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ABSORBANT COMPOSITE STRUCTURE FORMED OF A SUBSTRATE AND CROSS-
LINKABLE HYDROGEL POLYMER PARTICLES

FIELD OF THE INVENTION

The invention relates to an ahsorbent composite structurs comprising a substrate having an upper

and a lower surface and a plurality of hydrogel-forming polymer particles chemically bonded to at

Isast one surface of the substrate, wherein the polymer particles each comprisa a plurality of cross-

linked molecules. The invention also relates to an absorbent article comprising such an absorbent
~ composite structure and to a method of making such a structure.

CKGROUND OF THE INVENTIO

Particulate, absorbent, polymeric compositions are capable of absorbing large quantities of liquids

- such as water and body exudates {e.g., urine} and are further capable of retaining such absorbed

liquids under moderate pressures. The absorption characteristics of such polymeric compasitions

make them especially useful for incorporation into absorbent articles such as diapers. See, for

example, U.S. patent 3,698,103 (Harper et al), issued June 13, 1972, and U.S. patent 3,770,731

(Harmon), issued June 20, 1972, that disclose the use of particulate, absorbent, polymeric

_ compositions (often referred to as “hydrogels™, “superabsorbents”, or “hydrocolloid materials”) in
sbsorhent articles.

Conventional particulate, absorbent, polymeric compositions, however, have the limitation that the
particles are not immobilised and are free to migrate during processing andjor use. Migration of the
particies can lead to material handling losses during manufacturing as well as non-homogensous
incorporation of the particies into structures in which the particles are being used. Especially when
the absorbent polymer particles are incorporated in a fibrous matrix at high concentrations, the
particles may sift out of the matrix of may become inhomogeneously distributed in an uncontrolled
manner, as for instance described in European application number 84111855.4 (Bogdanski et. al.)
Another significant problem occurs when these particulate materials migrate during or after swelling
_inuse. Such mobility leads to high resistance to liquid flow through the material due to the lack of
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 stable interparticle capillary or liquid transpnrt channels This phenumanon is one form of what is _
commonly referred to as "gel hlockmg '

One attempt to overcome the performance limitations associated with ahsorbent particle mobility
during use in absorbent articles is incorporation of the particulate,:absorbanti', polymeric compositions
into tissue laminates, i.e. layered absorbent structures. By encapsulatinh the particles between
tissue layers, and affixation of the particles by water bonding or glue bonding, the overall particle
mobility within an absorbent structure is diminished. However, upon liquii_;d contact, the particles

. within the laminate are often fres to move relative to each other resuiting in the braakdown of any
pre-existent interparticle capillary channels. |

Another attempted solution is to immobilisé the particulate, absorbent, pnlymm compositions by
the addition of large quantities of fiquid polyhydroxy compounds that act as 'an adhesive to hold the
particles together or attach tie particles to a substrate. Ses, for example, us patent 4,410,571
(Korpman), issued October: 18, 1983. While this approach does limit migration before and, to some
extent, during swelling, the particles eventuslly become detached from each other or from the
substrate in the presence of excess liquid, resulting again in the breakdown of any pre-existing
capillary channels between the particles.

Another attempted solution to overcome the problem of abisorbent particle mobility is to produce a
hﬁdrngal-forming film by extrusion of a solution of a linear absorbent polymer and subsequently
crosslinking it. See, for example, U.S. patent 4,861,539 (Alien ot al), issted August 29, 1988
{crosslinked with a polyhydroxy compound such as a glycol or glycerol); and U.S. patent 4,076,873
{Burkholder), issued Fehmarv 28, 1978 (crosslinked with polvammo-polylmde apichlorohydrin
adducts such as Kymane ). While these hydrogel-forming films may absorb agmﬂcant quantities of
liquids, they have limited liquid transport properties becauss they are essentlally non-porous, i.e. lack
internal capillary channels. Indeed, due to the lack of internal capillary chaninels, these hydrogel-
forming films are especially prone to gel blocking.

A more recent solution proposed to overcome the pmlilsm-'nf absorbent particle mobility is to form
these particles into aggregate macrostructures, typically as sheets of bonded' absorbent particles.
Ses U.S. patent ne. 5,102,587 (Roe et al), issued-April 7, 1892, .Thess agjroﬂit’e’ macrostructures
" are prepared by initially mixing the absorbent particles with a solution of a'tionionic crossiinking
" agent, water and a hydrophilic organic solvent such as isopropanol. These honiotiic crosslinking
agents include polyhydric alcohols ({e.g., giycerol), polyaziridine compounds {e.g., 2,2-
bishydroxymethyl  butanoltris{3-{1-aziridine)  propionate]), - halospoxy compounds (e.g.,
epicholorhydrin), polyaldehyde compounds {e.g., glutaraldehyds), polyamine compounds (e.g., ethylens



WO 96/07476 - ~ PCT/US95/10653

. o 3

amine), and polyisocyanate compounds (e.g.. 2,4-toluene diisocyanate), preferably glycerol. See
Column 11, lines 22.54, of U.S. patent no. 5,102,597,

It has been described in U.S. patent no. 5,102,597 that the hydrogel-forming polymeric precursor
. particles may be. brought into mutual contact by first depositing the particles an a substrate and
subsequently effecting imar-particla crossiinking of the contiguous particles.

According to US patent 5, 124 188 reinforcement structures such as fibers, webs or scrims may be
embedded into the macrostructuras of crosslinked partn:les, to provide structural integrity.
Embedding the fibers or webs into the macrostructure of crosslinked particles is effected by mixing
the fibers with the solution containing the inter-particle crosslinking agent or by mixing the fibers
with the particles prior to inter-particle cross-inking. Kneading the fibers into the interparticle
crossfinking agent/precursor particle mix is preferred.

In US patent 5,180,622 {Berg), the formation of an interparticle crosslinked aggregats is described,
wherein the aggregats is joined to a carrier, which may be comprised of cellulosic fibers or which '
- may be formed by a web. Joining the aggregate and the carrier is generally described as heing
effected via physical or chemical bonding using adhesives or chemicals that react to adhere the
macrastructure, or inter-particle crosslinked aggragate, to the carrier. '

The known formation of composites of combined interparticle crosslinked aggregates and reinforcing
webs is rélatively complex, and results in structures which comprise a relatively large weight of

~ hydrogel-forming polymeric particles relative to the weight of the substrate or carrier. Hence the
known composites are less suitable for absorbent products in which less absorbency is required,
such as for instance pantiliners.

Also, joining of the interparticle crosslinked aggregate to a web, will lead to some degree of loss of
flexibility of the comhined substrate and aggregate. Composites of good flexibility may be obtained,
aithough this requires addition of for instance a plasticiser to the interparticle crosslinked
aggregates. However, it has been found that known interparticle crosslinked aggregates may lose
water when stored for a larger period of time in a dry environment. This may then cause the
aggregates to become stiff or brittle.

Finally, the known interparticle crosslinked aggregates are relatively fluid stable as they isotrapicaily
~ expand upan being wetted. However, the inter-particle crosslinked aggregates may form s resistance
to vertical transmission of liquid through the absorbent structurs, which in multilayer absorbent
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products as described in European application no. 93305180. 0 and no 933096141 may lead to
reduced acquisition or fluid uptake rates. '

In EP-B-0 273 141 it has been described to adhere hydrogel-forming polymeric particles to fibers to
form absorbent flocks. The particles are attached to the fibers by 'adh‘e'siv&i‘et’t"achmer’rt or by mixing
fibers and monomers followed by polymerisetion to form the absorbent poliVnier in which the fibers
are embedded. A preferred way of atteching filrers and particles is lrv dissolving the polymeric
particles in water, mixing the fibers into the solution, drying the solution to solidify the polymeric
material, and grinding thé 'polymeric material-fiber oomposite'to form flocks of the desired size.

The absorhent flocks have as a di sadvantage that adhesive attachment of pblymerrc particles to the
fibers may negatively impact on the absorptive properties of the particles. Furthermore, an absorbent
product formed of a muitiplicity of flocks will not isotropically swell upon hng watted and hence
have a tendency to exhibit gel blocking.

It is an object of the present invention to form an absorbent oonrposite structure comprising
hydrogel-forming polymeric particles connected to a substrate whrch do not become detached from
the substrata upon heing wetted.

It is a further object of the invention to provide an absorbent composite structure in which the
hydrogel-forming polymeric particles have.a reduced temlem:v to o’rthilrit gel hlooking.

It is again a further object of the invention to prornde an absorbent structure whrch comprises a
relatively low basis weight of hydrogel-forming polymeric pertrcles.

it another object of the invention to provide an absorbent composite structure which is fiexible and
which has relatively little resistance to vertical transmission of liquids.

SUMMARY OF THE INV

An absorbent composite structure according to the pressnt invention is characterised in that the
substrate and the hvdrogel-forming polymer particles'ere-'connec_ted by a crosslinking agent capable
of crosslinking the molecules of the particles, whersin the degres of inter. particle cross-linking
between the particles is suffi crently low that no inter-particle crosslinked macrostructures are
formed of circumscribed dry volums larger then 10 rrrrn3
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Upon bonding the hydrogel particles to the substrate, care is taken that no coherent, self-supporting
fnacr_oétructure is formed, either prior to contacting the particles with the substrate or upoh
inter_particle' crossfinking during the bonding of the particles to the substrate by the crosslinking
agent. With a self-supporting macroscopic structure, is meant an aggregate of inter-particle
crosslinked hydrogel-forming particles mutually bonded by interparticle crossiink bonds having a
circumscribed dry volume of at least 10 mmS. | |

 This is achieved for instance by maintaining a suffit.:ieht distance bstwesn adjacent hydrogsl-forming
particles by application of relati\ialy low basis weights of absorbent particles to the substrate,
followed by bonding the pari_icl_es to the substrate. A basis weight below IﬂOglm2 will for typical
hydrogel-fbrming particles of mass median particle size of about 400 micro meters prevent
interparticle crosslinked bonds from forming upon attachment of the absorbent particles to the
substrate by crosslinking. Preferably, the basis weight of the hydrogel-forming particies is
sufficiently low that in a pfe-detérmined area of the substrate at least 50 % of the particles do not
contact another particle. '

Another way of preventing the formation of interparticle crosslinked macrostructures, is by
preventing the cross-linking agent, that bonds the ;iattil:les to the substrate, from migrating into the
space het_wean adjacent particles, for instance by applying the crosslinking agent only to the
substrate-particle interface. '

~ The crosslink bonds formed between the hydrogel-forming particies and the substrate do not
negatively affect the absorbent properties of the hydrogel-forming particles, as is the case for
instance with adhesive bonﬂing.

The crosslink bonds between thu_hildrngd-forming particles and the substrate are relatively little
affected by wattin_g; As the particles swell when absorbing liquid, they remain bonded to the
substrate. The relative position'batween the bonded hydrogel-forming particles is hersby maintained
and gel blecking due ta contact of neighbouring swollen particles is reduced.

Simultaneously with bonding of the hydro@al-forming harticles to the substrate, a surface cross-
linking of the ihdividu_al particles can take place to modify the surface properties of each hydrogel-

" forming particls. An increased degree of surface crossiinking of the particles will lead to an increased
absorption against pressure of the pahides, and will help to maintain good permeability of the
particie-substrate composite.
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By attaching the hydrogel-forming particles to the substrate in an individual manner, rather than in

 the form of a matroscopic structure, compnsmg an lntarpamcle crosslmlted aggragate, the total
absorbent capamty of the composite absorbent structure accordmg to the mvammn can be reduced,
the liquid transmission can be mcreased and ﬂexlbllltv of the compnslta structure is |mprovad

Highly flexible composite structures comprising substrate and ah'soﬂl':int particles having 8
relatively low absorbent capacity are required in pmducts which are mtsndad to absorb relatively
small amounts of fluids, such as pantllmers or samtarv napkms or I'ght mcoritmence pads. A typical
sanitary napkin has a basis weight of hvdrogel forming particles of about 54 qlm2 Also, when the
absorbent composlte structure is used as the upper layerin a multilayer strucgure compnslng multiple
layers of hydrogel forming particles, such as descnbed in l:'uropsan patant application no.
93305150.0 and 93309614.1, ths ralatlvalv llquld ‘permeable composite strm:ture according to the
invention, of relatlvelv small absorbsnt capacltv, ansures optlmal llquld acquismun, distribution and
storage.

