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i nvention relates to an absorbent conposite structure conprising a
substrate having an upper and a |ower surfacejand a plurality of

hydr ogel - f or mi ng poI ymer parti cI es chem' cal | y bonded to at | east one
surface of thepg
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absorbent arti co | S1 ng 5 sor nposite structure and to a
nmet hod of maki ng such a structure. BACKGROUND OF THE | NVENTI ON Parti cul at e,
absorbent, polyneric conpositions are capable of absorbing |large quantities
of liquids such as water and body exudates (e.g., urine) and are further
capabl e of retaining such absorbed |iquids under noderate pressures. The
absorption characteristics of such polyneric conpositions nmake .t hem
especially useful for incorporation-into absorbent articles such as

di apers. See, for exanple, U S. patent 3,699,103 (Harper et al), issued
June 13, 1972, and U.S. patent 3,770,731 (Harnon), issued June 20, 1972,

that disclose the use of particul ate, mMrmn C conpositions
(often referred to as "hydrogels",_"su , or "hydrocolloid
material s") in absorbent articles. Conventional particul ate, absorbent,

pol yneric conposi t T lifventiioidiBtée o.an BEsuBent Botnpbsitd bthudiuteBmprising a tsBRtrik@ hdving hﬁ@p&r e
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absorbent pol yrrer artjcles are I ncorporat br ous rix at high
concentrations, E"“‘B‘&FY?‘@F‘E’Q andoa E‘F‘M" of,myaking, puch ,Brustire, | x of may -becone

I nhonbgeneousl y d| stributed in an uncontrolled nmanner, as for instance
descri bed in European application nunber 94111955. 4 (Bogdanski et. al.)
Anot her significant problemoccurs when these particulate materials mgrate
during or after swelling in use. SucBACKGROUND:OF THE.INVENTION hi gh resi stance to
I|qurdflowthroughthe material due to the |ack of :

Particulate, absorhent, polymeric compositions are capable of absorbing Iarge 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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"gel blocking." One attenpt to overcone the performance |imtations
associated wth absorbent particle nobility during use in absorbent

articles is incorporation of the particdlate, absorbent, polyneric
conpositions into tissue |anm nates, .i.e. layered absorbent structures. By
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essential | y cofifdryRRdnfisetweenthe partittls. | Nt ernal capillary channel s. |ndeed, due
to the lack of internal capillary channels, these hydrogel- formng filns

are especially prone to gel blocking. A nore recent solution proposed to
over cone t hdinptheylattempted fsolution ter dvercme thmrprabled of absdobeht pasticis moliility & do produtecs e
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crosslinking it. See, for example, U.S. patent 4,861,539 (Allen et al), issyed August 29, 1989
{crosslinked with a polyhydroxy compound such as a glycol or glycerol); and U.S. patent 4,076,873
(Burkholder}, issued February 28, 1978 (crosslinked with pol'yaninb-polyjpﬁde epichlorohydrin
adducts such as Kymene™). Whils thess hydrogel-forming films may absorb significant quantitiss 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 no. 5,102,597 (Roe et al), issued- April 7, 1882, Thess agjroﬂit’e’ macrostructures o
" 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



See U. S. patent_ no. 102,597 (Roe et al), issued April 7, 1992. These
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results in struct umacoestiitued) ocistenperticiecrossiinkddaggragate,yto tha taier.vei ght  of
hydrogel -form ng polymeric particles rel atlve to t he wei ght of the
substrate or carrier. Hence the -

The known formation of composites of combmad mterpamcle crosslinked aggregates and reinforcing

webs is ralatwely 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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It is a further object of the invention to provide an absorbent composite structure in which the
hydrogel-forming polymeric particles h’eue.a reduced temlencv to e'xhilrit gel hleeking.

It is again a further object of the invention to provnde 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“connected by a crosslinking agent capable
of crosslinking the molecules of the particles, whersin the degres of inter. parucle cross-linking
between the particles is suffi clently low that no inter-particle crosslinked macrostructures are
formed of circumscribed dry volums larger than 10 mmS.;



t he' substrate%(s)on bei ng wetted. It is a further object of the invention to
provi de an abS¥?¥¥d7&onposite structure in which the hydr ogel PGTASISMRSS3
pol ymeric particles have a reduced tendency to exhibit gel blocking. It is
again a further object of the invention to provide an absorbent structure
whi ch conprises a relatively [ow basis weight sof hydrogel - form ng pol ymeric
particles. It another obj ect of the invention to provide an absorbent
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appl i cation of rel gifficiéatiplow w .harptesetmnemﬁ 0P the BRI RNastEO™% bfGheartities doAet
substrate, foll owed nga\ré}%\? di the particles to the substrate. A basis

wei ght bel ow 100g/ ﬁf I”? °0r typi cal hydrogel -form ng particles of
mass nedi an particle size of about 400 micro neters prevent interparticle

crosslinked bonds fandKer fud§ ot revehtl ﬂ,atﬁ,ﬁ}ﬁ (;ft os?ﬁ‘i dsC Is€
to the substrate by CI’QSS"I n r‘{g refera rLasm wel E'% '{% By
hydr ogel - f ormi ng p Breyenting the crags-linking agent, that bnnds tha pattn:les to the substrats, from migrating into the

space between adjacent particles, for instance by applying the crosslinking agent only to the
substrate-particle in_t_e_rfaca. '

~ 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 bonding.

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 individual 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.



sufficiently low that in a pre-determned area of the substrate at |east 50
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i nvention cd¥¥& reduced, the liquid transm ssion can be increased and
flexibility of the conposite structure is inproved. Highly flexible
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a flexible substrate. In use of an absorbent article that incorporates the absnrhent composite :
structure according to the invention, increased flexibility will provide increased fit and increased

comfort, due to good cnnformhility to the anatomy of the user. The flexible substrate can be readily

stored on a roll after formation, the roll being stored or being transported and being unwound in a

production process for forming of an absorbent article. R

The particles may be connected to both surfaces of the substrate such that the substrate is
sandwiched between two layers of particles. Altematively, a layer of pamdes _iimy_ho sandwiched
hetween two substrate layers and hence be protected against mechanical dsmage.

in one embodiment of an absorbent composite structurs, the hvdtbgsl-fonninig"partides are non-

uniformly dispersed on the substrate and are distributed onto the substrate in a pattern such as

spots or stripes or other areas of varying basis weight. For instance, a substrate comprising an area |

of & low basis weight of hydrogel forming particles or comprising an area fres'of hydrogel forming .
. particles, can advantageously be used &s a liquid permeable upper layer in & multilayer structurs such '

as disclosed in International patent application WO 92/11831 (Feist et al.) or W0 82/11830 (Noel et

al). In these 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 havmg a central area of

low basis weight of hydrogel-forming particles, can be used as a core for a catamenial praduct in



sanitary napkin has a basis weight of hydrogel-form ng particles of about
54 g/nferr]. Awossommn the absorbent conposite structure i s USRT/ESDsHi&A3
uppey layer in a multilayer structure conprising multiple layers of
hydrogel form ng particles, such as described in European patent
application no. 93305150.0 and 93309614. 1, the7rel atively liquid perneable
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crosslink bonds, the flexibility of the conp05|te structure is larger than

f truct ticle: | tes that.

e artaomed to.n’ s AR sl bRl G iBahRR bR Bl foa
i ncor por ates the abstuchekan bemeshasically defermerio eurabtm!ydmu\engtetmfnmmm:wbwmllma as
increased flexibili tdl(scweé fn lPS (B){tbrﬂ% ' 5‘%7%@? elimparf a ?aib‘ilvdyﬂ&?@ﬁﬁﬁéiummlﬁv toCthe

to good conformabili e an exi bl e substrate
can be readily stor éﬂx%ﬂ“é"%'ﬁ W@T"P&K‘H’B‘P‘H&’P’W“"Q‘WB‘ ?UWI‘"‘BMﬁ’stor ed or
bei ng transported and bei ng unwound in a production process for form ng of

an absorbent art{ of Sy Hn0R ks nlBlr ek GOUE hybflod Un' wBURAGREP 18 ade

t he substrate such that t S san i ched ween
particles. Al ternat ielggicglly extensible. The wbstfparcﬂq tsqely sxnaqg andcontract, without heing GE‘f‘Wé’bW‘ 8
two substrate |ayer sydidyel f&?@ﬂg:@arms Pitith @éikaRChinmly Attivhéd taRNe valibtrate lupdatratgliing. Inrone

nbodi f el -f
Dot clos are non- - dPRADRH Ay GEPEIHDS fitealod i, Gopdet2 i s e oBfhus,
onto the substrate iextenis patweep 5 andi 66 %oundes fasces obbetwsen ﬁﬂ)esnd)ifaﬂﬂtghaastml\ewmh
varying basis wei ghtabsoﬁﬁ{t sirﬁﬁ&é%h a?ts:ﬁﬂl??lld % 0P thiiP Filaked Tength urdbr ﬁﬁﬁ@h&ﬂbasﬁ%w

basi s wei ght of hyd part.l 0 rising an area free
hydrogel formng para!“?{q0@§a"°é%9n9§m?mHaéﬁlﬂﬁﬁ;')(%@gwé'd as a liquid
perneabl e upper layer in a nultilayer structure such as disclosed in

| nternational patent application V\Dgﬁ%ﬁ@h‘oﬁ%ﬁw@ﬁ“@#' # or WD 92/11830
(Noel et al.). In these multilayer ow basi s wei ght
can forma wi ndow t hrough which liquid can enter to the |ower |ayers.

Al ternatively, the Cmﬁﬂii@éhh&ﬁwiﬁtbﬁ afplainbd indRball Wk Frefer@iit rt@'the%@a?ﬁ?ind @réwii@s inSthe
wei ght of hydrogel - d?Frm ng particles, can be used as a core for a -

cat aneni al product i¥fWMSWO 96/ 07476
PCT/ US95/ 10653

. Figure 1shows a crhss-sectinnal view of a known absorbent cnmposita_stméture, _
| Figures 2-7 show c;nssfsﬁciinnal views of embodiments of absorhent r;onmosite structures according
to the invention, | '
Flgure 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 iecording to the invention, for
varymg basis welght of hydrngel forming particles
. Figures 11-14 show plan visws of ombodlmants of different pattems of hydrngul forming particles
| attached to a substrate,
. Figure 15 shows a psrspactwa view of a compuslta absorbent structure having holes in the layer of
N hydrogel forming pamclas,
- Fgure 16 shaws a parspactwe view of a composite ahsnrhent structure havmg holss in both the
layer of.hydr_ogel forming particles and the substrate.



7 which longitudinal liquid flowis pronoted along the central area whichr
acts as a | i qui d-directing channel such cores. are disclosed in WO 94/ 02092
( Col es)WO %ﬁher advant age of the absence of an i ntePCEAISPYI06E :
~crossli nked aggregate, is that the conposite structure can be nechanical |y
deforned in a rel atively fine line pattern for instance by ringrolling as
described in U S.* patent no. 5,167,897g8to inpart a relatively large degree
of extensibility to the conposite structure, without the particles becom ng:
det ached fr Figird tTeshowds trosisectiondinenalfsareiemible Compasital dhortrRAt! stidtité Raving €0r di ng to 1
the inventi ﬂ"?‘?ﬂ ‘?e}glgagntsageousl y be made el astically:extensible. The
substrate c ee x'band and contract w thout being restrained by the :
hydr ogel - f oFigtrent$ stStamenspegwamm cergpasitie absprbenti$tincture thatis glitted, endt he substrate |
upon stret cpy 018 éhawpmechamﬁe%%mtan Sdparatus for IGMRG dpobith Bbsbltet sRfesCation
no. 08/096, 0 S q\w%’ he :conposite structure extends between 5% and 50 %
under f or cef® ‘Eﬁ’ giathg iy ‘@0 and 1500 g. Elastically extensible absorbent
structures which extend to 140 % of their relaxed I ength under a force

e FoR3101785 (CGsborn et al.)

BRI EF DESCR PTI ON OF THE VeT ' | be explained in detail
with reference to the acconpanying dravm ngs. In the drawings: Figure 1

shows a cr OFiguré © Glioiv® 2 khowh @mp@‘te ihsdmmmahﬁ Qiich QB Uestridedin USt fpiizition ad. ur e,

Fi 2-7

Compos, o <P Y8 BT Akt Bles Hrtine 3 =fﬁfsﬁjﬁf£=fb§%§oﬂa§"9§‘t :
Cross-secti bmhondcd toe sibsteate %HQOFMMGMUMGUOMHWMU ipterpartickosressiinked c onposi t e
Structure agdielb ve m.ctebﬁaaereyrﬁm«@m&nnmﬁf&msm%sﬁm&m&mﬁmhona' Kl

of a thin, exible sanita risin bsor bent core forne
form an absﬁ?& fisupRerting £ARS LS {ge'/%{}a 8%?"3‘” gp %’Q"ﬁn%ﬁ%ﬁﬁ“ﬁﬂ' ctegitaa o 10
shows t he fbubsttatnﬂhymanoﬁf nhmmmmmfadmﬂmemmsﬂhumﬂhhdmmmhg to the
i nventi on, i gures
1154 show [t St bRo R ) b4 il sl B i 2806 i ™!

hydr ogel - ﬁwkmy q@ahetmterpwlmsdumesmata issfaninstange Wﬂ' 350 wicrpns aph 305 4
perspecti vemmmw ke cPosSTifkED aggregate amﬂvm Hiurés | Gxtands dicfoss &listintially Meathole N t he

layer of hngpQrgsﬁlfaca 953k the s&%{r&a % and is salf- -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 appies 8 cross-inking agent to the particles to effect inter-particle
crosshinking. After cros's~linking the first layer 5 of piﬂiclis 2, the sscond lave} 7 is'dsposited' 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
material 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, contrafy to the structure 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
particies 10 and 12, wherein éach particle 10 and 12 is located on the substrate 3. Other crossiink



Figure 16 shows a perspective view of a conposite absorbent structure

havi ng hol eswWowanIsis t he | ayer of hydrogel form ng particl es PETAIS9520653
substrate. WD 96/ 07476

