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(57) ABSTRACT 

Disclosed is a ?brous absorbent structure that is Wet stable 
and has large void volume With a density beloW the critical 
density of the ?ber employed. In one embodiment, the 
?brous absorbent uses open-celled foam technologies to 
keep the ?brous structure expanded and bonded. In other 
embodiments, the resulting ?brous structure resembles an 
open-celled polymeric foam, With ?bers serving as struts 
stabilized by binder material. In another embodiment, the 
resulting ?brous structure is ?lled With hydrophilic open 
celled foams With the cell siZe substantially smaller than the 
?brous pores. Such a Wet-stable, high void volume ?brous 
absorbent can be used in a disposable product intended for 
the absorption of ?uid such as body ?uid, including exten 
sible absorbent articles. 

39 

39 
38 



Patent Application Publication Nov. 27, 2003 Sheet 1 0f 10 US 2003/0220039 A1 

FIG. 1 



Patent Application Publication Nov. 27, 2003 Sheet 2 0f 10 US 2003/0220039 A1 

10\ 12 



Patent Application Publication Nov. 27, 2003 Sheet 3 0f 10 US 2003/0220039 A1 

FIG. 3 





Patent Application Publication Nov. 27, 2003 Sheet 5 0f 10 US 2003/0220039 A1 

40 ‘ > 

\ 42\ / 44 
//////////////////)////////////7\ 

FIG. 5 



Patent Application Publication Nov. 27, 2003 Sheet 6 0f 10 US 2003/0220039 A1 



Patent Application Publication Nov. 27, 2003 Sheet 7 0f 10 US 2003/0220039 A1 

FIG. 7 



Patent Application Publication Nov. 27, 2003 Sheet 8 0f 10 US 2003/0220039 A1 

FIG. 8 



Patent Application Publication Nov. 27, 2003 Sheet 9 0f 10 US 2003/0220039 A1 

F05 



Patent Application Publication Nov. 27, 2003 Sheet 10 0f 10 US 2003/0220039 A1 



US 2003/0220039 A1 

FIBROUS ABSORBENT MATERIAL AND 
METHODS OF MAKING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] In the manufacture of absorbent articles, it is desir 
able to employ materials having high void volume, a hydro 
philic nature, and Wet resiliency, or the ability to maintain 
void volume When Wet and When under load. Traditional 
?uff pulp and creped tissue offer high void volume and are 
hydrophilic, but they collapse When Wetted, especially if a 
load is applied. Wet laid materials in general suffer from 
high density due to the largely tWo-dimensional, planar 
arrangement of ?bers. Air laid materials can have high bulk, 
but are limited in their stability and resiliency and still have 
de?nite limits in porosity and bulk. 

[0002] Many nonWoven materials made from long syn 
thetic ?bers offer high void volume and Wet resiliency, but 
lack inherent hydrophilicity. The ?bers can be treated With 
surfactants or other additives to increase the hydrophilicity 
of the structure, but such processes are expensive and do not 
provide the same level of af?nity for Water offered by 
cellulose or other hydrophilic polymers Open cell plastics or 
plastic foams, also referred to as expanded or sponge plas 
tics, can offer very high void volume and Wet resiliency, but 
suffer the same problem of lacking inherent hydrophilicity 
and have high cost. Foams made of hydrophilic materials, 
such as superabsorbent foams, offer the ability to absorb and 
retain liquids, but can suffer from poor Wet resiliency or high 
cost. Fiber reinforced foams are knoWn Wherein ?bers are 
added to increase the strength of a foam matrix, but such 
materials are generally hydrophobic and lack the high-bulk, 
absorbent attributes desired of an absorbent article. 

[0003] Therefore, there is a need for a ?brous structure 
that has many desirable attributes of a foam, particularly an 
open-celled foam, but Wherein the structure is primarily 
composed of hydrophilic ?bers With ?bers serving at least in 
part as the struts betWeen the open cells. 

SUMMARY OF THE INVENTION 

[0004] It has been discovered that high-bulk ?brous mate 
rials suitable for absorbent articles can be made Wherein the 
?bers are oriented in three dimensions. The ?bers can be 
distributed in a substantially uniform distribution or in a 
substantially nonuniform distribution Wherein the ?bers 
serve as struts Which de?ne boundaries betWeen three 
dimensional void spaces, similar to the solid matrix of an 
open-cell foam and more particularly similar to the struts in 
a reticulated open-cell foam. It has also been discovered that 
knoWn methods and materials for producing foams can be 
exploited as ?ber-structuring tools for the placement, 
arrangement and binding of hydrophilic ?bers, Wherein the 
resulting absorbent ?brous structure has good integrity and 
resiliency. According to such methods, the ?bers are mixed 
With a structuring composition having a binder material or 
precursor binding material that can be converted into a 
Water-insoluble binding material, and a removable phase 
Which can be removed from the ?brous mixture to de?ne 
void spaces. The resulting structure is stabiliZed by the 
binder material Which serves to hold ?bers in place or to 
establish bonds, particularly Water-insoluble bonds, betWeen 
?bers. In one sense, a preferred embodiment of the invention 
can be described as a foam-reinforced ?brous netWork, in 
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contrast to previously knoWn ?ber-reinforced foams. In 
other Words, in many embodiments of the present invention, 
apart from the role played by binder materials in holding 
?bers together, the components of the structuring composi 
tion or foam play a relatively minor structural role in the 
?nal absorbent material, once the ?bers have been properly 
positioned and bound. 

[0005] In another embodiment, the binder material is 
added to a foamable structuring composition after the ?bers 
have been structured by the foam. Thus, the ?bers can be 
mixed With a structuring composition comprising a remov 
able phase and a non-gaseous phase, and after production of 
foam, the binder material can be added or, alternatively, a 
precursor binder material in the structuring composition can 
be converted to a binder material to provide Water-insoluble 
bonds betWeen ?bers in an open, absorbent ?brous structure. 

[0006] As With traditional open-celled foams, the absor 
bent ?brous structures of the present invention are generally 
“open,” meaning that the void spaces Within the absorbent 
?brous structure are substantially interconnected and permit 
gas transport, analogous to the open nature of open-cell 
foams. Speci?cally, an open structure can have at least 50% 
of the void space in the structure occupied by interconnected 
voids, and more speci?cally at least 80% of the void space 
occupied by interconnected voids. The materials of the 
present invention are also generally substantially gas per 
meable, meaning that gas can pass relatively freely through 
the absorbent ?brous structure in at least one direction, 
desirably in tWo orthogonal directions, more desirably in 
three orthogonal directions, and most speci?cally in sub 
stantially any direction. In one embodiment, the materials of 
the present invention have a Frazier permeability (hereafter 
de?ned) of at least about 50 cfm, more speci?cally about 
100 of more, more speci?cally still about 200 cfm or more, 
and most speci?cally about 400 cfm or more, With an 
exemplary range of about 75 cfm to about 1100 cfm. In some 
embodiments, hoWever, the absorbent ?brous structure may 
have a skin, such as a ?lm of binder material, on one or more 
surfaces Which is liquid or gas impervious, While the interior 
of the absorbent ?brous structure remains substantially open 
(apart from any ?oW restriction caused by the outer skin). 
For best results in absorbent articles and ?lters, if a skin 
exists, at least one portion of the outer surface of the 
absorbent ?brous structure should be free of either a liquid 
or gas impervious skin. 

