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 FIELD OF THE INVENTION
The present invention relates to absorbent polymeric

composxt1ons which, upon contacting liquids such as water or body

exudates, ‘swell and imbibe such liquids. More specifically, the

‘present 1invention relates to polymeric compositions that are

hacrostructures such as a sheet, film, or strip. Such absorbent

po1ymeric macrostructures are porous so as to be liquid permeable.

~ These porous, absorbent, polymefic macrostructures are useful by

" themselves or in absorbent articles such as diapers, adult

~ incontinence pads, sanitary napkins, and the like. - The present

invention also relates to methods of producing such porous,
-absorbent, polymeric macrostructures.

10

15 .

BACKGROUND OF THE INVENTION

Particulate, absorbent, polymeric compositions are capable of
abso%bing 1arge quantities of liquids ‘such as water and body
exudates and which are further capable of retaining such absorbed
liquids  under  moderate pfessures.  These absorption
characteristics of such polymeric compositions make them
especially useful for incorporation into 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 discliose the use of particulate, absorbent,
polymeric compositions (also referred to as hydrogels,
subérabSorbent, or hydrocolloid matekia]s) in absorbent articles.

20

25

30 'Conventional particulate, absorbent, polymeric compositions,

however, have the limitation that the particles are not
immobilized and are free to migrate during processing and/or use.



exudates and which are further capable of retai ning such absorbed |iquids
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into absorbent articles such as diapers. For exanple, U S. Patent 3,699, 103
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duriny processing c%hpuggfupcpgrqnypgn,qypse particulate materials mxgrate during or

after swelling. Such mobility leads to high resistance to liquid
flow through the material due to the lack of stable interparticle
capillary or liquid transport channels. This phenomenon is one
form of what is commonly referred to as "gel blocking”.

10 One attempt to overcome the performance limitations
associated with particle mobility in the context of their use in
absorbent articles has been the inc0rporation'of the particulate,
absorbent, polymeric compositions into tissue laminates (layered
absorbent members). By encapsulating the particles between tissue

15 layers, the overall particle mobility within an absorbent -member
is diminished. However, upon liquid contact, the particles within
the laminate are often free to move relative to each other
resulting in the breakdown of any preexistent interparticle
capillary channels.

20 Another attempted solution has been to immobilize the
particulate, absorbent, polymeric compositions by the addition of
large quantities of liquid polyhydroxy compounds that act as an
adhesive to hold the particles together or to a substrate. An

- example of this .technology is disclosed in U.S. Patent 4,410,571

25 . issued to Korpman on October 18, 1983. While this approach does
limit migration before and, to some extent, during swelling, the
particles eventually become detached from each other upon
presentation of excess liquid to such polymeric compositions,
resulting again in the breakdown of any preexisting capillary

30 ~ channels between the particles. '

A further attempt to overcome the problem has been to produce

a superdbsorbent film via extrusion of a solution of a linear

polymer and subsequent crosslinking of the polymer. An example of

_ this technology is disclosed in U.S. Patent 4,861,539 issued to

35 Allen et al. on August 29 1989 Hhile these superabsorbent films
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handling |osses during. manufacturing operations as well as

nbnhomgene&&bym poration of the particles into structurespgcl/usondisode
particles are being used. A nore significant g)robl em though, occurs when

these particulate materials mgrate during or after swelling. Such nmobility
| eads to hi gh resistance to liquid flow through the material due to the
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contact, the partlcles vmt he | am nate are often free to nove re atlve

to each other resuF“P?"r?é F4¢ ﬁ% breakdown of any preexistent interparticle

Thus, it is an object of the present invention to provide
absorbent. polymeric macrostructures that are porous.

It is a further object of the present invention to provide
10 absorbent polymeric macrostructures that remain intact and
transport liquid even upon saturation with excess liquid.

It is a still further object of the -present invention to
provide abso}'bent polymeric macrostructures wherein the component
precursor particles and .pores retain their relative geometry and

15 spatial relationships even upon saturation with excess 1iquid.

It is an even further object of the present invention to
provide absorbent polymeric macrostructures that increase in
liquid permeability upon swelling.

It is another object of the present invention to provide a
20 method for producing such absorbent polymeric macrostructures.

It a further object of the present invention to provide
improved absorbent products, absorbent members, and absorbent
articles (such as diapers or sanitéry napkins) incorporating the
absorbent polymeric macrostructures of the present invention.

25 SUMMARY OF THE INVENTION

The present invention provides an absorbent polymeric
macrostructure that is porous. The porous, absorbent, polymeric
macrostructure comprises an interparticlie crosslinked aggregate
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capillary channels. Another attenpted solution has been to immobilize the

parti cul at P‘Xfﬂﬁ nt pol ymeri ¢ conpositions by .the -additi OPCT;UéﬁWﬁ%ﬁf
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guantkties F'qard poI yhydr oxy conpounds that act as an adhesive to
the pacticles together or to a substrate. An éxarrpl e of this technology is
disclosed in U S. Patent 4,410,571 issued to Kor pman on Cctober 18, 1983.
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d1fferent precursor particles. Because of the particulate nature
of the precursor particles, the macrostructure has pores between
adjacent precursor pai‘ticles. The pores are interconnected by

10 intercommunicating channels such that the macrostructure is liquid
permeable (i.e., has capillary transport channels).

Due to the inferpartic]e crosslink bonds formed between the
precursor particles forming the interparticle crosslinked
aggregate, the resultant macrostructure has improved structural

15 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, imbibes such Tiquids into the precursor

20 particles, and absorbs such liquids into the pores. 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 precursor particles do not

25 dissociate from each other, thereby minimizing the incidence of
gel blocking and allowing the capillary channels to be maintained
and enlarged when swollen so that the macrostructure may acquire
and transport subsequent loadings of liquid, even excess liguid.

~ The present invention also relates to improved absorbent
30 ' products, absorbent members, and absorbent articles incorporating
the porous, absorbent, polymeric macrostructures of the present
invention. The macrostructures enhance the 1liquid handling
characteristics of such products by rapidly acquiring
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3. may absorb significant quantities of |iquids, they have limted |iquid

transport puPsI7is}s2 and-are prone to gel blocking due to Fheil’"(,'l"lgﬁﬁlﬁfm
internal capillary channels. Therefore, the prgsent invention seeks to

resol ve~t he above probl ens by provi.di ng por ous, absor bent,
pol ymeric macrostructure. Thus, it is an object of the present invention to

-ovi de absor bent pgql ic - OSdqrUC parous. |t is.a .
Purther -obj ect of (HEMIsscefPELERIY ChiiFindelh nf DKoty Shet adpuics.
~macrostructures thallpwing fior rkthecacquigitionnapd transpgnt ofesubseqpent loadings

saturation with exqesyiqifadi dand inihfnfaifgidd1 biseKiRg aOREL mighatfih RIARAN
i nvention to provide absorhent polyneric”macrostructures wheréin the
conponent : such products. _

5 The present invention also relates to methods of producing
such porous, absorbent, polymeric macrostructures. The
macrostructures- are produced by applying an interparticle
crosslinking agent onto the precursor particles, physically.
associating the precursor particles into an aggregate, and

10 reacting the interparticle crosslinking agent with the polymer
material of the precursor particles to form crosslink bonds
between different precursor particles. In a preferred embodiment,
the macrostructures are produced by shaping the aggregate of the
associated ‘precursor particles to form macrostructures of a

15 desired -shape,' size, and/or density. The component precursor
particles of the macrostructures may also be surface crosslinked.

BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims particularly
pointing out and distinctly claiming the present invention, it is
20 believed the present invention will be better understood from the
following description in  conjunction with the accompanying
drawings in which:
t..
Figure 1 is a photomicrograph enlarged approximately 40 times
showing a perspective view (at 15° from the horizontal) of ‘the
25 edge of a porous, absorbent, polymeric macrostructure of the
present invention;

- Figure 2 is a photomicrograph enlarged approximately 120
times of a top view of a portion of the macrostructure shown in
Figure 1;

30 Figure 3 is a photomicrograph gnIarged approximately 30 times
showing a perspective view (at 45° from the horizontal) of the
corner of the mhcrostructqrg_shown in Figure 1;
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precursor particles and pores retain their relative geonetry and spati al

rel ati onshiwg qyf3eripon saturation with excess liquid. It is perRN6s1/01890
. furthet object of the present invention to pro§jde absor bent polyneric
|

- macrostructures that increase in liquid pernmeability upon swelling. It is
anmot her object of the present invention to provide a nmethod for producing

~ such aBsorbent pol ymeri ¢§8% @Sts UpHR Bt crobrabt! ef1d16Ed WBbABnefely B tines

present “invention to_proyide jnprqved absorbe rogddct s

menbers, and absor b8t 2akR cYiew @ uGhPQEt“Waﬁgrg o terpativey embodimaat of a
- incorporating the apecyusgnabsavbentsr polymeetostacnostructurel hividgPs@eeabsorbent

- invention. SUMVARY ﬁbﬁaiw@@hﬁﬁgﬁ&r&&@t I nvention provides an
a

* absorbent polynmeric nacrostructure i'S por'ous. The porous, absorbent
pol ymeric macrostructure conprises an interparticle crosslinked aggregate

5 Figure 5 is a photomicrograph enlarged approximately 50 times
of a top view of a portion of the macrostructure of Figure 4;

Figure 6 is a photomicrograph enlarged approximately 75 times
of a top view of a portion of the macrostructure of Figure 4;

Figure 7 is a photomicrograph enlarged approximately 100
10 . times of a perspective view (45° from the horizontal) of a portion
of an alternative embodiment of a porous, absorbent, polymeric
macrostructure having polyester fibers embedded in the
macrostructure;

Figure 8 is a perspective view of a disposable diaper
15~ embodiment of 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 of the
present invention) of the diaper wherein the absorbent member
comprises a porous, absorbent, polymeric macrostructure of the
20 present invention;

Figure 9 is a cross-sectional view of the absorbent core of
the diaper shown in Figure 8 taken along sectional line 9-9 of
Figure 8; and

Figure 10 is a perspective view of a disposable diaper
25 embodiment of the present invention wherein portions of the
topsheet have been cut away to more c1ear1y.show an alternative

absorbent core embodiment.
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4. having a circunscri bed d'ry vol une greater than about 10.0 [err]. The

i mterparti ov@9¢/1836d | nked aggregate conprises a nmultiplicity pér/usy1a08960r
particles of substantial ly wat er -insol ul e, absorbent,

hydr ogel - f or m ng, pol ymer mat eri al.; and an interparticle
crosslinking agent reacted with the pol ymer materl al of the precursor
partlcles to formcrosslink bompg FOVBESTRUPTIE ¢ goN particles.

Because of the particulate nature of the precursor par 1 C es, t he
macrostructure has pores between adjacent precursor particles. The pores
are interconnected by Portous¢ oabrsorbent:,i pgl yniearic chacrostiuctimeds folfethe present

t t | | AVAR Ny p cas
Channel )+ Due 1o 1A Fﬁ‘%"g?“aﬁH.’C“F'é‘*ce?g‘s‘sﬂ‘mi 4 dhoride TaRBERIahr s of
precursor  particliaid Sf%'F i #fgwatemand/orbedypexudages (e.gr.ousingloadmenses)

~aggrsegate, the resaid amﬁclimareoaidabgswrcﬁbh%aimgoym\ Nigifdsu under Nhéddrhte/
| hcreased liquid ac%%'sﬁr"e:[s' on ypi c'a]slt A L{[ " Jo%&s, “absorbent,  polymeric
macrostructures of the present invention will swell generaﬂy

1sotrop1cal1y and rapidly absorb the liquids.

As used herein, the term "macrostructure” means a product
10 '. having a circumscribed volume when substantially dry (i.e.,
circumscribed dry volume) of at least about 10.0 mm3, preferably
at least about 100 mm3, more preferably at least about 500 mm3.
Typically, the macrostructures of the present'invention will have
‘a circumscribed dry volume much greater than about 500 mm3. In
15 preferred embodiments of the present invention, the
macrostructures have a circumscribed dry volume of between about
1000 mm3 and about 100,000 mm3. '

While the macrostructures of the present' invention may have a
number of shapes and sizes, the macrostructures are typically in
20 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 0.25 mm and
about 10.0 mm. Preferably for use in absorbent products, the
macrostructures are in the form of a sheet. The term "sheet" as
25 used herein describes macrostructures having a thickness greéter
than about 250 microns. The sheets will preferably have a
thickness between about 0.5 mm and about '3 mm, typically about 1
mm.

The macrostructures of the present invention are formed from

30 polymer materials capable of absorbing 1large gquantities of
S liquids. (Such polymer materials are commonly referred to as
hydrogel, hydrocolloid, or superabsorbent materials.) The

macrostructures preferably comprise substantially water-insoluble,

absorbent, hydroge'l formng, polymer material. The speeific
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and m ni mal gel blocklng characteristics. It has been found that when the

fracr ostr uc%? contacted wth | qU| ds, -the macr ogaOEH1/0189C
swel | s genera 1y I sotropically even under q{ate confining pressures,

i.mbi bes such liquids into the precursor partic and absorbs such |iquids
i Ato the pores. The isotropic swelling of the macrostructure allows the

precursor particle gmért H?tva?l%?ss vFi‘?l”BénH?iTc'rE]lsE&P'lﬁlefe‘%haHﬁhe &%@éﬁt 'ty e

spatlal°relat|onsh even $o t nmacrostructures are '
relatively "fluid QPbﬂleé materials 'WB"?Jr'é\?uPEﬁﬁ""ﬁ%ﬁ PREYId S0 not dissociate

from each other, thereby m nim zing the incidence of gel blocking and

allowi ng the capillary h I | n

so that the nacrostruc@g %ﬂﬂﬁ ﬁ'%ﬁ%ﬁ?éngn ?#aﬁgﬁgﬁﬂmggbgggﬁgﬁﬁ@ @8@&%8

| i quid, even excesmattogtruttures: ofr thecpresentcinvenhion sgmnrelsata;smtﬁrbmmcw@d
absogbent prOdUCtScr@é}‘l@ﬁlF&ma gdvRgRed S, Aanﬁl&bawmmé @frokmmdlwemﬁaunq

t he porous, absorbeg ynefic .nmacrqstr eres of Jwesent i'nventi on.
The nmcrost r uct ur &8 ﬁcétr‘fcﬁ:@rel rexm nH’I’PH@P t° ether two or more,

typically about ten or more in the present invention, previously
independent precursor particles. The precursor particles are
joined together by interparticle crosslinking agents applied
10 thereto and subjected to conditions, while maintaining the
physical association of the precursor particles, whlch 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.

15 As shown in Figure 1, the interparticle crosslinked aggregate
is formed from a multiplicity of precursor particles. Due to the
preferred size for the precursor particles used herein, the
interparticle crosslinked aggregate is typically formed from ten
or more, preferably about fifty or more, precursor particles. The

20 precursor particles of the present invention are in the form of
discrete units. The precursor.partic1es can comprise granules,
pulverulents, spheres, flakes, fibers, aggregates or agglomerates.
Thus, the precursor particles can have any desired shape such as
cubic; rod-like; polyhedral; spherical; rounded; angular;

25 ' irregular; randomly-sized irregular shapes (e.g., pulverulent
products of a grinding or pulverizing step) or shapes having a
large greatest dimension/smallest. dimension ratio 1like
needle-1ike, flake-like, or fibrous shapes, and ‘the 1like.
Preferably, as shown in Figures 1 - 3, the precursor particles are

30 in a finely divided powder form of randomly-sized irregular shaped
pulverulent granules or flakes.

Although the precursor partic]es may have a size varying over

a wide range, specific particle size distributions and sizes are

_ preferred. For purposes of the present invention, partic]e size

15 is defined for precursor particles that do not have a large
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characteristics of SUﬁBSheePH&,d;é&h& lacddy rapidly acquiring 5
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the acquisition and transp ent adlngs of Ilquids, and
mi ni m zing gel bl ocking an n mnt in such products. The present
i nventjon also relates to nethods of producing such por ous, absor bent,

pol ymeric  macr Ogié ek diension) mﬁf%fvn@ﬂﬁdﬁr%tioafsﬁ%h Wsorecurssp)é

applying an intérparticle crossfiin |n9 2
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5 sieve with 600 micron open1ngs is considered to have a particle
size greater than 600 microns, a precursor particle that passes
through the #30 sieve with 600 micron openings and is retained on
a standard #35 sieve:with'soo micron openings is considered to
have a particle size between 500 and 600 microns, and a precursor

10 : 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 generilly range in size from between about 1 micron
to about 2000 microns,’ more preferably between about 20 microns to

15 about . 1000 microns.

Further, - for purpdses_oflthis invention, the mass average
particle size of the precursor particles is important in
determining the characteristics and properties of the resultant
macrostructures. The mass'average particle size of a given sample

20 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 bartic]e size of the precursor particles will generally be

25 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 that about 1000 microns, more
preferany less than about 600 microns, most preferably less than

30 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 about 300 microns, more

35 preferably less than about 180 microns. 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 Jeast



the macrostructures are produced by shaping the aggregate of the associ ated

- precursor p to formnacrostructures of a desired sha % ' 8
and/ or - dens?‘g ofin e conponent precursor particles of the nac o@?f@%&ces -

may al so be surface crosslinked. BRI EF DESCRI PHMOON OF THE DRAW NGS Wil e
t he specification concludes with clains particularly pointing out and
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of the macrostruct ugﬁesngﬁtﬂwngLUﬁh equwalent mass average particle sizes.

The particle size of materials having a large greatest

dimension/smallest dimension such as fibers is typiéﬁ'ly defined

_ by their. lérgest dimension. For example, if absorbent, polymeric

10 fibers (i.e., superabsorbent fibers) are used in the

- 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 may also be specified.) In exemplary

embodiments of the present invention, the fibers have a length

15 ' greater than about 5 mm, preferably between about 10 mm and about
100 mm, more preferably between about 10 mm and about 50 mm.

The precursor particles comprise substantially

water-insoluble, absorbent, hydrogel-forming, polymer material.

Exémples of polymer materials suitable for use as the precursor

20 particles herein include those which are prepared from

' polymerizable, unsaturated, acid-containing monomers. Thus, such

monomers include the olefinically unsaturated acids and a'nhydrides

which contain at least one carbon to carbon olefinic double bond.

More specifically, these monomers can be selected from

25 olefinically unsaturated carboxylic acids and acid anhydrides,
-olefinically unsaturated sulfonic acids and mixtures thereof.

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

30 acid-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

i
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Figure 3 is a photomi crograph enlarged approximately 30 times showi ng a

petr spectiv ' t [err] fromthe horizontal) of the corner /
mcrostruc&qgﬁsﬁl%"?ﬁl in Figure 1; 6 Figure 4 is a photom clr,gglr'jaég 01890

enl arged approximately 20 tines of a top viewldi a portion of an
alternative enbodi nent of a porous, absorbent, polyneric macrostructure

havi ) erabsorb | her i I O C .Flqure 5 is a
pﬁ\(;![ B?n (S:'lrjggr aph en&@ﬁéﬁggpg@?ﬁ%t%@héﬁqumeihé# Qbﬂ'(éﬁi{i"@ﬂ?%q‘rsa“ﬁorﬂ]on
of the macrost ruct knewnomaterjatse and meg]gcscre‘beé w ph%itegédﬂta@hapﬂorewtmpbe.df
approximately 75 t {yms s0fpfiehP P4, 076Y663 18sid toOMasala Lek: aW?thP%%g%wr?s,o
Figure 4; Figure 7_1s a photom crogra rged approximately 100 tFnes of
a gerspect i vg Vi evvl%wSaF‘i)dﬂl Ve -ﬁég?&ggbﬁa’%&? %Fsﬂg‘i)tti"oﬂe“ema" on December

5 .. 13, 1977, both of which are incorporated herein by reference.

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-methyl
10 acrylic acid (crotonic acid), alpha-phenyl acrylic acid,

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,
5 fumaric acid, tricarboxyethylene and maleic acid anhydride.

Olefinically unsaturated sulfonic acid monomers include
aliphatic or aromatic vinyl sulfonic acids such as vinylsd1fonic
acid, allyl sulfonic acid, vinyltoluene sulfonic acid and styrene
sulfonic acid; acrylic and methacrylic sulfonic acid such as

20 sulfoethyl acrylate, sulfoethyl methacrylate, sulfopropyl
acrylate, sulfopropyl methacrylate, 2-hydroxy-3-acryloxy propy!l
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

25 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,

30 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.

These bo1ymerS-may be used either independently or in the form of

M



of an alternative enbodi ment of a por ous, absorbent, polyneric

macr ost r Uciwdh 81/71532Vi ng pol yest er fibers enbedded * i n PCI/US91/01890
macrostructure; Figure 8 is a perspective viewgf a disposabl e diaper
epbodi mrent of the present invention_ wherein portions of the topsheet
have been cut-away to nore clearly show t he under | yi ng absorbent core (an

e he R Et‘sq“”‘”‘e D e ot o e e
es a
macrostructure of Rr}t%éséﬁtﬁﬂegg 'ﬁgﬁﬁﬁsﬁ}b%s%?ﬁb&?gpgec I)Ing et ew
Iof t he absorbent ca, 66b,f875herB apEnteahoMZﬁnGﬁ,gLHé 8 Patentn M@ﬁg"&éctu dnal
ine 9-9 of Fi gureopgt?'ﬁtgq géﬁggé? Jagd lFSa V\P]epqpyquml ew of a disposable

di aper enbodi nment pres i nvention eréin portions of the topsheet
have been cut away to nore clearly show an alternative absorbent core

enbodi ment . 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 precursor particles comprise from about 50 to

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

10 crosslinked, polyacrylic acid (i.e., 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
15 substantially water-insoluble and in part serves to determine the
absorptive capacity and extractable polymer content
characteristics of the 'precursor particles and the resultant
macrostructure. Processes for network crosslinking the polymers
and typical network crosslinking agents are described in greater
20 _ 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 procésses for
producing the individual precursor particles are described in:
U.S. Patent Re. 32,649 entitled “Hydrogel-Forming Polymer

25 - 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

30 Production Of Cross-Linked Polymer® issued to Tsuneo Tsubakimoto,
Tadao Shimomura, and Yoshio Irie on November 25, 1986. These
patents are incorporated herein by reference.

This Sheet Has Been Re[ilaced




7- DETAI LED DESCRI PTI ON OF THE | NVENTI ON Por ous, absorbent, polyneric
macr ost r uct W@91/853&2he present invention are structures capabl pCTiUS91/01890
absorblng large quantities of l|iquids such as ymter and/or body exudates
(e.g., urine or nenses) and which are capable of retaining such |iquids
under noderate pressures. Typi cal |y, t he porous, absor bent,

pol yneri,c macrost ruct urRrefefredh@ethatserfor iformingi dhe wprécursevel partgehesr arey

i sotropical ly and reggid! ytu?ﬂsor#whi‘@e i g&s A&m@%,eheg,el n?@e&ze#‘%ﬁmwn

"macr ostructure" neans a product havi ng C|rcunscr| d Vo
substantially dry (PO. Eneriéiltrf@anmﬁhp%d As ydesgrihed) imithat aboxasntefanenced 10.50

m*rB preferably at Pacesti RebOBR,6400 aGPeousDEETURIONCHEYmEr Flath SR SInvaPReY RR0

m8. sTypical Iy, the gy Qgt Eé’uetoﬂg Featidn hiRlure Carry notultogolvg\/nmlerlwzgt\{on 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

10 material thereby formed is then pulverized or chopped to form the
individual precursor particles.

More specifically, the aqueous solution polymerization method
for producing the individual precursor particles comprises the
.preparation of an aqueous reaction mixture in which to carry out
15 - 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
comprise about 100 parts by weight of the monomer material.
20 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 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.
25 ~ 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 0.00]1 mole percent to
about 5 mole percent based on the total moles of monomer present
in the aqueous mixture (about 0.01 to about 20 parts by weight,
30 based on 100 parts by we1ght 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 émmpnium persul fates, caprylyl
peroxide, benzoyl peroxide, hydrogen  peroxide, cumene
35 hydroperoxides, tertiary butyl .diperphthalate, tertiary butyl
perbenzoate, sodium peracetate, sodium percarbonate, and the like.

This Sheet Has Been Reﬂ
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a circunmscribed dry volume nuch greater than about 500 mB. In preferred

enbodi ment 9o 9wis3e2t he = present I nventi on, t he macr ostpPOIZUSYIRO1890V e
a circunscribed dry vol ume of between about 3@Q00 mmB8 and about 100, 000 mB.
Wil e the macrostructures of the present invention may have a nunber of
shapes and sizes, the macrostructures are typically in the formof sheets,

films, cylinders, Obherckptionahaomponehtb@fsthé idgassust seactdon afiktires bowprdse

cLementS, oS, TER CPALHEL etacighl ShGhpdy Mg, TpETRRG elealt B
products, the mathestessentiads umsaturatede acddic offunctional . grouptcontaininget "
as used herein deasﬁdrd@%§ m%ﬁéﬁ rcu%duoﬁlﬁrmadm]mghhskémaxﬂr Rt 861 foR PO

about 250 mcrons preferably have "a thickness

bet #een about 0. 53fH :fHEFtdBBﬁVtBesrrﬂ] Whpically about | mm The

macrostructures of the present invention are fornmed from polyner materials
capabl e of absorbi ng lTﬁE qu%l?ftrje“ﬁ%nofnixture is subjected to polymerization
conditions which are sufficient to produce in the mixture
substantially water-insoluble, absorbent, hydrogel-forming,
slightly network crosslinked polymer materials. The
10 polymerization conditions are also discussed in more detail in the
' three above-referenced patents. Such polymerization conditions
generally involve heating -(therma1 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
15 conditions under which the aqueous reaction mixture is maintained
can also include, for example, subjecting the reaction mixture, or
portions thereof, to any cohventiona] form of polymerization
activating irradiation. Radioactive, electronic, ultraviolet, or
electromagnetic radiation are alternative conventional
20 polymerization techniques. '

The acid functional groups of the polymer materials formed in
the aqueous reaction mixture -are also preferably neutralized.
_ Neutralization can be carried out in any conventional manner which
results in at least about 25 mole percent, and more preferably at
25 . Teast 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 salt-forming cations
include, for example, alkali metals, ammonium, substituted
ammonium and amines as discussed in further detail in the
30 | above-referenced U.S. Patent Re. 32,649 issued to Brandt et al..

While it is preferred that the precursor particles be
manufactured using an aqueous solution polymerization process, it
is also possible to cafny'out”the polymerization process using
multi-phase polymerization processing techniques such as inverse
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l.i qui ds. (Such polymer nmaterials are commonly referred to as hydrogel

hydrocol | o 91718362 super absorbent materials.) The macr ospeaissi 1890
preferably conprise substantially water-insol ygl e, absorbent,

ydrogel -forming, polymer material. ., The sSpecific 8 pol yner
materials wll be discussed herein with respect to the polynmer materials

formi ng .the precurmnswtpatmnf@mhoml Antdrddr €SusheAsibn3. 6%&%@%
absorbent pol ymeric q%grostr ent -invention co ] se an

interparticle cros¥PCH d’saggk| £'e i'ﬂﬁrfﬁt@&ﬁé?‘?q cPelymepzation aUUPEﬁ’ate |
is the porous st rsuspensdionf pn]rymelrmatmmlpnroqgﬂureggethbeiqubm ereactrior, mixture

o it Ont et Rerihbitole| MesEFARA" i WEDEhAY B OYAOUToM of  tiny

i ndependent precursor sor _ partic ar e
t oget her by |nterp&mﬂ%ﬂ%1erw§¢rh¥uquaag@ﬁﬁr51wl§mm. inert organic sotvent

such as cyclohexane. The resultant precursor particles are

generally spherical in shape. Inverse suspension polymerization

procedures are described in greater detail in U.S. Patent

4,340,706 issued to Obaysashi et al. on July 20, 1982; U.S. Patent

10 - 4,506,052 issued to Flesher et al. on March 19, 1985; and u.s.

' Patent 4,735,987 issued to Morita et al. on April 5, 1988; each of
these patents being incorporated herein by reference.

In preferred embodiments of the present invention, the
precursor particles used to form the interparticle crosslinked
15 aggregate 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
than about 10%, by weight of the precursor particles. . In general,
20 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,
25 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
30 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

35 resultant macrostructure formed from such precursor particles §1so
has a high absorptive tapggjty. Absorptive capacity refers to the
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thereto and subjected to conditions, while maintaining the physical

associ at i oRygfeyffa8eRr ecur sor partlcl es, which are suffieient porAdIIo1BNE
interparticle crossl i nking agent with t he poI)‘ mat eri al of the precursor
particles to formcrosslink bonds between the gEecursor particles that form
t he’ .aggregate. As shown in Figure 1, the interparticle crosslinked

aggregat eis forne r $or he
preferred size for&pﬁéw{? gcur sdrglvgﬁaffdt W?'ggnagés hg(?eab%f-t% k‘lg&'ﬁ?#er pgrw?c?’
crossl i nked aggr eght somes tiptn @antgr:tf orAbsaratiye eapachty ean varprsdpeificantly
about Tifty or norgthPERE Hattfe RHF the1aguid RiRg SfpdoPBéd RAd tmheﬁ.e%ame

present invention are in the form of rete unjts c
particles can conpHl #Bi é}r R8I ikq" ﬂuF?f&t‘ﬁf%ntt’%e gmregateﬁiesyoq iRyEpeses
aggregat es or aggl efrthés eiventios, AbserptiveuCapacipprisi definedain berms afiythe

desired shape such,ag,euly F%nthe{:%i\llrliﬁ}a %YM%@' fmﬂ)hﬁﬁ o?fi‘éd Py any

r ounded; angul ar; |rre% Irre ,
pul ver ul ent producgivenf pelyger eatesi st 1;§‘ult?é'¥'§ zqfngrsmsamf (Syntdle&masurhwmeg a
gram of polymer material in a procedure hereinafter defined in the
_ Test Methods section. Preferred precursor particles of the
10 present invention are those which have an Absorptive Capacity of
at least about 20 grams,“more preferably at least about 25 grams,
- of Synthetic Urine per gram of polymer material. Typically, the
polymer materials of the precursor particles herein have an
Absorptive Capacity of from about 40 grams to about 70 grams of
15 Synthetic Urine per gram of polymer material. Precursor particles
"~ having this relatively high absorptiVe capacity characteristic
produce macrostructures that are especially useful in absorbent
products, absorbent members, and absorbent articles since the
resultant macrostructures formed from such precursor particles
20 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
et al. on April 25, 1989, discloses the surface treatment of

25 : polymeric particles with a poly-quaternary amine. If surface
: treated, the precursor particles are ' preferably surface
crosslinked as disclosed in U.S. Patent 4,666,983, entitled

-"Absorbent Article", issued to Tsubakimoto et al. on May 19, '1987;

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

30 : to Tsubakimoto et al. on March 29, 1988; which patents are
incorporated herein by reference. As disclosed in the Tsubakimoto

et al. ‘983 patent, the individual precursor particles may be

surface crosslinked by applying a surface crosslinking agent onto

the precﬁrsor part'i.cleSj'and réacting the surface crosslinking

35 agent with the polymer material on the surface of the precursor

i i




l.ar ge gr eat est di mensi on/ smal | est di mensi on ratio i ke

needl e-| i kewo dilrpdag2! i ke, or fibrous shapes, and the |ikRr/use1/01890
Preferably, as shown in Figures 1 - 3, the pr rsor particles are I1n a

finely divided powder form of random y-sized itregul ar shaped pul ver ul ent
granul es or flakes. Although the precursor particles my have a size

varying over a wide ragffle SamC'off' Qh@abﬁé&JrSorS Eﬁ-t%ﬁtsr '0PUthON t%‘? artiéfe

f d. F | on, rtic Ze |'S
Gefined for precur CRISIIRRRE RaBreshlE B R TAEARLY FerRdcbF the same jymer

di mensi on/ snal | est materdatiwithrthe sameuphoper-tiesiethis aeed noprbenthesasé) akes,

detorm ned by o1 Ve e’ ST brtuPlor” pRFEEIES ap@%‘eﬂr“ee s BofhesTmaserit
thatSis retained off aasgﬁqfrd:gr@prﬁg@c acid ‘graft copolymer wh1 e other precursor
particles may comprise a polymer material of slightly network
crosslinked products of partially neutralized polyacrylic acid.
Further, the precursor particles of the interparticle crosslinked
aggregate méy vary in shape, absorptive capacity, o;mhny other
10 p;bperty or - characteristic of the precursor particles. In a
preferred embodiment of the present invention, the precursor—”
particles comprise a polymer material consisting essentially of
slightly network crosslinked products of partially neutralized
po]yacrylit acid; each oprecursor particle having similar
15 properties. ' '

The .interparticle crosslinked aggregate of the present
invention also comprises an interbartic]e crosslinking agent. The
interparticle crosslinking agent is applied onto the precursor
particles and reacted with the polymer material of the precursor

20 particles while physical association between the precursor
particles is maintained. This reaction forms crosslink bonds
between the precursor particles. Thus, the crosslink bonds are
interparticle in nature (i.e., between different precursor

. particles). Without wishing to be bound by theory or limit the

25 . ~scope of the invention, it is believed the reaction of the
interparticle crosslinking agent with the polymer material of the
precursor partitlés forms crosslink bonds between the polymer

" chains of different precursor particles (i.e., interparticle
crossiink bonds). For the preferred polymers herein, it is

30 believed the interparticle crosslinking agent reacts to form
crosslink .bonds between the carboxyl groups of the previously
independent'brecursor particles. Without wishing to be bound by
theory or limit the scope of the invention, for the preferred
polymer materials possesSing carboxyl groups, it is believed that

35 the interparticle crosslinking agent reacts with the carboxy!
groups of the polymer mater1als to form covalent chemical

This Sheet Has Been Re;
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sieve with 600 m cron openings is considered to have a particle size
greater t Yo 9PAssgcrons, a precursor particle that- passes t hpepqlsot/piset30
sieve with 600 mcron openings and is retaineggon a standard #35 sieve with
500 micron openings is considered to have a particle size betwen 500 and

+ 600 microns, and a precursor particle that passes through a #35 sieve with
500 micron openi nga-osshmhnbordermt.\leen Hdvec pal ymert chalins Ifzdiffesent procdr@or

s | r B iBeD oIt By, | REmBES Frls B anhdiRIRY SHSE0T
2000 mi crons, rmreispnewmébl 9f B@PMMG&MszeStﬁY‘erm@et bimide)tori@pethane
mcrons. Further, dipdWyP %3&1% bhi the TURPEIORR §rdRpEBeTS tﬂxee?&%wﬁmbcle

f h
chasaceeri st .ecspé?a%‘éb?spg»ﬁ?ééﬂeﬁfcea?hexﬁesqn'@aa OhadheoppOmER: Sete NG s
average particle gprefemfedaegscutionsanpt dsobebievedrihat ¢stetibunds ire defmeded
as the particle sig gs"“”ﬂr%'?e#rsedtmie?i!aerrﬁ@?e RABELRRIRY d§endt AMCLRATPiGentd @

nmass basis: A nmetho
capable of reacting with the carboxyl groups in the preferred

polymers to form ester bonds.

10 Interparticle 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 i'nterparticle crosslinking agents may
comprise a number of different agents such as, for example,

15 compounds having at least two polymerizable double bonds;
compounds héving 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; or polyvalent metal compounds. Specific

20 crosslinking agents useful in the present invention are described
in more detail in the hereinbefore referenced U.S. Patent
4,076,663 and U.S. Patent Re. 32,649 which are incorporated herein
by reference. The interparticle crosslinking agents may also
comprise monomers (such as previously described) reactive with the

25 polymer material of the precursor particles to form polymeric

| crosslink bonds.

