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FIELD OF THE INVENTION

This application relates to flexible, microporous, open-celled polymeric foam materials
having two or more distinct regions of different types of foam interspersed so as to deliver a
desired mixture of properties in a single piece of material.

BACKGROUND OF THE INVENTION

Flexible open-celled polymeric foams are widely used for energy absorption or
insulation (thermal, acoustic, mechanical), filtration, absorption of fluids, and the like. In most
cases. the foams desired for these purposes have relatively homogeneous structures comprising
cells within a given size range joined by open "windows" or "holes” to adjacent cells. Among
the various measures of such foams that are important for each application are cell size/hole size
and distribution, anisotropy, proportion of cell struts to windows, and porosity. Anisotropy can
arise from the relative deviation between the shape of all the celis in the foam and some
geometric ideal. In general, work has been devoted to making foams as homogeneous and
isotropic as possible with respect to cell size and shape and density.

Polyurcthane foams having a range of densities are known materials. For example, the
"integral skin" flexible polyurethane foams have high density skin layers that transition gradually
over 1-3 cm into a lower density core region. See for example Ashida, K.; Iwasaki, K. In
Handbook of Plastic Foams", Landrock, A. H., ED.; Noyes, 1995; Chapter 2, pp 56, 64-67,
incorporated herein by reference. The overall densities of such foams are typically between
about 200 and 1,100 kg/m3. These foams do not exhibit distinct regions having different
compositional or microstructural properties within a single piece. Typically, these foams also
have higher densities, larger cell sizes and/or larger hole sizes than foams which may be
preferred for certain applications.

Foams may be made from polymer networks which have been entangled to form an
interpenetrating network (IPN). IPNs may exhibit some of the properties of both polymer types.
See for example Odian, G. G. "Principles of Polymerization”, 3rd edition, Wiley-Interscience:
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their function. caplllary fluid transport and core integrity and flexibility.
Other absorbent materials capable of providing capillary fluid transport include certain

20  types of polymeric foams in absorbent articles for the purpose of imbibing, wicking and/or
retaining aqueous body fluids. See, for example, U.S. Patent 3,563,243 (Lindquist), issued
February 6, 1971 (absorbent pad for diapers and the like where the primary absorbent is a
hydrophilic polyurethane foam sheet); U.S. Patent 4,554,297 (Dabi), issued November 19, 1985
(body fluid absorbing cellular polymers that can be used in diapers or catamenial products); U.S.

25  Patent 4,740,520 (Garvey et al), issued April 26, 1988 (absorbent composite structure such as
diapers, feminine care products and the like that contain sponge absorbents made from certain
types of super-wicking, crosslinked polyurethane foams). These foams can provide core
integrity and flexibility but not the desired degree of capillary fluid transport.

The use of appropriate absorbent foams in absorbent articles such as diapers and

30 catamenial pads can provide features of capillary fluid acquisition, transport and storage required
for use in high performance absorbent cores. Absorbent articles containing such foams can
possess desirable wet integrity, can provide suitable fit throughout the entire period the article is
worn, and can minimize changes in shape during use (e.g., swelling, bunching).

Particularly suitable absorbent low density open-celled foams have been made from High

35 Internal Phase Emulsions (hereafter referred to as "HIPEs"). See, for example, U.S. Patent
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effectively. Conversely, foams having smaller cell sizes and hole sizes are able to wick fluid

20  against the force of gravity and store the fluid tightly to keep it away from the skin of the wearer,
but are typically slower to acquire fluid. As indicated, heretofore, these opposing functions in an
absorbent article have been achieved primarily by layering, in the z-direction, different types of
distinct absorbent foams which provide different functions. This adds complexity and cost to the
process and can limit the product designs desired to those which allow for combination of

25 individual pieces. Also, these designs are limited in being able to move fluids by differential
capillary pressure only between the layers in the "z-dimension" of the articles, i.e., not in the "x-y
dimension" or within the plane of a given layer.

Another important issue is the strength or resistance to compression deflection of the
foam. Foams having comparatively higher densitics, higher Tgs (defined hereinafter), and/or

30 higher crosslinker levels generally exhibit greater resistance to deforming under pressure. This is
achieved at the expense of using more polymer per unit volume, having a foam which deforms
too slowly for practical use, or a foam which is too brittle or inflexible.

Accordingly, it would be desirable to be able to make an open-celled polymeric foam
material that combines the various properties listed above as distinct regions within one material

35 that: (1) expresses a combination of cell sizes and/or hole sizes in different distinct regions of a
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a) from about 85 to about 98% by weight of a monomer component capable of
forming a copolymer having a Tg of about 95°C or lower, the monomer
component comprising:

30 i) from about 20 to about 70% by weight of at least one substantially water-
insoluble monofunctional monomer capable of forming an atactic
amorphous polymer having a Tg of about 25°C or lower;

i) from about 10 to about 50% by weight of at least one substantially water-
insoluble monofunctional comonomer capable of imparting toughness about
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alcohols, and mixtures thereof; and

2) a water phase comprising an aqueous solution containing: (a) from about 0.2 to
about 20% by weight of a water-soluble electrolyte; and (b) an effective amount of a
polymerization initiator;

25 3) avolume to weight ratio of water phase to oil phase in the range of from about 20:1
10 about 200:1;

B) optionally forming a second, distinct water-in-oil emulsion which is different in at
least one respect from the first emulsion, but which comprises materials and ranges
selected from those listed in parts A)1), A)2), and A)3); and

30 C) either
1) a) combining the first and second water-in-oil emulsions in a forming vessel prior
to polymerizing the monomer components of either of the water-in-oil
emulsions; and
b) polymerizing both emuisions to form a polymeric, heterogenous foam;
35 2) a) partially or completely polymerizing the monomer components in the oil phase
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nozzle. In this case, control over the relative rates of pouring and the relative dispositions of the
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20  polymeric material developed in the final cured foam.,

In a third embodiment, a single emulsion is produced, but one or more of the conditions
of shear, water-to-oil ratio, pour temperature, and the like are rhythmically or continuously
varied so as to produce regions in the resuitant foam of different properties. Thus, unlike the two
embodiments described above, formation of the optional second emulsion is not necessary in this

25  embodiment.

In a fourth embodiment, a first unpolymerized emulsion is introduced into a form
containing a second emulsion which is not substantially polymerized. By introducing the first
emulsion from a nozzle positioned at the bottom of the form while withdrawing the nozzle, the
emulsion forms a column or other geometric figure within the second emulsion. The process is

30 repeated. Slices of the cured emulsion thus posses regularly repeating cross sections of the first
emulsion in the form of the geometric figure imbedded in the plane of the slice of the second
emulsion. Thus, regions of differing properties are introduced within a sheet of material.

In a fifth embodiment, a first emulsion (uncured or cured) is molded or cut to a shape
that acts as a mold or fits into a mold for an additional amount of a distinct emulsion, which

35  provides irregular, non-planar cross sections of intimately contacted material in ‘the final cured
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15 Figure 3 of the drawings is a photomicrograph (250 X magnification) of the second
interface of the same heterogeneous foam, where individual pour lines intersect between the
second and third regions.

Figure 4 of the drawings is a photomicrograph (250 X magnification) of the third region
within the same heterogeneous foam.

20 Figure 5 of the drawings is a photomicrograph (250 X magnification) of the third
interface of the same heterogeneous, foam where individual pour lines intersect between the third
and fourth regions.

Figure 6 of the drawings is a photomicrograph (250 X magnification) of the fourth
region within the same heterogeneous foam.

25 Figure 7 of the drawings is a photomicrograph (30 X) of the first of the three interfaces
within the same heterogeneous foam.

Figure 8 of the drawings is a photomicrograph (30 X) of the second of the three
interfaces within the same heterogeneous foams.
Figure 9 of the drawings is a photomicrograph (30 X) of the third of the three interfaces

30 within the same heterogeneous foams.

Figure 10 is a top-plan view of a catamenial product having a heterogeneous foam of the
present invention as an absorbent member.

Figure 11 is a cutaway depiction of a disposable diaper that utilizes the absorbent
polymeric foam of the present invention as an hourglass-shaped fluid storage/distribution

35 component, optionally in an absorbent diaper core of dual-layer configuration.
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WO 97/ 32612 iscontinuous spheres focated Within a discrete, continuops region.
PCT/ US97/ 02668 Figure 17 is a crossectional view of the side of a single piece of heterogeneous foam of
the present invention having discrete regions in the z-direction (i.e., thickness) of the foam.
20 Figure 18 is a perspective view of the same piece of heterogeneous foam shown in
Figure 17, again showing the discrete regions in the z-direction of the foam.
Figure 19 is a photomicrograph (250 X magnification) of a heterogeneous foam having
discrete, unconnected regions dispersed in a continuous region. The photomicrograph is believed
to be taken at the interface of the continuous and at least one dispersed region. Suprisingly, no

25 discontinuity is observed between the regions.

DETAILED DESCRIPTION OF THE INVENTION
I Heterogeneous Polymeric Foam

The foams of this invention are heterogeneous, open-celled foams. The heterogeneity

30  relates to distinct regions within the same foam which are different in terms of any of the
parameters 6f cell size, hole size, polymer composition, specific surface area or density. The
distinct regions are on the macro scale, typically at least millimeter scale dimensions. The foams

are preferably of relatively low density having aggregate densities less than about 50 kglm3
(0.050 g/cc). "Open celled” refers to foams wherein the majority of adjoining cells are in open

35  communication with each other, defined more fully below. These foams are preferably prepared



pr oduct . In a sixth enbodinent, a single enulsion is
subjected to centrifugation prior to pol yneri zation. Conditions of
the centrifugation are mld enough that the water droplets are not
ruptured to disrupt the enul sion, but stringent enough to forma density
gradient within the 5 enulsion. Upon curing, a density gradient wll
exist in the fQam,qaey O course, tlee skilled arti sgrmbdrleze
recogni ze that nore ?ﬁan two distinct emul sions -can be enpl oyed, so
as to provide a heterogeneous foam conprising regions with nore than two
different properties. 10 BRI EF DESCRI PTI ON OF
THE DRAW NGS Figure 1 of the drawings is a photom crograph
51250 X ][ragnificat 'fr&ﬂ)-ﬂl!ﬁs.éﬁhé‘scfilibeﬁﬁm?:@@étﬂ'ﬂhcreinaﬂen of a heterogenegus fOﬁm
aving four regions ang thr |- a A . Fi.gur e of the
drawings i s a photom gﬂ' ki 'éegﬁ “%@%3{' ?cﬁrgéﬁrloﬁngoé'f f"S‘r'f; lsolfm%dheﬁgﬁ‘i?ﬁ'ﬁh' foad may be
regi on wthin thespseifiealty dermuloted e bsorb geaynd ajspecific frequency qfj squndeer@rayf attahgiven
dr awi _]Elgs i Sf a phOfeﬂBirﬁﬁ:@Qﬂ'ﬁ@hec{u&ﬁ&s }ﬁammstﬁrbﬁ&fyis;ﬂﬂ)v_icﬁfnﬁmdiﬁﬂ%)&ﬁi_mized layers of
Interface of tpe er e {. e | VI au our li1nes
i ntersect bet V\gen?o?ﬂgogeggr’ reg'gg&)%? ‘é{tn'g'?‘?h’."%% r"z’g i‘@'gg‘fms of the present inventipn gy be
4 of the draw ngscansrusted pmasopicempsise disknct regignsoptimizad fo absarb ateyndotvoton enorenspeaific
rﬁgi gn _ Wi t hfreqﬁ&da&s ilkiout hekﬁiiﬁgﬁﬂ&ﬁiﬂaﬁﬁ?ﬂf tweissimilar ]Pieceﬁ of E,ﬁguzje 5 of
the draw ngs 1s a phot rapn, ( gniflcatlon), O I T
interface of the sane 'ﬁerﬁ"girtggea @%ﬁé",’é’f t&%r%g&hsézreeal n'ﬁﬁ“{?ivé‘ﬂ'gf “E&Eer tr‘?af“né%"ems the
i nt ersect bet weeneffi¢giency pf pasticulate remapghast wrlk-asither flay tsptriction applied to the filtered-flgjdr &
6 of the dL awlmﬁsh&dioganeﬁﬁwfoﬁmofltmgfrﬁ&h ifv2hibmayEg dohdtmated g_m. réHion% QeF,&Qﬁﬁ&éa
region wwthin the . . . | gQu of t.
drawings is a pho'tn_%%ﬂg r'%%%%%ﬁg?gﬁg g'é'?sattrphlaerg%ﬁ’roéefi maerial &0 ¢ ﬁwg’eél?el' firg rpf“é'ﬁ‘g%‘es
within the sane hethopRbsFsHssthe Jawof the fluid through the filgsrg dy & regireplating) Sltraticn siystes,
i's a photoni crogrélind pahiclps willl ebvéituati 60 tispped by e sthillefBoled regions STRY feRFdREneous
within the same hgferogeneous foans. Figure 9 of the draw ngs
is a photomcrograph (30 X) of the third of the three interfaces 30
within the saf® heter ggremsmdarﬁencem applies to absorbent [fpam s wherein 3 foam of gpelptivaly
vi ew of a cat aneniagtr ol sigh kit hbla ¥izé)@aymbeiqaickly atsobfid io aatabrbédi rticle. Such foams

P 25ent et Ry A BB o o et PLOE e i

pol yneri c foam of Mhithexpi mots repillagy prtspes and drain theasaiingd Auid_feomthe wpper layay, restoring

st or age/ di st ri but #scibiliBbto acquire morerflujd. OTtei compdsity stiuttues wald ROGWIEIA itheChirEdPe limRea b5

of dual -layer Z(Fonti'né %ﬁ@% R)“‘I two separate layers of material, including foam, suitably and conveniently.
The foams of the present invention may be so constructed as to provide the properties of two or
more separate pieces of foam in one material without any intermediate joining step.

A preferred use of the foams of the present invention is as absorbent core materials in
absorbent articles for use as disposable diapers, adult incontinence pads and briefs, and sanitary

25 napkins.

The foam material of the present invention contains at least two regions that differ with
regard to their chemical and/or physical make-up. As used herein, the terms "distinct regions"
and "distinct foam regions" mean that the regions differ with regard to one or more of foam
density, polymer composition, specific surface area, or microcellular morphology (e.g., cell size,

30 hole size). The difference(s) between the discrete regions will be readily measurable. For
example, if the difference(s) relates to microstructure, the mean cell diameter or tﬁe mean hole
diameter in each region should differ by at least about 20%, preferably at least about 35%, more
preferably at least about 50%. If the differences relate to density, the densities of the distinct
regions should differ by at least about 20%, preferably at least about 35%, more preferably at

35  least about 50%. For example, if one region has a density of 0.020 g/cc, a distinct region should
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Although the foams of the present invention require distinct regions so as to be

20  heterogeneous, these foams may possess a continuum of properties between regions. That is,

while in certain embodiments there will be a relatively abrupt change in properties when moving

from one region to the next, other embodiments will have a more gradual change of properties
between regions.

Where two or more emulsions are employed to provide a heterogeneous foam, the term

25 "distinct emulsions” means that the emulsions will differ to such a degree that their
polymerization provides a foam of the present invention, i.e., having the requisite discrete
regions. The skilled artisan will recognize what aspects of the emulsions (e.g., monomer
reactants, water-to-oil ratio) and/or the conditions for their processing (e.g., shear rates, pour
temperature) can be altered to provide foams having the requisite distinct regions. Where a foam

30 is produced using one emulsion, processing conditions will provide the desired differences
between regionS.

Since the foams of the present invention have, by definition, distinct regions having
different properties, the properties of each region may best be measured by using a homogeneous
foam prepared in the same way. Some measurement techniques require sample sizes and shapes

35  that are incompatible with the need to distinguish the different properties of each region within
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Such foans tﬁe gﬁ‘ ct may Son(l]inate 5|e col ect?ve propemes of tlhe composnte oam refera bly, between

about 20% and 50% of the volume of the foam will comprise the discontinuous segment
volumes. If the foam is comprised of two or more continuous regions. each having distinct
chemical and/or physical properties, preferably between about 20% and 80% of the foam volume
20  will comprise one type with the balance being the other type(s). There is in principle no limit to
the number of different regions which may be interspersed to provide a given foam of the present
invention. ' '
There are several advantages in using heterogeneous foams. When irregular spherical
region(s) are dispersed in a continuous region (as is depicted in Figure 16), the spherical
25 region(s) may consist of a strong, low density polymer which is resistant to compression but
which is too brittle or too high in Tg to use as a continuous sheet. A composite foam consisting
of brittle or high Tg region(s) interspersed in a continuous matrix of flexible, tough absorbent
polymer will retain the desirable properties of the latter. This composite foam can be made at
lower density than 2 corresponding homogeneous foam. The density of the entire foam will
30 reflect the weighted averages of the densities of the different regions. Such a foam can derive
strength from the rigid sections which will have less tendency to collapse under pressure. The
continuous flexible section provides the flexibility of the entire foam which would be lacking in
a foam consisting only of the rigid polymer. In an alternative embodiment, discrete, unconnected
regions may be dispersed in two or more discrete continuous regions.
35 In addition to modifying the polymer properties of the regions (e.g., Tg, density,
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| ess than about @6l 3mgll kaled ﬁ!ard 1@t Fignre 1) dlhisythme-rdgiva Soana oy thed .bd I0foliied
or less t het Qﬁ]@du@pmbtla rQ3Q lﬂétﬁ&lS),' éach h&.ﬂa‘é.ﬂrn@me&c@nﬁ | hdi@3he

i n nature, fer ct, a relati, I ffereng |n at
| east one nonone 'Bdﬁ‘[fgﬁgﬁ't a‘B?“ﬁ’f'eTeé‘é%mQ%ﬁsm arfigle i ‘%&‘ﬁl“ﬁ“gﬂmul@ﬂ%‘y°
nmore preferably wwindstends folshbematg®ds For exanple, if one region is conposed

of about 10% Alternatively, as depicted in Figures 17 and 18, foams of the present invention may be

20 prepared such that the transition from one region to another occurs in the z-direction (i.c.,
through the thickness) of the foam.

Polymeric foams according to the present invention useful in absorbent articles and
structures are those which are relatively open-celled. This means the individual cells of the foam
are in complete, unobstructed communication with adjoining cells. The cells in such

25 substantially open-celled foam structures have intercellular openings or "windows" (referred to
herein as "holes”) that are large enough to permit ready fluid transfer from one cell to the other
within the foam structure.

These substantially open-celled foam structures will generally have a reticulated
character with the individual cells being defined by a plurality of mutually connected, three

30  dimensionally branched webs. The strands of polymeric material making up these branched
webs can be referred to as "struts." For purposes of the present invention, a foam material is
"open-celled” if at least 80% of the cells in the foam structure that are at least 1 pum in size are in
fluid communication with at least one adjacent cell.

In addition to being open-celled, preferred polymeric foams are sufficiently hydrophilic

35 to permit the foam to absorb aqueous fluids in the amounts specified hereafter. The internal
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I n i ble with the ne | n { rTe
re;?gﬁa\tm ? h?n t ptroceedure 1? gescn gnsgtreate tal n theq'Eng’ EeirHOrbS sgcno of U. Segatent 5,387,207

(Dyer et al.) issued February 7, 1995, which is incorporated by reference. Foams which are
useful as absorbents in the present invention are generally those which exhibit an adhesion
tension value of from about 15 to about 65 dynes/cm, more preferably from about 20 to about 65

25 dynes/cm, as determined by capillary absorption of synthetic urine having a surface tension of 65
+ 5 dynes/cm. Afier compression, and/or thermal drying/vacuum dewatering to a practicable
extent, these polymeric foams may have residual water that includes both the water of hydration
associated with the hydroscopic, hydrated salt incorporated therein, as well as free water
absorbed within the foam.

