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- EIELD OF THE INVENTION .

This invention relates to absorbent structures using both
cellulosic fiber material and superabsorbent material. The
absorbent structures can be used in a variety of absorbent
articies such as disposable diapers, adult incontinence pads and
briefs and the 1ike which are required to handle relatively large
amounts of discharged body fluids, especially repeated discharges
of relatively large amounts of fluid in relatively short amounts
of time.

BACKGROUND OF THE INVENTION

Absorbent webs which comprise entangled masses of fibers,
i.e., fibrous webs, are well known in the art. Such webs can
smbibe liquids, such as discharged body fluids, both by an
absorption mechanism wherein fluid is taken up by the fiber
material itself and by a wicking mechanism wherein fiuid is
acquired by, distributed through and stored in the capillary
interstices between fibers. One means for 1improving  the
absorbency characteristics of such fibrous web structures is to
incorporate therein superabsorbent material, such as as polymeric
gelling material (also referred to as hydrogel-forming material
superabsorbent polymers, etc.) which imbibe fluid. The
superabsorbent material serves to retain fluid such as discharged
body 1liquids. An absorbent structure of this type wherein
hydrogel~forming materials in particulate form are mcorporated
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absorbent gelling materials has permitted the realization of
absorbent articles such as diapers which employ relatively thin
absorbent cores and which are, therefore, relatively thin
products. Thinner diapers are less bulky to wear and fit better
under clothing. They are also more compact in the package, making
the diapers easier for the consumer to carry and store.
Compactness 1in packaging also results in reduced distribution
costs for the manufacturer and distributor.

One such absorbent core configuration which is useful for use
as the absorbent structure in relatively thin- absorbent articles
is disclosed in U.S. Patent No. 4,765,780, issued August 23, 1988
(Angstadt). This patent discloses absorbent articles, such as
diapers, which have a two layer absorbent core configuration
wherein the core comprises an upper primary layer and a lower
dusting layer. The primary layer is an airlaid web of hydrophilic
fiber material with a -substantial amount of absorbent gelling
material admixed therewith. The dusting layer comprises
hydrophilic fiber material and, preferably, contains no absorbent
gelling material. .

Another absorbent core configuratmn is disclosed in
Weisman/Houghton/Gellert, U.S. Patent No. 4,673,402, issued June
16, 1987. This patent discloses absorbent articles having a dual
layer absorbent core. In the dual layer configuration, the core
comprises an upper primary layer which is an airlaid web of
hydrophilic fiber wmaterial, optionally with a small amount of
polymeric gelling agent particles admixed therewith. The core
also comprises an underlying insert layer which is an airlaid
mixture of hydrophilic fiber material and a substantial amount of
polymeric gelling agent part.ic}es. This insert layer is generally
positioned toward the front of the absorbent article such that
more than half of the polymeric gelling agent material in the
article is found in the front..half thereof. Absorbent articles
having the particular dual hyer configuration.of the ‘402 patent
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articles having dual
do this would be to increase the level of polymeric gelling

material in the absorbent core. Unfortunately, high levels of
polymeric gelling material, (especially levels in excess of about
15%) in fibrous webs typically used in absorbent cores tends to
10 induce a phenomena referred to as gel-blocking. Gel-blocking
occurs when the polymeric gelling material located in regions
first contacted with fluid increase in volume as a consequence of
'imbi_bing the fluid and forming the hydrogel. When polymeric
gelling material concentration is too high, the hydrogel can block
15 additional fluid from reaching ottger regions of the core having
unused absorbent capacity. The occurrence of gel blocking can

lead to leakage during usage of the absorbent article.
Polymeric gelling materials have been developed which can
exhibit a reduced tendency to result in gel blocking. Such
20 materials are described in U.S. Patent RE 32,649, April 19, 1988,
Brandt/Goldman/Inglin. However, these improved polymeric gelling
materials, and other superabsorbent materials, are subject to
performance 1imitations of the web of cellulosic fibers in which
particies of gelling material are distributed. In particular,
25 . mn-initia] wetting, the cellulosic fibers become highly flexible
and the web tends to collapse to a higher density and,
consequently, exhibits smaller average pore size. Whereas, pore
size becomes smaller than the pore size in regions of the web not
yet wetted, a capillary gradient is created which opposes
30 efficient transport of fluids to the dry areas of the absorbent

article.

Another reason why many absorbent articles such as diapers
are subject to Tleakage is inability to absorb second and
. subsequent discharges of fluid even if the first fluid discharge
35 has been effectively a!;sorbed. 'Leakage due to second and
subsequent discharges is especially prevalent during the night,
when ausers.~commonly experiepcev:multiple:-discharges:before being
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addition to the reasons discussed above, is the inability of the
absorbent core to transport discharged fluid away from the region
of discharge once the absorbent capacity of that region has been
reached. After a discharge of fluid occurs, the fluid tends to
remain situated in the region proximate to the discharge. The
occurrence of successive voiding of fluid creates a driving force
to laterally transport the previous fluid and newly discharged
fluid. However, actual performance of the absorbent article is
limited by the ability to have the fluid transported to the
farther reaches of the core. In this regard, even in the absence
of polymeric gelling material, the overall absorbent capacity of
conventional absorbent diaper cores is generally incompletely
utilized prior to failure, i.e., leakage, of the absorbent
article. :

Yet another reason for leakage in conventional absorbent
articles is the propensity of the cellulosic fibers conventionally
utilized for fluid acquisition and distribution to collapse upon
wetting, thus impairing permeability of the structures.

It is an object of this invention to provide superabsorbent-
containing absorbent structures which can circumvent the problems
of gel blocking and wet collapse and which can utilize an
increased proportion of their absorbent capacity.

It is a further object of this invention to provide
superabsorbent-containing absorbent structures which can acquire
fluid rapidly in the region of discharge and transport the fluid
over relatively large proportion of the absorbent structure
storage area and, additionally, be capable of effectively
acquiring and distributing discharged bodily fluid from second or
other successive voiding.

It is yet another object of this invention to provide
absorbent structures which are capable of meeting the objects
described above which are of a retatively thin design.

One absorbent structure which has been suggested is described
in U.S. Patent No. -4,935,022, issued June 19, 1990 to Glen R. Lash
and Lieonard- R.  Thempson. This :patent discloses disposable
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stiffened, twisted, curled cellulose fibers and from about 15% to
60%, by weight, of absorbent gelling material. The upper layer
serves the principal purpose of acquisition and distribution of
bodily fluid discharges. The stiffened, twisted, curled fibers
10 are highly beneficial in this regard. The lower layer, which is
necessarily smaller than the upper layer, is principally for fluid
storage.
Another absorbent structure which has been proposed is
described in U.S. Patent 4,798,603, S. C. Meyer et al., issued
15 January 17, 1989, titled "Absorbent Article Having a Hydrophobic
Transport Layer." As suggested by the title, this patent
‘describes an absorbent article with a hydrophobic transport layer,
made from known hydrophobic synthetic fibers. The transport layer
is positioned between a topsheet and an absorbent body. The
20 absorbent body is necessarily more hydrophilic than the transport
layer. The purpose of the transport layer is to act as an
insulating layer between the topsheet and the absorbent body, to
reduce skin wetness. Regardless of whether the structures
described therein meet this objective, the hydrophobic nature of
25 the transport layer of U.S. Patent 4,798,603 would be expected to
have limited fluid acquisition and fluid transport properties
dn'e, at least in part, to the hydrophobicity of the layer. This
would be particularly so for second and successive fluid
discharges after which any optional surfactants have been washed
30 away. . :
Notwithstanding the existence of absorbent articles of the
type described above, there is a need to identify further improved
configurations for absorbent articles which provide improved fluid
distribution and acquisition performance, especially with respect
35  to successive fluid discharges. '
Accordingly, the present invention provides improved
absorbent structures, andcelsments for use therein, as well as

absorbent articles utilizing such structures. ut§dizine > milsialn
{
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SUMMARY OF THE INVENTION

The present invention provides an absorbent structure, which
is particularly useful as the absorbent core in disposable
10 absorbent articles such as diapers and incontinence briefs, and
which comprises: a) a fluid acquisition/distribution layer having
an average dry density of less than about 0.30 g/cc, an average
density upon wetting to saturation with 1% NaCl aqueous solution,
on a dry weight basis, of less than about 0.20 g/cc, and an
15 average dry basis weight of from about 0.001 to about 0.10 g/cml;
and a fluid storage layer, positioned Dbeneath the
acquisition/distribution layer. The acquisition/distribution
Jayer comprises a web of from about 50% to 100%, by weight,
chemically stiffened cellulosic fibers and from 0% to about 50%,
20 by weight, of a binding means. The binding means can be used to
increase physical integrity of the web to facilitate processing
andfor improve in-use performance, and/or increase effective
average inter-fiber pore size of the web. As used herein, binding
means refers to means incorporated integral to the layer of
25 obiffened fibers, such as {but not limited to)} nonstiffened
cellulosic materials, synthetic fibers, chemical additives, and
thermoplastic polymers. Tissue envelopes and other scrim external
to the acquisition/distribution layer can also be used to enhance
physical integrity in combination with, or in place of, said

30 binding means.
The storage layer comprises at least about 15%, by weight, of
superabsorbent material and from 0% to about 85% of a carrier

means for the superabsorbent material. The fluid
ai:quisition/distribution layer should contain no more than about
35 6.0% of superabsorbent material. Preferably, the

acquisition/distribution layer will ~be substantially free of
superabsorbent material. "For purposes herein, "substantially
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5 amounts (less than about 0.5%) of superabsorbent material present
in the acquisition/distribution layer incidental to the contact or
close proximity of the superabsorbent-containing storage layer
with the acquisition/distribution layer.

The fluid acquisition/distribution layer has a top surface

10 area which is at least 15% of the top surface area of the fluid
storage layer, but which is smaller than the top surface area of
the fluid storage layer. The acquisition/distribution layer is
preferably positioned relative to the fluid storage such that in
the unfolded planar configuration of the article none of its

15 surface area extends beyond the boundaries of the top surface area
of the fluid storage layer. More preferably the
acquisition/distribution layer has a top surface area which is
from about 15% to about 95%, most preferably from about 25% to
about 90%, of the top surface area of the fluid storage layer.

20 The absorbent structure can be advantageously utilized as the
absorbent core in absorbent articles, e.g., disposable diapers and
incontinence briefs, which also comprise a fluid pervious topsheet
and a fluid impervious backsheet affixed to the topsheet, wherein
the absorbent core is disposed therebetween. The absorbent core

25 is positioned such that the acquisition/distribution layer is
Tocated between the topsheet and the storage layer, and the

'storage layer is located between the acquisition/distribution
layer and the backsheet.
The superabsorbent material used in the storage layer has an

30 Absorbent Capacity of at least about 10 grams of Synthetic Urine
(1.0% NaCl aqueous (distilled water) solution) per gram of
superabsorbent material, measured according to the test procedure
hereinafter  described. Suitable  superabsorbent  material
categories include polymeric absorbent gelling materials,

35 typically wutilized in the form of discrete particles, and
superabsorbent fibers, such as acrylate grafted fibers and
superabsorbent modified cellulosic fibers.
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'Figure 2 represents a perspective view of a diaper structure
similar to Figure 1, but wherein the storage layer has a modified
hour-glass shape.

10 Figure 3 represents a direct view of an absorbent core useful
for diaper applications, such as in Figures 1 and 2, wherein the
core has a modified hour glass-shaped storage core and a szm:lar
hour glass -shaped acquisition/distribution layer.

DETAILED DESCRIPTION OF THE INVENTION

15 The absorbent structures of the present invention can be
utilized in disposable products which are capable of absorbing
significant quantities of body fluids, such as urine and water in
body wastes. Such articles may be prepared in the form of
disposable diapers, adult incontinence briefs, adult incontinence

20 pads and the like.

The absorbent articles herein generally comprise three basic
structural components. One such component is a 1iquid impervious
backsheet. On top of this backsheet is disposed an absorbent core
which itself comprises two distinct layers, and which includes a

25 superabsorbent material in one of the layers. On top of this
absorbent core and joined to the backsheet is a water pervious
topsheet. The topsheet is the element of the article which is
placed next to the skin of the wearer. ' As used herein, the term
*joined” encompasses configurations whereby the topsheet is

30 directly joined to the backsheet by affixing the topsheet directly

' to the backsheet, and configurations whereby the topsheet is
indirectly joined to the backsheet by affixing the topsheet to
intermediate. members which in turn are affixed to the backsheet.
Preferably; .the topsheet and backsheet -are joined directly at the

35 diaper .periphery by adhesive or other -attachment means known in
the art.
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and a topsheet, wherein the absorbent core conprises an upper |ayer of
stifféned, twisted, curled cellulose fibers and requires fromabout 3%to
15% by weight, of large 5 "particle absorbent gelling material and
a |lower layer of stiffened, twisted, curled <@l tul ose fibers and from
about 15%to 60% by weight, of absorbent gelling material. The upper |ayer
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beneficial in this regard The | ower, l.aygr, whic necessarily smal | er
than the upper |ayer, 478 B‘F‘i‘ﬁcﬁ?ﬁfi"&&* dn E'I"Eﬁ‘ﬂ E'f'grdéSE'." U8 %batent He 26,151,
Issued January 31, 1967; Duncan, U.S. Patent 3,592,194, Issued
5 July 13, 1971; Duncan and Gellert, U.S. Patent 3,489,148, Issued
January 13, 1970; and Buell, U.S. Patent 3,860,003, Issued January
14, 1975; which patents are incorporated herein by reference. A
preferred disposable diaper for the purpose of this invention
comprises an absorbent core; a topsheet superposed or co-extensive
10 with one face of the core, and a liquid impervious backsheet
superposed or co-extensive with the face of the core opposite the
face covered by the topsheet. Both the backsheet and the topsheet
most preferably have a width greater than that of the core thereby
providing side marginal portions of the backsheet and topsheet
15 which extend beyond the core. Frequently the backsheet and the
topsheet will be fused together in these side marginal portions.
The diaper is preferably constructed in a shaped configuration
such as, but not limited to, an hourglass shape.

The backsheet of the articles herein can be cdnstructed, for

20 example, from a thin, plastic film of polyethylene, polypropylene,
or other flexible moisture impeding material which is
substantially water impervious. Polyethylene, having an embossed
caliper of approximately 1.5 mils, is especially preferred.

- The topsheet of the article herein can be made in part or

25 Tolipletely of synthetic fibers or films comprising such materials
as polyester, polyolefin, rayon, or the l1ike, or of natural fibers
such as cotton. In nonwoven topsheets, the fibers are typically
bound together by a thermal binding procedure or by a polymeric
binder such as polyacrylate. This sheet is substantially porous

30 and permits a fluid to readily pass therethrough into the
underlying absorbent core.

Another suitable type of topsheet comprises the topsheets
formed from liquid impervious polymeric material such as polyole-
fins. Such topsheéts can have tapered capillaries of certain

35 diameter and taper positioned in the topsheet to permit flow of
discharged fluid through the topsheet 1into--the underlying
-absorbent core-of the“irticle.

35 One absorbg.EitSErt LUSBUE Res L£h has been suggested is described
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di scharges afters whi chosgy pélt iguedéiosULLSCt Pitent N3YO6RES2, VEsshied RéVvember 13,
anay. 1962; Holliday, U.S. Patent 3,113,570, Issued December 10, 1963,
and Thompson, U.S. Patent 3,929,135; Issued December 30, 1975;
which patents are incorporated herein by reference. Preferred
topsheets are constructed from polyester, rayon, rayon/polyester
10 blends, polyethylene or polypropylene. The topsheet can be
treated with surfactant to make it more wettable and therefore
relatively less hydrophobic, to thereby increase fluid flow
through it at least upon initial wetting. However, the topsheet
should still be more hydrophobic than the absorbent article
15 element which receives fluids after passing through the topsheet.
An absorbent core, which is preferably flexible, is
positioned between the elongated backsheet and the topsheet to
form the absorbent articles herein. This core essentially
comprises both an upper fluid acquisition/distribution layer and a
20 lower fluid storage layer. It should be understood that for
purposes of this invention these two types of layers refer merely
to the upper and lower zones of the absorbent core and are not
necessarily limited to single layers or sheets of material. Thus
both the fluid acquisition/distribution layer and the fluid
25 . storage layer may actually comprise laminates or -combinations of
severa]l sheets or webs of the requisite type of materials as
hereinafter described. The storage layer can comprise a single
sheet of essentially 100% superabsorbent material, as will be
hereinafter described. As used herein, the term "layer" includes
30 the terms “layers® and "layered." For purposes of this invention,
it should also be understood that the term "upper” refers to the
Jayer of the absorbent core which is nearest to and faces the
article topsheet; conversely,. the term "lower" refers to the layer
of the absorbent core which. is nearest to and faces the article
35 backsheet.
Optionally, a fluid, pervious sheet (e.g., a tissue sheet) or
other scrim is positioned between the acquisition/distribution

Patent 4,798,603, S. C Rﬁmﬂml I'Ssued 15 January 17, 1989,

Anot her absor bent Struc‘t“ﬁisﬁ“ms%"fﬁfﬂ%en proposed is described in U S



Net wi t hst andi ng the exi SLgny Bate Redent articles of the type described
above, there is a need"tj [ ther inproved configurations for
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acqui si ti oW iH83ance, th respect 35 to successive fluid
di scharges. Accordingly, the present I nvention provides | mpr oved
absorbent structures, and elenents for use therein, as well as absorbent
articles utilizing such structures utilising a multiple -6- |layer

absorbent core that effectively and efficiently-adquires the wearer's
di scharged body fluids wupon initial an successi ve di schar

es,
transports acquired f1laver Bpdmthet StORRIe o' ¥eTy 19cdacRese cfi"§§§gféﬁ§1e§fovgie
a relatively large praRguisidtonfdistreibation 1ayersduringtproséssing Land/orsusé.acSuch

area, and stores sus%gegi ch'argegmjihui d%an envelope all or  part of
acquisition/distribution layer, or simply be positioned as
5 described above without necessarily enveloping the
acquisition/distribution layer. Also, optionally, the
superabsorbent material-containing storage layer can be enveloped
with a fluid pervious sheet, such as a tissue paper sheet, to
obviate user concerns with loose superabsorbent material.
10 Acquisition/Distribution Laver
One essential element of the absorbent structures hereof is
an upper fluid acquisition/distribution layer which comprises a
combination of a hydrophilic fibrous material, described more
fully hereinafter. This fluid acquisition/distribution layer
15 serves to quickly collect and temporarily hold discharged body
fluid. A portion of discharged fluid may, depending upon the
wearer’s position, permeate the acquisition/distribution layer and
be absorbed by the storage layer in the area proximate to the
discharge. However, since fluid is typically discharged in
20 gushes, the storage layer in such area may not absorb the fluid as
quickly as it is discharged. Therefore, the upper
acquisition/distribution layer hereof also facilitates .transport
of the fluid from the point of initial fluid contact to other
parts of the acquisition/distribution layer. In the context of
25 ke present invention, it should be noted that the term "fluid®
means "liquid.” '
As previously‘noted, the fluid acquisition/distribution layer
is a web comprising stiffened cellulosic fibers. The acquisition
Jayer comprises from about 50% to 100% of these fibers and from 0%
30 to about 50% of a binding means. Suitable binding means are
discussed below. i
The fluid distribution function of the acquisition/distribu-
tion layer is of particular importance in order to more fully
ut{lize the capacity of the storage section. The presence of
35 substantial amounts of superabsorbent materials in the
acquisition/distribution layer which swell upon contact with
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of | ess than about 0.20 g/cc, and an 15 average dry basis wei ght of
from about 0.001 to about 0.10-g/cn2; and a S1pid st orage Iayer
posi tioned beneat h the acquisition/distribution | ayer.
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i ncorporated ‘int egral
ahsorbent artic'les. These include shape, basis weight, density,

permeability, capillarity and wicking ability, the type and
structural integrity, and character of the fibrous material
utilized. As indicated, the acquisition/distribution layer of the

10 core is pfeferahly elongated. For purposes of this invention,
this means that the acquisition/distribution layer, 1ike the
storage layer, is elongated if it is of unequal length and width
in the unfolded, flat configuration. The acquisition/distribution
layer in the unfolded configuration can be of any desired shape,

15 for example, rvectangular, trapezoidal, oval, oblong or
hourglass-shaped. The shape of the wupper fluid acquisi-
tion/distribution layer of the core can, but need not necessarily,
correspond to the general shape of the storage layer. The top
surface area of the acquisition/distribution Jayer will preferably

20 range from about 25% to about 90% of the top surface area of the
storage layer, and also preferably will not extend beyond the edge
of the storage 1layer at any outer boundary. The
acquisition/distribution layer will typically have top surface
area less than about 80% of that of the storage layer.

25 Preferably, there is a margin from the edge of the
acquisition/distribution layer to the edge of the storage layer of
at least about 0.5 cm, preferably at least about 1.25 cm, in the
regions proximate to where fluid is discharged during use. In
diapers, this would correspond, for example, to the crotch region

30 115 of Figure 2, particularly at the narrowest part of the storage
core 106 in the central region 115. Additionally, especially for
absorbent articles to be worn by males, such a margin is

~ maintained in the front waist region, exemplified as 112 in Figure
2, which area is to be worn on the front of the wearer.

35 The fluid acquisition/distribution layer will generally have
an average -dry density of less than about. 0.30 g/cm3, measured
prior to- use, and an average density upon-wetting to saturation
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average dry density and density upon wetting to saturation are
between about 0.02 g/cn3 and 0.20 g/cm3, more preferably between
about 0.02 g/cw® and about 0.15 g/cm3. The average dry basis
weight of the acquisition/distribution layer of the absorbent core
will typically range from about 0.001 to about 0.10 g/cm?,
preferably from about 0.01 to about 0.08 g/cm?, more preferably
from about 0.015 to about 0.04 g/cm?. Unless specifically
indicated, all basis weights and density valyes are calculated on
a dry basis (at equilibrium moisture levels no greater than about
6%). Density and basis weight can be substantially uniform
although nonuniform density and/or basis weight, and density
and/or basis weight gradients,‘ are meant to be encompassed herein.
Thus, the acquisition/distribution layer can contain regions of
relatively higher or relatively lower density and basis weight,
preferably not exceeding the foregoing ranges. Average dry
density and average dry density upon wetting to saturation with
Synthetic Urine {1.0% NaCl aqueous solution, with distilled water)
values are calculated from basis weight of the dry layer and layer
caliper. Dry caliper and caliper upon wetting to saturation are
measured under a confining pressure of 0.2 psi (1.43 kPa).
Average density upon wetting to saturation is calculated from the
dey basis weight and saturation caliper. The saturation caliper
is measured after the layer is saturated (under unrestrained

.conditions) with the 1.0% NaCl aqueous solution and allowed to

equilibrate

The acqnisition/distri_bntion layer of the . absorbent
structures herein essentially comprises a web of hydrophilic
i:heuicaﬂy stiffened cellulosic fibers. These cellulosic fibers
are typically wood pulp fibers which have been stiffened with an
intrafiber chemical stiffening agent.

The fluid acquisition/distribution layer should contain no
more than .about 6.0% of superabsorbent: material. Preferably, the
acquisition/distribution layer will be substantially free of
superabsorbent material. For purposes hereipn, “"substantially



preferably |ess than gRoweerHalBben MOsIRePr ef erably zero or essentially zero

percent superabsorbent sed herein, "essentially zero" percent
superabsorbent materj al &mml\{lﬁm nmounts (|l ess than ab 9
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I ncidental to-the contact or close proximty of the

superabsor bent -contai ning storage layer with the acquisition/distribution

| ayer. The fluid acquisition/distribution |ayer has a top surface 10

area which is at least 15% of the top surface acrep of the fluid storage

| ayer, but which is smaller than the top surface area of the fluid storage
| ayer. The acqui siti orfirdest of bsuperabsarbent | materdabr meins Jess t thancdaboat at2i. 0%,

to the fluid storage ?pgﬂ'tagrﬁf I18st Nandnf oimgspib.%ggr tEfei%&%tcfg?Toeqer heor
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in the acquisition/distribution layer glcidental to the contact or
close proximity of the superabsorbent-containing storage layer
with the acquisition/distribution layer.

If present in the acquisition/distribution layer, especially

10 if present in amounts greater than about 2.0%, superabsorbent
material in the form of particles of absorbent gelling material
may be of relatively large diameter (e.g., from about 400 to about
700 microns in mass median particle size). Superabsorbent
particles having a mass median particie size less than 400 microns

15 may also be employed.

As discussed above, the articles of the present invention
employ chemically stiffened fibers. As used herein, the term
*chemically stiffened fibers" means any fibers which have been
stiffened by chemical means to increase stiffness of the fibers

20 under both dry and aqueous conditions. Such means include the
addition of chemical stiffening agents which, for example, coat
and/or impregnate the fibers. Such means also include the
stiffening of the fibers by altering the chemical structure of the
fibers themselves, e.g., by cross-linking polymer chains.

25 For exemplary purposes, polymeric stiffening -agents which can
coat or impregnate cellulosic fibers include: cationic modified
starch having nitrogen-containing groups (e.g., amino groups) such
as those available from National Starch and Chemical Corp.,
Bridgewater, NJ, USA; 1latex; wet strength resins such as

30 polyamide-epichlorohydrin resin (e.g., KymeneTM S557H, Hercules,
Inc. Wilmington, Delaware, USA}, polyacrylamide resin (described,
for example, in U.S. Patent 3,556,932 issued January 19, 1971 to
Coscia, et al.; also, for example, the commercially available
polyacrylamide marketed by American Cyanamid Co., Stanford, CT,

35  USA, under the tradepame Parez™ 631 NC); urea formaldehyde and
melamine formaldehydg resins, .and polyethylenimine resins. A
.general dissectation on wat strength resins.utilized in the paper
art, and generally applicable herein. can bs found in TADDY
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material categories '1965)L ude pol yneric absorbent gelling nmaterials,
35 typically utilizeg e'ﬂbeweuufxma ﬂi‘ thd Ssefﬁtﬂresoaférh% ef)asora@ee be

fn‘jg,e]f ?gzoggfrb fg;,bgrfs ﬂogfrtlgned a.pera s%tfeclgem%cale reactqers ?or alﬁfle crosslienqctmg
agents can be -applfed to the fibers which, subsequent to
application, are caused to chemically form intra-fiber crosslink
“bonds. These crosslink bonds can increase stiffness of the
fibers. Whereas the utilization of intrafiber crosslink bonds to
10 chemically stiffen the fibers is preferred, it is not meant to
exclude other types of reactions for chemical stiffening of the
fibers.

Fibers stiffened by crosslink bonds in individualized (i.e.,
fluffed) form are disclosed, for example, in Bernardin, U.S.
15 Patent 3,224,926, Issued December 21, 1965; Chung, U.S. Patent
3,440,135, 1Issued April 22, 1969; Chatterjee, U.S. Patent
3,932,209, Issued January 13, 1976 and Sangenis et al., U.S.
Patent 4,035,147, Issued July 12, 1977. More preferred fibers are
disclosed in Dean et al., U.S. Patent 4,822,453, issued April 18,
20 1989, Dean et al., U.S. Patent 4,888,093, issued December 19,
1989, and Moore et al., U.S. Patent 4,898,642, issued February 6,
1990. All of these patents are incorporated herein by reference.
In addition to being hydrophilic, these stiffened fibers remain
stiff even upon wetting; thus webs made from them do not collapse,
25 as db webs made from conventional unstiffened fibers when wet.
This provides improved ability to acquire and distribute fluids in

second and subsequent discharges.
In the more preferred stiffened fibers, chemical processing
includes intrafiber crosslinking with crosslinking agents while
30 such fibers are in a relatively dehydrated, defibrated (i.e,
individualized), twisted, curled condition. Suitable chemical
stiffening agents include monomeric crosslinking agents including,
but not limited to, C2-Cg dialdehydes and C2-Cg monoaldehydes
hiving .an acid functionality can be employed to form the
35 crossiinking solution. These compounds are capable of reacting
- with.at least.two hydroxyl groups in a .single cellulose chain or
on: proximately docated celiulose chains in.a single fiber. Such
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ﬁﬂ'\‘@s' Ide%%d'éb%w’pii&f' Lfﬂye use DEITﬁN IpEPparmg the
stiffened cellulose fibers include, but are not 1limited to,
glutaraldehyde, glyoxal, formaldehyde, and glyoxylic acid. Other
suitable stiffening agents are polycarboxylates, such as citric
acid. - The polycarboxylic stiffening agents and a process for

" making stiffened fibers from them are described in U.S. Serial No.

596,606, filed October 17, 1990, incorporated by reference herein.
The effect of crosslinking under these conditions is to form
fibers which are stiffened and which tend to retain their twisted,
curled configuration during use in the absorbent articles herein.
Such fibers, and processes for making them are described in the
above incorporated patents.

The preferred stiffened fibers are twisted and curled can be
quantified by referencing both a fiber *twist count® and a fiber
"cur] factor". As used herein, the ters "twist count® refers to
the number of twist nodes present in a certain length of fiber.
Twist count is utilized as a means of peasuring the degree to
which a fiber is rotated about its longitudinal axis. The term
"twist node” refers to a substantially axial rotation of 180°
about the longitudinal axis of the fiber, wherein a portion of the
fiber {i.e., the “"node®) appears dark relative to the rest of the
fiber when viewed under a microscope with transmitted light. The
twist node appeirs dark at locations wherein the transmitted light
passes through an additional fiber wall due to the aforementioned
rotation. The distance between nodes corresponds to an axial
rotation of 180°. The mmber of twist nodes in a certain length
of fibers {i.e., the twist count) is directly indicative of the
degree of fiber twist, which is a physical parameter of the fiber.
The procedures for determining twist nodes and total twist count
are described in the hereinbefore referenced U.S. Patent
4,898,642.

The preferred stiffened cellulose fibers will have an average
dry fiber twist count of at least about 2.7, preferably at least
about 4.5 twist, nodes per millimeter. Ffurthermore, the average
wet fiber twist count of these fibers should preferably be at
least-about 1.8, preferably at least about -3.0, and should also
preferably be at least about 0.5 twist nodes per millimeter less
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dry fiber tuist count. Most preferably, the average dry fiber
twist count should be at least about 6.5 twist nodes per
willimeter, and the average wet fiber twist count should be at
least about 5.0 twist nodes per millimeter and should also be at
10 least 1.0 twist nodes per millimeter less than the average dry
fiber twist count.