Where carboxyl groups are present on or in the polymer
material (i.e., the polymer chains) of the precursor particles,
preferred interparticle crosslinking agents are solutions

0 . possessing at least two functional groups per molecule capable of
reacting with the carboxyl group. Preferred interparticle
crosstinking agents include polyhydric alcohols such as ethylene
glycol, diethylene glycol, tri_et._hylene glycol, tetraethylene
glycol, polyethylene glycol, glycerol (1,2,3-propanetriol),

15 polygiycerol, propylene glycol, 1, 2-propanediol, 1,
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for determ ning the nmass average particle size of a sanple is described

her ei naf t erwQ 91714362 Test- Met hods secti on. The mass aver age pravuEs1/6189%02€
of the precursor particles will generally be fygom about 20 microns to about
1500 microns, nore preferably from aboyt 50 nmicrons to about 1000 m crons.
In preferred embodi nents of the present invention, the precursor particles
have a nass aver agd-propanedib®, si zetrimethylol hat propane, 1000d1ethhhomimne,

f bly I ; 6 ty h
Bbout "500° m cr ons. EriethalbIanfhe, PREBGRRNTIRDY xRy TR pkynrEhE1d Hpex
i nvention, the rras§°%)¥%f‘ge sorbitap fadty cagid tqsée'rﬁr,e@gimwebbmngl sertiigan
relatively small (Fatty ache agmrscvenaaéﬁytﬁ+m1ﬁr énd | S6¥BNtol;N 19§ Pycidyl

B e anBr s ol ShEh A syrenec st Hanfitay é'oeet er,
m crons. I n  anpokyethyleneyglonbbdiigiye idydt ethenstgigbenel PE¥ghyc gyl gétiheg];

el Sob" = e URSRet Sty gl cobies B ASEA Ho1SeFAST e
sorbitol polyglycidyl ether, pentaerythritol polyg]ymdy'l ether,

propylene glycol diglycidyl ether, and propylene glycol diglycidyl

10 ether; polyaziridine compounds such as 2, 2-bishydroxymethyl
' - butanol-tris[3-(i-aziridine) propionate], 1, 6-hexamethyl tolulene
diethylene urea, and diphenyl methane-bis-4, 4’-N,N’-diethylene
urea; ha’loe_poxy compounds such as epichlorohydrin and
a-methylfluorohydrin; polyaldehyde compounds such as
15 ' glutaraldehyde and glyoxazole, polyamine compounds such as

' ethy]ene" diamine, diethylene triamine, triethylene tetramine,
tetraethylene pentamine, pentaethylene hexamine, and polyethylene
imine; and po’lyisdcyanate ‘compounds such as 2, 4-toluene

diisocyanate and hexamethylene diisocyanate.

20 One interparticle crosslinking agent or two ~or more
substantially mutually unreactive interparticle crosslinking
agents selected from the group mentioned above may be used.
Particularly preferred interparticle crosslinking agents for use
herein with carboxyl-containing polymer material are ethylene

25 glycol; glycerol; trimethylol propane; 1, 2-propanediol; and 1, 3-
propanediol.

The proportion of the interparticle crosslinking agent to be
used in the present invention is in the range of from about 0.0]
parts to about 30 parts by weight, preferably from about 0.5 parts

30 to about 10 parts by weight, mos_t'preferab'ly from about 1 part to
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
35 ' producing the interparticle crosslinked aggregate, or in promoting
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10 about 9596by meight of the precursor particles have a particle size
bet ween gmicrons and about 180 mcrons. Nar r ow pEEesy 1890
particle S|ze c( rlbutlons are preferred becggise they result in a higher
porosit’y macrostructure due to their hjigher void fraction when densified
vérsus_ broader precursor particle size distributions with equivalent mass
average particle sorz egssigting [ar thel eeactiore ofofthermat-yrpai-ﬁcwawmluaung

ot Py et | EBERLFRS R 8T WEARSSE, B e BPediskt Bk 8 et

~fibers (i.e., aspeiattisgragents. fi bers) are wused in the
macr ostructures of the present I nvention, the length of the fibers I s used
to define the "particlg size" (The deni er and/gr t he dja fer tqi
fibers may also be sp | fexample, “water, M3y be, used in conjunction "“th e

5 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
interparticle crosslinking agent into the surface region of the

_ precursor particles. The water also promotes stronger physical

10 association between the precursor particles of the prereacted
aggreggtes,'and the dry and swollen integrity of the resultant
interpértic]e 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

15 - 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 about 10 parts
by weight, based on 100 parts by weight of the precursor
particles. The actual amount of water to be used will vary

_ depending upon the kind of polymer material and the particle size
20 of the precursor particles.

Organic solvents may also be used in conjunction with the
interparticle crosslinking agent. .The organic solvents are used
to promote uniform dispersion of the interparticle crosslinking
agent on the surface of the precursor particles. The organic

25 solvents are preferably hydrophilic organic solvents. The
' hydrophilic organic solvents useful in the present invention
include lower alcohols such as methanol, ethanol, n-propanol,

isopropanol, n-butanol, isobutanol, sec-butanol and t-butanol;

ketones such as acetone, méihy\ethyl ketone, and methylisobutyl

30 . ketone; ethers such as dioxane, tetrahydrofuran, and diethyl
-ether; "amides such as N, N-dimethylformamide and N,
N-diethylformamide; and _su1f0xides such as dimethyl sulfoxide.

The hydrophilic organic solvent is used in the present invention

in a proportion of less than about 60 parts by weight {0 parts to

35 about 60 parts by weight), préferah!y in the range of from about
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enbodi nent s

about 5 mMyyowigisaenbl y between about 10 mm and about 100 mMm pOIVES91/01890

of the present invention, the fibers have a length greater than

pref erably between about 10 mm and about 50 mm The precur sor

particles

conprise subst anti al2ly wat er-insol uble, absorbent,

hydrogel -forming, polymer material. Exanples of polynmer materials suitable

for use_as the precursor particles herein I ncl ude t hose whi ch

are

prepared fO0dth portsnte jabaut 60 parts: by medsht. move-preferahindresmbosts. Thus,

such rmononer g gare! telabblie 20 phirty &3 wight'sabasedt &l 1001 Fartandy andighti des

whi ch cont ai

finic.,do

n.at. | east one carbon to carbop ol e bond. .Mre '
speci fi cal | yof hlenerg@c“"sr%nmekaesCan%%eacmg | 3Eount  of r'yﬁ’nrgﬂg}é‘f]i'ﬁi cally
unsat ur at ed owgande ysolgentcitds bandset ivd 1hnvanyr dependiog adponi ¢hé | Kindnsét ur at ed

sul f&ni c aci

_ . _ urat e
Gsed 1o pr oho e dLEHCInd AR Silrti CRR 100 BT OHe pr RO pRrt s 0 orers

( for exanple, the water-soluble or water-dispersible esters of
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mixture with water and one or more hydrophilic. organic solvents.
It has been found that the use of a water/interparticle
crosslinking agent solution provides the greatest penetration of
the crosslinker into the surface region of the precursor particles
while a solution of hydrophilic organic solvent/interparticle
crosslinking agent provides minima1 penetration of the
crosslinker. However, a mixture of all three agents is preferred
in order to control the amount of the penetration of the
interparticle crosslinking agent into the surface region of the
precursor particles. Specifically, it has been found that the
highér the water to organic solvent component ratio, the deeper
the crosslinker penetration, the greater the fluid stability of
the macrostructure under stress, and the greater the reduction in
the resultant absorptive capacity of the macrostructure.
Typically, the ratio of water to hydrophilic organic solvent in
the solution will be in the range of from about 10:1 to about
1:10.- The  hydrophilic organic solvent/water/interparticle
crosslinking agent solution is used in a proportion less than
about 60 parts by weight (0 parts to about 60 parts by weight),
preferably in the range'of from about 0.01 parts to about 60 parts
by weight, more preferably from about 1 part to about 20 parts by
weight, based on 100 parts by weight of the precursor_partic]es.

Other optional components may also be mixed with the solution

containing the interparticle crosslinking agent. For example, an

initiator, a catalyst, or non-acid co-monomer materials may be
added. Examples of these materials suitable for use herein are
described in the hereinbefore referenced U.S.. Patent Re. 32,649.
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carboxyl or sulfonic acid groups at all. Optional non-acid

nohoners ¢ t kyicl ude nononers containing the follow ng t SUsY1/01890
functi onal a‘)g‘ghr)odl}giés:s{sﬁcar boxylic acid or sulfonic acid esters; ﬁ%r oxy(

gr oups, ~ani de- groups, anino groups, nitrile gr&ups and quat er nary
ammoni yum salt groups. These non-acid nmononers are well known materials and

are described in great detail, for exanple, in U S Patent 4,076, 663
i ssued to Masuda et al ikﬁnm uffy pZ'S,é“"iWS theq noxous.s absgrbent, 4 pobymegic.

i ssued to Westernamamsm_ube_r_cmriiﬁc§7anbdhtenﬁarMIlﬁhc%Qilﬁﬂ€ér?r RG§rdgate -
T By e a”nc B MRCHLhe D1 UATHFR SRRBON SAGLTe Y, o
acrylic acid i hersiin, described;happlying an intexparticle ceossldnkingcagent to
aci dg al pha- chl or ogcptitiign agf Qhe%i‘@&r%%rﬁféwsk Cpl%'iga\'lglera%‘f@wiﬂg the
acrylic acid (Srr'ecz:tuggclnp pargﬂ]%s’ to fat‘)lrghgt_\ pahgeg%lgate;aglr\zpilng theacalgcgii'egate;
and reacting the interparticle cfoss'linking agent with the polymer
material of the precursor particles of the aggregate, while
maintaining the physical association of the precursor particles,
10 to -form crosslink bonds between the polymer chains of different .
precursor particles. ' '

The interparticle crosslinking agent is applied onto the
precursor particles. The interparticle crosslinking agent may be
applied by any of various techniques and apparatus used for

15 applying solutions to materials including coating, dumping,
pouring,. dropping, spraying, atomizing, condensing, or immersing
the interparticle crossiinking agent onto the precursor particles.
As used herein, the term “applied onto" means that at least a
portion of the surface area of at least one of the precursor

20 particles to be joined has the interparticle crosslinking agent on
it.. Thus, the interparticle crosslinking agent may be applied
onto 6nly some of the precursor particles, onto all of the
precursor particles, onto only a portion of the surface of some or
all of the precursor particles, or onto the entire surface of some

25 . or all of the precursor particles. Preferably, the interparticle
crosslinking agent is coated onto the entire surface of most,
preferably all, of the precursor-partic1es so as to enhance the
efficiency, strength, and density of the interparticle crosslink
bonds between the precursor particles.

30 . In the preferred embodiments of the present invention, after
the interparticle crosslinking agent has been applied onto the
precursor particles, the interparticle crosslinking agent is mixed
with the precursor _partic]es by any of a number of mixing
techniques to insure that the precursor particles are thoroughly

35 coated with the interparticle crosslinking agent. Because the
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bet a- acryl oxy propionic acid, sorbic acid, alpha-chloro sorbic acid,

angelic awdlgl,lgmnam' c acid, p-chloro cinnamc acid, beP@r/AiSo1491890
cid, nesaconic acid,

acrylic acid, ‘Itaconic acid, citraconic ?
glutaconic acid, aconitic acid, naleic al d, fumaric acid,
tri carboxyet hyl ene and nal eic acid anhydride. Oefinically unsaturated

Sulon e, 29, TRy BOELIYEs A tRbt oty VATBL o B A1

sul fonic acid and enogstinking|sgentc thei eff iciepey.c snengtd: nangk densityupf oviec
aC:;j such ?5 sul TC§¥bﬁ¥1iqkrBGKdﬁ|B?ﬁhee?rfﬁé|ﬁﬁiﬁyb¥ér pﬁﬁfﬁthég”ggbaéﬁharced. The I
sul f opropyl acrylate, sulfoprop crylate, 2-hydroxy-3-acryl ox r opy
Ul T oni o7 aci d - TRAKIBS a0 bR ARCRuRTTSRgH BY U, Fae(ur fecBn fques i amparals’

2- acg yl am do- 2- net inclugpingpameions | ixers oxrckneadersf asrae kadwamén thetanti. al s
for use in the present invention possess a carboxyl group. These

polymers include hydrolyzed starch-acrylonitrile graft copol yner,
partially neutralizeBeforas chdwrdngs onon ri akteyr appplodpal ythe , interparticle

starch-acrylic acigogsPfriking agent onto the precursor particles, the precursor
' particles are physically associated together to form an
aggregate macrostructure. The term "physically associated” is
10 . used herein to mean that the precursor particles are brought
together and remain in contact with each other as 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
15 together by applying an as§ociating agent onto the precursor
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
20 brought together, to adhere together by the 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
Tow molecular weight alcohols such as methanol, ethanol, or
25 _ isopropanol; water; a mixture of hydrophilic organic solvents and
water; certain interparticle crosslinking agents as hereinbefore
described; volatile hydrophobic organic compounds such as hexane,
octane, benzene or toluene; or mixtures thereof. Preferred
associating agents are water, methanol, isopropanol, ethanol,
30 interparticle crosslinking agents such as glycerol, or mixtures
thereof. Typically the associating agent comprises a mixture
including an'interparticle crosslinking agent such that the step
of abp]yiﬁg an interparticle crosslinking agent is carried out
simultaneously with the step of applying an associating -agent.
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copol yrer, partially neutralized starch-acrylic acid graft
bopolyner,“agﬁgﬂﬁﬁ&ed vinyl acetate-acrylic ester copol yners,pdryusel/grs90
acrylonitrile” or "acrylam de copolyners, lightly network crosslinked
products of any of the foregoi ng copol yners, {%ﬂtlajly neutralized
polyacrylic acid, and slightly networ k crosslinked products of partially

neutrali zed pol yacryl 'Meaﬁsgocﬁl@ﬁ@ Eﬁ’édt@ferni‘a a: 7 b@p;ﬂ?@dj bt hﬁé precursor
i ndependent|ly or m Xt u

o e o) The rkiETeko bl St of arded® achRifues. aod, aprararis dised| St
'n U'S. Patent 3, GpflsiAG; 441tichst et 4a6@isals3; ind)Gdingat enitig,098umbifg,

U.S. Patent 4,666,983 ing andsH_a ."gat 395,%&,5@4 Ag,ﬁde,*\mﬁtprogfe ,ﬁ,{gﬁiﬁﬂ@ Y ¥hé

materials for use’as priec s ar.e
crossl i nked Fn»odu@mQOQﬁatp@gtaggntyon the precursor part c]es The associating

agent is applied onto at least a portion of the surface area of at -
least one of the precursor particles to be joined per aggregate.
Preferably, the associating agent is coated onto the entire
surface of most, preférably all, of the precursor particles. The

10 associating agent is generally mixed with the precursor particles
by any of a number of mixing techniques and mixing apparatus to
insure that the precursor particles are thoroughly coated with the
assoéiating agent.

When an associating agent has been applied to the precursor

15 particles, the precursor particles may be physically contacted

together in a number of different ways. For example, the

associating agent alone may hold the particles together in

contact. Alternatively, gravitational forces may be used to

insure contact between the precursor particles. Further, the

20 particles may be placed in a container having a fixed volyme SO as
to insure contact between the precursor particles.

The precursor particles can alternatively be physically
associated together by physically constrainiﬁg the precursor
particles such that -they are in contact with each other. For

25" example, the precursor particles may be packed tightly into a
’ container having a fixed volume such that the precursor particles
physically contact each other. Alternatively or in combination

with the above procedure, gravitational forces may be used to

physically associate the precursor particles. The precursor

30 particles may also be physically associated together via
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 may
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neutralized polyacrylic acids and starch derivatives therefrom Most

preferably, ghgg A ursor particles conprise fromabout 50 to Nis ?,‘3{%90
{ : 9

preferably q neutralized, slightly network crosslinke

pol yacry[ ic acid (i.e., poly (SOdI umacrylate/ggrylic acid)). As descri bed
above, the precursor partlcl es preferably are polymer materials that are
slightly network crosslinked. Network crosslinking serves to r ender
the precursor pElsbi bé esttached ot izalthirdvatember nknlsubstrate)l suchpdhat the

serves to determ ne,lig.sgL 1cY§s Jre %g@ﬂérﬁtyinto oitact ‘il)ﬁﬁa@icgb'ofher by

pol ynmer cont ent characte ecursor particles an

resul t ant rracrostru’%!teuﬁ‘ébs""ﬁ&)cesses for network crosslinking the polyners
and typical network crosslinking agents are described in greater detail in
t he hereinbefore-refere ced U Patent 4,076 The ndi vi dyal

63.
precursor particles mm ba" £ HILEERALIVA aW cBﬁ?/éﬁ"F%néltEp nenn ?rmmg the
Typi gl and prefmcresj‘.ruptmmssés thé opreseatiudoveptiorg ithei aggiegater et utheor

particles are descriefrdd® particles is shaped .into various geometries, spatial
relationships, and densities to form an aggregate having a defined

shape, size, and/or density. The aggregate may be shaped by any

conventional 'shaping techniques as are known in the art.

10 Preferred methods for . shaping the aggregate include casting,
molding, or forming operations. Casting and molding techniques

generally involve introducing the precursor particles into a

prepared mold cavity and applying pressure to (compressing) the

aggregate to cause the aggregate to conform to the shape of the

15 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

may be added to a container having a fixed volume mold cavity and

the aggregate compressed to conform to the shape of the mold

20 cavity so that the resultant macrostructure has a shape defined by
' the shape of “the mold cavity. Forming techniques involve
performing various operations on the aggregate to modify its

shape, and/or size, and/or density. Examples of specific forming

techniques for use herein include rolling, forging, extruding,

25 ~ spinning, coating or drawing operations. For example, an
aggregate mixture of the pfechrSor particles and at least f.he

interparticle crosslinking agent may by passed between a pair of

compaction rolls to form a sheet aggregate. Alternatively, the

aggregate mixture may by extruded through an orifice to form an

30 ' aggregate having a shape corresponding to the shape of the
' orifice. Further, the ag'gregate' mixture may be cast on a surface

to form an aggregate having a desired shape or surface morphology.

Any or all of these techniques may also be used in combination to

form the shapéd aggregate. Any suitable apparatus as are known in

10

This Sheet Has Been R

A




US. Patent Re. 32,649 entitled "Hydrogel-Forming Polyner ;
Cohpositio I n Absorbent Structures" reissued to Kerr &gﬁlt,
St even A @ﬂ:dﬁ{l#ﬁand Thomas A Inglin on April 19, 1988; U. g&fg?’eln{)
4,666,983 entitled Absorbent Article issuedggo Tsuneo Tsubaki noto, Tadao
Sh| momur a, and Yoshio Irie on May 19, 1987; and U.S. Patent 4, 625 001

entitl ed, Met hod For Continuous Production O‘ Cross-Li nked Pol ynmer". issued
to Tsuneo Tsubaki nthé, artaomay e nesedr to  eanryyauiti suchr operatidis,crningr e

1986. - These pal cgigraidh d§ Ob® YebrorhedS Wit the f FHET G gortﬂo%spsffa{er ed

met hods for formn recursor particles are those nvo
aqueous  sol uti Onagpab'ptus sither °tsGP‘Mq"oﬁ°Wol ymerization met hods.
described in the above-referenced U S. Patent Re. 32,649, aqueous soI ution

pol ymeri zation involveg,te yocerred embodiment of the present invention, an

S aggregate mixture - of precursor particles, an interparticle

crosslinking agent, water, 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 Materia Second Edition (McGraw-Hill Book

10 . - Company, 1982) at page 331, which publication is incorporated

herein by reference. The aggregate mixture is extruded through

the orifice of the extruder .apparatus to feed a pair of driven

éompaction rolls having a fixed (but variable) gap between the

-rolls so as to compress the aggregate into the form of a sheet.

15 The sheet is then processed to specific lengths to provide

' macrostructures that have a specifically designed size.- shape,
and/or density.

Simultaneously or after the interparticle crosslinking agent
_ has been applied, the precursor particles have been physically
20 associated together to form an aggregate, and the aggregate has
been shaped, the interparticle crosslinking agent is reacted with
‘the polymer material of the precursor particles of the aggregate,
while maintaining the physical association of the precursor
: particles, to form crosslink bonds between the precursor particles
25 to form an interparticle crosslinked aggregate macrostructure.

The reaction between the intérparti_c]e crosslinking agent and

-the polymer material must be activated and completed to form the

crosslink bonds between different precursor particles to form the

interparticle crosslinked aggregate. -Although the crosslinking

10 . reaction may be activated by irradiation (e.g., ultraviolet,
gamma- or X-radiation) or by a catalyst as an initiator and

an activator, the crosslinking reaction is preferably thermally

activated (heating). Heating activates and drives the reaction

and drives off any volatiles present in the mixture. Such

This Sheet Has Been. Re'p

(T T



use of an aqueous reaction mixture to carry out polynerization to formthe

precur sor R biA55: The aqueous reaction mxture is then spitRR0EMH18%50
pol ynerization conditions which are sufficient to produce in the mxture,

supstantially water-insoluble, slightly netw@fk crosslinked polyner
mat eri al . The mass of polyner material thereby fornmed is then
pul veri zed or chopped to formthe individual_ precursor particles. Mre

speci fically, thereagtéon sonditionswild| geperally iinwolve: heating: the assesinged he

i ndi vi dual precur grdcuPsort ipdhErc1eoNBid RS iMerparhidiat LisPinidnga Ufor
reaction m xture 1Ln whic nerization- rrm th

ai ch t t I f e
desired precur soFertﬂé?tti‘E'nggc"ad’ r‘élgg%ﬁagﬁeﬁ%mpsr atyren- arﬁ'gaﬁﬁ A9 stePuFRN | s
t he acid group-cobe xanrieg owhmséng reatnemberi ofihdififerert! apgamatudaas’ IaaeHdlnoma"
£oth : _ acti : She
gentral [y compr sSARAF Tup YaRFolt BUBEZEr oriBs E2id ol YO0 A
Anot her conponent of the aqueous reaction m xture conprises a network

crosslinking agent. Ngéndpaklyr Othé i nYelaBBionoens s dffettdd | By heating to a
' temperature -above about 90°C for a sufficient time to complete the
crosslinking reaction. For each set of specific interparticle
crosslinking 'agent(s) and - polymer material of the precursor
10 particlés used, if the temperature is too low or the time is too
' short, the reaction will not be sufficiently driven resulting in
fewer and weaker interparticle crosslink bonds thereby causing
some loss of 1liquid permeability of the macrostructure upon
swelling. If the temperature is too high, the absorbency of the
15 precursor particles may be degraded or the network crosslinks of
these precursor particles, depending upon the specific polymer
materia]s, may be degraded to such a point that the resultant
macrostructure is not useful for absorbing large quantities of
liquids. In addition, if the time and temperatures are not
20 : correct, the extractable levels of the resultant aggregates may
increase, thereby increasing the incidence of that form of gel
blocking. Therefore, the reaction will generally be carried out
at a temperature in the range from about 120°C to about 300°C,
more preferably from about 100°C to about 250°C. The time to
25 complete the reaction, in the absence of catalysts, will generally
be from about 5 minutes to about 6 hours, more preferably from
about 10 minutes to about 4 hours.

For the preferred polymer material of the precursor

particles, slightly network crosslinked products of partially

30 neutralized po'lyacry'lii: acid, and the preferred interparticle
crosslinking agents, such as glycerol or trimethylol propane, such

reaction conditions-will involve a temperature of from about 170°C

to about 220°C for about 3 hours to about 30 minutes,

respectively. More breferably, the reaction is carried out at a

35 temperature between about 190°C to about 210°C for about 75
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formng the precursor particles are described in nore detail in the

above-ref egﬂgggﬁsﬂzs. Patent Re. 32,649 issued to Brandt et gpCT/US9{701890
Pat ent: 4, 666 3 I1ssued to Tsubakinoto et al.; and U S. Patent 4,625, 001

tssued” to Tsubakimoto et al.. The netw8rk crosslinking agent will
generally be present in the aqueous reaction mxture in an anmount of from
about 0,001 nole percent to about_ S5 nole percent based gn the total noles

of mononer presenMinuies nto AheEd 85 Mipute reseRrtively: ¢ dherrtuabotgg, aad py
wei ght, based ontefePatur@st BsedWwilki girly depending UpsoEhe RPécitial polymerdn

o] ti'onal conponent of .t a ou o) rlses free r. d| cal
i Igi't lator i % udi ﬂﬁte f‘ﬁf e%’&ﬁg for 3§§< &ﬁ%gm r?gg §l]8ﬁ as odﬂﬁ?’ﬁ’{il

pot assi um and anmnﬁamarmﬂemmastkmgapgyh'sa used othelcpresendecnr @pisence of
per gxi de, hydre%atavs@emga deo  drivelEige FR4EE PRET B She ttﬁ’iéldn"é§§’ Gty

di pérphthal ate, tertiar benzoate, sodi um peracetate, sodi um
per carbonat e, anddiameter af the macrostructure.

The crosslinking reaction can be prpmoted' by adding an
initiator and/or a catalyst to the interparticle crosslinking
-agent to reduce the time and/or the temperature and/or the amount
10 ‘of interparticle crosslinking agent required to join the precursor
particles together. Generally, however, the reaction is conducted
in the absence of a catalyst.

. The physical association of the precursor particles needs to

be maintained during the reaction step so that sufficient

15 interparticle crosslink bonds are formed. If forces or stresses

sufficient to dissociate the precursor particles are present

during the reaction step, the crosslink bonds between the

precursor particles (interparticle crosslink bonds) may not be

~ formed. The physical association of the precursor particles is

20 typically maintained by insuring minimal dissociation forces or
stresses are introduced during the reaction step.

As an optional and preferred step in the method of forming

the porous, absorbent, polymeric macrostructure, the coinponent

. precursor particles of the macrostructure are surface treated.

25 For example, U.S. Patent 4,824,901 issued to Alexander et al. on
' April 25, 1989, discloses the surface treatment of polymeric
particlies with a poly-quaternary amine.. In an exemplary method,

the polymer material existing at least in the vicinity of the

surface of the precursor particles is surface crosslinked such as

30 disclosed in U.S. Patent 4,666,983, entitled "Absorbent Article"
issued to Tsubakimoto et al. on May 19, 1987; and U.S. Patent

4,734,478, entitled "Water Absorbing Agent" issued to Tsubakimoto

et al. on March 29, 1988; which patents are incorporated herein by

reference. By utilizing a surface crosslinking 'step in the

35 present _invention, the resistance to deformation of the resultant
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14, Ot her optional conponents of the aqueous reaction m xture conprise the

vari ous noRye®ifis3e£0- monomer materials including esters of tper/©SH26is06 !
unsaturated acidic functional group-containing nononers or ot her

Cco- nononer s contai ning no carboxyl or sul foni @%acid functionalities at all
The aqueous reaction mxture is subjected to polygerizatifr condi tions
whi ch ar.e sufficie e | h Xt ure, substantia
wat er - i nsol ubl e, ﬂc&‘%ggﬁ.{ggﬁfg, bﬁ?ﬁir gﬁ& f—%‘br i g TR OVER: | y¥r9feﬁél’1ﬁbr kthe
crossl i nked pol interpartiche er¢ross] inking - @gentpohppided zate ortheongréduescr
are al 5o di scusselydy 18T 2168 Aerved! ds"Ehd NuPFadPRKGISABREN GG ORNCRASY
Such pol yneri zation conditions genera I{ | nvol ve hea |ng P het mal
activation techni gthespaeresiruchuraets prefesable simyHaneeusiy SFormed and[surface o
abous [err], nore ¢rogkbimkdedy from about [err] to about [err]. -
Pol yrmeri zation conditions under which the agueous reaction mxture is
mai nt ai ned '

As previously discussed, the steps in the method for

producing the macrostructure need not be carried out in any
specific order. . In addition, the steps may be carried out
simultaneously.

10 In a preferred embodiment, the interparticle crosslinking
agent is applied simultaneously with the physical association of
the precursor particles, the mixture is subsequently shaped into a
preferred shape and typically a desired density, and the
interparticle crosslinking agent is subsequently reacted with the
15 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 form
and surface crosslink the macrostructure. Typically, the
_ precursor particles are introduced into a vessel and mixed with &
20 solution of an interparticle crosslinking agent, water, and a
hydrophilic organic solvent atomized onto the precursor particles
to form an aggregate. The interparticle crossiinking agent,
water, and the hydrophilic organic solvent serves as an
associating agent for the precursor particles. The interparticle
25 crosslinking agent also serves as a surface crosslinking agent.
The aggregate (i.e., the associated precursor particles and the
aqueous mixture) are subsequently shaped into a densified
sheet-form by a combination of extfudihg and rolling techniques as
described 'above. The interparticle crosslinking agent is
30 subsequently reacted by heating with the polymer material to form
crosslink bonds between the precursor particles to form an
“interparticle crosslinked  aggregate macrostructure  and
simultanecusly to surface crossiink the surfaces of the precursor
particles of the resultant macrostructure..
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can al so include, for exanple, subjecting the reaction m xture, or portions

t her eof , ‘8 a%?/ ventional form of polynerization activati pg_-é- OSFPe1abe ON.
Radi oact i v ) ctronic, ultraviolet, or electromgnetic I ation

are “alternative conventional polyneriza®ion techniques. The acid

functional groups of the polymer materials fornmed in the aqueous reaction
m xture are also preferably neutralized. Neutralization can be carried out
in any conventional nindegr cewtiadn cenditionsi;nthe resuitantbsacroztryntuvespeadent

and nore pref eraby s%ev{hsesinf@bﬂb‘leg&mm-ﬁmsrcmh fAbxitNe hdtrditruRtRes’

utlllzedtoformt mat er | el n r oup- cont |n|n nononer s
that are neutrall‘i’ébbw 3&“%I F?)Yerﬁaltﬂg i ofP" &XaMPleal ¥ -R GFHcgéeEa‘tai"ons

include, for experplaided atkal the nmtaakostrucmnmmalfur Sthest iintewpdraioteni um
Patint Re. 32, 6adthiashihkify ipbeeh dF' Eiereth, 'SuRaBIE MHFICIIERY thefuae .
precursor parti clwebe mhumuculw wedghty iarﬁrmiué@%omnm isoivents (e.g.,
pol ymeri zati on proaRasel; t1,3-propanediol; or ethylene glycol), or polymeric
solutions (e.g., polyvinyl alcohol or polyethylene glycol), or
mixtures thereof. The plasticizer can be applied to the
10 macrostructures in a number of different ways including spraying,
‘coating, atomizing, immersing, or dumping the solution onto the
macrostructure. A'lternati_vely, in the case of water, the
plasticizer may be added via placing the macrostructure into a
high humidity environment (e.g., greater than 70% relative
15 humidity). A plasticizer may also be added to the pre-reaction
' " mixture containing a pb'lymer.izab'le monomer with the monomer being
subsequently reacted to form interparticle polymeric crosslink
bonds. In this case, the plasticizer is entrapped in the
interparticle crosslink bond structures during the crosslinking
20 reaction. The amount of plasticizer present in the solution is
selected depending upon the specific plasticizer being used.
Typically, the plasticizer comprises from about 0.01 parts to
about 100 -parts by weight of the plasticizer per 100 parts by
weight of the precursor particles.

25 - As shown in Figures 1 - 3, the resultant macrostructure has
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 pores are formed into the

- 30 macrostructure because the precursor particles do not "fit" or
pack tightly enough, even when compresseﬂ, 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 capillaries between the precursor

35 particles to transport 1liquid into the interior of the
macrastructure. ’
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i,s al so possible to carry out the polynmerization process using nulti-phase

pol ymeri zaWQEU}igﬂﬁessi ng techniques such as inverse 15 enpEhius91/01890
pol ymeri zat of I nverse suspension polymnerization procedures. In the

in_yerse' enul si on pol yneri zation or inverse su%bensi on pol yneri zation
procedures, the aqueous reaction mixture as hereinbefore described is
suspended in the formgf tiny droplets,i

i nert organic sol vent S¥ch PO%8s c?E?ohéi!g?rgpgﬁééFlﬁé O];'é: Y\?é\%{h-l gr?é'?ﬁlrglﬁ
palr't L;L?;at ?:’)ﬁ greﬂmtﬁi'ddjeugﬁﬁt;atingalch'ameghahayeeﬁ therpees.usfhanchannels allow
batont 4340, 706 | SOULE", softaBt T ERd, PaikkrdsBrudlf’ 35 EC Glahspdrted, via
4,506, 052 issued teapk)arneforgesal(i.on waptHary chargels Avrq formedpytanpther
4,733,987 issued tgMgdst 3Feth@ macPBstitictlrd sol 288t GRCMo0a1 volume of the
macrostructure is used in absorbing such liquids. Further, when

‘swollen, the pores and the intercommunicating channels allow

]iquids to pass through the macrostructure either to layers of

_ precursor particles remote from the initial point of 1liquid

10 : contact or to other structures in contact with the macrostructure.

' Thus, the macrostructure is considered to be 1iquid permeable due

to the pores and the intercommunicating channels.

The void fraction (i.e., the total volume of the
macrostructure that comprises the pores and the channels) has a
15 " minimum value for a given precursor particle size distribution.
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
20 distribution.

Another feature of the macrostructures of the present
invention s that the macrostructures swell generally
isotropically, even under moderate confining pressures, when
liquids are deposited onto or come into contact with the

25 macrostructures. Isotropic swelling is used herein to mean that
| the macrostructure swells generally equally in all directions when
wetted. Isotropic swelling is an important property of the
macrostructure because the precursor particles and the pores are
able to maintain their relative geometry and spatial relationships
30 even when swollen such that the existing capillary channels are
maintained, if not enlarged, during use. (The pores and the
precursor particles get 1arger' during swelling.) Thus, the
macrostructure can imbibe and/or transport - through itself
additional loadings of liquid while not gel blocking.
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these patents being incorporated herein by reference. In preferred :

enbodi ment aygfe1rix@epr esent invention, the precursor particl esP@ﬁﬁb&l?ﬂlﬁ%
the interparticle crosslinked aggregate are substantially dry. e term

“substantially dry" is used herein to nean th32 the precursor particles
have a {iquid content, typically water or other soluti onI colnt ent, hI essbt h?n
about 50% preferably | ess than about 20%- nore preferab y less than abou
10% by weight of the My dodicasionthatcceasslink fegnds aare thedng i farmed cimttbat
of the precursor patrésYractire ibetdéenr_?_ﬂﬂae Qﬁﬁifﬁglﬁlbmhe&e.@&& 2 Ebram%,ﬁ%
by wei ght of the preg¢u r.panticles. I,.ndi vi dua recu .

p;rt i clges can bg)agg}{%g ‘g?“‘%ﬁ%o’ﬁé@ﬁﬁ"§nﬂ?c’ﬁéfﬂﬁ<§“§%¢ﬁras WidhEbeE ng.
Al ternatively, whériquid) pstablesor "pimid cbtablafe ¥sor usell ubemednantoagmeamusa
reacti on m xture, e f I o

azecc)st ropic distil Iﬂ?fgﬁrg%“ﬁ pgf‘ m}ﬁ?@on{ngﬁ[?}tﬁﬁi.aéaﬁ@gugp?%%ﬁE’F%aﬁ %Qﬁﬁ%g
can al so be treat é82hi4Pencontagk #ithersiwelding {with asdfen without stress) in

Conbi nati ons of t fuas equliops NE1uIBOLNA RS SsubBYart iaP1Peintsed. (i.dNE most of the
previously independent component precursor particles remain joined
together). While the definition of fluid stability recognizes

10 that most of the precursor particles remain joined together,
preferably all of the precursor particles used to make up the
macrostructure remain joined together. However, it should be
recognized that some of the precursor particles may dissociate
themselves from the macrostructure if, for example, other

15 particles have been subsequently water agglomerated to the
- macrostructure. |

Fluid -stability is an important  feature of the
. macrostructures of the present invention because it allows the
aggregate to maintain its relative structure in both the dry and
20 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
contacted with 1liquid, and allows one to . use pi'eviously
25 ' 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
- macrostructure by a two. step process. The initial dynamic
30 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
hereinafter described in the Test Methods section.
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dewat ered nass

of polynmer material - can then be chopped or

put veri zedy P{ﬂgggzsubst antially dry precursor particles of sSpOBAUSYIICIBY/

wat er - i-nsol u

absor bent hydr ogel - form ng, polyner naterial .

