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ADHESIVE ARTICLES PERMITTING BDAMAGE FREE REMOVAL

Related Application
This application is related to 3M Attorney Case Nos. 79561US002 and 79561 WO003, cach entitled
“Adbesive Articles Permitting Diamage Free Removal”, filed Augast 23, 2017 and August 25, 2018,

respectively, and each incorporated by reference in their entirety.

Techunical Field
The present disclosure generally relates to peclable adhesive articles that are capable of attaching or
adhering to a substrate and that can be removed from the substrate without cansing damage to the
substrate. The present disclosure also generally relates to methods of making and using such adhesive
articles.

Background

The revolutionary Command® Adhesive Strip products are a line of stretch removable adhesive strips
that hold strongly on a variety of surfaces (including paint, wood, and tile) and that remove cleanly - no
holes, marks, or sticky residue. These products generally have utility in bonding to vanous surfaces or

sabstrates for numerous applications.

In general, these products inchude a stretch release adhesive composition disposed on tape or other
backings. Stretch relcasable adhesives are high performance pressure~sensitive adhesives that combine
strong holding power with clean removal and no surface damage. Streteh releasable adbesive products
are designed to firmly adhere an article, such as a hook (1o held a picture or an article of clothing) or other
decorative or utilitanan element, to a surface (an adherend), vet remove cleanly when pulled away from
the architectural surface at a low angle. The clean removal aspect means that a tacky and/or unsightly
residue is not left behind on the swrface afier removal of the stretch release adhesive and that no damage
to the surface occurs during the remaval process. During the process of stretch release removal, the
adhesive laver typically remains adhered 10 the tape backing as the backing 15 stretched, but releases from

the surface (adherend).

Peelable adhesive techuology was recently introduced into products for mounting. Some exemplary
commercially available peelable mouvnting products (e.g., Jimmy Hook™ products, GeckoTech™
products, Elmer’s Freestyle™ products, and Hoolk Um™ products) rely on both suction tochnology and
frictional or dry adhesives to generate the mounting device’s holding power. The mounting devices
include a semi-rigid plastic backing and a rigid hook, both of which are infegrated as a one-picce article

support. The rigid hook s permancntly attached to a first major planar surface of the semi-rigid plastic
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backing. The second major planar surface of the backing can be adhered to a wall surface. The sccond
major planar surface includes one or more of suction technology (e.g., numerous microsuction or

nanosuction elements) and/or a frctional adhesive (in which the backing is tmpregnated with a mbber-
based adhesive to increase frction between the substrate and backing) or dry adhesive (which relies on

van der Waals forces). The entire construction can, thereafter, be removed by peeling.

Summary
Existing peclable adhesive products often do not work well on various surfaces, including, for example,
painted surfaces and rough sarfaces (e.g., devwall). Additionally, the existing peelable products can
exhibit low shear strength and thus can hold hittle weight or altematively require a relatively thick
construction, which can cause an increase in the potential for damage when such products are removed
from an adherend. Attemnpts have been made to replace existing backings with those having lower
stiffness (modulus) to reduce the peel force upon removal. Soft, clastic backings, for example, have been
shown to result in fower peel forces, which correlate with appreciable stretch (siraing of the adhesive at
release. Even with advantageous modifications to the backing materials, the present inventors recognized
that certain delicate surfaces (e.g., paper and drywall) still experienced visiblke damage, particulady under
circwmstances in which the ability of the backing to streteh s compromised. As such, the inveators of the
present disclosure sought to formudate peclable mounting prodacts and/or adhesive articles with at least
one of higher shear strength, ability to work well on painted or rough surfaces, and/or that are capable of

consistently holding higher weights, all withowt damaging the substrate to which they are applied.

The inventors of the present disclosure recognized that the existing peel release adhesive products could
be improved or enhanced by reducing or eliminating the contribution of the backing to peel force
generated by the adhesive during removal. Tn some instances, this can be accomplished by ensuring the
core loses structural integrity in a direction normal to a plane defined by a major surface thereof. Inother
instances, the contribution is reduced by compromising the interface between the backing and a peelable
adhesive laver. By separating the peel force from characteristics of the backing, the adhesive articles of
the present disclosure can capitalize on myriad backing matenals and constructions without deleteriously
impacting damage free removability, In some instances, the enhanced construction allows the adhesive
articles to hold more weight. In serme embodiments, the enhanced performance permits the adhesive
articles to be used on new surfaces (e.g., delicate paper). In some embodiments, the enhanced
rermovability increases or enhances the product performance on certain surfaces {e.g., rough or textured

surfaces such as, for example, wallpaper, drywall, etc.).

The inventors of the present disclosure also recognized that providing a backing that minimally
contrbutes 1o the peel release force during the removal process is a novel and effective method to
increase performance of the adhesive article while enhancing the damage-free features of the product.
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In one aspect, the present disclosure provides an adhesive article comprising a first peelable adhesive layer,
a second peclable adhesive layer, and a discrete core disposed between the first and sccond peelable

adhesives and defining a core plane.

In ancther aspect, the present disclosure provides an adhesive article for mounting an object 16 a surface,
the article comprising: a first adhesive layer; a core adjacent the first adhesive layer and defining a
perimeter, the core comprising core material and including first and sccond major surfaces; and a first
arranged patiern of recesses on at least the first major surface of the core, cach recess terminatng in a
membrane comprising core matenial; and an adhesive interface at the bottom wall surface, wherein the

adhesive interface comprises contact between the first adhesive layer and the membrane.

In another aspect, the present disclosure provides a method for making an adhesive article, the method
comprising: providing a corc having first and seccond opposing major surfaces and inchuding a
consolidatable core material; laminating a peclable adhesive on at least one of the major surfaces; and
consohidating a plurality of discrete regions of the material to foom an arranged pattern of recesses; and
creating a ploality of adhesive interfaces between the peclable adhesive and each consolidated region of
the backing. In some embodiments, the consolidating occurs through ultrasonic point bonding. Inanother
aspect, the backing is provided having a first arranged pattern of recesses, and the consolidation creales a

second pattern of recesses.

Invet another aspect, the present disclosure provides an adhesive article for mounting an object to a surface,
the article comprising: a first adhesive laver comprising a first peclable adhesive composition: a core
adjacent the first adhesive layver and defining a perimeter, the core comprising porous core material and
inciuding first and second major surfaces; and a first arranged pattern of recesses on at least the first major
surface of the core, cach rocess terminating in a membrane comprising core material, wherein the first

peelable adhesive composition is at least partially within the pores of each membrane.

As used herein, “porosity” means a measure of void spaces in a material. Size, frequency, mumber, and/or

interconnectivity of pores and voids contribute the porosity of a material.

As used herein, “void vohune” means a percentage or fractional value for the unfilled space within a porous
or fibrous body, such as a web or filter, which may be calculated by measuring the weight and volume of a
web or filter, then comparing the weight to the theorctical weight of a solid mass of the same constituent

material of that same volume,
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As used herein, "Solidity” describes a dimensionless fraction (usually reported in percent) that represents
the proportion of the total volume of a nonwoven web that is occupied by the solid {e.z., polvmeric filament)
material. Loft is 100% minus Solidity and represents the proportion of the total volume of the web that is

unoccupiad by sohd material.

As used hereig, “laver” means a single straturn that may be continuous or discontinuous over a surface.

As used herein, the terms, “height”, “depth”, “top” and “bottom” are for llustrative purposes only, and do
not necessarily define the orientation or the relationship between the sorface and the intrusive feature.
Accordingly, the terms “height” and “depth”, as well as “top” and “botiomy” should be considered

interchangeable.

The terms “comprises” and variations thereof do not have a limifing meaning where these ferms appear in

the description and claims.

The words “preferred” and “preferably” refer to embodiments of the invention that may afford certain
benefits, under certain circumstances. However, other embodiments may alsc be preferred, under the same
or other circumstances. Forthermore, the recitation of one or more preferred embodiments does not imply
that other embodiments are not usefisl, and is not intended to exclude other embodiments from the scope of

the mvention.

Asg recited herein, all numbers should be considered modified by the term “about”.

As used herein, “a,” “an,” “the,” “at least one,” and “onec or more” arc used interchangeably. Thus, for
example, a core comprising “a” pattern of recesses can be ingerpreted as a core comprising “one or more”

patterns,

Also berein, the recttations of numencal rapges by endpoints 1nclude all aumbers subsumed within that

range{e.g., Lo Smcludes 1, 1.5, 2,2.75,3,3.80, 4, 5, ¢tc.).

As used herein as a modifier to a property or attribute, the term “generally”™, unless otherwise specifically
defined, means that the property or attribute would be readily recognizable by a person of ordmmary skill but
without requiring absolute precision or a perfect match (e.g., within +/- 20 %6 for quantifiable propertics).
The term “substantially”, unless otherwise specifically defined, means to a high degree of approximation
{e.g., within +/- 10% for guantifiable propertics) but again without requiring absolute precision or a perfect

match. Terms such as same, equal, uniform, constant, strictly, and the like, are understood to be within the
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usual tolerances or measuring ervor applicable to the particular circumstance rather than requiring absolute

precision or a perfect match.

The above summary of the present disclosure is not intended to describe each disclosed embodiment or
every implementation of the present invention. The description that follows more particularly exemplifies
ithustrative embodiments. In several places throughout the application, guidance is provided through lists
of examples, which examples can be used in various combinations. In each instance, the recited list serves

only as a representative group and should not be interpreted as an exhaustive list.

Brief Deseription of Drawings
Fig. 1 is a top plan view of one embodiment of an exemplary adhesive article of the type gencrally
described herein;
Fig. 2 is a cross~sectional view of the adbesive article of Fig, 2;
Figs. 3A-3X arc photographs of exemplary awranged patierns of recesses suitable for adhesive articles of
the present disclosure;
Fig. 4 15 a cross-sectional view of one embodiment of ag exemplary adhesive article of the type generally
described herein;
Fig. 5 15 a cross-sectional micrograph of an adhesive article featuring an arranged patiern of recesses
created by thermal embossing;
Fig. 6 s a cross-sectional micrograph of an adhesive article featuring an arranged patiern of recesses
created by ultrasonic welding;
Fig. 7 is a cross-sectional view of one embodiment of another exemplary adhesive article of the type
generally described berein;
Fig. 8 is a block diagram detailing a method of creating arranged pattermns of recesses on ong or more
sutfaces of a core; and
Fig. 9 is a perspective view of 2 hook used to condnct the Weight Hanging Test on Exemplary adhesive

articles of the present disclosure,

Lavers in certain depicted embodiments are for dhustrative purposes only and are not intended to
absolotely define the thickness, relative or otherwise, or the absohite location of any component. While
the above-identified figures set forth several embodiments of the disclosure other embodiments are also
contemplated, as noted in the description. In all cases, this disclosure 1S presented by way of
representation and not limitation. It should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art, which fall within the scope and spirit of the

principles of the disclosure.
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Detailed Description
Various embodiments and implementations will be described in detail. These embodiments should notbe
construed as limiting the scope of the present application in any manner, and changes and modifications
may be made without departing from the spirit and scope of the tnventions. Further, only some end uses
have been discussed herein, but end uses not specifically described herein are included within the scope
of the prosent application. As such, the scope of the present application should be determined by the

claims,

The present disclosure generally relates to adhesive articles that can be removed from a substrate, wall, or
surface {gencrally, an adherend) without damage. As used herein, the lerms “without damage”™ and
“damage-free” or the like means the adhesive article can be separated from the substrate without causing
visible damage to paints, coatings, resins, coverings, or the underlying substrate and/or leaving behind
residue. Visible damage to the substrates can be in the form of, for example, scratching, tearing,
delaminating, breaking, crumbling, straining, and the like to any lavers of the substrate. Visible damage
can also be discoloration, weakening, changes in gloss, changes in haze, or other changes in appearance

of the substrate.

The adhesive article inclodes (1) one or more peelable adhesive layers adjacent (o (2) a discrete core. As
used herein, the term “peelable” means that the adbesive article can be removed from a subsirate or
surface by peeling at angle of between about 1° and about 180°. In some embodiments, the adhesive
article can be removed from a substrate or surface by peeling at angle of between 30° to 120°. In somg
embodiments, the adhesive article can be removed from a substrate or surface by pecling at angle of at

least about 35°,

During pecl release removal, specified regions of the core and adhesive undergo delamination. In
particular, the articles of the present disclosure feature destructible adhesive/core material interfaces
offset from major surfaces, preventing force frora easily transferring feom the Joad introduced during peel
rernoval 1o an adherend. The adhesive articles are thus specifically designed to mimic a “backingless”
construction, where the core hags little to no contribution to adhesive removal forces expernienced by the
adherend. The “backingless” constraction provides an adhesive article with a peel force that does not

exceed the damage threshold on substrates including, for example, drywall, paint, glass, ctc.

Figs. 1 and 2 depict an exemplary embodiment of an adhesive article 100 as generally described herein.

The adhesive article 100 includes a core 110 having first and second opposed major surfaces 111 and 112,

Fig. 1 depicts the adhesive article 100 in top plan view, with the core 110 visibie through an adhesive

layer 140. In some cmbodiments, the adhesive 140 can be generally optically clear such that the core is at

least partially visible. In other embodiments, the adhesive laver 140 can be generally opaque or the core
6



10

15

20

25

30

35

WO 2019/040820 PCT/US2018/047864

may be otherwise not visually identifiable in top plan view. As seen in Fig. 2, the core 110 has a square
shape defined by an upper edge, a lower edge, and side edges. The shape of the core 110 is not
particularly limited, and can include any snitable shape or combination of shapes. The edges cooperate to
form a core penmeter 114, which defioes an identifiable boundary between the core and the remainder of

the adhesive article 100 (e.g., adhesive layer 140).

The core 110 exists as a distinct structoral component of adbesive article 100 and not as material
dispersed or otherwise distributed 1n one or both adhesive lavers 140, 142, Matenals forming core 110
can include a paper. natural or synthetic polymer films, nomwovens made from natoral and/or synthetic
fibers and combinations thereof, fabric reinforced polymer fitms, fiber or yarn reinforced polymer films
or nonwovens, fabrics such as woven fabric formed of threads of synthetic or natural matenals such as
cotton, nvion, ravon, glass, ceramic materials, and the like, or combinations of any of these matenals. The
corc 110 may also be formed of metal, metallized polvmer films, or coramic sheet materials in
combination with at least one of the above. In some embodiments, the core is a mwmitilavered film having
two or more layers; in some such embodiments the lavers are laminated. For example, the corc can be
forowed of a foam, a film, or a combination thereof with any suitable thickness, composition, and
opaqueness ot clarity. In other erobodiments, the core may include an arrangement of discrete particles ot
an adhesive or other composition having relatively high gel content. Excemplary materials and
constructions for the core 110 are explored in further detadl below, Combinations of two or more such

compositions and constructions are also useful in various embodiments of the present disclosure.

In the specific embodiment of Figs. 1 & 2, the core 110 includes a single core layer of matenal having a
thickness “17, though multilayer or multi-material constructions are also contemplated and described
herein. In some embodiments, the core has a thickness “T7 of between about 2 mils and about 100 mils.
In some embodiments, the core has a thickness of greater than 2 nuls, greater than 5 mils, greater than 8
mils, greater than 10 mils, greater than 12 mils, greater than 15 mils, greater than 20 mils, greater than 22
mils, or greater than 24 mils. In some embodiments, the core has a thickness of less than 100 muls, less
than 90 mils, less than 80 ouls, less than 75 mils, less than 70 mils, less than 65 mils, less than 60 mils,
less than 55 mils, less than 50 mils, less than 45 mils, less than 40 mils, less than 38 mils, less than 35

mils, fess than 32 mils, less than 30 mils, less than 28 mmis, or less than 235 mils,

As depicted in of Fig. 2, the core 110 is gonerally rectangular in cross-section, however the core may have
a varicty of cross~sectional shapes. For example, the cross-sectional shape of the core 110 mayv be a
polygon {e.g., square, tetrahedron, rhombus, trapezoid), which may be a regular polvgon or not, or the
crass~sectional shape of the core 110 can be curved (e.g., round or elliptical). A first core plane 115 is

coincident with the first major surface 111, while a sccond core plane 116 is coincident with the sccond

-3
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major surface 112, The core planes 115, 116 are depicted in parallel, but may intersect and form an

oblique angle in other embodiments.

Each of the major surfaces [ 11, 112 are adjacent to peelable adhesive layers 140 and 142. Peelable
adhesive lavers 140 and 142 can be the same as onc another or disparate from one another. Disparate, in
this context, is used to describe substantial differences in composition or adhesive performance.
Adhesive lavers 140 and 142 can cach be a single layer or can be mulitlayer. Adbesive layers 140 and
142 can cach be continnous or discontinuous (e.g., patterned) across the major surfaces of the core 110,
Each of adhesive layers 140 and 142 mchude opposed major surfaces 141, 145, respectively. An available
bond arca for the article includes by the total area defined by opposed major surfaces 141, 145 of cach
adhesive layer on the major surfaces 111, 112 of the core 110, In embodiments featuring recesses as
detailed herein, the available bond area will not inclade the recesses. The avatlable bond areas of the
major surfaces 141, 145 are used to couple the adhesive article 100 to, for example, a wall surfaccora
hardgood. In other exemplary embodirents, an adhesive article 100 may lack an adhesive layer on the

second major surface 112,

The adhesive lavers 140 and 142, as depicted, are no more than coextensive with the major sudaces 111,
112 of the core and are separated by the thickness 7. The core 110 is thus discrete from the adhesive
layers 140, 142 and includes a defiged and identifiable geometry, as described above. In other
embodiments, the adhesive layers are in contact in arcas surrounding the perimeter of the core 110, Such
constructions are described in detail 1 applicants co-filed provisional application matter No.
79561US002, entitled “Adhesive Articles Permitting Damage Free Removal”. The thickness of the
adhesive laver(s) is not particularly himited, but 1s typically substantially continuous across at least the
major surfaces of the core. In presently preferred implementations, the thickness of the adbesive layer is
1o greater than 95% of the core thickness “T7, no greater than 90%, no greater than 80%, no greater than
75%, no greater than 60%, no greater than 30%, no greater than 40%, no greater than 30%, no greater
than 20%, and in some embodiunents no greater than 10% of the core thickness “T7. Ia typical
embodiments, one or both adhesive layers 140, 142 have a thickness of between about 1 mil and about 3

mils. The thickness of a given adhesive layer 140, 142 may be different from the other or the same.

