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i"nventi on relatgs to absorbent nenbers (fibrous web structures)

havi ng an acquisition |ay ﬁ%? g H sition of
hydrophilic fibrous mate &g §gﬁ§§g§ g a nlxture of
hydrophilic fibrous nate bent gel l'i ng

mat eri al . Mor e particularly, t |nve |on re a es to a dual -1 ayer

absor bent nenber having an acquisition layer with a relatively | ower .
average density and | ower average basis weight acquisition zone positioned
in the area of typical~1iquid deposition to nore quickly acquire and -
distribute liquids within the absorbent nmenber. BACKGROUND OF THE | NVENTI ON
Absor bent articles such as F NVENTIl@Mer s, adul t incontinent

pads, sanitary napihig Reertien | fatat © taeiRaHeK pr...grreg%m bl gier

menbers, fibrous b struyctures conprlse en ses
to receive andStE4HRES o a|v§,ng an acqmsﬂmn layer compnsmg a homogeneous

composition of hydrophilic fibrous material and a storage layer

5 comprising a mixture of hydrophilic fibrous material and discrete
particles of absorbent gelling material. More particularly, the
invention relates to a dual-}ayer absorbent member having an
acquisition layer with a relatively lower average density and lower
average basis weight acquisition ‘zone positionéd in ‘the area of

10 typical'liquid deposition to more quickly acquire and distribute
liquids within the absorbent member.

BACKGROUND OF THE INVENTION L

~ Absorbent articles such as disposable diapers, adult

incontinent pads, sanitary napkins and the like are generally

15 provided with absorbent members, fibrous web structures which
comprise entangled masses of fibers, to receive and retain bodily

fluids. In order for such absorbent  articles te function

efficiently, the absorbent members must quickly acquire bodily

fluids _into ‘the structure from the point of application and

20 subsequently - distribute the fluids within and throughout the

absorbent member to provide maximum liquid containment. In

addition, the absorbent members should be capable of retaining

1iquids when placed under loads. Prior art attempts to improve the

effectiveness of such absorbent members have inc¢luded distribhting

25  particles of absorbent gelling material.throughout or in portions of

the absorbent member. For example, U.S. Patent 4,610,678, entitled

"High-Density Absorbent Structures® which issued to Paul T. Weisman

and Stephen A. Goldman on September 9, 1986, discloses absorbent

members wherein particles of absorbent gelling material (hydrogel)

30  are dispersed in an air-laid web of hydrophilic fibrous material and

compressed to a particular density. In addition, U.S. Patent
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Other references which disclose dual-layer absorbent members in
combination with absorbent gelling materials are PCT Published
Applications WO 91/11162, WO 91/11163, and WO 91/11165, each having
been published on August 8, 1991. These published patent

applications were each filed in the name of The Procter & Gamble '

Company, and each is hereby ihcorporated herein by reference.

U.S. Patent No. 5,047,023, entitled “"Absorbent Members Having.
Low Density and Basis Weight Acquisition Zones®, which issued to
Charles J. Berg on September 10, 1991, and U.S. Patent No.
4,834,735, entitled “High Density Absorbent Members Having Lower
Density and Basis Weight Acquisition Zonés“,'which_issuqd to Miguel
Alemany and Charles J. Berg on May 30, 1989, disclose absorbent
articles incorporating such absorbent gelling materials into
absorbent members which have selective densification. These patents
are also incorporated herein by reference.

Absorbent gelling materials are polymeric materials which are
capable of absorbing large quantities of liquids such as water and
body wastes relative to their we{ght,.and which are further capable
of retaining such absorbed 1iquids under moderate pressures. .Ihese'
absorption characteristics of absorbent gelling materials make them
esbecia]ly useful for incorporation into absorbent articles such as

-disposable diapers, adult incontinent pads, sanitary napkins and the

like. However, in spite of the extremely high absorption capacities
of such absorbent gelling materials, their performance when used in
disposable absorbent articles has still not been optimized.

The effectiveness of absorbent gelling materials in disposable
absorbent articles is quite dependent upon the form, position, size,
and/or manner in which the particles of absorbent gelling material
are incorporated into the absorbent member. One way to
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ﬁh4767§;402,.entitled'"Absorbent Articles Wth Dual - Layer ed Cores" whi ch
isssued t QudPodnszdr Vei sman, Dawn |. Houghton and Dale A GCepdgusssmsordune 16,
1987, discloses a dual -l ayer absorbent dore wherein an absorbent
acquisition | ayer querlays a lower fluid storage.|layer that consist -
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Zones", wHi ch thesird@riar Mfgtkd absorbent member, therefore, takes place via a

very slow diffusion process. In practical terms, this means that

acquisition of liquids by the absorbent member is much slower than

- the discharge of the liquid to be absorbed, and leakage from the

absorbent article may take place well 'before the particles of

15 absorbent gelling material in the .absorbent member are fully
saturated or before the liquid can diffuse or wick past the

- "blocking" particles into the rest of the absorbent member. Often,
the storage capacities of areas of the absorbent member remote from
the liquid deposition go un-utilized. '

20 Another reason why many absorbent articles are subject to
leakage is inability to absorb second and subsequent discharges of
fluid even if the first discharge has been effectively absorbed.
After a discharge of fluid occurs, the fluid tends to remain
situated in the region proximate to the discharge. This is due to

25 the inability of the absorbent core to transport discharged fluid
away from the region of discharge once the absorbent capacity of
that region has reached the saturation point.

In absorbent members ,incbrporating ~ comparatively higher
concentrations of absorbent gelling materials in the interest of

30 higher storage capacity, the problem is aggravated by the fact that
in order to increase the amount of absorbent ge}ling material while
maintaining a constant thickness, less hydrophilic fibrous material
can be included in the stdrage layer. The role of the fibrous
material in providing wicking capability within the absorbent

.35 gelling material-containing storage layer and maintaining a

> fiber/absorbent gelling material matrix s greatly reduced,
necessitating some other method of acquiring and distributing fluid
. I
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are |ncor80r at sor bent menber . One way to
It is a further obJect of the present invention to provide -

absorbent members of improved capacity and efficiency by utilizing

an acquisition layer of selectively densified, hydrophilic fibrous

material to effectively acquire and distribute fluid to a storage

layer which includes a compirativer higher concentration of
15 absorbent gelling material. |

SUMMARY OF THE INVENTION

The present invention provides absorbent articles such as
disposable diapers, incontinent pads, sanitary ha‘pkins or the like
that have absorbent members that are suitable for achiring and

20 containing liquids in an especially effective and efficient manner.
Such absorbent articles typically compri§e a liquid pervious
topsheet, a usually liquid impervious backsheet, and. an absorbent
member positioned between the topsheet and the backsheet. ,

' The present invention relates to dual-layer absorbent members

25 -of the type having an absorbent acquisition layer comprising a
.homogeneous composition of hydrophilic fibrous material in fluid
communication with a storage layer comprising a mixture of
hydrophilic fibrous material and discrete particles of absorbent
gelling material having particular particle size distributions. The

30 acquikition layer has a top surface area which is from about 0.70 to
about 1.0 times the top surface area of the storage layer. The
absorbent member is fypica]ly positioned relative to the 'backsheet
of the absorbent article such that at least about 75% of the.
absorbent gelling material is found within the front two-thirds

35 portion of the absorbent article. The acquisition zone of the
acquisition layer is also typically positioned relative to the

—

heet Has Been Re‘laced

I



% R . . .
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b ef ore the i %'J\e k&l q(a' I:Ilzﬂs&&nmt%ié PI%S& Eo %he storage layer and to the
10 adjoining distribution zone so as to be free to acqmre a subsequent
discharge of fluid.

In accordance with one aspect of the present invention, the
acquisition zone is positioned toward the front of the absorbent
member so that the acquisition zone may be positioned in the area of

‘15 typical liquid deposition. The acquisition zone is also sized so .
that the top surface area of the acquisition zone comprises less
than about 50% of the top surface area of the acquisition layer of
the absorbent member.

In accordance with another aspect of the present invention,

20 particles of absorbent gelling material having a particle size
distribution such that the particles have a mass median particle
size greater than or equal to about 400 microns is mixed with
hydrophilic fibrous material to minimize gel blocking and/or to help
maintain an open capillary structure within the storage layer to

25 enhance .planar transport of liquids away from the area of typical
liquid deposition to the rest of the absorbent member. In addition,
the particle size distribution of the absorbent gelling material is
controlled to improve absorbent capacity and efficiency of the
particles employed in the absorbent member. The mixture of

30 hydrophilic fibrous material and relatively large particles of
“absorbent gelling material in combination with an acquisition layer
with a relatively low density and basis uei'ght acquisition zone
provides an improved absorbent member.

TAL SCRIPTION OF T WING
35 While the specification concludes with claims which
particularly point out and distinctly claim the subject matter
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the absorbent 8 rlng materi al -containing storage |ayer and
“maintainiAg a Figure 3 is a transverse sectional view of only the absorbent

member of the disposablé diaper taken along sectional line 3-3 of
Figure 1;

Figure 4 is a perspectlve view of the absorbent member of the
disposable diaper shown in Figure 1;

15 Figure 5 is a transverse sectional view similar to Figure 3,
schematically illustrating typical fluid flow within the absorbent--
member.

DETAILED DESCRIPTION OF THE INVENTION
The absorbent -members of the present invention will be

20  described herein in relationship to their use in disposable
absorbent articles; however, it should be understood that the
potential application of the absorbent members of the present
invention should not be limited to disposable "absorbent articles.
As used herein, the term "disposable absorbent article™ refers to

25  articles which absorb and contain body exudates and more
specifically refers to articles which are placed against or in
proximity to the body of the wearer to absorb and contain the
various exudates discharged from the body, and which are intended to
be discarded after -a single use (i.e., they are not intended to be

30 laundered or otherwise restored or reused). A preferred embodiment
of a disposable absorbent article, diaper 20, is shown in Figure 1.
As used herein, the term “"diaper" refers to a garment generally worn
by infants and incontinent persons that is worn about the lower
torso of the wearer. It should be understood, however, that the

35 present invention is also applicable to other disposable absorbent
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region 26 and a periphery 28 which is defined by the outer edges of
the dzaper in which the longltud1nal edges are designated 30 and the
end edges are designated 32. The diaper additionally has a
transverse centerline which is designated 34 and a longitudinal
centerline which is designated 36. '
~ The diaper 20 preferably comprises a quuid'pervious topsheet
38; a typically liquid impervious baéksheet 40; an absorbent member
42; and elastic members 44. While the topsheet 38, the backsheet
40, the absorbent member 42, and the elastic members 44 may be
assembled in a variety of well known configurations, a preferred
diaper configuration is described generally in U.S. Patent 3,860,003
entitled "Contractible Side Portions for Disposable Diaper", which
issued to K. B. Buell on January 14, 1975, and which batent is
incorporated herein by reference. '
Figure 1 shows a preferred embodiment of the diaper 20 in wh1ch

‘the topsheet 38 and the backsheet 40 are -co-extensive and have

length and width dimensions generally larger than those of the
absorbent member 42. The topsheet 38- is associated with and
superimposed on the backsheet 40 thereby forming the periphery 28 of
the diaper 20. The periphery 28 defines the outer perimeter or the
edges of the diaper 20." The periphery 28 comprises the end edges 32
and the longitudinal edges 30. Figures 2 and 3 are longitudinal and
triansverse, respective]y, sectional views of only the absorbent
member 42 shown in Figure 1. '

The diaper 20 has front and back waistband regions 22 and 24,
respectiﬁe]y, extending from the end edges 32 of the diaper
périphery 28 toward the transverse centerline 34 of the diaper a
distanée'from about 2% to about 10%, preferably about 5%, of the
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10 to the wearer’s skin. Further, the topsheet 38 is liquid pervious
permitting liquids to_readily'penétrate through its thickness. A
suitable’ topsheet 38 may be manufactured from a wide range of
materials, such as porous foams, reticulated foams, apertured
plastic films, -natural fibers (e.g., wood or cotton fibers),

15 synthetic fibers (e.g., polyester or polypropylene fibers) or from a
combination of natural and synthetic fibers. Preferably, the
topsheet 38 is made of a hydrophobic material to isolate the
wearer’s skin from liquids in the absorbent member 42.

A particularly preferred topsheet 38 comprises staple length

20 polypropylene fibers having a denier of about 1.5, such as Hercules
type 151 polypropylene marketed by Hercules, Inc. of Wilmington,
Delaware. As used herein, the term "staple length fibers" refers to
those fibers having a length of at least about 15.9 mm (0.62
inches). | .

25 There are a number of manufacturing techniques which may be
used to manufacture the topsheet 38. For example, the topsheet 38
may be woven, non-woven, spunbonded, carded, or the 1like. A
preferred topsheet is carded, and thermally bonded by means well
known to those skilled in the fabrics art. Preferably, the topsheet

30 38 has a weight from about 18 to about 25 grams per square meter, a
minimum dry tensile strength of at least about 400 grams per
centimeter in the machine direction and a wet tensile strength of at
least about 55 grams per centimeter in the cross-machine direction.

The backsheet 40 is typically impervious to liquids and is

.35  preferably manufactured from a thin plastic film, although other
flexible Tliquid impervious materials may also be wused. The
backsheet 40 prevents the exudates absorbed and contained in the
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to acquire a su‘ﬂt’égdé‘ﬂ ma@ahbrcgefw fq &hel general shape and contours of the

wearer’s body.
A suitable polyethylene film is manufactured by Tredegar
10 - Industries, Inc. of Terre Haute, Ind. under the designation RR8220
blend for blown films and RR5475 blend for cast films. The
backsheet 40 is preferably embossed and/or matte finished to provide
a more clothlike. appearance. Further, the backsheet 40 may permit
. vapors to escape from the absorbent member 42 while still preventing
15  exudates from passing through the backsheet 40.
The size of the backsheet 40 is dictated by the size of the—.
~ absorbent member 42 and the exact diaper design selected. In a
preferred embodiment, the backsheet 40 has a modified
hourglass-shape extending beyond the absorbent member 42 a minimum
20 distance of at least about 1.3 centimeters to about 2.5 centimeters
(about 0.5 to about 1.0 inch) around the entire diaper periphery 28.
The topsheet 38 and the backsheet 40 are joined together in any
suitable manner. As used herein, the term "joined® encompasses
configurations whereby the topsheet 38 is directly joined to the
25 backsheet 40 by affixing the topsheet 38 directly to the backsheet
40, and configurations whereby the topsheet 38 is indirectly joined
to the backsheet 40 by affixing the topsheet 38 to intermediate
members which in turn are affixed to the backsheet 40. In a
preferred embodiment, the topsheet 38 and the backsheet 40 are
30 affixed directly to each other in the diaper pefiphery 28 by
attachment means (not shown) such as an adhesive or any other
attachment means as known in the art. For example, a uniform
continuous layer of adhesive, a patterned layer of adhesive, or an
array of separate lines, spirals, or spots of adhesive may be used
. 35 to affix the topsheet 38 to the backsheet 40.
' Tape tab fasteners 46 are typically applied - to the back
waistband region 24 of the diaper 20 to provide a fastening means
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I'n” accordance with one aspect of the present i nvention, the acqui sition
zane i s pweissizssed toward the front of h@e absor bent nmenbepcswss43drat he
acqui sition zone may be positioned int area of typical liquid

TR0t The acdlr MdiHiM (4T dTORR bE (e Redbehos Gily( BRI 45 Pogﬁuréew'

area of the acquisitionm zone I'ses | ess than abou
surface area offasifdeBE i §T'QW“0H"I%‘;98F9 df- t The &pe&rtgbnfastenersr 46| ¢an be

accordance wt bnﬁnort hﬁfosaswent kfbwi hid Rh€SOR, Ishotends qme Fastienfh Xapef

absor bent gelli eri t.i cI Si,z strlbu on.such
that the part| %élo%%/ @ﬁﬁs a%ﬁﬁ{'i aﬂ&pgﬂ ’Ef",f s*ozé éegf'%]r] ?'F\ v‘H'fbe'équal
to about 4%0 ml&r 0924 itk qpatent Hshirtosponated hereinoby nefierence. tTtheseni mi ze

gel bl ocking ams%@rtasqagdﬁrmsnaalo@hanump ﬁ%ﬂéﬂrlngrméaﬁgr%&”a% Minshi n the
storage |ayer to

R E AR R AN T G O
t he part icle size dhetelabtid memberst4ve arbsdispesed gdjadcenty thet periphenys 28
ot byea"1 n° PPDERY SR g Vg R gl S D 61
fibrous nMeri éh“arﬁ!!erélﬁt"(?emgmbﬁé?g‘lé 3and i %o drawrand hold the dﬂper 20
against the legs of the wearer. Alternatively, the elastic members
44 may be disposed adjacent either or both of the end edges 32 of
"the diaper 20 to provide a waistband as well as or rather than leg
cuffs. For example, a suitable waistband is disclosed in U.S.

15 Patent 4,515,595 issued to David J. Kievit and Thomas F. Osterhage
on May 7, 1985, which patent is herein incorporated by reference.

. Another suitable waistband structure is one which incoi'porates '
elastic waist features to provide a dynamic fit about the wearer as
well as improved containment characteristics. Such a waistband

20 structure is disclosed in U.S. Patent 5,151,092 issued to Kenneth B.
Buell, Sandra H. Clear, and Danielia T. Falcone on September 29,
1992, which patent is herein incorporated by reference. In
addition, a method and apparatus suitable for manufacturing a
disposable diaper having elastically contractible elastic members is

25 described in U.S. Patent 4,081,301 entitled "Method and Apparatus
for Continuously Attaching Discrete, Stretched Elastic Strands to
Predetermined Isolated Portions of Disposable Absorbent Products”
which issued to K. B. Buell on March 28, 1978 and which patent is
incorporated herein by reference. .

30 The elastic members 44 are secured to the diaper 20 in an
elastically contractible condition so that in a normally
unrestrained configuration, the elasti¢c members 44 effectively
contract or gather the diaper 20. The elastic members 44 can be
secured in an elastically contractible condition in at least two

35 ways. For example, the elastic members 44 may be stretched and
secured while the diaper 20 1is in an uncontracted condition.
Alternaiively, the diaper 20 may be contracted, for example, by

—_—
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absbrbent gelling material in combination with an acquisition layer with a

rel-atively | ow

density and basis wei ght acquisition zone provides an

i mproved amwosdm3mdi nenber. DETAI LED DESCRyPTI ON OF THE DRAW pESu¥idi6s

speci fication
and distinctly
present invent

concl udes W th cl ai s whi ch particularly point out
plaitimg handubhe ail agwilct @embers 644 aganrkad andSconhe¢tidNgo EHee

| 4 ' ' t] W .be bet.t
under st ood f romhﬁ?eerf %? I '(')%ﬁﬁgh?e!seg\rélsﬁtci @H‘ﬁhdgg\elﬁpiér{ggém t%eéﬁgﬁre%a?# tHe

acconpanying dr 4titRgtched camddhionri gure 1 is a plan view of a disposable
di aper enbodi ment ofntthe @itRASRENti MIQREFRd WIS Sdure"PSIthef e TadEid R

been cut-awgy t
di aper; Figlre

10

15

20

. 25

t

t he

has

f I . t h nder.| vi bepnt nenpber of the
4 (BieEnd SR iI0) e L Vel 37 Y8 G TapeE EBoth kb
menber of the dfef36BarRadonli dper Atiakeat iakbhghe eekasbicimenbers 24 2mayf ektapdre 1;

the entire length of the diaper 20, or any other length suitable to
provide an elastically'contractible-line. The length of the elastic
members 44 is dictated by the diaper’s design.

The elastic members 44 may take a multitude of configurations.
For example, the width of the elastic members 44 may be varied from
about .25 millimeters (0.01 inches) to about 25 millimeters (1.0
inch) or more; the elastic members 44 may comprise a single strand
of elastic material or may comprise several parallel or non-paraliel
strands of elastic material; or -the elastic members 44 may be
rectangular or curvilinear. Still further, the elastic members «+4
may be affixed to the diaper in any of several ways which are known
in the art. For example, the elastic members 44 may be

ultrasonically bonded, heat and pressure sealed into the diaper 20

using a variety of bonding patterns or the elastic members 44 may
simply be glued to the diaper 20. _ '

The absorbent member 42 is positionedqbetween the topsheet 38
and the backsheet 40 to form the diaper 20. -The absorbent members
of the present invention are fibrous webs or batts which comprise
both entangled masses of fibers and particles of absorbent gelling

_ material. The absorbent' member 42 1is generally compressible,

30

35

conformable, non-irritating to the wearer’s skin, and capable of -
absorbing and retaining liquids and certain body exudates. It
should be understood that for purposes of this. invention that an
absorbent member comprises at least two structural elements or
layers, but is not necessarily limited to two layers or sheets of
materials. Thus,w the absorbent member 42 may actually comprise
laminates or combinations of several sheets or webs of the requisite
types of materials as hereinafter described. Thus as used herein,
the term "member" includes the term “members” or "layers" or

."layered.” In addition, each sheet or web (or member or layer) need

not be formed of a single unitary piece of material, but may be-
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Firgure 3 is a transverse sectional view of only the absorbent nmenber of the
di-sposabl e di aper taken along sectional line 3-3 of Figure 1; Figure 4 is a
per spect iwe oyt of the absorbent nenber of the di sposabl epdrajses/03foWn in
FL%ure 1; Figure 5 is a transverse sectildnal view simlar to Figure 3,
schematically illustratin ical fluid flowwthin the absorbent- nenber.
PETAI LED. DESCRIPTIGNOEF FUBDINGENTINET (36" R Oy SAMMPETES dRIned TAIeLhaTs
present invenfiengthwisd bor widthlodse; sediongeaseithey iane ineflatid ocommumicatoon t hei r

use in dispog t articles; however, it should be understood
that the potent?gi%gggﬁ@ggﬁﬁon of the absorbent menbers of the present

i nvention shoul d néi9#e fiiH pcRerspedivpyiamof apeefersnd embediment of athesed
herein, the tenbsorbdht membér @2abf wheepitesatit i iaventioRf eAs Ekowar §h CFigGreswhi ch

glrjf iofr:Fesa\r/]\hi cﬁ gf"g"ﬁf a@gg?@ﬁﬁ%&?&%?zi %’%B%??L?e'} ?B'feegl %@%%% r"gia%{eﬁe}z\?\ear er
to absorb and @othtailowenestorageolayarx8dat dbe dippenaacguiss iftionn talver utpherand
which are inteqgeride® an acquisition zone 56 shown by the cross-hatching forward

of the double-dotted 1ine 92 (which represents a density interface)

10 and a distribution zone 58. The lower storage layer 82 is shown in
Figure 4 to comprise a back section 48 and a front section 50. The
-front section 50 is shown to have an end region 52 and a deposition
region 54. Further, the front section 50 is transversely divided
into three regions comprising two transversely spaced ear regions 60

" 15 and 62 respectively, and a central region 64. The lower storage

~ layer 82 additionally has a transverse centerline which is
designated 66 and a Tongitudinal centerline which is designated 68.

The lower storage layer 82 has a back section 48 and a front

section 50 that is contiguous with the back section 48. The back

20 section 48 and the front section 50 of the lower storage layer 82
‘extend respectively from the end edges 70 of the lower storage layer

82 toward the transverse centerline 66, the front portion 50
extending a distance from about one half to about three-fourths,
preferably about two-thirds, of the length of the lower storage

25 layer 82. The front section 50 is preferably greater than one half
of the total length of the lower storage layer 82 so that it will
encompass all of the area of typical liquid deposition of an
absorbent member 42 when it is placed in a diaper or other absorbent
article.

30 The front portion 50 has an end region 52 and a deposition
region 54. The end region 52 comprises that portion of the front
section 50 extending from the respective end edge 70 of the lower
sto;age layer 82 toward the transverse centerline 66 a distance from
about 2% to about 10%, preferably about 5%, of the length of the

.35 lower storage layer 82. The deposition region 54 comprises that
portion of the front poftion 50 that is contiguous with and
positioned between the end region 52 and the back section 48 and

——
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be discarded after a single use (i.e., they are not intended to be
l'aundered or otherw se restored or reused). A preferred enbodi nent of a
di sposablwoaagsrebent article, diaper 20, _is shown in Fi gureCT/ussg/0392d
herein, the term"diaper” refers to a gathent generally worn by infants .

't should be. areepEpEas awates o Frest oy BRFeAOLah She i Boaredt™
appl i cabl e to omémber di2sposabl e absor bent 7 articles such as
incontinent briefsype ifpeNtgoPeitin SB2FEnthed MUst 2o 1ARKIISe1 P Patdle dakrke.
Figure 1 is a plan view of .th dlagen 20 of ahe r esent |nveg%£26s én Its
. flat-out, uncofR9188% e%‘ @Faﬁg respectivelyy 3fd 3, &.’Sr% tTe9PH posed
contracti onsr emntedpediaté gher earoregixdnst 6 andr Gt uThe lear mpgduns ®0aynd G2nor e’
o Soet 28w o RIS LG B oL ] STl Sk el U NBA BB, L
shown in Fi gur eedgeso3fafe the periphery 28 toward the longitudinal centerline a
distance from about one-tenth to about- one-third of the width of the
lower storage layer 82. Thus, the ear regions 60 and 62 are those
10 portions that engage the side marginal portions of the wearer’s
waist and torso, whereas the central region 64 engages the medial
portion of the wearer’s waist and torso. The central region thus
defines the transverse area of typical liquid deposition.
The lower storage layer 82 may be manufactured in a wide
15 variety of sizes and shapes (e.g., rectangular, hourglass,
asymmetrical, etc.) and from a wide variety of materials. The total
absorbent capacity of the lower storage layer 82 should, however, be
compatible with the design liquid loading for the intended use of
the absorbent article or diaper. Further, the size and absorbent
20 capacity of the lower storage layer 82 may be varied to accommodate
wearers ranging from infants through adults. The upper acquisition
layer 72 preferably consists of a homogeneous composition of
hydrophilic fibrous material which has been selectively densified.
The lower storage layer 82 preferably consists of a mixture of
25 hydrophilic fibrous material and particular amounts of discrete
particles .of absorbent gelling material having a particular particle
size distribution, and preferably has a uniform density profile.
As shown in Figure 4, there are preferably margins 83 and 84
from the side edge of the upper acquisition layer 72 to the side
30 edge of the lower storage layer 82, at least in the area of typical
1iquid deposition. Such margins are preferably at least about 0.2
inches (0.5 cm), more preferably at least about 0.5 inches (1.25
cm), to minimize the likelihood of leakage caused by wicking fluid
all the way to the edge of the absorbent member. The margins
. 35 preferably extend for the full length of the absorbent member,
although the margins could be maintained -only in the most likely
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front wai stband region 22, a back wai stband region 24, a crotch region 26
and a periphery 28 which is defined by the outer edges of the diaper in
whi ch t he WQA42¥76ldi nal edges are desi gnab d 30 and the end PEBHYE/03473e
desi gnated 32. The diaper additiona has a transverse centerline

36, The di aper SLFeREdte Fagids %r%'fté’%'énitl‘age“r‘faﬁé'bergﬁ‘f“’% “Popb R S9RST
typically Iiqui adgenﬁ@rr wiabmyebmSmemomcemahbsémbéﬁmﬂreemraz and -
el astic menbers 44. yaMgiud etyb@? otfoﬁﬁi?'ﬁﬁﬂﬂ%@ flbhﬂxsbﬁ&@ihﬂekaﬁffbe ﬁilﬂ fPSQr bent

menber 42, and ihe el astic nenhers n?i/ ﬁ ?sse *ed |n]a vaw % ?‘f wel |
known confi gur ath€HePeY, 3gauisition Wébe At PN 2t FYRIE s ' e

generally i 8 U. &soPberdnmeribe8642.00Anyehype b€ chydphi 1 & fii irtows Siater RAr whiwhs f or
Di sposabl e Di apgy sux\f‘ﬁﬂ]@hfdrS%E?dint Qoﬁen&ofnweibgo%néaﬂéﬁﬁé’tslﬁre ]s?ﬁ@ab]%”d

whi ch patent is_1ncor orate erence
preferred enbodf?ﬁen'!seof hEhedl%HﬁFbeZ'G imembgn c4¢ % f’t?ps?f'@é?"és"a‘i?ﬂti%

backsheet 40 arepetefﬁo(tamip‘v@s apfl baske hyargpHilead fibrdub havt@rial oriaclude
generally |ar 96§eg¥]%‘set E%eiﬁd modlﬁe%bgglr’lg?&te fﬂ}ZF@e ayéhz po'ly-gg?er tf?l?e%@eet

38 Is associa
10 such as polyethylene terephthalate (DACRON), hydrephilic nylon

(HYDROFIL), and the like. Other examples of suitable hydrophilic
fibrous materials include hydrophilized hydrophobic fibers, such as
surfactant-treated or silica-treated thermoplastic fibers derived,
for example, from polyolefins such as polyethylene or polypropylene,

15 polyacrylics, polyamides, polystyrenes, polyurethanes and the like.
(These structures provide excellent wicking properties which are
important in the present invention.) For reasons of availability
and cost, cellulose fibers, in particular wood pulp fibers which are
also referred to as airfelt, are preferred.

20 Other cellulosic fiber materials which may be especially useful
in certain absorbent members herein are the -stiffened, twisted,
curled, cellulosic fibers which can be produced by internally
cross-linking cellulose fibers with a cross-linking agent. Fibers
of this general type are disclosed, for example, in Bernardin, U.S.

25 Patent 3,224,926, issued December 21, 1965; Steiger, U.S. Patent
3,241,553, ‘issued March 22, 1966; Chung, U.S. Patent 3,440,135,
issued April 22, 1969; Steiger, U.S. Patent 3,658,613, issued April
26, 1972; 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,

30 all of which patents are incorporated herein by reference.