In addition to being twisted, the preferred fibers used in
the acquisition/distribution layer of the absorbent structure are
also curled. Fiber curl may be described as the fractional

15 shortening of the fiber due to kinks, twists, and/or bends in the
fiber. For the purposes of this invention, fiber curl is measured
in terms of a two dimensional plane. The extent of fiber curling
can be quantif:ed by referencing a fiber curl factor. The fiber
curl factor, a two dimensional measurement of curl, is determined

20 by viewing the fiber in a two dimensional plane. To determine
curl factor, the projected length of the fiber as the longest
dimension of a two dimensional rectangle encompassing the fiber,
Lr, and the actual length of the fiber, Lp, are both measured.
The fiber curl factor can then be calculated from the following

25 quation:

Curl Factor = {La/Lg) - 1.

An image analysis method that can be-utilized to measure Lp
and Lg is described in U.S. Patent 4,898,642. Preferably the
fibers utilized in the layers of the absorbent core herein will

30 have 3 curl factor of at least about 0.30, and more preferably
will have a curl factor of at least about 0.50.

The degree of stliffening, dependent upon the type and amount
of stiffening agent (i.e., crosslinking agent) used, the degree of
dehydration of the fibers during curing of the crossiinking agent,

35 and the curing time and conditions, affect the ability of the
fiber to_take up fluid and the tendency of the fiber to swell.
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backsheet value (WRV) of the stiffened cellulosic fibers used in the
absorbent articles herein. WRV 1is a2 measure of the amount of
5 water retained by a mass of fibers after substantially all of the
{nterfiber water has been removed. Another parameter which can be
used to characterize the nature of the stiffened fibers formed by
crosslinking fibers in relatively dehydrated form is that of
alcohol retention value (ARV). ARV is a measure of the extent to .
10 which a fluid, e.g., isopropyl alcohol, which does not induce
substantial fiber swelling, is taken up by the stiffened fibers.
The ARV of the stiffened fibers is directly related to the extent
that the fibers were swollen with the solutiop of crossiinking
agent during the stiffening procedure. Relatively higher ARVs
15 mean that the fibers were generally swollen to a relatively
greater extent during crossiinking. Procedures for determining

WRY and ARV are described in U.S. Patent 4,898,642.

The WRV for the stiffened, twisted, curled fibers used in the

present invention will preferably range between about 28% and
20 about 50%. In more preferred embodiments, the WRY of the fibers
can range from about 30% to 45%. Fibers having a WRV within these
ranges are believed to provide an optimal balance of swelling-in-
duced untwisting and fiber stiffness. '

The stiffened cellulose fibers preferred for use herein are

25 those which have an ARV {isopropol alcohol) of ‘Jess than about
30%. The Tlimitation that such fibers have an ARV (isopropol
alcohol) of less than about 30% is indicative of the relatively
dehydrated, unswollen state of these fibers during the stiffening
process. More preferably, the ARV (isopropol alcohol) of the

30 fibers useful herein will be less than about 27%.

The stiffened cellulose fibers herein having the preferred
twist count, curl factor, WRV and ARV characteristics hereinbefore
set forth, can be prepared by internally crosslinking such fibers
in relatively dehydrated form while or after such fibers are being

35 or have been dried and defibrated- (i:e., "fluffed") as described
in U.S. Patent 4,898,642. :It vds:rnot, however, meant to
necessarily exclude other hydrophilic, chemically stiffened fibers
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pol ymeri ¢ untwist and uncurl upon wetting. Thus, when formed into webs of
sufficient density, the webs can expand upon wetting to an
equilibrium wet density, which, when calculated, on a dry fiber
density, is less than the average dry density (prior to wetting).

10 This accounts for the average dry densities of up to about 0.30
g/cm3 described above, in conjunction with lower average densities

upon wetting to saturation. Such webs which can expand upon
wetting are described in U.S. Patent 4,822,453. To the extent

that it is desired to utilize this characteristic in absorbent

15 article design, those of ordinary skill in the art will be able to
adjus't the relative amount of stiffening agent used, and the
extent to which twist and curl in the stiffened fibers is
imparted, to achieve the desired amount of expansion upon wetting.

The stiffened cellulosic fibers can be provided in web form

20 by various techniques, including airlaying and wetlaying.
Airlaid Webs -

The stiffened cellulosic fibers can be airlaid to form the
web of a desired density and basis weight. The stiffened fibers
for use in the present invention can be airlaid according to

25 techniques well known to those skilled in the art of airlaying
cellulosic fibers. In general, airlaying can be effected by
metering an air flow containing the fibers, in substantially dry
condition, onto a wire screen and, optionally, compressing the
resulting web to the desired density. Alternately, the fibers can

30 be airlaid to the desired density without compression. The
airlaid web will comprise at least about 50% of stiffened
cellulosic fibers, as described above, and can comprise up to and
including 100% of said fibers. The web can optionally contain
binding means, such as described below, .or other optional

35 components, such as or ingredients modifying fluid handling

- properties (e.g., hydrophilic surface -active agents), and the
Ydke.
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Such topsheets can have tapered capillaries of certain 35 di aneter and
taper- positioned in the topsheet to permt flow of discharged fluid through
the topsheet into the underlying absorbent core of the article. - 10 The

topsheets used in the articles of the present invention should be
rel atively hydrophobic in conparison with the abs#bent core of said

articles. Topsheet ﬁEEStEMCt lon is generally disclosed in Davidson,
U. S. Patent 2,905, 176, pt enber 22, 5 1959; Del CGuercio, U S

Patent 3,063,452, |ssued Movandther 12mbodiment, the stiffened cellulosic fibers,
rather than being airlaid to form the web, are wetlaid. The
wetlaid webs comprise from about 50% to 100% of the stiffened

5 fibers and from 0% to about 50% of a binding means for increasing
physical integrity of the web, to facilitate processing in the wet
and/or dry state, and to provide increased integrity upon wetting
of the web during use. Preferably, the wetlaid webs will comprise
at Jeast about 2% of a fibrous binding means or high surface area

10 cellulose binding means (hereafter described). Chemical additives
can also be used as binding means, and are incorporated into the
acquisition/distribution layer at levels typically of about 0.2%
to about 2.0%, dry web weight basis.

Techniques for wetlaying cellulosic fibrous material to form

15 sheets such as dry lap and paper are well known in the art. These
techniques are generally applicable to the wet-laying of the
stiffened fibers to form wetlaid sheets useful in the absorbent
structures of this invention. Suitable wetlaying techniques
include handsheeting, and wetlaying with the utilization of

20 papermaking machines as disclosed, for instance, by L. H. Sanford
et al. in U.S. Patent 3,301,746. Due to the behavior of stiffened
fibers, partjcularly their tendency to flocculate in aqueous
slurries, certain processing modifications, hereafter described,
are preferably implemented when wetlaying  with papermaking

25 machines. In general, wetlaid webs can be made by depositing an
aqueous slurry of fibers on to a foraminous forming wire,
dewatering the wetlaid slurry to form a wet web, and drying the
wet web. Preferably, the aqueous slurries of fibers for wetlaying
will have a fiber consistency of between about 0.05% and about

30 2.0%, preferably between about 0.05% and about 0.2%, total slurry
weight basis. Deposition of the slurry is typically accomplished
using an apparatus known in the art as a headbox. The headbox has
an opening, known as a slice, for delivering the aqueous slurry of
fibers onto the foraminous forming wire. The -foraminous forming

35 wire is often referred to in the art-as a Fourdrinier wire. The
Fourdrinier-wire can be of construction and mesh size used for dry
lap or other papermaking processing. Preferably, mesh sizes of



1962; Holliday, U. S. ag.en 3,113,570, |ssued Decenber 10, 1963, and
Thonpson, U.S. . Pat ent Jﬁﬁﬁ ﬁEeenﬁjﬁ[@(ﬂ Decenber 30, 1975; which patents

are incor rei Preferred topsheets g icg/0865béiest €d
from pol yggpgé‘?g’rlggon, HH r 10 bl ends, pol yet hy(gﬁe or

pol ypr opyl ene. The topsheet can be treated with surfactant to make it
more wettable and therefore relatively | ess hydrophobic, to thereby
increase fluid flow through it at |least upon initial wetting. However, the
t opsheet should still be nore hydrophobic than .tpg .absorbent article 15

el ement which receives fluids after passing through the topsheet. An
absorbent core, whi about i70 tpr abeulall0p (Tyleri istandardi scveeni scoledd abet wesan

e onoat e backenethyeilsh \zbe AHIGFad ol 811 Y BAAR o it e
acqui si tion/ di stri but standangcscregn scalg, unlesy piherwiseqseecdfic \yajedicated.)
o hyers LorS: e, et ioacsis sheilote ey AN S0P o8 TRy e
gnd a?/e not nec@ssar i ?‘S‘/‘?qerri g‘?&%{)oémg\% IWer@poPsg‘I‘reetg‘"g'Fngat émr.cgﬁly
Thus available headboxes include, for example, fixed roof, twin wire, -
and drum former headboxes. Once formed, the wet web is dewatered
and dried. Dewatering can be performed with suction boxes or
other vacuum devices. Typically, dewatering increases the fiber
10 consistency to between about 8% and about 45%, total wet web
weight basis, preferably between about 8% and about 22%.
Dewatering to consistencies above about 22% may require
wet-pressing and is less preferred. After dewatering, the web can
be, but is not necessarily, transferred from the forming wire to a
15 drying fabric which transports the web to drying apparatuses. The
drying fabric.is preferably coarser than the forming wire, for
increased drying efficiency. The drying fabric preferably has
about 30% to about 50% open area and about 15% to about 25%
knuckle area, such as a 31 X 25 35 (satin weave) fabric that has
20 been sanded to increase the knuckle area to within the preferred
range. Wet microcontraction is preferibly implemented during
transfer from the forming wire to the fabric. Wet
microcontraction can be accomplished by funning the forming wire
at a speed which is from about 5% to about 20% faster than the
25 speed at which the fabric 1is being run. Drying can be
accomplished with a thermal blow-through dryer or vacuum device
such as a suction box, although thermal blow-through drying is
preferred. The wetlaid webs are preferably dried to completion
(generally to fiber consistency between about 90% and about 95%)
30 by the thermal blow-through dryers. Blow-through drying is
believed to efficiently dry webs of the stiffened fibers due to
the high void volume of the webs. Steam drum drying apparatus
known in the art, such as Yankee drum dryers, can be used but are
less preferred. ODrum dryers are believed to be Tess efficient for
35 dr_vihg webs of the stiffened fibers and can also compact the webs.
The dried webs -are preferably not creped.



Ia%/er ][nayhact ually conmp ¥~ combi nati ons of several sheets or
webs of the requisite’ty as hereinafter descrlrttqq

st orage | W69 Hﬂ‘%orrprl et of essentially 100% UsSirbores

- superabsorbent material, as wll be herei nafter described. As used herein,
the term "l ayer" i ncl udes 30 the terns "l ayers" and "layered." For
pur poses of this invention,-it should al so be understood that the term
"upper"” refers to the |l ayer of the absorbent cofe&2which is nearest to and

faces the article topsheet; conversely, the term"lower" refers to the
| ayer of the absorbent corAs amiajernative tosdrying Asodessribed: pboven the dewatered

baﬁks heet. Optional |lyyap éa!nubél riRAbVEdO Fhorp hﬁ@tfoﬁﬁl? wird plazedeors he&‘%ngrscreen
other scrimis p03|t|.on§d ?eg\e?unreggraai%%' Sih! Q b%'tétti“ 2 n'gonprtscess1 s for
example, a thermal blow through dryer or a forced convection steam

5 heated oven.

The stiffened fibers have the tendency to flocculate, or form
clumps, in aqueous solution. In order to inhibit flocculation,
the agqueous slurry should be pumped to the headbox at a linear
velocity of at least about 0.25 m/sec. Also, it is preferred that

10 the linear velocity of the slurry upon exit from the headbox slice
{s from. about 2.0 to about 4.0 times the velocity of the forming
wire. Another method for reducing flocculations of fibers in a
wetlaying process is described in U.S. Patent 4,889,597, issued
December 26, 1989, incorporated herein by reference, wherein jets

15 of water are directed at the wetlaid fibers just after deposition
on the forming wire.
8inding Means .

Relative to conventional non-stiffened cellulosic fibers, the

crosstinked, twisted, stiffened fibers as described above form
20 Jower tensile strength sheets, particular in the undried
condition. Therefore, in order to facilitate processing and to
increase the integrity of the webs, particularly for wetlaid webs
(although binding means can also be used with airlaid webs), a
binding means can be integrally incorporated into or onto the web.
25 Fhis -can be done by adding the binding means to the fibers prior
to web formation (wetlaid or airlaid web formations), by applying
the binding means {e.g., chemical additive binding means) to a
wetlaid web after deposition on the forming wire and before
drying, by applying binding means to a dry web (wetlaid), or a
30 combination thereof.

Suitable binding means for addition to the stiffened
cellulosic fibers prior to formation of the wet web from a pulp
sturry include, bu;_ are not limited to, a variety of celiulosic
and synthetic fibrous materials. Such material include

35 nonstiffened cellulosic fibers (i.e., conventional cellulosic pulp
- fibers), highly refined, nonstiffened, cellulosic fibers which are
refined to Canadian_Standard Exeeness. (CSF) of less than about 200

both the fluid acqwmhoﬁ@ ri |?n ayer and the fluid 25 storage



| ayer and the storage Ia Sﬁegtﬂagggequgir@t egrity of the

acquisition/distribution ﬂ jl“ glﬂ ocessi ng and/ or use. Such sheet
or .scrim can enve or part of /US91/00169
acqui si ti owodg1M6dut i on % nply be positioned P('gs

descri bed above wi t hout necessarily envel opi ng t he
acquisition/distribution | ayer. Al so, optionally, t he
superabsorbent material -containing storage | ayer can be envel oped with a

fluid pervious sheet, such as a tissue paper shegtagg3 to obviate user
concerns with | oose superabsorbent materl al. 10

Acqui si tion/Di stributi qsF anere gm g iFren abbxamioo CSF téicabbt0200205F (highly

structures hereof is an [ | Wi
conprises a conbi nati orf'® %F'?eéihb sphﬁcﬁlg %egrous é%&g}. %gesg¥?{)1 aﬁ?‘ high
fully hereinafter. 'Ehrﬁaca‘ aoead cellud 0s i matarial §u:h st ¢mﬂd¢<h3¢6ﬂl§@s¢ef§bers
to quickly collect and a?félj Heﬂﬂliﬂedj, scharged body fluid. A portion of

S'CZE.“‘;‘T??SnIL.‘“S?a”Eﬁ;.on | S '“9%398%} s vateess fiReols FhreRaogas e, ueng 1o
area proximate to the the synthetic fiber binding means. For the purposes hereof, the
use of "synthetic fibrous materials” as a binding means shall
refer to the utilization of such fibrous materials, in the final
product, in fibrous form. (Preferably, the synthetic fibers are.
10 of at least staple Tength, i.e., the fibers preferably having an
average length of at least about 1.5 tm). Any type of fibrous
material which i§s suitable for use in conventional absorbent
products is believed to be suitable for wuse in the
acquisitioﬁ/distribution web of the present invention. Specific
15 examples of such fibrous material include modified cellulose
fibers, rayon, polyester fibers such as polyethylene terephthalate
(DACRON),- hydrophilic nylon (HYDROFIL) and the 1ike. Other fibers
useful include cellulose acetate, polyvinyl fluoride,
polyvinylidene chloride, acrylics, polyvinyl acetate, polyamides
20 {such as nylon), bicomponent fibers, tricomponent fibers, mixtures
thereof, and the 1like. Hydrophilic fibrous materials are
preferred. Examples of suitable hydrophilic fibrous—materials
include hydrophilized hydrophobic fibers, such as
surfactant-treated or silica-treated thermoplastic fibers derived,
25 ror - example, from polyolefins such as polyethylene or
polypropylene, polyacrylics, polyamides, polystyrenes, poly-
urethanes and the 1ike. Hydrophobic synthetic fibers can also be
used, but are less preferred. Such synthetic fibers that can be
added to the web and utilized in the final web product in fibrous
30 form include rayon, polyethylene, polypropylene, etc. Such
fibers, when of a hydrophobic nature, are preferably preseat in
quantities of less than about 30%, total web weight basis, such
that the web remains substantially hydrophilic. Conventionally,
nonstiffened fibers, crill, and synthetic fibers can also be used

.35 in airlaid webs.
.. In one preferred embodiment wherein the acquisition/distribu-
-ttop.Jayer is.made,by.a-wetlaying process, the.web comprises from




"di schar ge. However , since fluid ﬁacedtypi cally discharged in 20

gushes, the storage Iay@?‘sil'ﬂet nmay not absorb the fluid as quickly

as .it i's dischargei\ u | %, t he upper

acqui si ti oWOeKTI¥6But i on, also facilitates trans'b%%“s‘o’?’“?h‘é’

fluid fromthe point of initial fluid contact to other parts of the

acquisition/distribution layer. In the context of 25 t he present

i nvention, it should be noted that the term"fluid" means "liquid." As

previously noted, the fluid acquisition/distributjon |ayer is a web

conprising stiffened cellulosic fibers. The acquisifion |ayer conprises

from about 50%to 100% tda@SE, fai 2 50% pf, a

bi ndi ng means.  Sui ta‘%’PIelt bdlg %d?on abﬁ@é?éﬁ‘a’& eiﬁg%:%g% 58] 161\;!\/.851?:23%1;% a"‘P from

di stribution function abput i& teabpet 158Afiretil pareferably| frpmr aboyt 090% to about

p?rtlcul ar L_rrporta%e 958 of tHe tgfmmdf lﬂllxefs;thc%!ﬁ?mt h@otftaFSQC'tBYa?Jutt 6% of

storage section. e presence, Q | noyn 0

super absor bent _ mat erq?' Aﬁ’ most, pre?%reab%qfh%gft n?ﬁi%ﬁ&ﬂﬁ#i%ﬁerﬁfé’ﬁ #hput 8%

swel | upon contdct witcrill. Suitable cellulosic fibers for use as crill {nclude
chemically pulped wood fibers, including softwood and hardwood
pulp fibers, preferably southern softwood fibers (e.g., Foley
Fluff, The Procter & Gamble Cellulose Co., Memphis, Tennessee,
USA). A1l percentages of web components referred to herein,

10 unless otherwise expressly stated, are on a dry web total weight

basis.

In another embodiment, the acquisition/distribution layer
comprises the stiffened fibers and up to about 25% of high surface
area cellulosic material such as expanded cellulose fibers.

15 Preferably, the acquisition/distribution layer comprising a web of
wetlaid stiffened fibers and high surface area cellulose will
comprise from about 85% to about 98% of the stiffened fibers,
preferably from about 90% to about 95%, and from about 2% to about
15%, more preferably from about 5% to about 10%, of high surface

20 area cellulose. The high surface area cellulosic material used
herein will typically have a surface area of at least about 10
m/g, preferably at least about 20 m2/g, of cellulosic material.
Reference can be made to U.S. Patent 4,761,203, Vinson, August 2,
1988, incorporated herein by reference, for a thorough discussion

25 of expanded cellulose fibers.
In ggneral however, cellulosic fibers are multi-component
ultrastructures made from cellulose polymers. Lignin,

hemicellulose, and other components known in the art may also be
present. The cellulose polymers are aggregated laterally to form

30 threadlike structures called microfibrils. Microfibrils are
reported to have diameters of about 10-20 nm, and are observable

with an electron microscope. Microfibrils frequently exist in the

form of small bundles known as macrofibrils. Macrofibrils can be
characterized as a plurality:of microfibrils which are laterally

35 aggregated to' form a threadlike structure which {is larger in
- ddameter . than a. microfibril, 'but substantially smaller than a
cellutostc fitber. 'In general, a. cellutosic™fiber is made up of a
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acquisition/distribution ty of other factors relating to the
' uof t he absor bent strucy#,?ﬁsmmw
0 e
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ing the effectiveness
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resul ting absorbent articles. These include shape, basis weight, density,
perneability, capillarity and wicking ability, the type and structural
integrity, and character of the fibrous material utilized. As indicated,
the acquisition/distribution [ayer of the 10 -gere is preferably

el ongat ed. For purposes of this invention, this neans that the
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desired shape, outer surface of the fiber, is principally formed from
microfibrils. The bulk of the fiber wall, i.e., the secondary
5 wall, 4s formed from a combination of microfibrils and

macrofibrils. See Pulp and Paper Nanufacture, Vol. 1, Properties
of Fibrous Raw Materials and Their Preparation For Pulping, ed. by
Dr. Michael Kocurek, Chapter VI, *Ultrastructure and Chemistry®,
pp 35-44, published jointly by Canadian Pulp and Paper Industry

10 {Montreal) and Technical Association of the Pulp and Paper
Industry (Atlanta), 3rd ed., 1983. Expanded cellulose fibers thus
refers to wmicrofibrils and macrofibrils which have been
substantially separated from or disassociated from a cellulosic
fiber ultrastructure.

15 High surface area cellulose can also be made from cellulosic
fibers by passing a 1iquid suspension of cellulose fibers through
a small diameter orifice, in which the suspension is subjected to
a pressure drop of at least 3000 psig and a high velocity shearing
action, foliowed by a high velocity decelerating impact. Passage

20 of the suspension through the orifice is repeated until a
substantially stable suspension is obtained. See U.S. Patent
4,483,743, Turbak et al., November 20, 1984, incorporated herein
by reference.

A preferred process for preparing expanded cellulose fibers

25 1s disclosed in the Vinson patent (ibid.), and involves impacting
a fibrous material bhaving a fibrillar ultrastructure (e.qg.,
cellulose fibers) with fine media to cause microfibrils and
macrofibrils to separate from sald fibrous material
ultrastructure.

30 The length of the high surface area cellulosic material
preferably ranges from about 20 to about 200 um.

ijically. for wetlaying, the high surface area cellulose is

provided as a damp pulp, generally at 15-17% solids, and
preferably diluted to less than 4% solids content and processed in

35 a beater-.or disc.refiner to break up <entanglements. The high
surface area:rcellulose.rds. then well mixed with the stiffened
fibersrint siarry .and:the =storry ‘is wetdaidcas described above. A
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hour gl ass- shaped. The EEE! EHHHHF upper fluid acquisi-

ti,on/ di stri but ayer , but need not necessa
correspondv‘f(?)s’{’t'rél ener al storage | ayer. The topHgt sacléwé‘rsgea
of the acquisition/distribution |layer will preferably 20 range from
about 25%to about 90% of the top surface area of the storage |ayer, and
al so preferably will not extend beyond the edge of t he st orage | ayer
at any out er boundary. The acquisition/@gsiribution |ayer wll
typically have top surfac, area | ess than about 80% of that of the storage

layer. 25 Pr ﬁiaidibl,ya défisker of sa refimer dely.,l comlel heonesdoe dotble,
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mal es, such a margi n r&ther than the more open \vnre conventionally used for the forming
wire. .
Other binding means for increasing physical integrity of the
‘acquisition/distribution layer: and/or facilitating processing of
10  webs, especially - wetlaid  webs, for  use as  the
acquisition/distribution layer include chemical additives, such as
resinous binders, latex, and starch known in the art for providing
increased integrity to fibrous webs. Suitable resinous binders
include those which are known for their ability to provide wet
15 strength in paper structures, such as can be found in TAPPI
monograph series No. 29, Wet Strength in Paper and Paperboard,
Technical Association of the Pulp and Paper Industry (New York,
1965), incorporated herein by reference. Suitable resins include
polyamide-epichlorohydrin and polyacrylamide resins. Other resins
20 finding utility in this invention are .urea formaldehyde and
melamine formaldehyde resins. The more common functional groups
of these polyfunctional resins are nitrogen containing groups such
as amino groups and methylol groups attached to nitrogen.
Polyethylenimine type resins may also find utility in the present
25 invention. . )

Starch, particularly cationic, modified starches may also
find utility as chemical additives in the present invention. Such
cationic starch ‘materials, generally modified with nitrogen
containing groups such as amino groups and methylo]l groups

30 attached to nitrogen, may be obtained from Natural Starch and
Chemical Corporation, located in Bridgewater, New Jersey. Other
suitable binders include, but are not limited to, polyacrylic acxd
polyvinyl acetate.

The level of chemical additive binders which are added will

35 typically be from about 0.25% to.about 2%, total web weight basis.
Lhemical additive.binders which-:are..hydrophilic, houever,' can be
at4lized 4in quantities If cthe :chemical binder additives are

o -prOTate



mai ntai ned in the frontrmhsgmagagb@m laeedenplified as 112 in Figure 2, which

area is to be worn on th vvearer. 35 The fluid
acqui siti o%&gg}ai &ut I onﬂ!‘}’ﬁl“}ﬂ‘ﬂ eral |y have an aver agep@rxIS9¢/po1éoy
of less th 0. 30 ed prior to use, and an average
density upon-wetting to saturation - 13 - with Synthetic Uine (1.0%
NaCl aqueous solution, with distilled water), on a dry wei ght basis, of

| ess than about 0.20 [err], preferably |ess than about 0-15 [err]. Al so,
preferably, the average dry density and density-8fon wetting to saturation
are 5 bet ween about 0.02 r and 0.20 [err], nore greferably bet ween

about 0.02 [err] and added ©@ irffenedhéiMr é@eaqapqusba ueryaeicgmendionahty,
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additive binder. Chemical additive binders can be applied to
5 dried or undried webs by printing, spraying, or other methods
known in the art.
Thermoplastic Reinforced Acquisition/Distribution Laver
In another embodiment, the acquisition/distribution layer
comprises an airlaid or wetlaid, preferably airlaid, web of
10 stiffened cellulosic fibers wherein the web 1is reinforced with
from about 10% to about 50%, ‘preferably from about 25% to about
45%, more preferably from about 30% to about 45%, of a
thermoplastic binding material, wherein the thermoplastic binding
material provides bond sites at intersections of the stiffened
15 cellulosic fibers. Such thermally bonded webs can, in general, be
made by forming a web comprising the stiffened cellulosic fibers
and thermoplastic fibers, which are preferably evenly distributed
throughout. The web can be formed by efther airlaying or
wetlaying processes. Once formed, the web is thermally bonded by
20 heating the web until the thermoplastic fibers melt. Upon
melting, at least a portion of the thermoplastic material will
migrate to intersections of the stiffened cellulosic fibers due to
interfiber capillary gradients. These intersections become bond
sites for the thermoplastic material. The web is then cooled and
25 mgrated thermoplastic material bonds the stiffened cellulosic
fibers together at the bond sites. Melting and migration of the
thermoplastic material to the stiffened cellulosic fiber
intersections has the effect of increasing average pore size of
the web, while maintaining the density and basis weight of the web
30 as originally formed. This can improve distribution properties of
the acquisition/distribution layer upon initial discharges due to
improved fluid permeability, and upon subsequent dischargés, due
to the combined ability of the stiffened fibers to retain their
stiffness .upon wetting and the. ability of the thermoplastic to
as remain.bonded at the fiber intersection upon wetting and upon wet
compression. In net, .the. thermally .bonded web retains its
original owerall wvolume, but the volumetric .regions previously



16 from about 0.015 to about Q4 [err]. Unless specifi.cally

I ndi cated, all basis ngﬁ Mﬁ etdy val ues are calculated on a dry
basi s -(at equilibri u no greater than about 6Yor/G80bé169
and basi s pg"rl(ﬁ(!gﬁ uni form al t hough nonuni or m densi ty

and/ or basis weight, and density and/or basis weight gradients, are neant

to be’”enconpassed herein. Thus, the acquisition/distribution |ayer can
contain regions of relatively higher or relatively |ower density and basis
wei ght, preferably not exceeding the foregoi.ngg .ranges. Average dry
density and average dry density upon wetting to saturation wth 20
Synthetic Urine (1.0% bl 1wugou&rmnuttmﬁm5 whteiidll bécowas ipenVEd URsreby

are cal cul ated from ba caliper. Dr
caliper and cali per upih&\ﬁ\é?? ﬁ%’ﬂ%fo ]i‘gt%ﬁgg Foﬁ% leﬂﬁeg\&s%yggz undeP a y
confining pressure of 0.2 [¥hermallyibondeg, M‘P@@ésawﬂ'}fmﬁ aksorbent twebs,
saturation is cal cul at ggi1i2949 t R@Anvéntionaldr Y uhifFentid 0kl Ril8s &t UFidkON are

Ciindbr  unr estr ai B Eéaézﬂw%ﬁw%”ﬁ@“ﬁ B58h013h. e Co Heitmp Varisde 2,
allowed to 1986, mcorporated by reference herein and by Peter &. Bither in
"Thermally Bonded Cores Add Value to Absorbent Products,®
Nonwovens World, November 1988, pp 49-55, both incorporated herein
by reference. The processing techniques applied to make those are

10 applicable herein.
| The thermoplastic binding material should be evenly
distributed throughout the web. Subsequent to formation of a dry
web, the web <can be heated to a temperature to melt the
thermoplastic fibers but not char or otherwise damage the
15 stiffened cellulosic fibers. Upon cooling, at least some of the
resolidified thermoplastic material will provide bond sites which
secure stiffened, cellulosic fibers to one another at points of
individual fiber intersections to form a stabilizing network of
interfiber bond sides at the intersection of the stiffened

20 cellulosic fibers.
The ‘thermoplastic binding materials wuseful for the
acquisition/distribution layers herein include any thermoplastic
. polymer which can be melted at temperatures which will not
extensively damage the cellulosic fibers. Preferably, the melting
25 poinft of the thermoplastic binding material will be less than
about (135°C), preferably between about 75°C and about 175°C. In
any case, the melting point should be no lower than temperatures
at which the articles of this invention are likely to be stored,
whereby melting point will be typically no lower than about 50°C.
30 The thermoplastic binding material msay, for example, be
polyethylene, polypropylene, polyester, polyvinylchloride,
polyvinylidene chioride. Other synthetic fibrous materials which

can be utilized in thermally bonded webs are described above.

Preferably, -the therwoplastic -will preferably not
35 significantly imbibe : or absorb aqueous- fluid. However, the
surface -of the thermoplastic smatertal .can be - hydrophilic or
hydrophobic: +$As used -Hherein, the 4serms “hydrophilic® and



30 structures herei B i eSrrprl ses a web of hydrophi lic
chem.cally stiffened cel I These cellulosic fibggg f 169
typlcally%(ﬂlﬂtlﬁfbflber en stiffened with an |ntra

chem cal stiffening agent. The fI uid acquisition/distribution |ayer shoul d
contain no 35 nore than about 6.0% of superabsorbent nmaterial.
Preferably, the acquisition/distribution |ayer will be substanti ally free
of superabsorbent ‘material. For purposes QPel n, "substantially

145 free" of superabsorbent material neans |ess“Than about 2.0% preferably

| ess than about 1. 0%-,{;9;.%,,%%%@'1% Owrthsséﬂaf\t Ao UnFch Qh@%bPPa'&Es are

super absor bent materi essent | al zer ercent
sugerabsorbent mat er ivatted By p:gt,gr. ?ﬁe surface of the thermoplastic can be

rendered hydrophilic by treatment of a hydrophobic thermoplastic
binding material with a surfactant, such as a non-ionic or anionic
$ surfactant, as by spraying the material with a surfactant or by
dipping the material into the surfactant. Upon melting and
resolidification, the surfactant will tend to remain at the
surfaces of the thermoplastic. Suitable surfactants include
non-fonic surfactants such as Brij 76 manufactured by ICI
10 Americas, Inc. of Wilmington, Delaware and the various materials
sold under the Pegosperse trademark by Glyco Chemical, Inc. of
Greenwich, Connecticut. Anionic surfactants can be also used.
Surfactants are applied to the fibers at a level of from about 0.2
to about 1 gram per square meter of thermoplastic binding

equilibrate. The acqw SI t jon/ di jt rﬁb t| on | ayer of t he absor bent

15 material. Hydrophilic materials become wmore desirable at higher
thermoplastic material levels, particularly above about 40% of the
dry web. .

