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(57) Abstract

In a method of manufacturing an absorbent structure (18) comprising a plurality of absorbent polymeric particles (16), a crosslinking
agent (21) is reacted with the particles (16) such that regions of different degrees of crosslinking are formed. Absorbent structures (18) may
be formed in this way comprising liquid-directing channels or other liquid-directing patterns in a layer of polymeric particles (16). The
polymeric particles (16) may have varying degrees of interparticle crosslinking or may comprise varying degrees of surface crosslinking,
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Qwe attenpt to overcone the performance limtations associated w th

absor bent %g o nmobi ity during use in absorbent p@fﬂusgmszs
tncorporation of the particul ate, absorbent, polyneric conpositions

into tissue |lam nates, i.e. |layered absor bent structures. By encapsul ating
the particles between tissue layerg and affixation of the particles
by water bonding or adhesive bonding, the overall particle nmobi ity
Wi thin an absorbent structure is dimnished. However, upon liquid contact,
the particl es ORBENT STRuE PRE! ARV L bﬁ’s WITRDIFFBENTODERRERS T ©! at i ve
to each other resultl ng in gl m METHOD pr-e- exi st ent .
“interparticle capillary channels. Anot her attenpted solution is to
i obi lise the particul ate, absor bent , pol ymeric conpositions by

the addition of large quantities of liquid polyhydroxy conpounds that act

as an adhesive to hold the particles together or to a substrate,
see, for exanple, US patent 4,410,571 (Korpman), issued Cct ober 18,
1983. Wiile this approach does |limt mgration before and, to sone extent,
-during swel ling, the particles eventually becone detached from each
other or fromthe substrate in t:he presence of excess liquid,
resulting again in the breakdown of any pre-existing capillary channels

bet ween the particl es. Anot her attenpted solution to overcone the

probl em of absorbent particle nobility is to produce a

super absorbent filmby extrusion of HELDOF THE WMENTION: | i near absor bent

pol ymer and subsequentl|y ' crosslinking it. See, for exanple, US
patent 4,861,539 (Allen t all, issued August 29, 1989 crosslinked
with a pol yhydr awnwmmtsmmd&@kyw ahigorbegt stristucs comprising)a Bt reginhe At
4,:)76, 673 | sec&rfdﬁby“ldﬁhﬁld@hﬁahtylo‘ﬁbﬁﬂuﬁ%mddﬂﬁt&sImhlﬁﬁrﬁfsﬁhﬂd“%ﬂtﬁﬂl)th
pol yam ne- pol yam de ro adduc suc er, -
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??\3:221' a:jtg ?S”Pﬁﬁéie? A Oa*n‘:ip%{ ernalca |Wary cﬁﬂnne S, *ﬂ'ﬁ%bmmﬁ"m

super absor bent ﬂftmtwbonéw@&qmﬂtymdm to gel bl ocking. A ror e
recent solution proposed to overcone the probl em of absorbent particle
mobility is to form ‘these particles into aggregate macrostructures,
‘typically as sheets of bonded absorbent particles. See US patent

5,102,597 (Roe at al), issued AprBACKGROUNIPGF THENNVENTION)r egat e
macrostructures are- prepared by initially mxing the absorbent
particles with a solution of a nonionic crosslinking agent, wat er
and a hydrophi | Pm@l-yanhserb%mwemm pra Ganablp of wrge awsntitionefdiquids

crosslinking aggigh3s water and body exudates (s.g., urine) and are further capable of retaining such absarbed
liquids under moderate pressures. The absorption characteristics of such polymeric compositions
make them especially useful for incorporation into absorbent articles such as diapers. ' Ses, for
sxample, US patent 3,699,103 lHarpir 6t al), issued June 13, 1972, and US patent 3,770,731
(Harmon), issued June 20, 1872, that disclose the use of particulste, sbsorbent, polymeric
compositions {often nfund to as 'llydmguls' 'wpwnbsorhlms“ or "hydrocolioid materials®) in
sbsorbent amclas

Conventional particulate, absorbent, polymeric compositions, however, have the limitation that the
~ particles are not immobilised and are fres to migrate during processing andjor use. Migration of the
' particles can lead to material handling losses during manufacturing as well as uncontrolled non-

homogeneous distribution of the paml:los in the structures in which the particles are being used.

Especially when the absorbent polymer particles are incorporated in e fibrous matrix at high

concentrations, the particles may sift out of the matrix of may become inhomogeneously distributed
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i ncl ude powmf’qse al cohol's (e.g., glycerol), polyazindine ESF!BB??H&?’(e g., .
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of the contlguo P\fooﬁls% rmofwhatlscommnng ﬂt(p% E d bibtking tent 5,124,188
(Roe et al.), rerntorcenent structures such as TiDbers, or

scrims may be enbedded into the nmacrostructures of crossllnked particles,

to provide str Ugdelsktahpt to overcome the @EMAnWIimlﬁtmqubdﬂﬂadtm Jhknhﬁﬁtspaﬁﬁ:la WRkiRy i nto
t he macrostructkjre of, cro ng
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crosslinking agen recursor
patent 5, 180, ezrnob(hgémgun antqh@rhauirmmreﬂs diminished. H@veqverpmn liquid sontect the particiss|
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carrier, which e .Co d. of .cellulosic fibers or which may
be formed by a %%‘m Hnterp ‘l‘?‘f@“”éyg‘iﬂf'@ﬂﬁte and the carrier is generally
descri bed as being ef fected via physical or chem cal bonding usi ng

e part ot BRIl oS o ol Ol s, ol Sfond 7
the addition of large quantmss of llquld polyhydroxy compnunds that act as an adhesive to hold the
particles together or to a suhstrate, see, for axampla, US patont 4410 571 (Karpman), issued

~ October 18, 1983. While this approach does limit mtgratmn before and, to sume extent, during
swelling, the particles eventually become detached from each other or from the substrate in the
presence of excess liquid, resulting again in the breakdown of any pré-axisting capillary channels

hetween the particles.

Another attempted sollmon to ovewome the prnblam of ahsorhant particle mnbullty is to produce a
suparabsorbent film by extrusnon of a snlutlon nf a ﬁnw absnrbent polymef and subsequently
crosslmlung it. Ses, for mmpla, us patont 4861 .539 (Allcn ot al), issued August 29, 1989
(cmslmkad with a polyhydroxy uompound such as a glycol or glyearol)‘ and US patent 4,076,673

 (Burkholder), issued February 28, 1978 (crosslmksd with polyamne-polyamlde eplchlotohydnn
adducts such as Kymene ) Whtle thm supmbsnrbent films may ahsnrb significant quantities of
liquids, they have limited |Iql.lll| transpon properties because they are easentlal!v non-porous, i.e. lack -
internal capillary channels. Indeed, due to the lack of internal capillary channels, these

- superabsorbent films are esp'et_:ial_ly p_ni_né to gel bl_ot_:_king. _

A more racent snlutlon proposed tu ovan:omu tho problom nf absorhunt partlcla mobility is to form
these partlclas mto aggragate macrostructures, typu:ally as sheets of bonded absorbent particles.
Ses US patent 5, 102, 597 (Roe ot al), lssued Apnl 7, 1982, Thaso aggregm macmstructuras are
prepared by |mt|ally mlxlng tha ahsorhant pamclas wnth a sulutlon of a nonionic ctnsslmkmg agent,
water and a hydroplullc otgamc solvent such as mpropanol These nonionic crosslinking agents



The known interparticle crossli nked aggregat es are fluid stable as they

1 sot r opi cavd ve:grseend upon “being wetted. Upon wettirerrodesiibesae
#gogregates, the expansion of the crosslinked polyneric particles
generates stress forces which causes the interparticle crosslinked
aggregates to bend or curl. This igs undesired, especially in

absorbent articles, that need to maintain their shape upon

becom ng wet to I

way to avoid the dg g)gt?ﬂgﬂrﬁ: ocur ﬁgbgéiv @P@Bﬂ%ﬂyﬂ?@%{nﬂoﬁ# : ‘8" ygrro tIhﬂked
aggregates, is bgt;anoltns[t!ﬂ azmdlp) oxopionatel), haldepoxy Gommﬂe:&g.mp rlug@) elyl!!ldﬂbvtbo
provide a voi d spfifis{(eg. fitiadRydeY pamile eiooltEé!iela) etffine amine. and jdiRlchdigte! O
no. 081142 258 (Hsueh) I{)ro cess re U’g@ ano‘géj |onaL1 Erocesss step of
slitting the °°'"P°“" s‘%ﬁgfg?r‘{é'glél “ég“s%ﬁw'at" glyeerah Jeg Cojpm Nge 4454, of US
aggregates are gténeS 6x687and optionally expend| ng the conbi ned
substrate and aggregate to formvoid spaces at the areas of the slits.

Thi s process requires that the a&gregate is firmy attached to a
substrate as thi¢ hagbesedlasctbed 30 US tpatentsS h32, &84 that! thy hydrogel-forming \polymeric crdecuirsart he

slitting and ex
PCT/ US95/ 10652 Ptk My B IR6UGR Snto mutual ciifthc By GrsP Bépositing the particles on a substrate and

4 Fur t $4bsepugntly effoting interapticle Frossiinking of; the contiguqys partides.. o ggr egates are

of uniformstructure. In particul ar applications of crosslinked
absor bent aggre | ' I Q . ' it s, desi hat
t he -absorption 8‘?@)@@4 t":’hesgﬂageﬁt?E@'@S@?@&E\?g’?"{}@%ﬁﬁ@g@? ﬁ'Z“P r‘gﬁﬁ?@@ ‘E'f or
optimum flui d heerigé magbe embedded into the medrastrunturesiyf coussliokied particlys; trspronideistruatursli on
to provide a neg f m Srbstiabtiind" mﬂgp
distinct liquid ﬁ@%l@?\‘d p?r‘?pegﬁiﬁﬁtpﬁ??ngr ent &Hg ofgbﬁ articles s effactad

_ by mixing the fi efs wut the solution containing the inter-particie crnsslmkmg agent or by mixing the
* fibers with the particles prior to inter- -particle cross-linking. Kneading the fibers into the interparticle

crasslinking agent/precursor particle mix is preferred.

in US patent 5,180,622 (Berg), the formation of an inter particle crosslinked aggregate is described,
wherein the aggregats is joined to a carrier, which may be comprised of cellulosic fibers or which
may be formed by a web. Joining the aggragm -and the carrier is generally described as being
effected via physical or chemical honding using adhesives or chemicals that react to adhere the
macrostructure, or inter-particle crosslinked aggregate, to the carrier.

The known interparticle crosslinked aggregates are fiuid stable as they isotropically expand upon
being wetted. Upon wetting of these aggregates, the expansion of the crosslinked polymeric
particles generates stress forces which causes the interparticle cross-linked aggregates to bend or
curl. This is undesired, especially in absorbent articles, that need to maintain their shape upon
becoming wet to effectively absorb discharged body fluids.

One way to avoid the prablem of curling and bending of interpaticle crosslinked aggragatss, is by
providing slits or holes in the aggregates to provide a void space for expansion as described in US

- . application no. 08/142 268 {Hsueh). This process requires an additional process step of slitting the
aggregates and the substrate to which these aggregates are attached, and optionally expanding the
combined substrate and aggregate to form void spaces at the areas of the slits. This process
requires that the aggregate is firmly attached to a substrate s the aggregate is often substantially
weakened in the slitting and expansion procass. '
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It is another object of the present invention to provide a nethod for i
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crossli nk_?’c??fﬂmmeri c particles in which the probl em of cu?ﬁwgg%lros%zendi ng
~upon wetting is reduced. It is another object of the present

I nvention to provide a nmethod for formng AN absorbent structure
conprising a plurality of crosslinked polyneric particles which has a
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such an applichtions éfernsslipied elisorbentaggregates in disposable absorbent articles it is desirable that
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particles in a way such that the degree of crosslinking in the first region
differs from t R aflGcest the present inverfiondé frovidelasthodifot Making 8n SbSsTBUREstuire Akving

Wth "degree of crass].inking" of .t absar bent polyneric particles in a
region is nean%'“ﬂctﬁﬂ“é#é’ﬁ?‘ﬁmpg"”’a’smJgﬁmé‘??@?ﬁ" of the average nunber of
crosslink bonds between either nol ecules on.the surface of a single

particle (surf ﬁi‘s%n&ﬁ&ﬁlﬁ&& mﬁp@fgmmmiommgg.nﬁg o'a%mg@g@gn@g&ﬁﬁﬂ%mm '.

particles (interparticle cros e average is

cal cul at ed f orcompyising & plurality o& crossiinkedcpolymeric particles-in whigh the gigblem pgyeing ¢fpending
properties of @phewstayifreduced. The average number of crosslink bonds
in a region determ nes, for absorbent polyneric particles of a

predet erm ned cheni cal conposition, the |iquid-handling properties of the ‘
particles in thi anethgr object of the present iiventiorte ptovieod metisod ifer ferming ancabeabehtostructure

hi gh number  of cgrasala Al B ok Votymbic' FftRed Wik asP @ ddcfn rge structural

integrity. :

it is a further object of the invention to provide a relatively simple method of making such an
absorbent structure.

- - SUMMARY OF THE INVENTION

The method according to the invention is characterised in that the crossiinking uﬁant reacted with
the particles in a way such that the degres of crosslinking in the first region differs from the degree '.
. of crosslinking in the second region. : S

With "degree of crossiinking” of the absorbent polymeric particles in a region is meant: a measurable

~ offact of the average number of crosslink bonds between either molecules on the surface of a single
particle (surface crosslink bonds) or between molecules of adiacunt-partidu (interparticls crosslink
bonds), wherein the average is calculated for the particles in the region, on the liguid handling
properties of the region.