PCT/ US95/ 10653 8 Figure 17 shows a cross-sectional view of an extensible
conposi-te absorbent structure having a plurakity of corrugations, Figure 18
shows a perspective view of a conposite absorbent structure that is

slitted, and Fi gumdsl,%ays,b@apﬁedﬁaeﬁﬁﬂeﬁ@imaﬁmia&%ceﬁq aith@ RB#RFatd 3 énd betedn Paritisg

conposite absorbent structures according. tqQ the .inventiop. TAI LED
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structure such asistamedtdditetie substraks 3ajaetobstinktboraing arel parfitlé 14/i2 cadfieBted tdpentitly 16 by a
macrostructure conprisi ' i . [ r t
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crosslinking to f Qg 1584 18SduthAhdt d 'sMalll site bgdRgdteis arfdd b inteRafticis tidsdfirikéd paicles

ti I : I d . d th, .t hi Sl
connect od t o 4 subSihE I s 1o s EmeseRiral s poc e Y ot
attachment. The ceuchshat nephbrent; geifsoppbrtinglaglemefatedrmeadrostfuctinp ds fouped offciseumsqsibed dry
particles which ”ﬁ)/lgntb%%r aﬂm er between 50 and 2000 m crons. The
n rti

t hi ckness of the interp cle crosslinked aggregate is for instance
bet ween 250 microns and 10 mllineter. The crosslinked aggregate as shown

i nbf igure % exgI endme ﬁﬂﬂ%ﬁki@tbhfiﬁsﬁﬁin:t eomipsité Structaaal show ncfigurs @) ischy ;ﬁrsmgpgaﬁnme
substrate and is, self-su rting i.e t. i

particl es upon de??c%?cﬂrﬁortpﬁ'g'a?gﬂgF‘g'g"é?’%qa% %'fr 1(’)??{ e‘"’é"uii‘g‘!si‘@@gﬂe% 9“!. fﬂgﬁ thhn lﬁﬂJ
crossl i nked aggr egulisequently sttdchingrthesebagaragates ie ke substrateswhilp snaistaining hfficient spacing

hydrogel - f or mi N9 RgéuebnC hefighbodring hggregafes (& YRdlen® lcroSbiiAke Bondsy beig t formidd Setwedn! dijaant
such that these particles are’in intinmate nutual contact. The particles are
transported under f8¥AeY sprayhead which applies a cross-linking agent to

the particles to effect inter-particle crosslinking. After cross-I|inking

the first layer .5 : i Cie Zatd ; toi he
first |ayer g; Thi@feﬁnsa{%&' tﬁ%@f"_é@h@@ %;F/tﬁ@?gsdgﬁﬁﬁlgllr%gv Vﬁgpﬁﬂ?ﬁl&& l?lgst ??ﬁ?g‘tshof
the first |ayer. Puificiently lowrbesis;weightsurh thatythe formation, of jntpreparticle, crpss,link ‘WJ’i‘f? iuted.
second spraying StyhsicsiYor dxsimplelbh Bchiéwll by Spptications of haiscueighte below 100 gm2 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 Ipydrngel-fomling
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”).



particles 2 are connected to formthe aggregate. Figures 2 and 3 show an ~
absor benweesnpem t e structure 4 according to the inventi rogel -
formng particles 2 are deposited onto the substrate 3 Sﬁgﬁ‘n{gﬁg%o?%ag
coherent self-supporting crosslinked aggregate is formed. The particles 2
conprise crosslink bonds 9 with the cellulosic material of the substrate 3
and are attached via these bonds. For th¥ particles 2 according to the

I nventi on, thi crosslink bonds 9 between the nol.ecul es. of the particles and
t he nol ecul es 'HP“Q?'H@ REGEIYSYr ipayficies can paven size, varying ues aoyide range. spesifip-partiole i3 of
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20 microns to about 1500 microns, more prufaribly 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 ordarad%in size and shape. In an

exemplary embodiment, at least about 95% by weight of the precursor partfidu have a particle size

between sbout 150 microns and about 300 microns. In an alternative enﬁudiment. at least about

95% by weight of the precirsor particles have a particle size between -aboin 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.




Alternatively, the hydrogel-form ng particles 2 can be directly applied to
t he substrate WOOHIGufficiently | ow basis weight, such that PEBEUSS1068i on
of .Lnter- partlcle cross link bonds are Iimted. Thi's can for exanple be
achi eved by applications of basis weights bel ow 100 :gnierr].to the
substrate 3. Again, alternatively, the hydrogglj-formng particles 2 may be
applied to the substrate 3 in a substantially continuous |ayer, as shown in
figure 3, the crosslinking agent for connecting the partlcles to the

et ace 195 SonTReioBtLpERE Suh Rbsam Al s e, A3t Foioh b
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hydr ogel - f or ni ng, pdfipieally unsetureted carboxyliesids pracacid atd\vqwsyﬂﬁwcqﬂnmaturateg sujfpniq acide,
di scussed herein W §jg mix@pde Bfefeofl © t hose for m ng the absorbent gelling

particles (herei nafter also referred to as "precursor particles"). WO
96/ 07476

PCT/ US95/ 10653 10 ASdmammgﬂmdhimmprsemuseMmqmﬂd. usnhlly in misan alanmts, impreparieg theprycunsy
over a w de range, gaggcgé #&1 pﬁfcﬁ héniafid %Zoﬁm‘! c?& ﬁ:klﬂutfngﬁwJ‘é%a%ﬁﬁ%m E‘? water,

preferred. For purp resent ‘1 nven
for precursor part i dispersible gsters owe ﬂes%conta'oles TRONPIRArSy as wl axmaengmers which contain no carbnxvhc
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particle that passes

m cron
retained on a standéﬂlﬁﬁﬁ@é aspda\pb aljisyed Eehryary; 28, 178, 9d 1 Uy §‘tP'§ &9 ?f@‘%@ﬂ""f‘@
have a particle si z@siaéDessnder ﬁQthmthOﬂnmmrimmratWtmrmcur sor particle

t hat passes thr ough a #35 Si eve with 500
Olef:mcally unsaturated carboxylic acid and carboxylnc acid anhydnds monomers include the acrylic
acids typified by acrylic acid itself, methacrylic acid, ethacrylic acid, a-chloroacrylic acid, &
cyanoacrylic acid, h-methvlacrﬂic acid {crotonic acid), a-phenylacrylic acid, b-acryloxypropionic acid,
~ sorbic acid, a-chlorosorbic acid, angelic acid, cinnamic acid, p-chioro cinnamic acid, b- sterylacrylic
~ acid, itaconic acid, citroconic acid, mesaconic acid, glutaconic acid, aconitic acid, malan: acid,
fumaric acid, tricarboxyethyiene and maielc acid anhydride.

Olefinically unsaturated sulfonic acid monomers include sliphatic or aromatic vinyl sulfonic acids such |
as vinylsulfo_nic_ acid, allyl sulfolii_c 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



m cron openings is considered to have a particle size |ess than 500

M cr onswe okilzapé ©f €rred enbodi ments of the present inventi precursor
particles wll generally range in size fromabout 1 m &%ﬁﬁﬁ%}l ut 2000

m crons, nore preferably from about 20 m crons to about 1000 mi crons.
Further, for purposes of this invention, the nass average particle size of
~the precursor parficles is inportant inh2determ ning the characteristics and
properties of the resultant conposite absorbent structures. The nmass
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absorbent sﬂﬂ]@ﬁﬁﬁres the length of the fibers is used to defi ne the
"particle size: (The deni er and/ or the dianeter of the fibers can al so be
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about 100 mprocesses éor prodicieg thblinﬁmthmt prazensor plrticlés aldddesornibed ridu sbpmht ReD 321648 VO
gGC/T?ZJé;g 1o dBrapdt et af, issued April 19, 1988, U.S. patent 4,666,883 (Tsubakimoto et ai), issusd May 19,
1987, and U.S. patent 4,625,001 {Tsubkimoto st al), issued November 25, 1986 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 polymenzatr_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 sufficient to produce 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 prsd_ursqr particles are



11 The precursor particles conprise substantially water-insoluble,

absor bent hyd%ﬁ“—’f"ér m ng, polymer material having a nul tipl iRGIYSIEH0653
ani gnic, functional groups, such as sulfonic acid, and nore typically
carboxy, groups. Exanples of .polynmer materials suitéable for use as the
precursor particles herein include those whicigare prepared from

pol ynmeri zabl e,. unsat urated, acid-containing nononers. Thus, such nononers .
i ncl ude the ol efi nigeibedyin wor abteil ia ttiechbeve-retidenced (.S phtyni rAe 1325648106 Pacen4,666/883,

| east one carbon tg n i & daubl e . \Yolg L{ical t he
nononers can be sef"gg‘ﬁsregaq?"F gh?%qogf ‘Ij;hl’? i"g'gf"lk?' "%ir?\@gp ﬂgraﬁtt@éi&gaz@kg&@%ﬁcty"atg’l ’3§£§nd
acid anhydrides, oFeagtiommigtytelin/an.amoust ofrfeomestiout 0,00 bmdlepeccent de aboutrfrimale percent based on
amoUNES, i1 pr opar | el FReE Rl e Bt  fro Sl Rk bou S0 itk 20 iy Bp g,
mononmers can i ncl uh@?‘ %OSD@PQFI& weight R‘:‘E‘%\B’E'@WE’W"U& g“c??“‘\ﬂgt‘@,‘?’-““m of $he- agyegys,
esters of the aci dreactioh mixtorerzgmpnizas a free radicabisitiaterl inciuding, fop Bxaimpls, perudygen bompountsesuch
no carboxylic or s | C s | n '
Can"thus Tne ude mih i cooRStfh, Iheinnith ofisoest T Drofifl ol pfSR, Wit
groups: carboxyl i cPeeddg, cymeng fiydraperpxises, deatian butyl giperphfhaletsy tertiary, hytyprerbepzpgte) sodium
groups, am no gr oupggracet3te! Sobibif? pddafberiate, aiddhediiélt Gxhéd 3ptionaR BOMPOHentE bR Aquiblirdsttion
These non-acid nononers are V\Fl | - known terials and. gr.ﬁﬁ&escrl bed.in tial
greater detail, T oM FAgpLEe e varous noarie compnopesrilerials ipAUde ety of php bsonti
i ssued February 28unsi@agd agidici finatidnal roupcrntaining AnoOdiirsSdr 7otiier\ieg menomars )containinguiend
Decenber 13, 1977, cQﬁh&ﬁchuW@ﬂ&HfﬁﬁcﬁonﬂﬁiﬁﬂtﬂPr ated by reference.

rbox

O efinically unsaturated ca ylic acid and carboxylic acid anhydride
nononers include the acrylic acids typified by acrylic acid itself, :
met gaclrJ yli cha;:i d, @hdramedus reaction mikturedis Gllljeated A poly:]ili'eﬂzami cinditions whictnare suffidiant to
acid, b-nethylacry i . . - 1 y .

b-acryl oxypr opi oni yog"(??g,t&s%'g‘gﬁa%ﬁ%@ﬁgﬁyc‘gg%msg?%é gd%rﬁcﬁ 3%4‘@8‘ fgﬁ%@isllnggﬂya%atw(? 4
cinnani ¢ acid, p- cleossfinkednolymermatsriels: i The polymerizatiop conditigns pre alse:dissussqdsinmase detail Indhey
cit (VjOC ]Qr“ c add, ﬁg%fﬁﬂb\fé-re?&én&dtpgﬂml\t&a%ﬁ‘ bngynﬁﬁilaﬂqn niﬁﬂ!&ﬁstdsﬁeraﬁg infblve BWtifYy (Ehermal
acid, fumaric acid, tricarpox ne.and naleic acid a i de. o

O efinical |y unsat dFHpteR te '*‘%ﬁf"c‘y H’@WH‘ZWHGWF'EWT'@%?%“% gp{?aﬂgf‘ﬁ 189°C . mor
aromati c vinyl sul fpmferablyfmmdbout G ta shouti 489C S LRofymerizatiom conditiona lundgd which| theoanuepus
acid, vinyltoluene/ Al AGl ) t f.ani ﬁg&cﬂ' oy mixiikh
met hacryl'ic sul fonir%géggw'g%waggﬁ%f@0%§ﬁ§@d€ﬁ%', _u}%@ﬂfﬁdnﬁ ) '_"
met hacryl ate, sul f Gpffiens theragh tq, pnytcanversional fagn o palvmiediaatinn actjvating drradiation.  Radioactive,

2- hydr oxy- 3- met hac reiéttfaiiy, @ratiotéd, of LblebtitiaghefitC tatiativh Care’ altuériativedtinddfitional polymerization
2- met hyl propane sul fﬁm c acid. Preferred polyner materials for use in the
present invention SIS, car boxy groups. These pol yners -

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, substituted ammonium and amines as discussed in further detailin the sbove-references
‘US. 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



I ncl ude hydrol yzed starch-acrylonitrile graft copolyners, partially

neut r al rch-acrylonitrile graft copolyners, star | acid
graft c%bgﬁyﬁg€s partially neutralised starch-acrylic g%vg&%ﬁgkﬁ

copol ynmers, saponified vinyl acetate-acrylic ester copolyners, hydrolysed "
acrylonitrile or dcrylamde WO 96/ 07476

PCT/ US95/ 10653 12 copol yners, slightlylfietwork crosslinked pol ymers of any
of the foregoing copolyners, partially neutralized polyacrylic acid, and
slightly netSgPISioR pehansiizatinn pcesyres g descbed e arentan defail e WiS: aatm@@mdﬂ@acr ylic

acid. These (mwmét&nqasuedbﬁlytzaemazlumemtemd 5UB\052 [Flektiar 'éthaf, ifsOdd Mandh 18, Mi xt ure

of two or r ent mer, materials are
di scl osed i J"I)gtp%tmt 42%%@%’ %ﬁgwéip@ﬁt H}go’ﬁep ¥ a"lﬂ“ﬂ'”"’ﬁtﬁ't ent
4,093, 776, vaﬁfmm:ent 4,666,983, and U.S. patent 4,734,478. Most preferred
pol ymer materials for use in making the precursor: par’ticl es are slightly
net wor k crossllnked pol ynmers of partiall neutrallsed polyacryllc aci ds and
starch deri JV&p P’Q‘E’?“’t"ﬁ%’F‘@cﬂ‘ prafpsably suhstaptialiy, fry-y, Theiterm "sybstentially diy” is ufe herpins

conpri se fraomadnakst the Prioutsor pakticles hat W linuideontest) iitally witerior othd Yolutiotohtemt] | Sed,

acrylat o acr b tin ShES. Wiy B3 NEEbpln 20 st B0l R O b
preferably muét of itherepsiog perticlesycMast prefprebly, ﬂl&ilqudrt@'lt@t pfghe prepurens pactiols is in

crossl i nked.thd\ahgdQf front 5L D.01%Kb 'Sﬂ:utSS‘% wyeamgm of ﬁ@%&m’nﬁﬂnkﬂi YR 'indii@daf’ | 2l S
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fromvx/mchthe recur sor i-cl es are
and, in partP 'Hg"f e h? %lﬂé 'ﬁ'tf%?“ﬂ‘f’f' E‘&‘E%P‘Sy‘ %‘t@i‘t tomativaly. WheR, | v er
cont ent chartln:urmnsatpamsesafa foimed yeing ani aguienus eaction mixtar, water cainke emaved framt

conposi te a?ﬁ%ﬁﬁﬁt ixtirk %&&Eﬁiﬁ: distila ﬁ&?%ﬁ?ﬁhﬁ&rcoﬂﬁﬁﬁgqgﬁggscr i thgiﬁh gy L De

polymers an typlc net Cr 0SS |nk|ng age n greater
detai | in tHS0b8 teeated with acdewatering solvent) woht Cambinptiong o these, drvinhdi vi dual
precur sor pakdeidales GanQ@BH b ased. ommdwatmmyss@ﬂ ingtirial cof@NEA Db choppediocal and

- preferred Prg the i ecursor particles are
descri bed |ﬁ@§@q§g’f@ﬂiﬁﬂgﬂwé %‘&E{”{gﬂﬁ% o ﬁgﬁq‘ﬂv %‘1”?"{"‘1‘9 1988, .