30 For the foams of the present invention to be flexible for their intended use, at Jeast one
continuous region of the foam must exhibit an appropriate glass transition temperature (Tg). The
Tg represents the midpoint of the transition between the glassy and rubbery states of the
polymer. In general, foams that have a higher Tg than the temperature of use can be very strong
but will also be very rigid and potentially prone to fracture. Preferably, regions of the foams of

35  the current invention which exhibit either a relatively high Tg or excessive brittleness will be



WD 97/ 32612 11

PCT/ US97/ 02668 t he heterogeneous foam Measurenents nmade on the
conposi te heterogeneous foans in general will reflect by definition a
vol une or surface area averaged property of the distinct regions unless

t he measurement is made at a scale smaller than the size of the distinct
region itself, A General Fgam Characteristics 5

The multi-regV81®¥ s of the present invention may conpri s&@ U ed.
unconnect ed region(s) and a continuous region. The dispersed,
unconnected region(s) may be in the shape of I rregul ar spheri cal
segnents, or larger irregular shapes enbedded within a continuous region of
di ssimlar foamyg; ti LSl @i ons _nmay, be .alternating
Stri pes. or sui 1 DARLER, SHE Heoe diEortinite HEbond 5 sl JetVily 4B b gt
foamwi |l consi <g"&f P’ﬁ*’%‘%"g‘f‘éwebf’e'ai“sscﬁmf’f'%@wsoﬂmﬂns the gyaralt srdngth pEthe sdmpfite

| i ke properties fdigpersed in a region of continuous material having a
second set of py N ot . redl:he..0f, t he volunme and/ or
wei ght fractions of ng{c}ﬁ{,?de&ia?)dn for apgg‘\:/ai“g'hssmfm?ﬁ)ﬁ'gﬁ{’: tho COnLAiRY af deast one
readi |y vari€d. PIMUVREIREON Mavise agatdow 2y Porgible: sclepg asthe overallofgam hesaceeptable |

| east about 10%strength at gf-usk kegpéromres.vRrefarably)thé Tg bRthik Riofl iSICBY Yeds AR Wou SEEBG S
or the effect : fici nor,e t.han out
MEYanfCusddf _aﬁﬂf‘trﬁbiénﬁ tghfgleré(ére condfoRE hrd EJFr{grnaF@ less than about ?92 . For

90% of the foamyvolune wll_ be ] ontinuous se
ef fect may domi-rfoams ussfin applications Wherein the ass teaperaipre itfughen arjowerithanfagiient, the Tg
Preferably, betwéehe continuambhoegion2gimldris o thah €0°COLrudtE Min tHaCust Qatipenirt

conpri se theydi $aaahYRYSankC TR tem eratuﬁ?lam t {elferﬁ%,?y R Ii(:)‘%:erc]ﬁonp';i sed

of two or nore continuous reg| ops. each having di Sg fpan use
and/ or physi cal SPRSFU ¥ ?F'“g*’é’ﬁ’@%ﬁl desifrdt \Aseprdipglyy monemersaare selesedods mimb as
f oam vol ume 20 possible that prwide seresppading/limopbiiiers havingdbveed Tg's. 0K hidBedn BurAlthi the
type(s). There ickajh hivGd ey f different
F2gi ons. whi oh g peh e égg*’ g&‘%’é‘%’%'?‘aé‘"“a'“‘?‘*&?%ﬂ? RfShorfls o o ong on

i nvention. ould be predigted, from, eAf dheshomolpgaus homepolymer sariesg Spedificaliyhbasus
foans. When isr r bernl fawnd gt dlrei komiologous series gf ikl aypryhtecor iettaaryiR thoinBpolymers have a
continuous regi MiniidR T afl§Rhaih FhgihMof 8 Iatbén A16ohs. td}eco%{}%ﬁﬁhﬁ%mﬁém Te of
region(s) may caonsj st Ol 2 St rong, | ow densi t%/ﬁipol yner ich1s res@sf’afﬁ‘f
to conpression BPROYmers of the nrgsent invention grqups 3t  chiain lepgth af Bbaut; 12 cangon goms «(While 5
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conti nuous r egi mpe . Typi s ansition that is incomplete at the in-use temperature indicates

that the polymer will evidence greater rigidity and will be less resilient. Conversely, if the

transition is sharp and completed at the in-use temperature, then the polymer will exhibit faster

recovery from compression when wetted with aqueous fluids. Accordingly, it is desirable to

30 control the Tg and the breadth of the transition region of the polymer to achieve the desired

mechanical properties. (The Tg and the width of the transition region are derived from the loss

tangent vs. temperature curve from a dynamic mechanical analysis (DMA) measurement, as

described in the Test Methods section hereafter).
In one embodiment of the present invention, the polymer of the discontinuous regions of

35 the foam may have Tg's higher than ambient or use temperatures. This efficiently develops



35 In addition to nodifying the polyner properties of the regions

(e.g., Tg, density, WO 97/ 32612 .
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of absorbent f 63 exanpl e, a foam kavi ng di f f er entpdagHoRpEed t h
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ds f h
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th at the transiti Bibg @B@ﬂs@ﬁ@tera@gr R5RFetsingq Fiesiskebiregions me§amlﬂfarx wesszresﬂewéeneﬂ @teast
(i. t s ougHalt thefordes exened by the felastitaredow@iior modulus of the compR@del [FBlyinér in the

foams according tg %ﬁ'm}]np&ﬁ%f'ds (?/ &?ﬁfa&br&w hUce Qﬁrﬁn@r}&nggetdlrg% %nsreﬁ{]\qely

structures are tho 'y open- c
i ndi vi dual cel | s Win is degermingr by the cogptervailifig fonce prerted bxms KeRreRsedcRplymeric foam as it

communi cati on Wi t et "siring Bk C eTHe 2lasticra@verg kdndentyiofyislymeric foams can be estimated from
stress-strain experiments where the expanded foam is compressed to about 1/6 (17%) of its
20  original, expanded thickness and then held in this compressed state until a relaxed stress value is
measured. Alternatively, and for the purposes of the present invention, the relaxed stress value is
estimated from measurements on the region of the polymeric foam in its collapsed state when in
contact with aqueous fluids, e.g., water. This alternative relaxed stress value for a given foam
region is hereafter referred to as the "expansion pressure” of the region. The expansion pressure
2s  for collapsed polymeric regions of the foams of the present invention is about 30 kiloPascals
(kPa) or less and typically from about 7 to about 20 kPa. A detailed description of a procedure
for estimating the expansion pressure of foams is set forth in the TEST METHODS section of

U.S. Patent 5,387.207 (Dyer et al.) issued February 7, 1995, which is incorporated by reference.
For the purposes of the present invention, it has been found that the specific surface area
30  per foam volume is particularly useful for empirically defining foam structures, or regions
thereof, that will remain in a collapsed state. See U.S. Patent 5,387,207 (Dyer et al.) issued
February 7, 1995, where specific area per foam volume is discussed in detail. "Specific surface
area per foam volume"” refers to the capillary suction specific surface area of the foam region
times the region's density in the expanded state. This specific surface area per foam volume
35 value is characterized as "empirical” in that it is derived from (a) the capillary suction specific
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5807), describe Toam proper y surta
acqui si tion/ di st #PHe0dn. Copending U.S. application no. 08/ 563,866, filed
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foans of the present 4 [WalnY Shidad: LE QY Sdperal referred . .
ranges for the variaqus %ﬁﬁéa};mspr or gﬁetc?igs , escarrélygéél?} ﬁ fﬁésaem%acs)%gﬁgﬁ%eggg"'q"'d'
appl i cations ar gaccessible surface area of the polymeric network forming a particular foam per unit mass of the
bulk foam material (polymer structural material plus solid residual material). Capillary suction
20  specific surface area is determined both by the dimensions of the cellular units in the foam or its
regions, and by the density of the polymer, and is thus a way of quantifying the total amount of
solid surface provided by the foam network to the extent that such a surface participates in

absorbency.

C. Free Absorbent Capaci
25 Another important property of certain absorbent foams of the present invention is their
free absorbent capacity. “Free absorbent capacity” is the total amount of test fluid (which may
be synthetic urine, water, menses, or an organic solvent) which a given foam sample will absorb
into its cellular structure per unit mass of solid material in the sample. To be especially useful in
absorbent articles for absorbing aqueous fluids, the absorbent foams of the present invention
30 should have an aggregate free absorbent capacity with synthetic urine of from about 20to about
200 mL, preferably from about 40 to about 120 mL of synthetic urine per gram of dry foam
material. The procedure for determining the free absorbent capacity of the foam is described in
the TEST METHODS section of U.S. Patent 5,387,207 (Dyer et al.) issued February 7, 1995.
While these preferred ranges are capacities for overall foam composites, certain foams of the

35 present invention may comprise distinct regions that may have differing free absorbent capacities



15 applicable to the certain of the present hydrophilic foans.

The extent to which the preferred polyneric foans of the present invention
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excessi ve bri
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14 = Toam Sy g prgssting RTCD s icalypessuted ot gy s ma
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can be prepared aﬁleramepsle@@I tA foamWiiEHPhids regmwmgsamci &ifferNcBS Al density andror
strength of the co oans _i nt ende d]p

appl i cati ons requ?‘?quSI"Pﬁ\élﬁ B 74‘5?7“%&9 B“’E‘é‘ffﬁ&“ﬁ*‘éﬁ $la fungiipg of the geometry of

those regions. For example, wherein a striped pattern is formed oriented orthogonally to the

load. the load will be resisted by the stronger foam regions (higher density and/or higher

20  modulus) with the weaker foam regions offering little or no effective resistance. A foam wherein
the stronger regions are dispersed as particulate segments within a "sea” of weaker more flexible
foam will resist compression only in the weaker regions until they have compacted sufficiently
for the stronger particulate volume to begin to come into contact and contribute to resistance.

To be useful in many applications (such as absorbent foams in absorbent articles such as

25 diapers), certain foams of the present invention must be suitably resistant to deformation or
compression by forces encountered in use when such absorbent materials are engaged in the
absorption and retention of fluids. Foams which do not possess sufficient foam strength in terms
of RTCD may be able to acquire and store acceptable amounts of body fluid under no-load
conditions but will too easily give up such fluid under the compressive stress caused by the

30 motion and activity of the user of the absorbent articles that contain the foam. RTCD is
obviously also relevant in uses of these foams in some non-absorbent applications.

The RTCD exhibited by the polymeric foams of the present invention can be quantified
by determining the amount of strain produced in a sample of foam held under a cenain confining
pressure for a specified temperature and period of time. One method for carrying out this

35  particular type of test is described in the TEST METHODS section of U.S. Patent 5,387,207



5 continuous region having a Tg as | ow as possible, so long as the
overall foam has acceptabl e strength at in-use tenperatures.
Preferably, the Tg of this region will be | ess than about 30[err]C for
foanms used at about anbient tenperature conditions, nore preferably |ess

t han about 20[err]C For foans used in applications wherein the use
tenperature is _higher or |ower than anbient the Tg of ﬂrﬁ‘?u Lhuous
regi on shoul dwgé"”ﬂ%fl?mre that 10[err] C greater than the use tenpsg?%hdrqe, 10

preferably the sane as use tenperature, and nost preferably about 10[err]C
| ess than use tenperature wherein flexibility is desired.

Accordingly, nononers are selected as nuch as possi bl e that provide
correspondi ng ho¢meottyaie issueh Febrngry [70¥995. Fohss uskful Basbsrbaits £ro thask whidk edHisit a
chain | ength of r : t | at e. conmanoirer s
can be | onger thgﬁ&%éﬁ%a\}\gtfpﬂﬂ%ngbﬁérs gjgﬁ gffjebd/h%r‘grﬁ[a ﬂ%gﬁ%&gﬂ %‘ﬁg}' ﬁo%%ﬁS@'
homopol yner ser i $6 ojgsscompressiqnipf thefoqm, strugtyre whep dthas pesn paturajed to jty free absorbent
honol ogous ser i ecapaxity alith \sinthetic ytind leaving asertfiea ensibrabfsSks Rt MPreferdbhY Be Strain

L F UM TGt @ 50Alcs BB Bl 9416 e e B aBELPY 5 Hbus sblAS e A

of the copol ynmers o present invention Occurs

of about 12 car bEem abayhito abeys3P%, most preferably fromabput § ip\ahopt 304 The RFEBAE foams of
m)n(ﬁmer SI can be e _ﬁdsd'nﬂinpénﬁﬁl_e?wbiﬁh brie @otadbkoybenbiorrayd st Qﬁerﬂﬂﬂfo;- use in alasorbent Sroducts
met hacryl ates, t r y : Lm.ted). .

A plot of nodul UQQ/%IP goégﬁt%lg%geg%ﬁpzn P’g rd, Bfﬁ%%eoﬁgé%ﬂr#sﬁgg{'/ére _a'ét v?lt('e ﬁff?erercé%eutpﬁt the
range i ncl uerieAtgtions geametiycand volnae fractign ehihe distinch rgions Wikl exqrha signifipant effect
this curve naear énke ROCD Valids@neasured dpoto ungeanisotropy ihdaeedt | nuous regi ons of the

f oam can show either a sharp or gradual transition as a function of
tenperature. This shdpe iﬁ&.ﬁtﬂnﬁlﬁﬁmmséﬂemt where the in-use

tenperature (US Uddam el Bridesdecially &016lihat RafoRfidd by R)ymiefizihd £ mBAINERBSntdiming t
or near the Tg. Fﬁr ex a

region can mean % prﬁﬁgﬁ%:sgy‘é"%fsrz ger!ugs“lv?? grﬁfg'g){r"eﬁgﬁeeﬁéggrgﬁhg%b?'gﬂf}%:‘gﬁi k’%‘lg'g'ﬂly be
Typi cal ly, a br onbstantintysspherisal iniskape.i The sizecarpfiameter] of sush spherigat eells ds1p eoremente
indicates s tikad phrasietsO fof Nehiradkérizing Eféhrile BC Bengial atSiiiilairlly Othe | didmebed Cbf\Whé holee
L S L0 RRURIEPLI rb e PSS il O SRV LT
recovery fromc o?nrgY@siS'Pdﬁ 5%?&?'?‘%@"@'@3" il}\d)‘/‘t‘ Recserarily e of approgmately dhesrmp sigs, ¢ mepn

[ fs dﬁSi r a:al e t o & siz&,Glel, mein del) diah@ter) Bkl/drlaandan Baeléire, afll dfter bé spatified. | FoR fdamgbON
of the polyner t | e . | R '
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ent, . .
|0 _one enbodi Menjy QfindBe oklfs B berb i St msmsagyﬁnﬁgg bérlen about 16 and 36

di sconti nuous regions, S foam may _have Tg ) an a
use tenper at ur eshm)rpyhile gpfql%lpgrﬁglgp la@(,gnéﬂgcells of mean diamter of 50 ym (or a mean hole
diameter of about 10 pm) with 90% of all defineable cells being between about 20 ym and 80 p

25 m (and holes between about 16 and 36 pm). The distribution curves of the two regions may
overlap though the means will be quite distinct.
A number of techniques are available for determining the average cell size and average
hole size of foams. The most useful technique, however, for determining cell size and hole size
in foams involves a simple measurement based on the scanning electron photomicrograph of a
30 foam sample. Figure 1, for example, shows a typical HIPE foam structure according to the
present invention in its expanded state. Superimposed on the photomicrograph is a scale
representing a dimension of 100 um. Such a scale can be used to determine average cell size via
an image analysis procedure, or by simple visual approximation and averaging.
The cell and hole size measurements given herein are based on the number average cell
3s  size and number average hole size of the foam in its expanded state, e.g., as shown in Figure 1.
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detail. "Specific surfacelz area per foam vol unme ers
capi |l ary sucti orfodhBateRalc surface area of the foam region
Preferred absorbent foams will in general exhibit especially desirable and useful aqueous

fluid handling and absorbency characteristics. The fluid handling and absorbency characteristics
30 that are most relevant for absorbent foams and regions thereof are: A) the rate of vertical

wicking of fluid through the foam structure or regions of the foam structure; B) the absorbent

capacity of the foam or regions thereof at specific reference wicking heights; C) the ability of

one region of the absorbent foam structures to drain (partition) fluid from another region and D)

the ability of the absorbent foam structures to drain (partition) fluid from competing absorbent
35 structures with which the foam can be in contact.
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20 The vertical wicking absorbent capacity test measures the amount of test fluid per gram

of absorbent foam that is held within each one inch (2.54 cm) vertical section of the same
standard size foam sample used in the vertical wicking test. Such a determination is generally
made after the sample has been allowed to vertically wick test fluid to equilibrium (e.g., after
about 18 hours). Like the vertical wicking test, the vertical wicking absorbent capacity test is

25 described in greater detail in the TEST METHODS section of U.S. Patent 5,387,207 (Dyer et al.)
issued February 7, 1995, which is incorporated by reference.

Another important property of useful absorbent foams according to the present invention
is their capillary absorption pressure. Capillary absorption pressure refers to the ability of the
foam to wick fluid vertically. {See P. K. Chatterjec and H. V. Nguyen in "Absorbency,” Textile

30 Science and Technology, Vol. 7; P. K. Chatterjee, Ed.; Elsevier: Amsterdam, 1985; Chapter 2.]
For the purposes of the present invention, the capillary absorption pressure of interest is the
hydrostatic head at which the vertically wicked fluid loading is 50% of the free absorbent
capacity under equilibrium conditions at 31°C. The hydrostatic head is represented by a column
of fluid (e.g.. synthetic urine) of height A.

35 To be especially useful in absorbent articles for absorbing aqueous fluids, at least certain



C. Free Absorbent Capacity 25 Anot her inportant property of
certain absorbent foans of the present invention is their free
absorbent capacity. "Free absorbent capacity” is the total anount of test
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Is their strength in their expanded state, as determ ned by resistance to
conpr essi on def | eitt i OrPreparation 6fRPélheric hamRFeim aHPEDHEGEE Rylatvely HRAWathabein
is a function of the yrer nodulus, as well to as the density and
structure of the foam rk. The polynmer nmodulus is. in turn, determ ned
by: a) the polhyner corgosi ia Géherad) the conditi ons under which the foamis

gg'egimfeir Lﬁf?y( o e ppgiéf‘n@ﬁ.'(:) R} BEoGRIRG B GREHT inOlneiB bah TR el B p OO SL DS
of certain water-in-oil emulsions having a relatively high ratio of water phase 10 oil phase
commonly known in the art as "HIPEs." Polymeric foam materials which result from the
polymerization of such emulsions are referred to hereafter as "HIPE foams.” The disclosure
20  concerning the starting materials, processing conditions, etc. for preparation of the foams of the
present invention may refer to one emulsion. However, it is understood that the foams of the
present invention may be formed from at least two such HIPEs, so long as the HIPEs differ
sufficiently to provide the distinct regions of the present foams. Where two or more distinct
emulsions are used, each emulsion will comprise materials described below, in the ranges
25 indicated, but will obviously differ so as to be distinct.

The relative amounts of the water and oil phases used to form the HIPE(s) are, among
many other parameters, important in determining the structural, mechanical and performance
properties of the resulting polymeric foams. In particular, the ratio of water to oil in the
respective emulsion(s) can influence the density, cell size, and capillary suction specific surface

30 area of the corresponding regions of the foam and dimensions of the struts that form the foam's
regions. The emulsion(s) used to prepare the heterogeneous HIPE foams of the present invention
will generally have a volume to weight ratio of water phase to oil phase in the range of from
about 20:1 to about 150:1, more preferably from about 30:1 to about 75:1, most preferably from
about 40:1 to about 65:1. The general preparation of HIPE foams is described in detail in U. S.

35  Patent 5.387,207 (Dyer et al.) issued February 7, 1995.



and c) the extent to which the polyner is plasticized by residual material,
e.g.. emulsifiers, left in the foam structure after processing. RTCD
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particul ar type infpoitiisito itiie ebaifeationDert HIPE! fogmsT BvingMine HebiRd S@mbin@bnOSf ithiture,
Pat ent 5, 387, 207
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PCT/ USQ7/ 02668 Mmaterials suitabjg, fax usg in thy inventiophewip. Febr uary 7, 1995. Foans usef ul

as absorbents are thoEe munbraér ceniponkiticofiprises one or more monomers that tend to impart rubber-
20 like properties to the resulting polymeric foam structure. Such monomers can produce high

mechanical, and fluid handling (where absorbent foams are desired) properties which render such

molecular weight (greater than 10,000) atactic amorphous polymers having Tgs of about 25°C or

lower. Monomers of this type include, for example, the (C4-Cy4) alkyl acrylates such as butyi

acrylate, hexyl acrylate, octyl acrylate, 2-ethylhexyl acrylate, nonyl acrylate, decy! acrytate,

dodecyl (lauryl) acrylate, isodecy] acrylate, tetradecyl acrylate; aryl and alkaryl acrylates such as

25 benzyl acrylate and nonylphenyl acrylate ; the (C4-C1g) alkyl methacrylates such as hexyl

methacrylate, octyl methacrylate, nonyl methacrylate, decyl methacrylate, isodecyl methacrylate,

dodecyl (lauryl) methacrylate, tetradecyl methacrylate, acrylamides such as N-octadecyl

acrylamide, (C4-Ci2) alkyl styrenes such as p-n-octylstyrene, isoprene, butadiene, 1,3-

pentadiene, 1,3,7-octatriene, 8-myrcene, and combinations of such monomers. Of these

30 monomers, isodecyl acrylate, dodecyl acrylate and 2-ethylhexyl acrylate are the most preferred.

The monofunctional monomer(s) will generally comprise 20 to about 70%, more preferably from
about 40 to about 65%, by weight of the monomer component.