One type of stiffened, twisted, curled cellulose fibers useful

- as the hydrophilic fiber component of the absorbent members herein
comprises cellulose fibers which have been internally cross-linked,

for example with a C2-Cg dialdehyde, while such fibers are in a

- 35 relatively dehydrated state. ~Such fibers can be defined in terms of
their dry fiber and wet fiber twist counts (at least 4.5 twist nodes

per mil]imefer dry and at least 0.5 twist node per millimeter less

e
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superi nposed on the backsheet 40 thereby form ng the periphery 28 of the
diaper 20. The periphery 28 defines the outer perineter or the edges of
t he di aperWO(®4/2316¢ peri phery 28 conprises the end edges 32 a#ar/u$ng/03073
| ongi t udi nal edges 30. Figures 2 and 3 arP | ongi tudi nal and transverse,

pespectively. agh o0f wth Y8 &l RS a1hS, Bats THRED SR SURET 1"
respectively, exnodasii npen r gwvild fretend watdes a8 oby t hthedrap€luider inetentjiogs

toward the transyaracteppsties! %Mr?ﬁ 95odridy i ARG 12 ret &t3BF Svd U@ M ADRYS 2%
to about 10% prefer y abou 9 t

wai st band regio aﬂo%?sé"?ﬂ?@%i'{% O];rresg?ttii‘?ﬂgglag‘fnegtgfeog‘i'é&‘gg@%aPe\rA?ﬂ%&ﬂ The
when worn, efici rStliéfened, wawittedf{ theledeaedtuloshe Eildrsh afegthis Aypes aréat
D Snes! oo JaBErioed? e YRS i) S bl Wited? Moo,
bet ween t he | egs23d#676, published January 7, 1988, and in European Patent
- Publication No. 252,650, published January 13, 1988. Both of these
published patent applications were filed in the name of The Procter
10 & Gamble Company and both are incorporated herein by reference. In
addition, U.S. Patent 4,822,453, issued April 18, 1989 to Dean et
al., U.S. Patent 4,888,093, issued December 19, 1989 to Dean et al.,
and U.S. Patent 4,898,642, issued February 6, 1990 to Moore et al.,
also describe this cross-linking process in greater detail, as well
15 as providing further discussion of quantifying the stiffness, twist,
and curl imparted to the fibers, and are hereby incorporated herein
by reference. _ .
Another type of stiffened, twisted, curled cellulose fibers
which are useful and presently preferred as the hydrophilic fiber
20 component of the absorbent members herein comprises cellulose fibers
which have been internally cross-linked, for example with a C2-Cg
polyparboxy'lic acid cross-linking agenf., such as citric acid, while
such fibers are in a relatively dehydrated state. Such fibers can
likewise be defined in terms of their dry fiber and wet fiber twist
25 counts (at least 2.5 twist nodes per millimeter dry and at least 1.0
twist nodes per millimeter less than that when wet and preferably
also at least about 1.5 twist nodes per millimeter wet) and by their
fluid retention characteristics (average water retention value of
from 28% to 50%). Stiffened, twisted, curled cellulosic fibers of
30 this type are described in greater detail in U.S. Patent 5,137,537,
issued August 11, 1992 to Carlisle M. Herron and David J. Cooper,
which is hereby incorporated herein by reference.
While the hydrophilic fibrous material utilized in the lower
storage layer 82 may comprise any one or more of the foregoing
35 materials, in order to achieve the advantages of the present
invention the upper acquisition layer 72 is preferably a homogenous
composition of chemically stiffened, twisted, and curled cellulose

—_—
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t e wearer and covers the |lower torso of the wearer. Thus, the crotch
regi on 26 defines the area of typical |iquid deposition for a diaper 20 or
ot her di spEx24R386labsor bent article. The tgpsheet 38 i s conpPCHHE4/a30%3t
feeling, -and non-irritating to the wearer™s skin. Further, the topsheet 38

hi ckness. | A ourranns descPfbed M (he pruceandy b*"@?ﬂf‘té&F?&oLﬁ“‘“@t‘mgd(}“*‘ﬁ
of materials, jﬁ%ﬂ' ésca'bgf‘ Sgrmeﬂoagz'\'/hesf*e?%@ a‘?"@d is; prgferab dp@?&%r%ng
plastic filns, aintltr &b mfrnimézes produdt ,costwopthceowickiagt amilitybés spat a
synthetic fi berir{ﬁrg fqn@i’l&ﬁeﬁ?q ﬁ}s?&#a&grﬁgﬂﬁe fibers) or from a

conbi nati on ers Pref erably,
topsheet 38 is nddemaypf bea"ﬁ?ﬁ'ﬁélﬂmb’? cSomentappl igatiens tosoinglad et Fn@“e

wea][er' sdski n L It;ﬁihﬂlltﬂLdeﬁydrlapﬁdbﬁcaﬁ?ﬁétﬁemitdﬁ‘ﬁ!ﬁbﬁh the. alfsorBéitl memisirk Yof
Geni or of about te resertavenEge: PReu BRTy P oy WopEY Affis it dadel by
Her cul es, | nc. Sucl hydraphobicofijbrbes material s\maysinglude eynthet ie fiibens Sweahapl e
| engt h f| bers" hef er,sayrog thcb%%e{hlylp@;{es h@,y;yggoﬁw,@]gtham %1_{,m§§eneabout
15.9 mm (01062 terep?:%?:a'late fibers, for example, as well as bicomponent,
tricomponent, and mixed fibers. The use of such hydrophobic fibrous
materials, as well as hydrophilic and hydrophilized hydrophobic
fibrous materials  (synthetic or natural), is described in greater
detail in the above-referenced and incorporated PCT Published
15 Applications WO 91/11162, WO 91/11163, and WO 91/11165.
Other fibrous materials which may be suitable for inclusion
" include capillary channel fibers, such as those described in greater
detail in European Patent Publication No. 391,814, published October
10, 1990. This published application was filed in the name of the -
20  Eastman Kodak Company, and 1is hereby incorporated herein by
reference. ' '

Such additional fibrous materials, when of a hydrophobic
nature, are preferably present in a comparatively small gquantity,
typically on the order of about 30% or less (total web weight basis)

25 such that the web remains substantially hydrophilic. The addition
of such hydrophobic fibrous materials to the absorbent members of
the present invention may provide improved wicking properties, as
well as improved capacity, structural integrity, and resiliency.

As used herein, the term "hydrophilic" describes fibers or the

30 surfaces of fibers which are wetted by the liquids deposited onto
the fibers. The state of the art respecting wetting of materials
allows definition of hydrophilicity (and wetting) in terms of
contact angles and the surface tension of the liquids and solids
jnvolved. This is discussed in detail in The American Chemical

. 35 Society publication entitled __glt_a_q;__g_qlg_,_gubi]m._j_ Adhesion
edited by Robert F. Gould and copyrighted in 1964. A fiber or
- surface of a fiber is said to be wetted by a 1iquid either when the
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There are a nunber of manufacturing techni ques which may be used to
rmahuf act ure the topsheet 38. For exanple, the topsheet 38 may be woven,
non- wovenwo 4i2diéionded, carded, or the |Iike. A pref er peTiUSBRO3IBEt | S
carded, and thermally bonded by neans welM known to those skilled in the

fabrics art. Pref rabI t opsheet. 38 _has .a wei ght from about 18 to
about 25 grans éﬂée wgen ﬁ?n quHiﬁnﬂF'yt'Eeerng?'é ory SURACR &% less| east

about 400 gr ansthaar Bofent-lwheb ethei hiqullé wilL tend 1o srebd wpoAtdhedusWt adreBsi | e -
Strength of at ligash. aRoUe B #5A0E Bt ERRILIT: Sorkfih Eoh 88T ne

direction. The hee rvi ous
preferably manuf act ln additiom tp M#prnbﬂst |fz:br|°|u$ mata’r\taﬂougw dowesr storagebl e

liquid inpervinpier ezt eﬁte&‘bﬁabwﬁ)’conﬁhﬁﬁ bﬁﬁ'tlé\ﬂ%ﬁl amodhes Paeksfigefetd?
prevents the exu%?ﬁ ]absor nd co 1.ai ned ent. nenber

42 fromwettingP" gsh f)@W ednt’QB hrpus d?ﬂ' é?]hefo °§u@ﬁs%'§’eﬂgd9§h]ééﬂs and
under gar ment's. ma¥teeiadr.ablNonfibroubapidticbds being used herein to designate a

specific type of "particulate" material wherein the 1length to

diameter ratio of such particulate material is about 10 or less.)
10 Absorbent gelling materials are those materials which, upon contact

with liquids, imbibe such liquids and thereby form hydrogels. In

.this manner, liquids discharged into the lower storage layers of the

present invention can be acquired and held by the particles, thereby

providing absorbent members with enhanced absorbent capacity and/or
15 improved liquid retention performance.

The absorbent .gelling material particles which are employed
will generally comprise a substantially water-insoluble, slightly
cross-linked, partially neutralized, hydrogel-forming polymer
material. Such absorbent gelling materials can be prepared from

20  polymerizable, unsaturated, acid-containing monomers. Thus, such
monomers include the olefinically unsaturated acids and anhydrides
which contain at least one carbon to carbon olefinic double bond.
More specifically, these monomers can be selected from olefinically
unsaturated carboxylic acids and acid anhydrides, oléfinical]y

25  unsaturated sulfonic acids and mixtures thereof.

Suitable unsaturated acidic monomers for use in preparing the
absorbent gelling materials used in this invention include those -
listed in U.S. Patent RE 32,649, issued to Kerryn A. Brandt, Stephen
A. Goldman, and Thomas A. Inglin on April 19, 1988 and entitled

30 "Hydrogel-Forming Polymer Compositions For Use In Absorbent
Structures®™, which is incorporated herein by reference. Preferred
monomers include acrylic acid, methacrylic acid, and
2-acrylamido-2-methy) propane sulfonic acid. Acrylic acid itself is
especially preferred for preparation of the absorbent gelling

- 35 material.
' In the hydrogel-forming absorbent gelling material the
polymeric comporient formed from unsaturated, acid-containing

This Sheet Has Been Rei

AN




40°is polyethylene filmhaving a thickness of fromabout 0.012 mm (0.5 ml)
toTabout 0.051 millineters (2.0 mls), +although other flexible, liquid
| Aper vi ous Wn94223761l s nay be used. As used herein, the term pdtexidnsers
al s which are conpliant ab¥ which will readily conformto

refers to-materi
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absorbent gelling materials used in the storage layers herein, such
materials will in general be slightly cross-linked. Cross-linking
serves to render -the absorbent gelling materials used in this
invention substantially water-insoluble, and croés-]inking-thus in
part determines the gel volume and extractable polymer
characteristics of the hydrogels f&rmed from the absorbent gelling

material employed. Suitable cross-linking agents are well known in--

the art and include, for example, those described in greater detail
in U.S. Patent 4,076,663, which issued to Masuda et al. on February
28, 1978, and which is incorporated herein by reference. Preferred
cross-linking agents are the di- or polyesters of unsaturated mono-

or polycarboxylic acids with polyols, the bisacrylamides and the di-

or triallyl amines. Especially preferred cross-linking agents are
N,N'-methernebisacrylamide, trimethylol propane triacrylate and
triallyl amine. The cross-linking agent can generally comprise from
about 0.001 mole percent to 5 mole .percent of the rekulting
absorbent gelling material. More preferably, the cross-linking
agent will comprise from about 0.01 mole percent to 3 mole percent
of the absorbent gelling material used herein.

The slightly cross-linked, absorbent gelling materials whlch
may be used in the structures of the present invention are generally
employed in their partially neutralized form. For purposes of this
invention, such materials are considered partially neutralized when
at least 25 mole percent, and preferably at least 50 mole percent of
monomers used to form the polymer are acid group-containing monomers
which have been neutralized with a salt-forming cation. Suitable
salt-forming cations include alkali metal, ammonium, substituted
ammonium and amines. This percentage of the total monomers utilized

——
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The topsheet 38 and the backsheet 40 are j oi ned together in any suitable
manner . As used herein, the term "j oined” enconpasses ¢ ' ons
wher eby t Y& ?ﬂb’gﬁleet 38 is directly joi nf to the backsheet g&%h%g'{’ﬁ’h Xi-ng
the topsheet 38 directly to the backsheel™ 40, and configurati ons whereby -

thé topsheet 38yfigpi SS‘H h@ﬂ#alhiéa' E@fﬁm’g%dph&r&%?#ﬁ@eﬁ&noﬁgré)%saﬁéfwiﬁ&ﬂ tbhe
topsheet 38 to |nt rrre Ié tur are agg xed

backsheet 40. ‘?"r‘? g%rrdéﬂ"énﬁ d?%?ﬁquf jany opgﬁ%"@ﬁ %Harilﬂéatm“
backsheet 40 armldfﬁwefedab'ldl nec ekgeedt 98%.each other in the diaper

peri phery 28 by at il@%@?b@aﬁlfﬂﬂt mﬁm“i\@'}s "ﬁ ‘%He Pﬁﬁ%bé!e] 3Ny

ot her attachnent -neans orm
conti nuous % ayehergfin aB¢sdsihave a patatdvelyqd hl‘&’i/eF‘RiF‘%Ydr'fé’é'l \J@b‘tﬁl"gaiﬁ]‘a‘tdlsay of

separate |ines, eftpuitdred OF sH3oFentf mﬁiﬂéeﬂ verheraabsbebme@abmaf/fux duea
topsheet 38 to

applied to the 'B%?E'Ml f%el#d%}?w-%ﬂedzh? o'fe %"%3 é;@g%@f gt‘,ﬁ" Qa tytge
f ast eni ng nmeanspolymeric gelling agents which are to be selected for use in the
present invention.

.10 For purposes of this invention, gel volume can be defined in
terms of the amount of synthetic urine absorbed by any given
absorbent gelling material and is specified as grams of synthetic

" urine per gram of absorbent gelling material. Gel volume in
synthetic urine can be determined by forming a suspension of about

15 0.1-0.2 parts of dried absorbent gelling material to be tested with
about 20 parts of synthetic urine. This suspension is maintained at
ambient temperature under gentle stirring for about 1 hour so that
swelling equilibrium is attained. Using a procedure described in
greater detail in the Test Methods section of the above-referenced

20 U.S. Patent RE 32,649, the gel volume of the absorbent gelling
material in grams of synthetic urine per gram of absorbent gelling
material is then calculated from the weight fraction of the
absorbent gelling material in the suspension and the ratio of the
liquid volume excluded from the formed hydrogel to the total volume

25 of the suspension. (The grams of absorbent gelling material or
' hydrogel-forming polymer being corrected to a dry weight basis in
the calculation of the gel volume.) :

The storage layers of the present invention, and especially the

ones which are to be used in diapers, adult incontinence products or

30 training pants, will generally employ absorbent gelling material
having a gel volume of at least about 20 grams of synthetic urine

per gram of absorbent gelling material. When the storage layers
herein are constructed from cellulosic fibers such as wood pulp
fibers, ‘it may be desirable to utilize absorbent gelling material

- 35 having a somewhat higher gel volume, i.e.,.a gel volume between
about 25 and 60 grams of synthetic urine per gram of gelling agent.
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10 for holding the diaper on the wearer. Only one of the tape tab

fasteners is shown in Figure 1. The tape tab fasteners 46 can be any of
those wel W86l n t he art, such as the Basteni ng tape di SRAITAESS4/03GY3U. S,
Patent 3,848,594 issued to K. B. Buell of%November 19, 1974, which pat ent

5 ncorporated ner ekfdgy /e REfstrudliS SrbfPlerk i [ABRETSE S ufhs L N

di aper fast eni ng Means, “suc TUGFE £yl cal 'y ap
corners of the dibk8¥ermerizhe 59F|astii5c nfé’l‘fbeﬁ’@mnh»ar they; §pb€f@ue¢,dj &Ge}ﬁd t he

perltﬁhter%/h% f)f céﬁﬁldt?ﬁeﬁbﬁgz Nepd imbakdre aie@ag:b@acmayorm&m nadze Sy 30t
so tha e el as penber s n aper agai ns
the | egs of the® iye ﬁt%‘ﬁ?ﬁ elfb“"%i ealé&“lrp trré??ﬁi? A'Eag‘ 0‘5 W

di sposed adsacewmmlhahélowe)r gebtvoluriest ee enuiloael@;esABQrbéntt be]ldngpmte@ﬂ]t 0
provide a wai st f r n u

sui t abl e wai Stb@?;&n@ﬁ\g@ osegé] v@hﬂfe Fgﬂlﬁit&e&ﬁ ﬁ;sﬁgg%] | SSuU to %aw d
J. Kievit and TRighet ge QEY'@:“HQ@e a5 quagt ified oy '\%lsbﬁa"pdl'@ﬂﬂ"ﬁ sihethei n

i ncor por at ed bymamieer edestribeddt Har the t Neke€inbefarebrafdredcedCt UIS | Pateit

whi ch | ncor por ajy egsehgsy'. | CriiR] Sfn SEGHAE SPayels R8N ICthe AYBATNS: ¢ triBhAt

10 are stiffened, curled cellulose fibers, it may be preferable to
employ absorbent gelling material having a'gel volume of from about
20 to 35 grams of synthetic urine per gram of absorbent gelling
material. '

Another feature of the absorbent gelling materials which are

15 - especially useful in the storage layers herein relates to the level
of extractable polymer material present in such absorbent gelling
material. Extractable polymer levels can be determined by
contacting a sample of absorbent gelling material with a synthetic
urine solution for the substantial period of time (e.g., at least 16

20 hours) which is needed to reach extraction equilibrium, by then
filtering the formed hydrogel from the supernatant liquid, and
finally by then determining the polymer content. of the filtrate.
The particular procedure used to determine extractable polymer
content of the absorbent gelling materials used herein is also set

25 forth in the hereinbefore referenced U.S. Patent RE 32,649.
Absorbent gelling materials especially useful in the storage layers
herein are those which have an equilibrium extractables content in
synthetic urine of no more than about 17%, preferably no more than
about 10% by weight of the absorbent gelling material.

30 - Although most absorbent gelling materials will perform well in
the lower storage layer 82 of the present invention, absorbent
gelling materials having high gel strength are particularly useful.
Gel strength must be such that the particles of absorbent gelling
material do not deform and fill to an unacceptable degree the

- 358 capillary void space in. the lower storage layer 82, thereby
inhibiting both absorbent capacity of the structure and fluid
distribution throughout the structure.
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well as i nproved containment characteristics. Such a wai st band
sfructure is disclosed in U S. Patent 5,151,092 issued to Kenneth B. BueII
Sandra H. WO4/237nd Danielia T. Fal cone on Septenber 29, 19RCX/USIHBTA

patent is herein incorporated by ref%lrence. In addition, a nethod

o appartus a0k, el B AR 20 Tl RRAREL S TREL B o

4,081,301 entitl

D screte, Stretc

Di sposabl e Absor

ahdokbentogeldriog maperial U defor@oont spreadsundeAtstareds mgce the
ucts whrch

ﬁlﬁ Bb§ orb ﬁ?&lﬁ%st 0 ﬁfreqeg?\'iéﬁ 'l?ﬁ’e 'ép'a%tsﬂﬂb Qrgb‘pﬂﬁgo

f
1978

and whi ch patent‘“ﬁ%"lﬂooﬂﬁbr&"@ﬂgﬂbr‘@ﬂh gRpereklyy éﬂ@'@as?hés emfstgﬂ: Yﬁe]r\‘ﬂérs

44 are securSed t

condi t’i on
el astic nenbers

incirBgsedi. apBY R3S ibBenfouhdisthatalityis desiiatdet ithl atilize a

\ORE yirpl, efer 1 AL aHRE RS AT UL BT, b

el astic menbers sfirepgth 38 possibbel ¢omsistent awithcihe we@bmartaem i ¢ff eabserhenti on

in at | east two

AN $n maf&ﬁa%%’?pi&eptimg iflghsdel CvaRAPEr S 44 nay be

stretched and secur e

CLC T ) Sob il ha sl chbebter 4 1 oo

Al ternatively,
10

15

. modulus of the particles of absorbent gelling material. —-

20

25

30

tendency, (in the context of absorbent gelling materials
incorporated into absorbent members and absorbent articles)
correlates directly with the shear modulus of the absorbent gelling
material. Accordingly, polymer materials of absorbent gelling
material having sufficient gel strength can be app\_'"op-riate]y
characterized by specifying gel strength in terms of the shear

Shear modulus can be conventionally measured, for example, by a
procedure which involves the use of a stress rheometer to determine
the ratio of (a) stress applied to a given sample versus (b) the
resulting strain exhibited by the sample. The absorbent gelling
material sample tested in this manner is swollen to its gel volume
with synthetic urine. Using a procedure described in greater detail
in the above-referenced U.S. Patent RE 32,649, which has been
incorporated herein by reference, the stress/strain ratio is
determined. The shear modulus of the resulting sample in dynes/cm2
js then subsequently calculated from this ratio. Absorbent gelling
materials which have been found to be particularly useful in the
present invention exhibit a shear modulus of at least about 2,000
dynes/cmz._ More preferably, the absorbent gelling materials have a
shear modulus within the range of about 2,500 to about 92,000
dynes/cm¢ and most preferably of from about 5,000 to about 35,000

. dynes/cme.

35

An important feature of the present invention is the
utilization of the above-described absorbent gelling materials in

‘the storage layer in the form of nonfibrous, preferably nonfragile,

particles ‘having certain particle size characteristics. In
particular, it has been discovered that an unexpected improvement in
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11 pleating, and the elastic nenbers 44 secured and connected to the
dizaper 20 while the elastic nenbers 44 are in their unrel axed or

unstret chO #m23@1t i on. In the enbodi nent illustrated in Fi gREEHUIN/0343
elastic menbers 44 extend essentially th@2entire length of the diaper 20 in

thé crotch regio Alternatively th | ast 44 tend th
entire | engt hglof‘gf?fge?ﬁ af@p? ,yl'\(;r ‘gﬂ gf‘ﬁb?S !ﬁcﬁgtdﬁggﬁhs’%\‘&" ¥ hgi’(ostl e a(ra]
el astical | y-con@absmbent emembere cail e i'eﬂgzéﬂ by ircerpirating atmmbents gédling
dictated by the ?’cﬁ\qgf ﬁtget?\'egﬂarrt]-aﬁa?lﬁ%“% m@r:?f ?ﬁe ﬁ?&t{n@kﬁw@ ion

mul titude of con a\gratlons @(1{ t1c nenbe
44 may be vari ednfenTermoat Pazsicrhemhm are gepe ¥Héﬁ%%') thap ihesw which
mllinetersg(1. Gammb}e'wfoﬁmrtﬁentmvaitaahalaynmmeyai 44Gmyatflqnpwa&esibn

onSer o1 T or e chRILTesTE: ShA et EMIGHIEL B FE I robRERRl haRler
size requ1res the use of one or more manufacturing. or process1ng
techniques which eliminate or reduce the amount of smaller, finer
particles and/or create larger particles that are introduced, along
10 with the fibrous material, into the storage layers herein. An upper
limit on absorbent gelling material particle size can also be
provided since gelling agent particles which are too large are less
desirable from a consumer aesthetics standpoint.
Specifically, the .storage layers according to the present
15 invention preferably include absorbent gelling material particles of
a selected mass median particle size and a certain particle size
deviation from the mass median particle size. For purposes of the
present invention, particle size is defined as the dimension of a
particle which is determined by sieve size analysis. Further, for
20 purposes of this invention, the mass median particle size of a given
sample of absorbent gelling material particles is defined as the
particle size which divides the sample in half on a mass basis.
Further details on sieve size analysis and mass median particle size
analysis can be found in the above-referenced U.S. Patent 5,047,023.
25 The absorbent gelling material particles employed in the
storage layer of the present invention preferably have a mass median
particle size greater than or equal to about 400 microns.
Preferably, the mass median particle size of the particles will be
greater than or équal to about 420 microns. More preferably, the
30 mass median particle size of the particles will be greater than or
equal to about 500 microns. Because very large particles are less
desirable from a consumer aesthetics viewpoint, the mass median
particle size may have an upper limit such that the mass median
particle size is expressed in terms of a range. Thus, preferred
35 mass median particle sizes range from about 400 to about 1680
microns, more preferibly from about 400 to about 1410 microns, most
preferably from about 400 to about 1190 microns.

———
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rectangular or curvilinear. Still further, the elastic nenbers 44 may be
affixed to the diaper in any of several ways which are known in the art.

For exanple, the elastic menbers 44 may be ultrasonically bonded,
heat “and prW&s%2376leal ed i nto the di aper using a variety m%mmmys
patterns or the elastic nmenbers 44 may si y be glued to the diaper 20.

The absor bent rrenber ﬁ%féﬁbﬁ?,s'thboilﬁqrmtt"‘ﬁﬁﬁ1&6‘%&%‘?965:'@@1 Ndsdd i1l

backsheet 40 to f ent. ne resent

e e fi iAshshikenS Chrtssn Haxipim. PAREIRIE! S12on e w%m'arfmd headass of
fibers and parti aledtamfpaabicdebsize. geld ipactivalar,i at .is pFeferredsthabend more

b b th
renber 42 1S GRARIALLY 16SORPLERMOLE tng LAHERE! B R Pl P bhPBICIES e

certain body exdﬂ&?&“"t’l‘:ﬂe ssﬁaaﬂc;saet%eno?&os@wen% Ra¢/aropo ;9\9!‘?)64‘@5 dput h s
i nvention that aregbbprWeegit ofethe pmﬁardsSEsve at parttqabd sik@Ogreaténichan al

of materials. L Mehsst s BRI 0 BBYe Ahan onUP 162U SpfibaF '
| ami nat es or conitihase i particliess ehauld| havecat panticiwinizef lasise thay2l8i microgpes
of materials as h@ggddabidiredEan’ d0oaE- 16%MBY wefghtSRileNEarbicle size greater
10 than 1410 microns. Most preferably no more than about 16% by weight
have a particle size greater than about 1190 microns. .

In an especially preferred embodiment of the present invention,
the particles of absorbent gé'l'lin§ material will have a mass median
particle size greater than or equal to about 841 microns. Particles

15 having a mass median particle size greater than or equal to about
841 microns are especially preferred for use in the present
invention because they provide larger capillaries within the
absorbent member to enhance planar wicking and are generally slower
absorbing on a mass basis so as to provide higher gush capacity for

20 the absorbent member. Preferably, the mass median particle size

~ should range from about 841 microns to about 1680 microns, ‘more
preferably from about 841 microns to about 1410 microns, with a
range from about 841 microns to about 1190 microns being most
preferred. The  particles of absorbent gelling material aiso,

25 preferably, have a ‘certain maximum size deviation from the mass
median particle size. In particular, it is preferred that between
0% and about 20X by weight of the particles have a particie size
less than about 841 microns. More preferably, between 0% and about
10%, and most preferably between 0% and about 5%, of the particles

30 have a particle size less than about 841 microns.

Within the foregoing mass median particle size and partlcle
size distribution limitations, it is possible to further jdentify
preferred particle size characteristics for the gelling ageht
particles useful herein by means of standard sieve analyses. In a

.35 typical sieve analysis, a sample or plurality of gelling agent
-particles is sifted through a set number of screens of diminishing
screen opehing size and the weight percent of the sample retained on
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the term "member” includes the term "menbers" or "layers” or "layered.” in .

.addition, each sheet or web (or nenber or |ayer) need not be formed of a
single unitary piece of nmaterial, but may be 12 formed - of a nunber of

'smal | er siyd 91 conponents joi ned t oget her | engthw se or

1-ong as they are in fluid comruni.cati on p4th one anot her.

eduloahes. SO
lgure 4 1s a

‘perspective view of a preferred enbodi nent of the absorbent menber 42 of
the present invandfosnpassAsg dhoowghi eadhi gcrees {s Geteriinaths oStandardrmeblodss 2

T
t he cross- hatchs-ﬁghf% ‘5\‘)&?’ Psf’ﬁlf dodpy e“ﬁ&ﬂ%&v terialso ( ﬁm‘ich P@prﬁ%‘@nts a
density interfasethodnempdops st Roblapi bestiogesiele shaker (wenufatouageby W, 82
i s shown ingFi QWFerA' fn‘E ?%5 grﬁesb@{sl%é@&% %nﬁﬁhig%ﬁegﬂﬂﬁlu%ecgt&@ 50.

The front sectlge”e ave an en

3 or Ty1er Standard Sieve Series ges1gnations.

deposition
Determ1nat1on

of partlc'le size distribution using such a technique is described in

greater detail in Perry’s Chemical Engineers’ Handbook, Sixth

Edition, (McGraw-Hill Book Company, 1984) at pp.

21-13 to 21-19,
10 which publication is incorporated herein by reference

The absorbent gelling material particles can be adJusted to, or
close to, the requisite particle size distribution by controlling
the processing techniques used to prepare the absorbent gelling
material. Frequently this will involve varying and monitoring the

15 conditions under which the absorbent gelling material s
polymerized, dried, chopped, ground and/or agglomerated. Once
-absorbent gelling mat_eria'l particles are formed by whatever process,
further treatment such as screening may be required to remove
particles which, if left in, would cause the absorbent gelling

20 material particle component to fall outside of the

hereinbefore-described particle size requirements.

