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FIELD OF THE INVENTION
This application relates to porous, absorbent macro-
structures that, upon contacting liquids such as water or body
exudates {e.g., urine), swell and imbibe such liquids, and are
5 useful in absorbent articles such-as diapers, adult incontinence
pads, sanitary napkins, and the 1like. This application
particularly relates to porous macrostructures of bonded
absorbent particles that are surface crossiinked with cationic,
: preferably polymeric, amino-epichlorohydrin adducts.
10 BACKGROUND OF THE INVENTION
Part1culate, absorbent, polymeric compositions are capable
< ' of absorbing ]arge quantities of l1qu1ds such as water and body
exudates {e.g., urine) and are further capab]e of retaxnxng such
absorbed Jiquids under moderate pressures. The absorption.
15 characteristics of such polymeric compositions make them
v o especially useful for incorporation into absorbent articles such
' as diapers. See, for example; U.S. Patent 3,699,103 (Harper et
* ©al), issued June 13, 1972, and U.S. Patent 3,770,731 (Harmon),
jssued June 20, 1972, that disclose the use of particulate,
e 20 absorbent, polymeric compositions (often referred to as
5 *hydrogels*, *superabsorbents®, or “hydrocolloid materials”) in
absorbent articles.
Conventional particulate, absorbent, polymeric compositions,
however, have the limitation that the bagticles are not
25 - jmmobilized and are free to migrate during processing and/or use.
Migration of the particles can lead to material handiing losses
during manufacturing as well as nonhomogeneous incorporation of
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10 absorbent articles is incorporation of the particulate,

absorbent, polymeric compositions into tissue laminates, i.e.
layered absorbent structures. By encapsulating the particles
between tissue layers, the overall particle mobility within an
absorbent structure is diminished. However, upon liquid contact,
15 the particles within the laminate are often free to move relative
to each other resulting in the breakdown of any preexistent
interparticle capillary channels.
Another attempted solution is to immobilize the particulate,
absorbent, polymeric compositions by the addition of large
20 quantities of liquid polyhydroxy compounds that act as an
adhesive to hold the particles together or to a substrate. See,
for example, U.S. Patent 4,410,571 (Korpman), jssued October 18,
1983, While this approach does limit migration before and, to
some extent, during swelling, the particles eventually become
25 detached from each other in the presence of excess liquid,
resulting again in the breakdown of any preexisting cabillary
channels between the particles.
Another attempted solution to overcome the problem of
absorbent particle mobility is to produée a superabsorbent film
30 by extrusion of a solution of a linear absorbent polymer and
' subsequently crosslinking it. See, for example, U.S. Patent
4,861,539 (Allen et al), issued August 29, 1989 {crosslinked with
a polyhydroxy compound such as a giycol or glycerol); and U.S.
patent 4,076,673 (Burkholder), issued February 28, 1978
35 {crosslinked with pclyamine-polyamide epichlorohydrin adducts
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M gtation of the particles can lead to material handling | osses

duti ng manufacturing as well as nonhonbgeneous incorporation of
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used. A nore significant problem though, occurs when these

partjiculate material.s mgrate during or after swelling in use. Such
mobility leads to high resistance to liquid fleaw through the 5

material due to the lack of stable interparticle capillary or

liquid transport channels. This phenonenon is one form of what
such as Kymene®). While these superabsorbent films may absorb

significant quantities of liquids, they have lTimited liquid
transport properties because they are essentially nonporous, i.e.
lack internal capillary channels. Indeed, due to the ltack of -.

5 internal capillary channels, these superabsorbent films are
especially prone to gel blocking.

A more recent solution proposed to overcome the problem of
abiurhent particle mobility is to form these particles into
aggregate macrostructures, typically as sheets of bonded

10 absorbent particles. See U.S. Patent 5,102,597 (Roe et al),
issued April 7, 1992. These aggregate macrostructures are
prepared by initially mixing the absorbent particles with a
solution of a nonionic crosslinking agent, water and a hydro-
philic organic solvent such as isopropanol. These nonionic

15 crosslinking agents include polyhydric alcohols (e.g., glycerol),
polyaziridine compounds (e.g.,' 2,2-bishydroxymethyl butanol-
tris[3-(1-aziridine) propionate}]), haloepoxy compounds {e.g.,
epicholorhydrin}, polyaldehyde compounds.{e.g., glutaraldehyde},
polyamine compounds (e.g., ethylene amine}, and polyisocyanate

20 compounds {e.g., 2,4-toluene diisocyanate), preferably glycerol.
See Column 11, lines 22-54, of Roe et al.

Particulate absorbent polymer compositions of the type used-
in making these aggregate macrostructures usually contain
muttiple carboxy groups and are typically derived from

25 palycarboxy compounds such as- the polyacrylates. When using
glycerol as the crosslinking agent, the hydroxy groups of the
glycerol typically react with the carboxy groups of the polymers
present in the absorbent particies by an esterification reaction.
The crasslinked, ester bond formed by glycerol occurs not only at

30 the surface of the absorbent pa}tic]es, -but also inside
particles. This is due to the fact that glycerol is a nonionic,
relatively small molecule that can penetrate inside the absorbent
particles. The resulting internal crosslinking leads to a lower
absorbent capacity for the bonded particles of the aggregate

35 macrastructures.
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10 them relatively flexible and thus easier to handle in

manufacturing absorbent structures.
Accordingly, it would be desirable to be able to make such
aggregate macrostructures of bonded absorbent particies using a
. crosslinking agent that: (1} reacts rapidly with the carboxy
i5 groups of the polymer present in the absorbent particles and
primarily at the surface thereof to minimize absorbency effects;
{2) provides improved absorbency and mechanical (tensile)
properties for the aggregate macrostructures; (3) provides
flexible sheets of such aggregate macrostructures that can be
20 easily made into absorbent structures used in diapers, adult
incontinence pads, sanitary napkins and the like; and (4) does
not necessarily require organic solvents such as isopropanol.

DISCLOSURE OF THE INVENTION

25 The present invention relates to improved porous, absorbent,
macrostructures that comprise interparticle bonded aggregates.
These aggregates comprise a multiplicity of precursor absorbent
particles bonded to each other at the surface thereof, the
particles comprising a substantially water-insoluble, absorbent

30 -hydroge]-forming., polymer material having anionic functional
groups. These aggregates further comprise a cationic, preferably
_poiymeric, amino-epichlorchydrin adduct reacted with the
absorbent polymer material at the surface of the precursor
particles and in an amount sufficient to effective surface

35 crossiinking. These aggregates also have pores between adjacent
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su%sequently crossllnklng it. See, for exampl e, U. S. Patent
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-3- such as Kynene[err]). Wile th8se superabsorbent films nmay
absorb significant quantities of liquids, they have limted liquid

precursor particles, the pores being interconnected by inter-
-communicating channels so as to form a liquid permeable

. macrostructure, the circumscribed dry volume of the macro-
structure being greater than about 0.008 mm3.

5 The present invention further relates to a method for making
such porous absorbent macrostructures by providing a multiplicity
of the precursor absorbent particles that are then treated with a
sufficient amount of the cationic, preferably polymeric,
amino-epichlorohydrin adduct. The treated precursor particles

10 are then physically associated to form aggregates and the adduct
reacted with the absorbent polymer material of the precursor
particles so as to cause effective surface crosslinking. The
porous, absorbent macrostructures obtained are useful, alone, or
in combination with other absorbent materials, in absorbent

15 structures for various absorbent articles, including diapers,
adult incontinence pads, sanitary napkins, and the Tike.

, The porous absorbent macrostructures of the present
invention, and method for making same, provide a number of
significant advantages over prior porous absorbent macro-

20 structures made with nonionic crosslinking agents, in particular
glycerol. The use of cationic, preferably polymeric, amino-
epichlorohydrin adducts as the crosslinking agent according to
the present invention improves the cure rate and enhances the
absorbent capacity of the particles by reducing or eliminating

25 innerparticle crosslinking. This is due to the fact that these
adducts, especially the polymeric resin versions, being
~re‘lativﬂy large, cationic molecules, are unable to penetrate
inside the absorbent particles. In addition, the cationic
functional (e.g., azetedinium) groups of these adducts are

30 ' believed to react very rapidly with the anionic, typically

. carboxy, functional groups of the polymer material comprising the
absorbent particles, even at ambient room temperature, e.g., at
18°-25°C). As a result, lower levels of crosslinking agent are
required, e.g., as low as 1% by weight of the absorbent

35
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essentially one-step process without the need of subsequent
treatment with a plasticizer (e.g., adding a mixture of water and
glycerol). In addition, organic solvents such as isopropanol are
not required in making absorbent macrostructures according to the
15 present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a photomicrograph (magnification 34.9X} of a
section of a porous, absorbent macrostructure according to the
present invention.

20 . Figure 2 is an enlarged portion (magnification 75X) of the
macrostructure shown in Figure 1. _

Figure 3 is a further enlarged portion {magnification 200X)
of the macrostructure shown in Figure 2.

Figure 4 is a further enlarged portion (magnification 400X)

25 of the macrostructure shown in Figure 3. '

Figure 5 is a perspective view of a disposable diaper
embodiment according to the present invention wherein portions of
the topsheet have been cut-away to more clearly show the
underlying absorbent core (an embodiment of an absorbent member

30 according to the present ihvention) of the diaper wherein the
absorbent member comprises a porous, absorbent macrostructure
according to the present invention; '

Figure 6 is a cross-sectional view of the absorbent core of
the diaper shown in Figure 5 taken along sectional line 6-6 of

35 Figure 8; and



gl ygcerol as the crosslinking agent, the hydroxy groups of the

glycerol typically react with the carboxy groups of the polyners

present in the 3hg94/9&d Particles by an esterification reacti onper/usesso9021
The crosslinked, ester bond forned by glycerol occurs not only at

the surface of the “absorbent particles, but also inside

particles. This is due to the fact that glycerol is a nonionic,

relatively small nolecule that can penetrate imside the absorbent

particles. The resulting internal crosslinking |eads to a | ower

absorbent capacity for the bonded particles of the aggregate 35

macr ostruct ur es. Figure 7 is a perspective view of a disposhble diaper

embodiment according to the present invention wherein portions of
the topsheet have been cut away to more c]ear]y'show an
alternative dual-layer absorbent core embodiment.

5 Figure 8 is a blown-apart view of the components of a diaper
structure, one of the components being an alternative dual-layer
absorbent core where the absorbent macrostructure is in the form
of a plurality of strips.

Figure 9 is a simplified perspective view of an apparatus

10 ~ for making absorbent macrostructures of the present. invention in
the form of sheets. )

DETAILED DESCRIPTION OF THE INVENTION
A. Porous Absorbent Macrostructures
Porbus, absorbent macrostructures according to the present

15 invention are structures capable of absorbing large quantities of
1iquids such as water and/or body exudates (e.g., urine or
menses) and then retaining such liquids under moderate pressures.
Because of the particulate nature of the precursor particles, the
macrostructure has pores between adjacent precursor particles.

20 These pores are interconnected by intercommunicating channels
such that the macrostructure is liquid permeable {i.e., has
capillary transport channels). '

Due to the bonds formed between the precursor particles, the
resultant aggregate macrostructure has improved structural

25 integrity, increased liquid acquisition and distribution rates,
and minimal gel-blocking characteristics. It has been found that
when the macrostructure is contacted with 1liquids, the
macrostructure swells generally isotropically even under moderate
confining pressures, absorbs such liquids into the pores between

30  the precursor particles, and then imbibes such liquids into the
particles. The isotropic swelling of the macrostructure allows
the precursor particles and the pores to maintain their relative
geometry and spatial relationships even when swollen. Thus, the
macrostructures are relatively "fluid stable" in that the

35 precursor particles do not dissociate from each other, thereby
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the gl ycerol and the carboxy groups of the polyners present in the
absorbent parti ay@94jg9sdse! ativel y slow. | ndeed, t he gl yceepiuses/e9021
treated absorbent particles are typically cured at 5 200[err] C for 50
m nutes. Thi's provides relatively brittle sheets of bonded
absorbent particles that are nore difficult to handl e, especially in
making the ultinmately desired absorbent struct-8fes. Accordi ngly,
these brittle sheets need to be treated with a pl astici zer, such as
a mxture of water and glycerol, to make 10 them relatively  flexible.
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napkins and the [ike; andmo(s@ pﬂ@f%?ab]y at least about 500 mm3. Typically, the

10 macrostructures of the present invention will have a
circumscribed dry volume much greater than about 500 mm3. In
preferred embodiments of the present invention, the macro-
structures have a circumscribed dry volume of between about 1000
mm3 and about 100,000 mmS3.

15 While the macrostructures of the present invention can have
a number of shapes and sizes, they are typically in the form of
sheets, films, cylinders, blocks, spheres, fibers, filaments, or
other shaped elements. The macrostructures will generally have a

. thickness or diameter between about 0.2 mm and about 10.0 mm.

20 Preferably for use in absorbent products, "the macrostructures are
in the form of a sheet. The term "sheet" as used herein
describes macrostructures -having a thickness at least about
0.2 mm. The sheets will preferably have a thickness between
about 0.5 mm and about 10 mm, typically from about 1 mm to about

25 3 mm. ]

As shown in Figures 1 through 4, the porous, absorbent
macrostructures of the present invention comprise interparticle
bonded aggregates. These interparticle bonded aggregates usually
comprise about 8 or more previously independent precursor

30 particles. For preferred circumscribed dry volumes and sizes of
the individual precursor particles used herein, these inter-
particle bonded aggregates typically are formed from about
100,000 or more individual precursor particles. These individual
precursor particles can comprise granules, pulverulents, spheres,

35 flakes, fibers, aggregates or ayglomerates.
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muJtiplicity ‘of precursor absorbent particles bonded to each ot her

at the surface thereof, the particles conprising a substantially
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randomly-sized irregular shapes, e.g., pulverulent products of
5 grinding or pulverizing steps, or shapes having a large greatest
dimension/smallest dimension ratio so as to be needle-like,
flake-1ike, or fiber-like.
As particularly shown in Figures 3 and 4, the interparticle -
bonded aggregate comprising the macrostructures of the present
10 invention are formed, in essence, by the joining or adhering
together of adjacent particles. The adhesive agent is
essentially the polymeric material that is present in the surface
of these particles. When these precursor particles are treated
and physically associated.as described hereafter, the polymer
15 material present in the surface of these particles is
sufficiently plastic and cohesive {e.g., sticky) such that
adjacent particles are adhered together, typically as discrete
linking portions between the particles. The crosslinking
reaction between the amino-epichlorohydrin adduct and the polymer

20 material of the particles then sets this adhered structure such
that the particles in the aggregate remain cohesively bonded
together.

B. Absorbent Precursor Particles
. The macrostructures of the present invention are formed from

25 polymer materials capable of- absorbing large quantities of

liquids. {Such polymer materials are commonly referred to as

*hydrogel™, "hydrocolleid”, or “superabsorbent"'materia1s.) The

macrostructures preferably comprise substantially water-

insoluble, absorbent hydrogel-forming, polymer material. The
30 specific polymer materials will be discussed herein with respect

to those forming the precursor particles.

Although the precursor particles can have a size varying
over a wide range, specific particle size distributions and sizes
are preferred. For purposes of the present invention, particle

35 siZe is defined for precursor particles that do not have a large
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st.ructure being greater than about 0.008 MB. 5 The present
invention further relates to a method for naking such porous
absorbent macrostructures by providing a nultiplicity of the

precursor absorbent particles that are then trdfted with a

sufficient anount of the cationic, preferably polyneric,

am no-epi chl orohydrin adduct., The treated . precursor.parti.cles 10 ... are

t hen physical ly associ at e&r?%‘ef%pwea{'é ?"é@'&?lggﬁaﬁ&"epﬁb&aﬁm&S“'Ch as fibers {e.g.,
reacted with the absorben@rym19'ffrerf1m5eri°al Pyveruientsle@ar $be dimension of a
particles so as to cause gréRptdr pastitfaGmic aSSddtBIningd byTBfeve size analysis.

onb nat fon vi th of her abIBfbent" SAPlIEn & PPEciriae pituich 386 & reqaineq gpd
for various absorbeht art istindard #3@|sievenwithi bfmicron openingsaipyrensidered to have
i ncontinence pads, sanitapypdrapkiensizedgredtbe thak®00 microns, a precd@rPS¥réiSe
absorbent macrostructures of, Lhe presenl the #30 sieve with 600 micron openings and is
retained on a standard #35 sieve with 500 micron openings is
considered to have a particle size between 500 and 600 microns,
10 “and a precursor particle that passes through a #35 sieve with 500
micron openings is considered to have a particle size less than
500 microns. In preferred embodiments of the present invention,
the precursor particles will generally range in size from about 1
micron to about 2000 microns, more preferably from about 20
15 microns to about 1000 microns.

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

20 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 hereinafter in the Test Methods section. The
mass average particle size of the precursor particles will
25 generally be from about 20 microns to about 1500 microns, more
preferably from about 50 microns to about 1000 microns. In
preferred embodiments of the present invention, the precursor
particles have a mass average particle size less than about 1000
microns, more preferably less than about 600 microns, most
30 preferably less than about 500 microns. In especially preferred
' embodiments of the present invention, the mass average particle
size of the precursor particles is relatively small (i.e. the
precursor particles are fines). In these embodiments, the mass
average particle size of the precursor particles is less than
35 about 300 microns, more preferably less than about 180 microns.
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azet §|d' ni u{r)h ?L oups of 't he?%@dd.?a:taso@r 800 %ﬁ)cmns.bbw. ia%}/?ﬂeh_ﬁhtri e@%baa%ynt,f at
tho pol ymer ot er i al complgeSF iRtk ies by weionC e PRE preciitid BRBKICTED Ve
anbi ent room t enpebat ur e, particle size between abo@ §0rpicrBiw@ni @bounsl8E mbwans.,
| ower |evels of crosslinky¥gogfieturdof particle siz€0distPfbutforS- ardSprdddr @l
1% by wei ght of the absorpent %E 1t i hiah it truct due t
This is the repl acement Stﬁzéélfse ey result in a higher porosity macrostructure due to
— the higher void fraction when densified versus broader precursor
particle size distributions with equivalent mass average particie
10 sizes.

The particle size of materials having a large greatest
dimension/smallest dimension such as fibers is typically defined
by their largest dimension. For example, if.absorbent, polymeric
fibers {i.e. superabsorbent fibers) are used in the

15 _ macrostructures of the present invention, the length of the
fibers is used to define the “particle size.* (The denier and/or
the diameter of the fibers can also be specified.) In exemplary
embodiments of the present invention, the fibers -have a length
greater than about 5 mm, preferably between about 10 mm and about

20 100 mm, more preferab]y.between about 10 mm and about 50 mm.

- The precursor particles comprise substantially water-
insoluble, absorbent hydrogel-forming, polymer material having a
multiplicity of anionic, functional groups, such as sulfonic
acid, and more typically carboxy, groups. Examples of polymer

25 materials suitable for use as the precursor particles herein
include those which are prepared from polymerizable, unsaturated,
acid-containing monomers. Thus, such monomers include the
olefinically unsaturated acids’ and anhydrides which contain at
least one carbon to carbon olefinic double bond. More

30 specifically, these monomers can be selected from olefinically
unsaturated carboxylic acids and acid anhydrides, olefinically
unsaturated sulfonic acids, and mixtures thereof.

Some non-acid monomers can also be included, usually in
minor amounts, in preparing the precursor particles herein. Such

35 non-acid monomers can include, for example, the water-soluble or

—ad,



-6:~ o particles, versus typically 4% by weight for glycerol as the
crosslinking agent. Use of these cationic, preferably

pol-yrreri c, am NQyp 94707546 €PI Chl orohydrin adducts provides other pcgaidosaaed:
advant ages 5 over porous absorbent macrostructures nade with glycerol

as the © crosslinking agent. The porous absorbent nacrostructures of

t he . present invention have inproved absorbency and nechani cal
(tensile) properties. Unlike glycerol-crosslitdked absorbent
macrostructures, flexible absorbent macrostructures (e.g., 10 sheet s)
according to the present invention can be made by an essentially
one-step process -w t hout wq;grmwréiblgugg@qﬁgﬁtthe acid-containing monomers, as well

as monomers which contain no carboxylic or sulfonic acid groups
at all. Optional non-acid monomers can thus include monomers
containiny the following types of functional groups: carboxylic.

5 acid or sulfonic acid esters, hydroxyl 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 U.S. Patent
4,076,663 (Masuda et al), issued February 28, 1978, and in U.S.

10 Patent 4,062,817 (Westerman), issued December 13, 1977, both of
which are incorporated by reference.

Olefinically unsaturated carboxylic acid and carboxylic acid
anhydride monomers include the acrylic acids typified by acrylic
acid itself, methacrylic acid, ethacrylic acid, a-chloroacrylic

15 acid, a-cyanoacrylic acid, f-methylacrylic acid {crotonic acid),
a-phenylacrylic acid, p-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, aconitic acid, maleic

20 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 sulfonic acid and styrene
sulfonic acid; acrylic and methacrylic sulfonic acid such as

25 sulfoethyl acrylate, sulfoethyl methacrylate, sulfopropyl
acrylate, sulfopropyl methacrylate, 2-hydroxy-3-methacryloxy-
propy! -sulfonic acid and 2-acrylamide-2-methylpropane sulfonic
acid. _

Preferred polymer materials for use in the present invention

30 contain carboxy groups. These polymérs include hydrolyzed

' starch-acrylonitrile graft copolymers, partially neutralized
starch-acrylonitrile graft copolymers, starch-acrylic acid graft
copolymers, partially neutralized starch-acrylic acid graft
copolymers, saponified vinyl acetate-acrylic ester copolymers,

35 hydrolyzed acrylonitrile or acrylamide copalymers, slightly



tréqtnent with a plasticizer (e.g., adding a m xture of water and
glycerol). In addition, organic solvents such as .isopropanol are

not- requi red i nywipdd/pmegbsor bent macrostructures accordi ng to thacipses/gee2:

present invention. BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 is a photom crograph (magnification 34.9X) of a section of
a pofrous, absorbent macrostructure according to the pr esent

i nvention. 20 Figure 2 is an enlargedlportion (nmagnification 75X)
of the macrostructure shown in Figure 1. Figure 3 is a

further enlarged portion i ficatjon,K 200X of the_ macrostructure
shown in Figure 2. teTadrk cf—‘?‘éﬁﬂ'@‘eﬁ ﬂ°gy'§rf At AR of the, FRr49%isat $9pqtymers,
(magni fication 400X) 25 partidilyheeuteztiasd rpodyanrgl Bhawid,i andi gligbtly. network

Figure 5 is a perspecti VergseWnRéd BoNmePOALb &-tdhBRCheutralized o %f%macid.
according to the present 11nvent|l]on V\/nere#n nPOQt'i?RS of . g e ggsheet
have been cut-away to nor@€ef PRIYRETSHEAR PRISed either salely) or g Lthe SPpR@f 2
core (an enbodi mens of armixbiner b rtworeminore 30 fferenticupdynlirag tExamgies pofetoage

invention) of the diaper pfighed RatlePPals are dis@RSAd QRN STEPHRAL CLEBI 858S As.

porous, absorbent macrostyucture cgcord he present

i nventi on; I'—dlragﬁqte46°7i53563'cpt§2$§§t§8tigﬂgﬁ&?m}ﬁﬁf Patenta b <&56ne8

core of t he di apemdsthSuwrPatent-dgiddedB.t aken al ong sectional line 6-6

of : . Most preferred polymer materials for use in making the
10 precursor particies are slightly network crosslinked polymers of

partially neutralized polyacrylic acids and starch derivatives
thereof. Most preferably, the precursor particles comprise from
about 50.to about 95%, preferably about 75%, neutralized,
slightly network crosslinked, polyacrylic acid (i.e. poly (sodium
15 acrylate/acrylic acid)). . ..

As described above, the precursor particles are preferably
made from polymer materials that are slightly network cross-
Tinked. Network crosslinking serves to render the polymer
materials from which the ‘precursor particles are made substan-

20 tially water-insoluble and, in part, determines the absorptive
capacity and extractable polymer content characteristics of the
precursor particles and the resultant macrostructures. Processes
for network crosslinking the polymers and typical network
crossliinking agents are described in greater detail in the

25 hereinbefore-referenced U.S. Patent 4,076,663.

The individual precursor particles can be formed in any
conventional manner. Typical and preferred processes for
producing the individual precursor particles are described in
U.S. Patent Re. 32,649 (Brandt et al), issued April 19, 1988,

30  U.S. Patent 4,666,983 (Tsubakimoto et al), issued May 19, 1987,
and U.S. Patent 4,625,001 (Tsubakimoto et al), issued
November 25, 1986, all of which are incorporated by reference.

Preferred methods for forming the prechrsor particles are
those that invelve aqueous solution or other solution '

35 polymerization methods. As described in the above-referenced



35-6 Figure 8; and ) -7-

Figure 7 is a perspective view of a disposabl e di aper enbodi nent
accordi ng to thewpreag®sds i nventi on wherein portions of _ t peTIoE3 /10611
have been cut away to nore clearly show an alternative dual -1 ayer
absor bent core enbodinent. 5 Figure 8 is a bl own-apart view of

t he conponents of a diaper . structure, one of the conponents being
an alternative dual -1 ayer absorbent codé& where the absorbent

macrostructure is in the form

U.S. Patent Re. 32,649, aqueous 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 poiymerization conditions

5 which are sufficient to produce in the mixture, substantially
water-insoluble, slightly network crosslinked polymer material.
The mass of polymer material thereby formed is then pulverized or
chopped to form the individual precursor particles.
' More specifically, the aqueous solution polymerization

10 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 acid group-containing
monomer material which will form the "backbone" of the precursor

15 particles to be produced. The reaction mixture will generally
compr{sé about 100 parts by weight of the monomer material.
Another component of the aqueous reaction mixture comprises a
network crosslinking agent. Network crosslinking agents useful
in forming the precursor particles are described in more detail

20 in the above-referenced U.S. Patent Re. 32,649, U.S. Patent
4,666,983, and U.S. Patent 4,625,001. The network crosslinking
agent will generally be present in the agqueous reaction mixture
in an amount of from about 0.001 mole percent to about 5 mole
percent based on the total moles of monomer present in the

25 aqueous mixture {about 0.01 to about 20 parts by -weight, based on
100 parts by weight of the monomer material). An optional
component of the aqueous reaction mixture comprises a free
radical initiator including, for example, peroxygen compounds
such as sodium, potassium, and ammonium persulfates, caprylyl

30 peroxide, benzoyl peroxide, hydrogen peroxide, cumene.
hydroperoiides, tertiary butyl diperphthalate, tertiary butyl
perbenzoate, sodium peracetate, sodium percarbonate, and the
Tike. Other optional components of the aqueous reaction mixture
comprise the various non-acidic co-monomer materials including’

35 esters of the esseniial unsaturated acidic functional



- e

of sa plurality c;f strips. . Figure 9 is a sinplified perspective

vi ew of an apparatus 10 ~ for making absorbent nmacrostructures of the
present i nvent iwo 9407546 the formof sheets. : PCT/US93/09021
DETAI LED DESCRI PTI ON OF THE I NVENTI ON A Por ous Absor bent
MaGr ost ruct ur es ) Por ous, absorbent macrostructures according to
the present 15 i nvention are structures capabl e of absorbing |arge
guantities of li qui ds such as water ard@for body exudates (e.g.,
urine or menses) and then retaining such |iquids under noderate
ressures. Becau f o, particul ate nature of the precursor
Bart icles, the n§§°r“§§$°,t?‘3§}’ﬁp% TPRATETSr 8K ‘bti’FC\e%'"%&?f"S'g’erFP"bar‘é&'fﬂ J8r
particles. 20 Thesetirboryl igrar swkfontcopeist fendthonai itties adraiini cati ng
ﬁhannel s N Isuch that t i Hﬁfélb%tr:éhl@ﬁiblﬁﬂnikﬁuﬂe' W'sdbﬁﬁ{@@tplﬁlgrhergzation
as capil |l ar r o e : . e to the bgnds
forned bet vveenpt he p?ecu?@g?g’&aﬁtpﬁl s,aﬁ% pyfficient to, @5%]‘&C§nt’”agljr dxture

macr ost ruct ure has i npr o¥dstantiagbtiyurwatepsnsoluble,nt ahyorhept, i hgdragesbdotiing] d
acqui sition and distri bUHi@ﬁﬂ;yat Rétwork cross1M@d™ gHimer ORiteli OGKI NOHe
characteri stics. It has b SRt u&dnt hat.... V\{n%n I he crostructure i.s
contacted with |iquids, TH& ation qonditiops e dle s%ﬂ%‘gae?férmgr? yetail in
i sotropically even underthepdkhrae ¢ above-referensed i pategtpsr esSugh e pplmesizatsorsuch
liquids into the pores baindeeidns0generaitie VB St AR’ L {thbAm1 aRY:i50h
| bi bes such "q“'lgs 'ntPechrl]'ﬁ;ues) to a polymerization temperature from about 0°C to
about 100°C, more preferably from about S5°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
15 form of polymerization activating irradiatioﬁ. Radiocactive,
\ electronic, ultraviolet, or electromagnetic radiation are
alternative conventional polymerization techniques.
' The acid functional groups of the polymer materials formed
in the aqueous reaction mixture are also preferably neutralized.
20 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-containing
monomers .that are neutralized with a salt-forming cation. Such
25 salt-forming cations inciude, for example, alkali metals,
ammonium, substituted ammonium and amines as discussed in further
detail in the above-references U.S. Patent Re. 32,649.°
While it is preferred that the precursor particles be
manufactured using an aqueous solution polymerization process, it
30 is also possible to carry out the polymerization process using
multi-phase polymerization processing techniques such as inverse
emulsion polymerization or inverse suspension polymerization
procedures. In the inverse emulsion polymerization or inverse
suspension polymerization procedures, the aqueous reaction
35 mixture as hereinbefore described is suspended in the form of



pagticfes. The isotropic swelling of the macrostructure all ows t he
precursor particles and the pores to naintain their relative
georretry and swedibaio7s4sl at i onshi ps even when swol | en. Thus, thepcr/uses/es021

nmaerostructures are relatively "fluid stable” in that the 35 precur sor
particles do not dissociate fromeach other, thereby _
- 8-+ mnimzing the incidence of gel blocking and allow ng the

capillary channels to be maintained and enl artfed when swol |l en so
that the macrostructure can acquire and transport subsequent

tiny droplets in a matrix of a water-immiscible, inert organic
solvent such as cyclohexane. The resultant precursor particles
are generally spherical 1in shape. Inverse suspension
polymerization procedures are described in greater detail in U.S.
5 Patent 4,340,706 (Obaysashi et al), issued July 20, 1982, U.S.
Patent 4,506,052 (Flesher et al), issued March 19, 1985, and U.S.
Patent 4,735,987 (Morita et al), issued April 5, 1988, all of
which are incorporated by reference.
In preferred embodiments of the present invention, the
10 - precursor particles used to form the bonded particle aggregates
are substantially dry. The term “substantially dry" is used
herein to mean that the precursor particles have a liguid
content, typically water or other solution content, less than
about 50%, preferably less than about 20%, more preferably less:
15 than about 10%, by weight of the precursor particles. In
general, the liquid content of the precursor particles is in the
range of from about 0.01% to about 5% by weight of the precursor
particles. The individual precursor particles can be dried by
any conventional method. such as by heating. Alternatively, when
20 the precursor particles are formed using an aqueous reaction
mixture, water can be removed from the reaction mixture by
azeotropic distillation. The polymer-containing aqueous reaction
mixture can also be treated with a dewatering solvent such as
methanol. Combinations of these drying procedures can also be
25 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 present invention are
30 . 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
35 significantly with the nature of the 1iquid being absorbed and



| oadi ngs of liquid, even excess liquid. 5 . As used herein, the

t-erm "macrostructure” means a structure havi ng a circunscri bed
vol.ume when sum@sdroisably dry (i.e., ci rcunscri bed dry rcE/used/eni
at -1 east about 0.008 mmB, preferably at | east about 10.0 mmierr],
more preferably at |east about 100 M8, nost preferably at | east
about 500 8. Typically, the 10 macrostructures of the present
invention wll have a circunscribeé7ﬁry vol ume nuch greater than
about 500 Mm8B. In preferred enbodi nents of the present invention,

t he macr o- struc, e Cir cri bed. dr I - bet.ween
about 1000 8 a%"ag'égf'%?l}%f B0 HIEC thECTi iy AR e RV

macrostructures of the phdseinl.-i fosrmurenseeaf Hilseinvention, Abspwptiee Capacity is
shapes and sizes, they . adefihedinakelys bh thBeamboitToPfSynthetic UrSMEQES hefdiniBter

cylinders, blocks, spher ’inéd)b S rbefdiia NS verbolymer materqs &h ME’%‘% rams
W e ra¥)? d hickhess. of

el enents. The macrostructures‘w T gen av thi
di amet er between &bout 2 Syrhhahts HHU@: Per0 90 Bl ymer materiak iapd proeedunise

i E absorbﬁnt pr oduc';]s, t et @S tdefixiedr €8 thee Test Methodsn sédtdoh Or Préferfed
sheet. The term "sheet" ' i UGt
r@?ur‘é&ﬁﬂ}ap?{ §bd of H\Iezprngr%gﬁ %h\é&?ﬁtgzg?vgé’ \%ﬁﬁe 9!‘1% Save

havi ng a thickness at | A4S i )
preferably have a thi ckrits Abparphine, Capacity ofplutieast heubn?0 apwas, 1®ram

typically fromabout 1 rgheférabbput Pdast aboSt P81 grams, of SynthetA® SH@¥perigram
Fi gures 1 throthlé’ theofp%ﬂlﬂl%r ﬁggp{al??ntwpicaﬂy, the polymer materials of the
precursor particles herein have an Absorptive Capacity of from
about 20 grams to about 70 grams of Synthetic Urine per gram of
polymer material. Precursor particles having this relatively
high absorptive capacity characteristic produce macrostructures

15 that are especially useful in absorbent products, absorbent
members, and absorbent articles since the resultant
macrostructures formed from ‘such precursor particles can, by -
definition, hold desirably high amounts of discharged body
exudates such as urine.

20 ' While all of the precursor particles are preferably formed
from the same polymer material with the same properties, this
need not be the case. for example, some precursor particles can
comprise a starch-acrylic acid graft copolymer while other
precurs-or particles can comprise a slightly network crosslinked

25 polymer of partially neutralized polyacrylic acid. Further, the
precursor particies can vary in size, shape, absorptive capacity,
or any other property or characteristic. In a preferréd
embodiment of the present invention, the precursor particles

 consist essentially of slightly network crossiinked polymers of

30 partially neutralized polyacrylic acid, each precursor particle

' having similar properties.
C. Cationic Amino-Epichlorchydrin Adducts
A key component of the interparticie bonded aggregates that
comprise the porous macrostructures of the present invention is
35 an adduct of epichlurohydrin with certain types of monomeric or



-

magrostructures of the present invention.conprise interparticle
bonded aggregates. These interparticle bonded aggregates usually

conpri se about WPda/6mREE Previ ously i ndependent precursor 30 PCYAU&93709083
For. preferred.circunscribed dry vol umes and si zes “of t he indivi dual
precursor particles used herein, these inter- particle bonded
aggregates typically are forned from about 100, 000 or nore

i ndi.vi dual precursor particles. These indivi duat precur sor
particles can conprise granules, pul verul ents, spheres, 35 fl akes,

fibers, aggregates or ag nerates . .
%o ymeric amines. These amino-epichlorohydrin adducts react with

the polymer material of the absorbent precursor particles, and in
particular the anionic, typically carboxy, functional groups'of
these polymer materials to form a covaient, ester-type bond. In

5 other words, the amino-epichlorohydrin adduct serves to crosslink
the polymer material prgsent in the absorbent precursor
particles. (The portions of the absorbent particle containing
polymer material that has been effectively crosslinked with the -
amino-epichlorohydrin adduct swell less in the présence of

10 . aqueous body fluids relative to the other uncrosslinked portions
of the particle.)

It is believed that these reacted amino-epichlorohydrin
adducts primarily provide crosslinking at the surface of the
absorbent precursor particles. This is due to the fact that

15 these adducts, and especially the polymeric resin versions of
these adducts, are relatively large, cationic molecules. As a
result, they are unable to penetrate inside the absorbent
particles, and therefore can only react with polymer material at
the surface thereof. . In addition, the cationic functional groups

20 (e.g., azetedinium groups) of these adducts, particularly
polymeric resin versions, are believed to react very rapidiy with
the anionic, typically carboxy, functional groups of the polymer

 material of the absorbent particles, even at room temperature
{e.g., at from about 18° to about 25°C). As a result, fairly

25 modest levels (e.g., as low -as about 1% by weight of the
particles) of these amino-epichlorohydrin adducts are required to
provide effective surface crosslinking of the polymer material
present in the absorbent precursor particles.

As used herein, “cationic amino-epichlorohydrin adduct"

30 refers to the reaction product between epichlorohydrin and a
monomeric or polymeric amine such that the resulting reaction
product has at least two cationic functional groups. These
adducts can be in the form of monomeric compounds (e.g., the
reaction product of epichlorohydrin and ethylene diamine), or can

35 be in polymeric form {(e.g., the reaction product between



As can be especially seen in Figures 1.and 2, the individual

precursor particles can have a variety of shapes, such as cubic,

rod-Ti ke, pol yheghskg7rsgherical, rounded, angul ar, irregular, PCT/US93/09021
random y-si zed irregul ar shapes, e.g., pulverulent products of 5

grindi ng or pulverizing steps, or shapes having a | arge greatest

di mensi on/ snmal | est dinension ratio so as to be needle-1iKke,

flake-1ike, or fiber-Ilike. As parlg-cul arly shown in Figures 3
and 4, the interparticle bonded aggregate conprising the
nacrostructures of the present 10 I nvention are formed, in essence,
the joi ning or adhering ePichlorohydgiay hand Polyamisa; pdaainep Art P@Wé@‘y]e"emy‘ess/
adhesive agent is The 3 gmartit avdrgidnscopolhgs@rdatiomt edmiab-dpioi orShydrin
present- in the surface  4qucts a‘?-% %{}?53123"*5%35*0 \A\pe.q.egﬂgse precur sor

particles are treated assocl at ed as descri bed
hereafter, the polymer 15 Oﬁ‘htWPan W’B%e‘iﬁ‘“pmﬂﬂ pRkch <ap f be greapted; with

Fﬁr: icles is 4 5 : S ufep i chil erdhlyyripl wtﬂoﬁmd adductshessfu® ipetis prédent kinvestioh
a a n
ki ng porti ons- bet oD €5 AbRBAICEP EOAChOPh1oHek lniAld YadthoBrifdsS!

reaction between the am ﬁec%mmammhymupﬁ Wy dbeir a#racttrreSmeymTemf useful
material of the particl ediiniags sef s thiy stydhermedudyd r bigt-2+aminsbthyl ether,

tggét F\gre particles in th‘fq,ﬁlﬁ%&ﬂﬂ&ﬂ?{ﬁ%ﬂﬁ?&e%%@#&éiJ?é{”da%q ethylenediamine.
' 10 Examples of useful triamines of this type include N-aminoethyl

piperazine, and dialkylene triamines such as diethylenetriamine,
and dipropylenetriamine.

Such amine materials are reacted with epichlorohydrin to
form the cationic amino-epichlorohydrin adducts useful as

15 crosslinking agents herein. Preparation of these adducts, as
well as a more complete description of the adducts themselves,
‘can be found in U.S. Patent 4,310,593 (Gross), issued January 12,
1982, and in Ross et al, J. Organic Chemistry, Vol. 29, pp.
824-826 (1964). Both of these documents are incorporated by

20 reference. '

In addition to monomeric amines, polymeric amines such as
polyethyleneimines can also be used as the amino compound. A
particularly desirable amino compound which can be reacted with
epichlorohydrin to form preferred cationic polymeric adduct

25 resins useful herein comprise certain polyamide-polyamines
derived from polyalkylene polyamines and saturated C3-C)p dibasic
carboxylic acids. Epichlorohydrin/polyamide-polyamine adducts of
this kind are water-soluble, thermosetting cationic polymers
which are well known in the art as wet strength resins for paper

30 products.

In the preparatson 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

35 water-soluble, long chain polyamide containing the recurring

-l



B.'DAbsorbent Precursor Particles ' . The macrostructures of the

present invention are forned from 25 polynmer materials capabl e of
absarbi ng | ar ge yiyagiphddees of l'i quids. (Such polyner matgr/gsss/a9021
commonly referred to as "hydrogel ", "hydrocolloid", or

"super absorbént” materials.) The macrostructures preferably
conpri se substantially water- I nsol ubl e, absor bent

hydrogel -form ng, polynmer material. The 30 -20- specific polyner

materials will be discussed herein with respect to those formng
the precursor particles. Al t hough the precursor particles can
have a size varying 9’0"8%,'““%&!2@@&-&95‘2’: %’}%EP’T aed Yot gF‘é‘ &j gremore and

di stributions and sizes R is the &y aoplgehthyient gfoup qfutipdésarobxyihe apiesent
i nventi on, }og;; [cle 35 . SigGabfetyClf BEThalR1eRE FoW TP Frtutl S pbTYRtnyIGne
polyamines, polypropylene polyamines, polybutylene polyamines and
5 so on can be employed to prepare the polyamide-polyamine, of
which the polyethylene polyamines represent an economically
preferred class. More specifically, preferred polyalkylene
— polyamines used to prepare the cationic polymeric resins herein
are polyamines containing two primary amine groups and at least
10 one secondary amine group in which the nitrogen atoms are linked
iogether by groups of the formula -ChHzpn- where n is a small
integer greater than unity and the number of such groups in the
molecule ranges from two up to about eight.and preferably up to
about four. The nitrogen .atoms can be attached to adjacent
15 carbon atoms in the group -CpHan- or to carbon atoms further
apart, but not to the same carbon atom. Also contemplated is the
use of such polyamines as diethylenetriamine, triethylene-
tetramine, tetraethylenepentamine, dipropylenetriamine, and the
l1ike, which can be obtained in reasonably pure form. of all the
20 foregoing, the most préferred are the paiiethylene polyamines
containing from two to four ethylene groups, two primary amine
groups, and from one to three secondary amine groups.
Also contemplated for use herein are polyamine precursor
materials containing at least three amino groups with at least
25 one of these groups being a -tertiary amino group. Suitable
polyamines of this type include methyl bis(3-aminopropyl)amine,
methyl bis({2-aminoethyl)amine, N-(2-aminoethyl)piperazine,
4,7-dimethyitriethylenetetramine and the like.
The dicarboxylic acids which can be reacted with the
30 foregoing polyamines to form the polyamide-polyamine precursors
of the preferred cationic polymeric resins useful herein comprise
the saturated aliphatic C3-Cjp . dicarboxylic acids. More
preferred are those containing from 3 to 8 carbon atoms, such as
malonic, succinic, glutaric, adipic, and so on, together with
35 diglycolic acid. OF these, diglycolic acid and the saturated



- 10, great est dinension/snallest di-nension ratio such as fibers

(e.qg., granul es, flakes, or pulverulents) as the dinension of a
preclrsor parti ow@ousiors#e i s determined by sieve size anal ysis. PCT/US93/0862]
for .exanple, a precursor particle that is retained on a 5 standard
#30 sieve with 600 nicron openings is considered to have a particle
size greater than 600 m crons, a precursor particle t hat passes

t hrough the #30 sieve mﬁth_600 m cron openingﬁuand S retai ned on a
standard #35 sieve with 500 m cron openings is considered to have a

particle si ze betveen S00:qils 0% hANTe atfds nay ARIEARRE SV SUBRTLbE S,

t hat passes through a #3 openi ngs
considered to have a partthe|molesule, | ramgly.ngHccinic, glubayiei andopdiripnare most

preferred enbodi nments of préferped:s eBilends) 6€ niwb 00T, more of thedeedda@BeNyIOE acids can
particles will generally Si 0 r
ra'i%{'%@ ﬁr%% %sewgﬁ B&a@%&s Jof one or rﬁgrg gin tthgﬁ_%g‘g%

2000 m crons, nore’ prefe to a
nm crons. Furf‘W’ f4 P"ﬁﬁ[’ﬁgé%’?té? dt’ﬁ?"é"’i‘ﬂ\?érﬂcl‘ﬁﬁ Sugha@sngedaic and
aver age parti cl e sebardc pfast tomgpasethe sesulping longeshdin polyamidenpolydmine

determ ning the charact eqiShhes gl et hbst Ritek R sh&IIbIAN

The polyamide-polyamine materials prepared from the
foregoing polyamines and dicarboxylic acids are reacted with

10 epichlorohydrin to form the cationic polymeric amino-
epichlorohydrin resins preferred for wuse herein as the
crosslinking agent. Preparation of such materials is describe in
greater detail in U.S. Patent 2,926,116 (Keim), issued
February 23, 1960, U.S. Patent 2,926,154 (Keim), issued

15 February 23, 1960, and U.S. Patent 3,332,901 (Keim), issued
July 25, 1967, all of which are incorporated by reference.

The cationic polyamide-polyamine-epichlorohydrin resins
preferred for use herein as crosslinking agents are commercially
marketed by Hercules Inc. under the trade name Kymene®.