The average number of crosslink bonds in a region determines, for absorbent polymeric particles of a
pre-determined chemical composition, the liquid-handling properties of the particles in the region.
Absorbent polymeric particles having a high number of crosslink bonds on the surface of the particles
will swell less rapidly upon- absorption of liquids than particles having a lower degres of surface
crossfinking. The particles having a high degree of surface crosslinking maintain a relatively open



Will swell |ess rapi dly upon absorption of liquids than particles having a

| ower degr 9$ rface crosslinking. The particl espffigséhogs2ni gh
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structure when wet and are less liable to gel blocking than particles
havi ng a | ower degree of surface crosslinking When t he
particles in a r e
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attached to oné’“&?‘!ﬂh"ﬁer to form an aggregated macrostructure as for

I nstance described in US Patent 5,124,188 (Roe). Wen the particles in a
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fluid handling ertie p I on 0O
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a way which carihﬂséhma'sla@rlet!w!ﬁp“"!:!fmh!shdﬂumallmﬂ'e!m%ﬂm difference in
chem cal and/ or phyS| cal properties may corrprl se the difference in the
degree of swel en wetted, the rate

I
swel ling of t he‘h'ﬁgf"(q ’85”{9§ "\Rﬁﬂ‘?\'“\ké‘l‘t'é&f '"1"?1@9 pl,kasslinking. if s mepnt that after "‘“'"9
a nunber of i ntthe eresslinkinagent withahesparticleeil epchirégion) the chemical andjor physical properties of

the particles differ in a way which can he measured by conventional methods. The difference in
chemical andjor physical properties' may comprise the difference in the degree of swelling of the
particies when wetted, the rate of swelling of the particles when wetted, the structural integrity of
a number of interpartically crosslinked particles, etc. '

The polymeric absorbent particies may for instance be deposited on & tissue and connected to the
tissue by adhesive. Subsequently a crosslinking agent may be applied to the adhesively connected
particles. Alternatively, the particles may form an aggregated macrostructurs to which the
crosslinking agent is applied. The aggregated macrostructure may have a high structural integrity as
to be self-supporting or may be connected to a reinforcing tissue. Bonding of aggregated
macrostructures can effectively be carried out using an interparticle crosslinking agent to form
crossfink bonds between the polymeric particles and celiulosic fibers of the tissue as described in US
- application no. 08/142 255 {Hsueh).

When a crosslinking agent is applied to the polymeric

particles, two types of crossiink bonds can be formed. The first type of crosslink bonds is formed
when the crosslinking agent only reacts with the molecules of the polymeric material at the surface
of an individual polymeric particle. This type of crosslink bond will be referred to as a "surface
crosslink bond”. :

The second type of crosslink bond is formed when the polymeric particles are contiguous at the
moment when the crosslinking reaction takes place, such that neighbouring particles are connected
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neighbouring particles by the

to as an "inter
of the Iayer of

el fn QBsdihg liguids, and wil datermme_the permeahility to liquids of a layer comprising
yrface crogplinked particleyy agent. A bond that is fornmed between two
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formad by inter- panicie crossfinking, is maintained relatively low in a pre-determined region, the
particles will adhere less strongly to one another in this region. Hencs, the particles which are less
strongly attached can after the crosslinking step be removed from the regions in which the particles

_have a relatively low number of interparticle crosslink bonds. In this way, channels or other patterns

of regions having reduced numbers of polymeric particles can be formed. Upon being wetted, the
polymeric particles of the aggregated macrostructure can expand into the areas which are devoid of
polymeric particles or which comprise a relatively low number of polymeric particles. The problem of

- bending or curling of the aggregated macrostructure is hereby reduced.

It.is however also possible that the polymeric pirtides_ are not removed from the regions having a
low degree of interparticle crosslinking. Different degrees of surface crossfinking andjor interparticle
crosslinking in an aggregated macrostructurs, results in locally varying liquid handling properties even
though the density. and basis weight of polymeric particles are homogeneous across the regions.

The degres of crosslinking of the absorbent polymeric particles in 8 region is dstermined by the
crosslinking conditions upon formation of the crosslink bonds. The degres of crossiinking will depend
for instance on:

-the amount of crosslinking agent applied, -

-the chemical compasition of the polymeric particles and crosslinking agnnt

-the duration of the crosslinking reaction,

-the temperature and pressure during formation of the crosslink bonds, and

-the interparticle spacing upon forming.the crosslink bonds. This will determine if surface crosslink
honds or interparticle crosslink bonds are formed.

crosslinking agent will be referred

%
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macrostructure Pridalfb?lﬁiﬁ‘éﬂa gfuced. It is however al so possible
that the polynmefic particles are not renoved fromthe regions having a
| ow degree of interparticle crosslinking. Different degrees of surface
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across the regi aesmit the crossinking agéne ardelgsed @reax’ which block the drdsslipkinyfagintie absor bent
polymeric particles in a region is determ ned by the crosslinking

condi tions upon formation of the crosslink bonds. The degree of
crosslinki ng wi Rlterahtiyriyathe applicator of crosslinkirigiagantis opsrated in an intermittent mannetsychethas dhet  of
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upon form ng thE ’ﬁ{lossl i nk bonds. This will determne it surface crosslink
bonds or interp T19% e crosslink bonds are forned. '

Secondly, the degres of crosslinking can be varied by applying a crossiinking agent of different
chemical composition to different regions of the absorbent structure. The affinity to form surface
crosslink bonds may for instance be large for one crosslinking agent, whereas the affinity for forming
inter-particle -crosslink bonds is larger for another crosslinking agent. Aiternatively, the rate of
formation of crosslink bonds may be different for the different crasslinking agents at similar reaction
conditions.

Thirdly, the degree of crosslinking depelids on the chemical compaosition and on the physical
properties of the polymeric particles that are used. The physical properties of the particles include
the particle size distribution, the average particle size and the particie shape (fibers of spheres). The
chemical properties include the extent of crosslinking of the monomer material from which the
particles are formed and the extent of surface crosslinking of the particles that is already present
before application of the crosslinking agent.
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nunber of ways. Firstly, the anount of crosslinking agent applied
to the polyneric particles can be varied acfoss the surface of t he
absorbent structure. "The nunber of crossli bonds that is fornmed upon
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transported bel ow t he applicator. Again, alternati e particles may be
transported bel Bf¥ka multiplicity of applicators applying different
anounts of crosslinking agent may be | ocated over the particles. (

Alternatively, when a laser or an electron beam is used as a source of ionising radiation, the electron
or laser. beam may be moved across the particles is a specific pattern. Polymensatmn reactions
wherein polymerisation is induced by ionising radiation are disclosed in US patent no. 4,646,730
(Schanfeld) and EP-A-0 054 841 (Bloch. |

Alternatively, the rate at which crosslinking reactions take place or the duration thereof may be
varied by locally influencing heat and pressure conditions, for instance by passing the particles
through a patterned heated pressure nip.

Finally, the degree of 'interparticle crosslinking can be infiuenced by adapting the average spacing of
the polymeric particles. When the polymeric particles are spaced apart, less interparticle crosslinking
will occur than when the polymeric particles are compacted. Therefore, another way to vary the
degres of crosslinking in different regions is by non-uniform deposition of the particles in these
regions, such that regions of high and lower density andjor basis weights of particles are formed. In
the areas of lower density and/or basis weights the inter-particle distance will be relatively large,
such that in these areas less inter-particle crossfink bonds are formed compared to areas where the
particles are closer together.

Prior to initiating the crossl‘nklng reaction between the polymeric partu:las and the crosslinking
agent, the particles can have a number of configurations:

The particles may be igglnmerated to form an aggregated macrostructure by means of moi#tura.
‘such as steam, or by means of inter-particle crossiinking agent as described in US patent no.
5,102,597, or US application no. 07/955 635 (Rezsi).



Secondly, the degree of crosslinking can be varied by applying a

crossl i nki of different chem cal conpositi op ent
regi ons ofwggé)orbent structure. The affinity to form sur aglesgﬂw
crosslink bonds may for instance be |arge for oneicrosslinking agent,
~whereas the affinity for formng igter-particle crosslink bonds is

| arger for another crosslinking agent. Altérnatively, the rate of
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honogeneously to the polyneric particles. This can be achieved by uniformy

appl ying the crosslinking agent, and by subsequently curing the
pol ymeric particles by application of ionising radi ati on, such as
by application of visible - or Bt DESORIPTION OF TRODRAWIRGS I adi ation, x-rays or
a |l aser. The ionising radiation, which generates free radicals

t hat .cause the inter-particle cross |inking reaction, is applied

i n a non-uni f or Therirventien wilicheodescribddein allitaib witle mdfererice o the raecompanying Brawings. Incthe

pl aced yeen the source of ionising radiation and the particles,
the mask having areqas of varying transparency for the radiation.

Wien the mask is projected onto the particles by the ionising
Figure 1 shows a cross-sectional view of a known interparticle crosslinked aggregate,

Figure 2 and 3 show a cross-sactional view of an interparticle crosslinked aggregate according to the
invention,

Figure 4 schematically shows a prudnctlon line for manufactunng an absorbent structure accordmg
to the invention, _

Figure 4a show an eniarged detail from figure 4,

Figures 5a-5c show photographs of an absorbent structure wherein the absorbent particles have
been removed from the 'regions of low degress of cross-linking,

Figures 6a-6¢c show photographs of an absorbent structure comprising regions of highly crosslinked

. absorbent particles and regions where the absorbent particles have a relatively low degree of

Figures 7-11 show different methods of manufacturing an absorbent structure according to the
invention, :

Figures 12a, 12b show side elevational views of a patterned compression roll,

Figures 13-15 show further embodiments of methods of manufacturing an ahsorbent article
according to the invention, :
Figures 16-20 show cross-sectional views of absorbent structures according to the invention,
Figures 21-26 show plan views of absorbent structures according to the invention, and

Figures 27 and 28 show plan views of masks for use in the manufacture of absorbent structures.



radi ation, the nunmber of crosslink bonds forned wll be relatively high in

the transparent areas of the mask. Al ternatively, when
a | aser oWQ26/03380ct r on beamis used as a source of ionisinECTYFPMn, the
el ectron or | aser beam nay be noved across the particles is a

specific pattern. Polynerisation-reaction? wherei n pol yneri sation
i s induced by ionising radiation are disc %sed in US patent no. 4,646, 730
(Schonfeld) and EP. A-0 054 841 (Bl och). Alternatively, the rate
at which crosslinking reactions take place or the duration thereof nay be
varied by locally. influencirng heat and pressure conditions, for instance by
passing the particles t hrough a patterned heated pressure nip.

Finally, the degree of interparticle crosslinking can be influenced by
adapting the average spaci ng BYTAILED DESCRIPTIONOF I8N particles. \Wen the
pol yneric particles are spaced apart,. less interp&rticle crosslinking

will occur th t he pol ric particles are cqonpacted. Therefor
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form an aggregated macfostructure by neans o I'sture, such as
steam or by nROWMErcCHErticleR er - particle crosslinking agent as described in US
pat ent no.. ' 5, 102,597, or US application no. 071955 635 (Rezai).

Figure 2 shows an interparticle crosslinked aggregate 1 according to the invention, comprising
regions 9,9’ in which the degres of crosslinking of the individual particles 5 is less than in the ieginns
11, 17°. Hence the rate of liquid ebsorption in the regions 8 and 11 will differ, and the amount of
swelling of the particles 5 in the different regions 8,11 will vary. Preferably the volume of the
regions 9,9', 11,11' is at least 10 mmS.

~ In figure 3, it is shown that the particles in regions 13,13’ of the lower degree of crosslinking have
 been removed to form open spaces which allow expansion of the particles 5 without the shape of the
crosslinked aggregate 1 being negatively affected by bending or curling.

Figure 4 shows the equipment for forming interparticle crossiinked aggtegiteé‘ as shown in figure 2
or 3. The particles are deposited from an applicator such as a chute, or powder spray gun 12 onto a
conveyor beit 15 which forms a deposition surface 14. The particles are leid 'down in a uniform layer
16 and are passed below a spray nozzle 17 which applies crosslinking agent, supplied from a
container 24, to the mutually contiguous particles. The layer 16 may be laid down by pulsed or
intermittent operation of the powder spray gun, The spray of crossiinking agent 21 that is emitted
by the nozzle 17 is divided into a number of jets by a mask 19. Each jet that passes through the
mask 19 impinges upon a region of tha deposition surface such-that a non-uniform application of the
crosslinking agent across the deposition surface is achisved: At least one further powder spray gun
12' and nozzie 17' may be located downstream of the spray gun 12 and nozzle 17, to deposit
additional Iayers of particles onto the layer 186. To obtain varying crosslinking patterns in the
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adhesive or by hydrogen ... . bondi ng to form an .absorbent structure.
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sectional view sirfaceri4iwhilesoptinuduslg mevingitieodveyakinit 16,09 sivgaindighe dnr ding to the
I nventi on, Figure 4 schematically shows a production |ine for
manuf act uri ng an ~absor bent structure accordi ng

After passing through a compression nip 23, the crosslinked aggregate 18 is passed onto a

foraminous belt 25 which passes between an airgun 27 and a suction hox 28. The polymeric
particles in the aggregate 18 to which no crosslinking agent has been applied are removed from the
layer 16 by the airgun and are collected by the suction box 29. The removed partn:las are re-applied
tn the powder spray guns 12, 12'.

Tha interparticle crosslinked aggregate, or macrestructure

" Porous, absorbent macrostructures used in the absorbent composites according to the present
invention are structures capable of absorbing large quantities of liquids such as water andjor body
exudates {e.g., urine or menses) and then retaining such liquids under moderate pressures. Because
of the particulate nature of the absorbent polymeric particles from which the macrostructures are
formed, or precursor particles, the macrostructure has pores between adjacent precursor particles.
These pores are interconnected by intercommunicating channels such that the macrostructure is
liquid permeable (i.e., has capillary transport channsls). |

Due to the crosslinking of the absorbent polymers in the interconnected surface portions of adjacent,
interconnected polymeric particles, the resultant absorbent macrostructure has good structural
 integrity, increased liquid acquisition and distribution rates, and minimal gel-blocking characteristics.
When contacted with liquid, the absorbent macrostructure absorbs such liquids into the pores
betwsen the precursor particles, and then imhibes such liquids into the particles, whereby the
absorbent macrostructure swells generally isotropically even under moderate confining pressures.
Isotropic swelling is used herein to mean that the macrostructure swells generally equally in all
directions when wetted. Isotropic swelling is an important property of the macrostructure because
~ the absorbent gefling particles and their associated pores are able to maintain their relative geomatry
and spatial relationships aven when swollen, such that the existing capillary channels are maintained,
if not enlarged, during use. (The pores and the absorbent gelling particles get larger during swelling.)
Thus, the macrostructure can imbibe sndjor transport through itself additional loadings of liquid



to the invention, Fi gure 4a show an enlarged detail fromfigure 4,
Fi gures 5a.5c s phot ogr aphs of an absorbent structure anw’l

absor bent Wgrgﬂoliq%ﬁ/s have been renoved fromthe regions gﬁs;lpgsvzv
degrees of cross |inking, Fi gures 6a-6¢c show phot ographs of an

absorbent structure conprising regions of l?i-ghl y crosslinked
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absor bent st r uatefuiddie., liquid) .sm.IQ'EFhE?&ﬁb‘ is used herein to mean a macrostructure comprising an
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that can have atha% h\%&,.p?ﬁgr\a'ﬁyearﬁ, 3%3 precursor particles remain borided together, some of the precursor
particles can dissociate themselves: from the macrostructure if, for example, other particies have
- been subsequently water agglomerated ontoit. -+~ o

Fluid stability is an important feature of the absorbent macrostructure layers in the present invention

. because it allows the aggregate to maintain its relative structure in both the dry and swollen states,
and because it immobilises component precursor particles. In an end product such as an absorbent
member or an absorbent article, fluid stability is beneficial in reducing gel blocking since precursor
particles remain aggregated even when contacted: with fliquid, and allows ohe to use previously
independent fine particles in an aggregate form to increass the rate of fluid uptake of the resultant
macrostructure without introducing the element of gel blocking.