Preferréd precursor particles of the present ¥hvention are those which
exhi bit a high absorptive capacity so that the resultant macrostructure

f or med from such precyrsor rt icle so h h sarptive capac
Absor ptive capacity rgf‘e%e't o Hauids Sthig %’é@p%(%”?i/‘q&ﬁ anth PEnCpBt y‘rPerc""{a‘%
mat eri al to absor lyith chkedsacrostruchincds are dabiled by dheoprtezursomipaotisiliey cor

capacity can vary
absorbed and with

Fh Fussed IPep enth boesind' trisifiRled 26 denl fortThil of the

material . For pumaoeesiructurri whergy theyi ave mBEt&dpP.Y \Pé %ME?‘!V"FSPH@F}%

in tserrrs of the.

10

15

20

25

30

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

Figures 4 - 6 show an alternative embodiment of the present
invention ‘wherein the precursor  particles comprise different
shapes and chemistries. The precursor particles consist of a
mixture of irregular-shaped granulés and fibers (i.e.,
superabsorbent fibers). In the embodiment shown in Figures 4 - 6,
the fibers are FIBERSORB fibers as available from the Arco
Chemical Company of Wilmington, DE. Figure 4 shows the general
shape of such a macrostructure. As shown in Figure 4, the fibers
provide a matrix wherein relatively small pores are formed between
the granules and relatively large pores are formed about the
fibers. Figure 5 shows more detail relating to the shape and size
of the pores and that the granules are interparticle crosslinked
to the fibers. Figure 6 shows in more detail the large pores and
channels formed in the macrostructure by the addition of the
fibers and the particle/fiber bonding.

The relative amount of superabsorbent fibers mixed with the
granules can vary widely.« For example, the macrostructure may be
formed of only the superabsorbent fibers; the resultant
macrostructure having the appeahance of nonwoven fiber webs. In
the embodiments shown in Figures 4 - 6, the superabsorbent fibers
comprise from about 0.1% to about 50%, more preferably from about
0.5% to about 10%, by weight of the total amount of precursor
particles.

When superabsorbent fibers comprise a portion of the
precursor particles, the fibers are preferably thoroughly mixed
with the other precursor particles so that the fibers are
interwoven between many different precursor particles.
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amount of Synthetic Urine (as hereinafter def | ned) absorbed by any given

- pol ymer nabahophissér ternms of grams of Synthetic Urine per gragepfusefoigss
material in a procedure hereinafter defined in the Test Methods section.

Preferred precursor particles of the pBésent invention are those which
.have an. Absorptive Capacity of at |east about 20 grams nore preferably at
ymer nmaterial .

| east about 25 grans, of Synthetic Ui ne

Typical Iy, the pol yiauresl cshous san-3 te"i"ﬁé reg'gﬂén‘é'lﬁf‘t ‘HJar‘t magrastrustyre
gavteh ?n ABSOf ofi va\ecmew @il%vefnltm abwtemo rgmfm-cﬁug ahsmbhﬁl()sﬁhhﬁr& of

ynt hetic Urine, per gr mer, r jec vin
this rel atlvel ﬁFﬁ?} agﬂgrf)'f ve*caﬁé@?’% "Laﬁ'ér ter|H %?é ‘%ﬁ the "9
macr ost r uct ur esmachastractueespedhal rrgnnﬁgmwg NNMOPM‘IﬂepSBMWS (ia®sor bent
menbets, and ahgq uéﬁnta1a'iﬁ¢e§r?§y)8'ﬁacehé hﬁld“l%h”lﬁa%%sf‘ﬁﬁ't@ﬁérU%Uééﬁai‘rPr”Ed

from such precursor_partic

I tion Si ra&é
anounts of di sdﬂ@PéE@P’!&édytbﬁuB&I’!ﬁrgU& éd'geﬁfl ﬂl}s" TH'('—:""l‘ & BEERSAS ﬁg%'cursor
particles may officRyl kickoel &iidsiceo  other portions of the macrostructure

and/or additional. absorbent material. The .reinforcing members
preferab'ly' comprise fibers (also referred to as reinforcing
fibers); although other matena'ls such as filaments, coils, webs,
nonwoven webs, woven webs, or scrims as are known for their
reinforcing properites may be used. Figure 7 shows an embodiment
wherein polyester fibers are interwoven throughout the
macrostructure. Specifically, the polyester fibers are contained
within the intercommunicating channels to provide increased
swollen structural integrity for the macrostructure.

10

15

Various types of fiber material can be used for the
reinforcing members in the macrostructures of the bresent
invention. Any type of fiber material which is suitable for use
in conventional absorbent products is also suitable for use in the
macrostructufes herein. Specific examples of such fiber material
include cellulose fibers, modified cellulose fibers, rayon,
polypropylene, and po]yestér fibers such as polyethy]éne
terephthalate (DACRON), hydrophilic nylon (HYDROFIL), and the
like. Examples of other fiber materials for use in the present
invention in addition to some already discussed are hydrophilized
hydrophobic fibers, such as surfactant-treated or silica-treated
thermoplastic fibers derived, for example, from polyolefins such
as polyethylene or polypropylene, 'po1yacrylics, polyamides,
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
present invention by virtue of their good wicking properties.
This 1is because, in the macrostructures herein, the wicking

20
25

30

35
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t.r eat ed For exanple, U S. Patent 4,824,901 issued to Al exander et al. on

Apfil W&%W{ fliscloses the surface treatnent of polynmepcg/Hsy1ve18b6s
wth a poI uaternary am ne. | f surface treated, t he precur sor

particles are preferably surface crossl |3r$ked as disclosed in US.
Pat ent .4, 666, 983, entltled 'Absorbent Article", issued to Tsubaki not o et
al. on I\/ay 19, 1987; and U. S. Patent 4,734, 478, entltled "\Wat er Absor bi ng
Agent” issued to TBURPERSHRY 8Fcthey fibers \isr ap importands: ifunathmers dapartapts

i ncorporated herei emy thef shsorbent Aapdi iy efcdhe rFibbe matebdd nizse) foidual to

' 983 patent, the | ual S14% u

by applying a surf Y'&&bgétgn&tfgﬁgtg 'ﬁ%%‘lh%gs ?ngj %i"%%iﬁc pg?é%@ﬁ

reacting the surfaoé the geacrosttuctuerscof thiet nresnet pmlvﬂfbronnatsantlaﬂtmnﬁtbhes

surfglce of the pregiy RhePAfy féferred for use herein as the fiber component of
. the macrostructure. Most preferred are polyolefin ~fibers,

preferably polyester fibers.

Other cellulosic fiber materials which may be useful in
certain macrostructures herein are chemically. stiffened cellulosic
10 ' fibers. Preferred chemically stiffgned cellulosic fibers are the
stiffened, twisted, curled cellulosic fibers which can be produced
by internally crosslinking cellulose fibers with a crosslinking
agent. Types of stiffened, twisted, curled cellulose fibers
useful as the hydrophilic fiber material herein are described in
15 . greater detail in U.S. Patent 4,888,093 entitled "Individualized,
Crosslinked Fibers And Process For Making Said Fibers"™ issued to
Dean et al. on December 19, 1989; U.S. Patent 4,889,595 entitled
"Process For Making Individualized, Crosslinked Fibers Having
Reduced Residuals And Fibers Thereof" issued to Herron et al. o
20 December 26, 1989; U.S. Patent 4,889,596 entitled "Process For
| ' Making Individualized Crosslinked Fibers And Fibers Thereof"
issued to Schoggen et al. on December 26, 1989; U.S. Patent
4,889,597 entitled "Process For Making Wet-Laid Structures
Containing Individualized Stiffened Fibers" issued to Bourbon et
25 | al. on December 26, 1989; and U.S. Patent 4,898, 647 entitled
"Twisted, Chemically Stiffened Fibers And Absorbent Structures
Made Therefrom" issued to Moore et al. on February 6, 1990. Each
of these patents are - incorporated herein by reference.

As used herein, the term "hydrophi'lic" descr;ibes fibers or

30 the surfaces of fibers which are wetted by the liquids deposited
onto the fibers (i.e., if water or aqueous body fluid readily

spreads on or over the surface of the fiber without regard to

whether or not the fiber actually imbibes fluid or forms a gel).

The state of the art respecting wetting of materials allows

35 definition of hydrophobicity {and wetting) in terms of contact

10
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17 Wiile all of the precursor 'particl es of the interparticle crosslinked

aggregate gj (f ggarably formed of the same polymer material pg/yshioisvene
properties, %IS need not be the case. For exanple, sone precursor
particles may conprise a polymer material of ¥ starch-acrylic acid graft
copol ynmer while other precursor particl es may corrprl se a polymer materi al

A fL e I 1 S
pol yacryl ic acid a e ( ,
crosslinked aggreg:hﬁe Way dvsougsedn dhagetaihbsnr the vAmerdpari Cbemioﬂ agucietyher
D ey 1 Srvou B Flst i anedbidd coBt 5 e, PRELUBIFity. hd afhesion

preferred enbodi
conprise a pol yneredli‘tharb.YaROb,errtsfstGwdesadzmﬂmflrllshf@ﬂ ani 1868 y Aefiber kor

crosslinked producstufﬁfme Bf' 4 i Bbby fseléhlidi'ﬂoz%‘é n@tmcs Iacn u?oc'eq'ther %ﬁw

precursor particl ar partic

crossli nked aggregtipecqﬂtagh@ng]qagﬁyeen %epﬁqms an r or sur ace is

less than 90° or when the liquid will tend to spread spontaneously
across the surface of the fiber; both conditions normally
coexisting. '

10 The fiber material may be added to the macrostructures by
introducing the fibers into solution with the interparticle
cross]ihking agent, by mixing with the precursor particles prior
to applying the interparticle crosslinking agent, or by adding the
fiber material to the interparticle crosslinking agent/precursor

.15 particle mixture. In a preferred embodiment, the fiber material is

' kneaded into the interparticle crosslinking agent/precursor
particle mixture. The fiber material is preferably thoroughly
mixed with the solutions so that the fiber material is uniformly

_ dispersed throughout the macrostructure. The fibers are also

20 preferably added before reacting the interparticle crosslinking

agent with the polymer material of the precursor particles.

The relative amouﬁt. 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 5

25 parts, more preferably in the range of from about 0.5 parts to
about 2 parts, by weight per 100 parts by welght of the precursor
particles.

The porous, absorbent, polymeric macrostructures can be used

for many purposes - in many fields of use. For example, the

10 | ) macrostructures can be used for packing containers; drug delivery
devices; wound cleaning devices; burn treatment devices; ion

exchange column materials; '-con_'struction materials; agricultural or

horticultural materials such as seed sheets or water-retentive
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i-nvention al so conprises an interparticle crosslinking agent. The

interparti Gygojj¥3g2 i nking agent is applied onto the precur?gsl-/ﬁ%ﬁf/{,fe‘dﬁs

and reacted with the polymer material of the precursor partic _
physical association between the precursomzparticles is maintained.
This reaction. fornms crosslink bonds between the precursor particles.
Thus, the crosslink bonds are interparticle in nature (i.e., between
di fferent precursoateraals;cland) industriadutuses ssuchgas oshﬂgboqmcbib%l delstRryngOr
limt the scope of i 1A, £did | 0

I nterparticl epcr osgﬁ?ﬁﬁf _rr?ﬁﬁg%ieaﬁtg C\ﬁ ﬁh?fggg%ﬁyﬁgr&ﬂg?%??ﬁdtgpnt _r?&ggf‘ééﬁ%'sor
particles forns craRdhumidigyeestpek wateri@ds. pol ymer chains of different
precursor particles (i.e., interparticle crosslink bonds). For the

preferred polymers herein it is believed, the interpartjicle :
crosslinking agent riélect porqus, fiﬂsﬂ{'bt&“rnﬁsslﬂﬂwgdﬁdé“%é? YRtYNES o bRy |
groups of the prevpraseht invéepiondene yse€ulirwhen peiredctes cak¥iedrout Cavirsésng

'L?ePgrngnd by thegiefu?" id |¢Re! phdlent CPVentiod Nhct 1ECAbidiBent HathPfals such
_ as cellulose fibers. The carriers also may be any other carriers
as are known in the art such as nonwoven webs, tissue webs, foams,
poTyacrylafce'fibers, apertured polymeric webs, synthetic fibers,
10 , metallic foils, elastomers, and the like. The macrostructures may
be joined directly or indireéﬂy'to the carriers and may be joined
thereto via chemical or physical bonding such as are known
including adhesives or chemicals that react to adhere the
macrostructures to the carriers.

15 ' Because of the unique absorbent properties of the porous,
' absorbent, polymeric macrostructures of the present invention, the

macrostructures are especially suitable for use as absorbent cores

in absorbent articles, especially disposable absorbent articles.

As used herein, the term "absorbent article" refers to articles

20 _ 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 from the body. Additionally, "disposable" absorbent

articles are those which are intended to be discarded after a

25 ' single use (i.e., the original absorbent article in its whole is
not intendéd to be laundered or otherwise restored or reused as an

absorbent article, although certain materials or all of the

absorbent article may be recycled, reus'ed, or composted). A

preferred embodiment of a disposable absorbent article, diaper 20,

30 is shown in Figure 8. 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 should be

understood, however, that the present invention is also applicable
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pol ymer materials possessing carboxyl groups, it is Belifved that the

interparti £/183¢) 1 nki ng agent reacts with the carboxy SH@E

pol ymer na?g??alg to form coval ent cheni cal crosslink bon etmeenﬁmhe

pol ymer chains .of different precursor partlclg%. The coval ent chem cal

crosslink bonds generally arise as a result of the f?rnatlon Ff ester, f

am de (i.mde) or reth ctlon of the functiona roups o

t he crosslinking aﬁen?gﬂ] & t i‘?%tsﬁ@e@ér bﬁ%/ 183 ouiHENof 38 he TRRANY hpgn nalbéﬁfélv

In preferred execdmcanisneht ipadbel iteradnfinghapamts, eLdbweds ﬁrs%rf@rrrg,?mﬂ}fws
referred interpar, | a capable o :

p Palapk|r, CFaa! IEL08s PGS LBk s s RE B0k

reacting wwth the ¢ oxy groups i n the pre Yo formester

bonds. Interparticle crosslinking agents wuseful' in the present
i nvention are those t IFcdigureagt i g\ hhpéF@eﬁﬁiWIeﬁat&r itht @iagehe 20 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 Figure 8
10 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:
elastic members 44; and tape tab fasteners 46. While the topsheet
38, the backsheet 40, the absorbent core 42, and the elastic
15 members 44 may be assembled in a variety of well known
cohfigurations, a preferred diaper configuration is described
generally in U.S. Patent 3,860,003 entitled "Contractable Side
Portions For Disposab]e Diaper”, which issued to Kenneth B. Buell
on January 14, 1975, and which patent is incorporated herein by
20 reference. Alternatively preferred qbnfigurations for disposable
diapers herein are also disclosed in U.S. Patent 4,808,178
entitled ”Disposab]e Absorbent Article Having Elasticized Flaps
. Provided With Leakage Resistant Portions" issued to Mohammed I.
Aziz and Ted L. Blaney on February 28, 1989; U.S. Patent 4,695,278
25 ' entitled "Absorbent Article Having Dual Cuffs" issued to Michael
' I. Lawson on September 22, 1987; and U.S. Patent 4,816,025
entitled "Absorbent Article Having A Containment Pocket" issued to
John H. Foreman on March 28, 1989. These patents are incorporated
herein by reference.

30 | 'Figure 8 shows a preferred embodiment of the diaper 20 in
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 Jjoined with and
superimposed on the backsheet 40 thereby forming the perlphery of

' This Sheet|liliili3lielln|||¢ilaced




precursor particles used to formthe interparticle crosslinked aggregates.

Sui't abl e iW(f Pikdgpcl e crosslinking agents may conprise a #&Wﬂ%&xmm
di fferent agents such as, for exanple, conpounds having at |east

pol ynmeri zabl e double bonds; conpounds, havi n@%t | east one pol ymeri zabl e
doubl e bond and at | east one functlonal group reactive with the pol yner
mat eri al ; corrpounds havi ng at functignal groups reactive with the

pol ymer material;*t ed’r'apffblzﬂral pe phary Hﬂﬁﬁn outersperimqter or the
crosslinking agent %dg’é?sef)mtnendﬁmrpeesel‘l‘help@t&ﬁﬁer@ncaﬁ;ﬁ'idﬁ%bbaﬁﬂ iedgesT@ee

detail in the herein . Patent 4,076,663 and U.S.
Patent Re. 32, 649 \Rﬂ? %ge{ogg?ﬁ%%ﬁsg @ggd:’nerel n by reference. The
interparticle crosslinking agents nay. also conprise nononmers (such as

previously described) rgact ltgﬁsmetth tjge p;g Y N&mp T PariY, alsoqr§ t e PIRGU" WA

particles to form pol yneric .crossli re carboxyl grou
we(qreg s s

presént on or in tHB“'ﬂJF}/Wéﬂ"Qra?Qarti"'ﬁl pbUgther, cthe ﬁgaff@ptt#e‘s

precursor particl e§iquid pervious permitting 'hqmds to readily penetrate through
its thickness. A suitable topsheet 38 may be manufactured from a
wide range' of materials such as porous foams, reticulated foams,
apertured plastic films, natural fibers (e.g., wood or cotton
10 fibers), synthetic fibers (e.g., polyester or polypropylene
fibers) .or from a combination of natural and synthetic fibers.
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
15 polypropylene fibers having a denier of about 1.5, such as
' Hercules type 151 polypropylene marketed by Hercules, Inc. of
Wilmington, Delaware. As used herein, the term "staple length
fibers" refers to those fibers having a 1ength of at least about

15.9 mm (0.62 mches)

20 There are a number of manufacturing techniques which may be
used to manufacture the topsheet 38. For example, the topsheet 38
may 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

25 topsheet 38 has a weight from about 18 to about 25 grams per
square meter, a minimum dry tensile strength of at least about 400
grams per centimeter in the .machine direction, and a wet tgnsi]e
strength of at least about 55 grams per centimeter in the
cross-machine direction.

30 The backsheet 40 is impervious to liquids and is preferably
manufactured from a thin plastic film, although other flexible
liquid impervious materials may also be used. The backsheet 40
prevents the exudates absorbed and contained in the absorbent core
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preferred Interparticle crosslinking agents are sol utions
possessi ng %%ﬁgﬁmtm functional groups per nol ecul e capabl eecIfUSSHO018900

with the ) group. Preferred intef article crosslinking agents
i ncl ude "pol yhydric al cohols such as ethylene g @col, di et hyl ene gl ycol,
triethylene glycol, tetraethylene glycol, pol yet hyl ene gl ycol,

g' ycerol . (1,23 Qrorﬁ‘&gt &é’&'lkg 5%%&&(‘3%5?&!' contﬂé@ptfﬂeeﬂﬂaﬁer Q?O/Cﬂkh as

2- propanedl ol propane trimet g% .
propane, - di ethedshﬂe&m and updengaementsm n@refﬁfdplﬁbxy&heoﬁF et 40 is

gélyet hyl teﬂeI OXYPr Ofyh b thbhe&k FETRHaVIWY a BIPFdkness) firod tapo@t i0J0 XS mar (0.5 mil)

yexyet hyl ene sorDi Ci LS, yt S@l | ;

pol ygl yci dyl et her t ﬁ%‘&ug)dbgl TFJ'?\' %ée?-s %1‘3‘35!;'{/‘!"&{)1%&# o"iﬁgr fle Phh%

et hers pol yet hyl ene]1guj,d:oh|peirvgbys:|myer1@t1nema¥ geyusedol Asousedl !m‘ﬁdyb 'fé’@hfeﬂm

: ~ "flexible" refers to materials which are compliant and which will
readily conform to the general shape and contours of the wearer’s
body.

A suitable polyethylene film is manufactured by Monsanto
10 ' ' 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
may permit vapors to escape from the absorbent core 42 while still
preventing exudates from passing through the backsheet 40.

15 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
hourglass-shape extending beyond the absorbent core 42 a minimum
distance of at 1least about 1.3 centimeters to about 2.5

20 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

any suitable manner. As used herein, the term "joined"

_ encompasses configurations whereby the topsheet 38 is directly

25 : joined to the backsheet 40 by affixing the topsheet 38 directly to
' " the backsheet 40, and configurations whereby the topsheet 38 is
ind_irectl,y' joined to the backsheet 40 by affixing the'topsheet 38

to intermediate members which in turn are affixed to the backsheet

40. In a preferred embodiment, the topsheet 38 and the backsheet

30 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 uniform

—_—
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di gl ycerol polyglycidyl ether, polyglycerol polyglycidyl ether,

sor bi t ol p@@/ﬁl,}/gggyl ether, pentaerythritol polyglycidyl pyhes91/01890
propyl éne glyco I gl ycidyl ether, and propyk?ne gl ycol diglycidyl ether;
pol yaziridi ne- conpounds such as 2, 2-bi.shydroxynet hyl

butanol -tris[3-(i-aziridine) propionate], 1, 6-hexanethyl tolulene

di ethyl ene urea, &ndifidaseTayer Bt RaREsives-# pafteried Tader oty AR iVE EC8r an

hal oepoxy conpounds such .. __epichloro ydrin  “and .
ot TE et nyl £ ubr &g Separatentings e apats OF aiasins daY be used fonaffixa
gl ut aral dehyde athe topshesti38 €0 thepmdckaheete40conpounds such as ethylene .
di am ne, diethylene triamne, triethylene tetram ne, tetraethyl ene
pent am ne, pentaethyl ene hexami ne, and pol yethyl ene_imne;, and

pol yi socyanate conpolahes tadudiastenerso 46 areotyriraldly i senligdate ihel back

hexanet hyl ene di i wa3gYBdndl PegiGRCof ithe efiRpeF 20l €o pro@fde bNfdshBnimddfdlns fir
two or nore subst%ntlg%ly .nutualh& unreactiyve |nt§r8aé;|cle
crosslinking agertdding Fhe diaper, o1 e Mearsrentheohiare 38\ EAstEDeNse 460,
Particul arly preflsr any ofnthogeawel tlkaown dansthelarbg sughnis therfastening tape
disclosed in U.S. Patent 3,848,594 issued to Kenneth B. Buell on
November 19, 1974, which patent 1is incorporated herein by
10 reference. These tape tab fasteners 46 or other diaper fastening =

means are typically applied near the corners of the diaper 20.

The elastic members 44 are disposed adjacent the periphery of
the diaper 20, preferably along each longitudinal edge 30, so that
the elastic members 44 tend to draw and hold the diaper 20 against

15 the legs of the wearer. Alternatively, the elastic members 44 may
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 entitled "Disposable Diapers with Elastically

201 Contractible Waistbands" which issued to David J. Kievit and
Thomas F. Osterhage on May 7, 1985, which patent is herein
incorporated by reference. In addition, a method and apparatus
suitable for manufacturing a disposable diaper having elastically
contractible elastic members is described in U.S. Patent 4,081,301

25 entitled “"Method and Apparatus for Continuously Attaching
Discrete, Stretched Elastic Strands to Predetermined Isolated
Portions of Disposable Absorbent Products” which issued to Kenneth
B. Buell- on March 28, 1978 and which patent is incorporated herein
by reference. '

30 The elastic members 44 are secured to the diaper 20 in an
- R 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
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herein with carboxyl-containing polymer material are ethylene glycol;

gl ycerol; ty, h{%gl propane; 1, 2-propanediol; and 1, 3- prpmmgylmmg@'he
propor tion o e I'nterparticle crosslinking agent to be used in the

.present ‘invention is in the range of fromabout 0.01 parts to about 30
parts by weight, preferably fromabout 0.5 parts to about 10 parts by
vei ght, nost prefemwapsy fFoonexanpie, ]thpae'tasmc cmembers 4d4amay be steetghed prd

100 parts by wei ghfseeﬁrefdh‘%:hﬁ’feecfﬂesoéx %G' E§ in Nad h@ne%@ffd’cfedi ’&X{?&fth&?
other materials or ? ents can %tuse e |nter£} e e crosslinkin
|

agent (s) as an ai d AVPEBASINAIY ngthendi Pﬂ"‘e 28amy diee cop G SOragumpdat eby or
in pronoting 20 pdeatding| Sindnthe e1adtdcr mamberd40keduredi dtide comiedcited &o the

crosslinking diaper 20 while the elastic members 44 are in their unrelaxed.or
unstretched condition.

In the embodiment illustrated in Fighre 8, the elastic
members 44 extend along a portion of the length of the diaper 20.
'Alternatively, the elastic members 44 may extend the entire length
10 of the diaper 20, or any other length suitable to provide an
elastically contractible 1ine. The Tength of the elastic members
44 is dictated by the diaper design.

The elastic members 44 may take  a multitude of
~configurations. For example, the width of the elastic members 44
15 may be varied from about 0.25 millimeters (0.01 inches) to about
25 millimeters (1.0 inch) or more; the elastic members 44 may
comprise a single strand of elastic material or may comprise
several parallel or non-para11e1 strands of elastic material; or
the elastic members 44 may be rectangular or curvilinear. Still
20 further, the elastic members 44 may be affixed to the diaper in
any of several ways which are known in the art. For example, the
elastic members 44 may be ultrasonically bonded, heat and pressure
sealed into the diaper 20 using a variety of bonding patterns or
the elastic members 44 may Simply be glued to the diaper 20.

25 The absorbent core 42 of the diaperlzo is positioned between
| the topsheet 38 and the backsheet 40. The absorbent core 42 may
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
30 absorbent core 42 should, however, be compatible with the design
liquid loading for the intended use of the absorbent article or
diaper. Further, the size and absorbent capacity of the absorbent
core 42 may vary to accommodate wearers ranging from infants
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agent with the polyner nmaterial of the precursor particles, or.as

associ at i nwp{sgﬁ For exanple, water may be used in conjuncpCIVUSs1/01890¢e
interparticle cross%i nki ng agent. The water f#lctions to pronote uniform
~dispersion of the interparticle crosslinking agent on the surface of the
precursor particles and perneatiop of the interpartjcle crosslinking agent
into the surface rdyoBgh ofdylts. pr £b&ir ABSOTBERL | €Ones 42 cgmpriwese thg) pgrous,

pronotes stronger gyoeberdl, p&lamfm matrostiuetnnes ¥ theprésenat irvehtihes of
. the prereacted aggregates, and the dry and swollen integrity of the

resul tant interparticle crosslinked aggregates. |In the present invention,
the water is used in aApr ppefarreth oembakimenthanofibotibe 20dpapers @9 wdiaght a( 0

Do 2 b RS GRS asBrsietr 88 47, IAE B0 P
frond about 0.1 paribsorbenthsre182parekerahly weomprises bﬂi‘seﬂ!’sofmﬂtl@é%’%ar“@s
by weight of theompP{i€ingr aRrenvelépeCiweb. 50 ahldea poroud| ab36FBENE, OpoTWRéEIc t O
be used will var ymacrostructure 52 disposed in the envelope web 50. The
macrostructure 52 is encased in the envelope web 50 to minimize
the potential for the precursor particles to migrate through the
10 topsheet and to provide an additional 1liquid transport layer
between the topsheet 38 and. the macrostructure 52 to enhance
liquid acquisition and minimize rewet. As shown in Figure 9, a
single envelope web 50 is wrapped about the macrostructure 52 by
_ fo'lding to form a first layer 54 and a second layer 56. The edges
15 _ 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 may comprise a number of materials including nonwoven webs,
paper webs, or webs of absorbent materials such as tissue paper.
20 The envelope web 50 preferably comprises a nonwoven web similar to
the webs used to form the topsheet 38. The nonwoven web is
preferably hydrophilic to allow liquids to rapidly pass through
the envelope web 50. Similar 1layered absorbent members
(1aminates) are more fully described in U.S. Patent 4,578,068
25 entitled "Absorbent Laminate Structure" issued to Timothy A.
Kramer, Gerald A. Young and Ronald W. Kock on March 25, 1986,
which patent is incorporated herein by reference.

Alternatively, the  absorbent cores 42 of the present
_ invention may consist solely of one or more (a multiplicity of
30 the) porous, absorbent, polymeric macrostructures of the present
invention; may 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. :
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dependlng upon the kind of polymer material and the particle size of the
precur sor biAksy O ganic solvents may al so be used in CONpeeItis (ﬁmth
the interparticle crosslinking agent. The ogganic sol vents are use P
pronote uni form di spersion of the interparticle crosslinking agent on the
surface of the precursor particles. The organic. solvents are preferably
hydroophi.lic organic Figuréehd sshows amalbgriratiie | embodinendi ¢f sthevaidperuszd ul

h |
- pr opanol « 1'sopr SGFiRg A BIIS1afE apSoRag, o i SCuntFLIAR  pei #EP
t - but anol ; ket onebom&tssashwdt ahrorbent menberh 0 andt vrebeetifd oftthe| parobsis vl
ketone; ethers §wah1berﬂs FE @Fds%W@'ilﬁ'Eurﬁd%ihtﬂﬁﬂ fitdabent Sther:

am des such as or ma
N- dfet hyl f or mami dé?s.oaﬁlwfsm s@oh bsgc'%ﬁ"né%fgs%@ﬁ%ﬂea@e' Pcand the
hydi ophi'li c organbsc]@néemeno” s used in the present invention in a
proportion of |ess than about 60 parts by weight, (0 parts to about 60
parts by weight), preferably in the range of from about

The absorbent member 60 serves to quickly collect and

temporar11y hold discharged 1iquids and to transport such liquids

by wicking from the point of initial contact to other parts of the

10 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

15 use herein, wood pulp fibers being  especia11y 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,

20 the absorbent member 60 -contains from 0% to about 8% by
its weight of a particulate, absorbent, polymeric composition. In

~ alternatively preferred embodiments, the absorbent member 60

comprises chemically stiffened cellulosic fibers as previously

discussed herein. Exemplary embodiments of the absorbent member

25 - 60 useful in the present invention are described in U.S. Patent
4,673,402 entitled "Absorbent Article With Dual-lLayered Cores”

which issued to Paul T. Weisman, Dawn I. Houghton,'and Dale A.

Gellert on June 16, 1987; and U.S. Patent 4,834,735 entitled "High

Density Absorbent Members Having.Lower Density and Lower Basis

30 Weight Acquisition Zones" issued to Miguel Alemany and Charles J.
Berg on May 30, 1989. These patents are hereby incorporated

herein by reference. Absorbent members having a storage zone and

an acquisition zone having a lower'averagé density and a Jower

average basis weight per unit area than the storage zone so that

15 the acquisition zone may effectivéIy ‘and efficiently rapidly
acquire discharged liquid are especié]]y preferred for use herein.
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21 0.01 parts to about 60 parts by weight, nore preferably from about |

part to about by wei ght, based on 100 parts by wei ght '
LT LE o Pty USo1/0189

precur sor par The actual anmount of hydrophilic organic so
to be used will vary depending upon the;kind of "golymer material and the
particle size of the precursor particles. The interparticle crosslinking

agent ey al so be used i fpa M deVabET ¢l bt Shy RIS BN LA | 6
i

organi c solvents. It has been toun e use o inteérparti ¢l e
crosslinking agent sexamplen pr #ectRNGUIML gr e@Ydat pcdtdORG | onasymmepeic  or

crosslinker into thephgugaseshegEn THe shEpdd 0@ CteS Msapbérti mbrdfer' b0 lnRyadefine’
sol ution of hydrophiljc orgaql c, sol vefntt“l nt erﬁ)grtl e cr%qs_‘u,\gklﬂ‘c& a entd
provides mnimal CtPeREPPLgl share fY the resulhing giaper Detie greverre
m xture of all threeenpaimentiss asr shewn eth Figure 10, the absorbent member 60 is
hourglass-shaped. ' |

The macrostructure sheet 62 of the present invention need 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
10 top surface area of the absorbent member 60. As shown in Figure
| 10, the macrostructure sheet 62 is smaller than the absorbent
member 60 and has a top surface area from about 0.10 to 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
15 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 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
20 0.95 times that of the macrostructure sheet 62. In this
alternative embodiment, the absorbent member 60 preferably
comprises chemically stiffened cellulosic fibers.

The macrostructure sheet 62 1is preferably placed in a
specific positional relationship with respect to the backsheet 40
25 and/or the absorbent member 60 in the diaper. More particularly,
the macrostructure sheet 62 is positioned generally toward ‘the
front of the diaper so that the macrostructure sheet 62 is most
effectively located to acquire and hold discharged liquids.

In alternatively preferred embodiments, a multiplicity of:

30 macrostructures, preferably from about two to about six
macrostructure strips or -sheets, may be substituted for the single

macrostructure _sheét 62 shown in Figure 10. Further, additional

absorbent layers, m‘e’mbei's. or structures may be placed into the

absorbent core 142. For example, an additional absorbent member
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in order to control the amobunt of the penetration of the Interparticle

crossl i nki hnto the surface region of the precursor pgch/656501890
Specithalngﬂﬁ?ﬂhﬁ%s been found that the higPFr the water to organﬁg

sol vent conponent ratio, the deeper the crosslTnker penetration, the
greater.the fluid stability of the macrostructure under stress, and the

areater 1 e reductug uen joBidnBgUbien tHESRICHoRHcturHERL g2 Ofnd LG

macrostructure. Typicall e rati g of water to Fophi ]I C rganlc

Sol vent in the sol backsheak 4D Ea PEPYIAR Feseske Fapacthy 40, he, @bsorbent eare
1:10. . .I_he hyerQﬂ:dn'Ujlor &r gayerc to S@isteibdtwatlﬁqﬁ}d%t Papsing Ctlrﬁ'ough6 the
crosslinking agent_solutiop is rt e a

parts by wei ght (Omifé?ft[sruf uréeocfﬁﬁggoé%afot E’pr\&&}gﬂ%"f %Eréﬁbeggggﬁ’%% ??1"5
rangg of from abould42)001tpahesmacrosboustuse gheetsédy he gacrostauctyneesheetbl y
fromabout 1 part §p pgboitiso2d1RFnheively 68 PBEitidAeebver thaOabsurbentd metidraht

W th the sol ution Gbnédi AFngot e {RASAH{BNee; BeCHesTocthe: rPPARESIgeil . andeoihe
exanpl e, an "absorbent member 60. '
In use, the diaper 20 is appiied to a wearer by positioning
10 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
. outwardly facing areas of the  diaper 20. In use, disposable
15 diapers or other absorbent articles incorporating the porous,
absorbent, polymeric 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
macrostructures.

20 SYNTHETIC URIN

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,
25 Pennsylvania. The formula for the Synthetic Urine is: 2.0 g/1 of
KC1; 2.0 g/1 of NapSO4; 0.85 g/1 of (NHg)H2PO4; 0.15 g/l
(NHg)2HPO4; 0.19 g/1 of CaClz and 0.23 g/1 of Mgc12. A1l of the
chemicals are of reagent grade. The pH of the Synthetic Urine is
in the range of 6.0 to 6.4. .

'i‘his Sheet Has Been Reﬂlaced




initiator, a catalyst, or non-acid co-nononer materials may be added.
Exanpl es of ( erials suitable for use herein are descri

her ei nbefore%gﬁz}%ﬁ%ed U S. Patent Re. 32, 649. 22 The net h?gﬂ‘lpggltlm
produci ng the porous, absorbent, polyneric macAdstructure conprising an

I nterparticle crosslinked aggregate conprises the steps of providing '
precursor. particles of the type herein described: applying an interparticle
crosslinking agent to a portion of the prgsgléﬁliﬂﬁrticles; physi cal |y
associ ating the precursor partlcles to forman aggregate; shaping the
aggregate; and reactingg ‘ e Es with the

pol ymer material oft* £H2 eims ®ygregate, while
mai nt ai ni ng the physi cal a5500|at|on of the precursor particles, to form

crosslink bonds betweenthfeopRiméPRd EpbPftich dis’ 1268 within a “"tea bag",
immersed in an excess of Synthetic Urine for a specified period
5 of time, and then centrifuged for a specific period of time. The
ratio of polymeric composition final weight after centrifuging
minus initial weight (net fluid ga1n) to initial weight determines
‘the Absorptive Capacity.

