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FIGURE 3 
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FIGURE 4A 
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FIGURE 4B. 
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DISSOLVABLE FIBROUS WEB STRUCTURE 
ARTICLE COMPRISING ACTIVE AGENTS 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application claims the benefit of U.S. Provi 
sional Application Ser. No. 61/360,982, filed Jul. 2, 2010. 

FIELD OF THE INVENTION 

0002. Described herein, is a personal care, oral care, health 
care, and household care composition that delivers active 
agents onto hair, hair follicles, skin, teeth, the oral cavity, 
fabric and hard surfaces in the form of an article that is a 
dissolvable fibrous web structure. 

BACKGROUND OF THE INVENTION 

0003. A majority of consumer products in the market 
today are sold as liquid products. While widely used, liquid 
products have disadvantages in terms of packaging, storage, 
transportation, and convenience of use. 
0004 Liquid consumer products typically are sold in 
bottles which add significant cost as well as packaging waste, 
much of which ends up in land-fills. 
0005 Traditionally delivery of active agents from multi 
component fibers are the result of fibers comprised of typical 
thermoplastic polymers, such as polyolefins, which are 
insoluble in water, i.e., the fiber does not fully dissolve. Fur 
thermore, the active agent component of such fibers tradition 
ally incorporates active agents only as a minor proportion, for 
example, up to about 5% by weight. 
0006. The production of micron and sub-micron dissolv 
able fibers (and corresponding webs therefrom) from aqueous 
processing mixtures comprising active agents and water 
soluble polymers would be advantageous due to the very high 
Surface area to weight ratio (immediately after spinning the 
fibers) which would significantly reduce the drying energy 
and time required to produce the solid form while still pro 
viding a highly open pore structure required for potentially 
fast dissolution rates. However, the inclusion of active agents 
can adversely affect the extensional rheology properties of 
the water soluble polymer composition and the ability to 
produce fibers. Traditionally, fibers from poly(vinyl alcohol) 
solutions have included incorporation of minor/low levels of 
ingredients such as plasticizers (polyethylene glycol, glyc 
erin), extenders (clay, starch), and cross-linking agents all of 
which are generally known to be compatible with fiberform 
ing processes. However, including high levels of of ionic 
Surfactants (anionic Surfactants, amphoteric Surfactants, 
Zwitterionic Surfactants, cationic Surfactants) can be difficult 
as they may result in generally non-cohesive liquid/paste-like 
phase structures (worm-like micelle, liquid crystal, and hex 
agonal phases) even at high concentrations. 
0007. The present inventors have surprisingly discovered 
the ability to produce dissolvable fibers comprising signifi 
cant levels of active agents, including ionic Surfactants. In 
certain instances, an extensional rheology modifier is 
included within the compositions to enhance the fiberforma 
tion ability in the presence of active agents. 
0008. It is therefore an object of the present composition to 
provide a dissolvable fibrous consumer product that can be 
conveniently and quickly dissolved in the palm of the con 
Sumer to reconstitute a liquid product for ease of application 
to the target consumer Substrate while providing Sufficient 
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delivery of active agents for the intended effect on the target 
consumer Substrates (with similar performance as today's 
liquid products). It is a further object to provide Such a prod 
uct that can be produced in an economical manner by spin 
ning fibers comprising the active agents. 

SUMMARY OF THE INVENTION 

0009. An article comprising a dissolvable fibrous web 
structure comprising a significant number of fibers with aver 
age diameter less than about 10 microns. The fibers are made 
from a composition comprising: from about 10% to about 
75% of a surfactant; from about 10% to about 70% water 
soluble polymeric structurant; and from about 1% to about 
25% plasticizer; wherein the ratio of the water soluble poly 
meric structurant to the active agent in the fiber is 3.5 or less. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 While the specification concludes with claims 
which particularly point out and distinctly claim the present 
invention, it is believed that the present invention will be 
better understood from the following description of embodi 
ments, taken in conjunction with the accompanying draw 
ings, in which like reference numerals identify identical ele 
ments and wherein: 
0011 FIG. 1 is a schematic of a circular fluid film fibril 
lation nozzle for forming fibers of the processing mixture 
fluid; 
0012 FIG. 2 is a schematic of a slot fluid film fibrillation 
nozzle for forming fibers of the processing mixture fluid. 
(0013 FIG. 3 SEM Photomicrograph (50x) of Melt Fibril 
lated Surfactant Containing Fibers: 
0014 FIG. 4A is a diagram of setup for spinning process 
ing mixture into fibers on a Four-Hole Spunbond Stand; 
(0015 FIG. 4B is a SEM Photomicrgraph of Spunbond 
Surfactant Containing Fibers: 
0016 FIG. 4C is a Microscopic Dissolution Investigation 
of Spunbond Fibers. 

DETAILED DESCRIPTION OF THE INVENTION 

0017. In all embodiments of the present invention, all per 
centages are by weight of the total composition, unless spe 
cifically stated otherwise. All ratios are weight ratios, unless 
specifically stated otherwise. All ranges are inclusive and 
combinable. The number of significant digits conveys neither 
a limitation on the indicated amounts nor on the accuracy of 
the measurements. All numerical amounts are understood to 
be modified by the word “about unless otherwise specifi 
cally indicated. Unless otherwise indicated, all measurements 
are understood to be made at 25° C. and at ambient condi 
tions, where 'ambient conditions' means conditions under 
about one atmosphere of pressure and at about 50% relative 
humidity. All Such weights as they pertain to listed ingredi 
ents are based on the active leveland do not include carriers or 
by-products that may be included in commercially available 
materials, unless otherwise specified. 

Definitions 

0018. As used herein, the term “hair care composition' 
means a composition that may be applied to mammalian hair 
and skin without undue undesirable effects. 
(0019. The fibrous dissolvable web structure article may be 
referred to herein as “the Article' or “the Dissolvable 
Article'. All references are intended to mean the dissolvable 
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fibrous web structure article. A "Consumer Product Article' 
as used herein means the Article which delivers a consumer 
desired benefit, most likely through the use of a benefit agent 
and/or active, for example a beauty care agent. 
0020. As used herein, “dissolvable” means that the Article 
meets the hand dissolution value. In one embodiment the 
Article has a hand dissolution value of from about 1 to about 
30 strokes, in another embodiment from about 2 to about 25 
strokes, in another embodiment from about 3 to about 20 
strokes, and in still another embodiment from about 4 to about 
15 strokes as measured by the Hand Dissolution Method. 
0021. The Article may constitute one or more layers of 
fibrous web which are optionally bonded together via a bond 
ing means (including heat, moisture, ultrasonic, pressure 
etc.). 
0022. The Article has a basis weight of from about 30 
grams/m to about 1,000 grams/m, in another embodiment 
from about 60 grams/m to about 800grams/m, in an another 
embodiment from about 90 grams/m to about 700 grams/m, 
and in still another embodiment from about 120 grams/m to 
about 650 grams/m; and a thickness as defined herein of 
from about 0.25 mm to about 10 mm, in one embodiment 
from about 0.5 mm to about 7 mm, and in an another embodi 
ment from about 0.75 mm to about 6 mm. 
0023 The Article comprises a significant number of dis 
solvable fibers with an average diameter less than about 150 
micrometer, in one embodiment than about 100 micrometer, 
in an another embodiment than about 10 micrometer, and in 
an yet another embodiment than about 1 micrometer with a 
relative standard deviation of less than 100%, alternatively 
less than 80%, alternatively less than 60%, alternatively less 
than 50%, such as in the range of 10% to 50%, for example. 
As set forth herein, the significant number means at least 10% 
of all the dissolvable fibers, in an another embodiment at least 
25% of all the dissolvable fibers, in another embodiment at 
least 50% of all the dissolvable fibers, in yet another embodi 
ment at least 75% of all the dissolvable fibers. In a particular 
embodiment, the significant number may be at least 99% of 
all the dissolvable fibers. In a further embodiment, at least 
50% of all the dissolvable fibers may have an average diam 
eter less than about 10 micrometer. The dissolvable fibers 
produced by the method of the present disclosure have a 
significant number of dissolvable fibers with an average 
diameter less than about 1 micrometer, or sub-micron fibers. 
In an embodiment, the article comprising Article may have at 
least 25% of all the dissolvable fibers with an average diam 
eter less than about 1 micrometer, in another embodiment at 
least 35% of all the dissolvable fibers with an average diam 
eter less than about 1 micrometer, in another embodiment 
embodiment at least 50% of all the dissolvable fibers with an 
average diameter less than about 1 micrometer, and in yet 
another embodiment at least 75% of all the dissolvable fibers 
with an average diameter less than about 1 micrometer. 
0024. As used herein, the “average diameter' is calculated 
anarithmetic mean of diameters of all the dissolvable fibers in 
the sample measured. The relative standard deviation of fiber 
diameter is calculated by dividing the statistical standard 
deviation of the diameter by the average diameter of all the 
fibers in the measured sample. The method of measuring fiber 
diameter is described later in the disclosure. 

0025. The Basis Weight of the Article herein is calculated 
as the weight of the Article per area of the Article (grams/m). 
The area is calculated as the projected area onto a flat Surface 
perpendicular to the outer edges of the Article. For a flat 
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object, the area is thus computed based on the area enclosed 
within the outer perimeter of the sample. For a spherical 
object, the area is thus computed based on the average diam 
eteras 3.14x(diameter/2). For a cylindrical object, the area is 
thus computed based on the average diameter and average 
length as diameterxlength. For an irregularly shaped three 
dimensional object, the area is computed based on the side 
with the largest outer dimensions projected onto a flat surface 
oriented perpendicularly to this side. This can be accom 
plished by carefully tracing the outer dimensions of the object 
onto a piece of graph paper with a pencil and then computing 
the area by approximate counting of the squares and multi 
plying by the known area of the squares or by taking a picture 
of the traced area (preferably shaded-in for contrast) includ 
ing a scale and using image analysis techniques. 
0026. The thickness of the Article is obtained using a 
micrometer or thickness gage. Such as the Mitutoyo Corpo 
ration Digital Disk Stand Micrometer Model Number IDS 
1012E (Mitutoyo Corporation, 965 Corporate Blvd, Aurora, 
Ill., USA 60504). The micrometer has a 1 inch diameter 
platen weighing about 32 grams, which measures thickness at 
an application pressure of about 40.7 psi (6.32 gm/cm). 
0027. The thickness of the Article is measured by raising 
the platen, placing a section of the Article sample on the stand 
beneath the platen, carefully lowering the platen to contact 
the sample, releasing the platen, and measuring the thickness 
of the sample in millimeters on the digital readout. The 
sample should be fully extended to all edges of the platen to 
make sure thickness is measured at the lowest possible Sur 
face pressure, except for the case of more rigid samples which 
are not flat. For more rigid samples which are not completely 
flat, a flat edge of the sample is measured using only one 
portion of the platen impinging on the flat portion of the 
sample. 
(0028. The Article has a dry density of from about 0.01 
g/cm to about 0.6 g/cm, in one embodiment from about 0.03 
g/cm to about 0.5 g/cm, in one embodiment from about 0.04 
g/cm to about 0.4 g/cm, and in an another embodiment from 
about 0.06 g/cm to about 0.3 g/cm. 
(0029. The dry density of the Article is determined by the 
equation: Calculated Density-Basis Weight of Article/(Ar 
ticle Thickness.x1,000). The Basis Weight and Thickness of 
the Article are determined in accordance with the methodolo 
gies described herein. 
0030) “Personal care composition, as used herein, means 
a composition that may be applied to mammalian keratinous 
tissue without undue undesirable effects. 
0031 “Keratinous tissue,” as used herein, means keratin 
containing layers disposed as the outermost protective cov 
ering of mammals and includes, but is not limited to, skin, 
hair, Scalp and nails. 
0032 “Beauty benefit,” as used herein in reference to 
mammalian keratinous tissue includes, but is not limited to 
cleansing, sebum inhibition, reducing the oily and/or shiny 
appearance of skin and/or hair, reducing dryness, itchiness 
and/or flakiness, reducing skin pore size, exfoliation, descqua 
mation, improving the appearance of the keratinous tissue, 
conditioning, Smoothening, etc. 
0033 “Beauty benefit agent, as used herein, refers to 
materials that can be included in the composition to deliver 
one or more Beauty benefits. 
0034 “Skin care actives.” or “actives,” as used herein, 
means compounds that, when applied to the skin, provide a 
benefit or improvement to the skin. It is to be understood that 
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skin care actives are useful not only for application to skin, but 
also to hair, Scalp, nails and other mammalian keratinous 
tissue. 

0035. The Articles described herein can be useful for treat 
ing keratinous tissue (e.g., hair, skin, or nails) condition. As 
used herein, “treating or “treatment' or “treat’ includes 
regulating and/or immediately improving keratinous tissue 
cosmetic appearance and/or feel. For instance, “regulating 
skin, hair, or nail 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 (also 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., rosacea) (hereinafter 
referred to as “red blotchiness'), sallowness (pale color), 
discoloration caused by telangiectasia or spider vessels, and 
graying hair. 

Consumer Product Article 

0036. The present inventors have surprisingly discovered 
that a Consumer Product Article formed from a fibrous web 
can be produced wherein each fiber comprises a significant 
level of one or more active and/or agents via a fiber spinning 
process. This can now be accomplished by preparing a pro 
cessing mixture comprising active and/or agent, dissolved 
water soluble polymeric structurant, and optionally plasti 
cizer and spinning the composition in the presence of a pres 
Surized gas stream (preferably heated air) to remove the 
majority of the water and produce solid fibers; and forming 
the fibers into a web, including optional bonding techniques, 
with a desired final moisture content, in one embodiment 
from about 0.5% to about 15% moisture, to form the Con 
Sumer Product Article. 

0037. It was found that fibers can be produced which com 
prise a significant level of active/agents, especially when the 
active/agent encompasses an ionic Surfactant system which 
are generally known to form non-cohesive liquid/paste-like 
phase structures, especially at higher concentrations, and 
would thereby hinder the ability to produce fibers. The ability 
of the ionic Surfactant system to produce highly elongated 
micelles (typically with a significant percentage of amphot 
eric Surfactants and/or Zwitterionic Surfactants in Synergy 
with anionic Surfactants) may result in Synergy with the water 
soluble water soluble polymeric structurant resulting in suf 
ficient viscoelasticity and extensional rheology (stringiness) 
to generate the fibers. 
0038. In an additional embodiment, an extensional rheol 
ogy modifier may be incorporated within the processing mix 
ture composition. 
0039. The fibers disclosed herein comprise awater soluble 
polymeric structurant and an active agent wherein the weight 
ratio of the water soluble polymeric structurant to the active/ 
agent in the fibers is about 3.5 or less and/or less than about 
2.5 and/or less thanabout 1.5 and/or less thanabout 1.0 and/or 
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less than about 0.5 and/or less than about 0.3 and/or to about 
0.1 and/or to about 0.15 and/or to about 0.2. 

