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FIBROUS STRUCTURES COMPRISING PARTICLES AND
METHODS FOR MAKING SAME

FIELD OF THE INVENTION
The present invention relates to fibrous structures, more particularly to fibrous structures

comprising one or more particles, and methods for making same.

BACKGROUND OF THE INVENTION

Fibrous structures comprising particles are known in the art. For example, as shown in Fig.
1, a water-insoluble polypropylene filament-containing fibrous structure 10 comprising
polypropylene filaments 12 and pulp fibers 14 isknown in the art. In addition, as shown in Fig. 2, a
water-insoluble starch filament-containing fibrous structure 16 comprising crosslinked, water-
insoluble starch filaments 18 and pulp fibers 14 is known in the art. Further, as shown in Fig. 3, a
water-insoluble starch filament-containing fibrous structure 16 comprising crosslinked, water-
insoluble starch filaments 18 and water-insoluble particles 20 such as surfactant-coated polyolefin
particles, surfactant-coated polyester particles and/or an aluminum silicate particles is aso known.
Further yet, Fig. 4 illustrates a fibrous structure 22 comprising water-insoluble thermoplastic
polymer filaments 24 and water-insoluble organic and/or mineral particles 26.

However, consumers still desire new and improved fibrous structures comprising fibrous
elements, such as filaments, for example water-soluble filaments and/or fibrous elements that
comprise one or more active agents, and particles, such as active agent-containing particles, for
example water-soluble, active agent-containing particles and/or water-insoluble particles.

The problem faced by formulators of fibrous structures is that consumers of fibrous
structures desire more and different performance and/or properties from fibrous structures, especialy
fibrous structures that comprise particles.

In light of the foregoing, it is clear that there is a need for new fibrous structures that meet

consumers expectations in various applications.

SUMMARY OF THE INVENTION
The present invention fulfills the need described above by providing novel fibrous structures

comprising particles.
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In one example of the present invention, a fibrous structure comprising aplurality of fibrous
elements and one or more water-soluble, active agent-containing particles, i s provided.

In another example of the present invention, a fibrous structure comprising a plurality of
fibrous elements comprising one or more active agents that are releasable from the fibrous element
when exposed to conditions of intended use and one or more active agent-containing particles, is
provided.

In still another example of the present invention, afibrous structure comprising aplurality of
fibrous elements comprising one or more active agents that are releasable from the fibrous element
when exposed to conditions of intended use and one or more water-soluble, active agent-containing
particles, is provided.

In yet another example of the present invention, afibrous structure comprising a plurality of
water-soluble fibrous elements and one or more active agent-containing particles, isprovided.

In even still yet another example of the present invention, a fibrous structure comprising a
plurality of fibrous elements comprising one or more active agents that are releasable from the
fibrous element when exposed to conditions of intended use and one or more particles, is provided.

In even another example of the present invention, a method for making a fibrous structure,
the method comprising the steps of:

a. providing a fibrous element-forming composition comprising one or more filament-
forming materials,

b. spinning the fibrous element-forming composition into one or more fibrous elements,

c. providing one or more active agent-containing particles;

d. associating the one or more active agent-containing particles with the one or more fibrous
elements to form afibrous structure, is provided.

Accordingly, the present invention provides fibrous structures comprising particles and

methods for making such fibrous structures.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1is a schematic representation of a prior art water-insoluble polypropylene filament-
containing fibrous structure comprising pulp fibers;
Fig. 2 isaschematic representation of aprior art crosslinked, water-insoluble starch filament-

containing fibrous structure comprising pulp fibers;
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Fig. 3isaschematic representation of aprior art crossiinked, water-insoluble starch filament-
containing fibrous structure comprising water-insoluble particles;

Fig. 4 is a schematic representation of a prior art water-insoluble thermoplastic polymer
filament-containing fibrous structure comprising water-insoluble organic and/or mineral particles;

Fig. 5isa scanning electron microscope photograph of a cross-sectional view of an example
of afibrous structure according to the present invention;

Fig. 6 is a schematic representation of a cross-sectional view of another example of afibrous
structure according to the present invention;

Fig. 7 is a schematic representation of a cross-sectional view of another example of afibrous
structure according to the present invention;

Fig. 8 is a scanning electron microscope photograph of a cross-sectional view of another
example of afibrous structure according to the present invention;

Fig. 9 is a schematic representation of an example of a process for making fibrous elements
of the present invention;

Fig. 10 is a schematic representation of an example of a die with a magnified view used in
the process of Fig. 9;

Fig. 11 is a schematic representation of an example of a process for making a fibrous
structure according to the present invention;

Fig. 12 is a schematic representation of another example of a process for making a fibrous
structure according to the present invention;

Fig. 13 is a schematic representation of another example of a process for making a fibrous
structure according to the present invention;

Fig. 14 is a representative image of an example of a patterned belt useful in the present
invention;

Fig. 15 is a schematic representation of an example of a setup of equipment used in
measuring dissolution according to the present invention;

Fig. 16 is a schematic representation of Fig. 15 with during the operation of the dissolution
test; and

Fig. 17 is a schematic representation of atop view of Fig. 16.

DETAILED DESCRIPTION OF THE INVENTION

Definitions



10

15

20

25

30

WO 2013/103630 PCT/US2013/020010

"Fibrous structure” as used herein means a structure that comprises one or more fibrous
elements and one or more particles. In one example, a fibrous structure according to the present
invention means an association of fibrous elements and particles that together form a structure, such
as aunitary structure, capable of performing afunction.

The fibrous structures of the present invention may be homogeneous or may be layered. If
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, for example one or more fibrous element layers, one or more particle
layers and/or one or more fibrous element/particle mixture layer.

In one example, the fibrous structure is a multi-ply fibrous structure that exhibits a basis
weight of less than 5000 g/m* as measured according to the Basis Weight Test Method described
herein.

In one example, the fibrous structure of the present invention is a"unitary fibrous structure.”

"Unitary fibrous structure” as used herein is an arrangement comprising a one or more
particles and aplurality 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 of
the present invention may be one or more plies within amulti-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, aunitary fibrous structure of the present invention may comprise two
different fibrous elements, for example a co-formed fibrous structure, upon which adifferent fibrous
element is deposited to form afibrous structure comprising three or more different fibrous elements.

"Fibrous element” as used herein means an elongate particulate having a length greatly
exceeding its average diameter, i.e. alength to average diameter ratio of at least about 10. A fibrous
element may be afilament or afiber. In one example, the fibrous element is a single fibrous element
rather than ayarn comprising aplurality of fibrous elements.

The fibrous elements of the present invention may be spun from a filament-forming
compositions also referred to as fibrous element-forming compositions via suitable spinning process
operations, such as meltblowing, spunbonding, electro-spinning, and/or rotary spinning.

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 in any form, such as side-by-side, core
and sheath, islands-in-the-sea and the like.



10

15

20

25

30

WO 2013/103630 PCT/US2013/020010

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

Filaments are typically considered continuous or substantially continuous in nature.
Filaments are relatively longer than fibers. Non-limiting examples of filaments include meltblown
and/or spunbond filaments. Non-limiting examples of polymers that can be spun into 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, polyesteramide filaments and
polycaprolactone filaments.

"Fiber" asused herein means an elongate particulate as described above that exhibits alength
of less than 5.08 cm (2 in.) and/or less than 3.81 cm (1.5 in.) and/or less than 2.54 cm (1in.).

Fibers are typicaly considered discontinuous in nature. Non-limiting examples of fibers
include staple fibers produced by spinning a filament or filament tow of the present invention and
then cutting the filament or filament tow into segments of less than 5.08 cm (2 in.) thus producing
fibers.

In one example, one or more fibers may be formed from afilament of the present invention,
such as when the filaments are cut to shorter lengths (such as less than 5.08 cm in length). Thus, in
one example, the present invention also includes a fiber made from a filament of the present
invention, such as a fiber comprising one or more filament-forming materials and one or more
additives, such as active agents. Therefore, references to filament and/or filaments of the present
invention herein aso include fibers made from such filament and/or filaments unless otherwise
noted. Fibers are typically considered discontinuous in nature relative to filaments, which are
considered continuous in nature.

"Filament-forming composition" and/or "fibrous element-forming composition" as used
herein means a composition that is suitable for making a fibrous element of the present invention
such as by meltblowing and/or spunbonding. The filament-forming composition comprises one or
more filament-forming materials that exhibit properties that make them suitable for spinning into a
fibrous element. In one example, the filament-forming material comprises apolymer. In addition to

one or more filament-forming materials, the filament-forming composition may comprise one or
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more additives, for example one or more active agents. In addition, the filament-forming
composition may comprise one or more polar solvents, such as water, into which one or more, for
example all, of the filament-forming materials and/or one or more, for example al, of the active
agents are dissolved and/or dispersed prior to spinning afibrous element, such as afilament from the
filament-forming composition.

