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DEEP DRAW METHOD OF MAKING IMPACT AND VIBRATION ABSORBING
ARTICLES AND THE ARTICLES FORMED THEREBY

TECHNICAL FIELD
[001] The present disclosure relates to methods of making polymeric articles and

the articles made thereby and, in particular, to methods of making polymeric articles

with improved cushioning characteristics and the articles made thereby.

RELATED CASES
[002] Priority is claimed herein to U.S. Provisional Patent Application No.
161/044,859, which was filed on April 14, 2008, and which is incorporated herein by

reference in its entirety.

BACKGROUND
[003] Many different types of products benefit from the inclusion of a material

that provides cushioning for, among other things, impact and vibration dampening,
resistance to compression, deflection, friction reduction, and the like. For example,
many frequently used objects comprise materials that are hard to the human touch
and/or result in friction when disposed against a human body, especially in repetitive
motions. It is generally thought desirable to make the body contacting regions of such
objects as soft as possible in order to make their use more comfortable for a user e.g.,

by reducing pressure and/or friction.

[004] Many attempts have been made to make such objects or the body
contacting regions of such objects more comfortable for a user. One common type of
cushioning material that is presently used in a wide variety of applications is open cell
foam. The open cells of such foams can trap debris and moisture, thereby supporting
the growth of microorganisms such as bacteria and fungi. Therefore, although open
cell foams are capable of providing sufficient cushioning for many applications, the
tendency to support the growth of bacteria and fungi make it less desirable for body-
contacting applications such as footwear, sports protective padding, helmet linings,
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medical pads and braces, seating, and the like. In addition, depending upon the
application, it may be necessary to use relatively thick and/or dense open cell foams in
order to achieve the desired level of cushioning. As the thickness and/or density of the
foam increases, so does the weight, thereby further limiting the applications for open
cell foam as a cushioning material. In addition, for objects with non-planar and/or
complex shapes, it can be difficult to tailor the shape of the cushioning material to

conform to the shape of the object.

[005] A need exists in the art for improved impact and vibration absorbing

articles and methods of making.

SUMMARY
[006] Disclosed herein, in one embodiment, is a cushioning member comprising
a multilayer material comprising a barrier layer, a polymeric material layer disposed
adjacent to the barrier layer, and a stabilization layer disposed adjacent to and opposite
the barrier layer. A plurality of pillars is disposed in the multilayer material. Each of
the plurality of pillars comprises a thickness. A plurality of spacer regions is also
disposed between the plurality of pillars. The plurality of spacer regions comprises a

spacer region thickness. The pillar thickness is greater than the spacer region thickness.

[007] Disclosed in another embodiment is a cushioning member, comprising a
multilayer material comprising a barrier layer, a polymeric material layer disposed
adjacent to the barrier layer, and a stabilization layer disposed adjacent to and opposite
the barrier layer. A plurality of pillars is disposed in the multilayer material. Each of
the plurality of pillars comprises a ratio of thickness to width of greater than or equal to
about 0.125to 1.

[008] Disclosed herein in yet another embodiment is a method of molding a
cushioning member, comprising disposing a barrier layer onto the upper surface of a
first mold section, the barrier layer comprising a thermoplastic elastomeric (TPE)
material having thickness of greater than or equal to about 0.004”, drawing the barrier
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layer against the surface of the first mold section under the influence of a vacuum;
dispensing a first portion of a polymeric material precursor onto the barrier layer;
disposing a stabilizing layer over the precursor; disposed a second mold section over

the stabilizing layer; and allowing the precursor to cure to form the cushioning member.

DRAWINGS
[009] Advantages, novel features, and uses of the disclosure will become more
apparent from the following detailed description of non-limiting embodiments of the
disclosure when considered in conjunction with the accompanying drawings, which are
schematic and which are not intended to be drawn to scale. In the figures, each
identical or substantially similar component that is illustrated in various figures is
typically represented by a single numeral or notation. For purposes of clarity, not every
component is labeled in every figure, nor is every component of each embodiment of
the disclosure shown where illustration is not necessary to allow those of ordinary skill

in the art to understand the disclosure. In the drawings:

[0010] Figure 1 is a perspective view an exemplary innersole mold that can be

used in the method according to the present disclosure;

[0011] Figure 2 is a cross-sectional schematic view of the mold shown in Figure
1, through line 2-2, showing the two innersole molds in cross-section;
[0012] Figure 3 is a cross-sectional schematic view of the mold shown in Figure

2, showing the application of a barrier layer to the mold;

[0013] Figure 4 is a cross-sectional schematic view of the mold shown in Figure

3, shows the application of a precursor to the barrier layer;

[0014] Figure 5 is a cross-sectional schematic view of the mold shown in Figure
4, showing the application of a stabilization layer to the precursor, and the method of
advancing the stabilization layer over the precursor;

3
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[0015] Figure 6 shows the stabilization layer covering the precursor;
[0016] Figure 7 shows the mold being closed;

[0017] Figure 8 shows the mold after closure and the polymerization of the

precursor,

[0018] Figure 9 is an expanded view of a portion of the mold adjacent to the

gasket, after closure and polymerization of the precursor;
[0019] Figure 10 shows a cross-sectional side view of a portion of a sheet
containing the interconnected innersoles, after removal from the mold and before die

cutting along the phantom lines;

[0020] Figure 11 shows a cross-sectional side view the innersole shown Figure

10, after die cutting to remove the portions of material interconnecting the innersoles;

[0021] Figure 12 is an expanded view of a portion of the innersole shown in

Figure 11, showing the edge portion of the innersole;
[0022] Figure 13 is a top perspective view of the innersole of Figure 12;

[0023] Figure 14 is a cross-sectional side view of the innersole of Figure 13,

showing release of the stabilizing layer;

[0024] Figure 15 is a top perspective view of a strap made according to the

method of the disclosure; and

[0025] Figure 16 is a cross-sectional side view of the innersole of Figure 13,

showing release of the stabilizing layer.
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DETAILED DESCRIPTION

[0026] The present disclosure is directed to a relatively inexpensive method of
molding cushioning materials comprising various degrees of hardness and the articles
made thereby. The method unexpectedly allows the manufacture of materials that
comprise a plurality of pillars with a thickness of up to about three (3) inches, or more,
with spacer regions between the pillars as narrow as about two thousandths of an inch
(0.002”), and spacer region thicknesses as low as about 0.005.” It was previously
thought that it would not be possible to achieve the foregoing relatively high
thicknesses and relatively narrow spacing. The method can be used to form sheets of
material that comprise the foregoing spaced apart pillars, which can be cut to conform
to the Shape of an existing product. Alternatively, the method can be used to mold a
variety of commodity products, such as innersoles, that comprise the foregoing spaced

apart pillars.