[0007] Possible uses of the present invention include 
absorbent articles for intake, distribution, and retention of 
human body ?uids. Examples include feminine care pads, 
tampons, diapers, incontinence articles, training pants, bed 
pads, sWeat absorbing pads, shoe pads, bandages, helmet 
liners, Wipes and Wipers, etc., or, in a suitably thin and 
?exible form, as a novel tissue or toWel. Avaluable bene?t 
of many embodiments of the present invention is its ability 
to maintain a three-dimensional structure and maintain sta 
bility under stress and When Wet. Thus, a Wide variety of 
shaped composites can be envisioned, including tampons, 
shock-absorbing shoe pads, articles adapted for particular 
portions of garments or the body, gaskets for ostomy bags, 
hemostatic sponges and other medical sponges and absor 
bents for surgical purposes, dental absorbents such as plugs 
for extracted teeth or saliva absorbents to ?t in portions of 
the mouth, and the like. Besides serving as absorbent 
articles, materials of the present invention can serve as 
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components in ?lters, including ?lters for absorbing liquid 
droplets and other entrained materials in the air, including 
face masks. Filters made With the absorbent ?brous struc 
tures of the present invention can be particularly useful 
When they comprise activated carbon ?bers or granules. 
Such ?ltration materials are capable of absorbing pollutants 
or odors from gases and organic pollutants from liquids, 
particularly Water. The absorbent ?brous structures of the 
present invention can also be used in additional products 
such as shock absorbing pads, groundcover materials, ero 
sion barriers, pads for absorbing pet Waste, industrial spill 
and leak absorbents, ?oating barriers for oil spills and 
chemical containment, ?reproo?ng materials, insulation, 
packaging materials, padding, and the like. The absorbent 
?brous structures of the present invention can also be 
combined With other functional materials internally (as by 
adding material into the absorbent ?brous structure) or 
externally (as by joining With additional layers) such as odor 
absorbents, activated carbon materials, ?re retardants, super 
absorbent particles, nonWoven materials, plastic ?lms or 
apertured ?lms, extruded Webs, closed cell foams, tissue 
Webs, electronic devices such as alarms indicating Wetness 
or leakage, opaci?ers, ?llers, aerogels, siZing agents, anti 
microbial agents, adhesive strips and tapes, and the like. 

[0008] Hence, in one aspect, the invention resides in a 
method of producing an open loW-density absorbent ?brous 
structure comprising: 

[0009] a) combining hydrophilic ?bers With a struc 
turing composition to form a mixture, said structur 
ing composition comprising a binder material and a 
removable phase; 

[0010] b) producing a foam Within said mixture; 

[0011] c) binding said ?bers together With substan 
tially Water-insoluble bonds into a continuous, 
porous netWork, Wherein said binder material stabi 
liZes the porous netWork. 

[0012] Said method can further comprise removing a 
portion of said removable phase, Which can be a gas, a 
liquid, a solid, or a combination thereof. The density of the 
absorbent ?brous structure suitably can be about 0.2 g/cc 
(grams per cubic centimeter) or less, particularly about 0.1 
g/cc or less, more particularly still about 0.05 g/cc or less, 
and most particularly about 0.03 g/cc or less, With an 
exemplary range of from 0.15 g/cc to 0.01 g/cc. 

[0013] In another aspect, the invention resides in a method 
of producing a loW-density absorbent ?brous structure com 
prising: 

[0014] a) combining hydrophilic ?bers With a struc 
turing composition to form a mixture, said structur 
ing composition comprising a binder material and a 
removable phase; 

[0015] b) rearranging said ?bers in a three-dimen 
sional structure Within said mixture, and desirably 
into a structure Wherein the ?bers are substantially 
oriented in three dimensions; 

[0016] 
phase; 

[0017] d) binding said ?bers together into a continu 
ous, porous netWork, Wherein said binder material 
forms bonds betWeen said ?bers to stabiliZe said 
porous netWork. 

c) removing a portion of said removable 
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[0018] In another aspect, the invention resides in a method 
of preparing an absorbent ?brous composite comprising: 

[0019] a) preparing a mixture of hydrophilic ?bers 
With a foamable binder material and an optional 
carrier liquid, said mixture comprising about 20% or 
greater hydrophilic ?bers on a dry Weight basis; 

[0020] b) generating a ?ber-laden foam from said 
mixture; 

[0021] c) curing said ?ber-laden foam to yield an 
open loW-density hydrophilic absorbent ?brous 
structure. 

[0022] In yet another aspect, the invention resides in a 
method of producing a loW-density absorbent ?brous struc 
ture comprising: 

[0023] a) coating hydrophobic ?bers With a hydro 
philic ?ber coating material; 

[0024] b) combining said ?bers With a structuring 
composition comprising a binder material and a 
removable phase to form a mixture; 

[0025] 
[0026] d) binding said ?bers together into a continu 

ous, porous netWork, Wherein said binder material 
stabiliZes the porous netWork, and Wherein at least 
about 20%, more speci?cally at least about 50%, and 
most speci?cally at least about 70% of the surface 
area of said hydrophobic ?bers is coated With hydro 
philic material. 

c) producing a foam Within said mixture; 

[0027] In another aspect, the invention resides in method 
of producing a loW-density absorbent ?brous structure com 
prising: 

[0028] a) combining hydrophilic ?bers With a struc 
turing composition to form a mixture, said structur 
ing composition comprising a non-gaseous phase 
and a removable phase; 

[0029] b) producing a foam Within said mixture; 

[0030] c) forming Water-insoluble bonds With a 
binder material to bind said ?bers together into a 
continuous, porous structure. 

[0031] In another aspect, the invention resides in a method 
of producing a loW-density absorbent ?brous structure com 
prising: 

[0032] a) combining hydrophilic ?bers With a struc 
turing composition to form a mixture, said structur 
ing composition comprising an optional precursor 
binder material, a non-gaseous phase and a remov 
able phase, Wherein said structuring composition is 
capable of producing a foam; 

[0033] b) removing a portion of said removable phase 
to form a porous netWork; 

[0034] c) adding binder material to said porous net 
Work or converting said precursor binder material to 
a binder material; and 

[0035] d) binding said ?bers together into a continu 
ous, porous structure stabiliZed by said binder mate 
rial. 
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[0036] In another aspect, the invention resides in a method 
of producing a loW-density absorbent ?brous structure com 
prising: 

[0037] a) combining hydrophilic ?bers With a struc 
turing composition to form a mixture, said structur 
ing composition comprising an optional precursor 
binder material and a removable phase; 

[0038] b) rearranging said ?bers in a three-dimen 
sional structure Within said structuring composition; 

[0039] c) removing a portion of said removable phase 
to form a porous netWork; 

[0040] d) adding binder material to said porous net 
Work or converting said precursor binder material to 
a binder material; and 

[0041] e) binding said ?bers together into a continu 
ous, porous structure stabiliZed by said binder mate 
rial. 