The core 110 inclades an array of recesses 170 on the first major surface 111 and an array of recesses 180
on the second major surface 112, Recesses, for example, can include wells, cavities, concavities, pockets,
channels, and the like. Recesses 170, 180 can have a vohume with dimensions such as diameter, radius,
depth, length, and width. A base of the recess can generally refer 1o a location within the recessed feature
having points lying closest to an average clevation of a major surface, while the surface or region of the

recess farthest from the average elevation is considered an apex or bottom surface.
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In some embodiments and as depicted in Figs. 1-2, the core 110 includes an arranged pattern of roecesses
170, 180. An "arranged pattern” is a plarality of features (e.g., recesses, channels, efc.) arranged at
predetermined positions, aranged with some degree of regularity, or arranged in anv desired manner.

The recesses 170, 180 incore 110 arc gach arranged in a grid arvay, but other patterns and arrangements
arc possible. In some crmbodiments, onc or both recesses 170, 180 are distributed as a periodic array
acrass a core surface (e.g., a one-dimensional array or a two-dimensional array, for example a square
array, hexagonal, or other regular arvay). Forexample, the arranged pattermn of recesses can include an
arranged ow pattern, an arcanged laltice pattern such as an arranged square lattice pattern, an arranged
zigzag pattern. or an arranged radial pattern. The arranged pattem need not be formed evenly on the entire
surface but may be formed in only a portion of a given major surface. The pattern of recesses may vary or
remain the same over any portion of the article. For example, similar or different patterns can be used
within the same plane. The recesses within the pattern can be of similar geometry or can have different
geometries. Similarly, the pattermn of recesses 170 on the fust major surface 111 may be the same or
different than the corresponding pattern of recesses 180 on the second major surface. In cortain
implementations, the patierns on the first and second major surfaces 111, 112 mav have substantially the
same pitch and recess geometry, but are offset in the transverse or longitudinal direction, as described

below.

In one exemplary construction, the arranged pattern of features includes both ag array of discrete recesses

{e.g., wells) and a senics of channels extending between and/or through individual wells.

A (artesian x-y-z coordinate system is included in Figs. 1 & 2 for reference purposes. The first and
second major surfaces 111, 112 extend generally parallel to the x-y plane, and the thickness “T7 of the
core 110 corresponds 1o the 7-axis. Each array of recesses 170, 180 inchudes a transverse direction,
generally along the x-axis and a longitudinal direction, generally along the v-axis. The arranged patterns
inciude a defined pitch 171, 181 between nearest-neighboring, adjacent recesses 170, 180, The pitch
between nearest-neighboring, adjacent recesses 170, 180 ip an array or pattern may be the same in both
the transverse direction aed longitudinal durection. In other embodiments, the pitch along the transverse
diroction is tess than the piich along the longitudinal direction, and vice versa. The configuration of
recesses in any given region can be chosen so that the pitch is at feast, 0.25 millimeters, at least 0.5
millimeters, in other embodiments at least 15 millimeters, in other embodiments at least 20 millimeters, in
other embodiments at least 25 millimeters, and in vet other embodiments at least 30 millimeters. In
certain embodiments, the pitch is no greater than 70 millimeters, in some embodiments no greater than 60
millimeters, in some embodiments no greater than 50 millimeters, and in certain embodiments no greater

than 45 millimeters.
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The arranged pattern of recesses may result in a particular density of recesses 170, 180 per square
centimeter. For example, the recesses can appear as discrete features in a sea of core material, or may
encompass the majority of the core surface such that the core appears as a mesh or scrim. In some
implementations, a major surface comprises at least 530 recesses per square centimeter, in some
embodiments at least 100 recesses per square centimeter, in some embodiments, at Ieast 200, and in vet
other embodiments at east 300 microstructures per square centimeter.  'The ¢ore may comprise no greater
than 2000 recesses per square centimeter, in some embodiments no greater than 1500, insonx
ermbodiments no greater than 1000, in some embodiments no greater than 750, and in other embodiments
no greater than 500 recesses/om’.  Without wishing to be bound by theory, greater density of the recesses
has been shown to be corrclated with higher shear performance of the adhesive article. Under certain
circumstances, a greater density of recesses requires a higher peel force to initiate internal delamination

where desired.

The recesses 170, 180 can take the form of any shape. Similarly, the three~-dimensional geometry of the
recesses 170, 180 is not particularly limited so long as the recess does not extend through the thickness of
the core to the opposing major surface. The illustrated embodiment of the core 110 comprises a plurality
of curcular recess bases 172, 182, Non- imiting examples of shapes that are suitable for recess bases 172,
182 inchude circles, triangles, squarcs, rectangles, and other polvgons. The three-dimensional geometry
of the recesses 170, 180 can include circular cyhindrical; elliptical cylindrical; cuboidal (e.g.. sguare cube

or rectangular cuboid); conical; truncated conical and the bike.

Regardless of cross-sectional shape, each recess 170, 180 comprises a largest cross-sectional dimension at
the base 172, 182 and/or the bottom surface 174, 184, The size of the largest cross-sectional dimension is
not particularly limited, but is fypically at least 0.5 millimeters. A recess 170, 180 typically includes a
depth "D7 inversely related to the thickness “M” of the membrane 176. A relatively thicker membrane
will result in shallower recess depth. It may be noted, however, that not all recesses of the plurality of

recesses need fall within the depth range listed above,

Ag depicted, the recesses 170, 180 arc discrete along both the transverse and longitudinal directions. In
other embodiments, one or both recesses 176, 180 can be discrete along one direction, such that the
apertures resemble channels in the core, or may extend diagonally (relative to the orientation shown in
Fig. 1) across one or both the major surfaces 111, 112 of the core. Such channels can follow any desired
path and can be continmous or discontinmons across a surface of the core in any given direction.

Exemplary arranged patterns, some including channels are shown in Figs. 3A-3X

The recesses 170, 180 are cssentially discreet and the core 110 includes interstitial spaces 160, 190
between adjacent recesses 170, 180, respectively. The interstitial space 160, 190 is, in the depicted
10
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implementation, un-patterned in that it generally lacks any additional hierarchical features. Accordingly,
the sum area of the interstitial spaces 160, 190 defines the un-patterned regions on the first major surface

111 and second major surface 112, respectively.

The recesses 170, 180 on cach of the first major surface 111 and second major surface 112 each have
substantially the same geometry. In other embodiments, the size or shape of the recesses 170, 180 may
change across the transverse direction, longitudinal direction, or combinations thereof. In yet other
embodiments, a major surface can inclode two or more recesses of different geometries arranged 1n
repeating unit cell. The unit cell can be repeated in an arranged pattern of unit cells. A vancety of shapes
may be used to define the vt cell, including rectangles, circles, half-circles, ellipses, half-cllipses,
triangles, trapezoids, and other polygons (e.g., pentagons, hexagons, octagons), ctc., and combinations
thereof. In such embodiments, each unit cell boundary is directly adjacent the boundary of a neighboring

unit cell, so that the plurality of unit cells resembles, e.g., a grid or tesscliation.

Each recess 170, 180 extends a certain depth “D” into the thickness of the core 110 from respective
major surface 111, 112, Generally, recesses comprise a base 172, 182 adjacent and substantially coplanar
with a major surface and a bottorn surface 174, 184 separated frombase 172, 182 by the depth “D”. The

core adjacent the bottom surface 174, 184 defines a relatively thin membane 176 of core material.

The membrancs 176 scparate recesses 170 on the first major surface 111 from portions or all of recesses
180 on the second major surface 112, Any given collection of membranes can extend along the same
plane within the core 110, such that the depth D is substantially the same for all recesses within the
arsangement on one or both of the major surfaces 111, 112, In altemnative implementations, the location
of the membrane 176 in the 7-direction within the core 110 varics along the transverse direction, the

jongitudinal direction, or both.

The membrane 176 separates the adhesive layers 140, 142 across cach recess 170, 180, Each recess 170,
180 thus includes a core-adhesive interface on the bottom surface 174, 184, one or more sidewalls 175,
185, ar combinations thereof. This core-adhesive interface 18 hereinafier referred to as a recess interface.
The membrane 176 typically has a thickness “M” of at least about 5% of the thickness “T7 of the core,
and in other embodiments at least about 10% of the thickness of the core. In the same or other
embodiments, the thickness “M” is no greater than 95% of the thickness of the core 110, In embodiments
featuring a nonwoven core, the thickness of the membrane is typically comrelated with the porosity of the
given nonwoven material(s). Under certain circumstances and constmictions described herein and without
wishing 10 be bound by theory, the structural integrity of the core can be more easily compromised upon

peel removal with relatively thinner membranes 176 throughout the body of core 110
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In embodiments featuring a porous core material (e.g., nonwoven fabric), the membrane 176 typically
possesses a lower porosity than the core in the non-recessed/unpatterned areas 160, 190. In some
embodiments, the void volume (or porosity) of the membrane is no greater than 50 percent, no greater
than 40 percont, no greater than 30 percent, no greater than 20 percent, and in some other cmbodiments

no greater than 10 percent the porosity of the non-recessed arca.

Contact between the first adhesive laver 140 and the interstitial spaces 160 defines a second core interface
120, Sirmlarly, contact between the second adhesive laver 142 and the interstitial spaces 190 on the
second major surface 112 defines a third core interface 122 opposing the second core interface 120, In
some embodiments, the second and third interfaces 120, 122 include an area of adhesive contact with the
core of at Ieast about 5%; at least about 10%, at least about 23%; at least about 30%; at least about 35%;
at least about 40%; at least about 45%,; at least about 50%, at least about 55%; at least about 60%:; at least
about 63%; at least about 70%; at Ieast about 75%; or at least about 80%. In sorme cmbodiments, the
second and third core interfaces include an arca of adhesive contact between the adhesive layer 140, 142
and the core of between about 10% and about 100%. In some cmbodiments, the second and third core
interfaces 120, 122 include an area of adhesive contact between the adhesive layer 140, 142 and the core
of between about 40% and about 90%. The area of adhesive contact for cach core interface 120, 122 may
be the same or different. In some embodiments, including those with a hardgood mounted to the second
peclable adhesive layer 142, the area of adhesive contact at the third core interface 122 is greater than the
arca of adhestve contact at the second core interface 120, In other embodiments, the area of adhegsive
countact at the third core interface 122 is greater than the arca of adhesive contact at the second core
interface 120. In typical embodiments, the adhesive layers 140, 142 do not occupy all available volume

within a given aperture.

The materials making up the core 110 and adbesive layers 140, 142, as well as the construction of the
adhesive article, can be selected so that the bond at the recess interfaces is stronger than: 1) the bond
strength at or near the first and/or second core interfaces 120, 122; 2) the structural integnty (e.g.,
cohesive strength) of the core 110 i a direction substantially perpendicular to the core plane 115 or 3)

combination thereof

The relationship between the recess interface and the core interfaces can be expressed as a Peel Ratio,
which is defined as the peel strength (0z/in’) at the recess interfaces compared to the peel strength at the
core interface(s). In some embodiments, the Peel Ratio can be at least 1.15:1; in some embodiments at
least 1.25:1; in some embodiments at least 1.5:1; in some embodiments at least 2:1; in some embodiments
at least 3:1; in some ermbodiments at least 5:1; in some embodiments at Ieast 10:1; in some cmbodiments

at least 15:1; in some embodiments at feast 20:1.
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The recesses 170, 180 can be created in a core material before, during, or after an adhesive layer has been
applied to a major surface. The recesses 170 can be created by a combination of force and thermal/fusion
encrgy, such as ultrasonic welding (or bonding), thermal contact welding, and/or point welding to reduce
the thickness (i.e., consolidate) of core matenial. In implementations featuring a nonwoven or other
porous core material, the creation of recesses 170, 180 can condense the core material by reducing
porosity and/or causing core material to flow into regions of the core adjacent the bonding site. In cortain
implementations of the emabodiment 1o Figs. 1-3, the recesses are created by ultrasonic point bonding of
the adhbesive laver and the core according 1o an arranged pattern. Point bonding may also occur by, for
exarnple, by passing the core and the adhesive layer(s) thiough a heated patterned cmbossing roll nip.
The point bonding creates an intermittent bond between the adhesive and core, condensing a portion of
both the peelable adhesive and core material into the depths of individual recesses. In other
embodiments, the desired pattern (inchiding one or multiple patterns) may be created in the core prior to
application of the adhesive laver. Invet other embodiments, multiple patterns may be created in the core,
one o1 more priot to apphlication of the adhesive layer and one or more afier application of the adhesive

layer.

Ultrasonic welding (or bonding) generally refers to a process performed, for example, by passing the
requisite layers of material between a sonic horp and a patterned roll {e.g., anvil roll). Such bonding
methods are well-known in the art. For instance, ultrasonic welding through the use of a stationary horn
and a rotating patierned anvil roll is described ig U, S. Patent 3.844.869 (Rust Jr.}, and U. S. Patent
4,259 399, "Ultrasonic Nonwoven Bonding," (Hill). Morcover, ultrasonic welding through the use of a
rotary hom with a rotating patterned anvil roll 1s described in UL 8. Patent 5,096,532 (Neuwirth, et al.); U.
S. Patent 5, 110,403 (Ehlert); and U, S. Patent 5,817,199, (Brennecke, ¢t al.). Of course, any other

ultrasonic welding technique may also be used in the present invention.

In emmbodiments featuring a non-woven core, the intermittent bonding of the adhesive to the nonwoven
fabric or web (e.g., using at least one of heat, pressure, or ultrasonics as described above) 1o create
recesses can collapse (Ve condense or consclidate) porous structure at or in the bond sites, resuling in
the creation of membranes 176, The bond sites may be sec- through regions of lower porosity that
contrast with the surronnding region. The term "see-through" refers to either transparent (that 15, allowing
passage of light and permitting a clear view of objects beyond) or transhicent (that is, allowing passage of
light and not permitting a clear view of objects bevond). The sce-through region may be colored or

colorless. It should be understood that a "see~through" region is large enough to be seen by the naked cve.

In certain embodiments, the material for the core 110 is selected so that i forms a relative weak bond with

either adhesive layer.
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In other embodiments, the material or construction of the core is selected so that it delannnates, fails
cohesively, or otherwise separates upon application of force generated on the adhesive asticle during

reraoval.

Even in embodiments featuring a destmctible core, the core 110 can still provide sufficient strength along
the general plane of its separation so that, depending on the specific application, the structural integrity of
the core will got fad based on the use of the adhesive article 100 for mounting an object on a mounting
surface. The core 110 can advantageoushy provide an infernal stalic shear strength in a direction parallel
o the core planes 115, 116 sufficient for supporting an object and providing a level of resiliency to the

article 100.

Another exemplary embodiment of an adhesive article 200 is depicted in Fig. 4. Except as otherwise
noted, all other considerations regarding the adhesive article 100 apply equally to adhesive article 200.
Like the adhesive article of Figs. 1 and 2, the adhesive article 200 includes a core 210, a first peclable
adhesive layer 240 on a first major surface 211 of the core 210, and a second peclable adhosive layer 242
on a second major surface 212 of the core 210, The core 210 is comprised of one or more porous

materials and typically includes a nonwoven web.

The core 210 ncludes an arranged pattern of recesses 270, 280 oa the first major surfaces 211 and second
major surface 212, respectively, extending to a depth “D” within the core material. The recesses 270, 280
arc typically arranged in the same pattern, with cach opposing recess possessing substantially the same
geometry. In certain implementations, the recesses 280 on the second major surfaces may be smaller at

the base 281 than those on the first major surface 270,

The core 210 adjacent the bottom surface 274, 284 defines a relatively thin membrane 276 of core
material. The membranes 276 separate recesses 270 on the first major surface 211 from portions or all of
recesses 280 on the second major swrface 212, Any given collection of meribranes cap extend along the
same plane withio the core 210, such that the depth I} is substantially the same for all recesses withio the
arrangement on one ot both of the major surfaces 211, 212. o alternative implementations, the location
of the membrane 276 in the z-direction within the core 210 varies along the transverse direction, the

longitudinal direction, or both.

Unlike membrane 176, the membrane 276 is at least partially infused with adhesive. In certain presently

preferred embodiments, an adhesive article includes a peelable adhesive composition at least partially

within the pores of a porous core. For such embodiments, at lcast 40 volime %o, at least 50 volume %, at

least 60 volume %, at least 70 volume %6, at least 80 volume %, preferably at least 90 volume %, and

more preferably 100 vohune % of the void volume is filled with the peclable adhesive composition. The
14



10

15

20

25

30

35

WO 2019/040820 PCT/US2018/047864

amount of adhesive within the pores will depend on, among other things, the modulus of the adhesive, the

method used to create the recesses, the thickness of the core, and the porosity of the core material.

