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METHODS FOR PRODUCING COMPOSITE WEBS
‘WITH REINFORCING DISCRETE POLYMERIC REGIONS

FIELD OF THE INVENTION
The present invention relates to methods of manufacturing composite webs that

inciude reinforcing discrete polymeric regions.

BACKGROUND
The manufacture of articles formed of webs that require some reinforcement to
withstand forces experienced during use are known. In many cases, reinforcement is
simply provided over the entire substrate or web. Such approaches can, however, add cost
and weight to the web, as well as stiffness over the entire surface of the web - even in
those areas that do not require reinforcement. Furthermore, reinforcing layers that are
coextensive with the web may also reduce its breathability.

To address some of these issues, smaller pieces of reinforcing materials
may be attached to a web or substrate in selected areas that require reinforcement. The
handling and attachment of such discrete pieces can, however, be problematic, by
potentially reducing throughput, causing waste (where the discrete pieces are not securely
attached), requiring precise registration or location on the web, requiring the use of
adhesives or other bonding agents, etc. The discrete pieces may also present relatively
sharp that may be the source of irritation or discomfort. The irritation or discomfort can
be exacerbated because the reinforcing pieces are typically located on the surface of the
substrate.

SUMMARY OF THE INVENTION
The present invention provides methods of manufacturing composite webs
including a substrate with one or more reinforcing discrete polymeric regions located on or
within the composite web.
One advantage of the methods of the present invention is the ability to transfer one
or more discrete polymeric regions onto a major surface of a substrate, where the
thermoplastic material of the discrete polymeric region can be forced against the substrate

by a transfer roll. If the substrate is porous, fibrous, etc., pressure may enhance
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attachment of the discrete polymeric regions to the substrates by forcing a portion of the
thermoplastic composition to infiltrate the substrate and/or encapsulate fibers of the
substrate.

Another advantage is the ability to control the shape, spacing, and volume of the
discrete polymeric regions. This may be particularly advantageous because these
parameters (shape, spacing, and volume) can be fixed regardless of the line speed of the
system.

Another advantage of the present invention may be found in the composite
depressions and their use, which may improve the formation of reinforcing discrete
polymeric regions in accordance with the present invention. The composite depressions
may, e.g., improve the transfer of relatively large discrete polymeric regions onto the
substrates as well as the transfer of discrete polymeric regions that have a varying
thickness.

Another advantage of the methods of the present invention is the ability to provide
one or more discrete polymeric regions that extend for the length of the substrate (while
not being formed over the width of the substrate, i.e., the discrete polymeric regions are
not coextensive with the major surface of the substrate).

Another advantage of the methods of the present invention is the ability to provide
different thermoplastic compositions across the width of the substrate, such that some
discrete polymeric regions may be formed of one thermoplastic composition, while other
discrete polymeric regions are formed of a different thermoplastic composition.

Yet another advantage of the methods of the present invention is the ability to
provide one or more discrete polymeric regions on both major surfaces of a substrate. The
discrete polymeric regions on the opposing major surfaces may be formed with the same
or different features as desired.

In one aspect, the present invention provides a method for producing a composite
web, the method including providing a transfer roll having an exterior surface that
includes one or more depressions formed therein, wherein the one or more depressions
include at least one depression that includes a composite depression formed by a plurality
of cells; and delivering a molten nonelastomeric thermoplastic composition onto the
exterior surface of the transfer roll. The method further includes wiping the molten

nonelastomeric thermoplastic composition from the exterior surface of the transfer roll,
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wherein a portion of the molten nonelastomeric thermoplastic composition enters the one
or mote depressions, and further wherein the portion of the molten nonelastomeric
thermoplastic composition in the one or more depressions remains in the one or more
depressions after wiping the molten nonelastomeric thermoplastic composition from the
exterior surface of the transfer roll; and transferring at least a portion of the molten
nonelastomeric thermoplastic composition in the one or more depressions to a first major
surface of a substrate by contacting the first major surface of the substrate to the exterior
surface of the transfer roll and the molten nonelastomeric thermoplastic composition in the
one or more depressions, followed by separating the substrate from the transfer roll,
wherein one or more discrete polymeric regions formed of the nonelastomeric
thermoplastic composition are located on the first major surface of the substrate after
separating the substrate from the transfer roll.

In another aspect, the present invention provides a method for producing a
composite web, the method including providing a transfer roll with an exterior surface that
includes one or more depressions formed therein, wherein the one or more depressions
include at least one depression that includes a composite depression formed by a plurality
of overlapping cells; and delivering a molten nonelastomeric thermoplastic composition
onto the exterior surface of the transfer rofl. The method also includes wiping the molten
nonelastomeric thermoplastic composition from the exterior surface of the transfer roil,
wherein a portion of the molten nonelastomeric thermoplastic composition enters the one
or more depressions, and further wherein the portion of the molten nonelastomeric
thermoplastic composition in the one or more depressions remains in the one or more
depressions after wiping the molten nonelastomeric thermoplastic composition from the
exterior surface of the transfer roll; and forcing a portion of a first major surface of a
substrate into the one or more depressions, wherein the first major surface includes a
porous surface including fibers, and wherein a portion of the nonelastomeric thermoplastic
composition in the one or more depressions infiltrates the porous surface, and still further
wherein the molten nonelastomeric thermoplastic composition encapsulates at least a
portion of at least some of the fibers. The method further includes separating the substrate
from the transfer roll, wherein one or more discrete polymeric regions formed of the
nonelastomeric thermoplastic composition are located on the first major surface of the

substrate after separating the substrate from the transfer roll.
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In another aspect, the present invention provides a method for producing a
composite web, the method including providing a transfer roll with an exterior surface that
has one or more depressions formed therein; and delivering a molten nonelastomeric
thermoplastic composition onto the exterior surface of the transfer roll. The method
further includes wiping the molten nonelastomeric thermoplastic composition from the
exterior surface of the transfer roll, wherein a portion of the molten nonelastomeric
thermoplastic composition enters the one oxr more depressions, and further wherein the
portion of the molten nonelastomeric thermoplastic composition in the one or more
depressions remains in the one or more depressions after wiping the molten
nonelastomeric thermoplastic composition from the exterior surface of the transfer roll;
and transferring at least a portion of thé molten nonelastomeric thermoplastic composition
in the one or more depressions to a first major surface of a first substrate by contacting the
first major surface of the first substrate to the exterior surface of the transfer roll and the
molten nonelastomeric thermoplastic composition in the one or more depressions,
followed by separating the first substrate from the transfer roll, wherein one or more
discrete polymeric regions formed of the nonelastomeric thermoplastic composition are
located on the first major surface of the first substrate after separating the first substrate
from the transfer roll. The method also includes laminating a second substrate to the first
major surface of the first substrate, wherein the one or more discrete polymeric regions on
the first substrate are located between the first substrate and the second substrate after
laminating the second substrate to the first substrate.

In another aspect, the present invention provides a method for producing a
composite web, the method including providing a transfer roll with an exterior surface that
has one or more depressions formed therein; and delivering a molten nonelastomeric
thermoplastic composition onto the exterior surface of the transfer roll. The method
includes wiping the molten nonelastomeric thermoplastic composition from the exterior
surface of the transfer roll, wherein a portion of the molten nonelastomeric thermoplastic
composition enters the one or more depressions, and further wherein the portion of the
molten nonelastomeric thermoplastic composition in the one or more depressions remains
in the one or more depressions after wiping the molten nonelastomeric thermoplastic
composition from the exterior surface of the transfer roll. The method also includes

transferring at least a portion of the molten nonelastomeric thermoplastic composition in
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the one or more depressions to a first major surface of a first substrate by contacting the
first major surface of the first substrate to the exterior surface of the transfer roll and the
molten nonelastomeric thermoplastic composition in the one or more depressions,
followed by separating the first substrate from the transfer roll, wherein one or more
discrete polymeric regions formed of the nonelastomeric thermoplastic composition are
located on the first major surface of the first substrate after separating the first substrate
from the transfer roll. The method further includes laminating a second substrate to a
second major surface of the first substrate, wherein the second major surface of the first
substrate is located on the opposite side of the first substrate from the first major surface of
the first substrate, wherein the one or mote discrete polymeric regions on the first substrate
are exposed on the first substrate.

In another aspect, the present invention provides a transfer roll device for
transferring molten thermoplastic compositions to a substrate, the device including a roll
with an exterior surface; and one or more depressions formed in the exterior surface of the
roll, wherein each depression of the one or more depressions is a composite depression
formed by a plurality of cells.

These and other features and advantages of methods according to the present
invention are described below in connection with various illustrative embodiments of the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of one reinforcing discrete polymeric region on a
composite web manufactured according to the methods of the present invention.

FIG. 2 is a plan view of a portion of a transfer roll that can be used in
manufacturing composite webs according to the methods of the present invention.

FIG. 3A is a cross-sectional view of the depression of FIG. 2, taken along line 3-3
in FIG. 2 at one point during formation of the depression.

