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IMPROVED ABSORBENT MEMBERS HAVING IMPROVED 

FLUID DISTRIBUTION VIA LOW DENSITY AND BASIS 
WEIGHT ACQUISITION ZONES 

FIELD OF THE INVENTION 
This invention relates to absorbent members (fibrous web 

stru~tures) havfog an acquisition layer comprising a homogeneous 
composition of hydrophiHc 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-l_ayer absorbent member having an 
acquisition layer with a relatively lower average density and lower . . 
average basis weight acquisition zone positioned in the area of 

10 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 

incontinent pads, sanitary napki_ns and the like are generally 
15 provided with absorbent members, fibrous web structures which 

comprise entangled masses of fibers, to receive and r~tain bodily 
fluids. In order for such absorbent articles to 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 
liquids when placed under loads. Prior art attempts to improve the 
effectiveness of such absorbent members have included distributing 

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 Paut T. Weisman 
and Stephen A. Goldman on September 9, 1986, discloses absorbent 
members wherein particles of absorbent g_elling 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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4,673,402, entitled •Absorbent Articles With Dual-Layered Cores• 

which issued to Paul T .. Weisman,. Dawn I. Houghton and Da 1 e A. 

Gellert on June 16, 1987, discloses a dual-layer absorbent core 

wherein an ·absorbent acquisition layer overlays a lower fluid 

5 storage layer that consists essentially of a uniform combfoation of 

hydrophil ~c fibrous material and discrete particles of absorbent 

gelling material. These patents are incorporated herein by 

reference. 

Other references which disclose dual-layer absorbent members in 

10 comb; nation with absorbent gelling materials are PCT Puhl ished 

Applications WO 91/11162, WO 91/11163, and WO 91/11165, each having 

been publ hhed on August 8, 1991. These published patent 

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

Company, and each is hereby i~corporated herein by reference. 

15 U.S. Patent No. 5,047 ,023, entitled "Absorbent Members Having. 

Low OensHy and Basis Weight Acquisition Zones•, which issued to 

Charle_s 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 Zone·s•, which. issu~d to Miguel 

20 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 al~o incorporated herein by reference. 

Absorbent gel 1 ing materials are polymeric materials which are 

25 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. .Jhese 

absorption characteristics of absorbent gelling materials make them 

especially useful for incorporation into absorbent articles such as . . 

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

lik~. However, in spite of the extremely high absorption capacities 

of such absorbent gelling ~aterials, their performance when used in 

disposable absorbent articles has still not been optimized. 

The .effectiveness of absorbent gelling materials in disposable 

. 35 absorbent articles is quite dependent upon the form, position, size, 

and/or manner in which the particles· of absorbent gelHng material 

are incorporated into the absorbent memb.er. One way to 
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theoretically improve· the absorbent capacity of an absorbent article 
would be to increase the level of absorbent gelling material in the 
absorbent member. Unfortunately,. ho~ever, the effectiveness of . . 
absorbent members containing higher concentrations of particles of 

5 absorbent gelling material can be adversely affected by a phenomenon 
called gel blocking. The term "gel blocking" describes a situation 
that occurs when a particle of absorbent gelling material is wetted, 
the surface of the ·particles· swelling so as to inhibit liquid 
transmissfon into the. interior· of the absorbent member. Wetting· of 

10 the interior of the absorbent member, therefore, takes place via a 
very slow diffusion process. In practical terms, this means that 
acquisUion 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" parti"cles into the rest of the absorbent me~ber. Often, 
the storage capacities of areas of the absorbent member remote from 
the liquid d~position go un-utilized~ 

20 Another reason why many absotbent 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 i nabi H ty . of the absorbent core to transport dhcharged fluid 
away from the region of discharge once the absorbent capacity of 

. . 
that region has reached the saturation.poi.nt. 

In absorbent members .incorporating · 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 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 

- 35 gelling material-containing storage layer and maintainfog a 
fiber/absorbent gelling material matrix is greatly reduced, 
necessitating some other method of acquiring and distributing fluid 
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within the absorbent member to regions of the storage layer remote 
from the liquid infusion. 

Thus, it would. be advantageous to provide a· multi-layer 
absorbent member that more quickly acquires and distribut.es l;quids 

5 within itself while minimizing gel bl~c.king · ;n the storage layer 
during the liquid acquis,it·ion phase. It is therefore a primary 
objective ·Of the present invention to provide improved absorbent 
members which are especially effective and efficient in their use of 
absorbent gelling materials. 

10 It is a further object of the present i nv~nt ion to provide 
absorbent members of improved capacity and efficiency by utilizing 
an acquisition layer of se 1 ect i ve ly dens i fi ed, hydroph i1 i c fibrous 
material to effectively acquire and distribute fluid to a storage 
layer which includes a comparatively higher concentration of 

15 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 

20 containing liquids in an especially effective and effi'cient manner. 
Such ~bsorbent articles typically comprise a liquid pervious 
topsheet, a usually liquid ill!pervious backsheet, and.- an absorbent 
me~ber positioned between the topsheet and the backsheet. 

The present invent ion relates to ~ual-1 ayer absorbent members 
25 ·of the type having an absorbent acquisition layer comprising a 

.homogeneous composition of hydrophilic fibrous material in fluid 
coanunication· with a storage layer comprising a mixture of 
·hydroph11 ic fibrous material and discrete particles of absorbent 
gelling material having particular particle size distributions. The· 

30 4cquisition 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 typically po~itioned relative to the ·back.sheet 
of the absorbent article such that at least ·about 7Si 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 
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· backsheet such that it ;s comp 1ete1 y positioned within the front 
two-thirds portion of the absorbent article. 

The ·acquisition layer has a distribution zone of a relatively 
high density and high basis weight to distribute and disperse 

5 liquids acquired by the acqui.sition layer to the underlying storage 
layer and an acquisition zone of a relatively lower average density 

and lower average basis weight than the distribution zone to quickly 
acquire arid temporarily hold dis.charged liquids. The acquisition 
zone then quickly distributes fluid to the storage layer and to the 

10 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 posUioned toward the front of the absorbent 

member so that the acquisition zone may be pQsitioned in the area of 
· 15 typical Hquid deposUion. The acqu1sition zone is also sized so 

that the top surface area of the acquisition zone comprises less 
than about 5~ 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 mixea 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 relativel' 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. 

DETAILED DESCRIPTION OF THE DRAWINGS 
35 While the specification concludes with claims which 

particularly point out and distinctly claim the subject matter 
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regarded as forming . the present ·invention, it is be 1 i eved the 

invention will be better understood from the fo 11 owing description 

taken in conjunction with the accompanying drawings in which: 

Figure 1 is a plan view of a disposable diaper embodiment of 

5 the present fovention wherein most of the topsheet has been cut-away 

10 

to more clearly show the underlying absorbent member of the diaper; 

Figure 2 h 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 section~l view of only the absorbent 

member of the disposable d.iaper taken along sectional 1 i-ne 3-3 of 
Figure l; 

Figure 4 is a perspective view of t~e absorbent member of the 

dhposable 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 tem •disposable absorbent article•· refers to 

25 articles wMch 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 L 

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 th~ 

35 present invention is also applicable to other disposable absorbent 
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articles such as incontinent briefs, incontinent pads, sanitary 
napkins, and the like. 

