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HIGH CAPACITY EASY RELEASE EXTENDED USE ADHESIVE
CLOSURE DEVICES

Priority Claims and Related Applications

[0001] This application claims the benefit of U.S. Provisional Application No. 61/787,320,
filed March 15, 2013, the entire content of which is incorporated herein by reference in its

entirety.
Technical Field

[0002] The present disclosure generally relates to closure systems and devices. More
particularly, the present disclosure relates to systems, devices, materials and fabrication
methods that provide adhesive closure devices that are easily closed/released and suitable for

extended/repeated use in a variety of applications.
Background

[0003] The design of closures that function over a range of force capacities, and which
offer an easy, silent and smooth release, is desirable for many reasons. Hook and loop
fasteners are widely used as closures with other designs, such as metal or plastic snap buttons,
buttons used with openings, zippers and straps that attach to one another via interlocking,
also being widely used.

[0004] Hook and loop fasteners (e.g., Velcro™™) are widely used in many closure
applications such as apparel, houseware, shoes, and toys, among others. Hook and loop
fasteners typically have two components: Two lineal fabric strips that are attached to the
opposing surfaces to be fastened. The first component features tiny hooks; and the second
features even smaller loops. When the two components are pressed together, the hooks catch
in the loops and the two pieces fasten or bind temporarily. Separation is caused by pulling or
peeling the two surfaces apart, accompanied by a distinctive "ripping” sound.

[0005] Zipper-based devices are also commonly seen closure systems. A zipper-based
closure system was described in US Patent Pub. No. 20090106951A1, which can be
employed on apparel.

[0006] While all of the above options are effective as closures for some applications, they
all suffer significant disadvantages. For example, hook and loop fasteners are known for

being strong, but they are also noisy during peeling. They also present some aesthetic
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downfalls, including their bulky design, abrasiveness and their tendency to attach
accidentally to other surfaces, such as clothes. Other means of closure, such as buttons and

zippers, also present limitations, as they are often bulky, noisy and prone to failure.
Summary

[0007] Various embodiments provide unique releasable closure devices that can be easily
closed and released, and which are also silent and suitable for extended and repeated use.
Various adhesive closure systems and devices, as well as related methods, disclosed herein
can be designed to fit a number of applications ranging from fasteners, reinforcements, taping,
apparel, housewares, to shoes and toys, for example. The closure devices in accordance with
aspects described herein are comparable, and, in some cases, superior to, hook and loop
fasteners, but with a substantially smoother and more silent release, and with a much thinner
profile.

[0008] In one aspect, various embodiments generally relate to a releasable, surface-
adhesive closure device. The device includes two adhesive pads, each pad comprising a
backing layer having high in-plane stiffness; and an adhesive layer of an elastic material
having an adhering surface on at least one side of the elastic material, wherein the elastic
material is applied onto the backing layer on at least the side opposing the adhering surface.
The two adhesive pads form a releasable seal when pressed against each other with the two
adhering surfaces positioned face to face.

[0009] In another aspect, various embodiments generally relate to a releasable, surface-
adhesive closure device. The device includes: an adhesive pad and an adherent member. The
adhesive pad includes a backing layer having high in-plane stiffness; and an adhesive layer of
an elastic material having an adhering surface on at least one side of the elastic material,
wherein the elastic material is applied onto the backing layer on at least the side opposing the
adhering surface. The adherent member having a surface for adherence by the adhesive pad.
The adhesive pad and the adherent member form a releasable seal when pressed against each
other with the adhering surface and the adherent surface positioned face to face.

[0010] In yet another aspect, various embodiments generally relate to a releasable, surface-
adhesive closure device. The device includes: two adhesive pads and a tether component.
Each of the two adhesive pads includes a backing layer having high in-plane stiffness and an
adhesive layer of an elastic material having an adhering surface on at least one side of the
clastic material. The elastic material is applied onto the backing layer on at least the side

opposing the adhering surface. The tether component attached to the two adhesive pads such
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that the two adhering surfaces face are disposed on the same side and together form a
releasable connection or closure once the two adhesive pads adhesively attach to a third-
object adherent surface.

[0011] In yet another aspect, various embodiments generally relate to a releasable, surface-
adhesive closure device. The device includes: a first adhesive-adherent set comprising an
adhesive pad and a first adherent surface; a second adhesive-adherent set comprising a
second adhesive pad and a second adherent surface; and a tether component attached to the
two adhesive-adherent set such that, when looped around, the first adhesive pad is adapted to
adhesively attach to the second adherent surface and the second adhesive pad is adapted to
adhesively attach to the first adherent surface, thereby forming a releasable connection or
closure. Each adhesive pad includes a backing layer having high in-plane stiffness and a
adhesive layer of an elastic material having an adhering surface on at least one side of the
clastic material. The elastic material is applied onto the backing layer on at least the side
opposing the adhering surface.

[0012] In yet another aspect, various embodiments generally relate to a releasable, surface-
adhesive closure device. The device includes: a first adhesive pad, a second adhesive pad,
and an insert component. The first adhesive pad includes: a first backing layer having high
in-plane stiffness, and a first adhesive layer of an elastic material having an adhering surface
on at least one side of the elastic material, wherein the elastic material is applied onto the first
backing layer on at least the side opposing the adhering surface. The second adhesive pad
includes: a second backing layer having high in-plane stiffness, and a second adhesive layer
of an elastic material having an adhering surface on at least one side of the clastic material,
wherein the elastic material is applied onto the backing layer on at least the side opposing the
adhering surface. The insert component includes a first surface and a second surface. The
insert component is disposed between the first adhesive pad and the second adhesive pad
such that the first surface of the insert component and the first adhesive layer of the first
adhesive pad, when pressed together, form a first releasable seal, and the second surface of
the insert component and the second adhesive layer of the second adhesive pad, when pressed

together, form a second releasable seal.
Brief Description of the Drawings

[0013] FIG. 1 shows a schematic illustration of an exemplary embodiment of an adhesive

pad.
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[0014] FIG. 2 shows certain design factors and schematic illustrations in accordance with
some embodiments.

[0015] FIG. 3 shows a schematic illustration of an exemplary fabrication process in
accordance with some embodiments.

[0016] FIG. 4 shows a schematic illustration of an exemplary embodiment.

[0017] FIGs. 5a-5d show exemplary photos of an exemplary device according to an
embodiment.

[0018] FIG. 6 shows an exemplary device according to an embodiment holding a weight.
[0019] FIG. 7 shows a schematic illustration of an exemplary embodiment.

[0020] FIG. 8 shows a schematic illustration of an exemplary embodiment.

[0021] FIG. 9 shows a schematic illustration of an exemplary embodiment.

[0022] FIG. 10 shows a schematic illustration of an exemplary embodiment used as part of
a shoe.

[0023] FIG. 11 shows a schematic illustration of an exemplary embodiment used as part of
a jacket.

[0024] FIG 12A shows a “male” and “female” embodiment.

[0025] FIG 12B shows how “male” and “female” embodiments can be joined to form a
closure.

[0026] FIGs. 13a-13f illustrate an exemplary embodiment of fabricating an adhesive pad.
[0027] FIGs. 14a-14d depict an exemplary embodiment of a sandwich-type device.

