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FIBROUS STRUCTURES

FIELD OF THE INVENTION
The present invention relates to fibrous structures and more particularly to fibrous
structures comprising a mixture of three or more different fibrous elements (filaments and/or
fibers), especially a mixture ot three or more fibrous elements that provide different benefits

from one another for the fibrous structures.

BACKGROUND OF THE INVENTION

Fibrous structures that comprise three or more different fibrous elements are known 1in the
art. IFor example, commercially available baby care wipe products include rayon (cellulose)
fibers, pulp (cellulose) fibers and polypropylene filaments. Such known fibrous structures,
however, exhibit performance 1ssues that have yet to be solved 1n a fibrous structure comprising
three or more different fibrous elements.

The problem faced by formulators of fibrous structures 1s that consumers of tfibrous
structures, especially sanitary tissue products comprising fibrous structures, desire more and
different performance and/or properties from a fibrous structure. Oftentimes the properties
consumers desire are inversely related. IFFor example, 1n the past, 1if consumers wanted greater
softness then the fibrous structure would need to be less strong and vice versa. In addition, it
consumers desired greater wet strength then the fibrous structures would need to be less
absorbent, for example more hydrophobic, and vice versa.

Accordingly, there 1s a need for new fibrous structures that provide consumers desired

performance and/or properties to meet their use needs.

SUMMARY OF THE INVENTION

The present invention solves the problem described above by providing a tibrous
structure comprising a nuxture of three or more different fibrous elements, wherein the fibrous
structure meets the performance and/or property needs of the consumers of fibrous structures,
especially sanitary tissue product consumers.

In one example ot the present invention, a fibrous structure comprising;:

a. a non-thermoplastic, first fibrous element, wherein the first fibrous element exhibits a
length to average diameter ratio of greater than 2000 and/or a length to effective diameter ratio of

greater than 2000;
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b. a second fibrous element different from the first fibrous element; and

c. a third fibrous element different from the first and second fibrous elements 1s provided.

In another example of the present invention, a fibrous structure comprising:

a. a first fibrous element comprising a random mixture of different polymers wherein at
least one of the polymers 1s a biodegradable polymer, wherein the first fibrous element exhibits a

length to average diameter ratio ot greater than 2000 and/or a length to effective diameter ratio of

greater than 2000;

b. a second fibrous element different from the first fibrous element; and

c. a third fibrous element different from the first and second fibrous elements 1s provided.

In yet another example of the present invention, a fibrous structure comprising:

a. a first fibrous element comprising a filament comprising a random mixture of ditferent
polymers wherein at least one of the polymers 1s a biodegradable polymer;

b. a second fibrous element different from the first fibrous element; and

¢. a third fibrous element different from the first and second fibrous elements 1s provided.

In yet another example of the present invention, a fibrous structure comprising:

a. a non-thermoplastic, first fibrous element comprising a filament;

b. a second fibrous element different from the first fibrous element; and

¢. a third fibrous element different from the first and second fibrous elements 1s provided.

In still yet another example of the present invention, a fibrous structure comprising:

a. a non-thermoplastic, non-cellulose-containing first fibrous element;

b. a second fibrous element different from the first fibrous element; and

c. a third fibrous element different from the first and second fibrous elements 1s provided.

In another example of the present invention, a fibrous structure comprising:

a. a non-cellulose-containing first fibrous element comprising a random nuxture of
ditferent polymers wherein at least one of the polymers 1s a biodegradable polymer;

b. a second fibrous element different from the first fibrous element; and

¢. a third fibrous element different from the first and second fibrous elements 1s provided.

In even yet another example of the present invention, a fibrous structure comprising:

a. a non-cellulose-containing first fibrous element comprising a filament comprising a

random muxture of ditferent polymers wherein at least one of the polymers 1s a

biodegradable polymer;

b. a second fibrous element different from the first fibrous element; and

c. a third fibrous element different from the first and second fibrous elements 1s provided.

In even still yet another example of the present invention, a fibrous structure comprising:
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a. a non-thermoplastic, non-cellulose-containing first fibrous element comprising a
filament;

b. a second fibrous element different from the first fibrous element; and

c. a third fibrous element different from the first and second fibrous elements 1s provided.

Accordingly, the present invention provides fibrous structures comprising a mixture of

three or more fibrous elements that are different from one another.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a schematic representation of an example ot a fibrous structure according to the
present invention;

Fig. 2 1s a schematic representation of another example of a fibrous structure according to
the present invention;

I1g. 3 1s a schematic representation of another example of a fibrous structure according to
the present invention;

F1g. 4 1s a schematic, partially cut-away representation of another example of a fibrous
structure according to the present invention;

F1g. 5 1s a schematic representation of an example of a method for making a fibrous
structure according to the present invention;

F1ig. 6 1s a schematic representation of an example of a method for making a fibrous
structure according to the present invention;

Fig. 7 1s a schematic representation of an example of a method for making a fibrous
structure according to the present invention;

Fig. 8 1s a diagram of a support rack utilized 1n the HES and VES Test Methods described
herein; and

Fig. 9 1s a diagram of a support rack cover utilized 1in the HES and VES Test Methods

described herein.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

“Iibrous structure” as used herein means a structure that comprises one or more fibrous
clements. In one example, a fibrous structure according to the present invention means an

association of fibrous elements that together form a structure, such as a unitary structure, capable
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of performing a function. Nonlimiting examples of fibrous structures of the present invention
include paper, fabrics (including woven, knitted, and non-woven).

The fibrous structures of the present invention may be homogeneous or may be layered.
It layered, the fibrous structures may comprise at least two and/or at least three and/or at least
four and/or at least five layers.

The fibrous structures of the present invention may be co-tormed fibrous structures.

In one example, the fibrous structures of the present invention are disposable. For
example, the fibrous structures ot the present invention are non-textile fibrous structures. In
another example, the fibrous structures of the present invention are flushable, such as toilet
tissue.

Nonlimiting examples of processes for making fibrous structures include known wet-laid
papermaking processes and air-laid papermaking processes. Such processes typically include the
steps of preparing a fibrous element composition, such as a fiber composition, in the form of a
suspension 1n a medium, either wet, more specifically an aqueous medium, 1.e., water, or dry,
more specifically a gaseous medium, 1.e. air.  The suspension of fibers within an aqueous
medium 1s oftentimes referred to as a fiber slurry. ‘The fibrous suspension 1s then used to deposit
a plurality of fibers onto a formung wire or belt such that an embryonic fibrous structure 1s
formed, after which drying and/or bonding the fibers together results in the association of the
fibers 1into a fibrous structure. Further processing the fibrous structure may be carried out such
that a finished fibrous structure 1s formed. For example, in typical papermaking processes, the
finished fibrous structure 1s the fibrous structure that 1s wound on the reel at the end of
papermaking. ‘The finished fibrous structure may subsequently be converted into a finished
product, e.g. a sanitary tissue product.

In one example, the fibrous structure of the present invention 1s a “‘unitary fibrous
structure.”

“Unitary fibrous structure™ as used herein 1s an arrangement comprising a plurality of two
or more and/or three or more fibrous elements that are inter-entangled or otherwise associated
with one another to form a fibrous structure. A unitary fibrous structure in accordance with the
present invention may be incorporated 1nto a fibrous structure according to the present invention.
A unitary fibrous structure of the present invention may be one or more plies within a multi-ply
fibrous structure. In one example, a unitary fibrous structure of the present invention may
comprise three or more different fibrous elements. In another example, a unitary fibrous

structure of the present invention may comprise two different fibrous elements, for example a co-
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formed fibrous structure, upon which a different fibrous element 1s deposited to form a fibrous
structure comprising three or more different fibrous elements.

“Co-formed fibrous structure™ as used herein means that the fibrous structure comprises a
plurality of filaments and a plurality of fibers. In one example, a co-formed fibrous structure
comprises starch filaments and wood pulp fibers.