U.S. patent mdrmﬁommpelmmmiahnto et al), issued May 19 1987, and U. S.

pat ent ‘4,625,001 (Tsubakinoto et al), issued Noverrber 25 1986, all of

br eour sor. pd T AT PSS f IR Ao, DEARUR a0 SN SR A SO
sol ution polopmyl sn ditat tha rasultadt eraerostrdaturd émmadi fhmchunhrpra:thm pdudeealso has a hlgh
absorptive capacity. Absorptive capacity refers to the capamty 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 |ll|llld 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 'piocadura 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.



referenced U.S. patent Re. 32,649, aqueous sol ution pol ynmerization invol ves
the use of an W‘reactlon mxture to carry out polymeriza®PCEUSISI0EEN m
the precursor particles. The aqueous reaction mxture is then subjected to
pol yneri zation conditions which-are sufficient to produce in the m xture,
substantially water-insol ubl e, slightly net worjl§ crosslinked pol yner
material. The mass of polyner material thereby forned is then pul verized or

chopped to formt heWhlﬁﬂIdﬂtlﬁlﬂﬁEursﬁf ﬁamrwmsy Iﬁkatlﬁ lkPrfed fMﬁrtl% s&ﬂﬁﬁwﬁmﬂ{e}m with 8
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' crasslmks for the hydrogel- fnrmtng absorbent polymer in the vicinity of the surface is generally
higher than the level of functional crosslinks for the plymer i 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 a 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
particulaté hydrogel-forming absorbent 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



produce in the m xture substantially water-insoluble, absorbent,

hydrogevP M slightly network crosslinked polyner naterials. The

pol yrrert9 Wcondltlons are al so discussed in nore ddCAYS9Wé¢he three
above-referenced patents. Such polynerization conditions generally involve
heating (thermal act.ivation techniques) to a polynerization tenperature

fromabout O[err]C to about 100[err]C16 nore preferably from about 5[err]C

to about 40[err]C . Polynerization conditions under which the aqueous
reaction i houdages sFurthérmireisomeladgitionabithenges incioundasies tar ocout sagpl after suregeect i ng
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WD 96/ 07476 to induce a higher level of crosslinking or otherwise reducs the surface defumllnlltv of the resultant

e kv M R
1982, U.S. Paasabe smmishes, dusaiciion ta eelinkng reaseyts ofhge chergoTANS? 6o b aidedtoghy  ang
U.S. patent séfaéed, ftfficontioMne idistibtion of &osdinﬁﬁqlﬁ.ﬁ. ﬂﬁrsbrbldﬁg aﬂ(ﬂﬁ&mﬁdn of e Whi ch
are i ncor porﬁﬁace crosslmkmg 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

(Obayashi), issued September 17, 1985; published PCT appiication W0B2/16565 (Stanley),

published October 1, 1982, published PCT application WOS0/08788 (Tai), published August 9, 1990;

published PCT application WOS3/05080 (Stanley), published March 18, 1983; U.S. patent

4,824,901 (Alexander), issued April 25, 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 29, 1988; U.S. patent 5,184,459 (Kimura et. al), issued November 17, 1992;

published German patent application 4,020,780  (Dahmen), published Auglkt 28, 1991; 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

3

| nverse '



by reference. The precursor particles are preferably substantially dry. The
term "subst antWa@6?4®6 y" i s used herein to nean that the precurGUSIS/10653
particles have a liquid content, typically water or other solution content,
| ess than about 50% preferably-|less than about 20%-  nore preferably |ess
than about 10% by weight of the precursor pagjicles.” Most preferably the

| iquid content of the precursor particles is in the range of from about

0.01%to aboui _ 5;%) iU BEhateit g,@dz,ashgaoareﬂay lisBa8 Ap.?_rﬁ, iIQS?Z.eSTthEhﬁniﬁrﬁWrdé&lﬂH? agents
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Conbi nati ons of t h&¥epoundse-ael frioiens dispeyanatel pretarabipghsarolised. The dewat er ed
mass of polyner material can then be chopped or pulverized to form
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particles of the prstriaenef thsasrbentprecurses paticese Subli crbssisking ageats prefetaljn have relatively
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precursor particles also has a hi absorptive capacjty. Absorptive,
capacity refers to'% 'I‘Péa%?rﬂg&ﬁ"t’? inside the ﬁi?@ﬁ“ ﬁb‘?‘?ﬁeg“%rfg‘l’ém s 'i“& raast; With, polymer
li qui ']9.5 Wi t Ih whi CE material @f1the surfatectherenh bifectively ARt posdiliie hat somesuti Mgﬂ&fbssgﬂting agent
significantly wit ' | | with the
manner in which thé%ﬁ%%@ﬂ?‘%&k@%ﬁé&wgﬁvgﬁrsngr'ﬁ eaﬁﬁ%%ﬂﬁggaﬁurposes- of

this invention, Absorptive Capacity is defined in terns of the anpunt of
Synthetic Urine abymsthe GrefyredetissihkiNgCihen?Qd ddEwhich Réabts ivary répidlylvith e S}ﬁon,rﬁ?‘fﬁllpf
Synthetic Urine per ’grarp of. gol%gser toi” al in a'@ro%iéure uch as .ge I ned
"h the Test Mot hod<Bud instondoraes f sha’pames mateil of tha ahspebens artges, gia o & room
Pref erred precur sortempanaturecingsie.gf attfiom aluet386 tto ahawts33?C o As aresult; taitly modestileyéls (hgy e
an Absorptive Capagkiow ffahdit 1% $@wk r iR @ﬁ(e{ oq?§t
about 25 grans, of Sfyn_t eat i f: ‘%Jr f?{g@%gﬁﬂ; P%%hgf&g%wﬁn%pﬁnng? ri ﬁﬁﬁ%ﬁog&il Y,
the pol ymer mat eri Zffectiyysutface crassinkipg of e Fg\ﬂ\“‘[ materiskpresant i the absprhant JRRCUISIERIFtiSIes. o
Capacity of from about 20 grans to about 70 grans of Synthetic Urine per
gram of pol ymer materig . r | Vi [ his r t |
absorptive capacit yAe‘F:' fg#gzgccfuggri@@y ia@aﬂ&f@@%@%@@, P%" 'r'é?" t'ﬁdg% %ﬁéﬁ%mwdﬁp
especi al |y useful iwithaessai tyeesof wenometic otspolymericaminas: t Theseramine-spichiarebydeinoadductscreact
articles since the yiShe pbijviér mafasiel 61 e’ abkofbbHit Fﬁmi@fﬂsﬁﬂuf, brid T padiredier e fibticS Qpically
particles can, by detinitign, hold c;'e5| rab }" hi, %h ?rmunt s of .di schargfzd
body exudates such °B% oxy, fpngtional groups of these polymer materials to form a covalent, ester-type bond.” in other
' words, the amino-epichlorohydrin adduct serves ta crosslink the polymer material present in the
-absorbent precursor particles. {The portions of the absorbent particle containing polymer material
that has been effectively crosslinked with the amino-epichlorchydrin adduct swell less in the
presence of aqueous body fluids relative to the other uncrosslinked portions of the particle.) Such
cationic amino-epichlorohydrin adduct, especially a polymeric resin version, is ralativgly 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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PCT/ US 15 Wiile all of the precursor particles ically
forrred%?(r)(%‘%}ﬂ@tﬁ 6e sanme polymer material with the sane pro%%%gg@(géfhi s need
not be the case. For exanple, sonme precursor particles can conprise a
starch-acrylic acid graft copol yner while other precursor particles can
conprise a slightiy network crosstinkedpol ymer of partially neutralized
pol yacrylic acid. Further, the precursor particles can vary in size, shape,
absorptive dheseactionyproduot betwegn apichiarshydrincand polygmide-polyéraines artpelydthyleneimines) hea
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neutralized ¥¥yacrylic acid. In another enbodi nent of the present _

i nvention, the precursor particles can thenselves be crosslinked at |east

at a portio r r stantj-ally.al]. of. their sucfaces,.prior to
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absor bent paf this¢ypebeluda Namindethylkpipenazinecand dialkylepe triamixss such addisthylenetriamingyader i al at
t he surface dh\ﬂﬁﬂeﬁ&fiadﬁr&f ectively. Mst preferably, the'crosslinking agent is .
a cationic am nho-epi chl orohydrin adduct. Surface crosslinked :
hydr ogel - f ormi ng absorbent polymers have a higher l-evel of crosslinking in
é he vi c i ni t)ﬁu&fanﬁrb%af&tmq‘ ﬁ@&g&tmﬁ @icﬁlha}yilrmtﬁeﬁrmha_ nﬁfonﬁ%}@ﬁgﬂﬁm&bmﬁn" sur ffce”
escribes t- er-faci ng.boundagi es t he ticle, fibep, etc. For

por ous. ydr QGRS e f e MUE HRRR e, Plesraton e Saicr g Wl e, e )
exposed i nt pmplete desaniption of the adduets themssivésecanrbe [fovadoin U3\ patant (4,310,893 (Geosshl  of

crossl i nki nGesghl Jhddsty 32.1108E Gnd ih Rods Bt BER Urgahib Shemistt, Vo ¥8)! pp 24308 ABBAN
crosslinks for o{)@e b}é‘g{ro el -form %?‘?sor bent polyner iin the vicinity of

the surface B¢ apes age dgerporgt

the polymer in the interior. The gradation in crosslinking fromsurface to
interior ca rava ' ﬂ'ﬂﬂ'ﬁlﬂ"‘% Iy 1 e Q@Pw Aol )Sﬁ' Em he depth
of surface @r@gﬁtﬂwﬁﬁgmﬂc‘%ﬁm@gu al'l ow, %"Hﬁpgﬁr a %F@ S ar%"l.&rsansi tion
to a | ower. [they@minaopompouad s |A pacticiarly desirable minp \camapunds whichesen | rescted Hiithdept h of
surface cr ospichiofdhydrif) tfdfin prdferfed Catibiic ipbignivfié addicd Gésin® Bsefel hdréhcofpris® Rértsns of the
hydr ogel - f or na, at?vsor b%nt . . : . -

pﬁ‘ya e-polyamines denved from polyaikylene polyamines and saturated C3-C10 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 pa‘pﬁ‘ produ(_:ts.

In the preparation of polyamide-polyamines used to form this preferred class of catisnic polymeric
resins, a dicarboxylic acid is first reacted with a polyalkylene-polyamine, pi{sfer'ahly in agueous
solution, under conditions such as to produce a water-soluble, long chain polysmide containing the
recurring groups -NH{CnH2nHN)x-CORCO- where n and x are each 2 or more and R is the C1 to C8
alkylena group of the dicarboxylic 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 linked together by groups of the formula -CnH2n- where n is a small itiiige‘r greater than
unity and the number of such groups in the molecule ranges from two up to about eight and

¥®C% evel of functional crosslinks for '



polymer, with a broader transition. Depending on size, shape, porosity as
wel | as functiWRAFOMIAsi derati ons, the degree and gradi ent of BOTAUSYS0653
crosslinking can vary within a given hydrogel -formng absorbent pol ymner.
For particul ate hydrogel -form ng absorbent polyners; surface crosslinking
can vary with particle size, porosity, etc. Dgpending on variations in
surface:volune ratio within the hydrogel -form ng absorbent polyner (e.g.,

between smal |l and |gpgi@sblypid Ab6ltasut.. THetnitdogen Abins GaHLR Uthchédto alijklent QuiBsrPdtdms!itihe!
of crosslinking to vary thin the materyal (e.g., be greater for snall
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boungiar i ﬁsdoz t he hopatemppedd- isf the nise @f asueo rplﬂwflinespah ydiathylefetriaming,S eiathylarel Yetramine,
establ i she e.g., LAl 2k L R, .6 | o

ol o possi bl ¢ 1 o e Pseiiehiaine Siiobliphiihine, 8 e B, wik ol BAGUEH epddeply e
of final WO 96/ (foumy @f all the foregoing, the most preferred are the polyethylene polyamines containing from two
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boundari es can occur even after surface crosslinks are introduced. A nunber

of processes for introducing surface crosslinks are disclosed in the art.
These i ncl ude t hoseAlsatventemplated ffor use hefiein armrolpaniing-pfecunsot inatefisls containingrat (sest thies. aming
gl ycerol, 1, 3-diox ¢ o ' ; i wlag )
capabl e of reacti nod"\i/?nﬁst &thcehglﬁgstt P@gﬂ?ﬁ&%}eﬁg{?ﬁugﬁ[ﬁé ;é(r)tﬁ%%éa m\;\'/ila @L@ﬂt@ﬁgﬁ&ﬁnmmm&
hydr ogel - f or m ng a%ﬂ?r [Pl 'BQSMR’E -aminoptopyhiamiog;,  mpthyl bis(Zqminogthylacipe, ; N;{2-aminosthyl
hydr ogel - f or m ng albyiperakisend,7-gimétipitdsthyleqdtetiamine shid-thedike. pol y- f uncti onal reagent
that is capable of reacting wth other added reagents and possibly existing
functional groups within the 'q%{drogel -form ng absorbent pol yner such as to

i ncrease the | evel T digarosdic poidsiwhigh ean be raacted with-the:foregoing polyamings tacfonntthe polysmida: o
(e.g. g t hf addi ti ?Wuﬂimiﬁﬁf!@ni}’s'bfs dﬁiﬂd_%r_ef‘efrﬁlﬁéii&n% ﬂ?méﬁ@ﬁfiﬁm?fﬂ;hhﬁh t?Jldpﬂdi_ ' ltlﬁfsaﬁratad
second pol yneri zat i . € ) (G 0 additjon ol yfunct jon

reagents are added,éﬂ{‘}lﬁ{'c @%bﬁ'ﬁ%ﬂ’éﬁ" Fré'iit:p'f"aﬂ'(’ "4 "5”3??8 mﬁ?fﬁ'ﬂag‘f g’é’ﬂ"ﬁ?‘f’%
conponents within tsuch symaiopigesuednir; giutaric, alipic; rand: sd o dégtherr withi digiyeolic cid.i 1 thess,
after the primar I | : : m@ élhﬁlh =]
of crossli Ir[:ki ng gt pdgdrwéﬂ%gér'dzat% g‘gg‘ Ltlé}?‘gﬁgi é?“‘?lfhoﬁg%%c@% t ﬁﬁ]ﬁh@e t eﬂ&uJ i
formation of anhydrPeiRsuls, Remelyy sugcinice glutaric agd eﬁnmm%nresgm Bignds of twe op mprp gi:these
carboxylic acid anddigfoylitchicitssh al§h'ba ustd, a3 Well SsltifeRida'o® brid ar iReth bFTRese Witk Righer saturated
processes wherein t;ﬁ&aﬁcr é?csamlxlyﬂk_a%&s s'uﬁxa'sgzre] if:grﬁt_sm‘cic,asldng as the resulting long chain polyamide-

polyamine is water-soluble or at lsast water-dispersible.