[0042] In another aspect, the invention resides in a method 
of producing an open loW-density absorbent ?brous struc 
ture having at least 25% hydrophilic ?bers by dry Weight, 
comprising: 

[0043] a) combining hydrophilic ?bers With a hydro 
philic structuring composition to form a mixture; 

[0044] b) applying foam generation means for pro 
ducing a foam Within said mixture; 

[0045] c) binding said ?bers together With binding 
means into a continuous, porous netWork having 
Water-insoluble bonds; 

[0046] d) drying said porous netWork. 

[0047] In another aspect, the invention resides in an absor 
bent porous ?brous netWork made according to any of the 
above-mentioned methods, as Well as absorbent articles 
made With such a ?brous netWork, said articles desirably 
being suited for absorption of human body ?uids. For 
incorporation into absorbent articles knoWn in the art, the 
absorbent ?brous structures of the present invention can 
have a thickness less than 3 cm, desirably less than 2 cm, and 
speci?cally betWeen about 0.3 cm and 1.7 cm. 

[0048] In yet another aspect, the invention resides in a 
foam-structured absorbent ?brous structure comprising a 
hydrophilic Water-insoluble foamable binder material and 
over 50% by Weight of hydrophilic ?bers, said ?brous 
structure having a density of about 0.05 g/cc or less. 

[0049] In still another aspect, the invention resides in an 
absorbent ?brous structure comprising a foamable binder 
material and about 25% or greater by Weight of hydrophilic 
?bers, Wherein said ?bers are arranged as struts betWeen the 
cells of an open-cell foam, said ?brous structure being 
hydrophilic With a density of about 0.1 g/cc or less. 

[0050] In another aspect, the present invention resides in 
a layered foam-?ber composite comprising a ?rst ?brous 
layer and a second ?brous layer, said ?rst layer comprising 
an absorbent porous ?brous structure comprising a foamable 
binder material and about 20% or greater by Weight of 
hydrophilic ?bers, Wherein said ?bers are arranged as struts 
betWeen the cells of an open-cell foam; said second layer 
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comprising a foam-?ber composite having a substantially 
closed-cell structure or a substantially hydrophobic foam 
?ber composite. 

[0051] In another aspect, the invention resides in an absor 
bent article comprising a liquid pervious topsheet, a liquid 
impervious backsheet, and an absorbent ?brous structure 
disposed betWeen said backsheet and said topsheet, said 
absorbent ?brous structure comprising at least 25% hydro 
philic ?bers by Weight and more speci?cally at least 50% 
hydrophilic ?bers by Weight, and most speci?cally at least 
70% hydrophilic ?bers by Weight, and a binder residual from 
a foamable structuring composition Which stabiliZes the 
hydrophilic ?bers in a high-bulk structure, said absorbent 
?brous structure having a density of about 0.1 g/cc or less 
and having a Wet Bulk of about 6 cc/g or greater, more 
speci?cally about 8 cc/g or greater, more speci?cally still 
about 10 cc/g or greater, more speci?cally still about 15 cc/g 
or greater, and most speci?cally about 20 cc/g or greater. 

[0052] In another aspect, the invention resides in a method 
for producing a continuous absorbent ?brous structure com 
prising: 

[0053] a) combining hydrophilic ?bers With a struc 
turing composition comprising a binder material and 
a removable phase to form a mixture; 

[0054] b) generating a foam Within said mixture; 

[0055] c) depositing said foam on a moving belt to 
form a foamed layer Without substantial drainage of 
said structuring composition from said layer; 

[0056] d) curing said foamed layer to form an absor 
bent ?brous structure. 

[0057] In still another aspect, the invention resides in a 
method for producing a continuous absorbent ?brous struc 
ture comprising: 

[0058] a) forming an air-laid mat of ?beriZed hydro 
philic ?bers on a moving belt to form a ?brous mat; 

[0059] b) impregnating said mat With a foamable 
structuring composition comprising a binder mate 
rial and a removable phase; 

[0060] c) rearranging said ?bers in said mat through 
the action of said structuring composition to create a 
restructured layer; 

[0061] d) forming Water-insoluble bonds in said 
restructured layer to form an absorbent ?brous struc 
ture. 

[0062] Said method can further comprise embossing, cal 
endering, perforating, brushing, folding, scoring, perf-em 
bossing, and the like to achieve desired ?uid absorbent and 
mechanical properties. 

[0063] In another aspect, the invention resides in an appa 
ratus for continuous production of an absorbent ?brous 
structure, comprising: 

[0064] a) a mixing unit Wherein ?bers and a foamable 
structuring composition comprising a binder mate 
rial and a removable phase are mixed to form a 

mixture; 
[0065] b) a foam generating device capable of pro 

ducing a ?ber-laden foam from said mixture; 
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[0066] c) a moving belt to receive a foamed layer 
from said foam generating device; 

[0067] d) a curing unit to create Water insoluble 
bonds in said foamed layer. 

[0068] In another aspect, the invention resides in an appa 
ratus for continuous production of an expanded ?brous 
structure, comprising: 

[0069] a) an air-laying unit for producing a continu 
ous air-laid mat of ?uff pulp on a moving belt; 

[0070] b) an impregnating unit for impregnating said 
air-laid mat With a foamable structuring composition 
comprising a binder material and a removable phase; 

[0071] c) a curing unit to create Water insoluble 
bonds in the impregnated mat, such that an expanded 
?brous Web is formed. 

[0072] Based on the theory of foam formation and the role 
that ?bers can play When interacting With a foam, it has been 
discovered that a hydrophilic ?brous structure can be created 
in an open cell foam form With the assistance of a structuring 
composition. For example, using technologies similar to 
those that produce open-celled foams, it is possible to 
produce a netWork of ?bers having a three-dimensional ?ber 
orientation and exceptionally high void volume desirably 
With density Well beloW the critical density at Which a 
?brous mat or pad Will neither collapse nor expand When 
Wetted With Water. 

[0073] Though the structuring composition in some pre 
ferred embodiments can be initially an aqueous mixture, the 
resulting ?brous structure typically lacks the largely tWo 
dimensional, planar ?ber arrangement seen in Wet-laid struc 
tures, for in the present invention there is generally no need 
for drainage of aqueous components on a foraminous fabric, 
but the methods of the present invention yield a three 
dimensional netWork structure Which, in some embodi 
ments, can resemble a reticulated open-celled foam, Wherein 
the struts betWeen cells consist largely of hydrophilic ?bers. 
Such a structure is capable of high performance as an 
absorbent material. In many embodiments, therefore, the 
absorbent ?brous structure is not produced by a Wet-laid 
process requiring drainage of liquid from a ?brous mat. 

[0074] In contrast to typical ?ber-reinforced foams, 
Wherein small quantities of ?bers serve to increase the 
strength of a continuous foam matrix, the structures of 
preferred embodiments of the present invention can be said 
to be foam-reinforced ?brous structures or foam-structured 
?brous materials, Wherein foam technology serves to pro 
vide structure and optionally resiliency to a largely ?brous 
structure. Further, in contrast to typical ?ber-reinforced 
foams, the materials of the present invention can be sub 
stantially or predominately hydrophilic. 

[0075] In contrast to air-laid structures, embodiments of 
the present invention are structured and given enhanced bulk 
by the action of a structuring composition comprising non 
gaseous components, and can also be prepared by interac 
tion With foamable materials to have properties superior to 
those of airlaid materials. 