The following procedure 1is conducted under standard

10 laboratory conditions at 23°C (73°F) and 50% relative humidity.
Using a 6 cm x ]2 cm cutting die, the tea bag material is cut,

folded in half lengthwise and sealed along.tub sides with a T-bar

sealer to produce a 6 c¢cm x 6 cm tea bag square. The tea bag

material utilized is a grade 1234 heat sealable material,

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

20 ' and thé top (open end) of the tea 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

25 bag) is held horizontally 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

30 submerged, a 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

i



precursor particl es ‘The i'nterparticle crosslinking agent i s applied onto
t He pr ecur sQb fi7{d3k I es. The interparticle crosslinking agent Pﬁy

applied by any o varl ous techniques and apparatus used for a y‘i’%%lmls”

solutions to materials including coating, duf$ng, pouring, dropp| ng,
sprayi ng, atomzing, condensing, or immersing the i nterpart | cI e

“oppl 1 e onton o LR aThe SARGTRS S5 JBBR; csRtETrusRd A Apsiabal dietay- ohe
| east one of the meatrifuge ysedfislaedelux Dynaoilicehtry fude |Fnsl|yrpuodé1clﬂe
crosslinki ng agentgsofpg. 59 T.ﬂi’c%iném ?P&n?rﬂép& C&éeﬁi?ﬁ%‘ tp}(' o¢ ﬁﬁ‘i?ﬁu#&ﬁy be

applied onto only sone ecur.sor
precursor particl ®8, @Rt G%Wlai}e'&t pothhPoﬁeM”ffHQe sﬁhqudde bef egéiﬂpedr with af

the precursor palr td'i?é&%re@d ﬁglhélnéthﬁ &g laheeFéﬁtfr@feeri(eSOTTﬁeEéerﬁlrhf We Gbe
Do Dl rondr, ephoRhe it 4 "FLRF L e Pe ek 957 g
particles so as tappriximatelyh@.5 inch (6.35 cm) high outer wall with an 8.435
inch (21.425 cm) outer diameter, a 7.935 inch (20.155 cm) inside
diameter, and 9 rows -each of approximately 106 3/32 inch (0.238
10 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
15 to the center of the drainage holes, or an equivalent. The basket
' - is mounted in 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
20 blank tea bags are placed to either side of the corresponding
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
25 allowed to ramp up quickly to a stable speed of 1,500 rpm. 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
30 is repeated for the second sample tea bag and the second blank tea
bag. The Absorptive Capacity (ac) for each of the samples is
calculated as follows: ac = (sample tea bag weight after
centrifuge minus blank tea bag weight after centrifuge minus dry
_ polymeric composition weight) divided by (dry polymeric
35 composition weight). The Absorptive Capacity value for use herein
' 1is the average Absorptive Capacity of the two samples.
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efficiency, streng

between t he
present i nvéﬁ??g}ég
applied onto the p
is mxed with the
techni ques to insu
with the interpar
particles are thor
the efficiency, st
precursor particle
various techni ques
are known in the a
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th, and density of the interparticle crosslink bonds
r particles. In the preferred enbodi nents 1/01890
after the interparticle crosslinking agent 'has Been
recursor particles, the intéSparticle crosslinking agent
precursor particles by any of a nunber of m xing

re that the ﬁricursor particles are thoroughly coated
i cl ng agent. Because t he 23 precursor
oughly coated with the interparticle crosslinking agent,

renggn% ﬂgg%ﬁggs%%ﬁ nIeQﬁod’ 1g5g4 'd@jferq{m? eE%‘?Txg"‘Sf

s ar
aprRggaegaie aunes, exrmsnmtng )mhabm Umimrs or kneaders, as

re.

The sample macrostructure js placed in a shallow dish. An
excess amount of Synthetic Urine is added to . the macrostructure.
The swelling of the macrostructure is observed until equilibrium
is  reached. During the observation of the swelling
macrostructure, the macrostructiure is observed for small particles
bréaking off from the main aggregate, platelet-like particles
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 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
capable of being picked up in their swollen state without breaking
apart. -

C. PRECURSOR PARY AND MASS AVERAGE PART S

The particle size distribution on a weight percent basis of a
10 gram bulk sample of the precursor particles is determined by
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 Horthington, Ohio. The procedure is
carried out on three stacks of sieves at a time since the
equipment used cannot hold ali 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 #
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Bef or e, duri ng, or after ‘applying the interparticle crossli nki ng

agént onto 53631 sor part i cles, the precursor particles
physi cal | Y, asgi(’)m ated together to form an aggregate nac?ﬁ{‘ﬁ?d{‘[}(‘%“
The term "physically associated" is used I%rein to nmean that the

precurser .particles are brought t oget her and remain in contact dvvlth ea;:h
th conponen art nber of varlous ways and spatia
(r)el Z[i gﬁshi gg so L@D ozozor ’ s?ﬁéﬂ e32¥1 t 3Ry 480, g P Wigat thenusienst part ur Bhe
The precursor parpiecuesoraiparpiclesr a&haﬁnﬁhysmaéic}i %$IseﬁesLs%t %gﬁgé&%trhe&hfw
appl yi ng an assocj n e arfi.c

cggt gctlgng t he pr%%@bg(grtabgifi?& bg %{; a‘i)ar%igt iﬁg AEtri Q}ﬁ‘BF ? ﬁ?r’?%’ce

of the precursor pencentibasisavi ng the associating agent . appli ed

t hereto. Preferred associating agents cause the pol yner Hat e[)l al hof t he
recursor particles, en  brought together, to adhere together by the
gctﬁon of fluid- surfaﬂje r}éﬁg ackr eEsS1AYB 0 S ¢ MRunged Ayl fbakenfandoil§ fer

chains due to egtamsnglus omedinu$d.00 dramscofitthedsanPIeniss pla& bh thenzidne
sieve. The shaker used is a Vibratory 3-inch Sieve Shaker Model
SS-5 as obtainable from the Gilson Company, Inc. of Worthington,
Ohio. The stack is shaken for 3 minutes at approximately 2100
10 - vibrations per minute ("6" on the instrument dial). The sieve pan
is then removed and the stack set aside for later weighing. 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
15 onto the #60 sieve. The second stack is shaken for 3 minutes at
approximately 2100 vibrations per minute, the sample 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
20 sieve. The third stack is shaken for 3 minutes at approximately
2100 vibrations per minute. A soft brush is used 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
25 repeated, using a fresh weighing paper for each sample, for each
sieve, and for the sample remaining on 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
10 distribution on a weight percent basis for each sieve size.

N



present invention include hydrophilic organic solvents, typically |ow .

nmol ecul ar we t al cohols such as nethanol, ethanol, or isopr 8591’{‘%?“
a mxture o Q%{M Bilic organi c solvents and water; certain interparticle

cr ossl i nki ng agent s as herei nbefore descri bedsi vol atile hydr ophobi ¢ organi c
conpounds such as hexane, octane, benzene or toluene; or mixtures
thereof., Preferred associating agents are water, nethanal, isopropanol,
ethanol , i nterparticl GherMass| Avattage Pardicte Size ofs the yl@esblll} bulk rsiampler 48

t her eof . Typi cal byeytaPEd 33SP61RWSNY agent conprises a mixture including
an interparticle crossl |n?<| ng agent such that the step of applying an

I nterparticle crosslinking agent is carried out sinultaneously with the

step of applying an associ ating agent .i(Qj XMipe associating agents may be

applied to the precursor maps = iui

5 wherein maps is the mass average particle size; Mi is the weight
| of the particles on the specific sieve; and D;j 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 highest
sieve. For example, a standard #50 sieve has a size parameter of
10 355 microns, which corresponds to the size of the openings in a
standard #45 sieve (the next highest sieve). The Mass -Average
Particle Size for use herein is the average of the mass average

particle size of the three samples.

PRECURSOR PARTICLE EXAMP

15 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
120 mm is sealed with a 1id. An aqueous monomer solution is
prepared consisting of 37 weight % monomer. The monomer consists

20 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
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

25 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 the
initiators. A peak temperature of 82°C is reached inside the
reaction system 15 minutes after the addition of the initiators.

30 The hydrated gel polymer is divided into particles about 5 mm in .
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particles by any of various techni ques and apparatus used for applying

solutions Lo g@igghal s including coating, dunping, pouring, pAYE%1I01890
atom zing, condensing, or imrersing the associating agent on the
precursor particles. The associ ati ng. agent S8s applied onto at |east a
portion of the surface area of at |east one of the precursor particles to

be joi ned per aggregate., Preferabply, the _associatjn gent is cogted gnto
the entire surfac&% afpthe SHIEFING,dp continued. th'ée gri cly J&moyed from cthe T
associ ati ng agent kneadgeng0 alihytes aétenithé startpof dhespolymerizatiors ahy they of

a nunber of m xin i,qQuUeS ) X1 | tus to insure that the
precursor particl @%éeiﬁg{]ﬂ%of%“l?gg?yﬁpgﬁa ed w %Eﬁ‘,{ he associ ati ng agent. Wen
~an associ ati ng agent has been applied to the precursor particles, the
precursor particles e BosaiantCaydrate@ dquebedl de?0pslymer thus abtaineders Of

bar 81 cles 1 ogot hesPreddcHhinatandarg, ¥6h 337 vists! ‘ThyRe and, Ar (EMTE SOt ray
be used to at 1500C for 90 minutes. The dried particles are pulverized with
a hammer type crusher and sifted with a standard #20 sieve (850
microns) to obtain particles that pass through the standard #20
sieve. The mass average particle size of these particles is 405
10 - microns.

EXAMPLE 1

350.0 grams 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

15 such that the precursor particles pass through a standard #60
' sieve (250 microns) and are retained on a standard #100 sieve (150

microns). A solution is prepared éohsisting of 7.0 grams of

glycerol, 35.0 grams of methanol, and 7.0 grams of water. This

solution is applied to the precursor particies by spraying the

20 solution onto the precursor particles with a Preval Sprayer
available from The Precision Valve Corporation of Yonkers, NY.

The solution is sprayed onto the precursor particles while the

mixer is operating.- For the first fifteen seconds of spraying,

the mixer is run on its lowest speed setting. After the first

25 o fifteen seconds, the mixer is run on its highest setting. The
total spraying operation requires 3 minutes of elapsed time to

spray the entire volume of the solution onto the precursor

particles. The mixture is mixed for an additional two minutes at

the highest speed setting of the mixer so that all of the

30 ' precursor particles are thoroughly wetted by the solution. The
resultant mixture 1is then placed into the hopper of an
extrusion/compaction unit such as previously described. 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

- This Sheet Has Be
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i nsure contact between the precursof particles. Further, the particles
may be placed in a container having a fixed volune so as to in @?F&lﬁf\f
betmeenutheVﬂngUﬁﬁ% particles. The precursor particles can altTernatively
be physical |y associated together by physical 8 constraining the precursor
particles such that they are in contact with each other. For exanple, the

Dol une Stich 1 hat ¢ RELSIHECAARSESP ARt (18F coXtoger srpy. bork 15: iehen 6F g
Alternatively or igndanel Be¥ewotoMioubingheledrance pisode2lirinches alislatmpnalhe
e or bot cor oar ub B/ Rigfutey SRR Sfacthe Mol SEHLS Hurp 3" OHAR, of
via el ectrostatic 47t mamti oTher miytunee Hht ﬁb%m'ded orbebweean %Nmeﬁ%fg agﬁéﬁ%
(e s, an adhes Ymp ﬁ@%&r 811s HEP ro@‘ﬁs) RItHQ! PreeBOltit! ariBPE] ). ! The
adhere © 09¢ %gmpact1on rZ?fij%ESZ a 31ame%er ofng'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 to 40 cm) lengths.
10 The' resultant aggregate sheets are heated in a forced air _
convection oven at 210°C for 45 minutes to react the glycerol with
the polymer material of the precursor particles. The resultant
sheets have a thickness (caliper) of about 0.031 inches (0.8 mm)
and a width of about 1.95 inches (4.95 cm).

15 | _ YAMP

A solution is prepared consisting of 0.5 grams of glycerol,

0.5 grams of water, and 3.0 grams of isopropanol. This solution

is'appIied to 25 grams of precursor particles made in accordance

with the Precursor Particle Example. The precursor particles have

20 a particle size such that the precursor particles pass through a
standard #40 sieve (425 microns) and are retained on a standard

#50 sieve (300 microns). The mixture is thoroughly mixed with a

stirring spatula until all of the precursor particles are coated

with the above solution. The mixture is separated into

25 approximately equal portions. One half of the mixture is spread
evenly on a SUPERSTONE baking stone as is available from Sassafras

“Enterprises Inc. of Evanston, IL. The mixture is 1lightly

compressed on the -stone. 0.16 grams of KODEL polyester fibers are

spread evenly onto the formed mixture. The polyester fibers are

30 1.25 inch (3.2 cm) staple cut length, crimped, 15.0 denier fibers.
‘The second half of the initial mixture is spread evenly on top of

the fibers and lightly compressed. This entire structure is then

‘rolled with a wooden rolling pin to a thickness of about 0.06

inches (1.5 mm). A sheet of MYLAR is placed on top of the sheet

35 for rolling in order to prevent the mixture from adhering to the

Sheet Has Been Reﬂl aced




25 al so be attached to a third menber (a"substrate) such that the precursor
particles are bro Into contact with each other by the subs I n
al ternati |_ve ferred step in formng the nacrostrucyﬁﬁlégs%ﬁ/&tq?g
present .i nventlon the aggregate of the precursfor particles is shaped into
vari ous geonetries, spatial relationships, and densities to form an

aggregate having a defined shape, size, and/or density. The aggregate may
be shaped by any C(mﬂahlgi @rial ilmapédg;s tosfcmrh'eqmbset asre atken kfodded im ovhe

art. Preferred net '{ﬂglﬁs ggshﬁm ngtgghmﬁg tﬁ*ok:ﬂ?i udgg Ca?éde'ﬂ?ed nol q-lhqg

or forning operations. t echni ques enera i nvo
i ntroduci ng the prdeiding/reiding CI(E%eqdﬁf'ﬂ aP ﬂ'&'ﬁadiﬁoPﬁ" oxped yt‘& The

appl yi ng pressure tsaeémaptmsmm)edtheaawcegam t rcuditingt mnaegrzegec_t ot O

tC EQL%r ;nu'ég tp grsha Rinut s trgolrga&a“é yglyteﬁ)iaa}_)éheihgfpolwgf 'wat&riT?' 6¥ e
precursor particles. The resultant macrostructure has a thickness
(caliper) of about 0.06 inches (1.5 mm).

EXAMPLE 3

A solution is prepared consisting of 1.6 grams of glycerol,
10 -~ 3.2 grams of water, and 12.8 grams of isopropanol. This solution
-is applied to 80 grams of the .precursor particles made in
accordance with the Precursor Particle Example. The precursor
particles have a particle size distribution such that 8% by weight
pass through a standard #20 sieve (850 microns) and are retained
15 on a standard #30 sieve (600 microns); 15% by weight pass through
a standard #30 sieve (600 microns) and are retained on a standard
#40 sieve (425 microns); 22% by weight pass through a standard #40
sieve (425 microns) and are retained on a standard #50 sieve (300
microns); 36%iby weight pass through a standard #50 sieve (300
20 microns) and are retained on a standard #100 sieve (150 microns);
and 19% by weight pass through a standard #100° sieve (150
microns). This solution is thoroughly mixed using a stirring
spatula until all of the precursor particles are coated with the
above solution. The resultant mixture is then spread loosely on a
SUPERSTONE baking stone and rolled into a sheet having a thickness
of about 0.06 inches (1.5 mm) using a wooden rolling pin. A sheet
of MYLAR is placed on top of the sheet for rolling in order to
prevent the mixture from adhering to the rolling pin. The sheet
is then heated at 200°C for 45 minutes in a forced air circulating
30 oven to react the glycerol with the polymer material of the
precursor particles. The resultant macrostructure has a thickness

(caliper) of about 0.06 inches (1.5 mm).

L

25
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herei n incl ude conpression nol di ng, injection nolding, extrusion or

| anm nat i ng. r a multiplicity of precursor particles d
'to a contai n&?’qﬁ% a fixed volune nold cavity and the aggreé’gzl"&?”&&gs
co'rr_pressed to conformto the shape of the nol dS&avity so that the resultant
macrostraucture has a shape defined by the shape of the nold cavity.
Form ng techniques involve perform ng various operations on the aggregate

to nmodify its shape, and/or size, and/or JdEXAMPLE 4Fvanpl es of specific
form ng techniques for use herein include rolling, forgi ng, ext rudi ng,

, t d t . t
o xtur e of the precur soh  SAIHTENeoTn ArERITEdasEoNStINR aPpard-P4Fc orans oY ©
crosslinking agent glygeint,p@stisl pamsceof waper, arid cb.rmactgrms raﬂ | methandlor m
2 shoot  agareqate. sdlatflalpl Y3E: ohl WOTIBERORE IS R RIEKhU e

t hrough an orifice hn aggr correspon
to the shape of Ancnechsmmlcéommytam 3-t3§é megﬁtmﬁawnrwmeﬁeo ast

on a gurface to forgensRR0LRAR1T heW ithe Fardeelés hashatifrolh Sdiiskandard #100

mor phol ogy. sieve (150 microns) and made in accordance with the Precursor

Particle Example are mixed together to form a precursor particle

mixture. The fibers are hand cut from a tow and range in length

from about 0.5 inches (1.25 cm) to about 2.5 inches (6.35 cm).

10 " The above solution is added to the precursor particle mixture and

thoroughly mixed together with a stirring spatula to form an

"aggregate mixture. The resultant aggregate mixture is spread out

on a six inch (15 cm) PYREX culture dish and compressed with a

small spatula to a thickness of about 0.15 inches (3.8 mm). The

15 sheet is then heated at 200°C for 40 minutes in a forced air

circulating oven to react the glycerol with the polymer material

of the precursor particies {(both the polymers of the FIBERSORB and

the particies made in the Precursor Particle Example). The

resultant macrostructure has a particulate structure of a

20 combination of relatively small irregular shaped granules and
fibers intermixed with the granules.

AMP

A solution 1is prepared consisting of 0.023 grams of

glycerol, 0.014 grams of water, and 0.580 grams of methanol.

25 This solution is added to 0.880 grams of precursor particles
consisting of FIBERSORB fibers as available from the Arco Chemical

Company. The fibers are hand cut from a tow and range in length

from about 0.5 inches (1.25 cm) to about 2.5 inches (6.35 cm).

The solution and the precursor particles are thoroughly mixed

30 together with a stirring spatula to form an aggregate mixture.
' The resultant aggregate mixture is spread out on a six inch (15
cm) PYREX culture dish and compressed with a small spatula to a

thickness of about 0.007 inches (0 178 m) The sheet is then

This Sheet Has Been Relila
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Any or all of these techniques may al so be used in conbination to formthe

shaped aggwﬁtﬁsﬁny sui tabl e apparatus as are known in . %lt,ﬁg?%?%ggay

be used to carry out such operations, and thggoperation may be pertor
with the material or portions of the apparat either hot and/or cold. In a
preferred enbodi nent of the present invention, an aggregate m xture

of
ti o pt tle < | |
Pyarophi |1 ¢ or gantested,abcea0"E £ 30 afhluEeL 1857 foBELd'sPLTPbuN ARG v tS
extruder apparatnesct then alyserale withathexpelumer mpianial uef i thesranecuirser

Figure 12-14 of HaikrpfdieseS THe PesvitRht Midcrosttdoture COfr 585t bR Ninterfiber
(MG awHi | | Book Co apéq 1982) at _Ihﬁgge 331,, which puy I_{ cation IS

i ncor por at ed her &TASHYINKEY c3qaregate B9 gf eSLTUCHTE (SIME13Ts 1913 (NPawoven
t hrsough web. o . .

While particular embodiments of the present invention have
been illustrated and described, it would be obvious to those
ski]]éd in the art that various other changes and modifications
can be made without departing from the spirit and scope of the

10 invention. - It is therefore intended to cover in the appended
claims all such changes and modifications that are within the
scope of this invention. "

This Sheet Has Been Rer]aced
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the Orlflé of the extruder apparatus to feed a pair of driven conpaction

rolls hav&ﬂg
conpr ess

processed:

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

IHI§Igate into the.-formof a sheet. The sheet RCTAURSI/01890
to specific lengths to provide macrostructures that have a

specifically designed size, shape, and/or density. Sinultaneously or after
the interparticle crosslinking agent has been applied, the precursor
partlcles have been physically associ atedgiogether to form an aggregate,
and the dggregate- has—beeﬁ-shaped —the interparticle crosslinking agent is

aggr egat e,
particles,

reacted with the pohyqﬁ&ﬁgahgi of t he precursor partictes of"the

whil e mai
to formc
an interparticle cro

et vaen s he.precors) {“\!ﬂ E[l[’ Mor m
crea

E't ween

gat e nacrostructure.

the interparticle crossllnklng agent and the polyner materi al nust be
activated and conpleted to formthe crosg E[&S. bonds between different
precursor. particles to formthe

1.

A porous, absorbent po]ymeric macrostructure comprising an interparticle
cross1inked aggregate, characterized in that it comprises (i) a
multiplitity of precursor particles of substantially water-insaluble,
absorbent, hydrogei-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 aggregate having pores between
adjacent of said précursor particles, said pores being interconnected by
intercommunicating channels, thus forming a liquid permeable
macrostructure, the c{rcumscribed dry volume of the macrostructure being

greater than about 10.0 cm3,

The macrostructure of Claim 1, characterized in that. the precursor
particles have a mass_averagé particle size less than 600 micrometers,

preferably Tess than 300 micrometers.

The macrostructdré of Claim 1 gr 2, characterized in that the precursor
particles comprise fibers.

The macrostr"uct'ure of any one gf_ the preceding claims, characterized in
that, in addition to having interparticle crosslinking, the precur;dr
particles also have surface crosslinking.

The macrostructure of any one of ‘the preceding claims, characterized in
that the substantially water-insolublie, absorbent, hydrogel-forming,
polymer material has carboxyl groups and the interparticle crosslinking
agent has at least 2 functional groups pef molecule capable of reacting
with the carboxyl groups of said polymer material of said precursor

particles.

The macrostructure of any one of the -preceding claims, characterized in
that the substantially water-insoluble, absorbent, hydrogel-forming,
polymer material of the .precursor particles is selected from the group
consisting of hydrolyzed starch-acrylonitrile graft copolymer; partiaily



interparticle crosslinked aggregate. Al t hough the crosslinking reaction

may be acti WO 618ik2i rradiation (e.g., ultraviolet, ganma- ﬁﬁfﬁgb%i%)

or by a catalyst as an initiator and-an activator, the crossll I'n

réeaction is preferably thermally activated (heating).  Heating activates

and drives the reaction and drives off gax volatiles -present. in the
|1

m xture.. - Such 27 reaction conditions 'genera I nvol ve heatlng

t he associ ated precursor particles and the interpart| qgg agent
for certain times and at certain tenperatures. The ht e
carried out using a nunber of different appar at-us as are ndmn"lnélu ng

the various ovens or driers as are known in the art. Generally, the

reaction .is

effected by -heating to a tenperature above about [err]

for a suffici emeutrakized ctaptietaerylomitrile graft copolymer; starch-acrylic acid

10.

graft copolymer; partially neutralized starch-acrylic acid graft
copolymer; saponified vinyl acetate-acrylic ester copolymers; hydrolyzed
acry]onitrilé or acrylamide copolymers; slightly network crosslinked.
products of any of the foregoing copolymers; partially neutralized

polyacrylic acid; or slightly network cross]xnked products of part1a11y
neutralized polyacrylic acid.

The macrostructure of any one of the preceding claims, characterized in

~that the interparticie crosslinking agent is selected from the group

consisting of polyhydric alcohol compounds, polyglycidyl ether ;ompounds,
polyfunctional aziridine compounds, polyfunctional amine compounds, and
polyfunctional isocynate compounds. '

The macrostructure of any one of the preceding claims, characterized in
that it comprises a sheet having a thickness greater than 250 micrometers,
preferably from 0.5 to 3.0 mm.

An absorbent article comprising a liquid pervious topsheet; a 1liquid
impervious backsheet joined with said topsheet; and an absorbent core
positioned between said topsheet and said backsheet, said absorbent core
comprising one or more of the macrostructures of any .one of the preceding
claims.

A method for producing a porous, absorbent polymeric macrostructure
according to any one of C1a1ms 1 through 8, said method comprising the
steps of: -

a) .- providing a multiplicity of precursor particles of substantially
water-insoluble, absorbent, hydrogel-forming, polymer material;

b) applying an interparticle crosslinking agent onto said precursor
particles, said interparticle crosslinking agent being capable
of reacting with said polymer material of said precursor
particles; o T

’”‘ﬁﬁ‘iiTn’i‘iilﬁili“ *‘Tm




crossli nk{i ng reaction. For each set of specific interparticle
crosslinking agent(s) and polyner nmaterial of the precursor particles used,
if the teW@OMIS362 is too |low or the time is too short, the reBET/USHPIR0
mot be sufficiently driven resulting in fewer and weaker interparticle
crosslink bonds thereby causing sone | oss of liquid permeability of the
macrostructure upon swelling. If the tefPerature is too high, -the - -
absorbency of the precursor particles may be degraded.or the_netvi/o\lﬁ

[,

crosslinks of these precursor particles, depending - m““\“ﬂ‘

pol ymer materials, may be degraded to such a point H S
macrostructure is not useful -for absorbing |arge quattities of Iiquids.
In addition, if the tine and tenperatures are not correct, the

extractable | evel s of the resultant aggregates nay increase, thereby
i ncreasing the incidence of. that formof gel blocking. Therefore, the

reaction wll gengyal tuymawyriasdomltiu% Zaidmpreetirsor i pattielesingo fflopm an
about [err] to about Sérggatgo "Kavihg " $oRE Y fntBRLsHHRLked Cby! *ﬁe%gﬁﬂunicating

[err]. The tine to
: channels; and

d) | reacting said interparticle crosslinking agent with said polymer
material of said precursor particles of said aggregate, while
maintaining the physica'l association of said precursor
particlies, to form crosslink bonds between said precursor
particles to form an interparticle crossliinked aggregate
macrostructure. '
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conplete the reaction, in the absence of catalysts, will general,
about 5 minutes to about 6 hours nmore preferably from about 1f&sdutes to

_apouft 4 hours. t'lg t he pref, gjuug% r;g&, R%ggx+g\g‘0Nof t heli@ e ur sor .~ .~

UMY
particles, slig net wor k cros ki 0t S partially \L.'é’ le o A
pol yactyl {6 4% E#‘pﬁﬁgﬁ"rﬁiﬁuﬁﬂshﬁ‘ﬁ%ﬁé&ﬁé EAféﬁﬁéébﬁEﬂA%ﬁ%ELﬁ p%'ﬁh
as gl ycera LI nanhe an ons Wi ,n\/n Ve’ a
t enper a(SDﬂ!!eroﬁonﬁlrlhthlfuh{uesﬂ] to abouf (l[)emn}atidndrl'uumw Nighbérour s thVﬂowwlSSGZ
30 m nute e Mor e pref er@bl |on I s carried out
t enper pt ur%éuﬁgﬁtIa 5’%\5% out [err] |to & ﬁ"t"'“’T° ;]' '“f"ﬂrn‘“'aboulm“?%“'99”2?3'09')
m nut ef 10 about 4b m nuTes, respecirvely] The actual ti1ne and

t er Indesnativn el Applicakibn Numbey: de pRCIIUISA) 700890 h (M4 8EED,i T David; dale Technical Ctr.. 5299
enper pen " Pkt by P B/ me;ﬁl?g Grove Av&?a Cmclnﬂnm 2):—1 ::21'1712?087 EUS) et

(22) International Filing Date: 25 March 1991 (25.03.91)
(30) Priority data: : (81) Designated States: AT (European patent), AU, BE (Euro-
503,393 2 April 1990 (02.04.90) uUs pean patent), BR, CA, CH (European patent), DE (Eu-
ropean patent), DK (European patent), ES (European
patent), Fl, FR (European patent), GB (European pa-
(71) Applicant: THE PROCTER & GAMBLE COMPANY tent), GR (European patent), HU, IT (European patent),
[US/US]); One Procter & Gamble Plaza, Cincinnati, OH JP, KR, LU (European patent), NL (European patent),
45202 (US).- PL, SE (European patent), SU.

(72) Inventors: ROE, Donald, Carroll ; 1041 Jonquil Lane, Cin-
cinnati, OH 45231 (US). LAHRMAN, Frank, Henry ;| Published

10642 Thomview, Cincinnati, OH 45241 (US). BERG, With international search report.
Charles, John ; 9433 Wyoming Point Place, Cincinnati,
OH 45232 (US).

(54) Title: POROUS, ABSORBENT, POLYMERIC MACROSTRUCTURES AND METHODS OF MAKING THE SAME

nliiiiiﬁiilf““uﬂi‘““

Absorbcm polymeric macrostructures (52) that are porous and comprise an interparticle crosslinked aggregate having a cir-
cumscribed dry volume greater than about 10.0 mm?. The interparticle crosslinked aggregate comprises a multiplicity of prec-
ursor particles of substantially water-insoluble, absorbent, hydrogel-forming, polymer material; and an interparticle cross-
linking agent reacted with the polymer material of the precursor particles to form crosslink bon'ds between the precursor
particles. Because of the particulate nature of the precursor particles, the macrostructure (52) has pores between adJacem
precursor particles. The pores are interconnected by mteroommumeatmg channels such that the macrostructure is liquid
permeable.
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materials used for the precursor partlmlggheem RS eC|f|c
interparticle crosslinking agents used,  the

cat al yst usMP Y1882y e t he reacti on, and t he ﬁm%& [ aﬁ%{@iﬁg’f"’!ﬁ?@
macrostfucture. The crosslinking reaction ca by addi ng an

initiator and/or a catalyst to the |nd partlcle crosslinking agent to
reduce the tine and/or the terrperature and/ or the anount of |nterpart|cl e

crossl i nki .@Vr o S @ tﬁ recyfsaf part i c[[€s. t oget

CGeneral ly, iEaEf, t g& % 0 i riane® abg % - at al yst .
The physic® socigagl @ of ’t‘he pr § ' art | es, nexghls t I nt ai ned
during the C ' ) s ‘ o ™ ¥ crosWink bonds
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typical ly maintained By kisiiak B, Wil Rl dissociation forces or stresses
are introduced during t ep. As an optional and preferred step
in the et %292 ﬁﬁ%rﬁr{ absorbent, polymeric macPEEUSIE048%,

t he conponent precursor t he2fdicrostructure are surface

- treateds For exanple, U-S. Patent 4,824,901 issued to Al exander et- al. on

April 25, cles-w t-h
a poly-que bri al '
exi sting g particles
I's surfacH entitled
Absor ben and U. S.
Patent 4,78 T - - B . A hki not o et
al . on Maplfihedl £ . - e -  dr- - bf er ence.
By utili 1 !

ention,




29 macrostructure, when swollen, is inPRRY&Set Has Blfk: @Qi y, the .
I nterparticle crosslinking agent applied ursor particles
- al so serves MO NAS36r f ace crossli nkl endlﬂﬂﬂm BH‘IHH& el S91601890
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pol ymer material of the precursor particles, either imediately after the
above steps are conpleted or after the aggregate has been |eft stand|n§9J

a period ofWOMESIH sinultaneously formand surface cross| PRk
ﬁacrost?ucture Typi cal |y, t he precursor particles are introduced into
a vessel and m xed with a solution of an interparticle crosslinking

agent, water, and a hydrophilic organic solvent atom zed onto the
precursor particles to form an aggregate. The interparticle
crosslinking agent, water, and ‘the philic organic solvent

serves as an associating agent for the/precursor particles. The

I nterparticle crosslinking agent al so serves as a surface crosslinking

agent. Thee.agoy PN Y [t he jag ‘. ord!ﬂrs t he
aqueous IESEAN N o T, ."; o a de heet -f orm
by a conbi §§“ e bch s (vaues-as desCri bed above.
The inter ™ | 4= ‘ N A<\ <K ecacted by heat i ng
with the polﬁu ““' \ the | precur sor

particles o
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interparticle crosslinked aggregat e macrostructure and

siul t aneous] i surface crosslink the surfaces of the precursor particles
of the r.;esm@éﬁ 153& 1 ost ruct ure. 30 Under certain conditi oRST/4$74/01890
ré§ultaﬁl macrostructures can be sonewhat inflexible and brittle. Mre
flexiblé macrostructures can be obtained in several ways. For exanple, a
pl asticiger can be added to the nkgy/fytructure after the
interparticle crosslinking reaction is ‘conplete. Suitable plasticizers

i nclude water, high nolecular wei ght hydrophilic organic solvents (e.g.,

gl ycerol; 1, 3-propanediol; or ethylene glycol), or polyneric solutions .
(e.g., polyvinyl alcohol or polyethylene glycol), or mxtures thereof.

The plasticizer can be applied to nacrostructuggF in a nunber of
di fferent ways including spraying, /
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FIELD OF THE INVENTION

The present invention relates to absorbent polymeric
compositions which, upon contacting liquids such as water or bbdy
exudates, swell and imbibe such liquids. More specifically, the
present invention relates to polymeric compositions that iare
macrostructures such as a sheet, film, or strip. Such absorbent
polymeric macrostructures are porous so as to be liquid permeable.
These porous, absorbent, polymerié macrostructures are useful by
themselves or in absorbent articles such as diapers, adult
jncontinence pads, sanitary napkins, and the like. ' The present
jnvention also relates 1o methods of producing such porous,
absorbent, polymeric macrostructures.

BACKGROUND OF THE INVENTION -

Particulate, absorbeht, polymeric compositions are capable of
absorbing large quantities of 1iquids such as ‘water and body
exudates and which are further capable of retaining such absorbed
1iquids under moderate pressures. These absorption
characteristics of such polymeric compositions make them
especially useful for incorporation into 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 use of particulate, absorbent,
polymeric compositions  (also " referred to as hydrogels,
superabsorbent, or hydrocolloid materials) in absorbent articles.

Conventional particulate, absorbent, polymeric compositions,
however, have the 1imitation that the particles are not
immobilized_and are free to migrate during processing and/or use.

in the

00
cursor
S

rsor
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adj acent precursor particles that allow the passage of liquid into the

I nterior of the macrostructure. The pores are fornmed into the

maer ostructure because the precursor particles do not “fit" or pack tightly
enough, even when conpressed, to elimnate the pores. (The packing )
efficiency of the precursor particles is less than.l.) The pores are
generally smaller than the constituent precursor particles and provide
~capillaries between the precursor particles® to transport Lliquid into
the interior of the macrostructure. 31 The por es are

i nt erconnect ed | - [l nj ' I
n%jgm%‘cae pR¥tigies di¥irg b%egggggt };ﬁ@h%ﬁgt&hﬁeeﬁﬁ

Lo be ¢ ranapor t ediepAngaasFEt AP edapiitastur (ng,: GReE# LI Ophadnae by @5
fornmed) to ot her nonhomogeneous incorporation of the particles into structures in

which the particles are being used. A more significant problem,

though, occurs when these particulate materials migrate during or

after swelling. Such mobility leads to high resistance to liquid

flow through the material due to the lack of stable interparticle

capilliary or liquid transport channels. This phenomenon is one

form of what is commonly referred to as “gel blocking".