The monomer component utilized in the oil phase of the HIPE(s) also comprises one or

more monofunctional comonomers capable of imparting toughness about equivalent to that

35 provided by styrene to the resulting region of the polymeric foam structure. Tougher foam



RTCD such that a confining pressure of 5.1 kPa (0.74 psi) produces a strain
of typically about 80% or | ess conpression of the foam structure when
it has been saturated to its free absorbent capacity with synthetic
urine having a surface tension of 655 dynes/cm Preferably the strain s
produced under such conditions will be in thgarange from about 2 to about
80% nore pref fromabout 4 to abott 50% nost pr&ighRB om
about 6 to abo %%X 2 The RTCD of foans of t he present fi{lventjlﬂiy)zr?g{\h ch
are not absorbent or are not intended for use in absorbent products

may appropriately be nmeasured in the dry state. One skilled in the art wll
appreci ate that the orientation, geonetry. and volune fraction of the
di stinct regions regions exhibit tthea allity rip fdefoqmt subftangiatly wighoup faitufre NG mariofupstional
measured due to %Bh‘uoﬁliﬂieﬁ %Esf &ﬁ)ﬁndldié%ﬁ@ﬁe—based comonomers (eg Estyrene Qfdhﬁﬁ 1 styren ) or
Properties of Polyneric C|aIIy f

that are forned ebﬂ?@?ﬁ’ﬂ P’Eﬁsﬁ'b‘hgs Wﬁtﬂgr‘r'éei’hm?fﬁp ﬁ“ﬁfer%f refated ‘5'? p°15ﬂ§’s'é“’f"ll1§i°‘”"
surrounds rel at i wekyemplifyingdoughnesse The prefersth morofunctipriabeomoneyndriof fhiscgpecii styrebs

S u|b|St anti al I'y ssphgdel Ghorhé? vﬁth@ﬂﬁne I&aeet@l “freft beu@u?amsefmfeﬁféd ﬁum,e AL i

ce S is a como for charac 1 Zl N oa ene .
S ar SO mbperundrora BRI ContoRon VAL AFRAL Sirlke forube 10 Labori 20
characteri zi ng sUelprdfesshixfromsabovt:1 ¥etolabous 300 Tese prefseablycdeom abeut| 18%i tn about 22%, by

gi ven sanpl e of p@hgﬁffmneqngne,amc%b&nemot necessari | y be of approximately the
sane size, a nean an cel |l dianet.er @élyq a nean

hole size, will oft en"b‘ée"g'ﬂecﬂﬁef |tge m'fBB?“'%gﬂ@‘"}g’ er &an alspjmpast the dgired rubber-like
i nventi on, eath pepetties toayheprssuitansspalyrefirf f Thee Gy-Grp catkyt eshyirenes, zand ain dgaeticular p-n-

3' err gnt hol eb2Q>{:ty{§iﬁ¢?eﬁe, aFRAK IR DT ith TBHordne . P&Ssﬁﬁﬁe%nﬁndﬁefr{. ﬂfe%ﬂlt)urit that cap be

i stribution abou Qne ontain c

nean di ameter of W‘f‘ p‘?rﬂ"t"gwergcowgﬁe"h&%g%ﬁqg%{y '5?'“36'6‘1‘1‘?‘"?6“ efoMPRgmer
wi th 90% of combingdef | neabl e cel | s bei ng between about 80 [err]mand 180

[err] m (and hol es bet Wﬁoﬁﬂhﬁﬂt:orﬂ&naﬂ disé Rontains a Filt [ahﬂf)optldﬂﬂl'bj @c&rﬂ? Elg?ﬁh&ﬁ%

t di,ant
G aneter of - aBoutcrerting petag " P B AP Biors) eprricrh i fomPraet slEFHgn o6 e
about 20 [err]m @aticd® typeand angmnt of grogsinking egents istyeimportapiyo the et@tuahualgstion of

[err]m. The di stpfdféma ipSWmEri! i 1aling (R de¥iRd LEPHIRIEEH BP&ructural, mRMRRkcAPardRAAN
t he means w |l | @ alith temdel ?%I nct. A nunber of techniques are

avai |l abl e for determ%ﬁ‘np e average cell size and average hol e si ze
of foams. The nost us&befirst geinfunctigeal crrsslioking ageny cany be é?'Pﬁt'#l faem evide Napiety afid

hol e size 20 | FnohEids c¢nmmhgvs& ér saorarpl:maféaa&m QroapY sdibassca.ﬂﬁymeh&ns&myﬂg
el ectron phot om bln2Se ?r ucl? nrﬁbl&ge fo J: hﬂ}l&a talﬂleneg fvueuhm‘cﬁ%enfeﬂes,

a typical H PE foam's acc r
its expanded stad¥inylphgnantheprss ed dé?‘r\")’! @H%t ornd’(‘,"r“b'ﬁﬂ’ M’Weﬂlawsscaldevmylbe"zyls
representing a didiviyphéenylethers18lvingidiplicnpisulfides hditinffupdng, diviflyl$uthi dd.Sﬁide'lghlfone and

determ ne aver agﬁ,,ﬁﬁ,’gi EF bh'@iylbenzeneaﬂ gﬁﬂ@ a%gl?albiésdss R‘lﬁ?&g %’I{h étlg'? &tyﬁéﬁr é“

sinmpl e vi sual apprOX|na
si ze measur ennt SrgPRiRH °ﬁe'?°éﬁ $4ar @"B%B'QEP'B‘H'S £acbemerdified soasde engish the pjl phme with o
and nunber aver agse érahecother zempvherit.n Gedetadly) it s adtamtagecpadficisthélinixture with theddthyl

shown in Figure llyrenc component while simultaneously reducing the amount of styrene in the monomer blend.
The preferred ratio of divinylbenzene to ethyl styrene is from about 30:70 to 55:45, most
preferably from about 35:65 to about 45:55. The inclusion of higher levels of ethyl styrene
30  imparts the required to_ughness without increasing the Tg of the resulting copolymer to the
degree that styrene does. This first cross-linking agent can generally be included in the oil phase
of the HIPE in an amount of from about 5 to about 50%, more preferably from about 12 to about
35%, most preferably from about 12% to about 25%, by weight of the monomer component
(calculated on a 100% basis for the active portion of the crosslinker if a blend).
35 The optional second crosslinking agent can be selected from polyfunctional acrylates,
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PCT/ US97/ 02668 Preferred foans of the present invention
wi |l have one or nore regions suitable for acquisition of fluid
having a nmean cell diameter of from about 20 to about 200 [err]m
preferably from about 50 to about 190 [err]m and nost preferably
fromabout 80_to about 180 [err]m and a nmeag, hol e size of from about
5 to about 45“% FPH* preferably fromabout 8 to about 40 [ ePFTHP 7468 nost
S preferably from about 20 to about 35 [err]m These foans will also
preferably have one or nore fluid storage regions having a nean cell
di aneter of not nore than about 50 [err]m preferably from about 5 to

about 35 [err]m mélmnﬁatﬁeﬁnrlm&eg ﬁ%ﬁa@%ﬁc{e@angf mnxr}urest gg&t Tilig‘e [inec[lé%g]imtn- and

preferably f r om about
density" (i. TR ‘ijfyéﬁ’ﬁs‘ G‘f‘”‘f'bﬁrﬁ"péﬂ" gshiea- desthapnyistes rdig fri-f amdrrewbayl@mides, as

air) is 10  spedidsidedrih @ndietra-Gretiaciiayides Shd mixupey Bf SR&SIrésWifkin TaEé‘\tsO Saftfbit
foans is typical Jcé,l 128 4hd l‘ll{eﬂgcrpﬂte ctb\%ﬂmklﬁg n%e%gtcan be Ile?l%gg @om gloYs\!ntngEFflaS E‘;Flffg‘ﬁ%/'ha‘

regi ons may have st1nct va

The aggregat € déndydey).1Gdecanedipl,).§0a:nedjol M‘hwn?ﬁm*e' ‘Hblsan-'qhglt 1,3-bgtanedivl,aif 4-but-
Sol ymer f Wi 2-dnedivlf ébyleneighdalndicthylare giyaoll finfeihyiRipropat, b&saewwm. ﬁ&nﬁ&?d
ensities from ggebhor te.densit range
bet ween about 0. 04 ? Ea’mm h tnsl{;w'fp g@'l: P?I%&l%le%gggf’écg £ sqibel pd Zh W*'k"t hé""‘e
di stinct regi ons“ﬂ‘kg‘ H’ﬁ é"W"EI'S? \FTossinking £ 48ents |opn be cdgirivers foive thei equivalem
har d but Iddnmmhemamnyessmgmﬂhmesar'ﬂmema&&ﬂmdu Hale dt Yeabt@anbeé ppéi‘erhﬁ} Ne&H

SO 92,20 4 2 bt ¢ o 58, S8 e SRR L
of the present ihRRLRASSSE the HIRE 'eewv@éof:fm Ot abeus 157%, preferably framlabout 7 teabout
strong f odavehiswaveight af themariolnyr éinponedtl g/ cc and 70% of its volunme a

fl exi bl e foam havi ng vﬂthg '&%%3%{.@% Bfglgorg npé b?{le%:d th-mgcogdal:rgsslm tined grg%ﬁfgagt Sdr e

density of this foa
for measuring adfe °§e'?68 eresiinked W‘lﬂ% t deyelaps strengtismorecgfficiently than using
5,387,207 (Dyer eaher the first bstbel glordehisslinket alone 4136t pardtikeieveld Thé s@&n@&&gmefcmso

Vet er 201 WDl © 48 et of bouddil B o ks 06 . T bRuBP By o

left in the foam, fqQr exa

and/ or hydr ophi [Hilotd 1o feet; sé”‘if‘s?“t?ﬁﬁ? dedignge, ea%mnaﬂsr Hb“’m'\‘e' Eegpiresents ray if-wem
density. 25 Feampediansiby portoting theatlattle ambainef/he rwoirtslinkeeey R empRidd Dings, a
residual materi §lam c%Hﬁ#ﬂm@%m?mé'fﬂth@BﬁcmsElmker vﬂﬁ@&%}{ rEthn;e!}):&g Mﬁﬁ?}.ﬁ% can

f h
Foam mat or i b, 0% aseul hiberTsdjene b kel ppd it PeskEis B v yingpmperanre

exhi bit especi alThi iigicnlatly asefuhih sosreX absorptipnapplivations wheréih thiedodnanéll abserb 3s\ad
absor benc y C har 3¢ txichanichIC Sibratibial fe}lél'éyd albany lah rlﬂmﬁﬂﬂ g{cp efiCy lven dtem%erarure

characteristi csd30 d&i t hat tharhe nost ré€l evan absarbent " f oa I ONs
thereof are: A) ensading on the s %mdl Ipaxgmum 1n is transmon [ncreasing the amount of the second
crosslinker serves to broaden the transition, even if the actual transition temperature itself has not

25  changed.

The major portion of the oil phase of the HIPEs will comprise the aforementioned
monomers, comonomers and crosslinking agents. It is essential that these monomers,
comonomers and crosslinking agéms be substantially water-insoluble so that they are primarily
soluble in the oil phase and not the water phase. Use of such substantially water-insoluble

30  monomers ensures that HIPEs of appropriate characteristics and stability will be realized. It is,
of course, highly preferred that the monomers, comonomers and crosslinking agents used herein
be of the type such that the resulting heterogeneous polymeric foam is suitably non-toxic and
appropriately chemically stable. These monomers, comonomers and cross-linking agents should
preferably have little or no toxicity if present at very low residual concentrations during post

35 polymerization foam processing and/or use.



wi cking of fluid through the foam structure or regions of the foam
structure; B) the absorbent capacity of the foam or regions thereof at
specific reference wi cking heights; C the ability of one regi on of

t he absorbent foam structures to drain (partition) fluid from anot her

regi on and D) the ability of the absorbent foam structures to drain

(partition) fl‘% conpeti ng absorbent 355 structures wi Yoo sbedsne
odmsl

foam can be in
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PCT/ US97/ 02668 Vertical wcking, i.e., fluid wicking in a
direction opposite fromgravitational force, is an especially

desi rabl e perfor mance Auothei dssential companias of e il phasaof thedHBEis ail kwelsifiércanponent

will ~ frequepk cUm%ﬁesUJt uekst%«sﬂmh@ eRlAR e Sthtatd ,srtrsdreﬁnﬁmf&s m@ Bf‘:i. faw&‘tb be
that fluid to be abso E'Sm 'Z g‘H%H& n.the article
relatively |ower P ntly e oy q'ﬁl"?e\/"éllpgo S e HIPEL & progide N"f”r‘l’f"l‘f“f’!‘uéhas%“’a‘”
absor.bent core ofphhahentafamabﬂe!;lonﬂl’ﬂ'tef fraupatgutf).Q5ke pleput £ ducks/cinpoprisfierably iitomaibyut 0. 1
\rMe;hQESVIhgg 2'992 atf) E&quh dyn?/{:m, (@Pﬂb\}rﬁh@i &mmle?t@ corfc@tﬁﬂﬁoﬂ'!tw&) gt %nggg;%t%%r&ss,
i Vi Xim z di Y,
the ability of sp¥¥f '?IE E?éb{ﬁ"ws(sh@gf"mg' f}gﬁ?fﬁ s'{réc'wtl?f Rtable agaipstcqpfpsqenge at
agai nst gr atbé trelevanm diop f sizes cagd i the relevant progess yeonditiens atstg., t BIPEh édnination and
functioning as abp%%hﬁﬂixoﬁ%ﬁ&@ﬂﬁ%ﬁ dnll &) des.fab@bﬁmbﬁmgh %&ae&}aﬁﬁn 0%0 nterfacially
Vertical w cking 4 Qletermn{eéﬂ ‘% ?ﬁ g anﬁta ew ored
test liquid ‘5" §ompaneniisy, sapable ﬁhe '“F 23\ Jenston ¢ 'bF!‘eaP'\/ﬁ’idt\"%%(I
di stance of 5 Ht:mlthhﬁeoq@he HIREe sWhitet nott peing bound by theersunit i5f beliped thai thel coricamratiohner

vertical wicking .ﬁex@&ﬁﬂy aawh %ﬂfoﬁ&ﬁs hads Megﬁﬁawy MEH @) groviidd fl%stEE,ﬁImateay
METHCDS section of . é ‘§ g é‘ﬂ% att% ret‘r.% sued, BeRr U ? X
Yo0b Chor i n_ onslayst sovataEele imerie) o Bhosr S oS e ipted G e ater ratos, and

31[err] C, i nst eacmuisif@y Jexels.] @ypxqaﬂy.b@esemryaemu}sdips%f (f) have &t and/axizelid-todignid
articles for absaaiage waw@ansmn ieﬁa&amﬁeatt bt 30¢C &rhéks{hﬁirb W&Er J|§'p@§s$fésf(89fare

t he foam absor be nvent L on, W | re

synthetic urife (58%'“{'579‘&]“"% (Wﬂelg?g'n’;& a?)t not apprecighly o “‘8‘?“‘%’ ‘E"rﬁ"?‘%’ ‘H‘Gserﬂﬁfj’é
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2o 90 3 e e R e e, A w3 (Dot
per gram measurement for [FT and CAC is described in the TEST METHODS section hereafter.) These
20 primary emulsifiers also preferably hydrophilize the resulting polymeric foam. These primary
emulsifiers typically comprise at least about 40%, preferably at least about 50%, more preferably
at least about 70%, emulsifying components selected from diglycerol monoesters of branched
C6-Ca4 fatty acids, linear unsaturated C;4-Co2 fatty acids, or linear saturated C5-Cj4 fatty
acids, such as diglycerol monooleate (i.e., diglycerol monoesters of C13:1 fatty acids), diglycerol
25  monomyristate, diglycerol monoisostearate, and diglycerol monoesters of coconut fatty acids;
sorbitan monoesters of branched Cj4-C24 fatty acids, linear unsaturated C}g-Coo fatty acids,
and linear saturated Cy2-C4 fatty acids, such as sorbitan monooleate, sorbitan monomyristate,
and sorbitan monoesters derived from coconut fatty acids; diglycerol monoaliphatic ethers of
branched C|g-Cy4 alcohols, linear unsaturated C4-C22 alcohols, and linear saturated C(5-C 4
30 alcohols. and mixtures of these emulsifying components. The preferred primary emulsifiers are
diglycerol monooleate (e.g., preferably greater than about 40%, more preferably greater than
about 50%, most preferably greater than about 70% diglycerol monooleate), sorbitan monooleate
(e.g., preferably greater than about 40%, more preferably greater than about 50%, most
preferably greater than about 70% sorbitan monooleate), and diglycerol monoisostearate (e.g..
35 preferably greater than about 40%, more preferably greater than about 50%, most preferably



of absorbent foamthat is held within each one inch (2.54 cm vertical
section of the sane standard size foam sanple used in the vertical

Wi cking test. Such a determination is generally made after the sanple
has been allowed to vertically wick test fluid to equilibrium(e.g., after
about 18 hours). Like the vertical w cking test, the vertical w cking
absorbent capacity test is 25 described in29reater detail in the TEST
METHODS sectidﬁ°3¥mﬂzs. Patent 5,387, 207 (Dyer et al.) PLLUSEp2008
February 7, 1995, which is incorporated by reference. Anot her
| nportant property of useful absorbent foans according to the present

I nvention Is their capillary absorption pressure. Capillary

absor pti on press et thheitdut 0% diglycaidl mbiojsogéarité)e foamto wick fluid
vertically. [See P. Kp; ' . W LD [bency, " Texti|e
30  Science and Techmo gg‘ ﬁ(%ftgtegw #Fkak}/“‘“ a‘%{tlg?‘}re@?m@%a@lebsrae%f’eedr fawy acids
Anst er dam 1985; uesful g6 gmulsitiers in the presept ipycarian sambprseparsd by wgerifying diglhycerol with farty

i nvention, the caipids,|uing padeedurestvelirknpwe Sis the @art0f Sde/fop leRaikpld, Shel Method for preparin

19103 211 1 bl A Ll 50 51 ol 036 Bl arli D bl
e

., cap: y un r i Um'€ondrti onsa
hydrostati c head hichr is pipecsrofatedq by, yeference,| ([Piglycerol capiber phgingd (eommerciatly nirheb i
urine) of height skparatd from polyglycerold thatite Kighia dighlckrg!. USkdatdaturdieddiieay UnSidlrated and

gg_t ic {/\le)s 9‘;?; ) g?;%ﬂ&ﬂg RGN bl StfiSed BhmbERRY. THE Wia Lster product of the esterification

PCT/ US97/ 02668  feaction can he-fractippally,distilied ppdesr vacuumm) one) ob msen timesotonyield fdistitiation
present invenioi Orfravidné th@aetigh ih diglhyoatel monoaid. | ar y absorption. pressure
of at |east about 10 | ' L.cally. have
absor ption pressures g’ ¢ %&%ﬂ@éﬁ'}’%ﬁmﬁy_ﬂ%ﬁg&{‘ élﬁ%ﬁfgh{cé?& 'ﬁoélgar'\'gga"lc%ﬂ'f"é A ts
conveni ent be prsearedyand dheiricompositiop datermined using, grogedures welh kijowin g the art. See also
absor ption pressw.s PaiehtNG. 550085 lckRgE MARNI9, 996 bp GoRInah ef 4)] Shitié@doipdRated by
wherein the heter neity relates to cell size or surface area or

hydrophilicity, these properties are neasured on honobgeneous foans prepared
identically tB the  Sorbitgn esteryyof lngas; Srpachsd. ndeunsarpesied gl geids foam bs. obigined

may be hi ghly desbmmbtially oo prepatedsing, methodsknawid in the art. f S&nfa@Sexahmple,SUSaPaeht

by Figure 13 whergqobe S DCisk S} 8 arhsh 4 Jar oVl LSLd

regi ons V\/nefeli'n c(gg%'ﬁagflyg_agsuy%t’liqn(preslsﬁ)}pﬁ?s 36 cm@ggggpgﬁgé'yccglﬁ?gr
region (46) has é, Ergp}q tpépl)l;mn 5, line 13. The mixed sorbitan ester product can be fractionally vacuum

distilled to yield compositions that are high in sorbitan monoesters. Sorbitan ester compositions
20  can be determined by methods well known in the art such as small molecule gel permeation
chromatography. See copending U.S. application Serial No. 08/514,346, which describes the use

of this method for polyglycerol monoaliphatic ethers.
In addition to these primary emuisifiers, secondary emulsifiers can be optionally
included in the emulsifier component. These secondary emulsifiers are at least cosoluble with
25 the primary emulsifier in the oil phase and can be included to: (1) increase the stability of the
HIPE against coalescence of the dispersed water droplets, especially at higher water-to-oil ratios
and higher HIPE formation and polymerization temperatures, (2) modify the minimum IFT
* between oil and water phases to within the range of from about 0.06 to about 5 dyne/cm, (3)
lower the CAC of the emulsifier component, or (4) increase the concentration of interfacially
30 active components. Suitable secondary emulsifiers can be zwitterionic types, including the
phosphatidy! cholines and phosphatidyl choline-containing compositions such as the lecithins
and aliphatic betaines such as lauryl betaine; cationic types, including the long chain C}3-Cx;
dialiphatic, short chain C|-C4 dialiphatic quaternary ammonium salts such as ditallow dimethyl
ammonium chloride, bistridecyl dimethyl ammonium chloride, and ditallow dimethyl
35 ammonium methylsulfate, the long chain C1-Coo dialkanoyl(alkenoyl)-2-hydroxyethyl. short



10 absorption pressure of about 10 cm This provides a structure capable
of rapid acquisition in the center area and subsequent fluid novenent
fromthat area by capillary action to the outer areas. 1.

Preparati on of Polyneric Foans From H PEs Having Rel atively High

Water-to-QO | Ratios 15 A I n General

Pol yneric foa ing to the present invention can be pre
R RenfoTRbses

pol ymeri zati o certain water-in-oil emulsions having a I'vely
high ratio of water phase to oil phase commonly known in the art as
"H PEs." Polyneric foammaterials which result fromthe

pol ynmeri zati on of such emul sions are referred to hereafter as "H PE foans."
Theddi scl osure Zo]shﬁxortclewimpﬁahe @Etarﬁﬁﬂy?&mﬂ&tiﬁifﬁ i s'ah«,fs sudhl @C RRANNG i-.”,—hydrox%'gthyi
conditions, etc. for eparation of the fo e. .. .pregeni .inveniion
may refer to one éi'r'r“u‘ﬁdg'lF 3%'."0%'{\}\/@6'3?%6’ ithe lone g@e?ﬁ%&ﬂ dfaH%r\a"{)H@ TZBQW SHaterRary
present inventi onammgnipe salisspabics medt biallow anido ethpl-2abow fmigezglinigw metpigulfag and
the HLPEs differ methylBbkfti ﬁhm@téx%l.mwr GiiddIihilR Hethlisitfale, "BIIRES RiintELC,
present foans. W r'e tyvo or I €c |§t|nct liohati ITU|‘SIOI’IS are used, each
emul sion will 60n§1’" ighatic, long, £iain C1pa%22, gRoplighatic, Renzy | ayaisnap, Agmeniug salts such as
i ndi cat ed, but wi Himetiylsteand benzylammenium shigrde agd dimethybtallovcbenzyl ammonium chloride]the
relative amounts @nglchéin 034-€5y oy ialkefINDCiminceRY1, lshord SHail ¢ 1€, Foh&liBNatie! Hort

anmong many other patameiers, |morfant in determning the stryctural,
mechani cal and peflot ncﬁﬁécb m°"ghy§'f5’?‘¥)ag'§€¥'feguagf“afyhgmf"é’g'ﬂﬁi 9 'B‘B“y??eft‘il“ﬂl°“’°y"2‘
foans. | n parti cubminoethyhemethitl | Hhydtoxypropyl ammmapium imethyhsulfate and alinbeogl-2-gminoethyl

emul sion(s) cad i melhyENRRIrdxiéhyll BRmblivm nictlyl subfaréCanichRtysed Riclubifp Yhe Uillibhadi esters
specific surface 3p iy 83, of .t.pe gar resptgnql ng, [ egi gns .Of tl%% foamccyd

di mensi ons of t hesTFUS Y REFT'S e FodfIQe! esier g GPiv suligsuccinip 3eiq and bs
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is typically at a weight ratio of primary to seconda%'Zemulsiﬁer of from about 50:1 to about 1:4,
preferably from about 30:1 to about 2:1.

The oil phase used to form the HIPEs comprises from about 85 to about 98% by weight

20 monomer component and from about 2 to about 15% by weight emulsifier component.

Preferably, the oil phase will comprise from about 90 to about 97% by weight monomer

component and from about 3 to about 10% by weight emulsifier component. The oil phase also

can contain other optional components. One such optional component is an oil soluble

polymerization initiator of the general type well known to those skilled in the art, such as

25 described in U.S. patent 5,290,820 (Bass et al), issued March 1, 1994, which is incorporated by

reference.

A preferred optional component is an antioxidant such as a Hindered Amine Light

Stabilizer (HALS) such as bis-(1,2,2,5,5-pentamethylpiperidinyl) sebacate (Tinuvin-765%®) or a

Hindered Phenolic Stabilizer (HPS) such as Irganox-1076® and t-butylhydroxyquinone.

30 Another optional component is a plasticizer such as dioctyl azelate, diocty] sebacate or dioctyl

adipate. Other optional components include fillers, colorants, fluorescent agents, opacifying

agents, chain transfer agents, and the like. Certain of these components may be incorporated

selectively within one oil phase or the other wherein two oil phases are used to form the

heterogeneous HIPE and subsequent foam as described hereinafter.