Depending on the degree of infiltration of the membrane voids, at least some of the bottom walls 274, 284

and sidewalis 273, 283 of the recesses 270, 280 may inchide a thin adhesive layer (not shown).

The embodimesnt of Fig. 4 may be created by methods described above. Ta preseatly preferced
implementations, the core 210 is pattern embossed, according to procedures well known in the art, such as
those described in U.S. Patent Nos. 2,464,301 (Francis Jr.), 3,507,943 (Such et al), 3,737,368 (Such et
al.), and 0,383,958 {Swanson ¢t al} and sct forth in more detail below. In general, the core and adhesive
layer(s) are passed through a metal roll that is patterned (e.g., engraved) with raised and depressed arcas,
and a solid back-up roll, gencrally formed of metal or rabber. However, the core can also be fed between
two patterned rolls displaving corresponding or alicrnating engraved areas. In either case, i is typical fo
supply heat to one or more of the rolls so that the core is thermally bonded along the points of paticrn

contact.

While not wishing to be bound by any particnlar theoty, it is believed that the recesses ia the embossed
patiern are formead by localized melting of the core in the patiem of the raised areas on the patterned
embossing roll. The core is not destroved by the process but, instead, mainiains its integrity. Moreover,
the heat from the onc or more rolls causes the adhesive to flow into at least some of the voids in the core
prior o and/or contemporancous with the creation the recesses through contact pressure, as can be seen in
Fig. 3. Typically, the majority of the adhesive will remain within membrane voids, though some volume
may flow into the surrounding core as well. As used herein, "embossed pattern” refers to a predetermined
configuration of recesses on a surface of the core. An embossed pattern is distinguishable from a
"perforated” pattem, which refers to a predetermined configuration of punchures that pass through the
entire thickness of the core. Forinstance, an array of recesses created through heated pattern embossing
an adhesive laminated nonwoven will typically inchude a greater amount of adhesive within the voids in

comparison to the same pattern created through vlirasonic welding,

Under certain conditions, the use of ultrasonic welding can result in little to no adhesive infused in the
membrane, with core material itself instead mnfused into the adjacent vouds. A recess and membrane
exemplifying this result are shown in Fig. 6 and were created under conditions similar to Example 18

below.

When an array of recesses is created by pattern embossing, the degree of reduction in void volume due to
consolidation or densification in a given membrane may be reduced relative o the consolidation resulting
from ultrasonic welding. To some cmbodiments featuring an embossed patternds), the void volume (or
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porosity) of the membrane is no greater than 90 percent, no greater than 70 percent, no greater than 60
percent, no greater than 50 percent, and in some other embodiments no greater than 40 percent the

porosity of the non-recessed area of the core.

Fig. 7 depicts another exemplary cmbodiment of an adhesive article of the type generally described herein
incloding a bardgood 499, a core 416 and first and second peclable adbesive layers 440, 442, The core
410 can be any of the materials and constructions descibed herein and includes an arranged artay of
recesses 470, 480 extending to a depth “D” within the core material. A second major surface 494 of
hardgood 490 1s affixed to the sccond adhesive layer 442, creating a plurality of hardgood interfaces 498
in a plane generally parallel if not coplanar with core plane 416, Contact between the adhesive laver 440
and first major surface 411 defines a core interface 420 disposed in a plane above the hardgood mnterfaces
498. The first major surface 441 of the adhesive layer 440 can be used to fix the article 400 to the desired
adherend (e.g., wall swrface, cabinet surface, etc.). A second core interface 422 is formed by contact
between the second major surface 412 of the core 410 and the second adhesive layer 442, and exists ina

plane generally parallel to the core plane 416.

In other embodiments {not depicted) the core may be fixed 1o the hardgood during the selective
consohidation of core material to create recesses. Such embodiments may lack a second adhesive layer

between the core and the bardgoeod.

In certain crabodiments, the second adhesive layer 442 may be applied at a greater coating weight than
the first adhesive layer 440. The disparity in coating weight and/or layer thickness can ensure the core

stays with the hardgood when the adhesive article 400 1s removed from an adherend.

The adhesive articles of the present disclosure include available bond arcas defined by the total arca of the
unpatterned region of the core {(i.e., the area within cach recess (aperture or chanoel) is excluded from the
bond arca calculation, since the adhesive within the depths of the recesses will not typically contribuie as
much to the bond of the article to the desired adherend).  In some embodiments, the available bond arca
of the article is at least about 5% at least about 10%,, at least about 25%; at Ieast about 30%; at least about
359%; at least about 40%; at least abowt 45%: at keast about 30%6; at least about 553%; at least about 60%; at
least about 65%; at least about 70%; at least about 75%:; or at least about 80% of an expected surface arca
of a core material including like dimensions and lacking recesses. In some embodiments, the articles
include an available bond area of between about 10% and about 90%. In yet other embodiments, the
articles include an available bond area of between about 15% and about 70% of an expected surface area

of a core material including like dimensions and lacking recesses.

Constituent elemments of the adhesive articles described herein are explored in more detail below.
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Corg

The core is part of the adhesive construction and mterferes with the interfacial bonding of portions of
otherwise adjacent adhesive layers. The core can be a single layer or a multilayer construction. More
than one core layver can be present in the core. Multiple core layers can be separated by layers of film,
which may further contain one or more layers. In some embodiments, the core includes at least one of
plastic, metal, paper, nonwoven material, textile, woven material, foam, adhesive, gel, and/or a filament
reirforced materal. In some embodiments, the core is at least one of a single layer of material or a
multilaver film. In other embodiments, the core can be an arrangement of particles disposed between

adjacent adhesive lavers.

In some embodiments, two or more sub-layers can be co-extruded 50 as to form the core. In some
embodiments, the core is flexible. Some embodiments include dyes or pigments in the core layer. Some
cmbodiments inclade at least one tackifier in at least one layer of the core. Some embodiments inchide a

plasticizing oil in one or more layers of the core.

The core can be any desired shape including, for example, square, rectangle, triangular, polygon, circular,

quadrilateral, trapezoidal, cvlindrical, half~circular, star-shaped, half~moon shaped. tetrahedral, etc.

The core can be made of any desired material or materials. Representative examples of materials suitable
for the core can include, for example, polynlefins, such as polyethyvlene, including high density
polyethylene, low density polyethylene, linear low density polyethylene, and linear ultralow density
polyethylene, polypropylene, and polybutylenes; vinvl copalymers, such as polyvinyl chlorides, both
plasticized and unplasticized, and polyvinyl acetates; olefinic copolymers, sach as cthylene/methacrylate
copolymers, ethylene/inyl acetate copolymers, acrylonitrile-buladiencstyrene copolymers, and
ethylene/propylene copolymers; acrvlic polymers and copolymers: polyurethanes; and combinations of
the foregomg. Mixtures or blends of any plastic or plastic and elastomeric materials such as
polypropylene/polyethylene, polyurethane/polvolefin, polyurethane/polycarbonate,

polyurcthane/polyester, can also be used.

In some embodiments, the core is or includes a composite foam that includes a flexible polymeric foam
layer, a first filon Jaminated to a first major surface of the foam layer, and a second fum laminated to a
second, opposite major surface of the foam layer. Adhesive(s) can be attached o the filing 1o forma
structure of adbesive-film-foam-film-adhesive. The flexible polymeric foam layer can be chosen to
optimize conformability and resilienicy propertics which are helpful when an adhesive article is to be
adhered to surfaces having surface irregulanitics, such as a typical wall surface. An exemplary flexible
polymeric foam layer is commercially available under the trade designation “Command” from 3M
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Company of St. Paul, Minn. In some embodiments, the flexible polymeric foam layer of the core can
include polvolefin foams which are available under the trade designations “Volextra” and “Volara” from
Voltek, Division of Sckisui America Corporation, Lawrence, Mass. In some embodiments, the core is or

includes a metal or is metal-like. In some embodiments, the core is or inchides wood o1 is wood-like.

The core can be or inchide any of the materials or backings described in any of the following patent
applications, all of which are incorporated m their eatirety heretn, PCT Application No.

US2018/024347 and WO Publication Nos. 2015/195344. 2017/136432, and 2018/039584.

In various embodirents, the backing can be fabricated or produced from microstructured tape materials

described m, e g, U8, Pat. No. 8,530,021 to Bartusiak et al.

The core can be substantially non-stretchable or can be elastic. In some embodiments, the core material
has a storage modulus of between about 15 x 10° Pa and about 2.5 x 10° Pa at 25 degrees Celsius. In
other embodiments including those with glass materials or other ceramics, the core material can have a
stotage modulus of up 1 x 10'° Pa.  In some embodiments, the core material has a tan & (where tan 3 is
the loss modulus divided by the storage modulbus) of between about 0.4 and about 1.2 at 25 degrees
Celsius. In some embodiments, the core has a glass transition temperature of between about -125 and
about 40 degrees Celsins. In other embodiments, the core material has a stress relaxation between 10%

and 1060% after 10 seconds.

In some embodiments, the core exhibits an elastic recovery of 1-99% at 10% strain. In some

embodiments, the core exhibits an clastic recovery of 1-99% at 20% strain. In some embodiment of the

disclosure, the core material has an clongation at break of greater than 50% in at least one direction. In
7

some embodiment of the disclosure, the core material has an elongation at break of between about 50%

and about 1200% in gt lcast one direction.

In some embodiments, the core has a Young’s modulus of between about 100 psi and about 100,000 psi.
In other embodiments featuring glass materials or ceramics, the core may have a Young's modulus of up
o 16,000,000 psi. In some embodiments, the core exhibits an elastic recovery of 1-100% at 10% strain as
measured by ASTM D3459-95. In some embodiments, the core exhibits an elastic recovery of 1-100% at

20Y% strain.

In some embodiments, the core has a modulus of elasticity and/or a modulus of secant of between about

100 psi and about 15,000 psi as determined by at least one of ASTM D638-14 and ASTM D412-06a. In

some embodiments, the core has a modulus ranging between 100 psi and 15000 psi. In some

embodiments the moduhis is greater than 100 psi, greater than 500 psi, greater than 1000 psi. In some
18



10

20

30

WO 2019/040820 PCT/US2018/047864

embodiments the core modulus is less than 15000 psi, less than 10000 psi, less than 8,000 psi, less than

5,000 psi, less than 3,500 psi, less than 2000 psi, and less than 1500 psi.

In some embodiments, the core has a thickness of between about 0.1 mils and about 100 ordls. Insome
embodiments, the core has a thickness of greater than 1 oul, greater than 5 mils, greater than 8 mils,
greater than 10 mils, greater thao 12 mils, greater than 15 mils, greater than 20 mils, greater than 22 mds,
or greater than 24 mils. In some embodiments, the core has a thickness of less than 100 mils, less thap 90
mils, fess than 80 mils, less than 75 mils, fess than 70 muls, less than 63 mils, fess than 60 mils, Iess than
35 mils, kess than 30 mils, less than 45 mils, less than 40 mils, ess than 38 mils, less than 35 muls, less

than 32 mils, less than 30 mils, less than 28 mils, or less than 23 mils.

Nonmwovens

In some presently preferred cmbodiments, the core inchides a nonwoven substrate. The nonwoven
substrate can be a nonwoven fabric or web mamdfactarad by any of the commonly known processes for
producing nonwoven fabric or webs. As used herein, the term “nonwoven” refers to a fabric that has a
structure of individual fibers or filaments which are randomly and/or anidirectionally interlaid in a mat-
like fashion, but not in an identifiable manner as i a knitted fabric. Nonwoven fabrics or webs can be
formed from various processes such as meltblowing processes, spunbonding processes, spuniacing
processes, and bonded carded web processes, air laying processes, and wet laying processes. In some
embodiments, the core comprises multiple layers of ponwoven materials with, for cxaraple, at least one
layer of a meltblown nonwoven and at Jeast one layer of a spunbonded sonwoven, or any other soitable
combination of nonwoven matenals. For example, the core may be a spunbond-oxlibond-spunbond,
spunbond-spunbond, or spunbond- spunbond-spusbond multilaver material. Or, the core mav be a

comiposite web comprising a nonwoven layver and a film layer.

"Meliblowing", as used herein, means a method for forming a nonwoven fibrous web by extruding a
molten fiber-forming material through a phurality of orifices in a die to form fibers while contacting the
fibers with air or other attenuating fluid to atfenuate the fibers into fibers, and thereafter collecting the
attenuated fibers. An exemplary meltblowing process is taught in, for exanple, U. 5. Patent No.
6,607,624 (Berrigan ot al.). "Meltblown fibers” means fibers prepared by a meltblowing or meliblown
process. "Spun-bonding” and "spun bond process” mean a method for forming a nonwoven fibrous web
by extruding molten fiber-forming material as continnous or senu-continnous fikers from a plurality of
fine capillaries of a spinneret, and thereafter collecting the attennated fibers. An exemplary spun-bonding
process is disclosed in, for example, U. 5. Patent No. 3,802,817 to Matsuki et al.  "Spun bond fibers” and
“spun-bounded fibers” mean fibers made nsing spun- bonding or a spun bond process. Sach fibers are
generally continvous fibers and are entangled or point bonded sofficiently to form a cohesive nonwoven

fibrous web such that it is usually not possible to remove one complete spun bond fiber from a mass of
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such fibers. The fibers may also have shapes such as those described, for example, in 1. 8. Patent No.
5,277,976 o Hogle et al, which describes fibers with unconventional shapes. "Carding” and "carding
process” mean a method of forming a nonwoven fibrous web wobs by processing staple fibors through a
combing or carding unit, which separates or breaks apart and aligns the staple fibers in the machine
direction to form a generally machine direction oriented fibrous nonwoven web. Exemplary carding
peocesses and carding machines are tavght in, for example, U. S. Patent Nos. 5,114,787 to Chaplin et al.
and 5,643,397, "Bonded carded web" refers to nonwoven fibrous web formed by a carding process
wherein at least a portion of the fibers are bonded together by methods that inchude for example, thermal
point bonding, antogencus bonding, hot air bonding, ultrasonic bonding, needle punching, calendering,
application of a spray adhesive, and the Hke. Further details regarding the production and characteristics
of nonwoven webs and laminates mcluding nomwoven webs may be found, for example, in US Patent No.
9,469,091 (Henke et al), which is incorporated by reference in its entirety herein. “Aitr-laving” refers to a
process in which bundles of small fibers having typical lengths ranging from abont 3 to about 32
millimetors (mum) are separated and entrained in an air supply and then deposited onto a forming screen,
usnally with the assistance of a vacuum supply. The randomly oriented fibers may then be bonded 1o one
another using, for example, thermal point bonding, avtogenous banding, bot air bonding, needle
punching, calendering, a spray adhesive, and the like. An exemplary air-laying process is tanght in, for
example, U.S. Patent No. 4,640,810 to Laursen et al.  "Wet-laying" refers to a is a process in which
bundles of small fibers baving typical lengths ranging from about 3 to about 52 millimeters () are
separated and entrained in a ligoid sopply and then deposited onto a forming screen, usually with the
assistance of a vacuum supply. Water is typically the preferred hquid. The randomiy deposited fibers
may by farther entangled {e. g.., hyvdro-entangled), or may be bonded to one another using, for example,
thermal point bonding, autogeneous bonding, hot air bonding, ultrasonic bonding, needle punching,

calendering

2

application of a sprav adhesive, and the fike. An exemplary wet-laying and bonding process

7 7
i

is taught in, for example, 1.5, Patent No. 5,167,765 to Niclsen ot al. Exemplary bonding processes are

also disclosed in. for example, U.S. Patent 9,139,940 to Berrgan et al,

Fibrous materials that provide useful vonwoven cores may be made of natural fibers (e.g., woed or cotion
fibers), synthetic fibers (e.g., thermoplastic fibers), or a combination of natural and synthetic fibers.
Excraplary maternials for forming thermoplastic fibers inchude polyolefing (e.g., polyethyliene,
polypropylene, polybuiviene, cthylene copolymers, propylenc copolymers, butylene copolymers, and
copolymers and blends of these polymers), polyesters, and polyamides. The nonwoven substrate may be
formed from fibers or filaments made of any suitable thermoplastic polymeric material. Suitable
polymeric materials include, but are not limited to, polvolefins, poly(isoprenes), poly(butadienes),
fluorinated polvmers, chlorinated polvmers, polvamides, polvimides, polvethers, polv(ether sulfones),
poly(sulfones), poly(vinyl acctates), copolymers of vinyl acetate, such as poly(ethylene)-co-poly(vinyl
alcohol), poly(phosphazenes), polv(vinyl esters), poly(vinyl ethers), poly(vinyl alcohols), and
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poly(carbonates). Suitable polyolefins include, but are not fimited to, poly(cthylene), poly{propvlene),
poly(1-butene), copolymers of ethylene and propylene, alpha olefin copolymers (such as copolymers of
ethylene or propviene with I-butene, 1-hexene, 1-octene, and 1-decene), poly{cthvienc~co-1-butene) and
poly(ethvlene-co~1-butene-co-1-hexene). Surtable fluorinated polymers include, but are not lunited to,
polv(vinvl fluoride), polv(vinylidene flucride), copolymers of vinvlidene fluoride (such as
poly(vinylidenc fluoride-co-hexafluoropropylene), and copolymers of chlorotrifluomethyiene (such as
poly(ethvlene-co~-chlorotriffuoroethylene). Suitable polvamides inctude, but are not limited to:
poly(imincadipoyiminchexamethylene), poly(iminoadipoyiminedecamethylene), and polycaprolactam.
Suitable polvirnides inclade poly(pyromeliitinmde). Suitable poly(ether sulfones) inchude, but are not
limited to, poly(diphenylether sulfone) and polvi{diphenylisulfone-co-diphenylene oxide sulfonc). Suitable
copolymers of vinyl acetate include, but are not limited to, poly{ethylenc~co-vinyl acetate) and such
copolymers in which at least some of the acetate groups have been hydrolyzed to afford varnious

poly{vinyl alcohols) including, poly{ethylene-co-vinyl alcohol).

