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Fl exi bl e open-cell ed polyneric foans are widely used for energy absorption
or insul ationgldohstsil . acoustic, nmechaniagal), filtrationecrussmessi on of
fluids, and the like. In nost cases. the foans desired for these purposes
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si ze range joined by open "w ndows" or "holes" to adjacent cells. Anmong

t he vari ous neasures of such foans that are inportant for each application
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struts to wi ndows, and porosi t YHETRROGENEGUYSFOMMMATERIAEST rom the rel ati ve
devi ati on between the shape of all the cells in the foam and sone
geonetric ideal. In general, work has been devoted to naki ng foans as
honogeneous and isotropic as possible with respect to cell size and shape
and density. Polyurethane foans having a range of densities are known
materials. For exanple, the 2s "integral skin" flexible polyurethane foans
have high density skin layers that transition gradually over 1-3 cminto a
| ower density core region. See for exanple Ashida. K ; Iwasaki, K 1In
Handbook of Pl astic Foans", Landrock, A. H., ED.; Noyes, 1995; Chapter 2,
pp 56, 64-67, incorporat ed her ei n@m overal | densities of
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than foans which nay be preferred for certal n applications. Foans nay be
made from pol yner networks which,haye 3ht.a ¢Hofy© forman

I nterpenetrating network (IPN). © e of the properties of
both pol ymer sypes. FﬁﬁblSa@erf-Qnedemiphe fQihsadin widelyCused Hori eneigp| absorp@ibn or
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~~~~~ ~H= 11 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
20 and distribution, anisotropy, proportion of cell struts to windows, and porosity. Anisotropy can
arise from the relative deviation between the shape of all the cells 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
25 "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
30  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 bc made from polymer networks which have been entangled to form an
interpenctrating network (IPN). IPNs may exhibit some of the properties of both polymer types.
35 See for example Odian, G. G. "Principles of Polymerization”, 3rd edition, Wiley-Interscience:
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f oans havi ng di ffering properties are also well known. See for exanple,

G bson, Ashby, M F. "Cellular Solids" Perganon 5 Press: Oxford,
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and may requi rglbagée%of adhesive which may interfere with the ﬁgjnc I oni ng or
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care products andﬂmlhe'ﬂuidkfenwmdwmaﬁﬂﬁﬁ’é%bsorbents made from certa| n
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 emtire period the article is
worn, and can minimize changes in shape during use (c.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



Types of super-w cking, crosslinked pol yurethane foans). These foans can
provide core integrity and flexibility but not the desired degree of
capillary fluid transport. The use of appropriate absorbent foans in
absorbent articles such as diapers and 3o catanenial pads can provide
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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



but are typically slower to acquire fluid. As indicated, heretofore, these
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Regardless of whether the heterogeneous foam of the present invention is relatively
hydrophobic, or is a hydrophilic foam suitable for aqueous fluid absorption, the foam has at least
two distinct regions that differ with regard to one or more of foam density, polymer composition,
specific surface area, or microcellular morphology (e.g., cell size, shape, or distribution, or hole

20  size).

The present invention further relates to a process for obtaining the heterogeneous foams
by polymerizing a water-in-oil emulsions or HIPE. In one aspect, the process utilizes at least
two distinct HIPEs, with each emulsion having a relatively small amount of an oil phase and a
relatively greater amount of a water phase. This process comprises the steps of:

28 A) forming a first water-in-oil emulsion from:

1) an oil phase comprising:

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;

ii) from about 10 to about 50% by weight of at least one substantially water-
insoluble monofunctional comonomer capable of imparting toughness about



Fhe—invention fTurthér relates to a het er ogeneous absorbent pol ynmeric foam
that, upon contact with aqueous fluids (in particular body fluids such as
urine and bl ood), can a ute, and store these fluids.
Preferably, the heteroggnous strarhenkpQl ymeric foam of the present

i nvention conprises a h drophnthAcxf:;bem bl 19 noni oni ¢ pol yneric foam
structure of 15 interc ; Regardl ess of whether the

het er ogeneous {,Qp,f%ﬂi, the present inventiorfis relatively pdwysinpbsbic, or
is a hydrophilic foam suitable for aqueous fluid absorption, the foam has
at least two distinct regions that differ with regard to one or nore of
foam density, polymer conposition, specific surface area, or mcrocellular
nor phol ogy (e.g., cell size, or di S}I’I bution, or hole 20 size). The
present invention further rﬁ‘&‘t‘gg"?'ﬁ“gmﬁ'?%f X&C; obt ai ni ng t he
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form ng a copol yner havi ng divihgdiphengiifides, QvBylfuraris,Odieinylsulfide, diifIsITHdne, and
conmponent conprising: 30 |),,I,,[,,9gltﬁmmnd20 to about 70% by wei ght of at

| east one substantially I nspl u upcti o nmer e of
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crosslinking agent sel ect emnisingthe ep WFWHM@W""'S Y primary ’"‘““‘ﬂ“ having at
18 least about 40% by weight emulsifying components selected from diglycerol

monoesters of branched C4-Ca4 fatty acids, linear unsaturated Cg-C27 fatty
acids, and lincar saturated Cy4-C} 4 fatty acids; sorbitan monoesters of branched
C16-C24 faty acids, linear unsaturated C1¢-C22 fatty acids. linear saturated
C12-C)4 fatty acids; diglycerol monoaliphatic ethers of branched Cj4-Co4

20 alcohols, linear unsaturated Cy4-C22 alcohols, and linear saturated Cy2-Cyq
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
emaulsions; and
b) polymerizing both emulsions to form a polymeric, heterogenous foam;
3 2) a) partially or completely polymerizing the monomer components in the oil phase
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15 In another embodiment, striped segments of unlike material may be prepared using two

or more emulsion forming nozzles expressing different emulsions, layer upon layer, in a forming

vessel; or by rhythmically varying the emulsion-making conditions with the single emulsion

nozzle. In this case, control over the relative rates of pouring and the relative dispositions of the

two nozzles provides control over the spatial relationships of the two (or more) different types of
20  polymeric matcrial 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 mﬁons 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 emuision. 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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ace of the same etemgeneous 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 hetcrogencous 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 heterogencous 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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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.

D D OF INV N

L 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 of 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 fow density having aggregate densities less than about 50 kg/m3
(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
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are typically layered over absorbent foams having relatively smaller cell sizes and hole sizes
which exert more capillary pressure and drain the acquired fluid from the upper layey, restoring
its ability to acquire more fluid. The composite structures well known in the art are limited by

20 the ability to join 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 picces 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 the 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 examplfe, if one region has a density of 0.020 g/cc, a distinct region should
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20 heterogeneous, these foarns 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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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 compositc foam can be made at
lower density than a comresponding homogencous 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 ahemative embodiment, discreve, unconnected

_ regions may be dispersed in two or more discrete continuous regions.

s In addition to modifying the polymer properties of the regions (e.g., Tg. demsity,
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through the thickness) of the foam.
Polymeric foams according to the present invention useful in absorbent articles and

develo

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 pm 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



—different properties, the properties of each region nmay best be neasured by
usi ng a honogeneous foam prepared in the sane way. Sone neasurenent

techni ques require sanple sizes and shapes 35 that are inconpatible with
the need to distinguish the different properties of each region within WO
97/32612 1 t PCT/US97/ 02668 the heterogeneous foam Measurenents nmade on
the conposite heterogeneous foans in general wll reflect by definition a
vol ume or surf fy7asePn averaged property of 'Yhe distinct regyumeseesl ess
the measurement 1s made at a scale smaller than the size of the distinct
region itself. A Ceneral Foam Characteristics s The nmulti-region foanms of
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a continuous region
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procedure is 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. 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
£ dynes/cm. Afler 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 least 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



of brittle or high Tg region(s) interspersed in a continuous matrix of

fl exi ble, tough absorbent polynmer will retain the desirable properties of
the latter. This conposite foamcan be nade at |ower density than a
correspondi ng honogeneous foam The density of the entire foamw |l 30
reflect the weighted averages of the densities of the different regions.
Such a foamcan derive strength fromthe rigid sections which wll have
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foam consisting only of the rigid polyner. In an alternative enbodi nent,

di screte, unconnected regions nay be dispersed in two or nore discrete
continuous regions. 35 In addition to nodifying the polymer properties of
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anot her occurs i ROWRE o&lhufqn@wgqsmioeq of éh_e,foam can show cither a sharp or gradual transition as a
function of temperature. This shape is particularly relevant where the in-use temperature
(usually ambient or body temperature) of the polymer is at or near the Tg. For example, a
25 broader glass-to-rubber transition region can mean an incomplete transition at in-use
temperatures. Typically, a broad transition 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 achicve 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
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the present | nven%&%i#%&fs%en%&%@’d’fm 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

D

contact with aqueous fluids, e.g., water. This altemative 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
3s  value is characterized as "empirical” in that it is derived from (a) the capillary suction specific



preferred ranges for the various foam properties described in these
copendi ng applications are is applicable to the certain of the present
hydrophilic foans. The extent to which the preferred polyneric foans of the
present invention are 'hydrophilic" can be quantified by the "adhesion
tensi on" val ue exhibited when in contact with an absorbable test |iquid.
The adhesi on tension exhibited by these foans can be determ ned
experinmental |y JiséAgk, & Procedure where wei gh uptake of a g ohbfill d,

e.g., synthetic urine, is 20 neasured for a sanple of known di nensions and
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absorbency.
C.  Eree Absorbent Capacity
28 Anocther 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
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I ncorporated wt hi'fi
foam will resist compression only in the weaker regions until they have compacted sufﬁcnently

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 comtain the foam. RTCD is
obviously also relevant in uscs 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 certain 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
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um), while the distinct region may contain cells of mean diamter of 50 um (or a mean hole

diameter of about 10 pm) with 90% of all defineable cells being between about 20 um 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
presem. 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.



"February 7, 1995, where specific area per foamvolune is discussed in
detail. "Specific surface area per foamvolune" refers to the capillary
suction specific surface area of the foamregion tines the region's
density in the expanded state. This specific surface area per foam vol une
3s value is characterized as "enpirical"™ in that it is derived from(a) the
capillary suction specific 16 WD 97/32612 PCT/ US97/ 02668 surface area that
i's measured duwmtti ng of the dried foaM structure, andrfusyrése density
of the expande oam structure after wetting to saturation, rather than by
di rect measurenment of the dried. collapsed foam structure. The tendency of
a given polyneric foamor foamregion to remain in the coIIapsed state S
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Absor bent Capaei t /03 g/cc. The calculated aggregate density of this foam would be about 0.024 g/cc.

The procedurc for measuring aggregate foam density is described in U.S. Patent
5,387,207 (Dyer ¢t al.) issued February 7, 1995. The amount of absorbed water-soluble residual
materials, e.g., residual salts and liquid left in the foam, for example, after HIPE polymerization,
washing and/or hydrophilization, is disregarded in calculating and expressing foam density.
25 Foam density does include, however, other water-insoluble residual materials such as emulsifiers
present in the polymerized foam. Such residual materials can contribute significant mass to the
foamn material,
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 beights; 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
3s  structures with which the foam can be in contact.



25 Anot her inportant property of certain absorbent foans 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 foamsanple will absorb into
its cellular structure per unit nmass of solid material in the sanple. To be
especi al |y usef ul in absorbent articles for absorbing aqueous fluids, the
absor bent foa present invention 302%shoul d have an e free
absor bent capg§$f h synthetic urine of from about 20t0’§%%£%& 00 mi_,
preferably fron1about 40 to about 120 nL of synthetic urine per gramof dry
foam naterial. The procedure for determ ning the free absorbent capacity
of the foamis described in the TEST METHODS section of U S. Patent
5,387,207 (Dyer et al yrira#iskiog. Fofluigayigking in aidirgesion opppgite fsome pravitatioapldires; is el
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orthogonally to
g y dard 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

2s  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. Chatterjee 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



fo0ad, the Toad wll be resisted by the stronger foamregions (higher
density and/or higher 20 nodulus) with the weaker foamregions offering
little or no effective resistance. A foamwherein the stronger regions are
di spersed as particul ate segnents within a "sea" of weaker nore flexible
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cone into contqgéﬁﬁﬂgzcontrlbute to resistafte. To be usef periosimey -
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Properties of ol SREM"E GRHfing ma SIng Fele. for preparation of the Yoarts 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 arc used, cach 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 heterogencous 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:! to about 75:1, most preferably from
about 40:1 to about 65:1. The gencral preparation of HIPE foams is described in detail in U, S.

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



Foam cells, and especially cells that are fornmed by polynerizing a

nononer -containing oil phase that surrounds relatively nononer-free

wat er - phase droplets, will frequently be substantially spherical in shape.
The size or "diameter" of such spherical cells is a commonly is used
paranmeter for characterizing foanms in general. Simlarly, the dianeter of
the holes <connecting the cells is used in characterizing such foans. Since
cells and hol egv(#)ge;swfpn cells in a given sample of pol yne*;é,lgug,%z%vm |1 not
necessarily be of approxi mtely the sane size, a nean cell size
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These foanms w || a ave ‘one
ower onomers of dus type include, for example, the (C4-C4) alkyl acrylates such as butyl

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

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

25 benzyl acrylate and nonylphenyl acrylate ; the (Cg-Cjg) 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-C17) alkyl styrenes such as p-n-octylstyrene, isoprene, butadiene, 1,3-

pentadiene, 1,3,7-octatriene, f-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
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contact divinylphenanthrenes,  divinylbiphenyls, divinyldiphenylmethanes, divinylbenzyls.

divinylphenylethers. divinyldiphenylsulfides, divinyifurans, divinylsulfide. divinylsulfone. and

mixtures thereof. Divinylbenzene is typically available as a mixiure with ethyl styrene in

25 proportions of about 55:45. These proportions can be modified so as to enrich the oil phase with

one or the other component. Generally, it is advantageous to enrich the mixture with the ethyl

styrene component while simultaneously reducing the amount of styrene in the monomer blend.

The preferred ratio of divinylbenzene to cthyl 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

%  impants the required toughness without increasing the Tg of the resulting copolymer to the

degree that styrene doeﬁ. 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).

s The optional second crosslinking agent can be selected from polyfunctional acrylates,
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frequently be utilized in absorbent articles in a manner such that fluid to
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This is particularly useful in sound absorption applications wherein the foam will absorb sound

or mechanical vibrational energy around an optimum frequency at a given temperature

depending on the shape and maximum in this transition. [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 crosstinking agents 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.



foamto wick fluid vertically. (See P. K Chatterjee and H. V. Nguyen in
"Absorbency," Textile 30 Science and Technol ogy, 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. equilibriumgonditions at 31C. The
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di stinct 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-C24 fatty acids, linear unsaturated C4-Co7 fatty acids, or linear saturated C2-Cj4 fatty

acids, such as diglycerol monooleate (i.e., diglycerol monoesters of C138:1 fatty acids), diglycerol

25  monomyristate, diglycerol monoisostearate, and diglycerol monoesters of coconut fatty acids;

sorbitan monoesters of branched C}g-Co4 fatty acids, linear unsaturated Cg-Coo fatty acids,

and linear saturated C2-C 4 fatty acids, such as sorbitan monoolcate, sorbitan monomyristate,

and sorbitan monoesters derived from coconut fatty acids; diglycerol monoaliphatic ethers of

branched Cg-C24 alcohols, linear unsaturated C14-C22 alcohols, and linear saturated C2-Cy4

30  alcohols. and mixtures of these emulsifying components. The preferred primary emulsifiers are

diglycerol monooleate (¢.g., preferably greater than about 40%, more preferably greater than

about 50%, most preferably greater than about 70% diglycerol monooleate), sorbitan monooleate

(c.g., preferably greater than about 40%, more preferably greater than about 50%, most

preferably greater than about 70% sorbitan monooleate), and diglyceroi monoisostearate (e.g..

35 preferably greater than about 40%, move preferably greater than about 50%, most preferably



emul si ons are used, each enmulsion will conprise materials described bel ow,
in the ranges 2s indicated, but will obviously differ so as to be
distinct. The relative anounts of the water and oil phases used to formthe
H PE(s) are, anong nany other paraneters, inportant in determning the
structural, nechanical and performance properties of the resulting
polymeric foams. In particular, the ratio of water to oil in the

respective emnul si Olﬁ("F'}lt can influence the den®ity, cell si zg,ﬁ_g%nd capillary
suction specifi¥ ce 30 area of the correspondi ng regi ‘"ﬁﬁg f oam
and di nensions of the struts that formthe foamis regions. The enul sion(s)
used to prepare the heterogeneous H PE foans of the present invention'

will generally have a volune to weight ratio of water phase to oil phase in
the range of fromg"‘aﬁb‘b‘t““2‘6"10"/1‘83'%’6U1‘°“1'5‘6‘°§“°)rr0re preferably from about
30:1 to about 75:1, noDPislyesrdfnemedstery of linsan satafamdit linded uisatuated otiraried Farry Bkigs
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(2 at T east one. 3 ond bl SenRGkb heindld SR BRCRG CAMRANAH 1k U UEGE:
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Handbook", 2nd Ed.referef#¢-ey- | nt er sci ence, New YorKk. NY 1975, 111-139.); (b)
at | east one monof unct $abiah eaemfidiner, branchedp pralv ensttiivated Gang hiRids SarDbe ob@iaéd
resi stance of the chRRdRialfyCor Le.rﬁstngn%nsﬁymtvmna.k aﬁr%élmm&m,lg e, 398 Waren@Nd
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particul ar types ah I onal™ nmonome
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properties which ﬁm:%guﬁ:h'f ksee 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 emulsifiers, 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-oi! ratios

and higher HIPE formation and polymerization temperatures, (2) modify the minimum [FT

* 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 betaincs such as lauryl betaine; cationic types, including the long chain C3-C3;
dialiphatic, short chain C|-C4 dialiphatic quaternary ammonium salts such as ditallow dimethyl
ammonium chloride, bistridecyl dimethyl ammonium chloride, and ditallow dimethy!

35  ammonium methylsulfate, the long chain C)2-C2> dialkanoyl(alkenoyl)-2-hydroxyethyl. short



materials suitable for use in the invention herein. The nononmer conponent
conpri ses one or nore nononers that tend to inpart rubber- 20 |ike
properties to the resulting polyneric foam structure. Such nononers can
produce high nol ecul ar wei ght (greater than 10,000) atactic anorphous
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for exanple, the (C4-Cl4) al kyl acrylates such as butyl acrylate, hexyl
acryl ate, octylywgeissk@dte. 2-ethyl hexyl acrylate, nonyl acr yeaisSomsigey!
acrylate, dodecyl (lauryl) acrylate, isodecyl acrylate, tetradecyl
acrylate; aryl and al karyl acrylates such as 25 benzyl acrylate and

nonyl phenyl acrylate ; the (C6-Cl6) al kyI nmet hacryl ates such as hexyl
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styrenes, and &n ﬂ&fo’iniencbﬂn%neﬁrfhd 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 h'ganox-IO'ItS® and t-butylhydroxyquinone.
30 Another optional component is a plasticizer such as diocty] 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 hercinafter.
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Suitable acryate aﬁﬂlewa@%vﬁaﬁﬁmmﬂ&&m B YvO@Rmt 5f CRIAMBRat@iNeE. from
diols, triols an%uéh mamlor compoanent is generally added to the water phase of the HIPE(s) and can be any
conventional water-soluble free radical initiator. These include peroxygen compounds such as
sodium, potassium and ammonium persulfates, hydrogen peroxide, peroxyacetic acid, sodium
perborate, potassium monopersulfate, sodium percarbonate and the like. Conventional redox
25 initiator systems can also be used. Such systems are formed by combining the foregoing
peroxygen compounds with reducing agents such as sodium bisulfite, L-ascorbic acid or ferrous
salts.
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
36 amount of from about 0.001 to about 10 mole percent based on the total moles of polymerizable

monomers in the oil phase.