Thermoplastic fibers for use herein can be on the order of

about 0.1 cm to about 6 cm long, preferably from about 0.3 cm to
20 about 3.0 cm.

A preferred type of thermoplastic fibrous material is
commercially known and available as PULPEXTM (Hercules, Inc.,
Wilmington, Delaware, USA). PULPEX is a polyolefin material
having a very high surface area to mass ratio, which, in general,

25 1s made by spraying molten polymer and gas through' a nozzle into a
vacuum. PULPEX is available in both polyethylene and polypropy-
lene forms.

The thémoplastic used can be hydrophilic or hydrophobic.

As described above, thermoplastic binder-reinforced webs o__f

30 stiffened cellulosic fibers can be made by wetlaying or airlaying
processes. Airlaid webs can be made by intermixing the cellulosic
and thermoplastic fibers and then airlaying according to the
techniques described above. The stiffened cellulosic fibers and
thermoplastic fibers can be" intermixed, in an airlaid context, by

35 carding or by metering air streams of the stiffened fibers and
thermoplastic fibrous:material together and-directing the combined
system through a brush screem-deposition apparatus, or other wed



5 anounts (Il ess than about 0. 5% of super absorbent materi al present'i n
the acquisition/di st ri butThiggh Eﬂ: tal to-the contact or close

proximty of the superabs ng storage |ayer wt
dcqui si ti oWQIPEENE3ut i on nt in the acquisiti oni %iﬁ{ MO0 %on

| ayer, especiall 10 |f present I n anobunts greater than about 2.0%
super absorbent material in the formof particles of absorbent gelling
material may be of relatively large dianmeter (e.g., fromabout 400 to about
700 microns in nmass nedian particle size).aa Superabsorbent particles
having a mass nedi an particle size less than 400" hicrons 15 may al so be
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chem cal ly stlffened fltiers her el ch em

stiffened fibers" mecfRUIAMERY; ; E‘éﬁ"é’aﬁu A ha i@%n "fsené\ﬂ‘ efrem| Dan
means to increase stlﬂdhfomingf Iriterrfatbenaﬂ 20td. (ersdhov bootnndﬂy) anal 3queadie
condi ti ons. Such rrealqﬂ
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al so include he fibers for subsequent airlaying are also described in U.S. Patent
4,590,114, Holtman, D. C., issued May 20, 1986, incorporated
herein by reference. In wetlaying contexts, the thermoplastic
fibrous material can be intermixed with the stiffened cellulosic
fibers in the aqueous slurry prior to web formation.

10 The thermoplastic {s preferably melted by through-air
bonding, however other methods such as infra red light, etc. are
not meant to be excluded. In another variation, the web is
subjected to by heat embossing on one or both faces of the web.
This - technique is described in further detail in U.S. Patent

15 4,590,114, which was previously incorporated into this
specification.

As discussed previously, scrims such as tissue sheets and
other water pervious nonwoven sheets can be used as external
support in addition to or in place of the binding means described

20 above.

) Storage Laver

A second essential element of the absorbent core is a lower
fluid storage layer which comprises at least 15%, by weight,
preferably at least 25%, of superabsorbent material (defined more

25 fully hereafter), and from 0% to about 85%, preferably less than
about 75%, of a superabsorbent material carrier means. The
principal function of the fluid storage layer is to absorb
discharged body fluid from the upper acquisition/distribution
layer and retain such fluid under the pressures encountered as a

30 result of the wearer’s movements. Thus, the storage layer is

' subjacent to and in fluid communication with the
acquisition/distribution layer. Ideally the fluid storage layer
will drain the upper layer of much of its acquired fluid load.

As indicated -hereinbefore, the storage layer comprises

35 superabsorbent material -such as, but-not necessarily limited to,
discrete - particless of -absorbent gelling material and
superabserbent fibrous matertal such as acrylate grafted fibers



stiffening of the flbers altering the chem cal structure of the fibers

t hemsel ves, by cros m ﬁiﬁﬁ chains. 25 For
exenpt ary pol yme -agents which can cqgly
| mpr egnat ewg)reﬁ/if@gl c fi be ﬁﬁi ionic nodified starch égé?llomw

ni trogen-contai ning groups (e.g., am no groups) such as those avail abI e
from National Starch and Chem caI Corp., Bridgewater, NJ, USA;, |atex; wet
strength resins such as 30 pol yani de- epi chl orohydrin resin (e.g., [err]
S57H, Hercules, Inc. Wl nington, Delaware, USA)_ gol _yacrylam de resin
(descri bed, for exarrpl e, in US Patent 3,556,937 issued January 19, 1971

to Coscia, et al.; st. raBidrbehe: de'??:é‘dOfm‘SéFd al *rue asvxaém%&m materjal
pol yacryl am de mar ket é‘ln?‘“ c% C%gtg (Bo r&re ngT efﬁe
under the tradenane [%ﬂ“r R rory of #hl Beh’fﬁ?é"’%r indfi & xible "eb
f or mal dehyde resins, oralsﬁeqtortyetdmlﬁm storager tayers. Supgrabsorbeat materials are
di ssertation on wet Sgde Epﬂhﬂ {:?ﬁbﬂﬁd!?éi'l' d N e sktabsc?bént Aftkrial, upon
generally appljcable erelrn can [err
contact with fluids suc as water or body fluids, absorb such
" fluids. (As used herein, the term "fluids® shall refer to
1iquids, as opposed to gases.) In this manner, fluid discharged
into the acquisition/distribution layer and transported to the
storage layer can be acquired and held by the superabsorbent
10 material, thereby providing the articles herein with enhanced
absorbent capacity and/or improved fluid retention performance.
The superabsorbent materiils intended to be encompassed in
this invention are those which are capable of absorbing at least
about 10 grams, preferably at least about 15 g, more preferably at
15 Jeast about 20 g, of Synthetic Urine (SU - 1.0% NaCl aqueous
solution} per gram of superabsorbent material, as determined
according to the hereinafter described Absorbent Capacity
procedures. '
The superabsorbent material utilized herein is typically in
20 the form of discrete particles of absorbent gelling material.
These particles wil) typically be distributed within a web of
fibrous material as carrier means. The superabsorbent fibrous
material can comprise synthetic or natural fibers. Suitable
fibrous carrier means are cellulose fibers, in the form of fluff,
25 such as is conventionally utilized in absorbent cores. Modified
cellulose fibers such as the stiffened cellulose fibers described
above can also be used,' but are preferably not used, in the
storage layer. Synthetic fibers can also be used and include
those made of cellulose acetate, polyvinyl fluoride,
30 po‘lyvinyhd_ene ch’loride, acrylics (such as Orlon), polyvinyl
acetate, non-soluble polyvinyl alcohol, polyethylene,
polypropylene, polyamides {such as nylon), polyesters, bicomponent
fibers, tricomponent fibers, mixtures thereof and the like.
Preferred synthetic fibers have a denier of from about 3 denier
35 per filament to about 25 denier per filament, more preferably from
about 5-denier per filament-to about 16 denier per filament. Also

preferably, the fiber surfaces are hydrophilic or are treated to
ha hvudvrnnhi1ir~




16 nonograph series No. 29 "Wt Sf-rength I n Paper and Paperboard"”,

Techni cal Associ ati on offhe € lmaber | ndustry (New York, 1965). The
fibers utilized in the st n can also be 5 st
means of ciWN@iaIAITIfRact i OH uj e, crosslinking agentsycgféﬁgﬁgga%g _

applied to the fibers which, subsequent to application, are caused to
chem ally formintra-fiber crosslink bonds. These crosslink bonds can
increase stiffness of the fibers. Wiereas the utilization of intrafiber
crosslink bonds to 10 chemcally stiffen the fibers is preferred, it is
not meant to exclude other types of reactions for 3nheni cal stiffeni ng of

e Ty Form enar oty bendhe A PIGRSRE MenPRCRr e, Y P2 Rt cotrying
3,224,926, |ssued Deceontsupepdbsoniams Fiberagas \susersbsochent natedial3Garnies unens
April 22, 1969; Chatteyjiee geherallf2h€Nin the range of from about 0.06 to about 0.5
g/cm3, and more preferably within the range of from about 0.10 to
5 about 0.4 g/cm3, even more preferably from about 0.15 to about 0.3
g/cm3, most preferably from about 0.15 to about 0.25 g/cmd.
Typically the basis weight of the lower fluid storage layer can
range from about 0.02 to 0.12 g/cm, more preferably from about
_ 0.04 to 0.08 g/cm?, most preferably from about 0.05 to 0.07 g/cm2.
10 As with the acquisition/distribution layer, density and basis
weight need not be uniform throughout the storage layer. The
storage layer can contain regions of relatively higher and
relatively - lower density and basis weight. Also as with the
acquisition/distribution layer, density values for the storage
15 layer are calculated from basis weight and layer caliper measured
under a confining pressure of 0.2 psi {1.43 kPa). Density and
basis weight values include the weight of the superabsorbent
material. Additionally, the storage Jayer can have a
superabsorbent material .gradieat. such as with more superabsorbent
20 material being present in regions of relatively high fluid
handling requirements (i.e., near the region of fluid discharge)

and less superabsorbent material at lower demand regions.
The superabsorbent material which is employed in the storage
layer of the absorbest core will most often comprise a
25 substantially water-insoluble, slightly cross-linked, partially
neutralized, polymeric absorbent gelling material. This material
forms a hydrogel upon contact with water. Such polymer materials
can be prepared from polymerizable, unsaturated, acid-containing
monomers. Suitab‘ie'_ unsaturated acidic monomers for use in
30 preparing the polymeric gelling material used in this invention
include those 1listed in Brandt/Goldman/Inglin; U.S. Patent
4,654,039, Issued March 31, 1987, and reissued as RE 32,649 on
April 19, 1988, both incorporated herein by reference. Preferred
monomers include acrylic acid, methacrylic acid, and 2-acrylamido-
35 2-methyl propane sulfonic acid. Acrylic acid itself is especially
preferred for-preparation of the polymeric yelling agent material.




3,932,209, |ssued Januar , 1976 and Sangem s et al., US Patent
élzl),eOSS, t147|, IslsJugd \Ilul y 1 ‘siiE E%ﬁi@ﬁﬁbferred fibers are disclosed in
an:et al., U S. Patent ed ril 18, 20 18SHusYER160t
al., US WOsHi13888 09 I AI{1)9 1989 and Moore gt al . 169
U.S. Patent 4,898,642, issued February 6, 1990. of these patents are
i ncorporated herein by reference. In addition to belng hydrophilic, these
stiffened fibers remain stiff even upon wetting; thus webs made fromthem
do not coll apse, 25 as do webs nmade from conggnti onal unstiffened

fibers when wet. This provides inproved ability to acquire and distribute
fluids in second and subsgheenolymerdbarcpmponent t formedr rom cfupsataatated,f f agidd

fibers, chem cal proaﬁgﬁﬂgbﬁw%@&?ﬁ Ma‘;d B?‘fﬁ30§|§ ld"”"o'tf?& Vﬂybbs of polymer
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Sui tabl e chemical sti ht{ats aFethis typel sk alsv @spedialty prefermedng agent s
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acid functionalFity can

prepared from conventional types of monomers include hydrolyzed - |

acrylonitrile grafted starch, polyacrylate grafted starch,

polyacrylates, maleic anhydride-based copolymers and combinations

thereof.  Especially preferred are the polyacrylates and
10 polyacrylate grafted starch.

WNhatever the nature of the basic polymer components of the
hydrogel-forming polymeric absorbent gelling material particles
used in both layers of the absorbent cores herein, such materials
will in genéral be slightly cross-linked. Cross-linking serves to

15 render the hydrogel-forming polymer gelling agents used in this
invention. substantially water-insoluble, and cross-linking thus in
part determines the gel volume and extractable polymer
characteristics of the hydrogels formed from the polymeric gelling
agents employed. Suitable cross-linking agents are well known in

20 the art and include, for example, those described in greater
detafl in Masuda et al.; U.S. Patent 4,076,663; Issued February
28, 1978, incorporated herein by reference. Preferred cross-
1inking agents are the di- or polyesters of unsaturated mono- or
polycarboxylic acids with polyols, the bisacrylamides and the di-

25 or triallyl amines. Other preferred cross-linking agents are
N,N’-methylenebisacrylamide, trimethylol propane triacrylate and
triallyl amine. The cross-linking agent can generally constitute
from about 0.001 mole percent to 5 mole percent of the resulting
hydrogel-forming polymer material. More preferably, the

30 cross-linking agent will constitute from about 0.01 mole percent
to 3 wmole percent of the hydrogel- forming poiymeric gelling
mater{al partic]es used herein.

The slightly cross-1inked, hydrogel-forming polymeric gelhng
material particles uhich may be used in the articles of the

35 present invention are. generally employed in their partially
neutralized form. For purposes of this invention, such materials
are considered partially .meutralized when at ieast 25 mole

{



crosslinking sol ution. These conpounds are capable of reacting

35

Wit hout | east two hydroxyl ij"f’e cel lul ose chain or on
proxi:mately | ocat ed cel l ul os I I single fiber. Such

crossl i nki ¥ e?déﬂt‘g conte pl n preparing the sti eneggl%mw

cellulose fibers include, but are not limted to glutaral dehyde, glyoxal,

f or mal dehyde, and gl yoxyl i c acid. Oher suitable stiffening agents are

pol ycar boxyl ates, such as citric 5 acid. The polycarboxylic
stiffening agents and a process for making stif{eged fibers fromthemare
described in U S. Serial No. 596,606, filed Cctober 17, 1990, i ncorporated
by reference herein. ‘cherfh‘,end preferably iatkleastub@ianole reereentyodii monomers ased

to f fib whi h t i t
18 o mculrl g(rjscon:‘ |Cgurat i on i'El nayﬁ%‘éaﬁ'aﬁ:ﬁ% ﬁ%ﬂ gﬁ@ﬁﬂhﬁl C %inérs %F&eﬂ“e

Such fibers, and procd$8Bsnewtr dJritherd o3t d%%@ﬂ%e&‘?”“t-he 5"“’-35“ salt-
forming cations include alkalf metal, ammonium, substituted

5 ammonium and amines. "This percentage of the total monomers
utilized which are neutralized acid group-containing monomers is
referred to herein as the “degree of neutralization."

Webs comprising absorbent gelling material particles and
nonsuperabsorbent fibrous carrier means will typically have from

10 about 10% to about 80%, more typically from about 20% to about
75%, polymeric gelling material and from about 20% to about 90%,
more typically from about 25% to about 80%, carrier means. Such
webs will typically be made by airlaying, wherein an airstream of
the absorbent gelling material particles is metered into an

15 airstream of the fibrous carrier means.

It is also contemplated to provide a storage layer wherein

particles of absorbent gelling material are laminated between two

or more webs of fibrous material, such as exemplified in U.S.
Patent 4,578,068, Kramer et al., issued March 25, 1986,

20 incorporated herein by reference. .
As discussed above, superabsorbent fibers can be used instead

of particies of absorbent gelling material. Superabsorbent fibers

have been previously disclosed in the art. Superabsorbent fibers

are described in Textile Science and Technology, Volume 7, Pronoy

25 . Chatterjee, editor, Elsevier Science Publishers B8.V. (The
Netherlands), 1985, in Chapters VII and VIII (collectively pages
217-280), incorporated by reference herein. Synthetic and
modified natural fibers, such as cellulosic fibers, can be used.
The superabsorbent fibers for use herein should have an absorbent

30 capacity of at Jleast about 10 g Synthetic Urine per g
superabsorbent material {dry weight basis), preferably at least
about 15 g/g. ,

One type of superabsorbent fiber comprise the polycarboxylate
polymer-modified cellulosic fibrous .pulps such as mildly

35 hydrolyzed methyl acrylate-grafted softwood kraft pulps. These
superabsorbent fibers are described in U.S. Serial No. 07/378,154,
filed July 11, 1989, titled “Absorbent Paper Comprising
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Polymer grafted cellulose  fibers  include  hydrolyzed
polyacrylonitrile, polyacrylic esters, and polyacrylic and
polymethacrylic acids. These superabsorbent fibers including
discussion. of and references to processes for making them, can be
found in the Chatterjee’s Vol. 7 of Textile Science and Technology
as previously incorporated herein by reference, include: A. H.
Zahran, et al., “Radiation hrafting of Acrylic and Methacrylic
Acid to Cellulose Fibers to Impart High Water Sorbency®, J. of
App. Polymer Science, Vol. 25, 535-542 (1980), which discusses
radiation grafting of methacrylic acid and acrylic acid to
cellulose fibers, as the title suggests; U.S. Patent 4,036,588, J.
L. Williams, et al., issued July 19, 1977, which describes the
graft copolymerization of a vinyl monomer containing a hydrophilic
group onto cellulose-containing material, e.g., rayon yarn; U.S.
Patent 3,838,077, H. W. Hoftiezer, et al., issued September 24,
1974, which discloses polyacrylonitrile-grafted cellulose fibers.

The superabsorbent fibers can be incorporated into—webs of
conventional or other nonsuperabsorbent fibers, such as in
wet-laid webs as described above or in air-laid webs, and can also
U formed into nonwoven sheets.

In another embodiment hereof, the storage layer comprises
superabsorbent fibers which are formed into nonwoven sheets. Such
sheets can consist essentially of superabsorbent fibers with
substantially zero percent carrier means, although such sheets can
include carrier means, and such embodiments are not meant to be
excluded. Nonwoven sheets made from superabsorbent fibers such as
the non-acrylate superabsorbent microfibers and superabsorbent
fibers useful for making such sheets are available from Arco
Chemical Co. (Newtown Square, PA, USA), under the tradename
FIBERSORBTM and from Japan Exlan Co., Ltd. (Osaka, Japan) which

markets superabsorbent fibers comprising a polyacrylonitrile core-
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an airlaid web conpmses the carrier means can be formed by
air-laying a substantially dry mixture of fibers and absorbent
gelling material particles and, {if desired or necessary,
densifying the resulting web. Such a procedure is in general
described more fully in the hereinbefore referenced Weisman and
Goldman; U.S. Patent 4,610,678; Issued September 9, 1986.
Superabsorbent fibers can be airlaid with fibrous carrier means
according to conventional airlaid web-forming processes. The
superabsorbent fibers and fibrous carrier means can be blended by,
for example, carding or Rando web formation.

Within the storage layer of the absorbent core, the
superabsorbent  material can be uniformly distributed.
Alternately, there may be regions or zones of the storage layer
which have higher concentrations of superabsorbent material than
do other regions or zones of the layers.

As discussed above, the acquisition/distribution layer of the
absorbent core preferably has a smaller surface area (in an
unfolded configuration) than the storage layer and, in fact, can
have a surface area that is substantially smaller than, or equal
to or greater than, the fluid storage layer. Generally, the
surface area of the acquisition/distribution layer will range from
about 25% to about 100%, preferably from about 30% to about 95%,

more preferably less than about 90%, most preferably less than

about 85%, of the surface area of the storage layer.

In accordance  with the’ present invention, the
acquisition/distribution layer of the absorbent core should be
placed in a specific positional relationship with respect to the
topsheet and the storage layer of the absorbent article. More
particularly, the acquisition/distribution layer of the core must
be positioned so that it is effectively located to acquire
discharged body fluid and transport said fluid to other regions of
the core. Thus the acquisition/distribution layer should
encompass the vicinity of the point of discharge of body fluids.
These. areas would. include the cratch area and. noreferably for
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{zﬂfr can thery be calqapthethy, ONFor'e waiedW N§L25 45 CQUaBie  for  the
acquisition/distribution layer to extend to near the front waist
area of the wearer to effectively acquire the relatively high
fluid load that occurs in the front of the male wearer, and to
compensate for directional variations of the discharges. The

10 corresponding absorbent article regions will vary depending upon
the design and fit of the absorbent article. The
acquisition/distribution layers 110 of diaper 100 as shown in
Figure 2, exenplify one embodiment wherein the
acquisition/distribution layer 110 is suitably positioned to

15 receive both bowel and urine discharges for both males and
females. ‘

For disposable baby diaper executions, the
acquisition/distribution layer of the core is preferably posi-
tioned relative to the elongated topsheet and/or the storage layer

20 such that the acquisition/distribution layer is sufficiently
enlongated to extend to areas corresponding at least to about 50%,
preferably 75%, of the length of the storage layer. The
acquisition/distribution layer should have a width sufficient to
acquire gushes of body fluids without direct discharge of fluid

25 onmto- the storage layer. Generally, for diapers, such as shown in
Figures 1 and 2, the width will be at least about 5 cm, preferably
at least about 6 cm. As noted, for purposes of the present in-
vention, sections of the absorbeat article can be defined by
reference to top surface areas of the unfolded absorbent article

30 found in front of a given point on the line which defines the
length of the absorbent article.

For purposes of determining such acquisition/distribution
layer positioning, the length of the absorbent article will be
taken as the normal Jlongest 1longitudinal dimension of the

35 elongated article backing sheet. This normal longest dimension of
the elongated backing sheet .can be defined with respect to the
-article-as it is-applied:to:the wearer. When worn, the opposing
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about 0.50. The degree of stiffening, dependent upon the type and anount of
stiffening agent (i.e., crosslinking agent) used, the degree of dehydration

An i mage anal ysi.s net hod_t Llj zed to nmeasure [err] and LA is
described in U S Patent '3’ “lm eferably the fibers utilized in the

of the fibers during curing:of the crosslinking agent. 35 and the
curing time and conditions, affect the ability-o88the fiber to.take up
fluid and the tendency of the fiber to swell. -18- The fiber stiffness

as it relates to resiendsref the backcsheet| pre fastened together goothatfthesebgoined
referencing the wat erendst fove encm-!lueaﬂmw ti welrereiddizncd he! bbﬁm ?ength

;Irrgﬁ:\f g?ed 'n the abosfotgeer}:tac%l%g' Shedt Qﬁrﬁ thius be\l\%e fengtﬁregf%e ‘line running
through the back sheet from a) the point on the edge of the back

5 sheet at the middle of the wearer’s back waist, through the
crotch, to b) the point on the opposite edge of the backing sheet
at the middle of the wearer’s front waist. The size and shape of
the topsheet will generally correspond substantially to the back
sheet. .

10 In the usual instance wherein the storage layer of the
absorbent core generally defines the shape of the absorbent
articl_e, the normal length of the elongated article topsheet will
be approached by the longest longitudinal dimension of the storage
layer of the core. Houéver, in some applications (e.g., adult

15 incontinence articles) wherein bulk reduction or minimum cost are
important, the storage layei' would not take on the general shape
of the diaper or incontinence structure. Rather the storage layer
would be generally located to cover only the genital region of the
wearer and a reasonable area proximate to the genital area. In

20 this instance both the fluid acquisition/distribution layer and
the storage layer would be Yocated toward the front of the article
as defined by the topsheet such that the acquisition/distribution

" and storage layers would typically be found in the front
two-thirds of the article.

25 “The storage layer of the absorbent core can be of any desired
shape consistent with comfortable fit including, for example,
circular, rectangular, trapezoidal or oblong, e.g., hourglass-
shaped, dog-bone-shaped, half dog bone shaped, oval or irregularly
shaped. This storage layer need not be physically separated from

30 the acquisition/distribution layer and can simply be a zone of
superabsorbent material concentration in a continuous web of
stiffened céllulose fiber material. More preferably, however, the
storage layer of the absorbent core will comprise a separate web
which can be used as an insert placed underneath the acquisi-

35 tion/distribution layer. -

-The acquisition/distribution layer can also be:of any desired
shape consistent:with::comfortable fit and the sizing limitations



wat er retained byTﬁsglpegﬁiagEeef inqrcs after substantially all of the

R

I nterfiber water has been & paranmeter which can be used to
char acteri ture ojjBﬂHm UH fibers forned. by cr egg/usyi/oen69
f'i bers in ﬁ@%‘pﬁ}gﬁy dehy !Bt hat of al cohol retention val ue

(ARV). ARV is a neasure of the extent to 10 which a fluid, e.g.,

| sopropyl al cohol, which does not induce substantial fiber swelling, is
taken up by the stiffened fibers. The ARY of the stiffened fibers is
directly related to the extent that the fibers wd%-swollen with the
solution of crosslinking agent during_the stiffeni n?q&: ocedure.

Rel atively higher ARv4liseussed abaye. hIbese bapescinglyges e fgenexample, cimsulam

Td oarel atiV\e/\R// grgatA %cﬁﬁgﬁ}jﬁr,du!ttmzaimsl ioﬁi;iti!ﬂong,4pre0 ?,gugﬁﬁr IQEs-sha?ed,

the st {1 ened, t st cqoostamcaptdcia1tdog gine, Hlabfl. Supt or, (asoy it eeed.

preferably range betwdbe atguisition/distaribetion layeyutcagobe of nsimilar shape or

preferred errbodigmantswi“ﬁ\‘hg{,%ttmnfiﬁegﬁﬁeg Tagérde from about 30%to
w_thin

45% Fi bers having a es Eangei.s %re elieved tOJarovi de an
optimal bal ance of swell i rfdg‘F"rF—’ 1 an edch show diaper executions embodying the

present invention. Shown in each figure is a diaper 100 with
topsheet 104 and backsheet 102. Disposed between topsheet 104 and
backsheet 102 is absorbent core 106 having storage layer 108 and
10 rectangular acquisition/distribution layer 110. Although not
shown, storage layer 108 has discrete particles of absorbent
gelling material distributed throughout.
Specifically referring to Figure 2, the absorbent core 106 is
shown as having a front region 112, a back region 114, and a
15 central region 115. As previously described, the front region
112, corresponds to- the end of the diaper 100 that would be
covering the front of the wearer when the diaper was in use, and
the back region 114 would be covering the back of the user. The
absorbent core 106 of Figure 2, specifically the storage layer
20 108, has a modified hour-glass shape to provide enhanced fit and
reduce in-use leakage.
Figure 3 shows an absorbent core 106, that can be utilized in
conjunction with a disposable diaper, having a storage layer 108
of similar shape to those of Figures 1 and 2.
25 Acquisition/distribution layer 111, however, is of a modified
hour-glass shape of substantially similar shape to the storage
layer 108, though of smaller surface area.
Further with respect to Figure 3, the absorbent core 106 has
front region 112, rear region 114, and central region 115. Front
30 region 112, front edge 117 and, at rear region 114, has rear edge
119. Front edge 117 and, has rear edge 119. Front edge 117 and
rear edge 119 are connected by storage layer side edges 122 and
123, corresponding to the central region" 115.
- Acquisition/distribution layer‘lll :has front edge 116 in the front
35 region 112 and rear edge .:118 -in the rear region 114.
Acquisitionf/distribution layer:side edges 120 and 121, connect
front edge :116. and rear edge:d18.



Jduced untw sting and fi ber sti ffness The stiffened cellul ose fibers

preferred for use hereTmsﬁleé Wse whi ch have an ARV (i sopropol
al cohol) an a “l
ARV (i so(p‘&gr?g?ﬁ cohol )

limtation that such figgayesopeeiean
about 30%is indicative of the
rel atively dehydrated, unsmollen state of these fibers during the
sti f-f eni ng process. Mre preferably, the ARV (isopropol alcohol) of the
30 fi bers useful herein will be |l ess than about 27% The stiffened
cellul ose fibers herein having the preferred twi 4 -count, curl factor, WRV
and ARV characteristics hereinbefore set forth, can be grepar ed by

internal |y crosslinking sdarprefeered absorbent; jartic)eenbod rée.fmm:aeswe
after such fibers areabsirfent35 diaper@, Nthec Béges d1igd ane, daRobrafAad 6f . &he

meant - 1o necessari |y edustbBnge T Thixien A A8, ] HReddheny JRUFE east

fibers 0.5 cm., preferably at 'Ieast 1.25 cm. inside the edges 117, 119,
5 122, 123 of the storage layer 108, particularly in central region
115.