Absorbent gelling material particles which are particular]y
well suited for use in the foregoing size ranges are-interparticle
cross-1inked 'aggregates. Such aggregate particles are formed by

‘25 .-joining together two or more previousiy independent precursor

particles of the types set forth above

by

interparticle

cross-1inking agents applied thereto and subjected to conditions,
while maintaining the physical association qf the precursor

particles, which are sufficient to react the

interparticle

30 cross-1inking agent with the polymer material of the precursor -
particles to form cross-link bonds between the precursor particles
that form the aggregate. Such aggregates, as well as methods of

forming them, are described in greater detail

in U.S. Patent

5,149,334, issued September 22, 1992 to Lahrman et al., which patent

. 35 is hereby incorporated herein by reference.

One preferred technique for preparmg particles which are
larger than those ordinarily prepared by absorbent gelling material.
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fegidn 54. Further, the front section 50 is transversely divided into three
['egi ons conprising two transversely spaced ear regions 60 and 62

respecti Vidg/eqar3ngl @ central region 64. The |lower storage | pyEuUsosiidors
additionally has a transverse cente#dine which is designated 66 and a

t ongi t udi nal centerline which is desj n@%ﬁd_.GB.,Th | ower storage | ayer 82
has a back sed@l¥erigatisn-dryipgfhorning; BiaYes o finyed ves, Age lemenat 180 Af ¢ he
back section Zmallérheparatdleseddbi pnoditeandrgere aggbonierstest. i oAgHldmefattibe | ower
storage | ayer . e b Ve Lk n dges: .20 : . r
storage | ayer %%h%?ﬁ:{nhgﬁﬁtghsgieezﬁsigé gg‘r\]%é;ﬁhlﬁnﬂa%&ilgfwé P%ﬂ%h%oslrl? IX\gn 50
extendi ng a dioft Ahserpendmagbbing dkerHal r pabtighenit andthr k- thewebnsproyide er abl y
about two-g hi ridsticllest bR aqy1ghératéd thweml WWRh kO adeablry For Sdse Time the ont

ti 50 i f bl t. t hal f .the taotal th of th
Tower st or age TACHSE asars nRein:  ABTpmRERL IR, Sedin by S5} yala R, T "°
typical |iquithe artp@sdtmaynor gfay aet dbwaivBcthe userindr maistuheraddition péaced

in a diaper orssgifey pHRIETAN R thE! Bse TOE far-qs\itndwhiéorbtﬁer hggpétnofnd

region 52 and a eﬁogylon 'i%ﬂl on  54. The end region 52.- conprises that

portion of théd% ing me
10 Absorbent gelling material particles used in the storage layers

herein, whether or not in agglomerated form, should be nonfragile.
For purposes of the present invention, such particles are nonfragile
if they are stable enough to withstand the forces encountered in
manufacture and/or use without breaking apart and completely

15 separating into their smaller component particles. This means that
the particles should be stable enough that they do not break apart
into smaller particles to the extent that the resulting particles
would fall outside the scope of the particle size limitations set
herein.

20 The relative amount of hydrophilic fibrous material and
particles of absorbent gelling material used in the lower storage
layer 82 of the present invention can be most conveniently expressed
in terms of a weight percentage of the lower storage layer 82. The
lower storage layer 82 preferably contains from about 2% to about

25 60%, more preferably from about 30% to about  60%, and most
preferably about 40% by weight, of the lower storage layer 82 of
absorbent gelling material. This concentration of absorbent gelling
material can also be expressed in terms of a weight ratio of fiber
to particulate. - These ratios may range from about 40:60 to about

30 98:2. For most large particle absorbent gelling materials, the
optimum fiber-to-particulate weight ratio is in the range of from
about 40:60 to about 70:30. Based on a cost/performance analysis, a
ratio of about 60:40 is presently most preferred for use in the
lower storage layer 82. .

35 In addition, the particles of absorbent gelling material may be
dispersed in various weight ratios throughout different regions and
thicknesses of the lower storage layer 82. For example, the

i



section 50 extending fromthe respective end edge 70 of the | ower storage
l.dyer 82 toward the transverse centerline 66 a distance from about 2% to
about 100WOM4&BTabl y about 5% of theiength of the | ower RETIVSME373yer
82. The -deposition region 54 conprisesqﬂmu portion of the front portion

50 that is co 'gyﬁg Wk L a Lii ppe e e hop.52, . and t he
back section 2%;” an iyﬂ%&gn@gragzg%a?{]h%sg?%%ﬁo%eﬁ%gcg‘gté'iq%&i Qa’ge%%si tion
of the absor b&tisPeseFp¥HY4n t#ﬂgep%ﬁtlowﬁsmn%@ffthq fhewemstonage layer :

transversel y s2aaed! mar in egie0bacioGeelidn 648 lopSPIRC tanderehionns.a AewiveR]

50 and 62 comPote (ECRFRTS R ot " AhedraekaTy (ﬁeiﬁgn@%rvl%%vﬁs?ﬁ&?g'

| ongi t udi rfal dayes 729 tF isheresentlyhprefepred: bhatr §he Howen sgpragsi hayer 82
centerline a QeShAnRasstan®¥a1aOutifORR chiitsitfod #WOLénsp@ctiBhl d of the width
of the |ower stor %nlr‘?1 %Qi\?ez'y l;rrhglésbarttqgleesarofrg slo%gnt(s%eﬂ]iq\g%a&rr?a{ hose

are maintained in the lower storage layer 82, the parf.icles help

-maintain an open capillary structure when the lower storage layer 82

10  is wetted so as to enhance transport of 1liquids away from the

deposition region 54 to the rest of the lower storage layer 82. In

addition, the acquisition rate of the lower storage layer 82 is

enhanced because, it is believed, relatively large particles acquire

liquid more slowly on a mass basis than small particles, such that

15 gel blocking is minimized resulting in the gush capacity of the

deposition region 54 being enhanced especially, it is believed, for

subsequent loadings. Thus, at least the deposition region 54, and

preferably the entire lower storage layer 82 contains a uniformly

distributed mixture of hydrophilic fibrous material and relatively

20 large particles of absorbent gelling material. It is most preferred

that the particles are substantially uniformly dispersed (thoroughly

dispersed) throughout the entire lower storage layer 82, although

the relatively large particles may be distributed - in regions or

zones which have higher concentrations of particles of absorbent

25 gelling material than do other regions or zones. For example, there

may be a concentration gradient along the thickness dimension with

either the lowest concentration being at or near the surface of the

storage layer which receives liquids (i.e.; the top surface) or with

the highest concentration being at or near the top surface of the

30 storage layer, especially in the deposition region. '

The dpper acquisition layer 72 comprises an acquisition zone 56

and a distribution zone 58 in liquid communication with at least a

portiod of the acquisition zone 56. The acquisition zone 56

overlies at least a portion of the deposition region 54 and is

.38 designated by the cross-hatching forward of the double-dotted line

92 in Figures 1-5. The distribution zone 58 generally comprises the

remainder of the upper acquisition layer 72.
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por ti-ons that engage the side marginal portions of the wearer's wai st and
torso, whereas the central region 64 engages the nedial portion of the
wearer's wai st and torso. The central region thus defines the transverse
area of typlw,QIWH’lqlJl d deposition. The Iowe7r ‘storage | ayer 82PaEAUSH403073
manuf actured in a w de variety of si zes ¢/and shapes (e.g.,

rectangul ar, hourgl g§s tr r
mat eri al s. The total aIgbsor bemcaflogm t§/h gf % Bv%e n‘lﬁénﬂ?t ?éf}%fnce
shoul d, however ; betweesnihe mnwsw'cm zhee cﬁésﬂ@ﬁh the ofiistribygiomgone r5& fie of

i ntended use of t\h\ﬁorﬁtﬁﬁ@é hﬂniheabiérﬁhﬁ e‘?'Fié#'eﬁé}erand e?‘ﬂééth@énes’sh@f thé @ent ik
absor bent capaci t¥§of t

|
accormodat e wear 8PEOTPEA 'Pfd“ Fo F‘gﬂ}e"’s ﬁ%’u&ﬁpg@arlfgv \é'%ﬁegﬁpé%f‘“‘*d in

acqui sition Isayersevéradr ghys ofel.g. .cqm'essszeof danéi@np@sesuwetghﬂrpoetd i) pnthof
hydrophi 11 ¢ 1br Qs 3 rgd! bé@?kcmel? PEENRE! SEhcrile SRS dé gﬁefy?ﬁed

| oner storage |ayer 82 preferab sists of_ a mxture of

fibrous material PATRPELETS |'&5L|Id§|f’%ﬁm1}ﬁt“sd AP Lari Bt eI e @PE%T cﬂcq&b‘sié'?%nt
gelling materi al wm M@ of pthe lpeuiawt Wehti‘drﬁ STms,dtl@é racQuisition ddle 56

preferably has a g&l&@% abq:gﬁsé 1 REREYy Gowb® aVERYR &é}-sﬂ)g%ﬁ fowek"SeFadl ©

preferably mar gi n
10 basis weight per umt area than the distribution zone 58 to

establish the preferred capillary force gradient between them.
Thus, the ratio of the average density of the distribution zone 58
to the average density of the acquisition zone 56 should preferably
be about equal to or greater than about 2:1, more preferab'ly about

15 2 5:1, and most preferably about 3:1.

Without wishing to be bound by theory, it is believed that the.
differential lower capillarity, the lower average density and lower
average basis weight, of the acquisition zone 56 in comparison to
the distribution zone 58 is significant in achieving both a more

20 optimized Tiquid acquisition rate into the lower storage layer 82
and a relatively high liquid wicking rate throughout the absorbent
member 42. When the distribution zone 58 is.densified, the liquid
wicking rate becomes much faster. It is believed that densifying
the distribution '_zone 58 results in better wicking of liquid

25 throughout the distribution zone 58 (the x-y direction) because of

' the higher capillary force due to the smaller pore size of the
densified fibers. Densifying the distribution zone 58 further
. results in.a reduction in the bulk of the structure (which is
desirable from a consumer standpoint for aesthetic reasons).

30 With regard to the use of absorbent gelling material in the
deposition region 54, it is believed that as higher amounts of
absorbent gelling material are located in the area of typical liquid
deposition, a maximum gel blocking effect is achieved, thereby
reducing the liquid acquisition rate. Thus, it is important to

. 35 provide a means for distributing the liquid throughout the lower
storage layer 82 at a high rate. The acquisition zone 56 of lower
average density and lower average basis weight per unit area than
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fromthe si de edge of the upper acquisition layer 72 to the si de edge of
the | ower storage |layer 82, at least in the area of typical liquid _

deposi.ti on. QR joins are preferably at |east about 0.2 i npbeaisédesers
cn, nore pre‘?gra y at least about 0.5 inéhes (1.25 cm), to nininize th3e

| i kel i hood of | eakage caused by w cKki fluj |l .th the ed f
the absorbent menH¥r ?°"'"Tﬁte°"r?&¥g aer pé%?ér%‘&ﬁ!}%t’%’h%o\ﬁ%ﬁs; ﬁgwf‘ﬁF? ﬁ%ﬂg?h
of the absorbent meanbeby eabatiaggthatheherarigiids isoinitdodusednintoaiowstt staragen
the most likely laaég s%fﬁgg{ag%oﬁﬁghml%gﬁid%sﬂ%raﬁ' Grda2ra ¥ than S3/Cimadp

toward the front e e wearers a

raglly f
wearers. Various angge@r gfoipy difoiptnoduckiopy oggi‘éﬁcegﬂ‘rla“’ﬁérn sgér{pggglaxeq Ph

';nkalrerb gfpirz azﬂyi fi {4 99?@}(?}/ Zabsl'ct!idtifaQEprunSfadmage_cbmﬁ_tﬁﬁ\ afid hestabsbivbent

use in cohven%/i o%g{ﬁrgi)‘écgﬁ?)igt% ;)rlgﬁ'l}gltsag%{az gﬁ%‘fglb Lw%s?)geséedsi ﬁvﬁgbilne R

absor bent menber agprokimabelyregquaht distrdbutign. via upper acquisition layer 72
results in maximum utilization of the storage capacity of the lower
storage layer 82 while minimizing the incidence of gel blocking.

10 The capillary force gradient created at the interface between
the acquisition zone 56 and the distribution zone 58 alsc improves
the containment characteristics of the absorbent member 42. Liquids
deposited on the acquisition zone 56 tend to be acquired quickly
into the structure by the action of the acquisition zone 56.

15 Because the di-str’ibutiqri zone 58 has a higher capillarity than the
acquisition zone 56, the acquired liquids tend to be drawn ‘into the
distribution zone 58 and are then delivered to the other portions of
the distribution zome 58 by the enhanced wicking rate achieved in
the densified distribution zone 58. : '

20 The following discussion describes in more detail the enhanced
wicking phenomenon which is believed to -bg an important feature in
the present invention: o ,

. The fibers in the lower density region of the acquisition layer
are less res.trained' than the fibers in the higher density region.

25 Fibers stiffened by cross-link bonds parti'a'l]y untwist and uncurl .
upon -wetting.' These fibers remain stiff upon wetting and do not
collapse as do conventional unstiffened fibers. This creates a
permanenf structure to continue to acquire.and distribute fluid.
Upon wetting, the web contain'ing these cross-linked fi'bers_ expands.

30 Fibers in the higher dénsity‘ portion of the acquisition layer expand
considerably more than fibers in the lower density region of the
acquisition l-ayer. The cross-linked fibers partially untwist and
uncurl upbn wetting to create a situation for fluid propagation due
to the untwisting and uncurling of the fibers. . . I

.35 Because of this fluid movement within the web containing the
cross-linked cellulose fibers, the structure is said to "wick" the
fluid. The degree of wicking can be controlled by the amount of

—_—
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SpeC|f|c exanples of such hydrophilic fibrous material include
cel lul ose fibers, nodified cellulose fibers, rayon, polyester fibers such

as pol yet hyl wgg,gﬁpht hal at e ( DACRQON), hydroph| l'ic nylon (HYDB@FMS;,‘,””@d
the I'ike. Qher exanples of suitable hydrop@ilic fibrous materials include

hydrophi | i zed hydrophobic fibers, such as surfactant-treated or
Silica-treated thecwrasshhinkiing f iagmts dsedi ved, chags-dkeknptiee teblulpsé vy Flibdrisns

such as pol yet hyl eﬁ'ﬁ:k‘?ﬁ%pﬂl ¥P§o°@¥+]ﬁ18?lﬁ(dOB}y@%EYéal‘ffral@&’-%g”l&e&r%ture via

pol ystyrenes, polyuret
excel | ent wi cki ng Pheogdegneecafl wAPRNessian wmtedaﬁp the ?'Wésp‘r'QS%tﬁP?ﬁﬁele@ﬁ )
For reasons of avastr@btdmety mdmgmetr tﬁeeldeukme thebRbre the PEubtre ag med

lp fibe whi ch f d. Qth
ot il oor et by i arfigided nel (e 'dle %o 3he bt &aéeﬁf‘ﬁ{ﬁﬁ % TOrE; pgSirained
absor bent rrenbers condiigamation éhcméhexmﬂdahedm at lower a¢lénsityr s tiat danl.l ul osi c
fibers which can be prmua&d mghémt&haﬂu Vdeﬁsqssed-l 'Fébﬂﬁh o (}HLOﬁé‘qJ\gbﬁo%

oxampl o L Ber nar ISR (RESE picALiad She o4FsBptbUL I sete. nERe: phess-3 Inkedodipers.
Steiger, U S. Patehdve3m@rel sbird - p(ﬁanmwalerby?&han Id66he cEbssdiinked Bibers

Patern 3,440, ﬁ?S in the lower density region of the acquisition layer, herein called
the atquisition zone. Potential energy is used herein to describe
the property that twisted and curled fibers have in the dry state
which is released in the form of partial untwisting and uncurling
when wetted. When the lower density region (acquisition zone) and

15 the higher density region (distribution zone) are placed in fluid
communication with one another, the density interface created
between the two regions provides a capillary force gradient for
enhanced fluid propagation across the boundary.

_ While both regions of the acquisition layer are capable of both

20 acquiring and distributing fluid, the specific combination of lower
and higher density regions within the same structure creates a more
efficient and effective way to utilize the cross-linked fiber
structure in combination with a storage core. The higher density
region, the distribution zone, functions to quickly suction fluid

25 away from the 1lower density region, the acquisition zone, and
redistributes the fluid throughout the remainder of the acquisition
layer. This wicking process serves to free the acquisition zone for
subsequent fluid loadings, and provides a diffusing effect to
introduce the fluid to the storage layer over a comparative1y wider

30 area. Although the lower density acduisition zone has a finite
density. because it remains substaﬁtial]y free of fluid after
passing fluid on to the distribution zone the incoming fluid is
attracted to the acquisition zone as though it were in effect a hole
or sink, resulting in continued rapid acquisition of fluid into the

- 35 absorbent member.
' This wicking behav%or is crucial to successful performance of
the absorbent member when incorporated into an absorbent article.

—__‘-"\_‘\
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I ssued April 22, 1969; Steiger, U S. Patent 3,658,613, issued April 26,
1972; . Chatterjee, U.S. Patent 3,932,209, issued January 13, 1976 and

Sangeni s et aWwo94ida%: Patent 4,035,147, issued July 12, 1977, aldrrefesiehvrsh
patents are i-ncorporated herein by referendd. ne type of stiffened,

t ted, | ed ef ul he .hydrophi lic f.i onent

0¥V| tshg abgg;bgntcﬂ' rﬁers Helr')égﬁs?:ociﬁorai%s §§‘ccte]fel df‘ggg er’d At bﬂdﬂgﬂp tg'éen

i nternal |y cross- Bbsfrbent membery when iewedhfromCE tther - ﬁperaqsumalsdnéwe ofnki | e
such fibers are imya sh@bé}t wai Xhéladhde T 6¥ She Sb3brbentOielbdr REEvaLE “at}a?e the

defined in terns of t f| r and wet fjber tw st counts (at | east
4.5 tw st nodes p&F° H‘?‘-ﬂﬁ?e'f eﬂr L (s I‘%a‘é‘t ap uprights posifian pewhen the
mllineter | e&ss wealr‘irthaﬂyidmuowm«m hist onrterpbacker@bpyrtdcaTanrdy &msiyﬁ\bOUt

3.0 tw st nodes His. mmﬂ(elr' Ednsth, "c‘ﬁié)end ?‘pcﬁhebﬁbﬁorﬁgﬁen?mbep W g e]gvated

retention charact erl stics (average | sopro ion val
| ess than 30% avaboyge tht E99ipat eflt]‘tﬂﬂ1¢a¢‘tp@$b¥1°ﬂr orkvEROMhEN She) wearer is

lying on his or her side, at least about one-half of the absorbent
member is elevated above the region of liquid deposition.

10 The natural tendency of liquids is to flow downward under the
influence of gravity, and. this tendency oftep results in the regions
of the absorbent ‘member above the region of 1liquid deposition
receiving little or no fluid to store while the regions below the

_ deposition region are filled to capacity or beyond. The challenge

15 is thus to combat the effects of gravity and transport fluid
"uphill" to whatever regions of the absorbent article are located
above the deposition region.

' Absorbent members according to the present invéntion accomplish
this critical function through the incorporation of an acquisition

20 layer preferably consisting solely of stiffened, twisted, and curled
cellulose fibers which overlies a storage layer having a
comparatively high concentration of pafticles of absorbent gelling
material. Through the use of a density gradient across the boundary
between the acquisition and distribution zones, as well as the

. 25 densification of the distribution zone, the acquisition .layer is
able to actually wick or punip the fluid uphill to regions of the
absorbent member which are higher than the deposition region when
worn by an individual. The storage capacity of substantially the
entire storage layer is thus accessible to the fluid and capable of

30 being wutilized, thus greatly improving the performance and
efficiency of the absorbent article as a whole. '

_ Figure 5 illustrates schematically the typical fluid transport
phenomena associated with absorbent members 42 according to the
present invention. A typical discharge of fluid is introduced into

35 acquisition zone 56 as shown by the arrow labeled 100, where its
descent is slowed by the fibrous material of the acquisition zone
56. Some of the fluid moves downward into the lower storage layer

I
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Stiffened, twisted, curled cellulosic fibers of this type.are described in
greater detail in European Patent Publication No. 251,676, published
January 7, 19&€B94/8vel i n European Patent Publication No. 252, 650cTHsaldsgiied
January 13, -1988. Both of these published 3atent applications were fil ed

in the name of The,Procter & nb] e, Conpa ng, both .are i ncorporat ed

Iherei n by ref eren?é.’ 8"‘?1 ﬁdai’@aﬂ%'%. §Hg‘f93%’é’gt d‘He 8%2‘?@5?,‘"' i@gﬂgdaﬁﬂffl the

1989 to Dean et -aldoublg-@pttiedt bime 92,8818ichotepresanisdtiedenstity diScoritsBditiyoor

Dean et al., and Ypgrfled eﬁﬁtwéflﬁgﬁr@‘{ao io?ék’,edaere%U@rYheG’cfi%&Qi?)uEPonM}%f- , et
I nki etail, as we as

al ., also describe this cross-Il1nking process 1 n greater i

provi di ng further “BfE& s iistrhuied iand; infroduced: intonthe rempinder ofidower |

L;nparh ted to tisfe fishorage habrase Mebywidacermraﬂ‘l&fi shefzgy:eg-cbﬂac\fli\ﬁj‘/ e{)ﬁﬂ%ﬁer
not Mer type of st e ted, .. cur . ihers | are,
useful and presen%slké'ta%rgeﬁ EY?{E\Sﬁgs?ghémﬁsyd'&oggh%ﬂfé:&f'?%@r 43 70°rqent"%6?etﬁ'ée

absor bent nenber s ap@¢isihiatopene §6siscérded| ts acquilyer thewhexthpotentiddednsult of
internally cross-leqgiged, for exanple with a Clerr]-Clerr] polycarboxylic

acid cross-1Iinking agﬁgt, such as citric-acid, while such fibers are_in a
rel atively dehydrated 198 af @WerS3tAridepdarer: 2, due to the utilization of the
10 particles of absorbent gelling material, then stores and contains

the fluid. These particles retain the stored fluid ‘under even
moderate pressure occurring during normal wear of the absorbent
article. Therefore, fluid acquired by the upper acquisition 1ayer'
and stored by the lower storage layer is positively contained and
15 prevented from escaping to surrounding materials. Thus, it has been
_ found that an upper acquisition layer 72 with an acquisition zone 56
having a lower average density and lower average basis weight per
unit areéa than the distribution zone 58 improves leakage: containment
by more quickly acquiring and distributing 1liquids into and

20  throughout the absorbent member 42.

While for simplicity Figure 5 depicts the acquisition layer and
_storage layer in a planar configuration analogous to Figures 1-4,.
the schematic representation of fluid flow within the. absorbent
member has been found to perform as depicted even when formed into a

25 "U" shape such as encountered in actual use. '

In addition, it is believed that the acquisition zone 56
provides an additional mechanism whereby an absorbent member 42 that
has already been wetted may contain and more readily acquire further
discharged liquids. A property of the chemicaliy- stiffened,

30 twisted, and curled celiulose fibers is that they expand when
wetted. Thus when the upper acquisition layer 72 is wetted, the
chemically stiffened, twisted and curled cellulose fibers in both
the acquisition zone 56 and the distribution zone 58 expand.
However, because there is a greater number of chemically stiffened,

. 3% twisted and curled cellulose fibers per unit volume in the higher
average density and higher average basis weight distribution zone
58, and because such fibers are more tightly compressed in the
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| i kew se be defined in terns of their dry fiber and wet fiber tw st counts
(at least 2.5 twist nodes per mllineter dry and at least 1.0 tw st nodes
per m | 1imet ayolegdsset Nan that when wet and preferably also at lpepfjsoatuasy
1.5 twst nodes per mllinmeter wet) and by 3zheir fluid retention
characteristics (average water retention value of from28%to 50%.
Stiffened, tw stedistributtoncebieuls8sithel distributfion [zose (53pterdisctal @spandoed a n

greater detail in #e?tefafh%ﬁnésl%zﬁé:qh%' §csdg‘?gltAUHU§6ne1156 19%&1;0 gf"‘ ldmeSI €

M Herron and Dav | ncor por at ed: here
reference. Wile tﬁ?@“?ﬁ/‘él‘@fbrﬁm?csﬁ i @ﬁs‘ﬁéﬁel’?ré-l‘auty atera! ]lh %‘l‘i‘éoqmrby
storage | ayer 82 nghg ¢iytRibiSoRN3oneNE8.0la WeTE opf hbTee eFPEctyas NGredBeL | Thés

acqu i tion ayer Pi]S 18 AREhAERuS gt W BEREE NN TlBe HRREL e,
stiffened, twistediquits wilkll dend:4p]| be dsa;wn ints the iwed b becausesdt i isednieffette
prec_edi, ng paragragh zerarmniﬁ\j)eﬁcq%@{ﬁ% area. This is especially helpful in the.
case of diapers for overnight use wherein the wearer sleeps on the
stomach because gravity additionally tends to pull the later
10 discharged liquids into the well whereupon they distribute into the
acquisition zone 56 and are wicked into the distribution zone 58.
.Thus, the acquisition zone 56 provides an additional advantage for
"wetted absorbent members. Depending upon the configuration of the
upper acquisition layer 72, this well or hole effect can also be
15 utilized to aid in the containment and isolation of moist or runny
bowel movements. |
As depicted in Figures 1-5, in a presently preferred
configuration the acquisition zone comprises the entire upper-
acqu'isit'ion layer forward of the density interface, which extends
20 generally transversely across the acquisition layer and divides or
sections the acquisition layer along a preferably generally straight
Tine. The distribution zone then comprises the entire upper
acquisition layer rearward of the density interface.
This configuration maximizes the front-to-rear driving force
25 exerted on the transported fluid and increases the wicking ability
" of the acquisition layer in transporting fluid to the rear portion
of the lower storage layer. If the acquisition zone were surrounded
by a portion of the distribution -zone,; some fluid would be drawn
outward toward the edges of the lower storage layer, rather than the
300 comparatively large rear portion, resulting in increased leakage
potential ‘and a failure to fully utilize the maximum available
wicking capability of the selectively densified acquisition layer.
The distribution zone 58 1is thus the relatively high
capillarity (higher densxty and higher basis weight) portion of the
- 35 upper acquisition layer 72. The primary functions of the
“distribution zone 58 are to absorb discharged liquids thafc are
either deposited directly onto the distribution zone 58 or

TTe———
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| ayer 82 can be formed of these fibers but is preferably made of airfelt to
m-ni m ze product cost since wicking ability is not a pri mary function of
| ower. st or ag@¥@ 842¥76B2. |t nay be desirabl gzin some applicati oRSTASY®Bude
sonme quantity of hydrophobic fibrous material in the absorbent nenbers of
the present inventtransfepaéd i toulthel dittribitdonppare S8Qwisi theorncdpayriry Faede

hydr ophobi ¢ fibro aHPJnQE' %Léﬁbwyhednctle'{ggensy{]\teh?c'qﬁ\Ja'tti)gl( gﬂfaeéi and the

rayon, pol yet h
terephthal ate fi tﬁéssnbutmr zowéﬁrplaed to pefainusuch \agm othenpressures

tritCOFfplonent, anfiléﬁbmﬂegédoef.sa thﬂtS&ﬁ tgé vl&ﬁﬁéﬁ- bMﬁ:ﬁﬂmbl ﬁ Li br?US
materials, as _we c_an r i ydr ophobi.c.filro
materials (syfthetic 01{;% i?‘?ﬁr } rags Aé%/ % earﬁfl%?rﬁ’r]éa 8} Yeteliat1yslyy Hégh
above-referenced ajedswvcmqo@rhtghdbm's Weﬂghtshedempbn dat thmscmsgtidhlz&ﬂe
WO 91/11163, and 9 1&?? s pr @ Iy | e
for inclusion i nc?éﬁde]?(l?l A'Fiy%@ a?é?é? %ng?’g&ﬁfse'jckﬁ ﬁleWg?g?é"l gg,b
greater detail in a@urlﬂ? phenwetaht) iafaithen msticies 8’f4 ahsqpbendhegelling
Cct ober 10, 1990. maféwialpubichsbrst etnalda;atitprhnwasasfxslmghﬂ vdleed oW 10afpe

East man KOdalioconpd%BXnd'l ndu;':t;sn rﬁlT eb}‘ounq:c fp%rara"{lcqes eéi%lperse\é throughout the
lower storage layer 82. Thus, the lower storage layer will
generally have a density of from about 0.06 to about 0.4 g/cm3, and

‘more preferably within the range of from about 0.09 to about 0.20
g/cm3 for a lower storage layer 82 containing about 15%-by weight of

15 particles of absorbent gelling material. The basis weight of such a
Tower storage layer 82 can range from about 0.02 to about 0.186
g/cmz, preferab]y from about 0.038 to about 0.12 g/cm2 For a lower
storage layer 82 containing about 50% by weight—of particles of
absorbent gelling material, the density will typically range from

20 about 0.1 to about 0.68 g/cm3 with a basis weight of from about
0.034 to about 0.31 g/cmd. The density of the lower storage layer
82 is calculated from its basis weight and caliper measured on newly
unpacked, unfolded and dissected diapers. The caliper is measured
using a standard gauge with the sample under a "gentle” load of 10

25  gfcmd. The basis weight is measured by die-cutting a certain size

' sample and weighing the sample on a standard scale, the weight and
area of the sample determining the basis weight. (It should be
noted that the density and basis weight values include the weight of
the particles of absorbent gelling material.)

30 While the lower storage layer 82 may take on a number of sizes
and shapes, it is preferred that the lower storage layer 82 is sized
and shaped so as to substantially occupy the region between the
topsheet and backsheet to provide maximum capacity for a given size
of absorbent article. While the back section 48 and the end region

.35 52 need not comprise storage zones, in the particularly preferred
embodiment of the lower storage layer 82 as shown in Figures 2-5,
the entire lower storage layer 82 is utilizgd for fluid storage.