I. Composition 

0040. The Articles described herein may be lathering or 
non-lathering under consumer relevant usage instructions. 

A. Lathering Articles 

0041. Lathering Articles for the purposes of lathering and/ 
or cleaning comprise from about 10% to about 75%, in one 
embodiment from about 30% to about 70%, and in another 
embodiment from about 40% to about 65% by weight of the 
personal care article of Surfactant; wherein the Surfactant 
comprises one or more Surfactants from Group I, wherein 
Group I includes anionic surfactants which are suitable for 
use in hair care or other personal care compositions, and 
optionally one or more Surfactants from Group II, wherein 
Group II includes a Surfactant selected from the group con 
sisting of amphoteric, Zwitterionic and combinations thereof 
Suitable for use in hair care or other personal care composi 
tions; wherein the ratio of Group I to Group II surfactants is 
from about 100:0 to about 30:70. In another embodiment the 
ratio of Group I to Group II surfactants is from about 85:15 to 
about 40:60. In yet another embodiment the ratio of Group I 
to Group II surfactants is from about 70:30 to about 55:45. 
0042. Non limiting examples of anionic surfactants are 
described in U.S. Pat. Nos. 2,486,921, 2,486,922; and 2,396, 
278. The anionic surfactant can be selected from the group 
consisting of alkyl and alkyl ether Sulfates, sulfated 
monoglycerides, Sulfonated olefins, alkylaryl Sulfonates, pri 
mary or secondary alkane Sulfonates, alkyl SulfoSuccinates, 
acid taurates, acidisethionates, alkyl glycerylether Sulfonate, 
Sulfonated methyl esters, Sulfonated fatty acids, alkyl phos 
phates, acyl glutamates, acyl sarcosinates, alkyl lactylates, 
anionic fluoroSurfactants, sodium lauroyl glutamate, and 
combinations thereof. 

0043. Non limiting examples of suitable Zwitterionic or 
amphoteric surfactants are described in U.S. Pat. Nos. 5,104, 
646 (Bolich Jr. et al.), 5,106,609 (Bolich Jr. et al.). The Zwit 
terionic Surfactant can be selected from the group consisting 
of cocamidoethyl betaine, cocamidopropylamine oxide, 
cocamidopropyl betaine, cocamidopropyl dimethylaminohy 
droxypropyl hydrolyzed collagen, cocamidopropyldimo 
nium hydroxypropyl hydrolyzed collagen, cocamidopropyl 
hydroxysultaine, cocobetaineamido amphopropionate, coco 
betaine, coco-hydroxysultaine, cocofoleamidopropyl 
betaine, coco-Sultaine, lauramidopropyl betaine, lauryl 
betaine, lauryl hydroxysultaine, and lauryl Sultaine. The 
amphoteric Surfactant can be selected from the group consist 
ing of sodium cocoamphoacetate, sodium cocoamphodiac 
etate, sodium lauroamphoacetate, sodium lauroamphodiac 
etate, ammonium lauroamphoacetate, ammonium 
cocoamphoacetate, triethanolamine lauroamphoacetate, and 
triethanolamine cocoamphoacetate. 
0044 Additional suitable Group I and Group II surfactants 
include those disclosed in U.S. Patent Application No. 
61/120,765 and those surfactants disclosed in McCutcheon's 
Detergents and Emulsifiers, North American Edition (1986), 
Allured Publishing Corp.; McCutcheon's, Functional Mate 
rials, North American Edition (1992), Allured Publishing 



US 2012/0021026 A1 

Corp.; and U.S. Pat. No. 3,929,678 (Laughlin et al.). Other 
non-limiting examples of Suitable surfactants are included in 
U.S. Ser. No. 61/120,790. 

B. Non-Lathering Articles 
0045. The non-lathering Articles comprise from about 
10% to about 75%, in another embodiment from about 15% to 
about 60%, and in another embodiment from about 20% to 
about 50% by weight of the personal care article of surfactant; 
wherein the Surfactant comprises one or more of the Surfac 
tants described below, however, wherein the anionic surfac 
tants are included at a level less of less than about 10%. 

1. Anionic Surfactants 

0046. If the Article is non lathering, the substrate may 
comprise a maximum level of about 10% (or less than about 
10%) of anionic surfactants. 
2. Non-Ionic surfactants 
0047. The non-lathering Articles comprise from about 
10% to about 75%, in another embodiment from about 15% to 
about 60%, and in another embodiment from about 20% to 
about 50% by weight of the personal care article of non-ionic 
Surfactants. In one embodiment non-ionic Surfactants are 
included as a process aid in making a stable Article. Suitable 
nonionic Surfactants for use include those described in 
McCutcheon's Detergents and Emulsifiers, North American 
edition (1986), Allured Publishing Corp., and McCutcheon's 
Functional Materials, North American edition (1992). Suit 
able nonionic Surfactants for use in the personal care compo 
sitions include, but are not limited to, polyoxyethylenated 
alkyl phenols, polyoxyethylenated alcohols, polyoxyethyl 
enated polyoxypropylene glycols, glyceryl esters of alkanoic 
acids, polyglyceryl esters of alkanoic acids, propylene glycol 
esters of alkanoic acids, Sorbitol esters of alkanoic acids, 
polyoxyethylenated Sorbitor esters of alkanoic acids, poly 
oxyethylene glycol esters of alkanoic acids, polyoxyethyl 
enated alkanoic acids, alkanolamides, N-alkylpyrrolidones, 
alkyl glycosides, alkyl polyglucosides, alkylamine oxides, 
and polyoxyethylenated silicones. 

3. Cationic Surfactants 

0048. The non-lathering Articles comprise from about 
10% to about 75%, in another embodiment from about 15% to 
about 60%, and in another embodiment from about 20% to 
about 50% by weight of the personal care article of cationic 
Surfactants. In one embodiment cationic Surfactants are 
included as a process aid in making an Article. Suitable cat 
ionic surfactants for use include those described in McCutch 
eon's Detergents and Emulsifiers, North American edition 
(1986), Allured Publishing Corp., and McCutcheon's Func 
tional Materials, North American edition (1992). Suitable 
quaternary ammonium cationic conditioner actives can 
include cetyltrimethylammonium chloride, behenyltrimethy 
lammonium chloride (BTAC), stearyltrimethylammonium 
chloride, cetylpyridinium chloride, octadecyltrimethylam 
monium chloride, hexadecyltrimethylammonium chloride, 
octyldimethylbenzylammonium chloride, decyldimethyl 
benzylammonium chloride, Stearyldimethylbenzylammo 
nium chloride, didodecyldimethylammonium chloride, dio 
ctadecyldimethylammonium chloride, 
distearyldimethylammonium chloride, tallowtrimethylam 
monium chloride, cocotrimethylammonium chloride, 
dipalmitoylethyldimethylammonium chloride, PEG-2 oley 
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lammonium chloride and salts of these, where the chloride is 
replaced by halogen, (e.g., bromide), acetate, citrate, lactate, 
glycolate, phosphate nitrate, Sulphate, or alkylsulphate. 
0049. In one embodiment, the quaternary ammonium cat 
ionic conditioner actives for use in the invention are cetyltri 
methylammonium chloride, available commercially, for 
example as GENAMINCTAC by Clariant and Arquad 16/29 
supplied by Akzo Nobel, behenyltrimethylammonium chlo 
ride (BTMAC) such as GENAMINKDMP supplied by Clari 
ant, and distearyldimethylammonium chloride Such as 
GENAMINDSAP supplied by Clariant. Mixtures of any of 
the foregoing materials may also be suitable. In another 
embodiment, the quaternary ammonium cationic conditioner 
active is behenyltrimethylammonium chloride (BTMAC). 

4. Polymeric Surfactants 
0050 Polymeric surfactants can also be surfactants to be 
employed as a process aid in making the Article, either alone 
or in combination with ionic and/or nonionic Surfactants. 
Suitable polymeric Surfactants for use in the personal care 
compositions include, but are not limited to, block copoly 
mers of ethylene oxide andfatty alkyl residues, block copoly 
mers of ethylene oxide and propylene oxide, hydrophobically 
modified polyacrylates, hydrophobically modified cellulo 
ses, silicone polyethers, silicone copolyol esters, diduater 
nary polydimethylsiloxanes, and co-modified amino/poly 
ether silicones. 

C. Additional Components 
1. Water-Soluble Polymer (“Polymer Structurant”) 
0051. The Article comprises water-soluble polymers that 
function as a structurant. As used herein, the term “water 
soluble polymer is broad enough to include both water 
soluble and water-dispersible polymers, and is defined as a 
polymer with a solubility in water, measured at 25°C., of at 
least about 0.1 gram/liter (g/L). In some embodiments, the 
polymers have solubility in water, measured at 25°C., offrom 
about 0.1 gram/liter (g/L) to about 500 grams/liter (g/L). 
(This indicates production of a macroscopically isotropic or 
transparent, colored or colorless solution). The polymers for 
making these Articles may be of synthetic or natural origin 
and may be modified by means of chemical reactions. They 
may or may not be film-forming These polymers should be 
physiologically acceptable, i.e., they should be compatible 
with the skin, mucous membranes, the hair and the scalp. 
0.052 The one or more water-soluble polymers may be 
present from about 10% to about 70% by weight of the 
Article, in one embodiment from about 15% to about 60% by 
weight of the Article, and in another embodiment from about 
20% to about 50% by weight of the Article, and in yet another 
embodiment from about 25% to about 40% by weight of the 
Article. 
0053. The one or more water-soluble polymers can be 
selected Such that their weighted average molecular weight is 
from about 40,000 to about 500,000, in one embodiment from 
about 50,000 to about 400,000, in yet another embodiment 
from about 60,000 to about 300,000, and in still another 
embodiment from about 70,000 to about 200,000. The 
weighted average molecular weight is computed by Summing 
the average molecular weights of each polymer raw material 
multiplied by their respective relative weight percentages by 
weight of the total weight of polymers present within the 
Article. 
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0054. In one embodiment, at least one of the one or more 
water-soluble polymers is chosen such that about 2% by 
weight Solution of the water-soluble polymer gives a viscos 
ity at 20°C. of from about 4 centipoise to about 80 centipoise; 
in an another embodiment from about 5 centipoise to about 70 
centipoise; and in another embodiment from about 6 centi 
poise to about 60 centipoise. 
0055. The water-soluble polymer(s) can include, but are 
not limited to, synthetic polymers as described in U.S. Ser. 
No. 61/120.786 including polymers derived from acrylic 
monomers such as the ethylenically unsaturated carboxylic 
monomers and ethylenically unsaturated monomers as 
described in U.S. Pat. No. 5,582,786 and EP-A-397.410. The 
water-soluble polymer(s) which are suitable may also be 
selected from naturally sourced polymers including those of 
plant origin examples which are described in U.S. Ser. No. 
61/120,786. Modified natural polymers are also useful as 
water-soluble polymer(s) and are included in U.S. Ser. No. 
61/120,786. In one embodiment, water-soluble polymers 
include polyvinyl alcohols, polyacrylates, polymethacry 
lates, copolymers of acrylic acid and methyl acrylate, poly 
vinylpyrrolidones, polyalkylene oxides, starch and starch 
derivatives, pullulan, gelatin, hydroxypropylmethylcellulo 
ses, methycelluloses, and carboxymethycelluloses. In 
another embodiment, water-soluble polymers include poly 
vinyl alcohols, and hydroxypropylmethylcelluloses. Suitable 
polyvinyl alcohols include those available from Celanese 
Corporation (Dallas, Tex.) under the CELVOL(R) trade name. 
Suitable hydroxypropylmethylcelluloses include those avail 
able from the Dow Chemical Company (Midland, Mich.) 
under the METHOCEL(R) trade name. 
0056. In a particular embodiment, the above mentioned 
water-soluble polymer(s) may be blended with any single 
starch or combination of starches as a filler material in Such an 
amount as to reduce the overall level of water-soluble poly 
mers required, so long as it helps provide the personal care 
article with the requisite structure and physical/chemical 
characteristics as described herein. 
0057. In such instances, the combined weight percentage 
of the water-soluble polymer(s) and starch-based material 
generally ranges from about 10% to about 50%, in one 
embodiment from about 15% to about 40%, and in a particu 
lar embodiment from about 20% to about 30% by weight 
relative to the total weight of the Article. The weight ratio of 
the water-soluble polymer(s) to the starch-based material can 
generally range from about 1:10 to about 10:1, in one embodi 
ment from about 1:8 to about 8:1, in still another embodiment 
from about 1:7 to about 7:1, and in yet another embodiment 
from about 6:1 to about 1:6. 
0058 Typical sources for starch-based materials can 
include cereals, tubers, roots, legumes and fruits. Native 
Sources can include corn, pea, potato, banana, barley, wheat, 
rice, Sago, amaranth, tapioca, arrowroot, canna, Sorghum, and 
waxy or high amylase varieties thereof. The starch-based 
materials may also include native starches that are modified 
using any modification known in the art, including those 
described in U.S. Ser. No. 61/120,786. 

2. Plasticizer 

0059. The Article described herein may further comprise a 
water Soluble plasticizing agent Suitable for use in personal 
care compositions. In one embodiment, the one or more plas 
ticizers may be present from about 1% to about 25% by 
weight of the Article; in another embodiment from about 3% 
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to about 20%; in another embodiment from about 5% to about 
15%. Non-limiting examples of Suitable plasticizing agents 
include polyols, copolyols, polycarboxylic acids, polyesters 
and dimethicone copolyols. Examples of useful polyols 
include, but are not limited to, glycerin, diglycerin, propylene 
glycol, ethylene glycol, butylene glycol, pentylene glycol, 
cyclohexane dimethanol, hexane diol, polyethylene glycol 
(200-600), sugar alcohols such as sorbitol, manitol, lactitol 
and other mono- and polyhydric low molecular weight alco 
hols (e.g., C2-C8 alcohols); mono di- and oligo-Saccharides 
Such as fructose, glucose. Sucrose, maltose, lactose, and high 
fructose corn syrup Solids and ascorbic acid. Suitable 
examples of polycarboxylic acids for use herein are disclosed 
in U.S. Ser. No. 61/120,786. 
0060. In one embodiment, the plasticizers include glyc 
erin or propylene glycol and combinations thereof. European 
Patent Number EP283165B1 discloses other suitable plasti 
cizers, including glycerol derivatives such as propoxylated 
glycerol. 