As dtscnssed above, the superabsorbent materials for use in
the present invention will preferably have an Absorbent Capacity
10 of at least about 10 g, preferably at least about 15 g, more
preferably at least about 20 g Synthetic Urine (1.0% NaCl aqueous
solution, prepared using distilled water) per gram dry
superabsorbent material. In general, the superabsorbent material
is place within a tea bag, immersed in an excess of Synthetic
15 Urine for a specified time, and then centrifuged for a specified
period of time. The ratio of superabsorbent material final weight
after centrifuging minus initial weight to initial weight is
Absorbent Capacity. The following procedure can be used to
determine Absorbent Capacity. The procedure is conducted under

20 standard laboratory conditions.
Using a2 6 cm X 12 cm cutting die, the tea bag material is
-cut, folded in half lengthwise, and sealed along two sides with a
T-bar heat sealer to produce a 6§ centimeter by 6 centimeter tea
bag square. The tea bag material utilized is grade 1234 heat
25 sexlable, obtainable from C. H. Dexter, Division of the Oexter
Corp., Windsor Locks, Connecticut, USA, or equivalent. Lower
porosity tea bag material should be used if required to retain
fine superabsorbent materials. 0.200 grams plus or minus 0.005
grams of superabsorbent material is weighed onto a weighing paper
30 and transferred into the tea bag, and the top (open end) of the
tea bag is sealed. An empty tea bag is sealed at the top and is
used as a blank. Approximately 400 milliliters of Synthetic Urine
are poured into a 1,000 milliliter beaker. The blank tea bag is
submerged . in the Synthetic Urine. The tea bag containing the
35 superabsorbent material (the sample tea bag) is held horizontally
to distribute tha material evenly throughout the tea bag. The tea
bag is laidon the surface of the Synthetic Urime. The tea bag is

P



« 19 - fromthis |nvent|on such ot her f| bers being described in (but not

I|mted t o) the previ oust ). S. Patents 3,224,926, 3,440, 135,
4, 035 147, 211363 209 |c of stiffened fi berpCr/us91/00169
parti cul arIy th stlffened fibers is their ability -
to partially untW| st and uncur | upon wetting. Thus, when forned into webs
of sufficient density, the webs can expand upon vvetti ng to an equilibrium
wet density, which, when calculated, on a dry fiber density, is less than-
the average dry density (prior to wetting). 10 - 41 Thi.s accounts for the
aver.age dry densities (ﬁ up, to about 0. 30 &) Mescrl bed above, in
conjunction with | onerdldgead te wetnstar apey % mAge a%é’c“ﬁr‘&l’!“&ﬁ' angd cthen

webs which can expand supsérgedt and gscaked demcrﬁﬂ)e!dnut‘esu SAppicixdnitely 822 mimtes
To the extent that it r 0 gc | St iy
FEer e ?ﬁir{th sU@] riﬁlg F?&Jnﬁt h& tﬂ‘ tea bags,

absorbent is arti cﬁ € desi

abl e to adjust the relPfeparedy icﬂﬂ)'sth ﬂ‘%rﬁﬁﬁt égérﬁf biank aa%optwneabéarm
to which tw st 5and qidtéria)-édmRaiingf tedectags|,i HSr Subinérged and soaked for 60

minutes in the same manner as the first set. After the prescribed
soak time is elapsed, for each set of tea bag samples, the tea

bags are promptly removed (with tongs) from the Synthetic Urine.
The samples are then centrifuged as described below. The
10 centrifuge used is a Delux Dynac II Centrifuge, Fisher Model No.
05-100-26, obtainable from Fisher Scientific (Pittsburgh, PA,
USA), or equivalent., The centrifuge should be eguipped with a
direct read tachometer and an electric brake. The centrifuge is
further equipped with a cylindrical insert basket having an
15 approximately 2.5 inch (6.35 cm) high outer wall with an 8.435
inch (21.425 cm) outer diameter, an 7.935 inch (20.155 cm} inside
diameter, and 9 rows each of approximately 106 3/32 inch (0.238
cm) diameter ctrcular holes equally spaced around the -
circunference of the outer wall, and having a basket floor with
20 six 1/4 inch (0.635 cm) diameter circular drainage holes equally
: spaced around the circumference of the basket floor at a distance
of 1/2 inch {1.27 cm) from the interior surface of the outer wall
to the center of the drainage holes, or equivalent. The basket is
. mounted in the centrifuge so as to rotate, as well as brake, in
25 umison with the centrifuge. The superabsorbent
material-containing tea bags are positioned in the centrifuge
basket with a folded end of the tea bag in the direction of
centrifuge spin. -The blank tea bags are placed to either side of
the corresponding sample tea bags. The superabsorbent
30 material-containing tea bag from the second set of tea bags must
be placed opposite the superabsorbent material-containing tea bags
from the first set of tea bags; and the second blank tea bag,
opposite the first blank, to balance the centrifuge. The
centrifuge is started and.allowed to ramp up quickly to a stable
35 1,500 rpm. -Once the centrifuge has been stabilized at 1,500 rpm,
a timer is set for 3 minutes. After 3 minutes, the centrifuge is
turned off and the brake is applied. The first superabsorbent



inparted, to achieve the desired anount of expansion upon wetting. The

stiffened cellul osic fiberTbisShest mﬁﬁiﬁﬁ in web form 20 by vari ous
t echni ques .| j.ng airla ying. The stiffened egihusasocies
fi bers can%‘égglyféﬁnd to fommu a desired density and basis )

wei ght. The stiffened fibers for use in the present invention can be
airlaid according to 25 techni ques well known to those skilled in the
art of airlaying cellulosic fibers. In general, airlaying can be effected
by metering an air flow containing the fibers, rm&ubstantially dry

condition, onto a wire screen and, optionally, conpressing the resulting
web to the desired derBategialacentaiaing peabag fandefirsto Rl tea bag Are| remeved

to the desired densi tandvwéidhed separatelsi oThe prbeedirier i §irbpested by the second

conprise at |east abouyt  50% L Lfen [ ' S S sc¢ri.be
above, and can conpri égeetug:;t gzﬁﬁ‘;&’.;hc% ;agkﬁ ?o?aédacsg}fhacgr sfgg 13 the
can optional |y contai r5appiesi ndsnespkculated, a5 dfetlawsed hagd ovr . (Supentahsorbent

optional 35 FONPORAREFIal-SotAining te& bag) Welgh® ifteFDebrtr Pihe fm'ihﬁs‘j blank
handling properties (et'eg'l.bagh%gm&hta“e% %%{r%ggeacn%l\(se d?' esnx}pse}ébs%rr]'gegt %ateriﬂ
weight) divided by (dry superabsorbent material weight). The
Absorbent Capacity value for use herein is the average absorbent

capacity {ac) of the two samples.

10 EXAMPLE |

A disposable diaper is prepared comprising a thermally bonded
polypropylene topsheet, a fluid impervious polyethylene backing
sheet and a dual layer absorbent core positioned between the
topsheet and the backing sheet. The dual layer absorbent core

15 comprises an hourglass-shaped storage layer positioned below a
rectangular shaped acquisition/distribution layer, as shown in
Figure 1.

The acquisition/distribution layer comprises stiffened,

twisted, curled cellulose fibers and optionally a binding means.

20 The storage layer comprises an air-laid mixture of conventional

cellulosic fluff {Foley fluff, southern softwood kraft pulp, The

Procter & Gamble Cellulose Co., Memphis, TN, USA) and sodium

polyacrylate polymeric absorbent gelling material of the type

described in U.S. RE 32,649, reissued April 19, 1988, and having

25 aw—Absorbent Capacity of about 30 g/g. The acquisition/distri-

bution layer comprises a 92%/8% wetlaid mixture of stiffened

fibers and conventional nonstiffened cellulosic fibers. The

nonst*lffeued fibers are also made from Foley Fluff; and are

refined to about 200 CSF. The stiffened, twisted, curled

30 cellulosic fibers are made from southern softwood kraft pulp

(Foley fluff) and crosslinked with glutaraldehyde to the extent of

about 2.5 mole percent on a dry fiber cellulose anhydroglucose

basis. The fibers .are crosslinked according to the "dry

cross]linking process™ as.described above in U.S. Patent 4,822,453.

35 The stiffened fibers are similar..to the fibers having the
characteristics described in Table 1.



ke. - 20 - Wetlaid Webs In anot her enbodi nent, the stiffened

i
cellulosic fi bers, rat herfhtstS egl dto formthe web, are wetl ai d.
The wetl ai d vvez‘lag})nprl se ‘ to 100% of the stifPpeTadsa/o0169

fibers andvPr3

integrity of the web,

to abou

di ng means for increasing physical
to faC|I|tate processing in the wet and/or dry state,

and to provide increased integrity upon wetting of the web, during use.
Preferably, the wetlaid webs will conprise at |east about 2% of a fibrous
bi ndi ng nmeans or high surface area 10 cel | Wl ¢%e bi ndi ng neans

(hereafter described).

Chem cal additives can al so be used as binding

nmeans, and are incorporated i nt o the acqw Sit |hblﬂ.|.lst ri but ion |ayer at

| evel s typically of ake

"Type = Southern softwood kraft pulp crossiinked with glutaralde-

10

15

20

25

30

35

hyde to the extent of mole percent on a dry fiber cellulose
anhydréglucose basis

Twist Count Dry = 6.8 nodes/mm

Twist Count Wet = 5.1 nodes/mm

Isopropol Alcohol Retention Value = 24%

Water Retention Value = 37%

Curl Factor = 0,63

The acquisition/distribution layer is a uniform, wetlaid web
as described in Example 1I. The acquisition/distribution layer
has an average dry density of about 0.06 g/cc. An average density
upon saturation with Synthetic Urine, dry weight basis, of about
0.07 g/cc, and an average basis weight of about 0.03 g/cmZ.  The
storage layer comprises 50% by weight Foley fluff and SO%
absorbent gelling material particles, has an average dry density
of about 0.24 g/cc and an average dry basis weight of about 0.5
g/cm?.

The acquisition/distribution layer has dimensions of about
7.6 cm X 22.9 cm and is positioned relative to the storage layer
as shown in Figure 1. The storage layer has crotch width (at the
most narrow part of the crotch) of about 8.9 cm, a width at the
front waist area of about 21.6 cm, and a width at the rear {back)
Waist area of about 16.5 cm. )

In an alternative embodiment, the storage layer comprises
about 15% of the absorbent gelling material particles and about
85% of Foley _'ﬂuff and has a basis weight gradient such that the
front 60% of the stm"age core has a basis weight of about 0.11
g/cmé and a density of about 0.15 g/cc and the rear 40% of the
storage core has a basis weight of about 0.04 g/cmé and a density
of about 0.06 g/cc.

In a further embodiment, the storage core comprises about 28%
of the absorbent gelling material particles and about 72% of Foley
fluff, and has basis weight and density gradients as described
immediately above.



_Techni ques for wetlaying cellulosic fibrous material to formsheets such as
dry lap and paper are \/\E,{_’“ These techni ques are

l. no ﬁ n h%c rt.
general |y ' e to thans ™ the stiffened fi bepgTIUsd1200169
wetl aid sﬁgﬁgylﬁg ul in qﬂimgi{’ ﬂ“ﬂ lEtructures of this invention.
Suitable wetlaying techni ' andsheeting, and wetlaying with the

utili zation of 20 paper maki ng machi nes as di scl osed, for instance, by
L. H Sanford et al, in US. Patent 3,301, 746. Due to the behavior of
stiffened fibers, particularly their tendency td®4f+occul ate in aqueous
slurries, certain processing nodifications, hereafter described, are
preferably inpl enented when wetlaying. with EXAWBLERLi ng 25 machi nes.

In general, wetlaid webs 1R HQmPTE axBip1d ¢PES Wb 1391y oAU REL UsBFLT 'Fér Afse as
fibers onto a fora.m nous f.orgqq%g Y rgbmggwaterl n thﬁ wet | a d.glu { .tOT
forma wet web, and.o’ﬂli‘ﬁ%‘"tsﬁ f’ %é' : 8r V&6 g“ tlh e’ﬁ’tﬁf@ uLnvEn es '?ff
fibers for wetlayi ng webl tomiprisesa92% (s34 flentd ﬁhcns.yaozdmﬁhgniatim;p& QS?ﬁd
grgr?SO\?\éi Sgt b%siz;a‘?%lsgg%glifeira@g Sﬁyﬁg?u?rbwgo'fypl c?ﬁgﬁagg‘z‘)ﬂg?i S ‘é{dﬁ aJ
freeness of about 200 CSF.
A pulp slurry of the stiffened and nonstiffened fibers having
a fiber consistency of 0.1%-0.2% is pumped to a FORMAR papermaking
machine at a linear velocity of 25 m/s and at rate of about 95
10 liters/minute. The slurry is distributed by a fixed-roof former
headbox onto an inch wide (30.5 cm) 84M, 5 shed 12 forming wire
moving continuously at a rate of 1.5 m/minutes. Linear velocity
of the pulp slurry upon exit from the headbox is from 50 to 100
m/s. Flow and wire movement are regulated so that a uniform,
15 moist sheet having a dry basis weight of about 0.03 g/cm? and an
average dry density of about 0.06 g/cc is formed. Sheet
consistency is increased to about 16%-22% by app]ication of two
vacuum boxes from underneath the wire, such vacuum boxes operating
in sequence at 75 mm H§ and 100 mm Hg, respectively, with a
20 residence time for the sheet being subject to each vacuum box of
-about 1 cecond. The sheet is then removed from the forming wire
manually and dried, batchwise, in a forced convection steam heated
oven for about 4 hours at about 1100C.
EXAMPLE T1 -
25 Absorbent cores are prepared as in Example I, except that the
acquisition/distribution layer is airlaid and comprises 100% of
the stiffened fibers.

EXAMPLE IV
Absorbent cores are prepared as in Exazple IIl except that
30 the acquisition/distribution layer is made from an airlaid and

thermally bonded thermoplastic-reinforced web comprising 55% of
the stiffened fibers and 45% of PULPEXTM (Hercules, Inc.,
Wilmington, Delaware, USA) polyethylene wmicrofibers having an
average length of about 0.3 cm. The acquisition/distribution
35 layer is formed by metering airstreams of the stiffened fibers and
PULPEX, and then forming the web using conventional airlaying
equipment. The web is thermally bonded by heating the web by



.usi ng an appar at us knomn tg% 1&@ﬁeadbox The headbox has an

openi ng, known as a slice g t he aqueous slurry of fibers onto
the fora m ng mnr ous form ng 35 1 n
referrednpg9yﬁni 3 art as mnre The Fourdrtnier mnré&%g% be
of construction and mesh S|ze used for dry lap or other papernmaking
proe¢essi ng. Preferably, nmesh sizes of - 21 - about 70 to about 100
(Tyler standard screen scale) are used. (Al nesh sizes referred to herein
shal | be based upon the Tyler standard screen_sgg@l.e, unl ess otherw se
specifically indicated.) Conventional designs of headboxes known in the art

for dryl alpl and S I bthﬁoh@ﬁ-uﬁr Smalng,f otmdelri Ofinredtiyainbe (Lisgd u}g&ﬂpﬁ-@@eﬂ)
comercially availa oxgs, Lagl [ i xed roof, twin

wire, and drum forne g t i s dewatered an
i A S ! 88\9&1%3‘”%% o8l i s d d and

dri ed. Dewat eri ng can be perforned wi th suction boxes or

WHAT IS CLAIMED IS:



ot her vacuum devi ces. Typica ncreases the fiber 10
consi stency to between about ﬂm%ﬂﬁmgmnﬁ 9 total wet web weight Dbasis,
pref er abl wobslyyags about o an o6t *22% Dewat er i ng PQT/US91/00169
consi stencies above about 22% nmay require wet-pressing and i's ess

preferred. After dewatering, the web can be, but is not n e sarllg Rl |
een ace:

transferred fromthe formng wire to a 15 drying fabri
transports the web to drying apparatuses. The drying fabr lHut,l
coarser than the formng wire, for increased dryigsg effi CI

drying fabric preferably has about 30%to about 50% open area and about 15%
to about 25% knuckl e through-airh kendingl Mnde&r 3gnxesirainedeapb)e.f aluncomgreated)

has 20 been sandeghnldftidns’ eﬁﬂesamq{ﬁﬂtqylgwg thOcdy Jt hin the preferred

range. Wet m crocontraction 1s preferably 1nplenented during transfer
from the formng wre to the fabrlc Wet m crocontraction
can be acconplished by running the formng wire at a speed which is from
about 5% to about 20% faster than the 25 speed at which the fabric

is being run. Drying .can _be acconplished with a thermal blowthrough
dryer or vacuum devi OBAT IS CLAIMED IS:



such as a suction box, al t hou
The wetlaid webs are preferab

h thermal Dbl owthrough drying is preferred.

jﬂl’!'lﬂﬂgu ﬁwﬂ tion (general ly to fiber
/0 by the plerugyi/00169

consistency_ bet about 90

bIOMkthrouéﬂ) mg S. Bl owt hr ough drylng i s believed to efficiently
dry webs of the stiffened fibers due to the high void volunme of the webs.
Steam drum dryi ng apparatus known in the art, such as Yankee drum dryers,
can b@hluﬁedPMecaRmdceiss preferred. Drum dryers are believed to be |less

drying webs of the stiffened fibers and can al so

ef fici
corrpactE] ﬂw @ dried webs are preferably not creped. -22- As an
alternative rying as described above, #

e dewatered web can be renbved

fromthe formng wire placed on a drying screen -and dried (unrestrained)

in a batch drying process by,

a forced convecti on steam

1.

(a)

(c)

for exanple, a thernmal blow through dryer or

An absorbent article for acquisition, distribution, and
storage of bodily fluids, said article characterized by:

a fluid pervious topsheet;

(b) a fluid impervious backsheet affixed to said topsheet;

and

an absorbent core disposed between said topsheet and
said backsheet, said absorbent core having:

(1)

(11)

a fluid acquisition/distribution layer having an
average dry density of less than 0.30 g/cc, an
average density upon saturation with 1% NaCl aqueous
solution, dry weight basis, of less than 0.20 g/cc,
and an average dry basis weight of from 0.001 to
0.10 g/cmz, said acquisition/distribution layer
comprising from 50% to 100%, preferably from 95% to
100%, dry weight basis, of chemically stiffened
cellulosic fibers and from 0% to 50%, dry weight
basis, of a binding means for said fibers; and

a fluid storage layer, positioned beneath said
acquisition/distribution layer relative to said
topsheet, comprising at least 15%, by weight of said
storage layer, of superabsorbent material and from 0%
to 85% of a carrier means for said superabsorbent
material;

said fluid acquisition/distribution layer having no more than
6.0% of superabsorbent material and having a top surface area which
js at least 15% of the top surface area of said fluid storage layer
and which is smaller than the top surface area of said fluid storage

layer.

2.  An absorbent structure for acquisition, distribution, and
storage of bodily fluids, said structure characterized by:

(1)

a fluid acquisition/distribution layer having an
average dry density of less than 0.30 g/cc, an



5 heat ed oven.
or formclunps, in

The stlffﬁmmmnmllﬁ”mmut he tendency to floccul ate,
agueous so to inhibit flocculation, the

aqueous slywgyeisffigsl d be punped to t'he "heddbdx at a li near vpt@mgg]/ﬁmﬁt
[ east about O. 25 [err]. Also, it is preferred that 10 the |inear

‘veIOC|ty of the slurry upon exit fromthe headbox slice is fromabout 2.0

l %lﬁge!tjﬁas 681 a

U
re

the velocity of the formng wire. Another nethod for

tlons of fibers in a wetlaying process is described in
, 597, issued Decenber 26, 1989, incorporated herein by
n jets 15 of water arg-directed at the wetlaid fibers

just after dep05|t|on on the for%m Cw?é,gs,tﬁi o) hngaﬂ}@g{‘i%n%{%t Ilégq‘ath aqueous

conventi onal non-stiffened cel

ers e crosslin

stiffened fibers as described af9VétioBr mIrY "‘e"g'l"‘oméﬁs’st'en%fl ées%t rtéh'igt 1920+

sheets, particul ar

in the urgetedndontidverdaye diperashiorvaight) of desm L0001

facilitate processing and to INGegsey t PRn2t 88{d ‘atqflsit16n MR8k ibution 1ayer

particularly for wetlaid webs

comprising from 50% to 100%, preferably from 95% to
100%, dry weight basis, of chemically stiffened
cellulosic fibers ~and from 0% to 50%, dry weight
basis, of a binding means for said fibers; and
(ii) a fluid storage 1layer, positioned beneath said
acquisition/distribution layer comprising at Teast
15%, by weight of said .storage layer, of
superabsorbent material and from 0% to 85% of a
carrier means for said superabsorbent material;
said fluid acquisition/distribution layer having no more than
6.0% of superabsorbent material and having a top surface area which
is at least 15% of the top surface area of said fluid storage layer
and which is smaller than the top surface area of said fluid storage
layer.

3. The absorbent article or structure of Claim 1 or Claim 2
wherein said acquisition/distribution layer is substantially free of

- superabsorbent material, has a top surface area which is at least

25% of the top surface area of said storage layer and which is less
thap 90% of the top surface area of the said storage layer, has an
average density upon saturation with 1.0% NaCl aqueous solution, dry
weight basis, of between 0.02 g/cc and 0.15 g/cc, and has an average
basis weight of between 0.01 g/cm? and 0.08 g/cm2, and wherein said
superabsorbent material has an Absorbent Capacity of at least 15

9/9.

4. The absorbent article or structure of any of Claims 1 to
3 wherein said acquisition/distribution layer comprises from 2% to
50% of said binding means, wherein said binding means comprises
non-chemically stiffened cellulosic material.

RERPRFRE ST NP



(al t hough bindi ng neans can a airlaid webs), a binding
nmeans can be integrally incormﬂm‘mg‘ 'H&m)mignto the web. 25 Thi s can
be dane by § ?ﬂ é&ue bi ndi ng means kDers prior to welpdruseioo1s9
(Cwetl aid or’ai web formations), by applying the binding nmeans (e.g.,
chenical additive binding nmeans) to a wetlaid web after deposition on the

fornammkauﬁgge Q@ﬁore drying, by applying binding neans to a dry web
(\é\gt!mmlm conbi nation thereof. Suitable binding neans for
addi

|ffened cellulosic fibers prior to formati on of the wet
cellulosic and synt het igc Tﬁiqbgl'}lsbentn?ftﬁﬂélo? structitehof riﬂSred'f‘ ehaims 1 to 4

urry include, but are noT*#inited to, a vari ety of
i ncl ude 35 nonstiffened ce ers

nt
cel lulosic pul p fibeMREreip; o Bé‘?‘f’ﬁgd “’eﬁ%sfé"fplrt‘?f‘éd *“9@( I Og‘sﬂ%’ fGeldplosic.
which are refined tofiberaditavind aadafrieefissenefs s 1€53SFhaf 2005 s CanadriambStiandard

200 Freeness, and said acquisition/distribution layer compr1ses from
5% to 15% of said highly refined fibers.

6. The absorbent article or structure of Claims 1 to 4
wherein said binding means comprises high surface area cellulose,
and said acquisition/distribution layer comprises from 2% to 15% of
said high surface area cellulose.

7. The absorbent article or structure of any of Claims 1 to 6
wherein said acquisition/distribution layer is an airlaid web.

8. The absorbent article or structure of any of Claims 1 to 7
wherein said acquisition/distribution layer is a thermally bonded
‘web compriéing from 10% to 50% of thermoplastic material, said web
being made by preparing a web of a blend of said stiffened fibers
and from 10% to 50%, total web weight basis, of thermoplastic
material, heating the web to melt the thermoplastic material, and
cooling the web.

9. The absorbent article or structure of any of Claims 1 to 6
or Claim 8 wherein said acquisition/distribution layer is a wetlaid
web.

10. The absorbent article or structure of any of Claims | to 9
wherein in said storage layer the carrier means for said
superabsorbent material comprises a web of cellulosic fibers, and
wherein said storage layer comprises from 15% to 75% of said
superabsorbent material, said superabsorbent material having an
Absorbent Capacity of at least 15 g/g. material and wherein said
storage layer is substantially free of chemically stiffened
cellulosic fibers. '



- 23 - CSF, nore prefer 0 CSF to about 200 CSF (highly
refined fibers bei ng reﬂ mmm:“ uml “crill", and high surface area
cellylosic material such as expandedscet | uI ose fibers (hereinaf

descri bed) . W@ 91/11163 Various types of synthetic fibrous m?¢%1’%ﬁ9 be
‘used |n the synthetic fiber binding neans. For the purposes hereof, the

e of "s nthetlc fibrous materials" as a binding neans shall refer to the

th fibrous materials, in the final product, in fibrous
, the synthetic fibers are 10 of at |east staple
e fibers pr ef erably having_n average | ength of at |east
about 15crr) "Any type of br ous teri I. whi ch i s i ta i
conventi onal absor bent pf]o J@i gsqrrsga ?%]\?ear st[rgc'gurﬁ Pa&?ﬁ f’gb‘ﬁémsf
use in the acqui st | eerdiist rinbutaiidn smetngsf talyer prtbe ersuperabsontiesh. matena‘i.
Speci fic 15 exa'H?J'mE?zsled'xs%Fm ]pﬁhqwéks of "H%tsﬁ%e"i‘llt gé]"i%&%tmqufﬂa@‘i‘ng an

cellul ose fibers, rayo ester iesuc as pol yet hyl'ene
t erepht hal ate (DA °"M’/"G Fityc of\Ato 1) and the li ke. O her
fibers

12. The absorbent article or structure of any of Claims 1 to
10 wherein said storage layer comprises superabsorbent fibers.



usef ul i ncl ude cel | ul ose acet at e, pol yvi nyl fluoride,

pol yvi nyl i dene chloride, acrylics, polyvinyl acetate, polyanides 20

(such as nylon), biconponent fibers, triconmponent fibers, dﬁfsflm@pf
and the M™WQ®&¥11163}drophilic fibrous materials are pr ef erre

Exanpl es of suitable hydrophilic fibrous-materials include

hydrophilized hydr ophobi c fibers, such as

SU&L ﬁreﬁt d or silica-treated ther astic fibers derived, 25
for pol yol ef i ns such pol yet hyl ene or

poI onacryllcs pol yam des, pol ystyrenes, pol y-

uret | i ke. Hydrophobic synthetic fibers can al so be used, but

are Iess preferred. Such synthetic fibers that can be added to the web and
utilized in the final web product in fibrous 30 form include rayon,
pol yet hyl ene, pol ypropyl ene, etc. Such fibers, when of a hydrophobic
nature, are preferably present in quantities of |ess than about 30% total
web wei ght basis, such that the web remains substantially hydrophilic.
Conventionally, nonstiffened fibers, crlll, and synthetic fibers can also
be used 35 in airlaid webs.




I n one preferred enbodi ment wberein the acquisition/distribu- tion |ayer

i's nade, by a wetlaying process, the web conprises from about 85%to

about +95% o (¥ ffened cellulosic fibers and from about 5% to aboutg}S@b
etera

of crill, pr V from about 90%to about 95% of the sti ff drfed USPHEPLEY
and from about 5% to_about 10% of crill, nost preferably about 92% of
stiffened fibers and about 8% 5 criII Suitable cellulosic fibers

for ud@iss$ H@sB&ﬁf@mm&&ude chem cally pulpeszggg fibers, including

sof t wo pul p fibers, preferabl thern softwood fibers
(e.0., he Procter & Ganble Cellul ose Co., Menphis, Tennessee,
USA) . AII perce ges of web conponents referred to herein; 10

unl ess otherw se expressly stated, are on a dry web total weight basis. In
anot her enbodi nent, the acquisition/distribution |ayer conprises the
stiffened fibers and up to about 25% of high surface




area cellulosic materi al

such as expanded cellul ose fibers. 15

Preferably, the acquisition/distribution |ayer conprising a web of wetlaid

stiftened {jber d high surface area cellulose will conprisge_from about
85%to aboﬁ)tobgéi‘}(ﬂ%? the stiffened fibers, }Lﬁlj/égg/y

about 95% and from about 2%

about 10% of high surface 20

cel | uh A&t ilél _clé§ed herein will typicall
| east : . preferably at |east
nateriﬁ m I can be made to U. S. Patent 4,761,203, Vinson, August 2,

for a thorough discussion 25 of
I n general however

1988,
expanded cel | ul ose fi

‘bers.

erein by reference,

preferably from ab

69

to about 15% nore preferably from about 5% to

mul ti - conmponent uItrasqqy tures nade,2|fron1
Li gnin, hem cel |l ul ose, an

n7

calle

er conponent\s knownl
present. The cellul ose pol yner
threadli ke structures

to have di aneters ofjogaut 10}

6

h

c

area cellulose. The high surface area

ave a surface area of at
20 [err], of cellulosic

ellulosic fibers are
| ul ose pol ymers.
QQB the art may al so be
lly to form 30
ril elreported
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with an el ectron mcroscope. Mcrofibrils frequently exist int or m of
smal | bundl es known as macrofibrils. Macrofibrils can be u‘;r“'-"

plurality of microfibrils which are | . re \""';
threadlike strud®@E which vgogw:pﬁs%sﬁﬁ&%{ﬁ%&f%cépu? A i ‘}" Kril. but
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ur f he fiber, is princ I formed fromni fibrils.
bul k of thzgﬁ@fé}é wall, i.e., the se:%ﬁdé¥3§/"‘3"’ﬁ°“'%'ﬁ"? O "%T?"g'r?’?”

n

a conbrmatTom_of T crofioriTs and nacrjofrbriTs. See Pulp and Paper
Manuf adlt ) Buerndifdhal AgplicalfnDlahbei:i €S RIT/FE9M0016%| (RHwWedlat WITITE,| Mongnidl eT#ieThe Procter & Gamble

Propard:on For LB, o0, by Dros MU Ko ST RS B 0 S

"Utras stry™,
(30) Priority data: (81) Designated States: AT (European patent), AU, BE (Euro-
468,549 23 January 1990 (23.01.90) Us pean patent), BR, CA, CH (European patent), DE (Eu-
625,776 17 December 1990 (17.12.90) US ropean patent), DK (European patent), ES (European

patent), FI, FR (European patent), GB (European pa-
tent), GR (European patent), HU, IT (European patent),

(71) Applicant: THE PROCTER & GAMBLE COMPANY JP, KR, LU (European patent), NL (European patent),
[-7US]; One Procter & Gamble Plaza, Cincinnati, OB NO, SE (European patent), SU.
45202 (US).

(72) Inventors: COOK, Jeffrey, Todd ; 976 Wrens Roost Circle, | Published
Memphis, TN 38119 (US). MOORE, Danny, Raymond ; With international search report.