N
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reference. Such additional fibrous materials, when of a hydrophobic nature,
are,preferably present in a conparatively small quantity, typically on the
order- of aboWO3¥76t | ess (total web weight basis) such that PAE/US403073
remai ns substantially hydrophilic. The ad %ion of such hydr ophobi c

fibrous materials to tAES sggsgg;?ﬁbt&s f’fﬁ{ggg{,%é-%t%rgﬁ? %ﬁé?'ﬁ& @g\éﬁ-&t itdgtﬁ 13Yer

provi de inproved w cki | ove
structural integriabporbentl rcosel icancybe fof usey] Hesixed, shape t gomsistent with

~hydrophilic" deschhbsitabide¥st Oindlagingl’ f e Sexahple, Deditcitirch Alctantfil 4D
by the liquids deposited anto the fibers. he state of the art respect]ng
wetting of materi aﬁrép%ﬁq‘g%s ﬂgﬁqnﬂ?t'PBFﬂ]GFsﬁ}aP h qgﬁ'E?ﬂfeySF%\l’r?&’v&:!‘[ PY#Hg) Hhn
terns of contact alegiwed,athe tloeersustorage tiayen @2 oin theewrappeddsn anchigh| wets
bt o on ant PR IoRERCAE e b GRS TR £ SRR e BOFL
Robert F. Goul d arfd9eoMPr¥aysncpaterialioby mininize|ther patentinlf few merticles neh
is said to be wet tapgortent defll Uingdmeierh€) toheigritecout of the lower storage layer
82. Another objective of such overwrapping is to desirably increase
10  the in-use integrity of the dual layer absorbent core. Such a web
can, in fact, be 'g'lued to the lower storage layer 82. Suitable means
for carrying out this gluing' operation include the g'lue spraying
procedure described in U.S. Patent 4,573,986 issued to Minetola and
Tucker, on March 4, 1986, which patent is incorporated herein by
15 - reference.
_ In a presently preferred embodiments, as shown in Figures 1-5,
.the shape of the lower storage layer 82 of the dual-layer absorbent
core will be what can be described as a half-dog-bone shape. This
shape provides good overall utilization of storage capacity while
20 providing a comfortable fit for the wearer. In especially preferred
embodiments, a lower storage layer 82 overwrapped with spray-glued
tissue will be employed. ' -
In the usual instance when the lower storage layer 82 generaﬂy
defines the shape of the diaper' or other absorbent articie, the
25 normal length of the backsheet 38 will be approached by the Jongest
longitudinal dimension of the lower storage layer 82. However, in
some applieations (e.g. adult incontinence artieles) wherein bulk
reduction or minimum cost are important, the lower storage layer 82
would not take on the general shape of the diaper or incontinence
30 structure. Rather it would be generally located to cover only the
genital region of the wearer and could in this case have
approximately the same top surface area as the upper acquisition
layer 72. In this instance, both the upper acquisition layer 72 and
) the co-extensive lower storage layer 82 would be locat-ed toward the
- 35  front of the article. ' :
The acquisition zone 56 -has ‘a.relatively lower capi]larity and
thus preferably a lower average density and a 1ouer. average basis

—
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17 contact angle between the liquid and the fiber or surface is |ess than
90[err] or when the liquid will tend to spread spontaneously across the
surface of t MO 4B both conditions normally coexisting. |n RIIAUSHHOO7E0
hydrophilic-fibrous material, the | ower stdbage |layer 82 .preferably
contains particular .anmpbunts of discrete, 'gLef_erabl y nonfragil e,

onfi brous particNelahtsPelLuptt,arga ghan the) dishrdpytion 2008 381, Phes acatisitioas
bei ng used herei nzome déssgnaiseta quiekiy icollagteand tempéraeilnthe)dred schatged
el nLne ! enotFuddet SSTAAL st 1Fpd S DRENS ARkl B, 358
contact with |iquieetisitisnbgoraidg mustuibgsabdied te heuickly fasawiriey dndtafansport| n
this manner, ki quiiiuidi SERIEEING FrdhOtHenSoin@VeF 164138 a@MLARY b othbr PAfts of
present invention ﬁean beracgw%r"ﬁg a#d | d_by .t he artlckgs, _egherg?yhas .
provi di rig absor behi® ARBEREDt amBer ¢ g AEWISHHIOR #008,06 (Rreferab
i nproved |iquid rdensityocof Feom aboatde03 Tive0adis gy tndnt angt Imorre prefiévabl pl from
particles whi ch aggomy.88edo VabdutI%! 5 2)yen3cOMthd Sasis S WRRHR dr! dukh  an
wat er -i nsol ubl e, slightly _
, acquisition zone 56 will preferably range from about 0.015 to about
10 0.1 g/cm?, and more preferably from about .018 to about .06 g/cml.
The density of .the acquisition zone 56 is calculated from its basis
weight and caliper measured on newly unpacked, unfolded and
dissected diapers, The caliper is measured using a standard gauge
with the sample under a "gentle® load of 10 g/cm?. The basis weight
15 . is measured by die-cutting a certain size sample and weighing the
sample on a standard scale, the weight and area of the sample
determining the basis weight. As discussed above, the ratio of the
average density of the distribution zone 58 to the average density
of the acquisition zone 56 should preferably be about equal to or
20 greater than about 2:1, more preferably about 2.5:1, and most
preferably about 3:1. Hence, for a given density and basis weight
acquisition zone, the required density and basis weight of the
distribution zone are fixed by these ratios. For example, if the
density of the acquisition zone 56 were 0.07 g/cm3, the density of
25. the corresponding distribution zone 58 would be 0.21 g/cm3, if a
density ration of 3:1 were utilized. |
While the acquisition zone 56 may conceivably have density and
basis weight values equal to zero, i.e., a hole or void space, such
an embodiment is not as preferred as an acquisition zone 56 having
30 some minimal density and basis weight. The transfer of liquids
through the topsheet 38 has been found to be diminished in an
absorbent member 42 having an acquisition zone 56 of zero density
and basis weight due to the lack of intimate contact between any
fibers of the acquisition zone 56 and the topsheet'38. Thus, liquid
© 35 may tend to pool or collect on the topsheet 38 thereby creating a
wet feeling for the wearer. Thus, it is preferred that the
acquisition zone 56 have some minimum density and basis weight.
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cross-linked, partially neutral i zed, hydr ogel - f or m ng pol ymer
mat eri al . Such absorbent gelling materials can be prepared from

pol ymeri zabl e wo wgg@tur at ed, aci d- cont ai ni ng nmonomners. Thus, 6d4/0307
nmononers include the olefinically unsaturatgg acids and anhydr| c]es 103?13

contain at |east one carbon to carbon ol efinic double bond. Mre .
specifically, these m)Hbrhr she afenbitys ahd: das tls fwedghtolo€f thei @enhdmwmatzweatsad

carboxylic acids ap ey ﬁﬂg&iﬁdu‘ée?ts erg{ 'JHdC%Hc&n 2EH£hata%dFﬁ$4d18£Ht is.

aci ds and m xtures i@ﬁ abl e unsat urated aci se’in
preparing the absofb¥ht"ee|Rrefierredt er The saqmgwtwntmng 56y careferabinchasiea

those listed in U &xbd%ahmﬂlﬁ&rﬁﬁoﬁﬂ%nsﬂsueﬂdt@n'ﬁ&ﬁﬁ Wasfs wighdt shroligidien

A. ol dman, and Th S n riley 19, 188 and title
" Hydr ogel - For mcgng ! oI?féa arl]gloltr'lw(?‘i Aggns'rhf—sor uniig ﬂ%stgﬁl“s weight

Structures”, whi chPreyipegsod pimﬁ@mi dapi Blany bﬁoncef srehcat adross ethedintertacer s

i ncl ude acryl i Cbetweéﬁlﬂre acﬁ@k'ﬂ?«ﬁn%bﬂe 56 #d Ghe distPsbution zope, 58 that
2-acryl am do- 2- et %a 8ropane sul d ? Acrylic aci |tseﬁ1p
especi al 'y pref err BPY8F 5?’5’!)31‘3‘“ "(5‘15 ‘E"he absorbent gelling materi aI I'n

‘the hydrogel -forning Tebshapentsizganti puyitiomting icfl the tacquisition zone 56 is
10 of ‘importance in determining the effectiveness of the resu‘lting.
absorbent member 42 in rapidly acquiring discharged liquids. In
acc_:ordance with the present invention, the acquisition zone 56
should be placed in a specific positional relationship with respect
_ to. the area of typical liquid deposition. While portions of the
15 acquisition zone 56 may be positioned over the back section 48 of
the lower storage layer 82, the acquisition zone 56 is preferably
positioned generally over the front section 50 of the lower storage
layer 82 so that the acquisition zone 56 is positioned -in the area
of typical liquid deposition, i.e., the deposition region 54. Thus,
20 the acquisition zone 56 is p‘lacéd in the vicinity of the point of
discharge of liquids so as to be capable of quickly acquiring such
liquids at their contact zone. '
The generally forward positioning of the acquisition zone 56
can be defined by specifying the percentage of the top surface area
25 of the acquisition zone 56 which is found forward of particular
points a'Iohg the length of the lower storage layer 82. While the
positioning of the acquisition zone 56 can alternatively be defined
with respect to the volume of the acquisition 2zone positioned
forward of particular points, it has been found that the top surface
30 area of the acquisition zone 56 is a more desirable definition.
because the top surface area actually defines the initial area
. available for liquid acquisition. In addition, since the thickness
of the upper acquisition layé'r_' 72 . is preferably uniform and the
acquisition zone 56 has a generally rectangular cross-sectional
- 35 area, the top surface area definition is equal to a volumetric
~ definition in a preferred embodiment. Thus, the positioning of the
acquisition zone 56 will be referenced. throughout the specification
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pol yneric conponent f or med from unsaturated, . acid-containing 18
mononers may be grafted onto other types of polyner noieties such as starch
or cellulose. Acrylic acid grafted starch materials of this type are also

especi al l'y prefygplgdsispr use herein. Preferred absorbent gelli ngpfpkRbdeseds
whi ch. can be prepared from conventional typegyof nonomers include

hydrol yzed acrylonitrile grafted starch, acrylic acid grafted starch, -
pol yacryl'ates, nual eias eeilayed i tteutoptdpylmrfsacand"eaonbﬁmau dihe péreentige of the

Especi al |y preferreqy pQ'Lesa%[fy'meﬁcﬂg%%y&b.fe s‘i’tﬁfs ndh! g 3! givdk

" Suldige
What ever- the nature o€ t'ﬁe Eam C yner onents or bent
gelling materials udEBR4)n t he storage | ayers herein, such materials will in

ggnergl be S: : ghtly. crosm?ii nifteéhccord%e@Suithnkhﬂgpﬁe%éwslﬁv@nfﬁweﬁttm&St a
fater-inso ubl 8 andoes sB 3f | AR AsdyfrltTan, RAE S Ns PR b e denasaion
vol une and extr segtapl &4, gyenynthough the remammg portion may be positioned
anywhere on the lower storage layer 82 including the back section 48

and the end regions 52. However, the acquisition zone 56 is

~ preferably positioned relative to the lower storage layer 82 such

10 that the top surface area of the acquisition zone 56 is completely
positioned over the front section 50 of the lower storage layer 82.
More preferably, the acquisition zone 56 is positioned relative to
the lower storage l'ayer 82 such that the top surface area of the
acquisition zone 56 is completely positioned over the deposition

15 region 54 of the Tower storage layer 82. Even more preferably, at

"~ least 30% of the top surface area of the acquisition zone 56 is
positioned over the front half of the front_ section (approximately
the front 1/3 of the overall lower storage layer 82) of the. lower

_ storage layer 82.

20 The forward positioning of the acquisition zone 56 may
alternatively be defined by specifying the percentage of the top
surface area of the acquisition zone 56 that is found forward of
pariicular points along the length of the diaper 20 or other
absorbent article. Thus, the acquisition zone 56 is preférab'ly

25 positioned on the lower storage layer 82 relative to the backsheet
40 such that at least a portion of the top surface area of the
acquisition zone .56 is in the crotch region ZG‘éf the diaper 20.

~ More preferably, the acquisition zone 56 is positioned such that its
top surface area is completely positioned in the front two-thirds

30 portion of the diaper 20, most preferably in the front half portion
of the diaper 20; the top surface area also most preferably being
completely positioned in the crotch region 26 of the diaper 20. (As
noted herein, "portions" of the diaper 20 or other absorbent article
can be defined by reference to the top surface area of the unfolded

- 35 diaper 20 or absorbent article found in front of a given point on
the line which defines the length of the diaper 20).

—_—
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characteristics of the hydrogels formed fromthe absorbent gelling material

errpl oyed. Suitable cross-Iinking agents are well known |n the art and

i nclude, for exanple, those described in greater detail a; :

4,076, 663 WOAMET6) ssued to Masuda et al __on February 28, 1 8‘&£|ch is
|ncorporat ed herein by reference. PrefePPed cross-|inking agents are the

* di - or polyesters @f unsat urat no-. £ bQx I ds with

pol yol s, the-bisac gra%\m%sses gfﬂ%ma"‘"g h% wsj% mérﬂfﬁ&‘ﬁ' a@é‘ﬁé’c‘i‘ﬁ?l y
preferred crosgoné Ski riheatensth off ehwlwemtmbenhues@erw drapkr, 20 Wikt hyl ol
propane triacrypaitguéidad r 'tﬁé ! X&rm%'i“ (8ngesite lﬁﬁfﬁ%d{daﬁk'ﬁﬂe@ﬁﬁﬂt o?arthe

general ly conprjse fr m about rcen ce of the
resul ting absof engated; Struciyrem: Slhi‘%tl'm""" pgges% é\‘“@Pé‘fﬂ"y caﬁ)ebﬁ Fined _
cross-linkgng sgtmtrespdcit m)ltpelmuétuirm abdﬂtrsOamhed)lta pier eeatert. 0 Whenol e

D et O ot MR HRE bpgE|dd MU bR L BastbhEq St so

cross-1inked, bent mat e

structures of thet phesends f'm"eﬁt learﬁog@héf’ﬁl‘ﬁir@hﬁl wyisd . nThenaprmal
partial ly neut naﬁgthedffmm:me'iogt&ug@qs?& @p 6:*“d$apéi"thmqm thudChe reRkeri al s

are, const der ed Baishi 3b' Yag" S4h0 hinhfik, ARFRUGR! £he Toied *stBPhge ASHE Mz o7
10 diaper 20 from the point on the edge of it at the middle of the
: wearer’s back waist, through the crotch, to the point on the
opposite edge of the lower storage layer 82 or diaper 20 at the
middle of the wearer’s front waist.
_ The top surface area of the acquisition zone 56 may be found
15 using either of two techniques. The primary and simplest way is to
place the absorbent member 42 on a standard tight box, such as the
transluminator model manufactured by Aristo grid Lamp Products,
Inc.. The acquisition zone 56, because it has a lower average
density and lower average ~basis weight than the adjoining
20 distribution zone 58, will appear lighter or brighter due to the
fact that more 1light will be transmitted through the acquisition
zone 56. The acquisition zone 56 can then be mapped onto paper
having grids to measure the top surface area of the acquisition zone
- 56. ' |
25 The alternative method comprises mapping the density profile of
' the upper acquisition layer 72 to determine the top surface area of
the acquisition zone 56. The upper acquisition layer 72 is cut into
samples having small areas. The density and basis weight of each of
the samples are then calculated using the techniques discussed
30 above. Thus, the relatively lower density and lower basis weight
samples are charted against the relatively higher density and higher
basis weight - samples to measure the top surface area of the
acquisit’i-on zZone 56.
~ The icquisition zone 56 can be of any desired shape consistent
35  with the absorbency requirements of the absorbent member 42 or
diaper 20 including, for example, circular, rectangular,‘triangular,
-tra‘hezoida‘l s oblong, hourglass-shaped, funnel-shaped,
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nononers used to formthe polymer are acid group-containi ng nononers which
have. been neutralized with a salt-formng cation. Suitable salt-form ng
cations incl WRIBRE| i netal, amoni-um substituted anmoni um aRfF/HSR4PRY.
This percentage of the total nononers util3%ed 19 which are neutralized

Poutral 2at on. - SoagPer R risBabed,ron Pralar o tpERToan SeBSR Bt She;
The absorbent gelddauisitdorr kefies Sfscurei thosee Habdr dgerdasgethe htength wfisithtave
a relatively hi ghjntepsdce! betwebn ithDi RiqlPsifthioh Fone T60HAY %Eddiis'ﬂrﬁﬁi 6rpgzﬁhe
menber s. The absorbent , capacity,. of sy materials ca e quantifie y
referenci ng the "YefodRbibe -Eﬁh¥ A3 Em’j?@‘r‘it@f ‘i}(f??’l‘eﬂﬁe anean fhe 2anes are o
be sel ected for uBdlynutildzed.esd@nipresently ipreferred phapeofos othe tddgaisition
| nvention, gel valaigesecqn i dRdy BEidseriveli™Rs 3f nd1PSdYTBERE shipeY Mi{lFthé
urine absorbed by any given :

wider end facing toward the front of the absorbent member and the

. entire width of the narrower end adjoining the distribution zone 58,

as shown particularly in Figures 1 and 4. ,

10 In addition, while the distribution zone 58 need not completely
surround the acquisition zone 56 (i.e., it 1is in Tliquid
communication with at least a portion of the lateral area of
acquisition zone 56), in some embodiments of the present invention,

_the distribution zone 58 may partially or entirely laterally

15 surround the acquisition zone 56 so as to take full advantage of the

capillarity difference between the two zones. .

The acquisition zone 56 may also have a number of different
cross-sectional areas and configurations including those wherein the
area of portions of the acquisition zone 56 is less or greater than

20  its top surface area (i.e., the ai:quisition zone 56 is smaller or
wider below the top surface of the upper acquisition layer 72). For
example, the acquisition.zone 56 may have conical, trapezoidal,
T-shaped or rectangﬁhr cross-sectional areas. As shown in Figures
2 and 3, the acquisition zone 56 preferably has a rectangular

25 cross-sectional area so as to provide a uniform acquisition zone 56.

The acquisition zone 56 may have a different thickness than the
adjoining distribution zone 58, and/or may not extend through the
entire thickness of the upper acquisition layer 72. However, in a

~ preferred embodiment as shown in Figures 2 and 3, the acquisition

30 zone 56 preferably extends entirely through the thickness of the
upper acquisition layer 72 and has a thickness equal to the
thickness of the adjoining distribution zone 58.

While the acquisition zone 56 may be‘transversely positioned -
anywhere along the upper surface of the lower storage layer 82, it

-35  has been found that the acquisition zone 56 functions the most
efficieht]y when it is transversely centered over the front section
50 or the deposition region 54 of the lower storage lgyer 82. Thus,

e e——
————
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absorbent gelling material and is specified as grams or syntPﬁt;cn$L;?$C
peff.gram of . _absqrbent gelling material. . Gel .vo urrg oo y (%
urine’can be Y& Hed by form ng a suspension of about O. 't O*ﬁ:"
dried absorbent gelling material to be testéd with about 20 parts

' ' [ ' i ' i ned at_anbient tenperature under
e rimine: fl?“ébit‘f"‘ﬁ?ﬁgﬁ? ;%"gﬁg?é gA)él | PRefesabiy i lsentereds atiousi neih
glig?;geastjlrggleggre deagitudinali cegberdime GBotofi Ithe Nl dwee lIe&ﬁalga/énl A stazgcthgrg
of the above-ref er preRetablyS. tﬁ’@taﬁgriisgfioz@% A‘egislstcp{ .t??efgv\é%elfg rR@fitioned only

[ I 1 gra _ :
2bsor bent gel 11ng MRTerthal cpibrihcreaisn B Mfeahe it heecbbsra!sD o Gdiuai

A . : : £ JERC
the absorbent el | regjonabér ofil ther 1dwerSweqQpsi Pi}'e‘i‘n?%te?l?cg{ ;ﬁhhgoﬁ% qeff thee

90101010 S0 SRl 108 JOVTENEL L e e renn oo b 1o
;gfsrergfl ggi ng ((:-(I)-r (raegt ettty ap déRpeneiaghuishtinins lagert NE2 cod C%&%"?@ﬁg{""’gg?ﬁgel
vol ume.). The st oragﬂayﬂ?eiraﬁ tg?%&g%’spﬁ@gu i :a%%hﬁg%yggrﬁpg s then

ones which are to ﬁqeg‘zeﬁ'éf'%l ?’g? gﬁgﬁro’ycgﬁ%ﬁ@gnla.\gel 2 nig aufidedagap calender

training '°a”tf3- eroll to effect the selective densification of the upper acquisition
layer 72 and establish the density gradient across the density
interface 92. The thickness profiled upper acquisition layer 72
initially has areas of higher basis weight which define the
distribution zone 58 and of lower basis weight which define the

15 acquisition zone 56. The upper acquisition layer 72 is then
calendered preferably to a uniform thickness. Thus, a lower average

- density and a lower average basis weight per unit area acquisition
zone 56 is created relative to the higher average density and higher
average basis weight distribution zone 58.

20 The résu]ting.thickness of the acquisition layer 72 need not be
uniform, however. Contoured calendar rolls, or other equally
suitable methods, could be utilized which would result in different
final thicknessq; for the acquisition zone 56 and distribution zone
58. Establishing the density gradient at the density interface'QZ

25 is-fegarded as the critical factor in'formihg the upper -acquisition
layer 72. The uniform thickness calendaring is presently preferred
because the uniform thickness of the two zones maximizes the contact
area of the‘two zZones at the density_interface, i.e., the ratio of
contact areas is 1:1. _

30 Likewise, the lower storage layer 82 is preferably made by
airlaying a uniform  thickness absorbent  member-preform.
Additionally, discrete particle§ of absorbent'geIIing material are
added to an air-entrained stream of Fibers prior to their deposition
onto the preform to affect uniform distribution of absorben; gelling

35 material throughout the preformed lower storage layer 82. Thus, the
resultant lower storage layer 82 preferably contains a uniform
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having a gel volunme of at |east about 20 granms of synthetic urine per gram
of ‘absorbent gelling material. Wen the storage |ayers herein are

constructed fr | osic fibers such as*wood pulp fibers, it _may be -
desirable to u‘?ﬁ]’?}z;‘!g}‘gbsorbent gel Iing materjal having a somMWﬁJ%ﬂW”

gel volume, i.e., a gel volunme between about 25 and 60 grans of synthetic

urine per gram of Gﬁkf\iﬁ&gpﬁgﬁfﬂrophi]i@ofﬁrgf@%tkﬁ?;ﬂr§nd3Qﬂf§EFé{%t SAriicR0 of
certain types of ceabl ul ostc jlber mat_eil a suc as, ‘ftor exanple, the
stiffened, curled ®8PMEPb Al Gmaterial-ei nbef ore described may actually be

nmore effective at absorlini nge,f Itheddidpernteforibeagpided [tong wadrer] My pekitioning

what | jel I S I . e ' teria f .
generally | oner gl S0l Lk " e ﬁ#ﬁ@‘mzﬁgﬁ'ﬁ"f&ge?ﬁse dpatin g B A dteip
strength” (as gdant ithe ggmaindercofs fibeydiaparuP@detveennthenwenrer s degesobthat then
the hereinbef or e- rfebtr agetbant. PegionP2bené PosibionedOdcrosINtfe #Frond!t OF 2

layers wherein theng&rrgphir“ Cenfdlsbg;’sthe tape-tab fasteners 46 are then secured
preferably to outwardly facing areas of the diaper 20. In use,
disposable diapers or other absorbent articles having such upper

10 acquisition layers 72 having a relatively lower average density and
Jower average basis weight acquisition zone 56, tends to more
quickly acquire liquids into the acquisition zone 56 and to
distribute these liquids to the remaining portions of the absorbent

- member 42 and to remain dry or dryer due to the preferential

15 capillarity between the distribution zone 58 and the acquisition
zone 56 of the upper-acquisition layer 72 and the characteristics of
the relatively large particles of absorbent gelling material in the
lower storage layer 82. Thus, such an absorbent member 42 helps to
allgviate leakage around the edges of such absorbent articles.

20 - . As discussed above, the primary purpose of the upper
acquisition layer 72 is to quickly collect and temporarily hold
discharged liquids and to transport such liquids by wicking from thg
point of initial contact to other parts of the upper acquisition

layer 72. Since the primary function of the upper acquisition layer

25 72 is to receive liquids passing through the toﬁsheet 38 and to
transport such liquids to other areas of the upper acquisition layer
72 and eventually onto the lower storage layer 82, the upper
acquisition layer -72- is preferably entirely free of absorbent
gelling material. Since the two fuhciions, namely wicking and fluid

30 storage, have been assigned to two different layers of the absorbent

' member, the performance of each can thus be optimized to achieve the
best overall performance.

Alternatively, the upper acquisition'layer 72 can contain small

amounts of absorbent gelling ﬁatéria]. but since the fluid transport

- 35 and storage functions have been divided between the upper
acquisition layer 72 and the lower storage layer 82, respectively,

in the present invention it is preferred that no fluid storage take
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are stiffened, curled cellulose fibers, it.my be preferable to enpl oy
~absarbent gelling material having a gel volume of fromabout 20 to 35 grans
of synthetic Wwosag2y1er gram of absorbent gelling naterial. Anotherusanzenie
of the absorbent gelling materials which ared&specially useful in the '
storage layers herein relates to the level of extractable polyner nmaterial
present in such abs®las&ntingeihe; rippant agquisition Bayenci2h| cHengel ytbe usevefs

canh be de':]er_m' nedgbﬁaybatltnt.gmuhm Aateridl e ipf m@sr)bwnfta&gli%{tqgnnqta%,i alis
With a synthetic ur ugton for the sulstantial period of time (e g.,
‘at least 16 hours) é#?'c.ﬁﬂiys%\teéﬁ%%rf Sé]’r éécﬁ éﬁ?i‘ag?i’ﬂ'ﬂe%gh?iﬂc*‘mﬁ g’S'EFq’t‘H'én
filtering the forneef hther sgéffanedm twistedipeandatcanted icpdiulosandibeérsalasy thyy

then determ ni ng t heedpohd B HaNT$adidOTinkd8 ;‘,j | {dd@tRus Ty rq
procedure used to dets'gr ) ra‘c‘tma]bl e ol_orrer cont gsnt#%#e?héﬁggéség{fg%mﬁtme

e 0l V]
gel ling materials u%"é:&"ﬂ]‘é‘?e?ﬁﬁ'g upPen a§§‘ﬁ)‘sﬁg}‘¥‘h]?yﬁ‘"t he herei nbefore
referenced U. S. Patent Rie 3feld. shipeoaikriizgedt ithg uppeer acjuisPSiRRCI Blelry 72

Il
preferably no nore tapgrtance in determining the effectiveness of the resulting diaper
10 20 or other absorbent article. The upper acquisition layer 72 in
the unfolded configuration can be of any desired shape, for example,
rectangular, oval, oblong, asymmetric or hourglass-shaped.
As shown in Figures 1 and 4, a presently preferred shape for
the uppef acquisition layer 72 is what may be described as a
15 half-dog-bone  shape, incorporating the ' half-dog-bone-shaped
acquisition zone 56 and extending rearwardly toward the back--
waistband region of the absorbent article such that the distribution
zone 58 is generally rectangular in' shape. " As such, the overall
shape of the presently preferred upper acquisition layer 72 mimics
20 the overall shape of the presently preferred lower storage layer 82.
The upper acquisition layer 72 of the present invention need
not be as large as the lower storage layer B2 and preferably, in
fact, has a top surface area which is substantially smaller than the
top surface area of the lower storage layer 82. Generally, the
25 -upper acquisition layer 72 will have a top surface area: from about
0.7 to. about 1.0 times that of the lower storage layer 82. Most
preférably, the top surface area of the upper acquisition layer 72
'will be about 0.75 times that of the lower storage layer B2.
' If the size of the upper hcquisition layer 72 approaches the
30 size of the lower storage layer 82, there is an increased likelihood
that more fluid will be wicked to the edges of the storage layer
than can be stored, hence resulting in an increased likelihood of
leakage from the edges of the absorbent article. This is
particu]af]y true when fibrous materials having higher wicking rates
- 35 are utilized, such as the stiffened, twisted, and curled cellulose
fibers described above. The use of side margins 83 and 84, as shown
in Figure 4, helps to reduce the likelihood of leakage due to fluid
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about 10% by wei ght of the absorbent gelling material. Al though nost

absorbent gelling materials will performwell in the | ower storage |ayer .82
of the presemwo B412336t i on, absor bent gel ling materials havi ng hPGRHU§24/03073
strength are particul arIy useful . strerﬂjth nmust be such that t he

particles of absorbent gelli e n or nd_f to an |
unaccept abl e degré’gl?‘-}teg&ﬁsd 3”35'5 egg%p%eg\t\g.' &f r?"cﬁe t’ g’be“FﬁythPBZ,
t hereby inhibiti nghﬁﬁemnawmm betweerithg upper heqmsnummﬂyeanmd‘ ithe dower

di str'butlonthrowbﬂqe agers! prefeity d%te@etmath b, "8 Cleust Oih Nene
f endency of the p

0 rben l'in er| to m or spread
under stress once -Vpafﬁt‘?i €'I§C Y38 Be;‘l"ﬂﬁn d “ %S"gtwgn t‘i/p eof“'"’e"
absor bent gel Isi ng anfa,txfsmtebn ayer sT2 eyt foowmlith gmala‘rat Ithan etirec AlvwenSsor@gey el

T o oy s GRS i, o 0 A bl st
' not receive fluid and hence will not be utilized for storage

~ The use of an upper acquisition layer which has a top surface
area which is about 0.75 times that of the lower storage layer has

10 been found to provide a good balance between leakage prevention and
storage capacity utilization. For ease of assembly, it is also
presently preferred that the upper acquisition layer and the lower
storage layer have approximately the same nominal length and when
assembled have generally aligned ends.

