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FORMED WEB COMPRISING CHADS

FIELD OF THE INVENTION
The present invention is directed to a formed web having chads. The chads may be

formed in films or film-nonwoven laminates.

BACKGROUND OF THE INVENTION

Webs, such as thermoplastic films, have a variety of uses including component materials
of absorbent articles (such as topsheets and backsheets), packaging (such as flow wrap, shrink
wrap, and polybags), trash bags, food wrap, dental floss, wipes, electronic components, and the
like. For many of these uses of webs, it can be beneficial for the web to have a textured, three-
dimensional surface which can provide the surface of the web with a desirable feel (e.g., soft,
silky), visual impression, and/or audible impression, as well as one or more desirable properties,
such as improved fluid handling or strength. Webs exhibiting a desirable feel can be made via a
vacuum forming process, a hydroforming process, an embossing process, or the like.

There is a need to develop webs having a desirable feel, visual impression, and/or audible
impression as well as additional properties. In the case of webs used in absorbent articles, it is
desirable for a single portion of the web to comprise dual, or more, properties (such as improved

softness, fluid handling, or other properties) in a predetermined location on the web.

SUMMARY OF THE INVENTION
A formed web comprising discrete three-dimensional elements formed therein, wherein at
least some of the discrete three-dimensional elements comprise chads with corresponding
apertures, wherein the aperture has a perimeter, wherein the chad has a length, wherein the chads
are attached along a portion of the aperture perimeter which forms a connection segment,
wherein the connection segment is less than about 50% of the entire aperture perimeter, and

wherein the web comprises a film.

BRIEF DESCRIPTION OF THE DRAWINGS
The following detailed description of specific embodiments of the present invention can
be best understood when read in conjunction with the drawings enclosed herewith.
Figures 1A and 1B are images of a web which comprises chads;

Figures 2A-E are examples of discrete three-dimensional elements;
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Figure 3 is a perspective view of a portion of a web;

Figure 4 is a perspective view of a portion of another web;

Figure 5 is an image of a web comprising a chad;

Figure 6 is an illustration of a chad;

Figure 7 shows another web which comprises chads;

Figure 8 is a perspective view of a pair of mated forming structures;

Figure 9 is a perspective view of another pair of mated forming structures;
Figure 10 is a perspective view of another pair of mated forming structures;
Figures 11A and 11B are perspective views of another pair of mated forming structures;
Figure 12 is a perspective view of a portion of a forming structure;

Figure 13 is a perspective view illustrating apertures and depressions;

Figures 14A-D illustrate exemplary combinations of voids 30 and protrusions 20;
Figures 15A-H are illustrations of various protrusion geometries;

Figure 16 is a representation of forming structures and a web with varying amplitudes;
Figures 17A-C are illustrations of different ratios of protrusions to voids;

Figure 18 is a perspective view of a forming process;

Figure 19 is a perspective view of another forming process;

Figures 20A and 20B are perspective views of forming processes;

Figures 21A-C illustrate the teeth of Examples 1, 2, and 3;

Figure 22 illustrates the web of Example 1;

Figure 23 illustrates the web of Example 2; and

Figure 24 illustrates the web of Example 3.

DETAILED DESCRIPTION

The present invention is directed to a web that overcomes one or more of the
aforementioned shortcomings of the prior art. Compared to prior art webs, embodiments of the
new web allow for the formation of a web which comprises discrete three-dimensional elements
(*“3-D elements”) in the form of “chads,” or flaps of web material, and associated apertures. The
chads are only partially attached to the perimeter of the corresponding aperture and therefore
provide desirable softness due to the chads’ ability to bend and hinge. In the case of webs used
in absorbent articles, such new structures may include those that provide a single portion of the
web with multiple properties (such as improved softness, fluid handling, or other properties) in a

predetermined location on the web.
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PRECURSOR WEB

A precursor web 50 is converted into a formed web 60 according to the process described
below. Suitable precursor webs 50 include materials that can be deformed beyond their yield
point by the strain put on the web in the deformation zone of the process, such that the precursor
web 50 is forced to conform between the forming elements 10 of the forming structures 110,120
to produce a web 60 having discrete three-dimensional elements (“3-D elements™) 62. Precursor
web 50 comprises a film, such as polymeric or thermoplastic film, and is optionally laminated
with cellulose, foils, such as metallic foils (e.g. aluminum, brass, copper, and the like), polymeric
or thermoplastic films, webs comprising sustainable polymers, foams, fibrous nonwoven webs
comprising synthetic fibers (e.g. TYVEK®), collagen films, chitosan films, rayon, cellophane,
and the like. Suitable films include both cast and blown. Webs 50 can be similar to those
described in US App. No. 12/879,567. 'The thickness of the precursor web 50 prior to forming
will typically range from 5 to 150 microns, 10 to 100 microns, or 15 to 50 microns. Other
suitable thicknesses include 10, 15, 20, 25, or 30 microns.

Thermoplastic precursor webs 50 will typically have a yield point and the precursor web
50 is preferably stretched beyond its yield point to form a web 60. That is, the precursor web 50
should have sufficient yield properties such that the precursor web 50 can be strained without
rupture to an extent to produce the desired discrete 3-D elements 62. As disclosed below,
process conditions such as temperature can be varied for a given polymer to permit it to stretch
with or without rupture to form the web 60 having the desired discrete 3-D elements 62. In
general, therefore, it has been found that preferred starting materials to be used as the precursor
web 50 for producing the web 60 exhibit low yield and high-elongation characteristics.
Examples of films suitable for use as the precursor web 50 comprise low density polyethylene
(LDPE), linear low-density polyethylene (LLLDPE), and blends of linear low-density
polyethylene and low density polyethylene (LLDPE/LDPE).

At least a portion of two precursor webs 50 may be joined by an embossed seal, the seal
including co-registered concentric discrete 3-D elements formed in the at least two webs, the
discrete 3-D elements having open proximal ends. See US 2010/0233428 and US App. No.
12/879,531 for more details on sealing film/film, film/nonwoven, and quiet seals.

The precursor web 50 can also optionally include colorants, such as pigment, lake, toner,
dye, ink or other agent used to impart a color to a material, to improve the visual appearance of
the web 60. Suitable pigments herein include inorganic pigments, pearlescent pigments,

interference pigments, and the like. Non-limiting examples of suitable pigments include talc,
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mica, magnesium carbonate, calcium carbonate, magnesium silicate, aluminum magnesium
silicate, silica, titanium dioxide, zinc oxide, red iron oxide, yellow iron oxide, black iron oxide,
carbon black, ultramarine, polyethylene powder, methacrylate powder, polystyrene powder, silk
powder, crystalline cellulose, starch, titanated mica, iron oxide titanated mica, bismuth
oxychloride, and the like. Suitable colored webs are described in US 2010/0233438 and US
2010/0233439. Precursor webs 50 can include various optional ingredients, such as those
described in US App. No. 12/879,567.