1. G | Phase Conponents The continuous oil phase of the
H PE(s) conprises nononers that are polynerized to formthe solid
foam structure. This nononmer conponent is fornulated to be capabl e of
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the pol yneric f&# structure. Tougher foam
The initiator can be present at up to about 20 mole percent based on the total moles of

polymerizable monomers present in the oil phase. More preferably, the initiator is present in an
30  amount of from about 0.001 to about 10 mole percent based on the total moles of polymerizable

monomers in the oil phase.

3. Hydrophilizing Surfactants and Hydratable Salts
The polymer forming the HIPE foam structure may preferably be substantially free of

polar functional groups. This means the polymeric foam will be relatively hydrophobic in
35 character. These hydrophobic foams can find utility where the absorption of hydrophobic fluids
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wi t hout failure. These nonofuncti onal cononomrer types can incl ude
styrene-based conononers (e.g.. styrene and ethyl styrene) or ot her

nononer types such as nethyl nmethacrylate where the rel ated homopol yner is
wel | known enplifying toughness. Tie preferred no & I
of tWOSTRIAIE RaAshas

cononormer is a styrene- 5 based nononmer with styrene and
et hyl styrene being the nost preferred nononers of this kind. The
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f oans havi ng t he ofabsd pcéxlmtrmﬂmnatrfam Biey sterwellt know jn te aftaamidcan jinchidela fvhrietydef

handl i ng propgg t i &factants, preferably. of the hbiGordid fypd. 'ﬂ@} Nflkﬁlﬁérhlﬂﬂ:ﬁl in &G} k‘dnﬂ kdnﬁgan be
agent can be selegted from a

c
or nore activate ?ff’lﬁV{“ Sispered in §B¥‘ﬁ°p§§“§§ ﬁl'ﬁﬂ?f‘ %ﬁ?éﬂ@? ?‘F 8’@1@ oam Srface: In
benzenes, divi nythtsmawnéwmplnlmmgnyﬂfwgnhe nenche adsdibed by/the apfmhsaﬂmﬁefsams in amounts

di vi nyl al kyl benzeffse for rend&sngltﬁ%m&QMt‘m iall hCHrbﬂhﬂM' mtnm\eml s%bsmm.any
- di vi nyl di phenyl net hanes

Gi Vi nyl i bhenyl o PR e deyreh Tl 28 Satsprstion deferaen Shadiiq s ok e B, Sust
m xt ures t her eof . suffaciintsychibineiudeadl of thoseyperaviously described fonhbdeas the oih phmiseemulisifienifar the

et Qy} s; yrene i {1 HIPE, suamrawcerensm{a&eﬁb@&smﬁ%oﬂ&neaﬁheae.ggeaa%nbie&feaﬁén stk
nodi fi e SO as

conponent. Gener glfyﬁ?""!"hmq §"’£?8%?1 3{;3’&%“("8“&‘3#?‘8 frfoa"h pagiis %ﬁk\% {omptinn and
et hyl st yr enmhogriptionror cathbel incorpomatéd: byriesgunehtyof thel priymegictfoam with arsplutidn or

styrene in the ”%%ﬁ‘dionbbﬁm surractamTihea RaRdbR! Efibr ! G bddveRl O VHrafhrQ BEBIAE tHeO

ethyl styr ene I S lry[:lrggllup izing surfgcmnt 1S mcorporateé stich H;D ts residual amounts of the surfactant that remain
in the foam structure are in the range from about 0.5 to about 10%, preferably from about 0.5 to
about 6%, by weight of the foam.

Another material that is typically incorporated into the HIPE foam structure is a
hydratable, and preferably hygroscopic or deliquescent, water soluble inorganic salt. Such saits

25 include, for example, toxicologically acceptable alkaline earth metal salts. Salits of this type and
their use with oil-soluble surfactants as the foam hydrophilizing agent is described in greater
detail in U.S. Patent 5,352,711 (DesMarais), issued October 4, 1994, the disclosure of which is
incorporated by reference. Preferred salts of this type include the calcium halides such as
calcium chloride that, as previously noted, can also be employed as the water phase electrolyte in

30  the HIPE.

Hydratable inorganic salts can easily be incorporated by treating the foams with aqueous
solutions of such salts. These salt solutions can generally be used to treat the foams after
completion of, or as part of, the process of removing the residual water phase from the just-
polymerized foams. Treatment of foams with such solutions preferably deposits hydratable

35  inorganic salts such as calcium chioride in residual amounts of at least about 0.01% by weight of



preferably from about 35:65 to about 45:55. The inclusion of higher |evels
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Tg of the resulting copolyner to the degree that styrene does. This
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20 combined when partly cured. Alternatively, foam preparation my comprise 1) forming a single

3

emulsion and the first emuision. if

emulsion and rhythmically or continuously varying conditions such as shear rate, pour

temperature, etc.; and 2) polymerizing the resulting emulsion. In either case, optional steps

include 3) washing the solid polymeric foam structure to remove the original residual water

phase from the foam and, if necessary, treating the foam with a hydrophilizing surfactant and/or

25 hydratable salt to deposit any needed hydrophilizing surfactant/hydratable salt, and 4) thereafter
dewatering this polymeric foam structure.

The general procedures for HIPE formation, polymer curing, foam washing and foam

dewatering are described in U.S. Patent 5,387,207 (Dyer et al.) issued February 7, 1995 and U.S.

Patent 5,149,720 (DesMarais et al), issued September 22, 1992, which are incorporated by

30 reference. Though not specifically discussed in the U.S. Patent 5,387,207, the temperature of the

aqueous wash solution can be important. It is generally desired that it be greater than the highest

Tg of any distinct region of the foam. See also copending U.S. application Serial No.

08/370,694, filed January 10, 1995 by T. DesMarais (Case No. 5543) (herein incorporated by

reference), which describes an improved continuous process having a recirculation loop for the

35 HIPEs. The use of such a recirculation loop in preparing the present foams is primarily useful



foam containing only the first type of crosslinker wll exhibit a
relatively sharp transition that can 20 be useful if higher resilience is
desired and if the Tg is very close to the final in-use tenperature.
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they are primarily soluble in the oil phase and not the water phase.

Use of such subst Hht i aUsegofobvmeri¢ Feamisubl e 30 nononers ensures that H PEs
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0

| ess, preferably abo r |ess; $4) formH PEs that are
sufficiently stable ad'a'F ﬁ%‘?’%’ﬂ&‘?"ég?!gﬁffé? fogms of the Presgqd inventian, arg partipulaslygiseflas at
and the rel evant lpasbs patiorcafithe shisarbent §teucthres (. Pibsdrbeniradres) for d@fious absorbent articles.

pol ymeri zati on t efjefrihd! ter) "absofbent (i GRteiR! Meantay%orﬁum:rgﬂo&gpﬁlgm;caa%b?enof

of "interfacially . . cr e 1.
absorbing significant quantities of urine or other fluids (i.e., liquids), like aqueous fecal matter

{runny bowel movements), discharged by an incontinent wearer or user of the article. Examples

20 of such absorbent articles include disposable diapers, incontinence garments, catamenials such as

tampons and sanitary napkins, disposable training pants, bed pads, and the like. The absorbent

foam structures herein are particularly suitable for use in articles such as diapers, incontinence

pads or garments, clothing shields, and the like. Structures of representative absorbent articles

such as infant diapers are described in more detail in U.S. 5,387,207 (Dyer et al.) issued February

25 7, 1995. The alternative materials and embodiments described therein are equally applicable to
the present invention.

Multi-layer absorbent cores can also be made according to copending U.S. Application

Serial No. 08/521,556 (Gary Dean Lavon et al), filed August 30, 1995 (Case No. 5547R) (herein

incorporated by reference), where the fluid storage/redistribution layer comprises an absorbent

30  foam according to the present invention. One object of the present invention is to simplify the

number of discrete layers of foam that must be used to form these multilayer composites. For

example, a foam as depicted in Figure 13 with an acquisition type material in region 46 and a

storage type material in regions 42 and 44 may be C-wrapped to deliver a multilayer design from

a single piece of heterogeneous foam. Altemnatively, a foam as depicted in Figure 14 wherein

35  regions 52 and 56 are of suitable width, microstructure and surface area per volume to serve as
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aci ds), digligceand thébodip Ratike, irsshatifely, ifPad 16204 aQRALROS HEAPD Saci Bller. For
di gl ycerol monoesters 9;’“ 9:%8%%#@3?4 a;ﬁis: sorbitan nonoesters of
br anched C[err]-%ﬁ'"é’rrﬁh ALty acids < sheeh )2 AR ba pogvrad R fachiother by adhesive] fatty
aci ds, and | i Mbsbackskeay & tie npefviqus Jo Wiids (elg.. inensey) amd iidprefesstilyhmatmfactured
sor bi tan nonool &dint thinqlddiid filih, AMAEY bths! fkile liquid impéVidusSRitialsdiay MACKESIsEd. S
der i ved f1om cosgnu Ll a6l ARipfl Aiireral Pngel eheke SiNErs ot
branched [ err] 2l ar P e RG] Jlexible, Bfarstq materipls thpta %{"@ qnf andivaill peadily cogfomm s |
and |inear st utethegeneral shageiapd gonteyryofithe buman fbddyni The backsheetf 18 freeats the exudates

emul si fying conpigoded snd cosindd it kiRabsibeRl swrliRtiy fRMUV kgl tictes MaCcontact the sanitary

di gl ycerol nono t . g. r r.abl reate a out 40% nure
preferably great é’?ﬁ't lﬁas%& = pa?lglg%&'ﬁas%g% m%ﬁs‘?'”ﬁ{s'e%rg? g‘rﬁ%“@ﬁ%ﬁ”ﬁ"e‘i"mﬂ’ﬁ%ﬁ? Weystt
70% di gl ycer ol ADMAeBYOXeR @aterigly rpglymsric rfilme suehnee thermoplgstic dilms wf cffodyetiiylepe or
greater than abpelypreéhine, BDEoinposite intkeaials Yuchaea fiki-cdattd Aot mREIA. Pleftably, the

preferably ea | t oQl.eat ng di glyc roIy
o ot ke oo P Rl LI B 3 B0 &
preferably greaf8 BR4H0 e Exemplary pejkethylne filsms o manufactured by Clopay Corporation of

26 WD 97/ 32612Cincinnati, Ohio, under the designation P18-0401 and by Ethyl Corporation, Visqueen Division.
PCT/ US97/ 02668 4 Terre Haute, Indiana, under the designation XP-39385. The backsheet is preferably embossed
and/or matte finished to provide a more clothlike appearance. Further, the backsheet 18 can
25 permit vapors to escape from the absorbent core (i.e., is breathable) while still preventing

exudates from passing through the backsheet 18.

The topsheet 12 is compliant, soft feeling, and non-irritating to the wearer’s skin. Further,
the topsheet 12 is fluid pervious permitting fluids (e.g., menses) to readily penetrate through its
thickness. A suitable topsheet 12 can be manufactured from a wide range of materials such as

30 woven and nonwoven materials; polymeric materials such as apertured formed thermoplastic
films, apertured plastic films, and hydroformed thermoplastic films; porous foams; reticulated
foams; reticulated thermoplastic films; and thermoplastic scrims. Suitable woven and nonwoven
materials can be comprised of natural fibers (e.g., wood or cotton fibers), synthetic fibers (e.g.,
polymeric fibers such as polyester, polypropylene, or polyethylene fibers) or from a combination

35 of natural and synthetic fibers.



greater than about 70% di gl ycerol nonoi sostearate). Di gl ycerol

nonoesters of |linear saturated, |inear unsaturated and branched fatty acids
useful as emulsifiers in the present invention can be prepared by
esterifying diglycerol with fatty aci ds, using procedures well known

in the art. See, for exanple, the nethod for preparing 5 pol ygl ycer ol

esters disclos S. Patent 5,387,207 (Dyes et al.) issu n%}rl’df’s%ﬁ' 7.
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which is |ncorpora
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comercially or prrerw.s EPatéht 399,135 (Mdmpion) Vissuéd Dekkmmbar 80, 998, UIDIP.RXAHRI 6

U S. Patent I | ssU I er

i ncor porated by re ﬁ%ﬁcée}%l X i Aﬁ;'H% )‘982 ﬁ% Fﬂen‘wﬁzﬁﬁ ‘ﬁé‘%f‘ %@ Eﬂ’F{]f“rﬂg"‘S‘,:’*
line 13. The m xed%%ybﬁ Patept éé%e‘?“sM'ém&@t)v igsped Jaly 31+ 1984:iandhEISH $,006c394 (Baird), issued
distilled to yieel dpeiososi. tBaafufrﬁebﬁateﬁfs@rﬂh@bota&dﬁr%hibtya&eﬁmoﬁﬁiranﬁry preferred

Sorbitan ester co t e 1N

the art such as smﬁﬁdp&‘ﬁghsfo d m'ﬁq%' re(rgrtgg% d?sclmseq Eub% P%Erﬁqgg?ﬂﬁ&“" » issue
copendi ng U.S. appepemier 3)rf9§t-:4“F S. pggent Gé?%&‘@ (@!IEP et i igshedResembeb &6 l?#ﬁewt;nsleare
of this nmethod f orincombiyigl p¢ est@énceD TROprefhed togshet R fiise present invention is the'f@rmed film

addi tion to these g hl? é&’ o,ﬁrHH l'efJf?lf ?\%}gfgmgg{dymaqu sam{as 'gggﬂﬂ%?'r e Procter

optionally I nc rconponent . THese
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oi | phase and can be Thebadyakfice of l}n&)’oﬂn&tfmﬁﬁ)ﬁshwearst:aﬁyd}dphﬂh@(i a§ Jaebclp liquid to

HI PE agai nst coal %%Es?e? ﬁt?ougf' the %%slgeta‘pﬂj% ﬁ'ﬁﬁj f\f%tbg@ %Ff? \%L Rot h§ h :hc $0 aXto%mnnlsh

hi gher water-to-oi|

pol yneri zation t erﬁ'ﬁé*ﬁtb&?‘bg““ menstryshfyiq V’"l flow ﬂﬁfmem%mther ““m Beviogiste avi |being
and wat er phases tbsothed by the biisarbera smened. Inraqeefated einb&iimént sorfab@tils ftoRbBRARE Gid

(3) | ower ot hye @nﬁt‘lc rﬁ?erﬁ%“ufsfhé 'fﬂ{ne& Qﬂﬂ%ﬁ‘sﬂea sgéh @54 lhgfrfb%@sir? l}%ar},
ilm

concentration of i nterfac t1ve conpone secon
enul sifiers can bé\PElWF‘E‘l“eSFT' 7(@6@13;5 AbreTbEM Agtirle ﬂ:gnng AN°'bYﬂYS’th4meed
chol i nes and phosFhwetsheky! filedob Nnambenl&illmmgr ABiAe0 2. tWIﬁﬂSrssmboﬁh&dtH}&eference

l ecithin an t t
typ:as | [ ?\C| udi ng ? rl\t@r’n?tiéﬂ? 9393{95 er ?]f%%[ct(tg\?ﬁ? Lﬁ%y'haﬂq‘&%aﬁhc Gﬂ'ﬁa% “C‘HQ’ h
Cerr]-Clerr] di affFisfiatis g’ﬂ/ mtheraheve FrfesepredsU §u$ 0254 cinosparased herein by
di et hyl 28 nesference. c hl or| de bi stridecyl dinethyl amoni um chl ori de,

and ditallow di methyl gSse LBI‘HEI# mﬂ a%e’w ﬂ)ﬁsupﬁtj?@orl ARG hPdeVice (not shown)
Cerr]-Cerr] dial klﬂ;ll?(Xvn 3|'| siv.(lc ¥po 32 erab%,g II?) is placed m the user's undergarment or panty
and secured thereto by a fastener such as an adhesive. The adhesive provides a means for
securing the pad in the crotch portion of the panty. Thus, a portion or all of the outer surface of
30 the backsheet 18 is coated with adhesive. Any adhesive or glue used in the art for such purposes
can be used for the adhesive herein, with pressure-sensitive adhesives being preferred. Before
pad 10 is placed in use, the pressure-sensitive adhesive is typically covered with a removable
release liner in order to keeb the adhesive from drying out or adhering to a surface other than the
crotch portion of the panty prior 10 use.
35 In another embodiment, an article containing a heterogeneous foam of the present
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chloride, the long chain (Jerr]-Clerr] dialiphatic imdazolinium quaternary
amoni um salts such as nethyl- | -tallow am do ethyl-2-tallow im dazolinium
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met hyl sul f at e aeavisitiontlayer iy efidnan nderlyingrfinid starsastrédjstribution layér| 22 cohaprisidf ain
these Opi i O_rofll aBﬁfHaﬁldﬁEe)bgﬁﬁufslsfbiﬂ\ temwwnhfsku?@ﬂvén]poﬁ. hg @Bﬂébztsz'sf is Shiperposed
conponent, i | DI a wei ght, rati.q of .pri,mar secondary
enul sifier of f ?%‘fﬁ'%§e6'ﬁ'¥g‘§6€ine¥%ceé)5g}'ﬁtc‘"f‘. 3pd a liquid "BPeéY'g‘l‘sa%a?Neﬁ g’ﬁﬁ"é’fﬂ?ﬂ’t"“@o: 1
to about 2:1. and coextensive withithe fage| ofpthe Sere \oppatite thef facensovered by [iestopshegyr | Ehes
from about 85 tacksteeiinos) FrefbiablyhasOl widll) greatdP tHanRNat 6P tHe AdRNherdth)d plotViding AUt

@A plot i
2 to about 15% by.weight enul sifier conponen Preferably, the 0Oil
phase will corrﬁ“raly "\g? : 'ﬂ?saoxr)%h? Lﬁb&‘f’% wg'b uet"ggéi%’i?(}d Jhsi gr #ﬁn‘iﬂ*ﬁf is preferably
component aWid fenstucsesidean Ipuredpssaonfigurations by wei ght enul sifier conponent. The
oi | phase al so ASéther @ypalof htizorbéd @fticle BihichItad ulRE R 2Bt f6AXE sthléfkes of the

0P Onal COTPOl ey Lol i o BB Bl 568 g
in U S patent agickypiligepergliyjacludea ngawoven, flexible substratfashiongdyigie a chpsisis fin the form
i ncor por at ed byf briefs or'shirfil GaCbsorbent foam structure acforfiing tethé PdseAibvedticd cab AERGEENT
522" ) S5 e T LD LD b e oS B S
or a Hi ndébsetbemirersovifl freareatly pe z\éqr-wmpsg/ wigh, enyelgpe tissepapronthes djagf @pvious. and
t - but yl hydr oxy goiwt®étmaterial. Such core overwrapping thus serves as the "topsheet” for the form-fitting
absorbent article.
The flexible substrate which forms the chassis of the form-fitting article can comprise
25 cloth or paper or other kinds of nonwoven substrate or formed films and can be elasticized or
otherwise stretchable. Leg bands or waist bands of such training pants articles can be elasticized
in conventional fashion to improve fit of the article. Such a substrate will generally be rendered
relatively liquid-impervious, or at least not readily liquid-pervious, by treating or coating one
surface thereof or by laminating this flexible substrate with another relatively liquid-impervious
30  substrate to thereby render the total chassis relatively liquid-impervious. In this instance, the
chassis itself serves as the "backsheet" for the form-fitting article. Typical training pants
products of this kind are described in U.S. Patent 4,619,649 (Roberts), issued October 28, 1986,
which is incorporated by reference.
A typical form-fitting article in the form of a disposable training pants product is shown
35 in Figure 12 of the drawings. Such a product comprises an outer layer 30 affixed to a lining layer



30 Anot her optional conponent is a plasticizer such as dioctyl azelate,

di octyl sebacate or dioctyl adi pate. O her optional conponents include
fillers, colorants, fluorescent agents. opacifying agents, chain
transfer agents, and the like. Certain of these conponents may be

I ncor por at ed selectively within one oil phase or the other wherein two
oil phases ar o formthe het er ogéfeous H PE and f oam
as descri bed ﬁ%#gﬁﬂgiter WD 97/ 32612 PERRAGHARe

28 PCT/ US97/ 02668 2.

Wat er Phase Conponents The di scontinuous water internal phase
of the HHPE(s) is generally an aqueous sol ution cont ai ni ng one or nore
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turn,. i s bel i evedrer oftheiarticleeist 41 generatle rrectangulavh absbrbpd | cpree 84 comprisingi @l absbibbif

the cel | wi NAQWS 1@krohd}Eouliidafn'Bhétire bfthe #&é&qﬁveﬁﬁl{n@d by the water phase
droplets during ?yrrerl zation. Thus, the presence of electrolyte and

the resulting ionic strengcds]n@iget@wat er phase is believed to

det ermi ne whet her andr,\l's gﬁsm@gd qeU %ﬁmL,Q.% ?ﬁ#&hﬁ% n&rspﬁv‘?tfaerég;amg} poI gerrﬁB ?tf'gnﬁg

foanms can be open-cel
i oni ¢ strength t @iseme regiong vithip a gixen copppsite fpamy The s illed pitisgngyil eqsosyrzeenas | lighteof
are nono-, di-, Gffe fesichingd Gerkin] PG Btperiméntdtion Sl hpréddet Mnmh\&ﬁg &b | gBalities,

hal i des, c Ql{p%*}d.&e@ghp Id%sfr@& éna- u@QdA§ %UC;I E}L&%}; %ur ?Jgﬁ?énhm%e fo rn%o«g%ems are

al kal i ne eartﬁ
chl oride, sodi umdenigtedand d&ﬁ&“ﬁﬂ‘gﬁ'&ﬂ’%?ﬁ éﬁrl i6atnd '76:54 i fs At -esnded@m theisenpe jofthe
t he nmost pref err efledtidh istis enyi wayllifitedlo@letddmbiotients.i on. Ceneral |y the

oo eS|, 0%, et R Bl 0368 BB\l
the water phase. PNB?‘E“"pr@F 8’:"&"0‘?"5"“ ? FREI0B|46 O reltiyels lapgercelied geatarinls gosfioged between
about 1 to absut nddfegins 422ing i, With divelaalycsmaliactied materiald Regigiis b and bl ynal bom
about 2 to about either the §a%¥eb 4 t)%é’;j mtbe gfffe“ﬂ@ X@Jeﬁi&:te@ mﬁﬁgularly, foam piece 40 is suited for
use as an absorbent core for a catamenial product. The relatively large celled region 46 will
allow for rapid acquistion and distribution of discharged body fluid, while small celled regions
42 and 44 will prevent leakage at the sides of the product. Arcuate lines 47 and 48 depict
20  optional cut-out regions that may be preferred where foam piece 40 is used as an absorbent core
material in a diaper. Alternatively, or in addition, the acquistion/distribution region 46 may have
a relatively lower specific area per volume than storage regions 42 and 44.
The foam depicted in Figure 14 is similar to that shown in Figure 13, but has five distinct
regions instead of three. In a preferred embodiment, center region 54 will comprise relatively
25 large celled material, which is suited for rapid acquisition of body fluid. Outer regions 52 and 56
will preferably comprise relatively small celled material, again to prevent leakage of fluid from
the sides of the corresponding product. Regions 53 and 55 will both preferably comprise
material that have cell sizes smalier than region 54, but larger than regions 52 and 56. As a core
for a feminine hygiene pad, outer regions 52 and 56 may have hole sizes smaller than 8um to
30 preclude passage of red blood cells into the outer edges of the product which might signal
impending side-leakage and failure to the consumer. Such regions will absorb free fluid from the
menses without passing red blood cells and attendant color.
The foam depicted in Figures 17 and 18 is illustrative of an embodiment where the
distinct regions are layered in the z-direction. Figure 17 is a side view of foam 70 having upper
35  region 72 and lower region 74. Figure 18 is a perspective view, again showing upper region 72