3. drophilizing Surf d 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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Another matenal that is typically incorporated into the HIPE foam structure is e
hydratabie, and preferably hygroscopic or deliquescent, water soluble inorganic salt. Such saits

25 include, for example, toxicologically acceptable alkaline earth metal salts. Saits 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 casily 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
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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

3s  HIPEs. The use of such a recirculation loop in preparing the present foams is primarily useful
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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 heterogencous foam. Alternatively, a foam as depicted in Figure 14 wherein
33 regions 52 and 56 are of suitabie width, microstructure and surface area per volume to serve as
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of 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 pemmitting 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,



“chloride. Wen these optional secondary enmulsifiers arc included in the
emul sifier conponent, it 1is typically at a weight ratio of primary to
secondary emul sifier of fromabout 50:1 to about 1:4, preferably from
about 30:1 to about 2:1. The oil phase used to formthe H PEs conprises
from about 85 to about 98% by wei ght 20 nononmer conponent and from about 2
to about 15% by wei ght enmul sifier conponent. _ Preferably, the oil phase

wi Il conprise fgayhapput 90 to about 97% by Rei ght nononer PCrEsIp@AE8Nt and
fromabout 3 to about 10% by wei ght enul sifier conmponent. The oil phase

al so can contain other optional conmponents. One such optional conponent is
an oil soluble polynerization initiator of the general type well known to
those skilled in the art, zs .d B3 Slel i bed 90. 820
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bsorbed by the absorbent strucmre In a preferred embodiment, surfactant is mcorporated into

20 the polymeric materials of the formed film topsheet such as is described in U.S. Patent
Application Serial No. 07/794,745, "Absorbent Article Having A Nonwoven and Apertured Film
Coversheet” filed on November 19, 1991 by Aziz, et al., which is incorporated by reference.
Altematively, the body surface of the topsheet can be made hydrophilic by treating it with a
surfactant such as is described in the above referenced U.S. 4,950,254, incorporated herein by

25 reference.

In use, pad 10 can be held in place by any support or attachment device (not shown)
well-known for such purposes. Preferably, pad 10 is placed in the user's undergarment or panty
and secured thereto by a fastener such as ap 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 pressurc-sensitive adhesives being preferred. Before

Q)

pad 10 is placed in use, the pressure-sensitive adhesive is typically covered with a removable
release liner in order to keeﬁ the adhesive from drying out or adhering to a surface other than the

crotch portion of the panty prior to use.
35 In another embodiment, an article containing a heterogeneous foam of the present



Any electrol yte capable of inparting ionic strength to the water phase can
be used. Preferred electrolytes are nono-, di-, or trivalent inorganic
salts such as the water-soluble halides, e.g., chlorides, nitrates and
sulfates of alkali netals and al kaline earth netals. Exanples include

sodi um chl ori de, cal ciumchloride, sodiumsulfate and magnesi um sul fate.
Calciumrs chloride is the nost preferred for use in the present i nvention.
General ly the @) grhéQl Yte will be utilized in the water @
H PE(s) in a concentration in the range of from about 0.2 to 20%by
wei ght of the water phase. Mire preferably, the electrolyte will conprise
from about | to about 10% by vvei ght of the water phase, and npst
preferably from about g ﬁ% Y \Ae ght of the water phase. 20 The
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alts The poly 0 m St r re _may pr
nﬁa[cks‘n: qgﬂretferaeo yl_Las 9& t']‘mn {]!nat.m‘ tlécy ??E‘a'ﬁ‘gg}yﬁ’éo%&gy%r i c
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fluids such @S jffixeddn ®@ickdtch.area of such a chassis in order to serve as an absorbent "core”. This

absorbent core will frequently be over-wrapped with envelope tissue or other liquid pervious,
nonwoven material. 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




sk, —Dblood, and urine, they generally require treatnent to render the
foamrelatively nore hydrophilic. This can be acconplished by treating the
H PE foamwi th a hydrophilizing surfactant in a manner described nore
fully hereafter. new hydrophilizing surfactants can be any material that
enhances the water wettability of the polyneric foam surface. They are
well known in the art, and can include a variety of 110 surfactants,

pref erably of &gﬁwﬂﬁgi onic type. They will 3jeneral |y be i pcpussiassgl f orm
and can be dissolved or dispersed in a hydrophilizing solution that is

applied to the H PE foam surface. In this manner, hydrophilizing
surfactants can be adsorbed by the preferred H PE foans in anounts
suitable for rendering the surfaces thereof substantially.hydrophilic, but
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by treatnment of the pgly ' ith a solution or suspension of the
surfactant in a suitaple carrier S e foans, the 20
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sol utions prefer EBW" Wt gltmyeé% orip gdmon, the acquistion/distribution region 46 may have
) a relatively lower specific arca 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, ceater 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 smaller 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
3s  region 72 and lower region 74. Figure 18 is & perspective view, again showing upper region 72



35 inorganic salts such as calciumchloride in residual anmounts of at |east
about 0.01 % by wei ght of WD 97/32612 30 PCT/ US97/ 02668 the foam and
typically in the range of fromabout 0.01 to about 12% preferably from
about 0.01 to about 5% by weight of the foam Treatnent of these
relatively hydrophobic foanms with hydrophilizing surfactants (with or

w t hout hydratable salts) will typically be carried out to the extent
necessary to inpabis,gyi table hydrophilicity ¥o0 the foam FRbrRédee, the
foanms may be s waShed in a solution of 0.5% Pegosperse 200 M. and 0. 05%
calciumchloride to produce a conpletely wettable foam Sone foans of the
preferred H PE type, however, are suitably hydrophilic as prepared, and
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requiring no addi ta?ﬁﬁ‘éﬁr 'etg'ro_gz{)n@ﬁtt?pﬁmotﬁa ?%ﬁﬁfl’f ?uiq'fbrlleg¥§'ﬁ§’ts'é'g°tf'b'ﬂ1'%"a'()?“°h“s
hydrat abl e sal t s. 3|difperp¥ieteincigpes regioq J¢ ff 39 Pequistipopjateiabpnd 9werregioncT-Litle stogss e
where certain oil nphkédge Aefasindhafing regionsolayered\in chess-directios curi be (hrteddbyChufingUdin
chloride are used enfisibh'® follegiod M IO ®BId] AatsMuE@Tousll 'V seqRlidiFeidbifg § QRBR4WI | |
be suitably hydr ORRLLL G, BRfatth s IIGhGR, LESLALA! il AR RAZE D! €

cont ai ni ng’ or deplSiting Suf i Ci ent anount s of. cal, ‘flljm chl' OF'F 8& Y B ter

t he foam hydr ophi [FRegific su ﬁ”&?"t’é?'“‘f‘ﬁ'é%&?‘%ﬂ"ﬁg‘f"ﬁ AlRLEs eldre fandedfem or
dried as descri bedeglweiafter. B. Processine Conditions for Qotaini ngH PE
Het er ogeneous Foans is Foam preparation typically involves the steps of 1)
formng two distingt hahdddliernal phase enmulsions; and 2) either (a)

conbi ning the two enul rior t°8 {i)% émeri %ati on ﬁ‘{ﬂfﬁ‘i ther emulsion and
then pol yneri zIng t he MY ohHE &S Behogy PR & B8RS “E1H SAWBGFRYs mategipl thagy
partly or conpl emay ye prgseyinie theicisrpeenpaus dgams of the gregsnt toreatien  tMrasucamaitif dhss
conbi ni ng the resyplopértitg op i REct regioiish niukrethéat Heaibtainen 1bys takifig a fsamplleOvrtle Bigtinct

pol ynmeri zing the geaQL0EMd! iy thedidentifdfly, hid lihg R oUeihine tle spiffc GAEHCRRAL
when partly cured. Alter ‘ﬁtl vel%éofoam p[‘gé)fagng ion nmy conprise 1) formng a
single enulsion QWB“'I"M/"{] REERBSPU e RS ST PH98YsI y varying conditions such

as shear rate, spour tenpepodamicMechiinieal: An@hisk (BMAPO! yNeri zing the resulting
emul sion. I'n either cagg, QR Mibmind GPFgs of PfinhtfGncthbi & fdafhE ﬁﬂgié’?f
0 méug 4 ée rom
- 4

polymeric foamstructure to renmove,t iagl.nal r wat er .. p.

the foam and, if MEdeamsae sliced jntohloc ‘?ﬂ'é‘ ‘f‘g'li#l‘?ﬁi?ﬁ ' isiif l“idi‘\l?' water,

surfactant and/ or ef@sfingdtheafividothrougharplier pigs bioysoms tach waslhing: e B aesukigaifoarp blotks afeng

surfactant/hydr at aiiwed ®aky in aiNTheAdried fofrh itk ¢ cored @W\EiElE b kyIddri2SSmP @1 didtietet.C

foam structure, T esgwng‘{eealm%gmusﬁ.ﬁ% ﬁh%mc_\i‘lc?ﬁs,{-ﬁrﬁmdi@:ﬂechﬁﬁhyﬁﬂ W4 N,
§

Foam vashi ng Al O Bl SR St Bkl Himimeh St

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
28 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



Patent b, 149, 720 (DesMarais at al), issued Septenber 22, 1992, which are

I ncorporated by 30 reference. Though not specifically discussed in the U S
Pat ent 5, 387,207, the tenperature of the aqueous wash solution can be
inmportant. 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 iwisapget ated by reference), ¥hi ch” descri besrerussmmsesy ed
continuous process having a recirculation loop for the 35 H PEs. The use of
such a recirculation loop in preparing the present foans is primarily
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20 where the IFT increases to a value that is at least about 10 dyne/cmn greater than the minimum
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,
gencrally linear portion of the IFT versus log concentration plot (i.e., the portion of the curve
15 typically used to calculate surface area per molecule at the interface, see for example Rosen, M.
J. "Surfactants and Intesfacial 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 $-
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 emuisifier. For emulsifiers having 3
solubility in the oil phase at ambient-temperature of less than § 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.



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 the present
invention. Miulti-layer absorbent cores can al so be nade according to
copending U S. Application Serial No. 08/521,556 (Gary Dean Lavon at al),
filed August 30, 1995 (Case No. 5547R) (herein incorporated by reference),
where the fl ui e/redistribution | ayger conpri ses aleH?ﬂ&ﬁﬁﬂ& 30 foam
according to tﬁe%%gésent i nvention. One o%fect of the present Tnvention is
to sinplify the nunber of discrete |ayers of foamthat nust be used to

formthese nultilayer conposites. For exanple, a foamas depicted in
Figure 13 with an acquisition type naterial in region 46 and a storage

type material in regi onsCafiflardAGtorbfionPoedsute C-Wr apped to deliver a multilayer
design from a sr ngl,&, Bia iy a foam as
N0 hSagMaR ool WhRPLRAS ﬁmfxeg%ghgg\ir VELOPMKES Ko B, O "

depicted in Fi 1 ereln

m crostructure P?d"\sﬁ?’ a&*&%%ﬁ%ﬁ% ‘f%'mb%ervé P&‘é’"‘\@“@?‘)@@sqzt 82
PCT/ 1JS97/ 0266dsseed Falrupny 10950 whighais incorparatedriry refengicopxcebGat 354, radéerdhda 3747, e of
sui tabl e Wi dt h.ThEtuivels b plOCEfliiecabibitEnt cSpakifya @ach s€pth ke a\mrcmfwk&eﬁev as a

storage materi ‘%Lmé:ﬁp d@xﬁnchﬂ% %R&%f&rﬂ »ﬂ&PFLQ&%@ t@-th%tngd ggpof c§c§ Sﬁ%mc{n f%r gyers

froma single ﬁ‘ £ro enetggsmfss%%n.] " S S
article cont ai a eet%’r Jereots” Poam of"iﬁ"” ® ’é‘ﬂ‘f f the ifonmo thes 'Bﬁai’s a

cat ameni al pada T EABEFitY ppe P’{]%fr"léf%{?Sf'FﬁP1§°'E'a‘t‘§ﬁ'EﬂYal pad 10 is constructed
of fluid pervious primary topsheet 12, an absorbent core conS|st|ng of an
optional fl uidvacquigsditid Qempidsayer 14 comonl y referred to as a "secondary
topsheet”, a fluid stQ n e nor e

pol yneric foans accf)"rﬁ %&%re?ﬁ’rﬁﬁ%zpﬁr %%gﬁ?pr?grwén (ffcrt)rﬁams i3 Hg&ﬂ"fff"d’"? B vi ous
backsheet 18. ?ﬁ%"“d&"ék‘?ﬁeet 18 and t he topsheet 12 are positioned adjacent
the garment surface 10 and the body sugf{gpg, respectively, of pad 10 and
are preferably joined to each ot her For ~ exanpl e, the backsheet 18 and the
topsheet 12 can be securBegbarhiivn ofatieterdgbmer B QIPE St@mbacksheet 1S is

i npervious to fluids (e.g.. nenses) and is preferably manufactured froma

thin plastit f : 'gh ot her erX|bIeI|qU|d|rrperV|ous mat eri al s may
al so be used. %ﬁqueh@rpﬁisaw prefARd béihidMinglthengrddlefts stofh RMSbIL P f@c;[og%h‘gl s that

are conpliant Eh&g{s "ﬁ‘ﬁ"p’ﬁ%ﬁé’h% ,f(&&%ﬁ{ﬁ mommtﬂmgslaemgener al shape and contours
ackshee :

of the human b prevents the eXudates absorbed and

contained in the absorbent stablelCtAguué PrasaCombdsition)forHIPEC| es t hat contact the
sanitary napkin 20 such as pants, pajamas and undergprnments. Tne packsheet
18 can conprise a juoven  Water 756 L

Potassium Persulfate 378 ¢ 0.05%
Calcium Chloride 72.640 g 10.0%
20 : Table 2. First Organic Phase Composition for HIPE.
2-ethvihexvl acrylate 2.900 g 58%
divinyl benzene® 2.520g 42%
diglycerol monooleate 360g 6%+
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 level of emulsifier and other adjuvants to the oil phase are "add-on" percentages:



or nonwoven naterial, polyneric filnms such as thernoplastic filns of

pol yet hyl ene or pol ypropyl ene, or conposite materials such as a

fil mcoated nonwoven naterial. Preferably, the 20 backsheet is a

pol yet hyl ene film having a thickness of fromabout 0.012 mMmm (0.5 ml) to
about 0.051 mMm (2.0 mls). Exenplary polyethylene filns are manufactured
by C opay Corporation of G ncinnati, Chio, under the designation Pl8-0401
and by Ethyl Coigessid on. Visqueen Divisi or?? of Terre Hauterussmetsana,
under the designation XP-39385. The backsheet is preferably enbossed

and/or matte finished to provide a nore clothlike appearance. Further, the
backsheet 19 can 25 permt vapors to escape fromthe absorbent core (i.

is breathable) while still preventin exudat es from passi ng through the
backsheet 18. ThemnopeEFRERPsties syms 0% | ant, soft feeling, and
non-irritating to the wearer rgie3ksfond J,,i@@ﬁmc sitalkermgel 12 is fluid
pervious permtting hrough its
t hi ckness. A suitabl ¢ tamhmplaaﬂlaean be man#4@gured fjom4%w dp range of
materials such as 30 vvoven and nonwoven materjals; brials such
as apertured formed {herpdiyipvieenzepe ¢ |l D 5, and
hydr of or med t her nopl Pstj" ehol MBoolBty OUs foam;“orgeticul at ed g, f0ang;
reticul ated thernopl . s t-tapl e woven
and nonwoven materi@ls caridm76pnpri §ed of naogral fibérsols®s g.} wood or
cotton fibers), synthetrc fT1bers (€.9., polyneric fibers such as

pol yester, pol ypropyl ene, or polyethylene fibers) or froma conbination 35
of natural and syTingah i765 s bigr,32,5 mmﬂﬁwaaa)smusm @igGodol hnediarer ed

topsheets for ySGuiinle REsRE Wil IR %ﬁiﬁm&ﬂé%%ﬂﬁ&?@lﬂlﬁmﬂ Bleks

nonwoven to shee f ops ur

filns are egpem %"8#%% P%e(’.f”; U?ﬂ'@’ ﬂn} 'SRfJ]E ?} ’gl'xé’y ecfr\% ous
to body exudat es camppsijien conmnmtsbﬂmpmm'y Q'r‘rél °h&§7€‘°’ef"8'¥°€6b€'€(§”t @H&ér\wycwe'

all ow fluids to ey Pafkminke Chegidale Geketiveivks Corinl) ds assexdified witls faB) baids hdvigss fattyne S
surface of the fqraegnd ;.Mmcb.hﬁkmg?pml.ﬁa@tﬁﬁtcnwlti% Ehe2, brdie SRE o, daY
woar or ) Sui t ol o '?2?"?‘%&5 5B b BBl ?&??F‘tg’g“g"‘m) e ‘ggz‘%‘e‘%@'w the
(Thonpson), i ssucfarBErEmsl M%“‘“}g‘ﬁ“" "'ﬁét’éﬁ‘t"h“%"?ﬂ'é%“ REpnditgoacl o
al .), issued Apr irheclipRical giggion. initrSgen Pparging, and m@mecremslemwwatww S“P*qiiestsued
August 3, 1982 oriE’ati@ Meutrdiizétios, Ebdfing( Biboue 185%0, .apd sentbspUd Credlicd the Jdvel dfO984;

and U.S. 5, 006, 39@5’?%?{?5@ sqgﬁgﬁ. b pactd oS3 Ok R R

-

are incorporated I‘tIC

|
ni cr oaper t ur ed® f PrReA tyq ¢ %“'fﬂ %E'?)d{"‘{)ﬂ ’f5'°§'° 'B%\‘f'éﬁf lxelsefo, 518

(Curro et al), i 9wgested polyglyccrols and fatty acids and then rednstlllcd 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 1b/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 superatant 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.)



