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(57) Des ¢léments absorbants comprenant des
compositions polymeres particulaires et absorbantes qui
sont composees d’agregats reticules interparticulaires
sont decrits. Les agrégats réticulés interparticulaires
comprennent des particules preécurseurs de maternau
polymere absorbant, formant un hydrogel et
pratiquement 1nsoluble dans 1’cau; et un agent de
reticulation interparticulaire qui est amene a reagir avec
le matériau polymene des particules preécurseurs pour
former des liaisons réticulées entre lesdites particules.
Les ¢lements absorbants de cette invention peuvent
comprendre une combinaison de materaux fibreux et de
particules discretes de la composition polymere ou des
cléments lamines (des €lements absorbants disposes en
couches) contenant de telles compositions polymeres.
L efficacite des €lements absorbants est accrue grace a
["utalisation de telles compositions polymeres en raison
du taux ¢leve d’absorption de fluide et des proprietes
reduites de blocage de gel des agrégats reticules
interparticulaires.
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(57) Absorbent members 1ncorporating particulate,
absorbent, polymeric  compositions comprising
interparticle crosslinked aggregates. The interparticle
crosslinked aggregates comprise precursor particles of
substantially water-insoluble, absorbent, hydrogel-
forming, polymer material, and an interparticle
crosslinking agent reacted with the polymer material of
the precursor particles to form crosslink bonds between
the precursor particles. The absorbent members of the
present mnvention can comprise a combination of fiber
material and discrete particles of the polymeric
composition or laminates (layered absorbent members)
containing such  polymeric compositions. The
performance of absorbent members 1s enhanced by the
use of such polymeric compositions due to the high rate
of fluid uptake and minimal gel blocking properties of
the interparticle crosslinked aggregates.
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- aggregates. The interparticle crosslinked aggregates comprise precursor particles of substantially water-insoluble, absorbent, hy-
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ABSORBENT MEMBERS CONTAINING
INTERPARTICLE CROSSLINKED AGGREGATES

FIELD OF THE INVENTION

The present invention relates to improved particulate,
absorbent, polymeric compositions. Such polymeric compositions
are those which, upon contacting fluids (i.e., 1liquids) such as
water or body exudates, swell and imbibe such fluids. These
polymeric compositions are especially useful by themselves or in
absorbent members such as fibrous web structures which can be
incorporated 1into absorbent articles such as diapers, adult
incontinence pads, sanitary napkins, and the like. The present
invention also relates to methods for producing such polymeric
compositions.

BACKGROUND OF THE INVENTION

Particulate, absorbent, polymeric compositions are capable of
absorbing large quantities of fluids such as water and body
exudates and which are further capablie of retaining such absorbed
fluids under moderate pressures. These absorption characteristics
of such polymeric compositions make them especially useful for
incorporation 1into absorbent articles such as diapers. For
example, U.S. Patent 3,699,103 issued to Harper et al. on June 13,
1972 and U.S. Patent 3,670,731 issued to Harmon on June 20, 1972,
both disclose the wuse of particulate, absorbent, polymeric
compositions (also referred to as hydrogel, hydrocolloid, or
superabsorbent materials) in absorbent articles.
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Conventional particulate, absorbent, polymeric compositions.
however, have the limitation that their rate of fluid uptake is
much lower than that of conventional cellulosic fiber webs due to
the small surface area to mass ratio of the constituent particles
of the polymeric composition. The surface area to mass ratio of
the particles of the particulate, absorbent, polymeric composition
1s important since it can control the overall fluid uptake rate of
the bulk polymeric composition. The surface area to mass ratio.
and hence the fluid uptake rate, can be substantially increased by
decreasing the mass average particle size of the particles in the
bulk polymeric composition. However, when these small particles
or fines swell upon contact with liquids, the particles, when
incorporated in a fiber web, tend to be easily forced into the
interfiber capillaries of the web. The swollen or partially
swollen fines may also form a mass of coagulated gel held together
by fluid surface tension forces, thus forming a gel barrier. In
either case, resistance to fluid flow through the structure is
increased as fluid flow channels are blocked within the fiber web
or the gel mass resulting in a marked decrease in permeability.
These phenomena are commonly referred to as "gel blocking."

One attempt to break this trade-off between the rate of fluid
uptake and gel blocking has been to agglomerate, via water, a
multiplicity of small particles to larger "nuclei® particles.
Such water-agglomerating techniques are disclosed in Japanese
Patent Laid-Open SHO 61(1986)-97,333 and Japanese Patent Laid-Open
SHO 61(1986)-101,586. While water-agglomeration of the particles
does result in a modest increase in the fluid uptake rate due - to
an increased surface area to mass ratio of the larger particles,
the water-agglomerated particles dissociate upon contact and/or
swelling with an aqueous solution. This results in a
concentration of swollen or partially swollen free fine particles
that will contribute to an increased gel blocking effect via the
mechanisms described above.
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Another attempted solution to the problem has been

to surface treat the discrete particles. One specific
surface treatment method is to surface crosslink the
discrete particles so that each individual particle has a
higher crosslink density among the polymer chains at or
near the surface of the particles. Such surface
crosslinking techniques are described in U.S. Patent
4,666,983 issued to Tsubakimoto et al. on May 19, 1987;
and U.S. Patent 4,734,478 issued to Tsubakimoto et al on
March 29, 1988. Surface crosslinking of the particles
results in a modest reduction in one form of the above-
defined gel blocking by reducing the tendency of the
discrete particles to coagulate into an impermeable gel
mass during swelling. However, the rate of fluid uptake
of the particles is not increased because the surface
area to mass ratio of the particles remains relatively
constant.