20 The HIPE(s) will also typically contain an effective anmount of

a polynerization initiator. Such an initiator conponent is generally
added to the water phase of the H PE(s) and can be any conventi onal
wat er-sol uble free radical initiator. These include peroxygen conpounds
such as sodi um pot assi um and anmoni um persul fates, hydrogen peroxi de,
peroxyaceti c aci d sodi um per borate, pot3&ssi um nonoper syl sodi um
per car bonat e WABIY | ke, Conventional redox 25 initiator 3’ &éﬁgmﬁ%n
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per oxygen conpounds with reduci ng agents such as sodi um bisulfite,
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hydr ophobi ¢ fl ui ds WO 97/ 32612

29 PCT/ US97/ 02668 Is desired, or where
water resistance¥s dgﬁmﬂ‘{ﬁe g., infiltering or sound deadeni ng
applications,o f dtanye xfthe test) methixissus«dfreqwrbs Isrgartsampie lofl l@ndgenesas mbreriad tian
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I solate the oily cO onen such as I n
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acconpl i shed by treating the foamw th a hydrophilizing

surf act fanft !nrsa mannea. desmhmmmm&dlwsmmaafter These
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the foams are sliced into blocks 3-5 mm in thickness and washed 3-4 times in distilled water,

expressing the fluid through roller nips between each washing. The resulting foam blocks are
allowed to dry in 2ir. The dried foam slices are cored to yield a cylinders 25 mm in diameter.
20 These cylinders are analyzed using a Rheometrics RSA-II dynamic mechanical analyzer set in
compression mode using parallel plates 25 mm in diameter. Instrument parameters used were as

follows:

Temperature step from ca. 85°C to -40°C in steps of 2.5°C
Soak intervals between temperature changes of 125-160 seconds
25 Dynamic strain set at 0.1% to 1.0% (usually 0.7%)
Frequency set at 1.0 radians/second
Autotension set in static force tracking dynamic force mode with initial static force set at

Sg.
The glass transition temperature is taken as the maximum point of the loss tangent versus
30 temperature curve. Tg is appropriately measured only on a homogeneous portion of the
heterogeneous foam, or from a representative piece of homogeneous foam prepared under the

same conditions as the region from the heterogeneous foam.

B. Resistance to Compression Deflection (RTCD)

Resistance to compression deflection can be quantified by measuring the amount of



of the polyneric foamsurface. They are well known in the art, and can

I nclude a variety of 10 surfactants, preferably of the nonionic type.
They will generally be in a liquid form and can be di ssol ved or

di spersed in a hydrophilizing solution that is applied to the H PE foam
surface. In this manner, hydrophilizing surfactants can be adsorbed
by the preferrggddbhaf 0oans in amunts Huitable for rengefigenkds
surfaces there%b %)stant ially hydrophilic, but w thout substanti al fo

inmpairing the desired flexibility and conpression deflection
characteristics of the foam Such 15 surfactants can include all of
those previously described for use as the oil phase enulsifier for the

HI PE, such as di ghryiodbiotedutioodl bickaess)goodocddain anfoan Gamplt ovidahchadibgéry eaturaitd and
ToNoi SOt ear at e. it wih symBATPRLIhb] BRI HAGHEG 1,080 DM RATRAIBHAY

to the f d
: Ec gr po(raat ggmby u'[‘il’ E'ﬁt”r?@rlﬁ “Ggsrc{'m I"b'BF VRt M@THBB%%%@ 8- Jlatgtt 5187307 (Dyer etal.)

suspensi on of t hdsssek Fehotagn?, 1995. a Resistdnad) koeCaegression Deflecsion wedsiremehts are tvplcally
preferred foar;s J.Jag o?ram sa.nygiarnfwmoheuyemgj Wit thé le@ffember af@&grp&%ﬁ%.?é aghdty Mana
t hat residual nts, '&ffgkf?nt that remain

structure are |n Q‘S'P'é 5”1‘? °%.5 to about 10% preferably from

about 0.5 to abot GW%mpbe t he foam Anot her
material that is typlcall nto the H PE foam structure is a
hydrat abl e, and pref ef&ﬁl“é‘*’l‘l’?@‘r‘ﬂ&%@m@ bsrquamsified; by Sxerspiring e empuns of sinthetic urine

i norgani ¢ salt. Qt@fbes&l 4 foadSample iwhith h@cheeh @mrawmal e&pantim(i'vmokﬁﬂkﬁaﬁrw Free

accept abl e al kal i @or@é’i“ &{bagﬁvtr@éasmgnﬁ areﬁ?én&aﬁrl?' ﬁ-ra r o %%anmg concnttrrenhv Shl the

use with 0|I-solu e surfactants as_the

described in gredteaurement of Registance PrF%‘PE?ss‘Ph‘Pﬁhf“"B aB‘S@"*’?‘PP“?"B@Mrda’rCQ?ed in the
i ssued October 4, TESYMETHODS sditivg bDS S Patent 5,987i201(Dyer et al.) issueiFebiey 3] BYs.DY
reference. Preferred salts of this type include the calcium halides such as
cal cium chl ori de that D-as laterfacizltension {EDamethod {3pingingDrom enpl oyed as t he

wat er phase el ectrol YIrﬁerfa&amnm&MﬂhPlﬁcasured at 50°C by the spi gaér&p.hahdmweéu if
salts can eas‘sl y l.p§ Fjla{g t%r#(?l’z@?t &'8' llb %‘ aI )rlfS%fJ pegruta 97 fl%g@ ln mcoB%ra?e@L{:a rff5rence),

sol uti ons of Such’s I oNns
treat the foans sz“tce‘r that:  (1)cthermroaemesnmixpure (‘erda'ﬂ RSWE‘"&)F"C oih ghase sertains stfyrene,

rT enovi ng t h;a ][ es iddu@_ibemﬁee(rssqahammix rgfddle), Dethyeiytacrylate, a0l ¥-BRhdedR0l digﬁﬂlﬂa‘rylate
reatnent o oa i C r t a
Fa nﬁiﬁ uIP 12 ?A{ HHZO gﬁ élﬂ cSTac%ﬁtﬁaQL&’ opefrﬂ?s%ep i tpél ox afe is Yaris by

i norgani c salts suc calcium'c resi du unt's
about 0.01% by wdilgiep f@qn an upper concentration of generaily about 5-10 weight % down to a concentration

30 WO 97/ 326%2 where the IFT increases to a value that is at least about 10 dyne/cm greater than the minimum
PCT/ US97/ 02668

IFT, or about 18 dyne/cm, whichever is less; (3) a smooth line drawn through a plot of IFT
versus log emulsifier concentration is used to determine the minimum IFT; (4) the Critical
Aggregation Concentration (CAC) is determined by extrapolating the low-concentration,
generally linear portion of the IFT versus log concentration plot (i.e., the portion of the curve
25 typically used to calculate surface area per molecule at the interface, see for example Rosen, M.
J. "Surfactants and Interfacial Phenomena”; 2nd ed.; Wiley & Sons: New York, 1989; pp 64-69)
to higher concentration; the emulsifier concentration on this extrapolated line corresponding to
the minimum IFT is taken as the CAC. Generally, an upper emulsifier concentration of about 5-
10 weight % is used. Desirably, the upper emulsifier concentration used is at least about twice
30 (more desirably at least about three times) the CAC of the emulsifier. For emulsifiers having a
solubility in the oil phase at ambient-temperature of less than 5 wt.%, the upper concentration
timit can be reduced as long as this concentration is still at least about twice the CAC of the
emulsifier at 50°C.



the foam and typically in the range of fromabout 0.01 to about 12%

preferably fromabout 0.01

to

about 5%
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?ﬁvo organic

tenperature, etc.; and 2) polyner|2|ng the resultlng enuI5|on

case, optional steps Jralie o ICIro 2o : umn d :

structure fo /e t he ori gi nal reS|duaI mater

and, if netesg§&§¥JFF§%¥lng the foamwith a hydrophilizing surfactant
and/or 25  hydr atﬁ:biq%eo%@kﬂaset@prdﬁ%%bﬁmﬂﬂ¥ tﬂ%ﬂn&X%ﬁgpﬁ‘Lﬂlgi
surfactant/hydrat abl e sa ql “% eL ewat ering
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formati on, polyne
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and U. S. Pat
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wash sol uti on can

t han t he hi ghest
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r_curing, R0 GohRRflon fr YL ] 19 ar e
; ; eret—a Ssteg—ebr tHEHY- 10095
ent 5, 14Q9aer20 ( Desharai s ewsaL) i ssugd Septenber 22,
Corporated by 30 ([reference. r1nougm motr specricatty
U. SPotkainmrPersifad87, 207, t he 37®gperatur¢ of theo.os% aqueoys
be 1nportant. It s generally desired that 1t De greate
CalgiveyChigride di siinct r JaoAhE of t helfoam Se®0%l so
plication Serial No. 08/ 370,694, filed January 10,

1995 by T. DesMarais (Case No. 5543) (herein incorporated by

reference} whi ch

§§s having a

recirculation |o
in preparing the

d escr i beﬂkgﬁ 'Fﬂ? bﬁéﬁgﬁ&@ Hoﬂu&ﬂﬁm dr 21

P

||| at | on | ng

p—for—the—So—HrE Hre—tuse—or—stehre—ee
Pr e3.eiiindx9FiE/laeS P i mari | y2.900f ul 58%
divinyl benzene* 25208 42%
diglycerol monooleate 360g 6%4*
Tinuvin 765 30¢g 0.5%

* Divinyl benzene in this and later tables is a special blend comprising 60% ethy! styrene and

40% divinyl benzene. unless otherwise specified.

** Addition Jevel of emulsifier and other adjuvants to the oil phase are "add-on" percentages:



WD 97/ 32612

PCT/ US97/ 02668 when the distinct enul sions are poured from

di stinct m xing heads. [l Uses of Pol yneric Foans

A In General 5 Het er ogeneous pol yneric foanms according to the
present invention are broadly useful as I n applications involving
ener gy di ssi pat.ion g. acoustic and nechanisal insulation), é’lk)fé

i nsul ati on (segv%’gpééﬁdi ng U. S. application nunbers 08/472, 44P7, |9P§i(f6§]une
7, 1995 by Dyer et al ., and 08/484, 727, filed June 7, 1995 by
DesMarais et al., both of which are incorporated by reference

herein), filtration, and absorbent cores in absorbent articles. These foans
can also be 10 | RéBheNBRlpRRiok iMsONOMRNt 2l waste oil sorbents, as absorbent

conponents i n bandages or dressings, to apply paint to various
surfaces, in dust nop heads, TabledeiSesondOrgaidBhas¢ Gorpasigiom®eHIPE. of
fluids, in packaging,] 1n shoes. I n odorjfnoisture sorbents,jin cushigns, in
gl oves, and for many 2-ethylhaxplacrylate 2400g R A#8%r bent

Articles 15 The het er ogeneous pgl yneri , {ﬁgﬁs of the presen
i nvention are partiCLJ_a.LLﬂ'&gEﬁﬂﬁ'ﬁs_a-t— portlon Ol th

absor bent struct uresé(e;dg&.I o r%PrﬁSH' Nt ¢ br es) fpggd/gari oGs. ab.sog.gept

articles. Use o P a
consuner product thatl is capRlihgsef absor bjopg si gni f| caglsgguantities
of urine or other flurds—(tr-e——trgurds);—tTkeagueous—TeT

(runny bowel novenents), discharged by an incontinent wearer or user of the

L1 S DX g 5 B TS A bRl SRR5EH i

sani tary napki‘ns emglsifisodupreared Sollowing {ha rgeacralnprgesduigsfor prrpaninge polyglecerot testers
absor bent fdesfibedt in ULS UPaeeit 5\837%30M (Byer dpal) issied Beryarys 0 199D] € A @olygiseerdin

S ALELES Such, 2 BRRARcon SRRy s P BB SRR S 5 e

(Solvay Performance Chemicals; Greenwich, Conn.) is esterified with fatty acids having a fatty

acid composition comprising approximately 71% C18:1, 4% C18:2, 9% C16:1, 5% C16:0, and

10 11% other fatty acids (Emersol-233LL, Emery/Henkel) in a polyglycerol:fatty acid weight ratio

of approximately 60:40, using sodium hydroxide as a catalyst at about 225°C under conditions of

mechanical agitation. nitrogen sparging, and gradually increasing vacuum, with subsequent

phosphoric acid neutralization, cooling to about 85°C, and seutling to reduce the level of

unreacted polyglycerols. The polyglycerol ester reaction product is first fractionally distilled

15 through two CMS-15A centrifugal molecular stills connected in series to reduce the levels of

unreacted polyglycerols and fatty acids and then redistilled through the stills to yield distillation

fractions high in diglycerol monoesters. Typical conditions for the final distillation pass are a

feed rate of about 15 lb/hr, a degasser vacuum of about 21-26 microns, a bell jar vacuum of about

6-12 microns, a feed temperature of about 170°C, and a residue temperature of about 180°C.

20 Distillation fractions high in diglycerol monoesters are combined, yielding a reaction product (as

determined by supercritical fluid chromatography) comprising approximately 50% diglycerol

monooleate, 27% other diglycerol monoesters, 20% polyglycerols, and 3% other polyglycerol

esters. The resultant diglycerol monooleate emulsifier imparts a minimum oil phase/water phase

interfacial tension value of approximately 1.0 dyne/cm and has a critical aggregation

25 concentration of approximately 0.9 wi%. After mixing, the reaction product is allowed to settle

overnight. The supernatant is withdrawn and used in the oil phase as the emulsifier in forming

the HIPE. (About 20 g of a sticky residue is discarded.))
Separate streams of the two oil phases (25°C) and divided water phase are fed to
separate dynamic mixing apparati, described in more detail in U.S. Patent 5,387,207 (Dyer et al.)



such as infant diapers are described in nore detail in U S. 5,387,207 (Dyer
et al.) issued February 25 7, 1995. The alternative materials and

enbodi ments described therein are equally applicable to t he present
i nventi on. Mul ti-layer absorbent cores can al so be nade
according to copending U S. Application Serial No. 08/521,556 (Gary

Dean Lavon et_ al filed August 30, 1995 (Case No. 5547R) ( '
i ncor por at ed ‘399%@*6&* ence), where the fluid storage/redistr it}g'ﬁﬁsg%mfgye

;
conprises an absorbent 30 foam according to the present invention. One
obj ect of the present invention is to sinplify the nunber of discrete
| ayers of foamthat nust be used to formthese nmultilayer conposites. For
exanpl e, a foamiggedepiusd od1998. Kbgtuprintelixiti o the Bepafttlbomiblnkd reh ¥ P G cﬂ@&ﬁ!ﬂhﬁl'
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32 3 polypropylene tubpHrin, (43 5y inediagneter and 7.5 in. (10, cmy) bigh; with 3 epacspsricdnsen)
and regi ons 53, nide of¢ricon Plasticewhich is uotativig|bencath dhiehexitmbzales of the awael méxidmehambers.
sur L ac edar eat PEIThY fHkeH 5 trpue.ercm? inﬁﬁalalﬁeb&fa@i&]?diﬁ aR8%.95 indh2 &R)1n bﬁm§]:ewt"i\pg>$danﬁ 0
produced a stora . cor.e. ayer oma. si.ngle piece o )
het er ogeneous f (5%??35 in. (1714 Bigh TFF] V%f%egfsﬁwfé t@%‘b"& ?ﬁé‘%k‘es ’E’ﬂ’ '5‘? top apdthe polymer
cont ai ni ng a hetisqurgdme nen maietainest at6H for vstorlB hours,y Ehet geometivsofahis stecifie filling

pad depi ct edioi N sénefil feBultsGh seqbibnfial fayeR TEAIFE frddtdle Wb doszI&sUeimb dbifveRE of?gop of each
fluid pervious prinm n .absar bent. core Bgon& sting of an

E'%( t.ogﬁ heest. 1 a s i
optional fluid StguTekig igfhe resulting Faam stripes of ong i5giop itegrally meghed withgstripes of the
"secondary tops/eseed. etcaregionfsld Wheseindle HIPEovidsesity isrbighyean appropriately shapellespehidenne
or more pol yner dévideQndyBrestiichbdliontfe bxit ddifle By A5 bveh QYIRGLY STihe BIPE ifto fthel W etset.
| mpervious 4 bag kt%p%te}tr'lgf nIQaeisl%aﬁzlr(o%?«g% tht Satd BF pduiS Esoﬁfhe:%t oF e iass of
posi ti oned adj acehf"t hie garment "Sulface and"t RePDOBY “SUMPELd, of the 1
respecti vel yts oturpingiofthe rageiying teb andds apluinp.\so puio deliver eontsellahly deamsithat Fasrbe cut to
gx amd)lhe, the ba@lﬁ‘ih@&famjc&_nrﬂ&destim“hw&fr%ﬁbs 12akaan, Reexample ¢ﬁl~.| feRtiGARBKrlsRE
y adhesi ve. . C ) IS i TREr to fluids (e.g.,
menses) and is SFerSral |°§“"r?§ﬁ”ﬁ€ya'§?s %‘r?ag’ge Al o deljd : rﬁféﬁﬁf“r’\m cgsff"l" .'°f'.ig‘f’ﬁ1ﬂ‘ n
al t hough ot her thisspedificexpmple;the HIPEstrednyfrem Fable? isdeliveradiat 49 Wimipowithsitsdiynamic
pin impeller operating at 1200 rpm and a pour temperature of 54°C at a water:oil ratio of 50:1
20 using the triangular spreader on the exit to assure even distribution throughout the width of the
tub {Region A). The HIPE stream from Table 3 is delivered at 5 Ib/min. with its dynamic pin
impeller operating at 400 rpm and a pour temperature of 66°C at a water:oil ratio of 100:1
(Region B). The result after polymerizing, drying and slicing is a foam having alternating slices
with the properties described in Table 4.

25

Table 4.
Property Region A Region B
Tg 0°C 70°C
RTCD 40% 40%
Density 0.020g/cc 0.010 g/ec
Mean Cell Diameter 40 pm 120 gm
Example 2

Mixing of the Example ! HIPEs to Form a Chemically Heterogeneous Foam.

The HIPE streams described in Example 1 are delivered to the receiving vessel at the



As used herein, the term"flexible" refers to materials that are conpliant
and will readily conformis to the general shape and contours of the human
body. The backsheet 18 prevents the exudates absor bed and cont ai ned
in the absorbent structure fromwetting articles that contact the sanitary
napkin 10 such as pants, pajams and undergarnents. The backsheet 18 can
CONpri se a WOVEH, g-naeis OF NONWOvVen material, 4polynmeric films seEfsdRaces

t hernopl astic fiTns 0112 pol yet hyl ene or pol ypr opyl ene, or conposite
materials such as a fil mcoated nonwoven nmaterial. Preferably, the 20
backsheet is a polyethylene filmhaving a thickness of fromabout 0.012 mm
(0.5 ml) to about 0.051 M (2.0 mls). Exenplary polyethylene filns
Sr e manuf act le> Ir gdosg%ii Qt@myhaagg ﬁﬁérﬁﬁrl:&?ed&fsin_g the sa@e nGhdidicne iDoif téakfieRaturd! a.die&yn‘s:?ﬁ
esi gnation -0401 a L EL [ ROr . Vi nDvision, . . O
Terre Haute, |ndiBAae Eﬂ?ﬂ@é i 1e¥}3%'§|g5 n%h%%ko%%l%ﬁ%%ggﬁlem uﬁ’c‘@{%é‘é‘f'“ﬁ ientical
pref erabl y enbosgeigrocellular morghalegytad vatertdiliptiosebh a speqificrxpmple.pothstreants| aget tixpdcas

aﬁpealr) ancg. Fur t hawateritd26il ﬁ_ﬁi&&&%ﬂ%iﬁé&le@ﬁ&nﬂ&p'_ Iin mixe._rﬁating/aipwo&pmt £&TRP rate M
t he absorbent cor .e... .S hbreat e st reventin . .
exudates from spasﬁgq éf}gm’f"ﬁir'tgﬁhgf h“t')# ﬁ"e“ "ﬁg“? I%s%'gwh.fg c urefl and slﬂce? as %esfﬂgedt'ﬁﬁg‘ﬁfé“é’t‘hfz
i s conpliant, soffrodugesiaiferm asshemisFigure 14 whereingthe diffedeat rogions 4P and 43(4have Tgs of
Furt her, t hepet esTve@andkiénsities b 0.00¢g/qer vi ous permitting fluids (e.g.,
nmenses) to readily penetrate through its t hi ckness. A suitable
topsheet 12 can be manufactured froma w dgxa%@m;e of materials such as 30
woven and nonwoven materials; polynmeric ma s such as apertured forned
tEermDp: astic . f i MifBng of amiRel1 imit{%nﬁhmostﬂ?dm Hérb£4nBse Foam

t hermopl astic fil ns; r et . .reticulate

t her nopl asti c'%i | ms; gﬁ”ﬂ%ﬁ%&%’ﬁ L :i%m?gef ?snrggelgﬁﬁl é%‘ﬁg%m%% _veas?leg "ﬂ'@n‘&g?fﬁ'ﬁ
mat eri al s can be cersdifons aftempsratyre angrdypamic maxing. (This groducss a épamrhayiog heserogendirrof
synthetic fibers chénithl nature and RidtogélRlar mofphbledyS Thel GiedGil ia6d i Preb@ed at 50:1 for both
pol ypr opyl ene, or I I«i@g ' Sl de %gm t] 5 of
natural and synt thP ?é‘y"‘g flglgkérp S. i{hp de%\'ﬂ)%‘?% hé.li?‘. tathe gm_P fest exa.mple’ the
PCT/ US97/ 02668  rates at which each HIPE ipfosped-arepidentiggl stibasithe relgtive yelumie satiojpecupied bethe

i nvent i on ar esselt@6 tirshidallpdiffere G HIPES Willrbe 50430, The chemical compésitioRil Yiffrdhce between
aperture forned fy t‘ﬁﬂﬁ fil: ' LV
preferred t#éotgbt e ?%gfst aggfﬁﬁé%gffgeI’{"ﬁggﬁg'vgghs%@&%goﬁ%@ﬁ %?g%:%&éé such as
exudat es and yet Tgostifthers.gesidance torgmprsssionfeflection, and the like are different, as in Example 2.