FIG. 3B is a cross-sectional view of the depression of FIG. 2, taken along line 3-3
in FIG. 2 at another point during formation of the depression.

FIG. 3C is a cross-sectional view of the depression of FIG. 2, taken along line 3-3

in FIG. 2 during formation of the depression.
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FIG. 4 is a plan view of another depression on a portion of a transfer roll that can
used to manufacture reinforcing discrete polymeric regions on a composite web according
to the methods of the present invention,

FIG. 5 is a cross-sectional view of the depression of FIG. 4, taken along line 5-5 in
FIG. 4.

FIG. 6 is a plan view of another depression on a portion of a transfer roll that can
used to manufacture reinforcing discrete polymeric regions on a composite web according
to the methods of the present invention.

FIG. 7 is a cross-sectional view of a composite web manufactured according to the
methods of the present invention including reinforcing discrete polymeric regions between
two substrates.

FIG. 8 is a cross-sectional view of the composite web of FIG. 7, before attachment
of the two substrates to form the composite web in accordance with the methods of the
present invention. )

FIG. 9 is a plan view of one illustrative substrate with reinforcing discrete
polymeric regions formed thereon that can be manufactured into a composite web
according to the methods of the present invention.

FIG. 10 is a cross-sectional view of another composite web with reinforcing
discrete polymeric regions on both major surfaces of a substrate.

FIG. 11 is a perspective view of one polymer transfer process useful in providing
discrete polymeric regions on a substrate in accordance with the methods of the present
invention.

FIG. 11A is an enlarged schematic diagram depicting the relationship between a
doctor blade and a depression on a transfer roll used in connection with the present
invention.

FIG. 11B is an enlarged partial cross-sectional view depicting a conformable
backup roll forcing a substrate against a transfer roll.

FIG. 11C is an enlarged partial cross-sectional view depicting a mating backup roll
including protrusions aligned with depressions in the transfer roll.

FIG. 12 illustrates another transfer roll and polymer source useful in connection

with zoned delivery systems and methods.
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FIG. 13 is a plan view of one article formed in a composite web by providing
reinforcing discrete polymeric regions on a substrate according to the methods of the
present invention.

FIG. 14 is a cross-sectional view of the article of FIG. 13 taken along line 14-14 in
FIG. 13.

FIG. 15 is a plan view of a portion of one composite web manufactured according
to the present invention.

FIG. 16 is a perspective view of one transfer roll that may be used to manufacture
the composite web of FIG. 15.

FIG. 17 is a plan view of a portion of one composite web manufactured according
to the present invention that includes discrete polymeric regidns extending across the
width of the substrate.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS OF THE
INVENTION

As discussed above, the present invention provides methods and systems for
producing composite webs that include a substrate with reinforcing discrete polymeric
regions located on the surface or within the composite web. Various different
constructions will now be described to illustrate various embodiments of the composite
webs that can be manufactured in accordance with the methods of the present invention.
These illustrative constructions should not be considered to limit the methods of the
present invention, which is to be limited only by the claims that follow.

FIG. 1 is a cross-sectional view of a portion of one composite web manufactured in
accordance with the present invention. The composite web includes a substrate 10 with a
first major surface 18 and a second major surface 19. One or more reinforcing discrete
polymeric regions 14 are located on the first major surface 18 of the substrate 10, it being
understood that the substrate may include more than one reinforcing discrete polymeric
region as depicted in, e.g., FIGS. 7-12.

It may be preferred that the reinforcing discrete polymeric regions 14 of composite
webs manufactured in accordance with the present invention each include a varying

thickness or height above the surface 18 of the substrate 10. It may be particularly
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preferred that the thickness variations be provided in the form of a thinner discrete ‘
polymeric region proximate the edges 15 of the reinforcing discrete polymeric region 14.

The combination of thicker central portions of the reinforeing discrete polymeric
region 14 and thinner edges 15 may provide advantages. The thinner edges 15 may be
more flexible or softer, which may enhance comfort if the composite web including such
discrete polymeric regions is incorporated into a garment such as, e.g., a diaper, surgical
gown, etc. At the same time, the thicker central portion of the reinforcing discrete
polymeric region 14 may provide a desired level of rigidity to the discrete polymeric
region.

The reinforcing discrete polymeric regions 14 may cover any desired portion of the
surface 18 of the substrate 10 on which they are positioned, although it will be understood
that the discrete polymeric regions 14 will not cover all of the surface of the substrate 10.
Some variations in the percentage of surface area occupied by discrete polymeric regions
may be as described in, for example, pending U.S. Patent Application Serial No.
09/257,447, entitled WEB HAVING DISCRETE STEM REGIONS, filed on Feb. 25,
1999 (published as International Publication No. WO 00/50229).

Further, although the discrete polymeric regions 14 are depicted as being
disconnected from each other, it should be understood that some composite webs
manufactured with the systems and methods of the present invention may include a
relatively thin skin layer of the thermoplastic composition used to form the discrete
polymeric regions. Such a skin layer may, in some instances, connect some or all of the
discrete polymeric regions on the composite web. In any event, however, the amount of
polymeric material in the skin layer will be insufficient to provide significant
reinforcement of the substrate outside of the thicker discrete polymeric regions.

The substrates used in connection with the composite webs of the present invention
may have a variety of constructions. For example, the substrates may be a woven
material, nonwoven material, knit material, paper, film, or any other continuous media that
can be fed through a nip point. The substrates may have a wide variety of properties, such
as extensibility, elasticity, flexibility, conformability, breathability, porosity, stiffness, etc.
Further, the substrates may include pleats, corrugations or other deformations from a flat

planar sheet configuration.
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In some instances, the substrates may exhibit some level of extensibility and also,
in some instances, elasticity. Extensible webs that may be preferred may have an initial
yield tensile force of at least about 50 gm/cm, preferably at least about 100 gm/cm.
Further, the extensible webs may preferably be extensible nonwoven webs.

Suitable processes for making a nonwoven web that may be used in connection
with the present invention include, but are not limited to, airlaying, spunbond, spunlace,
bonded melt blown webs and bonded carded web formation processes. Spunbond
nonwaoven webs are made by extruding a molten thermoplastic, as filaments from a series
of fine die orifices in a spinneret. The diameter of the extruded filaments is rapidly
reduced under tension by, for example, by non-eductive or eductive fluid-drawing or other
known spunbond mechanisms, such as described in U.S. Patent Nos, 4, 340,563 (Appel et
al.); 3,692,618 (Dorschner et al.); 3,338,992 and 3,341,394 (Kinney); 3,276,944 (Levy);
3,502,538 (Peterson); 3,502,763 (Hartman) and 3,542,615 (Dobo et al.). The spunbond
web is preferably bonded (point or continuous bonding).

The nonwoven web layer may also be made from bonded carded webs. Carded
webs are made from separated staple fibers, which fibers are sent through a combing or
carding unit which separates and aligns the staple fibers in the machine direction so as to
form a generally machine direction-oriented fibrous nonwoven web. However,
randomizers can be used to reduce this machine direction orientation.

Once the carded web has been formed, it is then bonded by one or more of several
bonding methods to give it suitable tensile properties. One bonding method is powder
bonding wherein a powdered adhesive is distributed through the web and then activated,
usually by heating the web and adhesive with hot air. Another bonding method is pattern
bonding wherein heated calender rolls or ultrasonic bonding equipment are used to bond
the fibers together, usually in a localized bond pattern though the web can be bonded
across its entire surface if so desired. Generally, the more the fibers of a web are bonded
together, the greater the nonwoven web tensile properties,

Airlaying is another process by which fibrous nonwoven webs useful in the present
invention can be made. In the airlaying process, bundles of small fibers usually having

lengths ranging between about 6 to about 19 millimeters are separated and entrained in an

. air supply and then deposited onto a forming sereen, often with the assistance of a vacuum

supply. The randomly deposited fibers are then bonded to one another using, for example,
Pply. y dep .
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hot air or a spray adhesive.

Meltblown nonwoven webs may be formed by extrusion of thermoplastic
polymers from multiple die orifices, which polymer melt streams are immediately
attenuated by hot high velocity air or steam along two faces of the die immediately at the
location whete the polymer exits from the die orifices. The resulting fibers are entangled
into a coherent web in the resulting turbulent airstream prior to collection on a collecting
surface. Generally, to provide sufficient integrity and strength for the present invention,
meltblown webs must be further bonded such as by through air bonding, heat or ultrasonic
bonding as described above.

A web can be made extensible by skip slitting as is disclosed in, e.g., International
Publication No. WO 96/10481 (Abuto et al.). If an elastic, extensible web is desired, the
slits are discontinuous and are generally cut on the web prior to the web being attached to
any elastic component. Although more difficult, it is also possible to create slits in the
nonelastic web layer after the nonelastic web is laminated to the elastic web. Atleasta
portion of the slits in the nonelastic web should be generally perpendicular (or have a
substantial petpendicular vector) to the intended direction of extensibility or elasticity (the
at least first direction) of the elastic web layer. By generally perpendicular it is meant that
the angle between the longitudinal axis of the chosen slit or slits and the direction of
extensibility is between 60 and 120 degrees. A sufficient number of the described slits are
generally perpendicular such that the overall laminate is elastic. The provision of slits in
two directions is advantageous when the elastic laminate is intended to be elastic in at least
two different directions.