In one example as shown in Fig. 5, a filament 16 of the present invention made from a
filament-forming composition of the present invention is such that one or more additives 18, for
example one or more active agents, may be present in the filament rather than on the filament, such
as a coating composition comprising one or more active agents, which may be the same or different
from the active agents in the fibrous elements and/or particles. The total level of filament-forming
materials and total level of active agents present in the filament-forming composition may be any
suitable amount so long as the fibrous elements of the present invention are produced therefrom.

In one example, one or more additives, such as active agents, may be present in the fibrous
element and one or more additional additives, such as active agents, may be present on a surface of
the fibrous element. In another example, a fibrous element of the present invention may comprise
one or more additives, such as active agents, that are present in the fibrous element when originally
made, but then bloom to a surface of the fibrous element prior to and/or when exposed to conditions
of intended use of the fibrous element.

"Filament-forming material" as used herein means a material, such as a polymer or
monomers capable of producing a polymer that exhibits properties suitable for making a fibrous
element. In one example, the filament-forming material comprises one or more substituted
polymers such as an anionic, cationic, zwitterionic, and/or nonionic polymer. In another example,
the polymer may comprise a hydroxyl polymer, such as a polyvinyl alcohol ("PVOH"), a partialy
hydrolyzed polyvinyl acetate and/or a polysaccharide, such as starch and/or a starch derivative, such
as an ethoxylated starch and/or acid-thinned starch, carboxymethylcellulose, hydroxypropyl
cellulose, hydroxyethyl cellulose. In another example, the polymer may comprise polyethylenes
and/or terephthalates. In yet another example, the filament-forming material is a polar solvent-
soluble material.

"Particle” as used herein means a solid additive, such as a powder, granule, encapsulate,
microcapsule, and/or prill. In one example, the particle exhibits a median particle size of 1600 pin
or less as measured according to the Median Particle Size Test Method described herein. In another

example, the particle exhibits a median particle size of from about 1 pn to about 1600 pun and/or
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from about 1 pin to about 800 pin and/or from about 5 pin to about 500 win and/or from about 10
pin to about 300 pin and/or from about 10 win to about 100 win and/or from about 10 pin to about 50
pin and/or from about 10 pun to about 30 pin as measured according to the Median Particle Size Test
Method described herein. The shape of the particle can be in the form of spheres, rods, plates, tubes,
squares, rectangles, discs, stars, fibers or have regular or irregular random forms.

"Active agent-containing particle’ as used herein means a solid additive comprising one or
more active agents. In one example, the active agent-containing particle is an active agent in the
form of a particle (in other words, the particle comprises 100% active agent(s)). The active agent-
containing particle may exhibit a median particle size of 1600 pin or less as measured according to
the Median Particle Size Test Method described herein. In another example, the active agent-
containing particle exhibits amedian particle size of from about 1 pin to about 1600 pin and/or from
about 1 puin to about 800 puin and/or from about 5 pin to about 500 pin and/or from about 10 win to
about 300 pun and/or from about 10 un to about 100 pun and/or from about 10 pin to about 50 pin
and/or from about 10 pin to about 30 wn as measured according to the Median Particle Size Test
Method described herein. In one example, one or more of the active agents is in the form of a
particle that exhibits a median particle size of 20 pun or less as measured according to the Median
Particle Size Test Method described herein.

In one example of the present invention, the fibrous structure comprises a plurality of
particles, for example active agent-containing particles, and a plurality of fibrous elements in a
weight ratio of particles, for example active agent-containing particles, to fibrous elements of 1:100
or greater and/or 1:50 or greater and/or 1:10 or greater and/or 1:3 or greater and/or 1.2 or greater
and/or 1:1 or greater and/or from about 7:1 to about 1:100 and/or from about 7:1 to about 1:50
and/or from about 7:1 to about 1:10 and/or from about 7:1 to about 1:3 and/or from about 6:1 to 1:2
and/or from about 5:1 to about 1:1 and/or from about 4:1 to about 1:1 and/or from about 3:1 to about
151

In another example of the present invention, the fibrous structure comprises a plurality of
particles, for example active agent-containing particles, and a plurality of fibrous elements in a
weight ratio of particles, for example active agent-containing particles, to fibrous elements of from
about 7:1 to about 1:1 and/or from about 7:1 to about 1.5:1 and/or from about 7:1 to about 3:1 and/or
from about 6:1to about 3:1.

In yet another example of the present invention, the fibrous structure comprises aplurality of

particles, for example active agent-containing particles, and a plurality of fibrous elements in a
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weight ratio of particles, for example active agent-containing particles, to fibrous elements of from
about 1:1 to about 1:100 and/or from about 1:2 to about 1:50 and/or from about 1:3 to about 1:50
and/or from about 1:3 to about 1:10.

In another example, the fibrous structure of the present invention comprises a plurality of
particles, for example active agent-containing particles, at a basis weight of greater than 1 g/m?
and/or greater than 10 g/m? and/or greater than 20 g/m? and/or greater than 30 g/m? and/or greater
than 40 g/m? and/or from about 1 g/m? to about 5000 g/m? and/or to about 3500 g/m? and/or to about
2000 g/m? and/or from about 1 g/m? to about 1000 g/m? and/or from about 10 g/m? to about 400
g/m? and/or from about 20 g/m? to about 300 g/m? and/or from about 30 g/m? to about 200 g/m?
and/or from about 40 g/m? to about 100 g/m? as measured by the Basis Weight Test Method
described herein.

In another example, the fibrous structure of the present invention comprises a plurality of
fibrous elements at a basis weight of greater than 1 g/m? and/or greater than 10 g/m? and/or greater
than 20 g/m? and/or greater than 30 g/m? and/or greater than 40 g/m? and/or from about 1 g/m? to
about 3000 g/m? and/or from about 10 g/m? to about 5000 g/m? and/or to about 3000 g/m? and/or to
about 2000 g/m? and/or from about 20 g/m? to about 2000 g/m? and/or from about 30 g/m? to about
1000 g/m? and/or from about 30 g/m? to about 500 g/m? and/or from about 30 g/m? to about 300
g/m? and/or from about 40 g/m? to about 100 g/m? and/or from about 40 g/m? to about 80 g/m? as
measured by the Basis Weight Test Method described herein. In one example, the fibrous structure
comprises two or more layers wherein fibrous elements are present in at least one of the layers a a
basis weight of from about 1 g/m? to about 300 g/m?.

"Additive" as used herein means any material present in the fibrous element of the present
invention that is not a filament-forming material. In one example, an additive comprises an active
agent. In another example, an additive comprises a processing aid. In still another example, an
additive comprises afiller. In one example, an additive comprises any material present in the fibrous
element that its absence from the fibrous element would not result in the fibrous element losing its
fibrous element structure, in other words, its absence does not result in the fibrous element losing its
solid form. In another example, an additive, for example an active agent, comprises a non-polymer
material.

In another example, an additive may comprise a plasticizer for the fibrous element. Non-
limiting examples of suitable plasticizers for the present invention include polyols, copolyoals,

polycarboxylic acids, polyesters and dimethicone copolyols. Examples of useful polyols include,
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but are not limited to, glycerin, diglycerin, propylene glycol, ethylene glycol, butylene glycol,
pentylene glycol, cyclohexane dimethanol, hexanediol, 2,2,4-trimethylpentane-l,3-diol,

polyethylene glycol (200-600), pentaerythritol, sugar alcohols such as sorbitol, manitol, lactitol and
other mono- and polyhydric low molecular weight alcohols (e.g., C2-C8 acohols); mono di- and
oligo-saccharides such as fructose, glucose, sucrose, maltose, lactose, high fructose corn syrup
solids, and dextrins, and ascorbic acid.

In one example, the plasticizer includes glycerin and/or propylene glycol and/or glycerol
derivatives such as propoxylated glycerol. In still another example, the plasticizer is selected from
the group consisting of glycerin, ethylene glycol, polyethylene glycol, propylene glycol, glycidol,
urea, sorbitol, xylitol, maltitol, sugars, ethylene bisformamide, amino acids, and mixtures thereof

In another example, an additive may comprise arheology modifier, such as a shear modifier
and/or an extensional modifier. Non-limiting examples of rheology modifiers include but not
limited to polyacrylamide, polyurethanes and polyacrylates that may be used in the fibrous elements
of the present invention. Non-limiting examples of rheology modifiers are commercially available
from The Dow Chemical Company (Midland, MI).

In yet another example, an additive may comprise one or more colors and/or dyes that are
incorporated into the fibrous elements of the present invention to provide a visual signal when the
fibrous elements are exposed to conditions of intended use and/or when an active agent is released
from the fibrous elements and/or when the fibrous element's morphology changes.