Additionally, the microstructural properties, e.g. cell size, of the distinct region in this case are
different. The HIPE using the oil phase from Table 2 is produced as in Example 1. The HIPE
20 using the oil phase from Table 3 is produced at a water-to-oil ratio of 50:1 using the dynamic pin

2

mixer rotating at 400 rpm at a delivery rate of 3.0 lb/min. into the tub turning at 2 rpm. When
cured and sliced as described hereinafter, this produces a foam as shown in Figure 13 wherein
the different regions 46 and 42/44 have the properties shown in Table 5. -

25 Table 5.
Property Region 46 Region 42/44
Tg 0°C 60°C
RTCD 75% 5%
Density .020 g/cc 020 g/ec
Mean Cell Diameter 40 pm 120 pm

Numerous variations are possible, including one wherein the HIPEs so formed are
compositionally identical, e.g., each separate HIPE is made using the oil phase of Table 2, but is
formed under different conditions to provide regions within the resuiting foam of different



reduced tendency to allow fluids to pass back through and rewet the
wearer's skin. Thus, the 5 surface of the fornmed filmthat is in
contact with the body remains dry, thereby reducing body soi ling and
creating a nore confortable feel for the wearer. Suitable fornmed filns are
descri bed in US. Patent 3,929,135 (Thonpson), issued Decenber 30,
1975; U. S. Patent 4, 324.246 (Mul'l ane, et al.), issued ril 13, 1982;
U. S. Patent 4?’:?492{3?} (Radel . et al.), issued August 3, ’,""E}.‘s.
Pat ent 4,463,045 (Ahr et al.), issued July 31, 1984; and U.S. 5, 006, 394
(Baird), issued 10 April 9, 1991. Each of these patents are incorporated
herein by reference. Particularly preferred m cr oapertured forned
filmtopsheets ol i : , i ssue
Sept enber 2, 1 Qg%ﬁgﬁ’ldaﬁﬁb%ﬁ% 'g'ﬁ%aerdgfwét gg&gﬂ%e %&’? ??‘ocgép °sggﬂa ?Jﬂgﬁﬁggé@té enber
16, 1986. which are I ncorporated by reference. The preferred topsheet
for the present invention is the fornmed fiBxampled descri bed in one or nore
of the above patents and marketed on sanitary napkins by The Procter 15 &
Ganbl e Conpany of G nci nnatfonminga jleigeogenspys 'a Single HIPE Stream The body
surface of t hsef for Wﬁdnfﬂi\ik Biain@léﬁhﬁﬁﬁr:e ﬂm:? Gﬁ'oﬁiédruﬂﬁﬁlmeicoﬂ pﬁsgegﬁmi %Uihe# B 4 sifgid d
to transfer.through t er than if the body surface was
not hydrophilic S6 sap?%‘nasl' %rﬁ"gﬁl% ke ofﬁ{é'gé f'l?eﬁyp%d&c)ﬂ %ﬁé'}c sﬁ%’ﬁﬂ"flﬁgl’s Y21 o
will flow of f thevertme fauing thednidal stages af the Glhithrsheanrate i A2005eq hgeclining over time at
absorbed by the mBoses bavidutessorthist theretulsion formjetl @h @idhasiiccesshe dotafmint of tfeliub A&l RET

topsheot " such as Pt prdgdSR) M Rhiar RFRE kSt neiy lEnfal i s i royyg00
07/ 794, 745, "WbserBerbeesopending Ufapplisation\g$izs 7eh DesMaraschiled Augnst30. 1995) for a
Coversheet" fil edlscaftioNQy prootingl CondiliGidthdd ffét iskear fte.)alThis reshlisGh aiféam (after curing
openber “ean by BEYESRS vy Gl R by b 9 SL B b
such as is descr'psersellsy; Thefamiofthis example is firber dopigred in theymicrgraphsiof Figeise -8t ed

herein by 25 reference. In use, pad 10 can be held in place
by any support or attachnent device (not wel | - known for such
pur poses. Pré% erably, pad 10 is pl aced in%er' S undergarnent or panty

and secured thereto by a fastegfingSHeteradEnedlis FdMgRmESingldBIPRAhesi ve
provi des a nmeans for §ec'tdr;' ng. wvgiqgggeaidgctrgg,_l%ghpgl%r‘;hi“osn of the

panty. Thus, a portion or : 1 3 cksheet 18
i s coated with adhesilpthis expppleHHEBE isprosuced | fipm the eilistiepm finEabler3 at £ ayater; oig ratio of
pur poses Cag0: R & diwasfic infxer fpMef 300) @s6.v t./Aer. eThis HIPELScupédes SefoR: SThE fdstitave

adhesi ves bEiZ(Pg. ket flserc;u% intoneaI'tﬁplgte .piecﬁs of %Qm%g?rblgm%?%% iinndime?%' tl‘ptge pieces of
pressure-sensitive adnesive 1s typrcally covered wrh a renovabl &
rel easé |iner infoyn@ul saturand @jith paneoysorhase; afp thep pliredr ifi thy 175 tiamster sthdaséribed ino
a surface other glampletD® above, appfoRinfaielyd @dlf fibing Qe Vdl@m@antiyt fabi OA skéond $BPE 35
| n_anot her  embod) ERla ndiudbh ot 36 3alk Beroi GG E Hnlc AR Y o,
at 6.0 lb./min. This is delivered into the tub filled with the already formed HIPE foam and
25 blended manually. This mixture is then cured as before. The resulting foam has the structure
depicted in Figure 16 wherein the separated regions 64 comprise the higher Tg, stronger, lower
density foam and the continuous region 62 comprises the lower Tg, more flexible, higher density
foam. The density of the composite is 0.017 g/cc. The RTCD of this foam is higher than the
RTCD of a homogeneous foam made from the oil phase of Table 2. An applied stress
30 compresses the foam until the.hard points of region 64 become substantially in contact, wherein
further compression is resisted. The flexibility of this foam is higher than the flexibility of a
homogeneous foam made from the oil phase of Table 3. Flexibility derives from the continuous
region 62 in which the rigid foam elements 64 float without impairing flexibility. Surprisingly,
a microscopic examination of foams so made reveals no obvious structural defects at the

35 interface between region 62 and regions 64. (See Figure 19, which is a photomicrograph
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PCT/ US97/ 02668 invention is a disposabl e diaper. D sposable

di apers conprising the absorbent foam structures of t he present

i nvention can be nmade by using conventional diaper nmaking techni ques, but
by repl aci ng or supplenenting the wood pulp fiber web ("airfelt") or
nodi fied cellu i re absorbents typ#xally used in | I

di apers with one or gr#)re foam structures of the present 5 %’ﬁ igg&Foam
structures of the present invention can thus be used in diapers in single

| ayer, or in various nmultiple [ayer core configurations as previously
described. A representative - disposabl e di aper enbodi nent of the
present inventi onbédlivedhd bexhiten bkl ihtgrfice gfiregiok 62 £k at ISt one discre@repMdn IS Tholkilled

di aper i ncl udes . . i.Si .an ional, u r fluid

acqui sition | aye%%?qﬁﬁlge_% g%mz&ﬁ%fg_r"% 3?%3‘%@ Elloﬁé %ﬁg‘r raalgg‘;}%cés |r§f"?ﬁe%g'ff"o‘;|e inssrfape
22 conprisi ng an Beyveen cominuous 8ad disearsed degionsotesain paneesstdesrcibedr hereirf (gtahizularly this
present i nventi ONExampleQf) Siuyce usetuli if prdvitkrigdhdkbgeneous foﬁﬂ@:aﬁ@yx&ﬁ%%ﬁ@’aﬁmﬂﬁa; Be

one face of thg c | L uE o i r.yi ) heet. 24 i s _superposeq
and coext ensi vg V\ﬁ %ﬁc’l{sﬁe T agéé'%*% 'elﬁ:{%r% '@"9%%"5?%@?%“?’5@& 8'6‘{7&‘”888’639"5[“%
t opsheet. The scrap palystized foamp and Would: ke comibined, with an uppetymerjzed zmelsion Hdentitah at
3;1 t Ee cor edt Ber ethyt ofiginallydisedgo fointl ehe scrap foaltR rmbmlthem;esédt Qiventiah. shiea REAGESRRRS
ich exten eyo, r i 3 S er 1 .constrycted I n
an hour gl ass confll%gtﬂ'%‘talte?egﬁ .dgeme]mgefg' ‘%pﬁgv'kn%ﬁogéne? %p}é’x%? ﬁ‘ﬁbg'tﬁt’)’g“eﬁfe?"é?‘? w2
whi ch can utilize™®@l-absorbent foam structures of the pr esent
} nven]'E ion comdises f ik dltetniivegmpodilent Fod forining a%tebéﬁeﬂs%nmﬁeﬁ)resgﬂﬁrnemion_
ormfitting rii n AC nonway exible
substrate fashi ontgg_'%rn'{i%ggﬂgﬁa%ag |g€e ﬁ\"ﬁ’H% ﬁ'@r_Jr%g%?ef&"Sg P Br‘f’“zﬁq? Br prgﬁger nultipe,
absor bent foam stSontuaysEeeens Bavinedipperssdtheeeingigid foam elemetnt i on can t hen be 20
affixed in the crotch area of such a chassis in order to serve as an
absorbent "core". This absor bent coreExdnigled r equent|ly be over-w apped
wi th envel ope tissue or other |iquid pervious, nonwoven material. Such
core overw appi ng t hug 4epeyis songiucted dn accordansewith Example I of .8 Reten| $.387:2§7 (Dyer et
absorbent art il el) issued February 7, 19951@usihg @x the labsoftehssidraeistibuida 1hyRt Hhedeldeneous
chassis of the fqpiy bdahi bfkaddpibd b9, conprise 25 cloth or paper or
ot her ki nds of nonwoven” substrate or fornmed filnms and can be el asticized or
ot herwi se stretchable. Leg bands or wai st bands of such training pants
articles can be el asticized i n convenExampil? f ashion to inprove fit of
the article. Such a substrate will, relatively
l'i qui d-i npervious, or at |ea$atamenialPadh lere ams, by treating or
cpaL i ng oRe 20 I sur f acfoarh Hie prpdreddéssdayiallyodsi d&ﬂirii:&git;nt Edamplel £ dvitlgQniekiasdes @fj fhe
with another re . . = , str to therehy rende
the total chassi ?Es%ﬁgg‘:éfo\k}ée%%nq@%":{ %r%%?zf?gﬂ? asplf{rr?xi"ﬁ%lye‘f At Igﬂeccé’,"sl'i:% of each .
chassis itsel f sdfgieogreshowmia TabjefRaleteet " for the formfitting article.
Typi cal training pants products of thiFableignd are described in U S

Patent 4,619,649 (Rob rké&m I's Kpif t ORRL, 28, 19&%1,0,‘_ WHLGE 1S
i ncor porated by refer¢gnce.
Temperature Mean Cell | Region (cm)
(°C) Size (um)
800 66° 50
400 66° 120 3
3 800 66° 50 3
25 A continuous piece is sliced 3 cm thick and 9 cm width. The width is cut so as to contain

the larger cell size region in the middle bounded on each side by a region of smaller cell sized
material. (In practice, the smaller cell sized regions may be poured at such a rate as to make its
thickness 6 cm so that pieces can be suitably cut from a wide sheet of such foam.) The



A typical formfitting article in the formof a disposable training pants
product is shown 35 in Figure 12 of the drawi ngs. Such a product conprises

an outer layer 30 affixed to a lining | ayer WO 97/ 32612

PCT/ US97/ 02668 31 by adhesion along the peripheral zones thereof.
For exanple, 'the inner lining 31 can be affixed to the outer |ayer

30, along the _periphery of one | eg band areay32. along the pgLi f

t he ot her Iegvﬁﬁﬁﬁggyea 33, and along the periphery of malstﬁéhﬁggbé§834.
Affixed to the crotch - area of the article is a generally rectangul ar
absorbent core 35 conprising an absorbent 5 het er ogeneous foam structure
of the present invention. C. Conposi te Foans

As di scussed ab P I fa [ arr emant
of the G SpRinuBUTR i uRARp 8 | Il 58 JEI) e bal FAZRY ol

artisan will redt/gsdioea; ﬁafh“l"'n"ﬂ lﬂebqﬂg ‘B‘f Suter 3 cm St-'wntwa@qﬁ thegentes Sren ﬂqgmmﬂhene
experi ment ati on fodn s thencont theo & 2Qom lérgth ang plaged ibtosa padalniiéri aeﬁpshé& and 6 pdHFRY

on the desired %&sﬁ@%ﬂ%pﬁﬂﬂ% adilgkwé Eplfc sb gﬂ'&%&%ﬂtl@&dfﬁg thi ﬁon tion, = This

enbodi ments are ’g usse i gu
17/18, it is ‘notPrqvifes Fﬂﬂédaifeﬁaf""tgh S‘S'c‘c'!}b% a?ﬂf"sl"ﬁ'é on top of 4 lqyes having, eteater %p&lmy
way limted to tpressse whitioclinraffettively drain fluid from the bifperlaydrng déddibéd GldoPendidg LBS.

het erogeneous f qgichibniddidl NG dePA207 RiZa Bkiobi? 5, b9 Wep&%ﬂ?akmo S546R), which

parti cul ar, foam | ece | on

material, positi é e"ﬂfe' bu T%”F@%?’B’ﬁés‘lﬁztﬁ?ﬂf"lﬁbm%oth of

rel atively srraller ceIIed mat eri al . Regi OBsh ,’Ze nd 44 may be ei t her
the sane, or they may be different. As d p‘l‘t',!ie"og rectangul arly, foam piece

40 is suitedfor use as anr 8WvitiE R SodeRtoudFdagd ameni al  product .
The rel atively large ,celled. rﬁ%i on bl .al 1 ow aﬁu d acqui stion
and distribution of & BRI e ﬂB‘&Sj f%T"fﬂ 8, fetfmithat, iy Rﬁ??mléﬁsf‘%‘a ¥ @yidesdbed in

42 and 44 wil| fFxemrdat3 havingathickngsses lof thei distincbfegione bpsed cncdifferémtceedit sizes i eing
47 and 48 depi Clappbkimat®lpB il The conditiGHslof ERREeidf ark BibwnTRYabRET BARS €1 r ed where

foam pi ece 40 is used as an absorbent core material in a diaper.
Alternatively, or in addition, the acquistion/distribution region 46 may
have a Pelatively lo cific arealable? vol une than storage regions
42 and 44. Region RPM Pour Approx. Width of
Temperature Mean Cell | Region (cm)
(°C) Size (um)
1 300 66° 50
2 400 66° 120

A continuous piece is sliced 1.5 cm thick and 6 cm width. The continuous piece is taken
up on a roll and delivered to the tampon core making operation where it is shaped into a tube by
curling Region 1 around Region 2. The foam is then cut into a 10 cm length and placed inside an

20  outer fluid permeable topsheet with appropriate adhesive application so as to secure it within the
construction. This provides for a layer having faster fluid acquisition outside of a layer having
greater capillary pressure which can effectively drain fluid from the upper (outer) layer as
decribed in copending U.S. application Serial No. 08/542,497, filed October 13, 1995 by Dyer et
al (Case No. 5546R), but constructed from a single sheet off a single roll.

Example 9

A Heterogeneous Foam For Use in Filtration.
The foam of Example 4 is sliced to a thickness of 5 mm and washed in water to remove

most of the residual salts and then dried. The continuous slices of foam are cut into pieces 10 cm



The foam depicted in Figure 14 is simlar to that shown in Figure 13, but
has five distinct regions instead of three. In a preferred enbodi nent,
center region 54 will conprise relatively 25 large celled material, which
is suited for rapid acquisition of body fluid. Quter regions 52 and 56

wi || preferabl y conmprise relatively small celled material, again to prevent
| eakage of fluid from the sides of the casresponding pro ons
53 and 55 will Y% Wﬁ’r’eferabl y conprise mat eri al that hasgf,?:’s?ﬁsm zes
smal l er than region 54, but |arger than regions 52 and 56. As a core

for a fem nine hygi ene pad, outer regions 52 and 56 may have hol e sizes
smal ler than 8[err]mto 30 precl ude passage of red blood cells into the
outer edges of the preadudtreinbicedwith ghéuteicgridard outsert coWeeikhé) Gutér 108n bﬁﬁkfwﬂ on
st Wt ot padehARL TR, o bl GOl BSR4 of R (RRLA) fpﬁsp.feé UL Shsbited Thib 38 aie

menses w thout passing red
The foam depi ct ed smmmgm&@wzh ariienyy. | Thej qorraegt%ﬁdl rpgiop enteaps dangsd dhamieyiates and

wher e t he di gphdséxcthe ﬁlegﬂrdiﬂSWl&f rlativgle figld réstrictibre  Thadfinep Gélic® Regidnl @t shhéller
|s a side view,oof [oam G, %‘(J. sé‘ﬁl@k’i?sz?e m with e%n%&n&ﬂqmlp% region 74.
Figure 18 is a perpspect vi ew, agal nh show ng upper region

36 WD 97/ 32612 Example 10

PCT/ US97/ 02668 and | ower region 74 Th| s type of foamis

particularly suitable as an absAHeergencn ‘ g @s{Soargl Insulation a di aper.
wherein upper region 72 is an ach|S|t|on naterlal and lower region 74 is
a storage mat er | Ahe foam pEEXAMAlE it Hlicedde p thickness s ma and washed in walter te camaye
can be formed by mstof g rafiual salts andtiei dried.nThe@ohtinuons skagh of foaflare &n&mtﬂpileéi-s 2081

si mul t aneousl y,,or 3%6%03“ &h&%fﬁgglpmes%@%ﬁm%rcé’ xf%egﬁgdlﬁheg&:b%&)x &5&”@259' on

72. Inapreferre relatrv
specific surface dhesspisess arg dhep ﬁ??“'[eﬁg‘r? wallgersrptinga njgy; deyic fram a i Y'PW%@F@HS*’M
to drain fluid frdmparticulate piegs enbedded within this foain\Will sonesvhiit sblledtivelgl absdéb one

Natnyr of | t Pﬁ tneSt bR and HE Corltifibdd LementloPthRGam \AiliRbrfievHat AREREE 16@H another
ratert a a frequency, a broader frequency absorption profile will be obtained, similar to that which would

15  be obtained from two laminated homogeneous foams made separately from these emulsions.

Example 11

Formi erogeneous Foam from Three HIPE Streams

Two HIPES streams are prepared as described in Example 1 from the oil phase described

20 inTable2. The oil is split into two streams, Stream A and Stream B, to be mixed separately

into two HIPEs which are compositionally identical but which have different water droplet sizes.

Stream A is mixed through a dynamic pin mixer operating at 400 rpm at 66°C emulsion

temperature at a water:oil ratio of 45:1 at 5 lbs/min. Stream B is mixed through a dynamic pin

mixer operating at 1600 rpm and 66°C emulsion temperature at a water:oil ratio of 60:1 at 10

25 Ibs/min. Stream B is further divided equally into two streams. Rather than being delivered into a

rotating tub as described in preceding examples, the three streams are delivered into a long

rectangular bed with Stream A being delivered into the center of the sluice and Stream B being

delivered into each outer third of the sluice. The rectangular bed is bed 45 cm wide and 30 cm

deep on a moving web. The length of the bed is indefinite and can be a continuous loop. The

30  portion of the bed filled with the HIPEs is moved gradually into an oven to maintain the

temperature at 66°C suitable for curing of the HIPEs into a polymer. This produces a billet of

HIPE foam of indefinite length from which segments may be cut suitable for use in diapers or
catamenials and the like.

In a preferred embodiment, hourglass-shaped diaper segments are sliced to appropriate



may be present in the heterogeneous foans of the present invention.