FORMED WEB

A precursor web 50 is processed according to the process of the disclosure to form a
formed web 60 that can have various desired structural features and properties such as desired
soft hand feel, an aesthetically pleasing visual appearance, and improved sound effects (e.g.,
when handled or manually manipulated, the web 60 may create less sound as compared to the
precursor web 50). A pair of mated forming structures 101 is provided to conform the precursor
web 50 between the forming elements 10 of the first and second forming structures 110,120. A
first web 60 having discrete three-dimensional elements (“3-D elements™) 62 is thereby
produced, as shown in Figure 1A. Figure 1B shows an enlarged view of the 3-D element 62
shown at “3” in Fig. 1A; specifically, the 3-D element 62 is a chad 73. Other exemplary discrete
3-D elements 62 are pictured in Figures 2A-E. Figure 2A shows a bubble 90 wherein the
sidewalls are thinned in the cross direction. Figure 2B shows a hood 92, Fig. 2C a ribbon 94,
Fig. 2D a chad 73, and Fig. 2E a crater 96. The discrete 3-D elements 62 are formed as protruded
extensions of the web 60, generally on a first surface 76, a second surface 78, or both surfaces
thereof. As such, the discrete 3-D elements 62 can be described as being integral with web 60,
and formed by permanent local plastic deformation of the precursor web 50. The discrete 3-D
elements 62 can be described as having sidewalls 70 defining an open proximal end 64 and open
67 (e.g., Fig. 3) or closed 68 (e.g., Iig. 4) distal ends.

The discrete 3-D elements 62 each have a height h measured from a minimum amplitude
Anin between adjacent 3-D elements 62 to a maximum amplitude A, at the closed or open distal
end 66. The discrete 3-D elements 62 have a diameter d, which for a generally cylindrical
structure is the outside diameter at a lateral cross-section. By “lateral” is meant generally parallel
to the plane of the first surface 76. For generally columnar discrete 3-D elements 62 having non-
uniform lateral cross-sections, and/or non-cylindrical structures of discrete 3-D elements 62,
diameter d is measured as the average lateral cross-sectional dimension at 2 the height h of the

discrete 3-D element. Thus, for each discrete 3-D element, an aspect ratio, defined as h/d, can be



10

15

20

25

30

WO 2012/148908 PCT/US2012/034795

12107-DW 5

determined. The discrete 3-D element can have an aspect ratio h/d of at least (.2, at least 0.3, at
least (.5, at least 0.75, at least 1, at least 1.5, at least 2, at least 2.5, or at least 3. The discrete 3-D
elements 62 will typically have a height h of at least 30 microns, at least 50 microns, at least 65
microns, at least 80 microns, at least 100 microns, at least 120 microns, at least 150 microns, or
at least 200 microns. Or, the discrete 3-D elements 62 can have taller heights h of up to 5cm, 2.5
cm,up to 2 cm, up to 1.5 cm, up to 1 cm, up to 0.5 cm, up to 0.1 cm, or up to 0.02cm. The 3-D
elements 62 will typically be at least the same height as the thickness of the precursor web 50, or
at least two times the thickness of the precursor web 50, or preferably at least three times the
thickness of the precursor web 50. The discrete 3-D elements 62 may have a diameter d of 50
microns to 790 microns, 50 microns to 600 microns, 50 microns to 500 microns, 65 microns to
400 microns, or 75 microns to 300 microns. Or, the discrete 3-D elements 62 can have larger
diameters up to 2.5 cm, up to 2 cm, up to 1.5 cm, up to 1 cm, up to 0.5 cm, up to 0.1 cm, or up to
0.08cm. Tor discrete 3-D elements 62 that have generally non-columnar or irregular shapes, a
diameter of the discrete 3-D elements can be defined as two times the radius of gyration of the
discrete 3-D elements at %2 height. In one embodiment, the diameter of a discrete 3-D element is
constant or decreases with increasing amplitude (amplitude increases to a maximum at closed or
open distal end 66). The diameter, or average lateral cross-sectional dimension, of the discrete 3-
D elements 62 can be a maximum at proximal portion and the lateral cross-sectional dimension
steadily decreases to distal end. This structure 110,120 is desirable to help ensure the web 60 can
be readily removed from the forming structures 110,120.

Thinning of the precursor web 50 can occur due to the relatively deep drawing required to
form high aspect ratio discrete 3-D elements 62. For example, thinning can be observed at the
closed 68 or open 67 distal ends 66 and/or along the sidewalls 70. By “observed” is meant that
the thinning is distinct when viewed in magnified cross-section. Such thinning can be beneficial
as the thinned portions offer little resistance to compression or shear when touched. For example,
when a person touches the web 60 on the side exhibiting discrete 3-D elements 62, the fingertips
of the person first contact the closed or open distal ends 67 of the discrete 3-D elements 62. Due
to the high aspect ratio of the discrete 3-D elements 62, and the wall thinning of the precursor
web 50 at the distal ends 66 and/or along the sidewalls 70, the discrete 3-D elements 62 offer
little resistance to the compression or shear imposed on the web 60 by the person’s fingers.

Thinning of the formed web 60 at the distal ends 66 and/or along the sidewalls 70 can be
measured relative to the thickness of the precursor web 50 or relative to the thickness of the land

area 61 that completely surrounds the discrete 3-D elements 62 of the web 60. The web 60 or 3-
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D elements 62 will typically comprise at least a portion which exhibits thinning of at least 25%,
at least 50%, or at least 75% relative to the thickness of the precursor web 50. The web 60 or 3-
D elements 62 will typically comprise at least a portion which exhibits thinning of at least 25%,
at least 50%, at least 75%, or at least 85% relative to the thickness of the land area surrounding
the discrete 3-D elements 62 of the web 60. In some cases, there is relatively little thinning at the
distal end 66, e.g., when using protrusions 20 which are not relatively sharp. In such instances, it
is believed that friction lock occurs, leading to relatively more thinning on the sidewalls 70.

A desirable feeling of softness, such as like the feeling of a velour fabric, is achieved
when at least some of the discrete 3-D elements 62 comprise chads 73, shown in Figures 1A, 1B,
2D, and 5. Chads 73 are formed when at least a portion of a sidewall 70 thins and ruptures,
leaving an aperture 83 and a flap of web material, or chad 73, attached to a web 60, as shown in
Fig. 5. If a film laminate with a fibrous structure is used, precursor web 50 should be orientated
such that web 60 will not comprise fibers protruding above the plane of the aperture 83 of the
chad 73. No fibers protrude into or through the aperture 83 in the direction of the chad 73.

Unlike the other 3-D elements 62 described herein, chads 73 are only partially connected
to the perimeter of the apertures P,. In one embodiment, P, is equal to about the aperture
diameter d multiplied by = The chads 73 are attached at a connection segment CS along a
portion of the aperture perimeter P,. This enables the chads 73 to move more freely in more
directions than 3-D elements 62 that are attached around the entire perimeter or at two or more
connection segments along an aperture perimeter. The connection segment CS may be located
on any portion of the perimeter of the aperture P, relative to the machine direction. The
connection segment CS is less than about 50%, less than about 40%, less than about 30%, less
than about 20%, or less than about 10% of the entire aperture perimeter P,. As the length of the
connection segment CS gets shorter and shorter, the chad 73 can more easily hinge, move, bend,
or rotate about its connection segment CS. Preferably, chads 73 are hingeable about the
connection segment CS.