20 Especially useful are Kymene® 557H, Kymene® 557LX and Kymene® 557
Pius, which are the epichlorohydrin adducts of polyamide-
polyamines which are the reaction products of diethylenetriamine
and adipic acid. They are typically marketed in the form of
aqueous solutions of the cationic resin material containing from

25 about 10% to about 33% by weight of the resin active.
D. Preparation of Interparticle Bonded Adgregates and
Macrostructures

In preparing the interparticle bonded aggregates that

comprise the porous, abserbent macrostructures of the present
30 invention, the absorbent precursor particles are treated with an

sufficient amount of the cationic amino-epichlorohydrin adduct to

react with the polymer material at the surface of the particles

so as to cause effective crosslinking, i.e., the crosslinked

surface of the particle swells less in the presence of aqueous
35 body fluids relative to the uncrossiinked portions. What



macrostructures. The mass average particle size of a given 20 sanmpl e

of - precursor particles is defined as the particle size mhich Is the
avef age particl aygiozfy784s t he sanpl e on a mass basis. bbPAIS9/09021
det.erm ni ng the mass average particle size of a sanple |s escri bed
herei nafter i'n the Test Methods “section. The mass average particle
size-of the precursor particles will 25 ° general ly be from about 20

m crons to about 1500 microns, nore pr-@eerably from about 50

m crons to about 1000 m crons. In preferred enbodi nents of the
present invention, the precursor particles have a nass average

particle size |ess than aPYtitges “a s"ff‘c’%tc?wgt" Rbridepaddugt Hdepgndscuppn a
t han about 600 microns, nogtbeBGf factprsf dncladynd ebs pahbituddroubsopbéhtTpedcansor

In especially preferred partzdese'gpé%?.b&m%? ;Pafrtliaﬁapra%ﬁ@tep*&\fgmhpﬁ’ﬂ’n E&ﬁxr:t

mass average particle
smal | (i.e. the pP%ﬁgurghSrPﬂféF?W]éTe§§f%h*é qqshtﬁg)‘"lfﬁ'ﬂ’ﬁﬁsﬁbe 1nterpart1c1e

enbodi nents, the n#ss bonded caggreugee pand i ke facteérsof Ihah@raaserafOmonomeric

particles is less than 353ine- é%l?aﬂtor(;ﬁ%rm CL@fRts OGP ef eraabwpelrgﬁ;‘et_ han

about 180 m crons.
epichlorohydrin adducts, the amount of adduct used can be in the
range of from about 0.1 to about 3 parts by weight, preferably
from about 0.5 to about 1.5 parts by weight, most preferably from

10 about 0.8 to about 1.2 parts by weight, per 100 parts by weight -

of the absorbent precursor particles. In the case of preferred
polymeric amino-epichlorohydrin resins, such as Kymene® 557H,
557LX or Plus, the amount of resin used can be from about 0.1 to
about 5 parts by weight, preferably from about 0.5 to about 2.5

15 parts by weight, most preferably from about 1 to about 2 parts by -
weight, per 100 parts by weight of the absorbent precursor
particles.

Besides the absorbent precursor particles and the cationic
‘ amino-epichlorohydrin adduct, other components or agents can be
20 used as aids in preparing the interparticle bonded aggregates.
For example, water is typically used with the adduct to form an
aqueous treatment solution thereof., Water promotes the uniform
dispersion of the adduct on the surface of the précursor
particles and causes permeation of the adduct into the surface
25 regions of these particles. -Water also promotes a stronger
physical association between the treated precursor particles,
providing greater integrity of the resultant interparticle bonded
crosslinked aggregates. In the present invention, water is used
in an amount of less than about 25 parts by weight {i.e. from O
30 to about 25 parts by weight), preferably in the range of from
about 3 to about 15 parts by weight, more preferably in the range
of from about 5 to about 10 parts by weight, per 100 parts by
weight of the precursor particles. The actual amount of water
used can vary depending uﬁon the type of adduct used, the type of
35 polymer material used in forming the pieacursor particles, the



~

In an exenplary enbodi nent, at |east about 95% by wei ght of the

pr-ecursor particles have .a particle size between about 150 m crons
and about 300 m? sqd N-an alternative enbodi nent, at PcaPE$o3pdvast
95@bby wei ght of 't e precursor particles have a 5 particle size

bet ween about 90 nmicrons and about 180 mi crons. Nar r ow precursor
part.icle size distributions are preferred because they result in a
hi gher porosity macrostructure due to -23-he hi gher void fraction when
densified versus broader precursor particle size distributions with

equi val ent mass average particle 10 Si zes The particle
size of materials havi netigdpgeizgr afitthepe precursor d?aﬁﬁ‘rfé%n/té‘ﬁal”l"'éﬁ“’" of
di mensi on such as fi ber sother toppional lcgmpbakntsefe.g., glycerbY) taheilriké afagtats.

di mensi on. For exanple, if %%@J@ﬁrﬂm RYIRA| Cecessary, of-§d¥8ESsdiivefts can be
super absorbent fibers) are use
used, usually to promote uniform dispersion of the calionic
5 amino-epichlorchydrin adduct onto the surface of the precursor
particles. These organic solvents are typically, hydrophilic, and
can include lower alcohols such as methanol and ethanol; amides
— such as N,N-dimethylformamide and N,N-diethylformamide; and
sulfoxides such as dimethylsulfoxide. If a hydrophilic solvent is.
10 used, it is in an amount of less than about 20 parts by weight
(i.e. from 0 to about 20 parts by weight), preferably in the
range of from about 5 to about 15 parts by weight, more
preferably in the range of from about 8 to.about 12 parts by
weight, per 100 parts by weight of the precursor particles. The
15 actual amount of hydrophilic solvent used can vary depending upon
the adduct used, the polymer material used forming the precursor
particles, the particle size of these precursor particles and
1ike factors.
As previously noted, the use of hydrophi11c organic solvents
20 is not necessarily requ1red in preparing bonded particle aggre-
gates of the present invention. Indeed, it can be desirable to
avoid the use of such organic solvents. Such solvents typically
need to be removed from the aggregate before it is suitable for
jts intended use. The removal of organic solvents is frequently
25 an energy and process intensive, and adds additional processing
costs. Some hydrophilic solvents, such as ‘jsoproponal or
t-butanol, can cause the amino-epichlorohydrin adduct to
precipitate out of solution and are therefore undesirable for
this reason. Indeed, the only solvents typically used in
30 'preparing the bonded particle aggregates of the present invention
are the lower alcohols such as methanol and ethanol that are not
too energy or process intensive to remove, and do not cause the
amino-epichlorohydrin adduct to precipitate out of aqueous
solution.

35



15 macrostructures of the present invention, the length of the

fibers is used to define the "particle size." (The denier and/or .

t he _di aneter LErs can also be specified.) In exenplary pcr/usesses021
errbodl ments of t‘ﬁée}%ﬁ;rﬂesent invention, the fibers have a length

greater than about 5 nm preferably between about 10 mm and about 20
100.mm nore preferably between about 10 mm and about 50 mm

The precursor particles conprise substantialddy water- i nsol ubl e,
absorbent hydrogel -form ng, polynmer naterial having a multiplicity
of anionic, functional groups, such as sulfonic acid, and nore

typical |y carboxy, groups. Ex3kBfresptipnijorgmpepents can alrfﬁtll-?r P%ﬁdswb‘iﬁ‘l theprationic
for use as the precursor pmidd-epehld@hpdrin adduct, andcéspdeiall hpsauedusc breatment

prepared from pol ymer| zablng‘thﬁsat%g@‘;oed It s B ?ﬁhi’arﬁ?”gﬁéﬂw& rE‘RQP”ﬁ{eS

Thus, such nobnomers ncl unsat ur at ed a}ﬁ ?1
and anhydrl des which cont drestggnt sclution Icé'é@t‘sdﬂe "’(:&PBH’I’?“E(?‘“&%&'SB}F ydrin
ol efinic double bogd. NBduzt3Gnclude spplasticiakty, espétasaélmmimnembe creates

sel ected from ol efinicall ¥recursor pam%%y e& eﬂnb ﬂm ééﬁﬁu‘&él@g'&l%@niq 85dHibed

anhydrides, olefinically turat acl m xt ures
t her eof . Sonﬁe?ﬂiﬁt%rm d hnﬁ'&ﬂrélbée’tc&n of| QOP%tFﬂéFﬁdeﬂ‘e Feeatefy
in m nor anounts, précups@p parinigl éd)ewipene Cornedr irgar theclisterhartsche bSnubdd

35 non-acid mononers %@e‘ggﬁislfd&n b e B2t FDyChrit PR WL ERROMIRY &iFicult to

10 handle, especially in making the ultimately desired absorbent
structures. Inclusion of a plasticizer in the treatment solution
insures that the resulting interparticle bonded aggregates {when
ambient temperature cured) form relatively flexible porous,
absorbent macrostructures, particularly flexible, porous,

15 absorbent sheets of the interparticle bonded aggregates. These
flexible sheets are relatively easy to handle in making the
ultimately desired absorbent structures.

Suitable plasticizers include water, alone or in combination
with other components such as glycerol, propylene glycol (i.e.

20 1,2-propanediol), 1,3-propanediol, ethylene glycol, sorbitol,
sucrose, polymeric solutions such as those involving polyvinyl
alcohol, ester precursors of polyvinyl alcohol, or polyethylene
glycol, or mixtures thereof. These other components in the
plasticizer, such as glycerol, are believed to act as humectants,

25 coplasticizers or both, with water being the primary plasticizer.

| The preferred plasticizer for use in the present invention is a
mixture of glycerol and water, particularly when included as part
of an aqueous treatment solution of the cationic amino-
epichlorohydrin adduct, in a weight ratio of glycerol to water of

30 from about 0.5:1 to about 2:1, preferably from about 0.8:1 to
about 1.7:1. )

The actual amount of plasticizer used can vary depending
upon the particular plasticizer used, the type of polymer
material used in forming the precursor particles, and the

35 particular flexibility effects desired from the plasticizer.



-12-. wat er - di spersi bl e esters of the acid-containing nononmers, as

welkl as nononers which contain no carboxylic or sulfonic acid groups
at all. OptionawOoa#®7846 d nononers can thus include nononers PCT/US93/09021
containing the follaw ng types of functional groups: carboxylic 5

acid or sulfonic acid esters, hydroxyl groups, am de-groups, am no
groups, nitrile groups and quaternary annnniun&galt gr oups. These
non-acid nononers are wel | -known materials and“are described in
greater detail, for exanple, in U S. Patent 4,076, 663 (Masuda et

al), issued February 28, £8a119Nkhk No1ds Siciddk Bat&Nkn 4aBfid: 847
(West er man), i ssued Decen%:g’r ?L 3§ 7;'p ts)ota is usBdl®Nhn 4mOGd 824 From about 5

10

15

20

25

30

35

9 h o
abou ’165 parts by weiﬁgt, preferably from about 5 to about 60

- parts by weight, more preferably from about 10 to about 30 parts
by weight, most preferably from about 15 to about 20 parts by

weight, per 100 parts by weight of the precursor particles.

In the method of the present invention, the absorbent
precursor particles can be treated with the cationic amino-
epichlorohydrin adduct, typically an aqueous solution thereof, by
any of a variety of techniques. These include any method for
applying solutions to materials, including coating, dumping,
pouring, dropping, spraying, atomizing, condensing, or immersing
the absorbent precursor particles with the cationic amino-
epichlorohydrin adduct, or solution thereof. As used herein, the
term "applied"” means that at least a portion of the surface area

of at least some of the precursor particles to be bonded together .

has an effective amount of the adduct on it to cause surface
crosslinking. In other words, the cationic adduct can be applied
onto some of the precursor particles, all of the precursor

- particles, a portion of the surface of some or all of the
_precursor particles, or the entire surface of some or all of the

precursor particles. Preferably, the adduct is coated onto the
entire surface of most, preferably all, of the absorbent
precursor particles so as to enhance the efficiency, strength,
and density of the interparticle bonds between the precursor
particles, as well as the desired surface crosslinking of the
polymer material in the surface of these precursor particles.

In an embodiment of the method of the present invention,
after the treatment solution has been applied onto the precursor
particles, the treated precursor parfic]es are mixed or layered
together by any of a number of mixing or layering techniques to
insure that the precursor particles are thoroughly coated with
the treatment solution. Because the precursor particles are
thoroughly coated with the treatment solutibn, the efficiency,
strength, and density of ‘the bonds between the precursor
particles is enhanced, as well as surface crosslinking resulting



whi ch are incorporated by reference., . A efinically unsaturated

caFboxylic acid and carboxylic acid anhydri de nononers include the
acrylic acids tyghbi/gibaby acrylic acid itself, nethacryligcetisos/e9021
ethacrylic acid, [err]-chloroacrylic 15 acid, a-cyanoacrylic acid,
[err]-methyl acrylic acid (crotonic acid), [err]-phenyl acrylic acid,
[err{-acryl oxypropionic acid, sorbic acid, [err]-chlorosorbic acid,
angelic acid, cinnam c acid, p-chloro- -gg-nnam ¢ aci d,
[err]-sterylacrylic acid, itaconic acid, citroconic aci d, nmesaconic
acid, glutaconic acid, aconitic acid, maleic 20 acid, fumaric.acid,

tri carboxyet hyl ene and nefremcthecireactiony ofi dbe cationic adductOwdth theapslymer

unsaturated sul fonic aci datBRAMeforminiCIthélgrecursor partidlBal | ¢hiy AkAERELT be
vi nyl sul fonic acids such as \cﬂ??él sul.f onj | .
|

. - .aci d .1yl __sul fani .
acid, vinyltoluene sul f orficCo™, ) gn'és’ggy'fagrﬁ%"s tec}'mq&?uﬁ?%rﬁpgargif'ﬁ; lﬁﬁflﬂ‘ljl’?%
and met hacrylic sul foni c vatieUssicBragr ddeaderss ast et kyown inctha are,
sul foethyl nethacsyl ate, supefedel OguHing, or afteACdpplyiing, theSyrdRREmP¥blution,

met hacryl ate, 2-hydroxy-3-nethacryl F OPW., sul foni Cl n
2-acryl am de- 2- net hyl proptﬁﬁeprlseﬁﬁf%gﬁi @g%":]es area@f'g{1%9ﬁy ayéoc?ate% S?%Pfqg%r 3'8
pol yner materials for usdorm ameaggregalgt mIpresiryurao The tewht Mphystealbyxy

groups.  These pol ymers asiqGhtel® Ny dsed Wepdin to mean tRABREE-[FeLYsORi fartides
graft copol yners, partlallx neut.r.al i star cr I?ﬁtrlleﬂraft

Liz tarch-
copol yrer s, ~ st ar ch-acryl i€ a4 5?qe%ﬁer and re%b"ol’?n%qng,ac WIHT gRFY other as
neutral i zed starchl@cryl icompapeet gaetfst in any of a number of various ways and spatial
relationships so as to form a single unit (an aggregate

macrostructure).
The precursor particles are preferably physically associated
together by applying an associating agent onto the precursor -
15 particles and physically contacting the precursor particles at at
least the portion of the surface of the precursor particles
having the associating agent applied thereto. Preferred
associating agents cause the polymer material of the precursor
pakticles, when brought together, to adhere tegether by the
20 action of fluid surface tension forces and/or the entanglement of
polymer chains due to external swelling. Associating agents
useful in the -present invention include hydrophilic organic
solvents, typically low molecular weight alcohols such as
methanol or ethanol; water; a mixture of hydrophilic orgahic
25 solvents and water: the cationic amino-epichlorohydrin adducts
previously described, or mixtures thereof. Preferred associating
agents are water, methanol, ethanol, cationic polymeric amino-
epichiorohydrin resins such as Kymene® 557H, or 557LX or Plus, or
mixtures thereof. Typically the associating agent comprises a '
30 mixture including the cationic amino-epichlorohydrin adduct such
that the step of applying the adduct is carried out
simultaneously with the step of applying the associating agent.
The associating agents can be applied to the precursor
particles by any of various techniques -and apparatus used for
35 applying solutions to materials inciuding coating, dumping,



cobplyners, saponified vinyl acetate-acrylic ester copol yners, 35
hydr ol yzed acrylonitrile or acrylam de copolyners, slightly

-13-- NRiosYré7s84 0SSl i nked pol yners of any of the foregoiR@¥/Us93/09021
copol yners, _partially neutralized polyacrylic acid, and slightly
net wor k crosslinked polyners of partially neutralized polyacrylic
aci d. These pol yners can be used either solely or in the formof a
5 m xture of two or nore different pol ygprs. Exanples of these

polymer materials are disclosed in U S. Patent 3,661,875, U S.

Patent 4,076,663, U S. Patent 4,093,776, U S. Patent 4, 666, 983,
pouring, spraying, atomizing, condensing, or qimmersing the

associating agent on the precursor particles. The associating
agent is applied to at least a hortion of the surface of at least
some of the precursor particles to be bonded together.

5 Preferably, the associating agent is coated onto the entire
surface of most, preferably all, of the precursor particles. The
associating agent is generally mixed with, or sprayed onto, the
precursor particies by any of a number of mixing/spraying
techniques and mixing/spraying apparatus to insure that the

10 precursor particles are thoroughly coated with the -associating
agent.

When an associating agent has been applied to the precursor
particles, the precursor particles can be physically contacted
together in a number of different ways. For example, the

15 associating agent alone can hold the particles together in
contact. Alternatively, gravitational forces can be used to
insure contact between the precursor particles, e.g., by layering
precursor particles. Further, the particles can be placed in a
container having a fixed volume so as to insure contact between

20 the precursor particles. )

The precursor particles can alternatively be physically
associated together by physically constraining the precursor
particles such that they are in contact with each other. For
example, the brecursor particles can be packed tightly into a

25 . container having a fixed volumé such that the precursor particles
physically contact each other. Alternatively or in combination
with the above procedure, gravitational forces {e.g., layering)
can be used to physically associate the precursor particles. The
precursor particles can also be physically associated together by

30 electrostatic attraction or by the introduction of an adhering
agent (e.g., an adhesive material such as a water-soluble
adhesive) to adhere them together. The precursor particles can
also be attached to a third member (a substrate) such that the
precursor particles are brought into contact with each other by

35 the substrate.



and U.S. Patent 4,734,478, - Most preferred polymer materials

for use in nmaking the 10 precursor particles are slightly network
crosslinked pol wWeRdgoRhs partially neutralized pol yacryl ipcTAgS938090nd
starch derivatives t hereof . Most preferably, the precursor
particles conprise from about 50.to about 95% preferably about
75% neutralized, slightly network crosslinked, polyacrylic acid -
(i.e. poly (sodium 15 acryl ate/acrylic adéd)).

descri bed above, the precursor particles are preferably made from

polymer materials that are slightly network 0SS- ) | i nked. Network
crosslinking serves to rendef "tar?eaétfl"%fé?’e method of fareingathe pagestvetyres nf
precursor particles are rheleresdnst tnventddn, the iggatdage veft the ipnenirsirt eaetidles

in part, deternmines the 3Ps@pld M@to various 5@6&@%@{ ad“;dt%t E—@F&@P&%P&' YAEr
content characteristics qf t.he gﬂ aggr F ﬁ‘gl’tl

e
resul tant macrostructure8® ?Fb‘i‘e%ge@m Y108 R g?%gg‘f ﬁ‘i‘ﬁ?eng it
pol ymers and typichl netwaoddor density. chhesaggiredategaagentsbapadebydesy coentional

greater detail in the 254paping Q%Eﬁ'rh'&l?@g Q5 CareCkRMRNFEEhY a9t . Pqireﬂatrred methods

4,076, 663. The 1 n | ticl
any conventional f °‘r'r5§hﬁ%‘lt“\9“ q"llje;l %gpatea%dﬂﬁ%[cglﬁfwgs ”ﬁcﬂaab’@ss%'prfne'ﬁ‘r"

produci ng the indivi dual operationsor Gaatingckmt maldindetenhnibpasi generally invdl @&

Patent Re. 32,649 (Br andgnﬁiod@éﬁxg ﬂh@%’r‘i‘éuﬁ%‘-'ﬁari%le}gﬁﬁo BPreparel ma1d RAVHIY

4, 666, 983 (Tsubakl not o. et &31 2’ I Ssued 3/
10 and applying pressuré to (compressmg) the aggregate to cause the

aggregate to conform to the shape of the mold cavity. Examples
of specific molding techniques for use herein include compression
molding, injection molding, extrusion or laminating. For
example, a multiplicity of precursor particles can be added to a
15 container having a fixed volume mold cavity and the aggregate
compressed to .conform to the shape of the mold cavity so that the
resultant macrostructure has the same shape. Forming techniques
involve performing various operations on the aggregate to modify
its shape, and/or size, and/or density. Examples of specific
20 forming techniques for use herein include rolling, forging,
extruding, spinning, coating or drawing operations. For example,
an aggregate mixture of the precursor particles and at least the
cationic amino-epichlorohydrin adduct can be passed between a
pair of compaction rolls to form an aggregate sheet. Alterna-
25 tively, the aggregate mixture-can be extruded through an orifice
to form an aggregate haiing a shape corresponding to that of the
the orifice. Further, the aggregate mixture can be cast on a
surface to form an aggregate having a desired shape or surface
morphology. Any or all of these techniques can also be used in
30 combination to form the shaped aggregate. Any suitable apparatus
as are known in the art can be used to carry out such operations,
which can be performed with the material or portions of the
apparatus either hot and/or cold. i
In an embodiment of the method of the present invention, an
35 aggregate mixture of precursor partic]es, the cationic dminu-
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and U S. Patent 4,625,001 (Tsubakinoto et al), issued Novenber 25,

1986, all of which are i ncorporated by reference. Preferred
met hods for forwos/ém’gs Precursor particles are t hose t htT/U893709021
agueous solution or other solution 35 pol ymeri zati on nmethods. As
descri bed in the above-referenced

- 14. U S Patent Re. 32,649, aqueous solution polynerization

i nvol ves the use of an aqueous reactio®-nmixture to carry out

pol ymeri zation to formthe precursor particles. The aqueous

reaction mxture is then guhgchSdrin® ROAETE" I ZALON R0 aht RSoTasticizer

5

10

29

25

30

35

{optional), and a hydrophilic organic solvent are added to the

. hopper of a conventional extruder apparatus. An example of an

extruder apparatus is shown in Figure 12-14 of Principles of

Polymer Materials, Second Edition, (McGraw Hill Book Company,

1982) at page 331, which publication is incorporated reference.
The aggregate mixture is extruded through the orifice of the

extruder apparatus to feed a pair of driven compaction rolls

having a fixed (but variable) gap between the rolls so as to

compress the aggregate into the form of a sheet. The sheet is
then processed to specific lengths to provide macrostructures
that have'a specifically designed size, shape and/or density.

- In forming the aggregate macrostructures of the present
invention into particular shapes, and especially sheets, the
density should be carefully controlled. If the density of the
shape aggregate macrostructure is too high, it can be more prone

*to gel blocking. Conversely, if the density is too low, the
shaped aggregate macrostructure can have insufficient tensile
~strength and integrity. Shaped aggregate macrostructures of the
present invention usually have a density of from about 0.7 to

. about 1.3 g/cc, preferably from about 0.8 to about 1.1 g/cc, and
most preferably from about 0.9 to about 1.0 g/cc.

A preferred method and apparatus for continuously forming
the aggregate macrostructures of the present invention into
sheets is described in U.S. application Serial No. , to
Michael S. Kolodesh et al, entitled "Method and Apparatus for
Making Cohesive Sheets from Particulate Absorbent Polymeric
Composition," Case No. 4732, filed , the
disclosure of which is incorporated by reference. This
continuous method for making aggregate sheets can best be
understood by reference to Figure 9 which shows apparatus 301 for
carrying it out. Apparatus 301 has frame 302 for supporting its
various components. Apparatus 301 comprises a support means,
shown in Figure 9 as moving conveyor 303 which moves in the
direction of arrow 310. Conveyor 303 first passes under an




5 which are sufficient to produce i.n the mxture substantially

wat er-insol uble, slightly network crosslinked polymer material . The
mass® of pol yner &7 thereby formed is then pulverized or pcr/US93/09021
chopped to formthe 1ndividual precursor particles. Mor e
specifically, the daqueous solution polynerization 10 met hod for
produci ng the individual precursor particles conprises t he
preparation of an aqueous reaction m xture in3®hich to carry out

pol ynerization to formthe desired precursor particles. One el ement -

of such a reaction m xture |s the acid rou -containin . ... , hononer
material which will form¥Hdal FREEE P4 g At prssdtg é’gﬁie"li*)"‘t’a} SRFIEE) 3043,
to be produced. The reacoiveypon i@l yrasses Iuhdeg'eaEr‘Edalsy one means frwnpentseucibbiut

100 parts by weight of th S . A r O
the aqueous reaction mxtis}lre(@alp?'gggrrp‘swﬁEE d- amount o pr%QHb? pHRFPRACHtoOthe

rossl i
agent. Network crossli nkF?er&‘b'entth i§séf Lﬁhm‘“ in F‘Q“rﬁv\f rr??'ﬁﬁ‘efﬁe”%g?etg\]?%r
particles are descsi bed Bobenprédndexoni BOR@lso passes uhderabbvieasefopeemesss forS

Patent Re. 32,649, U S ﬁla‘?mg a predeté‘mm anta&d t%ﬁmeﬁakemhén Eb%@ O

The network crosslinking neral ese
aqueous reaction m xt urelayer of pr%"ﬁﬁ" g &t of I’t(g%] °r0 8‘1(]3‘15 n'ol é hown. in

percent to about 5 nole Figure 9 permyertsasw bhroupie iﬁéfal ApparetusoBOhdwother -
present in the 25 agﬂ@gﬁ‘&snl )ﬁ)ta‘l’rt %f(r?J?hQMtanQr Qkp&ﬁg@%@b‘isu?@ eﬁﬁﬂc%tbbﬁ down

wei ght, based on
opti onal ckhponeftreap f'ﬁPé‘ zfﬁ 65 P%aﬂdi dﬂﬁ"?w?ﬁs@r ‘co ?fé%é ‘éref ree

applicators are shown in Figure 9 as a pair of compaction rolls
306. Also shown in Figure 9 as being part of apparatus 301 is a
slitting and transfer conveyor 307, knife and anvil rolls 308,

and a sheet accumulator 309.

15 Conveyor 303 can be a flat belt conveyor that has good
release properties, such as polyurethane, which is commonly used
in the food industry. The width of the conveyor is determined by
the desired sheet size. The conveyor generally moves in the
direction of arrow 310 from point 311, where the initial sprayer

20 304a is located, to a point 312, where the knife and anvil rolls
308 are located. Conveyor 303 would typically be an endless
conveyor as shown in Figure 9.

Conveyor 303 first passes under an initial sprayer 304a,
where the conveyor is sprayed with a predetermined amount of

25 treatment solution so as to cover a predeterﬁined area of the
conveyor. This initial spraying insures that the bottom part of
the first precursor particle layer is exposed to the treatment
solution. Also, the wet conveyor surface will prevent the
subsequently fed particles from bouncing away from their desired

30 placement. However, the initial spraying step is not absolutely
necessary, especially when the first layer of particles to be
placed on the conveyor is relatively thin, or when the conveyor

travels at slower speeds. %

_ Sprayer 304a (as well as sprayers 304b through 304f) must
35 deliver a substantially uniform mist, atomized spray and should
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radjcal initiator including, for exanple, peroxygen conpounds such

as sodi um potassium and amoni um persul fates, caprylyl 30 per oxi de,
benzoyl peroxigﬁ)gvbﬁg ogen peroxide, cunene hydr oper op@Ies93/09021
tertiary butyl diperp alate, tertiary butyl per benzoat e, sodi um
peracet ate, sodi um percarbonate, and the li ke. Qther optiona
conponents of the aqueous reaction m xture conprise the various

non-aci di ¢ co-nmonomer materials including 35-31- esters of the essential
unsaturated acidic functional

- 15 ar oup- cont ﬁalwr:]el angloao{]m%act %orqcre g ha%[n %osrrs[%g?en%tl (%?t g#erl: rsor
particles. One sprayer that has been found to work well is a
model 6218-1/4 JAU atomized air actuated nozzle assembly,
available from Spraying Systems Co., Wheaton, IL 60188.

5 Conveyor 303 then passes under feeder 305a where a
predetermined amount of dry precursor particles is layered onto
the predetermined area of the conveyor. The amount of precursor
particles to be layered onto conveyor 303 depends on a number of
factors including, but not limited to, the desired density of the

10 " resultant sheet, the number of layering steps to be performed,
the size of the particles being used and the desired width of the
resuitant sheet. At a minimum the predetermined amount should be
enough to substantially cover a predetermined area of the
conveyor with a layer one particle in thickness.

15 Feeder 305a (as well as feeders 305b through 305e) must be
capable of distributing the precursor particles in a thin and
preferably wide layer. Thinner layers on the conveyor insure
that all of the particles are treated during subsequent spraying
steps and wider layers will increase production output.

20 Vibréting feeders have been shown to be adequate for layering the
dry precursor particles onto the conveyor. An example of a
suitable vibrating feeder is a Super Feeder model #2106E-003S54,
commercially available from Solids Flow Control, P.0. Box 410767,
14201-A South Lakes Drive, Charlotte, N.C. 28241-0767. This

25 feeder has a weight feed-back control system for accuracy.

' Conveyor 303 then pasSes under a second sprayer 304b. A
predetermined area of conveyor 303 having the first layer of
precursor particles is sprayed with a predetermined amount of the
same treatment solution used in initial sprayer 304a. In

30 general, the predetermined amount of treatment solution is
related to the amount of particles in the layer. The greater the
amount of particles in the layer, the more treatment solution is
needed to treat substantially all of the particles.

The metering and spraying steps can then be rgpeated a

35 number of times (e.g., using feeders 305b through 305e and
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carboxylic or sulfonic acid functionalities at all. The
aﬂyeﬁus reac;}pn.nixture IS subjected to pol ynerization condi tions
tch are suffi produce in the mxture 5 substanti
mgter-insolubleﬁkgggg%ggent,_ hydr ogel - f or m ng, slightlgﬁhzgf%%$?21
crosslinked -polynmer materials. The pol yneri zation conditions
are.also di scussed in nore detail in the three above-referenced
patents. Such polynerization condi tizgns generally involve heating
(thermal activation 10 techni ques) to a polynerization tenperature
fromabout O[err]Cto about 100[err]C, nore preferably from about
5[err] C to about 40[ err] €prayers 304c phtougkr3oaf) idependdisdion i thasdesined degsith of
the aqueous reaction the ulfimate!lshebS. NWAdA Bhd'adtedng adndOspragingdetepsotre

cxample SUNCCing repl o SR V'SR B PRIALP G ey 12

any conventional 15 on actl
Radi oacti ve, el epenformes, a8 desanibed@bovss Hheedinss Bt 91c PRELICIS B
are alterngative ggipéedticoRab BPtayneppldedtions.t eCheveforas. the initial

The acid functional groups of th ol [ erlal . i h

aqueous reaction nixt ureg%rraé"éq §§eyg?%¥g§%l§l’yi gtnééf[%r'gﬁeg{e'g?gpfdﬁng step fachfeed
Neutralization can be capwiyespraythalfi theyawsyptb &ft treatmenfesoiution needed toqfrept
results in at |east abouthaADatihe oFCparenélesaindtdFerst Tayer onpediveyabBos.atThe

o bl yoes oator) o "ees Rl AR AR 3B w1 soratb b gl
neutralized with alGalt - treatweny sahuitdon, Suchtwice the amount of either the initial
or first post-laying spray.
After all of the layering and spraying steps have been
performed, the treated precursor particles typically loosely
" adhere together to form a web. Conveyor 303 then moves this web
15 and delivers it to a pair of opposing pressure applicators. The
pressure applicators shown in Figure 9 take the form of
compaction rolls 306. However, as will be appreciated to those
skilled in the art, an intermittent conveyor method could be
used, with opposing plates or platens used to compress the web.
20 Compaction rolls 306 can have a non-planar, rough surface.
As the web passes through compaction rolls 306, the pressure on
the web causes it to expand. The rough surface of rolls 306
reduces the sliding effect between the rolls and the web in
contact with the rolls. This in turn reduces expansion of the
25 . web in both the machine direction 310 and cross-machine
| direction. Machine direction expansion is undesirable because it
fequires compaction rolls 306 to speed up in order to match the
machine direction expansion. Compaction by rolls 306 densifies
the web of freely deposited layers of precursor particles and
30 sprayed treatment solution into a sheet.

. Compaction rolls 306 can be in the form of cylindrical
stainless steel rolls that are coated with a plasma coating,
thereby giving the rolls a rough surface and causing them to
release the web more easily after compaction. Examples of

35 suitable coatings include coatinyg #’s 934 and. 936, available from



25._ salt-formng cations include, for exanple, alkali netals,
adnmoni um substituted amoni um and am nes as di scussed in further

detatl in the a - rences U'S. Patent Re. 32, 649. p&ﬁ
it is preferredhgﬁg¥h$%§ precursor particles be nanufactEFgl us%ﬁ&n

an aqueous sol ution-polymnerization process, it 30 I's al so possible to
carty out the polynerization process using mul ti - phase

pol ymeri zati on processing techniques such as i-garerse enul si on

pol ymeri zati on or inverse suspension polynerization procedures. In
the inverse emul sion polynerization or inverse’ suspensi on

pol ymeri zati on procedur eshlashie Coatiiogus Ineackaterbuzs, CT 061i0%t uThe gap between the
her ei nbef ore descri bed i scompsfeoladlisndéteeninesntidf amount of compaction applied to

the web.
Apparatus 301 can include a slitter to trim the web edges
5 prior to compaction. The “edges of the web can have a less

uniform density than the rest of the web, and are typically
subjected to inconsistent'application of treatment solution and
particles due to the conveyor belt movement in the cross-machine -
direction, thus making removal desirable. The slitter can be a
10 regular circular knife working against a hard surface such as a
transfer conveyor belt, as indicated by 307.
After the web passes through compaction rolls 306, a sheet
is formed and collected in accumulator 309. ‘Accumulator 309 can
take the form of a wind-up roll that rolls up the sheet into a
15 single roll of a desired size. When the desired size roll is
obtained apparatus 301 can have a second slitter to cut the
sheet. This second slitter can take the form of knife and anvil

roll 308.
Simultaneously or after the cationic amino-epichlorohydrin
20 adduct has been applied, the precursor particles have been

physically associated together to form an aggregate, and the
aggregate has been shaped, the- adduct is reacted with the polymer
material of the precursor particles, while maintaining the
physical association of the precursor particles, to provide

25 effective surface crosslinking in the precursor particles in the

" aggregate macrostructure. Because of the relatively reactive

cationic functional groups of the amino-epichlorohydrin adducts
used in the present invention, this crosslinking reaction between
the adduct and the polymer material of the precursor particles

30 can occur at relatively low temperatures. Indeed, this
crosslinking reaction {curing) can occur at ambient room
temperatures. Such ambient temperature curing is particularly
desirable when the treatment solution comprising the adduct
additionally contains. a plasticizer, such as a mixture of water

35 and glycerol. Curing at significantly above ambient temperatures
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tiny droplets in a matrix of a water-imm scible, inert organic

sel vent such as cycl ohexane. The resultant precursor particles are
genetal ly spheg@,(ggim 548 shape. Inverse suspension pol prHksdgbeen
protedures are ESCI'IZ)E in greater detail in US 5 Pat ent 4, 340, 706
(@baysashi et al), issued July 20, 1982, U.S. Pat ent 4, 506, 052

(Fl esher et al), issued March 19, 1985, and U. S Pat ent 4, 735, 987
(Mrita et al), issued April 5, 1988, all of -34- whi ch are incorporated
by reference. In preferred enbodi nents of the present

i nvention, the 10 precursor particles used to formthe bonded particle
aggr egat es are sul68? éﬁl‘?edigﬁ'&/ phﬁ’.‘“""?ﬁeﬂ’t é"r Arivenoefitadite 1o 1ys gﬂ”@/at‘ﬁéty'

used herei n 't o nedhus hedessitatpngeenradditipaalt stdpeto hdad iaide the desulting
content, typically water ;pferghSE1 S Bhtel CfygPRALENT SudnCaibibNBRuring is tADRET
50% preferably |less tharll aegggt_ gO% morgdb{ggcéeq}etgq_l% Lgs’ (15 urmgtlhsgl ﬁgﬁofuty
10% by wei ght of the pr&RUFEGEUhAY fcieRRE LU, O Trom & Eﬁtn alt® 4o &sq i'q"
content of the prebBursor fpaw abaitel? ite abputt K& hours. Prefexpdl pf sfictormbiieotitcuring

0.01% to about 5% by wei gbtcapfiddhsutPae Gl t&ferature of Pam hisdu®S18°TEE about 25°C

I ndi vi dual precursor particles can. b ri Y, any conventi onal
nmet hod such as by heati nﬁ‘.’"ﬁr?“ér‘ﬁ‘é‘cti g%ﬁ?,a%\ﬂh'gﬁsfl?“rs' t he precursor

particles are formed usi ng aAlthquaoudberoxssiioking reaction between the cationic
amino-epichlorohydrin adduct and the polymer material of the
10 precursor particles can occur at ambient temperatures, such
curing can also be carried out at higher temperatures to speed up
the reaction. Higher temperature curing typically involves
heating the treated and associated precursor particles to cause
the crosslinking reaction between the adduct and the polymer
15 material of the precursor particles to occur in a shorter period
of time, typically minutes. This heating step can be carried out
using a number of conventional heating devices, including various
ovens or dryers well known in the art.
Generally, heat curing can be carried out at a temperature
20 above about 50°C for a period of time sufficient to complete the
crosslinking reaction between the adduct and the polymer material
of the precursor particles. The particular temperatures and
times used in heat curing will depend upon the particular
cationic amino-epichlorohydrin adduct used and the polymer
25 material present in the precursor particles. If the cure
temperature is too low, or the cure time too short, the reaction
will not be sufficiently driven, resulting in macrostructures
that have insufficient integrity and poor absorbency. If the
cure temperature is too high, the absorbency of the precursor
30 particles can be degraded or the network crosslinks of these
precursor particles, depending upon the specific polymer
materials used, can be degraded to such point that the resulting
macrostructure is less useful for absorbing large quantities of
liquids. In addition, if the cure time and temperatures are not
35 appropriate, extractable levels of the resulting aggregates can



m xture, water can be renoved fromthe reaction m xture by

azeotropic distillation.

The pol yner-cont ai ni ng aqueous reaction

m Xture can al savdeqtonsst ed Wi th a dewatering sol vent such as PCT/US93/09021

met hanol . Conbi nations of these drying procedures can also be 25 used.
The dewatered mass of pol ymer material can then be chopped or

pul verized to form substantially dry precursor_ particles of

substantially water-insoluble, absorbent, hydr%bel-forning, pol yrer
material . Preferred precursor particles of the present

I nvention are 30 t hogy b

he T esul tant macrgsq\‘% ure s Hcrgaé?hgfihé‘%g{&%&é’%fcﬁr% a¥¥ c%?art 36¥m

al so has a high absorptl

wpalackwg AHé‘SY?fPr?ﬁehEaép&'é”f‘? iscgenesally caquocut

the capacity of a given pelyrtemperatietei #i the wingerds frogualsbat 50° to abbith 205°C
which it comes into contggtl. frﬁp%}ﬁ? 'lrlf‘o Qﬁ’cgﬁciff )ﬁlrﬁﬂ s Vaﬁ?’eéggar?(}y, heat curing is

significantly mrthsthe nat ur e of
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bel n sor
carried out at a temperature 0 from about 180° to about 200°C

for from about 5 to about 15 minutes. The actual time and
temperatures used can vary depending upon the specific polymer
materials used in making the precursor particles, the specific
adducts used, the thickness or diameter of the macroestructure
invo]ved, and 1ike factors.

The crosslinking reaction between the cationic amino-
epichlorohydrin adduct and the polymer material of the precursor
particles is sufficiently fast, even at ambient temperatures,
such that it can be carried out in the absence of initiators
and/or catalysts. However, an important factor relative to the
reactivity of the amino-epichlorohydrin adduct is the pH of the
treatment solution containing the adduct. Typically, the pH of
the treatment solution is from about 4 to about 9, preferably
from about 4 to about 6. Maintenance of the treatment solution
at a pH within these ranges insures ‘that the amino-
epichlorohydrin adduct will be sufficiently reactive, even at
ambient temperatures.

The physical association of the treated precursor particles
needs to be maintained during the curing step so that, as
crosslinking occurs, adjacent precursor particles become
cohesively bonded together. If forces or stresses are sufficient
to disassociate the precursor particles that are present during
the crosslinking reaction, insufficient bonding of the precursor
particles can occur. This can result in aggregates having poor
structural integrity. The physical association of the precursor
particles is typically maintained by insuring minimal
dissociation forces or stresses are introduced during the curing
step. .

- As previously noted, the steps in the method of the present
invention for producing the macrostructures need not be carried
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-17: . with the manner in which the liquid contacts the pol yner
mat erial . For purposes of this invention, Absorptive Capacity is

defined in terng, % amount of Synt hetic Urine (as herei naf t eCT/US93/09021
defi ned) absor beg by any given polyner material in terms of grams 5

of Synthetic Urine per gramof polymer material in a procedure

herei nafter defined in the Test Methods section. Preferred

precursor particles of -the present i nventiom38re those which have

an Absorptive Capacity of at | east about 20 grans, rmre preferably

at | east about 25 grans, t het i I i ne er m1l
material . Typically, t HB dBI %]/Wﬁpeﬁ'h & P ; tcﬁg%e arried ﬁf‘gc,sdg@l&ry‘"ewsw
particles herein have aﬁoAbatomqibL theCap'aontty aoinuf-emmhlomhydrmamt 2Epng peins

}D(r)egg(r)ggr7ga?{ ?g}segf ha%\//:a t%?éﬂﬁﬂhﬁeﬂ%ﬂ OkAN he physical R&oxiEYiofBbErthal .
characteristic produce Hﬁ%"&‘f Eﬁ%ﬁﬁ% 1g>éped m’f%atﬂzf?gr%g;%{a? 1‘{.‘3 g@??ﬁﬁy
in absorbent prodbcts, aadesdéréedensity, and thentide saddueld rag@@ﬂb@ﬁh é]etp@l.v@gr
since the resul tant material of the precursor particles, either immediately after the
above steps are completed or after the aggregate has been left
standing for a period of time, to simultaneously surface
crosslink the precursor particles and form the aggregate
10 macrostructure. Typically, the precursor particles are mixed or
sprayed with a solution of the adduct, water, a humectant and/or
coplasticizer (e.g., glycerol), and a hydrophilic organic solvent
(e.g., methanol) to form an adhered together.aggregate. The
adduct, water, humectant/coplasticizer and hydrophﬂic organic -
\ 15 solvent serve as the associating agent for the precursor
\ particles, the adduct also serving as the crosslinking agent.
The adhered aggregate (i.e. the associated precursor particles
and the aqueous mixture) is subsequently shaped into a densified
sheet by a combination of extruding and roiling techniques as
20 described above. The adduct is subsequenfl:y reacted with the
polymer material by ambient or heat curing to simultaneously
cause crosslinking at the surface of the precursor particies and
" to form a cohesive interparticle bonded aggregate macrostructure.
Under certain conditions, especially if the treated
25 precursor particles have been heat cured, the resultant macro-
structures can be somewhat inflexible and poténtia‘lly brittle.
In such cases, the macrostructures can be made more flexible by
treating it with a plasticizer. Suitable plasticizers include
water, a'ione' or in combination with the humectants/coplasticizers
30 previously described, preferably glycerol. The plasticizer can
be applied to the macrostructures in a number of different ways,
including spraying, coating, atomizing, immersing, or dumping the
plasticizer onto the macrostructure. Alternatively, in the case
of water alone, the macrostructure can .be placed in a high
35 humidity environment (2.g.. greater than 70% relative humidity).
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nﬁbgostructures formed from such precursor particles can, by
definition, hold desirably high anmounts of di scharged body

exudat es such a ' 20 : While all of the precursor j

are preferably sgyﬁgﬁﬁMé fromthe same polynmer materi al mﬁfﬂé%ﬁgkggﬂgl
properties, this - need net be the case. For exanple, some precursor
particles can conprise a starch-acrylic acid graft copolyner while
ot her precursor particles can conprise7a slightly network
crosslinked 25 pol yner of partially neutralized polyacrylic acid.
Further, the precursor particles can vary in size, shape,

absorptive capacity, The amgpniy @y b}ca’rﬁé‘rﬁpﬂbﬂ@{iﬁdow dharmacrestrugtuge can|be
ap ef Ier'r ed eﬂbofﬁeﬂ@ftbd fepbting " poRNthei BpEehficOpladtheizoregseds0dnd the
particles consi s nt i hght r i nke < s
pol ymers of 30 parti aelfﬁage%ets?é%d?{zg@p%lbﬁi3‘21’0lrty? ?@Blﬁ@i J’:if “e%i‘ﬁ“zggc%lpéberd 18
particle havi ng Sirem [aheutpp ofleabquasill parts by weightc.prefﬁﬁgbhifeom about

At erpart il e bondsd aggteear oot o0 parts by Relsht, JRIDIGPINLS b Meight of the
p i cl e bonded aggre S .. r .
g%ﬁt rlfc%u@e. A rqarl'tsl cgga%rp p'rgﬁerggtg &:@?&gﬁzer comprises a

macrostructures of the pfé vertio .
epi chl orohydrin with cer trikkreygfeglygerpbridderater oin a weight ratio of from about

0.5:1 to about 2:1, preferably from about 0.8:1 to about 1.7:1.