Detailed Description

[0028] The present disclosure provides unique releasable closure systems and devices that
are casily closed and released, silent, and suitable for extended and repeated use. The closure
devices are strong, yet are easily, smoothly and silently released over multiple loading cycles,
thereby offering significant advantages over existing closure systems.

[0029] A technological breakthrough, Geckskin™ is a gecko-inspired, fabric-backed
adhesive system that relies on the integration of three parts (a “pad”, “skin”, and a “tendon”),
which collectively provide for stiffness in the direction of loading, thus enabling high
adhesive force capacity, yet with an easy and repeatable release.

[0030] Gecko-inspired closure systems offer significant advantages over existing closure
technologies. Whereas closures such as Velcro™, zippers or buttons are noisy and often
challenging to engage and disengage, closures made using gecko-like adhering materials are

significantly more silent, smooth and easily operated. In addition, while existing closure
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devices tend to be bulky, closures made from gecko-like adhering materials can be thin and
light-weight, thereby taking up less space and weight on apparel. Furthermore, gecko-
inspired systems can be designed to have exceptional mechanical strength, potentially
stronger than hoop and look fasteners, and with a greater degree of reusability.

[0031] Designs and systems allow separation time and energy to be minimized, while
maintaining the ability to support high holding or tightening forces. The designs, systems and
methods disclosed herein do not require the use of surface fibrillar structures to achieve
desired attributes. Though, for some embodiments, the device may employ various
configurations of surface fibrillar structures.

[0032] As a component of systems, the adhesive pad utilized herein adopts a “dry”
adhesive pad structure, sometimes referred to as a “T-pad”, an embodiment of which is
schematically illustrated in FIG. 1. Properly designed, the T-pad device can support high
loads under shear, normal, and multi-mode (i.e. peel) loadings while requiring relatively low
forces and energy for release (or separation) under specifically-designed release strategies. In
a basic structure of the adhesive component, a “pad” is connected to a tether (e.g., a synthetic
fabric tether), which may be referred to herein as the “tendon”. The tether may be arranged
so as to maintain a generally high stiffness along the primary axis of loading. The connection
between the tendon and the pad has pre-defined dimensions, orientation, and spatial location,
according to particular needs, that can be modified to control the release strategy and provide
a suitable balance of shear and normal loading. Two exemplary embodiments of adhesive pad
devices are schematically illustrated in FIG. 1, wherein (a) depicts an adhesive pad 1 having
an adhering surface 2 having a circular outer boundary 5. The adhesive pad is attached or
otherwise coupled to a tether component 3 at line 4. Similarly, (b) depicts an adhesive pad 10
having an adhering surface 12 having a rectangular outer boundary 15. The adhesive pad is
coupled (e.g., connected, attached) to a tether component 13 at line 14. It should be
appreciated that other types and shapes of adhering surfaces may be employed, and are not
limited to those specifically described herein. For example, the adhering surface may have
any suitable shape, such as circular, rectangular, polygonal, irregular, oblong, etc.

[0033] Such an adhesive pad design represents a unique combination of adhesion attributes
of polymer materials and integrated mechanical designs through proper conservation of
rotational freedom, low flexural modulus normal to the adhesive interface, and high stiffness
in load bearing directions. A scaling relationship has been developed by the inventors to

provide a framework for understanding the adhesive performance of the materials devices
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over a range of size scales and geometries (FIG. 2). This scaling relationship suggests that
the adhesive capacity (F¢ ) of an interface is governed by three simple parameters, which are
dependent on both the geometry and material properties of the interface. To design reversible
adhesives which can adhere to various substrates, the interfacial interactions (Gc ) should rely
upon non-specific van der Waals forces, rendering G¢ an ineffective control parameter.
Therefore, to scale F¢ for adhesive materials the material system must not just rely on area on
contact (A) or the system compliance (C) but must develop attributes that increase the A/C
ratio. This presents a challenge; materials should generally be soft to increase true contact,
yet stiff to be able to withstand high loads. Soft materials are able to create large-scale
contact but are compliant when subject to relatively high loads, while stiff materials are less
likely to be able to create extensive contact with a substrate; though, both cases result in a
null effect on the A/C ratio. Embodiments disclosed herein provide a mechanism for
maximizing A/C, and most importantly, tuning this governing parameter for different
applications.

[0034] As schematically illustrated in FIG. 3, an efficient and effective fabrication method
may be used to fabricate the adhesive pad. The method involves integrating a thin layer of an
clastic elastomer on the surface of a fabric.

[0035] The tether may be connected to the adhesive pad through any suitable method, such
as conventional sewing, stitching, or gluing, which allows easy control of dimensional,
orientational, and spatial location of the attachment. The attachment should provide
sufficient load sharing and load bearing capacity, which can be controlled through the
method of attachment, such as via the stitching pattern, width, and length. Appropriate
stitching patterns include straight stitching, zigzag stitching, multi zigzag stitch, satin
stitching, honeycomb stitching, ladder stitch, double overlock stitch, and criss-cross stitching.
Non-stitch attachment methods, such as hot melt adhesives for fabrics, may also be used.
[0036] For example, in an embodiment, a tether-pad connection includes a straight-line
stitch that is centered on the one axis of the pad and extends to a length of approximately 2/3
the chord length perpendicular the second pad axis. The tether-pad connection maintains
rotational freedom while maintaining high stiffness in the direction of loading. The tether-
pad connection may also maintain substantially equal load sharing along the entire length of
the connection.

[0037] One adhesive pad can act independently or in conjunction with an array of adhesive

pads or units (sometimes referred to as a “T-surface”), which may be mounted with
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rotationally-free joints to a supporting substrate that can be rigid in one or more directions,
for example. For certain applications, e.g., a large weight bearing shelf, multiple attachment
points for the tether to the adhesive pad may also be employed.

[0038] The closure system derives its effectiveness largely due to the ability for a soft
clastomeric pad to be integrated into a stiff skin, such as a high strength fiber fabric, so as to
achieve large areas of interfacial contact while maintaining high stiffness in the direction of
applied loads, e.g., along the fibers of the skin fabric. The interfacial bond may be reversible,
for example, provided by Van der Waals forces along the surface of the interfacial bond.
Force capacity of the closure is directly related to the axial stiffness of the fabric fibers that
comprise the tendon and skin; therefore, high capacity closures are fabricated from high
stiffness fibers, such as Kevlar, carbon fibers, or glass. The reusability of the closure system
is enhanced by using pad, skin, and tendon materials that behave elastically within the force
capacity range of the designed closure, such that viscoelastic, plastic, or fracture deformation
losses in the materials are minimized or otherwise reduced. The bending and draping
flexibility of the pad, skin, and tendon are directly related to maximizing the probability of
establishing intimate, interfacial contact between connecting pads, thus increasing the force
capacity and reusability of the closure.

[0039] A closure device in accordance with an embodiment is schematically illustrated in
FIG. 4. The closure device 100 includes two adhesive pads each with a layer of an elastic
material impregnated in a backing layer. The first pad’s layer of elastic material 102 is
impregnated in a backing layer 104 forming an adhering surface 105. The second pad’s layer
of elastic material 110 forms an adhering surface 112. While in this embodiment, the elastic
material impregnates the backing layer, it can be appreciated that, the elastic material may
applied to the backing layer by any suitable manner, for example, by coating thereon,
saturated, or another appropriate method.

