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DESCRIPTION

Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority under 35 U.S.C. §119 to U.S. Patent Application No.
63/164,217 filed March 22, 2021.

TECHNICAL FIELD

[0002] Embodiments of the presently-disclosed invention relate generally to absorbent
composites including a nonwoven top layer, an absorbent core including a plurality of individual
layers bonded together, and optionally a polymeric film.

BACKGROUND

[0003] Absorbent materials are typically positioned around the fenestration area (e.g., a
window through which a surgical procedure may be performed) in a surgical drape. The
absorbent material is located around the fenestration area to capture a limited amount of fluid
generated during a surgical intervention. These fluids can include body fluids (e.g., blood)
and/or fluids used by the surgical team in the performance of their work.

[0004] Typically, such absorbent materials comprise cellulosic fibers such as rayon and lyocell
in a spunlaced or/and chemical bonded web. Such fabrics have good absorption capacity,
however, they suffer from high run off and high absorption time. These two deficiencies
indicate that the fabric is slow to take up fluid, which can be detrimental during surgery as it
may allow fluid to flow out of the area covered with the absorbent material.

[0005] A different group of absorbent materials contain wood pulp to provide absorption. This
raw material (e.g., wood pulp), however, has a tendency to form lint in the form of particulates
released by the fabric. The creation of lint during a surgical procedure is not desirable.

[0006] Another class of absorbent material currently used consists of a three-layer composite
including a cover made from a spunbond, a core made from hydrophilic meltblown, and a
backing film. This type of fabric, however, exhibits a lower absorption capacity (g/g) while still
suffering from high run off.
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[0007] In yet another class of absorbent materials, a reasonably bulky hydrophilic spunbond is
been laminated to a film. Such products, however, also suffers from poor run off (i.e., the % run
off is high) and lower absorbency than the cellulosic containing absorbent materials.

[0008] US2019/021913 discloses an absorbent composite with a nonwoven top layer and an
absorbent core.

[0009] Therefore, there remains a need in the art for a cost effective absorbent material, such
as for use around a fenestration area on a surgical drape, as a tray cover, or in the healthcare
industry for the prevention and/or treatment of skin breakdown in a patient, that has one or
more of good abrasion resistance, fast rate of absorption to avoid leakage as characterized by
low absorption time, low percentage of run off, and high absorbency.

SUMMARY OF INVENTION

[0010] One or more embodiments of the invention may address one or more of the
aforementioned problems. The invention provides an absorbent composite including a
nonwoven top layer, an absorbent core directly or indirectly attached to the nonwoven top
layer, and an optional film layer. The nonwoven top layer comprises a plurality of hydrophilic
fibers, in which the fibers may be rendered hydrophilic via topical application of a hydrophilic
additive and/or via addition of a hydrophilic additive to the polymer melt used to form at least
some (or all) of the fibers forming the nonwoven top layer. The nonwoven top layer may
comprise a generally open structure to allow relatively fast penetration by fluids. The absorbent
composite comprises an absorbent core including a plurality of layers including (i) at least one
physically entangled nonwoven layer (e.g., a hydroentangled layer), and (ii) at least one
bonded carded nonwoven layer and/or at least one thermal bonded high-loft nonwoven layer
(e.g., a hydrophilic high-loft nonwoven layer that has been thermally consolidated). Similar to
the nonwoven top layer, the absorbent core may also comprise a plurality of hydrophilic fibers,
in which the fibers may be rendered hydrophilic via topical application of a hydrophilic additive
and/or via addition of a hydrophilic additive to the polymer melt used to form at least some (or
all) of the fibers forming the absorbent core layer. For example, the at least one physically
entangled nonwoven and/or the at least one bonded carded nonwoven web may comprise a
plurality of hydrophilic fibers, in which the fibers may be rendered hydrophilic via topical
application of a hydrophilic additive and/or via addition of a hydrophilic additive to the polymer
melt used to form at least some (or all) of the fibers thereof. Additionally or alternatively, the at
least one physically entangled nonwoven and/or the at least one bonded carded nonwoven
web may comprise cellulosic fibers (e.g., fibers formed from regenerated cellulose). The
absorbent composite has (i) a composite-rate of absorption of less than 8 seconds for a 5 mi
liquid sample as determined by D824-94, and (i) a composite-run-off value of less than 15%
as determined by ISO 9073-11. In accordance with certain embodiments of the invention, the
absorbent composite may optionally include a film directly or indirectly attached (e.g., bonded)
to the absorbent core, such that the absorbent core is directly or indirectly sandwiched
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between the nonwoven top layer and the film.

[0011] In another aspect, the invention provides a surgical gown, surgical drape, a portion of a
surgical drape, or a tray liner comprising an absorbent composite as disclosed herein. In
accordance with certain embodiments of the invention, the absorbent composite comprises a
fenestration material surrounding a fenestration (e.g., window or aperture) through which a
surgical procedure can be performed.

[0012] In another not claimed aspect, the invention provides a material suitable for use, for
example alone or when incorporated into an article of manufacture, in the healthcare industry
for the prevention and/or treatment of skin breakdown, which can undesirably lead to
complications such as decubitus ulcers. A patient, for example, may experience skin
breakdown at or during several points throughout the care of a patient in a hospital, a nursing
home, or a homecare setting. In accordance with certain embodiments not claimed of the
invention, for instance, an absorbent composite either alone or as part of an article of
manufacture (e.g., adult diaper, bedding sheet, gown, etc.) that may be placed in contact with
the skin of a patient. In this regard, certain embodiments not according to the invention also
provide methods of preventing skin deterioration (e.g., decubitus ulcers) of an individual
susceptible to development of skin deterioration (e.g., decubitus ulcers). Individuals to
susceptible to development of skin deterioration may include any patient that may spend a
considerable amount of time one or a few positions (e.g., a patient that is mostly or wholly
confined to a bed) over the course of multiple days. In this regard, absorbent composites may
provide a micro-climate environment at or adjacent the skin of an individual having one or
more of a desirable air permeability, a low coefficient of friction, and/or highly absorbent for
proper humidity levels. In another aspect, certain embodiments not according to the invention
also provide methods of treating individuals already suffering or showing signs of skin
deterioration (e.g., decubitus ulcers). In this regard, the absorbent may provide a micro-climate
environment (as noted above) at or adjacent the skin of the individual already suffering or
showing signs of skin deterioration (e.g., decubitus ulcers) such that the rate or severity of the
skin deterioration may be positively impacted (e.g., rate of deterioration may be slowed,
stopped, and/or reversed).

[0013] In another aspect, the invention provides a method of making an absorbent composite
including the following steps: (i) providing a nonwoven top layer comprising hydrophilic fibers;
(i) providing an absorbent core, in which the absorbent core comprises a plurality of layers
including at least one physically entangled nonwoven layer and at least one bonded carded
nonwoven layer; and (iii) directly or indirectly attaching the nonwoven top layer and the
absorbent core to provide the absorbent composite as disclosed described herein. In
accordance with certain embodiments of the invention, the method may further comprise
topically treating the nonwoven top layer, the absorbent core, or both with a hydrophilic
additive. Methods, in accordance with certain embodiments of the invention, may further
comprise attaching a film directly or indirectly to the absorbent core, wherein the absorbent
core layer is directly or indirectly sandwiched between the nonwoven top layer and the film.
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BRIEF DESCRIPTION OF THE DRAWING(S)

[0014] The invention now will be described more fully hereinafter with reference to the
accompanying drawings, in which some, but not all embodiments of the invention are shown.
Indeed, this invention may be embodied in many different forms and should not be construed
as limited to the embodiments set forth herein; rather, these embodiments are provided so that
this disclosure will satisfy applicable legal requirements. Like numbers refer to like elements
throughout, and wherein:

Figure 1 illustrates an absorbent composite according to certain embodiments of the invention;

Figure 2 illustrates an absorbent composite including an absorbent core having two physically
entangled nonwoven layers according to certain embodiments of the invention;

Figure 3 illustrates an absorbent composite including an absorbent core having two bonded
carded nonwoven layers located between two physically entangled nonwoven layers according
to certain embodiments of the invention;

Figure 4 illustrates an absorbent composite including a film layer bonded to the absorbent core
according to certain embodiments of the invention;

Figure 5 illustrates an absorbent composite including a film layer adhesively bonded to the
absorbent core by and adhesive layer according to certain embodiments of the invention;

Figure 6 illustrates a surgical drape including an absorbent composite disposed around a
fenestration.

DETAILED DESCRIPTION

[0015] The invention now will be described more fully hereinafter with reference to the
accompanying drawings, in which some, but not all embodiments of the invention are shown.
Indeed, this invention may be embodied in many different forms and should not be construed
as limited to the embodiments set forth herein; rather, these embodiments are provided so that
this disclosure will satisfy applicable legal requirements. As used in the specification, and in the
appended claims, the singular forms "a", "an”, "the", include plural referents unless the context
clearly dictates otherwise.

