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Description
Title of Invention: PLEAT CONSTRUCTION
FOR COMPOSITE NONWOVEN TEXTILE
SUITABLE FOR WEARABLE ARTICLES AND
METHODS OF MANUFACTURING THE SAME
FIELD OF THE INVENTION

This disclosure describes a recyclable, composite nonwoven textile with pleated con-
struction suitable for wearable articles and other articles and methods for producing the

same.

BACKGROUND OF THE INVENTION

Traditional nonwoven textiles have features that are generally not suitable for use
in articles of apparel. Due to these features, as well as end uses in, for example, the
cleaning industry and the personal hygiene industry, traditional nonwoven textiles can
be incompatible with finishing processes and techniques that are commonly utilized in
connection with knit and/or woven textiles. As a result, traditional nonwoven textiles
typically lack aesthetically pleasing and/or functional features that are desirable in
articles of apparel.

BRIEF DESCRIPTION OF THE DRAWING

Examples of aspects herein are described in detail below with reference to the
attached drawing figures, wherein:

FIG. 1 illustrates an example lifecycle for an example composite nonwoven textile in
accordance with aspects herein;

FIG. 2 illustrates a first web of fibers for use in the example composite nonwoven
textile of FIG. 1 in accordance with aspects herein;

FIG. 3 illustrates a second web of fibers for use in the example composite nonwoven
textile of FIG. 1 in accordance with aspects herein;

FIG. 4 illustrates a third web of fibers for use in the example composite nonwoven
textile of FIG. 1 in accordance with aspects herein;

FIG. 5 illustrates an elastomeric layer for use in the example composite nonwoven
textile of FIG. 1 in accordance with aspects herein;

FIG. 6 illustrates an example manufacturing process for use in making the example
composite nonwoven textile of FIG. 1 in accordance with aspects herein;

FIG. 7 illustrates a first face of the example composite nonwoven textile of FIG. 1 in

accordance with aspects herein;
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FIG. 8 illustrates an opposite second face of the example composite nonwoven textile
of FIG. 1 in accordance with aspects herein;

FIG. 9 illustrates a cross-section view of the example composite nonwoven textile of
FIG. 7 in accordance with aspects herein;

FIG. 10 illustrates a cross-section view of an alternative construction for the example
composite nonwoven textile in accordance with aspects herein;

FIG. 11 illustrates the cross-section view of FIG. 9 depicting only silicone-coated
fibers in accordance with aspects herein;

FIG. 12 illustrates a first outer facing side of an example pleated construction in ac-
cordance with aspects herein;

FIG. 13 illustrates a second outer facing side of the example pleated construction of
FIG. 12 in accordance with aspects herein;

FIG. 14 illustrates an example manufacturing process for use in making in forming
the pleated construction of FIG. 12 and for further use in making an apparel item using
the pleated construction of 12 in accordance with aspects herein;

FIG. 15 illustrates an example stitching machine with the nonwoven textile and
elastically resilient structured textile material layer loaded on the machine;

FIGS 16 and 17 illustrate rows of stitches applied to the nonwoven textile and
elastically resilient structured textile material layer;

FIG. 18 illustrates a pleat construction; and

FIG. 19 illustrates a pleat construction forming a portion of a wearable article.

DETAILED DESCRIPTION OF THE INVENTION

This specification describes a pleating construction for a nonwoven textile that is sus-
tainable and that provides a pleasing finish. For example, the pleat construction can
include lower amounts of adhesive or other less recycleable materials as compared
with conventional pleat constructions. In some instances, the pleat can include at least
one nonwoven material textile layer, an elastically resilient structured textile material
layer (e.g., power mesh) , and a series of stitches (e.g., running stitch or other linear
arrangement of stitches) in rows that connect the at least one nonwoven material
textile layer to the elastomeric layer. For example, to construct the pleat, the elastically
resilient structured textile material layer can be positioned next to the nonwoven textile
layer and stretched (e.g., stretched in the machine direction) . Then, with the elastically
resilient structured textile material layer under tension, the series of stitches in rows
can be applied. After the series of stitches in rows are applied (e.g., in a serpentine-line
pattern) , the tension applied to the elastically resilient structured textile material layer

can be released, which draws together the rows of stitches and causes the nonwoven



WO 2024/250145 PCT/CN2023/098315

[0024]

[0025]

[0026]

[0027]

material textile layer to protrude outward, away from the elastically resilient structured
textile material layer, and in a rib-like manner.

Some conventional approaches can apply heat, adhesives, chemicals, and/or other
components to form pleats; however, these approaches can suffer from various
drawbacks. For example, heat alone can be insufficient to hold a pleat for longer
periods of time. In addition, chemicals and adhesives can cause the underlying textile
to be less sustainable (e.g., less recycleable due to contamination) and/or can require
larger amounts of energy to create the pleat. Further, these can negatively impact the
hand-feel of the pleat structure and/or can result in a pleat that is too stiff. In contrast,
the pleat construction of the present disclosure is more sustainable based on not cont-
aminating the underlying textile and by using less energy to execute. In addition, the
pleat construction of the present disclosure provides a pleasing aesthetic and a good
hand-feel.

Aspects herein further contemplate that the nonwoven textile is recyclable, and
in some aspects, the textile may be fully recyclable. Thus, in aspects, the fibers or
filaments selected to form the nonwoven textile can include recycled materials,
including recycled polymers and/or recycled thermopolymers. Additionally, materials
selected to form other parts of the pleat, such as the stitches and the elastically resilient
structured textile material layer may also be fully recyclable. Use of recycled fibers
and materials reduces the carbon footprint of the composite nonwoven textile.

As used herein, the term “article of apparel” is intended to encompass articles worn
by a wearer, which can also be referred to as “wearable articles” . Wearable articles
can include, among other things, upper-body garments (e.g., tops, t-shirts, pullovers,
hoodies, jackets, coats, vests, and the like) , lower-body garments (e.g., pants, shorts,
tights, capris, unitards, and the like) , hats, gloves, sleeves (e.g., arm sleeves, calf
sleeves) , articles of footwear (e.g., uppers for shoes) , and the like. As used herein, the
term “finished goods” may include articles of apparel or wearable articles, equipment
such as bags, furniture, and other such items. As used herein, the term “roll goods”
may include, for example, rolls of textile, scraps or remnants remaining after pieces are
cut from rolls, and the like.

The term “inner-facing surface” when referring to the wearable article means the
surface that is configured to face mostly towards a body surface of a wearer, and the
term “outer-facing surface” means the surface that is configured to substantially face
away from the body surface of the wearer and toward an external environment. The
term “innermost-facing surface” means the surface closest to the body surface of the
wearer with respect to other layers of the wearable article, and the term “outermost-
facing surface” means the surface that is positioned furthest away from the body

surface of the wearer with respect to the other layers of the wearable article.
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As used herein, the term “nonwoven textile” refers to a textile having fibers or
filaments that are held together by mechanical and/or chemical interactions without
being in the form of a knit, woven, braided construction, or other structured con-
struction. In a particular aspect, the nonwoven textile includes a collection of fibers or
filaments that are mechanically manipulated to form a mat-like material. Stated dif-
ferently nonwoven textiles are directly made from fibers or filaments. The nonwoven
textile may include different webs of fibers formed into a cohesive structure, where the
different webs of fibers may have a different or similar composition of fibers and/or
different properties. Examples of nonwoven textiles can include a fiber web formed
with staple fibers, spun-bonded textile, spunlace textile, melt-blown textile, and the
like, and any and all combinations thereof.

The term “web of fibers” or “fiber web” refers to a layer of fibers prior to undergoing
a mechanical entanglement process with one or more other webs of fibers. The web of
fibers includes fibers that have undergone a carding and lapping process that generally
aligns the fibers in one or more common directions that extend along an x, y plane
and that achieves a desired basis weight. The web of fibers may also undergo a light
needling process or mechanical entanglement process that entangles the fibers of
the web to a degree such that the web of fibers forms a cohesive structure that can
be manipulated (e.g., rolled on to a roller, un-rolled from the roller, stacked, and the
like) . In examples, a “fiber-web roll good” refers to fibers that have been formed
into a cohesive structure (e.g., by carding, lapping, and/or light needling) and rolled
onto a core. The web of fibers may also undergo one or more additional processing
steps such as printing prior to being entangled with other webs of fibers to form the
composite nonwoven textile. The term “entangled web of fibers” when referring to the
composite nonwoven textile refers to a web of fibers after it has undergone mechanical
entanglement (e.g., needled, water entangled, air entangled, etc. ) with one or more
other webs of fibers. As such, a web of entangled fibers may include fibers originally
present in the web of fibers forming the layer as well as fibers that are present in other
webs of fibers that have been moved through the entanglement process into the web of
entangled fibers.

Mechanical entanglement processes contemplated herein can include needle en-
tanglement (commonly known as needlepunching) using barbed or structured needles
(e.g., forked needles) , and/or fluid entanglement. In aspects contemplated herein,
needlepunching may be utilized based on the small denier of the fibers being used
and the ability to fine tune different parameters associated with the needlepunching
process. Needlepunching generally uses barbed or spiked needles to reposition a
percentage of fibers from a generally horizontal orientation (an orientation extending

along an x, y plane) to a generally vertical orientation (az-direction orientation) .
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Referring to the needlepunching process in general, the carded, lapped, and pre-
needled webs may be stacked with other carded, lapped, and pre-needled webs and
other layers such as an elastomeric layer and passed between a bed plate and a stripper
plate positioned on opposing sides of the stacked web configuration.

Barbed needles, which are fixed to a needle board, pass in and out through the
stacked web configuration, and the stripper plate strips the fibers from the needles
after the needles have moved in and out of the stacked web configuration. The distance
between the stripper plate and the bed plate may be adjusted to control web com-
pression during needling. The needle board repeatedly engages and disengages from
the stacked web configuration as the stacked web configuration is moved in a machine
direction along a conveyance system such that the length of the stacked web con-
figuration is needled.

Aspects herein contemplate using multiple needle boards sequentially positioned
at different points along the conveyance system where different needle boards may
engage the stacked web configuration from different faces of the stacked web con-
figuration (e.g., an upper face and a lower face) as the stacked web configuration
moves in the machine direction. Each engagement of a needle board with the stacked
web configuration is known herein as a “pass. ”

Parameters associated with particular needle boards may be adjusted to achieve
desired properties of the resulting needled nonwoven textile (e.g., basis weight,
thickness, and the like) . The different parameters may include stitch density (SD)
which is the number of needles per cm” (n/cm®) used during an entanglement pass and
penetration depth (PD) which is how far the needle passes through the stacked web
configuration before being pulled out of the stacked web configuration. Parameters as-
sociated with the needlepunching process in general may also be adjusted such as the
spacing between the bed plate and the stripper plate and/or the speed of conveyance of
the stacked web configuration.