Figure I is a plan view of the diaper 20 of the present 
invention in its flat-out, uncontracted ·state (i.e., with all 

s elastic induced contraction removed) with portions of the structure . . . 
being cut-away to more c1earlt sho~ the construction of the diaper 

· 20 and with the portion of the diaper 20. which contacts the wearer 
facing the viewer. The diaper 20 is shown in Figure 1 to have a 

·front waistband region 22, a back waistband region 24, a crotch 
10 region 26 and a periphery 28 which is defined by the outer edges of 

the diaper in whkh the longitudinal edges are designated 30 and the 
end edges are designated 32. The diaper additionally h~s a 
transverse centerline which is designated 34 and a longUudinal 
centerline which is designated 36. 

15 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 

20. diaper configuration is des~ribed 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 whkh patent is 
incorporated herein by reference. 

Figure I shows a preferred embodiment of the diaper 20 tn which 
25 . the topsheet 38 and the ·backsheet 40 are ·co-extensive and have 

1 ength and . width di mens ions generally 1 arger 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 

30 edges of the diaper 20.· The periphery 28 comprises the end edges 32 
and the longitudinal edges·Jo. Figures 2 and 3 are longitudinal and 
transverse, respectively. sectional views of only the absorbent 
member 42 shown in Figure l. 

The diaper 20 has.front and back waistband regions 22 and 24. . . 
35 respectively, extending from the end edges 32 of the diaper 

periphery 28 toward the transverse centerline 34 o.f the di aper a 
distance· from about 2i to about 1oi. preferably about 5%., of the 
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length of the diaper 20. The waistband regions comprise those upper 
portions of the diaper 20, which when worn, encircle the waht of 
the wearer. The crotch region 26 is that portion of the diaper 20 
between the waistband regions 22 and 24, and comprises that portion 

s of the diaper 20 wMch, when worn, is positioned between the legs of 
the wearer and covers the 1 ower torso of the wearer. Thus, the 
crotch region 26 defines the area of typical liquid deposition for a 
diaper 20 or other disposable absorbent article. 

The topsheet 38 is compliant, soft feeling, and non-irritating 
10 to the wearer's skin. Further, the topsheet 38 is liquid pervious 

pemitting liquids to readily· penetrate through ;ts thickness. A 
suitable· topsheet 38 may be manufactured from a wide range of 
materials, such as porous foams, reticulated foams, apertured 
plastic films, natural flbers (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 ha~ing 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 wh-i-ch may be 
used to manufacture the topsheet 38. For example, the topsheet 38 
may be woven,· non-woven, spunbonded, carded, or the like. A 
pref erred topsheet is carded. and thermally bonded by means we 11 
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· 1 iquids and is 
· 35 preferably manufactured from a thin plastic film, although other 

flexible liquid impervfous materials may also. be used. The 
backsheet 40 prevents the exudates absorbed and contained in the 

----
1ii\mitr 
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absorbent member 42 from wetting articles which contact the diaper 
20 such as bed sheets and undergarments. Preferably, the backsheet 

40 is polyethylene film having a thickness of from about 0.012 m 

(0.5 mil) to about 0.051 millillleters (2.0 mils), although other 
s flexible, liquid impervious materials may be used. As used herein, 

the term "flexible" refers to materials which are compliant and 
which will readily conform to the 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 i·s 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 

hourgla·ss-shape extending beyon~ 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 ent1re 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 backs.heet 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 periphery 28 by 
attachment means (not shown) such as an adhesive or any other 
attachment means as known in the art. For examp-le, 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 backs_heet 40. 
Tape tab fastener.s 46 are typically applied · to the back 

waistband region 24 of the diaper· 20 to provide a fastening means 
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for holding the· diaper on the wearer. Only one of the tape tab 
fasteners is shown in Figure I. The tape tab fasteners 46 can be 
any of those we 11 known in the art, such as the fastening tape 
disclosed in U.S. Patent 3,848,594 issued to K. B. Buell on November 

5 19, 1974, which patent is incorporated herein by reference. These 
tape tab fasteners 46 or other d·iaper 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 

IO that the elastic members 44 tend "to draw and hold the dhper 20 
against the legs of the wearer. Alternatively, the elastic members 
44 may be dispos~d 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 incorporates 
elastic waist features to provide a dynamic fit about the wearer as 
well as improved c<>ntainment 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 ~lastic 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 elastic 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 is in an uncontracted condition. 
Alternatively, the diaper 20 may be con"tracted, for example, by 

-·--------
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pleating, and the elastic members 44 secured and connected to the 
diaper 20 while the elastic members 44 are in their unrelaxed or 
unstretched condition. 

In the embodiment illustrated in Figure l, the elastic members 
5 44 extend es sent i a 11 y the entire length of the di aper 20 in the 

crotch region 2·6. Altsrnati•el.:; the elastic members 44 may extend 
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. 

10 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-parallel 

15 strands of elastic material; or ·the elastic members 44 may be 
rectangu~lar or curvilinear. St i 1 l further, the e 1 ast i c members ~4 

may be affixed to the diaper in any of several ways which are known 
in the art. For example, the e 1 ast ic members 44 may be 
ultrasonically bonded, heat and pressure sealed into the diaper 20 

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 

25 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 

30 absorbent member comprises ·at least two structural elements or 
layers, but is not necessarily limited to two layers or sheets of 
materi a 1 s. 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, 

35 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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formed of a number of sma 11 er strips or componen~s joined together 
lengthwise or width-wise, so long as they are in fluid conmunication 
with one another. 

Figure 4 is a perspective view of a preferred embodiment of the 
s absorbent member 42 of the present invention. As shown in Figures 

1-5, the ~bsorbent ~mber 42 comprises an upper acquisition layer 72 
and a lower storage layer 82. The upper acquisition layer further 
includes an acquisition zone S6 shown by the cross-hatching forward 
of the double-dotted line 92 (which represents a density interface) 

10 and a distribution zone S8. The lower storage layer 82 is shown in 
Figure 4 to comprise a back section 48 and a front section SO. The 

·front section SO is shown to have an end region 52 and a deposition 
region S4. Furthe~, the front section 50 is transversely div.ided 
into three regions comprising two transversely spaced ear regions.60 

· 15 and 62 re·spectively, and a central region 64. The lower stor~ge 

layer 82 add;tionally has a transverse centerline which is 
designated 66 and 'a longitudinal centerline which is designated ,8. 

The lower storage layer 82 has a back sect ion 48 and a front 
section SO that is contiguous w;th the back section 48. The back 

20 section 48 and the front section · 50 of the lower storag·e layer 82 
extend respectively from the end _edges 70 of the lower storage layer 

82 toward the transverse centerline 66, the front portion SO 
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 1 iquid depo_sition of an 
absorbent member.42 when it ;s placed in a diaper or other absorbent 

article. 
30 The front portion SO has an end region S2 and a deposition 

region 54. The end region 52_._ comprises that portion of the front 

sec~ion SO extending from the resp~ctive end edge 70 of the lower 
storage layer 82 toward the transverse centerline 66 a distance from 
about ZS to about· IOI, preferably about SS, of the length of the 

. 35 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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encompasses the area of typical 1 iquid deposition of the. absorbent 
member 42. 

