio de particula promedio
del primer y tercer relleno empleados en la primera y
tercera capas, y la segunda capa estd dispuesta entre la
primera y la tercera capas donde la segunda capa tiene
un tamafio de poro maximo mas pequefio comparado con las
capas primera y tercera. En una modalidad alterna, la
segunda capa comprende un segundo relleno que tiene un

tamafio de particula promedio mayor comparado con los
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rellenos primer y terceroc empleados en las capas primera
y tercera, respectivamente, y la segunda capa esté
dispuesta entre las capas primera y tercera, donde la
sequnda capa tiene un tamafio de poro maximo mis grande

comparado con las capas primera y tercera.

Los rellenos adecuados para usar ‘en las respectivas
capas incluyen, pero no se limitan a, varios materiales
organicos e inorganicos, ineluyendo, pero no
limitandose, a O6xidos metalicos, hidroxidos metdlicos,
carbonatos metdlicos, polimeros organicos, derivados de
los mismos, y similares., Los rellenos preferidos
incluyen, perc no se limitan a, carbonato de calcio,
tierra de diatomaceus, diéxido de titénio, y mezclas de
los mismos. Asi, la composicién del relleno puede ser
variada de capa a capa adyacente con el objeto de
proveer diferentes tamaflos de poro maximo a las
respectivas capas luego del estiramiento. Una
composicién tipica de capa para esta modalidad combrende
una combinacién de (a) de aproximadamente 35% a
aproximadamente 45% en peso de polietileno lineal de
baja densidad, {b) de aproximadamente 3% a
aproximadamente 10% en peso de polietileno de baja
densidad, (c) de aproximadamente 40% a aproximadamente
55% en peso de particulas de relleno de carbonato de
calcio, y (d) de aproximadamente 1% a aproximadamente 6%
en peso de uno © mas compuestos de un grupo gque
consisten en lo0s siguientes: pigmentos, adyuvantes de
proceso, antioxidantes y modificador poliméricos, con el
tamaflo de particula promedio del relleno de carbonato de

calcio siendo variado de capa a capa.
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Alternativamente, la forma del relleno, por ejemplo,
laminas, barras, puntas, escamas, esferas, 1ladrillos,
trozos grandes, puede ser variada de capa a capa
adyacente, con el fin de variar y el tamailo de poro de
la capa respectiva. En vista de la presente revelacién,
una persona versada en la materia serd capaz de
determinar facilmente las combinaciones apropiadas de

varios rellenos para proveer a las capas adyacentes de

tamafios de poro maximo variados.

Similarmente, los rellenos de las respectivas capas
pueden proveerse con diferentes cubiertas de superficie
o diferentes cantidades de cubiertas de superficie con
el objeto de variar el tamaflo de poro de las respectivas
capas microporosas. Las cubiertas de relleno adecuadas
son conocidas en el arte e incluyen, pero no se limitan
a, copolimeros de glicol =silicona, oligémeros de
etilenglicol, 4&acido acrilico, complejos wunidos por
hidrégeno, alcoholes carboxilados, etoxilatos, varios
alcoholes etoxilados, fenoles alquil etoxilados, ésteres
grasos etoxilados, 4acidos carboxilicos o sales de los
mismos, por ejemplo, acido estedrico o acido behénico,
ésteres, cublertas fluoradas o© similares, asi como

también combinaciones de los mismos.

Adicionalmente, la cantidad de relleno que se emplea
en las capas respectivas puede ser variada con el
objetivo de variar el tamaflo de poro de las respectivas
capas. Por ejemplo, para una proporcién dada de
permeabilidad constante, altas concentraciones de
relleno van a proveer tamafios de poro miximos méas

pequeflos, con las demds variables constantes, cuando la
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pelicula es menos estirada. Por el contrario, para una
proporcién de permeabilidad constante dada, una baja
concentracién de particulas van a proveer una pelicula
microporosa que tiene un tamafio de poro méximo mayor,
asi, la pelicula debe ser estirada mAs para alcanzar la
proporcién de permeabilidad objetivo. Una persona
versada en el arte, en vista de la presente divulgacién,
serd capaz de determinar variaciones adecuadas en la

cantidad de relleno empleado en las capas respectivas.

Las anteriores modalidades permiten la variacién en
tamafio de poro entre capas microporosas adyacentes a ser
obtenidas en peliculas coextruidas, en peliculas
cubiertas por extrusién, o en peliculas extruidas
individualmente y laminadas subsecuentemente. Sin
embargo, pueden emplearse técnicas adicionales para
variar el tamaflo de poro de las peliculas microporosas
delgadas que no son coextruidas, pero que son formadas
por extrusién cubriendo una segunda capa en una primera
capa estirada, o que son laminadas juntas para formar
una pelicula multicapa microporosa subsecuente a Jla
extrusién y estiramiento. Por ejemplo, variaciones en la
temperatura de estiramiento, proporcién, método vy/o
configuracién de ajuste pueden proveer capas
microporosas de idéntica composicién con diferentes
tamafios de poro maximo. Sin estar limitados por 1la
teoria, se c¢ree gque las variables del proceso de
estiramiento afectardn varias propiedades, por ejemplo,
el modulus (Ver nota al pie 1) y/o el drenaje natural de
la composicién polimérica de la capa y por lo tanto
afectar el tamaflo de poro maximo resultante en el

proceso de estirado. Asi, estirar a elevadas
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temperaturas puede reducir el modulus (Ver nota al pie
1) y/o el drenaje natural y por lo tanto alterar el
tamafic de poro maximo.

Las capas microporosas individuales empleadas en las
peliculas multicapa de 1la invencién pueden ser de
cualquier grosor adecuade gque provea las propiedades
deseadas, particularmente la respirabilidad.
Adecuadamente, las capas microporosas van a tener
individualmente un grosor de aproximadamente 0,1 mil a
aproximadamente 10 mil, mas especificamente de
aproximadamente 0,25 mil a aproximadamente 5 mil.
Adicionalmente, los poros s0on de un tamano
suficientemente pequefio para no ser facilmente visibles
a simple vista. Preferiblemente, los poros son
suficientemente pequeflos como para hacer la pelicula
multicapa microporosa impermeable al 1liquido en
condiciones de presién atmosférica. En una modalidad, la
pelicula multicapa microporosa tiene un tamafio de poro
méximo en el rango de aproximadamente 0,01 a
aproximadamente 0,25 micras. En otra modalidad, 1la
pelicula multicapa microporosa exhibe un tamafio de poro
maximo suficientemente pequefio para qué 1la pelicula
actie como una barrera viral, por ejemplo, no mayor gque
aproximadamente 0,10 a aproximadamente 0,12 micras. Una
persona versada en el arte reconocerd por supuesto que
otros factores, incluyendo, pero no limitandose, al
conteo de poros y configuracién y espesor de las capas,
afectaran dichas propiedades. Ventajosamente, la
pelicula multicapa microporosa también exhibira buena
transmisién de aire y vapor de agqua. Tipicamente, las

peliculas exhibirdn una proporcién de transmisién de
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vapor himedo (MVTR) mayor que aproximadamente 500
g/m?/dia. En modalidades m&s especificas, la pelicula

multicapa microporosa exhibira MVTRs mayores que

aproximadamente 1500 g/m?/dia, mayores que
aproximadamente 2500 g/m?/dia, mayores que
aproximadamente 3000 g/m?/dia, o mayores que

aproximadamente 4000 g/m?/dia, medidos de acuerdo a ASTM
E96E.

Los polimeros de los cuales las capas microporosas
pueden formarse comprenden polimeros termoplasticos que
son procesables en una pelicula y estirables para formar
microporos alli mismo. Polimeros adecuados para las
peliculas incluyen, pero no se limitan a poliolefinas,
por ejemplo, homopolimeros y copolimercs de polietileno,
y homopolimeros vy <copolimeros de polipropileno,

poliolefinas funcionalizadas, poli(estireno-butadieno-

estireno), poli (estireno-isopreno-estireno),
poli (estireno-butileno-estireno), poliésteres,
poli(ester-eter), poliamidas, incluyendo nylons,

poli(eter-amida), sulfotas polieter, fluoropolimeros,
poliuretano, Yy similares. Los homopolimeros de
polietileno incluyen .esos de densidad baja, media o alta
y/o aquellos formados por polimerizacién de alta presién
o baja presién. Los copolimeros de polietileno vy
polipropileno incluyen, pero no se limitan a,
copolimeros con monomeros con alfa-olefinas C4-C8,
incluyendo l-octeno, l-buteno, 1-hexeno Yy 4-
metilpenteno. El polietileno puede ser sustancialmente
lineal o ramificado, y puede ser formado por varios
procesos conocidos en el arte usando catdlisis como la

catdlisis 2Ziegler-Natta, 1la catdlisis metalloceno u
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otras ampliamente conocidas en el arte. Ejemplos de
copolimeros adecuados incluyen, pero no se limitan a,
copolimeros como poli(etileno-buteno), poli(etileno-
hexeno), poli (etileno-octeno), y poli(etileno-
prolpileno}, poli(etileno-vinilacetato), poli(etileno-
metilacrilato), poli(etileno-4cido acrilico),
poli(etileno-butil acrilato), poli (etileno-
propilendieno), Yy goma de etileno-propileno, y/o
terpolimeros poliolefinicos de los mismos.
Adicionalmente, polimeros termopladsticos adecuados para
usarse incluyen aquellos que pueden ser biodegradables o
degradables por el ambiente. Un nimero de polimeros
termoplasticos adecuados en la practica de la invencién
son los del polimero oxialcanoil normalmente sélido o
polimeros de dialcanoil representados por
poli (caprolactona) o poli (etilen-adipato); los
polisacaridos o© polisacéridos modificados como las
composiciones de almidén-resina que pueden ser formados

en peliculas.

Capas no tejldas fibrosas adecuadas o redes pueden
comprender, pero no se limitan a fibras de polietileno,
polipropileno, poliésteres, rayén, celulosa, nylon, y
mezclas de dichas fibras. Un numero de definiciones se
han propuesto para las redes de fibras no tejidas. Las
fibras son usualmente fibras elementales o filamentos
continuos. Como se usan aqui "una red fibrosa no tejida"
se usa en su sentido genérico para definir una
estructura generalmente planar que es relativamente
plana, flexible y porosa, y es compuesta de fibras
elementales o filamentos continuos. Tipicamente, dichas

fibras son hiladas reforzadas, cardadas, en lecho
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himedo, en lecho de aire o fundidas por soplado. Para
una descripcién detallada de no tejidos, ver “Nonwoven
Fabric Primer and referente Sampler” por E. A. Vaughn,
Association of the Nonwoven Fabrics Industry, 3d Edition
1992. Dichas redes fibrosas no tejidas tipicamente
tienen un peso de aproximadamente cinco gramos por metro
cuadrado a 75 gramos por metro cuadrado, mas
especificamente aproximadamente 10 a aproximadaménte 40
gramos por metro cuadrado, y pueden ser incluidas en las
peliculas de la invencién por laminacién de extrusién,
laminacién adhesiva u otra técnica de laminacién

conocida en el arte.

Las peliculas multicapa microporosas pueden ser
producidas de acuerdo a varios métodos. En una
modalidad, al menos dos capas son coextruidas vy
estiradas para producirles microporos, donde la primera
capa tiene al menos un componente que difiere del de la
segunda capa, donde dicho componente es adaptado para
causar que una pelicula tenga un tamaflo de poro maximo
por estiramiento que es diferente del de la segunda capa
por estiramiento. En esta modalidad, las capas pueden
ser combinadas con uno o mAs materiales de capa, por
ejemplo, una capa de fibra no tejida, antes o después
del estiramiento. Alternativamente, la capa microporosa
puede ser formada individualmente, luego de que las
capas son laminadas juntas y estiradas. Una persona
versada en el arte apreclard que las capas individuales
pueden ser estiradas ya sea antes de la laminacién o
después de la laminacién junto con las otras o con uno o
mAs materiales de capa, por ejemplo, una capa de fibra
no tejida.
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Un nimero diferente de estiradores y técnicas pueden
emplearse para estirar las capas microporosas formables.
Por ejemplo, las capas pueden ser estiradas por
intermallado de direccién cruzada (CD), y/o intermallado
por direccién de maquina (MD). Adicionalmente, el
intermallado CD, y/0 el intermallado MD, puede emplearse
con estirado por orientacién de direccién de maquina
(MDO) y/0 estiradores tenter CD, en cualquier orden
deseado. Asi, en una modalidad el estiramiento
intermallado CD y/o el estiramiento intermallado MD se
lleva a cabo primero y segquido por estiramiento MDO. En
una modalidad alterna, el estiramiento MDO se lleva a
cabo primero y sequido por el estiramiento intermallado
CD, y/o el estiramiento intermallado MD. Variaciones
adicionales de los mismos también pueden usarse. Aunque
varias técnicas especificas para estos y otras técnicas
estiramiento se conocen en el arte y pueden ser
empleadas, las siguientes descripciones para técnicas de
estiramiento adecuadas y equipo adecuado se describen

para su uso aqui.

Estiramiento por intermallado en direccidén cruzada
(CD)

Un estirador de intermallado CD est& comprendido
tipicamente por un par de elementos de ajuste
helicoidales derechos e izquierdos en varas paralelas.
Las varas estan dispuestas entre dos platos, la vara
inferior est4 localizada en soportes fijos y la vara
superior esta localizada en soportes en miembros

verticalmente deslizables. Los miembros deslizables son
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ajustables en direccidédn vertical por elementos en forma
de cuflas operables por tornillos ajustables. Atornillar
hacia dentro o hacia fuera 1las cufias movera
verticalmente el miembro deslizable respectivamente
hacia arriba o hacia abajo para habilitar o deshabilitar
los dientes de ajuste del rodillo superior de
intermallado con el rodillo inferior de intermallado.
Los micrémetros montados a los lados del marco son
operables para indicar la profundidad de habilitacién de
los dientes del rodillo de intermallado. Cilindros de
aire se emplean tipicamente para mantener firmemente los
miembros deslizables en su posicién habilitada inferior
contra las cufilas ajustables para oponer la fuerza
ejercida ascendentemente por el material siendo
estirado. Estos cilindros también pueden ser retraidos
para deshabilitar los rodillos superior e inferior de
intermallado de cada uno para propésitos de enhebrar el
material a través del equipo de intermallado o en
conjuncién con un circuito de seguridad que abriria
todos los puntos de agarre de la maquina cuando esta
activada.

Los elementos de intermallado CD son tipicamente
trabajados desde material sélido pero pueden describirse
mejor como una pila alternante de dos discos de
diferente diametro. En una modalidad, los discos de
intermallado son aproximadamente de seis pulgadas de
diametro, aproximadamente 0,031 pulgadas de espesor, y
tienen un radio completo en su borde. LlLos discos
espaciadores que separan los discos de intermallado son
aproximadamente de un didmetro de 5,5 pulgadas vy

aproximadamente 0,069 pulgadas de espesor. Dos rodillos
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de esta configuracién deberian ser capaces de
intermallar mis de 0,231 pulgadas dejando un espacio de
0,019 pulgadas para el material en todos los lados. Esta
configuracién del elemento de intermallado CD tendria un

punto de 0,100 pulgadas.