Examples of this disclosure contemplate using a barbed needle (a needle having a
pre-set number of barbs arranged along a length of the needle) although other needle
types are contemplated herein. The barbs on the needle “capture” fibers as the barb
moves from a first face to an opposing second face of the stacked web configuration.
The movement of the needle through the stacked web configuration effectively moves
or pushes fibers captured by the barbs from a location near or at the first face to a
location near or at the second face and further causes physical interactions with other
fibers helping to “lock” the moved fibers into place through, for example, friction.

It is also contemplated herein that the needles may pass through the stacked web con-
figuration from the second face toward the first face. In example aspects, the number

of barbs on the needle that interact with fibers may be based on the penetration depth



WO 2024/250145 PCT/CN2023/098315

[0036]

[0037]

[0038]

[0039]

[0040]

of the needle. For example, all the barbs may interact with fibers when the penetration
depth is a first amount, and fewer than all the barbs may interact with fibers as the pen-
etration depth decreases.

In further example aspects, the size of the barb may be adjusted based on the denier
of fibers used in the web (s) . For example, the barb size may be selected so as to
engage with small denier (e.g. fine) fibers but not with large denier fibers so as to
cause selective movement of the small denier fibers but not the large denier fibers. In
another example, the barb size may be selected so as to engage with both small denier
and large denier fibers so as to cause movements of both fibers through the webs.

After entanglement, the nonwoven textile may include a first face and an opposite
second face which both face outward with respect to an interior of the nonwoven
textile and comprise the outermost faces of the nonwoven textile. As such, when
viewing the nonwoven textile, the first face and the second face are each fully visible.
The first face and the second face may both extend along x, y planes that are generally
parallel and offset from each other. For instance, the first face may be oriented in a first
x, y plane and the second face may be oriented in a second x, y plane generally parallel
to and offset from the first x, y plane.

The term “elastomeric layer” as used herein refers to a layer that has stretch and
recovery properties (e.g., is elastically resilient) in at least one orientational axis, which
includes both a layer having stretch and recovery in a single orientational axis and a
layer having stretch and recovery in multiple orientational axes. Examples of an orien-
tational axis include a length direction, a width direction, an x-direction, a y-direction,
and any direction angularly offset from a length direction, a width direction, an x-
direction, and a y-direction.

The elastomeric layer may be formed from thermoplastic elastomers such as ther-
moplastic polyurethane (TPU) , thermoplastic polyether ester elastomer (TPEE) ,
combinations of TPU and TPEE and the like. The elastomeric layer may comprise a
spunbond layer, a meltblown layer, a film, a web, a scrim, and the like. In example
aspects, the elastomeric layer may include a spunbond TPEE or a meltblown TPU.
Nonwoven elastomeric materials such as a spunbond TPEE or a meltblown TPU
allow for lower basis weights than elastomeric films. As well, they are generally more
breathable and permeable due to the fibrous nature of the web versus a film, and they
are generally more pliable (e.g., less stiff) than films. These factors (low basis weight,
breathable and permeable, pliable) make them ideal for use in the example composite
nonwoven textile described herein especially in the apparel context where these are
desirable features.

When referring to fibers, the term denier or denier per fiber is a unit of measure for

the linear mass density of the fiber and more particularly, it is the mass in grams per
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9000 meters of the fiber. In one example aspect, the denier of a fiber may be measured
using ASTM D1577-07. The diameter of a fiber may be calculated based on the fiber’s
denier and the fiber’s density, and in general, the diameter of a fiber has a direct cor-
relation to the denier of the fiber (i.e., a smaller denier fiber has a smaller diameter) .

Fibers contemplated herein may be formed of a number of different materials (e.g.,
cotton, nylon and the like) including polyester, such as polyethylene terephthalate
(PET) . The fibers may include virgin fibers (fibers that have not been recycled) ,
and/or recycled fibers. Recycled fibers include “shredded-article fibers” and “re-
pelletized-polymer fibers. ” As used herein, shredded-article fibers include fibers
that are direct by-products of shredding a fiber-containing article (e.g., knit, woven,
nonwoven, etc. ) . In some examples, shredded-article fibers may be derived without
pelletizing and extrusion through processes that consume less energy, and as such,
textiles that incorporate shredded-article fibers may have a lower carbon footprint. Re-
pelletized-polymer fibers include fibers that are extruded from pelletized or chipped
by-products derived from polymer-containing sources (e.g., polymer-containing bottles
or containers; polymer-fiber articles that are knit, woven, nonwoven; roll goods; textile
manufacturing scrap; fiber webs at various stages of carding, lapping, pre-needling,
and needling; etc. ) . In some examples, the fibers can be monofilament, bicomponent,
or multicomponent. In some examples, a multicomponent fiber can include side-by-
side, sheath core, pie, striped, islands-in-a-sea, and various other configurations. In
addition, a fiber can include various cross-section profiles, such as circular, ovular,
flat, trilobal, squared, rectangular, polygonal, etc.

The term “silicone-coated fiber” as used herein may mean a fiber having a
continuous silicone coating such that the silicone coating completely covers the fiber
along its length. In one example, the fiber may form a core and the silicone may form
a sheath surrounding the core. In other example aspects, the term “silicone-coated
fiber” may mean a fiber that has an intermittent coating of silicone in at least some
areas along the length of the fiber. For instance, the fiber may be sprayed with a
silicone coating. In this aspect, if a particular web of fibers includes 100%by weight of
silicone-coated fibers, it is contemplated herein that the fibers that form the web may
have areas that do not include the silicone coating. It is contemplated herein that the
silicone-coated fibers are incorporated into the webs of fibers that form the composite
nonwoven textile. Said differently, the silicone coating on the fibers is not applied to
the fibers after the composite nonwoven textile is formed using, for example, a silicone
spray finish.

The term “color” or “color property” as used herein when referring to the nonwoven
textile generally refers to an observable color of fibers that form the textile. Such

aspects contemplate that a color may be any color that may be afforded to fibers using
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dyes, pigments, and/or colorants that are known in the art. As such, fibers may be
configured to have a color including, but not limited to red, orange, yellow, green,
blue, indigo, violet, white, black, and shades thereof. In one example aspect, the color
may be imparted to the fiber when the fiber is formed (commonly known as dope
dyeing) . In dope dyeing, the color is added to the fiber as it is being extruded such that
the color is integral to the fiber and is not added to the fiber in a post-formation step
(e.g., through a piece dyeing step) .

[0044]  Aspects related to a color further contemplate determining if one color is different
from another color. In these aspects, a color may comprise a numerical color value,
which may be determined by using instruments that objectively measure and/or
calculate color values of a color of an object by standardizing and/or quantifying
factors that may affect a perception of a color. Such instruments include, but are not
limited to spectroradiometers, spectrophotometers, and the like. Thus, aspects herein
contemplate that a “color” of a textile provided by fibers may comprise a numerical
color value that is measured and/or calculated using spectroradiometers and/or spec-
trophotometers. Moreover, numerical color values may be associated with a color
space or color model, which is a specific organization of colors that provides color
representations for numerical color values, and thus, each numerical color value cor-
responds to a singular color represented in the color space or color model.

[0045]  In these aspects, a color may be determined to be different from another color if a
numerical color value of each color differs. Such a determination may be made by
measuring and/or calculating a numerical color value of, for instance, a first textile
having a first color with a spectroradiometer or a spectrophotometer, measuring and/or
calculating a numerical color value of a second textile having a second color with the
same instrument (i.e., if a spectrophotometer was used to measure the numerical color
value of the first color, then a spectrophotometer is used to measure the numerical
color value of the second color) , and comparing the numerical color value of the first
color with the numerical color value of the second color.

[0046]  In another example, the determination may be made by measuring and/or calculating
a numerical color value of a first area of a textile with a spectroradiometer or a spec-
trophotometer, measuring and/or calculating a numerical color value of a second area
of the textile having a second color with the same instrument, and comparing the
numerical color value of the first color with the numerical color value of the second
color. If the numerical color values are not equal, then the first color or the first color
property is different than the second color or the second color property, and vice versa.

[0047]  Further, it is also contemplated that a visual distinction between two colors may
correlate with a percentage difference between the numerical color values of the first

color and the second color, and the visual distinction will be greater as the percentage
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difference between the color values increases. Moreover, a visual distinction may

be based on a comparison between colors representations of the color values in a
color space or model. For instance, when a first color has a numerical color value

that corresponds to a represented color that is black or navy and a second color has a
numerical color value that corresponds to a represented color that is red or yellow, a
visual distinction between the first color and the second color is greater than a visual
distinction between a first color with a represented color that is red and a second color
with a represented color that is yellow.

The term “pill” or “pilling” as used herein refers to the formation of small balls of
fibers or fibers ends on a facing side of the nonwoven textile. The pill may extend
away from a surface plane of the face. Pills are generally formed during normal wash
and wear due to forces (e.g., abrasion forces) that cause the fiber ends to migrate
through the face of the nonwoven textile and entangle with other fiber ends. A textile’s
resistance to pilling may be measured using standardized tests such as Random Tumble
and Martindale Pilling tests. The term “pile” as used herein generally refers to a raised
surface or nap of a textile consisting of upright loops and/or terminal ends of fibers that
extend from a face of the textile in a common direction.

Various measurements are provided herein with respect to the pre-entangled webs
and the resulting composite nonwoven textile. Thickness of the resulting composite
nonwoven may be measured using a precision thickness gauge. To measure thickness,
for example, the textile may be positioned on a flat anvil and a pressure foot is pressed
on to it from the upper surface under a standard fixed load. A dial indicator on the
precision thickness gauge gives an indication of the thickness in mm. Basis weight is
measured using ISO3801 testing standard and has the units grams per square meter
(gsm) . Textile stiffness, which generally corresponds to drape is measured using
ASTMDA4032 (2008) testing standard and has the units kilogram force (Kgf) . Fabric
growth and recovery is measured using ASTM2594 testing standard and is expressed
as a percentage.

The term “stretch” as used herein means a textile characteristic measured as an
increase of a specified distance under a prescribed tension and is generally expressed
as a percentage of the original benchmark distance (i.e., the resting length or width) .
The term “growth” as used herein means an increase in distance of a specified
benchmark (i.e., the resting length or width) after extension to a prescribed tension
for a time interval followed by the release of tension and is usually expressed as a
percentage of the original benchmark distance. “Recovery” as used herein means the
ability of a textile to return to its original benchmark distance (i.e., its resting length or

width) and is expressed as a percentage of the original benchmark distance. Thermal
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resistance, which generally corresponds to insulation features, is measured using
ISO11092 testing standard and has the units of RCT (M *K/W) .