One attempt to overcome the performance limitations
associated with particle mobility in the context of their use in
absorbent articles has been the incorporation of the particulate,
absorbent, polymeric compositions into tissue laminates (layered
absorbent members). By encapsulating the particles between tissue
layers, the overall particle mobility within an absorbent -member
is diminished. However, upon 1liquid contact, 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 has been to immobilize the
particulate, absorbent, polymeric compositions by the addition of
large quantities of 1liquid polyhydroxy compounds that act as an
adhesive to hold the particles together or to a substrate. An
example of this .technology is disclosed in U.S. Patent 4,410,571
issued to Korpman on October 18; 1983. While this approach does
1imit migration before and, to some extent, during swelling, the
particles eventually become detached from each other wupon
presentation of excess 1iqdid to such polymeric compositions,
resulting again in the breakdown of any preexisting capillary
channels between the particles.

A further attempt to overcome the problem has been to produce
a superabsorbent film via extrusion of a solution of a linear
polymer and subsequent crosslinking of the polymer. An example of
this technology is disclosed in U.S. Patent 4,861,539 issued to
Allen et al. on August 29, 1989. While these superabsorbent films
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portions of the macrostructure so that the total volune of the
macrostructure i s used in absorbing such liquids. Further, when swoll en,

t he- pores and the intercomuni cating channels a||OMI|IQUIdS to pass through
the macrostructure either to |ayers of precursor particles remote fromthe
initial point of liquid contact or to other structures in contact with the
macrostructure. Thus, the macrostructure is considered to be liquid

per neabl e due to the pores and the intercoﬁnunicating channel s. The void
fraction (i.e., the total volune of the macrostructure that
conprises the po t I va f n
prg‘éursor partPc’f“"é’s afi‘{b% ?{;‘%n‘#ﬁémf ﬁdan?i"ﬁe@ gliu'avmns, Wef,‘v h3le %ﬂ%é@%
precursor partic E“i‘f zté‘aﬁﬁpﬁ'? iRygeerties tarﬂ‘é ﬁ""glﬂé?"et ke aedi B q‘lké'& 48 tRi 1 1 Dbe.
Thus, it is prefthdiedackofatntieongdr capiddaty ghwmelsmi d fractions in a
densified state, that the precursor particles have a relatively narrow
particle size distribution. Another feature of the macrostructures of the

present Therefore, the present invention seeks to resolve the above
problems by providing a  porous, absorbent, polymeric
macrostructure. ' '

Thus, it is an object of the present invention to provide
absorbent polymeric macrostructures that are porous.

It is a further object of thé present invention to provide
r absorbent polymeric macrostructures that remain intact and
transport liquid even upon saturation with excess liquid.

It is a still further object of the present invention to
provide absorbent polymeric macrostructures wherein the compdnent
precursor particles and pores retain their relative geometry and
spatial relationships even upon saturation with excess liquid.

It is an even further object of the present invention to
provide absorbent polymeric macrostructures that increase in
liquid permeability upon swelling.

It is another object of the present invention to provide a
method for producing such absorbent polymeric macrostructures.

It a further object of the present invention to provide
improved absorbent broducts, absorbent members, and absorbent
articles (such as diapers or sanitary napkins) incorporating the
absorbent polymeric macrostructures of the present invention.

SUMMARY OF THE INVENTION

The present invention provides . an absorbent polymeric
macrostructure that is porbqs. The porous, absorbent, polymeric
macrostructure comprises an interparticle crosslinked aggregate

This is the replacement sheet

02 SEP 1936

Date:



I nvention S t hat t he macr ost ruct ures swell . generally
I sotropically, even under noderate confining pressures, when |liquids are

deposited onto or come into contact with the macrostructures. |sotropic
swelling is used herein to nean that the macrostructure swells generally-
equally in all directions when wetted. |sotropic swelling is an

i nportant property of the macrostructure because the priecursor particles
and the pores are able to naintain their rejative geonetry and spati al '
rel ati onshi ps even when swol |l en such that the existing capillary channels
are maintained, if not enlarged, during use. (The pores and the
precursor parti cdlaeing gecirdumsepibed ddmy rvglumencgreatey. than Theut, 10tthenms.
macrostructure CRE jAtEPHAILIcRNGrHYs1 1Ak ABGFdgatd omprdles o maPtip1Addyti onal

| oadings of i qU|° warLgLJgg; gggrtQL é%klr%¥ suﬁ%gantially 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
different precursor particles. Because of the particulate nature
of the precursor particles, the macrostructure has pores between
adjacent precursor particles. The pores are interconnected by
intercommunicating channels such that the macrostructure is liquid
permeable (i.e., has capillary transport channels).

Due to the interparticle crosslink bonds formed between the
precursor particles forming the interparticle crosslinked
aggregate, the resultant macrostructure has improved structural
integrity, increased liquid acquisition and distribution rates,
and minimal gel blocking characteristics. It has been found that
when the macrostructure 1is contacted with liquids, the
macrostructure swells generally isotropically even under moderate
confining pressures, imbibes such 1liquids into the precursor
particles, and absorbs such 1iquids into the pores. 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 precursor particles do not
dissociate from each other, thereby minimizing the incidence of
gel blocking and allowing the capillary channels to be maintained
and enlarged when swollen so that the macrostructure may acquire
and transport subsequent loadings of 1iquid, even excess 1iquid.

The present invention also relates to improved absorbent.
products, absorbent members, and absorbent articles incorporating
the porous, absorbent, polymeric macrostructures of the present
invention. The macrostructures enhance the 1liquid handling
characteristics of such products by rapidly acquiring
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An indication that crosslink bonds are being formed in the macrostructure
between the previously independent precursor particles is that the
resul tant macrostructures are fluid (i.e., liquid) stable. "Fluid
stable" is wused herein to nean a nmacrostructure conprising an
Interparticle crosslinked aggregate that upon contact wth or swelling
(with and/or without stress) in an aqueous fluid remains substantially
intact (i.e., nmost of the previously indepéhdent conponent precursor
particles remain joined together). ~ Wile the definition. of fluid
stability recognlzes t hat 1ost rsor r S | |ned

t oget her, pref er A3AYIdsH| "(fff"i’ﬁ@gbr eaﬁsrtgitf"} §£'U§8§ 11&‘“{]3 t he
mRcrostruct ure reThowing] fomebe acoujstition, an If-DWéD@Tt °f|$tUb§¢ﬂ98'Ptd‘°§€"95
recogni zed that sy {lﬁd& hgngr,ﬁﬁ,qﬁ,ﬁghg Pt bwcgsngmayd e Sigr @t idn t WiaRsel ves

from the macrostruc ure 1f, for exanple, other particles have been
subsequent |y wat euc g"gj‘Pg‘l‘Férsat ed to the macrostructure Fl ui d stability
i's an | mport ant feature of t he
The present invention also relates to methods of producing
such porous, absorbent, polymeric  macrostructures. The

macrostructures are produced by applying an interparticle
crosslinking agent onto the precursor particles, physically
associating the precursor particles into an aggregate, and.
reacting the interparticle crosslinking agent with the polymer
material of the precursor particles to form crosslink bonds
between different precursor particles. In a preferred embodiment,
the macrostructures are produced by shaping the aggregate of the
associated precursor particles to form macrostructures of a
desired shape, size, and/or densityQ The component precursor
particles of the macrostructures may also be surface crosslinked.

BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims particularly
pointing out and distinctly claiming the present invention, it is
believed the present invention will be better understood from the
following description in conjunction with the accompanying
drawings in which:

Figure 1 is a photomicrograph enlarged approximately 40 times
showing a perspective view (at 15° from the horizontal) of the
edge of a porous, absorbent, polymeric macrostructure of the
present invention; '

Figure 2 is a photomicrograph enlarged approximately 120
times of a top view of a portion of the macrostructure shown in
Figure 1;

Figure 3 is a photomicrograph enlarged approximately 30 times
showing a perspective view (at 45° from the horizontal) of the
corner of the macrostructure shown in Figure 1;
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-macrostructures of the present invention because it allows the aggregate to
maintain its relative structure in both the dry and swollen states, -and
because it imobilizes conponent precursor particles. In an end product
such as an absorbent nenber or an absorbent article, fluid stability is
beneficial in reducing gel blocking since precursor particles remain
aggregat ed even when contacted wth |iquid, and allows one to use
previ ously independent fine particles in aﬁsaggregate formto increase the
rate of fluid uptake of the resultant macrostructure w thout introducing

 ihe clerent o1 95 DI o oo a0

aggr egat e macr ost Initial

dynami ¢ response ¥ & P akifmegft @8 ROrLIBR  9fuAn Adtemmakiveo spbadiment; 9f; Ae
aqueous fluid is puvees,vabsarbentt, hpol ymbeicf madrpstmaklren haviag! superabsockendi ti on

of the aggregate f‘l’%ﬁFﬁ?%%&J%Wh@ Jg%rﬁ’&?‘ﬁ&ﬁﬁ'g; A test method for

determning fluid sta ty based on these criteria is hereinafter
described in the Test Methods section.

Figure 5 is a photomicrograph enlarged approximately 50 times
of a top view of a portion of the macrostructure of Figure 4;

Figure 6 is a photomicrograph enlarged approximately 75 times
of a top view of a portion of the macrostructure of Figure 4;

Figure 7 is a photomicrograph enlarged approximately 100
times of a perspective view (45° from the horizontal) of a portion
of an alternative embodiment of a porous, absorbent, polymeric
macrostructure having polyester fibers embedded in the
macrostructure;

Figure 8 is a perspective view of a disposable diaper _
embodiment of 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 of the
present invention) of the diaper wherein the absorbent member
comprises a porous, absorbent, polymeric macrostructure of the
present invention;

Figure 9 is a cross-sectional view of the absorbent core of
the diaper shown in Figure 8 taken along sectional line 9-9 of
Figure 8; and

Figure 10 is a perspective view of a disposable diaper
embodiment of the present invention wherein portions of the
topsheet have been cut away to more clear1y'show an alternative
absorbent core embodiment.
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33 In"use, liquids that are deposited onto or conme in contact with the
macr ostructures are inbi bed by the precursor
the pores and transmitted to other portions of the macrostructure where
they are inbibed by othér precursor particles or transported through

macrostructure
6 show an alternative enbodi nent of the present invention wherein the
precursor particles conprise different %hapes and chem stri es. The

particles or are passed into

t he

to other absorbent nenbers-adjacent thereto. Figures 4 -

precursor particles consist of a nlxture of  irregul ar-shaped granul es

and fibers
Figures 4 -

61

(i.e., super gfp5s
the fibers arfﬁ

Chem cal Conpany of WImngton, DE. Figure 4 shoms t he general

Porous, absorbent polymeric macrostructures of the present
invention are structures capable of absorbing large quantities of
liquids such as water and/or body exudates (e.g., urine or menses)
and which are capable of retaining such liquids under moderate
pressures. Typically, the porous, absorbent, polymeric
macrostructures of the present invention will swell generally
isotropically and rapidly absorb the liquids.

As used herein, the term “macrostructure” means a product
having a circumscribed volume when substantially dry (i.e.,
circumscribed dry volume) of at least about 10.0 mm3, preferably
at least about 100 mm3, more preferably at least about 500 mm3.
Typically, the 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
macrostructures have a circumscribed dry volume of between about
1000 mm3 and about 100,000 mm3.

- While the macrostructures of the present invention may have a
number of shapes and sizes, the macrostructures 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 0.25 mm and
about 10.0 mm. 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 greater
than about 250 microns. The sheets will preferably have a

thickness between about 0.5 mm and about 3 mm, typically about 1l
mm.

The macrostructures of the present invention are formed from
polymer materials capable of absorbing large quantities of
liquids. (Such polymer materials are commonly referred to as
hydrogel, hydrocolloid, or superabsorbent materials.) The
macrostructures preferably comprise substantially water-insoluble,
absorbent, hydrogel-forming, polymer material. The - specific
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shape-of such a macrostructure. As shown in Figure 4, the fibers provide a
matrix wherein relatively snmall pores are forned between the granul es and
relatively | arge pores are formed about the fibers. Figure 5 shows nore
detail relating to the shape and size of the pores and that the granul es -
are interparticle crosslinked to the fibers. Figure 6 shows in nore detai
the large pores and channels fornmed in the macrostructure by the addition
of the fibers and the particle/fiber bonding. * "The rel ative anount of
super absorbent fibers mxed with the granules can vary w dely. For exanple,
the macrostructure may be fornmed of only the superabsorbent fibers;
the resultant neROIYEAT @aterialn il hgbe HH sapssed hereinowi thomeenest t9 bkhe webs.

I n the enbodi mentgsol ghervmaterifisgfording! the Gretfraop ypetRheor bent fibers
conprise fromabout 0.1%to about 50% nore preferably fromabout 0.5%to

about 10% by weight of the total anmpunt of precursor particles. \Wen
super absor bent fi ber Ascshfwni te Figures 1k apd 3p {)!weporous, absorbent, polymeric

macrostructures of the present invention comprise an interparticle
crosslinked aggregate. An interparticle crosslinked aggregate is
the porous structure formed by Jjoining together two or more,
typically about ten or more in the present invention, previously
independent preéursor particles. The precursor particles are
joined together by interparticle 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 particlés that form the aggregate.

_ As shown in Figure 1, the interparticle crosslinked aggregate
is formed from a multiplicity of precursor particles. Due to the
preferred size for the precursor particles used herein, the
interparticle crosslinked aggregate is typically formed from ten
or mofe, preferably about fifty or more, precursor particles. The
precursor particles of the present invention are in the form of
discrete units. The precursor.partiCIes can comprise granules,
pulverulents, spheres, flakes, fibers, aggregates or agglomerates.
Thus, the precursor particles can have any desired shape such as
cubic; rod-like; polyhedral; spherical; rounded; angular;
irregular; randomly-sized irregular shapes (e.g., pulverulent
products of a grinding or pulverizing step) or shapes having a
large greatest dimension/smallest dimension ratio 1like
needle-1ike, flake-like, or fibrous shapes, and -the 1like.
Preferably, as shown in Figures 1 - 3, the precursor particles are
in a finely divided powder form of randomly-sized irregular shaped
pulverulent granules or flakes.

Although the precursor particles may have a size varying over
a wide range, specific particle size distributions and sizes are
preferred. For purposes of the present invention, particle size
is defined for precursor particles that do not have a large
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precursor particles, the fibers are preferably thoroughly mxed with the
ot her precursor particles so that the fibers are interwoven between nmany
different precursor particles. 34 Figure 7 shows an alternative
enbodi ment of a macrostructure of the present invention wherein
reinforcing nenbers such as fibers (fibrous or fiber material)
are enbedded in the nmacrostructure. The reinforcing nenbers provide
strength (i.e., structural integrity) to the swollen macrostructure. In
certain enbodinents, the reinforcing fibers also provide nenbers that

Qu okl y ok L1 Sphiist b hu TSRS Bt 05 ERABBERLE Y RTELT,

conprise fibersgranudes: &lakesePn pulyerylentslonsithg ‘?ﬁ"@é’ﬂ@)‘ ofaR tAvecHTiSOnt her

materials such agrfich@nmiieh, i detormined Dy sieve size anmalysis. Thus, for
example, a precursor 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 precursor 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 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 between about 1 micron
to about 2000 microns, more preferably between about 20 microns to
about 1000 microns.

Further, for purposes of this invention, the mass average
particle size of the precursor particles 1is important in
determining the characteristics and properties of the resultant
macrostructures. The mass éverage particle size of a given sample
of precursor particles is defined as the particle size which is
the average particle size of the sample on a mass basis. A method
for determining the mass average particle size of a sample is

. described hereinafter in the Test Methods section. 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 have a mass
average particle size 1less that about 1000 microns, more
preférably less than about 600 microns, most 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 about 300 microns, more
preferably 1less than about 180 microns. 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
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‘nonwoven webs, woven webs, or scrins as are known for their reinforcing
properites may be used. Figure 7 shows an enbodi nent wherein pol yest er
fibers are i nt er woven t hr oughout t he macrostructure. SpeC|f|caIIy,
the polyester fibers are contained within the intercomunicating
channels to provide increased swollen structural integrity for the
macrostructure. Various types of fiber material can be used for the .
reinforcing nenbers in the nmacrostructulles of the present invention
Any type of fiber material which is suitable for use in conventional

absorbent products is aglso suitabl use .in the rostructures herein.
Speci fic exanpl eéis‘ft sggéhmf |"ff(39ﬂrm&$ertﬁﬁl PYEGUT$PTe pé@‘lqafﬂ Eé‘"? i @RELICR i f i ed
cel l ul ose fi bers,sizaybetweerol aboubp§d emixrons aand aboot y 8K enicronisi beNarowsuch

as  pol yet hyl eng Qi3 i etme £9@CB%1bm%9pivel bﬁefeweenbédﬂw%w and
the like. Exanpl'es qf .othe

erla S
i nvention in addi"&®t {8 %oﬁr@hﬁfr%‘&?? Wi é'@ﬁE%%&"%ﬁ”ée h‘i”d Eﬂhpf)ﬁifeﬂ‘gther
hydr ophobi ¢ fi berveid sfract ton whed adensifiedr versus droaderi precursoxt edrticle

size distributions with equivalent mass average particle sizes.

The particle size of materials having a large greatest
dimension/smallest dimension such as fibers is typié;ily defined
by their lérgest dimension. For example, if absorbent, polymeric
fibers (i.e., superabsorbent fibers] are wused in the
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 may 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
100 mm, more preferably between about 10 mm and about 50 mm.

The precursor particles comprise substantially
water-insoluble, absorbent, hydrogel-forming, polymer material.
Examples of polymer 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 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 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
acid-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 tyﬁes
of functional groups: carboxylic acid or sulfonic acid esters,
hydroxyl groups, amide-groups, amino groups, nitrile grdups and
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t hernopl astic fibers derived, for exanple, from pol yol efins such as

pol yet hyl ene or pol ypropyl ene, pol yacrylics, pol yam des,

pol ystyrenes, pol yurethanes and the like. |In fact, hydrophilized

hydr ophobi c fibers which are in and of thensel ves not very absorbent and
whi ch, therefore, do not provide webs of sufficient absorbent capacity to
be wuseful I n conventional absorbent structures, are suitable for use
in the macrostructures of the present invenlion by virtue of their good

wi cking properties. This is because, in the macrostructures herein, the

Mhpor tant, than (HECeTBe: Aomintin sabF ol ¢ nery Bl mphone? ack e Thue ¢
the high rate of knpwn gmatgniaks andRneadescoibegein greater Metpilpéern iexempde, t he
macrostructures ofp §Ie PaRneNd,076)663t i Ssued I MEKIda Cetl aPErGh February 28,

1978 and in U.S. Patent 4,062,817 issued to Westerman on December

13, 1977, both of which are incorporated herein by reference.

~ 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-methyl
acrylic acid (crotonic acid), alpha-phenyl acrylic acid,
o~ beta-acryloxy propionic acid, sorbic acid, alpha-chioro sorbic
acid, angelic acid, cinnamic acid, p-chloro cinnamic acid,
beta-steryl acrylic acid, 1{taconic acid, citraconic acid,
mesaconic acid, glutaconic acid, aconitic acid, maleic acid,
fumaric acid, tricarboxyethylene and maleic acid anhydride. ..

Olefinically unsaturated sulfonic .acid monomers include
aliphatic or aromatic vinyl sulfonic acids such as vinylsulfonic
acid, allyl sulfonic acid, vinyltoluene sulfonic acid and styrene
sulfonic acid; acrylic and methacrylic sulfonic acid such as
sulfoethyl acrylate, sulfoethyl methacrylate, sulfopropy!
acrylate, sulfopropyl methacrylate, 2-hydroxy-3-acryloxy propyl
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 aéetate-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.
These polymers may be used either independently or in the form of
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are generally preferred for use herein as the fiber conponent of the

macr ost ruct ur e. Most preferred are polyolefin fibers, preferably
pokyester fibers. Oher cellulosic fiber materials which nay be useful
in certain macrostructures herein are chemcally stiffened cellulosic
fibers. Preferred chemcally stiffened cellulosic fibers are the
stiffened, twisted, curled cellulosic fibers which can be produced by )
internally crosslinking cellulose fibers wilgh a crosslinking agent. Types
of stiffened, twi sted, curled cellulose fibers useful as the hydrophilic

fiber materi al here%n are gezpribed in greater detail |n U S. PaéePt
4,888,093 entit| &d™¥HERy LMD L8 mONE, JLINPNRTS, EPPAOURdSA, Prpthecdike,,
Maki ng Sai d Fi beExampiles wédthesepelyment materiohs Berecdisclosed, inl Y39, RIt@t Pat ent

4,889,595 entitl gdsg1PEmGess Fopatviki BO7606H3YI WUl | Bdnt O 293! Freked & bers
Docenber 26, - 10pBateantes. bphuia; 'ﬁ?é@éﬁé%?&fm#ﬁi%‘fpﬁ ocess For Making.
| ndi vi dual i zed Crosslinked Fibers And Fi bers Thereof"

' Most preferred polymer materials for use as the precursor
particles are slightly network crossiinked products of partially
neutralized polyacrylic acids and starch derivatives therefrom.

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 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
macrostructure. Processes for network crosslinking the 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:
U.S. 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. These
patents are incorporated herein by reference.
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i ssued to Schoggen et al. on Decenber 26, 1989; U.S. Patent 4,889, 597
entitled "Process For Mking Wt-Laid Structures Containing

| ndi vi dual i zed Stiffened Fibers" issued to Bourbon et al. on Decenber 26,
1989; and U.S. Patent 4,898, 647 entitled "Twi sted, Chemically Stiffened
Fi bers And .Absorbent Structures Made Therefront issued to Mbore et al. on
February 6, 1990. Each of these patents argg ncorporated herein by
reference. As used herein, the term "hydrophilic" describes fibers or the
surfaces of fibers which are wetted by the |iquids deposited onto the
fibers (i.e., if wat@refurredumetbsdshofdy Fowmidg r thediprecwsoeapartociesr aoyer

the surface of ”'tﬁ?; qrhawtt?ﬁ%tlvéegﬁtﬂoﬁ V‘Qﬁﬁ{‘ﬁfn Ororn%tﬂen'e fsbP&ion

actual Iy i nbi bes the art res ecting

wetting of nater P4l sgﬂemmn @éfMﬁu & @rscmkaﬁdahmﬁ epw (%fﬁde'!ﬁéf’tq ﬁg) in

ternms of contact 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 polymerization conditions which are sufficient
to produce in the mixture, substantially water-insoluble, slightly
network crosslinked polymer material. The mass of polymer
material thereby formed is then pulverized or chopped to form the
individual precursor particles.

More specifically, the aqueous 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
comprise about 100 partS by weight of the monomer material.
Another componént of the aqueous ‘reaction mixture comprises a
network crosslinking 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
crossliinking agent will generally be present in the aqueous
reaction mixture in an amount of from about 0.001 mole percent to
about 5 mole percent based on the total moles of monomer present
in the aqueous mixture (about 0.01 to about 20 part§ by weight,
based on 100 parts by weight of the monomer material). An
optional component of the aqueous reaction mixture comprises a
free radical initiator including, for example, peroxygen compounds
such as sodium, potassium, and ammonium persulfates, caprylyl .
peroxide, benzoyl peroxide, hydrogen peroxide, cumene
hydroperoxides, tertiary butyl diperphthalate, tertiary butyl
perbenzoate, sodium peracetate, sodium percarbonate, and the like.
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36 angles and the surface tension of the liquids and solids involved. This
Is discussed in detail 1in the American Chem cal Society Publication
entitled "Contact Anole. 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 a liquid either when the contact angle between the liquid and the
fiber or surface is less than [err] or mhg the liquid will tend to spread
spont aneously across the surface of the fiber; both conditions normally
coexisting. The fiber material may be added to the macrostructures by

intr ?dugi ng t heofielpedptidniall Ocompérieht OBFEHEN a?xh@uk rﬁeﬁéﬁ%htﬁﬁkﬁ-e%mfidenkj ng
agent, by m xing Wi e _Drecurso ' y

interparticle c%ss"%hﬂ&?c%ggggﬁt‘? %?'R'gé&%&dﬁ'ﬁt%ihg{fiit"g]el?ﬂ%téesglg%ﬁ .ht{efo the
interparticle ctigssessertin] adpsatyratedunrsidicpafuncdienati xgrgue-coptainingr ef erred
enbodi nent, t hemdniohérs Gt sthenlco-oromerriabntainting rohearboryLropasilifen i
crosslinking agapl ficefdhatHies at atl. |

The aqueous reaction mixture is subjected to polymerization
conditions which are sufficient to produce in the mixture
substantially water-insoluble, absorbent, hydrogel-forming,
slightly network crossiinked 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 is maintained
can also include, for example, subjecting the reaction mixture, or
portions thereof, to any conventional form of polymerization
activating irradiation. Radioactive, electronic, ultraviolet, or
electromagnetic  radiation are. alternative conventional
polymerization techniques. ' '

The acid functional groups of the polymer materials formed in
the aqueous reaction mixture are also preferably neutraiized.
"Neutralization can be carried out in any conventional manner which
results in at least about 25 mole percent, and more preferably at
Teast 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 salt-forming cations
include, for example, alkali metals, " ammonium, substituted
ammonium and amines as discussed in further detail in the
above-referenced U.S. Patent Re. 32,649 issued to Brandt et al..

_ While it 1is preferred that - the precursor particles be
manufactured using an aqueous solution polymerization process, it
is also possible to carry out the polymerization process using
multi-phase polymerization processing techniques such as inverse
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particle m xture. The fiber material 1is preferably thoroughly m xed wth
the solutions so that the fiber material is uniformy dispersed throughout
the macrostructure. The fibers are also preferably added before reacting
the interparticle crosslinking agent with the polyner material of the
precursor particles. The relative amount of fiber material m xed with the
precursor particles can vary widely. The fiber material is preferably added
in a range fromabout 0.01 parts to about ¥ parts, nore preferably in the
range of from about 0.5 parts to about 2 parts, by meight per 100 parts by

wei ght of the precyrsor rticle The porous, absorh
macr ostruct ures 'H'&'E ug‘géf'“?'gp y %bu B‘E%‘ég "’L"ﬁp’ﬁ'ﬁﬁ P?@I’"ép%‘t\m use.
For exanple, thgrovedurest r Uot thes inverseeemd stonf cnolmmtgomom ainMerse; drug

delivery devicesg e Sedubed,Nt i | A
exchange col urm mapgrfﬂ% of fikiriga H;ﬁ‘ﬁ u he eaﬁéma redetion afixtire

horticul tural na?%rﬁ'eé'ﬁg“%el;fecon tru o gﬂ'ég?%'%é?"aifgté rtlé'ﬁuk%’ﬁ‘,al’f ®Liny

droplets in a matrix of a water-immiscible, inert organic solvent
such -as cyclohexane. The resultant precursor particles are
generally spherical in'shape. Inverse suspension polymerization
procedures are described in greater detail in U.S. Patent
4,340,706 issued to Obaysashi et al. on July 20, 1982; U.S. Patent
4,506,052 issued to Flesher et al. on March 19, 1985; and U.S.
Patent 4,735,987 issued to Morita et al. on April 5, 1988; each of
these patents being incorporated herein by reference.

In preferred embodiments of the present invention, the
precursor particles used to form the interparticle crosslinked
aggregate are substantially dry.' The term "substantially dry" is
used herein to mean that the precursor particles have a liquid
content, tybica11y water or other solution content, less than
about 50%, preferab]y'less than about 20%, more preferably less
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 partic]és 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 po]ymer-confaining aqueous reaction mixture can
also be treated with a dewatering solvent such as metharol.
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 macrostructure formed from such precursor particles also
has a high absorptive capacity. Absorptive capacity refers to the
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37 materials; and industrial uses such as sludge or oil dewatering agents,
materials for the prevention of dew formation, dessicants, and humdity
control materials. The porous, absorbent, polymeric macrostructures of the
present invention are useful when joined to a carrier. Carriers useful in
the present invention include absorbent materials such as cellul ose fibers.
The carriers also may be any other carriers_as are known in the art such as
nonwoven webs, tissue webs, foans, pQIyacryFQte fibers, apertured polyneric
webs, synthetic fibers, nmetallic foils, elastoners and the |ike. The

macrostructures ﬁ\yl ot rlnegi&'nr F&lglné(r Watéﬂq'l %Q’orsol ih@ﬁdscﬂtﬂ' Higp and

may be joined ther si cal nown
i ncl udi ng adhesi vis CBH‘“CH&?I contack.n Ab sp Ve @Pasmr%antmy 5‘9“”‘“"“Y
with the nature of the liquid being absorbed and with the manner

in which the 1iquid 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 least about 20 graﬁs, more preferably at least about 25 grams,
of Synthetic Urine per gram of polymer material. Typically, the
polymer materials of the precursor particles herein have an
Absorptive Capacity of from about 40 grams to about 70 grams of
Synthetic Urine per gram of polymer material. Precursor particles
having this relatively high absorptive capacity characteristic
produce macrostructures 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.

The individual precursor particles may optionally be surface
treated. For example, U.S. Patent 4,824,901 issued to Alexander
et al. on April 25, 1989, discloses the surface treatment of
polymeric particles with a poly-quaternary amine. If surface
treated, the precursor particles are ' preferably surface
crosslinked as disclosed in U.S. Patent 4,666,983, entitled
'Absorbent'Article", issued to Tsubakimoto et al. on May 19, 1987;
and U.S. Patent 4,734,478, entitled "Water Absorbing Agent" issued
to Tsubakimoto et al. on March 29, 1988: .which patents are
incorporated herein by reference. As disclosed in the Tsubakimoto
et al. 983 patenf, the individual precursor particles may be
surface crosslinked by applying a surface crosslinking agent onto
the precursor particles and reacting the surface crosstinking

agent with the polymer material on the surface of the precursor
particles.
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macrostructures to the carriers. Because of the unique absorbent properties
of the porous, absorbent, polyneric macrostructures of the present

i nvention, the macrostruct ures are especially suitable for use as absor bent
cores in absorbent articles, especially disposable absorbent articles. As
used herein, the term "absorbent article” refers to articles which absorb
and contain body exudates and nore specifically refers to articles which
are placed against or in proximty to the B8dy of the wearer to absorb and

contain the various exudates di scharged fromthe body

Addi tionally,

"di sposabl e”  absor bggyeaniq épsthgr ?{#ﬁ??@r w ] #rb%'ﬁ ed totgaen e

di scarded after

aferper

a sin

whol e is not int Efﬂféb?’tkﬁdbﬁgﬁra%eﬁéﬁ Ryiefes éYV\f"é"@edr oft thecsame pdyserd as an
absorbent articheteridl whthighe same tprbperties,ethial 6eed0ﬁot Bé |the Qase ! hPor

absorbent articlhe. lﬂ@y sg,ﬁe p?@&%?éregar%{c%%qﬂ? %oﬁpr Aoy myder!?ls h
eferteo oo Y S Py L B s oo

particles may comprise a polymer material of s'lightly network
crosslinked products of partially neutralized polyacrylic acid.

Further, the precursor particles of the mterpartm'le crosshnked

aggregate 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 comprise a polymer material consisting essentially of
slightly network crosslinked products of partially neutralized
polyacrylic = acid; each prec'ursor particle having similar
properties. '

The interparticle crosslinked aggregate of the present
invention also comprises an interharticle 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 is maintained. This reaction forms crosslink bonds
between the precursor particles. Thus, the crosslink bonds are
interparticle 1in nature (i.e., between different precursor
particles). Without wishing to be bound by theory or limit the
scope of the inveation, it 1is believed the reaction of the
interparticle crosslinking agent with the polymer material of the
precursor particlés forms crosslink bonds between the polymer
chains of different precursor particles (i.e., interparticle
crosslink bonds). For the preferred polymer§ herein, it is
believed the interparticle crosslinking agent reacts to form
crosslink .bonds between the carboxyl groups of the previously
independent precursor particles. Without wishing .to be bound by
theory or 1limit the scope of the invention, for the preferred
polymer materials possessing carboxyl groups, it is believed that
the interparticle crosslinking agent reacts with the carboxyl
groups of the polymer material; to form covalent chemical
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a garment generally worn by infants and incontinent persons that is worn
about the Ilower torso of the wearer. It should be understood,

however, that the present invention is also applicable 38 to other
absor bent articles such as incontinent briefs, incontinent pads,
training pants, diaper inserts, sani tary napkins, facial tissues,

paper towels, and the like. Figure 8 is a grspectivg view of the diaper 20
of the present invention in its uncontract state (i.e., with all the
elastic induced contraction renoved) wth portions of the structure

bei ng cut-away t erd¥eYmkChends | betwEEVthd ot iyt EnaGhe @F SiFfbriat 0hRGFs0p0 and

i ' i ' : r facing the
Vi ewer - The di 22@?@%“&d?ﬁ@%ov?ﬁewﬁ"gﬁ%’ﬂagénicﬁg%ig#k?ﬁgﬁ%';‘é%mﬁwseﬂaq qui d
pervi ous topsheeds 3gresyltefuithe 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 crossiinking agents are those agents
capable of reacting with the carboxyl groups in the preferred
polymers to form ester bonds.

Interparticle 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 jnterparticle crosslinking agents may
comprise a number of different agents such as, for example,’
compounds having at least two polymerizable double bonds;
compounds héving 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; or polyvalent metal compounds. Specific
crosslinking agents useful in the present invention are described
in more detail in the hereinbefore referenced U.S. Patent
4,076,663 and U.S. Patent Re. 32,649 which are incorporated herein
by reference.  The interparticle crosslinking' agents may also
comprise monomers (such as previously described) reactive with the

.polymer material of the precursor particles to form polymeric
crosslink bonds.

Where carboxyl groups are present on or in the polymer
material (i.e., the polymer chains) of the precursor particles,
preferred interparticle crosslinking agents are solutions
possessing at least two functional groups per molecule capable of
reacting with the carboxyl group. Preferred interparticle
crosslinking agents include polyhydric alcohols such as ethylene
giycol, diethylene glycol, triethylene glycol, tetraethylene
glycol, polyethylene glycol, glycerol (1,2,3-propanetriol),
polyglycerol, propylene _g1yc61, 1, 2-propanediol, 1,
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| npervi ous backsheet 40 joined with the topsheet 38; an absorbent core 42
posi ti oned between the topsheet 38 and the backsheet 40; el astic nenbers
44;: and tape tab fasteners 46. \Wile the topsheet 38, the backsheet 40, the
absorbent core 42, and the elastic nenbers 44 may be assenbled in a variety
of well known configurations, a preferred diaper configuration is described
generally in U S. Patent 3,860,003 entitle 9"Cbntractable Si de Portions For
Di sposabl e Di aper™, which issued to Kennethi”B. Buell on January 14, 1975,
and which patent is incorporated herein by reference. Aternatively

preferred conflgyrsﬁbpmamor di smsne 8ﬁo\1| aperp% dwelein (ﬁ'é@hanaia"ﬂﬁne,
di sclosed in 17

8
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polyethylene glycol d1g1ycidy1 ether, glycerol polyglyc1dyl ether,
diglycerol polyglycidyl ether, polyglycerel polyglycidyl ether,
sorbitol polyglycidyl ether, pentaerythritol polyglycidyl ether,
propylene glycol diglycidyl ether, and propylene glycol diglycidyl

ether; polyaziridine compounds such as 2, 2-bishydroxymethyl
butanol-tris{3-{i-aziridine) propionate], 1, 6-hexamethyl 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 crosslinking agent or two or more
substantially mutually wunreactive interparticle crosslinking
agents selected from the group mentioned above may be used.
Particularly preferred interparticle crossiinking agents for use
herein with carboxyl-containing polymer material are ethylene-
glycol; glycerol; trimethylol propane; 1, 2-propanediol; and 1, 3-
propanediol. '

The proportion of the interparticle crosslinking agent to be
used in the present invention is in the range of from about 0.0}
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

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 interparti;1e crosslinking agent{s) as an aid in
producing the interparticle crosslinked aggregate, or in promoting
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John M. Foreman on March 28, 1989. These patents are incorporated herein by
reference. Figure 8 shows a preferred enbodi ment of the diaper 20 in which
the topsheet 38 and the backsheet 40 are co-extensive and have | ength and
wi dt h di mensi ons generally larger than those of the absorbent core 42
The topsheet 38 is joined with .and superinposed. on the backsheet 40
thereby form ng the periphery of 39 the glaper 20. The periphery
defines the outer perinmeter or the edges o? t he di aper 20. The perlphery
conprises the end edges 32 and the Il ongitudi nal edges 30. The t opsheet

38 is conplientassistiagt in firelredetion mdhéofhtle!"ﬁdrtt@é]'enﬁlr&é}lElhﬁng"earer
skin. Further, P&n&%ﬁleﬂﬁ B8 ymer luiag&uiq} Ro¥" ¥he precirior Bgr!tqgles. %r - gs

readi | enetrate thro
y.p assoc1at1ng agents.