By applying a low basis weight of hvdrogel -forming partwles to a flexible suhstrate and firmly
attaching these particles thereto by crosslink bonds, the ﬂaxdulltv of the dompusata structure is
larger than for macrestructures comprising mterpartu:le-cmss linked aggregatas that are attached to
a flexible substrate. In uss of an sbsorbent article that mcurpnmes the . absnrhent composite
structure according to the invention, increased ﬂexlh|||ty will provide mcmkad fit and increased
comfort, due to good conformability to the anatomy of the user. The flexible substrate can be readily
stored on a roll after formation, the roll being stored or being Iranspomd and hemg unmund ina
production process for forming of an absorbent article.

The particles may be connected to both surfaces of the substrate such tllat the substrate is
sandwiched between two layers of particles. Altamativaly, a layer of pamdes may he sandwiched
hetween two substrate layers and hence be protected against mechanical dmie.

in one embodiment of an absorbent composite structurs, the hvdnigsl formilﬂg”partides are non-
uniformly dispersed on the substrata and are distributed onto the substrats i ina pattem such as
spots o stripes or other sreas of varying basis wught For instance, a substrath comprising an area .
of a low basis weight of hydronel forming- particles or mmmng ‘an area free .:of hvdrogal forming

. particles, can advantageously be used &s a liquid permeable pper layer in 8 muttilayer structurs such
as disclosed in International patent application WO 82/11831 (Feist et al.) or Wdﬁ@Zii 1830 (Noel et
al.. In thess multilayer structures the area of low basis weight can form a window through which
liquid can enter to the lower layers. Alternatively, the compasite structure havii'_tg a central area of
low basis weight of hydrogel-forming particles, can be used as a core for a catamenial praduct in
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which longitudinal liquid flow is promoted along the central area which acts as a liquid-directing
channel such cores are disclosed in WO 94!02092 {Coles).

A further advantage of the absenca of an inter-particle crosslinked aggragate, is that the compasite
structure can be machamcally deformed in a relatively fine line pattern for instance by ringrolling as
described in U.S. patent no. 5,167,897 to impart a relatively large degres of extensibility to the
composite structure, without the particles becoming detached from the substrate.

~The absorbent composite structure according to the invention can advantageously be made
_ al_asﬁcally extensible. Tha_substrata can freely expand and contract without being restrained by the
~ hydrogel-forming particles, which remain firmly attached to the substrate upon stretching. In one
embadiment such as described in U.S. application no. 08/096,092 (Osborn) the compasite structure
extends between 5% and 50 % under forces of between 50 g and 1500 g. Elastically extensible
absorbent structures which extend to 140 % of their relaxed length under a force between 250 g

~ and 800 g have been described in WO 83/01785 (Osborn et al.)

'BRIEF DESCRIPTION OF THE DRAWINGS

| The invention will be explamad in detail with refarem:a to the accompanymg drawmgs In the
. drawmgs

. Figure 1shows a crasa-sectinnal view of a known absorbent cnmposita_stmature, _
| Figures 2-7 show c;nssfsaciianal views of embodiments of absorhent r;onmosita structures according
1o the invention, | '
Flgura 8 shows a cross- sactional view of an absorbent core cnmpnsmg an ahsorbent composite
structure according to the i invention, )
Figure 9 shows a cross-sectional view of a thin, flexible sanitary napkin comprising an absorbent
core formed form an absorbent compasite structurs according to invention,
Figure 10 shows the flexibility of an ahsorbent composite structure aecording to the invention, for
varymg basis walght of hydrngel forming particles
- Figures 11-14 show plan visws of ambodmants of different pattams of hydrngal forming particles
| attached to a substrate,
. Figure 15 shows a psrspactwa view of a compuslta absorbent structure having holes in the layer of
hydrogal forming pamclas,
| Fgure 16 shaws a parspactwe view of a composite ahsnrhent structure havmg holas in both the
layer of hydrogel forming particles and the suhatrata
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Figure 17 shows a cross- sectmnal view nf an extensible composits absorbent structure having a
plurality of corrugations,

Figure 18 shows a perspectiva view of a composite absorbent structure that is slitted, and

Figure 19 shows a schemam: view .of an apparatus for forming composite ahsorbent structures
according to the invention.

* DETAILED DESC lPTIB_H OF THE INVENTION

 Figure 1 shows a known compasite absorbent structure such as described in US application no.
08/142 258 (Hsueh). A macrostructure cumpﬂsmg an interparticle crossl'nkéd absorbent aggregate
1 is bonded to a substrate 3. The crosslinked aggregate 1 is formed by mtarpamcla crosslinked
particles 2. The particles 9 are connected by crosslmklng to form a macrostructure in the form of a
self-supporting continuous layer. For stalullty and mprovsd strength, this llyer is connected to a
substrate 3 by means of chemical bonding or by adhesive attachment. The msslinksd aggregate 1 is
formed of hydrogal- formmg particles which may have a diameter between 50 ind 2000 microns. The
thickness of the mtarpamcla crosslinked aggregate is for instance botween 250 microns and 10
millimeter. The crosstinked aggregate as shown in figure 1 extends across snhstantlally the whole
upper surface 19 of the substrate 3 and is self-supporting, i.e. it is not réduced into individual
particles upon detaching the aggregate 1 from- the substrate 3. The crossinked aggregate 1 is
formed by applying a first layer 5 of hydrogel-forming particles 2 on a cunvey_or or directly onto a
substrate, such that thess particles are in intimate mutual contact. The patiidas are transported
underneath a sprayhead which applies a cross-lmkmg agent to the pamclu tﬂ effect inter-particle
crosshinking. After cross- Imkmg the first layer 5 of particles 2, the sscond lavet 7is dsposned onto
the first layer 2. This layer is attached by crosslinking with the particles of the first layer. Further
crosslinking agent is ahpliad“to'iayar 7 in a second spraying station. In this way, saveral layers of
particles 2 are connected to form the aggregate. |

Figures 2 and 3 show an absorbent compasite structure-4 according to the invention. The hydrogel-
forming particles 2 are dsposited onto the substrate 3 such that no euhd’mt self-supporting
crosslinked aggregate is formed. The particles 2 comprise crosslink bonds 9 'with the cellulosic
matarial of the substrate 3 and ara attached via thesa bonds. For the particles 2 according to the
invention, the crosslink bonds 9 between the molecules of the particles and the malecules of the
substrate 3 form the attachment of the majority of particles, contrary to the strﬁcture according to
figure 1, in which most partit_:l'as are attached to the substrats 3 via other partiduis ‘with which they
form a crosslinked Iaggr'agate. in the absorbent col_hpdéite structure 4 there is a degree of
crosslinking bstween neighbouring particles, such as interparticle crosslink ﬁoﬁd 11 between
particles 10 and 12, wherein éach particle 10 and 12 is located on the substrate 3. Other crossiink
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bonds may be formed between particles-that are located on:the substrate 3 and between particles
that are located on ibp these particles. This is illustrated by particles 14 and 16, wherein particle 16
is connected to the substrate 3 via crosslink bond 9 and particle 14 is connected to particle 16 by a
crosslink bond of the same type as crosslink bonds 9. Further crosslink bonds may be formed
between particles 17 and 13 which are only indirectly connected to the substrate 3, and between
particles 13 and 18, such that a small size aggregate is formed by interparticie crosslinked particles
13,14,15,16,17 and 18. It is important in all cases that the dimensions W, W' of the aggregates are
such that no coherent, self-supporting agglomerated macrostructure is formed of circumscribed dry
volume larger than 10_mm3. | ' '

One way of making an absorbent composite structure as shown in figure 2, is by ﬁrst_aggregating
the precursor particles 2 into aggregates of a largest circumscribed dry volume of 10 mm3 and
subsequently attaching these aggregates to the substrate while maintaining sufficient spacing

between neighbouring aggregates to prevent crosslink bonds being formed between adjacent
aggragates.

Alterhatively, the hydrogel-forming particles 2 can be directly applied to the substrate 3ina
sufficiently low basis weight, such that the formation of inter-particle.cross link bonds are limited.
This can for example be achieved by applications of basis weights helow 100 gm‘2 to the substrate
3.

Again, alternatively, the hydrogel-forming particles 2 may be applied to the substrate 3 in a
substantially continuous layer, as shown in figure 3, the crosslinking agent for connecting the
particles to the substrate 3 being applied in such a way that only the pariicle-suhstrate interface 19
is contacted by crosslinking agent. For instancs, the cross linking agent can be applied to the upper
surfacs of the substrate 3 prior to depositing particles 2 onto the substrate 3.

Absorhent Precursul_' Particles

The absorhent composite structures used in the present invention are formed from polymer

- materials capable of absorhing large quantities of liquids. (Such polymr materials are commonly

referred to as "hydrogel”, "hydrocolloid®, or "superabsorbent” materials.) The hydrogel-forming
particles preferably comprise substantially water-insoluble, absorbent hydrogel-forming, polymer
material. The specific polymer matarials will be discussed herein with respect to those forming the
absorbent gelling particles (hereinafter also referred to as "precursor particles”).
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Although the precursor particles can have a size varying over a wide raflga, specific particle size
distribations and sizes are preferred. For purposes of the present invmtidn. particls size is defined
for precursor particles that do not have a large greatest dimaﬂSiunlsmaIIasi dimension ratio such as
fibers (e.g., granules, flakes, or pulverulents) as the dimension of a précursor particle which is
- determined by sieve size analysis. Thus, for example, a procui’soi partil;:le that is retained on a
standard #30 sieve with 800 micron openings is considered to have a 'partibla size greater than 600
microns, a precursor pamcls that passes thrnugh the #30 sieve with Bﬂb micron openings and is
retained on a standard #35 sieve with 500 micron openings is eonsldered to have a particle size
between 500 and 600 microns, and a precursor particle that passes tllruuhh a #35 sieve with 500
micron openings is considered to have a particle size less than 5005 microns. In preferred
embodiments of the present invention, the precursor particles will generally rangs in size from about
1 micron to about 2000 microns, more preferably from about 20 microns to about 1000 microns.

Further, for purposes of this invention, the mass average particle size of the piscursur particles is
important in determining the characteristics and properties of the resultﬁnt composite absorbent
© structures. The mass average particle size of a given sample of precursor pamdes is defined as the
particle size which is the average particle size of the sample on a ma#s basis. A method for
determining the mass average particle size of a sample is described in det_ail in US Application no.
08/142 258. The mass average particle size of the 'p'reqnsor particles wili‘gsnarally be from about
20 microns to about 1500 microns, more preferably from about 50 microns to about 1000 microns,
most preferably from about 50 microns to about 800 microns. In espacially preferred embodiments,
~ the mass average particle sizes is from about 100 micrans to about 250 microns The particles can
be substantially uniform in size and shape, or can be randomly or ordered i 'in size and shape. In an
exemplary embodiment, at least about 95% by weight of the precursor partldas have a particle size
between sbout 150 microns and about 300 microns. In an alternative enimdlment at least about
95% by weight of the precursor particles have a pamcla size between -abojn 90 microns and about
180 microns. Narrow precursor particle size distributions are preferred becauss they result in &
higher porosity alisorbent composite structure duse to the higher void fraction when densifiad versus
broader precursor particle size distributions with equivalent mass average particle sizes.