15 In order to provide sufficient acquisition capacity, it has
been found that the top surface area of the acquisition zone 56
should comprise substantially less than the entire top surface area
of the upper acquisition layer 72 of the dual-layer absorbent core.
The top surface area (and/or volume) of the acquisition zone 56

20 preferab]y éqmprises less than about 50% of the top surface area
(and/or volume) of the upper acquisition layer 72. More preferably,
the top surface area of the acquisition zone 56 comprises less than
about 35% of the top surface area of the upper acquisition Tayer 72
and most preferably about 30% of the top surface area of the upper

25 acquisition layer 72. The positioning and area of the acquisition
zone relative to thejdistributton zone may be tailored to accommodate
the needs of particular wearers such as, for example, male or
female, adult or child, and daytime wear versus nighttime wear.

While under some circumstances it may be possible or preferable

30 to vary the pore size of the fibers in the upper acquisition layer
without varying the density of the fibers to form acquisition and
distribution zones, in upper acquisition layers according to the
present invention such a variation would not generally be preferred.
One possible way to vary the pore size of the fibers would be to

-35 utilize hardwood fluff with its smaller pore size for the
acquisition zone and to utilize softwood fluff with its larger pore
size for the distribution zone. The primary reason that such a

This Sheet Has Been Replac

A III




st réngt h as possible consistent with the realization of absorbent gelling
. materials of acceptably high gel volune. It has been found that gel

strength, i. o efifedef or mation tendency, (in the context pePiisesnzors
ahsor bent gelling mat eri al s i ncor por at “into absorbent nenbers

and absorbent articles) correlates directly with the shear nodul us of

*the absorbent gel lvhﬂ&tm Qfo'u@dl not é’é‘r@@ﬁﬂlfvn%)’denpﬁﬂhémf th'i@tlﬂ{rti@&cfd f%ers
~absor bent gellln at suf.fici

appropriately cha E%t%?qefé ]ybf?‘gﬁg% i Q"Sbt@l %f? eﬁ’d!ltwqdr efng?rr?s ogn?'hete"e
shear nodul us of ftflikersardrec|std fodnedpsdwixted, gehd i ogrledt asi aesciSibedr abovhyl us

can be convent | onghioFeIRRedife HATRE: sl HERGRINT Celli"whdl ofheeS

the use of ~a stre eomet er I ed
to a given safpl eﬂ‘v’é#"éu§"€b$°"!ﬂ'i‘éssr9é'su%4 H@f"ﬁrb‘?%‘f‘ @XPR'H"?’bd ‘!?}Wl%fé"Sanﬁde
The absorbent gel hhm-mﬁg ahenl FladdPliatéract adthntieh FibeFRNN&N thoutStwd luse dfo

detall in the abotte; SPRTiERe . &F LR RE olohgn Al BV pbibpRER <!
i ncor por at ed her eiincrte;se efrertbacstoretcpatentiad/ energynthexeim wouldeaksonnok e
‘The shear nodul us 3efidvBg. ' €884 lstbbdSPOBRNE N1Nefbrgf trafd ates into less wicking
10 across the density interface, and the acquisition potential of
absorbent members according to the present invention is not
maximized. '
While particular embodments of the present invention have been
illustrated and described, it would be obvious to those skilled in
15 the art that various other changes and modifications can' be made
without departing from the spirit and scope of the invention. It is
therefore intended to cover in the appended Claims all such changes
and modifications that are wlthm the scope of this 1nvent1on
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i s then subsequently cal cul ated fromthis ratio. Absorbent gelling
nat eri als which have been found to be particularly useful in the present

i nventi on exkydbdnmrsshear nodul us of at Ieasf[ about ZW
More preferably, the absorbent gelling materials have. a shear
wi thin the range of about 2,500 to about 92, 000 dynes/( I’m’m’
preferably of from about 5, 000 to about 35,000 dynes/c WW’I”H"’
feature of ththgq%ﬁmed,g nvention is the utilization 6f thet s

en

above- descri bed "absor elling materials in the storage |ayer in the
form of nonfibrous, Ypr ef"eP’éEBl &?V‘H&L?f?rﬁﬂl‘ membgipaving) ackack seclion 3ad 2 feon sacHon
particle size cemguaﬁi VithSiaid back section,Psafd fromt Sdction thaVing ahemd ﬂ.\mﬁoamr@d

and astrT b0t s aPosyEPREE B il e 0 BE0h an B Pk e il ™
i ncor porati ng aldepositiont regisin| jsnpositicned i teekweent said fead pregion cardasaid tharlagectiaay er s
of the present iR%8QLHAR in that said absorbent member comprises:

(a) at least one storage layer comprising a mixture of hyvdrophilic fibrous
material and" discrete particles of absorbent gelling matéﬁal, said storage
layer having a first top surface area; and

(b) at least one acquisition layer positioned in fluid communication with said
storage layer, said acquisition layer. comprising a homogeneous
composmon of hydrophlllc fibrous material, said homogeneous
composition comprising stiffened, twisted, and curled cellulose fibers, said
acquisition layer comprising an acquisition zone for acquiring fluids
having a first density and a first average basis weight, said acquisition
-zone being positioned at least partially within said deposition region, said
acquisition layer further comprising a densified distribution zone for
distributing fluids in liquid communication with said acquisition zone at a

" density interface, said density interface extending generally transversely
across said acquisition layer, said distribution zone havitig -a second
average denstty which is at least 2.0 times, preferably at least 2.5 times,
more preferably equal to 3.0 times, said first average density and a second
average basis weight which is at least 2.0 times, preferably at least 2.5

" times, more preferably equal to 3.0 times, said first average basis weight.
and said acquisition layer having a second top surface area which is
between 0.7 and 1.0 times, preferably equal to 0.75 times, said first top
surface area; '

whereby fluid introduced into said acquisition layer via said acquisition zone is
drawn across said density interface and into said distribution zone via capillary action
and subsequently distributed to said storage layer. _

2.  The absorbent member of Claim 1, wherein said storage layer compnses
between 30% and 60%, preferably 40%, by weight of said particles of absorbent
gelling matenal |

3. An ‘absorbent ‘member according to Claim 1 or Claim 2. further
characterized in that said acquisition zone comprises less than 50%, preferably less
than 35%, more preferably 30%. of said second top surface area, and in that said
acquisition layer preferably has a uniform overall thickness.
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I n the formof particles which are Eenah ly Iarger t han those whi ch have

her et of.ore been conventi onﬂllmwm General |y, provision of particles
of ‘Absor bent weddrisngl nat e tively larger size rmmmssumsﬂ'lbe

use of one or nore manufacfurf ng or proceSS| ng techni ques which elimnate
or reduce the amount of smaller, finer par4sicles and/or create |arger
yarticles that are introduced, aI-ong wth the fibrous material, into the
‘storage |ayers herei4. Afn abspebent inmniben aceibding ety ge¢ lof Kdaimatletd a further
particle size C%aﬁbi@ﬁz&ewpfhg¥ 15518 CacibiSitiGn 98/et | '08951 %Ekrenm t3Ch GomiBLRBudr e |

t oo Iarge are |l ess desira rom.a consuner aesthetics s andp0| nt -

Specifically, t iremppytionef stffersds tugsted, aad ﬁgrl%elhﬂese Jib&€ent i nvention
preferably incl ude aﬂosorﬂmelabsogwni lmwahedorah TG @he%fcma@saeloeat RHhERSS

medi an partlcle ze an n rti fromthe

medi an particle® ‘étem‘ l|"l ﬁﬁ Sﬁ’@ %‘gpcg fcaé’s%rﬁgéé? m$ B‘h"e okilad 'Blgga'bl ze
i s defined as t pertitlersigegangingfrom 46@micronsstoi4l ¢ midrensdet er m ned by sieve size
anal ysis. Further, §or QMLHQMRH: Mric ma%mgrhVRaﬁﬂmsthaere@ fssde Blistband

particle size of i ven sanpl e of  absorbént gel|jng mat artlceS|s
defined as the ;555‘?'?6’?"13“%‘? rG#IPR (charact that said abseroent apidl qc"GPP"éesrrass

_basi S. (a) abacksheet; and

(b) a multi-layer absorbent member positioned adjacent to said backsheet.

' said absorbent member comprising at least one storage layer comprising a
mixture of hydrophilic fibrous material and discrete particles of absorbent
gelling material, said storage layer having a first top surface area, said

" absorbent member further comprising at least one acquisition layer
positioned in fluid communication with said storage layer, said acquisition -
layer comprising a homogeneous composition of hydrophlhc ﬁbrous
material, said homogeneous composition comprising stiffened, twisted,
and curled cellulose fibers, said acquisition layer comprising an acquisition
zone for acquiring fluids, said acquisition zone being positioned with
respect to the absorbent article such that said aéquisition Zone is at least
‘partially positioned in said crotch region, said acquisition zone having a
first density and a first average basis weight, said acquisition zone being
positioned in said deposition region, said acquisition- layer further
comprising a densified distribution zone for distributing fluids in iiquid
communication with said acquisition zone at a density interface. said

density interface extending generally transversely across said acquisition
layer, said distribution zone having a second average density which is at
least 2.0 times, preferably at least 2.5 times, more preferably equal to 3.0
times, said first average density and a second average basis weight which
is at least 2.0 times, preferably at least 2.5 times, more preferably equal to
3.0 times, said first average basis weight, and said acquisition layer having
a second top surface area which is between 0.7 and 1.0 times, preferably
_equal to 0.75 times, said first top surface area; |
: Whereby fluid introduced into said acquisition layer via said acquisition zone is
drawn across said density interface and into said distribution zone via capillary action
and subsequently distributed to said storage layer.

\
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Further details on sieve size a [ medi an particle size

anal ysis can be found in the aqumﬂﬂﬂmy@ﬁmls Patent 5, 047,023. The
absor bent gelwbrw,zgﬁtlerlal parti "IXN the storage | gerusedrodote
present invention preferably have a mass nedian particle size greater than
Qr equal to about 400 mcrons. Preferably, 44 he nass nedian particle size of
the particles will be greater than or equal to about 420 mcrons. Mre

Ito[]eferabl Y, lthte ”HES 7{719?5181@ b5k EmEI'eZ@f elaithhe ﬂ@ihu feh&aaweh e tHaf agider

an or equa o abou crons ecause ver a s ar ess

desirable from aaémhéﬁm'é?%ﬁ"ﬁéf?@gm\?? a fnshsst assgﬂ%‘e‘irg’étg E’Féﬁ FAYS L’

si ze may have an saifp @bsorbentimembetrddpdsitivhed beeweamssaidirepshest apdisdid biokslmeze is

expressed in terns of ar h di_an t|cI l.zes
P ogi% %gig aﬁmlep g&%rrmf qomﬁ?mm% of ﬁ{tﬁ%

range from about 400- to a rabl’y tTrom abou
to about 1410 ni chasaeserizeddn that emérsmg,e layeoﬁolams FoCen éO%bamt6OI/19meferably

m crons. 23 40%, by weight of said particles of absorbent gelling material.’

9.  An absorbent article according to any one of Claims 6 to 8. further
characterized in that said acquisition zone comprises less than 50%, preferably less that
35%, more preferably 30%, of said second top surface area, and in that said
acquisition-layer preferably has a uniform overall thickness.

10. An absorbent article according to any one of Clams 6 to 9. further
characterized in that said particles of absorbent gelling material have a mass median
particle size ranging from 400 microns to 1410 microns.

-
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Preferably, the absorbent gelling nmaterial particles used will also have a
ceﬁ*"t,ai n -maxi mum particle size deviation fromthe nmass nedi an particle size.
In particul akyn bkqies, Preferred that ho nore than about 16% by % E t he
absor bent gele(l) hlgiﬁr’@t erial particles have a particle size |ess ;42@ 73

m crons and/or no nore than about 16% by wei ght of these particles have a
particle size greater than 1680 nicrons. Mre preferably, no noré than
about 16% by wei ght of these particl.es should have a particle size |ess
t.han 210 microns and/or no nore than abol¥216% by wei ght have a particle
Size greater tth 1410 microns. Most pref géably no nore-than about 16% by
wei ght have a p&afficl® size greater than out 1190 microns, T#4En
especial |y preferred eibodi nent of ®Me present-gqivention, the pagicles of
absorbent gelling materi al N

wi | y/3Rave a\mass nedi an particle size greater

than or equal to alout 84L m€rons. Pé\\ticles havi ng a nmass Tedi an
particle size greatler than or—eeus o—apgut—84i—rr-etrens—are fespgeqial ly
preferred for u?@\\in Eprecent _Lovontiod becaluse-thay- pea de |l 3r ger
capillaries wthin\the absordy t q enhance pl anar w ckingland are

general ly sl ower atscn_ a mass basisN\so as to provide highen gush-

capacity for 2 N CIITCoTIoIITIo2
i o . A /’36
92 38 )
. I ’ ./
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t he absorbent menber. Preferably, the mass nedian particle size should
range from about 841 mnicrons to about 1680 microns, nore preferably from
about’ 841 mi WQM9423761 about 1410 nmicrons, with a range from apopisedisors

m erons to about 1190 microns being nost preferred. The particles of
absorbent gelling material also, pr ef&r%l y, have a certain maxi mum si ze
deviation fromthe nass nedian particle / In particular, it is
preferred that between 0% and about 20% by wei ght of the particles have a
particle size less than about 841 microns. More preferably, between 0% and
about 10% and nost preferably between 0% and about 5% of the particles
have a particle si A2\ ess than agbout 841 microns. Wthin the foregoing nmass
medi an particle size ad partichg size distribution limtations, it is
possible to further ideNtify p efrg’ ed particle size characterlstlcs for
the gelling agent particls ug here| +Ly neans of standard sieve

anal yses. In a typig ?_ ievg analysis, .a samgipe or plurality of gelling
agent particles is sift L oygh a set upber of ~sereens of di mnishing
Screen openi ng size an; Rl peggent &4t he sanpre-ret Ai ned on

- 66

Fig. 4 82 lﬂ ) 70

72
g2
C . e ——— = 82
(7 7 1+ v ¢ T \j./ |

427

Fig. 5
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24 . and/ or

maklmg such sieve anal yses have been establis
Anerican Society for Testing Materials (ASTM. ne such net hod :“huk"
Ro-Tap testing sieyp ker (mawods @it Sfudl)erobétyy odgAlv@ATioN NC. ) a

3a55| ng through each screen is det e{] ) edV St andard net hods for L
for e exanpl e, by he

Qf screens identifie y either U S Sid¥euuBwe or Tyler Standard Sieve
_Series desi -Q'WON@MMAMS@ UNDER THE PATENE CODBERATIONUEREATY (PCT)

Such a te
“Bngi neers
pp. 21-13
The absor
t he requi
t echni queg
Wi |- i nvo] 42
absor bent
and/ or

CEh LildiGudnn Mlen SatdaGlonsn greatey | q’if#'T'f"’ em ¢ P
@ book,  Sixth Edition, (Mg aw ﬁf "& Eﬂ&npan% 19843V 0 9412376
to 19, whi ch publ i cati on i mnmeﬁ.ﬁaadmhawm&)y mb&&b&nmmlow

ent—gettng—rateriat pad t+etes—cambe—adjusted—to—or—ctose—to;

S(21) Entepridtidnil AlpPlicitiod RonfberS T 1 i DRITIUSR/IYS (AEINDésigdated Stijest B, HB:BG.GESBYL@A.CN CZ F

s used to prepare the absorbent el l i ng GlaHByR.HG, KFrl@q!%rHKI- MG, M
Eepetoentiag B o ¢ 7 Mg Gl R S g T UA
‘gel 1i ng mat er i al S polynerlz , LU, , SE), {mn
BriczitycDagn] . Once _ CF, G, CI, CM, GA, GN, ML, MR, NE, SN, TD, TG).
- 08/042,950 5 April 1993 (05.04.93) Us
- : ' ‘Published
(71) Applicant: THE PROCTER & GAMBLE COMPANY |  Withous international search report and 1o be republishe
[Uszsollzls(%}s Onc Procter & Gamble Plaza, Cmcmmn. OH upon receipt of that report. .
4 ).

(72) Inventors: PAYNE, Michacl; 11651 Norbourne Drive,

- Cincinnati, OH 45240 (US). PERKINS, Roberts, William;

7153 Lookout Court, Hamilton, OH 45011 (US). MOORE,

Danny, Raymond; 7691 Lakota Springs Drive, West
Chester, OH 45069 (US).

(74) Agents: REED, T. David et al; The Procter & Gamble
Compeny, 5299 Spring Grove Avenue, Cincinnati, OH
45217 (US). ‘

(54) Title: - IMPROVED ABSORBENT MEMBERS HAVING IMPROVED FLUID DISTRIBUTION VIA LOW DENSITY AND BAS
WEIGHT ACQUISITION ZONES

(57) Abstract

An absorbent article having a dual-layer absorbeat member, wh::emlhcdeponuonmgmnofusuppéraoqnmonhyacompns
-distribution zone and an acquisition zooe having a lower average deasity and a lower average basis weight per unit area than the distribw
zone. The acquisition zone is positioned toward the front of cither the absorbeat member or the absorbent article so that the acquisition 2
mymeﬁecmlyandeﬁamﬂynpmymmdmchrgedhqmds.nebwsmgchyaeompnsesammeofhydmphﬂwﬁh
‘material and discrete particles of absorben gelling material having a particular size distribution 5o as to enhance the absocbent caps
andacthonnteofﬂwdml—hyerabsorbemmanber The upper acquisition Iayer comprises a homogencous composition of stiffe:
mmwmammmwaMWMmmmedmmm The upper acquisition L
mnpﬂyﬁcmymmmnmawmmwwhw whﬂeﬁeemgﬂleacqmuonmfor&emdxscb
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abSorbent[ﬁéTEj'gﬁnapqnhaL;parLLcLES“@Le f or med b?lﬁhatevér process,

further tfeatment. such as-'screeni¥iy may be required’tio remove particles .
whi ch, ifﬁﬁeit[unﬁ"“ﬁurdfeaugey@menabsqrbent gel || ng ‘material - pyticle o
conponent - ‘to ¥ fall - dhtsidevi.af | the hereinbéfore-described ypar 'cre%_

size requf renentsi Absorbent :gel:bing, material parti€les which are. o .~
parti cul'arfy well suited #or.use.in-the foregoing size ranges are = -

i nterparticle cross-tinked aggregates.| Such aggregate particles gégf '
LSO s

formed by | oi i fig t0get MROVHE iEbosiibe i v i ndenendent. precu
particles of the tyHUHHD oz_ssmygg IgztﬁHEﬁL Sy@m%é@ mﬁgggép?_r;ﬁrl e
I )
[REBLAC

cross-linking agents applied tREIGHTOAGHNYS BUBK SRINES I}Ng

mai ntaining the physical association of the precursor

which are sufficient to react the interparticle cross-{i kbﬂ%@ agent

with the polynmer material of the precursor particles to fjorm &T 11996«
Such

o

ERT SHEET

bonds between the precursor particles that formthe aggregatfe.

aggregates, as well as mathodsF i formng them are descrilled in greatéer i
detail in US. Patent 5, 149,33&%&@! 22, 1992 tlo—tahenan et

al ., which patenthiss nvesbion ncelapes ated esiieRt DyehEd A" ©[FBrous web
structures) having an acquisition layer comprising a homogeneous
composition of hydrophilic fibrous material and a ~storagé Tayer
comprisi@g 2 mixture of hydrophilic fibrous material and discrete
?artlcles of absorbent gelling material. More particularly, the
invention relates to a dual-layer absorbent member havi;; an
acquisition layer with a relatively lower average density and lower
average basis weight acquisition zone positioned in the area of
typical liquid deposition to more quickly acquire and distribute
liquids within the absorbent member.

BACKGROUND OF THE INVENTION

. Absorbent articles such as disposable diapers, adult
1pcontinent pads, sanitary napkins and the like are generally
provided with absorbent members, fibrous- web structures which
com?rise entangled masses of fibers, to receive and retain bodily
fluids. In order for such absorbent articles fo function
efficiently, the absorbent 'members ﬁust quickly acquire bodily
fluids into the structure from the point of application and
subsequently distribute the fluids within and throughout the

absorbent member to provide maximum liquid | contdinment. In°
additioni- the absorbent members should be céﬁ;ble .6% ?;efi%nfgg:
l1iquids when placed under loads. Prior art attempts to improve the
effectiveness of such absorbent members have included distributing
particles of absorbent gelling material throughout or in portions of
the absorbent member. For example, U.S. Patent 4.6lb,678, entitled
"High-Density Absorbent Structures® which issued to Pau] T. Weisman
and Stephen A. Goldman on September 9, 1986, discloses absorbent
. members wherein particles of absorbent gelling materia1 (hydroge1)
are dispersed in an air-laid web of hydrophilic fibrous material and

compressed to a particular density. In addition, U.S. Patent

T |

- S smmar s,

H
3



-

One preferred technique for preparing particles @oirar han t hose
‘ordinarily prepared by absorbent gelling materia ﬁj@h@? SHEET

pol ymeri zat i on-dryi ng- choppi ng techni ques i-nvol ves| agghoner atj on smal | er
particles to produce larger agglomerates.  Aggl bnm®&OEIPOPechpiljues can
thus be used to raise the mass nedian particle siiz¢ of absorbent] gglling

material particles and to thereby pro;/zi de particlie naggl onerated form
whi ch are suitable for use in the storage |ayers {herein Agglomerat i on

techni ques argyyabb, KBOWR1dd) {dRSoRdeht ARFL TEAXs Ok fRRYDRAL LhyRlV & okler use of

noi sture addition, to naILEr pa{tlcles or the use of i blndirDoQégkher type

of aggl omer AMEY heednte ARRYr bentediany nJand: Lr i Heughlee i apds0y in the

st or age | aydied1érdr ainn Junkeltherl967, nditscioseaggl ciwel ataydrf absgrbehbukdrde

nonfragile. Jr@keifdUr BPSSSsoPheritNCa Bl ESi®bn | MY i haPAGWRF! e

nonfragile idtﬁ t%ey are stanTe e_ncgugﬁi ton_wi t’ﬁeg{ a%rt] %g:fgrcé’s en?gﬂn ered in
storage layer that consists essentially of a uniform combination of
hydrophilic fibrous materiai and discrete particles of absorbent
gelling material. These patents are incorporated herein by
reference. '

Other references which disclose dual-layer absorbent members in
combination with absorbent gelling materials are PCT Published
Applications WO 91/11162, WO 91711163, and WO 91/11165, each having
been published on August 8, 1991. These published patent'
applications were each filed in the name of The Procter & Gamble
Company, and each is hereby ihcorporated herein by reference.

U.S. Patent No. 5,047,023, entitled "Absorbent Members Having
Low Density and Basis Weight Acquisition Zones", which issued to
Charles - J. Berg on September 10, 1991, and U.S. Patent No.
4,834,735, entitled "High Density Absorbent Members Having Lower
Density and Basis Weight Acquisition Zones", which issued to Miguel
Alemany and Charles J. Berg on May 30, 1989, disclose absorbent
articles incorporating such absorbent gelling materials into
absorbent members which have selective densification. These patents
are also incorporated herein by reference.

Absorbent gelling materials are polymeric materials which are
capable of absorbing large quantities of liquids such as water and

- body wastes relative to their weight, and which are further capable
of retaining such absorbed liquids under moderate pressures. These
absorption characteristics of absorbent gelling materials make them
especially useful for incorporation into absorbent articles such as
disposable diapers, adult incontinént pads, sanitary napkins and the
Tike. However, in spite of the extremely high absorption capacities
of such absorbent gelling materials, their performance when used in
disposable absorbent articles has still not been optimized. '

The effectiveness of absorbent gelling materials in disposable
absorbent articles is quite dependent upon the form, position, size,
and/or manner in which the particles of absorbent gelling material
are incorporated into the absorbent member. One way to



nanufacture and/or ~use wthout breaking RﬁPEALENEﬁH.QEQES etely

separ ating into their smaller conponent parti gres™ "’m ing t hat the
particles should be stable enough that they {do q)%apcrt into small er
particles to-the extent that the resulting p rti Ies woul d flalfl outside the
scope of the particle size [imtations set hgregin—Fre—retatilve anount

of hydrophilic fibrous material _and particles of absorbenti gelling -
material used in the | ower storage Payer 82 Sent invention can be

or age”) Eiaration £ N PR AL 3b SR € afacil ¥, negngﬁpﬁaaeam,cwe | ower

storage | ora era { cont ains from about
2%t 0 aboﬁ?uldo% topdRereass éf‘ér‘@l!?i% °ffP rbabblaeﬂyt%na giahpbuthes09 and-

: mgst Eref eﬂsa:lbbyntab@dttbeﬁﬂ% Wo\ﬁﬁhﬁbély,thMeeﬁ OV\B][e s%meage:elnayelr 082 of
-absor bent oncentrat |l r
mattS eri al c%ﬁ’ g eq‘rsp?%'%tsaéﬁ{']sg { ¥4 <BF<E: QV\}:‘POH? 14 ‘Qﬁ'm?ﬁg tr to

Fat'‘o
parti cul a@@soﬂmésae}hmd@tnawr ang@efadynrsﬁdduafﬁe@t% byod thenemedgn 2. For

nost | ar geaPbt 41l 8160804 PeThe ARl 'r&l NBlRkifY"S desérh%e?pat Istdt ion

fiber-to- rtlculate wei ght tio_li n t he ﬁ e of fr m about 40 60 to

about 70: St BECHT Withos doctiler P aReeroent pal ) Uil mater iaf 15 wetted
the surface of the particles swelling so as to inhibit 11qu1d
transmission into the interior of the absorbent member. Wetting of
the interior of the absorbent member, therefore, takes place via a
very slow diffusion process. In practical terms, this means that
acquisition of liquids by the absorbent member is much slower than
the discharge of the liquid to be absorbed, and leakage from the
absorbent article may take place well before the particles of
absorbent gelling material in the absorbent wmember are fully
saturated or before the 1liquid can diffuse or wick past the |
"blocking” particles into the rest of the absorbent member. Often,

- the storage capacities of areas of the absorbent member remote from

the liquid deposition go un-utilized.

Another reason why many absorbent articles are subject to
leakage is inability to absorb second and subsequent discharges of

- fluid even if the first discharge has been effectively absorbed.
After a discharge of fluid occurs, the fluid tends to remain
situated in the region proximate to the discharge. This is due to
the inability of the absorbent core to transport discharged fluid
away from the fegion of discharge once the absorbent capacity of
that region has reached the saturation point.

In absorbent members incorporating comparatively higher
concentrations of absorbent gelling materials in the interest of
higher storage capacity, the problem is aggravated by the fact that
in order to increase the amount of absorbent gelling material while
maintaining a constant thickness, less hydrophilic fibrous material
can be included in the storage layer. The role of the fibrous
material in providing wicking capability within the absorbent
gelling material;containing storage layer and maintaining a
fiber/absorbent gelling material matrix is greatly reduced,
necessitating some other method of acquiring and distributing fluid
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ratlo of about 60:40 is presently nost pr égE

‘storage layer 82. In addition, the particli
may be dispersed in various meight ratios {t
thicknesses of the |lower storage |ayey
relatively large particles of absorbent ge

only in the deposition region 54 of the | oywe

&m\ SEEE

t he | ower
gélling materi al
nt regions and
le, the 26
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within itself while minimizing gel blocking in the storage layer
during the liquid acquisition phase. It is therefore a primary
objective of the present invention to provide improved absorbent
members which are ‘especially effecfive and efficient in their use of
absorbent gelling materials. . '

It is a further object of the present invention to provide
absorbent members of improved capacity and efficiency by utilizing
an acquisition layer of selectively densified, hydrophilic fibrous
material to effectively acquire and distribute fluid to a storage

layer which includes a comparatively higher concentration of

absorbent gelling material.

SUMMARY OF THE INVENTION

The present invention provides- absorbent articles such as
disposable diapers, incontinent pads, sanitary napkins or the like
that have absorbent members that are suitable for acquiring and
containing liquids in an especially effective and efficient maﬁner.
Such absorbent articles typically comprise a liquid pervious
topsheet, a usually liquid impervious backsheet, and. an absorbent
member positiohed between the topsheet and the backsheet. _

The present invention relates to dual-layer absorbent members

of the type having an absorbent acquisition layer comprising a

homogeneous composition of hydrophilic fibrous material in fluid
communication with a storage layer comprising a mixture of
hydrophilic . fibrous material and discrete particles of absorbent
gelling material having particular particle size distributions. The

acquisition layer has a top surface area which is from about 0.70 to

about 1.0 times the top surface area of the storage layer. The
absorbeﬁt member is typically positioned relative to the backsheet
of the absorbent article such that at least about 75% of the
absorbent gelling material is found within the front two-thirds
portion of the absorbent article. The acquisition zone of the

acquisition layer is also typically positioned réla;ive to the
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zone then quickly distributes fluid to the storage layer and to the
adjoining distribution zone so as to be free to acquire a subsequent
discharge of fluid.