Ya que los elementos de intermallado CD son capaces
tipicamente de comprometer grandes profundidades, es
ventajoso que el equipo incorpcre medios para causar que
las varas de los dos rodillos de intermallado
permanezcan paralelos cuando la punta de la vara esté
subiendo o bajando. Esto es Gtil para asegqurar que los
dientes de un rodillo de intermallado siempre caigan
entre los dientes del otro rodillo de intermallado y se
prevenga el potencial dafio fisico por contacto entre los
dientes de intermallado. Este movimiento paralelo puede
ser asegurado por un estante y un arreglo de engranajes
donde el estante estacionario de engranajes se adjunta a
cada lado del marco en yuxtaposicién a los miembros
deslizables verticalmente. Una vara atraviesa los lados
del marco y opera en un soporte en cada uno de los
miembros verticalmente deslizables un engranaje recibe
en cada lado de esta vara y opera en habilitacién con el

estante para producir el movimiento paralelc deseado.

Estiramiento Intermallado por direccién de maquina
(MD)

El equipo de estiramiento intermallado MD es
tipicamente idéntico al equipo de estiramiento
intermallado CD excepto por el diseflo de los rodillos de

intermallado. Los rodilles de intermallado MD recuerdan
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engranajes de espuelas de punte fino. En una modalidad,
los rodillos tienen un didmetroc de 5,933 pulgadas, 0,100
pulgadas de punto, punto didmetral 30, grado 141/2. El
dngulo de presién, y son basicamente un addendum largo,
con un engranaje. Un segundo paso puede tomarse en estos
rodillos con el engranaje de compensacidén de encimera de
0,010 pulgadas para dar un diente estrecho con més
despeje. Con aproximadamente 0,090 pulgadas de
compromiso. Esta confliguracién tendrAd aproximadamente
0,010 pulgadas de despeje en los lados para el grosor

del material.

Los estiradores intermalladores CD y MD arriba
descritos pueden ser empleados para producir peliculas
microporosas estiradas incrementalmente usadas en las
peliculas multicapa de la invencidén. La operacién de
estirado es empleada wusualmente con al menos dos
peliculas coextruidas. Incluyendo opcionalmente uno o
maés materiales de capas nc microporosas como una capa no

tejida para formar un material compuesto.

Estirado por orientacién de direccién de maquina
(MDO)

El equipo de estirado MDO puede ser mAs complicado
pero los principlos son muy simples. Compuestos de
pelicula o¢ que contentan pelicula, por ejemplo
compuestos de pelicula fabricada, son pasados entre
montajes de rodillos de estaciones de pellizcado. Al
menos se requiere un montaje de rodillos; sin embargo,
tres o mids montajes de rodillos pueden ser usados. En

una modalidad, al menos dos montajes de rodillos son
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usados. En muchas pero no en todas las aplicaciones, los
rodillos son calentados para asistir en el proceso de
estirado. El1 primer montaje de rodillos contiene
tipicamente al menos tres rodillos. El primer rodillo
(R1) es un rodillo calentado internamente para calentar
la pelicula o el compuesto antes de su presentacién. El
segqundo rodillo (R2) se cubre con un material eldstico
como el caucho para permitir el pellizcado (por ejemplo,
contacto fisico) con un tercer rodillos de metal (R3)
sin daflo. El segundo montaje de rodillos es una imagen
especular del primero con un rodillo calentado (R4), un
rodillo cubierto de caucho (R5) y un rodillo metdlico
(R6). Durante la operacién, ambos estédn cerrados. La
pelficula es pellizcada entre los rodillos R2 y R3 y
rodillos R5 y R6. La pelicula se estira en el espacio de
aire entre el rodillo de metal R3 y R6 una dimensién
tipica de un espacio de aire es de aproximadamente 0,005
pulgadas a aproximadamente 0,550 pulgadas, mas
especificamente de aproximadamente 0,005 pulgadas a
aproximadamente 0,050 pulgadas. Por ejemplo, los
rodillos Rl, R2 y R3 se arreglan para correr a una
velocidad lenta, por ejemplo, 100 metros por minuto, y
los rodillos R4, R5 y R6 se arreglan para correr a una
velocidad mayor, por ejemplo, 20 metros por minuto. La
relacién de estiramiento del MDO se define como la
relacién de velocidad del rodillo R6 al rodillo R3. Para
este ejemplo, la relacién de estiramiento del MDO es 2 a
1. La pelicula sale de la operacién MDO mis larga y mas
delgada que en sus dimensiones iniciales. Este ejemplo
usa dos estaciones de pellizco y se ensefia solamente
para mostrar a una persona versada en la materia como

aplicar los principios de esta invencién. Adicionalmente
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MDO de miltiples etapas también se conoce en la técnica

y puede emplearse.

Las intermalladoras CD y MD y la estirado la MDO
arriba descritas pueden ser empleadas para producir
peliculas multicapa microporosas o compuestos de redes
fibrosas no tejidas y peliculas multicapa microporosas
de esta invencién. El1 resultado de estos nuevos
estiramientos produce compuestos que tienen excelentes
propiedades de respirabilidad y de barrera contra

liquidos, adn proveyendo texturas suaves como de tela.

Es una modalidad, la pelicula multicapa microporosas
de acuerdo a 1la inversién puede ser grabada para
producir un patrén de grosor variado a través o a lo
largo de la pelicula. El grabado puede ser realizado ya
sea antes o después del estiramiento que produce las
peliculas microporosas. En una modalidad mis especifica,
el grabado de las peliculas se realiza antes de
cualquier estiramiento para producir las peliculas
microporosas. Cualquiera de las técnicas de estiramiento
discutidas anteriormente puede ser empleada en el
grabado de las peliculas de acuerdo a é&sta modalidad. En
una modalidad maAs especifica, una pelicula multicapa
microporosa se forma por grabado de 1la pelicula
multicapa y estiramiento de la pelicula grabada por por
orientacién de direccién de maquina, wusando, por
ejemplo, una relacién de estiramiento de aproximadamente
cuatro, aproximadamente 3, o de aproximadamente dos o
menos. Cualquiera técnica de grabade adecuada para usar
con las peliculas de polimero puede emplearse. En una

modalidad, el grabado puede realizarse usando un cuadro
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patrén de grabado como por ejemplo Velvaflex® (150
lineas de grabado por pulgadas, 1,8 mil de profundidad
de grabado) o Taff-a-flex® (60 lineas de grabado por
pulgada, 4 mil de profundidad de grabado), ambas son

marcas registradas de Clopay Plastic Products Company,
Inc. de Cincinnati, Ohio.

Los siguientes ejemplos demuestran modalidades
especificas de las peliculas multicapa microporosas de
acuerdo a la invencién en los ejemplos y a través de la
descripcién, las partes y porcentajes estidn en peso a
menos que se especifique lo contrario. Adicionalmente,
las referencias de medida de tamafio de poro miximo aqui
se refieren a tamafios de poro madximo (MPS) como medida
usando un porometro de flujo capilar fabricado por
Porous Materials, Inc. de Ithaca, N.Y. Este método mide
el MPS (en micras) para peliculas microporosas vy
compuestos no tejidos, por drenaje de un 1liquido de
mojado desde los poros de una muestra por un gas no
reactivo. Celgard 2400, disponible de Celgard Inc. de
Charlotte, NC, se usé como control y tiene un valor de
MPS de 0,037 micras en la prueba. Adicionalmente, 1la
referencia a permeabilidad del aire medida se refiere a
permeabllidad de aire medida como un procedimiento donde
la proporcibn. de flujo volumétrico de alre que pasa a
través de la muestra se mide cuando un suministro de
aire de 90 psig se presenta a un lado de la pelicula de
prueba. Celgard 2400 se usdé como control y tiene un

valor de flujo de aire de 48 en esta prueba.
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Ejemplo 1

En este ejemplo, las peliculas multicapa
microporosas tienen tres capas microporosas y que
estructura ABA o BAB se preparan usando las siguientes

composiciones fundidas mezcladas de polimero- relleno A

y B:

Composicién A: 53% de carbonato de calcio, 41%
polietileno de densidad media, 4% diéxido de titanio, 1%

Ca0 masterbatch, y 1% de ayudante de proceso.

Composicién B: 55% de carbonato de calcio, 37% de
resina de homopolimeros de polipropileno, 5% de resina
de polietileno de baja densidad, 3% de diéxido de
titénio masterbatch y 1% de CaQ masterbatch.

Las capas como se describen en la tabla 1 son
coextruidas wusando equipo estdndar de molde y
condiciones de proceso para formar las peliculas
multicapa teniendo un peso base de 53-60 gramos por
metro cuadrado (gsm) antes del estiramiento. Las capas
coextruidas se estiran subsecuentemente via los procesos
de intermallado CD y MD. El compromiso con CD es de
0,120 pulgadas y el compromiso con MD es de 0,040
pulgadas. El estiramiento por CD se logra pasando la
pelicula a 200 fmp por un rodillo calentado a 180°F
inmediatamente antes del estiramiento, mientras que la
temperatura de la pelicula no se controla durante el

estiramiento por MD.
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El tamano de poro maximo y el flujo de aire de cada
pelicula multicapa microporosa se mide y se propone en
la tabla 1. Con propésitos comparativos, una pelicula
microporosa de una sola capa de cada composicién A y B
se preparan también usando condiciones similares de
extrusién y estiramiento. El tamafioc de poro miximo y el
flujo de aire de estas peliculas microporosas de una

sola capa se mide igualmente y se propone en la tabla 1.

Sermie Core Layor ABA Samnl 1
N Buuis MPS N ;::%v MP8 T
0. Wdﬂl.l [ § ] Alrflow 0. dlhl foron Airflow
1A 40 gam 0.112 43 1B 40 g D.157 >100
1B 30 gam 0.118 62 IF_ 30 gam 0.164 >100
1C 20 gam 0.119 &0 1G 20 pam 0.136 92
ID 0 gsm 0.127 as 1H 10 gem 0.133 63 .
Single S gom o.119 44 i 3% gz 0.180 >100
| Layer B A

Los resultados de la tabla 1 demuestran que mientras
la pelicula individual A exhibe un flujo de aire alto,
tiene i1gualmente un tamafio de poro miximo grande, que no
es deseable para las aplicaciones que requieren amplias
propiedades de barrera. Por otra parte, la pelicula
individual B exhibe un tamafio de poro madximo mAs pequeilo
adecuado para varias aplicaciones de barrera, peroc esta
pelicula microporosa de una capa exhibe un flujo de aire
relativamente bajo. Las muestras lA - 1H de acuerdo a la
presente invencién demuestran los beneficios de las
peliculas multicapa microporosas de la invencién. En las
muestras 1A - 1D, la capa interna se forma de una capa
microporosa que tiene un tamafio de poro maximo més
pequefio comparado con el tamafio de poro miximo de las
capas exteriores. Sorprendentemente, las peliculas
multicapa microporosas exhiben un tamafic de poro maximo

caracteristico de la capa interna y, como &l peso base
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de la capa de nicleo interno se reduce, se incrementa el
flujo de aire. Estas muestras demuestran la habilidad
para adecuar u optimizar varias propiledades de la
pelicula multicapa microporosa. Por ejemplo, el flujo de
aire, un indicador de respirabilidad, de la pelicula
multicapa microporosa puede incrementarse sin sacrificar

las propiedades de barrera.

En las muestras 1lE - 1H, donde las capas que tienen
el tamafio de poro miximo mAs grande se disponen en la
capa de niicleo interno y las capas que tienen el tamafio
de porc maximo més pequefio se disponen como capas
exteriores, la pelicula multicapa microporosa
sorprendentemente exhibe altos flujos de aire en
comparacién con las capas microporosas individuales B vy,
como &1l peso base de la capa de nicleo interna se

disminuye, se disminuye el tamafio de poro maximo.

Una comparacién de las muestras 1A - 1D con las
muestras 1lE — 1H muestra la influencia inesperada de la
disposicién de las capas individuales en la globalidad
de las propiedades de las peliculas multicapa
microporosas. Particularmente, la capa de ndcleo interno
que no tiene superficies libres, parece dominar las

propiedades de la pelicula multicapa microporosa.
Ejemplo 2

Este ejemplo demuestra peliculas multicapa microporosas
compuestas de acuerdo a la invencién. Una pelicula

tricapa “ABA” de 30 gsm es extruida por laminacién a una

capa de red no tejida (SBPP) de 1,9 onzas por yarda
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cuadrada (osy) de polipropileno hilado reforzado. Cada
capa “A” comprende una capa 7 gsm formada de una
composicién que comprende 45% de polipropileno, 50% de
carbonato de calcio, y 5% de polietileno de baja
densidad (LDPE). La capa de nicleo “B” es 15 gsm y
comprende 53% de carbonato de calcio, 41% de polietileno
de densidad media, 4% de diéxido de titanio, 1% de Ca0
masterbatch, y 1% de ayudante de proceso. El laminado es
intermallado inmediatamente luego de pasar sobre un
rodillo de metal caliente a 215°F a 200 fpm. El
compromiso del enmallado CD es de 0,055 pulgadas. La
nmuestra no es intermallado por MD. El flujo de aire se
mide en 28.

Con propbsitos comparativos, una pelicula
microporosa individual compuesta se prepara por
extrusién laminadora a una capa de 30 gsm de 1la
composicién “A” arriba descrita, conteniendo 45% de
polipropileno, 50% de carbonato de calcio, 5% de
polietileno de baja densidad (LDPE) a una capa de red no
tejida (SBPP) de 1,9 (osy) de polipropileno hilado
reforzado. El laminado se intermalla luego de pasar
sobre un rodillo de metal calentado a 215°F a 200 fpm.
El compromiso de intermallado CD es de 0,055 pulgadas.
La muestra no se intermallado por MD. El flujo de aire

se mide en 5.

Asi, las peliculas no tejidas ABA compuestas
multicapa microporosas exhiben un flujo de aire
significativamente mejorado comparado con la pelicula
individual compuesta A- no tejida.
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Se preparan compuestos similares inventivos vy
comparativos y se someten a las medidas de tamafio de
poro maximo. Los compuestos inventivos exhiben un tamafio
de poro maximo de 0,09 milimetros, mientras que 1los
compuestos comparativos exhiben un tamafio de poro miximo
de 0,03 milimetros. Asi, esta comparacién adicional
muestra gque obtener un tamafio de poro maximo grado (y
por lo tanto una respirabilidad dada) en las peliculas
multicapa de la invencién, una cantidad mas pequefia de
estiramiento intermallado se requeririd en comparacidén
con las peliculas comparativas aqui descritas. Pequeiflas
cantidades de estiramiento incremental permiten

velocidades de produccién incrementadas y/o calidad.

Ejemplo 3

En este ejemplo, se prepara una pelicula multicapa
microporosa que tiene +tres capas microporosas. La
pelicula es de una estructura ABA donde cada capa “A”
comprende 51% de carbonato de calcio, 45% de polietileno
lineal de baja densidad, 3% de didéxido de titanio, y 1%
de oxido de calcio, y la capa “B” comprende 54% de
carbonato de calcio, 37% de resina de homopolimeros de
polipropileno, 5% de resina de polietileno de baja
densidad, 3% de diéxido de titanio masterbatch y 1% de
oxido de calcio masterbatch. La pelicula multicapa es
extruida ain peso base de 86 gsm, con cada capa “A”
pesando 28 gsm y el nicleo pesando 30 gsm. La pelicula
es orientada en la miquina de direccién a tres veces la
longitud original a una linea de velocidad de 300 fpm.

El flujo de aire de la pelicula multicapa microporosa se
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mide en 42 y el MPS es de 0,114 micras. No se detecté
ninguna fuga de liquido.

Con propésitos comparativos, se prepardé una pelicula
microporosa de una capa de una formulacién gque comprende
45% de polietileno, 51% de carbonato de calcio, 3% de
diéxido de titanio, y 1% de oxido de calcio y se estiré
usando el MDO descrito anteriormente. El1l flujo de aire
de la pelicula microporosa de una capa resultante se

mide en 27 y el MPS es de 0,129 micras.