Therefore, the present invention seeks to resolve
the above problems by providing improved particulate,
absorbent, polymeric compositions having a high rate of
fluid uptake with minimal gel blocking properties.

Thus, it 1s an object of an aspect of the present
invention to provide particulate, absorbent, polymeric
compositions with a high rate of fluid uptake.

It is an object of an aspect of the present
invention to provide particulate, absorbent, polymeric
compositions that display minimal gel blocking

properties.

It 18 an object of an aspect of the present
invention to provide particulate, absorbent, polymeric
compositiong that have a high resistance to compression
during use (i.e., during swelling) in order to maintain
an/or increase the permeability of absorbent products

incorporating such polymeric compositions.
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It is an object of an aspect of the present
invention to provide particulate, absorbent, polymeric
compositions having minimal dissociation of fine

particles upon fluid contact or swelling.

It is8 an object of an aspect of the present
invention to provide particulate, absorbent, polymeric

compositions having minimal free fines in the dry state.

It is an object of an aspect of the present
invention to provide particulate, absorbent, polymeric
compositions that achieve predefined rates of fluid
uptake by selecting specific characteristics of the
precursor particles such as the mass average particle
size or absorptive capacity.

It is an object of an aspect of the present
invention to provide a method for producing such
particulate, absorbent, polymeric compositions.

It is an object of an aspect of the present
invention to provide improved absorbent products,
absorbent members, and absorbent articles (such as
diapers or sanitary napkins) incorporating the
particulate, absorbent, polymeric compositions of the

present invention.

SUMMARY OF THE INVENTION

The present invention provides improved particulate,
absorbent, polymeric compositions comprising
interparticle crosslinked aggregates. The interparticle
crosslinked aggregates comprise precursor particles of
substantially water-insoluble, absorbent, hydrogel-
forming, polymer material; and an interparticle
crosslinking agent reacted with the polymer material of
the precursor particles to form crosslink bonds between
the precursor particles. When the mass average particle
size of the resultant polymeric composition has been
increased by at least about 25% over the mass average
particle size of the precursor
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particles, a sufficient number of interparticle crosslinked
aggregates are formed so that the resultant polymeric composition
has improved properties. The interparticle cross)inked aggregates
have improved structural integrity (i.e., the aggregate remains
intact when swollen and has a relatively high compressive
resistance), an increased acquisition rate, and minima) gel
blocking properties.

When contacted with a liquid, the interparticle crosslinked
aggregates will swell generally isotropically (1.e., swell equally
in all dimensions), even under moderate confining pressures, and
absorb such liquids. The isdtropic swelling of the interparticle
crosslinked aggregates 1is achieved since the interparticle
crosslinked aggregates maintain the structura)l and spatial
relationships of the precursor particles even when swollen (i.e.,
the aggregates maintain their integrity in both the dry and the
swollen states). Thus, the precursor particles forming the
interparticle crosslinked aggregates will not dissociate upon
contact with or swelling in liquids (such that the interparticle
crosslinked aggregates are "fluid stable") so that gel blocking is
minimized. Further, the interparticle crosslinked aggregates have
relatively high rates of fluid uptake to provide rapidly acquiring
poiymeric compositions due to the high surface area to mass ratio
of the interparticle crosslinked aggregates. Thus, the
interparticle crosslinked aggregates of the present invention
provide a polymeric composition capable of rapidly absorbing
liquids while minimizing gel b10cking properties.

The present invention also relates to improved particulate,
absorbent, polymeric compositions comprising interparticle
crosslinked aggregates formed from precursor particles having a
relatively small particle size (i.e., fine precursor particles).
By using fine precursor particles to form the interparticle
crosslinked aggregates, the surface area to mass ratio of the
aggregates is increased over the surface area to mass ratio of
precursor particles having the same particle size as the aggregate
such that the resultant polymeric compositions incorporating
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such interparticle crossiinked aggregates have particularly high
rates of fluid uptake (Swelling Rate) while minimizing their gel
blocking properties by removing free fines from the swollen or
partially swollen polymeric composition. These interparticle
crosslinked aggregates also provide an efficient way to reduce
fines in the dry bulk polymeric composition that improves the
handling and performance characteristics of such polymeric
compositions.

The present invention further relates to absorbent products,
absorbent members, and absorbent articles incorporating the
poiymeric compositions of the present invention comprising
interparticle crosslinked aggregates. The performance of such
products are enhanced by providing such polymeric compositions
having high rates of fluid uptake with minimal gel blocking
properties. Further, the Jlarger size of the interparticle
crosslinked aggregates assists in opening capillary channels of
fibrous webs incorporating such polymeric compositions. Further,
the interparticle crosslinked aggregates minimize migration of
swollen or dry particles through the absorbent structures due to
their structural integrity (i.e., finer particles remain bonded
together).