The fibers may also be nwiti- component fibers, for example, having a core of one thermoplastic material
and a sheath of ancther thermoplastic matenal. The sheath may melt at a lower temperature than the core,
providing partial, randor bonding between the fibers when the mat of fibers is exposed to a sheath melts.
A combination of mono-component fibers having different melting points may also be uscfol for this
purpose. In sorme ernbodiments, the noowoven fabric or web useful in the core according to the present
disclosure is at least partially clastic. Examples of polymers for making elastic fibers inchude
thermoplastic elastomers such as AB A block copolymers, polyurethane clastomers, polyolefin ¢lastomers
{e.g., metallocene poly olefin elastomers), olefin block copolymers, polvamide elastomers, ethylene vinyl
acetate elastomers, and polyester elastomers. An ABA block copolymer clastomer generally is one where
the A blocks are polystyrenic, and the B blocks are prepared from conjugated dienes (e.g., lower alkylene
dicnes). The A block is generally formed predominantly of substituted (e g, alkylated) or unsubstituted
styrenic moietics (e.g., polystyrene, polv(alphamethylstyrene), or polv(t-butylstyrene)), having an average
molecular weight from about 4,000 to 50,000 grams per mole. The B block(s) is generally formed
predominantly of conjugated dienes {e.g., isoprene, 1.3 -butadiene, or ethylene -butylene monomers),
which may be substituted or unsubstituted, and has an average molecular weight from about 5,000 to
500,000 grams per mole. The A and B blocks may be configured, for example, in linear, radial, or star
configurations. An ABA block copolymer may contain multiple A and/or B blocks, which blocks may be
made from the same or different monomers. A typical block copolymer is a lincar ABA block copolymer,
where the A blocks mav be the same or different, or a block copolymer having more than three blocks,
predominantly terminating with A blocks. Multi -block copolymers may contain, for example, a certain
proportion of AB diblock copolymer, which tends to form a more tacky clastomeric film segment. Other
elastic polvmers can be blended with block copolymer clastomers, and various clastic polymers mav be

blended to have varving degrees of ¢lastic properties. Many types of thermoplastic clastomers are
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commercially available, including those from BASF, Florham Park, N .J, under the trade designation
"STYROFLEX", from Kraton Polymers, Houston, Tex., under the trade designation "KRATON", from
Dow Chemical, Midland, Mich., under the trade designation "PELLETHANE", "INFUISE", VERSIFY™,
or "NORDEL", from DSM, Heerlen, Netherlands, under the trade designation "ARNITEL", from E. L
duPont de Nemours and Company, Wilmington, Del., under the trade designation "HYTREL", from

ExxonMobd, Irving, Tex. under the trade designation "VISTAMAXX", and more.

For example, the fibroos nonwoven web can be made by carded, air laid, wet laid, spunlaced,
spunbonding, clectrospinning or melt-blowing techniques, such as melt-spun or melt-blown, or
combinations thercof. Any of the non-woven webs may be made from a single type of fiber or two or
more fibers that differ in the type of thermoplastic polymer, shape, and/or thickness; the single fiber type

or at least one of the multiple fiber types may cach be a multicomponent fiber as descnibed above.

Staple fibers may also be present in the web. The presence of staple fibers generally provides a loftier,
{ess dense web than a web of only meli blown microfibers. A loftier web may have reduced cohesive
strength at the core interface or the m bulk of the core itself, leading to easier separation from one or more

adhbesive layers.

The nonwoven article may optionally further comprise one or more layers of scrim. For example, either or
both major surfaces may cach optionally farther comprise a scrim layer. The scrim, which is typically a
woven or nopwoven reinforcement made from fibers, is incladed to provide strength to the nonwoven
article. Suitable scrim materials inchude, but are not limited to, nylon, polyester, fiberglass, polvethylene,
polyvpropyiene, and the like. The average thickness of the scrim can vary. The layer of the scrim may
optionally be bonded to the nonwoven subsirate. A variety of adhesive materials can be used to bond the

scrim to the substrate. Altematively, the scrim mayv be heat-bonded 1o the nonwoven,

Uscful nopwoven cores may have any suitable EFD, basis weight or thickness that is desired for a
particular application. "Effective Fiber Diameter” or "EFD” is the apparent diameter of the fibers tna
fiber web based on an atr permeation test in which air at | atmosphere and room teoperature is passed
through a web sample at a specified thickness and face velocity (typically 5.3 c/sec), and the
corresponding pressure drop is measured. Based on the measured pressure drop, the Effective Fiber
Diamecter is calculated as set forth in Davies, C. N., The Separation of Aitborne Dust and Particulates,
Institution of Mechanical Engincers, London Proceedings, 1B (1952). The fibers of the nonwoven
substrate typically have an effective fiber diameter of from at least 0.1, 1, 2, or even 4 micrometers and at
mast 125, 75, 50, 35, 25, 20, 15, 10, 8, or ¢cven 6 nucrometers. Spunbond cores typically have an EFD of
no greater than 35, while air-laid cores may have a larger EFD} on the order of 100 microns. The

nonwoven cote preferably has a basis weight in the range of at Jeast 5, 10, 20, or even 50 g/m¥’; and at
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most 800, 600, 400, 200, or even 100 g/ny’. Basis weight is calculated from the weight of a 10 cm x 10
cm sample. The minimum tensile strength of the nonwoven web is about 4.0 Newtons in the machine
direction. For eobodiments featuring a membrane at least partially infused with an adhesive
composition, a larger EFD} (e.g., at least 45) available in an atr-laid or bonded carded web may be
desirable in cortain circumstances. Without wishing to be bound by theorv, the larger EFD and attendant

high loft can allow for improved penetration of the adhesive through the membrane.

The loft of core nonwovens can also be characterized in termas of Sohdity (as defined herein and as
measured by methods reported bereiny. Solidity is determined by dividing the measured bulk density of a
nonwoven fibrous web by the deosity of the materials making up the solid portion of the web. Butk
density of a web can be deternuned by first measuring the weight {e.g., of a 10-cm-by~10-cm section) of a
web. Dividing the measured weight of the web by the web area provides the basis weight of the web,
which is reported in g/m2. The thickness of the web can be measured by obtaining (e.g., by dic cutting) a
135 mum diameter disk of the web and measuring the web thickness with a 230 g weight of 100 nm
diameter centered atop the web. The bulk density of the web is determined by dividing the basis weight of
the web by the thickness of the web and is reported as g/m3. The Solidity is then determined by dividiog
the bulk density of the nonwoven fibrous web by the density of the matenal (e.g., polymer) comprising
the solid filaments of the web. The density of a bulk polymer can be measured by standard means if the
supplier does pot specify the material density.

Loft is usually reported as 100% runus the Solidity (e g, a Solidity of 7% equates to aloft of 93%). A
higher loft is particularly advantageous in pattern embossed cores, as the adhesive can infiltrate and flow
throughout the void volume with greater relative case during the application of thermal energy and/or
pressure. As such, it may be desirable to couple a high loft nonwoven core with a pattern embossing

process to create the requisite arravs of recesses.

Ag disclosed herein, webs of Solidity from about 2 0% to loss than 12.0% (i.e., of loft of from about
98.0% to gzreater than 88.0%) can be produced. In various embodiments, webs as disclosed herein
comprise a dohdity of at most about 7.5%, at most about 7.0%, or at most about 6.5%. Tn further
embodiments, webs as disclosed herein comprise a Solidity of at least about 5.0%, at keast about 5.5%, or

at least about 6.0%.

Polymeric Films

In many embodiments of the present disclosure, the core may include or consist of a polymeric film.
Polymeric film core layers can be in a variety of forms including, for example, a single-laver or muiti-
{ayer film, a porous film, and combinations thercof. The polymeric film may contain one or more fillers
{e.g., calcium carbonate). The poelvmer film can be a continuous laver or a discontinuons laver. Multi-

]
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layer polymer films are preferably integrally bonded to one another in the form of a composite film, a
laminate film, and combinations thereof. Multilaver polymeric films can be prepared using any suitable
method including, for example, co-molding, coextruding, extrusion coating, joining through an adhesive,

joining under pressure, joining under heat, and combinations thereof

The film mayv compuise a single polymeric material or may be prepared frorn a mixture of polymeric
materials. Examples of suitable materials include polyesters such as polyethylene terephthalate,
polyethylenc naphthalate, copolyesters or polyester blends based on naphihalene dicarboxylic acids;
polycarbonates; polystyrencs; stvrene- acrylonitriles; cellvlose acetates; polvether sulfones;
poly(methiacrylates such as polymethylmethacrylale; polvurethancs; polyvinyl chloride; polveyclo-

olefins; polyimides; or combinations or blends thereof.

Examples of materials that can be included in the core include polyolefins such as polvethvlene,
polypropylene (including isotactic polvpropyvlene), polystyrene, polyester, polyvinyl alcohol,
poly(ethylene terephthalate), polv(butviene terephthalate), polyimide, poly(caprolactany), poly(vinvlidene
flunride), polylactides, cellulose acetate, and ethyl cellulose and the like.

The polymeric filrn laver can be a single laver or a multilayer copstruction. More than one polymeric

film fayer can be present. The polymenic film layers can be comprised of any film-forming polvmers.

In some embodiments, the polymeric film laver(s) includes at least one of a vinylaromatic copolviner, a
{incar low density polyethylene, a low density polyethylene, a bigh density polyethylene, a copolymer of
cthylene and (meth)acrylate monomers, a copolymer of ethylene and (meth)acrvlate monomers containing
acid modifications, a copolymer of ethylene and vinyl acetate, a copolymer of ethylene and vinyl acetate
containing acrvlate, and/or acid modifications. In some embodiments, the film contains polvimers from
olefin monomers with between 2 and 16 carbons. In some embodiments, the film is a copolvmer of two
or more olefin monomers. In some embodiments, the film contains polymers from olefin monomers with
atactic, syndiotactic, or isatactic stercochenustry. In some embodiments, the film is a copolymer of one
or more olefin monomers palymenzed using a metallocene catalyst. In some embodiments, the film is
comprised of vinyl copolymers such as poly(viayl chlonde), poly(vinyl acetate). and the like. Insome

embodiments, the film is a blend comprised of any of the polymers listed above.

Excmuplary suitable film materials can include SEBS, SEPS, SIS, 8BS, polvurcthane, cthyl vinyiacetate
(EVA), ultra fow lincar density polvethvlene (ULLDPE), hydrogenated polypropyiene, ethyl methyl
acrviate (EMA), ulira low linear density polyethviene (ULLDPE), hydrogenated polypropvienc, high
deusity polyethylene (HDPE), low density polvethylene (LDPE), lincar low density polyethylene
(LLDPE, polvesters including polvethylene terephthalate (PET), and corbinations or blends thereof. In

some embodiments, the polymeric film consists of nwltiple layers of any of the polvmers listed above. In
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particular embodiments, the multiple layers include a core layer and one or more skin lavers, as described

in PCT Application MNo. US2017/016039 (Runge et al.), incorporated herein by reference in its entirety.

The polymer films described berein can be produced vsing any method known in the att.

Particles

In some cmbodiments, the core layer consists of an assortment of particles. The particles can be
distribuled in one or more core layers. In general, the particles may be solid, hollow or porous and rigid
ot non-rigid. The particles may be made of any suitable material including wood, glass, ceramics,
polymers, metals, metal oxides, and carbon materials. The particles of the core layer are generally in the
size range of from about 1 microns to about 100 mils. Different particles can be distributed in different
core layers. OUne core layer can also contain multiple compositions, types, or sizes of particles. The
particles in one core fayer may be of the same or different composition and swiface treatment. The
particles can be arranged in a particular shape or can be distributed unevenly. The surface of the particles
may be treated or functionalized to be hydrophobic or to be hydrophilic. The particles can be
agglomerated o1 non-agglomerated and aggregated or non-aggregated. "Agglomerate” refers to a weak
association between primary particles which may be held together by charge or polarity and canbe
broken down into smaller entities. "Aggregate” refers o strongly bonded or fused particles where the
resulting external surface arca may be significantly smaller than the sum of calcnlated surface areas of the
indvidual componenis. The forces holding an aggregate together can inclade strong forces, for example,
covalent bonds, or those resolling from sinfering or complex physical entanglement. An aggregate may

also be held together by reversible or temperature dependent bonds (e.g., ionic bonds).

In some embodiments, the core includes inorganic particles. The inorganic particles can be natural or
synthetic. The term "synthetic inorgamic particles” as used herein includes any particles that has been
transformed, regenerated, recrystallized, reconstituted, etc., from an original state which mav be it
naturally occurring, mined state inio dis current state by a chemical synthesis process {e.g., precipitated
from solution, gencrated by Hame hydrolysis, eic.) or by a physical synthesis process {e.g., precipitated
froma a gaseous phase, solidified by way of a sol-gel process, etc.). The term "syothetic 100rgasic filler” as
vsed herein also inclodes any filler that has been sobstantially transformed from an original state (which
may be its naturally occurring, mined state) into ifs current state by a physical synthesis process of being
brought into an at least partially softened or molten state and then solidified by cooling, such that any
substantially crystalline structure that may have existed in the natural state is substantially erased such
that the material is now in a substantially amorphous form (e.g., comprising less than about 0.5 percent
crystallinity by weight). Such processes may include, for example, melt processing, flame ~fusion and the

fike. Conversely, “natural inorganic particles™ is defined as a mineral that has been extracted from the
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carth in its natrally occurring form, and, while possibly being subiccted to purification and/or

modification processes is used while still substantially in its natarally occurring form.

Using the definitions provided above, synthetic inorganic particles include, for example, so-called glass
bubbles or microspheres {such as those available from 3M Company of 5t Paul, MN, under the trade
designation 3M Glass Bubbles), ceramic microspheres (such as those available from 3M Corapany under
the trade designation 3M Ceramic Microspheres), synthetic clays (e.g., synthetic silicate clays such as
those available under the trade designation Laponite from Southern Clay Products of Gonzales, TX},
precipitated silica, fumed silica, vitreous silica, synthetic titanium dioxide (as made, for example, by the
sulfate process or the chloride process), synthetic (precipitated) calcivm catbonate (as made, for example,

by passing carbon dioxide through a solution of calcium hydroxide), and the like.

Suitable natural inorganic particles include calcite, witherite, ratile, anatase, ilmenite, mica, sericiie,
perlite, tale, imestone, silica, barite, gypsum. calcined gypsum, kaolinite, montmorillonite, attapulgite,
itlite, saponite, hectorite, beidellite, stevensite, sepiolite, bontonite, pyrophyllite, diatomaccous carth, and

the like, as well as mixtures thereof.

Hused o the core, polymeric particies may be made of any suitable polymeric material. Polymenc
particles may be made of rigid materials or elastomeric materials. Suitable rigid polymeric materials
inchude thermosetling polymers, e.g., phenolic polymers. or thermoplastic polymers, ¢. g, polyvinylidene
chionde acrylonitrile copolymers (PVBC copolymers). Excraplary elastomeric microspheres are
described in U, 8. Pat. Nos. 3,691,140 to Silver, 3,857,731 and 4,166,152 to Baker et al. Other suitable
polymeric particles include fluid-filled microspheres comprising an acrylonitrile/methyl methacrylate
thermoplastic copolvmer, such as those sold under the tradename EXPANCEL(R) by Akzo Nobel. In
another aspect, the polymeric particles can include a shell consisting of either acrylonitrile copolymer or

polvvinylidenc chloride copolymer with a calcium carbonate coating, such as those sold under the

tradename DUALITE(R) by Henkel

Other exemplary particles include fused aluminum oxide, heat treated alurionm oxide, white fused
alaminmim oxide, black silicon carbide, green silicon catbide, titaninm diboride, boron carbide, tungsicn
carbide, titaniam carbide, diamond (both natural and synthetic), silica, iron oxide, chromia, ceria,
zircomnia, titania, silicates, tin oxide, cubic boron nitride, gamet, fused alumina zircomia, sol gel particles,

and the Like, as well as mixtures thereof.

Typically, the particles used in the core have an average primary (in some embodiments, average primary
and agglomerate) particle size (e.g., diamoter) of no greater than 1 micron.  "Primary particle size" refers

1o the largest dimension (e.g., the diamcter of a spherical particle) of a single (non-aggregated, non-

g
Fae



10

15

20

25

30

35

WO 2019/040820 PCT/US2018/047864

agglomerated) particle. In some embodiments, the particles have an average primary (in some

embodiments, average primary and agglomerate) particle size of no greater than 0.1 micron.

The particles can be substantially spherical in shape. However, other shapes such as clongated shapes
may aliernatively be emploved. Examples of such shapes inchude rods, triangles, platelets, pyramids,

cones, sclid spheres, hollow spheres and the like, Also, the particles may be randomiy shaped.