[0051] Unless otherwise noted, all measurements provided herein are measured at standard
ambient temperature and pressure (25 degrees Celsius or 298.15 K and 1 bar) with the
nonwoven textile in a resting (un-stretched) state.

[0052]  As used herein, the term “about” means generally within + 10%of an indicated value
unless indicated otherwise.

[0053]  FIG. 1 is a schematic depiction of an example lifecycle for an example composite
nonwoven textile contemplated herein. Reference numeral 100 generally indicates
a first web of fibers 110, a second web of fibers 112, a third web of fibers 114, and
an elastomeric layer 116 in a stacked configuration prior to entanglement. It is con-
templated herein that in some example aspects, one or more of the webs of fibers
may be optional. In example aspects, the fibers used to form the first, second, and
third web of fibers 110, 112, and 114 may include recycled fibers and, in particular,
recycled PET fibers. Additionally, the elastomeric layer 116, in example aspects, may
be formed of a material that is recyclable. Arrow 118 schematically represents an
entanglement step where the fibers in the first web of fibers 110, the second web of
fibers, 112, and the third web of fibers 114 are entangled with each other such that
one or more of the fibers extend through the elastomeric layer 116 to form a cohesive
composite nonwoven textile 120. Arrow 122 schematically represents a processing
step where the composite nonwoven textile 120 is formed into an article of apparel
124. Although the article of apparel 124 is shown as an upper-body garment, it is con-
templated herein that the article of apparel 124 may take other forms such as a lower-
body garment, an upper of a shoe, a hat, gloves, sleeves, and the like. At the end of
the life of the article of apparel 124, it is contemplated that a wearer may return the
article of apparel 124 to, for example, the manufacturer/retailor where the article of
apparel 124 may be fully recycled as indicated by arrow 126 to form shredded fibers
and/or re-extruded fibers that are used to form webs of fibers such as the webs of fibers
110, 112, and 114 and potentially an elastomeric layer such as the elastomeric layer
116 thus creating a self-sustaining loop. This self-sustaining loop reduces the carbon
impact typically associated with creating articles of apparel including knit, woven, and
nonwoven articles of apparel.

[0054]  FIG. 2 depicts the first web of fibers 110 prior to being entangled with other webs.
In example aspects, properties associated with the first web of fibers 110 may be
selected to achieve desired end properties for the composite nonwoven textile 120.

As discussed above, when entangled with other webs, it is contemplated herein that
the first web of fibers 110 forms a first face of the composite nonwoven textile 120.

When the composite nonwoven textile 120 is formed into an article of apparel, it is
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contemplated that the first face forms an outer-facing surface, and in some aspects
an outermost-facing surface of the article of apparel. As such, desired properties as-
sociated with the first web of fibers 110 include, for example, durability and resistance
to abrasion and coverage for modesty. In example aspects, the first web of fibers 110
has a basis weight of from about 20 grams per square meter (gsm) to about 150 gsm,
from about 35 gsm to about 65 gsm, from about 40 gsm to about 60 gsm, from about
45 gsm to about 55 gsm, or about 50 gsm. As used herein, the term “about” means
generally within + 10%of an indicated value unless indicated otherwise. Targeting

a basis weight in this range for the first web of fibers 110 provides for a resulting
nonwoven textile having a basis weight in a desired range after the first web of fibers
110 is combined with other webs and/or elastomeric layers.

[0055] The first web of fibers 110 is formed of fibers, such as fibers 210 (depicted
schematically) that may be oriented generally in a common direction, or two or more
common directions, due to a carding and cross-lapping process. In example aspects,
the fibers 210 may include PET fibers (recycled or virgin) although other virgin and
recycled fiber types are contemplated herein (e.g., polyamide, cotton, and the like) .
In one example aspect, the fibers 210 may include 100%by weight of recycled fibers
such as 100%by weight of recycled PET fibers. However, in other aspects, the fibers
210 may include 100%by weight virgin fibers, or other combinations of virgin and
recycled fibers, as desired. The staple length of the fibers 210 may range from about
40 mm to about 60 mm, from about 45 mm to about 55 mm, or about 51 mm. Use of
this fiber length provides optimal entanglement. For instance, when below 40 mm,
the fibers may not have sufficient length to become entangled, and when above 60
mm, the fibers may actually become un-entangled when the needle is withdrawn from
the nonwoven textile during entanglement. In example aspects, the fibers 210 may
comprise a uniform length such as when the fibers are formed from virgin extruded
PET or re-extruded PET and cut to a defined length. In other aspects, the fibers 210
may include a variation of staple length such as when the fibers 210 are derived from a
shredded fiber source. Any and all aspects, and any variation thereof, are contemplated
as being within aspects herein.

[0056]  The fibers 210 may include a denier of greater than or equal to about 1.2 D, or from
about 1.2 D to about 3.5 D, from about 1.2 D to about 1.7 D, from about 1.3 D to
about 1.6 D, or about 1.5 D. Utilizing a denier within this range makes the fibers 210
less susceptible to breakage which, in turn, enhances the durability and abrasion re-
sistance of the first face of the composite nonwoven textile 120. Moreover, selecting
a denier within this range while still achieving the basis weight of the first web of
fibers 110 provides good, uniform coverage of the first face which helps enhance the

durability features of the first face. Selecting a denier of greater than, for instance
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3.5 D while still maintaining the basis weight for the first web of fibers 110 may not
provide uniform coverage for the first face.

In example aspects, the fibers 210 used to form the first web of fibers 110 may
include a first color property. The first color property may be imparted to the fibers
210 during, for example, the extrusion process when the fibers 210 are being formed
such that the fibers 210 are dope dyed. In one example aspect, the color property
may be white although other colors are contemplated herein. Forming the composite
nonwoven textile 120 using dope dyed fibers eliminates post-processing dyeing steps
which further helps to reduce the carbon footprint of the nonwoven textile 120. For
example, it is contemplated herein that the composite nonwoven textile 120 is not
piece dyed.

FIG. 3 depicts the second web of fibers 112 prior to being entangled with other webs.
In example aspects, properties associated with the second web of fibers 112 may be
selected to achieve desired end properties for the composite nonwoven textile 120. As
discussed above, when entangled with other webs, it is contemplated herein that the
second web of fibers 112 forms an opposite second face of the composite nonwoven
textile 120. When the composite nonwoven textile 120 is formed into an article of
apparel, it is contemplated herein that the second face forms an inner-facing surface,
and in some aspects an innermost-facing surface of the article of apparel. As such,
properties associated with the second web of fibers 112 include, for example, a soft
hand or feel. In example aspects, the second web of fibers 112 has a basis weight of
from about 20 gsm to about 150 gsm, from about 35 grams per square meter (gsm)
to about 65 gsm, from about 40 gsm to about 60 gsm, from about 45 gsm to about 55
gsm, or about 50 gsm. In example aspects, the second web of fibers 112 has generally
the same basis weight as the first web of fibers 110. Targeting a basis weight in this
range for the second web of fibers 112 provides for a resulting nonwoven textile
having a basis weight in a desired range after the second web of fibers 112 is combined
with other webs and/or elastomeric layers.

In example aspects, the second web of fibers 112 may be formed of two types
of fibers, such as fibers 310 (depicted schematically) and fibers 312 (depicted
schematically) that may be oriented generally in a common direction, or two or more
common directions, due to a carding and cross-lapping process. In example aspects,
the fibers 310 may include PET fibers (recycled or virgin) although other virgin and
recycled fiber types are contemplated herein (e.g., polyamide, cotton, and the like) . In
one example aspect, the fibers 310 may include 100%by weight of recycled fibers such
as 100%by weight of recycled PET fibers. However, in other aspects, the fibers 310
and/or 312 may include 100%by weight virgin fibers, or other combinations of virgin

and recycled fibers, as desired.
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The fibers 312 are shown in dashed line to indicate that they have different features
than the fibers 310. For example, the fibers 312 include silicone-coated fibers. The
fibers 312 may be coated with silicone prior to incorporating the fibers 312 into the
second web of fibers 112. In example aspects, the second web of fibers 112 may
include about 10%to about 95%by weight of the fibers 312, about 40%by weight of the
fibers 310 and about 60%by weight of the fibers 312, about 45%by weight of the fibers
310 and about 55%by weight of the fibers 312, about 50%by weight of the fibers 310
and about 50%by weight of the fibers 312, about 55%by weight of the fibers 310 and
about 45%by weight of the fibers 312, or about 60%by weight of the fibers 310 and
about 40%by weight of the fibers 312. In particular aspects, the second web of fibers
112 may include about 50%by weight of the fibers 310 and about 50%by weight of the
fibers 312. As stated, it is contemplated herein that the fibers 312 may be intermittently
coated with silicone along their length, or the fibers 312 may have a core/sheath con-
figuration. Utilizing the fibers 312 in the ranges above provides a good hand feel to the
second face formed by the second web of fibers 112. It also provides a good drape to
the composite nonwoven textile 120. Stated differently, the resulting nonwoven textile
120 is not as stiff as traditional nonwovens used in the cleaning space and the personal
hygiene space. Further, utilizing the fibers 310 and the fibers 312 in the ranges above
may reduce the amount of needle force needed to entangle the web of fibers described
herein since the silicone-coated fibers may move more easily during the entanglement
process. When incorporating silicone-coated fibers below the ranges described above,
the second face may feel dry and uncomfortable during wear. Conversely, when in-
corporating silicone-coated fibers above the ranges described above, the second face
may feel slick, which also may be unpleasant to a wearer. Moreover, using silicone-
coated fibers above the ranges described above may make the carding process difficult
since the card wires may not be able to frictionally engage with the fibers to achieve
a uniform carded web. In addition, using silicone-coated fibers above the ranges
described above may also fail to create adequate entanglement between the fibers since
frictional forces are reduced due to the silicone thus impacting the structural integrity
of the composite nonwoven textile 120.

Utilizing the silicone-coated fibers 312 eliminates the need for adding a silicone
finish to the composite nonwoven textile 120 in a post-processing step. As known in
the textile space, it is common practice to add silicone softener finishes to knitted or
woven products in a post-processing step. By eliminating this step, the carbon footprint
of the composite nonwoven textile 120 is further reduced.