* The particle size of materials having a large greatest dimension/smallest dimension such as fibers is
typically defined by their largest dimension. For examgls, if 'ahsorharit. polymeric fibers (i.e.
 hydrogel-forming fibers) are used in the composite absorbent structures, the length of the fibers is
used to define the "particle size." (The denier andfor the diameter of the fibers can also be
specified.) In exemplary embodiments of the present invention, the fibers héve a length greater than
about 5 mm, preferably between about 10 mm and about 100 mm, more preferably between about
10 mm and about 50 mm.
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The precursor particles comprise substantially water-insoluble, absorbent hydrogel-forming, polymer
material having a multiplicity of anionic, functional gmuﬁs, such as sulfonic acid, and more typically
carboxy, groups. Examples of polymer materials suitable for use as the precursor particles herein
include thase which are prepared from polymerizable, unsaturated, acid-containing manomers. Thus,
such monomers include the olefinically unsaturated acids and anhydrides which contain at least one
carbon to carbon olefinic double bond. More specifically, these monomers can be selected from
olefinically unsaturated carboxylic acids and acid anhydrides, olefinically unsaturated sulfonic acids,
and mixtures thereof.-

Some nbn-qcid monomers can also be includad. usually in minor amounts, in preparing the precursor
particles herein. Such non-acid mqnomers' can include, for example, the water-soluble or water-
dispersihle esters of the acid-contaihing monomers, as well as monomers which contain no carboxylic
or sulfonic acid groups at all. Optional ﬁnn-an_id m_on_ofners can thus include monomers containing the
tollawing types of functional groups: carboxylic acid or sulfonic acid esters, hydroxyl groups, amide-
groups, amino groups, nitrile groups and gquaternary ammonium salt groups. These non-acid
monomers are well-known materials and are déscribed in greater detail, for exampls, in U.S. patent
4,076,663 {(Masuda et al), issued February 28, 1978, and in U.S. patent 4,062,817 {Westerman),
issued December 13, 1877, both of which are incorporated by reference.

Otefinically unsaturated carboxylic acid and éarboxylic acid anhydride monomers include the acrylic
acids typified by acrylic acid itself, methacrylic acid, sthacrylic acid, s-chloroacrylic acid, e-
cyanoacrylic acid, h-methvlacrﬂic acid {crotonic acid), a-phenylacrylic acid, b-acryloxypropionic acid,
 sorbic acid, a-chiorosorbic acid, angelic acid, cinnamic acid, p-chioro cinnamic acid, b-sterylacrylic
~ acid, itaconic acid, citroconic acid, mesaconic acid, glutaconic acid, aconitic acid, malsic acid,
fumaric acid, tricarhoxyethylene and malsic acid anhydride. |

Olefinically unsaturated sulfonic acid monomers include sliphatic or arematic vinyl sulfonic acids such |
as vinylsulfonic acid, allyl sulfonic acid, vinyitoluene sulfonic acid and styrens sulfonic acid; acrylic
and methacrylic sulfonic acid such as sulfosthyl acrylate, sulfoethyl mathacrylate, sulfopropy!
acrylate, sulfopropyl methacrylate, 2-hydroxy-3-methacryloxy propyl sulfonic acid and 2-acrylamide-
2-methyipropane sulfonic acid.

Preferred polymer materials for uss in tﬁa present invention contain carboxy groups. These polymers
include hydrolyzed starch-acrylonitrile graft copolymers, partially. neutralised starch-acrylonitrile
graft copolymers, starch acrylic acid graft copolymers, panially neutralised starch-acrylic acid graft
copolymers, saponified vinyl acetate-acrylic ester copolymers, hydrolysed acrylonitrile or acrylamide
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copolymers, slightly netwerk crosslinked polymers of any of the foregoing copolymers, partially
neutrafized polyacrylic acid,’ and sltghtly network crosslinked polvmers of partially neutralized
polyacrylic acid. These polymers can be used either solely or in the form of b mixture of two or mare
different polymers. Examples of these polymer materials are disclased in 'U.S. patent 3,661,875,
U.S. Patent 4,076,663, U.S. patent 4,093,776, U.S.patent 4,666,983, and U.S. patent 4,734,478,

Mast preferred polymer materials for uss in making ths'precﬁrsor partict:és are slightly network
crosslinked polyme_rs of partially neutralised polyacrylic acids and starch daiﬁvatives thereof. Most
preferably, the precursor particles comprise from about 50% to about 95%.i preferably about 75%,
neutralised, slightly network crosslinked, polyacrylic acid {i.s. poly {sodium acrylata!acryllc acid)). As
described above, the precursor particles are prafarably made from polvmar matenals that are slightly
network crosslinked. Netwnrk crassinking serves to render the pulymar mlteﬂals from which the
precursor particles are made substantially water-insoluble and, in part, datum\mns the absorptive
capacity and extractable polymer nuntsnt characteristics of the precursor paﬁldas and the rawltant
composite absorbent structures. Processes for network crosslmlung the' pnlymers and tvplcal
network crosslinking agents are described in greater detail in the harembeformfnrencad U.S. patent
4,076,663,

The-individual precursar particles can he formed in any conventional manner. : Typical and preferred
processes for producing the individual precursor particles are described in U.S. patent Re. 32,648
(Brandt st al), issued April 19, 1988, U.S. patent 4,666,983 (Tsubakimoto st al), issusd May 19,
1987, and U.S. patent 4,625,001 (Tsubakimoto et al), issued November 25, 1888, all of which are
incorporated by reference. Preferred methods for forming the precursor particles are those that
invoive aqueous solution of other snlutmn polymenzatmn mathods. As dascribed in the abave-
referenced U.S. patent Re. 32,649, aqueous solution polymenzatl_on involves the uss of an aqueous
reection mixture to carry out polymerization to form the precursor particles. The agueous reaction
mixture is then subjected to polymerization conditions which are s'ufficiuqt to producs in the mixture,
substantially water-insoluble, slightly network crosslinked polymer material. The mass of polymer
material thereby formed is then pulverized or chopped to form the individual precursor particles.

More specifically, the aquaous solution polymerization method for producing the individual precursor
particles comprises the preparation of an agusous reaction mixture in which to carry out
polymerization to form the desired pracursor particles. One element of such a reaction mixture is the
acid group-containing monomer material which will form the "backbone® of the precursor particles to
be produced. The reaction mixture ‘will generally comprise about 100 parts by weight of the
monomer material. Another cnmpunsnt of the aqueous reaction mixture eoimmses a network
crosslinking agent Network crosslinking agents ussful in forming the prsﬁlrsqt particles are
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described in more detail in the above-referenced U.S. patent Re. 32,649, U.S. Patent 4,666,983,
and U.S. patent 4,625,001, The network-c_ruéslinking agent will generally be present in the aqueous
reaction mixture in an amount of from about 0.001 mole percent to about 5 mole percent based on
" the total moles of monomer present in the aqueous mixture (about 0.01 to about 20 parts by weight,
based on 100 parts by weight of the monomer material). An optional component of the aqueous
reaction mixture comprises a free radical initiator including, for example, peroxygen compounds such
“as sodium, potassium, and ammonium persulfates, caprylyl peroxide, benzoyl peroxide, hydrogen
peroxide, cumene hydroperoxides, tertiary butyl diperphthalate, tertiary butyl perbenzoate, sodium
' "peracetate, sodium percarbonate, and the like. Other optional components of the agueous reaction
mixture comprise the various noi_l-ac_idi_c .co-monomer materials including esters of the essential
unsaturated acidic functional group-containing monomers or other co-monomers containing no
carboxylic or sutfonic acid functionalities at all.

The aqueous reaction mixture is subjected to polymerization conditions which are sufficient to
produce in the mixture substantially water-insoluble, ahsorbent, hydrogel-forming, slightly network
crosslinked polymer materials. The polymérizatiqn conditions are aiso discussed in more detail in the
three above-referenced 'patsnts.' Such polymerization conditions generally involve heating {thermal
activation techniques) to a polymerization temperature from about 0°C to sbout 100°C , more
preferably from about 5°C to ahout 40°C . Polymerization conditions under which the agueous
reaction mixture is maintained can also include, for example, subjecting the reaction mixture, or
portions thereof, to any conventional form of polymerization activating irradiation. Radioactive,
slectronic, uitraviolet, or electromagnetic radiation are alternative conventional polymerization
technigues,

The acid functional groups of the bolymer materials formed in the aquecus reaction mixture are also
preferably neuttalizad. Neutralization can be carriad out in any conventional manner which resuits in
ot least about 25 mole percent, and more preferably at least about 50 mole percent, of the total
monomer utilized to form the polymer material being acid group-containing monomers that are
neutralized with a sait-forming cation. Such sait-forming cations include, for example, alkaii metals,
ammonium, suhstiiut_ed ammonium and amines as discussed in further detail in the above-references
'U.S. patent Re. 32,649. While it is prafaﬁad that the precursor particles be manufactured using an
.aqueous solution polynmﬁzqﬁnn process, it is also possible to carry out the polymerization process
© using muiti-phase polymerization' processing techniques such as inverse emuision polymerization or
inverse suspension polymerization procedures. In the inverse emulsion 'polymari_z_ation or invesse
suspension polymerizaiion procedures, the aqueous reaction mixture as hereinbefore described is
suspended in the form of tiny droplets in a matrix of a water-immiscible, inert organic solvent such
.as cycldhexane. The resultant precursor particles are generally spherical in shape. Inverse
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suspension polymerization procadurss are described m greater detail in U.S. patent 4,340, 706
(Dbaysashl et al), rssued July 20, 1982, U.S. Patent 4,506 052 (Flesher ‘st al), issued March 19,
1985, and U.S. patent 4,735,987 (Morita et al), issued Apnl 5, 1988, all of which are incorporated
by reference.

The precursor particles are preferably substantially dry. The term substantmlly dry” is used herein
to mean that the precursor particles have a liquid content, typically water or other solution content,
less than about 50%, preferably less than about 20%, more preferably lqss than about 10%, by
weight of the precursor particles. Most preferably, the liquid content of the precursor particles is in
the range of from about 0.01% to about 5% by weight of the precursor piarticles. The individual
precursor particles can be dried by any conventional method such as by heating. Alternatively, when
the precursar particles are formed using an aqueaus reaction mixture, water can be removed from
the reaction mixture by azeotropic distilation. The polymer-containing 'aquedus reaction mixture can
also b treated with a dewatering solvent such as mathanol Bombmltmns of thess drying
procedures can also be used. The dewatered mass of pulym matarial can then be chopped or
pulverized to form substantrally dry precursor pamclas of substantmlly wat!r insoluble, absorhent,
hydrogel-forming, polymar material,

Preferred precursor particles of the present invantion are those which exhibit a high absorptive
 capacity so that the resultant macrostructure formed from such precursor particles also has a high
 absorptive capacity. Absorptive capacity refers to the capacity of a gwen polymer material to

absorb liquids with which it comes into contact. Absorptive capacity can vary significantly with the

nature of the liquid being absorbed and with the manner in which the llqurd contacts the polymer
material. For purposes of this invention, Absorptive Capacity is defined in terms of the amount of

Synthetic Urine absorbed by any given polymer material in terms of grams of Synthetic Urine per

gram of 'pol_ymer material in a procadura such as defined in the Test Methods section of US

application no. 08/142 258 (Hsueh). Preferred pracursor particles of the present invention are thoss
~ which have an Absorptive Capacity of at least about 20 grams, mmﬁraferiﬁly at least about 25
. grams, of Synthetic Urine f_:e'r gram of polymer material. Typically, the pulﬁhar’ materials of the
pracursor particles herein have an Absorptive Capacity of from about 20 grams io ahout 70 grams of

Synthetic Urine per gram of polymer material. Precursor particles having this relatively high

absorptive capacitf charactaristic produce macrostructures that are espscialﬁ useful in absorhent
 products, absnrbent members, and sbsorbent articles since the resultant macrostructures formed

from such precursor particles can, by defi mtlnn, hold desirably high amounts of discharged body
exudates such as urine.
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~ While all of the precursor particles may be typically formed from the same polymer material with the
same properties, this need not be the case. For example, some precursor particles can comprise a
starch-acrylic acid graft copolymer while other precursor particles can comprise a slightly network
crossfinked polymer i_:f p_artiélly neutralized pol_ya_crylic acid. Further, the precursor particles can vary
in size, shape, absorptive capacity, or any other',pl_'n_peny or characteristic. In a preferred
embodiment of the present invention, the precursor particles consist essentially of slightly network
crosslinked polymers of partially neutralized polyacrylic acid.