Adhesive

In some embodiments, the core includes an adhesive. In some embodiments, the core is a pressure-
sensitive adhesive. A gencral description of nsctol pressure sensitive adhesives may be found in the
Encyclopedia of Polymer Science and Engineering, Vol 13, Wiley-Interscience Publishers (MNew York,
1988). Additional description of useful pressure-sensitive adhesives mayv be found in the Encyclopedia of
Polvmer Science and Technology, Vol 1, Interscience Publishers (New York, 1964). Pressure sensitive
adhesive compositions are well known to those of ordinary skill in the art to possess propertics including
the following: (1) tack. (2) adherence with no more than finger pressure, (3) sufficient ability to hold onto
an adherend, and {4) sufficient cohesive strength o be cleanly removable from the adherend. Materials
that have been found to function well as pressure sensitive adhesives are polvmers designad and
formulated o exhibit the requisite viscoelastic properties resulting in a desired balance of tack, pecel
adhesion, and shear holding power. Suitable PSAs may be based on crosshinked or non-crosslinked
(methyacrylics, rabbers, thermoplastic ¢lastomers, siticoncs, polvurethancs, and the like, and may inclode
tackificrs in order to provide the desired tac, as well as other additives. In some embodiments, the PSA s
based on a (meth)acrvlic PSA or at least one poly(meth)acrylate, where (methyacrvlate refers to both
acrylate and methacrylate groups. In some embodiments, the PSA is an olefin block copolymer based
adhesive. Acrylic based pressure sensitive adhesives are described in U.S. Pat. No. 4,726,982 (Travnor et
al.) and in U.S. Pat. No. 5,965,256 (Barnera), for example. Silicone based pressure sensitive adhosives are
described in 1.8, Pat. No. 6,730,397 (Melancon et al.) and U.S. Pat. No. 5,082,706 (Tangney), for
example. Polvorethane based pressure sepsitive adhesives are described in U.S. Pat. Appl. Pub. No.
2005/6137375 (Hansen ¢t al.), for example. Olefin block copolymer based pressure sensitive adhesives

are described 10 U.S. Pat. Appl. Pub. No. 2014/4335299 (Wang ¢t al.), for example.

The core may include a plurality of adhesive layers. For example, the core may include a relatively stiff
rubber based adhesive as an inner layer, with a softer acrvlic based PSA disposed between the inner core
layer and the peelable adhesive layer(s). As another example, the core may inchide a relatively soft
acrvlic based adhesive as an inner layver, with a relatively stiffer rubber based adhesive disposed between
the 1nner core laver and the peelable adhesive layer(s). The characteristics of the adhesive in the core

may be sclected or modified to achicve the desired properties.
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Hused in the core, an adhesive can be of a different composition from the peclable adhesive layer(s) to
avoid an increase in cohesive strength at any core-adhesive interface. Alternatively, the surface of the

adhesive can be meodified by release materials or deadening layer(s), as described above.

Gels

Hused inthe core, a gel typically has a viscosity (1o the extent one 1S measurable) of at keast 100,000
Centipoise (cps), at least 360,000 cps, at least 600,000 cps and in vet other erbodiments at least 700,000
cps when measured at 23°C using a Brookfield LVT viscometer. In some embodiments, the core can
have a gel content (i.e., gel fraction) of greater than 25%, or greater than 50%, or greater than 80%, when
measured by extraction of soluble polymer in a suitable solvent (e.g., heated tetmahydrofuran or toluene).
In some embodiments, the gel is an adhesive as described above. The bonds or other attractive forces in
certain gels mav be reconstifitable after separation, allowing a gel core o be reused oven after an

adhesive article has been removed from an adherend.

Thixotropic gels are particularty nseful for inchusion in the core because they are less likely to flow under
forces typically experienced during use of the adhesive articles of the present disclosore. Suitable gels
mclude gels contaiming glycerine (see, for example, U. 5. Patent No. 3,780,537 (Spencer) and 1. 5. Patent
Application Pab. No. US 2010/0274333 (Danshee et al.)}; gels containing silicone and siloxy-containing
compounds (see, for example, US Patent No. 7,795,326 (Salamone et al.)); gels containing propylene
glveol (see, for example, U. S, Patent No. 5,843,145 (Brink)), gels containming a crosslinked, water~
absorbing polymer such as crosslinked polyacrvlamide and sodinm polyacrylate (see, for example, U, S
Patent No. 5,697,961 (Kiamil)y, and hvdrophilic gels prepared from starting materials such as
poly{ethylene oxide), polyvinyl pyrrolidone, polyacrviamide, anionic polvacrvlamide, polyvinyi alcohol,
maleic anhydride -vinviether copolymers, polvacrylic acid, ethylenc -maleic anhvdride copolvmers,
polyvinviether, dextran, gelatin, hydroxvl propyl cellulose, methyl cellulose, carboxvmethyl cellulose,
hydroxvethyl-carboxymethyl cellulose, hvdroxyethyl cellulose, propylene glycol alginate, sodium
alginate, polvethylencimine, polyvinyl alkyl pyridinium halides, polyproline, natural starches, casein,
proteins, polymethacrvhic acid, polyvinylsulfonic acid, polystyrenc sulfonic acid, polyvinylamine, poly-4-
vinyipyrdine, polymerized monoesters of olefmic acids, polvmerized diesters of olefinic acids,

acrylamide and difunctional polymerizable materials (e.g., diacids, diesters or diamides), and the like.

Exemplary suitable gels are commercially available as NICKELODEON GAK (from NS International).

Peelable Adhesive Laver(s)

The adhesives nsed in the adhesive articles described herein can include anv adhesive having the desired
properties. 1o some embodinents, the adhesive 1s peelable. In some embodiments, the adhesive releases

cleanly from the surface of an adherend when the adhesive article is peeled at an angle of about 35° or
28
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less from a surface of the adherend. In some embodiments, the peclable adhesive releases from a surface
of an adherend when an article is peeled at an angle of about 35° or greater from the adherend surface

such that there are substantially no traces of the adhesive left behind on the surface of the adherend.

The adhesive can be, for example, any of the adhesives described in any of the following patent
applications, all of which are incorporated by refercnce herein: International Publication Nos.
WI3/2013/035356, WO/2015/635960, WO/2017/136219, WGO/2017/136188 and U.S. Pateni Application

Ng. 2013/034104, all of which are incorporated herein in their entirety.

In some embodiments, the peclable adhesive is a pressure sensttive adhesive. Any suitable cormposition,
material or mgredient can be used in the pressure sensitive adhesive. Exemplary pressure sensitive
adhesives utilize one or more thermoplastic elastomers, e.g., in combination with one or more tackifying

resing. In some embodiments, the adhesive is not a pressure sensitive adhesive.

In some embodiments, the peclable adhesive layer can include at least one of rubber, silicone, or acrylic
based adhesives. In sonme embodiments, the peelable adhesive layer can include a pressure-sensitive
adhesive (PSA). In some embodiments, the peclable adhesive can include tackified rubber adhesives,
such as natural rabber; olefing; silicones, such as silicone polyareas or silicone block copolvmers;
synthetic mibber adhesives such as polyisoprene, polybutadione, and styrenc-isoprene-siyrene, styrene-
cthylene-butylene- styrene and styrene-butadicne-styrene block copolymers, and other synthetic
clastomers; and tackified or antackificd acrvhc adhesives such as copolymers of 1sooctylacrylate and
acrylic acid, which can be pelymerized by radiation, solution, suspension, or emulsion techniques;

polyurethanes; silicone block copolymers; and combinations of the above.

Generally, any known additives useful in the formulation of adhesives may also be included. Additives
include plasticizers, anti- aging agents, ultraviclet stabilizers, colorants, thermal stabilizers, anti-infective
agents, fillers, crosstinkers, as well as mixtures and combinations thercof. In certain embodiments, the
adhesive can be reinforced with fibers or a fiber scrim which may ioclude inorganic and/or organic fibers.
Suitable fiber scrimns may ioclade woven-, non-woven or knit webs or scrims. For exaraple, the fibers 1o
the scrirn may inclade wire, ceramic fiber, glass fiber (for example, fiberglass), and organic fibers (for

example, natural and/or synthetic organic fibers).

In some embodiments, the adhesive includes a tackifier. Some exemplary tackifiers include at least one

of polvterpene, terpene phenol, rosin esters, and/or rosin acids.

s}
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In some embodiments, the peelable adhesive is a flowable adhesive that can be coated onto the backing.
In some embodiments, the peelable adhesive is a more solid adhesive as is generally described in, for

example, German Patent No. 33 31 016,

In some embodiments, the peelable adhesive has a Tg of between about -125 degrees Celsius and about
20 degrees Celsius, as determined by dynamic mechanical analysis of the tan & peak value. Insone
embodiments, the peclable adhesive has a Tg of between about -70 degrees Celsius and about © degrees
Celsios. In some embodiments, the peelable adbesive has a Tg of between about -60 degrees Celsius and
about -20 degrees Celsius. In some embodiments, the peclable adhesive has a Tg of greater than -80
degrees Celsius, greater than <70 degrees Celsius, greater than -60 degrees Celsius, greater than <50
degrees Celsius, greater than -40 degrees Celsius, or great than <30 degrees Celsius. In some
embodiments, the peclable adhesive has a Tg of ess than 20 degrees Celsius, 10 degrees Celsius, 0

degrees Celsius, ~10 degrees Celsius, ~20 degrees Celsius, or -30 degrees Celsius.

Some peelable adhesives that can be used in the adhesive articles of the present disclosure have a storage
modutus of about 300,000 Pa or greater, about 400,000 Pa or greater, about 500,000 Pa or greater, about
1,000,000 Pa or greater at 23°C, as determined by dynamic mechanical analysis. In other embodiments,
the adhesive has a storage modutus of 750,000 Pa or less, 560,000 Pa or less, 400,000 Pa or less, 300,000

Pa or less, or 250,000 Pa or less at 25°C, as determined by dynarsic mechanical analysis.

In some embodiments, the thickaess of the peelable adhesive on at least ong of the first or second major

surfaces of the core is about 1 jum to about 1 nun.

In some embodiments, adhesion properties of the adhesive can range from 0.1 N/dm to 25 N/dm. In some
embodiments, adhesion properties of the adhesive can range from 0.5 N/dm to 10 N/dm. In some

embodiments, adhesion properties of the adhesive can range from 1 N/dm to 5 N/dm.

In some cmbodiments, the peclable adhesive can provide a shear strength of, for example, 1-20 pounds

per square inch as measored by ASTM Test Method D3654M-06.

In some embodiments, the peclable adhesives are tailored to achieve pecl with no or minimal damage.
Excmplary methods and articles for doing so are described in, for example, U.S. Patent No. 6,835,452,
International Publication Nos. WO/2018/039584 and W(/2017/136188, each incorporated herein in their

entirety.
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Adhesive Article(s)

In some embodiments, the adhesive article further includes a tab. The tab is an area that can be ¢asily
accessed by the user to assist in or begin 1o release the adhesive article from the adherend. The removal
tab can be tacky from the outermost adhesive layer or non-tacky by being covered by layers of streich
film, non-strotch film, release liner, or from detackified adhesive. The tab may be created by assembling
all components of the article and vsing, for exanmple, die-cuiting, laser-cutting, or criraping methods o

define the tab peripbery.

In some embodiments, the adhesive article further includes one or more release liners. The release liner
can be, for example, on ¢ither orboth of the major surfaces of the adhesive layvers. The releasc liner
protects the adhesive dunng mamufacturing, transit, and before use. When the user desires to use the
adhesive article, the user can peel or remove the release liner to expose the adhesive. Examples of
suitable liners include paper, e.g., kraft paper, or polymeric films, e.g., polvethyviene, polypropylenc or
polyester. At least one surface of the liner can be treated with a release agent such as silicone, a
fluorochemical, or other low surface encrgy based release material to provide a release liner. Suitable
release liners and methods for treating liners are described in, e.g., U.S. Pat. Nos. 4,472,480, 4,920 443
and 4,736,048, and incorporated herein. Preferred release liners are fluoroalkyl silicone polycoated paper.

The release hners can be printed with lines, brand 1ndicia, or other information.

In some embodiments, the adhesive articles of the present disclosure can be removed from a substrate or
surface withoot darage. In particularly advantageous embodirnents, the adhesive articles can be removed

from at least one of painted drywall and wallpaper without damage.

Some adhesive articles of the present disclosure have excellent shear strength. Some embodiments of the
present disclosure have a shear strength of greater than 1600 minutes as measured according 1o ASTM
D3634-82. Some embodiments of the present disclosure have shear strength of greater than 10,000
migutes as measwred according to ASTM D3654-82. Some other ersbodiments of the present disclosore

have shear strength of greater than 100,000 minwies as measured according to ASTM D3654-32,

Some adhesive articles of the present disclosare demonstrate a lower 90° Peel Adhesion Strength to male
the adhesive article easier to remove. Others demonstrate a higher 90° Peel Adhesion Strength, vet still
provide for damage free removal. Some adhesive articles of the present disclosure can have a higher 90°
Peel Adhesion Strength as to permit handling of the adhesive article by the user without accidental
separation. Some cmbodiments of the present disclosure have a 90° Peel Adhesion Strength between
abont 50 oz/in’ to 400 oz/in’. Some embodiments of the present disclosure have a 90° Peel Adhesion
Strength between about 100 oz/in” to 300 oz/in”. Some embodiments of the present disclosure have a 90°
Peel Adhesion Strength between about 150 oz/in’ to 250 oz/in’.
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Some adhesive articies of the present disclosure demonstrate improved weight bearning capacity, holding a
2 1bs weight for at least 48 hours according to the Weight Hanging test. In presently preferred
embodiments, the adhesive articles of the present disclosure demonstrate improved weight bearing

capacity, holding a 2 Tbs weight for at least 72 hours according to the Weight Hanging test.

Sone adhesive articles of the present disclosore bave an elongation at break of greater than 50% mat
least one direction. Some adhesive articles of the present disclosure have an clongation at break of

between abowt 50% and about 1200% in at least one direction.

Some adhesive articies of the present disclosure have a tensile strength at break sufficiently high so that
the adhesive article will not rupture prior to being removed from an adherend at an angle of 33° or greater.
In some embodiments, the adhesive articles of the present disclosure exhibit enhanced conformability to a
substrate or surface than prior art adhesive mounting articles. In some embodiments, the adhesive articles
of the prosent disclosure hold more weight when adhered or attached to a substrate or surface than prior
art adhesive mounting asticles. In some embodiments, the adhesive articles of the present disclosure hold
more weight for a longer period of time when adbered or attached fo a substrate or surface than prior art
adhesive mouating articles. In some erbodiments, the adhestve articles of the present disclosnre remain
adhered to a toxtured, rough, or irregular swrface for a longer period of time than pricr art adhesive
mounting articlkes. In some embodiments, the adhesive articles of the present disclosure hold a higher
amount of weight when adhered to a textured. rough, or frregular surface than prior art adhesive mounting

articles.

In some embodiments, the adhesive article is substantially optically clear. Some embodiments have a
{ight transmission of at least about 50%. Some embodiments have a light transmission of at Jeast about
75%. Some embodiments have a haze of no greater than 40%. Some embodiments, have a haze of no
greater than 20%. Both the light transmission and the haze of the adbesive article can be determined

using, for example, ASTM D21003-95.

In some embodiments, the adhesive article exhibits an clastic recovery of greater than 70% or greater than
80% or greater than 95% at 10% strain.  In some embodiments, the adhesive article exhibits an elastic
recovery of greater than 70% or greater than 30% or greater than 90% at 25% strain. In some
embodiments, the adhesive article exhibits an elastic recovery of greater than 70% or greater than 80%; or
greater than 90% or greater than 95% at 50% strain. In some embodiments, the adhesive article exhibits

an clastic recovery of greater than 50% or greater than 70% or greater than 95% at 1009 strain.
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In some embodiments, the core can prevent or minimize substrate damage by reducing, minimizing, or
climinating the core material’s contribution to the pecl force, which aids in damage-free adhesive
reroval. In some embodiments, this can occur at pecl angles ranging from 0-180 degrees. In some
embodimends, when the final adhesive article construction is peeled from the adherend at 90-180 degices
the core clongates less than 1% during pecling. In some embodiments, when the adhesive article
constraction s peeled from the adherend at 90-180 degrees the core clongates less than 3% during
peeling. In some embodiments, when the construction is peeled from the adherend at 90-180 degrees the
core elongates less than 10% during pecling. In some embodiments, when the article is pecled from an
adherend at 90-180 degreces the core elongates more than 10% strain, and elastically recovers more 80%
of that deformation. In some embodimends, when the adhesive is peeled from an adherend at 90-180
degrees the core elongates more than 10% strain, and elastically recovers more 90% of that deformation.
In some embodiments, when the adhesive article is peeled from an adherend at 90~180 degrees the core
clongates more than 10% strain, and clastically recovers more 95% of that deformation. In some
embodiments, when the adhesive article is peeled from an adherend at 90-180 degrees the core elongates

more than 10% strain, and clastically recovers more 99% of that deformation.