7943 Thornbrook, Germantown, TN 38138 (US). LASH,
Glen, Ray ; 5406 Bluebird Lane, Cincinnati, OH 45239
(US). YOUNG, Gerald, Alfred ; 1101 Hearthstone
Drive, Cincinnati, OH 45231 (US). :

(54) Title: ABSORBENTS CONTAINING STIFFENED FIBERS AND SUPERABSORBENT MATERIALS

[

Absorbent structures having a fluid acquisition/distribution layer (110) with an average dry density of less than about 0.30
g/cc, an average density upon wetting with 1.0 % NaCl aqueous solution of less than about 0.20 g/cc, and an average dry basis
weight from about 0.001 to about 0.10 g/cm?; and a fluid storage layer (108) positioned benea e isitionAdistributiGh
layer (110) comprising at least about 15 % superabsorbent mateﬂg The fluid a@.\isition : utig?:ﬁ (lﬁﬁses
from about 50 % to 100 % chemically stiffened cellulosic fibers arid from 0 %‘('&t;% abBit ndifjg megns. A3 o

b o

This Sheet Has Béen Reﬂlaced
102

(57) Abstract

i G310




-

WOTIP5 Lees

pp 35-44, pthERUAGEMENNrSHEFTb Canadi an Pul p and Paper |ndustry 10
(Montreal) sociation of the Pulp and Paper Industry
(Atlanta), Kpanded cel | ul ose fibers thus refers to

m croficbril § si whi ch have been substantially separated from
or=di sassoc ui osic fibef ultrastructure. 15 Hi gh
surface areg ceIIquse can aIEo be made fromcellulosic fibers by passing a
| i qui d suspemstomrof—cettutose fibers through a small diameter orifice, in
whi ch the suspension is subjected to a Bressure_dro- oﬁ at | east 3000 psig

and a high velocity sheanmts elocity
decel erating inpact. Passage BND SUPERNBSOREENT on through the

U
orifice is repeated until a substantially stable suspension is
obt ai ned. See U S. Patent 4,483, 743,. Turbak et al., Novenmber 20, 1984,
i ncorporated herein by reference.. A preferred-pregess—fet—preparing
expanded cel l ul ose fibers 25 - i's disclosed in the Whson patent (ibid.)

and i nvol vés i npacting a flbroug‘naterlal haV|n _d *IBﬂi*ﬁar ultrastructure
(e.g., o

10

This invention relates to absorbent structures using both
cellulosic fiber wmaterial and superabsorbent material. The
15 absorbent structures can be used in a variety of absorbent
articles such as disposable diapers, adult incontinence pads and
briefs and the 1ike which are required to handle relatively large
amounts of discharged body fluids, especially repeated discharges
of relatively large amounts of fluid in relatively short amounts
20 of time.
‘ BACKGROUND OF THE INVENTION
Absorberit webs which comprise entangled masses of fibers,
{.e., fibrous webs, are well known in the art. Such webs can
4mbibe Tiquids, such as discharged body fluids, both by an_
25 absorption mechanism wherein fluid is taken up by the fiber
material itself and by a wicking wmechanism wherein fluid is
acquired by, distributed through and stored in the capillary
interstices between fibers. One means for improving the
absorbency characteristics of such fibrous web structures is to
30 incorporate therein shpernbsorbent material, such as as polymeric
gelling material (also referred to as hydrogel-forming material
superabsorbent polymers, etc.) which d{mbtbe fluid. The
superabsorbent material serves to retain fluid such as discharged
body 1liquids. An absorbent structure of this type wherein
35  hydrogel-forming materials in particulate form are incorporated



cellul ose fibers) ﬁ%P#%CEM%NJeSHEEEa to cause mcrofibrils and
macrofibrils to separ at e frgm; said fibrous mat eri al
ultrastructure. 30 04 JANTI9871 éngt h of the high surface area cellulosic
materi dl preferably yanges from aloyt 20 to about 200 pm Typically, for
wet | aying, the high surface area cel{lul ose is provided as a danp pul p,
general ly at 15-17%.sqQlids,. .and pref:erably djluted to |l ess than 4% solids
content and processed in 35 a beater of &i"sc refiner to break up

oti ffened 11 bersTsp E1EmS e in ARG 1o Spiena dod Bt 0" basents
bl ender, a def| aki100678;s desuedoSegtember %i k986, cone, or double, disk
LT TEheaT s bers, andhE ol 18 ADRrSGAcY Srabiadl ) {fcdiorton o
absorbent’ getling ma erf%ls has permitted the realization of
5 absorbent articles such as diapers which employ relatively thin
absorbent cores and which are, therefore, relatively thin
products. Thinner diapers are less bulky to wear and fit better
under clothing. They are also more compact in the package, making
the diapers easier for the consumer to carry and store.
10 Compactness in packaging also results in reduced distributio. |
costs for the manufacturer and distributor.
One such absorbent core configuration which is useful for use
as the absorbent structure in relatively thin absorbent articles
is disclosed in U.S. Patent No. 4,765,780, issued August 23, 1988
15 (Angstadt). This patent discloses absorbent articles, such as
diapers, which have a two layer absorbent core configuration
wherein the core comprises an upper primary layer and a lower
dusting layer. The primary layer is an afrlaid web of hydrophilic
fiber material with a .substantial amount of absorbent gelling
20 material admixed therewith The dusting 1layer comprises
hydrophilic fiber material and, preferably, contains no absorbent
gelling material. L
Another absorbent core configuration {s disclosed in
Weisman/Houghton/Gellert, U.S. Patent No. 4,673,402, issued June
25 18 1987. This patent discloses absorbent articles having a dual
Tayer absorbent core. In the dual layer configuration, the core
comprises an upper primary layer which is an airlatd web of
hydrophilic fiber material, optionally with a small amount of
polymeric gelling agent particles admixed therewith. The core
30 also comprises an underlying insert layer which is an airlaid
mixture of hydrqphilic fiber material and a substantial amount of
polymeric gelling agent particles. This insert layer is generally
positioned toward the front of the absorbent article such that
more than half of the polymeric gelling agent material in the
35 article is found in the front..half thereof. Absorbent articles
having the particular dual layer configuration.of the ‘402 patent
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nateria'l in the absorbent core. Unfortunately, high levels of

polymeric gelling material, (especially levels in excess of about

15%) in fibrous webs typically used in absorbent cores tends to
induce a phenomena rveferred to as gel-blocking. Gel-blocking
occurs when the polymeric gelling material located in regions
first contacted with fluid increase in volume as a consequence of
imbibing the fluid and forming the hydrogel. When polymeric
gelling matertal concentration is too high, the hydrogel can block
additional fluid from reaching other regfons of the core having
unused absorbent capacity. The occurrence of gel blocking can
lead to leakage during usage of the absorbent article.

Polymeric gelling materials have been developed which can
exhibit a reduced tendency to result in gel blocking. Such
materials are described in .U.S. Patent RE 32,649, April 19, 1988,
Brandt/Goldman/Inglin. However, these improved polymeric gelling
materials, and other superabsorbent materials, are subject to
peffonnnce timitations of the web of cellulosic fibers in which
particles of gelling material are distributed. In particular,
4poen initial wetting, the cellulosic fibers become highly flexible
and the web tends to collapse to a higher density and,
consequently, exhibits smaller average pore size. Whereas, pore
size becomes smaller than the pore size in regions of the web not
yet ‘wetted, a capillary gradient is created which opposes
efficient transport of fluids to the dry areas of the absorbent
article.

Another reason why many absorbent articles such as diapers
are subject to leakage is inability to absorb second and
stibsequent discharges of fluid even {if the first fluid discharge
has been effectively absorbed. Leakage due to second and
subsequent discharges is especially prevalent during the night,
when ausers:-commonly experiepcev:multiple.<discharges:before being

such as can be found



of these polyfuncti
groups and net hyl ol {gfoups attached;t
resins may also fing yit 04 tJAN 0%he] p
particularly cationfc|] nodified stayc
additives in the pr Esent I nventi on. ch cationic starch material s,
generally nodified w | I ni ng groups such as am no groups and
nmet hyl ol groups 30 attached to nitrogen; &émy be obtained from Natura
Starch and Chenmical Corporation, |ocated _in Bridgewater, New Jersey. O her
sui tabl e binders iattended tout Onec weason fiox cthe oinabdi{tic r9fi i manyciabsorbent

1] 38y o e e ants ohe T’ of FUAS, R
basi s, Chenical adfetyion. 3&8r§’tﬁﬂf‘%h"7‘5§%§ d?‘gﬁYﬁﬂ i{%,%&ee%‘ﬁ?txaqu l&he
uttlized in quant absarbent fcaracta Keasspart dischargeddfiluidvaway £rem the region

L of discharge once the absorbent capacity of that region has been

reached. After a discharge of fluid occurs, the fluid tends to
remain situated in the region proximate to the discharge. The
occurrence of successive voiding of fluid creates a driving force
to laterally transport the previous fluid and newly discharged
10 flutd. However, actual performance of the absorbeat article 1.
limited by the ability to have the fluid transported to the
farther reaches of the core. In this regard, even in the absence
of polymeric gelling material, the overall absorbent capacity of
conventional absorbent diaper cores {s generally incompletely
15 utilized prior to failure, i.e., Tleakage, of the absorbent
article. i

Yet another reason for leakage in conventional absorbent
articles is the propensity of the cellulosic fibers conventionally
utilized for fluid acquisition and distribution to collapse upon

20 wetting, thus impairing permeability of the structures.

It is an object of this invention to provide superabsorbent-
containing absorbent structures which can circumvent the problems
of gel'- blocking and wet collapse and which. can utilize a.
increased proportion of their absorbent capacity.

25 It is a further object of this inventfon to provide
superabsorbent-containing absorbent structures which can acquire
fluid rapidly in the region of dischargé and transport the fluid
over relatively large proportion of the absorbent structure
storagé area and, additionally, be capable of effectively

30 acquiring and distributing discharged bodi_ly fluid from second or
other successive voiding.

It is yet another object of this invention to provide
absorbent structures which are capable of meeting the objects
described above which are of 2 relatively thin design.

35 One absorbent structure which has been suggested is described
in U.S. Patent No. -4,935,022, tssued June 19, 1990 to Glen R. Lash
and Leomard- R.- Fhempson. This upatent discloses disposable

rogen contai ni ng groups such as am no
ni trogen. Pol yet hyl eni m ne type

esent 25 i nvention. Starch,

es may also find utility as chem cal




- 27 - added to thé Séépf\f;é‘ﬁ@‘d f| bé‘rls i n aqueous slurry, conventionally,

nonsti ffened cel | ul ps f+bers—or—ti gh surface area cellulose is preferably
al so present, to enha ce re W fi the chem cal additive binder.
Chem cal additive bi @é‘ﬂ applied to 5 dried or undried webs

by<printing, spraying, or ot.her hbds known in the art. Thernoplastic
Rei nforced Acqui sitifon/ Di stribution L yer | n another enbodi nent, the

acquisition/distribLLLonwLaye%~c0nprTses an alrlald or wetlaid, preferably
airlaid, web of 10 stiffened cellulosit %ibers wherein the web is

0, 0, 0,
(o nforced “hor c SHTLRY At {EVeS, Solbtiking’ 3 Lnbiriuciskhckent Yrgpodlyiongd ' °
t her nopl asti ¢ bi hetwegnnat backsheethandeian topsheeter wheredst ithe babssirbentracoee i al
plrgg'rges gagg f'hw&rak Wgﬁggseﬂ 'l@éggénftdﬂfﬁdeﬁf efmté& curl 'dfe\'irmk& .

web conpri si ng tﬁi@' %‘f‘g '85Ff ufm c‘hﬂ'g #{nteo afs:' by "ed‘%h of "'99

5 part1c1e absorbent gelling material and a lower 1layer of

stiffened, twisted, curled cellulose fibers and from about 15% to

60%, by weight, of absorbent gelling material. The upper layer

serves the principal purpose of acquisition and distribution of

bodily fluid discharges. The stiffened, twisted, curled fibers

10 are highly benefictfal in this regard. The lower layer, which is

necessarily smaller than the upper layer, is principally for fluid

storage.

Another ~ absorbent structure which has been proposed is

described in U.S. Patent 4,798,603, S. C. Meyer et al., issued

15  January 17, 1989, titled “"Absorbent Article Having a Hydrophobic

Transport Layer." As suggested by the title, this patent

describes an absorbent article with a hydrophobic transport layer,

made from known hydrophobic synthetic fibers. The traasport layer

is positioned between a topsheet and ‘an absorbent body. The

20 absorbent body is necessarily more hydrophilic than the transport

layer. The purpose of the transport layer is to act as an

insulating layer between the topsheet and the absorbent body, to

reduce skin wetness. Regardless of whether the structures

described therein meet this objective, the hydrophobic nature of

25 the transport layer of U.S. Patent 4,798,603 would be expected to

have Vimited fluid acquisfition and flutd transport properties

due, at least in part, to the hydrophobicity of the layer. This

would be particularly so for second and successive fluid

discharges after which any optional surfactants have been washed
30 ° away.

Notwithstanding the existence of absorbent articles of the
type described above, there is a need to identify further improved
configurations for absorbent articles which provide improved fluid
distribution and acquisition performance, especially with respect

35 to successive fluid discharges.

Accordingly, the present invention provides improved
absorbent structures, andcelsments for use therein, as well as
absorbent articles utilizina such structures. (tétizina > maéind~



REPLACEMF NT SHEET
e st Lﬂj preferably evenly distributed

f Ry either airlaying or wetlaying :
processes. Once f me§rl Bﬁ‘g‘ %gel sithermal |y bonded by 20 ™ heating the
web uhtil the heLmoplasti-ec --Fi bers  mel t. Upon nelting, at |east a
pdrtion of the thernoplastic materijal will mgrate to intersections of the
stiffened cel |l ul ob+e—tpers—due 10 Interfiber capillary gradients. These
i ntersections becone bond sites for the therfoplastic material. The web is
t hen cool ed and 25 . i ngr at ed therrmgl astic material bonds the stiffened
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ability of the st fibers to retain their stiffness upon wetting and
the. ability of the thernoplastic SUMMARY OF THE INVENTION

The present invention provides an absorbent structure, which
is particularly useful as the absorbent core in disposable
10 absorbent articles such as diapers and incontinence briefs, ana
which comprises: a) a fluid acquisition/distribution layer having
an average dry density of less than about 0.30 g/cc, an average
density upon wetting to saturation with 1% NaCl aqueous solution,
on a dry weight basis, of less than about 0.20 g/cc, and an
15 average dry basis weight of from about 0.001 to about 0.10 g/cm?;
and a fluid storage layer, positioned beneath the
acquisition/distribution layer. The acquisition/distribution
layer comprises a web of from about 50% to 100%, by weight,
chemically stiffened cellulosic fibers and from 0% to about 50%,
20 by weight, of a binding means. The binding means can be used to
increase physical integrity of the web to facilitate processing
and/or 1improve in-use performance, and/or increase effective
average inter-fiber pore size of the web. As used herein, binding
means  refers to means incorporated integral to the layer of
25 obiffened fibers, such as {(but not limited to) nonstiffened
cellulosic materials, synthetic fibers, chemical additives, and
thermoplastic polymers. Tissue envelopes and other scrim external
to the acquisition/distribution layer can also be used to enhance
physical integrity in combination with, or in place of, said

30 binding means.
The storage layer comprises at least about 15%, by weight, of
superabsorbent material and from 0% to about 85% of a carrier

and thernopl asti
t hroughout. The

-

means for the superabsorbent  material. The  fluid
ai:quisition/distribution layer should contain no more than about
35 6.0% of superabsorbent material. Preferably, the

acquisition/distribution layer will be substantially free of
superabsorbent material. "For purposes herein, “"substantially



35 remai n bonddd PAF Lt e Filbe¥ i nder secti on upon wetting and upon wet
conpr essi on. In jngt, the thermalily bonded web retains its original

overal | volune, but} tiheg 4&vgAN"BY ‘fld negi ons previously - 28 - occupied
by thernopl astic filbrious materi ke¢omes open to thereby increase average
interfiber capillarly ‘pore-sitze—Thernal | y bonded, thernoplastic-reinforced
absorbent webs, utijlizing conventional, wunstiffened cellulosic fibers,
are 5 described 1n U'S Patent 4,590,114, D. C. Holtnan, issued May
20, 1986, incorporated by reference herein and by Peter 6. Bither in
"Thermal | y Bonddfte€bret supérabsarbesty miaterddknmesmsodlesss tmbn\abuﬂ:nsz.‘wgl d

Novenber 1988, ppefidiabby h@&? Imarpfmiedﬂwe'ao&y 5 bI z {irel 0 |

processi ng technl
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"essentially zero® percent superabsorbent .uaterial means low

5 amounts (less than about 0.5%) of superabsorbent material present
in the acquisition/distribution layer inctdental to-the contact or
close proximity of the superabsorbent-containing storage layer
with the acquisition/distribution layer.

The fluid acquisition/distribution layer has a top surface

10 area which is at least 15% of the top surface area of the fluid
storage layer, but which is smaller than the top surface area of
the fluid storage liyer. The acquisition/distribution layer is
preferably positioned relative to the fluld storage such that in
the unfolded planar configuration of the article none of {ts

15 surface area extends beyond the boundaries of the top surface area
of the fluid storage _layer. More preferably the
acquisition/distribution layer has a top surface area which fis
from about 15% to about 95%, most preferabﬂy from about 25% to
about 90%, of the top surface area of the fluid storage layer.

20 The absorbent structure can be advantageously utilized as the
absorbent core in absorbent articles, e.g., disposable diapers and
incontinence briefs, which also comprise a fluid pervious topsheet
and a fluid impervious backsheet affixed to the topsheet, wherein
the absorbent core is disposed therebetween. The absorbent core

25 & pnsitioned such that the acquisition/distribution layer 1is
Tocated between the topsheet and the storage layer, and the
storage layer s located between the acquisition/distribution
layer and the backsheet.

The -superabsorbent material used in the storage layer has an

30 Absorbent Capacity of at least about 10 grams of Synthetic Urine -
(1.0% NaCl aqueous (distilled water) solution) per gram of
superabsorbent material, measured according to the test procedure
hereinafter described. Suitable superabsorbent material
categories include polymeric absorbent gelling materials,

35 typically utilized in the form of discrete particles, and

superabsorbent fibers, such as acrylate grafted fibers and
superabsorbent modified cellulosic fibers.

—
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distributed thro gM@Ut the meb Subsequent to formation of a dry web, the
web can be hedtegd—to a te erature to nelt the thernoplastic
fi bers but not ch mage the 15 stiffened cellulosic

fibers. Upon cooli E é@f’% east s of the resolidified thernoplastic
material will proyi wh] ch secure stiffened, cellulosic fibers
to one anot her at }{points of |nd|v al fiber intersections to forma
stabilizing netwo —MtErTiber bond side8 at the intersection of the

stiffened 20 cellulosic fibers. The : thernn-lastic bi ndi ng
mat eri al s usef ul for the Ru&& ; ' Ryers herein

i nclude any ther nopl pfgure pot-msemisl ﬁhpmebﬂmhtiéﬂl &t J ABRraWEe Wi ch

25 "hoint o Leresi rEea 8y S, ttth‘)i‘gfﬁat‘& Tiper, ﬁn‘?’t@bné;gnt oot
[err], preferablpreseateerinvenddon er r Theand ahsarbent er rcpre | n shown cabes t ke
mel ting po§nt Sh%ltd:g:ﬂosmw aE&ﬂ%tt%ﬂ?ﬂ'!@Gﬁ'bﬁEidﬁt Vdyerh dnge %&Les of
this invention are ore wher eby nelting point wi e
typically no | o/#BAsg péﬁd&?' 5

Figure 2 represents a perspective view of a diaper structure
similar to Figure 1, but wherein the storage layer has a modified
hour-glass shape.

10 Figure 3 represents a direct view of an absorbent core useful
for diaper applications, such as in Figures 1 and 2, wherein the
core has a modified hour glass-shaped storage core and a suular
hour glass-shaped acquisition/distribution layer.

DETAILED DESCRIPTION OF THE INVENTION

15 The absorbent structures of the present invention can be
utilized in disposabte products which are capable of absorbing
significant quantities of body fluids, such as urine and water in
body wastes. Such articles may be prepared in the form of
disposable diapers, adult incontinence briefs, adult incontinence

20 pads and the 1ike.

The absorbent articles herein generally comprise three basic
structural components. One such component is a 1iquid impervious
backsheet. On top of this backsheet is disposed an absorbent core
which itself comprises two distinct layers, and which includes a

25 superabsorbent material 1in one of the layers. On top of this
absorbent core and joined to the backsheet is a water pervious
topsheet. The topsheet is the element of the article which is
placed next to the skin of the wearer. - As used herein, the term
"joined" encompasses configurations whereby the topsheet is

30 directiy Joined to the backsheet by affixing the topsheet directly
to the backsheet, and configurations whereby the topsheet is
indirectly joined to the backsheet by affixing the topsheet to
intermediate members which in turn are affixed to the backsheet.
Preferably; .the topsheet and backsheet -are joined directly at the

35 diaper .periphery by adhesive or other .attachment means known in
the art.

-




30 The khernvplastrc brndrng material may, for exanple, be
pol yet hyl ene, polypropylehe . pol yester, pol yvi nyl chl ori de,

pol yvi nyl idene chrorlde Q her synthetlc fibrous materials which-can be
utilized in thernally Q@mded webs are descri bed above. Preferably, t he
thernopl astic wll « preferably . not 35 significantly inbibe or
absorb aqueous flurd— -Hoviéver. the surface .of the thernoplastic
naterlal can be- hydrophlllc _or. hydr:ophobi c. (As used herein, the

terms "hydrophilic*-and - 29 - "hydrophobic" shall refer to the extent
to which the surfaces_ are b ter, The surf
t hernopl astic can gé ?"gﬂb& %&%ﬁr‘?#‘ﬁy‘f&é‘% E‘r"&pﬁ’fﬂor C

t her nopl asti ¢ bidksposablenddapexss. wi Aﬁialcsrrimctmtfpmlm d;lspasablm -d{apers or

gni g_ni c5 ) ii‘éfﬂﬂtl Ndescfbed) 1APOAMCART ahd CBARMS' UK. %téhtaaé%é ggjant or

y dipping the JRLEl Fanudry' 31, ' 16673  DuReis u.s. RS 682,994 2 s sued

July 13, 1971; Duncan and Gellert, U.S. Patent 3,489,148, Issued

January 13, 1970; and Buell, U.S. Patent 3,860,003, Issued January

14, -1975; which patents are incorporated herein by reference. A

preferred disposable diaper for the purpose of this 1invention

comprises an absorbent core; a topsheet superposed or co-extensive

10 with one face of the core, and a liquid {impervious backsheet
superposed or co-extensive with the face of the core opposite the

face covered by the topsheet. Both the backsheet ind the topsheet

most preferably have a width greater than that of the core thereby

providing side marginal portions of the backsheet and topsheet

15 which extend beyond the core. Frequently the backsheet and the

topsheet will be fused together in these side marginal portions.

The diaper is preferably constructed in a shaped configuration
such as, but not 1imited to, an hourglass shape.

The backsheet of the articles herein can be constructed, for
example, from a thin, plastic film of polyethylene, polypropylene,

~or other flexible moisture impeding material which s
substantially water impervious. Polyethylene, having an embossed
caliper of approximately 1.5 mils, is especially preferred.

- The topsheet of the article herein can be made in part or
tomptetely of synthetic fibers or films comprising such materials -
as polyester, polyolefin, rayon, or the 1ike, or of natural fibers
such as cotton. In nonwoven topsheets, the fibers are typically
bound together by a thermal binding procedure or by a polymeric
binder such as polyacrylate. This sheet is substantially porous
and permits a fluid to readily pass therethrough into the
underlying absorbent core.

Another suitable type of topsheet comprises the topsheets
formed from liquid impervious polymeric material such as polyole-
fins. Such topsheets can have tapered capillaries of certain
diameter and taper positioned in the topsheet to permit flow of

discharged fluid through the topsheet {nto--the underlying
absorbent core of the"irticle.

]
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REPLACEMENT SHEET _
] tend to remain at the surfaces of

SUI t abl rfaftants include non-ionic surfactants
Mﬂ?ﬁs’u 10 Anericas, Inc. of WImnmngton,

resolidification,
t he thernopl astic.
such as Brij 76 nafpu ad

Del awar'e and the variious patarialssspld under the Pegosperse trademark by
d yco Chemical, In¢. of G eenwch, _Sgnnectlcut Ani oni ¢ surfactants can be
al so used. Surfact

t he flﬁgrs at a level of from about
0.2 to about 1 gram per square neter of thernoplastic binding 15

e o) a5 | ISR BLYE 0 Snptlicih o AR oy,
Ther mopl astic fi 4 fe e tﬁéf YERPng ‘b EB’“WGGW dﬂ Bidet absorbent t o
about 6 cmlong, qurefcofabisyid r anttdiest OT@psheeto eéhstructionutis3. Gerdedally
B bra e Olsgggmpke%avfasfohb&&}s Bt 290531 fil Tidieepe &”9%?,2?(
is a polyol%fin Bel haversdoe Uy %tght sBr063: 852y clssued nHoxembert i 18,
which, in generali962; Holliday, U.S. Patent 3,113,570, Issued December 10, 1963,
and Thompson, U.S. Patent 3,929,135; Issued December 30, 1975;
which patents are incorporated herein by reference. Preferred
topsheets are constructed from polyester, rayon, rayon/polyester
10 blends, polyethylene or polypropylene. The topsheet can b;
treated with surfactant to make it more wettable and therefore
relatively less hydrophobic, to thereby increase fluid flow
through it at least upon initial wetting. However, the topsheet
should still be more hydrophobic than the absorbent article
15 element which receives fluids after passing through the topsheet.
An absorbent core, which 1is preferably flexible, is
positioned between the elongated backsheet and the topsheet to
form the absorbent articles herein. This core essentially
comprises both an upper fluid acquisition/distribution layer and a
20 lower fluid storage layer. It should be understood that for
purposes of this invention these two types of layers refer merely
to the upper and lower zones of the absorbent core and are not
necessarily limited to single layers or sheets of material. Thus
both the fluid acquisition/distribution layer and the fluid
25 . storage layer may actually comprise laminates or -combinations of
several sheets or webs of the requisite type of iuaterials as
hereinafter described. The storage layer can comprisé a single
sheet of essentially 100% superabsorbent material, as will be
hereinafter described. As used herein, the term *layer" includes .
30 the terms "layers® and "layered."” For purposes of this invention,
it should also be understood that the term "upper" refers to the
layer of the absorbent core which is nearest to and faces the
article topsheet; conversely,. the term "lower" refers to the layer
of the absorbent core which. is nearest to and faces the article
35 backsheet.
Optionally, a fluid, pervious sheet (e.g., a tissue sheet) or
other scrim is positioned between the acquisttion/distribution



| REPLACEMENT SHEET
25 i's made by sprayi-ngnof bol ymer and gas through a nozzle into a
vacuum PULPEX i ¢

\vaj | a Lo, bOt h pol yet hyl ene and pol ypropy- | ene forns.
The thernopl asti d L53®4c£*ﬁgg&%y rophilic or hydrophobic. As described
above, 't her nopl agt ilc._bindetzreinfofced webs of 30 stiffened cellulosic
fi'‘bers can be made by wetlaying or jairlaying processes. Airlaid webs can be
made by i nterm Xisrg-+he—ecettulostt and t hernopl astic fibers and then
airlaying according to the techni ques destrilpad above. The stiffened
cellulosic fibe

context. by 35 Vayeroqand EHET sEGrage: IYRS” ofF " dAFuaaRe SoRtedTdte, (of orhmy o
fibers and thermiai;tiw/d‘lﬁtrd)buﬁnatmaldmﬁgeftmr.essridg cindéart use. t Bach
O " or b g YE S Dl G0 SBAMAGEN, SRS et e <0
acquisition?&*gtr$béy}oﬂ fayer, or simﬁ\y ge positioned as
5 described  above  without  necessarily  enveloping  the
acquisition/distribution layer. Also, optionally, the
superabsorbent material-containing storage layer can be enveloped
with a fluid pervious sheet, such as a tissue paper sheet, to
obviate user concerns with loose superabsorbent material.
10  Acquisition/Distribution Laver |

One essential element of the absorbent structures hereof is
an upper fluid acquisition/distribution layer which comprises a
combination of a hydrophilic fibrous material, described more
fully hereinafter. This fluid acquisition/distribution layer

15 serves to quickly collect and temporarily hold discharged body
fluid. A portion of discharged fluid may, depending upon the
wearer’s position, permeate the acquisition/distribution layer and
be absorbed by the storage layer in the area proximate to the
discharge. However, since fluid {s typically discharged in

20 gushes, the storage layer in such area may not absorb the fluid as
quickly as it is discharged. Therefore, the upper
acquisition/distribution. layer hereof also facilitates..transport

". of the fluid from the point of initial fluid contact to other
parts of the acquisition/distribution layer. In the context of

25 the- present invention, it should be noted that the term “fluid"
means “liquid.* :

As previously noted, the fluid acquisition/distribution layer
is a web comprising stiffened cellulosic fibers. The acquisition
layer comprises from about 50% to 100% of these fibers and from 0%

30 to about 50% of a binding means. Suitable binding means are
discussed below, .

The fluid distribution function of the acquisition/distribu-
tion layer is of particul;r importance in order to more fully
utilize the capacity of the storage section. The presence of

35 substantial amounts of superabsorbent materials 1in the
acquisition/distribution layer which swell upon contact with

i)

o




equi pment i ncl udes ai¥P 4'ori'ng  “"systems available from Dan \ebforming
International Ltd. (Rigskov, Denmark). ‘A suitable nmethod and apparatus for
m xi ng cel lul osic and tihep @OPhRSHUE 5 | fi bers for subsequent airlaying
are.al’'so described in L; S. Patent 4, 93, 114, Holtman, D. C, issued May
20, 1986, i ncor por at ea—teret-r-by-ref érence. In wetlaying contexts, the
t hernopl astic fibrous material can be iintermixed with the stiffened
cellulosic fibers in fThe aqueous siurry priod2to web formation. 10

e LT oDl 8ot] eyl b BT ke o Pty bOREEUIRIE! Fuiion "S5 on
excl uded. In ascquisitionydtstrébytion hayeeb i s subjected to by heat .
o ener et "ty ¥ AabRRG 1 deblieofy veh e, B4° g WHaly LGy
i ncorporated i nfbtion{gistribution;\ayeropf the abserhent strusturasshereisccams
such as tisSue shbetof fwpbrodfce inajetermintng the 8HfuctvIResdUT the desIR1ny e
as exter nal sUPPOLLedreft Yrkicibs! © THese"1RLTUGE Shage bR hETpHT: 2Dinstty,
permeability, capillarity and wicking ability, the type and
structural i{ntegrity, and character of the fibrous material
utilized. As indicated, the acquisition/distribution layer of the

10 core is preferably elongated. For purposes of this inventio;.,'
this wmeans that the acquisition/distribution layer, 1like the
storage layer, is elongated if it is of unequal length and width
in the unfolded, flat configuration. The acquisition/distribution
layer in the unfolded configuration can be of any desired shape,

15 for example, rectangular, frapeioida’l, oval, oblong or
hourglass-shaped. The shape of the upper fluid acquisi-
tion/distribution layer of the core can, but need not necessarily,
correspond to the general shape of the storage layer. The top
surface area of the acquisition/distribution layer will preferably

20 range from about 25% to about 90% of the top surface area of the
storage layer, and also preferably will not extend beyond the edge
of the storage layer at any outer boundary. The
acquisition/distribution layer will ‘typically have top surfac.
area less than about 80% of that of the storage layer.

25 Preferably, there is 2 margin from the edge of the
acquisition/distribution layer to the edge of the storage layer of
at least about 0.5 cm, preferably at least about 1.25 cm, in the.
regions proximate to where fluid {is discharged during use. In
diapers, this would correspond, for example, to the crotch region

30 115 of Figure 2, particularly at the narrowest part of the storage
core 106 in the central region 115. Addftionally, especially for
absorbent articles to be worn by males, such a margin is
maintained in the front waist region, exemplified as 112 in Figure
2, which area is to be worn on the front of the wearer.

