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THIN-UNTIL-WET ABSORBENT FOAM MATERIALS 
FOR AQUEOUS BODY FLUIDS 

AND PROCESS FOR MAKING SAME 

FIELD OF THE INVENTION 
This appllcation relates to flexible,. microporous, 

open-celled polymeric foam materials having fluid absorption 
and retention characteristics that make them particularly 
suitable for absorbing aqueous body.fluids, e.g., urine~ This 
application particularly relates to absorbent foam materials 
that remain relatively thin until wetted with such fluids. 

BACKGROUND OF THE INVENTION 
-The development of highly absorbent articles for use as 

disposable diapers, adult incontinence pads and briefs, and 
catamenial products such as sanitary napkins, are the subject · 
of substantial commercial interest. A highly desired 
characteristic for such products is thinness. For example, 
thinner diapers are less bulky to wear, fit better under 
clothing, and are less noticeable. They are also more compact 
in the package, making the diapers easier for the consumer to 
carry and store. Co111pactness in packaging also results in 
reduced distribution costs for the manufacturer and 
distributor, including les~ shelf space required in the store 
·per diaper unit. 

The ability to provide thinner absorbent articles such· as 
diapers has been contingent on the ability to . develop 
relatively thin absorbent cores or structures that can acquire 
and ·store large quantities of discharged body fluids, in 
particular urine. ln this regard, the use of .certain 
particulate absorbent polymers often referred to as· 
"hydrogels," "superabsorbents" or "hydrocolloid" materials has· 
been_ particularly important. See, for example, U.S. Patent 
3,699,103 (Harper et al)", issued June 13, 1972, and U.S. 
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Patent 3,770,731 (Harmon), issued June 20, 1972, that disclose 
the use of such particulate absorbent polymers in absorbent 

• articles. Indeed, the development of thinner diapers has been 
the direct consequence of thinner absorbent cores tha~ take 
ad,vantage of the ability of these particulate absorbent 
polymers to absorb large quantities of discharged aqueous body 
fluids, typically ·when used in combination with a fibrous 
matrix. See, for example, U.S. Patent 4,673,402 (Weisman et 
al), issued June 16, 1987 and U.S. Patent 4,935,022 (Lash et 
al), issued June 19, 1990, that dbclose dual-1 ayer core 
structures comprising a fibrous matr.ix and particulate 
absorbent polymers useful in fashioning thin, compact, 
nonbulky diapers. 

These particulate absorbent polymers are unsurpassed in 
thei·r ability to retain large volumes of fluids, such as 
urine. A representative example of such particulate absorbent 
polymers are lightly crosslinked polyacrylates. Like many of 
the other absorbent polymers, these lightly c.rossl inked 
polyacrylates comprise· a multiplicity of anionic (charged) 
carboxy groups attached to the polymer backbone. It is these 
charged car.boxy groups that enable the polymer to absorb 
aqueous body fluids as the result of osmotic forces~ 

Besides osmotic forces, absorbency based on· ·capillary _ 
forces is also important in many absorbent articles, including 
diapers. Capillary forces are notable in various everyday 
phenomena, as exemplified by a paper towel soaking up spilled 
liquids .. Capillary absorbents can offer superior performance 
in terms o~ the rate of fluid acquisition and wicking, i.e. 
the ability to 111ove aqueous fluid away from the point of 
initial contact. Indeed, the dual-layer core absorbent 
structures noted above use. the fibrous matrix as the primary 

. capillary transport vehicle to move the initially acquired 
aqueous body fluid throughout the absorbent core so that it 
can be absorbed and ret~ined by the particulate. absorbent 
polymer positioned in layers or zones of the core. 

.. 



-.. 
·.' .. 

'-. ..... / 

·,:· 

---------------
.This Sheet Has B ! 

1111111101~1 ·· 
. ! 

-3-

An alternative absorbent material potentially capable of 
providing capillary fluid tran.sport would be open-celled 
polymeric foams. If made appropriately, open-celled polymeric 
foams could provide features of capillary fluid acquisition, 
transport and storage required for use in high performance 
absorbent cores for absorbent articles such . as diapers. 
Absorbent articles containing such foams could possess 
desirable wet integrity, could provide suitable fit throughout · 
the entire period the article ;s worn, and could avoid 
degradation in shape during use. In addition, absorbent 
articles containing such foam structures could be easier.to . 
manufacture on a commercial scale. For example, absorbent 
diaper cores could simply be ·stamped out of continuous foam 
sheets and could be designed to have considerably greater 
integrity and uniformity than air-laid fibrous absorbent cores 
containing particulate absorbent polymers. Such foams could 
a 1 so be mo 1 ded in any desired shape, or even formed into 
i~tegral, unitary diapers. 

Literature and connnercia 1 practice is replete with 
descriptions of various types of polymeric foams· that can 
imbibe a variety of fluids for a variety of purposes. Indeed, 
employment of certain types of polymeric foam materia 1 s as 
elements of absorbent articles such as diapers and catamenial 
products has previously been suggested. See, for example,. 
U.S. Patent 4,029,100 (Karami}, issued June 14, 1977, that 
~iScloses a shape-retaining diaper that can employ a fo·am 
element in the crotch area of its absorbent pad assembly in 
order to provide high wet resiliency. Certain types of 
polymeric foam materials have also been suggested as useful in 
absorbent articles for the purpose of actually imbibing, 
wicking and/or retainin.g 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 
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absorbing cellular polymers that can be used in diapers or 
·catamenial products); U.S. Patent 4;740,528 (Garvey et al), 
issued April 26, .1988 (absorbent composite structures such. as 
diapers, fe11_1in.ine care "products and the like that contain 
sponge a.bsorben~s made from certain types of super-wicking, 
crosslinked polyurethane foams).· 

Although various polymeric foam materials have been . 
suggested for use in absorbent articles, there is still a need 
for absorbent foam materials having optimized combinations of 
features and characteristics that would render such foams 
especially useful in commercially marketed absorbent products 
such as diapers. In terms of desired absorbency character-· 
istics·, including capillary f~uid transport capability, it has· 
been determined that optimized absorbent, open-celled 
polymeric foams should have the following characteristics: 
(a) a relatively greater affinity for absorbing body fluids 

than exhibited by other components in the absorbent 
article so that the foam material can drain (partition) 
fluids from these oth~r components and keep the fluids 
stored within the foam structure; 

(b) rel~tively good wicking and fluid distribution 
characteristics in order for the foam to transport the 

.imbibed urine or other body fluid away from the initial 
impingement zone and into the unused balance of the fo~m 

. st'ructure, thus allowing for subsequent gushes of fluid 
to be accommodated; and 

(c) a relatively high storage capacity with a relatively high 
fluid capacity under load, i.e. under compressi.ve forces. 
As previously noted, a thinner absorbent core is usually 

a requirement for making relatively thin absorbent articles, 
such as diapers. However, providing absorbent polymeric foam 
materials 'that remain r~latively thin in form until wetted 
with aqueous body fluids is not straightforward. The 
absorbent foam material needs to remain relatively thin during 
normal storage and use prior to being wetted. Th.is relatively 
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thin polymeric foam material must additionally have the needed 

absorbency characteristics described above if it is to be 

useful in high performance abs.orbent c~res. Making relatively 

thin polymeric foams that are sufficiently soft and flexible 

for comfort of the wearer is also not a trivial task . 
. Accordingly,. it would be desirable to be able to make_ an 

open-celled absorbent polymeric foam material that: (1) has 

adequate or preferably superior absorbency characteristics, 

including capillary fluid transport capability, so as to be 

des i rah le in M gh performance absorbent cores used in 

absorbent articles such as diapers, adult incontinence pads or 
briefs, sanitary napkins and the 1 ike; (2) is relatively thin 

during normal storage and use until wetted with aqueous body 

fluids; (3) is suffidently flexible and soft _so_ as to provide 

a high degree of comfort to the wearer of the absorbent 

article; and (4) can be manufactured on a commercial scale·, at 
relatively reasonable or low cost. 

DISCLOSURE OF THE INVENTION 
The present invention relates to relatively thin, 

co 11 apsed ( i . e. unexpanded}, polymeric foam materials that, 

upon contact with aqueous body fluids·, expand and absorb such 

fluids. These absorbent polymeric foam materials comprise a 

hydrophilic, flexible, nonionic polymeric foam structure of 

interconnected . open-cells ihat provides a specific surface 
area per foam volume of at least about 0.025 m2/cc. The foam 

structure h~s incorporated therein at least about 0.1% by 

weight of a toxicologically· acceptable, hygroscopic, hydrated 

salt. In its collapsed state, the foam- structure has an 

expansion pressure of about 30,000 .Pascals or less. In its 

expanded . state, the foam structure has a density, when 
saturated at 88°F_ (31.1°C) to its free absorbent capacity with 

synthetic urine having a ~urface tension of 65 ± 5 dynes/cm, 

of from about 10 to about 50% of its dry basis density in its 

collapsed state. 
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it· is· believed that -the ability of the polymeric foams of 
. . 

the present invention,to remain in a collapsed, unexpanded 
state is due to the capillary pressures developed within the 
collapsed foam structure that at least equals the force 
exerted by the elastic recovery tendency (i.e., expansion 
pressure) of the compressed .Polymer. Surpri si~gly, these 
collapsed polymeric foam materials remain relatively thin 
during norma 1 shipping, storage and use conditions, until 
ultimately wetted with aqueous body fluid~, at which ·point 
they expand. Because of their excellent absorbency 
characteristics, including capillary fluid transport 
capability, these co 11 apsed polymeric foam materi a 1 s are 
extremely useful in high per.formance absorbent .cores for. 
absorbent articles such as diapers, adult incontinence pads or 
briefs, sanitary napkins, and the· like. These collapsed 
polymeric foam materials are also sufficiently flexible and 
soft so as to provide a high degree of _comfort to the wearer 
of the absorbent article. 

The present invention further relates to a process for 
consistently obtaining such relatively thin, collapsed 
polymeric foam materials by polymerizing a specific type of 
water-in-oil emulsion having a relatively small amount of an 
oil phase and a relatively greater amount of a water phase, 
~ommonly known in the art as High Internal Phase Emu.lsions or 
"HIPE." The oil phase of these HIPE emulsions comprises from 
about 67 to about 98% by weight of a monomer component having: 
{a) from about 5 to about 40% by weight of a substantially 
water-insoluble, monofunctional glassy monomer; (b) from about 
30 t~ about 80% by weight of a substantially water-insolubl~, 
monofunctional rubbery comonomer; (c) from about 10 to about 
4~ by weight of a substantially water-insoluble polyfunc­
tional crosslinking agent component. The oil phase further 
comprises from about 2 to about 33% by weight of an emulsifier 
component that is soluble in the oil phase and wfll provide a 
stable emulsion for polymerization. The water or ·"internal" 
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phase of these HIPE emulsions comprises an aqueous solution 
containing from about 0.2 to about 20% by weight of a water­
soluble electro1yte. The weight ratio_ of the water phase to 
the oil phase in these HIPE emulsions ranges from. about 12:1 
to about 100:1. The polymerized foam is subsequently 
dewatered (with or without prior washing/treatment steps) to 
provide the collapsed foam.material. 

An important aspect of the process of the present 
invention i·s to c.arry out the emulsion formation and 
polymerization steps in a manner such that coalescence of the 
relatively small water droplets formed in the HIPt emulsion is 
reduced. This leads to a number average cell size in the 
resulting polymeric foam material of about 50 microns or less. 
It is believed that tMs reduction in coalescence of the 
relatively small water droplets formed in the HIPE emulsion, 
and the. resulting smaller number average cell size in the 
polymeric foam material, is a key mechanism behind consistent 
formation of relatively thin, collapsed polymeric foam 
materials according to the present invention, and especially 
collapsed foam materh.ls having good absorbency and fluid 
transport characteristics. This reduction in coalescence can 
b~ ccmsistently achieved by the use of certain ~mulsifier 

systems, by the use of lower temperatures during 
polymerization (curing), or both, as described hereafter. 
Moreover, these relatively thin, collapsed absorbent polymeric· 
foam materials can be consistently manufactured according to 
the process of the present invention on a potentially . 
commer~ial scale, and at a potentially reasonable or low cost. 

_BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 of the drawings is a photomicrograph (1500 X 

magn i fi cat ion) of an edge view of a cut section of a 
representative absorbent polymeric foam according to the 
present invention in its collapsed state. 
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Figure 2 of the drawings is a photomicrograph of a cut 
section of a representative absorbent polymeric foam according 
to the present invention in its expanded state. 

Figures 3a through 3d of the drawings are photomicro·­
graphs (500 X magnification) of cut sections of absorbent 
polymeric foams prepared by polymerizing/curing a certain HIPE 
emulsion at different temperatures. 

Fig~re 4 of the drawings is a photomicrograph (1000 X 
magnification)· of a cut section of an absorbent polymeric foam 
according to the present invention that is prepared from a 
HIPE·emulsion containing a preferred co-emulsifier system. 

Figure 5 of the drawings is a cutaway depiction of a 
. . 

disposable diaper which utili·zes the absorben~ polymeric. foam 
of the present invention as an hourglass-shaped fluid storage/ 
distribution component in an absorbent diaper core of 
dual-layer configuration. 

Figure 6 of the drawings represents a cut-away view of a 
form-f~tting article such as a disposable training pants 
p-roduct which employs an absorbent polymeric foam according to 
the present invention as an absorbent core. 

Figure 7 of the drawings represents .a .blown-apart view of 
the components of a diaper structure also of dual layer core 
configuration having an hourglass-shaped fluid acquisition 

· layer overlying an absorbent foam fluid storage/distribution 
l.ayer with a modified hourglass shape. 

DETAILED DESCRIPTION OF THE.INVENTION 
Polymeric foams of the type referred to herein can be 

characterized as the structures which result when a relatively 
monomer-free liquid is dfspersed as droplets or "bubbles" in a 

.polymerizable monomer-containing liquid, followed by polymer­
ization of the monomers in the monomer-containing liquid which 
s~rrounds the droplets. The resulting polymerized dispersion 
can be in the form of a porous solidified structure which is 
an aggregate of cell~, the boundaries or walls of which cells 
comprise sol id polymerized material. The cells themselves 
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contain the relatively monomer-free liquid which, prior to 

p.olymerization, had formed . the droplets in the liquid 

dispersion. 
As descr.ibed more fully hereafter, the collapsed 

polymeri~ foam materials useful as absorbents in the present 
invention are typically prepared by polymerizing a particular 

type of water-in-oil emulsion. Such an emulsion is formed 

from a relathely small amount of a polymerizable monomer­

containing oi1 phase and a relatively·. larger amount of a · 

relatively monomer-free water phase. The relatively 

monomer-free, discontinuous 0 internal" water phase thus forms 

the dispersed droplets surrounded by the continuous 

monomer-containing oil phase.· Subsequent polymerization of 

the monomers in the· continuous oil phase forms the cellular 

foam structure. The aqueous liquid remaining in the foam 

structure after polymerization can be removed by pressing, 
thermal drying and/or vacuum dewatering. 

Polymeric foams, including foams prepared from 

water-in-oil emulsions, can be relatively closed-eel led or 

relatively open-celled in character,· depending upon whether 

and/or the extent to which, the cell walls 'or boundaries, 

i.e., the cell windows, are filled with, or void of, po_lymeric 

materhl. The polymeric _foam materials useful in the 

absorbent articles and structures of the present invention are 
those which are relatively open-celled in that the individual 

cells of the foam are for the most part not completely 

isolated from each other by polymeric material of the cell 

walls. Thus the cells in such substantially open-celled foam 
structures have intercellular openings or 11 windows" which are 
large enough to permit ready fluid tr~nsfer from one cell to 

the other within the foam structure. 

In substantially open-celled structures of the type 

useful herein, the foam will generally have a reticulated 

character with the individual cells being ~efined by a 

plurality of mutually connected, three dimensionally branched 



-10-

THIS SHEET HAS BEEN 
REPLACED 

webs. The strands of polymeric material which make up the 
brancned webs of the open-cell foam structure can be referred 
to as "struts." Open-celled foams having a typical strut-type 
structure are shown by way of example in the photomicrograph 
set forth as Figure 2. 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 micron size are in 
fluid communication with at least one adjacent eel l. 
Alternatively, a foam material can be considered t.o be 
substantially open-celled if it has a measured available pore 
volume that is at least 80% of the theoretically available 
pore volume, e.g., as determined by the water-to-oil weight 

. . 
ratio of the HIPE emulsion from which the foam material is 
formed~ 

· In addition to being open-celled, the collapsed polymeric 
foam materials of this 1nvention are hydrophilic in character. 
The foams herein must be sufficiently hydrophilic to permit 
the. foam to absorb aqueous body fluids in the amounts 
hereafter specified. As discussed hereafter with respect to 
preferred foa!R types and methods of foam preparation, the 
internal ·surfaces of the foam structures herein can. be 
rendered hydrophilic by virtue of residual hydrophilizing 
agents left in the foam structure after polymerization or by 
virtue of selected post-polymerization foam treatment 
procedures which·can be used to alter the surface energy of 
the material which forms the foam structure. 

The extent to which polymeric foam structures such as 
those of this invention are "hydrophilic" can be quantifie4 by 
referenci_ng th~. "adhesion tension" exhibited by such foams in 
contact with an absorbable test liquid. Adhesion tension is 
defined by the formula 

AT = 1 COS 9 
wherein AT is adhesion tension in dynes/cm; 

1 is the surface tension of a test liquid.absorped by the 
foam material in dynes/cm; 
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9 is the contact angle in degrees between the surface of 
the polymeric foam and the vector which is tangent to the 
test liquid at the point that the test liquid contacts 
the foam surface. 

·For any given hydrophil iC foam material, the adhesion 
tension exhibited by the foam can be determined experimentally 
using· a procedure whereby weight uptake of a test 1 iquid, 
e.g., synthetic urine, is measured for a foam sample of known 
dimensfons and capillary suctiqn specific surface area. Such 
a procedure is described in greater detail in the TEST METHODS 
section hereafter .. The foams which are useful as absorbents 
in the present invention are generally those which have been 
rendered hydrophi 1 i c to the extent that they exhibit an 
adhesion tension of from about 15 to about 65 dynes/cm, more 
preferably from about 20 to about 65 dynes/cm, as determined 
by capillary suction uptake· of synthetk urine having a 
surface tension of 65 :!:_ 5 dynes/cm. 

In addition to being "open celled" and "hydrophilic," the 
polymeric foam materi.als useful in the present invention have 
a specffic set of structural and. mechanical proper.ties, 
features and/or characteristics. It should be understood that 
these foam materials can have different properties, features 
and/Or:' characteristics at different times prior to contact 
between the foam and the aqueous body fluid to be absorbed. 
For example, during their manufacture, shipping-, storage, 
etc., the foams herein can have density and/or cell. size 
values outside the range~ set. forth hereafter for these 
parameters. However, .such foams are nevertheless still within 

·the scope of this invention if they 1 ate'r undergo phys i ca 1 or 
rheological changes so that they have the requisite values 
specified hereafter for these properties, features andior 
characteristics at at least some point prior to and/or during 
contact with the aqueous body fluid to be absorbed. 

The properties, features and/or characteristics of the 
polymeric foam materials of the present invention are somewhat· 
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interrelated and interdependent, but can be es sent fa 11 y 
categorized as follows: (I) those particularly relevant to 
its collapsed state; (II) those particularly relevant to its 
expanded state; (I II) those equa 11 y relevant to either its 
collapsed or expanded state; and (IV) those partkularly 
relevant to its absorbency when in contact with aqueous body 
fluids • 
. I. Collapsed State. 