A 3-D element may comprise one chad 73 per aperture 83 or more than one chad 73 per
aperture 83. In a preferred embodiment, there is one chad 73 per aperture 83. The aperture 83
may be flush with the web surface 76, or it may be above the plane of the web surface 76, such as
in the form of a crater (e.g., Fig. 2D). Thus, the aperture 83 may have a height H,. As shown in
Figure 6, the chads 73 will typically have a length L. (when extended from its connection
segment) of at least 30 microns, or at least 65 microns, or at least 100 microns, at least 200

microns, at least 300 microns, at least 400 microns, at least 500 microns, at least 600 microns, or
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at least 700 microns. Or, the chads 73 can have larger lengths L. of up to 7.5cm, 5cm, 2.5cm,
2cm, 1.5cm, 1lcm, 0.5cm, 0.1cm, or up to 0.08cm. Or, the chads 73 may have a length L. of at
least two times, three times, four times, or up to ten times the diameter d of the aperture 83. The
thickness T, of a chad 73 may vary along the length L. of the chad 73. The width of the chad 73
can be wider, narrower, or similar to the connection segment CS length. The width W, of the
chad 73 may be measured at %2 the length L. of the chad 73. The chads 73 have an aspect ratio
AR, = L./ W, AR, can be greater than 0.5, 0.75, 1, 1.5, 2, 3, or 4. As the aspect ratios AR, of
the chads 73 of the web increase, the web will become softer. The center-to-center spacing of a
chad 73 and another 3-D element 62 (which may or may not be another chad 73) is measured
from the center of the chad’s aperture 83. Preferably, chads 73 are bendable at various points
along their length L.

The number, size, and distribution of chads 73 on the web 60 can be predetermined based
on desired soft feel and visual effects. At least some, at least 25%, at least 50%, at least 75%, at
least 95%, or all of the 3-D elements 62 formed in the web are chads 73. For applications such as
a topsheet, backsheet, or release paper wrapper in disposable absorbent articles, or packaging, it
can be desired that the chads 73 protrude only from one surface of web 60. Therefore, when the
web 60 is used as a topsheet in a disposable absorbent article, the web 60 can be oriented such
that the chads 73 are skin contacting for superior softness impression. In other embodiments, it
will be desired to have chads 73 on both the first surface 76 and second surface 78 of the web 60.
In the case of webs used in absorbent articles, such new structures may include those that provide
a single portion of the web with multiple properties (such as improved softness, fluid handling, or
other properties) in a predetermined location on the web. Chads 73 do not typically have areas
the same as their apertures 83 and thus would not make good one-way valves.

The chads 73 will typically comprise at least a portion which exhibits thinning of at least
25%, at least 50%, or at least 75% relative to the thickness of the precursor web 50. The chads
73 will typically comprise at least a portion which exhibits thinning of at least 25%, at least 50%,
at least 75%, or at least 85% relative to the thickness of the land area surrounding the chads 73.
In a preferred embodiment, the chads 73 comprise at least a portion which exhibits thinning of at
least 75% relative to the thickness of the land area surrounding the chads 73. To achieve
desirable web softness, thinning can be maximized to obtain long and narrow chads 73. The
change in caliper of the web 60 resulting from chads 73 is very little (however, crater-type
apertures 83 may change the caliper of the web 60). One reason chads 73 may not change the

bulk caliper of the web much, if at all, is because the chads 73 may lie down on top of the web 60
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(e.g., touching the web or parallel to it) rather than rising perpendicular to the web 60. This may
be due to the thin and flimsy nature of the chads 73 and/or the web 60 undergoing further
processing (e.g., folding, packaging). At least a portion of a chad 73 (in addition to the
connection segment portion) may touch the web 60; e.g., an absorbent article may comprise a
topsheet which comprises chads which lie flat against the topsheet’s body-contacting surface.

The ““area density” of the discrete 3-D elements 62, which is the number of discrete 3-D
elements 62 per unit area of first surface 76, can be optimized and the web 60 may include about
200 to about 3,000; or about 200 to about 10,000; about 220 to 8,000; about 240 to about 6,000;
about 300 to about 5,000; or about 350 to about 3,000 discrete 3-D elements 62 per square
centimeter. Or, the web 60 may include about 0.1 to about 10,000, 4 to about 10,000, about 95 to
about 10,000, about 240 to about 10,000, about 350 to about 10,000, about 500 to about 5,000, or
about 700 to about 3,000 discrete 3-D elements 62 per square centimeter. In general, the center-
to-center spacing can be optimized for adequate tactile impression, while at the same time
minimizing entrapment of materials, such as fluids, between discrete 3-D elements 62 when the
web is used, e.g., as a topsheet. The center-to-center spacing C between adjacent discrete 3-D
elements 62 can be less than about 800 microns or greater than about 800 microns. Other
acceptable center-to-center spacings are from about 30 microns to about 700 microns, about 50
microns to about 600 microns, about 100 microns to about 500 microns, or about 150 microns to
about 400 microns. Further acceptable center-to-center spacings are about 30 microns to about
32,000 microns, about 100 microns to about 5,000 microns, about 150 microns to about 1,000
microns, about 150 microns to about 600 microns, or about 180 microns to about 500 microns.

A second web 80 having second discrete 3-D elements 74 and/or third discrete 3-D
elements 75 in addition to the first discrete 3-D elements 62 may be produced, as described
below and shown in Figure 7. The various 3-D elements 62,74,75 may be the same, similar,
different, or combinations thereof. The second discrete 3-D elements 74 and/or third discrete 3-
D elements 75 can be formed adjacent to, in between, or at least partially overlapping with, the
first discrete 3-D elements 62. They may be formed on various sides of a web. Location of the
3-D elements may vary — e.g., the middle, perimeter, in zones, etc, of the web. The first discrete
3-D elements 62, second discrete 3-D elements 74, and/or third 3-D elements 75 can be various
sizes and have various combinations of open and closed distal ends. In one embodiment the first
discrete 3-D elements 62 and second discrete 3-D elements 74 have closed distal ends 68, while
the third discrete 3-D elements 75 have open distal ends. In one embodiment, a formed web 80

comprises first discrete 3-D elements in the form of chads 73, second 3-D elements in the form of
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macro-cones 74, third 3-D elements in the form of tufts 75, as well as regions with no 3-D
elements. The chads 73 may be formed on the first, or body-facing, surface 76 of a web 60;
macro-cones 74 may be formed on the second, or non-body facing, surface 78 of the web 80; and
tufts 75 may be formed on the first surface 76 of the web 80. Chads 73 may be a micro-texture
located on the entire web 60, while macro-cones 74 may be a macro-texture located in a center
region of the web, and tufts 75 may be a macro-texture located in a perimeter region. US 2010/
0036338 A1l provides other webs which may be combined with chads 73.