[0076] Hydrophilic ?bers comprise a major portion of the 
absorbent ?brous structure and can be the predominate 
structural component of the structure. On a dry mass basis, 
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the percentage of hydrophilic ?bers in the absorbent ?brous 
structure can be about 20% or greater, desirably about 30% 
or greater, more desirably about 40% or greater, more 
desirably still about 50% or greater, and most desirably 
about 55% or greater. Additionally, the hydrophilic ?bers 
can comprise about 80% or greater, or about 90% or greater, 
or from about 75% to about 98% of the absorbent ?brous 
structure on a dry mass basis. In many embodiments, the 
absorbent ?brous structure visually appears to be predomi 
nately composed of ?bers With relatively little other solid 
matter visible to the eye. Suitably, the other solid matter is 
predominantly located at ?ber-?ber contact points or both on 
the surface of the ?bers and at ?ber-?ber contact points. The 
?brous structural elements of the absorbent ?brous structure, 
consisting of hydrophilic ?bers and any relatively thin 
coating of binder material thereon (“relatively thin” in this 
context means less than 50% of the ?ber diameter), desirably 
comprise at least about 50% of the solid volume of the 
absorbent ?brous structure excluding the volume of any 
loose particulates Which may have been added into the 
structure, and speci?cally can comprise at least about 60%, 
more speci?cally from about 80% to about 98%, most 
speci?cally at least about 90%, and alternatively substan 
tially 100% of the solid volume of the absorbent ?brous 
structure, desirably calculated on a basis Which excludes any 
loose non-?brous material Which may have been added or 
alternatively excluding the volume of any added superab 
sorbent material. 

[0077] The hydrophilic ?bers can be any knoWn cellulosic 
or papermaking ?bers, as hereafter de?ned, such as hard 
Wood or softWood ?bers. HardWood ?bers can provide small 
cells and good strength, such as When the hydrophilic ?bers 
comprise about 30% or more hardWood ?bers and more 
particularly about 50% or more hardWood ?bers, While 
softWood ?bers can contribute to higher bulk and good 
resiliency and stiffness, When desired, such as When the 
hydrophilic ?bers comprise about 30% or more softWood 
?bers and more particularly about 50% or more softWood 
?bers. Natural cellulosic ?bers such as cotton, kenaf, milk 
Weed, and others can be used, as Well as chemically modi?ed 
or synthetically produced cellulosic ?bers. Short hydrophilic 
textile ?bers can also be used, provided the ?ber length is 
suitably short to permit suitable distribution of the ?bers by 
the structuring composition, With average ?ber lengths 
desirably being less than about 15 mm and more desirably 
less than about 10 mm, With an exemplary range of about 0.5 
mm to about 7 mm and more speci?cally from about 1 mm 
to about 5 mm. Hydrophilic ?bers derived from chitin, 
chitosan, starch, or other polysaccharides can also be used, 
though cellulosic ?bers generally offer signi?cant bene?ts 
due to their abundance, their absorbent nature, and ease of 
preparation. 

[0078] While highly ?brillated and highly re?ned ?bers 
can be used, for certain applications they are undesirable due 
to excessive ?exibility of the ?bers, dif?culty in drying the 
?bers, increased energy requirements to ?brillate the ?bers, 
high ?nes contents, and increased yield losses during ?bril 
lation. Substantially un?brillated ?bers and/or mechanically 
undamaged ?bers are desirable in a variety of embodiments. 

[0079] In another embodiment, the hydrophilic ?bers can 
be hydrophobic base ?bers Whose surfaces have been modi 
?ed to render the ?bers substantially hydrophilic. For 
example, polyethylene, polypropylene, and other synthetic 
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?bers can be rendered substantially or partially hydrophilic 
through surface modi?cation techniques that involve: 1) 
irradiating the surface of a polymeric material in the pres 
ence of oxygen to create active sites and then chemically 
grafting a polymer onto the active sites; 2) providing an 
organic surface coating by plasma discharge in the presence 
of a plasma polymeriZable, halogenated hydrocarbon gas; 3) 
treating (e.g., oxidiZing) the. surface of the ?bers so that it 
has a hydrophilic character With a high amount of cation 
exchange groups; 4) applying corona discharge treatment, 
optionally With additional surfactant treatment; 5) deposit 
ing surfactants, proteins, polysaccharides or other hydro 
philic materials by chemical precipitation, solution coating 
folloWed by evaporation of a solvent, supercritical ?uid 
treatment to deposit solubiliZed hydrophilic agents, and 
other means knoWn in the art; 6) incorporating Water soluble 
inorganic salts that are hydratable, hygroscopic or deliques 
cent, onto ?ber surfaces, said salts including, for example, 
toxicologically acceptable calcium and magnesium salts, 
Which can be added to a polymer prior to forming ?bers or 
preferably added to the surfaces of existing ?bers. For an 
example of protein application to hydrophobic materials, see 
US. Pat. No. 5,494,744, issued Feb. 27, 1996 to Everhart et 
al. For an example of corona discharge treatment, see US. 
Pat. No. 5,102,738, issued Apr. 7, 1992 to Bell et al. With 
respect to surfactant addition in particular, knoWn methods 
include (1) passing a formed ?brous Web through a bath 
containing the surfactant in either neat or solution form and 
drying the Wiper as needed so that a given amount of the 
surfactant is deposited on the Wiper, or (2) spraying a 
surfactant in either neat or solution form on the ?bers as they 
are being formed or on the ?brous porous Web and drying 
the Web as needed so that a given amount of the surfactant 
is deposited on the Web, or (3) applying a surfactant in a 
supercritical carrier ?uid such as supercritical carbon diox 
ide, Wherein the carrier ?uid desirably causes the ?ber to 
sWell during treatment to cause better penetration of the 
solute into the surface of the ?ber, or, (4) adding surfactant 
to a thermoplastic resin prior to extrusion and formation of 
the resin into a thermoplastic porous Web material. In the 
later situation, under knoWn process conditions, the added 
surfactant exudes or migrates to the surface of the ?bers of 
the porous Web material during or shortly after ?ber forma 
tion. This phenomenon has been referred to as “blooming” 
the surfactant. It is believed that blooming results from the 
insolubility of the surfactant in the thermoplastic polymer as 
the polymer cools. See US. Pat. No. 4,535,020 to Thomas 
et al. for an example of surfactant blooming. 

[0080] In one embodiment, hydrophobic ?bers are used in 
the ?rst step of several methods of the present invention but 
are coated With a hydrophilic coating material that can be 
part of the structuring composition or a separate agent. As a 
separate agent, the hydrophilic coating material can be 
applied to the ?bers before, during, or after the step of 
combining the ?bers With the structuring composition. For 
example, the ?bers may ?rst be treated to render them 
substantially hydrophilic. In another example, the hydro 
phobic ?bers may be used With the structuring composition 
to create a three-dimensional non-absorbent or substantially 
hydrophobic high-bulk ?brous structure, Which is rendered 
more fully hydrophilic and/or absorbent by the application 
of a hydrophilic coating material. The coated ?bers have 
hydrophilic matter from the hydrophilic coating material 
covering a surface area of about 20% or greater, more 
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speci?cally about 50% or greater, more speci?cally still 
about 70% or greater, and most speci?cally about 90% or 
greater. The ratio of dry hydrophilic coating material to dry 
?ber mass can be about 2 or less, more speci?cally about 0.5 
or less, more speci?cally still about 0.1 or less, more 
speci?cally still about 0.05 or less, and most speci?cally 
about 0.03 or less. 