[0016] This invention provides an absorbent composite including a nonwoven top layer, in
which the nonwoven top layer comprises a plurality of hydrophilic fibers (e.g., rendered
hydrophilic through the selection of its melt formulation for forming the fibers and/or through
topical treatment), and an absorbent core directly or indirectly attached to the nonwoven top
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layer, in which the absorbent core comprises a plurality of individual nonwoven layers bonded
together and including at least one physically entangled nonwoven layer and at least one
bonded carded web nonwoven layer and/or at least one thermal bonded high-loft nonwoven
layer (e.g., a hydrophilic high-loft nonwoven layer that has been thermally consolidated).
Similar to the nonwoven top layer, the absorbent core may also comprise a plurality of
hydrophilic fibers (e.g., rendered hydrophilic through the selection of its melt formulation for
forming the fibers and/or through topical treatment). In accordance with certain embodiments
of the invention, the nonwoven top layer may comprise a pre-bonded spunmelt nonwoven
(e.g., spunbond, meltblown, or combinations thereof), such as a point bonded calendered
cover, or a carded web made from staple fibers that have been bonded, such as thermally or
ultrasonically point bonded. The nonwoven top layer may be attached to the absorbent core
via one or more bonding means, such as by thermal point bonding, ultrasonic bonding (e.g.,
ultrasonic point bonding), and/or adhesive bonding (e.g., adhesively glued together).
Absorbent composites, in accordance with certain embodiments of the invention, may provide
a variety of particularly desirable properties for an absorbent composite, such as a reduced
absorption rate and/or reduced run-off rate while maintaining desirable levels of absorption
capacity and/or absorption amount per weight of the absorbent composite. For instance, the
improved absorption rate and run off percentages may be realized without negatively
impacting other properties (e.g., absorption capacity and/or absorption amount per weight of
the absorbent composite) in accordance with certain embodiments of the invention. The
absorbent composite has (i) a composite-rate of absorption of less than 8 seconds for a 5 mi
liquid sample as determined by D824-94, and (ii) a composite-run-off value of less than 15%
as determined by ISO 9073-11. In accordance with certain embodiments of the invention, the
absorbent composite may optionally include a film directly or indirectly attached (e.g., bonded)
to the absorbent core, such that the absorbent core is directly or indirectly sandwiched
between the nonwoven top layer and the film.

[0017] In accordance with certain embodiments of the invention, the nonwoven top layer may
provide good hydrophilicity, good openness (e.g., porosity), and good abrasion resistance
while the absorbent core may provide a high void volume. In accordance with certain
embodiments of the invention, the absorbent core may comprise continuous and/or staple
monocomponent and/or continuous and/or staple multicomponent (e.g., bicomponent) fibers
(e.g., non-crimped, crimped, and/or thermally-crimpable fibers). In accordance with certain
embodiments of the invention, the absorbent core may comprise at least one physically
entangled nonwoven layer (e.g., hydroentangled) having a blend of continuous and/or staple
monocomponent fibers. Additionally or alternatively, the at least one physically entangled
nonwoven layer (e.g., hydroentangled) may have a blend of continuous and/or staple
bicomponent fibers (e.g., non-crimped, crimped, and/or thermally-crimpable fibers) selected to
provide resiliency as well as a desirable pore structure as evaluated by air permeability.
Additionally or alternatively, the at least one physically entangled nonwoven layer (e.g.,
hydroentangled) may comprise a plurality of apertures extending through the entire thickness
thereof to facilitate intake of liquid. Additionally or alternatively, the at least one physically
entangled nonwoven layer (e.g., hydroentangled) may comprise a plurality of cellulosic fibers
either alone or in combination with synthetic fibers, which may be rendered hydrophilic. In
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accordance with certain embodiments of the invention. the absorbent core may also comprise
at least on bonded carded nonwoven layer. The at least on bonded carded nonwoven layer
may comprise a plurality of staple fibers (e.g., non-crimped, crimped, and/or thermally-
crimpable fibers), which may also be rendered hydrophilic. In accordance with certain
embodiments of the invention, at least one physically entangled nonwoven layer is positioned
between the at least one bonded carded nonwoven layer and the top nonwoven layer. In
accordance with certain embodiments of the invention, the absorbent core may be devoid of
pulp and/or meltblown fibers.

[0018] The terms "substantial" or "substantially" may encompass the whole amount as
specified, according to certain embodiments of the invention, or largely but not the whole
amount specified according to other embodiments of the invention.

[0019] The terms "polymer" or "polymeric", as used interchangeably herein, may comprise
homopolymers, copolymers, such as, for example, block, graft, random, and alternating
copolymers, terpolymers, etc., and blends and modifications thereof. Furthermore, unless
otherwise specifically limited, the term "polymer” or "polymeric" shall include all possible
structural isomers; stereoisomers including, without limitation, geometric isomers, optical
isomers or enantionmers; and/or any chiral molecular configuration of such polymer or
polymeric material. These configurations include, but are not limited to, isotactic, syndiotactic,
and atactic configurations of such polymer or polymeric material. The term "polymer" or
"polymeric” shall also include polymers made from various catalyst systems including, without
limitation, the Ziegler-Natta catalyst system and the metallocene/single-site catalyst system.
The term "polymer” or "polymeric” shall also include, in according to certain embodiments of
the invention, polymers produced by fermentation process or biosourced.

[0020] The term "nonwoven", as used herein, may comprise a web having a structure of
individual fibers, filaments, and/or threads that are interlaid but not in an identifiable repeating
manner as in a knitted or woven fabric. Nonwoven fabrics or webs, according to certain
embodiments of the invention, may be formed by any process conventionally known in the art
such as, for example, meltblowing processes, spunbonding processes, hydroentangling, air-
laid, and bonded carded web processes.

[0021] The term "staple fiber", as used herein, may comprise a cut fiber from a filament. In
accordance with certain embodiments, any type of filament material may be used to form
staple fibers. For example, staple fibers may be formed from cellulosic fibers, polymeric fibers,
and/or elastomeric fibers. Examples of materials may comprise cotton, rayon, wool, nylon,
polypropylene, and polyethylene terephthalate. The average length of staple fibers may
comprise, by way of example only, from about 2 centimeter to about 15 centimeter.

[0022] The term "continuous fiber”, as used herein, may comprise a filament that has a high
length-to-diameter aspect ratio (i.e., length : diameter) such as, for example, exceeding about
500,000 : 1, exceeding about 750,000 : 1, or exceeding about 1,000,000 : 1. In accordance
with certain embodiments of the invention, the term "continuous "“fiber" may comprise a
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filament that is essentially endless in length.

[0023] The term "spunbond", as used herein, may comprise fibers which are formed by
extruding molten thermoplastic material as filaments from a plurality of fine, usually circular,
capillaries of a spinneret with the diameter of the extruded filaments then being rapidly
reduced. According to an embodiment of the invention, spunbond fibers are generally not tacky
when they are deposited onto a collecting surface and may be generally continuous. It is noted
that the spunbond used in certain composites of the invention may include a nonwoven

described in the literature as SPINLACE®.

[0024] The term "meltblown", as used herein, may comprise fibers formed by extruding a
molten thermoplastic material through a plurality of fine die capillaries as molten threads or
filaments into converging high velocity, usually hot, gas (e.g. air) streams which attenuate the
filaments of molten thermoplastic material to reduce their diameter, which may be to microfiber
diameter, according to certain embodiments of the invention. According to an embodiment of
the invention, the die capillaries may be circular. Thereafter, the meltblown fibers are carried by
the high velocity gas stream and are deposited on a collecting surface to form a web of
randomly disbursed meltblown fibers. Meltblown fibers are microfibers which may be
continuous or discontinuous and are generally tacky when deposited onto a collecting surface.

[0025] The term "layer", as used herein, may comprise a generally recognizable combination
of similar material types and/or functions existing in the X-Y plane.

[0026] The term "bicomponent fibers"”, as used herein, may comprise fibers formed from at
least two different polymers extruded from separate extruders but spun together to form one
fiber. Bicomponent fibers are also sometimes referred to as conjugate fibers or
multicomponent fibers. The polymers are arranged in a substantially constant position in
distinct zones across the cross-section of the bicomponent fibers and extend continuously
along the length of the bicomponent fibers. The configuration of such a bicomponent fiber may
be, for example, a sheath-and-core arrangement wherein one polymer is surrounded by
another, or may be a side-by-side arrangement, a pie arrangement, or an "islands-in-the-sea"
arrangement, each as is known in the art of multicomponent, including bicomponent, fibers.
The "bicomponent fibers" may be thermoplastic fibers that comprise a core fiber made from
one polymer that is encased within a thermoplastic sheath made from a different polymer or
have a side-by-side arrangement of different thermoplastic fibers. The first polymer often melts
at a different, typically lower, temperature than the second polymer. In the sheath/core
arrangement, these bicomponent fibers provide thermal bonding due to melting of the sheath
polymer, while retaining the desirable strength characteristics of the core polymer. In the side-
by-side arrangement, the fibers shrink and crimp creating z-direction expansion.

[0027] The term “crimp" or "crimped", as used herein, may comprise a two- or three-
dimensional curl or bend such as, for example, a folded or compressed portion having an "L"
configuration, a wave portion having a "zig-zag" configuration, or a curl portion such as a
helical configuration. In accordance with certain embodiments of the invention, the term "crimp"
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or "crimped" does not include random two-dimensional waves or undulations in a fiber, such as
those associated with normal lay-down of fibers in a melt-spinning process.