3. Extensional Rheology Modifier 
0061 The Article may comprise an extensional rheology 
modifier. The extensional rheology modifier may be com 
bined with the aforementioned water soluble water soluble 
polymeric structurants to obtain rheological properties desir 
able for fiber formation. The rheological properties critical 
for fiber formation comprise: shear Viscosity, elongational 
Viscosity, elasticity, and so forth. 
0062. The weight-average molecular weight of the exten 
sional rheology modifier may be from about 500,000 to about 
10,000,000, in one embodiment from about 1,000,000 to 
about 8,000,000, and in another embodiment from about 
2,000,000 to about 6,000,000. The extensional rheology 
modifier, may be present from about 0 wt % to about 5 wt %, 
by weight of the Article of an extensional rheology modifier, 
alternatively from about 0.1 wt % to about 4 wt %, in one 
embodiment from about 0.25 wt % to about 3 wt %, and in 
another embodiment from about 0.5 wt % to about 2 wt % by 
weight of the Article of an extensional rheology modifier. In 
Such instances, the weight percentage of the extensional rhe 
ology modifier may be less than about 10%, in another 
embodiment less than 5%, and in yet another embodiment 
less 2% by weight of the processing mixture forming the 
Article. 
0063. In one embodiment, two or more extensional rheol 
ogy modifiers of differing molecular weights may be com 
bined in various ratios in an embodiment to get a desired 
weight-average molecular weight and overall molecular 
weight distribution suitable for forming fibers, provided that 
each of the individually sourced polymers has a weight-aver 
age molecular weight of from about 500,000 to about 10,000, 
000. In an embodiment, a high weight-average molecular 
weight polymer may be combined with a low weight-average 
molecular weight polymer to obtain rheological properties, 
Such as shear viscosity, elongational viscosity, and elasticity 
of the processing mixture desirable for fiber formation. One 
ordinary skilled in the art of fiber forming may be able to 
optimize the ratio of the high and low weight-average 
molecular weight polyethylene oxide to obtain desirable fiber 
forming rheological properties. 
0064. The extensional rheology modifiers may be selected 
from polyvinyl alcohols, polyvinylpyrrolidones, polyalky 
lene oxides, polyacrylates, caprolactams, polymethacrylates, 
polymethylmethacrylates, polyacrylamides, polymethy 
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lacrylamides, polydimethylacrylamides, polyethylene glycol 
monomethacrylates, polyurethanes, polycarboxylic acids, 
polyvinyl acetates, polyesters, polyamides, polyamines, 
polyethyleneimines, maleic/(acrylate or methacrylate) 
copolymers, copolymers of methylvinyl ether and of maleic 
anhydride, copolymers of vinyl acetate and crotonic acid, 
copolymers of vinylpyrrolidone and of vinyl acetate, copoly 
mers of vinylpyrrolidone and of caprolactam, vinyl pyrolli 
done/vinyl acetate copolymers, copolymers of anionic, cat 
ionic and amphoteric monomers, karaya gum, tragacanth 
gum, gum Arabic, acemannan, konjac mannan, acacia gum, 
gum ghatti, whey protein isolate, and soy protein isolate; seed 
extracts including guar gum, locust bean gum, quince seed, 
and psyllium seed; seaweed extracts Such as Carrageenan, 
alginates, and agar, fruit extracts (pectins); those of microbial 
origin including Xanthan gum, gellan gum, pullulan, hyalu 
ronic acid, chondroitin Sulfate, and dextran; and those of 
animal origin including casein, gelatin, keratin, keratin 
hydrolysates, Sulfonic keratins, albumin, collagen, glutelin, 
glucagons, gluten, Zein, shellac, cellulose derivatives such as 
hydroxypropylmethylcellulose, hydroxymethylcellulose, 
hydroxyethylcellulose, methylcellulose, hydroxypropylcel 
lulose, ethylcellulose, carboxymethylcellulose, cellulose 
acetate phthalate, nitrocellulose and other cellulose ethers/ 
esters; guarderivatives such as hydroxypropyl guar, and com 
binations thereof. 
0065. In one embodiment the extensional rheology modi 

fiers include polyethylene oxides. 
0066. In a another embodiment, an about 8,000,000 
weight-average molecular weight polyethylene oxide may be 
combined with an about 1,000,000 weight-average molecular 
weight polyethylene oxide in ratios ranging from about 5:95 
to about 95:5 by weight. In another embodiment, an about 
6,000,000 weight-average molecular weight polyethylene 
oxide may be combined with an about 2,000,000 weight 
average molecular weight polyethylene oxide in ratios rang 
ing from about 5:95 to about 95:5 by weight. In still another 
embodiment, an about 10,000,000 weight-average molecular 
weight polyethylene oxide may be combined with an about 
1,000,000 weight-average molecular weight polyethylene 
oxide in ratios ranging from about 1:99 to about 99:1 by 
weight. Without being bound by any one theory, combining a 
Small percentage of very high molecular weight polymer Such 
as an about 10,000,000 molecular weight polyethylene oxide 
with lower molecular weight polymer such as with an about 
1,000,000 molecular weight polyethylene oxide provides 
elasticity and high elongational viscosity while minimally 
impacting the shear viscosity of a polymer Solution or melt to 
form fibers. The combining ratio of high and low molecular 
weight polymers depends on overall rheological properties 
and Surface tension of the processing mixture, and processing 
conditions of fiber formation. 

4. Optional Ingredients 

0067. The Article may further comprise other optional 
ingredients that are known for use or otherwise useful in 
consumer product compositions, provided that Such optional 
materials are compatible with the selected essential materials 
described herein, or do not otherwise unduly impair the per 
formance of the composition. 
0068. The optional ingredients may comprise active/ 
agents which may be selected from the group consisting of 
personal cleansing and/or conditioning agents such as hair 
care agents, hair conditioning agents, skin care agents, and 
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skin conditioning agents; laundry care and/or conditioning 
agents such a 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, 
anti-foam agents, and fabric refreshing agents; hard Surface 
care and/or conditioning agents such as liquid dishwashing 
agents, powder dishwashing agents, polishing agents, antimi 
crobial agents, perfume, bleaching agents (such as oxygen 
bleaching agents, hydrogen peroxide, percarbonate bleach 
ing agents, perborate bleaching agents, chlorine bleaching 
agents), bleach activating agents, chelating agents, builders, 
brightening agents, dye transfer-inhibiting agents, water 
softening agents, water-hardening agents, pH adjusting 
agents, acids, bases, medicinal agents, lotions, teeth whiten 
ing agents, tooth care agents, mouthwash agents, periodontal 
gum care agents, Sunscreen 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, water-treatment agents, odor 
control agents, antiperspirant agents, cooling agents, warm 
ing agents, absorbent gel agents, anti-inflammatory agents, 
dyes, pigments, edible agents, dietary agents, vitamins, min 
erals, and combinations thereof. 
0069. The optional ingredients may also include those 
materials approved for use in cosmetics and that are described 
in reference books such as the CTFA Cosmetic Ingredient 
Handbook, Second Edition, The Cosmetic, Toiletries, and 
Perfume Association, Inc. 1988, 1992. Examples of such 
optional ingredients are disclosed in U.S. Ser. No. 12/361, 
634, 10/392.422 filed Mar. 18, 2003; and US Publication 
2003/0215522A1, dated Nov. 20, 2003. 
0070. Other optional ingredients include organic solvents, 
especially water miscible solvents and co-solvents useful as 
solubilizing agents for polymeric structurants and as drying 
accelerators. Examples of Suitable organic solvents are dis 
closed in U.S. Ser. No. 12/361,634. Other optional ingredi 
ents include: latex or emulsion polymers, thickeners such as 
water soluble polymers, clays, silicas, ethylene glycol dis 
tearate, deposition aids, including coacervate forming com 
ponents. Additional optional ingredients include anti-dan 
druff actives including but not limited to Zinc pyrithione, 
selenium sulfide and those actives disclosed in US Publica 
tion 2003/0215522A1. Further, optional ingredients may 
comprise cationic Surfactants as included above. 
0071. In one embodiment, the Articles may encompass the 
active agents in the form of a physically adsorbed Surface 
resident coating, either as a thin liquid film or as fine particu 
lates. In one embodiment the ratio of the Article to the surface 
resident coating comprising said at least one active agent is 
from about 110:1 to about 0.1:1, in another embodiment from 
about 20:1 to about 0.2:1, and in another embodiment from 
about 10:1 to about 0.3:1, and in yet another embodiment 
from about 1:1 to about 0.4:1. The surface resident coating 
may comprise from about 10% to about 100% active agents 
by weight of the Surface resident coating, in one embodiment 
from about 30% to about 100%, and in another embodiment 
from about 50% to about 100%. 
0072 The surface resident coating comprising the one or 
more active agents is located on at least a portion of the 
surface of the Article and may permeate the Article in whole 
or in part. Alternatively, the Surface resident coating can be 
included in-between two separate layers of the Article (e.g., 
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sandwiched or encased). The Surface resident coating can be 
sprayed, dusted, sprinkled, coated, Surface-printed (e.g., in 
the shape of a desired adornment, decoration, or pattern), 
poured on, injected into the interior, dipped, or by any other 
Suitable means, such as by use of a depositor, sifter, or powder 
bed. Those of skill in the art should understand that the 
coating can be applied as a powder coating or can be a fluid 
coating. For instance, where the coating is a fluid coating, the 
coating can be sprayed, spread, dropped, printed, sandwiched 
between different articles or different portions of the same 
article, layered, injected, rolled on, or dipped. The coating can 
be applied over portions or entire regions of the article's 
exterior Surface, and can be applied in a manner to adorn, 
decorate, form a logo, design, etc. In one embodiment, the 
fibrous Articles of encompass one or more water-releasible 
matrices comprising active agents. The one or more water 
releasible matrix complexes comprising active agents may be 
incorporated into the composition that is manipulated to form 
the Article. The water-releasible matrix complexes compris 
ing active agents can be incorporated within a surface resident 
coating. In one embodiment the Surface resident coating com 
prises from about 10% to about 100% of one or more water 
releasible matrix complexes comprising active agents, in 
another embodiment from about 25% to about 100%, and in 
yet another embodiment from about 40% to about 100%. 
0073. The ratio of the water-releasible matrix material to 
the one or more active agents in the complex is in one embodi 
ment from about 0.5:1 to about 19:1, in another embodiment 
from about 0.7:1 to about 6:1, and in yet another embodiment 
from about 1:1 to about 3:1. The water-releasible matrix 
complexes comprising active agents according to the inven 
tion are in particulate form and may have a particle size from 
about 1 um to about 200 um, in another embodiment from 
about 2 um to about 100 um, and in yet another embodiment 
from about 3 um to about 50 m. 
0074 The water-releasible matrix materials may include 
cyclodextrins, as well as high Surface area particles that form 
complexes such as starches, polyethylenes, polyamides, 
polystyrenes, polyisoprenes, polycarbonates, polyesters, 
polyacrylates, vinyl polymers polyurethanes, amorphous 
silica, amorphous silica gel, precipitated silica, fumed silica, 
aluminosilicates, such as Zeolites and alumina, silicates, car 
bonates, and mixtures thereof. Preferred water-releasible 
matrix materials include cyclodextrin complexes, silicates, 
silicas, carbonates, and starch-based materials. 
0075. In an additional embodiment, the Articles encom 
pass one or more microcapsules comprising active agents. 
The one or more microcapsules comprising active agents may 
be incorporated into the composition that is manipulated to 
form the Article. The microcapsules comprising active agents 
can be incorporated within the Surface resident coatings. In 
one embodiment the Surface resident coating comprises from 
about 10% to about 100% of one or more microcapsules 
comprising active agents, in another embodiment from about 
25% to about 100%, and in yet another embodiment from 
about 40% to about 100%. Unless indicated otherwise, the 
terms “perfume nanocapsule” and “microcapsule' are within 
the scope of the term “perfume microcapsule.” 
0076. The microcapsules may be formed by a variety of 
procedures that include, but are not limited to, coating, extru 
Sion, spray-drying, interfacial, in-situ and matrix polymeriza 
tion. The possible shell materials vary widely in their stability 
toward water. Among the most stable are polyoxymethyl 
eneurea (PMU)-based materials, which may hold certain 
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active agents for even long periods of time in aqueous solu 
tion (or product). Suitable microcapsules may include those 
described in the following references: U.S. Patent Applica 
tion Nos.: 2003/0125222 A1: 2003/215417A1:2003/216488 
A1: 2003/158344 A1: 2003/165692 A1: 2004/071742 A1; 
2004/071746A1: 2004/072719 A1: 2004/072720 A1: 2006/ 
0039934 A1: 2003/203829 A1: 2003/195133 A1: 2004/ 
087477 A1: 2004/0106536A1; and U.S. Pat. Nos. 6,645,479 
B1; 6,200,949 B1; 4,882,220: 4,917,920; 4,514,461; 6,106, 
875 and 4,234,627, 3,594,328 and US RE 32713. 
0077. In one embodiment, the Articles may comprise 
chemical foaming agents. These agents can be processing aid 
for forming the Articles or enhancing the performance of the 
active agent in the Articles. The chemical foaming agents may 
be exothermic (heat released upon foaming) or endothermic 
(heat absorbed during foaming). The endothermic chemical 
foaming agent may be useful during fiberformation to absorb 
heat and foam for providing lower density fibers. Suitable 
non-limiting examples of endothermic foaming agents 
include sodium bicarbonate, citric acid and their derivatives, 
and combinations thereof, which start to evolve gas (mostly 
carbon dioxide) for foaming around 120° C. Non-limiting 
examples of exothermic chemical foaming agents include 
aZodicarbonamide (ADC), 4,4'-Oxybis(benzol-sulfonylhy 
drazide), 5-phenyltetrazole, p-toluylensulfonyl-semicarba 
Zide, p-toluylensulfonyl-hydrazide, and combinations 
thereof. These exothermic chemical foaming agents become 
active (evolve mostly nitrogen gas for foaming) at tempera 
tures in excess of 100° C. and release heat (exothermic), 
which may need to removed by cooling or other means. When 
used as a processing aid for forming the Articles, the selection 
of the proper chemical foaming agent is quite dependent on 
the specific application conditions and requirements, espe 
cially processing mixture composition and process condi 
tions and control. It is desirable for the chemical foaming 
agent to completely decompos and be kept in the processing 
mixture fluid solution until the fluid blend exits the die or 
nozzle. Then, the gas should be allowed to expand in the solid 
phase in the Article. The gas may escape from the Article to 
form open-celled fibers or may remain trapped. HydrocerolR) 
(available from Clariant Masterbatches, Holden, Mass., 
USA), Tracel(R) (available from Tramaco, Pinneberg, Ger 
many), and OnCapTM (available from PolyOne, Avon Lake, 
Ohio, USA) are non-limiting examples of commercially 
available chemical foaming agents. Anti-foaming agents may 
be added to the Article after the gas from the chemical foam 
ing agents has been released to so that any leftover chemical 
foaming agent in the Article does not interfere with the per 
formance of the Article. Such as during use. 

D. Product Form 

0078. The Article can be produced in any of a variety of 
product forms, including Articles used alone or in combina 
tion with other consumer product components. The Articles 
can be used in a continuous or discontinuous manner when 
used within consumer product compositions. 
(0079. The Article may be in the form of one or more flat 
sheets or pads of an adequate size to be able to be handled 
easily by the user. It may have a square, rectangle or disc 
shape or any other Suitable shape. The pads can also be in the 
form of a continuous strip including delivered on a tape-like 
roll dispenser with individual portions dispensed via perfo 
rations and or a cutting mechanism. Alternatively, the Articles 
are in the form of any other shaped object. 
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0080. The Article may comprise one or more textured, 
dimpled or otherwise topographically patterned surfaces 
including letters, logos or figures. The textured Article pref 
erably results from the shape of the Article, in that the outer 
most Surface of the Article contains portions that are raised 
with respect to other areas of the surface. The raised portions 
can result from the formed shape of the Article, for example 
the Article can be formed originally in a dimpled or waffle 
pattern. The raised portions can also be the result of creping 
processes, imprinted coatings, embossing patterns, laminat 
ing to other layers having raised portions, or the result of the 
physical form of the Article itself. The texturing can also be 
the result of laminating the Article to a second Article that is 
textured. 

0081. In a particular embodiment, the Article can be per 
forated with holes or channels penetrating into or through the 
Article. These perforations can be formed as part of the web 
making process via spikes extended from the Surface of an 
adjacent belt, drum, roller or other surface. Alternatively, 
these perforations can be formed after the web making pro 
cess via poking or sticking the Articles with pins, needles or 
other sharp objects. These perforations can be great in num 
ber per Surface area, but not so great in number so as to 
sacrifice the integrity or physical appearance of the Article. It 
has been found that such perforations can increase the disso 
lution rate of the Articles into water relative to un-perforated 
Articles. 