In still yet another example, an additive may comprise one or more release agents and/or
lubricants. Non-limiting examples of suitable release agents and/or lubricants include fatty acids,
fatty acid sdlts, fatty alcohols, fatty esters, sulfonated fatty acid esters, fatty amine acetates, fatty
amide, silicones, aminosilicones, fluoropolymers, and mixtures thereof. In one example, the release
agents and/or lubricants may be applied to the fibrous element, in other words, after the fibrous
element is formed. In one example, one or more release agents/lubricants may be applied to the
fibrous element prior to collecting the fibrous elements on a collection device to form a fibrous
structure. In another example, one or more release agents/lubricants may be applied to a fibrous
structure formed from the fibrous elements of the present invention prior to contacting one or more
fibrous structures, such as in a stack of fibrous structures. In yet another example, one or more
release agents/lubricants may be applied to the fibrous element of the present invention and/or
fibrous structure comprising the fibrous element prior to the fibrous element and/or fibrous structure

contacting a surface, such as a surface of equipment used in a processing system so as to facilitate



10

15

20

25

30

WO 2013/103630 PCT/US2013/020010
10

removal of the fibrous element and/or fibrous structure and/or to avoid layers of fibrous elements
and/or plies of fibrous structures of the present invention sticking to one another, even inadvertently.
In one example, the release agents/lubricants comprise particulates.

In even still yet another example, an additive may comprise one or more anti-blocking and/or
detackifying agents. Non-limiting examples of suitable anti-blocking and/or detackifying agents
include starches, starch derivatives, crosslinked polyvinylpyrrolidone, crosslinked cellulose,
microcrystaline cellulose, silica, metallic oxides, calcium carbonate, talc, mica, and mixtures
thereof.

"Conditions of intended use" as used herein means the temperature, physical, chemical,
and/or mechanical conditions that a fibrous element and/or particle and/or fibrous structure of the
present invention is exposed to when the fibrous element and/or particle and/or fibrous structure is
used for one or more of its designed purposes. For example, if a fibrous element and/or a particle
and/or afibrous structure comprising a fibrous element is designed to be used in a washing machine
for laundry care purposes, the conditions of intended use will include those temperature, chemical,
physical and/or mechanical conditions present in a washing machine, including any wash water,
during a laundry washing operation. In another example, if a fibrous element and/or a particle
and/or a fibrous structure comprising a fibrous element is designed to be used by a human as a
shampoo for hair care purposes, the conditions of intended use will include those temperature,
chemical, physical and/or mechanical conditions present during the shampooing of the human's hair.
Likewise, if a fibrous element and/or a particle and/or a fibrous structure comprising a fibrous
element is designed to be used in a dishwashing operation, by hand or by a dishwashing machine,
the conditions of intended use will include the temperature, chemical, physical and/or mechanical
conditions present in a dishwashing water and/or dishwashing machine, during the dishwashing
operation.

"Active agent” as used herein means an additive that produces an intended effect in an
environment external to a fibrous element and/or a particle and/or a fibrous structure comprising a
fibrous element of the present invention, such as when the fibrous element and/or a particle and/or
fibrous structure is exposed to conditions of intended use of the fibrous element and/or a particle
and/or afibrous structure comprising a fibrous element. In one example, an active agent comprises
an additive that treats a surface, such as a hard surface (i.e., kitchen countertops, bath tubs, toilets,
toilet bowls, sinks, floors, walls, teeth, cars, windows, mirrors, dishes) and/or a soft surface (i.e.,

fabric, hair, skin, carpet, crops, plants,). In another example, an active agent comprises an additive
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that creates a chemica reaction (i.e, foaming, fizzing, coloring, warming, cooling, lathering,
disinfecting and/or clarifying and/or chlorinating, such as in clarifying water and/or disinfecting
water and/or chlorinating water). In yet another example, an active agent comprises an additive that
treats an environment (i.e., deodorizes, purifies, perfumes air). In one example, the active agent is
formed in situ, such as during the formation of the fibrous element and/or particle containing the
active agent, for example the fibrous element and/or particle may comprise a water-soluble polymer
(e.g., starch) and a surfactant (e.g., anionic surfactant), which may create a polymer complex or
coacervate that functions as the active agent used to treat fabric surfaces.

"Treats' asused herein with respect to treating a surface means that the active agent provides
a benefit to a surface or environment. Treats includes regulating and/or immediately improving a
surface's or environment's appearance, cleanliness, smell, purity and/or feel. In one example
treating in reference to treating a keratinous tissue (for example skin and/or hair) surface means
regulating and/or immediately improving the keratinous tissue's cosmetic appearance and/or feel.
For instance, "regulating skin, hair, or nail (keratinous tissue) condition” includes: thickening of
skin, hair, or nails (e.g, building the epidermis and/or dermis and/or sub-dermal [e.g., subcutaneous
fat or muscle] layers of the skin, and where applicable the keratinous layers of the nail and hair
shaft) to reduce skin, hair, or nail atrophy, increasing the convolution of the dermal-epidermal border
(aso known as the rete ridges), preventing loss of skin or hair elasticity (loss, damage and/or
inactivation of functional skin elastin) such as elastosis, sagging, loss of skin or hair recoil from
deformation; melanin or non-melanin change in coloration to the skin, hair, or nails such as under
eye circles, blotching (e.g., uneven red coloration due to, e.g., rosaced) (hereinafter referred to as
"red blotchiness'), sallowness (pale color), discoloration caused by telangiectasia or spider vessels,
and graying hair.

In another example, treating means removing stains and/or odors from fabric articles, such as
clothes, towels, linens, and/or hard surfaces, such as countertops and/or dishware including pots and
pans.

"Fabric care active agent” as used herein means an active agent that when applied to afabric
provides a benefit and/or improvement to the fabric. Non-limiting examples of benefits and/or
improvements to a fabric include cleaning (for example by surfactants), stain removal, stain
reduction, wrinkle removal, color restoration, static control, wrinkle resistance, permanent press,

wear reduction, wear resistance, pill removal, pill resistance, soil removal, soil resistance (including
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soil release), shape retention, shrinkage reduction, softness, fragrance, anti-bacterial, anti-viral, odor
resistance, and odor removal.

"Dishwashing active agent” as used herein means an active agent that when applied to
dishware, glassware, pots, pans, utensils, and/or cooking sheets provides a benefit and/or
improvement to the dishware, glassware, plastic items, pots, pans and/or cooking sheets. Non-
limiting examples of benefits and/or improvements to the dishware, glassware, plastic items, pots,
pans, utensils, and/or cooking sheets include food and/or soil removal, cleaning (for example by
surfactants) stain removal, stain reduction, grease removal, water spot removal and/or water spot
prevention, glass and metal care, sanitization, shining, and polishing.

"Hard surface active agent” as used herein means an active agent when applied to floors,
countertops, sinks, windows, mirrors, showers, baths, and/or toilets provides a benefit and/or
improvement to the floors, countertops, sinks, windows, mirrors, showers, baths, and/or toilets.
Non-limiting examples of benefits and/or improvements to the floors, countertops, sinks, windows,
mirrors, showers, baths, and/or toilets include food and/or soil removal, cleaning (for example by
surfactants), stain removal, stain reduction, grease removal, water spot removal and/or water spot
prevention, limescale removal, disinfection, shining, polishing, and freshening.

"Weight ratio" as used herein means the ratio between two materials on their dry basis. For
example, the weight ratio of filament-forming materials to active agents within a fibrous element is
the ratio of the weight of filament-forming material on a dry weight basis (g or %) in the fibrous
element to the weight of additive, such as active agent(s) on adry weight basis (g or % - same units
as the filament-forming material weight) in the fibrous element. In another example, the weight
ratio of particles to fibrous elements within afibrous structure is the ratio of the weight of particles
on adry weight basis (g or %) in the fibrous structure to the weight of fibrous elements on a dry
weight basis (g or % - same units as the particle weight) in the fibrous structure.

"Water-soluble material” as used herein means a material that is miscible in water. In other
words, a material that is capable of forming a stable (does not separate for greater than 5 minutes
after forming the homogeneous solution) homogeneous solution with water at ambient conditions.

"Ambient conditions’ as used herein means 23°C + 1.0°C and arelative humidity of 50% +
2%.

"Weight average molecular weight" as used herein means the weight average molecular
weight as determined using gel permeation chromatography according to the protocol found in
Colloids and Surfaces A. Physico Chemical & Engineering Aspects, Vol. 162, 2000, pg. 107-121.
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"Length" as used herein, with respect to a fibrous element, means the length aong the
longest axis of the fibrous element from one terminus to the other terminus. If afibrous element has
akink, curl or curves in it, then the length is the length along the entire path of the fibrous element
from one terminus to the other terminus.

"Diameter” as used herein, with respect to a fibrous element, is measured according to the
Diameter Test Method described herein. In one example, afibrous element of the present invention
exhibits a diameter of less than 100 win and/or less than 75 un and/or less than 50 pin and/or less
than 25 win and/or less than 20 win and/or less than 15 win and/or less than 10 win and/or less than 6
win and/or greater than 1 wn and/or greater than 3 wn.

"Triggering condition” as used herein in one example means anything, as an act or event,
that serves as a stimulus and initiates or precipitates a change in the fibrous element and/or particle
and/or fibrous structure of the present invention, such as aloss or altering of the fibrous element's
and/or fibrous structure's physical structure and/or arelease of an additive, such as an active agent
therefrom. In another example, the triggering condition may be present in an environment, such as
water, when a fibrous element and/or particle and/or fibrous structure of the present invention is
added to the water. In other words, nothing changes in the water except for the fact that the fibrous
element and/or fibrous structure of the present invention is added to the water.