[0028] The term "high-loft”, as used herein, may comprises a material that is compressible by
20% or more when an applied pressure changes from 0.1kPa to 0.5kPa according to BS EN
ISO 9703-2 (1995). Moreover, "high-loft’ nonwovens, as used herein, may comprise a z-
direction thickness generally in excess of about 3 mm and a relatively low bulk density. The
thickness of a "high-loft" nonwoven layer may be greater than 3 mm (e.g., greater than 4 mm
or greater than 5 mm) as determined according to ASTM D573-95, ITS 120.2 . "High-loft"
nonwovens, as used herein, may additionally have a relatively low density (e.g., bulk density -

weight per unit volume), such as less than about 50 kg/m?.

[0029] All whole number end points disclosed herein that can create a smaller range within a
given range disclosed herein are within the scope of certain embodiments of the invention. By
way of example, a disclosure of from about 10 to about 15 includes the disclosure of
intermediate ranges, for example, of. from about 10 to about 11; from about 10 to about 12;
from about 13 to about 15; from about 14 to about 15; etc. Moreover, all single decimal (e.g.,
numbers reported to the nearest tenth) end points that can create a smaller range within a
given range disclosed herein are within the scope of certain embodiments of the invention. By
way of example, a disclosure of from about 1.5 to about 2.0 includes the disclosure of
intermediate ranges, for example, of: from about 1.5 to about 1.6; from about 1.5 to about 1.7;
from about 1.7 to about 1.8; etc.

[0030] In accordance with certain embodiments, the present invention provides an absorbent
composite including a nonwoven top layer, an absorbent core directly or indirectly attached to
the nonwoven top layer, and an optional film layer. The nonwoven top layer comprises a
plurality of hydrophilic fibers, in which the fibers may be rendered hydrophilic via topical
application of a hydrophilic additive and/or via addition of a hydrophilic additive to the polymer
melt used to form at least some (or all) of the fibers forming the nonwoven top layer. The
nonwoven top layer may comprise a generally open structure to allow relatively fast
penetration by fluids. The absorbent composite comprises an absorbent core including a
plurality of layers including (i) at least one physically entangled nonwoven layer (e.g., a
hydroentangled layer), and (ii) at least one bonded carded nonwoven layer and/or at least one
thermal bonded high-loft nonwoven layer (e.g., a hydrophilic high-loft nonwoven layer that has
been thermally consolidated). Similar to the nonwoven top layer, the absorbent core may also
comprise a plurality of hydrophilic fibers, in which the fibers may be rendered hydrophilic via
topical application of a hydrophilic additive and/or via addition of a hydrophilic additive to the
polymer melt used to form at least some (or all) of the fibers forming the absorbent core layer.
For example, the at least one physically entangled nonwoven and/or the at least one bonded
carded nonwoven web may comprise a plurality of hydrophilic fibers, in which the fibers may be
rendered hydrophilic via topical application of a hydrophilic additive and/or via addition of a
hydrophilic additive to the polymer melt used to form at least some (or all) of the fibers thereof.
Additionally or alternatively, the at least one physically entangled nonwoven and/or the at least
one bonded carded nonwoven web may comprise cellulosic fibers (e.g., fibers formed from
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regenerated cellulose). In accordance with certain embodiments of the invention, the
absorbent composite has (i) a composite-rate of absorption of less than 8 seconds for a 5 mi
liquid sample as determined by D824-94, and (i) a composite-run-off value of less than 15%
as determined by ISO 9073-11. In accordance with certain embodiments of the invention, the
absorbent composite may optionally include a film directly or indirectly attached (e.g., bonded)
to the absorbent core, such that the absorbent core is directly or indirectly sandwiched
between the nonwoven top layer and the film.

[0031] Figure 1, for instance, illustrates an absorbent composite according to certain
embodiments of the invention. The absorbent composite 1 illustrated in Figure 1 includes a
nonwoven top layer 10 bonded to an absorbent core 20. The absorbent core includes a first
physically entangled nonwoven layer 22 and a first bonded carded nonwoven layer 24. Figure
2 illustrates an absorbent composite 1 including an absorbent core 20 having two physically
entangled nonwoven layers 22, 24 in accordance with certain embodiments of the invention.
The absorbent core illustrated by Figure 2 includes the first bonded carded web 24 located
between the first physically entangled nonwoven layer 22 and a second physically entangled
nonwoven layer 26. Figure 3 illustrates yet another absorbent composite according to certain
embodiments of the invention, in which the absorbent composite includes two bonded carded
nonwoven layers 24, 28 located between two physically entangled nonwoven layers 22, 26. In
this regard, the first bonded carded nonwoven layer 24 and a second bonded carded
nonwoven layer 28 are adjacent and positioned between the first physically entangled
nonwoven layer 22 and the second physically entangled nonwoven layer 28. In accordance
with certain embodiments of the invention, the first carded bonded nonwoven layer and the
second carded bonded nonwoven layer may be bonded together by a variety of bonds (e.g.,
thermal bonds, ultrasonic bonds, adhesive bonds, etc.). Although Figure 1-3 illustrate particular
embodiments with a particular number or respective layers, the absorbent composite may
include from 1 to about 5 physically entangled nonwoven layers and/or from 1 to about 5
bonded carded nonwoven layers.

[0032] Figure 4 illustrates an absorbent composite 1 including the basic structure of the
absorbent composite illustrated in Figure 3, but includes a film layer 30 directly attached to the
absorbent core 20. In this regard, the film layer 30 may be directly bonded to the second
physically entangled nonwoven layer 26 via thermal or ultrasonic bonding. In accordance with
certain embodiments of the invention, the film layer 30 may be extrusion coated directly onto
the lowermost layer of the absorbent core. Figure 5 illustrates an absorbent composite 1
including the basic structure of the absorbent composite illustrated in Figure 3, but includes a
film layer 30 adhesively bonded to the absorbent core by and adhesive layer 40 in accordance
with certain embodiments of the invention.

[0033] In accordance with certain embodiments of the invention, the nonwoven top layer may
comprise a spunmelt nonwoven, such as a spunbond nonwoven, meltblown nonwoven, or a
combination thereof. For example, the nonwoven top layer may comprise one or more
meltblown layer and one or more spunbond layers. In accordance with certain embodiments of
the invention, the nonwoven top layer may comprise a S1,-M,-S2, structure; wherein 'S1' is a
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first spunbond material, 'M' is a meltblown material, 'S2' is a second spunbond material, and
'a', 'b', and 'c' indicate the number of respective layers and each may independently be
selected from a value of at least 1, such as 1, 2, 3, 4, or 5. In accordance with certain
embodiments of the invention, the nonwoven top layer may comprise, additionally or
alternatively to a spunmelt nonwoven, a carded web comprising staple fibers, such as a point

bonded carded web.

[0034] The nonwoven top layer, in accordance with certain embodiments of the invention, may
comprise at least about 30% by weight of hydrophilic fibers, such as at least about 40%, at
least about 50%, at least about 60%, at least about 70%, at least about 80%, at least about
90%, or about 100% by weight of hydrophilic fibers. In accordance with certain embodiments of
the invention, for instance, the nonwoven top layer may comprise at most about any of the
following: 100%, 95%, 90%, 80%, 70%, 60%, 50%, and 40% by weight of hydrophilic fibers
and/or at least about any of the following: 20%, 25%, 30%, 35%, 40%, 50%, 60%, 70%, 80%,
and 90% by weight of hydrophilic fibers.

[0035] In accordance with certain embodiments of the invention, the nonwoven top layer may
comprise a generally "open" structure that facilitates the penetration of fluid through the
nonwoven top layer. The "openness" of the nonwoven top layer may be evaluated by air
permeability of the nonwoven top layer, in which a lower air permeability may be indicative a
more closed structure and a higher air permeability may be indicative of a relatively more
"open" structure. In accordance with certain embodiments of the invention, for example, the
nonwoven top layer may include an air permeability of at least about 100 cubic-feet-per-minute
(CFM) as determined by IST 70.1, such as at least about 150 CFM, at least about 200 CFM, at
least about 250 CFM, at least about 300 CFM, at least about 350 CFM, at least about 400
CFM, or at least about 500 CFM as determined by IST 70.1. In accordance with certain
embodiments of the invention, for instance, the nonwoven top layer may include an air
permeability of at most about any of the following: 800, 700, 600, 500, 400, 350, 300, and 250
CFM as determined by IST 70.1 and/or at least about any of the following: 40, 50, 75, 100,
125, 150, 175, 200, 225, and 250 CFM as determined by IST 70.1.

[0036] The nonwoven top layer, in accordance with certain embodiments of the invention, may
have a thickness in the z-direction, which is perpendicular to a cross-direction and a machine
direction) from about 0.03 mm to about 0.3 mm, such as at least about any of the following:
0.03, 0.05, 0.08, 0.1, 0.15, 0.18, and 0.2 mm, and/or at most about any of the following: 0.3,
0.28, 0.25,0.22, and 0.2 mm.

[0037] The nonwoven top layer, in accordance with certain embodiments of the invention, may
comprise a pre-bonded nonwoven including a bonding area. For instance, the nonwoven top
layer may comprise a bonding area prior to formation of the absorbent composite comprising
from about 1-30% of the surface of the nonwoven top layer, such as from about 1-25%, from
about 3-20%, or from about 5-15%. In accordance with certain embodiments of the invention,
for instance, the nonwoven top layer may comprise a bonding area prior to formation of the
absorbent composite comprising at most about any of the following: 30%, 25%, 20%, 15%,
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10%, and 5% of the surface of the nonwoven top layer and/or at least about any of the
following: 1%, 3%, 5%. 8%, 10%, 12%, 15%, 18%, and 20% of the surface of the nonwoven top
layer. In this regard, the nonwoven top layer may include a bonding pattern prior to formation
of the absorbent composite comprising, for example, thermally-formed point bonds, ultrasonic
bonds, mechanical bonds, or any combination thereof.