A nonwoven web used in connection with the present invention can also be a
necked or reversibly necked nonwoven web as described in U.S. Patent Nos. 4,965,122;
4,981,747; 5,114,781; 5,116,662; and 5,226,992 (all to Morman). In these embodiments
the nonwoven web is elongated in a direction perpendicular to the desired direction of
extensibility. When the nonwoven web is set in this elongated condition, it will have
stretch and recovery properties in the direction of extensibility.

The substrates used in connection with the present invention may preferably
exhibit some porosity on one or both of the major surfaces of the substrate such that when
a molten thermoplastic composition is provided on one of the major surfaces of the

substrate, a mechanical bond is formed between the molten thermoplastic composition and
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the substrate as the molten thermoplastic composition infiltrates and/or encapsulates a
portion of the porous surface of the substrate. As used in connection with the present
invention, the term "porous" includes both structures that include voids formed therein, as
well as structures formed of a collection of fibers (e.g., woven, nonwoven, knit, eic.) that
allow for the infiltration of molten thermoplastic composition into the interstices between
fibers. If the porous surface includes fibers, the thermoplastic composition may preferably
encapsulate fibers or portions of fibers on the surface of the substrate.

The type and construction of the material or materials in the substrate should be
considered when selecting an appropriate substrate to which a molten thermoplastic
composition is applied. Generally, such materials are of the type and construction that do
not melt, soften, or otherwise disintegrate under the temperatures and pressures
experienced during the step of transferring the thermoplastic composition to the substrate.
For example, the substrate should have sufficient internal strength such that it does not fall
apart during the process. Preferably, the substrate has sufficient strength in the machine
direction at the temperature of the transfer roll to remove it intact from the transfer roll.

As used herein, the term "fiber" includes fibers of indefinite length (e.g., filaments)
and fibers of discrete length, e.g., staple fibers. The fibers used in connection with the
present invention may be multicomponent fibers. The term "multicomponent fiber" refers
to a fiber having at least two distinct longitudinally coextensive structured polymer
domains in the fiber cross-section, as opposed to blends where the domains tend to be
dispersed, random, or unstructured. The distinct domains may thus be formed of polymers
from different polymer classes (e.g., nylon and polypropylene) or be formed of polymers
from the same polymer class (e.g., nylon) but which differ in their properties or
characteristics. The term "multicomponent fiber" is thus intended to include, but is not
limited to, concentric and eccentric sheath-core fiber structures, symmetric and
asymmetric side-by-side fiber structures, island-in-sea fiber structures, pie wedge fiber
structures, and hollow fibers of these configurations.

Although the substrates depicted in the various cross-sectional views of the articles
manufactured according to the methods of the present invention are illustrated as single
layer structures, it should be understood that the substrates may be of single or multi-layer
construction. If a multi-layer construction is used, it will be understood that the various

layers may have the same or different properties, constructions, etc. Some of these
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variations may be as described in, for example, pending U.S. Patent Application Serial No.
09/257,447, entitled WEB HAVING DISCRETE STEM REGIONS, filed on Feb. 23,
1999 (published as International Publication No. WO 00/50229).

The discrete polymeric regions 14 may be formed of a wide variety of different
nonelastomeric thermoplastic polymeric materials. As used in connection with the present
invention, "thermoplastic" (and variations thereof) means a polymer or polymeric
composition that softens when exposed to heat and returns to its original condition or near
its original condition when cooled to room temperature. The thermoplastic compositions
used in connection with the methods of the present invention should be capable of flowing
or entering into depressions formed in a polymer transfer roll as will be described below.

Suitable thermoplastic compositions are those that are melt processable. Such
polymers are those that will flow sufficiently to at least partially fill the depressions, yet
not significantly degrade during a melt process. A wide variety of thermoplastic
compositions have suitable melt and flow characteristics for use in the process of the
present invention depending on the geometry of the depressions and the processing
conditions. It may further be preferred that the melt processable materials and conditions
of processing are selected such that any viscoelastic recovery properties of the
thermoplastic compositions do not cause them to significantly withdraw from the wall(s)
of the depressions until transfer of the thermoplastic composition to a substrate is desired.

Some examples of nonelastomeric thermoplastic compositions that may be used in
connection with the present invention include, but are not limited to, polyurethanes,
polyolefins (e.g., polypropylenes, polyethylenes, etc.), polystyrenes, polycarbonates,
polyesters, polymethacrylates, ethylene vinyl acetate copolymers, ethylene vinyl alcohol
copolymers, polyvinylchlorides, acrylate modified ethylene vinyl acetate polymets,
ethylene acrylic acid copolymers, nylons, fluorocarbons, etc.

A nonelastomeric thermoplastic polymer is one that melts and returns to its
original condition or near its original condition upon cooling and which does not exhibit
elastomeric properties at ambient conditions (e.g., room temperature and pressure). As
used in connection with the present invention, "nonelastomeric” means that the material
will not substantially resume its original shape after being stretched. Further, the
nonelastomeric materials may preferably sustain permanent set following deformation and

relaxation, which set is preferably at least about 20 percent or more, and more preferably
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at least about 30 percent or more of the original length at moderate elongation, e.g., about
50% (for those materials that can even be stretched up to 50% without fracture or other
failure).

The nonelastomeric thermoplastic compositions used in connection with the
present invention can alse be combined with various additives for desired effect. These
include, for example, fillers, viscosity reducing agents, plasticizers, tackifiets, colorants
(e.g., dyes or pigments), antioxidants, antistatic agents, bonding aids, antiblocking agents,
slip agents, stabilizers (e.g., thermal and ultraviolet), foaming agents, microspheres, glass
bubbles, reinforcing fibers (e.g., microfibers), internal release agents, thermally conductive
particles, electrically conductive particles, and the like. The amounts of such materials
that can be useful in the thermoplastic compositions can be readily determined by those
skilled in the art of processing and using such materials.

FIG. 2 is a plan view of a portion of the exterior surface of one transfer tool that
can be used to deposit the reinforcing discrete polymeric region 14 on the substrate 10
depicted in Figure 1. That depicted portion of the exterior surface 32 includes a
depression 34 formed therein. FIG. 2 also depicts a number of smaller depressions 38
dispersed over the surface 32 of the transfer roll. Bach of the depressions 38 is smaller
than the larger depression 34, both in terms of footprint (see below) as well as depression
volume. The smaller depressions 38 may also fill with molten thermoplastic composition
during use of the transfer roll, with the smaller discrete polymeric regions formed by the
depressions 38 serving a variety of purposes as discussed in connection with FIGS. 7-9
below.

The depression 34 is preferably a composite of cells 34a, 34b, 34¢c and 34d formed
in the surface 32 by any suitable technique, e.g., machining, etching, laser ablation, etc.
FIGS. 3A-3C depict one set of steps that can be used to manufacture a composite
depression 34 in the transfer roll 30 as seen in FIG. 2. The views in FIGS. 3A-3C are
taken along line 3-3 in FIG. 2 and, as a result, do not include the smallest cells 34d seen in
FIG. 2.

Further, the complete outline of each of the cells is depicted in FIG. 2 for a better
understanding of the invention, although it will be understood that portions of each of the
cells may not actually be visible in the finished composite depression 34, In addition, the
depicted composite depression 34 is made of a multiple circular cells 34a-34d. It should,
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however, be understood that composite depressions according to the present invention
may be made of cells having any selected shape, e.g., oval, square, triangular, etc.
Further, the composite depressions of the present invention may be constructed of cells
having a variety of shapes and/or sizes.

In the depicted composite depression 34, cells 34a have the largest diameter and
are formed to the greatest depth into the surface 32. Further, the cells 34a may be formed
first as seen in FIG. 3A. Alternatively, the smaller cells may be formed first with the
larger cells formed later. The cells 34b may be formed next as depicted in FIG. 3B. Cells
34b are, in the depicted embodiment, formed to a shallower depth in the transfer roll 30
than cell 34a. It can be seen there that the cells 34b overlap the larger cell 34a, such that
not all of the outline of the smaller cells 34b is actually formed into the transfer rolf 30.

The final step depicted in FIG. 3C is the formation of smaller cells 34c farther
outward from the central cell 34a than cells 34b. In the depicted embodiment, these outer
cells 34¢ are formed to a shallower depth than cells 34b, thereby contributing to the
general thinning at the edges of a reinforcing discrete polymeric region as seen in, e.g.,
FIG. 1.

Although not wishing to be bound by any theory, it is hypothesized that the
features (e.g., edges, ridges, eic.) formed at the boundaries between the various cells in the
composite structure of depression 34 may enhance its ability to retain molten
thermoplastic composition during the transfer process as discussed below.