La pelicula multicapa inventiva y la pelficula de una
capa comparativa se someten a pruebas de escape de
liquido. El test se disefld para simular el desempefio en
la fuga de liquidos en la pelicula de material de una
toalla higiénica femenina, como se describe en 1la
patente europea EP 710 472 Bl. El test es cualitativo y
utiliza una comparacién visual con un estandar.
Especificamente, la muestra respirable gque se prueba se
coloca en una lamina de papel de filtro (papel de filtro
No. 4 Whatman, 110 milimetros de didmetro) y una toalla
absorbente se coloca en la pelicula respirable. Usando
una jeringa, se afiaden 10 ml de solucién a la toalla
absorbente. La solucién comprende 100 ml de agua
destilada, 2 gramos de urea, 0,9 gramos de cloruro de
sodio, 0,06 gramos de cloruro de calcio, y 0,11 gramos
de sulfato de magnesio hidproporciéndo. Esta solucién se
ajusta con un surfactante (como el sulfato de lauril
amonio) para obtener wuna tensién superficial de 29
dinas/cm. Después de 30 segundos, una pelicula de
polipropileno limpia se aplica sobre la toalla y un peso

de cuatro kilogramos se aplica a la pelicula de
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polipropileno. Después de 15 minutos, se remueve el
peso. El papel de filtro es comparado con el esténdar
para determinar el paso o el grado de fracaso de .la
pelicula respirable. La pelicula multicapa de 1la
invencién recibe una calificacién de aprobacién,0 ya que
no se detecta fuga de 1liquidos. La capa individual
comparativa recibe una calificacién de fracaso ya que se

detecta fuga de liquido.

Asi, la pelicula multicapa microporosa de estructura
ABA exhibe un mejoramiento significativo en la
respirabilidad y las capacidades de barrera cuando se

compara con las peliculas microporosas de una sola capa.

También se preparan las peliculas inventivas
descritas cuando se varia la cantidad de orientacién de
direccién de maquina. Las peliculas multicapa de buena
respirabilidad y que demuestran impermeabilidad liquida
se obtienen usando una relacién de estiramiento tan baja
como 2:1.

Ejemplo 4

En este ejemplo, se preparan peliculas multicapa
microporosas adicionales de acuerdo a la invencién. En
este ejemplo cada capa comprende 45% de carbonato de
calcio, 50% de polietileno lineal de baja densidad y 5%
de componentes adicionales que comprenden pigmentos,
antioxidantes y ayudantes de proceso. Cada relleno de
carbonato de calcio es cubierto superficialmente con 1%
de &4cido estedrico y la diferencia en el tamafio de poro

entre las capas se obtiene por variacién del tamafio de
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particula promedio del carbonato de calcio de capa a
capa. Una primera muestra pelicula multicapa 4A
comprende dos capas y por lo tanto éste estructura AB.
La capa A comprende carbonato de calcio que tiene un
tamafio particula promedio de aproximadamente 1,2 micras,
mientras que la capa B comprende carbonato de calcio que
tiene un tamafio de particula promedio de aproximadamente
2,5 micras. Una micro fotografia electrénica (2000x) de
la pelicula multicapa microporosa de la muestra 4A, se
ensefla en la figura 5. Con propdsitos comparativos, una
pelicula microporosa de una sola capa se preparan
comprendiendo sélo la capa B. Una micro fotografia
electrénica (2000x) de la pelicula resultante se ensefla

en la figura 6.

Se preparan peliculas multicapa adicionales que
comprenden tres capas en las cuales el tamafio particula
promedio del relleno de carbonato de calcio varia de
capa a capa. La muestra 4B comprende una estructura ABA
donde cada capa A comprende carbonato de calclo gque
tiene un tamafio de particula promedio de 0,7 micras y la
capa B comprende carbonato de calcio que tiene un tamaiflo
de particula promedio de 1,2 micras. La muestra 4C
comprende peliculas multicapa microporosas de estructura
BAB donde cada capa B comprende carbonato de calclo que
tiene un tamaiilo de particula promedio de 1,2 micras y la
capa A comprende carbonato de calcio que tiene un tamafio
de particula promedio de 0,7 micras. Micro fotografias
electrénicas (2000x) de las muestras 4B y 4C se enseilan

en las figuras 7 y 8, respectivamente.
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Los ejemplos y las modalidades especificas aqui
descritas tienen solamente propésitos ilustrativos y no
intentan limitar 1la invencién definida por las
siguientes reivindicaciones. Modalidades adicionales y
ejemplos dentro del alcance de la invencién reivindicada

serdn aparentes para cualquier persona versada en la

técnica.
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1.

REIVINDICACIONES

Una pelicula multicapa microporosa, que comprende
una primera y una secunda capas microporosas, donde
la primera capa tiene un primer tamafic de poro
maximo y la segqunda capa tiene un segundo tamafo de
poro maximo diferente del primer tamafioc de poro

maximo.

La pelicula multicapa microporosa de acuerdo a la
reivindicacién 1, donde la primera y segunda capas

son coextruidas.

La pelicula multicapa microporosa de acuerdo a la
reivindicacién 1, donde la primera capa se forma de
una primera composicién polimérica y la segunda
capa se forma de una segunda composicién polimérica

diferente de la primera composicién polimérica.

. La pelicula multicapa microporosa de acuerdo a 1la

reivindicacién 3, donde 1la primera composicién
polimérica comprende polipropileno o polietileno de
alta densidad y la segunda composicidén polimérica
comprende polietileno de densidad ultra baja, baja,

lineal baja, o media.

La pelicula multicapa microporosa de acuerdo a la
reivindicacién 3, donde 1la primera composicién
polimérica comprende polipropileno y la segunda
composicién polimérica comprende polietileno de
densidad wultra baja, baja, lineal baja, media o
alta.
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6‘

La pelicula multicapa microporosa de acuerdo a la
reivindicaci6én 1, donde la primera capa comprende
un primer relleno y la segunda capa comprende un

segundo relleno diferente del primer relleno.

La pelicula multicapa microporosa de acuerdo a la
reivindicacién 6, donde el primer relleno tiene un
primer tamaflo de particula promedio y el segundo
relleno tiene un segqundo tamafilo de particula
promedio diferente del primer tamafio de particula

promedio.

La pelicula multicapa microporosa de acuerdo a la
reivindicacién 7, donde la primera capa y la
segunda capa comprende la misma composicién

polimérica.

. La pelicula multicapa microporosa de acuerdo a la

reivindicacién 8, donde el primer relleno y el
segundo relleno tienen la misma composicién

quimica.

10. La pelicula multicapa microporosa de acuerdo a

la reivindicacién 6, donde el primer relleno y el
segundo relleno tienen composiciones quimicas que

difieren entre si.

11. La pelicula multicapa microporosa de acuerdo a

la reivindicacién 10, donde el primer relleno tiene
un primer tamaflo de particula promedio y el segundo

relleno tiene un segundo tamaflo de particula
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promedio diferente del primer tamafic de particula
promedio.

12, La pelicula multicapa microporosa de acuerdo a
la reivindicacién 6, donde la primera capa y la
segunda capa comprenden la misma composicién
polimérica.

13. La pelicula multicapa microporosa de acuerdo a
la reivindicacién 1, donde la primera capa
comprende una primera cantidad de relleno y la
segunda capa comprende una segunda cantidad de

relleno diferente de la primera cantidad.

14, La pelicula multicapa microporosa de acuerdo a
la reivindicacién 1, donde una de la primera o la

segunda capa es laminada a una capa no tejida.

15. La pelicula multicapa microporosa de acuerdo a
la reivindicacién 1, donde la pelicula multicapa se
estira por intermallado en direccién cruzada (CD) y
en direccién de maquina (MD).

16. La pelicula multicapa microporosa de acuerdo a
la reivindicacién 1, donde la pelicula multicapa es
estirada UGnicamente por intermallado de direccién

cruzada (CD) y de direccién de maquina (MD).

17. La pelicula multicapa microporosa de acuerdo a
la reivindicacién 1, donde la pelicula multicapa es
estirada por intermallado de direccién cruzada {CD}

o por intermallado de direccién de miaquina (MD).

47



10

15

20

25

30

%

18. La pelicula multicapa microporosa de acuerdo a
la reivindicacién 1, donde la pelicula multicapa es
estirada por intermallado de direccién cruzada (CD)

y orientacién de direccién de maquina (MDO}.

19. La pelicula multicapa microporosa de acuerdo a
la reivindicacién 1, donde la pelicula multicapa es
estirada por intermallado de direccién cruzada (CD)
Yy direccién de maquina (MD) y orientacidén de
direccién de maquina (MDO).

20. La pelicula multicapa microporosa de acuerdo a
la reivindicacién 1, donde la pelicula multicapa es
estirada por orientacién de direccién de miquina
(MDO) .

21. La pelicula multicapa microporosa de acuerdo a
la reivindicacién 1, que adicionalmente comprende
una tercera capa microporosa que tiene un tercer

tamafio de poro maximo.

22, La pelicula multicapa microporosa de acuerdo a
la reivindicacién 21, donde el segundo tamafio de
poro maximo es el mds pequeilo del primero, segundo
Yy tercero tamafios de poro maximo y adicionalmente
donde la segunda capa es posicionada entre 1la

primera y la tercera capas.

23. La pelicula multicapa microporosa de acuerdo a
la reivindicacién 22, donde la segunda capa se
forma de una segunda composicién polimérica y 1la

primera y la tercera capas estan formadas
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respectivamente de la primera Yy tercera
composiciones polimérica, diferentes de la segunda

composicién polimérica.

24, La pelicula multicapa microporocsa de acuerdo a

la relvindicacién 23, donde la segunda composicién
polimérica comprende polipropileno y la primera y
la tercera composiciones poliméricas comprende
polietileno de densidad ultra baja, baja, lineal

baja, media o alta.

25. La pelicula multicapa microporosa de acuerdo a

la reivindicacién 23, donde la segunda composicién
polimérica comprende polietileno de densidad ultra
baja, baja, lineal baja o media, y la primera y
tercera composiciones poliméricas comprenden el

polietileno de alta densidad.

26. La pelicula multicapa microporosa de acuerdo a

la reivindicacién 22, donde 1la segunda capa
comprende un segundo relleno y la primera y tercera
capas respectivamente comprenden un primer y tercer
rellenos que tienen un tamafio de particula mas
grande que el tamafio de particula promedio del

segundo relleno.

27. La pelicula multicapa microporosa de acuerdo a

la reivindicacién 21, donde el segundo tamafio de
poro maximo es el mAs grande del primero, segundo y
tercer tamafio de poro médximo y adicionalmente donde
la segunda capa se posiciona entre la primera y la
tercera capas.

49



10

15

20

25

30

28. La pelicula multicapa microporosa de acuerdo a

la reivindicacién 27, donde la sequnda capa se
forma de una segunda composicidén polimérica y la
primera y tercera capas se forman respectivamente
de una primera y terceras composiciones polimérica

diferentes de la segunda composicién polimérica.

La pelicula multicapa microporosa de acuerdo a
la reivindicacién 28, donde la segunda composicién
polimérica comprende polietileno de densidad ultra
baja, baja, lineal baja, media o alta y la primera
y tercera composiciones poliméricas comprenden

polipropileno.

30. La pelicula multicapa microporosa de acuerdo a

la reivindicacién 28, donde la segunda composicién
polimérica comprende polietileno de alta densidad y
la primera y tercera composiciones poliméricas
comprenden polietileno de densidad ultra baja,

baja, lineal baja o media.

31. La pelicula multicapa microporosa de acuerdo a

la reivindicacién 27, donde la segunda capa
comprende un segundo relleno y la primera y tercera
capas respectivamente comprenden un primer y tercer
rellenos que tienen un tamafio de particula promedio
mAs pequeflo que el tamaflo particula promedio del

segundo relleno.

La pelicula multicapa microporosa de acuerdo a

la reivindicacién 21, donde una de la primera,
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sequnda y tercera capas es laminada en una capa no

tejida.

Una pelicula multicapa microporosa, que
comprende una primera, segqunda y tercera capas
microporosas, donde una de la primera, segunda y
tercera capas tiene un tamafio de poro maximo méas
pequefio que el tamaflo de poro maximo respectivo de
las otras capas de la pelicula multicapa o mas
grande que el tamailo de porc maximo respective de
las otras capas de la pelicula multicapa, y donde
dicha capa no tiene una superficie no libre en la

pelicula multicapa.

34. La pelicula multicapa microporosa de acuerdo a

la reivindicacién 33, donde esa capa tiene un
tamafo de poro midximo mis pequefio que el tamafio de
poro mdximo respectivo de las otras capas de la
pelicula multicapa y comprende polipropileno vy
carbonato de calcio.

35. La pelicula multicapa microporosa de acuerdo a

la reivindicacién 33, donde esa capa tiene un
tamaflo de poro miaximo mds grande que el tamafio de
poro méximo respectivo de las otras capas de la
pelicula multicapa y comprende polietileno de
densidad ultra baja, baja, lineal baja, media o
alta y carbonato de calcio, y donde las otras
primera y segunda y tercera capas comprenden

polipropileno y carbonato de calcio.

31



10

15

20

25

30

La pelicula multicapa microporosa de acuerdo a
la reivindicacién 33, donde la primera, segunda y

tercera capas microporosas son coextruidas.

37. Una pelicula multicapa microporosa, que

comprende al menos dos capas microporosas, donde
las dos capas tienen tamafios méximos de poro
diferentes y donde una de las capas estA dispuesta
de tal forma que no tenga una superficie no libre
en la pelicula multicapa.

Un método para producir una pelicula multicapa
microporosa, que comprende la coextrusién de al
menos una primera y segunda capas y el estiramiento
de las capas para producirlas microporosas, donde
la primera capa tiene al menos un componente gque
difiere del de la segunda capa, componente gque es
adaptade para causar que la primera capa tenga un
tamafilo méaximo de poro por estiramiento que es

diferente del de la segunda capa por estiramiento.

El método de acuerdo a la reivindicacién 38,
donde el tamafio maximo de poro de la pelicula
multicapa se controla por disposicién de una de la
primera o segunda capas que tienen el tamaflo miaximo
de poro deseado de tal forma que no tenga una

superficie no libre en la pelicula multicapa.

40. El método de acuerdo a l1la reivindicacién 38,

donde al menos tres capas son coextruidas vy

estiradas.

52



10

15

20

25

30

4]1. El método de acuerdo a la reivindicacién 40,

donde una de las tres capas tiene un tamafioc maximo
de poro mas pequeflo que el tamafio madximo de poro de
las otras capas de la pelicula multicapa o© mas
grande que el tamaflo de poro midximo respectivo de
las otras capas de la pelicula multicapa, y donde
la pelicula multicapa microporosa se provee con un
tamafilo maximo de poro deseado por disposiciédn de
una capa de tal forma que no tenga una superficie

no libre en la pelicula multicapa.

42. El método de acuerdo a la reivindicacién 38,

que adicionalmente comprende laminar la pelicula

multicapa microporosa a una capa no tejida.

43. El método de acuerdo a la reivindicacién 38,

que adicionalmente comprende laminar la primera y
segunda capas coextruidas a una capa no tejida
antes del estiramiento de las capas para volverlas

microporosas.

44, Un método para producir una pelicula multicapa

microporosa, que comprende extruir al menos una
primera y segunda capas, estirar las capas para
volverlas microporosas, donde la primera capa tiene
un tamafio de poro maximo por estiramiento que es
diferente del de la sequnda capa por estiramiento,

y laminar las capas juntas.