The staple length of each of the fibers 310 and 312 may range from about 40 mm
to about 60 mm, from about 45 mm to about 55 mm, or about 51 mm. Similar to the

fibers 210, this length may provide for optimal entanglement. In example aspects,
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the fibers 310 and/or 312 may comprise a uniform length such as when the fibers are
formed from virgin extruded PET or re-extruded PET and cut to a defined length. In
other aspects, the fibers 310 and/or 312 may include a variation of staple length such as
when the fibers 310 and/or 312 are derived from a shredded fiber source. Any and all
aspects, and any variation thereof, are contemplated as being within aspects herein.

Each of the fibers 310 and 312 may include a denier of less than or equal to about 1
D. For example, the denier may be about 0.1 D, about 0.2 D, about 0.3 D, about 0.4
D, about 0.5 D, about 0.6 D, about 0.7 D, about 0.8 D, or about 0.9 D. In example
aspects, the denier of the fibers 310 and 312 may be from about 0.6 D to about 1 D,
from about 0.7 D to about 0.9 D, or about 0.8 D. Utilizing a denier within this range
helps to provide a soft feel or hand to the second face formed from the second web
of fibers 112. Moreover, selecting a denier within this range while still achieving the
basis weight of the second web of fibers 112 provides good coverage of the second
face.

In example aspects, each of the fibers 310 and 312 used to form the second web
of fibers 112 may include a color property which may be the same or different. In
example aspects, both of the fibers 310 and 312 include the first color property of the
fibers 210. Similar to the fibers 210, each of the fibers 310 and 312 may be dope dyed
further reducing the need for post-processing dyeing steps for the resulting composite
nonwoven textile.

FIG. 5 depicts the elastomeric layer 116. In example aspects, the elastomeric layer
116 may have a basis weight from about 20 gsm to about 150 gsm, from about 50
gsm to about 70 gsm, from about 55 gsm to about 65 gsm, or about 60 gsm. The basis
weight of the elastomeric layer 116 may be selected to achieve a desired basis weight
for the resulting composite nonwoven textile. Aspects herein contemplate forming
the elastomeric layer 116 from a thermoplastic elastomer such as a thermoplastic
polyurethane (TPU) , a thermoplastic polyether ester elastomer (TPEE) , combinations
of TPU and TPEE, and the like. The elastomeric layer may include a spunbond layer,
a meltblown layer, a film, a web, and the like. In a particular example aspect, the
elastomeric layer 116 may comprise a TPEE spunbond layer, and in another particular
aspect, the elastomeric layer 116 may comprise a TPU meltblown layer. In general, the
elastomeric layer 116 is selected to provide desirable stretch and recovery properties
to the composite nonwoven textile 120 while generally maintaining structural integrity
during the entanglement process. The elastomeric layer 116 may also be selected to
have a low basis weight to maintain a low basis weight for the resulting composite
nonwoven textile 120, to be breathable and permeable which contributes to the comfort
features of an apparel item formed from the composite nonwoven textile 120, and to

be pliable to reduce the stiffness of the composite nonwoven textile 120. It is con-
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templated herein that the elastomeric layer 116 has a color property. In example
aspects, the color property may be the first color property associated with the fibers
210, 310, and 312, although different color properties (e.g., a second color property)
are contemplated herein.

FIG. 4 depicts the optional third web of fibers 114 prior to being entangled with other
webs. When incorporated into the composite nonwoven textile 120, it is contemplated
herein that the third web of fibers 114 is positioned between the first web of fibers
110 and the second web of fibers 112. In example aspects, properties associated with
the third web of fibers 114 may be selected to achieve desired end properties for the
composite nonwoven textile 120. In example aspects, the third web of fibers 114 may
be incorporated into the composite nonwoven textile 120 to achieve a desired basis
weight for the composite nonwoven textile 120, to achieve a desired thickness for
the composite nonwoven textile 120, to achieve a desired insulation property for the
composite nonwoven textile 120, to achieve a desired pile for the composite nonwoven
textile 120, and the like. As explained further below, to impart a visual aesthetic to the
composite nonwoven textile 120, fibers forming the third web of fibers 114 may have
a different color property than fibers used to form the first web of fibers 110 and the
second web of fibers 112. Similar to the first web of fibers 110 and the second web
of fibers 112, the third web of fibers 114 has a basis weight of from about 20 gsm to
about 150 gsm, from about 35 grams gsm to about 65 gsm, from about 40 gsm to about
60 gsm, from about 45 gsm to about 55 gsm, or about 50 gsm. Targeting a basis weight
in this range for the third web of fibers 110 provides for a resulting nonwoven textile
having a basis weight in a desired range after the third web of fibers 114 is combined
with other webs and/or elastomeric layers.

The third web of fibers 114 is formed of fibers, such as fibers 410 (depicted
schematically) that may be oriented generally in a common direction, or two or more
common directions, due to a carding and cross-lapping process. In example aspects,
the fibers 410 may include PET fibers (recycled or virgin) although other virgin and
recycled fiber types are contemplated herein (e.g., polyamide, cotton, and the like) .

In one example aspect, the fibers 410 may include 100%by weight of recycled fibers
such as 100%by weight of recycled PET fibers. However, in other aspects, the fibers
410 may include 100%by weight virgin fibers, or other combinations of virgin and
recycled fibers, as desired. Similar to the fibers 210, 310 and 312, the staple length

of the fibers 410 may range from about 40 mm to about 60 mm, from about 45 mm

to about 55 mm, or about 51 mm. In example aspects, the fibers 410 may comprise a
uniform length such as when the fibers are formed from virgin extruded PET or re-
extruded PET and cut to a defined length. In other aspects, the fibers 410 may include

a variation of staple length such as when the fibers 410 are derived from a shredded
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fiber source. Any and all aspects, and any variation thereof, are contemplated as being
within aspects herein.

The fibers 410 may include a denier of greater than or equal to about 1.2 D, from
about 1.2 D to about 3.5 D, from about 1.3 D to about 1.6 D, or about 1.5 D. Utilizing
a denier within this range makes the fibers 410 less susceptible to breakage which,
in turn, enhances the durability and abrasion resistance of the composite nonwoven
textile 120. Since the third web of fibers 114, when used, is positioned between the
first web of fibers 110 and the second web of fibers 112, having a soft hand is not as
important as, for example, the second web of fibers 112. Selecting a denier within this
range while still achieving the basis weight of the third web of fibers 114 enhances the
overall coverage and/or opacity of the composite nonwoven textile 120.

In example aspects, the fibers 410 used to form the third web of fibers 114 may
include a second color property different from the first color property. This is depicted
in FIG. 4 through the use of diagonal shading lines. It is contemplated herein that
the fibers 410 are dope dyed further reducing the carbon footprint of the composite
nonwoven textile 120. As will be explained in greater detail below, during the en-
tanglement of the first, second, and third webs of fibers 110, 112 and 114, the fibers
410 may be moved more toward one face than the other face such that the second color
property is visually discernible or distinguishable to a greater degree on the one face
compared to the other face. It is contemplated herein that the fibers 210 of the first web
of fibers 110, the fibers 310 of the second web of fibers 112, and the fibers 410 of the
third web of fibers 114 are not coated with silicone.

FIG. 6 illustrates an example manufacturing process, referenced generally by
the numeral 600, for use in making the example composite nonwoven textile 120.

The depiction of the manufacturing components in FIG. 6 is illustrative only and is
meant to convey general features of the manufacturing process 600. FIG. 6 depicts

a conveyance system 610 that transports a stacked configuration 612 of the first

web of fibers 110, the second web of fibers 112, the third web of fibers 114, and the
elastomeric layer 116 in a machine direction. In one example aspect, the third web of
fibers 114 is positioned between the first web of fibers 110 and the elastomeric layer
116 as shown. In another example aspect, the third web of fibers 114 is positioned
between the second web of fibers 112 and the elastomeric layer 116. As described,
each of the first web of fibers 110, the second web of fibers 112, and the third web
of fibers 114 has been carded and lapped to achieve a desired basis weight. As well,
each of the webs 110, 112, and 114 has been lightly needled to achieve a cohesive
structure. Because the fibers in each of the first, second, and third web of fibers 110,
112, and 114 are in a generally loose web state, they are available for movement

during the needle entanglement process. In example aspects, the conveyance system
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610 may convey the stacked configuration 612 at a rate from about 2 m/min to about
2.5 m/min, from about 2.1 m/min to about 2.4 m/min, or about 2.3 m/min. This rate
provides for a needed level of entanglement via needle beds to produce desired end
properties of the composite nonwoven textile (e.g., basis weight, thickness, growth
and recovery) . Slower rates may cause increased entanglement, which impacts the
desired end properties of the composite nonwoven textile 120, and increased rates may
cause insufficient entanglement which also impacts the desired end properties of the
composite nonwoven textile 120.

[0071]  The stacked configuration 612 passes a first needle board indicated as Pass 1 at
reference numeral 614. The needles used in the needle boards of the manufacturing
process 600 may be selected to optimally interact with the specific denier of the fibers
used in the first, second, and third web of fibers 110, 112, and 114. They also may
be selected to include a desired number of barbs to achieve a desired degree of en-
tanglement. In example aspects, Pass 1 614 occurs from the first web of fibers 110
in a direction toward the second web of fibers 112 and functionally has the effect
of moving and entangling the fibers 210 from the first web of fibers 110 into the
third web of fibers 114 and into the second web of fibers 112 and further moving
and entangling the fibers 410 from the third web of fibers 114 into the second web
of fibers 112. Having Pass 1 614 occur in this direction helps to ensure that the barbs
are full of fibers from the first web of fibers 110 and, optionally, the third web of
fibers 114 before contacting the elastomeric layer 116 thereby reducing the chances of
empty barbs cutting the elastomeric layer 116 and impacting the resulting growth and
recovery properties of the composite nonwoven textile 120.

[0072]  In example aspects, Pass 1 614 may have a stitch density from about 40 n/cm’ to
about 60 n/cm?, from about 45 n/cm” to about 55 n/cm?, or about 50 n/cm?. The pen-
etration depth for Pass 1 614 may be from about 10 mm to about 14 mm, from about
11 mm to about 13 mm, or about 12 mm. A penetration depth of this amount, in
example aspects, will generally engage all the barbs of the needles. In one example
aspect, all the barbs may comprise five barbs. This penetration depth ensures that the
needles pass entirely through the stacked configuration 612 such that fibers in each of
the webs 110, 112, and 114 are engaged with the needles. Stated differently, having a
penetration depth as described for Pass 1 614 ensures that at least some of the fibers
210 from the first web of fibers 110 are entangled with the fibers 410 of the third web
of fibers 114 and entangled with the fibers 310 and 312 of the second web of fibers
112, and at least some of the fibers 410 of the third web of fibers 114 are entangled
with the fibers 310 and 312 of the second web of fibers 112. In example aspects, there

is an inverse relationship between stitch density and penetration depth. This is to avoid



18

WO 2024/250145 PCT/CN2023/098315

[0073]

[0074]

overworking the fibers and potentially breaking them. Stated differently, when pen-
etration depth is high as with Pass 1 614, the stitch density is lower to avoid potentially
breaking the fibers. After Pass 1 614 is complete, the stacked configuration 612 may
have a decreased thickness due to the z-direction movement and entanglement of the
fibers from the different webs. The stacked configuration 612 may also grow slightly
in the cross-machine direction due to cross-machine draft.