The present invention further relates to methods of producing
such polymeric compositions comprising interparticle crosslinked
aggregates. In the method of the present invention, an
interparticlie crosslinking agent is applied onto the precursor
particles; the precursor particles are physically associated to
form a multiplicity of aggregates; and the interparticle
crosslinking agent is reacted with the polymer material of the
precursor particles of the aggregates, while maintaining the
physical association of the precursor particles, to form crosslink
bonds between the precursor- particles to form interparticile
crosslinked aggregates. The interparticle crossiinked aggregates
are formed to such an extent that the mass average particle size
of the polymeric composition is at least about 25% greater than
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average particle size of the mass precursor particles.
In a preferred method, the interparticle crosslinked
aggregates are also surface crosslinked.

Other aspects of this invention are as follows:

An absorbent member comprising a mixture of fiber
material and a particulate, absorbent, polymeric
composition, said polymeric composition comprising
interparticle crosslinked aggregates, said interparticle
crosslinked aggregates comprising (i) precursor particles
of substantially water-insoluble, absorbent, hydrogel-
forming, polymer material, and (ii) an interparticle
crosslinking agent reacted with said polymer material of
sald precursor particles to form covalent crosslink bonds
between said precursor particles, said interparticle
crosslinked aggregates being present in said polymeric
composition in an amount such that said polymeric
composition has a mass average particle size at least
about 25% greater than the mass average particle size of
sald precursor particles.

An absorbent member comprising a mixture of fiber
material and a particulate, absorbent, polymeric
composition, said polymeric composition comprising
interparticle crosslinked aggregates, said interparticle
crosslinked aggregates comprising (i) substantially dry
precursor particles of substantially water-insoluble,
absorbent, hydrogel-forming, polymer material; said
polymer material of said precursor particles being
selected from the group consisting of hydrolyzed starch-
acrylonitrile graft copolymer, partially neutralized
starch-acrylonitrile graft copolymer, starch-acrylic acid
graft copolymer, partially neutralized starch-acrylic
aclid graft copolymer, saponified vinyl acetate-acrylic
ester copolymers, hydrolyzed acrylonitrile or acrylamide
copolymers, slightly network crosslinked products of any
of the foregoing copolymers, partially neutralized
polyacrylic acid, and slightly network crosslinked
products of partially neutralized polyacrylic acid; and
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(11) an interparticle crosslinking agent reacted with
said polymer material of said precursor particles to form
covalent crosslink bonds between said precursor
particles; said interparticle crosslinking agent being
selected from the group consisting of polyhydric alcohol
compounds, polyglycidyl ether compounds, polyfunctional
aziridine compounds, polyfunctional amine compounds, and
polyfunctional isocyanate compounds; said interparticle
crosslinked aggregates being present in said polymeric
composition in an amount such that said polymeric
composition has a mass average particle size at least
about 30% greater than the mass average particle size of
sald precursor particles.

An absorbent member having a back section and a
front section contiguous with said back section, said
front section having an end region and a deposition
region contiguous with said end region and said back
section so that said deposition region is positioned
between said end region and said back section, the
absorbent member comprising:

a mixture of hydrophilic fiber material and a
particulate, absorbent, polymeric composition, said
polymeric composition comprising interparticle
crosslinked aggregates, said interparticle crosslinked
aggregates comprising (i) substantially dry precursor
particles of substantially water-insoluble, absorbent,
hydrogel-forming, polymer material, said polymer material
consisting essentially of slightly network crosslinked
products of partially neutralized polyacrylic acid; and
(1i) an interparticle crosslinking agent reacted with
salid polymer material of said precursor particles to form
covalent crosslink bonds between said precursor
particles; said interparticle crosslinking agent being
selected from the group consisting of glycerol,
trimethylol propane, ethylene glycol, 1,2-propanediol, or
l,3-propanediol; said interparticle crosslinked
aggregates being present in said polymeric composition in
an amount such that said polymeric composition has a
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mass average particle size at least about 30% greater
than the mass average particle size of said precursor
particles, the mass average particle size of said
precursor particles being less than about 500 microns:
and said mixture of fiber material and particulate,
absorbent polymeric composition being distributed in
zones of different densities, such that the absorbent
member comprises:

a storage zone positioned in at least said
deposition region of said absorbent member:; and

an acquisition zone positioned, in at least said
deposition region of the absorbent member, said
acquisition zone having a lower average density and a
lower average basis weight per unit area than said
storage zone, said storage zone at least partially
laterally surrounding the perimeter of said acquisition
zone as to be in liquid communication with at least a
portion of the lateral area of said acquisition zone.

A layered absorbent member comprising:

a) n webs of fibrous materials, n being an integer
of two or more, said webs being layered such that there
is an uppermost web, a lowermost web, n-2 intermediate
webs, and n-1 interfaces of two opposed adjacent
contacting surfaces of adjacent webs; and

b) a particulate, absorbent, polymeric composition
forming a layer at one or more of said interfaces, said
polymeric composition comprising interparticle
crosslinked aggregates, said interparticle crosslinked
aggregates comprising (i) substantially dry precursor
particles of substantially water-insoluble, absorbent,
hydrogel-forming, polymer material, and (ii) an
interparticle crosslinking agent reacted with said
polymer material of said precursor particles to form
covalent crosslink bonds between said precursor
particles, said interparticle crosslinked aggregates
being present in said polymeric composition in an amount
such that said polymeric composition has a mass average
particle size at least about 30% greater than the mass
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1c
average particle size of said precursor particles.