FORMING STRUCTURES

The forming process can be carried out via an apparatus that comprises a pair of rigid
mated forming structures, such as those shown in Figs. 8-10. Forming structures may comprise
rollers, plates, belts, sleeves, or the like, or combinations thereof. Suitable pairs of forming
structures 101 include, but are not limited to: a pair of counter-rotating rollers that define a nip
therebetween, a pair of plates, and a pair of belts. In one embodiment, as shown in Fig. 8, the
pair of mated forming structures 101 is a pair of counter-rotating rollers 102,103 which engage in
the machine direction MD. Using a forming apparatus with rollers can be beneficial in the case
of continuous processes, particularly those in which the speed of the process is of interest. In
another embodiment, as shown in Fig. 9, the pair of mated forming structures 101 is a pair of
counter-rotating rollers 104,105 which engage at an angle AA from the machine direction MD.
In another embodiment, as shown in Fig. 10, the pair of mated forming structures 101 is a pair of
plates 106,107. In another preferred embodiment, the pair of mated forming structures may
comprise an endless belt. Referring to Figs. 10, 11A, and 11B, individual forming structures
110,120 (or any additional forming structures 210,220 of additional texturing steps) for use in the
process of the present disclosure include a plurality of forming elements 10. As used herein,
“forming structures” refer generally to structures capable of imparting a texture to a web. As
used herein, “forming elements” refer generally to elements that provide texture to a web; types
of forming elements include discrete protrusions, discrete voids, continuous voids, or
combinations thereof. Forming elements may vary in shape, size, sharpness, taper, aspect ratio,
and/or center-to-center spacing. One type or multiple types of forming elements 10 can be
present on a single forming structure. Generally, a pair of mated forming structures comprises at
least two types of forming elements. For example, the first forming structure 110 may include
voids 30 while the second forming structure 120 may include protrusions 20. Alternatively, the
first and second forming structures 110,120 may have the same type of forming elements 10; for

example, both forming structures 110,120 can include protrusions 20 and voids 30, as illustrated
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in Figures 11A and 11B. In the embodiment shown in Fig. 11B, the spaces between adjacent
protrusions 20 act as voids 30. The term “adjacent,” as used herein, with reference to features or
regions, means near or close to, and which need not be in contact with each other.

As illustrated in Fig. 12 the forming elements 10 of either or both of the first and second
forming structures 110,120 can include protrusions 20 or voids 30 selected from discrete
protrusions 22 (e.g., pillars 24 or teeth 26), ridges 28, discrete voids 32 (e.g., apertures 34 or
depressions 36), continuous voids 38, grooves 39, or a combination thereof. The forming
structures 110,120 can further include lands 40 completely surrounding the forming elements 10.
The forming elements 10 of the forming structures 110,120 can be small in scale relative to
typical patterns used on forming structures 110,120 in conventional texturing or embossing
processes. The process of the disclosure can produce webs 60 that include relatively high aspect
ratio 3-D elements 62 with thinned distal ends 66 and/or sidewalls 70, even without heating webs
and even at high speeds.

Figure 13 illustrates the distinction between two exemplary types of discrete voids 32
described herein: apertures 34 and depressions 36. As used herein, “apertures 34" refers to an
opening in the forming structures 110,120 that does not include a bottom surface limiting the
depth of the opening. In contrast, as used herein, “depressions 36” refers to an opening in the
forming structures 110,120 having a bottom surface, or valley 31, limiting the depth of the
opening to be less than the thickness of the forming structures 110,120. The valley 31 can be, for
example, porous or non-porous. The valley 31 can include an opening having a width smaller
than the diameter of the depression 36, which vents the depression 36 by allowing air to pass
through the depression 36. For example, the valley 31 opening may have a width smaller than
the thickness of the precursor web 50. The valley 31 can be flat, rounded, or sharp.

As used herein, “grooves 39” are voids 30 which are non-circular in cross-section, have a
length greater than a width, and are sized to encompass one or more protrusions 20. The length
of the grooves 39 may be aligned with a machine direction MD or cross direction CD, or skewed
a certain degree from the machine direction or cross direction or combinations thereof. Referring
back to Fig. 9, the pair of skewed rollers 104 comprises grooves 39. In certain embodiments, the
grooves are skewed, meaning they run at an angle AA of 5° to 85°, 15° to 75°, 25° to 65°, or 45°
from the machine direction. Engaging forming rollers at an angle skewed to the machine
direction MD can result in structures which have greater strength and/or softness (as well as a
different visual appearance than if it were machine direction-aligned only) depending upon the

use of the web 60.
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The forming structures 110,120 can be a solid roll, or have a thickness of 25 to 25,000
microns, or 100 to 5,000 microns. The voids 30 can have a depth of 10 to 500 microns, or 25 to
5000 microns, or even greater. The depth of the voids 30 should be at least as tall as the tallest
protrusions 20. Preferably, the voids 30 have a depth that is at least three times the total
thickness of the webs. The depth of an aperture 34 corresponds to the thickness of the forming
structures 110,120 because the aperture 34 has no bottom surface limiting its depth.

The perimeter of the voids 30 on the web contacting surface of the forming structures
110,120 can have a straight edge or can have a radius of curvature as measured from the web
contacting surface of the forming structures 110,120 into the void 30. The radius of curvature
can be 0 to 2000 microns, preferably 0 to 25 microns, and more preferably 2 to 25 microns. In
one embodiment, an angled taper, commonly known as a chamfer, is used. In one embodiment a
combination of straight edges and radii are used.

The voids 30 have at least one diameter, which for a generally cylindrical structure is the
inside diameter. For example, a discrete void 32 may take the shape of an oval, while a
continuous void 38 may take the shape of a groove 39; each void having two diameters, one in
the length direction and one in the width direction. The diameter of the void 30 may be sized to
encompass one or more protrusions. Figures 14A-D illustrate exemplary combinations of voids
30 and protrusions 20. At an engagement position 140 of the forming structures 110,120, there is
a sidewall clearance 42 and a tip-to-valley clearance 44 between protrusions 20 and voids 30.
The diameter of the void depends upon the diameter (or width for non-uniform and/or non-
cylindrical voids) of the one or more protrusions, plus the sidewall clearance. Each void 30 can
have diameter of 40 to 2,000 microns, 50 to 500 microns, 65 to 300 microns, 75 to 200 microns,
or 10 to 5000 microns, 50 to 5000 microns, 500 to 5000 microns, or 800 to 2,500 microns. Or,
void 30 diameters may be even larger, such as up to 2.5 cm. The diameter of a void 30 may be
constant, decreasing with increasing depth, or increasing with increasing depth. For example, the
voids 30 can have a first diameter at a first depth and a second diameter at a second depth deeper
than the first depth. The first diameter can be larger than the second diameter, i.e., inward taper.
Or, the second diameter can be larger than the first diameter, i.e., outward taper.

The sidewalls of the voids 30 can be completely vertical, tapered, curved, or the sidewalls
can include combinations thereof. In one embodiment, the voids 30 have tapered sidewalls. In
one embodiment, sidewalls with an inward taper will typically have a degree of taper of 0° to 50°,
2° to 30°, or 5° to 25°. In another embodiment, the sidewalls of the voids comprise a combination

of vertical and curved sidewalls.



10

15

20

25

30

WO 2012/148908 PCT/US2012/034795

12107-DW 12

Protrusions 20 on one forming structure 110,120 can have varying heights or the
substantially same height. The protrusions 20 can have heights of 100 microns to 2,000 microns,
at least 500 microns, at least 700 microns, at least 900 microns, or at least 1,100 microns. Or, the
protrusions 20 can have larger heights of up to 7.5cm, 5cm, 2.5cm, up to 2cm, up to 1.5cm, up to
lcm, up to 0.5cm, or up to O.1cm. Preferably, the protrusions 20 have a height that is at least
three times the total thickness of the webs. The protrusions 20 can have a diameter, which for a
generally cylindrical structure is the outside diameter. For non-uniform cross-sections, and/or
non-cylindrical structures of protrusions 20, diameter dp is measured as the average cross-
sectional dimension of protrusions 20 at Y2 the height hp of the protrusions 20, as shown in
Figure 14A. The protrusions 20 can have diameters dp of from 10 microns to 770 microns, 50
microns to 600 microns, 50 microns to 500 microns, 65 microns to 400 microns, or 75 microns to
300 microns. Or, the protrusions 20 can have larger diameters dp of up to 2.5cm, up to 2cm, up
to 1.5cm, up to 1cm, up to 0.5cm, up to 0.1cm, or up to 0.08cm.