The front portion SO further has two transversely spaced ear 
regions 60 and 62 respectively, and a central region 64 disposed 

5 intermediate the ear regions 60 and 62. The ear regions 60 and 62 

comprise those portions which gene·ral ly exte~.~ 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 

10 portions that engage the side marginal port fans. 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 1 ower storage 1 ayer 82 may be manufactured 1 n 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 1 iquid loading for the intended use of 
the absorbent article or diaper. Further, ttie size and absorbent 

20 capacity of the_ lower star.age 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 hydroph.il ic fi"brous 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 1 ower storage layer 82, at least in t·he area of typi ca 1 
liquid 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, 

althougf) the margins could be maintained .only in the most likely 

--- --------
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discharge regions for a particular wearer, such as toward the front 

edge for male wearers and more centrally for female wearers. 

Various types of hydrophilic fibrous material can be used in in 
the upper acquisition l ayer 72 and lower storage 1 ayer 82 of the 

5 absorbent member 42. Any type of hydrophilic fibrous material which 
is suitable for use in conventional ·absorbent products are suitable 

for use in the absorbent member 42 of the present invention. 

Specific· examples of such hydrophilic fibrous material include 
cellulose fibers, modified cellulose fibers, rayon, polyester fibers 

10 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, 

15 polyacrylics, polyamides, polystyrenes, polyurethanes and the Hke. 

(These structures provide excellent wicking properties which are 

important in· the present invention.) For reasons of availabi.lity 

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 t_he ·stiffened, twisted, 

curled, cellulosic fibers wMch can be produced by internally 

cross- linking eel 1 ulose 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 Cz-Cs dialdehyde, while such flbers 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 millimeter dry and at least 0.5 twist node per millimeter less-

-----
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than that when wet and pref erab 1 y al so at 1 east about 3. O twist 
nodes per millimeter wet) and by their fluid retention 
characteristics (average isopropyl alcohol retention value of less 
than 30S; average water retention value of from 2n to SOS). 

5 Stiffened, twisted, curled cellulosic fibers of this type are 
described in greate_r 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 

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. Pa'tent 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-1 inkfog 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 stfffened, 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 cros~-l·inked, for example with a C2•C9 
polycarboxylic acid cross-linking agent, such as citric acid, while . . 

such fibers are fo a re·1 atively dehydrated state. Such fi~ers can 
likewise be defined in terms of their dry fiber and wet fibe·r twist 

25 counts (at least 2.5 twist nodes per millimeter dry and at least 1.0 
twist nodes per mfl limeter 1 ess than that when wet and preferably 
a 1 so at 1 east about I. 5 twist nodes per mil 1i meter wet.) and by their 
fluid retention characteristics (average water retention value of 
from 2n to SOS). Stiffened, twisted, curted 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 1 aye.r 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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fibers as described fo the preceding paragraph. The lower storage 

layer 82 can be formed of t·hese fibers but is preferably made of 

airfelt to minimize product cost sfnce wicking ability is not a 

primary function of lower storage layer 82. 

5 It may be desirable in some. applications to include some 

quantity of hydrophobic fibrous material in the absorbent members of 

the present invention, particularly in the upper acquisition layer. 

Such hydrophobic fibrous materials. may include synthetic fibers such 
as rayon, polyethylene, polypropylene, and polyethylene 

10 terephthalate fibers, for example, as well as bicomponent, 

tricomponent, and mixed fibers. The use of such hydrophpbic 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 Pu~lished 

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 is 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 3°" 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 integr·ity, and resiliency. 

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

30 surfaces of f;bers which are wetted by the 1 iquids 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 1 iquids and sol ids· 

involved. This is discussed in detail in The American Chemical 

_ 35 Society publication entitled Contact Angle. Wetabilitv. and Adhesion 

edited by Robert F. Gould and copyrighted in 1964. A fiber or 

· surface of a fiber is said to be wetted by .a liquid eit"her when the 
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contact angle between the 1 iquid and .the fiber or surface is less 
than go• or when the liquid will tend to spread spontaneously across 
the ~urface of the fiber; both cond;tions normally coexisting .. 

In addition to hydrophilic fibrous material, the lower storage 
S layer 82 preferably contah1s particular amounts of dhcrete~ 

preferably nonfragi le,. 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.) 
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 ;mproved liquid retention performance. 

The absorbent gelling material particles which are employed 
will generally comprise a substantially water-insoluble, slightly 
cross-Hnked, partially neutralized, hydrogel-forming polymer 

materi a 1 • Such absorbent ge 11 i ng materials can be prepared from 
20 polymer'tzable, unsaturated, acid-containing monomers. Thus, such 

monomers include the olefinical ly 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 carboxyl ic acids and acid anhydrides, olefinically 
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· Rt 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-me.thyl propane sulfonic add. Acrylic acid itself is 
especially preferred for preparation of the absorbent gelling 

· 35 material. 
In the hydrogel-forming absorbent gelling material the 

polymeric component formed from unsaturated, acid-containing 

----------------
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iaonomers may be grafted onto other types of polymer moieties such as 
starch or c;ellulose. Acrylic acid grafted starch materials of this 
type are also especially preferred for use herein. 

Preferred absorbent gelling materials w.hi ch can be prepared 
5 from conventional types of monomers include hydrolyzed acrylonitrile 

grafted starch, acrylic acid grafted starch, polyacrylates, maleic 
anhydride copolymers and combinations thereof. Especially.preferred 
are the polyacrylates and acrylic acid grafted starch. 

Whatever the nature of the basic polymer components of the 
1 o absorbent ge 11 i ng ma teri a 1 s used in the storage 1 ayers herein, such 

materials wil 1 in general be slightly cross- linked. Cross- linking 
serves to render ·the absorbent gelling materials u~ed in this 
invention substantially water-insoluble, and cross-1 inking thus in 
part determines the gel volume and extractable polymer . . 

15 characteristics of the hydrogels formed from the absorbent gelling 
material employed. Suitable cross-linking agents are well known in-­
the art and inc 1 ude, for examp 1 e, those de'scri bed in greater deta i 1 

·-· " 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 

20 cross-1 inking 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'-methylenebhacrylamide, trimethylol propane triacrylate and 
triallyl amine. The cross-linking agent can generally comprise from . . 

25 about 0.001 mole percent to S mole .percent of the resulting 
absorbent gelling material. Hore 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 gel ling materials wMch 
30 may be used in the structures of the present invention are generally 

employed in their partially ne~tralized form. For purposes of this 
invention, such materials .are considered partially neutralized when 
at least 25 mole percent, and preferably at least so mole percent of 
monomers used to form the polymer are acid group-containing monomers 

. 35 which have been neutralized with a salt-forming cation. Suitable 
salt-forming cations include alkali metal, a11111onium, substituted 
anmonium and amines. This percentage of the total monomers utilized 

-----
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which are neutralized acid group-containing monomers is referred to 
herein as the •degree of neutralization .. • Degree of neutralization 
wfl l preferably not exceed 9~. 