Pass 2 indicated by reference numbers 616 and 618, which occurs subsequent to (i.e.,
temporally after) Pass 1, occurs from both sides of the stacked configuration 612 in an
alternating manner. Stated differently, Pass 2 occurs from both the first web of fibers
110 toward the second web of fibers 112 (reference numeral 616) and from the second
web of fibers 112 toward the first web of fibers 110. Thus, Pass 2 616 acts to move the
fibers 210 from the first web of fibers 110 into the third web of fibers 114 and into the
second web of fibers 112. It also moves the fibers 410 from the third web of fibers 114
through the elastomeric layer 116 and into the second web of fibers 112. Pass 2 618
moves the fibers 310 and 312 through the elastomeric layer 116 and into the third web
of fibers 114 and into the first web of fibers 110.

Both Pass 2 616 and Pass 2 618 have a stitch density of from about 40 n/cm’ to about
60 n/cm’, from about 45 n/cm” to about 55 n/cm’, or about 50 n/cm’. Keeping the stitch
density relatively low helps to prevent overworking of the elastomeric layer 116 and
thus helps to maintain the desired growth and recovery properties for the resulting
composite nonwoven textile 120. The penetration depth for Pass 2 616 and Pass 2 618
is from about 6 mm to about 8§ mm. In one example aspect, the penetration depth for
Pass 2 616 is about 6 mm, and the penetration depth for Pass 2 618 is about § mm. In
another example aspect, the penetration depth for Pass 2 616 is about 8 mm, and the
penetration depth for Pass 2 618 is about 6 mm. Because the thickness of the stacked
configuration 612 is decreased because of Pass 1 614, the penetration depth is reduced
for Pass 2 616 and Pass 2 618. It is contemplated herein that the penetration depth for
Pass 2 616 and Pass 2 618 is sufficient such that the needles pass completely through
the stacked configuration 612. In one example aspect, when the penetration depth is
8 mm, it is contemplated herein that three of the needle barbs are engaged, and when
the penetration depth is 6 mm, it is contemplated herein that two of the needle barbs
are engaged. After Pass 2 616 and Pass 2 618 are complete, the stacked configuration
612 has even further reduced thickness compared to the stacked configuration 612 after
Pass 1 614 and may grow slightly in the cross-machine direction. The end result of
Pass 2 216 and Pass 2 618 is further entanglement of the fibers forming the first web of
fibers 110, the second web of fibers 112, and the third web of fibers 114.
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Pass 3 which is indicated by reference numeral 620, occurs subsequent to Pass 2 616
and Pass 2 618 and occurs from the second web of fibers 112 toward the first web of
fibers 110. The stitch density for Pass 3 620 is from about 175 n/cm’ to about 225 n/
cm’, from about 180 n/cm” to about 220 n/cm’, from about 190 n/cm’ to about 210
n/cm’, or about 200 n/cm’. The higher stitch density of Pass 3 620 achieves a more
uniform texturing or working of the stacked configuration 612 compared to passes
with lower stitch densities such as Pass 1 614, Pass 2 616, and Pass 3 618. The pen-
etration depth for Pass 3 620 is from about 1 mm to about 5 mm, from about 2 mm to
about 4 mm, or about 3 mm. In example aspects, this engages one barb of the needle.
The purpose of Pass 3 620 is to tuck some of the fibers into the stacked configuration
612 that are present on the face of the second web of fibers 112 without necessarily
creating more entanglement. Said differently, Pass 3 620 helps to reduce the hairiness
on the face of the second web of fibers 112.

Pass 4 which is indicated by reference numeral 622, occurs subsequent to Pass 3
620 and occurs from the first web of fibers 110 toward the second web of fibers 112.
Similar to Pass 3 620, the stitch density for Pass 4 622 is from about 175 n/cm” to
about 225 n/cm’, from about 180 n/cm’ to about 220 n/cm?, from about 190 n/cm’
to about 210 n/cm’, or about 200 n/cm’. Also similar to Pass 3 620, the penetration
depth for Pass 4 622 is from about 1 mm to about 5 mm, from about 2 mm to about
4 mm, or about 3 mm. In example aspects, this engages one barb of the needle. The
purpose of Pass 4 622 is to tuck some of the fibers into the stacked configuration 612
that are present on the face of the first web of fibers 110 without necessarily creating
more entanglement. Stated differently, Pass 4 622 helps to reduce the hairiness on the
face of the first web of fibers 110. In total, the overall stitch density for the composite
nonwoven textile 120 is about 550 with a stitch density of about 300 on the first face
formed, at least in part, from the first web of fibers 110 and a stitch density of about
250 on the second face formed, at least in part, from the second web of fibers 112.

An overall stitch density of 550 is lower than stitch densities associated with typical
nonwovens such as felts in order to achieve more loft and a better hand feel. Moreover,
having a lower overall stitch density works less of the fibers such that the fibers from
the different webs 110, 112, and 114 are unevenly distributed through the composite
nonwoven textile 120, which produces, at least in part, the asymmetric features as-
sociated with the different faces. As a result of the different entanglement passes, some
of the fibers forming the composite nonwoven textile 120 may be broken such that a
staple length of at least some of the fibers forming the composite nonwoven textile 120

may be from about 30 mm to about 45 mm.
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After Pass 4 622, in example aspects, the entanglement process is complete and the
composite nonwoven textile 120 is formed. This is schematically illustrated by the
dashed line 624. After Pass 4 622, in example aspects, the composite nonwoven textile
120 may have grown in the machine direction (i.e., the length direction) and in the
cross-machine direction (i.e., the width direction) . This concept is known as machine
drafting. For example, growth in the cross-machine direction may occur because as
the needle passes through the webs of fibers 110, 112, and 114, it creates a void which
is filled with fibers which may cause a gradual increase in width dependent upon
the stitch density. Growth in the machine direction generally depends on the rate of
conveyance and the penetration depth. The stacked configuration 612 continues to
move during the entanglement process so an increase in penetration depth may cause
a deflection of the fibers based on the dwell time of the needle (i.e., the conveyance
rate) . This stretches the composite nonwoven textile 120 in the machine direction.

In further example aspects, the composite nonwoven textile 120 exhibits a greater
resistance to stretch in the length direction (i.e., the machine direction) compared
to the width direction (i.e., the cross-machine direction) . Stated differently, the
textile 120 exhibits an anisotropic stretch property. This difference may be due to
the machine drafting as discussed above. For instance, the growth in the machine
direction may place the fibers forming the first, second, and third webs 110, 112, and
114 under tension resulting in a greater stretch resistance in the machine direction.
This anisotropic stretch feature may impact how pattern pieces are cut and positioned
on an article of apparel. For example, with respect to an article of apparel such as an
upper-body garment, a greater degree of stretch is generally desired in the horizontal
direction (e.g., from a first sleeve opening to a second sleeve opening) compared to
the vertical direction (e.g., from a neck opening to a waist opening) . Thus, a pattern
piece for the upper-body garment would be cut and positioned such that the width of
the textile 120 would extend in the horizontal direction and the length of the textile 120
would extend in the vertical direction. Stated differently, the cross-machine direction
of the textile 120 would extend in the horizontal direction and the machine direction of
the textile 120 would extend vertically.

In example aspects, after entanglement, the composite nonwoven textile 120 is
ironed. The ironing process, in example aspects, may help to flatten terminal fiber ends
extending from facing surfaces of the composite nonwoven textile 120 such that the
terminal fiber ends are generally planar with the faces of the composite nonwoven
textile 120. This, in turn, may reduce pilling tendencies. Moreover, the ironing process
may utilize rollers, and as the composite nonwoven textile 120 wraps around the rollers
under tension and is pre-strained, some of the fiber entanglement causes by the man-

ufacturing process 600 may be loosened which may improve the drape and recovery
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characteristics of the composite nonwoven textile 120. After ironing, the composite
nonwoven textile 120 is rolled to form a rolled good 626, which can later be used for
forming articles of apparel. It is also contemplated herein that the composite nonwoven
textile 120 may undergo processing steps. For example, the composite nonwoven
textile 120 may be conveyed to a patterning station where different pattern shapes
may be cut from the nonwoven textile 120. The composite nonwoven textile 120 may
also be conveyed to a printing station where various prints are applied to faces of the
nonwoven textile 120. The nonwoven textile 120 may also be subject to calendaring,
embossing, or different coatings to increase resistance to pilling when this attribute

is desired. Any and all aspects, and any variation thereof, are contemplated as being
within aspects herein.

In general, based on the properties selected for each of the first web of fibers 110,
the second web of fibers 112, and the third web of fibers 114 (basis weight, fiber
denier, staple length, silicone coating, type of fiber, and the like) , the properties
selected for the elastomeric layer 116 (type of thermoplastic elastomer, construction
(film, spunbond, meltblown, web, and the like) ) , and selection of the entanglement
parameters, the composite nonwoven textile 120 includes desired properties. For
example, the composite nonwoven textile 120 may have a final thickness of from about
1.8 mm to about 2.7 mm, from about 1.9 mm to about 2.6 mm, or from about 2 mm
to about 2.5 mm. The composite nonwoven textile 120 may have a basis weight from
about 40 gsm to about 450 gsm, from about 100 gsm to about 350 gsm, from about 150
gsm to about 190 gsm, or about 180 gsm. The final basis weight may be impacted by
the number of layers (fiber webs) used in the construction, fiber loss due to stripping,
machine draft, and the like. In example aspects, the composite nonwoven textile 120
may have a thermal resistance from about 50 RCT to about 95 RCT, from about 55
RCT to about 90 RCT, from about 60 RCT to about 85 RCT, or from about 65 RCT
to about 80 RCT. Thus, as seen, the composite nonwoven textile 120 may exhibit in-
sulation properties associated with typical knit fleeces but have a lower basis weight
and/or thickness.