Septenber—2, 1986 and U'S. patent 4,629,643 (Curro at al), issued Decenber
16, 1986, which are incorporated by reference. The preferred topsheet for
the present invention is the forned film described in one or nore of the
above patents and marketed on sanitary napkins by The Procter 1is & Ganble
Company of Cincinnati, Chio as "DRI-WEAVE." The body surface of the forned
filmtopsheet can be hydrophilic so as to help liquid to transfer through
t he topsheet f an if the body surfac® was not hydr gRiist as to
di mnish the %ke’?“&zgod that menstrual fluid will flow off tﬁgﬁotzéﬁsheet
rather than flowing into and being absorbed by the absorbent structure. In
a preferred enbodi nent, surfactant is incorporated into 20 the polyneric
materials of the formed filmtopsheet such as is described in U S. Patent
Appl i cation Seri dfsuaddebramy 7.5 Agproprints siyingcn the Appprete (cembiped istrrgmainiiesrixeamén  and
Apertured Film @uxieg spbeaitis achicved by oeand\Nd \sepatyis pin iBpellé&rOid heplaryite Abiing, cyliderall .

whi ch is incorporat edsdyrat AIFES &6 made ﬁoA'tﬁcQ{v@atﬂth@ldésané&G‘nb&@% s&d&&@ﬁﬁmﬁ?f the
t opsheet can be qhe %gnrmg;m I|c ba t Qggdgﬁve Mo z‘vsur actl nt suc

i s described in t DS vErL PR Bl ?ng i*nESFIh PR hEred 1 by
23 reference. 1n PBQWPYf?aﬂ“EW&‘aW 58) ﬁél‘ﬂ“F’r?“‘b? é&’e“ﬂﬁmhhy‘ ¥ifppeantentip insen
attachnment devi cenafqeftCelsbropiaslic whigh i sdtatiog\benéathrthesex Inozples pfoteawo miingf chanstials)y

pad 10 is placed ma.niehessusqrz&wmng&rmsasmdpamﬁaylzcaaﬁlddﬁﬁ.eumds:hh%et0

by a fastener sl A% 81300AghY ue JAki SHRAR 45 B RS i e 5300 Slims:

securing the pad.in the cro 1on .0

of the outer sur fEVEd§ra gem P‘ﬁ'@"%ﬁ’cﬂ%gﬁgé‘fr wE 'iaéw%aﬁlﬁée‘im%“a‘ﬂh&?‘%ﬁm'ﬂny
adhesi ve or ghue sehemeiresulis inlsequential idyers o SHIER frpu the begwzzles beingleliveed dn fop o dadde
adhesi ve herein, oiier Hakitg &6 bl Febuith@ Todnt inipRs IR Eegivh BRI GeshddOliay sifpeh of BRI OF €

pad 10 i's. pl aced Lud3E: nddlf. PURSSH LR VAR Sl mmﬁ tfoptiser) YR e

covered with a renpva i.ner I n order ve from

drying out or adf éveﬁeﬁw&“&c@ﬁﬁ SRR o PR, SR AT 8L e, HIPE R B vBelt o
panty prior to uJbe mzbenqf suipestformed isepnsadiiadebyiithe rete obpouting| as a dusntion of the gateyof
het er ogeneous isf o auind of the eecgivitgsaiind WV Auie3sdad b deileRortolifily/ foMaGkaBean b 3L | on
is a disposabl e ¢jRREkam B@Qﬂéﬁﬁh@.ﬂ .ﬁlpiﬁéés @Q.mfw:ﬁ.l Abmgid) rmeREMN R hest

structures of the, presen | O ng,con entlona
di aper maki ng t eEWRISERE! °°"5f}[w (e .-ell Ye%”tedeparyc'f Eelkrs?g' %Th ¥W8“ d "pul p

fiber web ("ai rf@v&swc'fesrew&f the H‘Eé@far"d’ aple 2 ¢rrds “’°§6§'o'r°l%’h'f's“"ffylﬁldw!"lcy
used in conventi ndinpdieragpentig Wi 1200 pmeandp powp fe@pdroarrPEIFCl etauvaesoibfatit HiESO: |

present s i nvent Rk théwimiguisd spiésdeiidntife &ft 1d AAGured Uy ESASbUIiJAVEBIghddD the Wy & De
used in diapers 'nﬁl (ﬁi oglAg lrﬁeylﬁi’ﬁ stféam 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/cc

Mean Cell Diameter 40 pm 120 um
Example 2

ixing of the e to Form a Chemically He! eous

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



in various nultiple |l ayer core configurations as previously described. A
representative disposable diaper enbodi nent of the present invention is
illustrated by Figure I | of the drawi ngs. Such a diaper includes an
absorbent core 20, conprising an optional upper fluid acquisition |ayer

21, and an underlying fluid storage/redistribution |ayer 22 conprising' an
10 absorbent heterogeneous foam structure of the present invention. A

t opsheet 23 i s woempdapsed and co- ext ensi ve''wi th one face BETVINISEH e, and
a liquid inpervious backsheet 24 is superposed and coextensive with the
face of the core opposite the face covered by the topsheet. The backsheet
nost preferably has a width greater t han that of the core thereby providing

side marginal portions of & ‘""§t r ucf’bﬁm%nm d‘ﬁBﬂs Wmﬁ&ﬂt@&d%ﬁxc The

di aper is preferaBf§™is con N an our ss conf | .on. Anot her
type of absor bentm'ats(‘e Dispraipaet g foprm, paving eterogsoeity, o ?‘Bf"g&"r'\‘t’e %ﬁ&%@?‘r‘ﬂf&?@r es
of the present imiveallslamopboipgyiasteariroil riss i 4 speriffsrexnple; botsyedmsae mixediani ng
pants. Such form fgdd. tm m@ro? 5001| lﬂﬁg W bynarie pie indded taiing @l 120@mpm sDORIRWERe of
flexible SUDSt £ al &0 bAne ot 8¢ sub Rixingthe § WS Sten'clhed £ sfi2 B acBbipd e s

shorts. An absbdrb ruc ure accordi.n o) i nventlon_ can
t hen be 20 affrxeRPq“?FS?FPé'“G?Mh‘“d:r'Qﬁ '61’"‘%‘6%‘ o di Erﬁ'ﬁé"ssﬁ’gs t%ﬂ%?ﬂ%“r"“teoT%g? ve
as an absorbent "@oOmef'70°Cldnd densitideoft-20afst- core will frequently be

over-w apped with envel ope tissue or other |iquid pervi ous, nonwoven
material. Such core overw appi ng thus serBxgmpled the "topsheet" for the
formfitting absorbent article. The erxr bIe substr : vr/nicfm; the

chassis of the formf} Fxample LHIPEs.to Farm a Mig . 13 S

ot her ki nds ofwe non\/\ove‘woﬂmﬁstrcaatesIorﬁxmtedwdelwmtmmw@s@PﬂEM‘MEd or
ot herwi se stret chghdiffons 4@@n SndMynahié fiikin§) aTHikprodifices difohim hiivitig heterggepsiny ba
articles can be el ast 4 ﬁx{: J?ochﬁx'iLYﬁn hotad hfe%@# SMtados +r@xrv£li\/ﬁstf { for BWhh t e
article. Suchasus ra ativ

ner render e
|'i qui d-i nper vi ousH! 5?“%'{“‘?8'5%‘[“ 3&8%{%3%1 'ﬁg‘?w%u@ s'"’lgE“tc’r"’g'gtet"he or
coating one surf meea whier @cfHIBE lSlﬁymtqu lﬂmthahg m%"'F‘PVeXPIE!P'E"%‘mSS"PF&B@"W th
anot her rel atiyel yvolchehitianl diffadet MIPBLISINDO SBSHDSIthe etiedichiGohivaitionl diff@meclervele
total chassis relg M@hptslrésawaﬂnwmsmﬁ%amnngduzﬁcxwgﬁamﬁe,pm shassi s

ey A Sea a2 cﬁ?pna,tom%eﬂ o o é.wa.@gng&ttpu ] KRl

trai ning pants ar.e ecrl
4,619, 649 (Robert é9d"'°P%'wE¢d"'E£t"BﬁE? poagertiosgiygs cell siggy; of fhe "E“'t‘h'c%‘f"btﬂr"étt‘e‘ﬁ”b'y

reference. A typi différen.ThOHIRE using the @il phacd feori Table R s freduped 3 inExgrnpie b s Hig|HEPE
trai ni ng pant S;pr @k e oil phase! TR Table Bisipfodickdit & Ratérdo-6if ralid e 501 a3MglifESdynaliitgiin a
product conpri ses_an rgﬁtltnggt “Io@%’r“ggﬂﬁg; fakeSF 310 Poriffin! b fdQutl BHAE a1 2 rpm. When

cured and sliced as described hercinafter, this produces a foam as shown in Figure 13 wherein
the different regions 46 and 42/44 have the properties shown in Table 5.

b1 Table S.
Property M 46 Region 42/44
Tg 0°C 60°C
IE‘ED 75% 5%
Density 020 g/ce 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



WD 97132612 35 PCTi ' US97/t) 2668 31 by adhesion al ong 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 area 32. al ong the periphery
of the other |eg band area 33, and al ong the petiphery of waistband area
34. Affixed to the crotch area of the article is a generally rectangul ar
absorbent core 35 conprising an absorbent s heterogeneous foam structure
of the present ygasid on. C. Conposite Foams2 As di scussed Sro2lddTEr ous
possibilities exist Wwth regard to arrangenent- of the discreté regions
within a given conposite foam The skilled artisan will recognize that in
light of the teachings herein, routine experinmentation wll provide foans
having various qualities, to dependlng on the desired end-use. As such,

t hough.four repr é&éﬁ%ﬁﬂlﬂf&“*%&'ﬁﬁ‘%‘ﬁ‘dﬂmﬁt‘%&m@'Cﬂlﬂpﬂ'@mwﬂmml&hmussed in
Figures 13, 14, 16, and 17/18, it is not intended that the scope of the

I nvention is in any way limted to these gghadiments. Referring to Figure
13, a heterogeneous foam 40 haV| ng repeatl ng stri pes is depicted. In
particular, foam piece 40 hEsmigg obts Foam frorh aBingle HIPE ISaeage- cel | ed
material, posiiioned h\e&.mm.pxej a'ssutgvamxbeg;l f&mﬁd %ﬁmo.%mmhhn@it 2rn‘?L@$.§|é’ ely

smal | er Cel | ed ”B,L&F.é N&eg[b@ﬂ§ thé%onﬁ@%fﬂ mm ﬁldr?claitnl?rt% ncar apgme% '%dmfé) €y

may be different. ﬁ* gt aﬁ&zh | ecée

use as an absor be"r’ff’"B‘GT “'f“é IpiteL agrseel s fill ﬁ'?eda"d&'t“e '*I"H@‘f“e Qt"i IiRg Qve timegh
cel l ed regi on 46 WP pec ! /minyteoss tfap the empision faensd ion edch nucogstvectptation jof the idrhabeen
di scharged body fshbjécthd taprbgredsiGeiyiibsk shies! A€ the BoRICHT Eh Fill. e shadn cheedihs Wiclided RY RYENT
| eakage at the, sigdes @fe Jaadn @@Jsspn.cae\;rpwzsﬁzuma% ﬁl@tﬁjAﬂ&st%p%E) %

optional cut-out I.oNs I'S used
as an absor bent chs?'gsw"n‘é{tp?l’Ts%ﬂ'g ‘i%d'téf’“ﬁﬁ'éfﬁgfm SRR '@Fhé‘gis\f"éﬁﬁ i B foam aRetieiring on,
the acqui sti on/ diaad sliripghspeams tha depisted indigveey!4 Whorein layery 2|thipuaty 84 qxhibibpegressiprinci f i C
area per vol une tldgencedts.OTha Gam beryis examplé B fisrther dégictedlitn the mizeograpia jof Kiguweed 1180 Fi gure
14 is simlar to that shown in Figure 13, but has five distinct regions
Instead of three. In a preferred enbodi t! ]csenter region 54 wll conprise
relatively 25 | arge celled material, V\/m sui ted for rapid acquisition
of body fluid. Quter regions a.AM b S @ Bk pEpri se relatively
smal | celled material, agagp t he sides of
t he correspondi ng product K Terably conprise
material that have ceFI'h'Efxﬁ‘é’ggém'%Mﬁe : °3I°é?§§?’"°t'l’i‘éfﬂ°f

regi ons 52 and' 9$8). adynsmigmixer rpm of 408, at 6fbdmine mygﬂ%‘h@ﬂpﬁﬂs befere.cTherresgkaons 52
and 56 rray hawe Hamds grouha sntspamikdife pidckedt foad apdréximately 2 mm in diameter. These pieces of

foam still saturated with aqueous phase are then placed in the 17" diameter tub described in
Example 2-4 above, approximately half filling the volume of that tub. A second HIPE is

produced from the oil phase of Table 2 at a water:oil ratio of 40:1, a dynamic mixer rpm of 400,
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



30 preclude passage of red blood cells into the outer edges of the product
whi ch m ght signal inpending side-|leakage and failure to the consuner.
Such regions will absorb free fluid fromthe nenses w thout passing red

bl ood cells and attendant color. The foam depicted in Figures 17 and 18 is
illustrative of an enbodi nent where the distinct regions are layered in
the z-direction. Figure 17 is a side VIeM/Of foam 70 havi ng upper 35
region 72 and W}’nd’l@gl on 74. Figure 18 is“h perspective pCIUS7068 N

show ng upper region 72 36 WD 97/32612 PCT/ US97/ 02668 and | ower region 74.
This type of foamis particularly suitable as an absorbent material, such
as a diaper. wherein upper region 72 is an acquisition material, and |ower

region 74 is a stora | ayere

z-direction can b ll?vg?%a\a%en a{tﬁe mmﬁuc %glon nrAQtl %SQE%IMm r¥%ognlé§a ‘l?. Sﬁnﬁd

nol d, -and si mul taﬁé%ﬁ%'&”@ﬁ“‘é‘e‘h‘ﬁé?ﬁ‘?%!‘? W‘Qﬁﬂf‘h‘g‘“fa defects A %’@%P‘s‘l‘bﬁte{fvef orm
region 72. In a peedieer tandnuoisband idispened regiogp. cantair Drosksk deskribed haei QJaaiculwI tHis

| over specific St% 8) ﬁ.&,eae REH ¥ Phovidh Bhanoge&géswa.mwh% laodhls! W
region 74 to drai ? T, ggl (mm%ﬁw oFt%am y of. the
test net hods uéedp'F"é?j'%}?' oy ﬁ"‘?g ot € B'fwﬁ eneousmr’?g?vé °é\ SPRUHS ay
be present in thesrereymyadionrs "Fdo".!ﬂ'l'h’ ‘lﬁf°°'l"ﬂ'!9dm‘bg’éHtW‘V'ﬂvb?ﬁ‘l"b‘hW"ma@a‘rtenent
of the properti etatafigibaieus ®ifermatie sergofoan s Privn ®tthetprsent ipeentidnt etinestodass woalli Ng

a sanple of the djgiyh/dQeen SeiédSisEiN 13 prdhRIGThomSEeRcb S fodniboa | iSkRIAL ipfefdrhdd scAPd
using themto determpe the specific independent properties of the

het er ogeneous reg\"?fﬁ"s‘l of the foam |s A Dynam c Mechani cal Anal ysis (DVA)
DVA i s used td?det er milhe® #w'mb%mwawm'whﬁww% fopyp pEtheAresent inyengign.
Sanpl es of the foans more HHEs cadbe erimbinkd wigk she pronmed patidulaies o) pogida militiplas hed

3-4 times in di stidnlifiblsVRicRS havinddispéred HeRHh righ@oakrl etéimdned 7 ough rol l er nips
bet ween each washing. The resulting foam blocks are allowed to dry in air.

The dried foamslices are cored to yield Eampik s nders 25 nmin dianmeter. 20
These cylinders are anal yzed using a Rheonetrics RSA-11 dynam c mnechani cal
anal yzer set in conpriatiseGsnconsraaediis scngdapeerveth|Easmpld 1hofdsS. PaeniB3 7200 (RDysedt er .

| nstrunment par @neiis kssuctl &ruakyer, €993 Susing @ heuﬁorbaemﬁeatsumxos 129@ of HeRFBgéndous 85C
to -40Cin steps %afaﬁybﬂ-:xamplwltos above.

Example 7
Catamenial Pad Made with Heterogeneous Foam
20 A foam is prepared essentially as described in Example 3 having thicknesses of the
distinct regions based on differem cell sizes being approximately 3 cm. The conditions of each _
region are shown in Table 6 below.

__ Table§
Region RPM Pour Approx. Width of
Temperature Mean Cell | Region (cm)
(°C) Size (um)

800 66° 50

400 66° 120 3

800 66° 50
o2 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 em so that pieces can be suitably cut from a wide sheet of such foam.) The



Soak intervals between tenperature changes of 125-160 seconds 2s Dynamic
strain set at 0.1%to 1.0% (usually 0.7% Frequency set at 1.0

radi ans/ second Autotension set in static force tracking dynam c force node
with initial static force set at 58. The glass transition tenperature is
taken as the maxi num point of the | oss tangent versus 30 tenperature
curve. Tg is appropriately nmeasured only on a honbgeneous portion of the
het er ogeneous Wh froma representativa piece of hono oam
prepared under the sane conditions as the region fromthe he erogeneous
foam B. Resistance to Conpression Deflection (RTCD) Resistance to
conpression deflection can be quantified by neasuring the anount of WO

97/ 32612 37 PCT/ US97102668 strain (% reduction in thickness) produced in a
f oam sanpl e whi cliomtiawupeiess iskauatopd rethepd deliveras thetile prdtipking npdnasibn Ghed it e,
after a confini ndolddecsanCe stape 8y.bendling SHe ofter. 3kmlcBienth el IRRBA BRI sEfhent! Pret N

sanpl e as descri b&ﬂ IE thed E\ﬁ mI:E§IO ME §h &:Ld ifid aq;ad Hldgr B srheepand dn3t§p76f207

(Dyer et al.) i stance to

Defl ecti on neas u?’%&rr%‘n ‘w"g?" mf"¥’ %5‘1“?’9’%"%6& o]1d f°ﬁ'€° 55’%’" aﬁw@c"on This
concurrent |y Vit [Rreovdes fareh v éﬁ’é\ﬁtf”ﬁﬂ ipid @equisijsmertop of Clyperditing gretkr cépidaansi on
Factor as descri lpse#u:be&hohvcan@ffeﬁwésed-ﬁiosmldb“tmtth(:mpedaytxyasl{iﬁ@meda.h$6d’em;)tu_s_

capacity can be qmm.b.fseadmyom&vrmagacmgmrmm& Doéretsa\l'mehﬁ) E5abiy (i
absorbed in a fO@ser %E@lf%byﬁ%‘u‘gﬂﬁmet I%%ICPCC'? mash%gt%g pande t
synthetic urine. Fre Sor pent. TV measuf EERPY are typically

made on the sane sanple concurrently w tmﬂmmeasurement of Resistance to
Conpression Deflection and Expansion Factor as descrl bed in the TEST
METHODS sectiBn of U S. Patent 5ia@gonigge gropgneoysifodm | ssued February 7,
1995. D. Interfacial A eangbrois «(oﬂdﬁit)tcmmdnmoro(@manm picparell @B¢ntihiRt A fedFibadl in

ITenfJ on é | tFT) , | S ERRRUS 8slingt thiakheasdyort e dﬁmcn mgm s!.seapomht}gﬂ cgﬁs.;?%]l R&g |
S at en sued erein
%?olin&gg 3(CR)/ %c cgndlt{om{%gl' en{c reexﬂ arcf- ?’I own in I:I'Xb rr%? beﬂ%wx

i ncorporated by rereren exce € nono ture used in
preparing the oil phase contalns styrene. divinyl benzene (55% techni cal
grade), 2-ethyl hexylacrylate, and 1,4-butBsbledi ol dinethacrylate in a

wei ght ratio of 14: 14p&Qn12; rEM) |t he pegncent r adokdn Pf wgdiiesSiffier in the oi
phase is varied by

Temperature Mean Cell | Region (cm)

(°C) Size (um)
1 800 66° 50
2 400 66° 120 3

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

AH eneous in Fil
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



“diTution from an upper concentration of general |y about 5-10 wei ght % down
to a concentration 20 where the IFT increases to a value that is at |east
about 10 dyne/cm greater than the mininmum |FT. or about 18 dyne/cm

whi chever is less; (3) a snooth line drawn through a plot of IFT versus

|l og emul sifier concentration is used to determne the mninmumIFT;, (4) the
Critical Aggregation Concentration (CAC) is determ ned by extrapol ating
the | ow concentvf, general ly linear porfion of the | Ffcmessnmed og
concentration p otn? e., the portion of the curve 25 typically used to
cal cul ate surface area per nolecule at the interface, see for exarrpl e
Rosen, M J. "Surfactants and Interfacial Phenonena”; 2nd ed Wley &

concent rati on on tabEm g PARRAL v onéepcf;,ear,waoougsr%&&ng Jour! oot fru., o o

concentration on t ne CcoOrres PFET
i s taken as the CAeth sidesydphiglopigert la‘ﬁ"‘&ﬁbfe?dgﬁr?ﬁ%l"f#‘éf ﬁ@@?ﬁ‘ﬁ&?ﬁﬁ"ﬁﬁm&ﬁmut
5- 10 wei ght % i s sixa@chassing Shrougih k \pleninie Thg@erser eriied Sedidnentrape Mepgen partdula@$ ands ed
is at |east about LG a%%éma‘ .dﬁmeryameynﬁa.&neaﬁ;e FRQQUelicd trlbidACentrdpd Baliert NE
CAC of the emul si fpl er.. For I SI e§r ﬁ_ﬁma\“{gr&g\?g %?Jﬂont{olt'ﬂ% in the ol

phase at anbi ent tp%%el"é?f'ﬁ’r" MOPET RS ¥ Yo the upper concentration
limt can be reduced as |ong as this concepinpliaig on Is still at |east about

twice the CAC of the enulsifier at SOC V\097132612 38 PCTI US97/ 02668 s
E. Capillary Absorption Pressufs BEA SO O S peuiatiemt herm curve i s

generated using the Vi tlcal r t cribed in
the TEST METHODS soct | I fap U\'i\‘é‘%k'ﬁgg ﬁ%ﬁ@ 9@‘{}5‘%&% w"it"“'& "’g’" ?E20Eq
February 7, 1995, "\MPE‘F‘I‘W‘%"‘?WHP‘H’O‘P‘&I‘@ (e comsinuous sfices of E’k’ﬁé‘ﬁf“‘éﬂmﬂ""fz@‘m
rather than 376. 2Tbe 'ﬂwedgesqfsleappmmam&nwm@bﬁmmémdeSMmlﬁxymm9 each
segnent as a functihqe .G&smﬁéﬁ@&umioghhuupmn@sn&@ee\dde%ammngipw b&gust op of

the water reservoiy ﬁa.acuﬁabeg.e%gaed@g@mﬁ.@&@ﬂmgmw‘ fechd apsdcfit - The

capillary absorptio ure 1s oam t hat - has

an absorbent capd®w¥ ‘Sfymféh%aﬂ"f‘“%‘f segrpcat of frigfpam Y‘fé&“%‘%ﬁ’%‘ﬁi"‘&%ﬂ’éﬂ?ﬂﬁ. 10

V. Speci fi ¢ Examifiegenkpabeadex fisypénexcabsdrption profile willibe ebtaiped sinfilacto hatoyhishawoldn  of
foans from H PaS a¢euadifdis g tw 1ntihted Rérgaidbus FdamEmide Gdparmbiy Hbip khese elulipy Li on
of a Heterogeneous Foam from Two HI PE Streans

Example 11

eneous Foam from P )

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

20 in Table 2. 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 cxamples, 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 Jength of the bed is indefinite and can be a continuous loop. The

3  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 2 biliet 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




i ngredients shown in Table 1. Two organic phases are prepared using the

i ngredi ents shown in Tables 2 and 3. Table 1. Aqueous Phase Conposition for
H PE. Water 756 L Potassium Persulfate 378 g 0.05% Cal ci um Chl ori de
72.640 g 10.0% 20 Table 2. First Organic Phase Conposition for H PE.