“Iibrous element” as used herein means an elongate particulate having a length greatly
exceeding its average diameter, 1.e. a length to average diameter ratio of at least about 10. A
fibrous element may be a filament or a fiber. In one example, the fibrous element 1s a single
fibrous element rather than a yarn comprising a plurality of fibrous elements.

The fibrous elements of the present invention may be spun from polymer melt
compositions via suitable spinning operations, such as meltblowing and/or spunbonding and/or
they may be obtained from natural sources such as vegetative sources, for example trees.

The fibrous elements of the present invention may be monocomponent and/or
multicomponent. For example, the fibrous elements may comprise bicomponent fibers and/or
filaments. The bicomponent fibers and/or filaments may be 1n any form, such as side-by-side,
core and sheath, 1slands-in-the-sea and the like.

“Fi1lament” as used herein means an elongate particulate as described above that exhibits
a length of greater than or equal to 5.08 cm (2 1n.) and/or greater than or equal to 7.62 ¢cm (3 in.)
and/or greater than or equal to 10.16 cm (4 1n.) and/or greater than or equal to 15.24 ¢cm (6 1n.).

Filaments are typically considered continuous or substantially continuous in nature.
Filaments are relatively longer than fibers. Nonlimiting examples of filaments 1nclude
meltblown and/or spunbond filaments. Nonlimiting examples of polymers that can be spun 1nto
filaments include natural polymers, such as starch, starch derivatives, cellulose, such as rayon
and/or lyocell, and cellulose derivatives, hemicellulose, hemicellulose derivatives, and synthetic
polymers including, but not limited to thermoplastic polymer filaments, such as polyesters,
nylons, polyolefins such as polypropylene filaments, polyethylene filaments, and biodegradable
thermoplastic fibers such as polylactic acid filaments, polyhydroxyalkanoate filaments,
polyesteramde filaments and polycaprolactone filaments.

“I'iber” as used herein means an elongate particulate as described above that exhibits a
length of less than 5.08 cm (2 1n.) and/or less than 3.81 ¢cm (1.5 1n.) and/or less than 2.54 ¢cm (1
1n.).

Fibers are typically considered discontinuous 1n nature. Nonlimiting examples of fibers
include pulp fibers, such as wood pulp fibers, and synthetic staple fibers such as polypropylene,

polyethylene, polyester, copolymers thereof, rayon, glass fibers and polyvinyl alcohol fibers.
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Staple fibers may be produced by spinning a filament tow and then cutting the tow 1nto
segments of less than 5.08 cm (2 1n.) thus producing fibers.

In one example of the present invention, a fiber may be a naturally occurring fiber, which
means 1t 1s obtained from a naturally occurring source, such as a vegetative source, for example a
tree and/or plant. Such fibers are typically used 1in papermaking and are oftentimes referred to as
papermaking fibers. Papermaking fibers useful 1in the present invention include cellulosic fibers
commonly known as wood pulp fibers. Applicable wood pulps include chemical pulps, such as
Kraft, sulfite, and sultate pulps, as well as mechanical pulps including, for example,
groundwood, thermomechanical pulp and chemically modified thermomechanical pulp.
Chemical pulps, however, may be preterred since they impart a superior tactile sense of softness
to tissue sheets made therefrom. Pulps derived from both deciduous trees (hereinafter, also
referred to as "hardwood") and coniferous trees (hereinafter, also referred to as "softwood") may
be utilized. The hardwood and softwood fibers can be blended, or alternatively, can be deposited
1in layers to provide a stratified web. Also applicable to the present invention are fibers derived
from recycled paper, which may contain any or all of the above categories of fibers as well as
other non-fibrous polymers such as fillers, softening agents, wet and dry strength agents, and
adhesives used to facilitate the original papermaking.

In addition to the various wood pulp fibers, other cellulosic fibers such as cotton linters,
rayon, lyocell and bagasse fibers can be used 1n the fibrous structures of the present invention.

“Sanitary tissue product” as used herein means a soft, low density (i.e. < about 0.15
g/cm3) tibrous structure usetul as a wiping implement tor post-urinary and post-bowel movement
cleaning (toilet tissue), for otorhinolaryngological discharges (facial tissue), and multi-functional
absorbent and cleaning uses (absorbent towels). The sanitary tissue product may be convolutedly
wound upon 1tself about a core or without a core to form a sanitary tissue product roll.

In one example, the sanitary tissue product of the present invention comprises one oOr
more fibrous structures according to the present invention.

The sanitary tissue products of the present invention may exhibit a basis weight between
about 10 g/m” to about 120 g/m” and/or from about 15 g/m” to about 110 g/m* and/or from about
20 g/m” to about 100 g/m” and/or from about 30 to 90 g/m”. In addition, the sanitary tissue
product of the present invention may exhibit a basis weight between about 40 o/m” to about 120
o/m” and/or from about 50 g/m” to about 110 g/m* and/or from about 55 g/m” to about 105 g/m"
and/or from about 60 to 100 g/m”.

The sanitary tissue products of the present invention may exhibit a total dry tensile

strength of greater than about 59 g/cm (150 g/in) and/or from about 78 g/cm (200 g/in) to about
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394 g/cm (1000 g/in) and/or from about 98 g/cm (250 g/in) to about 335 g/cm (850 g/in). In
addition, the sanitary tissue product of the present invention may exhibit a total dry tensile
strength of greater than about 196 g/cm (500 g/in) and/or from about 196 g/cm (500 g/in) to
about 394 g/cm (1000 g/in) and/or from about 216 g/cm (550 g/in) to about 335 g/cm (850 g/in)
and/or from about 236 g/cm (600 g/in) to about 315 g/cm (800 g/in). In one example, the
sanitary tissue product exhibits a total dry tensile strength of less than about 394 g/cm (1000 g/in)
and/or less than about 335 g/cm (850 g/in).

In another example, the sanitary tissue products of the present invention may exhibit a
total dry tensile strength of greater than about 500 g/in and/or greater than about 600 g/in and/or
greater than about 700 g/in and/or greater than about 800 g/in and/or greater than about (900
g/in) and/or greater than about 394 g/cm (1000 g/in) and/or from about 315 g/cm (800 g/in) to
about 1968 g/cm (5000 g/in) and/or from about 354 g/cm (900 g/in) to about 1181 g/cm (3000
g/in) and/or from about 354 g/cm (900 g/in) to about 984 g/cm (2500 g/in) and/or from about 394
g/cm (1000 g/in) to about 787 g/cm (2000 g/in).

The sanitary tissue products of the present invention may exhibit an mnitial total wet
tensile strength of less than about 78 g/cm (200 g/in) and/or less than about 59 g/cm (150 g/in)
and/or less than about 39 g/cm (100 g/in) and/or less than about 29 g/cm (75 g/in).

The sanitary tissue products of the present invention may exhibit an initial total wet
tensile strength of greater than about 118 g/cm (300 g/in) and/or greater than about 157 g/cm
(400 g/in) and/or greater than about 196 g/cm (500 g/in) and/or greater than about 236 g/cm (600
g/in) and/or greater than about 276 g/cm (700 g/in) and/or greater than about 315 g/cm (300
g/in) and/or greater than about 354 g/cm (900 g/in) and/or greater than about 394 g/cm (1000
g/in) and/or from about 118 g/cm (300 g/in) to about 1968 g/cm (5000 g/in) and/or from about
157 g/cm (400 g/in) to about 1181 g/cm (3000 g/in) and/or from about 196 g/cm (500 g/in) to
about 984 g/cm (2500 g/in) and/or from about 196 g/cm (500 g/in) to about 787 g/cm (2000 g/in)
and/or from about 196 g/cm (500 g/in) to about 591 g/cm (1500 g/in).

The sanitary tissue products of the present invention may exhibit a density of less than
about 0.60 g/cm’ and/or less than about 0.30 g/cm’ and/or less than about 0.20 g/cm’ and/or less
than about 0.10 g/cm’ and/or less than about 0.07 g/cm’ and/or less than about 0.05 g/cm’ and/or
from about 0.01 g/cm’ to about 0.20 g/cm’ and/or from about 0.02 g/cm’ to about 0.10 g/cm’.