Due to the elastomeric layer 116, the composite nonwoven textile 120 may have
minimal growth properties and good recovery properties. Using the ASTMD2594
testing standard, the composite nonwoven textile 120 may have a growth in the length
direction (i.e., the machine direction) of less than or equal to about 5%, less than or
equal to about 4%, less than or equal to about 3%, less than or equal to about 2%, less
than or equal to about 1%, less than or equal to about 0.1%, or less than or equal to
0%. The composite nonwoven textile 120 may have a growth in the width direction
(i.e., the cross machine direction) of less than or equal to about 10%, less than or

equal to about 9%, less than or equal to about 8%, less than or equal to about 7%,
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less than or equal to about 6%, less than or equal to about 5%, less than or equal to
about 4%, less than or equal to about 3%, less than or equal to about 2%, less than

or equal to about 1%, less than or equal to about 0.1%, or less than or equal to 0%.
Using the ASTMD2594 testing standard, the composite nonwoven textile 120 may
have a recovery of within about 10%of its resting length and width, within about 9%of
its resting length and width, within about 8§%of its resting length and width, within
about 7%of its resting length and width, within about 6%of its resting length and
width, within about 5%of its resting length and width, within about 4%of its resting
length and width, within about 3%of its resting length and width, within about 2%of
its resting length and width, or within about 1%of its resting length and width. The
stiffness of the composite nonwoven textile 120, which relates to the drapability of the
textile 120, is less than or equal to about 0.4 Kgf, less than or equal to about 0.3 Kgf,
less than or equal to about 0.2 Kgf, less than or equal to about 0.1 Kgf, or from about
0.1 Kgf to about 0.4 Kgf.

The features described above (basis weight, thickness, thermal resistance, growth and
recovery, and stiffness) may, in some example aspects, make the composite nonwoven
textile 120 suitable for a lightweight, thermal article of apparel for use in cool to cold
weather conditions (e.g., a pullover, a hoodie, sweat pants, and the like) . In other
aspects, the features described above may make the composite nonwoven textile 120
suitable for uses in other articles where asymmetric faces are desired such as an upper
for an article of footwear.

FIGs. 7 and 8 illustrate the different faces of the composite nonwoven textile 120.
FIG. 7 depicts a first face 710 of the composite nonwoven textile 120 along with the
layers of the composite nonwoven textile 120. The first face 710 is formed from a first
entangled web of fibers 712. In turn, the first entangled web of fibers 712 includes the
fibers 210 from the first web of fibers 110, the fibers 310 and 312 from the second web
of fibers 112, and the fibers 410 from the third web of fibers 114. In example aspects,
due to the entanglement parameters, the first entangled web of fibers 712 primarily
includes the fibers 210 from the first web of fibers 110, while the fibers 310, 312, and
410 are present in smaller amounts. Thus, a unit area, defined hereinasa 1 cm x 1 cm
area (cm’) of the first entangled web of fibers 712 includes a first number of fibers
having a first denier from about 1.2 D to about 3.5 D, or about 1.5 denier such as the
fibers 210 and the fibers 410 and a second number of fibers having a second denier
from about 0.6 D to about 1 D, or about 0.8 D such as the fibers 310 and 312, where
the first number of fibers is greater than the second number of fibers. Described dif-
ferently, the unit area of the first entangled web of fibers 712 has a ratio of the first
denier to the second denier in a range of from about 1.5: 1 to about 2: 1 or about 1.9:

1. Another way to describe this is that the first entangled web of fibers 712 has a first
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average denier per cm’. The first average denier may be determined by taking a set
number of fibers (e.g., 100 fibers) per cm’, determining the denier of the fibers, and de-
termining the average denier. In example aspects, the first average denier per cm” may
be from about 1.1 D to about 1.4 D.

FIG. 7 further depicts a second entangled web of fibers 718 that forms a second face
810 of the composite nonwoven textile 120 as shown in FIG. 8. The second entangled
web of fibers 718 includes the fibers 310 and 312 from the second web of fibers 112,
the fibers 410 from the third web of fibers 114, and the fibers 210 from the first web
of fibers 110. In example aspects, due to the entanglement parameters, the second
entangled web of fibers 718 primarily includes the fibers 310 and 312 from the second
web of fibers 112, while the fibers 210 and 410 are present in smaller amounts. Thus,
a unit area of the second entangled web of fibers 718 includes a third number of fibers
having a third denier from about 0.6 to about 1 D, or about 0.8 D such as the fibers
310 and 312, and a fourth number of fibers having a fourth denier from about 1.2 D
to about 3.5 D, or about 1.5 denier such as the fibers 210 and the fibers 410, where
the third number of fibers is greater than the fourth number of fibers. Described dif-
ferently, a unit area of the second entangled web of fibers 718 has a ratio of the third
denier to the fourth denier in a range of from about 0.3: 1 to about 0.7: 1, or about 0.5:
1. Another way to describe this is that the second entangled web of fibers 718 has a
second average denier per cm’. The second average denier per cm” may be less than
the first average denier per cm’. In example aspects, the second average denier per cm’
may be from about 0.9 D to about 1 D.

As shown in both FIGs. 7 and 8, the composite nonwoven textile 120 further includes
a third entangled web of fibers 714. The third entangled web of fibers 714 includes the
fibers 410 from the third web of fibers 114, the fibers 310 and 312 from the second
web of fibers 112, and the fibers 210 from the first web of fibers 110. In example
aspects, due to the entanglement parameters, the third entangled web of fibers 714
primarily includes the fibers 410 from the third web of fibers 114, while the fibers 310,
312, and 210 are present in smaller amounts. More particularly, because the needles
pass through the first web of fibers 110 and/or the second web of fibers 112 before
contacting the third web of fibers 114, the needle barbs are generally full of fibers and
thus there may not be a lot of movement of the fibers 410 during the entanglement
process. Thus, a unit area of the third entangled web of fibers 714 includes a fifth
number of fibers having a fifth denier from about 1.2 D to about 3.5 D, or about 1.5
denier such as the fibers 410 and the fibers 210 and a sixth number of fibers having
a sixth denier from about 0.6 D to about 1 D, or about 0.8 D such as the fibers 310

and 312, where the fifth number of fibers is greater than the sixth number of fibers.
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Described differently, a unit area of the third entangled web of fibers 714 has a ratio
of the fifth denier to the sixth denier in a range of from about 1.5: 1 to about 2: 1 or
about 1.9: 1. Another way to describe this is that the third entangled web of fibers 714
has a third average denier per cm’. In example aspects, the third average denier per cm’
may be greater than the second average denier per cm’. In example aspects, the third
average denier per cm” may be from about 1.1 D to about 1.4 D.

The composite nonwoven textile 120 shown in FIGs. 7 and 8 further includes
the elastomeric layer 116. In the configuration shown in FIGs. 7 and 8 where the
elastomeric layer 116 is positioned between second entangled web of fibers 718
and the third entangled web of fibers 714, at least some of the fibers from the first
entangled web of fibers 712 and the third entangled web of fibers 714 extend through
the elastomeric layer 116 and are entangled with the fibers of the second entangled
web of fibers 718, and at least some of the fibers of the second entangled web of fibers
718 extend through the elastomeric layer 116 and are entangled with the fibers of
the first entangled web of fibers 712 and the third entangled web of fibers 714. In
example aspects, portions of the elastomeric layer 116 do not appreciably move in
the z-direction during the entanglement process. Stated differently, the elastomeric
layer 116 extends generally uniformly along an x, y plane and generally remains as
a cohesive, unitary structure except for holes through which fibers of the different
entangled webs 712, 714, and 718 extend.

Although the different entangled webs 712, 714 and 718 are shown as distinct layers
in FIGs. 7 and 8, it is contemplated herein, that the entangled webs 712, 714 and 718
are entangled to form a cohesive structure. That said, in example aspects, each of the
webs 712, 714, and 718 retains features of a distinct layer such that the entangled webs
712,714 and 718 are distinctly visible in a cross-section of the composite nonwoven
textile 120 thus providing a unique aesthetic to cut edges of the composite nonwoven
textile 120.

As further shown in FIG. 7 and 8, the second face 8§10 formed from the second
entangled web of fibers 718 includes the silicone-coated fibers 312 (shown in dashed
line) in a greater number than the silicone-coated fibers 312 present on the first face
710 formed from the first entangled web of fibers 712. Stated differently, a unit area
of the second entangled web of fibers 718 includes a greater number of the silicone-
coated fibers 312 than a unit area of the first entangled web of fibers 712. Further,

a unit area of the third entangled web of fibers 714 includes a smaller number of
silicone-coated fibers 312 as compared to a unit area of the second entangled web of
fibers 718. In example aspects, it is contemplated herein that the composite nonwoven

textile 120 may comprise from about 10%to about 25%by weight of the silicone-
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coated fibers 312. As stated previously, having the second face 8§10 of the composite
nonwoven textile 120 include silicone-coated fibers provides a soft hand to the second
face 810 and reduces the stiffness (i.e., increases the drapability) of the composite
nonwoven textile 120.

FIG. 9 depicts a cross-section of the composite nonwoven textile 120 of FIG. 7 and
illustrates the entanglement of fibers from the different entangled webs of fibers. As
shown, the composite nonwoven textile 120 includes the first entangled web of fibers
712 that forms the first face 710, the second entangled web of fibers 718 that forms
the second face 810, the third entangled web of fibers 714, and the elastomeric layer
116. In the cross-section shown in FIG. 9, the third entangled web of fibers 714 is po-
sitioned between the first entangled web of fibers 712 and the elastomeric layer 116
although other aspects contemplate that the third entangled web of fibers 714 is po-
sitioned between the second entangled web of fibers 718 and the elastomeric layer 116.
As stated previously, it is contemplated herein that one or more of the entangled webs
of fibers 712, 714, and/or 718 may be optional.

Moving from left to right, the fiber 210 from the first entangled web of fibers 712
is shown entangled with the fibers 310 and/or 312 from the second entangled web
of fibers 718, and the fiber 210 from the first entangled web of fibers 712 is shown
entangled with the fiber 410 from the third entangled web of fibers 714. The fiber
410 from the third entangled web of fibers 714 is shown entangled with the fibers 310
and/or 312 from the second entangled web of fibers 718, and the fiber 410 from the
third entangled web of fibers 714 is shown entangled with the fiber 210 from the first
entangled web of fibers 712. The fibers 310 and/or 312 from the second entangled web
of fibers 718 is shown entangled with the fiber 210 from the first entangled web of
fibers 712, and the fibers 310 and/or 312 is shown entangled with the fiber 410 from
the third entangled web of fibers 714. As shown, one or more of the fibers 210, 310,
312, and 410 extend through the elastomeric layer 116. Some of the fibers in FIG. 9
are shown as darkened but this is for illustrative purposes only.