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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added to the surface such as to induce a higher |evel of crosslinking or
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Combi nations of these surface crosslinking processes either concurrently or :
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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 (v_naight per unit area of substrate) of 2 substratg material will vary
depending on the type of substrate and the desired properties. A substrate can also cnmprisas a



Preferred crosslinking agents are those which primarily provide

crossl i nki ng WO 981476 ons of the surface of the absorbent precRCBEUS95/10653
particles. Such crosslinking agents preferably have relatively |arge

mol ecul ar size, and are preferably cationic. As a result, it is believed,
such a crosslinking agent is unable to penetmpate inside the absorbent
particles, and therefore can only react with polyner material at the
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wi th the pol yner nﬁﬁﬂﬁ ﬁ‘l t he absorbent precursor particles, and
i ypi C

particular the an ally carboxy, functional groups of these
polymer materials to forma coval ent, ester-type bond. In other words, the
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preferential surface crosslinking is achi eved Such adduct with its
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gngt ]12[ err] C to tweling aii3faper tissue ttxamjamahidycdlnlwmmbwwah&%dsdmdmus patent
err most pr u r {i

am no- epi chl oroﬁy? gdss@{iokﬁll ?73 13?4’ lﬁi PAﬁ'r“ EE@( &"& Segfql 1%%8 patent

epi chl orohydrin art4 @%ﬁ!ﬂ@rkﬂ! 285 1984, gndlk§. @mwﬁéﬁ Mﬂﬂa’!ﬂ 128188 alf | herein ¢

reaction product hadarperatet G feferénbd) & Phe¥erred sx.ﬁﬂastmmalamfﬁlmu :Ihasemas}duﬁts

can be in the formo 0 t he, reaction. p
epi chl or ohydrin an" %’f’ﬂo @”@ %ﬁbﬁﬂ'ﬁ%& g‘rs'i"g'ﬁ%ﬁ'@ M REyferped Upﬁf {93"& s
Kmncloth 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
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found in U. mngpefumavm;aﬁm High® dénsity, arsa) smalles ponesize.) !Ilhlnewgh :iﬁpresiﬁ&&llulosnd in
Ross et al q;@mgt ﬁ%g bish of
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a di car Oxyhdu:age&.hﬂmgnfx ﬁﬁ&oﬁﬁﬁﬁﬁ&ﬂdﬁﬁgf}pﬁg@ ol iialy R o e it
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pol yam de- pfﬂabiaﬂaQe,Su&fceMMham substrates are charactarized by excellsnt 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 mmS3, preferably from shout 1.0 mm3 to about 125 mmd. Praferably,
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 oniid a cellulose foam
substrate layer of an lhéorbhftlt composite, the cellulose foam substrate r.lndam to acquire the
blood, filter aggregates from the bided, and distribute the remaining fiquid portioli 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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nol ecul e ranges fromtwo up to about eight and WO 96/ 07476

PCT/ US95/ 10653 19 preferably .up.t bout faour. The nitrogen ato can be
attached to adj acenf veav@wﬁﬁf'@&g&ﬁ'%éhw%ﬁe laye, p5Rriset; compyesser o AA-CopARATied
further apart, but plyviny alcohd) éoama inegenesel, (soch fesmmmeferabld laopropeniesand Istrictute substantishy
use of such pol yam Ll netriamne, triethylene tetram ne,

t etraet hyl enepent ams}ﬁ'za,ca@lq%%@%@%hﬁ’etri am ne, and the |like, which can be
obtained in reasonably pure form O all the foregoing, the nost preferred
are the pol yet hyl engondisd Befwsbrn 8 HVIRE-Bormihd ¥ Betrdtélabegpur et hyl ene
groups, two primary am ne groups, .and fromone to- three secondary am ne
groups. Al'so contenplated for use herein are pol yam ne precursor materials
cont ai ni ng at | east Thehendiag otintenconngetionihatwaan thia hydtogél-forming particlesc and the substeateayees is

cont ai ning at Ieast! vy _ _ |
ot iyl bi S5 am nopt goag ot e eS| g iR R U

(5 A nost gl ) o PURLEIREE Lohny Crsshiing g1 Wash AR sk A capse o ersaiokg.
Thef di car onyl : Cc acthe shsefbént imolecules lof>the dpdrégelcforming ipartidies c’it]?hegpd 89 a fhorlding ajentc s A

to formthe pol yam ge-. noly ' . ,

pol ymeric regi ng usgelqi ﬁbf'%ﬁdéyf'@@ﬂ g@(‘%ﬁ%‘??’iﬁ@ﬁ@ %ﬁh@‘gta@éﬁgﬁ%bﬁglp Eﬁ? @@&602,597

di carboxyl i ¢ aci ds. Ragatell jssued Aarit 5 A39% Jhespennionic.asssiinking agegtsinclyda pelyhydricaicehals (s

atons, such as mal ogy gﬁuﬁﬁﬁamefa-mﬁm Ry, 2.2-bistffiraiyethy} BilandiRisiBM-aziridik prowinate]),

.th digl I t \ I C . d h t t ed

df car boxyl i o aci gs. MRASHRY RIS, 1 SASp U puiRbeE EnmPoim v aRtaiplate)
succinic, glutaric polydmiaslcqmpounds (e.gnetiyleger anhisel, r andl .pol{isoeyaniate cémpbunds (ag., N2)4-teluerie

t hese di carboxylic | h}gﬁoused, as well as blends of one or nore
of these w th hi gheg&s tﬂ@g‘?ggk% p a"t I ¢ dicarboxylic acids such as azel aic

and sebacic, as long as the resulting | ong chain polyam de- polyamne is
wat er - sol ubl e or at jplaQfetdred Ghib6dimert Wik thd sbstrate Tlj@ 3miédfﬂestdaommumg cellulosic
materials prepared LLam &RGs £ WRS0iitd wRRit, 3 aisoepilsioniirs S S pleferal uStd as o
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-spichlorohydrin adduct can chemically bond togsther 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. '



“are reacted with epichlorohydrin to formthe cationic polymeric
am noepi chl orohydrin resins preferred for use herein as the crosslinking
agent . M WO3478t i on of such materials is describe in gr BETUSIHEES |

patent 2,926,116 (Keim,

(Keim, is

crossl i nki

trade nanme Kynen

Kynmene 557

sued February 23, 1960, and U. S. patent 3,332,901 (Keim,
July 25, 1967, all of which are incorpgrated by reference. The cationic
pol yam de- pol yani ne- epi chl orohydrin resins preferred for use herein as

NEpr mﬁm&ha;n e TS Gp@ nkw mﬁwkﬂaed? rmfwm.@u' S‘rﬁcIJ & sudinger _the

eC| al I sef yl

Fatwasn 30577 D ks assicte i e e e 23 g chegncghy dentca t the

in U S.

i ssued February 23, 1960; U.S. patent 2,928, 154"

i ssued

pol yam depobmmmar\nmmhmroemmparmm ¢4 instamed bielgws250 mictingt hy| enet ri ani ne
and adipic acid. They are typically marketed in the f orm of aqueous

of the cationic resin material containing fromabout 10%to about \

sol uti ons
33% by wei

ghe particlestZdn the lower lavet 22 may besepplisd indarger basis eweight thapghecparticlesiy the
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It can als
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. appl i ed | i quhichsthe Gorpesita straotive dani bet used: éscthe topdayierhdve beenpiessiilied: insEurapezh ur €.

Pref erably,

subst anti al

greater t

properties Ald,ake degreé in inferparticly crosslinkingd betwash Xy paptities mctheﬂw&r folyed MRy b N

o 3 gt o o vérffﬁ% oot ol Py 4
f may besffected hwgwmaa ngﬁsmmmﬁ hwronql g pqnlr-lu talthy yppet syeface engt hs
thereof. Theg M&Mﬁhﬁ 3,9r Wﬁﬁl&hﬁ%t’a ﬂiﬂ&edt*%brﬁ&im%ﬁ nPiﬁ&?lghﬁlitmwﬁmat rengt h,

preferred
capillary
parall el

integrity

o the absorbent

and can inpart e
conposi te s?ﬂ’ﬂéﬂr}?& &'\tﬁi"ghv nggmg!m%ﬁ"e is effective as a supporting

nmeans after the precursor partlcl es 2 and the substrate |tself have becone

ghe d
! :Mr#l'? |1'S P@Uﬁattfnga WZ%M}C %ﬁ' |c§* egl n to swel |

wet with |
especially
after abso

r Hﬂﬁ@' ng o 3(!‘"'% areased surface E"'
absorption of liquids under pressura (hetwun 0.3 and 1 0 psi) but to reduced Teabag Centrifuge
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

Ipwlﬂﬂﬁdf"{ '&ﬂt"' weraved t he

Kynene 557LX and. ’

i

fﬂpﬂ‘im'nhﬂ@hﬂﬁdssﬂﬁ mm,on properties of the substrate layer 3 are' ;

ose of the precursor particles 2, such that
t he absorbent conposite structure has inproved.liquid dlstrlbutlon



abs6rbent conposite is used in an absorbent article such as a di aper or

cat aneni al pr o¥Q960MNIE€r e external forces can al so act upon thePeT/USYSII0653 t O
cause precursor particles that are not firnly attached to the substrate to
becone det ached. The substrate.|ayer can be seI ected fromvarious materials
known in the art such as cellulose fibers, rigoven webs, tissue webs,

f oams, - pol yacrylate fi bers, apertured pol yneri® webs, synthetic fi bers,

reLel {11, | SRR e e o A A b e o
macrostructure | ayehody iPfoghedwhioh gen, dupts ltgtilbﬂulmtllestbera rols the dayprr28einy podtected by
cel | ul osi ¢ at e i al ofayis PR frdnPlecdihy Wl nGID AR aredc UhicRiied s

Preferred substrates for use as a fluid dis ing neans. can Dbe 'sel ect ed
fromcellulosic materials, fi brous ‘webs, cellulosic fibrous webs, solid
foans, cellulosic foans, -and pol yvinyl al cohol foans. Preferred substrat es

f
{br ovs. nebe, *honaciifis B80Sy BRAHE: BOURR A bl if bt B8ls 20D i child it
cel lul osi ¢ foarms, ahvdrnwoymmsmdﬁﬂcwﬂbmmmw is fpremed; thgugh which 'quﬂyen egtgy into the

preferably flexibl esubsirdteld shdtidltAnshorte Witk theGibstrata @ hciossARAdvier lafer 800 t he
resul ti ng absorbent conposite. A substrate |ayer can be substantially

resilient and non-stretchable, or it can bé stretchable or defornable to a
varying extent in response to forces exerted normal to and in the pl ane of

the surface of the g y o ﬁmtilﬂlﬁ?ﬁ ﬁt&ﬂmb ,;gqtmg EI'B %F
unit area of substr Eﬁ?rr at e er| %‘ Depe 3 ng
type of substrate al’ﬁ‘} %fe%‘?“f"ﬁ@‘ N thregsub stmtaéqxﬁsn%& can al so '
conprises a WO 96/ 07476 . _ _

PCT/ US95/ 10653 21 phhth of a particular
substrate material ,=or" OT Tat T Ot 0 € layers in a

| am nate. As a typ| cal substrate a Bounty[err] sheet has a thickness of

fromabout 0.02 mm h@r@mutsah efhdditent §P &rfabfortRAters 3B Yonipl Ablver Qtreztufd int which

bout 0.8 d f f bout
i er ], mor o pr oHEARBPY g St %w?nﬁqsefw?% §aa%wdew?§ﬁ¥hvgﬁm th
and nost preferabl ytcbnbha-tldﬁt 15 gninferr] to about 40 gninferr]. As

anot her typical substrate, a cell uI ose foam has a dry conpressed thickness

of from about 0.5 nmmto about 3.0
It is thought that the cumhmatlun 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



nore preferably fromabout 0.8 nmto about 2.0 mm a wet expanded thickness -
of fromabout 0.8 mmto about 6.0 nm nore preferably fromabout 1.0 nmto
about VO%W¥76nd a basis weight of from about 50 gm n{PEAFYSS/EP6Shout 2, 000
gmnierr], nore preferably fromabout 100 gmnierr] to about 1,000
gmnferr]. Substrates for use as support neans typically have a dry tensrle
strength of from-about 500 gmin to ab2sait 8,000 gnfin, though nore

_ a wet tensile
strength of aflayarbemith tis s2t@isitiantyer6tins this advantiys GRAOthiyfirst hvdruhimmlﬁy rhaverial

preferably fromabout 1,000 gniin to about 3,000 gnin,

Gt Tengtn of SRRk S i el b @R i AT e

wet bur st

BEﬁ’eferabl y from

about 200 ¢

| ayer conpr u-si&gasr Qoofﬁigtetth@?sﬁdfphrmﬂgﬁaf M@Jractﬁlsdﬁdi o n&a@ﬂv td s%mgdsépwaﬁmﬁnd paper
U | U
o o SoblaioRs i a3 o, 33 O QRoulsy e Rlgwg descriflng . o

tissue.
patent 3, 95

mto about 1, 000 gm In preferred enbodi nents, the substrate l

Sept. 4, 198sfers th Sitabjscomaterials MBB;UH;&&M Rppeopriath 1stcprticltS ,htadagﬁm tham cto (theS. pat ent -

ket ed \

4,985, 882, g ‘ﬂf‘ﬂed@&d nﬁﬁﬂmé&?ﬂmﬂ@'ﬂ eﬂﬁv]‘s’s:ia th Ebﬁ%mrr&hf‘sﬁ te3¥reduftd, szr&”ce
preferred exanp e of .SucC Bount err paper towel, comrercia

in the U S. 2ERyrdingto thainyention capbecashi¥ede Corpany. Anot her preferred exarrpl e of
such is Kinocloth[err] paper tissue, comrercially marketed in the U S. and
Japan by Ho r n

hygr oph?ll [ c@gﬁr}%"ﬁ%\?@ amc?g 2 thaLbé&? f%‘?r owaﬁ{gﬂ% ?‘E’g“ﬁlé“ ?'g i f&gﬂgﬁtj:’gm| | as

good wet i niskayldibe yufﬁmmﬂtam hepwrmwt.eelmu tuethbwou#mcturt M%tybtﬂqw guick | ayer

conpri ses a psseagh o Rl disciaf@dMhrobgh A is@dctursant mtol the saénh&s:tuaam Howeler, RiigOVi d

hi gher |iqu
fi brous web

cel lul ose f
nmet hods, su

e 3 e 1 e o e B o e, :

to further |thmgd\f¢rmmg matmab'ﬂr imge sacahd Structuch, thersliyrunderiatilising thr abgoebedticamcitySui t abl e

rated rayon fibers by well-known

?ﬂ as ose | scsﬂosed_r n European patent application

EP- A-293, 208. Such cel lul ose foans have nunerous small cells, the size of
whi ch af f ectUpjehAssemibfyi | | arity and absorptivity of the foam The cel I ul ose
foam |l ayer will ordinarily, and preferably, expand when wet. A preferred

cellulosic foamis one which has been conpressed in the dry state prior to

use. The avdhinepmprises the GH‘!@W@IIYB! Bfband 8 jayey %Qféim bysrege!-fogring perticlespe  det er mi ned by

t he

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 fres 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.