[0081] In another embodiment, the absorbent structure 
comprises a portion of activated carbon ?bers to yield a 
porous ?brous structure having excellent odor absorbing 
abilities due to the high permeability of the structure to gas 
and due to the high fraction of accessible surface area of the 
?bers. The surface chemistry of the activated carbon ?bers 
should be tailored for optimum absorption or Wicking of the 
target ?uids or gases of the ?brous structure and can be 
rendered hydrophilic. For example, acidic groups on the 
activated carbon ?bers can be desirable for absorbing basic 
compounds comprising ammonium moieties. Acidic groups 
can be added by treating the ?bers at elevated temperature 
in the presence of steam, carbon dioxide, nitric acid, and the 
like. Basic groups, useful for absorbing acidic compounds 
such as HCl, can be introduced by treatment With ammonia 
at elevated temperatures or by other treatments knoWn in the 
art. Suitable ?bers and ?ber treatment methods include those 
disclosed in PCT patent application, “Coated Absorbent 
Fibers,” by James Economy and Michael Daley of the 
University of Illinois, published as WO 96/38232, Dec. 5, 
1996, and on the Univ. of Illinois Web site at “http:// 
WWW.students.uiuc.edu/~ahall/activated carbon fabrics.h 
tml” as of January 1998, Which discloses a variety of gas 
treatments at elevated temperature to activate the ?bers and 
control the surface chemistry. 

[0082] The ?bers can additionally contain other additives 
and agents commonly knoWn in the papermaking arts. Wet 
strength agents, dry strength agents, crosslinking agents, 
surface chemistry modi?ers, biocides or antimicrobials, 
softeners, and the like may be present. When recycled ?bers 
or other papermaking ?bers are used, a quantity of ?ller 
materials such as calcium carbonate or titanium dioxide can 
be present. For absorbent articles intended to absorb body 
?uids, it is desirable that post-consumer recycled ?bers not 
be used, though opaci?ers, ?llers, and other agents can be 
present or deliberately added. In most cases, virgin paper 
making ?bers are desirable for their mechanical properties 
and lack of contaminants. For example, odor-removing 
additives can be desirably present in the structures of the 
present invention, including activated carbon granules or 
?bers, activated silica particulates, EDTA, Zeolites, polycar 
boxylic acids, anti-bacterial agents, talc poWder, sodium 
bicarbonate, encapsulated perfumes, cyclodextrin, UV 
absorbers, emollients, chitosan or chitin, and the like. 

[0083] In the production of such high-bulk absorbent 
?brous structures, a structuring composition is used With the 
?bers. The structuring composition can include certain 
materials knoWn in the art of foam production and generally 
serves to hold or rearrange the ?bers in a desired three 
dimensional orientation. The structuring or rearrangement of 
?bers can occur by the How and expansion of a foam; by the 
expansion of a bloWing agent; by the removal of a phase that 
previously displaced ?bers or rearranged them into a foam 
like or open-cell structure; by the action of tWo mixed 
immiscible phases that act to preferentially position ?bers in 
the liquid meniscus betWeen bubbles; by the hydrodynamic 
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action of a viscous liquid (including solutions) or liquid 
solid slurry or frozen slurry Which holds the ?bers in place 
during removal of a substantial portion of the liquid or slurry 
by freeZe drying or solvent exchange; and the like. 

[0084] The physical rearrangement of the ?bers can take 
place in one, tWo, or three-dimensions. Rearrangement in 
tWo or more directions is desirable, and rearrangement in 
three dimensions is most desirable. A one-dimensional rear 
rangement could occur, for example, When the action of the 
structuring composition Was primarily to move ?bers in a 
mat upWard in the Z-direction, such that the mat becomes 
bulkier, but such that the relative x-y positions of the ?bers 
are not substantially changed. TWo-dimensional rearrange 
ment occurs When ?bers in a narroW layer or plane are 
moved to neW locations in the plane but Without crossing or 
intermingling into other strata. Most desirable is three 
dimensional rearrangement, Where the action of the struc 
turing composition and more speci?cally the action of a 
foam formed by the structuring composition moves ?bers 
not only vertically but also to neW x-y locations Within a Web 
or mat or other form of the absorbent ?brous structure being 
made. For example, bulk motion of a ?ber-laden froth or 
foam due to beating, stirring, pouring, molding, and the like 
can result in a three-dimensional rearrangement of ?bers 
prior to binding of the ?bers. In general, physical rearrange 
ment of the ?bers in a particular direction or dimension can 
be said to occur if, for example, a characteristic ?ber is 
typically displaced by about 1 mm or greater, more speci? 
cally about 3 mm or greater, more speci?cally still about 10 
mm or greater, and most speci?cally about 5 mm to about 25 
mm. 

[0085] In one embodiment, the structuring composition is 
sufficiently viscous and/or stable that it does not separate 
substantially from the ?bers by drainage after mixing over a 
time space suf?cient to dry or cure the structuring compo 
sition. (Curing of the structuring composition occurs When 
the binder material forms bonds Which stabiliZe the ?bers, 
and can be caused by thermal treatment; condensation 
reactions or other chemical reactions caused by the effects of 
electron beams, ultraviolet radiation, microWave radiation, 
and the like; chemical crosslinking; chemical initiation of 
polymeriZation; and the like.) For example, the structuring 
composition can have a bulk viscosity of about 100 centi 
poise or greater, more speci?cally about 500 centipoise or 
greater, and more speci?cally still about 2000 centipoise or 
greater, using methods suitable for viscosity measurement of 
foams. Thus, it is desirable in certain embodiments that 
much of the mass of the structuring composition is not 
removed in liquid form or in liquid/solid form, as by 
drainage. Speci?cally, it is desirable in certain embodiments, 
particularly those involving an aqueous-based foam With gas 
bubbles, that about 50% or less of the initial mass of the 
structuring composition be removed in non-gaseous form or 
by drainage, more speci?cally that about 10% or less of the 
initial mass of the structuring composition be removed in 
non-gaseous form or by drainage, and most speci?cally that 
substantially none of the structuring composition be 
removed in liquid form from the mixture of ?bers and 
structuring composition during formation of the absorbent 
?brous structure. 