In accordance with one aspect of the present invention, the
acquisition zone is positioned toward the front of the absorbent.
member so that the acquisition zone may be positioned in the area of
typical liquid deposition. The acquisition zone is also sized so
that the top surface area of the acquisition zone comprises less
than about 50% of the top surface area of the acquisition layer of
the absorbent member. -

In accordance with another aspect of the present invention,
particles of absorbent gelling material having a particle size
distribution such that the particles have a mass median particle
size greatef than or equal to about 400 microns is mixed with
hydrophilic fibrous material to minimize gel blocking and/or to help
maintain an open capillary structure within the storage layer to
enhance planar transport of liquids away from the area of typical'
iiﬁuid deposition to the rest of the absorbent member. In addition,
the particle size distribution of the absorbent gélling material is.
controlled to improve absorbent capacity and efficiency of the

~ particles employed in the absorbent member. The mixture of
hydrophilic fibrous material and relatively large particles of
absorbent gelling material in combination with an acquisition layer
with a relatively low density and basis weight acquisition zone
provides an improved absorbent member.

SCR T WING
While the specification concludes with claims which
particularly point out and distinctly claim the subject matter:
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acqui si'ti dihe present invention wherein most of the topsheet has been cut-away
to more clearly show the underlying absorbent member of the diaper;.
Figure 2 is a longitudinal sectional view of only the absorbent

member of the disposable diaper taken along sectional line 2-2 of
Figure 1; ’

Figure 3 is a transverse sectional view of only the absorbent
member of the disposable diaper taken along sectional line 3-3 of
Figure 1;

Figure 4 is a perspective view of the absorbent member of the
disposable diaper shown in Flgure 1;

Figure 5 is a transverse sectional view similar to Figure 3,

schematically illustrating typical fluid flow within the absorbent-.
member.

DETAILED OESCRIPTION OF THE INVENTION

The absorbent members of the present invention will be
described herein in relationship to their use in disposable
absorbent articles; however, it should be. understood that the
potential application of the absorbent members of the present

~ invention should not be limited to disposable absorbent articles.
As used herein, the term “"disposable absorbent article™ refers to
articles which absorb and contain body exudates and more
specifically refers to articles which are placed against or in

- proximity to the body of the wearer to absorb and contain the
various exudates discharged from the body, and which are intended to
be discarded after a single use (i.e., they are not intended to be
laundered or otherwise restored or reused). A preferred embodiment
of a disposable absorbent article, diaper 20, is shown in Figure 1.
As used herein, the term "diaper" refers to a garment generally worn
by infants and incontinent persons that is worn about the lower
torso of the wearer. It should be understood, however, that the
present invention is also applicable to other disposable absorbent
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front waistband region 22, a back waistband region 24, a crotch

region 26 and a periphery 28 which is defined by the outer edges of

the diaper in which the longitudinal edges are designated 30 and the

end edges are designated 32. The diaper additionally has a

. transverse centerline which is designated 34 and a longitudinal

centerline which is designated 36. '

The diaper 20 preferably comprises a liquid pervious topsheet
38; a typically liquid impervious backsheet 40; an absorbent member
42; and elastic members 44. While the topsheet 38, the backsheet
40, the absorbent member 42, and the elastic members 44 may be
assembled in a variety of well known configurations, a preferred
diaper configuration is described generally in U.S. Patent 3,860,003
entitled "Contractible Side Portions for Disposable Diaper”, which
issued to K. B. Buell on January 14, 1975, and which patent is
1ncorporated herein by reference.

Figure 1 shows a preferred embodiment of the diaper 20 in wh1ch

. the topsheet 38 and the backsheet 40 are co-extensive and have
length and width dimensions .generally larger than those of the
absorbent member 42. The topsheet 38 is associated with and
superimposed on the backsheet 40 thereby forming the periphery 28 of
the diaper 20. The periphery 28 defines the outer perimeter or the -
edges of the diaper 20. The periphery 28 comprises the end edges 32
and the longitudinal edges 30. Figures 2 and 3 are longitudinal and
transverse, respectively, sectional views of only the absorbent
member 42 shown in Figure 1.

The diaper 20 has front and back waistband regions 22 and 24,
respectively, extending from the end edges 32 of the diaper
peripheny 28 toward the transverse centerline 34 of the diaper 2
distance from about 2% to about 10%, preferably about 5%, of the



-
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that as hi gher amounts of absorbent gelliphgjmaterial are j dcated in the
area of typical liquid deposition, a maxifum gel bl ocking fect is

achi eved, thereby reducing the |liqui® acqélLsitiion rate TFHus, it is

i mportant to provide a pmeans for_distributing the Iiquid throughout the
| ower st or 3§B9thagbrthgodigper 3. gnTheawaistiand £ePNSi §9MBR T Yo 1RO UBPEY over
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' ' the wearer and covers the lower to'rso of the wearer. Thus, the
crotch region 26 defines the area of typical liquid deposition for a
diaper 20 or other disposab’le absorbent article.
The topsheet 38 is compliant, soft feeling, and non-irritating
to the wearer’s skin. Further, the topsheet 38 is liquid pervious
permitting liquids to readily penetrate through its thickness. A
suitable topsheet 38 may be manufactured from a wide range of
materials, such as porous foams, reticulated foams, apertured
plastic films, natural fibers (e.g., wood or cotton fibers),
synthetic fibers (e.g., polyester or polypropylene fibers) or from a
combination of natural and synthetic fibers. Preferably, the
topsheet 38 1is made of a hydrophobic material to isolate the
wearer’s skin from liquids in the absorbent member 42. '
A particularly preferred topsheet 38 comprises staple length
polypropylene fibers having a denier of about 1.5, 's'uch as Hercules
type 151 polypropylene marketed by Hercules, Inc. of Wilmington,
Delaware. As used herein, the_ term "staple length fibers" refers to

those fibers having a 'Iength of at least about 15.9 mm (0.62
inches). ' ' :

There are a number of manufacturing techniques which may -be
used to manufacture the topsheet 38. For example, the topsheét 38
may be woven, non-woven, spunbonded, carded, -or the like. A
preferred topsheet is carded, and thermally bonded by means well
known to those skilled in the fabrics art. Preferably, the topsheet
38 has a weight from about 18 to about 25 grams per square meter, a
minimum dry tensile strength of at least about 400 grams per
centimeter in the machine direction and a wet tensile strength of at
least about 55 grams per centimeter in the cross-machine direction.

The backsheet 40 is typically impervious to liquids and is
preferably manufactured from a thin plastic film, although other
flexible 1iquid {impervious materials may also be used. The

 backsheet 40 prevents the exudates absorbed and contained in the
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A suitable polyethylene film 1is manufactured by Tredegar
Industries, Inc. of Terre Haute, Ind. under the designation RR8220
blend for blown films and RR5475 blend for cast films. The
backsheet 40 is preferably embossed and/or matte finished to provide
a more clothlike appearance. Further, the backsheet 40 may permit
vapors to escape from the absorbent member 42 while still preventing
exudates from passing through the backsheet 40.

The size of the backsheet 40 is dictated by the size of the-.
absorbent member 42 and the exact diaper design selected. In a
preferred embodiment, the backsheet 40 has a modified
hourglass-shape extending beyond the absorbent member 42 a minimum
distance of at least about 1.3 centimeters to about 2.5 centimeters
(about 0.5 to about 1.0 inch) around the entire diaper periphery 28.

The topsheet 38 and the backsheet 40 are joined together in any
suitable manner. As used 'herein, the term “joined® encompasses
configurations whereby the topsheet 38 is directly joined to the
backsheet 40 by affixing the topsheet 38 directly to the backsheet
40, and configurations whereby the topsheet 38 is indirectly joined
to the backsheet 40 by affixing the topsheet 38 to intermediate
members which in turn are affixed to the backsheet 40. In a
preferred embodiment, the topsheet 38 and the backéheet 40 are
affixed directly to each other in the diaper periphery 28 by
attachment means (not shown) such as an .adhesive or any other
attachment means as known in the art. For example, a uniform
continuous layer of adhesive, a patterned layer of adhesive, or an
array of separate lines, spirals, or spots of adhesive may be used
to affix the topsheet 38 to the backsheet 40.

Tape tab fasteners 46 are typically applied to the back
waistband regfon 24 of the diaper 20 to provide a fastening means
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tape tab fasteners 46 or other diaper fastening means, such as pins,
are typically applied near the corners of the-diaper 20.
The elastic members 44 are disposed adjacent the periphery 28
of the diaper 20, preferably along each longitudinal edge 30, so
that the elastic members 44 tend to draw and hold the diaper 20
against the legs of the wearer. Alternatively, the elastic members
44 may be disposed adjacent either or both of the end edges 32 of
the diaper 20 to provide a waistband as well as or rather than leg
cuffs. For example, a suitable waistband is disclosed in U.S.
Patent 4,515,595 issued to David J. Kievit and Thomas F. Osterhage
on May 7, 1985, which patent is herein incorporated by reference.
Another suitable waistband structure is one which incorporates
elastic waist features to provide a dynamic fit about the wearer as
well as improved containment characteristics. Such a waistband
structure is disclosed in U.S. Patent 5,151,092 issued to Kenneth B.
Buell, Sandra H. Clear, and Danielia T. Falcone on September 29,
1992, which patent is herein incorporated by reference. In
addition, a method and épparatus suitable for manufacturing a
disposable diaper having elastically contractible elastic members is
described in U.S. Patent 4,081,301 entitled *Method and Apparatus
for Continuously Attaching D1screte, Stretched Elastic Strands to
Predetermined Isolated Portions of Disposatﬂe Absorbent Products*
which issued to K. B. Buell on March 28, 1978 and which patent is
1ncorporated herein by reference.
- The elastic members 44 are secured to the diaper 20 in an
-elastically contractible condition so that in a normally
unrestrained configuration, the elastic members 44 effectively
contract or gather the diaper 2'0. The - elastic members 44 can be
secured in an elastically contractible condition in at least two
ways. For example, the elastic members 44 may be stretched and
secured while the diaper 20 is in an uncontracted condition.
Alternatively, the diaper 20 may be contracted, for example, by
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provide an elastically contractible line. The length of the elastic
members 44 is dictated by the diaper’s design.
The elastic members 44 may take a multitude of configurations.
For example, the width of the elastic members 44 may be varied from
about .25 millimeters (0.01 inches) to about 25 millimeters (1.0
inch) or more; the élastic members 44 may comprise a single strand
of elastic material or may comprise several parallel or non-parallel-
strands of elastic material; or the elastic members 44 may be
rectangular or curyi]inear. Still further, the elastic members +4
.may be affixed to the diaper in any of several ways which are known
_in  the art. For example, the elastic members 44 may be
. ultrasonically bonded, heat and pressure sealed into the diaper 20
using a variety of bonding patterns or the elastic members 44 may
simply be glued to the diaper 20.
The absorbent member 42 is positioned between the topsheet 38
_and the backsheet 40 to form the diaper 20. The absorbent members
of the present invention are fibrous webs or batts which comprise
both entangled masses of fibers and particles of absorbent gelling
material. The absorbent member 42 is generally compressible,
- conformable, non-irritating to the wearer’s skin, and capable of
abSorbing and retaining liquids and certain body exudates. It
should be understood that for purposes of this invention that an
absorbent member comprises at least two structural elements or
layers, but is not necessarily limited to two layers or sheets of
materials. Thus,. the absorbent member 42 may actually comprise
laminates or combinations of several sheets or webs of the requisite
types of materials as hereinafter described. Thus as used herein,
the term “member® includes the term “members® or “layers" or
"layered.” In addition, each sheet or web (or member or layer) need
not be formed of a.single unitary pfece of material, but may be
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1-5, the absorbent member 42 comprises an upper acquisition layer 72
and a lower storage layer 82. The upper acquisition layer further
includes an acquisition zone 56 shown by the cross-hatching forward
- of the double-dotted line 92 (which represents a density interface)
and a distribution zone 58. The lower storage layer 82 is shown in
Figure 4 to comprise a back section 48 and a front section 50. The
front section 50 is shown to have an end region 52 and a deposition
region 54. Further, the front section 50 is transversely divided
into three regions comprising two transversely spaced ear regions 60
and 62 respectively, and a central region 64. The lower storage
layer 82 additionally has a transverse centerline which is
designated 66 and a longitudinal centerline which is designated 68.
The lower storage layer 82 has a back section 48 and a front
- section 50 that is contiguous with the back section 48. The back
section 48 and the front section 50 of the lower storage layer 82
extend respectively from the end edges 70 of the lower storage layer
82 toward the transverse centerline 66, the front portion 50
extending a distance from about one half to about three-fourths,
preferably about two-thirds, of the length of the lower storage
layer 82. The front section 50 is preferably greater than one half
of the total length of the lower storage layer 82 so that it will
encompass all of the area of typical liquid deposition of an
absorbent member 42 when it is placed in a diaper or other absorbent
article. | .
The front portion 50 has an end regfon 52 and a deposition
region 54. The end region 52. comprises that portion of the front
section S0 extending from the respective end edge 70 of the lower
storage layer 82 toward the transverse centerline 66 a distance from
about 2% to about 10%, preferably about 5%, of the length of the
lower storage layer 82. The deposition region 54 comprises that
portion of the front portion 50 that {is contiguous with and
positioned between the end region 52 and the -back section 48 and
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are | ocated

iatmwedtdte thepesitvegione@Oopnd 62. The ear regions 60 and 62
comprise those portions which generaily extend from the longitudinal
edges 30 of the periphery 28 toward the longitudinal centerline a
distance from about one-tenth to about. one-third of the width of the
lower storage layer 82. Thus, the ear regions 60 and 62 are those
portions that engage the side marginal portions of the wearer’s
waist and torso, whereas the central region 64 engages the medial
portion of the wearer’s waist and torso. The central region thus
defines the transverse area of typical liquid deposition.

The lower storage layer 82 may be manufactured in a wide
variety of sizes and shapes (e.g., rectangular, hourglass,
asymmetrical, etc.) and from a wide variety of materials. The total
absorbent capacity of the lower storage layer 82 should, however, be
compatible with the design liquid loading for the intended use of
the absorbent article or diaper. Further, the size and absorbent
capacity of the lower storage layer 82 may be varied to accommodate
wearers ranging from infants through adults. The upper acquisition
layer 72 preferably consists of a homogeneous composition of
hydrophilic fibrous material which has been selectively densified.
The lower storage layer 82 preferably consists of a mixture of
hydrophilic fibrous material and particular amounts of discrete
particles of absorbent gelling material having a particular particle

" size distribution, and preferably has a uniform density profile.

As shown in Figure 4, there are preferably margins 83 and 84
from the side edge of the upper acquisition layer 72 to the side
edge of the lower storage layer 82, at least in the area of typical
1iquid deposition. Such margins are preferably at least about 0.2
inches (0.5 cm), more preferably at least about 0.5 inches (1.25
cm), to minimize the likelihood of leakage caused by wicking fluid
all the way to the edge of the absorbent member. The margins
preferably extend for the full lengih of the absorbent member,
although the margins could be maintained only in the most likely
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Specific examp]es of such hydrophilic fibrous material include
cellulose fibers, modified cellulose fibers, rayon, polyester fibers
such as polyethylene terephthalate (DACRON), hydrophilic nylon
(HYDROFIL), and the like. Other examples of suitable hydrophilic
fibrous materials include hydrophilized hydrophobic fibers, such as
surfactant-treated or silica-treated thermoplastic fibers derived,
for example, from polyolefins such as polyethylene or polypropylene,
polyacrylics, polyamides, polystyrenes, polyurethanes and the like.
{These structures provide excellent wicking properties which are
important in the present invention.) For reasons of availability
and cost, cellulose fibers, in particular wood pulp fibers which are
also referred to as airfelt, are preferred.

Other cellulosic fiber materials which may be especially useful
in certain absorbent members herein are the -stiffened, twisted,
curled, cellulosic fibers which can be produced by internally
cross-linking cellulose fibers with a cross-linking agent. Fibers
of this general type are disclosed, for example, in Bernardin, U.S.
Patent 3,224,926, issued December 21, 1965; Steiger, U.S. Patent
3,241,553, issued March 22, 1966; Chung, U.S. Patent 3,440,135,
issued April 22, 1969; Steiger, U.S. Patent 3,658,613, issued April
26, 1972; 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,
all of which patents are incorporated herein by reference.

One type of stiffened, twisted, curled cellulose fibers useful
as the hydrophilic fiber component of the absorbent members herein
comprises cellulose fibers which have been internally cross-1inked,
for example with a C2-Cg dialdehyde, while such fibers are in a
relatively dehydrated state. Such fibers can be defined in terms of
thefr dry fiber and wet fiber twist counts (at least 4.5 twist nodes
per millimeter dry and at least 0.5 twist node per millimeter less
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Stiffened, twisted, curled cellulosic fibers of this type are
described in greater detail in European Patent Publication No.
251,676, published January 7, 1988, and in European Patent
Publication No. 252,650, published January 13, 1988. Both of these
published patent applications were filed in the name of The Procter -
& Gamble Company and both are incorporated herein by reference. In
addition, U.S. Patent 4,822,453, issued April 18, 1989 to Dean et
al., U.S. Patent 4,888,093, issued December 19, 1989 to Dean et al.,
and U.S. Patent 4,898,642, issued February 6, 1990 to Moore et al.,
also describe this cross-linking process in greater detail, as well
as providing further discussion of quantifying the stiffness, twist,
and curl imparted to the fibers, and are hereby incorporated heréin
by reference. ' _

Another type of stiffened, twisted, curled cellulose fibers
which are useful and presently preferred as the hydrophilic fiber
component of the absorbent members herein comprises cellulose fibers
which have been internally cross-linked, for example with a C2-Cg
polycarboxylic acid cross-linking agent, such as citric acid, while
such fibers are in a relatively dehydrated state. Such fibers can
1ikewise'be defined in terms of their dry fiber and wet fiber twist
counts (at least 2.5 twist nodes per millimeter dry and at least 1.0
twist nodes per millimeter less than that when wet and preferably
also at least about 1.5 twist nodes per millimeter wet) and by their
fluid retention characteristics (average water retention value of
from 28% to 50%). Stiffened, twisted, curled cellulosic fibers of
this type are described in greater detail in U.S. Patent 5,137,537,
issued August 11, 1992 to Carlisle M. Herron and David J. Cooper,
which is hereby incorporated herein by reference.

While the hydrophilic fibrous material utilized in the lower
storage layer 82 may comprise any one or more of the foregoing
materfials, in order to achieve the advantages of the present
invention the upper acquisition layer 72 is preferably a homogenous
composition of chemically stiffened, twisted, and curled cellulose
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Such hydrophobic fibrous materials may include synthetic fibers such
as rayon, polyethylene, polypropylene, and polyethylene
terephthalate fibers, for example, as well as bicomponent,
tricomponent, and mixed fibers. The use of such hydrophobic fibrous
materials, as well as hydrophilic and hydrophilized hydrophobic
fibrous materials (synthetic or natural), is described in greater
detail in the above-referenced and incorporated PCT Published
Applications WO 91/11162, WO 91/11163, and WO 91/11165. |

Other fibrous materials which may be suitable for inclusion
include capillary channel fibers, such as those described in greater
detail in European Patent Publication No. 391,814, published October
10, 1990. This pub]ished application was filed in the name of the
Eastman Kodak Company, and 1is hereby incorporated herein by
reference. ' '

Such additional fibrous materials, when of a hydrophobic
nature, are preferably present in a comparatively small quantity,
typically on the order of about 30% or less (total web weight basis)
such that the web remains substantially hydrophilic. The addition
of such hydrophobic fibrous materials to the absorbent members of
the present 1invention may provide improved‘wf;king properties, as
well as improved capacity, structural integrity, and resiliency.

As used herein, the term “hydrophilic" describes fibers or the
surfaces of fibers which are wetted by the liquids. deposited onto
the fibers. The state of the art respecting wetting of materials
allows definition of hydrophilicity (and wetting) in terms of
contact angles and the surface tension of the liquids and solids
involved. This is discussed in detail in The American Chemical
Society publication entitled Contact Angle, Wetability, and Adhesion
edited by Robert F. Gould and copyrighted in 1964. A fiber or
surface of a fiber {s said to be wetted by a 1iquid either when the
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layer 82 preferably contains particular amounts of discrete,

preferably nonfragile, nonfibrous particles of absorbent gelling
material. (Nonfibrous particles being used herein to designate a
specific type of “particulate®" material wherein the length to
diameter ratio of such particulate material is about 10 or less.)
Absorbent gelling materials are those materials which, upon contact
with liquids, imbibe such liquids and thereby form hydrogels. In
this manner, liquids discharged into the lower storage layers of the
present invention can be acquired and held by the bartic1es, thereby
providing absorbent members with enhanced absorbent capacity and/or
improved liquid retention performance.

-The absorbent gelling material particles which are employed

will generally comprise a substantially water-insoluble, slightly

cross-linked, partially neutralized, hydrogel-forming polymer

material. Such absorbent gelling materials can be prepared from

polymerizable, unsaturated, acid-containing monomers. Thus, such
monomers include the olefinically unsaturated acids and anhydrides
which contain at least one carbon to carbon olefinic double bond.
More specifically, these monomefs can be selected from olefinically
unsaturated carboxylic acids and acid anhydrides, olefinically
unsaturated sulfonic acids and mixtures thereof.

Suitable unsaturated acidic monomers for use ‘in preparing the

absorbent gelling materials used in this -invention include those

- 1isted in U.S. Patent RE 32,649, issued to Kerryn A. Brandt, Stephen

A. Goldman, and Thomas A. Inglin on April 19, 1988 and entitled
*Hydrogel-Forming Polymer Compositions For Use In Absorbent
Structures®, which is incorporated herein by reference. Preferred
monomers include acryiic acid, methacrylic acid, and
2-acrylamido-2-methyl propane sulfonic acid. Acrylic acid itself is
especially preferred for preparation of the absorbent gelling
material. |

In the hydrogel-forming absorbent gelling material the
polymeric -component formed from unsaturated, acid-containing
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are the polyacrylates and acrylic acid grafted starch.

Whatever the nature of the basic polymer components of the
absorbent gelling materials used in the storage layers herein, such
materials will in general be slightly cross-linked. Cross-linking
serves to render the absorbent gelling materials 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 absorbent gelling
material employed. Suitable cross-linking agents are well known in--.
the art and include, for example, those described in greater detail
in U.S. Patent 4,076,663, which issued to Masuda et al. on February
28, 1978, and which is incorporated herein by reference. Preferred
cross-linking agents are the di- or polyesters of unsaturated mono-
or polycarboxylic acids with po1ons. the bisacrylamides and the di-
or triallyl amines. Especially preferred cross-linking agents are
N,N’-methylenebisacrylamide, trimethylol propane triacrylate and
triallyl amine. The cross-linking agent can generally comprise from
about 0.001 mole percent to 5 mole .percent of the resulting

. absorbent gelling material. More preferably, Ithe cross-linking
agent will comprise from about 0.01 mole percent to 3 mole percent
of the absorbent gelling material used herein.
| .The slightly cross-linked, absorbent gelling materials which
may be used in the structures of the present invention are generally
employed in their partially neutralized form. For purposes of this
invention, such materials are considered partially neutralized when
at least 25 mole percent, and preferably at least 50 mqle percent of
monomers used to form the polymer are acid group-containing monomers
which have been neutralized with a salt-forming cation. Suitable
salt-forming cations include alkali metal, ammonium, substituted
ammonium and amines. This percentage of the total monomers utilized
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encountered in absorbent members. The absorbent capacity of such

materials can be quantified by referencing the "gel.volume" of the

polymeric gelling agents which are to be selected for use in the

present invention. - _

For purposes of this invention, gel volume can be defined in
terms of the amount of synthetic urine absorbed by any given
absorbent gelling material and is specified as grams of synthetic
urine per gram of absorbent gelling material. Gel volume in
synthetic urine can be determined by forming a suspension of about
0.1-0.2 parts of dried absorbent gelling material to be tested with
about 20 parts of synthetic -urine. This suspension is maintained at
ambient temperature under gentle stirring for about 1 hour so that
swelling equilibrium is attained. Using a procedure described in
greater detail in the Test Methods section of the above-referenced
U.S. Patent RE 32,649, the gel volume of the absorbent gelling
material in grams of synthetic urine per gram of absorbent gelling
material 1is then calculated from the weight fraction of the
absorbent gelling material in the suspension and the -ratio of the
liquid volume excluded from the formed hydrogel to the total volume
of ‘the suspension. (The grams of absorbent gelling material or
hydrogel-forming polymer being corrected to a dry weight basis in
the calculation of the gel volume.) |

The storage layers of the present invention, and especially the
ones which are to be used in diapers, adult incontinence products or
training pants, will generally employ absorbent gelling material
having a gel volume of at least about 20 grams of synthetic urine
per gram of absorbent gelling material. When the storage layers
herein are constructed from cellulosic fibers such as wood pulp
fibers, it may be desirable to utilize absorbent gelling material
having a somewhat higher gel volume, i.e., a gel volume between
about 25 and 60 grams of synthetic urine per gram of gelling agent.
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manner described in the hereinbefore-referenced U.S. Patent

4,654,039). Thus, in storage layers wherein the hydrophilic fibers

are stiffened, curled cellulose - fibers, it may be preferable to

employ ab;orbent gelling material having a gel volume of from about

20 to 35 grams of synthetic urine per gram of absorbent gelling
material.

Another feature of the absorbent gelling materials which are
especially useful in the storage layers herein relates to the level
of extractable polymer material present in such absorbent gelling -
material. Extractable polymer 1levels can be determined by
contacting a sample of absorbent gelling material with a synthetic
urine solution for the substantial period of time (e.g., at_]east 16
hours) which is needed to reach extraction equilibrium, by then
filtering the formed hydrogel from the supernatant liquid, and
finally by then determining the polymer content of the filtrate.
The particular procedure used to determine extractable po]ymer'
content of the absorbent gelling materials used herein is also set
forth in. the hereinbefore referenced U.S. Patent RE 32,649.
Absorbent gelling materials especia]ly useful in the storage layers
herein are those which have an equilibrium extractables content in
synthetic urine of no more than about 17%, preferably no more than
about 10% by weight of the absorbent gelling material. '

Although most absorbent gelling materials will perform well in
the Tlower storage layer 82 of the present invention, absorbent
gelling materials having high gel strength are particularly useful.
Gel strength must be such that the particles of absorbent gelling
material do not deform and fill to an unacceptable degree the
capillary void space in the lower storage layer 82, ihereby
inhibiting both absorbent capacity of the structure and fluid
distribution throughout the structure.
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lncreases.pe?tlﬁkéidggghfound that it is desirable to utilize a
lower storage layer 82 whose polymer materials have as high a gel
strength as possible consistent with the realization of absorbent
gelling materials of acceptably high gel volume.

It has been found that gel strength, i.e., gel deformation
tendency, (in the «context of absorbent gelling  materials
incorporated into absorbent members and absorbent articles)
correlates directly with the shear modulus of the absorbent gelling
material. Accordingly, polymer materials of absorbent gelling
material having sufficient gel strength can be appropriately
characterized by specifying gel strength in terms of the shear
modulus of the particles of absorbent gelling material.

Shear modulus can be conventionally measured, for example, by a
procedure which involves the use of a stress rheometer to determine
the ratio of (a) stress applied to a given sample versus (b) the
resulting strain exhibited by the sample. The absorbent gelling
material sample tested in this manner is swollen to its gel volume
with synthetic urine. Using a procedure described in greater detail
in the above-referenced U.S. Patent RE 32,649, which has been
incorporated herein by reference, the stress/strain ratio is
determined. The shear modulus of the resulting sample in dynes/cmé
is then subsequently calculated from this ratio. Absorbent gelling
materials which have been found to be particularly useful in the
present invention exhibit a shear modulus of at least about 2,000
dynes/cm2. More preferably, the absorbent gelling_materials have a
shear modulus within the range of about 2,500 to about 92,000 -
dynes/cmz and most'preferably of from about 5,000 to about 35,000
dynes/cm2.