45, El métode de acuerdo a la reivindicacién 44,

que adicionalmente comprende laminar las peliculas

multicapa microporosas a una capa no tejida.

53

%



46. Un método para producir una pelicula multicapa
microporosa que comprende extruir una primera capa,
opcionalmente estirar la primera capa, extruir
cubriendo una segunda capa sobre la primera capa, Yy

5 estirar la pelicula multicapa cubierta extruida
resultante, donde la primera capa tiene un tamafo
de poro maximo por estiramiento que es diferente

del de la segqunda capa por estiramiento.

10 47. El método de acuerdo a la reivindicacién 46,
que comprende adicionalmente el 1laminado de 1la
pelicula multicapa microporosa a wuna capa no
tejida.

54



10

15

1/4
1,-12
16 210
14
FIGURA 1
1-12
16a
1,14 +2-20
16b 15
FIGURA 2
B2~
o6 42
54 - "2/40
556 144
FIGURA 3

55



2/4

g 72~ )
70a-
74~ _ 52
76b -5 260
76—} )
164
; FIGURA 4

FIGURA 5

10

56



L

'm ait ' -- S % SR : -.;- '-. i"-;;.." ‘I!'-'qr il
T R T Y o BRI ; i.; .. "-I-I:.. "-fﬁ"s"' E

Pk
L= oKy
I

FIGURA 6

FIGURA 7

57



4/4

FIGURA 8

58



TRANSMITTAL LF “ER TO THE __Date___ . August 13, 2002
UNITED STATES REC_..VING OFFICE '“‘?ﬂ:ﬂﬁ%’ﬂko_ J0. 1 To Be Ansigoed
I. Certification under 37 CFR 1.10 (if applicable)

ELS72461803US August 13,2002
Express Mail Mailing Number Date of Deposit

I hereby certify that the application/correspondence attached hereto Is being deposited with the United Siates Postal Service
=Expresy Mull Post Office to Addregsee™ service under 37 CFR 1.10 on the date ludicated above and Is addressed to Asslstant

Commissioner for Patents, Washiogton, D.C. 20231,

. Margie Greene
ars
i f Person Mailing Cosrespondence Typed or printed name of person mailing correspondence |

II. {X| New International Application

L‘n‘n,[-; | Multilayer Microporous Fllms and Methods Earliest priority date
SCREENING DISCLOSURE INFORMATION: In order 1o assist in screening the accompanying | (08Y/Month/Year)

intemational application for purposes of determlning whether a license for foreign transmitial should | 13/8/2001
mnd could be granted and for other purpases, the following information is supplied. (Note: check as

many boxes as apply):
A. O  The Invention was not made in the United States.
B. 0 Thereis no prior U.S. spplication relating to thig invention.
C. B The following prior U.S. spplication(s) contain subject matter which is relaied to the invention disclosed in the stiached

intemationsl appliention. (NOTE. prioriy m:nm:mmwmmuchm“mmmmmmw
thix listing does not constitute a claim for priority) 60/312,006, filed 13/8/2001.

The rwessrd internstional application eontaing additional subject matter not found in the prior U.S. applicstion(s) identified in paragraph C above.
The additional subject matier may be substeatislly found on all pages.

]
e

and [J DOES NOT ALTER [X] MIGHT BE CONSIDERED TO ALTER the genernl nature of the invention in 8 manney
which would require the U.S. application to have been made available for inspection by the appropriate defense sgencles under
35 U.SC. IR} nd 37CFR §5.1. Sex J7CFR 5.15.

II. [L] A Response to an Invitation from the RO/US. The following document(s) is(are) enclosed.

A. 0 A Reguest for An Extension of Time 1o File a Response

B. [0 A Powe of Attiomey (General or Regular)

C. [0 Replacement pages:

pages of the request (FCT/RV101) pages of the figures
pages of the description pages of the shatract
pages of the claims

D. (0 Submission af Priority Documents

Priority Document Priority Document

E. [0 Feesas specifled on attached Fee Calculation sheet from PCT/RO/101 snnex

1V. [C] A Request for Rectification under PCT 91 [] A Petition [ A Sequence Listing Diskette

V. [0 Other (please specify):

, [3 Applicant
Theperson slgnimg | By Auomey/Agent (Reg. No. 20468
thig form s the: a Cumnnn;zlumlﬁive

M%O\



200

international Applica

PC.

Request Internstional Filing Date

The undersigned requests that the present
international application be processed
according to the Patent Cooperation Treaty.

Name of receiving Office

lo.

and "PCT Imemnational Application™

Box No.I TITLE OF INVENTION

Multlayer Micropornus Films and Methods

Box No. I APPLICANT

Name end sddress: (Family nome follonved by given name: foe a legal entity, full official designation.
The address must include postal code and name of country. The country of the sddress indlcated in

[] This ptryon is also Inventor.

indlcated below.)

JONES, Gregory K.
1752 Maristia Drive

Lebanon, Chio 45246
us

this box s the applicant’s State (that is country) of residence if no st uf residence is indicated Telephone No.
below.) 313-770-4800
Clopay Plastic Products Company, Inc. Escsimile No.
8585 Duke Boulevard
Mason, Ohio 45040 Teleprinter No.
us
Srm.-ﬁ_e country} of nationality: . State (i.¢. country} of residence:

us
Th 11 ~all des “all &y wﬁ_— ‘ih'el] mtcd States | the Siates indicaied |
I'nrlzlepup’mm'puu“ .P:flMl 1] Sl:ltlu'mmll [X] the United Sixes um:nu ]anmm:l only 1] the Supptemental Igox
Box No. IIl FURTHER APPLICANTS AND/OR (FURTHER) INVENTORS
Name and sddress: (Family name fnllowed by given name: for 3 legal entity. tull ofticil This person Is:
desipnation. The address must include postal code and name of courtry. The country of the address
Indicased in this box is the applicent's Statc (that is country) of residence if no siate of residence is { | applicant only

[X ] =pplicant mnd inventor

f ] inventor aaly (If this check-box is
marked do not fill in below.)

[ State (i.c. counny) of nationality:

State (Le. country) of nesidencs:

us us
Thia person is applicant  all designated  all desy Jnnd Sies excepl he Unlied Simes | ¢+ the Staies indicated m
for the purposes oft [} Steacs [] the United States of America  {X) of Amexicn anly [1 the Supplemental Box

[X] Further applicants and/or (further) inventors are indicated on & continuation sheet,

Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE

The person identified below is herchy/has been appointed 10 act on behalf
of the spplicant(s) before the competent intemntional Authorities as: X t [] common

resentative
—

Nunxc and nddress; {Fuwitly mame Elzved b given nam=; for a lepal enilty, fill
official designation. The address inust inchnle postal code and
name of country.}

Telephone No.
(513)977-8568

KOZLOWSKI, Holly D.
DINSMORE & SHOHL LLP
1900 Chemed Center

255 East Fifth Sureet
S!snclnnlti. Chio 45202

Facsimile No.
(513)977-8141

[ Teleprinter No.

{X] Further agents are indiested on 2 cominuation sheet

Sheet No. |




Continuation of Box No. 1

FURTHER APPLICANTS AND/OR (FURTHER) INVENTORS

if none of the following sub-baxes is used, this sheet is not to be included in the request.

Name and address: (Famlly news foliowed by given name; for a legol entlty, full

ﬁﬂ:m.’m address must include postal code This per'son is:

{1 applicant only
MCAMISH; Larry Hughey B4 epplicant and inventor
487 Wood Duck Drive {7 inventor only ({f this check-bax is
Springdale, Ohio 45246 marked, do not fill in below.)
us
Staie (Le. counmry) of mallonality  US | State (Le. cowntry) of resléence:  US
["This person is applicant | L] al designated | L] ol dcsignated the United Sttes of | L] the States indicaied
for the purposes of- States States except the Amezica Only in Supplemental Box
United States of America

Name and address: (Family name followed by given name: for a kegal entity, fidl | This person is:

afficial designation. The address must inchude postal code
WU, Pai-Chuan B applicant and inventor
11053 Huntwicke Place O inventor only ({f this check-bax is
Cincinnati, Chio 45241 murked, do not fill in below,)
us

Staie (i.e. country) of nationality: US

I Stuie (Ze. counrry) of residence: US

This person is applicant | L all designated | L] all designawed the United States of | L] the States indicated
for the purposes of: States States except the America Only in Supplemental Box
United States of America
Name and address: (Family name followed by given name; for a lsgal entity. full | This person is:
official designation. The address must inchade postai code
et nama of country,) [ applicant only
LILLY, Kenneth L. [ applicant and inventor
1320 Lance Court [ inventor only (if this check-bax ix
Lebanon, Ohio 45036 marked, do not jUll in below.)
US
State (l.e. country) of nationality: US I State {Le. country) of residence: US
This person is applicant | LJ wll designaied | L] il designated the United Ststes of | L] the States indicated
for the purposes of* States Stiates except the Amerles Only in Supplemental Box
United States of America
Name and address: (Family name followed by given name; for o lkegal entiwv, fill | This person is:
officlal designation. The address must include pusial code
and nave of counny.) [ applicant only
SHELLEY, Christopher Aaron B applicant and inventor
525 Canvasback Circle O inventor only (If this check-bax is
Cincinnati, Ohio 45246 marked, do not fiil in below.)
us
State (.¢. couniry) of nationality: US I State (f.e. country) of residence: US
[ This person is spplicant | L] all designated | L] all designated B the Unitcd Statcs of | LJ the States indicated
for the purposes of: Stutes States except the Amerlca Only in Suppiemental Box
United States of America
Name and address: {Family name faliowed by given name; | This person is:
Jor a legal entity, full official
designation. The address musi incinde 0 -
pastal \ applicant only
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1X] AP ARIPO Patent: GH Ghana, GM Gambin. KE Kenyn, LS Lesntho. MWV Malawi. MZ Mozambique. SD Sudan, SL Slerra Leone, SZ
Swazlland, TZ United Republic of Tenzania. UG Uganda, ZM Sambia, ZW Zimbabwe, and any other Sate which is n Contraciing State of
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[X] EA(Eurasian Patent): AM Armenin, AZ Azerbaijon, BY Belarus, KG Kyrgyzsian, KZ Kezskstan, MD Republic of Moldove, RU Russian
Federntion, TJ Tajikisten, and TM Turkmenistan end any other State which is a Contracting State of the PCT

[X] EP Europesn Pxteni: AT Austria, BE Belgium, BG Bulgarla, CH & LI Switzerland and Liechtenstein, CY Cyprus, CZ Czech Republic,
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Box No. VI PRIORITY CLAIM O Further privrity cialms are Indicated in the Supplemental Box.
) ul:“ ng Date Nummber Wheve carller application Is:
of carliey application of earller application National opplication: regional spplication:* international application:
(day/monihvyear) aid Counby regional office receiving office
ltem (1) 13/8/2001 60/312.006 us
Irem {2)
Item (3)

B T receiving Office is requested to prepare and tranymit Lo the Intemational Buresu a certified copy of the earlier appliention(s) fonly |f
the gurlier application was flied with the Office which for the purpozes of the present inlernational applicetion is the receiving Qffice)
ideni}fled above as isem(x) (1)

* Wherw the earlier application is an ARIPG application, It is mandatory to indicate in the Supplomental Bax at keast one couniry party to the

Paris Convention jor the Protection of Industrial Propersy for which that sariier appilcation was flied (Rule J.10/5)((). See Supplementul Box.

Box No. VII INTERNATIONAL SEARCHING AUTHORITY

Choice of Intemational Searching Authority (ISA) Reques: to use results of earller search; reference Lo that scarch (if an earlier sarch as
been carried out by or requesied from the Insernational Searching Authorily)
tif two or more Inlsrnational Searching Authoritics
are compelenl fo carry oul the infernational search, Date: (day'monziiyecr) Number Country (or regianal office):
indicate the Authority chossw; the two leiter code may
be usedl):
ISA/ EP
Bax No. VIIL CHECK LIST; LANGUAGE OF FILING
[ This internstional spplication contains the foliowing | This intemational spplication s accompanicd by 1he itemy(s) marked below:
number of shesta:
[request 5 1. B fex cakculation sheet
2. [0 scparste signed power of attomey (4)
description (excluding 1 3. 0 copy of general power of stlomey; referance number, if any:
sequence listing part) 4. [0 statement explaining lack of signature
5. [0 priority document(s) identified In Box No. VI as itemn(s):
claims 9: 6 [0 imnlation of international spplication into {langunge):
7. [0 scparwte indications concemning deposited microoganksm or other biological
abstract I: materinl
8. [1 nucleotide mnd/or amiro acid sequence listing In computer readable form
drewing kH 9. ather (specific): Transmittal Letter to the Unfted States Receiving Oflee;
Check in the amount of $2157.00; retum postcard
sequence listing past of
description
lotal number of sheets L1 H -
Figure of the drawings which Language of filing of the
should secompany the sbetract: Figure | international spplicstion; English
Bex No. IX SIGNATURE OF APPLICANT OR AGENT
Next o eack signaswre, i [/ of the parson gigning and the cupacity in which the person signs (if such capacity it not obvious from
reading the requesi). 7 4 .
T
Holly D. Kozlowski rﬂ?\ V"L(
u or Receiving Office Use Only
l.  Date of nactual recelpt of the purported internattonal epplication: PR Drawings:
3. Corrected date of actual recelpt dus to Ister but timely received papers or drwings completing the
purported international application: O  recelved:

4.  Dute of timely receipt of the required cormection under PCT Article 11(2):
5. Intenational Searching Authority {iftwoarmore | 6. L]  Tmnsmittal of search copy delayed
are competent): ISA/ until search fec is paid

For International Bureau Use Only

]  not reeeived

Date of receipt of record copy by
the International Bureau:

Form PCT/RO/101 (Tast sheet) (July 1998; reprint January 2001 See Noies to the request form
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Applicont Clopay Plastic Products Company. Inc.
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TRANSMITTAL FEE [T]

SEARCH FEES[S]
Intemnational Search to be carried out by Europesn Patent Office
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application. be the name of the Authority which is chosen to carry out the inkernational search

INTERNATIONAL FEE

Basc Fee
The imemutional application cantains §) sheets.

firat 30 sheets [by]

2l x $5.00
remaining sheets x additional amount [b2]
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Desiguatios Fee

3+ x SER.00
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{Applicants from ceriain Siates are ensltied o a reduction of 73% of the
International fee. Where tha applicant Is (or all applicanis are) sn entitied, the
fotal o ba entered ot | Is 25% off the xim of the amounts entered ot B und D.)

L

FEE FOR PRIORITY DOCUMENT (i applicabie)[P]
TOTAL FEES PAYABLE

Add emounts entered st T, S, [ and P, and enter total in the TOTAL box TOTAL

$866.00

d

The deslgnation fee [s not paid at this time

MODE OF PAYMENT

a

®
O

authorization to charge deposit a bank dmaft O
accouml (see below)
cheque O cmh a

postal maney order O  revenue stamps

coupons
other {specify)

DEPOSIT ACCOUNT AUTHORIZATION (thiz mode of payment may rot be available at all receiving Offices)

The RO/ is hereby suthorized to charge the total fees indicated shove to my deposit account

7] is hereby autharized to charge any deflciency or credit any overpeyment in the total fees indlcated above to my deposit
account.

O ls hereby muthorized 10 charge the fee for preparation and transmitial of the priorijy document to the Intgmational B of
WIPO 10 my deposit sccoun. .
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Deposit Account Number Date (dwy/momh/year) ignature U
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PATENT COOPERATION TREAT

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant’s or agant’s lile refarence FOAH C::LHJHEH ::emﬂoupcﬂ%:lun of T)r::u:aln::l so'fm::%l;;la :Tl;lmngarliow.
International application No. International fing date (day/month/year) (Earllest) Priorty Date {day/month/year)
PCT/US 02/ 25706 13/08/2002 13/08/2001

Applicant

CLOPAY PLASTIC PRODUCTS COMPANY, INC.