Fluid stability can be measured in an aggregate macrostructure by a two step process. The initial
dynamic response of the aggregate macrostructure upon contact with the aqueous fluid is observed
and then the fully swollen equilibrium condition of the aggregate macrostructurs is observed. A test
~ mathod for determining fluid.stability based on thess criteria is described in detail in US patent no.
5,124,188 (Ros et al) on Column 28 line 51 to Column 20 line 4., -

As used herein, the term "macrostructure” means a structure having & circumscribed volume when
 substantially dry {i.e., circumscribed dry volume) of at least about 10.0 mm3, more preferably at

least sbout 100 mm3, most preferably at least about 500 mm3. Typically, the macrostructures of

the present invention will have a circumscribed dry volume much greater than about 500 mmS. In

preferred emhodiments of the present:invention, the macrostructures have a circumscribed dry
"~ volume of between about 1000 mm3 and about 100,000 mms3. |

While the macrostructures used in absorbent composites of the present invention can have & number-
of shapes and sizes; they are typically in the form of sheets, films, cylinders, blocks, spheres, fibers,

(
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17, to deposit addi tional layers of particles onto the layer 16. To

obt ain varying crosslinking patterns in the
The aggregate of interconnected particles comprising the macrastructures of the present invention

are formed, in essence, by connecting together of adjacent particles. The interconnection of

~ adjacent particles is essentially made by the polymeric material that is present in the surface

portions of these particles. Treatment of the precursor particles comprises contacting portions of

~ their surfaces with a crosslinking -agent, and a swelfing agent, preferably water. In preferred

embodiments, a plasticizer is also used, most preferably in combination with the treatment agent, to

improve the flexibility and integrity of the porous absorbent macrostructurs. When these precursor

particles are treated at portions of the surface of the particles, and physically associated as

- described hereafter, the polymer material present in the surface portions of these particles becomes

sufficiently plastic {softened) and cohesive (e.g., sticky) such that adjacent particles cohesively

adhere together. ~When the crosslinking agent reacts with the polymer material of the

interconnected surface portions of the particles, the interconnected portions become set, strong, and
fast absorbing, thereby forming the porous absorbent macrastructurs.

The quantity of the absorbent particles comprised in the absorbent macrostructure layer, or the
thickness of the sheet of the absorbent macrostructure layer, can be varied to provide the absorbent
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absor bent pol yﬁé’?’?‘%"%3*?‘?’?‘252%"’%"?‘8"%‘%’%’%% he macrostructures are :

formed, or precursor particles, the macrostructure has pores between
adj acent pr ecurthgkbsétfent indcrdBtfucture can also comprise a plurality of ahsorbent gelling particle layers sach

comprising absorbent gelling particles. The plurality of absorhent gelling particle layers can have
substantially different particle sizes at least in two adjacent particle layers. Preferably, the mass
average particle sizes of the plurality of abserbent gelling particle layers are changed with successive
particle layers. For instance, the absorbent macrostructure may comprise a plurality of layers of
absorbent gelling partiél where the mass average particle size of the layered particles is gradually
reduced in _thé direction away from the substrate layer 7. On the other hand, the macrostructure
may comprise a plurality of layers of absorbent gelling particles where the mass average particle size
of the layered particles is gradually increased in the direction away from the substrate layer 7. It is
believed that the layering of particles of increasing (or decrsasing) particle size in the porous
. macrostructures can provide benefits in fluid acquisition, distribution and storage. For example, in 3
macrostructure layer which has upper mast particle layers with particles relatively larger than those
- in:the lower most layers, the larger void areas betwesn adjacent larger particles in the upper layers
have: a relatively greater porosity and fluency for the liquids, allowing a substantial portion of the
fivid to pass thersthrough to the lower layers. In the lower layers, because of the smaller pores and
void spaces, the liquids are readily acquired and absorbed into tlie smaller abserbent particles, which
then begin to swell. The larger particles in. the upper most layer remain available to acquire and
~ absorb additional deposits of liquid. - Particularly in the case of absorbent diapers, whera multiple
. depositions of liquids are expected, the layering of particles by size can optimize the absorbent
capacity of the absorbent material.- :

in a similar manner, an absorbent macrostructure can comprise a plurality of particle layers wherein
the absorbent polymeric particles of any two layers can have different absorbent.gelling particle
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aggr egate of i nm&m&w mhrp%pwml oRéimpled 8f sublP ik Miterfal/ EEdS Rélludse! fibers, Thodifibd

(i.e., most O.f L la?a i ers, rayony polypropylens, and pulyester fibers such as polyathylene terephthalate
(DACRON), hydrophitic nylon {HYDROFIL), and the like. Examples of other fiber materials for use in
the present invention in addition to some already discussed are hydrophilized hydrophobic fibers, such
as surfactant-treated or silica-treated thermoplastic fibers derived, for example, from polyolefins
such as polyethylene or polypropylens, polyacrylics, polyamides, polystyrenes, polyurethanes and the
like. In fact, hydrophilized hydrophabic fibers which are in and of themselves not very absorbent and
which, therefors, do not provide webs of sufficient shsorhent capacity to be ussful in conventional
shsorbent structures, are suitable for use in the macrostructure lsyers of the present invention by
virtue of their good wicking properties. This is because, in the macrostructures herein, the wicking
propensity of the fibers is as important, if not more important, than the absorent capacity of the
fiber material itself due to the high rate of fluid uptake and lack of gel blocking properties of the
macrostructure layers in the present invention. Synthetic fibers are generally preferred for use
herein as the fiber component of the macrostructure layers. Moast preferred are polyolefin fibers,
preferably polyethylene fibers. -

Other cellulosic fiber materials which can be useful in certain macrostructure layers herein are
chemically stiffened cellulosic fibers. Preferred chemically stiffened cellulosic fibers are the
stiffened, twisted, curied cellulesic fibers which can be produced by internally crosslinking cellulose
fibers with a crosslinking agent. Suitable stiffandd, twisted, curled cellulose fibers useful as the
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indicators; and oser control agents ‘'such as those disclosed in US patant 5,161,686.

In another preferred embodiment, the absorbent macrostructure layer can optionally comprise foam
particles {or granules) mixed with the shsorbent gelling particles, such a cellulose foam particles.
Prefarahly. the cellslose foam particles have an average volume of at least about 0.1 mm3, more
pufsaunyfmmahout 1 Dmm3toabout 125 mm3.

Tlll absorbent macrostructure layar typically comprises from about 40% to about 100%, preferably
. from about 50% to about 100%, and more prefsuhly about 70% or more by weight of absorbent
gelling pamcles

Absorhent Precursor Particles

The macrostructures used in the present invention are formed from polymer materials capable of
absorbing large quantities of liquids. (Such polymer materials are commonly : referred to as
"hydrogel”, “hydrocolloid®, or “superabsorbent™ materiais.) The macrostructures preferably comprise
substantially water-insoluble, absorbent hydrogel-forming, polymer material. The specific polymer
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“The aggregate of micfoh cnraﬁmmnntmlonp,amupedmblyaambopmzmgmtnimo mmrmon mictons: es  of
t he present invention are formed, in essence, by connecting

t oget her of adjacent particles. -The interconnection of
Further, for purposes of this invention, the mass average particle size of the precursor particles is

important in determining the characteristics and properties of the resultant macrostructures. The
mass average particle size of a given sample of precursor particles is defined as the particle size
which is the average particle size of the sample on a mass basis. A method for determining the mass
average particle size of a sample is described in detail in US patent no. 5,124,188 {Roe et al.) on
Column 28 line 5 to Column 30 line 4. The mass average particle size of the precursor particles will
generally be from ahout 20 microns to about 1500 microns, more preferably from about 50 microns
to about 1000 microns, most preferably from about 50 microns to about 800 microns. In especially
preferred embodiments, the mass average particle sizes is from sbout 100 microns to about 250
. microns. The particies can be substantially uniform in size and shape, or can be randomly or ordered
in size and shape. In an exemplary embodiment, at least about 95% by weight of the precursor
particles have a particle size hafwsen about 150 microns and about 300 microns. In an altemative
embodiment, at least about 85% by weight of the pracursor particles have & particle size hetween
about 90 microns and sbout 180 microns. Narrow precursor particle size distributions are preferred
. because they result in a higher porosity macrostructure due to the higher void fraction when
densified versus broader precursor particle size distributions with equivalent mass average particle
sizes. However, wider particle size distributions can result in improved integrity of the |
macrostructures by providing an increased number of bonding points per unit volume. |

The particle size of materials having a large greatest dimension/smaliest dimension such as fibers is
typically defined by their largest dimension. For example, if absorbent, polymeric fibers i.e.
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average, nore pandfmixtysesithereof.om about 250 g/ n2 to about 1200 g/ n2 in
average. In addition, the absorbent macrostructure layer preferably has a
density of from about 0.6 glcc,to about’ 1.1

Some non-acid monomers can also ba included, usually in minor amo%tsc, ?n' preparing the precursor
particles herein. Such non-acid monomers can include, for example, the water-soluble or water-
dispersible esters of the acid-containing monomers, as well as monomers which contain no carhoxylic
or sulfonic acid groups at all. Optional non-acid monomers can thus include monomers containing the
following types of functional groups: carboxylic acid or sulfonic acid esters, hydroxy! groups, amide-
groups, amino groups, nitrile groups and quaternary ammomium salt- groups. These non-acid
monomers are well-known materials and are described in greater detail, for example, in US patent
4,076,663 (Masuda et all, issued February 28, 1978, and in US patent 4,062,817 (Westerman),
issued December 13, 1977, both of which are incorporated by reference.

Olefinically unsaturated carboxylic acid and .catboxylic acid anhydride monomers include the acrylic
acids typified by acrylic acid itslf, methacrylic acid, sthacrylic acid, a-chloroacrylic acid, a-
cyanoacryiic acid, b-methylacrylic acid (crotonic acid), a-phenylacrylic acid, b-acryloxypropionic acid,
sorbic acid, a-chlorosorbic acid, angelic acid, cinnamic acid, p-chloro cinnamic acid, b-sterylacrylic
acid, itaconic acid, citroconic acid, mesaconic acid, glutaconic acid, sconitic acid, maleic acid,
fumaric acid, tricarboxyethylene and maleic acid anhydride.

Olefinically unsaturated sulfonic acid monomers include aliphatic or aromatic vinyl sulfonic acids such
as vinylsulfonic acid, allyl sulfonic acid, vinyltoluene suifonic acid and styrene sulfonic acid; acrylic
and methacrylic sulfonic acid such as sulfoethyl acrylats, sulfoethyl methacrylate, sulfopropyl
acrylate, sulfopropyl methacrylate, 2-hydroxy-3-methacrylaxy propyl sulfonic acid and 2-acrylamide-
2-methylpropane sulfonic acid:
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t he absorbent - pnbm for producing thie dnalividdal precorsorparticley eredescribed firaUS: paterit Re. 32,649

absorbent gel || go, 3 G4, Ssfed April 18, 1988, US patent 4,666,983 (Tsubekimoto et al, issued May 19,
1887, and US patent 4,625,001 (Tsubakimato et al), issued November 25, 1988, all of which are
incorporated by reference. Preferred methods for forming the'prsmrsnr particles are those that
involve aqueous solution or other solution polymerization methods. As described in the above-
referenced US patent Re. 32,849, agueous solution polymerization involves the use of an aqueous |
reaction mixture to carry out polymerization to form the precursor particles. The aqueous reaction
mixture is then subjected to polymerization conditions which are sufficient to producs in the mixture,
substantially water-insolubla, 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 aqusous solution polymerization method for producing the individual precursor
particles comprises the preparation of an aqueous reaction mixture in which to carry out
polymerization to form the desired precursor particles. One element of such a reaction mixture is the
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absor bent st r ucthuee ekoye-refeeanced patents. cSuklopolymeeizatian cordisionsigenerally invaive hesting (Shermahe

present inventigyatsn techniques) to a polymerization temperaturs from about 0°C to about 100°C , more
preferably from about 5°C to about 40°C . Polymerization conditions under which the aqueous
reaction mixture is maintained can also include, for example, subjecting the reaction mixture, or
portions thereof, to any conventional form of polymerization activating irradiation. Radioactive,
electronic, - ultraviolet, or electromagnetic radiation are alternative conventional polymerization
techniques. ' ' :

The acid functional groups of the:polymer materials formed in the agueous reaction mixture are aiso
preferably neutralized. - Neutralization can be carried out in any conventional manner which results in
at 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-contasining monomers that are
neutralized with a sait-forming cation. Such salt-forming cations include, for example, alkali metals,
ammonium, substituted ammonium and amines as discussed in further detail in the above-references
US. patent Re. 32,648. While it .is preferred that the precursor particies be manufactured using an
aqueous solution: polymerization process, it is also possible to carry out the polymerization process
using mulﬁ-phase polymerization processing techniques such-as inverse smulsion polymerization or
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This is di scussthersactionixtunelby saeotropic distillationc Zhe palymercentdining eqensss yeaction mixtuse dsn
entitled "Cont afsy pA'tedafed with a dewatering solvent such as methanol. Combinations of these drying
: procedures can aiso be used. The dewatered mass of polymer material can then be chopped or
pulverized to form substantially dry precursor particles of substantially water-insoluble, absorbent,
hydrogel-forming, polymer material. |