The sanitary tissue products of the present invention may exhibit a total absorptive

capacity ot according to the Horizontal Full Sheet (HES) Test Method described herein ot greater
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than about 10 g/g and/or greater than about 12 g/g and/or greater than about 15 g/g and/or from
about 15 g/g to about 50 g/g and/or to about 40 g/g and/or to about 30 g/g.

The sanitary tissue products of the present invention may exhibit a Vertical Full Sheet
(VES) value as determined by the Vertical Full Sheet (VES) Test Method described herein of
greater than about § g/g and/or greater than about 7 g/g and/or greater than about 9 g/g and/or
from about 9 g/g to about 30 g/g and/or to about 25 g/g and/or to about 20 g/g and/or to about 17
8/8.

The sanitary tissue products of the present invention may be in the form of sanitary tissue
product rolls. Such sanitary tissue product rolls may comprise a plurality of connected, but
perforated sheets of fibrous structure, that are separably dispensable from adjacent sheets.

The sanitary tissue products of the present invention may comprises additives such as
softening agents, temporary wet strength agents, permanent wet strength agents, bulk softening
agents, lotions, silicones, wetting agents, latexes, patterned latexes and other types of additives
suitable for inclusion in and/or on sanitary tissue products.

“Hydroxyl polymer” as used herein includes any hydroxyl-containing polymer that can be
incorporated into a fibrous structure of the present invention, such as into a fibrous structure in
the form of a fibrous element. In one example, the hydroxyl polymer of the present invention
includes greater than 10% and/or greater than 20% and/or greater than 25% by weight hydroxyl
moieties,

“Biodegradable” as used herein means, with respect to a material, such as a fibrous
element as a whole and/or a polymer within a fibrous element, that the fibrous element and/or
polymer is capable of undergoing and/or does undergo physical, chemical, thermal and/or
biological degradation in a municipal solid waste composting facility such that at least 5% and/or
at least 7% and/or at least 10% of the original fibrous element and/or polymer is converted into
carbon dioxide after 30 days as measured according to the OECD (1992) Guideline for the
Testing of Chemicals 301B; Ready Biodegradability — C(J; Evolution (Modified Sturm Test)
Test.

“Non-biodegradable™ as used herein means, with respect to a material, such as a fibrous
element as a whole and/or a polymer within a fibrous element, that the fibrous element and/or
polymer is not capable of undergoing physical, chemical, thermal and/or biological degradation
in a municipal solid waste composting facility such that at least 5% of the original fibrous
element and/or polymer is converted into carbon dioxide after 30 days as measured according to
the OECD (1992) Guideline for the Testing of Chemicals 301B; Ready Biodegradability — CO;
Evolution (Modified Sturm Test) Test.
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“Non-thermoplastic” as used herein means, with respect to a material, such as a tibrous
clement as a whole and/or a polymer within a fibrous element, that the fibrous element and/or
polymer exhibits no melting point and/or softening point, which allows it to flow under pressure,
in the absence of a plasticizer, such as water, glycerin, sorbitol, urea and the like.

“Non-thermoplastic, biodegradable fibrous element” as used herein means a fibrous
clement that exhibits the properties of being biodegradable and non-thermoplastic as defined
above,

“Non-thermoplastic, non-biodegradable fibrous element” as used herein means a fibrous
clement that exhibits the properties of being non-biodegradable and non-thermoplastic as defined
above,

“Thermoplastic” as used herein means, with respect to a material, such as a fibrous
clement as a whole and/or a polymer within a fibrous element, that the fibrous element and/or
polymer exhibits a melting point and/or softening point at a certain temperature, which allows 1t
to flow under pressure, 1n the absence of a plasticizer

“Thermoplastic, biodegradable fibrous element” as used herein means a fibrous element
that exhibits the properties of being biodegradable and thermoplastic as defined above.

“Thermoplastic, non-biodegradable fibrous element” as used herein means a fibrous
clement that exhibits the properties of being non-biodegradable and thermoplastic as defined
above,

“Non-cellulose-containing” as used herein means that less than 5% and/or less than 3%
and/or less than 1% and/or less than 0.1% and/or 0% by weight of cellulose polymer, cellulose
derivative polymer and/or cellulose copolymer 1s present in fibrous element. In one example,
“non-cellulose-containing” means that less than 5% and/or less than 3% and/or less than 1%
and/or less than 0.1% and/or 0% by weight of cellulose polymer 1s present in fibrous element.

“Ditferent from™ as used herein means, with respect to a material, such as a fibrous
clement as a whole and/or a polymer within a fibrous element, that one material, such as a
fibrous element and/or polymer, 1s chemically, physically and/or structurally different from
another material, such as a fibrous element and/or polymer. For example, a polymer 1n the form
of a filament 1s different from the same polymer 1in the form of a fiber. Likewise, a starch
polymer 1s different from a cellulose polymer. However, different molecular weights of the same
material, such as different molecular weights of a starch, are not different materials from one
another for purposes of the present invention.

“Random muxture of polymers™ as used herein means that two or more different polymers

are randomly combined to form a fibrous element. Accordingly, two or more different polymers
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that are orderly combined to form a fibrous element, such as a core and sheath bicomponent
fibrous element, 1s not a random mixture of different polymers for purposes of the present
invention,

“Associate,” “Associated,” “Association,” and/or “Associating” as used herein with
respect to fibrous elements means combining, either in direct contact or 1n indirect contact,
fibrous elements such that a fibrous structure 1s formed. In one example, the associated fibrous
celements may be bonded together for example by adhesives and/or thermal bonds. In another
example, the fibrous elements may be associated with one another by being deposited onto the
same fibrous structure making belt and/or patterned belt.

“Weight average molecular weight” as used herein means the weight average molecular
welght as determined using gel permeation chromatography according to the protocol tound 1n
Colloids and Surfaces A. Physico Chemical & Engineering Aspects, Vol. 162, 2000, pg. 107-
121.

“Length” as used herein, with respect to a fibrous element, means the length along the
longest axis of the fibrous element from one terminus to the other terminus. If a fibrous element
has a kink, curl or curves 1n 1t, then the length 1s the length along the entire path of the fibrous
clement. If a portion of the fibrous element 1s bonded to another fibrous element such that both
termini are not discernible, such as a thermal bond site, then the an effective terminus of such a
fibrous element 1s the point of the fibrous element immediately prior to the bond site.

“Average Diameter” as used herein, with respect to a fibrous element, 1s measured
according to the Average Diameter Test Method described herein. In one example, a fibrous
clement of the present invention exhibits an average diameter of less than 25 um and/or less than
20 um and/or less than 15 um and/or less than 10 um and/or less than 6 um and/or greater than 1
um and/or greater than 3 um.

“Length to Average Diameter Ratio” as used herein 1s the Length in millimeters divided
by the Average Diameter in millimeters of a fibrous element. The Length to Average Diameter
Ratio 1s unitless. In one example, the Length to Average Diameter Ratio 1s greater than 2000
and/or greater than 3000 and/or greater than 3500 and/or greater than 4000.

“Effective Diameter” as used herein 1s the product of the following mathematical
formula: 0.01128 x Square Root of (Decitex of a fibrous element/Material density (g/cm3) of the
fibrous element).

“Decitex” as used herein means the weight in grams of a 10,000 meter length of a fibrous

clement. A fibrous element’s decitex can be determined either by direct weight measurement or
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by indirect means such as calculations based on the cross-sectional area of the fibrous element
and the material density of the fibrous element.

“Material density” as used herein means the quantity of fibrous element per unit volume.
Material density is expressed in g/cm’.