Various protrusion shapes are shown in Figures 15A-H. The protrusions 20 of the
forming structures 110,120 can have distal ends, or tips 21 that are flat, rounded or sharp,
depending upon whether it is desired to produce a web 60 having three-dimensional elements
(“3-D elements”) 62 with distal ends 66 that are open, or apertured 67 (requiring a sharper
protrusion on the forming structure 110) or closed 68 (requiring a more rounded protrusion on
the forming structure 110). Less sharp or rounded protrusion tips 21 may lead to more side
thinning of the sidewalls 70 of the 3-D elements 62 and even rupturing to form side openings, or
apertures 71. In some embodiments, the tips 21 of the protrusions 20 of the forming structures
110,120 are rounded and have a certain tip radius, such as from 5 to 300 microns, from 10 to 150
microns, from 15 to 100 microns, from 20 to 75 microns, or from 30 to 60 microns.

The sidewalls of the protrusions 20 can be completely vertical, tapered, curved, or
combinations thereof. Tapered sidewalls can also allow the web 60 to more easily separate from
the forming structures 110,120 after forming. In one embodiment, the sidewalls will typically
have a degree of taper of from 0° to 50°, from 2° to 30°, or from 5° to 25°. In other embodiments,
the protrusions 20 can be spherical, ellipsoid, or snowman-shaped, having different or varying
diameters along the height of the protrusion 20. In a preferred embodiment, protrusions 20
comprise tips 21 with a smaller radii and sidewalls with a steeper degree of taper.

Forming elements 10 of a single forming structure 110,120 can have varying geometries,
such as height of the protrusions 20 and depth of the voids 30, or combinations of both. For

example, the forming elements 10 can gradually increase in height or over a range of tens or
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hundreds of adjacent protrusions 20, which can result in the web 60 having discrete 3-D elements
62 with varying heights. Other features of the forming structures 110,120 which result in
corresponding features of the discrete 3-D elements 62 can be adjusted to form gradient
characteristics in the discrete 3-D elements 62 of the web 60. As shown in Figure 16, the
forming structures 110,120 can include an area density gradient of forming elements 10.

Figures 17A-C show various ratios of protrusions 20 to voids 30 on forming structures
110,120. In some embodiments, the protrusions 20 and voids 30 are sized relative to one another
to allow mating to successfully produce a web 60 of the present invention. The ratio of
protrusions 20 to voids 30 may be 1:1 so that each protrusion 20 has a corresponding void 30,
such as shown in Figure 17A. Or, the ratio of protrusions 20 to voids 30 may be less than 1:1, so
that there are extra voids 30 which do not match up to protrusions 20, as shown in Figure 17B.
Extra voids 30 may simplify alignment of two mated forming structures. Or, the ratio of
protrusions 20 to voids 30 may be greater than 1:1, for instance, two, three, four, or more
protrusions 20 may be sized to mate with only one void 30, as shown in Figure 17C. The ratio of
protrusions 20 to voids 30 may range from at least about 1:1, at least about 100:1, at least about
10,000:1, or even more, such as when multiple discrete protrusions 22 mate with one continuous
void 38, as shown in Figure 8. In other embodiments, the protrusions 20 need not mate with
voids 30, but can mate with the void 30 spaces between other protrusions 20. For example,
Figures 11A and 11B show a pair of forming structures 101 wherein both forming structures
110,120 are rollers comprising protrusions 20, with the spaces between forming voids 30. In this
embodiment, the protrusions 20 on each roller 108,109 are lined up so they engage.

In certain embodiments, the shapes of the protrusions 20 mimic the shapes of the voids
30. For instance, protrusions 20 and voids 30 may both be generally cylindrical and tapered and
may have matching or different angles of taper. Or, in certain embodiments, the shapes of the
protrusions 20 do not mimic the shapes of the voids 30. For example, protrusions 20 may be
circular while voids 30 may be squared or oval. The forming elements 10 of the forming
structures 110,120 can have a variety of different cross-sectional shapes, such as generally
columnar or non-columnar shapes, including circular, oval, hour-glass shaped, star shaped,
polygonal, and the like, and combinations thereof. Polygonal cross-sectional shapes include, but
are not limited to, rectangular, triangular, hexagonal, or trapezoidal.

In general, the forming structures 110,120 for a given portion thereof will include at least
about 200, at least about 220; from about 240 to about 10,000; from about 300 to about 5,000; or

from about 350 to about 3,000 forming elements 10 per square centimeter. Or, the forming
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structures 110,120 for a given portion thereof will include at least about 0.1 to about 10,000; 4 to
about 10,000; about 95 to about 10,000; about 240 to about 10,000; about 350 to about 10,000;
about 500 to about 5,000; or about 700 to about 3,000 forming elements 10 per square
centimeter. One objective of the present invention is that there is sufficient web tension and/or
friction between the precursor web 50 and the forming structures 110,120 to allow the web 60
formation to occur. The web 50 is held in place during forming by web tension and/or friction in
the machine direction, cross direction, angle from the machine direction, or combination thereof.

Referring to Figure 10, adjacent protrusions 20 have a center-to-center spacing C which
can be controlled so as to control the spacing of the resulting discrete 3-D elements 62. Center-
to-center spacings among adjacent protrusions 20 may be the same or different. Acceptable
center-to-center spacings are less than about 800 microns (i.e., micro) or greater than about 800
microns (i.e., macro). Other acceptable center-to-center spacings are from about 30 microns to
about 700 microns, about 50 microns to about 600 microns, about 100 microns to about 500
microns, or about 150 microns to about 400 microns. Further acceptable center-to-center
spacings are about 30 microns to about 32,000 microns, about 100 microns to about 5,000
microns, about 150 microns to about 1,000 microns, about 150 microns to about 600 microns, or
about 180 microns to about 500 microns. In some embodiments, at least one protrusion 28 has
center-to-center spacings of less than about 800 microns with at least three, at least four, or at
least five of its adjacent protrusions 20. Or, at least 25%, at least 50%, at least 75%, at least 95%,
or all of the protrusions 20 on a forming structure have center-to-center spacings of less than
about 800 microns with at least three, at least four, or at least five of their adjacent protrusions
20. Or, at least one protrusion 28 has center-to-center spacings of greater than about 800 microns
with at least three, at least four, or at least five of its adjacent protrusions 20. Or, at least 25%, at
least 50%, at least 75%, at least 95%, or all of the protrusions 20 on a forming structure have
center-to-center spacings of greater than about 800 microns with at least three, at least four, or at
least five of their adjacent protrusions 20.