The co 11 apsed polymeric foam materi a 1 s of the present 
invention are usually obtained by polymerizing a HIPE-type 
emulsion as described hereafter. These are water-in-oil 
emulsions having a_ relatively small amount of an oil phase and 
a relatively greater amount ~f a water phase. Accordingly, 
after polymerization, the resulting foam contains a 
substantial amount of water. This water can be expressed from 
the foam by compressive forces, and/or can be reduced by 
~hermal. drying, such as by heating in an oven, or by vacuum 
dewatering. After compression, and/or thermal dryi-ng/vacuum 
dewatering, the polymeric foam material is in a collapsed, or 
unexpanded state. 

The cellular structure of a representative collapsed HIPE 
·foam from which water has been expressed by compression is 
shown in the photomicrograph set forth in Figure I. As shown 
in Figure I, the cellular structure of the foam is distorted, 
especially when compared to the HIPE foam structure shown in 
Figure 2. (The foam structure shown in Figure 2 i-s in its 
expanded.state.) As can also be seen i~ Figure I, the voids 
or pores (dark areasJ in the. foam structure have been 
flattened or elongated. There is also no or minimal contact 
between adjacent struts of the foam structure .. 

Fotlowing compression and/or thermal drying/vacuum 
dewatering, the collapsed polymeric foam material can 
potent i a 11 y re-: expand, es pee i a 11 y when wetted with aqueous 
body. fluids. (See Figure 2 which shows a typical HIPE foam 
structure according to the present invention in its expanded 
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state.} Surprisingly, polymeric foam materials of the present 
invention remain in thh collapsed, or unexpanded state, for 
significant ·periods of time, e.g., up to at least about l 

. year. The abH;ty of the polymeric foam materials of the 
' . 

present invention to remain. in this collapsed/unexpanded state. 
is be l i eved to be due to the capillary forces, and in 
particular the capillary pressures developed within the foam 
structure. As used herein, •capillary pressure 0 refers to the 
pressure differential across the liquid/air interface due to 
the curvature of meniscus within the narrow confines of the 
pores in the foam. [See Chatterjee, •Absorbency, 0 Textile 
Science and Technology, Vol. 7, 1985, p. 36.] For wetting 
liquids, this is essentially· a pressure drop compared to 
atmospheric.· 

· After compression, ·and/or the~al drying/vacuum 
dewatering, the polymeric foam material of the present 
invention has residual water that includes both the water of 
hydration associated with the hydroscopic, hydrated salt 
incorporated therein (as de$cribed hereafter), as well as free 
water absorbed within the foam. It is this· residual water 
(assisted by the hydrated salts) that is believed to exert 
capillary pressures on the resulting collapsed foam structure. 
Collapsed polymeric foam materials of.the present invention 
can have residual water contents of at least about 4%, 
typically from about 4 to about 303, by weight ~f the foam 
when stored at ambient conditions of 12•F (zz•q and 50% 
relative humidity. Preferred collapsed polymeric foam 
materi a 1 s of the present invention have residual water 
contents of from about 5 to about 15% by weight of the foam. 

In its collapsed state, the capillary pressures developed 
within the foam structure at least equal the forces ~xerted .bY 
the elastic recovery or modulus of the compressed polymer.. In 

. ' 

other words, the capi 11 ary pressure necessary to keep the 
collapsed· foam material relatively thin is determined by the 
countervaling 'force exerted by the compressed polymeric foam 
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as it tries to "spring back." The elastic recovery tendency 
of polymeric foams can be determined from stress-strain 
experiments where the·expanded foam is compressed to about 25% 
of its original, expanded caliper (thickness) and then held in 

this compressed ~tate until an equilibr~um or relaxed stress 
value is measured. Alternatively, and for the purposes of the 

present invention, the equilibrium relaxed stress value is 
determined from measurements on the polyll!eric foam in its 
collapsed state when in contact with aqueous fluids, e.g., 

water. This alternative relaxed stress value is hereafter 
referred to as the "expansion pressure" of the foam. A 

detailed description of a procedure for determining the· 
expansion pressure of foams is set forth in the TEST METHODS 
~ection hereafter. 

· The expansion pressure for polymeric foams of the present 
invention is about 30 kiloPascals (kPa) or less and typically 
from about 7 to about 20 kPa, i.e. the expansion pressure is 
within a relatively narrow range. This means the elastic 
recovery tendency of typical polymeric foams according to the 
present invention i·s relatively constant~ Accordingly, the 
capillary pre'ssures necessary to provide c~llapsed, unexpanded 

polymeric foam mat.erials according to the present invention 
also typically fall witMn a constant range . 

It might be theoretically possible to measure directly 
the capillary pressures developed within the foam structure of 
collapsed polymeric foams according to the present invention. 
For example, if modeled simply as a hollow cylinder, the 
capillary pressure (P) can be defined by the Laplace equation: 

p = 2 1 cos (0) 
re 

where 1 is the surface tension of the fluid'· e is the contact 
angle, and re is the· radius of a capi 11 ary tube. However, 
because of various complicating factors, including the. 
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·difficulty in assigning a value to re for the polymeric foam, 
the capillary pressures developed within the foam structures 
of the present invention are not measured directly. Instead, 
the capillary pressures developed within the foam structure 
are more easily estimated by rewriting the above _Laplace 
equation in the following, more general fa.rm, that is 
applicable to any porous structure (e.g., foams): 

p = ~ 1 cos 9 

wherein Sc is the capillary suction specific surface area of . 
the foam struct~re, p is ihe foam density, is the porosity 
of the foam, and 1 c~s 9 is the adhesion tension (AT) between 
the fluid and the foam structure .. Assuming the value for 
is close to 1 (typically the case when the foam structure is 
in its expanded state), the capi 11 ary pressures deve 1 oped 
within the foam structure are essentially a function of: (A} 
the capillary suction specific surface area; (B) the foam 
density; and (C) the adhesion tension between the fluid and 
the foam structure. 

For a constant adhesion tension value, it has been found . . 
that the specific surface area per foam volume is particularly 
useful for empirically defining foam structures of the present 
invention that will remain in a collapsed state. As used 
herein, ."specific surface area per foam volume" refers to the 
capillary suction specific surface area of the foam structure 
times the foam density, i.e. the va 1 ue ScP in the above 
general equation. This specific surface area per.foam volume 
value ·is characterized as "empirical" in that it is derived 
from (a) the capillary suction specific surface area,which is 

. . 
measured during wetting of the dried foam structure, and (b) 

-the density of the expanded foam structure after wetting to 
saturation, rather than by di re ct measurement of the dried, 
collapsed foam structure. Even so, it has been found that 
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certain minimum specific surface area per foam volume values 
are correlatable to the ability of the foam structure to 
remain in a collapsed state. Polymeric foams according to "the 
present invention having spec;fic surface are·a per foam volume 
values of at least about 0.025 m2/cc, preferably .at least 
about 0 .• 05 m2/cc, m.ost preferably at least about 0.07 m2/cc 
have been found empi.rically to remain in a collapsed state. 

Cap.ill ary suet ion specific surface area, foam density and 
the surface tension component of adhesion tension of. the 
fluid, as well as· other factors relevant to the capillary 
pressure and/or expansion pressure of the polymeric foam, are 
discussed more fully hereafter: 
A) Capillary Suction Specific Surface Area 

Capillary suction speci.fic surface area is, in general, a· 
measure of. the test-1 iquid-accessible surface are~ ·of the 
polymeric network forming a particular foam per unit mass of 
the bulk foam material (polymer structural material plus solid 
residual material). Capillary suction specific surface area 
is determined both by the dimensions of the cellular units in 
the foam and by the density of the polymer. Capillary suction 
specific surface area 1s thus a way .of quantifying the total 
amount of solid surface provided by the foam network to the 
extent.that such a surface partitipates in absorbency. 

The capillary suction specific. surface area of an 
open-celled foam structure such as the polymeric foams herein 
is a key feature that influences the capillarity (or capillary 
suction) exhibited by the foam. Foams of relatively high 
capillary suet ion speci fie surface area and low density 
_provide the very desirable combination of high capacity and 
high. capillarity. High specific surface area is also a 
co~sequence of the fineness of the struts making up the foam 
structure. It has been found that foam capillarity must be 

.controlled and selected so that the foam materials herein have 
sufficient capillarity to provide acceptable fluid retention 
and wicking rate of the fluid to occur within the foam 
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structure. Adjustment of capillary suet ion spec if1 c· surface 
area, as well as control of .the hydrophilicity of the foam 
polymer surfaces, is thus the means for providing the 
requisite degree of capillarity for the absorbent foams of 
this invention. 

The capillary suction specific surface area is 
particu1arly relevant to whether adequate capillary pressures 
are developed within the foam structur.e to keep. it in a 
collapsed state until wetted with aqueous body fluids. Using 
the general form of the Laplace equation above, the capillary 

.Pressure developed within the foam structure is proportional 
to the capillary suction specific surface area. Assuming 
other factors such as the foam-density and-adhesion tension of 
the fluid are constant, this means that, as the capillary 
suction specific surface area is increased (or decreased) the 
capillary pressure within th~ foam structure also increases 
(or decreases) proportionately. 

The capillary suction specific surface area of the foam 
herein can be influenced and controlled by adjusting various 
compositional and processing parameters that affect foam 
formation. For HIPE emulsion-based foams, compositional 
parameters include the wat.er-to-oil ratio of the HIPE 
emulsion, and the type and amounts of monomers, emulsifiers, 
and electrolytes utilized in the HIPE emulsion. Process 
para~eters affecting capillary suction specific surface area 
include mixing energy and temperature. 

For purposes of this invention, capillary suction 
specific surface area is determined by measuring the amount of 
capillary uptake of a low surface tension liquid (e.g., 
ethanol) which occurs within a foam sample of a known mass and 
dimensions. A detailed description of such a procedure for 
determining foam specific surface area via the capillary 
suction method is set forth· in the TEST METHODS section 
hereafter. Any reasonable alternative method for determining 
capillary s·uction specific surface area can also be u·tilized. 
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The col lapsed open-eel led, absorbent polymeric foams 
which are useful in the present invention are those that have 
a capillary suction specific surface area of at least about 
0.3 m2/g. Typ1cally, .the capillary suction specific surface 

area is in the range f~om . ab~ut 0. 7 to about 8 m2/g' 
preferably from about 1 to about 7 m2/g, most preferably from 
about 1.5 to about 6 m2/g. For pore volumes to be defined 
hereafter, hydrophilic foams h~ving such· capillary suction 
specific surface area values will generally possess an 

especially desirable balance of absorbent capacity, fluid­
retaining and fluid-wicking or distribution characteristics 

for aqueous body liquids such as urine. In addition, foams 
having such capillary suctiofl specific surface areas can 
develop a sufficient capillary pressure to keep the foam in a 

co 1 lapsed, unexpanded state unt n wetted with such aqueous. 
body fluids. ·· 

. 8) foam Density 

.. 

Foam ~ensity in grams of foam per cubic centimeter of 
foam vo.lume in air is specified herein on a dry basis. Thus 
the amount of absorbed· aqueous liquid, e.g. , residua 1 salts 

and liquid left in the foam, for example, after HIPE emulsion 
polymerizatfan, washing and/Qr hydrophilization, is 
disregarded in calculating and expressing foam density. Foam 

density as specified herein does include, however, other 
residual materials such as emulsifiers present in the 
polymerized foam. Such residual materials can, in fact, 

contribute significant mass to the foam material. 
The density of the foam materials herein, like capillary 

suction specific surface area·, can infl~ence a number of 
performance and mechan i ca 1 characteristics of the absorbent 
foams herein. These include the absorbent capacity for 
aqueous body fluids, the extent and rate of fluid distribution 
within the foam and the foam flexibility and compression 

deflection characteristics.· Importantly also, the density of 
the foam absorbent structures herefo can determine the cost 
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· effectiveness of such structures. Most importantly, foam 

density can partially determine what capillary pressures are 

.sufficient to keep the foam in a collapsed, unexpanded state 

over substantial periods of time until wetted with aqueous 

body fluids. 
Any suitable gravimetric procedure which will provide a 

determination ·of mass of solid foam material per unit volume 

of foam structure can be used to measure foam density. For 

example, an ASTM gravimetric procedure described more fully in 

the TEST METHODS section hereafter is one method which· can be 

employed for density determination. For those situations 

where the foam sample preparation procedures (drying, aging, 

preflexing, etc.,) can inadvertently alter the density 

measurements obtained, then a 1 ternate density determination 

tests can also be utilized. Such alternative methods, for 

example, can include gravimetric density measurements using a 

test liquid absorbed within the foam material. This type ·of 

density determination method can be useful for characterizing 

very low density foams such as the foams herein wherein the . 

dry density approximates the inverse of the pore volume of the 

foam. [See Chatterjee, "Absorbency, 11 Textile Science and 

Technology, Vol. 7, 1985, p. 41.] As with capillary suction 

specific surface area, the ranges for foam density set forth 

hereafter are intended to be inclushe, i.e.~ they are 

intended to encompass density values that can be determined by 

ariy reasonable experimental test method: 

The collapsed absorbent polymeric foams of the present 

invention have dry basis density values in the range of from 

about 0.05 to __ a_bout 0.4 g/cm3, preferably from about 0.07 to 

about 0.25 g/cm3, and most preferably from about 0.1 to about 

0.2 g/cm3. The density of the foam materials can be ~djusted 
to within the foregoing ranges by controlling, in particular, 

·the water-to-oil ratio of the HIPE emulsion. 
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C) Surface Tension of Fluid 
As previously noted, the collapsed polymeric foam 

materials of the present invention · have a certain level of 
residual water. .In the absence of other surf ace tens ion . 
modifying agents,. pure water has a surface tension of about 73 
dynes/cm at 22•c. However, this residual water typically 
contains other materials that will either increase or decrease 
its surface tension. These materials can be present in the 
water phase of the HIPE emulsion from which the polymeric foam 
materials of the present invention are typically made. These 
ma~eri al s can a 1 s.o be included in the residual water as a 
result of post-polymerization steps, e.g., to hydrophilize the 
foam surface. 

One such material present in the residual water of the 
co 11 apsed polymeric foam is a toxi co 1 ogi cal ly acceptable 
hydroscopic, hydratable salt, preferably calcium chloride. In 
addition to keeping the residual water in .the foam structure 
from evaporating, these hydratable salts can. also increase the 
surface-tension of the water. For example, inclusion of 1% by 
weight calcium chloride increases the surface tension of water 
to about 75 dynes/cm at 22•c. These hydratable salts are 
present in the foam structure in an amount of at least about 
0.1% by weight of the foam, and typically in the range of from 
about 0.1 to about 8%, preferably from about 3 to about 6%, by 
weight of the foam. 

Another material that is pre~ent i il the co 11 apsed 
polymeric foam materials are certain oil-soluble emulsifiers. 
Representative oil-soluble emulsifiers that can be present in 
the foam structures of the present invention include ~orbitan 
laurate (e.g., SPAN® 20), ·mixtures of sorbitan laurate with 
sorbitan palmitate (e.g., SPAN® 40), mixtures of sorbitan 
laurate with certain polyglycerol fatty acid esters to be· 
described hereafter, and sorbitan oleate (e.g., SPAN® BO). 

These emulsifiers are typically incorporated f9r the purpose 
of rendering the surface of the foam structure hydrophilic. 
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However, the more water-soluble components in these 
emulsifiers can ·also be dissolved in the residual water 
1>resent in the foam structure and can affect its surface 
tension, typic.ally by decreasing it. These oil soluble 
emulsifiers are present in the foam structure in an amount of 
at least about 0.5% by weight of the foam and typically in the 
range of from about 0.5 to about 20%, preferably from about 5 
to about 12%, by weight of the foam. 

· 0) Cell Size 
An alternative feature which can be useful in defining 

preferred collapsed polymeric foam materials of this invention 
is eel l size. Foam eel ls, and especially eel ls which are 
formed by polymerizing a monomer-containing oil phase that 
surrounds relatively monomer-free water-phase droplets, will 
frequently be substantially spherical in shape. The size or 
0 diameter 0 of such substantially spherical cells is thus yet 
another commonly utilized parameter for characterizing foams 
in general as well as for characterizing certain preferred 
absorbent foam structures of the present invention. Since 
cells in a given sample of polymeric foam will not necessarily 
be of approximately the same size, an average cell size, i.e., 
average cell diameter, will often be specified. 

As with foam density, and capfllary suction spec;fic 
surface area, cell size is a foam parameter which can also 
impact on a number of important mechanical and performance· 
features of the absorbent foam material of this invention. 
Since cell size contributes to capillary suction specific 
surface area which, together with foam hydrophilicity, 
determine the capillarity of the foam, cell size is a foam 
structure parameter that can directly affect the internal 
fluid wicking properties of the foam absorbents herein, as . . 

well as the capillary pressure that is developed within the 
foam structure. 

A number of techniques· are available for dete~mining the 
average.cell size of foams; These techniques include mercury 
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porosimetry methods which are well known in the art. The most 
useful technique, however, for determining cell size in foams 
involves ·a simple measurement based on the scanning electron 
photomicrograph of a foam sample. Figure 2, for example, 
shows a typical HIPE foam structure according to the present 
invention in its expanded state. Superimposed on the 
photomicrograph is a scale representing a dimension of 20 
microns. Such a scale can be used to determine average cell 
size via an image analysis procedure. Image analysis of 
photomicrographs of foam samples is, in fact, a conunonly 

· employed analytical tool which can be used to determine 
~verage cell size of the· foam structures herein. Such a 
technique is described in greater ~etail in U.S. Patent 
4,788,225 (Edwards et al), issued November 29, 1988, which i.s 
incorporated by reference. 

The cell size measurements given herein are based on the 
number average cell size of the foam in its expanded state 
e.g., as shown in Figure 2. The foams useful as absorbents 
for aqueous body fluids in accordance with the present 
invention will preferably have a number average cell size of 
about 50 microns or less and typically in ~he range of from 
about S to about 50 microns. More preferably,· the number 
average eel l size wil 1 be in the range from· about s· to about 
40 microns, most preferably, from about 5 to about 35 microns. 

The size or diameter of the cells in the foams herein can 
be influenced and controlled by variation of the same type of 
foam compositional and processing features that influence 
capillary suction specific.surface area and foam density. For 
the preferred HIPE-based foams, these include primarily those 
factors which determine the size of the water-phase droplets 
in the HIPE emulsion precursor of the polymeric foam 
structures herein. Thus, cell size can be varied by adjusting 
the .. energy input during mixing and the type and amount of 
emulsifier used to form the HIPE emulsion. 

E} Plasticization Effects 
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The o.il-soluble emulsifiers present in the col lapsed foam 
structure can affect .the polymer modulus itself, e.g., as a 
plasticizer. These plasticizer effects can either be the 
result of the· incorporation of the emulsifier during the 
formation of the HIPE emulsion, or else can be due to 
incorporation as a result of post-polymerization 
hydrophil ization treatments. Pl asticization by the 
emulsifiers usually tends to decrease the polymer modulus and 
thus lowers the expansion pressure of the foam structure. 
This means that the capillary pressure required for stable 
collapsed foam structures can be somewhat reduced .. However, . 
plasticization to too great an extent can also be undesirable. 
For example, the polymeric foam structure can be plasticized 
to the extent that the foam is weakened and does not have the 
resHtance to compression deflection characteristics specified 
hereafter. 
I I. . Expanded State 
A) Density Upon Saturation With Synthetic Urine 

A particularly important property of the absorbent foams 
of the present invention in their expanded state is their 
density upon saturation with aqueous body fluids, relative to 
the dry basis density of the absorbent foam in its collapsed 
state. The density of the expanded foam when saturated with 
aqueous body fluids, relative to its dry basis density in its 
co 11 apsed (compressed) state, provides a measure of the 
relative thickness of the foam in its expanded state. This 
provides a particularly relevant measure of how thin the foam 
is when expanded and when saturated with aqueous body fluids. 