[0086] The structuring composition comprises a remov 
able phase Which provides void space in the product and a 
binder material, optionally With a liquid carrier phase and 
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optionally With other non-gaseous components such as sur 
factants, crosslinking agents, softeners, plasticiZers, antimi 
crobial agents, odor controlling materials, etc., to achieve 
the desired functional characteristics of the absorbent ?brous 
structure. At least one component of the structuring com 
position is non-gaseous. The removable phase can be liquid 
Water or any other liquid capable of being removed by 
evaporation, solvent exchange, critical point drying, super 
critical ?uid extraction, Wicking, and so forth; ice or other 
sublimable solids; solids that can be melted and removed as 
liquids or further evaporated; solids that decompose partially 
or fully to vapors or fumes upon heating to leave void 
spaces; and the like. Gas bubbles in a foam as the removable 
phase are an especially preferred embodiment for ease of 
production and removal. Desirably, the structuring compo 
sition is a foamable composition Wherein the bubbles of the 
foam serve to displace or rearrange the ?bers into the desired 
structure. The binder material stabiliZes the porous ?brous 
structure and can increase the strength of ?ber-?ber bonds. 
Desirably, the structuring composition is hydrophilic once 
dried or cured. In one embodiment, the removable phase is 
not liquid Water or Water vapor and more speci?cally is not 
liquid Water. In another embodiment, the gas bubbles are 
largely composed of air or other gases besides Water vapor 
and, in a related embodiment, can be formed Without the 
need to heat aqueous materials to the boiling point, though 
Water vapor bubbles can be employed in other embodiments. 

[0087] In absorbent ?brous structures derived from a foam 
generated through the production, generation, or introduc 
tion of gas bubbles into the ?brous mixture, the liquid or 
liquid-solid slurry serves as a non-gaseous phase and the 
removable phase is the gas that forms bubbles. Since the gas 
is not chemically bonded to the solid matrix, it is removable 
by diffusion and desirably by bulk ?oW, even if some of the 
original gas in the foam is trapped in some bubbles. Obvi 
ously, the gas is removable if the foam has a substantially 
open-cell structure. In the foam-structures useful for the 
present invention, at least a portion of the original gas in a 
foam produced from gas bubbles Will be removed from the 
structure. The portion removed should be a substantial 
fraction of the removable phase, such as about 20% or more, 
more speci?cally about 50% or more, still more speci?cally 
about 80% or more, and most speci?cally about 90% on a 
volumetric basis. Though it may be ideal to have complete 
removal of the removable phase, inevitable some small 
fraction may be trapped in dead end pores, occasional closed 
pores, and the like. 

[0088] In a foam produced by liquid phase inversion or by 
polymeriZation of one liquid phase around bubbles of 
another at least partly immiscible liquid, the removable 
phase is generally a liquid Which can be evaporated or 
otherWise dried to remove it at least in part from the 
remaining matrix. The structuring composition may also be 
a solid-liquid suspension or slurry or a three-phase mixture. 

[0089] The binder material in the structuring composition 
can be a polymeric material such as a soluble polysaccharide 
(e.g., carboxymethyl cellulose, starch and modi?ed starches) 
or a protein (e.g., a gelatin), more speci?cally a polymeric 
foamable material. A polymeric binder material may be 
rendered foamable at least in part due to the presence of 
foaming agents such as a surfactant or tenside, including 
anionic, nonionic, and cationic surfactants, in the structuring 
composition. The polymeric binder material desirably is 
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hydrophilic. Ahydrophilic polymeric foamable binder mate 
rial can require addition of a carrier liquid such as Water to 
create a foam, With Water being the preferred carrier ?uid, 
though in a feW cases a polymeric foamable binder material 
can be foamed as is, With egg Whites being one example. 
Desirably, the carrier liquid is a solvent to the polymeric 
component but not to the hydrophilic ?ber (a liquid com 
prising a solute that renders the hydrophilic ?bers soluble or 
partly soluble, such as a concentrated Zinc chloride solution 
With cellulosic ?bers as the hydrophobic ?bers, Would not be 
preferred in many embodiments). A material is foamable if 
a partly or substantially stable foam capable of holding 
papermaking ?bers can be produced by mechanical agitation 
in the presence of air or upon application of other foaming 
methods mentioned herein and knoWn to those skilled in the 
art. Pure Water is not foamable, for example, Whereas egg 
Whites and many aqueous surfactant solutions are. 

[0090] The binder material may be Water sWellable or not 
Water sWellable. For best results in absorbent articles, the 
binder material desirably is substantially Water insoluble, 
even When the binder material is Water sWellable. Preferably, 
the binder material provides not only good dry stability but 
also good Wet stability and Wet resiliency to the absorbent 
?brous structure When Wetted With liquid Water. For appli 
cations Where Wet resiliency is needed to maintain high void 
volume even under compressive loads, the binder material 
desirably is not Water sWellable, is desirably Water insoluble, 
and desirably has a binder Wet strengthzdry strength ratio 
(hereafter de?ned) of about 10% or greater, speci?cally 
about 20% or greater, more speci?cally about 40% or 
greater, and most speci?cally about 50% or greater. The 
same desirable ranges for binder Wet strengthzdry strength 
ratio apply to sWellable binder materials as Well. 

[0091] Polymers Which are suitable for use in certain 
embodiments of the present invention include any polymer 
Which is initially soluble in a solvent such that the soluble 
polymer may be formed into a solution by mixing With a 
liquid solvent, such as Water, and then Whereby the polymer 
is treated to cause the polymer to become Water-insoluble 
and optionally Water-sWellable so that an absorbent foam 
comprising such Water-insoluble polymer exhibits desired 
absorbency and physical characteristics. 

[0092] For sWellable binder materials, carboxymethylcel 
lulose (CMC) is a useful material capable of binding ?bers 
and absorbing Water. Aside from CMC, polymers Which are 
also suitable for use, particularly for freeZe drying and other 
embodiments of the present invention, include a Wide vari 
ety of anionic, cationic, and nonionic materials. Suitable 
polymers include polyacrylamides, polyvinyl alcohols, eth 
ylene maleic anhydride copolymer, polyvinylethers, poly 
acrylic acids, polyvinylpyrrolidones, polyvinylmorpholines, 
polyamines, polyethyleneimines, polyacrylamides, polyqua 
ternary ammoniums, natural based polysaccharide polymers 
such as carboxymethyl celluloses, carboxymethyl starches, 
hydroxypropyl celluloses, algins, alginates, carrageenans, 
acrylic grafted starches, acrylic grafted celluloses, chitin, 
and chitosan, and synthetic polypeptides such as polyaspar 
tic acid, polyglutamic acid, polyasparagins, polyglutamines, 
polylysines, and polyarginines, as Well as the salts, copoly 
mers, and mixtures of any of the foregoing polymers. 
Polyglucan succinate or glutarate, for example, can also be 
used, particularly When cross-linked to form diester 
crosslinks. 
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[0093] Other useful polymeric materials useful as compo 
nents of the structuring composition and speci?cally as 
binder materials include anionic and cationic latexes, Wet 
strength agents, hydrocolloids, pectin, sodium carboxym 
ethylcellulose, thrombin, collagen, amylose derivatives, 
algin, synthetic gums, and the like. HoWever, for some 
applications, it is desirable that the binder not be rubbery and 
thus not be comprised of latex or related rubbery materials. 
For products for those Who are allergic to latex in particular, 
latex is not desirable binder. Where rubber-like mechanical 
properties are desired, such as in some portions of absorbent 
pads and particularly gasket materials for absorbent articles, 
latex an be useful as a binder. 