This Intemational Search Report has been preparad by this Intemational Searching Autherity and is tansmitied to the apphcant
according to Article 18. A copy Is being tranamitied to the intemational Bureau.

This Intemational Search Report consists of a total of 4 sheets.
m It Is aleo accompanied by a copy of each prior art document cited In this report.

1. Basls of the report
a. With regard lo the language, the Intemational ssarch was carried out or: the basls of the intarnational apptication In the
language in which it was filed. uniess otherwise indicated under this item.
[C] theintemational search was carried out on the basis of a tanslation of the intmational application fumished to this
Authority (Rule 23.1(b)).

b. With regerd to any nucleotide andfor amino acid sequence disclosed In the iternational application, the Intemational search
was carriad out on tha basls of the saquence listing :

contained In tha intemational application in written form.

filed together with the intarnational application in computer readable form,
fumished subsaquently to this Authority In written form.

fumnighad subsaquently 1o this Authority in computer raadble form.

the statemaent that the subsequently furnished writien aequence lisling does not go beyond the disclosurg In the
Intemational application as flied hae baan furnished.

the staternent that the Information recorded In computer readable form s kientical to the written saquence listing has been
fumnished

0

Certaln clalms were found unsearchable (See Box I).
Unkty of invention Is Incking (sea Box H).

00 O 000

4. With regard 1o the titls,
[[] thetextis approved as submitied by the applicant.
[X] the text has been esiablished by this Authority o read as follows:
MULTILAYER MICROPOROUS FILMS AND METHODS OF MAKING

5. With regard to the abatract,

the text i approved as submitied by the applicant.

m the text has been established, according to Rule 38.2{b}. by thie Authority as I appears In Box Ii1. The applicant may,
within one month from the date of maling of this Intemational search réport, submit comments to this Authority.

6. The figure of the drewings t© be publshad with the abstract Is Figure No. 1 )
[X] @s eupgestsd by the applicant. [] noneotthe fgures.
[[] because the appiicant falled to suggest a figure.
[C] because this figure better characterizes the nvention.

Form PCTASA/210 (first aheet) (July 1988)
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ABSTRACT OF THE DISCLOSURRE

Multilayer microporous ﬁlms;.'compﬁse first ‘and second t;ficroporom film
layers. The first film layef"l:u; a first maximum pore size and the second film layer " -
has a second maximum pore size different from the first maximum pore size. In a
more specific embodiment, the multileyer microporous films comprise coextruded
first, second and third microporous film layers. One of the first, second and third film
layers has a maximum pore size smaller than the respective maximum pore sizes of
the remaining layers of the multilayer film or larger than the respective maximum
pore sizes of the remaining layers of the multilayer film, and the one layer does not
have an unconstrained surface in the multilayer film. Methods for producing
multilayer microporous films provide a first film IIYG‘I: havmg a maximum pore size
upon stretching which is different from that of a second film layer tipon stretching.
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NOTEST F RMPCTASA220

These Notss are intended to give ihe basio instructions conceming the fifing of amendments under article 18. The
Notss ars besed on the requirements of the Palent Cooperation Trealy, the Regulations and the Adminisirative Instructions
under that Treaty. in cane of discrepancy betwean thess Noles and thoss requirements, the latter are applicable. For mors
detailad information, ses also the PCT Applicant’s Guide, a publioation of WIPO.

In thess Nates, "Adticle”, "Ruis”, and “"Seclion” ralar lo the provisions of the PCT, the PCT Regulations and the PCT
Adminisirative inatructions respeciively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant haa, after having received the inftemational search report, one opportunily to amend the olaime of the
intemalionsl application. & should however be smphasized that, since all parts of the intemational application (claims,
description and drewings} may be amended during the intemnational preliminary sxamination procedurs, thers is ususlly
no need to fils amendmants of the ciaims under Article 19 exnept whers, a.p. the applicant wants tha latter io be publshed
tor the purposss of provisional pratection or has another resson for amending the claims bafors inlemational phulicetion.
Furtharmore, it should be emphasized that provisional protection s avaiable in some Blates only.

What parts of the intsrnational spplication may be amanded?
Under Article 19, only the claims may be amended.

Dwing the intemational phase, the clsime may aiso be amendad (or jurthar smended) unde: Article 34 belore
the intermnational Preliminary Examining Authorily. The dessaription and drawings may only be amended undar
Md-ﬂhmhhhnﬂmd Examining Authority,

Lhnnml'lhtl'nulbnllﬂl-c. all parts of the intsrnalionsl application may be amended under Articls 28
or, whare spplicable, Article

Whan? Within 2 montha from the dais of fraremillal of the intemational search report or 18 months from the priorily
dabe, whichever time mit expires later. I should be noted, however, thet the amandmanis will be considered
as having besn received on time if thay are recsived by the Intsmational Bursau afier the sxpirstion of the
applioabls tine Emit but befors tha compistion of the technical preparatiors for inlamational publicalion

(Ruls 48.1),

Whare not to fila the amandments? s

The amendmanis may only be flad with the inlamalional Buresu and nat with the reteiving Offios ar the
Iintemnational Bsarching Autharity (Fute 46.2).

Where a demand for inlemnational prefiminary axamination has baen fs filad, ses below.

How? Either by oanceliing ons or more entire olaims, by adding ons or more new olsims or by amaending the text of
ons or more of the dsims as fled.

A replacement ghast muat be submitted for sach sheet of tha dlaims which, on aocount of an amendment or
amandments, differs from the ahaet ariginally Bed.

All the claims appearing on a replacament shest must be numbsrad in Arsbio numerals. Where a alsim is
canosliad, no renumbering of the other olaims s required. In afl cases where caims are renumbered, they must
be renumbered conssautively (Administralive instruclions, Section 205(b)).

The amendinents must be made In the language in which the intemational applicstion is ta be published.

Whai doowsnents must/may ascoompary the amendments?
Lattar (Saction 205(0)):
Tha amendments musl be submitied with a letter.

The letter wil not be putdishad with the intsmational application and the amendad claima. It should not be
confusad with the "Statement undar Article 18(1)" (sse below, under “Statement under Article 16(1)").

ﬂ-ﬂ.muﬂh&&g:lm-rFm;.dhmfhnmm.l;:l::nm--d:n
intsmational application (s Engliah Initer usge intarnational application
Is Fronch, the istiar must be in French. " nEns Wihetang

Noles to Form PCTAGA220 (frsl shest) {January 1094)
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NOTES TOF RM PCT/ISA/220 (continued)

The letier must incicats the differences betwemn the claims as filed and the claims as amendad. it must, in
particuier, indicate, |nmmﬁmmholmdlhwmhhmmwmhngm
thal ideniical indicafions conosming ssveral claims may be grouped),wheiher

@ theclsim is unchanged;

(& the olaim is cancelled,;

{il) the claim i= new;

{v) the claim repiscss ona or more clsims as filed;

(v) the claim is the result of the division of a claim ss fled.

Tha following exampies Husirsta the manner In which amendmants musibe explained In the
accompanying lstter:

1. [Whers originally thers were 48 claims and after amendment of some claims there are 51]:
"Claims 1 to 20, 31, 32, 34, 35, 37 fo 48 repiaced by amended olaims bearing the same numbers;
alaims 30, 33 and 36 unchanged; naw claims 49 to 51 addad.”

2. [Whare ariginally there were 15 alaima and after amendment of all claims there are 11];
"Claimas 1 o 15 mpiaced by amanded olaims 1 1o 11."

3. [Wham ariginally there were 14 olaims and the amendmenis consixt in canceling some olaima and in adding
new claims):
“Claims 1 to & end 14 unchanged; claims 7 to 13 cancalad; new olaims 15, 16 and 17 added.” or
“Claims 7 to 13 cancelied; new ciaims 15, 16 and 17 adidad; all other olaims unchanged.”

4. [Wher various kinds of amendmenis are made]:
“Clains 1-10 unchanged; claims 11 to 13, 18 and 19 eancalied; ciaims 14, 15 and 16 replaced by smendad
olaim 14; elaim 17 subdivided into amended dlsima 15, 18.1117 new olsims 20 and 21 arkind *

"Siuterment under srtiole 18({1)" (Rules 48.4)

The smendmenis Mmey be accompanied by a statement explaining the amendments and indieating any impact
that auch amendments might have on the deasriplion snd tha drawings (which oannct be smended under
Asticls 19(1}).

The stalement will be published with the intemational appication and the amended clsims.

& must be in the language in which the international appplication Is io ba pibtinived.

&k rmast be brief, not exoseding 500 words i in English or § iransisted into English.

it should not be confused with and doss not replace the letter indicating the diflerences betwean the olaime
s fied and as amanded. t must be Had on a separate shesl and must be identifisd as such by a heading,
prefersbly by using the words “Blalement under Article 19(1)."

it may not contain any disparaging comments on the inlernational sasrch report or the relevance of citations
conisinad in that report. Reference to oiiations, relevant 1o a given claim, contsined in the intemational search
report may be macde only in connection with an amendment of that olaim.

Conssgquence K a demand for intsivationsl preliminary sxaminstion has siready been Sied

Ut at the tims of filing any amendments under Articla 16, & demand for intemational preliminary exsmination
h-dndyh-nuhihd.ﬂuqﬂuﬂmﬂptm al the same lims of fling the amandments with the
intemutional Guresu, also file a copy of such amendments with the Iinlemational Prefiminary Examining
Authorily (see Pule 62 2{a), first sentence).

Cansaquaenca with regard (o trunslstion of the international application for entry inlo the nalionsl phass

The spplioants attention is drawn tn the lact that, where upon entry ink the national phase, & translation of the
oluims an amended under Article 19 may have lo be fumnished to the designatadielected Officss, inatead of, or
in adidfition to, tha iransiation of the daims s filed.

Fer further detalis on the requiremaents of essh designated/electad Offios, ase Volums |l of the PCT Applicant's

Noains to Form PCTASA/220 (second shest) (Jaruary 1954)
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WRITTEN OPINION International application No. PCT/ US 02/ 25706

I Basls of the opinlon

1.  The basis of this written opinion is the application as originally filed.

V. Reesoned statement under Rule 86.2(a)(ll) with regard to novelty, Inventive step or
industrial applicabliity

1. Inlight of the documents cited in the intemational search report, it is considered that the
invention as defined in at least some of the claims does not appear to meet the
criteria mentioned in Article 33{1) PCT, i.e. doas not appear to be novel and/or to involve
an inventive step (see intemational search report, in particular the documents cited X
and/or Y and corresponding ctaims references).

2. If amendments are filed, the applicant should comply with the requirements of Rule 66.8
PCT and indicate the basis of the amendments in the documents of the application as
originally filed (Article 34 (2) (b) PCT) otherwise these amendments may not be taken into
consideration for the establishment of the international preliminary examination report.

The attention of the applicant is drawn to the fact that if the application contains
an u:geoessary plurality of independent claims, no examination of any of the claims will be
carmied out.

NB: Should the applicant decide to request detailed substantive examination, then an
international preliminary examination report will normally be established directly.
Exceptionally the examiner may draw up a second written opinion, should this be explicitly
requested.

Form PCT/408AE1 (EPO-03-2002) P20722
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I hereby certify that thit communication was transmitted via facsimile,
with a confirmation copy by Federal Express (nternational, to the
Eurapean Patent Office, P.B. 5818 Patentlaan 2, NL-2280 HV
Rijswijk, Netherlands, facsimile number 011 31 70 340 3016 on

May 30, 253. F-: ;

IN THE INTERNATIONAL BUREAU OF WIPO
FOR THE PATENT COOPERATION TREATY

In re International Application No. PCT/US02/25706

Applicant: Clopay Plastic Products Company, Inc. : Paper No.:

Intl. Filing Date: 13 August 2002 : Auth, Officer: Examiner
For: Multilayer Microporous Films and Methods ‘

RESPONSE TO WRITTEN OPINION

European Patent Office 5-30-03
P.B. 5818 Patentlaan 2
NL-2280 HV Rijswijk
t
Netherlands S
Dear Sir: 2 09E-11/

In response to the Written Opinion dated March 31, 2003, please replace original

pages 34, 39, 40 and 42 with substitute pages 34, 39, 40 and 42 submitted herewith.
REMARKS

The Written Opinion dated March 31, 2003 has been carefully considered. It is
believed that the present Response overcomes the positions set forth therein and a favorable
International Preliminary Examination Report is requested

In Substitute Sheets 34, 39, 40 and 42 submitted herewith, claims 1, 33 and 37 are
revised to recite that the microporous film layers are coextruded as previously set forth in .

claims 2 and 36. Claims 2, 36, 44 and 46 are revised to clarify that each of the film layers

comprises polyolefin polymer as set forth in the specification, for example at page 20, lines



7-10. As the Substitute Sheets do not involve any introduction of new matter to the
application, entry is believed to be in order and is respectfully requested.

The Written Opinion stated that in light of the documents cited in the International
Search Report, it is considered that the invention as defined in at least some of the claims
does not appear to meet the criteria of novelty and/or inventive step. No further comments
regarding novelty and/or inventive step were provided. However, Applicants traverse the
positions set forth in the Written Opinion and specifically submit that the presently claimed
multilayer micropoi‘ous films and methods exhibit both novelty and inventive step as
compared with the teachings of the references cited in the International Search Report.
Accordingly, reconsideration and a favorable International Preliminary Examination Report
are requested.

More particularly, the Intemnational Search Report cited FR 2 802 849 A (FR '849)
and the Dylan et al U.S. Patent No. 6,235,377 as "X" documents, of particular relevance. The
International Search Report also cited FR '849, WO 99/60050 A (WO '050) and the Vining,
Jr. et al U.S. Patent No. 6,090,441 as "Y" documents, of particular relevance.

FR 849 discloses a method for making a multilayer polyolefin film liquid
impermeable but gas permeable by coextruding and drawing at least three polyolefin layers.
The structure may be of the ABC, ABA or CBC type wherein A is a skin layer, B is a central
layer, and C is a skin/adhesion layer. However, Applicant_s find no specific teaching in this
reference of a multilayer microporous film as required b.y ‘the present claims and comprising
at least first and second coextruded microporous film layers wherein two of the film layers
have different maximum pore sizes. Similarly, Applicants find no teaching in this reference
as to the advantage provided by such a multilayer microporous film as claimed wherein a
combination of multilayer microporous film layers having different maximum pore sizes will

provide a multilayer microporous film which exhibits a maximum pore size substantially

v
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characteristic of one or more layers of this multilayer film which are arranged 50 as to have
no free, unconstrained surfaces as discussed in detail at pages 9-12 of the present application.

Dylan et al disclose a microporous membrane with a stratified pore structure.
Specifically, the membrane is formed of polytetrafluoroethylene (PTFE) resin layers which
are respectively extruded and calendered, and then laminated to form a ribbon. However,
Applicants find no teaching in this reference of multilayer microporous films as presently
claimed comprising first and second coextruded microporous film layers, particularly
wherein the layers have different maximum pore sizes. Similarly, Applicants find no
teaching by Dylan et al relating to multilayer microporous films or methods of producing
multilayer microporous films wherein each layer comprises polyolefin polymer and at least
first and second layers have different maximum pore sizes.