[0027] The size, shape and configuration of the pillars, the spacing between the
pillars, and the material disposed in the pillars, all can be designed to provide vibration
dampening, impact absorption, friction reduction, as well as cushioning, which can be
varied as desired or necessary to achieve the desired product characteristics. In
particular, the height or thickness of the pillars, in combination with substantially
perpendicular sidewalls and an upper edge with a radius, provides pillars that are
sufficiently pliable to be able to move in a variety of directions, resulting in substantial
impact absorption and vibration dampening. Having spaces between pillars allows the
pillars to move independently, and also allows the material to bend and flex in between
the pillars, which may be desirable. Due to the spacing between the pillars, the material
can also bend and flex between the pillars, allowing the spacing regions to function as
hinges, and allowing the material to conform to non-planar surfaces (for example, the
interior surface of a helmet). The desired amount of spacing can be determined by the
amount of bending and/or flexing desired, as well as issues such as weight reduction,

uniformity, and type of cushioning.
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[0028] The pillars are capable of dispersing impact and Vibration by flexing or
moving from side to side. The amount of pillar ﬂexing increases as the ratio of pillar
height (or thickness) to pillar base width increases. As pillar height decreases in
relation to pillar base width, the amount of flexing begins to more closely approximate
that of a flat piece of material. Thus, a taller, narrow pillar is capable of a greater
degree of flexing than a short, narrow pillar, made from the same materials. The ratio
of the pillar height to the pillar base width can be from about 0.125:1 to about 8:1, more
particularly from about 0.25:1 to about 6:1, and more particularly still from about
0.50:1 to about 2:1. It is possible for the pillars to flex below the foregoing ratio.

[0029] By providing the pillars with substantially perpendicular walls, it is
possible to reduce the spacing between the pillars, while maintaining large height to
base width ratios. For example, pillars with walls that slant outwardly have bases that
are wider than pillars with perpendicular walls. Therefore, the height of pillars with
outwardly slanting sidewalls would be greater than the height of those with
perpendicular walls in order to achieve the same ratio of pillar height to pillar base

width.

[0030] In other embodiments, the pillars can comprisq sidewalls that are not
substantially perpendicular, for example, having a width that is less then the width of
the upper surface of the pillars, or that are indented or undercut. Pillars comprising
such indentations or undercuts can be capable of even greater flex than pillars with

perpendicular sidewalls.

[0031] The method involves molding a polymeric material to form the foregoing
cushioning material with spaced apart pillars. It should be understood that the method
is not limited to polymeric materials, and that materials other than polymeric materials
can be molded with the method (e.g., composite materials, frothed foams, and the like).
The method is particularly useful for molding relatively low viscosity or low durometer
polymeric materials such as polymeric gel materials, in particular, viscoelastic
polymeric materials (hereinafter referred to as “gel”). Gels having relatively low
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durometers, such as viscoelastic gels, can be extremely tacky, making them difficult or
impossible to use in commercial process techniques such as injection molding, because

the materials can adhere to the molds.

[0032] Figures 1 — 12, when taken together, illustrate an exemplary method for
forming articles comprising the foregoing pillars according to the present disclosure.
The present method involves selecting a suitable mold 10 for the desired product, as
shown in Figures 1-2, which can comprise opposing upper and lower surfaces 12, 14.
As shown, mold 10 can comprise a recessed region 16 defined in the upper surface 12
of the mold, which is recessed from the upper surface 12 by a depth “D;”. It should be
understood that the terms “bottom” and “top,” and/or “upper” and “lower” are used
herein, unless otherwise noted, merely for convenience of description, and are not
limited to any one position or spatial orientation. Also, it should be understood that the
terms “first,” “second,” and the like, herein do not denote any order, quantity, or
importance, but rather are used to distinguish one element from another, and the terms
“a” and “an” herein do not denote a limitation of quantity, but rather denote the
presence of at least one of the referenced item. Further, unless defined otherwise,
technical and scientific terms used herein have the same meaning as is commonly

understood by one of skill in the art to which this disclosure belongs.

[0033] The present exemplary mold 10 comprises two (2) individual mold units
18 defined in the recessed region 16, each of which corresponds to the shape and size
of the desired final molded product 19, which in this instance is an innersole. Although
illustrated herein as an innersole for the sake of convenience, it should be understood
that a variety of products can be molded using the.present method. Each of the two (2)
individual mold units 18 comprises a plurality of cells 18a spaced apart by regions 16a.
Each cell 18a comprises a base 18b and a sidewall 18c extending substantially
perpendicularly to the base 18b and the upper surface 12 of the mold 10, with a
radiused edge “R” extending between the base 18b and sidewall 18c. The radiused
edge “R” assists in providing impact and vibration dampening iﬁ the final product.
Each of cells 18a is recessed from the upper surface 12 by a depth “D,” which
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corresponds to the desired thickness of the final molded product 19. Cells 18a can

comprise a variety of shapes, sizes and configurations, as desired or necessary.