"Morphology changes' as used herein with respect to a fibrous element's and/or particle's
morphology changing means that the fibrous element experiences a change in its physical structure.
Non-limiting examples of morphology changes for a fibrous element and/or particle of the present
invention include dissolution, melting, swelling, shrinking, breaking into pieces, exploding,
lengthening, shortening, and combinations thereof. The fibrous elements and/or particles of the
present invention may completely or substantially lose their fibrous element or particle physical
structure or they may have their morphology changed or they may retain or substantially retain their
fibrous element or particle physical structure asthey are exposed to conditions of intended use.

"By weight on adry fibrous element basis' and/or "by weight on adry particle basis" and/or
"by weight on adry fibrous structure basis" means the weight of the fibrous element and/or particle
and/or fibrous structure, respectively, measured immediately after the fibrous element and/or particle
and/or fibrous structure, respectively, has been conditioned in a conditioned room at atemperature of
23°C = 1.0°C and arelative humidity of 50% + 10% for 2 hours. In one example, by weight on a
dry fibrous element basis and/or dry particle basis and/or dry fibrous structure basis means that the

fibrous element and/or particle and/or fibrous structure comprises less than 20% and/or less than
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15% and/or less than 10% and/or less than 7% and/or less than 5% and/or less than 3% and/or to 0%
and/or to greater than 0% based on the dry weight of the fibrous element and/or particle and/or
fibrous structure of moisture, such as water, for example free water, as measured according to the
Water Content Test Method described herein.

"Tota level" asused herein, for example with respect to the total level of one or more active
agents present in the fibrous element and/or particle and/or fibrous structure, means the sum of the
weights or weight percent of all of the subject materials, for example active agents. In other words,
a fibrous element and/or particle and/or fibrous structure may comprise 25% by weight on a dry
fibrous element basis and/or dry particle basis and/or dry fibrous structure basis of an anionic
surfactant, 15% by weight on adry fibrous element basis and/or dry particle basis and/or dry fibrous
structure basis of a nonionic surfactant, 10% by weight of a chelant on a dry fibrous element basis
and/or dry particle basis and/or dry fibrous structure basis, and 5% by weight of a perfume a dry
fibrous element basis and/or dry particle basis and/or dry fibrous structure basis so that the total level
of active agents present in the fibrous element and/or particle and/or fibrous structure is greater than
50%; namely 55% by weight on a dry fibrous element basis and/or dry particle basis and/or dry
fibrous structure basis.

"Fibrous structure product” as used herein means a solid form, for example a rectangular
solid, sometimes referred to as a sheet, that comprises one or more active agents, for example a
fabric care active agent, a dishwashing active agent, a hard surface active agent, and mixtures
thereof. In one example, afibrous structure product of the present invention comprises one or more
surfactants, one or more enzymes (such as in the form of an enzyme prill), one or more perfumes
and/or one or more suds suppressors. In another example, afibrous structure product of the present
invention comprises a builder and/or a chelating agent. In another example, a fibrous structure
product of the present invention comprises a bleaching agent (such as an encapsulated bleaching
agent).

"Different from" or "different” as used herein means, with respect to a material, such as a
fibrous element as a whole and/or a filament-forming material within a fibrous element and/or an
active agent within afibrous element, that one material, such as afibrous element and/or afilament-
forming material and/or an active agent, is chemically, physically and/or structuraly different from
another material, such as a fibrous element and/or a filament-forming material and/or an active
agent. For example, afilament-forming material in the form of afilament is different from the same
filament-forming material in the form of a fiber. Likewise, a starch polymer is different from a
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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 mixture of polymers’ as used herein means that two or more different filament-
forming materials are randomly combined to form a fibrous element. Accordingly, two or more
different filament-forming materials that are orderly combined to form a fibrous element, such as a
core and sheath bicomponent fibrous element, is not arandom mixture of different filament-forming
materials for purposes of the present invention.

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

"Machine Direction” or "MD" as used herein means the direction parallel to the flow of the
fibrous structure through the fibrous structure making machine and/or fibrous structure product
manufacturing equipment.

"Cross Machine Direction” or "CD" as used herein means the direction perpendicular to the
machine direction in the same plane of the fibrous structure and/or fibrous structure product
comprising the fibrous structure.

"Ply" or "Plies’ as used herein means an individual fibrous structure optionaly to be
disposed in a substantially contiguous, face-to-face relationship with other plies, forming a multiple
ply fibrous structure. It is aso contemplated that a single fibrous structure can effectively form two
"plies’ or multiple "plies’, for example, by being folded on itself.

As used herein, the articles "a' and "an" when used herein, for example, "an anionic
surfactant” or "a fiber" is understood to mean one or more of the material that is 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.
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Unless otherwise noted, al component or composition levels are in reference to the active
level of that component or composition, and are exclusive of impurities, for example, residual
solvents or by-products, which may be present in commercialy available sources.

Fibrous Structure

The fibrous structure of the present invention comprises a plurality of fibrous elements, for
example apluraity of filaments, and one or more particles, for example one or more active agent-
containing particles, such aswater-soluble, active agent-containing particles.

In one example, the fibrous elements and/or particles may be arranged within the fibrous
structure to provide the fibrous structure with two or more regions that comprise different active
agents. For example, one region of the fibrous structure may comprise bleaching agents and/or
surfactants and another region of the fibrous structure may comprise softening agents.

As shown in Fig. 5, an example of afibrous structure 28 according to the present invention
comprises afirst layer 30 comprising a plurality of fibrous elements 32, in this case filaments, a
second layer 34 comprising a plurality of fibrous elements 32, in this case filaments, and a plurality
of particles 36 positioned between the first and second layers 30 and 34. A similar fibrous structure
can be formed by depositing a plurality of particles on a surface of afirst ply of fibrous structure
comprising a plurality of fibrous elements and then associating a second ply of fibrous structure
comprising aplurality of fibrous elements such that the particles are positioned between the first and
second plies.

As shown in Fig. 6, another example of a fibrous structure 28 of the present invention
comprises a first layer 30 comprising a plurality of fibrous elements 32, in this case filaments,
wherein the first layer 30 comprises one or more pockets 38 (also referred to as recesses), which may
be in a non-random, repeating pattern. One or more of the pockets 38 may contain one or more
particles 36. The fibrous structure 28 further comprises a second layer 34 that is associated with the
first layer 30 such that the particles 36 are entrapped in the pockets 38. Like above, a similar fibrous
structure can be formed by depositing a plurality of particles in pockets of a first ply of fibrous
structure comprising a plurality of fibrous elements and then associating a second ply of fibrous
structure comprising a plurality of fibrous elements such that the particles are entrapped within the
pockets of the first ply. In one example, the pockets may be separated from the fibrous structure to
produce discrete pockets.

As shown in Fig. 7, an example of a multi-ply fibrous structure 40 of the present invention

comprises a first ply 42 of a fibrous structure according to Fig. 6 above and a second ply 44 of
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fibrous structure associated with the first ply 42, wherein the second ply 44 comprises aplurality of
fibrous elements 32, in this case filaments, and a plurality of particles 36 dispersed, in this case
randomly, inthe x, y, and z axes, throughout the fibrous structure.

Asshown in Fig. 8, an example of afibrous structure 28 of the present invention comprises a
plurality of fibrous elements 32, in this case filaments, and a plurality of particles 36 dispersed, in
this case randomly, in the x, y, and z axes, throughout the fibrous structure 28.

Even though the fibrous element and/or fibrous structure of the present invention are in solid
form, the filament-forming composition used to make the fibrous elements of the present invention
may be in the form of aliquid.

In one example, the fibrous structure comprises a plurality of identical or substantially
identical from acompositional perspective of fibrous elements according to the present invention. In
another example, the fibrous structure may comprise two or more different fibrous elements
according to the present invention. Non-limiting examples of differences in the fibrous elements
may be physical differences such as differences in diameter, length, texture, shape, rigidness,
elasticity, and the like; chemical differences such as crosslinking level, solubility, melting point, Tg,
active agent, filament-forming material, color, level of active agent, basis weight, level of filament-
forming material, presence of any coating on fibrous element, biodegradable or not, hydrophobic or
not, contact angle, and the like; differences in whether the fibrous element loses its physical structure
when the fibrous element is exposed to conditions of intended use; differences in whether the fibrous
element's morphology changes when the fibrous element is exposed to conditions of intended use;
and differences in rate at which the fibrous element releases one or more of its active agents when
the fibrous element is exposed to conditions of intended use. In one example, two or more fibrous
elements and/or particles within the fibrous structure may comprise different active agents. This
may be the case where the different active agents may be incompatible with one another, for
example an anionic surfactant (such as a shampoo active agent) and a cationic surfactant (such as a
hair conditioner active agent).

In another example, the fibrous structure may exhibit different regions, such as different
regions of basis weight, density and/or caliper. In yet another example, the fibrous structure may
comprise texture on one or more of its surfaces. A surface of the fibrous structure may comprise a
pattern, such as a nhon-random, repeating pattern. The fibrous structure may be embossed with an
emboss pattern. In another example, the fibrous structure may comprise apertures. The apertures

may be arranged in anon-random, repeating pattern.
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In one example, the fibrous structure may comprise discrete regions of fibrous elements that
differ from other parts of the fibrous structure.