E. Product Types 

0082) Non-limiting examples of product type embodi 
ments for use by the Article and methods include personal 
care articles, oral care articles, personal health care articles, 
household care articles, and other cleaning articles. Non 
limiting examples of the personal care articles include hand 
cleansing Substrates, hair shampoo, hair conditioner, hair 
color treatment Substrates, facial cleansing Substrates, body 
cleansing Substrates, shaving preparation Substrates, pet care 
Substrates, personal care Substrates containing pharmaceuti 
cal or other skin care active, moisturizing Substrates, Sun 
screen Substrates, chronic skin benefit agent Substrates (e.g., 
Vitamin-containing Substrates, alpha-hydroxy acid-contain 
ing Substrates, etc.), deodorizing Substrates, anti-acne Sub 
strates, skin wrinkle treatment Substrates, and combinations 
thereof fragrance-containing Substrates, and combinations 
thereof. Non-limiting examples of oral care articles include 
teeth cleaning articles, teeth whitening articles, tooth care 
articles, periodontal gum care articles, denture cleaning 
articles, tongue cleaning articles, breath freshening articles, 
fluoride containing articles, mouth rinse articles, anti-cavity 
articles, and combinations thereof. Non-limiting examples of 
health care articles include pharmaceutical drug containing 
dosage form articles, over-the-counter drug containing dos 
age form articles, pro-biotic containing articles, antibacterial 
Substrates, antifungal Substrates, anesthetic Substrates, 
wound care substrates, analgesic Substrates, antiseptic Sub 
strates, anti-inflammatory Substrates, and combinations 
thereof. Non-limiting examples of household care articles 
include fabric care substrates, dish care substrates, hard Sur 
face cleaning Substrates, automotive care substrates, fabric 
fragrance delivery Substrates, fabric softener Substrates, laun 
dry cleaning Substrates, fabric stain removal Substrates, fabric 
anti-wrinkle substrates, fabric static control substrates, fabric 
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on-the-go stain removal Substrates, automatic dishwasher 
cleaning Substrates, and so forth. 

II. Method of Manufacture 

I0083. The Article can be prepared by the process compris 
ing: (1) Preparing a processing mixture comprising active 
agent(s), dissolved polymer structurant(s), plasticizer(s) and 
other optional ingredients; (2) Fibrillating the processing 
mixture into fibers by a film fibrillation process comprising a 
pressurized gas stream directed against a liquid film of the 
pre-mix to form the fibers and partially drying the fibers by a 
another or the same pressurized gas stream; (3) Depositing 
the partially dry fibers on a surface to form a web into a 
desired one or more shapes to form one or more shaped 
partially dry Articles; and (4) the optional drying the shaped 
partially dry Article to a desired final moisture content (e.g., 
from about 0.5% to about 15% moisture, by addition of 
energy). Optionally, a surface resident coating can be applied 
to the Article. The Surface resident coating can be applied on 
the surface of fibers either when the fibers are in flight to the 
collector before forming a web, or after the web has been 
dried, as explained later in the Surface Resident Coating 
section. 

A. Preparation of Processing Mixture 
I0084. The processing mixture is generally prepared by 
dissolving the polymer structurant in the presence of water, 
active agent(s), plasticizer and other optional ingredients by 
heating followed by cooling. This can be accomplished by 
any suitable heated batch agitation system or via any Suitable 
continuous system involving either single screw or twin 
screw extrusion or heat exchangers together with either high 
shear or static mixing. Any process can be envisioned such 
that the polymer is ultimately dissolved in the presence of 
water, the active agent(s), the plasticizer, and other optional 
ingredients including step-wise processing via pre-mix por 
tions of any combination of ingredients. 
I0085. The processing mixtures can comprise: from about 
15% to about 60% solids, in one embodiment from about 20% 
to about 55% solids, and in another embodiment from about 
25% to about 50% solids, by weight of the processing mixture 
before fiber formation; and have a viscosity of from about 
5,000 centipoise to about 150,000 centipoise, in one embodi 
ment from about 10,000 centipoise to about 125,000 centi 
poise, in another embodiment from about 15,000 centipoise 
to about 100,000 centipoise, in another embodiment from 
about 20,000 centipoise to about 75,000 centipoise, and in 
still another embodiment from about 25,000 centipoise to 
about 60,000 centipoise. 
I0086. The % solids content is the summation of the weight 
percentages by weight of the total processing mixture of all of 
the Solid, semi-solid and liquid components excluding water 
and any obviously volatile materials such as low boiling 
alcohols. The processing mixture Viscosity values are mea 
sured using a TA Instruments AR500 Rheometer with 4.0 cm 
diameter parallel plate and 1,200 micron gap at a shear rate of 
1.0 reciprocal seconds for a period of 30 seconds at 23°C. 
B. Forming Fibers from the Processing Mixture 
I0087 Fibers can be formed from many processes includ 
ing, but not limited to, meltblowing processes, spunboding 
processes, bonded carded web processes, melt fibrillation and 
electrospinning and combinations thereof. The method of 
making the fibers can include a single step fibrillation pro 
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cess. Typical single step fibrillation processes used for ther 
moplastic polymers include melt blowing, melt film fibrilla 
tion, spun bonding, melt spinning in a typical spin/draw 
process, and combinations thereof. 
0088 Spunbonded fibers refers to small diameter fibers 
which are formed by extruding molten thermoplastic material 
as filaments from a plurality of fine, usually circular capillar 
ies of a spinneret with the diameter of the extruded filaments 
then being rapidly reduced as described in U.S. Pat. Nos. 
3,692,618, 3,802,817, 3,338,992, 3,341,394, 3,502,763, 
3,502,538, and 3,542,615. 
I0089 Meltblown fibers mean fibers formed by extruding a 
molten thermoplastic material through a plurality of fine, 
usually circular, die capillaries as molten threads or filaments 
into converging high Velocity gas streams which attenuate the 
filaments of molten thermoplastic material to reduce their 
diameter, which may be to microfiber diameter. Thereafter, 
the meltblown fibers are carried by the high velocity gas 
stream and are deposited on a collecting Surface to form a web 
of randomly dispersed meltblown fibers. Such a process is 
disclosed in U.S. Pat. No. 3,849,241. 
0090 Methods to produce fine fibers additionally com 
prise melt fibrillation and electrospinning. Melt fibrillation is 
a general class of making fibers defined in that one or more 
polymers are molten and are extruded into many possible 
configurations (e.g., co-extrusion, homogeneous orbicompo 
nent films or filaments) and then fibrillated or fiberized into 
filaments. Meltblowing is one such specific method (as 
described herein). Melt film fibrillation is another method that 
may be used to produce submicron fibers. A melt film is 
produced from the melt and then a fluid is used to form fibers 
from the melt film. Examples of this method comprise U.S. 
Pat. Nos. 6,315,806, 5,183,670, and 4,536,361, to Torobinet 
al., and U.S. Pat. Nos. 6,382,526, 6,520,425, and 6,695,992, 
to Reneker et al. and assigned to the University of Akron. The 
process according to Torobin uses one or an array of co 
annular nozzles to form a fluid film which is fibrillated by 
high velocity air flowing inside this annular film. Other melt 
film fibrillation methods and systems are described in the 
U.S. Pat. Nos. 7,666,343 and 7,931,457 to Johnson, et al., 
U.S. Pat. No. 7,628,941, to Krause et al., and U.S. Pat. No. 
7.722,347, to Krause, et al., and provide uniform and narrow 
fiber distribution, reduced or minimal fiber defects such as 
unfiberized polymer melt (generally called “shots'), fly, and 
dust, for example. These methods and systems further pro 
vide uniform nonwoven webs for absorbent hygiene articles. 
0091 Electrospinning is a commonly used method of pro 
ducing Sub-micron fibers. In this method, typically, a polymer 
is dissolved in a solvent and placed in a chamber sealed at one 
end with a small opening in a necked downportion at the other 
end. A high Voltage potential is then applied between the 
polymer Solution and a collector near the open end of the 
chamber. The production rates of this process are very slow 
and fibers are typically produced in Small quantities. Another 
spinning technique for producing Sub-micron fibers is solu 
tion or flash spinning which utilizes a solvent. 
0092. There is a difference between submicron diameter 
fibers made with electro-spinning versus those made with 
melt-fibrillation, namely the chemical composition. Electro 
spun Submicron fibers are made of generally soluble poly 
mers of lower molecular weight than the fibers made by 
melt-fibrillation. Commercially-viable electro-spinning 
methods have been described in U.S. Pat. No. 7,585,437, to 
Jirsak et al., U.S. Pat. No. 6,713,011 to Chu et al., U.S. Pat. 
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Publ. No. 2008/0237934, to Reneker et al, U.S. Pat. Publ. 
Nos. 2008/0277836 and 2008/0241297, to Park, and U.S. Pat. 
Publ. No. 2009/0148547, to Petras et al. 
0093. In one embodiment, a form of melt film fibrillation 
process is used. Generally, this process involves providing a 
thermoplastic polymeric melt, utilizing a pressurized gas 
stream to impinge on to the polymeric melt to form multiple 
fine fibers. Suitable melt film fibrillation methods are 
described in for example, U.S. Pat. Nos. 4,536,361, 6,315, 
806, and 5,183,670 to Torobin: U.S. Pat. Nos. 6,382,526, 
6,520,425, and 6,695,992, to Reneker: U.S. Pat. No. 7,666, 
343 to Johnson et al; U.S. Pat. No. 7,628,941, to Krause etal, 
and U.S. Pat. Publ. No. 2009/0295020, to Krause, etal, pub 
lished on Dec. 3, 2009—all of which are incorporated herein 
as reference in their entirety. The melt film fibrillation meth 
ods can utilize different processing conditions. Torobin's and 
Reneker's method more specifically includes the steps of 
feeding the polymer melt into an annular column and forming 
a film at the exit of the annular column where a gas jet space 
is formed. A gas column then provides pressures on the inner 
circumference of the polymer film. When the polymer melt 
film exits the gas jet space, it is blown apart into many Small 
fibers, including nanofibers, due to the expanding central gas. 
0094. While the melt film fibrillation methods, included as 
reference above, describe the use of thermoplastic polymer 
melt, it was Surprising and non-intuitive to discover that a film 
fibrillation method can be used for making fibers of the pro 
cessing mixture fluids. Specifically, as used, a fluid film fibril 
lation process comprises a pressurized gas stream flowing 
within a confined gas passage, comprising an upstream con 
Verging wall Surfaces and a downstream diverging wall Sur 
faces into which the processing mixture fluid is introduced to 
provide an extruded processing mixture fluid film on a heated 
wall Surface that is impinged by the gas stream flowing within 
the gas passage, effective to fibrillate the processing mixture 
fluid film into fibers. “Converging means that the cross 
sectional area decreases in the direction of gas flow; and 
"diverging” means that the crosssectional area increases in 
the direction of gas flow. In one embodiment, the gas passage 
comprises a first, upstream section into which the gas enters 
from a Supply end, a transition region, and a second, down 
stream section in which the gas flows to an exit end, wherein 
the transition region fluidly connects the first section to the 
second section, and the gas passage ends at the exit end of the 
second section. In a particular embodiment, the first section 
of the gas passage has a monotonically decreasing cross 
sectional area from the Supply end to the transition region, 
and the second section of the gas passage has a monotonically 
increasing cross-sectional area from the transition region to 
the exit end of the second section. At least one flowing pro 
cessing mixture fluid stream is transmitted through at least 
one bounded passage which ends in at least one opening in at 
least one of the opposing heated walls. The processing mix 
ture fluid is heated sufficiently in transit to make and keep it 
flowable until introduced into the gas passage. Each process 
ing mixture fluid stream extrudes in the form of a film from 
each opening. Each extruded processing mixture fluid film 
joins with the gas stream and the processing mixture fluid film 
is fibrillated to form fibers exiting from the exit end of the 
second section of the gas passage. For purposes herein, 
"monotonically decreasing cross-sectional area” means 
'strictly decreasing cross-sectional area' from the upper 
inlet) end to the lower end of the upstream nozzle section, and 
"monotonically increasing cross-sectional area” means 
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'strictly increasing cross-sectional area” from the upper end 
to the exit end of the downstream section of the nozzle. 