Adhesive articles of the preseat disclosure can advantageously provide enhanced weight bearing
capability with a reduction or elimination of substrate damage on removal. Accordingly, presently
preferred embodiments of the present disclosure dermonstrate effective weight bearing capacity, a stronger
adhesion per square inch of available adhesive area, and pecl-removabiity from a painted drywall

substrate without damage,

Hardgoods
Some embodiments further inciude a hardgood or mounting device. Exemplary hardgoods or mounting
devices include, for example, hooks, knobs, clips, and loops. In some embodiments, the hardgood
resembles a nail. In some embodiments, the hardgood has a single outward projection 1o act as a hanging
surface. In some embodiments, the bardgood has roultiple outward projections to act as a hanging
surface. In some embodiments, the hardgood has is molded intc a shape that can hold one or more fiems
within such as but not limited to a box or caddy. In some cmbodiments, the hardgooed is a shelf, ledge, or
rack. In some cbodiments, the hardgood is a bar wherein the bar can be straight or curved or
substantially a ring wherein the bar can be mounted paraflel or normal to the substrate surface. In some
embodiments, the hardgood uses muitiple methods for mounting or hanging items. Any of the following
mounting devices can be used with the adhesive article of the present disclosure: Application Matter No.
7748618002 (assigned to the present assignee), U.S. Pat. No. 5,409,189 (Luhmann), U.S. Pat. No.
5,989,708 (Kreckel), 8,708,305 (McGreevy), U.S. Pat. No. 5,507,464 (Hamerski et al), 1.8, Pat. No.
5,967,474 (doCanto et al.), U.S. Pat. No. 6,082,686 (Schumann), 1J.8. Pat. No. 6,131,864 (Schumann),
U.S. Pat. No. 6,811,126 (Johansson, et al.), U.S. Pat. No. D665,653, and U.S. Pat. No. 7,028,958 (Pitzen,
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et al.), all of which are incorporated by reference in their entirety herein. The hardgood may be any

object to be mounted to a substrate.

In some embodiments, the bardgood is mounted to the substrate 1o one or more places wherein one or
more of the mounting locations contain an adhesive article described n this mvention. In some
embodiments, the hardgood is mounted using a combination of removable adicle(s) and conventional

mechanical fasteners inchuding but not lirnited to nails, screws, bolts, and rivets.

In some embodiments, the hardgood is made from of thermoplastic polymers. In some crmbodiments, the
hardgood is made from thermoset polymers. In some cmbodiments, the hardgood is made asing
polyolefin materials. In some embodiments, the hardgood is made using polycarbonate materials. In
some embodiments, the hardgood is made using high-impact polystyrene. In some embodiments, the
hardgood is made using acryloniirile-butadicnc-styrene { ABS) terpolymers. In some embodiments, the
hardgood is made using two or more polymeric materials. In some embodiments, the hardgood is made
from metal. In some embodiments, the hardgood is made from stainless steel. In some embodiments, the
metal is painted, glazed, stained, brushed, or coated 1o alicr its appearance. In some cmbodiments the
hardgood s made from ceramic. In some embodiments, the bardgood is made from glazed ceramic. In
some embodiments, the hardgood is made rom unglazed ceramic. In some embodiments, the hardgood is
comprised of naturally-based materials such as wood, bamboo, particle board, cloth, canvas, or derived
from biological sovrces, and the like. In some embodiments, the naturally-based materials may be
painted, glazed, stained, or coated to change their appearance. In some embodiments, the hardgood is
made using two or more materials from the list above. In some embodiments, the hardgood is made from

two picces that are reversibly or irreversibly attached, joined, or welded together,

In some embodiments, the hardgood comprises two pieces wherein the first piece acts as a mounting
surface for attaching the adhesive article to a substraie, and the sccond piece acts as a hanging member
which may be used for hanging or mounting objects to the subsirate. The two picces may be reversibly

attached using mechanical fasteners, hook and loop matenals, or an additional adhesive layer.

The hardgood can be made vsing any method known in the art.

In some embodiments, the peclable adhesive layer(s) and corc may be attached to the hardgood using a
lamination process. In some embodiments, the peelable adhesive layver(s) and core may be attached fo the

hardgood using multiple lamination processes.

In some embodiments, the core may be attached to the hardgood using two or more injection molding

steps in using one or more molds.
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In some embodiments, the core and/or the peelable adhesive layer(s) may be attached manually by the

end user,

Method of Making the Adhesive Axticles Described Herein

The adhesive atticles described herein can be made in various ways. Oune ernbodiment involves disposing
an adhesive onio or adjacent to a major surface of a core. In sonw embodiments, a sccond adhesive is

disposed onto the other major surface of the core.

The adhesive can be disposed on the core 1n any known way, including, for example, the pressurc
sensitive adhesive composition can be coated onto a release liner, coated directly onto a core, or formed
as a separate layer (e.g.. coated onto a release liner) and then laminated fo a core. An adhesive canbe
deposited onto a core with a known deposition method, including, e.g., solvent coating methods, water-
borae coating methods, or hot melt coating methods, e.g., knife coating, roll coating, reverse roll coating,

gravure coating, wire wound rod coating, slot orifice coating, slot dic coating, extrusion coating, or the

like.

The core may be sclectively consohidated, thinned, or densified using methods described above. The core
may be consolidated (e.g., condensed) before, during, or after the adhesive has been disposed on one or
both major surfaces. In presently preferred traplementations, the consclidation cccurs as {(i.e.,

simultancously or near simultancously) the adhesive is being been deposited.

In certain implementations, the core 1s selectively consolidated (7.e., an arranged pattern of recesses is
created) nsing vltrasonic welding. In ultrasonic welding (sometimes referred to as “acoustic welding” or
“sonic welding”), two parts to be joined are placed proximate a tool called an ultrasonic “horn” for
delivering vibratory encrgy. These parts (or “workpicces™) are constrained between the horn and an anvil,
Oftentimes, the boro is positioned verttically above the workpiece and the anvil. The hora vibrates,
typically at 20,000 Hz to 40,000 Hz, transferring energy, typically in the form of frictional heat, under
pressure, 1o the parts. Due to the frictional heat and pressure, a portion of at least one of the parts sofiens
ot is melted, thus joining the parts or creating an embossed pattern on the pant transferred from either the

horn or the anvil.

During the welding process, an alternating current (AC) signal is supplied to a horn stack, which includes
a converter, booster, and horn. The converter (also referred to as a “transducer”™) receives the AC signal
and responds thereto by compressing and expanding at a frequency equal to that of the AC signal.
Therefore, aconstic waves travel through the converter to the booster. As the acoustic wavefront
propagates through the booster, it is amplified, and is received by the horn. Finally, the wavefront
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propagates through the horn, and is tmparted upon the workpieces, thereby welding them together or

creating an embossed pattern on the part, as previously described.

Ancther type of ultrasonic welding is “continucus ulirasonic welding”. This type of ultrasonic welding is
typically used for sealing fabrics and films, or other “web” workpieces, which can be fed through the
welding apparatus in a geoerally continnous manner. [n coptinuous welding, the ultrasonic hom is
tyvpically stationary and the part to be welded is moved beneath it. One type of continuous uitrasonic
welding uses a rotationally fixed bar horn and a rotating anvil. The workpiece is fed between the bar horn
and the anvil. The hom typically extends longitudinally towards the workpiece and the vibrations travel
axially along the hom into the workpiece. In another type of continuous slirasonic welding, the hornis a
rotary type, which is cylindrnical and rotates about a longitudinal axis. The input vibration is in the axial
direction of the horn and the output vibration is in the radial direction of the hom. The horn is placed
close to an anvil, which typically is also able to rotate so that the workpiece to be welded passes between
the ¢vlindrical surfaces at a linear velocity, which substantially equals the tangential velocity of the
cvlindrical surfaces. Ultrasonic welding systoms are described in U.S. Pat. No. 5,976,316 and US

7,690,548, each incorporated by reference 1o their entirety herein.

In other presently preferred implementations, the core 1s consolidated by pattern embossing. {n gencral,
the core is passed through a metal roll that is patterned (e.g., engraved) with raised and depressed areas
corresponding to the desired arrangerent of recesses, and a solid back-up oll, generally formed of metal
or rabber. However, the core can also be fed between two patterned rolls displaying comesponding or
alternating engraved areas, as described in US Patent No. 5,256,231 (Gorman ¢t al.}. In either case, it 15
fypical to supply heat to one or more of the rolls so that the core is thermally bonded along the points of

pattern contact.

In a presently preferred embodiment, the fibrous webs according to the present mwention are thermally
embossed with a pattern roll and a pattemed back-up roll. In goneral, the temperature must be such that
the fibers of the core are thermally fused at the points of contact without fracturing, or otherwise seriously
weakening the core below a useable strength level. In this regard, it is typical to maintain the terperature
of the pattem rolls between abowt 70 °C. and 22¢ °C., or between about 85 °C. and 180 °C. The pattem
rolls may be maintained at the same or different temperatures. In addition, the pattern rolls typically
contact the nonwoven sheet material at a pressure of from about 17 N/mm to about 130 N/mm, or about

35 N/mm to about 90 N/mm.

In another aspect, the present disclosure provides a method for creating one or more arranged patterns of

recesses in a surface. A flow diagram for this process is depicted in Fig. 8. In step 500, a core material

(i.e., backing) is provided. The core material can be provided in discrete form or as part of a continuous
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web of material. In step 510, pattern parameters relating to a first feature pattern are defined to control
the initial location, spacing, and size of the recesses on the surface. The first feature pattern can inclade,
but is not limited to, Cartesian grid arrays, hexagonal arrays, and other structured and unstructured arrays.
Next, in step 520 the bonding apparatos is moved relative to a fiest sueface of the core alosg a
predetermined path of travel to consolidate the material and create a first portion of the first feature
pattern.  In other implementations, including those featuring continuous weldiag or pattern embossing,
the surface of the core may be moved relative 1o the bonding apparatus. The first portion mav be a
generally horizontal, vertical, diagonal, sinuscidal, spiral or other linear or non-linear serics of features,
depending on the first feature pattern and the desired orientation of the first feature paitern on the core

surface.

This process of creating pattern portions is repeated in Step 530 until the entire first arranged pattern of
recesses is created on the desired portion of the core surface. For certain embodiments, the bonding
apparatus is offset from the first series according 1o the first pattern parameters (e.g., pitch) and proceeds
1o traverse the surface again at the same relative orientation between the apparatus and the core surface to
create a second, subsequent portion of the first arranged pattern.  For processes relying on continuous
web consolidation such as embossing with paiterned rolls, the core may continue to be fed through the
rolls so that the first pattern portion is continnously created on the desired portion of the entire web.
Altemnatively, the process 500 may stop at step 520 if a) the pattern is complete and/or; b) no further core

material need be consohdated.

Optionally, the process outlined in steps 500-530 may be used to create additional patterns that at least
partially overlap with the first arranged pattern, as set out in steps 540-560. The orientation and character
of the arranged pattern relative to the surface can be modified, however, between or amongst first and
second patterns. For example, the sccond pattern may consist of channels or recesses having larger
dimensions. The modification in the pitch or other parameters between the first and second pattoms can
cause significant distuption of the recesses created ip steps 500-530.  In certain implementations, this
disruption is caused by overlapping boundary regions of features that excoed an expecied cross-sectional
dirnension (fypically diameter). Disruption via substantial overlap between adjacent recesses can modify
one or more characteristics of the featurcs inchuding, but not hmited to depth, volume, curvatore, and
cross-sectional dimensions at the base and/or bottom surface. In typical implementations, the core

material will take on the appearance of the second arranged patiern.
Though the process illustrated in Fig. 8 only outlines the creation of two overlapping feature patterns, one
skilled in the art will approciate that any number of overlapping patterns mav be created. For example, it

i possible to create of the surface with three, four, six, and cight overlapping arravs and patterns of recesses.
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In presently preferred circumstances, the orientation of the patiern relative to the surface is modified (e.g.

&5

rotated) after the creation of cach pattern.

In anotber aspect, the present disclosure provides a method for creating an adhesive article 18 a core
material already possessing a first arranged pattern of intrusive features.  First, a core matedal including
a first arcanged pattorn of recesses and two major surfaces 1s provided. The core may be, for example, the
point-bonded film Unipre 2735, a spunbond/meltblown/spunbond nonwoven web available from Midwest
Filtration LLC (West Chester Township, OH). Next, an adhesive can be deposited onto one or both
major surfaces of the core. As the adhesive-core interface is being created, the process cutlined in steps
500-530 of the method of Fig. 8 may be nsed to create additional patterns that at least partially overlap
with the first arranged pattern as set. The orientation and character of the arranged pattern relative to the
surface can be modified between or amongst first and sccond patterns. For example, the second pattern

may consist of channels or recosses having larger dimensions than those clements of the first pattern.

The use of two or more arranged patterns can provide certain advantages to adhesive articles of the
preseat disclosure. For instance, a first arranged patiers may be selected to imaprove the shear holding
capability of the article. A second arranged pattern, different from the first pattern, can be selected to
improve the performance during peel (e.g., damage reduction and peel force). In one exemplary
embediment, the first arranged patiern comprises discrete circular recesses, and a second pattern includes

a phurality of channels extending across the major surfaces of the core.
Discrete adhesive articles can be formed from a continnous web of core or adhesive laminated core by a
cuiting process such as, for example, laser cutting, dic cutting, stamping, crimping, or a combination

thereof.

Methods of Using the Adhesive Axticles Descrbed Herein

The peelable articles of the present disclosure can be used in various ways. o some crabodiments, the
adhesive article is applied, attached to, or pressed into an adberend. In this way, the adbesive article
contacts the adherend. Where a release liner is present, the release liner is removed before the adhesive
article is apphed. atlached to, or pressed into an adherend. {n some embodiments, at least a portion of the
adherend is wiped with alcohol before the adhesive article is applied, attached to, or pressed info an

adherend.

To remove the adhesive article from the adherend, at least a portion of the adhesive article is peeled or
stretched away from the adherend. In some embodiments, the angle of streich is 35° or less. In
embodiments where a tab is present, the user can grip the tab and usc it to release or remove the adhesive
article from the adherend.
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The adhesive articles can be used in i1solation, as one of many articles attached to a surface, oras partof a
stack of adhesive articles. In the latter implementation, the resulting construction would include a

plurality of adbhesive articles disposed in vertical relation to one another.

The adhesive articles may be used is wet or high bumidity environments such as those found 1o
bathirooms. For example, they can be adhered to toilets (e g, toilet tanks), bathtabs, sinks, and walls. The
adhesive article may be used in showers, locker rooms, steam rooms, pools, hot tubs, and kitchens (e.g..
kitichen sinks, dishwashers and back splash arcas, refrigerators and coolers). The adhesive article may
also be used in low temperatares applications inchuding outdoor applications and refrigerators. Useful
outdoor applications mchude bonding articles such as signage to outdoor surfaces such as windows, doors

and vehicles,

The adhesive articles may be used to mount various items and objects to surfaces such as painted drywall,
plaster, concrete, glass, ceramic, fiberglass, metal or plastic. Hems that can be mounted include, but are
aot Uimited to, wall bangings, organizers, bolders, baskets, containers. decorations {¢.g., bohday
decorations), calendars, posters, dispensers, wire clips, body side molding on vehicles, carrying handkes,
signage applications such as road signs. vehicle markings, transportation markings, aod reflective

shecting.

The adhesive articles may be used to mount items and materials, such as anti-slip mats or anti-fatigue
mats, to a floor surface or the bottom of a tub or shower, or (o secure items, such as arca rugs, to a floor.
The adhesive article can be used in various joining and assembling applications including such as
adhering at least two containers {e.g., boxes) for later separation. The adhesive article can be used in
varions cushioning and sound deadening applications such as, for example, cushioning materials for
placement beneath objects, sound insulating sheet materials, vibration dampening, and combinations
thereof. The adhesive article can be used in vanous closure applications incluiding container closures
(e.g., box closures, closures for food containers, and closures for beverage containers), diaper closures,
and surgical drape closures. The adhestve article can be used 10 various thermal insolation applications.
The adhesive article can be used in various sealing applications such as in gaskets for liguids, vapors
{e.g.. moisture), and dust. The adhesive article can be used in various labels such as removable labels
{e.g.. notes, price tags, and identification labels on containers), and in signage. The adhesive article can
be used in various medical applications (e.g., bandages, wound care, and medical device labeling such as
in a hospital setting). The adhesive article can be used in various fastening applications such as fastening
one object (e.g., a vase or other fragile object) to another object {e.g., a table or a book shelf). The
adhesive anticle can be used in various securing applications such as fastening one or more components of
39
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a locking mechanism to a substrate (e.g., a child safety lock can be adhered to a cabinet or cupboard).
The adhesive article can be used in various tamper indicating applications (2.g., tamper indicating
articles). The adhesive article can also be incorporated in a variety of other constructions including, but
not limited to, abrasive articles {e.g., for sanding), articles for sanding and polishing applications {e.g.,
buffing pads, disc pads, hand pads, and polishing pads), pavement marking articles, carpeting {e.g.,
backing for carpeting). and clectronic devices (e.g.. securing a battery within a housing in a cell phone or

PDA (personal digital assistant) to prevent unwanted movement).

The adhesive article (7. e., those in adhesive tapes or single article) can be provided in any usefid form
incloding, e.g., tape, strp, sheet {e.g., perforated sheet), label, roll, web, disc, and kit (e.g., an object for
mounting and the adhesive tape used to mount the object). Likewise, multiple adhesive articles canbe
provided in any suitable form including, e.g., tape, strip, sheet {e.g., perforated sheet), label, roll, web,
disc, kit, stack, tablet, and combinations thereof in any suitable package including, for example,

dispenscr, bag, box, and carton. The adhesive articles arc particularly well suited to being provided in roll

form, as the size of the active adhesive areas can be essentially unlimited.

The need also exists for an adbesive article with desirable optical propertics that allow it to be used to
affix a substrate, such as an optical lens or cover, to an optical display device, such as a celhular tclephone
or portable orusic player (e.g., MP3 plavers). In such end uvse applications, it can be desirable that the

adhesive article be optically clear.