[0094] In one embodiment of the present invention, it is 
desired that the polymer used be a polyelectrolyte for high 
absorbency. In general, a polyelectrolyte is a glassy polymer. 
As used herein, the term “glassy” polymer is meant to refer 
to a polymer having a glass transition temperature (Tg) 
above about 23° C. (about room temperature) at a relative 
humidity of about 30 percent or less. Examples of glassy 
polymers include, but are not limited to, sodium polyacry 
late, polyacrylic acid, sodium carboxymethyl cellulose, and 
chitosan salt polymers. Examples of non-glassy polymers 
and non-polyelectrolytes include, but are not limited to, 
polyethylene oxide, polyvinyl acetate, and polyvinyl ether 
polymers. 
[0095] Hydrophobic thermoplastics and hot melt adhe 
sives can also serve as the binder material, though it is 
preferred that they be applied primarily are ?ber-?ber con 
tact regions rather than across the entire surface of the ?ber 
to prevent reduction in hydrophilicity of the absorbent 
?brous structure. The absorbent ?brous structures of the 
present invention should be substantially hydrophilic and 
absorbent. 

[0096] One property of a Water-insoluble polymer Which 
is relevant to its effectiveness in providing a desired amount 
of liquid-absorbing capacity to an absorbent foam is its 
molecular Weight. In general, a Water-sWellable, Water 
insoluble polymer With a higher molecular Weight Will 
exhibit a higher liquid-absorbing capacity as compared to a 
Water-sWellable, Water-insoluble polymer With a loWer 
molecular Weight. 

[0097] The Water-insoluble polymers useful in the absor 
bent ?brous structure of the present invention can generally 
have a Wide range of molecular Weights. Polymers suitable 
as components of the structuring composition or as binder 
materials useful in the present invention Will can have a 
Weight average molecular Weight greater than about 10,000, 
particularly if they are to be sWellable, and more speci?cally 
greater than about 100,000, even more speci?cally greater 
than about 200,000, suitably greater than about 500,000, 
more suitably greater than about 1,000,000, and up to about 
20,000,000. Non-sWelling polymers useful as components 
of a binder material desirably have molecular Weights less 
than about 20,000 and speci?cally less than about 5,000. 
Methods for determining the molecular Weight of a polymer 
are Well-knoWn in the art. 

[0098] In some embodiments, the binder material com 
prises a crosslinked polymer. Crosslinking can be achieved 
by any method knoWn in the art, including those described 
in more detail hereafter. Crosslinking can be done before or 
after removal of the removable phase. 
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[0099] The structuring composition will generally have a 
pH within the range of from about 2 to about 12, more 
speci?cally from about 4 to about 9, more speci?cally from 
about 4 to about 7.5, and most speci?cally from about 6 to 
about 7.5. 

[0100] The absorbent ?brous structure can be an 
“expanded ?brous structure” which, in its dry or cured form, 
has greater macroscopic volume and greater void volume 
than the initial mixture of ?bers and structuring composi 
tion. For example, an expanded ?brous structure can be 
formed when a ?brous slurry is mixed with a structuring 
composition containing blowing agents which subsequently 
are activated to expand and add void volume to the ?brous 
mixture prior to drying or curing. Likewise, a pressuriZed 
mixture of a structuring composition and ?bers can expand 
to occupy increased void when the mixture is depressuriZed 
as part of a process for forming an absorbent ?brous 
structure. 

[0101] The absorbent ?brous structure of the present 
invention can be substantially biodegradable. The hydro 
philic ?bers can be substantially biodegradable. Likewise, 
the dried structuring composition or the dried binder mate 
rial can comprise at least 50% by weight, and more speci? 
cally at least 80% by weight of biodegradable components, 
or may be essentially 100% biodegradable. 

[0102] The ?brous structures of the present invention can 
have exceptionally low density, such as density signi?cantly 
below the critical density of the speci?c ?ber type used, such 
as a density of about any of the following or lower, in units 
of g/cc: 0.2, 0.15, 0.1, 0.07, 0.05, 0.025, 0.02, and 0.01. For 
example, structures formed with CMC and eucalyptus ?bers 
by freeZe-drying yield a stiff, highly resilient material having 
a density of only 0.02 g/cc, a remarkably low density 
structure for a ?brous material. 

[0103] The absorbent ?brous structure can be ?exible 
according to ASTM de?nitions for the ?exibility of plastic 
foams, as described hereafter. 

[0104] Layered structures can be produced with materials 
of the present invention. In particular, a layered foam-?ber 
composite can be produced comprising a ?rst ?brous layer 
and a second ?brous layer, said ?rst layer comprising an 
absorbent ?brous structure comprising a foamable binder 
material and about 20% or greater by weight of hydrophilic 
?bers, wherein said ?bers are arranged as struts between the 
cells of an open-cell foam; said second layer comprising a 
foam-?ber composite having a substantially closed-cell 
structure or a substantially hydrophobic foam-?ber compos 
ite. In one embodiment of the layered foam-?ber composite, 
the thickness of said ?rst layer can be less than about 5 mm 
and the thickness of said second layer can be less than about 
4 mm. Additional layers may be attached, including poly 
ole?n bonded carded webs, meltblown webs, spunbond 
webs, or other materials suitable as surge, intake, or distri 
bution layers for feminine care articles, diapers, inconti 
nence products, and the like. Foams comprising activated 
carbon materials can also be attached as additional layers. 

[0105] Unlike many known ?ber-reinforced foams and 
other ?brous composites, the materials of the present inven 
tion are generally suitable for use in absorbent articles, and 
particularly for use in absorbent articles for absorbing 
human body ?uids. In several embodiments, the materials of 
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the present invention have suitable wet resiliency that they 
are not destroyed or dissolved by application of liquid water, 
saline solutions, urine, menses, runny bowel movement, 
sweat, blood, saliva, and the like, and can effectively absorb 
and retain such ?uids, desirably maintaining integrity and 
shape when completely wetted with saline solution over a 
prolonged period of time such as 1 hour. In several embodi 
ments, the materials of the present invention have suitable 
conformability, softness, or ?exibility to serve as elements in 
absorbent articles worn next to the body without discomfort 
or inadequate body ?t. Also, in several embodiments, the 
materials of the present invention are made without the use 
of materials and methods inappropriate for human health or 
without undesired contaminants or waste products such as 
post-consumer waste, old newspapers, and the like. More 
speci?cally, the absorbent ?brous structure can consist 
essentially of materials that are toxicologically acceptable 
for prolonged contact with human tissue or for use in a 
sanitary napkin for feminine care . Most speci?cally, the 
absorbent ?brous structure can consist essentially of mate 
rials that are toxicologically acceptable for use in a tampon, 
hemostatic sponge, wound dressing or bandage. 

[0106] In a further embodiment, the absorbent ?brous 
structure of the present invention can be provided with a 
high degree of ?exibility through the use of an elastomeric 
binder material such as latex. The absorbent ?brous structure 
can then be rendered extensible with such elastomeric 
bonds, particularly if the material has been suitably molded 
for extensibility or has been foreshortened mechanical com 
paction, creping, or rush transfer to create a crepe-like or 
accordion-like structure permitting expansion and extension 
in the plane. Slits normal to the direction of extension or not 
aligned with the direction of extension can also provide 
extension means to the ?exible absorbent ?brous structure, 
particularly with elastomeric bonds. Thus, absorbent articles 
such as feminine pads or pantiliners can be made extensible 
and provided with extensible absorbent cores or other absor 
bent components through the use of elastomeric bonds in the 
high bulk, ?exible absorbent ?brous structure. Other com 
ponents in the absorbent article can desirably be extensible 
as well, including the topsheet, the backsheet, and other 
absorbent layers, using methods known to those skilled in 
the art. In the case of a sanitary napkin comprising an 
absorbent ?brous structure, for example, making the absor 
bent ?brous structure and desirably also the entire sanitary 
napkin elastically stretchable will reduce the undesirable 
tendency of the sanitary napkin to gather longitudinally 
inward (i.e., bunch longitudinally) when forces which tend 
to stretch the sanitary napkin are removed. 