Forming elements 10 may be aligned in the machine direction, cross direction, or at an
angle from the machine direction or cross direction. The forming elements 10 may be arranged
in random arrays or non-random arrays. Examples of non-random arrays include rectangular,
hexagonal, square, and combinations thereof. Arrays of forming elements 10 may be designed to
increase the strength of the web 60, for example, by minimal alignment in the machine direction,
the cross direction strength will be increased. Arrays of forming elements 10 may be designed to

maximize ease of tearing the web 60, for example, with serrated or linear alignments.
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In certain embodiments, a portion of the forming structures 110,120 can include area
densities of forming elements 10 as described above, while other portions of the forming
structures 110,120 may include no forming elements 10, as shown in Figure 16. The areas of the
forming structures 110,120 having no forming elements 10 can be located at a different radial
distance or in a different horizontal plane. In other embodiments, the forming elements 10 of the
forming structures 110,120 can be located at a different radial distance or in different horizontal
planes of the forming structures 110,120. The portions having no forming elements 10 and/or the
portions having forming elements 10 located in different horizontal planes of the forming
structures 110,120 can be in the form of a specific pattern or design, such as a flower, bird,
ribbon, wave, cartoon character, logo, and the like, so that the web 60 will have a portion that
stands out visually from, and/or has a different hand feel when touched relative to, the remainder
of the web. For example, the web 60 can include a non-formed portion that stands out visually
from, and/or has a different hand feel from formed portions, such as described in US 5,158,819.
Portions of forming structures 110,120 having no forming elements 10 do not factor into the
center-to-center spacing requirements of adjacent forming elements in portions of forming
structures 110,120 having forming elements 10. For instance, if two portions with forming
elements are separated by a third portion without forming elements, forming elements from the
first portion are not considered adjacent to forming elements from the second portion; only
forming elements within each portion are considered adjacent to one another.

PROCESS FOR MAKING A FORMED WEB

One process for making a formed web includes a forming step in which a precursor web
is moved through a deformation zone located between a pair of mated forming structures. The
forming structures each comprise forming elements such as protrusions and voids. The resultant
web includes a plurality of discrete three-dimensional elements (“3-D elements™). The process
may also include an additional forming step in which the web is moved through at least one other
deformation zone located between a second pair of mated forming structures. The resultant web
includes a plurality of discrete 3-D elements imparted by the first forming step, as well as those
elements imparted by the second forming step, thereby providing a complex web. The second
discrete 3-D elements may extend from the first or second side of the web, may be in the same or
similar location as the first 3-D elements, may be placed between the first 3-D elements to
increase area density, or may be larger or smaller or the same size as the first 3-D elements, e.g.,

a web may be formed which has a micro-texture as well as a macro-texture.
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A suitable process comprises at least one pair of mated forming structures 101. The
forming structures may comprise rollers, plates, belts, sleeves, or the like, or combinations
thereof. Suitable pairs of forming structures 101 include, but are not limited to: a pair of counter-
rotating rollers that define a nip therebetween, a pair of plates, a pair of belts, or the like.

If the mated pair 101 of forming structures 110,120 both include protrusions 20 and voids
30, the discrete 3-D elements 62 can be formed in the web 60 extending from the surface of the
web 60 opposite the surface from which the discrete 3-D elements 62 formed by the voids 30 of
the forming structures 110,120 are formed. See, for example, Figures 11A and 11B. As a result,
a two-sided web 60 can be created, having different patterns or dimensions of 3-D elements 62
on each side of the web 60. Depending upon the strain generated by the forming apparatus, as
well as the geometric shapes of the voids 30 and optional pillars 24 of the forming structures
110,120, the discrete 3-D elements 62 of the web 60 can have open, or apertured, distal ends 67;
closed distal ends 68; open, or apertured, sidewalls 71, closed sidewalls 72, or chads 73. In
addition, the sizes, shapes, and area densities of the 3-D elements 62 on one side of the two-sided
web 60 can be controlled independent of the other side of the two-sided web 60.

As shown in Figure 18, a process 100 for forming a web 60 includes moving a precursor
web 50 from a first supply roll 112 through a pair of mated forming structures 101 to a rewind
roll 122. The pair of forming structures 101 comprises a first forming structure 110 and a second
forming structure 120 which mate at a deformation zone 130. In a preferred embodiment, at least
the first forming structure 110 comprises voids 30 and at least the second forming structure 120
comprises protrusions 20. The precursor web 50 is moved through the deformation zone 130
between the two forming structures wherein the protrusions on the second forming structure 120
mate, or engage, with the voids on the first forming structure. The forming structures 110,120
engage at an engagement position 140 and have a depth of engagement DOE wherein there is an
acceptable sidewall clearance 42 and tip-to-valley clearance 44 between protrusions 20 and voids
30, for example, as shown in Iiigs. 14A-D. At the engagement position 140, at least a majority of
the engaged voids and protrusions are separated from each other by a sidewall clearance 42
ranging from about 30 microns to about 300 microns and a tip-to-valley clearance 44 of greater
than 30 microns. Typically, the sidewall angle of the protrusions 20 are defined such that when
the forming structures engage, there is sufficient clearance for the web and the web is not sheared
(where portions of the web forced to slip relative to other portions) or pinched by the forming

structures. The rolls 110,120 may rotate at substantially the same speed as the speed at which the
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web is fed through the nip between the rolls; or, they may rotate at a greater or lesser speed than
the speed at which the web is fed through the nip between the rolls.

The forces in the deformation zone 130 upon the precursor web 50 are sufficient to cause
the precursor web 50 to conform to the forming elements 10 to form a web 60 having discrete 3-
D elements 62. The conformation of the precursor web 50 to the forming elements 10 can be
partial, substantial, or complete conformation (unless rupture occurs), depending upon the web
50, the strain induced on the web 50, the temperature, and the topography of the forming
structures 110,120.

The process can optionally be combined with other processes to further manipulate the
web 60. For example, as shown in Fig. 19, a web 60 may go through at least a second
deformation zone 230 to form a second formed web 80. Additional webs may be introduced to
the process at any time. The forces in the deformation zone 230 upon the first web 60 are
sufficient to cause the first web 60 to conform to the second forming elements 12 to form a
second formed web 80 having second discrete 3-D elements 74 and/or third 3-D elements 75 as
well as the first discrete 3-D elements 62 (or some deformed variation of them). Third 3-D
elements 75 shown in Fig. 7 were made according to US 2006/0087053 Al. The conformation
of the first web 60 to the additional forming elements can be a partial, substantial, or complete
conformation, depending upon the web 60, the strain induced on the web 60, the temperature,
and the topography of the forming structures 210,220. A shadow effect of a pattern can be
created using a first and second pair of forming structures 101,201 having aligned portions
having no forming elements 10 and controlling the location of the first web 60.

The second pair of mated forming structures 210,220 may comprise third and fourth
forming structures separate from the first and second forming structures. As shown in Fig. 19,
the two deformation zones, or nips, 130,230 are separated in space. Alternatively, a second
deformation zone 230 can be created by a third forming structure 210 if it is nested with or mated
to either of the first or second forming structures 110,120. For example, in the process 300
shown in Figure 20A, forming structures 110,210 can be mated with forming structure 120 in a
planetary arrangement. Forming structures 110,210 have at least some forming elements 10 in a
similar size and/or array so as to mate with second forming structure 120. If the web 60 is still
registered on the same forming structure/protrusions 20, as shown in Fig. 20A, the second
deformation zone 230 may yield a greater degree of conformation of the web 60 to at least some
of the forming elements 10 (everywhere or in certain locations). If the web 60 is not registered

on the same forming structure/protrusions, as shown in the nested arrangement of Fig. 20B, the
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second deformation zone 230 or third deformation zone 330 may increase area density of the
discrete 3-D elements with cheaper tooling and at faster line speeds as well as create a web 80
having 3-D elements extending from both sides of the web. For examples, see US App. No.
12/879,567 and U.S. Patent App. Serial No. _(tbd)_, “Method for Deforming a Web”, Docket
No. 12089R, to Orr filed on the same date as the present application.