For the purposes of the present invention, the density of . 
the absorbent foams in their expanded state ·is measured when 
it is saturated at aa•F (31.l•t) to its free absorbent 
capacity w.ith synthetic urine having a surface tensi.on of 65 :t 
5 dynes/cm. The density of the foam in its expanded state 
when saturated with the synthetic urine can be measured by a 
procedure described more fully hereafter in the Test Methods 
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section. The density of the foam measured in its expanded, 

saturated state, is then related, as a percentage, to the dry 

basis density of the foam in its collapsed state. For the 
purposes of tbe present invention, ·the dens~ty of the foam in 

its expanded state upon saturation to its free absorbent 

capacity with synthetic urine can be in the range of from 

about 10 to about 50% of its dry basis density in its 

collapsed state, and is preferably in the range of from about 

10 to about 30%, most preferably from about 15 to about 25%. 

B) Pore Volume 

Pore volume is a measure of the volume of the openings or 

cells in a porous foam structure per unit mass of sol id 

material (polymer structure plus any residual solids) which 

forms the foam structure. Pore volume can be important in 

i-nfluencing a number of performajlce ·and mechanical featur·es of 

the absorbent foams herein, especially in their expanded 

state. Such perfor:mance and mechanical features include 

absorbent capacity of the foam's for aqueous body fluids, foam 

flexibility and foam compression deflection characteristics. 

Pore' volume can be determined by any suitable experi­

mental method. which will give an .accurate indication of the 

actual pore volume of the structure. Such experimental 

methods will generally involve the measurement of the volume 

and/or mass of a test liquid which can be introduced into the 
foam structure and which therefore is representative of the 

volume occupied by the open cells of the foam. For this 

reason the pore volume parameter of the foams herein can also 
be referred to as "available. pore volume. 11 

One conv.entional way for determining available pore 

volume experimentally ~nvolves the introduction of a low 

surface tension, nonpolymer-swelling liquid such as 2-propanol 

into the foam structure. A procedure for determining 

available pore volume using 2-propanol ·is set forth hereafter 

in the TEST METHODS section. It should- be understood, 
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however, that alternative test liquids and procedures can also 
be used to determine available pore volume. 

The pore volume of the absorbent foams useful herein can 
be fofl uenced and contra 11 ed by adjusting a number of foam 
compositional and processing features. For example, with the 
preferred HIPE emulsion-based foams herein, these pore volume 
influencing features can include the water-to-oil ratio of the 
HIPE emulsion, .type and amount of water phase electrolyte 
used, type and amount of oil phase emulsifier used, post­
polymerization steps to effect washing and/or densification o.f 
the foam and degree of recovery of the polymerized foam 
structure after such steps. 

. . 

The foam materi a 1 s of the present invention wi 11 
generally have a pore volume of ·from about 12 .to about 100 
ml/g·, more preferably from about 20 to about 70 ml/g, and most 
preferably from about 25 to about 50 ml/g. Such ranges for 
pore volume are ·intended to be an "inclusive" definition of 
theoretical pore volume for the foams encompassed by this 
invention. Thus if any experi men ta 1 method which can 
reasonably be expected to give measurements approximating 
theoretical pore volume provides values within the foregoing 
ranges, then the foam materials tested by any such me~hod are 
within the scope of this invention. . 

C) Resistance to Compression Deflection 
An important mechanical feature of the polymeric foams of 

this inve~tion is the strength of the absorbent foam, in its 
e)(panded state, as determined by its resistance to compression 
deflection. The resistance to compre~sion deflection 
ex.hibited by the foams herei~ is a function of the polymer 
elastic modulus and the density of the foam network. The 
polymeric elastic '!1odulus is, in turn, determined by. a) the 
polymeric composition; b) the extent to which the polymeric 
foam is plasticized by residual material, e.g., emulsifiers, 
left. in the foam structure after processing; and c) the 
conditions under which the foam was polymerized. 
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To be useful as absorbent structures in absorbent 
articles such as diapers, the absorbent foam materi a 1 s o.f the 
present invention must be suitably resistant to deformation or 
compression by forces encountered when such absorbent 
materi a 1 s are engaged in the absorpt i qn and retention of 
fluids. Foams which· do not possess sufficient foam strength 
in terms of resis.tapce to compression deflection 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 motion and activity 
of the wearer of the absorbent articles which contain the 
foam. 

The resistance to compres5ion deflection exhibited by the 
polymeric foams of the present invenUon can be quantified by 
determining the amount of strain produced in a sample of 
saturated foam material held under a certain confining 
pressure fo·r a specified period of time. For· the purposes of 
the present invention such measurements can be made on a foam 
sample of standard size. {cylinders which are 0.25 cm thick and 
have a cross-sectional circular area of 6.5 cm2). Such 
samp 1 es are saturated with syn th et i c urine ha vi n~ a surf ace 
tension of 65 .z. 5 dynes/cm and are thereafter subjected to a 
confining pressure of 5.1 kPa for a period of 15 minutes at a 
temperature of aa·F {31.1•c). The amount of strain produced 
in such testing is reported as a percentage of the saturated 
and fully expanded sample thicknes~ that the compressed 

. ' 
thickness of the sample represents. The method for carrying 
out this particular type of test for quantifying resistance to 
compress fon deflection is set forth hereafter in greater 
detail in the TEST METHODS section. 

The absorbent foams useful herein are those which exhibit 
a resistance to compression deflection such that a confining 
pressure o.f 5.1 kPa produces a strain of typically from about 
2 to about so% compression of the-foam structure when it has 
been saturated to its free absorbent capacity with synthetic 
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urine having a surface tensi.on of 55.z.5 dynes/cm. Preferably 

the strain produced under such conditions will be in the range 
from about 5 to about 40%, most preferably from about 5 to 

about 25%. For the preferred HIPE foams of this invention, 

resistance to compression deflection can be adjusted to strain 

values within the foregoing ranges by appropriate selection of 

monomer, comonomer and crosslinker types and concentrations in 

combination with the selection of appropriate emulsion 

formation a_nd emulsion polyi.nerization conditions and 

techniques. Thus, such preferred foams can be formed from 

materials with elastic modulii large enough to provide 

adequate resistance to compress i-on deflection even though such 

foams are low density and have· very fine struts. 

D) Recovery From Compression Deflection 

·Recovery from compressfon deflection relates to the 

tendency or propensity of a piece of foam material to return 

to its original dimensions after being deformed or compressed 

under forces encountered in manufacture, storage ·or use. For 

purposes of the present invention, recovery from compression 

deflection of the preferred absorbent foams herein are 

determined on foams which are in their expanded state, and 

contain absorbed body fluid. Accordingly, recovery from 

.compression deflection is measured on expanded foams which are 

saturated w.ith synthetic uri_ne. 

A suitable procedure for determining recovery from 

compression deflection is set forth in the TEST METHODS 

section hereafter. Such a procedure in genera 1 · i nvo 1 ves 

compression and release of a standard size foam sample which 

has been saturated to its free absorbent capacity with 

synthetic urine. Samples are maintained under 50% compression 
for a set period of time and t~en ·are released from 

compression. The extent to which the sample recovers its 

thickne$s, in the presence of available free fluid, in the 

one-minute period after the re 1 ease of compressive force is 
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·taken as a measure of the recovery from compression deflection 
(resilience) propensity of the sample. 

Preferred absorbent foams of the present invention will 
generally exhibit a recovery of at least 75% of the expanded 
caliper when wet after one minute. More preferably, such 
preferred foam materials will have a recovery from compression 
deflection at least 80% when wet. 
III. Collaosed ~r Expanded State 

A) Flexibilitv 
The absorbent foams· of the present invention should ·be 

sufficiently rlexible so that they can be utilized in 
absorbent products that will conform to the body shape of the 
wearer. Characterization of -the absorbent foams herein as . 
flexible; therefore, means that these foams can be deformed or 
bent to. the extent necessary for use in such absorbent 
articles without significant damage to their structural 
integrity or significant loss of their abso-rbent properties. 

Preferred absorbent foams of the present invention should 
also be sufficiently flexi~le to withstand compressive or 
deforming. forces which are encountered during preparation, 
processing, packaging, shipping and storing of absorbent 
articles.containing such foam materials. Disposable diapers, 
for .example, are generally packaged and marketed in a folded 
condition wherein the di aper core is folded in both the. 
longitudinal and transverse directions. Disposable diapers 
are a 1 so genera 1 ly marketed in the form of stacks of folded 
diapers, which stacks are contained and compressed by their 
surrounding packaging. Accordingly, the compressive and 
deforming forces to which the foam absorbents herein can be 

. subjected during processing and marke.ting can be even greater 
than those which are app~ied to the foam materials in use. 

·Given the nature of treatment which the absorbent .foams 
herein can encounter, preferred absorbent foam materials of 
this invention will possess flexibility characteristics which 
can be quantified by referencing their ability to withstand 
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·bending without undergoing significant damage to· their 
str'uctura l integrity. De~cri"bed in the TEST METHODS section 

." hereafter is a procedure for measuring the flexibility of the 
absorbent foams herein by determining whether and how many 
times a foam sample of a given specifled size can be bent 
around a cyl i ndr.i ca 1 mandrel at a · specified rate without 
breaking. The preferred foams of this invention are those 
which are flexible enough so that, at their point of use as an 
absorbent for body fluids, the saturated foam material at aa·F 
(31.1 •C) can be subjected to this bending test without . . 
breaking, i.e., exhibit a bending value of at least one cycle. 
More preferably, preferred foams ~an be bent at least 3 t.imes 
without breaking when subjected to such a test proced~re. 

B) Foam Integrity and Softness 
·While n_ot· absolutely essential for the realization of 

operable or useful absorbent structures, the absorbent foams 
of this invention wi.11 preferably possess t~e additional 
mechanical attributes of structural integrity in use and 
softness (lack of irritation) to the touch. For example, foam 
materials that will be employed in absorbent articles-such as 
infant diapers will frequently be subjected to both dynamic 
and static forces which arise when the wearer walks, runs, 
crawls or jumps •. Such forces not only tend to ~empress the 
absorbent foams and expel fluid therefrom, but such forces 
also tend to rip or tear or otherwise fragment the foam 
structure. Obviously, it would be advantageous fo.r foam 
structures which are to be used in this manner to have 
sufficient structural integrity.to minimize the incidence of 
foam tearing or fragmenting in use. 

The absorbent foams of this invention can also be used in 
absorbent articles, as described more fully hereafter, in 
configurations wherein the foam material surface can come in 
close proximity to .or even in actual cont.act with the wearer's 
skin. Accordingly, it would be very desirable for the surface 



'! 1his Sheet Has Been Replaced 

1111111111111111111111111 

-30-

r.===:::;::=====::;-_ .. 
IHIS StiEET HAS BEEN 

REPLACED 

of the absorbent foams herein to be acceptably soft and 
non-ir'ritating to the touch. 
IV. Fluid Handling and Absorbency Characteristics 

Absorbent foams having suitable polymeric compositions, 
and the structural characteristics and mechanical features as 
hereinbefore described, will in general exhibit especially 
desirable and useful body fluid handling and absorbency 
characteristics. Such fluid handling and absorbency. 
characteristics are in turn the attributes of the preferred 
foam materi a 1 s herein which render such foams especial 1 y 
suitable for use as absorbent structures in absorbent articles 
designed to acquire and hold aqueous body fluids .. 

The fluid handling and absorbency characteristics which 
are most relevant to the realization of suitable absorbent 
foams are: A) the free absorbent capacity of the foam; 8) the 
rate of vertical wicking of fluid through the foam. structure; 
C) the absorbent capacity of the foam at specific reference 
wicking heights; and 0) the ability of the absorbent foam 
structures to drain (partition) fluid from competing absorbent 
structures with which the foam can be in contact. Each of 
these charatteristics is described in greater detail as 
follows: 
A) Free Absorbent Capacity 

Free absorbent capacity is the total amount of test fluid 
(synthetic urine) which a given foam sample will absorb into 
its cellular structure per u.nit mass of solid material in the 
sample: Such free absorbent capacity measurements are for 
purposes herein calculated at equilibrium, i • e. , after the 
foam sample.has been allowed to acquire and/or hold all of the 
fluid it can over whatever time period is needed to form a 
completely saturated. foam sample with the test liquid. The 
foam materials which are especially useful as ·absorbent 
structures in absorbent articles such as diapers will at least 
meet a minimum free absorbent capacity. 
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Using the procedure described in greater detail hereafter 
in the TEST METHODS section, free absorbent capacity can both 
be determi.ned for ~ny given foam sample by a gravimetric 
analysis technique. In such a technique, a foam sample of 
specified known size and weight is placed in a dish of test 
fluid (synthetic urine) and is a 11 owed. to absorb the test 
fluid to equilibrium. After removal of the saturated sample 
from the fluid~ the amount of fluid held per gram of foam, 
i.e., the measured free capacity, is then calculated. To be 
especially useful in absorbent articles for absorbing urine, 
the absorbent foams of the present invention should have a 
free capacity of at least about 12, and preferably at least 
about 20, ml of synthetic urine per gram of dry foam material. 
B) Vertical Wicking ·Performance 

Vet another fluid handling attribute of the absorbent 
foams useful herein relates to their ability to quickly move 
or 11wick11 acceptable amounts of body fluids through their foam 
structures. Vertical wicking, i.e., fluid wicking in a . . 

direction opposite from gravitational force, is an especially 
desirable performance attribute for the . absorbent foam 
materials herein. This is because such materials will 
.frequently be utilized in a~sorbent articles in a manner that 
. fluid to be absorbed must be moved within the article from a 
relatively lower position to a relatively higher position 
within the absorbent core of the article. 

Vertical wicking performance is related to the magnitude 
of the capillary suction driving force which moves 1 iquid 
through the foam and holds it in the foam structure. Foam 
cha,racterizing parameters which relate to vertical wicking 

· propensity thus provide an indication as to how well preferred 
foams herein will perform as absorbent structures in absorbent 
articles. For the foam absorbents of the present invention, 
fluid wicking propensity can be quantified by referencing both 
a vertical wicking rate test and a vertical wicking absorbent 
·capacity test. 

··' 
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1) · Vertical Wicking Rate 
The vertical wicking rate test measures the time taken 

for a colored test liquid (e.g., synthetic urine) from a. 

reservoir to wick a vertical distance of 5 cm through a test 
strip of foam of specified size when the. test. i"s performed at 

37•c. Such a vertical wicking rate test .is described in 

greater detail hereafter in the TEST METHODS section. To be 
especially useful in absorbent articles for absorbing urine, 

the foam absorbents of the present invention will preferably 

have a 5 cm vertical wicking rate of no more than about 30 
minutes when' wicking synthetic· urine (65 ~ 5 dynes/cm}. More 

preferably, the preferred foam absorbents of the presen'I; 

invention will have a 5 cm vertical wicking rate of no more 

than about 5 minutes when wicking synthetic urine. 
·~} Vertical Wicking Absorbent Caoacity 

The vertical wicking absorbent capacity test is carried 

out in conjunction w~th the vertical wicking rate test. 

Vertical wicking absorbent capacity measures the amount of 

test fluid per gram of absorbent foam that is wicke~ to each 

one inch (2.54 cm) vertical section of the same standard size 

foam sample used in the vertical wicking rate 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 rate ·test, 
the vertical wicking absorbent capacity test is described in 

greater detail hereafter in the TEST METHODS section. 

To be especially useful in absorbent articles for 

absorbing urine, the preferred absorbent foams of the present 
invention will generally -~ave a vertical wicking absorbent 
_capacity such that, at .11.4 cm (4.5 inches} of vertical 

wicking height, the foam test strip wkks to at least about 

.50%, most preferably at about 75%, of its free absorbent 

capacity. 
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The absorbent foa~ structures herein will frequently be 
utilized in absorbent articles along with other types of 
absorbent structures which can also participate in acquiring, 
dis~ributing and/or storing discharged body fluids. In those 
contexts wherein· the foam structures herein are to serve 
primarily as a fluid storage/redistribution. component in 
absorbent articles, it is desirable for such foams to have a 
propensity for pulling body fluids into the foam structur.e 
from other absorbent components which also are absorbing such 
flui_ds. Such a prope!"sity to drain fluid from. other absorbent 
article components is known in the art as "partitioning." The 
concept of partitioning and certain procedures for determining 
partitioning performance are described, for example, in U.S. 
Patent.4t610,678 (Weisman et al), issued September 9, 1986. 
When tested for partitioning performance using procedures 
similar to those disclosed in U.S. Patent 4,610,678, the 
absorbent foam structures of this invention exhibit especially 
desirable fluid partitioning characteristics. 

· V. Preparation of Collapsed Polymeric Foam Materials 
As previously noted, collapsed polymeric foam materials 

accor~ing to the present invention can be prepared by 
polymerization of certain water-in-oil emulsions having a 
relatively high ratio of water phase _to oil phase. Emulsions 
of this type which have these relatively high water to oil 
phase ratios are commonly known in the art as high internal 
n.hase ~mulsions ("HIPEs" or "HIPE" emulsions). The polymeric 
foam materials which result from the polymerization of such 

-emulsions are referred to herein as "HIPE foams." 
The chemical nature, makeup and morphology of the polymer 

material which forms the HIPE foam structures herein· is 
determined by both the type and concentration of the monomers, 
comonomers and crosslinkers utilized in the HIPE emulsion and 
by the emulsion formation and polymerization conditions· 
employed. No mat'ter what the particular monomeric makeup, 
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molecular weight or morphology of the polymeric material might 
be, the resulting polymeric foams will generally be 
vi scoe last i c in character, i.e." the foam structures wi 11 
possess both viscous, i.e. fluid-like, properties and elastic, 

' . 

i.e. spring-like, properties. It. is also important that the 
polymeric material which forms the cellular foam structure 
have ~hysi_cal, rheological, and morphological attributes 
which, under conditions of use, impart suitable flexibility, 
resistance to compression ·deflection, and dimensional 
stability to the absorbent foam material. 

The relative amounts of the water and oil "phases used to 
form the HIPE emulsions 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 oi r in the foam-forming 
emulsion can influence the ·foam density, cell size, and 
capillary suction specific surface area of the foam and 
dimensions of the struts which form the foam. The emulsions 
used to prepare the HIPE foams of this invention will 
generally h"ave water-to-oil phase ratios ranging from about 
12: 1 to about 100: 1, mor-e preferably from about 20: 1 to about 
70:1, most preferably from about 25:1 to _about 50:1. 
A. Oil Phase Components 

· The continuous oil phase of the HIPE emulsion comprises 
monomers that are polymerized to· form the. sol id foam 
structure. This monomer component includes a 11 glassy11 

' ' 

monomer, a 11 rubbery 11 comonomer and a cross-linking agent. 
Selection of particular types and amounts of monofunctional 
monomer(s) and comonomer(s) and polyfunctional cross-linking 
agent(s) can be important to the realization of absorbent HIPE 
foams having the desired combination of structure, mechanical, 
and fluid handling properties which render such milterials 
suitable for use in the invention herein. 

The monomer component utilized in the oil phase of .the 
HIPE emulsions comprises one or more monofunctional monomers 
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that tend to impart glass-like properties to the resulting 
polymeric foam structure. Such monomers are referred to as 
"glassy" monomers, and are, for purposes of this invention, 
defined as monomeric materials which would produce high 
molecular weight (greater than 6000) homopolymers having a 
glass transition temperature, Tg, above about 4o•c. These . 
monofunctional glassy monomer types include methacrylate-based 
monomers (e.g., methyl methacrylate) and styrene-based 
monomers (e.g., styrene). The preferred monofunctional glassy 
monomer type is a styrene-based monomer with styrene itself 
being the most preferred monomer of this kind. Substituted, 
e.g., monosubstituted, styrene such as p".methyl styrene can 
a 1 so be emp 1 oyed. The monofunct i ona 1 glassy monomer wi 11 
normally comprise from about 5 to about 40%, more preferably 
from about 10 to about 30%, more preferably from about 15 to 
about 25%, most preferably about 20%, by weight of the monomer 
component. 