[0034] Mold 10 also can comprise a gasket recess 23 disposed between the
recessed region 16 and the perimeter “P” of the mold 10, in which a gasket 20 can be
disposed. Alternatively, although not illustrated herein, it is possible for gasket 20 to
be disposed directly on the upper surface 12 of the mold 10. Gasket 20 can provide a
seal sufficient to restrict the flow of polymer from the mold 10. Gasket 20 or mold 10
can comprise periodic gasket openings 22 (see Fig. 1) to allow entrapped air to flow out
of the mold 10 during the molding process. Optionally, the mold 10 can comprise one

or more registration guides 24 (e.g., pins, studs, and the like).

[0035] As shown in Figure 3, after selection of a suitable mold 10, the method
can comprise disposing a barrier layer 26 onto the mold 10. If desired, the mold and/or
the barrier layer 26 can be pre-heated (e.g., using radiant heat), and a vacuum (e.g.,
about 5 to 15 psi) can be applied to draw the barrier layer 26 more closely against the
mold surface, which can be desirable for pillars that are rélatively thick or when articles
require more definition (e.g., when they include features such as undercuts, and the
like). The barrier layer can be preheated before or after disposing the barrier layer onto
the mold 10, using a variety of techniques, including, but not limited to, radiant heat,
thermal heat, etc. In addition, the heat and/or vacuum can be used throughout the
molding process, if desired. The barrier layer 26 can be disposed onto the mold 10 as a
sheet of material, or as a coating applied directly onto the mold. When applied as a
sheet, then barrier layer 26 can be applied onto the mold, in physical contact with the
gasket 20, such that it conforms to the contours of the molds 18 and individual cells
18a. When applied as a sheet, then the barrier layer 26 also can comprise registration
guides (e.g., holes, perforations, etc., and the like) corresponding to the registration
guides 24 in the mold 10, in order to aid in its alignment to the mold 10 and to
subsequent layers. If the barrier layer 26 is not disposed as a sheet, then it can be

disposed directly onto the upper surface 12 of mold 10. If desired, a release coating
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(not illustrated) may be used to assist in releasing the barrier layer 26 from the upper

surface 12 of mold 10.

[0036] As shown in Figure 4, after disposing the barrier layer 26 onto the upper
surface 12 of the mold 10, a polymeric precursor material 28 can be dispensed onto the
barrier layer 26. “Polymeric precursor,” as used herein, means a polymeric precursor
material that has not yet polymerized to form a polymer, including polymeric materials
known in the art as “frothed foams.” The precursor 28 can be disposed onto the barrier
layer 26 using a variety of techniques such as, but not limited to, pouring, injecting,

and/or the like.

[0037] Dispensing the precursor 28 can comprise pouring a sufficient amount
(e.g., volume) of the precursor to fill each of the two (2) individual mold units 18,
rather than filling a single mold unit 18, as in other processes such as injection molding.
For example, other methods, such as injection molding, may involve dispensing the
precursor 28 separately to each mold unit 18. Therefore, using the present mold, two
(2) separate dispensing steps would be required. In contrast, the present method can
comprise dispensing the precursor 28 once onto the barrier layer 26 (e.g., a single
“pour”), and the single dispensation of precursor 28 can provide a sufficient amount of
precursor 28 to form all of the mold units 18 in a single molding cycle. Dispensing the
precursor 28 in bulk, rather than separately, can substantially reduce the manufacturing

time of the present method in comparison to other methods.

[0038] As shown in Figures 5 and 6, after dispensing the precursor 28 onto the
barrier layer 26, a stabilizing layer 30 can be disposed over the precursor 28, for
example, as a sheet. If mold 10 comprises registration guides 24, then the stabilizing
layer 30 also can comprise corresponding registration guides (not illustrated) to aid in
its alignment to the mold 10 and to any subsequent layers. Disposing the stabilizing
layer 30 onto the precursor can comprise disposing a portion of the stabilizing layer 30
onto a portion of the precursor 28 such that an interface 32 exists between the precursor
28 and the stabilizing layer 30. Disposing the stabilizing layer 30 onto the precursor 28
9
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can be performed manually, with a tool such as a roller 27, as shown in Figure 5, or the
process can be automated. The remaining portion of the stabilizing layer 30 can be
advanced onto the remaining portion of the precursor 28 by applying pressure to the
stabilizing layer 30 behind the interface 32, and advancing the interface 32 until the
stabilizing layer 30 covers the entire precursor 28, as shown in Figure 6. The
application of pressure while advancing the stabilizing layer 30 substantially minimizes

the formation of air bubbles between the precursor 28 and the stabilizing layer 30.

[0039] As shown in Figure 7, the mold 10 can be closed, for example by
disposing a mold cover 10a over the stabilizing layer 30. When the mold 10 is closed,
the precursor 28 can flow into all regions of the mold 10 defined by the gasket 20,
including the individual molds 18 and cells 18a, and any entrapped air can flow out of

the mold through gasket openings 22.

[0040] As shown in Figures 8 and 9, the precursor 28 can be allowed to
polymerize to form a polymer 29 in the closed mold 10 for a predetermined period of
time (e.g., 30 seconds to 5 minutes). The molding process can typically involve
préssures of about 60 psi, but as noted above, if desired, additional pressure, heat,
and/or a vacuum can be applied to the mold during processing for various reasons e.g.,
to increase the speed of processing, to improve the quality of the final material, to
change the surface characteristics of the polymer, and/or the like. As a result, the
overall processing time for producing a plurality of molded products 19 can be
substantially reduced in comparison to other methods such as injection molding. In
addition, because the time used to dispense the precursor 28 is reduced in comparison
to other methods, it is possible to increase the speed of curing by varying a number of
factors such as, for example, pressure, temperature, catalyst concentration (when used),
and/or the like. The use of heat, pressure and/or vacuum during the molding process
can be desirable when the articles to be formed require more definition such as
undercuts, and the like. When vacuum forming or thermoforming, it can be desirable
to utilize molds formed at least in part from a porous composite material, which allows
the formation of intricate details and surface patterns in the molded article, and