A disposable absorbent article 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 comprising a
particle, absorbent, polymeric composition comprising
interparticle covalently crosslinked aggregates, said
interparticle crosslinked aggregates comprising (i)
substantially dry precursor particles of substantially
water-insoluble, absorbent, hydrogel-forming, polymer
material; said polymer material of said precursor
particles being selected from the group consisting of
hydrolyzed starch-acrylonitrile graft copolymer,
partially neutralized starch-acrylonitrile acid graft
copolymer, starch-acrylic acid graft copolymer, partially
neutralized starch-acrylic acid graft copolymer,
saponified vinyl acetate-acrylic ester copolymers,
hydrolyzed acrylonitrile or acrylamide copolymers,
slightly network crosslinked products of any of the
foregoing copolymers, partially neutralized polyacrylic
acid and slightly network crosslinked products of
partially neutralized polyacrylic acid; and (ii) an
interparticle crosslinking agent reacted with said
polymer material of said precursor particles to form
crosslink bonds between said precursor particles; said
interparticle crosslinking agent being selected from the
group consisting of polyhydric alcohol compounds,
polyglycidyl ether compounds, polyfunctional aziridine
compounds, polyfunctional amine compounds, and
polyfunctional isocyanate compounds; said interparticle
crosslinked aggregates being present in said polymeric
composition in an amount such that said polymeric
composition has a mass average particle size at least

about 30% greater than the mass average particle size of
sald precursor particles.
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BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims
particularly pointing out and distinctly claiming the
present 1nvention, 1t 1s believed the present invention
will be better understood from the following description in

conjunction with the accompanying drawings in which:

Figure 1 1s a plan view of a disposable diaper
embodiment of the present invention wherein most of the
topsheet has been cut-away to more clearly show the
underlying absorbent core (an embodiment of an absorbent

member of the present invention) of the diaper;

Figure 2 1s a longitudinal sectional view of only the
absorbent core of the disposable diaper taken along

sectional line 2-2 of Figure 1;

Figure 3 1s a transverse sectional view of only the
absorbent core of the disposable diaper taken along

sectional line 3-3 of Figure 1;

Figure 4 1s a perspective view of an absorbent member
of the present invention used as an absorbent core in the

disposable diaper shown in Figure 1;

Figure 5 1s a fragmentary, enlarged cross-sectional

view of a layered absorbent member (laminate) of the

present 1nvention;

Flgure 6 1s a perspective view of an alternative
embodiment dual-layer absorbent member of the present

invention:;
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Figure 7 is a sectional view of the dual-layer absorbent
member of Figure 6 taken along sectional line 7-7 of Figure 6;

Figure 8 is a plan view of a further alternative embodiment
of an absorbent member of the present invention;

Figure 9 1is a perspective view of another alternative
embodiment of an absorbent member of the present invention;

Figure 10 is a cut-away perspective view of a disposable
diaper embodiment of the present invention containing the
absorbent member shown in Figure 9;

Figure 11 is a top view of a portion of an absorbent member
according to the present invention showing a preferred shape for
the acquisition zone; -

Figure 12 is a photomicrograph enlarged approximately 30
times of a particulate, absorbent, polymeric composition of the
present invention made in accordance with Example 6 herein.

Figure 13 1is a photomicrograph enlarged approximately 60
times of an interparticle crossliinked aggregate of the present
invention selected from the sample shown in Figure 12;

Figure 14 is a photomicrograph enlarged approximately 40
times of a particulate, absorbent, poiymeric composition of the
present invention made ' in accordance with Example 1 herein,
wherein the mass median particle size of the precursor particles
is equal to about 84 microns.

Figure 15 1is a photomicrograph enlarged approximately 110
times of an interparticie crossiinked aggregate of the present
invention selected from the sample shown in Figure 14;

. - gl anasnde of
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Figure 16 is a perspective view of an absorbent product of
the present invention comprising a carrier and an interparticle

crosslinked aggregate of the present invention joined to the
carrier;

Figure 17 is a partially cut-away plan view of a sanitary
napkin embodiment of the present invention:

Figure 18 is a side view of an apparatus used to measure the
gel- expansion pressure of particulate, absorbent, polymeric

compositions;

Figure 18a is a side view of the stage mounting platform of
the apparatus of Figure 18;

Figure 18b is a top view of the stage mounting platform of
the apparatus of Figure 18;

Figure 18c is a top view of the sample alignment bracket of
the apparatus of Figure 18;

Figure 18d is a top view of the sample holder of the
apparatus of Figure 18;

Figure 18e is a side view of the sample holder of the
apparatus of Figure 18;

Figure.. 18f is a side view of the compression foot of the
apparatus of Figure 18; and

Figure 18g is a top view of the compression foot of the
apparatus of Figure 18.
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DETAILED DESCRIPTION OF THE INVENTION

Particulate, absorbent, polymeric compositions of the present
invention are materials capable of absorbing large quantities of
fluids (i.e., liquids) such as water and/or body exudates (e.g.,
urine or menses) and which are capable of retaining such fluids
under moderate pressures. Typically, the particulate, absorbent,
polymeric compositions of the present 1invention will swell and
rapidly absorb the fluids with little or no incidence of ge]l

blocking.