“Length to Effective Diameter Ratio™ as used herein 1s the Length 1n millimeters divided
by the Effective Diameter in millimeters of a fibrous element. The Length to Effective Diameter
Ratio 1s unitless. In one example, the Length to Effective Diameter Ratio 1s greater than 2000
and/or greater than 3000 and/or greater than 3500 and/or greater than 4000.

“Basis Weight” as used herein 1s the weight per unit area of a sample reported in 1bs/3000
ft* or g/ m”.

“Water-soluble™ as used herein means a material that 1s miscible in water. In other
words, a material that 1s capable of forming a stable (stable for greater than 5 minutes)
homogeneous solution with water at ambient conditions.

“Machine Direction™ or “MD” as used herein means the direction parallel to the flow of
the fibrous structure through the papermaking machine and/or product manufacturing equipment,

“Cross Machine Direction™ or “CD” as used herein means the direction perpendicular to
the machine direction 1n the same plane of the fibrous structure and/or paper product comprising
the fibrous structure.

“Ply” or “Plies” as used herein means an individual fibrous structure optionally to be
disposed 1n a substantially contiguous, face-to-face relationship with other plies, forming a
multiple ply fibrous structure. It 1s also contemplated that a single fibrous structure can
effectively form two “‘plies” or multiple “plies”, for example, by being tolded on itself.

As used herein, the articles “a” and “an” when used herein, for example, "an anionic
surtactant” or "a fiber" 1s understood to mean one or more of the material that 1s claimed or
described.

All percentages and ratios are calculated by weight unless otherwise indicated. All
percentages and ratios are calculated based on the total composition unless otherwise indicated.

Unless otherwise noted, all component or composition levels are 1n reference to the active
level of that component or composition, and are exclusive of impurities, tor example, residual
solvents or by-products, which may be present in commercially available sources.

Polymers

The fibrous elements, such as filaments and/or fibers, of the present invention that

associate to form the fibrous structures of the present invention may contain various types of
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polymers such as hydroxyl polymers, non-thermoplastic polymers, thermoplastic polymers,
biodegradable polymers, non-biodegradable polymers and nmixtures thereof.

a. Hydroxyl Polymers - Nonlimiting examples of hydroxyl polymers in accordance with

the present invention include polyols, such as polyvinyl alcohol, polyvinyl alcohol derivatives,
polyvinyl alcohol copolymers, starch, starch derivatives, starch copolymers, chitosan, chitosan
derivatives, chitosan copolymers, cellulose, cellulose derivatives such as cellulose ether and ester
derivatives, cellulose copolymers, hemicellulose, hemicellulose dernivatives, hemicellulose
copolymers, gums, arabinans, galactans, proteins and various other polysaccharides and mixtures
thereof.,

In one example, a hydroxyl polymer of the present invention is a polysaccharide.

In another example, a hydroxyl polymer of the present invention 1s a non-thermoplastic
polymer.,

The hydroxyl polymer may have a weight average molecular weight of from about 10,000
g/mol to about 40,000,000 g/mol and/or greater than about 100,000 g/mol and/or greater than
about 1,000,000 g/mol and/or greater than about 3,000,000 g/mol and/or greater than about
3,000,000 g/mol to about 40,000,000 g/mol. Higher and lower molecular weight hydroxyl
polymers may be used in combination with hydroxyl polymers having a certain desired weight
average molecular weight.

Well known modifications of hydroxyl polymers, such as natural starches, include
chemical modifications and/or enzymatic modifications. For example, natural starch can be acid-
thinned, hydroxy-ethylated, hydroxy-propylated, and/or oxidized. In addition, the hydroxyl
polymer may comprise dent corn starch hydroxyl polymer.

Polyvinyl alcohols herein can be gratted with other monomers to modify its properties. A
wide range of monomers has been successfully grafted to polyvinyl alcohol. Nonlimiting
examples of such monomers include vinyl acetate, styrene, acrylamude, acrylic acid, 2-
hydroxyethyl methacrylate, acrylonitrile, 1,3-butadiene, methyl methacrylate, methacrylic acid,
vinylidene chloride, vinyl chloride, vinyl amine and a variety of acrylate esters.

“Polysaccharides™ as used herein means natural polysaccharides and polysaccharide
derivatives and/or modified polysaccharides. Suitable polysaccharides include, but are not
limited to, starches, starch derivatives, chitosan, chitosan derivatives, cellulose, cellulose
derivatives, hemicellulose, hemicellulose derivatives, gums, arabinans, galactans and mixtures
thereof. 'The polysaccharide may exhibit a weight average molecular weight ot from about

10,000 to about 40,000,000 g/mol and/or greater than about 100,000 and/or greater than about
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1,000,000 and/or greater than about 3,000,000 and/or greater than about 3,000,000 to about
40,000,000.

Non-cellulose and/or non-cellulose derivative and/or non-cellulose copolymer hydroxyl
polymers, such as non-cellulose polysaccharides may be selected from the group consisting of:
starches, starch derivatives, chitosan, chitosan derivatives, hemicellulose, hemicellulose
derivatives, gums, arabinans, galactans and mixtures thereof.

b. Thermoplastic Polymers - Nonlimiting examples of suitable thermoplastic polymers

include polyolefins, polyesters, copolymers thereof, and mixtures thereof. Nonlimiting examples
of polyolefins 1nclude polypropylene, polyethylene and mixtures therecof. A nonlimiting
example of a polyester includes polyethylene terephthalate.

The thermoplastic polymers may comprise a non-biodegradable polymer, examples of
such include polypropylene, polyethylene and certain polyesters; and the thermoplastic polymers
may comprise a biodegradable polymer, examples of such 1nclude polylactic acid,
polyhydroxyalkanoate, polycaprolactone, polyesteramides and certain polyesters.

The thermoplastic polymers of the present invention may be hydrophilic or hydrophobic.
The thermoplastic polymers may be surface treated and/or internally treated to change the
inherent hydrophilic or hydrophobic properties of the thermoplastic polymer.

Any suitable weight average molecular weight for the thermoplastic polymers may be
used. Por example, the weight average molecular weight for a thermoplastic polymer in
accordance with the present invention 1s greater than about 10,000 g/mol and/or greater than
about 40,000 g/mol and/or greater than about 50,000 g/mol and/or less than about 500,000 g/mol
and/or less than about 400,000 g/mol and/or less than about 200,000 g/mol.

¢. Biodegradable Polymers - Nonlimiting examples ot suitable biodegradable polymers
include hydroxyl polymers described above, polylactic acid, polyhydroxyalkanoate,
polycarprolactone, polyesteramides and other biodegradable polymers known 1n the art, and
mixtures thereof,

Any suitable weight average molecular weight for the biodegradable thermoplastic
polymers may be used. For example, the weight average molecular weight for a biodegradable
thermoplastic polymer 1n accordance with the present invention can be from about 10,000 g/mol
to about 40,000,000 g/mol and/or greater than about 100,000 g/mol and/or greater than about
1,000,000 g/mol and/or greater than about 3,000,000 g/mol and/or greater than about 3,000,000
g/mol to about 40,000,000 g/mol.
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d. Non-biodegradable Polymers — Nonlimiting examples of suitable non-biodegradable

polymers 1nclude polypropylene, polyethylene, polyesters, copolymers thereof, other non-
biodegradable polymers known 1n the art, and mixtures thereof.,

Any suitable weight average molecular weight for the non-biodegradable thermoplastic
polymers may be used. For example, the weight average molecular weight for a non-
biodegradable thermoplastic polymer in accordance with the present invention 1s greater than
about 10,000 g/mol and/or greater than about 40,000 g/mol and/or greater than about 50,000
g/mol and/or less than about 500,000 g/mol and/or less than about 400,000 g/mol and/or less than
about 200,000 g/mol.

IFibrous Structures

As shown 1n I1gs. 1-3, the fibrous structure 10 of the present invention may comprise one
or more first fibrous elements 12, one or more second fibrous elements 14 and one or more third
fibrous elements 16 wherein the first, second and third fibrous elements 12, 14, 16 are all
different from each other.