Non-limiting examples of use of the fibrous structure of the present invention include, but are
not limited to alaundry dryer substrate, washing machine substrate, washcloth, hard surface cleaning
and/or polishing substrate, floor cleaning and/or polishing substrate, as a component in a battery,
baby wipe, adult wipe, feminine hygiene wipe, bath tissue wipe, window cleaning substrate, oil
containment and/or scavenging substrate, insect repellant substrate, swimming pool chemical
substrate, food, breath freshener, deodorant, waste disposal bag, packaging film and/or wrap, wound
dressing, medicine delivery, building insulation, crops and/or plant cover and/or bedding, glue
substrate, skin care substrate, hair care substrate, air care substrate, water treatment substrate and/or
filter, toilet bowl cleaning substrate, candy substrate, pet food, livestock bedding, teeth whitening
substrates, carpet cleaning substrates, and other suitable uses of the active agents of the present
invention.

The fibrous structure of the present invention may be used asis or may be coated with one or
more active agents.

In one example, the fibrous structure of the present invention exhibits a dissolution time of
less than 24 hours and/or less than 12 hours and/or less than 6 hours and/or less than 1 hour (3600
seconds) and/or less than 30 minutes and/or less than 25 minutes and/or less than 20 minutes and/or
less than 15 minutes and/or less than 10 minutes and/or less than 5 minutes and/or greater than 1
second and/or greater than 5 seconds and/or greater than 10 seconds and/or greater than 30 seconds
and/or greater than 1 minute as measured according to the Dissolution Test Method described herein.

In one example, the fibrous structure of the present invention exhibits an average dissolution
time per gsm of sample of about 10 seconds/gsm (s/gsm) or less, and/or about 5.0 s/gsm or less,
and/or about 3.0 s/gsm or less, and/or about 2.0 s/gsm or less, and/or about 1.8 /gsm or less, and/or
about 1.5 s/gsm or less as measured according to the Dissolution Test Method described herein.

In one example, the fibrous structure of the present invention exhibits a thickness of greater
than 0.01 mm and/or greater than 0.05 mm and/or greater than 0.1 mm and/or to about 100 mm
and/or to about 50 mm and/or to about 20 mm and/or to about 10 mm and/or to about 5 mm and/or
to about 2 mm and/or to about 0.5 mm and/or to about 0.3 mm as measured by the Thickness Test
Method described herein.

Non-limiting examples of other fibrous structures suitable for the present invention are
disclosed in U.S. Provisional Patent Application Nos. 61/583,011 (P&G Attorney Docket Number
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12328P) and 61/583,016 (P&G Attorney Docket Number 12329P) filed January 4, 2012 are hereby
incorporated by reference herein.
Particles

The particles may be water-soluble or water-insoluble. In one example, one group of
particles may be water-soluble and a different group of particles may be water-insoluble. In another
example, the particles may comprise one or more active agents (in other words, the particles may
comprises active agent-containing particles). In still another example, the particles may consist
essentially of and/or consist of one or more active agents (in other words, the particles may comprise
100% or about 100% by weight on adry particle basis of one or more active agents). In still another
example, the particles may comprise water-soluble particles. In yet another example, the particles
may comprise water-soluble, active agent-containing particles.

Fibrous Elements

The fibrous elements may be water-soluble or water-insoluble. In one example, the fibrous
elements comprise one or more filament-forming materials. In another example, the fibrous
elements comprise one or more active agents. In still another example, the fibrous elements
comprise one or more filament-forming materials and one or more active agents. In another
example, the fibrous elements may comprise water-soluble fibrous el ements.

The fibrous element, such as a filament and/or fiber, of the present invention comprises one
or more filament-forming materials. In addition to the filament-forming materials, the fibrous
element may further comprise one or more active agents that are releasable from the fibrous element,
such as when the fibrous element and/or fibrous structure comprising the fibrous element is exposed
to conditions of intended use. In one example, the total level of the one or more filament-forming
materials present in the fibrous element is less than 80% by weight on a dry fibrous element basis
and/or dry fibrous structure basis and the total level of the one or more active agents present in the
fibrous element is greater than 20% by weight on a dry fibrous element basis and/or dry fibrous
structure basis.

In one example, the fibrous element of the present invention comprises about 100% and/or
greater than 95% and/or greater than 90% and/or greater than 85% and/or greater than 75% and/or
greater than 50% by weight on a dry fibrous element basis and/or dry fibrous structure basis of one
or more filament-forming materials. For example, the filament-forming material may comprise
polyvinyl alcohol, starch, carboxymethylcellulose, and other suitable polymers, especially hydroxyl

polymers.
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In another example, the fibrous element of the present invention comprises one or more
filament-forming materials and one or more active agents wherein the total level of filament-forming
materials present in the fibrous element is from about 5% to less than 80% by weight on a dry
fibrous element basis and/or dry fibrous structure basis and the total level of active agents present in
the fibrous element is greater than 20% to about 95% by weight on a dry fibrous element basis
and/or dry fibrous structure basis.

In one example, the fibrous element of the present invention comprises at least 10% and/or at
least 15% and/or at least 20% and/or less than less than 80% and/or less than 75% and/or less than
65% and/or less than 60% and/or less than 55% and/or less than 50% and/or less than 45% and/or
less than 40% by weight on a dry fibrous element basis and/or dry fibrous structure basis of the
filament-forming materials and greater than 20% and/or at least 35% and/or at least 40% and/or at
least 45% and/or at least 50% and/or at least 60% and/or less than 95% and/or less than 90% and/or
less than 85% and/or less than 80% and/or less than 75% by weight on a dry fibrous element basis
and/or dry fibrous structure basis of active agents.

In one example, the fibrous element of the present invention comprises at least 5% and/or at
least 10% and/or at least 15% and/or at least 20% and/or less than 50% and/or less than 45% and/or
less than 40% and/or less than 35% and/or less than 30% and/or less than 25% by weight on a dry
fibrous element basis and/or dry fibrous structure basis of the filament-forming materials and greater
than 50% and/or at least 55% and/or at least 60% and/or at least 65% and/or at least 70% and/or less
than 95% and/or less than 90% and/or less than 85% and/or less than 80% and/or less than 75% by
weight on a dry fibrous element basis and/or dry fibrous structure basis of active agents. In one
example, the fibrous element of the present invention comprises greater than 80% by weight on adry
fibrous element basis and/or dry fibrous structure basis of active agents.

In another example, the one or more filament-forming materials and active agents are present
in the fibrous element at aweight ratio of total level of filament-forming materials to active agents of
4.0 or less and/or 3.5 or less and/or 3.0 or less and/or 2. 5 or less and/or 2.0 or less and/or 1.85 or
less and/or less than 1.7 and/or less than 1.6 and/or less than 1.5 and/or less than 1.3 and/or less than
1.2 and/or less than 1 and/or less than 0.7 and/or less than 0.5 and/or less than 0.4 and/or less than
0.3 and/or greater than 0.1 and/or greater than 0.15 and/or greater than 0.2.

In still another example, the fibrous element of the present invention comprises from about
10% and/or from about 15% to less than 80% by weight on a dry fibrous element basis and/or dry

fibrous structure basis of a filament-forming material, such as polyvinyl acohol polymer, starch
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polymer, and/or carboxymethylcellulose polymer, and greater than 20% to about 90% and/or to
about 85% by weight on adry fibrous element basis and/or dry fibrous structure basis of an active
agent. The fibrous element may further comprise aplasticizer, such as glycerin and/or pH adjusting
agents, such as citric acid.

In yet another example, the fibrous element of the present invention comprises from about
10% and/or from about 15% to less than 80% by weight on a dry fibrous element basis and/or dry
fibrous structure basis of a filament-forming material, such as polyvinyl alcohol polymer, starch
polymer, and/or carboxymethylcellulose polymer, and greater than 20% to about 90% and/or to
about 85% by weight on adry fibrous element basis and/or dry fibrous structure basis of an active
agent, wherein the weight ratio of filament-forming material to active agent is 4.0 or less. The
fibrous element may further comprise aplasticizer, such as glycerin and/or pH adjusting agents, such
ascitric acid.

In even another example of the present invention, a fibrous element comprises one or more
filament-forming materials and one or more active agents selected from the group consisting of:
enzymes, bleaching agents, builder, chelants, sensates, dispersants, and mixtures thereof that are
releasable and/or released when the fibrous element and/or fibrous structure comprising the fibrous
element is exposed to conditions of intended use. In one example, the fibrous element comprises a
total level of filament-forming materials of less than 95% and/or less than 90% and/or less than 80%
and/or less than 50% and/or less than 35% and/or to about 5% and/or to about 10% and/or to about
20% by weight on a dry fibrous element basis and/or dry fibrous structure basis and a total level of
active agents selected from the group consisting of: enzymes, bleaching agents, builder, chelants,
perfumes, antimicrobials, antibacterials, antifungals, and mixtures thereof of greater than 5% and/or
greater than 10% and/or greater than 20% and/or greater than 35% and/or greater than 50% and/or
greater than 65% and/or to about 95% and/or to about 90% and/or to about 80% by weight on adry
fibrous element basis and/or dry fibrous structure basis. In one example, the active agent comprises
one or more enzymes. In another example, the active agent comprises one or more bleaching agents.
In yet another example, the active agent comprises one or more builders. In still another example,
the active agent comprises one or more chelants. In still another example, the active agent comprises
one or more perfumes. In even dill another example, the active agent comprise one or more
antimicrobials, antibacterials, and/or antifungals.