The absorbent .-gelling materials used in the storage layers 
5 herein must have a relatively Mgh cap~ci.ty for imbibing fluids 

encountered in absorbent members. The absorbent capacity of such 

materials can be quantified by ~eferencing the "gel volu~· of the 
polymeric gelling agents which are to _be selected for use in the 

present invention. 
10 For purposes of tMs invention, gel volume can be defined in 

te.ms 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 detemined by faming 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 attafoed. 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 ge 11 i ng materi a 1 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 
hydroge 1-fOJ"l!li ng po 1 ymer being corrected to a dry weight basis i n 

the calculation of the gel volume.). 
The storage layers of the present invention, and especially the 

ones which are to be used in diape~s, adult incontinence products or 
30 training pants, will ·generally employ absorbent gelling material 

having a gel volume of at least about 20 grus of synthetic urine 
per gram of absorbent ge 11 i ng material • . When the storage 1 ayers 
herein are constructed from cellulosic fibers such as wood pulp 
fibers, ·u may be desirable to utilize absorbent gelling material 

· 35 having a smaewhat 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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Storage layers constructed from certain types of cellulosic 
fiber material such as, for example, the stiffened, curled 
ce 11 ul os i c fibers herei nbefore described may actua 11 y be more 
effective at absorbing fluid if absorbent gelling materials of 
somewhat lower gel volumes are employed. Absorben~ gelling material 
of generally lower gel volume tends to form hydrogels of generally 
higher. gel strength (as quantified by the shear modulus in the 
manner described in the hereinbefore-referenced U.S. Patent 
4,654,039). Thus, in storage layers wherein the hydrophilic fibers 
are stiffened, curled ce 11 u lose fibers, ;t may be pref er able 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 usefu·1 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 ge 11 i ng ma-tert a 1 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 ge 11 i ng materials used herein is a 1 so 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 equil ibriu11 extractables content in 
synthetic urine of no more than about 171, preferably no more than 
about l°' by weight of the' absorbent gelling material. 

30 Although 110st absorbent gel ling 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 

. 35 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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Gel strength refers to the \endency of the particles of 
absorbent gelHng material to deform or spread under stress once the 

particles absorb liquids. For a given type of absorbent gelling 

materi a 1 , gel strength wi 11 generally decrease as the gel vo 1 ume 
5 increases. It has been found that ;t 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 deformatio-n 

10 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. Accordi"ngly, polymer materials of absorbent gelling 
material having sufficient gel strength can be appropriately 

15 characterized by specHying 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 ghen sample versus (b) the 

20 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 ratfo h 

25 dete-rmined. ·The shear modulus of the resulting sample in dynes/cmZ 
is then subsequently calculated from this ratio. Absorbent gelling 

materials which have been found to be particularly useful in the 
present invention exhib;t a shear modulus of at least about 2,000 
dynes/cm2. More preferably, the absorbent gelling materials have a 

30 shear modulus within the range of about 2,500 to about 92,000 

dynes/cm2 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 
35 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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absorbent capacity, acquisition, and distribution within the 
absorbent member can be realized by incorporating absorbent gelling 
material into the part;cular storage layers of the present invention 
in the form of particles which are generally larger than those whkh· 

5 have heretofore been conventionally employed. Ge~eral~y, provision 
of parti~les of absorbent gelling material of.this relatively larger 

size requires 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 

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 si_ze 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 bas;s. 

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 equal 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 1 imit 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 
mkrons, more preferably fr.Oii about 400 to about 1410 microns, most 

preferably from about 400 to about 1190 microns. 

------------·---
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Preferably, the absorbent gelling material particles used will 
also have a certain maximum particle size deviation from the mass 
median particle size. ln particular, it is preferred that no more 
than about 161 by weight of the absorbent gelling material particles 

5 have a particle size less than 200 microns and/or no more than about 
16% by weight of these particles have a particle siz·e greater than 
1680 microns. More preferably, no more than about 161 by weight of 
these particles should have a particle size less than 210 microns 
and/or no more than about 161 by weight have a particle size greater 

10 than 1410 microns. Most preferably no more than about 161 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 eq!Jal 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 also, 

25 preferably, have a certain maximum size deviation from the mas.s 
median particle size. In particular, it is preferred that between 
OS· and about 20S by weight of the particles have a particle size 
less than about 841 microns. More preferably, between OS and about 
lOS, and most preferably between OS and about SS, of the particles 

30 have a particle size less t~an about 841 microns. 

- 35 

Within the foregoing mass median particle size and particle 
size distribution 1 imitations, it is possible to further identify 
preferred particle size characteristics for the gelling 
particles useful herein by means of standard sieve analyses. 
typical sieve analysis, a sample or plurality of gelling 

agent 
In a 

agent 

·particles is sifted through a set number of screens of diminisMng 
screen opening size and the weight percent of the sample retained on 
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and/or passing through each screen is determined. Standard methods 
for making such sieve _analyses have been established, for example, 
by the American Society for Testing Materials (ASTM). One such 
method employs a Ro-Tap testing sieve shaker (manufactured by W .S. 

S Tyler,· Inc.) and a series of screens identified by either U.S. Sieve 
Series or Tyler Sta~dard Sieve Series designations. Determination 
of particle size distribution using such a technique is described in 
greater detail in Perrv's Chemical Engineers' Handbook. Sixth 
Edition, (McGraw-Hill B~ok 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 pr:-ocessing techniques used to prepare the absorbent gelling 
material. Frequently this will involve varying and monitoring the 

15 conditions under which the absorbent gelling material is 
polymerized, dried, chopped, ground and/or agglomerated. Once 
absorbent gelling material particles are formed by whatever process, 
further treatment such as screening may be required to remove 
parti.cles which, if le.ft in, would. cause the absorbent gelling 

20 material particle component to fall outside of the 
hereinbefore-described particle ~ize requirements. 

Absorbent gel 1 ing · material particles which are particularly 
well suited for use in the fore·going size ranges are· iilter~article 
cross~ 1 inked aggregates. Such aggregate parti-cl_es. are formed by 

25 .·joining together two or more previously independent precursor 
particles of the types set forth above by interparticle 
cross-linking agents applied thereto and subjected ~o cond;tions, 
while maintaining the physical associati~n of the precursor 
part~c1es, which are sufficient to react the interparticle 

· 30 cross-linking 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 we 11 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 preparing particles wh.ich are 

1 arger than those ordi nari 1 y prepared by absorbent ge 11 i ng material . 

-----------·----
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polymerization-drying-chopping techniques involves agglomeration of 
smaller particles to produce larger agglomerates. Agglomeration 

techniques can thus be used to raise the mass median particle size 
of absorbent gelling material particles and to thereby provide 

5 particles in agglomerated form which are suitable for use in the 
storage layers herein. Agglomeration techniqyes are well known in 
the art and may or may not i"nvolve the use of moisture addition to 
smaller particles or the use of a· binder or other type of 
agglomerating medium. 