2-et hyl hexyl acrylate 2.900 g 58% divinyl benzene' 2.520 g 42% di gl ycerol
nonool eat e 360 o..Jinuvin 765 30 g 0.5% 46 Di vi nyl benz i xS and

| ater tables i gﬂ)ggé%ézci al blend conprising 60% ethyl styr 31%’%8%62@20‘/

di vinyl benzene. unless otherw se specified. Addition |level of enulsifier
and ot her adjuvants to the oil phase are "add-on" percentages: WO 97/32612
39 PCT/ US97/ 02668 nononer conposition suns to 100% Table 3. Second

Organi ¢ Phase Conigkietsi(og- ¥ mm) #id PR from2heydiryalong ity Width (the $ SomedientDf). FThetO 0kt

di vinyl benzene 3se@féhsOvifs ke tham Ghitde Rk Abid M0 GexuRiwbrein AR Qrogth 68on ofl héet¥efland 65
309 0. 5% ( TiNUVT Ranf Qried for R br e ricin e BERWAIERINLBIDPEL dlbedY | ILRAGALS
Thi s diglycerol npnooleate . 7' er s~ B epar fol T.ow ng.the general .
procedure for pr e'BESr"T"r?@’“ﬁJé‘fgﬂ}’QI"@E%%'*‘db%‘fa@':"gy °6°éé'l§?$b@ﬂ“ F"l"?’tikﬁg’%‘tgé‘ﬁ? the
5,387. 207 (Dyer eforcgbferavirgsued February 7, 1995. A pol yglycerol

conposition conprising approxi mately 97% or greater diglycerol and 3% or

| ess triglycerol (Solvay Performance Chemicals, Geenwich, Conn.) is
esterified with fatty acids having a fatty acid conposition conprising
approximately 71% C18: 1, 4% C18:2, 9% C16: 1, 5% C16:0, and to 11% ot her
fatty acids (Enersol -233LL, Enery/Henkel) in a polyglycerol:fatty acid

wei ght ratio of approxinmtely 60:40, using sodi um hydroxi de as a catal yst
at about 225C under conditions of



-mechani'cal agitation, nitrogen sparging, and gradually increasing vacuum
w th subsequent phosphoric acid neutralization, cooling to about 85C, and
settling toreduce the leyel of wunreacted palyglyeerels—Fne|pol ygl ycer ol

ester reaction product is|first fractionall TqijtsHEEEdWSéB&EM dugh two
CVB- 15A cenbriifugal nnod eeul ar stills connecfed | meseAGEP t 0 _raduce the
| evel s of unreacted pol yglycerols and f at t Y—aeds=and—then redistill ed

through the stijgesndspp Yield distillation fractions high ircrisginzeser ol
nonoesters. Typical conditions for the final distillation pass are a feed
rate of about 15 | War, a degasser vacuumapf about 21-26 mcrons, a bell jar
vacuum of about 6-12 mcrons, a feed tenperature of about 170C, and a
resi due tenperat urle of Adkterageneb@r0lym2Ge ing stiukthegtof impercornacted opeyecelis apkuined)from
di gl ycer ol - mOnoes gl dhcwhQNNiNatision] ladidtGedin R dle | f6i HRAGH Ghs &3St wo
det er m ned by SuD%EsﬁﬂJf}egiﬁﬂl fluid chromat ography) conprising approxinmtely
50% di gl ycerol nonool eate, 27% ot her diglycerol nonoesters, 20%
pol ygl ycerol s, and 3% ot her pol yglycerol esters. The resultant diglycerol
nmonool eat e enul si f2 er Thegwretogeneousifort ofi Glaizi |, shiractesizedcio dhat thin dissinct fegivmsrdiffeci al
tzgnsi on val ue of aRRNQEdTRbR of mbrelof YWimé Geasity) JoliRer cOmpokition, GittacBopeRBA Lok ON
concentration qf. >§| gﬁs V. 1.0 i on .
product is allowe 'F0 séét?t Igé\y'e'rngifgﬁy The seg;')neﬁﬁeg%n '}agﬁ‘véggﬁ%%aév%m&'%nd
used in the oil pHREEE LY EsnyIsifier in formng the H PE (About 20 g
of a sticky residue is discarded.)) Separate streans of the two oil phases
(25C) and di vi ded anat eThenitRfgensdus fdamcbt tClaim 2eqharadderivedCiy UG fodnX bda@riP PR at i |

S5 P e il L S L e 2

ryar 1995. ropriate mxing o
separat e conbi ned "?tf?’g’a‘ﬁg'pﬁ“ﬁ’f#?‘%'?r‘fw&“m G83Pparati is achieved by
means of separate pin inpellers in separate m xing cylinders. Separate
H PEs are nade fram t henethé@rogenéousfoss 6LClalm 3xchirivetized otha@ egch dregiepainpiisesifrom

streans of the cQpERy WA StheRa@dSGotli3biMe. 2b0OVe) and delivered into a
vessel, typically a round s polypropylene tub, 17 in. (43 cm in dianeter

and 7.5 in. (10 cns) high. with a concentric insert made of Celcon plastic
whi ch is rotating Sbenebherheteregeneons foam gf Claigy 1, shargeperized i, thafi ope distinctregippobag an The
insert is 5 in. (DbYerige boly sizernf fromrise & mmaand p sesond alistinet region] hag Bn averagd Bolesige of n
dianeter at its tGRmd 45inm, fd fitther charbclefizelidin hid) théiverige hbi8 Qizd OGRS twoSreglidnk | €d

to about 0.5 inc_h%fﬁf omw op and the polyner is cured in a room
mai nt ai ned at 65C orgyup ongg’ hours. The geonetry of this specific filling.

in schene results in sequential layers of RIPE fromthe two nozzl es being
delivered on top @& eaain absadbént heterogenaug hydvophilie pelpmegic tfoamystiuctune of tinterpaasected  one
region integrally op@shf{ chatabtbrizd Ini R heOfoani RA at least two distinct regions that differ with
regard to one or more of polymer density, polymer composition, surface properties, or
microcellular morphology.

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%.



sécond. efc. region(s). Vherein the HPE viscosity is high. an
appropriately shap spreader device may be attached to the exit nozzle to
assure even del irvery..af, fhe HPE into the vessel. The nunber of stripes
formed is-controlled by the rate of pourm_gﬁ_a function of the rate of is
turning of 'th® receiving tub and its vol [uRe,s s élﬁ, Q defiver controllably
foans that can be cut to provide foam arrposhqtes |I“I‘LFST“tNa ned in Figures 13
and 14, for The rel ative thick es&ﬂé—each Stri rol |l ed
by the rel atlvgjmé &%f delivery of H PE f r pgn each enul’si on r@?@g& I n

this specific exanple, the HPE streamfrom Table 2 is delivered at 10
Ib/mn. withits Iynarﬁhe foag of ClaipeB| eharaggrgedaini thy the fORAQKRs rap easnato alisprete,r
tenperature of 54@na«tuo@ MOEEnS futiel cKapdcle@ze®in d3f oke iCkindSiegich kA Q &aﬁ.tlﬁylgwna{

spreader on the eyjtad ﬁr@éw s«%ﬁme q# SUdake Rtk it la.cdoy&b&utdut. ?r\@‘i gfn{nlg
&

the tub (Region m T

with its dynanic W“’ SW'S%'T fpé‘fjfscos“ercét“feﬁé’“a °ﬁ'5'6(9f§ 3&@7‘5 @c?g

of 66C at a wat er ¢apillary pystiongpesific i‘U@“l““(PRé’gﬁ“thBy“" ‘WPHS'%élﬂ‘F'thaf %?20%
pol ymerizing, drying and slicing is a foam having alternating slices W|th
the properties deggri BRM rdaf of AR Pnaving a 1eRthCand! widdl Qﬂ"mﬁﬁgmmg%ﬁeq

Tg 0C 70C RTCD 40%. 40% ecﬂ’!"Densm ﬂﬁxm%%g?hg%nw ?ucﬁ&m!\@ergar 2 00%?%ter 40

nin.
ure

m 120 m Exanpl e PR S orm a
Het er ogeneous Foatliscerhtmidfipreeiop. ﬁé‘é‘?%‘"ﬁféé‘l:‘?‘?‘ﬂ'@d’”‘i QyreEseging have %’é‘“ﬂ@ﬁ“ ¥ ed
to the receiving diessees and whardietht\@IdAIE rivs b ajplearirEll 4ia@ee| viP BABleass 2 ¥egreaere and

havi ng been prepajefrabi$ iféhstis0R gfedd thdn Midintehrt 031 dilhetdr OfIGAEH ¥ tiéloBresSraglordy NAM C
m xi ng. This produces a foam havi ng heterogenel ty of a chem cal nature

whi | e havi ng |dent|cal m crocel | ul ar mor phol %? water:oil ratios, In a
speci fic exanpl e, 'hot FHePHEUHE foameof filaim J. Sharacterized, fnothat the gjstinct; ragions differ . |

using the dynam cth@in m xer rotating at 1200 rpmat a delivery rate of s

6.0 Ib/mn. into the tn)lhnéyuferh'bngnm from e Bame\MoRdinet tunponemsir S| i ced as

described hereinafter, r$n(§d Bgryd.usﬁ.a nammamn?au%mymame Erhdbhlf & atiast gy €1 N
an

the different regions 4 monomer component £t¥m by tleast 20%, preferably 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 85to 98% by weight of a monomer component capable of forming a
copolymer having a Tg of 95°C or lower, the monomer componeat
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 50% by weight of at least one substantially water-insoluble
monofunctional comonomer capable of imparting toughness egquivalent
to that provided by styrene;

iii) from S5 to 50% by weight of a first substantially water-insoluble,
polyfunctional crosslinking agent selected from divinylbeazenes,
trivinylbenzenes, divinyltoluenes, divinylxylenes, divinylnaphthalenes
divinylalkylbenzenes, divinylphenanthrenes, divinylbiphenyis,
divinyldiphenylmethanes, divinylbenzyls, divinylphenylethers,



—0O€—anmd~70C and densities of 0.20 g/cc. Ex le 3 Mxing of the Exanple-1
H PEs to_Forma Mcrostructurally Heterogeneous-Eocam 10 Two HI PE streans as

in Exanple_ | _are delivered to the receiving veepL"Su§| orend,
conditions of tenperature and dynami c mxing. Jhis pgg m havi ng
het er ogendi ty.of ,a,chenjcal nature and m cr ocer=tial [ The

water:oil ratio is preserved at 50:1 for both H PE streans eserve the

sanme density o%o%fzoamthroughout. I n the sinplest exanmormwseneeses r at es at
which each HHPE'is Tornmed are identical sggthat the relative volune ratio
occupied by the 15 two chemcally different H PEs will be 50:50. The

chem cal conpositional diffediisgdiksaripiides. divindiuragy diyipisyfides diyjnylsuitass; and
curing of a polyner having dimbinirescliereotogndons where properties such as Tg,
Z_taness, resi stg(lce Ito gﬂmﬁsqsiopnns@kew S6igNtOsT, 2 Sebihd tsiRBrahtialif waleFinsoluble,
ifferent, as in anmpl e 2. .1 aon : . properties,
e.g. cell size, of the disti R@?Q*%%@O%&IL%%}P{hﬂ%@%&i&%ﬁﬁ%ﬁﬁ{#&? e

HI PE using the oil phase fromehspiiaies acrylamides, Bethactyl-amides,ang-mixtuses theseof, de 1 PE
20 using the oil phase by ofrom abiodSB by weightofiancesuisifier compenens which isabluble iattheo of

206 1| gfsi ng _t_het dytnﬁm';: Bi tnou PhlaseCdhd WRikiRs i cil@blebf Béing” PARAbRI water SRJiIl iRfsidn, R € Of
) mn. into e tu A ﬂg r ) . . S| |

descri bed hereinafter, thi y?r’%’éu& S at %%%Mggg"ﬂgyaﬁﬁ%ﬁgﬁgﬁfép%%e?’ei n
the different regions 46 aMgie™ s 'M%&W%“’Brﬁ%gﬂ%g’ dighyter! | movestisPeofs,

Tabl e S.- Regi on 46 Regi on bayched C) 520 Garg(acids, Hinveap umaysard ) pEpys Faty acids2@ndy/ cc
.020 ec Mean Cel| Diameter ik saudikd OBy TR bidsy foitiai mokvestas of Rkt T g-
al,
S

i ncl uding one wherein the g gl?égs'ﬁgm&m Cg qﬁytﬁw%t%ywtd‘
A &4

e.g., each separate H PE i e using the oil e qQf T
formed under different conffi4 i®¥s*idy B‘FBW&em‘P@ 'P%H% %’?h%ﬁ 624 ng

foam of different WD 97/ 328dholslinfaCTiseisand CRGER alqbals jand lingprcpayeateth CezCle
dianeters with the sanme chgaghelslandaiRas thereddanand Tg -t hr oughout. Exanple 4

Form ng a Heterogeneouy fQaNphdsdEmprisilgah bfuedul BFutich EoR@iling: (2) from 0.2 10 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-oil emulsions in a forming vesse!
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) partly or completely polymerizing the monomer components in the oil phase of
the first water-in-oil emulsion;
b) combining the material from step C)2)a) and the second water-in-oil emulsion;
and
c) polymerizing the second emulsion, and the first emulsion if combined when
partly cured, to provide a polymeric, beterogeneous 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 comtinuously,
using a single emulsion forming head, to form a heterogeneous foam.



SiIn this exanple, a single HHPE is forned using the oil phase from Table 2

in a singfe—m xing apparatus. During the course of filling the cylindrical
tub, the shear applied_ is varied overtine. Buring the inl 2 stages of
the fill, {he shear rate T's 4300 sec-1, dec Laspeerer tlfgyal | 180

sec-1/minute so tthai tshe,enul sion for med o
tub has been -subjected fo progressively |é&
fill, the shear rate has declined to 1400t S ?&m

appl i cation 08M8MPMEB (DesMarais, filed August 30. 1995) for a gmscus& on
of processing conditions that affect shear53 ate.) This results in a foam

(after curing ang slig, mgarbénumd@scoﬁm:n Legda ibmﬁwtsw aﬁbw Eokt

| ayers 52 through 5 b|t roar e v F r of thls
exarrpl eis furt he?o ? eébftwgfn hés ?]?ngrf Backs egt Ql%ralg(é\l'@eth in th bsor arrpl e 5

Form ng a Heter og\éﬁ‘@ﬂﬁsmFBﬁ?f?ﬂ‘?‘B‘fﬁ‘%‘"‘él‘ﬁ'ﬁl%CEl"Pé 7§t?g£n1'(96%| ned Wi th
Al ready Cured H PE Foam Particulates in this exanple, a HPE is produced
fromthe oil stregn i Rk od mikinga \WatBgtdols folinefic @fam Alindke of irkkiddAd¥ELIEd

m xer rpm of 400, o ““9’%°JQ‘%@’@‘{'“JI'QI‘i !‘MSFM*S cured as before. The
I'n

resultant 20 foam S dgroun e pieces of foam approximately
2 nmin dianmeter. Tﬁésf%!'mﬁ\‘éé'\é%"’ﬂf” “Z‘f"l I%T’ "saturated with aqueous phase
are then placed in thed)|anolliphasetomprisingh descri bed in Exanple 2-4 above,
approxi mately half fillidgfrohessuol asme bpiveipthaf a tholdmer’companen dapiblé dittrmiidy a
broduced from the ol | phasgpbmeEalite 3 i of WBH-E! oidher dhd RofdnsA diconci
dynam c m xer rpm of 400, _at 0 Ibimn. This is delivered into the tub
filled with the al ready foF%’B“ﬁr PE f oam and 25 bl ended manual ly. This
mxture is then cured as bBf & 2019 d0% by eishef & eath one substagially; atesingoluble
depicted in Figure 16 wherei mnohdﬁmmpammd' cpgilons Beningonprataste trhaptiousgher

*

Tg, stronger, |ower denS|ty gmg,t-ﬂggfcgm;bnms regi on 62 conprises
composi te 19 0017 gl oo, TR fra'r%% 115 el 4008 T ﬁeﬂﬁ%ﬁhr vl o
a honpgeneous foam made from"l° M@mﬁf“"ﬁbf’ m%“’&‘ﬁmech‘é'ﬁ“é%s 30

conpresses the foamuntil the hapdvidelibysyreas regi on 64 beconme substantially
in contact, wherein furthgg neﬂrmse\ssmm uySwdlgaSbs'faGﬁlst sititQntfall Xviated-insolutie,0 f

this foamis higher than theg&}‘g&% R”Dﬂﬁé?éo%ﬁ Oawmﬁ..&r om
the oil phase of Table 3. Fl It I‘J ve F t he cont L uous egl on
62 in which the rigid foam eI“é"HBWf'E“%“A g Vigyltolugges- (FSQ foy i {’} 'B\g'llty.
Surprisingly, a mcroscopic dejesaikylbentens, of fduamlshes@'hrmee re\ﬂ@anygbmmls'
obvi ous structural defects atdivinpQipfaylinghsésf ace dbaiyiveryls,r egi divinyighegyfethers,
regions 64. (See Figure 19, vl CiliohedyidtRBO UREYIRAAL AYisulfide, divinylsulfone, and
mixtures thereof; and
iv) from O to 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-0il emulsion, the
emulsifier component comprising a primary emulsifier having at least 40% by
weight emulsifying components selected from diglycerol monoesters of
branched C4-Ca4 fatty acids, linear unsaturated Cj6-C22 fatty acids, and
linear saturated Cy3-Cy4 fatty acids; sorbitan monoesters of branched C,¢-
Coy4 fatty acids, linear unsaturated Cy6-C27 fatty acids, linear saturated Cy3-
Cy4 fatty acids; diglycerol monoaliphatic ethers of branched Ci6-Ca4
alcohols, linear unsaturated Cy6-Co9 alcohols, and linear saturated C12-C )4
alcohols, and mixtures thereof; and



WO 97! 32612 43 PCUUS97/ 02668 believed to be taken the interface of
regi on 62 and at | east one discrete region 64.) Th $hh§éﬁ§€Tﬂh§éﬁ%ﬂ |
recogni ze that[becauseno-obvious structural defectls areprepsgEEs he
interface between continuous and di spersed regi ons—certakA-

descri bed hereih (pattitultarty this Exanple 5) may be useful in providing
a honogeneous foam nade with varying anounts of s previously forned scrap
foam That is, vdenspggces of foamreferred to above woul d éhhﬁ&? scrap
pol yneri zed foam and woul d be combined with an unpol ynmeri zed enu on
identical to that originally used to fosmthe scrap foam Prior to the
present invention, such a process would not have been deemed useful to

provi de hom)geneous f%aﬁ!“f’ﬁ%&“ ORRTSIRG S APUETS FHRIGn SQaiRNE: Rtfom G2 to 306 Byn an
alternative enbodi ment weight fahrariwagr-wivhiet dectrgianednt (Boam ofectivh canpums 6ty
invention. two Or nor epdynichAatioadikidwe; conbi ned with the pref or rred

particulates to provigle, M't%:ﬁeaaﬁwa&mw.n%&a'&m foed
therein rigid foam el errﬁp S. Exarrp e 6 A diaper is construc

accordance wth Exanp *of U S. Patent 5387 207 (Dyer et Is aI ) i ssued
February 7, 1995, @élwuélb' fomine et fitHing (e ipenilorision vhidhol diffeyenr inaat
het er ogeneous f oam Oéastaong resplect Fromrth first qmulsion, bugjwhick cofipcainhmeridls Gad 24xpai al