The . monomer component a 1 so comprises one or more 
monof unci i ona 1 comonomers which tend to imp art rubber-1 i ke 
properties to the resulting polymeric foam structure. Such 
comonomers are referred to as "rubbery" comonomers and are, 
for .·purposes o~ this invention, define~ as monomeric materials 
which would 1;>roduce high molecular weight (greater than 
10,000) homopolymers having a· glass transition temperature, 
T g, of about 40 • C. or 1 ower. Monofunct i ona 1 rubbery co­
monomers of thi.s type include, for example, the C4-C12 alkyl­
acrylates, the C6·C14 alkylmethacrylates, and combinations of 
such comonomers. Of these comonomers, n-butylacrylate and 
2-ethylhexylacrylate are the most preferred. The mono­
funct ion a 1 rubbery comonomer wi 11 genera 11 y comprise from 
about 30 to about 80%, more preferably from about 50 to about 
70%, most preferably from about 55 to about 65%, by weight of 
the monomer component. 

Since the polymer chains formed from the glassy 
monomer(s) and the rubbery comonomer(s) are to be 
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cross-linked, the monomer component also contains a 
polyfunctional cross-linking agent. As with the 
monofunctional monomers and comonomers, selection of. a 
particular type and amount of cross-linking agent is very 
·important to the eventual realization of preferred .polymeric 
foams having the desired combination of structural, 
mechanical, and fluid-handling properties. 

Depending upon the type and amounts of monofunct i ona 1 
monomers and comonomers utilized, and depending further upon 
the desired characteristics of the resulting polymeric foams, 
the polyfunctional cross-linking agent can be selected from a 
wide variety of polyfunctional, preferably di functional, 
monomers. Thus, the cros~-linking agent can be a divinyl 
aromatic material such as divinylbenzene, divinyltolulene or 
dial1ylphthalate. Alternatively, divinyl aliphatic cross­
linkers such as any of.the diacrylic or dimethylacrylic acid 
esters of polyols, such as 1,6-hexanediol and its homologues, 
can be utilized. The cross-linking agent found to be suitable 
for preparing the preferred HIPE emulsions herein is divinyl­
benzene. The cross-linking agent of whatever type will 
generally be employed· in the oil phase of the foam-foming· 
emulsions herein in an amount of from about 10 to about 40%, 
more preferably from about 15 to about 25%~ most preferably 
about 20%, by weight of the monomer component. 

The major portion of the oil phase of the HIPE emulsions 
will comprise the· aforementioned monomers., comonomers and 
crosslinking agents. It is essential that these monomers, 
comonomers and cross-linking agents be substantially 
water-insoluble so that they are primarily soluble in the oil 
phase and not the water ~hase. Use of such .substanti~lly 

· water-insoluble monomers fosures- that HIPE emulsions of 
appropriate characteristics and stability will be realized. 

It is, of course, h~ghly preferred that the monomers, 
comonomers and cross-linking agents used herein be of the type 
such that the resulting polymeric foam is suitably non-toxic 
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and appropriately chemically stable. These monomers, 

comonomers and cross-1 inking agents should preferably have 

1 ittle or no toxicity if present at very low residual 

concentrations during post-polymerizat~on foam processing 

and/or use. 
Another. essential component of the oil phase is an 

emulsifier which perm'its the formation of stable HIPE 

emulsions. Such emul s·i fiers are those which are soluble in 

the oil phase used to form the emulsion. Emulsifiers utilized 

are typically nonionic and include the sorbitan fatty acid 

esters, the polyglycerol fatty acid esters, .and combinations 

thereof. Preferred emulsifiers include sorbitan laurate 

(e.g., SPAN® 20),. sorbitan oleate (e.g., SPAN® 80), 

combinations of sorbitan laurate anc;f sorbitan palmitate ·ce.g., 

S·PAN® 40) in a weight ratio of . from about 1: 1 to about 3: 1, 

and especially combinations of sorbitan laurate with .certain 

polyglycerol fatty acid esters to be described hereafter. 

The oil phase used to form the HIPE emulsions will 

generally comprise from abo~t 67 to about 98% by weight 

monomer component and from about 2 to· about 33% by weight 

emulsifier component. Preferably, the oil phase will comprise 

from about 80 ·to about 95% by weight monomer component and 

from about 5 to about .20% by weight emulsifier compo.nent. 

In addition to the monomer and emulsifier components, the 

oil phase can co.nta in other optional components. One such 

optional oil phase component is an oil soluble polymerization 

initiator of the general type hereafter described. Another 

possible optional component of· the oil phase is a 

substantially water i nso l ub le sol vent for the monomer and 

· emulsifier components. A solvent of this typ·e niust, of 

course, not be capable of dissolving the result~ng polymeric 

foam. Use of such a solvent is not preferred, but if such a 

sol vent is employed, it will genera 11 y comprise no more than 

· about 103 by weight of the oil phase. 
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B. Water Phase Components 
The discontinuous internal phase of the HIPE emulsions is . 

the water phase which wi 11 genera 11 y be _an aqueous solution­
conta in i ng one ·or more dissolved components. One essential 
dissolved component of the water phase is a water-soluble 
electrolyte. The dissolved electrolyte in the water phase 9f 

. . 
the HIPE emulsion serves to minimize the tendency of monomers 
and crosslinkers which are primarily oil soluble to also 
dissolve in the water phase. This, in turn, is believed to 
minimize the extent to which, during polymerization of the 
emulsion, polymeric material fills the cell windows at the 
oil /water interfaces formed by the water phase droplets. Thus, 
the presence of electrolyte and the resulting ionic strength 
of the water phase is believed to determine whether and to 
what ·degree the resulting· preferred polymeric foams can be 

· open-celled. 
Any electrolyte which provides ionic species to impart 

ionic strength to the water phase can be used. Preferred 
electrolytes are mono-, di-, or tri-valent inorganic salts 
such as the water-soluble halides, e.g., chlorides, nitrates 
and sulfates of alkali metals and alkaline earth metals. 
Examples include sodium chloride, calcium chloride, sodium 
sulfate and magnesium sulfate. Calcium chloride is the most 
preferred for use i_n the present invention. Genera 11 y the 
electrolyte will be utilized in the water phase of ·the HIPE 
emulsions in a concentration in the range of from about 0.2 to 
about 20% by weight of the wate~ phase. More preferably, the 
electrolyte will comprise from about 1 to about 10% by weight 
of the water phase. 

The HIPE emuls~ons will als~ typically contain a 
polymerization initiator. Such an initiator component is 
generally added to the water phase of the HIPE emulsions and 
can be any conventional water-soluble free radical initiator~ 

Materials of this type include peroxygen compounds such as 
so.dium, potassium and ammonium persulfates, hydrogen peroxide, 
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sodium peracetate, sodium percarbonate and the like. 
Conventional redox initiator ·systems -can al~o be utilized. 
Such systems are formed by combining the for.egoing peroxygen 
compounds with reducing agents such as sodium bi sulfite, 
L~ascorbic acid or ferrous salts. 

The initiator material can comprise up to about 5 mole 
percent based on the total moles of polymerizable monomers 
present in the oil phase. More preferably, the initiator . 
comprises from about 0.001 to 0.5 mole percent based on th~ 
total inoles of polymerizable monomers in the oil phase. When 
used in the water-phase, such initiator concentrations can be 
realized by adding infriator to the water phase to the extent 
of from about 0.02% to about o,4%, more preferably from about 
0.1% to _about 0.2%, by weight of the water phase. 
C. Hydrophilizinq Agents and· Hydratable Salts 

The cross-linked polymer material that forms the 
collapsed absorbent foam structures herein will preferably be 
substantially free of polar functional groups on its polymeric 
structure. Thus, immediately after the polymerization step, 
the polymer material which forms the foam structure surfaces 
of such preferred absorbent foams will normally be relatively 
hydrophobic in character. Accordingly, preferred just­
polymerized foams can need turther treatment to render the 
foam structure surfaces relatively more hydrophilic so that 
such foams can be used as absorbents for aqueous body fluids. 
Hydrophilization of the foam surfaces, if ne·cessary,. can 
generally be accomp·lished by treating the polymerized HIPE· 
foam structures with a hydroph i l i zing agent in a manner 
de~c~ibed more fully hereafter. 

Hydroph;l izing agents are any materials which will 
enhance the water wettability of the polymeric surfaces with 
which they are contacted and onto which they are deposited. 
Hydrophilizing agents are well known in the art, and can 
include surfactant materials, preferably of the nonionic type. 
Hydrophil izing ·agents will generally b~ employed in liquid_ 
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for.m, and can be dissolved 9r dispersed in a hydrophilizing 

solution which is applied to the HIPE foam surfaces. In this 

manner; hydrophil izing agents can be adsorbed onto the 

polymeric surfaces of the preferred HIPE foam structures in 

amounts su i tab 1 e for rendering such surf aces substant i a 11 y 

hydroph i1 i c but with out a 1 teri ng the desired fl exi bi 1 i ty and 

compression deflection characteristics of the foam. In 

preferred foams which have been treated with hydrophilizing 

agents; the hydrophilizing agent is incorporated into the foam 

·structure such that residual amounts of the agent which remain 

in the foam structure are in the range from abo~t 0.5% to 

about 20%, preferably from about 5 to about 12%, by weight of 

the foam. 

One type of suitable hydrophilizing agent is a non­

irritating oil-soluble surfactant. Such surfactants can 

include all of those previously described for use as the 

emulsifier for the oil phase of the HIPE emulsion, such. as 

s·orbitan laurate (e.g., SPAN® 20), and combinations. of 

sorbitan 1 aurate with certain polyglycerol fatty acid esters 

to be described hereafter. Such hydrophilizing surfactants 

. can be incorporated into the foam during HIPE emulsion 

format ion and po 1 ymeri zat ion or can be incorporated by 

treatment of the polym~ric foam with a solution or suspension 

of the surfactant dissolved or dispersed in a suitable carrier 

or solvent. 

Another materi a 1 that needs to . be i nco.rporated into the 

HIPE foam struct~re is a hydratable, and preferably 

hygroscopic .or del iquesent, water soluble inorganic salt. 

Such salts include, for example, toxicologically acceptable 

alkaline earth metal salts. Materials of ·this type and their 

use in ·conjunction with oil-soluble surfactants as the foam 

h~drophiliting agent is described in greater detail in the 

U.S. patent application Serial No. 07/743,951, filed August 

12, · 1991, the disclosure of which is incorporated by 

reference. Preferred salts of ~his type include the calc-ium 

.. 
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halides such as calcium chloride which, as previously noted, 
can also be employed as the electrolyte in the water phase of 
the HIPE emulsions used to prepare the polymeric foams. 

Hydratable inorganic salts can easily be incorporated 
into the polymeric foams herein by treating the foams with 
aqueous solutions of such salts. Solutions of hydratable 
foorganic salts can generally be used to treat the foams after 
comp 1 eti on of, or as part of, the process of removing the 

residual water phase from the just-polymerized 'foams. Contact 

of foams with such solutions is preferably used to deposit 
hydratable inorganic salts such as calcium chloride in 
residual amounts of at least about 0.1% by weight of the foam, 

and typically in the range of· from about -0.1 to about 8%, 
preferably from about 3 to about 6%, by weight of the foam. 

·Treatment of preferred foa~ structures whiCh a_re 
relatively hydrophobic as polymerized with hydrophil izing 
agents (with or without hydratable salts) will typically be. 
carried out to the extent that is necessary and sufficient to 

impart suitable hydrophilicity-to the preferred HIPE foams of 
the present invention. Some foams of. the preferred HIPE 
emulsion type, however, can be suitably hydrophilic as 

prepared and can have incorporated therein sufficient amounts 
of hydratable salts, thus requiring no additional treatment 
with hydrophilizing agents or hydratable salts. · In 
particular, such preferred HIPE foams can be those wherein 
·sorbitan fatty acid esters such as sorbitan laurate (e.g., 
SPAN 20), or combinations of_ sorbitan laurate with certain 
polyglycerol fatty acid esters to be described hereafter, are 
used as emulsifiers added to the· oil phase and calcium 
chloride is used as an electrolyte in the water phase of the 
HIPE emulsion. ln that instance, the residual-emulsifier­
containing internal polymerized foam surfaces will be suitably 

hydrophilic, and the residual water-phase liquid will contain 
or deposit sufficient amounts of calcium. chloride, even after 
the polymeric foams ·have been dewatered. 
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D. Processing Conditions-for Obtaining HIPE Foams 
Foam preparation typically ·involves the steps of: 

1) forming a stable high internal phase emulsion (HIPE); 2) 
polymerizing/curing this stable emulsion under conditions 
suitable for forming a solid polymeric foam structure; 3) 
washing the sol id polymeric foam structure to remove the 
original residual water phase from the polymeric foam 
structure and, if necessary, treating the polymeric 'foam 
structure with a hydrophil izing agent and/or hydratable salt 
to deposit any needed hydrophilizing agent/hydratable salt, 
and 4) thereafter dewatering this polymeric foam structure 
(preferably including compression in the z-direction) to the 
extent necessary to provide a aollaps_ed, unexpanded polymeric 
foam material useful as an absorbent for aqueous body fluids. 

lo consistently obtain ·relatively thin, collapsed 
polymeric foam materials according to the present invention, 
it 'has been found to be particularly important to carry out 
the emulsion formation and polymerization steps in a manner 
such that ·coalescence of the water droplets in the ·HIPE 
emulsion ;s reduced or minimized. HIPE emulsions are not 
always stable, particularly when subjected to higher 
temperature conditions to effect polymerization and curing . 

. As the HIPE emulsion destabilizes, the water droplets present 
in it can aggregate together, and coalesce to form much large 
water droplets.. Indeed, during polymerization and curing of 
the emulsion, there is essentially a race between 
solidification of the foam str~cture, and coalescence of the 
water droplets. An appropriate balance has to be struck such 
that coalescence of . the water droplets is reduced, yet 
polymerization and curing of the foam structure can be carried 
out within a reasonable time. (While some coalescence can be 
tolerated· if the remaining water droplets are very small in 
size, such nonuniform cell sizes in the resulting foam can 
adversely affect the fluid transport properties of the foam, 
especially its wicking rate.) 
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Reduction in the coale~cence of water droplets in the 
HIPE emulsion 1 eads to a smaller average cell size in the 
resulting foam structure after polymerization and curing. It 
is believed that this resulting smaller average cell size in 
the. polymerk foam material h a key mechanism behind 
consistent formation of relatively thin, collapsed polymeric 
foam materials according to the present invention. (Uniformly 
small cell sizes in the resulting foam are also believed to 
lead to good absorbency, and especially fluid transport {e.g., 
wicking) characteristics.) The number average cell size of 
the polymeric foam materials is about 50 microns or less and 
is typically in the range from about 5 to about 50 microns, 
preferably from about 5 to about 40 microns, most preferably 
from about 5 to about 35 microns, when prepared under 
conditions that reduce coalescence of water droplets in the 
HIPE emulsion. T~chniques ·for consistently reducing 
coalescence of water droplets in the HIPE emulsion will be 
discussed in greater detail in the following description of 
the emulsion formation and polymerization/curing steps for 
obtaining collapsed polymeric.foams: 
1. Formation of HIPE Emulsion 

The HIPE emulsion is formed by combining the oil phase 
.components with the water phase components in the previously 
specified weight ratios. The oil phase will contain the 
previously specifi_ed essential components such as the 
requisite ·monomers, comonomers, crosslinkers and emulsifiers, 
and can also contain· option.al components such as solvents and 
polymerization initiators. The water phase used will contain 
the previously ... s_peci f i ed e 1 ectro lytes as an es sent i a 1 
component and can al so contain optional components such as 
water-soluble emulsifiers, and/or polymerization initiators. 

The HIPE emulsion can be formed from the combined oil and 
water phases by subjecting these combined phases to shear 
agitation. Shear agitation is ·gene·rally appHed to the extent 
and for a time period' necessary to form a· stable emulsion from 
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the combined oil and water phases. Such a process· can be 
conducted in either batchwi se· or continuous fashion and is 
generally carried out under conditions suitable for forming an 
emulsion wherein the water phase droplets are dispersed to 
such .an extent that the resulting polymeric foam will have the 
requisite -pore volume and other structural characteristics. 
Emulsification of the ofl and w·ater ·phase combination will 
frequently involve the use of a mixing or agitation device 
such as a pin impeller. 

One preferred method of forming HIPE emulsions which can 
be employed herein involves a continuous process for combining 
and emulsifying the requisite oil and water phases. In such a 
process~ a liquid stream compr.ising the oil. phase is formed 
and provided at a flow rate ranging from about 0.08 to about 
1.5 ml/sec. Concurrently, a liquid stream c~mprising the 
water phase is also formed and provided at a flow rate ranging 
from about 4 to about 50 ml/sec. At flow rates within the 
foregoing ranges, these two streams are then combined in a 
suitable mixing chamber or zone in a manner such that the 
requisite water to oil phase weight ratios as previously 
specified are approached, reached and maintained. 

In the mixing chamber or zone, the combined streams are 
generally subjected to shear agitation as provided, for · 
example, by a pin impeller of suitable configuration and 
dimensions. Shear will typically be applied to the extent of 
from about 1000 to.about 2500 sec.-1. Residence times in the 
mixing chamber will frequently range from about 5 to about 30 
seconds. Once formed, the stable HIPE emulsion in liquid form 
can be withdrawn from the mixing chamber or zone at-a flow 
rate of from about 4 to about 52 ml/ sec. This preferred 
method for.forming HIPE emulsions via a continuous process is 
described in greater detail in U.S. Patent 5,149,720 
(DesMarab et al), issued September 22, 1992, which is 
incorporated by reference. 
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In consistently reducing the coalescence of the water 
droplets present in the HIPE emulsion, it is particularly 
preferred to use certain types of emulsifier systems in the 
oil· phase, especially if the HIPE emulsion is to be 
polymerized or cured at temper~tures above about so·c. These 
preferred emulsifier systems comprise a combination of 
sorb;tan 1 aurate (e.g., SPAN® 20), and certafo _polyglycerol . 
fatty acid esters (PGEs} as co-emulsifiers. The weight ratio 
of sorbitan laurate to PGE is usually within the range of from 
about 10:1 to about 1:10. Preferably, this weight ratio is in· 
the range of from about 4:1 to about 1:1. 

The PGEs especially useful as co-emulsifiers ~ith 

sorbitan laurate are usually· prepared from polyglycerols 
characterized by high levels of linear (i.e., acyclic} 
diglycerols, reduced levels of tri- or higher polyglycerols, 
and reduced levels of cyclic diglycerols. Su1table 
poly~lycerol reactants (weight basis) usually have a linear 
diglycerol level of at least about 60% (typical range of from 
about 60 to about 90%), a tri- or higher polyglycerol level of 
no more than about 40% (typical range of from about 10 to 
about 40%), and a cyclic diglycerol level of no more than 
about 10% (typical range of from 0 to about 10%). Preferably, 
these polyglycerols have a linear diglycerol level of from 
about ·so to about 80%, a tri- or higher polyglycerol level of 
from about 20 to about 40%, and a cyclic diglycerol level of 
no more than about 10%. (A method for determining the 
polyglycerol distribution is set forth hereafter in the PGE 
ANALYTICAL METHODS section.) 