As shown in Figures 12 and 14, the polymeric compositions of
the present invention are 1in a particulate form. The term
"particulate” is used herein to mean that the elements comprising
the polymeric composition are in the form of discrete units
denominated. "particles". The . particles can comprise granules,
pulverulents, spheres, flakes, fibers, aggregates or agglomerates.
Thus, the particles can have any desired shape such as cubic;
rod-1ike; polyhedral; spherical; rounded; angular; irregular;
randomly-sized irreqular shapes (e.qg., pulverulent products of a
grinding or pulverizing step or aggregates) or shapes having a
large  greatest dimension/smallest dimension ratio 1ike
needle-like, flake-like, or fibrous shapes, and the like. As
shown in Figures 12 and 14, the particles preferably comprise
randomly-sized irregular shaped interparticle crosslinked
aggregates.

The polymeric compositions of the present invention are
referred to herein as comprising "particles". It should be noted,
however, that the term particles include aggregates. As used
herein, the term "aggregate" is used to mean a single "particle"
formed from two or more previously independent particles (i.e.,
"precursor particles”) Jjoined together. While it is relatively
easy for those of ordinary skill in the art to determine which
particles of the polymeric composition are aggregates, a specific
procedure for identifying such aggregates is hereinafter defined
in the Test Methods section. Thus, throughout the specification,
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the term "particle"” is used herein to mean the resultant units
making up the polymeric composition, including aggregates, while
the term "precursor particles" refers to the initial units used in
forming the resultant particles of the polymeric composition,
especially the aggregates. Particles that are formed from a
single precursor particle will be specifically referred to as

nonaggregate particles.

Although the particles and the precursor particles may have
sizes varying over a wide vrange, specific particle size
distributions and sizes are prefer?red. For purposes of the
present invention, particle size is defined as the dimension of a
particle or precursor particle which is determined by sieve size
analysis. Thus, for example, a particle that is retained on a
standard #30 sieve with 600 micron openings is considered to have
a particle size greater than 600 microns, a particle that passes
through 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, and a particle
that passes through the #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 partic]es will
generally range in size from about 1 micron to about 2000 microns
in diameter or cross-section, more preferably, the particles will
have a particle size from about 20 microns to about 1000 microns.

Further, for purposes of this invention, the mass average
particle size of the particles or the precursor particles is
important in determining the characteristics and properties of the
polymeric composition. The mass average particle size of a given
sample of particles or 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. In preferred embodiments of the present invention, the
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mass average particle size of the particles is from about 100
microns to about 1500 microns, more preferably from about 200

microns to about 1000 microns.

The polymeric compositions of the present invention are
formed from polymer materials capable of absorbing Tlarge
quantities of 1liquids. (Such polymer materials are commonly
referred to as hydrogel, hydrocollioid, or superabsorbent
materials.) The polymeric compositions preferably comprise
particles of substantially water-insoluble, absorbent,
hydrogel -forming, polymer material. The polymer materials useful
for the particles of the polymeric compositions may widely vary.
The specific polymer materials useful in the present invention
will be discussed herein with respect to the polymer materials
forming the precursor particies.

The particulate, absorbent, polymeric compositions of the
present invention comprise interparticle crosslinked aggregates.
[nterparticle crosslinked aggregates are the aggregate particles
formed by Joining together two or more previously independent
precursor particles. The precursor particles are joined together
by interparticie crosslinking agents applied thereto and subjected
to conditions, while maintaining the physical association of the
precursor particles, which are sufficient to react the
interparticle crosslinking agent with the polymer material of the
precursor particles to form crosslink bonds between the precursor
particles that form the aggregate. Figures 13 and 15 show
photomicrographs of interparticle crosslinked aggregates of ‘the
present invention.

Precursor particles form the interparticle crosslinked
aggregates of the present invention. The precursor particles
comprise substantially water-insoluble, absorbent,
hydrogel-forming, polymer material. Examples of polymer materials
suitable for use as the precursor particles herein (and thus the
particles of the resultant polymeric composition) include those
which are prepared from polymerizable, unsaturated.
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- 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
specifically, these monomers can be selected from olefinically
5 unsaturated carboxylic acids and acid anhydrides, olefinically

unsaturated sulfonic acids and mixtures thereof.

Some non-acid monomers may also be used to prepare the
precursor particles herein. Such non-acid monomers can include,
for example, the water-soluble or water-dispersible esters of the

L0 dcid-containing monomers as well as monomers which contain no
carboxyl or sulfonic acid groups at all. Optional non-acid
monomers can thus include monomers containing the following types
of functional groups: carboxylic acid or sulfonic acid esters,
hydroxyl groups, amide-groups, amino groups, nitrile groups and

15 quaternary ammonium 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 issued to Masuda et al. on February 28,
1978 and in U.S. Patent 4,062,817 issued to Westerman on December

13, 1977,

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

alpha-chloroacrylic acid, alpha-cyano acrylic acid, beta-methy]
acrylic acid (crotonic acid), alpha-phenyl acrylic acid,
25 beta-acryloxy propionic acid, sorbic acid, alpha-chloro sorbic
acid, angelic acid, cinnamic acid, p-chloro cinnamic acid,
beta-steryl acrylic acid, itaconic acid, citraconic acid,
mesaconic acid, glutaconic acid, aconitic acid., maleic acid,
fumaric acid, tricarboxyethylene and maleic acid anhydride.