10 Absorbent gelling material particles used fo the storage layers 
herein, whether or not in agglomerated form, should be nonfragile. 

For purposes of the present invention, such particles are ~onfragile 
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. Th;s 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 relathe 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. Th~ 

lower storage layer 82 preferably contains from about 21 t~ about 
25 60S, more .prefera~ly from about 30S to about · 60S, and mos·t 

preferably about 4<>1 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 gelHng 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 an~ 

thicknesses of the lower storage layer 82. For example, the 

------
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relathely large particles of absorbent gelling materi-al may be 
disposed only in the deposition region 54 of the lower storage layer 
82 and not in the back section 48 or the end region 52. However, 
due to the provision of and interaction with the upper acquisition 

s layer 72, it is presently preferred that the lower storage layer 82 
be of substantially uniform composition and construction. 

When relathely large particles of absorbent gelHng material 
are mainta··ined in the lower storage layer 82, the particles help 
maintain an open capillary structure when the lower storage layer 82 

10 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 ~2 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 hydrophil i"c 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 whi.ch have higher concentrations of pa.rticles 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 
JO storage layer, especially in the deposition region. 

The upper acquisition layer 72 comprises an acquisition zone 56 
and a ."distribution zone 58 in 1 iquid comunication 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 

. 35 designated by the cross-hatch.ing f.orward of the double-dotted 1 ine 
92 in Figures 1-5. The distribution zone 58 generally comprises the 

remainder of the upper acquisit~on layer 72. 

ilf i1iU1i111mii 



WO 94123761 
27 

PCT /US94J03073 

It has been found that a relative capillarity difference 
between the acquisition zone 56 arid the distribution zone 58 is of 
importance in the overall efficiency and effectiveness of the entire 
absorbent member 42. While liquid capillar;ty can be defined in 

5 several ways (e.g., pore size, density, basis weight, etc.), the 
density and basis ~eight of the structure are the preferred 
parameters to define liquid capillarity in the upper acquisition 
layer 72 of the present invention. Thus, the acquisition zone 56 
must have both a relathely lower average density and lower average 

10 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 preferably about 

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

Without wishing to be bound by theory, it 1s ·believed that the. 
differential lower capillarity, the lower average density and lower 
average basis weight, of the acquisition zone 56 in comparison to 
the distributi·on z~ne 58 is significant in achieving both a more 

20 optimized liquid acquisition rate into the lower storage layer 82 

an~ a relatively high liquid wic~ing rate thro~ghout the absorbent 
member 42. When the distribution zone 58 is densified, the liquid 
wicking rate becomes ·much faster. It is believed that de.nsifying 
the dhtribution zone 58 results in better wicking of l i.quid 

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. Oensifying the distribution zon~ 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 abs.orbent gelling material in the 
deposition region 54, it ; s believed that as higher amounts of 
absorbent gelling ma:terial are located in the area of typical liquid 
deposition, a maximum gel blocking effect is achieved, thereby 
reducing the. 11 quid acqu; sit ion 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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the lower storage layer 82 or distributfon zone 58 provides such a 

means by ensuring that the Hquid is introduced into lower storage 

layer 82 via a comparatively widespread area rather than a small 

. area or point of introduction. Because the lower storage layer 82 

s is preferably substantially unifom in composition and construction, 

'introduction of fluid over such a widespread area in an 

approximately equal distribution via upper acquisition laye.r 72 

results in max_imum utilization of the storage capacity of the lower 

storage layer 82 while minimizing the incidence of gel blocking. 

10 The capill ~ry force gradient created at th~ interface between 

the acquisUion ·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. 

15 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. 

20 The followfog dis·cussion 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. 

25 Fibers stiffened by cr.oss-1 ink bonds 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 s_tructure to continue to acquire and distribute fluid. 

Upon wetting, the web containing these cross- linked fibers expands. 

30 

. 35 

Fib~rs in the higher density portion of the acquisition layer expand 

considerably more than fibers in the lower density region of the 

acquisUion layer. The cross- linked fibers partia-lly untwist and 

uncurl upon wetting to create a situati.on for fluid pro.pagatfon due 

to the untwisting and uncurling of the fibers. . . 

Because of .this fluid movement within the web containing the 

cross-linked cellulo.se fibers, the structure is said to •wick• the 

fluid. The degree of wicking can be controlled by the a~unt of 

---·------
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cross-linking agent. used to cross-link the cellulose fibers. 
. . 

Wicki.ng is also controlled by physically altering the structure via 
the degree of compression imparted to the cross-linked fibers in the 
structure. The higher ·the dens;ty, the more the structure is able 

5 to propagate the fluid due to the fibers' being in a more restrafoed 
configuration than they would be in a lower density situation .. 

In the higher density "densffied" region of the acquisition 
layer, herein called the distribution zone, the cross-linked fibers . 
have more stored· "potential energy• than .do the cross-Hnked fib~rs 

10 _in the lower density region of the acquisition layer, herein called 
the afquisition 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 fom of partial untwisting and uncurl fog 
when wetted. When the lower density region (acquisition zone) and 

15 the higher density region (distribution zone) are placed in· fluid 
co11111unication 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 regjons of the acquisition layer are capable of both 
20 acquiring and distributing fluid, the specific combination of lower 

and higher density region~ within the-s~me 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 lower density region., the acquisition zone, and 
redistributes the fluid throughout the remainder of the acquisition 
layer. Thh wicking process serves to free the acquisUion zone for 
subsequent fluid loadings, and provides a diffusing effect to 
introduce the fluid to the storage layer over a comparatively wider 

30 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 w~re in effect a hole 
or sink, resulting ,in cont;nued rapid acquis1tidn of fluid into the 

35 absorbent member. 
Thh wicking behavior is cruchl to successful performance of 

the absorbent member when incorporated foto an ab_sorbent article. 
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Invarhbly, when s1:1ch an article is worn by an individual, the 
absorbent member when viewed from either side a·ssumes som~what of a 
•u• shape, with the ends of the absorbent member e~evated above the 
crotch region when tt'!e wearer is in an upright P.ositi on. When the 

5 wearer is lying down on his or her back, or particularly when lying 
on his or her stomach, one end of the absorbent member is elevated 
above the region of 1 iquid deposition. · Even when the wearer is 
lying on his· or her side, at least about one-half of the absorbent 
member is elevated above the region of liquid depositi-on. 

10 The natural tendency of liquids is to flow downward under the 
influence of gravity, and. this tendency ofte~ results in the regions 
of the absorbent member above the region of liquid deposition 
receiving 1 Utle 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 invent"ion accomplish 
this c:;ritical function through the incorporation of an acquisUion 

20 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 aaross the boundary 
between the acquisition and distribution zones, as well as the 

. 25 densi(icatiori of the distribution zone, the acquisition .layer is 
able to actually wick. or pump the fluid uphill to regio~s 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 utilized, thus greatly . improving the performance and 
efficiency of the absorbent article as. a whol~e. 