In yet another example of the present invention, the fibrous elements of the present invention

may comprise active agents that may create health and/or safety concerns if they become airborne.
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For example, the fibrous element may be used to inhibit enzymes within the fibrous element from
becoming airborne.

In one example, the fibrous elements of the present invention may be meltblown fibrous
elements. In another example, the fibrous elements of the present invention may be spunbond
fibrous elements. In another example, the fibrous elements may be hollow fibrous elements prior to
and/or after release of one or more of its active agents.

The fibrous elements of the present invention may be hydrophilic or hydrophobic. The
fibrous elements may be surface treated and/or internally treated to change the inherent hydrophilic
or hydrophobic properties of the fibrous element.

In one example, the fibrous element exhibits a diameter of less than 100 wn and/or less than
75 win and/or less than 50 win and/or less than 25 wn and/or less than 10 win and/or less than 5 pin
and/or less than 1 win as measured according to the Diameter Test Method described herein. In
another example, the fibrous element of the present invention exhibits a diameter of greater than 1
uin as measured according to the Diameter Test Method described herein. The diameter of afibrous
element of the present invention may be used to control the rate of release of one or more active
agents present in the fibrous element and/or the rate of loss and/or altering of the fibrous element's
physical structure.

The fibrous element may comprise two or more different active agents. In one example, the
fibrous element comprises two or more different active agents, wherein the two or more different
active agents are compatible with one another. In another example, the fibrous element comprises
two or more different active agents, wherein the two or more different active agents are incompatible
with one another.

In one example, the fibrous element may comprise an active agent within the fibrous element
and an active agent on an external surface of the fibrous element, such as an active agent coating on
the fibrous element. The active agent on the external surface of the fibrous element may be the same
or different from the active agent present in the fibrous element. If different, the active agents may
be compatible or incompatible with one another.

In one example, one or more active agents may be uniformly distributed or substantialy
uniformly distributed throughout the fibrous element. In another example, one or more active agents
may be distributed as discrete regions within the fibrous element. In still another example, at least
one active agent is distributed uniformly or substantially uniformly throughout the fibrous element
and at least one other active agent is distributed as one or more discrete regions within the fibrous
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element. In still yet another example, at least one active agent is distributed as one or more discrete
regions within the fibrous element and at least one other active agent is distributed as one or more
discrete regions different from the first discrete regions within the fibrous element.

Filament-forming Material

The filament-forming materia is any suitable material, such as a polymer or monomers
capable of producing apolymer that exhibits properties suitable for making afilament, such as by a
Spinning process.

In one example, the filament-forming material may comprise a polar solvent-soluble
material, such as an alcohol-soluble material and/or awater-soluble material.

In another example, the filament-forming material may comprise a non-polar solvent-soluble
material.

In dtill another example, the filament-forming material may comprise a water-soluble
material and be free (less than 5% and/or less than 3% and/or less than 1% and/or 0% by weight on a
dry fibrous element basis and/or dry fibrous structure basis) of water-insoluble materials.

In yet another example, the filament-forming material may be a film-forming material. In
still yet another example, the filament-forming material may be synthetic or of natural origin and it
may be chemically, enzymatically, and/or physically modified.

In even another example of the present invention, the filament-forming material may
comprise apolymer selected from the group consisting of: polymers derived from acrylic monomers
such as the ethylenically unsaturated carboxylic monomers and ethylenically unsaturated monomers,
polyvinyl acohol, polyvinylformamide, polyvinylamine, polyacrylates, polymethacrylates,
copolymers of acrylic acid and methyl acrylate, polyvinylpyrrolidones, polyalkylene oxides, starch
and starch derivatives, pullulan, gelatin, and cellulose derivatives (for example,
hydroxypropylmethyl celluloses, methyl celluloses, carboxymethy celluloses).

In still another example, the filament-forming material may comprises a polymer selected
from the group consisting of: polyvinyl alcohol, polyvinyl acohol derivatives, starch, starch
derivatives, cellulose derivatives, hemicellulose, hemicellulose derivatives, proteins, sodium
alginate, hydroxypropyl methylcellulose, chitosan, chitosan derivatives, polyethylene glycol,
tetramethylene ether glycol, polyvinyl pyrrolidone, hydroxymethyl cellulose, hydroxyethyl cellulose,
carboxymethyl cellulose, and mixtures thereof.

In another example, the filament-forming material comprises a polymer is selected from the

group consisting of: pullulan, hydroxypropylmethyl cellulose, hydroxyethyl cellulose,
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hydroxypropyl cellulose, polyvinyl pyrrolidone, carboxymethylcellulose, sodium alginate, xanthan
gum, tragacanth gum, guar gum, acacia gum, Arabic gum, polyacrylic acid, methylmethacrylate
copolymer, carboxyvinyl polymer, dextrin, pectin, chitin, levan, elsinan, collagen, gelatin, zein,
gluten, soy protein, casein, polyvinyl acohol, carboxylated polyvinyl alcohol, sulfonated polyvinyl
alcohol, starch, starch derivatives, hemicellulose, hemicellulose derivatives, proteins, chitosan,
chitosan derivatives, polyethylene glycol, tetramethylene ether glycol, hydroxymethyl cellulose, and
mixtures thereof.

Water-soluble Materias

Non-limiting examples of water-soluble materials include water-soluble polymers. The
water-soluble polymers may be synthetic or natural original and may be chemically and/or
physically modified. In one example, the polar solvent- soluble polymers exhibit a weight average
molecular weight of at least 10,000 g/mol and/or at least 20,000 g/mol and/or at least 40,000 g/mol
and/or at least 80,000 g/mol and/or at least 100,000 g/mol and/or at least 1,000,000 g/mol and/or at
least 3,000,000 g/mol and/or at least 10,000,000 g/mol and/or at least 20,000,000 g/mol and/or to
about 40,000,000 g/mol and/or to about 30,000,000 g/mol.

Non-limiting examples of water-soluble polymers include water-soluble hydroxyl polymers,
water-soluble thermoplastic polymers, water-soluble biodegradable polymers, water-soluble non-
biodegradable polymers and mixtures thereof. In one example, the water-soluble polymer comprises
polyvinyl acohol. In another example, the water-soluble polymer comprises starch. In yet another
example, the water-soluble polymer comprises polyvinyl acohol and starch. In yet another example,
the water-soluble polymer comprises carboxymethyl cellulose. An yet in another example, the
polymer comprise carboxymethyl cellulose and polyvinyl alcohol.

a. Water-soluble Hydroxyl Polymers - Non-limiting examples of water-soluble hydroxyl

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

In one example, a water-soluble hydroxyl polymer of the present invention comprises a

polysaccharide.
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"Polysaccharides’ as used herein means natural polysaccharides and polysaccharide
derivatives and/or modified polysaccharides. Suitable water-soluble polysaccharides include, but are
not limited to, starches, starch derivatives, chitosan, chitosan derivatives, cellulose derivatives,
hemicellulose, hemicellulose derivatives, gums, arabinans, galactans and mixtures thereof. The
water-soluble polysaccharide may exhibit a weight average molecular weight of from about 10,000
to about 40,000,000 g/mol and/or greater than 100,000 g/mol and/or greater than 1,000,000 g/mol
and/or greater than 3,000,000 g/mol and/or greater than 3,000,000 to about 40,000,000 g/mol.

The water-soluble polysaccharides may comprise non-cellulose and/or non-cellulose
derivative and/or non-cellulose copolymer water-soluble polysaccharides. Such non-cellulose water-
soluble polysaccharides may be selected from the group consisting of: starches, starch derivatives,
chitosan, chitosan derivatives, hemicellulose, hemicellulose derivatives, gums, arabinans, galactans
and mixtures thereof.

In another example, a water-soluble hydroxyl polymer of the present invention comprises a
non-thermoplastic polymer.

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

Well known modifications of water-soluble 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 water-
soluble hydroxyl polymer may comprise dent corn starch.

Naturally occurring starch is generally amixture of linear amylose and branched amylopectin
polymer of D-glucose units. The amylose is a substantialy linear polymer of D-glucose units joined
by (1,4)-c-D links. The amylopectin is a highly branched polymer of D-glucose units joined by
(1,4)-c-D links and (1,6)-a-D links a the branch points. Naturally occurring starch typically
contains relatively high levels of amylopectin, for example, corn starch (64-80% amylopectin), waxy
maize (93-100% amylopectin), rice (83-84% amylopectin), potato (about 78% amylopectin), and
wheat (73-83% amylopectin). Though all starches are potentially useful herein, the present invention
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ismost commonly practiced with high amylopectin natural starches derived from agricultural sources,
which offer the advantages of being abundant in supply, easily replenishable and inexpensive.