30 Olefinically wunsaturated 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
sul foethyl acrylate, sul foethy] methacrylate, sul fopropy]
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acrylate, sulfopropyl methacrylate, 2-hydroxy-3-acryloxy propy!}
sulfonic acid, 2-hydroxy-3-methacryloxy propyl sulfonic acid and
2-acrylamido-2-methyl propane sulfonic acid.

Preferred polymer materials for use in the present invention
possess a carboxyl group. These polymers include hydrolyzed
starch-acrylonitrile graft copolymer, partially neutralized
starch-acrylonitrile graft copolymer, starch-acrylic acid graft
copolymer, partially neutralized starch-acrylic acid graft
copolymer, saponified vinyl acetate-acrylic ester copolymers,
hydrolyzed acry]onitr;.i'l‘e or acrylamide copolymers, slightly
network crosslinked products of any of the foregoing copolymers,
partially neutralized polyacrylic acid, and stightly network
crosslinked products of partially neutralized polyacrylic acid.
These polymers may be used either independently or in the form of
a mixture of two or more monomers, compounds, or the 1like.
Examples 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; and U.S. Patent 4,734,498.

Most preferred polymer materials for use as the precursor
particles are slightly network crosslinked products of partially
neutralized polyacrylic acids and starch derivatives therefrom.
Most preferably, the particles comprise from about 50 to about

95%, preferably ‘about  75%, neutralized, slightly network

crosslinked, polyacrylic acid (e.g., poly {sodium acrylate/acrylic
acid) ).

As described above, the precursor particles preferably are
polymer materials that are slightly network crosslinked. Network
crosslinking serves to render the precursor  particles
substantially water-insoluble and in part serves to determine the
absorptive capacity and extractable polymer content
characteristics of the precursor particles and the resultant
polymeric composition. Processes for network crosslinking the
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polymers and typical network crosslinking agents are described in
greater detail in the hereinbefore-referenced U.S. Patent
4,076,663.

The individual precursor particles may be formed in any
conventional manner.  Typical and preferred processes for
producing the individual precursor particles are described in:
J.5. Patent Re. 32,649 -entitled "Hydrogel-Forming Polymer
Compositions For Use In Absorbent Structures" reissued to Kerryn
A. Brandt, Steven A. Goldman, and Thomas A. Inglin on April 19.
1988; U.S. Patent 4,666,983 entitled "Absorbent Article" issued to
Tsuneo Tsubakimoto, Tadao Shimomura, and Yoshio Irie on May 19.
1987; and U.S. Patent 4,625,001 entitled "Method For Continuous
Production Of Cross-Linked Polymer" issued to Tsuneo Tsubakimoto.
Tadao Shimomura, and Yoshio Irie on November 25, 1986.

Preferred methods for forming the precursor particles are
those that involve aqueous solution or other solution
polymerization methods. As described in the above-referenced U.S.
Patent Re. 32,649, aqueous solution poiymerization involves the
use of an aqueous reaction mixture to carry out polymerization to
form the precursor particles. The aqueous reaction mixture is
then subjected to polymerization conditions which are sufficient
to 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 useful in forming the interparticle
crosslinked aggregates and the polymeric compositions herein.

More specifically, the agueous solution polymerization method
for producing the individual precursor particles comprises the
preparation of an aqueous reaction mixture in which to carry out
polymerization to form the desired precursor particles. One
element of such a reaction mixture is the acid group-containing
monomer material which will form the "backbone" of the precursor
particles to be produced. The reaction mixture will generally
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comprise about 100 parts by weight of the monomer material.
Another component of the aqueous reaction mixture comprises a
network crosstinking agent. Network crosslinking agents useful in
forming the precursor particles are described in more detail in
the above-referenced U.S. Patent Re. 32,649 issued to Brandt et
al.; U.S. Patent 4,666,983 issued to Tsubakimoto et al.: and U.S.
Patent 4,625,001 issued to Tsubakimoto et al.. The network
crosslinking agent will generally be present in the aqueous
reaction mixture in an amount of from about 0.001 mole percent to
about 5 mole percent based on the total moles of monomer present
in the aqueous mixture (about 0.0] 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, capryly]
peroxide, benzoy] peroxide, hydrogen peroxide, cumene
hydroperoxides, tertiary ,butyW diperphthalate, tertiary buty]
perbenzoate, sodium peracetate, sodium percarbonate, and the 1like.
Other optional components of the aqueous reaction mixture comprise
the various non-acidic co-monomer materials including esters of
the essential wunsaturated acidic functional group-containing
monomers or other co-monomers containing no carboxyl or sulfonic
acid functionalities at all.

The aqueous reaction mixture is subjected to polymerization
conditions which are sufficient to produce in the mixture
substantially water-insoluble, absorbent, hydrogel - forming,
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 techniques) to a polymerization temperature from about
0°C to about 100°C, more preferably from about 5°C to about 40°C.
Polymerization conditions under which the aqueous reaction mixture
1s maintained can also include, for example, subjecting the
reaction mixture, or portions thereof, to any conventional form of
polymerization activating irradiation. Radioactive, electronic,
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ultraviolet, or electromagnetic radiation are alternative

conventlonal polymerilzation techniques.