WO '050, a prior publication of Applicant Clopay Plastic Products Company, Inc.,
discloses a high speed method of making microporous film products and particularly film
products comprising a thermoplastic film layer, WO '050 also discloses incremental
stretching techniques, However, Applicants find no teaching in this reference of multilayer
microporous films as presently claimed, particularly wherein first and second film layers
have different maximum pore sizes, or relating to methods for making such films.

Finally, Vining, Jr. et al disclose a process of making reinforced three zone
microporous membranes of nylon or other polyamide resms A fibrous support material is
impregnated with a first polymer and then each side of the impregnated support material is
coated with at least one additional polymer. However, Applicants find no specific teaching
by Vining, Jr. et al of a multilayer microporous film comprising first and second coextruded
microporous film layers, or relating to methods for producing a multilayer microporous film

wherein each film layer comprises polyolefin polymer.
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In view of these deficiencies in the teachings of the references cited in the

International Search Report, the presently claimed multilayer microporous films and methods

exhibit both novelty and inventive step over the cited references. Accordingly, issuance of a

favorable International Preliminary Examination Report is believed to be warranted. In the

event that a further Written Opinion is to be issued, Applicants request that any such Written

Opinion specify with particularity the basis of positions therein to facilitate further response

by Applicants.

Respectfully submitted,

Holly D. Kozlowski
U.S. PTO Registration No. 30,468
Dinsmore & Shohl LLP

1900 Chemed Center

255 East Fifth Street

Cincinnati, Ohio 45202

© (513)977-8568
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What is claimed is:

1. A multilayer microporous film, comprising first and second coextruded
microporous film layers, wherein the first film layer has a first maximum pore size
and the second film layer has a second maximum pore size different from the first

maximum pore size.

2, The multilayer microporous film according to claim 1, wherein the

first and set;ond film layers each comprise polyolefin polymer.

3. The multilayer microporous film according to claim 1, wherein the
first film layer is formed of a first polymer composition and the second film layer is
formed of a second polymer composition different from the first polymer

composition.

4, The muitilayer microporous film according to ¢laim 3, wherein the
first polymer composition comprises polypropylene or high density polyethylene and
the second polymer composition comprises ultra low, low, linear low, or medium

density polyethylene.

5. The muitilayer microporous film according to claim 3, wherein the
first polymer composition comprises polypropylene and the second polymer

composition comprises ultra low, low, linear low, medinm or high density

polyethylene.

SUBSTITUTE SHEET 34
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film layers are respectively formed of first and third polymer compositions different

from the second polymer composition.

29.  The multilayer microporous film according to claim 28, wherein the
second polymer composition comprises ultra low, low, lincar low, medium or high

density polyethylene and the first and third polymer compositions comprise

polypropylene.

30.  The multilayer microporous film according to claim 28, wherein the
second polymer composition comprises high density polyethylene and the first and
third polymer compositions comprise ultra low, low, linear low or medium density

polyethylene.

31.  The multilayer microporous film according to claim 27, wherein the
second film layer comprises a second filler and the first and third film layers
respectively comprise first and third fillers having average particle sizes smaller than

the average particle size of the second filler.

32.  The multilayer microporous film according to claim 21, wherein one of

the first, second and third film layers is laminated to a nonwoven layer.

33. A multilayer microporous film, comprising coextruded first, second
and third microporous film layers, wherein one of the first, second and third film
layers has a maximum pore size smaller than the respective maximum pore sizes of

the remaining layers of the multilayer film or larger than the respective maximum

SUBSTITUTE SHEET 39
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pore sizes of the remaining layers of the multilayer film, and wherein the one layer

does not have an unconstrained surface in the multilayer film.

34.  The multilayer microporous film according to claim 33, wherein the
one layer has a maximum pore size smaller than the respective maximum pore sizes
of the remaining layers of the multilayer film and comprises polypropylene and

calcium carbonate.

35.  The muitilayer microporous film according to claim 33, wherein the
one layer has a maximum pore size larger than the respective maximum pore sizes of
the remaining layers of the multilayer film and comprises ultra low, low, linear low,
medium or high density polyethylene and calcium carbonate, and wherein the other of

the first, second and third films comprise polypropylene and calcium carbonate.

36.  The multilayer microporous film according to claim 33, wherein the

first, second and third microporous film layers each comprise polyolefin polymer.

37. A muitilayer microporous film, comprising at ieast two coextruded
microporous film layers, wherein the two film layers have different maximum pore

sizes and wherein one of the film layers is arranged so as to not have an unconstrained

surface in the multilayer film.
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42,  The method according to claim 38, further comprising laminating the

multilayer microporous film to a nonwoven layer.

43,  The method according to claim 38, further comprising laminating the
coextruded first and second film layers to a nonwoven layer prior to stretching the

film layers to render them microporous.

44. A method for producing a multilayer microporous film, comprising
extruding at least first and second film layers, each comprising polyolefin polymer,
stretching the layers to render them microporous, wherein the first film layer has a
maximum pore size upon stretching which is different from that of the second film

layer upon stretching, and laminating the layers together.

45.  The method according to claim 44, further comprising laminating the

multilayer microporous film to a nonwoven layer.

46. A method for producing a multilayer microporous film, comprising
extruding a first film layer, optionally stretching the first film layer, extrusion coating
a second film layer on the first film layer, and stretching the resulting extrusion coated
multilayer film, wherein the first film layer has .a- l;laximum pore size upon stretching
which is different from that of the second film layer upon stretching, and wherein

each of the first and second film layers comprises polyolefin polymer.

47.  The method according to claim 46, further comprising laminating the

multilayer microporous film to a nonwoven layer.
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O the language of a translation fumished for the purposes of the international search (under Rule 23.1(b)).
O the language of publication of the intemational application (under Rule 48.3(b)).

0 the language of a translation furnished for the purposes of intemational preliminary examination (under
Rule 55.2 andbr 55.3).

3. With regard o any nucleotide andlor amino acid sequence disclosed in the intemational application, the
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filed together with the international application in computer readable form,
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in the International application as filed has been fumished.
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Reference is made to the following documents:

(D1): FR-A-2802849
(D2): US-A-6235377
(D3): WO-A-9960050
(D4): US-A-6090441

1.Reltem|[
Basis of 1t .

1.1: The amendmaents filed with the telefax dated 30.05.2003 do not introduce subject-
matter which extends beyond the content of the application as filed. Therefore, they do
meet the requirements set in Art.34(2)(b) and Rule 66.1(b) PCT.

2. Regarding item V_
Reasoned statement under Article 35(2) with regard to novelty, inventive step r
industrial applicability; citations and explanations supporting such statement

2.1: Art.33(2) PCT

2.1.1: (D1) discloses a multilayered film comprising at least three microporous layers,
wherein the layers comprise fillers of different sizes, which directly after insertion or
after stretching, will cause the formation of pores, the maximum pore size in one of the
layer being then different from the maximum pore size in ancther layer (claims
1,3,10,16,18,27,29,38-40; page 8, line 37-page 10, line 8; page 10, line 32-page 12,
line 3; page 14, line 32-page 15, line 6; page 16, lines 15-28; page 18, lines 14-24;
page 19, line 29-page 20, line 25; page 24, line 33-page 26, line 36; examples 1,2).
Thae first polyolefin layer is microporous (page 16, lines 15-20), and attached to a
sacond polyolefin-based layer, which comprises particulate fillers in an amount of 30 to
B0%/w (page 14, lines 12-24), and whose diameter is in the range 0.5 to 5 um (page
15, lines 1-6) , in order to become microporous; said second layer is in tum attached to
a third, polyolefin-based layer (page 18, lines 14-36), which comprises particulate fillers
in an amount of 30 to 80%/w , and whose diameter is in the range 0.2 to 3 um (page
18, line 29-page 20, line 5). The use of the film in hygiene articles, as well as a method

Form PCT/Separate Sheet/408 (Sheet 1) (EPO-Aprll 1987)



\\a"w'

INTERNATIONAL PRELIMINARY intemational application No. PCT/US02/257086
EXAMINATION REPORT - SEPARATE SHEET

of making said film by coextrusion, where the layers are coextruded then subsequently
stretched, are also disclosed.

2.1.2: Hence, the subject-matter of independent claims 1,33,37,38 and 46 appears to
lack novelty in the sense of Art.33(2) PCT.

2.1.3: The subject-matter of dependent claims
2-7,13,14,20,21,27-29,31,32,35,36,39-42 also appears not to be novel in view of (D1)
for reasons already discussed.

2.2: Art.33(3) PCT

2.2.1; (D1} is considered as the closest state of the art for assessing inventive step of
the application.

2.2.2: Claim 15 and dependent

2.2 2.1: The subject-matter of claim 15 of the present application differs from (D1) in
that according to the present application, the multilayered film is stretched by cross
direction and machine direction intermeshing, whereas in (D1), the multilayered film is
stretched according to the usual procedure.

2.2.2.2: The effect of such difference is to produce incrementally stretched films.

2.2.2.3: The problem to be solved by the present application may therefore be
considered as providing a multilayered film which is incrementally stretched.

2.2.2.4: However, document (D3) discloses the process of cross and machine direction
intermeshing stretching, used to produce incrementally stretched films comprising one
microporous layer (claims 1,9,10; page 12, line 13-page 17, line 2). The skilted
person would combine the teachings of both documents {D1) and (D3) in order to solve
the above mentionned problem.

2.2.2.5: Therefore, the subject-matter of claim 15 appears not to involve an inventive
step in the sense of Art.33(3) PCT.

Form PCT/Separata Sheel/408 {Sheet 2) (EPO-April 1987)
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2.2.2.6: The same reasoning applies to claims 16-19, whose subject-matter seems to
lack an inventive step.

2.2.3; Claim 22 and dependent

2.2.3.1: The subject-matter of claim 22 of the present application differs from (D1) in
that according to the present application, the maximum pore size of the central layer of
the trilayered film is the smallest of first, second and third maximum pore sizes;
whereas in (D1), the maximim pores size of the central layer is the largest of all
maximum pore sizes.

2.2.3.2: The eftect of such difference is not known.

2.2.3.3: The problem to be solved by the present application may therefore be
considered as providing an altemnative laminate.

2.2.3.4: However, document (D4) discloses a microporous laminate comprising three
layers, in which the central layer can have either the largest ot the smallest pore size
(see especially col.6, lines 32-53). The skilled person would combine the teachings of
both documents (D1) and (D4) in order to solve the above mentionned problem.

2.2.3.5: Therefore the subject-matter of claim 22 appears to lack an inventive step
(Art.33(3) PCT).

2.2.3.6: The same reasoning applies to claims 23-26, whose subject-matter also seems
to lack an inventive step.

2.2.4; Claim 44
2.2 4.1: The subject-matter of claim 44 of the present application differs from (D1) in
that according to the present application, the stretching step occurs before the

laminating step of the layers; whereas in (D1), the stretching step occurs after once the
laminating step is completed.

2.2.4.2: However, the effect of such differance is not known, especially since porcesses
with stretching steps occuring at different times are also disclosed in the application.

Form PCT/Sepamte Shee/400 (Sheet 3) (EPO-Aprl 1867)
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2.2.4.3: The problem to be solved by the present application may therefore be
considered as providing an alternative method of making this laminate.

2.2.4.4: However, the skilled person would try out in a very obvious way to camy out the
stretching step after or before the lamination in order to look for the different properties
achieved by the obtained laminates. Therefore the subject-matter of claim 44 appears
to lack an inventive step (Art.33(3) PCT).

2.2.5; Claims 8-12,30,34,43,45 and 47

2.2.5.1: The additional features of dependent claims B-12,30,34,43,45 and 47 are mere
embodiments within the ambit of the main claims 1,33,38 and 46 . It has not been
shown that these technical features substantiate to a solution of a technical problem in
a non obvious matter. The patentability of these claims depends thus upon the
patentability of said main claims, and the subject matter of claims 8-12,30,34,43,45 and
47 consequently appears to lack an inventive step {(Art.33(3) PCT).

3. Further comments

3.1: The units employed on page 14, lines 21-25 (fpm, "), page 27, lines 22-23 (*, fpm,
°F), and pages 28-31 (gsm, osy, °F, fpm, dyne) are not additionaily expressed in terms
of the units stipulated by Rule 10.1 (a) and (b) PCT.

3.2: Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art

disclosed in the documents (D1) to (D4) is not mentioned in the description, nor are
these documents identified therein.

Form PCT/Separate Sheet/408 (Sheet 4) (EPO-Aprl 1967)
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What is claimed is: \

1. A multilayer microporous film, comprising first and second coextruded
microporous film layers, wherein the first film Iayer has a first maximum pore size

and the second film layer has a second maximum pore size different from the first

maximum pore gize.

2, The multilayer microporous film according fo claim 1, wherein the

first and second film layers each comprise polyolefin polymer.

3. The multilayer microporous film according to claim 1, wherein the
first film layer is formed of a first polymer composition and the second film layer is
formed of a second polymer composition different from the first polymer

composition.

4. The multilayer microporous film according to ¢laim 3, wherein the
first polymer composition comprises polypropylene or high density polyethylene and
the second polymer composition comprises ultra low, low, linear low, or medium

density polyethylene.

S. The multilayer microporous film according to claim 3, wherein the
first polymer composition comprises polypropylene and the second polymer

composition comprises ultra low, low, linear low, medium or high density

polyethylene.

| SUBSTITUTE SHEET 34
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film layers are respectively formed of first and third polymer compositions different

from the second polymer composition.

29.  The multilayer microporous film according to claim 28, wherein the
second polymer composition compnses uitra low, low, lincar Jow, medium or high
density polyethylene and the first and third polymer compositions comprise

polypropylene.

30. The multilayer microporous film according to claim 28, wherein the
second polymer composition comprises high density polyethylene and the first and

third polymer compositions comprise ultra low, low, linear low or medium density

polyethylene.

3i.  The muitilayer microporous film according to claim 27, wherein the
second film layer comprises a second filler and the first and third film layers
respectively comprise first and third fillers having average particle sizcs smailer than

the average particle size of the second filler.

32,  The multilayer microporous film according to claim 21, wherein one of

the first, second and third film layers is laminated to a nonwoven layer.

33. A multilayer microporous film, comprising coextruded first, second
and third microporous film layers, wherein one of the first, second and third film
layers has a maximum pore size smaller than the respective maximum pore sizes of

the remaining layers of the multilayer film or larger than the respective maximum

SUBSTITUTE SHEET 39
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pore sizes of the remaining layers of the multilayer film, and wherein the one layer

does not have an unconstrained surface in the multilayer film.

34. The multilayer microporous film according to claim 33, wherein the
one layer has a maximum pore size smaller than the respective maximum pore sizes
of the remaining layers of the multilayer film and comprises polypropylene and

calcium carbonate.

35. The mulitilayer microporous film sccording to claim 33, wherein the
one layer has a maximum pore size larger than the respective maximum pore gizes of
the remaining layers of the multilayer film and comprises ultra low, low, linear low,
medium or high dcnsity polyethylene and calcium carbonate, and wherein the other of

the first, second and third films comprise polypropylene and celcium carbonate.

36. The multilayer microporous film according to ¢laim 33, wherein the

first, second and third microporous film layers each comprise polyolefin polymer.

37. A multilayer microporous film, comprising at least two coextruded
microporous film layers, wherein the two film layers have different maximum pore
sizes and wherein one of the film layers is arranged so as to not have an unconstrained

surface in the multilayer fiim.
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42,  The method according to claim 38, further comprising laminating the

multilayer microporous film to a nonwoven layer.

43.  The method according to claim 38, further comprising laminating the
coextruded first and second film layers to a nonwoven layer prior to stretching the

film layers to render them microporous.