In another embodiment of the present _invéntion, the precursor particles can themselves be
crossfinked at least at a portion of, preferably substantially all of, their surfaces, prior to forming the ,
precursor particles into an absorbent compnslte structure. The surface crosslinking of precursor
particles can be made by any of the cfosshnkmg agents described hersinafter. Preferred crossi inking

~ agents praferably have relatively large molecular size, and are preferably cationic. Such a

_' crosslinking agent is unable to penetrate inside the abisorbent particles, and thersfors can anly react
with palymer material at the surface thereof effectively. Mast preferably, the crosslmkmg agentisa
cationic amino-epichlorohydrin adduct. ‘Surface crossfinked hydrogel-forming absorbent polymers
have a higher level of crosslinking in the vicinity of the surface than in the interior. As used herein,
"surface” describes the outer-facing bomida_rias of the particle, fiber, etc. For porous hydrogel-
forming absorbent po!ymafs (e.g., porous particles, etc.), exposed internal boundaries can aiso be
included. By a higher level of crosslinking at the surface, it is meant that the level of functional
crosslinks for the hydrogel-forming absorbent polymer in the vicinity of the surface is generally
higher than the level of functional crosslinks for the polymer in the interior.

The gradation in crosslmkmg from surface to interior can vary, both in depth and profile.
Thus for exampls, the depth of surfau crosslinking can be shallow, with relatively sharp
transition to a lower level of crosslinking. ~Alternatively, for example, the depth of surface
crosslinking can' be 8 significant fraction of the dimensions of the hydrogel-forming abson‘hpnt
polymer, with a broader transition.

Depending on size, shape, porosity as well as functional mnsudammns, the dsgree and
gradient of surface cro_ssl_mlung can vary within a given hydrogel-forming absorbent polymer. For
particulate hydrogel-forming absorhent polymers, surface crosslinking can vary with particle size,
porosity, etc. Depend_ing on vatiations in surface:volume ratio within the hydragel-forming ahsorbent
polymer (e.g., betwesn smali and large particles), it is not unusual for the overall favel of crosslinking

_ to vary within the material (e.g., be greater for smaller particles).

Surface crossiinking is generally accomplished after the final boundaries of the hydrogel-
forming absorbent polymer are essentially established (e.g., by grinding, axfruding, foaming, etc.)
However, it is also possible to effect surface crosslinking concurrent with the creation of final
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boundaries. Furthermore, some addmonal changes in houndarles can occur even after surface
crossfinks are introduced. ' ' '

A number of processes for introducing surface crossiinks are disclosed in the art. These
include those where: ‘() a di- or poly-functional reagentis) (e.g., glydiérnl,: 1,3-dioxalan-2-one,
polyvalent metal ions, pblvquéternary amines) capable of reai:tiilg with agiisting ‘functional groups
within the hydrogel-forming absorbent polymer is applied to the surface of the hydrogel-forming
absorbent polymer; (ii) a di- or poly- functional reagent that is capahle of ruactmg with other added
reagents and pessibly existing functional groups within tha hydrugel-fonmng absorbent polymer such
8s to increase the level of crosslmkmg at the surface is applied to the surfics {e.g., the addition of
monomer plus crosslinker and the initiation of a second polvmanzatlol_l raal;tmn), fii) no additional
polyfunctional reagents are added, but additional reaction(s) is induced amnnﬁk’t’ existing componants
within the hydrogel formmg absorbent polymer either dunng or after the pnmary polymerization
pracess such as to generate a higher Ievel of crosslinking at or near the stlrface {e.g., heating to
induce the formation of anhydride and or esters crasslinks betwesn exlstmg ﬁnlymar carboxylic acid

 andjor hydroxyl gruups and suspensmn polymerization processes wherein the érnsslmksr is inherently
present at higher levels near the surface); and (iv) other materials are added to the surface such as
to induce a higher level of crosslinking or otherwise raducs the surface defumllnlltv of the resultant

“hydrogel. Combinations of thess surface crosslinking processas either conuhsntly or in sequencs
can aiso be employed. In addition to crosslinking reagents, other conmnnants can he added to the
surface to aidjcontrol the distribution of crosslmkmg {e.g.. the sprudmg and penetration of the
surface crosslinking reagents.) '

| Suitable general methods for carrying out surface crossiinking of hydrogel-forming
absorbent polymers according' to the present invention ars disclosed in U.S. patent 4,541,871
(Obayashil, issued September 17, 1985; published PCT “application W09211 6565 (Stanley),
published October 1, 1892, published PCT application W090/08788 (Tai), pubﬁahad August 9, 1990;
published PCT application WO093/05080 (Stanley), published March 18, '1993; U.S. patent
4,824,901 (Alexander), issued April 26, 1988; U.S. patent 4,789,861 '(Jnhnson):, issued January 17,

' 1589; U.S. patent 4,587,308 {Makita), issued May 8, 1986; U.S. patsnt 4,‘734;478 (Tsubakimoto),
issued March 28, 1988; U.S. patent 5,164,450 (Kimura et. al), issued November 17, 1992
published German patent application 4,020,780  (Dahmen), published Auglkt 29, 1891; and
published European patent application 508, 708 {Gartner), published October 21, 1982; all of which
are incorporated by reference.

Crosslinking Agent

A crosslinking agent is usad to crosslink the polymer material of the precursor particles 2 to thg
absorbent substrate 3. A suitable crosslinking agent can be a nonionic crosslinking agents described
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in U.S. patent 5,102,597 (Roe et al), issued April 7, 1992. These nonionic crossiinking agents
include polyhydric alcohols (e.g., glycerol), polyaziridine compounds (e.g., 2,2-hishydroxymethyl
butanoltris{3-{1-aziridine} propionate]), haloepoxy compounds (e.g., epicholorhydrin), polyaidehyde
compounds (e.g., glutaraldehyde), polyamine compounds {e.g., ethylene amine), and polyisocyanate
compounds {e.g., 2,4-toluene diisocyanate), preferably glycerol.

Preferred crosslinking agents are those which primarily provide crosslinking at portions of the
surface of the absarbent precursar particles. Such crosslinking agents preferably have relatively
large molecular sizé,_and_ are preferably cationic. As a result, it is believed, such a crosslinking agent
is unable to penetrate inside the ahsorbent particles, and thersfore can imly react with polymer
material at the surface thereof effectively. It is possibie that some such larger crosslinking agent
can penetrate into the particle when the particle is swelled via the swelling agent. '

Another preferred crosslinking agent is one which. reacts very rapidly with the anionic, typically
carboxy functional groups of the polymer material of the absorbent particles, even at a room
temperature range (e..g., at from about 13°C to about 33°C ). As a result, fairly modest levels {e.g.,
as low as ahout 1% by weight of the particles) of such crosslinking agent are required to provide
effective surface crosslinking of the polymer material present in the absorbent precursor particles.

A preférred crossiinking agent of the present invention, however, is an adduct of epichiorohydrin
with certain types of monomeric or polymeric amines. These amino-epichlorohydrin adducts react
with the polymer material of the absorbent precursor particles, and in particular the anionic, typically
carboxy, functional groups of thess polymer materials to form a covalent, ester-type bond. In other
words, the aminn-epichlornhydrin adduct serves ta crosslink the polymer material present in the
-absorbent precursor particles. {The portions of the absorbent particle containing polymer material
that has heen effectively crosslinked with the amino-gpichlorohydrin adduct swell less in the
presence of aqueous bni!v fluids relative to the other uncrossfinked portions of the particle.) Such
cationic amino-apichlorohydrin adduct, especially a polymeric rasin version, is relatively large such
that preferential surface crosslinking is achieved. Such adduct with its cationic functional groups
{e.g., azetedinium groups) can react rapidly with the polymer material at the room temperature range
of preferably from about 13°C to about 33°C, more preferably from about 18°C to ahout 28°C,
most preferably about 23°C. |

As used herein, "bationic aminu-apichlorohydrin' adduct” refers to the reaction product between
epichlorohydrin and a monomeric or polymeric amine such that the resulting reaction product has at
[least two cationic functional groups. These adducts can be in the form of monomeric compounds
{e.g., the reaction product of epiéhl_orohydrin and ethylena diamine), or can be in polymeric form (e.g.,
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the reaction product between ep:chloruhydnn, and polyamlde polvammes or. polyethylenmmmss) The
polymeric versions of thess cationic amino- eplchlorohydnn adducts are’ typlcally referred to as
I‘BSIIIS

One type of amino compound which can be reacted with epichlorohydrin to form adducts useful in
the present invention comprises monomeric di-, tri- and higher amines havmg primary or secondary
amino groups in their structures. Examples of useful diamiries of this type! 'include bis-2- -aminosthyl
ether, N.N- -dimethylethylenediamine; piperazine, and ethylenediamine. Examples of useful triamines
of this type include N-aminoethyl piperazine, and dsalkylene triamines such as d:ethylenetnamme, and
dipropylenetriamine.

Such amine materials are reacted with epichlorohydrin to form the cationit amino-epichlorohydrin

“adducts useful as crosslinking agents herein. Preparation of these addu&s, as well as a more
complete description of the adducts themselves, can be found in U.S. patdnt 4,310,593 (Gross),
issued January 12, 1982, and in Ross et al, J. Orgamc Chemistry, Vol. 29 pp 824-326 (1964).
Both of these documents ars mcorporated hv reference '

In addition to monomeric amines, polymeric amines such as olyethyleneimines can also be used as

- the amino compound.. A particularly desirable amino compound which can be reacted with
epichlorohydrin to form preferred cationic polymeric adduct resins useful Imam coinprisa certain
polyamide-polyamines derived from polyalkylene polyamines and saturated 03¥¢10 dibasic carboxylic
acids. Epichlorohydrin/poiyamide-polyamine adducts of this kind are water-soluble, thermosstting
cationic polymers which are well known in the art as wet strength resins for paﬁer products.

In the preparation of polyamide-polyamines used to form this preferred class of cationic polymeric
resins, a dicarboxylic acid is first reacted with a polyalkylene-polyamine, pisfer'ahly in agueous
solution, under conditions such as to produce a watsr-soluhle, long chain pulvtnude containing the
recurring groups -NH{CnH2nHN)x-CORCO- where n and x are each 2 or more and Risthe C1to C8
alkylene group of the dlcarbnxyllc acid.

A variety of polyalkylene polyamines including polyethylene polyamines, polypropylene polyamines,
polybutylene polyamines and so on can he employed to prepare tha polyanida-ﬂclvimim, of which
the polyethylene polyamines represent an economically preferred class. More spu:iﬁcally, preferred
polyalkylene polyamines used to prepare the cationic polymiric resins 'hud‘:i'n ‘are polyamines
containing two primary amine groups and at least one secondary amine group in wlm:h the nitrogen
atoms are Imked together by groups of the formula -CnH2n- where n is a small mtnger greater than
unity and the number of such groups in the molewle ranges from two up to about eight and
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preferably up to about four. The nitrogen atoms can be attached to adjacent carbon atoms in the
group -CnH2n- or to catbon atoms further apart, but not to the same carbon atom. Also
contemplated is the use of such polyamines as disthylenetriamine, tristhylene tetramine,
tetraethylenepentamine, dipropylenetriamine, and the like, which can be obtained in reasonably purs
form. Of all the foregoing, the most preferred are the polyethylene polyamines containing from two
to four ethylene groups, two primary amine groups, and from one to three secondary amine groups.

Also 'contemplatad fb_r use hersin are polyamine pr_ei:urs_br matefials containing at feast three amino
groups with at least one of these groups being a tertiary amino group. Suitable polyamines of this
type include methyl his(a-aminnpfopyl)amine, methyl bis{2-aminoethyl)amine, N-{2-aminosthyl)
piperazine, 4,7-dimethyltristhylenetetramine and the like.

The dicarboxylic acids which can be reacted with the foregoing polyamines to form the polyamide-
polyamine precursors of the preferred cationic polymeric resins useful herein comprise the saturated
aliphatic C3-C10 dicérboxylil: acids. More preferiad are those containing from 3 to 8 carbon atoms,
such as malonic, succinic, glutaric, adipic, and so on, together with diglycolic acid. Of thess,
diglycolic acid and the saturated aliphatic dicarboxylic acids having from 4 to B carhon atoms in the
molecule, namely, succinic, glutaric and adipic are most preferred. Biends of two or more of these
dicarboxylic acids can also be used, as well as biends of one or more of these with higher saturated
aliphatic dicarboxylic acids such as azelaic and sebacic, as ldng as the resulting long chain polyamide-
polyamine is water-soluble or at lsast water-disper.siﬁle.