The depressions on transfer rolls used in connection with the present invention
may be characterized in terms of the area occupied by their footprint on the exterior
surface of the forming tool, 2 maximum dimension of the footprint (in any direction on the
surface of the roil), the volume of the depression, the shape of the footprint, etc.

‘When characterized in terms of the area occupied by the footprint of the
depressions, each of the depressions 34 may have a footprint with an area of about 4
square millimeters (mm?) or more. In other situations, each of the depressions 34 may
have footprints with an area of about 8 mm® or more.

Another manner in which the d pressions may be ized is in terms of the

largest footprint dimension as measured on the surface 32 of the transfer roll 30. When

characterized in terms of the largest footprint dimension of the footprint, it may be that the
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depressions have a largest footprint dimension of about 2 mm or more, in some instances
about 5 mm or more.

Yet another manner in which the depressions used in connection with the present
invention may be characterized is in terms of depression volume. For example, the
depressions may have a depression volume of at least about three (3) cubic millimeters
(mma) or more, or alternatively a depression volume of about five (5) cubic millimeters or
more. Volume may be important because at least some of the molten thermoplastic
composition may be retained within the depression during the transfer process, i.e., the
depression volume may preferably be oversized relative to the preferred volume of the
diserete polymeric regions to be formed by the depressions to compensate for retention of
thermoplastic composition within the depressions.

The orientation of the depression 34 on a transfer roll 30 may be selected based on
a variety of Tactors. The elongated depression 34 may be aligned in the machine direction
(i.e., the direction of travel of a substrate), in the cross-web direction (i.e., transverse to the
direction of travel of the substrate), or any other orientation between machine direction or
cross-web direction.

FIGS. 4 and 5 depict yet another variation in the shape of depressions formed in
transfer tools used to provide reinforcing discrete polymeric regions on substrates in
connection with the methods of the present invention. The depression 134 is located in the
surface 132 of a transfer tool in the shape of a circular trough with an island 133 located in
the center of depression 134 formed in the exterior surface 132.

Depressions that include islands such as that depicted in FIG. 4 can be used to
provide reinforcing discrete polymeric regions on a substrate in which a portion of the
substrate is exposed within a surrounding ring of polymer. The resulting construction
may, for example, be used to reinforce the substrate in the area of, e.g., a buttonhole, slot,
perforation, or other opening formed on in the substrate. Other uses for similar structures
‘may also be envisioned.

The island 133 formed in the center of depression 134 is preferably the same
height as the exterior surface 132 of the transfer roll that surrounds the depression 134.
Although the depression 134 is depicted with only a single island 133 formed therein,
depressions used in connection with the methods of the present invention may include two

or more islands located within each depression if so desired. Furthermore, the shape of the
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island and surrounding depression may also vary, e.g., a depression that has a circular
outermost perimeter may be paired with an island having a different shape. In another
variation, the island may not be centered within the depression as depicted in FIG. 4.

Another variation depicted in FIG. 5 is the variation in depth of the depression 134,
with the depression being deepest proximate the island and rising to a shallower depth at
the outexmost perimeter of the depression 134. Such a construction may provide a
reinforcing discrete polymeric region with more flexible edges due to thinning of the
polymeric region as discussed above in connection with FIG. 1, Further, although the
depression 134 is not depicted as having a composite construction as does depression 34 in
FIG. 2, the depression 134 including island 133 may advantageously be formed as a
composite depression of multiple cells.

FIG. 6 depicts another depression 234 formed in the surface 232 of a transfer tool,
with the depression 234 also including an island 233 in a manner similar to the depression
134 of FIGS. 4 and 5. Unlike depression 134, the depression 234 is elongated in a
generally oval shape that may be more conducive to the formation of a buttonhole or
similar structure. Again, although the depression 234 is not depicted as having a
composite construction as does depression 34 in FIG. 2, it may advantageously be formed
as a composite depression of multiple cells.

FIGS. 7 and 8 depict yet another variation in a composite web manufactured
according to the methods of the present invention. The composite web of FIG, 7 is a
laminated structure including a first substrate 310a laminated to a second substrate 310b to
form a laminated substrate 310. A number of discrete polymeric regions 314 are located
between the two substrates 310a and 310b. A number of smaller discrete polymeric
regions 380 are depicted as being located between the larger discrete polymeric regions
314. The smaller discrete polymeric regions 380 are optional, i.e., they may not be
required in addition to the larger discrete polymetic regions 314. These smaller features
may be helpful to attach the two substrates 310a and 310b together between the larger
diserete polymeric regions 314,

In some instz 1 of the two substrates 310a and 310b may be

accomplished using the discrete polymeric regions 314 and 380 alone when the lamination
is performed while the polymer regions 314 and 380 are still in a somewhat molten state
such that they can bond with counterpart discrete polymeric regions on the opposing
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substrate or to the opposing substrate itself. One advantage of this construction is that the
Jamination may be accomplished without the need for additional materials and/or process
steps. The lamination between substrates 310a and 310b may alternatively be assisted by
a variety of materials and/or techniques known to those skilled in the art, e.g., thermal
bonding, adhesives, resins, tie films/webs, etc. See, e.g., U.S. Patent Nos. 2,787,244
(Hickin); 3,694,867 (Stumpf); 4,906,492 (Groshens); 5,685,758 (Paul et al.); and
6,093,665 (Sayovitz et al.). )

The laminated construction of FIG. 7 may be useful, for example, to provide a
cloth-like or softer feel ot appearance, breathability, porosity, etc. on both sides of the
composite web. This is in contrast to the composite webs in which the discrete polymeric
regions are located on an exposed surface of the composite web. A laminated composite
web structure such as that seen in FIG. 7 may also be used to provide different properties
on opposite sides of the composite web structure. For example, the porosity or other
properties may differ between the different substrates 310a and 310b.

FIG. § depicts lamination of the substrates 310a and 310b by forces operating in
the directions of the arrows located at both sides of the figure. One of the aspects depicted
in FIG. 8 is the combination of discrete polymeric regions 314a on subsirate 310a with
discrete polymeric regions 314b located on the opposing surface of substrate 310b to form
the discrete polymeric regions 314 in the composite web as depicted in FIG. 7.

Another aspect depicted in FIG., 8 is that the smaller polymeric regions 380 seen in
FIG. 7 may be constructed from the combination of a polymeric region 380a on substrate
3102 and a polymeric region 380D on substrate 310b. In other instances, the smaller
polymeric region is located on only one of the substrates 310a or 310b and preferably
bonds directly to the opposing substrate during lamination. Similarly, in some instances
the larger discrete polymeric regions 314 may be formed by depositing polymer on only
one of the substrates 310a or 310b before attaching the opposing substrate.

Another poteniial advantage of the laminated construction of the composite web
seen in FIGS. 7 and 8 is that the reinforcing discrete polymeric regions 314 formed by
laminating two separate polymeric regions 314a and 314b together may provide a
combined reinforcing discrete polymeric region 314 that contains more polymer than

could be effectively deposited as a single reinforcing discrete polymeric region using the
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methods of the present invention. That additional polymer may provide reinforcing
discrete polymeric regions that are stiffer, thicker, or have other advantageous features.

FIG. 9 is a plan view of a composite web ihat may be used to form the composite
web depicted in FIG. 7 in which two portions 310a and 310b of a single, unitary substrate
310 can be folded along a fold line 302 to provide the laminated structure of FIGS. 7 and
8. Alternatively, the substrates 310a and 310b as seen in, e.g., FIG. 8, may be sepatate
from each other before lamination. The substrate 310 includes opposing reinforcing
discrete polymeric regions 314a and 314D on portions 3102 and 310 that are combined
when the substrate 310 is folded along fold line 302.

The substrate 310 also includes a number of opposing smaller discrete polymeric
regions 380a and 380b on portions 310a and 310b that are combined when the substrate
310 is folded along fold line 302. Further, the substrate 310 includes some smaller
discrete polymeric regions 3802 and 380b that do not oppose any similar deposits on the
opposite side of the fold line 302.

Although the discrete polymeric regions 314a and 314b are shown as being
uniformly spaced over the surface of the substrate 310 in a regular, repeating pattern (in
both the x and y directions), it should be understood that spacing between the reinforcing
discrete polymetic regions 314a and 314b may be non-uniform if so desired. Furthermore,
the pattern in which the reinforcing discrete polymeric regions ate arranged, may be
irregular and/or non-repeating.

In other variations, portions of the composite webs manufactured in accordance
with the present invention may include uniformly-spaced discrete polymeric regions as
depicted in FIG. 9 while other portions of the same composite web may be free of any
discrete polymeric regions. In yet another alternative, portions of the composite web
manufactured in accordance with the present invention may include uniformly spaced
discrete polymeric regions as seen in FIG. 9, while other portions of the same composite
web may include discrete polymeric regions that are arranged in a non-uniform and/or
non-repeating patterns. Further, different portions of a composite web manufactured
according to the present invention may include different sets of discrete polymeric regions
that are both uniformly spaced in repeating patterns that are different from each other.