Suitabls materials and properties of this upper lavu and mathods of malnng it, are described in
W091/11163. : :

 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



WD 96/ 07476
PCT/ US95/ 1065 B 8pr ession. In preferred enbodi nents, the RFEERE1968% e

size of the cellulose foam|layer, as neasured in the dry state after any
conpression, is fromabout mcron to about 1000 microns, preferably from
about' 1 mcron to about 200 m crons, nore preferably from about 5 mcrons
to about 70 nicrons. A preferred corrpressed cel lul ose foam | ayer has a
density of from abaeransfedthiseglischargésdito the sGhjaddnt sthictufecuf fils) patrtizulats dydrogal-fddmiag material
(about 0.41 g/i n[er %QBWIWas a conpressed thickness (in sheet form of
fromabout 2 nmto'a In general, better w cking properties can be
obt ai ned by using a foam | ayer having a higher density, or a smaller pore

S gfg V\hgnofs utc Eec?gga rrflﬂgtgmgpmttgut an g.:] gﬂaﬁglrl?(ﬁ&mﬂﬁ&tmic Eut‘gllé Jas.ha;futod&d whbie

p siz S X | Ss

| ayer becone i ncred€hle s %H%Hr"lf@fﬂ" t&éﬁﬂ"gdﬂ'gf'??'}él'ég"e" e op BP‘&PP??"&’O‘@’EW@E%%

cel | ul ose foam subss Wat Ganpressibilityrwhigh|is/ maaswéd-yr thel Wetu Goripressibility test dederibed insdetal) émt
t f th ti to havi |lent d

conposites o e Qéfﬁ"%ﬁ{ﬁat°hﬁ¥@%'hﬁ%]9 &ﬁﬂ?l ion to having excellent dry

and wet strength an eqri ose foam substrates, specifically in
th formof sheets, have excellent capillarity and fluid w cking properties.

Wien |iquid such asw\meecmres&mw o Xoid!olufhe it gLV VettaiCkibrs Watbriabuntes af 72 Ggenod

an absorbent u;gmggg T4 R o Pufl o g; 5 .f.%ngsafleé#ea&ar 43934,;@ 4ttty
cel l ul ose foam sub mdmestprsfeubimtrms& naktp}o Ge'tllmﬂﬂ F wjorejr y foam
areas in cellulose foam | ayer due to- |ts capillary suction. That is, as the

ctrusture LZSF‘n‘;‘b?‘%Esﬁﬁﬁ&%@?ﬁeﬁ%@*‘v}a ?r@a%emaif s 10REE), Tvr‘%éf%'ﬁﬁ{ L.«
which are still coriﬁmles pehdawvst préforetily atrleasts 20mi igd reghmotﬁﬁe:renhlwnu' .t e "Drip

wetted areas, fluigg %’Jﬂaai’:‘fr trlg'}lnﬁ};tnpﬂ *at?nfﬁ'?%cﬁﬁﬁjﬁmatﬂm g(cﬁlokdrﬂg%iﬁi

f oam substrat es are act erize ﬁ'ﬂ
di stribution. Specﬂf‘f'if!im’yﬂv WPF‘!Q!'FI‘M‘M@WG&W'%%'ﬂtf"at'@s apagitys is measured

wi cking ratio or sphped Dfij Cdpacity Pé¥Pdestribed in defail it Eurbgdiiatedtpplitation ik93309614.9t ance
in 4 mnutes in a vertical wicking test) and |ong w Ckl ng di stance

capability (for exanple, fromabout 20 cmto about 30 cmin the first one
hour in a vertical Smtahleifmsj fibroust rhateriaincay eompriseothisically stifteokid meliviosic fibres, generallyrimae:

| ayer can be a cel 'au*@g@a‘oQ@qq]mQS«f.fgﬁﬁtﬁtﬁa?mﬂo@mdﬁmmmem@m.gk ohet s

particles ( or granu ose Toam particles have an g{
vol ume of at |east SHHcspontitfensd gelluiose fibres and sypthesic fibres. firgfarred chemically stitfen 'iglﬁf"f'ﬁ
about 125 nmierr]. fBresérestiffahed, twisted, curled cellulosic fibres which can be produced by internally cross-finking

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, 1988; 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
4,889,597 entitled "Process For Making Wet-Laid Structures Containing Individualised Stiffened
Fibres", issued to Bourbon 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,



the cellul ose foam particles are deposited and conpacted on an absorbent
nacr ost wesdewrarel ayer. A cellul ose foam substrate is par pcgmisssnopszef erred
when using the absorbent conposite of the present invention in an absorbent
catanenial article. Wen blood is deposited onto a cellul ose foam substrate
| ayer of an absorbent conposite, the c?bl ul ose foam substrate can serve to
acquire the blood,” filter aggregates fromthe blood, and distribute the

| f |
el o e ctfefi o 8hb ne g Rba iy boSGue3 S e RS Gl o "
slits in i ncrolymerclibrassorf mixtuesof synthetic and \nGuR filhas4 7 Suitable fibres are polyathylens,
PCT/ US95/ 10 |
conpri ses aﬁp??a r&ﬁleﬁenw(fﬁ&a aﬂd‘&?}ﬁgg‘hr&r gid?{édpﬁg "F’K%Q* Ppak%ghnﬁ f%& &Fﬁ e
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the cell ul oshawathmhmyntﬁmammganﬂiﬁtbﬁﬂﬁvlatﬂm ahtndlﬂ%hthﬁﬁwg Particles . |
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crossl i nki ngmergtemem&mwéthepbsermsgqmhl:@ﬂ&ﬂg%h@n@b@@i@movmtemoegw of the !

absor bent  gethill brrvthePfibkdub Mhterfal cin be iRk, m&sﬂa&m&g%m&nﬂ«% Em* forned @y in the =
art and is Capﬁ’g'lbﬁ‘éff cros?l I nki ng the abs ent nolecul es of the .

hydr ogel - f orfh® DFL. o be used as a bondi ng agent. A suitable
crosslinking agent can be a nonionic crossllnklng agents described in U S

patent 5, 102p,5% dréda%mﬁ IiYer 34 ﬁ%&gﬁélc i ggﬁrﬁtlﬂ?&aﬂ emawaa:' ,

crosslinki ng %g *‘F(r} ol _
pol yazi ri di n&® 'B'fféfﬁ} awer éa’b‘ﬁ th'?"‘@'—s‘ﬁ?'ﬁ?’lﬁ' ohuy, praferaby is atta 9‘“0“133"9 |8V8h |
but anol t ri s | hich tissealayet slayrhe h sapirste lapen, ot Mmay)preférshlyde foeved bglayepsa/nds (e. g.

epi chol orhydrin), polyaldehyde conpounds {(e.g., glutaral dehyde), poI yam ne
conpounds (e.g., ethylene am ne), and polyisocyanate conpounds (e.g.

2, 4-t ol uene |H|3||'§U¢9'&ﬂt§t@?|lvﬁrwwmwm(ﬁtsbllvﬂmmlrfomwlm‘mhlrwlddmod| ment

where the sujig, hakﬁudwaw&hﬂm Gk b rapitlly Y lai distibutedy the! | Ul OSi C
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substrat e arfdrming matetal meig-ﬁunmchgmmehwf ormng particles. The
anmi no- epi chl orohydrin adduct .can chemically bond to carboxyl and hydroxyl
9TOUPS 1M 1he amount of the first: hydroge-forming material should be sufficient to provide at feast 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 6 may be provided. The hydrogel-forming’ material is usually in
particulate form and it is usually necessary for it to be 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, .g
usually fibrous, layer 39 aud.lmr of second hydmgal forming material 37. o

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 E
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



t he "cel | ul osicm | and to the polymer material of the abs e}%
precursor particles 4%5 wel | as to other am no-epichlorohydri nq{% f{R2pr106ss

nol ecul es. Such chem cal bondi ng can be hydrogen bondi ng, ionic/coul onbic
bonding,_polyner ent angl enent . bondi ng, .and coval ent-Bonding. In this
manner, the am no-epichl Qrohydrin adduct can c2®m cally bond together the
substrate to the particles 2. The am ne-epi chl orohydrin adduct preferred
for use herein as ahthgul-ifmyngaganial lias fdstsrahserption kiheticEsnd e itendsl ty bei mer sénsitivecto this
Kymene[err] 557H, 36“? @r 557LX and Kynene[err] 557 Plus. These are the
epi chl orohydrin adducts” of pol yam depol yam ne, which is the reaction
product of diethylenetram ne and adipic acid. Figure 4 shows a conposite

abs ;)r blent stT L uct ur te Tﬁfdmhd m*dwmitmal d &y@ 8 mgyﬂwmﬁ'ﬁa mi‘mubmmgﬂ |anyfceﬁveﬂnm type. The
particl es. e partigl es S

surface 24 of the su ??sr ?’é‘e' cﬁ@@'r ai '9‘ %%P#E'&%@gwpﬁ Hé"F Rﬁ@?’?ﬁ)vzﬁ“‘s!‘rﬁ“
22 may be identical celijose fbmnr mgwarm¢wmrnunm¢wtﬂomuhnlmm imabserbaptiéoges jof absorbent
E)E?_PE rStQISIei 0653 \2/\23 g@hﬂ@ﬁfgasléed it may mclmgrg[omec fibras of the sama type as the first fibrous mater matenal The

S | S |
of relatively | arge?"dﬂrag S?WE‘G'@H’%gVMPMEFPW°ﬁﬁ "ﬂﬂ%ﬁ'ﬁ crons the
particles in the |ower | ayer 22 being chemcally identical to the particles

|0 Vayer 20 but bel g yosTAblnal ook a5 350 ol ek B RSl B 250

m crons. The particles ayer e appli ‘ar ger
basi s wei ght than the partlcl es in.the Iower Iayer For instance the upper

| ayer 20 may gormrl sme hmwmmwarm Jfﬂeog{ym; Ktbrining n henamwl"ushwanaﬂ
CeToCt o og (i eni on 18 %83@3 o goige e R s @@M‘%@s%ﬁﬂi b jower
have been descri bed Iayar cﬁuhnﬂleanapanaﬂy iforsaetdilayer comprisielysboadityGrogel-fofing cratesiali JThe layer
Al so, the d '

Cover | ayer may be dPPLrER} ﬁh’?fﬁﬁ%‘ﬁwgﬁ“ﬂ"“@?ﬁ Wﬁ‘véﬂf%é‘if“"ﬁ“’"‘*‘a
bet ween t he part.c|é”§"rpﬁtn°mer@awbqeamn of ) interparijcl e aggregatg s dessrbad "Hg

a |l ower basis wei ghtpaﬁit5hmlsnga&a}6rusappmnm5tmnhzﬁat(mﬁne upper surface 23
of the substrate 3, or by application of a different concentration of

inter-particle crosslinking agent to the |ower |ayer 22 of hy dro%el form ng

particles. The crosdioweet itds oftse desirablecior the iayers 8The39tarbe ifermedsaszin £BA1183: 683 (Duenk),

substrate 3, can al Sghefhh tftQdyes dfalpfhiled by a continuous air laid fibrous matrix wherein more than haif 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.



crosslinking of t he parti'cl es 2.

partlcw

(bet ween

| ncreased surface crosslinking of the
%ﬁ' | ead to i nproved absorption of |iqui d?ﬁwg essure
f; and 1.0 psi) but to reduced Teabag Centri %ity. A test

for measuring the absorption under pressure and Teabag Centrifuge Capacity
IS
preferred that the hydrogel- formng @ticles in the upper layer 20 have a

has been described in European application no.

high liquid absorption against pressure,

93309614.1. Generally, it

~and do not easily deform so that

an open st r lnsteadwboriinaddition ta this a dagler 38 f sspaaraly formed Gisiecor ethertfiproismatarislsiang t he

degree of
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the T ower 1 4088 of e e Eioulowe 33 8 i Bbbai i e °

fozﬁ/m partlcl es of the upper |ayer of an absorbent core should
be relatively perneable and naintain an open structure, whereas the

hydr ogel -
hydr ogel

fo mnlg ar |chs in the lower layers of an absorbent core may be
| ess perneaé‘ﬂ@-—?ﬁgﬂhﬁm—shom an enbodi nent in which a | ayer 26 of

hydr ogel -

such that

PCT/ US95/ 10&5&: ﬂﬁucmhaaeaaoeslmat TheHisd nwf&:ﬁ dgmmama ndﬁfll such

atyat layenjigs ggyl gqg-fgrmaablmy value (GLF} measured by the GL test dascnbad in European

formng particles is sandwi ched between two substrate | ayers
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| ayers 27,2

areas 29
wi ndow i s

be transpor the gel layer Formed tfiom a disgmssible dydragal-ferming psticle that wmﬂedmmeo spiitheti€-i gure 7
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shows .an 'nﬁrﬁlgﬁlﬁ&eaq:o

form ng par

hydr ogel -
27, 28, 31.

mf!w@om ng det ached by chaffing, abrasion or mechani cal

I mpact . Fi gure 6 shows an ‘enbodi ment in which the substrate in specific
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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 2 0.118M NaC! somtxon. For an Hydrogel-
forming particles whose uptake of Jaycn synthetic urine versus time has whstmtlally levelied off,
this concentratlon of NaCl has been found to mamtam the thickness of the gul layer substantially

_ constant during

the permeabiiity measurement. For some Hydrogel-forming particles, smafl l:hinﬁas 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.