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
interparticle 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), preférab]y in the

'rdnge of from about 0.01 parts to about 20 parts by weight, more
preferably -in the range of from about 0.1 parts to about 10 parts
by weight, based on 100 parts by weight of the precursor
particies. The actual amount of water to be used will vary
depending upon the kind of polymer material and the particle size
of the precursor particles.

Organic solvents may also be used in conjunction with the
interparticle crosslinking agent. The organic solvents are used
to promote uniform dispersion of the interparticle crosslinking
agent on the surface of the precursor particles. The organic
solvents are preferably hydrophilic organic solvents. The
hydrophilic organic solvents useful in the present invention
include lower alcohols such as methanol, ethanol, n-propanol,
isopropanol, n-butanol, {sobutanol, sec-butanol and t-butanol;
ketones such as acetone, meibylethyl ketone, and methylisobutyl
ketone; ethers such as dioxane, tétrahydfofuran, and _diethyl
ether; amides such as N, N-dimethylformamide and N,
N-diethylformamide; and sulfoxides such as dimethy} sulfoxidé.'
The hydrophilic organic solvent is used in the present invention
in a proportion of less than about 60 parts by weight (0 parts to
about 60 parts by weight), preferably in the range of from about
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Its thickness. A suitable topsheet 38 may be manufactured froma w de range
of materials such as porous foans, -reticul ated foans, apertured plastic
fitms, natural fibers (e.g., wood or cotton fibers), synthetic fibers
(e.qg., polyester or polypropylene fibers) or froma conbination of natural
and synthetic fibers. Pr eferabl y, the topsheet 38 is made of a hydrophobic
material to isolate the wearer's skin fromliquids in the absorbent core
42. A particularly preferred topsheet2l38 conprises staple |length

pol ypr opyl ene fibers havi ng a deni er of about 1.5, such as Hercul es type
151 pol ypropall ene market ed Hercul es, Inc. of WIm.ngton, Delaware. As
used herei A;01 partstta aboutt ﬁ%l%"?%ﬁét‘f?"wtbe?‘%"e peaferablyofroRoakout i bers havi ng
a length off gdrt! enabowth@0tparts by we{ght2bdsed hes 100 Haets By Rerhbunber of

A O Stqm.;gay e Uaethal OaflAN BF' Wikobhie sLopoheet 38

For exarrplfg heet ‘HS n,  NONWO car ded,
or the | Prganic salpents £p bRy usepwiddt "?"SY depending a‘ﬁﬂ"t‘H\Sr kind pf bonded by
means wel | polymer material and the particle size of the precursor particles.

The interparticle crosslinking agent may also be used in a
mixture with water and one or more hydrophilic organic solvents.
1t has been found that the use of a water/interparticle
crosslinking agent solution provides the greatest penetration of

" the crosslinker into the surface region of the precursor particles
while a solution of hydrophilic organic solvent/interparticle
crosslinking agent provides minimal penetration of: the
crosslinker. However, a mixture of all three agents is preferred
in order to control the amount of the penetration of the
interparticle crosslinking agent into the surface region of the
precursor particles. Specifically, it has been found that the
higher the water to organic solvent component ratio, the deeper
the crosslinker penetration, the greater the fluid stability of
the macrostructure under stress, and the greater the reduction in
the resultant absorptive capacity of the macrostructure.
Typically, the ratio of water to hydrophilic organic solvent in
the solution will be in the range of from about 10:1 to about
1:10.- The hydrophilic organic solvent/water/interparticle
crosslinking agent solution is used in a proportion less than
about 60 parts by weight (0 parts to about 60 parts by weight),
preferably in the range of from about 0.01 parts to about 60 parts
by weight, more preferably from about 1 part to about 20 parts by
weight, based on 100 parts by weight of the precursor_partic1es.

Other optional components may also be mixed with the solution
containing the interparticle crosslinking agent. Ffor example, an
initiator, a catalyst, or non-acid co-monomer materials may be
added. Examples of these materials suitable for use herein are
described in the hereinbefore referenced U.S. Patent Re. 32,649.

This is the replacement shest

pate: 02 SEP 19%



known,to those skilled in the fabrics art. Preferably, the topsheet
38 has a weight fromabout 18 to about 25 granms per square neter, a m ni nmum
dry. tensile strength of at |east about 400 grams per centineter in the
machi ne direction, and a wet tensile strength of at |east about 55 grans -
per centineter in the cross-machine direction. The backsheet 40 is

i npervious to liquids and is preferably manuf actured froma thin pl astic
film although other flexible |iquid inperypous nmaterials may al so be used.
The backsheet 40 prevents the exudates absorbed and contained in the

absor bent core 40 42 fromwetting articles which contact the diaper 20
such as bedsheets afite metded gaf nproducing Fthef @pediisy, absarbentaclpohweric 40 is

pol yethyl ene fil qhaviARedrd Rofiistiy fanOAhEdrpRitiQ1 O koot inked itegate
comprises the steps of providing precursor particles of the type
herein described; applying an interparticle crosslinking agent to
a portion of the precursor particles; physically associating the
precursor particles to form an aggregate; shaping the aggregate;
and reacting the interparticle crosslinking agent with the polymer
material of the precursor particles of the aggregate, while
majntaining the physical association of the precursor particles,
to -form crosslink bonds between the polymer chains of different .
precursor particles.

The interparticle crosslinking agent is applied onto the
precursor partiéles. The interparticle crosslinking agent may be
applied by any of various techniques and apparatus used for

. applying solutions to materials including coating, dumping,
pouring, dropping, spraying, atomizing, condensing, or immersing
the interparticle crosslinking agent onto the precursor particles.
As used herein, the term "applied onto" means that at least a
portion of the surface area of at least one of the precursor
particles to be joined has the interparticle crosslinking agent on
jt. Thus, the interparticle crosslinking agent may be applied
onto only some of the precursor particles, onto all of the
precursor particles, onto only a portion of the surface of some or
all of the precursor particles, or onto the entire surface of some
or all of the precursor particles. Preferably, the interparticle
crosslinking agent is coated onto the entire surface of most,
preferably all, of the precursor particles so as to enhance the
efficiency, strength, and density of the interparticle crosslink
bonds between the precursor particles.

In the preferred embodiments of the present invention, after
the interparticle crosslinking agent has been applied onto the
precursor particles, the interparticle crosslinking agent is mixed
with the precursor particles by any of a number of mixing
techniques to insure that the precursor particles are thoroughly
coated with the interparticle crosslinking agent. Because the
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to about 0.051 centineters (2.0 mls), although other flexible, liquid

| npervious materials nmay be used. As used herein, the term"flexible"
refers to materials which are conpliant and which will readily conformto
t he general shape and contours of the wearer's body. A suitable

pol yethylene filmis manufactured by Monsanto Chem cal Corporation and
marketed in the trade as Fil m No. 8020. The backsheet 40 is preferably
enbossed and/or natte finished to provide 2 nore clothlike appearance

Furt her, the backsheet 40 nay pernit vapors to escape fromthe absorbent
core 42 while still preventi exudat es from passi ng,through the backsheet
40. The size of Pf ?Fé""ﬁ%fcWéﬁ@é?gﬁo"ies%ref‘%médcﬁ}ea hﬁﬂgi the dgtﬁ'}?é"dﬁg‘br bent
core 42 and t he ceussdinidingpagentiesthgneffdcbencyd. strength, parddf densddly ofethodi nent
t he backsheet : bhi in eyond
t he absor bent cc‘):{%. iﬁnka%aédnsi %ﬁtrﬁeg?grgn@gcwwdg?ﬁﬁ?g???e %gﬁw' ]:%b
centineters toM™%¥Puean géf?%@?&‘i‘?ﬁ?f’e\'%‘“?a%&?“so? thq“&BOW PPITNYEh)

around the enti riactiddpevarious mixers or kneaders, as are known in the art.

Before, during, or after applying the interparticle
crosslinking agent onto the precursor particles, 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 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
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 action of fluid
surface tension forces and/or the entanglement of polymer chains
due to external swelling. Associating agents wuseful in the
present invention include hydrophilic organic solvents, typically
Tow molecular weight alcohols such as methanol, ethanol, or
isopropanol; water; a miyture of hydrophilic organic solvents and
water; certain interparticle crosslinking agents as hereinbefore
described; volatile hydrophobic organic compounds such as hexane,
octane, benzéne or toluene; or mixtures thereof. Preferred
associating agents are water, methanol, isopropanol, ethanol,
interparticle crosslinking agents such as glycerol, or mixtures
thereof. Typically the associating agent comprises a mixture
including an’ interparticle crosslinking agent such that the step
of applying an interparticle crosslinking agent s carried out
simultaneously with the step of applying an associating agent.
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peri phery. The topsheet 38 and the backsheet 40 are joined together in any
sui tabl e nmanner. As wused herein, the term "joined" enconpasses
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 38 to internedi ate nenbers which in
turn are affixed to the backsheet 40. |In % preferred enbodi ment, the
topsheet 38 and the backsheet 40 are affixed dlrectly to each other in the

di h b
any ot her et achent  heattuta: o ek, e b 1, e BrdllhE T 0

41 continuous | RaEticdes Jbhealivy @F Yarjsus e?%éﬂiQ“aieF“‘bfaPaéﬂ?é%# vised g forn

applying solutions to materials including coating, dumping,
pouring, spraying, atomizing, condensing, or immersing the
associating agent on the precursor particles. The associating
agent is applied onto at least a portion of the surface area of at -
least one of the precursor particles to be joined per aggregate.
Preferably, the associiting agent 1is coated onto the entire
surface of most, preferably all, of the precursor particles. The
associating agent is generally mixed with the precursor particles
by any of a number of mixing techniques and mixing apparatus to
insure that the precursor particles are thoroughly coated with the
associating agent.

When an associating agent has been applied to the precursor
particles, the precursor particles may be physically contacted
together in a number of different ways. For example, the
associating agent alone may hold the particles together in
contact. Alternatively, gravitational forces may be used to
insure contact between the precursor particles. Further, the
particles may be placed in a container having a fixed volume so as
to insure contact between 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 may be packed tightly into a
container having a fixed volume such that the precursor particles
physically contact each other. Alternatfve]y or in combination
with the above procedure, gravitational forces may be used to
physically associate the precursor particles. The precursor
particles may also be 'physica11y' associated together via
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 may
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array -of separate lI'ines or spots of adhesive nmay be used to affix the
topsheet 38 to the backsheet 40. Tape tab fasteners 46 are typically
applied to the back wai stband region of the diaper 20 to provide a
fasteni ng neans 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 issued to Kenneth B.

Buel | on Novenber 19, 1974, which patemg is incorporated herein by
reference. These tape tab fasteners 46 or ot.her di aper fastening neans are
typically applied near the corners of t he di aper 20. The el astic nmenbers 44
are di sposed adj atsenbet &ttaphed Snepythirdt member afrsubstrapelersaehpthat akbfhg each

| ongi tudi nal edggreidrsdiO phitak1éd1Qre! Bedught Matbecontdet watkl dach dother abyd hol d
t he diaper 20 agghn_sgt the | egs of the wearer. Alternatively, the elastic
menbers 44 may b&PYSURYLAYE-adj acent either or both of the end edges 32 of

the diaper 20 to provide a wai stband as well as or rather than leg cuffs.

For exanple, a suitalphe Jpai gitepndtiveé dndclmeferred Wtep in forming the
macrostructures of the pfesent 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, and/or density. The aggregate may be shaped by any
conventional shaping techniques as are known in the art.
Preferred methods for shaping the aggregate include casting,
molding, or forming operations. Casting and molding techniques
generally involve introducing' the precursor particles into a
prepared mold cavity 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'mOIding, injection molding, extrusion
or laminating. For example, a multiplicity of precursor particles
may be added to a 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 a shape defined by
the shape of the mold cavity. Forming techniques  involve
performing various operétions on the aggregate to modify its
shape, and/or size, and/or density. Examples of specific forming
techniques for -use herein include rolling, forging, extruding,
spinning, coating or drawing operations. For example, an
aggregate mixture of the precursor particies and at least the
interparticle crosslinking agent may by passed between 2 pair'bf
compaction rolls to. form a sheet aggregate. Alternatively, the
aggregate mixture may by extruded through an orifice to form an
aggregate having a shape corresponding to the shape of the
orifice. Further, the aggregate mixture may be cast on a surface
to form an aggregate having a desired shape or surface morphology.
Any or all of these techniques may also be used in combination to
form the shaped aggregate. Any suitable apparatus as are known in
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Patent 4,515,595 entitled "Di sposable Diapers with Elastically Contractible
Wai st bands” which issued to David J. Kievit and Thomas F. GOsterhage on
May 7, 1985, which patent 1is herein incorporated by reference. In
addi tion, a nethod and apparatus suitable for manufacturing a di.sposable’

di aper having elastically contractible elastic nmenbers is described in U S.
Patent 4,081,301 entitled "Method and Apparatus for Continuously

. Attaching Discrete, Stretched Elastic Stragsds to Predeterm ned |sol ated
Portions of Di sposabl e Absorbent Products” which issued to Kenneth B. Buell
on March 28, 1978 and which patent is incorporated herein by reference. The
el astic menbers e are Bacheosed the CArspeutoguch aperations; cand ythe
contracti bl e cp@idtion magobe tpeaformed with tier matdrjalinrepértaonedf the

configuration, tagﬁarealtgéteg&r%omei@/gg Khfectively contract or gather the

di aper 20. The elastic nenbers can be secured in an elastically
contractible condition in at |east two -

In a preferred embodiment of the present invention, an
aggregate mixture of precursor particles, an interparticle
crosslinking agent, water, 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
herein by reference. ' The aggregate mixture is extruded through
the orifice of the extruder apparatus to feed a pair of driven
Eompaction 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. '

Simultaneously or after the interparticle crosslinking agent
has been applied, the precursor particles have been physically
associated together to form an aggregate, and the aggrégate has
been shaped, the interparticle crosslinking agent is reacted with
the polymer material of the precursor particles of the aggregate,
while maintaining the physical association of the precursor
particles, to form crosslink bonds between the precursor particles
to form an interparticle crosslinked aggregate macrostructure.

The reaction between the interparticle crosslinking agent and
the polymer material must be activated and completed to form the
crosslink bonds between different precursor particles to form the
interparticle crosslinked aggregate. Although the crosslinking
reaction may be activated by irradiation (e.g., ultraviolet,
gamma- or X-radiation) or by a catalyst as an initiator and
an activator, the crosslinking reaction is preferably thermally
activated (heating). Heating activates and drives the reaction
and drives off any volatiles present in the mixture. Such
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42 ways. For exanple, the elastic nenbers 44 may be stretched and secured
while the diaper 20 is in an uncontracted condition. Alternatively, the
di aper 20 nmay be contracted, for exanple, by pleating, and the elastic
menbers 44 secured and connected to the diaper 20 while the elastic nenbers
44 are in their ‘unrelaxed or unstretched condition. In the enbodi nent
illustrated in Figure 8, the elastic nenbers 44 extend along a portion of
the length of the diaper 20. Alternativelygasthe elastic nmenbers 44 may
extend the entire length of the diaper 20, or any other length suitable to
provide an elastically contractible line. The length of the elastic nenbers
44 is dictated byeachiondcenddtionsswifl. gguerallixiingalive heatingdhe assdactiatedmy
take —a  nultipkRGrsorOpart®EfdsIdhdt tHRNIntdrPirtA¥ P resstiARINY dhéntofof he
elastic nmenbers 44 . .

certain times and at certain temperatures. The heating step can

be carried out using a number of different apparatus as are known

including the various ovens or driers as are known in the art.

Generally, the reaction is effected by heating to a
temperature above about 90°C for a sufficient time to complete the
crosslinking reaction. For each set of specific interparticle
crosslinking agent(s) and polymer material of the 'precursor
partic]és used, if the temperature is too low or the time is too
short, the reaction will not be sufficiently driven resulting in
fewer and weaker interparticle crosslink bonds thereby causing
some loss of liquid permeability of the macrostructure upon
swelling. If the temperature is too high, the absorbency of the
precursor particles may be degraded or the network crosslinks of
these precursor particles, depending upon the specific polymer
materials, may be degraded to such a point that the resultant
macrostructure is not useful. for absorbing large quantities of
liquids. In addition, if the time and temperatures are not
correct, the extractable levels of the resultant aggregates may
increase, thereby increasing the incidence of that form of gel
blocking. Therefore, the reaction will generally be carried out
at a temperature in the range from about 120°C to about 300°C,
more preferably from about 100°C to about 250°C. The time to
complete the reactipﬁ, in the absence of catalysts, will generally
be from about 5 minutes to about 6 hours, more preferably from
about 10 minutes to about 4 hours.

For the preferred polymer material of the precursor
particles, slightly network 'dross1inked products of partially
neutralized polyacrylic acid, and the preferred interparticle
crosslinking agents, such as glycerol or trimethylol propane, such
reaction conditions will involve a temperature of from about 170°C
to about 220°C for about 3 hours to about 30 minutes,
respectively. More preferably, the reaction is carried out at a
temperature between about 190°C to about 210°C for about 75
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may be varied fromabout 0.25 mllinmeters (0.01 inches) to about 25
mllimeters (1.0 inch) or nore; the elastic nenbers 44 may conprise a
single strand of elastic naterial or may conprise several parallel or
non-parall el strands of elastic material; or the elastic nenbers 44 may be
rectangul ar or curvilinear. Still further, the elastic nmenbers 44 may be
affixed to the diaper in any of several ways which are known in the art.
For exanple, the elastic nmenbers 44 may begul trasonically bonded, heat and
pressure sealed into the diaper 20 using a variety of bonding patterns or
the elastic nmenbers 44 may sinply be glued to the diaper 20. The absorbent
core 42 of the dinytes 0 abgutpddi minvtess wesppsdiveliye tThesmetsnal 3Bimanand he

backsheet 40. Thanp%bsarrbenﬁseaoaﬂ143afyaweE@n Upaat umeckpbaifacw?awé&ari ety
a

of sizes and shapes.(£.g. e ngul ar rgl ass nmeg,ric .efc.) and
froma w de var fngﬁpgﬁg "ﬁﬁ‘{ e(r;ﬂ%gl g&fﬁe AT 8}% taP"‘tégé%r'be{‘ne 5%\‘f§égﬁy of

t he absorbent cadnterpartdodeicaossidoking ragents ysethatherpresgnees or absenseiafn i quid
| oadi ng for theai ghedlget used oo tdreverbEhRr h@attidh| | GhE €He thickness or

diameter of the macrostructure.

The <crosslinking reaction ‘can be promoted by adding an
initiator and/or a catalyst to the interparticle crosslinking
agent to reduce the time and/or the temperature and/or the amount
of interparticle crosslinking agent required to join the precursor
particles together. Generally, however, the reaction is conducted
in the absence of a catalyst.

The physical association of the precursor particles needs to
be maintained during the reaction step so that sufficient
interparticle crosslink bonds are formed. If forces or stresses
sufficient to dissociate the precursor particles are present
during the reaction step, the crosslink bonds between the
precursor particles (interparticle crosslink bonds) may not be
formed. The physical association of the precursor particles is
typically maintained by insuring minimal dissociation forces or
stresses are introduced during the reaction step.

As an optional and preferred step in the method of forming
the porous, absorbent, polymeric macrostructure, the component
precursor particles of the macrostructure are surface treated.
For example, U.S. Patent 4,824,901 issued to Alexander et al. on
April 25, 1989, discloses the surface treatment of polymeric
particles with a poly-quaternary amine. In an exemplary method,
the polymer material existing at least in the vicinity of the
surface of the precursor particles is surface crosslinked such as
disclosed in U.S. Patent 4,666,983, entitled "Absorbent Article"
issued to Tsubakimoto et al. on May 19, 1987; and U.S. Patent
4,734,478, entitled "Water Absorbing Agent” issued to Tsubakimoto
et al. on March 29, 1988; which patents are incorporated herein by
reference. By utilizing a surface crosslinking step in the
present invention, the resistance to deformation of the resultant
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di aper. Further, the size and absorbent capacity of the absorbent core 42
may vary to accommodate wearers ranging frominfants 43 through adults.
The absorbent core 42 conprises the porous, absorbent, polyneric
macrostructures of the present invention. A preferred enbodi nent of

t he di aper 20 has a rectangul ar-shaped absorbent core 42. As shown
in Figure 9, the absorbent core 42 preferably conprises an absorbent nenber
48 conprising an envel ope web 50 and a porzgus, absorbent, polyneric
macrostructure 52 disposed in the envelope web 50. The
macrostructure 52 is encased in the envel ope web 50 to mnimze the
potential for tmacrastruatyoe. puhen cswadlen niigr dmeroved ougRrefiesablypsitbet and

to provide an adeidrip@rgdcibi OerodstinRiPOMRGertay apphietivesy tthe tgneshaer 38 and
the rnacrostl‘uctlaggi ?eg 1§9r¥399§§ as the surface crosslinking agent such that

the macrostructure is preferably simultaneously formed and surface
crosslinked.

As previously discussed, the steps in the method for
producing the macrostructure need not be carried out in any

specific order. In addition, the steps may be carried out
simultaneously.

In a preferred embodiment, the interparticle crosslinking
agent s applied simultaneously with the physical association of
the precursor particles, the mixture is subsequently shaped into a
preferred shape and typically a desired density, and the
interparticle crosslinking agent is subsequently 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 form.
and surface crosslink the macrostructure. Typically, the
precursor particles are introduced into a vessel and mixed with a
solution of an interparticle crosslinking agent, water, and a
hydrophilic organic solvent atomized onto the precursor particles
to form an aggregate. The interparticle crosslinking agent,
water, and the hydrophilic organic solvent serves as an
associating agent for the precursor particles. The interparticle
crosslinking agent also serves as a surface crosslinking agent.
The aggregate (i.e., the associated precursor particles and the
aqueous mixture) are subsequently shaped into a densified
sheet-form by a combination of extruding and rolling techniques as
described above. The interparticle crosslinking agent is
subsequently reacted by heating with the polymer material to form
crosslink bonds between the precursor particles to form an
interparticle crosslinked aggregate macrostructure and
simultaneously to surface crosslink the surfaces of the precursor
particles of the resultant macrostructure.
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i qui-d acquisition and mnimze rewet. As shown in Figure 9, a single
envel ope web 50 is wapped about the macrostructure 52 by folding to forma
fi.rst layer 54 and a second | ayer 56. The edges 58 of the envel ope web 50
are seal ed about its periphery by any conventional neans such as an
adhesive 59 (as shown), ultrasonic bonds, or heat/pressure bonds, to forma
pouch. The -envel ope web 50 rmay conprise a nunber of materials including.
nonwoven webs, paper webs, or webs of absggbent nmaterials such as tissue
paper. The envel ope web 50 preferablty conprises a nonwoven web simlar to
the webs used to formthe topsheet 38. The nonwoven web is preferably
hydrophilic to all owndérqaertait ocandptiohy, fhesresultarghmidrestemtrrespean web

50.  Sinilar g@y msﬂ.at ﬁm%‘awtmmﬂres (Mo ﬁ@iﬁm ﬁ%ﬁom&um' 'y

described in U. a en 78, 068 eﬁ F sorbent _Lam nate
Structure" issia38 be gb *ﬂ' iRy Sevgra r"’é*% opExapRien 2 PIat] AR f¥hal d W
Kock on March 2%e ladded whe chtheat mtrqssruqtum pafiéerd ther eiintdrpamtdélar ence.

Alternatively, dB&1iABAG RIPLIonCHE CompTete. OfSuifaIB‘?e plaSSieers include
water, high molecular weight hydrophilic organic solvents (e.g.,
glycerol; 1,3-propanediol; or ethylene glycol), or polymeric
solutions (e.g., polyvinyl alcohol or polyethylene glycol), or
mixtures thereof. The plasticizer can be applied to the
macrostructures in a number of different ways including spraying,
‘coating, atomizing, imnersing,'or dumping the solution onto the
macrostructure. Alternatively, 1in the case of water, the
plasticizer may be added via placing the macrostructure into a
high humidity environment (e.g., greater than 70% relative
humidity). A plasticizer may also be added to the pre-reaction -
mixture containing a polymerizable monomer with the monomer being
subsequently reacted to form interparticle polymeric crosslink
bonds. In - this case, the plasticizer is entrapped' in the
interparticle crosslink bond structures during the crosslinking
reaction. The amount of plasticizer present in the solution is
selected depending upon the specific plasticizer being used.
Typically, the plasticizer comprises from about 0.0]1 parts to
about 100 parts by weight of the plasticizer per 100 parts by
weight of the precursor particles.

As shown in Figures 1 - 3, the resultant macrostructure has
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 1iquid into
the interior of the macrostructure. The 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 capillaries between the precursor

particles to transport 1liquid into the d{nterior of the
macrostructure.
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I nvention-may consist solely of one or nore (a nultiplicity of the) porous,

absor bent,

pol yneric macrostructures of the present invention;

a conbi nation of layers including the macrostructures of the present

i nvention;

al ternative enbodi nent of the diaper

or any other gbsorbent core configurations including one or
of the macrostructures of the present invention. 44 Figure 10 shows an

120 conprising a dual -1ayer absorbent

may conprise

nor e

core 142 conprising a nodified hourgl ass- s§laped absorbent nenber 60 and a
sheet 62 of the porous, absorbent, polynmeric nacrostructure positioned

subj acent

and

t he absorbent nenber 60 (i.e.

intercommunicating channels between the pores. The channels allow
liquids contacting the macrostructure to be transported via
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, wheni
swollen, the pores and the intercommunicating channels allow

liquids to pass through the macrostructure either to layers of
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 1iquid permeable due
to the pores and the intercommunicating channels.

The void fraction (i.e., the total volume of the
macrostructure that comprises the pores and the channels) has a
minimum value for a given precursor particle size distribution.
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

.invention is that the ~macrostructures swell generally

isotropically, even under moderate confining pressures, when
l1iquids are deposited onto or come into contact with the
macrostructures. Isotropic swelling is used herein to mean that
the macrostructure swells generally equally in all directions when
wetted. Isotropic swelling 1is an important 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 swelling.) Thus, the
macrostructure can imbibe and/or transport through itself
additional loadings of liquid while not gel blocking.

, between the absorbent nenber
and the backsheet 4dhe TRereshs@rBentintinepenected sawiths eachyui ¢tbey cy | ect

60
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tenporarily hold discharged |iquids and to transport such |iquids by

wi cking fromthe point of initial contact to other parts of the absorbent
menber 60 and to the macrostructure sheet 62, The absorbent, nmenber 60
preferably conprises a web or batt of fiber materials. Vari ous types of:
fiber material can be used in the absorbent nenber 60 such as the fiber
materials previously discussed herein. Cellulosic fibers are-generally _
preferred for use herein, wood pulp fibeps being especially preferred.’
The absorbent menber 60 can al so contain specific amounts of a particul ate,
absorbent, polymeric conposition. The absorbent nenber 60, for

exanpl e, can cont ai rknufndicatiiooutha30esrdess!ink bandsghare otie ing efqroed/ ier tie

conposition.  lpctdiriitabe PihetwienCdtiRTOBRvIBENY. MRpadaert DYpbcrssDer 60

contains from 0%t o _bouit_ g%tb¥ |t'§ el t_.of 3 ﬁ%cmratﬁl’tu'gbfiorpem?

pol yneric corrpoﬁaf'?i&ﬁ?s 1§ Ehaterhe |e\7\£ﬁ7 LRI dArehtdd thé-»

absor bent nenberliG@idjonyirbiess cWaduidcabtaplelt iisf aised heedimultosimeapi ers  as

previously di scyagpstth@itard- compraiRg adny 1AEPAFHIRME ScrabstiiReARgg¥dasty nenber
that upon contact with or swelling {with and/or without stress) in
an aqueous fluid remains substantially intact (i.e., most of the
previously independent component precursor particles remain joined
together). While the definition of fluid stability recognizes
that most of the precursdr particles remain joined together,
preferably all of the precursor particles used to make up the
macrostructure remain Jjoined together. However, it should be
recognized that some of the precursor particles may dissociate
themselves from the macrostructure if, for example, other
particles have been subsequently water agglomerated to the
macrostructure.

Fluid stability s an important feature of the
macrostructures of the present invention because it allows the
aggregate to maintain its relative structure 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 beneﬁcia'l in reducing gel
blocking since precursor particles remain aggregated even when
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 1in an aggregate
macrostructure by a two step process. The initial dynamic
response of the aggregate macrostructure upon contact with the
aqueous fluid is observed and then the fully swollen equilibrium '
condition of the aggregate macrostructure is observed. A test
method for determining fluid stability based on these criteria is
hereinafter described in the Test Methods section.
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60 useful in the present invention are described in U S. Patent 4,673, 402
entitled Absorbent Article Wth Dual -Layered Cores"” which issued to
Paul T. Weisman, Dawn |. Houghton, and Dale A Gellert on June 16, 1987,
and U. S. Patent 4,834,735 entitled "H gh Density Absorbent Menbers Having.
Lower Density and Lower Basis Wi ght Acquisition Zones" issued to M guel
Al emany and Charles J. Berg on May 30, 1989. These patents are hereby
i ncorporated herein by reference. Absorbe menbers having a storage zone
~and an acquisition zone having a | ower average density and a | ower average
basis weight per unit area than the storage zone so that the acquisition
zone may effectivel Inausd,efiquidentiay aepiddpysiaedilonte ok coher gedohtagui d are

especial |y pref %ﬁﬂ?%é ;a{acm%rmru?w are inBfoelN6y ARE PrENSoFHIPEI1E0 oFaN be

of any desired sha
are passed into the pores and transm1tted to other portions of the

macrostructure where they are imbibed by other precursor particies
or transported through the macrostructure to other absorbent
members adjacent thereto.

Figures 4 - 6 show an alternative embodiment of the present
invention ‘wherein the precursor particles comprise different
shapes and chemistries. The precursor particles consist of a
mixture of irregular-shaped granules and fibers (i.e.,
superabsorbent fibers). In the embodiment shown in Figures 4 - 6,
the fibers are FIBERSORB fibers as available from the Arco
Chemical Company of Wilmington, DE. Figure 4 shows the general
shape of such a macrostructure. As shown in Figure 4, the fibers
provide a matrix wherein relatively small pores are formed between
the granules and relatively large pores are formed about the
fibers. Figure 5 shows more detail relating to the shape and size
of the porés and that the granules are interparticle crosslinked

.to the fibers. Figure 6 shows in more detail the large pores and
channels formed in the macrostructure by the addition of the
fibers and the particle/fiber bonding.

The relative amount of superabsorbent fibers mixed with the
granules can vary -widely. For example, the macrostructure may be
formed of only the superabsorbent fibers; the resultant
macrostructure having the appearance of nonwoven fiber webs. In
the embodiments shown in~Figufes 4 - 6, the superabsorbent fibers
comprise from about 0.1% to about 50%, more preferably from about

0.5% to about 10%, by weight of the total amount of precursor
particles.

When superabsorbent fibers comprise a portion of the
precursor particles, the fibers are preferably thoroughly mixed
with the other precursor particles so that the fibers are
interwoven between many different precursor particles.
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exanpl’e, rectangul ar, oval , obl ong, asymmetric or ,

hour gl ass-shaped. The shape of the absorbent nenber 60 may define the
general shape of the resulting diaper 120. 1In the preferred enbodi nents as
shown in Figure 10, the absorbent nenber 60 is hourgl ass-shaped. The
macrostructure sheet 62 of the present invention need not be the sane size
as the absorbent nenber 60 and can, in fact, have a top surface which is

substantially smaller or larger than they4 op surface area of the absorbent
menber 60. As shown in Figure 10, the macrostructure sheet 62 is snaller
than the absorbent nmenber 60 and has a top surface area from about 0.10 to
about 1.0 tines tFiguref 7 tshewnpsopHennatinppanbodimentoft a masrestaudtyre t he t op

sgrfacg %rsea of the prevenst wfehum mﬁirﬁ&ew&lgdrch@ Qﬁﬂmﬁerfsgoigtﬁbwt 0. 13 to
about 0.75, a st ahly a . .5 mes that
of the abso?g%%? ﬁgﬁgégg 26. %ﬁ%g].gﬁﬁgf?grngkgvgggﬁ%%ainﬁht? % he

absor bent nenfasrogdryctucen| The nepnfercing members: Pravide cstrpeath 6eand has a

top surface arepudtuedh dhtedrity) to the swollen macrostructure. In certain
' embodiments, the reinforcing fibers also provide members that
quickly wick liquids to other portions of the macrostructure
and/or additional absorbent material. The reinforcing members
preferably comprise fibers (also referred to as reinforcing
fibers); although other materials such as filaments, coils, webs,
.nonwoven webs, woven webs, or scrims as are known for their
reinforcing properites may be used.” Figure 7 shows an embodiment
wherein polyester fibers are interwoven ‘throughout the
macrostructure. Specifically, the polyester fibers are contained
within the intercommunicating channels to provide increased
swollen structural integrity for the macrostructure. -

Various types of fiber material can be used for the
reinforcing members in the macrostructures of the present
invention. Any type of fiber material which is suitable for use’
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 (HYDROFIL), and the
like. Examples of other fiber materials for use in the present
invention in addition to some already discussed are hydrophilized
hydrophobic fibers, such as surfactant-treated or silica-treated
thermoplastic fibers derived, for example, from polyolefins such
as polyethylene or polypropylene, 'po1yacry1ics, polyamides,
polystyrenes, polyurethanes and the 1ike. 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 wuseful 1in conventional absorbent
structures, are suitable for use in the macrostructures of the
present invention by virtue of their good wicking properties.
This 1is because, in the macrostructures herein, the wicking
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0.25 to about 1.0 times, nore preferably fromabout 0.3 to about 0.95
times that -of the nmacrostructure sheet 62. In this alternative
enbodi nment , the absorbent nmenber 60 preferably conprises chenically
stiffened cellulosic fibers. The macrostructure 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. Mire particularly, the

macrostructure sheet 62 is positioned gener3g |y toward the front of the

di aper so that the macrostructure sheet 62 is nost effectively located to
acquire and hold discharged liquids. In alternatively preferred

embodi ments, a nprepepsity of Y ﬁbﬁ"ésf'-hﬁ?tﬁ!‘&',‘a“t-’p?éf@ﬁa'mr)? impor BARL s about

]E‘gf tLO _abfut thid &haasts;mmctumisyr?]maho_rmhgemaermwbawumm ito ut ed
e single [ uctur . F .
addi ti onal absorggﬁﬁ'%%féﬁg,&ngﬁg@? ls“gsi?acl)(r§ st T ll,lé: urg_t?@rirggfoggmgl gééggfims

nto the
absorbent core 14%. thermicrestnvsturesaof sheiipreEsant| inyBatiopenSy i fibers

are generally preferred for use herein as the fiber component of
the macrostructure. Most preferred are polyolefin fibers,
preferably polyester fibers.