Pad Made with Het er ogaaneg «sm Goatkedin farksom AR),AEERBY;Q8 essential |y as
described in Exarrplcg% avi ng thicknesses of the distinct regions based on
different cell size€ e

regi on are shown in 'ﬂab’:) Qg@ﬁggﬂr g\ﬁ/lé;‘?’ +£”%"d%(g%fg%§'h%}gl?!;£$ff%xxe%$ﬁt h of
Tenperature Mean Cel | Regirignto(rolyjrerizing)thegngnamer gompengats 6f Gder3of 1Be Waer-in6il 120 3
3 800 660 50 3 25 A contidnmupidas; gdece is sliced 3 cmthick and 9 cm w dth.
The width is cut so as %%mzﬁhﬂom emulsions to form a polymeric. heterogenous foam;
2) a) parially or completely polymerizing the monomer components in the oil phase
of the first water-in-oi} emulsion;
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 8 polymeric, heterogeneous foam; or
3) making only the first water-in-oll emulsion while varying the process
conditions by which it is formed in a regular fashion using a single emulsion

forming head.

pom. — o



the larger cell size region in the mddl 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 make its thickness 6 crn so
that pieces can be suitably cut froma w de sheet of such foam) The WD
97/ 32612 44 PCT/ US97/ 82668 continuous piece is taken up on a roll and
delivered to the pad nmaki ng operation where it is folded into a "C'-shape
by bendi ng t hwoooswsrz 3 cm segnents under the center 3 cmmEgsemess The foam
is then cut into a 20 cmlength and ﬁ?@ﬁﬁd into a pad under a topsheet and
on top of a backsheet w th appropri dhesi ve application so as to
secure it within the construction. This 5 provides for a |ayer having
faster fluid acquisition on top of a |layer having greater capillary
pressure which can effectively drain f|UId fron1the upper |ayer as decri bed
In copending U S. 4§ - o ct ober 13,
1995 by Dyeret al ((ug N/ ' eference,
but constructed frorgl h Tanobon Made
wi t h Het erogeneous Ky hat is
prepared essenti al | \ X Y ¢ _ ancsses of the
di stinct regions basHR KIS, } N B etely 3 cm
L ‘ o S <d Tabl e 7 Region

R (C) Size (pm
5 cmthick and
grdel i vered to
#dbe by curling
B engt h and
oI i at e

B ion. This
of a layer
n fluid from
ation Seri al

6 cmw dth. The contﬁgh
t he tanpon core nakifg
Regi on | around Regi¥M

pl aced inside an 20 poug
adhesi ve applicati orf
provides for a |ayer]
having greater capi\gg
t he upper (outer) |¢
No. 08/542,497, fil




al (Case No. 5546R), but constructed from a S|ngle sheet off a single rol
25 Exanple 9 A Heterogeneous Foam For Use in Filtration. The foam of
Exanple 4 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 into pieces 10 cm WD 9702622 45 PCP/ US971 02668 x 10 cm and
reinforced wwth an outer cardboard outsert covering the outer I cmof the
foam on bot WOSTBER This outsert protects the edges of rdrasswmbessi al . Thi s
piece is inserted into an air stregf1&g§S|ng t hrough a plenum The coarser
celled region entraps |arger partic é and passes the air streamwth
relatively little restriction. The finer celled region entraps smaller 5
particles though it will pass the air streamw th greater restriction to
its flow Exanple 10 A Heterogeneous Foam for Use as Sound Insul ati on The
foam of Exanple 5 i pd in water to
renove nost of the nuous slices of
foamare cut into p &ESe pieces nmay
be reinforced if neg pces are then
secured to a wall N pace. Because
the particul ate pi Mhat sel ectively
absorb one freque am wi | | sonmewhat
sel ectively absorb hbsor ption
profile will be obt§ S A _ bbt ai ned from
two | am nat ed honpdiSE I N i . eul si ons.
Exanpl e | | Fot nmi nZs -, A R eans Two H PES
streans are prepareg ) phase descri bed
20 in Table 2. The bnd Stream B, to
be m xed separat el y identical but
whi ch have differendg d t hrough a
dynam c pin mxer op perature at a
wat eroil ratio of gh a dynam c
pin mxer operati NS e at a
water:oil ratio of 60:1 at 10




zs Ibs/mn. StreamB is further divided equally into two streans. Rather
than being delivered into a rotating tub as described in preceding
exanples, the three streans are delivered into a long rectangular bed with
Stream A being delivered into the center of the sluice and Stream B bei ng
delivered into each outer third of the sluice. The rectangul ar bed is bed
45 cm wi de and 30 cm deep on a noving web. The length of the bed is

i ndefinite amdoeaséize a conti nuous | oop. The 30 portion cicrivneomesd fill ed
with the HIPES is noved gradually inéééizhoven to maintain the tenperature
at 66C suitable for curing of the H Khto a polyner. This produces a
billet of R PE foamof indefinite length fromwhich segnments may be cut
suitable for use in diapers or ¢ atanenials and the like. In a preferred
enbodi nent, hourgl ass-shaped_di aper_segnents_are sliced to appropriate WO
97132612 46 PCTN897 . ' ' om the web
along its width (thg Il have foam
suited for rapid fl & he di aper and
foamsuited for sto ¥ egi ons of the

di aper. Fluid introqgiisSiae | SR . | cd by
capillary force int ol QY IEE : A 9 5 force of
gravity. 1TH S SHEE [yt ks B S N A g RS O 7/ 32612
PCT/ US97/ 02668 47 RS : R gt ur e of

i nt er connect ed open-EaEEE L % . :
emul si on, characterlf--}N RN - R grast two
di stinct regions. 2.t i : acterized in

that the distinct reay of pol yner
density, polymer corj diel lul ar

mor phol ogy; and furt$ n aggregate
density of |ess thdia f aim?2
characterized in ths i gi on and

di screte, unconnect ey RIS RO {f&x gion; or b)
t he foam conpri ses P S AL IS LS |




4. The heterogeneous foamof C aim 3 characterized in that each region
conprises from 10%to 80%of the foanis total volune. 5. The heterogeneous
foamof Claim 1, characterized in that one distinct region has an average
hole size of fromIl to 7 mand a second distinct region has an average hol e
size of from5 to 45 sun, and further characterized in that the average
hol e sizes for the two regions differ by at |east 20% 6. An absorbent

het er ogenous WRAPHYhi i c pol ymeric foam structure of inteekummMEsBed
open-cells, characterized in that th m has at | east two distinct

regi ons that differ wwth regard to Ag23 nore of polyner density, polyner
conposition, surface properties, m crocel | ul ar norphol ogy. 7. The

het er ogeneous foamof Claimé6 characterlzed in that the foam conprises a) a
continuous region and discrete, unconnected regions dispersed in the

conti nuous regi on; ' screte,

conti nuous regions. aracterized in

t hat the vol une of pam s t ot al

vol ume and furt her EConnect ed
regions are nade fr Tg of from 30C
to 95C, the continf d the Tgs for

t he continuous and at | east 20%
----------- THI [ SFTH 02668 48 9.
The foam of C ai m 8§ east two

di screte, continuojy g one distinct
regi on has a capill{# pl une of at

| east 0.025 nR2/ce als ary suction
specific surface ar | c, and the
capillary suction si WO regions
differ by at |east engt h and wi dth
and further having e the regions
run | ongitudinally dj acent a m ddle
regi on, characteri zes e sane nean cel

Fig. 8



di aneter, and wherein the middle region has a nean celT dianeter that is at
| east 20% greater, preferably at |east 50% greater, than the nean cel

di aneter of each of the outer regions. 11. The polyneric foamof Caim?7,
characterized In that the distinct regions differ in that: 1) they are not
formed fromthe sanme nonomer conponents; or 2) if formed fromthe sane
nononmer conponents, the relative ambunt of at |east one nononmer conponent
differs by at wessr6120% preferably at |east 35% 12. A hetRiQesRaOUS

pol yneric foam structure of interconqgczgg open-cells, wherein the foam
structure has at least two distinct r g% s and |s prepared by the process

conprising the steps of: A) formng a first water-in-oil enulsion from
1) an oil phase conprising: a) from85 to 98% by wei ght of a nonomner

conponent capable of farmng a copolyner having a Tg of 95C or | ower, the
AL S Nt e 706 oi

at | east one
p of formng an
rom 10 to 50%
bf unct i onal

nmonomer conponent COigs e
substantially water-f
atactic anorphous pd
by wei ght of at | eastg

conononer capabl e of provi ded by
styrene; iii) fromb5 y

wat er -i nsol ubl e, pol from

di vi nyl benzenes, trigXs Kyl enes,

di vi nyl napht hal enes nes,

di vi nyl bi phenyl's, dig&
di vi nyl phenyl et hers.

B PCT/ U997/ 02668
49 '

Fig. 9



di vi nyl di phenyl sul tides, divinylfurans, divinylsulfide, divinylsulfone, and
m xtures thereof; and iv) fromO to 15% by wei ght of a second substantially
wat er -i nsol ubl e, pol yfunctional crosslinking agent selected from

pol yfunctional acrylates, tnethacrylates, acrylam des, nethacryl-am des,
and m xtures thereof; and b) from2 to 15% by weight of an emulsifier
conponent which is soluble in the oil phase and which is capabl e of
formng a st¥™M2er-in-oil enulsion, the enulsifier eorysyTEeds
conprising a primary emul sifier hav%ggagg | east 40% by wei ght enul sifying
conponents sel ected from di gl ycerol atera of branched Cl16-C24 fatty
acids, linear unsaturated Cl6-C22 fatty acids, and |inear saturated
Cl2-Cl4 fatty acids; sorbitan nonoesters of branched Cl6- C24 fatty acids,

| i near unsaturated C16-C22 fatty acids, |inear saturated Cl2- Cl4 fatty

aci ds; diglycerol nonoaliphatic ethers of branched C16-C24 al cohol s,

| i near unsaturated Cl16-C22 alcohols and |linear saturated Cl2-'Cl4

al cohol s, and m xtures thereof, z mwater phase conprising an agueous
solution containing: (a) fro 0 -ight of a water-soluble

el ectrolyte; and (b) an effe ergpp%Z?nKbn initiator; 3)
a volunme to weight ratio g i
20:1 to 200: |I; B) opti
enul sion which is diffeyp
enul sion; and Q) ei,ér
emul sions in a forning
In the oil phase of eif
pol ymeri zi ng both emnul §

.IJy fornlng a second\ Jigtinct water-in-oi
t/ i nfat —Teasr-one Tesbe\ fromthe first
)/ a) ¢onbining the flrst‘--'«SEE' d water-in-oi

el tprior to polyner|z|hn t he nononer conponents
el of |the water-In-oil enuls ons; and b)
o@s tojforma polyneriic, bg ef ogenous foam 2) a)
nerizing the nononer conmponent s in the oil phase
Eenulsion b) conblnlng/th material from step

t-1n{oll enul sion;

-
~—— -
e am

Fig. 10



and c) polynerizing the second enul sion, and the first enulsion if conbi ned
when partly cured, to provide a polyneric, heterogeneous foam or 3)
making only the first water-Itroil erul sion while varying the process
conditions by which it is formed In a controlled fashion, either
rhythmcally or continuously, wusing a single emulsion formng had, to form
a heterogeneous foam ' CL NS x ¢ HA S—~EIAC-D WD 97132612

PCr/ US97/ 02668vo &®26k8. An absorbent artjicle conprising a PCYiwene a
backsheet and an absorbent core posifi d between the topsheet and the
backsheet; characterized in that the absorbent core conprises the

het er ogeneous foam of any of Cdains 6, 7, 8 9, 10, 11 or 12. 14. A process
for maki ng a het erogeneous polyneric foam structure of interconnected
open-cells, the process conprising the steps of: A formng a first
water-in-oil emulsion from 1) an oil phase conprising: a) from85 to 98%
by wei ght of a nononer conponent capable of formng a copolyner having a
Tg of 95C or |ower, the nononer conponent conprising: i) from20 to 70% by
wei ght of at | east one substantially water-insoluble nonofunctional

nononer capable of form ng an atactic anorphous pqégner having a Tg of 25C

or lower; ii) from10 to 50% by wei ght of at |east @ghe substantially

wat er -i nsol ubl e nonotltnctlonal oononomer cgpab i npar ti2hg t hness
equi valent to that provided by styrene; iiA =5 : t of a
first substantially water-insoluble, pol nct.i ‘ﬂ.4ﬁ‘; 9 g agent

sel ected fromdivinyl benzenes, trivinyl 2

di vi nyl zyl enes, di vi nyl napht hal enes
di vi nyl phenant hr enes, di vi nyl bi phe

Fig. 11



di vi nyl di phenyl sul fides, divinylfurans, divinylsulfide, divinylsulfone, and
m xtures thereof; and iv) fromO to 15% by wei ght of a second substantially
wat er -i nsol ubl e, polyfunctional crosslinking agent selected from

pol yfunctional acrylates, nethac ylates, acrylam des, nethacrylam des, and
m xtures thereof, and b) from2 to 15% by wei ght of an enul sifier conponent
which is sol WR%B262t he oil phase and which is capabl e PETYS374568g a st abl e
water-in-oil enulsion, the enulsifier conponent conprising a primary
emul si fier having at |east 40% by VBYdB enul sifying conponents sel ect ed
fromdiglycerol nonoesters of branched Cl16-C24 fatty acids, |inear
unsaturated Cl6-C22 fatty acids, and |inear saturated Cl2-Cl4 fatty acids;
sorbitan nonoesters of branched Cl6- C24 fatty acids, |inear unsaturated
Cl6-C22 fatty acids, linear saturated Cl2- Cl4 fatty acids; diglycerol
nonoal i phati c ethers of branched Cl16-C24 al cohols, |inear unsaturated

Cl16- C22 al cohols, and linear saturated Cl2-Cl4 alcohols, and m xtures
thereof; and THIS SH EET HAS BEEN 1 REPLACED * CL Ra WD 9702612

PCl U397/ 02668 51 2) a water phase conprising an aqueous sol ution

containing. (a) fromO0.2 to 20% by wei ght of a wat8#¥-sol uble el ectrol yte;
and (b) an effective anmount of a polynerizatiof initiator; 3) a volune to
wei ght ratio of water AS BT O B TARge of from20:1 to

L - 2 .

200:1; B) optionally !\s emul si on which
is different in at on, but which
conprises naterial s/am S , T ' > n parts A1).
A)2). and A)3); ang




C) either 1) a) conbining the first and second water-in-oil enmulsions in a
formng vessel prior to polynerizing the nononmer conponents of either of
the water-in-oil enulsions; and b) polynerizing both emulsions to forma
pol ynmeric. heterogenous foam 2) a) partially or conpletely polynerizing

t he nononer conponents in the oil phase of the first water-in-oi enul sion;
h) conmbining the material fromstep C2)a) and the second water-in-oil

emul sion; anavaeyamal yneri zi ng the second enul sion, and thexdsasdzsesmul si on

i f conbined when partly cored, to provide a polyneric, heterogeneous foam
or 3) making only the first water-1n@WY18ul sion while varying the process
conditions by which it is fornmed in a regular fashion using a single

emul sion formng heed. WO 97/32612 PCT/ US97/02668 1/13 Fig. 1 Fig. 2 WO
97/ 32612 PCT/ U897/ 02668 2/13 Fig. 3 Fig. 4 WO 97/32612 PCT/ US97/ 02668
3/13j-1 i 41 .. Fig. 5




Fig. 6 WD 97/32612 PCT/ US97/ 02668 4/13 Fig. 7 Fig. 8 WO 97/32612
PCT/ US97/ 02668 5/13 Fig. 9 WO 97/32612 PCT/ US97/02W6/13 ' -------------
J2, _--14r ,tilr 0 10r /1 o----- 16 ; j( 20 r E~, 22
------------------- ---- Fig. 10 WD 97/32612 7/ 13 PCT! US97/ 02668 23 21 22

WO 97/32612 PCT/US97/02668

10/13




20 24 Fig 11 WD 97732612 PCI/ 1JS97/ 02668 8/13 34 30 33 32 3r 35 Fig. 12
WO 97132612 PCT/ US97/ 02668 9/13 ' 47 42 dm-- 40 46 ------ 44 | 48 |

Fig. 13 5752 /lid 54 5550 -~~- -- - - -- 56 58 Fig. 14 WD 97/ 32612
PCr/ US97/ 02668 10/ 13 46

WO 97/32612 PCT/US97/02668

11/13
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enface prove: ¥ and/or ni aocoel I dl ar npgplagl ogy. The invention Ant her
rel ates [ Bveitéd GHIVESY, niinas,ilithati; 181N Betoh-frets 1et emgwmaﬁam by pol yneri z| ng

a hi gh interf& amﬂgl

EVES, wifh e%ﬁ%n&gsﬁu&a vely gf'*'glﬁ”gd"p%y%
end a he St Josrks 193 | vel y onaspect, ' '~BOf$0S'5
REPLAC S %%Wlxﬁhgle pi pce of foam and/or (2) expressep a
conbi nat | @hAsepfts: %gsm en pi¢] The| Peostr [4 Gamble S i n a single piece of foam
and/ or (B) exRBesds & tSHE NEtT SR8y Fergy absorbent properties in a

single pjece of foam This can circunveht, at l|east partially, the need|to
use separate pieces of foans to serve
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(54) Title: HETEROGENEOUS FOAM MA'I'ERIALV
(57) Abstract

mmthmmmlmwalmmmgmspolymahfmmdhwdopen-celh wherein the
foamn structure has at least two distinct regions. Such heterogencous foams have varicus applications, such as energy and fluid absarption,
| Insulation, and filtration. The invention fasther 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 flulds. 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 loast two distinct HIPEs, with cach emulsion having  relatively amall amount of an of) phasc and a
relatively greater amount of a water phase.
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articles made with the objects of the current inventi @, - HE

| NVENTI ON The present invention relates to a heterogengoyis pol yneric am
structure of interconnected open-cells obtained from at || @a5DF62801
water-in-oil enulsion, wherein the foam structure hasjal_least two

distinct regions that differ by at | eagt about 20% w th regard to one dr
nore of polyner density, polyner conposition, surface properties—oF

mi cr ocel | ufidgle pigreoh Hamggad/or &) crprefess @ combingtion of sirsasts and lexibilitics iq g single

appl i cat i Opigoe of Eam, 3/0f (35 eaYesB & cdrhtitlatloPETSRrB) dbStbent projserticd tn iihglePitde
filtration. The invention further relates to a hetero _eneO}J absor bent

pol yneri ¢ Pifam (Thigtcan ¢iprypvent ghieast pariigllyyhesprgd o ise f"IP%thﬁg“’f‘?sﬁ %3?15 foSt¥ar body
flui ds suchiffe@ntUutdsesdihereby xhehcing tEA BfidIAbY! @ simplicisit 6f 4idl&, maROvitil @€ € t hese
fluids. Preferably, the heterogeneous absorbent polyneric foam of the
present i nQRFHS BSHECHRY ¥@E0n hydrophilic, pol ymeric foam structure of

i nt erconnected open-cells. Regardl ess of whether the heterogeneous foam of
the present invention is rel gfj E ghic. or is a hydrophilic foam
suitable for aqueous fluid a ; gantftas at | east two distinct
regions that differ by at |east about 20%with regard to one or nore of

pol yner density, pol r conposition, surface propertie or._njcraogcel | ul ar
nor phol ogy (e. gﬁec Tefe\ég?’ﬁ‘??mnsﬁez% ,?"ora E'th?geinﬁod'? i Bl foam esi'rsulr%lée) .°¥The
present i nintadonomtell wpérnieils vethinddefiont ot kasp o water-ihoil emakiongwherdie therfogeneous

| [ f . - ' f
G lur o FREAI 5 RGO Sigpicelnf BT IELTR PRATASR 100 Wi BRENT S0 Soou
20% wi t h r eeeref polymenmisnsity, pebymsr esmppsitioparfactamenirtips, opwioyaseliular morpbolagt i on,
surface prg@;%&;ﬁ%&g Bafis AR \atoR] afPREAORL AR ad W:}@ﬁﬁﬁas&% i Ng the

steps of 7 first water-in-oi I efulsion n of [ phase
conpri si nginsyatiens and &ltystio® SWEETS So ged ... to pagad -;:.:;; to paged 6 ~:
N opd..... age .. ged ....... to pz,g REPLACEMENT SHEET 2 rr,
2001 5

The invention further relates to a heterogeneous absorbent polymeric foam that, upon
contact with aqueous fluids (in particular body fluids such as urine and blood), can acquire,
distribute, and store these fluids. Preferably, the heterogeneous absorbent polymeric foam of the
present invention comprises a hydrophilic, polymeric foam structure of interconnected open-cells.