35 The fluid acquisition/distribution layer will generally have
an average -dry density of less than about 0.30 g/cm3, measured
prior to- use, and an average density upon-wetting to saturation
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20 above. Storage jLaver A second dsdential el enment of the absorbent
coreis alower fluid storgqeghﬂyg?;m/ri gh conprises at |east 15% by
of sy

wei ght, preferably at {l gast 2 % pdr absorbent material (defined nore
25 fully hereafterf) ,~ard~from99%to;about 85% preferably |less than
about 75% of a sugerabsorbent materital carrier neans. The princi pal

function of the fluid storage layer 1s to absorb discharged body fluid from
t he upper acquisition/distribution |ayer a.n(i retain such fluid under the
pressures encountered as a 30 result of ?he wearer's novenents. Thus,

W Eh T e acan et oonbtiesse Urine (1.080RECT agieous 561 tany TER"4 G Hd
| ayer will drgi nﬂ%ﬁbpﬁtrilﬁe%wmﬁiﬁ ?% g'eeé(’,thﬂ‘%oaq"f‘ﬁi zﬁo&d‘?‘%e/\s
i ndi cat ed her ei npeeferahiy Hesst thanyaabouy c0.19nglfemdes Abso, preferabhyysotiacnt
meterial such asavitdge ndky. WRASAEanly diisVeyCtpbd: wiledfd ole satdibd) &% O
Zssggrsln;tg gf of %ﬂu Bﬁp@i' 602 g}?‘c:rlln(i an eé.%%}eﬁ? more rp%g?err;%%yerbe%ueesn ¢
about 0.02 g/ca3 and about 0.15 g/cm3. The averege dry basis
weight of the acquisition/distribution layer of the absorbent core
will typically range from about 0.001 to about 0.10 g/cm2,
preferably from about 0.01 to about 0.08 g/cm2, more preferably
10 from about 0.015 to about 0.04 g/ce2. Unless specifically
indicated, all basis waights and demsity values are calculated on
2 dry basis (at equilibrium moisture levels no greater than about
6%). Density and basis weight can be substantially uniform
although nonuniform density and/or basis weight, and density
15 and/or basis weight gradients, are meant to be encompassed herein.
Thus, the acquisition/distribution layer can contain regions of
relatively higher or relatively lower density and basis weight,
preferably not exceeding the foregoing rarjges. Average dry
density and average dry density upon wetting to saturation with
20 Synthetic Urine (1.0% NaCl aqueous solution, with distilled water)
values are calculated from basis weight of the dry layer and layer
caliper. Dry caliper and caliper upon wetting to saturation are
measured under a confining pressure -of 0.2 psi (1.43 kPa).
Average density upon wetting to saturation s calculated from the
25 . dxy basis weight and saturation caliper. The saturation caliper
is measured after the layer 'is saturated (under unrestrained
-conditions) with the 1.0% NaCl aqueous solutfon and allowed to
equilibrate. _

The  acquisition/distribution layer of the . absorbent
structures herein essentially comprises a web of hydrophilic
chemically stiffened cellulosic fibers. These cellulosic fibers
are typically wood pulp fibers which have been stiffened with an
intrafiber chemical stiffening agent.

The fluid acquisition/distribution layer should contain no
35 more than .about 6.0% of superabsorbent material. Preferably, the

acquisition/distributiqn layer will be substantially free of
superabsorbent wmaterial. For purposes herein, “substantially

30



- 31 - and super absof DENT T Fbhers. The superabsorbent materi al
be in any form whichjc 5*—6@%4&&3&%3% into a flexible web or sheet 't

formthe storage |aykr{ Superabsorbent

materials are described in nore

detail” bel ow. The suoe’awmmt@rii al, upon 5 contact with flu
such as water or body [luids, absorb sguch f1uids. (As used herein,
.term "fluids" .shallj refer=—toTiquids, as opposed to gases.) In this
manner, fluid dischatged into the acquﬁ sitfe di stribution layer and

transported to t

t I b d hel d by th
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amounts (less than about 0.5%) of superabsorbent material present
in the acquisition/distribution layer incidental to-the contact or
close proximity of the superabsorbent-containing storagé layer
with the acquisition/distrtbution layer. .

If present in the acquisition/distributton layer, espectall:
if present in amounts greater than about 2.0%, superabsorbent
material in the form of particles of absorbent gelling material
may be of relatively large diaméter (e.g., from about 400 to about
700 microns 1{in mass median particle size). Superabsorbent
particles having a mass median particle size less than 400 microns
may also be employed.

As discussed above, the articles of the present invention
emplioy chemically stiffened fibers. As used herein, the term
“chemically sti ffened fibers" means any fibers which have been
stiffened by chemical means to increase stiffness of the fibers
under both dry and aqueous conditions. Such means include the
addition of chemical stiffening agents which, for exémple_, coat
and/or impregnate the fibers. Such means also include the
stiffening of the fibers by altering the chemical structure of the
fibers themselves, e.g., by cross-linking polymer chains. _

For exemplary purposes, polymeric stiffening -agents which can
coat or impregnate cellulosic fibers include: catfonic modified
starch having nitrogen-containing groups {e.g., amino groups) such
as those available from National Starch and Chemical Corp.,

can
(0]

i ds
t he

with

on

Bridgewater, NJ, USA; latex; wet strength resins such as:

polyamide-epichlorohydrin resin (e.g., Kymene™ 557H, Hercules,
Inc. -Wilmington, Delaware, USA), polyacrylamide resin (described,
for example, in U.S. Patent 3,556,932 issued January 19, 1971 to
Coscia, et al.; also, for example, the commercially available
polyacrylamide marketed by American Cyanamid Co., Stanford, CT,
USA, under the tradename Parezi™ 631 NC); urea .formaldehyde and
melamine formaldehydg resins,. and polyethylenimine resins. A

.general dissertation on wat strangth resins.utilized in the paper

art, and generally applicable herein. can ha fnund in TADDT



15 ~ least about 20 g,r-gi Synt het i-¢-brfe (SU - 1.0% NaCl aqueous

sol ution) per gram of supdidbsanbent ~Wtieri al, as determined according to
the hereinafter descri Absorbent™}Capacity procedures. The

super absor bent nateri al @@ﬁﬂﬁgef’%nj' § typically in 20 t he form of
di screte particles of s r material. These particles w ||
typically be distribute t-hiaRe=a--web—of

fii brous material as carrier neans.
The superabsorbent fibrous material can cdnprise synthetic

fibers. Sui tabl e fi brotus—carrier—eans aLeygel | ul ose fibers, in the form
of fluff, 25 such as is conventionally utilized in absorbent cores.
Modi fi ed cel | ul omndgrlaph smw Nos 2% SWet fStwengthelih (Faper dndbPapertesa~i bed

Synthet ¢ 11 bar o e b €a1 MsoRt &1BRCLEN B ulp aflf Vapek TradiEery] TGP YaRIP
acet at e, ponV| quorlde 30 pol yvi nyl i dene chl ori de,
acrylics (such as Thel ¢tbers mtlﬂ'i/ledylinacﬂleatstructurwrhmlmbéﬁl also be
ot yvinyl 8, 2t C3thtened rpgphxqm#%wﬁ YRRESh " For AaFTY, €5Ss) ARG S
agents can be -applied to the fibers which, subsequent to
application, are caused to chemically form intra-fiber .crosslink
bonds. These crossiink bonds can {ncrease stiffness of the
fibers. Whereas the utilization of intrafiber crosslink bonds to
10 chemfcally stiffen the fibers {is preferred, it is not meant to
exclude other types of reactions for chemical stiffening of the
fibers.
. Fibers stiffened by crosslink bonds in individualized (i.e.,
fluffed) form are disclosed, for example, in Bernardin, U.S.
15 Patent 3,224,926, Issued December 21, 1965; Chung, U.S. Patent
3,440,135, 1Issued April 22, 1969; Chatterjee, U.S. Patent
3,932,209, Issued January 13, 1976 and Sangenis et al., U.S.
Patent 4,035,147, Issued July 12, 1977. More preferred fibers are
disclosed in Dean et al., U.S. Patent 4,822,453, issued April 18,
20 1989, Dean et al., U.S. Patent 4,888,093, {ssued December 19,
1989. and Hoore et al., U.S. Patent 4,898,642, issued February 6,
1990. A1l of these patents are 1ncorporated hervein by reference.
In additfon to being hydrophilic, these stiffened fibers remain
stiff even upon wetting; thus webs made from them do mot collapse, .
25  as db webs made from conventional unstiffened fibers when wet.
This provides improved ability to acquire and distribute fluids in
second and subsequent discharges.
In the more preferred stiffened fibers, chemical processing
includes intrafiber crosslinking with crosslinking agents while
30 such fibers are in a relatively dehydrated, defibrated (i.e,
individualized); twisted, curléd condition. Suitable chemical
stiffening agents include monomeric crosslinking agents including,
but not limited to, C2-Cg dialdehydes and C2-Cg monoaldehydes
hiving «an acid functionality can be employed to form the
1S crosslinking solution. These compounds are capable of reacting

withcat lTeast.two hydroxyl gnoups in a .single cellulose chain or
on: proximately located celiulose chains in-a single fiber. Such

or natural



fibers, tri corrponu L, ures thereof and the |Iike.
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cid.
suitable stiffening agents are polycarboxylates, such as citric

 acid. . The polycarboxylic stiffening agents and a process for

making stiffened fibers from them are described tn U.S. Serfal No.
596,606, filed October 17, 1990, incorporated by reference herein.

The effect of crosslinking under these conditions is to form

fibers which are stiffened and which tend to retain their twisted,
curled configuration during use in the absorbent articles herein.
Such fibers, and processes for making thes are described in the
above incorporated patents.

The preferred stiffened fibers are twisted and curled can be
quantified by referencing both a fiber °*twist count® and a fiber
"cur] factor®. As used herein, the term "twist count® refers to
the number of twist nodes present fn a certain length of fiber.
Twist count 1is utilized as a2 means of measuring the degree to
which a fiber is rotated about its longitudinal axis. The term
*twist node” refers to a substantially axfal rotatfon of 180°
about the longitudinal axis of the fiber, wherein a portion of the
fiber (i.e., the "node®) appears dark relative to the rest of the
fiber when vieued under a microscope with transmitted light. The
twist node appears dark at locations wherein the transmitted 1ight
passes through an additional fiber wall due to the aforementfioned
rotation. The distance between nodes corresponds to an axial
rotation of 180°. The aumber of twist nodes in a certain length
of fibers (i.e., the twist count) §s directly indicative of the
degree of fiber twist, which {is a physical parameter of the fiber.
The procedures for determining twist nodes and total twist count
are described in the hereinbefore referenced U.S. Patent
4,898,642,

The preferred stiffened cellulose fibers will have an average
dry fiber twist count of at least about 2.7, preferably at least
about 4.5 twist, nodes per millipeter. Ffurthermore, the average
wet fiber twist count of these fibers should preferably be at
least.about 1.8, preferably at least about 3.0, and should a2lso
preferably be at least about 0.5 twist nodes per millimeter less
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material.  This gRtei3unt should be at least about 6.5 twist nodes per
millimeter, and the average wet fiber twist count should be at
Jeast about 5.0 twist nodes per millimeter and should also be at
10 Teast 1.0 twist nodes per millimeter lass than the average dry
fiber twist count.

In addition to betng twisted, the preferred fibers used in
the acquisition/distribution layer of the absorbent structure are
also curled. Fiber curl may be described as the fractional

1§ shortening of the fiber due to kinks, twists, and/or bends in the
fiber. For the purposes of this invention, fiber curl is measured
in terms of a two dimensional plane. The extent of fiber curling
can be quantified by referencing a fiber curl factor. The fiber
curl factor, a two dimehsional measurement of curl, {is determined

20 by viewing the fiber in 3 two dimensional plane. To determine
curl factor, the projected length of the fiber as the longest
dimension of a two dimensional rectangle encompassing the fiber,
LR, and the actual length of the fiber, Lp, are both measured.

The fiber curl factor can then be calculated from the following
25 *wquation: '

Curl Factor = (La/LlR) - 1.

An {mage analysis method that can be utilized to measure LR
and Lp 1s described in U.S. Patent 4,898,642. Preferably the
fibers utilized in the layers of the absorbent core herein will

30 have a curl factor of at least about 0.30, and more preferably
will have a curl factor of at least about 0.50.

The degree of stiffening, dependent upon the type and amount
of stiffening agent (i.e., crosslinking agent) used, the degree of
dehydration of .the fibers during curing of the crosslinking agent,

35 and the curing time and conditions, affect the ability of the
fiber to.take up fluid and .the tendency of the fiber to swell.
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such as starch ovalsel | )seOfP(ﬂhyacﬂNfﬁQ'&dgr@ﬁ'lﬂ sfcarfibermit asédal $n ofthé hi s
type are also esaﬁfareédtv AMPETUS Yérein. WRV is a measure of the amount of
5 water retained by a mass of fibers after substantfally all of the
interfiber water has been removed. Another paramet;r' which can be
used to characterize the nature of the stiffened fibers formed by
crosslinking fibers in relatively dehydrated form is that of
alcohol retention value (ARV). ARV {s a measure of the extent t.
10 which a2 fluid, e.g., isopropyl alcohol, which does not tnduce
substantial fiber swelling, is taken up by the stiffened fibers.
The ARV of the stiffened fibers is directly related to the extent
that the fibers were swollen with the solution of crossiinking
agent during the stiffening procedure. Relatively higher ARVs
15 mean that the fibers were generally swollen to a relatively
greater extent during crosslinking. Procedures for determining
WRV and ARV are described in U.S. Patent 4,898,642.
The WRV for the stiffened, twisted, curled fibers used in the
present invention will preferably range between about 28% and
20 about 50%. In more preferred embodiments, the WRV of the fibers
can range from about 30% to 45%. Fibers having a WRV within these
ranges are believed to provide an optimal balance of swelling-in-
duced untwisting and fiber stiffness. |
~ The stiffened cellulose fibers preferred for use herein are
25 those which have an ARV (isopropol alcochol) of ‘less than about
30%. The limitation that such fibers have an ARV (isopropol
alcohol) of less than about 30% ts indicative of the relatively
dehydrated, unswollen state of these fibers during the stiffening '
process. More preferably, the ARV (isopropol alcohol) of the
30 fibers useful herein will be less than about 27%.

The stiffened cellulose fibers herein having the preferred
twist count, curl factor, WRV and ARV characteristics hereinbefore
set forth, can be prepared by internally crosslinking such fibers
in relatively dehydrated form while or after such fibers are being

35 or have been dried and -defibrated- (i=e., "fluffed”) as described
in U.S. Patent 4,898,642, It vdsa:mot, however, meant to
necessarily exclude other hydrophilic, chemically stiffened fibers
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Preferred cross-untW st : uncurl upon uetft?n . uhen formed {nto webs of
sufficient density, the webs can expand upon wetting to an
equilibrium wet density, which, when calculated, on a dry fiber
density, is less than'the average dry density (prior to wetting).
10 This accounts for the average dry densfties of up to about 0.30
g/cm3 described above, in conjunction with lower average densities
upon wetting to saturation. Such webs which can expand upon
wetting are described in U.S. Patent 4,822,453. To the extent
that {t is desired to utilize this characteristic fn absorbent
15 article design, those of ordinary skill in the art will be able to
adjust the relative amount of stiffening agent used, and the
extent to which twist and curl {n the stiffened fibers f{s
{mparted, to achfeve the desired amount of expansion upon wetting.
The stiffened cellulosic fibers can be provided in web form
20 by various techniques, including airlaying and wetlaying.

The stiffened cellulosic fibers can be airlaid to form the
web of a desired density and basis weight. The stiffened fibers
for use in the present {inventfon can be airlaid according to

25 techniques well known to those skilled in the art of airlaying
cellulosic fibers. In general, afrlaying can be effected by
metering an air flow containing the fibers, in substanttaliy dry
condition, onto a wire screen and, optionally, compressing the
resulting web to the desired density. Alternately, the fibers can

30 . be afrlaid to the desired density without compression. The
airlafid web will comprise at 1least about S50% of stiffened
cellulosic fibers, as described above, and can comprise up to and
tncluding 100% of said fibers. The web can optionally contain
binding means, such as described below, .or other optional

35 components, such as or {ngredfents 'modifytng fluid handling

properties (e.g., hydrophitic surface -active agents), and the
Ydke.
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fibers and from 0% to about 50% of a binding means for increasing
physical integrity of the web, to facilitate processing in the wet
and/or dry state, and to provide increased integrity upon wetting
of the web during use. Preferably, the wetlaid webs will comprise
at least about 2% of a fibrous binding means or high surface ares
cellulose binding means (hereafter described). Chemica) sdditives
can also be used as binding means, and are incorporated into the
acquisition/distribution layer at levels typically of about 0.2%
to about 2.0%, dry web weight bastis. .
Techniques for wetlaying cellulosic fibrous material to form
sheets such as dry lap and paper are well known in the art. These
techniques are generally applicable to the wet-laying of the

stiffened fibers to form wetlaid sheets useful in the absorbent:

structures of this {nventfon. Suitable wetlaying techniques
include handsheeting, and wetlaying with the utilization of
papermaking machines as disclosed, for instance, by L. H. Sanford
et al. {n U.S. Patent 3,301,746. Oue to the behavior of stiffened
fibers, particularly their tendency to flocculate in aqueous
slurries, certafn processing wodificatfons, hereafter described,
are preferably {mplemented when wetlaying . with papermaking
sachines. In general, wetlaid webs can be made by depositing an
aqueous slurry of fibers on to a foraminous forming wive,
dewatering the wetlaid slurry to -form a wet web, and drying the
wet web. Preferably, the aqueous slurries of fibers for wetlaying

will have a fiber consistency of between about 0.05% and about

2.0%, preferably between about 0.05% and about 0.2%, total slurry
weight basis. Deposition of the slurry is typically accomplished

using an apparatus known in the art as a headbox. The headbox has

an opening, known as 2 slice, for delivering the aqueous slurry of
fibers onto the foraminous forming wire. -The -foraminous forming
wire s often referred to in the art-as a Fourdrinier wire. The
Fourdrinier-wire can be of:construction and mesh size used for dry
lap or other papermaking processing. Preferably, mesh sizes of

iof‘ & fO%QSI gethe stgl%rfénedl 'Y

or

jcrGBadhNd99T r i met hyl ol propane triacrylate and triallyl
nki ng agent canjgenerally constitute from about 0.001

% nol e percent of the resulting hydrogel-formng pol ymer
Nbr preferably, he 30 cross-linking agent will
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available headboxes include, for example, fixed roof, twin wire, -
and drum former headboxes. Once formed, the wet web is dewatered
and dried. Dewatering can be performed with suction boxes or
other vacuum devices. Typically, dewatering increases the fiber
10 consistency to between about 8% and about 45%, total wet web
weight basis, preferably between about 8% and about 22%.
Dewatering to consistencies above about 22% may require
wet-pressing and is less preferred. After dewatering, the web can
be, but is not necessarily, transferred from the forming wire to a
15 drying fabric which transports the web to drying apparatuses. The
drying fabric is preferably coarser than the forming wire, for
increased dryiné efficiency. The drying fabric preferably has
about 30% to about 50% open area and about 15% to about 25%
knuckle area, such as a 31 X 25 35S (satin weave) fabric that has
20 been sanded to increase the knuckle area to within the preferred
range. Wet ‘microcontraction is preferibly' impiemented during
transfer from the forming wire to the fabric. Wet
microcontraction can be accomplished 'b,'y éunning the forming wire
at a speed which is from about 5% to about 20% faster than the
25 speed at which the fabric is being run. 'Drying can be
accomplished with a thermal blow-through dryer or vacuum device
such as a suction box, although thermal blow-through drying is
preferred. The wetlaid webs are preferably dried to completion
(generally to fiber consistency between about 90% and about 95%)
30 by the thermal blow-through dryers. Blow-through drying is
believed to efficiently dry webs of the stiffened fibers due to
the high void volume -of the webs. Steam drum drying apparatus
known in the art, such as Yankee drum dryers, can be used but are
less preferred. Drum dryers are believed to be less efficient for
35 drying webs of the stiffened fibers and can also compact the webs.
The dried webs are preferably not creped.
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clumps, in aqueous solutfion. In order to inhibit flocculation,
the aqueous slurry should be pumped to the headbox at a linear
velocity of at least about 0.25 m/sec. Also, it {s preferred tha*

10 the linear velocity of the slurry upon exit from the headbox slice
is from. about 2.0 to about 4.0 times the velocity of the forming
wire. Another method for reducing flocculatfons of fibers in a
wetlaying process is described in U.S. Patent 4,889.597, issued
December 26, 1989, incorporated herein by reference, wherein jets

15 of water are directed at the wetlaid fibers just after deposition
on the forming wire.
Binding Means : _

Relative to conventional non-stiffened celliulosic fibers, the

crosstinked, twisted, stiffened fibers as described above form
20 Tower tensile strength sheets, particular in the undried
condition. Therefore, in order to facilitate processing and to
increase the integrity of the webs, particularly for wetlaid webs
{although binding means can also be used with airlaid webs), a
binding means can be integrally incorporated into or onto the web.
25 ¥és can be done by adding the binding means to the fibers prior
. to web formation (wetlaid or airlaid web formations), by applying
the binding means (e.g., chemical additive binding means) to a
wetlaid web after deposition on the forming wire and before
drying. by applying binding means to a dry web (wetlaid), or a:

30 combination thereof.

Suitable binding means for additton to the stiffened
cellulosic fibers prior to formation of the wet web from a pulp
slurry include, but are not limited to, a variety of cellulosic
and synthetic fibrous materials. Such material include

35 nonstiffened cellulosic fibers (i.e., conventional cellulosic pulp
fibers), highly refined, nonstiffened, cellulosic fibers which are
refined to Canadian._Standard Ereeness (CSF) of less than about 200

or nore webs of fi
4,578, 068, Kraner
herein_by reference
i nstead of particle




super absor bent fi bef s‘lﬁﬁr-é(ﬂdéé“gr ﬁﬁé_fd iln U.S. Serial No. 07/378,154, filed

July 11, 1989, t Paper Conpri sing
Pol yrer - l\/bdl fied Fi 3r t - Layi ng Process for the Production

Ther eof , by Larty S. Ebrahi m Seyed- Rezai, incorporated
herein by referencel ¢ uper absor bent fibers can include
crosslinked 5 ar boxynet hyl cel | pl ose and pol yner grafted cell ul ose
fi bers. Polyner afTed cel l'ul ose fapers i ncl ude hydr ol yzed

polyacrylonitrile, polyacrylic esters, an pol yacrylic and
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| mpart H gg vater Sor‘}% Ct}/s types of synthetic fibrous material can b
e used 1in
the synthetic fiber binding means. For the purposes hereof, the
use of “synthetic fibrous materials® as a binding means shall
refer to the utilization of such fibrous materials, in the final
product, in fibrous form. (Preferably, the synthetic fibers are
10 of at least staple length, i.e., the fibers preferably having an'
average length of at least about 1.5 cm). Any type of fibrous
material which is suitable for use in conventional absorbent
products is believed to be suitable for use in the
acquisition/distribution web of the preseant invention. Specific
15 examples of such fibrous material include modified cellulose
fibers, rayon, polyester fibers such as polyethylene terephthalate
(DACRON), hydrophilic nylon (HYDROFIL) and the 1ike. Other fibers
useful include cellulose acetate, polyvinyl fluoride,
polyvinylidene chloride, acrylics, polyvinyl acetate, polyamides
20 - (such as nylon), bicomponent fibers, tricomponent fibers, mixtures
thereof, and the 1like. Hydrophilic fibrous materials are
preferred. Examples of suitable hydrophilic fibrous—materials
include  hydrophilized  hydrophobic  fibers, such  as
surfactant-treated or silica-treated thermoplastic fibers derived,
25 for - example, from polyolefins such as polyethylene or
polypropylene, polyacrylics, polyamides, polystyrenes, poly-
urethanes and the like. Hydrophobic synthetic fibers can also be
used, put are less preferred. Such synthetic fibers that can be
added to the web and utilized in the final web product in fibrous
30 form include rayon, polyethylene, polypropylene, etc. Such
fibers, when of a hydrophobic nature, are preferably preseat in
quantities of less than about 30%, total web weight basis, such
that the web remains substantially hydrophilic. Conventionally,
nonstiffened fibers, crill, and synthetic fibers can also be used
.35 in airlaid webs.
.. In one preferred embodiment wherein the acquisition/distribu-
-tton.Jayer is.made,by.a-metlaying process, the.web comprises from
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pulp fibers, preferably southern softwood fibers (e.g., Foley
Fluff, The Procter & Gamble Cellulose Co., Memphis, Tennessee,

USA). A1l percentages of web components referred to herein;-

unless otherwise expressly stated, are on a dry web total weight
basis.

In another embodiment, the acquisition/distributfon 1layer
comprises the stiffened fibers and up to about 25% of high surface
area cellulosic material such as expanded cellulose fibers.
Preferably, the acquisition/distribution layer comprising a web of
wetlaid stiffened fibers and high surface area cellulose will
comprise from about 85% to about 98% of the stiffened fibers,
preferably from about 90% to about 95%, and from about 2% to about
15%, more preferably from about 5% to about 10%, of high surface
area cellulose. The high surface area cellulosic material used
herein will typically have a surface area of at least about 10
mZ/g, preferably at least about 20 m2/g, of cellulosic material.
Reference can be made to U.S. Patent 4,761,203, Vinson, August 2,
1988, incorporated herein by reference, for a thorough discussion
of expanded cellulose fibers.

In general however, cellulosic fibers are multi-component
ultrastructures made from cellulose polymers. Lignin,

hemicellulose, and other components known in the art may also be.

present. The cellulose polymers are aggregated laterally to form
threadiike structures called microfibrils. Microfibrils are
reported to have diameters of about 10-20 nm, and are observable
with an electron microscope. Microfibrils frequently exist in the
form of small bundles known as macrofibrils. Macrofibrils can be
characterized as a plurality:of microfibrils which are laterally
aggregated to form a threadlike structure which 1s larger in
diameter . than a. microfibril, "but substantially smaller than a
cellutlostc fiber. dn generdl, a cellutosic fiber is made up of a

ence, VﬁtPLﬂ%?Mf5§5“542 (1980) whi ch di scusses radi ation
| s .and. . acrylic acid to cellulose fibers,
ts; U;iS. Patent 4 036,588, J. L. Wllians, et al., issued

an be incorporated into-webs

as

nto cell ul ose-containing materi al
38,077, HA W Hoftiezer, et al.,



. the non-acrylate s ] F H fibers and superabsorbent fibers
useful for making such c87avaifl abl e from Arco Chenical Co. (New own
Square, PA, USA), undef the tradenane {35 [err] and from Japan Exl an
Co., Ltd. (Gsaka, Japah) guija ket s| superabsorbent fibers conprising a
pol yacrylonitrile cofe - 36 with jal polyacrylic acid/polyamoni um
acrylate skin undef the tradenane [efr]. The storage |ayer enbodi nents of
t he absorbent core wherein_an airlaid-Web_ rises the carrier nmeans can
be fornmed by 5 alr-laying a substantially dry m xture of fibers and

absorbent gelli pg1atiRbty Ellin Priddry 8R112Nhd a IdelatfRIyCeni&Y s(f%ﬁﬁ&?-gary’
densi fyi ng fthe refﬁet tg%ﬁb Srﬂ] aé ocedg{é |es '2 enﬁ‘rgalt escr | bed
more fully in t M8 her By Mally antRip\Betsldke Soyering, torated at that ent
4,610, 678; |ssuedtécptsurface Oo0f198he fiber, {is principally formed from
microfibrils. The bulk of the fiber wall, f.e., the secondary
5 wall, is formed from a combination of microfibrils and
macrofibrils. See Pulp and Paper Nanufacture, Vol. 1, Properties
of Fibrous Raw Naterials and Their Preparation For Pulping, ed. by
Dr. Michael Kocurek, Chapter VI, *Ultrastructure and Chemistry®,
pp 35-44, published jointly by Canadian Pulp and Paper Industry
10 (Montreal) and Technical Association of the Pulp and Paper
Industry (Atlanta), 3rd ed., 1983. Expanded cellulose fibers thus
refers to microfibrils and wsacrofibrils which have been
substantially separated from or disassociated from a cellulosic
fiber ultrastructure.
15 High surface area cellulose can also be made from cellulesic
fibers by passing a liquid suspension of cellulose fibers through
a small diameter orifice, in which the suspension is subjected to
a pressure drop of at ieast 3000 psig and a high velocity shearing
action, followed by a high velocity decelerating impact. Passage
20 of the suspension through the orifice is repeated until a
substantially stable suspension is obtained. See U.S. Patent
4,483,743, Turbak et al., November 20, 1984, incorporated herein
by reference.

A preferred process for preparing expanded cellulose fibers

25 1s disclosed in the Vinson patent (ibid.), and involves impacting
a fibrous material having a fibrillar ultrastructure (e.g.,
cellulose fibers) with fine media to cause microfibrils and
macrofibrils to separate from said fibrous material
ultrastructure.

30 The length of the high surface area cellulosic material
preferably ranges from about 20 to about 200 um.

Typically, for wetlaying, the high surface area cellulose is
provided as a damp pulp, generally at 15-17% solids, and
preferably diluted to less than 4% solids content and processed in

35 a beater -.or disc-.refiner to break up <entanglements. The high
surface area:/cellulose.rds. then well mixed with the stiffened
fibersrtnt siurry :and:the -sturry - is wetdaidcas~described above. A



L OREPLAUIMEN SHEEY | _ .
10 Super absor bent f -Bet-s--¢ iir aid with fibrous carrier neans
-f orm ng processes. The :

according to conventi pnhl I rl al.d we
super absorbent fibers awdaf‘i;img%ja_r [

ijer nmeans can be bl ended by, for
exanpl e, carding or Ran o nt Wthin the storage |ayer of the
absorbent core, the 1% super absor bent mat eri al can be

uni formy di st ri but ed~—Akt-et-materyF==fnere my be regions or zones of the
storage | ayer which have hi gher concentratLqﬂ§_of super absorbent materi al
than do other regions or zones of the |ayers. As discussed above, the

2 amml | er surf agp Neee 8 @RIGAER o o o tner 180/ MR1EP KBndy BroGAMNL, "o
| ayer and, in fagfs,k (rﬁﬁi \,eoﬁnostﬂ?% ae&ﬁmeé& E‘H@'f" ﬁg g'lﬁ)yén??'hlbpy“%@er
Eﬂan, o][ equal twixr tgeeaatdf_fgu_edn,fibenet fandi Ell_lwiolragd‘ataylalrea @Eﬂlﬂﬁbl)zl;s
e surface area C | i r range s o
PRferl AP WebPTWies ! (431 %W X e 5 i nkiv2f)

about 25%go about a Yo't 0 aboull

prerer about
preferabl y°| ess ¥fNSsdfor m"?d)gftﬁﬂtg]f’%r%fbmel g8 surface;dvetcedlulosef t he
surface area of fdthestthangthd mpre open wire conventionally used for the forming

wire. .
Other binding means for increasing physical fntegrity of the
acquisition/distribution layer al_ld/or facilitating processing of
10 webs, especially wetlaid webs, for use as the
acquisition/distribution layer include chemical additives, such as
resinous binders, latex, and starch known in the art for providing
increased integrity to fibrous webs. Suitable resinous binders
include those which are known for their ability to provide wet
15 stréngth in paper structures, such as can be found in TAPPI
monograph series No. 29, Wet Strength in Paper and Paperboard,
Technical Association of the Pulp and Paper Industry (New York,
1965), incorporated herein by reference. Suitable resins include
polyamide-epichlorohydrin and polyacrylamide resins. Other resins
20 finding utility in this invention are .urea formaldehyde and
melamine formaldehyde resins. The more common functional groups
of these polyfunctional resins are nitrogen containing groups such
as amino groups and methylol groups attached to nitrogen.
Polyethylenimine type resins may also find utility in the present
25 invention. )

Starch, particularly cationic, modified starches may  also
find utility as chemical additives in the present invention. Such
cationic starch ‘materials, generally modified with nitrogen
containing groups such as amino groups and methylol groups

30 attached to nitrogen, may be obtained from Natural Starch and
Chemical Corporation, located in Bridgewater, New Jersey. Other
suitable binders include, but are not 1imited to, polyacrylic acid
polyvinyl acetate.