[0040] A tendon (as shown, a belt shaped) member 106, or alternatively, two separate
members 106 and 107, is connected, at one end, to the backing layer of the adhesive pad at
108 and, at the other end, to the backing layer of the second pad. To make a closure, the two
adhering surfaces 105 and 112 are pressed together. To release the closure, a tugging force
may be applied lifting one adhesive pad away from the other.

[0041] FIG. 5 shows an exemplary device in use: (A) device in the open state, (B) placing
the adhesive pad on the receiving surface and forming a closure by compression with fingers,

(C) being pulled in shear, and (D) being peeled to release the device back to open state. FIG.
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6 shows an exemplary picture of the device in closed form being used in holding a significant
weight (25 1b. or 11.34 kg).

[0042] Another embodiment of a closure device is schematically illustrated in FIG. 7. The
closure device 200 includes an adhesive pad with a layer of an elastic material 202
impregnated in a backing layer 204 forming an adhering surface 205. A tendon (as shown, a
belt shaped) member 206, or alternatively, two separate members 206 and 207, is connected,
at one end, to the backing layer of the adhesive pad at 208. The belt shaped member 206 is
attached, at the other end, to a receiving member 210 having a surface 212 for receiving the
adhering surface of the adhesive pad.

[0043] In yet another example, as schematically illustrated in FIG. 8, the closure device
300 includes two adhesive pads with two backing layers 304 and 314, respective. Each
backing layer supports both a layer of an elastic material and a receiving member. Thus, the
backing layer 304 supports a first adhesive layer 302 having an adhering surface 305 as well
as a first receiving member 310 having a receiving surface 318. Similarly, the backing layer
314 supports a second adhesive layer 312 having an adhering surface 315 as well as a second
receiving member 320 having a receiving surface 328. The belt shaped member 306 connects
the two adhesive pad/receiving member sets. When in use, the adhering surface 305 is
pressed against receiving surface 328, while the adhering surface 315 is pressed against
receiving surface 318, thereby forming a suitable connection or closure (e.g., a closed loop).
It can be appreciated that the particular patterns shown and described herein are not aspects
for various embodiments and other suitable configurations be employed.

[0044] In another exemplary embodiment, as schematically illustrated in FIG. 9, two
independent adhesive devices are included in the device to form a closure with a surface of a
third object. Here, the closure device 400 includes a first adhesive pad with a layer of an
clastic material 402 impregnated in a first backing layer 404 forming a first adhering surface
405. The device 400 also includes a second adhesive pad with a layer of an elastic material
412 impregnated in a second backing layer 414 forming a second adhering surface 415. The
first and second adhesive pads are joined together by a belt shaped member 406, which is
attached to the first backing layer at 408 and at the second backing layer at 418. When in use,
the first and second adhering surfaces 405 and 415 adhere to a surface of a third object (e.g.,
wall or window 420) to form a connection or closure (e.g., a looped closure).

[0045] FIG. 10 schematically illustrates another exemplary embodiment of the device 500,

which may be used as part of an article of footwear (e.g., shoe, boot, etc.), in place of or in
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addition to traditional laces or other tightening members. A first adhesive pad 510 and a
second adhesive pad 520 are positioned such than when they are suitably pressed against
cach other so as to mutually adhere, the article of footwear is in a closed state.

[0046] FIG. 11 schematically illustrates another exemplary embodiment of the device 600,
which may be used as part of an article of clothing (e.g., coat, suit or other suitable article of
clothing) in place of or in addition to buttons or zippers. A first adhesive pad 610 and a
second adhesive pad 620 are positioned such than when they are suitably pressed against
cach other, the article of clothing is in a closed state.

[0047] In another exemplary embodiment, as schematically illustrated in FIG. 12A and
12B, a “lock and key” model in which a region on one pad has a topographically raised
region (i.e., male) and the other pad has a topographically depressed region (i.e., female). As
depicted in FIG. 12A, the in-plane shape of the “female” (710) and “male” (720) regions are
complementary with respect to one another, allowing a tight fit when coupled together (FIG.
12B). The materials used for at least one pad are soft, or suitably compliant, such as an
clastomer. The height of the mating regions are less than the thickness of the pad materials
surrounding the mating regions.

[0048] FIG. 14 shows another embodiment having a sandwich-type configuration. FIG. 14
(a)-(¢) depicts a device with a 3-piece design. In this embodiment, two adhesive pads are
included, and an insert can disposed or inserted therebetween. The insert has two adherent
faces for receiving the adhering surfaces of the two adhesive pads. FIG. 14(d) schematically
illustrates this embodiment in a closed configuration. The insert is adhered to the pads on
opposite sides, providing for a stronger bond than would otherwise be the case if the insert is
adhered to an adhesive pad on only a single side.

[0049] The embodiment can be expanded to include one or more additional inserts and/or
adhesive pads. For example, the embodiment may include a second insert and a third
adhesive pad, taking the configuration of: adhesive pad : insert : adhesive pad : insert :
adhesive pad, wherein each insert is sandwiched by two adhesive pads and the adhesive pad
sandwiched by two inserts has two adhering surfaces. In this case, the adhesive pad disposed
in-between the two inserts presents two adhering surfaces opposite the two inserts.
Embodiments in accordance with the present disclosure may include further inserts and
adhesive pads, as desired. The embodiment may be utilized in a variety of applications, for

example, with two adhesive pads linked or otherwise coupled to an object and the insert
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coupled to another object such that when pressed together, a releasable connection or closure
is formed.

[0050] In certain embodiments, a looped connection or closure may be formed. Or, in
other embodiments, a non-looped connection or closure may be formed, for example, when
two separate adhesive pads are used as shown in FIGs. 10 and 11.

[0051] In some embodiments, a closure device, in use, may form a continuous loop. In
some embodiments, a closure device, in use, does not form a continuous loop.

[0052] Thus, in one aspect, the present disclosure generally relates to a releasable, surface-
adhesive closure device. The device may include two adhesive pads, each pad comprising a
planar backing layer having high in-plane stiffness; and a planar adhesive layer of an elastic
material having an adhering surface on at least one side, wherein the elastic material may be
applied (e.g., impregnated, coated, etc.) to the backing layer on at least the side opposing the
adhering surface. The two adhesive pads form a releasable seal when suitably pressed against
cach other with the two adhering surfaces positioned face to face.

[0053] In another aspect, the present disclosure generally relates to a releasable, surface-
adhesive closure device. The device may include: an adhesive pad and an adherent member.
The adhesive pad may include a backing layer having high in-plane stiffness; and a planar
adhesive layer of an elastic material having an adhering surface on at least one side, wherein
the elastic material is applied to the backing layer on at least the side opposing the adhering
surface. The adherent member having a surface for adherence by the adhesive pad. The
adhesive pad and the adherent member form a releasable seal when pressed against each
other with the adhering surface and the adherent surface positioned face to face.