10
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eliminates the necessity for vent holes in the mold. One example of such a porous
composite material is breathable aluminum, which is available commercially under the

brand name METAPOR™ |

[0041] After curing, the mold 10 can be opéned, and a sheet 32 (partial section
shown) comprising the molded products 19 (which in this instance is an innersole) can
be removed from the mold 10, as shown in Figure 10. As shown, each of the molded
products 19 comprises a plurality of pillars 21. As noted above, the size, shape and
configuration of the pillars can be varied. The presence of the barrier layer 26 and the
stabilization layer 30 can facilitate the handling of the sheet 32 because the polymer 29
is encapsulated by the layers 26, 30, which can be advantageous when the polymer 29
has adhesive properties (such as a polymeric gel material) that would otherwise cause it
to adhere to surfaces such as the mold surface, a user’s hand, and the like. The sheet 32
comprises a plurality of relatively thin regions 29a disposed between and
interconnecting the pillars 21. The regions 29a of polymer can comprise a thickness
“T;” corresponding to the depth D; of the recessed region 16 of mold 10. In order to
minimize waste, or when it is desirable for the thickness T, of regions 29a to be as thin
as possible, the depth D, of the recessed region 16 can be selected to be as small as
possible while still allowing unrestricted flow of the precursor 28 into the region
defined by the gasket 20. Therefore, minimizing the thickness of the polymer in
regions 29a can result in a thickness T comprising slightly more than the combined

thickness of the barrier layer and the stabilization layer, as shown in Figure 12.

[0042] The molded products 19 can be separated from the sheet 32 and from each
other by cutting (e.g., die cutting, and the like) through the barrier layer 26, polymer
regions 29a and stabilization layer 30. The molded products 19 can be die cut between
the polymer regions 29 and 29a and/or through the polymer region 29. When the
polymer 29 has adhesive properties, then it may be desirable to die cut through a
portion of the polymer regions 29 adjacent to the polymer region 29a, such that the
sides of the molded units 19 comprise an exposed region of polymer. Otherwise, the
exposed edges of regions 29a are sufficiently thin to avoid or minimize the edges of

11
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products 19 sticking to adjacent surfaces when not desired or necessary. During die
cutting, the presence of the stabilization layer 30 prevents or minimizes the polymer 29
and barrier layer 26 from shrinking, thereby substantially maintaining the dimensions
of the molded products 19 in comparison to the dimension of the mold units 18.
Because shrinkage of the molded products 19 can be minimized, it may not be
necessary to factor shrinkage into the design of the molds, as may be necessary with

other methods.

[0043] Optionally, a layer 34 (see Figure 16) of the same or different material can
be disposed between any of the foregoing layers e.g., between the stabilization layer 30
and the polymer 29 and/or between the polymer 29 and the barrier layer 26. Also
optionally, layer 34 can be disposed in the region 29 e.g., by disposing a first portion of
the precursor 28 onto the barrier layer 26, disposing the layer 34 over the first portion
of the precursor 28, and disposing a second portion of precursor 28 over the layer 34.
Layer 34 can comprise a variety of synthetic and/or non-synthetic materials including,
but not limited to, paper, fabric, plastic film, metal foil, and/or the like, as well as
composites and/or combinations comprising at least one of the foregoing. When layer
34 comprises a fabric layer, the fabric can be knit, woven, non-woven, synthetic, non-
synthetic, and combinations comprising at least one of the foregoing. Disposing a
fabric layer as layer 34 can be advantageous because it can trap and disperse air
bubbles that may otherwise form in or between the layers, resulting in a better
appearance for the final molded products 19. Layer 34 also can comprise color,
graphics and/or indicia, including text. The color, graphics and/or indicia disposed on |
layer 34 can be transmitted through other layers when they are formed from colorless
and/or transparent materials, which can be desirable for aesthetic and costs reasons. In
addiﬁon, if desired, layer 34 can be fluid-permeable. “Fluid-permeable,” as used
herein, means that the material from which layer 34 is formed is open to passage or

entrance of a fluid material, such as the precursor.

12
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[0044] Also optionally, layer 34 can be used in place of the stabilization layer 30.
If layer 34 replaces stabilization layer 30, then it can be applied in the same manner

described above with respect to stabilization layer 30.

[0045] In some instances, it may be desirable to be able to adhere the molded
products 19 to various surfaces. Therefore, optionally, an adhesive (not illustrated)
may be dispoéed on one or more surfaces of the final molded products 19. Also
optionally, an adhesive can be disposed and/or on one or more surfaces of layers 26, 28,
30 and 34. For example, with reference to Figure 11, an adhesive can be disposed on
surface 30b, and the adhesive can be supported by a release and/or support layer (not
illustrated). Some possible adhesives can comprise pressure sensitive adhesives,

. thermoplastic adhesives, and the like, as well as combinations comprising at least one
of the foregoing. Examples of suitable adhesives include a material available from 3M

as product number 7026.

[0046] In some instances, the polymer 29 may comprise sufficient adhesive
strength to be adhered to a surface in the absence of a separate adhesive. In such
instances, it may be desirable that the stabilizing layer 30 can be capable of manual
release from the polymer 29. Therefore, optionally, the stabilizing layer 30 can
comprise a release coating (not illustrated) such as silicone, disposed on surface 30a,

which can assist in the manual release of the stabilizing layer 30 from the polymer 29.