As used herein, "starch" includes any naturally occurring unmodified starches, modified
starches, synthetic starches and mixtures thereof, as well as mixtures of the amylose or amylopectin
fractions; the starch may be modified by physical, chemical, or biological processes, or combinations
thereof. The choice of unmodified or modified starch for the present invention may depend on the
end product desired. In one embodiment of the present invention, the starch or starch mixture useful
in the present invention has an amylopectin content from about 20% to about 100%, more typically
from about 40% to about 90%, even more typically from about 60% to about 85% by weight of the
starch or mixtures thereof.

Suitable naturally occurring starches can include, but are not limited to, corn starch, potato
starch, sweet potato starch, wheat starch, sago palm starch, tapioca starch, rice starch, soybean
starch, arrow root starch, amioca starch, bracken starch, lotus starch, waxy maize starch, and high
amylose corn starch. Naturally occurring starches particularly, corn starch and wheat starch, are the
preferred starch polymers due to their economy and availability.

Polyvinyl alcohols herein can be grafted with other monomers to modify its properties. A
wide range of monomers has been successfully grafted to polyvinyl alcohol. Non-limiting examples
of such monomers include vinyl acetate, styrene, acrylamide, acrylic acid, 2-hydroxyethyl
methacrylate, acrylonitrile, 1,3-butadiene, methyl methacrylate, methacrylic acid, maleic acid,
itaconic acid, sodium vinylsulfonate, sodium allylsulfonate, sodium methylallyl sulfonate, sodium
phenylallylether sulfonate, sodium phenylmethallylether sulfonate, 2-acrylamido-methyl propane
sulfonic acid (AMPs), vinylidene chloride, vinyl chloride, vinyl amine and a variety of acrylate
esters.

In one example, the water-soluble hydroxyl polymer is selected from the group consisting of:
polyvinyl alcohols, hydroxymethylcellul oses, hydroxyethylcellul oses,
hydroxypropylmethylcelluloses, carboxymethylcelluloses, and mixtures thereof. A non-limiting
example of a suitable polyvinyl alcohol includes those commercially available from Sekisui
Specialty Chemicals America, LLC (Dallas, TX) under the CELVOL ® trade name. Another non-
l[imiting example of a suitable polyvinyl alcohol includes G Polymer commercially available from
Nippon Ghosai. A non-limiting example of a suitable hydroxypropylmethylcellulose includes those
commercially available from the Dow Chemical Company (Midland, MI) under the METHOCEL ®

trade name including combinations with above mentioned polyvinyl alcohols.
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b. Water-soluble Thermoplastic Polymers - Non-limiting examples of suitable water-soluble

thermoplastic polymers include thermoplastic starch and/or starch derivatives, polylactic acid,
polyhydroxyalkanoate, polycaprolactone, polyesteramides and certain polyesters, and mixtures
thereof.

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

The water-soluble thermoplastic polymers may comprise biodegradable polymers.

Any suitable weight average molecular weight for the thermoplastic polymers may be used.
For example, the weight average molecular weight for a thermoplastic polymer in accordance with
the present invention is 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.

Active Agents

Active agents are a class of additives that are designed and intended to provide a benefit to
something other than the fibrous element and/or particle and/or fibrous structure itself, such as
providing a benefit to an environment external to the fibrous element and/or particle and/or fibrous
structure.  Active agents may be any suitable additive that produces an intended effect under
intended use conditions of the fibrous element. For example, the active agent may be selected from
the group consisting of: persona cleansing and/or conditioning agents such as hair care agents such
as shampoo agents and/or hair colorant agents, hair conditioning agents, skin care agents, sunscreen
agents, and skin conditioning agents; laundry care and/or conditioning agents such as fabric care
agents, fabric conditioning agents, fabric softening agents, fabric anti-wrinkling agents, fabric care
anti-static agents, fabric care stain removal agents, soil release agents, dispersing agents, suds
suppressing agents, suds boosting agents, anti-foam agents, and fabric refreshing agents; liquid
and/or powder dishwashing agents (for hand dishwashing and/or automatic dishwashing machine
applications), hard surface care agents, and/or conditioning agents and/or polishing agents; other
cleaning and/or conditioning agents such as antimicrobia agents, antibacteria agents, antifungal
agents, fabric hueing agents, perfume, bleaching agents (such as oxygen bleaching agents, hydrogen
peroxide, percarbonate bleaching agents, perborate bleaching agents, chlorine bleaching agents),
bleach activating agents, chelating agents, builders, lotions, brightening agents, air care agents,

carpet care agents, dye transfer-inhibiting agents, clay soil removing agents, anti-redeposition
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agents, polymeric soil release agents, polymeric dispersing agents, alkoxylated polyamine polymers,
alkoxylated polycarboxylate polymers, amphilic graft copolymers, dissolution aids, buffering
systems, water-softening agents, water-hardening agents, pH adjusting agents, enzymes, flocculating
agents, effervescent agents, preservatives, cosmetic agents, make-up removal agents, lathering
agents, deposition aid agents, coacervate-forming agents, clays, thickening agents, latexes, silicas,
drying agents, odor control agents, antiperspirant agents, cooling agents, warming agents, absorbent
gel agents, anti-inflammatory agents, dyes, pigments, acids, and bases; liquid treatment active
agents; agricultural active agents; industrial active agents; ingestible active agents such as medicinal
agents, teeth whitening agents, tooth care agents, mouthwash agents, periodontal gum care agents,
edible agents, dietary agents, vitamins, minerals, water-treatment agents such as water clarifying
and/or water disinfecting agents, and mixtures thereof.

Non-limiting examples of suitable cosmetic agents, skin care agents, skin conditioning
agents, hair care agents, and hair conditioning agents are described in CTFA Cosmetic Ingredient
Handbook, Second Edition, The Cosmetic, Toiletries, and Fragrance Association, Inc. 1988, 1992.

One or more classes of chemicals may be useful for one or more of the active agents listed
above. For example, surfactants may be used for any number of the active agents described above.
Likewise, bleaching agents may be used for fabric care, hard surface cleaning, dishwashing and even
teeth whitening. Therefore, one of ordinary skill in the art will appreciate that the active agents will
be selected based upon the desired intended use of the fibrous element and/or particle and/or fibrous
structure made therefrom.

For example, if the fibrous element and/or particle and/or fibrous structure made therefrom is
to be used for hair care and/or conditioning then one or more suitable surfactants, such as alathering
surfactant could be selected to provide the desired benefit to a consumer when exposed to conditions
of intended use of the fibrous element and/or particle and/or fibrous structure incorporating the
fibrous element and/or particle.

In one example, if the fibrous element and/or particle and/or fibrous structure made
therefrom is designed or intended to be used for laundering clothes in alaundry operation, then one
or more suitable surfactants and/or enzymes and/or builders and/or perfumes and/or suds suppressors
and/or bleaching agents could be selected to provide the desired benefit to a consumer when exposed
to conditions of intended use of the fibrous element and/or particle and/or fibrous structure
incorporating the fibrous element and/or particle. In another example, if the fibrous element and/or

particle and/or fibrous structure made therefrom is designed to be used for laundering clothes in a
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laundry operation and/or cleaning dishes in adishwashing operation, then the fibrous element and/or
particle and/or fibrous structure may comprise a laundry detergent composition or dishwashing
detergent composition or active agents used in such compositions.

In one example, the active agent comprises a non-perfume active agent. In another example,
the active agent comprises a non-surfactant active agent. In still another example, the active agent
comprises a nhon-ingestible active agent, in other words an active agent other than an ingestible

active agent.

Surfactants

Non-limiting examples of suitable surfactants include anionic surfactants, cationic
surfactants, nonionic surfactants, zwitterionic surfactants, amphoteric surfactants, and mixtures
thereof. Co-surfactants may also be included in the fibrous elements and/or particles. For fibrous
elements and/or particles designed for use as laundry detergents and/or dishwashing detergents, the
total level of surfactants should be sufficient to provide cleaning including stain and/or odor
removal, and generaly ranges from about 0.5% to about 95%. Further, surfactant systems
comprising two or more surfactants that are designed for use in fibrous elements and/or particles for
laundry detergents and/or dishwashing detergents may include all-anionic surfactant systems, mixed-
type surfactant systems comprising anionic-nonionic surfactant mixtures, or nonionic-cationic
surfactant mixtures or low-foaming nonionic surfactants.

The surfactants herein can be linear or branched. In one example, suitable linear surfactants
include those derived from agrochemical oils such as coconut oil, pam kernel oil, soybean oil, or
other vegetable-based oils.

a. Anionic Surfactants

Non-limiting examples of suitable anionic surfactants include alkyl sulfates, akyl ether
sulfates, branched akyl sulfates, branched akyl alkoxylates, branched akyl alkoxylate sulfates,
mid-chain branched akyl aryl sulfonates, sulfated monoglycerides, sulfonated olefins, akyl aryl
sulfonates, primary or secondary akane sulfonates, akyl sulfosuccinates, acyl taurates, acyl
isethionates, alkyl glycerylether sulfonate, sulfonated methyl esters, sulfonated fatty acids, alkyl
phosphates, acyl glutamates, acyl sarcosinates, akyl sulfoacetates, acylated peptides, akyl ether
carboxylates, acyl lactylates, anionic fluorosurfactants, sodium lauroyl glutamate, and combinations
thereof.