While not being bound by theory, it is believed that factors such as the precursor web 50;
the shape, size, variety, and center-to-center spacing of the protrusions 20 and voids 30; the strain
induced on the precursor web 50; the temperature; and the topography of the forming structures
110,120; as well as the strain applied can be adjusted to produce a desired web 60 having, e.g.,
discrete 3-D elements 62 on one or both sides of the web 60, with closed or open distal ends 66
or closed or open sidewalls 70, etc. To obtain permanent deformation of the precursor web 50
and the first web 60 to form the first web 60 and the second web 80, respectively, the strain
applied is generally sufficient to stretch the precursor beyond its yield point. Different levels of
strain may be induced by varying the depth of engagement between the forming structures. In
one embodiment, chads form at higher depths of engagement and/or higher temperatures.

When a micro-textured web is desired, the process disclosed herein allows for use of rigid
forming structures having narrower center-to-center spacing between adjacent forming elements
as well as a higher area density of forming elements to produce micro-textured webs having
smaller scale spacing between adjacent discrete 3-D elements and a high density of discrete 3-D
elements. Previously, rigid forming structures were designed to have fewer forming elements
and wider spacing between adjacent elements because they were cheaper and easier to
manufacture and had significantly increased life span as compared to forming structures having a
higher area density of forming elements with narrower spacing between adjacent elements.
Processes exist for making a micro-textured web using a compliant material, such as water,
rubber, and air in conjunction with a rigid structure; however, up to this point, two rigid mated
forming structures have not been able to create micro-textured webs with such small scale. It has
been discovered that applying the forming structure techniques such as those disclosed in US
7,655,176 to create both of the rigid, mated forming structures of the present invention can allow
high speed innovative tooling for processes of the current invention. Now, it is possible to create
small length scales of protrusions and voids on pairs of rigid mated forming structures.

The process can have relatively short dwell times. Dwell time refers to the amount of
time strain is applied to a given portion of the precursor web 50 or the first web 60, usually the

amount of time a given portion of the precursor web 50 or the first web 60 spends positioned in
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the deformation zone, or nip 130,230,330 between pairs of forming structures 101,201,301.
Strain is typically applied to the precursor web 50 or the first web 60 for a dwell time of less than
5 seconds, less than 1 second, less than (.5 second, less than 0.1 second, less than 0.01 second, or
less than 0.005 second. For example, the dwell time can be 0.5 milliseconds to 50 milliseconds.
Strain can be applied to the precursor web 50 during a first deformation zone 130 for a first dwell
time and strain can be applied to the first web 60 during a second deformation zone 230 for a
second dwell time. 'The first and second dwell times can be substantially equal or can be
different. Even with such relatively short dwell times, webs can be produced with desirable
structural features described herein. As a result, the process of the disclosure enables high speed
production of webs. In other embodiments, the process can have relatively long dwell times,
such as the method for incrementally stretching a web, described in US 2008/0224351.

The precursor web 50 or the first web 60 can be fed between the first and second forming
steps at a rate of at least 0.01 meters per second, at least 1 meter per second, at least 5 meters per
second, or at least 10 meters per second. Other suitable rates include, for example, at least 0.01,
0.05,0.1,0.5,1,2,3,4,5,6,7, 8,9, or 10 meters per second. The rate at which the precursor
web 50 is fed between the first pair of forming structures 101 can be substantially the same or
different as the rate the first web 60 is fed between the second pair of forming structures 201.

Any or each of the forming steps of the process can be carried out at ambient temperature,
meaning that no heat is intentionally applied to the forming structures and/or webs. It should be
recognized, however, that heat can be generated due to the high strain of the precursor web 50.
As a result, the forming structures may be cooled in order to maintain the process conditions at
the desired temperature, such as ambient temperature. Any or each of the forming steps of the
process can also be carried out with the web having an elevated temperature. For example, the
temperature of the web can be less than the melting point of the precursor web 50. For example,
the temperature of the web can be at least 10°C below the melting point of the precursor web 50.
In general, the process can be carried out at a temperature of from 10°C to 200°C, from 10°C to
120°C, from 10°C to 80°C, or from 10°C to 40°C. The web 50 can be heated by a preheating step
or by actively heating one or both of the forming structures. The temperature can be measured
by, for example, a non-contact thermometer, such as an infrared thermometer or a laser
thermometer, measuring the temperature at the deformation zone 130,230. The temperature can
also be determined using temperature sensitive material such as Thermolabel available from

Paper Thermometer Company.
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USES OF FORMED WEB

Formed webs of the present invention can be utilized in a number of different ways, such
as component materials of absorbent articles (such as topsheets, backsheets or release paper
wrappers, e.g., for a feminine hygiene article, diaper, or adult incontinence article), packaging
(such as flow wrap, shrink wrap, or polybags), trash bags, food wrap, wipes, electronic
components, wall paper, clothing, window coverings, placemats, book covers, and the like.

EXAMPLES
Example 1

A formed web 60 may be produced using flat plate forming structures 110,120. The first
forming structure 110 includes parallel continuous grooves 39 and parallel ridges 28 running in a
first direction, with a center-to-center spacing of about 520 microns in a second direction. The
ridges 28 have a taper angle of about 5 degrees from vertical. The grooves 39 have a depth of
about 940 microns and a diameter at half-depth of about 320 microns. The second forming
structure 120 includes about 320 teeth 26 per square centimeter, the teeth 26 having a general
shape as shown in Figures 21A-C. The teeth 26 are arranged in a rectangular array, with a
center-to-center spacing of about 610 microns in a first direction and about 520 microns in a
second direction. The teeth 26 have straight, vertical sidewalls in the first direction and tapered
inward at an angle of about 10 degrees in the second direction. The teeth 26 have a height of
about 610 microns in the first direction, about 800 microns in the second direction, and a
rectangular cross section with a first diameter of about 230 microns and a second diameter of 130
microns at half-height. The tips are rounded with a first radius of about 115 microns and a
second radius of about 50 microns. The forming structures 110,120 are made from aluminum by
EDM wire engraving. The precursor web 50 utilized is a polyethylene film having a fine square
embossed pattern, obtained from the RKW-Group, Germany, that is about 18 microns thick and
has a basis weight of about 17 grams per square meter (gsm).