As shown in Figures 1 through 4 and especially Figures 3 and

10 4, the macrostructures resulting from the method of the present
invention have pores {the dark areas of the photomicrograph)-
between adjacent precursor particles. The pores are small
interstices between adjacent precursor particles that allow the
passage of liquid into the interior of the macrostructure. The

15 pores are formed into the macrostructure because the precursor ..
particles do not "fit" or pack tightly enough, even when
compressed, to eliminate the pores. {The packing efficiency of
the precursor particles is less than 1.) The pores are generally
smaller than the constituent precursor particles and provide

20 capillaries between the precursor particles to transport liquid
into the interior of the macrostructure. '

The pores are interconnected with each other by
intercommunicating channels between the pores. The channels
allow 1iqhids contacting the macrostructure to be trﬁnsported via

25 capillary forces (i.e., capillary channels are formed) to other
portion§ of the macrostructure so that the total volume of the
macrostructure is used in absorbing such liquids. Further, when
swollen, the pores and the intercommunicating channels allow
liquids to pass through the macrostructure either to layers of

30. precursor particles remote from the initial point of liquid
contact or to other structures in contact with the
macrostructure. Thus, the macrostructure is considered to be
liquid permeable due to the pores and the }ntercommunicating

channels.
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-18; pol yneric am nes. These am no-epi chl orohydrin adducts react
wi-t h the polyner material of the absorbent precursor particles, and
in = parti w@ swo7she ani onic, typically carboxy, functional POTOU§SS/09021
t hese polymer materials to forma coval ent, ester-type bond. in 5

ot her words, "t he ani no-epi chl or-ohydrin adduct serves to crosslink

t he. polyner material present in the absorbent precursor particles.
(The portions of the absorbent particle contaiti'ng pol ymer materi al
that has been effectively crosslinked with the

am no- epi chl orohydrin adduct lvlnd Sfact n B dé)re§ﬁ£“3€ot%f] 181ume o?ql{ﬁgus

body fluids relative to the ot uncr oss t1ons
particle.) , I“lacT%StB'éqti“é?/etBa'i ﬁ&'Pp"[‘ﬁ%"sé ¢ PQE§se@nd the channels) has a
am no- epi chl or ohydrin minimum value for a given precursor particle size distribution.
In general, the narrower the precursor particle size
5 distribution, the higher the void fraction will be. Thus, it is

preferred, so as to provide highér void fractions in a densified
state, that the precursor particles have a relatively narrow
particle size distribution.
Another feature of the macrostructures of the present
10 invention is that they swell generally isotropically, even under
’ moderate confining pressures, when liquids are deposited onto or
come into contact with them. Isotropic swelling is used herein
to mean that the macrostructure swells generally equally in all
directions when wetted. Isotropic swelling is an important
15 property of the macrostructure because the precursor particles
and the pores are able to maintain their relative geometry and
spatial relationships even when swollen such that the existing
capillary channels are maintained, if not enlarged, during use.
(The pores and the precursor particles get larger during

20 swelling.) Thus, the macrostructure can imbibe and/or transport
through itself additional loadings of liquid while not gel
- blocking.

An indication that crosslink bonds are being formed at the

surface of the precursor particles is that the resultant

25 macrostructures are fluid (i.e., 1iquid) stable. "Fluid stable”
is used herein to mean a macrostructure comprising an
interparticle bonded aggregate that remains substantially intact
{i.2., most of the previously independent component precursor
particies remain bonded together) upon contact with or swelling

30 {with and/or without stress) in an aqueous fluid. While this
definition of fluid stability recognizes that most, preferably
all, of the precursor particles remain bonded together, it,
however, should be recognized that some of the precursor
particles can dissociate themselves from the macrostructure if,



adducts primarily provide crosslinking at the surface of the

absorbent precursor particles. This is due to the fact that 15 t hese
adducts, and espwoisald7sad he pol ymeric resin versions of POESES93/09021
adducts, are relatively large, cationic nolecules. As a result,

t hey are unable to penetrate inside the absorbent particles, and
therefore can only react wth polynmer nmaterial at the surface
thereof. In addition, the cationic functional gé%ups 20 (e.qg.,

azet edi ni um groups) of these adducts, particularly pol ymeric

resin versions, are believgd tgo react yery rgpifdly . wt th
anionic, typically car boxy,"f L?ﬁﬁ'?’ﬁSha?%ﬁroﬂi)@’B €St ﬂévepg&?eﬁﬂefubseq"e"%]y water
mat eri al of the absorbent ggiemerpted ombdpeit.at room tenperature

(e.g., at fromabout 18[err] touddoutatd?i®f r1C) an Asmpdrt&ul featlid rofy ohe
nodest |levels (e.g., as |low as .,about 1% bi’he""gir&*l tof
r

e riicl e
of these am no-epichl orohmrﬂs"gﬁﬂwgfss °§re qui red"'t"%n ton becaus& ggi %}égws %e
effective surface ciSossl i nigonegase toheaisspimdts walative|structure inghathethe dny and
the absorbent precursor pagolfdreStates, and because A% HmPi igELicomponeat | pHetdrsor

2pi ohl orohydr i n and & - perticlnndp i EIE BhRYRErR I AR eRRRAE meREiroE

resulting reaction’ ahsochent tariel eat Flluddistabildty dsi kameficiahcini veduring gel
groups. These addpGERi ngaBinee mc&mrfﬁmafe;maﬁwaiggr@emms when
(e.g., the r.eaction gro fLlJct_t&.f epi chl or ohydrin and ,ethylene .

di amine), or can 3510  pecankacksty it d 1R af‘g. %/1 ous  gne b ag?oﬂreﬁ'ﬂ?ﬁ]t‘ft
bet ween independent fine particles in an aggregate form to increase the

rate of fluid uptake of the resultant macrostructure without
introducing the element of gel blocking. '

Fluid stability can be measured in an aggregate

15 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 macrostructure is observed. A test
method for determining fluid stability based on these criteria is

20 hereafter described in the Test Methods section.

In use, liquids that are deposited onto or come in contact
with the macrostructures are imbibed by the precursor particles
or are passed into the pores and transmitted to other portions of
the macrostructure where they are imbibed by other precursor

25 particles or transported through the macrostructure to other
absorbent members adjacent thereto.

Various types of fiber material can be used as the
reinforcing members in the macrostructures of the present
invention. Any type of fiber material which is suitable for use

30 in conventional absorbent products is also suitable for use in
the macrostructures herein. Specific examples of such fiber
material include cellulose fibers, modified cellulose fibers,
rayon, polypropylene, and polyester fibers such as polyethylene
terephthalate (DACRON), hydrophilic nylon (HYOROFIL), and the

35 like. Examples of other fiber materials for use in the present

. womlid
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-iQ— epi chl orohydrin, and pol yam de-pol yam nes or

pol yet hyl enei m nes). The polyneric versions of these cationic

am no- epi chl or olpdrers4s adducts are typically referred t 0 BET/USI3r09821"
Oné type of am no conpound which can be reacted with 5 epi chl orohydrin
to formadducts useful in the present invention conpri ses nononeric
di-, tri- and higher am nes having primary or secondary am no groups
in their structures. Exanples of useful -444i ami nes of this type

i ncl ude bi s-2-am noet hyl et her, N, N- di et hyl et hyl enedi ami ne,

pi perazine, and ethyl enediqBA¢i8n in addition to some already discussed are hydrophilized
hydrophobic fibers, such as surfactant-treated or silica-treated
thermoplastic fibers derived, for example, from palvolefins such
as pelyethylene or polypropylene, polyacrylics, polyamides, _
5 polystyrenes, polyurethanes and the like. In fact, hydrophilized
hydrophobic fibers which are in and of themselves not very
absorbent and which, therefore, do not provide webs of sufficient
absorbent capacity to be useful in conventional absorbent
structures, are suitable for use in the macrostructures of the
10 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 absorbent capacity of the fiber material itself due to
the high rate of fluid uptake and lack of gel blocking properties
15 of the macrostructures of the present invention. Synthetic
fibers are generally preferred for use herein as the fiber
component of the macrostructure. Most preferred are polyolefin
fibers, preferably polyethylene fibers.
Other cellulosic fiber materials which can be useful in
20 certain macrostructures herein are chemically stiffened
cellulosic fibers. Preferred chemically stiffened cellulosic
fibers are the stiffened, twisted, curled cellulosic fibers which
can be produced by internally crosslinking ce]]u]osé fibers with
a crosslinking agent. Suitable stiffened, twisted, curled .
.25 cellulose fibers useful as the hydrophilic fiber material herein
are described in greater detail in U.S. Patent 4,888,093 (Dean
et al), issued December 19, 198%9; U.S. Patent 4,889,595 (Herron
et al), issued December 26, 1989; U.S. Patent 4,889,596 (Schoggen
et al), issued December 26, 1989; U.S. Patent 4,889,597 (Bourbon
30 et al), issued December 26, 1989; and U.S. Patent 4,898,647
(Moore et al), issued February 6, 1990, all of which are
jncorporated by reference.
As used herein, .the term "hydrophilic" describes fibers or
the surfaces of fibers which are wetted by the liquids deposited
35 onte the fibers (i.e., if water or aqueous body fluid readily



10 . Exanpl es of useful triamnes of this type include N am noethyl

pi perazi ne, and dial kyl ene .tri am nes such as di et hyl enetriam ne, and
di propyl enet ri aMOn®4/07546 Such amine materials are react SfFMPE/09021
epi'chl orohydrin to _ formthe cationic am no-epichl orohydrin adducts
useful as 15 crosslinking agents herein. Preparation of these adducts,
as . well as a nore conpl ete description_gf the adducts thensel ves,
can be found in U S. Patent 4,310,593 (G oss), Issued January 12,

1982, and in Ross et al, J. Oganic Chem stry, Vol. 29, pp. 824- 826

|(196ng . Both of these docuspeaids o @ri 6e PRY 3uPkhcBYof28he fibéefwatiUE Cregard to
n addition to nonomneric : i .

pol yet hyl enei m nes can al gigbggéu%'ggkgrs{%h@bﬁagg@émgﬁﬁgf ﬂmd or“forms 3 gel).
particularly desirable ani'8 Etatpothdthihath remechingr vaktiag of taterials allows

epi chl orohydrin to form prdefaritesh ofit hydroghopidiyyefand weddumi) 29 terms ro¥FStdhtact
ol yal kyl ene. pol yantnes: arioiss, (i f Sie Qb eiEeP ok M6 the 1iquialChad 861 {ds0"™
aci ds. Epi chl or ohydri n/ polp¥ehvad. p&hismis riiseepsaetia dgtail in the Americry [{hemica)
wat er - sol ubl e, thernoset t isogietgt Publiicatiion yentitied "ContactWihgle auettatlitknoing
e o o " MBS0 BOEhe . coutl ML pyrianeed 10 1300, 4
preferred class of cati onifébﬁfopynﬁév%%cer 8§ hdiber d csaiBotaibecwetdrd by a liquid
10 either when the contact angle between the liquid and the fiber or
surface is less. than 90° or when the liquid will tend to spread
spontaneously across the surface of the fiber; both conditions
normally coexisting.
The fiber material can be added to the macrostructures by
15 introducing the fibers into solution with the cationic amino-
epichlorohydrin adduct, by mixing with the precursor particles
prior to applying the adduct, or by adding the fiber material to
the adduct/precursor particle mixture. For example, the fiber
material can be kneaded into the adduct/precursor particle
20 mixture. The fiber material is preferably thoroughly mixed with
the solution so that the fiber material is uniformly dispersed
throughout the macrostructure. The fibers are also preferably
added before reacting the adduct with the polymer material of the
precursor particles.
25 The relative amount of fiber material mixed with the
precursor particles can vary widely. The fiber material is
preferably added in a range from about 0.01 parts to about 50
parts, more preferably in the range of from about 0.5 parts to
about 5 parts, by weight per 100 parts by weight of the precursor
30  particles. :
' E. Uses of Macrostructures
The porous, absorbent macrostructures can be used for many
purposes in many fields of use. For example, the macrostructures
can be used for packing containers; drug delivery devices; wound
35 cleaning devices; burn trcatment devices; ion exchange column



is first reacted with a pol yal kyl ene- pol yam ne, preferably in
aqueous sol ution, under conditions such as to produce a 35 .
wat er - sol ubl e, WoosugoTshéi n pol yan de containing the recurring PCT/US93/69021

- 20- groups - NH( CnH2nHN) X- CORCO- where n and x are each 2 or nore
and Ris the (Jerr] to (Jerr] al kyl ene group of the dicarboxylic
acid. A variety of polyal kyl ene pgj}yam nes including

pol yet hyl ene pol yam nes, pol ypropyl ene pol yam nes, pol ybutyl ene

pol yam nes and 5 so on can be enployed to prepare the

pol yan de- pol yam ne, of materialsydonfitriubiopohadtes A s £Rgrvall yural NeshérRREATAR)
an econom cal ly materials such as seed sheets or water-retentive materials; and

~ industrial uses such as sludge or oil dewatering agents,
materials for the prevention of dew fcrmation, dessicants, and
5 - humidity control materials.

The porous, absorbent macrostructures of the present
invention are useful when'joined to a carrier. Carriers useful
in the present invention include absorbent materials such as
cellulose fibers. The carriers also can be’any other carriers as

10 are known in the art such as nonwoven webs, tissue webs, foams,
polyacrylate fibers, apertured polymeric webs, synthetic fibers,
metallic foils, elastomers, and the like. The macrostructures

" can be joined directly or indirectly to the carriers and can be
Joined thereto by chemical or physical bonding such as are known

15 in the art, including adhesives or ‘chemicals that react so.as to
adhere the macrostructures to the carriers.

Because of the unique absorbent properties of the porous, .
absorbent macrostructures of the present invention, they are
especially suitable for use as absorbent cores in absorbent

20 articles, especially disposable absorbent articles. -As used
herein, the term "absorbent article" refers to articles which
absorb and contain body exudates and more specifically refers to
articles which are placed against or in proximity to the body of
the wearer to absorb and contain the various exudates discharged

25 from the body. Additionally, "disposable™ absorbent articles are
those which are intended to be discarded after a single use
{(i.e., the original absorbent article in its whole is not
intended to be Taundered or otherwise restored or reused as an
absorbent article, although certain materials or all of the

30 absorbent article may be recycled, reused, or composted). A
preferred embodiment of a disposable absorbent article, diaper
20, is shown in Figure 5. As used herein, the term "diaper"
refers to a garment generally worn by infants and incontinent
persons that is worn about the lower torso of the wearer. It

15 "should be understood, however, that the present invention is also
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preferred cl ass. More specifically, preferred polyalkylene

pol yam nes used to prepare the cationic polyneric resins herein are
pol yami nes contWORd/f546v0 prinary amine groups and at least 10 PCT/U3409021
secondary am ne group in which the nitrogen atons are |inked

toget her by groups of the formula -CnH err]n- where n is a smal

i nteger greater than unity and the nunber of sygh groups in the

nol ecul e ranges fromtwo up to about eight and preferably up to

about four. The nitrogen atons can be attached to adjacent 15 car bon
atons in the group -CnH eggplifcabdé t® XAEPOibsOFIMAE BEUIENE such as indP@ihent

but not to the same car bo{)\ré%x’ M 5 o3 né ntpea {/a{reaqnhﬁj ©fts, (diaper . .Llﬁigerclfs,

such pol yani nes as diethy riam ne,
tetraethyl enepent ani ne, dt3i &Py %ﬂ?ﬁ’aﬁi%é‘ tinttesnparer towelsy jaad t*\ﬁhhﬂ?
can be obtained in reasonabl yrigure 5f dsm pek-spctiveh@i@b of the fdoaRgGoRNGf tthe

rost Dreferred are ¢he pobXhY RGPl YA Tt hcontragtes SERLAL N ERTEN Yehe

to four ethylene groups
three secondary anine gr o%ﬂ;iét": induced contrag}igp (E‘Wé'?rbl'ﬁttbdwrdﬁmﬂﬁseﬂfhélhél n

are polyam ne precursor structuretRlifg icat awaprtoandtengdedily Sk thdeostamdtion of
groups with af Least 25 e d%%r%otapﬁswrw PERIE R Kifer 25" Ben

group. Suitable nes o
bi s(3-ani nopropyl ) ani ne, conticts theevearer F§[92 'é?m"iﬁﬁ'@fhyl"b’%lﬁﬂmer 20 is shown in
N- (2-ami noet hyl ) pi pRr azi neigure 5 to préfefabliynesnpyide aetilquid petwbtartiopsheat @s; a

the like. TOF ol ARSI bls® bRGsHE L fb 1R8I WP tFRYoneth 1,1 27
absorbent core 42 positioned between the topsheet 38 and the
backsheet 40; elastic members 44; and tape tab fasteners 46.
While the topsheet 38, the backsheet 40, the absorbent core 42,

15 and the elastic members 44 can be assembled in a variety of well
known configurations, a preferred diaper configuration is
described generally in U.S. Patent 3,860,003 (Buell), issued
January 14, 1975, which is incorporated by reference.
Alternatively preferred configurations for disposable diapers

20 herein are also disclosed in U.S. Patent 4,808,178 (Aziz et al}),
issued February 28, 1989; U.S. Patent 4,695,278 {Lawson), issued
September 22, 1987; and U.S. Patent 4,816,025 (Foreman), issued
March 28, 1989, all of which are incorporated by reference.

Figure 5 shows a preferred embodiment of the diaper 20 in

25 which the topsheet 38 and the backsheet 40 are co-extensive and
have length and width dimensions generally larger than those of
the absorbent core 42. The topsheet 38 is joined with and
superimposed on the backsheet 40 thereby forming the periphery of
the diaper 20. The periphery defines the outer perimeter or the

30 edges of the diaper 20. The periphery comprises the end edges 32
and the longitudinal edges 30.

The topsheet 38 is compliant, soft feeling, and
non-irritating to the wearer’s skin. Further, the topsheet 38 is
Jiquid pervious permitting liquids to readily penetrate through
35 jts thickness. A suitable topsheet 38 can be manufactured from a



30 f oregoi ng polyam nes to formthe pol yam de-pol yam ne precursors

af the preferred cationic polyneric resins useful herein conprise

t hee saturatedwmbdmpisasi c C3-Cerr]. dicarboxylic - acids. Vo rRET/US93/09021
preferred are those containing from3 to 8 carbon atonms, such as

mal oni ¢, succinic, "glutaric, adipic, and so on, together with 35
diglycolic acid. O these, diglycolic acid ang4the saturated

-21- al i phatic dicarboxylic acids having from4 to 6 carbon atons

in the nol ecul e, nanely, succinic, glutaric and adipic are nost
wide range of materials such as porous foams, reticulated foams,

apertured plastic films, natural fibers (e.g., wood or cotton
fibers), synthetic fibers (e.g., polyester or polypropylene
fibers) or from a combination of natural and synthetic fibers.
5 Preferably, the topsheet 38 is made of a hydrophobic material to
isolate the wearer’s skin from liquids in the absorbent core 42.
A particularly preferred topsheet 38 comprises staple length
polypropylene fibérs having a denier of about'I.S, such as -
Hercules type 151 polypropylene marketed by Hercules, Inc. of
10  Wilmington, Delaware. As used herein, the term “staple length
' fibers" refers to those fibers having a length of at least about
15.9 mm (0.62 inches).
There are a number of manufacturing techniques which can be
used to manufacture the topsheet 38. For example, the topsheet
15 38 can be woven, nonwoven, spunbonded, carded, or the like. A
preferred topsheet is carded, and thermally bonded by means well
known to those skilled in the fabrics art. Preferably, the
topsheet 38 has a weight from about 18 to about 25 grams per
square meter, a minimum dry tensile strength of at least about
20 400 grams per centimeter  in the machine direction, and a wet
tensile strength of at least about 55 grams per centimeter in the
cross-machine direction.
The backsheet 40 is impervious to liquids and is preferably
manufactured from a thin plastic film, although other flexible
25 liquid impervious materials may also be used. The backsheet 40
prevents the exudates absorbeﬂ and contained in the absorbent
core 42 from wetiing articles which contact the diaper 20 such as
bedsheets and undergarments. Preferably, the backsheet 40 is '
polyethylene film having a thickness from about 0.012 mm (0.5
30 mil) to about 0.051 centimeters (2.0 mils), although other
flexible, liquid impervious materials can be used. As used
herein, the term "flexible" refers to materials which are
compliant and which will readily conform to the general shape and
contours of the wearer’s body. '

35



pr'aferred Bl ends of two or nore of these dicarboxylic acids can

afso be used, as well_as blends of one or nore of these with 5 her
saturated ali phé\"n‘ 474, boxylic acids such as azel aic and _chféﬁagfﬂ%ﬂ?‘
as | ong as the resulting | ong chai n pol yam de- pol yam ne S

wat er-sol ubl e or at |east water-dispersible. The _

pol.yam de-pol yam ne materials prepared from-4§he f oregoi ng .

pol yam nes and di carboxylic acids are react ed with 10 epi chl orohydrin
to form the cationic polyneric amn epi chl or ohydrin resins

preferred for use herein as tHhb suitable mlmg@wlmu figlmagenmanuPratpaeditiyoMorshnt o
such materials is describeChemical CorpogHtead Qnd Gakidted i in %estrfo%t &0 1m f§4 8020.

RGN T SS“E&J&&&“&W&%"S Pardatly emassnd Sromsds tiedsney, o
i ssued July 25, 196Provigde agorgrslohiike ipReyIaper at Burther r ¢herbeoksheet 40
The cationic pol yam5de poln;aarrpmwma@b}smehystraw ffrﬂrﬁlﬁh‘é absorbentPl eer4 ile

for use herein as crossli a rcia

Hercul es Inc. under the t%gggﬁgmﬂ?(&ﬂeéﬁf r°?0pa55¥"95§b'é"é'ﬁ5n%§ §$W¥ 40.
are Kynene[err] 557H, Kyrrene[eTth]S‘SSﬂfﬁ%éaWhﬁtef@ns]dﬁS?ted by the Rlius of the
whi ch are the epi chl or ohydibsorbentiuere 42f applty@rdxdet diaper deP@hywe@&?ﬁ whjchh

th t duct h a | pi ¢ acl d.
They are ypically market EAcTaArEhotBRRen} " backsneer (30, Gl ac modifiedne

cationic resin matefPal chAvEEIASST§hIReORAtRAding beyindittha Giltsoxbeab castre 3R%a hyinimum
wei ght of the resin activdistance of at least about 1.3 centimeters to about 2.5

centimeters (about 0.5 to about 1.0 inch) around the entire
diaper periphery.
The topsheet 38 and the backsheet 40 are joined together in
15 any suitable manner. As used herein, the term "joined"
encompasses configurations whereby the topsheet 38 is directly
Joined to the backsheet 40 by affixing the topsheet 38 directly
to the backsheet 40, and configurations whereby the topsheet 38
is indirectly joined to the backsheet 40 by affixing the topsheet
20 38 to intermediate members which in turn are affixed to the
backsheet 40. In a preferred embodiment, the topsheet 38 and the
bacKksheet 40 are affixed directly to each other in the diaper
periphery by attachment means (not shown) such as an adhesive or
any other attachment means as known in the art. For example, a
25 uniform continuous layer of adhesive, a patterned layer of
adhesive, or an array of separate lines or spots of adhesive can
be used to affix the topsheet 38 to the backsheet 40.
Tape tab fasteners 46 are typically applied to the back
waistband region of the diaper 20 to provide a fastening means
30 for holding the diaper on the wearer. The tape tab fasteners 46
can be any of those well known in the art, such as the fastening
tape disclosed in U.S. Patent 3,848,594 (Buell), issued November
19, 1974, which is incorporated by reference. These tape tab
fasteners 46 or other diaper fastening means are typically
35 applied near the corners of the diaper 20.
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D. - Preparation of Interparticle Bonded Aggregates and

Matr ost ruct ures : In preparing the interparticle bonded
aggr,egat es t hat WO 94/07546onpri se t he porous, absorbent nacrostrucPOF&S9319021
the present 30 _invention, the absorbent precursor particles are
treated with an sufficient amount of the cationic

am ro- epi chl orohydri n adduct to _ r eact WMED the polynmer material at
the surface of the particles so as to cause effective crosslinking,
i.e., the crosslinked surface of the particle swells less in the

presence of aqueous 35 bothe thaytde meRbeisi ¥€ ark Yikpoied EdjOSt| tHeCPeriphery

portions. What
that the elastic members 44 tend to draw and hold the diaper 20
against the legs of the wearer. Alternatively, the elastic

5 members 44 can be disposed--adjacent either or both of the end
edges 32 of the diaper 20 to provide a waistband as well as or
rather than leg cuffs. For example, a suitable waistband is
disclosed in U.S. Patent 4,515,595 (Kievit et al), issued May 7, -
1985, which is incorporated by reference. In addition, a method

10 and apparatus suitable for manufacturing a disposable diaper
having elastically contractible elastic members is described in
U.S. Patent 4,081,301 (Buell), issued March 28, 1978, which is
incorporated by reference.

The elastic members 44 are secured to the diaper 20 in an.

15 elastically contractible condition so that in a normally
unrestrained configuration, the elastic members 44 effectively
contract or gather the diaper 20. The elastic members 44 can be
secured in an elastically contractible condition in at least two
ways. For example, the elastic members 44 can be stretched and

20 secured while the diaper 20 is in an uncontracted condition.
Alternatively, the diaper 20 can be contracted, for example, by
pleating, and the elastic members 44 secured and conriected to the
diaper 20 while the elastic members 44 are in their unrelaxed or
unstretched condition.

25 . In the embodiment illustrated in Figure 5, the elastic
members 44 extend along a portion of the length of the diaper-20.
Alternatively, the elastic members 44 can extend the entire
length of the diaper 20, or any other length suitable to provide
an elastically contractible line. The length of the elastic

30 members 44 is dictated by the diaper design.

| The elastic members 44 can be in a multitude of configura-
tions. For example, the width of the elastic members §4 can be
varied from about 0.25 millimeters {0.01 inches) to about 25
millimeters (1.0 inch) or more; the elastic members 44 can .
35 comprise a single strand of elastic material or can comprise

of the diaper 20, preferably along each longitudinal edge 30, so ..
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cénstitutes "a sufficient anmbunt" of the adduct depends upon a
nenber of factors, including the particul ar absorbent precursor .
parficles treat WO 94/884parti cul ar ani no- epi chl orohydrin adduct PCT/US93/09021
used, the particular effects desired in formng the interparticle 5

bonded aggregate, and like factors. |In the case of nononeric
am.no-epi chl orohydrin adducts, such as a Qgkperazine-

epi chl or ohydri n adducts, the anpbunt of adduct used can be in the

range of fromabout 0.1 to about 3 parts by weight, preferably from
about 0.5 to about 1.5 paseeerby paeialdel ormomi-ppradlelr athapds rafneld3tic mabdrdat; or
0.8 to about 1.2 parts b}%“@'egmtfic berd0aP3 ﬁ%ebyec‘ﬁ@ﬁ@mr or curvilitkal.Nestin
absorbent precursor parti ei. I'n t&i case 0 @pr Ierre . po#{nerlc .
ani no- epi chl or ohydri n resfHEheG the £1a34)rempmpensy #4 539 pe affixed tojkhq digper in
Plus, the amount of resinausefl seserdiewdysoshiabaure.i@odn tio the art. Favoenanple, the
parts by weight, preferabbyashiOmeabond! 49- ead be2RAtasenRalPy bond@f' hgaPYand

wei ght, nost preferably from about 1 .to about 2 par . . weight, .

bor J100 parts by weight oPf&ErEBERIeMto it dfadsr 20 using a,upriety'cas bording
Besi des t he absorbent prepatteons parthectlast amchenberscét icamisimply be glued to the
am no- epi chl or ohydri n addyflye. Qgher conponents or agents can be 20 used

as aids in preparing the interpartic)e bonded agq&egates. . . For
exanpl e, water is typically ubedabiorbentherrsatfuef e 413pen 4R 1s positiongg petpeen
treatment sol ution ther eothe YdpsheetpB8namtickhet baxksinetod0n The absorbent core 42 can

be manufactured in a wide variety of sizes and shapes (e.g.,
rectangular, hourglass, asymmetrical, etc.) and from a wide
variety of materials. The total absorbent capacity of the
absorbent core 42 should, however, be compatible with the design

15 liquid loading for the intended use of the absorbent article or
diaper. Further, the size and absorbent capacity of the
absorbent core 42 can vary to accommodate wearers ranging from
infants through adults. The absorbent core 42 comprises the
porous, absorbent macrostructures of the present invention.

20 _ A preferred embodiment of the diaper 20 has a rectangular-
shaped absorbent core 42. As shown in Figure 6, the absorbent
core 42 preferably comprises an absorbent member 48 comprising an
envelope web 50 and a porous, absorbent macrostructure 52
disposed in the envelope web 50. The macrostructure 52 is

25 encased in the envelope web 50 to minimize the potential for the
precursor particles to migrate through the topsheet and to
provide an additional liquid transport layer between the topsheet
38 and the macrostructure 52 to enhance liquid acquisition and
minimize rewet. As shown in Figure 6, a single envelope web 50

30 is wrapped about the macrostructure 52 by folding to form a first
layer 54 and a second layer 56. The edges 58 of the envelope web
50 are sealed about its periphery by any conventional means such
as an adhesive 59 {as shown), ultrasonic bonds, or heat/pressure
bonds, to form a pouch. The envelope web 50 can comprise a

35 aumber of materials including nonwoven webs, paper webs, or webs



dlsper5|on of the adduct on the surface of the precursor ~ particles

and causes perneation of the adduct into the surface 25 regi ons of

t hese particl eawoo¥¥ays#s al so ‘pronptes a stronger physi cBFT/US93/69021
associ ation between the treated precursor particles, provi di ng
greater integrity of the resultant interparticle bonded crosslinked
aggregates. In the present invention, water is_ggsed I n an anmount of

| ess than about 25 parts by weight (i.e. from0O 30 to about 25 parts by
wei ght), preferably in the range of from about 3 to about 15 parts
by wei ght, nore preferabl pfiabstitent amagerials such asftibsuenpaeeut The teavellnpeltwel (50
parts by weight, per 100 ?‘éi‘e?al?\,y/ comprises Wog\b@veﬁ’glebhﬁmﬁ)fﬁ'c%sﬁg bs used to
particles. The actual amunt o can vary dependin upon

the type of adduct used,

-TRE F%éo&hegg 38.  ThgnpReaven el i Saw‘ejggqjﬂy rhy ropl'nhc

form ng the precursor par ttoodlésw Ytigeids to rapidly pass through the envelope web 50.
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Similar layered absorbent members ({laminates) are more fully
described in U.S. Patent 4,578,068 (Kramer et al), issued
March 25, 1986, which is incorporated by reference.

Alternatively, the absorbent cores 42 of the present
invention can consist solely of one or more (a plurality of the)
porous, absorbent macrostructures of the present invention; can
comprise a combination of layers including the macrostructures of
the present invention; or any other absorbent core configurations
including one or more of the macrostructures of the present
invention. _ '

Figure 7 shows an alternative embodiment of the diaper 120
comprising a dual-layer absorbent core 142 comprising a modified
hourglass-shaped absorbent member 60 and a sheet 62 of the
porous, absorbent macrostructure positioned subjacent the
absorbent member 60 (i.e., between the absorbent member 60 and
the backsheet 40). ' -

The absorbent member 60 serves to qhick]y collect and
temporarily hold discharged liquids and to transport such liquids
by wicking from the point of initial contact to other parts of
the absorbent member 60 and to the macrostructure sheet 62. The
absorbent member 60 preferably comprises a web or batt of fiber
materials. Various types of fiber material can be used in the
absorbent member 60 such as the fiber materials previously
discussed herein. Cellulosic fibers are generally preferred for
use herein, wood pulp fibers being especially preferred. The
absorbent member 60 can also contain specific amounts of a
particulate, absorbent, polymeric composition. The absorbent
member 60, for example, can contain up to about 50% by its weight
of the polymeric composition. In the most preferred embodiments,
the absorbent member 60 contains from 0% to about 8% by its
weight of a particulate, absorbent, polymeric composition. In
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-23- particle size of these precursor particles, the inclusion of
ot her optional conponents (e.g., glycerol) and |ike factors. -
Al't.Aough not abee) egyeisye necessary, organi ¢ sol vents can be - PCIUES9B/09021
usual ly to pronote uniformdispersion of the cationic 5

am no- epi chl orohydrin adduct onto the surface of the precursor

particles. These organic solvents are typicall%hhydrophilic, and ° can
i ncl ude | ower al cohol s such as net hanol and etf¥anol ; am des such as
N, N- di et hyl f ormam de and N, N-di et hyl f or ram de; and sul f oxi des

such as di net hyl sul foxide, lf a.hydrophilic sqlvent_ is 10 sed, it i

in an anount of |ess thaﬁlﬁﬁgﬁ?‘%y p?i'}r)e?g"t?@ 6@3"5}-&““’ the ?l?s.og‘%]en?r B?H'tlﬁrtgo
about 20 parts by weight Jcompriseerchenicaily tsthéffened celldngis Gfbensoms atrewtously
to about 15 parts by wei Gikcusd®d Berein. ExBfifiapy ahbotinéntsher RAO B s&beht Halber

about 8 to about 12 parts,b . Lght . p t wei ght, of Jt he
precursor ‘particles. The%?Sé(se{:uﬂl alt H\'z%epa Se%t‘%g?njtggraggéhq%ls?%'b\é\gl@ehtb‘ugﬁt&"t
can vary dependi n§ upon 4,673,402 {Ueisaam @t ¥edissuee Jpra Yherl98hx and Al.Sudatent

form ng the precursor 4,834,038 YATdmRRy et N )Paiskiiéd Rayp38E 1089, BEGE of which are
precursor particles and revio

. |I§e factors. As usl
noted, the use of hydropHF®POEI§e b rgt?"ﬁ%‘fﬁ's Absorbent menbérs’having 3 storage
Zzane and an acquisition zone having a lower average density and a

lower average basis weight per unit area than the storage zone so
10 that the acquisition zone can effectively and efficiently rapidly
acquire dischargéd.liquid are especially preferred for use
herein.
The absorbent member 60 can be of any desired shape, for
example, rectangular, oval, oblong, asymmetric or hourglass-
15 shaped. The shape of the absorbent member 60 can define the
general shape of the resulting diaper 120. 1In the preferred
embodiments as shown in Figure 7, the absorbent member 60 is
hourglass-shaped.
The macrostructure sheet 62 of the present invention need
20 not be the same size as the absorbent member 60 and can, in fact,
have a top surface which is substantially smaller or larger than
the top surface area of the absorbent member 60. As shown in
Figure 7, the macrostructure sheet 62 is smaller than the
_ absorbent member 60 and has a top surface area from about 0.10 to
25 about 1.0 times that of the absorbent member 60. Most
preferably, the top surface area of the macrostructure sheet 62
will be only from about 0.10 to about 0.75, and most preferably
from about 0.10 to about 0.5 times that of the absorbent member
60. In an alternative embodiment, the absorbent member 60 is
30 smaller than the macrostructure sheet 62 and has a top surface
area from about 0.25 to about 1.0 times, more preferably from
about 0.3 to about 0.95 times that of the macrostructure sheet
62. In this alternative embodiment, the absorbent member 60
preferably comprises chemically stiffened cellulosic fibers, as
35 previously described.
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20 ~ I's not necessarily required in preparing bonded particle aggre-

gates of the present invention. Indeed, it can be desirable to avoi d
t Hefuse of suchwogseisdaé sol vents. Such sol vents typically PCIZUEIY/090RE
renoved fromthe aggregate before it is suitable for its intended
wse. The renoval of organic solvents is frequently 25 an energy and
process intensive, and adds addi-tional processing costs. Sone
hydrophilic sol vents, such as isoproponal or =50= t-butanol, can cause

t he am no-epi chl orohydrin adduct to - precipitate out of solution and

are therefore undesirable for ' lsnd e .
The macrosttpﬁc'iuféataﬂgé‘tb 62 13 ggérjﬁ[’era 12 gPJL'eX in a

solvents typically used in 3Q reparin onde | C ggre

) .. ] he bonde at es
of the present invention Specific an’tﬂW@]I Fiogshipnpith §%&Pﬁ°‘a§°n@@h%&?g§he&ﬁcﬁ°

et hanol that are not and/bothenarsgybent memberes® inntrendiapert oMevenpareicwndly,
gougghscause thgol Ut on a@%@ﬁa&%‘s#ﬂc@ﬁ@‘&ﬂéétnsé‘dﬁuS&sitt%ri%rde&éd%ﬂﬁtyet&}éfrdthe
q E ' ?ront of the diaper so that the macrostructure sheet 62 is most

effectively located to acquire and hold discharged liquids.

In alternatively preferred embodiments, a plurality of
.macrostructures, preferably from two to six macrostructure strips
or sheets, can be substituted for the single macrostructure sheet

10 62 shown in Figure 7. Further, additional absorbent layers,
members, or structures can be placed into the absorbent core 142,
For example, an additional absorbent member can be positioned
between the macrostructure sheet 62 and the backsheet 40 to
provide reserve capacity for the absorbent core 142 and/or a

15 layer to distribute liquids passing through the macrostructure .

- sheet 62 to other portions of the absorbent core 142 or to the

macrostructure sheet 62. The macrostructure sheet 62 cin also
alternatively be positioned over the absorbent member 60 so as to
be positioned between the topsheet 38 and the absorbent member

20 60. '

Figure 8 shows an alternative embodiment of a diaper 220
comprising an alternative dual-layer absorbent core 242
comprising a rectangular shaped absorbent member 260 and three
elongated parallel spaced macrostructure strips 262 positioned

25 between absorbent member 260 and backsheet 40.

The absorbent member 260 serves to quickly collect and
temporarily hold discharged liquids and to transport such liquids
by wicking from the point of initial contact to other parts of
the absorbent member 260 and to macrostructure strips 262. This

30 absorbent member 260 preferably comprises a web or bat of fiber
materials, most preferably chemically stiffened cellulosic fibers
as previously discussed herein. Macrostructure strips 262
together act to acquire and hold the discﬁarged 1liquids. By
spacing macrostructure strips 262 from one another, a more

35 effective surface area is presented for acquiring and holding the
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- 24- O her optional conponents can also be used with the
cationic am no- epi chl or ohydri n adduct, and especi ally aqueous

t redt ment wo¥3gskins thereof. It is particularly prefer PEA/¥$P3(090He
treatment solution conprising the cationic am no-epichlorohydrin 5

adduct include a plasticizer, especially when the treated precur sor
par.ticles are anbient tenperature cured as deggfjbed hereafter. 1In
t he absence of a plasticizer, the treated precursor particles, when
formed into the interparticle bonded aggregates, can be relatively

brittle, and thus nore didfschafgh 11Quidd. ThiBaNdhertiERAT) Ark¥ {#hcaBifeNSpdcBE
ultimately desired absorbent struct%éfs. Inct sion of a.plasticizer

in the treatnent sol utiorfacrostructure Strips e ﬁdf’?i Qaquﬁt‘grﬁ'ﬁrmr@fz 1on
bonded aggregates (when of theirawisitbntwitkoupeirdecieringuvitd) thorbividy aafi adjacent

fl exi bl e porous, aNF9pP B achBireOSischirged Squiddr ticul arly flexible,
por ous, 15 absgrbent sheetss, of 1 di Hef #7458 'Gb el ORI UdHOr 2243t ioning

These
- the back waistband region under the wearer’s back, and drawing

the reminder of the diaper 20 between the wéarer’s legs so that
the front waistband region is positioned across the front of the
wearer. The tape-tab fasteners 46 are then secured preferably to

10 outwardly facing areas of the diaper 20. In use, disposable
diapers or other absorbent articles incorporating the porous,
absorbent macrostructures of the present invention tend to more
quickly and efficiently distribute and store liquids and to
remain dry due to the high absorbent capacity of the

15 macrostructures. Disposable diapers incorporating the
macrostructures of the present invention can also be thinner and
more flexible.

SYNTHETIC URINE

20 The specific synthetic urine used in the test methods of the
present invention is referred to herein as "Synthetic Urine”.
The Synthetic Urine is commonly known as Jayco SynUrine and is
available from Jayco Pharmaceuticals Company of Camp Hill,
Pennsylvania. The formula for the Synthetic Urine is: 2.0 g/}

25 of KC1; 2.0 g/1 of NazS04; 0.85 g/1 of (NHg)H2PO4; 0.15 g/1
(NH4)2HPO4; 0.19 g/1 of CaClz and 0.23 g/1 of MgCiz. All of the
chemicals are of reagent grade. The pH of the Synthetic Urine is
in the range of 6.0 to 6.4.