44. A method for producing a multilayer microporous film, comprising
extruding at least first and second film layers, each comprising polyolefin polymer,
stretching the layers to render them microporoua, wherein the first film layer has a
maximum pore size upon stretching which is different from that of the second film

layer upon stretching, and laminating the layers together.

45.  The method according to claim 44, further comprising laminating the

multilayer microporous film to a nonwoven layer.

46. A method for producing a multilayer microporous film, comprising
extruding a first film layer, optionally stretching the first film layer, extrusion coating
a second film layer on the first film layer, and stretching the resulting extrusion coated
multilayer film, wherein the first film layer hag a maximum pore size upon stretching
which is different from that of the second film [ayer upon stretching, and wherein
each of the first and second film layers comprises polyolefin polymer.

47.  The method according to claim 46, further comprising laminating the

multilayer microporous film to a nonwoven layer.
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1.

REIVINDICACIONES

Una pelicula multicapa microporosa, que comprende
una primera y una secunda capas microporosas
coextruidas, donde la primera capa tiene un primer
tamaflo de poro miximo y la segunda capa tiene un
segundo tamafio de poro madximo diferente del primer

tamafio de poro maximo.

La pelicula multicapa microporosa de acuerdo a la
reivindicacién 1, donde la primera y segunda capas

comprende cada una un polimero de poliolefina.

La pelicula multicapa microporosa de acuerdo a la
reivindicacién 1, donde la primera capa se forma de
una primera composicién polimérica y la segqgunda
capa se forma de una segunda composicién polimérica

diferente de la primera composicién polimérica.

La pelicula multicapa microporosa de acuerdo a la
reivindicacién 3, donde la primera composicién
polimérica comprende polipropilenc ¢ polietileno de
alta densidad y la segunda composicién polimérica
comprende polietileno de densidad ultra baja, baja,

lineal baja, o media.

La pelicula multicapa microporosa de acuerdo a la
reivindicacién 3, donde la primera composicién
polimérica comprende polipropileno y 1la segunda
composicién polimérica comprende polietileno de
densidad ultra baja, baja, lineal baja, media o
alta.
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capas se forman respectivamente de una primera y
terceras composiciones poliméricas diferentes de la

sequnda composicién polimérica.

29. La pelicula multicapa microporosa de acuerdo a

la reivindicaci6tn 28, donde la segunda composicién
polimérica comprende polietileno de densidad ultra
baja, baja, lineal baja, media o alta y la primera
y tercera composiciones poliméricas comprenden

polipropileno.

30. La pelicula multicapa microporosa de acuerdec a

la reivindicacién 28, donde la segunda composicién
polimérica comprende polietileno de alta densidad y
la primera y tercera composiciones poliméricas
comprenden polietileno de densidad wultra baja,

baja, lineal baja o media.

La pelicula multicapa microporosa de acuerdo a
la reivindicacién 27, donde 1la segunda capa
comprende un segundo relleno y la primera y tercera
capas respectivamente comprenden un primer y tercer
rellenos que tienen un tamafio de particula promedio
mis pequeilo que el tamaflo particula promedio del

sequndo relleno.

32. La pelicula multicapa microporosa de acuerdo a

la reivindicacién 21, donde una de 1la primera,
sequnda y tercera capas es laminada en una capa no

tejida.
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33. Una pelicula multicapa  microporosa, que

comprende una primera, segunda y tercera capas
microporosas coextruidas, donde una de la primera,
segqunda y tercera capas tiene un tamafio de poro
miximo mis pequeflo que el tamafio de poro maximo
respectivo de las otras capas de la pelicula
multicapa o mds grande que el tamafioc de poro miximo
respectivo de las otras capas de 1la pelicula
multicapa, y donde dicha capa no tiene una

superficie no libre en la pelicula multicapa.

La pelicula multicapa microporosa de acuerdo a
la reivindicacién 33, donde esa capa tiene un
tamafio de poro midximo mas pequefio que el tamafio de
poro méximo respectivo de las otras capas de 1la
pelicula multicapa y comprende polipropileno vy

carbonato de calcio.

35. La pelicula multicapa microporosa de acuerdo a

la reivindicacién 33, donde esa capa tiene un
tamaflo de poro maximo mids grande que el tamaifio de
poro maximo respectivo de las otras capas de la
pelicula multicapa y comprende polietileno de
densidad ultra baja, baja, lineal baja, media o
alta y carbonato de calcio, y donde las otras
primera y segunda y tercera capas comprenden

polipropileno y carbonato de calcio.

36. La pelicula multicapa microporosa de acuerdo a

la reivindicacién 33, donde la primera, segunda y
tercera capas microporosas comprenden cada una un

polimero de poliolefina.



37. Una pelicula multicapa  microporosa, que
comprende al mencs dos capas microporosas
coextruidas, donde las dos capas tienen tamailos
maximos de poro diferentes y donde una de las capas
estd dispuesta de tal forma que no tenga una

superficie no libre en la pelicula multicapa.
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42. El método de acuerdo a la reivindicacién 38,

que adicionalmente comprende laminar la pelicula

multicapa microporosa a una capa no tejida.

43, El método de acuerdo a la reivindicacién 38,

que adicionalmente comprende laminar la primera y
segunda capas coextruidas a una capa no tejida
antes del estiramiento de las capas para volverlas

microporosas.

44. Un método para producir una pelicula multicapa

microporosa, gque comprende extruir al menos una
primera y segunda capas, que cada una comprende un
polimero de poliolefina, estirar las capas para
volverlas microporosas, donde la primera capa tiene
un tamafilo de poro maAximo por estiramiento que es
diferente del de la segqunda capa por estiramiento,

y laminar las capas juntas.

45. El método de acuerdo a la reivindicacién 44,

que adicionalmente comprende laminar las peliculas

multicapa microporosas a una capa no tejida.

Un método para producir una pelicula multicapa
microporosa que comprende extruir una primera capa,
opcionalmente estirar 1la primera capa, extruir
cubriendo una sequnda capa sobre la primera capa, Yy
estirar la pelicula multicapa cubierta extruida
resultante, donde la primera capa tiene un tamafio
de poro maximo por estiramiento que es diferente

del de la segunda capa por estiramiento, y donde

v
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cada una de la primera y segunda capas comprenden

un polimero de poliolefina.

47. El método de acuerdo a la reivindicacién 46,
gue comprende el adicionalmente laminar la pelicula

multicapa microporosa a una capa nc tejida.



En virtud del articulo 28 del “Tratado de
Cooperacion en materia de Patentes (PCT)”, se
presenta el siguiente capitulo reivindicatorio
modificado, para entrar en fase nacional en
Colombia.

"Articulo 28

Modificacion de las reivindicaciones, la descripcién y los dibujos ante las
Oficinas designadas

1) El solicitante debera tener la oportunidad de modificar las reivindicaciones, la
descripcién y los dibujos presentados en cada Oficina designada dentro del plazo
prescrito. Ninguna Oficina designada concederd una patente ni denegard su
concesion antes del vencimiento de ese plazo, salvo con el consenfimiento expreso
del solicitante.
2) Las modificaciones no deberan exceder la divulgacién contenida en la solicitud
internacional tal como fuera presentada, salvo que la legislacion nacional del Estado
designado lo pemmita
3) Las modificaciones deberan ser conformes a la legislacion nacional del Estado
designado en todos los aspectos que no estén previstos en el prasente Tratado y en
su Reglamento.
4) Cuando la Oficina designada exija una traduccién de la solicitud intemacional, las
modificaciones deberan presentarse en el idioma de la fraduccion.”
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NEW CLAIMS SET
FOR NATIONAL STAGE OF PCT/US02/25

1. (Currently Amended) A multilayer microporous film, comprising first and

second coextruded film layers, wherein each film layer comprises at least one pore-forming filler

therein, with each film layer rendered microporous by stretching the film layer having the pore-
forming filler therein, wherein the first film layer has a first maximum pore size and the second

film layer has a second maximum pore size different from the first maximum pore size, and

wherein the multilayer microporous film is liquid impervious at atmospheric pressure.

2. (Currently Amended) The multilayer microporous film according to claim 1,

wherein the-first-and-seeond-film-layers-are-ecextruded each film layer i3 formed of a polymer

mposition consisting essentiglly of one or more polvethylene homo 1 lene
homopolymer, copolymer of ethylene and/or propylene with one or more olefin monomers, or a

mixture of two or more of said polymers.

3. (Original) The multilayer microporous film according to claim 1, wherein the
first film layer is formed of a first polymer composition and the second film layer is formed of a

second polymer composition different from the first polymer composition.

4, (Original) The multilayer microporous film according to claim 3, wherein the
first polymer composition comprises polypropylene or high density polyethylene and the second

polymer composition comprises ultra low, low, linear low, or medium density polyethylene.

\



5. (Original) The multilayer microporous film according to claim 3, wherein the \

first polymer composition comprises polypropylene and the second polymer composition

comprises ultra low, low, linear low, medium or high density polyethylene.

6. (Original) The multilayer microporous film according to claim 1, wherein the
first film layer comprises a first filler and the second film layer comprises a second filler
different from the first filler.

7. (Original) The multilayer microporous film according to claim 6, wherein the
first filler has a first average particle size and the second filler has a second average particle size

different from the first average particle size.
8. (Cancelled).

9. (Currently Amended) The multilayer microporous film according to claim 48 8,

wherein the first filler and the second filler have the same chemical composition.

10.  (Original) The multilayer microporous film according to claim 6, wherein the

first filler and the second filler have chemical compositions which differ from one another.

11. (Original) The multilayer microporous film according to claim 10, wherein the
first filler has a first average particle size and the second filler has a second average particle size

different from the first average particle size.



12.  (Cancelled).

13.  (Original) The multilayer microporous film according to claim 1, wherein the
first film layer comprises a first amount of filler and the second film layer comprises a second

amount filler different from the first amount.

14,  (Original) The multilayer microporous film according to claim 1, wherein one of

the first and second film layers is laminated to a nonwoven layer.

15. (Currently Amended) The multilayer microporous film according to claim + 50,
wherein the multilayer film is stretched by cross direction (CD) and machine direction (MD)

intermeshing.

16. (Currently Amended) The multilayer microporous film according to claim ¥ 50,
wherein the multilayer film is stretched by cross direction (CD) and machine direction (MD)

intermeshing only.
17.  (Cancelled).
18.  (Currently Amended) The multilayer microporous film according to claim + 50,

wherein the multilayer film is stretched by cross direction (CD) intermeshing and by machine

direction orientation (MDO).
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19.  (Currently Amended) The multilayer microporous film according to claim + 50,
wherein the multilayer film is stretched by cross direction (CD) and machine direction (MD)

intermeshing and by machine direction orientation (MDO).

20. (Original) The multilayer microporous film according to claim 1, wherein the

multilayer film is stretched by machine direction orientation (MDO).

21,  (Original) The multilayer microporous film according to claim 1, further

comprising a third microporous film layer having a third maximum pore size.

22,  (Original) The multilayer microporous film according to claim 21, wherein the
second maximum pore size is the smallest of the first, second and third maximum pore sizes and

further wherein the second film layer is positioned between the first and third film layers.

23.  (Original) The multilayer microporous film according to claim 22, wherein the
second film layer is formed of a second polymer composition and the first and third film layers
are respectively formed of first and third polymer compositions different from the second

polymer composition.

24, (Original) The multilayer microporous film according to claim 23, wherein the
second polymer composition comprises polypropylene and the first and third polymer

compositions comprise ultra low, low, linear low, medium or high density polyethylene.
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25.  (Original) The multilayer microporous film according to claim 23, wherein the
second polymer composition comprises ultra low, low, linear low or medium density

polyethylene and the first and third polymer compositions comprise high density polyethylene.
26. (Cancelled).

27.  (Original) The multilayer microporous film according to claim 21, wherein the
second maximum pore size is the largest of the first, second and third maximum pore sizes and

further wherein the second film layer is positioned between the first and third film layers.

28.  (Original) The multilayer microporous film according to claim 27, wherein the
second film layer is formed of a second polymer composition and the first and third film layers
are respectively formed of first and third polymer compositions different from the second

polymer composition.

29.  (Currently Amended) The multilayer microporous film according to claim 28 52,
wherein the second polymer composition comprises ultra low, low, linear low, medium or high

density polyethylene and the first and third polymer compositions comprise polypropylene.

30. (Currently Amended) The multilayer microporous film according to claim 28 52,
wherein the second polymer composition comprises high density polyethylene and the first and

third polymer compositions comprise ultra low, low, linear low or medium density polyethylene.



%\rb%

31. (Original) The multilayer microporous film according to claim 27, wherein the
second film layer comprises a second filler and the first and third film layers respectively
comprise first and third fillers having average particle sizes smaller than the average particle size

of the second filler.

32. (Original) The multilayer microporous film according to claim 21, wherein one

of the first, second and third film layers is laminated to a nonwoven layer.

33.  (Currently Amended) A multilayer microporous film, comprising first, second

and third mieroporous coextruded film layers, wherein each film layer comprises at least one

pore-forming filler therein, with each film layer rendered microporous by stretching the film
layer having the pore-forming filler therein, wherein one of the first, second and third film layers

has a maximum pore size smaller than the respective maximum pore sizes of the remaining
layers of the multilayer film or larger than the respective maximum pore sizes of the remaining

layers of the multilayer film, and wherein the one layer does not have an unconstrained surface

in the multilayer film, and wherein the multilayer microporous film is liquid impervious at

heric sure.

34. (Original) The multilayer microporous film according to claim 33, wherein the
one layer has a maximum pore size smaller than the respective maximum pore sizes of the

remaining layers of the multilayer film and comprises polypropylene and calcium carbonate.



35. (Currently Amended) The multilayer microporous film according to claim 33, \(b
wherein the one layer has a maximum pore size larger than the respective maximum pore sizes of
the remaining layers of the multilayer film and comprises ultra low, low, linear low, medium or
high density polyethylene and calcium carbonate, and wherein the other of the first, second and

third films film layers comprise polypropylene and calcium carbonate.
36-47. (Cancelled).

48. (New) A multilayer microporous film comprising first and second coextruded
film layers, wherein each film layer is formed of the same polymer composition and comprises at
least one pore-forming filler therein, with each film layer rendered microporous by stretching the
film layer having the pore-forming filler therein, wherein the first film layer comprises a first
filter having a first average particle size and the second film layer comprises a second filler
having a second average particle size different from the first average particle size, wherein the
first film layer has a first maximum pore size and the second film layer has a second maximum
pore size different from the first maximum pore size, and wherein the multilayer microporous

film is liquid impervious at atmospheric pressure.

49. (New) A multilayer microporous film comprising first and second coextruded
film layers, wherein each film layer is formed of the same polymer composition and comprises at
least one pore-forming filler therein, with each film layer rendered microporous by stretching the
film layer having the pore-forming filler therein, wherein the first film layer comprises a first
filler and the second film layer comprises a second filler different from the first filler, wherein



the first film layer has a first maximum pore size and the second film layer has a second

maximum pore size different from the first maximum pore size, and wherein the multilayer

microporous film is liquid impervious at atmospheric pressure.

50. (New) A multilayer microporous film, comprising first and second coextruded
film layers, wherein each film layer comprises at least one pore-forming filler therein, with each
film layer rendered microporous by stretching comprising at least one of cross-direction (CD)
intermeshing or machine direction (MD) intermeshing the film layer having the pore-forming
filler therein, wherein the first film layer has a first maximum pore size and the second film layer
has a second maximum pore size different from the first maximum pore size, and wherein the

multilayer microporous film is liquid impervious at atmospheric pressure.