[0054] The term “releasable”, as used herein, refers to the capability of an object becoming
free from attachment, mooring, adhesion, bonding, or other restraint from another object with
no or minimal impairment, ruin, destruction or other damage to either object.

[0055] The term “impregnated”, as used herein, refers to an object being filled, coated,
covered, imbued, soaked, permeated, infiltrated, saturated, or otherwise contacted with a
material. An object may be partially “impregnated”, for example, partially filled, coated,
covered, imbued, soaked, permeated, or infiltrated with a material.

[0056] The term “in-plane stiffness” refers to the resistance to deformation under a
specified load applied in the plane of a material (e.g., a fabric material). The units of stiffness

are force per distance. A material (e.g., a fabric material) is said to have “high” in-plane

10
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stiffness when the bending stiffness of the composite material (e.g., elastomer and fabric) is
less than the in-plane stretching stiffness.

[0057] In certain preferred embodiments, the planar backing layer of the adhesive pad, the
tether component, and the adherent member together consecutively form a single continuous
planar component.

[0058] In certain preferred embodiments, the adhering surface of the adhesive pad and the
adherent surface of the adherent member are on the different side of the single continuous
planar component.

[0059] The adherent surface may be any suitable surface, for example, a surface of metal,
wood, glass, carbon, polymers, gels, leather, plastic or ceramic.

[0060] In yet another aspect, the present disclosure generally relates to a releasable,
surface-adhesive closure device. The device may include: two adhesive pads and a tether
component. Each of the two adhesive pads may include a backing layer having high in-plane
stiffness and a adhesive layer of an elastic material having an adhering surface on at least one
side. The elastic material is applied to the backing layer on at least the side opposing the
adhering surface. The tether component attached to the two adhesive pads such that the two
adhering surfaces face are disposed on the same side and together form a releasable
connection or closure once the two adhesive pads adhesively attach to a third-object adherent
surface.

[0061] In yet another aspect, the present disclosure generally relates to a releasable,
surface-adhesive closure device. The device may include: a first adhesive-adherent set
comprising an adhesive pad and a first adherent surface; a second adhesive-adherent set
comprising a second adhesive pad and a second adherent surface; and a tether component
attached to the two adhesive-adherent set such that, when looped around, the first adhesive
pad is adapted to adhesively attach to the second adherent surface and the second adhesive
pad is adapted to adhesively attach to the first adherent surface, thereby forming a releasable
connection or closure. Each adhesive pad includes a planar backing layer having high in-
plane stiffness and a planar adhesive layer of an elastic material having an adhering surface
on at least one side. The elastic material may be impregnated onto or otherwise applied to the
backing layer on at least the side opposing the adhering surface.

[0062] In yet another aspect, various embodiments generally relate to a releasable, surface-
adhesive closure device. The device includes: a first adhesive pad, a second adhesive pad,

and an insert component. The first adhesive pad includes: a first backing layer having high

11
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in-plane stiffness, and a first adhesive layer of an elastic material having an adhering surface
on at least one side of the elastic material, wherein the elastic material is applied onto the first
backing layer on at least the side opposing the adhering surface. The second adhesive pad
includes: a second backing layer having high in-plane stiffness, and a second adhesive layer
of an elastic material having an adhering surface on at least one side of the clastic material,
wherein the elastic material is applied onto the backing layer on at least the side opposing the
adhering surface. The insert component includes a first surface and a second surface. The
insert component is disposed between the first adhesive pad and the second adhesive pad
such that the first surface of the insert component and the first adhesive layer of the first
adhesive pad, when pressed together, form a first releasable seal, and the second surface of
the insert component and the second adhesive layer of the second adhesive pad, when pressed
together, form a second releasable seal.

[0063] In certain embodiments, the second adhesive pad has an adhering surface on two
sides of the adhesive layer, and the device further includes: a second insert component
comprising a first surface and a second surface; and a third adhesive pad. The third adhesive
pad may include: a third backing layer having high in-plane stiffness, and a third adhesive
layer of an elastic material having an adhering surface on at least one side, wherein the elastic
material is applied to the backing layer on at least the side opposing the adhering surface. The
second insert component is disposed between the second adhesive pad and the third adhesive
pad such that the first surface of the second insert and the second adhesive layer of the second
adhesive pad, when pressed together, form a third releasable seal, and the second surface of
the second insert and the third adhesive layer of the third adhesive pad, when pressed
together, form a fourth releasable seal.

[0064] Embodiments of the closure device may have any appropriate dimension, size or
shape.

[0065] The adhering surfaces may have any sizes suitable for the application at hand, for
example, having an area from about 0.01 cm” to about 10,000 cm® or larger (e.g., about 0.01
crnz, 0.05 crnz, 0.1 crnz, 0.5 crnz, 1 crnz, 2 crnz, 5 crnz, 10 crnz, 20 crnz, 50 crnz, 100 crnz, 200
cm?, 500 cm?, 1,000 cm?, 3,000 cm?, 5,000 cm?, 10,000 cm? or greater, from about 0.01 cm’
to about 5,000 cm?, from about 0.01 ¢cm? to about 3,000 cm?, from about 0.01 cm? to about
1,000 cm?, from about 0.01 ¢cm? to about 500 cm?, from about 0.01 cm? to about 200 cm?,
from about 0.01 cm? to about 100 cm?, from about 0.01 cm? to about 50 cm?, from about 0.01

cm’ to about 20 cm?, from about 0.01 cm? to about 10 cm?, from about 0.01 cm? to about 5
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cm?, from about 0.01 ¢cm? to about 2 cm?, from about 0.01 ¢cm? to about 1 cm?, from about
0.02 cm? to about 10,000 cm?, from about 0.1 cm? to about 10,000 ¢cm?, from about 0.5 cm?
to about 10,000 cm?, from about 1 cm?” to about 10,000 cm?, from about 5 cm? to about
10,000 cm?, from about 10 cm? to about 10,000 ¢cm?, from about 50 cm? to about 10,000 cm?,
from about 100 cm? to about 10,000 cm?, from about 200 cm? to about 10,000 cm?, from
about 500 cm? to about 10,000 cm?, from about 1,000 cm? to about 10,000 crnz).

[0066] Each adhesive layer may have any thickness suitable for the application at hand, for
example, having a substantially uniform thickness from about 0.0001 mm to about 10 cm
(e.g., 0.0001 mm, 0.0005 mm, 0.0001 cm, 0.0005 ¢cm, 0.001 cm, 0.005 cm, 0.01 cm, 0.05 cm,
0.1cm,0.2,0.5¢cm, 1 cm, 2 cm, 5 cm, 10 cm, from about 0.0001 mm to about 10 ¢cm, from
about 0.0001 mm to about 5 ¢cm, from about 0.0001 mm to about 3 cm, from about 0.0001
mm to about 2 cm, from about 0.0001 mm to about 1 cm, from about 0.0001 mm to about 0.5
cm, from about 0.0001 mm to about 0.3 cm, from about 0.0001 mm to about 0.2 ¢cm, from
about 0.0001 mm to about 0.1 cm, from about 0.0005 mm to about 10 cm, from about 0.001
mm to about 10 cm, from about 0.01 mm to about 10 cm, from about 0.05 mm to about 10
cm, from about 0.1 mm to about 10 ¢cm, from about 0.5 mm to about 10 ¢cm, from about 1 mm
to about 10 cm, from about 5 mm to about 10 cm, from about 1 cm to about 10 cm, from
about 2 cm to about 10 cm).