[0047] A variety of materials can be used in the foregoing methods to make the
foregoing molded products 19. The barrier layer 26 can comprise any material capable
of providing sufficient elasticity to prevent tearing and/or stretching when a force is
applied thereto; sufficient structural integrity to be formed into predetermined shapes;
and that is capable of withstanding the environment in which it is intended to be used,
without substantial degradation. The barrier layer 26 also can be selected to facilitate
the handling of the polymer layer, which can comprise adhesive characteristics in some
instances. Therefore, after molding, the barrier layer 26 can be selected to comprise a
relatively non-tacky surface and a relatively smooth feel to the human touch. Some

13
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possible materials for the barrier layer 26 include polyolefins, polystyrenes, PVC, latex
rubber, and thermoplastic elastomers (TPEs), and/or the like, and combinations
comprising at least one of the foregoing materials. | Some possible TPE materials
include polyurethane, silicone, and/or the like, and combinations comprising at least
one of the foregoing materials. The barrier layer 26 can comprise an elongation of
about 100 percent (%) to about 1500 %, more particularly about 200% to about 1000%,
and more particularly still about 300% to about 700%”. It should be understood that
the modifier “about” used in connection with a quantity is inclusive of the stated value
and has the meaning dictated by the context (e.g., includes the degree of error
associated with measurement of the particular quantity). Other possible materials for
the barrier layer 26 include, but are not limited to, fabrics, paper, plastic (e.g., polyester,
polyethylene, polyvinyl chloride (PVC), and the like) metal, metallized plastic, and/or

the like, and combinations comprising at least one of the foregoing materials.

[0048] Barrier layer 26 can comprise any thickness capable of allowing the
products to be molded without sticking to the mold. The thickness of the barrier layer
26 can be varied depending upon the application and the desired thickness for a
particular application can be determined using routine experimentation by those of
ordinary skill in the art. Barrier layer 26 can comprise a thickness ranging from about
0.2 milli-inch (hereinafter “mil”) to about 60 mil, more particularly from about 0.5 mil
to about 30 mil, and more particularly still from about 1.0 mil to about 15 mil. For
example, in instances in which the hand-feel of the products is important, it has been
found that this can be achieved with relatively thin barrier layers 26. Therefore, in such
products it can be desirable to use the thinnest barrier layer possible without sacrificing
durability. For example, for application in which a relatively thin barrier layer 26 is
desirable, it can comprise a thickness ranging from about 0.2 milli-inch to about 6 mil,
more particularly from about 0.5 mil to about 3 mil, and more particularly still from
about 0.6 mil to about 2 mil. When the durometer of the polymerized layer 29 is such
that it is tacky, the tacky material can be exposed if the barrier layer 26 is punctured,
making the products difficult to handle. In such instances, it can be desirable to use a
thicker barrier layer 26, which can provide increased durability in comparison to
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thinner barrier layers. For example, when the present materials are used in vibration
dampening applications, it can be desirable for the thickness of the barrier layer 26 to
be about 50 to about 60 mil. When the present products are formed using a
thermoforming process, it can be desirable to use a barrier layer having a thickness of
up to about % inch, and even thicker in some instances when desired or necessary. It
has been found that it is possible to maintain very soft pliability for barrier layers
having a thickness of as much as 6 mil or more by applying heat and/or a vacuum

during the thermoforming process.

[0049] As noted above, barrier layer 26 can be applied as a sheet of material
during the molding process. In the form of a sheet, and especially when the barrier
layer is relatively thin, the barrier material can be very flexible and may wrinkle and/or
fold very easily during handling. Therefore, the barrier layer 26 also can comprise a
support layer (not illustrated), which assists in handling the material. If the barrier
layer 26 comprises such a supporting layer, then the supporting layer can be disposed
adjacent to the upper surface 12 of the mold 10, with the barrier layer material facing
away from the upper surface 12, which can be removed prior to die cutting, if desired

Or necessary.

[0050] Also as noted above, if barrier layer 26 is not applied as a sheet, then it can
be applied as a coating of material during or after the molding process. If applied after
the molding process, then the barrier layer can be disposed onto the precursor 28 after
formation of the molded units 18, for example by painting, spraying, brushing
manually, and/or the like. When the barrier layer 26 is not disposed as a sheet or is not
disposed as a coating during the molding process, and then the precursor 28 can be
disposed directly onto the upper surface 12 of mold 10, which may require the use of a

release agent on the upper surface 12.

[0051] The polymer 29, 29a can comprise any polymeric material comprising
sufficient structural integrity to be formed into predetermined shapes, including foam
polymeric materials and frothed foam polymeric materials; and that is capable of
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withstanding the environment in which it is intended to be used, without substantial
degradation. The hardness of the material (e.g., the polymer materials) can be selected
to provide articles and/or regions of articles with a predetermined hardness, which can
be tailored for specific cushioning and/or wear resistance applications. The polymer
29, 29a can comprise a durometer ranging from about 30 Shore 000 to about 88 Shore
D. The durometer of the polymer can be determined by those of ordinary skill in the art

using tools such as durometers or penetrometers.

[0052] Examples of suitable polymeric materials include, but are not limited to,
thermosetting polymeric materials, elastomeric polymeric materials, thermoplastic
materials, including thermoplastic elastomeric materials, and combinations comprising
at least one of the foregoing. Some possible polymeric materials include, but are not
limited to, polyurethane, silicone, and/or the like, and combinations comprising at least
one of the foregoing materials. Examples of other materials include, but are not limited
to, composite materials, and the like. One suitable material is a polyurethane frothed

foam that is commercially available under the name PORON®.

[0053] Formation of the precursor 28 can take place by a variety of methods
known to those of skill in the art. For example, formation of a polyurethane gel can
comprise reacting suitable pre-polymeric precursor materials e.g., reacting a polyol and

an isocyanate in the presence of a catalyst.

[0054] In some instances, it can be desirable for the polymer to be sufficient
softness and/or pliability to provide comfort against a body. In such instances, polymer
can comprise a durometer ranging from about 0.01 Shore 00 to less than or equal to
about 70 Shore A, more particularly less than 70 Shore 00, more particularly still less
than 60 Shore 00.