The level of chemical additive binders which are added will

35 typically be from about 0.25% to.about 2%, total web weight basis.
Chemical additive.binders which-uare.hydrophilic, however, can be
ottlized 4n quantities if cthe :chemical binder addftives are
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dried or undried webs by printing, spraying, or other methods
known in the art. . .
Jhermoplastic Reinforced Acguisition/Distribution Laver

In _another embodiment, the acquisition/distribution tlayer
comprises an airlald or wetlaid, preferably afrlaid, web of
stiffened cellulosic fibers wherein the web {is reinforced with
from about 10% to about 50%, preferably from about 25% to about
45%, wmore preferably from about 30% to about 45%, of a
thermoplastic binding material, wherein the thermoplastic binding
materfal provides bond sites at {intersectfons of the stiffened
cellulosic fibers. Such thermally bonded webs can, in general, be
made by forming a web comprising the stiffened cellulosic fibers
and thermoplastic fibers, which are preferably evenly distributed
throughout. The web can be formed by either airlaying or
wetlaying processes. Orice formed, the web is thermally bonded by
heating the web until the thermoplastic fibers melt. Upon
melting, at least a portion of the thermoplastic materfal will
migrate to intersections of the stiffened cellulosic fibers due to
interfiber capillary gradients. These intersections become bond
sites for the thermoplastic materifal. The web {s then cooled and
myrated thermoplastic material bonds the stiffenmed cellulosic
fibers together at the bond sites. Helting and migration of the
thermoplastic material to the stiffened cellulosic fiber
intersections has the effect of increasing average pore size of
the web, while maintaining the density and basis weight of the web
as originally formed. This can improve distribution properties of
the acquisition/distributfon layer upon initial discharges due to
improved fluid permeability, and upon subsequent dfischarges, due
to the combined ability of the stiffened fibers to retain their
stiffness .upon wetting and the. ability of the thermoplastic to
remain. bonded at the fiber intersection upon wetting and upon wet
compression. In net, .the. thermally .bopded web retains its
original overall volume, but the volumgtric -regions previously

surface panea celdul osmtisof



5 Addi tional Iy, REPLAGEMENTSHEET | it s  desirable for = the

acqui sition/distributyon | ayer to gxtjend to near the front wai st area of
the wearer to effectiyeOy JANIOE tlhg relatively high fluid |oad that
occurs in the front the male wedrdqr, and to conpensate for directional
vari ations of the scnarges he 10 correspondi ng absorbent article-
regions wll var d desi gn and fit of t he

absor bent article. The acqui si tion/di stgg bution |ayers 110 of di aper
100 as shown in Figure 2, exenplify one enbodi ment wherein
the acqui sition/ deetpiieduty thermoplestic 16ibrous saterialbbecomes vpeh AR thereby | S

recei ve both bov‘ﬁhcﬂl@a”ﬂe@g?'iﬁfﬁiﬂ?ﬁ caé?ﬁa@'?t&ﬂa%fz% and femal es. For

di sposabl e
acqui sition/distri butTthmﬂ&yeP"de hdhermaplastis-seintorced pwm‘bqntomus.

:ﬁ' ?t't\ée to the ﬁttim&% gd émeﬁemanpd/mstum@aorasnmayﬁrl Q‘Qbet 2 t
extend to i aas B8PTILERtR Hos'n PRrenscvheg. Taky 0.c6, ki, 18584 n?w@& of
the length of 198& intarpogated bycreferefice: herein and by Peter G. Bither in
*Thermally Bonded Cores Add Value to Absorbent Products,®
Nonwovens World, November 1988, pp 49-55, both incorporated herein
by reference. The processing techniques applied to make those ar
10 applicable herein. ' .

The thermoplastic binding material should be evenly
distributed throughout the web. Subsequent to formation of a dry
web, the web can be heated to a temperature to wmelt the
thermoplastic fibers but not char or otherwise damage the

15 stiffened cellulosic fibers. Upon cooling, at least some of the
resolidified thermoplastic material will provide bond sites which
secure stiffened, cellulosic fibers to one another at points of
individual fiber intersections to form a stabilizing network of
interfiber bond sides at the intersection of the stiffened

20 cellulosic fibers.

The ‘thermoplastic binding materials useful for the

. acquisition/distribution layers herein include any thermoplastic
polymer which can be melted at teiperatures which will not
extensively damage the cellulosic fibers. Preferably, the melting

25 poinf of the thermoplastic binding material will be less than
about (135°C), preferably between about 75°C and about 175°C. In
any case, the melting point should be no lower than temperatures
at which the articles. of this invention are likely to be stored,
whereby melting point will be typically no lower than about 50°C.

30 The thermoplastic binding material may, for example, be
polyethylene, - polypropylene, polyester, polyvinylchloride,
polyvinylidene chloride. Other synthetic fibrous materials which
can be utilized in thermally bonded webs are described above.

Preferably, the thermoplastic -will preferably not

as significantly imbibe :or absorb aqueous- fluid. However, the
surface .of the thermoplastic material can be-hydrophilic or
Wydrophebic: {As used herein, the 4serms “hydrophilic® and




acqui sitton/ distributi onRERWAGEMEND AHEERale a width sufficient to acquire
gushes of body fluids w fhout dirtéct sgcharge of fluid 25 onto the

storage layer. Generally, réﬁ s{ such as shown in Figures 1 nd 2,
the width will bt da%o"u 2“@_ m

be at | ¢ajs preferably at |east about 6 cm As
not ed, for purposes of it ke—present—+n—- vention,

article can be definediby reference to tpp surface areas of the unfol ded
absorbent article 30 found T Tront—of a given point on the |line which
defines the I ength of the absorbent articl-e29For purposes of deteraining
such acquisition/distribution |ayer positioning, the l'ength of the

absor bent articl thygrephabdct shall yefer to,theaxtent Joswuhich the surfaces are

f” nensi 03_ of thewd¥ted byelvateni)ed 'ﬂktiSlitflbaben@hiheﬂhhrmp’[?#ﬁcn(lfaﬁﬁbe
OReet o he ofplertd Dbk HRRTIC . ek be ) SRRt hfnfyic
opposi ng binding material with a surfactant, such as a non-ionic or anionic
5 surfactant, as by spraying the material with a surfactant or by
dipping the material 1{nto the -surfactant. Upon melting and
resolidification, the surfactant will tend to remain at the
surfaces of the thermoplastic. Suitable surfactants {nclude
non-fonic surfactants such as Bri§ 76 manufactured by ICI
10 -Americas, Inc. of Wilmington, Delaware and the varfous materials
.s0ld under the Pegosperse trademark by Glyco Chemical, Inc. of
Greenwich, Connecticut. Anfonic surfactants can be also used.
Surfactants are applfied to the fibers at a level of from about 0.2
to about 1 gram per square meter of thermoplastic binding
15 materfal. Hydrophilic materials become wore desirable at higher
thermoplastic material levels, particilarly above about 40% of the
dry web. ' o

Thermoplastic fibers for use herein can be on the order of

about 0.1 cm to about 6 cm long, preferably from about 0.3 cm to
20 about 3.0 cm. _

A preferred type of thermoplastic fibrous wmaterial ({s
commercially known and avatlable as PULPEXTM (Hercules, 1nc.,
Hilmington, Delaware, USA). PULPEX s a polyolefin wmaterial
having a very high surface area to mass ratio, which, in general,

25 1s made by spraying molten polymer and gas through a nozzle into a
vacuum. PULPEX is available {n both polyethylene and polypropy-
lene forms. '

The thermoplastic used can be hydrophilic or hydrophobic.

As described above, thermoplastic binder-reinforced webs of

30 stiffened cellulosic fibers can be made by wetlaying or airlaying
processes. Airlaid webs can be made by intermixing the cetlulosic
and thermoplastic fibers and then afirlaying according to the
techniques described above. The stiffened cellulosic fibers and
thermoplastic fibers can be' intermixed, in an airlaid context, by

35 carding or: by metering air streams of the stiffened fibers and
thermoplastic fibrousmatertal together and-directing the combined
system through a brush screem<deposition apparatus, or other web

sections of the absorbent




- 38 - ends of the ;back.'S.he.éf.t_'_f__.'a,,r_é“f'astened t oget her so that these joined
ends forma circle arppound the weardr'is wai st. The normal, | ength of the
backi ng sheet wi || thusObe jANKIOEN tIJ of the line running through the back
sheet froma) the p |E~on t he edg f the back 5 sheet at the m ddle
of the wearer's back Waist T‘h‘rﬁu‘g the crotch, to b) the poi nt on the
opposi te edge of the _backing sheet atj t he mddI e of the wearer's front

wai st. The size and shape of the topsheet g . generally correspond
substantially to the back sheet. 10 In the usual instance where| n

tBe SLorage | ay esrafitn tmiabsors:nenttmheqwanl kxmeleiurm R Skafy h th|e|

e appr oached Eww@eﬁsnaggf“qe noftaTREhHG sREERRC pAmastes Pl 5 Ber of

the core. Homevﬂebfom“!g)rrinmitwﬂ ofdd¢ e. Risskavl tDenmark). |mcsmthabwce

ﬁrtlcl es) wher epgeiad! kande phrd¥as O fol rﬁi&‘lﬂ?%éhnﬂ'&?ié "RAY ! Elérm {> g¢ orace

ayer would notg ake n th %neral rfa ain ol ariso &escr;b 0 I ncont 1 ne

structure® Rath e("ﬁe F‘&E/é‘r’ ying ed in U.S. Patent
4,590,114, Holtmn, D. C., issued May 20, 1986, incorporated
herein by reference. In wetlaying contexts, the thermoplastic
fibrous material can be intermixed with the stiffened cellulosic
fibers in the aqueous slurry prior to web formation,

10 The thermoplastic is preferably wmelted by throughoair
bonding, however other methods such as infra red 1light, etc. are
not meant to be excluded. In another variation, the web is
subjected to by heat emboésing on one or both faces of the web.
This technique is described in further detail {in U.S. Patent

15 4,590,114, which was previously irncorporated into this
specification. :

As discussed previously, scrims such as tissue sheets and
other water pervious nonwoven sheets can be used as external
support in addition to or in place of the binding means described

20 above.

Storage Laver

A second essential element of the absorbent core is a lower
fluid storage layer which comprises at least 15%, by weight,
preferably at least 25%, of superabsorbent matertal (defined more

25 fully hereafter), and from 0% to about 85%, preferably less than
about 75%, of a superabsorbent material carrier means. The
principal function of the fluid storage layer is to absorb
discharged body fluid from the upper acquisition/distribution _
layer and retain such fluid under the pressures encountered as a

30 result of the wearer’s movements. Thus, the storage layer is
subjacent to ° and in fluid communication with the
acquisition/distribution layer. Ideally the fluid storage layer
will drain the upper layer of much of 4ts acquired fluid Toad.

As indicated ‘hereinbefore,r the storage layer comprises

35 superabsorbent material -such as, but-mot necessarily limited to,
discrete - particless of -absorbent gelling material and
superabsorbent fibrous matertal such as acrylate grafted fibers




woul d be generally Iod%EtPeA(‘EMEPﬁD%ﬁEEDnI y the genital region of the wearer
and a reasonabl e arep hg genital area. In 20 this
| ayer would be |ocatkd ¢ BAENANBEIT IO o “the art|tle as defined by the
t opsheet such that tfh Lsit] i gtri bution and storage | ayers would
typically be found ijn the front two-thirds of the article. 25 The
storage |ayer of the= _ In bgjof any desired shape consistent
with confortable fit including, for exanple, circular, rectangul ar,
trapezoi dal Orumolsﬁa&vabee&entWisrhewfiwdﬁpedrhed%aph‘imma?% e@i’%f dog
bone shaped, oval |rreg Iarlm\/ ha Thi s st o e‘ | ayer__nee
physi cal |y sep‘é?r"af’%di “ﬁ‘n ﬁg[?ﬁj S?g nee 4 ifdmxi er'elhnd can
sinply be a zoer shéet apefmtlltbetnrm dtanr. cénnembsatheotn materialgnardruous
Lor e aver SN TR T GBaSSal Lyt B
be used as an $oRdact ‘ﬂtg Ui SURR AR WA 'éc%f‘uﬂ%qd’ %ﬁ‘ﬁ)% absorb such
tion/distributfluidsaye(As used herein, the term "fluids® shall refer to
liquids, as opposed to gases.) In this mander, fluid discharged
into the acquisition/distribution layer and transported to the
storage layer can be acquired and held by the superabsbrbeni

10 material, thereby providing the articles herein with enhanced
absorbent capacity and/or improved fluid retention performance.

The superabsorbent materials intended to be encompassed in
this invention are those which are capable of absorbing at least
about 10 grams, preferably at least about 15 g, more preferably at

15 least about 20 g, of Synthetic Urine (SU - 1.0% NaCl aqueous
solution) per gram of superabsorbent material; as determined
according to the hereinafter described Absorbent Capacity
procedures. )

The superabsorbent material utilized herein is typically in

20 the form of discrete particles of absorbent gelling material.
These particles will typically be distributed within a web of
fibrous material as carrier means. 1_’he superabsorbent fibrous
material can comprise synthetic or natural fibers. Suitable
fibrous carrier means are cellulose fibers, in the form of fluff,

25 such as is conventionally utilized in absorbent cores. Modified
cellulose fibers such as the stiffened cellulose fibers described
above can also be used, but are preferably not used, in the
storage layer. Synthetic fibers can also be used and include
those made of cellulese acetate, polyvinyl fluoride,

30 polyvinylidene chloride, acrylics (such as Orlon), polyvinyl
acetate, non-soluble polyvinyl alcohol, polyethylene,
polypropylene, polyamides (such as nylon), polyesters, bicomponent
fibers, tricomponent fibers, mixtures thereof and the 1like.
Preferred synthetic fibers have a denier of from about 3 denier

35 per filament to about 25 denier per filament, more preferably from
about 5-denfier per filament-to about 16 denier per filament. Also
preferably, the fiber surfaces are hydrophilic or are treated to

be hydrophilic.



The acqui sition/d@i;§{ribution |ayer can also be of any desired shape
consistent with céhiﬁllable fit and the sizing limtations - 39-

di scussed above. These shapes ‘i ncl ude, for exanple, circular,

rectangul ar, trabpeyzoldaNAadt ’-"g)gl ang, e.g., hourgl ass-shaped,

dog- bone- shaped, { hal f dog bone..shaped, oval or irregularly shaped. The
acqui sition/distgibution | ayer canl be of simlar shape or 5 differing
shape than the s{or ge“iaye$erigu+es 1 and Zﬁfach show di aper executions
enbodyi ng the present invention. Shown in eactffigure is a diaper 100 with

102 15 absorbent cor o Tcebese SR-EARTEy o URERLRESHH e usef Tomailiina,
acqui si ti on/ di st r PBRSUPErabsoghent fibers as| syparghsorbent materialt carvjer Imepes. -
108 has discrete palligenefaldly beso bthe raage i 6® firehciticat 0ios tbbabed 0.5
throughout . g/cm3, and more preferably within the range of from about 0.10 to
5 about 0.4 g/cm3, even more preferably from about 0.15 to about 0.3
g/cw3, most .preferably from about 0.15 to about 0.25 g/cm3.
Typically -the basis weight of the lower fluid storage layer can
range from about 0.02 to 0.12 g/cm?, more preferably from about
0.04 to 0:08 g/cmZ, most preferably from about 0.05 to 0.07 g/cm?
10 As with the acquisition/distribution layer, density and basis
weight need not be uniform throughout the storage layer. The
storage layer can contain regions of relatively higher and
relatively lower density and basis weight. Also as with the
acquisition/distribution layer, density values for the- storage
15 layer are calculated from basis weight and layer caliper measured
under a confining pressure of 0.2 psi (1.43 kPa). Density and
basis weight values include the _wei'ght of the superabsorbent
matertal. Additionally, the storage layer can have a
superabsorbent material br_adien‘t, such as with more superabsorbent
20 material being present 1in regions of relatively high fluid
handling requirements (i.e., near the region of fluid discharge)
and less superabsorbent material at lower demand regions.
The superabsorbent material which is employed in the storage
layer of the absorbent core will most often comprise a
25 suhstant;ia‘l'ly water-insoluble, slightly cross-‘li.nked, partially
neutralized, polymeric absorbent gelling materfal. This materfal
forms a hydroge! upon contact with water. Such polymer materials
can be prepared from polymerizable, unsaturated, acid-containing
monomers. Suitable unsaturated acidic monomers for use in
30 preparing the polymeric gelling material used in this invention
include those’ listed 1in Brandt/Goldman/Inglin; U.S. Patent
4,654,039, Issued March 31, 1987, and refssued as RE 32,649 on
April 19, 1988, both incorporated herein by reference. Preferred
monomers include acrylic acid, methacrylic acid, and 2-acrylamido-
35 2-methyl propane sulfonic acid. Acrylic acid itself {s especially
preferred for-preparation of -the polymeric yelling agent material.



Specifically referripg &0 Fi g€ clcrfNe absorbent core 106 is shown as
having a front regioh 112,73 K[

a pack regi'on 114, and a 15 central region
115. As previously Hepcribed, the front region 112, corresponds to the end
of the diaper 100 that| w4 JAERIGveriing the front of the wearer when the
di aper was in use, ahdjthe back re Lbn 114 woul d be covering the back of
the user. The absorbent Core ‘of Figure 2, specifically the storage
| ayer 20

108, has_a nodified hour-gl agsgshape to provide enhanced fit
and reduce in-use | eakage. Figure 3 shows an absorbent core 106, that can

ESSUt }' ized i In conj yhet | gulynerte accﬁp%ﬁmblfﬁnf:&dapmm haﬂﬁtﬁrﬁeﬂk“@é%' ayer
Acqu'?si ti iln;ndi 2%??%@??@% ‘1‘°§yerrs WSE%O%'\%&&“ ‘."‘gj%ﬁfﬁﬁhﬁ%ﬁ&??%a‘g%"haﬁmﬁrass
shape of substafeiehies sych as starcher:eelipglose.  Rojyaceylate praftedistayichof
e hee o e A A P e o
30 reai on 11%, 19, Féﬁ&rgggéi‘ﬁaﬁgb%%ga Iﬁgg# oﬁkf&ﬁqfh&icﬁeﬁ” é’&ge
prepared from conventional types of monomers include hydrolyzed -
acrylonitrile grafted starch, polyacrylate grafted starch,
polyacrylates, malefc anhydride-based copolymers and combinations
thereof.  Especfally preferred are the polyacrylates and
10 polyacrylate grafted starch. '
Whatever the nature of the basic polymer components of the
hydrogel-forming polymeric absorbent gelling material particles
used in both layers of the absorbent cores herein, such materials
will in genirai_be slightly cross-linked. Cross-linking serves to
15 render the hydrogel-forming polymer gelling agents used in this
invention. substantially water-insoluble, and cross-1inking thus in
part determines the gel volume and extractable polymer
characteristics of the hydrogels formed from the polymeric gelling
agents employed. Suitable cross-linking agents are well known in
20 the art and include, for example, those described in greater
detafl in Masuda et al.; U.S. Patent 4,076,663; Issued February
28, 1978, 1incorporated herein by reference. Preferred cross-
1inking agents are the di- or polyesters of unsaturated mono- or
polycarboxylic acids with polyols, the ‘bisacrylamides and the di-
25 or triallyl amines. Other preferred cross-linking agents are
N,N’ -methylenebisacrylanmide, tr1ueihy1ol propane triacrylate and
triallyl amine. The cross-linking agent can generally constitute
from about 0.001 mole percent to § mole percent of the -resulting
hydrogel-forming polymer material. More preferably, the
30 cross-1inking agent will constitute from about 0.0l mole percent
to 3 mole percent of the hydrogel-forming polymeric gelling
material particles used herein. :
The sllgﬁtly cross-1inked, hydrogel-forming polymeric gelling
material particles which -may be used in the articles of the
35 present {invention are. generally employed in their partially
neutralized form. For purposes of this invention, such materials
are considered partially .meutralized when at ijeast 25 mole
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forming cations 1include alkali metal, ammonium, substituted
ammonfum and amines. This percentage of the total monomers
utilized which are neutralized acid group-containfng monomers is
referred to herein as the “degree of neutralization.*

Webs comprising absorbent gelling material particles and
nonsuperabsorbent fibrous carrier means will typically have fror
about 10% to about 80%, more typically from about 20% to about
75%, polymeric gelling material and from about 20% to about 90%,
more typically from about 25% to about 80%, carrier means. Such
webs will typically be made by airlaying, wherein an airstream of

. the absorbent gelling material particles is metered into an

airstream of the fibrous carrier means.

It is also contemplated to provide a storage layer wherein
particles of absorbent gelling matertal are laminated between two
or more webs of fibrous material, such as exemplified in U.S.
Patent 4,578,068, Kramer et al., 4ssued March 25, 1986,
incorporated herein by reference.

As discussed above, superabsorbent fibers can be used instead
of particles of absorbent gelling material. Superabsorbent fibers -
have been previously disclosed in the art. Superabsorbent fibers
are described in Textile Science and Technology, Volume 7, Pronoy
K. Chatterjee, edftor, Elsevier Science Publishers 8.V. (The
Netherlands), 1985, in Chapters VII and VIII (collectively pages
217-280), 1incorporated by reference herein. Synthetic and
modified natural fibers, such as cellulosic fibers, can be used.
The superabsorbent fibers for use herein should have an absorbent
capacity of at least about 10 g Synthetic Urine per g
superabsorbent material (dry weight basis), preferably at least
about 15 g/g.

One type of superabsorbent fiber comprise the polycarboxylate
polymer-modified cellulosic fibrous .pulps such as mildly
hydrolyzed methyl acrylate-grafted softwood kraft pulps. These
superabsorbent fibers are described in U.S. Serial No. 07/378,154,
filed July 11, 1989, titled “Absorbent Paper Comprising



As di scussed above, perapsgrbent materials for use in the present

i nvention will pref r LSL_.haye_‘ sorbent Capacity 10 of at | east
about 10 g, preferahly at |east abodt ;15 g, nore preferably at |east about

20 g Synthetic Uring (1. 0%31&&1193?1%0!3 sol uti on, prepared using
distilled water) .jpdr gram dry su erabsorbent -material. In general,
t he super absor bent terial 1S place Within a tea bag, i mersed in an

excess of Synthetic {15 Urine for speci fied tinme, and then centrifuged
for a specified period of ti rre The ratic 8% super absor bent rrateri al final

Aosor bent - Capadinymer-RofEriduC Fintals. At af, weExa¥lng Hrodtes arettbeni ne
Absor bent Capadiveguctiion p'ﬂmmﬂﬁ;'e iby céanmeict o6 uMackey20 and S.tarl'.datldm

| aboratory condieyedifez vsn'i\eo@p&aﬁéu Rer&inC By Ondifeiétitedi €, the tea bag
material is cut,

a T-bar heat seal eré%dp hal;aéugeg%%t ?ngfe%éid‘("ﬁh’é&g; \A%zﬁl g

square. ¥he tccarboxyweshyl i celludose zond | pohmente graftedn ccal 1tose fibﬁ'ﬁme
obt ai nabl e frorpﬁ”ﬁ. _Demele vtﬂmogé t hejtapst € {nclude hydrolyzed
polyacrylonitrile, polyacrylic_ esters, and polyacrylic and
polymethacrylic acids. These superabsorbent fibers including
discussion. of and references to processes for making them, can be
10 found in the Chatterjee’s Vol. 7 of Textile Science and Technology
as previously incorporated herein by reference, include: A. H.
Zahran, et al., “Radiation Grafting of Acrylic and Methacrylic
Acid to Cellulose Fibers to Impart High Water Sorberdcy*, J. of
App. Polymer Science, Vol. 25, 535-542 (1980), which discusses
15 radiation grafting of methacrylic acid and acrylic acid to
"~ cellulose fibers, as the title suggests; U.S. Patent 4,036,588, J.
L. Williams, et al., tissued July 19, 1977, which describes the
graft copolymerization of a vinyl monomer containing a hydrophilic
group onto cellulose-containing material, e.g., rayon yarn; U.S.
20 Patent 3,838,077, H. W. Hoftiezer, et al., {ssued September 24,
1974, which discloses polyacrylonitrile-grafted cellulose fibers.

The superabsorbent fibers can be incorporated into—webs of
conventional or other nonsuperabsorbént fibers, such as in
wet-laid webs as described above or in afr-laid nebs, and can also

25 TE formed into nonwoven sheets.

In another embodiment hereof, the storage layer conprises
superabsorbent fibers which are formed into nonwoven sheets. Such
sheets can consist essentfally of superabsarbent fibers with
substantial 1y zero percent carrier means, although such sheets can

30 include carrier means, and such embodiments are not meant to be
excluded. Nonwoven sheets made from superabsorbent fibers such as
the non-acrylate superabsorbent microfibers and superabsorbent
fibers useful for making such sheets are avaflable from Arco
Chemical Co. (Newtown Square, PA, USA), under the tradename

35 FIBERSORBTM and from Japan Exlan Co., Ltd. (Osaka, Japan) which
‘markets superabsorbent fibers comprising a polyacrylonitrile core-




Corp., Wndsor Locks, Cbhnectrcut U£A or equival ent. Lower porosity
tea bag material shoy Id be used é %q ired to retain fine superabsorbent
materials. 0.200 gra spI 0.005 grams of superabsorbent materia
i s weighed onto a melghlng_pager 3Q,J and transferred into the tea bag,
and the top (open eng) of ‘'the tea bag is sealed. An enpty tea bag is seal ed
at the top and is us -Bl-ar oximately 400 mlliliters of
Synthetic Urine are poured into a 1 000 niI 1 ter beaker The bl ank tea
bag is subnerged

t he nt h c_U The tea ba ning the 3
super absor bent r?'&ltgrgialp Siﬁpl“é”&glb “ﬁ hé?'g"ﬂ a% afnder Ghe _
di stribute the rradename WSEMJ“Lhroughout the tea bag. The tea bag is laid

on the surface of t ¥M§£ ﬁ‘gepr h%dimsteﬁ; gﬁfl ib§orb ojrgdwg#&qmd to

wet, for a period of no m nute hen Sub Boaked
for 60 ninutes. 3MpRiskdidarweby CQ“'P{THSF dhe carrier means can "be fomed by

5 air-laying a substantially dry mixture of fibers and absorbent
gelling material particles and, {f desired or necessary,
densifying the resulting web. Such a procedure is in general
described more fully in the heretnbefore referenced Wefsman and
Goldman; U.S. Patent 4,610,678; Issued September 9, 1986.

10 Superabsorbent fibers can be airlaid with fibrous carrier means
according to conventional -airlaid web-forming processes. The
superabsorbent fibers and fibrous carrier means can be blended by,
for example, carding or Rando web formation.

Within the storage layer of the absorbent core, the

15 superabsorbent  material can be uniformly distributed.
Alternately, there may be regions or zones of the storage layer
which have higher concentrations of superabsorbent material than
do other regions or zones of the layers.

As discussed above, the acquisition/distribution layer of the

20 absorbent core preferably has a smaller surface area (in an
unfolded configuration) than the storage layer and, in fact, can
have a surface area that is substantfally smaller than, or equal
to or greater than, the fluid storage layer. Generally, the
surface area of the acquisition/distribution layer will range from

25 abiout 25% to about 100%, preferably from about 30% to about 95%,
more preferably less than about 90%, most preferably less than
about 85%, of the surface area of the storage layer.

In accordance with the present invention, the
acquisition/distribution layer of the absorbent core should be -

30 placed in a specific positional relationship with respect to the
topsheet and the storage layer of the absorbent article. More
particularly, the acquisition/distribution layer of the core must
be positioned so that it is effectively located to acquire
discharged body fluid and ti'ansport said fluid to other regions of

35 the core. Thus the acquisition/distribution layer should
encompass .the vicinity of the point of discharge of body fluids.
These. areas would. {factude the crotch area and. preferably for



after the first sa .} a second set of tea bags, prepared
identically to the}f @&Fﬁiﬁmﬁﬁﬁg k and superabsorbent 5

mat eri al -contai ntng fea bags, subner ged and soaked for 60 mnutes in
t he sanme manner as 1e0f4|;mNW Afft er the prescribed soak tine is

t
el’apsed, for each e} of tea bag sjanples, the tea bags are pronptly renoved
h

(with tongs) fromthe Synthetic Uine. The sanples are then centrifuged

. as described bel pw, The 10 ntrifuge used is a Delux Dynac I
Centrifuge, Fisher Mbdel No. OS-100-26, obt¥i mable from Fisher Scientific

(Pittsburgh, PA USA) or equi val ent. The trif e shoul d be equi pped
with a direct r#alesadsaethe g"%m“'lﬁ'écf‘?f’t‘%?’&k ischarges: 9csyn (ife the

further equi ppefroat h:fa the! digpercal Fomsediagersk dhe hévontg ofintlid> absorbent
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arez of the wearer to effectively acquire the relatively high
fluld load that occurs in the front of the male wearer, and to
compensate for directional variations of the discharges. The

10 corresponding absorbent article regfons will vary depending upon
the design and fit of the absorbent article.  The
acquisition/distributfon layers 110 of diaper 100 as shown in
Figure 2, exemplify one  embodiment  wherein the
acquisition/distribution layer 110 {s suitably positioned to

15 receive both bowel and urine discharges for both males and

. females.

For disposable baby diaper executions, the
acquisition/distribution layer of the core is preferably posti-
tioned relative to the elongated topsheet and/or the storage layer

20 such that the acquisition/distribution 1layer 1{s sufficiently
enlongated to extend to areas corresponding at least to about S$0%,
preferably 75%, of the length of the storage 1liyer. The
acquisition/distribution layér should have a width sufficient to
acquire gushes of body flufds without direct discharge of fluid

25  <omto- the storage layer. Generally, for diapers, such as shown n
Figures 1 and 2, the width will be at least about § cm, preferably
at least about 6 cm. As noted, for purposes of the present in-
vention, sections of the adsorbent article can be defined by
reference to top surface areas of the unfolded absorbent article

30 found in front of a given point on the line which defines the
length of the absorbent article.