Preferred precursor particles of the prasent invention are those which exhibit a high absorptive
capacity so that the resultant macrostructure formed from such precursor particles also has a high
absorptive capacity. Absorptive capacity refers to the capacity of a given 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 liquid contacts the polymer material.
Absorptive Capacity is defined in terms of the amount of SVnthatic' Urine absorbed by any given
“polymer material in terms of grams of Synthetic Urine per gram of polymer material under conditions
as specified in the Teabag Centrifuge Capacity test such as specified in European patent application
~ no. 93309614.1. Prefe-red precursor particles of the present invention are those which have an
Absorptive Capacity of at least about 20 grams, more preferably at least about 26 grams, of
Synthetié Urine per gram of polymer matenal. Typically, the polymer materials of the pracursor
particles hersin have an Absorptive Capacity of from about 20 grams to about 70 grams of
Synthetic Urine per gram of polvniar material. Precursor particles having this relatively high
absorptive capacity characteristic produce macrostructures that are especially useful in absorhent
products, absorbent members, and absorbent articles since the resultant macrostructures formed
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macrostructures used in the present |nvent|on are formed from polymer
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hydr.ogel - f or mi ngfosslinisedatieast ateaportiomof, Pfﬁmhl\sqymnﬂﬂ“t allx) theinsprtaces, prior to forming the
precursor particles into an ahsorbent macrostructure. The surface crosslinking of precursor particles
can be made by any of the crosslinking '. agents described hereinafter. Preferred crosslinking agents
preferably have relatively large molecular size, and are preferably cationic. Such a crusslinking agent
is unable to penetrate inside the absorbent particles, and therefore can only react with polymer
material at the surface thereof effectively. Mast preferahly the croslmkmy agent is a cationic
amino-gpichlorohydrin adduct.-

Surface crosslinked hydrogel-forming absorbent polymers have a higher level of crosslinking in the
vicinity of the surface than in the interior. As used herein, "surface” describes the outer-facing
houndaries of the particle, fiber, etc. For porous hydrogel-forming absorbent polymers (e.g., porous
particles, etc.), exposed internal boundaries can also be included. By a higher lsvel of croaslinking at
the surface, it is meant that the level of functional crossiinks for the hydrogel-forming absorbent
polymer in the vicinity of the surface is ganmlly hlghcr than the level of functional crosslinks for the
polymer in the interior. :
The gradatlon in crosshnlnng from surface to interior can vary, both in depth and profile.
Thus, for example, the depth of surface crossiinking can be shallow, with a relatively ;harp
transition to a lower level of crossiinking. Alternatively, for example, the depth of surface
crosslinking can be a significant fraction of the dlmanswns of the hvdmgal forming absorbent
polymer, with a broader transition. - :
- Depending on size, shape, porosity as well as functional considerations, the degree and
gradient of surface crosslinking can vary within a given hydrogel-forming absorbent polymer. For
particulate hydrogel-forming absorbent polymers, surface crosslinking can vary with particle size,
 porosity, etc. Depending on variations in surface:volume ratio within the hydrogel-forming absorbent
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random y or or déndéd a higher level of crosslinking of otherwise reduce the surface deformability of the resultant
hydrogel. Combinations of these surface crossfinking processes either concurrently or in sequence
can aiso he employed. In addition to crossiinking reagents, other components can be added to the
surface to aid/control the distribution of crosslinking {e.g., the spreading and penetration of the
surface crosslinking reagents.) S
Suitable general methods for carrying out surface crossiinking of hydrogel-forming
absorbent polymers according to the present invention are disclosed in US patent 4,541,871
(Obayashi), issued September 17, 1985; published PCT application W092/16565 (Stanley), published
October 1, 1992, published PCT application W090/08789 (Tai), published August 9, 1890; published
PCT application W093/05080 (Stanley), published March 18, 1993; US patent 4,824,901 '
{Alexander), issued April 25, 1989; US patent 4,789,861 (Johnson), issued January 17, 1988; US
~ patent 4,587,308 (Makita), issued May 6, 1986; US patent 4,734,478 (Tsubakimoto), issusd March
29, 1988; US patent 5,164,459 (Kimura et. al), issued November 17, 1992; published German
patent application 4,020,780 (Dahmen), published August 28, 1991; and published European patent
- application 509,708 (Gartner), published October 21, 1992; all of which are incorporated by
reference.
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(

matesiabat the surface thereof effectively. It is possible that some such larger crosslmkmg agent o

can penetrate into the particle when the particle is swelled via the swelling agent.

Another preferred crnsslmkmg agunt is one wluch reacts very rapidly with the anionic, typically

carboxy functional groups of the polymer material of the absorbent particles, sven at a room
temperature range (e.g., at frqm ahout 13°C to about 33°C ). As a result, fairly modest levels (e.g.,
as low as about 1% by weight of the particles) of such. crosslinking agent are required to provide
effective surface crosslinking of the polymer material present in the absorhent precursor particles.

A preferred crossfinking agent of the present invention, however, is an adduct of epichlorohydrin
with certain types of monomeric or polymeric amines. These amino-epichlorohydrin adducts react
with the polymer material of the absorbent precursor particies, and in particular the anionic, typically
carboxy, functional groups of thess palymer materials to form a covalent, ester-type bond. In other

-wards, the amino-epichlorahydrin adduct serves to crossiink 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 am_ino-epich_lordhydrin. adduct swell less in the

 presenca of agueous body fluids relative to the other uncrosslinked portions of tho. particla.) Such

cationic amino-epichlorphydrin adduct, especially a polymeric resin version, is relatively large such
that preferential surface crosslinking is achieved. Such adduct with its cationic functional groups
(e.g., azetedinium groups) can react rapidly with the polymer material at the room temperature range
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Such amine materials are reacted with epichlorohydrin to form the cationic amino-epichiorohydrin

adducts useful as crosslinking agents herein. Preparation of these adducts, as well as a more
complete description of the adducts themselves, can be found in US patent 4,310,533 (Gross),
“issued January 12, 1982, and in Ross et al, J. Organic Chemistry, Vol. 28, pp. 824-826 (1864).
Both of these documents are incorporated by reference.

In addition to monomeric amines, polymeric amines such as polyethylensimines can also be used as
the amino eomﬁonnd. A particularly desirable amino compound which can be reacted with
epichiorohydrin to form preferred cationic polymeric adduct resins useful herein comprise certain
polyamide-polyamines derived from polyalkylens polyamines and saturated C3-C10 dibasic carboxylic
acids. Epichlorohydrinlpolyanide-poli;auﬁna adducts of this kind are water-soluble, thermosetting
cationic polymers which are well known in the art as wet strength resins for paper products.

in the preparation of polyamide-polyamines used to form this preferred class of cationic polymeric
resins, a dicarboxylic acid is first reacted with a polyalkylene-polyamine, preferably in aqueous
solution, under conditions such as to produce a water-soluble, long chain polyamide containing the
recurring groups -NH(CnH2nHN)x-CORCO- where n and x are each 2 or more and R is the C1 to C8
alkylene group of the dicarboxylic acid.



19 Preferred polynmer materials for use in the present invention

contain carbo roups. These pol yners I ncl ude hydr
starch- acrw(b% l e graft copolymers, partially neutrali segl‘ﬁ"?l]%gl‘w10652
starch-acrylonitrile graft copolynmers, starch acrylic acid graft

copol yners, partially neutralised starch- aaryllc acid graft
copol yners, saponified vinyl  acetate- acryllé ester copolyners, hydrol yzed
acrylonitrile or acr ners, slightly network
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in any conventi £é | inchiBé Rthyl Iu(aiaﬁa&pr@ﬂﬁmﬁi efnéthyl Ctiis(2-aminoethyl)aiihe) CR-2einodthl)

produci ng the indivi d articl re described in US patent Re.
32, 849 piRgrazing; a'Jé’E“P’H\Vﬁ V@'&‘EPS’G g e @; 1988, US patent 4, 666, 983
ITsubak| not o at eI) i ssued- May 19, - © 1987, and US. patent 4,625, 001
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i ncor porat ed by@e%'}bbxg@% err Fhﬂ@%%%ﬁgﬂ‘f@ rec r'ysa’(')"rda'
particles are t peiamine preqursors of the prefmﬂcmomc nelymedie;resinscisefulihesein mme Hhersatuestedt i on
pol yneri zati on ngﬁﬁedmn“&:ﬂemadae%mﬁﬁm&hqm cantaining from 8 td B4R 8Gms/S

patent Re. 32. 6134 o8 o Suchb s, B! ol w7 hegtos PRt
: diglycolic acid and the saturated aliphatic dicarboxylic acids having from 4 to B carbon atoms in the
- molecule, namely, succinic, glutaric and adipic are most preferred. Blends of two or more of these
dicarboxylic acids can also be used, as well as blends of one or more of these-with higher saturated
aliphatic dicarboxylic acids such as azelaic and sebacic; as long as the rasultmg lnng chain polyamide-
polyamine is water-soluble or at least water-dispersible.

The polyamide-polyamine materials prepared from the foregoing polyamines and dicarhoxylic acids
are reacted with epichlorohydrin to form the cationic polymeric aﬁinoepichlornhydrin resins preferred
‘for use herein as the crossfinking agent. Preparation of such materials is describe in greater detail in

 US patent 2,926,116 .(Keim), issued February 23, 1980, US patent 2,926,154 (Keim), issued
February 23, 1960, and US patent 3,332,901 (Keim), issued July 25, 1867, all of which are
incorporated by reference. '



‘reaction mxture to carry out polynerization to formthe precursor

particl es. wi@efdggeous reaction m xture i s then subperissk/ves2

pol ymer i zavl on condi tions which are sufficient to produce in the mxture,
‘substantially water-insoluble, slightly network crosslinked pol yner
material. The mass of pol yner mat al thereby fornmed is then

pul veri zed or chopped to formthe individual precursor particles.

More specificalfy, ci ng
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g]C>'I('} ldrsg 5} iog gg adducts o poh?amrdepolq\)rammes which are the reaction products of diethylenstriamine and adipic 20

aci d group- contaidniThey anetypically machdted in atte fodmi-of aquedds! soliitionsuf: the catiotic: tekim meteriah f
the precursor p action mxture will
general ly; conp@ﬁté'g'ﬁgg%"u{hqug% toaarb{:ut Bg'}f/ er/\gqgﬁﬁﬂ ?I{iﬁa&'ﬁ nononer

mat eri al . Anot her conponent of the agueous reaction m xture conprises a

network. subafeldvenki ng agent. Network crosslinking agents useful in
form ng the precursor particles are described in nore detail in the
above-referenced US patent Re. 32,849, US patent 4,666,983, and U

‘patent 4, 625, 00The sillistrate iayendrcan providesd varkity vicfurctjans! Itviak servgas e distributing meqps & ent
Imr; | 2 h S e ?2 gﬁ? uts o mgerut?tthssd’ls%ﬁMn% pg\ Hﬁ@? to' Iﬁ a@sgmmu e uﬂ{:rﬁétrruﬁﬂ?e ?199 Ul‘rng'alW) 1

nmonomer pr esent the fiquididistriution 0{98811'#3 »f the substiate !mr @ragsubstantielly greaterthanthese of the
wei ght, ahbo?&ﬁéj mﬁ’d?nsirmurp agukhS thiaty théCdompsite” has! inProvEd QS YistiBitieN prperties AN

OOl S b gy o oSG B e 7| °
as sodi um pot acumprises a lurklity rofoapillaey efuments! hitving cxslengtie preferably smanged: substantialiyninoy |
G per pht hal at o Pl forieroina B aaibhit o ATGUFagh BeTfpbeehucu = 20 Y Pt
sodi um per carbonate, and the like. Qher optional conmponents of the aqueous
;rgf‘g : glns el UH“’%B“G'?? Eyﬁ‘"?‘ ilio%a%‘f‘s avﬁfﬂoﬁiﬂ? mB4AE fof Be Absorberd wiRBY IR e layer
by supportmg the interconnected absorbent particles in the absorbent macrostructure. As described
above, the absorbent gelling particles are connected to at lsast one of the other adjacent particles
through the higher level crosslinked surface portion. The substrate layer can support the bonds or
interconnection of the absorbent gelling particles by resisting the forces of stress and strain in the
absorbent composite during use which might otherwise cause interconnected particles of the
ahsorbent macrostructure layer to break apart. The supporting means is profmbli ons which has
“excellent wet strength, and can impart improved wet strength and wet integrity to the absorbent
" macrostructure layer; that is, the substrate is effective as a supporting means after the absorbent
composite, and the substrate itsalf, has become wet with liquid. Support for the bonded or
interconnected gelling particles is needed especially in this situation, where the gelling particles begin
to swell after absorhing liquid, thereby placing substantial strain on the interparticle connections.
Such support is especially important when the absorbent composite is used in an shsorbent article
such as a diaper or catamenial product where external forces can aiso act upon the structure to
cause interconnected particles of the absorbent macrostructure to bresk apart. Therefors, the
substrate layer can serve to improve both the dry integrity and strength, and the wet integrity and
* strength, of the absorbent composite. ' -

The support fum:tmn provided by & substrate can slso permit less dense macrostructure layers. The
less dense absorbent macrostructures have a higher percent void volume and larger pore npemngs



unsaturated acidic functional group-containing nmonomers or other

Cco- nonone @[PIE ni ng no carboxylic or sulfonic aggyses06s2
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met al s, foaéONi UM substituted ammoni um and anines as discussed in
further detail I'n the above-references . US patent Re. 32,649. Wile
it is preferred that the precursor particles be nmanufactured:using an

aﬁueouls sol ut i i splsstrat@aydr 7cis proferably fiekibia and pliibld 1 eﬁdo&ﬁgamibrobhﬁastmhe fasultingout

t he po yrrerlzatlo [ 0C usin a

br 0cbest ng. t ocHRMERPBEE. A spralpiian o Kisdntaly i SR i,k cn,

96/ 07330 be stretchable or deformable to a varying extent in respnnss to forces exerted normal to and in the

PCT/ U895/ 1065 2plane of the surface of the substrate. _ : 21

Tha thickness and basis w_aight (weight per unit area of substrate) of a substrate material will vary
depending on the type of substrate and the desired propin_iss. ‘A substrate can also comprises a
plurality of individual sheets, or plies, of a particular substrate material, or combination of one or
more substrate layers in a laminate. As a typical substrate, 8 Bounty” shest has a thickness of from
about 0.02 mm to about 1.2 mm, more preferably from about 0.3 mm to about 0.8 mm, and a basis
weight of from about 5 gmimZ to about 100 gmimZ, more preferably from sbout 10 gmim? to shout
60 gmim2, and most preferably from about 16 gmim2 to. about 40 gmimZ. As another typical
substrate, a cellulose foam has & dry compressed thickness of from about 0.5 mm to about 3.0 mm,
more preferably from about 0.8 mm to about 2.0 mm; & wet expanded thickness of from about 0.8
mm to about 8.0 mm, more preferably from about 1.0 mm to about 5.0 mm, and & basis weight of
from about 50 gm/m< to about 2,000 gmimZ, more pnfmbly from about 100 gmim to about
1,000 gmim?2, |

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



‘i nver se suspension pol ynerization procedures. In the inverse enul sion

pol yneri za&,b /o'BBoi nver se suspensi on pol ymeri zat i onpdfpeAbeses, the
aqueous reacfion mxture as hereinbefore described is suspended in
“the form of ti ny droplets‘in a matrix of a water-inmscible, inert organic
sol vent such as cycl ohexane. Thezr esul tant precursor particles are
general |y spherical in shape. Inverse : suspensi on polynerization
procedures are described in greater detail in US patent 4, 340, 706
(Qpaysashi at al), issued July 20, 1982, US patent 4,506, 052 (Fl esher et
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Absorptive Capamtka{ |ne Synthetic Ur|ne
absor bed by anyfo#p By can e determings-J1v\tha-5ompragsian. ; In preferred epbodiments, 'B'P $¥858ga nore size

Synt h]t;t I g Uri nﬁufwmgammﬁ Iﬂﬁ{c themaiy staté! Ster Qﬁ/‘lﬁmﬁmﬁm n? ftoué about RS
Ehr opean pat enMEFpR sy D mcrnd”pofaahy sk A5 11 $ickn, 3l 20 e, By
particles of t mefmhbﬁimnt abnnt\ﬁamtrnmnn ahout Z0rmierens\vk preferréd-cempressed cellulose foam layer
has a density of from about 0.1 glcc (about 0.05 gfinS) to about 0.8 gic (sbout 0.41 gfin3) and has
a compressed thickness (in sheet form) of from ahout 2 mm to about 5 mm. in general, better
wicking properties can be obtained by using a foam layer having a higher density, or a smaller pore
size. When such compressed cellulose foam layer contacts with liquids, the pore size of the foam
‘begins to expand whereby the thickness of the foam layer become increased.