0095. In a particular embodiment, each extruded process 
ing mixture fluid film joins with the gas stream in the second 
section of the gas passage. The introduction of the processing 
mixture fluid in the second section of the nozzle system on a 
heated diverging Support wall has been found to especially 
facilitate production of high quality fibers and resulting webs. 
In a further embodiment, the location where the extruded 
processing mixture fluid film joins with the gas in the second, 
downstream section in order to produce the best quality fibers 
and web depends on the type of gas, the nozzle geometry, 
including angles and transitions, and the pressure of the gas, 
and can be located in the upper half of the second section Such 
as for low gas pressure conditions, and can be located in the 
lower, downstream half of the second section Such as for high 
gas pressure conditions. In a particular embodiment, only one 
processing mixture fluid film forms on at least one of the 
heated walls, the gas pressure exceeds about 10psi, and each 
processing mixture passage opening from which processing 
mixture film extrudes is located in a second, downstream half 
of the second section between the transition region and the 
exit end of the second section. It has been found that the 
second half of the downstream second section can provide an 
optimal gas velocity region where fluid film fibrillation is 
accomplished very efficiently, yielding higher quality fibrous 
product. 
0096. For the purposes of this disclosure, the bounded 
passages for pressurized gas and processing mixture fluid 
together will be referred as “nozzle' or “nozzle system'. The 
noZZle may have bounded passages in a rectangular slot con 
figurations or circular rounded configuration or elongated 
oval configuration or any configuration that would enable 
formation of one or more processing mixture fluid film(s) to 
be impinged by one or more pressurized gas streams. In 
particular, for a rectangular slot configuration, one or more 
pressurized gas streams may flow through a bounded rectan 
gular slot passage to impinge on the processing mixture fluid 
film that forms on a rectangular wall surface to form the 
processing mixture fibers. In Such rectangular slot configura 
tion, the bounded passage for one or more processing mixture 
fluid may be circular rounded, or elongated oval, or rectan 
gular slot, or any other shape. 
0097. An example of a circular rounded nozzle and a slot 
nozzle for fluid film fibrillation method are further illustrated 
in FIGS. 1 and 2, respectively. These preferred embodiments 
illustrate a nozzle 7, 20 with orifice 7a which forms the fibers 
17. The process more specifically includes the steps of heat 
ing the processing mixture fluid 2 and forming a liquid film 9 
across an orifice 7a. The processing mixture fluid will contain 
the water Soluble polymer and any other desired ingredients. 
The processing mixture fluid 2 is extruded through an orifice 
7a, which in turn contains a pressurized gas stream 10 Such 
that the processing mixture fluid 2 extrudes as an elongated 
film 12. The orifice 7a may be part of a nozzle 7 and the nozzle 
7 may be optimized for process stability. A fiberizing fluid 
stream 10, Such as a pressurized gas stream, is blown to form 
an elongated film 12. The fiberizing fluid stream 10 will then 
provide pressure on the inner Surface (adjoining fiberizing 
fluid stream) of the elongated film 12. Thinned wall or weak 
ened portions may form in the film 12 to more easily and 
controllably enable the formation of fibers including nanofi 
bers 17. The weakened portions may result from notches or 
projections located on the outer surface of the jet 10 or on the 
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inner Surface of the processing mixture fluid extrusion orifice 
7a. The weakened portions may also result spontaneously due 
to local surface pressure on the fluid film and/or fluid film flow 
rate differences across the perimeter of the film. The elon 
gated processing mixture fluid film 12 is then Subjected to a 
fluid to form a multiplicity fibers 17. This fluid can be the 
pressurized gas stream 10 oran entraining fluid 14 or any fluid 
stream. The entraining fluid 14 is from transverse jet 13. If 
advantageous, a nozzle 18 providing cooling or heating fluid 
19 to the formed fibers 17 may be used. 
0098. The processing mixture 2 is typically heated until it 
forms a liquid and flows easily. The processing mixture fluid 
2 may be at a temperature of from about 0°C. to about 150° 
C., in one embodiment from about 10° C. to about 120° C., 
and in another embodiment from about 20° C. to about 100° 
C. The temperature of the polymer 2 depends on the process 
ing mixture fluid composition. The heated processing mixture 
fluid 2 is at a pressure from about 15 psia to about 220 psia, or 
preferrably from about 20 psia to about 150 psia, or more 
preferrably from about 25 psia to about 100 psia. 
0099. In some cases, the processing mixture fluid film may 
coalesce immediately after forming. In the case of the coa 
lesced film, it may be preferred to have thinned walls or 
weakened portions in the film to aid in the fibrillation. Non 
limiting examples of the fiberizing fluid are gases Such as 
nitrogen or in another embodiment air or any other fluid 
compatible (defined as reactive orinert) with processing mix 
ture composition. The fiberizing fluid 10 can be at a tempera 
ture close to the temperature of the heated processing mixture 
fluid 2. The fiberizing fluid 10 temperature may be at a higher 
temperature than the heated processing mixture fluid 2 to help 
in the flow of the processing mixture fluid 2 and the formation 
of the fluid film 9. Alternatively, the fiberizing fluid 10 tem 
perature can be below the heated processing mixture fluid 2 
temperature. In one embodiment, the fiberizing fluid tem 
perature is about 100° C. above the heated processing mixture 
fluid 2, in another embodiment about 50° C. above the heated 
processing mixture fluid 2, or just attemperature of the heated 
processing mixture fluid 2. The pressure of the fiberizing fluid 
10 is sufficient to fibrillate the processing mixture fluid into 
fibers 17 and is above the pressure of the heated processing 
mixture fluid as it is extruded out of the orifice 7a. 
0100. The fiberizing fluid 10 may have a velocity of more 
than about 200 meter per second at the location of film fibril 
lation. In one embodiment, at the location offilm fibrillation, 
the fiberizing fluid velocity will be more than about 300 meter 
per second, i.e., transonic velocity; in another embodiment 
more than about 330 meter per second, i.e., sonic velocity: 
and in yet another embodiment from about 350 to about 800 
meters per second, i.e., SuperSonic Velocity. The fiberizing 
fluid may pulsate or may be a steady flow. 
0101 The processing mixture fluid 2 throughput will pri 
marily depend upon the specific processing mixture fluid 
used, the nozzle design, and the temperature and pressure of 
the processing mixture fluid. The processing mixture fluid 2 
throughput will be more than about 1 gram per minute per 
orifice, for example in a circular nozzle illustrated in the FIG. 
1. In one embodiment, the processing mixture fluid through 
put will be more than about 10 gram per minute per orifice and 
in another embodiment greater than about 20gram perminute 
per orifice, and in yet another embodiment greater than about 
30 gram per minute per orifice. In an embodiment with the 
slot nozzle, such as the one illustrated in the FIG. 2, the 
processing mixture fluid throughput will be more than about 
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0.5 kilogram per hour per meter width of the slot nozzle. In 
another slot nozzle embodiment, the processing mixture fluid 
throughput will be more than about 5 kilogram per hour per 
meter width of the slot nozzle, and in another slot nozzle 
embodiment, the processing mixture fluid throughput will be 
more than about 10 kilogram per hour per meter width of the 
slot nozzle, and in yet another slot nozzle embodiment, the 
processing mixture fluid throughput will be more than about 
20 kilogram per hour per meter width of the slot nozzle. In 
certain embodiments of the slot nozzle, the processing mix 
ture fluid throughput may exceed about 40 kilogram per hour 
per meter width of the slot nozzle. There will likely be several 
orifices 7a operating at one time which further increases the 
total production throughput. The throughput, along with pres 
Sure, temperature, and Velocity, are measured at the die orifice 
exit for circular 7a and slot nozzles 20. 

0102) The fibrillation of the fibers may occur before the 
fibers and fluid exit the orifice. Once the elongated film exits 
the orifice, the fibers are formed. Commonly, the formation of 
fibers occurs immediately upon exiting the orifice. One or 
more fluid streams may be used to form the multiplicity of 
fibers. The pressurized gas or fluid stream 10 can be the fluid 
stream adjoining the processing mixture fluid film, an entrain 
ing fluid, or any other fluid stream. Optionally, an entraining 
fluid 14 can be used to induce a pulsating or fluctuating 
pressure field to help in forming a multiplicity of fibers 17. 
Non-limiting examples of the entraining fluid 14 are pressur 
ized gas stream Such as compressed air, nitrogen, oxygen, 
Super-heated steam, or any other fluid compatible (defined as 
reactive orinert) with the processing mixture composition. As 
shown in FIGS. 1 and 2, the entraining fluid 14 may be 
provided by a transverse jet 13 which is located to direct the 
flow of entraining fluid 14 over and around the film 12 and 
fiber 17 forming region. The entraining fluid 14 can have a 
low velocity or a high Velocity, Such as an near Sonic or Super 
sonic speeds. An entraining fluid with a low velocity will 
typically have a velocity of from about 1 to about 100 meter 
per second and in one embodiment from about 3 to about 50 
meter per second. It is desirable to have low turbulence in the 
entraining fluid stream 14 to minimize fiber-to-fiber entangle 
ments, which usually occur due to high turbulence present in 
the fluid stream. The temperature of the entraining fluid 14 
can be the same as the above fiberizing fluid 10, or a higher 
temperature to aid drying offibers, and ranges from about 80° 
C. to 300° C. and typically from about 100° C. to about 250° 
C. The moisture content or the relative humidity of the 
entraining fluid 14 when used as drying fluid is very low, 
generally less than 20%, in another embodiment less than 
10%, in another embodiment less than 5%, and in yet another 
embodiment less than 1%. 

0103 Optionally, an additional fluid stream, heating or 
drying fluid 19, can also be used. The additional fluid stream 
19 may be a pressurized gas stream Such as compressed air, 
nitrogen, oxygen, Super-heated Steam, or any other fluid com 
patible (defined as reactive or inert) with the processing mix 
ture composition. This additional fluid stream 19 is located to 
direct fluid into the fibers 17 to dry the fibers. It is desirable to 
have low turbulence in the entraining fluid stream 19 to mini 
mize fiber-to-fiber entanglements, which usually occur due to 
high turbulence present in the fluid stream. If the additional 
fluid is used as a heating or drying fluid, it is at a temperature 
of from about 80° C. to 300° C. and typically from about 100° 
C. to about 250° C. The moisture content or the relative 
humidity of the additional fluid stream when used as drying 
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fluid is very low, generally less than 20%, in one embodiment 
less than 10%, in yet another embodiment less than 5%, and 
in yet another embodiment less than 1%. The additional fluid 
stream 19 may form a "curtain' or “shroud around the fibers 
of the processing mixture exiting from the nozzle. Suitable 
examples of such "curtain' or “shroud” are disclosed in the 
U.S. Pat. No. 7,628,941 to Krause, et al and U.S. Pat. Nos. 
6,382,526 and 6,695,992 to Reneker, respectively, which all 
are incorporated herein as reference in their entirety. Any 
fluid stream may contribute to the fiberization of the process 
ing mixture fluid and can thus generally be called fiberizing 
fluids. 

0104. The fibers of the processing mixture may be par 
tially or completely dried in flight to the collector by any or 
combination of the fiberizing fluids—the fiberizing fluid 
pressurized gas stream 10, the entraining fluid 14, or the 
additional fluid stream 19. Alternatively, the fiberizing fluid 
pressurized gas stream 10 or the first pressurized gas stream 
may be the only fluid stream used for fibrillation and partially 
or completely drying the processing mixture fibers. In Such 
instance, the drying fluid stream is continuation of the first 
fluid stream 10. Alternatively, the first fiberizing fluid stream 
10 and the second entraining fluid stream 14 may the fluid 
streams used for fiberizing and drying, respectively. Alterna 
tively, the first fiberizing fluid stream 10 and the second 
additional fluid stream 19 may the fluid streams used for 
fiberizing and drying, respectively. In a particular embodi 
ment, the drying additional fluid stream 19 may be adjacent to 
the first fiberizing fluid stream 10. In another embodiment the 
drying additional fluid stream 19 may beat an angle to the first 
fiberizing fluid stream 10 after exiting the nozzle. The angle 
of the drying additional fluid stream 19 may range from about 
0° (parallel) to 90° (perpendicular) to the first fiberizing fluid 
stream 10 as it exits the nozzle. The fluid stream 19 can have 
a low velocity or a high Velocity, such as a near Sonic or Super 
sonic speeds. The additional fluid stream with a low velocity 
will typically have a velocity of from about 1 to about 100 
meter per second and in one embodiment from about 3 to 
about 50 meter per second. One or more drying fluid stream 
(s) at least partially dry the in-flight fibers fibrillated from the 
processing mixture film. In a particular embodiment, one or 
more drying fluid stream(s) may dry the fibers to desired 
moisture content of the Article from about 0.5% to about 15% 
moisture. The temperature and moisture content of one or 
more drying fluid stream(s) may be optimized to dry the fibers 
to the desired moisture content by one ordinary skilled in the 
art of dry spinning. 
0105. After the processing fixture fluid film is formed, the 
film or the fibers may alternatively be subject to an additional 
process that promotes the formation of micro and nanofibers 
with diameter less than about 1 micrometer. The further pro 
cessing would occur immediately after formation of the elon 
gated film. The additional processing can utilize one or more 
Laval nozzles to speed up the gas Velocities to Sonic and/or 
SuperSonic range. When processing mixture is exposed to 
Such high gas Velocities, it bursts into multiplicity of fine 
fibers. Examples of a Laval nozzle are described in Nyssenet 
al., U.S. Pat. No. 5,075,161 (included herein as a reference in 
its entirety), in which a method of bursting polyphenylene 
sulfide melt into fine filaments is disclosed. The Laval nozzle 
may be positioned just after the nozzle when the elongated 
processing mixture film is produced. Alternatively, Laval 
nozzle could be positioned just after the fibers have formed to 
further reduce the fiber size. The fibers can be produced by 
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Subjecting the processing mixture streams to drawing out and 
extruding them into a gaseous medium which flows essen 
tially parallel to the processing mixture streams and attains 
Sonic or SuperSonic speed. This simultaneous deformation 
and cooling gives rise to fine or extremely fine fibers of finite 
length. The spinning speed, temperature, and the position of 
the Laval nozzle are appropriately set to achieve desired fine 
ness and drying of fibers. 
0106 Various processes and combination of processes can 
be used to make the webs of the described herein. Fiber 
bursting, as disclosed in U.S. Pat. No. 7,326,663 by Sode 
mann et al. can be combined with fluid film fibrillation 
described herein on two separate beams on a single line. 
Various aspects offiberbursting can be incorporated into fluid 
film fibrillation, such as producing fibers of different 
strengths and diameters to provide a desired combination of 
properties. Alternatively, aspects of fluid film fibrillation can 
be included in other fibrillation processes to increase the 
throughput rate by utilizing a fluid film fibrillation to form 
fibers. For example, the fluid film fibrillation process 
described herein could be modified to include a Laval nozzle 
to aid in drawing down the fibers. Drawing down can aid in 
further attenuation of the fibers. 

0107 The fibers described herein may also be produced by 
other spinning methods that typically yield Submicron fibers. 
Such methods include electrospinning, electroblowing, and 
flash spinning. In general, electrospinning employs an elec 
trostatic force to draw a charged liquid polymeric formulation 
from a source to a collector. An electrostatic field is used to 
accelerate the liquid formulation from the source to the col 
lector on which the fibers are collected. Suitable and non 
limiting examples of electrospinning methods for making 
fibers as described herein, have been described in U.S. Pat. 
No. 7,585,437, to Jirsaket al., U.S. Pat. No. 6,713,011 to Chu 
et al., U.S. Pat. Publ. No. 2008/0237934, to Reneker et al, 
U.S. Pat. Publ. Nos. 2008/0277836 and 2008/0241297, to 
Park, U.S. Pat. Publ. No. 2009/0148547, to Petras et al, and 
U.S. Pat. Publ. No. 2006/0264130, to Karles, et al. 
0108. The electroblowing method comprises feeding a 
polymeric Solution to a spinning nozzle to which a high 
Voltage is applied while compressed gas is used to envelop the 
polymer Solution in a forwarding gas stream as it exits the 
noZZle, and collecting the resulting nanofiber web on a 
grounded Suction collector. Suitable and non-limiting 
examples of electroblowing methods, included herein as ref 
erences in their entirety, comprise U.S. Pat. No. 7,582.247 to 
Armantroutetal, U.S. Pat. No. 7,585,451 to Bryneretal, U.S. 
Pat. No. 7,618,579 to Kim et al., U.S. Pat. Publ. No. 2006/ 
O097431 to Hovanec, U.S. Pat. Publ. No. 2006/0012084 to 
Armantrout et al, and U.S. Pat. Publ. No. 2005/0073075 to 
Chu et al. 