The polyamide-polyamine materials prepared from the foragoing polyamines and dicarboxylic acids

are reacted with e_pichloruhydrin to form the cationic polymeric aminospicillotohydrin resins preferred

for use hersin as the crossiinking agent. Preparation of such materials is describe in greater detail in

U.S. patent 2,926,116 (Keim), issued February 23, 1960, U.S. patent 2,926,154 {Keim), issued

Falmiary 23, 1960, and U.S. patent 3,332,901 (Keim), issued July 25, 1967, all of which are
_incorporated by reference. '

The cationic polyamide-polyamine-epichlorshydrin resins hrafemd for use herein as crossinking
agents are commercially marketed by Hercules Inc. under the trade name K_ynwnao. Especially
useful are Kymene® 557H, Kymens® 557LX and Kymene® 557 Plus, which are the epichlorohydrin
‘adducts of _poiygniidepolyamines which are the reaction pfbducts of diathyIsnetriarhina and adipic
acid. They are typically marketed in the form of aqueous solutions of the cationic resin material
containing from about 10% to about 33% by weight of the resin active.

Substrate layer
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The substrate layer prnwdes a variety of functions. Primarily, it serves as a suppnrtmg means for the
precursor partu:les 2. It can also serve as a distributing means for :mprowng the distribution of
applied liquids to be absorbad into the absorbem compnsne strumure Praferablv, the liquid
distribution properties of the suhstrata Iayar 3are suhstantlally greater thm those of the precursor
particles 2, such that the absorbent compasite structure has improved I|qu|d distribution properties
relative to the layer of precursor particles 2 alone. In preferred amhndmlanits, the substrate layer 3
comprises a plurality of capillary elements having a length, praferably arranged substantially in
parallel, for improving the distribution of the liquid along the lengths thersaf.

The substrate is preferably one which has excellent wet éﬁingth, and can impart improved wet
strength and wet integrity to the ahsorbent composite structtire, that is, the substrate is effective
as a supporting means after tha precursor pamclss 2 and the substma nself have becoms wet with
liquid. Support for the bonded gellmg particles is nieeded espamlly in this situation, where the
gelimg particles begin te swall after absorhmg |ll|llll| Such suppnrt is espaclally important when the

~ absorbent composite is used in an absorbent article such as a d‘apnr or catamenial product where
external forces can also act upon the structure to causs precumr particles that are not firmly
attached to the substrate to become detached. o

The substrate layer can be sslscted frnm various materials known in the art snch as cellufoss fibers,
nonwoven webs, tissue webs, foams, polyacrylate fibers, apertured polymonc webs, synthetic
fibers, metallic foils, elastomers, and the fike. Most such substrates can serve both as a distributing
means and a supporting means for the absnmnt macrostructure layer Prsferablv. the substrate
layer is comprised of celluloslc material or a material havmg cellulosu: functwnallty Preferred
substrates for use as a fluid distributing means can be selected from u!luluuc materials, fibrous
webs, cellulesic fihrous welis, solid foams, cellulm foams, and polyvmyl alc¢l|ol foams. Preferred
substrates for use as. a suppnrtmg means can be selected from cellulosic maiuials fibrous webs,
nonwoven webs, fabrics, cellulesic fibrous webs, solid foams, cellulosic foams, and polyvinyl alcohol
foams. -

The substrate laver ls prefenblv flexible and pliable to encourage such prupartles in the resulting
absorbent composite. A substrate layer can be substantially resifient and nnn-stretdlabla or it can
be stretchable or dsformable to a varying extent in'responsa to forces exmed normal to and in the
plane of the surface of the suhstrate

The thickness and basis weight (walght per unit area of substrate) nf 2 substrata material will vary
depending on the type of substrate and the desired properties. A substrate can slso cnmpnsas a
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plurality of individual sheets, or plies, of a particular substrate material, or a combination of one or
more substrate layers in a laminate. As a typical substrate, a BnuntyQ sheet has 8 thickness of from
about 0.02 mm to about 1.2 mm, more preferably from about 0.3 mm to about 0.8 mm, and a basis
weight of from about & gmlm2 to ahout 100 gm/m<, more preferably from about 10 gmlm2 to about
60 gm!mz, and most preferably from about 15 _gmlm2 to about 40 gmlmz. As another typical
substrate, a cellulose foam has a dry compressed thickness of from about 0.5 mm to about 3.0 mm,
mors preferably from about 0.8 mm to about 2.0 mm, a wet expanded thickness of from about 0.8
mm to about 6.0 mm, more preferably from about 1.0 mm to about 5.0 mm, and a basis weight of
from about 50 gm/mZ to about 2,000 gm!m2 more praferahlv from about 100 gmlm2 to about
1,000 gmimZ.

Substrates for use as support means typically have a dry tensile strength of from about 500 gmjin to
about 8,000 gmiin, though more preferably from about 1,000 gmiin to about 3,000 gmijin, a wet
tensile strength of from about 200 gm/in to about 5,000 gmjin, though more preferably from about
400 gm/in to shout 1,000 gmfin, and a wet burst strength of from about 100gm to abeut 2,000 gm,
though more preferably from about 200 gm to about 1,000 gm.

In preferred embodiments, the substrate layer comprises a cellulosic fibrous web such as paper
towelling and paper tissue. Examples of such cellulosic fibrous webs are disclosed in U.S. patent
3,953,638, issued April 27, 1978, U.S. Patent 4,469,735, issued Sept. 4, 1984, U.S. patent
4,468,428, issued Aug. 28, 1984, and U.S. patent 4,886,882, issued Jan. 22, 1991, all herein
incorporated by reference. A preferred example of such is Buunty° paper towel, commercially
marketed in the U.S. by The Procter & Gamble Company. Another preferred sxample of such is
Kinocloth® paper tissue, commercially marketed in the U.S. and Japan by Honshu Paper Co., Ltd..

Bnunty and Kinocloth® are hydrophilic and have good distribution and wiclung properties, as well as

- good wat integrity.

in another preferred embodiment, the substrate layer comprises a cellulosic foam. In general, a
cellulosic foam will provide a higher liguid wicking rate over a longer wicking distance than a
cellulosic fibrous web. Preferably, the cellulosic foam is in a compressed state so as to further
improve its wicking and fluid distribution properties. Suitable cellulose foamcan bs made of
regenerated rayon fibers by well-known methods, such as those disclosed in European patent
application :

EP-A-293,208. Such cellulose foams have numerous small cells, the size of wluch affect the
capiflarity. and absorptivity of the foam. The cellulose foam layer will ordinarily, and preferably, '
expand when wet. A preferred cellulosic foam is one which has been compressed in the dry state
prior to use. The average pore size of the cellulose foam layer can be determined by the



WO 96/07476 ' PCT/US95/10653

- ' ' 22
compression. In preférred embodiments, the average pore size of the cellulose foam layer, as
measured in the dry state -after any compression, is from about 1 micron io ahout 1000 microns,
preferably from about 1'micron to about 200 microns, more preferably from about 5 microns to
about 70 microns. A prafsmd comprsssed callulose foam layer has a densnv of from about 0.1 glcc
(about 0.05 gl'm3) to about 0.8 gicc {about 0.41 giin3) and has ‘a compreéssd thickness (in sheet
form) of from about 2 mm to about 5 mm. in general, better wicking propehles can b obtained by
using a foam layer having'a highar dsnslty, or a smaller pore size. When suéll compressed cellulose

foam layer cantacts with liguids, the pore size of the foam begins to axpand' whereby the thickness
-of the foam layer become mcreased

Absorbent foam substrates, particulaﬂy compressed cellulose foam substratis, ars highly preferred
substrates in the absarbaﬁt l:ompnsnas of the present invention. In addition tn having excellsnt dry
and wet strength and mtagntv, cellulose foam substrates, specifically in thd form of sheets, have
axcellent capillarity and fluid _wu:kmg properties. When liquid such as wa_thr or body exudate is
deposited onta the surface of an absorbent composite comprising & foam dellulose substrate the
fiquid passing through the layer of hydrogel-forming particles and into the eallllosu foam substrate is
distributed quickly outward toward dry foam areas in cellulose foam Iaysi' due to its capillary
‘'suction. ‘That is, as the ceflulose foam absorbs water or aqueous liquids, dla celulose foam cell
structure begins to expand. Since the dry foam areas have a cell strudtures which are still
cnmpressed and which are smaller than tha cells of the watted ams. fluids rddﬂy wick into the dry
foam areas. Such cellulose foam substrates are characterized by excolleit fluid wicking and
distribution; Specifically, such cellulose foam substrates have fast mckmj ratio or speed (for
exampls, up to at least 12 cm wicking distance in 4 minutes in a vertical mclnng test) and long

wicking distance capability (for example, from about 20 cm to about 30 cmin tha first one hour in a
vertical wicking test). '

In yet another embodiment, the substrate layer can be & cellulose foam suhstrata formed by
depositing cellulose foam particles { or granules ). The ceflulose foam plmclas have an averags
volume of at least about 0.1 mmS, preferably from about 1.0 mmS to about 125 mm3. Preferably,
the cellulose foam particles are deposited and compactad on an absorbent macrostructurs fayer. _

A celluiose foam substrate is particular preferred when using the ahsorbent mnﬁnsit_a of the present
invention in an absorbent catamenial article. When blood is deposited oni‘n‘ a callulose foam
substrate layer of an lhsomnt composite, the cellulose fosm substrate can- dam to acquire the
blood, filter aggngms from the biood, and distribute the remaining fiquid pomod of the blood to the
absorbent macrostructure |ayer below. The cellulose foam substrate mny be provldad with a plurality
of slits in increase its ﬂexibillty : =
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In yet another preferred embodiment, the suhstraté layer comprises a compressed or non-compressed

polyvinyl alcohol foam. In general, such foam preferably has properties and structure substantially
as the cellulosic foam above.

Bonding Betwesn the Hydrogel-Forming Particles and Substrate Layer

The honding or interconnection between the hydrog.él-forming particles 2 and the substrate layer 3 is

effected by a crosslinking agent capéble of crosslinking the absorbent molecules of the absorbent
gelling particles 2. Any crasslinking agent which is known in the art and is capable of crosslinking
the absorbent molecules of the hydrogel-forming particles can be used as a bonding agent. A
suitable crosslinking agent can be a nonionic crosslinking agents described in U.S. patent 5,102,597
(Roe et al), issued April 7, 1982, These nanienic crosslinking agents includs polyhydric alcohols (e.g.,
glycerol), polyaziridine cqmﬁnut_lds (e.g., _Z,Z-bishydrniymethyi butanoltris[3-{1-aziridine) propionatel),
halospoxy compounds (a.g;. epicholorhydrin), polyaldehyde compounds (e.g., glutaraldshyde),
polyamine compounds (e.g., ethylene amine), and polyisocyanate compounds (e.g., 2,4-toluene
diisocyanate), preferably giycsrol.

In a preferred embodiment whete the substrate layes 3 comprises cellulosic material or has cellulosic
activity at least at the surface thereof, an unﬁno-epibhluiuhydrilr adduct is preferably used as a
chamiéal bonding means between the cellulosic substrate and the surfaces of the hydrogel-forming
particles. The amino-epichlorohydrin adduct can chemically bond to carboxyl and hydroxyl groups in
‘the cellulosic material and to the polymer material of the absorbent precursor particles, as well as to
other amino-epichlorohydrin adduct molecules. Such chemical honding can be hydrogen bonding,
ionic/coulombic bonding, polyimr entanglement bonding, and covalent bonding. In this manner, the
amino-spichlorofydrin adduct can chemically bond togather the substrats to the particles 2. The
amino-epichlorohydrin adduct preferred for uss herein as a bonding agent is Kymnao. Especially
useful are Kymene® 557H, Kymens® 557LX and Kymene® 657 Plus: Thess are the epichlorohydrin
adducts of polyamidspolyamine, which is the reaction product of diethylenstriamine and adipic acid.