30 TEST METHODS
" A. ABSORPTIVE CAPACITY OF THE PRECURSOR PARTICLES

The polymeric composition is placed within a "tea bag",
immersed in an excess of Synthetic Urine for a specified period
of time, and then centrifuged for a specific period of time. The

35 ratio of polymeric composition final weight after centrifuging.



fl exible sheets are relatively easy to handle in naking the

uItlnater desired absorbent structures. Suitabl e plasticizers
i nc)'ude wat er, Wooe™46i N conbi nati on Wi t h ot her conponar@TRUSS8709026
gl.ycerol, prgpylene_glycol (i.e. 20 1, 2- propanediol), 1, 3-propanediol,
ethyl ene glycol., sorbitol, sucrose, polyneric solutions such as

t hose invol ving pol yvi nyl al cohol , ester _precursors of polyvinyl

al cohol, or polyethyl ene gl ycol, or. mi X247 es t hereof, These ot her
conponents-in the pl asticizer, such as glycerol, are believed to act

as humectants, 25 copmﬁal Cih??i 9%-&3@ h,.,etWi#]Di&"’aéa%) bﬁd ”ﬂ,ﬂthﬁ R.fm&ff'{ry

pl asti ci zer. The p rred €
invention is a i x defeEmiesy %MSGFPHNEI cv%ﬁf"élty part i cul arI y vvhen
i ncl uded as part of anTeeufdliowing caronedire Sial udondvtted Ufdercathamiird

am no- epi chl or Ohyﬁig%o'?g?o?gu&}nmfﬁn? \@E‘k:g-ht ¥3at—?icangf ?(9' ¥ f‘abt"?ve th8mlé1 §y-

wat er of 30 from about rom a
to about 1.751. Using a 6 cmphdZ gh G&? ’ﬁ%’dﬁt the %ﬂaaéiﬂ prterial degeut,
can vary dependi ng folded inhkRalfatdngehwiae antastlaled Abongutddsidelewittlipe Tofar

pol ymer mat eri al e_brecu r rt €35
particular flexibhility ef? af:itegrk(fegfé’gggg JI% c‘? £e f“zgt“% L&Jaﬁé %R@l tteg ba%
material utilized is a grade 1234 heat sealable material,

obtainable from C.H. Dexter, Division of the Dexter Corp.,

10 Windsor Locks, Connecticut, U.S.A., or equivalent. Lower
porosity tea bag material should be used if required to retain
fine particies. 0.200 grams plus or minus 0.005 grams of the
polymeric composition is weighed onto a weighing paper and

_ transferred into the tea bag, and the top (open end) of the tea

15 bag is sealed. An empty tea bag is sealed at the top and is used
as a blank. Approximately 300 milliliters of Synthetic Urine are
poured into a 1,000 milliliter beaker. The blank tea bag is
submerged in the Synthetic Urine. The tea bag containing the
polymeric composition (the sample tea bag) is held horizontally

20 to distribute the material evenly throughout the tea bag. The
tea bag is laid on the surface of the Synthetic Urine. The tea
bag is allowed to wet, for a period of no more than one minute,
and then is fully submerged and soaked for 60 minutes.
Approximately 2 minutes after the first sample is submerged, a

25 second set of tea bags, prepared identically to the first set of
blank and sample tea bags, is submerged and soaked for 60 minutes
in the same manner as the first set. After the prescribed soak
time is elapsed, for each set of tea bag samples, the tea bags
are promptly removed {using tongs) from the Synthetic Urine. The

30 samples are then centrifuged as described below. The centrifuge
used is a Delux Dynac 11 Centrifuge, Fisher Model No. 05-100-26,
obtainable from Fisher Scientific Co. of Pittsburgh, PA, or
equivalent. The centrifuge should be equipped with a direct read
tachometer and an electric brake. The centrifuge is further

35 equipped with a cylindrical insert basket having an approximately



- 25- Typically, the plasticizer is used in an anmount of from about
5 to about 100 parts by weight, preferably fromabout 5 to about 60
pacts by wei ghtwo sayowsdpr ef erably from about 10 to about 30 partscr/US93/09dzy
wei ght, nost preferably from about 15 to about 20 parts by 5 wei ght,
per 100 parts by weight of the precursor particles. In the
method of the present invention, the absorbeqﬁ precursor particles
can be treated with the cationic am no- “epi chl orohydri n adduct,
typically an aqueous solution thereof, by any of a variety of

trgfgp: ques. H:ﬁgl In nchdeﬁ&y (ﬁe.ishaﬁ’) h9dh dfter walRRRALNi 208 a@kuitnkﬂnmt@zs cm)
spraying, atom zi ng, g_co s?#d'e Yr Fggng?%l’ﬁ (28355’ “t"ﬁe"%ggrddé'?ﬁt"’ and 9
precursor particles vvithovm@adatqfonwm'oamanoly 106 3/32 inch (0.238 cm) diameter
circular holes equally spaced around the circumference of the
) outer wall, and having a basket floor with six 1/4 inch (0.635)
| cm) diameter circular drainage holes equally spaced around the
circumference of the basket floor at a distance of 1/2 inch {1.27
cm) from the interior surface of the outer wall to the center of
the drainage holes, or an equivalent. The basket is mounted in
10 the ;entrifuge so as to rotate, as well as brake, in unison with
the centrifuge. The sample tea bags are positioned in the
centrifuge basket with a folded end of the tea bag in the
direction of the centrifuge spin to absorb the initial force.
The blank tea bags are placed to either side of the corresponding
15 sample tea bags. The sample tea bag of the second set must-be
placed opposite the sample tea bag of the first set; and the
blank tea bag of the second set opposite the blank tea bag of the -
first set, to balance the centrifuge. The centrifuge is started
and allowed to ramp up quickly to a stable speed of 1,500 rpm.
20 Once the centrifuge has been stabilized at 1,500 rpm, a timer is
set for 3 minutes. After 3 minutes, the centrifuge is turned off
and the brake is applied. The first sample tea bag and the first
blank teatbag are removed and weighed separately. The procedure
is repeated for the second sample tea bag and the second blank
25 tea bag. The Absorptive Capacity (ac) for each of the sampies is
calculated as follows: ac = (sample tea bag weight after
centrifuge minus blank tea bag weight after centrifuge minus dry
polymerié composition weight) divided by {dry polymeric
composition weight). The Absorptive Capacity value for use
30 herein is the average Absorptive Capacity of the two samples.
B. 'ELUID STABILITY '
The -objective of this method is to determine the stability
of an_ aggregate upon exposure to Synthetic Urine.
The sample macrostructure is placed in a shallow dish. An
35 excess amount of Synthetic Urine is added to the macrostructure.

et Y



eplchlorohydrln adduct, or solution thereof. As used herein, the

tern1 "appl i ed" neans that at least a portion of the surface area 15 of
at “]'east some ofyvg egoaecursor particles to be bonded together PpCr/US93i08021
an, effective _anount _of the adduct on it to cause surface

crqsslinking. In other words, the cationic adduct can be applied

onto sone of the precursor particles, all of tgg pr ecur sor :
particles, a portion of the surface of sone or”all of the 20 precur sor
particles, or the entire surface of sone or all of the precur sor

particles. Preferably, thfhe.addi¢ing of Ctﬂé‘tn?agrm?ﬁ’ctﬂxpg is observéd hAti§ Sdifi{ fHfrfum

of nost, preferably all, of the a sor ur sor artlcles SO as
to enhance the efficiency! _sf?aéhﬁﬂb ‘"'"'9 ”}fno"b&gﬁ‘?i% of’ftﬁ’ée swelling
interparticle bonds bet \Amroiteuq;ﬂueeurﬁmr rasrostruqtare i m.*. eshseasediefor amaline

desired surface crosslinkifngiQlst®i@aking off Wbd{”ﬁ% Hﬁtneﬁbg’liegiﬁ tE?at%‘l’étf -3k
of these precursor particle I ment ~of

of the present inv&ntion, particles Ehoating; Away ?5% ﬁgﬁt“@ﬁl ﬁ?quWtﬁasmbé’éﬁt‘c e
applied onto the precursoexpansion endarin ¢hedwotdigensiestled-prpjane sith particles

particles are m xed or '%5!?9:939:1d floitqgﬁtﬂﬁ‘tr PYorPthe Haift BYFRGLLeOT 1 pHeNg

or layering techniques to nsur.e t B ursor pdarticles are
t horoughly coated with aggrega@ﬁé'afr%aﬁ:%nf'""ébﬁr J'i gfpxen Bé'éélfé’@p‘{"r‘?ét particles,
precursor particles are the macroStouctugll ys coas iddred uhstabéet r s¢ naotrostructure

solution, the effigdency, sho?ﬂd a)soobé %'Bgétmed %fj ﬁﬁf‘)sdptué’ s%]ﬁggeb??‘%ebﬁhﬁ@t_ﬁ@e

the precursor 35 part es I's enhanced % surf crossl|
resul ting remains relatively stab'le an the relative geometry and spatu

relationships of the precursor particles and the pores are
maintained after the test procedure, the macrostructure is
considered stable. Preferably, fluid stable macrostructures are
18 capable of being picked up in their swollen state without
breaking apart.
C. PRECURSOR PARTICLE SIZE AND MASS AVERAG PARTICLE SIZE
The particle size distribution on a weight percent basis of
a 10 gram bulk sample of the precursor particies is determined by
20 sieving the sample through a set of 19 sieves ranging in size
from a standard #20 sieve (850 microns) through a standard #400
sieve (38 microns). The sieves are standard sieves as obtainable
from the Gilson Company, Inc. of Worthington, Ohio. The
procedure is carried out on three stacks of sieves at a time
25 since the equipment used cannot hold all 19 sjeves at one time.
A first stack contains steves #20, 25, 30, 35, 40, 45, and 50
plus the sieve pan; the second stack contains sieves #60, 70, 80,
100, 120, and 140 plus the sieve pan; the third stack contains
sieves # 170, 200, 230, 270, 325, and 400 plus the sieve pan.
30 The precursor particles remaining on e?ch of these sieves are
then weighed to determine the particle size distribution on a
weight percent basis.
The first stack of sieves is mounted on a shaker and 10.0
grams plus or minus 0.00 grams of the sample is placed on the #20
35 sieve. The shaker used is a Vibratory 3-inch Sieve Shaker Model

Py NN



- 26- fromthe reaction of the cationic adduct with the pol yner
material formng the precursor particles. This mxing can be
acconpl i shed usiyygpodygysypus techni ques and apparatus, including pcrruses/eo021

various mxers or kneaders, as are known in the art. 5 . Bef ore,
during, or after applying the treatnent sol ution, t he precursor
par.ticles are physically associated together tg form an aggregate
macr ost ruct ure. The term "physically -55-3ssoci ated" is used herein

to mean that the precursor particles
' SS-5 as obtainable from the Gilson Company, Inc. of Worthington,
Ohio. The stack is shaken for 3 minutes at approximately 2100
vibrations per minute {"6" on the instrument dial). The sieve
pan is then removed and the stack set aside for later weighing.
5 Using a soft brush, the sample remaining on the sieve pan is
transferred onto a weighing paper. The second stack of sieves is
mounted on the shaker and the sample on the weighing paper is
transferred onto the #60 sieve. The second stack js shaken for 3
minutes at approximately 2100 vibrations per minute, the sample
10  remaining on the sieve pan being transferred to a weighing paper
and the stack set aside. The third stack of sieves is mounted on
the shaker and the sample on the weighing paper is transferred
onto the #170 sieve. The third stack is shaken for 3 minutes at
approximately 2100 vibrations per minute. A soft brush is used
15 to transfer the contents of each given sieve onto a tared
weighing paper. The sample is weighed on a standard three place
scale and the weight of the sample on the specific sieve is
recorded. This step is repeated, using a fresh weighing paper
for each sample, for each sieve, and for the sample remaining on
20 the sieve pan after the third stack of sieves has been shaken.
The method is repeated for two additional 10 gram samples. The
average of the weights of the three samples for each sieve
determine the average particle size distribution on a weight
percent basis for each sieve size. . _
25 The Mass Average Particle Size of the 10 gram bulk sample is
calculated as follows:

EE {Di x i
maps = T Mi
30
wherein maps is the mass average partiéle size; Mi is the weight
of the particles on the specific sieve; and Dj is the “size
‘parameter® for the specific sieve. The size parameter, Dj of a
sieve is defined to mean the size (in microns) of the next
35 highest sieve. Ffor example. a standard #50 sieve has a size
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ar e- brought together and remain in contact with each other as 10
conponent parts in any of a nunber of various ways and spati al

rel,ati onshi pS SWw@84/075460r m a single unit (an aggregate PCT/US93/09021
macrostructure). ) The precursor particles are preferably
physi cal | y associ at ed t oget her by applying an associ ati ng agent onto
the precursor 15 particles and physically contacting the precursor
particles at at | east the portion of t hef-sur f ace of the precur sor
particles having the associating agent applied thereto.

Preferred associ at | e rigl .of the

pr ecur sor particl sa?gmyﬁ%gﬁ%ff8§%ﬁﬁ%g?ét%g¢¥%§%re%§?e&} 38%tsﬂé? quthe
the 20 “action of fl uiepesingsatie 2t ehpsdyd for cérveafitheopexthighpstasievedentThe
of : pol ymer chai ns Mise Averayet PampatleSSidel Forguse AeBoiRi 8 ithe AGLYeSof the
useful in the present in | QR J-AC y phd Lj apj

sol vents, typically | ow wn’%?%acaﬁ H‘lrg@v\%%ﬁ%ﬂa i(r:zgh‘t(;ﬁl ghés:lﬁg#]&agu”&es' nmet hanol

or ethanol; water; a m xture of hydrophilic organic 25 sol vents and

wat er; the cationic amni no-epichl orohydr iPREGURSOR tPARTICLE EXAMPLEVi ously
described, or mxtures thereqf bjaE’IE&fe&ri@dni*EFC‘ﬁJiﬁt AP stainless ?Q%Pi Skxﬂeragen
wat er, nethanol, ethanol, catidnic polyneric am no- epi chl-or ohydrin
resins such as Kymene[ er Measying 230 mgsy 240 gm b the ogening and f“ﬂi nR (pedgpth, and
thereof. Typically the dmstmy td Sfgrmageype bludps ippesessingOa rotationhlid@ameter of
oot oo oot 10 C oD R CRTER AT 10 s monsner A
prepared consisting of 37 weight % monomer. The monomer consists
of 75 mole % sodium acrylate and 25 mole % acrylic acid. 5500
grams of the aqueous monomer solution is charged to the kneader
vessel, which is subsequently purged with hitrogen gas to remove
15 the remaining entrapped air. Then, the two Sigma type blades are
set rotating at rates of 46 rpm and the jacket is heated by the
passage of 350C water. 2.8 g of sodium persulfate and 0.14 g of
L-ascorbic acid are added as polymerization initiators.
Polymerization begins about four minutes after the addition of
20 the initiators. A peak temperature of 82°C is reached inside the
reaction system 15 minutes after the addition of the initiators.
The hydrated gel polymer is divided into particles about 5 mm in
size as the stirring is continued. The 1id is removed from the
kneader 60 minutes after the start of the polymerization and the
25 material is removed from the kneader.

The resultant hydrated aqueous gel polymer thus obtained is
spread on a standard #50 size metal gauze and dried with hot air
at 150°C for 90 minutes. The dried particles are pulverized with
a hammer type crusher and sifted with a standard #20 sieve (850

30 microns) to obtain particles that pass through the standard #20
' sieve. The mass average particle size of these particles is 405

microns.

35
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§iﬂultaneously with the step of applying the associating agent.

The associating agents can be applied to the precursor partj.cl

ahy’ of various%Wé ATX6es and apparatus used. for 35 applyinﬁégéﬁﬁgﬁgﬁé
to materials including coating, dunping,

-27- pouring, spraying, atom zing, condensing, or imrersing the

associ ating agent on the precursor particles..s7The associ ati ng agent
is applied to at least a portion of the surface of at |east

SPECIFIC I{{USTRATIONS OF PREPARATION OF MACROSTRUCTURES
ACCORDING TO PRESENT INVENTION

Example 1
5 One hundred parts of precursor particles made in accordance

with the Precursor Particle Example are placed into a § quart
standing kitchen-type mixer. The precursor particles have a
particle size such that the precursor particles pass through a
standard No. 50 sieve (300 microns} and are retained on a

10 standard No. 100 sieve (150 microns). An aqueous treatment
solution is prepared from a mixture of 4.3 parts Kymene Plus (30%
resin aétive), 2.6 parts water and 10.0 parts methanol. This
treatment solution is sprayed onto the precursor particles with a
Preval sprayer (available from The Precision Valve Corporation of

15 Yonkers, NY). The treatment solution is sprayed onto the
precursor particles, while the mixer is operating at slow speed,
for a period of about 4 minutes, i.e. until all of the solution
is sprayed onto the particles. After spraying, the mixture of
wet precursor particles is mixed at the highest speed setting for

20 2 to 5 minutes. During this high speed mixing, the methanol is
evaporated, thus increasing the stickiness of the treated mixture
of precursor particles so that .they will remain adhered together.
This sticky mixture of treated precursor particles is then fed to
an extrusion/compaction unit. The extruder screw has a length of

25 8 inches {20.3 cm) and contains 5 flights, each flight being 1.5
inches (3.8 cm) in length. The outside diameter of the extruder
screw is 1.75 inches (4.45 cm) and the screw-to-housing clearance
is 0.20 inches (0.51 cm). The unit is activated such that the
extruder screw turns at a rate of 47 rpm. The mixture is

30 extruded between two smooth finish steel compaction rolls (nip
rolls) with a fixed (but variable) gap. The compaction rolls
have a diameter of 8.975 inches (22.8 cm) and are driven at a
rate of 5.4 rpm. The gap between the compaction rolls is 0.015
inches (0.38 mm). The formed aggregate sheets are then separéted

35 into approximately 12 to 15 inch (30 tc 40 cm) lengths. The



. soire of the precursor particles to be bonded together. 5 Preferably,

thg associ ating agent is coated onto the entire surface of nost,

pref erably al | WOS4/G7546 precursor particles. The associ aPCRGUEAFA9021; s
generally mixed with, or sprayed onto, the precursor parti.cles by
any of a nunber of m xing/spraying t echni ques and m xi ng/ sprayi ng
apparatus to insure that the 10 precursofggparticles are thoroughly
coated with the associating agent . When an associ ati ng
agent has been applied to the precursor particles, the precursor

particles can be physi calekyltanntaggtegdte sheets dregedalted inna forcedbeir ebnvection
different ways. For ef&ﬁHP'a% 200PE f%rr’ about ‘ié%ﬁﬁht"’ets' ?tgtfﬂe@ﬁe %rﬁ’d?:@ iy #l%ps

the particles together I ve ationa
forces can be used to “ith t'ﬁengﬂllryé‘e'ﬁd?ﬁtéﬁia]bé'fmﬂ'@n sPﬁécﬁrgEufr’@oPr“"””r
particles, e.g., by Iayeplartug;les, thus paecng sdfeqtdre iarbes.inimgt hdhe d¢ves-cured
particles can be pl aced & have 2 th?&&keg Qeuﬁaew B a%ofxi %651 PheHa® (%Osﬁﬁn)

to insure contact betmeen

rec or, parti The
precursor particles can 2ftdrHigth \PJI 3? Eh%sfs ip qsy(E 95" cr) -as8oblastigizer
toget her by physically cohstibaicuntgintme §5r patissgtycerol and pr prctses i stid hed

that they are in cont actwgmrt E%Esgpﬂ'eﬂttﬁ%fw theFWen cured shE3RY &ne tr'i@zah of 0.9 g

precursor partlcles can % ? ont al ner avin
fixed vol ume such that ©RePVIsEIUZYrS ﬂ)'étr‘PPclpé§ 0 9 ofyHhe; uenrqured theet-
each other. Al tertativelagoutr 177 hoomaftent treatment with the plasticizer solution, the

sheets have sufficient flexibility and tensile strength to be

picked up.
_ Example 2
15 In this example, 100 parts of precursor particles made in

accordance with the precursor particle example and having the
particle size characteristics described in Example 1 are used.
An aqueous treatment solution prepared from a mixture of 6.0
parts Kymene Plus {30% resin active), 3.5 parts water and 8.5
parts glycerol is also used.
A reciprocating table or shuttle is used in conjunction with
a pair of sprayers that apply the treatment solution and a
vibratory feeder that deposits the precursor particles. The
sprayers and feeder are positioned above the reciprocating
25 surface of the table. As the surface of this table moves
underneath the sprayers, the treatment solution is sprayed onto
the. table surface (or layer of particles) in a predetermined
pattern. As the surface of the table moves further in the same
direction and underneath the feeder, a predetermined amount of
30 precursor particles are deposited onto the table surface or
previous layer of treated particles. After the particles have
been deposited from the feeder to form a layer thereof, the
surface of the table moves back in the opposite direction so that
the sequence of applying treatment solution/depositing a layer of
35 particles can be repeated.

20
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with the above procedure, gravitational forces (e.g., layering) - can
be used to physically associate the precursor particles. The

pr.ecursor part WO SH0THE6 al so be physical ly associ ated toget her RET/E§93/09021
el ectrostatic attraction or by the introduction of an adhering

agent (e.g., an adhesive material such as a water-sol uble adhesi ve)
t o adhere them together. The precursor partlcgfs can al so be
attached to a third nember (a substrate) such’that the precur sor
particles are brought into contact with each other by 35 t he substrate.
- 28- Initially, a predetermined amount of the treatment solution -

is sprayed onto the moving surface of the table. After the
surface of the table has been initially sprayed with treatment
solution, five layers of precursor particles (0.2 g./in2 of
5 particles per layer) are deposited from the feeder. After each
layer of precursor particles has been deposited, a predetermined
amount of the treatment solution is sprayed on top of each layer.
The amount of treatment solution sprayed initially onto the
surface of the table, as well as the first layer of precursor
10 particies, is about 0.0i8 g/inZ. The amount of treatment
solution sprayed onto the other four layers of precursor
particles is about 0.036 g/in2. In effect, each layer of
" precursor particles is treated w1th the same amount of solution.
After the layering of precursor particles and sprayIng with
15 treatment solution is complete, a relatively cohesive sheet of
particles is formed. This cohesive sheet is then fed by a belt
to a compaction unit. The compaction unit consists of two coated
steel compaction rolls (nip rolls) with a fixed (but variable)
gap. The compaction rolls have a diameter of about 8 inches (20
20 cm) and are driven at a rate of about 20 rpm. The gap between
the compaction roils is 0.035-0.040 inches (0.9-1.0 mm). The
resultant aggregate sheets (density of 0.9-1.0 g/cc) are stored
in plastic bags at ambient room temperature (about 65°-72°F,
18.3°-22.2°C) for about 24 hours. During this ambient
25 temperature curing, the Kymepe Plus reacts with the polymer
material in the surface of the precursor particles, thus causing
effective crosslinking. The ambient temperature cured sheets
have a thickness {caliper) of about 0.050-0.060 inches (1.3-1.5
mm) and a width of about 4 inches (10 cm). These ambient
30 temperature cured sheets have sufficient flexibility and tensile
' strength to be handled without breaking or tearing.

Example 3
In this example, apparatus 301 shown in Figure 9 is used.
35 The precursor particles used are made in accordance with the
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I n~an alternative nethod of form ng the macrostructures of t he

5[Q§ent I nvention, the aggregate of the-precursor particles S
shaped into vaWQ040¢6netri es, spatial relationships, and PCT/US93/09021
densities to forman aggregate having a defined shape, size, 5 and/ or
density. The aggregate can be shaped by any conventi onal shapi ng
techni ques as are known in the art. Preferregonethods for shapi ng
t he aggregate include casting, nolding, or formng oper ati ons.
Casting and nol di ng techni ques generally involve I nt roduci ng the

precursor particles intoPrecprsapapantints ¢xamnliet pnd(have a sind beflegd nkp0-250
|orefssuret t 0t ﬁ comﬁreSSI Pgr)lidr&%.figﬂﬁ eftaboust AreatheRt tRAPution is fprég%_agﬁﬁ. o
conformto the shape o V. . of . specific

nol di ng t echni ques for u'ye}&ﬁ#egr)gfnsc‘larflcal%sdé(%%%é@gsp% resin aCt'Jro?Sr C]Ifh arts of
injection noldingg extrti&roaNdr 1247anridgt Bhyferolor Feeders 305 exupmSkper deeder
Em'ti pli C},ty gf plrecurscmodpari 1200 eSE-00354b@ideHY Feeders,5 availa6PdtfFomeSotids
aving a fixed vol ume regat conpr e
conformto the shape Oﬂlﬁg%&&%?&\}?{:@ﬂ?g@&gaﬁ% h:Sprayers 304raé'§u'f"fd§rslute&1£3/4
macrostructure has the siiWeatomiped #Hsr actvgteddioazlpuassembiies, ayzilablee from

perform ng various oper adprayingOBystes AdW, £06t aiheoADAIfY For the fikst 2h&Pe,
and/ or size, and/or dens anp

t echni ques for usggher ei,ér?tp%(inccaltﬁd‘é’rléﬁrl'sa’rygés, %gglr%’i(ﬁ&%% dEIivgrorethnFPgmaﬁa‘?"t
spi nni ng, coating or draMlAEioBpts aonvesdr B adxanpate, of 39.8 grams/miggr efpat e
m xture of the precursorsubgédueht Qpphitdt fins| &ppiyerbe304c through 304f deliver the
treatment solution to conveyor 303 at a rate of 79.6 grams/min.
Conveyor 303 is a moving conveyor made from polyurethane, and
travels at a speed of 27 ft./min. The pressure applicators are a
pair of compaction rolls 306 having 8 inch (20 cm) diameters and
being 12 inches (30.5 c¢cm) wide. The top and bottom rolls 306 are
coated with a # 934 Plasma Coating, available from Plasma
Coatings, Inc., of Waterbury, CT.

This example 1is carried out according to the following

15

20
steps: : -

STEP 1: In{tially spray a predetermined area of the conveyor
with treatment solution in an amount substantially equal to
0.025 grams of solution per square inch of the conveyor.

STEP 2: Layer substantially continuously 0.2 grams of precursor
particles per square ingh of the conveyor onto the same
predetermined area.

STEP 3: The first layer of precursor particles on the
predetermined area of the conveyor is sprayed with treatment
solution in an amount substantially equal to 0.025 grams of
solution per square inch of conveyor.

STEP 4: layer substantially continuously 0.2 grams of precursor
particles per square inch of the conveyor onto the same
predetermined area.

STEP 5: The second layer of precursor particles on the
predetermined area of the conveyor is sprayed with treatment

25

30

35
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cati oni ¢ am no- epi chl orohydrin adduct can be passed between a pair
of conpaction rolls to forman aggregate sheet. Alterna- 25 '

t he aggregate QPP an be extruded t hrough an orifice _Pcﬁﬁﬁﬁgﬁﬁpan
aggregat e having a shape corresponding to that of the the orifice.
Further, the aggregate m xture can be cast on a surface to form an
aggregate having a desired shape or surface -6l- nor phol ogy. Any or al

of these techniques can al so be used in 30 . conbination to formthe

shaped aggregate. Any suitabl,e, apparatus s, are kn i_n e art
can be used to carry out suct? 8hENall ghgimount s"bSta&’Hiaﬁ?' 8&%%@ ﬂe?# b8R of
with the material or portionsplutionhger square inglppértheusoneeydrer hot and/ or

col d. I'n ansmb@.d} NGtieps Of ahd& FRé hagedtled! hhﬁ. BFRFEN nloP¥ MYk ON,
an 35 aggregate mxture oL, Dr epyr 07 RRIH Gl Sni P SRLI 0’ SeeB MLl Five
5 post-layering spraying steps for a total of 0.25 grams of

treatment solution. per square inch of the conveyor; and
{b) a total of five layering steps for a total of 1 gram of
precursor particles per square inch of the conveyor. A web
. is now formed.
10 STEP 7: The web is passed through the compaction rolls. The
gap between the compaction rolls is 0.035 inches (0.9 mm).
This produces a sheet having a density of 0.995 g/cc.
STEP 8: The sheet is cured by placing it in a plastic bag and
allowing it to sit at ambient temperature (72°F, 22.2°C) for
15 48 hours.
The resultant sheet has good flexibility, gel blocking and
wet integrity properties. '

20
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- 29: epi chl orohydrin adduct, water, hunmect ant/ co- pl asti ci zer
(qptional), and,a hydrophilic.organic solvent are added to the hopper
of .a convention‘gp%‘ﬁpﬁfger apparatus. An exanple of an ext PGHA{S93/09021
apparatus is shown .in Figure 12-14 of Principles of 5 Pol ymer Material s.
Second Edition, (MG aw H Il Book Conpany, 1982) at page 331, which
pubklication is incorporated reference. The.aggregate m xture is
extruded through the orifice of the extgpder apparatus to feed a pair
of driven conpaction rolls having a fixed (but variable) gap between

thé rolls so as to 10 onpr t.he aggregate into the formof a sheet.
The sheet is thenmﬂfﬁogs@é@mb lE‘SSpeci fic lengths to provide

macr ost ruct ur es t hat have A mpews,f abserbantdmadirgstricturee, preffarablana/ or
density. In FRLAbTY dhbér ARYiROA aniBGeostdfuGk U esstof. $ hgn Present
I nvention into particul ar st}J e;,o aong especj.al |y ssqfe}‘&,erater fIfS densi ty
shoul d be careful |y coRfsf8r? 33 Tof {0 -p HiEm g%ﬁwl %, B3st RE YsHEBe! Mgt%gat e
macrostructure is too Bimgh,andt prefardbdy rhavingpa disasity of foomy@l7 b ocRi 9vgc,
Conversely, if the dengddeYpheFeFdy! £om 6.86to 1.1, SO PHeRGIEBRIREG 0.9 to
macr ostruct ure can havg J niuffl |een£ rtepr:su't:wre com r%‘rnen%hin rég_ ilirr%%g.perl ty.
Shaped aggregat e macr ost’r FEwr €802 RE P g P

bonded aggregate characterized in that it comprises:

{i) a multiplicity of precursor particles, preferably
having a mass average particle size of less than
600 microns, preferably less than 300 microns, most
preferably at least 95% by weight of said precursor
particles having a particle size between 150 and
300 microns, bonded to each other at the surface
thereof and comprising a substantially water-
jinsoluble, ~absorbent, hydrogel -forming, polymer
material having anionic functional groups,
preferably carboxy groups,

{ii) a cationic amino-epichlorohydrin adduct reacted
with said polymer material at said surface of said
precursor particles and in an amount sufficient to
cause effective surface crosslinking,

(i1i) optionally from 5 to 100 parts by weight,
preferably from 5 to 60 parts by weight,
plasticizer per 100-parts by weight of said
precursor particles, said plasticizer preferably
comprising a mixture of glycerol and water in a
weight ratio of from 0.5:1 to 2:1,

said interparticle bonded aggregate having pores between

adjacent precursor particles, said pores being inter-

connected by intercommunicating channels so as to form a

Tiquid permeable macrostructure, the circumscribed dry

volume of the macrostructure being greater than

.0.008 mh3, preferably greater than 10 mm3, more

preferably greater than 500.

e



28‘ prisgnt/i nvention usually have a density of fromabout 0.7 to

about 1.3 9/cc bly fromabout 0.8 to about 1.1 g/cc, an

preferably from’(g%g’&?gg. 9 to about 1.0 g/cc. %\ preferr(é'l(‘fuﬁg?ﬁg@t'
and apparatus for eontinuously form ng t he aggregate macrostructures
of the present invention into 25 sheets is described in U S application
Serial No. to M chael S. Kol odesh et , entitled "Method and

Appar atus for Maki ng Cohesi ve Sheets from Parti cul at e Absorbent

Pol yneric Conmposition,” Case No. 4732, filed , the

di scl osure of which is ingorpohat@drostyuctdirerd®ncrin 1 thiractdrized GRttihAtIOUS

nmet hod for maki ng aggregat e .sheets, can best.b nder st ood by.teference
to Figure 9 which shom%aqu‘bﬂmvuga%lﬂf 3t 591ecete8afrr|°§}i%ﬁ'§ 14 u%lftops’ytf)%ﬂ g{rus
301 has frame 302 for bydppbrzed nstarch-acrylonitailogratorgeonbimess: A3pbvadius 301

\CAﬁIWEL' rsrgieg isgpltogrt-ngmgrmz?d s&'ﬁ?ﬁc‘.’ma&fyﬁh&lﬁﬁe Yrast NEpbNGesONVaaRpEh-303 .
under an © acrylhrcecatlzi ngoraffar E:&%'t;’%gfs, Cpgptvlea)(ﬂ[ g’gtﬁrgi{z% passes

starch-acrylic acid graft copolymers; saponified vinyl
acetate-acrylic ester copolymers; hydrolyzed acrylonitrile
copolymers; hydrolyzed acrylamide copolymers; slightly network
crosslinked products of any of the foregoing copolymers;
partially neutralized polyacrylic acid; slightly network
crosslinked products of partially neutralized poiyacrylic
acid; and mixtures thereof.

3. The macrostructure of any of Claims 1 to 2
characterized in that said cationic amino-epichlorohydrin
adduct is a cationic polymeric amino-epichlorohydrin resin in
an amount from 0.1 to 5 parts by weight, preferably from 0.5
to 2.5 parts by weight, per 100 parts by weight of said
precursor particles, said cationic polymeric resin preferably
being a reaction product between epichlorohydrin and a
po1yethy1enéimine or a polyamide-polyamine, said polyamide-
polyamine preferably being derived from polyalkylene
polyamines and (3-Cjp dibasic carboxylic acids, more
preferably being derived from a polyethylene polyamine having
from 2 to ‘4 ethylene units and -a C4-Cg saturated aliphatic
dicarboxylic acid, most preferably being derived from
diethylenetriamine and adipic acid.

4. An absorbent article, preferably a diaper,
comprising a liquid pervious topsheet; a liquid impervious
backsheet joined with said topsheet; and an absorbent core
positioned between said topsheet and said backsheet, said
absorbent core characterized in that it comprises one or more
of the macrostructures of any of Claims 1 to 3, and optionally
an absorbent member positioned between said topsheet and said

.



o

- 36::-.
303a,

initial sprayer -304a. After passing under initial éprayer
conveyor 303 passes under at |east one neans for continuously

layering a predef@PHO8 amount of precursor particles onto the PCT/US93/09021

copveyor .

This is shown in Figure 9 as feeders 305a through 5 305e.

Conveyor 303 al so passes under at |east one nmeans for spraying a
preeeterm ned anount of treatnment solution onto the | ayer of
precursor particles on the conveyor. This is &hown in Figure 9 as
sprayers 304b t hrough 304f. Apparatus 301 further conprises a pair

of non-planar opposi Ng R{&asirubeP! {68! WdrtkM N mehider comptsGAY"

305 and
Figure 9
as being

dneigah gRder s
sprayers 304. H%geeﬁreﬁﬁu{e, , applicators are shown in
as a pair of cSHPLEEPorR!Iplasdc fibers. 306 Al so shown in Figure 9
part of apparatus 301 is a slitting and transfer conveyor

307, knife and anvil rolls 808, g method f@,ﬂ%aﬁi@hgeboﬁggyr&ﬂsg{.%t3‘9&7.03.5

Conveyor

303 can be a flat belt conveyor .that Ha Q0
structure, pre era%?y hav%%g a aeé%ity of from 0.7 to 1.3

g/cc, more preferably from 0.8 to 1.1, most preferably from
0.9 to 1.0 g/cc, the macrostructure comprising an
interparticle bonded aggregate having pores interconnected by
intercommunicating channels so that the macrostructure is
liquid permeabie, the method characterized in that it
comprises the steps of: ’

(a) providing a multiplicity of precursor particles,
preferably having a mass average particle size of
less than 600 microns, preferably less than 300
microns, most preferably at least 95% by weight of
said precursor particies having a particie size
between 150 and 300 microns, of substantially
water-insoluble, absorbent, hydrogel-forming,
polymer material having anionic functional groups,
preferably carboxy groups;

{b) treating the precursor particles with a cationic
amino-epichlorohydrin adduct, preferably an aqueous
solution thereof having a pH of from 4 to 9, the
cationic adduct being in an amount sufficient to be
capable of reacting with the polymer material at
the surface of the precursor particles so as to
cause effective surface crosslinking; _

(c) physically associating the treated precursor
particles to form an aggregate having pores
interconnected by intercommunicating channels; and

{(d} reacting the cationic adduct with the polymer
material of the precursor particies so as to cause
effective surface crosslinking and to provide a
porous, absorbent, interparticle bonded aggregate
macrostructure, the circumscribed dry volume of the

L
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rel ®ase properties, such as pol yurethane, which is commonly used I n

t he f ood mdustrg(é The vm dth of the conveyor is determ ned by t he
desired sheet sl € conveyor generally noves in the PQI/UsSey/0M21
of ~arrow 310.from poi nt 311, where the initial sprayer 20 304a is

| ocated, to a point 312, where the knife and anvil rolls 308 are

| ocated. Conveyor 303 would typically be an endl ess conveyor as
shown in Figure 9. Conveyor 30 First passes under an initial
sprayer 304a, where the conveyor is spr ayed with a predeterm ned

amount of 25 treatment solution rredet erm n

t he conveyor. This init |m§f‘r°s§$"§§ﬁe Pﬁe amyt%&f'g e8¢ ﬁgﬁﬁé%
the first precursor particle |ay@?, imorexpesfecably qnesten dhamel® mm3, most
solution. Also, the wet- convey@refdrabBC gredtht tng,e\sgmt the

subsequently fed particles fr,om bounc a hei r sired
pl acenent. . However, the:i n{et)l al® pg Jﬁ/ﬂgbﬂ\éﬁg?? tge r‘f‘&f"’éﬁg‘bcl Hf%l"?th Fron 5 _
necessary, especially when the ftprl;QO paxtsr byfweight,i oteferatdybérom 5 to 60

placed on the conveyor is relatipgptsy btthg,,ghgr ,yyfagﬂ,ct,ﬂ_e,. GRRAV NP parts by
travel s at sl ower speeds.

I
304b through 304f) nust 35 YIS ooF SELERECcusirapeY RIEIRSH oiHG, RSt Toizer

atomi zed spray and shoul d preferably comprising a mixture of glycerol and
water in a weight ratio of from 0.5:1 to 2:1.

6. The method of Claim 5 characterized in that it
comprises the further step of shaping the aggregate prior to
step (d}, preferably into a flexible sheet having a thickness
of at least 0.2 mm, preferably from 0.5 mm to 10 mm, most
preferably from 1 mm to 3 mm.

7. The method of any of Claims 5 to 6 characterized in
that the polymer material is selected from the group
consisting of hydrolyzed starch-acrylonitrile graft
copolymers; partially neutralized starch-acrylonitrile graft
copolymers; starch-acrylic acid graft copolymers, partially
neutralized starch-acrylic acid graft copolymers; saponified
vinyl acetate-acrylic ester copolymers; hydrolyzed
acrylonitrile copolymers; hydrolyzed acrylamide copolymers;
slightly network crosslinked products of any of the foregoing
copolymers; partially neutralized polyacrylic acid; slightly
network crosslinked products of partially neutralized
polyacrylic acid; and mixtures thereof.

8. The method of any of Claims 7 to 9 characterized in
that the cationic amino-epichlorohydrin adduct is a cationic
polymeric amino-epichlorohydrin resin applied during step (b)
in an amount from 0.1 to § paris by weight, preferably from

0.5 to 2.5 parts by weight, per 100 parts by weight of the
precursor particles, the cationic polymeric resin preferably

AT R R D
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-31 have a | ow i npact force to avoid possible blow off of
precursor particles. One sprayer that has been found to work well
is a mo MO 980761/ 4 JAU at oni zed air actuated nozzl e assBEHUSI3/0902]
avai | abl e fram Sprayi ng Systens Co., Weaton, IL 60188. 5

Conveyor 303 then passes under feeder 305a where a pr edet er m ned
amount of dry precursor particles is |ayereggonto t he predeterm ned
area of the conveyor. The anount of precursor particles to be

| ayered onto conveyor 303 depends on a nunber of factors including,

but not limted to, the,dgs 'aeeleﬁ%pédtar Blct! Betveln epmhr&%rwmnt apdiegt, the

nmb fl t b ticl
nuber. o ayering step tgt Wygglﬁpmr?a[gg a po]yamde poqyan?'rlné? the polyagaé cles

bei ng used and the desi P¥d
polyamine preferably being derived from polyalkylene
polyamines and C3-Cjp dibasic carboxylic acids, more
preferably being derived from a polyethylene polyamine having
from 2 to 4 ethylene 'units and a C4-Cg saturated aliphatic
dicarboxylic acid, most preferably being derived from

diethylenetriamine and adipic acid.

9, The method of any of Claims 5 to 8 characterized in
that step {(d) is carried out at a temperature of from 18° to
35°C, preferably from 18° to 25°C, for from 12 to 48 hours,
preferably from 24 to 48 hours.

10. The method of any of Claims 5 to 8 characterized in
that step {d} is carried out at a temperature of from 50° to
205°C, preferably from 180° to 200°C, for from 1 to 20
minutes, preferably for from 5 to 15 minutes.

W
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resell tant sheet. At a mninmumthe predeterm ned amount shoul d be

enough to substantially cover a predetern ned area of the conveyor
with a layer opge@gissgl € in thickness. 15 Feeder 30%ar(usy3mebti
as_feeders 305b through 305e) nust be capabl e of distributing the
precursor particles in a thin and prgerabl y wide layer. Thinner

| ayers on the conveyor insure t hatl 4 of the particles are treated
during subsequent spraying steps and wi der layers will increase
production output. 20 Vi brating feeders have been shown to be adequate
for layering the dry precursor particles onto the conveyor. An
exanpl e of a T Suj . TR LB 7w M v 24 miie: e nodel
#2106E- 0034, . R T gtrol, P.O
Box 410767, 14207 e e E 241- 0767.
This 25 f eeder has » - uracy.

Conveyor 303 then passesy
predeterm ned area of co
precursor particles is

sanme treatnent sol ution general ,
t he predeterm ned anoun l to the
anount of particles in c. of
particles in the |ayer, eded to
treat substantially all§ ng and

sprayi ng steps can the




35 e, nunber of tines (e.g., using feeders 305b through 305e and

- 32- sprayers 304c through 304f) depending on the desired density.
of ", * t hewd bi/fag Sheet. When the netering and sprayi ng POTeps93209%621
repeated a nunber of tines and the initial -spraying step is

perfornmed, as described above, the first |ayer of particles is 5

exposed to two spray applications. Ther PAH, the initial

sprayi ng step and the first post-layering spraying step each need

only spray half the amount of treatnment solution needed to treat

ST 17




th@t amount of particles in the first |layer on conveyor 303. The
ot her sprayers 304c through 304f will spray the nornmal anount
t feat nent sol utW@@4/07546. twice the anount of either the |n|t|al'f’C117Q}5wm”|zl

fitst post-laying spray. After all of the layering and spraying
steps have been perfornmed, the treat ?/ recursor particles typically
| oosely adhere together to forma nveyor 303 then noves this

web 15 ~and delivers it to a pair of opposing pressure_applicators. The
pressure applicators shown in Figure 9 take the form of cggpacti on
rolls .306. However, as wll be appreciated te '
art, an intermttent conveyor nethod coul d be
plates or platens used to conpress thefweb. 24
306 can have a non- planﬁé? rough s ace.

conpaction rolls 306 ressure Ot~
The rough surface of roII;QSQE 44
the rolls and the wﬁp [ 44 :
reduces expansion o

cross-nmachi ne

/"—"4

/'/
i 0 310 and
s uﬂGes babl e

because it r eqUBR_g, i ‘/hﬁéﬂi pTTH to
match the nachiggg 3 an. 4o _roIIs 306
densifies t he ~ f pri€cursor particles
and 30 . sprayed treatne 2

i
i
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CSmQaction rolls 306 can be in the formof cylindrical stai nl ess

steel rolls th ted wth a plasma coati ng, t here YA
thﬁ,?olls a roﬁgﬁﬁéﬁ?ggge and causing themto . rel ease th3¥agg¥%%@@21

easily after. conpaction. Exanpl es of 35 sui tabl e coatings include
coating # s 934 and 936, available from ‘/ga_

- 33- Pl asma Coatings, Inc., vaterbufgl 06702. The gap between
t he conpaction rolls determ nes the anmount of conpaction applied to
t he web. Apparatus 301 can include a slitter to trimthe web

edges 5 prior to conpaction. The edges of the web can have a | ess




uniformdensity than the rest of the web, and are typically
subj.ected to i W st application of treatment solution and per/ysesses021
parflcles due t e conveyor belt novenent in the cross-nachi ne
di fection, thus making renmoval desirable. The slitter can be a 10
régul ar circular knife working against a hard surface such as a

transfer conveyor belt, as indicated by 307 After the web
passes through corrpactlon rolls 306, a sheets/5 is formed and col |l ected
i n accunmul ator 309. Accunul at or 309 can take the formof a w nd-up
roll that rolls up the sheet into g ~'ng|e roll of a desired size.
Wien the desired size roll isgQ d apparatus 301 can have a
second slitter to cut the ® shee Bosecond slitter can take the
formof knife and anvil roll /A:‘ Si mul t aneously or
after the cationic am no-epi ahl or A Q‘\ adduct has been appli ed,

t he precursor particles have ---’ ~. r-“"“ caIIy associ ated together to
form an aggregate, and the /Ar"‘-‘b e has obeen shaped, the adduct is
reacted with the pol yner ' -'-’/\Vlil 0 " Eeprecursor particles, while
mai nt ai ni ng the physi QA -ﬂmx\ qn of the precursor particles, to
provi de 25 effective surface /‘7"?‘"7 ng in the precursor particles in
t he aggr egat e macrostruct u¥eia i i the relatively reactive
cationic functional groups ofwethe amino ngr s ohydrin adducts used
in the present invention, this crossljig %% ")‘ action between

\

Fig. 9



the adduct “and 't he pol yner

OC@UI’ at

treat nent sol ution |

mat eri al

of the precursor particles 30 can
relatively |ow tenperatures. {ndeed, this crosslinking
reagtion (curing) can occur at anbient room t enper at ur es g&uch
anbi ent tenperature curing is particularly desirabl e =4‘ Hmu;
i Si ng t heatkthuctTuaL properTY Btdivizianal | y cOQY i,” mb/
such as a mxture of water ™&%=®=8,4 glycerol. Curlng at

pl asti ci zer,
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(54) Title: POROUS, ABSORBENT MACROSTRUCTURES OF BONDED ABSORBENT PARTICLES SURFACE
CROSSLINKED WITH CATIONIC AMINO-EPICHLOROHYDRIN ADDUCTS

(57) Abstract

Porous, absorbent macrostructures that, upon contacting liquids such as water or body exudates (e.g., urine), swell and im-
bibe such liquids, and are useful in absorbent articles such as diapers, adult incontinence pads, and sanitary napkins are dis-
closed. These porous macrostructures comprise bonded absorbent particles that are surface crosslinked with cationic, preferably

polymeric, amino-epichlorohydrin adducts.
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in heat curing will depend- . ~——gatlioni c
am no- epi chl or ohydri n adduct used—' H ON
This application relates to porous, absorbent macro-

structures that, upon contacting liquids such as water or body
exudates {e.g., urine), swell and imbibe such liquids, and are
useful in absorbent articles such as diapers, adult incontinence
pads, sanitary napkins, and the like. This application
particularly relates to porous macrostructures of bonded
absorbent particles that are surface crosslinked with cationic,
preferably polymeric, amino-epichlorchydrin adducts.
10 BACKGROUND OF THE INVENTION
' Particulate, absorbent, polymeric compositions are capable
of absorbing large quantities of liquids such as water and body
exudates {e.g., urine) and are further capable of retaining such
absorbed 1iquids under moderate pressures. The absorption
15 characteristics of such polymeric compositions make them
especially useful for incorporation into absorbent articles such
as dfapers. See, for example; U.S. Patent 3,699,103 (Harper et
al), issued June 13, 1972, and U.S. Patent 3,770,731 (Harmon),
issued June 20, 1972, that disclose the use of particulate,
20 absorbent, polymeric compositions (often referred to as
*hydrogels”, “superabsorbents”, or "hydrocolloid materials") in
absorbent articles.
Conventional particulate, absorbent, polymeric compositions,
however, have the limitation that the particles are not
25 immobilized and are free to migrate during processing and/or use.
Migratfon of the particles can lead to material handiing losses
during manufacturing as weli as nonhomogeneous incorporation of
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25, . jeterial present in the precursor particles. If the cure
tenperature Is too low, or the cure tinme too short, the reaction

will not be sufficiently driven, resulting in mRCr 0St r uct ur es t hat
have insufficient integrity and poor absorbency. |If the cure
tenperature is too high, the absorbency of the precursor 30 particles
can be degraded or the network crosslinks of these pr ecur sor
particl es, dependi ng upon the specific polymner mat eri al s used, can
be degraded to such point that the resultidyg macrostructure is |ess
useful for absorbing |large quantities of liquids. In addition, if
the cure tine and tenperatures are not 35 Ero priate, extractable

|l evel s of the resultith§ Qﬁg@;g@gattﬁgocgﬁfuctures in which the particles are being

used. A more significant problem, though, occurs when these
particulate materials migrate during or after swelling in use.
Such mobility leads to high resistance to liquid flow through the
5 material due to the lack of stable interparticle capillary or
liquid transport channels. This phenomenon is one form of what
is commoniy referred to as "gel blocking." .
One attempt to overcome the performance limitations
associated with absorbent particle mobility during use in
10 absorbent articles 1is incorporation of the particulate,
absorbent, polymeric compositions into tissue laminates, i.e.
layered absorbent structures. By encapsulating the particles
between tissue layers, the overall particle mobility within an
absorbent structure is diminished. However, upon liquid contact,
15 the particles within the laminate are often free to move relative
to each other resulting. in the breakdown of any preexistent
interparticle capillary channels.
" Another attempted solution is to immobilize the particulate,
absorbent, polymeric compositions by the addition of large
20 quantities of liquid polyhydroxy compounds that act as an
adhesive to hold the particles together or to a substrate. See,
for example, -U.S. Patent 4,410,571 (Korpman), issued October 18,
1983. While this approach does limit migration before and, to
some extent, during swelling, the particles eventually become
25 detached from each other in- the presence of excess liquid,
resulting again in the breakdown of any preexisting capillary
channels between the particles.
Another attempted solution to overcome the problem of
absorbent particte mobility is to produce a superabsorbent film
30 by extrusion of a solution of a linear absorbent polymer and
"~ subsequently crosslinking it. See, for example, U.S. Patent
4,861,539 (Allen et al), issued August 29, 1989 (crosstinked with
a polyhydroxy compound such as a glycol or glycerol); and U.S.
Patent 4,076,673 {(Burkholder), issued February 28, 1978
38 (crossiinked with polyamine-polyamide epichlorohydrin adducts
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-35%- . . be greater, thus increasing the incidence of that particular

form of gel -bl ocking. Therefore, heat curing is generally carried
out at a tenperature in the range of from about 50[err] to about
205[err]]C for fromabout 1 to about 20 mi nutes. Preferably, heat
curing is 5 carried out at a tenperature of from about 180[err] to
about 200[err]C for fromabout 5 to about 15 m nutes. The actual
time and t enperatures used can vary dependi ng upon the specific
pol yrner materials used in making tie precursor particles, the
specific adduct s used, the thickness or dianeter of the
macrostructure 10 i nvol ved, and |ike factors. The

crosslinking reacti suchhas Wwomenddje ctiilenthesansuperabsorbent £idme hhayr abgoatbi n

adduct and the poly : [ A e.pr : SOr pattd.cles:
sufficiently fast, gﬁmﬁ%&gnﬁgﬁtie}énﬁgrgfﬁﬁgg, they ha%sﬁt‘:’h“t%af”#ut?q can be
carried out in the ATYERRR Bronertias,besause dhey arg psspptiakivyngepogous, yhvever ,
an inportant factorleed dhtarmal ccaphtiary channelseaclndeedy duk tdiehe lack of -

am no- epi chl of ohydr i Cf anls e t ol,ution
cont ai ni ng t(rjlsc; addugﬁlt.e%[lggi %agi‘nflfrgt ﬁgﬂagiso’f.%ese su”f?%%?%ﬁ?ﬁ‘n s?g% ution
is fromabout 4 to 8MRAsiaDy prasectogel blocking. ¢ om apout 4 to about 6.