Other cellulosic fiber materials which may be useful in
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. Types of stiffened, twisted, curled cellulose fibers
useful as the hydrophilic fiber material herein are described in
greater detail in U.S. Patent 4,888,093 entitled “Individualized,
Crosslinked Fibers And Process For Making Said Fibers" issued to
Dean et al. on December 19, 1989; U.S. Patent 4,889,595 entitled
"Process For Making Individualized, Crosslinked Fibers Having
Reduced Residuals And Fibers Thereof" issued to Herron et al. on
December 26, 1989; U.S. Patent 4,889,596 entitled "Process For
Making Individualized Crosslinked Fibers And Fibers Thereof"
issued to Schoggen et al. on December 26, 1989; U.S. Patent
4,889,597 entitled "Process for Making Wet-Laid Structures
Containing Individualized Stiffened Fibers" issued to Bourbon et
al. on December 26, 1989; and U.S. Patent 4,898, 647 entitled
"Twisted, Chemically Stiffened Fibers And Absorbent Structures
Made Therefrom" issued to Moore et al. on February 6, 1990. Eéch
of these patents are.incorporated herein by reference.

As used herein, the term "hydrophilic" descfibes fibers or
the surfaces of fibers which are wetted by the liquids deposited
onto the fibers (i.e., if water or aqueous body fluid readily
spreads on or over the surface of the fiber without regard to
whether or not the fiber actually imbibes fluid or forms a gel).
The state of the art respecting wetting of materials allows
definition of hydrophobicity (and wetting) in terms of contact
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46 may be positioned between the macrostructure sheet 62 and the backsheet
40 to provide reserve capacity for the absorbent core 142 and/or a layer to
di stribute |iquids passing through the nmacrostructure sheet 62 to other
portions of the absorbent core 142 or to the macrostructure sheet 62. The
macrostructure sheet 62 may al so alternatively be positioned over the
absorbent nenber 60 so as to be positioned between the topsheet 38 and the
absor bent nenber 60. In use, the diaper 20 g applied to a wearer by
positioning the back wai stband regi on under the wearer's back, and draw ng
the rem nder of the diaper 20 between the wearer's |egs so that the front
wai st band regi on eglessandi theesurfacensensipe ofr the 1iquidnandusal tds. invahied.
t ape-t abf f aﬁt ener pf6 A YislABed erir@dail ofrer el MmbPican't TRemidl  sberdtpg
areas of the di aB%]i%?f.ionl Qntui%?éd 'Q'oﬁﬁ%%alilngle, 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 a liquid 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 may be added to the macrostructures by
introducing the fibers into solution with the interparticle
cross]ihking agent, by mixing with the precursor particles prior
to applying the interparticle crosslinking agent, or by adding the
fiber material to the interparticle crosslinking agent/precursor
particle mixture. In a preferred embodiment, the fiber material is
kneaded into the interparticle crosslinking agent/precursor
particle mixture. The fiber material is preferably thoroughly
mixed with the solutions so that the fiber material is uniformly
dispersed throughout the macrostructure. The fibers are also
preferably added before reacting the interparticle.cross1inking
agent with the polymer material of the precursor particles.

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 5
parts, more preferably in the range of from about 0.5 parts to

about 2 parts, by weight per 100 parts by weight of the preéursor
particles.

The porous, absorbent, polymeric 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 cleaning devices; burn treatment devices; ion
exchange column materials; construction materials; agricultural or
horticultural materials such as seed sheets or water-retentive
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di apets or other absorbent articles incorporating the porous,

. absorbent, polyneric macrostructures of the present invention tend to nor e
qui.ckly and efficiently distribute and store liquids and to renmain dry due
to the high absorbent capacity of the macrostructures. SYNTHETIC URINE The
specific synthetic urine used in the test nethods of the present invention
Is referred to herein as Synthetic Wine". The Synthetic Urine is comonly
known as Jayco SynUrine and is available from Jayco Pharmaceutical s Conpany
of Canp Hill, Pennsylvania. The fornula f o7t he Synthetic Urine is: 2.0 g/l
of chem cals are of reagent grade. The pH of the Synthetic Wine is in the
range of 6.0 to géf%ria]s;4an industrial uses such as sludge or oil dewatering

agents, materials for the prevention of dew formation, dessicants,

and humidity control materials.

The porous, absorbent, polymeri¢ 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 may be any other carriers
as are known in the art such as nonwoven webs, tissue webs, foams,
polyacrylate fibers, apertured polymeric webs, synthetic fibers,
metallic foils, elastomers, and the 1ike. The macrostructures may
be joiﬁed directly or indirectly to the carriers and may be joined
thereto via chemical or physical bonding such as are known

including adhesives or chemicals that react to adhere the
macrostructures to the carriers.

Because of the unique absorbent properties of the porous,
absorbent, polymeric macrostructures of the present invention, the
macrostructures are especially suitable for use as absorbent cores
in absorbent 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 variaus exudates
discharged from the body. Additionally, "disposable” absorbent
articles are those which are intended to be discarded after a
single use (i.é., 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
absorbent article may be recycled, reused, or composted). A
preferred embodiment of a disposable absorbent article, diaper 20,
is shown in Figure 8. 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 should be
understood, however, that the present invention is also applicable
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TEST *METHODS A. ABSORPTI VE CAPACI TY OF THE PRECURSOR PARTI CLES The

pol ymeric conposition is placed within a "tea bag", i mersed in an excess
of- Synthetic Uine for a specified period of tine, and then centrifuged for
a specific period of time. The ratio of polymeric conposition final weight
after centrifuging mnus initial weight (net fluid gain) to initial weight
determ nes the Absorptive Capacity. The follow ng procedure S '
conduct ed under standard | aboratory c@8ditions at [err] and 50%
relative humdity. Using a 6 cmx 12 cmcutting die, the tea bag materi al

Is cut, folded in hagl.f |engthw se d seal | ong two side ith_a T-bar
seal er to produd® a&é'eEm Bﬂﬁ?ﬁ eg%ﬁzessqﬁgf'g _“Thé"'f"é' 19800 REIEf
utilized is a incorddment12ms, hetqainidgal pants, dispari alinsesbs.ai samiltery r om

C.H Dexter, D!Wa?lti‘i?, Facidet fRue el piprPtoweV¥ Ndr®rthbOGke, Connecticut,
US A, or equivalent. Lower porosity tea bag material should be used if
required to retain fine particles.

Figure 8 is a perspective view of the diaper 20 of the

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 Figure 8
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;
elastic members 44; and tape tab fasteners 46. While the topsheet
38, the backsheet 40, the absorbent core 42, and the elastic
members 44 may be assembled in a va%iety of well known
configurations, a preferred diaper configuration is described
generally in U.S. Patent 3,860,003 entitled "Contractable Side
Portions For Disposable Diaper", which issued to Kenneth B. Buell
on January 14, 1975, and which patent is incorporated herein by
reference. Alternatively preferred configurations for disposable
diapers herein are also disclosed in U.S. Patent 4,808,178
entitled "Disposable Absorbent Article Having Elasticized Flaps

. Provided With Leakage Resistant Portions" issued to Mohammed I.
Aziz and Ted L. Blaney on February 28, 1989; U.S. Patent 4,695,278
entitled "Absorbent Article Having Dual Cuffs" issued to Michael
I. Lawson on September 22, 1987; and U.S. Patent 4,816,025
entitled "Absorbent Article Having A Containment Pocket" issued to
John H. Foreman on March 28, 1989. These patents are incorporated
herein by reference. '

Figure 8 shows a preferred embodiment of the diaper 20 in
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
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0.200°grams plus or mnus 0.005 grans of the polyneric conposition is

wei ghed onto a weighing paper and transferred into the tea bag, and the top
(open end) of the tea bag is sealed. An enpty tea bag i-s sealed at the top
and is used as a blank. Approximately 300 mlliliters of Synthetic Urine
are poured into a 1,000 mlliliter beaker. The blank tea bag is submerged
in the Synthetic Wrine. The tea bag containing the pol ymeric conposi ti on
(the sanple tea bag) is held horizontally tgg distribute the material evenly
throughout the tea bag. The tea bag is laid on the surface of the Synthetic
Uine. The tea bag is allowed to wet, for a period of no nore than one

m nut e, and t henthg diapéry 20ubrihegperiahelrys dekinels ftine Gitem pertimster or the

! . ; i r , set
ot en bags, propoit BF the Glapkh2. "MHe BTGy Sumh RS B end SIGECRY e
bags, is submergdld iﬂa @Bﬁ%‘&’%‘r eé??‘n?‘frut es in the sane manner as the
first set. After the prescribed soak tine is el apsed, for each set of tea
bag sanples, the teathagstayshedt ONBA | Vi¢ enboipPidntSi NYobONIRe1ling™ thhg
Synt het re non-irritating to the wearer’s skin. Further, the topsheet 38 is
liquid pervious permitting Hduids to readily penetrate through
its thickness. A suitable topsheet 38 may be manufactured from a
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.
Preferably, the topsheet 38 is made of a hydrophobic material to
isolate the wearer’s skin from liquids in the absorbent coije 42.

A particularly preferred topsheet 38 comprises staple length
polypropylene fibers having a denier of about 1.5, such as
Hercules type 151 polypropylene 'marke_ted by Hercules, Inc. of
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 may be
used to manufacture the topsheet 38. For example, the topsheet 38
may 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 400
grams per centimeter in the .machine direction, and a wet tgnsi]e

strength of at least about 55 grams per centimeter in the
cross-machine direction.

The backsheet 40 is impervious to liquids and is preferab'ly
manufactured from a thin plastic film, although other flexible
liquid impervious materials may also be used. The backsheet 40

prevents the exudates absorbed and contained in the absorbent core
This 15 the replacement shest
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48 Urine. The sanples are then centrifuged as described bel ow. The
centrifuge used is a Delux Dynac Il Centrifuge, Fisher Mbddel No. 05-100-26,
obt ai nabl e from Fisher Scientific Co. of Pittsburgh, PA, or equivalent.

The centrifuge should be equipped with a direct read tachoneter and an-
electric brake. The centrifuge is further equipped with a cylindrical
I nsert basket having an approximately 2.5 inch (6.35 cm high outer wall
with an 8.435 inch (21.425 cm) outer dianet®, a 7.935 inch (20.155 cn
i nside dianeter, and 9 rows each of appr oxi rrately 106 3/32 inch (0.238 cm

a ameter o ;,g;“ﬂ?r froapQJe%in SOLRNBY whiRRACEact AEM M apert T %t.g\c efgnce

di amreter circul albe'tﬁhaﬁfag@dhd!“@%"géﬁwﬁy shrefeepbly o uthe ttﬂéksé'F?%u‘Wf e‘rsence of
t he basket fl oor palyedhylient 2fid® having a thickness from about 0.012 mm (0.5 mil)

to about 0.051 centimeters (2.0 mils), although other flexible,
liquid impervious materials may 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.

A suitable polyethylene film 1is 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
- may permi't 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
hourglass-shape extending beyond the absorbent core 42 a minimum
distance of at 1least 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
any suitable manner. As wused heréin, the term "joined"
encompasses configuratwns whereby the topsheet 38 1is 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 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 uniform
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of 1/2 inch (1.27 cm fromthe interior surface of the outer wall to the
center of the drainage holes, or an equivalent. The basket is nounted in
the centrifuge so as to rotate, as well as brake, in unison with the
centrifuge. The sanple 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
t he correspondi ng sanple tea bags. The séﬁple tea bag of the second set
nmust be pl aced opposite the sanple tea bag of the first set; and the bl ank

tea bag of the Sl )l Sl t, to
bal ance the cen?&ﬁ?ﬁ%@?qaygﬂyqé&n@rs?% glﬁgkesﬁngﬁit%ggragagnlegv‘(gﬂ%? ?"rearrp up
quickly to a stamay efseeprate 111889 or HsROtER% adhgsixe may|he, ysed, Lo ‘tfgb’h
stabilized at 1thkOQopghert 38t torthe ibacksheef 0.3 minutes. After 3 minutes, the
centrifuge is turned off and the brake is applied. The first sanple tea

rocedure s 1 epeat Lapa ciab, 1185 QROEGT AV o PSR LqBeE nEb stheoRich! ank

tea waistband region of the diaper 20 to provide a fastening means 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 issued to Kenneth B. Buell on
NoVémber 19, 1974, which patent is incorporated herein by
reference. These tape tab fasteners 46 or other diaper fastening
means are typically applied near the corners of the diaper 20.

The elastic members 44 are disposed adjacent the periphery of
the diaper 20, preferably along each longitudinal edge 30, so that
the elastic members 44 tend to draw and hold the diaper 20 against
the legs of the wearer. Alternatively, the elastic members 44 may
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 entitled “Disposable Diapers with Elastically
Contractible Waistbands" which issued to David J. Kievit and
Thomas F. Osterhage on May 7, 1985, which patent' is herein
jncorporated by reference. In addition, a method and apparatus
suitable for manufacturing a disposable diaper having elastically
contractible elastic members is described in U.S. Patent 4,081,301
entitled "Method and Apparatus for Continuously Attaching
Discrete, Stretched Elastic Strands to Predetermined Isolated
Portions of Disposable Absorbent Products” which issued to Kenneth

B. Buell- on March 28, 1978 and which patent is incorporated herein
by reference.

The elastic members 44 are secured to the diaper 20 in an
eTastica11y 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
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bag. . The Absorptive Capacity (ac) for each of the sanples 1is
calculated as foll ows: ac = (sanple tea bag weight after
centrifuge mnus blank tea bag weight after centrifuge mnus dry polyneric
conposition wei ght) di vi ded by (dry pol ymeri c conposition

wei ght). The Absorptive Capacity value for use herein is the average
Absorptive Capacity of the two sanpl es. 9 B. FLU D STABILITY The )
obj ective of this method is to determne the stability of an aggregate upon
exposure to Synthetic Urine. The sanple macrostructure is placed in a

shal | ow di sh. Awaysceforaemanple,otheS\elastici genbernddi paydeecdtreschede and

ggﬁ[fft:fﬁh]ulrg TR ureleWni 16 the tdhepemczbosgru@tmsgdtc%nm%eédf/e&nuﬁmh

swel i ng Kf%ern4%9vely, {%é éﬁer £J]may ﬁé contrac eJ] 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.

In the embodiment illustrated in Figure 8, the elastic
members 44 extend along a portion of the length of the diaper 20.
Alternatively, the elastic members 44 may extend the entire length
of the diaper 20, or any other length suitable to provide an
elastically contractible line. The length of the elastic members
44 is dictated by the diaper design.

The elastic members 44 may take a multitude of _
configurations. For example, the width of the elastic members 44 o d
may be varied from about 0.25 millimeters (0.01 inches) to about
25 millimeters (1.0 inch) or more; the elastic members 44 may
comprise a single strand of elastic material or may comprise
several parallel or non-para}1e1 strands of elastic material; or
the elastic members 44 may be rectangular or curvilinear. Still
further, the elastic members 44 may be affixed to the diaper in
any of several ways which are known in the art. For example, the
elastic members 44 may be ultrasonically bonded, heat and pressure
sealed into the diaper 20 using a variety of bonding patterns or
the elastic members 44 may simply be glued to the diaper 20.

The absorbent core 42 of the diaper 20 is positioned between
the topsheet 38 and the backsheet 40. The absorbent core 42 may
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
liquid loading for the intended use of the absorbent article or
diaper. Further, the size and absorbent capacity of the absorbent
core 42 may vary to accommodate wearers ranging from infants
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macrostructure, the macrostructure is observed for small particles breaking
off fromthe main aggregate, platelet-like particles floating away fromthe
mai.n aggregate, or particle expansion only in the two di nensional x-y plane
with particles breaking and floating away fromthe main aggregate. If the
aggregate has a |l arge nunber of br oken away conponent

particles, the macrostructure is consi dergs unstable. The nacrostructure
shoul d al so be observed for isotropic swelling. If the aggregate renains
relatively stable and the relative geonetr and spatia

rel ati onshi ps of thmeughr adyltsor Jhet P’Bﬂ"é‘?“&no‘%e‘%oﬁwraﬁ%‘ rdientParoused after

the test procedursbsokbent 1ol it ic macrostructaress oflahehretéltl enventioaf er ably,
fluid stable macrostructures are capable of being picked up in their

swol | en state without breaking apart. C. PRECURSOR PARTI CLE SI ZE AND NMASS
AVERAGE PARTI CLE S| ZF* Therefarredc| @mbodiment; s19fi pitheon diaper we2lghthaper dent

basis of a 10 gr afecbarigkl seshipedoibsohbentr eory 41 (A sligkhesn iFsgsiet @) nghaed by

: absorbent core 42 preferab]y comprises an absorbent member 48.
comprising an envelope web 50 and a porous, absorbent, polymeric
macrostructure 52 disposed in the envelope web 50. The
macrostructure 52 is encased in the envelope web 50 to minimize
the potential for the precursor particles to migrate through the
topsheet and to provide an additional 1liquid transport 1layer
between the topsheet 38 and. the macrostructure 52 to enhance
liquid acquisition and minimize rewet. As shown in Figure 9, a
single envelope web 50 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 may comprise a number of materials including nonwoven webs,
paper webs, or webs of absorbent materials such as tissue paper.
The envelope web 50 preferably comprises a nonwoven web similar to
the webs used to form the topsheet 38. The nonwoven web is
preferably hydrophilic to allow liquids to rapidly pass through
the envelope web 50. Similar layered absorbent members
(1aminates) are more fully described in U.S. Patent 4,578,068
entitled "Absorbent Laminate Structure™ issued to Timothy A.
Kramer, Gerald A. Young and Ronald W. Kock on March 25, 1986,
which patent is incorporated herein by reference.

Alternatively, the _absorbent -cores 42 of the present
invention may consist solely of one or more (a multiplicity of
the) porous, absorbent, polymeric macrostructures of the present
invention; may 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.
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sieving the sanple through a set of 19 sieves ranging in size froma
standard #20 sieve (850 mcrons) through a standard #400 sieve (38

m crons). The sieves are standard sieves as obtainable fromthe G| son
Company, Inc. of Worthington, Chio. The procedure is carried out on

three stacks of sieves at a tinme since the equipnent used cannot
hold all 19 sieves at one tinme. A first gjack 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

iihev'es # 170, 20Pigur@3® showéOan ﬂi&nat&g&j enféifiment 0F tHlediﬁ)'ﬁBV?ZO Paﬂ- 4
The precursor particles re i e ret . \Wwei ghe
to deternm ne thec%'%glr h @Pea;q%l' e l(r}?esr?ﬁbggﬁlgg %%Jaafdv?e?g'ﬁiwfie@cgﬂ"ﬁgmw: The
first stack of sheurgbasssshapesabsorbant, memearef0 g a1oheet 62 of the porous,
absorbent, po]ymeric macrostructure positioned . subjacent .the
absorbent member 60 (i.e., between the absorbent member 60 and 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
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
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
4,673,402 entitled "Absorbent Article With Dual-Layered Cores"
which issued to Paul T. Weisman, Dawn I. Houghton, and Dale A.
Gellert on June 16, 1987; and U.S. Patent 4,834,735 entitled "High
Density Absorbent Members Having. Lower Density and Lower Basis
Weight Acquisition Zones” issued to Miguel Alemany and Charles J.
Berg on- May 30, 1989. These patents are hereby incorporated
herein by reference. Absorbent members having a2 storage zone and
an acquisition zone having a lower average density and a lower
average basis weight per unit area than the storage zone so that
the acquisition zone may effectively and efficiently rapidly
acquire discharged liquid are especially preferred for use herein.
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granms>plus or mnus 0.00 granms of the sanple is placed on the #20 sieve.
The shaker used is a Vibratory 3-inch Sieve Shaker Mbdel SS-5 as obtai nable
fromthe G lson Conmpany, Inc. of Wirthington, Chio. The stack is shaken
for 3 minutes at approximately 2100 vi brations per mnute ("6" on the
instrunent dial). The sieve pan is then renoved and the stack set aside
for later weighing. Using a soft brush, the sanple renmaining on the sieve
pan is transferred onto a wei ghi ng paper. e second stack of sieves is
nount ed on the shaker and the sanple on the weighing paper is transferred

onto the #60 sieve. Thge SEERASkNt! AedberS 66N&dPbel @F anyTidAWi R Rhape, for
approxi mately 2100 V|Qrat|ons.per m nute, the Sﬁgﬁle remal ni n g@ t he sieve
pan being transfef ¥ty a FESYIRTHE  papeP¥ahd t HP189%ck s’e"ﬁ'"'?fgi" . Th®
third stack of si dowglass-shapetded Toa shiape snlfam_r ambeﬁtemm_mplsa may déféne
Shaken Tor 3 mi nutbs Secd SRty bf fHecreduouty Biher 110, fin She storrdd
brush is used to FF‘%‘H@F‘%’}%% gé & erﬁs?%q“réatﬁ gtit'\?eﬁgsé’irg% JBPBeTa 8048

wei ghi ng paper. Thherglass-shaped.

~The macroﬁtructure sheet 62 of the present invention need 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
10, the macrostructure sheet 62 is smaller than the absorbent
member 60 and has a top surface area from about 0.10 to 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 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.

The macrostructure sheet 62 is preferably placed in a
specific positional relationship with respect to the backsheet 40
and/or the absorbent member 60 in the diaper. More particularly,
the macrostructure sheet 62 is positioned generally toward ‘the
front of the diaper so that the macrostructure sheet 62 is most
effectively located to acquire and hold discharged liquids.

In alternatively preferred embodiments, a multiplicity of
macrostructures, preferably from about two to about six
macrostructure strips or shéets. may be substituted for the single
macrostructure sheet 62 shown in Figure 10. Further, additional
absorbent layers, members, or structures may be placed into the
absorbent core 142. For example, an additional absorbent member
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sanple is weighed on a standard three place scale and the weight of the
sanple on the specific sieve is recorded. This step is repeated, using a
fresh wei ghi ng paper for each sanple, for each sieve, and for the sanple
remai ning on the sieve pan after the third stack of sieves has been shaken.
The method is repeated for two additional 10 gram sanpl es. The average of
the weights of the three sanples for each sieve determ ne the average
particle size distribution on a weight peﬂ@%nt basis for each sieve size.
51 The Mass Average Particle Size of the 10 gram bulk sanple is cal cul ated

as follons: [er iy Whe" Sisie HHRE beuelf £RSSiafMREARTUAAIdebt %651 oM IS the
wei ght of the parflc es on the specific sieve; - and IS the Si ze
backsheet 40 to provide reserve capacity for the absorbent core
142 and/or a 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 may also alternatively be positioned over the absorbent member
60 so as to be positioned  between the topsheet 38 and the
absorbent member 60.

In use, the diaper 20 is appiied 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 1is positioned across the front of the
wearer. The tape-tab fasteners 46 are then secured preferably to
outwardly facing areas of the  diaper 20. In use, disposable
diapers or other absorbent articles incorporating the porous,
absorbent, polymeric 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
macrostructures.

> ' SYNTHETIC URINE

The specific synthetic urihe used in the test methods of the
present invention is referred to herein as "Synthetic Urine". The
Synthetic Urine 1is 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/1 of
KC1; 2.0 g/1 of NapS04; 0.85 g/1 of (NH4)H2PO4; 0.15 g/1
{NHg)2HPO4; 0.19 g/1 of CaClz and 0.23 g/1 of MgCl2. A1l of the
chemicals are of reagent grade. The pH of the Synthetic Urine is
in the range of 6.0 to 6.4. '
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paranmeter” for the specific sieve. The size paraneter, Di of a sieve is
defined to nean the size (in mcrons) of the next highest sieve. For
exanpl e, a standard #50 sieve has a size paraneter of 355 m crons, which
corresponds to the size of the openings in a standard #45 sieve (the next
hi ghest sieve). The Mass Average Particle Size for use herein is the

average of the nmass average particle size of the three sanples. PRECURSOR
PARTI CLE EXAMPLE A jacketed 10 liter twygn arm stainless 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 120 mmis
sealed with a lid. An aqueous nononer IS prepared consisting of

37 wei ght % nononer. The nonomer consists of 75 nole % sodi um acryl ate and
25 mole % acrylic,acigd r solution is

charged to the knfadfPURELLY ; yed with nitrogen
gas to renove the remaining entrapped air. Then the two Signa type bl ades
are 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

- ratio of polymeric composition final weight after centrifuging
minus initial weight (net fluid gain) to initial ﬁeight determines
the Absorptive Capacity.

The following procedure 1is conducted under standard
laboratory conditions at 23°C (73°F) and 50% relative humidity.
Using a 6 cm x 12 cm cutting 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 wutilized is a grade 1234 heat sealable material,
obtainable from C.H. Dexter, Division of the Dexter Corp., 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 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 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 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
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set rotating at rates of 46 rpmand the jacket is heated by the passage of
[err] water. 2.8 g-of sodiumpersulfate and 0.14 g of L-ascorbic aci d
are added as pol ymeri zati on initiators. Polynerization begi ns about
four mnutes after the addition of the initiators. A peak tenperature of
[err] 1is reached inside the reaction system 15 mnutes after the addition
of the initiators. The hydrated gel polymer is divided into particles about
5 mmin 52 size as the stirring is con®nued. The lid is renpved from
t he kneader 60 m nutes after the start of the polynerization and the

et s caPhen B LUPIESAE Shen ERR TR P ol 3110 0
dried with hot &entrifudecpsed figra Helyx Aumass 11 Grateifuge, [Fasherchedel ol
pul verized wi thos-100-26, obtainable from Fisher Scientific Co. of Pittsburgh,
PA, or equivalent. The centrifuge should be equipped with é
direct read tachometer and an electric brake. The centrifuge is
further equipped with a cylindrical insert basket having an
approximately 2.5 inch (6.35 cm) high outer wall with an 8.435
inch (21.425 cm) outer diameter, a 7.935 inch (20.155 cm) inside
diameter, and 9 rows each of approximately 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 c¢m) from the interior surface of the outer wall
to the center of the drainage holes, or an equivalent. The basket
is mounted in 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
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. 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 tea
bag. The Absorptive Capacity (ac) for each of the samples is
calculated as follows: ac = (sample 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 herein
is the average Absqrptive Capacity of the two samples.
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a hammer type crusher and sifted wth a standard #20 sieve (850 mcrons) to
obtain -particles that pass through the standard #20 si eve. The nmass average
particle size of these particles is 405 m crons. EXAMPLE 1 350.0 grans of
precursor particles nmade in accordance with the Precursor Particle Exanple
are placed into a 5 quart standing kitchen-type m xer. The precursor
particles have a particle size such that the precursor particles pass

t hrough a standard #60 sieve (250 mcrons) 48nd are retai ned on a standard
#100 sieve (150 m crons). A solution 1is prepared consisting of 7.0

grans of glycerogl, 35 0 qr of nmethanol, and 7.0 grans of water. This
solution is applped£ﬂ§ﬂ¥§ﬂmgﬂ§gursor particles by -spraying the solution
onto the precursor particles with a Preval Sprayer available from The

Preci sion Val ve Cor ppieaphfiet e SPUAES methbd iINQ dlevhiRNtie sEifiaygdopnt 0

Lhe precursor part i clee b, WSl T L5utRREIEbHM, T 1he 11TSUTifteen

The sample macrostructure is placed in a shallow dish. An
excess amount of Synthetic Urine is added to the macrostructure.
The swelling of the macrostructure is observed until equilibrium
is reached. During the observation of the swelling
macrostructure, the macrostructure is observed for small particles
bréaking off from the main aggregate, platelet-like particles
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 should
also be observed for isotropic swelling. If the aggregate remains
relatively 'stable and the relative geometry and spatial
relationships of the precuréor particles and the pores are
maintained after the test procedure, the macrostructure is
considered stable. Preferably, fluid stable macrostructures are

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
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 Horthington, Ohio. The procedure is
carried out on three stacks of sieves at a time 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 #
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the mxer is run on its |owest speed setting. After the first fifteen
seconds, the mxer is run on its highest setting. The total spraying
operation requires 3 mnutes of elapsed time to spray the entire vol une of
the solution onto the precursor particles. The mxture is mxed for an
additional two mnutes at the highest speed setting of the m xer so that
all of the precursor particles are thoroughly wetted by the solution. The
resultant mxture is then placed int the hopper of an

extrusion/conpaction wunit such as previously described. The extruder

screw has a le h of 8_Lkach ( 3 tgins 5 flights, .each
flight being 1?& es 21(’@ sgfz% 21934 §fr1%,t 3861 KRS TheSsTene e a Mot er of
the extruder serewrse pareiclesiremainmingsorngachnaf t thesecs taves oareotbemg
clearance is OywgfyhedCftcUeferninéhe Ppi¥ticle 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
sieve. The shaker used is a Vibratory 3-inch Sieve Shaker Model
§S-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. 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 is shaken for 3 minutes at
approximately 2100 vibrations per minute, the sample 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 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 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.



unit-is activated such that the extruder screw turns at a rate of 47 rpm
The mxture is extruded between two coated steel conpaction rolls
(niprolls) with a fixed (but variable) gap. The conpaction rolls have a

di aneter of 8.975 inches (22.8 cn) and are driven at a rate of 5.4 rpm The
gap between the conpaction rolls is 0.015 inches (0.38 mm). The forned
aggregate sheets are then separated into approximately 12 to 15 inch (30 to
40 cm) lengths. The resultant aggregate sldéets are heated in a forced air
convection oven at [err] for 45 mnutes to react the glycerol with the

polymer material of_the precursor_particles. _The resultanf sheets have a
t hi ckness (cal i per) T M%\%ogi'e@.gﬁ?ffrﬁ%lﬁeéiezfof’% H’?ﬁ){%ﬁaﬂﬁb\f'ﬂw £ Yout
1. 95 inches (4.&Adcahdted $AKSLIEBWSR: A sol ution is prepared consisting of 0.5

grans of glycerol, 0.5 grans of water, and 3.0 grans of isopropanol. This

solution is applied to 25 grams of gprecursor particles nmade in accordance
with the Precursor Particle Exanple?hghélgﬁecursor_particles have
maps = < M : :

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 defined to mean the size (in microns) of the next highest
sieve. For example, a standard #50 sieve has a size parameter of
355 microns, which corresponds to the size of the openings in a
standard #45 sieve (the next highest sieve). The 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 1liter twin arm stainless steel kneader
measuring 220 mm x 240 mm in the opening and 240 mm in dépth, and
having two Sigma type blades possessing a rotational diameter of
120 mm is sealed with a 1id. An aqueous monomer solution is
preparéd 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
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 the
initiators. A peak temperature of 82°C 1is 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
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a partdcle size such that the precursor particles pass through a standard
#40 sieve (425 mcrons) and are retai ned on a standard #50 sieve (300

m crons). The mixture is thoroughly mxed with a stirring spatula until all
of the precursor particles are coated with the above solution. The
mxture is separated into approximtely equal portions. One half of the
m xture is spread evenly on a SUPERSTONE baki ng stone as is available from
Sassafras Enterprises 1Inc. of Evanston, s2lL. The mxture is lightly
conpressed on the stone. 0.16 grans of KODEL pol yester fibers are spread
evenly onto the fornmed m xture. The polyester fibers are 1.25 inch (3.2 cm
stapl e cut | engt Bizecpp nhed stinving denfentinyeder sTheThid dscramgvedy fromfthehe

initial mxture kfeadpF GO0mEURES Yafter tthp start hef thdpotymentzdtightany the

conpressed. This . [£ .5t re. g Sedh led with a wooden rolling pin
to a thickness of"g{a%é)é]te%.'(rfég?érécﬁé&é" tl'% gﬁbaﬁ ." A sheet of MYLAR is placed on
top of the sheet for rolling in order to prevent the m xture from adheri ng

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

AMPLE

350.0 grams of precursof particles made in accordance with
the Precursor Particle Example are placed into a 5 quart standing
kitchen-type mixer. The precursor particles have a particle size
such that the precursor particles pass through a standard #60
sieve (250 microns) and are retained on a standard #100 sieve (150
microns). A solution is prepared consisting of 7.0 grams of
glycerol, 35.0 grams of methanol, and 7.0 grams of water. This
solution is applied to the precursor particles by spraying the
solution onto the precursor particles with a Preval Sprayer
available from The Precision Valve Corporation of Yonkers, NY.
The solution is sprayed onto the precursor particlés while the
mixer is operating.” For the first fifteen seconds of spraying,
the mixer is run on its lowest speed setting. After the first
fifteen seconds, the mixer is run on its highest setting. The
total spraying operation requires 3 minutes of elapsed time to
spray the entire volume of the solution onto the precursor
particles. The mixture is mixed for an additional two minutes at
the highest speed setting of the mixer so that all of the
precursor particles are thoroughly wetted by the solution. The
resultant mixture 1is then placed into the hopper of an
extrusion/compaction unit such as previously described. 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
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54 rolding pin. The edges of the sheet are then folded in on

t hensel ves and t he rolling process S r epeat ed. Thi s
folding/rolling (kneading) procedure is perforned tw ce. The sheet
is then heated in a forced air cir.culating oven at [err] for 45 mnutes to
react the glycerol with the polynmer material of the precursor particles.
The resul tant nmacrostructure has a thickness (caliper) of about 0.06 inches
(1.5 nm. EXAWPLE 3 A solution is prepared ggonsisting of 1.6 grans of
glycerol, 3.2 granms of water, and 12.8 granms of isopropanol. This solution
Is .applied to 80 grans of the precursor particles nade in
accordance with tontsidecdiameter RAr the lextrigdenngdrew is Th#d pincbes Jdcdfpam} i cl es

have a particle shaedi $tfwDtd-ngis vy Céleardice 89 0 200inghds R2SE il Ougbd a
standard #20 si e\(:%ié %goacrgi%toegsguc%n a%r ?her %&?rluggrd screw turns at a rate of
| 47 rpm. The mixture is extruded between two coated 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 to 40 cm) lengths.
The resultant aggregate sheets are heated in a forced air )
convection oven at 2100C for 45 minutes to react the glycerol with
-the polymer material of the precursor particles. The resultant
sheets have a thickness (caliper) of about 0.031 inches (0.8 mm)
and a width of about 1.95 inches (4.95 cm). '

XAMP

A solution is prepared consisting of 0.5 grams of glycerol,

0.5 grams of water, and 3.0 grams of isopropanol. This solution
is applied to 25 grams of precursor particles made in accordance
with the Precursor Particle Example. The precursor particles have
a particle size such that the precursor particles pass through a
standard #40 sieve (425 microns) and are retained on a standard
#50 sieve (300 microns). The mixture is thoroughly mixed with a
stirring spatula until all of the precursor particles are coated
with the above solution. The mixture is separated into
approximately equal portions. One half of the mixture is spread
evenly on a SUPERSTONE baking stone as is available from Sassafras
Enterprises Inc. of Evanston, IL. The mixture is lightly
compressed on the stone. 0.16 grams of KODEL polyester fibers are
spread evenly onto the formed mixture. The polyester fibers are
1.25 inch (3.2 cm) staple cut length, crimped, 15.0 denier fibers.
The second half of the initial mixture is spread evenly on top of
the fibers and 1ightly compressed. This entire structure is then
rolled with a wooden rolling pin'to a thickness of about 0.06
- inches (1.5 mm). A sheet of MYLAR is placed on top of the sheet
for rolling in order to prevent the mixture from adhering to the
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on a standard #30 sieve (600 mcrons); 15% by wei ght pass through a
standard #30 sieve (600 microns) and are retained on a standard #40 sieve
(425 mcrons); 22% by wei ght pass through a standard #40 sieve (425

m crons) and are retained on a standard #50 sieve (300 microns); 36% by

wei ght pass through a standard #50 sieve (300 mcrons) and are retai ned on
a standard #100 sieve (150 microns); and 19% by wei ght pass through a ,
standard #100 sieve (150 microns).  This 54olution is thoroughly m xed
usi Rg ﬁ stibrri ng ispatula until all of the precursor particles are coated
wi th the above solution. The_resultant_m xture is then spread | oosely on a
SUPERSTONE baki nepldingneiand Thel 1edges neh thesibeet nage thep lfmd(?ﬂnégs%%/ about
0.06 inches (1.5them3elves Ngardl Wthdenrellihg ngpmoicess A sheatepedtedlYL ARhis pl aced

on top of the Sh?oel'hr{gz;'oﬁ%é ?ﬁ‘“aﬁ‘%&d?’?g&? ‘q,'reygen{, rﬁhﬁnéa‘ PN ee frmgn

adhering to the ro en he err r 45
mnutes in a for&hed |5rt"t9F‘r‘?ﬂ}ft iiAg? 3959? &y %H'&E‘ 59 gﬁ"ﬁ& tfﬂ"t he
pol yner nateri al 49midutes ftoeeedcsothepglycecolewithTiibe rp&imelramtemaair oftthact ure

has a thickness precursor particles. The resultant macrostructure has a thickness
(caliper) of about 0.06 inches (1.5 mm).