[0038] In accordance with certain embodiments of the invention, the nonwoven top layer
comprises a desirable resistance to abrasion, which mitigates the formation of lint when in use.
Absorbent composites including the nonwoven top layer may be tested for abrasion resistance,
in which the nonwoven top layer is directly subjected to the test (i.e., IST 20.5) and comprises
a top-layer-Martindale Abrasion value of from about 2 mg to about 15 mg as determined by
IST 20.5, such at most about any of the following: 15, 14, 13, 12, 11, 10, 9, 8 and 7 mg as
determined by IST 20.5 and/or at least about any of the following: 2, 3, 4, 5, 6, and 7 mg as
determined by IST 20.5. In accordance with certain embodiments of the invention, the
absorbent composites including the nonwoven top layer may be tested in which the nonwoven
top layer is directly tested and comprises a top-layer-abrasion cycle value of at most about any
of the following: 7000, 6000, 5750, 5500, 5250, and 5000 cycles as determined by ASTM
D4966 and/or at least about any of the following: 3000, 3500, 4000, 4500, and 5000 as
determined by ASTM D4966.

[0039] The nonwoven top layer, in accordance with certain embodiments of the invention, may
comprises a basis weight from about 5-60 grams-per-square-meter (gsm), such as from about
15-50 gsm, 20-50 gsm, 25-45 gsm, 25-40 gsm, or from about 25-35 gsm. For instance, the
nonwoven top layer may comprise a basis weight of at least about any of the following: 5, 6, 8,
10, 12, 15, 20, 25, and 30 gsm, and/or at most about any of the following: 60, 50, 40, and 30
gsm.

[0040] As noted above, the nonwoven top layer comprises a plurality of hydrophilic fibers.
Such fibers may be rendered hydrophilic via topical application or treatment with a hydrophilic
additive and/or a hydrophilic additive may be incorporated into the polymer melt used to form
the plurality of hydrophilic fibers used, at least in part, for formation of the nonwoven top layer.
In this regard, the plurality of hydrophilic fibers of the nonwoven top layer may comprise
monocomponent fibers, multicomponent fibers, or a combination thereof. In accordance with
certain embodiments of the invention, the hydrophilic fibers of the nonwoven top layer include
monocomponent fibers comprising one or more synthetic polymers, such as a polyolefins,
polyesters, polyamides, polylactic acid, polyglycolic acid, or any combination thereof. Examples
of suitable polyolefins includes, for example, a polypropylene, a polyethylene, copolymers
thereof, or blends thereof. As noted above, these fibers may be rendered hydrophilic to
facilitate intake of liquids, such as water and blood. In accordance with certain embodiments of
the invention, the hydrophilic fibers of the nonwoven top layer include multicomponent fibers,
such as bicomponent fibers including a sheath-and-core configuration and/or a side-by-side
configuration. In accordance with certain embodiments of the invention, the nonwoven top
layer comprises hydrophilic bicomponent fibers, such as bicomponent fibers including a sheath
comprising a polyolefin (e.g., a polyethylene) and a core comprising at least one of a polyolefin
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(e.g., a polypropylene) or a polyester.

[0041] In accordance with certain embodiments of the invention, the absorbent core may
include only a single physically entangled nonwoven layer and a single bonded carded
nonwoven layer as illustrated by Figure 1. In such embodiments, the single physically
entangled nonwoven layer may be directly or indirectly located between the nonwoven top
layer and the single bonded carded nonwoven layer.

[0042] In accordance with certain embodiments of the invention, the absorbent core may
comprise at least two physically entangled nonwoven layers and at least one bonded carded
nonwoven layer and/or at least one thermal bonded high-loft nonwoven layer. For example,
the absorbent core may comprise a first physically entangled nonwoven layer, a second
physically entangled nonwoven layer, and a first bonded carded nonwoven layer (or a first
thermal bonded high-loft nonwoven layer) as illustrated by Figure 2. The first bonded carded
nonwoven layer (or a first thermal bonded high-loft nonwoven layer) may be directly or
indirectly located between the first physically entangled nonwoven layer and the second
physically entangled nonwoven layer. In accordance with certain embodiments of the invention,
the first bonded carded nonwoven layer (or a first thermal bonded high-loft nonwoven layer)
may be adjacent and/or in contact with both the first and second physically entangled
nonwoven layers.

[0043] In accordance with certain embodiments of the invention, the absorbent core may
comprise at least two physically entangled nonwoven layers and at least two bonded carded
nonwoven layers and/or at least two thermal bonded high-loft nonwoven layers. For example,
the absorbent core may comprise a first physically entangled nonwoven layer, a second
physically entangled nonwoven layer, a first bonded carded nonwoven layer (or a first thermal
bonded high-loft nonwoven layer), and a second bonded carded nonwoven layer (or a second
thermal bonded high-loft nonwoven layer) as illustrated by Figure 3. In this regard, the first
bonded carded web or the first thermal bonded high-loft nonwoven layer may be directly or
indirectly located between the first physically entangled nonwoven layer and the second
bonded carded nonwoven layer. In accordance with certain embodiments of the invention, the
first and second bonded carded nonwoven layers (or the first and second thermal bonded
high-loft nonwoven layers) may be adjacent and/or in contact with each other while the first
bonded carded web (or the first thermal bonded high-loft nonwoven layer) may be adjacent
and/or in contact with the first physically entangled nonwoven layer. In accordance with certain
embodiments of the invention, the first bonded carded nonwoven layer may be bonded to the
second bonded nonwoven layer (or the first thermal bonded high-loft nonwoven layer may be
bonded to the second thermal bonded high-loft nonwoven layer), such as by one or more
thermal bonds, ultrasonic bonds, mechanical bonds, adhesive bonds, or any combination
thereof.

[0044] In accordance with certain embodiments of the invention, the first physically entangled
nonwoven layer has a basis weight from about 20 to 150 gsm, such as at least about any of
the following: 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, and 75 gsm, and/or at most about any
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of the following: 150, 140, 130, 120, 115, 110, 105, 100, 95, 90, 85, and 75 gsm. Additionally or
alternatively, the second physically entangled nonwoven layer has a basis weight from about
20 to 100 gsm, such as at least about any of the following: 20, 25, 30, 35, 40, 45, 50, 55, and
60 gsm, and/or at most about any of the following: 100, 90, 80, 75, 70, 65, and 60 gsm.

[0045] In accordance with certain embodiments of the invention, the first physically entangled
nonwoven layer, the second physically entangled nonwoven layer, or both independently (from
each other) may include from about 10% to about 90% by weight of synthetic polymeric fibers,
such as at least about any of the following: 10, 15, 20, 25, 30, 35, 40, 45, and 50% by weight of
synthetic polymeric fibers, and/or at most about any of the following: 90, 80, 70, 60, and 50%
by weight of synthetic polymeric fibers. The synthetic polymeric fibers may comprise a
synthetic polymer comprising polyolefin, a polyester, a polyamide, or any combination thereof.
In accordance with certain embodiments, the synthetic polymer is a polyester. Additionally or
alternatively, the synthetic polymeric fibers comprise from about 20%) to about 100% by weight
of hydrophilic fibers, such as at least about any of the following: 20, 30, 40, and 50% by weight
of hydrophilic fibers, and/or at most about any of the following: 100, 90, 80, 70, 60, and 50% by
weight of hydrophilic fibers. As noted above, the hydrophilic fibers of the first physically
entangled nonwoven layer, the second physically entangled nonwoven layer, or both may
independently comprise a hydrophilic coating thereon. Additionally or alternatively, the
hydrophilic fibers of the first physically entangled nonwoven layer, the second physically
entangled nonwoven layer, or both may independently comprise a hydrophilic additive
dispersed throughout the synthetic polymeric material.

[0046] In accordance with certain embodiments of the invention, the first physically entangled
nonwoven layer, the second physically entangled nonwoven layer, or both may independently
include from about 10% to about 90% by weight of cellulosic fibers, such as at least about any
of the following: 10, 15, 20, 25, 30, 35, 40, 45, and 50% by weight of cellulosic polymeric fibers,
and/or at most about any of the following: 90, 80, 70, 60, and 50% by weight of cellulosic
fibers. The cellulosic fibers may comprise, for example, cellulose acetate, regenerated
cellulose (e.g., viscose, rayon), saponified acetate, or any combination thereof.