Figure 4 shows a composite absorbent structure comprising two layers 20, 22 of hydrogel-forming -
harticle’s. The particles are applied to the upper surface 23 and lower surface 24 of the substrate
Isyer 3. The particles 2 in the layers 20 and 22 may be identical, but can aiso differ in physical
andfor chemical properties. '
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For instance, the partn:lu in the upper layer 20 may bs of relatwely large particle size such as

between 400 and 800 mtcrons, the particles in the lnwer layer 22 being chemically identical to the
pamcles in layer 20 but bemg of smaller particle size, for instance below 250 microns.

The particles 2 in the lower layer 22 may he applled in larger hasts welght than the particles in the
lower layer. For instanca the upper layer 20 may comprise & basis weight up to 100 glm2 the lower
layer 24 comprising a hasns we:ght between 200 and 400 glmz Useful .multilayer structures in
which the composite structure can be used as the top layer hava heen described in European
application no. 94111965. 4 (Bugdanskll

Alsn, the degres in mtarpamcla crossli nkmg ‘between the paftlcles in. the lower layer may be
different from the degree in interparticle crossfinking batwaen tha pamcles m the upper layer. This
may be effected by applymg a lower basis weight of hydrogel fnrmmg panu:lts to the upper surface
23 of the substrate 3, or hy application of a different concentration of inter -particle crosslinking
agent to the lower layer 22 of hydrogel-forming particles.

The crossiinking agent that bands the particles 2 to the substrate 3, can also effect surface
crosslinking of the pamcles 2, Increased surface crossiinking of the particles 2 will lead to improved
absorption of liquids under pressure (between 0.3 and 1 0 psi) but to reducld Teuhag Gentrifuge
Capacity. A test for measuring the absorption under pressure and Tuhag Gsmnfuga Capacity has
been described in Europsan appl'camn no. 93308614.1. Generally, it ls prefemd that the hydrogel-
forming pamclss in the upper layer 20 havs a high liquid ahsnrpmn against pressure, and do not
easily deform so that an open structure is maintained., Tlns can be aclnmd by i mr.raasmg the degree
of surface-crosslinking of the hydrngal-fnnmng pamdas in the uppu layer by controlling the amount
of crosslinking agent used to bond the particles 2 to the substrate 3.

Altlmtmly the chemical pmpartias of the hydrogel-forming materials mav b different, such that
the upper layer comprises absurhsnt gdling materials of rslatwdy slow speed aml the lower layer
comprises fast almrbmg partides.

Prafuably, the hydrngal-fnnmng pamdas of the upper layer of an ahsurbant core should be relatively
permeable and mamtam an npan structure, whereas the hydrogel- formmg pamclas in the lower
layers of an ahsorbent core may he less psmeahle.

Figurs 5 shows an embodiment in which a layer 26 of hydrogel-forming particles is sandwiched
between two substrate layers 27,28. The crosslink bonds 8 connecting the particles 2 of each layer
27,28 to the substrate layers 27,28 hold the combined layers 26,27 28 together such that an
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integrated structure is formed. An advantage of such a structure is that a pre-formed absorption
body is formed which can, dus-to its flexibility, be stored on a roll, the laysr 286 being protected by
both layers 27,28 from becoming detached hy chaffing, abrasion or mechanical impact.

Figure 6 shows an embodiment in which the substrate in specific areas 28 is not covered with
‘hydrogel-forming particles 2, such that a window is formed through which liquids can enter into the
substrate 3 and be transported within the substrate 3 across the lower layer 30.

Figure 7 shows an integrated muitilayer structure comprising two layers of hydrogel-forming
particles 26,26' sandwiched between three substrate layers 27,28,31,

| Multilaver core comprising a composite absorbent structure as an upper layer

Figure 8 shows an embadiment of an absorbent core 33 cnﬁnprising a muitilayer structure in which
the absorbent composite structure 35 is comprised and forms the second and third layer from the
top of the core 33.

It is thought that the combination of materials and layers as shown in figure 8, provides a useful
optimisation of the functionalities of the materials. (n particular, it is thought to allow saturation of
the hydrogel-forming material first in the region 37 of the core 33 furthest away from the wearer's
~ body, and then gradually closer to the wearer's body until the core has reached its maximum
capacity. This is achieved by providing an upper assembly or structure 34,36 which acts initially as
an acquisition/distribution structure and that is relatively permeable to body discharges. The
discharges therefore pass relatively quickly through the first layer 34 of superabsorbent, and into
the lower assembly 37,39 which acts as a storage reservoir and also effects further distribution in
layer 39. By preferentially arranging the second hydrogel-forming material 37 in the lower part 37
of the lower assembly 37,39, so that the upper part 39 has a low, preferably a zero concentration
of hydrogel-forming material, void spacs is provided in the lower assembly that can promots the
storage cahacity of that assembly. By using second hydrogel-forming material 37 having an
Absorption Against Pressure value of at least 15 glg at 50 gk:m2 pressurs, good storage retention is
. achieved. ' : :

Liquid that is not adequately absorbed into the second hydrogel-forming material 37 can
subsaguently be absorbed in the first hydrogel-forming material 34. The provision of this material as
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a layer beneath the acquisition layer 36 has the advantage that this first hydrogel-forming material
34 acts to dry out the acquisition laysr 36 as to minimise rewet and to improve skin dryness.

In order to achieve the desired performancs cha_raétaristics' it is necessary to select appropriate
cambinations of various materials in the core, as wail as their _ainounts. The following description
refers to suitabla'mateﬁdls and by subjecting appropriate test articles made from them to the
specified tests, and modifying the articles whan necessary to achieve the required test results, cores
according to the invention can be achieved.

For instance to achieve the ahove described fluid handling advantages the first assembly 34,36
should be sufficiently open, or permeable, relative to the second structure 37,39 to allow quick
passage of body discharges through the first structure and into the second structure. However, the
first structure 34, 36 should not be too open as this could lead toa higher risk of gel-blocking of the
hydrogel-forming material 37 in the second structure, thereby under-utilising the absorbent capacity
in that structure. A balance should be struck.

Upper Assembly

This comprises the acquisition layer 36 and a layer 34 of first hydrogel-forming 'part_iclss. '

The acquisition layer 36 is the upper effective layer of the absarbent core or other body {excluding
any tissue or topshest if present). It is genarally. substantially free of hydrogel-forming material. If
hydrogel-forming material is included, the amount should be kept low {for instance as in
'W091/11163) but preferably the layer is wholly free of hydrogel-forming material, at least in the
upper half, and generally throughout most or all of its thickness. Tha layer may be of foam or other
suitable porous or capillary material but is usually formed of first fibrous material.

Suitable materials and propertiss of this upper layer, and mathods of making it, are described in
wog1/11163. : ' ' :

 This upper layer 36 preferably has a Wet Compressibility of ot feast about Scmdjg and a Drip
Capacity of at least 10gfg. Fibrous material of the defined Wet Compressibility and the defined drip
capacity maintains its openness, or void volums, when wetted by, for example, urine. The provision
of such a permanently open fibrous layer having a high drip capacity in the core means that nat only
daes the core acquire body discharges, such as urina, rapidly, but the layer alsa has the potential to
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tra_nsfer these discharges inta the subjacent structure of first particulate hydrogel-forming material
relatively quickly.

The first fibrous material can be any fibrous material that has a suitable resistance to load when
wet, i.e. is able to maintain satisfactory void volume under such conditions and this is defined herein
as Wet Compressibility which is measured by the Wet Compressibility test described in detail in
European patent application no. 93309614.1 . '

The "Wet Compressibility”, or void volume per gram of wetted fibrous material under a 77.59cm’2
(1. 1psi} load, of the first fibrous material is preferably at least 5cm39'1, preferably at least 6em3g’
1, and most preferably at least 6.5cm39'1 , 8., up to B or even 10cm3g'1 or more.

The first fibrous material preferably has a "Drip Capacity” of at least 10ml g'), preferably at least

15mi g“, and most preferably at least 20m! g'1, ‘e.g., up to 25 or even 30m! g\, The "Drip

Capacity" is a measure of the ihility of a fibre matrix to receive synthetic urine at a loading point,
~ transfer it away from that point and then hold it within the matrix. The "Drip Capacity™ is measured
by the Drip Capacity Test described in detail in European patent application no. 93308614.1

Suitable first fibrous material can comprise chemically stiffened cellulosic fibres, generally in an
amount of 50 to 100% by weight of the first fibrous material and O to 50% by weight other fibres
such as non-stiffened cellulose fibres and synthetic fibres. Preferred chemically stiffened cellulosic
fibres are stiffened, twisted, curled celiulosic fibres which can be.produced by internally cross-inking
callulose fibres with a cross-linking agent. The types of stiffened, twisted, curled cellulosic fibres
ussful as the hydrophilic fibre material of the absorbent structures described herein are described in
greater detail in the following patents: U.S. patent 4,822,453 entitled “Absorbent Structure
Containing Individualised Cross-linked Fibres”, issued to Dean et al. on April 18, 1889; U.S. patent
4,888,093 entitled "Individualised, Cross-linked Fibres And Process For Making Said Fibres”, issued
to Dean st al. on December 19, 1989; U.S. patent 4,889,595 entitled "Process For Making
Individualised, Cross-linked Fibres Having Reduced Residuals And Fibres Thereof", issued to Herron
et al. on December 26, 1989; U.S. patent 4,889,596 entitled "Process for Making individualised

~ Cross-linked Fibres and Thereof®, issued to Schoggan et al. on December 26, 1989; U.S. patent
4,889,507 entitled "Process For Making Wet-Laid Structures Containing Individualised Stiffened
Fibres", issued to Bourhon et al. on December 26, 1989; and U.S. patent 4,898,642 entitled
"Twisted, Chemically Stiffened Cellulosic Fibres And Absorbent Structures Made Therefrom", issued
to Moore et al. on February 5, 1990,
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Instead of using stiffened celiulosic fibres, it is also possible to formulate the layer from synthetic
polymer fibres, or mixtures of synthetic and natural fibres. Suitable fibres are polyethylens,
polypropylene, viscoss and rayon fibres, and bi-component fibres of these materials, mixed with
airfelt, celluloss, modified celluldse (as above) or ather natural fibres. Tvpiéaliy such a mixture will
have at least about 5% synthetic fibres, and prefmbly at least about 10% svnthetlc fibres.

The first fibrous material layer is generally formed by air laying thb desired fibres dunng or
prior to the production of the absorbent core, but if desired a preformed ndn-woven or a wet or air
laid or other fibrous material can be used. The layer 36 may also be cnmplmly o partly formed by
an absorbent foam matsnal

The hydrogel-forming layer 34 consisting mainly of first hydrogel-forming material may be
crossiinked to the lower part of the acquisition layer 36, but preferably is attached to a tissue layer,
which tissue layer may be a separate layer, or may preferably be formed by layer 39.

It is important that this layer 34 consisting mainly of first hydrogel-forming material should allow
urine, menstrual fluids or other body discharges that are rapidly acquired by and distributad by the
first fibrous layer to pass rapidly through and be distributed beyond the layer of first hydrogel-
forming material without significant blockage by that layer.

The amount of the first: hydrogel-forming material should be sufficient to provide at least a
substantially overall layer of hydrogel-forming material when swollen by abs&rp‘tinn of urine in use,
but a window as shown in figure 8 may he provided. The hydrogel-forming’ material is usually in
particulate form and it is -usually'liacassary for it to bs present in an alm'imt of at least about
20gimZ. Generally the laysr should not be too thick and normally the amount is below 100 g/m2.

The lower layers 37, 39 serve as a storage and redistribution sssembly and includes an upper,
usually fibrous, layer 39 and e laver of second hyqual forming material 37.