The forming process is performed using a high speed research press (HSRP) at room
temperature. The HSRP (described in detail in U.S. 2009/0120308) is designed to simulate a
continuous production line process for embossing the precursor web 50. The HSRP is operated
to simulate forming structure 110,120 roll diameters of 206 mm. The precursor web 50 is fed
between the forming structures 110,120 in a pre-strained state of 1.5% in a first direction
(parallel with the grooves and ridges) at a simulated rate of about 6 m/sec. The engagement is
about 600 microns, at which point the sidewall clearances are about 105 microns in the second

direction and the tip to valley clearance is about 330 microns.
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Figure 22 is a SEM image which illustrates a resultant web 60 which includes a plurality
of discrete 3-D elements 62. The fine square embossed pattern of the precursor web is still
apparent. 'The discrete 3-D elements 62 are predominantly in the form of bubbles 90 and some
hoods 92 with significant sidewall and tip thinning. Heights of the discrete 3-D elements 62 are
about 165 microns with a first diameter at half-height of about 220 microns and a second
diameter at half-height of about 108 microns.

Example 2

A formed web 60 may be produced on an apparatus similar to that shown in Figure 8
using cylindrical forming structures 102,103. Both forming structures have an outer diameter of
145 mm and a width of 189 mm. The first forming structure 102 includes parallel continuous
grooves 39 and parallel ridges 28 running in a first direction, with center-to-center spacing of
about 508 microns in a second direction. The ridges 28 have a taper angle of about 4.4 degrees
from vertical. The grooves 39 have a depth of about 1,000 microns and a diameter at half depth
of about 340 microns. The second forming structure 120 includes about 287 teeth 26 per square
centimeter, with a general shape as shown in Figure 21A. The teeth 26 are arranged in a
rectangular array, with a center-to-center spacing of about 685 microns in a first direction and
about 508 microns in a second direction. The teeth 26 have straight, vertical sidewalls in the first
direction and tapered inward at an angle of about 4.4 degrees from vertical in the second
direction. The teeth 26 have a height of about 1,000 microns and a rectangular cross-section with
a first diameter (length) of about 305 microns and a second diameter (width) of about 170
microns at half-height. The tips are rounded with a first radius of about 150 microns and a
second radius of about 50 microns. Forming structures 102,103 are machined from aluminum to
create grooves; then, forming structure 103 is EDM wire engraved to create teeth 26. The
precursor web 50 utilized is a polyethylene film, obtained from Clopay Cincinnati, that is about
25 microns thick and has a basis weight of about 25 grams per square meter (gsm).

The forming process is performed by feeding the precursor web 50 into the nip 130 of the
forming structures 102,103 at a line speed of 8 m/s at room temperature. The precursor web 50 is
fed between the forming structures 102,103 in the machine direction (parallel with the grooves
39 and ridges 28). The web tension on the infeed side is about 1% to 5%, i.e., within the linear
elastic region of the web. The web tension on the outfeed side should be greater than the infeed
tension to keep the web moving. The outfeed wrap angle is 90°. The stripping idler roll 250 is

positioned 0.8mm away from the forming roll 103. The engagement is about 800 microns, at
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which point the sidewall clearances are about 95 microns in the second direction and the tip to
valley clearance is about 200 microns.

Figure 23 is a SEM image which illustrates a resultant web 60 which includes a plurality
of discrete 3-D elements 62. The 3-D elements 62 are in the form of bubbles 90, hoods 92, and
chads 73 with significant sidewall and tip thinning.

Example 3

This Example is the same as Example 4, except that both forming structures 102,103 are
maintained at 70 degrees Celsius during the process rather than room temperature. Figure 24 is a
SEM image which illustrates a resultant web 60 which includes a plurality of discrete 3-D
elements 62. The discrete 3-D elements 62 are predominantly in the form of craters 96 and some
chads 73 with significant sidewall and tip thinning.

The dimensions and values disclosed herein are not to be understood as being strictly
limited to the exact numerical values recited. Instead, unless otherwise specified, each such
dimension is intended to mean both the recited value and a functionally equivalent range
surrounding that value. For example, a dimension disclosed as “40 mm” is intended to mean
“about 40 mm.”

All documents cited in the Detailed Description of the Invention are, in relevant part,
incorporated herein by reference; the citation of any document is not to be construed as an
admission that it is prior art with respect to the present invention. To the extent that any meaning
or definition of a term in this written document conflicts with any meaning or definition of the
term in a document incorporated by reference, the meaning or definition assigned to the term in
this written document shall govern.

While particular embodiments of the present invention have been illustrated and
described, it would be obvious to those skilled in the art that various other changes and
modifications can be made without departing from the spirit and scope of the invention. It is
therefore intended to cover in the appended claims all such changes and modifications that are

within the scope of this invention.
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CLAIMS

What is claimed is:

1. A formed web comprising discrete three-dimensional elements formed therein, wherein at
least some of the discrete three-dimensional elements comprise chads with corresponding
apertures, wherein the aperture has a perimeter, wherein the chad has a length, wherein the
chads are attached along a portion of the aperture perimeter which forms a connection
segment, wherein the connection segment is less than about 50% of the entire aperture

perimeter, and wherein the web comprises a film.

2. 'The web according to Claim 1, wherein the chads are hingeable about the connection

segment.

3. 'The web according to Claim 1 or Claim 2, wherein the chads comprise a length of at least

about 30 microns or at least about 300 microns.

4. 'The web according to any one of the preceding claims, wherein the chads are bendable at

various points along their length.

5. 'The web according to any one of the preceding claims, wherein the formed web is formed
from a precursor web having a thickness, and wherein the chads comprise at least a portion

which is thinned at least about 25% relative to the thickness of the precursor web.

6. The web according to any one of the preceding claims, wherein the formed web comprises
land areas surrounding the chads, and wherein the chads comprise at least a portion which
is thinned at least about 25% relative to the thickness of the land area surrounding the

chads.

7. 'The web according to any one of the preceding claims, wherein the web comprises at least
a second web in addition to the first web, wherein an embossed seal joins at least a portion
of the at least two webs, the seal including co-registered concentric discrete three-
dimensional elements formed in the at least two webs, the discrete three-dimensional

elements having open proximal ends.

8. The web according to any one of the preceding claims, wherein the chads comprise a
center-to-center spacing between adjacent chads of about 100 microns to about 800

microns.
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9.

10.

11.

12.

13.

14.

15.

The web according to any one of the preceding claims, wherein the area density of the web

is between about 0.1 to about 10,000 chads per square centimeter.

The web according to any one of the preceding claims, wherein the web additionally

comprises at least second discrete three-dimensional elements.

The web according to any one of the preceding claims, wherein the web is a component of
an absorbent article, wherein the absorbent article is a feminine hygiene article, adult

incontinence article, or diaper.

The web according to any one of the preceding claims, wherein the web comprises a first

surface and a second surface, and wherein the chads extend from the first surface.

The web according to Claim 12, wherein the first surface is a body-contacting surface and

wherein the second surface is a non-body contacting surface.

The web according to any one of the preceding claims, wherein the web comprises a first
surface and a second surface; wherein the chads extend from the first surface; wherein the
first surface is a body-contacting surface and wherein the second surface is a non-body
contacting surface; wherein the web additionally comprises at least second discrete three-
dimensional elements; wherein the second discrete three-dimensional elements extend
from the non-body contacting surface; wherein the web additionally comprises at least
third discrete three-dimensional elements; wherein the third discrete three-dimensional
elements extend from the body contacting surface; wherein the first, second, and third

discrete three-dimensional elements are different from one another in size and shape.

The web according to Claim 14, wherein the first, second, and third discrete three-

dimensional elements are located in three different regions of the web.
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