Mai nt enance of the treafnmore sadentiwiufidn propased tphbveitdrienthd Ipestd ef adfges
insures that the afBet particle fHi§ ML FatmAYRMG P 1c18E into
sufficiently reactive, even ar
aggregate macrostructures, typically as sheets of bonded
10 absorbent particles. See U.S. Patent 5,102,597 (Roe et al},
issued April 7, 1992. These aggregate macrostructures are
prepared by initially mixing the absorbent particles with a
solution of a nonionic crosslinking agent, water and a hydro-
philic organic solvent such as isopropanol. These nonionic
15 crosslinking agents include polyhydric alcohols (e.g., glycerol},
polyaziridine compounds (e.g., 2,2-bishydroxymethyl butanol-
tris[3-(1-aziridine) propionate]), haloepoxy compounds -(e.g.,
epicholorhydrin), polyaldehyde compounds (e.g., glutaraldehyde),
polyamine compounds (e.g., ethylene amine), and polyisocyanate
20 compounds (e.g., 2,4-toluene diisocyanate), preferably glycerol.
See Column 11, lines 22-54, of Roe et al.

Particulate absorbent polymer compositions of the type used
in making these aggregate macrostructures usually contain
multiple carboxy groups and are typically derived from

25 polycarboxy compounds such as- the polyacrylates. When using
glycerol as_tge crosslinking agent, the hydroxy groups of the
glycerol typically react with the carboxy groups of the polymers
present in the absorbent particles by an esterification reaction.
The crosslirked, ester bond formed by glycerol occurs not only at

30 the surface of the absorbent particles, but also inside
particles. This is due to the fact that gliycerol is a nonionic,
relatively small molecule that can penetrate inside the absorbent
particles. The resulting internal crosslinking leads to a lower
absorbent capacity for the bonded particles of the aggregate

35 macrostructures.
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anmbi ent xt enper at ur es. The physical association of the treated

precursor particles needs to be naintained during the curing step
so that, as 25 crosslinking occurs, adjacent precursor particles
become cohesively bonded together. |If forces or stresses are
sufficient to disassociate the precursor particles that are present
during the crosslinking reaction, insufficient bonding of the
precur sor particles can occur. This can result in aggregates having
poor 30 structural integrity. The ngsical associ ation of the

precur sor particles is typically mintained by insuring mninal

di ssociation forces or stresses are introduced during the curing

st ep. ~ As prireeues| VimOlcPes 1 MGingt PO tich HatweBat RRE Warbiie
present 35 T nVeRLLAN JObn LOFUEHT hkNEnd SRR} FSUHE BF BEE S0l ert®

present in the absorbent particles is relatively slow. Indeed,
the glyceroi treated absorbent particies are typically cured at
5 200°C for 50 minutes. This provides relatively brittie sheets of
bonded absorbent particles that are ‘more difficult to handle,
especially in making the ultimately desired absorbent structures.
Accordingly, these brittle sheets need to be treated with a
.plasticizer, such as a mixture of water and glycerol, to make
10 them felatively flexible and thus easier to handle in
manufacturing absorbent structures.
Accordingly, it would be desirable to be able to make such
aggregate macrostructures of bonded absorbent particles using a
crosslinking agent that: (1) reacts rapidly with the carboxy
15 groups of the polymer present in the absorbent particles and
primarily at the surface thereof to minimize absorbency effects;
{2) provides improved absorbency and mechanical {(tensile)
properties for the aggregate macrostructures; (3) provides
flexible sheets of such aggregate macrostructures that can be
20 easily made into absorbent structures used in diapers, adult
incontinence pads, sanitary napkins and the like; and (4) does
not necessarily require organic solvents such as isopropanol.

CLOSURE OF NVENT]ON

25 The present invention relates to improved porous, absorbent,
macrostructures that comprise interparticle bonded aggregates.
These aggregates comprise a multiplicity of precursor absorbent
particles bonded to each other at the surface thereof, the
particles comprising a substantially water-insoluble, absorbent

30 hydrogel-forming, polymer material having anionic functional
groups. These aggregates further comprise a cationic, preferably
polymeric, amino-epichlorohydrin adduct reacted with the
absorbent polymer material at the surface of the precursor
particles and in an amount sufficient to effective surface

35 crosslinking. These aggregates also have pores between adjacent
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- 36- a out in any specific order, and can be carried out

si mul t aneousl vy. For exanple, the cationic am no-epichlorohydrin
adduct can be applied sinultaneously with the physical association
of the precursor particles, shaped into a preferred shape and
typically 5 a desired density, and then the adduct reacted with the
pol ymer material of the precursor particles, either imediately
after the above steps are conpleted or after the aggregate has been
| ef t standing for a period of ting._ to sinultaneously surface

crosslink the precursor particles and formthe aggregate 10
macrostructure. Typically, the precursor particles are m xed or

spr?yed_ Wi th a(sol Upretarodr paetigliesCtthe V?ref,pélinbufm@?mhemd/ By inter-
copl asticizer (e.g. , r.Qp rgajp c.so

(e.g., nethanol) toc?rgdru}r{nggaﬁqg%h%@ggﬂt@pgét ﬁg(Q%gggté"ga%eﬂqﬁ]r%eé’e\ﬁgsme adduct ,
wat er, hunect ant / coPreesteuciwre. athe hGUcUptaribed Sryaiplumesof thesgpgean serve
as the associating stpastufeobefrgegieatetithanr about 0.008amd3.cl es, the adduct

al so serving @s the cf 035l ibQkidid AlEREIon further FOFtBUNRT £ et P6R iy

t he associ ated precursor p .
such porous absorbent macrostructures by providing a multiplicity

of the precursor absorbent particles that are then treated with a
sufficient amount of the cationic, preferably polymeric,
amino-epichlorohydrin adduct. The treated precursor particles

10 are then physically associated to form aggregates and the adduct
reacted with the absorbent po1ymer‘materia1 of the precursor
partidles so as to cause effective surface crosslinking. The
porous, absorbent macrostructures obtained are useful, alone, or
in combination with other absorbent materials, in absorbent

15 structures for various absorbent articles, including diapers,
adult incontinence pads, sanitary napkins, and the like.

The porous absorbent macrostructures of the present
invention, and method for making same, provide a number of
significant advantages over prior porous absorbent macro-

20 structures made with nonionic crosslinking agents, in particular
glycerol. The use of cationic, preferably polymeric, amino-
epichlorohydrin adducts as the crosslinking agent according to
the present invention improves the cure rate and enhances the
absorbent capacity of the particles by reducing or eliminating

25 innerparticle crosslinking. This is due to the fact that these
adducts, especially the polymeric resin versions, being
relatively }afge, cationic molecules, are unable to penetrate
inside the absorbent particles. In addition, the cationic
functional (e.g., azetedinium) groups of these adducts are

30 believed to react very rapidly with the anionic, typically
carboxy, functional groups of the polymer material comprising the
absorbent particles, even at ambient room temperature, e.g., at
18°-25°C). "As a result, lower levels of crosslinking agent are
required, e.g., as low as 1% by weight of the absorbent

35
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and thezaqueous m xture) is subsequently shaped into a densified
sheet by a conbination of extruding and rolling techni ques as 20
descri bed above. The adduct is subsequently reacted with the

pol ymer material by anbient or heat curing to simultaneously cause
crosslinking at the surface of the precursor particles and to forma
cohesive interparticle bonded aggregate nacrostructure. Under
certain conditions, especially if the treated 25 precursor particles
have been heat cured, the resultant macrg. structures can be
sonmewhat inflexible and potentially brittle. In such cases, the

macr ostructures can be nmade nore flexible by treating it with a
plasticizer. Suitabpgrtptpst i ¢drdgs Styph€dingdeds by weighBt fdr gdy ™) Ofs ithe

conbi nation with thgmﬂ$gﬁ!tants/qpplasticizers 30 previ ously descri bed,
preferably glycerol. hegﬁp%gﬁf%rzer can be applied to the

macrostructures in a nubtrerofofthese f exldanicyayireferably poly@RUsi ngmip-ayi ng,

coating, ‘atom zi ng, ep ithbérohdrinOhddlidbPi rPvidis other siphiFitinti a6vand

Mmacr ostructure can a y env

macrostruct urge: Al t %&g%gr\éoglay:fbﬁio%eh?elha%gggtructtﬁ&?n l%}cdlev@ittﬁr ﬁ)cgpoei’
greater than 70% r eFeassyinkingriagenty) 'ﬂ’

_ onnmen
e porous absorbent macrostructures of the

& the
f!f(‘k-"g-,

present invention have improved absorbency and mechanical
(tensile) properties. Unlike glycerol-crosslinked absorbent
macrostructures, flexible absorbent macrostructures (e.g.,

10 sheets) according to the present invention can be made by an
essentially one-step process without the need of subsequent
treatment with a plasticizer (e.g., adding a mixture of water and
glycerol). In addition, organic solvents such as isopropanol are
not required in making absorbent macrostructures according to the

15 present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a photomicrograph (magnification 34.9X) of a
section of a porous, absorbent macrostructure according to the

present invention.

20 Figure 2 is an enlarged portion (magnification 75X} of the

macrostructure shown in Figure 1.

Figure 3 is a further enlarged portion (magnification 200X)

of the macrostructure shown in Figure 2.

Figure 4 is a further enlarged portion (magnification 400X)

25 of the macrostructure shown in Figure 3.

Figure 5 is a perspective view of a disposable diaper
embodiment according to the present invention wherein portions of
the topsheet have been cut-away to more clearly show the
underlying absorbent core (an embodiment of an absorbent member

30 according to the present invention) of the diaper wherein the
absorbent member comprises a porous, absorbent macrostructure

according to the present invention;

Figure 6 is a cross-sectional view of the absorbent core of
the diaper shown in Figure 5 taken along sectional line 6-6 of

35 Figure 8; and
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-37- a The amount of plasticizer applied to the nmacrostructure can
be sel ect ed dependi ng upon the specific plasticizer used, and the
effects desired. Typically, the amount of plasticizer applied is
fromabout 5 to about 100 parts by weight, preferably from about 5

to about 60 parts by weight, per 100 parts by wei ght of the
macrostructure. A particularly preferred plasticizer conprises a

m xture of glycerol and water in a meight ratio of from about . 0.5:1
to about 2:1, preferably fromabout 0.8 } to about 1.7:1. As
shown in Flgures 1 through 4 and especialfly Figures 3.and 10 4, the
macrostructures resulting fromthe nmethod of the present I nvention

have pores (the dark argggeely n?eﬁgmisséetquanhbf a msposa*a%%%g?, ces

adj acent. precursor gﬂ{tlcles ores are sma
bet ween adj acent pre@eRfiEgRt ﬁ&?'l"fjé‘l‘%@ttﬂ‘ﬁtpr&IsF'bRN‘PYFé‘“” wherein portions of

the topsheet have been cut away to more clearly show an
alternative dual-layer absorbent core embodiment.

5 Figure 8 is a blown-apart view of the components of a diaper
structure, one of the components being an alternative dual-layer
absorbent core where the absorbent macrostructure is in the form
of a plurality of strips.

Figure 9 is a simplified perspective view of an apparatus

10 for making absorbent macrostructures of the present invention in
the form of sheets.

DETAILED DESCRIPTION OF THE INVENTION
A. Porous Absorbent Macrostructures
Porous, absorbent macrostructures according to the present

15 invention are structures capable of absorbing large quantities of
liquids such as water and/or body exudates (e.g., urine or
menses) and then retaining such liquids under moderate pressures.
Because of the particulate nature of the precursor particles, the
macrostructure has pores between adjacent precursor particles.

20 These pores are interconnected by intercommunicating channels
such that the macrostructure is liquid permeable (i.e., has
capillary transport channels).

Due to the bonds formed between the precursor particles, the
resultant aggregate macrostructure has improved structural

25 integrity, increased liquid acquisition and distribution rates,
and minimal gel-blocking characteristics. It has been found that
when the macrostructure is contacted with liquids, the
macrostructure swells generally isotropically even under moderate
confining pressures, absorbs such liquids into the pores between

30  the precursor particles, and then imbibes such liquids into the
particles. The isotropic swelling of the macrostructure allows
the precursor particles and the pores to maintain their relative
geometry and spatial relationships even when swollen. Thus, the
macrostructures are relatively "fluid stable” in that the

35 precursor particles do not dissociate from each other, thereby
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passage of liquid into the interior of the macrostructure. The 15

pores are formed into the macrostructure because the precursor

particles do not "fit" or pack tightly enough, even when

conpressed, to elimnate the pores. (The packing efficiency of t he
precursor particles is less than 1.) The pores are generally

smal | er-than the constituent precursor particles and provide 20
capillaries between the precursor particles to transport liquid

into the interior of the macrostructure. -8- The pores are
I nterconnected with each other by interconnunicating channel s
bet ween the pores. The channels | ow |j qui ds contacting the

macrostructure to bePiBiRIPHrthed 10¢idence °f 98hpblqckigg rapdcatlowing the
capi | l ary channel s amagiflaryatanrieds otohbé maintained pod tan@ﬂlsgedfwtteheswonen s0

macrostructure 5ot Nk e WRLAINRLIE G iiRire and criREEASLHALULS 1S

used in absorbing such |1 qui € pores
and the |nterconnun|03?VH§‘8h&HW@Fs°&FP6%Fess]‘Q“‘1 i quids to pass through
the macrostrugture eithes dsed Byreis, dhe 3erm “"maprostractare paednsChestructwee

fromthe initial poif; r@( al 'cqpé scrlbed vo]ﬁ@\ﬂtﬂ@l g&bsttgnﬁta'f'ﬁ ucﬁ'ﬁ' ??t el €S in

contact with the € NHacros
considered to be cwcumsmm#c#rgevq?ﬁw éfcﬂ}el?ﬁttﬁé’“bd} aqs &'ﬁ tpﬁéfe"abU
i nt ercomuni cating at least abaatini®l.6.mm35 more preferably at least about 100 mm3,

most preferably at least about 500 mm3., Typically, the

10 macrostructures of the present invention will have a
circumscribed dry volume much greater than about 500 mm3. In
preferred embodiments of the present invention, the macro-
structures have a circumscribed dry volume of between about 1000
mm3 and about 100,000 mm3.

15 While the macrostructures of the present invention can have
a number of shapes and sizes, they are typically in the form of

~sheets, films, cylinders, blocks, spheres, fibers, filaments, or

other shaped elements. The macrostructures will generally have a
thickness or diameter between about 0.2 mm and about 10.0 mm.

20 Preferably for use in absorbent products, the macrostructures are
in the form of a sheet. The term. “sheet” as used herein
describes macrostructures ‘having a thickness at least about
0.2 mm. The sheets will preferably have a thickness between
about 0.5 mm and about 10 mm, typically from about 1 mm to about

25 3 mm.

As shown in Figures 1 through 4, the porous, absorbent
macrostructures of the present invention comprise interparticle
bonded aggregates. These interparticle bonded aggregates usually
comprise about 8 or more previously independent precursor

30 particles. For preferred circumscribed dry volumes and sizes of
the individual precursor particles used herein, these inter-
particle bonded aggregates typically are formed from about
100,000 or more individual precursor particles. These individual
precursor particles can comprise granules, pulverulents, spheres,

35 flakes, fibers, aggregates or ayglomerates. '
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-38- The void fraction (i.e., the total volune of the
macrostructure that conprises the pores and the channels) has a

m ni nrum val ue for a given precursor particle size distribution. In
general, the narrower the precursor particle size 5 di stribution, the
hi gher the void fraction wll be. Thus, it is preferred, so as to
provi de higher void fractions in a densified state, that the
precursor partickes have a relatively narrow particle size

di stribution. _ Anot her featuregof the macrostructures of the

pr esent

As can be especially seen in Figures 1 and 2, the individual
precursor particles can have a variety of shapes, such as cubic,
rod-1ike, polyhedral, spherical, rounded, angular, irregular,
randomly-sized irregular shapes, e.g., pulverulent products of

5 grinding or pulverizing steps, or shapes having a large greatest
dimension/smallest dimension ratio so as to be needle-like,
flake-1ike, or fiber-like.

As particularly shown in Figures 3 and 4, the interparticle
bonded aggregate comprising the macrostructures of the present

10 invention are formed, in essence, by the joining or adhering
together of adjacent particles. The adhesive agent is
essentially the polymeric material that is present in the surface
of these particles. When these precursor particles are treated
and physically associated as described hereafter, the polymer

15 material present in the surface of these particles is
sufficiently plastic and cohesive (e.g., sticky) such that
adjacent particles are adhered together, typically as discrete
linking portions between the particles. The crosstinking
reaction between the amino-epichliorohydrin adduct and the polymer

20 material of the particles then sets this adhered structure such
that the particles in the aggregate remain cohesively bonded
together.

B. Absorbent Precursor Particles
The macrostructures of the present invention are formed from

25 polymer materials capable of- absorbing large quantities of
liquids. (Such polymer materials are commonly referred to as
"hydrogel”, "hydrocolloid", or "superabsorbent” materials.) The
macrostructures preferably comprise substantially water-
jnsoluble, absorbent hydrogel-forming, polymer material. The

30 specifiz polqur materials will be discussed herein with respect
to those forming the precursor particles.

Although the precursor particles can have a size varying
over a wide range, specific particle size distributions and sizes
are preferred. For purposes of the present invention, particle

35 size is defined for precursor particles that do not have a large
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10, invention is that they swell generally isotropically, even under
noderate confining pressures, when |liquids are deposited onto or

conme into contact with them Isotropic swelling is used herein to
mean that the macrostructure swells generally equally in al

directions when wetted. |Isotropic swelling is an inportant 15 property
of the macrostructure because the precursor particles and t he pores
are able to naintain their relative geonetry and spati a
relationships even when swollen such that,4he existing capillary
channel s are maintained, if not enlarged, during use. (The pores and
the precursor particles get larger during 20 swelling.) Thus, the

macrostructure can igibifagt afimémioh sAEBIRGE tdimension rabi®WaEh lak SEbbradgid.i onal
| oadi ngs of liquid mhllq not ' ndicati on

| | ocki.ng. . . An
that crosslink bondgr%\?ueeﬁéiﬂgg?sdr r?équl\_'%trﬁge"tgg as e fAnersien (He ¢
precursor particl esPrecurisen pankiciestiichnis determinedpby oieraictiae exnadyssst| ui d
(i.e., liquid) stabitaus, fot Wixdmplleadd erecursor pdrf&iﬂ%ediaitgﬁei i‘btﬁ%dﬁeaﬁ‘hﬁ
macrostructurg conpr.jsj . . rLic Qn regat e that
renai ns substgnt i al Is;k/%l"{r%?.%g#?o seve "‘t'?%gb %ﬁ%‘;sq ?g?"qf?lseeiﬁr‘g@?bffgfeé/e“’ have
i ndependent conponerdt Pitdele sdze greater thant @] @dcransmi pyesurser tragticier)

upon con}g ?C_t OIvvi t Cvlplfthw\ﬁ_hkidigtlﬂ@ugh t?{( WD !’Isi%@éj]/cw@’]f,h \ob hﬁﬁ?cgﬁlbﬁé?ﬁﬁés lafid &1
?ﬂgte()lrjr;st , u:oréf eralblrgtginleg on gl.lﬁfmggr‘{ ﬁggl ér)‘gggr"gc#u (g)r ?“ﬁgrl“:é‘slmit’%'rjréﬁ’eﬁio‘ glnég?i
together, it, considered to have a particle size between 500 and 600 microns,
10 and a precursor particle that passes through a #35 sieve with 500
micron openings is considered to have a particle size less than
500 microns. In preferred embodiments of the present invention,
the precursor particles will generally range in size from about 1
micron to about 2000 microns, more preferably from about 20
15 microns to about 1000 microns.
further, for purposes of this invention, the mass average
particle size of the pretursor particles is important in
determining the characteristics and properties of the resultant
macrostructures. The mass average particle size of a given
20 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 hereinafter in the Test Methods section. The
mass average particle size of the precursor particles will
25 generally be from about 20 microns to about 1500 microns, more
preferably from about 50 microns to about 1000 microns. In
preferred embodiments of the present invention, the precursor
particles have a mass average particle size less than about 1000
microns, more preferably less than about 600 microns, most
30 preferably less than about 500 microns. In especially preferred
embodiments of the present invention, the mass average particle
size of the precursor particles is relatively small (i.e. the
precursor particles are fines}). In these embodiments, the mass
average particle size of the precursor particles is less than
35 about 300 microns, more preferably less than about 180 microns.
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however, should be recognized that sone of the precursor particles
can di ssociate thenselves fromthe macrostructure if, 35

- 39- for exanple, other particles have -been subsequently water
aggl onerated onto it. Fluid stability is an inportant
feature of the macrostructures of the present invention because it
allows the 5 aggregate to naintain its relative structure in both the
dry and swol I en states, and because it inmobilizes conponent

pr ecur sor 1

In an exemplary embodiment, at least about 95% by weight of the
precursor particles have a particle size between about 150
microns and about 300 microns. In an alternative embodiment, at
least about 95% by weight of the precursor particles have a

5 particle size between about 90 microns and about 180 microns.
Narrow precursor particle size distributions are preferred
because they vesult in a higher porosity macrostructure due to
the higher void fraction when densified versus broader precursor
particle size distributions with equivalent mass average particle

10 sizes.

The particle size of materials having a large greatest
dimension/smallest dimension such as fibers is typically defined
by their largest dimension. For example, if absorbent, polymeric
fibers (i.e. superabsorbent fibers} are used in the

15 macrostructures of the present invention, the length of the
fibers is used to define the "particle size." (The denjer and/or
the diameter of the fibers can also be specified.) In exemplary
embodiments of the present invention, the fibers have a length
greater than about 5 mm, preferably between about 10 mm and about

20 100 mm, more preferably'between_about 10 mm and about 50 mm.

The precursor particles comprise substantially water-
insoluble, absorbent hydrogel-forming, polymer material having a
multiplicity of anionic, functional groups, such as sul fonic
acid, and more typically carboxy, groups. Examples of polymer

25 materials suftable for use as the precursor particles herein
include those which are prepared from polymerizable, unsaturated,
acid-containing monomers. Thus, such monomers include the
olefinically unsaturated acids and anhydrides which contain at
least one carbon to carbon olefinic double bond. More

30 specifically, these monomers can be selected from olefinically
unsaturated carboxylic acids and acid anhydrides, olefinically
unsaturated sulfonic acids, and mixtures thereof.

Some non-acid monomers can also be included, usually in
minor amounts, in preparing the precursor particles herein. Such

35 non-acid monomers can include, for example, the water-soluble or
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particles. In an end product such as an absorbent nenber or an
absorbent article, fluid stability is beneficial in reducing gel
bl ocki ng since precursor particles remai n aggregated even when 10
contacted with Iliquid, and allows one to use previously

I ndependent fine particles in an aggregate formto increase the
rate of fluid uptake of the resultant macrostructure w thout

i ntroduci ng the el ement of gel bl ocking. Fluid stability can be
measured in an aggregate 15 macrostrtigture by a two step process. The
initial dynamc response of the *aggregate nmacrostructure upon

contact with the aqueous fluid is observed and then the fully

swol I en equi l i br' UMater- dlspefsqmjé tek ng the a@g@fcﬁﬁﬁtg @ﬁ%&ﬁ\“yc Ungyd S

observed. A tes é&? eternlnln Tty based on
these criteria |s 285 monongKs F'ér“ﬂ%%’é‘r?%éd”? H:e°‘T'e§‘c fREChEdd 8RUPs on.
I n use, |iquids thaat alé. ddpssertaddnantoidomormpwes iqancbimtsadtclude monomemist h t he

macrostructures ar ecdtlidng me ?mop{r@cwp%eromuﬁa%ﬁa groups:  c¥FbRyfic
passed into the pores, and tr gﬂ g I ons ~of

macr ostruct urle wher 8h 8y s# °Nﬂ)|‘6 %3%% 4 '%l"é FroYps o gmide-gppups; | e
or transported throamjnotdreupscndatitlegrovps and qudternary ammomiwbsattberdups.
menber s adj acent t hgfdlOngy.- acid monomers Vﬁ'@' %’ﬁ tk)fms tefaPS" afRLHEI @l can

be used as the rer nforci in crostructures of the
pr esent i nvesierabed AR 9f§i’3§‘” T‘etfal erf%teéf“f‘ & wif cH-3-s Patgtanl e for
use 4,076,663 (Masuda et al), issued February 28, 1978, and in U.S.

10 Patent 4,062,817 (Westerman), issued December 13, 1977, both of

which are incorporated by reference.

Olefinically unsaturated carboxylic acid and carboxylic acid
anhydride monomers include the acrylic acids typified by acrylic
acid itself, methacrylic acid, ethacrylic acid, a-chloreacrylic

15 acid, a-cyanoacrylic 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, ﬁ-stery]aéry]ic acid, itaconic acid, citroconic
acid, mesaconic acid, glutaconic acid, aconitic acid, maleic

20 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 sulfonic acid and styrene
sulfonic acid; acrylic and methacrylic sulfonic acid such as

25 sulfoethyl acrylate, sulfoethyl methacrylate, sulfopropyl
acrylate, sulfopropyl methacrylate, 2-hydroxy-3—methacfy1oxy-
propyl -sulfonic acid and 2-acrylamide-2-methylpropane sulfonic
acid.

Preferred polymer materials for use in the present invention

30 contain carboxy groups. These polymers include hydrolyzed

' starch-acrylonitrile graft copo]ymérs, partially neutralized
starch-acrylonitrile graft copolymers, starch-acrylic acid graft
copolymers, partially neutralized starch-acrylic acid graft
copolymers, saponified vinyl acetate-acrylic ester copolymers,

35 hydrolyzed acrylonitrile or acrylamide copalymers, slightly
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30 in conventional absorbent products is also suitable for use in
the macrostructures herein. Specific exanples of such fiber

material include cellulose fibers, nodified cellulose fibers,

rayon, polypropyl ene, and polyester fibers such as pol yet hyl ene

terepht hal ate (DACRON), hydrophilic nylon (HYDROFIL), and the 35 like.
Exanpl es of other fiber materials for use in the present

- 40- i nvention in addition to sonme al ready discussed are

hydr ophi |i zed hydr ophobi ¢ fibers,jssuch as surfactant-treated or
silica-treated thernoplastic fibers derived, for exanple, from
pol yol efi ns such as pol yet hyl ene or pol ypropyl ene, polyacrylics,
pol yam des, network crosslinked polymers of any of the foregoing copolymers,

partially neutralized polyacrylic acid, and slightly network
crosslinked polvmers of partially neutralized polyacrylic acid.
These polymers can be used either solely or in the form of a
5 mixture of two or more different polymers. Examples of these
polymer materials are disciosed in U.S. Patent 3,661,875, U.S.
Patent 4,076,663, U.S. Patent 4,093,776, U.S. Patent 4,666,983,
and U.S. Patent 4,734,478.
Most preferred polymer materials for use in making the
10 precursor particles are slightly network crosslinked polymers of
partially neutralized polyacrylic acids and starch derivatives
thereof. Most preferably, the precursor partié]es comprise from
about 50.to about 95%, preferably about 75%, neutralized,
s1ightly network crosslinked, polyacrylic acid (i.e. poly (sodium
15 acrylate/acrylic acid)).
As described above, the precursor particles are preferably
made from polymer materials that are slightly network cross-
Yinked. Network crosslinking serves to render the polymer
" materials from which the precursor particles are made substan-
- 20 tially water-insoluble and, in part, determines the absorptive
capacity and extractable polymer content characteristics of the
precursor particles and the resultant macrostructures. Processes
for network crosslinking the polymers and typical network
crosslinking agents are described in greater detail in the
25 hereinbefore-referenced U.S. Patent 4,076,663.
The individual precursor particles can be formed in any
- conventional manner. Typical and preferred processes for
producing the individual precursor particles are described in
U.S. Patent Re. 32,649 (Brandt et al), issued April 19, 1988,
30 U.S. Patent 4,666,983 (Tsubakimoto et al), issued May 19, 1987,
and U.S. Patent 4,625,001 (Tsubakimoto et al), issued
November 25, 1986, all of which are incorporated by reference.
Preferred methods for forming the prechrsor particles are
those that involve aqueous solutfon or other solution
35  polymerization methods. As cescribed in the above-referenced
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5 pol ystyrenes, polyurethanes and the like. 1In fact, hydrophilized
hydr ophobi ¢ fibers which are in and of thensel ves not very

absor bent and which, therefore, 'do not provide webs of sufficient
absorbent capacity to be useful in conventional absorbent

structures, are suitable for use in the macrostructures of the 10

present invention by virtue of their good w cking properties. Thi s
i s because, in the macrostructures herein, the w cking propensity
of the fibers is as inportant, if not nqng‘inportant, t han t he
absorbent capacity of the fiber material ‘itself due to t he high
rate of fluid uptake and | ack of gel bl ocking properties 15 of the

rracrosltlructurfes of dwse meﬁehrne.imm.i @ﬁueou; Sbmﬁh%hiﬁblymeriza'tiof\i*?\QB?ve"s‘L e
general |y preferred.for, use_herein t i.ber . conponent of the
nacr ost r uct ur e. Nbs%ﬁepr"éc‘ 'eroﬁeg'"ara«gu%zjls J %&l‘?ﬁ mutum_%?bé?'gr,’ pr&f er abl y
pol yet hyl ene fi ber sPelymerization to chom@r theo|prefiyspe Hirbigiepmt dheakauenhs ch can

be useful in 20 reaetioh MixtIPE [iQS tHdAC subiREted @b io) ymédi@at i0h eFina # ok s

celluiosic 5 T & Surfhd oo hBUGK T, ECHYROY Bbtat iy

fibers which watepninselubledrdéehtly netwerk sross1dnkeds polymenagediall ose
fi blerz \éVISt h . The Ris3S6f |kaym%9fmalft§£m- theSEb)t afbhﬁ_dlsu &]{:egad}vertms&fd,
curl e cellu . as I Llic fiber materia
her ei n oo cliBEsd EE%?‘HL{S'?%#‘F%?” téi]i‘u"f“g‘?”ﬁgﬂpéﬁ{‘ﬁ&{*%nt 4,888, 093

( Dean et al), iMwrgesredfeealdy, 1the pggecusy sslutbige epel ynesiget BOS
(Herron 10 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 acid group-containing
monomer material which will form the "backbone" of the precursor
15 particles to be produced. The reaction mixture will generally
comprise about 100 parts by weight of the monomer material.
Another component of the aqueous reaction mixture comprises a
network crosslinking agent. Network crosslinking agents useful
in forming the precursor particles are described in more detail
20 in the above-referenced U.S. Patent Re. 32,649, U.S. Patent
4,666,983, and U.S. Patent 4,625,001. The network crossiinking
agent will generally be present in the aqueous reaction mixture
in an amount of from about 0.001 mole percent to about 5 mole
percent based on the total moles of monomer present in the
25 aqueous mixture {(about 0.0l to about 20 parts by weight, based on
100 parts by weight of the monomer material). An optional
component of the aqueous reaction mixture comprises a free
radical initiator including, for example, peroxygen compounds
such as sodium, potassium, and ammonium persulfates, caprylyl
30 peroxide, benzoyl peroxide, hydrogen peroxide, cumene
hydroperoxides, tertiary butyl diperphthalate, tertiary butyl
perbenzoate, sodium peracetate, sodium percarbonate, and the
Tike. Other optional components of the aqueous reaction mixture
comprise the various non-acidic co-monomer materials including
35 esters of the essential unsaturated acidic functional
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et al), «dssued Decenber 26, 1989; U.S. Patent 4,889,596 (Schoggen

et al), issued Decenber 26, 1989; U.S. Patent 4,889,597 (Bourbon 30 et
al), issued Decenber 26, 1989; and U S. Patent 4, 898, 647 (Mbore et
al), issued February 6, 1990, all of which are I ncor por ated by

r ef er ence. As used herein, the term "hydrophilic" describes
fibers or the surfaces of fibers which are wetted by the |iquids
deposited 35 = onto the fibers (i.e., if water or aqueous body fluid
readily -15- -41- spreads on
or over the surface of the fiber without Tegard to whet her or not

the fiber actually inbibes fluid or forns a gel).
group-containing monomers or other co-monomers containing no

carboxylic or sulfonic acid functionalities at all.
The aqueous reaction mixture is subjected to polymerization
conditions which are sufficient to produce in the mixture
s substantially water-insoluble, absorbent, hydrogel-forming,
slightly network crosslinked polymer materials. The
polymerization conditions are also discussed in more detail in
the three above-referenced patents. Such polymerization
conditions generally involve heating (thermal activation
10 techniques) to a polymerization temperature from about 0°C to
about 100°C, more preferably from about S$°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
15 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 aqueous reaction mixture are also preferably neutralized.
20 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-containing
monomers that are neutralized with a salt-forming cation. Such
25 salt-forming cations include, for example, alkali metals,
ammonium, substituted ammonium and amines as discussed in further
detail in the above-references U.S. Patent Re. 32,649.
While it is preferred that the precursor particles be
manufactured using an aqueous solution polymerization process, it
30 is also possible to carry out the polymerization process using
multi-phase polymerization processing techniques such as inverse
emulsion polymerization or inverse suspension polymerization
procedures. In the inverse emulsion polymerization or inverse
suspension polymerization procedures, the aqueous reaction
35  mixture as hereinbefore described is suspended in the form of
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The state of the art respecting wetting of materials all ows
definition of hydrophobicity (and wetting) in terns of contact 5

angl es and the surface tension of the Iiquids and solids i nvol ved.
This is discussed in detail in the American Chem cal Soci ety
Publication entitled "Contact Angle. Wettability. and ~ Adhesi on
edited by Robert F. Gould and copyrighted in 1964. A fiber or
surface of a fiber is said to be wetted by a liquid 10 ei ther when the
contact angle between the liquid and thejgi ber or surface is | ess
than 90 or when the liquid will tend to spread spont aneousl y across
the surface of the fiber; both conditions normal | y coexi sting.

The fiber material tiw éropletsedntd mabixnatroyatercimigsitdye, 1tert organic
i ntroducing the fibgngedtlis@ess @k Uycdbhekahd). t M GREAIRANE pRBRUIQ0r particles
epi chl or ohydri n adduct, b¥ X|3% wi.th, the péecurso gartlcles . prior
to applying the addlié&t , 9% r%l;)ya Mg Sthe 'Fi BBPPSrat VRTS8 pSuspension o
adduct / precursor papaliyeirizat onpreceduFes aeradeskeibedhin gréager detail imiliri al
can be ktnea_desld I nt OP:Itfbﬁt Qgﬁ#&bb@rﬁﬁ&hﬁ%i Rar %1)0,! ?%ﬁﬁd Julyn2t 49, y e

i ber material is pgefe r W ol ufion so
that the fiber mat eir %51‘{ ?sg%nb%r(?rf%hai/seg\e%ﬁgéd“s“ed M"‘fhml?)ugﬁﬁ)it ag g{'
macrostructure. ThRatkabel,$3%1987 alMovitar et e3ldbl yssued Aprihddetdasef dileof

reacting the adductywich arkhfncBPpora®dd BRIrRFér@nc®f the ~ precursor
particl es. 25 I dreh VGwBFBEs e 'hEhrdTBhE {rfbntToX Syt th the
10 precursor particles used to form the bonded particle aggregates

are substantially dry. The term “substantially dry" is used
herein to mean that the precursor particles have a liquid
content, typically water or other solution content, less than
about 50%, preferably less than about 20%, more preferably less.
15 than about 10%, by weight of the precursor particles. In
general, the liquid content of the precursor particles is in the
range of from about 0.01% to about 5% by weight of the precursor
particles. The individual precursor particles can be dried by
any conventional method such as by heating. Alternatively, when
20 the precursor particles are formed using an aqueous reaction
mixture, water can be removed from the reaction mixture by
azeotropic distillation. The polymer-containing aqueous reaction
mixture can also be treated with a dewatering solvent such as
methanol. Combinations of these drying procedures can also be
25 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 present invention are
30 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
35 significantly with the nature of the liquid being absorbed and
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precurser particles can vary widely. The fiber material is

preferably added in a range from about 0.01 parts to about 50 parts,
nore preferably in the range of fromabout 0.5 parts to about 5
parts, by weight per 100 parts by wei ght of the precursor 30 particles.
E. Uses of Macrostructures The porous, absorbent

macr ostructures can be used for many purposes in many fields of use.
For exanpl e, the macrostructures can be used for packing containers;
drug delivery devices; wound 35 cl eanjy;ng devices; burn treatnent

devi ces; ion exchange col um

-42-

with the manner in which the liquid contacts the polymer

material. For purposes of this invention, Absorptive Capacity is
defined in terms of the amount of Synthetic Urine (as hereinafter
defined) absorbed by any given polymer material in terms of grams

5 of Synthetic Urine per gram of polymer material in a procedure
hereinafter defined in the Test Methods section. Preferred
precursor particles of the present invention are those which have
an Absorptive Capacity of at Teast about 20 grams, more
preferably at least about 25 grams, of Synthetic Urine per gram

10 of polymer material. Typically, the polymer materials of the
precursor particles herein have an Absorptive Capacity of from

. about 20 grams to about 70 grams of Synthetic Urine per gram of
polymer material. Precursor particles having this relatively
high absorptive capacity characteristic produce macrostructures

15 that are especially useful in absorbent products, absorbent
members, and absorbent articles since the resultant
macrostructures formed from such precursor particles can, by
definition, hold desirably high amounts of discharged body
exudates such as urine.

20 . While all of the precursor particles are preferably formed
from the same polymer material with the same properties, this
need not be the case. For example, some precursor particles can
comprise a starch-acrylic acid graft copolymer while other
precursor particles can comprise a slightly network crosslinked

25 polymer of partially neutralized polyacrylic acid. Further, the
precursor particles can vary in size, shape, absorptive capacity,
or any other property or characteristic. In a preferred
embodiment of the present invention, the precursor particles
consist essentially of slightly network crosslinked polymers of

30 partially neutralized polyacrylic acid, each precursor particle

' having similar properties.
C. ationic Amino-Epichlorohydrin Adducts
A key component of the interparticle bonded aggregates that
comprise the porous macrostructures of the present invention is
35 an adduct of -epichlorohydrin w~ith certain types of monomeric ov
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mat eri al-<s; construction materials; agricultural or horticultural
materials such as seed sheets or water-retentive materials; and

i ndustrial uses such as sludge or oil dewatering agents, materi al s
for the prevention of dew formation, dessicants, and 5 hum dity
control materials. The porous, absorbent macrostructures of

t he present I nvention are useful when joined to a carrier

Carriers useful in the present invention include absorbent
material s such as cellul ose fibers. The carriers also can be any
other carriers as 10 are known in tH@’art such as nonwoven webs,

ti ssue webs, foans, pol yacryl ate fibers, apertured polyneric webs,

synthetic fibers, g4 ymeriéfwgﬁ,'eki CThé&de! sminBLEILRTHbAYdrdNGalifta s! bdsEt wilhe
macr ost ruct ur es n be i ndi rectl

a | 0i ne jrectly o to the .
carriers and can bethe pﬁy"‘"]‘?ﬁﬁ%’&qt?fe%‘f dgf)‘ifx’sﬁtlrer?\”&"a‘ﬁ"s%"r °ﬁ¥'§)§i?'tsal ah A% ng
such as are known 1Barticularnthehentontic, itygiaadingaabhrsi st omat hgyougslo$ t hat
react so as to thesedfdIGhEr mA€erTBEY @8t formt 4iicRPatedt ! REtEARFILHENd. In

B o g o tve R ke Ry B servs, g eraf RO
suitable for use asthbdspolymet mateeiali rprapendr bentth@0absorberdtr tpretosor
especi al |y di sposabhg-absey.DeineapéritsbesS of G U&Hbent particher@nbainihg term
e A b Dmen st Pr AL, PRt B Bey gfrectively Bt PickBy WiEH' "
body exudates and nBPEMEpaterial) that, basopeen § Y
amino-epichlorohydrin adduct swell less in the presence of
10 aqueous body fluids relative to the other uncrosslinked portions
of the particle.)

It is believed that these reacted amino-epichlorohydrin
adducts primarily provide crosslinking at the surface of the
absorbent precursor particles. This is due to the fact that

15 these adducts, and especially the polymeric resin versions of
these adducts, are relatively large, cationic molecules. As a
result, they are unable to penetrate inside the absorbent
particles, and therefore can only react with polymer material at
the surface thereof. In addition, the cationic functional groups

20 (e.g., azetedinium groups) of these adducts, particularly
polymeric resin versions, are believed to react very rapidly with
the anionic, typically carboxy, functional groups of the polymer
material of the absorbent particles, even at room temperature
(e.g., at from about 18° to about 25°C). As a result, fairly

25 modest levels (e.g., as Tow -as about 1% by weight of the
particles) of these amino-epichlorohydrin adducts are required to
provide effective surface crosslinking of the polymer material
present in the absorbent precursor particles.

As used herein, "“cationic amino-epichlorohydrin adduct”

30 refers to the reaction product between epichlorochydrin and a
monomeric or polymeric amine such that the resulting reaction
product has at least two cationic functional groups. These
adducts can be in the form of monomeric compounds (e.g., the
reaction product of epichlorohydrin and ethylene diamine), or can

35 be in polymeric form (e.g., the reaction product between
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articles which are placed against or in proximty to the body of
the wearer to absorb and contain the various exudates di scharged 25
fromthe body. Additionally,"disposable" absorbent articles are

t hose which are intended to be discarded after a single use (i.e.,
the original absorbent article in its whole is not I ntended to be
| aundered or otherw se restored or reused as an absorbent article,
al though certain materials or all of the 30 absorbent article may be
recycl ed, reused, or conposted). A -13- preferred enbodi nent of a

di sposabl e absorbent article, diaper 20, is shown in Figure 5. As
used herein, the term "diaper"” refers to a garnent generally worn

by infants and i ncoggich®érohydrin, andPsU1yeMiset filyamihe¥irpsly@tiy YehEmh Ay,
torso of the wear " The Ipéb\?fn%ric ver?%%gl gf %eygdc%rt%nquamng‘f‘@pvi%]ortopﬁ}riﬁhe

present invention is al .
adducts are typically referred to as "resins."

One type of amino compound which can be reacted with

5 epichlorohydrin to form adducts useful in the present invention
comprises monomeric di-, tri- and higher amines having primary or
secondary amino groups in their structures. Examples of useful
diamines of this type include bis-2-aminocethyl ether,
N,N-dimethylethylenediamine, piperazine, and ethylenediamine.