The first fibrous element 12 may comprise one or more of the following types of fibrous
clements: 1) a non-thermoplastic, fibrous element having a length to average diameter ratio of
greater than 2000 and/or a length to effective diameter ratio of greater than 2000; 2) a fibrous
clement comprising a random nuxture of polymers wherein at least one of the polymers 1s a
biodegradable polymer, wherein the fibrous element exhibits a length to average diameter ratio of
oreater than 2000 and/or a length to effective diameter ratio of greater than 2000; 3) a filament
comprising a random mixture of polymers wherein at least one of the polymers 1s a
biodegradable polymer; and 4) a non-thermoplastic filament.

The fibrous structure 10 of the present invention may comprise a mixture ot fibers and/or
filaments. In one example, the fibrous structure comprises at least one filament and at least one
fiber. In another example, the fibrous structure may comprise two ditferent filaments and a fiber.
In yet another example, the fibrous structure may comprise two different fibers and a filament.
As shown 1n F1g. 2, the first, second and third fibrous elements 12, 14, 16 may all be fibers. As
shown 1n F1g. 3, the first, second and third fibrous elements 12, 14, 16 may all be filaments.

In one example, the first fibrous element 12 comprises a filament, the second fibrous
clement 14 comprises a fiber and the third fibrous element 16 comprises a filament.

In another example, the first fibrous element 12 comprises a filament, the second fibrous
clement 14 comprises a filament and the third fibrous element 16 comprises a fiber.

In yet another example, the first fibrous element 12 comprises a fiber, the second tfibrous

clement 14 comprises a filament and the third fibrous element 16 comprises a filament.
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In still yet another example, the first fibrous element 12 comprises a filament, the second
fibrous element 14 comprises a fiber and the third fibrous element 16 comprises a fiber.

In even yet another example, the first fibrous element 12 comprises a fiber, the second
fibrous element 14 comprises a filament and the third fibrous element 16 comprises a fiber.

In even still yet another example, the first fibrous element 12 comprises a fiber, the
second fibrous element 14 comprises a fiber and the third fibrous element 16 comprises a
filament.

The fibrous structure 10 of the present nvention may comprise a mixture of
biodegradable and/or non-biodegradable fibrous elements. In one example, the first, second and
third fibrous elements 12, 14, 16 may all be biodegradable. In another example, the first, second
and third fibrous elements 12, 14, 16 may all be non-biodegradable.

In one example, the first fibrous element 12 1s a biodegradable fibrous element, the
second fibrous element 14 1s a biodegradable fibrous element and the third fibrous element 16 1s
a non-biodegradable fibrous element.

In another example, the first fibrous element 12 1s a biodegradable fibrous element, the
second fibrous element 14 1s a non-biodegradable fibrous element and the third fibrous element
16 1s a biodegradable fibrous element.

In yet another example, the first fibrous element 12 1s a non-biodegradable fibrous
clement, the second fibrous element 14 1s a biodegradable fibrous element and the third fibrous
element 16 1s a biodegradable fibrous element.

In another example, the first fibrous element 12 1s a biodegradable fibrous element, the
second fibrous element 14 1s a non-biodegradable fibrous element and the third fibrous element
16 1s a non-biodegradable fibrous element.

In even another example, the first fibrous element 12 1s a non-biodegradable tibrous
clement, the second fibrous element 14 1s a biodegradable fibrous element and the third fibrous
clement 16 1s a non-biodegradable fibrous element.

In still yet another example, the first fibrous element 12 1s a non-biodegradable fibrous
clement, the second fibrous element 14 1s a non-biodegradable fibrous element and the third
fibrous element 16 1s a biodegradable fibrous element.

The fibrous elements of the fibrous structure of the present invention may comprise a
biodegradable and/or non-biodegradable polymer.

In one example, the first fibrous element 12 comprises a biodegradable polymer. In
another example, the first fibrous element 12 comprises a non-biodegradable polymer. In yet

another example, the second fibrous element 14 comprises a biodegradable polymer. In still
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another example, the second fibrous element 14 comprises a non-biodegradable polymer. In
even another example, the third tibrous element 16 comprises a biodegradable polymer. In still
yet another example, the third fibrous element 16 comprises a non-biodegradable polymer.

In one example, the first fibrous element 12 comprises a biodegradable polymer. The
second fibrous element 14 may comprise a biodegradable polymer. The third fibrous element 16
may comprise a non-biodegradable polymer and/or a biodegradable polymer.

The fibrous structure 10 of the present invention may comprise a mixture of thermoplastic
and/or non-thermoplastic fibrous elements. In one example, the first, second and third fibrous
clements 12, 14, 16 may all be non-thermoplastic. In another example, the first, second and third
fibrous elements 12, 14, 16 may all be thermoplastic.

In one example, the first fibrous element 12 1s a non-thermoplastic fibrous element, the
second fibrous element 14 1s a non-thermoplastic fibrous element and the third fibrous element
16 1s a thermoplastic fibrous element.

In another example, the first fibrous element 12 1s a non-thermoplastic fibrous element,

the second fibrous element 14 1s a thermoplastic fibrous element and the third fibrous element 16
1S a non-thermoplastic fibrous element.

In yet another example, the first fibrous element 12 1s a thermoplastic fibrous element, the
second fibrous element 14 1s a non-thermoplastic fibrous element and the third fibrous element
16 1s a non-thermoplastic tfibrous element.

In another example, the first fibrous element 12 1s a non-thermoplastic fibrous element,
the second tibrous element 14 1s a thermoplastic fibrous element and the third fibrous element 16
1s a thermoplastic fibrous element.

In even another example, the first fibrous element 12 1s a thermoplastic fibrous element,
the second fibrous element 14 1s a non-thermoplastic fibrous element and the third fibrous
clement 16 1s a thermoplastic fibrous element.

In still yet another example, the first fibrous element 12 1s a thermoplastic fibrous
clement, the second fibrous element 14 1s a thermoplastic fibrous element and the third fibrous
clement 16 1s a non-thermoplastic fibrous element.

Each of the first, second and third fibrous elements 12, 14, 16 may comprise a non-
thermoplastic polymer and/or a thermoplastic polymer.

In one example, the first fibrous element 12 comprises a non-thermoplastic polymer, the
second fibrous element 14 comprises a non-thermoplastic polymer, and the third fibrous element

16 comprises a thermoplastic polymer.
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In another example, the first fibrous element 12 comprises a non-thermoplastic polymer,
the second fibrous element 14 comprises a non-thermoplastic polymer, and third fibrous element
16 comprises a non-thermoplastic polymer.

The fibrous structure of the present invention may comprise a pulp fiber.

In one example, the fibrous structure of the present invention may comprise a
polysaccharide filament, such as a starch filament. In another example, the polysaccharide
filament may comprise a non-cellulose polysaccharide.

In another example, the fibrous structure of the present invention may comprise a
polysaccharide fiber, such as a cellulosic fiber, tor example a pulp fiber, especially a wood pulp
fiber.

In yet another example, the fibrous structure of the present invention may comprise a
polysaccharide filament, such as a starch filament, and a polysaccharide fiber, such as a wood
pulp fiber.

In still another example, the fibrous structure of the present invention may comprise a
polysaccharide filament, such as a starch filament, a polysaccharide fiber, such as a wood pulp
fiber, and a thermoplastic fiber, such as a polypropylene fiber.

The distribution of the fibrous elements within the fibrous structure of the present
invention may be homogeneous or substantially homogeneous or layered.

In one example, the fibrous structure comprises an inner layer of polysaccharide
filaments, such as starch filaments, and at least one outer layer comprising a mixture of
polysaccharide fibers, such as wood pulp fibers, and thermoplastic fibers, such as polypropylene
fibers.

In another example, the fibrous structure comprises an inner layer comprising a mixture
of thermoplastic filaments, such as polypropylene filaments, and pulp fibers, and an outer layer
comprising polysaccharide filaments, such as starch filaments.