Measur enment of the properties of the distinct regions nust then be
obtai ned by taking a sanple of the distinct enul si on streans, curing
themidentically, and using themto determ ne the specific independent
properties of the heterogeneous regions of the foam 15 A

Dynam ¢ Mechani cal al ysis (DWVA) a6 DMA is used t %&ﬁhpe t he
Tgs of polymdwgﬁ7 di ng polymeric foans. Sanples of the Toans are
sliced into blocks 3-5 mmin thickness and washed 3-4 tinmes in distilled
wat er, expressing the fluid through roller nips between each washi ng.
The resulting foam bl ocks are allowed to dry in air. The dried foam

slices are coredpicRmedd Rlgd sandydnk RetGHoM he v;smaio% B QHIR (fHe 45 20 dimddIBRE These cut
cylinders are analyzed ysing.a Rhe trics .RSA-1 1. dynam ¢ nedﬂanlcaL

anal yzer set in seg"‘e'“%‘&l#’él"é%@i"ﬁ ﬁ“'ﬁgﬁ 'Wéqcﬁfﬂd b“&f"é'l"?‘é?;‘ 'E? opgh regign gfshe diaper and
di anet er. | nst r ufsenbuipd fanvetage of thesfiuld insthebaglk and fro_m fegiohoafshe diaper. Fluid introduced
Tenmperature st ep{oylRréith refich Wil ﬂeguﬁéa by‘éQJiﬁJr# fofceliffto file 335t a4 t&agnk g%gﬁfng heltinst the

Soak interval s between tenperaturée changes of 125-160 secon

Dynami ¢ straih sifeegfenavivosto 1. 0% (usual ly 0.7% Fr equency
set at 1.0 radians/second Autotension set in static force
tracking dynam c force node with initial static force set at

59. The glass transition tenperature is taken as the maxi mum poi nt of
the | oss tangent versus 30 tenperature curve. Tg is appropriately neasured
only on a honogeneous portion of the het er ogeneous foam or froma
representative piece of honbgeneous foam prepared under the same
conditions as the region fromthe heterogeneous foam B

Resi stance to Conpression Deflection (RTCD) Resi stance to

conpression deflection can be quantified by neasuring the anount of
WD 97/ 32612 '
PCT/ US97/ 02668



strain (%reduction iTmthickness) produced in a foam sanple which has been

sat ur at ed d wth synthetic urine, after a confining
pressure o MI lﬂllmu ﬂ Pa) has been applied to the sanple as
descrl bed S section of U S. Patent 5,387,207 (Dyer et
al . i ssued February 7, 1995. Resistance to Conpression Deflection
rreasurerrents ally 5 made on the sane sanple conc 1‘?_&%9 th
t he neasurene?{f"%o’%)"%l’ge Absor bent Capacity and Expansi (L)iilcr %’gzr‘was
descri bed bel ow. C. Free sorbent Capacity

Free absorbent capacity can be quantified measuring the anmount of

synthetic urine fO a I, has_ heen s
and expanded with 'synt he?elq%p%??olﬁ%pﬁw“%%% °\g§r'§£}°‘{““%é ECR Vﬂs 6laei from
measurenments are taj pRedAne ywateEincoibemulsien, sharactesigedinethat ghe: framestruétyre tias lat elme two
nmeasurenent of Resjigh@neionk0 Conpression Deflection and Expansion Factor as
described in the TEST METHODS secti on of U S. Patent.5, 387,207 (Dyer

et al..) issued February 7, 1995. I nterfacial tension

(1 FT) met hod (Spi i ng The bﬁyrosenms foam of Claim}, ecmramrapd Inctheti the: distiner Yegiops differ

neasured at S50[ er riifa dayard RCor ir vk 6f pblydier dEsiy) PolyMSC EdmpBeitidn!) sukice prophrites, or
Pat ent 5, 387, 207 ( Y5kl ﬁllamplolélﬁsﬂgguxgﬁfﬁw %1 :tlﬁa%?me Fdf il i aggrpeate density

i ncorporated by re € nonormer
in preparing the &ff es O%QJF& ai ns styrene, di vi nyl benzene (55%
techni cal grade), 2-et hyI hexyl acryl ate, and 1, 4-but anedi ol di net hacryl at e

in a weight ratio 40f 13}%%&@1‘9@]’:&3 (f@n LPE;{;&PE%%&B&&EW& Bt ﬁmfl?a%'{ ]::(Iz)rgpr isfs "a) a

the oil phase is varle er ‘concent

general Iy about 5 °1@'%sg?ﬂ°“%ﬂéicﬁmfei%“%°ﬁ'!9ﬁe‘bﬁﬂ°&% l%mrszbm the geatinuoystfegipr; Pr b)
i ncreases to a valthecfoinn admprisesat lehse @i disteee) contifluoly regioasn gr eat er t han the

m ni mum | FT, or about 18 dyne/cm whi chever is less; (3) a snooth |ine
drawn through a plot of IFT rsus | og_enul sifier concentration is
used to deternine4he mhmepw f°€'11)°f9’r?8“ gcharjciesiped in that gach ragjon eamprises from
Concentration (CAQP%its 8@% of thie fuamk ‘sityalevoluin@pol at i ng t he | ow concent rat| on,
generally linear portion of the IFT versus | og concentration plot (i.

the portion of the curve 25 typically used to cal cul ate surface area per

nol ecule at the idterf 5&%““%‘%&9“‘?08? foam 06 (Ylaim Hy shagactegjged in that gne dissinct gegion hassan
and Interfaci al PhesnsgethoR size dfiftorad.tp 7\link end Bsefimd istidée vegitnrilas arl HDBthge Aple size of

64-69) to hi ghgs oo4sC %&Hrﬁser chaf3GeerBA0 lirS bl ofid Ve ik 5&&%%9%@};&5

extrapol ated |ine correspo the m ninum I's taken as
CAC. Generally, afiffsppest %‘ﬁ'u? 'fl er concentration of about 5-
wei ght % is used. Desi rabI y, the upper emulsifier concentration used is at

| east about tw ceg30 Forﬁﬁﬂlét elioud th hl%ﬁlﬁflc ﬁ&gﬁi«frlct ﬁfﬁ%tr&&nﬂ:@%} |Bttﬁ?|£&ged

of the enmulsifier. For lers nhavin %c?!/
phase at anbi ent - PE‘H‘&@W‘%FB?‘%“%‘M ncthat; the, a5‘ e ‘%”%‘HEW FspRet regions dhat
limt can be reducegdrda® émengr meret dfi polynwen alemsity A polpmeri eompbositidn, aurfdceasdbpeaimubr

twice the CAC of tfj&oceliutar RdHMoRigh) € at S0[err] C

7. The heterogeneous foam of Claim 6 characterized in that the foam comprises a) a
continuous region and discrete, unconnected regions dispersed in the continuous region; or b)
the foam comprises at least two discrete, continuous regions.

8. The heterogeneous foam of Claim 7 characterized in that the volume of each region is
from 10% to 80% of the foam's total volume and further characterized in that the dispersed,
unconnected regions are made from essentially the same material having a Tg of from 30°C to
95°C, the continuous region has a Tg of less than 50°C, and the Tgs for the continuous and
dispersed, unconnected regions differ by at least 20%.
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PCT/ USQ?Z&U muu Capi |l ary Absorption Pressures

A capil |l "“m” ,&at her m curve i s generated using the Vertical

W cki ng Absor bént * acity test described in the TEST METHODS secti on
of U S. Patent 5.387.207 (Dyer et al.) | ssued February 7, 1995. V\/mch
I's incorporated by reference, except at 31l[err]C rather tha 8.17,{&%%

The curve is &'c'p“ 813f the absor bent capamty of each segnent ‘as a unctlon
of wi cked hei ght. usi ng the distance fromthe top of the water

reservoir to thegn dpphetoamf ote@ﬁﬂn %egzﬁﬁmenfzaf mt bﬁt the toam MRl Ahbealt -Ehﬁiscﬁete

capi |l lary absorpt, |n9nu o (;essoldge Fm as thlﬁ 1 %ls mco the foamt
an absor be APURYYS LTEIONS: Shes pgractsnized i 3ar’rfs PP Le8Igns bas Ao pRP I erysueh
10 V. Speci mee-wafﬁs? €§3 per volume of at least|0:028 '@%&rﬂﬂﬂ dssefdnfl istinQy tregiorhieas a

speci fic prepar atipilRroduclicnospecific sutfatd s péoein@i dfgrond ¢.6075 to 0.06 :ﬂh@&%& the
i nventi on.

o eoar at 1 on of a AU, suetin soecfic surface prea pec yolume fog he gwo segions KB By o g 20%.

Preparation: An aqueous phase is prepared containing the
i ngredients shO\MnOI n 'mbfoﬁnbf CldR DPh@any & length and WidA hd FirtheP hARRY ﬁﬁeetkﬁidi\&

'?Lhe Alqﬂg(r)ﬁgl gﬂ;g es muous re ;Eﬁb w?@re %ﬁarnﬁémg run longitudinally such that there are tw?/\ﬁ?‘érr reglons

756 L adjacem a mlddle region, characterized in that the two outer regions have the same mean cell
diameter, and wherein the middle region has a mean cell diameter that is at least 20% greater,
preferably at least 50% greater, than the mean cell diameter of each of the outer regions.

1. The polymeric foam of Claim 7, characterized in that the distinct regions differ in
that:
1) they are not formed from the same monomer components; or
2) if formed from the same monomer components, the relative amount of at least one
monomer component differs by at least 20%, preférably at least 35%.

12. A heterogeneous polymeric foam structure of interconnected open-cells, wherein the
foam structure has at least two distinct regions and is prepared by the process comprising the
steps of: : '
A) forming a first water-in-oil emulsion from:
1) an oil phase comprising:

a) from 85 to 98% by weight of a monomer component capable of forming a
copolymer having a Tg of 95°C or lower, the monomer component
comprising:

i) from 20 to 70% by weight of at least one substantially water-insoluble
monofunctional monomer capable of forming an atactic amorphous
polymer having a Tg of 25°C or lower;

ii) from 10 to S0% by weight of at least one substantially water-insoluble
monofunctional comonomer capable of imparting toughness equivalent
to that provided by styrene;

iii) from S to S0% by weight of a first substantially water-insoluble,
polyfunctional crosslinking agent selected from divinylbenzenes,
trivinylbenzenes, divinyltoluenes, divinylxylenes, divinylnaphthalenes
divinylalkylbenzenes, divinylphenanthrenes, divinylbiphenyls,
divinyldiphenylmethanes, divinylbenzyls, divinylphenylethers,



Pot assi um Persul fate———m—— 378 g 0. 05%

640 g 10. 0% 20
Table 2. e C0np05|t|on for H PE
rooe s R eesiss
di vi nyl benzene 2 520 ¢ : 42%
di gl ycerol nonool eate 360 ¢ O ox
Tinuvin 765  WO9732612 30 g ' PCTrsIIbiE
D vinyl benzene in this and later tables is a special blend conprising 60%
ethyl stvrene and 40% di mvwla th@ﬂﬁ@mﬂes YR n§BiFrada! BRInYs SRS RIAGAyIsuRShe, and
** Addition |evel of enuIS|f|er ot her adjuvants to the oil phase are
"add- on" percent ages:
39 P'@r/trgwwt@zes‘a by weight of a serapdhsubstansialip Sratdrdnsolgblers
to 100% polyfunctibfdp | ceosstinkifng agenel séldca ttom Folg@Actional acrylates,

Conposi tion for H PE methacrylates, acrylamides, methacryl-amides, and mixtures thereof; and

b) from 2to 15% by weight of an emulsifier component which is soluble in the
oil phase and which is capable of forming a stable water-in-oil emulsion, the
emulsifier component comprising a primary emulsifier having at least 40% by
weight emulsifying components selected from diglycerol monoesters of
branched C)g-Cp4 faty acids, linear unsaturated Cy4-Cyp fatty acids, and
linear saturated Cy3-Cj4 fatty acids; sorbitan monoesters of branched Cjg-
Cy4 fatty acids, linear unsaturated C14-C3 fatty acids, linear saturated Cqo-
Ci4 faty acids; diglycerol monoaliphatic ethers of branched Cjg-Cog
alcohols, linear unsaturated Cy-C22 alcohols, and linear saturated C12-Cyq4
alcohols, and mixtures thereof;, and

2) a water phase comprising an aqueous solution containing: (a) from 0.2 to 20% by
weight of a water-soluble electrolyte; and (b) an effective amount of a
polymerization initiator;

3) a volume to weight ratio of water phase to oil phase in the range of from 20:1 to
200:1;

B) optionally forming a second, distinct water-in-oil emulsion which is different in at
least one respect from the first emulsion; and
C) either

1) a) combining the first and second water-in-0il emulsions in a forming vessel

prior to polymerizing the monomer components in the oil phase of either of
the water-in-oil emulsions; and
b) polymerizing both emulsions to form a polymeric, heterogenous foam;

2) a) pantly or completely polymerizing the monomer components in the oil phase of

the first water-in-oil emuision;

b) combining the material from step C)2)a) and the second water-in-oil emulsion;
and

¢) polymerizing the second emulsion, and the first emulsion if combined when
partly cured, to provide a polymeric, heterogeneous foam; or

3) making only the first water-in-0il emulsion while varying the process conditions
by which it is formed in a controlled fashion, either rhythmically or continuously,
using a single emulsion forming head, to form a heterogeneous foam.



2- et hyl hexyl acryl at e— 2,400 g 40%

di vi nyl 3,600 g 60%
ool o SIIRAI s20°s %
Tinuvin 765 ¢ 30 g 0. 5%

(Tinuvin 765 is bi s(l 2, 2 5, 5- pent anet hyl pi peri di nyl ) sebacate. This

di gl ycerol nonool eate 5 emul sifier is prepared follow ng the general
procedure for WH¥ERM2ng pol ygl ycerol esters descri bed i YFYPR70365% ot

5,387,207 (Dyer et al.) issued February 7, 5(995 A pol ygl ycer ol

conposition conprjsing appr.oxi mat el 97.%or ater di cerol and 3% or
I egg triglycer (r)r}) 45118 §§$ P’é’f’lf’o‘%ﬂ’ﬁﬁﬂag éh 'c’:eérl @%é%h\ﬂ"bﬁn ababeny cpre

esterified with ﬁtattvyedahﬂi\!bsn lee\topsijee, aficy the \backsheet; attardrteclmdpmshmmalmﬁbmicsﬂeng

appr oxi mat el y 713nphSss the Hitrdgoitows, fofivofah oﬂcnaﬁl%sCiGs @; 16Nd off2.  11% ot her
fatty acids (Emersol -233LL, Emery/Henkel) in a polygl ycerol fatty acid

wei ght ratio of approxi mately 60:40, using sodi um hydroxide as a
catal yst at aboul4.225p e fon anaking @risterdgenegusopolymeric foase istwrture of amyérconnected .

ni trogen spar gi Ngpendé, gggfwgg tompriding B8 Slepibfyacuum W t h subsequent
phosphoric acid neI% ial | zat caol L %lr.g%gbout 85[err]C, and settling to

reduce the |evel orming g, 'égégft%’dn'ﬁgl P01 s. The pol ygl ycerol ester
reaction product is fDranoif phase ¢ompeising distilled 15 t hrough two CMS- 15A

centri I ugal Inrol Iecul arI St) |from msnae@uchylwe@e?fh £Mmohoiner CsthifoRent b@aﬂ@\sek&mﬂ& a
unreacted po cerols angd n c Qu
stills to SI elyg él stillati oﬁ&%etrym?%gdf 1gn(gf hi g 8955"5‘(\/@13%?“%’8?1%8@?“@?@

Typi cal conditions for theompsi#ng:di stillation pass are a feed rate of
about 15 | b/hr, a degasseri V&6 20 t0f70%bBY weight- ottat W&ﬂ%ﬂb@ﬂbﬂﬂy' witétlingd R UM

of about 6-12 m crons, a f r aho C, .and.a
resi due tenperature of about 3@&5 mz@%@e? ﬁpal? 02 r%’il:"g g{a < ﬂmp'ﬂ’hms
di gl ycerol nonoesters are cobdymeehavigg 2Tgefn 3SZC prlawen on product (as
determi ned by supercriticaty frbiilg tefmsrrqt QGIgRPITYR |east 1] sibst@tifiy PWAectinsdiubley

50% di gl ycer ol nonool eaﬁs?oﬁﬁ.ﬁtﬁ%%t a nmeglcégﬁg% -@ﬁggsgog%%ﬁ?g@mwm

pol ygl ycerol s, and 3% ot her e-res
~di gl ycerol monool eate emul si MMPT‘H‘\‘E‘&‘H&S‘H‘% ni mum oi | phase/ wat er phase
interfacial tension val ue iff fra@pPr Gxiomesosd By Iwelphtlpha/ fires mdadnansy &/mf-lnkdmﬂé

aggr egat ion 25 concentratio olﬂ{mc??rﬁli O’én‘o&ﬁ}xﬂ{aﬁ' gﬁeﬁthv@e?/ f Sk r’q,,wng

reaction product is allowed e super nat
wi t hdrawn and used in the oi Fivimibenzenss, t%‘é“l@ﬁ\h‘?ﬁ'f jdiyinybylengs, nf"Hﬁ'Y‘“aPh‘halePE
H PE. (About 20 g of a sti ckyivinplalkglbiénzénss, di ScC divigiphenpnthrenes, divinyltigheayigt e

Separate dynani ¢ i xi ng’ appadipfiintegitaghdy 1°C WRYRERBATSC, Hiimiin)idher,
5,387,207 (Dyer et al.) dxvmyld\phenylsulﬁdw, divinylfurans, dlvmylsulﬁde, divinylsulfone, and
mixtures thereof; and
" iv) from 0 t0 15% by weight of a second substantially water-insoluble,
polyfunctional crosslinking agent selected from polyfunctional acrylates,
methacrylates, acrylamides, methacrylamides, and mixtures thereof; and
b) from 2 to 15% by weight of an emulsifier component which is soluble in the
oil phase and which is capable of forming a stable water-in-oil emulsion, the
emulsifier component comprising a primary emulsifier having at least 40% by
weight emulsifying components selected from diglycerol monoesters of
branched Cyg-Ca4 fatty acids, linear unsaturated C)6-Ca fatty acids, and
linear saturated C17-Cy4 fatty acids; sorbitan monoesters of branched Cjg-
Cy4 fatty acids, linear unsaturated Cy6-C fatty acids, linear saturated Cy2-
Cyq fatty acids; diglycerol monoaliphatic ethers of branched C16-Co4
alcohols, linear unsaturated Cyg-Cp2 alcohols, and linear saturated C;7-Cjq
alcohols, and mixtures thereof; and



WO 97/ 32612 - 40

PCT/ US97/ 02668 [ February 7, 1995. Appropriate m xing of the
separ ate comnbi HII“IL"IIIL“I"S"WHMG dynam c m Xi ng apparati is achieved
by neans of separate 'pif ifipetlers in separate m xing cylinders.

Separate H PEs are made fromthe two oil phases described above and

separated stre of the comon wat er phase (al so above) and
delivered int o%ga\gvelsszglezl , typically a round s pol ypr opyl ene)PFW,s"’i"?“isn.
(43 cm) in dianeter and 7.5 in. (10 cm high. with a concentric insert

made of Celcon plastic which is rotating béneath the exit nozzles of the

two mxing chanbers. 2) awaretlpRasé Eafpfiting &n Squbdis s@ldiioncohtdhingn (£l 810 3bg' oS
base and 4.75 in ( 12 C@eééhp.o‘i“f‘%&?—rol?ﬁle'%?ctr%@%: gpng lﬂ 0 e %{EE in: Y
(17.14 cm) high. The vesa# i% fiTled to about 0 5 1 nfHed re¥srivenameuny ofna
t he pol yner . i s curPelymerizaton iyl MO%mi nt ai ned at 65[err]C for up to 18
hours. The geometry of) tahiokums pe@tiftit atioi dfwareg pidle 1saihpie naiit knge bf'from 20:1 to
sequential layers of H BEOEI om the two nozzl es being delivered on top of
each other making in the resulti ng fQam stri pes of one region

integral |y meshed it ppuepally jorming:a seqond, d"““%é'@b‘ﬁ'd‘?”'ét’ﬂ‘.“"\"&g?’w i) diffetientr ipi a0
the HI PE viscosity i sieist gie respectfppy bp firsitegiuisioph bypewhidpeonipiess materialdI 834 Gafiges
may be attached to thg el fro Side iRtell th FEFE W) B, ﬁ)&?.rhndﬂ)i)\,’ﬁdy of the HIPE into
t he vessel. The nunber of stripes fornmed 1s controlled by the rate of
pouring as a funct iGrt®B¥ the rate of 15 turni ng of the receiving tub and
its volume, so as to Heb) wembigios theofirstpdy secendnwaterintoil comulsions Gbita F?ming vessel
provi de foam conposites ilpidsiolpalyféritiflg thedhbnBmerl cbnboRknktor dithir ma?e'r-' Tth
relative thickness of eﬁch,_ tdri pe is controlled by the relative T a1 &
of delivery of H PE from SRR &N si on nozzle. In this specific

exanpl e, the H PE streah fpolymeriging|bath zmulsiogeto; form pplymericOhétdrdgmnous fodrich it s

dynami c pin i npel)l S panalyk corgpladly iuﬁ?ﬁeriznmMo@nﬂ?bﬁmﬂoﬁé&%%é‘éig%ﬂ%n

54[err]C at a water:oil ratj e 4sing the triangul ar spreader
the exit to assure even di°&'€ﬁ§£‘f’i§%n&?ﬁrgrgﬁl§ %ut the width of the tub

(Regi on A). The Hi PE stpesembiniegthermprerial fromsstep)Piphbnd dhexsecapd |wakerimoil wintilSion;t S
dynami c pin i npel | er gggperati ng at 400 rpm and a pour tenperature of .
66[err]C at a water:oil _.rati 0O, e gl .result after
pol ymeri zi ng, drying an‘a E‘F‘#‘gclr%{ngljd% sae%o{lgaerﬁ;g{g\% %ﬁf%ﬁé&l@ﬁ&l Fmbiged when
with the properties descrPBBYCUS. tpp5pvidep polymeric, htterogeneous foam; or

Tabl e 4. 3) making only @e Ofirsv twater-in-oil emulsion while irfg uft process
58?:3?[‘] o condicons by whichde is formed in 2 regular fashion using %%%;L Cuision
40% formingpead;; ¢ 0.020g/ cc

0.010 g/cc



Mean Cel | Di aneter 40 [err]m 120 [err]m

Exanple 2 M xi ng of the Exanple 1 HHPEs to Form a

Chem cal | y Het erogeneous Foam The HI PE streans described in
Exanple 1 are delivered to the receiving vessel at the WO

97/ 32612 41

PCT/ US97/ 02698 97/32612 sane rate and havi ng been prepar edporaisdgodséye sane

conditions of tenperature and dynan1i m xi-ng. This produces a foam
havi ng heterogeneity of a chem cal Al S whi | e havi ng i denti cal
m crocel | ul ar norphol ogy and water:oil ratios. In a specific exanple, both

streans are m xed at a water-to-oil ratio of 50:1 using the dynam c
pin mxer rotating at 1200 rpmat a delivery rate of 5 6.0 Ib/mn. into
the tub turning at e ‘ - Semtlo ' ber ei nafter,

this pr oduce fferent
regi ons 40 and 42/"~Qx TN, '.f TN NV | densities
of 0.20 g/cc. ] ) Fxanpl e 3
M xi ng of the Exanp ‘ ogeneous
Foam 10 Two | B O t he
recei ving vessel us¥e je and
dynam ¢ m xi ng. Thi ?

chem cal nature and Miois
preserved at 50:1 f§y same density
of the foamthroughp s at which
each H PE is formeds Yatio
occupi ed by the 15 D: 50. The

chemi cal conpositi e R N A S G 3 B esults after
curing of a polymer e o ’ ! S

Tg, stiffness, resi
different, as in




Additionally, the mcrostructural properties, e.g. cell size, of the
distinct region in this case are different. The HI PE using the oi
phase from Table 2 is produced as in Exanple 1. The H PE 20 usi ng the oi
phase from Table 3 is produced at a water-to-o0il ratio of 50:1 using the
dynam c pin m xer rotating at 400 rpmat a delivery rate of 3.0

| b/ mn. i ntowWols®3eah turning at 2 rpm Wen cured an |

descri bed hereinafter, this produces a foamas shown in Fiéﬁ?@kﬁgﬂﬁﬂirein
the different regions 46 and 42/ 44 hage/ 1@ properties shown in Table 5.