Regardless of whether the heterogeneous foam of the present invention is relatively
hydrophobic, or is a hydrophilic foam suitable for aqueous fluid absorption, the foam has at least
N two distinct regions that differ by at least about 20% with regard to one or more of polymer
density, polymer composition, surface properties, or microcellular morphology (e.g. cell size,
shape, or distribution, or hole size).

The present invention further relates to a process for making a heterogeneous polymeric
foam structure of interconnected open-cells, wherein the foam structure has at least two distinct
regions that differ by at least about 20% with regard to one or more of polymer density, polymer
composition, surface properties, or microcellular morphology, the process comprising the steps of:

A) forming a first water-in-oil emulsion from:
1) an oil phase comprising: REPLACED SHEETS S5
' O Description : paged .. %
O Ciaim(s)
O Drawing(s) : recs

o
» e

d....... o paged
0 Abstract  : paged

....... to paged ....... |




a) fromabout 85 to about 98% by wei ght of a nononer c
formng-a copolyner having a Tg of about 95C or | ower,
conponent conprising: i) fromabout 20 to about 70% by
one substantially water-insoluble nonofunctional nono
form ng an atactic anorphous polynmer having a Tg of ab
ii) fromabout 10 to about 50% by wei ghg of at |east on
wat er -i nsol ubl e nonofuncti onal conmononer capabl e of i
about equi valagnfrorh @bduha$ to ghoandsticll bgigts of n ee9mérichipdne wrzablg o fGming aabout
50% by wei ght o | d<¥ S EM&H—& nal
crosslinking ag%ﬁ@yég%&} ggblf% g{]‘%bg‘?vgisn% %ﬁ%%lr?%sr%#ﬂm\?foﬁn géé%zenes{n

di vi nyl t ol uenesi) fodinyatoyt 30/ toebes, 708 i wglrta)pﬁht least en@@bmnﬂaﬂwwetpwwﬂ}@}?zenes
di vi nyl phenant h ?]’%“ &W

di vi nyl benzyl s, i VI %Sqaylheny &Eﬁéf%l Vi nyI g‘lugdhenyl SJllJ| fl}gggﬁai’mga’rg

di vi nyl fur ans, @Iﬁ%‘?blﬁyﬁwrf@tﬁb di vi nyl sul fone, and m xtures thereof; and
iv) fromO to about 15% by wei ght of a second substantially

wat er -i nsol ubl e, pol yfunctional crosslinki n ent selected from

pol yfunctional Htfymabek 10 seetoncit by weight of@ iFP‘gr?F%Ié“:?fm‘f?éJ(bh‘é(&tFV‘I“§°é‘fWedes,
and i xtures theogctiaar c&ﬂonﬁﬁ‘x%a%m&bf Znpagting euhnsS Yboday equvalphi toothagn
enul sifier conponegt which is soluble in the oil phase and which is
capabl e of fornPRY ARYSHEPE water-in-oil emul sion, the emulsifier
conmponent conprising a pri mary enul sifier having at |east about 40% by

wei ght enulsifying co en sel ted fr C st er f

br anchgd C16 c}zlﬁ %mg? R af f°d§ oof S HE t?fd%%é% SETE‘“‘“@ sﬁﬁ‘};’l@i ds,

and | inear sat upalifankticia? erésﬂlufkaigt ygeamseisqted sfmmb|dtvarylbmmm,smmrwlb@ﬁzemsanched
Cl6 -C24 fatty aci d | i near ,unsa ted b%%ﬁl Tty 4 EL%EH
saturated Cl2 - lfetny aci %‘gl;n%él gcergf nggm o atic Vg;?[!]‘ii@q %f anched
Cl16 -C244 al cohdivmylphmmhmnea,nsdivmwbmbdlyISlG dwtmhmmm@es anivinylbeezls,
saturated Cl2 - §lu QQ'd?vm e£5}1§ﬁ d&%@ﬁw&? fdmﬁﬁ&lﬁ%}: AithiuBnephase

conprising an aque ution ta| ni ng om about 0.2 to about 20%
by wei ght of a mtxemmmvp@am ectrol yte; and (b) an effective anount of a

pol ymeri zati on i\j) Nk§ch 36 Qb ab&:tpll'ﬁm%iﬁ_%gg second substantially water-insoluble,
polyfunctional crosslinking agent selected from polyfunctional acrylates, methacrylates,

T

i ght of at legst
Tcﬁﬁd’ﬂ’ezm

25C or | owsr

substantial l'y

acrylamides, methacryl-amides, and mixtures thereof; and

b) from about 2 to about 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
=t component comprising a primary emulsifier having at least about 40% by weight
emulsifying components selected from diglycerol monoesters of branched Cy¢ -Cy4 fatty
acids, linear unsaturated C; -Ca, fatty acids, and linear saturated C,, -C4 fatty acids;
sorbitan monoesters of branched Ci¢ -Cy4 fatty acids, linear unsaturated Ci¢ -Co fatty
acids, linear saturated C;, —Cy4 fatty acids; diglycerol monoaliphatic ethers of branched
Cj¢ -Ca44 alcohols, linear unsaturated Ci¢ -Caz alcohols, and linear saturated Ci; —Cy4
alcobols, 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;



2 1 D72200 6 3) a volune to weight ratio of water phase—te—ort=TiIasaE]i n
the range of fromabout 20:1 to about 200:1; B) opti REPL Rl

second, distinct water-in-oil erulsion which is diffefept 1n at |eag one
respect fromthe first emulsion; and C) either 1)a) cpnpipipgeg 3801filr gt and
second water-in-oil emulsions in a formng vessel prigprito polynerifzing

t he nononer conponents in the oil phasé of either of {heWarer-in-oil
enul sions; and b) polynerizing both ermul sions to forma polyneric,
het er ogeneous foam 2) a) partly or conpletely polynerizing the nononer
conponents in t¥)a volune pdnacight edtioloN@atéd phade to vibptase-ih khe@inge effhinsabont;201)to

conbi ni ng the teir hﬂ/ fromstep C)2)a) and the second water-in-oil

enul si on; and r%’“& ‘yneri zing the second enul sion, and the first emul sion
i f conmbi ned when partly cured, to provide a polyneric, heterogeneous foam
or 3) making fQnl e.first water-i.n;0il enmui sion i.l.e i process
condi tions b);ﬁ \/‘&R?(%“%{PX gormlgg i 8@?}@&“#]?1“ & a!(i'erdlrrf'for1 o%ugscllo n:‘%gls”]fl]li l%ﬁl,%r%fl{llﬁg%' n’%t

rhyt hm cal | y ooe resmeottfronutbeiSisyemulsnyapda si ngl e ermul sion formng head, to
form a heterogeneous foam The invention also discloses an absorbent
article conprising a topsheet, a backsheet and an absorbent core
posi ti oned bd&Dwiteem t he t opsheet and the backsheet; wherein the absorbent
core conpri aneler VORLI: 0. of : nected
open-cells ogl i nea ?o‘ﬁﬁg%{ét?%%%@doﬂ%&ﬁg‘ﬁé%@ﬁ% P’Csetrf;(%msﬁ%oﬁkm eoﬁan t he

f oam st r uct urpelymgrzizg theemenomepsomposerntidn theegil haset dfagitherdpf ther waser-imrpil | east
about 20% Wi tdg.f g}raﬁidto one or nore of polyner density, polyner

conpasi tion, _surface properties or mcrocellular norphol ogy. The invention
further di scl®sdelymerizngs obaenemulpipnscite dorfpr # siPplymeria opeteregdncous ek sheet
and an absorQZB}pW&c&Qﬁét&l&B&%ﬂerﬁﬁ&‘ﬂﬁ%mﬁB@rJoﬁB&l@@tﬂntﬁé‘&hﬁ%&%'ﬁﬁﬂeeti
wherei n the absorbent core” conprises an absorbent heterogeneous

hydr ophi | i ¢ FoWeFAR:Pll @Wsiomn structure of interconnected open-cells, wherein
the foam has atp) @mbiningWhe Mhiefidl Bokn stPAT)PNAP addBé scbdd Riterli-olembigidS;tand about

20% with regard to, one .or nore of polyner depsit ol.ynmer. conposi ti on,
SUI’(]: ace g ¢} polymenzing the seconn:? emt?lsionx and the t?rst ert}/lﬂsio% if >(;ombined when partly

cured, to provide a polymeric, heterogeneous foam; or

- —+

3) making only the first water-in-oil 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.

The invention also discloses an absorbent article comprising a topsheet, a backsheet and
&  an absorbent core positioned between the topsheet and the backsheet; wherein the absorbent core
comprises a heterogeneous polymeric foam structure of interconnected open-cells obtained from
at least one water-in-o0il emulsion, wherein the foam structure has at least two distinct regions that
differ by at least about 20% with regard to one or more of polymer density, polymer composition,
surface properties or microcellular morphology.

The invention further discloses an absorbent article comprising a topsheet, a backsheet
and an absorbent core positioned between the topsheet and the backsheet; wherein the absorbent
core comprises an absorbent heterogeneous hydrophilic polymeric foam structure of
interconnected open-cells, wherein the foam has at least two distinct regions that differ by at least
about 20% with regard to one or more of polymer density, polymer composition, surface
properties or microcellular morphology.



properties or mcrocellular norphology. 111111111E Y1 SHEET 21 rii.l.ZL; U
6a I n one enbodi nent, one of the enul sions generated may be poured into a
container or reservoir partially or conpletely filled with spherical
segnents or strips of material prepared froma previ JM’E%’ 71
second enul sion. These spherical segnents or strips of} -y
thoroughly saturated with an aqueous solution closely|approximati ng ithe
conposi tion of the aqueous phase used to formthe enmtl ki @rl faickel e&F! '1 i S
mxture is then cured at an approprigte tenperature {ojnake a :
het er ogeneous foam of the present invention. |In another enbodinent, sﬂri ped
segnents of unlike material nay be prepared using two +on
form ng nozzl es expressing different emul sions, |ayer upon |layer, in a
formng vessel. or by rhythmcally varying the emnul si on-nmaki ng conditions
with the single enulsion nozzle. In this case, control over the relative
rates of pouri ndn emcntbbdimenel et iof/the enslfasigeictina mdy HehBured WR NRZRInES P OVi des
control ovef@se;vla@ saiy & [ . ifferent types
of polynerjc mater %Jé} CO&EF@% ﬁm& mlt‘?%p hg;'cas tﬁ%m%%é)gég?psm ma%”ﬁ‘glap’fﬂﬁfe d

enbodl rrent o PRy yé’ﬁﬂl“%’l”ﬁ SF?“‘?)?"&EME‘eB‘wS%ﬁEP“GHé°W“‘ﬁBT gripgfof tniterial

condi ti ons af‘t)'#lo@#@h/rsawmﬁ efth mmaqyedus sedtion clogsinapptosinpengabedompositivd of the | i ke

are rhyt hmagadouyptage tﬁ&iﬂB ifdid QhESénulsionabdeg d 'ﬁ@s ﬂﬁmﬁ-@szcQGﬁ}goeat a?%p?%% kN the
resul t ant foam Qf di fferent hus, unli ke the. oal nment s

described aBovE"§ ST i &P °f%§r°75‘b‘f |d8r?5ﬁs°"§i§‘¥?3‘ﬁ8" emul si on is not necessary
inthis enbodl feanotheq wbadlme!umuﬁwéMsmmm@nmllkeanafmrmlsmampp@dpymansuﬂgedo emul si on

is i n{t}_gOdUC‘oedxokJ&le&mff&ﬁlmg n62e% élpﬂ:'sm dﬁfc&%ﬁ&tﬂfﬂsn&%ﬁx‘ dpOn qupa¥
subst ant i alvle S]on a nozzle

B
positioned a Se]pﬁegwhm'can %}%g %%r%"g "%ékw fﬂ‘&?ﬁ% Wﬁ'nﬁ’ﬁé'“ﬁ'&f?l“@w“t he
emul si on f GPREe dn g @seneopirol gyanehe refetiyaeates pEpotinpand thirtlétive disgosities ©Otel

emul si on. The nfz BEMEFdds SontrbleRErtheatialeiaiiShigtlof tIRAWSIF @6re SdTilrS BPesldpUS
posses reg eyc£§g$@éévg%eggnqﬁiﬁnad&%d Qns of the first emulsion in the

formof th eonetric bog Tt he pl ane of the slice of the
second emnul si o 2 thfd gmbodimenio p singl¢ eryifigagip pradpced: bytane praworaefahd qahditmisic ed

\(NI thin 3. S g ghean fwatghit®6il Alio, polr Rmbérhtide, AldhRd iiveest mhﬁmfxéaﬁl?tor @Wktﬁ:’ulgg fit
uncur ed or, r, C a S no or 1TSS
into a nol aﬁwsgq}mg%g@"g%g? i ‘*‘r?u’%‘%%““&“f“"é fgna‘??em Bwpeé‘ﬁl t‘l“&r\’""wl?“cfw

embodiments described above, formation of the optional second emulsion is not necessary in this

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
emuilsion forms a column or other geometric figure within the second emuision. The process is
repeated. Slices of the cured emulsion thus posses regularly repeating c;oss 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.

[n 2 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
provides irregular, non-planar cross sections of intimately contacted material in the final cured



provi des irregul ar, non-planar cross sections of intimately contacted
materi‘al in the final cured REPLACENT SHEET 47 =DEC C | ai IB edr—vpr
het er ogeneous pol yneric foam structure of interconne ;gmmmesm
obtained fromat |east one water-in-oil emnulsion, wWeket+ra-ttre T0a
structure has at |least two distinct regions that differn?té jgmas about
20%with regard to one or nore .of polynmer density, (olly XDgg'rrposi '
surface properties, or mcrocellular r’@rphol ogy. 2. Tihe s{ f oam
of claiml wherein the foam has an aggregate density lof | ess than _ahbut

0. 05 gl cc.clams:The het erogeneous foam of claim | wherermtHe Toam conpri ses
a) a continuous region; and b) discrete, unconnected regions dispersed in
t he continuous region. 4. The heterogeneous foam of claim3 wherein the
a%gr fegaﬁn e oA ue]Erogénebbepdlymicﬁm stagtucnef intersorinected apentaelisl Gteines fedpvatt  80% of
the foam s t o] . 2 QAR | I n the

f oam conpri s‘gésqaotnxl (lgg{sgf' Info aoeraﬂ?sg%npg\{hgfeﬁ\gﬁgn [ nlﬁ{;us rgfgaf %hzd.ag%t}:o eﬁ'a

hgt er oggneou@gbwmiﬂﬂf Ibiatrieastvabeyt Z0% withoragard kn eneueseore ebpaimes damitY.ses from
about %to &p,qg'l Y fpp@b% he het er ogeneous
foam of clai ;r’n 1 m%grﬁ%éiﬁ@%ﬁgﬁ I St nc?s'kggﬁo#ﬁgdgwgm#éggicel | si zegof not
nore than about 50 pm and a second distinct region has a nean cell size of
from aboul PR heterogumebusIOsm RAtiailMIwHérein eefoamdasanmggregdte demsisofiiess t he two
regi ons dlffﬁ‘l‘ bm&b I/east 20% 8. The heterogeneous foam of claim 1,
wherein one WPREPIEPOPESFon has an average hole size of fromabout | to
agout ; pm and a second distinct region has an average hole size of from
aboyl, 5 toy a té’rég ‘6{)@—5 | Ntlelén | &Pt fwo

regi ons &'f?@érjﬁq_%)l/ étag}uesggé?na ou""[‘,el 120% %%ﬁg&m%éﬁ@us%ﬁn ClL
N3 - ------ and b) discrete, wopneciediegions dﬁmec] in the continuous region.

4. The heterogeneous foam of claim 3 wherein the aggregate volume of the discrete regions
is from about 10% to about 80% of the foam's total volume.

5. The heterogeneous foam of claim 1 wherein the foam comprises at least two discrete,
continuous regions.

6. The heterogeneous foam of claim § wherein each continuous region comprises from
about 20% to about 80% of the foam's total volume.

o 7. The heterogeneous foam of claim 1 wherein one distinct region has a mean cell size of
not more than about 50 pm and a second distinct region has a mean cell size of from
about 20 to about 200 ym, and wherein the mean cell sizes for the two regions differ by
at least 20%. |

8. The heterogeneous foam of claim 1, wherein one distinct region has an average hole size
of from about 1 to about 7 pm and a second distinct region has an average hole size of
from about 5 to about 45 um, and wherein the average hole sizes for the two regions
differ by at least about 20%.



21 nfFC-G,11 48 9. An absorbent heterogeneous hydrophi I i ¢ pol yrreri C
foam structure of interconnected open-cells, wherein t o :east
two distinct regions that differ by at |east about 20()0 one
or nore of polyner density, polyner conposition, surfa:e ropertl es,

m crocel | ul ar norphol ogy. 10. The het erogeneous foam of [l 5 TWeC Wbilr gi n the
foam conpri ses a) a continuous region; and b) discretg,lunconnected:

regi ons di spersed in the continuous region. 11. The het erogeneous foam of
cl ai m 10 wherein the aggregate vol ume of?® t he discrete '

about 10% 1 AP IHLoblhOler ﬁ%au%gidﬁoghﬁt hONd! BB difuctufd St RRERIEAPOUS

erelrn onnecte regions are from

essential |y terensals “t‘?afte@rth%ﬂ%'ﬁé‘@ﬁ ableast wp @?“"Ptrfeﬁf?r&%@}tdf@()@ ?tde%éttﬂ"t 95C,

the conti nuougge %thOi%gﬁtaStoaonEgorO&oteeaﬁpélhﬁét @dnaityt polimbr coipbswos Sirfacsd he Tgs
for the continuouys an unconnected regions differ by at |east

20% 13. The W@P%T‘?J”ggrrf@&?geﬁﬁéwpwmequal m 12 wherein the di spersed,
unconnected regi ons have a Tg of fromabout 35 C to about 75 C and the

onm o 7 0 e Per{185erBalttolth of 8 ¢ Wlin BiHim Soinred & 2 dliindih FadRACN OOLS

foam of clal'm |s erse unconne I ons are de from
essentially m@@a‘rﬁsreﬁmymonmctqﬁiaww dispeigeq indhe Goatinous ©giep. ahout 10 C
greater than the use tenperature for the foam and the contl nuous regi on

has a Tg of, a t he as }he tenperature for the 15. The
het er ogeneoﬂsptf‘eo ﬁt\eB’Pe'&%{% {Nﬁl freg'arhp‘?paquge@ate St" @Pedds 2 ons
are made fr oregiess irftomedbloyt mmetosaomeﬁ%toeﬂieacbant‘satoiah@ltmeTg that is at |east
abouty 30 C greater than the use terrperature for the foam and the
continuous region has a Tg that is no higher than about 10 C |ess than the
use tenper ati’u?laﬁ heferogepeopp faam dfelaintHE whereln 815eHiepseed.f yiaaRnsrted regions @oe

wherein the fpage han eagbnaagtme rAteril AhviRPHT of fValput Ba°S 0 b 9greasur ed
under a confi {hlenc%nt?rugasst%g%n%as a T19 gf less tﬁan %@‘%FW anyE -greinLgtelrgD'W:' thOl

continuous and dispersed, unconnected regions differ by at least 20%.

13. The heterogeneous foam of claim 12 wherein the dispersed, unconnected regions have a
Tg of from about 35 °C to about 75 °C and the continuous region has a Tg of less than
about 30°C.

14. The heterogeneous foam of claim 10 wherein the dispersed, unconnected regions are

made from essentially the same material having a Tg that is at least about 10 °C greater

& than the use temperature for the foam, and the continuous region has a Tg of about the
same as the use temperature for the foam.