Figure 5 illustrates schematically the typical fluid transport 
phenOlllena associated with absorbent me111bers 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 slowe~ by the fibrous material of the acquis·ition zone 
56 •. Some of the fluid moves downward into the lower storage layer 

-------------------
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82, but a substantial amount of -the fluid is drawn across the 
double-dotted_ 1 ine 92, which represents the. density discon.tinuity or 
interface between the two zones, and into the distribution zone, 
where it is distributed and introduced into the remainder of lower 
storage 1 ayer 82 over a wide area. The storage ·capacity of 1 ower 
storage layer 82 is thus more effectively utilize.d, while the 
ac·quisition zone 56 is freed to acquire the next potenti.al insult of 
fluid. 

The lower storage layer 82, due to the utilization of the 
10 part i c 1 es of absorbent ge 11 i ng material , then stores and contains 

the fluid. These particles retain the stored fluid under even 
moderate pressure occurring d~ring normal wear of the absorbent 
art i c 1 e. Therefore, fluid acquired by the · upper acquisition 1 ayer 
and stored by the lower. storage layer is positively contained ind 

15 prevented from escaping to surrounding materials. Thus, it has been 
. found that an upper acquisition layer 72 with an acquisition .~one 56 

having a lower average density and lower average basis weight per 
unit_area_ than the distribution zone 58 improves leakage-containment 
by· more _quickly acquiring and distributing liquids into and 

20 throughout the absorbent member 42. 
While ·for simplicity: Figure 5 depicts the acquisition layer and 

. storage layer in a plan-ar 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 

prov1des 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, 

30 twisted, and curled cellulose fibers is that they ~xpand when 
wetted. Thus when the upper acquisition layer 7Z is wetted, the 
chemically stiffened, ~w_isted and curled c~llulose fibers in both 
the acquisition zone 56 and the distribution zone 58 expand. 
However, because there is a_greater number of chemically stiffened, 

. 35 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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distribution zone 58, the distribution zone 58 tends to expand to a 

greater thickness than the acquisition zone 56. Thus, if the 

acquisition zone 56 is at least partially laterally surrounded by 

the ·distribution zone 58, a well or hole effect is created. This 

5 "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 add;tion•lly tends to pull the later 

10 discharged liquids into the well whereupon they distribute into the 

acqui si ti on 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, tMs well or hole effect can also be 

15 ut i1 i zed to aid in the containment and isolation of moist or runny 

t>owel movements. 
As depicted i.n Figures 1-5, in a presently preferred 

configuration the acquisition zone comprises the entire upper 

acquisition 1 ayer forward of the density interface, which ext~nds 

20 generally transversely across the acquisition layer and divides or 

sections the acquisition layer along a preferably generally straight 

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 

25 exerted on the tr~nsported 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 dhtribution ·zone; some fluid· would be drawn 

outward toward the edges.of the lower storage layer, rather than the 

30 comparathely large rear port ion, resulting in increased leakage 

potential and a -failure to fully utilize the maximum available 

wkking capability of the selectively densified acquisition layer. 
The distribution zone SS is thus the relatively high 

capillarity (higher density and higher basis weight) portion of the 

· 35 upper acquis·ition layer 72. .The primary functions of the 

. distribution zone 58 are to absorb discharged 1 iq1:1ids th~t are 

either deposited directly · onto the distribution zone 58 or 

-------------
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transferred to the distribution zone 58 via the capillary force 
gradients established between the acquisition zone 56 and the 
distribution zone 58, and ~o retain such liquids under the pressures 
encountered as a result of the wearer's movements. 

5 The lower storage layer 82 preferably has a relatively hi_gh 
density and a high basis weight in relation to the acquisition zone 

56. The density and bas is weight values of the lower storage layer 

82 include the weight of the particles of absorbent gelling 

material, such that the density and basis weight v.alues will vary· 
10 dependi-ng upon the amount of particles di~persed 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 lSi·by weight of 

15 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/cm2 1 preferably fr~m about 0.038 to about·0.12 g/cmZ. For a lower 

storage layer 82 containing about soi by weight-of particles of 
absorbent gelling ma~erial, the density will typically range from 

20 about O.l to about 0.68 g/cml with a basis weight ·of from about 
0.034 to about 0.31 g/cm2. The density of the lower storage layer 
.82 is calculated from its basis weight and caliper.measured on newly 
unpacked, un"fo 1 ded and dissected di ape rs. The ca 1 i per is measured 
using a standard gauge with the sample ur,ader a •gentle• load of 10 

25 g/crrlJ.. The basis weight is measured by ·die-cutting a certain size 

sample and weighing the sample on a standard scale, the weight and 

ar~a of the sample determini_ng the basis weight. (It should be 
noted that the density and basis weight values.include the weight of 
the particles of ~bsorbent gelling material.) 

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

.. 3·5 52 need not comprise storage zones,. in the particularly preferred 
embodiment of the lower storage ·1ayer 82 as shown in Figures 2-5, 

the entire lower storage layer 82 is utilized for fluid storage. 

----------
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As stated above, the 1 ower storage 1 ayer 82 of the dua 1-·1 ayer 

absorbent core can be of any desired shape consistent with 

comfortable fit including, for example, circular, rectangular,. 
trapezoidal, oblong, hourglass-shaped, _dog-bone-shaped, or oval. If 

5 desired, the lower storage 1 ayer 82 can be wrapped in a h; gh wet 

strength enyelope web such as tissue paper or .a synthetic fi.ne 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 

10 the .in-.use integrity of the dual layer absorbent core. Such a web 

can, in fact, be glued to the lower storage layer 82. Su-itable means 

for carrying out this gluing operation 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 

15 · reference. 

In a presently preferred embodiments, as shown· in Figures 1-5, 

. the shape of the lower storage layer 82 of the dua 1-1 ayer absorbent 

core wfll be what can be described as a half-dog-bone sh.ape. This 

shape provide·s 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 usua i' 1 nstance when the lower storage 1 ayer 82 genera 11 y 

defines the s~ape of the diaper or other absorbent. article, the 

25 normal length of the backsheet 38 will be approached by the longest 

longitudinal dimension of the lower storage layer 82. However, in 
SOiie applications (e.g. adult incontinence articles) 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 ar:id 

the co-extensive lower storage layer 82 would be located toward the 

· 35 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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weight per unit area than the distribution zone 58. The acquisition 

zone 56 serves to quickly collect and temporarily hold discharged 
1 iquids. Since .such liquids are generally discharged in gushes, the 

acquisition zone 56 must be able to quickly acquire and transport 
5 liquid by wickfog from the point of liquid contact to other parts of 

the absorbent member 42. The acquisition zone. 56 preferably has a 

density of from about 0.03 to 0.24 g/cm3, and more preferably from 
about 0.05 to ~bout 0.15 g/cml. The basis weight of such an 
acquisition zone 56 will preferably range from about 0.015 to about 

10 0.1 g/cm2, 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 ;s measured using. a standard gauge 

with the s~mple under a •gentle• load of 10 g/c~2. The basis weight 
15 . is measured by d;q-cutting a certain size sample and weighing the 

sample on a standard sca·le, 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 

2·0 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 wei9ht of the 
distribution zone are fbed by these ratios. For example, if the 
density of the acquisition zone 56 we.re 0.07 g/cml, the density of 

25. the corresponding dhtribution zone SB 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 a~quisition zone 56 having 

30 some minimal density and basis weight. .The transfer of 1 iquids 
through the topsheet 38 has been found to be diminhhed 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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While the density and bas.is weight of the a.cquisition zone 56 
may vary throughout its area and thickness, such an embodiment is 
also not preferred. The acquisition zone 56 preferably has a 
substantially uniform density and unifo,rm basis weight throughout. 
its area and thickness. This uniform density and basis weight 
provides a uniform capi.llary force gradient across the interface 
bet~een 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 
10 of "importance in determining the . effectiveness of the resultir:ig 

absorbent member 42 in rapidly acquiring discharged 1 i.quids. In 
ac~ordance with the present invention, the acq.uisition zone 56 
should be placed i.n a specific positional relationship with respect 
to the area of typical liquid deposition. While portions of th'! 