25 Tabl e 5.
Property Regi on 46 Regi on 42/ 44

Tg Oferr]C 60[err]C
RTCD Of %
Density

Mean Cel |l Di aneter
Nunmer ous vari ations
are conpositi ofg
the oil phase of Ta
provi de regions wt
97/ 32612

PCT/ US97/ 02668
chem cal conmpositio
Exanpl e 4 i
Single H PE Stream

@’Es so forned
% made using
BEbHnditions to

BN 122




5 In this exanple, a single HPE is forned using the oil phase

fromTable 2 in a single m Xxi ng apparatus. During the course of
filling the cylindrical tub, the shear applied is varied over time.
During the initial stages of the fill, the shear rate is 4300 sec[err],
declining over tine at 180 sec[err]/mnute so that the enul sion forned
on each succwesismix ot ati on of the tub has been subj e@cedisé 2668
progressively |l ess shear. At the end of the fill, the shear rate has
declined to 1400 10 secf[err]. (See (ﬁpfe:ha ng U S. application 08/520, 793
(DesMarais, filed August 30. 1995) for a di scussi on of processing

conditions that affect shear rate.) This results in a foam (after curing
and slicing) such as that deplcted in Figure 14 mhereln | ayers 52 through
56 exhi bit progressSiss . . ) gxanple is

further depicted i

Exanple 5 Foam from a
Singl e H PE Cured H PE
Foam Particul ates i g e em Wi; duced fromthe
oil streamin Tabl ciagatt .‘j‘ _ _ RN R a1l i xer

g "min
ghus phase are
e 2- 4 above,
3 PE IS

& 40: 1, a
ed into the
wanual ly. This
ructure
e the higher
n 62
im  The

ﬁ:\f:}vesultant 20
foamis ground inta

di anmeter. These pie
then placed in the @
approxi mately half |
produced fromthe o}
dynam c mi xer rpnlo'

m xture is then cur
depicted in Figure g
Tg, stronger, |ower]
conpri ses the | ower
density of the conp R i s hi gher

t han t he RTCD © syvis priase of Tabl e
2. An applied stress 30 conpresses the foamuntil the hard points of
regi on 64 becone substantially in cod?ﬁgg] fherein further conpression
Is resisted. The flexibility of this I's higher than the flexibility of
a honogeneous foam nmade fromthe oil phase of Table 3. Flexibility
derives fromthe continuous region 62 in which the rigid foam el enents
64 float without inpairing flexibilit Sur pri si ngl a _m croscopic
exam nation of foa ects at the
35 interface betwe ), which is a
phot om crogr aph ;

S
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PCT/ US97/ 02668 believed to be taken at the interface of region 62
and at | east one discrete region 64.) The skilled ani san w | |
recogni ze that because no obvious structural defects are observed at the

I nterface bet ween conti nuous and di spersed regions, certain process
descri bed heweamgqarticularly this Exanpl e 5) may bepcisdotibachs)
provi di ng a honbgeneous foam nade with varying amounts of 5 previ ously
formed scrap foam That is, the piec :ioan1referred to above woul d
constitute scrap pol ynerized foam and would be conbined with an
unpol yneri zed emul sion identical to that originally used to formthe
scrap foam Prior to the present i nvention, such a process woul d not
have. been deened usg de prefornmed
scrap mat eri a or formng a
het er ogeneous foam Q. H PEs can be
conbi ned with the pElS

continuous regions [N

Exanmpl e 6 = i th Exanpl e
Il of U S Patent 5 1995,
using as the absor by ouS

foam of any of Exang ‘

Exanple 7 s er ogeneous
Foam 20 S , S % n Exanple 3
havi ng t hi cknesses & ST N grent cel

Si zes being approxi SN . Blgi on are
shown in Tabl e 6 be . ' '

Tabl e 6 v ‘ pr ox.

W dt h of ) Mean Cel |
Region (cm Size
([err]m 50

3 20

3




3 800 66 50 3 25 A
continuous piece is sliced 3 cmthick and 9 cmwi dth. The wwdth is cut so
as to contain the larger cell size region in the m ddl e bounded on
each side by a region of smaller cell sized material. (In practice,
the smaller cell sized regions may be poured at such a rate as to nmake its
thickness 6 svosws2éizat pi eces can be suitably cut froma w gergiefisspf such

foam) The WD 97/ 32612 44
PCT/ US97/ 02668 continuous pHefd 3s taken up on a roll and
delivered to the pad maki ng operation where it is folded into a
"C'-shape by bending the outer 3 cm segnents under the center 3 cm segnent.
The foamis then cut into a 20 cmlength and placed into a pad under
a topsheet and on top of a backsheet with appropriate adhesive

> provi des
avi ng

uid fromthe
i al No.

6R), which

a single

application so as tQq
for a layer having f
greater capillary ‘=
upper |ayer as decr i
08/ 542,497, filed Od
i s incorporated by ng

roll. 10

Tanmpon Made with Het bnst ruct ed
froma foamthat is¥ Exanpl e 3
havi ng t hi cknesses & cel | sizes
bei ng appr oxi g ;are shown in
Tabl e 7 bel ow. 15 £ |} Table 7



Regi on RPM Pour Appr ox. W dt h of
Tenper at ure Mean Cell Region (cm

([err] O Size ([err]m 1 800 66

50 3 2 400 66[ err]

120 3 A continuous piece is sliced 1.5 cmthick
and 6 cm wi dwos7Bbsi2conti nuous piece is taken up on a g&iseHides
delivered to the tanpon core making operation where it is shaped Into a

t ube by curling Region 1 around @et1 B 2. The foamis then cut into a

10 cmlength and placed inside an 20 outer fluid perneable topsheet with
appropriate adhesive application so as to secure it within the
construction. This provides for a |ayer having faster fluid acquisition

outside of a |ayer having greater capillary pressure which can
effectively drain fluid fromthe upper (outer) |ayer as decribed in
copending U. S. application Serial No. 08/542,497, filed Cctober 13, 1995 by
Dyer - et al (Case No. 5546R put _constTeeted froma single sheet off a
single roll. 25 S Exanpl e 9

A Het er ogeneous Foam For Usg” i/ Fritration. 10oam of
Exanple 4 is sliced to a tHhigkaess of 5 mmand wadyeq In water to renove

nost of the residual salté Apd then dried. The cohg'n‘ous slices of foam
are cut into pieces 10 ¢ / T ANALO X

hoe]

AL
VWO IT7T7T 52017418

m and rei nforced Mﬁth an.-out-er/4car dboar d

PCT/ US97/ 02668 /10 ¢

outsert covering tﬂg 0 {1 cmof the foam on y(o‘h sides. This
outsert protects the edgesi o the material. This pie¢e ils inserted into an
air st ream passi tihrough a plenum The cloar ser| del | ed region

entraps |arger particullates and passes t he airj-t eamw th relatively
little restriction. The\fyiher cgelled region entriaps symfler

/
i
]
i
]
1
]
i
1
]
i
[
i
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1
|
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1
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5 particles though it will pass the air streamw th greater restriction
toits flow Exanpl e 10

A Het er ogeneous Foam for Use as Sound | nsul ation The foam of
Exanple 5 is sliced to a thickness of 5 nmand washed in water to renove
nost of the residual salts and then dried. The continuous slices of foam
are cut intowobenns220 cm 10 x 20 cm The edges of these pcrossongy be
reinforced if needed as described in BkAfBe 9. These pieces are then
secured to a wall separating a noisy device froma |living space. Because
the particul ate pieces enbedded within this foamw || sonewhat selectively
absorb one frequency and the continuous segnent of this foamwl|
somewhat sel ectively absorb anot her frequency, a broader frequency
absorption profile will be obtained, simlar to that which would 15 be
obtained fromtwo | am nated honbgeneous foans nade separately fromthese
emul si ons. Exanple 11
Form.ng a Het erogeneous Foam from Three HI PE Streans Two HI PES
streans are prepared as described in Exanple I fromthe oil phase descri bed
20 in Table 2. The oil is split into two streans, % eam A and Stream B,
to be m xed separately into two H PEs which are fonpositionally
i dentical but which have different water droplg L ZE£
m xed through a dynam c pin m xer operating
tenperature at a water:oil ratio of 45:1 4
t hrough a dynamic pin m xer operati ng g )
enul sion tenperature at a water:oil rat'o/eﬁ?BQ)z/
Bis further divided equally into t '
into a rotating tub as descr

and 30 cm d
and can be a com

@0 s indefinite
the bed filled with the
- tenperature at
66[err] C suitable for c“QQé % pol ymer. This produces a
billet of H PE foam o \;{Efinl S 1’ ’//’on1mhich segnents may be
cut suitable for use in diapersx g#Aenials and the |ike.
In a preferred enbodi mnent, houygl
appropriate

Fig. 11



WD 97/ 32612 46

PCT/ US97/ 02668 t hi ckness (e.g.. 5 mm) and cut fromthe web al ong
its wwdth (the 45 cm di nension). These cut segnents will have foam
suited for rapid fluid acquisition in the crotch region of the diaper and
foamsuited for storage of the fluid in the back and front regions of the

di aper. Fl ui waspzazuced into the crotch region w il bedyuisomehekry
capillary force into the front and back regions against the 5 force of
gravity. WD 97/ 32612 8/13

PCT/ US97/ 02668 47 1
A het erogeneous polyneric foam structure of interconnected open-cells

obt ai ned from at |l east one water-in-oil enulsion, characterized in
that .the foam structure has at |east two di stinct regions. 2.
The heterogeneous foamof Caim1l, characterized in that the distinct
regions differ with regard to one or nore of polyner density, polyner
conposition, surface properties, or m crocel | ul ar norphol ogy; and
further characterized in that the foam has an aggregate density of

| ess than 0.05 g/cc. 3. The het erogeneous foamof Caim 2

characterized in that the foamconprises a) a /34

L L Lt I 1 1T T

f
llllllll'"




continuous region and discrete, unconnected regions dispersed in the

conti nuous region; or b) the foam conprises at | east two discrete,
conti nuous regions. 4, The het erogeneous foam of Caim3
characterized in that each region conprises from 10%to 80% of the
foam s total vol une. 5. The het erogeneous foamof Claiml
characteri zegyd svby@at one di stinct region has an aver pgeguhResi ze of

froml1l to 7 [err] mand a second distinct region has an average hol e size of
from5 to 45 [err]m and further chargfggqued in that the average hol e

sizes for the two regions diffe | east 20% 6. An
absor bent het erogenous hydrophilic polyneric foam structure of

i nt erconnect ed open-cells, characterized in that the foam has at

| east two distinct regions that differ with regard to one or nore of
pol ymer density, polynmer conposition, surface properties, or

m crocel [ ul ar norphol ogy. 7. The heterogeneous foamof Claimé6

characterized in that the foam conprises %} contlnuous regi on and
di screte, unconnected regions dispersed #fi"the conti

the foam conprises at |east two dlscr@re 0
The het erogeneous foam of O ai m ¥ act.eri-zed” in
region is from 1Q% \:gghgi«fﬁe Tos
characterized in that

fromessentially the s&
95[err] C, the continuo
for the continuous and
| east 20% 46
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The foamof Claim 8, characterized in that the foam has at |east two

di screte, continuous regions, further characterized in that one
distinct region has a capillary suction specific surface area per

vol ume of atyaastea - 025 nferr]/cc and a second distinct regimusIneasss
capillary suction specific surface area per volume of from0.0075 to 0.06
nmMerr]/cc, and the capillary suQKJgﬁLépecific surface area per vol une
for the two regions differ by at |east 20% 10. The foamof Caim
7 having a length and width and further having three distinct

continuous regions, where the regions run longitudinally such that there
are two outer regions adj acent a m ddle region, characterized in that
the two outer regions have the sane nean cell di aneter, and wherein
the mddle region has a nean cell dianeter that is at |east 20% greater,
preferably at |east 50% greater, than the nean cell dianeter of each of the

outer regions. 11. The polyneric foamof Caim?7, characterized in
that the distinct regions differ in t hat : 1) they are not
formed fromthe sane nononer conponents; or 2) il formed from

t he sane nononer conponents, the relative anount of at |eas{®one

nononer conponent differs by at |east 20% preferably at Jeast 35%
12. A het er ogeneous pol yn#®i c foam structure of intergdnnected

open-cells, wherein the foam structure has at | eag
regions and is prepared by thg process conpprising
A) forming a first water-in-oi\ enul si onATom
conpri si ng: a) \from 85

conponent capable of formng a
95[err]C or | ower, the nononer cgnpQg
i) from20 to 70% by wei ght of at |£a
monof uncti onal nononer capabl e of
pol ymer having a Tg of 25[err]CAH
to 50% by weight of at least o
nmonof uncti onal conmononer capgk
to that provided by styrene;




trivinyl benzenes, divinyltoluenes, divinylxylenes, divinylnaphthal enes

di vi nyl al kyl benzenes, di vi nyl phenant hr enes, di vi nyl bi phenyl s,

di vi nyl di phenyl et hanes, di vi nyl benzyl s, di vi nyl phenyl et her s,

WD 97/ 32612
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di vi nyl di phemyo géiedes, di vi nyl furans, divinylsulfide, di vweywsvbicsee, and
m xtures thereof; and iv) fromO to 15% by wei ght of a

second substantially water-insol uble,
pol yfunctional crosslinking agent selected from pol yfunctional acrylates,
nmet hacryl ates, acrylam des, nethacryl-am des, and m xtures thereof; and

b) from 2 to 15% by wei ght of an enul sifier conmponent which is soluble in
the oi | phase and which is capable of formng a stable
water-in-oil enmulsion, the enmul si fi er conponent
conprising a primary enul sifier having at |east 40% by

wei ght emul si fyi ng conponents sel ected fromdi gl ycerol nonoesters of
branched Cerr]-Clerr] fatty acids, |linear unsaturated Cl16-C22 fatty aci ds,
and | i near saturated CJerr]-Clerr] fatty acids;
sorbitan nonoesters of branched Cferr]- C24 fatty
acids, linear unsaturé?ed Cl6-C22 fatty acids, §$ €aio saturated Clerr]-
ersy of bra

Cl4 fatty aci ds; diglycerngl nonoaliphatic e nched Cl16- C24
al cohol s, |inear unsat uratied Clerr]-g Cal RoMol s, Cand |in &l at ed
Jerr]- C[err] N abcoﬁbls;;aﬁp N?xtub S ereof; and

aqieous _seflt i on cont & ni

2) a water phase conpri sing
, B a-Rater - spl ubl & epect od

20% by

g: (a) from0.2to
lyte; and (b) an

effective anount g ”’ obol ynmegi zat i ongi ni 6
3) a volune to -ogﬁ% Fabkdaof mate5 phase to oil phase b ange- of
from20:1 to o o 200:1; © B)?opt imna formng a

second, dlstlnct.mater-ln oi | enﬁﬂsbpn MhICB i ©di ©f er ent 0i\n at

| east one respec fronPthéJflrstoenuIS|on an% gm0 i t her

1) a) conbining t egub Q in a formng
vessel
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prior to polynerizing the nononer conponents in the oil phase of either of

the water-in-oil emul sions; and b) pol ynerizing both

enul sions to forma polyneric, beterogenous foam 2) a) partly
or conpletely polynerizing the nononmer conponents in the oil phase of

the first water-in-oil enulsion; b) conbining the materi al
fromstep C) WAY7/4361d t he second water-in-oil emulsion; CT/US97/02668

and c) polynmerizing the second enul sion, and t% %I rst

emul sion if conbi ned when 12/13 vpartly cured, to provide a
pol ymeric, heterogeneous foam or 3) making only the first

wat er-in-oil emul sion while varying the process conditions
by which it is forned in a controlled fashion, either rhythmcally or

cont i nuously, using a single enulsion formng head, to form
a heterogeneous foam WO 97/ 32612

PCT/ US97/ 02668 50 13.

An absorbent article conprising a topsheet. a ba heet and an absorbent
core positi oned between the topsheet and the cksheet; characterized

in that the absorbent core corrpri ses the het er ogeneous foam of any of
Clains 6, 7, 8 9, 10, 11 or A process for nmaking a

heterogeneous pol ymeric 8 U -.:---- 2 open-cel | s,

t he process conpri sing W%"////'/ Mﬁ irst 70
water-in-oil enulsion frp D ﬁ'ﬁ

a) from85 to 98% by wei 0 TOH oRBoRen pabd el of formng a
copol ymer having a Tg of 95[err] C or |ower, the nonoper conponent
conpri si ng: i) from20 to 70% by wegi ght of at |east one

substantially water-insoluble 74 7 onof unctional nononer
capabl e of form ng an atactic a ic)éouiv? pol ymer
having a Tg of 25[err]C or | ower i) fr9@10to 50% by
wei ght of at |east one substanti al | y wat er-insol ubl e /

70\

72— |

.
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nmonof uncti onal conononer capable of inparting toughness equival ent

to that provided by styrene; iii) from 5to 50% by
wei ght of a first substantially water-insol uble,

pol yfunctional crosslinking agent selected from divinyl benzenes,

trivinyl benzenes, divinyltoluenes, divinylxylenes, divinylnaphthal enes

di vi nyl al kyl Wwenz2s8mes, di vi nyl phenant hr enes, di vi nyl bi pleanysese2668

di vi nyl di phenyl et hanes, di vi nyl benz di vi nyl phenyl et hers,

di vi nyl di phenyl sul fi des, divinyl furaﬂ;{%//cl@ nyl sul fi de, divinylsul fone, and
m xtures thereof; and . iv) fromO to 15% by wei ght of a
second substantially water-insoluble, pol yfuncti onal
crosslinking agent sel ected from pol yfuncti onal acryl ates,

nmet hacryl ates, acryl am des, nethacryl am des, and m xtures thereof; and

b) from 2 to 15% s soluble in
t he g a stable
wat er-in-oil emul si ent
conprising a primar
wei ght emul si fying
branched Cerr]-Ce
and

er s of
jll fatty acids,
ds; sorbitan

nonoest ers of branc | i near
unsat ur at ed C16-C22

Cl4 fatty acids; di @& 6- C24

al cohol s, |inear ung ¥ saturated
Cl2-C14 WO
97/ 32612

PCT/ US97/ 02668 2)
a water phase conpri om0.2to
20% by d (b) an
effective anount of § 3)

a volune to wei ght
20:1 to

ge of from
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i . : 0 g-
B) optionally form ng a second, distinct water-i n-oﬁg gr%ﬁsﬁc?n

200: 1;

which is different in at | east one respect fromthe fi rst)Pﬂ&
emul si on, but whi ch conprises materials and ranges selected from
those listed in parts A1), A2), and A)3); and C) eithepga

1) a) combining the first and second water-in-oil enulsions ingsEAAgr m ng
vessel pri orWPGDWALﬂ%Jh@Amrdconp g s of

ei t her and.

of th ter-in-oi enul si ons; b
ool yoer v e ONAT aBblicarion prmuissEn v T B RRS: cABfRATIoN TREATY @O
2) a) paqrsh)ipternationg} Patent CiksiitatipnS :pol yner|i zi 1gl)uﬂ1e...mwfian5auﬁlmmments WOt97¢32612
oi | phade A61L 1500, C08F 2732 of the firjsatpater-in-oil emnul sion;
b) conbilning the material from step @) 2) & Zntepatiqeal PeblicationPatsy ¢ 12,Sepiembepiop? (12.09.97)

enul si ol

i Zi h cond
d otla}/srgpwrélzm t he se

el Si o} COAREFPATE! APt NYRPS | oy THURBARSTH AP Rrfged St 41, A8 A7 A0, A2 g B3, p, .

cured, { ynteruitiokal FlingDdtd/ TET i2CFebrigl 1887 @y 02¥90uS f GRINIL, Bl JP, KE, KG, KP, KR KZ, LC, LK, LR, LS,
maki ng ¢nly the first water-in-oil emulsidn whilTelU/hbY, -tM&eL rmg?.%zgk
condi ti &g BRdriyBdezh it is forned in a regyl ar f%%% %, f@l{é‘w SD, SZ,
enul si o 08/612,643 8 mnanmsmg.o?ﬂd. UG), Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, 7,
? TM), European patent (AT, BE, CH, DE, DK, ES, FI, FR,
GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BE,
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(54) Title: HETEROGENEOUS FOAM MATERIALV
(57) Abstract o

The present invention relates to a HIPE-derived heterogencous polymeric foam structure of interconnected open-cells, wherein the
foam structure has at least two distinct regions. Such heterogeneous foams have various applications, such as energy and fluid absorption,
 insulation, and filtration. The invention further relates to a heterogencous absorbent plymeric foam that, upon contact with aqueous fluids
(in particular body fluids such as urine and blood), can acquire, distribute, and store these fluids. The foams of the invention have at least
two distinct regions having different density, polymer composition, surface properties, and/or microcellular morphology. The invention
further relates to a process for obtaining the heterogensous foams by polymerizing a high internal phase water-in-oil emulsion, or HIPE.

In one aspect, the process utilizes at least two distinct HIPEs, with cach emulsion having a relatively small amount of an oil phase and a
relatively greater amount of a water phase.