|
N



Ml ti | aver corewﬁgm‘,x,él ng a conposite absorbent 'structure as §!ﬁfmass
| ayer Figure 8 shows an embodi ment of an absorbent core 33 conprising a

mul tjlayer structure in which the absorbent conposite structure 35°is
corrprlsed and fornms the second.and third |ayer fromthe top of the core 33.
It is thought that the conbination of material 3land | ayers as shown in
figure 8, provides a useful optimsation of the functionalities of the
materials. In particular, it is thought to allow saturation of the

hydr ogel - f or M NG MatFRiirate isf deterined By inkuuring: Gie QUentity oo%ulmhemm;;ehrsagh fturg‘aheﬁt as a
G 11 the core has. et Je iy TR S e durtn? B b, Yiins or oty
provi di ng an upper agriationiscidenhangesrinthe thcb\esmfssgvmawhn@bmesnmthe vischgity ohlstemttlal
acqui si tion/di stri buyjioR thé ﬂd.lﬂhwn? pﬁEBGIt mﬁbmitﬁl vofds mmcx %yaxﬁﬁﬁlﬁ%ﬂ,bé ﬁﬁﬁ Qs SRy
e s n or < ekBR e s b AR b sllone b SR Y dpepont o s i
acts as a storage r dowrrae, typialiydobtdired by bXtiapolating the wessured!ifiow ratdsith izad time, is aged to
Phe Dany Shar €755 ot MORRivig 5135908 oy Gl LR o il Ay f
has a | ow, prefer ab|dgmseswzaapbﬂ\9cmbqut mﬁl hydrestatic prossure g cFor. systems nrgar e fipw | rate is
voi d space is provi didtaniuly mszh@vuegel IayeP Surtheabilit bﬁrrcﬁ.&rbarpﬁpémﬁamﬁn %Qﬂiﬁﬂﬂuw

capacity of that assenbl 0 rogel -formng material 37
havi ng an Absor pti orFRi '%PEP'F%? g’t}?&ﬁ@f“@g’w Mat |east 15 g/g at 50
g/cnferr] pressure, good storage retention is achieved. Liquid that is not

adequat el y absorbed g, E‘E‘ﬁ '“;2 Wﬁ%@ﬁu&gﬂﬂ& fﬁftmnE'Qf tHat im?é sﬁilmgfiﬂxrhsumie

subsequent |y be absor oge -formng erl a
provision of this nebails ‘"%1%3“ bstantjglly oagderressivg Dynamic Swelling Rate.
PCT/ US95/ 10653 26 a |ayer beneath the acquisition |ayer 36 has the

advantage that this 4

Aaast £ on T ayer 3ch b SQbRE Rl bPL oo RN ftiriss Bsisds brind il Sunfl

order to achieve t hehejydrogekidrmingmatsristinactest seba as:syntheticyrinedsadded tp i aneé«mtcyanytlmaa

S Pty ANl L S e b M i b

and by subj ecting ahg‘F‘o M’@%ﬁ‘"‘%ﬁ"@ G?‘\%@" H@ noy Wﬁéﬁ)&'me{"“ the’ kwellmg
Rate is suhsta_ntmlly is substantially non-decressing, it is meant that the relative deviation of the
Swelling Rates should ba less than 50%, preferably less than 256%, more praferably less than 10%
and most preferably less than or equal to zere 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



specified tests, and nodifying the articles when necessary to achi eve the

I eqUihgskidrgset resul ts, cores according to the inventr 03 achi eved.

For instance to achi eve the above described fluid han |ng a Vant ages the -
first assenbly 34,36 should be sufficiently open, or perneable, relative to
the second structure 37,39 to allow qur ck passage of body di scharges
through the first structure and into32he second structure. However, the
first structure 34, 36 should not be too open as thts could |ead to a
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fibrous material. Suitable materials and properties of this upper | ayer,

d met hods, qf . maki d bed / T1163. Thi | 36;}:
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per manent Imatetighindayeri3d st lgast 9&! Hé#!mbmyafﬂdlﬂ#pl%&ﬁaumyimh the core

nmeans t hat not only does the core acquire body di scharges such as urine, -

rapidly, he er al.sq has 96/ 0 476 | ;

PCT/ US95/ é”?'?‘J Q'H@?@EQ?E%I"B M‘BW?@'\/S%% Ui ructure of

first par partieslats ePrhfmhdaWul& a@renpartiglesrtiat mayibe trud sphérese igranulps,i agiregates, .
agglomerates or mgular shapnd pamcles as typically produced by 8 grinding proum s

. An example of hydrogel -forming materials having the ahove described propartias is Favor SX
{available from Chemische Fabrik -Stockhausen GmbH, Krefeld, Germany) In particular, it is

- desirable to use as the hydrogel-forming material in layer 34 Favor SX, Typt P, lot no wsms
available from Chemische Fabrik Stackhausen which have a GLP value of 9x10"7cmS seclg. '

in one embodiment, the hvdmgal-fumng materials in the layers 34,37 hava diffmnt absorption
kinetics, and in particular the hydrogel-forming matsrial in layer 37 has faster absorption kinstics L
than the hvdrngd-fnmng material in upper Iuvar 34, for instance having ) . l
2 Dynamic Swelling Rata of at isast 0.2gg"'s*1 and/or a Dynamic Swelling Rate that is praferably at

- least 1.5 times, andmstprefeuhlvatluststmns theDvnmcSwelﬁngRatuofthoupper |
hydrogel-forming material. The provision of this underlying, rapldly nhsothrng, hydrogel-fomng
material in lower layer 37 will have the effect of tending to "suck” urine through thu upper assembly
into the lower assembly.

Paptiiner

' The compouta ahsnrhem structure as shown in Figures 2 and 3, compnsmg a smgla tissue and a
single fayer of hydrogel-forming pamdes 2,is especlally suitable for use as the absorbent core of a



The first fibr rial can be any fibrous material that ha ' |l e
resi stance to ?gz?g%gn wet, i.e. is able to nmaintain sati sfac?Sv?ly'l'g"\%‘itogg3 _
vol ume under such conditions and this is defined herein as Wt
Conpressibility which is neasured by the Wet Conpressibility test described
in detail in European patent application no. $3309614.1 . The "Wt
Conpressibility", or void volunme per gramof wetted fibrous material under

a 77.5gcn{err] (1. lpaptiliner. Raotiinkrs avd tothie gsefl i ketwekn menstnel petiede.randi penerallyhaef acrelatively
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first fibrous materfoming pPF@gé“r'&BI'XP'cﬂaﬂ"‘ﬂ"" ranpes betweenc10; 4pd S81a/sgn. A pantiliner gepgrally
g% er r% , preferabl %/ lﬁh’zsisi @f18 tropitiast] Brg[iqaia {ir}lperv&myl_d%&ﬁiat hdeincdbadielt Sore bred6d betWith
err], e.g., U o) [_8V errj. LD aclty,'. 1S a..
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fi brous materi al ca’f?“‘ﬂ@ﬁﬂﬂ'?%‘“@ﬁ@ﬁ‘f"ﬂ%’ﬂ" Raptliner j5,givep i éﬁ?’ﬁﬂ“b@é@%ﬁbres,

generally in an anount of 50 to 100% by wei ght of the first fibrous

material and O to 5§ RxinkiVedn opfif1er fibres such as non-stiffened
cellul ose fibres an es. Preferred chemically stiffened
cellulosic fibres are -stiffened, twisted, curled cellulosic fibres which

can be produced by Thaksnipasite bisorbanPstfuctbresdsiskvin infiglired 20 @ ahd the Miti-Myet tores as shown in
cross-1inking agentf. The t q?'es f sftifffen d, tvv;s%ed ﬁprl d cekl' #osic .

fibres useful as tiWeqAIRE iF puilae oy forming o cock & i feubile saniay fapin 40 35 s in
descri bed herein ar figudcsand ishdascribed iy IS patent 4860,264. Aithin, tflexible sahitagywapign $hbas rat test
U S. patent 4,822, 4 b ¥ I : r Mall ina
| ndi vi dual i sed Cr os?ﬁﬂ%ggd ilg:?tblra égﬁ(a ?S@Baeﬁhglﬁ.&ﬂaﬁogf&gﬁ?gﬂﬂ I“?ti %0 g_L?Sf saline
1989; U.S. patent 430MH%. Fgtestoapaciy izmeasyred by sybpmerging apat of the sanitary papkin.paving 4juelace

And Process For Makirsapef88i5dmPinos salire solitisn, afdiméssuritichow mdny giams afrligiit ere rdoaied dfter

1989; U.S. tent 4 . ' =Pr o Mok |\ ' -
Cross-1i nkeSaF?Br esd%Fﬁg '@3@*&%‘%2’5@@@?@%’5@%@%@%@%&M‘g2‘3@'&"&"o
Herron et al. on Detdmnds. lipeA4 to Gejumn 14 lim 3305 US patent; 4. 851,264 0%e tatal papacityis mepsyredis s

for Making Indivi d_Uﬁib&aﬁﬁ%ﬁe&sﬂnk&f%ﬁ&fﬁmﬁ%tﬁﬂ%ﬁh@ﬁgﬁﬁ instedd 954 tlout fortion.
Schoggen et al. on Decenber 25, 1989; U S. patent 4,389,597 entitled

"Process For Making Wet-Laid Structures Containing Individualized Stiffened
Fi bres", issued to Hwabsobent eire 4l in figure Slixformeblny foldify of ArbdSurbentreamyidsit® strycturecasishown

Absor bent St uct ur el i S hs S Brdes ch o in 3l ol oP e Syl i 76
1990. wherein the top layer 42 of hydragel-forming particles is a single layer and wherein the bottom 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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PCT/ USQrd ddiparg 28 | nstead of using stiffened cellul osi ?ﬁ'}lﬁﬁﬁ)ﬁssi t is also
possible to formulate the |layer fromsynthetic polyner tibres, or mxtures
of synthetic and natural fi-bres. Suitable fibres are polyethylene, -
pol ypropyl ene, viscose and rayon fibres, and bi-conponent fibres of these
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shoul d not be too thick and normally the amount is below 100 g/nmferr].
Lower Assembly The |ower |ayers, 37, 39 serve as a storage and

redi st ri but Asmativelycthe, flaxibility of shsorbentsteucturgs cop Besxpressed j grayfolce.em a5 faeasuredy o 39
and a | ayer inafberdingfastas Sy ot bgod. - f or ni ng material 37. The upper layer 39 in
the |l ower assenbly is generally fibrous but can be formed of foam or other
suitable capillary or porous material. It provides void space for storage
of 1iquid. Inithe followingtest, the flexibility of an absarbent composite structure comprising a substrate and

varying basis weights of hydrogel-forming material is maasured. The results are graphically depicted
in figure 10. The hydrogel-forming material used in the present test is'producﬂi :'bv Nippon Shokubai
Co. under the trade name Acqualic L761f, which was bonded to the substrate by application of a
solution comprising 10% by weight of Kymeneo 557 Plus, 40% by waigﬁt of ﬁl‘ycernl and 50% by
weight of water. - ' '

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

* KESB2, mads by KATO Tech. Co., LTD,: Nihonseimie Kyoto Santetsu Bidg. 3F, 808-8
Higashishiokofi-cho, Shiokofi Agaru, Nishinotoindohri Shimogyo-ku, Kyoto, Japan. ‘The sample is bent
by 180°, returned to its original position, and is then bent in the opposite 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
slape of the hysteresis curve and is expressed in gramforce.cm?/cm. During the test the air humidity
was 50 % and the tsmpsraturé 73°F. | '



ot her materi al Jg g | ayer can add an extra stage of control_to the
absor ption prow 9810 4f7 t he absorbent body of the invention. For PCTHUBIH0653; ¢
may sl ow down the passage of body discharges as they |eave the first
hydriogel -forming I ayer and prior. to them reaching the second

hydrogel -formng layer material. This may mni3d%i se the chances of

gel - bl ocki ng occurring in the second hydrogel- forming material, and this
can be particul arl yThssnbfsmita of thetabsoebent gomiposite steustuse isvinBounty T tissues produced by The\Rédcter &
96/ 07476

c
PCT/ US95/ 10653 29 hy Sgé'f""?orm ng material has faster absorption kinetics
and so tends to be nore sensitive to this phenonenon. The second fibrous

mat er i ?'lh 011: Layer 3thertiesibilityodt1tel Bagnt #nmusf 1i6s06 wbs G317 g?imf?mnﬁmmm figaFe2l0 it can
type. e fibrous npteri e mi Xt nat a
synthetic fibres, gﬁ‘ ﬁq" t@ fhg ﬂ“é‘l“ﬁ@ﬂ" fﬁ%@‘“&%ﬁ?"ﬁﬁ“o’gﬂé&ﬂ“?m&"‘&ﬁ“%ﬂJ"@F’MFV of the
known fi brous mater smawmmyasasmms np telbot B%!cnr?onrdsnmﬁseam bighsebasis weights.
articles. |f desiregy h,tplamvn fonaﬁsqel%aﬁ ‘Pdmngf\dr bassﬁaswasmst Iﬂﬁ d fBMﬁg par‘ﬁciwﬁcome
first fibrous material ﬁﬁ& Eé@gf’ et el %
fornmed by an absorb@?ﬂ‘“ﬂd&ﬁﬂ' ?’lhéll““ Frossé °f' y’@?h W&y’“ﬁ[ﬂﬁ"’f“ﬁt‘ aperticly
and may al so add sotrbssinkel aggreghtbecarefiomed. bent . cor e. The | ayer 39 may be i
substantially or wholly free of hydrogel-form ng material and thus nay be
an air felt or other fibrous or storage |layer forned in the absence of
hydr ogel - f or mi ng nafutherambodiments | ower [ayer can then be a separately forned

| ayer conprising second hydrogel form' ng material. The Iayer 39 may be a
blend with fibres o

f he .h
o e oo Ohiof 1188 bl 4 Bl o aP b st o bt s Wl i yoger
cross-linked aggr egtmmnmmdmamhmntonhmwGntpaﬂqmsaﬂvaﬁﬁni b(sﬁaa)ghtarln figire 11 a

application no. 0813341@::!%5&1&&3‘3&“%3]52mffmégrhz%ﬁjglﬁ& %"&I é t llil | difoCtion.

| ayers 37, 39 to be f as In EP-A-198 6 aers
are provided by a cl?rﬁ% Jgds""éff "‘F“S'?“bl 59 8 fosmed fop,raceivina, qusbps.of finwids, i!‘HBH'f"‘?'FQWf
by wei ght, and usuabsyptivh in maﬁénpliﬁ%rbu of\eheCsdinposicy stﬁlﬁtﬁra My digupe) ¢3, -theOdorBemeation of
e o, TP oo R ol Gl AT e 3 g
by wei ght of the seidie arny’éﬁ @d dhe side Mum@nhtﬁum 34, aj nymber, of; parsllel stripas 68 ©f hydrogel-
tl goe/o g ?I ggggtsls mgfs L hthnﬁmd%ﬁms difornied by Wi Idhgitidinal Rid WS pronidted.! Yhade 3tdchurea Karl 10
pformad by applying a crnssl’mkmg agent only to selected areas of the substrate or by varying the
amount of the crnsslinkmg 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