An important feature of the present invention is the
utilization of the above-described absorbent gelling materials in
the storage layer in the form of nonfibrous, preferably nonfragile,
particles having certain particle size characteristics. In
particular, it has been discovered'that an unexpected improvement in
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obj ective of such overwapping is to desirablyli ncl®d t 986i n e
integrity of the dual |ayer absorbent core. Sy a web.can, ih tact, be

glued to the | ower storage |ayer 82. Suitable ans for carryingjout this
gl uing operation include the glue sprgying prodedure described—h U S
Patent 4,573,986 issued to Mnetola and Tucker, on March 4, 1986, which

patent is ingebpsunat edagaeity,n Byquigi €foANCeand NdastHieGeYn Y wptieiner tRé
82 of the. dABeorSeNEy eyt bE el isd BT neRRRr Sk ing ks iEns 8RR
hal f - dog- bormatehigle intorthe pantijzs ] pr ctockge tayeds ofetbe Ipresenti avéndrionf
storage capag tHe Vdirh S oM il 689 whi GOTFL'geRH G 1] 11ar§F thAk HME3E&Michn
especially preferred enbodi nents, a_ lower storage |ayer overw apped with
spray- gl ued IHV§SE%"WF‘P"%8‘*WPBWG.‘°'} H‘Fé"pgg){lg’l' iﬁé&%ﬁﬁvwﬂéﬂ"mem ower
st or age | ayesf 3argeies alfl gbsbebentegelliag Faspeiadf of tdislimiativelyoiirger
absor bent ar&iiz(él ?eq&ih'%s the use of one or more manufacturing or processing
techniques which eliminate or reduce the amount of smaller, finer
particles and/or create larger particles that are introduced, along
with the fibrous material, into the storage layers herein. An upper
limit on absorbent gelling material particle size can also be
provided since gelling agent particles which are too large are less
desirable from a consumer aesthetics standpoint.
Specifically, the storage layers according' to the .present
invention preferably include absorbent gelling material particles of
a selected mass median particle size and a certain particle size
deviation from the mass median particile size. For purposes of the
present invention, particle size is defined as the dimension of a
particle which is determined by sieve size analysis. Further, for
purposes of this invention, the mass median particle size of a given
sample of absorbent gelling material particles is defined as the
‘particle size which divides the sample in half on a mass basis.
Further details on sieve size analysis and mass median particle size
analysis can be found in the above-referenced U.S. Patent 5,047,023. |
The absorbent gelling material particles employed in the
storage layer of the present invention preferably have a mass median.
particle size greater than or equal to about 400 microns. '
Preferably, the mass median particle size of the particles will be
greater than or equal to ‘about 420 microns. More preferably, the
mass median particle size of the particles will be greater than or
equal to about 500 microns. Because very large particles are less
desirable from a consumer aesthetics viewpoint, the mass median
particle size may have an upper limit such that the mass median
particle size is expressed in terms of a range. Thus, preferred
mass median particie sizes range from about 400 to about 1680
microns, more preferabiy from about 400 to about 1410 microns, most
preferably from about 400 to about 1190 microns.
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dthan about 16% by weight of the absorbent gelling material particles

have a'particle size less than 200 microns and/or no more than about
16% by weight of these particles have a particle size'gfeater than
1680 microns. More preferably, no more than about 16% by weight of
‘these particles should have a particle size less than 210 microns
and/or no more than about 16% by weight have a particle size greater
than 1410 microns. Most preferably no more than about 16% by weight
have a particle size greater than about 1190 microns. _

In an especially preferred embodiment of the present invention,
the particles of absorbent gelling material will have a mass median
particle size greater than or equal to about 841 microns. Particles
having a mass median particle size greater than or equal to about
841 microns are especially preferred for use in the present
invention because they provide larger capillaries within the
-absorbent member to enhance planar wicking and are generally slower
absorbing on a mass basis so as to provide higher gush capacity for
the absorbent member. Preferably, the mass median particle size
should range from about 841 hicroqs to about 1680 microns, more
preferably from about 841 microns to about 1410 microns, with a
range from about 841 microns to about 1190 microns being most
preferred. The particles of absorbent gelling material also,
preferably, have a certain maximum size deviation from the mass
median particle size. In particular, it is preferred that between
0% and about 20% by weight of the particles have a particle size
less than about 841 microns. More preferably, between 0% and about
10X, and most preferably between 0% and about 5%, of the particles.
have a particle size less than about 841 microns. ' _

Within the foregoing mass median particle size and particle
size distribution limitations, it is possible to further identify
préferred particle size characteristics for the gelling agent
particles useful herein by means of standard sieve analyses. In a
typical sieve analysis, a sample or plurality of gelling agent
particles is sifted through a set number of screens of diminishing
screen opening size and the weight percent of the sample retained on
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Hence, for Gredt¥E N dUEDF 1 Yn 2ErBPY Sc i8N Engineers’ Handbook, Sixth

Edition, (McGraw-Hill Book Company, 1984) at pp. 21-13 to 21-19,
which publication is incorporated herein by reference. '

The absorbent gelling material particles can be adjusted to, or
close to, the requisite particle size distribution by controlling
the processing techniques used to prepare the absorbent gelling
material. Frequently this will involve varying and monitoring the
conditions under which the absorbent gelling material is
polymerized, dried, ch'opped, ground * and/or agglomerated. Once
absorbent gelling material particles are formed by whatever process,
further treatment such as screening may be required to remove
particles which, if left in, would cause the absorbent gelling
material . parficle component to  faill outside of the
" hereinbefore-described particle size requirements.

Absorbent gelling material particles which are particularly
well suited for use in the foregoing size range's are - interparticle
cross-l1inked aggregates. Such aggregate.particles are formed by
Joining together two or more previously independent precursor
particles of the types set forth above by interpartiéje
cross-linking agents applied thereto and subjected to conditions,
while mafntaining the physical association of the precursor
particles, which are sufficient to react the interparticle
cross-linking agent with the polymer material of thé precursor
particles to form cross-link bonds between the precursor particles
that form the aggregate. Such aggregates, as well as methods of
forming them, are described in greater detail in U.S. Patent
5,149,334, issued September 22, 1992 to Lahrman et al., which patent
is hereby incorporated herein by reference.

_ One preferfed ‘technique for preparing particles which are
larger than ‘those’ordinarily prepared by absorbent gelling material
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acquisition zone, the required density and ba RE?&@@@MEﬁdeﬁﬁgldistribution
zone are fixed by these ratios. For exanple, i|f[The density of }he
acquisition zone 56 were 0.07 g/cnB, the density @f 3007 195" esppndi ng
di stribution zone 58 would be 0.21 g/cnferr], }|i% a density ratipn of 3:1
were utilized. Wiile the acquisition zone 56 y—eonrcervabty—haye density
and basis wei ght values equal to zero, i.e., hol e or void spafe, such an
enbodi ment is not as preferred as an _acquisition zone 56 havi ng somne
m nimal density and basis wei ght. ¢3The transfer of l'i quids through the

- topsheet 38 )has been found tao be.di nj nish I n_an absorpe enber 42
navi ng.an BRLAR iRt S EnasBnaiidd RethEERs | IRivao 384 RBFfRGEE 1o ¢ he
| ack of insmaldee eantizdes bte weraduaeyldngerr agafomerrtescquhgdlomeratione 56 and
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preferred h&?sw{t’%éga\é\gt}liggtef?'lﬁ#r}géhgopg%“tﬁg& g’@amre&’:n meﬁggﬁuzg?&“:ibﬁ :afld
basi s wei ghirticles in agglomerated form which are suitable for use in the
storage layers herein. Agglomeration techniques are well known in
the art and may or may not involve the use of moisture addition to
smaller particles or the use of a binder 6r other type of
agglomerating medium.

Absorbent gelling material particles used in the storage layers
herein, whether or not in agglomerated form, should be nonfragile.
For purposes of the present invention, such particles are nonfragile
if they are stable enough to withstand the forces encountered in
manufacture and/or use without breaking apart and completely
separating into their smaller combonent particles. This means that
the particles should be stable enough that they do not break apart
into smaller particles to the extent that the resulting particles
would fall outside the scope of the particle size limitations set
herein. -

The. relative amount of hydrophilic fibrous material and
particles of absorbent gelling material used in the Tower storage
layer 82 of the present invention can be most conveniently expressed
in terms of a weight percentage of the lower storage layer 82. The
lower storage layer 82 preferably contains from about 2% to about
60%, more preferably from about 30% to about 60%, - and most
preferably about 40% by weight, of the lower storage layer 82 of
absorbent gelling material. This concentration of absorbent gelling
material can also be expressed in terms of a weight ratio of fiber
to particulate. These ratios may range from about 40:60 to about
98:2. For most large particle absorbent gelling materials, the
optimum fiber-to-particulate weight ratio is in the range of from
about 40:60 to about 70:30. Based on a cost/performance analysis, a
ratio of about 60:40 is presently most preferred for use in_the
lower storage layer 82.

In addition, the particles of absorbent gelling material may be
dispersed in various weight ratios throughout different regions and
thicknesses of the lower storage layer 82. For example, the

v) i
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When relatively large particles of absorbent gelling material
are maintained in the lower storage layer 82, the particies help
maintain an open capillary structure when the lower storage layer 82
is wetted so as 'to enhance transport of liquids away from the
deposition region 54 to the rest of the lower storage layer 82. In
addition, the acquisition rate of the lower storage layer 82 is
enhanced because, it is believed, relatively large particlies acquire
liquid more slowly on a mass basis than small particles, such that
gel blocking is minimized resulting in the gush capacity of the
deposition region 54 being enhanced especially, it is believed, for
subsequent loadings. Thus, at least the deposition region 54, and
preferably the entire lower storage layer 82 contains a uniformly
distributed mixture of hydrophilic fibrous material and relatively
large particles of absorbent gelling material. It is most preferred
that the particles are substantially uniformly dispersed (thoroughly
dispersed) throughout the entire lower storage layer 82, although
the relatively large partic]és may be distributed in regions or
zones which have higher concentrations of particles of absorbent
gelIing material than do other regions or zones. For example, there
may be a concentration gradient along the thickness dimension with
either the lowest concentration being at or near the surface of the
storage layer which receives liquids (i.e., the top surface) or with .
the highest concentration being at or near the top surface of the

storage layer, especially in the deposition region.
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The upper -acquisition layer 72 comprises an acquisition zone 56
and a distribution zone 58 in liquid communication with at least a
portion of the .acquisition zone 56. - The acquisition zone 56
overlies at least a portion of the deposition region 54 and is
designated by the cross-hatching forward of the double-dotted line
92 in Figures 1-5. The distribution zone 58 generally comprises the

remainder of the upper acquisition layer 72. -
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of typical liquid deposition, i.e., the dep gﬁfkéggiéguoﬁigﬂ. Thus, the
“acquisition zone 56 is placed in the vicinitly of the point df {di scharge of
liquids so as to be capable of quickly acqui¥ihg03/c6 ﬁgghics at their
contact zone. The generally forward positionjng of the acquiisiltion zone 56
can be defined by specifying the percentage pf>tte top surfacej area of the
acquisition zone 56 which is found forward ot particular-.peats al ong the
|l ength of the | ower storage |ayer 827 Wiile the positioning of the

acqui sition zone 56 can alternatively be _defined wﬁih fespe$%ﬁto t he vol une
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layer 72 of the present invention. Thus, the acquisition zone 56

must have both a relatively lower average density and lower average .

basis weight per unit area than the distribution zone 58 to

establish the preferred capillary force gradient between them.

Thus, the ratio of the average density of the distribution zone 58

to the average density of the acquisition zone 56 should preferably

be about equal to or greater than about 2:1, more.preferabiy about

2.5:1, and most preferably about 3:1.

Without wishing to be bound by theory, it is believed that the
differential lower capillarity, the lower average density and lower
average basis weight, of the acquisition zone 56 in comparison to
the distribution zone 58 is significant in achieving both a more
optimized 1liquid acquisition rate into the lower storage layer 82
and a relatively high liquid wicking rate throughout the absorbent
member 42. When the distribution zone 58 is densified, the liquid
wicking rate becomes much faster. It is believed that densifying
the distribution zone 58 results in better wicking of 1liquid
throughout the distribution zone 58 (the x-y direction) because of
the higher capillary force due to the smaller pore size of the
densified fibers. Densifying the distribution zone 58 further
results fn a reduction in the bulk of the structure (which is
desirable from a consumer standpoint for aesthetic reasons).

With regard to the use of absorbent gelling materfal in the
deposition region 54, it is believed that as higher amounts of
absorbent gelling material are located in the area of typical 1iquid

deposition, a maximum gel blocking effect {is achieved, thereby
reducing the 1iquid acquisition rate. Thus, it is important to
provide a means for distributing the 1iquid throughout the Yower
storage layer 82 at a high rate. The acquisition zone 56 of lower
average density and lower average basis wefight per unit area than
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is preferably substantially uniform in composition and construction,
introduction of fluid over such a widespread area in an
approximately equal distribution via upper acquisition layer 72
results in maximum utilization of the storage capacity of the lower
storage layer 82 while minimizing the incidence of gel blocking.

The capillary force gradient created at the interface between
the acquisition zone 56 and the distribution zone 58 also improves
- the containment characteristics of the absorbent member 42. Liquids
deposited on the acquisition zone 56 tend to be acquired quickly
into the structure by the action of the acquisition zone 56.
Because the distribution zone 58 has a higher capillarity than the
acquisition zone 56, the acquired liquids tend to be drawn into the
distribution zone 58 and are then delivered to the other portions of
- the distribution zone 58 by the enhanced wicking rate achieved in
the densified distribution zone 58.

. The following discussion describes in more detail the enhanced
wicking phenomenon which is believed to be an important feature in
the present invention:

The fibers in the lower density region of the acquisition layer
are less restrained than the fibers in the higher density region.
Fibers stiffened by cross-link bénds partially untwist and uncurl
upon wetting. These fibers remain stiff upon wetting and do not
collapse as do conventional unstiffened fibers. This creates a
permanent structure to continue to acquire and distribute fluid.
Upon wetting, the web containing these cross-linked fibers expands.

Fibers in the higher density portion of the acquisition layer expand
'considerably more than fibers in the lower density region of the
acquisition lgyer. The cross-linked fibers partially untwist and
uncurl upon wetting to create a situation for fluid propagation due
to the untwisting and uncurling of the fibers.

Because of this fluid movement within the web containing the
cross-linked cellulose fibers, the structure is said to "wick" the
fluid. The degree of wicking can be controlled b} the amount of
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In the higher density “"densified" region of the acquisition
layer, herein called the distribution zone, the cross-linked fibers
have more stored "potential energy" than do the cross-linked fibers
in the lower density region of the acquisition layer, herein called
the alquisition zone. Potential energy is used herein to describe
the property that twisted and curled fibers have in the dry state
which is released in the form of partial untwisting ‘and uncurling
when wetted. When the lower densify region (acquisition zone) and
the higher density region (distribution zone) are placed in fluid
communication with one another, the density interface created
between the two regions provides a capillary force gradient for
enhanced fluid propagation across the boundary.

¥hile both regions of the acquisition layer are capable of both
acquiring and distributing fiuid, the specific combination of lower
and higher density regions within the same structure creates a more
efficient and effective way to utilize the cross-linked fiber
structure in combinaf.ion with a storage core. The higher density
region, the distribution zone, functions to quickly suction fluid
away from the lower density region, the acquisition zone, and
redistributes the fluid throughout the remainder of the acquisition
layer. This wicking process serves to free the acquisition zone for
subsequent fluid loadings, and provides a diffusing effect to
introduce the fluid to the storage layer over a comparatively wider
area. Although the lower density acquisition zone has a finite
density. because it remains substantially free of fluid after
passing fluid on to the distribution zone the incoming fluid is
attracted to the acquisition zone as though it were in effect a hole
or sink, resulting in continued rapid acquisition of fluid into the
absorbent member.

This wicking behavior is crucial to successful performance of.
the absorbent member when incorporated into an absorbent article.

t :_ﬁhosi ti oned
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. crotch reglon w en the wearer 1s in an upright position. When the

wearer is lying down on his or her back, qr particularly when lying
on his or her stomach, one end of the abscrbent member is clevated
above the region of liquid deposition. Even when the wearer is
lying on his or her side, at least about one-half of the absorbeﬁt
member is elevated above the region of liquid deposition.
The natural tendency of liquids is to flow downward under the
influence of gravity, and this tendency often results in the regions
of the absorbent member above the region of liquid- deposition
receiving little or no fluid to store while the regions below the
~ deposition region are filled to capaC1ty or beyond. The challenge
is thus to combat the effects of gravity and transport fluid

"uphill" to whatever regions of the absorbent article are located
above the deposition region.

Absorbent members accordxng.to the present invention accomplish
this critical function through the incorpbration of an acquisition
layer preferably consisting solely of stiffened, twisted, and curled
cellulose fibers which overlies a storage layer having a
comparatively high concentration of particles of absorbent gelling
material. Through the use of a density gradient across the boundary
between the acquisition and distribution zones, as well as the
densification of the distribution zone, the acquisition layer is
able ‘to actually wick or pump the fluid uphill to regions of the
absorbent member which are higher than the deposition région_uhen
worn by an individual. ' The storage capacity of substantially the
entire storage layer is thus accessible to the fluid and capable of
being utilized, thus greatly improving the performance and
efficiency of the absorbent article as a whole. ’

Figure 5 illustrates schematically the typical fluid transport
phenomena associated with absorbent members 42 according to the
present invention. A typical discharge of fluid is introduced into
acquisition zone 56 as shown by the arrow labeled 100, where its
descent is slowed by the fibrous material of the acquisition zone
56. Some of the fluid moves downward into the lower storage layer



The top surface area of the acquisition zone 56 may be f« be fo

ing either
‘of ‘two techni ques. The prinmary and sinpl est W§¥54 '@&ﬁkﬁ@ absor bent.
menber 42 on a standard |ight box, such as the ﬁ_ ot mydel
manuf actured by Aristo grid Lanp Products, Ind. . The | I t}i on zone
56, because it has a |ower average density pn era e basis
weight than the adjoining distribution zone} 5B, mAII appe I ghter or
brighter due to the fact that nore light will be Transmtted thrpugh the
acquisition zone 56. The ach|S|tF%n zone 56{can _then.be—repped onto

paper havi rids to asure the top,s rfa area of _the ac UISItIOﬂ zone
56. The al Fg'rn 14 & ﬂ&nﬁﬁ'b“é‘ AP WYs 9fn SFnS??'nJ Fenfa) " 3C097Y t5f t he
upper acqudeutﬂleedntlta#ehni’292t.ow|dle:lherenrneeltthetl!&)peemﬂaéﬁcanEEmtytdrre
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tﬂg [g:oatslj\lé? age her dg? Eytﬁl?sd rmrgheerfrggtsw%ly ug%‘hz%@”p' ;s.letotnnéeasure
acqu151t1on zone 56 is freed to acquire the next potential insult of
fluid.

The lower storage layer 82, due to the utilization of the
particles of absorbent gelling material, then stores and contains
the fluid. These particles retain the stored fluid under even

-moderate pressure occurring during normal wear of the absorbent
article. Therefore, fluid acquired by the upper acquisftion layer
and stored by the lower storage layer is positively contained and
prevented from escaping to surrounding materials. Thus, it has been
found that an upper acquisition layer 72 with an acquisition zone 56
having a lower average density and lower average basis weight per
unit area than the distribution zone 58 iﬁproves leakage containment
by more quickly acquiring and distributing 1liquids into and
throughout the absorbent member 42.

While for simp1icity Figure 5 depicts the acquisition layer and
storage layer in a planar-configuration analogous to Figures 1-4,.
the schematic representation of fluid flow within the absorbent
member has been found to perform as depicted even when formed into a
*U" shape such as encountered in actual use.

In addition, it is believed that the acquisition zone 56
provides an additional mechanism whereby an absorbent member 42 that
has already been wetted may contain and more readily acquire further
discharged liquids. A property of the chemically stiffened,
twisted, and curled cellulose fibers is that they expand when
wetted. Thus when the upper acquisition layer 72 is wetted, the
chemically stiffened, twisted and curled cellulose fibers in both
the acquisition zone 56 and the distribution zone 58 expand.
However, because there is a greater number of chemically stiffened,
twisted and curled cellulose fibers per unit volume in the higher
average density and higher average basis weight distribution zone
‘58. and because such fibers are more tightly compressed in the
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the distribution zone 58, a well or hole effect is created Th\s
"well" is advantageous for second depositions of liquids because the
liquids will tend to be drawn into the well because it is in effect
a zero density acquisition area. This is especially helpful in the
case of diapers for'overnight use wherein the wearer sleeps on the
stomach because gravity additionally tends to pull the later
discharged liquids into the well whereupon they distribute into the
acquisition zone 56 and are wicked into the distribution zone 58.
Thus, the acquisition zone 56 provides an additional advantage for .
wetted absorbent members. Depending upon the configuration of the
upper acquisition layer 72, this well or hole effect can also be

utilized to aid in the containment and isolation of moist or runny
bowel movements.

w!

As depicted in Figures 1-5, in a presently preferred
configuration the acquisition zone comprises the entire upper
acquisition layer forward of the density interface, which extends
generally transversely across the acquisition layer and divides or
sections the acquisitionllayer along a preferably generally stfaight
line. The distribution zone then comprises the entire upper
acquisition layer rearward of the density interface.

This configuration maximizes the front-to-rear driving force
exerted on the transported fluid and increases the uicking'abi1ity
of the acquisition layer in-transporting~fluid to the rear portion
of the lower storage layer. If the acquisition zone were surrounded
by a portion of the distribution zone; some fluid would be drawn
outward toward the edges of the lower storage layer, rather than the
comparatively large rear portion, resulting in increased leakage
potential and a failure to fully utilize the maximum available
wicking capability of the selectively densified acquisition layer.

The distribution zone S8 is thus the relatively high
capillarity (higher density and higher basis weight) portion of the
upper acquisitfon 1layer 72. The primary functions of the
distribution zone 58 are to absorb discharged liquids that are
efther deposited directly onto the distribution zone 58 or
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82 include the weight of the particles of absorbent gelling
material, such that the density and bas1s weight values will vary
depend1ng upon the amount of partlcles dispersed throughout the
lower storage layer 82. Thus, the 1lower storage layer will
generally have a density of from about 0.06 to about 0.4 g/gm3, and
more preferably within the range of from about 0.09 to about 0.20
g/cm3 for a lower storage layer 82 containing about 15% by weight of
particles of absorbent gelling material. The basis weight of such a
lower storage layer 82 can range from about 0.02 to about 0.186
g/cmZ, preferably from about 0.038 to about 0.12 g/cmZ. For a lower
storage layer 82 containing about 50% by weight—of particles of
absorbent gelling material,'the density will typically range from
about 0.1 to about 0.68 g/cm3 with a basis weight of from about
0.034 to about 0.31 g/cmé. The density of the lower storage layer
82 is calculated from its basis weight and caliper measured on newly
unpacked, unfolded and dissected diapers. The caliper is measured
using a standard gauge with the sample under a “"gentle" load of 10
g/cm%. The basis weighf is measured by die-cutting a certain size
sample and weighing the sample on a standard scale, the weight and
area of the sample determining the basis weight. (It should be
noted that the density and basis weight values include the weight of
the particles of absorbent gelling material.)

While the lower storage layer 82 may take on a number of sizes
and shapes, it is preferred that the lower storage layer 82 is sized
and shaped so as- to substantially occupy the region between the
topsheet and backsheet to provide maximum capacity for a given size
of absorbent article. While the back section 48 and the end region
52 need not comprise storage zones, in the particularly preferred -
embodiment of the lower storage layer 82 as shown in Figures 2-5,
the entire lower storage layer 82 is utilized for fluid storage.




zone 56 preferably extends entirely through t Ihe upper
>acquisition layer 72 and has a thickness equ}; s msﬁ fg,:ltss of the

adjoining distribution zone 58. Wile the acfu|sition zope

transversely positioned anywhere al ong the uapnrﬂéﬁ PEIE%f thie | ower
storage layer 82, it has been found that thefjagquisition zon 6 functions
the nost efficiently when it is transverselyjcentered over the}front
section 50 or the deposition region 54 of the. lower storage-tayer 82. Thus,

40 t he acquisition zone 56 is 3Yreferably. centered about t he
| ongi tudinal centerline 68 of the | ower storage |ayer 82. Mor e
preferably, thésadatesiatiovn, zthee 166N SteragasiareseBy qgfodhei dwaddlaydry over

t he Centraibsroeaérqn Bdrof chhe der Op SRF! ideBiRR OshapRPOSInsk StenteOlfh 54 of

t he | ower st gq}layfr 82 gh tha none of the,acquisition zone 56 is
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i's laref(aratﬂqpemuuﬂalbyublong. hourglass-shaped, dog-bone-shaped, or oval. If

desired, the lower storage layer 82 can be wrapped in a high wet
strength envelope web such as tissue paper or a synthetic fine pore,
e.g., nonwoven material, to minimize the potential for particles of
absorbent gelling material to migrate out of the lower storage layer
82. . Another objective of such overwrapping is to desirably increase
the in-use integrity of the dual layer absorbent core. Such a web
can, in fact, be glued to the lower storage layer 82. Suitable means
for carrying out this gluing bperation include the glue spraying
procedure described in U.S. Patent 4,573,986 issued to Minetola and

Tucker, on March 4, 1986, which patent is incorporated herein by
reference.

may be

In a presently preferred embodiments, as shown in Figures 1-5,
the shape of the lowéer storage layer 82 of the dual-layer absorbent
core will be what can be described as a half-dog-bone shape. This
shape provides good overall utilization of storage capacity while
providing a comfortable fit for the wearer. In especially preferred
embodiments, a lower storage layer 82 overwrapped with spray-glued
tissue will be employed.

In the usual instance when the lower storage layer 82 generally
defines the shape of the diaper or other absorbent article, the
normal length of the backsheet 38 will be approached by the longest
Tongitudinal dimension of the lower storage layer 82. However, in
some applications (e}g. aduit incontinence articles) wherein bulk
reduction or minimum cost are important, the lower storage layer 82
would not take on the genefa] shape of the diaper or incontinence
structure. Rather it would be generally located to cover only the
genital region of the wearer and could in this case have
approximately the same top surface area as the upper acquisition
layer 72. In this instance, both the upper acquisition layer 72 and
the co-extensive lower storage layer 82 would be located toward the
front of the article. _

The acquisition zone 56 has a relatively lower capillarity and
thus preferably a lower average density and a lower average basis
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preferred density of from about 0.03 to 0.24 g/cm3, and more preferably from

about 0.05 to about 0.15 g/cm3.  The basis weight of such an
acquisition zone 56 will preferably range from about 0.015 to about

'0.1 g/cm?, and more preferably from about .018 to about .06 g/cm2.
The density of the acquisition zone 56 is calculated from its basis
weight and caliper measured on newly unpacked, unfolded and
dissected diapers. The caliper is measured uSing a standard gauge
with the sample under a 'gentle' load of 10 g/cm?. The basis weight
is measured by die-cutting a certain size sample and weighing the
sample on a standard- scale, the weight and area of the sample
determining the basis weight. As discussed above, the ratio of the
average density of the distribution zone 58 to the average density
of the acquisition zone 56 should preferably be about equal to or
greater than about 2:1, more preferably about 2.5:1, and most
preferably about 3:1. Hence, for a given density and basis weight
acquisition zone, the required density and basis weight of the
distribution zone are fixed by these ratios. For example, if the
density of the acquisition zone 56 were 0.07 g/cm3, the density of
the corresponding distribution zone 58 would be 0.21 g/cm3, if a -
density ration of 3:1 were utilized.

While the acquisition zone 56 may conce1vably have density and
basis weight values equal to zero, i.e., a hole or void space, such
an embodiment is not as preferred as an acquisition zone 56 having
some minimal density and basis weight. The transfer of liquids
through the topsheet 38 has been found to be diminished in an
absorbent member 42 having an acquisition zone 56 of zero density
and basis weight due to the lack of intimate contact between any
fibers of the acquisition zone 56 and the topsheet 38. Thus, liquid
may tend to pool or collect on the topsheet 38 thereby creating a
wet feeling for the wearer. Thus, it is preferred that the
achisition zone 56 have some minimum density and basis weight.



because the uniformthickness of the two zones ma-H-zes—-the-contact area
~of the two zones at the density interface, i.e., tRﬂ’h}ﬁE}%ﬂiﬁ}T SHiiRHct areas
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airlaying a uniform thickness absor bent ggg ?‘é rim S
Additionally, discrete particles of absorbent gel ria rle jadded to
an air-entrained streamof fibers prior to their :ie ncl ti-on—ont-odt He
preformto affect uniformdistribution of absorbept gelling materi g

t hroughout ‘the preforned |ower storage |ayer 82. ThusT—tire—Tesuftamt | ower
storage layer 82 preferably contains a uniform m xture of hydrophilic
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22 i's posi LRt AN PSen{fdPm fdeRQityPTadd"@niform basis weight . throughout
its area and thickness. This uniform density and basis weight
provides a uniform capillary force gradient across the interface
between the acquisition zone 56 and the distribution zone 58 that
provides even liquid transfer. -

The shape, size and positioning of the acquisition zone 56 is
of importance in determining the effectiveness of the resulting
absorbent member 42 in rapidly acquiring discharged liquids. In
accordance with the present invention, the acquisition zone 56
should be placed in a specific positional relationship with respect
to the area of typical liquid deposition. While portions of the
acquisition zone 56 may be positioned over the back section 48 of
the lower storage layer 82, the acquisition zone 56 is preferably
pasitioned generally over the front section 50 of the lower storage
layer 82 so that the acquisition zone 56 is positioned in the area
of typical liquid deposition, i.e., the deposition region 54. Thus,
the acquisition zone 56 is placed in the vicinity of the point of
discharge of liquids so as to be capable of quickly acquiring such
liquids at their contact zone. -

The generally forward positioning of the acquisition zone 56
can be defined by specifying the percentage of the top surface area
of the acquisition zone 56 which is found forward of particular
points along the length of the lower storage layer 82. While the
positioning of the acquisition zone 56 can alternatively be defined
with respect to the volume of the acquisition zone positioned
forward of partitular points, it has been found that the top surface
area of the acquisition zone 56 is a more desirable definition
because the top surface area actually defines the initial area
available for liquid acquisition.. In addition, since the thickness
of the upper acquisit.ion, layer 72 is preferably uniform and the
acquisition zone 56 has a generally rectangular cross-sectional
area, the top surface area definition is equal to a volumetric
definition in a preferred embodiment. Thus, the positioning of the
acquisfition zone 56 will be referenced throughodt the specification
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anywhere on the lower storage layer 82 including the back section 48
and the end regions 52. However, the acquisition zone 56 is
preferably positioned relative to the lower storage layer 82 such
that the top su}face area of the acquisition zone 56 is completely
positioned over the front section 50 of the lower storage layer 82.
More preferably, the acquisition zone 56 is positidned relative to
the lower storage layer 82 such that the top surface area of the
acquisition zone 56 1is completely positioned over the deposition
region 54 of the lower storage layer 82. Even more preferab]y; at
least 30% of the top surface area of the acquisition zone 56 is
positioned over the front half of the front section (approximately
the front 1/3 of the overall lower storage layer 82) of the. lower
storage layer B82. _

The forward positioning of the acquisition zone 56 may

alternatively be defined by specifying the percentage of the top
surface area of the acquisition zone 56 that is found forward of
particular points along the length of the diaper .20 or other
absorbent article. Thus, the acquisition zone 56 is preferably
positioned on the lower storage layer 82 relative to the backsheet
40 such that at least a portion of the top surface area of the
acquisition zone 56 is in the crotch region 26 of the diaper 20.
More preferably, the acquisition zone 56 is positioned such that its
top surface area is completely positioned in the front two-thirds
portfon of the diaper 20, most preferably in the front half portion
of the diaper 20; the top surface area also most preferably being
completely positioned in the crotch regfon 26 of the diaper 20. (As
noted herein, "portions” of .the diaper 20 or other absorbent article
can be defined by reference to the top surface area of the unfolded _
diaper 20 or absorbent article found in front of a given point on
the 1ine which defines the length of the diaper 20).
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with respect to the structure as it is applied to the wearer. When
worn, the opposing ends of the backsheet are fastened together so
that the ends form a circle around the wearer’s waist. The normal
length of the lower storage layer 82 or diaper 20 will thus be the
length of the line running through the lower storage layer 82 or
diaper 20 from the point on the edge of it at the middie of the
wearer’s back waist, through the crotch, to the point on the
opposite edge of the lower storage layer 82 or diaper 20 at the
middle of the wearer’s front waist.