[0047] In accordance with certain embodiments of the invention, the first physically entangled
nonwoven layer, the second physically entangled nonwoven layer, or both may independently
include a plurality of apertures extending through an entire thickness in the z-direction, which is
perpendicular to an x-y plane. The plurality of apertures may comprises a first plurality of
apertures of the first physically entangled nonwoven layer may define a first open area, in
which the first open area comprises from about 1% to about 30%, such as at least about any of
the following: 1, 2, 3, 5, 6, 8, 10, 12, 14, and 15%, and/or at most about any of the following:
30, 28, 26, 25, 24, 22, 20, 18, 16, and 15%. Additionally or alternatively, the plurality of
apertures may comprises a second plurality of apertures of the first physically entangled
nonwoven layer may define a second open area, in which the second open area comprises
from about 1% to about 30%, such as at least about any of the following: 1, 2, 3, 5, 6, 8, 10,
12, 14, and 15%, and/or at most about any of the following: 30, 28, 26, 25, 24, 22, 20, 18, 16,
and 15%.
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[0048] The plurality of apertures, in accordance with certain embodiments of the invention may
have an average diameter from about 0.1 mm to about 3 mm, such as at least about any of
the following: 0.1, 0.2, 0.4, .05. 0.6, 0.8, and 1 mm, and/or at most about any of the following:
3,25, 2,18,16, 1.5 1.4, 1.2, and 1 mm. In accordance with certain embodiments of the
invention, the plurality of apertures may not be circular. For example, the plurality of apertures
may be provided in a variety of shapes, such as squares, rectangles, ellipses, etc. In this
regard, the average diameter may be considered to be the longest dimension across the
aperture. By way of example only, a rectangular aperture having a width of 0.5 mm and a
length of 1 mm would have a diameter, as used herein, of 1.12 mm. In accordance with certain
embodiments of the invention, the second physically entangled nonwoven layer (i.e., furthest
from the top nonwoven layer) may be a smaller open area and/or smaller apertures than the
first physically entangled nonwoven layer (i.e., closest to the top nonwoven layer).

[0049] In accordance with certain embodiments of the invention, the absorbent core may
include a plurality of bonded carded nonwoven layers, such as a first bonded carded
nonwoven layer and a second bonded nonwoven carded layer. In this regard, each bonded
carded nonwoven layer may independently have a basis weight from about 20 to 60 gsm, such
as at least about any of the following: 20, 25, 30, 35, and 40, gsm, and/or at most about any of
the following: 60, 55, 50, 45, and 40 gsm. Additionally or alternatively, the first bonded carded
nonwoven layer, the second bonded carded nonwoven layer, or both may independently
comprise a plurality of synthetic staple fibers comprising a synthetic polymeric material, such
as a polyolefin, a polyester, a polyamide, or any combination thereof. In accordance with
certain embodiments of the invention, the synthetic polymer is a polyester.

[0050] The plurality of synthetic staple fibers, for example, may comprise from about 20% to
about 100% by weight of hydrophilic staple fibers, such as at least about any of the following:
20, 30, 40, and 50% by weight of hydrophilic staple fibers, and/or at most about any of the
following: 100, 90, 80, 70, 60, and 50% by weight of hydrophilic staple fibers. In accordance
with certain embodiments of the invention, the hydrophilic staple fibers of the first bonded
carded nonwoven layer, the second bonded carded nonwoven layer, or both may
independently comprise a hydrophilic coating thereon. Additionally or alternatively, the
hydrophilic staple fibers of the first bonded carded nonwoven layer, the second bonded carded
nonwoven layer, or both may independently comprise a hydrophilic additive dispersed
throughout the synthetic polymeric material.

[0051] In accordance with certain embodiments of the invention, the first bonded carded
nonwoven layer, the second bonded carded nonwoven layer, or both may independently
comprise crimped staple fibers. The first bonded carded nonwoven layer, the second bonded
carded nonwoven layer, or both may independently have a void volume greater than 9 cc/g,
such as greater than about 12 cc/g, greater than about 14 cc/g, greater than about 15 cc/g,
greater than about 16 cc/g, greater than about 17 cc/g, greater than about 18 cc/g, greater
than about 19 cc/g, greater than about 20 cc/g, greater than about 25 cc/g, or greater than
about 30 cc/g. Additionally or alternatively, the first bonded carded nonwoven layer, the second
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bonded carded nonwoven layer, or both may independently have a thickness from about 0.02
cm to about 0.15 cm, such as at least about any of the following: 0.02, 0.04, 0.05, 0.06, 0.08,
and 0.1 cm, and/or at most about any of the following: 0.15, 0.1475, 0.145, 0.14, 0.135, 0.13,
0.125, 0.12, 0.115, 0.11, 0.105, and 0.1 cm. By way of example only, using 40 gsm bonded

carded nonwoven layer with 15 denier 100% PET fiber at Density 1.38 g/cm3 may have a
thickness of around 0.1375 cm to about 0.1475 cm with a void volume (VO) from about 33 cc/g
to about 36 cc/g. In accordance with certain embodiments of the invention, the first bonded
carded nonwoven layer, the second bonded carded nonwoven layer, or both may
independently comprise a high loft nonwoven layer. By way of example only, a high loft
nonwoven layer made of a first polypropylene and a second polypropylene having a basis

weight of 18 gsm with 1.5 denier fibers at density about 0.905 g/cm?3 at a thickness of 0.0431
cm may have a void volume (VO) 22.84 cc/g while such a high loft nonwoven layer at a
thickness of 0.0570 cm may have a void volume (VO) of about 30.56 cc/g.

[0052] In accordance with certain embodiments of the invention and as noted above, each of
the bonded carded nonwoven layers may be replaced with thermal bonded high-loft nonwoven
layers. In each of the figures illustrating one or more bonded carded nonwoven layers, for
instance, a corresponding number of thermal bonded high-loft nonwoven layers may be
substituted in place of the bonded carded nonwoven layers. In accordance with certain
embodiments of the invention, for example, the absorbent core may comprise, for example, a
first thermal bonded high-loft nonwoven layer and a second thermal bonded high-loft
nonwoven layer, in which the first thermal bonded high-loft nonwoven layer, the second
thermal bonded high-loft nonwoven layer, or both may independently comprise a plurality of
synthetic staple fibers and/or continuous fibers having an average denier from about 1 to about
35 denier, such as at least about any of the following: 1, 2, 3, 5, 6, 8, 10, 15, and 20 denier,
and/or at most about any of the following: 35, 30, 25, 20, 15, 14, 12, and 10 denier.

[0053] In accordance with certain embodiments of the invention, the first thermal bonded high-
loft nonwoven layer, the second thermal bonded high-loft nonwoven layer, or both may
independently have a basis weight from about 10 to 40 gsm, such as at least about any of the
following: 10, 12, 15, 18, 20, 22, 24, and 25 gsm, and/or at most about any of the following: 40,
38, 35, 32, 30, 28, 26, and 25 gsm. Additionally or alternatively, the first thermal bonded high-
loft nonwoven layer, the second thermal bonded high-loft nonwoven layer, or both may
independently comprise a plurality of synthetic staple fibers and/or synthetic continuous fibers
comprising a synthetic polymeric material, such as a polyolefin, a polyester, a polyamide, or
any combination thereof. In accordance with certain embodiments of the invention, the
synthetic polymeric material may comprise a blend of a first polyolefin and a second polyolefin
that is different from the first polyolefin. For example, the first polyolefin may comprise a first
polypropylene and the second polyolefin may comprise a polypropylene-based copolymer,
such as a polypropylene-polyethylene copolymer. In accordance with certain embodiment of
the invention, the polypropylene-polyethylene copolymer may comprise from about 1 to about
50 wt.% of polyethylene, such as at least about any of the following: 1, 3, 5, 8, 10, 12, 15, 18,
20, 22, and 25 wt.% of polyethylene, and/or at most about any of the following: 50, 45, 40, 35,
30, 28, and 25 wt.% of polyethylene. In accordance with certain embodiment of the invention,
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the total amount of ethylene content in a thermal bonded hi-loft nonwoven layer may comprise
from about 1 wt.% to about 40 wt.%, such as at least about any of the following: 1, 2, 3, 4, 5, 6,
8, 10, 12, 15, 18, and 20 wt.% of ethylene content, and/or at most about any of the following:
40, 35, 30, 25, and 20 wt.% of ethylene content.

[0054] The plurality of plurality of synthetic staple fibers and/or synthetic continuous fibers, for
example, may comprise from about 20% to about 100% by weight of hydrophilic staple fibers
and/or hydrophilic continuous fibers, such as at least about any of the following: 20, 30, 40,
and 50% by weight of hydrophilic staple fibers, and/or at most about any of the following: 100,
90, 80, 70, 60, and 50% by weight of hydrophilic staple fibers. In accordance with certain
embodiments of the invention, the hydrophilic staple fibers and/or hydrophilic continuous fibers
the first thermal bonded high-loft nonwoven layer, the second thermal bonded high-loft
nonwoven layer, or both may independently comprise a hydrophilic coating thereon.
Additionally or alternatively, the hydrophilic staple fibers and/or hydrophilic continuous fibers of
the first thermal bonded high-loft nonwoven layer, the second thermal bonded high-loft
nonwoven layer, or both may independently comprise a hydrophilic additive dispersed
throughout the synthetic polymeric material.

[0055] In accordance with certain embodiments of the invention, the synthetic staple fibers
and/or synthetic continuous fibers forming one or more (e.g., all) of the thermal bonded hi-loft
nonwoven layer(s) (e.g., the first thermal bonded high-loft nonwoven layer, the second thermal
bonded high-loft nonwoven layer, or both) may independently from each other comprise form 0
to 100 % by number of crimped fibers, such as at least about any of the following: 0, 5, 10, 15,
20, 25, 30, 35, 40, 45, and 50 % by number of crimped fibers, and/or at most about any of the
following: 100, 95, 90, 85, 80, 75, 70, 65, 60, 55, and 50 % by number of crimped fibers.