Adhesive articles can also be initially repositionable and may even be reusable in some core iterations
until one of the adhesive layers loses tack. As used herein, "repositionable” means an adhesive article that
can be applied to a substrate and then removed and reapplied without distorting, defacing, or destroying

the adhesive article, or subsirate.

Embediments

L An adbesive article for mounting an object to a surface, the article comprising: a first adhesive
layer; a core adjacent the fust adhesive laver and defining a perimeter, the core comprising core matenal
and incloding first and second major surfaces; and a first arranged pattern of recesses on at least the first
major surface of the core, each recess terminating in a membrane comprising core material; and an
adhesive interface at the bottom wall surface, wherein the adhesive interface comprises contact between

the first adhesive layer and the membrane.

2. The adhesive article of embodiment 1, wherein the core comprises a non~-woven material,
3. The adhesive article of embodiment 2, wherein the membrane comprises consolidated non-woven
material,
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4, The adhesive article of embodiment 3, wherein the core material has a void volume, and wherein
the void vohume of the membrane is substantially loss than a void volume of the core material in

interstitial spaces botween adjacent recesses, including up o no void volume.

L

The adbesive article of embodiment 1. wherein the membrane comprises a fim of core material.
6, The adhesive of embodiments 1-3, wherein the membranes reside in one more planes paralicl to a
plane coincident with the first major surface.

7. The adbesive article of embodiments 1-6, and further corprising a hardgood adjacent the first or
second adhesive layer.

8. The adbesive atticle of embodiments 1-7, wherein the first major sarface includes interstitial
spaces between recesses, wherein contact between the interstitial spaces and the first adbesive layer
defines a first core interface, and wherein a Peel Ratio between the recess interface and the first core
interface is at least 1.15:1.

9. The adhesive article of embodiments 1-8, wherein the 90° Degree Adhesion Strength of the
article is at least 40 oz/in.

10. The adhesive article of embodiments 1-9, wherein the 90° Degree Adhesion Strength of the
article is at least 100 oz/in”.

ik The adhesive articke of embodiments 1-10, further comprising a second adhesive layer adjacent
the second major surface.

12. The adhesive article of embodiment 11, wherein contact between the second adhesive layer and
second major surfaces forms a second core interface, and wherein a Peel Ratio between the recess
interface and the second core interface s at least 1.15:1.

13. The adhesive article of embodiments 1-11, wherein the arranged pattern of recesses has a density
of at least 20 recesscs per square centimeter.

14 The adhesive article of embodiments 1-13, wherein cach recess in the arranged pattern of recesses
has a largest cross-sectional dimension of at least 0.5 mm.

15, The adhesive article of embodiments 1-14, wherein the core inchudes a thickness, and wherein the
membrane has a membrage thickness of at least 5% of the core thickness.

16, The adhesive article of embodiments 1-15, and further comprising a second adhesive laveron the
second major surface,

17. The adhesive article of embodiments 1-16, whercein any adhesive layer is a peelable adbesive.

18. The adhesive article of any of the preceding embodiments, wherein the adhesive is ultrasonically
bonded to the membrane.

19. The adhesive article of any of the preceding embodiments, wherein the adhesive article removes
from an adherend damage-free.

20, The adhesive article of embodiment 16, wherein the adherend is painted drywall having a sheen

ranging from flat or matie to glossy.
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21 The adhesive article of any of the previous embodiments, wherein the application of force ina
direction normal o the core plane results in a loss of structural integnity within a portion of the core.

22, A method for making an adhesive article, the method comprising: providing a core having first
and second opposing major surfaces and including a consolidatable core material; laminating a peelable
adhesive on at least one of the major surfaces; and consolidating a pharality of discrete regions of the core
material 1o form an artanged pattermn of recesses; and creating a plurality of adhesive interfaces between

the peelable adhesive and each consclidated region of the backing.

23, The method of embodiment 22, wherein the laminating step ocours prior to the condensing step.
24, The method of embodiment 22, wherein the laminating step occurs after the condensing step.
25, The method of embodiments 23 or 24, whercin the condensing step comprising altrasonically

bonding at least the backing material at a plurality of discrete regions.

26. The method of embodiment 25, wherein the bonding comprises ultrasonic point bonding.

27. The method of embodiment 23 or 24; wherein the laminating step forms a core-adhesive interface
on a major surface.

28, The method of embodiment 23, wherein the condensing step creates interstitial space botween the
recesses, and wherein contact between the peelable adhesive laver and the interstitial spaces forms a first
core mterface.

29, The method of embodiments 23-28, and forther comprising bonding the second major surface of

the backing 1o a hardgood.

30. The method of embodiment 29, wherein the bonding step occurs after the condensing step.
31 The method of erabodiment 23, wherein providing a backing having first and second opposing

major surfaces comprises providing a backing having an arranged pattern of recesses on at least one of the
major surfaces.
32, The method of cmbodiment 31, whercin providing a backing having an arranged pattern of
recesses on at least one of the major surfaces includes the step of creating an arranged pattorn of recesses
on the at least one of the major surfaces.
33. The method of embodiment 31, wherein the arranged pattern on the provided backing includes an
array of discrete recesses.
34, The owthod of embodiment 31, wherein consclidating a pharality of discrete regions of the
backing material to form an arranged pattern of recesses cornprises creating an arranged pattern of
chamnels across at least one of the first and second major surfaces.
35, An adhesive article for mounting an object to a surface, the article comprising: a first adhesive
layer comprising a first peelable adhesive composition: a core adjacent the first adhesive laver and
defining a perimeter, the core comprising porous core material and inciuding first and second major
surfaces; and a first arranged pattern of recesses on at least the first major surface of the core, each recess
terminating in a membrane comprising core maierial, wherein the first peclable adhesive composition is at
least partially within the pores of cach membrane.
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36. The adhesive article of embodiment 35, wherein the core comprises a non-woven fabric.
37. The adhesive article of embodiment 36, wherein the core comprises at least one of an air-laid

nonwoven and a bonded carded web.

38. The adhesive article of embodiment 33, wherein the core matenal bas a void volune, and
wherein the first adhesive composition at least partially infiltrates the void volume of the membrane.

39. The adhesive article of embodiment 35, wherein the article includes an avatlable bond arcaon a
major surface of the first adhesive layer of between about 10% and about 90%.

490, The adhesive article of embodiment 39, wherein the article includes an available bond area on a

major surface of the first adhesive layer of between about 15% and about 60%.

The following examples describe some exemplary constructions and methods of constricting various
embodiments within the scope of the present application. The following examples are mtended to be

ilustrative, but the particular materials and amounts thereof recited in these examplces, as well as other

conditions and details, should not be construed to unduly limit this disclosure.

Examples

Table 1. Material and supplier ieformation

Material

Description

Supplier

Core Materials

UNIPRO 275

S/M/S Nonwoven Web

Midwest Filtration LLC,
West Chester Township,
OH

UNIPRO 150

S/M/S Nonwoven Web

Midwest Filtration LLC,
West Chester Township,
OH

Noawoven Web |

Spun-bond
Polypropylene
Nonwoven

3M Company, St. Paul,
MN

Nomwoven Web 2

Carded Polyethylene
terephihalate Nomwvoven

3M Company, St. Paul,
MN

4 Ny 3 ) any, 5. Paul,
Nonwaoven Web 3 C ardevd Nylon 7 M Company, St. Paul,
Nonwoven MN
Carded Polycthylene 3M Company, St. Paul,

Noawoven Web 4

terephihalate Nonwoven

MN

Rubber-based
Adhesive

KRATON D114

Radial Styrene-~
Butadiene Block
Copolymer {(SBS)

KRATON Performance
Polymers, Inc., Houston,
TX

SOLPRENE 1205

Styrene-Butadiene
Rabber (SBR)

Dwvnasol Elastomers,
Houston, TX

POLYSTER T160 (YS
T160)

Terpene phenolic resin

Yasuhara Chemical
Company, Lid., Fuchu-
city, Hiroshima, Japan
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Test Methods

Lap Shear (0° Peely Adhesion Stength Test
The pecl adhesion strength and removability were evaluated by the following method. Test constructions

were applied to adberonds by band under moderate prossure (roughly § poonds) for 3 seconds. Adbered
samples were aged at 72° F (22°C), 56% relative buridity for 3 dayvs before testing. Tmmediately
preceding the test, the adhesive constroction’ s reraaining oo was rereoved and a stainless steal shim
&7x227x0 031, obiaired frore Cherelostraments, West Choster Township, GF) was applied 1o the top
adhesive sarface with moderate pressure {roughly 3 pounds) for 5 seconds. Exposed edges of the
adherend and starnless steels m were placed 1o opposing clamps on the INSTRON gwversal testing
machine. The shear fests were conducted with an INSTRON universal testing machine with a crosshead
speed of 12 in/mun (305 cov'min} until the construction removed from the adberend surface. The toad cell

foree was recorded as a funcoion of crosshead displacement. Four replicates were tosted for sach samplc,

90° Peel Adhesion Strength Tast
The peel adhesion strength and removability were evaluated by the felowing method. Test constiuctions

wore applied o adherends by hand vnder moderte pressure (mughly 3 pounds) for 5 seconds. Adhored
samples were aged at 72° F (227C), 56% relative hooudity for 3 days before testing Bunediaiely
proceding the test. the adbesive constouction’s woamisg Hner was owoved and an alupdnes t-bar
{Aduroimure 606 1-T6 bare i-bar |57x1.5720.25” cut to 137, OanlineMcials, Seattlc WA) was applied 1o
the top adhesive surtace with moderate pressure {roughly 3 pounds) for § seconds. The adherend was
clamped to a flat surface and the stominmern tbar was placed 1o the top clamp of an INSTRON wniversal
festing machine. The peel tests were condacted with an INSTRON undversal festing machine with a
crosshead speed of 12 infoin (30.5 co/niry until the constraction removed from the adherend surfce.
The Inad ccll force was recorded as a function of crosshead displacement. If any adhosive remained on the
adberend, # was romoved by hand 1o betier obsorve damage level Foor replicaies were tested for cach
sample. The damage visual evalnation was as follows: O-no damage, T-small paint bubble Jess than 10%
of surface area). 2-large pawt bubble {great thas 10% of swface area}, 3-small paper tear, 4-Paper

ear/damage (<<30%), S-Paper tear damage (>50%:;). Two replicates were tested for cach sanple.

Weight Hangiong Test

Test constructions were apphed fist to 125 inch by 1.33 chogjection molded polycarbonate hooks.
each hoeok having 2 thickuess of 30 muls and of the type depicted 1o Fig. 2. by hand wnder moderate
pressure (rooghly 5 pounds) for 5 seconds. The hook and adbesive construction was then applied to the
adherend by hand under moderate pressurs (roughly 3 pounds for 5 seconds) such that the hook was
positioned at the bottom of the corstrmction allow the hanging of weights, A plastic bag containing steel
shot (2.0 pounds for examples -11 and 1.0 pounds for examples 12-21) was suspended from the hook

immediately after application to the wallboard adherend. Samples were observed after 1, 24, 48, and 7
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hours of hanging and failures were recorded at cach time point. All samples were tested in 3 replicates
except Example 9 which had 2 replicates. The performance value is an average of the hang time for all
replicates of a given example such that the maximum performance value would be 72 hours and the

minimgm would be O hours.

Repositioning Test

Test constructions were applied furst to 1.25 inch by 1.35 inch injection molded polycarbonate hooks,
each hook having a thickness of 30 mils and of the type depicted in Fig. 9, by hand vnder moderate
pressure (roughly 5 pounds) for 5 seconds. The hook and adhesive constraction was then applied to the
adherend by hand under moderate pressure (roughly 5 pounds) for 5 seconds. A plastic bag containing
steel shot (1.0 pounds) was suspended from the hook immediately. After waiting approximately one
minute, the weight was removed. The hook and adhesive constriction was then removed and reapplied by
hand under moderate pressure to a soparate section of the adherend and the weight immediately reapplied.
This removal and reapplication process is repeated twice more before allowing the weight to hang in the
final hook position for 72 hours. Samples were observed after 1, 24, 48, and 72 hours of hanging and
fatlures were recorded at cach time point. Al saraples were tested in 3 replicates. The pedormance value
is an average of the hang tune for all replicates of a given example such that the maximum performance
valoe would be 72 hours and the minimum would be 0 hours.

The peak force for cach of the adhesion strength tests was determined from the raw data output from
INSTRON Bluehill 3 software, which recorded crosshead displacemeont and force (0z). The peak force was

then divided by the active adhesive arca to obtain a force (ounces) per unite area (square inches).

Test Adberends

Drywall pancls (obtained from Materials Company, Metzger Building, St. Paul, MIN) were painted
Sherwin-Williarns DURATION Interior Acevlic Latex Ben Bose White Paint (Sherwin-Williaras
Comapany, Cleveland, OH) for peel tests and Behr Premium Plos Ultea Flat Egyptian Nide Paint & Pamer
in One Interior Paint (Behr Process Corporation, Santa Ana, CA) for weight banging tests.

Procedure for painting: a first coat of paint was applied {0 a pancl by paint roller, followed by air drving
for approximately 1 hour at ambient conditions. A sccond coatl of paint was applied and dried at ambient

conditions for at least 7 days before use.
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Examples 1-11 and Comparative Exampies 1-4 and Controls 1-2

Table 2: Example Constructions

, S Active
Example Adhesive Adhesiy ¢ Core Pa?mt B{%ﬂd Adhesive | Figure
Geometry Geometry N
Area
Control 1 Adhesive 1 i"x1” 3M Nonwaoven 1 Noge {7 -
Control 2 Adhesive § I7x1” None Continuous, Planar 17 -
Example 1 | Adhesive | 17x1” UNIPRO 150 Pre-Welded Only 17 3A
Example 2 | Adhesive | "xi” UNIPRO 275 Pre~-Welded Only 17 3B
Example3 | Adhesive 1 | 1"x1” | UNIPRO t50 | Loweldedand Post- o, 3C
welded with lines
Example4 | Adhesive 1 | 17x1” UNIPRO 275 | [ re-weided and Post- I 3D
welded with fines
Example § | Adhesive 1 | 17517 | 3M Nonwoven 1 | | oStWelded withiow |y 3B
density Circles
Post~-welded with
Example 6 | Adhesive | "x3” 3M Nonwoven 1 medium Density 7 3F
Circles
Example 7 | Adhesive 1 Py 3IM Nonwoven 1 Ifc)sti—weifievd W,n}{ 17 3G
high density circles
Sost-welded wi
Example 8 | Adhesive | | 17x1” | 3M Nonwoven 1 | ostwelded with P 3H
mesh
Example & | Adhesive 2 "x3” 3M Nonwoven 1 POSHVQ!.d?d N x.nth fow 17 31
i density circles
Post-welded with
Example 10 | Adhesive 2 xy” 3M Nonwoven 1 medium density 1 3]
ctrcles
Snctotvelde 171
Example 11 | Adhesive2 | 17x1” | 3M Nonwoven 3 | ) ost-welded with 1" 3K
high density circles
al d A 99
. ‘(,omp. GLU DOTS Removable Dot N7 Go Dispenser 3/8” Diameter Circles 044 -
Example 1
Comp. VELCRO Hanging Strip, Die Cut 1x17 Tape with 7/8” Coin 0.607 -
Example 2 -
Comp. FOREVER IN TIME 3D Pop Dots, 14" Circles 0.783 -
Example 3 j
Comp. T TT e N 1
Example 4 UGLU Glue Strips, Die Cat {o 17x17 Tape -

Nonwoven Webs

MNonwoven web 1 was obtained from 3M Company, St Paul MN, of the general type deseribed in US.

Patent 8,162,153, The web was a spunbond web with a basis weight of 65 grams per square meter and an

Effective Fiber Diametor (as defined and described in the 153 patont) of 18.40 um. The web possesses a

solidity of 11.9%.

Nonwoven web 2 was obtained by using a typical carding machine (as described in patent US 4,599,766)

to produce a nonwoven web with a basis weight of 106 grams per square meter, an Effective Fiber Diameter
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{as defined and described in the “153 patent) of 42.3 wm, and a solidity of 2.5%. The fibers used in the web
were; 70% 13 denier Type 295™ Polyester Staple fiber (available from Indoroma Ventures PCL, of
Bangkok, Thailand) and 30% 4 denicr PE/PET bicomponent fibers (available from Kilop USA, Inc., High
Point, NC). The carded web was thea passed through a typical forced air oven at 280°F (138°C) 1o thermally

bond the fibers within the web.

Nonwoven web 3 was obtained by using a typical carding machine (as described v patent US 4,599,766)
o produce a nonwoven web with a basis weight of 70 grams per square meter, an Effective Fiber Piameter
{(as defined and described 1o the 153 patent) of 31.4 pm, and a solidity of 1.2%. The fibers used in the web
were; 70% 70 demer nylon Staple (made by a process simmlar to that described i US 2,679,072) and 30%
15 PE/PET bicomponent fibers (available from Kilop USA, Inc., High Point, NC). The carded web was

then passed through a typical forced air oven at 280°F (138°C) to thermally bond the fibers within the web.

Monwoven web 4 was obtained by using a typical carding machine (as described in patent 1S 4,599 ,766)
1o produce a nonwoven web with a basis weight of 26 grams per square meter, an Effective Fiber Diameter
{(as defined and described m the “153 patent) of 54 8pm, and a solidity of 1.5%. The fibers used ia the web
warg, 70% 6 denier polyester staple fibers (as described in patent US 2,679,072) and 30% 4 denicr PEPET
bicomponent fibers (available from Kilop USA, Inc., High Point, NC). The carded web was then passed

theough a typical forced air oven at 280°F (138°C) to theromally bond the fibers within the web.