The discrete polymeric regions could be provided in any desired shape, e.g.,

squares, rectangles, hexagons, etc. The shapes may or may not be in the form of
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recognized geomeiric shapes, but may be randomly formed with irregular perimeters. In
addition, the shapes may not necessarily be solid figures, but may include islands formed
within the shape in which none of the thermoplastic composition is transferred. In yet
another alternative, some or all of the discrete polymeric regions may be in the form of
indicia, i.e., letters, numbers, or other graphic symbols.

FIG. 10 illustrates yet another embodiment of a composite web manufactured in
accordance with the present invention. The composite web includes a substrate 410 with
opposing major surfaces 418 and 419. One feature illustrated in FIG. 10 is the two-sided
nature of the reinforcing discrete polymeric regions located on the opposing major
surfaces 418 and 419, respectively. Reinforcing discrete polymeric region 414 is provided
on major surface 418 and reinforcing discrete polymeric region 424 is provided on
opposing major surface 419. Both discrete polymeric region 414 and discrete polymeric
region 424 are exposed on opposite sides of the composite web.

The discrete polymeric regions on opposing major surfaces are depicted as being in
registration through the substrate 410. In other words, the discrete polymeric region 414 is
aligned with the discrete polymeric region 424 on the opposite side of the substrate 410.
Further, the discrete polymeric region 414 is depicted as being substantially the same size
as the discrete polymeric region 424 located on the opposite side of the substrate 410, It
should, however, be understood that when a composite web having discrete polymeric
regions on both major surfaces is desired, the discrete polymeric regions on the opposing
surfaces may or may not be the same size as seen in FIG. 10. Also, it should be
understood that the discrete polymeric regions may or may not be in registration with each
other through the substrate 410 as seen in F1G. 10.

The reinforcing discrete polymeric regions 414 and 424 may be envisioned as
forming a grommet structure on the substrate 410. As a result, it may be desired to
provide an optional opening 404 through the substrate 410 as seen in FIG. 10. The
opening may be formed by any suitable technique, e.g., mechanical perforation with a
tool, laser ablation, water or gas-jet cutting, etc. It will be understood that similar
openings could be provided in, e.g., the laminated composite web seen in FIG. 7 as well.

FIG. 11 is a perspective view of one sysiem and method of providing discrete
polymeric regions on one surface of a substrate 10 in accordance with the principles of the

present invention. The system depicted in FIG. 11 includes a substrate 10 that defines a
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web path through the system. The substrate 10 moves through the system ina
downstream direction indicated by the rotation arrows on the various rolls. After being
unwound or otherwise provided from a supply (e.g., the substrate 10 may be manufactured
in-line with the system depicted in FIG. 11), the substrate 10 is directed into a transfer nip
formed between a backup roll 20 and a transfer roll 30.

The process of providing discrete polymeric regions on the substrate 10 includes
delivering a supply of a molten thermoplastic composition to the exterior surface 32 of
transfer roll 30 that includes a one or more depressions 34 formed in its exterior surface
32. The molten thermoplastic composition 41 is supplied to the exterior surface 32 of the
transfer roll 30 by a delivery apparatus in the form of a trough 40 (or other supply
apparatus, e.g., extruder, gear pump, etc.).

The excess molten thermoplastic composition is wiped or removed from the
exterior surface 32 by a docior blade 42 acting against the exterior surface 32 of the
transfer roll 30. Although it may be ideal to remove all of the thermoplastic composition
from the exterior surface 32 of the transfer roll 30, some of the thermoplastic composition
may remain on the exterior surface 32 afier wiping by the doctor blade 42,

The depressions 34 formed in the exterior surface 32 of the transfer roll 30
preferably receive a portion of the molten thermoplastic composition when the molten
thermoplastic composition is deposited on the exterior surface 32 of the transfer roll 30. If
the depressions 34 are not completely filled during or by the deposition of molten
thermoplastic composition, the wiping action of the doctor blade 42 on the exterior surface
32 of the transfer roll 30 may assist in substantially filling the depressions with molten
thermoplastic composition.

Control over the temperatures of the various rolls in the system depicted in FIG. 11
may be useful in obtaining the desired products. It may be preferred, e.g., that the exterior
surface 32 of the transfer roll 30 be heated to a selected temperature that is at or above the
melt ternperature of the thermoplastic composition to be transferred to the substrate 10.
Heating the transfer roll 30 may also enhance filling of the depressions 34 by the molten
thermoplastic composition.

Because the molten thermoplastic composition 41 is itself heated within the trough
40, the doctor blade 42 will typically be heated by the molten thermoplastic composition.
It may alternatively be desirable to control the temperature of the doctor blade 42
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separately from the trough 40 containing the molten thermoplastic composition 41. For
example, it may be desirable to heat the doctor blade 42 to a temperature above the melt
temperature of the molten thermoplastic compositior.

FIG. 11A is an enlarged partial cross-sectional view depicting one relationship
between a doctor blade 42 and depression 34 in a transfer roll 30. Another characteristic
of the doctor blade 42 that may be controlled is its thickness or length 43 along the
exterior surface of the transfer roll 30 (as measured in the machine direction or the
direction of rotation of the transfer roll). For example, a thicker or longer doctor blade 42
may belp by allowing the molten thermoplastic composition more time to relax within the
depressions 34, thereby improving filling of the depressions. In addition to varying the
length of the doctor blade 42, the pressure or force exerted on the fransfer rofl 30 by the
doctor blade 42 may also be adjusted based on a variety of factors including, e.g., the
characteristics of the molten thermoplastic composition, the transfer roll characteristics,
ete.

‘With the depressions 34 at least partially filled with the desired molten
thermoplastic composition, the transfer roll 30 continues to rotate until the depressions 34
and the molten thermoplastic composition they contain are forced into contact with the
substrate 10 against backup roll 20 at the transfer nip (i.e., the nip formed by the transfer
roll 30 and the backup roll 20. Iiis at this point that transfer of the molten thermoplastic
composition in the depressions 34 to the substrate 10 begins. It should be understood that
under certain conditions, only a portion of the thermoplastic composition in the
depressions 34 may transfer to the substrate 10.

‘When a substrate 10 that includes one or more porous major surfaces on which the
molten thermoplastic composition is deposited is used in connection with the methods of
the present invention, a mechanical bond is preferably formed by infiltration of the molten
thermoplastic composition into the porous surface of the substrate 10. As used in
connection with the present invention, the term "porous" includes both structures that
include voids formed therein, as well as structures formed of a collection of fibers (e.g.,
woven, nonwoven or knit) that allow for the penetration of molten thermoplastic
compositions.

The nip pressure between the transfer roll 30 and the backup roll 20 is preferably
sufficient such that a portion of the thermoplastic composition in the discrete polymeric
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regions infiltrates and/or encapsulates a portion of the porous substrate 10 to improve
attachment of the discrete polymeric regions to the substrate 10. Where the surface of the
substrate 10 includes fibers (e.g., where the substrate 10 includes woven, nonwoven, or
knit materials on its major surfaces), it may be preferred that the thermoplastic
composition encapsulate all or a portion of at least some of the fibers on the surface of the
substrate 10 to improve attachment of the discrete polymeric regions to the substrate 10.

Under some conditions the molten thermoplastic composition in the depressions 34
may completely permeate the substrate 10 if, e.g,, the substrate 10 is porous throughout its
thickness. In other instances, penetration of the molten thermoplastic composition may be
limited to the outer layer or layers of the substrate 10.

Tt should, however, be understood that although the outer surfaces of the substrate
10 may exhibit some porosity, that porosity may not necessarily extend through the entire
thickness of the substrate 10. For example, the substrate 10 may have a variety of
different layers, with one of the layers being substantially non-porous. In another
alternative, the overall thickness of the substrate 10 may render it non-porous as a whole,
even though the outer surfaces of the substrate 10 exhibit some porosity as discussed
above.

The backup roll 20 may possess a variety of different characteristics depending on

the types of substrate materials and/or molten thermoplastic compositions being processed.

In some instances, the exterior of the backup roll 20 may be a rubber or other conformable
material that conforms to the shape of the transfer roll 30. If a conformable material such
as rubber is used, it may, e.g., have a durometer of, e.g., about 10-90 Shore A.

One such variation at the transfer nip is depicted in FIG. 11B, in which a
conformable backup roll 130 is depicted as forcing a portion of the substrate 110 into the
depression 134 (and the thermoplastic composition 141 contained therein). If the surface
of the substrate 110 facing the depression 134 is porous, a portion of the molten
thermoplastic composition 141 may be forced in the porous surface of the substrate 110.
Forcing the substrate 110 into the depression may be particularly beneficial if the
depression 134 is not completely filled with the molten thermoplastic composition 141 to
improve the likelihood of contact between the substrate 10 and the molten thermoplastic

composition 141.
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Alternatively, the surface of the subsirate may be forced into the depressions on the
transfer roll using a mating backup roll. This variation at the transfer nip is depicted in
FIG. 11C in which the backup roll 220 includes protrusions 222 that are complementary to
or mate with the depressions 234 on the transfer roll 230. The protrusions 222 would
preferably force a substrate into the depressions with the same results and benefits
described above with respect to FIG. 11B. A mating backup roll 220 could be formed of
any conformable material, nonconformable material, or combination of conformable or
nonconformable materials.