51. (New) A multilayer microporous film, comprising first, second and third
coextruded film layers, wherein each film layer comprises at least one pore-forming filler
therein, with each film layer rendered microporous by stretching the film layer having the pore-
forming filler therein, wherein the second film layer is positioned between the first and third film
layers and comprises a second filler and the first and third film layers comprise first and third
fillers having average particle sizes larger than the average particle size of the second filler,
wherein the first film layer has a first maximum pore size, the second film layer has a second
maximum pore size different from the first maximum pore size, and the third film layer has a
third maximum pore size, and wherein the multilayer microporous film is liquid impervious at

atmospheric pressure.



52. (New) A multilayer microporous film, comprising first, second and third \
coextruded microporous film layers, wherein each microporous film layer comprises at least one
pore-forming filler therein, with the microporosity thereof being provided by stretching the film
layer having the pore-forming filler therein, and wherein one of the first, second and third film
layers has a maximum pore size smaller than the respective maximum pore sizes of the
remaining layers of the multilayer film, has no unconstrained surface, and comprises

polypropylene and calcium carbonate.

53. (New) The multilayer microporous film according to claim 52, wherein the other
of the first, second and third films comprise ultra low, low, linear low, medium or high density

polyethylene and calcium carbonate.

54. (New) A multilayer microporous filin, comprising first, second and third
coextruded microporous film layers, wherein each microporous film layer comprises at least one
pore-forming filler therein, with the microporosity thereof being provided by stretching the film
layer having the pore-forming filler therein, and wherein one of the first, second and third film
layers has a maximum pore size larger than the respective maximum pore sizes of the remaining
layers of the multilayer film, comprises ultra low, low, linear low, medium or high density
polyethylene and calcium carbonate, and has no unconstrained surface, and wherein the other of

the first, second and third film layers comprise polypropylene and calcium carbonate.

990923v1
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1.

NUEVAS REIVINDICACIOMES
FASE NACIONAL - COLOMBIA

(Corregida) Una pelicula multicapa microporosa, que
comprende una primera y una secunda capas

coextruidas, donde cada capa comprende al menos un

relleno formador de poro, volviendo cada capa

microporosa por estiramiento de la capa que tiene

el relleno formador de poro, donde la primera capa

tiene un primer tamafio de poro maximo y la segunda
capa tiene un segundo tamafio de poro mAximo
diferente del primer tamaflo de poro mé&ximo, y donde

la pelicula multicapa microporosa es impermeable al

liquldo a presiétn atmosférica.

(Corregida) La pelicula multicapa microporcsa de

acuerdo a la reivindicacién 1, donde cada capa se

forma de una composicién polimérica que consiste

esencialmente en uno o mAs homopolimero de

polietileno, homopolimero polipropileno, copolimero

de etileno y/o propileno con uno o mis monomeros de

olefina, o una mezcla de dos o mas de dichos

polimeros.

. {(Original) La pelicula multicapa microporosa de

acuerdo a la reivindicacién 1, donde 1la primera
capa se forma de una primera composicién polimérica
Yy la segunda capa se forma de una segunda
composicién polimérica diferente de 1la primera

composicién polimérica.
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4.

(Original) La pelicula multicapa microporosa de
acuerdo a la reivindicacién 3, donde la primera
composicién polimérica comprende polipropileno o
polietileno de alta densidad y la sequnda
composicién polimérica comprende polietileno de

densidad ultra baja, baja, lineal baja, o media.

(Original) La pelicula multicapa microporosa de
acuerdo a la reivindicacién 3, donde la primera
composicién polimérica comprende polipropileno y la
segunda composicién polimérica comprende
polietileno de densidad ultra baja, baja, lineal
baja, media o alta.

{Original) La pelicula multicapa microporosa de
acuerdo a la reivindicacién 1, donde la primera
capa comprende un primer relleno y la sequnda capa
comprende un segundo relleno diferente del primer

relleno.

(Original) La pelicula multicapa microporosa de
acuerdo a la reivindicacién 6, donde el primer
relleno tiene un primer tamafio de particula
promedio y el sequndo relleno tiene un segundo
tamafilo de particula promedio diferente del primer

tamafio de particula promedio.

. (Cancelada)

. (Corregida) La pelicula multicapa microporosa de

acuerdo a la reivindicacién donde el primer

?
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relleno y el segundo rellenc tienen la misma

composicién quimica.

10. (Original) La pelicula multicapa microporosa
de acuerdo a la reivindicacién 6, donde el primer
relleno y el sequndo relleno tienen composiciones

quimicas que difieren entre si.

11. (Original) La pelicula multicapa microporosa
de acuerdo a la reivindicacién 10, donde el primer
relleno tiene wun primer tamaflo de particula
promedio y el segundo relleno tiene un segundo
tamaflo de particula promedio diferente del primer

tamafio de particula promedio.
12. (Cancelada)

13. (Original) La pelicula multicapa microporosa
de acuerdo a la reivindicacién 1, donde la primera
capa comprende una primera cantidad de relleno y la
segunda capa comprende una segunda cantidad de

relleno diferente de la primera cantidad.

14, (Original) La pelicula multicapa microporosa
de acuerdo a la reivindicacién 1, donde una de la
primera o la segunda capa es laminada a una capa no
tejida.

15. {Corregida) La pelicula multicapa microporosa
de acuerdo a 1la reivindicacién \56} donde la

pelicula multicapa se estira por intermallado en
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direccién cruzada (CD) y en direccién de méquina
{MD) .

16. (Corregida) La pelicula multicapa microporosa
de acuerdo a 1la reilvindicacién 50, donde 1la
pelicula multicapa es estirada inicamente por
intermallado de direccién cruzada (CD) y de
direcciédn de mdquina {MD).

17. (Cancelada)

18. (Corregida) La pelicula multicapa microporosa
de acuerdo a la reivindicacién 50, donde la
pelicula multicapa es estirada por intermallado de
direcciébn cruzada (CD) y por orientacién de
direccién de maquina (MDO).

19. (Corregida) La pelicula multicapa microporosa
de acuerdo a 1la reivindicacién 50, donde 1la
pelicula multicapa es estirada por intermallado de
direccién cruzada (CD) y direccién de maquina (MD)

y por orientacién de direcciédn de maquina (MDO).

20. (Original} La pelicula multicapa microporosa
de acuerdo a la reivindicacién 1, donde la pelicula
multicapa es estirada por orientacién de direccién
de mAquina (MDO).

21. {Original) La pelicula multicapa microporosa
de acuerdo a la reivindicacién 1, gque
adicionalmente comprende una tercera capa

S
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microporosa que tiene un tercer tamafio de poro

maximo.

(Original) La pelicula multicapa microporosa
de acuerdo a la reivindicacién 21, donde el segundo
tamafio de poro miximo es el mads pequefio del
primero, segundo y tercero tamafios de poro maximo y
adicionalmente donde la segunda capa es posicionada

entre la primera y la tercera capas.

23. (Original) La pelicula multicapa microporosa

de acuerdo a la reivindicacién 22, donde la segunda
capa se forma de una segunda composicién polimérica
y la primera y la tercera capas estidn formadas
respectivamente de la primera Y tercera
composiciones polimérica, diferentes de la segunda

composicién polimérica.

24, (Original) La pelicula multicapa microporosa

de acuerdo a la reivindicacién 23, donde la segunda
composicién polimérica comprende polipropileno y la
primera y la tercera composiciones poliméricas
comprende polietileno de densidad ultra baja, baja,

lineal baja, media o alta.

(Original) La pelicula multicapa microporosa
de acuerdo a la reivindicacidén 23, donde la segunda
composicién polimérica comprende polietileno de
densidad ultra baja, baja, lineal baja o media, y
la primera y tercera composiciones poliméricas

comprenden el polietilenc de alta densidad.
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26. {Cancelada)

27. (Original) La pelicula multicapa microporosa

de acuerdo a la reivindicacién 21, donde el segundo
tamafio de poro maximo es el mAs grande del primero,
segundo y tercer tamaflo de poro maximo y
adicionalmente donde la segunda capa se posiciona

entre la primera y la tercera capas.

28. (Original) La pelicula multicapa microporosa

de acuerdo a la reivindicacién 27, donde la segunda
capa se forma de una segunda composicién polimérica
Yy la primera y tercera capas se forman
respectivamente de una primera Yy terceras
composiciones polimérica diferentes de la segunda

composicié4n polimérica.

(Corregida) La pelicula multicapa microporosa
de acuerdo a la reilvindicacién 52, donde la segunda
composicién polimérica comprende polietileno de
densidad ultra baja, baja, lineal baja, media o
alta y la primera y tercera composiciones

poliméricas comprenden polipropileno.

30. (Corregida) La pelicula multicapa microporosa

de acuerdo a la reivindicacién 52, donde la segunda
composicién polimérica comprende polietileno de
alta densidad y la primera y tercera composiciones
poliméricas comprenden polietileno de densidad

ultra baja, baja, lineal baja o media.
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31. (Original) La pelicula multicapa microporosa
de acuerdo a la reivindicacién 27, donde la segunda
capa comprende un segundo relleno y la primera y
tercera capas respectivamente comprenden un primer
y tercer rellenos que tienen un tamafio de particula
promedio m&s pequefio que el tamaflo particula

promedio del segundo relleno.

32. (Original) La pelicula multicapa microporosa
de acuerdo a la reivindicacién 21, donde una de la
primera, segunda y tercera capas es laminada en una

capa no tejida.

33. {Corregida) Una pelicula multicapa
microporosa, que comprende una primera, sequnda y

tercera capas coextruidas, donde cada capa

comprende al menos un relleno formador de poro,

volviendo cada capa microporosa por estiramiento de

la capa que tiene el relleno formador de poro,

donde una de la primera, segunda y tercera capas
tiene un tamaflo de poro midximo mis pequefio que el
tamafio de poro mAximo respectivo de las otras capas
de la pelicula multicapa o mds grande que el tamaflo
de poro maximo respectivo de las otras capas de la

pelicula multicapa, donde dicha capa no tiene una

superficie no libre en la pelicula multicapa, ¥y

donde la pelicula multicapa microporosa es

impermeable a liquidos a temperatura ambiente.

34. (Original) La pelicula multicapa microporosa
de acuerdo a la reivindicacién 33, donde esa capa

tiene un tamafio de poro miximo mAs pequefic que el



10

15

20

25

30

tamafio de poro miximo respectivo de las otras capas
de la pelicula multicapa y comprende polipropileno

y carbonato de calcio.

35. (Corregida) La pelicula multicapa microporosa

de acuerdo a la reivindicacién 33, donde esa capa
tiene un tamafio de poro maximo mds grande que el
tamafio de poro miaximo respectivo de las otras capas

de la pelicula multicapa y comprende polietileno de

densidad ultra baja, baja, lineal baja, media o

alta y carbonato de calcio, y donde 1las otras

primera y sequnda y tercera capas comprenden

polipropileno y carbonato de calcio.

36. (Cancelada)
37. {Cancelada)
38. {Cancelada)
35. (Cancelada)
40. (Cancelada)
41. {(Cancelada)
42, (Cancelada)
43, (Cancelada)
44. {Cancelada)
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45, (Cancelada)

46. {Cancelada)
47. {Cancelada)
48. (Nueva) una pelicula multicapa microporosa que

49.

comprende una primera y segunda capas coextruidas,
donde cada capa se forma de la misma composicién
polimérica y que comprende al menos un relleno
formador de poro, con cada capa vuelta microporosa
por estiramiento de la capa que tiene un relleno
formador de poro, donde la primera capa comprende
un primer relleno que tiene una primer tamafio de
particula promedio y la segunda capa comprende un
segundo relleno que tiene un segundo tamafio de
particula promedio diferente del primer tamafo de
particula promedio, donde la primera capa tiene un
primer tamafio de poro maAximo y la segunda capa
tiene un segundo tamafic de poro miximo diferente
del primer tamafio de poro maximo, y donde 1la
pelicula multicapa microporosa es impermeable a los

liquidos a temperatura atmosférica.

(Nueva) una escolar multicapa microporosa que
comprende una primera y segunda capas coextruidas,
donde cada capa se forma de la misma composicién
polimérica y comprende al menos un relleno formador
de poro, con cada capa vuelta microporosa por
estiramiento de la capa que tiene un relleno
formador de poro, donde la primera capa comprende

un primer relleno y la sequnda capa comprende un
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segundo relleno diferente del primer relleno, donde
la primera capa tlene un primer tamafio de poro
miximo y la sequnda capa tlene un segundo tamafio de
poro maAximo diferente del primer tamafioc de poro
maximo, y donde la pelicula multicapa microporosa

es impermeable a liquidos a presién atmosférica.

(Nueva) una pelicula multicapa microporosa,
que comprende una primera y segunda capas
coextruidas, donde cada capa comprende al menos un
relleno formader de poro, con cada capa vuelta
microporcsa por estiramiento comprendido al menos
por un intermallado de direccién cruzada (CD) o un
intermallado por direccién de maAquina (MD) de 1la
pelicula que tiene el relleno formador de poro,
donde la primera pelicula tiene un primer tamailo de
poro maximo y la segunda pelicula tiene sequndo
tamafio de poro maximo diferente del primer tamafio
de poro méiximo, y donde la pelicula multicapa
microporosa es impermeable a liquidos a presién

atmosférica.

51. (Nueva) una pelicula multicapa microporosa,

que comprende una primera segunda y tercera capas
coextruidas, donde cada capa comprende al menos un
relleno formador de poro, con cada capa vuelta
microporosa por estiramiento de la capa que tiene
el rellenoc formador de poro, donde la segunda capa
es posicionada entre la primera y tercera capas y
comprende un segundo relleno y la primera y tercera
capas comprenden un primer y tercer relleno que

tiene un tamafio de particula promedio mis grande

10
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que el tamafio de particula promedio del segqundo
relleno, donde la primera capa tiene un primer
tamaflo de poro méximo, la segqunda capa tiene un
sequndo tamaflo de poro méximo diferente del primer
tamafio de poro miximo, y la tercera capa tiene un
tercer tamafio de poro miximo, y donde la pelicula
multicapa microporosa es impermeable a ligquidos a

temperatura atmosférica.

(Nueva) una pelicula multicapa microporosa,
que comprende una primera, segunda y tercera capas
microporosas coextruidas, donde cada capa
microporosa comprende al menos un relleno formador
de poros, con la microporosidad de éstas siendo
provista por estiramiento de las capas que tienen
el relleno formador de poro, y donde una de 1la
primera, segunda y tercera capas tiene un tamafic de
poro miximo mas pequeflo que el tamaflo de poro
miéximo respectivo de las otras capas de la pelicula
multicapa, que no tiene una superficie no libre, y

que comprende polipropileno y carbonato de calcio.

53. (Nueva) una pelicula multicapa microporosa de

acuerdo a la reivindicacién 52, donde la otra de la
primera, sequnda y tercera capas comprende
polietileno de densidad ultra baja, baja, lineal

baja, media o alta y carbonato de calcio.

54. (Nueva) una pelicula multicapa microporosa,

gue comprende una primera, segunda y tercera capas
microporosas coextruidas, donde cada capa

microporosa comprende al menos un relleno formador

11
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de poros, con la mica porosidad de las mismas
siendo provista por estiramiento de la pelicula que
tiene el relleno formador de poros, y donde una de
la primera, segunda y tercera capas tiene un tamafo
de poro miximo mAs grande que el tamafio de poro
méximo respectivo de las otras capas de la pelicula
multicapa, que comprende polietileno de densidad
ultra baja, baja, lineal baja, media o alta y
carbonato de calcio, y que no tiene una superficie
no libre, y donde la otra de la primera, segunda y
tercera capas comprende polipropileno y carbonato
de calcio.
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