[0067] In certain embodiments, a planar layer of the elastic material has a smooth adhering
surface area of greater than about 0.01 cm? and has a substantially uniform thickness of less
than about 0.001 cm. In certain embodiments, the planar layer of the elastic material has a
smooth adhering surface area of greater than about 0.05 cm” and has a substantially uniform
thickness of less than about 0.005 cm. In certain embodiments, the planar layer of the elastic
material has a smooth adhering surface area of greater than about 0.1 cm” and has a
substantially uniform thickness of less than about 0.01 cm. In certain embodiments, the
planar layer of the elastic material has a smooth adhering surface area of greater than about
0.2 cm” and has a substantially uniform thickness of less than about 0.5 cm. In certain
embodiments, the planar layer of the elastic material has a smooth adhering surface area of
greater than about 0.5 cm? and has a substantially uniform thickness of less than about 0.2 cm.
In certain embodiments, the planar layer of the elastic material has a smooth adhering surface
area of greater than about 1.0 cm” and has a substantially uniform thickness of less than about
0.1 cm. In certain embodiments, the planar layer of the elastic material has a smooth

adhering surface area of greater than about 5.0 cm? and has a substantially uniform thickness
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of less than about 0.05 cm. In certain embodiments, the planar layer of the elastic material
has a smooth adhering surface area of greater than about 10 cm” and has a substantially
uniform thickness of less than about 0.02 cm. In certain embodiments, the planar layer of the
clastic material has a smooth adhering surface area of greater than about 100 cm” and has a
substantially uniform thickness of less than about 0.01 cm. In certain embodiments, the
planar layer of the clastic material has a smooth adhering surface area from about 10 cm” to
about 100 cm? and has a substantially uniform thickness from about 0.01 cm to about 0.05
cm. In certain embodiments, the planar layer of the elastic material has a smooth adhering
surface area from about 1,000 cm” to about 100 cm? and has a substantially uniform thickness
from about 0.5 cm to about 0.05 cm.

[0068] In certain embodiments, the elastic material has an elastic modulus from about
0.001 MPa to about 100,000 MPa (e.g., 0.001 MPa, 0.01 MPa, 0.05 MPa, 0.1 MPa, 0.5 MPa,
1.0 MPa, 5.0 MPa, 10 MPa, 15 MPa, 20 MPa, 30 MPa, 40 MPa, 50 MPa, 100 MPa, 200 MPa,
500 MPa, 1,000 MPa, 5,000 MPa, 10,000 MPa, 50,000 MPa, 100,000 MPa, from about 0.001
MPa to about 50,000 MPa, from about 0.001 MPa to about 10,000 MPa, from about 0.001
MPa to about 5,000 MPa, from about 0.001 MPa to about 2,000 MPa, from about 0.001 MPa
to about 1,000 MPa, from about 0.001 MPa to about 500 MPa, from about 0.001 MPa to
about 100 MPa, from about 0.001 MPa to about 50 MPa, from about 0.01 MPa to about
100,000 MPa, from about 0.1 MPa to about 100,000 MPa, from about 0.5 MPa to about
100,000 MPa, from about 1 MPa to about 100,000 MPa, from about 5 MPa to about 100,000
MPa, from about 10 MPa to about 100,000 MPa, from about 50 MPa to about 100,000 MPa,
from about 100 MPa to about 100,000 MPa, from about 1,000 MPa to about 100,000 MPa).
[0069] In certain preferred embodiments, the elastic material has an elastic modulus from
about 0.05 MPa to about 500 MPa. In certain embodiments, the clastic material has an clastic
modulus from about 0.05 MPa to about 300 MPa. In certain embodiments, the elastic
material has an elastic modulus from about 0.05 MPa to about 100 MPa. In certain
embodiments, the elastic material has an clastic modulus from about 0.05 MPa to about 50
MPa. In certain embodiments, the elastic material has an elastic modulus from about 1 MPa
to about 500 MPa. In certain embodiments, the clastic material has an elastic modulus from
about 1 MPa to about 300 MPa. In certain embodiments, the elastic material has an elastic
modulus from about 1 MPa to about 100 MPa.

[0070] The term “backing layer”, as used herein, refers to a layer of a material such as

fabrics, films, foils, sheets, laminates, panels or panes, wherein the layer is used for support
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or backing. The backing layer may be made of any suitable material including natural or
synthetic, metallic or non-metallic, polymeric or non-polymeric materials and may be formed
from a single component or a hybrid/blend of two or more components.

[0071] In certain embodiments, the backing layer is made of a fabric material. In certain
embodiments, the tether is a fabric material.

[0072] The terms “fabric” or “fabrics”, as used herein, refer to a material made through
weaving, knitting, braiding, intertwining, interlacing, spreading, bonding, connecting or
otherwise linking. A fabric may use naturally occurring or synthetic materials or a blend or
hybrid thereof wherein both natural and synthetic materials are present. A fabric may be
made from a single, two or multiple components and can be made by one or more of weaving,
knitting, braiding, intertwining, interlacing, spreading, bonding, connecting or linking.
Exemplary synthetic materials useful for fabrics include polyester, polyolefin, spandex, nylon,
carbon fiber, polyaramid, carbon fiber polyaramid hybrid, carbon fiber basalt hybrid,
fiberglass, carbon fiber, metal fiber, or fiberglass hybrid. Exemplary natural fabrics include
cotton, hemp, wool, silk, bamboo string, cellulose, jute, and pina. In certain embodiments, the
tether is a non-fabric material, for example, selected from leather, metal sheets, plastic sheets,
or non-woven textiles. In some embodiments, the material is made from chain-link meshes.
[0073]  In certain preferred embodiments, the material of the fabric backing layer may
include any suitable material, such as nylon, carbon fiber, cotton, polyaramid, carbon fiber,
polyaramid hybrid, another appropriate material, or combinations thereof.

[0074] The unique approach to a closure system as disclosed herein represents a unique
combination of adhesion attributes of polymer materials and integrated mechanical designs
through proper conservation of rotational freedom, low flexural modulus normal to the
adhesive interface, and high stiffness in load bearing directions. A scaling relationship has
been developed by the inventors to provide a framework for understanding the adhesive
performance of the materials devices over a range of size scales and geometries (FIG. 2).
This scaling relationship suggests that the adhesive capacity (F¢ ) of an interface is governed
by three simple parameters, which are dependent on both the geometry and material
properties of the interface. To design reversible adhesives which can adhere to various
substrates, the interfacial interactions (G¢ ) should rely upon non-specific van der Waals
forces, rendering Gc an ineffective control parameter. Therefore, to scale F¢ for adhesive
materials the material system must not just rely on area on contact (A) or the system

compliance (C) but must develop attributes that increase the A/C ratio. This presents a
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challenge; materials must be soft to increase true contact but stiff to achieve high loads. Soft
materials are able to create large-scale contact but have a high compliance when loaded,
while stiff materials are unable to create extensive contact; both cases result in a null effect
on the A/C ratio. Embodiments described herein provide for a mechanism for maximizing
A/C, and tuning this governing parameter for different applications. As schematically
illustrated in FIG. 3, an efficient and effective fabrication method may be used to fabricate
the T-pad. The method involves integrating a thin layer of an elastic elastomer into a surface
of a fabric.