Heating or otherwise controlling the temperature of the transfer roll is discussed
above. It should also be appreciated that the temperature of the exterior surface of the
backup roll may be controlled. For example, it may be desirable to cool the surface of the
backup roll to a selected temperature below the temperature of the transfer roll. Cooling
of the backup roll may be beneficial in maintaining the integrity of the substrate,
particularly if the substrate integrity can be degraded from the heat of the transfer roll (if
the transfer roll is heated) and/or the molten thermoplastic composition in the depressions
of the transfer roll.

The substrate 10 continues around the backup roll 20 as seen in FIG. 11. In some
instances, a portion of the molten thermoplastic composition in the depressions may
remain in the depressions 34 while the substrate 10 is pulled away from the transfer roll
30. As aresult, the molten thermoplastic composition in the depressions 34 may tend to
elongate or string between the depressions in transfer roll 30 and the substrate 10.

A device, such as a hot wire 44 seen in FIG. 11, may be used to sever any strands
of thermoplastic composition that may be formed as the substrate 10 sepatates from the
transfer roll 30. Other devices and/or techniques may be used to accomplish the desired
severing of any molten thermoplastic composition strands. Examples may include, but are
not limited to hot air knives, lasers, etc. Furthermore, under certain conditions, stringing
of the thermoplastic composition may not be encountered during manufacturing.

The tendency of the molten thermoplastic composition in the depressions 34 to
string as the substrate exits the transfer nip also raises another issue that should be
considered when developing processes according to the present invention. That issue is
the internal cohesive strength of the substrate 10 and/or the tensile strength of the substrate

10. This issue may be of more concern if the substrate 10 includes a fibrous construction
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(e.g., wovet, nonwoven, or knit fibers) that could be separated from the remainder of the
substrate by the forces exerted when the substrate 10 is pulled away from the transfer roll
30. These considerations may be more important if the molten thermoplastic composition
has properties (e.g., tackiness, tensile strength, etc.) such that strands of the molten
thermoplastic composition can exert forces on the substrate 10 that exceed the internal
cohesive strength and/or tensile strength of the substrate 10.

For example, if the substrate 10 includes a resin-bonded nonwoven portion, the
temperature of the transfer roll 30 and/or molten thermoplastic composition may rise
above the melting temperature of the resin, thereby potentially degrading the internal
cohesive strength and/or tensile strength of the substrate 10. Alternatively, a nonwoven
substrate may include fibers that have a melting temperature similar to the temperature of
the transfer roll 30 and/or molten thermoplastic composition, thereby potentially degrading
the internal cohesive strength and/or tensile strength of the substrate 10,

In either instance, the roll temperatures and/or molten thermoplastic composition
temperature may need to be controlled to maintain the integrity of the substrate while
transferring the molten thermoplastic composition. For example, the backup roll 20 may
be cooled to, in turn, cool the substrate 10 to maintain its internal cohesive strength.

In another alternative, heating of the transfer roll 30 and/or backup roll 20 may be
used to enhance the internal cohesive strength and/or tensile strength of the substrate 10.
For example, if the substrate 10 includes multi-component fibers or fibers having different
compositions, some consolidation of the fibers or other components in the substrate 10
may be caused by heating the substrate 10 while transferring the molten thermoplastic
composition from the transfer roll 30 to the substrate 10. That consolidation may improve
the integrity of the substrate by forming a skin layer or other strength-enhancing structure
on or within the substrate 10. Some exemplary processes may be described in, e.g., U.S.
Patent No. 5,470,424 (Isaac et al.).

Although the system and method depicted in FIG. 11 produces composite webs
with reinforcing discrete polymeric regions on only one major side thereof, those of skill
in the art will recognize the modifications required to provide discrete polymeric regions
on both major surfaces of the substrate in accordance with the principles of the present
invention. One example may include, e.g., forming discrete polymeric regions on one

surface of each of two separate substrates, with the two substrates then being laminated
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together to form a single substrate with discrete polymeric regions on both major surfaces
(see, e.g., FIG. 10). Alternatively, a single substrate may be directed into a nip formed by
two transfer rolls, with each of the transfer rolls depositing discrete polymeric regions on
both sides of the web essentially simultaneously.

Although FIG. 11 depicts the application of only one thermoplastic composition
using the transfer roll 30, it will be understood that two or more different thetrmoplastic
conpositions may be applied to the exterior surface of the transfer roll 30, FIG. 12 depicts
a portion of one system in which a trough 340 is used to deliver three molten
thermoplastic compositions (in zones A, B, & C) to the surface of a transfer roll 330 that
rotates about an axis 331. The trough 340 may, for example, include barriers 342 such
that molten thermoplastic compositions in the different zones of the trough 340 do not mix
during processing. In another alternative, separate and distinct troughs could be used for
each different thermoplastic composition to be applied to the transfer roll 330.

The transfer roll 330 also includes different sets of depressions 334a, 334b, and
334c over which the different molten thermoplastic compositions may be applied. The
depressions in the different zones on transfer roll 330 are differently shaped, have different
sizes, and have different spacings. For example, the triangular depressions in zone C are
arranged in an irregular, non-repeating pattern while the depressions in zones A & B are
arranged in regular, repeating patterns.

With the system of FIG. 12, different sets of discrete polymeric regions may be
formed on a single substrate using different thermoplastic compositions. As a result, the
thermoplastic compositions may be selected for any of a number of different properties
related to manufacturing or end-use performance of the finished articles made using the
composite webs.

FIGS. 13 and 14 depict an article that may be manufactured from a composite web
according to the methods of the present invention, with FIG. 13 being a plan view of the
article and FIG. 14 being a cross-sectional view of the article taken along line 14-14 in
FIG. 13. The article includes a frame 560 formed by a reinforcing discrete polymeric
region on a substrate 510. The article may be, e.g., a filter in which the frame 560
provides an integral support for substrate 510 which functions as filter media. The frame
560, when deposited as a reinforcing discrete polymeric region, preferably does not
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require the use of bonding agents (e.g., adhesives, etc.) to secure the frame 560 to the
filtration substrate 510.

The depicted article also includes one or more optional reinforcement strips 562
that extend across the central area of substrate 510 defined by the frame 560. The
reinforcement strips 562 may also preferably be formed by discrete polymeric regions
deposited on the substrate 510 according to the methods of the present invention. The
reinforcement strips 562 may be formed of the same or different polymeric compositions
as the frame 560.

FIGS. 15 & 16 depict another variation associated with the methods of
manufacturing composite webs according to the present invention. FIG. 15 depicts, ina
plan view, a porﬁ;;n of a composite web manufactured according to the present invention.
The composite web includes a substrate 610 on which two discrete polymeric regions 614
and 615 are located. The substrate 610 includes two opposing edges 611 that extend over
the length of the composite web and, together, define the longitudinal length of the
composite web.

Discrete polymeric region 614 is provided in the shape of a line of the
thermoplastic composition material deposited on the substrate 610 along the general
direction of the longitudinal length of the composite web. The discrete polymeric region
614 may be continuous along the longitudinal length of the composite web as shown in
FIG. 15.

Discrete polymeric region 615 is a variation of discrete polymeric region 614 in
that it is provided in an undulating shape as compared to the relative straight linear shape
of the discrete polymeric region 614. The undulating shape of the discrete polymeric
region 615 also, hpwever, extends along the direction of the longitudinal length of the
composite web. Further, the discrete polymeric region 615 may be continuous along the
longitudinal length of the composite web as shown in FIG. 15.

FIG. 16 is a perspective view of one transfer roll 630 that may be used to transfer
molten thermoplastic compositions to a substrate in the shapes seen in FIG. 1S according
to the methods of the present invention. The transfer roll 630 includes a depression 634
that preferably extends continuously around the outer circumference of the transfer roll

630 to form the discrete polymeric region 614 as depicted in FIG. 15. The transfer roll
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630 also i.nclud.es;i depression 635 that also extends around the outer circumference of the
10ll 630 to form the discrete polymeric region 615 as depicted in FIG. 15.

FIG. 17 depicts another variation associated with the methods of manufacturing
composite webs according to the present invention. FIG. 17 depicts, in a plan view, a
portion of a composite web manufactured according to the present invention. The
composite web includes a substrate 710 on which discrete polymeric regions 714a, 714b,
and 714c are located, with the discrete polymeric regions extending across the width of the
substrate. The substrate 710 includes two opposing edges 711 that extend over the length
of the composite web and, together, define the width and the longitudinal length of the
composite web.