The upper layer 39 in the lower assembly is generally fibrous but can be formed of foam or other
suitable capillary or porous material. It provides void space for storage of liquid. The fibrous or
other material of this fayer can add an extra stage of control to the absai’ptiun profile of the
ahsorhent body of the invention. For instance it may slow down the passage of hody discharges as
they leave the first hydrogel-forming layer and prior to them reachitig the second hydrogel-forming
layer material. This may minimise the chances of gel-blocking accurring in the second hydragel-
forming material, and this can be particularly useful in those embodiments where the second
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hydrogel-forming material has faster ahsorption kinetics and so tends to be more sensitive to this
phenomenon. '

The second fibrous material of layer 38 may comprise fibrous material of any conventional type. The
fibrous material can be airfelt, a mixture of natural and synthetic fibres, chemically cross-inked

 cellulose fibre o any other known fibrous material commonly used in absorbent cores of absorbent
articles. If desired it may include some fibres of the same type as the first fibrous material. The
layer 39 may also be completely or partly formed by an absorbent foam material.

Each fibrous layer may add integrity and may also add softness to the ahsorhent core.

The layer 39 may'he sdbstaritially or wholly free of hydrogel-forming material and thus may be an air
felt or other fibrous or s_tnta_gi layer formed in the absence of hydrogel-forming material. The lower
layer can then be a separétaly formed [ayer cnmpri_sinh second hydrogel-forming material. The layer
39 may be a biend with fibres or may consist mainly of the hydrngal-fohn_ing material. As shown in
Figure 8 the layer 37 may ba comprised of an interparticle cross-linked aggregate as described in US
patent 5,102,587 (Ros) or US application no. 08/142 258 (Hsush).

Howaver it is often desirable for the layers 37, 39 to be f_tirmud as in EP-A-198 683 (Duenk),

* wherein the layers are provided by a continuous air lsid fibrous matrix wherein more than haf by
weight, and usually at least 70% by weight, of the hydrogel-forming material is comprised in the
lower half of the thicknéss of the fibrous matrix. in this case for instance 70 to 100%, often 70 or
75 to 80 or 95% by weight of the second hydrogel-forming material is in the lower 50% of the
thickness of the fibrous matrix. There can he soms, for instance 5% to 10% or sometimes up to
30%, of the second hydrogel-forming material in the upper half of the thickness of the fibrous matrix
as described in EP-A-188 683,

_ Generally the layers 37, 39 are 'piovided by air laying a blend of appropriate wood pulp or other
hydrophilic ﬁ_hl;us for iﬁstnncs_ on to a conventional air laying drum or ather receiving surface. The
distribution of hydroﬁnl forming material through the thickness of iayers 37, 39 can be achieved by
appropnm selaction of the distribution of hydrogel-forming material into the stream of fibers being
carried down on to the receiving surfam, for instance as described in EP-A-188 683, or by injecting
or otherwise dwtnhutlng the hydrogel-forming particles the air leid matrix as it is formed on the
receiving surface. |

When sir laying such a matsis, it is generally desirable additionally to provide a fiter layer 38
substantially free of hydrogel-forming material which is air laid with and beneath the layer 37.
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Instead of or in addition to this a layer 38 of separately formed tlssua or other fibrous material may
be provided in this position.

Typically the amount of second hydrogel forming material i is 30 to 95% ptafarably 45 to 75%, by
‘weight of the upper and lower layers 37, 39. Its total hasls we(ght is typmlly in the range 100 to
2000g/m2.

Superabsorbent "als" '

One suitable definition of first hydragel-forming :-:terial which can be included in useful amounts in
that layer is the Gel Layer Permeability value {GLP} measured by the GLP test described in European
patent appllcatlnn no. 83308614.1. The first hydmgel formmg mateial in layar 34 should generally
have a GLP vaius of at least 8, preferably at least 9, for instance mors than 15 and up to 150 x 10°
7 em3 sig or more.

The objective of the Gel Layer Permeability (GLP) test is to dstermine the safine flow conductivity of
the gel layer formed from a dispersible Hydrogel-forming particles that is swollen in Jayco synthetic
urine under a confining pressure. The flow condnctmtv prmndas a measure of the ability of the gel
layer formed from a swollen Hydrngsl-fomng pamd-s to acquire and distribute ﬁund during use in
an absarhant structure. Dan:y s law and steady-state flow methods are used for musunng gel-layer
permeability and detsnmnmg safine flow cnnductmty (Ses, for exampla, "Ahsorbancv ed. by P.K.

Chatterjes, Elsevier, 1985, Pages 42-43 and "Chemical Enginesring Vol. 1l, Third Edition, J.M.

Coulson and J.F. Richardson, Pergamon Press, 1978, Pages 125-127))

The gel layer used for permeability measurements is formed by swellmg Hydrogel-fonmng particles
in Jayco synthstic urine for a time period of 60 minutes. The gel layer is formed and its flow
conductivity measured i ina plstonlcvl' nder apparatus under a mechanical ctmﬁmng pressure of
0.3psi. Thuhottomafthacylindonsfacad wiﬁanWUmshwmtomamdryswnﬂen
Hydrogel-forming particles and permit absorptum and z-direction transport of urme. The piston is
parmeahla to fluid. Flow conductimv is measured usmg 8 0.118M NaCl somtxon. For an Hydrogal-
forming particles whose uptake of Jaycn synthetic urine versus time has whstmtlally levelied off,
this concentratlon of NaCl has besn found to mamtam the thickness of the gul layer substantially
_ constant during |

the permeability measurement. For some Hydrogel-forming particles, smafl l:hingas in gelayer
thickness can occur as a result of Hydrogel-forming particles swelling, Hvdrogd-’tfmning particles
deswelling, and/or changes in goblayer porasity. A constant hydrostatic pressure of 4920 dynejcm?
(Scm of 0.118M NaCl), above the gel layer, is used for the measurement.
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Flow rate is determined by maaédring the Quantity of solution flowing through the gel layer as a
function of time. Flow rate may vary over _fha duration of the experiment. Reasons for flow-rate
variation include changes in '_ths thickness of the gel layer and changes in the viscosity of interstitial
fluid, as the fluid initially present in interstitial voids (which, for example, can contain dissolved
extractable polymer) is rahlaﬁed with NaCl solution. If flow rate is time dependent, then the initial
flow rate, typically obtained hy axtrapolating the measured flow rates to zero time, is used to

' calculate flow conductivity. The saline flow conductivity is calculated from the initial flow rate,
dimensions of the gel bed, and hydrostatic pressure. For systems where the flow rate is
substantially constant, a gel-layer permeability coefficient can be calculated from the saline flow
conductivity and the viscosity of the NaCl solution.

Anothar way of dafinihg ussful materials is in terms of the Dynamic Swelling Rate. Suitable
materials have a substantially non-decreasing Dynamic Swelling Rate.

The Dynamic Swelling Rats of a hydrogel-forming material is a measure of the uniaxial swelling of
the hydmgeHdmﬁng material in a test tub§ as synthetic urine is added to it as a function of time.
The test method used to measurs the dynamic swelling rate is called the Dynamic Swelling Rate
Test, and is described European patent application no. 83308614.1. By saying that the Swelling
Rate is substantially is substantially non-decreasing, it is meant that the relative deviation of the
Swelling Rates should be less than 50%, preferably less than 25%, more preferably less than 10%
and most preferably less than or equal to zero percent.

The first hydrogel-forming material in layer 34 generally has Absorption Against Pressure value of at
least 15, and generally at least 20, gig at 50gicm?. The Performance Under Pressure value is
g’inaully mors than 20g/g and preferably more than 30g/g. Methods for measuring the Performance

" Under Pressure values and Absarption Against Pressure values have heen described in European
appiication no, 93309814.1

The hydrogel-forming mmml in layer 37 'ishnuld have an Absorption Against Pr_essurh of at least 15,
at_ld preferably at least 20, g/g at Snglcmz (0.7psi} pressure, The Performance Umjar Pressure value
is generally mors than 20g/g and preferably more than 30gjg.

Useful results can be obtained when the same material is used in the layers 34 and 37, in which
event the first hydrogel-forming material 34 will have the same Absorption Against Pressure value as
the second material in lower layer 37. However different _matarials can be used and in order to
optimiss performance in some respects, and in particular to obtain grester control in the flow and
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absorption of urine and other fluid dlscherges within the cors, it can be preferred for the hydrogel-
forming material in layer 37 to have ahsatptmn kinetics which are faster ﬂm thase of the material
in the first layer 34. This is measured in terms of the Dynamic Swel!mg Rate of each of the
hydrogel-forming mateﬂels, wherem the dynamlc swelling rate of the first lwdrogel fnrmmg material
in layer 34 is preferehly not greeter than 2/3, and preferably not greater | then 113, of that of the
hydrogel-forming material in |ever 37. The eltemetwe way of defining thls dlfference is to say that
the Dynamic Swelling Rate of the hvdrogel-fnmung material in the lower leyer 37 is preferably at

least 1.5 times, and most preferehly at Ieeet 3 tiries, the Dynamic Swellmg Rate of the first

* hydrogel-forming material upper layer 34,

It is desirahle, especially when the hydmgel forming material in Ieyer 37 ' has faster absorption

~ kinetics, far it to have a Dynamic Swelling Rate of at least 0.2 grams urine per second per gram of

hydrogel-forming material (g ' s, Preferably the Dynemtc Swellmg Rate ef the hydrogel-forming
material in layer 37 isatleast0.3gg -1 51 and it can be up to, for instancs, 0.8 or even tglgls.

The hydrogel- formmg metenels in layers 34 37 mey  be of eny suitable phyucel shape, .g. fibrous or
particulate. Preferred metemls are particies that may he true spheres, gmmlee. aggregates,
agglomerates or meguler _eheped pemcles as typically produced by 8 grinding pr__oees

. An exemple of hydrogel-forming materials hevmg the above described propemee is Favor SX

{available from Chemische Fabrik -Stockhausen GmbH, Krefeld, Germeny) In particular, it is

- desirable to use as the hydrogel-forming material in layer 34 Favor SX, Type P, lot no wsms

available from Chemische Fabrik Stackhausen which have a GLP value of 9x10"7cmS seclg.

in one embodiment, the hvdmgel-fumng materials in the layers 34,37 heve diﬁerent ebs_orptmn

kinetics, and in particular the hydrogal- forming material in layer 37 has faster eheorptmn kinetics

than the hvdregel-fnmng material in upper Iever 34, fer instance having
2 Dynamic Swelling Rata of at isast 0.2gg"'s*1 and/or a Dynamic Swelling Rate that is praferably at
- lsast 1.5 times, endmstprefeuhlvetleeet:itmns the Dynamic Swelling Rate of the upper
hydrogel-forming material. The provision of this underlying, repldly ehsothmg, hydrogel-fomng
material in lower layer 37 will have the effect of tending to "suck” urine through the upper assembly
into the lower assembly.

Paptiiner

' The conmoute ehsnrhem structure as shown in Figures 2 and 3, compnemg a emgle tissue and a

single fayer of hydrogel-forming pemdes 2,is espeelelly suitable for use as the absorbent coreof a
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pantiliner. Pantiliners are to be used in between menstrual periods, and generally have a relatively
fow total absorbent capacity, such as between 5 and 20 mi grams. The amounts of hydroge!-
forming particles in a typical pantiliner rangeé between 10 and 50 g/sqm. A pantiliner generally
consist of a topsheet, an liquid impervious backsheet and an absorbent core encased hetween
topsheet and backshest. As the amounts of liquid that are to: he absorbed by a pantiliner are
relatively low, the imper'meahle backsheet can optidnally be omitted. A layer of panti-fastening
adhesm, applied to the garment-facing side of tha pantiliner, pru\ndes in that case additional fluid
containment. A detailed descnptmn of a pantiliner i is given in US patent 4,681,578,

Thin, flexible sanitary napkin

The composite absorbent structures as shown in figures 2 to 8 and the muiti-layer cores as shown in
figures 7 and 8 .are suitable for forming the core of a thin, flexible sanitary napkin 40 as shown in
figure 9 and as described in US patent 4;_950,284. A thin, flexible sanitary napkin 40 has a test
capacity which is at lsast 8 g of saline solution, and a total capacity of at least 20 g of saline
solution. The test capacity is measured by sul:msrgmg a part of the sanitary napkin having a surface
area of 66.5 cm? in a safine solution, and measuring how many grams of liquid are retained after
desorption against blotter paper. The method for measuring the te_st_capamty_ls described in detail in
Column 13, line 44 to Column 14 fine 33 of US patent 4,950,264. The total capacity is measured in
- the same minnar as the test capacity, using the total sanitary napkin instead of a cut-out portion.