15 acquisUion zone 56 may be positioned over the back section 48 .of 
the lower storage layer 82, the acquisition zone 56 is preferably 
posttioned 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 reg·ion 54. Thus, 

20 the acquisUion 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 

25 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 alternative.ly be defined 
with respect to the volume of the acquisition zone positioned 
forward of particular points, it has been found that the top surface 

30 area of the acqu is ;ti on zone 56 is a more des i rab 1 e definition. 
because th~ top surface area actually defines the initial area . 

.. available for liquid acquisition. In addition, since the thickness 
of the upper acquisition laye~ 72. is preferably unifonn and the 
acquisition. zone 56 h-as a generally rectanguUr 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 refer~nced. throughout the specification 
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as re 1 ated to its top surface area. (i.e., The percentage of the 
top surf ace area of the acquisition zone positioned in a given 
area.) · 

Thus, in accordance with the present invention, at least a 
5 portion of the acquisition zone 56 is placed over the deposition 

region 54, even though the remaining portjpn may be positioned 
anywhere on the lower storage layer SZ including the back section 48 
and the end regions SZ. 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 SZ. 
More preferably, the acquisition zone 56 is posit.ioned relative to 
the 1 ower storage layer SZ such that the t'op surface area of the 
acquisition zone 56 is completely positioned over the deposition 

15 region 54 of the lower storage layer SZ. Even more preferably, at 
least 30% of the top surface. area of the acquhition 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 SZ. 

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 
particular points along the length of the diaper 20 or other 
absorbent article~ Thus, the acquisitfon zone 56 is preferably 

25 positioned .on the lower siorage layer 82 relative to the backsheet 
40 suc;h that ·at 1 east a portion of the top surf ace 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 

30 portion of the diaper ZO, most preferably in the front half portion 
of the diaper 20; the top surface area also most preferably 1>4i!ing 
completely positioned in the crotch region 26 of the diaper 20. (As 
noted herein·, •portions• of the diaper 20 or .. o~her absorbent article 
can be defined by reference to the top surface area of the unfolded 

· 35 di~per 20 or ~bsorbent ·article found in front. of a given point on 
the line.which defines the length of the diaper 20). 
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For purposes of determining the positioning of such acquisition 
zone 56, the length of the lower storage layer 82 or diaper 20 will 
be taken as the normal longest longitudinal dimension of the 
elongated structure. This normal longest dimension can be defined 

s 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 arpund the wearer's waist. The normal 
1 ength of ·the 1 ower storage 1 ayer 82 o.r di aper 20 wi 11 thus be the 
length of the line· running through the lower storatfe layer 82 or 

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 light box, such as the 
transluminator model manufactured by Aristo grid Lamp Products, 
Inc.. The acquisition zone 56, because 1t has a lower average 
density and lower average_ · basis weight than the adjofoing 

20 distribution zone 58, will appear lighter or brighter due to the 
fact that more light wifl be tran.smitted through the acquisition 
zone 56. · The acquisition zone 56 can then be mapped onto paper 
having grids to measure the top surfaee area of the acquisUion zone 

. 56. 

25 The alternative method compr·ises mapping the density· profile of 
the upper acquisition layer 72 to determine the top surface area of 
the acquisition zone ·56. The upper acquisiti-on 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 
basi-s .weight -samples to measure the top surface area of the 

acquisition zone 56. 
The acquisition zone 56 can be of any desired shape consistent 

· lS .with the absorbency requirements of the absorbent member 42 or 
diaper 20 including, for example, circular, rectangular,'triangular, 
trapezoidal, oblong, hourglass-shaped, funnel-shaped, 

-----·--



'· WO 94123761 PCT/US94/03073 
39 

dog-bone-shaped, fox-shaped or oval. Preferred shapes of the 
acquisHion zone 56 are those that increase the length of ·~he 

interface between the acquisition zone 56 and the distribution zone 
58 so that the relative capillarity difference between the zones are 

5 fully utilized. A presently preferred· shape for the acquisition 
zone 56 is what may be described as a half-dog-bone shape, with the 
wider end facing toward the front of the absorbent member and ·the 
entire width of the narrower en~ 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 acquisitjon zone 56 (i.e., it is in liquid 
connunication with at least a portion of the lateral area of 
acquisition zone 56), in some embodimenis 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 acquisiU·on zone· 56 may also have a number of different 

cros-s-sectional areas and configurations including those wherein the 
area of portions of the a.cquisition zone 56 is less or greater than 

20 ;ts top surface area (i.e., the acquisition zone 56 is smaller or 
wider below the top surface of th~ 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 acqui-sition 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 ~2, it 

-35 has been found that the acquhition zone 56 functions the most 
efficiently when it is transversely centered ·over the· front section 
50 or the deposition region·S4 of the lower storage layer 82. Thus, 

--------



WO 94123761 
PCT /US94/03~73 

5 

40 

the acquisition zone 56 is preferably centered about the 
longitudinal centerline 68 of the lower storage layer 82. More 
preferably, the acquisition zone 56 is transversely positioned on.ly 
over the central region 64 of the front section SO or deposUion 
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 1s preferably made by· 
airlaying a thickness profiled absorbent member-preform and then 
calendering the upper acquisition layer 72 in a fixed-gap calender io· 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 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 th~ higher average density and higher 
average basis weight distribution zone 58. 

20 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. EstabHshing the density gradient at the density interface 92 25 is regarded as the critical factor in ·forming t._e 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 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 particles of absorbent gelling maierial are 
added to an air-entrained stream of fibers prior to their deposition 
onto the preform to affect uniform distribution ·of absorben~ gelling 

3~ materia 1 throughout the preformed 1 o_wer storage layer 82. Thus, the 
resultant lower storage layer 82 preferably contains a uniform 

--···-----~-~----
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mixture of hydrophilic fibrous .material and discrete particles of 
absorbent gelling material. 