15. The heterogeneous foam of claim 10 wherein the dispersed, unconnected regions are
made from essentially the same material having a Tg that is at least about 10 °C greater
than the use temperature for the foam, and the continuous region has a Tg that is no
higher than about 10 °C less than the use temperature for the foam.

16. The heterogeneous foam of claim 10 wherein the foam has an aggregate RTCD of about
40% or less when measured under a confining pressure of 5.1 kPa.



49 - 17. The heterogeneous foamof claim9 wherein the foam conprises at
| east two discrete, continuous regions. 18. The heter} S of
claim 17 wherein each continuous region conprises fro Vi ;JS

80% of the foamis total volunme. 19. The foam of claim{l7, wherein one
di stinct region has a capillary suction specific surfacd 2adeE2ig vol hne
of at |east about 0.025 n2 /cc and a second distinct rlegion has a
capillary suction specific surface ar eg, per vol une of |f rom aboul 0. 007p to
about 0.06 nm2 /cc, and wherein the caprllary suctionspesiicsurface area

per vol ume 1f70fhe! Hiferbd¥nes RILENDf citliv § Wherh tAS fdaRPSImpARSES atdéhst tWdCdidcarg) Of

claim 17, wherein one distinct region has a capillary suction specific

surface ar ea®pluoyHIegions-of at | east about 0.05 n2 /cc and a second
distinct region has a capillary suction specific surface. area per vol une

of from abqut..0.0075 to about 0.04 fcec. 21, The foam.of claim 17 having
o Lengtn ETH EeoariSe R Btih st sl T ahpin ot b waBebeh Sl Hp Gapt §
of the foam abost 2004 terabpd §0%rof the Toamigtetal wilumeof cl ai m 17 having a | ength and
wi dth and further having three distinct continuous regions, where the

regi ons run Iongfi tudinally such that there are two_outer  regions adjacent
a niddl e rdg: tie foam of dfaim 1 owhsrejp opg distipctregion has 2 rapilianySustinn sBeRfissUisi ons
have aboultltgﬁesaaaﬁvmwh of &t Ieastchrbamem.ezsbuam aﬂv;é%bmﬂfmﬁ?ﬁddbi% h@giaon hal'sI
a nean ce i_anet er .t hat at. | east abqut o gre a ngan ce
i amter of  cspERuetof orB S0l 3tR.pef i ol ARG Giissp Abosk B3GR o |

t he m ddl e r efgt.and whereia theccapillarg lsuction spesifie surfabe area peratolumedertthe twoaegior50%

greater than § Bagi 849 di ameter of each of the outer regions. 25. The
foam of cl ai mgg,bgaﬁe?e?not he two outer regions each have a nean cell
di anmeter of not nore than about 50 pm and the mi ddl e region has a nean cell

di anet er of20f T foarh @BEaimO@, WReréth One distitt region MR- CdpiiitipNlictioh lspecitic bufide 2001
50 26 The PoLY BN 3P M 1945t Sol 06 e A0 ShePh BodbRF i i nds"Dbaiary™ 11 €
suction specific surface area per volume of from about 0.0075 to about 0.04 m? /cc.

out

21. The foam of claim 17 having a length, width and depth, wherein one region is under, in
terms of depth of the foam, the other region.

22.The foam of claim 17 having a length and width and further having three distinct
continuous regions, where the regions run longitudinally such that there are two outer
regions adjacent a middle region.

23. The foam of claim 22, wherein the two outer regions have about the same mean cell
diameter, and wherein the middle region has a mean cell diameter that is at [east about
20% greater than the mean cell diameter of each of the outer regions.

24. The foam of claim 23, wherein the middle region has a mean cell diameter that is at least
about 50% greater than the mean cell diameter of each of the outer regions.

25. The foam of claim 23, wherein the two outer regions each have a mean cell diameter of

not more than about 50 pm and the middle region has a mean cell diameter of from about
80 to about 180 um. ‘

e —



1) they are not formed fromthe sanme nononmer conponents, o 2) if—f-orred
fromthe sane nononer conponents, the relative anount (REPEACH’ME&T SHHBT
nononer conponent differs by at |east about 20% 27. gam o1 cl al m 26,
wherein if the distinct regions are forned fromthe s PANERY 2001
conponents, the relative anmount of at |east one nononer [conponent di{fers
by at | east about 35% 28. A heterogeneous pol yneric af-stTuCtTure o
i nt erconnected open-cells, wherein the Joam structure| has at | east

distinct regions that differ by at | east® about 20% with regard to one or

mor e of pol Tk dﬁ‘d\ﬁﬁér% oA y&EHaﬁP@Oﬁhékﬂnthé%&nﬁ&e réb’nd?ﬂeﬁfffbresin fHat:

m crocel | ul ar m)rp ol ogy, and wherein foamis prepared by the process
conprising the $t¥psadi PGt { B¥Rehg Ty i ther SRM@r -monoBier  SRTPNIF f Bm 1)
an oil phase gpimpringd Aem the shineMonbAb cobfpohéhts g itel 90 mPyuntt ghleadfona

nmononer conponent capabl e form Q) ymer having a Tg of about 95C
or lower, the %ﬁépmggm ﬂ'@ﬂ?"&ﬁﬂ%‘ﬁ?@@Hg&)l) from about 20 to about 70%

by wei ght of at |east one substantially water-insoluble nonofunctional

mononer capaplrfie fbm'§ tfln?gs %e%ﬁrﬁﬂth%glsmF Bﬂyﬁgggngomhﬁ%E% ﬁono-ﬁ%rOf

about 25C or lower; 1i to a out wel | east
one subst ant i SPTRPRABEtNe Felativp ameunt ohatidsh Aes Wﬁﬂ%{veréﬁ%’ﬂﬂ?ﬁﬁg?'ﬁﬁﬁéﬁﬁ lgagsy

i mparting tougbsuesssabout equivalent to that provided by styrene; iii)
fromabout 5 to about 50% by weight of a first substantially

wat er -i nsol ubl e, polyfunctional crosslinking agent selected from

di vi nyl benzZhésheteroganenyd belymeriscfoam siiuctineyoft intleteonractedddpehtgiisx wheneinsthe

di vi nybnapht halaneRyctliy hWE@EK&'t@@@%W%glonQ'tNét rwepfmamaarmaszo% with
di vi nyl bi phenyl's, di vi %Wghen%l nmet hanes, di vi nyl benzy

di vi nyl pheny! ERgREst 19 ong; &f BoluRsy denpity; a@)émefo?“mpﬂwq‘hﬁ%ﬁ?ge properties, or
di vi nyl sul fi denicrosblivaryibrphdidgynend wiredeifvithet fadre 3s prapared by thenocess tondrising
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A) forming a first water-in-oil emulsion from:

1) an oil phase comprising:

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:
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 equivalent to that
provided by styrene;

iy from about 5 to about 50% by weight of a first substantially water-insoluble,
polyfunctional crosslinking agent selected from divinylbenzenes, trivinylbenzenes,
divinyltoluenes, divinylxylenes, divinylnaphthalenes divinylalkylbenzenes,
divinylphenanthrenes, divinylbiphenyls, divinyldiphenylmethanes, divinylbenzyls,
divinylphenylethers, divinyldiphenylsulfides, divinylfurans, divinylsuifide,
divinylsulfone, and mixtures thereof; and



51 iv) fromO to about 15% by weight of a second sub Jdally

wat er -irnsol ubl e, polyfunctional crosslinking agent s IREELA@MEWS
pol yfunctional acrylates, nethacrylates, acrylam des,} qettacryt=—an

and m xtures thereof; and b) from about 2 to about 15% by #\H%Jet 8{ n
emul sifier conponent which is soluble in the oil phageja ic@ S
capable of formng a stable water-In-oil enulsion, thg * =
conponent conprising a primry enul sifiﬁr havi ng at | g¢ast about 40% by
wei ght emnul si fyi ng conponents sel ected Trom di gl ycerol nonoesters of
branched C16 - (@4, oinafottb asdu@'%o/J i Qight! 6 & e cbing CeubdtBntiafiy vateririspiuple] ds,

and linear saturated Cl12 - fatty acids; %’rbbﬂ%n )?o%gte S ofl {J?ranched
Cl6 -C24 fatty B&elyfyactiongl, @&?SSU}K@at u?Q&med“@l f e

saturated Cl2 - gkthat@lates, maiﬁdesdmgﬂ\ywxaaﬁdesmmahmmatheceof ahdhers of
branched Cl16 -C244 al cohols, |inear unsaturated C e -C22 al cohols, and
linear saturated Cl2 -Cl4 al cohols, and m xtures thereof; and 2) a water
phase compri sbhngrommbautitowbod I5%: iyoreight ot ari emvisifier companestwhighgs solable in o

about — 20% by wel by Pl‘?dcseaanWh?t{h |§%H$ﬂlee§§40ﬁﬁﬁd Ql stitfe wﬁ@?iln(dﬂ)enﬁﬁld?'f fiRctive

anount of a polynerfzation initrator a vol urretoweg Qof wat er

phase to oil phguisifigr £qMPOpEI GRMBTISing 1 APHNARL B Usifier hayipg aﬁ@ #0% byg)

gp]g } onal | yI for m\m;haerﬁ@ﬁ@mg corﬂbéﬁeht@%éle&b@d fe6m Figlyeerbl reonoksters of mnmed iCs6 h

ifferent In at ect {0 e first e |t er

1) a) combi ni ng t'#ﬂﬁ#y : 'Wﬂa BtH’a‘% 'af af""%r?u%s"ﬁ%ags%atluﬁa%g’@ <

vessel prior tohqydogdamhhmgambstmmmwﬁpoﬁsrf@@ aqidst W@abﬂﬂsaﬁyl’?é@ﬂe of

ei ther, of the \/\%er | ?at!? Jcldselm&ﬂ Neted @9—@4 m VulﬁlyeaolhﬁéﬂbaWIcsl ons
tPEAN a

to forma polyrrer C, ero eneou oam artly.or co
pol yneri zi ng t het chegiportedttaicohels.dingar yng %Q‘ﬁdgﬂlamm?f"?ilfnegr

vat er-in-oi | eMmyaeiddl C-6, bicbhoR, andiRRIASTEGRE sRHEET 2 | DEC 2001

D
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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;

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

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

C) either

1)a) combining the first and second water-in-oll emulsions in a forming vessel prior to
polymerizing the monomer components in the oil phase of either of the water-in-oll
emulsions; and

b) polymerizing both emulsions to form a polymeric, heterogeneous - foam;
2) a) partly or completely polymerizing the monomer components in the oil phase of the
first water-in-oil emulsion;




52 Db) conbining the material fromstep C)2)a) and the second water-in-oil
emul sion; and c¢) polynerizing the second emnul sion, andR‘EFEA@EMENTQHEEf on
i f conbi ned when partly cured, to provide a pol yneric,| heterogeneots, T pam
or 3) making only the first water-in-oil emulsion whil¢g ”ar%"l{b%tfb‘ﬁl pfofess
conditions by which it is formed in a controlled fashijor &r

rhythm cally or continuously, using a single emulsion |f orf-Rg—head—10
forma heterogeneous foam 29. The heterogeneous foam gf claim 28 wherefn
t he foam conpri ses a) a continuous regfbn; and b) discrete, unconnected
regions di sper n.th COI’ltJ uous, reqgi.on. ..30. The het.er ous foam of
cl ai m 29 wher ef hc‘i"?‘Ré""Eﬁ @Bé’?aé"éﬁ ﬁ%’?\ﬁ%ﬁﬁ%?)eﬁ?drt@ egend “&%?ﬁ!??‘gg'"ﬁ% 8% out 10%
t o about 80% ok) pdignérizingitse yezbodremalsidn,aand tinefitet dmutsion ibgehimedavhen pattie sane
mat eri al havin greater than the use
tenperature forgurt%ﬁ-qgimegaaP%d%hé %%Folg?ﬁ%g%fsoja&eéﬁ on has a Tg of about the
same as the 3h@éklmanﬁ|§rtbﬁ firsb water-intai cenpiision whiile varying thetrspeege serslitions ¥m of

claim 28 Vme{vﬁ”ubﬁ‘ |tt|E'$orﬁ{éafTh aq%nw@esas@qtonl e.w il 6F BbrRinuoUSRN LdiRYIaUS
regions. 32. The heter o(gwneous foam of claim wherei n each conti nuous

regi on corrprf"g@ge'F’F'é'ﬁ{‘f i5giheath g fogn 388’6998’@9“%@?% foam s total vol une.
33. The foam of cI aim 32, wherein one distinct region has a capillary

suction spgpir §Hdé%|%89s togrﬁ% clgﬁrzg\gﬂlew’?ﬁhg?oaﬁwt cohipfisds a")‘QQUﬁtiero&?r@gu&? /cc

and a second suction ecific surface area
per vol une oP"‘irB)m diprsele. mr@gmé amms oilwersﬁ@ iy ctge aPmmmr dPgion-he
capillary suction specific surface area per volune for the two regions

diff b 20% 34, The f f I 32, wh th m h
engt Y. i S BRSSP o e e 28 MEBTeR Tec aepie, CPPrraes " ep h of
t he foa_rn theompdserfrdnegbom 108510 Abqut BO¥s sf fherfoamkivolyme 4ret aneomadee fiors

pol ymeric f OQEQe%%ug‘t‘ﬂeLHa éri%[ﬁ C?W‘@%S{‘i’s QH’% abgﬁl 1'o$c g\‘&%?errﬁiaﬂ thelRef 0AM

structure has at I ons by at | east
REPLACENENT ¢smppratyre jor@\gjog@ggndstge contmuous region has aTg of about the same as the

use temperature for the foam.

31. The heterogeneous foam of claim 28 wherein the foam comprises at least two discrete,
continuous regions.

32. The heterogeneous foam of claim 31 wherein each continuous region comprises from
about 20% to about 80% of the foam's total volume. '

N’ 33. The foam of claim 32, wherein one distinct region has a capillary suction specific surface
area per volume of at least about 0.025 m? /cc and a second distinct region has a
capillary suction specific surface area per volume of from about 0.0075 to about 0.06 m?
Icc, and wherein the capillary suction specific surface area per volume for the two regions
differ by at least 20%.

34. The foam of claim 32, wherein the foam has a length, width and depth, wherein one
region is under, in terms of depth of the foam, the other region.

35. A process for making a heterogeneous polymeric foam structure of interconnected open-
cells, wherein the foam structure has at least two distinct regions that differ by at least

= (% L n -



about 20% w th regard to one or nore of polynmer density, polyner

conposition, surface properties, or mcrocellular nof WIA cess
conprising the steps of. A) formngaflrst water in-p 1 1)
an oil phase conprising: a) fromabout 85 to about 986y wei ght of |a
nmonomer conponent capable of forming a copol yner hav E 3 TMREGRIAbYu{ 95C
or |lower, the nononer conponent conprising: i) fromp 20 t bgut 70%
by wei ght of at |east one substantially, water-insoluble nonofunctiongl
monomer capable of forming an atactic anorphous pol yn ' f
about 25C or ghQhe wnh)reédr@fa &waEno?é)oft#aly&bpuans@%Wer\@h@bémdaf suMacé east

one substanti al I wat er-1ns funct I onal n capabl e of

i mparting toBEﬂPﬁ 8% opmisIRCe 8'H9y' 8?/[’%@0 tyrene ui) from

about 5 to aw;)wnnﬁe%ﬁl%ywwet—glw emﬁlslanfromst subst antially vvat er-i nsol ubl e,
pol yfunction \gent sel ected from dvhyl benzenes,

trivinyl benzgkg'i&f)&%?%/wgsuenes di vi nyi xyl enes, di vi nyl napht hal enes
di vi nyl al kyl lagrfeopnabout aaipwmwma@mmumnepnomer\nomypmﬁnbmﬁw9 forming a

di vi nyl di phenyl »
di vi nyl di pheny|d§ l?fﬁﬂg%wngh WEWW&:% lowefthel ¥HaReP BothySBnsiRticdm rismg

L,Ur ans divin |sulf|de le{ %s‘i%tgfone
and m xtures t HoFBEbouk 20 to abpyt §0% hy Weight of gijgest PR8S iy, watep ®cond
substantial |y waémfunctivnal méromer cpably bffomiing araktacticammiphoks palynay eavingsel ect ed

from pol yf unct| n a met hacryl ates, acryl am des,
met hacryl am des ‘ir‘?ﬂ"%&cﬁ?’g@e{hereof; and b) fromabout 2 to about 15% by

wei ght of an erii) froifabeut 10dorpluaut 5% i welght o atleksliohe substantialy weter-ingeiuble and
whi o1 s capabl rﬁor%ffunfcﬁfng? %o%rﬁér%})&lé’\@tlﬁ il @hdhn@M&h%wﬁlQﬁ to@mul sifier

conmponent conprising a primary enulsifier having at |east about 40% by
wei ght enul si f yRraided Rt s sel ected from diglycerol nonoesters of

branched C16 -if}2florh aibbit wd dbout Is0%eBy welghtabfus dirst dulbstdntialy2@atéraihdojubieci ds,

and | pear Sat ARG rospiid S04y BT o o BB TRl e 2o
saturated Cl12 -diiryltblueneg, acidivintylxylengsy c e divinyinaphdhalenghat i divinylalkylbenzengs,
branched C16 - Cgdn ,@rﬁﬂmémesl Iaﬁagrmbﬁsaﬁ&urmm pﬂa.@nm%eal Benzyl d
| i near saturat ed 12 - Cl4 al coho and mi xtur ei P?er eo af
nylphenylethers, divinyidiphenylsulfides, iviny rans ivinylsulfide,
dlvmylsuifone, and mixtures thereof; and
iv) from O to about 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 about 2 to about 15% by welight of an emuisifier component which is soluble in
N 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 about 40% by
weight emulsifying components selected from diglycerol monoesters of branched Cg
-C4 fatty acids, linear unsaturated Cs -Cy fatty acids, and linear saturated Cs; -Cy4
fatty aclds; sorbitan monoesters of branched Cs -Cy4 fatty acids, linear unsaturated
Css -Cx, fatty acids, linear saturated C;; -Cy4 fatty acids; diglycerol monoaliphatic
ethers of branched C¢ -C»4 alcohols, linear unsaturated Cyg -C2, alcohols, and linear
saturated C4; -C4 alcohols, and mixtures thereof, and




CLeaTiiiin 2 1 DEC 2001 54 2) a water phase conprgs

sol ution containing: (a) fromabout 0.2 to about 20%tREM¢ﬂ§)ﬂﬁN§f SHEE'Z’
wat er - sol ubl e el ectrolyte; and (b) an effective anmount {of a —poIyer a{tlon
initiator, 3) a volune to weight ratio of water phase tjo]oid4 gpe%ml ni tthe
range of from about 20:1 to about 200:1; B) optionally formng a sec
distinct water-in-oil enulsion which is different in af Meast=one—espgect
fromthe first enmulsion, but which conprises materials.and.ranges sel eqted
fromthose listed in parts A1), A?2), ghd A 3); and C) either 1) a)

combi ni ng t heaf 4 wafer ﬂ%e%&ﬁﬂ%g%taﬁﬁedu@ s@l'uiion%Hﬂaﬂnﬁnﬁ) fr&n%b&ﬂrorﬂtagb&ﬁssa

prior to poI r|2|n9 he nononer elt of the water-in-oil
enul si ons; N %;‘Fré’rflazﬂ"f"i'éerﬁﬁ't“l’ie e‘F’r%ﬂ"QM?nsa"F ofb} @Fn?'éecb‘@l Prepqtcof a

het er ogenous bamnzaﬁdn iajiatprarti al |y or conpl etely pol ynerizing the nononer
conponents in the oil phase of the first water-in-oil enulsion; b)
conbining the material fromstep C2)a) and the second water-in-oil

enul si on; and3) &Yolgae {ormeight ratig of watesehaenth ailrphass io the ramge of fremfabpgtt20drtol si on

i f conbined Wasdt Bag4.l y cured, to provide a polyneric, heterogeneous foam
or 3) making only the first water-in-oil enulsion while varying the process
conditions by which it is formed in a regular fashion using a single

emul si on f or nBhgptioeally.formd. a Jdeend) disties watef-inadil@imuls@h, whidhgs gifferehtvio adlieSeltti nct
enmul sions are r N: Ql

emul sions are co#gk&?ﬂomwr%eﬁﬁrﬁ éﬁ&’ b@?s’% h éotrrquge% 'ﬁﬁg s arwaﬁgeﬁ seleﬁﬁd
nmononer corrpoffemtt@sﬁhswﬁ@mm/\)ﬂhéé% Qﬂd/’é@tm of the errul sions. 37. The
process of claim35, wherein two distinct ermulsions are utilized, and
wherein the oner conponents in the oil phase of the first water-in-oil
enul si on arengg rﬁe or conpletely polynerized prior to being conbined with
t he second enu) a) aombiring thé 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 emulsions to form a polymeric, heterogenous foam;
2) a) partially or completely polymerizing the monomer components in the oil phase of the
first water-in-oil emulsion;

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-oil emulsion while varying the process conditions by
which it is formed in a regular fashion using a single emulsion forming head.