The absorbent core 41 in figura 8 is formed by folding of an absorbent composite structure as shown
in figurs' 3. This folding process can results in & multilayer core of the type as shown in figure 8
wherein the top layer 42 of'hydrngel-fnnning particles is a single layer and wherein the hottom layer
44 comprises two layéts of hydrogel-forming particles. Furthermors, hydrogel-forming particles of
specific physical properties can be applied to the area 45 of the unfolded substrate 43 that
corresponds to the top layer 42 and which comprises about 1/3 of the width of the substrate. To the
area corresponding to the unfolded lower layers 47,49 of the substrate 43, which comprises about

~ 213 of the width of substrate, hydrogel-forming particles of different type can be applied, such that
for instance the GLP-values as described above are obtained.

Alternatively the core of the sanitary napkin comprises an unfolded structure as shown in figure 3.

A thin, flexible sanitary napkins generally comprise a basis weight of hydrogel-forming particles of
about 50 glmz. Higher basis waights may be obtained by stacking of a number of absorbent
compasite structures as shown in figure 3, o by folding of a single composite structure. The
sanitary napkin 40 can comprise a wet laid tissue superimposed on the core 41, a topshest 50 in the
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form of an apertured formed plastic film, and a flexible polyethylena ‘backsheet 51 of caliper
between 12 and 51 micrometers. The tntal cahper of the sanitary napkm 40 is less than 5 mm,
preferably less than 3 mm.

The composite absorbent structures according ta the invention aré eépecialli' useful in a thin sanitary
napkin of the above kind, as the flexibility of the. absorbent c’mnbnsita stri‘u:tuiss according to the
invention is high and allows formation of sanltary napkms having 8 fiexurs resistance of less than
300 grams. '

The flexure resistance is measured by the peak hending stiffness in a modified ASTM D 4032-82
Circular Bend Procedurs, in which deformation of the material under test takes place in a way that
one face of the material bacomes convex, the uther facs becoming concave, The modified Circular

" Bend Procedure gives a force value related to flexure-resistance, sit'nultdnandsly avsraging stiffness
in all direction. The above procedure is dascnbud in detail in US patent 4,950, 264 on Column 10 line
55 to Column 12 line 16.

_ Alternatively, the flexibility. of absorbent structures can be exprsssad in gramfnrce cm as measured
in a bending test as sst out below.

In the follawing test, the fiexibility of an absorbent compasite structure cumpnsing a substrate and
varymg basis weights of hydrogel- fnnmng material is measured. The results are graphically depicted
in figure 10. The hydrogel-forming material used in the present test is producad by Nippon Shokubai
Co. under the trade name Acqualic L761f, which was bonded to the substrate by application of a
solution comprising 10% by walght of Kymsne 557 Plus, 40% by walght of ulycernl and 50% by
walght of water.

In the test & 1 inch x 3 inch sample is placed into a PURE BENDING TESTER, with sefial number

" KESFB2, made by KATO Tech. Co., LTD,: Nihonssimie Kyoto Santetsu Bidg. 3F, 608-9
Higashishiokofi-cho, Shiokofi Agaru, Nishinotoindohri Shimogyo-ku, Kynto, Japan. ‘The sample is bent
by 180°, returned to its original. position, and is then bent in the apposite diredtion by 180°. The
force needed to bend the sample and the relaxation of the sample are measurad by a computer and
are recorded for a total of four bends in each direction. The averags slope of the hysteresis curve in
the first and third quadrants is recorded. The bending modulus of the sample corresponds to the
slope of the hysteresis curve and is axpressed in gramforce.cmZ/cm. During the test the air humidity
was 50 % and the tsmpsratm 73 °F
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_Tha substrate of the absorben_t composite structure is a Bounty@’ tissus produced by The Procter &
Gamble Company.

The flexibility of the Bnu'my‘D substrate tissue was 0.17 gramfufce.cmzlcm. From figure 10 it can
be seen that the flexibility of the absarbent composite structure remains clase to the flexibility of the
substrate tissué _fnf basis weights up to about 100 gcm‘z, and increases for higher basis weights.
An explanation for this is that for higher basis weights, the hydrogel-forming particles become
attached to one another by interparticle crossiinked bonds such that macroscopic interparticle
crossiinked aggregates are formed. |

Further embodimgms

Figures 11 to 14 show a top view of a composite absorbent structure 4 in which. the hydrogel-
forming particles are applied onto the substrate 3 in patterns of varying basis weights. In figure 11 a
central longitudinal channel 52 is formed for promoting liquid transport in the longitudinal direction.
in figure 12 a central window 53 is formed for receiving gushes of liquids, while maintaining
~ahsorption in the peripheral areas of the composite structure. In figure 13, the concentration of
hydrogel-forming particles increases from the central area 55 of the absorbent structure to the
_ middie area 56 and the side margin 57. In figure 14, a number of parallel stripes 58 of hydrogel-
forming particles are formed by which longitudinal liquid flow is promoted. Thess structures can be
formed by applying a crosslinking agent only to selected areas of the substrate or by varying the
amount of tha,crbssliliking agent applied, and uniformly distributing the hydrogel-forming particles
onto the substrate, The areas in which no hydrogel-forming particles are to be bonded to the
substrate can for instance be shielded by uung a mask betwesn the spray nozzle and the substrate.

~ This is described in detail in co-pending European application no. (attorney dacket ROI 833), filed by
the Applicant. Alternatively, a crosslinking agent can be homogensously applied, the hydrogel-
forming particles being laid down on the substrate in a pattem of varying basis weight.

Figure 15 shows a perspective view of an embodiment in which a pattern of holes 61 is left open in
the layer 60 of hydrogel-forming particles that covers the substrate 3. In the embodiment of figure
18, holes 63 have been cut through the hydrogel-forming layer 60 and the substrate 3 to provide
further flexibility and to improve liquid transmissive properties of the composite absorbent structure.

i figure 17, an alternative embodiment is shown in which extensibility is imparted to the substrate 3
by passing it through intermeshing corrugated members, also referrsd to as “ringrolling”, as
described in detail in international patent application WO 92/15445 end in US patent no.'s
5,158,793 and US 5,143,879. The advantage of the composite ahsorbent structure according to



WO 96/07476 _ PCT/US95/10653

36

the invention is that the upper layer 60 of hydrogel-forming particles 2 is not substantially damaged
by the ringrolling process, and that due to the strong crosslink bonds betwesn each particle 2 and
the substrate 3 , these particie do not easily detach from the substrqte.

In the emodiment of figure 18 a number of longitudinal sits 65'is formed in the substrate, which
impart improved extensibility and flexibility to the substrate in the direction transverse to the slits.

" Slitting of absorbent cellulosic foam structures to impart improved flexibiity has been described in
EP-A-0 283 208. This technology can be applied to the compossta ahsorbent structures according to
the present invention.

in a further emhodiment, the absorbent structure according to the invention is elastically sxtansible,
for instance due to elastic properties of the substrate or due to :ssparite elastication of the
substrate by combining with elastic members, Elastic ahsnrbam structures have been descnbsd in
detail in EP-A-0 552 345.

Figure 19 schamatically shaws a method of manufacturing a composite shsorbent articie according
to the invention. A substrate 3 is unwound from a supply roll 67 and passed underneath a nozzle 62.
Cross-linking agent 70 is sprayed onto the substrate, either homogeneously or in a pattern. Patterns

* of cross-inking agent may be obtained by shielding certain areas of the substiate 3 by a mask 69
placed betwsen the nozzle 62 and the substrate 3. From a dispenser 84 a stream 71 of hydrogel-
forming particles is deposited onto the substrate in basis weights below 100 gm 2. Ina nip 66, the
substrate 3 and particles are bonded by curing of the crossiinking agsm under increased
temperature and pressure conditions. It is also possible that the nip 66 is omitted if 8 crosslinking
agent is used which cures at rcom temperature and pressure. Finally, the ‘finished absorbent
composite structure 4 is wound on a storage roll 68.

Further methads of manufacturing an absorbent composite structure are disclosed in copending
European patent application {attorney dockst RO! 833).
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‘Absorbent composite structure comprising |

a substrate having an upper and a lower surface and a plurality of hydrogel-forming polymer
particles chemically bonded to at least one surface of the substrate, wherein the polymer particies
each comprise a plurality of cross-linked molecules

characterised in that the substrate and the hydrogel-forming pdlyther particles ara connected by a |
crosslinking agent capahle of crossiinking the molecules of the particles, wherein for at least a part
~ of the structure the degres of inter particle cross-inking between the particles is sufficiently low

that no inter-particie crosslmkad macrostructures are formed of circumscribed dry volume larger than
10 mmS. "

2 Absorbent composite structure according to claim 1, characterised in that in & pre-
~ determined area of the substrate, at least 50 % of the hydrogel-fonmng particles do not contact
anather hydrogel-forming particle.

3 * Absorbent composite structure according to claims 1 or 2, wherein substantially each
hydrogel-forming particle comprises a crosslink band with the substrats.

4 - Absorbent composite structure sccording to any of the previous claims, wherein the basis
weight of the hydrogel-forming particles is not higher than 100 gm‘z.

b Absorbent composita" structure according to any of the previous claims, wherein the
substrate comprises a foamed or fibrous sbsorbent material, | |

8 Absofbant cumposata structurs according to any of the pravious claims, wherein the
substrate eompnsos 8 callulosu: functional group.

7 Absorbent composits structure according to any of the previous claims, wherein the
hydrogel-forming particles cnn_tprisa an anionic functional group, preferably a carboxy group, the inter
" particle crosslinking agent comprising & cationic amino-epichlorohydrin adduct.

| 8 Absorbent compnsltu structure according to clatm 7, wherein the inter- pamcla crosslinking
agent cnmpnsss Kymue '
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g Absorbent structure according te any of the previous claims, whersin the hydrogel-forming
particles are honded to oppesite surfaces of the substrate.

10 Absorbent composite structure according to any of the previous claims, comprising at least
two _suhstrates between which a layer of hydrogel-forming particles is comprised.

1" Absorbent composite structure iccnrdiﬁg to any' of the pievious claims, the substrate
having at least two areas, a _mutually different basis weight of the hydrnge_l-f_orming particles heing
attached to the respective areas.

12 Absorbent composite structura accordmg to any of the previous clalms, the substrate
comprising at least two areas comprising hydrogel- fonmng partu:lns having different chemical or
physical propemes.

13 Absorhnnt compasite structun accordmg to claun 11 or 12, wherem the two areas are
sach on opposite surfaces of the substrate.

14 Absorbent composite structure according to any of the previous claims, wherein the
substrate is extensible by at least 5 percent, preferably at least 10 percent.

16 Absorhent composite structure according to claim 14, wherein the substrate is elastically
extensible. |

18 Absorbent article comprising an absorbent composite structure according to any of the
previous claims.

17 Ahsnrhent article accarding to claim 18, the article comprising & |ll|llld parmeable topsheet,
8 liqmd impermeable backshest, the nhsnrbent l:nmpnslto structure haing encased between the
topshest and the backshest, the lbsotbam article having a flexure resistance of less than 300
grams,

18 Ahorhai_lt article according to claim 17, wherein the caliﬁer of the article is less than 5
millimeter, preferably less than 3 mm.

19 Absorhent article according to claim 1 8, cohmrising an ahsorbent core having a body-facing
upper face, wherein the ahsorbent cors comprises from the upper face downward:
- an upper acquisition fayer,
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-the absorbent composite structure, accqrding to any of claims 1 to 15 and
-a lower layer comprising an absorbent gelling material

20 Method of making a composite absorbent structure according to any of the previous claims,
the method comprising the steps of:

-providing a substrate,
-applying to the substrats an inter-particle cross linking agent capable of crossfinking the moiecules

of the particles and
-applying the particles to the substrate to form the absorbent composite structure.

21 Method according to claim 20, wherein the method comprises the step of compressing the
absorbent composite structura after application of the particles to the substrate. -