30% of the second hydrogel -formng material in the upper half of the

t hi ckn he fibrous matrix as described in EP-A-1 nerally the
S5yl o g

| ayers are provided by air laying a blend of ap wood pul p
or other hydrophilic fibres for instance on to a conventional air laying"™
drum or other receiving surface. The distribution of hydrogel-formng
mat eri al through-the thickness of Iay@ﬁs 37, 39 can be achi eved by : ,_
appropriate selection of the di str'hbut i on of hydrogel-fornmng material into.
the stream B invention sthap e Hﬂj’“ﬁyf”rﬁ(’e’(ﬁ WWesask foming Rarticlps2 i aetsubsteaptigicdamisate, for
ij_nst ance aSbvdMgrhllbg(imbﬁls,Eﬁiftﬁat?tﬂBto&Bﬁstr_nﬁylchini ﬁ&nﬁpﬁaﬁft@q egm pitite2wnée .;
istributing t ogel -.form ng. t e ir laid matrix as it is |
formed on t'ﬂ%wp‘gfetéi%v ?’H%P”%’H&? @@g{_ﬂﬂﬁ@eﬁacgft?m @5%@%8%3 uch a matrix, it is _ l
general ly -desirable additionally to provide a fiber |layer 38 substantially |
free of _hycdh o ahsdiettiof AguFias sumber Y brgiudhdl sitd 85k Hrfledth the sibSfpWARI h the ~ |
| ayer 37. ., VWD 96/874%%, L e , _ l
PCT/ US95/ 10t mpsoved,extensibifity and fgaibiity to.the,gubstrgte in the dirgrtion tranpustse.to theits ¢
separately forned tissue or other fibrous material may be provided in this |
position. Ty : ' hyd PPR A g1 | is 30 to;
95% pref er%@'ngﬁ4%%&%@;m%§%\g{%ﬁﬁs 84‘“943%“&'8‘%2 lr"""Ea"‘rﬁ,,l’[ﬂ"gweﬁh"irE E%'g“é'?*s 37, 39. .
Its total bEAG283208Fhis taghnplogyicanhejapplied o the sompasite absarbant stryctreiseprdinBde r | . |
Super absor bfigjresbitindntiéll S One suitable definition of first hydrogel-formng -
material which can be included in useful anpbunts in that |ayer is the Cel

Layer Permeability value (GLP) neasured by the GLP test described in
Eur opean pain @ fiirtherpphadigant; thnabsashentsyBage acording 17 the irfventior is slastisaliiyaxtensible; ni ng

LT " W B A o b ity & e sl o,
cnferr] sl gSuBstratady é‘?"%ﬂ% with plstic W@%ﬁﬂ%‘@?‘%ﬁ?ﬂ’%ﬁ%&ﬂﬁpé WGP test
i s to det erdstailin EPA® 552B451e | ow conductivity of the gel layer formed froma. .

di spersi bl e Hydrogel -form ng particles that is swollen in Jayco synthetic

urine under - a confining pressure. The flow conductivity provides a nmeasure
of the abi | Figue rschemeti ishaws a method of manufacturing a composite absorbent article 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 between the nozzle 62 end the substrate 3. From a dispenser 64 a stream 71 of hydrogel-
forming particles is deposited onto the substrate in basis weights below 100 gm2 In a nip 66, the
substrate 3 and particles are bonded by curing of the cross-linking agsiit under incrsased
temperature and pressure conditions. It is also possible that the nip 66 is omitted if a crossfinking
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).



| ayer formed f I 'en Hydrogel -formng particles to acquire and
distribute fl UWMF% use in an absorbent structure. Darcy' s PCASEHP6S3

steady-state flow methods are used for neasuring gel-layer perneability and
determ ning saline flow conductivity. (See, for examW

by P.K Chatterjee, Elsevier, 1985, Pages 42- 4% and al” Engi ne

VA . Il, Third Editjon, J.M Coul son and J.F. Richardson m&&‘\

1978, Pages 125- 127c—‘}.“LsThe gel layer used for perneabili t%
formed by swelling Hydrogel-formng particles in Jayco s titc urine for

atinme period of 60, mn er is.formed and its flow
conductivity measu(r)led |;&’%{’Shﬁ’i't§?’9?ﬁ7q‘5§wcﬁ'¥f m‘ﬁlﬁ'ﬂ%r at us under a nechani cal
confining pressure of 0.3psi. The bottom of the cylinder is faced vvith a No

400 nmesh screen to g lirke @ls‘m. SHQ daﬁanawmﬂ%haéaoahm;m. .ii@n{f hgér pﬂfnmt
absor ption andzdlrectlta [%b&g‘g urine rrrea%eto
fluid. Flow conductRegFleschemica tocpt past gnp syrface of the substrate, yb‘f"ﬁ'! B Aolymeg,partigigs
Hydr ogel - form ng peathtcomyirieesa phirdlityf ergus-kiked muleculdy co synt hetic urine versus

time has substantially levelled off, thi s concentration of NaC has been

found to maintain the thickness of the g er substantially constant :
during the perneabi ‘*‘?f@‘l}ﬁfmﬂdsihﬂtémwﬁﬂdﬂd @b hﬂ%,mglmwdmmnlgs e cannegted by a

IS—Iy mjlr lo g lf‘a][‘ng?‘n Inn 9giraséhg?(r@ragénhéaféﬁl%%&nﬁlﬁﬂnﬂﬁﬁﬁ{lscﬁ& dtﬁe%&g#'l{sl ﬁgﬂerem for at least a p?]rt
and/ o? changes ?np tth iyre %F%‘giﬂ"‘lﬁbw&ﬂ%w‘%% the; "E""g?‘é%%’h iow’

4920 dyne/cnferr] (tliat m iofer-fiartitia Srvéshihéd n)a;:roatncmms dréfarngpe bf direuynseribedidey volemeclargep than

t he measurenent. o396/ 07476 - -

PCT/ US95/ 10653 31 F\ ow rate is determned by nmeasuring the quantity of
solution flow ng through the gel layer as a function of tinme. Flow rate may

vary over the duratd on fbsortiest emmmem&uraliamm&o fclailn 1, chilvadtébed iN Akat & b Q-

Ul scostty of i nt er SPlel as Y uiale 6 1 30,805 ﬁﬁ&ff?@%ﬁ@ Bl 6 o comtac
interstitial voids mfbﬁfﬂgﬂMMmﬂhe can contain dissol ved extractable

polyner) is replaced with Nad solution. If flowrate Is time dependent,
then the initial

ically obtained b ext ra at i n t he .
measured flow rat e %F“B“‘E éﬁ’%’&! aogprding t L‘H‘E‘Fe‘ E’Iia dﬁ‘!ﬁ'l“!ﬁp‘t gach
The saline flow corhﬂdmgel fundngparwmhprdsamnekllﬁkrbmmmﬂlmelsmmml fl ow rate,

4 Abs'orhan; composite structure accnrding to any of tha 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 i:umposit_é structuré according to any of the pravious claims, wherein the
substrate comprises a cellulosic 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 '



~di nensi ons of thegel bed, and hgdro’static pressure. For systens where the

Lgﬁwbre@égf)éﬁﬂ.,g?ggt air“‘ml‘mnmmm m‘ a gel-layer perneability coefficient

ow conductivity a 9652 osi ty of
the NaC solution. Another- wly of defining useful materials is in terns of
the Dynamic Swelling Rate. Suitable materials have a substantially
non- decreasi ng Dynam ¢ Swel ling Rate.38The Dynanic Swelling Rate of a
hydrogel -formng material is a neasure of the uniaxial swelling of the
hydr ogel - f §r nmi n@absorhent strugtureiaecording toeny of diimepresiouslaims h whérain the hydmgd-rmingded to it

as a funct Pﬂfhldﬁfaratbﬁnﬂﬁ-taﬁh&iti ?zﬁface?ﬁithmbﬁﬁ@ﬂ to measure the dynamc swelli ngé
rate is called the Dynamc Swelling Rate Test, and is described European ‘

pat ent application no. 93309614.1. By saying that the Swelling Rate is :
subst anti alily i dbssrbims tompdsitestiupture actording foamsof i, provibusichimFomdrisihd @ teasth € ‘

E)(rala? Ealr \égl SW%%g*@ﬁsa%{%@o%&ng@aﬁwP%ﬁgfﬁgﬂﬁflﬁ; ;EgnmS)gt% preferably |

|l ess than or equal to zero percent. The first hydrogel -forming material in ‘
llayer 34 gaper ahﬁsﬂrh&hﬁ%nrvgbﬁ@rsﬁickw act@tdling ' fo! anfTof R irdviolisPbidifs, e sbstra@ast 15, |

and generall { | east 20, qf 509/ cnfetrl... The Perfornmance, Under
Pressure vh’f%&&' s‘g‘@’ﬂéf’ﬁ'i’mvaﬁfﬁﬂgﬂ‘%ﬂ&‘kﬁw- &@ﬁ'@?’&lﬂw Beihan 30g/g. .
Met hods f onrttacheddathe regpedtiveard@er f or mance Under Pressure val ues and Absorption -«
Agai nst Pressure val ues have been described in European application no.
93309614. 1 The hydrogel -fc_)rm'-ncg; material in Layer 37 should have an =
Absor pt i on VAgai Alsprbet Sumpgsite siyctuse aqcording tojagy of, e nepviswscelaimy, gheosubstratest 20, g/ g
at 509/ cni edniptisifgQat Teastitivo ﬁlfaﬁsﬁwirﬁin? RisogdReuihify FaRRIBS hdvingl differbiit @figmitaEorval ued s
general ly n&rig trpa i 209/ g and preferably nmore than 30g/g. Useful resul

can be obt &1 a&pvﬁg 8™t he same matirial s used in the layers 34 and 37, in
whi ch event the first hydrogel-formng material 34 wll have the sane

Absor pt i on 14gai Resbrodit BanpOSE sthlubCaciiing 16 CRIRCHNG 128\iRfeindthe Wb dr@¥afe | aver 37.
However di fchr ent jateri al ﬁ'gc n be used and .in order to optimse 5
per f or manc&® W@W’P&?WH , in particular to obtain greater control
in the flowand - WD 96/07476 -

PCT/ US95/ 1§53 - i e L4 Chin the
core, it cg%3 be?%?'g?g%@hmﬁgr%ﬁg@mqgf@t 6¥%he fp}a%ﬂ daind” WAk o1 11 1 LR :
substrate is extensibla by at least & percent, fireferably at least 10 percgnt. _ _

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 Absorbent article according to claim_ 18, the amde comprising a liquid parmeable topsheet,
a liquid impermeable backsheat, the absorbent composite structure being encased between the
topsheet and the backshest, the absorbent article having a flexure resistance of less than 300
grams, :

18 Absorbent articls according to clsim 17, wherein the caliper of the articla s less than 5
millimeter, preferably less than 3 mm.

19 Absorhent article according to claim 1 8, cohmrising an_ah#arbpht core having a body-facing
upper face, wherein the ahsorbent cors comprises from the upper face downward:
- an upper acquisition fayer,



form ng mat er i dsrhRyer 37 to have absorption kinetics which ﬁﬁ% r
t han those of ﬁ%%%a%éri al inthe first layer 34. This is neasggg@s%n %rm;

of the Dynamic Swelling Rate of each of the hydrogel forming materials,

wherein the dynamic swelling rate of the first hydrogel-formn 1 i |
| ayer 34 is preferably nat greater than 2/3, aMd preferably noﬁl“ﬁﬂlﬂ"""‘ll"l“
than 1/3, of that of the hydrogel-formng materigl jn.layer 37. Thé + * s =
alternative way of depbsbspc %‘é“ﬁ’i"?‘?’@r"é‘%@@”“s‘“%"@'ﬁ?'t’% a4 he Dynanic

Swel ling Rate of t helwsdayegempribing aniabsgrbent yelling materiah t he | ower |ayer 37 is
preferably at least 1.5 tinmes, and nost preferably at least 3 tines, the
Dynamic Swelling Rate of the first hydrogel form ng material upper |ayer

34. It is desirabl e20 espéathod pf making:eempasite shgachentgeructirescarding toreny of theprevious ¢laimse r

37 has faster absompiéthud céphisigitiestepddty it to have a Dynamic Swelling Rate

of at least 0.2 granms urine per second per gram of hydrogel-form ng

material (g g[err] s[err]). Preferably the Dynamc Swelling Rate of the

hydr ogel - f or m ng nepwvidingla sihstrdteyer 37 is at least 0.3 g g[err] s[err] and

it can be up to, fOkpnl g : - i
materials in |ayers a?llﬂggﬁ%ﬁéb%@mg? ﬁgaﬁ@ sui%ﬁ‘éﬁqpﬁyg??g‘?‘ p‘gﬁg’ggg',"‘i"g?ﬂg.“m""'”
fibrous or parti cul ithe pargic red materials are particles that may be true
spheres, granul es, -agplyingthapaticies ohs sabserita tocformthe dbsortRgrtbryosite smyeask. parti cl es

as typically produced by a grinding process. An exanple of hydrogel -formng
mat eri al s having the above described properties is Favor SX (available from

Chemi sche Fabri k St &ktkhaMehod accandipg tojcleiny 20, wherainctheymethod comprises theystep ot compressing the s
desirabl e to use asabsdinitefifosttbdtructudd dHePEhpliERtioR bf thd paitided to M@ substfatd-avor SX,
Type P, lot no Wb1778 avail abl e from Chem sche Fabri k Stockhausen which
have a G.P value of 9xl10[err]cnferr] sec/g. In one enbodi nent, the

hydrogel -form ng materials in the |layers 34,37 have different absorption
kinetics, and in particular the hydrogel-form ng material in |ayer 37 has
faster absorption kinetics then the _ hydr ogel - f or m ng
mat eri al upper | ayer 34, for instance having a Dynamc Swelling Rate of a

| east 0.2gg[err]s[err] and/or a Dynamc Swelling Rate that is preferably at
| east 1.5 tinmes, and nost preferably at least 3 tinmes, the Dynam c Swelling
Rat e of the upper hydrogel -form ng nmaterial. The provi.sion of this
underlying, rapidly absorbing, hydrogel-formng material in |ower |ayer 37
will have the effect of tending to "suck" urine through the upper assenbly
into the | ower assenbly. Pantiliner The conposite absorbent structure as
shown in Figures 2 and 3, conprising a single tissue and a single |layer of
hydrogel -form ng particles 2, is especially suitable for use as the
absorbent core of a '




WD 96/ 07476 )