[0055] In some embodiments, it can be desirable for the polymer to have
sufficient adhesive strength to adhere to a selected surface (such as the inner surface of
a shoe) which can eliminate the need for a separate adhesive to adhere the molded units
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to a desired surface. It is possible to vary the adhesive strength of the polymer by
varying, for example, the dufometer of the material used to form the layer. In such
instances, the polymer can comprise, for example, a polymer having a durometer of
about 30 Shore 000 to about 85 Shore 00. Gel materials in such relatively low
durometer ranges can comprise a jelly-like consistency. One possible material having
such adhesive characteristics is a polyurethane gel comprising a durometer in the range
of about 50 Shore 00 to about 70 Shore 00, which can provide sufficient adhesive
strength to adhere to a desired surface, such as the surface of an inner shoe, or a rigid

plastic such a polypropylene.

[0056] Again, although illustrated herein as a polymer, other materials can be

used to form layers and/or regions 29, 29a such as, for example, composite materials.

[0057] The polymer 29 and/or the barrier layer 26 cén comprise one or more
additives such as, but not limited to, modifiers, coloring agents, stabilizers, phase
changing materials, ultraviolet inhibitors, and/or active agents as well as combinations
comprising at least one of the foregoing. The concentration of the additive can be

varied depending on the desired effectiveness of the agent.

[0058] One possible phase changing material can comprise phase changing
microspheres (available under the product name Outlast), which contain materials that
can change phases at near body temperature. As a result, heat energy can be stored in

the barrier layer, resulting in a product that can feel cool or warm.

[0059] Suitable active agents can comprise tolnaftate, undecenoic acid,
allylamines, chlorine, copper, baking soda, sodium omadine, zinc omadine, azoles,
silver, and/or the like, and combinations comprising at least one of the foregoing. For
example, silver can provide an antifungal/antibacterial effect. For purposes of
economy and effectiveness, it has been found advantageous to include active agents,
when used, in the barrier layer 26. Because the barrier layer 26 is relatively thin in
comparison to the polymer 29, disposing such agents in the barrier layer 26 allows the
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use of reduced total amounts of the agents to achieve similar effective concentrations in

. comparison to thicker layers, thereby réducing costs associated with the additives.
Also, disposing such agents in the barrier layer 26 ensures that the agents are disposed
in the outermost layer of the article i.e., the body contacting regions, rather than in

regions remote from the user, which can increase the effectiveness of the agents.

[0060] In some instances, it may be desirable to use colorless materials for each
of the barrier, polymer and stabilization layers, which can be desirable for aesthetic
reasons. In another embodiment, when layer 34 is included in the structure, and the
layer includes color, graphics and/or indicia, it can also be desirable to use colorless
and/or transparent materials because the color, graphics and/or indicia will be visible

through the layers.

[0061] The stabilizing layer 30 can comprise a material that is capable of
substantially minimizing shrinkage of the barrier layer 26, precursor 28 and/or the
polymer 29 during and after processing; that can provide support for the polymer 29;
and that is capable of facilitating handling of the polymer 29 and the barrier layer 26.
The stabilizing layer 30 can comprise any material that is substantially inelastic in
comparison to the polymer 29, in order to be capable of providing dimensional stability
to the sheet 32 and/or to the molded products 19 during and after processing. Some
possible materials for the stabilizing layer 30 include, but are not limited to, fabrics,
paper, plastic (e.g., polyester, polyethylene, polyvinyl chloride (PVC), and the like)
metal, metallized plastic, and/or the like, and combinations comprising at least one of
the foregoing materials. The stabilization layer 30 can comprise any thickness desired
for a particular applicatioh, which can be determined by those of ordinary skill in the
art. For example, in some embodiments, stabilization layer 30 can comprise a thickness
ranging from about 0.2 mil to about 10 mil, more particularly from about 0.5 mil to
about 5 mil, and more particularly still from about 1 mil to about 2 mil. One possible
material available in the foregoing thickness ranges is oriented polyester film, which is
commercially available from a variety of sources and a under variety of different
product names (e.g., MYLAR®). In other embodiments, stabilization layer 30 can
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comprise a thickness ranging from about 1 millimeters (mm) to about 8 mm, more
particularly from about 2 mm to about 6 mm, and more particularly still from about 3
mm to about 4 mm. One possible material having a thickness in the foregoing range is

a polyurethane foam that is commercially available under the name PORON®.

[0062] The foregoing methods and materials can facilitate the manufacture of
polymeric articles and/or regions of articles, which can be desirable for aesthetics
and/or to minimize wear and/or friction. The methods can be used to form polymeric
articles and/or regions of articles, comprising any size, thickness or geometry. The
size, thickness, geometry, softness, and adhesive strength of the articles and/or portions
of the articles can be selected to optimize the conditions for which it is designed.
Examples of articles in which the foregoing polymeric materials can be useful include,
but are not limited to, handles for personal care objects such as hairbrushes,
toothbrushes and razors; medical devices such as masks, crutches and casts; handles for
household objects such as brooms; straps for luggage, backpacks, briefcases and
purses; clothing such as cycling shorts, undergarments and shoes; utility objects such as
mousepads, keyboard rests; handles and/or straps for consumer goods such as bottles
and/or boxes, laundry detergent handles; sporting goods equipment and accessories
such as racquet grips, bat handles, fishing rod grips, guns, and bicycle handlebar grips;
and the like. In addition, the articles can comprise indicia such as labels with color,

text and/or graphics, and the like.

[0063] Figures 13-14, when taken together, show an exemplary innersole 40
which can be formed using the foregoing methods and materials. Innersole 40 can
comprise opposing upper and lower surfaces 40a, 40b. In the present illustrative
embodiment, mnersole 40 can comprise a total thickness ranging from about 0.020” to
about 1 ¥ inch, but it should be understood other thicknesses can be achieved with the
present methods, which will depend upon the application. A barrier layer 26 can be
disposed adjacent to a polymer layer 29, and a stabilizing layer 30 can be disposed on a
side of the polymer layer 29 opposite the barrier layer 26. If desired, innersole 40 can
comprise an active agent, such as an antifungal agent,.disposed in the barrier layer 26.
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In one illustrative embodiment, the barrier layer 26 can comprise an active agent such
as silver, to prevent and/or treat the condition of athlete’s foot. One possible barrier
layer 26 comprising such an active agent is Vacuflex 18411 AG, available from

Omniflex, Inc.