UNIPRO 150 and UNIPRO 275 were obtained from Midwest Filtration LLC and used as received.

Pressure Sensitive Adbesive Compositions

Adhesive 1: A pressure-sensitive adhesive composition was propared having an 85:15 ratio of KRATON
D1184 to SOLPRENE 1205 as the elastomer component and 35 parts of total tackifier component based
on 100 parts of total clastomer. Al of the components were added to a glass jar along with toluene to make
a solotion of approximately 30 % solids. The jar was sealed and the contents thoroughly mixed by placing

the jar on a roller at about 2-6 rpm for at least 24 hours prior (o coating.
Adhiesive 2: A silicone polyurca block copolvmer based pressurc-sensitive adhesive composition was
prepared according to the method described for Example 28 in US Patent No. 6,569,521, except that the

contposition was prepared to have the weight 9% MO resin amount of 50,

Preparation of Transfer Adhesives

Adhesive 1: The pressure sensitive adhesive compositions above were knife-coated onto a paper liner web

having a silicone releasc surface. The paper liner web speed was 2.75 moter/min.  After coating, the web

was passed throngh an oven 11 meters long (residence time 4 minutes total) having three temaperatare zones.
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The temperatare in 7one 1 (2.75 meter) was 57° C; temperature in zone 2 (2.75 meter) was 71° C;
fernperature in 7one 3 (about 3.5 meter) was 82° C. The caliper of the dried adhesive was approximately

2.0 mils thick. Transfer adbestves were then stored at ambient conditions,

Adhesive 2: Pressure sensitive adhesive compositions were knife~coated onto a paper liner web having a
silicone telease surface. The paper lner web speed was 2.75 meter/ouin. After coating, the web was passed
through an oven 11 meters long (residence time 4 punutes total) having three tenperature zopes. The
temperature in zone 1 (2.75 meter) was 57° C; temperature in zong 2 (2.75 meter) was 86° C; emperature
in zone 3 {(about 5.5 meter) was 93° C. The caliper of the dried adhesive was approximately 2.5-3.0 mils

thick. The wransfer adhesives were then stored at ambient conditions.

Ultrasonic welding and embossing of the article construction described previously was conducted with a
Branson 2000X ULTRASONIC WELDER. The ultrasonic welder had a rectangular titanium hom with a
gain of 1:2. The welding surface of the hom had dimensions of 1.3” x 47, The ultrasonic weids were
conducted against a pattermed alominum plates. Exanples of the patierns are shown in Figs. 3A-3K. The
witrasonic welding conditions used a 1:1 gain booster, 80-90 psi (¢.55-0.62 MPa), force trigger of 50
pounds (23 kg, welding amphitude of 100% with an end of weld bold tiroe of | second. The ultrasonic
welds were performed with a peak power mode where the peak power was set to 20-40%6 (800-1600W).
The article construction to be welded/cmbossed is placed between the hom and patterned plate (anvil); the
horn then descended (o compress the structure and when the trigger force was met, the ultrasonic
vibrations were started. The ultrasonication was stopped at the target peak power sciting, and the

ultrasonicated sample was contained between the horm and the anvil during the set hold time.

Table 3: Post Weld Patterns and Conditions

Pe: . .
ak Draration | Amplitude | Pressure
Gain | Fower
o s Figure

o (s) (%) (PSD

(Vo)
Example 3 | | 20 i {00 90 10
Example 4 1 1 20 i 100 90 30
Example 5§ 1 25 i 100 90 IR
Example 6 | 1 20 i 100 30 IF
Example 7 | 1 50 1 100 50 3G
Exanple 8 | | 40 i 100 90 H
Example 9 | 1 23 i 100 90 37
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P&ak 4 Duration | Amplitude | Pressure
Gain | Powet .
. o - Figure
(%) (s) (Vo) {(Fsh)
%E‘mpie 1 28 i 100 90 2y
f‘i‘ampie 1 30 1 100 90 3K
Table 4. Lap Shear (0° Pech) Adhesion Strength Teost Data
Example Average of WE&X Load
{oz/in*)
Control 1 117
Conirol 2 1812
1 102.8
2 104.6
3 141.2
4 146.3
5 356
6 63.1
7 1378
g 79.3
9 346
10 109.1
1 172.9
Comparative Example
1 49.6
Comparative Example
2 2427
Comparative Example
3 419.5
Comparative Exaraple 626
4
Table 5. 90° Peel Adbesion Strongth Test Data
Example Average of Max Load | Average of Damage Ratio
{oz/in’}) Yisual rating (0 1o 5) ELap Shear : 90° Peel
Contenl 1 15.1 O G677
Control 2 296.5 3 0.61
1 169.3 0.0 0.61
2 152.4 0.0 0.69
3 198.9 0.0 0.71
4 180.0 0.0 0.81
5 538 0.0 (.54
6 146.9 0.0 043
7 286.3 1.3 0.55
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Example Average of Max Lead | Average of Damage Ratio
{oz/in?) Visual rating (G to 5) Lap Shear : 90° Peel

3 1479 1.3 (.54

9 90 1 0.0 0.3%

10 2841 6.0 (.38

11 373.0 0.0 (.46
Comparative Example | 231.7 325 021
Comparative Example 2 1033 b} 235
Comparative Example 3 5257 175 0.20
Comparative Example 4 6.5 5 0.1

Table 6, Weight Hangiog Test Data

Example Average Time Hanging 2 Ibs
{hours)
Control 1 0
Control 2 72
1 72
2 72
3 72
4 72
5 72
6 72

~J
£
0

o
57
ey

9 ()

10 72

i1 64
Comparative Example

1 0
Comparative Example

2 72
Comparative Example

3 0
Comparative Example

4 56

Lap shear gives an indication of the force required for an article to fail ip shear. The data shows that a
solid slab of adhesive (Control 2) gives the highest values for a given adhesive composition, but causes
damage. The presence of a core as described 1 the invention provides a damage-free release but at the
cxpense of shear strength (Control 1), The introduoction of wltrasonic welkds or point bonds to an adhesive
construction of the present disclosure results in a shear peel strength comparable to a solid slab of
adhesive but with the added benefit of a damage-~free peel. It was also demonstrated that the format
{shape) and density of the ultrasonic weld pattern affects adhesion performance. By contrast, the

Comparative Examples cach cause damage while showing varving degrees of shear performance.
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The weight hanging test data shows clearly that point bonding dramatically improves the weight bearing
capacity of the adhesive constructions.

Examples 12-21
Table 7: Example Constructions
Active
Adghesive Pattern . .
Example Adhesive ) Core Adhesive | Figure
Geometry Geometry
Area
N , ) - Embossed .
Example 12 | Adhesive 1 | 17x17 Unipro 275 ] 1 30
Waves
o Embossed )
Example 13 | Adbesive | | 1"x1” Unipro 275 1 3P
Stars
) ) ) ‘ Embossed .
Example 4 | Adhesive 1 | 17x17 Unipro 150 X 2 17 3Q
Footballs
N , ) o Embossed .
Example 15 | Adhesive 1 | 17x17 Unipro 275 ) , 17 3R
Footballs
Embossed )
Example 16 | Adbesive | | 17x1” 3M Nonwaoven | 17 38
Footballs
. Embossed
Example 17 | Adhesive 1 | 1"x1” 3M Nonwoven 2 17 37
Footballs
B , ) Embossed . ,
Example 18 | Adhesive 1 | 17x17 3M Nonwoven 2 | 1 3u
Hexagons
Ewmbossed ) .
Example 19 | Adbesive | | 1"x1” 3M Nonwoven 3 17 3V
Hexagons
) ) Embossed
Example 20 | Adhesive 1 | 17x17 3M Nonwoven 4 17 3W
Hexagons
B , ) Embossed .
Example 21 | Adhesive 3 | 17x1” 3M Nonwoven 2 | 1 3X
Hexagons

Adtesive 3 Composition

The polydisiloxane polyvoxamide elastomer (PDMS Elastomer 1) used in the adbesive article of Example
21 was like that of Example 12 of US Patent No. 8,765,881, Example 12 refers to an amine eguivalent
weight of 10,174 g/mol, or a molecular weight of abowt 20,000 g/mol. The MQ resin tackifier resim used
in the pressure-sensitive adhesive compositions was SR 545 (61% solids i toloene) (available from GE

Silicones, Waterford, NY).
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Adhesive 3 was prepared by adding all indicated components o glass jars in the indicated proportions at
30 weight % solids in ethyl acetate. The jars were sealed and the contents thoroughly mixed by placing

the jars on a roller at about 2-6 rpm for at least 24 hours prior 1o coating.

Preparation of Transfer Adbesive Filims

Adhesive 3 was knife-coated onto a paper liner web having a silicone release surface. The paper liner
web speed was 2.75 meted/min. After coating, the web was passed through an oven 11 meter long
(residence time 4 minutes tofal) having three temperature zones. The temperature in zone 1 (2.75 meter)
was 57° C; temperature tn zone 2 (2.75 meter) was 80° €, lemperature in zone 3 (about 5.5 meter) was 93°
. The caliper of the dned adhesive was approxirately 2.5-3.0 mils thick. The transfer adhesive films

were then stored at ambient conditions.

Pattern Embossing

All examples excluding examples 18 and 20 were prepared by first laminating the exposed surface of a
transfer tape to one side of a nonwoven sample of appropriate dimensions by hand. Next, a second
transfer tape was laminated to the remaining exposed side of nonwoven to create a liner-adhesive-
nonwoven-adhesive-liner stack. The samples were then fed into the embossing station by hand and the
adhesive construction was cmbossed through the liner. Samples 18 and 20 were prepared as a roll-roll
process such that 2 rolls of adbesive and one roll of nonwoven were laminated and embossed 1o the liner-

adhesive-nonwoven-adhesive-liner stack-up in a single nipped process.

Embossing Station 1

Samples were embossed by being passed through a metal roll that is patterned (e.g., engraved) with raised
and depressed areas and a smooth metal roll of about 14 inches in width, in generally similar manner to
the methods described, e.g., in U.S. Pat. No. 6,383,938 (Swanson et al) at conditions reported in Table 8

below.

Embossing Statiop 2

Samples were embossed by being passed through a metal roll that is patterned (e.g., engraved) with raised
and depressed areas and a smooth metal roll of about 22 inches in width, in generally similar manper to
the methods described, e.g., in U.S. Pat. No. 6,383,938 (Swanson et al) at conditions reported in Table 8

below.
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Table 8: Embossing Station Conditions

. . Gap bhetween . Rolt Speed
Embossing Temperature .
e Pressure rolis . (fect per
Station . (Pattern/Smooth, .
{inches) 00 minute)
Example 12 i 150 PLY ¢ 234/230 2
Example 13 i 150 PLI 0 230/230 2
Example 14 1 350 PLL 0055 276/264 3
Example 13 1 800 PLI 006 2770/270 3
Example 16 i 800 PLI 006 2707270 3
Example 17 1 %00 PLI 006 270/270 3
Example 18 2 300 PST 003 288/272 20
Example 19 2 300 PSI 003 287/271 5
Example 20 2 300 PRI 003 2871271 20
Example 21 2 300 PSI 603 225/235 2

Table 9. Lap Shear (0° Peel) Adhesion Strength Test Data

Example | Average of Max Load Divided by
Active Adhesive Area (oz/ir’)
12 1496
13 1495
14 1128
5 873
16 70.1
17 167.2
18 811
19 364
20 97.6
21 91.3

W
(%)
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Table 10, 90° Peel Adhesion Strength Test Data
| Aw‘r.f%ge of Max I-Jﬁaei Average of Damage 1 Ratio .
Example A;g:wfivedfy -Acifvue o | Visual rating (0 to 5) Eap Shear ; 99° Peel
Agdhesive Area (oz/in”)
12 310.0 0.0 0.48
13 2711 0.0 0.55
14 2854 0.0 0.40
15 253.7 0.0 $.34
16 185.4 0.0 (.38
17 2207 0.0 .49
18 179.0 0.0 0.45
19 167.2 0.0 0.52
20 2231 0.0 0.44
21 206.5 0.0 0.44

Table 11, Weight Hanging Test Data

Example Average Tig:(fu?;nging 1 thbs
12 72
13 72
14 72
15 72
16 72
17 72
18 72
19 77
20 72
21 72
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Table 12. Repositionability Test Data

Example Average Time Hanging 1 Ibs
Lamp (hours)
4 72
12 72
13 72
14 73

{5 72
16 72
17 32
18 72
19 72
20 72
21 72
22 72
Comparative Example 1 O*
Comparative Exarple 2 72
Comparative Example 3 24
Comparative Example 4 2%

*Wall damage observed during repositioning experiment.,

The patents, patent documents, and patent applications cited berein are incorporated by reference in their
entirety as if cach were individually incorporated by reference. It will be apparent i those of ordinary
skill 1n the art that vanous changes and modifications may be made without deviating from the inventing
concepts sct from above. Thus, the scope of the present disclosure shounld not be Iimited to the structures
described herein. Those having skill in the art will appreciate that many changes may be made to the
details of the above-described embodiments and implementations without departing from the underlying
principles thereof. Further, various modifications and alterations of the present invention will become
apparent to those skilled in the art without departing from the spirit and scope of the invention. The scope
of the prosent application shonld, therefore, be determined only by the following claims and cquivalents

thereof.

[
n
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We Claim:

I An adhesive article for mounting an object to a surface, the article comprising:

a first adhesive layer;

a core adjacent the first adhesive laver and defining a perimeter, the core comprising core
material and chiding first and second major surfaces; and

a first arranged pattermn of recesses on at least the first major sudace of the core, cach recess
lerminating in a membrane comprising core material; and

an adhestve interface at the bottom wall surface, wherein the adhesive interface comprises contact

between the first adhesive layer and the membrane.

2. The adhesive article of claim 1, wherein the core comprises a non~woven material,

3. The adhesive article of claim 2, wherein the membrane comprises consolidated non-woven
material,

4, The adhesive article of claim 3, wherein the core maternial has a void vohume, and wherein the

void volume of the membrane is substantially less than a void volume of the core material in interstitial

spaces between adjacent 1oCesses.

5. The adhesive article of claim 1, whercin the membrane comprises a film of core material.
6. The adhesive article of claim 1 or 2, wherein the membranes reside in one more planes

substantially parallel to a plane coincident with the first major surface.
7. The adhesive article of claim 1 or 2, wherein the first major surface includes interstitial spaces
between recesses, wherein contact between the interstitial spaces and the first adhesive layer defines a
first corc 1nterface, and wherein a Peel Ratio between the recess interface and the first core imterface is at

least 1.15:1.

8. The adhesive article of claim 1 or 2, wherein the 90° Degree Adhesion Strength of the article is at

least 40 oz/in’.

9. The adhesive article of claim 1 or 2, further comprising a second adhesive layer adjacent the

second major surface.

(4
[
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10. The adhesive article of claim 1 or 2, wherein the arranged patiern of recesscs has a density of at

least 20 recesses per square centimeter.

i1 The adbesive article of claim 1 or 2, wherein the first adhesive layer inchides a peelable adhesive,
12, The adbesive article of ¢laim | or 2, wherein the adhesive is ultrasonically bonded 1o the
membrane.

13 The adhesive atticle of claim 1 or 2. wherein the application of force in a direction normal to the

core plane results in a loss of structaral integrity within a portion of the core.

14. A method for making an adhesive article, the method comprising:

providing a core having first and second opposing major surfaces and including a consolidatable
core material;

laminating a peclable adhesive on at least one of the major surfaces; and

consolidating a plurality of discrete regions of the core material to form an arranged pattern of
recesses, and

creating a plurality of adhesive inlerfaces between the peelable adhesive and each consolidated

region of the core.

15. The method of claim 14, wherein the laminating step ocours during the condensing step.

16. The method of claim 14 or 135, wherein the condensing step comprising pattern embossing at least

the core material at a plurality of discrete regions.

17 The method of claim 14 or 15, wherein providing a core having first and second opposing major
surfaces comprises providing a backing having an arranged pattern of recesses on at least one of the major

surfaces.

8. The method of claim 14 or 15, wherein providing a corc having an arranged pattern of recesses on
at least one of the major surfaces includes the step of creating an arranged pattern of recesses on the at

least one of the major surfaces.

19. The method of claim 14 or 15, wherein consolidating a plarality of discrete regions of the core
material to form an aganged pattern of recesses comprises creating an arranged pattern of channels across

at least one of the first and second major surfaces.

~

W
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20. An adhesive article for mounting an object to a surface, the article comprising:

a first adhesive layer comprising a first peclable adhesive composition:

a core adjacent the first adbesive layer and defining a perimeter, the core comprising porous core
material and including first and second major surfaces; and

a first arranged pattern of recesses on at least the first major surface of the core, cach recess
ferminating in a membrane comprising core material,

wherein the first peclable adhestve composition is at least partially within the pores of cach

membrane.
21 The adbesive article of claim 20, whereia the core comprises a pon-woven fabric.
22. The adhesive article of clairn 21, wherein the core material has a void vohuime, and wherein the

first adhesive composition al least partially infiltrates the void volume of the membrane.

23, The adhesive article of claims 20 or 21, wherein the article includes an available bond arcaona

major surface of the first adhesive layer of between about 10% and about 90%,

[
&
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