0109 Another process to make fibers of the described 
herein is flash spinning, described in U.S. Pat. No. 3,081.519 
to Blades and White (non-limiting example). In the flash 
spinning process, a polymeric Solutionata temperature above 
the boiling point of the solvent and at a pressure at least 
autogenous is extruded into a medium of lower temperature 
and substantially lower pressure. The sudden boiling which 
occurs at this point causes either microcellular structures or 
fibrillated networks to form. The fibrillated materials tend to 
be formed when the pressure changes are most severe, or 
when more dilute solutions are used. Under these circum 
stances the vaporizing liquid within the extrudate forms 
bubbles, breaks through confining walls, and cools the extru 
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date, causing Solid polymer to form therefrom. The resulting 
multifibrous strand has an internal fine structure or morphol 
ogy characterized as a three-dimensional integral plexus con 
sisting of a multitude of essentially longitudinally extended, 
interconnecting, random-length, fibrous elements, referred to 
as film-fibrils. These film-fibrils have the form of thin ribbons 
of a thickness, typically, less than 4 micrometer. Other Suit 
able and non-limiting examples of the flash spinning process, 
included herein as references in their entirety, comprise U.S. 
Pat. Nos. 5,977,237 and 5,250,237 to Shin etal, U.S. Pat. No. 
5,788.993 to Bryner et al, U.S. Pat. No. 6,638,470 to Sch 
weiger, U.S. Pat. No. 4,260,565 to D'Amico et al, and U.S. 
Pat. No. 7,118,698 to Armantrout et al. 
0110. In a particular embodiment, the processing mixture 
may be spun into Submicron (diameter less than about 1 
micrometer) or micro-fiber (diameter ranging from about 1 
micrometer to about 10 micrometer) using methods selected 
from the group of fluid film fibrillation, melt fibrillation, 
electrospinning, electroblowing, flash spinning, or combina 
tions thereof. 
0111. The above methods, such as fluid film fibrillation, 
fiber bursting, electrospinning, or electroblowing, produce a 
significant number of dissolvable fibers with an average 
diameter less than about 1 micrometer, or sub-micron fibers. 
In an embodiment, the article comprising Article may have at 
least 25% of all the dissolvable fibers with an average diam 
eter less than about 1 micrometer, in one embodiment at least 
35% of all the dissolvable fibers with an average diameter less 
than about 1 micrometer, in another embodiment at least 50% 
of all the dissolvable fibers with an average diameter less than 
about 1 micrometer, and in yet another embodiment at least 
75% of all the dissolvable fibers with an average diameter less 
than about 1 micrometer. However, it may be desirable for a 
particular Article produced by the methods of described 
herein be such that the methods are optimized to produce a 
significant number of dissolvable fibers with an average 
diameter less than about 150 micrometer, in one embodiment 
less than about 100 micrometer, in another embodiment less 
than about 10 micrometer, and yet another embodiment less 
than about 1 micrometer with a relative standard deviation of 
less than 100%, alternatively less than 80%, alternatively less 
than 60%, alternatively less than 50%, such as in the range of 
10% to 50%, for example. As mentioned earlier in the present 
disclosure, the significant number means at least 10% of all 
the dissolvable fibers, in one embodiment at least 25% of all 
the dissolvable fibers, in another embodiment at least 50% of 
all the dissolvable fibers, yet another embodiment at least 
75% of all the dissolvable fibers. 

C. Forming the Fibrous Web Structure 
0112 The partially dry or dried to desired moisture con 
tent fibers of the processing mixture are laid down on a 
collector to form a web. The collector is typically a conveyor 
belt or a drum. The collector can be porous and vacuum may 
be applied to provide suction to aid fiber lay down on the 
collector. The distance from the orifice to the collector dis 
tance, commonly called die-to-collector distance (DCD), can 
be optimized for desired web properties. It may be desired to 
utilize more than one DCD used in a web, to change the DCD 
during production, or to have different beams with different 
DCDs. It may be desirable to form a web with different 
uniformities by changing the DCD. If the DCD is such that 
fibers are not sufficiently dried before depositing on the col 
lector, the wet or insufficiently dry fibers may coalesce to 
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form blobs or bundles that may not be desirable and would 
constitute as defects. Alternatively, it may be desirable for an 
Article to have some or all fibers coalesce completely or 
partially, e.g., to have structural integrity. If the DCD is large 
and such that fibers are sufficiently dried, the fibers may 
entangle or Stick to one another, but not coalesce, to form 
bundles or ropes that may not be desirable. Therefore, 
depending on the desired Article, the DCD may be set to form 
fibrous web with desirable uniformity and sufficient dryness. 
Alternatively, the webs of desirable uniformity may be further 
dried to obtain moisture content desired in the Article. 

0113. Additionally, the die-to-collector distance may be 
altered along with the vacuum underneath the collector to 
obtain desired density of the web. Generally, the shorter DCD 
and/or higher vacuum provides denser webs relative to the 
larger DCD. At shorter DCD and/or higher vacuum, the fibers 
tend to be “forced together tightly by the fiberizing fluid jet 
and/or vacuum suction, while at the larger DCD and/or lower 
vacuum, the fibers stay fluffy and thus lower density. There 
fore, depending on the desired Article density, it may be 
desirable to optimize DCD and/or vacuum for uniformity, 
dryness, and density. 
0114. The fibrous webs of the processing mixture may be 
formed a desired shape or shapes including, but not limited to 
(i) depositing the fibrous web to specially designed molds 
comprising a non-interacting and non-stick Surface including 
Teflon, metal, HDPE, polycarbonate, neoprene, rubber, 
LDPE, glass and the like; (ii) depositing the fibrous web into 
cavities imprinted in dry granular starch contained in a shal 
low tray, otherwise known as starch moulding forming tech 
nique; and (iii) depositing the fibrous web onto a continuous 
belt or screen comprising any non-interacting or non-stick 
material Teflon, metal, HDPE, polycarbonate, neoprene, rub 
ber, LDPE, glass and the like which may be later stamped, cut, 
embossed or stored on a roll. 

D. The Optional Drying the Fibrous Web of the Processing 
Mixture 

0115 The optional drying of the formed partially dried 
fibrous web of the processing mixture may be accomplished 
by any suitable means including, but not limited to (a) multi 
stage inline dryers using convection orthrough-air drying; (b) 
Super-heated Steam dryers; (c) drying room(s) including 
rooms with controlled temperature and pressure or atmo 
spheric conditions; (d) ovens including non-convection or 
convection ovens with controlled temperature and optionally 
humidity; (e)truck/tray dryers, impingement ovens, (f) rotary 
ovens/dryers; (g) inline roasters: (h) rapid high heat transfer 
ovens and dryers: (i) dual plenum roasters, and () conveyor 
dryers. 
0116. Optional ingredients may be imparted during any of 
the above described four processing steps or even after the 
drying process. 

E. The Optional Preparing the Surface Resident Coating 
Comprising the Active Agent 

0117 The preparation of the surface resident coating com 
prising the active agent may include any suitable mechanical, 
chemical, or otherwise means to produce a particulate com 
position comprising the active agent(s) including any 
optional materials as described herein, or a coating from a 
fluid. 
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0118 Optionally, the surface resident coating may com 
prise a water releasable matrix complex comprising active 
agent(s). In one embodiment, the water releasable matrix 
complexes comprising active agent(s) are prepared by spray 
drying wherein the active agent(s) is dispersed or emulsified 
within an aqueous composition comprising the dissolved 
matrix material under high shear (with optional emulsifying 
agents) and spray dried into a fine powder. The optional 
emulsifying agents can include gum arabic, specially modi 
fied Starches, or other tensides as taught in the spray drying art 
(See Flavor Encapsulation, edited by Sara J. Risch and Gary 
A. Reineccius, pages 9, 45-54 (1988), which is incorporated 
herein by reference). Other known methods of manufacturing 
the water releasable matrix complexes comprising active 
agent(s) may include but are not limited to, fluid bed agglom 
eration, extrusion, cooling/crystallisation methods and the 
use of phase transfer catalysts to promote interfacial poly 
merisation. Alternatively, the active agent(s) can be adsorbed 
or absorbed into or combined with a water releasable matrix 
material that has been previously produced via a variety of 
mechanical mixing means (spray drying, paddle mixers, 
grinding, milling etc.). In one embodiment, the water releas 
able matrix material in either pellet or granular or other solid 
based form (and comprising any minor impurities as Supplied 
by the Supplier including residual solvents and plasticizers) 
may be ground or milled into a fine powder in the presence of 
the active agent(s) via a variety of mechanical means, for 
instance in a grinder or hammer mill. 
0119 Where the article has a particulate coating, the par 
ticle size is known to have a direct effect on the potential 
reactive Surface area of the active agents and thereby has a 
substantial effect on how fast the active agent delivers the 
intended beneficial effect upon dilution with water. In this 
sense, the active agents with Smaller particle sizes tend to give 
a faster and shorter lived effect, whereas the active agents 
with larger particle sizes tend to give a slower and longer lived 
effect. In one embodiment the Surface resident coatings may 
have a particle size from about 1 um to about 200 um, in 
another embodiment from about 2 Lum to about 100 um, and in 
yet another embodiment from about 3 um to about 50 um. 
I0120 In some embodiments, it is helpful to include inert 
fillers within the grinding process, for instance aluminum 
starch octenylsuccinate under the trade name DRY-FLORPC 
and available from Akzo Nobel, at a level sufficient to 
improve the flow properties of the powder and to mitigate 
inter-particle Sticking or agglomeration during powder pro 
duction or handling. Other optional excipients or cosmetic 
actives, as described herein, can be incorporated during or 
after the powder preparation process, e.g., grinding, milling, 
blending, spray drying, etc. The resulting powder may also be 
blended with other inert powders, either of inert materials or 
other powder-active complexes, and including water absorb 
ing powders as described herein. 
I0121. In one embodiment, the active agents may be sur 
face coated with non-hygroscopic solvents, anhydrous oils, 
and/or waxes as defined herein. This may include the steps of: 
(i) coating the water sensitive powder with the non-hydro 
scopic solvents, anhydrous oils, and/or waxes; (ii) reduction 
of the particle size of the active agent particulates, prior to, 
during, or after a coating is applied, by known mechanical 
means to a predetermined size or selected distribution of 
sizes; and (iii) blending the resulting coated particulates with 
other optional ingredients in particulate form. Alternatively, 
the coating of the non-hydroscopic solvents, anhydrous oils 
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and/or waxes may be simultaneously applied to the other 
optional ingredients, in addition to the active agents, of the 
Surface resident coating composition and with Subsequent 
particle size reduction as per the procedure described above. 
0122) Where the coating is applied to the substrate as a 
fluid (such as by as a spray, agel, or a cream coating), the fluid 
can be prepared prior to application onto the Substrate or the 
fluid ingredients can be separately applied onto the Substrate 
Such as by two or more spray feed steams spraying separate 
components of the fluid onto the substrate. 
F. The Optional Combining of the Surface Resident Coating 
comprising the Active agents with the Article 
0123. Any suitable application method can be used to 
apply the Surface resident coating comprising active agent to 
the personal care article Such that it forms a part of the per 
Sonal care article. For instance, the Article can have a tacky 
surface by drying the Article's surface to a specific water 
content before application of powder to facilitate the adher 
ence of the Surface resident coating comprising the active 
agents to the Article. In one embodiment, the Article is dried 
to a moisture content of from about 0.1% to about 25%, in one 
embodiment from about 3% to about 25%, in another 
embodiment from about 5% to about 20% and in yet another 
embodiment from about 7% to about 15%. Alternatively, a 
previously dried Article's surface can be made to reversibly 
absorb a desired level of atmospheric moisture prior to appli 
cation of the powder within a controlled humidity environ 
ment for a specific period of time until equilibrium is 
achieved. In one embodiment, the humidity environment is 
controlled from about 20% to about 85% relative humidity; in 
another embodiment, from about 30% to about 75% relative 
humidity; and in yet another embodiment, from about about 
40% to about 60% relative humidity. 
0.124. In another embodiment, the Article is placed in a 
bag, tray, belt, or drum containing or otherwise exposed to the 
powder and agitated, rolled, brushed, vibrated or shaken to 
apply and distribute the powder, either in a batch or continu 
ous production manner. Other powder application methods 
may include powder sifters, electrostatic coating, tribo charg 
ing, fluidized beds, powder coating guns, corona guns, tum 
blers, electrostatic fluidized beds, electrostatic magnetic 
brushes, and/or powder spray booths. The surface resident 
coating comprising the active agent can be applied over por 
tions or entire regions of the Article's exterior Surface, and can 
be applied in a manner to adorn, decorate, formalogo, design, 
etc 

0.125. The surface resident coating comprising active 
agents can be directly applied to fibers as they are being 
formed. Refering to FIGS. 1 and 2, the surface resident coat 
ing may be included in any of the pressurized gas streams 10, 
14, or 19, or any additional pressurized gas stream added to 
the nozzle system. The Surface resident coating may adhere 
and/or get embedded on the surface of partially or desirably 
dried fibers. Suitable and non-limiting examples of applying 
Surface resident coatings on fibers, included as references 
herein in their entirety, comprise U.S. Pat. Nos. 7.291.300 and 
7,267,789 to Chhabra and Isele, and U.S. Pat. Nos. 6,494,974 
and 6,319,342 to Riddell. 
0126 Where the coating is applied to the substrate in a 

fluid, it is preferable that if water is present in the fluid that the 
water is not sufficient to cause the substrate to undesirable 
dissolve. In preferred embodiments, the active agent(s) to be 
applied as an adsorbed thin coating is an anhydrous or Sub 
stantially anhydrous oil. Other non-water solvents, such as 
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organic solvents which do not cause the Substrate to dissolve 
may also be used. Any suitable application method can be 
used to apply the active agent(s) in liquid form to the article 
Such that it forms a surface-resident coating that is adsorbed 
to at least a portion of the solid/air interface of the article as a 
thin film. For instance, it can be sprayed, spread, dropped, 
printed, sandwiched between different articles or different 
portions of the same article, layered, injected, rolled on, or 
dipped. The active agent(s) can be applied over portions or 
entire regions of the article's exterior Surface, and can be 
applied in a manner to adorn, decorate, form a logo, design, 
etc. 

0127. To obtain the desired fibrous structure, the methods 
described herein may be combined. In an embodiment, the 
dissolvable fibers produced from one or more methods 
described herein may be mixed homogenously or in a layers 
to have desired performance for the Articles described herein. 
Different methods described herein may be optimized to pro 
duce dissolvable fibers with substantially or otherwise differ 
ent actives or use of a particular Surfactant, extensional rhe 
ology modifier, plasticizer, polymer structurant water soluble 
polymer, or other optional or required ingredients. Still alter 
natively, different methods may be optimized to produce dis 
solvable fibers with different dissolution rates and/or differ 
ent diameter. In a particular embodiment, the Submicron 
dissolvable fibers produced by the fluid film fibrillation 
method may be mixed homogenously or in layers with the 
dissolvable fibers produced from fiber bursting or electro 
spinning or electroblowing method. In some embodiments, 
the dissolvable fibrous web structure produced by one or 
more methods or may be even by the same method of may 
have a mixture of fibers that have substantially or marginally 
different fiber diameter distributions, compositions, surface 
resident coatings, dissolution rates, or combinations thereof. 
In case of an embodiment with a mixture of fibers that have 
significantly different fiber diameter distributions, the aver 
age diameter of fibers from the different fiber diameter dis 
tributions may range from about 0.1 micrometer to about 150 
micrometer. 

I0128 Homogenous mixture of fibers produced by one or 
more methods may have a performance advantage in optimiz 
ing, Such as slowing or speeding up the dissolution rates for a 
particular embodiment Article, e.g., for controlled or timed 
release of actives. The layering of fibers produced by one or 
more methods may have a performance advantage in varying 
the dissolution rate during the use of the Article, for example, 
certain actives or ingredients of the composition may need to 
be delivered at different times during the usage of the Article, 
Such as timed release of Surfactant and conditioner, or deter 
gent and bleach, or detergent and softener, and so forth. Other 
advantages of mixing dissolvable fibers produced by the 
methods described herein may be specific to a particular 
Article. 