Absorbent foam substrates, particularly compressed cellulose foam substrates, are highly preferred
substrates in the absorbent composites of the present invention. In addition to having excailent dry
and wet strength and integrity, cellulose foam substrates, specifically in the form of sheets, have

~ excellent capillarity and fluid wicking properties. When liquid such as water or bedy exudats is
deposited onto the surface of an absorbent composite comprising a foam celfulose substrate the
liquid passing through the absorbent macrostructure layer and into the cellulose foam substrate is
distributed quickly outward toward dry foam areas in cellulose foam layer due to its capillary.



Absorptive Capacity of at Mast about 20 grans, nore preferably at Ieast
about 25 grans, of Synthetic Urine per gramof poly

Typi cal |y, W% ner naterials of the precursor g&{’“ggé@‘ er ei n
have an Absorptive Capacity of from about 20 grams to about 70 grans of
Synthetic Urine per gram of polynmer materi Precursor particles having
this relatively high~ absorptive cas city characteristic produce
macrostructures that are especially, useful in absorbe rooduc
DS or bent - romeEne TAv 8 g nfboss o sbtrbs eatecr ieova it g csuiod' foum co
macr ost r uct ur esstfucturselibgins to exp¥nd.O (Birfde’ 3dOdry foam areas have a cell structures which are still
PCT/ US95/ 10652

from such prec ufg Bressed ar"td W'c"f:he'ge %:"é%er tl'B{/uthag?llls Igltl ‘P‘r 8?1“” ﬁ'gf*dﬂ“(ﬁ"g 7’?"{!3‘[’? "'ﬁ‘f thIa_ldrv
anount s of . di scfeam g!eaas bSugh cellulose foamesubatrates areseheracterized by ewgellent fluid wnckmg i | e
al | of the. pr eCiifafion a8abifidaf? sith Sofiof’ RER nstrdt Y KIVE!tekt msk.ﬁm P B BpadROfof e

mat eri al’ th t properties, hi' s, need EF’@ For -
I

exanpl e, sorre pF"é@ﬂ? 4p fo ﬁd‘?‘?‘i @ %WEHW digtance l“s“e""a““s in a vt F‘& Egnt—"%f long
alcr dhglr.aft copOiuk&kﬁiUdlsdntd dipaﬁiltlvlﬁpr dlzirﬁpwd fnlim)iihoﬁtem]tccmctb mytﬁiﬂihnmﬁml pihurd ina
slightly networ osslinked polyner of partially neutralized -
pol yacrylic aci &’"'crl'd‘f”i"ll.'%?“sst he precursor particles can vary I n
size, shape, absorptive capacity, or any other. property or characteristic.

In a preferred i yet anothef ?ﬂfﬁﬁhﬂﬁ Nihe Q{thﬁRF IQEre&ﬁrhE a' A e gTeTe suiiﬁﬁfaofn Hrbsor

particles consi st’ essent cross
pol ymers of par $epesiting celjlese rf'?fF“i nz@tslei)brww@q l cT'HcPPll!ﬂ“"ef&t'h pisticlas have An ‘M‘PgPr cl e‘

having simlar yolume of at ldastabsut 0.1 @@nd, prefmhly from btidutaY Winki® o sbev0 A2t w91t Prefératily)
present inventi

I h
crosslinked at ﬁ&gﬂ?m&f‘gégc 'Ir'l%%r r?g °"‘§?‘§°?’BHC'§‘3‘P§F‘§H§§'M§PP%W‘ET layegs
their surfaces, ‘prior to formng the .. precursor particles into an

absor bent mcroﬁ%&lﬂ&?%aﬁsubﬂ?ﬁeﬁ de ﬁ?.&mﬂhgr%@ e BisorBénf Eonipiait ¢ fRﬁJﬁrésﬁkeS

can be made by an cross ter.

Preferred cros spyemkqndg ap, ghsqebant catamamal a 8. When blood ls deposited onto- a celiulose foam
substrate layer of an absorbent composite, the cellulnse foam substrate can serve to acquire the
blood, filter aggregates from the blood, and distribute the remaining liquid portion of the hlood_to the
absorbent macrostructure layer below. The. cellulosic foam substrate may be slitted in various

patterns as for instance described in EP-A-0 293 208 to increass the substrate's flexibility.
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In yet another preferred embodiment, the substrate _|ayer compriées a compressed or non-compressed
polyviny! alcohol foam. In general, such foam preferably. has properties and structure substantially
as the celiulosic foam above. :

Figures 5a-5c show reflection-mode photographs of ‘an absorbent structure according to the
invention during different stages of swelling. The structure of figure 5a was produced by depasiting
3 g of absorbent polymeric pamcles produced by Nippon Shokubai under tradmm Acqualic CA
L761f onto a BOUNTY® substrate tissue 7 of 10 cm x 10 cm as produced by The Procter & Gamble
Company. Then a crosslinking solution comprising 10 % by weight of Kymanu 567 Plus, 40 % by
weight of glycerol and 50 % by weight of water, was applied in a striped-pattern in the amount of
0.22 g of solution per g of absorbent polymeric particies. The crossiinking agent was reactsd with
~ the polymeric particles for about 24 hours at.room temperature. in. the regions 6 where the
crosslinking agent was applied, the polymeric particles. were mutually connected by interparticle
crosslink bonds and were connected to the tissue 7 by the ctosslinldﬁg agent. The particles in the
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pol ymer (e.g., HEHAELAE Tugly comnoste to form ap intprparficall crospinked agaregte. The, spplication of
the overall | evdhe mssrmkmmtm rvkthﬂymclﬂs in the regions & sesyitsih anrincreaset dﬂompbmsannkmn
(e.g., be great aj tieGogions'8!al soutionTomprisin®40 % by weight glycerel and 60 % by weight water was
applied, no Kymeneo ‘657 Plus solution being present. The polymeric particles in the regions 6 are
attached to the tissus 7, but are not mutually attached by inter-particle crosslink bonds. The
polymeric particles in the regions 6 ars mutually interconnected by hydrogen bonds, which dissolve
upon wetting. The particles in the regions 6 have a relatively low degres of interparticle crosslinking
and surface crusslinking compared to the particles in regions 8. The particies in the regions 8 are
bonded to the tissus by the glycerol-water solution and remain attached to the tissue, so that the
absorbent structure of figure Ga has a substantially uniform basis weight of polymeric particles.
Figure 6b shows formation of channels 1 minute after wetting of the structure of figure Ba with 30
ml of an 0.9 % saline solution, the dark areas in figure 8b being the lower parts. The particles in the
regions 8 will due to the relatively high degree of crossiinking compared to the particles in the
regions 6, swell less rapidly than the particies in the regions 6. Hencs channels are formed through
~ which liquids can be transported. The channels also form void space 8 into which the rapidly swelling
material from the regions & can expand, so that bending and curling of the absorbent structure is
prevented. Figure 6c shows the absorbent structure of figure 6= m its fully swollen state 5 minutes
~ after depasiting the saline solution onto the structure. It can be seen that the channels in the region
8 ara filled with gelled polymeric particles both from regions 8 and from regions 6. '

Figure 7 shows a an alternative way of apblving different amounts of crosslinking agent by using a
multiplicity of spray nozzles 31, 31'. The nozzles 31,31 are arranged across the width of the
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canin thls case be omitted.

Figure 10 shows an embodiment of a process wherein after uniform application of cresslinking agent
across the deposition surface 14, the layer of particles 16 is passed under o haqt curing unit 44,43.
The heat curing unit can comprise an array of heated elements; in the form of a pattern of studs or &
grid. The conveyor belt is intermittently slowed down or stopped at the location u_f the curing unit
44,43, which is subsequently activated. An apparatus for periodically slowing down or stopping only
a specific part of the conveyor belt, while continuously moving: the belt, has been described in
European patent application no. 831178825 (Schmitz). The upper element 44 may be moved



‘application 509,708 (Gartner), published October 21, 1992; all of which are

I ncor pora reference. WO 96/ 07380
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particle when tH&" ﬁgp‘{"ﬁ% pmed &t M?ﬂstggﬁ'@ depositipn surface WW@%‘A?‘.‘ undesneath thé

- recesses of the roll 45. Alternatively, the roll 45 may be heated to further increase the number of
crosslink bonds formed underneath the projections 47, through which heat transfer to the layer of

particles 16 is largest.

Figure 13 shows an embodiment of a process whersin an array of applicators 51,51’,51" is located

 across the deposition surface 14, the array extending perpendicular to the plane of the drawing. The
applicators 51, 51°, 51" deposit varying basis weights of particles onto the deposition surface.
Alternatively, the applicators 51,51',51" deposit particles of different particle size or particles of
different chemical composition onto the deposition surface 14. After laydown, homogensous
application of crosslinking agent by spray nozzle 17, results in a non-homogensous distribution of the
degree crosslinking across the deposition surface 14.

Figure 14 shows a process for making an absorbent structure according to the invention wherein the
deposition surface 14 is formed by a tissue 55 which is unwound from a roll §3. In this embodiment,
the tissue is sprayed by a pattern of crosslinking agent by the spray nozzle 17, which is located
upstream of the applicator 12. As a consequence, the number of inter particle crosslink bonds
between the particles 5 is largest in the ‘areas of the tissue 55 that have been wetted with the
crosslinking agent. The basis weight of the particles may be low enough such that no interparticle
crosslink bands are formed, as described in copending European application no. ... as filed by the
Practer & Gamble Company.

- Figure 15 shows an apparatus comgprising an aiternative applicator means 20,21 for providing a
pattern of crosslinking agent to the deposition surface 14, which is similar to a “gravure printing”
step. The applicator means comprise a rotating roll 20 which rotates along a supply unit 21 from
which the periphery of the roll 20 is wetted with the crosstinking agent. The periphery of the roll 20
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As used herein, "cationic am no-epichlorohydrin adduct” refers to the
reaction- product bet ween .-+ epichlorohydrin and a nononeric or

pol yreri ¢ ami neFigutecty showst a strusturecig (wWhich ingthe centrali region pi2othe densityaof the particles 5 is
relativaly low. In this manner a central window for rapid uptake of liquids is provided.

- In the embodiment of figure 18, both sides of the substrate 7 are covered by interparticle crosslinked
macrostructures 10, 10a which comprise regions 11-11'"". of -a high degree of interparticle crosslink
bonds, which regions are separated by ragions 1313 without polymeric particles 5. On forming
the structure of figure 18, first the lowest layer 10 of particles may be deposited onte the conveyor
beit 15. Subsequent crosslinking agent is applied to this lower layer in the desired pattern, after
which curing is effectsd and the partices which comprise a relatively low number of interparticle
crosslink bonds, are removed by the air gun 27 and suction box 29. After that, the lower layer 10 is
covered with the substrate 7. The substrate may be provided with a layer of adhesive, to attach to

_ fower layer. 10 of interpartically crossfinked particles or may be attached by crosslink bonds that are
formed between the Iéyer 7 and the layer 10. Then, the particles in the upper layer 8 are laid down
onto the substrate 7 in the manner according to the embodiments of any of the figures 7 to 11, 13
or 15.