[0064] In another embodimént, the polymer layer 29 can comprise an adhesive
strength sufficient to allow it to adhere to a surface, such as the inner surface of a shoe.
Thus, the stabilizing layer 30 can optionally comprise a release coating (not illustrated)
such as silicone, disposed on surface 30a, which can assist in the manual release of the
stabilizing layer 30 from the polymer 29, thereby exposing the polymer 29 in order to

allow it to be adhered to a surface.

[0065] In another embodiment, an adhesive (not illustrated), such as a pressure
sensitive adhesive, can be disposed on surface 40b of the stabilizing layer 30 to allow
innersole 40 to be adhered to a surface, such as the inner surface of a shoe. Such an
option may be useful, for example, if the stabilizing layer 30 does not comprise a

release coating on surface 30a.

[0066] Figures 15-16 show an exemplary strap 50 which can be formed using the
foregoing methods and materials. In the present illustrative embodiment, strap 50 can
comprise a barrier layer 26 disposed adjacent to a first polymer layer 29, a fabric layer
34 disposed on a side of the polymer layer 29 opposite the barrier layer 26, stabilization
layer 30 disposed adjacent to fabric layer 34.

[0067] As noted above, layer 34 can be at least partially fluid-permeable, which
can allow penetration of the precursor through at least a portion of layer 34 (e.g.,
through the strands of a woven textile). Thus, during the molding process, when layer
34 is fluid-permeable, the precursor can flow at least partially penetrate through layer
34 or a portion of layer 34, and create a tacky, adhesive surface on the side of layer 34
opposite the polymer layer 29, which surface can be a continuous or discontinuous

layer, depending on the amount of precursor that flows through layer 34. Thus, in the
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final product, layer 34 can be sandwiched between at least partially interconnected two
gel layers. It should be understood that the degree of penetration of the gel into and/or
through layer 34 depends on a variety of factors including, but not limited to, the type
of material, the thickness of material, the degree to which the material is fluid-
permeable (e.g., the size of any pores and/or openings in layer 34, and the like), the
viscosity of the gel, the molding pressure and temperature, and the like. Thus, the
thickness of layer 29a, and whether the layer is continuous or discontinuous depends on

the foregoing as well.

[0068] As noted above, the adhesive strength of layer 29, 29a can vary,
depending on a variety of factors. In one embodiment, if the polymer layer 29a has
sufficient adhesive strength, it can be used to adhere the strap 50 directly to a surface,
such as the inner surface of a shoulder bag (not illustrated), thereby eliminating a
separate adhesive. In another embodiment, an adhesive (not illustrated) can be
disposed between the polymer layer 29a and the stabilization layer 30, if desired. Strap
50 can be disposed in the shoe (not illustrated) by peeling back and removing the
stabilization layer 30, exposing the adhesive polymer layer 29a, and adhering the
polymer layer 29a to the strap 50. If desired, strap 50 can comprise an antifungal agent

disposed in the barrier layer 26, as in the previous embodiment.

[0069] In either of the foregoing embodiments, the use of a colored or patterned
layer 34 (e.g., a colored and/or patterned fabric layer) in combination with a transparent
polymer can provide what appears to be a colored or patterned polymer article. This

can create an article with much more color variations than would be possible with
simply using colored or pigmented polymer. The use of patterned fabrics or metallic
sheen fabrics or other variations in the aesthetic of layer 34 can impart these aesthetics
to the polymer article; such aesthetics would be difficult or impossible to impart to the
polymer article by pigmenting the polymer or printing the polymer article. This

process also offers a potential economic advantage to coloring or printing the polymer.
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[0070] The method(s) of the present disclosure can comprise one or more of the
following advantages: 1) the method allows products to be formed comprising a
plurality of pillars; 2) the individual pillars are capable of being compressed, as well as
being capable of moving from side-to-side, which can be adapted to provide cushioning
and vibration dampening in a variety of applications; 3) the thickness of the pillars
and/or the spacing between the pillars can be tailored to provide desired impact and
vibration absorption characteristics; 4) the products can be formed with pillars of
varying thickness and/or spacing between the pillars, to provide products with regions
of varying degrees of impact and vibration absorption; 5) the use of pillar regions can
make the overall cushion much lighter and more flexible than it would be when made
from solid polymer, while still maintaining the thickness of polymer necessary for
cushioning.6) the use of a relatively thin barrier layer and the release layer on opposite
sides of the polymer layer allows relatively low durometer polymeric materials to be
handled in molding equipment and by the equipment operators, without adhering to the
equipment and/or operators; 7) the use of the relatively thin barrier layers allows the
use of reduced total amounts of additives, which reduces costs; 8) the use of the
relatively thin barrier layer allows relatively low durometer polymeric materials to be
molded into a variety of shapes, sizes, densities, and to form articles in which the cross-
sectional area varies in size, shape and density; 9) the use of the stabilizing layer
reduces and/or eliminates shrinkage of the precursor, polymer and/or barrier layer
during and after processing; and 10) when using a polyurethane gel, the process is
capable of providing colorless and transparent articles that do not yellow, as is typical

of polyurethanes after exposure to ultra-violet energy.

[0071] While the disclosure has been described with reference to an exemplary
embodiment, it will be understood by those skilled in the art that various changes may
be made and equivalents may be substituted for elements thereof without departing
from the scope of the disclosure. In addition, many modifications may be made to
adapt a particular situation or material to the teachings of the disclosure without
departing from the essential scope thereof. Therefore, it is intended that the disclosure
not be limited to the particular embodiment disclosed as the best mode contemplated
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for carrying out this disclosure, but that the disclosure will include all embodiments

falling within the scope of the appended claims.