Each of the discrete poiymeric reéions 714a, 714b, and 714c is provided in the
shape of a line of the thermoplastic composition material deposited on the substrate 710 in
a generally cross-web direction, i.e., extending between the opposing edges 711 of the
substrate 710. The discrete polymeric regions 714a, 714b, and 714c present variations
from straight lines 714a and 714b to undulating line 714c. Many other vatiations in
placement, shape and/or orientation of reinforcing discrete polymeric regions may be
envisioned in connection with methods according to the present invention.

In addition to the deposition of nonelastic thermoplastic polymer in discrete
regions, it is also contemplated that additional materials can be coated onto 2 major
surface of the substrate using known methods. Such materials could be, for example
adhesives, as described in, e.g., U.S. Patent Nos. 5,019,071 (Bany et al.); 5,028,646
(Miller et al.); and 5,300,057 (Miller et al.); or cohesives as described in, e.g. U.S. Patent
Nos. 5,389,438 (Miller et al.) and 6,261,278 (Chen et al.).

EXAMPLES
The following examples are provided to enhance understanding of the present

invention. They are not intended to limit the scope of the invention.

Example 1
A web of the present invention was produced using a system similar to that shown
in Fig. 11. A 40 mm diameter twin screw extruder fitted with a gear pump was used to

deliver a molten polypropylene polymer (SC-917, Basell Olefins) at a melt temperature of

27

JP 2005-508454 A 2005.3.31



—/
L T T e T e T e T e T e O e T e T e B e T e T e T e T e T e T e O e T e R e T e R T e T e R e T e B |

(53)

WO 03/039834 PCT/US02/29266

10

20

25

30

approximately 227°C to a neck tube. The neck tube was positioned such that a thick strand
of molten polymer was extruded vertically downward onto the exterior surface 32 of an
oil-heated steel transfer roll 30 having a diameter of 23 cm. The exterior surface of the
transfer roll was machined using a computer controlled milling machine to have a circle of
8 depressions around the periphery of the roll near the center of the roll. The depressions
were elliptical in shape 7.6 cm long and 1.9 om in width at the widest point of the ellipse.
The long axis of each ellipse was parallel to the machine direction (downweb). The
ellipses were arranged with a center-to-center spacing of 8.9 cm. The elliptical depressions
were machined in a seven step process.

Step 1 consisted of milling 0.333 mm depﬂl cells using a 2 mm tool in a 7.6 cm by

1.9 cm elliptical pattern. Step 2 consisted of milling 0.500 mm depth cells using a 3 mm
tool. Step 3 consisted of milling 0.666 mm depth cells using a 4 mm tool. Step 4 consisted
of milling 0.833 mm depth cells using a 5 mm tool. Step 5 consisted of milling 0.999 mm
depth cells using a 6 mm tool. Step 6 consisted of milling 1.165 mm depth cells using a 7
mm tool. Step 7 consisted of milling 1.332 mm depth cells using a 8 mm tool. The cells
were positioned such that the deeper célls were in the middle of the ellipse with
progressively shallower cells tapering outwards towards the perimeter of the ellipse.

After the depressions were filled or partially filled with the molten polymer, any
excess molten polymer was removed from the exterior surface of the transfer roll bya
brass doctor blade 42 having a thickness of 1.5 mm at the contact point with the roll,
acting against and normal to the exterior surface of the transfer roll. The excess molten
polymer formed a small rolling bank of polymer contained in a trough formed by the
doctor blade and two side walls pressed firmly against the transfer roll using a pressure of
123 N/lineal cm. The transfer roll was at approximately 227°C. After the wiping action of
the doctor blade, the transfer roll continued to rotate until the depressions and the molten
polymer they contain were forced into contact with a nonwoven substrate (SONTARA
8001 spunlaced polyester, 40 grams/m?, Dupont) against a rubber backup roll 20 (23°C)
using a nip pressure of 25 N/lineal cm.

Transfer of some of the molten polymer from the depressions to the nonwoven
substrate occurred. A portion of the molten polymer in the depressions remained in the
depressions while the substrate pulled away from the transfer roll. As a result, the molten
polymer tended to elongate or string between the depressions in the transfer roll and the
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substrate. A hot wire 44 was used to sever any strands of molten polymer formed as the
substrate separated from the transfer roll. The weight of each transferred reinforcing
polymer region was 0.28 grams.

Example 2

To demonsrate that two or more discrete reinforcing polymer regions can be
transfetred to two substrates followed by lamination of the substrates, a web was prepared
as in Example 1 using the apparatus shown in Fig. 11 except a second transfer roll,
identical to the transfer roll 30, a second rubber backup roll, similar to the rubber backup
1011 20, a second doctor blade, similar to the doctor blade 42, and a second hot wire,
similar to the hot wire 44, were used to transfer a discrete reinforcing polymer region to a
second nonwoven substrate (SONTARA 8001 spunlaced polyester, Dupont). Molten
polypropylene polymer (SC-917, Basell Olefins) was delivered to the second transfer roll
at a melt temperature of approximately 227°C. The second ﬁansfer 1oll was at
approximately 227°C, and the second rubber backup roll was at approximately 23°C. A
nip pressure of 25 N/lineal cm was used. The doctor blade pressure against the second
transfer roll was approximately 123 N/lineal cm. The second transfer roll was adjusted so
that it was in registration with the first transfer roll with respect to the depressions in each
of the rolls. The rubber roll 20 and the second rubber roll formed a nip where the two
nonwoven substrates containing the transferred reinforcing polymer regions were
laminated such that the reinforcing regions on one of the substrates coincided with the
reinforcing regions on the other substrate. This resulted in approximately double the mass

of polymer that could be transferred as compared to Example 1.

The preceding specific embodiments are illusirative of the practice of the invention.
This invention may be suitably practiced in the absence of any element or item not
specifically described in this document. The complete disclosures of all patents, patent
applications, and publications are incorporated into this document by reference as if
individually incorporated. Various modifications and alterations of this invention will

become apparent to those skilled in the art without departing from the scope of this
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CLAIMS:

1. A method for producing a composite web, the method comprising:

providing a transfer 1ol comprising an exterior sutface that comprises one or more
depressions formed therein, wherein the one or more depressions comprise at least one
depression that comprises a composite depression formed by a plurality of cells;

delivering a molten nonelastomeric thermoplastic composition onto the exterior
surface of the transfer roll;

wiping the molten nonelastomeric thermoplastic composition from the exterior
surface of the transfer roll, wherein a portion of the molten nonelastomeric thermoplastic
composition enters the one or more depressions, and further wherein the portion of the
molten nonelastomeric thermoplastic composition in the one or mote depressions remains
in the one or more depressions after wiping the molten nonelastomeric thermoplastic
composition from the exterior surface of the transfer roll; and

transferring at least a portion of the molten nonelastomeric thermoplastic
composition in the one or more depressions to a first major surface of a substrate by
contacting the first major surface of the substrate to the exterior surface of the transfer roll
and the molten nonelastomeric thermoplastic composition in the one or more depressions,
followed by separating the substrate from the transfer roll, wherein one or more discrete
polymeric regions comprising the nonelastomeric thermoplastic composition are located
on the first major surface of the substrate after separating the substrate from the transfer
roll.

2. A method according to claim 1, wherein the plurality of cells forming the

composite depression overlap with each other.
3. A method according to claim 1, wherein the transferring further comprises forcing
the first major surface of the substrate against the exterior surface of the transfer roll and

the molten nonelastomeric thermoplastic composition in the one or more depressions.

4. A method according to claim 1, wherein the first major surface of the substrate

comprises a porous surface, and wherein the transferring further comprises forcing a
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portion of the first major surface of the substrate into the one or more depressions, wherein
a portion of the molten nonelastomeric thermoplastic composition in the one or more

depressions infiltrates the porous surface within the one or more depressions.

5. A method according to claim 4, wherein the porous surface of the substrate
comprises fibers, and further wherein the transferring further comprises encapsulating at
least a portion of at least some of the fibers in the molten nonelastomeric thermoplastic

composition.

6. A method according to claim 1, wherein the first major surface of the substrate
comprises fibers, and further wherein the transferring further comprises encapsulating at
least a portion of at least some of the fibers in the molten nonelastomeric thermoplastic
composition by forcing the first major surface of the subsirate against the exterior surface
of the transfer roll and the molten nonelastomeric thermoplastic composition in the one or

more depressions.

7. A method according to claim 1, wherein substantially all of the one or more
depressions are substantially filled with the molten nonelastomeric thermoplastic

composition after the wiping and before the transferring.

8. A method according to claim 1, wherein the one or more depressions comprise at

least one depression that comprises an island located therein.

9. A method according to claim 8, wherein the at least one depression of the one or
more depressions forms a discrete polymeric region on the first major surface of the
substrate in which a portion of the first major surface of the substrate is located within a
surrounding ring of the nonelastomeric thermoplastic composition, and wherein the
method further comprises providing an opening through the substrate within the

surrounding ring of the nonelastomeric thermoplastic composition.
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10. A method according to claim 1, wherein at least one discrete polymeric region of
the one or more discrete polymeric regions comprises a shape extending contimmously
along a length of the substrate.