In yet another example, the first fibrous element 12 1s chemically different from the
second and third fibrous elements 14, 16.

One or more of the fibrous elements may comprise a greater than about 5% and/or greater
than about 10% and/or greater than about 25% and/or greater than about 40% and/or greater than
about 50% by weight of a water-soluble polymer, such as a starch, and exhibit an 1nitial total wet
tensile of greater than about 0.2 MPa and/or greater than 0.5 MPa and/or greater than 0.75 MPa
and/or greater than 1.0 MPa and/or less than about S0 MPa and/or less than about 30 MPa and/or
less than about 20 MPa.
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The fibrous elements may be present 1n the fibrous structure at any suitable range, such as
from 1% to about 98% and/or from about 5% to about 90% and/or from about 10% to about 80%
by weight. For example, a fibrous structure may comprise from about 1% to about 98% and/or
from about 5% to about 90% and/or from about 10% to about 80% by weight of a first fibrous
element 12, from about 1% to about 98% and/or from about 5% to about 90% and/or from about
10% to about 80% by weight of a second fibrous element 14 and from about 1% to about 98% of
a third fibrous element.

In one example, a fibrous structure in accordance with the present invention comprises
from about 25% to about 80% by weight a second fibrous element 14 and from about 0.5% to
about 50% by weight of a third fibrous element and the remaining balance ot a first fibrous
clement 12,

In another example, a fibrous structure in accordance with the present invention
comprises greater than 30% to about 80% by weight of a first fibrous element 12, from about 1%
to less than 30% by weight of a second fibrous element 14 and from about 0.5% to about 10% by
welght of a third fibrous element.

In yet another example, a fibrous structure in accordance with the present invention
comprises from about 0.5% to about 10% by weight of a first fibrous element 12, from about
30% to about 80% by weight of a second fibrous element 14 and from about 10% to about 50%
of a third fibrous element.

The fibrous elements may be associated together to form a fibrous structure 1n any
suitable manner. In one example, the fibrous elements may be associated 1n a pattern such that
the fibrous structure exhibits a non-uniform basis weight. For example, as shown 1n Fig. 4,
discrete deposits and/or a discontinuous or continuous network 18, a portion of which 1s shown 1n
Fig. 4, of a mixture of second and third fibrous elements 14, 16 may be associated, such as by
deposition, with a surface of a filament web 20 comprising a plurality of first fibrous elements 12
such that the mixture of second and third fibrous elements 14, 16 results 1in a fibrous structure 10
comprising a pattern. The pattern may be random or non-random and/or repeating or non-
repeating,.

Methods for Making Fibrous Structures

Figure 5 illustrates one example of a method for making fibrous structures of the present
invention. As shown 1n Fig. 5, the method 22 for making a fibrous structure 10 comprises the
step of associating a plurality of first fibrous elements 12 produced tfrom a first source 13, such as
a meltblow die, a plurality of second fibrous elements 14 different from the first fibrous elements

12 produced from a second source 15, such as a hammermill and former for delivering pulp
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fibers, and a plurality of third fibrous elements 16 different from the first and second fibrous
elements 12, 14 produced from a third source 17, such as a meltblow die. Any of the fibrous
clements 12, 14, 16 may be 1n the form of a fibrous structure (web) or as individual fibrous
clements.

After forming the fibrous structure 10, the fibrous structure 10 may be subjected to
various post-processing operations such as thermal bonding, embossing, surface treating,
perforating, tuft generating process, folding, printing and other post-processing operations known
to those skilled 1n the art.

As shown 1n ig. 6, a fibrous structure of the present invention may be made by a method
24 comprising the steps of associating a plurality of second and third fibrous elements 14, 16
different from one another produced from a second and third source 15, 17, respectively, to form
a web 26; and associating a plurality of first fibrous elements 12 different from the second and
third fibrous elements 14, 16 produced from a first source 13 with the web 26 such that a fibrous
structure 10 according to the present invention 1s formed.

In another example as shown 1n IF1g. 7, a fibrous structure of the present invention may be
made by first forming a web 20 comprising a plurality of fibrous elements, 1n this case, a
plurality of first fibrous elements 12 (e.g, filaments) produced from a source 13, such as a
meltblow die. Next, a mixture of fibrous elements, 1n this case a plurality of second and third
fibrous elements 14, 16 (e.g., fibers), from sources 15 and 17, are associated as discrete deposits
28 on a surface 30 of the web 20 to produce a fibrous structure 1n accordance with the present
invention,

Nonlimiting Examples of Fibrous Structures

a. I'ibrous Structure comprising Starch Filaments/Wood Pulp Fibers/Thermoplastic Fibers

A melt composition comprising 10% Mowiol 10-98 commercially available from Kuraray
Co. (polyvinyl alcohol), 39.25% Ethylex 2035 commercially available from Tate & Lyle (starch
derivative), 39.25% Eclhipse G commercially available from Tate & Lyle (starch), 0.7% (C-12
quaternary ammonium compound commercially available from Degussa, 6.9% Urea glyoxal
adduct crosslinking agent, 3.9% Ammonium Chloride available from Aldrich 1s prepared. The
melt composition 1s cooked and extruded from a co-rotating twin screw extruder at approx 50%
solids (50% H,0).

The melt composition 1s then pumped to a meltblown spinnerette and attenuated with a

160°F saturated air stream to form non-thermoplastic, non-cellulose-containing, biodegradable

filaments. The filaments are then dried by convection drying before being deposited on a



CA 02694079 2010-01-18
WO 2009/010942 PCT/IB2008/052891

20

forming belt to form a filament web. These meltblown filaments are essentially continuous
filaments.

Wood pulp fibers (non-thermoplastic, biodegradable fibers), Southern Softwood Kraft
available as roll comminution pulp, 1s disintegrated by a hammermill and conveyed to an airlaid
former via a blower.

Thermoplastic fibers (non-biodegradable, polypropylene/polyethylene bicomponent
fibers) are metered 1into the wood pulp fiber stream prior to the same blower described above.
This mixed fiber stream 1s then laid down on a surface of the previously formed filament web.
The arrlaid forming system used 1n this example 1s manufactured by Danweb of Aarhus,
Denmark. The resulting fibrous structure 1s then thermally bonded with a patterned bonding roll
to produce a fibrous structure according to the present invention.

b. Fibrous Structures comprising Starch Filaments, Wood Pulp Fibers/Thermoplastic Fibers

A fibrous structure 1s made according to Example a. above, except that polylactic acid
fibers (thermoplastic, biodegradable fibers) are used 1n place of polypropylene/polyethylene
bicomponent fibers (thermoplastic, non-biodegradable fibers).

¢. Iibrous Structures comprising Starch Filaments/Wood Pulp Fibers/Thermoplastic Filaments

A fibrous structure 1s made according to Example a. above, except that
polypropylene/polyethylene bicomponent thermoplastic fibers (thermoplastic, non-biodegradable
fibers) are replaced with polypropylene thermoplastic filaments (thermoplastic, non-
biodegradable filaments). The polypropylene thermoplastic filaments are meltblown and/or
spunbonded and combined with wood pulp fibers to form a mixture of polypropylene filaments
and wood pulp fibers. The mixture of polypropylene filaments and wood pulp fibers are
associated with the starch filament web to form a fibrous structure. The resulting fibrous
structure 1s then thermally bonded with a patterned bonding roll to produce a fibrous structure
according to the present invention,

d. Fibrous Structures comprising Starch Filaments/Starch Fibers/Thermoplastic Fibers

A fibrous structure 1s made according to Example a. above, except that the wood pulp
fibers (non-thermoplastic, biodegradable fibers) are replaced with starch fibers (non-cellulose-
containing, non-thermoplastic, biodegradable fibers).