FIG. 10 depicts an alternative cross-section of the composite nonwoven textile 120.
As shown in FIG. 10, instead of the elastomeric layer 116 being positioned between
the third entangled web of fibers 714 and the second entangled web of fibers 718,
the elastomeric layer 116 is positioned between the first entangled web of fibers 712
and the third entangled web of fibers 714. The fibers of the different layers are shown
entangled together and extending through the elastomeric layer 116 as described for
FIG. 9.

FIG. 11 depicts the cross-section of FIG. 9 with only the silicone-coated fibers 312
shown. As shown in FIG. 11, the silicone-coated fibers 312 are present in a greater

amount in the second entangled web of fibers 718 but extend through the elastomeric
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layer 116 into the first entangled web of fibers 712 and the third entangled web of
fibers 714.

In some examples, it can be desirable to have a pleated construction for a nonwoven
textile, such as the nonwoven textile 120. For example, referring to FIGS. 12 and
13.An example of a pleated construction 1200 is illustrated, which includes a
nonwoven textile 1210 (FIG. 12) , an elastically resilient structured textile 1212 (FIG.
13) , and a plurality of pleats 1214.

In examples, the nonwoven textile 1210 can include the nonwoven textile 120 or
any one or more of the other layers described in this disclosure. For example, the
nonwoven textile 1210 may include any one or more of the layers 110, 112, 114, 712,
714, or 718. The nonwoven textile 1210 can include any one or more of a web of
entangled staple fibers, spun-bonded textile, spunlace textile, melt-blown textile, and
the like, and any and all combinations thereof. In examples in which the nonwoven
textile 1210 includes a cross direction, this axis, direction, or orientation can be

e 9

referred to as “x” or “x-axis” or “x-direction, ”’ and includes a machine direction, this
axis, direction, or orientation can be referred to as “y” or “y-axis” or “y-direction. ”” In
some examples a general plane or planar orientation of the nonwoven textile can be
referred to as the x-y plane.

As used herein, the term “structured textile” means a textile that has one of a knit
or woven construction, and the term “elastically resilient” means that the textile
returns to substantially its original length after being subject to tensioning forces. In
some examples, the an elastically resilient structure textile can include a power mesh
material layer.

FIG. 12 illustrates a first side or face 1201 of the pleated construction 1200 that
is formed, at least in part, from the nonwoven textile 1210, and FIG. 13 illustrates
a second side or face 1202 of the pleated construction 1200 that is formed, at least
in part, from the elastically resilient structured textile 1212. Moreover, as discussed
hereinafter, the pleated construction 1200 is configured in a manner such that peaks of
the plurality of pleats 1214 are formed at the first side 1201 and valleys of the plurality
of pleats 1214 are formed at the second side 1202. In examples, the pleats 1214 can
include the nonwoven textile extending in a z-direction away {rom the elastically
resilient structured textile 1212.

In examples, a construction of the pleats 1214 can include the elastically resilient
structured textile 1212 coupled to the nonwoven textile 1210 via a series of stitches
1216 that are arranged in rows.

FIG. 14 illustrates an example manufacturing process. In at least some examples,

a nonwoven textile 1210 is stacked relative to an elastically resilient structure textile

1212. For example, the nonwoven textile 1210 and the elastically resilient structure
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textile 1212 can be loaded into a stitching machine (e.g., FIG. 15), such as a quilting
machine or other stitching machine that can apply a series of stiches in a series of
rows.

In some examples, the nonwoven textile 1210 and the elastically resilient structure
textile 1212 can include rolled goods that are loaded into a stitching machine.

With continued reference to FIG. 14, tension can be applied the elastically resilient
structure textile 1212 such that the elastically resilient structure textile 1212 is
elongated or stretched relative to the nonwoven layer 1210. For example, tension can
be applied to the rolled good form of the elastically resilient structure textile 1212 that
is loaded into the stitching machine (e.g., FIG. 15) .

In some example, the elastically resilient structure textile 1212 is elongated in
a direction that is substantially aligned with the machine direction (MD) of the
nonwoven textile 1210.

In examples, while the elastically resilient structure textile 1212 is elongated or
stretched relative to the nonwoven layer 1210, a series of stitches 1216 is applied to
the nonwoven layer 1210 and the elastically resilient structured textile 1212. That is,
stitches are applied such that the stitched thread passes through both the nonwoven
layer 1210 and the elastically resilient structure textile 1212 and effectively couples the
layers together at the stitch locations.

In some examples, the series of stitches are applied in a serpentine-like pattern.

As such, a resulting textile with a pleat construction (e.g., 1200) can also include a
series of stitches organized in a serpentine-like pattern. In examples, serpentine-like
pattern can include two or more rows of stitches, in which adjacent rows of stitches
are connect at only one end. In some examples, the series of stitches are a continuous
series.

In some examples, the rows of stitches in the serpentine-like pattern can be relatively
straight. In some examples, the rows of stitches can be substantially parallel relative to
one another.

In some examples, the rows of stitches can be wavy. In some examples, the rows of
stitches can be non-parallel relative to one another.

In some examples, a row of stiches (e.g., a single row of stitches) can extend in a
direction that is substantially perpendicular to the direction in which the elastically
resilient structured textile 1212 is stretched or elongated.

In some examples, a row of stiches (e.g., a single row of stitches) and/or each row of
multiple rows of stitches can extend in a direction that is substantially perpendicular to
the machine direction associated with the nonwoven textile 1210. As such, a resulting

textile, pattern piece, or trim piece (e.g., cuff or hem) with a pleat construction (e.g.,
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1200) can also include one or more rows of stiches that extend in a direction sub-
stantially perpendicular to the machine direction.

In some examples, two or more sets of rows of stitches (e.g. 1402 and 1404 and
1406) can be applied to the nonwoven textile 1210 and the elastically resilient
structured textile 1212. In some examples, the two or more sets of rows of stitches
can be simultaneously applied. For example, the two or more sets of rows of stiches
can be simultaneously applied by as quilting machine (or other stitching machine) ,
such as the machine shown in FIG. 15 and as the resulting stitch rows show in FIG. 16.
In some examples, a margin is provided between the sections (e.g., 1402, 1404, and
1406) , such that when a section is cut away (e.g., for incorporation into a wearable
article) , the stich rows are not cut) . In other words, the margin is configured to be cut
without severing the stitches. In some examples, the margin can provide a portion of
the pleat construction to be affixed to a wearable article (e.g., the margin, after being
cut, can also serve as a connecting edge or potion for seaming onto a wearable article) .

In some examples, the tension that was applied to the elastically resilient structured
material 1212 is released, such that the stitch rows are drawn towards one another, and
the nonwoven textile 1210 is biased outward and away from the elastically resilient
structured material 1212. As such, the nonwoven textile 1210 that is between the stitch
rows forms a rib or pleat structure (e.g. 1214) . Stated differently, the nonwoven textile
can extend in the z-direction and away from the elastically resilient structured material.

In some examples, the nonwoven textile 1210 can include a fiber (e.g., as part of a
fiber web that extends through multiple pleats and/or intersects with multiple stitch
rows. In some examples, a cross-pleat fiber can extend at least partially in one or more
of the x-y directions associate with the cross direction and machine direction of the
nonwoven textile, as well as the z-direction associated with the height of the pleat.
Among other things, these cross-pleat fibers can improve the strength of the pleated
construction, such as by forming a continuous structure.

In some examples, the pleated construction 1200 can be formed into at least a portion
of a wearable article, such as a cuff, hem, collar, or other portion of an upper-body
garment, lower-body garment, or footwear article. For example, referring to FIG. 17,

a segment of the pleated construction 1700 can be cut along the margins between the
sections (e.g., 1402, 1404, and 1406) . In some examples, the margin can include an
offset between the nonwoven textile and the elastically resilient structured material that
is less than the height of the pleat in the z-direction, which can be conducive to cutting,
seaming, and other processing.

Another example of a pleated construction 1800 is depicted in FIG. 18.

Referring to FIG. 19, an example of a pleated construction 1900 forming a cuff on

an arm sleeve is shown. For example, a section that has been cut away from the larger
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rolled good can be folded in half and seamed onto another part of the wearable article
(e.g., onto the arm sleeve, leg sleeve, waist band, ankle collar, etc. ) .

In examples, the pleated construction can include various properties. For example,
in some instances, the stitches can include a stitch density that is large enough to
maintain, for a given pleat, a z-height. That is, in some instances, if the stitch density
is too low, the pleat may at least partially collapse, such that it flattens out (or at least
fails to maintain a target z-height.

In some examples, the stitch density is in a range of about 3 stitches per inch (SPI) to
about 20 SPI. In some examples, the stitch density is in a range of about 5 SPI to about
15 SPI. In some examples, the stitch density is in a range of about SPI to about 12 SPI.

In some examples, the stitch density can be configured based on a basis weight of the
nonwoven textile.

In some examples, the stitch density can be based on a bending property or stiffness
of the nonwoven textile.

In some examples, the

In some examples, at least a portion of the nonwoven textile can include fibers or
filaments that extend in one or more orientations relative to the orientation of a stitch
row. For example, if the orientation of the stitch row is associated with a y-axis, then
the nonwoven textile can include fibers or filaments that are substantially aligned with
the y-axis, that are skewed relative to the y-axis, or any combination thereof. In some
examples, the variability of the fiber or filament orientation can provide relatively even
shaped pleats that maintain their shape.

As indicated, in some examples, each row of stitches can extend in the cross
direction (e.g., x-direction or perpendicular to the machine direction) , and as such,

a pleat that protrudes in the z-direction between two rows of stitches can include a
longitudinal orientation that is also aligned in the cross direction. One or more pleats
having a longitudinal orientation extending in the cross direction can include a first
set of properties (e.g., bending stiffness transverse to the pleat (s) , collapse resistance,
etc. ) . In some examples, each row of stitches can extend in the machine direction
(e.g., x-direction or perpendicular to the machine direction) , and as such, a pleat that
protrudes in the z-direction between two rows of stitches can include a longitudinal
orientation that is also aligned in the machine direction. One or more pleats having a
longitudinal orientation extending in the machine direction can include a second set of
properties (e.g., bending stiffness transverse to the pleat (s) , collapse resistance, etc. ),
which is different from the first set of properties. In some examples, an orientation of
the stich rows can be configured to achieve desired pleat properties.

In some examples, a chemical binder can be applied to the nonwoven textile (e.g.,

prior to attaching the nonwoven textile to the elastically resilient structured material)
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to reduce the formation of pills on at least the outer face of the nonwoven textile. As
used herein, the term “chemical bonding” refers to the use of chemical binders (e.g.,
adhesive materials) that are used to hold fibers together. The chemical binder joins
fibers together at fiber intersections and fiber bonding results. In one example aspect,
the chemical binder may form an adhesive film the bonds the fibers together at, for
example, fiber intersections. Because the fibers are adhered together, the terminal ends
of the fibers are less prone to migration and pilling and the overall pilling resistance of
at least the outer face of the nonwoven textile is increased.