What is claimed is:
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CLAIMS

1. A cushioning member, comprising:

a multilayer material comprising a barrier layer, a polymeric material layer
disposed adjacent to the barrier layer, and a stabilization layer disposed adjacent to and
opposite the barrier layer;

a plurality of pillars disposed in the multilayer material, each of the
plurality of pillars comprising a thickness;

a plurality of spacer regions disposed between the plurality of pillars, each
of the plurality of spacer regions comprising a spacer region thickness;

wherein the pillar thickness is greater than the spacer region thickness.

2. The cushioning member of Claim 1, wherein the thickness of at least two of the

plurality of pillars is different.

3. The cushioning member of Claim 1, wherein the shape of at least two of the

plurality of pillars is different.

4. The cushioning member of Claim 1, wherein the thickness and the shape of at

least two of the plurality of pillars is different.

5. The cushioning member of Claim 1, wherein the plurality of pillars have a
thickness of less than about 3 inches, and the plurality of spacer regions have a thickness

of greater than or equal to about 0.002”.

6. The cushioning member of Claim 1, wherein the plurality of pillars have a
thickness of less than about 3 inches, and the plurality of spacer regions have a thickness

of less than or equal to about 0.250”.

7. The cushioning member of Claim 1, wherein the plurality of spacer regions have a

width greater than or equal to about 0.002 inch.
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8. The cushioning member of Claim 1, wherein the barrier layer is selected from the
group consisting of textiles, textile composites, thermoplastic elastomer (TPE) materials,

and combinations comprising at least one of the foregoing.

9. The cushioning member of Claim 8, wherein the barrier layer is a thermoplastic

polyurethane (TPU).

10.  The cushioning member of Claim 1, wherein the barrier layer comprises an

elongation of at least about 100 percent.

11.  The cushioning member of Claim 1, wherein the barrier layer has a thickness of

less than or equal to about 5 milli-inches.

12.  The Cushioning member of Claim 1, wherein the barrier layer has a thickness of

greater than or equal to about 5 milli-inches.

13.  The cushioning member of Claim 1, wherein the barrier layer comprises a

moisture transmittable material.

14.  The cushioning member of Claim 1, wherein the barrier layer comprises a phase

changing material.

15.  The cushioning member of Claim 1, wherein the barrier layer comprises an active

agent.

16.  The cushioning member of Claim 15, wherein the active agent is selected from
the group consisting of an antimicrobial active agent, an antifungal agent, and

combinations comprising at least one of the foregoing.

17.  The cushioning member of Claim 1, further comprising a fabric material layer

disposed between the polymeric material layer and the stabilization layer.

18.  The cushioning member of Claim 17, wherein the fabric layer comprises knits,
wovens, non-wovens, synthetics, non-synthetics, and combinations comprising at least

one of the foregoing.
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19.  The cushioning member of Claim 1, wherein at least one of the barrier layer and
the stabilization layer comprise a fabric material layer comprising an elongation of at

least about 100 percent.

20.  The cushioning member of Claim 19, wherein the fabric layer comprises knits,
wovens, non-wovens, synthetics, non-synthetics, and combinations comprising at least

one of the foregoing.
21.  The cushioning member of Claim 19, wherein the fabric layer is fluid-permeable.

22.  The cushioning member of Claim 1, further comprising an adhesive disposed

between the polymeric material layer and the stabilization layer.

23.  The cushioning member of Claim 22, wherein the adhesive is disposed on a

support layer..
24.  The cushioning member of Claim 23, wherein the support layer is a TPE.

25.  The cushioning member of Claim 1, wherein the stabilization layer is removable

from the cushioning material.
26. A cushioning member, comprising:

a multilayer material comprising a barrier layer, a polymeric material layer
disposed adjacent to the barrier layer, and a stabilization layer disposed adjacent to and
opposite the barrier layer;

a plurality of pillars disposed in the multilayer material, each of the
plurality of pillars comprising a ratio of thickness to width of greater than or equal to

about 0.125 to 1.

27.  The cushioning member of Claim 26, wherein the ratio of thickness to width is

less than or equal to about 8:1.
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28.  The cushioning member of Claim 26, wherein each of the plurality of pillars an
upper surface and sidewalls, and an upper edge disposed between the upper surface and

the sidewalls, the upper edge comprising a radiused surface.

29.  The cushioning member of Claim 28, wherein the sidewalls extend substantially

perpendicularly downwardly from the upper surface.

30.  The cushioning member of Claim 26, wherein the sidewalls undercut the upper
surface.
31. A method of molding a cushioning member, comprising:

disposing a barrier layer onto the upper surface of a first mold section, the barrier
layer comprising a thermoplastic elastomeric (TPE) material having thickness of greater
than or equal to about 0.004”;

drawing the barrier layer against the surface of the first mold section under the
influence of a vacuum;

dispensing a first portion of a polymeric material precursor onto the barrier layer;

disposing a stabilizing layer over the precursor;

disposed a second mold section over the stabilizing layer; and

allowing the precursor to cure to form the polymeric material.

32. The method of Claim 31, further comprising heating the barrier layer before

disposing the barrier layer onto the mold section.

33. The method of Claim 31, further comprising heating the barrier layer by heating

the upper surface of the mold section.

34.  The method of Claim 31, comprising disposing an adhesive material between the

precursor and the stabilization layer.

35.  The method of Claim 31, wherein the TPE comprises an active agent selected

from the group consisting of silver, tolnaftate, undecenoic acid, allylamines, chlorine,
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copper, baking soda, sodium omadine, zinc omadine, azoles, and combinations

comprising at least one of the foregoing.

36.  The method of Claim 31, wherein the TPE is selected from the group comprising
thermoplastic polyurethane (TPU), silicone, and combinations comprising at least one of

the foregoing.

37.  The method of Claim 31, wherein the polymerized material comprises a hardness

ranging from about 30 Shore 000 to about 75 Shore 00.
38. A cushioning member formed by the method of Claim 31.

39. A method of using the cushioning member of Claim 38, comprising manually
removing the stabilizing film from the article and adhering the cushioning member to a

surface.
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