EXAMPLE 3

A solution is prepared consisting of 1.6 grams of glycerol,
3.2 grams of water, and 12.8 grams of isopropanol. This solution
is applied to 80 grams of the precursor particles made in
accordance with the Precursor Particle Example. The precursor
particles have a particle size distribution such that 8% by weight
pass through a standard #20 sieve (850 microns) and are retained
on a standard #30 sieve (600 microns); 15% by weight pass through
a standard #30 sieve (600 microns) and are retained on a standard
#40 sieve (425 microns); 22% by weight pass through a standard-#40
sieve (425 microns) and are retained on a standard #50 sieve (300
microns); 36% 'by weight pass through a standard #50 sieve (300
microns) and are retained on a standard #100 sieve (150 microns);
and 19% by weight pass through a standard #100 sieve (150
microns). This solution is thoroughly mixed using a stirring
spatula until all of the precursor particles are coated with the
above solutfion. The resultant mixture is then spread loosely on a
SUPERSTONE baking stone and rolled into a sheet having'a thickness
of about 0.06 inches (1.5 mm) using a wooden rolling pin. A sheet
of MYLAR is placed on top of the sheet for rolling in order to
prevent the mixture from adhering to the rolling pin. The sheet
is then heated at 200°C for 45 minutes in a forced air circulating
oven to react the glycerol with the polymer material of the
precursor particles. The resultant macrostructure has a thickness
(caliper) of about 0.06 inches (1.5 mm).
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(caliper) of about 0.06 inches (1.5 nm. 55 EXAMPLE 4 A solution is
prepared consisting of 0.342 grams of glycerol, 0.136 grans of water,
and 1.713 grans of nethanol. Separately, 0.512 granms of FIBERSORB fi bers
avai l able fromthe Arco Chenical Conpany and 13.364 grans of precursor
particles of a size such that all of the particles pass through a standard
#100 sieve (150 mcrons) and nmade in accordance with the Precursor Particle
Exanpl e are m xed together to forma, precusSor particle mxture. The fibers
are hand cut froma tow and range in length fromabout 0.5 inches (1.25 cnm
to about 2.5 inches (6.35 cm. The above solution is added to the precursor

particle m xture and thoroughly m xed tMﬁMw’th a stirring spatula to
form an '

A solution is prepared consisting of 0.342 grams of
glycerol, 0.136 grams of water, and 1.713 grams of methanol.
Separately, 0.512 grams of FIBERSORB fibers available from the
Arco Chemical Company and 13.364 grams of precursor particles of a .
size such that all of the particles pass through a standard #100
sieve (150 microns) and made in accordance with the Precursor
Particle Example are mixed together to form a precursor particie
mixture. The fibers are hand cut from a tow and range in length
from about 0.5 inches (1.25 cm) to about 2.5 inches (6.35 cm).
The above solution is added to the precursor particle mixture and
thoroughly mixed together with a stirring spatula to form an
aggregate mixture. The resultant aggregate mixture is spread out
on a six inch (15 cm) PYREX culture dish and compressed with a
small spatula to a thickness of about 0.15 inches (3.8 mm). The
sheet is then heated at 200°C for 40 minutes in a forced air
circulating oven to react the glycerol with the polymer material
of the precursor particles {(both the polymers of the FIBERSORB and
the particles made in the Precursor Particle Examp\é). The
resultant macrostructure has a particulate structure of a
combination of relatively small irregular shaped granules and
fibers intermixed with the granules.

EXAMPLE 6

A solution 1is prepared consisting: of 0.023 grams of
glycerol, 0.014 grams of water, and 0.580 grams of methanol.
This solution is added to 0.880 grams of precursor particles
consisting of FIBERSORB fibers as available from the Arco Chemical
Company. The fibers are hand cut from a tow and range in length
from about 0.5 inches (1.25 cm) to about 2.5 inches (6.35 cm).
The solution and the precursor particles are thoroughly mixed
together with a stirring spatula to form an aggregate mixture.
The resultant aggregate mixture is spread out on a six inch (15
cm) PYREX culture dish and compressed with a small spatula to a
thickness of about 0.007 inches (0.178 mm). The sheet is then
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aggregate m xture. The resultant aggregate m xture is spread out on a siXx
inch (15 cn) PYREX culture dish and conpressed with a snmall spatula to a

t hi'ckness of about 0.15 inches (3.8 mm). The sheet is then heated at [err]
for 40 mnutes in a forced air circulating oven to react the glycerol wth
the polyner material of the precursor particles (both the polynmers of the
FIBERSORB and the particles made in the Precursor Particle Exanple).
The resultant nmacrostructure has a paldbiculate structure of a.
conbi nation of relatively small irregul ar shaped granules and fibers

interm xed with r,a VPL I, S repared
consisting of h%fqgﬁ% @H ?rsfw%&l’ éfoﬁ‘ a P%iﬂd Jiacdrad Mﬂeﬂe“aﬁﬂd 0. 580
grans of met hantRactThhe glocerdlowiths thedpd) ymerO m8B0 iy cofs the prexupsdor

particl es consipiritigiest FIRERSSFBarkt RRESostPu e 'c%m:ﬁ sE£ ofR tvnf’eﬁh??-
Chem cal Corrpangms hde

b h
from about O. % k{! %gﬁ'g%te ga‘é‘d‘auf izguﬁq]ﬁ'@néém'("@%@ ﬁ)nonwoven enat

While particular embodiments of the present invention have
been illustrated and described, it would be obvious to those
skilled in the art that various other changes and modifications
can be made without departing from the spirit and scope of the
invention. It is therefore intended to cover in the appended

claims all such changes and modifications that are within the
scope of this invention.
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The sol’ution -and the precursor particles are thoroughly m xed together with
a stirring spatula to forman aggregate m xture. The resultant aggregate

m xture is spread out on a six inch (15 cnm) PYREX culture dish and
conpressed with a small spatula to a thickness of about_0.007.inches (0.178
nmm) . The sheet is then 56 heated at [err] for 30 mnutes in a forced air

circulating oven to react the glycerol with the pol ymer“mw ﬂﬁ“lﬁﬂmnﬁﬂu

precursor particles. The resultant mac’dst ruct ure conp er
crosslinked aggregate having a structure simlar to a noriwoven" web. Whi'l e
particul ar enbodi nents of the present invention have been |Ilustrat ed and

described, it would be obvious to those skilled in the art that vari ous
ot her changes and nodi fications

CLAIMS

1. A porous, absorbent polymeric macrostructure comprising an interparticle
crosslinked aggregate, characterized in that it comprises (i) a
multiplicity of 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 aggregate having pores between
adjacent of said precursor particles, said pores being interconnected by
intercommunicating channels, thus forming a 1liquid permeable
macrostructure, the circumscribed dry volume of the macrostructure being
greater than about 10.0 cm3.

2. The macrostructure of Claim 1, characterized in that the precursor
particles have a mass average particle size less than 600 micrometers,
preferably less than 300 micrometers.

3. The macrostructure of Claim 1 ;:r 2, characterized in that the precursor
particles comprise fibers.

4. The macrostructure of any one 6f the preceding claims, characterized in
that, in addition to having interparticle crossiinking, the p_récursor
particles also have surface crosslinking.

5. The macrostructure of any one of the preceding clatms, characterized in
that the substantially water-insoluble, absorbent, hydrogel-forming,
polymer material has carboxyl groups and the {nterparticie crosslinking
agent has at least 2 functional groups per molecule capable of reacting
with the carboxyl groups of said polymer material of said precursor
particles. ' : .

6. The macrostructure of any one of the ~breceding clafims, characterized in
that the substantially water-insoluble, absorbent, hydrogel-forming,
polymer material of the precursor particles is selected from the group
consisting of hydrolyzed starch-acrylonitrile graft copolymer; partially

This is the replacement shest

02 SEP 1996

ThlS Sheet Has Been Reﬁll

A

Date:



can be*made without departing fromthe spirit and scope of the invention.
It is therefore intended to cover in the appended clains all such changes
and nodi fications that are within the scope of this invention. 1. A
porous, absorbent, polynmeric macrostructure conprising an Interparticle-

crosslinked aggregate conprising (i) a multiplicity of precursor“ﬁi&tlcles

of substantially water-insoluble, absorbent, hydrogel 1&“““1 H“ﬂ llt of

material and (ii) from.01 to 30 parts by melght per
the precursor particles of an interparticle crosslinkindg agent reacted W th
said polyner material of said precurs®® particles to formcrosslink bonds
bet ween sai d precursor particles; said interparticle crosslinked aggregate
havi ng pores between adjacent of said precursor particles, said pores being
I nt erconnected by intercomunicating channels thus formng a liquid
perneabl e macrostructure, the circunscribed dry volume of the
macrostructure being greater than about 10.0-[err].

neutralized starch-acrylonitrile graft copolymer; starch-acrylic acid
graft copo]ymer; partially neutralized starch-acrylic acid graft
copolymer; saponified vinyl acetate-acrylic ester copoiymers; hydrolyzed
_ acry]onitriTé or acrylamide copolymers; slightly network crosslinked
products of any of the foregoing copolymers; partially neutralized
polyacrylic acid; or slightly network crosslinked products of partially
neutralized polyacrylic acid. '

7.  The macrostructure of any one of the preceding claims, characterized in
that the interparticle crosslinking agent is selected from the group
consisting of polyhydric alcohel compounds, polyglycidyl ether compounds,
polyfunction31 aziridine compounds, polyfunctional amine compounds, and
polyfunctional isocynate compounds.

8. The macrostructure of any one of the preceding claims, characterized in
that it comprises a sheet having a thickness greater than 250 micrometers,
preferably from 0.5 to 3.0 mm.

9. An absorbent article comprising a liquid pervious topsheet; a Tiquid
impervious backsheet joined with said topsheet; and an absorbent core
positioned between said topsheet and said backsheet, said absorbent core
comprising one or more of the macrostructures of any one of the preceding
claims.

10. A method for producing a porous, absorbent, polymeric macrostructure

according to any one of Claims 1 through 8, said method comprising the
steps of:

a) providing a multiplicity of precursor particles df substantially
" water-insoluble, absorbent, hydrogel-forming, polymer material;

b) applying an interparticle crosslinking agent onto said precursor
particles, said interparticle crosslinking agent being capable
of reacting with said polymer material of said precursor
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2. The.macrostructure of Claim1l wherein said precursor particles have a
mass average particle size | ess than about 600 m crons. 3. The
macrostructure of Claim1l wherein said precursor particles have a nass
average particle size |less than about 300 mcrons. 4. The macrostructure
of Caim1l wherein said precursor particles conprise fibers..5. .. .The. -
macrostructure of Claim 1l wherein said Interparticle crossli nkl n ent
conpri ses a nmononer that is polymerized to form poly ﬂ!Hmzl "jl’ ﬂ ds
bet ween said precursor particles.- 6. The macrostru

wherein said polynmer material posggsses a carboxyl group and ‘sard
interparticle crosslinking agent has at |east two functional groups per

nol ecul e capabl e of reacting with said carboxyl group of said pol yner

material of said precursor particles. 7. The macrostructure of Claimé6
wherein said interparticle crosslinking agent I's mxed with water, an
organi c solvent, or m xtures thereof. 8. The macrostructure of Caiml

wherein said interparticle crosslinked aggregate

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

d) reacting said interparticle crosslinking agent with said polymer
material of said precursor partic]es of said aggregate, while
maintaining the physical association of said precursor
particles, to form crosslink bonds between said precursor
particles to form an interparticle crosslinked aggregate
macrostructure. ' '
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I's surface crosslinked. 9. The macrostructure of Claim 1 additionally
conprising reinforcing nenbers enbedded in the macrostructure. 10. The
macrostructure of Claiml conprising a sheet having a thickness greater

t han about 250 m crons. 11. A porous, absorbent, polyneric macrostructure
conprising an interparticle crosslinked agggregate conprising (i) a
multiplicity of substantially dry precursor particles of substantially

wat er - I nsol ubl e, absorbent, hydrogel -form ng, polyner material, said

pol ymer material of said precursor paM;’ ,iaei ng selected fromthe group
.consi sting of hydrolyzed starch-acrylonitriTe graft copolyner; partially
neutral - ized starch-acrylonitrile graft copolymer; starch-acrylic acid

Japon 1 16d vi nyPOROUS A S ORARTT. LOLANBRIC MBCRORyRUyERES N ™"

B oducts of any of t KL?L??&??EE“%‘%& A par%*.ﬂﬁmeﬁ{ alized

pol yacrylic acid; or slightly network crossl i nked products of partially

neutralized '

Absorbent polymeric macrostructures (52) that are porous and comprise an

interparticle crosslinked aggregate having a circumscribed dry volume greater than
about 10.0 mm®. The interparticle crosslinked aggregate compriseé a multiplicity
of precursor particles of substantially water-insoluble, absorbent, hydrogel-
forming, polymer material; and an interparticle crosslinking agent reacted with the
polymer'matefial for the precursor particles to form crosslink bonds between the
precursor particles. Because of the particulaté nature of the precursor particles,
the macrostructure (52) has pores between adjacent precursor particles. The pores
are interconnected by intercommunicating channels such that the macrostructure
is liquid permeable.

Figure 9
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polyacrylic acid; and (ii) from.01 to 30 parts by weight per 100 parts by
wei ght of the precursor particles of 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 fromthe group consisting of polyhydric-
al cohol conpounds, polyglycidyl ether gggpounds, polyfunctional aziridine
conpounds, pol yf ti onal @n ne Lonmgeunds, and.polyf uncti anal isocyanate
conpounds; sak#pai cf? S 14 kg 1aVi Ng i &S 4Rt ween
adj acent of sgi ecyrac; pPars mCl € ai.d por esepel ng- i fer @Pd by

i nt ercomuni cgmidy ch ejs S Qe [ CNRAEI S 4 Gop ‘I*‘D per neabl e,
the circunscr dﬂ ol dre "g\; o, , § BN Qa1 () Ot C han

-about 100.0 [erT[® \ y 14 mhalols ng
wher ei 1 parh‘% s e B e M
wherein the a C i S e P oW | S | ess

than about S50&% .
£

F16 2 ’ . - This is the replacement shest

02 SEP 19%

Date:



59 14.+ The macrostructure of Claim 1l wherein said precursor particles
have a mass average particle size |less than about 300 mcrons. 15. The
macrostructure of Caim 14 wherein said Interparticle crosslinking agent is
m xed with water, a hydrophilic organic solvent, or mxtures thereof. 16.
The macrostructure of Caim 15 wherein said polynmer nmaterial of said
precursor particles consists essentially of slightly network crosslinked
products of partially neutralized polyacryﬂﬁﬁz acid; and said interparticle
crosslinki ng qemak ) Py - R D g T

gl ycol, glyceg
1, 3- propanedi gle

ode AT W que e -

95% by wei ght wg . L, een
about 150 nicr - A Y . € Lro- ] ) d ai m
17 conprising £ TS i P ] - rons.
19. The nacr j‘ik""’ g i s le size
of said preculiiol. S 2 e aF oy N | east
about 95% by g s 3 !
Ay i
e "‘.(
K\
AR
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of sajd precursor particles have a particle size between about 90 m crons
and about 180 microns. 20. The nmacrostructure of Claim19 conprising a
sheet having a thickness greater than about 250 microns. 21. The
macrostructure of Claim 11, 12, 14, 18 or 20 wherein said Interparticle
crosslinked aggregate |s surface crosslinked. 22. The nmacrostructure of
Claim1l, 12, 14, 18 or 20 additionally conprising reln- forcing fibers
embedded In the macrostructure. 23. Th&/Fmacrostructure of Caim 22 mhereln

sai d reinforcing fla-r QD : , . 6Qu2d he
macr ost ruct un ‘ X Dy , haV|ng a
t hi ckness betiKaiiges D i 4 4o pr oduct

conprising a y
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Claim+<, 11, 12, 14, 18 or 20 joined to said substrate. 26. An absorbent
article conprising a |liquid pervious topsheet; a |iquid inpervious
backsheet joined with said topsheet; -and an absorbent core positioned

bet ween said topsheet and said backsheet, said absorbent core conprising
one or nore of the macro- structures of aim1l, 5 11, 12, 14, 18 or 20.
27. The absorbent article of Claim26 wherein said absorbent core
additionally conprises an envel ope web encasi ng said macrostructure. 28.
The absorbent article of Claim27 wherein said envel ope web conprises a
nonwoven web of hydrophilized synthetic fibers that is sealed about its
periphery. 29. The absorbent article of C4ddm 26 wherein sai d absorbent

core additionally comprises an _absorbep q-er‘§95| en_said
topsheet and gaidd * 'uﬁ»uéﬁ. 30 “‘ or m 26
wherein sai d [ . .~ addi i@ S 7 relnforC| rs

enbedded In s : ﬂ .r:' H Jal , p QDAIEQ a porous

absor bent, pol? 3"5“‘ ; PR C a8 | cl.eecrosslinked
aggregat e havi Qg TP ] RN YT o hanmel s so
that the macrostru SR ! ' Y
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conprising the steps of: (a) providing a multiplicity of precursor
particles of substantially water-insol uble, absorbent, hydrogel-form ng,
pokymer material ;. (b) applying an interparticle crosslinking agent onto
said precurser particles, said Interparticle crosslinking agent being
capabl e of reacting with said polymer material of said precursor particles;
(c) physically associating said precursor particles to forman aggregate
havi ng pores | nterconnected by interé@ﬁ%ﬁnicating channel s; and (d)
reacting said interparticle crosslinking agent with.said polymer materi al
of said precursor particles of said aggregate, while maintaining the

physi cal association of said precursor particles, to form-—crosslink bonds -
bet ween said precursor particles to forman Interparticle crosslinked
aggregate macrostructure. 32. The net of Claim31l adghtionally
conprising the step of surface crosslinking\the nmacros tu;?32

20
\\\\\‘\ 44-~.7
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33. The nethod of O aim 31 addiiionall y conpri n.0f _shaping the

Skn%-{—gerstme

PER G CEMENT SHERIE.

The method of O a Mlﬁlllﬂllﬁlﬂﬂ W 5" SLHS?PEL?heat ot T sy
of Claim31 additional fy Torfprissi ng t he sﬁgp of | dlng r.ei nfrorci Ay fi B.ex,

to said precursor particles. 36. The netniod of ¢l aim 317 wherein. sai d.:o~q .
i nterparticle crosslinking agent conprises a ndferthat i s-.pal y’-FTE{ |;zeq1 to

f orm pol ymer CLAMMSSs!| i nk bonds bet ween said precursor parti cl es. The”
met hod of Claim 36 wherein step (d) conprises thq;gf@mﬁfné@ A he
pol ymeri zation reaction by irradiating said np r ltﬁ?zg@

Cl ai m 31 whetein éap@royseanmntpmymrbsmtmemlsm %aﬂ?@ﬂ@'c!ﬂ ze
ess than ahauisitRBaagagite Tdm ﬂEIrhg {5 "ad ofisiichy Top lprabest paries ot

precursor particles ave mass partic ess t han "about 300

i crons. 40.subsigatiaiht mfdﬂsdllhlﬁ.nmm bYdfoﬂ@lr‘Qﬂ'}!‘F'@cﬂﬂmf weaterial and (ii)

conprise fi ™ot f
pol ymeric rraqg os?r&:?grle co%magﬂ‘%ﬁgbg%{%r pa t| cI e crossl | ?I%e es ol an
aggr egat e hdotefRartiele carosslinking agest reactas, with: eaid polser- material of said precursor

particles to form crosslink bonds between sald precursor pariicles; said interparticle
crosslinked aggregate having pores between adjacent of sald precursor particles, said
pores being interconnected by intercommunicating channels thus forming a liquid
permeable macrostructure, the circumscribed dry volume of the macrostructure being
greater than about 10.0 mms.

2. The macrostructure of Claim 1 wherein said precursor particles have a mass
average particle size less than about 600 microns.

3. The macrostructure of Claim 1 wherein sald precursor particles have a mass
average particle size less than about 300 microns.

4. The macrostructure of Claim 1 wherein said precursor particles oomprise
fibers.

5. The macrostructure of Claim 1 wherein said Interparticle crosslinking agent
comprises a monomer that is polymerized to form polymeric crosslink bonds between
sald precursor particles.

6. The macrostructure of Claim 1 wherein said polymer material possesses &

carboxy! group and said interparticle crosslinking agent has at least two functional

groups per molacule capable of reacting with said carboxyl group of said polymer
material of said precursor particles.

7. The macrostructure of Claim 6 wherein said Interparticle crosslinking agent Is
mixed with water, an organic solvent, or mixtures thereof.

8. The macrostructure of Claim 1 wherein said interparticle crosslinked aggregate
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cat i ng channel s-so that” the nmacrostructure is |iquid perneable, the nethod

conprising the s ol ) providing a multiplicity of
substantially dr%@ﬂmm’mumm cles of substantially water-insoluble,
absor bent, hydro - , spOkynmer nma ial, said polymer material of
said precursor particles being selectedfromthe group consisting of

hydrol yzed starch-acrylonitrile graft copolyner; partially neutralized
starch- adﬁ;ﬂ“ﬂmmsé“éheéft copol ymer; starch-acrylic acid graft copol yner;

partially neutralized starch-acrylic acid graft copolymer; saponified vinyl
acetate- acrylic ester copolymers; hydrolyzed acrylonitrile. or. acrylanm de
copol yner s8- sl i §he IWWQFWR’“CPBQQ‘%%B“%M% merising, ’Bﬁf?'ﬁ‘é'gf B‘%@‘}Bﬁ?g
copol ynerswuthwe ffbfosttletdad pol yacrylic acid;, or slightly network

crosslinked products of partially neutralized polyacrylic acid; (b)
applying an Interparticle crosslinking agent onto said precursor particles,

sai d 10. The macrostructure of Claim 1 comprising a sheet having a thickness greater
than about 250 microns.

11. A porous, absorbent, polymeric macrostructure comprising an Intefbartlcle
crosslinked aggregate comprising () a multipliclty of substantially dry precursor
particles of substantially water-insoluble, absorbent, hydrogel-forming, polymer
material, said polymer material of sald precursor particles being selected from the
group consisting of hydrolyzed starch-acrylonitrile graft copolymer; partially neutral-
ized starch-acrylonitrile 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; or slightly network crosslinked products of partially neutralized
polyacrylic acid; and (i) from .01 to 30 parts by weight per 100 parts by welght of
the precursor particles of an interparticle crosslinking agent reacted with sald polymer
material of said precursor particles to form crosslink bonds between sald 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;
sald interparticle crosslinked aggregate having pores between adjacent of said precursor
particles, said pores being interconnected by intercommunicating channels so that the
macrostructure Is liquid permeable, the circumscribed dry volume of the macro-
structure being greater than about 100.0 mm3.

12. The macrostructure of Claim 11 wherein said precursor particles comprise
fibers. ‘

13. The macrostructure of Claim 11 wherein the mass average particle size of sakl
precursor particles Is less than about 500 microns.
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[ nterpart i-cl e crosslinking agent being selected fromthe group consisting

of pol yhydric al c ol ygl yci dyl et her conpounds,
pol yfuncti onal mmll mnrmmH@ pol yfuncti onal am ne conpounds, and
pol yfunctional i soCyaﬁat'e aonpounds; (c) physi cal |y associ ating said

precursor particles to form an aggregat&&avi ng pores interconnected by

I nt ercomruni cati ng channel-s; (d) shapi ng the aggregate to a desired

shape, sizgg, anﬁ‘@ﬁ;‘Mﬂuwre aflélélﬁh) 11 wheksle Gakhplecuison partitieschave a mass

interparticle crosslinking agent .and sai d aggregate to react said
|nterpart|%ﬁeéaﬂ9rwy¢|9|ﬁé°dg$%§@ﬁ 51??!" | ymer material of said

precursor particles of said aggregate, while maintaining the physical

2 precuSor Bie maasteive of paim 14 s Bl oierpiriete eiikg, WalF &

MACT OSL I UCHhixe@- wuﬂ?water?h%ygﬁfgh crhanit Fofett], crdtiitures tidreofconpri si ng t he.

step of adding fibers to s precursor particles prior to reacting said
Interparticle crosslinking agent with said polymer material of said

precursor @I ti theSmatrostructlié émdmd\ qfs Gm'um%awd;btymammrtampf ismichg

the step O Strsns particios ‘conslsts  dssentially ot Slghtly ‘aétRork crosstinked products of
partially neutralized polyacrylic acld. and sald interparticle crosslinking agent is
selected from the group conslsting of ethylene glycol, glycero!, trimethylol propane, 1.2-

propanediol, or 1,3-propanediol.

17. The macrostructure of Claim 16 wherein at least about 95% by weight of said
precursor particles have a particle size between about 150 microns and about 300
microns.

18. The macrostructure of Claim 17 comprl_slng a sheet having & thickness greater
than about 250 microns.

19. The macrostructure of Claim 16 whereln the mass average particle size of said
precursor particles is less than about 180 microns; and at least about 95% by weight
of said precursor particles have a particie size between about 80 microns and about 180
microns.

20. The macrostructure of Claim 19 comprising a sheet having a thickness greater
than about 250 microns.

21. The macrostructure of Claim 11, 12, 14, 18 or 20 wherein said interparticle
crosslinked aggregate is surface crosslinked.

22. The macrostructure of Claim 11, 12, 14, 18 _or 20 additionally comprising rein- -
forcing fibers embedded In the macrostructure.

23. The macrostructure of Claim 22 wherein sald reinforcing fibers comprise
synthetic fibers.
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44, The met hod—of —ctai m'41 wherein said precursor particles conprise

f.i bers. The 1 wherein said interparticle crosslinking
agent is mxed Wi mmﬂ"!mm nic solvent or m xtures thereof. 63
46. The net hod of+ Ceal erein step (d) conprises nolding the
aggregate. 47. The nethod of Claim45 v@rein step (d) conprises form ng

the aggregate. 48. The net hod of Cl aim 47 wherein step (d) conprises

extruding a4i d THE ME p 4], V12,014, 96,1820 20066MHASIAg L@ shebh a
sheet. 49. The net hod%g‘mgﬁn%imm?el n sai d Iﬁ't erparticl eg'gérggssl i nki ng

agent is chaving &thigkngss between sbout Ok mmsand.gboyt 30 MMet hyl ol propane,

ethyl ene glycol, 1,2-propanedlol. 1,3- propanedlol or glycerol; and said

pol yrer rraterl al consi sts essent i al | i ght etvvork crossl i nked
product s #Spar fn Bﬂ%?&cﬁ@ﬁ zﬁ!‘%dna b to
C ai m 49 vori®i1 11} L, QC) 18 %r%rjblnﬁd 16 SaldPéubtraRper at ure | n the range of

from about [err] to about [err] for between about 3 hours and about 30
26. An absorbent article comprising a liquid pervious topsheet; a liquid impervious
backsheet joined with salid topsheet; and an absorbent core positioned between saki
topsheet and said backsheet, sald absorbent core comprising one or more of the macro-
structures of Claim 1, 5, 11, 12, 14, 18 or 20.

27. The absorbent article of Claim 26 wherein said absorbent core additionally
comprises an envelope web encasing said macrostructure.

28. The absorbent arlicle of Claim 27 wherein said envelope web comprises a
nonwoven web of hydrophilized synthetic fibers that Is sealed about its periphery.

29. The absorbent article of Claim 26 wherein said absorbent core additionally

comprises an absorbent member positioned between said topsheet and said
macrostructure.

30. The absorbent article of Claim 26 wherein said macrostructure additionally
comprises reinforcing fibers embedded In said macrostructure.

31. A method for p_roducinq a porous, absorbent, polymeric macrostructure .

comprising an interparticle crosslinked aggregate having pores Interconnected by inter-

ccmmunicating channels so that the macrostructure is liquid permeable, the method
comprising the steps of:

(a) providing a multiplicity of precursor particles of substantially water-insoluble, -
absorbent, hydrogel-forming, polymer material;

(b) applying an inierpartlcle crosslinking agent onto sald precursor particles, said
interparticle crosslinking agent being capable of reacting with said polymer
material of said precursor particles;

(c} physically assoclating sald precursor particles to form an aggregate having pores
interconnected by intercommunicating channels; and
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m nutes. 51. ~The nethoe-of--Cl.aim 50 wherein said Interparticle

crosslinking a xed with water, an organic solvent, or m xtures

t hereof . 52. ?ﬂi’l M IUH, |m 51 wherein step (d) conprises the steps
of extruding the hen rolljhg said aggregate to form a sheet
53. The net hod of CI aim52 wherein ste {]b) conprises atom zing said

interparticle crosslinking agent onto said precursor particles. 54. The

met hod of (@i nredling saldi htmmamMGQMﬁﬂal polymer matgrial M@é@r sor

\?ﬁref_ :E‘Iczlne;.t | Feggﬁ?ecg Fpgg@é% &Wf Saél? pr ECUI' SO?WPt ?Sl esS have a

particul ar si zeObGBidammntPMSﬂlorbm m&ﬂhtomﬂdsobemgﬂ(ﬁ&ld PJGGUfsqfhe

par (1cl o i s | cRaAeRE o el ahiocudl Rra Sl bhgredud ' iferdtiniflel DY UV S0

of said precursor particles have a part] cI e size between about 90 m crons
and about 480 Mrft Yfikinod of Claim 31 additionally comprising the step of surface crosslinking
the macrostructure.

33. The method of Claim 31 additionally comprising the step of shaping the aggregate
to a desired shape, size, and/or density prior to step (d).

34. The method of Claim 31 wherein step (d) comprises heating.

35. The method of Claim 31 additionally eomprising the step of adding reinforcing
fibers to said precursor particles.

36. The method of Claim 31 wherein said interparticle crosslinking agent comprises
a monomer that is polymerized to form polymeric crosslink bonds between said
precursor particles.

87. The method of Claim 36 wherein step (d) comprises the step of Initiating the
polymerization reaction by irradiating said monomer.

38. The method of Claim 31 wherein said precursor particles have a mass average
particle size less than about 500 microns.

39. The method of Claim 31 wherein said precursor particles have a mass average
particle size less than about 300 microns.

40. The method of Claim 31 wherein sald precursor particles comprise fibers.

41. A method for producing a porous, absorbent, polymeric macrostructure compris-
ing an Interparticle crosslinked aggregate having pores Interconnected by intercommuni-
cating channels so that the macrostructure Is liquid permeable, the method comprising
the steps of: '
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64 57. The nety ' 54, 55 or 56 additionally conprising the
step of surfaceﬂm’ﬂﬁ“‘“i(“m‘m‘“Md precursor particles of said .
macrostructure sk tanedusfy With step (e). 58. The nethod of Caim 44,
49, 51 or 54 addonaly conprising the stggp of adding reinforcing fibers to

said precursor particles prior to reactin said polyner material og sail_ﬂ
Por ous. at00) beProvRid b mifiblioty o sftRiandang dof Feereistor-BAARE o4 subsienually
met hod of C ai nwalsr-iiEblubile,, abisorbetit, hydrogbliformitigppolyfner material, sald polymer
material of said precursor particles being selected from the group consisting of
hydrolyzed starch-acrylonitrile graft copolymer; partially neutralized starch-
acrylonitrlle draft copolymer; starch-acrylic acid graft copolymer; partially
neutralized starch-acrylic acid graft copolymer; saponified vinyl acetate-
acrylic ester copolymers; hydrolyzed acrylonitrile or acrylamikie copolymers;
slightly network crosslinked products of any of the foregoing copolymers;
partially neutralized polyacrylic acid; or slightly network crosslinked products
of partially neutralized polyacrylic acid; : '
(b) applying an interparticie crosslinking agent onto 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; ' :
(c) physically associating sald precursor particles to form an aggregate having pores
interconnected by intercommunicating channels; .
(d) shaping the aggregate 1o a desired shape, size, and/or denslty; and
(e) subsequently heating said interparticle crosslinking agent and said aggregate to
react sald interparticle croSslinking agent with said polymer material of said
precursor particles of sald aggregate, while maintaining the physical association
of sald precursor particles, to form crosslink bonds between said precursor
particles to form an Interparticle crosslinked aggregate macrostructure.

42. The method of Claim 41 additionally comprising the step of adding fibers to said-
precursor particles prior to reacting said interparticle crosslinking agent with said
polymer material of said precursor particles.

43. The method of Claim 41 additionally comprising the step of surface crosslinking
the macrostructure.

44. The method of claim 41 wherein said precursor particles comprise fibers.

45. The method of Claim 41 ‘wherein said interparticle crosslinking agent is mixed
with water, an organic solvent or mixtures thereof.
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46. The method of Claim 45 wherein step (d) comprises molding the aggregate.

47. The method of Claim 45 whereln step {d) comprises forming the aggregate.

48. The method of Claim 47 whereln 'step {d) eomprlsps extruding sald aggregate and
subsequently rolling said aggregate to form a sheet.

49. The method of Claim 41 wherein said Interparticle crosslinking agent Is selected
from the group consisting of trimethylol propane, ethylene glycol, 1,2-propanediol,
1.3-propanediol, or glycerol; and said polymer material consists essentially of slightly
network crosslinked products of partially neutralized polyacrylic acid.

50. The method of Claim 49 wherein stép (e) is carried out at a temperature in the

range of from about 170°C to about 220°C for between about 3 hours and about 30
minutes.

§1. The method of Claim 50 wherein said Interparticle crosslinking agent is mixed
with water, an organic solvent, or mixtures thereof.

52. The method of Claim 51 wherein step (d) comprises the steps of extruding the
aggregate and then rolling said aggregate to form a sheet

5§3. The method of Claim 52 wherein step (b) comprises atomizing said interparticle
crasslinking agent onto sald precursor particles.

54. The method of Claim 52 wherein the mass average particle size of said precursor
particles is less than about 300 microns.

- 55. The method of Claim 54 whereln at least about 95% by welght of sald precursor
particles have a particular size between about 150 microns and about 300 microns.

56. The method of Claim 52 wherein the mass average particle size of said precursor
particles is less than about 180 microns; and at least about 85% by weight of said
precussor particles have a particle size between about 80 microns and about 180
microns. |

This is the replacement shest

ot 25 AUG 1998



64

Iy

surface crosslinking sald precursor particles of sald macrostructure simultaneously
with step (e). '

58. The method of cl_alm 44, 49, 51 or 54 additionally comprising the step of adding
reinforcing fibers to sald precursor particles prior to reacting said polymer material of
said precursor particles with said interparticle crosslinking agent.

59. The porous, absorbent, polymeric macrostructure produced according to the
method of Claim 31, 35, 87, 41, 42, 49, 51, 563 or 54.
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65
ABSTRACT

POROUS, ABSORBENT, POLYMERIC MACROSTRUCTURES AND
METHODS OF MAKING THE SAME

Absorbent polymeric macrostructures (52) that are porous and comprise an
interparticle crosslinked aggregate having a circumscribed dry volume greater than
about 10.0 mm3. The interparticle crosslinked aggregate comprises a multiplicity
of precursor particles of substantially water-insoluble, absorbent, hydrogel-
forming, polymer material; and an interparticle crosslinking agent reacted with the
polymer material for the precursor particles to form crosslink bonds between the
precursor particles. Because of the particulate nature of the precursor particles,
the macrostructure (52) has pores between adjaéeni precursor particles. The pores
are interconnected by intercommunicating channels such that the macrostructure
is liquid permeable.

Figure 9
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