¢. DMibrous Structures comprising Polyvinyl alcohol Filaments/Wood Pulp Fibers/Thermoplastic

Fibers

A fibrous structure 1s made according to Example a. above, except that the non-cellulose-
containing, non-thermoplastic, biodegradable filaments are replaced with polyvinyl alcohol

filaments (non-cellulose-containing, non-thermoplastic, biodegradable filaments).
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f. Fibrous Structures comprising Starch Filaments/Cellulose Filaments/Thermoplastic Filaments

A fibrous structure 1s made according to Example c¢. above, except that the wood pulp
fibers (non-thermoplastic, biodegradable fibers) have been replaced with cellulose filaments
(non-thermoplastic, biodegradable filaments), for example a pre-formed rayon web. The non-
cellulose-containing, non-thermoplastic, biodegradable filaments can be deposited on the
cellulose filament web and then the thermoplastic filaments (polypropylene filaments) can be
deposited on the non-cellulose-containing, non-thermoplastic, biodegradable filaments.

g. Dibrous Structures comprising Starch Fibers/Wood Pulp Fibers/Thermoplastic Fibers

A fibrous structure 1s made according to Example a. above, except that the non-cellulose-
containing, non-thermoplastic, biodegradable filaments are replaced with non-cellulose-
containing, non-thermoplastic, biodegradable fibers. Wood pulp 1s disintegrated with a
hammermill to produce wood pulp fibers (non-thermoplastic, biodegradable fibers). The wood
pulp fibers are conveyed to an airlaid former via a blower. A muxture of non-cellulose-
containing,  non-thermoplastic,  biodegradable  fibers and  thermoplastic  fibers
(polypropylene/polyethylene bicomponent fibers) are metered into the wood pulp fiber stream
prior to the same blower described above. This mixed fiber stream 1s deposited on a forming belt
to produce a fibrous structure. The resulting fibrous structure 1s then thermally bonded with a

patterned bonding roll to produce a fibrous structure according to the present invention.

Test Methods

Unless otherwise specitied, all tests described herein including those described under the

Definitions section and the following test methods are conducted on samples that have been

conditioned in a conditioned room at a temperature of 73°F £ 4°F (about 23°C *= 2.2°C) and a

relative humudity of 50% = 10% for 2 hours prior to the test. All tests are conducted 1n such

conditioned room.
Basis Weight Test Method

Basis weight of a fibrous structure sample 1s measured by preparing five samples of a
certain area (m-) and welghing each sample of the fibrous structure on a top loading balance with
a minimum resolution of 0.01 g. The top loading balance is protected from air drafts and other
disturbances using a draft shield. Weights are recorded when the readings on the top loading
balance become constant. The average weight (g) ot the samples 1s calculated and the average
area (m°) is calculated. The basis weight (g/mz) 1s calculated by dividing the average weight (g)

by the average area (m-) of the five samples.

Horizontal Full Sheet (HES) Test Method
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The Horizontal Full Sheet (HES) test method determines the amount of distilled water
absorbed and retained by a fibrous structure of the present invention. This method 1s performed
by first weighing a sample of the fibrous structure to be tested (reterred to herein as the "dry
welght of the sample”), then thoroughly wetting the sample, draining the wetted sample 1n a
horizontal position and then reweighing (referred to herein as “wet weight of the sample”). The
absorptive capacity of the sample 1s then computed as the amount of water retained in units of
grams of water absorbed by the sample. When evaluating different fibrous structure samples, the
same size of fibrous structure 1s used tor all samples tested.

The apparatus for determuning the HEFS capacity of fibrous structures comprises the
following:

1) An electronic balance with a sensitivity of at least £0.01 grams and a minimum
capacity of 1200 grams. The balance should be positioned on a balance table and slab to
minimize the vibration effects of floor/benchtop weighing. The balance should also have a
special balance pan to be able to handle the size of the sample tested (1.e.; a fibrous structure
sample of about 11 1n. (27.9 cm) by 11 1n. (27.9 cm)). The balance pan can be made out of a
variety of materials. Plexiglass 1s a common material used.

2) A sample support rack (Iig. 8) and sample support rack cover (Fig. 9) 1s also required.
Both the rack and cover are comprised of a lightweight metal frame, strung with 0.012 1n. (0.305
cm) diameter monofilament so as to form a grid as shown 1n Fig. 8. The size of the support rack
and cover 1s such that the sample size can be conveniently placed between the two.

The HES test 1s performed 1n an environment maintained at 23+ 1° C and 50+ 2% relative
humidity. A water reservoir or tub 1s filled with distilled water at 23+ 1 ° C to a depth of 3 inches
(7.6 cm).

Eight samples of a fibrous structure to be tested are caretully weighed on the balance to
the nearest 0.01 grams. The dry weight of each sample 1s reported to the nearest 0.01 grams. The
empty sample support rack 1s placed on the balance with the special balance pan described above.
The balance 1s then zeroed (tared). One sample 1s carefully placed on the sample support rack.
The support rack cover 1s placed on top of the support rack. The sample (now sandwiched
between the rack and cover) 1s submerged in the water reservoir, After the sample 1s submerged
tor 60 seconds, the sample support rack and cover are gently raised out of the reservorr,

The sample, support rack and cover are allowed to drain horizontally for 120+5 seconds,
taking care not to excessively shake or vibrate the sample. While the sample 1s draining, the rack

cover 18 carefully removed and all excess water 1s wiped from the support rack. The wet sample
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and the support rack are weighed on the previously tared balance. The weight 1s recorded to the
nearest 0.01g. This 1s the wet weight of the sample.

The gram per fibrous structure sample absorptive capacity of the sample 1s defined as
(wet weight of the sample - dry weight of the sample). The horizontal absorbent capacity (HAC)
1s defined as: absorbent capacity = (wet weight ot the sample - dry weight of the sample) / (dry
welght of the sample) and has a unit of gram/gram.
Vertical Full Sheet (VES) Test Method

The Vertical Full Sheet (VES) test method determines the amount of distilled water

absorbed and retained by a fibrous structure of the present invention. This method 1s performed
by first weighing a sample of the fibrous structure to be tested (reterred to herein as the "dry
welght of the sample”), then thoroughly wetting the sample, draining the wetted sample 1n a
vertical position and then reweighing (referred to herein as “wet weight of the sample”). The
absorptive capacity of the sample 1s then computed as the amount of water retained in units of
grams of water absorbed by the sample. When evaluating different fibrous structure samples, the
same size of fibrous structure 1s used tor all samples tested.

The apparatus for determining the VES capacity of fibrous structures comprises the
tollowing:

1) An electronic balance with a sensitivity of at least £0.01 grams and a mimimum
capacity ot 1200 grams. The balance should be positioned on a balance table and slab to
minimize the vibration effects of floor/benchtop weighing. The balance should also have a
special balance pan to be able to handle the size of the sample tested (1.e.; a fibrous structure
sample of about 11 1n. (27.9 cm) by 11 1n. (27.9 ¢cm)). The balance pan can be made out of a
variety of materials. Plexiglass 1s a common material used.

2) A sample support rack (I'1g. 8) and sample support rack cover (Fig. 9) 1s also required.
Both the rack and cover are comprised of a lightweight metal frame, strung with 0.012 1n. (0.305
cm) diameter monofilament so as to form a grid as shown 1n IFig. 8. 'The size of the support rack
and cover 1s such that the sample size can be conveniently placed between the two.

The VIS test 1s performed in an environment maintained at 23+ 1° C and 50+ 2% relative
humidity. A water reservoir or tub 1s filled with distilled water at 23+ 1 ° C to a depth of 3 inches
(7.6 cm).

Eight 19.05 ¢cm (7.5 inch) x 19.05 ¢m (7.5 inch) to 27.94 ¢cm (11 inch) x 27.94 ¢cm (11
inch) samples of a fibrous structure to be tested are carefully weighed on the balance to the
nearest 0.01 grams. The dry weight of each sample 1s reported to the nearest 0.01 grams. The

empty sample support rack 1s placed on the balance with the special balance pan described above.
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The balance is then zeroed (tared). One sample is carefully placed on the sample support rack.
The support rack cover is placed on top of the support rack. The sample (now sandwiched
between the rack and cover) is submerged in the water reservoir. After the sample ts submerged
for 60 seconds, the sample support rack and cover are gently raised out of the reservorr.