I0129. The homogenous mixing of fibers may be achieved 
during the forming offibrous web structure, such as via use of 
different nozzles or blocks or beams of nozzles employing 
different methods in a simultaneous fashion, for example, 
nozzles arranged in a staggered configuration in two-(planar) 
and/or three dimensions, or simply dissolvable fiber streams 
coming in at various angles with fibers depositing onto the 
collector. Examples of homogenously mixing fibers using an 
array of plurality of fiber-producing nozzles employing fluid 
film fibrillation process are provided by Torobin in U.S. Pat. 
Nos. 6,183,670 and 6,315,806, which are included herein by 
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reference in their entirety. The layering of fibers may be 
achieved during the forming of the fibrous web structure, such 
as nozzles of different methods arranged adjacent to one 
another or following one another separated by a particular 
distance along the machine direction (the direction conveyor 
belt is moving) in a continuous manner, for example, nozzles 
in separate blocks or beams that are arranged in line along the 
machine direction. Alternatively, the dissolvable fibrous web 
structures produced by different methods may be combined 
offline in batches by layering over another before or after 
drying to desired moisture content. When combined as layers, 
one or more dissolvable fibrous web structures, produced by 
one or more methods, may have fibers that are substantially 
different in different layers of the dissolvable fibrous webs. 
The difference in fibers may be in substantially or marginally 
different diameter distributions, compositions, Surface resi 
dent coatings, dissolution rates, porosities, or combinations 
thereof. For example, the substantially different fiber diam 
eter distribution offibers in different layers may have average 
diameters ranging from about 0.1 micrometer to about 150 
micrometer. 
0130. The Article may comprise one or more dissolvable 
fibrous web structures combined (e.g., laminated, layered, 
sandwiched, embedded, and so forth) with one or more other 
types of web structures and/or Articles as described in the 
Background section above. Suitable and non-limiting 
examples of Articles that may be combined include U.S. Pat. 
Publ. No. 2004/0048759 to Ribble et al., U.S. Pat. No. 6,106, 
849 to Malkan et al., U.S. Pat. Publ. No. 2007/0225.388 to 
Cooper et al., U.S. Pat. No. 5,457,895 to Kearney et al, U.S. 
Pat. Publ. No. 2009/0232873 to Glenn et al, U.S. Pat. No. 
7,196,026 and PCT Appl. No. WO2001/47567 to Di Luccio et 
al, PCT Application No. WO2007/093558 to Simon et al. 
U.S. Pat. App. Publication Nos. 2008/0035174, 2008/ 
0269095, 2007/0128256, and 2007/0134304 to Auburn-Son 
neville etal, U.S. Pat. App. Publication No. 2006/0159730 to 
Simon, and U.S. Pat. Nos. 5,342,335 and 5,445,785 to Rhim. 

III. Physical Characteristics 

A. Dissolution Rate 

0131 The Article has a Dissolution Rate that allows the 
Article to rapidly disintegrate during use application with 
water. The Dissolution Rate of the Article is determined in 
accordance with the two methodologies described below. 
0132 Conductivity Dissolution Method: In a 250 ml bea 
ker, 150+/-0.5 grams of distilled water is weighed at room 
temperature. The beaker is placed on an orbital shaker, for 
example a VWR model DS-500E and started at 150 RPM. A 
conductivity probe, for example a VWR model 2052 con 
nected to a VWR conductivity meter, is submerged just below 
the surface of the water in such a manner that the conductivity 
probe remains stationary in relation to the motion of the 
beaker and never touches the side of the beaker. A 0.20+/-0. 
01 grams of the Article is weighed and placed into the water. 
Conductivity data is recorded every 15 seconds for 6 minutes, 
and then once a minute until 30 minutes. The final value is 
recorded when the conductivity values stopped changing or 
30 minutes is reached, whichever is earlier. The conductivity 
dissolution time is taken as the time it takes in seconds until 
the conductivity values stop changing or as the maximum of 
30 minutes, which ever happens first. 
0133. The Article has a conductivity dissolution time of 
from about 100 seconds to about 1,200 seconds, in another 
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embodiment from about 110 seconds to about 900 seconds, in 
yet another embodiment from about 120 seconds to about 600 
seconds, and in still another embodiment from about 130 
seconds to about 300 seconds. 

I0134 Hand Dissolution Method: 0.5g of the Article is 
placed in the palm of the hand while wearing nitrile gloves. 
7.5 cm of luke warm tap water (from about 30° C. to about 
35°C.) is quickly applied to the product via Syringe. Using a 
circular motion, palms of hands are rubbed together 2 strokes 
at a time until dissolution occurs (up to 30 strokes). Undis 
solved material (after 30 strokes) is placed in pre-weighed 
weigh boat. Dry weight of undissolved material is measure 
the following day. The hand dissolution value is reported as 
the number of strokes it takes for complete dissolution or as 
30 strokes as the maximum. 

0.135 The Article has a hand dissolution value of from 
about 1 to about 30 strokes, in one embodiment from about 2 
to about 25 strokes, in another embodiment from about 3 to 
about 20 strokes, and in still another embodiment from about 
4 to about 15 strokes. 

B. Lather Volume 

0.136 The Article provides a lather profile as described 
hereafter. The lather volume assessment is performed on 15 
g/10 inch flat Oriental virgin hair switches that have been 
treated with 0.098 g of artificial liquid sebum 10-22% olive 
oil, 18-20% coconut oil, 18-20% oleic acid, 5-9% lanolin, 
5-9% squalene, 3-6% palmitic acid, 3-6% paraffin oil, 3-6% 
dodecane, 1-4% stearic acid, 1-4% cholesterol, 1-4% coconut 
fatty acid, 18-20% choleth-24. The hair switch is rinsed with 
9-11 grain, 100°F. water at 1.5 gallons/min for 20 seconds 
with a shower nozzle. For testing the liquid control products, 
0.75 cm of liquid product are applied to the center of the 
switch, the lower portion of hair on the switch is then rubbed 
over the product on the hair 10 times in a circular motion, 
followed by 40 strokes back and forth (a total of 80 strokes). 
Lather speed is recorded as the number of strokes when the 
first lather is obviously generated during the 80 strokes. 
Lather from operator's gloves is transferred to a graduated 
cylinder with a 3.5 cm inside diameter and with total capaci 
ties of either 70 ml, 110 ml, or 140 ml depending on the total 
amount of lather generated (height modification of standard 
sized graduated cylinders via a glass shop). Lather from hair 
is gathered using one downward stroke on the Switch with a 
tight grip and is also placed into the cylinder. Total lather 
volume is recorded in milliliters. Three runs per test sample 
are performed and the mean of the three values is calculated. 
When testing the Article, 0.20+/-0.01 grams of product are 
weighed with the aid of scissors if required and applied to the 
switch and then 2 cm of additional water are added to the 
product via Syringe. The lathering technique is then per 
formed as described for liquid products after a 10 second 
waiting time. 

C. Fiber Diameter 

0.137 The diameter of dissolvable fibers in a sample of a 
web is determined by using a Scanning Electron Microscope 
(SEM) or an Optical Microscope and an image analysis Soft 
ware. A magnification of 200 to 10,000 times is chosen such 
that the fibers are suitably enlarged for measurement. When 
using the SEM, the samples are sputtered with gold or a 
palladium compound to avoid electric charging and vibra 
tions of the fibers in the electron beam. A manual procedure 
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for determining the fiber diameters is used from the image (on 
montior screen) taken with the SEM or the optical micro 
Scope. Using a mouse and a cursor tool, the edge of a ran 
domly selected fiber is sought and then measured across its 
width (i.e., perpendicular to fiber direction at that point) to the 
other edge of the fiber. A scaled and calibrated image analysis 
tool provides the Scaling to get actual reading in micrometers 
(um). Several fibers are thus randomly selected across the 
sample of the web using the SEM or the optical microscope. 
At least two specimens from the web (or web inside a prod 
uct) are cut and tested in this manner. Altogether at least 100 
Such measurements are made and then all data are recorded 
for statistic analysis. The recorded data are used to calculate 
average (mean) of the fiber diameters, standard deviation of 
the fiber diameters, and median of the fiber diameters. 
Another useful statistic is the calculation of the amount of the 
population of fibers that is below a certain upper limit To 
determine this statistic, the Software is programmed to count 
how many results of the fiber diameters are below an upper 
limit and that count (divided by total number of data and 
multiplied by 100%) is reported in percent as percent below 
the upper limit, Such as percent below 1 micrometer diameter 
or%-submicron, for example. We denote the measured diam 
eter (in microns) of an individual circular fiber as d. 
0138. In case the fibers have non-circular cross-sections, 
the measurement of the fiber diameteris determined as and set 
equal to the hydraulic diameter which is four times the cross 
sectional area of the fiber divided by the perimeter of the cross 
of the fiber (outer perimeter in case of hollow fibers). The 
number-average diameter, alternatively average diameter is 
calculated as, 

IV. Methods of Use 

0.139. The compositions described herein may be used for 
treating hair, hair follicles, skin, teeth, the oral cavity, fabric 
and hard Surfaces. The method for treating these consumer 
Substrates may comprise the steps of: a) applying an effective 
amount of the Article to the hand, b) wetting the Article with 
water to dissolve the Solid, c) applying the dissolved material 
to either the target consumer Substrate Such as to treat, and d) 
rinsing the diluted treatment composition from consumer 
Substrate. These steps can be repeated as many times as 
desired to achieve the desired cleansing and or treatment 
benefit. Alternatively, the Article can be inserted into a 
machine (such as a washing machine or dish washer) in a unit 
dose manner and the machine can perform the dissolution, 
treating and rinsing steps. 
0140. According to yet another embodiment, a method is 
provided for providing a benefit to hair, hair follicles, skin, 
teeth, the oral cavity, fabric and hard Surfaces, comprising the 
step of applying a composition according to the first embodi 
ment to these target consumer Substrates in need of regulat 
1ng. 
0141. Described herein is a method for regulating the con 
dition of hair, hair follicles, skin, teeth, the oral cavity, fabric 
and hard Surfaces, comprising the step of applying one or 
more compositions described hereinto these target consumer 
Substrates in need of regulation. 
0142. The amount of the composition applied, the fre 
quency of application and the period of use will vary widely 
depending upon the purpose of application, the level of com 
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ponents of a given composition and the level of regulation 
desired. For example, when the composition is applied for 
whole body or hair treatment, effective amounts generally 
range from about 0.5 grams to about 10 grams, in one embodi 
ment from about 1.0 grams to about 5 grams, and in another 
embodiment from about 1.5 grams to about 3 grams. 

V. Article of Commerce 

0.143 Described herein is an article of commerce compris 
ing one or more compositions described herein, and a com 
munication directing a consumer to dissolve the Article and 
apply the dissolved mixture to hair, hair follicles, skin, teeth, 
the oral cavity, fabric and hard Surfaces to produce a cleansing 
effect, a benefit to the target consumer Substrate, a rapidly 
lathering foam, a rapidly rinsing foam, a clean rinsing foam, 
and combinations thereof. The communication may be 
printed material attached directly or indirectly to packaging 
that contains the composition or on the composition itself. 
Alternatively, the communication may be an electronic or a 
broadcast message that is associated with the article of manu 
facture. Alternatively, the communication may describe at 
least one possible use, capability, distinguishing feature and/ 
or property of the article of manufacture. 

VI. Examples 

0144. The following examples further describe and dem 
onstrate embodiments described herein. The examples are 
given solely for the purpose of illustration and are not to be 
construed as limitations, as many variations thereof are pos 
sible without departing from the spirit and scope of the inven 
tion. All exemplified amounts are concentrations by weight of 
the total composition, i.e., wit/wt percentages, unless other 
wise specified. 

Example 1 

Preparation of Shampoo or Body Wash Article via a 
Spunbond Process 

0145 The following surfactant/polymer liquid processing 
composition is prepared at the indicated weight percentages 
as described in Table 1 below. 

TABLE 1 

Component 

Glycerin 3.2 
Polyvinyl alcohol 8.1 
Sodium Lauroamphoacetate (26% activity)? 31.8 
Ammonium Laureth-3 sulfate (25% activity) 4.9 
Ammonium Undecyl sulfate (24% activity) 19.9 
Ammonium Laureth-1 sulfate (70% activity) 8.O 
Cationic cellulose O.S 
Citric Acid 1.6 
Distilled water 22.O 

Total 1OO.O 
pH 5.8 
Viscosity (cp) 35,400 

'Sigma-Aldrich Catalog No. 363081, MW 85,000-124,000, 87-89% hydrolyzed 
*McIntyre Group Ltd, University Park, IL, Mackam HPL-28ULS 
*UCARETM Polymer LR-400, available from Americhol Corporation (Plaquemine, Louisi 
ana) 

0146 A target weight of the above composition is pre 
pared with the use of a conventional overhead stirrer (IKAR 
RW2ODZM Stirrer available from IKAR Works, Inc., Wilm 
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ington, Del.) and a hot plate (Corning Incorporated Life Sci 
ences, Lowell, Mass.). Into an appropriately sized and 
cleaned vessel, the distilled water and glycerinare added with 
stirring at 100-150 rpm. The cationic polymer, when present, 
is then slowly added with constant stirring until homogenous. 
The polyvinyl alcohol is weighed into a suitable container and 
slowly added to the main mixture in Small increments using a 
spatula while continuing to stir while avoiding the formation 
of visible lumps. The mixing speed is adjusted to minimize 
foam formation. The mixture is slowly heated to 80°C. after 
which surfactants are added. The mixture is then heated to 85° 
C. while continuing to stir and then allowed to cool to room 
temperature. Additional distilled water is added to compen 
sate for water lost to evaporation (based on the original tare 
weight of the container). The final pH is between 5.2-6.6 and 
adjusted with citric acid or diluted sodium hydroxide if nec 
essary. The resulting processing mixture viscosity is mea 
Sured. 
0147 The processing mixture was processed through a 
Four-Hole spunbond fiber spinning stand, which comprised a 
heated spin pack to the end of which was attached a spinner 
ette with four trilobal-shaped holes in it, three of which were 
plugged with graphite (See FIG. 4A). The processing mixture 
was heated to 200°F. in a hot melt tank and pumped through 
a hose into the Four-Hole spin pack, set to 207 F., by way of 
an adaptor plate (FIG. 4A). The processing mixture was then 
extruded out of the spin pack through the single open hole in 
the spinnerette. An air amplifier supplied with hot air was 
available as needed for use to simultaneously draw down and 
dry the extruded fiber. Mass throughput of the premix was 
controlled by the speed of the hot melt pump. Surfactant 
containing fibers were successfully made with widths ranging 
from 3-10 microns (FIG. 4B). Importantly, these fibers were 
demonstrated to dissolve within less than one second of com 
ing into contact with water (FIG. 4C). 
0148. This example demonstrates the successful spinning 
of Surfactant fibers from the above processing mixture com 
position employing a spunbond approach. The Surfactant 
fibers were prepared from a processing mixture comprising 
36% solids (35.400 cps) and the resulting solid fibers had the 
following estimated compositional parameters (assuming 0% 
moisture for ease of computation purposes—Note: Actual 
moisture level is expected to vary within 5% and 15% 
depending on the relative humidity in a laboratory setting): 

Solid Fibers Compositional Parameter Estimated Value 

Active Agent (Ionic Surfactants) 60.6 wt.% 
Water soluble polymeric structurant 23.7 wt.% 
Group I Surfacants (Anionic) 36.3 wt.% 
Group II Surfactants (Amphoteric) 243 wt.% 
Ratio of Group I:Group II 60:40 
Ratio of Water soluble polymeric structurant to O.39 
Active Agent 

Example 2 

Preparation of Fibrous Dissolvable Solid Shampoo 
or Body Wash Article via a Fluid Fibrillation Process 

014.9 The following processing composition is prepared 
at the indicated weight percentages as described in Table 2 
below. 
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TABLE 2 