[0075] The tether can be connected to the pad through any suitable methods, such as
conventional sewing, stitching, or gluing, which allows easy control of dimensional,
orientational, and spatial location of the attachment. The attachment should provide
sufficient load sharing and load bearing capacity, which, in some cases, can be controlled
through the stitching pattern, width, and length. Appropriate stitching patterns include
straight stitching, zigzag stitching, multi zigzag stitch, satin stitching, honeycomb stitching,
ladder stitch, double overlock stitch, and criss-cross stitching.

[0076] For example, a particularly advantageous tether-pad connection is a straight-line
stitch that is centered on the one axis of the pad and extends to a length of approximately 2/3
the chord length perpendicular the second pad axis. The tether-pad connection should
maintain rotational freedom while maintaining high stiffness in the direction of loading. The
tether-pad connection should preferably maintain equal load sharing along the entire length
of the connection.

[0077] An adhering surfaces may be microscopically smooth or patterned, for example. A
backing layer may be a fabric backing layer. A planar layer of an elastic material may
comprise the same elastic material or different elastic materials.

[0078] In certain preferred embodiments, the elastic material is a block copolymer
clastomer. In certain preferred embodiments, the elastic material comprises one or more of
siloxane-based elastomers, urethane-based elastomers, and acrylate-based elastomers.
[0079] In some embodiments, cach layer of an elastic material comprises two or more
separate smaller elastic material layer units.

[0080] It is noted that the term “backing”, as used herein, includes but is not limited to the
situation where the referred to layer or material is the back (or the last) layer of the device
structure. As described herein, a backing layer may be an interior layer or component of a

structural arrangement.
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[0081] Elastic materials that may be used in the adhesive pads include any suitable
clastomers, naturally occurring or synthetic. For example, suitable elastomers include
siloxane-based elastomers, urcthane-based elastomers, acrylate-based elastomers, ethylene-
propylene, polybutadiene, polyisoprene, polychloroprene, ethylene-acrylate,
bromoisobutylene-isoprene, chloroisobutylene-isoprene, acrylonitrile-butadiene, styrene-
butadiene, styrene-butadiene-styrene, styrene-isoprene-styrene, or styrene-cthylene-butylene-
styrene rubbers.

[0082] An exemplary siloxane-based elastomer is polydimethylsiloxane (PDMS), which
belongs to a group of polymeric organosilicon compounds that are commonly referred to as
silicones. PDMS, widely used silicon-based organic polymer, has preferred rheological (or

flow) properties. PDMS is generally inert, non-toxic and non-flammable.
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[0083] Other elastic materials that may be used in the adhesive pads include polyurethanes,

which are polymers of organic units covalently joined by urethane (carbamate) links.
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[0084] A urethane linkage is produced by reacting an isocyanate group, -N=C=0 with a
hydroxyl group, -OH. Polyurethanes are produced by the polyaddition reaction of a
polyisocyanate with a polyalcohol (polyol) in the presence of a catalyst and other additives.
In this case, a polyisocyanate is a molecule with two or more isocyanate functional groups,
R-(N=C=0), 2 2 and a polyol is a molecule with two or more hydroxyl functional groups, R'-
(OH), 2 2. The reaction product is a polymer containing the urethane linkage, -RNHCOOR'-.

Examples of polyurethane monomers (“pre-polymers”) includes hydroxyl ended molecules,
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such as polyethylene glycol, polypropylene glycol, poly tetramethylene glycol, or bisphenol
A (hydroxyl-containing monomers) and an aliphatic or aromatic based isocyanate, such as
methylene diphenyl diisocyanate, toluene diphenyl diisocyanate, hexamethylene diisocyanate,
isophorone diisocyanate, or a polyisocyanate resulting from the combination of multiple of
these monomers (for example, three molecules of methylene diphenyl diisocyanate form a
trimer which contains three isocyanate functional groups).

[0085] In some embodiments of the releasable, surface-adhesive closure device, a region
on one adhesive pad has a topographically raised or male region and a region on the other
adhesive pad has a topographically depressed or female region such that a lock and key type
coupling occurs once the two adhesive pads are pressed against one another.

[0086] The devices may be designed to be suitable for single, two, multiple, extended and
repeated use (e.g., 100 or more repeated closures and releases over an extended period of
months or longer).

[0087] In certain embodiments, the ratio of storage to loss elastic moduli is at least greater
than about 10 (e.g., greater than 15, 20, or 50) at the operating temperature of interest.
[0088] The layer of the elastic material may have any size and shape as a particular
application requires, for example, it may have a substantially circular outer boundary, a
substantially rectangular outer boundary, a substantially elliptical outer boundary, or a
substantially irregular outer boundary. The size of the closure devise may be any suitable size
dependent on the application, for example, ranging from about 1 mm” to about 500 cm”.
[0089] The adhesive closure systems and devices, as well as related methods, disclosed
herein can be designed, for example, to fit a number of applications ranging from fasteners,
reinforcements, taping or wrapping, apparel, housewares, shoes, gloves, toys, medical

devices, among others.
Examples

Fabrication of PU Adhesive Pads

[0090] FIG. 13 schematically illustrates an embodiment of the molding technique by which
to form a pad with polyurethane. On top of a polytetrafluoroethylene substrate fiber was
placed for the adhesive backing layer. A polytetrafluoroethylene (PTFE) spacer was placed
on top of the fiber that allows for controlling polyurethane (PU) thickness, and uncured PU
prepolymer was poured into the mold. A polydimethylsiloxane pad was then placed on top
with a glass plate, and finally the system was weighted with a 20.5 kg weight. This setup is

allowed to cure for 24 hours. The second adhering surface is then prepared following the
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same procedure on the other end of the fiber such that the two adhering surfaces are disposed
on different sides. Next, the entire device is placed into a 70° C oven for 24 hours to finish
the curing process. The adhesive pad is then mechanically cut to size.

[0091] Utilizing this molding technique, a smooth adhering surface (utilizing a smooth
PDMS top layer), or surface features (utilizing a patterned PDMS top layer) can be achieved.
The thickness of the adhesive can be changed by modifying the thickness of the PTFE spacer.
This method may also be altered to work using a doctor blade system, which would allow for
mass production of adhesive pads.

[0092] Elastic modulus referred to herein is the storage modulus values and can be
determined, for example, by dynamic mechanical analysis (e.g., where the elastic material is
a 40 mm x 5 mm x 1 mm strip, and tested in extension at a strain of 0.1%, at a frequency of 1
Hz, and at a temperature of 20 °C). This procedure is not meant to be the only procedure for

determining elastic modulus.

[0093] In this specification and the appended claims, the singular forms "a," "an," and "the
include plural reference, unless the context clearly dictates otherwise.