[0056] In accordance with certain embodiments of the invention, each of the thermal bonded
hi-loft nonwoven layer(s) (e.g., the first thermal bonded high-loft nonwoven layer, the second
thermal bonded high-loft nonwoven layer, or both) may have a thickness in the z-direction,
which is perpendicular to a cross-direction and a machine direction) from about 0.2 mm to
about 1 mm, such as at least about any of the following: 0.2, 0.3, 0.4, and 0.5 mm, and/or at
most about any of the following: 1, 0.9. 0.8, 0.7, 0.6, and 0.5 mm. Additionally or alternatively,
each of the thermal bonded hi-loft nonwoven layer(s) (e.g., the first thermal bonded high-loft
nonwoven layer, the second thermal bonded high-loft nonwoven layer, or both) may have an
air permeability from about 300 to about 800 CFM, such as at least about any of the following:
300, 325, 350, 375, 400, 425, 450, 475, 500, and 525 CFM, and/or at most about any of the
following: 800, 775, 750, 725, 700, 675, 650, 625, 600, 575, 550, and 525 CFM.

[0057] In accordance with certain embodiments of the invention, each of the thermal bonded
hi-loft nonwoven layer(s) (e.g., the first thermal bonded high-loft nonwoven layer, the second
thermal bonded high-loft nonwoven layer, or both) may have a void volume from about 4 to
about 15 g/cc, such as at least about any of the following: 4, 5, 6, 7, 8, 9, and 10 cc/g, and/or
at most about any of the following: 15, 14, 13, 12, 11, and 10 cc/g.
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[0058] In accordance with certain embodiments of the invention, the absorbent core may be
devoid of natural cellulosic materials and/or synthetic cellulosic materials. In accordance with
certain alternative embodiments of the invention, the absorbent core may comprise natural
cellulosic materials and/or synthetic cellulosic materials. The absorbent core, in accordance
with certain embodiments of the invention, may be devoid of pulp, meltblown fibers, or both.
Additionally or alternatively, the absorbent core may be devoid of through-air-bonded
nonwoven layers.

[0059] In accordance with certain embodiments of the invention, the absorbent composite
includes a film layer bonded to the absorbent core, in which the absorbent core is located
directly or indirectly between the film layer and the nonwoven top layer. The film layer, for
example, may comprise a water impermeable film. Additionally or alternatively, the film layer
may comprise at least one polyolefin, such as polyethylene.

[0060] In accordance with certain embodiments of the invention, the film layer may be
adhesively bonded to the absorbent core via an adhesive layer. In this regard, the adhesive
layer may be located directly between the film layer and the absorbent core (e.g., the layer of
the absorbent core that is furthest away from the top nonwoven layer). Alternatively, the film
layer may be melt extruded directly onto the absorbent core (e.g., the layer of the absorbent
core that is furthest away from the top nonwoven layer).

[0061] The film layer, in accordance with certain embodiments of the invention, may have a
basis weight from about 5 to about 50 gsm, such as at least about any of the following: 5, 8,
10, 12, 15, 18, 20, 22, 25, 28, and 30 gsm, and/or at most about any of the following: 50, 45,
40, 35, and 30 gsm. Additionally or alternatively, the adhesive layer (when present) may have a
basis weight from about 1 to about 10 gsm, such as at least about any of the following: 1, 2, 3,
4, and 5 gsm, and/or at most about any of the following: 10, 9, 8, 7, 6, and 5 gsm.

[0062] In accordance with certain embodiments of the invention, the nonwoven top layer and
the absorbent core are directly or indirectly bonded together via a composite-bonding pattern
formed from thermally-formed point bonds, ultrasonic bonds, mechanical bonds, adhesive
(e.g., binder or glue) bonds, or any combination thereof. The composite-bonding pattern, in
accordance with certain embodiments of the invention, may comprise a plurality of ultrasonic
point bonds.

[0063] The composite-bonding pattern, in accordance with certain embodiments of the
invention, may define a composite-bonding area of no more than 30% of a surface of the
absorbent composite, such as no more than about 25%, no more than about 20%, no more
than about 15%, no more than about 10%, no more than about 5%, or no more than about 3%
of a surface of the absorbent composite. In accordance with certain embodiments of the
invention, for instance, the composite-bonding area may comprise at most about any of the
following: 30%, 25%, 20%, 15%, 10%, 5%, and 3% of the surface of the absorbent composite
and/or at least about any of the following: 0.5%, 1%, 2%, 3%, 5%, 8%, 10%, 12%, and 15% of
the surface of the absorbent composite.
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[0064] As noted above, certain embodiments of the invention comprise one or more desirable
properties for an absorbent composite suitable for a variety of uses. For example, the
absorbent composite comprises a composite-run-off value of less than 15% as determined by
ISO 9073-11, such as less than 12%, less than 10%; less than 8%, less than 6%, less than 4%,
less than 3%, or less than 1% as determined by ISO 9073-11. In accordance with certain
embodiments of the invention, for instance, absorbent composite may comprise a composite-
run-off value from about 0.25 to about 15% as determined by ISO 9073-11, such as at least
about any of the following: 0.25, 0.5, 0.75, 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10%, and/or at most
about 15, 14, 13, 12, 11, and 10% as determined by ISO 9073-11.

[0065] The absorbent composite, in accordance with certain embodiments of the invention,
may comprise a composite-absorption capacity of at least 600% as determined by ISO 9073,
such as at least 650%, at least 700%, at least 725%, at least 750%, at least 775%, at least
800%, at least 825%, at least 850%, at least 875%, at least 900%, at least 950%, at least
1000%, or at least about 1500% as determined by ISO 9073. In accordance with certain
embodiments of the invention, for instance, absorbent composite may comprise a composite-
absorption capacity at most about any of the following: 1500%, 1400%, 1300%, 1200%,
1100%, 1000%, 950%, 900%, 875%, 850%, 825%, and 800% as determined by I1SO 9073
and/or at least about any of the following: 500%, 550%, 600%, 700%, and 725% as determined
by ISO 9073.

[0066] The absorbent composite comprises a composite-rate of absorption of less than 8
seconds for a 5 ml liquid sample as determined by D824-94, such as less than 7 second, less
than 6 second, less than 5 second, or less than 4 second as determined by D824-94. In
accordance with certain embodiments of the invention, for instance, absorbent composite may
comprise a composite-rate of absorption at most about any of the following: 8, 7, 6, and 5
seconds as determined by D824-94 and/or at least about any of the following: 3, 4, 5, and 6
second as determined by D824-94.

[0067] The absorbent composite, in accordance with certain embodiments of the invention,
may comprise a composite-void volume of at least 7 g/cc, such as at least 8 cc/g, or at least 9
cc/g. In accordance with certain embodiments of the invention, for instance, absorbent
composite may comprise a composite-void volume at most about any of the following: 12, 10,
9, and 8 cc/g and/or at least about any of the following: 1, 2, 3, 4, 5, 6, and 7 cc/g.

[0068] The absorbent composite, in accordance with certain embodiments of the invention,
may comprise a composite-Martindale Abrasion value of less than about 2 mg as determined
by IST 20.5, such as less than about 1.75 mg, less than about 1.5 mg, less than about 1.25
mg, less than about 1.0 mg, less than about 0.75 mg, or less than about 0.50 mg as
determined by IST 20.5. In accordance with certain embodiments of the invention, for instance,
the absorbent composite may include a composite-Martindale Abrasion value of at most about
any of the following: 3, 2.5, 2, 1.5, 1, 0.75, and 0.5 mg as determined by IST 20.5 and/or at
least about any of the following: 0.25, 0.50, 0.75, 1.0, and 1.25 mg as determined by IST 20.5.
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In accordance with certain embodiments of the invention, the absorbent composite may
comprise a composite-abrasion cycle value of at most about any of the following: 7000, 6000,
5750, 5500, 5250, and 5000 cycles as determined by ASTM D4966 and/or at least about any
of the following: 3000, 3500, 4000, 4500, and 5000 as determined by ASTM D4966.

[0069] The absorbent composite, in accordance with certain embodiments of the invention,
may comprise a composite-water-absorption ratio between the weight of water absorbed by
the absorbent composite to the dry weight of the composite from 6 : 1 to 15: 1 as determined
by ISO 9073, such as from6 : 1to 12: 1, from about 7 : 1 to 10 : 1, from about 7 : 1 t0 9 : 1,
fromabout7:1t085:1,orfrom7.5:1t08.5: 1.

[0070] As noted above, absorbent composites in accordance with certain embodiments of the
invention may comprise a combination of properties suitable for a variety of applications in
which rapid liquid absorption, absorption capacity, and/or limited run-off while maintaining
desirable resistance to abrasion. In accordance with certain embodiments of the invention, for
example, the absorbent composite (as disclosed herein) may be provided in the form of a
surgical drape, a portion of a surgical drape, a tray liner, or an under-patient absorbent pad. In
accordance with certain embodiments of the invention, the absorbent composite comprises a
fenestration material surrounding a fenestration through which a surgical procedure can be
performed. For example, Figure 6 illustrates a surgical drape 100 including an absorbent
composite 110 disposed around a fenestration 120 through with a medical (e.g., surgical)
procedure may be performed.