Glycerin 13.5 
Polyvinyl alcohol 8.1 
Sodium Lauroamphoacetate (26% activity)? 38.2 
Ammonium Laureth-3 sulfate (70% activity) 2.9 
Ammonium Undecyl sulfate (70% activity) 9.8 
Ammonium Laureth-1 sulfate (70% activity) 9.8 
Cationic cellulose O.S 
Citric Acid 2.3 
Poly(ethylene oxide)' 2.0 
Distilled water 22.0 

Total 1OOO 
pH 5.8 
Viscosity (cp) 35.400 

Sigma-Aldrich Catalog No. 363081, MW 85,000-124,000, 87-89% hydrolyzed 
*McIntyre Group Ltd, University Park, IL, Mackam HPL-28ULS 
*UCARETM Polymer LR-400, available from Americhol Corporation (Plaquemine, Louisi 
ana) 
"Average MW 8,000,000, available from Sigma Aldrich, Catalog Number 372838 

0150. A target weight of the above composition is pre 
pared with the use of a conventional overhead stirrer (IKAR 
RW2ODZM Stirrer available from IKAR Works, Inc., Wilm 
ington, Del.) and a hot plate (Corning Incorporated Life Sci 
ences, Lowell, Mass.). Into an appropriately sized and 
cleaned vessel, the distilled water and glycerinare added with 
stirring at 100-150 rpm. The cationic polymer and poly(eth 
ylene oxide) is then slowly added with constant stirring until 
homogenous. The polyvinyl alcohol is weighed into a Suit 
able container and slowly added to the main mixture in small 
increments using a spatula while continuing to stir while 
avoiding the formation of visible lumps. The mixing speed is 
adjusted to minimize foam formation. The mixture is slowly 
heated to 80° C. after which surfactants are added. The mix 
ture is then heated to 85°C. while continuing to stir and then 
allowed to cool to room temperature. Additional distilled 
water is added to compensate for water lost to evaporation 
(based on the original tare weight of the container). The final 
pH is between 5.2-6.6 and adjusted with citric acid. 
0151. A hot melt tank was utilized to pump the heated 
processing mixture through a single orifice fluid film fibril 
lation nozzle system, holding constant the process parameters 
listed below: 

Tank set temperature 2009 F. 
Hose set temperature 2009 F. 
Nozzle set temperature 250 F. 
Mass flow 2.7 g/min 

0152 The air temperature, air pressure, and die-to-collec 
tor distance (DCD) were varied to assess their impact on 
spinning the processing mixture into fibers. The application 
of heated air produced significantly better results than ambi 
ent temperature air. Across an air temperature range from 89 
F. to 400° F., fiber formation quality was best at 400° F. 
Higher air pressure (100 vs. 86 psi) was also found better for 
spinning. At a DCD of about 75mm, air velocity at collection 
was high enough to splay the Surfactant containing fibers, 
causing them to rope together into thick strings on the collec 
tion drum. When the DCD was increased to 130 mm, this 
effect was eliminated, and the lay down uniformity of surfac 
tant fibers improved significantly. 
0153. This example demonstrates the successful spinning 
of Surfactant fibers from the above processing mixture com 
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position employing a fluid film fibrillation approach. An SEM 
image of the surfactant fibers is shown in FIG. 3. The surfac 
tant fibers were prepared from a processing mixture compris 
ing 52.1% solids and the resulting solid fibers had the follow 
ing estimated compositional parameters (assuming 0% 
moisture for ease of computation purposes—Note: Actual 
moisture level is expected to vary within 5% and 15% 
depending on the relative humidity in a laboratory setting): 

Solid Fibers Compositional Parameter Estimated Value 

Active Agent (Ionic Surfactants) 49.4 wt.% 
Water soluble polymeric structurant 1S.S wt.% 
Extensional Rheology Modifier - polyethylene 3.8 wt.% 
oxide (weight-average molecular weight = 
8,000,000 Daltons) 
Group I Surfacants (Anionic) 3O3 wt.% 
Group II Surfactants (Amphoteric) 19.1 wt.% 
Ratio of Group I:Group II 61.3:38.7 
Ratio of Water soluble polymeric structurant to O.31 
Active Agent 

0154 The dimensions and values disclosed herein are not 
to be understood as being strictly limited to the exact numeri 
cal values recited. Instead, unless otherwise specified, each 
such dimension is intended to mean both the recited value and 
a functionally equivalent range Surrounding that value. For 
example, a dimension disclosed as “40 mm is intended to 
mean “about 40 mm.” 
0.155) Every document cited herein, including any cross 
referenced or related patent or application, is hereby incor 
porated herein by reference in its entirety unless expressly 
excluded or otherwise limited. The citation of any document 
is not an admission that it is prior art with respect to any 
invention disclosed or claimed herein or that it alone, or in any 
combination with any other reference or references, teaches, 
Suggests or discloses any such invention. Further, 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 incorporated by reference, the meaning or defini 
tion assigned to that term in this document shall govern. 
0156 While particular embodiments of the present inven 
tion have been illustrated and described, it would be obvious 
to those skilled in the art that various other changes and 
modifications can be made without departing from the spirit 
and scope of the invention. It is therefore intended to cover in 
the appended claims all Such changes and modifications that 
are within the scope of this invention. 
What is claimed is: 
1. An article comprising a dissolvable fibrous web structure 

wherein the fibers are formed from a composition compris 
ing: 

a. from about 10% to about 75% of an active agent; 
b. from about 10% to about 70% water soluble polymeric 

structurant; and 
c. from about 1% to about 25% plasticizer; 

wherein the ratio of the water soluble water soluble polymeric 
structurant to the active agent in the fiber is 3.5 or less. 

2. The article of claim 1, wherein the dissolvable fibrous 
web structure comprises fibers having an average diameter 
less than about 10 micrometer. 

3. The article of claim 1, wherein the article is a personal 
care article selected from the group consisting of hand cleans 
ing Substrates, hair shampoo, hair conditioner, hair color 
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treatment Substrates, facial cleansing Substrates, body cleans 
ing Substrates, shaving preparation Substrates, pet care Sub 
strates, dental care Substrates, personal care Substrates con 
taining pharmaceutical or other skin care active, moisturizing 
Substrates, Sunscreen Substrates, chronic skin benefit agent 
Substrates, vitamin-containing Substrates, alpha-hydroxy 
acid-containing Substrates, deodorizing Substrates, fra 
grance-containing Substrates, and combinations thereof. 

4. The article of claim 1, wherein the article is a household 
care article selected from the group consisting of fabric care 
Substrates, dish care substrates, hard Surface cleaning Sub 
strates, and automotive care Substrates. 

5. The article of claim 1, wherein the active agent is 
selected from a Surfactant. 

6. The article of claim 1, wherein the active agent is 
selected from an ionic Surfactant. 

7. The article of claim 6, wherein the ionic surfactant 
comprises: 

i. one or more surfactants from Group I, wherein Group I 
comprises anionic Surfactants, and 

ii. one or more surfactants from Group II, wherein Group II 
comprises a Surfactant selected from the group consist 
ing of amphoteric, Zwitterionic and combinations 
thereof; 

wherein the ratio of Group Ito Group II surfactants is from 
about 100:0 to about 30:70. 

8. The article of claim 1, wherein the one or more active 
agents are selected from Surfactants, skin treatment actives, 
heat generating agents, color indicators, silicones, organic 
conditioning oils, perfumes, flavors, sensates, Sweeteners, 
oral care actives, fabric Softening actives, dish care and hard 
Surface care actives, and combinations thereof. 

9. The article of claim 1 comprising from about 3 wt % to 
about 20 wt % of a plasticizer selected from the group con 
sisting of glycerin, propylene glycol and mixtures thereof. 

10. The article of claim 1 comprising from about 0.1 wt % 
to about 5 wt % of an extensional rheology modifier and 
wherein the extensional rheology modifier has a weight aver 
age molecular weight of from about 500,000 to about 10,000, 
OOO. 

11. The article of claim 10 wherein the extensional rheol 
ogy modifier comprises one or more polyethylene oxides. 

12. The article of claim 1 comprising a Surface resident 
coating comprising from about 1% to about 70%, by weight 
of the article, of an active agent and wherein the ratio of the 
dissolvable fibrous web structure to the surface resident coat 
ing comprising the at least one active agent is from about 
110:1 to about 0.1:1. 

13. The article of claim 12, wherein the surface resident 
coating comprises from about 10% to about 100% of one or 
more water-releasable matrix complexes comprising active 
agents. 

14. The article of claim 13, wherein the water-releasable 
matrix materials are selected from the group consisting of 
cyclodextrins, starches, polyethylenes, polyamides, polysty 
renes, polyisoprenes, polycarbonates, polyesters, polyacry 
lates, vinyl polymers polyurethanes, silicates, carbonates, 
starch based materials, amorphous silica, amorphous silica 
gel, precipitated silica, fumed silica, aluminosilicates, Zeo 
lites, alumina, silicates, carbonates, and mixtures thereof. 

15. The article of claim 12, wherein the surface resident 
coating comprises from about 10% to about 100% of one or 
more microcapsules comprising active agents. 
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16. The article of claim 1, wherein the dissolvable fibrous 
web structure has a density from about 0.03 grams per cubic 
meter to about 0.50 grams per cubic meter. 

17. The article of claim 1, wherein the article comprises 
one or more water soluble polymeric structurants selected 
from the group consisting of polyalkylene oxides, polyvinyl 
alcohols, polyacrylates, copolymers of acrylic acid and meth 
acrylic acid, polyvinylpyrrolidones, starch and starch deriva 
tives, pullulan, gelatin, hydroxypropylmethylcelluloses, 
methylcelluloses, carboxymethycelluloses, salts and combi 
nations thereof. 

18. The article of claim 1, wherein the article comprises at 
least one extensional rheology modifier forming less than 5% 
by weight of the article. 

19. The article of claim 1, wherein the one or more water 
soluble polymeric structurants has a weight-average molecu 
lar weight of from about 40,000 to about 500,000. 

20. The article of claim 1 wherein the dissolvable fibrous 
web structure is produced by one or more methods selected 
from the group consisting offluid film fibrillation, fiberburst 
ing, electrospinning, electroblowing, melt fibrillation, flash 
spinning process, and combinations thereof. 

21. The article of claim 20, wherein the dissolvable fibrous 
web structure comprises a mixture of fibers produced by one 
or more methods, wherein the fibers are mixed homogenously 
or in layers. 

22. The article of claim 21 wherein the fibers in the mixture 
are selected from the group consisting of fibers of Substan 
tially different dissolution rates, substantially different fiber 
diameter distribution, substantially different composition, or 
combinations thereof. 

23. The article of claim 22, wherein the fibers from the 
substantially different diameter distribution have average 
diameters ranging from about 0.1 micrometer to about 150 
micrometer. 

24. The article of claim 1, wherein the dissolvable article 
comprises a plurality of dissolvable fibrous web structures, 
which are bonded together via a bonding means selected from 
the group consisting of heat, moisture, ultrasonic, pressure 
and combinations thereof such that the article has a basis 
weight of from about 30 grams per square meter to about 
1,000 grams per square meter and a thickness of from about 
0.25 millimeters to about 10 millimeters. 

25. The article of claim 24, wherein each layer of the 
dissolvable fibrous web structure comprise of fibers having 
significantly different fiber diameter distribution, and 
wherein the fibers in each layer of the dissolvable fibrous web 
structure have an average diameter ranging from about 0.1 
micrometer to about 150 micrometer. 

26. The article of claim 25, wherein each layer of the 
dissolvable fibrous web structure comprises a different com 
position. 

27. An article comprising a plurality of dissolvable solid 
structures comprising one or more dissolvable fibrous web 
structure comprising a significant number of fibers with aver 
age diameter less than about 10 microns wherein the fibers are 
made from a composition comprising: 

a. from about 20% to about 75% by weight of the compo 
sition of active agent; 

b. from about 10% to about 70% by weight of the compo 
sition water soluble water soluble polymeric structurant; 
and 

c. from about 1% to about 25% by weight of the composi 
tion plasticizer. 
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28. An article comprising a dissolvable fibrous web struc 
ture comprising a significant number of fibers with average 
diameter less than about 10 microns wherein the fibers are 
made from a composition comprising: 

a. from about 10% to about 75% by weight of the compo 
sition Surfactant; 

b. less than about 5% by weight of the composition one or 
more polyethylene oxide polymer having a weight-av 
erage molecular weight less than about 10,000,000; and 

c. from about 0.1% to about 15% by weight of the compo 
sition plasticizer. 

29. A processing mixture Suitable for making an article that 
is in the form of a dissolvable fibrous web structure, wherein 
the processing mixture has from about 15% to about 60% by 
weight of the processing mixture solids, has a viscosity of 
from about 5,000 centipoise to about 150,000 centipoise, and 
comprises: 

a. from about 8% to about 30% by weight of the processing 
mixture active agent; 

b. from about 3% to about 25% by weight of the processing 
mixture water Soluble polymeric structurant; and 

c. from about 0.3% to about 10% by weight of the process 
ing mixture plasticizer. 

30. The processing mixture of claim 29, wherein the pro 
cessing mixture comprises one or more water-soluble poly 
mers selected from the group consisting of polyalkylene 
oxides, polyvinyl alcohols, polyacrylates, copolymers of 
acrylic acid and methacrylic acid, polyvinylpyrrolidones, 
starch and starch derivatives, pullulan, gelatin, hydroxypro 
pylmethylcelluloses, methylcelluloses, carboxymethycellu 
loses, and salts and combinations thereof. 

31. The processing mixture of claim 29, wherein the pro 
cessing mixture comprises at least one extensional rheology 
modifier forming less than 5% by weight of the processing 
mixture. 

32. The processing mixture of claim 31, wherein at least 
one extensional rheology modifier comprises one or more 
polyethylene oxide forming less than 2% by weight of the 
processing mixture. 

33. An article in the form of a dissolvable fibrous web 
structure, wherein the article is formed by a process compris 
ing the steps of 

a. preparing a processing mixture comprising one or more 
active agents, one or more water soluble polymeric 
structurants, and one or more plasticizers, wherein the 
processing mixture has: 
i. from about 20% to about 60% solids; and 
ii. a viscosity of from about 5,000 centipoise to about 

150,000 centipoise; 
b. fibrillating the processing mixture into fibers by a fluid 

film fibrillation process comprising a first pressurized 
gas stream directed against a liquid film of the process 
ing mixture to form the fibers; 

c. at least partially drying the fibers of the processing 
mixture by a second pressurized gas stream; 

d. depositing the partially dry fibers on a Surface to form a 
web of partially dry fibrous web structures: 

e. drying the partially dry fibrous web structure to a desired 
final moisture content; and 

f. cutting the fibrous web into one or more shapes to form 
the article. 
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34. The article of claim 33, wherein the first and the second 37. The article of claim33, wherein a significant number of 
pressurized gas streams are heated. fibers have an average diameter less than about 100 microme 

ter. 

38. The article of claim33, wherein a significant number of 
fibers have an average diameter less than about 10 
micrometer. 

35. The article of claim 34, wherein the second pressurized 
gas stream is a continuation of the first pressurized gas 
Stream. 

36. The article of claim 35, wherein the desired final mois 
ture content is from about 1% to about 15% moisture. ck 