[0094] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art. Although any
methods and materials similar or equivalent to those described herein can also be used in the
practice or testing of embodiments disclosed herein, the preferred methods and materials are
now described. Methods recited herein may be carried out in any order that is logically

possible, in addition to a particular order disclosed.
Incorporation by Reference

[0095] References and citations to other documents, such as patents, patent applications,
patent publications, journals, books, papers, web contents, have been made in this disclosure.
All such documents are hereby incorporated herein by reference in their entirety. Any
material, or portion thereof, that is said to be incorporated by reference herein, but which
conflicts with existing definitions, statements, or other disclosure material explicitly set forth
herein is only incorporated to the extent that no conflict arises between that incorporated
material and the present disclosure material. In the event of a conflict, the conflict is to be

resolved in favor the embodiments disclosed herein as the preferred disclosure.
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Equivalents

[0096] The representative examples are intended to help illustrate the aspects, and are not
intended to, nor should they be construed to, limit the scope. Indeed, various modifications
and many further embodiments thereof, in addition to those shown and described herein, will
become apparent to those skilled in the art from the full contents of this document, including
the examples and the references to the scientific and patent literature included herein. The
examples contain important additional information, exemplification and guidance that can be
adapted to the practice of embodiments disclosed herein in its various embodiments and
equivalents thereof.

What is claimed 1s:
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CLAIMS

A releasable, surface-adhesive closure device comprising
two adhesive pads, each pad comprising:

a planar backing layer having high in-plane stiffness; and

a planar adhesive layer of an elastic material having an adhering surface on at
least one side of the elastic material, wherein the elastic material is applied to the
backing layer on at least the side opposing the adhering surface,
wherein the two adhesive pads form a releasable seal when pressed against each other
with the two adhering surfaces positioned face to face.
The releasable, surface-adhesive closure device of Claim 1, further comprising:

a tether component attached to the two adhesive pads such that the two
adhering surfaces face are disposed on different sides,
wherein the two adhesive pads together form a releasable connection or closure once
the two adhesive pads adhesively attach to each other.
The releasable, surface-adhesive closure device of Claim 2, wherein the planar
backing layers of the adhesive pads and the tether component together consecutively
form a single continuous planar component.
The releasable, surface-adhesive closure device of Claim 2, wherein each planar
backing layer comprises a natural fabric material, a synthetic fabric material, or a
blend or hybrid thereof.
The releasable, surface-adhesive closure device of Claim 4, wherein the natural fabric
material is selected from cotton, hemp, wool, silk, bamboo string, cellulose, jute, and
pina.
The releasable, surface-adhesive closure device of Claim 4, wherein the synthetic
fabric material is a fabric of polyester, polyolefin, spandex, nylon, carbon fiber,
polyaramid, carbon fiber polyaramid hybrid, carbon fiber basalt hybrid, fiberglass,
carbon fiber, or fiberglass hybrid.
The releasable, surface-adhesive closure device of Claim 1, wherein a region on one
adhesive pad has a topographically raised or male region and a region on the other
adhesive pad has a topographically depressed or female region such that a lock and
key type coupling occurs once the two adhesive pads are pressed against one another.
A releasable, surface-adhesive closure device comprising

an adhesive pad, comprising:
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a planar backing layer having high in-plane stiffness; and

a planar adhesive layer of an elastic material having an adhering surface on at
least one side of the elastic material, wherein the elastic material is applied to the
backing layer on at least the side opposing the adhering surface; and
an adherent member having a surface for adherence by the adhesive pad,
wherein the adhesive pad and the adherent member form a releasable seal when
pressed against each other with the adhering surface and the adherent surface
positioned face to face.

The releasable, surface-adhesive closure device of Claim 8, further comprising:

a tether component attached to the adhesive pad and the adherent member, and
the adhesive pad and the adherent member together form a releasable connection or
closure once the adhesive pad adhesively attaches to the adherent member.

The releasable, surface-adhesive closure device of Claim 9, wherein the planar
backing layer of the adhesive pad, the tether component, and the adherent member
together consecutively form a single continuous planar component.

The releasable, surface-adhesive closure device of Claim 8, wherein the adhering
surface of the adhesive pad and the adherent surface of the adherent member are on
the different side of the single continuous planar component.

The releasable, surface-adhesive closure device of Claim 9, wherein each planar
backing layer comprises a natural fabric material, a synthetic fabric material, or a
blend or hybrid thereof.

The releasable, surface-adhesive closure device of Claim 12, wherein the natural
fabric material is selected from cotton, hemp, wool, silk, bamboo string, cellulose,
jute, and pina.

The releasable, surface-adhesive closure device of Claim 12, wherein the synthetic
fabric material is a fabric of polyester, polyolefin, spandex, nylon, carbon fiber,
polyaramid, carbon fiber polyaramid hybrid, carbon fiber basalt hybrid, fiberglass,
carbon fiber, or fiberglass hybrid.

The releasable, surface-adhesive closure device of Claim 12, wherein the adherent
surface comprises a surface of metal, wood, carbon, polymers, gels, leather, plastic or
ceramic.

The releasable, surface-adhesive closure device of Claim 9, wherein the releasable

connection or closure is part of a closed loop.
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A releasable, surface-adhesive closure device, comprising:

two adhesive pads, each pad comprising a planar backing layer having high in-
plane stiffness; and a planar adhesive layer of an elastic material having an adhering
surface on at least one side, wherein the elastic material is applied to the backing layer
on at least the side opposing the adhering surface; and

a tether component attached to the two adhesive pads such that the two
adhering surfaces face are disposed on the same side,
wherein the two adhesive pads together form a releasable connection or closure after
the two adhesive pads adhesively attach to a third-object adherent surface.
The releasable, surface-adhesive closure device of Claim 17, wherein the planar
backing layers of the adhesive pads and the tether component together consecutively
form a single continuous planar component.
The releasable, surface-adhesive closure device of Claim adhering surfacel7, wherein
cach planar backing layer comprises a natural fabric material, a synthetic fabric
material, or a blend or hybrid thereof.
The releasable, surface-adhesive closure device of Claim 19, wherein the natural
fabric material is selected from cotton, hemp, wool, silk, bamboo string, cellulose,
jute, and pina.
The releasable, surface-adhesive closure device of Claim 19, wherein the synthetic
fabric material is a fabric of polyester, polyolefin, spandex, nylon, carbon fiber,
polyaramid, carbon fiber polyaramid hybrid, carbon fiber basalt hybrid, fiberglass,
carbon fiber, or fiberglass hybrid.
The releasable, surface-adhesive closure device of Claim 17, wherein a region on one
adhesive pad has a topographically raised or male region and a region on the other
adhesive pad has a topographically depressed or female region such that a lock and
key type coupling occurs once the two adhesive pads are pressed against one another.
A releasable, surface-adhesive closure device, comprising:

a first adhesive-adherent set comprising an adhesive pad and a first adherent
surface;

a second adhesive-adherent set comprising a second adhesive pad and a
second adherent surface; and