Figure 19 shows an embodiment of a muitilayer structure comprising two layers 56, 58 of
interparticle crossiinked aggregates, the lower layer 58 having a lower degree of crosslinking than
the upper layer §6. The absorbent structure according to figure 13 can be made in & manner similar
to the one by which the structure of figure 18 is formed.
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layer 7 may itself be of a relatively open structure. Absorbent structures as described in figures 21
and 22 may advantageously be used as upper layers in a multilayer absorbent product such as’
described for instance in WO 82/11831 (Feist) or US patent no. 5,304,161 (Noel et al.). in the muiti-
layer absorbent products as described in the above references a lower storage layer comprising
absorbent polymeric particles is located below an upper layer of absorbent polymeric particles. The
upper layer comprises passage ways for liguids to enter into the absorbent product and to flow into

- the lower storage layer, and may be formed by the structures of figures 21 to 26.

in the absorbent structures of figures 23 and 24 longitudinal chennels 67 are formed in the
interparticle crosslinked macrostructure 65 to promote liquid flow along the channels. In the
structure of figure 24, reinforcing elements 69 run across the channels 67, such that the structural
integrity is improved. The structures of figures 23 and 24 may for instance be used as the absorhent
core of a thin sanitary napkin as described in US Patent No. 4,850,264. In the absorbent structures
of figures 25 and 26, the size of the holes 67 varies across the surface of the crosslinked
macrostructure 65, in absorbent products these structures can be used to provide an absorbent core
which can rapidly absorb liquid into the core via the larger holes in the specific loading area of the
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specifically, preferred yal kyl ene m.nes used. to prepare the
cationic pol yn&?'ﬁ \eRrpyiding l'?@?seqsd’? g}”é‘qﬂ' SRy 'I"XP“""“S' ahﬁW’a’f’?ﬁ"ﬁ {')@6 |
primary ani ne giopednshestuiit alspdcifie cdtegom of users suchissinfamsior adults oomge mﬁemnhlum t he
nitrogen atonms are |inked together by groups of the fornula -CnH2n-
where n is a small integer greater than unity and the nunber of
“such groups i nFigures 2whds2Bushew » piniew of masks ! Qthatiesn e located betwesn the speay gozzle 17
preferably up 4 tﬁmwsmmtrrmeme m'tr‘..nﬁaerisa&eaamgea uhsezaat.t.amdf §ifs galisacent

carbon atons in 0 her .. apart,
but not to t heP"Ss&#eT'E&mﬁ%e"ﬁ%@)Pﬂ"'%"lﬁﬂ @E)F‘"gﬂ' of the °°'E’5¥?f n'I!" '@'Hnﬁ?cé&jll"i%“ﬁg'g
such pol yam nefozaé! m&mbldpﬁithh surfacs 14eAs shawndf figure M, ahd mesk t8mayaomprise a number

bt o med | 1 CSL DB P e B e G R pes B .t Sl Sl T B2
preferred are mbved pmibryetmt spray npule \id anthtbe masksiS:of figuney27 Pfdwﬂ"?\% in a continuous ¢
four ethylene grpaups, aﬁsmnpﬁﬁdmfey%ﬁﬁﬂ slemwucummaw .ismsmca a9 phrfiéigces

secondary ami ne group

pol yani ne pr ecEheWhin figye 23 isformed, dﬁf"&l‘?ﬁ"ﬁ@' b&'f n?@é!gp 'H"Y éiemgﬁw Bt'“’ e crossiinking (
groups with at adeﬁ%plﬁm&mﬂﬁh thhﬁ‘ﬁlﬁaghmﬂdmlmg pattbrtof theitype srshown irofigore|25

Sui t abl e pol yam des N
bi s(3-am nopro y&%%ﬁé"’"'?@l"ﬁfﬁ" %ngé&ﬁ FP&@? H@%ﬁ“pg& ﬁ-thﬂmésrﬁ 1nso"'q[vh 1)
pi perazi ne, 4, ftandiated orirgtated paralielyto the cenveyorcheit such thatithe inelative velocity between ﬂ“"'ﬂ% :
di carboxylic a%ﬂﬁt%hﬁ%ﬂfﬁﬁwt}ﬁoream ed with the frgoing plyamnes to form
t he pol yam de- m ne precursors of the pref erred cationic

pol ynmeric resi - useful herein conprise the saturated ~aliphatic
C3-C10 dicarboxylic acids More preferred ire those containing from3 to 8
carbon atons, such as-mal oni ¢, succinic, glutaric, adipic, and so
on, together with diglycolic acid. O these, di glycolic acid and
the saturated aliphatic dicar boxyl ic acids having from4 to B carbon atons
in the _



Mol ecul e, nanely, succinic, glutaric and adipic are nost preferred. Bl ends
of two or $e107 t hese di carboxylic aci ds can al soppgneesfbess
well as blends of omor nore of these with higher saturated

al i phatic dicarboxylic acids such as azel aic and sebacic, as long as the

resulting | ong chain _polyamn de- poByam ne is water-soluble or at
| east wat er-di spersible. The pol yam de-pol yanmi ne material s
prepared from tWet @hkEgdisng pol yafn. and di carboxylic acids are

reacted w th epjchl opanydr Jnﬂun@ Q? fatﬁﬁrﬂldﬁ Bfuctuf Jnﬂfﬂsﬁg % ﬂ)’s)'ﬁg’ﬁd % second region and a

anm enopi chl orohydr| n resi

crosslinking aguulity wraspshent; Pﬂlynlﬁf@f pagtigles, lopatedoin  at lleast; in onﬁe!fcthQ mlmlsn%r'wtoér
detail in comprising M@s@Rér 2. 926, 116 (Keim, issued February 23, 1960, US
patent 2,926, 154 (Keim, |ssued February 23, 1960, and US patent
3,332, 901 (Kdi m, |ssued July 25, 1967, all of which are

i ncor por at ed byrelcaﬁgaa erosslinking agent With %/pﬂ'? cl&Oto form crosslink bonds, which crosslink bonds

PCT/ US95/ 10652 27
The cationic porlmgﬂsa er[ga'f'd%lﬁﬁu?ls'é“k ll"l“dc’i‘ h "3?‘(')% "'&1‘#"‘%"“ é’ a']t'ﬁl‘ss 1 f‘"f""er r é'??lofwmﬁse

herei n as cr ossmicrestrystyre andlor surfacagressw bmdebttumbm nfythmntm! efuthygurfiageraf ul es

I nc. under the #g ghane Kynene. Especially useful are Kynene[err]
557H, Kynene[err] 557LX and Kynene[err] 557 Plus, which are the
epi chl or ohydrin adducts of pol yam depol yam nes which are the

reacti on producgharactérised ie teiay iR redsstinkingi agent mdaowdi\ﬁihcthe particles in ®wayisuchl tlﬂythér e

aterial ) o tboning S i A F e bl Fors o e e s of ]
resin active. particles inthe @capdtsgien.e | ayer The substrate | ayer 7 can

provide a variety of functions. It can serve as a distributing nmeans for

I mpr-ovi ng the dj strlbutlon of applied |iquids to be absorbed into the
macrost ruct ur e # ay er Methgd secopdipg td Claim 1, wherein each region comprises & volume which is not smaller

than 10 mmS .

3 Method according to claim 1 or 2, characterised in that the absorbent polymeric particles in
one of the regions are substantially fres of inter-particle crossfink bonds.

4 ~Method according to any of the previsus claims, characterised in that the absorbent
polymeric particles in one of the regions are substantially free of surface crossiink bonds.

5 Method according to any of the previous claims, characterised that one of the regions is
substantially free of absorbent polymeric particles.

6 Method according to any of the previous cléims, characterised in that the amount of
cresslinking agent that is applied to the first region differs from the amount of crosslinking agent
that is applied to the second region. L

7 Method according to claim 8 characterised in that amount of crosslinking agent per g of
absorbent polymeric particles applied to the first region is at least twice the amount of crosslinking
agent per g of absorbent polymeric particles applied to the second region.

8 Method according to any of the previous claims, characterised in that the chemical
cumposltlon of the polymeric material of the polymeric particles in the first region is different from
the chemical composition of the polymeric material in the second region.

N



the liquid distribution properties of the substrate |ayer are substantially
greater tRagokheg of the absorbent nacrostruct ure,pEigddshbrs t he
conposite has Inproved |iquid distribution properties relative to
the absorbent macrostructure alone. In preferred enbodi nents, the substrate
| ayer 7 conprises a plurality of cgpillary elenents having a

| ength, preferably arranged substantially in paral lel, for

I mproving the dlstrlbutlon of the liquid along the lengths thereof

The substrate layer 7 n al.so serve, as ortin
absor bent rracrgstruM“[?P accafing to-any of the P'ﬂg?"%ﬂ%ww "‘ir‘T’Eg‘ 'ﬁﬁt‘\’;’r@ﬁ'ﬁ'ﬁ’é@tﬂé’d
absorbent part ificst eegion différ immatesmartiolesin theesecondstegioncih shiape, avemageipasticleishect particle
above, the abs p&% I are connected to.at |ast one of the
ot her adj acent g%art hgﬂﬂo“npgonm%t b&hﬁ& h the higher |evel crosslinked
surface portion. The substrate |ayer can support the bonds or '
| nter connect | 0MgOF WifhoR BEGHIRG Y aR2L" 10 Frdvioks Bl enirBitdisdd anqusthﬁefcmcas of

stress and strain in absaorbent conp urjng usemd‘c ni ght

ot herwi se causé"“i"’ﬁi"é‘l"c%ﬁﬂéf?%’"ﬂéﬂw thetis ‘Bﬂ"‘dmé"‘ fst" region diffpes,from,

MACr est r uct ur e céntpysition bthderesslinkingeayénit thatlie appliediiths seond reglomns i s preferably one
whi ch has excel nt wet strength, and can inpart inproved wet
strength and wet integrity to the absorbent macrostructure |ayer;
that is. the sdbstr Method sccerdifigstotany of the pravieus plpimst charecterisedris that the conditions for

absor bent R th
i quid. Suppor {ea%tgﬁ t hea%%'ﬁg'éﬂa% mﬁﬁlﬂnﬁa&%"?ﬁ tpgﬁﬁﬂe%%hergﬂgﬁ ?@gﬁ'ﬁgﬁ |f\(,:\1 es ‘

i s needed espe&armagtion of;crpsglipk bonds;ip the first,segion giffaes framthe,tate of iap of; crqsglink

to swed after  gheseéond@gibn. qui d, thereby placing substantial strain on the
i nterparticle connections. Such support is especially inportant
when t he absorbent conposite is used in an absorbent article such
as a di aper or 12at aMsthed acpordingte anyf lais d)to &0, characterised dnsthat:the cadsslipkingoagent fon

the structure ftdeted with the pofyﬁ&%epahlah% Qr}%ﬁdﬁ eridid. wHefein B r&&n&n'ﬁﬁ:oiﬁﬁtﬂiﬁ}ﬁ”t

macrostructure to 8rea apart., Theref substrate | ayer can
serve to i npr otRIORGHes frep BF‘Q"‘PN’E@’(‘!‘ se<§1’|'H"":91"Pength and the wet integrity
and ' strength, of the absorbent conposite. . The support

Tayers.he " 18 PioBaditgifioe Bl st 12 St i B e R AR %éﬁt e
FI; (ca:[l_ ;: (LaJ g g 5)/ 2 b g 5\2/ tadinted umldcuowtlpudlmmpbmmgw huat derivaddrofa/cGring guit.

14 Method accordmg to claim 13, wharmn-tha- energy daposoted per unit area in the first
region, differs from the energy deposited per unit area in the second region.

16 Methed according to claim 14, wherein a mask comprising masking areas of varying opacity
for the electromagnetlc radiation, electrons or heat, is placed between thn absorbent polymeric
pamdas and the curing unit.

168 Method according to claim 15, wherem the mask is prnpctad onto the absorbent polymeric
particles by the cunng unit.

17  Msthod accnrdlng to claim 15, wherein the mask is placnd in contact with the absorbent
polymeric particles. '

18 Method according to any of the previous claims, the method comprising the step of
depositing the polymeric particles in the first region and the second region, wherein the weight of

I
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28 bet ween adj acent int er connect ed gelling particles, thus

reduci ng the potential for gel blocking and reduci n SostloEBSSes
in the nacwes"gmf'ure as the particles absorb fluid and expgﬁi‘(!.h obs3

‘The substrate | ayer can be selected fromvarious materials known in the art

such as cellulose fibers, nonwoven,\ebs, tissue webs, foans,

pol yacryl ate fibers, apertured polyneric: s, synthetic fibers,
netallic foils, t nd, the | . MDSt..SL supst es; ye
both as a di st rﬁoﬁh@ﬁrf’é%@ Uepfi‘sr&e ta %ﬂ!asggegg" & 'ngﬁﬁﬁ"&' ﬁéa‘%@h’f ?fr &‘?ﬁgﬁ'ﬁ&'\é '
absor bent nacr cuatticlesdepesitediimtieseconPregibr abl y, the substrate - | ayer is
conprised of cellulosic material or a material having cellulosic
functionality. Preferred substrates for use as a fluid djsiributing

means can be sel%ct Sfethad geroeding to daim; 8, chagactsrisedinghat the gensitisof the polymeric,gpsgehent

cel I ul osi c fi brpateriaVRéfirst régiiniischefvenB:5 aed tirkds @i densityDéithe polpiméticlabsodburit Material

al cohol foans. Preferred. ~ substrates for use as a supporting neans

‘can be sel ect ecl'"%'\’é?ﬁ‘"@éfqmﬂ'l osic materials, fibrous webs, nonwoven

webs, fabrics, cellulosic fibrous webs, solid foanms, cellulosic foanms, and

pol yvinyl al coh Method afrfnﬂigl o claim 18, whereinTJﬂeag%%&B nidtrbstrchid s onliaﬁ by inter-
preferably flexible and pli-abFe to encourage ch propertires in the
resul ting particlg|seosslipking of the ppiymeric garticlessehargetprispcin thay the caljppr of dhe aggregated

substantial |y rfgerdsinftture iR Hd fifs® Fagidn is Rrge B o cdllper of thé agiregated macrostARturs in the
stretchabl e or defﬁrrr.abl e to a varying extent 1 n response to forces exerted

normal to and i¥fc4fEegion. pl ane of the surface of the substrate. |
The thickness and basis weight (weight per unit area of substrate) of a

substrate materhpal w VALY | Bfine? . and
the desired pr o%gr t Méthgg agﬁogdéwgf '3 %éﬂeﬁgﬁggg c.on‘b?‘le}s'%gmgx&&'mg tﬁy%ﬁ{ﬁgf’?t y
of i.ndividual shRsiagdhe asorhent pasticlesfin the fisst tand: the :pecond, egion andesubngyuently fpmovieg a5
combi nation of QBer®F particles from abTRkst ofid-d? e  regidhs budl THab the funibel 6FPartilbstin tidShirst
typi cal substrate (ﬁ ount t has. a thickness. of from about 0.02
mm to about 1. 2M°H¢A 'mf@"&wgﬁﬂﬂrﬂ?n%ﬁgﬁﬁm“ﬂ!@ mmto about 0.8 nm and
a basis wei ght of fromabout 5 mn2 to about 100 gn2, nore _
preferably fro bou A ;
preferably fr og}gbouéhsivgmgﬁ?%eﬁd%g&u{m%m&Wftrw.% Q%%n gﬂﬂ? %&sa aims.

substrate, a cellulose foamhas a dry conpressed thicknes of fromabout 0.5

e et ey fbsrbent sl § 2! g, @ Sl i P ofabitanc”. D
more pref er abl yPoYmERs P&BGQ’E looated ingach region, wharain the pplymesic EHB@E%M”WJHS of

crosslinking agent and comprise crosslink bonds, which crosslink bonds comprise inter-particle
crosslink bonds mutually binding the particles to form an agglomerated macrostructure andjor
surface crosslink bonds between molecules of the material on the surfacs of the polymeric particles,

characterised in that the degree of crosslinking in the first region differs from the degres of
crosslinking in the second region.

24 Absorbent structure according to claim 22 or claim 23, wherein the hydrogel-forming
polymer particles are connected to a substrate and wherein for at least a part of the structure the
degres of interparticle cross-linking between the particles is sufficiently low that no inter-particle
crosslinked macrostructures are formed of circumscribed dry volume larger than 10 mmS.