[0107] The absorbent ?brous structure can have gradients 
in material properties extending in the thickness direction or 
in directions in the plane of the absorbent ?brous structure. 
Gradients or variations in basis weight and thickness can 
readily be provided, but other material properties such as 
?ber composition, pore siZe, wettability, and the like can 
have gradients as well. For example, a planar absorbent 
?brous structure suitable for use in an absorbent article may 
have large pores and large open cells near a top surface, with 
cells that become progressively smaller near the opposing 
back surface, optionally terminating in a skin on the back 
surface which can be partially or substantially liquid imper 
vious. Such a structure with a porosity gradient may be 
suitable for liquid intake on the top surface but can prevent 
liquid leakage from the back surface. Articles may be 
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provided With gradients in hydrophilicity as Well, With more 
hydrophilic binder material and ?bers in one region (e.g., a 
top surface) than elsewhere (e.g., a back surface). Gradients 
may extend in the plane, giving, for example, an article With 
large cells or pores in a central target region but With more 
closed cells or smaller pores near the side edges of the 
absorbent ?brous structure to prevent lateral leakage of 
?uid. 

METHODS OF MAKING THE ABSORBENT 
FIBROUS STRUCTURE 

[0108] Many processes knoWn in the art for producing 
foams and open-cell foams in particular can be used to 
produce the absorbent ?brous structures of the present 
invention. In general, a structuring composition is used to 
help position the ?bers and create void space, resulting in a 
high-bulk mixture Which can be dried or cured (as by heat 
or radiation or application of chemical reagents) into an 
absorbent ?brous structure. 

[0109] Methods for producing the absorbent ?brous struc 
ture of the present invention begin With preparation of ?bers 
and the structuring composition, Which are combined to 
form a ?brous mixture. The ?bers may in a slurry, such as 
an aqueous slurry, or may initially be in dry form, such as 
?uff or comminuted ?bers or air lad ?ber mats. The struc 
turing composition is desirably capable of producing a foam. 
The components of the structuring composition may be 
added to the ?bers or visa versa in one step or in multiple 
stages, optionally With at least some ingredient of the 
structuring composition being added separately to the mix 
ture at various stages. A portion of the structuring compo 
sition may have previously been added to the ?bers, Which 
can then react or combine With other reagents in the remain 
der of the structuring composition that is subsequently 
added. For example, ?bers loaded With sodium bicarbonate 
may react With citric acid in the remainder of the structuring 
composition to release carbon dioxide to form a foam, and 
remaining citric acid may in turn promote crosslinking of the 
?bers upon subsequent heat treatment. 

[0110] FolloWing the initial combination of the structuring 
composition or at least some of its components With the 
?bers, the removable phase in the structuring composition 
can be generated or augmented, if necessary, such as by 
activation of bloWing agents to create gas bubbles in the 
mixture or by direct introduction of extraneous gas through 
injection or mechanical agitation or high-shear mixing and 
the like to create a froth or foam. The interaction of the 
removable phase With other phases in the mixture can 
reposition and displace the ?bers to create a high-bulk 
?brous structure, optionally With a distinct bimodal pore siZe 
distribution characteristic of an open cell foam With porous 
struts, Wherein the pores in the struts correspond to the small 
pore spaces betWeen neighboring ?bers in a strut, in contrast 
to the larger pores of the cells de?ned by the struts. 

[0111] The steps of creating a foam in the mixture and 
removing at least a portion of the removable phase typically 
occur sequentially but can occur simultaneously as Well. In 
many cases, the act of removing a portion of the removable 
phase creates an open structure in the ?brous structure. In 
other cases, the structure may become open before signi? 
cant removal of the removable phase occurs. In some 
open-cell foaming processes, gas bubbles are ?rst produced 
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and then some of the gas escapes and breaks open WindoWs 
betWeen the cells to create an open cell foam. In foams 
created by freeZe drying, hoWever, the foam structure is 
created by the removal of the removable phase (typically 
Water or another suitable volatile material). LikeWise, the 
steps preferably producing a mixture of ?bers With the 
structuring composition and creating the foam therein can 
also be sequential or simultaneous. The foam may be 
produced after the mixture is created, it may be produced 
during the mixing operation, or the foam may already have 
been created in the structuring composition prior to mixing 
With the ?bers. 

[0112] Foams can be prepared by many means. The expan 
sion process is that of expanding a ?uid polymer phase or 
slurry to a loW density cellular state and then “freezing” the 
polymer structure by curing or through cooling of the liquid 
polymer. The extrusion process for producing foams uses 
physical stabiliZation in a decompression expansion process. 
This process uses a bloWing agent blended into the molten 
polymer that is extruded under pressure. This solution of 
polymer and bloWing agent is forced out through a die 
opening on to a moving belt at normal room temperature and 
pressure. This reduction in pressure causes the bloWing 
agent to vaporiZe resulting in expansion of the polymer. The 
polymer is alloWed to cool during expansion such that 
enough structural strength is obtained for the required den 
sity and dimensional stability. Freezing of the structure or 
stabiliZation of the polymer structure is a result of the 
polymer phase cooling to a point beloW its glass transition 
temperature. Cooling comes mainly from three areas: (1) the 
vaporiZation of the bloWing agent, (2) gas expansion, and (3) 
heat loss to the environment. 

[0113] Other methods of producing cellular materials 
include leaching out solid or liquid materials that have been 
dispersed in a polymer, sintering small particles, dispersing 
small cellular particles in a polymer, dispersing gas (or solid) 
in the ?uid state and stabiliZing this cellular state, or by 
sintering polymer particles in a structure that contains a gas 
phase. In any case, the resulting foam or froth structure 
comprises a removable phase. 

[0114] Preparation of reticulated open cell foams can 
include the application of mechanical force to knock out the 
WindoWs of closed cells to render them open. Such forces 
can be applied by one or more cycles of compression, by 
application of a shock Wave, or by thermal shock. Polymeric 
cell Walls can also removed or open by hydrolysis (e.g., by 
treatment With caustic solution), oxidation, and application 
of elevated temperature or pressure, as Will be recogniZed by 
those skilled in the art. 

[0115] The removable phase may be liquid, gas, or solid, 
though gas is the most commonly used removable phase in 
commercial foam production. Nevertheless, many liquids 
including oils, hydrocarbons, and aqueous ?uids can be used 
as Well as some solids such as ammonium bicarbonate Which 

decompose to yield gas upon heating. The interaction of the 
removable phase With the ?bers and other components of the 
structuring composition results in moving, positioning, or 
structuring the ?bers into a high-void volume form. 

[0116] The structuring composition can comprise com 
pounds for producing a foam generated through the produc 
tion, generation, or introduction of gas bubbles into the 
?brous mixture. The structuring composition can also com 












