The sample, support rack and cover are allowed to drain vertically for 605 seconds,
taking care not to excessively shake or vibrate the sample. While the sample is draining, the rack
cover is carefully removed and all excess water is wiped from the support rack. The wet sample
and the support rack are weighed on the previously tared balance. The weight is recorded to the
nearest 0.01g. This is the wet weight of the sample.

The procedure is repeated for with another sample of the fibrous structure, however, the

sample is positioned on the support rack such that the sample is rotated 90° compared to the

position of the first sample on the support rack.

The gram per fibrous structure sample absorptive capacity of the sample i1s defined as
(wet weight of the sample - dry weight of the sample). The calculated VES is the average of the
absomptive capacities of the two samples of the fibrous structure.
Average Diameter Test Method

A fibrous structure comprising fibrous elements i1s cut into a rectangular shape,
approximately 20 mun by 35 mm. The sample is then coated using a SEM sputter coater (EMS
Inc, PA, USA) with gold so as to make the fibrous elements relatively opaque. Typical coating
thickness is between 50 and 250 nm. The sample is then mounted between two standard
microscope slides and compressed together using small binder clips. The sample is imaged using

™
a 10X objective on an Olympus BHS microscope with the microscope light-collimating lens

™
moved as far from the objective lens as possible. Images are captured using a Nikon D1 digital

camera, A Glass microscope micrometer is used to calibrate the spatial distances of the images.
The approximate resolution of the images is 1 pm/pixel. Images will typically show a distinct
bimodal distribution in the intensity histogram corresponding to the fibrous elements and the
background. Camera adjustments or different basis weights are used to achieve an acceptable

bimodal distribution. Typically 10 images per sample are taken and the image analysis results

averaged.

The images are analyzed in a similar manner to that described by B. Pourdeyhimu, R. and
R. Dent in “Measuring fiber diameter distribution in nonwovens” (Textile Res. J. 69(4) 233-236,
1999). Digital images are analyzed by computer using the MATLAEM(VerSion. 6.3) and the
l\/lz'f\’I‘LAﬁM Image Processing Tool Box (Version 3). The image is first converted into a

grayscale. The image is then binarized into black and white pixels using a threshold value that
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minimizes the intraclass variance of the thresholded black and white pixels. Once the image has
been binarized, the image is skeltonized to locate the center of each fibrous element in the image.
The distance transform of the binarized image is also computed. The scalar product of the
skeltonized image and the distance map provides an image whose pixel intensity is either zero or
the radius of the fibrous element at that location. Pixels within one radius of the junction
between two overlapping fibrous elements are not counted if the distance they represent is
smaller than the radius of the junction. The remaining pixels are then used to compute a length-
weighted histogram of fibrous elements diameters contained in the image.

The dimensions and values disclosed herein are not to be understood as being strictly
limited to the exact numerical values recited. Instead, unless otherwise specified, each such
dimension is intended to mean both the recited value and a functionally équivalem range

surrounding that value. For example, a dimension disclosed as “40 mm” is intended to mean

“about 40 mm.”
All documents cited in the Detailed Description of the Invention are
not to be construed as an
admission that it is prior art with respect to the present invention. To the extent that any meaning
or definition of a term in this document conflicts with any meaning or definition of the same term

in a document cited herein, the meaning or definition assigned to that term in this

document shall govern.



CA 02694079 2013-07-23

26

Claims:

1. A fibrous structure comprising:

a. a non-thermoplastic, first fibrous element, wherein the first fibrous element
exhibits a length of 7.62 cm or greater and a length to average diameter ratio of greater
than 2000;

b. a second fibrous element different from the first fibrous element, wherein the

second fibrous element exhibits a length of less than 5.08 cm; and

¢. a third fibrous element different from the first and second fibrous elements.

2. The fibrous structure according to Claim 1 wherein the first fibrous element

comprises a biodegradable polymer.

3. The fibrous structure according to Claim 2 wherein the biodegradable polymer

comprises a hydroxyl polymer.

4, The fibrous structure according to Claim 3 wherein the hydroxyl polymer 1is
polyvinyl alcohol, polyvinyl alcohol derivatives, cellulose, cellulose derivatives, proteins,

starch, starch derivatives, chitosan, chitosan derivatives, hemicellulose, hemicellulose

denivatives or mixtures thereof.

5. The fibrous structure according to Claim 3 wherein the hydroxyl polymer exhibits

a weight average molecular weight of greater than about 10,000 g/mol.

0. The fibrous structure according to any one of Claims 1 to § wheremn the first

fibrous element exhibits an average diameter of less than 25 pm.

7. The fibrous structure according to any one of Claims 1 to 6 wherein the second

fibrous element comprises a biodegradable polymer.
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8. The fibrous structure according to any one of Claims 1 to 7 wherein the second
fibrous element comprises a pulp fiber.
9. The fibrous element according to any one of Claims 1 to 8 wherein the third

fibrous element comprises a non-biodegradable polymer.

10.  The fibrous structure according to Claim 9 wherein the non-biodegradable

polymer is polypropylene, polyethylene, polyesters, copolymers thereof or mixtures

thereof.

11.  The fibrous element according to any one of Claims 1 to 10 wherein the third

fibrous element comprises a biodegradable polymer.

12.  The fibrous structure according to Claim 11 wherein the biodegradable polymer 1s
polylactic acid, polyhydroxyalkanoate, polycaprolactone, polyesteramides, copolymers
thereof, polyvinyl alcohol, polyvinyl alcohol derivatives, cellulose, cellulose derivatives,
proteins, starch, starch denvatives, chitosan, chitosan derivatives, hemicellulose,

hemicellulose derivatives or mixtures thereof.

13.  The fibrous structure according to any one of Claims 1 to 12 wherein the second

fibrous element comprises a non-thermoplastic polymer.

14. The fibrous structure according to any one of Claims 1 to 13 wherein the third

fibrous element comprises a thermoplastic polymer.

15. A fibrous structure comprising:
a. a first fibrous element comprising a random mixture of polymers wherein at

least one of the polymers is a biodegradable polymer, wherein the first fibrous element
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exhibits a length of 7.62 cm or greater and a length to average diameter ratio of greater
than 2000;

b. a second fibrous element different from the first fibrous element, wherein the
second fibrous element exhibits a length of less than 5.08 ¢cm; and

c. a third fibrous element different from the first and second fibrous elements.

16.  The fibrous structure according to Claim 15 wherein the biodegradable polymer

comprises a hydroxyl polymer.

17. A fibrous structure comprising:
a. a non-thermoplastic, non-cellulose-containing first fibrous element comprnising
a starch filament that exhibits a length of 7.62 cm or greater;

b. a second fibrous element different from the first fibrous element, wherein the

second fibrous element exhibits a length of less than 5.08 ¢cm; and

c. a third fibrous element different from the first and second fibrous elements.

18.  The fibrous structure according to Claim 17 wherein the first fibrous element

comprises a hydroxyl polymer.

19.  The fibrous structure according to Claim 17 wherein the first fibrous element

comprises a random mixture of polymers wherein at least one of the polymers 1s a

biodegradable polymer.

20. A unitary fibrous structure comprising three or more different fibrous elements
wherein the fibrous structure exhibits differential basis weight; wherein at least one of the
fibrous elements comprises a filament comprising a hydroxyl polymer that exhibits a

length of 7.62 c¢cm or greater, wherein at least one of the fibrous elements consisting

essentially of a polymer is polyvinyl alcohol, polyvinyl alcohol derivatives, cellulose,
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cellulose derivatives, proteins, chitosan, chitosan dernvatives, hemicellulose,

hemicellulose derivatives or mixtures thereof.
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Fig. 1
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Fig. 5
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Fig. 6
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