The acid functional groups of the polymer materials
formed 1n the aqueous reaction mixture are also preferably
neutralized. Neutralization can be carried out in any
conventional manner which results 1in 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 belng acld group-containing monomers that are
neutralized with a salt-forming cation. Such salt-forming
cations 1include, for example, alkalli metals, ammonium,
substituted ammonium and amines as discussed in further
detail 1n the above-referenced U.S. Patent Re. 32,649
1ssued to Brandt et al.

While 1t 1s preferred that the precursor particles be
manufactured using an agueous solution polymerization
process, 1t 1s also possible to carry out the
polymerization process using multi-phase polymerization
processing techniques such as 1nverse emulsion
polymerization or 1lnverse suspension polymerization
procedures. In the 1nverse emulsion polymerization or
inverse suspension polymerization procedures, the agueous
reaction mixture as hereinbefore described is suspended in
the form of tiny droplets 1n a matrix of a water-
1immiscible, 1nert organic solvent such as cyclohexane. The
resultant precursor particles are generally spherical in
shape. Inverse suspension polymerization procedures are
described 1n greater detail in U.S. Patent 4,340,706 issued
to Obaysashi et al. on July 20, 1982; U.S. Patent
4,506,052 1ssued to Flesher et al. on March 19, 1985; and

U.S. Patent 4,735,987 1ssued to Morita et al. on April 5,
1988.
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In preferred embodiments of the present invention, the
precursor particles used to form the interparticle
crosslinked aggregates are substantially dry. The term
“substantially dry” is used herein to mean that the

5 precursor particles have a liquid content, typically water
or other solution content, less than about 50%, preferably

less than about 20%, more preferably less
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than about 10%, by weight of the precursor particles. Typically,
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 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 may also be used. The
dewatered mass of polymer material can then be chopped or
pulverized to form substantially dry precursor particles of
substantially water-insoluble, absorbent, hydrogel-forming,
polymer material. '

Preferred precursor particles of the present invention are
those which exhibit a high absorptive capacity so that the
resultant polymeric composition formed from such precursor
particles also has a high absorptive capacity. Absorptive
capacity refers to the capacity of a given polymer material to
absorb liquids with which it comes into contact. Absorptive
capacity can vary significantly with the nature of the liquid
being absorbed and with the manner in which the liquid contacts
the polymer material. 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 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 of
polymer material. Typically, the polymer materials herein have an
Absorptive Capacity of from about 40 to about 70 grams in
Synthetic Urine per gram of polymer material. Precursor particles
having this relatively high Absorptive Capacity characteristic are
especially useful in absorbent members and absorbent articles
since the resultant interparticle crosslinked aggregates formed
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from such precursor particles can, by definition., hold desirably
high amounts of discharged body exudates such as urine.

The individual precursor particles may optionally be surface

treated. For example, U.S. Patent 4,824,901 issued to Alexander

5 et al. on April 25, 1989, discloses the surface treatment of
polymeric particies with a poly-quaternary amine. If surface

treated, the precursor particles are preferably surface

crossiinked as disclosed in U.S. Patent 4,666,983, entit]ed

"Absorbent Article”, issued to Tsubakimoto et al. on May 19, 1987:

10 and U.S. Patent 4,734,478, entitled "Water Absorbing Agent" issued

to Tsubakimoto et al. on March 29, 1988. As disclosed in
the Tsubakimoto et al. /983 patent, the individual

15 and reacting the surface crosslinking agent with the
Polymer material on the surface of the particles.

While all of the precursor particles of a given interparticle
crosslinked aggregate or of the resultant polymeric composition
are preferably formed of the same polymer material with the same

20 properties, this need not be the case. Ffor example, some
precursor particles may comprise a polymer material of a
starch-acrylic acid graft copolymer while other precursor
particles may comprise a polymer material of slightly network
crosslinked products of partially neutralized polyacrylic acid.

25 Further, the precursor particles of a specific interparticle
crossiinked aggregate or in the resultant polymeric composition
may vary in shape, absorptive capacity, or any other property or
characteristic of the precursor particles. In a preferred
embodiment of the present invention, the precursor particles

30 comprise a polymer material consisting essentially of siightly

- network crosslinked products of partially neutralized polyacrylic
acid; each precursor particle having similar properties.
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The precursor particles can comprise granulies, pulverulents,
spheres, flakes, fibers, aggregates, agglomerates, or the Jike.
Thus, the precursor particles can have any desired shape such as
cubic; rod-like; polyhedral; spherical: rounded; angular;
irregular; randomly-sized irregular shapes (i.e., pulverulent
products of a grinding or pulverizing step) or shapes such as
needle-like, flake-like, or fibrous shapes. Preferably, as shown
in Figures 12-15, the precursor particles are in a finely divided
powder form of randomly-sized irregular shaped pulverulent
granules or flakes.

The precursor particles may also have a size varying over a
wide range. Preferably, the precursor particles will have a size
in the range of from about 1 micron to about 2000 microns in
diameter or cross-section. More preferably, the precursor
particles will have a particle size in the range of from about 20
microns to -about 1000 microns. The mass average particle size of
the precursor particles will 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 preferably have a mass average particle
size less than about 1000 microns, more preferably less than about
600 microns, most preferably less than about 500 microns.