[0071] In another aspect, the invention not claimed provides a material suitable for use, for
example alone or when incorporated into an article of manufacture, in the healthcare industry
for the prevention and/or treatment of skin breakdown, which can undesirably lead to
complications such as decubitus ulcers. A patient, for example, may experience skin
breakdown at or during several points throughout the care of a patient in a hospital, a nursing
home, or a homecare setting. In accordance with certain embodiments of the invention, for
instance, an absorbent composite either alone or as part of an article of manufacture (e.g.,
adult diaper, bedding sheet, gown, liners, underpads, surgical underlays, etc.) that may be
placed in contact with the skin of a patient. Certain embodiments not according to the invention
also provide methods of preventing skin deterioration (e.g., decubitus ulcers) of an individual
susceptible to development of skin deterioration (e.g., decubitus ulcers). Individuals to
susceptible to development of skin deterioration may include any patient that may spend a
considerable amount of time one or a few positions (e.g., a patient that is mostly or wholly
confined to a bed) over the course of multiple days. In this regard, absorbent composites in
accordance with certain embodiments of the invention may provide a micro-climate
environment at or adjacent the skin of an individual having one or more of a desirable air
permeability, a low coefficient of friction, and/or highly absorbent for proper humidity levels. In
another aspect, certain embodiments not according to the invention also provide methods of
treating individuals already suffering or showing signs of skin deterioration (e.g., decubitus
ulcers). In this regard, the absorbent composites in accordance with certain embodiments of
the invention may provide a micro-climate environment (as noted above) at or adjacent the
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skin of the individual already suffering or showing signs of skin deterioration (e.g., decubitus
ulcers) such that the rate or severity of the skin deterioration may be positively impacted (e.g.,
rate of deterioration may be slowed, stopped, and/or reversed.

[0072] In another aspect, the invention provides a method of making an absorbent composite
including the following steps: (i) providing a nonwoven top layer comprising hydrophilic fibers;
(i) providing an absorbent core, in which the absorbent core comprises a plurality of layers
including at least one physically entangled nonwoven layer and at least one bonded carded
nonwoven layer; and (iii) directly or indirectly attaching the nonwoven top layer and the
absorbent core to provide the absorbent composite as disclosed described herein. In
accordance with certain embodiments of the invention, the method may further comprise
topically treating the nonwoven top layer, the absorbent core, or both with a hydrophilic
additive. Methods, in accordance with certain embodiments of the invention, may further
comprise attaching a film directly or indirectly to the absorbent core, wherein the absorbent
core layer is directly or indirectly sandwiched between the nonwoven top layer and the film
layer. In accordance with certain embodiments of the invention, the step of attaching the film
layer to the absorbent core may comprise adhesively laminating the film to the absorbent core
layer, for example via a continuous or discontinuous layer of adhesive (e.g., a pressure-
sensitive adhesive). In accordance with certain other embodiments of the invention, the step of
attaching the film to the absorbent core layer may comprise extrusion coating the film onto the
absorbent core (e.g., the lowest most layer of the absorbent core).

[0073] Additionally or alternatively, the method may further comprise forming a first polymer
melt including a hydrophilic additive and forming the hydrophilic fibers of the nonwoven top
layer and/or forming a second polymer melt including a hydrophilic additive and forming
absorbent core fibers (e.g., included in the at least one physically entangled nonwoven layer
and/or the at least one bonded carded nonwoven layer).

[0074] In accordance with certain embodiments of the invention, the method may comprise
bonding (e.g., thermal bonds, ultrasonic bonds, adhesive bonds, etc.) a first physically
entangled nonwoven layer to a first bonded carded nonwoven layer, and bonding (e.g.,
thermal bonds, ultrasonic bonds, adhesive bonds, etc.) a second physically entangled
nonwoven layer to a second bonded carded nonwoven layer to provide two intermediate core
layers. The two intermediate layers may then be bonded (e.g., thermal bonds, ultrasonic
bonds, adhesive bonds, etc.) together to form the absorbent core. The absorbent core may
then be bonded (e.g., thermal bonds, ultrasonic bonds, adhesive bonds, etc.) to the top
nonwoven layer. A film layer may optionally be attached to a free or exposed side of the
absorbent core in any manner described and disclosed herein.

Examples

[0075] The present disclosure is further illustrated by the following examples, which in no way
should be construed as being limiting. That is, the specific features described in the following
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examples are merely illustrative and not limiting.

Test Methods

[0076] Absorption capacity has been measured as per ISO 9073 test method and expressed in
percentage (%) that represent the weight of liquid absorbed relative to the weight of the dry
sample.

[0077] Water Absorbed Per Square Inch is determined by test method ISO 9073, in which the
weight of water absorbed in grams is divided by the area (expressed in a square inches) of the
sample tested.

[0078] Water Absorbed Per Sample Weight is determined by dividing the weight of the water
absorbed by the sample as determined by ISO 9073 by the weight of the sample prior to
absorbing any liquid.

[0079] Rate of Absorption is the rate of absorption as determined per ASTM method D824-94
where the liquid used is deionized water. The composite is used as the sample being tested
and the volume of dispensed liquid is 1 ml for a fist set of tests and 5 ml for a second set of
tests.

Example Set (1)

[0080] A 60 gsm spunlace nonwoven layer was formed and evaluated for a variety of physical
properties. The spunlace nonwoven layer included 70% by weight of viscose rayon fibers and
30%, by weight of polyester fibers, which were rendered hydrophilic. A 40 gsm bonded carded
nonwoven layer was also prepared and evaluated for the same properties as the 60 gsm
spunlace nonwoven layer. The bonded carded nonwoven layer was formed from 6 denier
polyester staple fibers. Additionally, a thermal bonded 24 gsm hydrophilic high-loft nonwoven
was made from a resin formula of 70/30 to 60/40 of a first polypropylene / a second
polypropylene-based copolymer. The polypropylene-based copolymer was a copolymer of
polypropylene and polyethylene, with an ethylene content of about 15 wt%. In this regard, the
amount of polyethylene in the high-loft nonwoven was around 4.5 wt.% - 6 wt.%. In accordance
with certain embodiments of the invention, one or more of the bonded carded layers may be
replaced with the thermal bonded high-loft nonwoven.

[0081] Table 1 summarizes the physical properties of each nonwoven layer. As shown in Table
1, each nonwoven layer had an absorption rate of below 4 seconds for 5 ml of liquid and
demonstrated a run off percentage of zero.

1 papaty
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Example Set (2)

[0082] A variety of comparative absorbent composites were obtained and tested for a variety
of physical properties as well as three (3) inventive absorbent composites.

[0083] Inventive absorbent composite (1) included a 10 gsm SSMMS a top nonwoven layer of
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polypropylene, a first spunlace nonwoven layer of 60 gsm as described in Example Set (1),
one 40 gsm bonded carded nonwoven layer as described in Example Set (1), a second
spunlace nonwoven layer of 60 gsm as described in Example Set (1), and a 20 gsm film layer
adhesively bonded to the second spunlace nonwoven layer with a 3 gsm adhesive layer. In this
regard, the bonded carded nonwoven layer is located directly between the two spunlace
nonwoven layers and the top nonwoven layer is directly bonded to the first spunlace nonwoven
layer. In particular, inventive absorbent composite (1) has the following layered structure: top
nonwoven layer / first spunlace nonwoven layer / bonded carded nonwoven layer / second
spunlace nonwoven layer / adhesive layer / film layer. Inventive absorbent composite (2) has
the same structure as inventive absorbent composite (1), but includes an additional bonded
carded nonwoven layer located between the two spunlace nonwoven layers. Inventive
absorbent composite (3) has the same structure as inventive absorbent composite (2), but
includes a 30 gsm film instead of a 20 gsm film.

[0084] The combination of the absorbent rate and the run off percentage are of particular
importance for consideration in absorbent composites. As summarized in Table 2, the
absorbent composites in accordance with certain embodiments of the invention (i.e., Inventive
Composites 1 - 3) each demonstrated far superior run off percentages and absorption times
relative to all of the comparative absorbent composites. For example, each of the inventive
absorbent composites included an absorption rate for 5 ml that was about 43% of the
absorption rate for the Lambs Medical absorbent composite. Even more impressively, each of
the inventive absorbent composites included a run off percentage that was at most about 30%
of the run off percentage of the Lambs Medical absorbent composite, in which Inventive
Composite (3) had a run off percentage below 1%.
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[0085] These and other modifications and variations to the invention may be practiced by
those of ordinary skill in the art without departing from the scope of the invention, which is
more particularly set forth in the appended claims. In addition, it should be understood that
aspects of the various embodiments may be interchanged in whole or in part. Furthermore,
those of ordinary skill in the art will appreciate that the foregoing description is by way of
example only, and it is not intended to limit the invention as further described in such appended
claims. Therefore, the scope of the appended claims should not be limited to the exemplary
description of the versions contained herein.
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Patentkrav

1. Absorberende komposit, omfattende:

(a) et ikke-veevet avre lag omfattende hydrofile fibre; og

(b) en absorberende kerne, der er direkte eller indirekte fastgjort til det ikke-
vaevede gvre lag, hvor den absorberende kerne omfatter en flerhed af lag,
herunder (i) mindst ét fysisk sammenfiltret ikke-vaevet lag og (ii) mindst &t bun-
det kartet ikke-veevet lag og/eller mindst én termisk bundet hgjloftet ikke-veevet
bane;

hvor den absorberende komposit omfatter (i) en sammensat absorptionsha-
stighed pa mindre end 8 sekunder for en 5 ml vaeskeprave som bestemt af
D824-94, og (ii) en sammensat aflebsvaerdi pa mindre end 15% som bestemt
af 1ISO 9073-11.