10 Examples of useful triamines of this type include N-aminoethy]l
piperazine, and dialkylene triamines such as diethylenetriamine,
and dipropylenetriamine.

Such amine materials are reacted with epichlorohydrin to
form the cationic amino-epichlorohydrin adducts useful as

15 crosslinking agents herein. Preparation of these adducts, as
well as a more complete description of the adducts themselves,
can be found in U.S. Patent 4,310,593 (Gross), issued January 12,
1982, and in Ross et al, J. Organic Chemistry, Vol. 29, pp.
824-826 (1964). Both of these documents are incérporated by
20 reference.

In addition to monomeric amines, polymeric amines such as
polyethyleneimines can also be used as the amino compound. A
particularly desirable amino compound which can be reacted with
epichlorohydrin to form preferred cationic polymeric adduct

25 resins useful herein comprise certain polyamide-polyamines
derived from polyalkylene polyamines and saturated C3-Cjp dibasic
carboxylic acids. Epichlorohydrin/polyamide-polyamine adducts of
this kind are water-soluble, thermosetting cationic polymers
which are well known in the art as wet strength resins for paper

30 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

35 water-soluble, long chain polyamide containing the recurring
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-43- : applicable to other absorbent articles such as incontinent

briefs, incontinent pads, training pants, diaper inserts, sanitary
napki ns, facial tissues, paper towels, and the |iKke. Figure 5
is a perspective view of the diaper 20 of the 5 present invention in
its uncontracted state (i.e., with all the el astic induced
contraction renoved) with portions of the structure being cut-away
to nmore clearly show the construction of the diaper 20 and with the
portion of the diaper 20 which contacts the wearer facing the
viewer. The diaper 20 is shown in 10 lgure 5 to preferably conprise a
l'iquid pervious topsheet 38; a | i qui d inpervious backsheet 40 joi ned

with the topsheet 3&roags -nu(cnuznahspcmt wiere rdndashid @aad 2bet wern ahdie
t opsheet 38 and the

k and, tape tab
fasteners 46. R V\f\ tlhg ﬁhg g’#@ﬁ?ﬂ%gm%?h Pﬁgegbﬁgéfxyidc iﬁ%‘é absor bent
core 42, 15 and t he ferardiety Qfenﬁdabkydnne:anlmiwsemuédnq wobrethylieae y of

wel | known c@af y4ines, petsprepydems aarﬁﬁlucbsam ymﬁewbéwaﬁfheksand
descri bed gengrally in 0,00 January

e oves Jengr e LY salan pWaFédE‘?'Bngg P tegere” the ' Boryp e R yamips, of

preferred conflguramhmets ther pdlxethylene cpeliyapines represent an economically
preferred class. More specifically, preferred polyalkylene
polyamines used to prepare the cationic polymeric resins herein
are polyamines containing two primary amine groups and at least
10 one secondary amine group in which the nitrogen atoms are linked
together by groups of the formula -ChHzp- where n is a small
integer greater than unity and the number of such groups in the
molecule ranges from two up to about eight._and preferably up to
about four. The nitrogen atoms can be attached to adjacent
15 carbon atoms in the group -CpH2p- or to carbon atoms further
apart, but not to the same carbon atom. Also contemplated is the
use of such polyamines as diethylenetriamine, triethylene-
tetramine, tetraethylenepentamine, dipropylenetriamine, and the
1ike, which can be obtained in reasonably pure form. Of all the
20 foregoing, the most préferred are the b&i}ethylene polyamines
containing from two to four ethylene groups, two primary amine
groups, and from one to three secondary amine groups.
Also contemplated for use herein are polyamine precursor
materials containing at least three amino groups with at least
25 one of these groups being a-tertifary amino group. Suitable
polyamines of this type include methyl bis(3-aminopropyl)amine,
methyl bis(2-aminoethyl)amine, N-(2-aminoethyl)piperazine,
4,7-dimethyltriethylenetetramine and the like.
The dicarboxylﬁc acids which can be reacted with the
30 - foregoing polyamines to form the polyamide-polyamine precursors
of the preferred cationic polymeric resins useful herein comprise
the saturated aliphatic C3-Cjg . dicarboxylic acids. More
preferred are those containing from 3 to B carbon atoms, such as
malonic, succinic, glutaric, adipic, and so on, togefher with
.35 diglycolic acid. Of these, diglycolic acid and the saturated
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20 - hrerein are also disclosed in U S Patent 4,808,178 (Aziz et al),
i ssued February 28, 1989; U. S. Patent 4,695,278 (Lawson), issued

Sept enber 22, 1987; and U.S. Patent 4,816,025 (Forenan), issued

March 28, 1989, all of which are incorporated by reference.

Figure 5 shows a preferred enbodi nent of the diaper 20 in 25 whi ch the
t opsheet 38 and the backsheet 40 are co-extensive and have | ength
and w dth dinensions generally |arger than those of t he absor bent
core 42. The topsheet 387is joined wth,nd superinposed on the
backsheet 40 thereby form ng the perlphery of t he di aper 20. The
periphery defines the outer perimeter or the 30 edges of the diaper 20.

The periphery CO”DHﬁSﬁatH&ed%%ﬁQwﬁs a32ds having m ahﬁs boffmsm&&@é jgdges

30. The,,t 0 co of t
non-irritating to tH® &5@2 €y "319?“’ ngtict‘ﬂéﬁ’ Q?Htféa th%Weé?ipa‘é pee most
| i qui d pervious persmefsmg I iEdendssof d“P(—:ﬁa‘de# pErbeseadicarhoxigh B3ds canits

thickness. A suitadlse bORZBELCtas3Re1028s F eFB WFAGAL 0PUmdreOBF Athese with

5 higher saturated aliphatic dicarboxylic acids such as azelaic and
sebacic, as Tong as the resulting long chain polyamide-polyamine
is water-soluble or at least water-dispersible.

The polyamide-polyamine materials prepared from the
foregoing polyamines and dicarboxylic acids are reacted with

10 epichlorchydrin to form the cationic polymeric amino-
epichlorohydrin resins preferred for use herein as the
crosslinking agent. Preparation of such materials is describe in
greater detail in U.S. Patent 2,926,116 (Keim), issued
February 23, 1960, U.S. Patent 2,926,154 (Keim), issued

15 February 23, 1960, and U.S. Patent 3,332,901 (Keim), issued
July 25, 1967, all of which are incorporated by reference.

The cationic polyamide-polyamine-epichlorohydrin resins
preferred for use herein as crosslinking agents are commercially
marketed by Hercules Inc. under the trade name Kymene®,

20 Especially useful are Kymene® 557H, Kymene® 557LX and Kymene® 557
Plus, which are the epichlorohydrin adducts of polyamide-'
polyamines which are the reaction products of diethylenetriamine
and adipic acid. They are typically marketed in the form of
aqueous solutions of the cationic resin material containing from

25 about 10% to about 33% by weight of the resin active,
D. Preparation of Interparticle Bonded Agqregates and -
Macrostructures

In preparing the interparticle bonded aggregates that
comprise the porous, absorbent macrostructures of the present
30 invention, the absorbent precursor particles are treated with an
sufficient amount of the cationic amino-epichlorohydrin adduct to
react with the polymer material at the surface of the particles
so as to cause effective crosslinking, i.e., the crosslinked
surface of the particle swells less in the presence of aqueous
35 body fluids relative to the uncrosslinked portions. What
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-44- . wi de range of materials such as porous foans, reticul ated

f oans, apertured plastic filnms, natural fibers (e.g., wood or cotton
fibers), synthetic fibers (e.g., polyester or pol ypropyl ene fibers)
or froma conbination of natural and synthetic fibers. 5 Preferably,
the topsheet 38 is nade of a hydrophobic material to I sol ate the
wearer's skin fromliquids in the absorbent core 42. A
particularly preferred topsheet 38 conprises staple |length
pol ypropyl ene fibers having a denier of apout 1.5, such as Her cul es
type 151 pol ypropyl ene nmarketed by Hercul®s, Inc. of 10 VWInington,
Del aware. As used herein, the term"staple length fibers” refers
to those fibers haV'c'aﬂsﬁtbf‘dlgf'i‘ s‘afffﬂ xl,te% urﬁb%'ﬁ the adduct 115 aﬁa Lffo
i nches). The are er o manuf act ur|n n|q es mhlch
can be used "PBberT*aﬂ fféEHflse ‘c"ﬁ uqigpsticePardd culas, aSpEPRNtePracHEsOr
t opsheet 15 38 (pantilnéewcnremtednottmmentncsbambmmi:edplcd)amcthgldrmraddﬁetl I ke.
A preferred uL&PShﬁ@tparkﬁcswvd@ﬂsec@me&h%nﬁ# 'fUruhﬁ?"Ci‘ﬁg termreR el |
known to those skille t rabrics_ art. Pre ferF X

5 bonded aggregate, and like factors n the case of monomeric

amino-epichlorohydrin adducts, such as a piperazine-
epichlorchydrin adducts, the amount of adduct used can be in the
range.of from about 0.1 to about 3 parts by weight, preferably
from about 0.5 to about 1.5 parts by weight, most preferably from
10 about 0.8 to about 1.2 parts by weight, per 100 parts by weight
of the absorbent precursor particles. 1In the case of preferred
polymeric amino-epichlorohydrin resins, such as Kymene® 557H,
557LX or Plus, the amount of resin used can be from about. 0.1 to
about 5 parts by weight, preferably from about 0.5 to about 2.5

15 parts by weight, most preferably from about 1 to about 2 parts by
weight, per 100 parts by weight of the absorbent precursor
particles.

Besides the absorbent precursor particles and the cationic
amino-epichlorohydrin adduct, other componenfs or agents can be
20 used as aids in preparing the interparticle bonded aggregates.
For example, water is typically used with the adduct to form an
aqueous treatment solution thereof. Nater'promotes the uniform
dispersion of the adduct on the surface of the précursor
particles and causes permeation of the adduct into the surface
25 regions of these particles. -Water also promotes a stronger
physical association between the treated precursor particles,
providing greater integrity of the resultant interparticle bonded
crosslinked aggregates. In the present invention, water is used
in an amount of less than about 25 parts by weight (i.e. from O
30 to about 25 parts by weight), preferably in the range of from
about 3 to about 15 parts by weight, more preferably in the range
of from about S to about 10 parts by weight, per 100 parts by
weight of the precursor particles. The actual amount of water
used can vary depending upon the type of adduct used, the type of
35 polymer material used in furming the precursor particies, the

This is the replacement sheet

-~ B SEP 1996

Date:



t opsheet< 38 has a weight fromabout 18 to about 25 grans per square

nmeter, a mnimumdry tensile strength of at |east about 20 400 grans
per centineter in the machine direction, and a wet tensile strength
of at |east about 55 grans per centineter in the cross-machi ne

di rection. The backsheet 40 is inpervious to liquids and is
preferably manuf actured froma thin plastic film although other
flexible 25 liquid inpervious materials may al so be used. The
backsheet 40 prevents the exudatgs absorbed and contained in the
absor bent core 42 fromwetting afrticles which contact the diaper 20
such as bedsheets and undergarnents. Preferably, the backsheet 40
i_sl) ‘o 4 p;)l %eg g»hmeléiimhaﬂimw ﬁrbhfrk‘ﬂﬁs?arﬁ:ﬁ@f@ﬁ@b?m iReUkZonmge( 0. 5 30
m o abou : c£en (2 , 0 r

flexible, |iquid iéﬁ@eﬁv%’%ﬁ?ﬁg?‘é‘&"%&?’é@cg‘?\"-‘be ﬂgé%r“?/%"%utﬁ‘a factors.  perein,

the term "fl exi bl e" “r eftthpugh neht aisolptelyneacassary. organic sghvepks san bend
which will readilyused)f Qedalt9 tHeprIRORT Ani BraPdishedsion of thXALQINGE of the

vearer’ s bodg/ - 35 amino-epichlorohydrin adduct onto the surface of the precursor
particles. These organic solvents are typically hydrophilic, and
can include lower alcohols such as methanol and ethanol; amides
such as N,N-dimethylformamide and N,N-diethylformamide; and
sulfoxides such as dimethylsulfoxide. If a hydrophilic solvent is
10 used, it is in an amount of less than about 20 parts by weight
{i.e. from 0 to about 20 parts by weight), preferably in the
range of from about 5 to about 15 parts by weight, more
preferably in the range of from about 8 to_about 12 parts by
weight, per 100 parts by weight of the precursor particles. The
15 actual amount of hydrophilic solvent used can vary depending upon
the adduct used, the polymer material used forming the precursor
particles, the particle size of these precursor particles and
like factors. '
As previously noted, the use of hydrophilic organic solvents
20 is not necessarily requ{red in preparingmsaﬁded particle aggre-
gates of the present invention. Indeed, it can be desirable to
avoid the use of such organic solvents. Such soivents typically
need to be removed from the aggregate before it is suitable for
its intended use. The removal of organic solvents is ffequent]y
25 an energy and process intensive, and adds additional processing
costs. Some hydrophilic solvents, such as .isoproponal or
t-butanol, can cause the amino-epichlorohydrin adduct to
precipitate out of solution and are therefore undesirable for
this reason. Indeed, the only solvents typically used in
30 preparing the bonded particle aggregates of the present invention
are the lower alcohols such as methanol and ethanol that are not
too energy or process intensive to remove, and do not cause the
amino-epichlorohydrin adduct to precipitate out of aqueous
solution.
35 .
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-45-+ ‘ A suitabl e polyethylene filmis manufactured by Monsanto

Chem cal Corporation and nmarketed in the trade as Fil m No. 8020. The
backsheet 40 is preferably enbossed and/or matte finished to provi de
a nore clothlike appearance. Further, the backsheet 40 5 may permt
vapors to escape fromthe absorbent core 42 while still preventing
exudat es from passi ng through the backsheet 40. The size of the
backsheet 40 is dictated by the size of the absorbent core 42 and

t he exact diaper design selected. 1In a preferred enbodi nent, the
backsheet 40 has a nodified 10 hourglgss shape extendi ng beyond the
absorbent core 42 a m ni num di stance of at |east about 1.3

centimeters to about 2. 5Other opt:&ﬁmtdoiis&r@hss cahu1to Gedugded @mu{he cﬁxg@%h)
around the entire eet and

The t
the backsheet 40 are"]‘B? r?é’ﬂigﬁ %lﬁvﬁg}rp aﬁdyct, and especially aqueous reatment
solutions thereof It is particularly preferred that the

treatment solution comprising the cationic amino-epichlorohydrin

5 adduct include a plasticizer, especially when the treated
precursor particles are ambient temperature cured as described
hereafter. In the absence of a plasticizer, the treated
precursor particles, when formed into the interparticle bonded
aggregates, can be relatively brittle, and thus more difficult to

10 handle, especially in making the ultimately desired absorbent
structures. Inclusion of a plasticizer in the treatment solution
insures that the resulting interparticle bonded aggregates (when
ambient temperature cured) form relatively flexible porous,
absorbent macrostructures, particulariy flexible, porous,

15 absorbent sheets of the interparticle bonded aggregates. These
flexible sheets are relatively easy to handle in making the -
ultimately desired absorbent structures.

Suitable plasticizers include water, alone or in combination
with aother components such as glycerol, propylene glycol (i.e.

20 1,2-propanediol), 1,3-propanediol, ethylene glycol, sorbitol,
sucrose, polymeric solutions such as those involving polyvinyl
alcohol, ester precursors of polyvinyl alcohol, or polyethylene
glycol, or mixtures thereof. These other components in the
plasticizer, such as glycerol, are believed to act as humectants,

25 coplasticizers or both, with water being the primary plasticizer.
The preferred plasticizer for use in the present invention is a
mixture of glycerol and water, particularly when included as part
of an agueous treatment solution of the cationic amino-
epichlorohydrin adduct, in a weight ratio of glycerol to water of:

30 from about 0.5:1 to about 2:1, preferably from about 0.8:1 to
about 1.7:1.

The actual amount of plasticizer used can vary depending
upon the particular plasticizer used, the type of polymer
material used in forming the precursor particles, and the

35 particular flexibility effects desired from the plasticizer.
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15 any suitabl e manner. As used herein, the term "joined"
enconpasses configurations whereby the topsheet 38 is directly

joined to the backsheet 40 by affixing the topsheet 38 directly to
t he backsheet 40, and configurations whereby the topsheet 38 S
indirectly joined to the backsheet 40 by affixing the topsheet 20 38 to
I nternmedi ate nenbers which in turn are affixed to the backsheet 40.
In a preferred enbodi nent, the topsheet 38 and the backsheet 40 are
affixed directly to each other in the diggmer peri phery by
attachnment neans (not shown) such as an adhesive or any ot her
attachnent neans as known in the art. For exanple, a 25 uni form

conti nuous | ayer of Tepficablnethenppasttieizeedid aped iof an amount ofidfiremiabeyt &r an

array of separate |ihabo@f 100 Pabt by adigei,VBr&@Pably from attUsed db8udfshi X
the topsheet 38 to t rs 46 are

he backsheet 40. ape tab faste
typically applied tBaﬁﬁeg’bé‘Ekﬁﬁ’ more prefecably Hfrope °§ﬁ 1 P‘f t‘?gmb‘i gge‘?’“ﬁ) to
provi de a fasteni ngbyengiightgomost preferablydifnem tahoutlildpte abaut R@ pwdseby The

tape tab fastgners ¢fight, per 10025ar8 H¥Weiht!d¥OERe ?Eéur’ﬁ@ﬁ%rii'&]&ﬂe art,
such as the fastening Pat e

(Buel 1), issued Novenbef" the mg?ﬁ@Qfélfigggl,sﬁ\%ﬁé'rt}hl{ilngé'?tﬂe?)’r %Fgﬁgé’gbgn%
reference. These tapesursdr particles fcaot baetieatéd oritbt bher odi tgppéc dmimbeni ng
means are typicallyegRhlorohd@Pin ShubEaRtyh NAIFPMCIGuetEs SHRItIbARRENRP; by
any of a variety of techniques. These include any method for
10 applying solutions to materials, including coating, dumping,
pouring, dropping, spraying, atomizing, condensing, or immersing
the absorbent precursor particles with the cationic amino-
epichlorghydrin adduct, or solution thereof. As used herein, the
term “applied" means that at least a portion of the surface area
15 of at Teast some of the precursor particles to be bonded together
has an effective amount of the adduct on it to cause surface
crosslinking. In other words, the cationic adduct can be applied
onto some of the precursor particles, all of the precursor
particles, a portion of the surface of some or all of the
20 precursor particles, or the entire surface of some or all of the
precursor particles. Preferably, the adduct is coated onto the
entire surface of most, preferably all, of the absorbent
precursor particles so as to enhance the efficiency, strength,
and density of the interparticle bonds between the precursor
25 particles, as well as the desired surface crosslinking of the
polymer material in the surface of these precursor particles.

In an embodiment of the method of the present invention,
after the treatment solution has been applied onto the precursor
particles, the treated precursor particles are mixed or layered

30 together by any of a number of mixing or layering techniques to
insure that the precursor particles are thoroughly coated with
the treatment solution. Because the precursor particles are
thoroughly coated with the treatment solutiim, the efficiency,
strength, and density of the bonds between the precursor

35 particles is enhanced, as well as surface crosslinking resulting
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-46- ’ The el astic nmenbers 44 are di sposed adj acent the

peri phery of the diaper 20, preferably al ong each | ongitudi nal edge
30, so that the elastic nenbers 44 tend to draw and hol d t he di aper
20 against the legs of the wearer. Alternatively, the elastic 5
menbers 44 can be di sposed adj acent either or both of the end edges
32 of the diaper 20 to provide a wai stband as well as or r at her
than leg cuffs. For exanple, a suitable waistband is di sclosed in
U S. Patent 4,515,595 (Kievit et al), isgggd May 7, 1985, which is
I ncorporated by reference. In addition, met hod 10 and appar at us
suitable for manufacturing a di sposabl e di aper havi ng el astically

contractible el asti ¢rdfPRRET FeacBidhCDE! tREkatRonic adduct with the polymer

material forming the precursor particles. This mixing can be
accomplished using various techniques and apparatus, including
various mixers or kneaders, as are known in the art.

5 Before, during, or after applying the treatment solution,
the precursor particles are physically associated together to
form an aggregate macrostructure. The term "physically
associated" is used herein to mean that the precursor particles
are brought together and remain in contact with each other as

10 component parts in any of a number of various ways and spatial
relationships so as to form a single unit {(an aggregate
macrostructure).

_ The precursor particles are preferably physically associated
together by applying an associating agent onto the precursor -

15 particles and physically contacting the precursor particles at at
least the portion of the surface of the precursor particles
having the associating agent applied thereto. Preferred
associating agents cause the polymer material of the precursor
particles, when brought together, to adhere together by'the

20 action of fluid surface tension forces and/or the entanglement of
polymer chains due to external swelling. Associating agents
useful in the -present invention include hydrophilic organic
solvents, typically low molecular weight alcohols such as
methanol or ethanol; water; a mixture of hydrophilic organic

25 solvents and water; the cationic amino-epichiorohydrin adducts
previously described, or mixtures thereof. Preferred associating
agents are water, methanol, ethanol, cationic polymeric amino-
epichlorohydrin resins such as Kymene® 557H, or S57LX or Plus, or
mixtures thereof. Typically the associating agent comprises a

30 mixture including the cationic amino-epichlorohydrin adduct such
that the step of applying the adduct is carried out
simultaneously with the step of applying the associating agent.

The associating agents can be applied to the precursor
particles by ény of various techniques -and apparatus used for

35 applying solutions to materials including coating, dumping,
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U. S.® Patent 4,081,301 (Buell), issued March 28, 1978, which is

I ncorporated by reference. - The el astic nenbers 44 are secured
to the diaper 20 in an 15 el astically contractible condition so that
in a normally ~unrestrained configuration, the elastic nenbers 44
effectively contract or gather the diaper 20. The el astic nenbers
44 can be secured in an elastically contractible condition in at

| east two ways. For exanple, the elastic nenbers 44 can be
stretched and 20 secured while the diaper 20 is in an uncontracted
condi ti on. Al ternatively, the di"dper 20 can be contracted, for
exanpl e, by pleating and the el astic nenbers 44 secured and

connect ed 10 the pouring, ALaRGHN@0 MORI Ank NeEluRlibE, MBI R Hig2tFe | 1

their unrel axed or
enbodi ment il | ustr &sseciaking ggent gn %’Wepéﬂcélﬁqf‘c parhdes mEhd assogat ingt end
al ong a portion of agbet henaipmmu‘ té e Tdaaped pdPtion of the si-fRendd avale¥st t he

clastic members 44 588 SKLAM BRELAAL berticies to ENONMEL 1B fLaper 20

or any other |ength sui oVi dé an el astrca coritracti bl e
line.  The | &ngt h (ﬁ"efﬂébb!‘aé:ﬂcagﬂc‘at‘"%ﬂfﬁ?@ﬁSTSMFOPEE‘HN@EN'@'G syt inee
di aper desi gn. surface of méb, preferalsl ynBIhess thé ;fra&nberlﬁara:dwkt | tpede of

confi gur a- ag rs 44

can be vari eégﬁa(%’mfga%g&i& ngggneHWy")hg%?Sﬂ%B 3’? inc es) ?gngﬁ%ut 25

mllineters (1.0 i PERJuUrspr npavdictase by| any jof rerfvaber of @dxing/spraying
techniques and m1x1ng/spray1ng apparatus to insure that the

10 precursor particles are thoroughly coated with the associating
ageht.

When an associating agent has been applied to the precursor
particles, the precursor particles can be physically contacted
together in a number of different ways. For example, the

15 associating agent alone can hold the particles together in
contact. Alternatively, gravitational forces can be used to
insure contact between the precursor particles, e.g., by layering
precursor particles. Further, the particles can be placed in a
container having a fixed volume so as to insure contact between

20 the precursor particles. ]

The precursor particles can alternatively be physically
associated together by physically constraining the precursor
particles such that they are in contact with each other. For
example, the precursor particles can be packed tightly into a

25 container having a fixed volumé such that the precursor particles
physically contact each other. Alternatively or in combination
with the above procedure, gravitational forces (e.g., layering)
can be used to physically associate the precursor particles. The
precursor particles can also be physically associated together by

30 electrostatic attraction or by the introduction of an adhering
agent ({e.g., an adhesive material such as a water-soluble
adhesiﬁe) to adhere them together. The precursor particles can
also be attached to a third member {a substrate) such that the
precursor particles are brought into contact with each other by

35 the substrate.
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35 - conprise a single strand of elastic material or can conprise

-47- several parallel or non-parallel strands of elastic naterial
or the elastic nmenbers 44 can be rectangular or curvilinear. Stil
further, the elastic nenbers 44 can be affixed to the diaper in any
of several ways which are known in the art. For exanple, the 5

el astic nenbers 44 can be ultrasonically bonded, heat and pressure
sealed into the diaper 20 using a variety of bonding patterns or
the elastic nmenbers 44 can sinply be gluegd to the di aper 20.

The absorbent core 42 of the diaper 20 is“positioned between

In an alternative method of forming the macrostructures of
the present invention, the aggregate of the precursor particles
is shaped into various geometries, spatial relationships, and
densities to form an aggregate having a defined shape, size,

5 and/or density. The aggregate can be shaped by any conventional
shaping techniques as are known in the art. Preferred methods
for shaping the aggregaté include casting, molding, or forming
operations. Casting and molding techniques generally involve
introducing the precursor particles into a prepared mold cavity

10 and applying pressure to (compressing)} the aggregate to cause the
aggregate to conform to the shape of the mold cavity. Examples
of specific molding techniques for use herein include compression
molding, injection molding, extrusion or laminating. For
example, a multiplicity of precursor particles can be added to a

15 container having a fixed volume mold cavity and the aggregate
compressed to .conform to the shape of the mold cavity so that the
resultant macrostructure has the same shape. Forming techniques
involve performing various operations on the aggregate to modify
its shape, and/or size, and/or density. Examples of specific

20 forming techniques for use herein include rolling, forging,
extruding, spinning, coating or drawing operations. For example,
an aggregate mixture of the precursor particles and at least the
cationic amino-epichlorohydrin adduct can be passed between a
pair of compaction rolls to form an aggregate sheet. Alterna-

25 tively, the aggregate mixture-can be extruded through an orifice
to form an aggregate having a shape corresponding to that of the
the orifice.. Further, the aggregate mixture can be cast on a
surface to form an aggregate having a desired shape or surface
morphology. Any or all of these techniques can also be used in

30 combination to form the shaped aggregate. Any suitable apparatus
as are known in the art can be used to carry out such operations,
which can be performed with the material or portions of the
apparatus either hot and/or cold. :

In an embodiment of the method of the present invention, an

35 aggregate mixture of precursur particles, the cationic amino-
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10 - the topsheet 38 and the backsheet 40. The absorbent core 42 can

be manufactured in a wide variety of sizes and shapes (e.g.,

rectangul ar, hourgl ass, asymretrical, etc.) and froma w de vari ety
of materials. ‘The total absorbent capacity of the absor bent core
42 shoul d, however, be conpatible with the design 15 liquid | oading for
the i ntended use of the absorbent article or ~di aper. Further, the

si ze and absorbent capacity of the absorbent core 42 can vary to
accoimbdat e wearers rangi ng from i Bgants through adults. The
absorbent core 42 conprises the porous, absorbent nmacrostructures of
the present invention. 20 A preferred enbodi nent of the diaper 20
has a rectangul ar- epichlorobfdiied adunet perdateos e MiectAntoophnstivizegure 6,
t grem absor 362; (opQQ5ﬁxg2 ﬁaegqg@w,aaa?mwﬁ% &) B AL Rbed I  Ehe 48
macrostructure 52  hopper gf §p6‘§l¥8“§‘ﬁ“i‘|‘|éxé‘ﬂ@§T oap?éaV\%‘HSSO A" W@P‘e of an
nmacr ostructure 52 i sexruder appmsm 'usnsbdm emvlalgopze Mebl F Poimdipiesi 5€ t he

Popsheet and to°  PolmeEiREds rri*%“f*’irﬁ’éﬂ%ﬁ*gFaye?%t

t he t opsheet K823t page r?ﬁl:r d@‘t‘?'h(?f‘m’éaswnt bs SnpePeEatedqrgference.
acqu: siti onbagg 2 The Agtregate nigvdre. ifsexthoded thrdughuthe Grvfacéld\‘ghﬁe_
envel ope we 0 e r@S i ng
to forma first extrfx&t?v %gﬁg%& W gge%dt i ,,FP,C of gﬁ%ﬁ; Eﬁgg& é)ql]? t he
envel ope web W‘aﬂea sfééi"bdb&bo‘l}f"?‘%@ PP Bﬁ%fe?“ bV‘eaﬁ?”éoﬁQ/eiﬁt tenal

means such 10 compress the aggregate into the form of a sheet. The sheet is
then hrocessed to specific lengths to provide macrostructures
that have a speéifically designed size, shape and/or density.
In forming the aggregate macrostructures of the present
invention into particular shapes, and especially sheets, the
15 density should be carefully controlied. If the density of the
shape aggregate macrostructure is too high, it can be more prone
*to gel blocking. Conversely, if the density is too Tow, the
shaped aggregate macrostructure can have insufficient tensile
strength and integrity. Shaped aggregate macrostructures of the
29 present invention usually have a density of from about 0.7 to
about 1.3 g/cc, preferably from about 0.8 to about 1.1 g/cc, and
most preferably from about 0.9 to about 1.0 g/cc.
A preferred method and apparatus for continuously forming
the aggregate macrostructures of the present invention into
25  sheets is described in U.S. application Serial No. , to
Michael $. Kolodesh et al, entitled "Method and Apparatus for
Making Cohesive Sheets from Particulate Absorbent Polymeric
Composition,” Case No. 4732, filed , the
disclosure of which is incorporated by reference. This
30 continucus method for making aggregate sheets can best be
understood by reference to Figure 9 which shows apparatus 301 for
carrying it out. Apparatus 301 has frame 302 for supporting its
various components. Apparatus 301 comprises a support means,
shown in Figure 9 as moving conveyor 303 which moves in the
35 direction of - arrow 310. Conveyor 303 first passes under an
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as an adhesive 59 (as shown), ultrasonic bonds, or heat/pressure

bonds, to forma pouch. The envel ope web 50 can conprise a 35 nunber
of materials including nonwoven webs, paper webs, or webs

- 48- of absorbent materials such as tissue paper. The envel ope web
50 ‘preferably conprises a nonwoven web simlar to the webs used to
formthe topsheet 38. The nonwoven web is preferably hydrophilic to
allow liquids to rapidly pass through the envel ope web 50. 5 Simlar

| ayer ed absorbent nenbers (| am nates) ar ggrore fully described in

U S. Patent 4,578,068 (Kraner et al), issued

initial sprayer 304a. After passing under initial sprayer 304a,
conveyor 303 passes under at least one means for continuously
lavering a predetermined amount of precursor particles onto the
conveyor. This is shown in Figure 9 as feeders 305a through

5 305e. Conveyor 303 also passes under at least one means for
spraying a predetermined amount of treatment solution onto the
1ayer of precursor particles on the conveyor. This is shown. in
Figure 9 as sprayers 304b through 304f. Apparatus 301 further
comprises a pair of non-planar opposing pressure applicators down

10 stream from feeders 305 and sprayers 304. The pressure
applicators are shown in Figure 9 as a pair of compaction rolls
306. Also shown in Figure 9 as being part of apparatus 301 is a
slitting and transfer conveyor 307, knife and anvil rolls 308,
and a sheet accumulator 309,

15 Cdnveyor 303 can be a flat belt conveyor that has good
release properties, such as polyurethane, which is commonly used
in the food industry. The width of the conveyor is determined by
the desired sheet size. The conveyor generally moves in the
direction of arrow 310 from point 311, where the initial sprayer

20 304a is located, to a point 312, where the knife and anvil rolls
308 are located. Conveyor 303 would typically be an endless
conveyor as shown in Figure 9.

Conveyor 303 first passes under an initial sprayer 304a,
where the conveyor is sprayed with a predetermined amount of

25 treatment solution so as to cover a predetermined area of the
conveyor. This initial spraying insures that the bottom part of
the first precursor particle layer is exposed to the treatment
solution. Also, the wet conveyor surface will prevent the
subsequently fed particles from bouncing away from their desired

30 placement. However, the initial spraying step is not absolutely
necessary, especially when the first layer of particles to be
placed on the conveyor is relatively thin, or when the conveyor
travels at slower speeds. T

Sprayer 304a (as well as sprayers 304b through 304f) must

35 deliver a substantially uniform mist, atomized spray and should
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March 25, 1986, which is incorporated by reference.

Alternatively, the absorbent cores 42 of the present I nvention can
consist solely of one or nore (a plurality of the) 10 por ous, absorbent
macrostructures of the present invention; can conprise a conbi nation
of layers including the macrostructures of t he present invention; or
any ot her absorbent core configurations I ncl udi ng one or nore of the
macrostructures of the present i nvention. 15 Figure 7 shows
an alternative enbodi nent of the diaper-1R0 conprising a dual-Iayer
absorbent core 142 conprising a nodified hour gl ass- shaped absor bent
menber 60 and a sheet 62 of the porous, absorbent macrostructure

posi tioned subj aceh@ve Relow impactafiensebtnaveidbessigbe (biloe.of fbeft wesnrsdre
abﬁgr begg menber ?Qaaﬂﬁilalﬂ OneI ltsbﬁat}éaciﬂﬁheﬁis %Qtén found t_eI worrl]c rghe_iébﬁorbegt
menber serves i e n . enpor ar | 0 i scharge
liquids and to tra%'g%glr tcéééﬁc QI Hgﬁiﬁ%mgzed alrb§cwg2%4 n'boz#%rrﬁsﬁﬂg]ﬁoi nt of
initial contact toa¥tHapledrem Spraying SystemseCorbsWrasten, hefi9dd8.60 and to the
macrostruct s e sheet 6Zonvyor 2303 theAbposseeniund@ThRed&O 1056l Qrékl Y

Tatbrial can be usdeisyefiipel Wount of dryBEEMR ppr ARl 35 WS e optdser
mat eri al s previ ousithe predetermineduareadothdheicenvezer| ulTbeiamotiitbef spracersor
general |y preferre@afticies to be Uaferl8ddits, conP@bro3daP dEAdAgE SonP8i fidber of
especially preferred.;ol®nciuding, but not 1imited to, the desired density of the
10 resultant sheet, the number of layering steps to be performed,
the size of the particles being used and the desired width of the
resultant sheet. At a minimum the predetermined amount should be
enough to substantially cover a predetermined area of the
conveyor with a layer one particle in thickness. .
15 Feeder 305a (as well as feeders 305b through 305e} must be
capable of distributing the precursor particles in a thin and
preferably wide layer. Thinner layers on the conveyor insure
that all of the particles are treated during subsequent spraying
steps and wider layers will increase production output.
20 Vibrating feeders have been shown to be adequate for layering the
dry precursor particles onto the conveyor. An example of a
suitable vibrating feeder is a Super Feeder model #2106E-003S54,
commercially available from Solids Flow Control, P.0. Box 410767,
14201-A South Lakes Drive, Charlotte, N.C. 28241-0767. This
25 feeder has a weight feed-back control system for accuracy. °
Conveyor 303 then passes under a second sprayer 304b. A
predetermined area of conveyor 303 having the first layer of
precursor particles is sprayed with a predetermined amount of the
same treatment solution used in initjal sprayer 304a. In
30 general, the predetermined amount of treatment solution is
related to the amount of particles in the layer. The greater the
amount of particles in the layer, the more treatment solution is
needed to treat substantially all of the particies.
The metering and spraying steps can then be repeated a
K} number of times (e.g., using feeders 305b through 305e and
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30 ° absorbent nmenber 60 can also contain specific anmounts of a

particul ate, absorbent, polyneric conposition. The absor bent

menber 60, for exanple, can contain up to about 50% by its wei ght of
the polyneric conmposition. In the nost preferred enbodi nents, t he
absor bent nmenber 60 contains fromO0%to about 8% by its 35 wei ght of a
particul ate, absorbent, polyneric conposition. In

- 49- alternatively preferred enbodi nents, the absorbent nenber
60 conprises chemcally stiffengd.cellulosic fibers as previously

di scussed herein. Exenplary enbodi nents of the absorbent nenber

sprayers 304c through 304f} depending on the desired density of
the ultimate sheet. When the metering and spraying steps are
repeated a number of times and the initial spraying step is
performed, as described above, the first layer of particles is

5 exposed to two spray applications. Therefore, the initial
spraying step and the first post-layering spraying step each need
only spray half the amount of treatment solution needed to treat
that amount of particles in the first layer on conveyor 303. The
other sprayers 304c through 304f will spray the normal amount of

10 treatment solution, i.e. twice the amount of either the initial
or first post-laying spray.

After all of the layering and spraying steps have been
performed, the treated precursor particles typically loosely
adhere together to form a web. Conveyor 303 then moves this web

15 and delivers it to a pair of opposing pressure applicators. The
pressure applicators shown in Figure 9 take the form of
compaction rolls 306. However, as will be appreciated to those
skilled in the art, an intermittent conveyor method could be
used, with opposing plates or platens used to compress the web. -

20 Compaction rolls 306 can have a non-planar, rough surface.
As the web passes through compaction rolls 306, the pressure on
the web causes it to expand. The rough surface of rolls 306
reduces the sliding effect between the rolls and the web in
contact with the rolls. This in turn reduces expansion of the

25 web in both the machine direction 310 and cross-machine
direction. Machine direction expansion is undesirable because it
requires compaction rolls 306 to speed up in order to match the
machine direction expansion. Compaction by rolls 306 densifies
the web of freely deposited layers of precursor particles and

30 sprayed treatment solution into a sheet.

| Compaction rolls 306 can be in the form of cylindrical
stainless steel rolls that are coated with a plasma coating,
thereby giving the rolls a rough surface and causing them to
release the web more easily after compaction. Examples of
35 suitable coatings include coating #‘s 934 and 936, available from
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60 useful in the present invention are described in U S. Patent 5
4,673,402 (Wi sman et al), issued June 16, 1987; and U.S. Patent
4,834,735 (Alemany et al), issued May 30, 1989, both of which are

i ncorporated by reference. Absorbent nmenbers having a storage zone
and an acquisition zone having a | ower average density and a | ower
aver age basis weight per unit area than the storage zone so 10 t hat
the acquisition zone can effectively and efficiently rapidly

acquire discharged liquid are especially-3greferred for use her ei n.
The absorbent nmenber 60 cah be of any desired shape, for exanpl e,
rectangul ar, oval, oblong, asymmetric or hourglass- 15 shaped. The

shape of the absor bBlismadieptingso lean, datenbury,hET 06702. Theygarrbetweshaphe of

the resulting di apecomp2tion! voll bejeRéniines @fle amount of ESHPRELTBRNipHI A& THOWN
in Figure 7, the'abﬁﬁrggpt menber 60 is hour gl ass- shaped.

The macrostructure sheet 62 of the present invention need 20 not be
the sane size as the abdrpapeiws 3nsar woludedacskitien tpatnim the web edgpnve a

top surface viich igrisvbed asmp&itiyvn SNThé addges dfartBErwdbN@Bn have a leskhe top

the macr ostructur o WREEE ABRHTCRRR 5P, rest of R Wb, and gre nyicdHTE e,
60 and has a top susybieetedr te ippennistandt applicatiion 2 treatmamtospiution) andnes
that of the absorbepdrtiereieduedfo theMunveyor belt movtm@h€liAPLRG cédi8-d&Rine
surface area of thedtrrr'%g{%%t,rfﬁ%tsunrla‘?(iﬁgher%%wvesa% desirable. The slitter can be a
10 regular circular knife working against a hard surface such as a
transfer conveyor belt, as indicated by 307.
After the web passes through compaction rolls 306, a sheet
is formed and collected in accumulator 309. Accumulator 309 can
take the form of a wind-up roll that rolls up the sheet into a
15 single roll of a desired size. When the desired size roll is
obtained apparatus 301 can have a second slitter to cut the

sheet. This second slitter can take the form of knife and anvil

roll 308.
Simultaneously or after the cationic amino-epichlorohydrin
20 adduct has been applied, the precursor particles have been

physically associated together to form an aggregate, and the
aggregate has been shaped, the-adduct is reacted with the polymer
material of the precursor particles, while maintaining the
physical association of the precursor particles, to provide
25 effective surface crosstinking in the precursor particles in the
aggregate macrostructure. Because of the relatively reactive
cationic functional groups of the amino-epichlorohydrin adducts
used in the present invention, this crosslinking reaction between
the adduct and the polymer material of the precursor particles
30 can occur at relatively low temperatures. Indeed, this
crosslinking reaction (curing) can occur at ambient room
temperatures. Such ambient temperature curing is particularly
desirable when the treatment solution comprising the adduct
additionally contains a plasticizer, such as a mixture of water
35 and glycerol. Curing at significantly above ambient temperatures
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Wi.lI* be only from about 0.10 to about 0.75, and nost preferably
fromabout 0.10 to about 0.5 tinmes that of the absorbent nenber
60. In an alternative enbodi nent, the absorbent nenber 60 is 30
smal l er than the macrostructure sheet 62 and has a top surface
area fromabout 0.25 to about 1.0 tines, nore preferably from

about 0.3 to about 0.95 tinmes that of the macrostructure sheet 62.
In this alternative enbodi nent, the absorbent nenber 60 preferably
conprises chemcally stiffened cellul osigqfibers, as 35 previously
descri bed. - 50-

can cause the plasticizer to be driven off due to its volatility,
thus necessitating an additional step to plasticize the resulting
interparticle bonded aggregate. Such ambient curing is typically
carried cut at a temperature of from about 18° to about 35°C for
5 from about 12 to about 48 hours. Preferably, such ambient curing
~ {s carried out at a temperature of from about 18° to about 25°C
for from about 24 to about 48 hours.
Although the crosslinking reaction between the cationic
amino-epichlorohydrin adduct and the polymer material of the
10 precursor particles can occur at ambient temperatures, such
curing can also be carried out at higher temperatures to speed up
the reaction. Higher temperature curing typically involves
heating the treated and associated precursor particles to cause
the crosslinking reaction between the adduct and the polymer
15 material of the precursor particles to occur in a shorter period
of time, typically minutes. This heating step can be carried out
using a number of conventional heating devices, including various
ovens or dryers well known in the art.
Generally, heat curing can be carried out at a temperature
20 above about 50°C for a period of time sufficient to complete the
crosslinking reaction between the adduct and the polymer material
of the precursor particles. The particular temperatures and
times used in heat curing will depend upon the particular
cationic amino-epichlorohydrin adduct used and the polymer
25 material'present jn the precursor particles. If the cure
temperature is too low, or the cure time too short, the reaction -
will not be sufficiently driven, resulting in macrostructures
that have insufficient integrity and poor absorbency. If the
" cure temperature is too high, the absorbency of the precursor
30 particlies can be degraded or the network crosslinks of these
precursor particles, depending upon the specific polymer
materials used, can be degraded to such point that the resulting
macrostructure is less useful for absorbing large gquantities of
liquids. In addition, if the cure time and temperatures are not
35 appropriate, extractable levels of the resulting aggregates can
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The ‘macrbstructure sheet 62 is preferably placed in a specific

positional relationship with respect to the backsheet 40 and/ or the
absorbent nenber 60 in the diaper. Mre particularly, t he
macrostructure sheet 62 is positioned generally toward the 5 front of
t he di aper so that the nmacrostructure sheet 62 is nost effectively
| ocated to acquire and hol d di scharged |i qui ds. I n
alternatively preferred enbodi nents, a plurality of macr ost ruct ures,
preferably fromtwo to six macrostructur&5sstrips or sheets, can be
substituted for the single macrostructure sheet 10 62 shomn in Figure
7. Further, additional absorbent |ayers, menber s, "structures can

be placed into the BhHSbRafeR: thus dneusasing the ‘“Flﬁe“é%é’rfpﬂ@t eﬁrta@dﬁruf@ml
absorbent -nenber caef el pastkingnedherefore, heditveeminghis FoEr@bly deirie® odabeet

62 and the backsheef, é/ ténﬂ)erﬁ"e "prtgyqu«;?,g eogef‘%% g@@ﬁclr:, &y t‘;O{bJu@ezos %

absorbent core 142 an I dS pass
t hrough the nacrost farcfiameabout 1 t°sﬁ'éé‘ft @Zm!%‘t&hef"‘fﬁ?ﬂ?‘dnsh&?ﬁ ‘fUﬂi‘éng is
absorbent corge 142 edirried ol at a tempePLiuestofudkon @bsutc@8062o abbld€ 200°C

macrostruct ure sheeto 62 6aMgLe%s o aboutdsChiTEYE XndScRES! teiRECgheover

t he absor bent nenber posi tIone opsheet
38 and the absorbenﬁe“}ﬁéﬁﬁélreszwsed cagovary depending uppn @BFesﬂ?céﬁ‘(ﬁ/\/@O

al ternative enbodi niater0d1sausidanfrmakdfy the precOPsHY porvigley) 8hd apaeifive
dual - Lgﬁterngg;g;bengd BLE R4 the thickAIRY b Sdnedr® Gk 0| halrol BARS e
1nvo]ved and like factors.