The top surface area of the acquisition zone 56 may be found
using either of two techniques. The -primary and simplesf.way is to
place the absorbent member 42 on a standard light box, such as the
transluminator model manufactured by Aristo grid Lamp Products,
Inc.. The acquisition zone 56, because it has a lower average
density and lower average basis weight than the adjoining
distribution zone 58, will appear lighter or brighter due to the
fact that more light will be transmitted through the acquisition
zone 56. The acquisition zone 56 can then be mapped onto paper
having grids to measure the top surface area of the acquisition zone
56. o

" The alternative method comprises wapping the density profile of
the upper acquisition layer 72 to determine the top surface area of
the acquisition zone 56. The upper acquisition layer 72 is cut into
samples having small areas. The density and basis weight of each of
the samples are then calculated using the techniques discussed
above. Thus, the relatively lower density and lower basis weight
samples are charted against the relatively higher density and higher
basfs weight samples to measure the top surface area of the
acquisition zone 56.

The acquisition zone 56 can be of any desired shape consistent
with the absorbency requirements of the absorbent member 42 or
diaper 20 incIuding. for example, circular, rectangular, triangular,
trapezoidal, oblong, hourglass-shaped, funnel-shaped.
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I nportance in determning the effectiveness off tthe resulting ¢i aper 20 or
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upper acquisitjon |ayer 72 of the’ present .ipgyepntion need not bhe as |large as
the | ower Z008r3fyds| WA, 3y h&nﬂeiﬁ"ég%‘féﬁl y,haﬁﬁ' og-bone shape, with the

wider end facing toward the front of the absorbent member and the
entire width of the narrower end adjoining the distribution zone 58,
as shown particularly in Figures 1 and 4. _

In addition, while the distribution zone 58 need not completely
surround the acquisition 2zone 56 (i.e., it 1is in 1liquid
communication’ with at least a portion of the lateral area of
acquisition zone 56), in some embodiments of the present invention,
the distribution zone 58 may partially or entirely laterally
surround the acquisition zone 56 so as to take full advantage of the
capillarity difference between the two zones. ,

The acquisition zone 56 may also have a number of different
cross-sectional areas and cdnfigurations including those wherein the
area of portions of the acquisition zone 56 is less or greater than
.its top surface area (i.e., the acquisition zone 56 is smaller or
wider below the top surface of the upper acquisition layer 72). For
example, the acquisition zone 56 may have conical, trapezoidal,
T-shaped or rectangular cross-sectional areas. As shown in Figures
2 and 3, the acquisition zone 56 preferably has a rectangular
cross-sectional area so as to provide a uniform acquisition zone 56.

The acquisition zone 56 may have a different thickness than the
adjoining distribution zone 58, and/or may not extend through the
‘entire thickness of the upper acquisition layer 72. However, in a
preferred embodiment as shown in Figures 2 and 3, the acquisition
zone 56 preferably extends entirely through the thickness of the
upper acquisition layer 72 and has a thickness equal to the
thickness of the adjoining distribution zone 58.

While the acquisition zone 56 may be transversely positioned
anywhere along the upper surface of the lower storage layer 82, it
has been found that the acquisition zone 56 functions the most
efficiently when it is transversely centered over the front section
50 or the deposition region 54 of the lower storage layer 82. Thus,
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region 54 of the lower storage layer 82 such that none of the
acquisition zone 56 is located over the ear regions 60 and 62.

Such an upper acquisition layer 72 is preferably made by
airlaying a thickness profiled absorbent member-preform and then
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calendering the upper acquisition layer 72 in a'fixed—gap calender -

roll to effect the selective densification of the upper acquisition
layer 72 and establish the density gradient across the density
interface 92. The thickness profiled upper acquisition layer 72
initially has aréas of higher basis weight which define the
distribution zone 58 and of lower basis weight which define the

acquisition zone 56. The upper acquisition layer 72 is thén‘

calendered preferably to a uniform thickness. Thus, a lower average
density and a lower average basis weight per unit area acquisition
zone 56 is created relative to the higher average density and higher
average basis weight distribution zone 58.

The resulting thickness of the acquisition layer 72 need not be
uniform, however. Contoured calendar rolls, or other equally
suitable methods, could be utilized which would result in different
final thicknesses for the acquisition zone 56 and distribution zone
58. Establishing the density gradient at the density interface 92
is regarded as the critical factor in forming the upper acquisition
layer 72. The uniform thickness calendaring is presently preferred
because the uniform thickness of the two zones maximizes the contact
area of the two zones at the.densiiy jnterface, i.e., the ratio of
contact areas is 1:1.

tikewise, the lower storage layer 82 is preferably made by
airlaying a uniform thickness absorbent  member-preform.
Additionally, discrete particles of absorbent gelling material are
added to an air-entrained stream of fibers prior to their deposition
onto the preform to affect uniform distribution of absorbent gelling
material throughout the preformed lower storage Yayer 82. Thus, the
resultant lower storage layer 82 preferibly contains a uniform
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preferably to outwardly facing areas of the diaper 20. In use,
disposable diapers or other absorbent articles having such upper
acquisition layers 72 having a relatively lower average density and
lower average basis weight acquisition zone 56, tends to more
quickly acquire 1liquids into the acquisition zone 56 and to
distribute these liquids to the remaining portions of the absorbent
member 42 and to remain ‘dry or dryer due to the preferential
capillarity between the distribution zone 58 and the acquisitiqn'
zone 56 of the upper acquisition ’layei’ 72 and the characteristics of
the relatively large particles of absorbent gelling material in the
lower storage layer 82. Thus, such an absorbent member 42 helps to
alleviate leakage around the edges of such absorbent articles.

As discussed above, the primary purpose of the upper
acquisition layer 72 is to quickly collect and temporarily hold
discharged liquids and to transport such liquids by wicking from the

" point of initial contact to other parts of the upper acquisition
layer 72. Since the primary function of the upper acquisition layer
72 is to receive li'quid.s passing through the topsheet 38 and to
transport such liquids to other areas of the upper acquisition layer
72 and eventually onto the lower storage layer 82, the upper
acquisition layer 72 is preferably entirely free of absorbent
gelling material. Since the two functions, namely wicking and fluid
storage, have been assigned to two different layers of the absorbent
member, the performance of each can thus be optimized to achieve the
best overall performance. | '

Alternatively, the upper acquisition layer 72 can contain small
amounts of absorbent gelling material, but since the fluid transport
and s_'tora.ge functions have been divided between the upper
acquisition layer 72 and the lower storage layer 82, respectively,
in the present invention it is preferred that no fluid storage take



preferably conprises | ess than about. 50% of the top f{

4‘;’ -&:4‘!,’-:
-volune) of the upper acquisition |layer 72. Mre pref }¥§%i'¥ﬁﬁ*? ﬁHEL

area of the

surface area of the upper acquisition layer 72 and npsi @&DETA996 ab
30% of the top surface area of the upper acquisitionl|layer 72. The
and area of the acquisiti.on zone relativeg to"The arstribut
zone nmay be tailored to accomopdate the needs of part{icular wearers su

posi tioning

acqui sition zone 56 conprises less than about 35% of t he| t

(0]

or
rface
tbp
It

on

h

as, for exanple, male or female, adult42or child, and daytime wear versus
nighttime wear. Wiile under some circunstances it may be possible or
preferabl e t®lagar yint hehepourpesi 2eqofsittiien f ilbpers 7. t hdengeperthacaisesidfi on

| ayer wi t houghgRbatitNdgd NGngle s adf f.heuf.é bﬁ?ﬁeri Oaé QH@&‘J.U' ahfgkors and

~distribution zone

i nvention su%?{’eéaf/]é'r nat G\Eﬁﬂdd totitgbends

way to vary
fluff wth
utilize soft
The primary

i N upper acqui sition | a¥ S acco
?

6hettmorﬁ1§fmdof twligtéd, band warlell beeloldke | fivers hag d
o P UL \RBIE ifon | Sng W5°FHlcE, 08" PR f
pateabink ngtthgugppqg acqu151t1on layer.

The overall shape and size of the upper acquisition layer 72
and its relationship to the lower storage layer 82 is of some
importance in determining the effectiveness of the resulting diaper
20 or other absorbent article. The upper acquisition layer 72 in
the unfolded configuration can be of any desired shape, for example,
rectangular, oval, oblong, asymmetric or hourglass-shaped.

' As shown in Figures 1 and 4, a presently preferred shape for
the upper acquisition layer 72 is what may be described as a
half-dog-bone  shape, incorporating the halfédog-bone-shaped
acquisition zone 56 and extending _rearﬁard]y toward the back-
waistband region of the absorbent article such that the distribution
zone 58 is generally rectangular in shape. As such, the overall
shape of the presently preferred upper acquisition layer 72 mimics
the overall shape of the presently preferred lower storage layer 82.

The upper acquisition layer 72 of the present invention need
not be as large as the lower storage layer 82 and preferably, in
fact, has a top surface area which is substantially smaller than the
top surface area of the lower storage layer 82. Generally, the
upper acquisition layer 72 will have a top surface area: from about
0.7 to about 1.0 times that of the lower storage layer 82. Most
preferably, the top surface area of the upper acquisition layer 72
will be about 0.75 times that of the lower storage Jayer 82.

If the size of the upper acquisition layer 72 approaches the
size of the lower storage layer 82, there 1s an increased 1ikelihood
that more fluid will be wicked to the edges of the storage layer
than can be stored, hence resulting in an increased likelihood of
leakage from the edges of the absorbent article. This is
particularly true when fibrous materials having higher wicking rates
are utilized, such as the stiffened, twisted, and curled cellulose
fibers described above. The use of side margins 83 and 84, as shown
in Figure 4, helps to reduce the likelihood of leakage due to fluid
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layer 82, the peripheral portions of the lower storage layer will
not receive fluid and hence will not be utilized for storage.

The use of an upper acquisition layer which has a top surface
area which is about 0.75 times that of the lower storage layer has

wi cki ng

been found to provide a good balance between leakage prevention and

storage capacity utilization. For ease of assembly, it is also
presently preferred that the upper acquisition layer and the lower
storage layer have approximately the same nominal length and when
assembled have generally aligned ends. '

In order to provide sufficient acquisition capacity, it has
been found that the top surface area of the acquisition zone 56
should comprise substantially less than the entire top surface area
of the upper acquisition layer 72 of the dual-layer absorbent core.
The top surface area (and/or volume) of the acquisition zone 56
preferably comprises less than about 50% of the top surface area
(and/or volume) of the upper acquisition layer 72. More preferably,
the top surface area of the acquisition zone 56 comprises less than
about 35% of the top surface area of the upper acquisition layer 72
and most preferably about 30% of the top surface area of the upper

acquisition layer 72. The positioning and area of the acquisition
zone relative to the distribution zone may be tailored to accommodate

the needs of particular wearers such as, for example, male or
female, adult or chiid. and daytime wear versus nighttime wear.
While under some circumstances it may be possible or preferable
to vary the pore size of the fibers in the upper acquisition layer
without varying the density of the fibers to form acquisition and
distribution zones, in upper acquisition layers according to the
present invention such a variation would not generally be preferred.
One possible way to vary the pore size of the fibers would be to
utilize hardwood fluff with its smaller pore size for the
acquisition zone and to utilize softwood fluff with its larger pore
size for the distribution zone. The primary reason that such a
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: fibers are compressed, and hence less expansion, untwisting, and
-uncurling when fluids interact with the fibers. Without the use of
the densification of the distribution zone, the corresponding
increase in the stored potential energy therein would also not be
achieved. Less stored potential energy translates into less wicking

across tﬂe_ density interface, and the acquisition potential of
“absorbent members according to the present invention is not
maximizZed. o '

While particular embodiments of the present invention have been
illustrated and described, it would be obvious to those skilled in
the art that various other changes and modifications can be made
without departing from the spirit and scope of the invention. It is
therefore intended to cover in the appended Claims all such changes
and modifications that are within the scope of this invention.
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(b) at least one acqu1smon layer positioned in fluid communication with said
storage layer, said acquisition layer comprising a homogeneous
composition of hydrophilic fibrous material, said homogeneous
composition comprising stiffened, twisted, and curled cellulose fibers, said
acquisition layer comprising an acquisition zone for acquiring fluids
having a first density and a first average basis weight, said acquisition

- zone being positioned at least partially within said deposition region, said
acquisition .layer further comprising a densified distribution zone for
distributing fluids in liquid communication with said acquisition zone at a
density interface, said density interface extending generally transversely
across said acquisition layer, said distribution zone having a second
average density which is at least 2.0. times, preferably at least 2.5 times, -
more prefcrably equal to 3.0 times, said first average density and a second
average basis weight which is at least 2.0 times, preferably at least 2.5
times, more preferably equal to 3.0 times, said first average basis weight.
and said acquisition layer. having a second top surface area which is
between 0.7 and 1.0 times, preferably equal to 0.75 times, said first top
surface area;

whereby fluid introduced into said acquisition layer via said acquisition zone is

- drawn across said density interface and into said distribution zone via caplllary action
and subsequently distributed to said storage layer.

2. . The absorbent member of Claim 1, wherein said storage layer comprises
between 30% and 60%, preferably 40%, by weight of said particles of absorbent
gelling material.

3.  An absorbent member according to Claim | or Claim 2. further
characterized in that said acquisition zone comprises less than 50%, preferably less
than 35%. more prcferably 30%. of said second top surface area, and in that said

acquisition layer preferably has a uniform overall thickness.
T RT
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An absorbent member. according to any one of Claims 1 to 4. further

characterized in that said particles of absorbent gelling material have a mass median
particle size ranging from 400 microns to 1410 microns.

6.

An absorbent article having a front waistband region, a back waistband

region and a crotch region, characterized in that said absorbent article comprises:

(a)
(b)

a backsheet; and

a multi-layer absorbent member positic'med adjacent to said backsheet.
said absorbent member comprising at least one storage layer comprising a
mixture of hydrophilic fibrous material and discrete particles of absorbent
gelling material, said storage layer having a first top surface area, said
absorbent member further comprising at least one acquisition layer
positioned in fluid communication with said storage layer, said acquisition
layer comprising a homogeneous composition of hydrophilic fibrous

.material, said homogeneous composition comprising stiffened, twisted.

and curled cellulose fibers, said acquisition layer comprising an acquisition
zone for acquiring fluids, said acquisition zone being positioned with
respect to the absorbent article such that said acquisition zone is at least
partially positioned in said crotch region, said acquisition zone having a
first density and a first average basis weight, said acquisition zone being
positioned in said deposition region, said acquisition layer further
comprising a densified distribution zone for distributing fluids in liquid
communication with said acquisition zone at a density interface. said
density interface extending generally transversely across said acquisition
layer, said distribution zone having a second average density which is at
least 2.0 times, preferably at least 2.5 times, more preferably equal to 3.0
times, said first average density and a second average basis weight which
is at least 2.0 times, preferably at least 2.5 times, more preferably equal to

3.0 times, said first average basis weight, and said acquisition layer having

a second top surface area which is between 0.7 and 1.0 times, preferably
equal to 0.75 times, said first top surface area;

whereby fluid introduced into said acquisition layer via said acquisition zone is
drawn across said density interface and into said distribution zone via capillary action

~ and subsequently distributed to said storage layer.
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8. An absorbent article according  to Claim 6 or Claim 7. further
characterized in that said storage layer comprises between 30% and 60%. preferably
40%, by weight of said particles of absorbent gelling matenal. '

9. An absorbent article -according to any one of Claims 6 to 8. further
characterized in that said acquisition zone comprises less than 50%, preferably less that
35%. more preferably 30%, of said second top surface area, and in that said
acquisition-layer preferably has a uniform overall thickness.

10. An absorbent article according to any one of Clams 6 to 9. further
characterized in that said particles of absorbent gelling material have a mass median

particle size ranging from 400 microns to 1410 microns.
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Jmcrons, said storage layer having a first top surface area; and (b) at

| east one acquisition |ayer positioned in overlying spaced relation to said
storage |l ayer so as to be positioned between a wearer and sai d_storage
| ayer, said acquisition |ayer having a front edge at | & MERITI EET
overlying said front section and a back edge at Ieast'%ggkégﬁymevézif ng
sai d back section, said acquisition |layer further havifpgitwo gﬁﬁgﬁsg sjd
edges extendi ng between said front edge and sai d back edgeﬂlé

acqui sition | ayer conprising a honogeneous conpositionloff hydrophili
fibrous material, said honbgeneous conposition conprisiing stiffened,
tw sted, and curled cellulose fibers, %8 d acquisition ilayer. coppss+re—an -
acqui sition zone for acquiring fluids having a first density and a first
average basis weight, said acquisition zone being positioned at |east
parti al | IMPROVEDSABSORBENT MEVIBERS HAVING IVIPROVED!FIOUID PISTRIBUTION
compri sing avigrﬁofww(ﬂsm AND !F&W@T%@Qﬂl@ﬁléﬁ i(?NE%S inlrquid, -
conmruni cation wth said acquisition zone at a density Interface, said

density interface extending generally transversely across said acquisition
| ayer fromone side edge to the oppg&kﬁ&ugbge edge, said distribution zone
havi ng a second average density whi ut 3.0 tinmes said first average
density and a second average basis weight which is about 3.0 tines said
first average basis

D

An absorbent article having a dual-layer absorbent member, wherein the deposition region .
of its upper acquisition layer comprises a distribution zone and an acquisition zone having
a lower average density and a lower average basis weight per unit area than the
distribution zone. The acquisition zone is positioned toward the front of either the
absorbent member or the absorbent article so that the acquisition zone may' most
effectively and efficiently rapidly acquire discharged liquids. The lower storage comprises
a mixture of hydrophilic fibrous material and discrete particles of absorben gelling material
having a particular size distribution so as to enhance the absorbent capacity and acquisition
rate of the dual-layer absorbent member. The upper acquisition layer comprises a |
homogeneous composition of stiffened, twisted, and curled cellulose fibers which provide
enhanced wicking action in the densified distribution zone. The upper acqﬁisition layer
serves to rapidly and evenly distribute fluids to the lower storage laer for storage, while

freeing the acquisition zone for the next discharge of fluid.

FIGURE 2
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gelling material, said stor | dYey havi-rg—84first top surfadé area, said

absor bent nenber.LuLthi\c singﬁﬁi | east one acquiili}gn | ayer
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p05|t|oned in fluid communi cation mnth said storage layer, said acquisition
Tayer having a front edge generally adjacent to said front wai stband region
and a back edge general |y adjacent to said back waistband region, said

acquisition |ayer further having two opposed side e

said front edge and said back edge said ach|S|t|onIRQB{AGE@@%H}%QHE:

honmpbgeneous conposi tion of hydrophilic fibrous mater momoggneous
conposition conprising stiffened, tw sted, and curl g ‘&|b6r§,
said acquisition |layer conprising an ac uisition zo %

sai d acqui sition zone being positione@/dith respect Lu;gyw

article such that said acquisition zone is at | east
said crotch region, said acquisition zohe having a f

acqui sition zone at densi
general ly transversel y acr
t he opposite side

density which is g
second aver age basi
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first average basis weight, said acquisition zone being positioned in said
deposition regi @ag, said acquisition layer further conprising a densified
di stribution zone r distrifuting fluids in liquid comrunication with said
said density interface extending
isition layer fromone side edge to
e having a second average

i
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aver age basi

ch|S|t|on | ayer having a second
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surface area ' about 0.7 and abol . ITst to
surface area; m I@ME troduced i nto sai ckgéggcgvmnuiié & via sa!od
acqui sition z ss said density interface and intp faid '
di stri bution zone via capillary action ant® subsgq en‘tﬁ’)SEdH #998i bjtpd to said
storage | ayer. 49 13. . The absorbent article¢ ¢f claim1l2, whefein said
storage | ayer MM@@%\B% about 30% and al i of said
particles of absorbent gelling material. 14. he absorbent artifle of

claim 13, wherein said storage

particles of absor b&aultidayer ﬁ@%grgr"i‘%{mqgrlﬁ?%’%% aalﬁﬁ&éﬁgg‘? @i/ﬂ @Pﬁriﬁgafs ad
claim 12, mer@?rﬁl{gﬁéﬁéjwﬁﬁ’%%cba%l(%ééﬂﬁl d&ia FionY séctionthavingsdn eltDrégioroared at 0

2.5 tinmes said st average density. 16. The abs
15, wherei n safiepasiionriggionsontiguays véth said gnd regien @ﬁg

r bent

510 back socfipn s

of Ia|m

first average dagsidpbsitiBhFelibR!ie! gbsidhed aeléen bhidNend region and said back

section, the absorbent member comprising:

(@) at least one storage layer comprising a mixture of hydrophilic fibrous
material and discrete particles of absorbent gelling material, said storage
layer having a first top surface area; and _

(b)  at least one acquisition layer positioned in fluid communication with said

storage layer, said acquisition layer having a front edge at least partially
overlying said front section and a back edge at least partially overlying said
back section, said acquisition layer further having two opposed side edges
extending between said front edge and-said back edge, said acquisition
layer comprising a homogeneous composition of hydrophilic fibrous
material, said homogeneous composition comprising stiffened, twisted, and
curled cellulose fibers, said acquisition layer comprising an acquisition zone
for acquiring fluids having a first density and a first average basis weight,
said  acquisition zone being positioned at least partially within said
déposition region, said acquisition layer further comprising a densified
distribution zone for distributing fluids in liquid communication with said
acquisition zone at a density interface, said density interface extending
generally transversely across said acquisition layer from one side edge to
the opposite side edge, said distribution zone having a second average
density which is at least about 2.0 times said first average density and a
second average basis weight which is at least about 2.0 times said first
average basis weight, and said acquisition layer having a second top
surface area which is between about 0.7 and about 1.0 times said first top

surface area;

whereby fluid introduced into said acquisition layer via said acquisition zone is

drawn across said density interface and into said distribution zone via capillary

action and subsequently distributed to said storage layer.
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about 400 mc

further conprises a topsheet associated with said backsheet such thatl said
absorbent nenber is positioned between said topshee i et.
20.  The absgr benrh@abisarberrn]tqﬁembai ofl daim hetierein a&i'ftomtlhpéraﬁm_cﬁrise?
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material.
3. The absorbent member of claim 2, wherein said storage layer comprises

about 40% by weight of said particles of absorbent gelling material.

4, The absorbent member of claim 1, wherein said second average density is
at least about equal to 2.5 times said first average density.

5. The absorbent member of claim 4, wherein said second average density is
about equal to 3.0 times said first average density, and wherein said acquisition
layer has a uniform overall thickness.

6. The absorbent member of claim 1, wherein said acquisition zone comprises
less than about 50% of said second top surface area.

7. The absorbent member of claim 6, wherein said acquisition zone comprises
less than about 35% of said second top surface area.

8. The absorbent member of claim 7, wherein said acquisition zone comprises
about 30% of said second top surface area.

9. The absorbent member of claim 1, wherein said acquisition layer consists
essentially of a homogeneous composition of stiffened, twisted, and curled

cellulose fibers.

10. The absorbent member of claim 1, wherein said particles of absorbent
gelling material have a mass median particle size ranging from about 400 microns
to about 1410 microns.

11. A multi-layer absorbent member having a back section and a front section

contiguous with said back section, said front section having an end region and a



. REPLACEMENT S{EET
| LU

*

|

16 SEP 1998

)
C L

deposition region contiguous with said end region and said back section so that

said deposition region is positioned between said end region and said back

section, the absorbent member comprising:

(@)

(b)

at least one storage layer comprising a mixture of hydrophilic fibrous
material and discrete particles of absorbent gelling material having a mass
median particle size ranging from about 400 microns to about 1410
microns, said storage layer having a first top surface area; and

at least one acquisition layer positioned in overlying spaced relation to said
storage layér so as to be positioned between a wearer and said storage
layer, said acquisition layer having a front edge at least partially overlying
said front section and a back edge at least partially overlying said back
section, said acquisition layer further having two opposed side edges
extending between said front edge and said back edge, said acquisition
layer comprising a homogeneous composition of hydrophilic fibrous
material, said homogeneous composition comprising stiffened, twisted, and
curled cellulose fibers, said acquisition layer comprising an acquisition zone
for acquiring fluids having a first density and a first average basis weight,
said acquisition zone being positioned at least partially within said
deposition region, said acquisition layer further comprising a densified
distribution zone for distributing fluids in liquid communication with said
acquisition zone at a density interface, said density interface extending
generally transversely across said acquisition layer from one side edge to
the opposite side edge, said distribution zone having a second average
density which is about 3.0 times said first average density and a second
average basis weight which is about 3.0 times said first average basis
weight, and said acquisition layer having a second top surface area which
is about 0.75 times said first top surface area, said acquisition zone
comprising about 30% of -said second top surface area, said acquisition

layer further having a uniform overall thickness;

whereby fluid introduced into said acquisition layer via said acquisition zone is

drawn across said density interface and into said distribution zone via capillary

action and subsequently distributed to said storage layer.
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12.  An absorbent article having a front waistband region, a back waistband

region and a crotch region, said absorbent article comprising:

(a) a backsheet; and

(b) a multi-layer absorbent member positioned adjacent to said backsheet, said
absorbent member comprising at least one storage layer comprising a
mixture of hydrophilic fibrous material and discrete particles of absorbent
gelling material, said storage layer having a first top surface area, said
absorbent member further comprising at least one acquisition layer
positioned in fluid communication with said storage layer, said acquisition
layer having a front edge generally adjacent to said front waistband region
and a back edge generally adjacent to said back waistband region, said
acquisition layer further having two opposed side edges extending between
said front edge and said back edge said acquisition layer comprising .a
homogeneous composition of hydrophilic fibrous material, said
homogeneous composition comprising stiffened, twisted, and curled
cellulose fibers, said acquisition layer comprising an acquisition zone for
acquiring fluids, said acquisition zone being positioned with respect to the
absorbent article such that said acquisition zone is at least partially
positioned in said crotch region, said acquisition zone having a first density

- and a first average basis weight, said acquisition zone being positioned in

said deposition region, said acquisition layer further comprising a densified
distribution zone for distributing fluids in liquid communication with .said
acquisition zone at a density interface, said density interface extending
generally transversely across said acquisition layer from one side edge to
the opposite side edge, said distribution zone having a second average
density whiéh is at least about 2.0 times said first average density and a
second average basis weight which is at least about 2.0 times said first
average basis weight, and said acquisition layer having a second top
surface area which is between about 0.7 and about 1.0 times said first top
surface area; '

whereby fluid introduced into said acquisition layer via said acquisition zone is

drawn across said density interface and into said distribution zone via capillary

action and subsequently distributed to said storage layer.
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13.  The absorbent article of claim 12, wherein said. storage layer comprises
between about 30% and about 60% by weight of said particles of absorbent gelling

material.

14.  The absorbent article of claim 13, wherein said storage layer comprises
about 40% by weight of said particles of absorbent gelling material.

15.  The absorbent article of claim 12, wherein said second average density is
at least about equal to 2.5 times said first average density. '

16.  The absorbent article of claim 15, wherein said second average density is
about equal to 3.0 times said first average density, and wherein said acquisition
layer has a uniform overall thickness.

17.  The absorbent article of claim 12, wherein said acquisition zone comprises
less than about 50% of said second top surface area.

18.  The absorbent article of claim 17, wherein said acquisition zone comprises
about 30% of said second top surface area.

19. The absorbent article of claim 12, wherein said absorbent article further
comprises a topsheet associated with said backsheet such that said absorbent
member is positioned between said topsheet and said backsheet.

20. The absorbent article of claim 12, wherein said particles of absorbent
gelling material have a mass median particle size ranging from about 400 microns
to about 1410 microns.
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IMPROVED ABSORBENT MEMBERS HAVING IMPROVED FLUID
DISTRIBUTION VIA LOW DENSITY AND BASIS WEIGHT ACQUISITION
' ZONES '

ABSTRACT

An absorbent article having a dual-layer absorbent member, wherein the deposition
region of its upper acquisition layer comprises a distribution zone and an
acquisition zone having a lower average density and a lower average basis weight
per unit area than the distribution zone. The acquisition zone is positioned toward
the front of either the absorbent member or the absorbent article so that the
acquisition zone may most effectively and efficiently rapidly acquire discharged
liquids. . The lower storage layer comprises a mixture of hydrophilic fibrous material
and discrete particles of absorbent gelling material haVing a particular size
distribution so as to enhance the absorbent capabity and acquisition rate of the
dual-layer absorbent member. The upper acquisition layer comprises a
homogeneous composition of stiffened, twisted, and curled cellulose fibers which
provide enhanced wicking action in the densified distribution zone. The upper
acquisition layer serves to rapidly and evenly distribute fluids to the lower Storage
layer for storage, while freeing the acquisition zone for the next discharge of fluid.

Figure 2