Alkyl sulfates and alkyl ether sulfates suitable for use herein include materials with the
respective formula ROSO3M and RO(C2H40) , SO3M, wherein R is akyl or alkenyl of from about
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8 to about 24 carbon atoms, x is 1to 10, and M is a water-soluble cation such as ammonium,
sodium, potassium and triethanolamine.  Other suitable anionic surfactants are described in
McCutcheon's Detergents and Emulsifiers, North American Edition (1986), Allured Publishing
Corp. and McCutcheon's, Functional Materials, North American Edition (1992), Allured Publishing
Corp.

In one example, anionic surfactants useful in the fibrous elements and/or particles of the
present invention include co-C;5 akyl benzene sulfonates (LAS), Cg-C,o akyl ether sulfates, for
example akyl poly(ethoxy) sulfates, Cg-C,o alkyl sulfates, and mixtures thereof. Other anionic
surfactants include methyl ester sulfonates (MES), secondary akane sulfonates, methyl ester
ethoxylates (MEE), sulfonated estolides, and mixtures thereof.

In another example, the anionic surfactant is selected from the group consisting of: C;\-Ci g

akyl benzene sulfonates ("LAS') and primary, branched-chain and random CQ-C20 akyl sulfates
("AS"), C10-C1 8 secondary (2,3) akyl sulfates of the formula CH 4 (CH,, )x(CHOS03 "M*) CH3 and

CH3 (CHZ)y(CHOSO3'M+) CH,CH; where x and (y + 1) are integers of at least about 7,

preferably at least about 9, and M is a water-solubilizing cation, especially sodium, unsaturated
sulfates such as oleyl sulfate, the C1Q-CI g alpha-sulfonated fatty acid esters, the C;Q-ClI g sulfated
akyl polyglycosides, the C;(-C;g akyl akoxy sulfates ("AE,S") wherein x is from 1-30, and
C1Q-Cyg akyl akoxy carboxylates, for example comprising 1-5 ethoxy units, mid-chain branched
alkyl sulfates as discussed in US 6,020,303 and US 6,060,443; mid-chain branched akyl akoxy
sulfates as discussed in US 6,008,181 and US 6,020,303; modified alkylbenzene sulfonate (MLAYS)
as discussed in WO 99/05243, WO 99/05242 and WO 99/05244; methyl ester sulfonate (MES); and
alpha-olefin sulfonate (AOS).
b. Cationic Surfactants

Non-limiting examples of suitable cationic surfactants include, but are not limited to, those

having the formula (1):
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in which R1, R2, R3, and R4 are each independently selected from (a) an aliphatic group of from 1to
26 carbon atoms, or (b) an aromatic, akoxy, polyoxyakylene, akylcarboxy, akylamido,
hydroxyalkyl, aryl or alkylaryl group having up to 22 carbon atoms; and X is a salt-forming anion
such as those selected from halogen, (e.g. chloride, bromide), acetate, citrate, lactate, glycolate,
phosphate, nitrate, sulphate, and alkylsulphate radicals. In one example, the akylsulphate radical is
methosulfate and/or ethosulfate.

Suitable quaternary ammonium cationic surfactants of general formula (1) may include
cetyltrimethylammonium chloride, behenyltrimethylammonium chloride (BTAC),
stearyltrimethylammonium chloride, cetylpyridinium chloride,  octadecyltrimethylammonium

chloride, hexadecyltrimethylammonium  chloride,  octyldimethylbenzylammonium  chloride,

decyldimethylbenzylammonium chloride, stearyldimethylbenzylammonium chloride,
didodecy!dimethylammonium chloride, didecyldimehtylammonium chloride,
dioctadecyldimethylammonium chloride, distearyldimethylammonium chloride,
tallowtrimethylammonium chloride, cocotrimethylammonium chloride, 2-

ethylhexylstearyldimethylammonum  chloride,  dipalmitoylethyldimethylammonium  chloride,
ditallowoylethyldimethylammonium  chloride, distearoylethyldimethylammonium  methosulfate,
PEG-2 oleylammonium chloride and salts of these, where the chloride is replaced by halogen, (e.g.,
bromide), acetate, citrate, lactate, glycolate, phosphate nitrate, sulphate, or alkylsulphate.

Non-limiting examples of suitable cationic surfactants are commercialy available under the
trade names ARQUAD® from Akzo Nobel Surfactants (Chicago, IL).

In one example, suitable cationic surfactants include quaternary ammonium surfactants, for
example that have up to 26 carbon atoms include: akoxylate quaternary ammonium (AQA)
surfactants as discussed in US 6,136,769; dimethyl hydroxyethyl guaternary ammonium as discussed
in 6,004,922; dimethyl hydroxyethyl lauryl ammonium chloride; polyamine cationic surfactants as
discussed in WO 98/35002, WO 98/35003, WO 98/35004, WO 98/35005, and WO 98/35006;
cationic ester surfactants as discussed in US Patents Nos. 4,228,042, 4,239,660 4,260,529 and US
6,022,844; and amino surfactants as discussed in US 6,221,825 and WO 00/47708, for example
amido propyldimethyl amine (APA).

In one example the cationic ester surfactants are hydrolyzable under the conditions of a
laundry wash.

c. Nonionic Surfactants
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Non-limiting examples of suitable nonionic surfactants include alkoxylated acohols (AE's)
and alkyl phenols, polyhydroxy fatty acid amides (PFAA's), alkyl polyglycosides (APG's), C1Q-Cl g
glycerol ethers, and the like.

In one example, non-limiting examples of nonionic surfactants useful in the present invention
include: C,,-C_, akyl ethoxylates, such as, NEODOL® nonionic surfactants from Shell; ce-C,,
alkyl phenol akoxylates wherein the akoxylate units are a mixture of ethyleneoxy and
propyleneoxy units; C_-C . acohol and C,-C,, akyl phenol condensates with ethylene
oxide/propylene oxide block alkyl polyamine ethoxylates such as PLURONIC® from BASF; C,-
C,, mid-chain branched alcohols, BA, as discussed in US 6,150,322; C,,-C,, mid-chain branched
akyl akoxylates, BAE,, wherein X is from 1-30, as discussed in US 6,153,577, US 6,020,303 and
US 6,093,856; alkylpolysaccharides as discussed in U.S. 4,565,647 Llenado, issued January 26,
1986; specifically akylpolyglycosides asdiscussed in US 4,483,780 and US 4,483,779; polyhydroxy
detergent acid amides as discussed in US 5,332,528; and ether capped poly(oxyalkylated) alcohol
surfactants as discussed in US 6,482,994 and WO 01/42408.

Examples of commercially available nonionic surfactants suitable for the present invention

include: Tergitol® 15-S-9 (the condensation product of Cjy{-Cys linear acohol with 9 moles
ethylene oxide) and Tergitol® 24-L-6 NMW (the condensation product of C12-C1 4 primary alcohol
with 6 moles ethylene oxide with a narrow molecular weight distribution), both marketed by Dow
Chemical Company; Neodol® 45-9 (the condensation product of C14-Cl 5 linear alcohol with 9
moles of ethylene oxide), Neodol ® 23-3 (the condensation product of C2-C 3 linear alcohol with 3
moles of ethylene oxide), Neodol ® 45-7 (the condensation product of C4-C 5 linear alcohol with 7
moles of ethylene oxide) and Neodol® 45-5 (the condensation product of C4-C 15 linear acohol
with 5 moles of ethylene oxide) marketed by Shell Chemica Company; Kyro® EOB (the
condensation product of C;3-C1 5 acohol with 9 moles ethylene oxide), marketed by The Procter &
Gamble Company; and Genapol LA 030 or 050 (the condensation product of C{2-C14 alcohol
with 3 or 5 moles of ethylene oxide) marketed by Clariant. The nonionic surfactants may exhibit an
HLB range of from about 8 to about 17 and/or from about 8 to about 14. Condensates with
propylene oxide and/or butylene oxides may also be used.

Polyethylene, polypropylene, and polybutylene oxide condensates of alkyl phenols are also

suitable for use as a nonionic surfactant in the present invention. These compounds include the
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condensation products of alkyl phenols having an akyl group containing from about 6 to about 14
carbon atoms, in either a straight-chain or branched-chain configuration with the akylene oxide.
Commercially available nonionic surfactants of this type include Igepal® CO-630, marketed by
Solvay-Rhodia; and Triton® X-45, X-114, X-100 and X-102, al marketed by the Dow Chemical
Company.

For automatic dishwashing applications, low foaming nonionic surfactants may be used.
Suitable low foaming nonionic surfactants are disclosed in US 7,271,138 col. 7, 