a tether component attached to the two adhesive-adherent set such that, when

looped around, the first adhesive pad is adapted to adhesively attach to the second
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adherent surface and the second adhesive pad is adapted to adhesively attach to the
first adherent surface, thereby forming a releasable connection or closure,
wherein each adhesive pad comprises a planar backing layer having high in-plane
stiffness; and a planar adhesive layer of an elastic material having an adhering surface
on at least one side of the elastic material, wherein the elastic material is applied to
the backing layer on at least the side opposing the adhering surface.
The releasable, surface-adhesive closure device of Claim 23, wherein the planar
backing layers of the adhesive pads and the tether component together consecutively
form a single continuous planar component.
The releasable, surface-adhesive closure device of Claim 23, wherein each planar
backing layer comprises a natural fabric material, a synthetic fabric material, or a
blend or hybrid thereof.
The releasable, surface-adhesive closure device of Claim 23, wherein the natural
fabric material is selected from cotton, hemp, wool, silk, bamboo string, cellulose,
jute, and pina.
The releasable, surface-adhesive closure device of Claim 23, wherein the synthetic
fabric material is a fabric of polyester, polyolefin, spandex, nylon, carbon fiber,
polyaramid, carbon fiber polyaramid hybrid, carbon fiber basalt hybrid, fiberglass,
carbon fiber, or fiberglass hybrid.
The releasable, surface-adhesive closure device of Claim 23, wherein a region on one
adhesive pad has a topographically raised or male region and a region on the other
adhesive pad has a topographically depressed or female region such that a lock and
key type coupling occurs once the two adhesive pads are pressed against one another.
A releasable, surface-adhesive closure device, comprising:

a first adhesive pad comprising

a first planar backing layer having high in-plane stiffness, and
a first planar adhesive layer of an elastic material having an adhering

surface on at least one side, wherein the elastic material is applied to the first planar
backing layer on at least the side opposing the adhering surface;

a second adhesive pad comprising

a second planar backing layer having high in-plane stiffness, and
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a second planar adhesive layer of an elastic material having an
adhering surface on at least one side, wherein the elastic material is applied to the
planar backing layer on at least the side opposing the adhering surface; and

an insert component comprising a first surface and a second surface, wherein
the insert component is disposed between the first adhesive pad and the second
adhesive pad such that

the first surface of the insert component and the first adhesive layer of
the first adhesive pad, when pressed together, form a first releasable seal, and

the second surface of the insert component and the second adhesive
layer of the second adhesive pad, when pressed together, form a second releasable
seal.

The releasable, surface-adhesive closure device of Claim 29, wherein the second
adhesive pad comprises an adhering surface on two sides of the adhesive layer,
further comprising

a second insert component comprising a first surface and a second surface;
and

a third adhesive pad comprising

a planar backing layer having high in-plane stiffness, and

a planar adhesive layer of an elastic material having an adhering
surface on at least one side, wherein the elastic material is applied to the backing layer
on at least the side opposing the adhering surface; and
wherein the second insert component is disposed between the second and third
adhesive pad such that

the first surface of the second insert and the adhesive layer of the
second adhesive pad, when pressed together, form a third releasable seal, and

the second surface of the second insert and the adhesive layer of the
third adhesive pad, when pressed together, form a fourth releasable seal.

The releasable, surface-adhesive closure device of any of Claims 1, 8, 17, 23 and 29,
wherein each of the adhering surface has an area from about 0.01 cm? to about 100 m”.
The releasable, surface-adhesive closure device of any of Claims 1, 8, 17, 23 and 29,
wherein each of the adhesive layer has a substantially uniform thickness from about

0.0001 mm to about 10 cm.
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The releasable, surface-adhesive closure device of any of Claims 1, 8, 17, 23 and 29,
wherein the elastic material has an elastic modulus from about 0.001 MPa to about
100,000 MPa.

The releasable, surface-adhesive closure device of any of Claims 1-30, suitable for

multiple cycles of surface-adhesive closures and releases.

26



WO 2014/144136 1/10 PCT/US2014/028422

FIG. 1

A
FC" GC .
© o
© @
7 g c 47
=t T —— —
A S PO 340
A 3
8 o

Add elements by the rules of compliance addition

Fz\/—(? (blhl +b2h2 +bshz +")
© GGG (GG GG+ GG )

=N\/Z;Zb_g

FIG. 2

SUBSTITUTE SHEET (RULE 26)



WO 2014/144136 2/10 PCT/US2014/028422

Fabric
Moldlng POL:;PDMS into
mo
&1 mm Fabric
Impregnate fabric with
PDMS
Fabric
Cure at room temperature
Meyer Bar

10 um<t <1 mm

FIG. 3

SUBSTITUTE SHEET (RULE 26)



WO 2014/144136 3/10 PCT/US2014/028422

SUBSTITUTE SHEET (RULE 26)



WO 2014/144136 4/10 PCT/US2014/028422

A (B)

© (D)

FIG. 5

SUBSTITUTE SHEET (RULE 26)



WO 2014/144136 5/10 PCT/US2014/028422

200

FIG.7

SUBSTITUTE SHEET (RULE 26)



WO 2014/144136 6/10 PCT/US2014/028422

206 j s00

S

FIG. 8

Y20

FIG. 9

SUBSTITUTE SHEET (RULE 26)



WO 2014/144136 7/10 PCT/US2014/028422

£20

FIG. 10

FIG. 11

SUBSTITUTE SHEET (RULE 26)



WO 2014/144136 8/10 PCT/US2014/028422

710

720

FIG. 12A

FI1G. 12B

SUBSTITUTE SHEET (RULE 26)



WO 2014/144136 9/10 PCT/US2014/028422

(a) (d)

e
PTFE spacer
PU on fabric

PTFE sbstrate

FI1G. 13

SUBSTITUTE SHEET (RULE 26)



WO 2014/144136 10/10 PCT/US2014/028422

(b)

(o)

Adhesive Pad

Adhesive Pad

(d)

FIG. 14

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2014/028422

A CLASSIFICATION OF SUBJECT MATTER

A41F 9/00 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A41F 9/00, A45C 13/30, A45F 3/14

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

Espacenet, DWPI

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

RU 2381969 C2 (KRAFT FUDZ GLOBAL BRENDS ELELSI) 20.02.2010,

X abstract, p. 3, lines 27-53, p. 4, lines 1-30, p. 6, lines 30-41, 51, p. 7, lines 1-53, 1,4-6
p. 10, lines 22-53, p. 11, lines 1-9, fig. 1, 2, 15, 16, 18
Y 2,3,7-34
Y WO 2011/019511 A2 (CRYOVAC, INC. et al.) 17.02.2011, abstract, fig. 1-5, 36-39 8-16
Y RU 111405 U1 (VOINOV VLADIMIR PETROVICH) 20.12.2011, claims, fig. 1-5 2,3,7,17-34

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E”  earlier document but published on or after the international filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other

special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means
“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

02 June 2014 (02.06.2014)

Date of mailing of the international search report

28 August 2014 (28.08.2014)

Name and matling address of the ISA/RU:
FIPS,

Fussia, 123995, Moscow, G-58, G5P-5,
Berezhkovskaya nab., 30-1

Facsimile No. +7 (499) 243-33-37

Authorized officer
V. Vasilieva

Telephone No. 8(495)531-64-81

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2014/028422

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - wo-search-report
	Page 39 - wo-search-report