25 Absorbent structure according to claim 22,23 or 24, wherein the substrate and the
hydrogel-forming polymer particles are connected by a crosslinking agent capable of crosslinking the
molecules of the particles

[
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from about 50 gm n2 to about 2,000 gm n2, nmOre preferably from about 100
gnin to 1,000 gm n2. : Substrates f upport
sk Sptytes

means typ ¥ave a dry tensile strength of from about into
about 8,000 gmin, though nore preferably fromabout 1,000 gniin to about

3,000 gmin, a wet tensile strengtp, of fromabout 200 g m to
about 5,000 gmin, though nore preferably T om about 400 gnfin to
about 1,000 gm,n, d.a wet burst stren t 0. about
2,000 gm 26" hﬁﬁwv}?}ﬁ@tw Lpofingfp 9"V H %%Fﬁ%n EH 3‘6“3“3@16 9T 000
gn, VO 96 /pblyifds Particles are adhesively attached to a substrate: -
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In preferred enbodi nents, the substrate |ayer conprises a cellulosic

fi brous web such as paper towellilng and paper tissue: Exanples of
such cellulosic fibrous webs are disclosed in US patent '3, 953, 638,

- issued April 27, 1976, US patent 4, 469,735, issued Sept. 4, 1984, US patent
4,468, 428, issued Aug. 28, 1984, and US patent 4,986,882, issued Jan. 22,
1991, all herein . incorporated by reference. A preferred exanple of
such is Bounty[err] paper towel, comercially , “marketed in the U S
by The Procter & Ganbl e Conpany. Another preferred exanple of such is

Ki nocl ot he paper tissue, commercially marketed in the U S. and Japan by

Honshu Paper Co., Ltd.. - Bountys .and Ki nocl othl are hydrophilic and
have good distribution and w cking properties, as well as good wet
integrity. I n anot her preferred enbodi nent, the substrate |ayer ‘
conprises a cellulosic foam 1In general, a cellulosic foamw ||

provi de a higher I|qU|d mncklng rate over a Ionger wi cki ng di stance than a

* c L n-s *



cellulosic fibrous web. Preferably, the cellulosic foamis in a conpressed
state so to rther i nprove its w cking and fl ui i inbst i on
properti es. %9&(0{7%& e cellul ose foam can be nmade of ?ggﬁgegrlfg ed |
rayon fibers by well-known nethods, such as those disclosed in European
patent - Publ i cation (Publicaticnq,wﬁ 0, 293, 208), incorporated herein
by reference. Such cellul ose foans have nunmerous snall cells, the
size of which affect the capiarity and absorptivity of the foam The
cellulose foamlayer will ordinarily, and preferably, expand when wet. A
preferred cellulosic foamis ' one whi ch has been conpressed in the
dry state prior to use. The average pore size of the cellul ose f oam
| ayer can be degernined by the conpression. In pref@rred enbodi nents, the
aver age pore Ssi , as mesured in the

XX 01,000

dry state after a g.ﬁwk!&uu!!,nipron t o about
1000 m crons, pref D008 01,001.0.0.0.0.0.0,0.8,1, ,:,:{,2,2,:,:;2,&.2 Crons, nore
preferabl y from aboltgBoRarse-apRaR KRBl e e €1 red conpr essed
cel lul ose foam | ayer BZZ2R7 AT o EArSy X 20vr Bt aiatsA). 1 gl cc (about
0.05 grl3) to about 0.8 g/cc (about 0.41 g/in[err]) ang, has a
conpressed thickness lin sheet form of from about 2 to about 5 nm In
general , better Wi cki ng properties can be obtained by using a foam
| ayer having a higher density, o;om:ej por e size. When such
conpressed cel |l ul ose foam | ayer wth Gquids, the pore size of the
f oam begi ns to expand whereby the thickness of the foam /|l ayer
becone i ncreased. Absor bent foam substrates, particularly’
conpressed cel |l ul ose foam substrates, are highly preferred

substrates in the absorbent conposites of the present invention. In
addition to having excellent dry and wet strength and integrity,
cel l ul ose foam substrates, specifically in the formof sheets, have
excellent capillarity and fluid w cking properties. Wen liquid such as

wat er or body exudate is deposited onto the surface of an absorbent
conposite conprising a fgam cel kail ose glbstrat@it he | i qui d passi ng

-

Lo, . -~
SOV OTEIIVO0S OB ECV DL
1000 6.0 DN DD0 500

t-hrough t he absoqbent matrostructure | gyer and,into the cellul ose foam
I . ? N aya A A\ -~ -~ i
- cellul ose foam | ayer X XRE X X ICXIT IR I XX I K IR IR ALK

PCT/ US95/ 10652

X X X X R LGN

e T T e i o WY IS,

%@p@@%??ﬁb@’ﬁﬁ@&ﬁﬁ@‘%.d%&@db@@
X
i 77

5 7
| T A
! n o 13 5
e B 5 colenlon o
) ) Y | I‘$' JPR }




30 suction. That is, as the cellul ose foam absorbs water or
aqueous i the cel l ul ose foam cel |l structure

expand. Si ﬁt‘é 96/4738 dry foam areas have a cell structures. whi ?&wa‘{régyisdtgﬁl
conpressed and which are smaller than the cells of the wetted areas, fluids
readily wick into the dry foam p?F Such cel |l ul ose foam
substrates are char acterized by excell ent uid wi cking and

di stribution. Specifically, such cellul ose foam substrates have fast

wi cking ratio or speed (for exanple, up to at least 12 cm wi cking
distance in 4 minutes in a vertical wicking test) and |on wi cki ng
-di stance capability (for exanple, from about 20 cm to@%i n the
first one hour in a vertical wcking test). n-yet anot her

enbodi nment, the substrate Iayer can be a cellulose foam substrate formed by

1.1 1

deposi t i ngreettuotogse—foammpartretes e cellul ose foam
particles have an pverage Ieast about 0.1 mm8B,

pr ef er abl y i _ 1 . bly, t he

cel | ul ose e d s. G an absor bent

macr ostruc 2 foq subsQfate is particular
preferred @m en _ T @aﬂ he present 27

i nvention t ameni I When bl oodzgs dep ed onto
a cellul os substrate r\pf ian absoﬁ)ent conpos t he
cellul ose § 2 sejige ,ti _qmyeﬂ e bl ood t

aggr egat es rld di stln)i byrte tXtTe I efre) ' o; f
the bl ood A ' : . —T—— 7
cellulosic t 2 a@r
i nstance dpscribed in EP-A O 293 Q08 L0 Increase the substTaloe -
flexibilitly. In yet anot preferred embodi nent, &%he supstrate

| ayer conpfises a conpressed or non-conpressed . pol yvinyl Wl cohol
foam In general, such foam preferably has properties and structufe
substanti ally as the cellulosic foam ahove E | es

Fi gures 5a.5c show refl ection-nbde photographs of en absorbent structure
according to the invention during different stages of swel ling. The

structure of figure 5a was produced by deposi ting

_bhig:4a




3 g of absorbent polyneric particles produced by N ppon Shokubai under

t radenane % L76l f onto a BOUNTY' substrate Is] 7 of 10

cm x 10 cm as produced by The Procter & Ganble C‘orrpaﬁé+ %ﬁ%w

crosslinking solution conprising 10 % by meight of Kynmene 557 Plus, 40 % by -

wei ght of glycerol and 50 % by wei ght ofgpqﬁe was applied in a striped
()

pattern in the anount of ' 0.22 g | ution per g of absorbent
polymeric particles. The crosslinking agent was reacted with t he
pol yneric particles for about 24 hours at roomtenperature. In the regions
6 where the crosslinking agent was applied, the polyneric particles
were mutual ly coneacted byginterparticlge crosslrnk bonds and were
connected to the tissue 7 §y t he rossmrﬂckb age The particles in the

- WD 96/ 07380
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31 regions 8, wh applied, renained

unattached and were renove
swel ling of the crosslinke
sanple of figure 5a with
Clearly it can be seen tha
Fi gure 5c shows the sanpl
application of the saline
the fully swollen state,
pol yneric particles in thi
still maintained: Thereby
structures via the
particles have not yet re
still- be absorbed.

of an absorbent structure
of polynmeric particles of
of t he sane type : e
crosslinking solution was apg ) el ght percent ages
of : 18 % Kynene[err] 557 Plud,” 40 @6g|ycero| and 32% water in the anmount of
0.22 g of crosslinking agent per g of absorbent polynmeric particles. In the
regions 8 the polyneric

Fi gure 5b shows the
etting the

after 1 mnute.

in regions 8.

from

el

Annel s are
oss the absorbent
ere the polyneric
l'i qui ds can
on- node phot ogr aphs
bnti on, wherein 3 g
cmx 10 cmtissue




particles are nmutually connected to forman interpartically crosslinked
aggr egat e. w‘mf%oqml I cation of t he crosslinking ageperio8ed/feesz
particles I'n e regions 8 results in an increased degree of crosslinking. -
In the regions 6 a solution conprising 40 % by wei ght glycerol and 60 % by
wei ght wat er was applied, no Z?S 557 Plus sol ution being
present. The polyneric particles in the glons 6 are attached to
the tissue 7, but are not nutually attached by interparticle crosslink
bonds. The polymeric particles in the regions 6 are nutually

I nt erconnected by hydrogen Bonds, which dissolve upon wetting. The
particles in the regions 6 have a relatively | ow degree of interparticle
crosslinking and surface crosslinking conpared to the particles in
regions 8. The particles in the regions 8 are bonded to the tissue
by the glycerol -water solution and remain attached to the tissue, so that

t he absorbent structure of figure 6a has a substantially uniform
bsi s wei ght of polyneric particles. Fi gure 6b shows formation of
channels 1 mnute after wetting of the structure of figure 6a with 30

m of an 0.9 % saline solution, the dark areas in figure 6b being the | ower
~parts. The particles in the regions 8 will due to the relatively
hi gh degree of crosslinking conpared to the particles in the

regions 6, swell less rapidly than the particles in the regions 6. Hence
channel s are fornmed through whi ch [iquids can be transported. The
channel s al so formvoid space 8 into which the rapidly swelling

material fromthe regions 6 can expand so t hat bendlng and curling of the
absorbent structure is . bows t he absor bent
structure of figure 6a in tes after
depositing the saline sol an be seen that the
channel s in the region pol ymeric
particles both fromregio Figure 7 shows
a an alternative way of ajf ossl i nki ng agent by -
using a mul tiplig The nozzl es 31, 31'
are arranged across the w
PCT/ US95/ 10652
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conveyor belt 15 in a direction perpendicular to the plane of the dramﬁng
A control u ts the rate of em ssion of each

31,31 in SUC#I &r?g‘ﬁner that a pattern of crosslinking agent %ﬂyﬁgﬂozﬁg
appl i ed whi ch extends perpendicular to the plane of the draw ng. By
periodically varying the em ssion - /18 e of each nozzle 31,31' in
time, the anount of crosslinking agent that 1s applied to the deposition
surface is varied in the direction of transport of the conveyor belt 15. In

this way patterns of crosslinking agent are applied which vary both
in the direction of the width of the conveyor belt 15 and in the
direction of transport of thg conveyor helt. Figure 8 shows an
enbodi ment of a process in wlich tBe IaBer oﬁ[xﬂtﬁcles 16 is conmpacted in

certain areas prior to crosslinking s, in a nip between
rolls 35 and 37. The roll fth a pattern of

peri pheral projections and . AT s i e i ci rcunferenti al
grooves. By conpacting the ppaktdges: | n¥ : pas, the nunber of
crosslink bond in.the : : eased. In the
non- conpact ed areas, |ess Figure 9
shows an enbodi nent in whid tiated by 'the

of tjhe pakti cl

appl i cation of i onifi Hg'r,**adi at \EnSeloa s EE'UE rm
application of the crosslifing agent frb ay 3 r
source 39 irradi ates the dg : i X t ern of radiation

such t hat t he ener Area vari es across
t he deposition surface 14. adi ation in

pol ymeri sati on processes h dety EP- A- 054 841 and’
in US patent NO 4, \ 3 ~“Gase i our ce 39 is forned
by a light source, an x-ra ' : ' Tdti on, such

as a Cobalt source, a mask 5ition surface 14.
The mask 40 has tra e rate of
crosslinking wll be |argeq transparent:
areas onto the deposition ¢ . aser beam or

el ectron beamis used to |rrad|ate t he deposition surface 14, the el ectron
beam or | aser beam can be scanned across the deposition surface in a
desired pattern. The mask 40 can in this case be omtted.