PGEs especially useful as co-emulsifiers with sorbitan 
laurate are also prepared from fatty acid react.ants 
characterized by fatty acid compositions having high levels of 
combined C12 and C14 saturated fatty ac'ids, and reduced. levels 
of other fatty acids. Suitable fatty acid reactants have· 
fatty acid compositions where the combined level of C12 and 
C14 saturated fatty acids is at least about 40% ( typical 
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range of from about 40 to about 85%), the level of C15 
saturated fatty acid is no more than about 25% (typical range 
of from about 5 to about 25%), the combined level of C1s or 
higher saturated fatty acids is no more than about 10% 
(typical range of from about 2 to about 10%), the combined 
level of C10 or lower fatty acids is no more than about 10% 
(typical range of from about 0.3 to about 10%), the balance of 

· other fatty acids being primarily C1s monounsaturated fatty 
acids. Preferably, the fatty acid composition of these fatty 
acid reactants i_s at least about 65% combined C12 and C14 
saturated fatty acids (typical range of from about 65 to about 
75%), no more than ·about 15% C16 satur~ted fatty acid (typical 
range of from about 10 to about 15%), no more than about 4% 

. conibined C1s or _higher saturated fatty acids (typical range of 
from·about 2 to about 4%), and no more than about 3% C10 or 
lower fatty acids {typical range of from about 0.3 to about 
3%). (A method for determining the fatty acid composition is 
set forth hereafter in the PGE ANALYTICAL METHODS section.) 

PGEs useful as co-emulsifiers with sorbitan laurate are 
al so usually characterized as impart.ing a minimum oil/water 
interfacial tension (IFT), where the oil phase contains 
monomers used in the HIPE emulsion and the water .phase 
contains calcium chloride. Suitable PGE co-emulsifiers 
usually impart a minimum oil/water IFT of at least about 0.06 
dynes/cm, with a typical range of.from about 0.06 to about 1.0_ 
dynes/cm. Especially preferred PGEs impart a minimum 
oil/water IFT of at least about 0.09 dynes/cm, with a typical 
range of from about 0.09 to about 0.3 dynes/cm. (A method for 
me_asuri ng the I ~T of these PG Es is set forth hereafter in the 
PGE ANALYTICAL METHODS section.) 

PGEs useful as coemulsifiers with sorbitan monolaurate 
can be prepared by me~hods well known in the art. See, for 
example, U.S. Patent 3,637,774 (Babayan et al), issued January 
25, 1972, and Mcintyre, 11 Polyglycerol Esters," ~- Am. Oil 
Chem. Soc., Vol. 56, No. 11 (1979), pp. 835A-840A, which are 
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incorporated by reference and which describe methods for 
preparing polyglycerols and converting them to PGEs. PGEs are 
typically prepared by _esterifying polyglycerols with fatty 

acids. Appropriate combinations of _polyglyce~ol s can be 
prepared by mixing ·polyglycerols obtained from commercial 
sources or synthesized using known methods, such as those 
described in U.S. Patent 3,637,774. Appropriate combinations 
of fatty acids can be prepared by mixing fatty acids and/or 

mixtures of fatty acids obtained from commercia1 sources. In 

making PGEs useful as co-emulsifiers, the weight ratio of 
polyglycerol to fatty acid is usually from about 50:50 to 
70:30, preferably from about 60:40 to about 70:30. 

Typical reaction conditions for preparing suitable PGE 
co-emulsifiers involve esterifying the polyglycerols with 

fatty· acids in the presence of O.l - 0.2% sodium hydroxide as 
' ' 

the esterification catalyst. The reactfon is. initiated at 
atmosphe~ic pressure at about 210°-2?0°C, under mechanical 
agitation and nitrogen sparging·. As the reaction progresses, 
the free fatty acids diminish and the vacuum is gradually 

increased to about 8 mm Hg. When the free fatty acid level 
decreases to less than about 0.5%,. th·e catalys:t is then 
neutralized with a phosphoric acid solution and the reaction 
mixtur, rapidly cooled to about 60°C. This crude reaction 
mixture can then be subjected to settling or other 
conventional purification steps (e.g., to reduce the level 
unreacted polyglycerol) to yield the desired PGEs. 
2. Polymerization/Curing of the HIPE Emulsion 

The HIPE emulsion formed will generally be collected or 
poured in a suitable reaction vessel, container or region to 
be polymerized or cur.ed. In on.e embodiment herein, the 
reaction vessel comprises a tub constructed of polyethylene 
from which the eventually polymerized/cured solid foam 

material c~n be easily removed ~or further proc~ssing after· 
polymerization/curing has been carried out to the extent 
desired. It is usually· preferred that the temperature at 
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which the HI.PE emulsion is· poured into the vessel be 
approximately the same ·as the polymerization/curing 
temperature. 

Polymerization/curing conditions to which the HIPE 
emulsion will be subjected will vary depending upon the 
monomer and other makeup of the oil and water phases. of the 
emulsion, especially the emulsifier systems used, and the type 
and amounts of polymerization initiators utilized. 
Frequently, however, polymerization/curing conditions will 
comprise maintenance of the HIPE emulsion at elevated 
temperatures above about 3o•c, more preferably above· about 
35°C, for a time· period .ranging from about 4 to about 24 
hours, more preferably from abput 4 to about 18 hours. 

In reducing coalescence of water droplets tn the HIPE 
emulsion, it is particularly preferred to carry out the 
polymerization/curing at relatively lower temperatures, 
especially if the preferred combination of sorbitan laurate 
and PGE co-emulsifiers is not used in preparing the HIPE 
emulsion. In these situations, suitable lower poly­
merizati.on/curing temperatures are in the range of from about 
30• to about so·c, preferably from about 35• to about 45•c, 
and most preferably about 40°C. If polymerization/curing is 
carried out at temperatures much above about so•c, the thermal 
stress on the emulsion can cause the water droplets present to 
aggregate and coalesce, thus forming much larger cells in the 
res~lting polymeric foam, especially if the preferred 
combination of sorbitan laurate and PGE co-emulsifiers is not 
used ;n preparing the HIPE emulsion. This can lead to 
polymeric foams that cannot remain in a collapsed, unexpanded 
state after dewatering. 

A bulk solid polymeric foam is typically obtained when 
the HIPE emulsion is." polymerized/cured in a reaction vessel, 
such as a. tub. This bulk polymerized ·HIPE foam is typically 
cut or sliced. into .a sheet-like form. Sheets of polymerized 
HIPE foam are easier to process during ~ubsequent treating/ 
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·washing and dewatering steps, as well as to prepare the HIPE 

foam for use in absorbent articles. The bulk polymerized HIPE 

foam is typically cut/sliced to provide a cut caliper in the 

range of from about 0.08 to about 2.5 cm. During subsequent 

dewatering, this _typically leads to collapsed HIPE foams 

having a caliper in the range of from about 0.008 to about 

1. 25 cm. 
3. Treating/Washing HIPE Foam 

The solid polymerized HIPE foam which is formed will 

g~neral.~y be a flexible, open-cell porous structure having its 

cells filled with the residual water phase material used to 

prepare the HIPE emulsion. This residual . water phase 

material, which generally comp.rises an aqueous solution of 

electrolyte, residual emulsifier, and polymerization 

initiator, should ·be at least partially removed from the foam 

structure at this point.prior to further processing and use of 

the foam. Removal of the original water phase material wi~l 

usually be carried out by compressing· the foam structure to 

squeeze out residual liqu·i~ and/or by washin~ the foam 

structure with wa~er or other aqueous washing solutions. 

Frequently several compressing and washing steps, e.g., from 2 

.to 4 cycles, will be utilized. 
After the original water phase material has been removed 

from the foam structure to the extent required, the HIPE foam, 
if needed, can be treated, e.g., by continued washing, with an 

aqueous solution of a .sui~able hydrophilizing agent and/or 

_hydratable salt. Hydrophilizing agents and hydratable salts 

which can be emp 1 oyed have been previous 1 y described and 

include sorbitan laurate (e.g., SPAN 20) and calcium chloride. 

As noted,. treatm~nt of the HIPE foam structure with the 

hydrophil i_zing agent/hydratab'le salt solution continues, if 

necessary, until the desired amount of hydrophilizing 

agent/h~dratable salt has been incorporated and until the foam 

exhibits a desired adhesion tension value for any test liquid 

of choice. 
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After the HIPE foam has been treated/washed to the extent . . 

riecessary to render the eventually dried foam suitably 
hydrophilic, and optionally to incorporate a sufficient amount 
of a hydratabl e salt, preferably calcium chloride, the foam 
will generally be dewatered. Dewatering can be brought about 
by compressing the foam (preferably in the z-direction) to 
squeeze out residual water, by subjecting the foam, or the 
water therein, _to elevated temperatures, e.g., thermal drying 
at temperatures from about. 6o•c to about 2oo·c, or to 
microwave treatment, by vacuum dewatering or by a combination 
of compression and thermal drying/microwave/vacuum dewatering 
·tec~niques. The dewatering step of HIPE foam processing will 
generally be carried. out until the HIPE foam is ready for use 
and ·is as dry as practical. Frequently such compression 
dewatered foams will have a water (moi.sture) content of from 
about 50 to about 500%, more preferably from about 50 to about 
200%, by weight on a dry weight basis. Subsequently, the 
compressed foams can be thermally dried (e.g., by heating) to 
a mobture content of froin about 5 to about 40%, more 
preferably from about 5 to about 15%, on a dry ~eight basis. 
The resulting compressed/ dried foam will be in a collapsed, 
unexpanded state. 
VI. Absorbent Articles 

The collapsed po~ymeric foam materials of the present 
invention can be used as at least a portion.of the absorbent 
structures (e.g., absorbent cores) for various absorbent 
articles. By "absorbent article" herein is meant a consumer 
product whi~h is capable of absorbing significant quantities 
of urine or other fluids (i.e., liquids), like aqueous fecal 
matter (runny bowel movements), discharged by an ·incontinent 
wearer or user of the article. Examples of such absorbent 
articles include disposable diapers, incontinence 9arJ11ents, 
catamenials such as tamp~ns and sanitary napkins, disposable 
training pants, bed pads, and the like. The absorbent foam 
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structures herein are pa.rt i cul arly suitable for use in 
articles such as di ape rs, incontinence pads or garments, 

clothing shields, and the Hke. 
In its simplest form, an absorbent article of the present 

invention need .only include a backing sheet, typically 
relatively liquid-impervious, and one or more .absorbent foam 
structures associated with this backing sheet. The absorbent 
foam structure and the. backing sheet will be associated in 

such a manner that the absorbent foam structure is situated 

between the backing sheet and the fluid discharge region of . . 

the wearer of the absorbent article. Liquid impervious 

backing sheets can comprise any material, for example 
polyethylene or polypropylene,. having a caliper of about 1.5 
mils (0.038 mm), which will help retain fluid within the 

absorbent article. 
More conventionally, the absorbent articles herein will 

also include a liquid-pervious topsheet element which· covers. 
the side of the absorbent article that touches the skin of the 
wearer. In this configuration, the article includes an 
absorbent core comprising one or more absorbent foam 
structures of the present invention positioned between the 
backing sheet and the topsheet. Liquid-pervious topsheets can 
comprise any material such as polyester, polyolefin, rayon and 

the like which is substantially porous and permits body fluid 
to readily pass therethrough and into the underlying _absorbent 
core. The topsheet material -will preferably have no affinity 
for holding aqueous body fluids in the area of contact between 

the topsheet and the wearer's skin. 
The. absorbent core of the-absorbent article embodiments 

of this invention can consist solely of one or more of the 
foam struc~ures herein. For example, the absorbent core can 
comprise a single unitary piece of foam shaped as desired or 
needed to best fit the type of absorbent article in which it 

is to be used. Alternatively, the absorbent core can comprise 
a plurality of foam· pieces or particles which can be 
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adhesively bonded together or which can simply be constrained 
· into an unbonded aggregate held together by an overwrapping of 

envelope tissue or by means of the topsheet and backing sheet 
of the absorbent article. 

The absorbent core of the absorbent articles herein can 
also comprise other, e.g., conventional, elements or materials 
in addition to one or more absorbent foam structures of the. 
present invention. For example, absorbent articles herein can 
utilize an absorbent core which comprises a combination, e.g., 
an air-laid mixture, of particles or pieces of the absorbent 
foam structures herein and convent iol'!a 1 absorbent materi a 1 s 
such as a) wood pulp or other cellulosic fibers, and/or, b) 
part i c 1 es or fibers o·f po 1 ymeri c ge 11 i ng agents. 

In one embodiment involving a combination of the 
absorbent foam herein and other absorbent materials' the 
absorbent articles herein can employ a multi-layer absorbent 
core configuration wherein a core layer containing one or more 
foam structures of this invention can be used in combination 
with one or more additional separate core layers comp~ising 
conventional absorbent structures or materials. Such 
conventi'onal absorbent structures or materials, for example, 
can include air-laid or wet-laid webs of wood pulp or other 
ce 11 ulos i c fibers. Such convent i ona 1 structures can a 1 so 
comprise convent i ona 1, e.g., large ce 11, absorbent foams or 
even sponges. The conventional absorbent structures used with 
the absorbent foam herein can also contain, for example.up to 
80% by weight, of particles or fibers of polymeric gelling 
agent of the type commonly used in absorbent articles that are 
to acquire and retain aqueous body fluids. Polymeric gelling 
agents of this type and their use in absorbent articles are 
more. fully described in U.S. Reissue Patent No. Re. 32,649 
(Brandt et al), reissued April 19,. 1988, which is incorporated 
by reference. 

One preferred type of absorbent article herein is one 
which utilizes a multi-layer absorbent core having fluid 
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handling layer positioned in the fluid discharge region of the 
wearer of the article. This· fluid-handling layer can be in 
the form of a high loft nonwoven, but is preferably in the 
form of a fluid acquisition/distribution layer comprising a 
layer of modified cellulosic fibers, e.g., stiffened curled 
cellulosic fibers, and optionally up to about 10% by weight of 
this fluid acquisition/distribution layer of polymeric gelling 
agent. The modified cellulosic fibers used in the fluid 
acquisition/distribution layer of such a preferred absorbent 
article are preferably wood pulp fibers which have been 
stiffened and curled by means of chemical and/or thermal 
treatment. Such modified cellulosic fibers are of the same 
type as are employed in the absorbent artjcles described in 
U.S. Patent No. 4,935,622 {lash et al), issued June l9, 1990, 
which· is incorporated by reference. 

These multi-1 ayer absorbent cores al so comprise a second·, 
i.e., lower, fluid storage/redistribution layer comprising a 
foam structure of the present invention. For purposes of this 
invention, an "upper" layer of a multi-layer absorbent core is 
a layer which is relatively closer to the body of the wearer, 
e.g. , the layer c 1. osest to the art i c 1 e top sheet. The term 
"lower" layer conversely means a layer of a multi-layer 
absorbent core which is relatively further away from the body 
of the wearer, e.g., the layer closest to the article 
backsheet. This lower fluid storage/redistribution layer is 
typically positioned within the absorbent core so as to 
underlie the {upper) fluid-handling layer and be in fluid 
communication therewith-. Absorbent articles which can ut il i ze 
the absorbent foam structures of this invention in a lower 
fluid storage/redistribution layer underlying an upper fluid 
acquisition/distribution layer containing stiffened curled 
cellulosic fibers are described in greater detail in the U.S. 
patent 5,147,345 {Young et al), issued September 15, 1992 
which is incorporated by reference. 
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As indicated hereinbefore, the fluid handling ·and 
mechanical characteristics of the specific absorbent foam 
structures herein render such structures especially suitable 
for. use in absorbent articles in the form of disposable 
diapers. Di sposab 1 e diapers comprising the absorbent foam 
structures of the present invention can be made by using . 
conventional diaper making techniques, but by replacing or 
.supplementing. the wood pulp fiber web (11 airfelt 11

) or modified 
cellu.losic core absorbents typically used in conventional 
diapers with one or more foam structures_ of the present_ 
invention. Foam structures of this invention can thus be used 
in· diapers in single layer or, as noted hereinbefore·, in. 
various multiple layer care configurations. Articles in the 
form of disposable diapers are more fully described in U.S. 
Patent Re 26,151 {Duncan et al), issued January 31, 1967; U.S . . 
Patent 3,592,194 {Duncan), issued July 13, 1971; U~S. Patent 
3,489,148 {Duncan et al), issued January 13, 1970; U.S. Patent 
3,860,003, issued January 14, 1975; and U.S. Patent 4,834,735 
(Alemany et al), issued May 30, 1989; al 1 of which are 
incorpo_rated by reference. 

A preferred disposable diaper embodiment of this 
invention is illustrated by Figure 5 of the drawings. Such a 
diaper inc 1 udes an absorbent core 50, comprising an upper 
fluid acquisition layer. 51, and an' underlying fluid 
storage/distribution layer 52 comprising an absorbent foam 
s~ructure of this invention. A topsheet 53 is superposed and 
co-extenshe with one face of the core, a-nd a 1 iquid · 
imp·ervious backs.heet 54 is superposed and coextensive with the 
face of the core opposite the face covered by the .topsheet. 
The backsheet most preferably has a width greater than that of 
the core thereby providing side marginal portions of the 
backsheet which extend beyond the core. The · di aper is 
preferably constructed in an hourglass configuration. 

Another preferred type_of absorbent article which can 
utilize the absorbent foam structures of the present invention 
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comprises form-fitting products such as training pants. Such 
form~·fitting articles will generally include a nonwoven, 
flexible substrate fashioned into a chassis in the form of 
briefs or shorts. An absorbent foam structure according to 
the present invention can then be· affixed in the crotch 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 pe~vious, nonwoven material. 
Such core overwrapping thus serves as the 11 topsheet 11 for the 
form-fitting absorbent article. 

The flexible substrate which forms the chassis of the 
f orm-f i tt i'ng article can ·col!lprhe cloth or paper or other 
kinds of nonwoven substrate or formed films and can be 
e 1 ast i ci zed or otherwise stretchable. Leg bands or waist 

band~ 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 lamtnating this 
flexible substrate with another relatively liquid-impervious 
substrate to thereby render the total chassis relatively 
1 iquid-impervious. ·In this instance, the chassis itself 
serves as the 11 backsheet 11 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 in Figure 6 of the 
drawings. Such a product .comprises an outer layer 60 affixed 
·to a 1 in i ng layer 61 by adhesion along the peripheral zones 
thereof. For example, the inner lining 61.can be affixed to. 
the outer layer 60, along the periphery of one leg band area 
62·, along the periphery of the other leg ·band area 63, and 
along the periphery of waistband area 64. Affixed to the 
crotch area of the article is a generally rectangular 
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absorbent core 65 comprising an absorbent foam structure of 
the present invention. 

TEST METHODS 
In describing the present invention, a num~er of 

characteristics of the HIPE foam absorbent structures are set 
forth. Where reported, these characteristics can be 
determined using the following test fluids and test methods. 
I) Test Fluids and Foam Sample Preparation 

A) Test Fluid - Svnthetic Urine 
Several of the measurements described in the tests herein 

i nvo 1 ve the use of a test fluid such as synthetic urine, 
ethanol, or 2-propanol (isopropyl alcohol). The synthetic 
urine utilized in a number of the tests desc.ribed hereafter is 
made from a commercially available synthetic urine preparation 
manufactured by Jayco Phamaceuticals (Mechanicsburg, PA, 
17055). This Jayco synthetic urine made from the preparation 
comprises KCl, 0.2%; Na2S04, 0~2%; NH4H2P04, 0.085%; 
(NH4)2HP04, 0.015%; CaCl2*2H20, 0.025%; and MgCl2*6H20, 0.05%. 
(weight· %'s) The synthetic urine samples are prepared 
according to the label instructions using distilled water. To 
aid dissolution, the Jayco salt mixture is slowly added to the 
water. The sample is filtered if necessary to remove any 
particulates. Any unused synthetic urine is discarded after 
one week. To improve visibility of the fluid, 5 drops of blue 
food color can be added per liter of synthetic urine.solution. 
The Jayco synthetic urine utilized has a surface tension of 65 
:!: .s dynes/cm. 

B}· Foam Sample Preparation 
·A number of the following tests involve the preparation 

and testing of foam samples of a particular specified size. 
Unless otherwise specified, foam samples of the requisite size 
should be cut from. larger blocks of foam using a sharp 
reciprocating knife saw. Use of this or equivalent type of 
foam cutting device serves to substantially eliminate sample 
edge flaws which could have an adverse impact on certain of 
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. the. measurements made in carrying out the several test 
procedures hereafter set forth. 