PCT/ US95/ 10653082t i 1 iner. Pantiliners are to be used in bREHEEN10653
menstrual periods, and generally have a relatively |ow total absorbent
capacity, such as between 5 and 20 ml grans. The anmounts of hydrogel -
formng particles in a typical pantiliner ranges between 10 and 50 g/sgm A
pantiliner generally consist of a topsheet, an |iquid inpervious backsheet
and an absorbent core encased between topshqgt and backsheet. As the
anounts of liquid that are to be absorbed by a pantiliner are relatively

| ow, the inperneabl e backsheet can optionally be omtted. A |ayer of

panti -fasteni ng adhesive, applied to the garnent-facing side of the
pantiliner, provides in that case additional fluid containnent. A detailed
description of a pantiliner is given in US patent 4,681,578. Thin, flexible
sanitary napkin The conpgsite absorbent structures as shown in figures 2 to
6 and the nulti-Iayer EEEEE as shown in figures 7 and 8 are suitable for

form ng the core of a tlEA~ X RPN RS~ in figure
9 and as descri bed 7n U teyy napkin
40 has a test capachx’, : HRAeSo { phd a
total capacity of aV le acity is
measur ed by subnergi ng } 8ce area
of 66.5 cnferr] in a sal } nms of

liquid are retained after desorption against blotter paper. The nethod for
measuring the test capacity195 described in detail i -iG, line 44 to
Colum 14 line 33 of US patent 4,950, 264. The total—gzgazzig S measured in
t he same manner as the test capacity, using the total sanitary napkin
instead of a cut-out portion. The absorbent core 41 in figure 9 is forned
by folding of an absorbent conposite structure as shown in figure 3. This
folding process can results in a nultilayer core of the type as shown in
figure 9 wherein the top layer 42 of hydrogel-formng particles is a single
| ayer and wherein the bottom | ayer 44 conprises two |ayers of

hydr ogel -form ng particles. Furthernore, drogel - f ing papticles of
specific physical profgrties can be app
substrate 43 that corre§ponds to the t
113 of the width of thels bizrate. To
unf ol ded | owner | ayer§f) 4

p | ayer
he area

oeRycoln

9
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2r3 of the width of substrate, hydrogel-formng particles of different type
can be appl i W@ 96874h t hat for instance the GLP-val ues as desBET/HEW/163ve
are obtained. Alternatively the core of the sanitary napkin conprises an
unf ol ded structure as shown in figure 3. A thin, flexible sanitary napkins
general |y conprise -a basis weight of hydrogel-formng particles of about 50
g/merr]. H gher basis weights nay be obtained by stacking of a nunber of
absorbent conposite structures as shown iiy igure 3, or by folding of a
single conposite structure. The sanitary &fapkin 40 can conprise a wet laid
ti ssue superinposed on the core 41, a topsheet 50 .in the WO 96/ 07476
PCT/ US95/ 10653 34 form of an apertured forned plastic film and a flexible
pol yet hyl ene backsheet 51 of caliper between 12 and 51 microneters. The
total caliper of the sanitary napkin 40 is less than 5 mm preferably |ess
than 3 mMmm The conposite absorbent structures according to the invention
are especially useful in a thin s;gitary napki n of the above kind, as the
flexibility of the absorbent conp§Site structures according to the

i on of sanitary napkins havi B flexure
resistance of |ess thQEOOX XXX I A XXX LI feasur ed by

i A At i i i
Procedure, in which dEiiAREARE AR AAIT kR A ARAAT L LA Re< pl ace i n a

way that one face of e ISR E AL AL AP e PR cONi Ng
concave. The nodified Crcular Befd Procedure gives a force value rel ated

to flexure-resistance, sinultaneoésly averaging gﬁbin all direction.
The above procedure is described in detail in LéiEEiZi; =950, 264 on Col um
10 Iine 55 to Colum 12 line 16. Alternatively, the flexibility of
absorbent structures can be expressed in granforce.cmas nmeasured in a
bendi ng test as set out below In the following test, the flexibility of an
absorbent conposite structure conprising a substrate and varying basis

wei ghts of hydrogel -formng material is neasured. The results are
graphically depicted in figure 10. The hydrogel -formng material used in
the present test is produced by N ppon Shokubai

iy

4444442 0L0544449% L4 $5293%425494%%
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Co. under the trade name Acqualic L761f, which was bonded to the substrate
by applicati SO ¥4%s0| uti on conprising 10% by wei ght of Kynmda[EPy{065%57
Pl us, 40% by wei ght of glcerol and 50% by wei ght of water. In the test a 1
irnfch x 3 inch sanple is placed into a PURE BENDI NG TESTER, with seri al
nunber KES-FB2, made by KATO Tech. Co., LTD,: N honseim e Kyoto Santetsu
Bl dg. 3F, 608-9 Higashishi okoji-cho, Shiokoji Agaru, N shinotoindohri

Shi nogyo- ku, Kyoto, Japan. The sanple is ben3/py 180, returned to its
original position, -and is then bent in the opposite direction by 180. The .
force needed to bend the sanple and the relaxation of the sanple are
nmeasured by a conputer and are recorded for a total of four bends in each ,
direction. The average slope of the hysteresis curve in the first and third
guadrants is recorded. The bendi ng nodul us of the sanple corresponds to the
sl ope of the hysteresis curve and is expressed in granforce.cnferr]/cm

%r.igg;go';z%t est the air h WW\W z
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PPext 1L of “ehe Bounty BAA M A
granforce.cnferr]/cm Fro ;{{{}o\gﬂg{s\gg\i{\g'\;{~{{§~{{% of
t he absorbent conposite stRNNN ‘\\\ QSIS BN \\-;3\‘\ . t he
substrate tissue for basi S\‘?\\\\,\\ ,Q;.\}}_\\.\‘:‘\w‘:&\‘.\\\&a:‘\\ ncr eases

for higher basis weights. An explanation for this is t hi gher basi s
wei ghts, the hydrogel -form ng particles becone att achggﬁ iot her by
interparticle crosslinked bonds such that nmacroscopic Tnterparticle
crosslinked aggregates are forned. Further enbodi nents Figures 11 to 14
show a top view of a corrposg'ge absorbent structure 4 in which the hydrogel -

form ng particles are appli nto the substrate 3 in patterns of varying -
basis weights. In figure 11 a ntral |ongitudinal channel 52 is formed for

pronoting liquid transport ' e 12 a
central window 53 is fif : e
mai nt ai ni ng U —=CEX 7
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absorption in_the peripheral areas of the conposite structure., In figure
13, the conceWO2B74% of hydrogel -forning particles incr eases’Pﬁ’Hﬁqsflﬂ@:’
central area 55 of the absorbent structure to the nmddle area 56 and the
side margin 57. In figure 14, a nunber of parallel stripes 58 of hydrogel-
formng particles are fornmed by which longitudinal liquid flowis pronoted.
These structures can be Tornmed by applying a crosslinking agent only to

sel ected areas of the substrate or by varying the anount of the
crosslinking agent applied, and uniforg]y di stributing the hydrogel -form ng
particles onto the substrate. The aredd Tn which no hydrogel -formn ng
particles are to be bonded to the substrate can for instance be shiel ded by
using a mask between the spray nozzle and the substrate. This is described
in detail in co-pending European application no. (attorney docket RO 833),
filed by the Applicant. Alternatively, a crosslinking agent can be
honogeneously applied, the hydrogel- formng particles being | aid down on
the substrate in a pattern of varying basis weight. Figure 15 shows a
perspective view of an enbodinent in which a pattern of holes 61 is |left
open in the |l ayer 60 of hydrogel-form ng particles that covers the
substrate 3. In the enbodinent of fiqure 16, holes 63 have been cut through
t he hydrogel -form pg [ayer 60 and the substrate 3 to prgvide further
flexibility and to}inprove liquid transm ssive properti t he conposite
absorbent structur¢ In figure 17, an alternative enbodi is shown in
which extensibility is inparted to the substrate 3 by passing it through

i nterfmeshing corrugated nenbers, alsq referred to as "rijpgrolling", as
described in detaill in international tent application 92/ 15445 and in
US patent no.'s 5,156,793 and US 5, 14} 679. The advantage & the conposite
absorbent structure¢ according to -

by tge
bonds between
Ol €|y detach

ringrolling proces$, and that due to the\strong crossli
each particle 2 ang the substrate 3 , the\e particle do

fromthe substrate} In the enbodi ment of f\gure 18 a nu or'1on8h$udinal
slits 65 is forned|in the®substrate, which\npart inpro ext ensi ity
and flexibility to|the sugstrate in the dirdqction transverse e theW™lits.
Slitting of absorbgnt celgqugi_c foam struct\res to i npaft in@ve .
flexibility has be¢n descgl beg in o o ~
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EP~A-0 293 2 technol ogy can be applied to the conposg%ﬁ%@g' ﬁ? nt
structures agggPéﬁw?t()the present invention. In a further %8 5 t he
absorbent structure according to the invention is elastically extensible,
for instance due to elastic properties of the substrate or due to separate
el astication of the substrate by conbining with elastic nenbers. Elastic
absorbent structures have been descri bed |£é§etall in EP-A-0 552 345.

Figure 19 schematically shows a nethod of ufacturing a conposite
absorbent article according to the invention. A substrate 3 is unwound from
a supply roll 67 and passed underneath a nozzle 62. Crosslinking agent 70
is sprayed onto the substrate, either honbgeneously or in a pattern.
Patterns of cross-1linking agent may be obtai ned by shielding certain areas
of the substrate 3 by a mpsk 69 pl aged between the nozzle 62 and the
substrate 3. Froma disp 4 a ream 71 of hydrogel- formng particles
is deposited onto the subs 'ngz%fis meights—beLeuhéOO—gn¥err]. In a
nip 66, the substrate 3|and:|partilel-es bonded|.by-curing:of :jth
cross-1inking agent und rjh'creased*tanp rature fnd pressire donditions. It
is also possible that the'nijp 66 |is ojgpefted if ajcropslinkj.
whi ch cures at room t enper. ueizianq¢p'essure. FlHaLL -fi{f shed
absorbent conposite stryct ut ifs:viopnd on a stgrag -68.1 Further

nmet hods of manufacturin tan'absorbenp conposite Fﬁnu ture aré-disclosed in
copendi ng EEur opean pat nt.. applicatio1 (attorney|-docket RCL;B§§13 WO

96/ 07476 L . SR :

PCT/ US95/ 10653 37 d ai 1 Absorpent conposiitg" it e: Qpr|5|ng a
substrate having an uppgr.-arfd a l{jower|surface anfl-a |ty'Uf

hydr ogel - form ng pol yne partlcles.ghenically bofided -t o :at. l-eqst one
surface of the substrat ¢, wherein-the} pol ymer paf tlc{es ‘each .qonprise a
plurality of cross-1linke FOTeCUT 65Char act eri sed—TTTTar—THe substrate and
t he hydrogel -form ng polymer particles are connected by a crosslinking

agent capabl e of crosslinkg ecul es of 1E312325"C wherein for
at least a part mﬂ 1?

ng ent is used

_khig 1.3 _khig: 1#
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of the structure %he degree of inter particle cross-Iinking BeiRediokse
particles i s W60 "ently low that no inter-particle crosslinke
macrostructures are formed of circunscribed dry volume |arger than 10 m8B.
2% Absor bent conposite structure according to claim1, characterised in
that in a pre- determ ned area of the substrate, at |east 50 % of the
hydrogel -forning particles do not contact another hydrogel -forning
particle. 3 Absor bent conposite struc§yrfe according to clainms 1 or 2,
wherein substantially each hydrogel -form ng particle conprises a crosslink
bond with the substrate. 4 Absor bent conposite structure according to
any of the previous clains, wherein the basis weight of the

hydrogel -form ng particles is not higher than 100 gnferr]. 5 Absor bent
conposite structure according to any of the previous clains, wherein the
substrate conprises a foaned i S Egsorbent material. 6

Absorbent conposite structurm any of the previous
wherein the substrate conprises a cellulosic functiongd grewy
Absor bent conposite structure according to any of ihe_n
wherein the hydrogel -formng particles conprise&h-al
group, preferably a carboxy group, the inter _fargs
conprising a cationic am no-epichl orohydr i add
conposite structure according to clai mA;: .
crosslinking agent conprise .
PCT/ US95/ 10653 38 9 A AT SEEEET) _
previ ous clains, wherein tha byfr el -€Gon ci'eg e bonded to
opposite surfaces of the syd§ Sl enyALo
according to any of the preés S i:

bet ween which a | ayer of hyd sj:§ onprised. 11

Absor bent conposite structuré S v of the previous clains, the
substrate having at |l east two areas, a mutually different basis wei ght of

t he hydrogel -form ng particles being

ﬂains,

east two substrates
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aftached to &agaﬂﬁ?pecti ve areas. 12 Absor bent conposi tepéi’ﬁébghwsgeast

according to any of the previous clains, the substrate conmprising a

two areas conprising hydrogel -form ng particles having different chem ca
or physical properties. 13 Absor bent conposite structure according to
claim1l or 12, wherein the two areas are each on opposite surfaces of the
substrate. 14 Absor bent conposite structure according to any of the:
previ ous clainms, wherein the substrate is extensible by at |east 5 percent,
preferably at |east 10 percent. 15 Absarbent conposite structure
according to claim 14, wherein the substrddd is elastically extensible. 16
Absor bent article conprising an absorbent conposite structure according to
any of the previous clainms. 17 Absorbent article according to claim18,
the article conmprising a liquid perneable topsheet, a liquid inperneable
backsheet, the absorbent conposite structure being encased between the

t opsheet and the backsheet, the absorbent article having a flexure

resi stance of |less than 300 grans. 18 Absorbent article according to
claim 17, wherein the caliper of the article s less than 5 mllineter,
preferably less than 3 mm 19 Absor bep¥~ai i j-the~according to claim 16,
conprising an absorbent -core having a be ‘P Upper—~Ha wherein the
absorbent core conprises f ] ~Qcqui si tion

| ayer, WO 96/ 07476

PCT/ US95/ 10653 39 the absor bepreo@fosi.te g#f.u "8, at: ng- Df
clains 1 to 15 and a | ower_kAyer®cgapri gihg an:abgsdrbesl- gel'l i'ng Agieri al
20 Met hod of maki ng e conposefe. alfSorpent. . .S AACCOr K o any of
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'--_|.or'ovi ding a substrate, -applying to the s

i nki ng agent c of cro j nki: : he "par t REMES e
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POLYMER PARTICLES
(57) Abstract

The invention relates to
an absorbant composite com-
prising a substrate (3) having
an upper (19) and lower surface
and a plurality of hydrogel-
forming polymer particles (2)
chemically bonded to at least
one surface (19) wherein the
polymer particles have a plural-
ity of cross-linking molecules
(9). The substrate and the
hydrogel-forming polymer par-
ticles are connected by a cross-
linking agent capable of cross-
linking the molecules of the
particles. In this manner the

while maintaining a desired permeability of the composite structure.

(54) Title: ABSORBANT COMPOSITE STRUCTURE FORMED OF A SUBSTRATE AND CROSS-LINKABLE HYDROGEL

25550555,

particles are firmly attached to the substrate in both the dry and wet state without negatively affecting the substrate’s flexibility and