2. Absorberende komposit ifalge krav 1, hvor det ikke-veevede @vre lag omfat-
ter en spunmelt ikke-vaevet, sdsom en spunbond ikke-vaevet, smeltebleest
ikke-veevet eller en kombination deraf, sdsom en S1..-Myp-S2c-struktur; hvor
'S1' er et farste spunbond materiale, 'M' er et smeltebleest materiale, 'S2' er et
andet spunbond materiale, og 'a’, 'b' og 'c' angiver antallet af respektive lag,

og hvert lag kan uafheengigt veelges fra 1, 2, 3, 4 eller 5.

3. Absorberende komposit ifalge krav 1-2, hvor det ikke-veevede @vre lag om-
fatter (i) mindst ca. 30 veegt% hydrofile fibre, sasom mindst ca. 40%, mindst
ca. 50%, mindst ca. 60%, mindst ca. 70%, mindst ca. 80%, mindst ca. 90
veegt% eller ca. 100 veegt% hydrofile fibre, og (ii) en luftpermeabilitet pa mindst
ca. 50 kubikfod pr. minut (CFM) som bestemt af IST 70.1, sdsom mindst ca.
100 CFM, sasom mindst ca. 150 CFM, mindst ca. 200 CFM, mindst ca. 250
CFM, mindst ca. 300 CFM, mindst ca. 350 CFM, mindst ca. 400 CFM eller
mindst ca. 500 CFM som bestemt af IST 70.1.
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4. Absorberende komposit ifalge krav 1-3, hvor det ikke-veevede @vre lag ind-
befatter et bindingsomrade fer dannelse af den absorberende komposit om-
fattende fra ca. 1-30%, sasom i det mindste ca. en hvilken som helst af fal-
gende: 1, 3, 5, 6, 8, 10, 12 og 15%, og/eller hgjst ca. en hvilken som helst af
felgende 30, 28, 25, 22, 20, 18 og 15%.

5. Absorberende komposit ifelge krav 1-4, hvor den absorberende kerne ind-
befatter et enkelt fysisk sammenfiltret ikke-vaevet lag og et enkelt bundet kartet
ikke-veevet lag, hvor det enkelte fysisk sammenfiltrede ikke-veevet lag er di-
rekte eller indirekte placeret mellem det ikke-veevet @vre lag og det enkelt

bundne kartede ikke-veevet lag.

6. Absorberende komposit ifelge krav 1-4, hvor den absorberende kerne ind-
befatter et farste fysisk sammenfiltret ikke-veevet lag, et andet fysisk sammen-
filtret ikke-veevet lag og et farste bundet kartet ikke-veevet lag, hvor det ferste
bundne kartede ikke-veevet lag er direkte eller indirekte placeret mellem det
farste fysisk sammenfiltrede ikke-vaevet lag og det andet fysisk sammenfilt-

rede ikke-veevet lag.

7. Absorberende komposit ifalge krav 6, yderligere omfattende et andet bundet
kartet ikke-veevet-lag, hvor den fgrste bundne kartede bane er direkte eller
indirekte placeret mellem det farste fysisk sammenfiltrede ikke-veevet-lag og

det andet bundne kartede ikke-veevet-lag.

8. Absorberende komposit ifalge krav 1-7, hvor det ferste bundne kartede ikke-
veevet lag, det andet bundne kartede ikke-vaevet lag eller begge uafheengigt
omfatter en flerhed af syntetiske stabelfibre omfattende et syntetisk polymert
materiale, sasom en polyolefin, en polyester, et polyamid eller en hvilken som

helst kombination deraf.
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9. Absorberende komposit ifalge krav 8, hvor det ferste bundne kartede ikke-
veevet lag, det andet bundne kartede ikke-vaevet lag eller begge uafheengigt
har et hulrumsvolumen sterre end 9 cc/g, sasom sterre end ca. 12 cc/g, sterre
end ca. 14 cc/g, starre end ca. 15 cc/g, starre end ca. 16 cc/g, starre end ca.
17 cclg, sterre end ca. 18 cc/g, sterre end ca. 19 cclg, sterre end ca. 20 cc/g,

starre end ca. 25 cc/g eller sterre end ca. 30 cc/g.

10. Absorberende komposit ifalge krav 6-9, hvor det farste fysisk sammenfilt-
rede ikke-vaevede lag, det andet fysisk sammenfiltrede ikke-veevede lag eller
begge uafhaengigt indbefatter fra ca. 10 vaegt% til ca. 90 veegt% syntetiske
polymere fibre, sdsom mindst ca. en hvilken som helst af fglgende: 10, 15, 20,
25, 30, 35, 40, 45 og 50 veegt% syntetiske polymere fibre, og/eller hgjst ca. en
hvilken som helst af fglgende: 90, 80, 70, 60 og 50 vaegt% syntetiske polymere
fibre, hvor de syntetiske polymerfibre omfatter en syntetisk polymer omfat-
tende polyolefin, en polyester, et polyamid eller en hvilken som helst kombina-

tion deraf.

11. Absorberende komposit ifelge krav 10, hvor de syntetiske polymerfibre
omfatter fra ca. 20 veegt% til ca. 100 vaegt% hydrofile fibre, sdsom mindst ca.
en hvilken som helst af falgende: 20, 30, 40 og 50 veegt% hydrofile fibre, og/el-
ler hgjst ca. en hvilken som helst af falgende: 100, 90, 80, 70, 60 og 50 veegt%
hydrofile fibre, hvor de hydrofile fibre i det farste fysisk sammenfiltrede ikke-
veevet lag, det andet fysisk sammenfiltrede ikke-veevet lag eller begge uaf-
haengigt af hinanden omfatter en hydrofil coating derpa, og/eller de hydrofile
fibre af det farste fysisk sammenfiltrede ikke-veevet lag, det andet fysisk sam-
menfiltrede ikke-veevet lag eller begge indbyrdes uafhaengigt omfatter et hy-
drofilt tilseetningsmiddel, der er dispergeret gennem det syntetiske polymer-

materiale.
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12. Absorberende komposit ifalge krav 6-11, hvor det ferste fysisk sammen-
filtrede ikke-veevede lag, det andet fysisk sammenfiltrede ikke-vaevede lag el-
ler begge uafhaengigt indbefatter fra ca. 10 veegt% til ca. 90 vaegt% cellulose-
fibre, sdsom mindst ca. en hvilken som helst af fglgende: 10, 15, 20, 25, 30,
35, 40, 45 og 50 veegt% celluloseholdige polymere fibre og/eller hgjst ca. en
hvilken som helst af falgende: 90, 80, 70, 60 og 50 veegt% cellulosefibre, hvor
cellulosefibrene omfatter celluloseacetat, regenereret cellulose, forseebet ace-

tat eller en hvilken som helst kombination deraf.

13. Absorberende kompositmateriale ifalge krav 6-12, hvor det farste fysisk
sammenfiltrede ikke-veevet lag, det andet fysisk sammenfiltrede ikke-veevet
lag eller begge omfatter en flerhed af abninger, der streekker sig gennem en
hel tykkelse i z-retningen, og hvor (i) flerheden af abninger definerer et abent
areal, hvor det abne areal omfatter fra ca. 1% til ca. 30 , s& som mindst ca. en
hvilken som helst af felgende: 1, 2, 3, 5, 6, 8, 10, 12, 14 og 15%, og/eller hgjst
omkring en hvilken som helst af felgende: 30, 28, 26, 25, 24, 22, 20, 18, 16 og
15%, ogl/eller (ii) flerheden af abninger har en gennemsnitlig diameter fra ca.
0,1 mm til ca. 2 mm, f.eks. mindst ca. en hvilken som helst af falgende: 0,1,
0,2, 0,4, 0,5, 0,6, 0,8 og 1 mm, og/eller hgjst ca. en hvilken som helst af fal-
gende: 2,1,8,16,1,5, 1,4, 1,209 1 mm.

14. Fremgangsmade til fremstilling af en absorberende komposit, omfattende:
(a) tilvejebringelse af et ikke-veevet @vre lag omfattende hydrofile fibre;

(b) tilvejebringelse af en absorberende kerne, hvor den absorberende kerne
omfatter en flerhed af lag, herunder (i) mindst et fysisk sammenfiltret ikke-vee-
vet lag og (ii) mindst ét bundet kartet ikke-veevet lag; og

(c) direkte eller indirekte fastgarelse af det ikke-veevede @vre lag og den ab-
sorberende kerne for at tilvejebringe den absorberende komposit; hvor den
absorberende komposit omfatter en absorberende komposit ifalge et hvilket

som helst af kravene 1-13.
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15. Absorberende komposit ifglge krav 1-13, yderligere omfattende et filmlag,
der er bundet til den absorberende kerne, hvor den absorberende kerne er

placeret direkte eller indirekte mellem filmlaget og det ikke-veevede @vre lag.
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