11. A method according to claim 1, wherein at least one discrete polymeric region of
the one or more discrete polymeric regions comprises a shape extending continuously

across a width of the substrate.

12. A method according to claim 1, wherein the one or more depressions comprise a

plurality of depressions comprising depressions having at least two different shapes.

13, A method according to claim 1, wherein each depression of the one or more

depressions comprise a volume of about 3 cubic millimeters or more.

14, A method according to claim 1, wherein each depression of the one or more
depressions defines a depression volume, and further wherein the one or more depressions

comprises at least two depressions that define different depression volumes.

15. A method according to claim 1, wherein a footprint of each depression of the one

or more depressions comprises an area of about 4 square millimeters or more.

16. A method for producing a composite web, the method comprising:

providing a transfer roll comprising an exterior surface that comprises one or more
depressions formed therein, wherein the one or more depressions comprise at least one
depression that comprises a composite depression formed by a plurality of overlapping
cells;

delivering a molten nonelastomeric thermoplastic composition onto the exterior
surface of the transfer roll;

wiping the molten nonelastomeric thermoplastic composition from the exterior
surface of the transfer roll, wherein a portion of the molten nonelastomeric thermoplastic
composition enters the one or more depressions, and further wherein the portion of the

molten nonelastomeric thermoplastic composition in the one or more depressions remains
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in the one or more depressions after wiping the molten nonelastomeric thermoplastic
composition from the exterior surface of the transfer roll;

foreing a portion of a first major surface of a substrate into the one or more
depressions, wherein the first major surface comprises a porous surface comprising fibers,
and wherein a portion of the nonelastomeric thermoplastic composition in the one or more
depressions infiltrates the porous surface, and still further wherein the molten
nonelastomeric thermoplastic composition encapsulates at least a portion of at least some
of the fibers; and

separating the substrate from the transfer roll, wherein one or more discrete
polymeric regions comprising the nonelastomeric thermoplastic composition are located
on the first major surface of the substrate after separating the subsirate from the transfer

oll.

17. A method according to claim 16, wherein each depression of the one or more

depressions defines a depression volume, and further whetein the one or more depressions

comprises at least two depressions that define different depression volumes.

18. A method according to claim 16, wherein at least one discrete polymeric region of
the one or more discrete polymeric regions comprises a shape extending continuously
along a length of the substrate.

19. A method according to claim 16, wherein at least one discrete polymeric region of
the one or more discrete polymeric regions comprises a shape extending continuously

across a width of the substrate.

20. A method according to claim 16, wherein the one or more depressions comprise a

plurality of depressions comprising depressions having at least two different shapes.

21. A method according to claim 16, wherein each depression of the one or more

depressions comprise a depression volume of about 3 cubic millimeters or more.

34

JP 2005-508454 A 2005.3.31



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(60)

WO 03/039834 PCT/US02/29266

20

25

30

22. A method according to claim 16, wherein a footprint of each depression of the one

or more depressions comprises an area of about 4 square millimeters or more.

23. A method for producing a composite web, the method comprising:

providing a transfer roll comprising an exterior surface that comprises one or more
depressions formed therein;

delivering a molten nonelastomeric thermoplastic composition onto the exterior
surface of the transfer roll;

wiping the molten nonelastomeric thermoplastic composition from the exterior
surface of the transfer roll, wherein a portion of the molten nonelastometic thermoplastic
composition enters the one or more depressions, and further wherein the portion of the

molfen 1 neric tk plasti position in the one or more depressions remains

in the one or more depressions after wiping the molten nonelastomeric thermoplastic
composition from the exterior surface of the transfer roll;

transferring at least a portion of the molten nonelastomeric thermoplastic
composition in the one or more depressions to a first major surface of a first substrate by
contacting the first major surface of the first substrate to the exterior surface of the transfer
roll and the molten nonelastomeric thermoplastic composition in the one or more
depressions, followed by separating the first substrate from the transfer roll, wherein one
or more discrete polymeric regions comprising the nonelastomeric thermoplastic
composition are located on the first major surface of the first substrate after separating the
first substrate from the transfer roll; and

laminating a second substrate to the first major surface of the first substrate,
wherein the one or more discrete polymeric regions on the first substrate are located
between the first substrate and the second substrate after laminating the second substrate to

the first substrate.

24. A method according to claim 23, wherein the second substrate comprises one or
more discrete polymeric regions located on a first major surface of the second substrate,
and wherein the one or more discrete polymeric regions on the second substrate are
located between the first subsirate and the second substrate after laminating the second

substrate to the first substrate.
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25. A method according to claim 23, wherein the transferring further comprises
forcing the first major surface of the substrate against the exterior surface of the transfer
rol! and the molten nonelastomeric thermoplastic composition in the one or more

depressions.

26. A method according to claim 23, wherein the first major surface of the substrate
comprises a porous surface, and wherein the transferring further comprises forcing a
portion of the first major surface of the substrate into the one or more deptessions, wherein
a portion of the molten nonelastomeric thermoplastic composition in the one or more

depressions infiltrates the porous surface within the one or more depressions.

27. A method according to claim 26, wherein the porous surface of the substrate
comprises fibers, and further wherein the transferring further comprises encapsulating at
least a portion of at least some of the fibers in the molten nonelastomeric thermoplastic

composition.

28. A method according to claim 23, wherein the first major surface of the first
substrate comprises fibers, and further wherein the transferring further comprises
encapsulating at least a portion of at least some of the fibers in the molten nonelastomeric
thermoplastic composition by forcing the first major surface of the first substrate against
the exterior surface of the transfer roll and the molten nonelastomeric thermoplastic

composition in the one or more depressions.

29. A method according to claim 23, wherein the one or more depressions in the
transfer roll comprise at least one depression that comprises a composite depression

formed by a plurality of cells.
30. A method for producing a composite web, the method comprising;

providing a transfer roll comprising an exterior surface that comprises one or more

depressions formed therein;
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delivering a molten nonelastomeric thermoplastic composition onto the exterior
surface of the transfer roll;

wiping the molten nonelastomeric thetmoplastic composition from the exterior
surface of the transfer roll, wherein a portion of the molten nonelastomeric thermoplastic
composition enters the one or mote depressions, and further wherein the portion of the
molten nonelastomeric thermoplastic composition in the one or more depressions remains
in the one or more depressions after wiping the molten nonelastomeric thermoplastic
composition from the exterior surface of the transfer roll;

transferring at least a portion of the molten nonelastomeric thermoplastic
composition in the one or more depressions to a first major surface of a first substrate by
contacting the first major surface of the first substrate to the exterior surface of the transfer
roll and the molten nonelastomeric thermoplastic composition in the one or more
depressions, followed by separating the first substrate from the transfer roll, wherein one
or more discrete polymeric regions comprising the nonelastomeric thermoplastic
composition are located on the first major surface of the first substrate after separating the
first substrate from the transfer roll; and

Taminating a second substrate to a second major surface of the first substrate,
wherein the second major surface of the first substrate is located on the opposite side of
the first substrate from the first major surface of the first substrate, wherein the one or

more discrete polymeric regions on the first substrate are exposed on the first substrate.

31. A method according to claim 30, wherein the second substrate comprises one or
more discrete polymeric regions located on a first major surface of the second subsirate,
and wherein the one or more discrete polymeric regions on the second substrate are

exposed on the second substrate after laminating the second substrate to the first substrate.

32. A method according to claim 30, wherein the transferring further comprises
forcing the first major surface of the substrate against the extetior surface of the transfer
roll and the molten nonelastomeric thermoplastic composition in the one or more

depressions.
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33. A method according to claim 30, wherein the first major surface of the substrate
comprises a porous surface, and wherein the transferring further comprises forcing a
portion of the first major surface of the substrate into the one or more depressions, wherein
a portion of the molten nonelastomeric thermoplastic composition in the one or more

depressions infiltrates the porous surface within the one or more depressions.

34. A method according to claim 33, wherein the porous surface of the substrate
comprises fibets, and further wherein the transferring further comprises encapsulating at
least a portion of at least some of the fibers in the molten nonelastomeric thermoplastic

composition,

35. A method according to claim 30, wherein the first major surface of the first
substrate comprises fibers, and further wherein the transferring further comprises
encapsulating at least a portion of at least some of the fibers in the molten nonelastomeric
thermoplastic composition by forcing the first major surface of the first substrate against
the exterior surface of the transfer roll and the niolten nonelastomeric thermoplastic

composition in the one or more depressions.

36. A method according to claim 30, wherein the one or more depressions in the
transfer roll comprise at least one depression that comprises a composite depression

formed by a plurality of cells.

37. A transfer roll device for transferring molten thermoplastic compositions to a
substrate, the device comprising:

a roll comprising an exterior surface;

one or more depressions formed in the exterior surface of the roll, wherein each
depression of the one or more depressions comprises a composite depression formed by a
plutality of cells.

38. A method according to claim 1, wherein the plurality of cells forming the

composite depression overlap with each other.
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