Sample size specification will also generally include a 
dimension for .sample caliper or thickness. Caliper or 
thickness measurements for purposes of the present invention 
should be made when the foam sample is under ·a confining 
pressure of 0.05 psi (350 Pa). All measurements of foam 
density' and dry weight are usually carried out after the foam 
sample has been water washed and dried, as described 
hereafter. 
II) Determination of Properties. Features or Characteristics 

of Foam 
A. Collapsed State 

1) Expansion Pressure 
lMs · test directly measures the stored energy in the 

collapsed foam. The stored energy of the collapsed foam is 
released when. it is flooded with an amount of water greater 
than its free absorbent capacity. Expansion . pressure is 
measured while the fully wetted foam is being held by 
compressive forces at its· collapsed caliper (thickness). 

To conduct this test, a 23.8 mm. diameter cylinder of the 
collapsed foam is carefully cut out using a punch. The . 
caliper of this cut sample is measured with a strain gauge 
(e·.g., Ono-Sokki Model EG-225)· to the nearest 0.005 mm. In 
performing the stress relaxation test, a Rheometrics Model 
RSA II is used havi·ng a parallel plate assembly capable of 
retaining liquid. This parallel plate assembly comprises a 
bottom cup plate having a cylindrical chamber with an inside 
diameter of 29 mm., and a top plate having a circular member 
with a diameter of 25 mm. 

The cut, dry sample is pl aced within the· chamber of the 
bottom cup plate and centered under the. circular member of the 
top plate; The entire assembly/sample is then equilibrated at 
aa•F (31.t•t) for at least 10 minutes, with th~ top pl~te 

bei.ng adjusted to rest on the cut sample with a force of about 
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lO·g. The Rheometrics Model RSA II is programmed to run a 
stress-relaxation test at 0.5% strain (in compression) at ss·F 
{31.PC). WMle monitoring stress as a function of time, 
enough water having a temperature of ss•F (31.1•c) is quickly 
added to the bottom cup p 1 ate using a syringe to insure 
complete saturation of the cut sample (e.g., 3 ml in I 

second). The pressure the cut S!lmple exerts on the plates ·as 
it tries to expand (i.e. its expansion pressure) is recorded 
for at least 15 minutes after the point at which the water is 
added; the va 1 ue at 5 minutes ;s recorded as the expansion 
pressure of the cut sample. 
2) Capill•rv Suction Specific Surface Area 

Capillary suction specific surface area of the foam can 
be determined from the equilibrium weight uptake of a test 
1 i quid of known low surf ace tension. In this instance, 
absolute ethanol (flash point· is 1o•c1 is used. 

To conduct the test, a tared foam samp 1 e strip of 
suitable dimensions (e.g., ~ 35 cm long x 2 cm wide x 0.25 cm 
thick) is equilibrated at 22 :!: 2•c._, is positioned vertically 

. . 
and at one end is immersed l-2mm into a reservoir of the 
ethanol using a lab jack. The. ethanol is allowed to wick up 
the foam strip to its equilibrium height which snould be less 

.than the sample length. The ethanol-containing strip is then 
weighed to determine the weight of total ethanol uptake. 
During this procedure the sample should be shie.lded, for 
example with a capped glass cyl i nder, to prevent ethanol 
~vaporation. The .ethanol is then allowed to evapor~te from 
the foam sample which is then water washed, dried and weighed. 

Specific surface area of the foam sample can be 
calculated from the following formula~ 

. 
Sc. .. MeGLn 

Mn"Ye 
where Sc = capillary suction specific surface area in cm2/gm; 
Me = mass of liquid uptake of ethanol in gms; G = the 
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gravitational constant which is 980 cm/sec2; Ln = total length 

of wet sample in cm; Mn = mass of dry sample in· gm·; and "Ye = 

surface tension of ethanol which is 22.3 dynes/cm. Values 

obtained can then be divided by 10000 cm2/m2 tO provide 

capillary suction specific surface area in m2/g. 

3) Foam Density 
One procedure which can be used to determine foam density 

is that described in ASTM Method No. 03574-86, Test A, which 

is designed primarily for the testing of urethane foams but 

which can also be utilized for ~easuring the density of the 

preferred. HIPE-type foams of the present invention. In 

particular, density measurements made according to this ASTM 

procedure are carried out on foam sampl.es which have been 

~reconditioried in a certain manner as specified in that test. 

Density is determined by measuring both the dry mass of a 

given foam sample (after water washing and drying) and its 

volume at 22 :!: 2·c. .Volume dete.rminations on larger foam 

samples are calculated. from measurements of the sample 

dimensions made under no confining pressure. Dimensions of 

smaller foam samples can be measured using a dial-type gauge 

U$ing a pressure on the dial foot"of 350 Pa (0.05 psi). 

Density is calculated as mass per unit volume. For 

purposes o~ this invention, density is generally expressed in 

terms of g/cm3. 
·B. Expanded State 

1) Density Upon Saturation with Synthetic Urine 
In this measurement, the foam sample is saturated at ss•F 

(3L1•c) to its free absorbent capacity with Jayco synthetic 

urine. The volume ~s measured in this fully expanded state 

and the dry mass of the sample is measured after water washing 

and drying. The density upon saturation.with synthetic urine 

is thus calculated as dry mass. per wet volume, expressed in 

terms of g/cm3. 
2) Available Pore Volume· 
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A procedure for determining available pore volume 
i nvo.l ves the measurement of the amount of 2-propano l (fl ash 
point i2•c) which can be introduced into.the structure of an 
absorbent foam sample. Equipment and materials used in making 
such a ·measurement are equilibrated at 22 ~ 2•c. Measurements 
are also performed at this temperature. 

Dry foam samples are cut into 1 in2 (6.5 cm2) circular 
surface area x 0.1 inch (0.25 cm) thick cylinders or the 
equivalent. Such cylindrical samples can b~ prepared by using 
a sharp punch 1~13 inches (2.87 cm) in diameter on a 0.1 inch 
(0.25 cm) sheet of foam.. The dry .foam samples (after water 
washing and drying) are each weighed to determine a dry weight 

. . 
(DW). Three of such samples are weighed to determine an 
average dry weight (DW). 

·The Measured Free Capacity (MFC) of these samples is then 
determined by the following steps: 

a) The foam samples are· immersed in the 2-propanol in a 
crystallizing dish and allowed to saturate. At this point the 
sample may be squeezed a few times to expel air. 

b) . Each sample is removed without squeezing 2-propanol 
out of it. Excess fl~id is allowed to drip' off of the sample 
in the flat position for about 30 seconds. Each sample is 

. . 

then weighed wet to determine a wet weight (WW) • 
. c) Steps a) and b) are repl;!ated two more times and. an 

average wet weight (WW) is calculated. 
Measured Free Capacity {MFC, g/g) is the weight of 

2-propanol in the saturated' foam per unit mass of dry foam. 
MFC is calculated according to· the formula 

MFC = CWWCgl - ·ow{g) 1 

OW(g} 

Available pore volume is then calculated by dividing the 
MFC of the· foam for 2-propanol by the density of 2-propanol 
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which is 0.785 g/ml. This gives an available pori;i volume for. 
the foam in ml/g. 
3} Resistance to Compression Deflection 

Resistance -to compression deflection can be quantified 
for purposes of this invention by measuring the amount of 
strain (% caliper reduction} ~roduced in a foam sample, which 
has been saturated and fully expanded with synthetic urine, 
after stress in the form of a 0.74 psi (5.1 kPa} confining 
pressure has been applied to the sample. 

The foam samples, Jayco synthetic urine and equipment · 
used to make measurements are all equilibrated to a 
temperature of 88°F (31.1°C). Measurements are also performed 
at this temperature. 

A foam sample sheet in its collapsed state is saturated 
to its free absorbent capacity· with Jayco synthetic urine. 
After 2 minutes, a cylinder having a 1 in2 (6.5 cm2) circular 
surface area is punched out of the saturated, fully expanded 
sheet. A dial-type gauge_ suitable for makfog caliper 
measurements is positioned on· the sample. Any gauge fitted 
with a fo.ot having a circular surface area of at 1 east 1 i n2 
(6.5 cm2) and capable of measuring caliper dimensions to 0.001 
in (0.025 mm) can be employed. Examples of such gauges are an 
Ames model 482 (Ames Co.; Waltham, MA} or an Ono-Sokki model 
EG-225 (Ono-Sokki Co., Ltd.; Japan). 

· A force is then applied· to the foot so that the saturated 
foam sample on the screen is subjected to a confining pressure 
of 0.74.psi (5.1 kPa} for 15 minutes. At the end of this 
time, the dial gauge is used to measure the change in sample 
caliper which occurs as a consequence of the application of 
the c~nfini~g pressure. From the initial and final caliper 
measurements, a percent strain induced can be calculated for 
the sample. 
4) Recovery From Compression Deflection 

To test recovery from compression deflection, foam 
samples similar to those prepared for the Resistance to 
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Compression Deflection test (see 11(8}(3} above} are used. 

Using a dial-type gauge, a test sample saturated. to its 

free absorbent capacity in Jayco synthetic urfne at aa·F 
(31.PC) is compressed within 10 seconds to 50% of its 

original thickness and maintained in the compressed state for 

1 minute~ The pressure is then rel eased, and the foam is 

allowecf to recover thickness for 1 minute in the presence of 
·the expe 11 ed fluid. The percent recovery is based on ·the 

original height of the uncompressed foam. 

C. Collapsed or Expanded States 

1) Fl exi bi lity 

Foam flexibility can be· quantified by referencing a test 

procedure which is a modification of the ASTM D 3574-86, 3.3 

test used to determine flexibility of eel lular organic 

polymeric foam products. Such a modified test utilizes a foam 

sample which is 7 x 0.8 x 0.8 cm when saturated to its free 

absorbent capacity with Jayco synthetic urine at 88°F 

(31.1•c). It is important that the cutting process used to 

make these samples does not introduce edge defects in.the foam 

·strip. The synthetic urine-saturated foam strip is bent 

around a 0.8 cm diameter cylindrical mandrel at a uniform rate 

of l lap in 5 seconds until the ends of the strip meet. The 

foam· ;s considered flexible if it does not tear or break 

during this test, i.e., if it passes one bending cycle: 

D. Determination of Fluid Handling Characteristics 

1) Free Absorbent Capacity 

In this test, a. foam sampl.e is saturated at aa·•f (3L i •C) 

· with Jayco synthetic urine. The same procedure described in 

Il(B)(2) above for Availab~e Pore Volume is then used to 

measure the no-load (free) absorbent capacity .. 

2) Vertical Wicking Rate and Vertical Wicking Absorbent 

Capacity 

· Vertical wiCking rate and vertical wicking absorbent 

capacity are measures of the ability of a dry foam to wick 

fluid vertically from a reservoir.. The time required for the 
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fluid front to wick through a 5 cm vertical length of a strip 
of foam is measured to give a vertical wicking rate. After 
fluid wicks to its equilibrium height, the amount of fluid 
held by the foam strip at a particular vertical wicking height 
(e.g., 4.5 inches or 11.4 cm) is determined to give a vertical 
wicking absorbent capacity. 

Jayco synthetic.urine colored with blue food coloring is 
used in the following methods to determine vertical wicking 
rate and vertical wicking absorbent capacity. In this test 
procedure, the. materials are equilibrated at 37•c. and the 
test ·is performed at the same temperature. 

A strip of foam ap.proximately 70 cm long x 2 cm wide x 
0.25 cm thick is supported vertically with one end imersed 1 
to 2 mm into a reservoir of synthetic urine. . The liquid is 
allowed to wick up the foam strip to its equilibrium height 
(e.g. , about -18 hours), which should be 1 ess than the samp 1 e 
length. During -this procedure, the sample should be shielded, 
for example with a capped glass ·cylinder, to prevent 
evaporation. 

The time needed to wick 5 cm is used as a -measure of 
vertical wicking rate. The equilibrium wet weight can be 
recorded and used to calculate Adhesion Tension,- as described 
below. 

The sample is quickly removed and placed on a non­
absorbent surface where it is cut into 1 inch (.2.54 cm) pieces 
using a tool sharp enough not to compress the foam sample. 
Each piece is weighed, washed with water, dried and then 
reweighed .. The absorbent capacity is calculated for each. 
piece. The absorbent capacity of the 1 inch segment centered 
at 4.5 inches (11.4 cm} wicking height is the parameter most 
desirably determined. 
3) Adhesion Tension 

The adhesion tension exhibited by hydrophilized foam 
samples which imbibe test fluids via capillary suction is the 
product of the surface tension, 1, of the test fluid times the 
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cosine of the contact angle, e, exhibited by the test fluid in 
contact with the interior surfaces of the foam sample. 
Adhe-sion tension can be determined experimentally by measuring 
the equilibrium-weight uptake by capillary suction exhibited • 
by two test samples of the same foam using two different test 
liquids. In the first step of such a procedure, specific 
surface area of the foam sample is determined using ethanol as 
the test fluid as described in II(A}(2) above for Capillary 
Suction Specific Surface Area. 

The capillary suction uptake procedure is then repeated 
in identical manner to the ethanol procedure except that: {a) 
Jayco synthetic urine is used as the test fluid; (b) the test 
is carried out at 37°C; and· (c) a foam sample. strip ~ 70 cm. 
long x 2 cm wide x 0.25 cm thick is used. The contact angle 
of the synthetic urine can then.be calculated as follows from 
the known specific surface area and'the synthetic urine.uptake 
data: 

cos9u = MuGLN 
MN-Yu Sc 

where Bu = contact angle of Jayco synthetic urine in degrees; Mu = 
mass of liquid uptake of Jayco synthetic urine in gms; G = 

gravitational constant which is 98.0 cm/sec2; MN = mass of dry foam 
sample in gm; -Yu =· surface· tension of Jayco urine which is -65 

dynes/cm; Sc = specific surface area of the foam sample in cm2/gm as 
determined by the ethanol uptake procedure; and Ln = length of the 
wet foam sample in cm. 

When a surfactant is present (on the fo·am sample surfaces 
and/or in the advancing test liquid), characterization of the 
advancing 1 iquid front is defined by applying the adhesion tension 
(AT) equation: 
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wherein MT ;s the mass of the test liquid taken up by the foam 

sample, and G, LN, MN, and Sc are as defined before. [See Hodgson 

and Berg, J. Coll. Int. Sci.. 12101, 1988, pp. 22-31] 

In determining adhesion tension for any given test liquid, no 

assumption is made of the numerical value of the surface tension at 

any point in time so that possible changes in surfactant 

concentration on the sample surfaces and/or in the advancing liquid 

during wicking are immaterial. The experimental value of adhesion 

tension (1·cos9) is especially useful when viewed as a percentage of 

the maximum adhesion tension which is the surface tension of the 

test Hquid (e.g., the maximum adhesfon tension using Jayco 

synthetic urine would be [65 ! 5] [cos .0•1 • 65 ! ~ dynes/cm). 

PGE ANALYTICAL METHODS 

A. Interfacial tension f IFTl method (Spinning Drop) 

. IFT can be measured using a Kruss . SITE 04 Spinning Drop 

Tensiometer or any equivalent spinning drop· tensiometer operating 

under. the same principl.es. See Cayias · et al, Absorption at 

Interfaces, edited by Mittal, ACS Symposium Series 8 (1975), pp. 

234-47, and Aveyard et al, J. Chem. Soc. Faraday Trans., Vol. 1 

(1981), pp. 2155-68, for general descriptions of spinning drop IFT 

methods. For each IFT measurement, a drop of the oil phase · 

containing the PGE (typic~lly 5 microliters) ;s injected .into the 

spinning capillary tube of the tensiometer whi.ch contains the 

aqueous phase pre-equilibrated to 5o•c. The spfoning rate of the 

tube is increased sufficiently to elongate the drop into a 

cylindrical shape such that its ratio of length:diameter is greater 

than 4: 1. The elongated drop is . all owed .to equilibrate at so•c 
until equilibrium is reached (i.e. no further change in drop 

diameter} or until approximately 30 minutes have elapsed. 

Preferably, the elong.ated drop is of uniform diameter (except at the 

hemispherical ends) and its interface with the aqueous solution is 

ess.entially free .of deposited materi.al and/or smaller droplets. If 
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not, then a region of the elongated drop that is essentially free of 
deposits, has a length:diameter .ratio of greater tha.n 4:1 and a 
minimum diameter (if regions of different diameter are present) is 
chosen for the measurement. · The interfacial tension (1) is 
calculated from the measured radius ·(r, 1/2 the cylindrical 
diameter), the angular velocity ( ; 2 n, where n is· the frequency 
of rotation of the tube), and the density difference between the oil 
and aqueous phases (A p}, using the following equation: 

1 = 0.25 r3Ap 2 

Calibration of this system is periodically checked by measuring the 
IFT between n-octanol and water (8.5 dynes/cm .at 20°C). 

The oil phase used for these measurements is typically prepared 
by add~ng 10 parts of the PGE-· to 100 parts of· a monomer mixture 
containing styrene, divinylbenzene . (553 technical grade) and 
2-ethyl hexyla:cryl ate in a weight ratio of 2: 2: 6. This mixture is 
mechanically agitated to effect dissolution of the PGE. This oil 
phase mixture is allowed to stand overnight at ambient temperature 
so that materials (typically free polyglycerols) which are insoluble 
or precipitate out of solution can settle. After centrifugation, 
the supernatant is separated from any sediment. The supernatant is 
used as h and diluted (sequentially if necessary) with additiona·l 
monomer mixture to yield emulsifie.r solutions having lower 
concentrations. In this fashion, solutions having nominal PGE 
concentrations ranging from appro~imately 9% to 0.01% or lower can 
be prepared. The water phase used for this measurement is an 0.90M 
aqueous solution of calcium chloride (approximate pH 6) prepared by 
dissolving CaCl2·2H20 in distilled water. 

A series of IFT measurements are made by varying the 
concentration of PGE in the oil phase up to at· least 3%. A smooth 
curve is drawn through a log-log plot of IFT values as a function of 
PGE concentration in the oil phase. A minimum IFT value is then 
estimated from the curve. 
B. Polyglycerol Distribution 
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The distribution of polyglycerols in a sample can be determined 
by capi 11 ary supercritical fluid chromatography. See Ches:ter et al , . 

. . . . 
J. High Res. Chrom. & Chrom. Commun., Vol. 9 (1986), p. 178 et seq. 
In this method, the polyglycerols in the sample are converted to the 
respective trimethylsilyl ethers by reaction with bis(trimethyl­
si lyl )-tri fl uoroacetamide .. The trimethylsilyl ethers are separated 
and then quantified by capillary supercritical fluid chromatography 
using flame ionization detection. The trimethylsilyl ethers elute 
from the polydimethyl siloxane. stationary phase in order. of 
increasing molecular weight. Peak identities are established by 
coupling the .supercritical fluid chromatograph to a mass 
spectrometer. The relative distribution of polygiycerol species is 
calculated from peak areas in the chromatogram. Weight percentages 
are calculated by assuming that the flame ionization· detection . . 

responds equally to all polyglycerol species in the sample. 
C. Fatty Acid· Composition CFACl 

The· fatty acid composition of a sample of free fatty acids or 
fatty acid esters can be determined by high resolution capillary gas 
chromatography. See D'Alonzo et al, J. Am. Oil Chem. Soc., Vol. 5~ 

(1981), p.· 215 et seq. In this method, ·the fatty acids ;n the 
sample are converted to fatty acid methyl esters that are then 
separated and quantified by high resolution capillary gas 
~hromatography with flame ionization ·detection. The capillary 
column stationary.phase (a stabilized polyethylene glycol) separates 
the methyl esters according to chain length and degree of 
unsaturation. Peak identities are established by comparison with 
known fatty acid standards. The relative distribution of fatty acid 
species is calculated from t~e peak areas in the chromatogram. 
Weight percentages are calculated by assuming the flame ionization 
detector responds equally to all fatty ·acid species in the sample. 