The crosslinking reaction between the cationic amino-
epichlorohydrin adduct and the polymer material of the precursor
particles is sufficiently fast, even at ambient temperatures,
such that it can be carried out in the absence of initiators

15 and/or catalysts. However, an important factor relative to the
reactivity of the amino-epichlorohydrin adduct is the pH of the
treatment solution containing the adduct. Typically, the pH of
the treatment solution is from about 4 to about 9, prefefab]y
from about 4 to about 6. Maintenance of the treatment solution

20 at a pH within these ranges insures that the amino-
epichlorohydrin adduct will be sufficiently reactive, even at
ambient temperatures. )

The physical association of the treated precursor particles
needs to be_maintéined during the curing step so that, as

25 crosslinking occurs, adjacent precursor particles become
cohesively bonded together. If forces or stresses are sufficient
to disassociate the precursor particles that are present during
the crosslinking reaction, insufficient bonding of the precursor
particles can occur. This can result in aggregates having poor

30 structural integrity. The physical association of the precursor
particles is typically maintained by insuring minima}
dissociation forces or stresses are introduced during the curing
step.

As previously noted, the steps in the method of the present

35 fnvention For producing the macrostructures need not be carried

Thic. is the replacsment sheet

~ 6 SEP 13%

Dae:



el ongated parall el spaced macrostructure strips 262 positioned 25

bet ween absorbent nenber 260 and backsheet 40. The absor bent
menber 260 serves to quickly collect and tenporarily hold di scharged
|l iquids and to transport such liquids by wi cking fromthe point of
initial contact to other parts of t he absorbent nmenber 260 and to
macr ostructure strips 262. This 30 absorbent nenber 260 preferably
conprises a web or bat of fiber materials, nost preferably
chemcally stiffened cellulosic fibers -3g- as previously discussed
herein. Macrostructure strips 262 toget her act to acquire and hold
the discharged liquids. By spaci ng macrostructure strips 262 from

one anot her, a noreuB3n any gfeicéfid oedesiuradndcernabegaimsiegraud esimett aneously.
acquiring and hol diggg dxBfiple, the cationic amino-epichlorohydrin adduct can be
applied simultaneously with the physical association. of the
precursor particles, shaped into a preferred shape and typically
5 a desired density, and then the adduct reacted with the polymer
material of the precursor particles, either immediately after the
above steps are completed or after the aggregate has been left
standing for a period of time, to simultaneously surface
crosstink the precursor particles and form the aggregate
10 macrostructure. Typically, the precursor particles are mixed or
sprayed with a solution of the adduct, water, a humectant and/or
coplasticizer (e.q., glycerol), and a hydrophilic organic solvent
{e.g., methanol) to form an adhered together aggregate. The
adduct, water, humectant/coplasticizer and hydrophilic organic.
15 solvent serve as the associating agent for the precursof |
particles, the adduct also serving as the crosslinking agent.
The adhered aggregate (i.e. the associated precursor particles
and the aqueous mixture)} is subsequently shaped into a densified
sheet by a combination of extruding and rolling techniques as
20 described above. The adduct is subsequently reacted with the
polymer material by ambient or heat curing to simultaneously
cause crosslinking at the surface of the precursor particles and
to form a cohesive interparticle bonded aggregate macrostructure.
Under certain conditions, especially if the treated
25 precursor particles have been heat cured, the resultant macro-
structures can be somewhat inflexible and poténtia]ly brittle.
In such cases, the macrostructures can be made more flexible by
treating it with a plasticizer. Suitable plasticizers include
water, alone or in combination with the humectants/coplasticizers
30 previously described, preferably glycerol. The plasticizer can
be applied to the macrostructures in a number of different ways,
including spraying, coating, atomizing, immersing, or dumping the
plasticizer onto the macrostructure. Alternatively, in the case
of water alone, the macrostructure can .be placed in a high
35 humidity environment (2.g.. greater than 70% relative humidity).
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di scharge liquids. This is particularly true since the spaced

macrostructure strips 262 can swell and expand in the direction of
their width, without interfering with the ability of adjacent

strips to acquire discharged liquids. 5 In use, the diaper 20 is
applied to a wearer by positioning t he back wai st band regi on under
the wearer's back, and draw ng the rem nder of the diaper 20

bet ween the wearer's | egs so that the front wai stband region is
positioned across the front of the .37-Wearer. The tape-tab fasteners
46 are then secured preferably to 10 outwardly facing areas of the

di aper 20. In use, disposable di apers or other absorbent articles

i ncorporating the gheoamunt of plastibierbappl iehdoothe natrosesuctird lven preesent
invention tend to rE%"lEctred dependﬂwkj' g&lny tﬁ‘é‘%@éﬁ’xﬁ' @ﬁEItYCHb?th'eQUta‘?\daﬂfL store

liquids and to nt capacity of the
15 macrostruct%ff%%ts deﬂ"% 'osaﬂ"éahdl’ g@r §m°%F‘ﬁc°(fr B}ﬂséf?‘ﬁ@" ap?hl’-,ed is
macr ostruct ures of firhe ghoesénto iaboethtiCOrpacts byl wxight, tphefereblyafichn about

more flexibleg. S to about 60 parts by weight, per 10§Y$£P%ETE§:wEwﬂhNE5F the
macrostructure. A particularly preferred plasticizer comprises a
mixture of glycerol and water in a weight ratio of from about
0.5:1 to about 2:1, preferably from about 0.8:1 to about 1.7:1.
As shown in Figurés 1 through 4 and especially Figures 3 and
10 4, the macrostructures resulting from the method of the present
invention have pores (the dark areas of the photomicrograph)
between adjacent. precursor particles. The pores are small
interstices between adjacent precursor particies that allow the
passage of liquid into the interior of the macrostructure. The
15 pores are formed into the macrostructure because the precursor
particles do not "fit® or pack tightly enough, even when
compressed, to eliminate the pores. (The packing efficiency of
the precursor particles is less than 1.) The pores are generally
smaller than the constituent precursor particles and provide
20 capillaries between the precursor particles to transport liquid
into the interior of the macrostructure.

The pores are interconnected with each other by
intercommunicating channels between the pores. The channels
allow liquids contacting the macrostructure to be tfansported via

25 capillary forces {i.e., capillary channels are formed) to other
portions of the macrostructure so that the total volume of the
macrostructure is used in absorbing such liquids. Further, when
swollen, the pores and the intercommunicating channels allow
liquids to pass through the macrostructure either to layers of

30 precursor particles remote from the initial point of liquid

" contact or to other structures in contact with the
macrostructure. Thus, the macrostructure is considered to be
liquid permeable due to the pores and the 3ntercommunicating
channels.
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20 - ) The specific synthetic urine used in the test nmethods of the
present invention is referred to herein as "Synthetic Urine". The
Synthetic Uine is commonly known as Jayco SynlUrine and is

avai | abl e from Jayco Pharnmaceuticals Conpany of Canp Hill,

Pennsyl vania. The fornula for the Synthetic Uine is: 2.0 g/l 25 of
KC1; 2.0 g/l of Na2SO»4; 0.85 g/l of (NH4)H err]P04; 0.15 g/l :
(NH4) 2HPO4; 0.19 g/l of Cad 2 and 0.23 g/l of MgCl[err]. Al of the

chem cals are of reagent grade. The pH ofigt he "Synthetic Uine is in
the range of 6.0 to 6.4. 30 TEST METHODS
A. ABSORPTI VE CAPACI TY OF THE PRECURSOR PARTI CLES The

pol ymeri c conposition iBheplvaiddfractiom 6i-eteathagtotal volume pfmdhsed in an
excess of Syntheti cnddrbrutQireataReCdmpt s Pifel Pores and the @hadde®) hagda t hen
centrifuged for a S&%@ﬁérﬁ gr]afer el aog?s#ehg?rnec?mﬁr?’?article S#d Qi XriBRYFEr I C

conposition final weig r cent
In “general, the narrower the precursor particle size
) distribution, the higher the void fraction will be. Thus, it is

preferred, so as to provide higher void fractions in a densified
state, that the precursor particles have a relatively narrow
particle size distribution.
Another feature of the macrostructures of the present

10 invention is that they swell generally isotropically, even under
moderate confining pressures, when liquids are deposited onto or
come into contact with them. Isotropic swelling is used herein
to mean that the macrostructure swells generally equally in all
directions when wetted. Isotropic swelling is an important

15 property of_fhe macrostructure because the precursor particles
and the pores are able to maintain their relative geometry and
spatial relationships even when swollen such that the existing
capillary channels are maintained, if not enlarged, during use.
{(The pores and the precursor particles get larger during

20 swelling.) Thus, the macrostructure can imbibe and/or transport
through itself additional loadings of liquid while not gel
blocking.

An indication that crosslink bonds are being formed at the

surface of the precursor particles is that the resultant

25 macrostructures are fluid (i.e., liquid) stable. “Fluid stable"
is used herein to mean a macrostructure ;omprising an
interparticle bonded aggregate that remains substantially intact
(i.e., most of the previously independent component precursor
particles remain bonded together) upon contact with or swelling

30 {with and/or without stress) in an aqueous fluid. While this
definition of fluid stability recognizes that most, preferably
all, of the precursor particles remain bonded together, it,
however, should be recognized that some of the precursor
particles can dissociate themselves from the macrostructure if,
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-52- ' mnus initial weight (net fluid gain) to initial weight
determ nes the Absorptive Capacity. The follow ng procedure is
conduct ed under standard | aboratory conditions at 23[err]C
(73[err]F) and 50%relative humdity 5 Using a 6 cmx 12 cmcutting
die, the tea bag material is cut, folded in half |engthw se and
sealed along two sides with a T-bar sealer to produce a 6 cmx 6 cm
tea bag square. The tea bag material utilized is a grade 1234 heat
seal abl e materi al, obt ai nabl e fromd:. H Dexter, Division of the
Dexter Corp., 10 W ndsor Locks, Connecticut, U S A, or equivalent.
Lower porosity tea bag material should be used if required to
retain fine B8Ftex@mple, oshepopagtighesphave dreeni subsequadidy gwates of

t he pol yrer i agglonpestiel igdloiit.Wwei ghed onto a wei ghi ng paper and
transferred into the tea . tqp (op o] t ba
Is sealed. An enpty teaFE‘g‘gf igﬂgégﬁgd %t {%eﬂfb@g@%ﬁd fesattg'geedgﬁ Jtée as g
bl ank. Approxi mat el y "8enesgryqiures: af sthgf pegsgnhetavention nkecause it allows pidgr ed

into a 1,000 nglliliaggreaatkas. mainb&inbitiiceltav@ayracture in both the dry and
swollen states, and because it immobilizes 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

10 contacted with liquid, and allows one to use previously

independent fine particles in an aggregate form to increase the
rate of fluid uptake of the resultant macrostructure without
introducing the element of gel blocking. '

Fluid stability can be measured in an aggregate

15 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 macrostructure is observed. A test
method for determining fluid stability based on these criteria is

20 hereafter described in the Test Methods section.

In use, liquids that are deposited onto or come in contact
with the macrostructures are imbibed by the precursor particles
or are passed into the pores and transmitted to other portions of
the macrostructure where they are imbibed by other precursor

25 particles or transported through the macrostructure to other
absorbent members adjacent thereto.

Various types of fiber material can be used as the
reinforcing members in the macrostructures of the present
jnvention. Any type of fiber material which is suitable for use

30 in conventional absorbent products is alsc suitable for use in
the macrostructures herein. Specific examples of such fiber
material include cellulose fibers, modified cellulose fibers,
rayon, polypropylene, and polyester fibers such as polyethylene
terephthalate (DACRON), hydrophilic nylon (HYDROFIL), and the

35 like. Examples of cther fiber materials for use in the present
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subrerged in the Synthetic Uine. The tea bag containing the

pol yneric conposition (the sanple tea bag) is held horizontally 20 to
distribute the material evenly throughout the tea bag. The tea bag
is laid on the surface of the Synthetic Urine. The tea bag is
allowed to wet, for a period of no nore than one m nute, and then is
fully subnmerged and soaked for 60 m nutes. Approxi mately 2 m nutes
after the first sanple is subnerged, a 25 second set of tea bags,
prepared identically to the first set of -40- bl ank and sanpl e tea bags,

I s submerged and soaked for 60 m nutes In the sane manner as the
first set. After the prescribed soak time is elapsed, for each set

of tea bag sanpl es, inNentienm isagddition to sgme adreadytdiscussedvand xdsoptgliongs)
L romt Be'dsst/)nlt het i CTUryBﬁ@)hoﬂ'f_l}i‘f%brs, suBR gl e&rﬁat‘:ﬁntthﬂ:%a@wb?i a‘sugl@éitﬁéated
escribed bel ow. - JRA . ysed. (.S u nac .
Centrifuge, Fisher %Sg@%%&lggﬁ%ﬁ %Tw‘éﬁ, ok eo’%f"%ﬂaena T‘f??&é‘ﬁ#ﬁ‘gﬁeﬁ“qh
Scientific Co. of Pi¥st $8liethylens opr polypropyleqpsi Palxasrylitse pelyamidesge.
shoul d be equipped wol fstyréhiese ol y@@dhanes and tRCHAEEL €In fiet, ARy dPbHGY § 1Y
brake,  The cent i fgg bholt ol Fgnicn 1REULPREE BF el Vb A Sal, T Psert

basket havi ng an approxi
absorbent and which, therefore, do not provide webs of sufficient

absorbent capacity to be useful in conventional absorbent
structures, are suitable for use in the macrostructures of the
10 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 absorbent capacity of the fiber material itself due to
the high rate of fluid uptake and lack of gel blocking properties
15 of the macrostructures of the present invention. Synthetic
fibers are generally preferred for use herein as the fiber
component of the macrostructure. Most preferred are polyolefin
fibers, preferably polyethylene fibers.
Other cellulosic fiber materials which can be useful in
20 certain macrostructures herein are chemically stiffened
cellulosic fibers. Preferred chemically stiffened cellulosic
fibers are the stiffened, twisted, curled cellulosic fibers which
can be produced by internally crosslinking cellulose fibers with
a crosslinking agent. Suitable stiffened, twisted, curled
25 cellulose fibers useful as the hydrophilic fiber material herein
are described in greater detail in U.S. Patent 4,888,093 (Dean
et al), issued December 19, 1989; U.S. Patent 4,88%,595 (Herron
et al), issued December 26, 1989; U.S. Patent 4,889,596 (Schoggen
et al), issued December 26, 1989; U.S. Patent 4,889,597 (Bourbon
30 et al), issued December 26, 1989; and U.S. Patent 4,898,647
(Moore et al), issued February 6, 1990, all of which are
incorporated by reference.
As used herein, the term “hydrophilic" describes fibers or
the surfaces of fibers which are wetted by the liquids deposited
35 onte the fibers (i.e., if water or aqueous body fluid readily
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-53- : 2.5 inch (6.35 cnm) high outer wall with an 8.435 inch (21.425

cm outer dianeter, a 7.935 inch (20.155 cnm) inside dianmeter, and 9
rows each of approximately 106 3/32 inch (0.238 cn) dianeter

circular holes equally spaced around the circunference of the 5 out er
wal I, and having a basket floor with six 1/4 inch (0.635) cm

di aneter circul ar drai nage holes equally spaced around the

circunference of the basket floor at a distance of 1/2 inch (1.27

cnm) fromthe interior surface of the outer wall to the center of t he
dr ai nage hol es, or an equivalent. The basket is nmounted in 10 t he

centrifuge so as to rgpraids oRSonRlér ahe b§ufEce 0P tHY $O8rVuifhout regard 16
centrifuge. The sam

basket wih a fol ded theuer of ARt Be°pa®, ALY \bibel prpsg or offvHt 3 gD
centrifuge spin to abd@rBtatigeof nthe art fepspecting wettimhefhmayiitea Biys are
placed to either sidejeFinithitn ¥ hpFRPREHiB0ty (and wetting) in terms of contact

5 angles and the surface tension of the liquids and solids
involved. This is discussed in detail in the American Chemical
Society Publication entitled "Contact Angle, Wettability. and
Adhesion edited by Robert F. Gould and copyrighted in 1964. A
fiber or surface of a fiber is said to be wetted by alliquid

10 either when the contact angle between the liquid and the fiber or
surface is less than 90° or when the liquid will tend to spread
spontaneously across the surface of the fiber; both conditions
normally coexisting.

The fiber material can be added to the macrostructures by

15 introducing the fibers into solution with the cationic amino-
epichlorohydrin adduct, by mixing with the precursor particles
‘prior to applying the adduct, or by adding the fiber material to
the adduct/precursor particle mixture. For example, the fiber
material can be kneaded into the adduct/precursor particle

20 mixture. The fiber material is preferably thoroughly mixed with
the solution so that the fiber material is uniformly dispersed
throughout the macrostructure. The fibers are also preferably
added before reacting the adduct with the polymer material of the
precursor particles.

25 The relative amount of fiber material mixed with the
precursor particles can vary widely. The fiber material is
preferably added in a range from about 0.01 parts to about 50
parts, more preferably in the range of from about 0.5 parts to .
about 5 parts, by weight per 100 parts by weight of the precursor

30 particles.

' E. Uses of Macrostructures
The porous, absorbent macrostructures can be used for many
purposes in many fields of use. For example, the macrostructures
can be used for packing containers; drug delivery devices; wound

35 cleaning devices; burn trcatment devices; ion exchinge column
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15 - sanpl e tea bags. The sanple tea bag of the second set nust be

pl aced opposite the sanple tea bag of the first set; and the bl ank
tea bag of the second set opposite the blank tea bag of the first
set, to balance the centrifuge. The centrifuge is started and
allomed to ranmp up quickly to a stable speed of 1,500 rpm 20 Once the
centrifuge has been stabilized at 1,500 rpm a tlner IS set for 3
m nutes. After 3 mnutes, the centrifuge } turned off and the
brake is applied. The first sanple tea badfand the first bl ank tea
bag are renoved and wei ghed separately. The procedure IS repeated
for the second sarrplnﬁtéﬁamaaom?u&hsn S.m@mwl %@k\&ﬁtural &momguuume

Absor ptive Capacity (ac each at ed
ol Lones: | Cac ooC samPREShals suEh b Shad el OF warerretentive piiBrfalsacet anc
tea bag wei ght af t erindentrialf uges nsuahs adr yludge or opbldawaténingorgeadsti on

wei ght) divided by Gndfé’r HN Wrtﬁ‘e revontwncml FéraBt R, 9fdskicantHe anc
Absorptive aC|ty % 58 % ) herein is the average Absorptlve
Capacity of the twoP" Hﬁ %s“" rol mater@lse) y o sTABI LI TY The

obj ective of this rret hodhe sperousiet ehsorbentt imeceasdbidtiurgs of the popéseat

aggregate upon exposH{éhtlion %Y'@td}%?'t'ﬂc whjéd GSlned to & carrier. T'@erﬁ@??'tﬁeful
macrostructure is pl.aced 1n a di sh. nt_ of

Synthetic Uine is ddd5® (PEeten 3 ﬁ%lvéif‘g/‘ﬂ"r dE‘EW% "abSarbent RACEFIN SN TR as

cellulose fibers. The carriers also can be any other carriers as

10 are known in the art such as nonwoven webs, tissue webs, foams,
polyacrylate fibers, apertured polymeric webs, synthetic fibers,
metallic foils, elastomers, and the like. The macrostructures
can be joined directly or indirectly to the carriers and can be
joined thereto by chemical or physical bonding such as are known

15 in the art, including adhesives or chemicals that react so.as to
adhere the macrostructures to the carriers.

Because of the unique absorbent properties of the porous,
absorbent macrostructures of the present invention, they are
especially suitable for use as absorbent cores in absorbent

20 articles, especially disposable absorbent articles. As used
herein, the term "absorbent article" refers to articles which
absorb and contain body exudates and more specifically refers to
articles which are placed against or in proximity to the body of
the wearer to absorb and contain the various exudates discharged

25 from the body. Additionally, “disposable" absorbent articles are
those which are intended to be discarded after a single use
(i.e., the original absorbent article in its whole is not
intended to be laundered or otherwise restored or reused as an
absorbent article, although certain materials or all of the

30 absorbent article may be recycied, reused, or composted).
preferred embodiment of a disposable absorbent article, diaper
20, is shown in Figure 5. As used herein, the term "diaper”
refers to a garment generally worn by infants and incontinent
persons that is worn ‘about the lower torso of the wearer. It

35 should be understood, however, that the present invention is also
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-54- : The swelling of the macrostructure i s observed unti

equi librium Is reached. During the observation of the

swel i ng macrostructure, the nmacrostructure is observed for snal
particles breaking off fromthe main aggregate, platelet-like 5
particles floating away fromthe main aggregate, or particle

expansion only in the two dinensional x-y plane wth particles

breaking and floati'ng away fromthe main_gggregate. If the

aggregate has a | arge nunber of broken away conponent particles,

the macrostructure is considered unstable. The macrostructure 10

shoul d al so be obseragplicable it20lotRdH QbSuebeht N@rticlds tduch agor A@adSinent

remains relatively i.a0e qnghatifentClodbd,v eI PinfNd SRA Anserts,
' sanitary napkins, facial tissues, paper towels, and the like.
Figure S is a pevspective view of the diaper 29 of the
5 present invention in its uncontracted state (i.e., with all the
elastic induced contraction removed) with portions of the
structure being cut-away to more clearly show the construction of °
the diaper 20 and with the portion of the diaper 20 which
contacts the wearer facing the viewer. The diaper 20 is shown in
10 Figure 5 to preferably comprise a liquid pervious topsheet 38; a
liquid impervious backsheet 40 joined with the topsheet 38; an
absorbent core 42 positioned between the topSheet 38 and the
backsheet 40;~e1astic members 44; and tape tab fasteners 46.
While the topsheet 38, the backsheet 40, the absorbent core 42,
15 and the elastic members 44 can be assembled in a variety of well
known configurations, a preferred diaper configuration is
described generally in U.S, Patent 3,860,003 (Buell), issued
January 14, 1975, which is incorporated by reference.
~ Alternatively preferred configurations for disposable diapers
20 herein are also disclosed in U.S. Patent 4,808,178 (Aziz et al),
issued February 28, 1989; U.S. Patent 4,695,278 (Lawson), issued
September 22, 1987; and U.S. Patent 4,816,025 (Foreman), issued
March 28, 1989, all of which are incorporated by reference.
Figuré § shows a preferred embodiment of the diaper 20 in
25 which the topsheet 38 and the backsheet 40 are co-extensive and
have length and width dimensions generally larger than those of
the absorbent core 42. The topsheet 38 is joined with and
superimposed on the backsheet 40 thereby forming the periphery of
the diaper 20. The periphery defines the outer perimeter or the
30 edges of the diaper 20. The periphery comprises the end edges 32
and the longitudfnal edges 30. '

The topsheet 38 is compliant, soft feeling, and
non-irritating to the wearer’s skin. Further, the topsheet 38 is
liquid pervious permitting liquids to readily penetrate through

35 its thickness. A suitable topsheet 38 can be manufactured from a

This is the replacement sheet

bate:  ~ B SEP 196



relatianshi ps of the precursor particles and the pores are
mai ntai ned after the test procedure, the macrostructure is
considered stable. Preferably, fluid stable macrostructures are 15

capabl e of being picked up in their swollen state w thout br eaki ng
apart. C. PRECURSOR PARTI CLE SI ZE AND MASS AVERAGE PARTI CLE SI ZE
The particle size distribution on a weight percent basis of a 10
gram bul k sanpl e of the precursor particl-éé-is determ ned by 20

sieving the sanple through a set of 19 sieves ranging in size from

a standard #20 sieve (850 microns) through a standard #400 . Si eve
(38 microns). The siwiflesraage oftmatanial sssusheds RISt Egaggp reticulated foamgy, ¢ ne

G | son Conpany, | nCaperfired\Opiabt it0tFoTms, thiwwal flibers (e.g., wpsdoedcottons
carried out on three.stacks of,.siev tme | I pment
used cannot hold al Iﬁ_?@”@i’e@g'éthgt‘coﬁféb%fsrrge'b" pﬁyesﬁ?i?@%ﬁ?%@ y_geggt ai ns
si eves #20, 25, 30, fbersjoor sFomahgompination of natyeal gpd syathetpe fiberse
second stack eontai NnEre$érabep, #0, tofshee8B8 is made ofl@Chydi@Mobtndatiet@apltos

h : : h hi i . . Si )
270, 325 and 400" pl U2 Fito Y BofLE Rip From Vg TUEINE abllteedlore 42

remai ni ng on each of thek@aryisykariy preferred topghget 38 COPRIASES SEAXBIANBEN t he
particle size distrigyppyPeneafibers havingi ghdenper ceftabbatsilss, such as

oo e et 8 G SRS BB R Bl QB 1] g, 10l B
10 Wilmington, Delaware. As used herein, the term "staple length
' fibers" refers to those fibers having a length of at least about
15.9 mm {0.62 inches).
There are a number of manufacturing techniques which can be
used to manufacture the topsheet 38. For example, the topsheet
15 38 can be woven, nonwoven, spunbonded, carded, or the like. A
preferred topsheet is carded, and thermally bonded by means well
known to those skilled in the fabrics art. Preferably, the
topsheet 38 has a weight from about 18 to about 25 grams per
square meter, a minimum dry tensile strength of at least about
20 400 grams per centimeter in the machine direction, and a wet
tensile strength of at least about 55 grams per centimeter in the
cross-machine direction.
The backsheet 40 is impervious to liguids and is preferably
manufactured from a thin plastic film, although other flexible
25 liquid impervious materials may also be used. The backsheet 40
prevent§ the exudates absorbed and contained in the absorbent |
core 42 from wetting articles which contact the diaper 20 such as
bedsheets and undergarments. Preferably, the backsheet 40 is
polyethylene film having a thickness from about 0.012 mm (0.5
30 mil) to about 0.051 centimeters (2.0 mils), although other
flexible, liquid impervious materials can be used. As used
herein, the term "flexible" refers to materials which are
compliant and which will readily conform to the general shape and
contours of the wearer’s body.

35
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35. . sieve. The shaker used is a Vibratory 3-inch Sieve Shaker Mbdel

-55- SS-5 as obtainable fromthe G Ison Conpany, Inc. of
Vbrthlngton, Chio. The stack is shaken for 3 m nutes at

approxi mately 2100 vibrations per mnute ("6" on the instrunent
dial). The sieve pan is then renoved and the stack set aside for

| ater weighing. 5 Using a soft brush, the sanple renmaining on the
sieve pan is transferred onto a meighing paper. The second stack of
sieves is nount ed on t he shaker aﬁé the sanple on the wei ghing paper
IS transferred onto the #60 sieve. The second stack is shaken for 3

A suitable polyethylene film is manufactured by Monsanto
Chemical Corporation and marketed in the trade as Film No. 8020.
The backsheet 40 is preferably embossed and/or matte finished to
provide a more clothlike appearance. Further, the backsheet 40
5 may permit vapors to escape from the absorbent core 42 while
still preventing exudates from passing through the backsheet 40.
The size of the backsheet 40 is dictated by the size of the
absorbent core 42 and the exact diaper design selected. In a
preferred embodiment, the backsheet 40 has a modified
10 hourglass-shape extending beyond the absorbent core 42 a minimum
distance of at least about 1.3 centimeters to about 2.5
centimeters (about 0.5 to about 1.0 inch} around the entire
diaper periphery.
The topsheet 38 and the backsheet 40 are joined together in
15 any suitable manner. As used herein, the term "joined"
encompasses configurations whereby the topsheet 38 is directly
joined to the backsheet 40 by affixing the topsheet 38 directly
to the backsheet 40, and configurations whereby the topsheet 38
is indirectly joined to the backsheet 40 by affixing the topsheet
20 38 to intermediate members which in turn are affixed to the
backsheet 40. In a preferred embodiment, the topsheet 38 and the
backsheet 40 are affixed directly to each other in the diaper
periphery by attachment means (not shown) such as an adhesive or
any other attachment means as known in the art. For example, a
25 uniform continuous layer of adhesive, a patterned layer of
adhesive, or an array of separate lines or spots of adhesive can
be used to affix the topsheet 38 to the backsheet 40.
Tape tab fasteners 46 are typically applied to the back
waistband region of the diaper 20 to provide a fastening means
30 for holding the diaper on the wearer. The tape tab fasteners 46
can be any of those well known in the art, such as the fastening
tape disclosed in U.S. Patent 3,848,594 (Buell), issued November
19, 1974, which is incorporated by reference. These tape tab
fasteners 46 or other diaper fastening means are typically
35 applied near the corners of the diapar 20.
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m nutes- at approxi mately 2100 vibrations per mnute, the sanple 10
remai ni ng on the sieve pan being transferred to a wei ghing paper and
the stack set aside. The third stack of sieves is nounted on t he
shaker and the sanple on the weighing paper is transferred onto the
#170 sieve. The third stack is shaken for 3 mnutes at approxi mately
2100 vibrations per mnute. A soft brush is used 15 to transfer the
contents of each given sieve onto a taredgg. wei ghi ng paper. The sanpl e
is weighed on a standard three place scal e and the wei ght of the
sanpl e on the specific sieve is recorded. This step is repeated,
using a fresh wei ghi ng paReelastic memfeds SRQlte Shizpbsed kdjacemtc bheipevipheand

for the sanple renai n'g the Odnaper % pFMr%ﬁVS“]oQ\gne?cw gfnfggaﬁl ihdi % rg%gsgéwkso()f

si eves has been shak®h. thod al 10
gram sanpl es. The  that theyvelas§ic gembeys 4bitgnd §°0‘F"at"hy‘dt HP]&% the, dipRar 20,

\(/a\g;:ghtsi eve de%@ﬁmthh]? heegavoFf afie Madterc| eAktiermatdively,i bhd iddastie a
percen Sl C e T,
Aver age Parti Cle Si Z%emgg v §4 %(r? ‘39 &sE&{‘e}(ﬁ afja%Fnt eJther or bOthIJc}‘teJItate as

foll ows: [err] edges 32 of the d1aper 20 to prov1de a waistband as well as or
rather than leg cuffs. For example, a suitable waistband is
disclosed in U.S. Patent 4,515,595 (Kievit et al), issued May 7,
1985, which is incorporated by reference. In addition, a method

10 and apparatus suitable for manufacturing a disposable diaper
having elastically contractible elastic members is described in
U.S. Patent 4,081,301 (Buell}, issued March 28, 1978, which is
incorporated by reference.

The elastic members 44 are secured to the diaper 20 in an-

15 elastically contractible condition so that in a normally
unrestrained configuration, the elastic members 44 effectively
contract or gather the diaper 20. The elastic members 44 can be
secured in an elastically contractible condition in at least two
ways. For example, the elastic members 44 can be stretched and

20 secured while the diaper 20 is in an uncontracted condition.
Alternatively, the diaper 20 can be contracted, for example, by
pleating, and the elastic members 44 secured and connected to the
diaper 20 while the elastic members 44 are in their unrelaxed or
unstretched condition.

25 In the embodiment illustrated in Figure 5, the elastic
members 44 extend along a portion of the length of the diaper 20.
Alternatively, the elistic members 44 can extend the entire
length of the diaper 20, or any other length suitable to provide
an elastically contractible line. The length of the elastic

30 members 44 is dictated by the diaper design.

The elastic members 44 can be in a multitude of configura-
tions. For example, the width of the elastic members 44 can be
varied from about 0.25 millimeters {0.01 inches) to about 25
millimeters (1.0 inch) or more; the elastic members 44 can

35 comprise a single strand of elastic material or can comprise
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30 . *  Wwherein maps is the mass average particle size; M is the weight
of the particles on the specific sieve; and Dlerr] is the "size
paranmeter” for the specific sieve. The size paranmeter, Derr] of a

sieve is defined to mean the size (in mcrons) of the next 35 hi ghest
sieve. For exanple. a standard #50 sieve has a size

- 56- paraneter of 355 m crons, which corresponds to the size of

t he openings in a standard #45 sig&g (the next highest sieve). The

several parallel or non-parallel strands of elastic material; or
the elastic members 44 can be rectangular or curvilinear. Still
further, the elastic members 44 can be affixed to the diaper in
any of several ways which are known in the art. For example, the
5 elastic members 44 can be ultrasonically bonded, heat and
pressure sealed into the diaper 20 using a variety of bonding
patterns or the elastic members 44 can simply be glued to the

diaper 20.
_ " The absorbent core 42 of the diaper 20 is positioned between
10 the topsheet 38 and the backsheet 40. The absorbent core 42 can

be manufactured in a wide variety of sizes and shapes (e.g.,
rectangular, hourglass, asymmetrical, etc.) and from a wide
variety of materials. The total absorbent capacity of the
absorbent core 42 should, however, be compatible with the design

15 liquid loading for the intended use of the absorbent article or
diaper. Further, the size and absorbent capacity of the
absorbent core 42 can vary to accommodate wearers ranging from
infants through adults. The absorbent core 42 comprises the
porous, absorbent macrostructures of the present invention.

20 A preferred embodiment of the diapeF 20 has a rectangular-
shaped absorbent core 42. As shown in Figure 6, the absorbent
core 42 preferably comprises an absorbent member 48 comprising an
envelope web 50 and a porous, absorbent macrostructure 52
disposed in the envelope web 50. The macrostructure 52 is

25 encased in the envelope web 50 to minimize the potential for the
precursor particles to migrate through the topsheet and to
provide an additional liquid transport layer between the topsheet
38 and the macrostructure 52 to enhance liquid acquisition and
minimize rewet. As shown in Figure 6, a single envelope web 50

30 is wrapped about the macrostructure 52 by folding to form a first
layer 54 and a second Yayer 56. The edges 58 of the envelope web
50 are sealed about its periphery by any conventional means such
as an adhesive 59 (as shown), ultrasonic bonds, or heat/pressure
bonds, to form a pouch. The envelope web 50 can comprise a

35 number of materials including nonwcven webs, paper webs, or webs
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Mass Average Particle Size for use herein is the average of the
mass average particle size .of the three sanples. 5

PRECURSOR PARTI CLE EXAVPLE : A jacketed 10 liter twin arm

stai nl ess steel kneader measuring 220 nm x 240 nmin the opening
and 240 mmin depth, and having two Sigma type bl ades possessing a
rotational dianmeter of 10 120 mmis sealed wwth a |lid. An aqueous
nononer solution is prepared consisting of 37 weight % nononmer. The
monomner consi sts of 75 nole % sadgum acrylate and 25 nole % acrylic
aci d. 5500 grans of the aqueous nononer solution is charged to the
kneader vessel, which is subsequently purged with nitrogen gas to
renove 15 the refimabsurbhentemstexpplsdsailr as tThamw, pipee. t The Sngelpe Web §0 ades
are set rot f [ d, by the
oesage of 3fert] Cﬁewmm dofibrise0fa HEndREh 38 113%14raek el FepiCaleaded

i um persul fate and
L-ascorbic acid are %8 '3‘6 E@Sﬁ%qqy%‘rl g‘?ﬁ PEOM AR t”‘F%\t‘ér%refe‘"ab]y hydrophilic
Pol ymeri zati on begi¥ps adbawufl iquids ¥o mapwdy afaser thriougtaddet eromlade 86b 50. t he

initiators. A peakslﬁnemenaywee Qﬁso%?»eér&r mbfbers |[RATHALS] nﬁ*edﬁow%ny
reaction system 15 nut.e ? aft Is E;e ac{dlt n he | n|tt
s ded 2t %. p

The hydrated gel & 5ReeRs 1 Vs rafsutts
size as the stirri rt@arcb 2Senk98huatiichTlie iﬂcdrnoxateanbwe'dféneom t he

kneader 60 minutes aftemttehﬁts&a@t @he t {HRoPRINY TREFEAYE OB ABRE t R sER

wﬁsued

material is renTn/ele;ganon cankékn51s{ 'solely of one or more (a plurality of the)
10 porous, absorbent macrostructures of the present invention; can

comprise a combination of layers including the macrostructures of
the present invention; or any other absorbent core configurations
including one or more of the macrostructures of the present
invention.

15 Figure 7 shows an alternative embodiment of the diaper 120
comprising a dual-layer absorbent core 142 comprising a modified
hourglass-shaped absorbent member 60 and a sheet 62 of the
porous, absorbent macrostructure positioned subjacent the
absorbent member 60 (i.e., between the absorbent member 60 and

20 the backsheet 40). ‘ -

The absorbent member 60 serves to quickly collect and
temporarily hold discharged liquids and to transport such liquids
by wicking from the point of initial contact to other parts of
the absorbent member 60 and to the macrostructure sheet 62. The

25 absorbent member 60 preferably comprises a web or batt of fiber
materials. Various types of fiber material can be used in the
absorbent member 60 such as the fiber materials previously
discussed herein. . Cellulosic fibers are generally preferred for
use herein, wood pulp fibers being especially preferred. The

30 absorbent member 60 can also contain specific amounts of a
particulate, absorbent, polymeric composition. The absorbent
member 60, for example, can contain up to about 50% by its weight
of the polymeric composition. In the most preferred embodiments,
the absorbent member 60 contains from 0% to about 8% by its

35 weight of a particulate, absorbent, polymeric composition. In
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The resultant hydrated aqueous gel polyner thus obtained is spread
on a standard #50 size netal gauze and dried with hot air at
150[err]C for 90 mnutes. The dried particles are pulverized with a
hamrer type crusher and sifted with a standard #20 sieve (850 30

m crons) to obtain particles that pass through the standard #20

sieve. The nass average particle size of these particles is 405

m crons. 35 . -57-

alternatively preferred embodiments, the absorbent member 60
comprises chemically stiffened cellulosic fibers as previously
discussed herein. Exemplary embodiments of the absorbent member
60 useful in the present invention are described in U.S. Patent
5 4,673,402 (Weisman et al), issued June 16, 1987; and U.S. Patent
4,834,735 (Alemany et al), issued May 30, 1989, both of which are
incorporated by reference. Absorbent members having a storage
zone and an acquisition zone having a Tower average density and a
lower average basis weight per unit area than the storage zone so

10 that the acquisition zone can effective}y and efficiently rapidly
acquire discharged liquid are especially preferred for use
herein.

The absorbent member 60 can be of any desired shape, for
example, rectangular, oval, oblong, asymmetric or hourglass-
15 shaped. The shape of_the absorbent member 60 can define the
general shape of the resulting diaper 120. In the preferred
embodiments as shown in Figure 7, the absorbent member 60 is
‘hourglass-shaped.
The macrostructure sheet 62 of the present invention need
20 not be the same size as the absorbent member 60 and can, in fact,
have a top surface which is substantially smaller or larger than
the top surface area of the absorbent member 60. As shown in
Figure 7, the macrostructure sheet 62 is smaller than the
absorbent member 60 and has a top surface area from about 0.10 to
25 about 1.0 times that of the absorbent member 60. Most
preferably, the top surface area of the macrostructure sheet 62
will be only from about 0.10 to about 0.75, and most preferably
from about 0.10 to about 0.5 times that of the absorbent member
60. In an alternative embodiment, the absorbent member 60 is
30 smaller than the macrostructure sheet 62 and has a top surface
area from about 0.25 to about 1.0 times, more preferably from
about 0.3 to about 0.95 times that of the macrostructure sheet
62. In this alternative embodiment, the absorbent member 60
preferably comprises chemically stiffened cellulosic fibers, as
35 previocusly described.
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SPECI FI C | LLUSTRATI ONS OF PREPARATI ON OF MACRCSTRUCTURES ACCORDI NG

TO PRESENT | NVENTI ON Exanple 1 5

One hundred parts of precursor particles nmade in accordance with the
Precursor Particle Exanple are placed into a 5 quart st andi ng
kitchen-type m xer. The precursor particles have a particle size
such that the precursor particles pass through a standard No. 50
sieve (300 mcrons) and are retained on a 10 standard No. 100 sieve

(150 microns). An aqueous treat ment 50 solution is prepared froma
m xture of 4.3 parts Kynene Plus (30% 7% resin active), 2.6 parts water
and 10.0 parts nethanol. This treatnent solution is sprayed onto

the precursor parficlesril hcdbstructure SHEMAI62SREAYAIFEMNT! biftel tf O The

Precision Val ve Cor oraijon of . rs, . eat mrent sol ution
is sprayed onto the&ec’ ic positignal el phionsiipokith, fespect fa theykacksheet 40
operating at sl ow sydéer the absorbeot mamippar O dnotheabitaperd Morupasicilaelyunti |
all of the sol utionthe macrostructired¥hebtOBs Ojst B@s_i&%ﬁédcg@&rﬂ B ttﬁvfarﬁpfr?eyi ng,
the mxture g% t. precursor t] %es Is m xed at .the highest speed
setting for fZ'°P€B°§ E\‘%ﬂt‘%&ef S‘Eﬁﬁ'?hé prmacTeiiguciurectiegt \82nds mopk
met hanol is efifapuival xdpcitiedsto acqudasiand hollé disciideged dsquildst he
treated mxture ff ALEAHEPy PprdreftRS enBodiliBhtst NY pYiiah i fyeTHRi
adhered toget her. , )
macrostructures, preferably from two to six macrostructure strips
or sheets, can be substituted for the single macrostructure sheet
10 62 shown in Figure 7. Further, additional absorbent layers,
members, or structures can be placed into the absorbent core 142.
For example, an additional absorbent member can be positioned
between the macrostructure sheet 62 and the backsheet 40 to
provide reserve capacity for the absorbent core 142 and/or a
15 layer to distribute liquids passing through the macrostructure
- sheet 62 to other‘portions_of the absorbent core 142 or.to the
macrostructure sheet 62. The macrostructure sheet 62 can also
alternatively be positioned over the absorbent member 60 so as to
be positioned between the topsheet 38 and the absorbent member
20 60.
Figure 8 shows an alternative embodiment of a diaper 220
comprising an alternative dual-layer absorbent core 242
comprising a rectangular shaped absorbent member 260 and three
elongated parallel spaced macrostructure strips 262 positioned
25 between absorbent member 260 and backsheet 40.
The absorbent member 260 serves to quickly collect and
temporarily hold discharged liquids and to transport such liquids
by wicking from the point of initial contact to other parts of
the absorbent member 260 and to macrostructure strips 262. This
30 absorbent member 260 preferably comprises a web or bat of fiber
materials, most preferably chemically stiffened cellulosic fibers
as previously discussed herein. Macrostructure strips' 262
together act to acquire and hold the discharged liquids. By
spacing macrostructure strips 262 from one another, a more
35 effective surface area is presented for acquiring and holding the
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Thi.s sticky m xture of treated precursor particles is then fed to an
extrusi on/ conpaction unit. The extruder screw has a |ength of 25 8
inches (20.3 cm and contains 5 flights, each flight being 1.5

inches (3.8 cm in length. The outside dianeter of the extruder

screwis 1.75 inches (4.45 cm) and the screwto-housing clearance

Is 0.20 inches (0.51 cm. The unit is activated such that the

extruder screw turns at a rate of 47 rpnl_SIhe m xture is 30 extruded
between two snmooth finish steel conpaction™olls (nip rolls) with a
fixed (but variable) gap. The conpaction rolls have a di aneter of

8.975 inches (22.8 crdisahgrgal Pigdids eNTRs Qs particulafBi @r& s3Iné TR spalbf
gap between the conpact 0, 38 .pfhe

Loq LQ%%ﬁ Lé.o.g%E n i nches é , 3 . ]
formed aggregate sheelSTAPEUEHIER TEARY £PefLagsswell and gxpand, 1 ithe Eirgetiont o
15 inch (30 to 40 cmofl &hgjrhwidthTiwdthout interfering with the ability of adjacent
strips to acquire discharged liquids. .
5 In use, the diaper 20 is applied to a wearer by positioning
the back waistband region under the wearer’s back, and drawing
the reminder of the diaper 20 between the wearer’s legs so that
the front waistband region is positioned across the front of the
. wearer. The tape-tab fasteners 46 are then secured preferably to
10 outwardly facing areas of the diaper 20. In use, disposable
diapers or other absorbent articles incorporating the porous,
absorbent macrostructures of the present invention tend to more
quickly and efficiently distribute and store liquids and to
remain dry due to the high abserbent capacity of the
15 macrostructures. Disposable diapers incorporating the
macrostructures of the present invention can also be thinner and
more flexible.

SYNTHETIC URINE _

20 The specific synthetic urine used in the test methods of the
present invention is referred to herein as "Synthetic Urine".
The Synthetic Urine is commonly known as Jayco SynUrine and is
available from Jayco Pharmaceuticals Company of Camp Hill,
Pennsylvania. The formula for the Synthetic Urine is: 2.0 g/}

25 of KC€1; 2.0 g/1 of NazS04; 0.85 g/1 of (NHz)H2PO4; 0.15 g/]
{NH3)2HPO4; 0.19 g/1 of CaClz and 0.23 g/1 of MgClz. A1l of the
chemicals are of. reagent grade. The pH of the Synthetic Urine is
in the range of 6.0 to 6.4.