In use, the diaper 20 is applied to a wearer, by positioning 
the back waistband region 24 under the wearer's back, and drawing 

5 ·the remainder of the diaper 20 between the wearer's legs so that the 
front waistband region 22 is positioned across the front of the 
wearer. The ends of the 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 
·lower average basis weight acquisition zone 56, tends to more 
quic_kly acquire 1 iquids into the acquisition zone ~6 and to 
distribute these liqui~s to the remaining portions of the absorbent 
member 42 and to rema i ri dry or dryer due to the preferent i a 1 

15 capillarity between the distribution zone 58 and the acqui-siti~n 
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 
all~viate leakage around the edges of such-absorbent articles. 

20 . As discussed above, . the primary pur.pose of the upper 
acquisition layer 72 is to quickly collect and temporarily hold 
discharged liquids and to transp9rt such liquids by wicking from the 
point of initial contact to ·other parts of the upper ac_quisition 

. layer 72. Since the primary ·function of the upper ~cquisition layer · 
25 72 is to receive liquids passing thr.ough the topsheet 38 and to 

transport such liquids to other areas of the upper acquisition layer 
72 and eventua 1 ly onto the 1 ower. storage 1 ayer 82, the upper 
acquisition layer · 72- is preferably entire.ly free of absorbent 
gelling ·material. Since the two funct;ons, namely wicking and fluid 

30 storage, have been assigned to two different layers of the absorbent 
member, ihe performance of each can thus be optimized to achiev.e the 
best overall performance. 

Alternatively, the upper acquis.;tion layer 72 can contain small 
amounts of absorbent gelling material, but since the fluid transport 

· 35 and stora,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 
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place in the upper acquisition layer 72. Hence, the use of 
abs.orbent .gelling material .. in the upper acquisitfon layer is 
generally not preferr-ed, as it tends to impede the wicking behavior 
of the stiffened, twisted, and curled cellulose fibers ·as they 

S resp~nd ·to the 1i quid infusion, and thus reduce the performance 
potential of the upper acquisition layer. 

The overall shape and size of the upper acquisition layer 72 
and ;ts relat~onship to the lower storage layer 82 is of some 
importance in determining the effectiveness of the ·resulting diaper 

10 20 or other absorbent article. The upper acquisitfon layer 72 in 
th~ unfolded configuration can be of any·desired shape, for example, 
rectangular, oval, oblong, asynmetric or hourglass-shaped. 

As shown in Figures l and 4, a presently preferred shape for 
the upper acquisition layer 72 is !fh·at 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 genera 11 y rectangu 1 ar in· shape. · As . such, the. over a 11 
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 n~ed 

nqt 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 

25 ·upper acquisition layer 72 will have a top surface area' from about 
0.7 to. about 1.0 times t.hat of the lower storage layer 82. Host 
preferably, the top surface area of the upper acquisition layer 72 
wil 1 be about O. 75 t; mes that of the lower storage layer 82. 

If the sile of the ·upper acquisition layer 72 approaches the 
30 size of the lower.storage layer 82, there is an increased likelfhood 

that more fluid will be wicked to the edges of the storage layer 
than can be stored, hence resulting in an increased 1 ikel ihood of 
le~kage from the edges of the absorbent article. Thls is 
partic.ularly 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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being wicked to the edge of the absorbent member; hence, the 
difference in area between the upper acquisition layer and the lower 
storage layer preferably produces side margins, at least in the 
likely fluid discharge regions. On the other hand, if the upper 
acquhition layer 7Z is too much smalle.r than the lower storage 
1 ayer. BZ, the peri phera 1 port i ans of the 1 ower storage 1 ayer wn 1 
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 utHization. For ease of assembly, it is also 
presently preferred that the upper acquisition layer and the lower 
storage layer have· approxilllately the same nominal le.ngth 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 · preferably comprises 1 ess than about SOI of the top surf ace 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 35i of the top surface area of the upper acquisition layer 72 
and most pre.ferably about 30I of the top surface area of the upper 

25 acquisition layer 72. The positioning and area o~ the acquisition 
zone relative to the distribution zone may ·be tailored to acconnodate 
the needs of parti.cular wearers s~ch 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 po_re size of the fibers in the upper acquisition layer 

without varying the density of the fibe.rs 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 s.ize of the· fibers would be to 

· 35 utiltze hardwood fluff with ;·ts smaller pore size for the 
acquisition zone and .to utiliz.e softwood fluff with its larger pore 

size for the· distribution zone. °The primary reason that such a 
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variation would not .generally be desirable is that hardwood fibers 
are genera 11 y shorter in 1 ength than softwood fibers. When the 

fibers are stiffened, twisted, and curled as described above, 
shorter fibers equate to less stored potential energy when the· 

5 fibers are compressed, and hence less expansion, untwisting, and 
uncurling when fluid.s interact with the fibers. Without the use of 

. . 
the densification of the distribution zone, · the corresponding 
increase in the stored potential ene.rgy therein would also not be 
achieved. Less stored potential energy translates into less wicking 

10 across the density interface, and the acquisition potential of 

absorbent ~embers according to the present invention is not 

maximized. 
While particular embodiments 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 modificaHons can be made 
without departing from the spfrit and scope of the invention. It is 

therefore intended to cover i_n the appended Claims all such changes 
and modifications that are within the scope of this invention. 

zo 

25 

30 

- 35 
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What is Claimed is: 
llJMI~ m~ IUJI 111(1 II /JM 

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

contiguous with said ba~k section, said front section having an end region and a 

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. 

characterized in that said absorbent member comprises: 

(a) 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 ~urface area; and 

(b) 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 

ha~ng a first density and a first average basis weight. said acquisition 

·zone being positioned at least partially within said deQQ_~_ition 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. 

2. The absorbent member of Claim I. wherein said storage layer comprises 

between 30% and 60%, preferably 40%, by weight of said particles of absorbent 
I 

gelling material. 

3. An absorbent member according to Claim I or Claim 2. further 

characterized in that said acquisition zone comprises less than 50%, preferably less 

than 3.5%. inore preferab_ly 30%. of said second top surface area. and in that said 

acquisition layer preferably has a uniform overall thickness . 

.. -·~-·--
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4. An absorbent member according to any one of Claims to 3. further 

characterized in that said acquisition layer consists essentially of a homogeneous 

composition of stiffened. twisted. and curled cellulose fibers. 

5. An absorbent ·member. according to any one of Claims I to 4. further 

characterized ~n that said particles of absorbent gelling ~erial have a mass ·median 

particle size ranging from 400 microns to 1410 microns. 

6. An absorbent article havi11g a front waistband region. a back waistband 

region and a crotc;h region. characterized in that said absorbent article comprises: 

(a) a backsheet; and 

(b) a multi-layer absorbent member positioned adjacent to -~~id 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 to.p surface area. said 

absorbent member further comprising at least _one acquisition layer 

positioned in fluid communieation 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 equ~I 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 an_d into said distribution zone via capillary action 

and subsequently distributed to said storage layer. ------
ilMUititUr 
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7. The absorbent anicle of Claim {?. further characterized in that said 

absorbent anicle funher comprises a topsheet associated with said backsheet such that 

said absorbent member is positioned between said topsheet and said backsheet. 

8. An absorbent anicle according to Claim 6 or Claim 7. further 

characterized in that said storage .layer comprises between 30% and 60%. preferably 

40%, by we~ght 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 500/o, 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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