¢

36. The process of claim 35, wherein two distinct emulsions are utilized, and wherein the first
and second water-in-oil emulsions are combined in a forming vessel prior to polymerizing
the monomer components in the oil phase of either of the emulsions.

37. The process of claim 35, wherein two distinct emulsions are utilized, and wherein the

monomer components in the oil phase of the first water-in-oll emulsion are partly or
completely polymerized prior to being combined with the second emuision.



onty ohe water-in-oil enmulsion is used to make the hegRigiig
wherein the process conditions are varied in a contro Iua’ Tasnron eilt her
rhythm cally or continuously, using a single enulsionjfp Eggg 39. The
process of claim 36, wherein the first enul sion conpr s=s at east gbaqut
20% nore than the second enul sion of the nonof uncti opal—momomer—cadal)l e of
form ng an atactic anorphous pol yner E@Ving a Tg of @bout 25 C or | ower.

40. The process of claim 39, wherein the first enul sion conprises at [east

about 35% g@hRe prd%é& sff\ﬁalﬁ%ouﬂe@mtﬁnw 6 wétertrhau mmfoﬁrr@bseartalmamertwer
capabl e of f rm n tactic armrg%eou 0 ‘%ng‘fi havi nvg of a t 25 C
or | ower. Qarm, And Wharein Wﬁ%ﬁ s §reefed, Wu?s‘;o E npri ses
at | east abomhaﬁ,%rmmraythmibaly ot tantimeasiy disiegma isingle emufsion fierming head.

substantially water-insoluble, polyfuhctional crosslinking agent. 42. The
process of claim4l, wherein the first enul sion conprises at |east about

35% more  8hahe presessedf slaim 3pawhereimthe ffirst prulsipn semprisps etdedst abqul 20% more

wat er -i nsol ulgdg, th@@éoﬁﬁ&@rﬁﬁlkr&?@ithe ﬁfoﬁ@f&lrdiéﬂﬁl RBnchEs thpabfbdof fdrihgRINQERES Of
claim 36, wherein the first enulsion water-to-oil ratio that is at

| east about am%hﬁwr@mha\ﬂw%?fémta%?f'?réﬁn o of the second enul sion.

44. The process of clai m43 wherein the first enul sion has a water-to-oil
rati o that | east 3 e 20l | f the
second enuf’@srgﬁ Progess qﬁg"“ﬂ) "g‘fz"ﬁbggé‘r%%%‘?‘éa'g c‘\%i\lﬂerel 5“{9?0?‘9‘?4‘? é?% ridr sion Is
prepar ed suclthanthe sedoad nmdsionei the mohefundtionah monheraestcapabin of WIWW han t he

meamnggel | si o?&hoﬁ{ Q?T’FB |895|ﬁ2§6i;°r'[$werprocess of claim45, wherein
the first emulsion Is prepare uch that the mean cell size is at |east

about 35% | ower than the nean cell size of the second enul sion. * C ..
~ N S w RERLAGEYEssBichaim 36, viheRin the Bt hulbin comprises at least about 20% more

than the second emulsion of the first substantially water-insoluble, polyfunctional
crosslinking agent.

42. The process of clalm 41, wherein the first emulsion comprises at least about 35% more
than the second emuision of the first substantially water-insoluble, polyfunctional
crosslinking agent.

43. The process of claim 36, wherein the first emulsion has a water-to-oil ratio that Is at least
about 20% more than the water-to-oll ratio of the second emulsion.

44, The process of claim 43, wherein the first emulsion has a water-to-oll ratio that is at least
about 35% more than the water-to-oil ratio of the second emulsion.

45, The process of claim 36, wherein the first emulsion Is prepared such that the mean cell
size is at least about 20% lower than the mean cell size of the second emulsion.

46. The process of claim 45, wherein the first emulsion is prepared such that the mean cell
size is at least about 35% lower than the mean cell size of the second emuision.

o e——



47. The process of claim 37, wherein the nonomer conponents in the oil
phase of the first water-in-oil enulsion are conpl etel%[; QCE _ﬁzlzg_f[i I or
to being conmbined with the second enulsion. 48. The p ‘iﬁq{ﬂ,
wherein the first emul sion conprises at |east about 20% | ess than t
second enul sion of the nonofunctional nmononmer capabl e Of f8r1n‘|)fhg‘%{ﬁ tactic
anor phous pol yner having a Tg of about 25C or |ower. 49.LThe_process. lof
claima47, wherein the first emul sion conprises at |east about 20% nore
than the second enul sion of the fi rst sé!bstantially vva er-i nsotubte;

pol yfunctio crossl | nki ng, a The proces i.m 47 erein
Phe timat il BRoRE o BEGRAL BB nE ronbPe: Btpoarte §ing olbies S htRiC,,
nore than thewarat-efonltemulsldn arqtanpleddly pdienesieedprivr trheingicombinéd withTthe sgeoodess  of
claim 47, wheg@@othe first emulsion is prepared such that the mean cell
size is at Ieast about 20% greater than the mean cell size of the second
emul sion. 52. The process of claim38, wherein the process conditions are

varied rhyt4sreaployeddsdf ra&nmvslmalr@n Mrﬁlmxsf@rm&eb%masmumo% idie

m xing rate i ried s t hat size ch es by
0| egst 200, el e gesodd Gusiptpr e e RN mPoeti EgRrO e SHEEIC o
structure of amopheusmolyoteebavingaritg of abdut 25%@metawien t he f oam structure has at
| east two distinct regions that differ by at |east about 20%w th regard
to one or nore of polyner density ymer conposition, surface

properti es, %Fhwf@%@f cgim 7, WWM‘RB@W emugion cojpRIses aldamt F‘E‘P%QO%H@’& eps
of A) forningthanfthe Séecod @muisionObd RS i saBsthntiang watel-indolusle, péliFaseional
conprisj ng: a){\rfrlo}m about 85 to about 98% by wei ght of a nononer conponent
capable of fo ﬁf"ﬂa 9P 29 olymer having a Tg of about 95C or |ower, the
nononer conponent conprising: i) fromabout 20 to about 70% by wei ght of
at | east ong, shPsoadtsiofbibi %%érehm&%lslmgfa%@rk@&ﬁﬂaﬁé‘@@ﬂ%fle&ﬁpabl e

of form ng an at actlc am)r us polyner having a Tg_of about 25C or | ower,
REPLACENVENT SARgtH-20% mopsih @wgivdyf-to-on ratio of the second emulsion.

51. The process of claim 47, wherein the first emulsion is prepared such that the mean cell
size is at least about 20% greater than the mean cell size of the second emulsion.

52. The process of claim 38, wherein the process conditions are varied rhythmically using a
single emuision forming head, wherein the mixing rate is varied such that the emulsion's
mean cell size changes by at least 20%.

S 53. A process for making a heterogeneous polymeric foam structure of interconnected open-
cells, wherein the foam structure has at least two distinct regions that differ by at least
about 20% with regard to one or more of polymer density, polymer composition, surface
properties, or microcellular morphology, the process comprising the steps of:

A) forming a first water-in-oif emulsion from:

1) an oil phase comprising:

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:
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;



ii) fromabout 10 to about 50% by weight of at |east one substantlal ly

wat er -i'nsol ubl e nonofuncti onal conobnomer capabl e of -t 8SS
about equivalent to that provided by styrene; iii) f M‘i *"Pout
50% by wei ght of a first substantially water-insolublg,{ polyfunctidgnal
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di vi nyl t ol uenes, divinyl xyl enes, divi nyl napht hal enes fi Vi nyl al kyl berjzg¢nes,
divnyl phenant hr enes, di vi nyl bi phenyl s, dgyinyldiphenyITe hanes,
di vi nyl benzyls, dwnhyl phenyl et hers, divinyl di phenyl suldides, . divinylfidrans,
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40% by wei ght & ﬁduééﬁwg c& sé Sehﬁﬁiuﬁﬁhfhs@n@sd' gldwm% |béf9&9£sters
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acids, and Imeé’P"“g!EP?ﬂaH 12"""1!@?“"‘?3’ t?""&)ﬁ'i"ﬂ'&e"ymﬂ?san m@%&zﬁ’@rs of
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| i near saturate | gl ycerol nonoaliphatic ethers of
branched C e - Cg’zfﬁ%% ’I s ﬁfo&%g@ﬁe%ﬁ Sﬁjrat ed Ce -Cmal cohols, and |inear
saturated Cl2 - Gj4from @okmlaboutaﬁﬂ% by xweight soft i seeantl; subatantidlly avajertinsolupleas e
conprisi ng an a%?f&H&loﬁQ' Uérbéérhl&iﬁntgqe?t ngele&%& ?rsam Wdl&a? lagyARgut  20%

by wei ght of a water-sol uble electr é ective unt of a
pol ymeri zati on iMAtECEARS, aogylamjdes, Mgihacy'amiges. gh mfxé{-tr?%t eeohditder phase to oil

phase in the bamgm avbutfa Wﬁb&dﬂdﬂ% mwégm of araamlsiﬁememﬂoneﬁbwrinaf imsaablairﬁ econd,
from the Tirot dPLPIsRS S8 kes bt of i, 8 mtd wllorincft il ol ol e
from those |i stegylisiiar mmosem\)cnmpﬂsmna prinzanyl emylisifier hawmidg -at Igast ablo 46% by

weight emulsifying components selected from diglycero!l monoesters of branched Cqg

-C»4 fatty acids, finear unsaturated C,s -C, fatty acids, and linear saturated C,; -Cy4

fatty acids; sorbitan monoesters of branched Cys -Cy4 fatty acids, linear unsaturated

Cie -Cx, fatty acids, linear saturated C,, -Cy fatty acids; diglycerol monoaliphatic

ethers of branched Cyg -C,4 alcohols, linear unsaturated Csg -C5,; alcohols, and linear

saturated C,, -C44 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;

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

B) 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




REPLACEMENT SHEET 2 1 DEC 2001 58 C)(1) conbiningthe first and second
water-in-oil emulsions in a formng vessel prior to Rﬂ!ﬂmmwme
nmononer conponents of either of the water-in-oil emjl gFomsT—amd—}2

pol ymeri zing both enulsions to forma polyneric, hetef oge{@?& zbﬂam 54. The
process of claimb53, wherein the first enul sion compr S I"'east| gbout
20% nore than the second emul sion of the nonofunct } orat—renemer~eapabl e of
form ng an atactic anorphous polyner having a Tg of _about 25 C or lfower.
55. The process of claim53, wherel nth& first enul sion conprises at |east

about  20% mr(ﬁg)tcgr%ﬁin#'ng% Sﬁ-& s%%”d%aﬂ& u?—I)ll [allﬂﬁsvfaﬂsr nt %H\qa\%%‘%b?&lgyto

wat er -i nsol ub |on crossl i1 nking sor bent
article conprpOMﬂwZ'BQ ttisp g1eaemer @"Mﬂ%ﬁé’éte'fhﬂddathe M‘Hr"bé%te"t‘:‘lﬁpés and

posi ti oned bqby&%éﬁﬁgbaﬁ%ﬁa@ion@mompmwﬁsh@wm enbl@rearh. t he absor bent
core conprises a heterogeneous polyneric foam structure of interconnected

open-cells obtained fromat |east one water-in-oil enulsion, wherein the
f oam st r ucBarmelmscess of @aimts3, wmuditmﬁmcmnmsagi @npriddsat least dbeut 20% atord east
about 20% w ttE rﬁg%rggoﬁp%m%ﬁ onf th%o%oﬁmctno%?ll “#B%Hepgd}ﬁh%?éf foprgllnégﬁratfﬁtlc

conposi tion, operties _or mcr
absorbent ar tamqrehqu@lvraerrhaweg ala ef oKt 2576 M IOWer ogeneous foam has an
aggregate density of |ess than about 0.05 g/cc. 58. The absorbent article

of claimb56,_ wherein t het er u ri.ses C nUous
regi on; and®b)NedrewEseP gfa"ﬁ? ﬁ% S’beﬁ'ﬁ "H'K]%° B?esse%?e?aﬁﬁ?%gpgﬁc?ﬁ fi°Rious
regi on. 59. Tthen ahes cebanat enultsnonlaf thé ﬁrbtasubsﬁﬁnallmmten-lnscﬂdw appiyfengtiar@l vol une
of thg._di scre‘%ﬁssﬁrﬁﬁgﬁa ; of the heterogeneous foamis from about 10%to

s t

about 80% of otal volume. 60. The absorbent article of claim
56, wherein the heterogeneous foam conprises at |least two discrete,

conti nuous sgegH ABSerbént Carficle ToMpidindCEMapPbhe&KEEbacksheet and an absorbent core
positioned between the topsheet and the backsheet; wherein the absorbent core
comprises a heterogeneous polymeric foam structure of interconnected open-cells
obtained from at least one water-in-oil emulsion, wherein the foam structure has at least
two distinct regions that differ by at least about 20% with regard to one or more of
polymer density, polymer composition, surface properties or microcellular morphology.

57. The absorbent article of claim 56, wherein the heterogeneous foam has an aggregate
density of less than about 0.05 g/cc.

S 58. The absorbent article of claim 56, wherein the heterogeneous foam comprises a) a
continuous region; and b) discrete, unconnected regions dispersed in the continuous
region.

59. The absorbent article of claim 58, wherein the aggregate volume of the discrete regions
of the heterogeneous foam is from about 10% to about 80% of the foam's total volume.

60. The absorbent article of claim 56, wherein the heterogeneous foam comprises at least
two discrete, continuous regions.



21 DC2CA 59 ~ - 61. An absorbent article conprisin
backsheet and an absorbent core positioned between the|REPDACEMENZSHEER
backsheet; wherein the absorbent core conprises an abspr ggneous
hydrophilic polynmeric foam structure of interconnected pe?-1c&lfl sgo1Whef ei n
the foam has at | east two distinct regions that differ at |'east abgu
20% with regard to one or nore of polyner density, polyher—conposttton, |
surface properties or mcrocellular nory hol ogy. 62. The| absorbent articje
of claim 61, wherein the heterogeneous foam conprises a) a continuous

region; 22%1% %&b%é?%ean{dw%&ﬁﬁt_ 1 mge? téglﬁ%&r‘% Séc‘kﬂﬁbﬁf%ddidr? hl?sbrmm'?rauouis
regi on. . e _absorbent article o | . wher ei e regate vol ume
of the di scr eroationeg Bﬁyee'bﬁ‘ec treshaet @P@g‘gﬁ%&éﬁgm@?ﬁ &ngag%&ﬁnp 8%t o
about 80% of dohprifesamhs absatbeht \heferoyeneous 4hydidpailia baipmednt foamt studuref ofcl ai m
62, wherein t, ' [ - ' th ' f oam
are made 1 o BERRBRLRPH ool RARERERAr TR Aol RATEBAR SRUDY P
t o about 95C,atidast ahout 20¥wills ragewite antersmere P pelYmerlensity pplymep sePPasiien. and
wherei n the TggaédiropdifesoP Micrdtemi? mdfhodgy Per sed, unconnected regions

differ by at least 20% 65. The absorbent article of claim®64, wherein the
di spersed, unconnected regions of the heterogeneous foam have a Tg of from

agout ggg teg.6 ﬁ@%ﬁso?o%ﬁi agde tdﬂ%lalhOB}l i wmfvua the egiemgetass doaliy cahprises ) tahag
about ' . _The absorben riicle ' [t | sed,
unconnect ed r‘é’&f"&ﬂ’?gs 5?9?%'1@"& I?thgfrgtﬁe H'gc@ﬂgéc?égg}r#ié?semng%% d?lrn otpnggggt@ﬁﬂsal ly

t he sane nmat eregiah. having a Tg that is at |east about 10C greater than the
use tenperature for the foam and the material of the continuous region
has a Tg that_is no higher than about 10C | ess thar] t he sg te qrature
for the fodih Therabsqmhentartice efciaim G¢.twhereln Be ageragais &?mM%‘H% e Wg’gg ons

het er ogeneouscfftheRatéragerabusdam Sordne abddl T abdub 80% 40 tedoanh'e total whleme.
measured under a confining pressure of 5.1 kPa. REPLACEMENT SHEETJ 60

64. The absorbent article of claim 62, wherein the dispersed, unconnected regions of the
heterogeneous foam are made from essentially the same material having a Tg of from
about 30°C to about 95°C, the continuous region has a Tg of less than about 50°C, and
wherein the Tgs for the continuous and dispersed, unconnected regions differ by at least
20%.

85. The absorbent article of claim 64, wherein the dispersed, unconnected regions of the
heterogeneous foam have a Tg of from about 35°C to about 75°C and the continuous

& region has a Tg of less than about 30°C.

86. The absorbent article of claim 82, wherein the dispersed, unconnected regions of the
heterogeneous foam are made from essentially the same material having a Tg that is at
least about 10°C greater than the use temperature for the foam, and the material of the
continuous region has a Tg that is no higher than about 10°C less than the use
temperature for the foam.

67. The absorbent article of claim 61, wherein the heterogeneous foam has an aggregate
RTCD of about 40% or less when measured under a confining pressure of 5.1 kPa.
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68. The absorbent article of claim®6l, wherein the heter ogeneous f oam
conprises at least two discrete, continuous regions, Hre—-abserbent
article of claim68, wherein each continuous region (R M H\Hrﬂ&_ff ous

f oam conpri ses from about 20%to about 80% of the foa s total VoI 70.
The absorbent article of claim®68, wherein one distinct pejgron:zef the

het er ogeneous foam has a capillary suction specific surface area per ivol une
of at least about 0.025 n2 /cc and a sﬁ%cond di stinct region s A’ |
capillary suction specific surface area per volunme of—fraomabout 0. d)075 to
about 0.06 e@ﬂ{r@%bs&agnt%eebf%memcmréhaﬁé/ha&egéneausse%% %rls%graf( Rag area
per volunme for the two regions fter by at |east 20% he absor bent
article of clt‘é{PﬁisB‘Ste WW@F‘éﬂuﬁ“ﬂ‘%‘sheterogeneous f oam has a | ength, width

and depth, wherein one regl on |s under, in ternms of depth of the foam the

ot her regqi 7 r cl e o i . el iStinct
regi ons of %9 hg'ehaéf 'ﬁéﬁ‘&‘i&f ﬁ? wéeﬁe]m ?ac '{tlﬁ%@sq%m%g@e iz’a%?%ggﬂeg’t glf or med
from t he sandoamnoompriseonfpomeatiost 26f 29 abouf d0PEedff thenfoaés detate valumener

conponents, the relative anmount of at |east one m)norrer corrponent differs
by at |east_ about 20% 73. The absorbent article ofl aim 72 F?el nif
the di sti ndP- Feabserbers articleof fiaim:5e whereh poe FB%Ff‘rfegF’B @Pﬁ@@rqg%?ﬂ“f 2Ms ane

monomner corrpormrﬁ sapmhd‘yesubﬁinaépemm mwhreafpeat/otdmaet at lexse abauh 01028 médaponent
differs by at andeela getcor%) R nc? |on ﬁas a ca&llary suction specific surface area per volume of
from about 0.0075 to about 0.06 m?%/cc, and wherein the capillary suction specific surface

S area per volume for the two regions differ by at least 20%.

71. The absorbent article of claim 68, wherein the heterogeneous foam has a length, width
and depth, wherein one region is under, in terms of depth of the foam, the other region.

72. The absorbent article of claim 68, wherein the distinct regions of the heterogeneous foam
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 about 20%.

73. The absorbent article of claim 72, wherein if the distinct regions of the heterogeneous
S foam are formed from the same monomer components, the relative amount of at least
one monomer component differs by at least about 35%.