30 ' TEST METHODS
A. ABSORPTIVE CAPACITY OF THE PRECURSOR PARTICLES

The pd]ymeric composition is placed within a "tea bag",
immersed in an excess of Synthetic Urine for a specified period
of time, and then centrifuged for a specific period of time. The

35 ratio of polymeric compositiorn final weight after centrifuging
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-58- : resul tant aggregate sheets are heated in a forced air

convecti on oven at 200[err]C for about 10 m nutes so that the
Kynene Plus reacts with the polyner material in the surface of the
pr ecur sor particles, thus causing effective crosslinking. The
oven-cured 5 sheets have a thickness (caliper) of about 0.031 inches
(0.8 mm and a width of about 1.95 inches (4.95 cm. A plasticizer
sol ution containing 65 parts glycerol and parts distilled wat er
is sprayed onto the oven-cured sheets at thé rate of 0.9 9. of

pl asticizer solution, per 1.0 g. of the oven-cured sheet. 10 About 1/2

hour after treatnment yWs,0 GHa&; dafit Z8KatS | OfLsnt NEL 5 ises ts have
sufficient flexibili tXe and, ter}gil ?gé"s?ﬁ eﬁée'[thqi]g“be&ms Fo ‘nﬁitéﬁed&ﬁgﬁ

Exanpl e 2 15 teRmings Sthe, ARSBTRE 1V d@P#RItYs of precursor particles

made in ~accor dantre viio howihg premdursorispatoniiedted exadey! estamghrBavi ng
t he particle piapa iy’ @nbfliond &S 8RS¢Hd '*%?Sarded”gﬁzggit‘?vé tehfaiYyed-

An aqueous treatnent saolutian prepared fraoama m x
q 35t l?smg a % crh) X Q? cm cutt(%ng die, the tea bag material is cut,

folded in half lengthwise and sealed along two sides with a T-bar
sealer to produce a 6 cm'x 6 cm tea bag square. The tea bag
material utilized is a grade 1234 heat sealable material,
obtainable from C.H. Dexter, Division of the Dexter Corp.,

10 Windsor Locks, Connecticut, U.S.A., or equivalent. Lower
porosity tea bag material should be used if required to retain
fine particles. 0.200 grams plus or minus 0.005 grams of the
polymeric composition is weighed onto a weighing paper and
transferred into the tea bag, and the top (open end) of the tea

15 bag is sealed. An empty tea bag is sealed at the top and is used
as a blank. Approximately 300 milliliters of Synthetic Urine are
poured into a 1,000 milliliter beaker. The blank tea bag is
submerged in the Synthetic Urine. The tea bag containing the
polymeric composition (the sample tea bag) is held horizontally

20 to distribute the material evenly throughout the tea bag. The
tea bag is laid on the surface of the Synthetic Urine. The tea
bag is allowed to wet, for a period of no more than one minute,
and then is fully submerged and soaked for 60 minutes.
Approximately 2 minutes after the first sample is submerged, a

25 second set of tea bags, prepared identically to the first set of
blank and sample tea bags, is submerged and soaked for 60 minutes
in the same manner as the first set. After the prescribed soak
time is elapsed, for each set of tea bag samples, the tea bags
are promptly removed {using tongs) from the Synthetic Urine. The

30 samples are then centrifuged as described below. The centrifuge
used is a Delux Dynac II Centrifuge, Fisher Model No. 05-100-26,
obtainable from Fisher Scientific Co. of Pittsburgh, PA, or
equivalent. The centrifuge should be equipped with a direct read
tachometer and an electric brake. The centrifuge is further

35 equipped with a cylindrica! insert basket having an approximately
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parts Kynene Plus (30%resin active), 3.5 parts water and 8.5 20 parts

glycerol is also used. A reciprocating table or shuttle is
used in conjunction with a pair of sprayers that apply the
treatnment solution and a vi bratory feeder that deposits the
precursor particles. The sprayers and feeder are positioned above
the reciprocating 25 surface of the table. As the surface of this

t abl e noves underneat h the Sprayegss, the treatnment solution is
sprayed onto the table surface (or layer of particles) in a

pr edet er m ned pattern. As the surface of the table noves further in
the same - diz gcinddn(&ng er)drigheaitertvna 1 f@iatiedn 82435 eftal €21NUPREm

or M %1 0k vt ouSOEY PR 7B o LPEEL G R e €§am%?brl‘§gﬁ°‘4:2¥vice
been deposited fromawseeschedEranpooXioetely 16§ ed/32hincdof(0.338ecm) diametesyrf ace
of the table nmoves bgel1d-nhbT8 QRRATY t $paded bl the & RUmference oft B
ggcrqtjieglcgsoia%pgleylrg‘gléélr,ggwy%ds&lv%é G IGROSH R % 3n! 5ET/#TindR (0.635)
cm) diameter circular drainage holes equally spaced around the
circumference of the basket floor at a distance of 1/2 inch (1.27
cm) from the interior surface of the outer wall to the center of
the drainage holes, or an equivalent. The basket is mounted in
10 the centrifuge so as to rotate, as well as brake, in unison with
the centrifuge. The sample tea bags are positioned in the
centrifuge basket with a folded end of the tea bag in the
direction of the centrifuge spin to absorb the initial force.
The blank tea bags are placed to either side of the corresponding
15 sample tea bags. The sample tea bag of the second set must-be
placed opposite the sampie tea bag of the first set; and the
blank tea bag of the second set opposite the blank tea bag of the
first set, to balance the centrifuge. The centrifuge is started
and allowed to ramp up quickly to a stable speed of 1,500 rpm.
20 Once the centrifuge has been stabilized at 1,500 rpm, a timer is
set for 3 minutes. After 3 minutes, the centrifuge is turned off
and the brake is applied. The first sample tea bag and the first
blank tea bag are removed and weighed separately. The procedure
is repeated for the second sample tea bag and the second blank
25 tea bag. The Absorptive Capacity (ac) for each of the samples is
‘calculated as follows: ac ='(samp1e tea bag weight after
centrifuge minus blank tea bag weight after centrifuge minus dry
polymeric composition weight) divided by (dry polymeric
composition weight). The Absorptive Capacity value for use
30 herein is the average Absorptive Capacity of the two samples.
B. UID STABILITY
The objective of this method is to determine the stability
' of an aggregate upon exposure to Synthetic Urine.
The sample macrostructure is placed in a shallow dish. An
35 excess amount of Synthetic Urine is added to the macrostructure.
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-59: . Initially, a predeterm ned anount of the treatnent

sol ution I's sprayed onto the noving surface of the table. After

t he surface of the table has been initially sprayed with treatnent
solution, five layers of precursor particles (0.2 g./in2 of 5

particles per |layer) are deposited fromthe feeder. After each

| ayer of precursor particles has been deposited, a predeterm ned

anount of the treatnent solution is spray on top of each |ayer.

The anount of treatnent solution sprayed ifiitially onto the surface
of the table, as well as the first |layer of precursor 10 particles, 1is

about 0.018 g/in2. THOQw&ITRHG lofOthd MEGLSBUcture is obs&Uellin®in %‘&Bg%’tgg}tﬁxﬂtzo

e e O e S O e BNEa." *Bingpa. ot o BB <o R | 2
sanme anount of sol ut rarostructure, the Akdresttucduteayisr iosbgenfedprfecussar
particles and sprayi pg-tweidy breaking dFFCRbdiERhe SRt hgPedateC OpRtEleR-1 fe
relatively co§e3| ve gar]rgi%leosf floating away from the main aggregate, or particle
expansion only in the two dimensional x-y plane with particles
breaking and floating away from the main aggregate. If the
aggregate has a large number of broken away component particles,
the macrostructure is considered unstable. The macrostructure
10 should also be observed for isotropic swelling. If the aggregate
remains relatively stable and the relative geometry and spatial
relationships of the precursor particles and the pores are
maintained after the test procedure, the macrostructure is
considered stable. Preferably, fluid stable macrostructures are
18 capable of being picked up in their swollen state without
breaking apart.
C. PRECURSOR PARTICLE SIZE AND MASS AVERAGE PARTICLE SIZE
The particle size distribution on a weight percent basis of
a 10 gram bulk sample of the precursor particles is determined by
20 sieving the sample through a set of 19 sieves ranging in size
from a standard #20 sieve (850 microns) through a standard #400
sieve (38 microns). The sieves are standard sieves as obtainable
from the Gilson Company, Inc. of Worthington, Ohio. The
procedure is carried out on three stacks of sieves at a time
25 since the equipment used cannot hold all 19 sieves at one time.
A first stack contains sieves #20, 25, 30, 35, 40, 45, and 50
plus the sieve pan; the second stack contains sieves #60, 70, 80,
100, 120, and 140 plus the sieve pan; the third stack contains
sieves # 170, 200, 230, 270, 325, and 400 plus the sieve pan.
30 The precursor particles remaining on each of these sieves are
then weighed to determine the particle size distribution on a
weight percent basis.
The first stack of sieves is mounted on a shaker and 10.0
grams plus or minus 0.00 grams of the sample is placed on the #20
35 sieve. The shaker used is a Vibratory 3-inch Sieve Shaker Model
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particles is fornmed. This cohesive sheet is then fed by a belt to a

conpaction unit. The conpaction unit consists of two coated st eel
conpaction rolls (nip rolls) with a fixed (but variable) gap. The
conpaction rolls have a dianeter of about 8 inches (20 20 cn) and are
driven at a rate of about 20 rpm The gap between t he conpaction
rolls is 0.035-0.040 inches (0.9-1.0 mm. The resul tant aggregate
sheets (density of 0.9-1.0 g/cc) are store in plastic bags at

anbi ent roomtenperature (about 65 err]-721¢€rr]F,
18.3[err]-22.2[err]C) for about 24 hours. During this anbient 25

tenperature curing, &he K K¥W§HF'D"‘§ f?glf?qthﬁ (W]E&f tclaﬁp#ﬁl Vfﬁ‘ér rthmgton,

material in the surfa part cau S|n
ef fective crosslinki wa THe aﬁ{ﬁkehi %héhﬁbrfafu’r@’&Wéda%ﬁé@t@“matew 2108ave

a thickness (caliper)imfatadmsuperd mdbdte0 (080 oh ntieedn{trudent. Bial). The BTgveand
a width of about 4 igghgs éﬁjeg féﬂoved A gsﬁle I?PJ Qnget?’gs‘de fovt quﬁr gt,wglqngured

sheets have suff|C|e t fle |ty and tens
handl ed withou? brea $HY 8rsefdabyysy, the sample remaining on the s:eve pan is

Exanpl e 3 transfietred sonts aarwk tghiag papet USTROD Secondvatack dfi gigves Sisi S
used. 35 The pregifmQl dAthé SnRer 'SR MeCsIMAE o tRE GRIIRNGEpHHelN L NE

transferred onto the #60 sieve. The second stack is shaken for 3
minutes at approximately 2100 vibrations per minute, the sample

10 remaining on the sieve pan being transferred to a weighing paper
and the stack set aside. The third stack of sieves is mounted on
the shaker and the sample on the weighing paper is transferred
onto the #170 sieve. The third stack is shaken for 3 minutes at
approximately 2100 vibrations per minute. A soft brush is used

15 to transfer the contents of each given sieve onto a tared
weighing paper. The sample is weighed on a standard three place
scale and the weight of the sample on the specific sieve is
recorded. This step is repeated, using a fresh weighing paper
for each sample, for each sieve, and for the sample remaining on

20 the sieve pan after the third stack of sieves has been shaken.
The method is repeated for two additional 10 gram samples. The
average of the weights of the three samples for each sieve
determine the average particle size distribution on a weight
percent basis for each sieve size.

25 The Mass Average Particle Size of the 10 gram bulk sample is
calculated as follows:

2: (Dj x Miy
maps = M
30
wherein maps is the mass average particle size; Mi is the weight
of the particles on the specific sieve; and Di is the "size
parameter” for the specific sieve. The size parameter, Dj of a
sieve is definéd to mean the size {(in microns) of the next
35 highest sieve. For example, a standard #50 sieve has a size
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- 60= Ny precursor particle exanple and have a size between 150- 250

m crons. An aqueous treatnent solution is prepared froma m xture
of 5.0 parts Kynene Plus (30%resin active), 7.1 parts of 5 wat er and
12.7 parts glycerol. Feeders 305 are Super Feeder nodel # 210

SE- 00354 vi brating feeders, available from Solids Fl ow Control, of
Charlotte, N.C. Sprayers 304 are nodel 6218-1/4 JAU atom zed air
actuat ed nozzl e assenblies, available from Sprayi ng Systens, Co.,
of Wheaton, |IL. For the first two -56applications, sprayers 304a
and 304b deliver the treatnent solution to conveyor. 303 at a rate
of 39.8 grans/mn. For bsequent .applicatiaon spr.ayers 304

t hrough 304f deliver ;Ear{gmeter of 3§€r"8§ r‘ntthlgﬁu‘%ol%ﬁgptog&c(}ﬂv&%?‘%gpaﬁ‘ea
rate of 79.6 grans/ nmi¢penings in a standayb#4305eres (dhermekhdighasteymve hadEhd r om
pol yur et hane, and Mass Average Particle Size for use herein is the average of the

mass average particle size of the three samples.

PRECURSOR PARTICLE EXAMPLE

A jacketed 10 liter twin arm stainless steel kneader
measuring 220 mm x 240 mm in the opening and 240 mm in depth, and
having two Sigma type blades possessing a rotational diameter of

10 120 mm is sealed with a 1id. An aqueous monomer solution is
prepared consisting of 37 weight % monomer. The monomer consists
of 75 mole % sodium acrylate and 25 mole % acrylic acid. 5500
grams of the aqueous monomer solution is charged to the kneader
vessel, which is subsequently purged with nitrogen gas to remove
15 the remaining entrapped air. Then, the two Sigma type blades are
set rotating at rates of 46 rpm and the jacket is heated by the
passage of 350C water. 2.8 g of sodium persulfate and 0.14 g of
L-ascorbic acid are added as polymerization initiators.
Polymerization begins about four minutes after the addition of
20 the initiators. A peak temperature of 82°C is reached inside the
reaction system 15 minutes after the addition of the initiators.
The hydrated gel polymer is divided into particles about 5 mm in
size as the stirring is continued. The 1id is removed from the
kneader 60 minutes after the start of the polymerization and the
25 material is removed from the kneader.

The resultant hydrated aqueous gel polymer thus obtained is
spread on a standard #50 size metal gauze and dried with hot air
at 1500C for 90 minutes. The dried particles are pulverized with
a hammer type crusher and sifted with a standard #20 sieve (850

30 microns) to obtain particies that pass through the standard #20
' sieve. The mass average particle size of these particles is 405
microns.
35
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15 - ‘travels at a speed of 27 ft./mn. The pressure applicators are a
pair of conpaction rolls 306 having 8 inch (20 cm dianmeters and
being 12 inches (30.5 cm wi de. The top and bottomrolls 306 are

coated with a # 934 Pl asma Coating, available from Pl asma Coat i ngs,
Inc., of Waterbury, CT. 20 This exanple is carried out according
to the follow ng st eps: STEP 1: Initially spray a
predet erm ned area of the conveyor with treatnment solution in
an amount substantially equal to -57- 0. 025 grams of solution per
square inch of the conveyor. STEP 2: Layer substantially
continuously 0.2 grang par i per square inch
of the conveyor ont : ﬁmTﬁkES STEP

3: The first | a)ASCORKIN T 1 TIekes on the
predeterm ned area of the conveyor is sprayed with treatnent

solution in an anmobunt substantially equaIEto ?.$25 grans of
sol ution per _square inch of conveyor. Xam P 4. Layer substantially

cont i nuousl y®0. 2 grans Qs hundred parts of precursor pariicles| masiepin ascardamcei nch
of the conveyor ont,gtkhheSPREursor Particle EXAmMFULLPE 'H1REH 8hER-2 5 quart STEP
5. The ;econd Iaxg;nfg pgeﬁ$rs§$ $a£1JcIe§_eon Lhe icles have
predet erni ned area R8 KLYRPEYIYPE SMXSF ay dHeWPTIFUF T PARTCTes have 2

particle size such that the precursor particles pass through a

standard No. 50 sieve (300 microns) and are retained on a

10 standard No. 100 sieve (150 microns). An aqueous treatment

solution is prepared from a mixture of 4.3 parts Kymene Plus (30%
resin active), 2.6 parts water and 10.0 parts methanol. This
treatment solution is sprayed onto the precursor particies with a
Preval sprayer (available from The Precision Valve Corporation of
Yonkers, NY). The treatment solution is sprayed onto the
precursor particles, while the mixer is operating at slow speed,
for a period of about 4 minutes, i.e. until all of the solution
is sprayed onto the particles. After spraying, the mixture of
wet precursor particles is mixed at the highest speed setting for
2 to 5 minutes. During this high speed mixing, the methanol is
evaporated, thus increasing the stickiness of the treated mixture
of precursor particles so that .they will remain adhered together.
This sticky mixture of treated pfecursor particles is then fed to
am extrusion/compaction unit. The extruder screw has a length of
8 inches (20.3 cm) and contains 5 flights, each flight being 1.5
inches (3.8 cm) in length. The outside diameter of the extruder
screw is 1.75 inches (4.45 cm) and the screw-po-housing clearance
is 0.20 inches (0.51 cm). The unit is activated such that the
extruder screw turns at a rate of 47 rpm. The mixture is
extruded between two smooth finish steel compaction rolls (nip
rolls) with a fixed (but variable) gap. The compaction rolls
have a diameter of 8.975 inches (22.8 cm) and are driven at a
rate of 5.4 rpm. The gap between the compaction rolls is 0.015
inches {0.38 mm). The formed aggregate sheets are then separated
into approximately 12 to 15 inch (30 tc 40 cm) lengths. The

15

20

25
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35
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-61- l solution in an anbunt substantially equal to 0.050 grans

of sol ution per square inch of the conveyor. STEP 6
Steps 4 and 5 are repeated, in order, 3 nore tines, giving: (a)
a total of one initial spraying step and five 5 post -1 ayering
spraying steps for a total of 0.25 grans of treatment solution
per square inch of the conveyor; and (b) atotal of five

| ayering steps for a total of 1 gram of precursor particles per
square inch of the conveyor. A web -58- is now formed. 10 STEP
7: The web is passed through the ‘conpaction rolls. The

resultant aggregate sheets are heated in a forced air convection
oven at 200°C for about 10 minutes so that the Kymene Plus reacts
with the polymer material in the surface of the precursor
particles, thus causing effective crosslinking. The oven-cured
sheets have a thickness (caliper) of about 0.031 inches (0.8 mm)
and a width of about 1.95 inches (4.95 cm). A plasticizer
solution containing 65 parts glycerol and 35 parts distilled
water is sprayed onto the oven-cured sheets at the rate of 0.9 g.
of plasticizer solution, per 1.0 g. of the oven-cured sheet.
About 1/2 hour after treatment with the plasticizer solution, the
sheets have sufficient flexibility and tensile strength to be
picked up.

10

_ Example 2
In this example, 100 parts of precursor particles made in
accordance with the precursor particle example and having the
particle size characteristics described in Example 1 are used.
An aqueous treatment solution prepared from a mixture of 6.0
parts Kymene Plus (30% resin active), 3.5 parts water and 8.5
parts glycerol is also used.
A reciprocating table or shuttle is used in conjunction with

a pair of sprayers that apply the treatment solution and a
vibratory feeder that deposits the precursor particles. The
sprayers and feeder are positioned above the reciprocating
25 surface of the table. As the surface of this table moves

underneath the sprayers, the treatment solution is sprayed onto

the table surface_(or layer of particles) in a predetermined

pattern. As the surface of the table moves further in the same

direction and underneath the feeder, a predetermined amount of
30 precursor particles are deposited onto the table surface or
previous layer of treated particles. After the particles have
been deposited from the feeder to form a layer thereof, the
surface of the table moves back in the opposite direction so that
the sequence of applying treatment solution/depositing a layer of
particles can be repeated.

15

20

35
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gap'betméen the conpaction rolls is 0.035 inches (0.9 M. Thi s

produces a sheet having a density of 0.995 g/cc. STEP 8: The sheet
is cured by placing it in a plastic bag and allowing it to sit
at anbient tenperature (72[err]F, 22.2[err]C) for 15 48 hours.
The resul tant sheet has good flexibility, gel blocking and wet
Integrity properties. 20 25

-59-

Initially, a predetermined amount of the treatment solution
is sprayed onto the moving surface of the table. After the
surface of the table has been initially sprayed with treatment
solution, five layers of precursor particles (0.2 g./inZ of

5 particles per layer) are deposited from the feeder. After each
layer of precursor particles has been deposited, a predetermined
amount of the treatment solution is sprayed on top of each layer.
The amount of treatment solution sprayed initially onto the
surface of the table, as well as the first layer of precursor

10 particles, is about 0.018 g/inz. The amount of treatment
solution sprayed onto the other four layers of precursor
particles is about 0.036 g/in2. In effect, each layer of
precursor particles is treated with the same amount of solution.

After the layering of precursor particles and spraying with

15 treatment solution is complete, a relatively cohesive sheet of
particles is formed. This cohesive sheet is then fed by a belt
to a compaction unit. The compacfion unit consists of two coated
steel compaction rolls (nip rolls) with a fixed (but variable)
gap. The compaction rolls have a diameter of about 8 inches (20

20 cm) and are driven at a rate of about 20 rpm. The gap between
the compaction rolls is 0.035-0.040 inches (0.9-1.0 mm}. The
resultant aggregate sheets (density of 0.9-1.0 g/cc) are stored
in plastic bags at ambient room temperature (about 65°-72°F,
18.3°-22.2°C) for about 24 hours. During this ambient

25 temperature curing, the Kymene Plus reacts with the polymer
material in the surface of the precursor particles, thus causing
effective crosslinking. The ambient temperature cured sheets
have a thickness (caliper) of about 0.050-0.060 inches (1.3-1.5
mm) and a width of about 4 inches (10 cm). These ambient

30 temperature cured sheets have sufficient flexibility and tensile
strength to be handled without breaking or tearing.

Example 3
In this example, apparatus 301 shown in Figure 9 is used.
35 The precursor partizles used are made in accordance with the
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precursor particle example and have a size between 150-250
microns. An aqueous treatment solution is prepared from a
mixture of 5.0 parts Kymene Plus (30% resin active), 7.1 parts of
water and 12.7 parts glycerol. Feeders 305 are Super Feeder
model # 210 SE-00354 vibrating feeders, available from Solids
Flow Control, of Charlotte, N.C. Sprayers 304 are model 6218-1/4
JAU atomized air actuated nozzle assemblies, available from
Spraying Systems, Co., of Wheaton, IL. For the first two
applications, sprayers 304a and 304b deliver the'treatment
solution to conveyor 303 at a rate of 39.8 grams/min. For
subsequent applications, sprayers 304c through 304f deliver the
treatment solution to conveyor 303 at a rate of 79.6 grams/min.
Conveyor 303 is a moving conveyor made from polyurethane, and
travels at a speed of 27 ft./min. The pressure applicators are a
pair of compaction rolls 306 having 8 inch (20 cm) diameters and
being 12 inches (30.5 cm) wide. The top and bottom rolls 306 are
coated with a # 934 Plasma Coating, available from Plasma
Coatings, Inc., of Waterbury, CT.

This example is carried out according to the following
steps: : -

STEP 1: Initially spray a predetermined area of the conveyor
with treatment solution in an amount substantially equal to
0.025 grams of solution per square inch of the conveyor.

STEP 2: Layer substantially continuously 0.2 grams of precursor
particles per square inqh of the conveyor onto the same
predetermined area.

STEP 3: The first layer of precursor particles on the
predetermined area of the conveyor is sprayed with treatment
solution in an amount substantially equal to 0.025 grams of
‘'solution per square inch of conveyor.

STEP 4: Layer substantially continuously 0.2 grams of precursor
particles per square inch of the conveyor onto the same
predetermined area.

STEP 5: The second iayer of precursor particles on the
predetermined area of the conveyor is sprayed with treatment
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1. ' A porous, absorbent macrostructure, preferably a flexible sheet having
a thickness of at least 0.2 mm preferably fromO0.5 nmto 10 nm nost
preferably froml1l nmto 3 mm and preferably having a density of fromO0.7
to 1.3 g/cnferr](cc), nore preferably from0.8 to 1.1, nost preferably from
0.9 to 1.0 g/cnferr](cc). the macrostructure conprising an interparticle

bonded aggregate characterized in that it conprises: (i) a
multiplicity of precursor particles, pref%ﬁably havi ng a nass
average particle size of less than Pt 600 micronmetres. preferably

| ess than 300 m cronetres, nost preferably at |east 95% by

bet veen 150 and. . oC solutigy in an BBt SuBSaREHITY AR o 5080 Sy of
sur f ace t her e ubif® RBNPAYaLEnifch ofubhe £ABYEXPTY wat er -

i nsol ubl e, absor bentsTERygtr oo8¥eps OF NINBOS 4rel yepeated, in order, rBEWErd akmeshavi ng
anionic functional grg . pr £f Y Gal, ar s

(ii) a cationic am no- e%??:?ﬁ'or(gﬁyar F%ta%d%ﬁgﬁé ?@e{é%dSP%){n@ S%‘psa\?\ndtﬁvgai d
pol ymer materidal at sai dPoStir Fayeeingr spraying steps for a Jppaly0foP-25a8%ams| @& and
in an amount sufficient tr@atment solutiorcPeBesqfarecinctieos Wheacenvey®sslandki ng,

(ii1) optionally from35 {bci }%tﬁ)ﬁroﬁcsfm J\"ﬁ)‘egmg’ steps for a total of 1 gram of
precursor particles per square inch of the conveyor. A web
is now formed.

10 STEP 7: The web is passed through the compaction rolls. The
gap between the compaction rolls is 0.035 inches (0.9 mm).
This produces a sheet having a density of 0.995 g/cc.
STEP 8: The sheet is cured by placing it in a plastic bag and
allowing it to sit at ambient temperature (72°F, 22.2°C) for
15 48 hours.
' The resultant sheet has good flexibility, gel blecking and
wet integrity properties.
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preférabfy from5 to 60 parts by weight, pl asticizer per 100

parts by weight of said . precursor particles, said plasticizer
preferably conprising a mxture of glycerol and water in a
weight ratio of from0.5:1 to 2:1, sai d i nt &ifj ammugksam&n

aggregat e havi ng pores between adj acent precu sai d
pores being inter- connected by interconmmunic so as to
forma | i qui d permnmeabl e macrostructure, the C|rcunscr| ed dry

vol une of the macrostructure being greater than 0.008 mM®B, preferably
greater than 10 nmmB, nore pref eratfd/ greater than 500mferr]

WHAT IS CLAIMED IS:

1. A porous, absorbent macrostructure, preferably a
flexible sheet having a thickness of at least 0.2 mm,
preferably from 0.5 mm to 10 mm, most preferably from I mm to
3 mm, and preferably having a density of from 0.7 to 1.3 g/cc,
more preferably from 0.8 to 1.1, most preferably from 0.9 to
1.0 g/cc, the macrostructure comprising an interparticle
bonded aggregate characterized in that it comprises:

(i) a multiplicity of precursor particles, preferably

having a mass average particle size of less than
600 microns, preferably less than 300 microns, most
preferably at least 95% by weight of said precursor
particles having a particle size between 150 and
300 microns, bonded to each other at the surface
thereof and comprising a substantially water-
insoluble, absorbent, hydrogel-forming, polymer
material having anionic functional groups,
preferably carboxy groups,

(ii) a cationic amino-epichlorohydrin adduct reacted
with said polymer material at said surface of said
precursor particles and in an amount sufficient to
cause effective surface crosslinking,

(iii) optionally from 5 to 100 parts by weight,
preferably from 5 to 60 parts by weight,
plasticizer per 100-parts by weight of said
precursor particles, said plasticizer preferably
comprising a mixture of glycerol and water in a
weight ratio of from 0.5:1 to 2:1, '

said interparticle bonded aggregate having pores between

adjacent precursor particles, said pores being inter-

connected by intercommunicating channels so as to form a

liquid permeable macrostructure, the circumscribed dry

volume of the macrostructure being greater than

0.008 mn3, preferably greater than 10 mm3, more

preferably greater than 500.

el This is the replacement sheet
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63 ° T2, The macrostructure of daim1 characterized in that said

pol ymer materi al

Is selected fromthe group consisting of hydrolyzed

starch-acrylonitrile graft copolyners; partially neutralized
starch-acrylonitrile graft copolyners; starch- acrylic acid graft

copolyners, partially neutralized starch-acrylic acid graft copol yners;

saponi fied vinyl

acetate-acrylic ester copolyners; hydrolyzed

acrylonitrile copolyners; hydrolyzed acryl am de copol yners; slightly

net wor k crosslinked products of any of ftl3e foregoing copol yners;

neutralized polyacrylic acid; slightly network crosslinked products of
partially neutralized polyacryllc acid; and m xtures there

The macrostructure of Zany dhe MRGTGE§ructure of Q:‘WdF‘a’ctcé?"féEF"lzﬁdt‘FiaEhaéal d
cationi c ani no- episafd @oDymedr mateatkducs sedectedafirionnine eupnEniststing of

am no- epi chl or ohy
preferably fromO
precursor particl @S"t@é‘lfdcéﬁfﬁh‘écrﬁdP’}/ ile 9"é§f' n“fﬂ"&?’!ﬁ"ébl §,tarc -

qgmwgéas@tgpﬁhagg@wmw st LA Rl O

t of said

acrylic acid graft copolymers, partially neutralized
starch-acrylic acid graft copolymers; saponified vinyl
acetate-acrylic ester copolymers; 'hydrolyzed acrylonitrile
copolymers; hydrolyzed acrylamide copolymers; slightly network
crosslinked products of any of the foregoing copolymers;
partially neutralized polyacrylic acid; slightly network
crosslinked products of partially neutralized polyacrylic
acid; and mixtures thereof.

3. The macrostructure of any of Claims 1 to 2
characterized in that said cationic amino-epichlorohydrin
adduct is a cationic polymeric amino-epichiorohydrin resin in
an amount from 0.1 to 5 parts by weight, preferably from 0.5
to 2.5 parts by weight, per 100 parts by weight of said
precursor particles, said cationic polymeric resin preferably
being a reaction product between epichlorohydrin and a
polyethyleneimine or a polyamide-polyamine, said polyamide-
polyamine preferably being derived from polyalkylene
polyamines and C3-C10' dibasic carboxylic. acids, more
preferably being derived from a polyethylene polyamine having
from 2 to 4 ethylene units and -a C4-Cg saturated aliphatic
dicarboxylic acid, most preferably being derived from
diethylenetriamine and adipic acid.

4. An absorbent article, preferably a diaper,
comprising a liquid pervious topsheet; a liquid impervious
backsheet joined with said topsheet; and an absorbent core
positioned between said topsheet and said backsheet, said
absorbent core characterized in that it comprises one or more
of the macrostructures of any of Claims 1 to 3, and optionally
an absorbent member positioned between said topsheet and said

I lllllll IHIM lllN U] : Illl | Cou g e

partially
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being a*reaction product between epichl orohydrin and a pol yet hyl enei m ne or
a pol yam de- pol yam ne, said pol yam de- polyam ne preferably being

derived from polyal kyl ene pol.yam nes and C3-( err]]‘hisgmiep( .l;ﬁeenﬁgbrl gd<yl iC
acids, nore preferably being derived froma pol yet hyl avi ng
from2 to 4 ethylene units and a C4-C6 saturated ali ph%muﬁnﬁm I C
acid, nost preferably being derived fromdiethylenet I piC
aci d. 4. An absorbent article, preferably a diaper,
conprising a liquid pervious topsheet; a®d4i quid inpervious backsheet joined
with said topsheet; and an absorbent core positioned between said topsheet

and sai d backsheet, ' be cqre .char rized in that Lt .conprises
one or nore of the ‘“r?%ﬁ‘*r%‘é?ﬁ’g%urgelgd o%sgﬁifmgf g%tbgf e ”[Sd"%,gﬁ%“a&i onal |y
an absorbent nenberstpbkaned sedtulgstauibersai d t opsheet and said

5. A method for making a porous, absorbent macro-
structure, preferably having a density of from 0.7 to 1.3
g/cc, more preferably from 0.8 to 1.1, most preferably from
0.9 to 1.0 g/cc, the macrostructure comprising an
interparticle bonded aggregate having pores. interconnected by

s intercommunicating channels so that the macrostructure is
liquid permeable, the method characterized in that it
comprises the steps of:

(a) providing a multiplicity of precursor particles,
preferably having a mass average particle size of
less than 600 microns, preferably less than 300
microns, most preferably at least 95% by weight of
said precursor particles having a particle size
between 150 and 300 microns, of substantially
water-insoluble, absorbent, hydrogel-forming,
polymer material having anjonic functional groups,
preferably carboxy groups;

{b) treating the precursor particles with a cationic
amino-epichlorohydrin adduct, preferably an aqueous
solution thereof having a pH of from 4 to 9, the
cationic adduct being in an amount sufficient to be
capable of reacting with the polymer material at
the surface of the precursor particles so as to
cause effective surface crosslinking;

(c) physically associating the treated precursor
particles to form an aggregate having pores
interconnected by intercommunicating channels; and

(d} reacting the cationic adduct with the polymer
material of the precursor particles so as to cause
effective surface crosslinking and to provide a
porous, absorbent, interparticle bonded aggregate
macrostructure, the circumscribed dry volume of the

i
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64« maerostructure, said absorbent nmenber conprising chemcally stiffened
cellulosic fibers. 5. A net hod for making a porous, absorbent
macro- structure. preferably having a density of fromO0.7 to 1. Sﬁ/cn{err]

(cc) nore preferablv.fromO0.8 to 1.1, nost preferaltiySheet
"g/cnerr](cc),the macrostructure conprising an |nte a

aggregat e havi ng pores interconnected by |nterconnun| s so
that the macrostructure is liquid pernegg t he net ho c aracterlzed in
that it conprises the steps of: prOV|d|ng a multiplicity of
precursor particles, preferably having a nmass average particle

size of oy bt AR e HATE bRl hehg brtat & Thn oot

m crons, nost preferably at
precursor particles having &m Wf%ll@”%ﬁ&@*y greater than 10 mm3, most

preferably greater than 500;

(e} optionally treating the macrostructure with from §
to 100 parts by weight, preferably from 5 to 60
parts by weight, plasticizer per 100 parts by
weight of said precursor particles, the plasticizer
preferably comprising a mixture of glycerol and
water in a weight ratio of from 0.5:1 to 2:1.

6. The method of Claim 5 characterized in that it
comprises the further step of shaping the aggregate prior to
step (d}, preferably inte a flexible sheet having a thickness
of at least 0.2 mm, preferably from 0.5 mm to 10 mm, most
preferably from 1 mm to 3 mm.

7. The method of any of Claims 5 to 6 characterized in
that the polymer material is selected from the group
consisting of hydrolyzed “starch-acrylonitrile graft
copolymers; partially neutralized starch-acrylonitrile graft
copolymers; starch-acrylic acid graft copolymers, partially
neutralized starch-acrylic acid graft copolymers; saponified
vinyl acetate-acrylic ester copolymers; hydrolyzed
acrylonitrile copolymers; hydrolyzed acrylamide copolymers;
slightly network crosslinked products of any of the foregoing
copolymers; partially neutralized polyacrylic acid; slightly
network crosslinked products of partially neutralized
polyacrylic acid; and mixtures thereof.

8. The method of any of Claims 7 to 9 characterized in
that the cationic amino-epichlorohydrin adduct is a cationic
polymeric amino-epichlorohydrin resin applied during step {b)
in an amount from 0.1 to 5 parts by weight, preferably from
0.5 to 2.5 parts by weight, per 100 parts by weight of the
precursor particles, the cationic polymeric resin preferably

This is the replacement eheet
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bet ween® 150 and 300 m cronetes, of substantially

wat er -i nsol ubl e, absorbent, hydrogel-form ng, pol ymer

mat eri al havi ng ani oni ¢ functional groups, pref erably carboxy
groups; (b) treating the precursor particles with a cationic

am no- epi chl orohydrin adduct, preferably an aqueous sol ution
t hereof having a pH of from4 to 9, the cationi ¢ adduct being
in an anmount sufficient to be 6 capabl e of reacting with the
pol ymer material at t he surfﬁce of the precursor particles so
as to cause effective surface crosslinking; (c)

physically associajy t recursor . . articles to
form an aggregate ha%‘?ﬂ%;pggae?gt‘iar?%r%guap b%%'f?eﬁt eelp(l,‘b'}_‘}r%%'lygﬁ"bya"% a
i nt er communi cati ng tHYAEWIeneimine or a polyapide-polyaming.t lthe craliyawide- adduct
with the polymer  polyamine pref#iadly abeftg }J@&@é@cﬁfogprpdwﬁﬂﬁg@es so as to
cause iye r cressl.inking and to .provide a
porous, absorbent, f‘ﬁ%’g%‘&ﬁ ia(ﬁ;{’le&g'occﬁﬂegngsdFe&ﬁf@’xﬂ‘C acids,”" more
macrostructure, thePr&feeablydieinedegivedytomne poflyetthglene polyamine having
from 2 to 4 ethylene units and a C4-Cg saturated aliphatic
dicarboxylic acid, most preferably being derived from
diethylenetriamine and adipic acid.

9. The method of any of Claims 5 to 8 characterized in .
that step (d) is carried out at a temperature of from 18° to
35°C, preferably from 18° to 25°C, for from 12 to 48 hours,
preferably from 24 to 48 hours.

10.  The method of any of Claims 5 to 8 characterized in
that step (d) is carried out at a temperature of from 50° to

205°C, preferably from 180° to 200°C, for from 1 to 20
minutes, preferably for from 5 to 15 minutes.

©

WU oo e o

Date: . g SEP 19%



65 macrostructure, preferably being greater than 0.008

mB, nore preferably greater than 10 M8, nopst preferably greater
t han 500mm{err]. (e) optionally treating the nmacrostructure with from
5 to 100 parts by weight, preferably from5 to 60 parts
by wei ght, plasticizer per 100 parts by 67 wei ght of said precursor
particles, the plasticizer preferably conprising a m xture of

gl ycerol and water in a weight ratio of fromO0.5:1 to 2:1.

6. The nethod of Claimb5 characterized in that it conprises the further
step of shaping the aggregate prior to step (d), preferably into a flexible
sheet havi ng a thi ckne®ROROUS, ABSORBENT MACROSTRUCTURES OF

BONDED ABSORBENT PARTICLES SURFACE CROSSLINKED
WITH CATIONIC AMINO-EPICHLOROHYDRIN ADDUCTS

ABSTRACT

Porous, absorbent macrostructures that, upon contacting liquids such as water or body
exudates (e.g. urine), swell and imbibe such liquids, and are useful in absorbent articles
such as diapers, adult incontinence pads, and sanitary napkins are disclosed. These porous
macrostructures comprise bonded absorbent particles that are surface crosslinked with

cationic, preferably polymeric, amino-epichlorohydrin adducts.

FIGURE 1
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of at least 0.2 mm preferably from0.5 mmto 10 mm nost preferably from1l
mMmto 3 mMm 7. The nmethod of any of Clains 5 to 6 characterized in
that the polynmer material is selected fromthe group consisting of

hydrol yzed starch-acrylonitrile graft copolyners; partially neutralized
starch-acrylonitrile graft copolyners; starch-acrylic acid graft

copolyners, partially neutralized starch-acrylic acid graft copol yners;
saponified vinyl acetate-acrylic ester ol yners; hydr ol yzed
acrylonitrile copolymers; hydrolyzed acrﬁhZ%?de copolynmers; slightly
networ k crosslinked products of any of the foregoing copolyners; partially
neutralized polyacrylic acid; slightly network crosslinked products of

partially neutralized polyacrylic acid; and m xtures thereof. 8.
The met hod of any of (RTINS Wl meo o Ddleox 288 e 49 | Oni C

am no- epi chl or ohydri n S REREER Bl or ohydrin
resin applied during st Dy wei ght ,

preferably fromO0.5 tog §ght of the

- PROTS. 18
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A ?
precursor particles, the cationic polyneric resin preferably

66 being a reaction product between epichlorohydrin and a

pol yet hyl enei m ne or a pol yam de- pol yam ne, the pol yam de- pol yam ne
preferably being derived from pol yal kyl ene polyamnes and C3-Clerr]

di basic carboxylic acids, nore preferably being derived froma

pol yet hyl ene pol yam ne having from2 to 4 ethylene units and a C4-C6 :
saturated aliphatic dicarboxylic acid, nzﬁyfpreferably bei ng derived from
di et hyl enetri am ne and adi pi c aci d.

(U471 ENT: 500 RN WBe 7
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9. The nethod of any of Clains 5 to 8 characterized in that step (d) is
carried out at a tenperature of from18[err] to 35[err]C, preferably from
18[err] to 25[err]C, for from 12 to 48 hours, preferably from24 to 48

hour s. 10. The nethod of any of Clainms 5 to 8 characterized in that
step (d) is carried out at a tenperature of from50[err] to 205[err]C,
preferably from 180[err] to 200[err]C, for from1l to 20 m nutes, preferably
for from5 to 15 m nutes. 03/5
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WHAT IS CLAIMED IS:

1. A porous, absorbent macrostructure, preferably a
flexible sheet having a thickness of at least 0.2 mm,
preferably from 0.5 mm to 10 mm, most preferably from 1 mm to
3 mm, and preferably having a density of from 0.7 to 1.3 gmﬂ@(ﬂ#
more preferably from 0.8 to 1.1, most preferably from 0.9 to
1.0gfcm®(cc), the macrostructure comprising an interparticle
bonded aggregate characterized in that it comprises:

(i) a multiplicity pf precursor particles, preferably

having a mass average particle size of less than
600 micrometres,. praferably less than 300 micrometres, most
preferably at least 95% by weight of said precursor
particles having a particle size between 150 and
300 micrometres, bonded to each other at the surface
thereof and comprising a substantially water-
insoluble, absorbent, hydrogel-forming, polymer
material having anionic functional groups,
preferably carboxy groups,

{(ii) a cationic amino-epichlorohydrin adduct reacted
with said polymer material at said surface of said
precursor particles and in an amount sufficient to
cause effective surface crasslinking,

(i11) optionally from 5 to 100 parts by weight,
preferably from 5 to 60 parts by weight,
plasticizer per 100 parts by weight of said
precursor particles, said plasticizer preferably
comprising a mixture of glycerol and water in a
weight ratio of from 0.5:1 to 2:1, '

said interparticle bonded aggregate having pores between

adjacent precursor particles, said pores being inter-

connected by intercommunicating channels so as to form a

Vigquid permeable macrostructure, the circumscribed dry

votume of the macrostructure being greater than

0.008 mm3, preferably greater than 10 mm3, more

preferably greater than 500mm’.
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64

macrostructure, said absorbent member comprising chemically
stiffened cellulosic fibers.

5. A method for making a porous, absorbent macro-
structure. preferably having a density of from 0.7 to 1.3
glor® (e more preferably from 0.8 to 1.1, most preferably from
0.9 to 1.0'gem®{cchthe macrostructure comprising an
interparticle bonded aggregate having pores interconnected by
intercommunicating channels so that the macrostructure

liquid permeable, the method characterized in that it
comprises the steps of:

is

{a) providing a multiplicity of precursor particles,
preferably having a mass average particle size of
less than 600 micrometres, preferably less than 300
microns, most preferably at least 95% by weight of
said precursor particleshaving a particle size
between 150 and 300 micrometres, uf substantially
water-insoluble, absorbent, hydrogel-forming,
polymer material having anionic functional groups,
preferably carboxy groups;

(b) treating the precursor particles with a cationic
amino-epichlorohydrin adduct, preferably an aqueous
solution thereof having a pH of from 4 to 9, the
cationic adduct being in an amount sufficient to be
capable of reacting with the polymer material at

the surface of the ‘precursor particles so as to
cause effective surface crosslinking;

(c} physically associating the treated precursor
particles to form an aggregate having pores
interconnected by intercommunicating channels; and

(d} reacting the cationic adduct with the polymer
material of the precursor particles so as to cause
effective surface crosslinking and to provide a
porous, absorbent, interparticle bonded aggregate
macrostructure, the circumscribed dry volume of the

*
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macrostructure, preferably being greater than 0.008
mm3, more preferably greater than 10 mm3, most
preferably greater than 500mm®.

(e} optionally treating the macrostructure with from §
to 100 parts by weight, preferably from 5§ to 60
parts by weight, plasticizer per 100 parts by
weight of said precursor particles, the plasticizer
preferably comprising a mixture of glycerol and
water in a weight ratio of from 0.5:1 to 2:1.

6. The method of Claim 5 characterized in that it
comprises the further step of shaping the aggregate prior to
step (d), preferably into a flexible sheet having a thickness
of at least 0.2 mm, preferably from 0.5 mm to 10 mm, most
preferably from | mm to 3 mm.

7. The method of any of Cldims 5 to 6 characterized in
that the polymer material is selected from the group
consisting of hydrolyzed starch-acrylonitrile graft
copolymers; partially neutralized starch-acrylonitrile graft
copolymers; starch-acrylic acid graft copolymers, partially
neutralized starch-acrylic acid graft copolymers; saponified
vinyl acetate-acrylic ester copolymers; hydrolyzed
acrylonitrile copolymers; hydrolyzed acrylamide copolymers;
slightly network crosslinked products of any of the foregoing
copolymers; partially neutralized polyacrylic acid; slightly
network crosslinked products of partially neutralized
polyacrylic acid; and mixtures thereof.

8. . The method of any of Claims 7 to 9 characterized in
that the cationic amino-epichlorchydrin adduct is a cationic
polymeric amino-epichlorohydrin resin applied during step (b)
in an amount from 0.1 to 5 parts by weight, preferably from
0.5 to 2.5 parts by weight, per 100 parts by weight of the
precursor particles, the cationic polymeric resin preferably
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