For purposes of determining such acquisition/distribution
lTayer positioning, the length of the absorbent article will be
taken as the normal 1longest longitudinal -dimension of the

35 elongated article backing sheet. This normal longest dimensfon of
the elongated bhacking sheet .can be defined with respect to the
article as ¢t s spplied to .the wearer, #hen worn, -the opposing
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'“%L%‘Lf_’ﬁj‘e} basket floor at a distance of 1/2
mberi or surfdcd of the outer wall to the center of
qub /ANt 887 THe |basket is nounted in the centrifuge
brake, inj2 uni son Wi th t he
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spaced around the circ
inch (1.27 cnm) fromt
t he drai.nage hol es, or
SO as to rotate, as
centrifuge. Th super absorienf materi al -contai ning tea bags -are
positioned in the cen wth a folded end of the tea bag in the
direction of centrifuge spin. The blank tea bags are placed to either side
of the corresponding sanple tea bags.38 -The superabsorbent 30

opposi te the 2LBgﬁéﬁf‘ﬁﬁ?%ﬁhﬁg.ﬁﬁf&%ﬁ% 908tHe,20 ihah these f Jotmed et
of tea bags; and ¥ Sarm 1 airela around)the weares!s anaiste mérﬁ"‘gblﬁﬁbth to
bal ance the cenef ithegbacking hsheetniridYf thigs ite %h@rfeﬁﬂ%@ﬂﬂ‘ ié& ngee Lo
up qw_cklytoas%lahgnﬁ %ﬁ?gtrﬁ_&améet o (e g hd3€pEdhning
stabilized at 1,500 Fhmog pick sheet from, nPOAREcQn the: edgesofii the dackt he
centrifuge ?s turthegtont the middlg aef the aweareets bick fwatst, SuRughs hoen!
crotch, to b) the point on the opposite edge of the backing sheet
at the middle of the wearer’s front waist. The stze and shape of
the topsheet will generally correspond substantially to the back
sheet. .

10 In the usual {nstance wherein the storage layer of the
dbsorbent core generally defimes the shape of the absorbent
article, the normal length of the elongated article topsheet will
be approached by the longest longitudinal dimension of the storage’
layer of the core. However, in some applications (e.g., adult

15 incontinence articles) wherein bulk reduction or minimum cost are
important, the storage layer would ot take on the general shape
of the diaper or incontinence structure. Rather the storage layer
would be generally located to cover only the genftal region of the
wearer and a reasonable area proximate to the genfital area. 1In

20 this instance both the fluid acquisition/distribution 'hyer and
the storage layer would be Tocated toward the front of the artfcle
as defined by the topsheet such that the acquisition/distribution
and storage Tayers would typically be found n the front
two-thirds of the article. :

25 “The storage layer of the absorbent core can be of any desired
shape consistent with comfortable fit including, for exupie.
circular, rectangular, trapezoidal or oblong, e.g., hoﬁrglass-
shaped._dqg-bone-shaped. half dog bone shaped, oval or irregularly-
shaped. This storage layer need not be physically separated from

30 the acquisition/distribution layer and can simply be a zone of
superabsorbent material concentration in a continuous web of
stiffened cellulose fiber material. More preferably, however, the
storage layer of the absorbent core will comprise a separate web
shich can be used as an 1{nsert placed underneath the acquisi-

3s tion/distribution layer. -

-The acquisition/distribution layer can also be-of any desired
shape consistent with comfortable fit and the sizing Timftations




mat eri al - contai ning tea -bag- and“f"rr's‘rg_,
separately. The procedure:is: f‘epéhtéﬁ
absorbent capacity (ac) for“éach of Th

fol |l ows: ac - (Su enaq?grbgnt mat eri al - contai ning tea bag
wei ght after centrifug i nus Bl ank te ag weight after centrifuge m nus

dry superabsorbent nat rikad- wet ght ) - -di igjed by (dry superabsorbent materi al
wei ght) . The Absorbent Capacity value tfor use herein is the average
absorbent capacity (ac) "He two sanpl e3.3910

oo yor opyl ene. ¢ S{REHSHAY ‘AWPEY,; ﬁa@rﬁ?&cﬁﬁ’ P EBREs G esHIat. and a
dual | ayer absorestangtlare ptrapezo borweeblionge teapshechoungtasskshapadki ng
sheet. The duahodo-wﬁé-sﬁbﬁélf ,DRELE %gebmrrmpae§ ovil] UL Bbedt ?aﬁ?aﬂﬁ‘a? ed! Or age
;gyg}oaﬁs: ;' one e e&c%uigiti%n}fp&li"ieutﬁnaaﬁgﬂa < ltJ\' Soet 'o(}n/sqﬁ arrl shape or Layer,

5 differing shape than the storage layer.

Figures 1 and 2 each show diaper executions embodying the
present invention. Shown in each figure {s a diaper 100 with
topsheet 104 and backsheet 102. Disposed between topsheet 104 and
backsheet 102 is absorbent core 106 having storage layer 108 and

10 rectangular acquisition/distribution layer 110. Although not
shown, storagé layer 108 has discrete particles of absorbent
gelling materfal distributed throughout.

Specifically referring to Figure 2, the absorbent core 106 is
shown as having a front regfon 112, a back regfon 114, and a

15  central region 115. As previously described, the front region
112, corresponds to- the end of the diaper 100 that would be
covering the front of the wearer when the diaper was in use, and
the back region 114 would be covering the back of the user. The
absorbent core 106 of Figure 2,.specifically the storage layer

20 108, has a modified hour-glass shape to provide enhanced fit and
reduce in-use leakage. '

“"Figure 3 shows an absorbent core 106, that can be utilized in
conjunction with a disposable diaper, liavinq a storage layer 108
of similar shape to those of  Figures 1 and 2.

25 Acqutsition/distribution layer 111, however, s of a modified
hour-glass shape of substantially similar shape to the storage
layer 108, though of smaller surface area.

Further with respect to Figure 3, the absorbent core 106 has
front region 112, rear region 114, and central region 115. Front

30 region 112, front edge 117 and, at rear region 114, has rear edge
119. Front edge 117 and, has rear edge 119. Front edge 117 and
rear edge 119 are connected by storage layer side edges 122 and
123, corresponding to the central region 115.
Acquisition/distribution layer‘lll :has front edge 116 in the front

35 region 112 and rear edge 118 1n the rear region 1l4.
Acquisittonsdistribution layer side edges 120 and 121, connect
front edge.1l16.and rear edge $18.

nk tea bag are renoved and wei ghed
the second set of tea bags. The
anples is calculated as




| REPLACEMENT SHEET -
yer conprises stiffened, tw sted,
curled cellul ose fibers bi ndi ng neans. 20 The storage
| ayer ,conprises an air- nventional cellulosic fluff (Foley
fluff, southern softwoo feep ~e Procter & Ganble Cel |l ul ose Co.,
anphls TN, USA) and s dlun1polyacrylat pol ymeri c absorbent gelling
material of the type de 32,649, reissued April 19, 1988,
and havi ng 25 an Absor bent CapaC|ty of &beut 30 g/g. The
acquisition/distri- bution éﬁrer conprises a 92% 8% wetlaid m xture of

stiffened fibers adf prefeveed jabserbentarticle embodiments . iengi c disposable
TBe ?ongg ioffgggdbimeﬁs Aiapets0 heéle e‘dgtasn Raepy H8yf f 12¢nd mﬁ‘ﬂef thed to
abou e 0S| C
fibers are rrade“‘i“r’;gﬁfk%\?%{ r{BaEgn, J bt Efmﬁﬂ Fﬁ*"ﬁ%g* ¥y, be; #8 Least
crosslinked witfl.§lco arprefenshly b leastcki@Bnemofinsidetthe. 8dgasl d1perldgnt on
a dry fibgr cel hﬁeoagsammoadﬁ% 9 ayesi1os, paW?culfa'rerti):egﬁﬁ 2l OF {J' nked

Figure 1. The acquisiti

according to dry crosslinking process"” as descri ove 1I°'n
Pat ent 4,822, 45

As discussed above, the superabsorbent materials for use in
the present invention will preferably have an Absorbent Capacity
10 of at least about 10 g, preferably at least about 15 g, more
preferably at least about 20 g Synthetic Urine (1.0% NaCl aqueous
solution, prepared using distilled water) per gram dry
superabsorbent material. In general, the superabsorbent material
js place within a tea bag, fmmersed in an excess of Synthetic
15 Urine for a specified time, and then centrifuged for a specified
period of time. The ratio of superabsorbent material final weight
after centrifuging minus initial weight to initial weight is
Absorbent Capacity. The following procedure can be used to
determine Absorbent Capacity. The procedure is conducted under
20 standard laboratory conditions.
Using a 6 cm X 12 cm cutting die, the tea bag material is
cut, folded in half lengthwise, and sealed along two sides with a
T-bar heat sealer to produce a 6 centimeter by 6 centimeter tea
bag square. The tea bag material utilized is grade 1234 heat
25 sexlable, obtainable from C. H. Dexter, Division of the Dexter
Corp., Windsor Locks, Connecticut, USA, or equivalent. Lower
porosity tea bag material should be used if required to retain
fine superabsorbent materials. 0.200 grams plus or minus 0.005
grams of superabsorbent material is weighed onto a weighing paper
30 and transferred into the tea bag, and the top (open end) of the
tea bag is sealed. An empty tea bag is sealed at the top and fs
used as a blank. Approximately 400 milliliters of Synthetic Urine
are poured into a 1,000 milliliter beaker. The blank tea bag is
submerged - in the Synthetic Urine. The tea bag containing the
35 superabsorbent material (the sample tea bag) is held horizontally
to distribute the.material evenly throughout the tea bag. The tea
bag 1s laid on the surface of the Synthetic Urine. The tea bag is



35 The stiffene fi?bé-r;'slMI dr to the fibers having the
characteristics described ijn Table 1. 43 - Stiffened, Tw sted, Curled
Cel I ul pse (STCC) Fibers e G4sd&NH€9? qofit wood kraft pulp crosslinked
wiith glutaral de- hyde to t he extent of | § percent on a dry fiber

cellulose 5 anhydr ogf ucose basis Tw st} Count Dry = 6.8 nodes/ mm Tw st

Count Wet = 5.1 nodes/ mm 'Ret enti on Val ue = 24% WAt er
Ret enti on Value = 37% 10 Curl Factor - Q.63 The

acquisition/distribution |ayer is a unifor Wet'l aid web as descrlbed in
Branpl e 11. Oghe,m%g%t W8P, For 4 oBHieddr' AY Slor thal"orit’ BIAHS, Ut Ehen' Y
submerged and soaked for 60 minutes. Approximately 2 minutes
after the first sample is submerged, a second set of tea bags,
prepared identically to the first set of blank and superabsorbent
5 material-containing tea bags, {is submerged and soaked for 60
minutes in the same manner as the first set. After the prescribed
soak time is elapsed, for each set of tea bag samples, the tea
bags are promptly removed (with tongs) from the Synthetic Urine.
The samples are then centrifuged as described below. The
10 centrifuge used is a Delux Dynac II Centrifuge, Fisher Model No.
05-100-26, obtainable from Fisher Scientific (Pittsburgh, PA,
USA), or equivalent. The centrifuge should be equipped with a
direct read tachometer and an electric brake. The centrifuge is
further equipped with a cylindrical insert basket having an
15.  approximately 2.5 inch (6.35 cm) high outer wall with an 8.435
inch (21.425 cm) outer diameter, an 7.935 inch (20.155 cm) inside
diameter, and 9 rows each of approximately 106 3/32 inch (0.238
cm) diameter circular holes equally spaced around the
circumference of the outer wall, and having a basket floor with
six 1/4 inch (0.635 cm) diameter circular.drainage holes equally
spaced around the circumference of the basket floor at a distance
of 1/2 inch (1.27 cm) from the interior surface of the outer wall
to the center of the drainage holes, or 'equiva‘lent. The basket 1s
mounted in the centrifuge so as to rotate, as well as brake, in
25 umison with the centrifuge. . The superabsorbent
materfal-containing tea bags are positfoned in the centrifuge
basket with a folded end of the tea bag in the direction of
centrifuge spin. -The blank tea bags are placed to either side of
the corresponding sample tea bags. The superabsorbent
material-containing tea bag from the second set of tea bags must
be placed opposite the superabsorbent material-containing tea bags
from the first set of tea bags; and the second blank tea bag,
opposite the first blank, to balance the centrifuge. The
centrifuge is started and.allowed to ramp up quickly to a stable
35 1,500 rpm. -Once the centrifuge has been stabilized at 1,500 rpm,
a timer is set for 3 minutes. After 3 minutes, the centrifuge is
turned off and the brake {s applied. The first superabsorbenmt

20

30



upon saturation with Synt heglﬁit‘ln.lﬁid‘l‘& tdry wei ght basi s, of about 15 :
0.07 g/cc, and an average basys-wer ght of 3bdut 0. 03 [err] The storage

| ayer conprises 50% by wei gEt F@ ny Wk gnd 50% absorbent gelling
material particles, has an dge“dry enS|ty of about 0.24 g/cc and an
average dry basis weight of; abeut-0.5 ferr]. l The

acqui sition/distribution |ayer has di mensions of about 7.6 cm X 22.9 cm and
is positioned relative to the-storage Tayer &s-shovvn in figure 1. The
storage | ayer has crotch width (at the nost narrow_part of the crotch) of

about 8.9 cm a \mﬁ%ﬁﬂtcﬁﬂ*}éiﬂ"@nﬁewaﬁ andeofivst blank tea bagnyreamemovedi dt h
at the rear (baclghdAreighed \$epatatelpa G‘heaﬁmﬁdﬂﬁ $screpeabed For! {iR" 9addnye

mmtertal parti ol SEELR tebARoco, He ABRafbUAY| clalitl, (4E), "HETeach, afs e i
gradi ent such t hsamples f iont celou) aked hésst(fﬂhwseoreahas-a &neab&ert@d&t of
about 0.118530 mi@hrd &Maﬁuﬁgnieiym‘ mgut ety %ﬁ@rﬁﬂ&ht fug Bfank )"
of the storage C%ea bag ueigt?\%s 'cgnmtri?uge n(%nus dry s eerrra sorbent maggfilﬂ
weight) divided by (dry superabsorbent material weight). The
Absorbent Capacity value for use herein is the average absorbent
capacity (ac) of the two samples.
10 EXAMPLE I
A disposable diaper is prepared comprising a thermally bonded
polypropylene topsheet, a fluid {impervious polyethylene backing
sheet and a dual layer absorbent core positioned between the
topsheet and the backing sheet. The dual layer absorbent core

15 comprises an hourglass-shaped storage layer positioned below a
rectangular shaped acquisition/distribution layer, as shown in
Figure 1.

The acquisition/distribution layer comprises stiffened,
twisted, curled cellulose fibers and optionally a binding means.
20 The storage layer comprises an air-laid mixture of conventional
cellulosic fluff (Foley fluff, southern softwood kraft pulp, The
Procter & Gamble Cellulose Co., Memphis, TN, USA) and sodium
polyacrylate polymeric absorbent gelling material of the type
described in U.S. RE 32,649, reissued April 19, 1988, and having
25 an Absorbent Capacity of about 30 g/g. The acquisition/distri-
bution layer comprises a 92%/8% wetlaid mixture of stiffened
fibers and conventional nonstiffened cellulosic fibers. The
nonstiffened fibers are also made from Foley Fluff; and are
refined to about 200 CSF. The stiffened, twisted, curled
30 cellulosic fibers are made from southern softwood kraft pulp
(Foley fluff) and crosslinked with glutaraldehyde to the extent of
about 2.5 mole percent on a dry fiber cellulose anhydroglucose
basis. The fibers are crosslinked according to the "dry
crosslinking process" as.described above in U.S. Patent 4,822,453.
35 The stiffened fibers are similar to the fibers having the
characteristics described in Table I.



of about 0.06 g/cc. |
about 28% of the abso
Fol ey 35 fluff, a
i nmedi at el y above.

useful for use as an

ijment, the storage core conprises
fial particles and about 72% of

| and density gradients as descri bed
exenplifies wetlaying of a web

. ution layer in the present

I nvention. The web cqnprises 92% st | ned fibers, as described in Exanple

| and 5 Table 1, Ighly refined Foley fluff (crlll) having a
freeness of about 200 CSF. A pulp slurry eof4x ke .stiffened and nonstiffened
fibers having a fiber consistency of 0.1%0, 2% is punped to a [err]

paper maki ng machi ne at a I|near veIOC|ty /'s and at rate of about 95

10 liters/ ; : apsed- r oof forner
"Type = Soutl\em softwood kraft pulp crosslinked with glutaralde-
hyde to the exteat of mole percent on a dry fiber cellulose
S anhydroglucose basis
Twist Count Dry = 6.8 nodes/mm
Twist Count Wet = 5.1 nodes/mm
Isopropol Alcohol Retention Value « 24%
Water Retention Value = 37%
10 Curl Factor = 0.63

The acquisitfon/distribution layer is a uniform, wetlaid web
as described fn Example II. The acquisitfon/distribution layer
has an average dry density of about 0.06 g/cc. An average density
upon saturation with Synthetic Urine, dry wefght basis, of about

15 0.07 g/cc, and an average basis weight of about 0.03 g/cm?. The
storage layer comprises 50% by weight Foley fluff and 50%
absorbent gelling material particles, has an average dry demsity
of about 0.24 g/cc and an average dry basis weight of about 0.5
g/cm2.,

20 The acquisition/distribution layer has dimensions of about
7.6 cm X 22.9 cm and {s positioned relative to the storage layer
as shown in Figure-l. The storage layer has crotch width (at the
most narrow part of the crotch) of about 8.9 cm, a width at the
front waist area of about 21.6 cm, and a width. at the rear (back)

25 - Waist area of about 16.5 cm.

In an alternative embodiment, the storage layer comprises -
about 15% of the absorbent gelling material particles and about
85% of Foley fluff and has a basis weight gradient such that the
front 60% of the storage core has a basis weight of about 0.11

30 g/cm? and a density of about 0.15 g/cc and the rear 40% of the
storage core has a basis weight of about 0.04 g/cme and a density
of about 0.06 g/cc. -

In a further embodiment, the storage core comprises about 28%
of the absorbent gelling material particles and about 72% of Foley

38 fluff, and has basis -weight and: density gradfents as described
immediately above.
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A pulp slurry of the stiffened and nonstiffened fibers having
a fiber consistency of 0.1%-0.2% is pumped to a FORMAR papermaking
wmachine at a linear velocity of 25 wm/s and at rate of about 95
liters/minute. The slurry is distributed by a fixed-roof former
headbox onto an inch wide (30.5 cm) 84M, 5 shed 12 forming wire
moving continuously at a rate of 1.5 sw/minutes. Linear. velocity
of the pulp slurry upon exit from the headbox is from §0 to 100
w/s. Flow and wire movement are regulated so that a uniform,
moist sheet having a dry basis weight of about 0.03 g/cm2 and an
average dry density of about 0.06 g/cc s formed. Sheet
consistency is increased to about 16X-22% by app!ieation of two
vacuum boxes from underneath the wire, such vacuum boxes operating
in sequence at 75 mm Hg and 100 mm Hg, respectively, with a
residence time for the sheet being subject to each vacuum box of

.about 1 second. The sheet {s then removed from the foriming wire

manually and dried, batchwise, in a forced convection steam heated
oven for m«t ¢ hours at about 1100C,
EXAMPLE IT1 ,
Absorbent cores are prepared as {n Example I, except that the
acquisttion/distribution layer is airlaid and comprises 100% of
the stiffened fibers.

EXAMPLE TV

XD 4432024 NLAREQNADD LB e bR BXBip1e St g' 21

Absorbent cores are prepared as in Exaaple III except that -

the acquisition/distribution layer is made from an airlaid and
thermally bonded. thermoplastic-reinforced web comprising 55% of
the stiffened fibers and 45% -of PULPEXT™ (Hercules, Inc.,
Wilmington, Delaware, USA) polyethylene wmicrofibers having an
average length of about 0.3 cm. The acquisition/distribution
layer is formed by metering airstreams of the stiffened fibers and
PULPEX, and then forming the web using conventional airlaying
equipment. The web ts thermally bonded by heating the web by
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di stribution, any 8% fluids, sgllﬂmﬂullﬂmﬂuﬂmmt eri.zed by:
(a) a fluid pervilods to Yla fluid inpetvious bickdhebt affixed to
said topsheet; et core disposed between said

t opsheet anu sai ard hbsorbent core having: (i) a fluid
acqui sition/distriyb hawi+g an average dry density of |ess than
0.30 g/cc, an averjpge den= upon saturation with .1% NaC aqueous
solution, dry weight basis, of |ess ngp 0.20 g/cc, and an average dry
basis weight of fromO0.001 to 0.10 [err], said acquisition/distribution

| ayer conprisin E{O@ 9 19 % preferably from95%to 100% dry weight
basi s, of chenﬁ§5#+§L{j§Q§dgég&—§éiIuI05|c fibers and fromO0%to 50% dry
wei ght :
1. An absorbent article for acquisition, distribution, and
storage of bodily fluids, said article characterized-by:
(a) a fluid pervious topsheet;
(b) a fluid impervious backsheet affixed to said topsheet;
and
(c) an absorbent core disposed between said topsheet an.
said backsheet, said absorbent core having:

(1) a fluid acquisition/distribution layer having an
average dry density of 1less than 0.30 g/cc, an
average density upon saturation with 1% NaCl aqueous
solution, dry weight basis, of less than 0.20 g/cc,
and an average dry basis weight of from 0.001 to
0.10 g/cmé, said acquisition/distribution layer
comprising from 50% to 100%, preferably from 95% to
100%, dry weight basis, of chemically stiffened
cellulosic fibers and from 0% to 50%, dry weight
basis, of a binding means for said fibers; and

(i1) a fluid storage layer, positioned beneath said
acquisition/distribution - layer  relative to saic
topsheet, comprising at least 15%, by weight of said
storage layer, of superabsorbent material and from 0%
to 85% of a carrier means for said superabsorbent
material;

sajd fluid acquisition/distribution layer having no more than
6.0% of superabsorbent material and having a top surface area which
is at least 15% of the top surface area of said fluid storage layer
and which is smaller than the top surface area of said fluid storage
layer.

2. An absorbent structure for acquisition, distribution, and
storage of bodily fluids, said structure characterized by:

(i) a fluid acquisition/distribution 1layer having an

average dry density of less than 0.30 g/cc, an
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bodily fluids,

0.30 g/cc, an

g/cc, and an average dry basis weight of from 0.00}
to 0.10 g/cm2, said acquisition/distribution layer
comprising from 50% to 100%, preferahly from 95% to
100%, dry weight basis, of chemically stiffened
cellulosic fibers ~and from 0% to 50%, dry weight
basis, of a binding means for said fibers; and

{(i1) a fluid storage layer, positioned beneath said

acquisition/distribution layer comprising at least
15%, by weight of said storage layer, of
superabsorbent material and from 0% to 85% of a
carrier means for said superabsorbent material;
said fluid acquisition/distribution layer having no more than
6.0% of superabsorbent material and having a top surface area which
is at least 15% of the top surface area of said fluid storage layer
and which is smaller than the top surface area of said fluid storage
layer.

3. The absorbent article or structure of Claim 1 or Claim 2
wherein said acquisition/distribution layer is substantially free of

- superabsorbent material, has a top surface area which is at least

25% of the top surface area of said storage layer and which is less
than 90% of the top surface area of the said storage layer, has an
average density upon saturation with 1.0% NaCl aqueous solution, dry
weight basis, of between 0.02 g/cc and 0.15 g/cc, and has an average
basis weight of between 0.01 g/cm2 and 0.08 g/cm2, and wherein said
superabsorbent material has an Absorbent Capacity of at least 15
a/g.

4. The absorbent article or structure of any of Claims 1 to
3 wherein said acquisition/distribution layer comprises from 2% to
50% of said binding means, wherein said binding means comprises
non-chemically stiffened cellulosic material.

surface area of said fluid storage |ayer
nel ler than.the tdp suphace area of said fluid storage |ayer.



| REPLACEMENT SHEET |

47- avera e_denl on saturation with 1% €ous sofution, dry
wei ght basr Ill " L ﬁlﬂ' 0.20 g/cc, and anja ero'gge w s{ wei ght of
from Q. GOl b aid acquisition/distri ut‘+ on Tdyef ponprising.

fromb50%to 100% preferably from95%to 100% 51 5, of

chem cally stiffened cellulosic fibers -and §rom0%to 50% .dry wei ght
basis, of a binding nmeans for said fibers; and (TT) a f1rurd storage

| ayer, positioned beneath said acqukgl tion/distribution |layer conprising
at |l east 15% by wei ght of sai d storage |ayer, of

super absor bent nat esi.al ThangbsorbentOdrtiz18506 @trtﬁztﬁﬁé 'dfehnyTRANGIfiRs 152 %

super absor bent al ai ui | utian | aye avi ng

no nore than 6. o%]ﬁhslfaégatgggéftngnﬁ"eﬁggeﬁsg“ﬁg ﬁjgﬁr}b €Bﬁd %F 1&'58516& ea

which is at |eafib erﬁ%'liﬁt‘ﬂle & ofrespessacef arless ofthani cZO\OI Lﬁa@aétaur aStandander
Freeness, and said acquisition/distribution layer comprises from

5% to 15% of said highly refined fibers.

6. The absorbent article or structure of Claims 1 to 4
wherein said binding means comprises high surface area cellulose,
and said acquisition/distribution layer comprises from 2% to 15% of
said high surface area cellulose.

7.  The absorbent article or structure of any of Claims 1 to 6
wherein said acquisition/distribution layer is an airlaid web.

8. The absorbent article or structure of any of Claims 1 to 7
wherein said acquisition/distribution layer is a thermally bonded
web comprising from 10% to 50% of thermoplastic material, said web
being made by preparing a web of a blend of said stiffened fibers
and from 10% to 50%, total web weight basis, of thermoplastic
material, heating the web to melt the thermoplastic material, and
cooling the web.

S. The absorbent article or structure of any of Claims 1 to 6

or Claim 8 wherein said acquisition/distribution layer is a wetlaid
web.

10. The absorbent article or structure of any of Claims 1 to 9
wherein in said storage layer the carrier means for said
superabsorbent material comprises a web of cellulosic fibers, and
wherein said storage layer comprises from 15% to 75% of said
superabsorbent material, said superabsorbent material having an
Absorbent Capacity of at least 15 g/g. material and wherein said
storage layer 1is substantially free of chemically stiffened
cellulosic fibers,



and which is snal I rface arf—"g afacspiedTf gmgqj torage |ayer.
3. The absor bent M“ﬂ”ﬂﬁﬁ”ﬂﬂfﬂ ure of m 1.0+ Q&h 2iwherein said
acqui si ki on/di stributian liayer ss substanti 4l I free - supet absor bent
material, has a top surface area which is at Ie£4 «M“%ﬁt 1eltop surface
area of sai d storage |l ayer and which is | esqg tthan 90% of t op surface
area of the said storage |ayer, has an averdge density upon saturation with
1. 0% NaC aqueous sol ution, dry weight basig. of..between—0- g/ cc and 0. 15
g/ cc, and has an average baS| s wei ghtggaf between 0.01 [err] and 0.08 [err],

feast 15 g/ gsa'4d %pemﬁg%&?%'f%ﬁ%‘ae ofSuREsir, o8 SN 4 Chaing) &b 1 to
3 wherein sai 40 acarein i vm/ srid risbenagen layper thenpsupeesbsbrbent2%mitarps of

sai d bindi ng omiﬁsey\/rmwbétesadﬁhélésdbwaﬁ%?ﬂéutc&é‘ﬁ hg SmatBPINICRE RSl Y
stiffened cel AHJO?‘ELI(& rEapacny of at least 20 g/g. g an

12. The absorbent article or structure of any of Claims 1 to
10 wherein said storage layer comprises superabsorbent fibers.
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-48- 5. The absorbent article or structure of an _ .
BEPUIADLDSI ¢ fi ber&
i d

wherei n said binding neans conprises highly r.efine

havings @ freeness of |ess than 200 Canadi an Standafd Tress, and sAai
acqami sition/distribution | ayer conprises fromb5%t [ gh y
refined fibers. 6. The absorbent article or t ugﬁﬂﬁ#f] 1
to 4 wherein said binding neans conpri seS hi gh surfa s , and
said acquisition/distribution |ayer conp Pzes fronf 2% to 15% of sai d hi gh
surface area cellulose. 7. The absorbent article or stroct ny of
Clains 1 to 6 wherein said acquisiti oABSIBAGDution layer is an airlaid
web. 8. The absorbent article or structure of any of Cains 1 to 7

wher ei N SABSORBENTS t ICONTAININGuUt STIFFENYED | FIBERSer AND y SIUPERABSGRBENT
conpri si NGATBERIAL&% t 0 50% of thernoplastic material, said web being nade
by preparing a web of a blend of said stiffened fibers and from 10%to 50%
total web weight basis, of thernoplastic

Absorbent structures having a fluid acquisition/distribution layer (110) with an average
dry density of less than about 0.30g/cc, an average density upon wetting with 1.0% NaCl
aqueous solution of less than about 0.20 g/cc, and an average dry basis weight from about 0.001
to about 0.10g/cm?; and a fluid storage layer (108) positioned beneath the acquisition/distribution
layer (110) comprising at least about 15% superabsorbent material.  The fluid
acquisition/distribution layer (110) comprises from about 50% to 100% chemically stiffened
cellulosic fibers and from 0% to about 50% binding means.

FIGURE 1



material, heating the web to nelt the therrmplaz emig gf @nd cool i ng
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t he web. 9. The absorbent article qQr structu 5 1 to 6 or
A aimgBonherein said acquisition/distribution {ayer is a wetl ql d web. 10.
The-absorbent article or structure of any of a n@ﬂm in in
said storage layer the carrier nmeans for} gaid super absolrb nt

mat eri al conprises a web of cell ul os) gfi bers, {affd™Whérel n sai d storage

| ayer conprises from15%to 75% of said superabsorbent. nateri-al- said

super absorbent material having an Absorbent Capacity of at |east 15 g/g.
material and wherein said storage layer is substantially free of
chemcally stiffened cellulosic fibers. -49- 11. The absorbent article
or structure of any of Clains 1 to




10 wherein in said storage layer the supera SREMOEMEWMSHE?BI.
conpri-ses discrete particles of absorbent gelling avl ng gEn

Absor bgrt Capacity of at least 20 g/g. 12. The ab o-be 69
structure of any of Clainms 1 to 10 wherein said stqrag 3a@é§‘“ﬁ i i

super absor bent fi bers.
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