Fi gure 10 shows an enbodi nent of a process wherein after uniform
application | i nki ng agent across the deposition surface 14,
the | ayer Ofﬁégﬁﬁ@fes 16 i.s passed under a heat curing unit PEFTUE3S/10652
The heat  curing unit can conprise an array of heated elenments, in the form
of a pattern of studs or a ' grid. gty conveyor belt is
Intermttently slowed down or stopped at the | ocation of the curing unit
44,43, which is subsequently activated. An apparatus for periodically

sl ow ng down or stopping only . a specific part of the conveyor belt,
whi | e conti nuously noving thé belt, ha been described in Eur opean
patent- application no. 93117892.5 (Schmtz). The upper el enent 44 may be
noved WD 96/ 07380
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downward and contact the layer of particles 16 or nay be |ocated in close
proximty to the |ayer of : particles 16. Figure 11 shows

a curing unit which conprises two rolls 45, 46.- After application of the
crossslinking agent, the |ayer of particles 16 is passed between the nip
formed by the rolls 45, 46. : The upper roll 45 conprises a

peri pheral pattern of raised and recessed areas as shown in figures

12a and 12b, which show axial side elevational views of the roll 45. In
figures 12a and 12b, the recessed areas are indicated by dark
shading. Due to the higher pressure on the particles that are

| ocated bel ow the projections 47 on the roll 45, the layer 16 is in these
areas conpacted. In the conpacted areas the nunmber of crosslink
bonds that are forned i s higabs crosslink bonds
formed at the areas of thels re | ocated
underneath the . re ' tively, the roll 45
may be heated to further i crosslink bonds
formed underneath the proj transfer to the

| ayer of particle '




“Figure 13 shows an enbodi ment of a process wherein an array of applicators
across the deposition surfaGirhfseshbidzarray

51, 51', 51"

ext endi ng %

t ed
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applicators 51, 51',
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is provided with cells or grooves in which the crosslinking agent is

rotated to | ayer of particles 16, and from wu

crosslinki ng‘gﬁ#&? s deposited. I n the nethods as%&krl’g&azi n
figures 7 to 11 and 13 to 15, the conveyor belt 15 can be driven in
continuous notion or can be periodically }ﬁﬁped or slowed down. The
application of crosslinking agent inthe |atter case be

synchroni sed with the notion of the conveyor belt 15. The nmask 19
may al so be forned as a rotating helt which is rotated with the sane speed

as the conveyor belt 15,. ’ as shown in the enlarged inset of figure
4, Figure 16 shows an enbodi nent of an absorbent structure in

whi ch the polyneric particles 5 have been rgzg!iggins’the regi ons
13, 13" of lowerdegrges of crosslinking. The region

conpletely separate tthe regions 11,11" of higher crosslinking. In case the
do not conpri se any polyneric particles,

ext end along he length (the direction perpendicular to the . -

pl ane of the dra t he pypsence ofg the substrate 7 is essential to
maintain a unjtary, f porting structure / igure 17
shows a strucgure i flc inth ntral regi on 12 2§~ density off the

| L0 n thls ent ral | wi qdow f or

K3 tﬁge
od| menf of\ fA%ure

18, both sides ofﬁJeP::runwm—n—;n- ______________________ am;~;;; Lg_g Q§§1jnked

nacrostructur-st{) 10a which conprlse reglons 11 11 " cm ﬁ f
c(l O

interparticle crosstn : - y-
regions 13-13"'' wthout poly wslc partlcles 5. On fornlng t he
structure of figure 18, first the | owest. |ayer 10 of part| be
deposited ontp the conveyor belt 15. Subsequent crossllnk ng agent
is app||edt this lowr laver in the desired pattern. after whi ch
curing is affected and the particles which conprise a relatlvely | ow nunber
of interparticle crosslink bonds, are renoved by the air gun 27 and
suction box 29. After that, the | ower Iayer 10 is covered with the
substrate 7. The substrate nay be provided with a |ayer of adhesive, to
attach to | ower layer 10 of interpartically crosslinked particles
or may be attached by crosslink bonds that are formed between the
| ayer 7 and the layer 10. Then, the particles in the upper layer 8 are laid
down onto the substrate 7 in the manner according to the
enbodi rents of any of the figures 7 to 11, 13 or 15.

Fig. 10

12
27\
25
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29




Figure 19 shows an embodi ment of a multilayer structure conprising two

| ayers 56, interparticle crosslinked aggregat
l.ayer 58 he!}5 a@ﬁgsq ower degree of crosslinking than %@%ﬁ'&‘? | ayer
66. The absorbent structure according to figure 19 can be made in a manner

simlar to the one by which theg?{émture of figure 18 is forned
WD 96/ 07380
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Alternatively, the structure of figure 19 can be fornmed by folding the
structure as shown in figurée 20 in the direction of the arrows F,

around a folding line which is | ocated perpendicular to center line 63
and perpendicular to the plane of the drawing. The interparticle

crosslinked macrostructure 62 is formed by the nethod as described
in any of f , 7 to 11 or 13 to 15. The nunbﬁ%g'g—:_il
interparticle crosslink bonds in the region 60 is than t he nunber of

nk bonds in the region 61. In the
ef erred absorbent stryetures have been descri bed
ter aﬁzlcally crosslirW®ed macrostructyres. The

ted to |—’>~(rt|cally 23 // i nked
macr ost ruct yires. NWwre 4, figures 7 to 11}jand
figures 13 fo Up iJf i m absor
structures <onpr|sﬂ . 9( i i d¢posit onto
a substratel7 =t e D e 3 e 418Gy e

interparticle
precedi ng exa
conpri sing
i nvention i $§ howe not

particles may i vel ! : u ate
7, e.g. by pl aC| ng a ag “ue appl 1 cator upst \eam of pantT
applicator 12, the g] e applicator providﬁ g-a liquid pernegRl e}l ayer of

adhesive to . substrate 7. By effecting different degreesgof surface
crosslinking of the partlcles which are adhe3|vely attaghed to a
substrat e 7 \tho—advani-ageoss hheta3 i : S di fferent
absorption propertles of the partlcles across the surface of the absorbent
structure can be obtai ned.

5. Y 7, Fig:12a
. \ ! f
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The absorbent structures of figures 21 and 22 conprise a nunber of holes 67
di stributed he interparticle crosslinked macr 65.
Thr ough thevﬂnggﬁgg, liquid can rapidly enter into the PQ&héﬁ%@#%gte
l'ayer 7 and can be transported in the substrate |ayer. As shown in figure
22, the substrate X | ayer 7 may itfﬁ?iﬁ be of a relatively open
structure. Absorbent structures as descriet? in figures 21 and 22
may advant ageously be used as upper layers in a nultilayer absorbent
product such as descri bed for instance in WD 92111831 (Feist) or US
patent no. 5,304,1 61 (Noel at al.) In the multi- | ayer absor bent
products as described in the above references a | ower storage |ayer
conpri si ng absorbent polyneric particles is |ocated bel ow an upper
| ayer of absorbent polyneric particles. The upper |layer conprises
passage ways for liquids to enter into the absorbent product and to fl ow
into thl oner storage |ayer, and may be fornmed by the structures of -
figures 21 to 26. In the absorbent structures of figures 23 and
24 1 ongi tudi nal channels 67 are fornmed in the interparticle
crosslinked macrostructure 65 to pronote liquid flow along the channels. In
t he structure of figure 24, reinforcing elenments 69 run across the
channel s 67, such that the structural integrity is inmproved. The
structures oft—d Seg3 24 may for instance be used as the absorbent
core of a thin sanitlary rfapkin fﬁ"described in US Patent No. 4,950,284. In
f

t he ‘absor benf structjurés of figures 25 and 26, the size of the
hol es 67 varijes acragss of the crosslinked

macrostructuge 65. | o] t  products these structures can be used to
provi de an abpsor bent do which can rapidly absorb liquid into the
core via thell & hal e }' the specific |oading area of t?% WO -
96/07380 | 1116 7 \—

PCT/ US95/ 106$2 oy 23 L 36
product. By )roJ#di|g|ﬂoq¢§' | f? t required sj,ze ingspecifid lo:at&gns,
absor bent pr¢duct 3 ¢ad|be /7 N\ — A8
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tailored to best suit a' specific category of users such as infants or

adults, or femal e users. Figures 27 and 2 | an
vi ew of nas@%é(ﬁg“ﬁ)at can be | ocated between the spray nozzl gcial%%li%sgz

and the deposition surface 14. In the mask 19 according to figure 28, a
nunber of slits 6B is _ present. Tﬁ? glits 66 extend parallel to the
| ength of the conveyor belt 15 when pl ace JBt ween t he nozzle 17
and the deposition surface 14. As shown if figure 27, the nmask 19 may
conprise a nunber of holes, the size andlor the pitch of which
varies across the mask 19. If the deposition surface 14 is moved
underneath the spray nozzle 17 and the masks 19 of figure 27 or figure 28
in a continuous manner, an absorbent structure having a striped

di stributionfo orire TotyTe particles as shown in figure

23 is fornmed} If the conveyor-belt 1% is periodiMcﬁ&lﬂ when t he

crosslinking -agent is appliqd through the nmask as shown in figure:
“figure 25 or 28 may be

27, a patterh of t type as shown

[ e

formed. Instpa periodigal |y st he conveyor belt 15, the mask 19
may be ézéja sl ated 6:2};& paral l el to the cqnyeyorzﬁg {_such
that the rel pt vglocity b n g mask 19 and the cpnve¢yor
belt is zero = Ofy 07388, N _ 18 '
PCT/ US95/ 106[2 =g it By — o)

Wat is O ai hed¥’s: N - 20 el

conprising alfirst r on, a second region and a €

absorbent po} yneric particle ocated In a e=fet=omsT

t he met hod conprising. the step of : reacting aq rogsl i nki ng
agent with the particles to formcrosslink bonds, which crossli*fk nds
conprise intger-particle crosslink bonds nmutually binding the partidles to
form an aggl -dk bonds

bet ween nol ecul es of the nmaterial on the surface of
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the particles, characterised in that the crosslinking agent is

reacted w articles in a way such that the B80sPlo6s2
crossllnklﬁg’ggﬁ?ﬁe particles in the first region differs fron1t% egree
of crosslinking of the : particles in the second region. 2

Met hod according to ¢laim1, wherein eTf?16egion conprises a vol unme which
I's not smaller than 10 nmm8B.. 3 Met hod according to
claiml1 or 2, characterised in that the absorbent polyneric particles in

one of the regions are substantially free of inter-particle crosslink

bonds. 4 Met'hod according to any of the previous clains,
characterised in that the absorbent polyneric particles in one of
the regions are substantially free of surface crosslink bonds. 5
Met hod according to any of_the, grevious clalns characterised that one of
the regions is su’bltanlﬁal ly filee bT abs&@ bent pol §neric particles.
6 Met hod ordin ty) _t J u aj racterised in

t hat the anount of ot S TIHRK a ' d to the first
region differs fron1tq lq y ﬂ g that is
applied to the second | ding to claim6
characterised in that anmount of crosslinking agent per g o

absorbent polyneric particles applied to the first regign is at | east twce
t he amount of crasslinking agent per g of .absorbent polyneric

particles applied to the second region.
__ Fig. 15
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"8 Met hod according to any of the previous clains, characterised in
that the c ' conposi tion of the polyneric matepa e
_polyneric @?M’@"gs in the first region is different fromel; Sﬁl’?#g
chem cal conposition of the polyneric nmaterial in the second region.

WD 96/ 07380
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9 Met hod according to any of the previous clains, characterised in
that the particles in the . first region differ fromthe particles in
the second region in shape,’ average particle size or particle si ze
di stribution or any conbi nation thereof. ' 10 Met hod accordi ng

to any of the previous clainms, characterised in #4at the chem cal
conposition of the crosslinking agent that is appfied to the first region

differs fromthe chemical conposition of }he crosslinking agent
that is applied to the secqpd region. 1 Met h according to
any of the previous clains,Mtharacterised ?n t :4;: condimigi ons for
reaction of the crosslinhrﬂﬂagent with the par@XX:Re are alapted in each
region such that the rate ¢f8 - for matli on E&ELPss| i nkSonds in the
first region differs from rate of formti orCYEE §§Ii bonds
in the second region. : 12 Met Hod 4QREbMIng t ol @ny of clains 1
to 10, characterised in thf#¥gthe crosslinkiing XN S reacted with
the polyneric particles during a reaction Weri o ei n the reaction
period in the first XX -
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region differs fromthe reaction period in the second region. 13
Met hod accopgydimrigs €l aim 11 or 12, characterised in that thﬁa},b 9%510@1‘1
second regions are irradiated with el ectromagnetic radiation,
el ectrons or heat derived froma curing unit. 14 Met hod
according to claim 13, wherein the energK q posited per unit area in the
first region, differs fromthe érSy deposited per unit area in
t he second region. 15 Met hod according to ¢ 2 Zigerein a
mask conprising maski ng areas of varying opacity e
el ectronmagneti c rgeiation—elecirons—or—heatis.placed.betueen the
absor bent pol yneri e
Met hod according t oniotrhd
absor bent pol yneri — 17
Met hod according t Aot AcBi th
t he absor bent tihed .
ffe step of
gcond

Cl= B 16
0 [Cl¢

C : ‘ ..

o

according to any g
depositing the pol
region, wherein th
PCT/ US95/10652

A4y

00 -0g oy
Y -y 0.
AR I - X
SRR
on
~J

aao0000a000000000n

) LT (RS —— e T T IO
ol = — = 1
R L PO LT [YXd I AR AT N -—-55
B o ],:,/
T, Tmm—— RPN A riad PRI Sie o Selt
.'.-l a..
“.-.: e RYSERTENLAT T ~ ﬁi-"'-‘;';'ﬁ"—i"LJ{-""' e, S
M - . -
e e ke A NPT P T - e e Te p feiieTere s O
L. — mosmaiuebon ikl .o
L » 0N
St e S AT A O P A T L A A Y L DT N N T It
- e i — z )
b ‘:. P, Py o s T TN N 3 ? RO DI
R =
el e gt XX NI Y] L e . \ o AN RPN
- i J
. — 4”7
PO T N are o} ent. wt iyt T "’ T e --.._‘..
A ?..
TS XY s - CAP I NS i, -
. | 1>
DA, T, - .., " - 7 -'T..J-_’. A NN




- 39 polymeric particles deposited in the first region is different

fromthe Wyidddhrsde t he pol yneric particles depositegdcrpsbifossecond
region. 19 Met hod according to claim 18, characterised In
that the density of the polyneric absorbent material the first
region is between 0.5 and 2 tines tfmec*gfiéy of the polyneric absorbent

mat eri al In the second region. 20 Met hod according to
claim 18, wherein an aggregated nmacrostructure is forned Ma%
particle crosslinking of the polyneric particles, charact 1**fH t he
caliper of the aggregated _° ppcrostructure in the first regionis

of—t-he—aggi-ogat-od : e—h—t-he

| arger than the
second regi on.
claims, the nethod
absor bent particl
renovi ng a
such that the nu
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, region, a
second region and af- ==y BB S SR e ) PO yFetey" icles
| ocated in each rleg) da—whers S—Ral B e—partl Bles—Rawal:dedn react ed

with a ' crh BRI !.‘T_il\ 7 Mhi ch
crosslink bonds conprise igger-particle 24 Nk bonds nutual ly
bi nding the particles to f8Pm an aggl onerat ed macr ost¥¥cture andl or

surface crosslink bonds between nol ecules of the material on the surface of

_Tig. 25

the polyneric particles,




‘characterised in that the degree of crosslinking in the first regi on

differs frq gree of crosslinking in the seco

24 Abso BE?H@ ructure according to claim22 or claim23, \/(ﬁ%sgp?lszt he
hydr ogel - f or mi ng pol ymer particles are connected to a substrate and
wherein for at |east a part of the struogflﬁ_the degree of
Interparticle cross-lining between the p '§Ies Is sufficiently |ow that
no inter-particle crosslinked nacrostructures are formed of
circunscri bed dry volume |arger than 10 mmferr]. 25 Absor bent

structure according to claint 22,23 or 24, wherein the substrate and the
hydr ogel - f or mi ng pol yner partlcles are connected by a crosslinking agent

capabl e of crosslinking the -nol ecul es of the particles WO -
96/ 07380 . 19
PCT/ US95/ 10652 ' 40
26 Absor bent structure according to any of clains 22/to 24, wherein the
hydr ogel - f or m ng ' pol ymer particles are adhesivgly attached to a
substrate _ T “'
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