·EXAMPLES 
Preparation of collapsed HIPE absorbent foams, the 

characteristics of such co 11 apsed foams and utilization of these 
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collapsed absorbent foams in disposable diapers ar~ all illustrated 
by the following examples. 

EXAMPLE I 
This example illustrat~s the preparation of a collapsed HIPE 

foam falling within the scope of the present invention: 
Emulsion Preparation 

Anhydrous calcium chloride (36.32 kg) and potassium persulfate 
(568 g) are dissolved in 378 liters of, water. This provides the 
water phase stream to be used in a continuous process for forming a 
HIPE emulsion •. 

To a monomer combination compr1s1ng styrene (1600 g), 
divinylbenzene 55% technical grade (1600 .. g), and 2-ethylhexyl­
acrylate (4800 g) is added sorbitan l aurate (960 g as SPAN® 20). 
After mixing, this combination of materials is allowed to settle 
overnight. The supernatant is withdrawn and used as the oil phase 
in a continuous process for forming a HIPE emulsion. (About 75 g of 
a sticky residue is discarded.) 

At· an aqueous phase temperature of 48-so·c. and. an oil phase 
temperature of 22·c., separate streams of the oil phase and water 
phase are fed to a dynamic mixing apparatus.. Thorough mixing of the 
combined streams in the dynamic mixing apparatus is achieved by 
means of a pin impeller. At this scale of operation, an appropriate 
pin impeller comprises a cylindrical shaft of about 21.6 cm in 
length with a diameter of about 1.9 cm. The shaft holds 4 rows of 
pins, 2 rows having 17 pins and 2 rows having 16 pins, each having a 
diameter of 0.5 cm extending outwardly from the central axis of the 
shaft to a· length of 1.6 cm. The pin impeller is mounte·d in a 
cylindrical sleeve which forms the dynamic mixi"g.apparatus, and the 
pins have a clearance of 0.8 mm from the walls of the cylindrical 
sleeve. 

A spiral static mixer is mounted downstream from the dynamic 
mixing apparatus to provide back pressure in the dynamic mixer and 
to provide improved incorporation of components into the emulsion 
that is eventually formed. Such· a static mixer is .14 inches (35.6 
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cm) long with a O. 5 inch (I. 3 cm) outside diameter. The static 
mixer is a TAH Industries Model 070-821; modified by cutting off 2.4 
inches (6.1 cm). 

The combined mixing apparatus set-up is filled with oil phase 
and water phase at a ratio of 2 parts water to 1 part oil. The 
dynamic mixing apparatus is vented to· allow air to escape while 
filling the apparatus completely. The flow rates during filling are 
1.127 g/sec oil phase and 2.19 cm3/sec water phase. 

Once the apparatus set-up is fi~led, agitation is begun in the 
dynamic mixer, with the impeller turning at 1800 RPM. The flow rate 
of the water phase is then steadily increased to a rate of 3~.56 

cm3/sec over a time period of 130 sec. The back pressure created by 
the dynamic and static mixers at. this point is 7.5 PSI (51.75 kPa). 
The impeller speed is then steadily decreased to a speed.of 1200 RPM 
over a -period of 60 sec. The back pressure drops to 4.5 PSI (31.05 
kPa). At this point, the impeller speed is instantly increased to 
1800 RPM. The system back pressure remains constant ~hereafter at 
4.5 PSI (31.05 kPa). 
Polymerization of the Emulsion 

The formed emulsion flowing from the static mixer at this point 
is ·collected in Rubbermaid Economy _Cold Food Storage Boxes, Model 
3500. These boxes are constructed of food grade polyethylene and 
have nominal dimensions of 18" x 26" x 9" (45.7 cm x 66 cm 22.9 cm). 
The true inside· dimensions of these boxes are 15" x 23" x 9" (38.1 
cm x 58.4 cm x 22.9 cm). These boxes are pretreated with a film.of 

. a solution comprising a 20% solution of SPAN® 20 in an equal weight 
solvent mixture of xylene and 2-propanol. The solvent mixture is 
allowed to evaporate to leave only the SPAN® 20. Forty-seven liters 
of emulsion are collected in each box. 

The emulsion-containing boxes are"kept in a room maintained at 
55•c. for 18 hours to bring about polymerization of the emulsion in 
the boxes to thereby form polymeric foam. 
Foam Washing and Oewatering 

After curing is complete, the wet cured foam is removed from 
the curing boxes. The foam at this point cont~ins about 30-40 times 



THIS SHEET HAS BEEN \ 
REPLACED ·-·--·----. ---··--70-

the· weight of polymerized· material (30-40X) of the residual water 

phase. containing dissolved emulsifiers, electrolyte and initiator. 

The foam is sliced with a sharp reciprocating saw blade into sheets 

which are 0.350 inches (0.89 cm) in caliper. These sheets are then 

s~bjected to compression in a series of 3 nip.rolls which gradually 

reduce the residual water phase content of the foam to about 6 times 

(6X) the weight of the polymerized material. At this point, the 

sheets are then resatu~ated with a 1% CaClz solution .at 6o•c., are 

squeez.ed in a nip to a water phase content qf about lOX, resaturated 

with the 1% CaClz solution at 60°C., and then squeezed again in a 

nip to a wate~ phase content of about lOX. 

The foam sheets, which now contain about lOX of what is 

essentially a 1% CaClz solution are passed through· a final nip 

equipped with a vacuum slot. The last nip reduces the. CaClz 

. solution content to about 5 times (SX) the weight of polymer. The 

foam remains compressed after ·the final nip at a caliper of about 

0.080 in. (0.2 cm). The foam is then dried in an air circulating 

oven set at about 60°C. fDr about three hours. Such drying reduces 
the moisture content to about 5 - 7 % by weight of ·polymerized. 

materi a 1 . At this point, the foam sheet$ have a ca 1 i per of about 

0.075 in. (0.19 cm) and are very drapeable. The foam also contains 

about ll% by weight of residual sorbitan laurate emulsifier and · 

about 5% by weight (anhydrous basis) of residual hydrated calcium· 

chloride. In the collapsed state, the density of the foam is about . 

0.17 · g/cm3. When expanded in Jayco synthetic urine, its free 

absorbent capacity is about 30.2 mL/g. The expanded foam has a 

capillary suction specific surface area of about 2.24 m2/g, a pore 

volume of about 31 ml/g, a number average cell size of about 15 

microns, an adhesion tension of about 35 dynes/cm, and a vertical 

wi eking absorbent capacity of about 26. 7 ml/g or about 88% of its 

free absorbent capacity. 

EXAMPLE II 
~ disposable diaper is prepared using the configuration and 

components shown in expanded and blown-apart depiction· in Figure 7. 
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Such a di aper comprises a thermally bonded polypropylene topsheet 
70, a fluid-irPpervious polyethylene backing sheet 71, and a dual 
layer absorbent core positioned between the topsheet and the backing 
sheet. The dual layer absorbent core comprises a modified 
hourglass-shaped, fluid storage/redistribution layer 72 comprising 
the collapsed HIPE foam of the Example I type positioned below a 
modified-hourglass shaped fluid acquisition layer 73. The topsheet 
contains two substantially parallel barrier leg cuff strips 74 with 
elastic. Affixed to the diaper backsheet are two rectangular 

·elasticized waistband members 75. Also affixed to each end of the 
polyethylene backsheet are two waistshield elements 76 constructed 

. of polyethylene. Also affixed to the backsheet are two parallel leg 
elastic strips 77. A sheet _of. polyethy1ene 78 is affixed to the 
outside of the · backsheet as a dedicated fas ten i ng surf ace for two 
pieces· 79 of Y-tape which can be used to fasten the diaper around 
the wearer. . 

The acqui sit i ~n layer of the di aper core comprises a · 92%/8% 
wet-laid mixture of stiffened, twisted, curled cellulosic fibers and 
conventional non-stiffened cellulosic fibers. The stiffened, 
twisted, curled cellulosic fibers are made from· southern softwood 
kraft pulp (Fo.ley fluff) which has been crossl inked with 
glutaraldehyde to ·the extent of about 2.5 mole· percent on a dry 
fiber cellulose _anhydroglucose basis. The fibers are crosslinked 
according to the "dry crossl inking process" as described in U.S. 
Patent 4,822,453 (Dean et al), issued April 18, 1989. 

These stiffened fibers are simila,r to the fi.bers having the 
characteristics described as follows in Table II. 

Table II 
Stiffened. Twisted, Curled Cellulose (STCC) Fibers 

Type = Southern softwood kraft pulp crosslinked with 
g 1 utara l dehyde to the extent of L 41 mole percent on a dry 
fiber cellulose anhydroglucose basis 

Twist Count Dry = 6.8 nodes/mm 
Twist Count Wet = 5.1 nodes/mm 
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2-Propanol Retention Value = 24% 
Wa-ter Retention Value = 37% 
Curl Factor = 0.63 

.• 

The conventional non-stiffened cellulose fibers used in combination 
with the STCC fibers are also made from Foley fluff. These 
non-stiffened cellulose fibers are refined to about 200 CSF 
(Canadian Standard.Freeness). 

The acquisition layer has an average dry density of about 0.07 
g/cni3, an average density upon saturation with synthetic urine, dry 
w~ight basis, of about 0.08 g/cm3, and an avera~e basis weight of 
about 0.03 g/cm2. About 13 grams of the fluid acquisition layer are 
used in the diaper core. The surface area of the acquisition layer 
is about· 46.8 in2 (302 cm2). It has a caliper of about 0.44 cm. 

The fluid storage/redistribution layer of the diaper core 
comprises a modified hourglass-shaped piece of collapsed HIPE foam 
of the type described in Example I. About 13 grams of HIPE foam. are 
used to form this storage/distribution layer· which has a surface 
area of about 52.5 ;~2 (339 cm2) and a caliper of about 0.1 in (0.25 

·cm}. 
A diaper having this particular core configuration exhibits 

especially desirable and efficient utilization of the core for 
holding discharged urine and accordingly provides exceptionally low 
i nci de nee of leakage when worn by an inf ant in the normal ma-nner. 
Similar results can be obtained if ai r-1 aid stiffened fibers are 
substituted for the ~et-laid stiffened fibers in the acquisition 
layer of the absorbent core. 

EXAMPLE III 
This example illustrates the benefit of using relatively low 

polymerization/cure temperatures to consistently reduce coalescense 
of water droplets in the HIPE emulsion and to consistently obtain 
co 11 apsed po 1 ymeri c foams according to the p·resent invention, 
especially when SPAN® 20 is the only emulsifier used in preparing 
the HIPE emulsion. In this example, a HIPE emulsion is prepared by 
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a procedure similar to that-of Example I, but using a different lot 

of SPAN® 20 as the emulsifier. This HIPE emulsion is collected in a 

number of 1 pint plastic lidded jars. Four ovens are set at 

temperatures of 1Q0°F (37.8°C), 115°F (46.1°C), 130°F {~4.4°C), and 

1S0°F (6S.6°C), and several of the jars of HIPE emulsion are cured 

in each oven for 24 hours. A portion of the resultant cured foams 

are then washed with water and dried. Photomicrographs of the dried 

foams are then taken at magnifications of SOX, Soox and lOOOX. 

Figures 3a through 3d are representative of such photomicrographs 

(500 X ~agnification). Specifi~ally, Figure 3a shows a cut section 

of the l00°F (37 .8°C) cured foam, Figure 3b shows a cut section of 

the ll5°F (46.1°C} cured foam, Figure 3c shows a cut section of the 

130°F (54.4°C) cured foam, and Figure 3d shows a cut section of the 

1S0°F (65.6°~) cured foam. 

As· shown in Figures 3a and 3b, the HIPE emulsions cured at· 
• 

lower temperatures (i.e. below about 50°C) resulted in foam 

structures having smaller pores of relatively uniform size, i.e. the 

foam structures are relatively hom~geneous. This suggests that 

there ;s reduced coall;!scence o_f the water droplets during curing of 

the HIPE emulsions. By contrast, as shown in Figures 3c and 3d, the 

HIPE emulsions cured at higher temperatures (i.e.· above about so•q, 
resulted in foam structures having numerous larger pores and a 

relatively nonuniform pore size, i.e. the foam structures are 

essentially heterogeneous. This suggests significantly increased 

coalescence of the water droplets during curing of the HIPE 

emulsions. 

The homogeneity of these cured foams in terms of cell sizes and 

coalescence can be graded qualitatively from the photomicrographs 

using the following scale: 

Grade 

1 

2 

3 

4 

Descr.iption 

massive coalescence, barely recognizable as foam 

very bad coalescence, open voids, smeared struts. 

bad coalescence, thickened struts 

mode.rate coalescence, some strut anomalies (thickened) 
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6 minimal coalescence, no strut anomalies 
7 well resolved homogeneous structure 

Several determinations are made for each of the cured foams 
based on the above scale, and are then averaged to obtain a mean 
grade for each of the cured foams, as shown in the following table: 

Cure Temperature 
loo·F (37.s•c) 
ns·F (46. l°C) 

130°F (54.4°C) 
1S0°F (65.6°C) 

Mean Grade 
6.5 
5.5 
3.3 
2~5 

A portion of the above foam samples cured at llS°F (46.1°C), 
130°F (54.4°C), and 150°F (65.6°C), are also evaluated for the 
ability to remain thin after washing with a salt solution, followed 
by pressing and · drying. The cured foams are processed by washing 
with an aqueous solution of 1.0% calcium chloride, . pressing to 
remove some of the water, and then oven drying (i.e. at about 150°F, 
65.6°C). Each of the dried foams is evaluated to determine whether 
it maintained its collapsed state, i.e. 10 - 30% of its original 
expanded thickness. The dried foam samples cured at 130°F (54.4°C), 
and 150°F (65.6°C) did riot remain thin. ·By contrast, the dried foam 
samples cured at 115°F (46.1°C} did remain thin. 

EXAMPLE rv 
The following examples illustrate the preparation of HIPE foams 

using sorbitan laurate (SPAN® 20) and polyglycerol fatty acid ester 
(PGE) or sorbitan palmitate (SPAN® 40) co-emulsifier systems: 

EXAMPLE IV A 
Anhydrous calcium chloride (36.32 kg) and potassium· persulfate 

(568 g) are dissolved in 378 liters of water. This provides the 
water phase stream used in forming the HIPE emulsion. · 
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To a monomer mixture. comprising styrene (1600 g), divinyl­
benzene (55% technical grade, 1600 g), and 2~ethylhexylacrylate 

(4800 g) is added sorbitan laurate (960 g as SPAN6 20). To another 
half-size batch of the same monomer mixture is added PGE emulsifier 
(480 g) that imparts a minimum oil/water IFT of 0.09 dynes/cm. This 
PGE is obtained by esterify~ng polyglycerol s with fatty acids in a 
weight ratio of 64:36 using sodium hydroxide as the catalyst at 
210·~ under conditions of mechanical agitation, nitrogen sparging 
and gradually increasing vacuum, with subsequent phosphoric acid 
neutralization, cooling to about 6o•c, and settling to reduce 
unreacted polyglycerol. The composition of the polyglycerols and 
fatty acids used in making the PGE are shown in the following table: 

Polyglycerols Wt.% 
·linear diglyce~ols .. 63.5 

triglycerol 36.0 
or higher 

cyclic diglycerols 0.4 

Fatty Acids Wt.% 
cs 
ClO 
Cl2 31.7 
Cl4 37.2 
Cl6 11.5 

Cl8:0 3.2 
Cl8:1 13.8 
Cl8:2 1.5 

After mixing, each oil phase batch is allowed to settle over­
night. The supernatant is withdrawn from each batch and mixed at a 
ratio of 2 parts of the SPAN® 20 containing oil phase to l part of 
the PGE containing .oil. phase. (About 75 g of a sticky residue is 
discarded from each of the batches.) 

• 
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At an aqueous phase temperature of 4J9 to 45•c and an oil phase 
temperature of 22·c, separate streams of the· oil and water. phases 
are fed to a dynamic mixer in the form of a pin impeller. This pin 
impeller has a cylindrical shaft of about 21.~ cm in length .with a 
diameter of about 1..9 cm. The shaft holds .4 rows of pins, two rows 
having . 17 pins and two rows having 16 ·pins, each pin having a 
di~meter of 0.5 cm and extending outwardly 1.6 cm from th~ central 
axis of the shaft. The pin impeller is m.ounted within a cylindrical 
sleeve with the pins having a clearance of 0.8 mm from the inner 
wall. 

A spiral static mixer (14 in. long by 1/2 in. outside diameter, 
TAH Industries Model 070-821, modified by cutting off 2.4 inches) is 
mounted downstream from the dynamic mixer to provide back pressure 
in the dynamic mixer and to provide uniformity in the HIPE emulsion. 
The combined.dynamic and static mixer apparatus is filled with oiJ 
and water phase.s at· a ratio of 2 parts water to 1 part oil . The 
apparatus is vented to a 11 ow air to escape until f i 11 i ng of the 
apparatus is complete. The flow rates during filling are 3.0 g/sec 
oil phase and 4.5 cc/sec water phase. 

Once the apparatus is filled, . agitation is begun, with the 
impeller turning at 1100 RPM. The aqueous phase flow rate is then 
evenly ramped up to 46. 5 cc/sec and the oil phase fl ow rate is 
evenly ramped down to L77 g/sec over a time period of 120 sec. The 
back pressure created by the dynamic and static mixers at this point 
is 4.9 psi. Over a time period of 30 sec, the impeller is slowed to 
1000 RPM. When the back pressure drops to approximately 3 psi, the 
impeller speed· is then instantly increased to 1800 RPM, and the back 
pressure increased to 5. 5 psi . The water and oil flows are then 
adjusted to 47 ~8 cc/sec .and 1.66 g/sec,. respectively. . . 

The HIPE emulsion is collected in molds· (Rubbermaid Economy 
Cold Food Storage Boxes made of food grade polyethylene, Model 
3500), having inside dimensions of 15 in. by 23 in. by 9 in. deep. 
The molds are pretreated with a film of a solution comprising ·20% 
SPAN® 20 in. ·xylene which had been a 11 owed to settle overnight to 
remove insolubles. The molds are preheated to facilitate the 
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evaporation of the 'xylene and leave behind only ·the SPAN® 20. 
47 lit~rs of HiPE emulsion are· collected in each mold. The filled 
molds are kept in a room maintained at 6s·c for 18 hours to allow 
for curing. The cured foam is then washed with a · 13 calcium 
chloride solution. The residual solution retained in the foam 
before drying is 5 times the weight of foam. 

Figure 4 is a photomicrograph (1000 X magnification) that shows 
a representative polymeric foam prepared from a HIPE emulsion using 
a SPAN® 20/PGE coemulsifier system like that of this example. The 
foam structure shown in Figure 4 is in its expanded state. As can 
be seen, this· foam structure has relatively small pores of 
relatively uniform size, i.e. ·the foam structure is relatively 
homogeneous. This sugge.sts evidence of reduced coalescence of the 
water dr_oplets during· curing of the HIPE emulsion. 

· EXAMPLE IV B · 
A water phase containing calcium chloride/potassium persulfate 

and an oil phase monomer mixture containing SPAN® 20 are prepared as 
in Example IV A. A half-size batch monomer mixture is also prepared 
by adding a PGE emulsifier that imparts a minimum oil/water IFT of 
0.22 dynes/cm. Th.is PGE is obtained by esteri.fying -polyglycerols 
with fatty acids in a weight ratio of about 67:33 using reaction 

. . 

conditions similar to those described in Example IV A. The 
composition of the polyglycerols and fatty acids used in making the 
PGE are shown in the following table: 

Polvqlycerols Wt.% 
linear diglycerols 73.1 
triglycerol 24.5 

or higher 
cyclic diglycerols 2.4 



Fatty Acids 

CB 
ClO 

Cl2 

. Cl4 
Cl6 

Cl8:0 

ClB:l 
Cl8:2 
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37 
11 

3.2 
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After mixing, ~ach oil phase batch is allowed ·to settle over­

night with the supernatants being .. withdrawn and mixed at a ratio of 

.2 parts of ·the SPAN® 20 containing oi-1 phase to I part PGE 

containing oil phase, as in Example IV A. The aqueous and· oil 

phases· are· then fed to the ··combined dynamic and static mixer 

apparatus as in Example IV A. The combined apparatus is filled with 

the oil and water phases at a ratio of 2 parts water to 1 part oil, 

while venting the apparatus to allow air to.escape until filling of 

the apparatus is complete. The fl ow rates during fi 11 i ng are 3. 0 

g/sec oil phase and 7.5 cc/sec water phase. 