In examples, chemical binders can include those that comprise polymers and may
include vinyl polymers and copolymers, acrylic ester polymers and copolymers, rubber
and synthetic rubber, and natural binders such as starch. The chemical binder may be
applied in an aqueous dispersion, an oil-based dispersion, a foam dispersion, and the
like. In example aspects, a base coating or primer may be applied to the composite
nonwoven textile before application of the chemical binder. In one example aspect, the
chemical binder may include an oil-based polyurethane binder. The term “chemical
bonding site, ” as used herein refers to the location of the chemical bond and it furthers
refers to the chemical binder itself as applied to the composite nonwoven textile at the
chemical bonding site.

In example aspects, the chemical binder can compositionally comprise an oil-based
dispersion of a polyurethane binder, a polyurethane binder in a dispersion that contains
silica, and combinations thereof. In example aspects, the use of silica reduces the
friction between fibers to which the chemical binder is applied, which will make the
fibers less likely to pill when exposed to abrasion or external friction (i.e., they slide
more easily relative to each other) . As stated, the chemical binder acts as an adhesive
helping to secure fibers together in areas where it is applied. Because the fibers are
adhered together, the terminal ends of the fibers are less prone to pilling and the overall
pilling resistance of at least the outer first face of the nonwoven textile is increased.
For example, the pilling resistance may be about 2, 2.5, or more on the Martindale
Pilling test.

As previously described, in example aspects, when the pleated construction is in-
corporated into a garment (e.g., as a cuff, waistband, hem, neck collar, ankle collar
etc. ), the pleated construction can be folded and affixed to another portion of the
garment, such that the nonwoven textile with the pleats forms the outer-facing surface
that faces away from the wearer and the inner-facing surface that faces towards the
wearer. Thus, the application of the chemical binder to the nonwoven textile helps
to increase the pilling resistance of the outer-facing portion of the cuff, waistband,
hem, neck collar, ankle collar, etc., which may be more prone to abrasion from envi-

ronmental elements, as well as to the portion of the cuff, waistband, hem, neck collar,
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ankle collar, etc. that faces towards the wearer (e.g., the inner-facing) , which can be
susceptible to higher wear, abrasion, and/or contact with the wearer (and thus sus-
ceptible to higher pilling) .

[0125]  In some examples, a thermal bonding process may be applied to one or more faces
of the nonwoven textile, (e.g., prior to attaching the nonwoven textile to the elastically
resilient structured material) to reduce the formation of pills on at least the outer face
of the nonwoven textile. As used herein, the term “thermal bonding” refers to a process
that may include locally heating fibers to melt, partially melt, and/or soften the fibers.
This permits polymer chain relaxation and diffusion or polymer flow across fiber-fiber
interfaces between two crossing fibers. Subsequent cooling of the fibers causes them
to re-solidify and to trap the polymer chain segments that diffused across the fiber-
fiber interfaces. The thermal bonds trap the terminal ends of the fibers and makes the
fibers ends less prone to interacting with other fiber ends to form pills. As used herein,
the term “thermal bonding site, ™ refers to the location of the thermal bond on the
composite nonwoven textile, and the term “thermal bond structure” refers to the actual
structure formed by the re-solidified fibers and/or materials and typically includes
fibers and materials from the different webs of fibers used to form the nonwoven
textile. The term “film form™ as used herein also refers to a structure formed by the re-
solidified fibers and/or materials.

[0126]  As previously described, in example aspects, when the pleated construction is in-
corporated into a garment (e.g., as a cuff, waistband, hem, neck collar, ankle collar
etc. ), the pleated construction can be folded and affixed to another portion of the
garment, such that the nonwoven textile with the pleats forms the outer-facing surface
that faces away from the wearer and the inner-facing surface that faces towards
the wearer. Thus, the application of the thermal bonding sites to the nonwoven
textile helps to increase the pilling resistance of the outer-facing portion of the cuff,
waistband, hem, neck collar, ankle collar, etc., which may be more prone to abrasion
from environmental elements, as well as to the portion of the cuff, waistband, hem,
neck collar, ankle collar, etc. that faces towards the wearer (e.g., the inner-facing) ,
which can be susceptible to higher wear, abrasion, and/or contact with the wearer (and
thus susceptible to higher pilling) .

[0127]  This detailed description is provided in order to meet statutory requirements.
However, this description is not intended to limit the scope of the invention described
herein. Rather, the claimed subject matter may be embodied in different ways, to
include different steps, different combinations of steps, different elements, and/or
different combinations of elements, similar or equivalent to those described in this
disclosure, and in conjunction with other present or future technologies. The examples

herein are intended in all respects to be illustrative rather than restrictive. In this sense,
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alternative examples or implementations can become apparent to those of ordinary
skill in the art to which the present subject matter pertains without departing from the

scope hereof.
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Claims

[Claim 1] A pleated construction comprising:
a nonwoven textile;
an elastically resilient structured textile; and
at least two rows of stitches connecting the nonwoven textile to the
elastically resilient structured textile, wherein:
the nonwoven textile and the elastically resilient structured textile
extend in an x-y planar orientation; and
between the at least two rows of stitches, the nonwoven textile extends
in a z-direction away from the elastically resilient structured textile.

[Claim 2] The pleated construction of claim 1, wherein an x-direction of the x-y
planar orientation is generally aligned with a cross direction associated
with the nonwoven textile, and wherein a y-direction of the x-y planar
orientation is generally aligned with a machine direction associated
with the nonwoven textile.

[Claim 3] The pleated construction of claim 1 or claim 2, wherein the nonwoven
textile comprises a fiber having a first portion that extends at least
partially in the x-direction, a second portion that extends at least
partially in the y-direction, and a third portion that extends at least
partially in the z-direction.

[Claim 4] The pleated construction of any of claims 1 through 3, wherein the at
least two rows generally extend along the x-direction.

[Claim 5] The pleated construction of any of claims 1 through 4, wherein the
nonwoven textile comprises an entangled fiber web.

[Claim 6] The pleated construction of claim 5, wherein:
the entangled fiber web comprises a first entangled fiber web;
the nonwoven textile comprises a second entangled fiber web and an
elastomeric layer positioned between the first entangled fiber web and
the second entangled fiber web; and
at least some fibers of the first entangled fiber web extend through the
elastomeric layer and are entangled with the second entangled fiber
web.

[Claim 7] The pleated construction of any of claims 1 through 6, wherein the at
least two rows of stitches comprises a stitch density in a range of 3
stitches per inch (SPI) to 20 SPI.

[Claim 8] The pleated construction of any of claims 1 through 7, wherein:
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the nonwoven textile comprises a machine direction and a cross
direction; and

a stretch property of the nonwoven textile is different in the machine
direction than in the cross direction.

[Claim 9] The pleated construction of claim 8, wherein the stretch property
comprises a modulus of elasticity.

[Claim 10] The pleated construction of any of claims 1 through 9, wherein the
nonwoven textile comprises a plurality of chemical bonding sites on a
face oriented away from the elastically resilient structured textile.

[Claim 11] The pleated construction of claim 10, wherein the pleated construction
forms a portion of a wearable article.

[Claim 12] The pleated construction of claim 11, wherein:
the pleated construction forms at least one of a cuff, a waistband, a
hem, an ankle collar, or a neck collar; and
the chemical binder is on a face configured to be oriented away from a
wearer and on a face configured to be oriented towards the wearer.

[Claim 13] The pleated construction of any of claims 1 through 14, wherein the
nonwoven textile comprises a plurality of thermal bonding sites on a
face oriented away from the elastically resilient structured textile.

[Claim 14] The pleated construction of any of claims 1 to 13, wherein the

nonwoven textile comprises a basis weight in a range of 100 gsm to

350 gsm.

[Claim 15] The pleated construction of claim 14, wherein the basis weight is about
180 gsm.

[Claim 16] The pleated construction of any of claims 1 to 15, wherein the at least

two rows of stiches are connected to each other only at one end by one
or more stitches.

[Claim 17] A pleated construction comprising:
a nonwoven textile;
an elastically resilient structured textile;
a first set of stitches attaching the nonwoven textile to the elastically
resilient structured textile;
a second set of stitches attaching the nonwoven textile to the elastically
resilient structured textile, wherein the first set of stitches are separated
from the second set stitches by a margin.

[Claim 18] The pleated construction of claim 17, wherein the margin comprises a
seam allowance configured to be cut without severing stitches of the

first set of stitches or the second set of stitches.
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[Claim 19] The pleated construction of claim 17 or claim 18, wherein:
the first set of stitches comprises at least two rows of stitches; and
the second set of stitches comprises at least two rows of stitches.

[Claim 20] The pleated construction of claim 19, wherein the at least two rows of
stiches of at least the first set of stitches are connected at only one end
by one or more stitches.

[Claim 21] The pleated construction of claim 19, wherein the at least two rows of
stiches of at least the first set of stitches comprise a continuous series of
stiches.

[Claim 22] The pleated construction of any of claims 19 to 21, wherein
the at least two rows of stitches of the first and second sets of stitches
extend in a cross direction associated with the nonwoven textile; and
the first set of stitches are separated from the second set stitches in the
cross direction.

[Claim 23] The pleated construction of any of claims 19 to 22, wherein:
the nonwoven textile and the elastically resilient structured textile
extend in an x-y planar orientation; and
between the at least two rows of stitches of the first set of stitches, the
nonwoven textile extends in a z-direction away from the elastically
resilient structured textile.

[Claim 24] The pleated construction of claim 23, wherein between the at least two
rows of stitches of the first set of stitches, the nonwoven textile extends
in the z-direction by an amount that is greater than an offset between
the nonwoven textile and the elastically resilient structured textile as-
sociated with the margin.

[Claim 25] A method of making a pleat construction, the method comprising:
stacking a nonwoven textile and an elastically resilient structured
textile;
stretching the elastically resilient structured textile by applying a force;
applying at least two rows of stiches to the nonwoven textile and an
elastically resilient structured textile; and
releasing the force.

[Claim 26] The method of claim 25, wherein the at least two rows of stitches are
applied in a direction aligned with a cross direction associated with the
nonwoven textile.

[Claim 27] The method of claim 25 or claim 26 further comprising, applying two

or more sets of two or more rows of stiches side-by-side.
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[Claim 28] The method of claim 27 further comprising, omitting stitches from a

margin between the two or more sets.
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