The interparticle crosslinked aggregates of the present
invention also comprise an interparticle crosslinking agent. The
interparticle crosslinking agent is applied onto the precursor
particles and reacted with the polymer material of the precursor
particles while physical association between the precursor
particles 1is maintained. This reaction forms crosslink bonds
between the precursor particles. Thus, the crosslink bonds are
interparticie in nature (i.e., between different precursor
particles). Without wishing to be bound by theory or limit the
present invention, it is believed the reaction of the
interparticle crossiinking agent with the polymer material of the
precursor particles forms crosslink bonds between the polymer

chains of different precursor particles (i.e., interparticle
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crosslink bonds). For the preferred polymers herein, it s
believed the 1interparticle crosslinking agent reacts to form
crossliink bonds between the carboxyl groups of the precursor
particles. MWithout wishing to be bound by theory or limit the
scope of the invention, for the preferred polymer materials
possessing carboxy] groups, 1t 1s believed that the
interparticle crosslinking agent reacts with the carboxy! groups
of the polymer materials to form covalent chemical crosslink bonds
between the polymer chains of different precursor particles. The
covalent chemical crosslink bonds generally arise as a result of
the formation of ester, amide (imide) or urethane groups by
reaction of the functional groups of the crosslinking agents with
the carboxyl groups of the polymer material. In preferred
executions, it is believed that ester bonds are formed. Thus.
preferred interparticle crosslinking agents are those agents
capable of reacting with the carboxyl groups in the preferred
polymers to form ester bonds.

Interparticie crosslinking agents useful in the present
invention are those that react with the polymer material of the
precursor particles used to form the interparticle crosslinked
aggregates. Suitable interparticle crosslinking agents may
comprise a number of different agents such as, for example,
compounds having at least two polymerizable double bonds:
compounds having at least one polymerizable double bond and at
least one functional group reactive with the polymer material:
compounds having at least two functional groups reactive with the
polymer material; polyvalent metal compounds; or monomers as
described herein. Specific crosslinking agents wuseful in the
present invention are described in the hereinbefore referenced
U.S. Patent 4,076,663 and U.S. Patent Re. 32,649,

Where carboxyl groups are present on or in the polymer
materials (i.e., the polymer chains) of the precursor particles,
preferred interparticle crossiinking agents possess at least two
functional groups per molecule capable of reacting with the
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- carboxyl group. Preferred interparticle crossiinking agents
include polyhydric alcohols such as ethylene glycol, diethylene
glycol, triethylene glycol, tetraethylene glycol, polyethylene
glycol, glycerol (1,2,3-propanetriol), polygiycerol, propylene
glycol, 1, 2-propanediol, 1, 3-propanediol, trimethylol propane,

diethanolamine, triethanolamine, polyoxypropylene
oxyethylene-oxypropyle block copolymer, sorbitan fatty acid
esters, polyexyethylene sorbitan fatty acid esters,

pentaerythritol, and sorbitol; polyglycidyl ether compounds such
as ethylene glycol diglycidyl ether, polyethylene glycol
diglycidyl ether, glycerol polygiycidyl ether, diglycerol
polyglycidyl ether, polyglycerol polyglycidyl ether, sorbito]
polyglycidyl ether, pentaerythritol polyglycidyl ether, propylene
glycol diglycidyl ether, and propylene glycol dig]ycidyl ether;
polyaziridine  compounds such as 2, 2-bishydroxymethy]
butanol-tris[3-(i-aziridine) propionate], 1, 6-hexamethy! tolulene
diethylene urea, and diphenyl methane-bis-4, 4’-N,N’-diethylene
urea; haloepoxy compounds such as epichlorohydrin  and
a-methyl fluorohydrin; polyaldehyde compounds such as
glutaraldehyde and glyoxazole; polyamine compounds such as
ethylene diamine, diethylene triamine, triethylene tetramine,
tetraethylene pentamine, pentaethylene hexamine, and polyethylene
imine;' and polyisocyanate compounds such as 2, 4-toluene
diisocyanate and hexamethylene diisocyanate.

One interparticle c¢rosslinking agent or two or more
substantially mutually wunreactive interparticle crosslinking
agents selected from the group mentioned above may be used.
Particularly preferred interparticle crosslinking agents for use
herein with carboxyl-containing polymer chains are ethylene
glycol; glycerol; trimethylol propane; 1, 2-propanediol; and 1, 3-
propanediol.

The proportion of the interparticie crossiinking agent to be
used in the present invention is in the range of from about 0.0l
parts to about 30 parts by weight, preferably from about 0.5 parts
to about 10 parts by weight, most preferably from about 1 part to
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about 5 parts by weight, per 100 parts by weight of the precursor
particles.

In the present invention, other materials or agents can .be
used with the interparticle crosslinking agent(s) as an aid in
producing the interparticle crosslinked aggregates or in promoting
or assisting 1in the reaction of the interparticle crosslinking
agent with the polymer material of the precursor particles.

For example, water may be used in conjunction with the
interparticle crosslinking agent. The water functions to promote
uniform dispersion of the interparticle crosslinking agent on the
surface of the precursor particles and permeation of the
interparticie crosslinking agent into the surface region of the
precursor particles. The water also promotes stronger physical
association between the precursor particles of the prereacted
aggregates, and the dry and swollen integrity of the
resultant interparticle crosslinked aggregates. In the present
invention, the water is used in a proportion of less than about 20
parts by weight (0 parts to about 20 parts by weight), preferably
in the range of from about 0.01 parts to about 20 parts by weight,
more preferably in the range of from about 0.1 parts to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>