Once the apparatus is f i 11 ed, agitation is begun, with· the 

impeller turnfog at 1200 RPM. The aqueous phase flow rate is then 

. evenly ramped up to 45.0 cc/sec and the oil phase flow rate is 

evenly ramped down to 1.66 g/sec over a time period· of 60 sec. The 

impeller RPM is then lowered to 1100 evenly over a period of 30 sec 

and then i.nstantly increased to 1800 RPM. The water phase flow rate 

is then adjusted to 47.6 cc/sec. The back pressure is 5.3 psi. The 

formed emu ls fon is co11 ected in molds and then kept in a room 

maintained at 65°C for 18 hours to allow for curing, as in Example 

IV A. The cured foams are washed with a 1% calcium chloride 

solution. The residual solution retained in the foam before drying 

is 5 times the weight of .foam. 
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EXAMPLE IV C 
A water phase containing calcium chloride/potassium persulfate 

and an oil phase monomer mixture containin_g SPAN• 20 are prepared as 
in Example IV A. A half-size batch monomer mixture is also prepared 
by adding· a PGE emulsifier that imparts a minimum oil/water IFT of 
0.08 dynes/cm. This PGE is obtained by esterifying polyglycerols 
with fatty acids in a weight ratio of about 67:33 using reaction 

·conditions similar to those described in Example IV A. The 
composition of the polyglycerols and fatty acids used in making the 
PGE are shown in the following table: 
• 

Polyglycerols Wt.% 
linear diglycerols . -71 
triglycerol -24 

or higher 
cycli~ diglycerols -5 

Fatty Acids Wt.% 
CB 
CIO 4.4 
Cl2 43.6 
Cl4 25.1 
Cl6 12.1 
Cl8:0 3.8 
Cl8:1 9.2 
Cl8:2 1.4 

After mixing., each oii phase batch is allowed to settle over­
night with the supernatants being withdrawn and 'mixed at a ratio of 
2 parts of the SPAN® 20 containing oil phase to 1 part PGE 
contain.ing oil phase, as in Example IV A. The aqueous (45° - 47°C) 
and oil phases.are then fed to the combined dynamic and static mixer 
apparatus as in Example IV A. The combined apparatus is filled with 
the oil and water phases at a ratio of 2 parts water to 1 part oil, 
while venting the apparatus to allow air to escape until filling of 
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the apparatus is complete. The flow rates du.ring filling are 2.·2 
g/sec oil phase and 4.7 cc/sec· water phase. 

Once the apparatus is filled~ ·agitation is begun, with the 
impeller turning at 1800 RPM. The aqueous phase flow rate is then 
evenly ramped up to 45. 5 cc/sec and the oil phase fl ow rate is 
evenly ramped down to 1.59 g/sec over a time period of 90 sec. The 
back pressure is 5.4 psi. · The HIPE emulsion is collected in molds 
and then kept in a room maintained at 65•c for 18 hours to allow for 
curing, as in Example IV A. The cured foams ~re washed with a 1% 
calcium chloride solution. The residual .solution retained in the 
foam before drying is 5 times the weight of foam. 

EXAMPLE IV D 
A water phase containing calcium chloride/potassium persulfate 

and an· oil phase monomer mixture containing SPAN® 20· are prepared as 
in Example IV A. A half-size batch monomer mixture is also prepared 
by adding a PGE emulsifier that imparts a minimum oil/water IFT of 
0.013 dynes/cm~ This PGE is obtained by esterifying polyglycerols 
with fatty acids in a weight ratio of about 61 :39 using reaction 
conditions similar to those described in Example IV A. The 
composition of the polyglycerols and fatty acids used in making the 
PGE are shown in the following table: 

Polvglycerols ·Wt.% 
linear diglycerols -15 
triglycerol -85 

or higher 
-cyclic diglycerols 

--· 
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3 
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After mixing, each oil phase batch is allowed to settle over­
night with the supernatants being withdrawn anCf mixed at a ratio of 
2 parts of the SPAN® 20 containing oil phase to 1 part PGE 
containing oil phase, as in Example IV A. The aqueous (55° - 60°C) 
and oi1 phases are then fed to -the. combined dynamic and static ·mixer 
apparatus as in Example IV A. The combined apparatus is filled with 
the oil and water phases at a ratio of 2 parts water to 1 part oil, 
while venting the apparatus to allow air to escape until fill~ng of 
the apparatus is _complete. The fl ow rates ·during fil 1 i ng are 3. 0 
g/sec on phase and 6.0 cc/sec water phase. 

Once the apparatus is filled, agitation i"s. begun, with the 
impeller turning at 1800 RPM. The aqueous phase flow rate is then 
even 1 y ramped up to . 45. 7 cc/ sec and the oil phase fl ow rate is 
evenly ramped down to 1.58 g/sec over a time period of 120 sec. The· 
back pressure is 5.4 psi. The HIPE emulsion is collected in molds 
and then kept· in a room maintained at 65•c for 18 hours to allow for 
curing, as in Example IV A. The cured foams are washed with a 13 

calcium chloride solution. The residual. solution retained in the 
foam before drying is 5 times the weight of foam. 

EXAMPLE IV E 
A water phase containing calcium chloride/potassium persulfate 

and an oil phase monomer mixture containing SPAN® 20 are prepared as 
in Ex~mple IV A. A half-size batch monomer mixture is also prepared 
by adding ·a PGE emulsifier that imparts a minimum oil/water IFT of 
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0.042 dy~es/cm. This PGE is obtained by esterifying polyglycerols 
with fatty acids in a· weight ratio of about 67:33 using reaction 
conditions· similar to those described in Example IV A. The 
composition of the polyglycerols and fatty acids used in making the 
PGE are shown in the following table: 

Polyglycerols Wt.% 
linear diglyc~rols 70.6 
triglycerol l4.l 

or higher 
cyclic diglycerols. 5.3 

Fatty Acias .wt.% 
ca 
ClO 
Cl2 32.1 
Cl4 38.6 
Cl6 11 

ClB:O 3.2 
ClB:l 13.4 
Cl8:2 1.4 

After mixing, each oil phase batch is· allowed to settle over­
night with the supernatants being withdrawn and-mixed at a ratio of 
2 parts of the SPAN® 20 containing oil phase to 1 part PGE 
containing oil phase, ~s in Example IV A. The aqueous and oil 
phases are then fed to the combined dynamic and static mixer 
apparatus as in Example IV A. The combined apparatus is filled with 
the oil and water phases at a ratio of 2 parts water to 1 part oil, 
while venting the apparatus to allow air to escape until filling of 
the apparatus is complete. The flow rates during filling ·are 1.7. 
g/sec oil phase and 3.0 cc/sec water phase. 

Once the apparatus is filled, agitation is begun, with the 
impeller turning at 1100 RPM. The aqueous phase flow rate is then 
evenly ramped up to 48.4 cc/sec. over a time period of 90 sec. The 
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back pressure is 5·.0 psi. The impeller RPM is then instantly 
increased to 1800 RPM. The back pressure incr~ases to 5.8 psi. The 
HIPE. emulsion is collected in molds and then kept in a room 
maintained at 65°C for 18 hours to allow for curing, as in Example 
IV A. The cured foams are washed with a 1% calcium chloride 
solution. The residual solution retained in the foam before drying 
is 5 times the weight of foam. 

EXAMPLE IV F 
A water phase containing calcium chloride/potassium persulfate 

and an oil phase monomer mixture containing SPAN® 20 are prepared as 
in Example IV A. To the monomer mixture is added sorbitan laurate 
(480 g as SPAN® 20) and a mixture of sorbitan laurate (240 g) and 
sorbitan palmitate (240 gas SPAN® 40). After mixing, the oil phase 
is allowed· to settle overnight, with the supernatant being withdrawn 
for use in formin~ the HIPE emulsion. 

The aqueous (48° - 50°C) an~ oil phases are then· fed to the 
combined dyn.amic and static mixer apparatus as in Example IV A. The 
combined apparatus is filled with the oil and water phases at a 

. . 
ratio of 2 parts water 'to I part oil, while venting the apparatus to 
allow air to escape until filling of the apparatus is complete. The 
~low rates during filling are 3.0 g/sec oil phase and 6 cc/sec water 
phase. 

Once the apparatus is filled, agitation is begun, with the 
impeller turning at 180~ RPM. The aqueous phase flow .rate is then 
evenly ramped up to 42. 3 cc/ sec and the oil phase fl ow rate is 
evenly ramped down to 1.5 g/sec over a time period of 60 sec. The 
back press~re is 4.5 psi. The HIPE emulsion is collected in molds 
(round tubs with a central core) and then kept in a ·room maintained 
at 65°C. for 18 hours to allow for curing, as jn Example IV A. The 
cured foams are washed with a 1% calcium chloride solution. The 
residual solution retained in the foam before drying is 5 times the 
weight'of foam. 
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What is claimed is: 

1. A collapsed polymeric foam .ma~erial which, upon contact with aqueous 

body fluids, expands and absorbs said fluids, said polymeric foam material 

comprising a hydrophilic, flexible, nonionic polymeric foam structure of 

interconnected open cells, characterized in that said foam structure has: 

A) a specifit": surface area per foam volume of at least about 0.025 m2/cc, 

preferably at least about 0.05 m2/cc; 

B) at least about 0.1% by weight of a toxico1ogically acceptable 

. hygroscopic, hydrated salt incorporated therein; 

C) · in· its collapsed state, an ~pansion pressure of about 30 kPa or less, 

preferably from about 7 to about 20 kPa; and 

D) in its expanded state, a density wh~ saturated at 88oP (31.1°C) to· its 

free ab.sorbent capacity with synthetic urine having a surface tension of 

65 ± 5 dynes/cm of from about 1 OOA. to about 50%, preferably from 

about 10 to about 30%, of its dry basi~ density in its collapsed state. 

2. The foam material of Claim I characterized in that said foam structure has: 

A) a capillary suction specific surface area of from about 0.7 to about 8 

m2/g, preferably from about 1.5 to about 6 m2/g; . 

B) from about 0.1 to about 8% by we~gh~, preferably from about 3 to about 

6% by weight, of calcium chloride, and from about 0.5·to·about 20% by 

weight, preferably from about S to about 12% by weight, of a nonionic 

oil-soluble emulsifier, preferably sorbitan Jaurate, incorporat~d therein 

to render the surface of the foam structure hydrophilic; 

C) in its collapsed state: 

(i) a residual water content of residual water content of at least 

about 4% by weight, preferably from about 4 to about 300/o by 

weight, most preferably from about 5 to about 15% by weight; 

(ii) a dry basis density of from ab~ut 0.05 to about 0.4 g/cm3, 

preferably from about 0.1 to about o.2 glcm3. 

D) in its expanded state: 

(i) a pore volume of fr<?m about 12 to about 100 mLlg, preferably 

from about 25 to about 50 mLlg; 

(ii) a resistance to compression deflection of from about. 2 to about . 

80%, preferably from about 5 to about 40%, when saturated at 

88°F (31.1°C) to its free absorbent capacity with synthetic urine 

having a surface tension of 65 ± 5 dynes/cm; 



THIS SHEET HAS BEEN 
REPLACED 

85 

I lllllll l/llll lllll lllll II 1111 
* C L M s * 

(iii) a number average cell size of from about 5 to about 50 microns, . 
preferably from about 5 to about 35 microns. -· 

3. The foam material of any of Claims I to 2 characterized in that i~ is prepared 
by polymerizing a water-in-oil emulsion having: 
I) an oil phase-comprising: 

-------1 i i\ii iid 

a) from abo.ut 67 to about 98% by weight, preferably from about 80 
to about 95% by weight, of a monomer component comprising: 
i) from about 5 to about 40% by weight, preferably from 

ii) 

about 10 to about 30% by weight, most preferably from 
about 15 to about 25% by ~eight, of a substantially water­
insoluble, monofunctional glassy monomer, preferably 
selected from the group consisting of styrene-based 
monomers and methacrylate-based monom~rs. most 
preferably styrene; 

from about 30 to about 80% by weight, preferably from 
about 50 to about 70% by weight, most preferably from 
about 55 to about 65% by weight, of a substantially water­
insoluble, monofunctional rubbery comonomer, preferably 
selected from the group consisting of n-butylacrylate and 
2-ethylhexylacrylate, most preferably 2-ethylhexylacrylate; 

iii) from about 10 to about "40% by weight, from about 15 to 
about 25% by weight, of a substantially water-insoluble, 
polyfunctional crosslinking agent, preferably selected from 
the group consisting of divinylbenzene divinyltoluene and 
diallylphthalate, most preferably divinylbenzene; and 

b) from about 2 to about 33% by weight, from _about 5 to about. 
20% by weight, of an emulsifier component which is soluble in the 
oil phase and which forms a stable water-in-oil emulsion, preferably 
comprising sorbitan laurate; and 

2) a water phase comprising from about 0.2 to about 20% by weight, 
from about I to about I 0% by weight, of a water-soluble electrolyte, 
preferably calcium chloride; 

3) a weight ratio of water phase to oil phase of from about 12: I to about 
100:1, preferably from about 20:1 to about 70:1. 

4. An absorbent anicle especially suitable for absorbing and retaining aqueous 
body fluids, preferably a diaper, said anicle characterized in that it comprises: 
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I) a backing sheet, preferably liquid impervious; 
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II) an absorbent core associated with said backing sheet such that said 

absorbent core is positioned between said backing sheet and the fluid 

"discharge region of the wearer of the article, said absorbent· core· 

characterized in that it comprises the foam material of any of Claims I to 

3; 

III) preferably a liquid pervious topsheet joined with said backing sheet, 

said absorbent core being positioned between said topsheet and said 

backing sheet. 

5. The absorbent article of Claim 4 characterized in that the foam material has: 

a) a free absorbent capacity at 88°F (31. l °C) of at least about 12 niL, 
preferably at least about 20 mL, of said synthetic urine, per gram of dry 

foam material; and 

b) a vertical wicking rate at 37°C such that said synthetic urine wicks 

. along a 5 cm vertical length of the foam material in 30 minutes or· less, 

preferably S ininutes or less 

c) preferably a vertical wi~king absorbent capacity at 37°C of at least 

about 75% of said free absorbent capacity at a vertical wicki~g height of 

11.4 cm. 

6. The absorbent article of any of Clainis S to 6 characterized in that said 

absorbent core comprises: (1) a fluid-handling layer, preferably a fluid 

acquisition/distribution layer comprising cellulosic fibers, most preferably 

chemically stiffened cellulosic fibers, positioned in said fluid discharge 

region;(2) a fluid storage/redistribution layer in fluid communication with said 

fluid-handling layer, preferably underlying said acquisition/distribution layer 

and comprising the foam material. 

7. In a process for the preparation of a collapsed, but expandable, absorbent 

polymeric foam material which comprises the steps of: 

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

a) from about 67 to about 98% by weight, preferably from 

about 80 to about 95% by weight, of a monomer component 

comprising: 

i) from about 5 to about 40% by weight, preferably from 

about 10 to about 30% by weight, most preferably from 

about 15 to about 25% by weight, of a substantially water-
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insoluble, monofunctional glassy monomer, preferably 

selected from the group consisting of styrene-based 
monomers and methacrylate-based monomers, most 

. preferably styrene; 

ii) · from about 30 to about 80% by weight, preferably from 
about 50 to about 70% by weight,· most preferably from 
about SS to about 65% by weight, of a substantially water­
insoluble, monofunctional rubbery comonomer, preferably 
selected from the group consisting of n-butylacrylate and 
2-ethylhexylacrylate, most preferably 2-ethylhexylacrylate; 

iii) from about 10 to about 400Ai by weight, from ab.out 15 to 
about 25% by weight, of a substantially water-insoluble, 
polyfunctional crosslinking agent, preferably selected from 

the group consisting ~f divinylbenzene divinyltoluene and 
diallylphthalate, most preferably divinylbenzene; and 

b) from about 2· to about 33% by weight, from about 5 to 
about 20% by weight, of an emulsifier component which is 
soluble in the oil phase and which forms a stable water-in-oil 
emulsion; and 

2) a water phase comprising an aqueous solution containing 
from about 0.2 to about 200..4 by weight of a water-soluble 
electrolyte, and preferably further comprising from about 0.02 to 
about 0.4% by weight of a water-soluble free radical polymerization 
i~tiator; 

3) the weight ratio of the water phase to the ·oil phase being in . . 
the range of from about.12:1 to about 100:1, preferably from about 
20: 1 to about 70: 1; 

B) polymerizing the monomer component in the oil phase of the water­
in-oil emulsion to form a polymeric foam material, preferably at 
temperature of from about 30° to about 50°C for from about 4 to about 
24 hours, most preferably at a temperature of from about 3 5° to about 
45°C for from about 4 to about 18 hours; and 

C) dewatering the polymeric foam material to an extent such that a 
collapsed, polymeric foam material is formed that will re-expand upon 
contact with aqueous body fluids, the improvement characterized in that it 
comprises carrying out said emulsion formation and polymerization steps 
(A) and (B) in a manner such that coalescence of the water droplets 
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formed in th~ water-in,;,oil emulsion is reduced so that the number average 

cell size of the polymeric foam material is about 50 microns or less. ·. 

8. The process of Claim 7 characterized in that the emulsifier component 

comprises sorbitan laurate and polyglycerol fatty acid ester in a weight 

ratio of from about 10:1 to about 1:10, preferably from about 4:1 to about 

1: I. the polyglycerol ester being derived from: ( 1) a polyglycerol having a 

linear diglycerol level of at least about 60% by weight, a tri- or higher· 

polyglycerol level of no more than about 40% by weight, and a cyclic 

diglycerol level of no more than about 10% by weight; (2) a fatty acid 

reactant ha~ng a fatty acid composition wherein the combined level of 

C12 and C14 saturated fatty acids is at least about 40%, the level of C16 

saturated fatty acid is no more than about 25%, the combined level of C 18 

or higher saturated fatty acids is no more than about. 10%, and the 

combined level of C 10 or low~ fatty acids is no more than about 10%; (3) 

the weight ratio of polyglycerol (1) to fatty acid·reactant (2) being from 

about 50:50 to about 70:30. 

9. The process of any of Claims 7 to 8 characterized in that the polyglycerol ester 

is derived from: (I) a polyglycerol having a linear diglycerol level of from about 60 to 

about 80% by weight. •nd a tri- or higher. polyglycerol level of from about 20 to about 

40% by ~eight; (2) a fatty acid reactant having ·a fatty acid composition wherein the 

combined-level ofC12 and cI4 saturated fatty acids is at least about 65%, the level of 

c 16 saturated fatty acid is. no more than about 15%, the combined level' of c 18 or 

higher fatty acids is no more tha~ about 4%, and the combined level of C10 or lower 

fatty acids is no more than about 3%; (3) the weight.ratio of polyglycerol (1) to fatty 

acid reactant (2) being from about 60:40 to about 70:30. 

10. The _process of any of Claims 7 to 9 characterized that the polyglycerol ester 

imparts a minimum oil/water interfacial tension at 50°C. of at least about 0.06 

dyneslcm, preferably from about 0.09 _to about 0.3 dynes/cm .. 


